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[lpegncnosune

“A3bIk GO ABASETCA A3bIKOM NMPOrpaMMUPOBAHUA C OTKPLITLIM KOLOM, YTO Ae-
NaeT ero NpocTbiM B CO34aHWUU, HAAEXHbIM U 3WMEKTUBHLIM NPOrpaMMHbIM
npoaykTom”. (C cainita Go: golang.org.)

Go 6bin 3agymaH B ceHTAab6pe 2007 roga Po6eptom pucemepom (Robert Griesemer), Po6om
Maiikom (Rob Pike) n KeHom TomncoHom (Ken Thompson) u3 Google 1 aHOHCUpOBaH B
Hos6pe 2009 roga. Lienbto pa3paboTku 6biN0 co3gaHMe BbipasuTesibHOr0, BbICOKO3hMekK-
TMBHOIFO Kak Npu KOMMWAAUWUK, TaK U NPW BbIMOAHEHUU MPOrpamm f3blka Mporpammupo-
BaHWA, MO3BOJIAIOLLErO NIEFrKO U MPOCTO NUCATb HafeXHble BbICOKOUHTENEKTYanbHble Mpo-
rpammsl.

GO MMeeT MOBEPXHOCTHOE CXOACTBO C f3bIKOM NporpamMmmupoBaHus C n obnagaet Tem
Xe OYXOM WHCTPYMeHTapus A5 Cepbe3HblX Npo(eccMOoHanbHbIX MporpaMMmucToB, npeg-
Ha3HaYeHHOro A8 JOCTUXKEHUS MaKCUManbHOro adekTa ¢ MUHUMANbHBIMK 3aTpaTamu.
Ho Ha camoM fene Go — 3TO HeuyTo ropasfo 60/bLuee, YeM NPOCTO COBPeMeHHas Bepcus
A3blka NporpammumpoBaHus C. OH 3aMMCTBYET M npucnocabinBaeT AN CBOUX HYXA XOPO-
Wne naen M3 MHOTUX APYrux f3bIKOB, n3beras BO3MOXHOCTEA, KOTOpPble MOTYT MpPUBECTU
K CO3[aHWI0 C/IOXKHOM0 M HEHAAEeXHOro kKoga. Ero cnoco6HOCTM K napannefiv3my HOBbI U
ype3BblYaiHO 3DPEeKTMBHbLI, a NOAX0H K abCTpakKuMM AaHHbIX U 06BEKTHO-OPUEHTUPOBAH-
HOMY MPOrpaMMUPOBAHUI0O HEMPUBBIYHbLIA, HO HEOBbIYANHO TMOKUA. Kak 1 BCe COBpPEMEH-
Hble A3blkK, GO 0bnafaet ahheKTUBHLIM MexaHU3MOM cbopa Mycopa.

GO0 0CO6EeHHO XOpOLLO NOAXOAUT ANA UH(PACTPYKTYPbI: MOCTPOEHNUS UHCTPYMeHTapus
M cuctem Ana paboTbl 4pYrux nporpammuctoB. OfgHako, 6yayun B [eACTBUTENLHOCTM A3bl-
KOM 06Lero HasHayeHWs, OH NOAXOAMT ANs N060ro NPUMEHEHWUs U CTaHOBUTCA Bce 60-
nee MoONynspHbIM B KayecTBe 3aMeHbl HETUMU3NPOBAHHbLIX A3bIKOB CLeHapues, obecneymn-
Bas KOMMPOMMWCC MeXAy BblpasnTeNbHOCTbIO M 6e30nacHOCTblo. MporpamMmbl GO 06bIYHO
BbINO/IHAKOTCA ObICTPee, YemM MporpaMmbl, HaMUCaHHble Ha COBPEMEHHbIX AUHAMUYECKUX
A3blKax, W He 3aBepLUalTCA aBapuiitHO C HEOXMAAHHBIMU TUNaMn OLIUGOK.

GO — 3TO MPOEKT C OTKPbITbIM WUCXOAHLIM KOLOM, TaK YTO WCXOAHble TEKCTbl ero 6m6-
NNOTEK W UHCTPYMEHTOB, BK/OYas KOMMOWNATOP, HaXOAAaTCAa B OTKPbITOM AocTyne. Csoi
BKMag B A3blK, €ro 6MBNMOTEKN N MHCTPYMEHTapuii BHOCAT MHOrMe NporpaMMuCTbl BCEro
Mupa. Go paboTaeT Ha 60/bWIOM KonmyecTBe UNix-nofo6HbIX cUCTEM, TakMX Kak Linux,
FreeBSD, OpenBSD, Mac OS X, a Takxe Ha Plan 9 n Microsoft Windows; npu 3tom npo-
rpaMMmbl, HanucaHHble AN OAHOW M3 3TUX Cpef, NEerko NepeHoCHMMbl Ha Apyrue.

3dTa KHWUra npusBaHa NOMOYb BaM HayaTb paboTaTb ¢ GO, NpMYeM C camoro Havana ag-
(heKTUBHO MCMONb30BaTh BCE €ro 0CO6eHHOCTM W 6oratble CTaHAapTHble 6UGNMOTEKN ANA
HanncaHus NOHATHbLIX, UANOMATUYHbIX U 3DPEKTUBHBLIX NPOrpamm.



12 NPEANCIOBUE

[MpouncxoxaeHmne Go

Moago6HO 6MONOrMYECKMM BMAAM, YCMEWHbIE A3bIKA MOPOXAAOT MOTOMCTBO, KOTOPOE
HacnegyeT Haunyuywime 0COGEHHOCTM CBOMX npeAkoB. CKpelMBaHWe MpU 3TOM MHOrAa
NPUBOAUT K YAMBUTE/bHLIM pe3ynbTaTam. AHanoromMm myTauuii CAY>XWUT MOSBNEHWE paju-
KanbHO HOBbIX MAael. Kak 1 B Clyyae C XWBbIMW CyLiecTBaMu, rNgAs Ha Takoe BAMSHUWE
npeLKoB, MOXXHO MHOTO€ CKa3aTb O TOM, MOYEMY S3blK MOAYYMICA MMEHHO TaKUM, KaKoi OH
eCTb, W AN19 KaKuX ycnoBuii paboTbl OH npucrnocobneH 6onee BCErO.

Ecnn Bbl NPOCTO XOTWTE BLICTPO BblyUMTb A3bIK, 3TOT pas3fen ABNSeTCH ANA Bac Heobs-
3aTeflbHbIM, HO AN Ty6OKOro MoHUMaHusi GO MMeeT CMbIC/T 03HAKOMWUTLCS C €ro Mpouc-
XOXAEHNEM.

Ha pucyHke HuXe MokasaHO, Kakue Si3bIKM MOBAMSANM Ha AM3aliH A3blKa NPOrpaMmmupo-
BaHua Go.

ALGOL 60
(Bakyc v ap., 1960)

1

Pascal
(Buprt, 1970) c
l (Puram, 1972)
CSP
(Xoap, 1978) Modula-2
(BupT, 1980)

\

Squeak l
(Kapaenn v Naiik, 1985)

Oberon
* (BupT u lyTKHEXT,
Newsqueak 1986) N\ Obiect Ob
(Naik, 1989) ybject Lberon
¢’ (Méccenbék, Temnnb
n lpucemep, 1990)
Alef Oberon-2 /
(YnHTep6oTTOMm, 1992) (Bupt ”1“‘;‘;3%9“65'“/

Go
(F'pucemep, MNaik n TomncoH, 2009)

GO yYacTo onucbiBalOT Kak “C-nofo6HbIA A3bIK” mam "a3blk C XXI Beka”. OT f3blka
C Go yHacneaoBan CUHTaKCUC BblpaXeHWi, KOHCTPYKUUWM yNpaBneHus noTokoMm, 6a3oBble
TWUNbl AaHHbIX, Mepefjadyy napameTpoB B (PYHKLUM MO 3HAYEHUIO, MOHATME yKasaTenein u,
YTO BaXXHEE BCEro, HanpaBNeHHOCTb C Ha NnosyyeHue Npu KOMNUAALUM aHeKTUBHOIO Ma-
LUIMHHOTO KOfa 1 ecTecTBEHHOe B3aMMOLeliCcTBMe C abCTPakLMSMU COBPEMEHHbIX OMnepaLu-
OHHbIX CUCTEM.



MPOEKT GO 13

OfHako B reHeanormyeckom fpese Go ecTb W gpyrue npegku. OfHO U3 CUNbHEALWNX
BANAHNIA Ha GO oka3anu fA3blku nporpammuposBaHms Hwuknayca Bupta (Niklaus Wirth),
HaumHas ¢ Pascal. Modula-2 npueHecna KoHuenuuio naketos; Oberon ncnonb3yeTt OAWH
(haiin gna onpefeneHns mMogyns u ero peannsauuun; Oberon-2 ABWACA UCTOYHUKOM CUHTAK-
cnca nakeToB, UMNoOpTa 1 06bABNEHWIA (MpexXae BCEro, 06bABMEHMIA METOL0B), KOTOPbIE OH,
B CBOIO 0o4Yepefdb, YHacnegosan oT sf3bika Object Oberon.

Ewe ogHa nuHuaA npegkos Go, KOTOpas Bbl4eNAeT ero cpefm Npovnx COBPEMEHHbLIX A3bl-
KOB NporpammupoBaHus, npeacTaBnseT coboli nocnefoBaTeslbHOCTb MalOM3BECTHbLIX WC-
cnepoBaTeNlbCKUX A3bIKOB, pa3paboTaHHbIX B Bell Labs 1 0CHOBaHHbIX Ha KOHLeNLMW B3au-
MOAENCTBYOLWMX NOCneAoBaTeNbHbIX MpoLeccoB (communicating sequential processes —
CSP) u3 ctatbn ToHu Xoapa (Tony Hoare) 1978 roga, mocBsiLLeHHOW OCHOBam napan-
nenuama.

B CSP nporpamMma npefctaBnsieT co6oil napanien-Hoe obbefWHEHWe MNPOLECCOB, He
NMELLMX 06LLEro COCTOSHMSA; MpoLecchbl B3aUMOAEACTBYIOT U CUHXPOHU3UPYHOTCA C MO-
MoLLbto KaHanos. Ho CSP Xoapa npeactaBnsn co60il hopManbHbIii A3bIK ONUCaHUS (YH-
LAaMEHTaNbHbIX KOHLENUWiA napaniennsMa, a He A3biK MPOrpaMMMUpPOBaHUS 41 HaMMCaHuWs
BbIMOSIHUMbIX NPOrpamMm.

Po6 Malik (Rob Pike) u gpyrue Hayanu 3kcnepuMMeHTMpOBaTb ¢ peanusaymamu CSP
B BMAE PAKTUUYECKMX A3bIKOB NMporpaMmumpoBaHua. Mepeblil U3 HUX HasbiBancsa “Squeak”
(“A3bIK 4N8 06WEHMA C MbIWbI™), KOTOPbIA SBAAACA S3bIKOM AN8 06paboTKM cO6bI-
TWUIA MbIWMW N KNaBUaTypbl CO CTaTUYECKW CO3f4aHHbIMW KaHanamu. 3a HUM nocfefosan
Newsqueak, B kKoTopom C-06pasHble MHCTPYKLUN U CUHTAKCUC BbIpaXeHWUi coyeTanuch
C 3anucblo TMNOB B cTu/e Pascal. 9T0 6bl1 YNCTO PYHKUNOHANBHbBIN A3bIK CO COOPKOA MY-
copa, Hanpas/eHHbI, KaK 1 ero npejLlecTBeHHWK, Ha yNpaBieHne KNaBuaTypoi, MbllbiO
N OKOHHbIMUK COBbITUAMUK. KaHanbl B HEM CTafiiM NOMHONPAaBHLIMW YY4aCTHUKaMU A3blKa, AN-
HaMM4ecKu COo3faBaeMbIMU U XPaHUMbIMU B NEpPeMeHHbIX.

OnepauymnoHHas cuctema Plan 9 passuna atn mgen B A3bike Alef. Alef nonbiTanca cae-
natb Newsqueak »X13HeCnoCOOHbIM CUCTEMHBLIM A3bIKOM MPOrpaMMuUpoBaHusA, HO napane-
nn3m 6e3 cbopkyn mycopa Tpe6oBan CAMWKOM 60bLWNX YCUINIA.

Pan KOHCTpYKUmWii B GO AeMOHCTPUPYET BAUAHWE TeHOB HenpsAMbIX NPeLKOB; Hanpumep,
iota npoucxoaut n3 APL, a nekcuyeckas 061acTb BUAUMOCTU C BNOXKEHHBIMU (DYHKLMA-
M — n3 Scheme (M 60/bLWIMHCTBA NOC/EAYIOWMX 38 HUM A3bIKOB). 34eCb Mbl HaxoLum W
NpU3HaKuW MyTaluu: MHHOBALWOHHbIE 3NeMeHTbl GO MpeaocTaBAAlT AUHAMUYECKUE Mac-
CUBbI C 3 (MEKTUBHBIM MPOU3BO/LHLIM LOCTYMOM, HO MPY 3TOM paspeluatroT CH0XHbIE pas-
MelLeHns, HanoMuHaloLme cBsazaHHble cnucku. MHeTpykuma defer Takxe npegcrasnset
c060i HOBUHKY GO.

[MpoekT Go

Bce A3blkM NpOrpaMMmpoBaHMA TEM WU MHbIM 06pa3oM OTpaxakT (UI0COPUI0 KX
cosgaTenield, YTO 4acTo MPMBOAUT K BKIHOUYEHUIO B A3blK MPOrpaMMMpPOBaHUA UX peakumm
Ha cnabocTu n HeAoCTaTKM 60Miee paHHUX A3bIKOB. GO He ABMAETCA UCKIHOUeHMeM. [poekT
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Go poguncs us pasovaposaHus B Google HECKONbKMMUK MPOrpaMMHbLIMKU CUCTEMAMU, CTPa-
JaloLWyMmn 0T “B3pbiBa CNOXKHOCTM” (3Ta Npobaema OTHIOAb He YHUKanbHa ans Google).

Kak 3ametun Po6 MMaitk (Rob Pike), "CNOXHOCTb MynbTUNAWKATMBHA”: yCTpaHeHue
npo6neMbl NyTEM YCNOXHEHUSA OfHOM 4acTW CUCTEMbl MeA/IEHHO, HO BepHO fobasnseT
CNOXHOCTb B Apyrme yactu. MocTosHHOe Tpe6oBaHWe BHECEHUA HOBbIX PYHKLWIA, HACTPO-
€K U KOH(Urypaunii o4eHb GbICTPO 3acTaBNAET 0TKa3aTbCA OT MPOCTOThbI, HECMOTPSA Ha TO
4TO B JONTOCPOYHOI NepcnekTUBe MPOCTOTA ABASETCA KMAHUYOM K XOPOLIEMY MpPOrpaMmMHO-
My o6ecneyeHuIo.

MpocToTa TpebyeT 60/MbLUEro KONMYecTsa paboTbl B Hayase NpoekTa Mo onpepesieHnto
Camoi cyTu ugaeun v 60MblUeil ANCUUMANHBI BO BPEMS XXU3HEHHOM0 LMK/a NPOeKTa, KoTopas
MOMOXET OT/INYATL XOPOLUME U3MEHEHUNA OT MAOXMUX. [1pK [OCTATOYHbIX YCUNINAX XOpoLumne
N3MEHEHUSA, B OT/IMYME OT NIOXUX, MOTYT ObITb MPUHATHI 6e3 yuwepba 4ns Toro, 4to ®peq
Bpykc (Fred Brooks) Hasgan “KOHLENTYanbHON LLeNOCTHOCTbIO” npoekTa. Mnoxue xe us-
MEHEHUA BCero Nub pasMeHUBAKOT MPOCTOTY Ha yA06CTBO. TONLKO C MOMOLLbIO NPOCTOTHI
[m3aliHa cucTemMa MOXeT B MpoLecce pocTa ocTaBaTbCa YCTONUMBOM, 6€30NacHoi 1 nocne-
poBatefbHOW. MpoekT Go BKAOUAET B Ce6s caM A3blK, ero MHCTPYMeHTapuii, cTaHAapTHbIe
6nbnunoTekn v nocnegHee (MO CAUCKY, HO He NO 3HAYEHWIO) — Ky/bTypy pajuKanbHol npo-
CTOTbl. Byayun 0fJHUM W3 COBPEMEHHbIX BbICOKOYPOBHEBbLIX A3bIKOB, GO 06nafaet npenmy-
LLIeCTBOM PeTpPOCMeKTUBHOI0 aHann3a Apyrux a3biKoB, 1 3TO NPenMyLecTBO UCMOJb30BaHO
B NonHoii Mmepe: B Go mMmeroTcs c60pka Mycopa, CMCTEMA MakeToB, MOSTHOLEHHbIE PYHK-
LMK, NeKcmyeckas 06n1acTb BUAUMOCTU, MHTEPMEC CUCTEMHbIX BbI3OBOB U HEU3MEHSAEMble
CTPOKMW, TEKCT B KOTOPbIX KOAMPYETCA C UCMONb30BaHWeM Koauposku UTF-8. OgHaKo f3bIK
nporpammupoBaHns GO MMeeT CPaBHUTENIbHO HEMHOFO BO3MOXHOCTEN, W BPAL NN B Hero
6yayT f06aBfieHbl HOBble. Hanpumep, B HEM OTCYTCTBYHOT HefBHbIE YUC/IOBbIe Npeobpaso-
BaHMWA, HET KOHCTPYKTOPOB W AeCTPYKTOPOB, Neperpysky onepatopos, 3Ha4eHUi napameT-
pOB M0 YMOMYaHWIO; HET HacnefoBaHUA, 0606 EeHHbIX TUNOB, UCKAKOUYEHWIA; OTCYTCTBYIOT
MaKpocCbl, aHHOTaLMN (YHKLMIA W NoKanbHas MamMAaTb NOTOKAa. HA3bIK MpOrpaMMupoBaHus
Go ABNfeTCA 3pefibiM 1 CTabubHbIM U rapaHTUpyeT 06paTHY0 COBMECTUMOCTb: CTapble
nporpaMmMbl Ha GO MOXXHO KOMMNUAMPOBATb U 3anyCKaTb C MOMOLLbIH HOBbIX BEPCU KOMMU-
NATOPOB M CTAHAAPTHbLIX 6UGMNOTEK.

GO UMeeT LOCTAaTOYHYIO CUCTEMY TUMOB, YTOObI M36eXaTb 60/bLINHCTBA OWMOOK Npo-
rpaMMUCTOB B AUHAMUYECKUX A3bIKAX, HO 3Ta CMCTEMa TUNOB ropasfo 60/ee orpaHUYeH-
Has, YeM B pPYTuX CTPOro TUMU3MPOBAHHBIX A3blKax MporpaMMnpoBaHus. 3T0 NPUBOAUT
K M30/IMPOBaHHbIM o4aram “HeTUNU3NPOBAHHOIO NporpamMmupoBaHna”’ B npegenax 6osnee
LUMPOKMX CXem TUNoB. TakK 4To nporpammucTbl Ha Go He npuberatoT K ANUHHLIM KOH-
CTPYKUMAM, KOTOpbIMU NporpaMmmunctbl Ha C++ nnm Haskell neiTatoTcs BbIpa3uTb CBONCTBA
6e30MnacHOCTM CBOMX MPOrpamMm Ha OCHOBe TuUNoB. Ha npakTuke Go faeT nporpaMMmucTam
npenmyLecTsa 6€30NacHOCTA W NPOU3BOAUTENLHOCTU BPEMEHU BbINOMHEHWUSA OTHOCUTE b-
HO CTPOroWi cncTeMbl TUNOB 6€3 N3NNLIHEeR CNOXHOCTU U HaKnafHbIX PacXo4os.

Go noopsieT NOHMMaHWe fn3aiiHa COBPEMEHHbIX KOMMbIOTEPHBIX CUCTEM, B YACTHOC-
TM — BAaXHOCTb /I0KanM3aunn. Ero BCTpOeHHbIE TUMbI JaHHbLIX W 60/bWIMHCTBO 6M6GIMO-
TEYHbIX CTPYKTYP AaHHbIX CO3JaHbl A1 eCTECTBEHHON paboTbl 6e3 ABHON MHUUManM3aLmm
WU HeABHbIX KOHCTPYKTOPOB, TaK YTO B KOAE CKPbIBAeTCA OTHOCMTENLHO Masno pacnpe-
feneHnii n 3anuceid namatu. CocTaBHble TUMbI GO (CTPYKTYPbl W MAacCyBbl) XpaHAT CBOW
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3NeMEHTbl HENOCPEACTBEHHO, TPebYs MeHbLUEro KonnyecTsa NaMaTy u ee pacnpefeneHui,
a TaKXXe MEeHbLUEero KonmyecTBa KOCBEHHbIX 06paLleHnil ¢ NOMOLLbI0 YKa3aTenei no cpas-
HEHWMIO C A3blKamu, UCMONb3YOWMMNU KOCBEHHbIE NOMA. A NMOCKONbKY COBPEMEHHbIE KOM-
NblOTEPbl ABNAAOTCA MapaniefibHbIMU BbIYUC/INTENbHBIMU MallnMHamu, Go obnafaeT BO3-
MOXHOCTAMW napannesbHOCTU, OCHOBaHHbIMW, Kak ynoMuHanocb paHee, Ha CSP. Cteku
nepeMeHHOro pasmepa fierkux NoTokos (Un go-nognporpanT (goroutines)) Go nsHavanb-
HO AOCTATOYHO Manbl, YTOObI CO3fjaHMe OAHOW go-MoANporpaMMbl 6bIN0 AelleBbiM, a CO3-
JaHne MUNNOHA — MPAKTUYHbIM.

CraHgapTHasa 6ubnmnoteka Go, 4acTo onucbiBaeMas (hpas3oii “Bce BKIKUEHO”, Npefo-
CTaB/sieT cTpouTenbHblie 6/10kn 1 APl gna BBOAA-BbIBOAA, PaboThl C TEKCTOM U rpadiMKoi,
Kpuntorpauyeckme yHKUUU, PYHKLUUKX A paboTbl C CeTblo U ANIA CO3JaHua pacrnpe-
JeneHHbIX MPUNoXeHUin. bnbnmnoTeka NOALEPKMBAET MHOXECTBO CTaHAAPTHbLIX hOpMaToB
(halinoB M NPOTOKONOB. BUBANOTEKM N UHCTPYMEHTbl MHTEHCMBHO WMCMOMbL3YIOT COrnawle-
HWS NO CHUXXEHWIO NOTPeOHOCTe B HACTPOViKe, ynpolas TeM CaMblM NI0TMKY MpOrpamm;
Takum 06pa3oM, pasfinyHble nporpammbl GO CTaHOBATCA 60/1ee NOXOXUMU OfHA Ha APYTYI0
N TeM caMbiM — 60/iee NPOCTbIMKU B M3yYyeHUW. TPOeKTbl CO3JAK0TCA C MOMOLLbIO BCEro
NULWb OAHOFO MHCTPYMEHTa g0 U UCNOMb3YIOT TO/IbKO UMEHA (haiifioB U MAEHTUDUKATOPOB
W MHOrfa — cneuunanbHble KOMMEHTapuu Ans onpefeneHns Bcex 6UBANOTEK, BbINONHU-
MbIX (haiinos, TeCTOB, MPUMEPOB, [OKYMEHTaLMUMN 1 NPOYEro B MPOEKTaX; UCXOAHbIA TEKCT
GO COflepXXUT BCHO HEOBXOAMMYIO CneunduKaLMio NOCTPOEHNSA NPOeKTa.

CTPYKTypa KHUTU

Mbl npeanonaraem, YTo YMTaTe/lb NPOrpaMMMUPYET Ha OLHOM WM HECKONbKUX COBpe-
MeHHbIX A3blKax NPOrpaMMuUpoBaHuns, KOMNUANPYIOLW KX A3blKax Hanogobue C, C++ unJava
WM AUHaMUYeckunx, Takux kak Python, Ruby u JavaScript. Takum 06pa3om, Mbl He cTapa-
emcs m3fnaraTb mMatepuan Tak, Kak 6yATo MMeeM [efio C HOBMYKaMy B NPOrpaMMMpOBaHuN.
BHelwHe cuHTakcuc ByfeT BaM 3HAKOM, Tak Kak 6yfeT cofepXaTb NepeMeHHble U KOHCTaH-
Tbl, BbIP@XKEHWS, YNpaBieHne NOTOKOM U PYHKLUN.

naBa 1 npefacTaBnsieT co60i pyKOBOACTBO MO 6a30BbIM KOHCTPYKUMAM GO, CofepXa-
Lee maccy Hebo/bWKUX NPOrpaMm ANS pPelleHns exefHeBHbIX 3af4ay Hanofobue YTeHus u
3anucun aiinos, GopmMaTMpPOBaHHOIO BbIBOAA Pe3y/nbTaToB, COEAWHEHWI “KaneHT/cepBep”
B IHTepHeTe 1 T.N.

B rnaBe 2 onucaHbl CTPYKTYpPHbIE 3/eMeHTbl nporpaMmbl Go — 06bABNEHUA, nepe-
MeHHble, HOBble TUMbl, NakeTbl W (aiinbl, 06nacTm BUAMMOCTU. B rnaBe 3 paccMOTpeHbI
OCHOBHble TUMbl faHHbIX — YKUCNA, NOTUYECKNE 3HAYEHUS, CTPOKM N KOHCTaHThl. B rnase 4
M3y4yaloTCA COCTaBHble TWUMbI, T.e. TUMbl, MOCTPOEHHbIe W3 60/€e MPOCTbIX TUMOB C MO-
MOLLbIO TakMX MeXaHW3MOB, KaK MacCUBbl, 0TOOGpaXKeHWs, CTPYKTYpbl, a TakXe cpesbl
(slices) — HeTpaguUWOHHOE NpeAcTaB/ieHNe AMHamMmMUyecknx cnnuckos B Go. Mnaea 5 noces-
weHa hyHKLMAM, 06paboTKe OWNBOK, a TaKXKe MHCTPYKUUSIM panic, recover ndefer.

Taknm o6pa3oM, rnaebl 1-5 npeacTaBnAaOT cobOW peanbHYK OCHOBY, TO, YTO ABMSETCA
4yacTbto N1060r0 MMMepaTUBHOrO A3blka. CUHTAKCUC M CTUIb GO MHOrga oTAMyatTCs OT
NPUBbLIYHBLIX ANA APYrUX A3bIKOB MPOrpaMMupoBaHus, HO BOMbLIMHCTBO MPOrpaMMUCTOB
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ObICTPO K 3TOMY NPWBbLIKAKOT. B 0CTanbHbIX rnaeax BHUMaHWe COCPEAOTOYEHO Ha Temax,
B KOTOpbIX Noaxod GO MeHee NPWBbIYEH: MEeTOAbl, MHTepdelicbl, napannenusm, nakeTbl,
TecTupoBaHue u pednexcus.

GO [eEMOHCTPUPYET HECTaHAAPTHbIA NOAX04 K 06beKTHO-OPMEHTUPOBAHHOMY NpPOrpam-
MVPOBAHUIO: B HEM HET HU Mepapxuii KNaccoB, HM KaKUX-MMBO Knaccos; MeTOAbl MOTyT
6bITb CBfi3aHbl C NO6BLIM TUMOM, & He TO/IbKO CO CTPYKTYpamu; MOBeLeHNEe CNOXHbIX 00b-
eKTOB c03/aeTcs 13 60/ee NPOCTbIX He MYTEM HAacnefoBaHusA, a C NOMOLLbIO KOMNO3NL WK,
HaKOHeL, B3aMMOCBA3b MeXAy KOHKPeTHbIMW TUnamum u abCTpakTHbIMU Tunamu {MHTep-
theiicammn) ABASeTCS HEABHOW, TaK YTO KOHKPETHbIA TUN MOXET YA0BNETBOPATb UHTepdeli-
Cy Tak, 4To ero paspaboTumk He 6yaet 06 3TOM 3HaTb. MeTofbl onucaHbl B rnaee 6, a WH-
Tepgelicbl — B rnase 7.

Go obecneunBaeT 3PPeKTUBHLIA M YA0OHbLIA MeXaHW3M Mapanfiennsma, UCmosib3ys go-
nognporpaMmmbl (goroutines) v KaHanbl U OCHOBbIBasACH Ha YNOMSHYTbIX Bbllle MAesX B3a-
MMOLENCTBYIOLWMX NOCNeA0BaTebHbIX NpoueccoB. LLIMPOKO M3BECTHbIe BOSMOXHOCTU Ma-
pannenu3ama Go ABAATCS TeMON rnaebl 8. B rnase 9 paccMoTpeHbl 60nee TpafuLMOHHbIe
acnekTbl napanfiienu3Ma Ha OCHOBE COBMECTHO UCMO/b3YEMbIX NEPeMeHHbIX.

B rnase 10 onucaHbl NakeTbl, NpefcTaBnsftoWwmne coboinl MexaHusm Ans opraHusayuu
6rnbnmotek. B aTol rnaBe Take NoKas3aHO, Kak 3()(PeKTUBHO MCMOMb30BaTb UHCTPYMEHT
go, KOTOpblii 06ecneynBaeT KOMNUAALMIO, TECTUPOBaHWe, hopMaTUpOBaHUe MporpaMmbl,
LOKYMEHTMPOBAaHWE W Apyrue 3afaqu, Bce — efMHON KOMaHAoM

Mnasa 11 noceAlleHa TecTUpoBaHWiO, rae Go Mcnonb3yeT 0CO6EHHO MPOCTOW Moaxoa,
nsberas abCTPaKTHbIX CXEM W NpeanovmTas npoctble 6UBANOTEKM U MHCTPYMEHTbl. bub-
NNOTEKN TeCTMPOBaAHUS NpPeAoCTaBNAT OCHOBY, Ha KOTOPON Mpu HEo6X0AMMOCTU MOTyT
ObITb MOCTPOEHbI 60/1ee CNOXKHbIE abCcTpakLuu.

B rnase 12 paccmaTpmBaeTca pedpieKcus — BO3MOXHOCTb NOMyYeHUs NPOrpaMmoii UH-
(hopmauum 0 CO6CTBEHHOM MPefCTaBNEHUN BO BPEMSA BbIMOMHEHUA. Pednekcnsa ABnseTca
MOLLHbIM UHCTPYMEHTOM, HO WUCMO/b30BaTb €r0 C/iefyeT C OCTOPOXHOCTLIO. B 3ToOl rnase
peyb MAET O TOM, Kak HaliTu MpaBu/bHbIA KOMOPOMUCC, HA NPUMEpPe MPUMeHeHNs pedrek-
CUM NpY peanusaLmm HEKOTOPbIX BaXHbIX 6ubnnoTek Go. Nnasa 13 KacaeTca geTanei HU3-
KOYPOBHEBOro NporpaMMmnpoBaHuns: Kak ucnonb3osatb naket unsafe gna obxopa cmcrtemb
TMnoB Go (M Korga sTo YMECTHO).

B Kaxfoil rnase nMmeeTcs psaj ynpaxHeHWi, KOTOPble MOXHO MCMONb30BaTh 414 NPOBEp-
KW CBOEro NoHWMaHus GO v AN U3yYeHWs paclUuMPeHMNn n anbTepHaTUB NpUMepaM U3 KHUMK

Bce npumepbl Kofa, Kpome camblX TPUBMANbHbLIX, B KHUTE AOCTYMHbI 418 3arpy3ku u3
penosutopma git no agpecy gopl.io. Kaxgbli npumep MaeHTUQULMPYETCA CBOUM My-
TEM UMMNOPTa NAaKeTOB U MOXeET 6bITb SIEFKO NMOAYYEH C MOMOLLbIO KOMaHAbl go get. Bam
HY>XHO BbIGpaTb KaTajlor, KOTOpPbIA 6yAeT MCMo/b30BaTbCs B KayecTBe paboyero npocTpaH-
cTBa GO, M yCTaHOBUTL MepeMeHHYyto cpeabl GOPATH Tak, 4To6bl OHa yKasblBana Ha 3ToT
Katanor. IHCTpyMEHT go npy Heo6X0oAMMOCTM caM CO34acT 3TOT Katanor. Hanpumep:

$ export GOPATH=$HOME/gobook # Katanor paboyero npocTpaHcTBa
$ go get gopl.io/chl/helloworld # Boibopka, MOCTpOEHWE, YCTaHOBKa
$ $GOPATH/bin/helloworld # 3anyck

Hello, World
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[na BbINONHEHNA NPUMEPOB HYXHa Bepcua Go He HUMXe 1.5.

$ go version
go version gol.5 linux/amd64

Ecnu Bawa Bepcus He OTBe4yaeT ykasaHHOMY TpebOoBaHMWIO, ClnefyinTe UHCTPYKLMAM, pac-
NofoXeHHbIM Mo agpecy https://golang.org/doc/install.

[AononHuTenbHas MHOpPMaLIS

OCHOBHbIM UCTOYHUKOM [ONOMHUTENbHON MHADOPMaLun o Go ABAseTCA otuLmanbHbIRA
Be6-cainT https://golang.org.OH npeagocTaBnseT A4OCTyN K AOKYMEHTaLMK, BKIOYas
ouymanbHyto cneundukaumnto a3svika Go, K CTaHAapTHbBIM Maketam M T.N. 34ecb, Kpome
TOro, ecTb yye6Hble Moco6mMa 0 TOM, Kak nucatb Ha GO U NMUcaTb XOPOLLO, a TaKxXe Lnpo-
KWUiA CNeKTP TEKCTOBbLIX M BMAeopecypcoB. Bce 3To 6yAeT LEHHbIM AOMOHEHUEM K [aHHOM
KHure. B 6nore Go no agpecy blog.golang.org ny6ankytoTcs HEKOTOPbIE M3 NYULLMX
maTepuanoB 0 Go, BK/OYaA CTaTbl O COCTOAHUM fA3blKa, MNaHbl Ha Oyayuiee, foKNafbl Ha
KOH(epeHUUsX N yrny6a1eHHoe 06bACHEHME WMPOKOrO CNeKTpa Tem, CBA3aHHbIX ¢ Go.

OfiHa M3 cambIX MOJNIe3HbIX BO3MOXHOCTeW OHMaiH-gocTyna K Go (U, K COXaneHuto,
Hampo4yb OTCYTCTBYHOLLAA B 6YMaXXHOW KHUTe) — BO3MOXHOCTb 3anyckaTb nporpammsl Go
C Be6-CTpaHuL, Ha KOTOPbIX 3TV NPOrpaMmbl OnucaHbl. 3Ta PYHKLMOHANBHOCTL 06ecneyu-
BaeTca cainTom Go Playground no agpecy play.golang.org u MoXeT 6bITb BCTPOEHA B
Apyrve cTpaHuubl, Kak, HanpuMep, HavyanbHasa cTpaHuua golang.org wnm cTpaHuua fo-
KYMeHTaLumm, 06cnyxmeaemas UHCTPYMeHTOM godoc.

Go Playground no3sonsieT NPoBOAUTL MPOCTbIe 3KCMEPUMEHTBLI C KOPOTKUMY Mporpam-
MamMu A8 NPOBEPKM MOHUMAHMUS CUHTAKCKUCA, CEMaHTUKM WUAN GUBNNOTEUYHbIX MaKeTOoB.
MocTosiHHbIA URL no3sonseT o6MeHnBaTbCs (hparMeHTamu Koga Go ¢ ApyrMMum nporpam-
mMucTamu, cooblate 06 owmnbKax UaM BHOCUTbL CBOWM NpefnoXeHUs. ABTOPbl UCMONb3YIOT
3TOT CaiiT N0 MHOTY pa3 B [eHb.

byayun Haactpoiikoi Hag Go Playground, Go Tour no agpecy tour.golang.org
npegctaensetT coboli nocnefoBaTeNbHOCTb OKOMO 75 KOPOTKUX MHTEPakTUBHbLIX YPOKOB,
NOCBALEHHbIX OCHOBHbIM MAEAM M KOHCTPYKUMAM A3blKa NporpaMMupoBaHmsa Go uynops-
[OYeHHbIX B BUAe obyyaroLiero Kypca no f3siky Go.

OcHOBHbIM HepocTaTkoMm Go Playground n Go Tour fBAsieTCA TO, YTO OHM MO3BONSA-
IOT MMMOPTUPOBATb TOMLKO CTaHAapTHble HBUBNMOTEKMN, U K TOMY Xe MHOorve 6mbnmoTtey-
Hble PYHKUMU — HanpumMep, CeTeBble — OrpaHuYeHbl MO NPAKTUYECKUM COOBPaXXKeEHUAM U
Ansa 6onblieli 6ezonacHocT. Kpome TOro, Ans KOMOUASLUWM U BbIMOMHEHUA KaxAoi npo-
rpaMMbl OHW TpebyloT focTyna K VIHTepHeTy. Takum obpas3oM, Ans 605ee CMOXHbIX 3KC-
nepvMeHTOB BaM NpuAeTCcs 3anyckaTb nporpaMmbl Go Ha cBOeM KommbtoTepe. K cuyacTbto,
npoLecc 3arpy3ku nNpocT, U, Kak 0TMeyanochb Bbiwe, Go paboTaeT B 06OV COBPEMEHHOIA
onepauunoHHOI cucTeme. Tak uTo 3arpyska Go c cainta golang.org v ycTaHOBKa Ha KOM-
NnbloTepe He [O/MKHA 3aHATb 60/ee HEeCKONbKUX MUHYT, MOC/Me Yero Bbl CMOXEeTe HayaTb
HanucaHue 1 3anyck nporpaMm GO CaMOCTOSITENIbHO, He 6yayun MPMBSA3aHHBIMU K KOH-
KpeTHOMY caiiTy.
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Mockonbky Go npefcTaBnseT co60i MPOEKT C OTKPbITbIM KOAOM, Bbl MOXETe MpoYecTb
Kog Nto60oro Tmna uan yHKLMM B CTaHAapPTHOW 6M6IMOTeKe, LOCTYMHON OHNaiH no agpe-
cy https://golang.org/pkg; aToT e KOA fIBASeTCA 4acTbl 3arpy>aemoro gucTpu-
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>XKaoem Bawwinx OT3bIBOB!

Bbl, unTaTeNib 3TON KHWUIN, W eCTb [NaBHbIA ee KPUTUK. Mbl LeHUM Balle MHEHUE U XO-
TUM 3HaTb, YTO 6bINO CAENaHO HaMu NPaBU/IbHO, YTO MOXHO OblfI0 CAeNath Nyylle U YTo
elle Bbl XOTenu Obl yBUAETb U34aHHbIM HaMu. Ham MHTepecHbl Nto6ble Bally 3aMedaHus B
Haw agpec.

Mbl XfeM BalMX KOMMEHTapMeB W HafleeMcAa Ha HWX. Bbl MoXeTe npucnatb Ham Oy-
MaXXHOe WAW 3NeKTPOHHOE MUCbMO NM60 NPOCTO NOCETUTL Hall Be6-caiiT 1 0CTaBUTb CBOU
3amMeyaHmsa Tam. OAHUM CNOBOM, NOObLIM YAOOHLIM AN Bac CMNOCOOOM faliTe HaM 3HaTb,
HPaBMUTCA NI BaM 3Ta KHWIA, a TaKXXe BbICKa)KWUTE CBOE MHEHVEe O TOM, KaK CAenarb Haliu
KHUTY 60/1ee NHTEPECHbIMW AN1A Bac.

OTnpasnssg NUCbMO WMAKM cOObLLEeHMe, He 3abyabTe yKasaTb Ha3BaHWe KHWUIU W ee aBTo-
poB, a TaKxe CBOIi 06paTHbIli agpec. Mbl BHUMaTENbHO 03HAKOMUMCS C BalUMM MHEHUEM W
0693aTeNbHO y4TeM ero npy oT60pe M NOArOTOBKE K U3L4aHWUIO HOBbIX KHUT.

Halun anekTpoHHbIE agpeca:

E-mail: info@ williamspublishing. com
WWW: http: //www.williamspublishing. com
Hawu nouTtoBble afgpeca:

B Poccun: 127055, MockBa, yn. JlecHas, 4. 43, cp. 1

B YKpauHe: 03150, Kues, a/a 152






YUyebHnK

3JTa rnaea NpejcTaBaseT co60oi KpaTKuii 0630p OCHOBHbLIX KOMMNOHeHTOB Go. 3aeck npefo-
CTaB/IEHO [OCTAaTOYHO MHGOPMAUMM U MPUMEPOB AN TOro, YTo6bl Bbl HAy4YWUSUCL feNaThb
Mofie3HbIe BeLlM C NMomollblo GO Kak MOXHo GbicTpee. MpuBefeHHble 34ech (Kak 1 BO BCeit
KHUTE) NpMMepbl NO3BONSIOT PewaTh 3af4aun, KOTopble BaM, BO3MOXHO, NPUAETCS UM npu-
XO/IMNOCh pellaTh B peanbHO MpakTWKe MporpamMMucTa. B aToii rnaBe Mbl MMeeM feno ¢
MPOCTLIMW NpPOrpaMmMaMy, KOTOpble YMTalOT BBOA, YTO-TO C HWM feNalT W 3anucbiBaloT
BbIXOfHble faHHble. Takue Mporpammbl A0MXKHbI GbiTb 3HAKOMbI BaM 13 Balleli MPaKTUKM
Ha ApYyrux A3blkax NporpaMMUPOBaHs, TakK YTO OHU SIBASIOTCA 0UYeHb APHEKTUBHBIM CPEA-
CTBOM AN Hayana U3y4yeHusl HOBOTO A3blKa.

Mpu M3y4eHWn HOBOFO Si3blKa MPOrpaMMUPOBaHUS CYLLECTBYET CTECTBEHHAs TEHAEH-
LMs 3annCbiBaTb HOBbIM KOf TaK, KaK Bbl 3anucanit 6bl ero Ha XOpoLlo 3HaKOMOM BaM SI3bIKe
(Mnn, Kak MeTKO 6blNI0 CKasaHO €elie A0 POXAEHMS GOMbLUMHCTBA YMTaTENel 3TOW KHUTW,
“nucatb NporpaMmy Ha Fortran ¢ Toukamu ¢ 3anaToii4). MonbiTaiiTecb NPOTUBOCTOSATL ITONA
TeHAEHLUN. B KHUTe Mbl MocTapanuch NOKasaTb M 06BACHUTL, KaK NUCcaTb XOpoLlue WAno-
MaTUUHble NporpamMMbl Ha Go, Tak 4YTO UCMONbL3YITe NpeCTaBNEHHbIN 3[eCb KOf KaK PyKo-
BOZCTBO MpW HanMcaHWM COGCTBEHHOTO KOAaA.

1.1. Hello, World

[aBaiiTe HayHem C TpaguLMoHHON nporpammbl “hello, world'4 koTopas BnepBble Mo-
ABmnacb B KHure The C Programming Language B 1978 rogy. lNMockonbKy f3blk C — 0auH
N3 OCHOBHbIX MPsAMbIX NpeakKoB GO, y Hac eCTb UCTOpPMYECKME OCHOBaHWA ANS TOro, YTOo6LI
HayaTb C @aHHOI MporpamMmMmbl; KpOMe TOro, OHa WANKCTPUPYET P LEHTPaNbHbIX NAENA.
aooL Ao/ chl/helLLoworid

package main
import "fmt"

func main() {
fmt.PrintinC'HellOj wmwup”)
>

GO — KOMNUAUPYEMbIA s3bIK. Ero MHCTpyMeHTapuii npeo6pas3yeT WCXOAHbIA TeKCT
nporpammbl, a Takxke GUGIMOTEKN, OT KOTOPbIX OH 3aBMCUT, B KOMaHZAbl Ha MallVHHOM
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A3blKe KOMMbloTepa. [OoCTyn K MHCTPYMeHTapuio GO OCYLLEeCTBAAETCS C MOMOLLbIO eAVHOA
KOMaHfpbl go, KOTOpasi MMeeT MHOXECTBO MOAKOMaHA. MpocTelilleil U3 HUX ABNSeTCS MOf-
KOMaHfa run, KOMMUAupytollas MCXOAHbIA TeKCT U3 OJHOTO UMW HECKONbKMUX MCXOfHbIX
(halinoB ¢ pacluMpeHnMeM .go, CBS3bIBAET UX C GUGNMOTEKAMMU, a 3aTEM BbIMOSHAET NOAY-
UEeHHbI B pe3ynbTaTe BbIMOAHUMBIV haiin. (34echb M fanee B KHUre CMMBOA $ MCMOMb3yeTCs
B KauecTBe MpurialleHns KOMaHAHON CTPOKM.)

$ go run helloworld.go

Huyero yauBMTENLHOIO, YTO MPOrpaMma BbIBOLUT CTPOKY

Hello, wmwup

Go u3HayanbHO obpabaTbiBaeT cMMBO/LI Unicode, Tak 4TO OH MOXeT obpaboTaTb TekCT
¢ Nto6bbIM HabopoM CUMBOOB.

Ecnu nporpamma npefHasHayeHa 60fiee 4em AN Pa30BOro 3KCMEpUMEHTa, BEpOSITHO,
Bbl 3aX0TUTE CKOMMWAMPOBATb €e U COXPaHUTb CKOMMWAWPOBAHHbLIA pe3ynbTar ANa Aanb-
HeWLero Ucnosib3oBaHMA. IT0 AenaeTcs ¢ NOMOLLbI KoMaHAbl go build:

$ go build helloworld.go

OHa co3faeT 6MHapHbIl BbiNOAHUMBIA (aiin hellow orld, KOTOPbIA MOXHO BbINOAHUTb
B /11060 MOMEHT BpeMeHMN 6e3 Kakoi-nm6o 06paboTKu:

$ _/helloworld
Hello, wmup

Kaxablli BaXHbI/i MpUMeEpP Mbl MOMeYaeM HamoOMUHaHWeM O TOM, YTO Bbl MOXETe mMo-
NYUYUTb COOTBETCTBYIOLW NI UCXOAHbIA TEKCT M3 Perno3nTOpuUs UCXOAHbIX TEKCTOB AaHHOW
KHUIW no agpecy gopl.io:

qodL.io/chl/heilLoworLd

Ecnun Bbl BbINONHMTE KOMaHay go get gopl.io/chl/hellow orld, oHa caenaet Bbl-
60pKY HE0BX0AMMOro MCXOAHOM0 TEKCTa M MOMECTUT ero B COOTBETCTBYOLWMNIA KaTanor. bo-
nee Nogpo6HO 06 3TOM peyb MAET B pasgenax 2.6 n 10.7.

[aBaiiTe Tenepb Norosopum o camoin nporpamme. Kog Go opraHu3oBaH B BUAE MaKeTOB,
KOTOpble NOA0OHbLI 6MBANOTEKAM WA MOAYNAM APYTMUX A3bIKOB. [akeT COCTOUT W3 O4HOTO
UM HECKONbKMX (PaiinoB MCXOLHbIX TEKCTOB (.g0) B OAHOM KaTanore, KOTOpble onpegens-
0T, Kakue AeliCTBUA BbIMOMHAET AaHHbIA NakeT. KaXAablil UCXOAHbIA (haiin HauMHaeTcs ¢
obbsaBneHus package (B faHHOM cnyyae — package main), KOTopoe yKa3sbiBaeT, K Kako-
My MakeTy NpPUHAgNEeXWUT JaHHbIA (aiin. 3ateM cnefyeT CNMCOK APYTUX MakeToB, KOTOPbIe
3TOT (halin UMNOPTUPYET, a NOC/e Hero — O06BABMEHMS NPOrpamMmMbl, XpaHsLLencs B 3TOM
ncxofgHom avine.

CraHpapTHasa 6ubnuoteka Go MMeeT 60siee COTHM NAKeTOB A/19 pPacrnpoCTPaHeHHbIX 3a-
[a4y, TaKMX Kak BBOJ, U BblBOJ, COPTUPOBKA, paboTa ¢ TeKkCToM U T.4. Hanpumep, naket f mt
COLEPXUT (PYHKUMM ANd (hOpMaTUPOBAHHOIO BbIBOJA M CKAHMPOBaHUA BBOAA. PYHKUWA
Println sBnseTcs ofHOW M3 OCHOBHbIX (PyHKUWI B nakete fmt; oHa BbIBOAWUT O4HO MM
HECKO/bKO 3Ha4YeHWil, pasgeneHHbIX npobenamu n ¢ fobasBneHnemM CUMBONA HOBOM CTPOKM
B KOHLIe, TaK 4YTO BbIBOAMMbIE 3HAYEHMS pacnonaratoTcs B O4HOW CTPOKE.
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MakeT main — oco6biii. OH onpegenseT OTAE/bHYK MPOrpaMMmy, T.e. BbIMOMHUMbINA
(halin, a He 6UBNMOTEKY. B nakeTe main yHKUUS main Takxe ABasSeTCA 0C060M — VMEHHO
C Hee HauMHaeTcA nporpamma. MNporpamma genaet To, 4TO AenaeTca B PyHKUMM main. Ko-
HEeYHO, ANA BbINOAHEHUS AeACTBUA PYHKLMA main 06bI4HO Bbi3blBAET DYHKLMUN U3 [pYTUX
nakeToB, Kak, Hanpumep, fm t.Printin.

Mbl [O/MKHBI yKa3aTb KOMMOWAATOPY, Kakue MakeTbl Heob6XoAWMbl 1S AaHHOro Wuc-
XO[HOro (haina; aTy 3afadvy pewlaroT 06bABNEHMSA import, ciegytoline 3a 06bABAEHNEM
package. lMporpamma “hello, world” ncnonb3yeTt ToNbKO OAHY (PYHKLUIO M3 OAHOrO CTO-
POHHEro naketa, HO 60/bLWWHCTBO MPOrpaMM UMMNOPTUPYIOT HECKOMbKO NaKeToB.

Heob6xo4nMM0O MMNOPTUPOBATb TONbKO Te MaKeTbl, KOTOPble BaM HY>XHbl. Mporpamma He
OyLeT KOMNUAMPOBATLCA KakK MPU HanMuMyM OTCYTCTBYHOLLEro MMMOPTa MakeToB, TaK 1 Mmpu
HaMunun M3AnLHero. JT0 CTporoe TpeboBaHWe NpefoTBpallaeT HaKOMNEHWe CCbIIOK Ha
Hencrnonb3yemble NakeTbl MO Mepe Pa3BMTUS MPOrpaMMbl.

O6bsABNeHMA import 4O/MHKHbI clefoBaTh 3a 06bABNeHMeM package.

Mocne 3Toro B Nporpamme pacnofnararoTcs 06bABNeHUS YHKLUWIA, NepeMeHHbIX, KOH-
CTaHT 1 TMNOB (BBOAMMbIE C NOMOLLbIO KAk4eBbIX cnoB func, var, const utype); no
6onblIeil YacTn NopafoK 06bABNEHUIA He MMeeT 3HavyeHus. MpuBeAeHHas NporpaMMa Mak-
CMMaNbHO KOPOTKas, TaK Kak 00bABNSET TONbKO O4HY (YHKLMIO, KOTOpas, B CBOKO O4vepesp,
TakKXXe BbI3blBaeT TO/IbKO OAHY (hYyHKUMIO. [N 3KOHOMWW MecTa Mbl He Bcerga 6ygem yka-
3bIBaTb 00bSABMEHNA package M import B npumepax, HO OHW MMEKTCA B UCXOAHbIX (aii-
nax (M 4OMKHbI BbITb TaM, YTO6bLI KOA YCNEWHO KOMNUANPOBANCS).

O6bsBNeHMe (DYHKLMM COCTOUT M3 KIHOUYEBOro cnosa func, MMeHU ¢yHKLMMK, cnMcKa
napameTpoB (MyCTOro cnucka B ciyvae hyHKUMM main), CAMcKa pe3ynbTaToB (Takxke nyc-
TOr0 B J@aHHOM C/ay4ae) U Tena YyHKUMN — WHCTPYKLUWIA, KOTOpble OMpeAenstoT BbINOA-
HAemMble (PYHKUWeA aeicTBnA — B (MIYypHbIX CKobKax. Bonee moapo6HO (hyHKUMM pac-
cMaTpuBarloTCa B rnase 5, “©@yHKUun”.

GO He TpebyeT TOUEK C 3aNATON B KOHLE WHCTPYKLMU UK 06BABMEHUS, 32 CKIHUYEHU-
eM C/yyaeB, Korga ABe unu 6onee MHCTPYKLMIA HaXOAATCA B OfHOM W TOW e cTpoke. o
CYTU, CUMBO/bI HOBOW CTPOKMW NOCNe OnpejAeNieHHbIX eKceM NpeobpasyoTca B TOUKM C 3a-
NATON, TaK YTO MECTONO/MIOXEHNE CMMBO/IOB HOBOI CTPOKM MMEET 3Ha4YeHWe AN KOppekT-
HOF0 CMHTaKCM4YecKoro aHanusa koga Go. Hanpumep, oTKpbiBatowas gurypHas ckobka {
(YHKLMM JOMKHA Haxo4WTbCH B TOM XXe CTPOKe, YTO W KOHeL, 06bsiBneHns func, HO He
B OTAENbHON CTPOKE, a B BbIPAXKEHUN X + Yy CUMBOM HOBOW CTPOKU paspeLleH Nocne, HO He
[0 onepaTopa +.

GO 3aHMMaeT XeCTKYH MO3MLMI0 OTHOCUTENbHO (OpMaTMpoBaHna Koga. VIHCTpyMeHT
gofmt NpMBOAUT KO K CTaHAAPTHOMY (hopmaTy, a nogkomMaHfa fmt nHCTpymeHTa go npu-
MeHsieT gofmt ko Bcem haiiiam B ykasaHHOM MNakeTe wam K ¢alinam B TeKyL,eM KaTanore
no ymon4aHuio. Bce ncxogHsle aitibl Go B KHWUre nponyLieHbl Yyepes gofmt, n Bam Hyx-
HO BbIpaboTaTb MPMBbLIYKY MOCTYNaTb TaK Xe CO CBOMM KOAOM. P opmanbHOe 06bABNAEHME
CTaH4apTHOro opmaTa ycTpaHsieT MHOXECTBO 6eCCMbIC/IEHHbIX CMOPOB O Menovax u, 4to
6onee BaxHO, paspellaeT Uenblii pAf aBTOMATU3MPOBaHHbLIX NpeobpasoBaHUi NCXOLHOMO

Koda, KOTopble GblN Gbl HEOCYLL,eCTBUMbI NpY paspelleHHOM NPOM3BO/LHOM (hOpMaTMpO-
BaHUMU.
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MHOrne TeKCTOBble pefakTOpbl MOFYT HacTpamMBaTbCs TakK, YTO MPU KaXLOM COXpaHe-
HUK (haiina 6ygeT 3anyckaTbCAd MHCTPYMeHT gofmt, Tak 4YTO Bal MCXOAHbIA TeKCT BCerga
OyZeT npaBuabHO OThopmaTMpoBaH. Elle 0AMH MHCTPYMEHT, goim ports, 4ONO/HUTENbHO
ynpaBnseT BCTaBKOA W yfaneHnem o6bABNeHWA umnopTa npu HeobxogumocTtu. OH He fB-
NSeTCH 4acTblo CTAHAAPTHOrO AUCTPUMOYTMBA, HO Bbl MOXETE MOAYYUTb €ro C MOMOLLbIO
cneaytolleli KomaHabl:

$ go get golang.org/x/tools/cmd/goimports

[ns 60MbWIMHCTBA NOMb30BaTENEN 0ObIYHBIM CPEACTBOM 3arpy3Kn M MOCTPOEHMA NAaKeTOB,
3anycka TecTOB, NMOKasa JOKYMEHTaLun 1 Tak fanee ABAAETCA WHCTPYMEHT go, KOTOPbIii
Mbl paccmoTpum B pasgene 10.7.

1.2. ApryMmeHTbl KOMaHAHOIN CTPOKM

BonbWMHCTBO NporpaMmMm 06pabaTbiBalOT HEKOTOPbIE BXOAHbIE faHHbIe 418 FeHepauum
HEKOTOPbIX BbIXOHbIX JaHHbIX; 3TO fLOBO/MLHO TOYHOE ONpeAeneHne BbluncneHuii. Ho Kak
NONYYUTb BXOAHbIE faHHble AN paboTbl nNporpamMbl? HekoTopble MporpamMmbl reHepu-
pYIOT COGCTBEHHbIE AaHHbIE, HO Yalle BBOJ MOCTynaeT M3 BHELIHEro WCTOYHMKA: (haiina,
NOAKMIYEHNS K CETU, BbIBOA M3 APYroii NporpaMMbl, BBOAA NOMb30BaTENs C NOMOLLbIO
KnaBmaTypbl, W3 apryMeHTOB KOMaHAHOW CTPOKM WAM APYroro nofo6HOro MCTOYHMKA.
B HECKONbKMX Cefyowmx npuMmepax Mbl paCCMOTPUM HEKOTOPbIE U3 MepeyvnclieHHbIX
anbTepHaTUB, HauYMHas C apryMeHTOB KOMaHAHOW CTPOKMU.

MakeT 0S npefocTaBfseT (PYHKLUM W pasnnyHble 3HaYeHUs AN paboTbl ¢ onepayu-
OHHOWM CUCTEMOIN NNaT(PoOpMO-He3aBUCUMbIM 06pa3oM. APrymMeHTbl KOMaHAHOM CTPOKWK
JOCTYNHbI B MporpaMMe B BUAe NEpeMeHHOl ¢ uMeHemM Args, KOTopas fBASeTCA 4acTbio
nakeTta 0s (Takum o06pas3om, ee 1Msa B I060M MecTe 3a NpefenaMu nakeTa 0S BbIMNAAUT Kak
0s. Args).

MepemeHHaa os .Args npeacTaBnseT coboit cpes (slice) cTpok. Cpesbl ABAAIOTCA PYH-
[JaMeHTaNbHbIM MOHATUMEM B GO, 1 BCKOPe Mbl MOroBOPUM O HUX ropasgo nogpobHee. Moka
Xe fymaiiTe 0 cpe3e KakK O MocnefoBaTeflbHOCTU (C fUHAMWYECKUM pasMepoM) S 3/1EMEH-
TOB MaccuBa, B KOTOPO K OTAENbHbIM 3/IEMEHTaM MOXHO 06paTuTbC Kak K s[i], a K
HenpepbIBHOV NofnocnefoBaTeNlbHOCTU — Kak K s[m:n]. KonuyecTBo 3aTUX 3N1EMEHTOB
onpegensetca Kak len(s). Kak v B 60/blINHCTBE APYrUX SA3bIKOB NPOrpaMmMuMpoBaHus,
nHAekcauna B GO MCMOMb3yeT MOAyOTKPbITbie UHTEPBabl, KOTOPblE BKAKOUAKOT NepBbIii
WHAEKC, HO UCKMYaloT MocneAHunid, NOTOMY 4TO 3TO ynpoLiaeT noruky. Hanpumep, cpes
s[m: n], r;e 0 <m<n <len(s), COAEPXMNUT N-M 3/IEMEHTOB.

MepBblil 3anemeHT 0s.Args, 0s.Args[0], npeactaBnseTt coboil NMA camOil KOMaHfbl;
OCTa/ibHble 3/1IeMeHTbl MpPeACTaBAAOT cO60M aprymeHTbl, KOTOpble OblM MepefaHbl Mpo-
rpamme, Korja Hayanocb ee BbIMOfIHeHWEe. BbipaxeHue Buga s[m:n] gaeT cpes, KOTOPbIiA
yKa3blBaeT Ha 3/IeMeHTbl OT MA0 M-1-ro, Tak YTO 3NEMEHTbI, KOTOpble HaM NoTpebytoTcs
B C/llefytowemM npumepe, Haxopatca B cpese os.Args[1:len (os.Args)]. Ecnm onyuwe-
HO 3HaYeHWe m uau M, UCMoMb3YTCA 3Ha4YeHMs no ymonuvaHutw — O wnm len(s) cooT-
BETCTBEHHO, TakK YTO Mbl MOXEM COKPaTUTb 3anmncb HY>XHOro Ham cpe3a ao 0s.Args [1: ].
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[anee npefcrasneHa peanusaumna komMavgbl Unix echo, KoTopas BbIBOAWUT B O4HY CTPO-
Ky aprymeHTbl, nepejaHHble B KOMaHAHOM cTpoke. OHa MMNOPTMPYeT ABa nakeTa, KOTO-
pble yKasaHbl B KPYribiX CKOGKax, a He B BUAE OTAE/bHbIX 06bABAEHUA umnopTa. MOXHO
MCnonb3oBaTh NOOYI0 3anNncb, HO 06bIYHO MUCMNOb3YEeTCA CNUCOK. MopAjoK umnopTa 3Ha-
YeHUs He UMEeeT; UHCTPYMeHT gofmt copTupyeT umeHa nNakeToB B antaBUTHOM MOPALKE.
(Ecnn umeeTcs HECKONbKO BepCcUii mpumepa, Mbl 6yAemM 4acTo UX HYMepoBaTb, YTOObI Bbl
TOYHO 3HaNW, O KaKol U3 HUX Mbl FTOBOPUM.)

qodL.10o/chl/echol
11 Echol BbIBOAMT aprymeHTbl KOMaHAHOW CTPOKU
package main

import (
"fmt"
nosM

func mainQ {
var s, sep string
for i := 1; i < len(os.Args); i++ {
s += sep + 0s.Args[i]
sep =" "

}
fmt.Println(s)

KoMmMeHTapuu HauyuMHatoTCA ¢ cMMBONOB //. Becb TekCT OT // [0 KOHLA CTPOKWU ABNA-
eTcA KOMMeHTapueMm, npefHasHavyeHHbIM 415 NPOrpaMmucTa, U UTHOPUPYEeTCA KOMMNUAATO-
poM. Mo cornaleHnio Mbl ONUCbIBAEM KaX[blli NMakeT B KOMMEHTapUM, HENOCPeACTBEHHO
npesLwecTBYIOLLEM €ro 06bABAEHUIO; AN NakeTa main 3TOT KOMMeHTapuii COCTOUT U3 0f-
HOr0 MW HECKObKUX MOMHbIX NPEA0XEHNA, KOTOPble OMMCLIBAIOT MPOrpamMmMy B LLe/IOM.

Ob6bsaBneHMe var 06bABNAAET ABe MepemMeHHble — S U sep Tuna string. Kak yacTtb
06bABNEHNSA MepeMeHHas MOXET 6biTb UHULMANM3NUpoBaHa. Ecnv nepeMeHHas He UHULK-
ann3npoBaHa fBHO, OHa HEABHO WHUUMANU3NPYETCA HYNeBbIM 3HAYEHWEM COOTBETCTBY-
towero Tnuna (KoTopoe paBHo 0 Aa8 YMCAOBLIX TUNOB W MYCTOW CTPOKe "" AnNs CTPOK).
Taknum o6pa3om, B 3TOM MpuMepe 06bABNEHMNE HEABHO MHULMANN3NPYET CTPOKK S U Sep.
bonee Noapo6HO O MepemMeHHbIX 1 06BABAEHUAX Mbl NOrOBOPUM B rnase 2, "CTpyKTypa
nporpammebl”.

[na uncen Go npepocTaBnsieT 00blYHble apUMeETUYECKME W NOTNYECKUE OMepaTopbl.
OpfHaKo Npu NPUMEHEHMU K CTPOKaM OMepaTop + BbIMOHAET KOHKATEHALMI0 NX 3HAYeHWH,
TakK YTO BbIpaXKeHue

sep + 0s.Args[i]

npeacTaBnseT co6oii KoHKaTeHauWto cTpok sep U os.Args[i]. Wcnonb3oBaHHas B Mpo-
rpamMmme WHCTPYKLIUSA

s += sep + 0S.Args[i]
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npeAcTaBAseT co6oil MHCTPYKLMIO NPpUCBaMBaHKSA, KOTOPas BbIMOMHSAET KOHKaTeHaLWto cTa-
poro 3HadyeHus s ¢ sep M 0s.Args[i] u npucBanBaeT HOBOE 3HAYeHUE NEPEMEHHOW §;
OHa 3KBWBA/IEHTHA BbIPaXXEHWHO

S = s + sep + 0s.Args[i]

Onepatop += ABAAeTCA NpUcBaMBalOLMM onepaTopoM. Kaxablii apudMeTudeckunii n no-
FMYEcKMin onepaTop Hanogobue + nan * MMeeT COOTBETCTBYHOLWMNIA NpMUCBanBatOLLMil one-
patop.

Mporpamma echo morna 6bl BbIBECTU BCE BbIXOAHbIE AaHHbIE B LMK N0 0f4HOMY (hpar-
MEHTY 3a pa3, HO Halla Bepcus BMeCTO 3TOr0 CTPOMT CTPOKY, [006aBNsAs HOBbIA TEKCT B
KOHUe Kaxpaoro qparmeHTta. M3HayanbHO CTPOKa S MycTa, T.e. MMeeT 3HaueHue N Kax-
fas ntepauus Lukna fob6aBnseT K Heil TekcT. Mocne MepBoil nTepauuu nepes oyepefHbIM
(hparMeHTOM BCTaBfseTca Npoben, Tak 4TO NOCne 3aBepLUeHUs LuKna Mexay Bcemu apry-
MeHTaMn MMeTCA npobenbl. TOT MPoLEecc MMeeT KBagpaTMUHOe BpeMs paboThl, TakK yTo
OH MOXET 0Ka3aTbCA [OpPOrocToAL MM, eCAN KOMUYECTBO aprymMeHTOB GyAeT 60MbLINM, HO
4ans echo ato manoBeposATHO. [lanee B 3TOW U cnefytoLeli rnaBax Mbl NPUBEAEM HECKONbKO
YCOBEpLLUEHCTBOBaHHbIX Bepcuii echo.

VHfeKcHaa nepeMeHHas LMKna i 06bsBneHa B nepsoit yactu uukna for. CumBonbl =
ABNAIOTCA YaCTbl0 KPaTKOro 06bABMEHWA MEPeMEHHOM, UHCTPYKLUK, KoTopas 06bsBnseT
OfHY WM HECKONbKO NEepemMeHHbIX WM Ha3HayaeT UM COOTBETCTBYOLME TUMbI Ha OCHOBE
3HaYeHUa MHULUMannsaTopa. B cnepytoLleil rnase Mbl pacCKaKem 06 3TOM Nogpo6Hee.

OnepaTop MHKPeMEHTA i++ [06aBAdeT K i eanHULYy. ITa 3aNUCb 3KBMBaNEHTHA 3anucu
i += 1, KoTOpas, B CBOK O4Yepefb, 9KBMBaANEHTHa 3anucu i =i + 1. Vimeetca n cooTBeT-
CTBYHOLLMIA onepaTop AeKPeMeHTa, KOTOPbIA BbluMTaeT 1. OTO UHCTPYKUUW, & He Bblpaxe-
HMS, KaK B OONbLUNHCTBE A3bIKOB ceMeiicTBa C, MO3TOMY 3anmucb j = i++ SBAAETCA HeKop-
PEKTHOI; KpOMe TOro, 3TU OMepaTopbl MOTYT ObITh TOMbKO MOCTPUKCHBIMU.

Linkn for aBnsetca eAMHCTBEHHOW WHCTpyKuuel uukna B Go. OH MMeeT psj pasHo-
BUAHOCTEl, OfiHA 13 KOTOPbIX MOKa3aHa 3[ecCh:

for vHuumanunsaumsa; ycnosue; nocnegeictene {
// Hynb WM HECKONbKO WHCTPYKUMWIA

}

BOKpyr Tpex KOMMOHEHTOB LuKna for CKO6KM He Mcnonb3yTca. OUrypHbIe YKe CKOBKM
06s3aTeNlbHbl, MPUMYEeM OTKpbIBalOLlWas (GuUrypHas ckobka o6s3aHa HaXO4AUTbCA B TOM Ke
CTPOKe, YTO N UHCTPYKL WA nocnefeicTBume.

Heobs3aTenlbHas MHCTPYKLUSA MHULMANU3aLMM BbINOMHAETCA 40 Havana paboTbl LKA,
Ecnn oHa umeeTca B Hanumumu, oHa 06s3aHa 6bITb MPOCTOM WMHCTPYKUMEN, T.e. KPaTKUM
06bABMEHVEM NMEPEMEHHON, UHCTPYKLUWEN MHKPEMeHTa WM NPUCBaMBaHUS, WM BbI30BOM
DYyHKLUMN.

Ycnosue npefctaBnseT coboil N0rnveckoe BbipaXKeHUe, KOTOPOe BbIYMCNSETCA B Haya-
Nne KaXAoh utepaumm umkna. Ecnu ero BbluUCNeHMe faeT pe3ynbTat true, BbINOAHAKTCA
WUHCTPYKLMKN Tena uukna. MHCTpyKuus nocnefelic TBMe BbINOAHSAETCA NoOcfe Tena UWKAa,
noc/ie Yero BHOBb BblYMCAAETCA yCnoBMe. Linkn 3aBepLuaeTcs, Korga Bbl4MCcAeHue ycnoBsus
faet 3HauveHue false.



1.2. APFYMEHTbI KOMAHAHOW CTPOKM 27

NMio6as 13 NepeuncneHHblX YacTeil MoXeT GbiTh onyleHa. Mpy 0TCYTCTBUM KakK MHWLM-
anuM3aumm, TakK v nocneaeincTBns MOXHO ONYCTUTb TOUKM C 3ansThbIMU:

// TpagnuunoHHbli umkn “while"
for condition {
11

}

Ecnu ycnoBue onyLieHO NOMHOCTbIO B 11060/ M3 pa3HOBMAHOCTEN LMKNa, Hanpumep, B

// TpaguUMOHHbIA GECKOHEYHbIA LMK
for {
/1

}

Mbl NOMy4yaeM 6ECKOHEeYHbIA LUK/, KOTOPbIA AO/MKEH 3aBEPLUUTHCA HEKOTOPLIM WMHbLIM My-
TEM, HanpumMep ¢ NOMOLLbI MHCTPYKUMK break mnam return.

Elle ofHa pasHOBUAHOCTL Lukna for BbINONHSAET MTepauuu A1 AnanasoHa 3HauyeHui
4Na Tuna faHHbIX Harnogobue CTPOKM wau cpesa. [Ans uanoctpauuu npusefeM BTOPYIO
BepCMo nporpammel echo:

godL.io/chl/echo2

11 Echo2 BbIBOAWUT aprymeHThl KOMaHLHOl CTPOKM,
package main

import (
llfm.tll
"os

)

funcsgnalsr;F()) E oM
for arg = range os.Args[l:] {
S += sep + arg
sep = " "

}
fmt_Printin(s)

B Kaxgon mTepauuu LMKAa range NpoW3BOAWUT Mapy 3HaYeHWii: UHAEKC W 3HayeHwue
3/1eMeHTa C 3TUM WMHAEKCOM. B faHHOM Mpumepe Mbl He HYXAaeMCH B MHAEKCE, HO CUH-
TaKCMC LMKNa Mo AvanasoHy TpebyeT, 4ToObl, UMeS AeNno C 3NEMEHTOM, Mbl paboTanu u ¢
nHaekcom. OHO M3 pelleHnin 3aKknyaeTcs B TOM, YTOObl NMpUCBanBaTh 3HaYeHNEe UHAEKca
BPEMEHHOI MepeMeHHOl C 04eBUAHLIM UMEeHeM Harnogobue temp n urHopmuposats ero. Of-
Hako GO He JOMYCKaeT Ha/M4nsa HENCMNONb3YEMbIX NOKabHbIX MEPEMEHHBIX, TaK YTO 3TOT
cnocob npuBeaeT K OMOKe KOMNUAAL UK.

PeweHne 3akntoyaeTca B NpUMeHeHUn nycToro naeHTudgukaTopa (blank identifier) c
nMeHeMm _ (cumBon nogyepknBaHuns). MycToil NAEHTUGHNKATOP MOXET MCNONb30BaTLCA BE3-
Je, rae CMHTaKcMC TpebyeT UMS NMepeMeHHOM, HO NOrnKe MPOrpaMMbl OH He HYXKeH, Hanpu-
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Mep B LMK/E MO AManasoHy, B KOTOPOM HaM [JOCTaTOYHO 3HaTb 3HAUYeHWE 3/1eMeHTa, HO He
ero uHAekc. bonbWWHCTBO NporpaMMnUcToB GO MpeanoyTeT UCMOMb30BaTh range U _ Ans
3anucy nporpammbl echo (Kak aTo cfiefiaHo Bbllle), MOCKONbKY UHAEKCUPOBaHME 0'S . Args
BbIMOMHSAETCA MPU 3TOM HESBHO, a 3HAYWUT, TPyAHee AONYCTUTb OLIMGKY MpY HamMcaHuUu.

B aToit Bepcuu mporpammbl Ans 06bABAEHUS W MHWLMANU3ALUN S U SEP WUCMONb3YeTCs
KpaTKoe 06bsBMEHUE NEepeMeHHO, HO Mbl MOXEM 06bABUTb 3TU MepPeMeHHbIe U OTAENb-
HO. VIMetoTCs pasHble cnoco6bl 06bSBNEHNS CTPOKOBbLIX MEPEMEHHbBIX; MPUBEAEHHbIE aanee
06bABNEHUS 3KBUBANIEHTHbI:

s =
var s string
var s = ,n

var s string =

MoyemMy Mbl JOMKHBI NPesnoyYnTaTh OAUH BUA 00bABAEHNSA ApYrum? MNepBas pasHOBUA-
HOCTb, KpaTKoe 00bsiBNeHNe NepemMeHHON, ABNAeTCA Hanbonee KOMNAKTHOW, 04HAKO MOXET
MCNONb30BaTLCA TOMLKO BHYTPU (PYHKLMM, HO He ANS MEePEMEHHbIX YPOBHA MakeTa. Bropas
Pa3HOBMAHOCTb OCHOBaHa Ha MHULMANU3aLUyM No yMONYaHWIO (418 CTPOKN — 3HAYEHMEM
""). TpeTbsi pa3HOBUAHOCTb MCNO/Mb3YETCSH PeAKO, B OCHOBHOM Mpu 06bABAEHUN HECKONb-
KX NepeMeHHbIX. YeTBepTas pasHOBMAHOCTb COLEPXMWT fBHOE yKa3aHWe TUna NnepemeH-
HOli, KOTOPOe ABMAETCA W3NWLIHWMM, KOrfa TUn coBnafaeT ¢ TMMOM HayanbHOr0 3HaYyeHus
NMepeMeHHOI, HO KOTOpoe ABMAeTCs 0653aTeNbHbIM B APYTMX CAyYasX, Korga TWMbl nepe-
MEHHOW W MHMUManu3aTopa pasHble. Ha npakTuke 06bIYHO ClieAyeT MCMO/b30BaTh OLHY
13 nepBbIX ABYX PasHOBWAHOCTEN: C ABHOW MHMUManu3auueid (4ToObl yKazaTb BaXHOCTb
HayafIbHOro 3Ha4YeHUA) U C HEABHON MHMLManM3aumnein no ymondyaHuto (4Tobbl ykasatb, 4T
HauyanbHOe 3HaYeHWe He UrpaeT ponm).

Kak oTMeuanoch Bbllle, NpU KaXKAol uTepaLmMm LuMKna CTpoka S noayyaeT HOBOe cofep-
Xumoe. Onepartop += c034aeT HOBYH CTPOKY MyTeM KOHKaTeHauun CTapoil CTPOKU, CUMBO-
na npo6ena 1 o4epesHOro aprymeHTa, a 3aTemMm NpucBanBaeT HOBYIO CTPOKY NMEPEMEHHOI .
Crapoe cofiep>XMMoe CTPOKM S 60/1ee He UCMNONb3YyeTCs, MO3TOMY OHO ByfeT B Hajfexalyee
BpeMs 06paboTaHO cHOPLLMKOM Mycopa.

Ecnn 06bem AaHHbIX BEMK, 3TO MOXET 6biTb 4OPOrocTOAW MM peleHneM. bonee npoc-
TbIM 1 60/51€e 3PPeKTUBHLIM peleHnem B6b1n0 6bl MCNONb30BaHWE (YyHKUMKM Doin 13 nake-
Tastrings:

aoolL .io/chl/echo3
func mainQ {
fmt.PrintIn(strings.Join(os.Args[1:], " ™))

}

HaKoHeL, ecim Ham He HY>XHO GecroKoUTLCS 0 (hopMaTe W HYXXHO YBUAETb TONbKO 3Ha-
ueHUs, Hampumep, ANS OTNaAKW, Mbl MOXeM MO03BOMUTbL QYHKUMKU Println dopmaTupo-
BaTb Pe3ynbTaThbl AN HaC:

fmt.PrintIn(os.Args[1:]
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BbiBOA 3TOW WMHCTPYKLUM MOXOX Ha BbIBOJ, MOJyYeHHbIA B BEPCUMU C MPUMEHEHNEM
strings.Doin, HO C OKpyXalwWwmnMn KBagpaTHbIMU CKOOKaMu. TakMM 06pa3om MOXeT
ObITb BbIBEfEH M0G0 cpes.

YnpaxHeHne 1.1. i3meHnTe nporpammy echo Tak, 4To6bl OHa BblBOAMMA TaKXe
0s.Args[0], uma BbINONHSEMOIN KOMaHAbI.

YnpaxHeHue 1.2. MiameHuTe nporpammy echo Tak, 4To6bl OHa BbIBOAWAA WHAEKC U
3HaYeHue KaXXoro apryMmeHTa no ogHOMy apryMeHTy B CTPOKe.

YnpaxHeHune 1.3. TT03KCNEPUMEHTUPYATE C N3MEPEHNEM Pa3HULbl BPEMEHU BbINO/HE-
HWUA MOTEHUMaNnbHO HeaP(eKTUBHbLIX BEPCUIA U BEPCMM C NpUMeHeHMem strings. Doin.
(B pa3sgene 1.6 gemoHCTpMpyeTCcsa 4acTb naketa time, a B pasgene 11.4 — Kak HanucaTtb
TeCT NPOU3BOAUTENLHOCTM /15 €6 CUCTEMATUYECKON OLeHKN.)

1.3. [ToUCK NOBTOPSAKOLMNXCA CTPOK

Mporpammbl 4N KONuMpoBaHWA (alinos, neyaTu, NOUCKa, COPTUPOBKKU, MOACHETA U ApY-
rMe MMerT CXOXYH CTPYKTYPY: LUK MO BXOAHbIM AAHHbIM, HEKOTOPble BbIYUC/IEHUSA HAL
KaXX4blM 3N1€MEHTOM W reHepauus BbiBOAa “HaneTy” WaM Mo OKOHYaHWUU BblUNCAEHWNIA. Mbl
MOKa)eM TpW BapuaHTa nMporpaMmMbl Mof HasBaHueMm “dup”, Ha co3faHue KOTOpoli Hac Ha-
TO/MIKHYNla KoMaHda uniq u3 Unix, KoTopas UWET cocefHWe NOBTOpAlOLLIMeCs CTpoku. Uc-
Mo/b30BaHHbIe CTPYKTYPbl M MakeTbl NPeACcTaBAAKT cO60 MOAENN, KOTOPble MOTYT 6bITb
NIerKo afanTupoBaHbl.

MepBas Bepcus dup BbIBOAUT KaXAylo CTPOKY, KOTOpas B CTaHAApTHOM BBOAE MOABAS-
eTcsa 60Mblle OAHOrO pasa, BbIBOAS MpefBapUTe/lbHO KOMYECTBO ee MOsBAEHMIA. B 3Toii
nporpaMmme BBOAATCA MHCTPYyKLMA if, TMN faHHbIX Tap n naket bufio.

aoolL .io/chl/dupl

11 Dupl BbLBOANT TEKCT Kaxgol CTPOKM, KOoTopasi MnosiBnsieTcs B
// cTaHpapTHOM BBoAe 6ofiee OAHOro pasa, a Takke KOIM4ecTBO
// ee nosiBneHuiA,

package main

import (
"bufio"
"fmt"
"'os

)

func main() {
counts := make(map[string]int)
input := bufio.NewScanner(os.Stdin)
for input.Scan() {
counts[input.TextQ]++
>
// TpuveyaHve: WrHopupyem noTeHuuasbHble
// ounbkn u3 Input.ErrQ
for line, n = range counts {
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ifn>1{
fmt_Printf(%d\t%s\n"J n, line)

}

Kak 1 B uukne for, BOKPYr yCnoBus UHCTPYKUMK i f HeT cKOBOK, HO A1 Tena MHCTPYK-
Lummn purypHble cKObku ob6s3atesibHbl. MOXET nMeTbca HeobsA3aTeNbHaa vacTb else, KOTo-
past BbIMOMHSAETCA MPU NI0XHOCTY YCNOBUS.

OTob6pa>keHne (Tap) cofepXuT Habop nap “Kat4-3HayeHMe” n obecneymBaeT KOH-
CTaHTHOE BpeMs BbIMO/IHEHUA OMepaLuili XpaHeHWs, U3BMIEYUEHNS WM NPOBEPKU HanMuus
3/IeMeHTa B MHOXecTBe. Koy MOXeT ObITb N1060ro TMna, Nuilb 6bl 3HAYEHMS 3TOro Tmna
MOXHO 6bI/I0 CPaBHUTL C MOMOLLbLIO OMepaTopa ==; pacNpoCTPaHeHHbIM NPUMEPOM K/toya
ABNAOTCA CTPOKWU. 3HaYeHMe MOXET ObITb N060Oro Tuna. B Hawem npumepe KnouM npeg-
CTaBNAT CO6GOM CTPOKM, a 3HAUYeHWs MpeAcTaBiAeHbl TUMOM int. BCTpoeHHas (PyHKLMS
make co3gaeT HOBOe NycTOe OTOOpaXKeHWe; OHa UMeEeT W Apyrvue npumeHeHns. OTobpaxe-
HWS NoApo6HO 06CcyXAaatTCcs B pasgene 4.3.

Bcsakuii pas, korga dup cumTbiBaeT CTPOKY BBOAa, 3Ta CTPOKA UCMOMb3YeTCs Kak Koy
B OTOGpaXeHWU, U COOTBETCTBYIOLLEE 3HayeHuWe yBenuuuBaeTcs. WHCTpykums counts
[input .Text() ]++ akBUMBaneHTHa CNeayoLNM ABYM WHCTPYKLMAM:
line := input.Text()
counts[line] = counts[line] + 1

Ecnn B 0TOGPaXeHWM elle HET HYXHOr0 Ham KJua, 3To He npo6nema. Korga HoBas
CTPOKa BCTpeyaeTcs BMnepsble, BbipaxeHne counts [line] B mpaBoi yacTv npuceamBaet
Hy/ieBOe 3HaueHVe HOBOMY 3/1IeMeHTY, KOTopoe a4 Tuna int pasHo 0.

[ns BbIBOJA pe3ynbTaTOB Mbl BHOBb UCMOMb3yeM LMKA MO AMana3oHy, Ha 3TOT pa3 —
no oTobpaxkeHWto counts. Kak n paHee, Kaxjas utepauusa faeT ABe BeAUYUMHbI — K/ItOY
M 3HauYeHVe 3NeMeHTa 0TOOpaXKeHUs Ans 3Toro knoua. Mopsagok 06xofa 0To6paXKeHNUs He
onpejeneH, Ha MpakTUKe 3TOT MOPALOK CMyYaeH W BapbUpPYyeTCsi OT OAHOr0 BbIMOIHEHUS
nporpaMmbl K Apyromy. 310 CAenaHo npegHamMepeHHo, MOCKOMbKY NpefoTBpaLLaeT Hanuca-
HWe NporpaMM, ONuparoLMXca Ha KOHKPETHOe ynopsagoveHre, KOTOpoe He rapaHTmpyeTcsl

[anee HacTynaeT oyepeab naketa bufio, KoTopblii nomoraeTt chenaTb BBOA W BbIBOA
3P PeKTUBHbIM 1 yA06HbIM. OfHOW M3 Hambosnee NOME3HbIX €r0 BO3MOXHOCTEN fiBAsSieTCA
TUMN C UMeHEM Scanner, KOTOPbIA CYMTbIBAET BXOAHbIE aHHbIE W pa3buBaeT NX Ha CTPOKK
WM CNoBa; 3a4acTylo 3TO caMblli MpocToi cnocob 06paboTkM BBOAA, KOTOPbIA MOCTynaet
MOCTPOYHO.

Mporpamma Mcnosb3yeT KpaTKoe 06bABNEHME NepeMeHHOl ANna COo34aHns HOBOW mepe-
MeHHOI input, koTopas ccbinaetcs Ha bufio. Scanner:

input := bufio.NewScanner(os.Stdin)

CKaHep CUMTbIBAET CTaHAApPTHbIA BBOA Mporpammbl. Kaxablit Bbi3oB input.Scan()
CUMTbIBAET OYEPeSHYI0 CTPOKY M yfanseT 3aBepLUakoLinii CUMBO HOBOIM CTPOKM; pe3ynbTat

1 B nepByto oyepedb, OTCYTCTBUE YNOPAJ0HEHNSI CBA3AHO C TeM, YTO NpY YNOpsiA0oHeHUn ObLIo
6bl HEJOCTVXKMMO KOHCTaHTHOE BPeMs Omnepauuii ¢ otobpaxkeHem. — lMpumey. pes.
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MOXHO MOMy4YnTb MyTem Bbi3oBa input. Text(). ®yHKUMA Scan BO3BpaLLaeT 3HayYeHue
true, ecnn cTpoka cuMTaHa W AocTynHa, v 3HadeHue false, ecnu BXofHble AaHHbIE UC-
yepnaHsl.

®dyHkumns fm t.Printf, nogobHo yHkumn printf B A3bike nporpammumpoBaHusa C
M APYTMX fA3blKaX, BbIMOMHAET POPMATUPOBaHHbIA BbIBOJ HAa OCHOBE CMMCKA BblPaXEHWI.
MepBbiM ee apryMeHTOM ABASETCA CTpoKa hopmara, KoTopas YKa3sblBaeT, Kak AO/MKHbI O6bITb
oThopmMaTMpoBaHbl Nocneayowme aprymeHTbl. ®opMaT Kaxgoro aprymeHTa onpegenser-
€ CUMBO/IOM Mpeobpa3oBaHus, 6YKBOIA, cneaytolleid 3a 3HaKoM npoueHTa. Hanpumep, %d
thopmaTUpyeT LeN0YUCEHHbI onepaHj B AeCATUYHON 3anucu, a %S BbIBOAUT 3HaYeHMe
CTPOKOBOrO onepaHja.

dyHKUMA Printf nmeeT 6onblue fecaTKa TaKMx nNpeobpa3oBaHuiA, KOTOpbIE NPOrpam-
MUCTbl Ha GO HasblBalOT rnaronamm (verbs). MNMpueegeHHas ganee Tabnuua ganeka ot non-
HOW cneyunduKaynm, HO UNNKOCTPUPYET PSS AOCTYMHbIX BO3MOXHOCTENA.

%d [JecatnyHoe uenoe
%X, %0, %b  Llenoe B LwecTHaguaTepMyHOM, BOCbMEPUYHOM U ABOMYHOM MPeACTaBAEHMAX

%f ,%g, %e Yucna ¢ nnasaroLLein Toukoii: 3.141593 3.141592653589793
3.141593e+00

% Byneso 3HaueHuve: true wm false

%c PyHa (cumBon Unicode)

%s Crtpoka

% BbIBOAUT B KaBblYKax CTPOKY Tuna "abc" wam cumson tmna 'c'
%v Nio6oe 3HaueHne B eCTECTBEHHOM opmarte

%r Tvn no60ro 3HayeHuns

%% CumBOS NpoueHTa (He TpebyeT onepaHaa)

Ctpoka popmata B dupl cofepXuT TakKe CUMBONbI Tabynsaumm \'t 1 HOBOW CTpoKK \n.
CTpoKOBble finTepanbl MOTYT COAEepXKaTb Takue yrnpasfstoLMe rnocnefosaTebHOCTN A4/1A
npeAcTaBNeHns CUMBONOB, KOTOPble 0ObIYHO HEBUAMUMbBI Ha 3KpaHe WU He MOryT 6bITb BBe-
[eHbl HenocpefCTBEHHO. o ymonuaHuto P rintf He 3anucbiBaeT CUMBON HOBOW CTPOKM.
Mo cornaweHnto yHKLUM HOpMaTUpPOBaHUA, MMeHa KOTOPbIX 3aKaHuuBaloTCs Ha f, Takune
Kak log.Printf ufmt.Errorf, ncnono3yT npasuna gopmatnposaHus fm t.Printf,
TOrAa Kak yHKLMK, MMeHa KOTOpbIX 3aKkaHuMBalTCA Ha In, kak Println, dopmatupyioT
CBOM apryMeHTbl TaK, Kak 0yATO MCMO/b3yeTcsa CMMBON Mpeobpas3oBaHus %v, a 3a HUM —
CMMBON HOBOW CTPOKM.

MHorve nporpamMmbl CYMTLIBAKOT BXOAHbIE faHHble NM60 U3 CTaHAAapPTHOro BBOAA, Kak
npuBefeHHas Bbiwe, M60 M3 NOCNELOBAaTENbHOCTM MMEHOBaHHbIX (aiinos. Cnegytowas
Bepcua dup MOXXeT Kak BbIMOJIHATL YTEHMe CTaHAApPTHOro BBOAA, TakK M paboTaTb CO cnuc-
KoM (haiinoB, ncnonb3ysa os .Open Ans UX OTKPbIBAHUS:

aopL.io/chl/dup2
/1 Dup2 BbIBOAUT TEKCT Kaxgoi CTPOKM, KOTOpas MOosBAAeTCS BO
/1 BXopHbIX faHHbIX 60nee ofHoro pasa. [lporpamma umMTaeT
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// CTaHgapTHbLA BBOA WM CMMCOK MMEHOBAaHHbLIX (hainos,
package main

import (
"bufio”
"fmt"

0S

func mainQ) {
counts := make(map[string]int)
files := os.Args[l:]
if len(files) == 0 {
countLines(os.Stdin, counts)
} else {
for arg = range files {
f, err := os.Open(arg)
if err = nil {
fmt.Fprintf(os.Stderr, "dup2: %v\n", err)
continue

countLines(f, counts)

f_CloseQ
}
P
for line, n := range counts {
ifn>1{
fmt.Printf("%d\t%s\n"", n, line)
}
}

}

func countLines(f *os.File, counts map[string]int) {
input := bufio.NewScanner(f)
for input.ScanQ {

counts[input.Text()]++

// TpuveyaHve: wurHopupyem noTeHuua bHble
// ounbkn u3 input.ErrQ)

dyHKUMsA 0s.0pen BO3BpalLaeT ABa 3Ha4YeHUs. [1epBoe M3 HUX ABAAETCA OTKPbITbIM
thaiinom (*os. File), KoTopblil B fanbHeliweM ynuTaet Scanner.

BTopoit pe3ynbTat 0s .Open — 3HayeHMe BCTPOEHHOrO TUna error. Ecnm err paBHO
cneunanbHOMY BCTPOEHHOMY 3HaudeHMIo nil, dain oTKpbIT ycnewHo. JTOT (ain ynTta-
eTCsl, U No LOCTMKEHUN ero KoHua yHkums Close 3akpbiBaeT ero u 0cBob6oOXfaeT BCe
CBsA3aHHble C HUM pecypcbl. C Apyroli CTOPOHbI, eCY 3HAYEHMWE e rr He paBHO nil, 3HauuT
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YTO-TO MOLUO He Tak. B 3TOM cnydyae 3HayeHWe OWMOKM OMWUCLIBAET NMPOUCLUEALLIYIO He-
NPUATHOCTb. Hala npocTeliwas 06paboTka oWNBOK BbIBOAUT COOOLLEHNE B CTAHAAPTHbI
NOTOK co06LWeHns 06 ownbKax ¢ NOMOLWbIO Bbi3oBa Fprintf u cumsonos npeobpasosa-
HUA %V (KOTOpble BbIBOASAT 3Ha4YeHWe Nt060ro Tuna B hopmare No YMOAYaHUIO), NOCAe Yero
dup nmepexoguT K cnepytouiemy gainy; MHCTPYKLUs continue BbINOAHAET HEMEANEHHbIN
nepexof K ouepefHoOl ntepaunmn oxeaTbiBatolwero yukna for.

UT06bl pasmepbl NPUMEPOB B KHWUre OCTaBa/iMCb B pas3yMHbIX Mpefenax, B paccmoT-
PeHHbIX NpuMepax 06paboTka owmnboK oTcyTcTBYeT. OUeBMAHO, Mbl AO/DKHbLI NPOBEPUTH
owmnbkn os .0pen; 0fHaKO Mbl UTHOPUPYEM MEHEee BEPOATHYH BO3MOXHOCTb OLIMGKU Mpu
yTeHMM (haiina ¢ nomowblo Enput.Scan. Mbl 0TMeYyaeM MecTa, rae nponyuieHa 06paboT-
Ka oln60K, a moApo6Hee 0 Hell Mbl NOroBOpMM B pasgene 5.4.

O6paTnTe BHMMaHue, 4YTO BbI30B countLines npeflecTByeT 06bABAEHNIO 3TON (hYHK-
unn. ®@YHKUMKM U gpyrue 06bEKTbl YPOBHA MakeTa MOryT 6biTb 06bSABMEHBbI B 1H060OM MoO-
psake.

OTo6paxkeHne ABNAETCA CCbMKOM Ha CTPYKTYPY AaHHbIX, CO3A4aHHYI0 (hyHKUMel make.
Korpa oTobpaxeHune nepefaetca B (OYHKLUMIO, (DYHKLUMS NOSyvyaeT KOMUIO CCbISIKK, NO3TO-
My Nt06ble M3MEHEHWNA, KOTOPbIe Bbi3blBaemMas MYHKLUUA BHOCUT B YKa3blBaeMYI0 CTPYKTYpY
JaHHbIX, 6yAyT BUAHbI U C NOMOLLbIO WCXOAHON CCbINIKW B Bbi3blBaloLleM Kofe. B Haliem
nprvMepe 3HauyeHus, BCTaBnsieMble B 0TOGpaxkeHne counts QyHkumei countlLines, Bua-
Hbl PYHKLMK main.

PaccmoTpeHHble Bbile Bepcunm dup paboTatoT B “MOTOKOBOM” peXxume, B KOTOPOM
BXOAHblE JaHHble CYMTLIBAIOTCA U pa3bmMBalOTCA Ha CTPOKM MO Heo6XOLMMOCTM, TaK 4To
B MPMHLMMNE 3T MporpaMmmMmbl MOryT obpabaTbiBaTb MPOU3BO/bLHOE KOMMYECTBO BXOAHbIX
[aHHbIX. ANbTEPHATUBHbIA MOAXOA COCTOUT B UTEHWUM BCEX BXOAHbIX JaHHbIX B MaMATb 0f-
HUM 60NbLLINM “FNOTKOM”, MO/IHOM pa3fefieHnn ero Ha CTPOKW, U nocnegytouiein 06paboT-
Ke cTpok. Cnegytow,aa Bepcus, dup3, paboTaeT MMEHHO TakMM 06pa3om. B Heil BBOAATCA
¢yHkuna ReadFile (13 naketa io/ioutil), KoTopas cUMTbIBaeT BCe COAEPXUMOE MMe-
HOBaHHOro thaiina, n yHkuma strings.Split, Kotopas pasbuBaeT CTPOKY Ha cpe3 Mmoj-
cTpok. (Split ABnseTca NPOTMBONOMOXHOCTLIO PYHKUMM Strings.Join, ¢ KOTOPbI/ Mbl
NO3HaKOMMWAMNCH BblLLE.)

Mbl HECKOMbKO ynpocTuan dup3. Bo-nepBbiX, 3TOT BAPUAHT MNPOrpamMmmbl YATAET TONLKO
MMEHOBaHHbIe (halinbl, HO He CTaHAAPTHbINA BBOA, Tak Kak yHKuMn ReadFile TpebyeTca
aprymMeHT, KOTOpbIi NpeacTaBnsieT coboi nms ¢aitna. Bo-BTOpbIX, Mbl NEPEHECAN NOACYET
CTPOK 06paTHO B DYHKLMIO main, Tak Kak Tenepb OH HEOBXO4MM TOMLKO B O4HOM MeCTe.

aoolL.io/chl/dup3
package main

import (
"fmt*
"io/ioutil”
"os
"'strings"
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func mainQ) {
counts := make(map[string]int)
for filename := range os.Args[l:] {
data, err := ioutil_ReadFile(filename)
if err = nil {
fmt.Fprintf(os.Stderr, "dup3: %v\n', err)
continue
>
for line := range strings.Split(string(data)., *"™\n') {
counts[line]++

>
>
for line, n := range counts {
ifn>1¢{
fmt.Printf("%d\t%s\n", n, line)
}
}

dyHkums Read File Bo3Bpawiaet 6aiiToBbIi Cpe3, KOTOPbIA A0MXKEH 6bITb Npeobpaso-
BaH B string Tak, 4ToObl €ro MOXHO 6bl10 Pas3dbuTb C MOMOWbID (PYHKLMM Strings.
Split. CTpokun 1 6ainToBble cpesbl Mbl paccMoTpuM B pasgene 3.5.4.

BHyTpu yHkumm bufio.Scanner, ioutil.ReadFile nioutil.W riteFile wuc-
nonb3ytoT metodbl Read n W rite o6bekTa *0s. File, HO 60/bLWNHCTBY NPOrpaMmMncTOB
OYeHb PeAKo MpuxoauTcs npuberatb K TaKMM HU3KOYPOBHEBbIM (DYHKUMAM Henocpen-
CTBeHHO. Mpouie ncnonb3osaTbh MYHKLMM B0Mee BbICOKOrO YPOBHA Hanogobue QyHKUUA 13
naketos bufio nio/ioutil.

YnpaxHeHue 1.4. N3meHnte nporpammy dup2 Tak, 4tobbl OHa BbIBOAWIA MMEHA BCeX
(haiinoB, B KOTOPbIX HaifeHbl MOBTOPAIOLLMECS CTPOKMN.

1.4. AHnMMupoBaHHble GIF-n3obpaxkeHund

Cnegylouias nporpamMma [eMOHCTPUPYET OCHOBbI MPUMEHEHWA CTaHLAPTHbLIX MakeToB
Go gng paboTbl C M306PaXKEHUAMM, BO3MOXHOCTM KOTOPbIX Mbl MCMOMb3yeM NS co3fa-
HMS NOCNEeA0BaTENbHOCTU PacTPOBbLIX N30BPaXXeHUA N X COOPKM B aHMMUPOBaHHOe GIF-
nsobpaxeHue. ITM U306paKeHUs, UMeHYeMble urypammn Jinccarky, 4acto MCMo/b30Ba-
NNCb B KayecTBe BU3yasbHbIX 3(EKTOB B (paHTacTUUECKUX unbMax 1960-x rogos. 3T0
napameTpuyeckne Kpusble, NOMYyYeHHbIE C MOMOLLLID FrapMOHUYECKUX KonebaHuii B ABYX
N3MepeHnsX, TaKNX Kak [Be CMHycOWMAbl, MOAaHHbIE Ha BXOAbl X WYy ocuunnorpada. Ha
puc. 11 npuvBefeHO HECKOIbKO NMPUMEPOB Takmux uryp.

B Kkoge 3Toli nporpaMMbl eCTb HECKONbKO HOBbIX KOHCTPYKUMWIA, BKAOYas const-
00bABNEHNSA, CTPYKTYPHbIE TUMbl U COCTaBHbIE NUTepasbl. B oTanyme oT 60N1bWMHCTBA Ha-
LWIMX MPUMEPOB 3[eCb TaKXXe UMelTCA BblUMCAEHUA C nnaBatoleli TO4KOi. MogpobHO 3TK
Tembl pacCMaTpMBalOTCS B CNefyHOLMX rNaBax, a ceiiyac Halla OCHOBHas Lenb — AaTb Bam



1.4. AHUMNPOBAHHbIE GIF-U30BPAXXEHWA 35

npeLcTaB/fieHNe 0 TOM, KaK BbIrngaanT GO M YTO MOXKHO fIerko cfefatb C NOMOLLbIO 3TOro
A3blKa nNporpamMmMmnpoBaHnAa n ero 6ubnnoTek.

Puc. 1.1. YeTblpe urypbl Jlnccaxy

godL.io/chl/Lissaious
11 Lissajous reHepupyeT aHWMMpOBaHHbIi GIF 13 cnyuvaiiHbiX

// puryp Jlinccaxy.
package main

import ( .
imagelt

"image/color"”

"image/gif"

lliOll

"math"

Wmath/rand"

"os”
)
var palette = [Jcolor.Color{color.White, color.Black}
const (

whitelndex = 0 // MepBbii LUBET NanMTpsl

blacklndex = 1 // Cnepywwmini LBeT NannTpbl
)

func main() {
lissajous(os.Stdout)

func lissajous(out io.Writer) {

const (
cycles =5 // KonnyecTBO MOMHLIX KOMebaHui x
res = 0.001 // YrnoBoe pa3peleHne
size = 100 // KaHBa wu306paxeHus oxsaTbiBaeT [size..+size]
nframes = 64 // KonnuyecTBO KagpoB aHumauumu
delay =8 // 3apepxka mexgy kagpavy (egvHuua - 10mc)

)

rand.Seed(time.Now() .UTC() -UnixNanoQ)

freq := rand.Float64() * 3.0 // OTHOCuTeNbHas 4acToTa KonebaHwi y
anim := gif.GIF{LoopCount: nframes}
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phase = 0.0 // Pa3HoCcTb (a3
for i =0; 1 < nframesj i++ {
rect := image-Rect(0, 0, 2*sizet+l, 2*size+l)

img := image.NewPaletted(rect., palette)
for t = 0.0; t < cycles*2*math.Pi; t += res {
X = math.Sin(t)
;= math.Sin(t*freq + phase)
mg.SetColorIndex(size+int(x*size+0.5), size+int(y*size+0.5),
blackIndex)

-

phase += 0.1
anim.Delay = append(anim.Delay, delay)
anim. Image = append(anim.Image, img)

}
gif.EncodeAll(out, &anim) // TpyMeyaHne: WrHopupyem OWWGKM

Mocne umnopTa nakeTa, NyTb K KOTOPOMY COAEPXMWT HECKONbKO KOMMOHEHT (Hano-
fobue image/color), Mbl obpauiaemcs K nNakety no UMeHW nocfiejHero KOMMOHEHTA.
Takum o6bpasom, nepemeHHas color.W hite npuHagnexuTt nakety image/color, a
gif.G IF npuHagnexuT nakety image/gif.

O6bsaBneHme const (83.6) faeT MMeHa KOHCTaHTaMm, T.e. 3HaYEHUAM, KOTOpble YUKCU-
poBaHbl BO BpeMA KOMMUAALUK, TaKUM Kak YUC/OBble MapaMeTpbl LUKAO0B, 3a4epXKKN U T.N.
MopobHO 06bABMEHNAM var, 06bABNEHMA CONSt MOMYT HaxO4MUTbCA Ha YPOBHE MaKeToOB
(Tak YTO MMeHa BUAUMbI Be3fe B NakeTe) UaM B (OYHKLMM (TaK YTO MMeHa BUAWMbI TOMbKO
B Npegenax AaHHOW yHKLMKM). 3HaYeHNe KOHCTaHTbl AO/MKHO ObiTb YMCIOM, CTPOKOW WAn
NOTNYECKMM 3HAYEHUEM.

BbipaxxeHnusa []J color .Color{...}ngif .GIF{. ..} aBnAw0TcA cOCTaBHbIMN INTe-
panamu (composite literals; pasgensl 4.2, 4.4.1) — KOMNaKTHOW 3anuCbi0 A8 MHCTaHLMPO-
BaHMA COCTaBHbIX TUMOB GO M3 MOCNEA0BATENbHOCTM 3HAYEHWUI 3neMeHTOB. B npuBefeH-
HOM NpuMepe MepBbli U3 HUX NpeacTaBnseT cob0i cpes, a BTOPO — CTPYKTYpY.

Tun giF.GIF ABnseTca CTPYKTYpHbIM Tunom (cMm. pasgen 4.4). CTpykTypa npefcras-
NSAeT coboli rpynny 3Ha4yeHWii, UMeHYeMbIX MOASIMU, 3a4acTY0 Pas3/IMyHbIX TUMOB, KOTOPbIE
cobpaHbl B 0ANH OOBLEKT, paccMaTpuBaeMblii Kak efunHoe uenoe. MNepeMeHHas anim sBNS-
eTca cTpyktypoit Tuna gif.GIF. CTpyKTYpHbI nuTepan co3faeT 3HavyeHUe CTPYKTYpbl,
none LoopCount koToporo yctaHaBnmBaeTcs pasHbiM nframes; Bce npoyne nons MMET
HyfeBble 3HaYeHWs COOTBETCTBYHOLWMX TUNOB. ObpalieHne K OTAeNbHbIM NOMASM CTPYKTY-
Pbl BbIMOMHAETCA C MOMOLLbIO 3aNUCK C TOYKON, Kak B [BYX MOCMeAHUX MPUCBaMBaHUSAX,
KoTopble SiBHO 06HOBAAOT nond Delay n Image nepemeHHo anim.

dyHKUMA lissajous COLEPXWT ABa BAOXKEHHbIX UMKNA. BHeWHWA UMK BbIMONHAET
64 nTepauuu, Kaxpas M3 KOTOpbIX FeHepupyeT OTAeNbHbIl Kagp aHumaumu. OHa co3gaet
HOBOe M306paxkeHMe pasmepoM 201x201 ¢ manuTpoli M3 ABYX LBETOB, 6el10ro u 4YepHo-
ro. Bce nukcenn n3HayanbHO yCTaHaBAMBAKOTCA PaBHbIMW HY/EBOMY 3HAUYEHUHD ManuTpsl,
T.e. UMEKOT HyNeBOl LBeT, KOTOPbI Mbl onpeAennnun Kak 6enbiit. Kaxgas ntepauus BHeLl-
HEro LMKna reHepupyet HOBOE W306paxKeHWe MyTeM YCTaHOBKM YepHOro LBeTa ANnA He-
KOTOPbIX NuKceneii. PesynbTaT go6aBnseTcs (C NMOMOLLbI BCTPOEHHOW yHKUMKM append
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(pasgen 4.2.1)) K cnucKy Kagpos B anim, BMecTe C YKa3aHHOI paHee 3a4ep>Koil B 80 mc.
HakoHel, nocnefoBaTeNlbHOCTb KafpoB W 3aflepXeK KOAWPYeTca B BUAe W306paxXeHus B
thopmate GIF v 3anucbiBaeTCA B BbIXOAHOW MOTOK out. Tunom out asnsetca io.W riter,
YTO NO3BOJISET BbIMOMHATH 3aMUCb B MHOXECTBO BO3MOXHbIX LieNeBbIX MeCT Ha3HayeHus,
KaK Mbl BCKOpE MOKaXeM.

BHyTpeHHWI UMKN 3anyckaeT ABa ocuunnatopa. OcuunnaTop X npefcrasnseT coboit
NPOCTYI0 (PYHKLMUIO CMHYyca. OCLMANNATOP Y Takxe ABAAETCA CUHYCOWMAON, HO ee yacTtoTa
OTHOCUTE/IbHO YacTOTbl OCLMINATOPAX ABAAETCA CAyYanHbIM ymciom oT 0 4o 3, a ero asa
OTHOCUTE/IbHO OCLMNNATOPAaX M3HayanbHO paBHa 0, HO YBEIMYMBAETCS C KaXKAbIM KagpoM
aHuMauuu. LiMkn BbINONMHAETCA A0 TeX Mop, NMoka OCLUNNATOP X He BbIMNOMHUT MATb MOJ-
HbIX UMKNOB. Ha Kaxgom wware Bbi3biBaeTcs yyHKUmus SetColorindex gna Toro, 4ytobbl
OKpacuTb NUKCe/b, COOTBETCTBYHOLWMUI KoopAauHaTe (X,)0, B YepHbIi uBeT (nosuumna 1B na-
nnTpe).

®dyHKUMSA main Bbi3blBaeT PYHKUMIO lissajous, 3acTaBnss ee OCyLLeCTBASATbL 3anNucChb
B CTAHAAPTHbIA BbIBOA, TAK YTO MPUBEAEHHAs fanee KOMaHAa reHepupyeT aHVMUPOBAHHbI
GIF ¢ kagpamu, NOA06HbLIMY MOKa3aHHbIM Ha puc. 1.1.

$ go build gopl.io/chl/lissajous
$ ./lissajous >out.gif

YnpaxHeHue 1.5. ViameHuTe nanutpy nporpamMmbl lissajous Tak, 4Tobbl M306pa-
)KeHUe 6bl/Io 3e/IeHOr0 LBeTa Ha YepHOM (JOHe, YTO6bl ObITb 60/1Ee MOXOXMM Ha 3KpaH Oc-
umnnorpada. Ytobbl co3gatb Beb6-uBeT #RRGGBB, BOCNOMb3ylTECh MHCTPYKLMER color.
RGBA{OXRRjOXGG,0xBB,0xff}, B KOoTOpOil Kaxgas napa LWecTHajuaTepuyHbIX LuUdp
npefcTaBnseT APKOCTb KPACHOro, 3e/1eHOr0 U CUHEro KOMMOHEHTOB MUKCENS.

YnpaxHeHue 1.6. iameHuTe nporpammy lissajous Tak, 4To6bl OHa reHepupoBana
n306paxeHns pasHbiX LBETOB, A06aBnAs B nanntpy p alette 6onblue 3HaYeHWiA, a 3aTeM
BbIBOAA UX NYTEM W3MEHEHUS TPeTbero aprymeHTa yHkumum SetColorindex HekoTopbiM
HeTPMBMA/bHLIM CNOCO60M.

1.5. Bbi6bopka URL

[ns MHOXeCcTBa NPWAOXeHWIA [OCTYN K UH(opmauum B IHTepHETe He MeHee BaXKeH,
4yeM AOCTYN K NOKaNnbHOW (halinoBoii cucteme. GO MpefocTaBisieT KOEKLMIO MaKeToB,
CrpynnMpoBaHHYI0 B Katanore net, kotopas obneryaet oTnpaBKy M NOfyvyeHMe UHGopMma-
UMM 13 VIHTepHeTa, cO3faHNe HW3KOYPOBHEBbIX COEAUHEHWI W HACTPOIKY CepBepoB, AN
4yero B 0COBEHHOCTM MOMEe3Hbl BO3MOXHOCTW Mapannenusaunn Go (BBOAUMbIE B rnase 8,
“Go-nognporpamMmmbl 1 KaHasnbl™).

Lna wanoctpaymm MMHMManbHO HEOBXOAUMMOr0 KoAa Ans NOAyYeHUs MHpopmMaummn no
npotokony HTTP Hmxe npuBedeHa npocTas nporpamma fetch, koTopas ocyuiecTenser
BbIGOPKY COAEPXUMOr0 MO KaXAOMY W3 yKasaHHbIX URL v BbIBOAUT €ro Kak He MHTepnpe-
TMPOBAHHbLIW TEKCT; 3Ta NporpammMa co3fjaHa Nno MOTMBaM HEOLEHUMO MOMe3HON YTUANTLI
curl. MOHATHO, YTO 06LIYHO C TAKUMU [aHHbLIMU AO/MKHbI BbIMOMHATLCA HEKOTOpPble Aei-



38 FNABA 1  YUEBHUK

CTBUS, HO 3[1€Cb Mbl MPOCTO AEMOHCTPUPYEM OCHOBHYIO MAel. Mbl yacTo 6yfemM UCMosb3o-
BaTb 3Ty MPOrpamMmMy Aanee B KHUTE.

godL.\o/chi/fetch

11 Fetch BbiBOOMT OTBET Ha 3anpoc Mo 3agaHHomy URL.
package main

import (
L] l.ﬁntl L]
"io/ioutil”
"net/http"
"os'

)

func main() {
for url = range os.Args[l:] {
resp, err := http.Get(url)
if err = nil {
fmt.Fprintf(os.Stderr, 'fetch: %v\n", err)
os.Exit(l)

}
b, err := ioutil.ReadAll(resp.Body)

resp.Body.Close()

if err = nil {
fmt.Fprintf(os.Stderr, "fetch: uTeHne %s: %v\n", url, err)
os.Exit(l)

>
fmt.Printf(""%s, b)

B aToin nporpamMme BBOAATCA (DYHKLUMM U3 ABYX NakeToB — net/http mio/ioutil.
®dyHkums http.G et BbinonHseT HTTP-3anpoc v npu OTCYTCTBMM OWMOOK BO3BpalaeTt
pesynbTaT B CTPYKType res p. Mone Body 3Toi CTPYKTYpbl COLEPXUT OTBET CEPBEPA B BUJE
NOTOKa, 4OCTYMHOro A48 YTeHus. 3atem io u til.ReadAll cunTbiBaeT Becb OTBET; pe3y/b-
TaT COXpaHseTca B nepemMeHHOl b. MoTok Body 3akpbiBaeTcs A5 NpefoTBpaLLeHns yTeuku
pecypcoB, 1 yHKUMA P rintf 3anucbiBaeT 0TBET B CTaHA4APTHbIA BLIBOA,

$ go build gopl.io/chl/fetch

$ ./fetch http://gopl.io

<html>

<head>

<title>The Go Programming Language</title>

B cnyyae ownbkn HTTP-3anpoca fetch coobwaer o ToM, 4TO NPOU3OLLIIO

$ _/fetch http://bad.gopl.io
fetch: Get http://bad.gopl.io: dial tcp: lookup bad.gopl.io: no such host


http://http.Get
http://gopl.io
http://bad.gopl.io
http://bad.gopl.io

1.6. NAPAJIIE/IbHASA BbIBOPKA URL 39

B cnyuae no6oin ownbkn os. Exit (1) 3aBepwaeT paboTy npouecca ¢ KOAOM COCTOS-
Hua 1

YnpaxHeHue 1.7. Bbi3oB pyHKumm io.Copy(dst,src) BbIMONHAET YTEHWE SIC ©
3anucb B dst. Bocnonb3yintech eto BMecTo ioutil.ReadA Il gna konupoBaHus Tena
oTBeTa B NOTOK 0S.Stdout 6e3 HeoO6XOAMMOCTU BblfeNeHNs J0CTaTOYHO OOMbLIOFO ANs
XpaHeHus Bcero oTeeTa Oydepa. He 3abyabTe NpoBepuTb, He MPOM3OLLAA NN OWM6OKA Npu
BbI3oBe i 0 . Copy.

YnpaxHeHune 1.8. MismeHute nporpammy fetch Tak, 4Tobbl K KaXAoMy aprymeHTy
URL aBTomMatunyeckn fobasnanca npedukc h ttp :// B cnyyae oTCyTCTBMA B HEM TaKOBO-
ro. MoxeTe BOCNoNb30BaTbca PyHKuUMen strings.HasPrefix.

YnpaxHeHue 1.9. M3ameHnnte nporpammy fetch Tak, 4ToBbl OHa BbIBOAMMA KOJ, COCTO-
AHna HTTP, cogepxaliuniica B resp. Status.

1.6. MapannensHas Bbibopka URL

OAHUM 13 Hambonee WHTEPECHBIX M HOBbIX acnekToB GO ABfAeTCA NoAfepXka napan-
NenbHOro NpPorpaMmmupoBaHus. 3T0 60nblIas Tema, KOTOPOW NOCBSALEHbl rnasbl 8, “Go-
nognporpammbl 1 KaHanb!”, n 9, “IapannenbHOCTb U COBMECTHO WUCMOJIb3yeMble MepemMeH-
Hble”, TaK 4TO ceilyac Mbl MPOCTO AAAMM BaM BO3MOXHOCTb MOMNPo6OBaTh Ha BKYC OCHOB-
Hble MexaHM3Mbl napanfieNbHocTn Go — go-noAnporpaMmbl U KaHasbl.

Cnegytowas nporpamma, fetchall, TO4HO TakK e BbINONHAET BbIGOPKY COAEPXMUMOro
URL, Kak 1 B npeAbiayliem npumepe, HO AenaeT 310 no mHorum URL ogHOBpeMeHHO, Tak
YTO 3TOT npouecc 3aimMeT He 60MiblUE BPEMEHW, YeM camas Jo/iras BbibOpKa (a He Bpems,
COCTaBNAKOLLEe CYMMY BCEX BpeMeH OTAefibHbIX Bbl6opoK). 3Ta Bepcus fetchall urHo-
pupyeT OTBeTbl CEPBEPOB, HO coobLaeT 06 MX pa3Mepax W 3aTpayeHHOM Ha UX NONyYeHue
BpPeMeHu:

aopLAo/chl/fetchallL
M Fetchall BbinonHAeT napannenbHyi BbIGopky URL u coobuaeTt

// 0 3aTpayeHHOM BpeMeHM U pa3Mepe OTBeTa A1 Kaxaoro M3 HuX.
package main

"io/ioutil”
"net/http"
"os"

lltimell

)

func mainQ {
start := time.Now()
ch := make(chan string)
for url := range os.Args[l:] {
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go fetch(url, ch) // 3anyck go-nognporpammbl

}
for range os.Args[1l:] {

fmt_Printin(<-ch)
// Tony4yeHne u3 kKaHana ch

}
fmt.Printf("%.2fs elapsed\n”, time.Since(start) .SecondsQ)

1}:unc fetch(url string, ch chan<- string) {
start := time.Now()
resp, err := http.Get(url)
if err = nil {
ch < fmt_Sprint(err) // OTnpaBka B kaHan ch
return

nbytes, err := io.Copy(ioutil._Discard, resp.Body)
resp.Body.CloseQ // lckno4yeHne yTeukn pecypcos
if err = nil {
ch < fmt_Sprintf("while reading %s: %", url, err)
return

secs := time.Since(start).SecondsQ
ch <~ fmt.Sprintf("%.2fs %7d %s", secs, nbytes, url)

BoT npumep paboTbl NPOrpammbl;

$ go build gopl.io/chl/fetchall

$ _/fetchall https://golang.org http://gopl.io https://godoc.org
0.14s 6852 https://godoc.org

0.16s 7261 https://golang.org

0.48s 2475 http://gopl.io

0.48s elapsed

go-noanporpaMmMa npeacTasnseT cobol napannenbHoe BbiMOAHeHWE QyHKLMU. KaHan
ABNSETCA MeXaHW3MOM CBSi3W, KOTOpbIA MO3BOMISET OfHOW go-nofnporpamMme nepefaBaTtb
3HaueHWs ONMpefeneHHOro Tuna Apyroli go-nognporpamMme. ®yHKUMsS main BbINOAHAETCS
B gO-MOANpOrpamme, a MHCTPYKLMS goO cO3f4aeT AONOMHUTE/bHbIE gO-MOANPOrpaMMbl.

®yHKUMS main co3faeT KaHan CTPOK ¢ momoLbio make. [na Kaxgoro aprymeHTa Ko-
MaHAHOM CTPOKM WMHCTPYKUWS QO B MEpPBOM LMKNe MO AMana3oHy 3anyckaeT HOBYH Qo-
nognporpammy, kotopyto fetch Bbi3biBaeT aCMHXPOHHO Ansd Bbibopkn URL c nomoubto
http.Get.dyHKuna io.Copy cunTbIBAET TE0 OTBETA W UFHOPUPYeET ero, 3anucbiBas B
BbIXxoAHoli noTok ioutil._Discard. Copy Bo3Bpalwaetr KonmyecTso 6aiToB 1 MHGpoOpMa-
UMo 0 npoucweflnx ownbkax. Mpy nosyveHnn Kaxpaoro pesynbtata fetch oTnpaenser
WTOrOBYIO CTPOKY B kaHan ch. BTopoli uMKn no gmanasoHy B yHKUMM main nosyyaeT u
BbIBOAUT 3TN CTPOKM.

Korga ogHa go-moanporpaMMa nbiTaeTcs OTAPaBMTb UAM MONYyYUTb MHOPMaLUo no
KaHany, oHa 6nokupyeTcs, Moka fpyras go-nognporpaMmma MbiTaeTcAd BbIMOAHUTL COOT-


https://golang.org
http://gopl.io
https://godoc.org
https://godoc.org
https://golang.org
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http://http.Get
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BETCTBYHOLLME OMepaunn MoayyYeHUs WAM OTMpaBKKW, U Nocne nepegayn MHpopmauumn obe
go-noanporpammbl NPOAOMKAT paboTy. B gaHHOM npumepe Kaxgas gpyHkumna fetch ot-
npaenset 3HayeHue (ch <- expression) B KaHan ch, n main nonyyaet ux Bce (<- ch). To,
UTO BeCb BbIBOZ OCYLLECTBAAETCA PYHKLMEA main, rapaHTUpyeT, YTO BbIBOA KaX[oi go-
nognporpaMmmMbl 6yfeT o6paboTaH Kak eauHoe Lenoe, 6€3 OMacHOCTU MONYYUTb Ha IKpaHe
YyepefoBaHMe BbiBOAA MPU 3aBEPLUEHUN ABYX QO-NOAMPOrpaMM B OAMH U TOT XK€ MOMEHT
BpeMeHM

YnpaxHeHune 1.10. Hailgute Be6-caiiT, KOTOPbI COAEPXKMUT 6OMbLIOE KOMYECTBO AaH-
HbiX. MiccnenyiiTe paboTy KellMpoBaHUs nyTem ABykKpaTHoro 3anycka fetchall u cpas-
HeHWA BpPEMEeHM 3anpocoB. [Mony4yaeTe N Bbl KaXAbIA pa3 O4HO U TO XXe COLEPXMMOe?
M3meHnTe fetchall Tak, 4To6bl BbIBOA OCYyLlecTBASACS B halin M 4TOObl 3aTEM MOXHO
6bI/10 €ro N3yUnTh.

YnpaxHeHue 1.11. Boinonunte fetchall ¢ AANHHBIM CNMCKOM apryMeHTOB, TakuM
Kak 06pa3sLibl, JOCTYNHble Ha caiiTe alexa.com. Kak BegeT cebs nporpamma, Korga Beb-
caliT npocTo He oTBevaeT? (B pa3gene 8.9 onucaH MexaHW3M OTCMEXMBAHUSA TaKMUX CU-
Tyauuii.)

1.7. Beb-cepBep

Bubnuoteka Go fenaeT HanucaHue Be6-cepBepa, KOTOPbI OTBEYaeT Ha 3anpochl Ku-
EHTOB Hamnogobue ocyuiecTBaseMbix nporpammoint fetch, mpocTbiMm U nerkum. B 3TOM
pasfiene Mbl NOKaXeM MWHMMasbHbIA CepBep, KOTOPbIA BO3BpaLLaeT KOMMOHEHT NyTW U3
URL, ucnonb3oBaHHOro Ana obpalieHuns K cepsepy. MHave rosops, ecnm 3anpoc MMeeT BuUj,
http://localhost:8000/hello, To oTBeT BbIrNsguT Kak URL.Path = "/hello".

aooL.io/chl/serverl
// Serverl - MuHMManbHLIA “‘eclo’'-cepsep.
package main

import (
ll.frntll
Illogll
"net/http"
)

func main() {
http.HandleFunc("'/*", handler) // Kaxgpii 3anpoc Bbi3biBAET 06PabOTUMK
log.Fatal (http.ListenAndServe("'localhost:8000", nil))

}

// 06paboTumk BO3BpawaeT KOMNOHEeHT nyTu u3 URL 3anpoca,

func handler(w http.ResponseWriter, r *http.Request) {
fmt.Fprintf(w, "URL.Path = %g\n", r.URL.Path)

>


http://localhost:8000/hello
http://http.ResponseWriter
http://http.Request
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MporpammMa cofepXuT 6YKBaNbHO HECKOMBbKO CTPOK, NOTOMY 4YTO 6UG/IMOTEYHbIE (DYHK-
LMK BbIMOMHAT 60MbLIYI YacTb paboTbl. PYHKUMSA main cBsA3bIBaeT (hYHKLMIO-06paboT-
uuk ¢ Bxogswmm URL, KOTOpbIA HauMHaeTcs ¢ /, W 3anyckaeT cepBep, MPOCAYLINBAK-
wmin nopt 8000 B 0XXMAAHMM BXOASLLMX 3aNPOCOB. 3anpoc NpeAcTaBfieH CTPYKTYpoW Tuna
http.Request, koTopas COAEPXUT PSS CBA3aHHbLIX MO/, OAHO M3 KOTOPLIX NpeacTaBns-
eT coboil URL Bxopsuiero 3anpoca. MNonyyeHHbli 3anpoc nepegaetca QyHKLUMU-06paboT-
ymKy, KoTopas m3snekaet KomnoHeHT nytu (/hello) us URL 3anpoca u oTnpasfiseT ero
06paTHO B KayecTBe 0TBeTa ¢ NomoLwbio fmt. Fpnintf. Be6-cepBepbl N0APOOHO paccMoT-
peHbl B pasgene 7.7.

[aBaiTe 3anyctum cepsep B PpoHOBOM pexume. B Mac OS X wam Linux pob6aBbTe K
KomaHge amnepcaHg (&); B Microsoft Windows Heo6xoanmo 3anycTuTb KomaHgy 6e3 am-
nepcaHja B OTAE/IbHOM OKHE.

$ go run src/gopl.io/chl/serverl/main.go &

3aTem ocyuiectsum KNNEHTCKUIA 3anpoc m3 KOMaH,U'HOVI CTPOKNK:

$ go build gopl.io/chl/fetch

$ ./fetch http://localhost:8000
URL.Path = 7"

$ ./fetch http://localhost:8000/help
URL.Path = "/help”

MOXHO Tak)Xe 06paTUTLCA K CepBepy C NOMOLLbIO Beb6-6pay3epa, Kak nokasaHo Ha puc. 1.2,

kioa! eNi61i00 *
o localhost:8000

URi.Path =

Puc. 1.2. OTBeT OT cepBepa

PacwupsTe BO3MOXHOCTW cepBepa LOBOSIbHO Nlerko. OAHWM MOMe3HbIM pacLiNpPeHnem
ABNSETCA KOHKpPeTHbIi URL, KOTOpbI/i BO3Bpal,aeT HEKOTOPOe COCTOSAHMe. Hanpumep, aTa
BEpCUA fenaeT TO XKe, YTO M NpeAblayLlas, HoO Npy 3TOM elle M NOACUYUTbIBaeT KONYECTBO
3anpocos; 3anpoc Kk URL /count Bo3BpallaeT 3T0 KOMMYECTBO, 3@ UCK/OYEHNEM CaMOro
3anpoca /count:

oodL. 1o/chl/server2
11 Server2 - MUHMMa/bHbIA "‘echo™-cepBep CO CUYETUMKOM 3anpocos,
package main

import (
"fmt”


http://localhost:8000
http://localhost:8000/help
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lllogll
"net/http"
'sync"

var mu sync.Mutex
var count int

func main() {
http_HandleFunc(*'/", handler)
http.HandleFunc('/count™, counter)
log.Fatal (http.ListenAndServe("'localhost:8000", nil))

}

// 06paboTynK, BO3BpaWANWMA KOMMOHEHT MNyTu 3anpawmBaemoro URL.
func handler(w http.ResponseWriter, r *http.Request) {
mu.LockQ
count++
mu.UnlockQ
fmt_Fprintf(w, "URL.Path = %qg\n", r.URL.Path)

}

// CuyeTurk, BO3BpalWaWWiA KONMYECTBO CAEMAHHbLIX 3anpocos,
func counter(w http.ResponseWriter, r *http.Request) {
mu.LockQ
fmt_Fprintf(w, "Count %d\n", count)
mu.UnlockQ

Y cepBepa nmeeTca gBa 06paboTumka, M 3anpawmnBaemblii URL onpepensieT, Kakoin u3
HUX 6yaeT BbI3BaH: 3anpoc /count Bbi3biBaeT counter, aBce npoyune — handler. Cepsep
3anyckaeT 06paboTumnK 418 KaXKA0ro BXOAALLEro 3anpoca B OTAeNbHON go-nognporpaMme,
TakK 4YTO HECKOJ/IbKO 3arMpocoB MOryT 06pabaTbiBaThCsl OAHOBPeMeHHO. OAHaKo ecnu ABa na-
pannenbHbIX 3anpoca MonbITalTCA 0OHOBWUTb CYETYMK COUNt B OAWH W TOT XX€ MOMEHT
BPEMEHMW, OH MOXET 6blTb YBE/IMYEH HE COrNacoBaHHO; B TaKOi NporpamMmMe MOXeT BO3-
HUKHYTb cepbe3Has oWwmnbKa nofg HasBaHWEM COCTOAHME TOHKWU (race condition; cm. pas-
gen 9.1). Ytobbl m3bexaTb 3TOM MPo6aeMbl, HYXHO rapaHTMpOBaTb, YTO AOCTYN K nepe-
MeHHOli nonyvaeT He 60fee 04HOI go-NoANPOrpaMmMbl OA4HOBPEMEHHO. NS 3TOr0 Kaxzbli
JOCTYN K NepeMeHHOW AOo/MKeH OblTb OKpYXXeH Bbi3oBamu mu.LockQ u mu.UnlockQ.
bonee geTanbHO NapannesnbHOCTb C COBMECTHO MCNOJb3yeMbIMU MepeMeHHbIMU ByAeT pac-
cmaTpuBaTbCa B rnase 9, “lNapannenbHOCTb U COBMECTHO UCMOJIb3yeMble NMepeMeHHble”.

B kauecTtBe npumepa, 60nee 60ratoro ()yHKLMOHaNbHOCTbIO, (PYHKUMS 06paboTymka
MOXEeT c006LWaTb 0 3arofoBKax M AaHHbIX, KOTOpble OHa Mofy4yaeT, TeM CaMbiM CO3/aBas
NonesHbI AN NPOBEPKM W OTNajKuW 3anpocoB CepBep:

qodL.io/chl/server3
11 06paboTumMk HTTP-3anpocos.
func handler(w http.ResponseWriter, r *http.Request) {


http://http.ResponseWriter
http://http.Request
http://http.ResponseWriter
http://http.Request
http://http.ResponseWriter
http://http.Request
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fmt_Fprintf(w, "%s %s %s\n", r.Method, r.URL, r.Proto)
for k, v := range r.Header {
fmt _Fprintf(w, “Header[%q] = %q\n", k, V)

%mt.Fprintf(w, "Host = %g\n'*, r.Host)

fmt_Fprintf(Wj "RemoteAddr = %g\n", r .RemoteAddr)

if err = r.ParseFormQ; err = nil {
log.Print(err)

for k, v = range r_.Form {
fmt_Fprintf(w, "Form[%gq] = %g\n", Kk, V)
}
}

3/€eCb 1CMONb3YIOTCA MoNs CTPYKTYypbl h ttp . Request Ana reHepaunmn BbiBoga Hanogobue
CNefytoLLero:

GET /?g=query HTTP/1.1

Header["'AcceptEncoding™] = [‘gzip, deflate, sdch™]
Header["AcceptLanguage™] = ["enUS, en;q=0.8"]
Header["Connection'] = ["keepalive™]
Header["Accept™] =

b ["text/html,application/xhtml+xml,application/xml;..."]
Header["'UserAgent] =
b ["Mozilla/5.0 (Macintosh; Intel Mac 0OS X 10_7_5)..."1]

Host = "localhost:8000"
RemoteAddr = "127.0.0.1:59911"

Forn['q"] = [“query"]

O6paTnTe BHMMaHWe Ha TO, Kak Bbl30B ParseForm OKa3biBaeTCA BNOXEHHbIM B KOH-
cTpykuwuto if. Go paspelsaet NpoCcTbIM UHCTPYKUMAM, TaKUM Kak 06bABMEHWNE IOKANbHON
nepeMeHHON, NpegLwecTsoBaTh YyCN0BUKO if, 4TO 0CO6EHHO Mone3Ho npu 06paboTke OWK-
60K, Kak B npuBeLeHHOM npumMepe. Mbl Mornu 6bl 3anucatb 3TO crnegytowum obpasom:

err = r.ParseFormQ

if err = nil {
log.Print(err)

}

OpHako 06beANHEHNE WMHCTPYKUMIA OKasbiBaeTcs 60see KOPOTKUM UM yMeHblUaeT 06nacTb
BMAMMOCTM MEPeMEHHO err, 4YTO ABNAETCA XOpOWei npakTMKoin. O6nacTm BUAMMOCTM
6yayT paccmatpuBaThCa B pasgene 2.7.

B 3TMx nporpamMmax Mbl BUAENU MPUMeEHEHMEe B KayeCTBE BbIXOAHbLIX MOTOKOB TpPex
O4yeHb pasHbix TMnos. Mporpamma fetch konupyet otBeT HTTP B 0s.Stdout, B taiin,
Kak genana nporpamma lissajous. lMNMporpamma fetchall ot6pacbiBaeT oTBeT (HO Bbl-
YyucnseT Npyu 3TOM ero ANnHy), konupys ero Bioutil. Discard. A npuBefeHHbI Bbille
Be6-cepep ncrnonb3yet fm t.Fprintf gna sanucn B http.ResponseW riter, KoTopblii
ABNseTCA NpefAcTaBieHneM Beb6-6paysepa.


http://http.ResponseWriter
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XO0Ta 3TW TpM TUNa pasnnyaloTcsa AeTanamu paboTbl, BCe OHW YAOBNETBOPSAIOT 06LEMY
MHTepdency 1 NO3BONAOT NCNOL30BATb /1060 U3 HUX TaMm, rae TpebyeTcs BbIXOAHON Mo-
TOK. 9TOT MHTepdeiic — io .W riter — nogpobHee paccmaTpuBaeTcs B pasgene 7.1.

MexaHu3m nHTepdeiica Go aBnseTca Temoli rnasbl 7, “VIHTepeickl™, HO, YTOObI MMETb
npeAcTaBfieHne 0 HEM M O TOM, Ha YTO OH CMOCOGEH, AaBaiiTe NOCMOTPUM, KaK MOXHO fer-
KO 06beanMHNTL Beb-cepBep C hyHKUMel lissajous Tak, 4Tobbl aHUMUPOBaHHbLIE U306-
paXKeHUs BbIBOAWIUCHL He B CTaHAaPTHbIW BbIBOA, & B KNueHT HTTP. MpocTo go6aBbTe 3K
CTPOKW K Beb6-cepBepy:

handler := func(w http.ResponseWriter, r *http.Request) {
lissajous(w)

%ttp-HandleFuncCV", handler)

MAK, YTO TO XK€ Camoe:

http.HandleFuncCV", func(w http.ResponseWriter, r *http.Request) {
lissajous(w)

b))

BTopbim aprymentom ¢yHkumum HandleFunc sBnsetca nuTepan (yHKUMK, T.e. aHo-
HUMHaa (QYHKUUA, onpedefieHHas B TOYKE WCMOMb30BaHUA. [anbHelilne MOACHEHWUS Mo
3TOMY BOMpPOCY Bbl HalifeTe B pasfene 5.6.

Ecnn Bbl BHec/nM ykasaHHOe M3MeHeHue, noceTute agpec http ://localhost:8000
C nomMolbio Balero 6paysepa. Bcakuii pa3 npu 3arpyske CTpaHuubl Bbl YBUAUTE aHUMa-
UM Hanogobue npuBefeHHON Ha puc. 1.3.

YnpaxHeHue 1.12. N3vmeHuTe cepsep ¢ durypamu Jinccaxy Tak, 4Tobbl 3Ha4YeHus
napameTpoB cuuTbiBanucb M3 URL. Hanpumep, URL Bupga http ://localhost:8000/
?cycles=20 ycTtaHaBAMBaeT KO/MYECTBO UMKIOB paBHbIM 20 BMECTO 3HAYeHUs MO yMOJI-
YyaHuto, paBHOro 5. Mcnonb3yiTe yHKUMIO strconv.Atoi Ana npeobpa3oBaHus CTPOKO-
BOrO MapameTpa B Liefioe yncnio. MpocMoTpeTb AOKYMEHTALMUIO N0 AaHHOW DYHKLUN MOX-
HO C NOMOLLbIO KOMaHAbl go doc strconv.Atoi.

issgjous ;200 *20L; X
On local host:8Q00/

Puc. 1.3. AHMMUpoBaHHbIe urypbl Jlnccaxky B bpaysepe


http://http.ResponseWriter
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1.8. HekoTOopble Meno4vn

B Go ecTb elle 04eHb MHOFO Takoro, 0 YeM He paccka3aHO B 3TOM KpaTKOM BBeAEHUU.
[anee nepeuyncneHbl HEKOTOPbIE M3 TEM, KOTOPbIX Mbl €fjBa KOCHY/IUCb MM BOBCE He Kaca-
NNCb. 34ecb NPUBOAMTCA OYEHb HEMHOTO MH(OPMaL MM NPOCTO ANA TOro, YTOObI Bbl 3HANMN,
C YeM MMeeTe [ieno, CTa/KMBAACh C TaKMM KOAOM A0 TOro, Kak 3TW BO3MOXHOCTW 6yayT
paccMoTpeHbl noapobHee.

YnpaBneHve NOTOKOM. Mbl paccMOTpenu fBe PyHAaMeHTaNbHble NHCTPYKLUNUW YrpaB-
neHuns notokom, i f nfor, HO He MHCTpyKUMto switch, KoTopas npeacTaBnseT coboi UH-
CTPYKLMIO MHOXECTBEHHOTO BETBNEHUSA. BOT HE6ONbLIOA NpuMep Tako MHCTPYKLUK:

switch coinflip() {

case "heads":
heads++

case "tails":
tails++

default:
fmt.PrintIn("'Mpusemnunmco!™)

}

Pe3synbTaT Bbi3oBa coinflip cpaBHMBaeTCs CO 3HaYeHMEM B KaXAOW yacTu case. 3Ha-
UeHWs MPOBEPSIOTCA CBEPXY BHWU3, U NpPW NepBOM HalfeHHOM COBNageHUU BbINOMHAETCA
COOTBETCTBYIOWMIA KoA. Heob6s3aTenbHblli BapuaHT default BbIMOAHSETCH, €CIM HET co-
BMajeHns HU C OAHUM W3 MepevynCNeHHbIX 3HAYEHUI; OH MOXET Haxo4uTbCA Trhe YrogHo.
“IpoBanvBaHKe'- 13 OLHOr0 case B APYroi, Kak 3To nponcxoauT B C-nmoAo6HbIX f3biKax, B
GO OTCYTCTBYET (XOTA B A3blKe MMeeTca peAko ucnonb3yemas uHctpykuma fallthrough,
nepeonpegenstoLwas aTo NoBeaeHume).

VIHCTpYKUMs switch moxeT o6oinTuck v 6e3 onepaHga; OHa MOXET MPOCTO Mepeymnc-
NATb pas3IUYHble UHCTPYKLUMM Case, KaxAas W3 KOTOpbIX MpU 3TOM MnpeacTaBnset coboii
NOTNYeCKOoe BblpaXeHue:
func Signum(x int) int {

switch {

case x > 0:
return +1

default:
return 0

case x < 0:
return 1

Takas pasHOBMAHOCTb Ha3blBAaeTCA MNepeksoyaTenem 6e3 Teros; OHa 3KBMBANEHTHA
KOHCTPYKLUMKN switch true.

MopobHo mHcTpykumam for u if, KOHCTpykums switch moxeT BkIoYaTb HeobsA3a-
TeNbHYI0 MPOCTYI0 MHCTPYKUMIO — KpaTKoe 06bABNEHWE NepeMeHHONR, WHCTPYKUMIO WH-
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KpeMeHTa UNM MpucBavBaHWa WM BbI30B (YHKLMMW, KOTOPbIA MOXET 3afaBaTb TecTupye-
MOe 3HaueHue.

MHcTpykumn break n continue MogudpuumpyloT NOTOK ynpasneHusa. NHCTpyKuus
break 3actaBnseT nmepefatb ynpaBneHWe Cleaytoleil MHCTPYKLMM nocne Hambonee rny-
60KO BNOXEHHOW MHCTpyKummn for, switch nam select (C Heil Mbl MO3HAKOMUMCA MO3-
Xe), W, Kak Mbl BUAenun B pasfene 1.3, MHCTPYKUMA continue 3acTasBnseT Hanbonee raybo-
KO BMOXEHHbIA LuKkn for HayaTb ovepeaHyto ntepaunto. VIHCTPYKLMM MOTYT UMETb METKMU,
Tak 4yTo break u continue MOryT Ha HUX CCbINaTbCA, HanpuMep A5 OLHOBPEMEHHOTO
npekpaweHns paboTbl HECKONIbKUX BAOXEHHbIX LUKNOB WM A1S Hayana oyepefHON wuTe-
pauumn BHELIHero uukna. Mimeetca faxe MHCTPYKUMA goto, XOTS OHa npefHasHaveHa Ans
MallWHHO-TEHePMPYEMOTrOo KOfa, a He AN UCMO/b30BaHUS NPOrpaMmMmmncTamm.

VimeHoBaHHble TuMbl. O6bABAEHNE type MO3BONAET NPUCBaMBaTb MMEHaA CYyLLeCcTBY-
IoWMM Trnam. MoCcKoNbKy CTPYKTYPHbIe TUMbl 3a4aCTYH0 AANHHbI, OHW NOYTU BCErga nme-
HOBaHbl. MpocTelilluM MNpMMEPOM sBMSETCS onpefeneHuve Tuna Point gna aBymepHol
rpagpumku:
type Point struct {

X, Y int
}

var p Point

O6bABNEHMA TUNOB U MMEHOBaHHble TUMbl paccMaTpuBaloTcs B rnaee 2, “CTpyKTypa
nporpaMmmsbi”.

YkasaTenn. Go npefocTaB/sfeT ykasaTenu, T.e. 3HaYEHWs, COAepKallue agpeca nepe-
MeHHbIX. B ogHUX f3blkax, B 0c06eHHOCTU B C, ykasaTeNnn SBAAOTCA OTHOCUTE/IbHO He-
orpaHuyeHHbIMW. B gpyrux fA3bikax NporpaMmumpoBaHMA YyKasaTenun MacKupyroTcs nof,
“CCbINKN™, N C HUMW MOXHO CAenaTb He TaK Y>XX MHOr0 Oonepauuii, Kpome X nepegaum
B PyHKUMM. GO 3aHMMAET NPOMEXYTOUYHYI NO3ULUI0. YKasaTeNm B HEM SABNAKOTCA ABHO
BuAUMbIMK. OnepaTop &paeT agpec nNepeMeHHONM, a onepaTop * No3BOMAET NOAYUYUTb 3Ha-
YeHMWe MepemMeHHON, Ha KOTOPYHO YKa3blBaeT yKasaTe/Nlb; 04HaKO apuMeTUKMN yKasaTenei B
Go HeT. ¥Ykasatenu 6yayTt nogpobHee paccmaTpuBatbCcs B pasgene 2.3.2.

MeTofbl U NHTepeicbl. MeTog nNpeacTaBnseT co60i (GYHKUNIO, CBA3AHHYO C MMe-
HOBaHHbIM TUNOM; GO HeobblYeH TeM, YTO METOAbl MOFYT 6bITb CBA3aHbI NOYTU C NHOOLIM
MMeHOBaHHbIM TMMNOM. MeTofbl paccmaTpuBalOTCA B rnaBe 6, “MeToabl”. VIHTepdeicsl
NpeacTaBnAlT cCO60M abCTpaKTHbIE TUMbI, KOTOPbIE MO3BONAAIOT PACCMATPUBATL PasfiMyHbIe
KOHKPETHbIe TUMbl 04MHAKOBO, Ha OCHOBE MMEIOLLMXCA Y HUX MeTOA0B, 6e3 yyeTa TOro, Kak
OHW NpefCcTaBfeHbl UNKN peann3oBaHbl. NHTepdeicam noceaweHa rnaea 7, “UHTtepdelichbl”.

MakeTbl. GO nocTaBnseTcs C O6GLWMPHON CTaHAAPTHOW 6MGMIMOTEKOW MOMEe3HbIX na-
KETOB; KpPOME TOro, elie MHOXEeCTBO MakeToB CO34aHO M pacnpocTpaHeHO COO6LLeCTBOM
nons3oBarteneir Go. MporpaMmMupoBaHue Yale COCTOMT B MUCMNONb30BaHWUM CYLLECTBYHOLLUX
NnakeToB, YeM B HAnNMCaHWM WCXOAHOr0 Koja COBCTBEHHbIX MakeToB. B kKHUre Mol 6ygeT
MMEeTb [eN0 C Napoil [eCATKOB CaMblX BaXHbIX CTaHAAPTHbLIX MaKeTOB, HO HA CaMOM fene
MX HAMHOrO0 60/bLUE, YeM Y HAc eCTb MecTa 418 UX YNOMUHaHUSA. Mbl He MOXeM npefocTa-
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BUTb BaM 4YTO-M60 AaXe OTAa/eHHO HanoOMUHaloWee CNPaBOYHMK MO NakeTaM, Kak 6bl Mbl
3TOr0 HU XOTENN.

Mpexae Yyem HayaTb paboTy Haf Nt06OI HOBOI NMPOrpaMmoii, CTOUT NMOCMOTPETb, Kakue
CyLlecTBYIOLWMe NaKeTbl MOTYT 0671erunTb BbiNOAHeHWe paboTbl. Bbl MOXeTe HailTu npeg-
MeTHbIV yKasaTeNlb CTaHAAPTHON 6MbnMoTekn no agpecy https://golang.org/pkg, a
nakeTbl, NpeAoCTaB/NeHHbIe co0bLWecTBOM, — Mo agpecy https://godoc.org. NHCTpy-
MeHT go doc fenaeTt 3TV JOKYMEHTbI NIErKO JOCTYMHLIMU U3 KOMaHAHOW CTPOKM:

$ go doc http.ListenAndServe
package http // import "net/http"

func ListenAndServe(addr string, handler Handler) error

ListenAndServe npocnywviBaeT ceTeBoli agpec TCP u...

KomMeHTapuu. Mbl yXke ynoMnHanu 0 KOMMeHTapuu B Hayane UCXOAHOr0 TeKcTa, A0-
KYMEHTMPYIOLLEM MporpaMMmy WAM nakeT. XOpowMuin cTunb TpebyeT HanmcaHus KOMMEH-
Tapusa nepes 06bABAEHWEM KaXAoW (YHKLWMW, ONUCbIBAOWMWM €e MOoBefeHMe. ITO BaX-
Hble COrfalleHuns, NoCKOMbKY OHW MCMOMb3YTCA TaKUMU MHCTPYMEHTaMu, Kak go doc u
godoc, ana nomcka n oTobpaxeHna gokymeHtauumn (pasgen 10.7.4).

[ns KOMMeHTapueB, KOTOpble 0XBaTblBalOT HECKO/IbKO CTPOK WM NOABAAKTCSH B Bbl-
paXXeHWW UK onepaTope, MOXHO MCMOMb30BaTh 3anuck /  *.. . */, 3HaKOMYy Mo gpy-
rMM fisblkam. Takme KOMMEHTapuu WHOTAa WCNONb3yHTCS B Havyane (aina gns 60nbLIOro
6/10Ka NOACHWUTE/NIbHOFO TeKcTa, YTOoObl M36exaTb CUMBOMOB // B Havane KaxAol CTPOKMW.
B npegenax KOMMeHTapusi cuMBOAbl // 1 [* cheynanbHOro 3HaYeHUs He MMEKT, Tak uTo
He MblTaiiTecb CO34aBaTb BIOXEHHbIE KOMMEHTapuu.


https://golang.org/pkg
http://http.ListenAndServe

CTpyKTypa nporpamMmsl

B Go, kak 1 B 11060M ApPYrom sizblke MporpaMMmMpoBaHus, 60nbluMe NPOrpamMmmbl CTPOATCA
13 HebOoNbLIOro Habopa 6a30BbIX KOHCTPYKUWUIA. [lepeMeHHble XpaHAT 3HaveHus. MpocTble
BbIpaXEHUs 06beANHAOTCA B 60/1ee CI0XKHbIE C MOMOLLbLIO OnepaLuil, TaKUX Kak CloXeHne
N BbluMTaHMe. Ba3oBble TUMblI COGMPalOTCA B arperatbl, Takne Kak Maccusbl U CTPYKTYpbI.
BbipaXKeHUs1 UCMONb3YKOTCSH B MHCTPYKLMAX, MOPSAOK BbINOMHEHNS KOTOPLIX OMpejenseTcs
WHCTPYKUMAMW YNpaBaeHNs NOTOKOM BbINO/HEHNS, TakuMy Kak i f nam for. WNHCTpykumm
CrpynnupoBaHbl B QYHKLUN 418 M30MALMKN OT NPOYEro Koja U NOBTOPHOI0 UCMO/b30BaHUS.
PyHKLMN cOBMpatoTCa B UCXOAHbIE (halinbl U NAKETbI.

Mbl BUAENU 60MbLUIMHCTBO NPUBEAEHHbBIX MPUMeEPOB B NpeabiayLleil rnase. B atoii rna-
Be Mbl 60/iee NOAPOGHO MOroBOPUM 06 OCHOBHbLIX CTPYKTYPHbIX 3/1EMEHTaxX Nporpammsl
Go. MNpumMepbl NPOrpaMM HamMepeHHO MPOCTbl, TaK YTO Mbl MOXeM COCPefoTOYMTLCA Ha
A3blKe 6€3 HEOOX0AMMOCTU NpMbGeraTb K CIOXKHbLIM aNropuTMaM 1 CTPYKTYpam AaHHbIX.

2.1. ImeHa

VimeHa (yHKUMWIA, NepeMeHHbIX, KOHCTaHT, TUMOB, METOK MHCTPYKLMA 1 nakeTtoB B GO
CnefytoT NPOCTOMY MpaBuy: UMS HauMHaeTcs ¢ BykBbl (T.e. co Bcero, 4to Unicode cuunTa-
eT 6YKBOW) MW C NOAYEPKUBAHUSA U MOXKET MMETb CKOMbKO YrOAHO AOMOMHUTENbHbLIX OYKB,
undp 1 NoauepKMBaHUi. ViMeHa 4yBCTBUTENbHbI K perucTpy: heapSort n Heapsort sB-
NATCS PasHbIMU MUMEHAMM.

Go umeeT 25 KNOYEBbIX C0B Hanogobue if n switch, KoTopble MOryT UCNONbL30BATb-
€S TONIbKO TaM, rAe paspellaeT CMHTaKCUC A3blka MPOrpaMMUpPOBaHUS; OHW He MOTyT UC-
MoMb30BaThCs B KAYECTBE MMEH.

break default func interface select
case defer go map struct
chan else goto package switch
const fallthrough if range type
continue for import return var

Kpome TOro, MMeeTcs OKOMIO TPeX AecATKOB NpeaonpedeneHHbIX UMeH Hanogo6ue int
Mtrue AN BCTPOEHHbIX KOHCTAHT, TUMNOB W PYHKLMWIA.
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KOHCTaHTbI: true false iota nil

Tunbi: int int8 intl6é int32 int64
uint uint8 uintlé uint32 uint64 uintptr
float32 float64 complex128 complex64
bool byte rune string error

DYHKUMK: make len cap new append copy close delete
complex real imag
panic recover

3TN MMeHa He ABAAKOTCA 3ape3epBMPOBAHHBIMM, TaK YTO MOXETe WUCMO/b30BaTb WX B
06bABNEHNAX. Mbl YBUANUM HECKOMbKO MECT, rfe nepeobbaBfieHNe O4HOI0 U3 HUX UMeeT
CMbIC/1, HO OCTeperaiTecb BO3MOXHOW MyTaHWLbI!

Ecnun Hekaa cywWwHOCTb 06bABMEHa BHYTPU PYHKLUN, OHA ABASETCA NOKaNbHOW ANA AaH-
HOW (yHKUMK. Ecnn cywHOCTb 06bsiBNEHa BHe (PYHKLMK, OHA BMAHAa BO BCex (halinax na-
KeTa, K KOTOPOMY OHa NpUHaAexuT. Peructp nepsoii 6ykBbl MMEHU onpefenseT ero BUAM-
MOCTb Yepe3 rpaHuLbl naketa. ECnn nMsa HaunmHaeTcs ¢ NPONUCHOM 6YKBbI, OHO 3KCMOPT U-
pyemar\ 3To 03Ha4yaeT, YTO OHO BMAMMO U JOCTYMHO 3a npefenamu CO6CTBEHHOrO MakeTa u
K HEMY MOryT obpalLatbca Apyrue 4actu nporpammbl, Kak B ciyyae ¢yHkumm Printf us
naketa fmt. CamMn MMeHa NakeToB BCErja cocToAT U3 CTPOUHbIX GYKB.

He cyuiecTByeT HUKaKUX OrpaHUYeHUn Ha 4AUHY UMEHW, HO COrnawleHnus 1 CTUAb Npo-
rpaMmupoBaHusa B GO OTAAlOT NpPefnoyTeHne KOPOTKMM MMeHaMm, B OCOBEHHOCTW ANA f0-
KasbHbIX NepeMeHHbIX C HebOoNbWKUMKU 061acTAMU BUAMMOCTM; ropa3fo 60/blue LWAaHCOB
BCTPETUTb MepPeMeHHY 1, yeM nepeMeHHyto theLooplndex. Cnosom, yem 60/blie 06-
nacTb BUAMMOCTU UMEHW, TeM ANNHHEE W 3HAYMMEE OHO LO/MKHO ObITh.

CTUANCTUYECKN MporpammMucTel GO 06bIYHO MpUM POPMUPOBAHMM MUMEH MYyTeM CcouYe-
TaHUA CNOB WUCMOMbL3YIOT COeAUHEHME CMOB, HaYMHAKOLWMXCS C MPONUCHBbIX 6YKB (T.e. ucC-
Nnosb30BaHWe BHYTPEHHUX 3arnaBHbIX OYKB NpeAnoyTUTeNlbHee BHYTPEHHUX MOLYEPKMBa-
HuiA). TakuM 06pa3om, CTaHfapTHble 6UBNNOTEKM MMEKT PYHKUUM C TaKUMU UMeHamu,
kak QuoteRuneToASCIIl wnn parseRequestlLine, HO Hukorga ¢ quote_rune_to_
ASCII nnm parse_request_line. bykBbl cokpalweHnii Hanogobue ASCI1 n HTML Bcer-
[a oTobpaxaroTca B O4HOM M TOM Xe perucrpe, No3aToMy (YHKUMA MOXET 6biTb Ha3BaHa
htmlEscape, HTMLEscape vnn escapeHTML, Ho He escapeHtml .

2.2. O6baABeHns

O6bsBNEHME UMEHYET MPOrpaMMHYHO CYLWLHOCTb U onpedenseT HeKoTopble (UK BCe) ee
CBOWCTBA. VIMeeTCA 4eTbipe OCHOBHblE Pa3HOBUAHOCTM 06bABAEHMIA: var, const, type u
func. B aToll rnaBe peyb NONALET O NEpPEMEHHbIX U TUNax, B rnaee 3, “®yHAameHTanbHble
TUMNbl AaHHbLIX” — O KOHCTaHTax, a B rnase 5, "®YyHKUUN” — 0 PYHKLMAX.

Mporpamma GO XpaHUTCA B O4HOM WM HECKONbKUX (halinax, MMeHa KOTOpbIX 3aKaH4u-
BalOTCA Ha .go. Kaxablil daiin HauymMHaeTcs ¢ 06bABNEHUS package, KOTOPOe roBOpUT, Ya-
CTbHO KaKOro makeTa SIBASieTCA faHHbIM (ainn. 3a 06bsiBneHnem package cnegytoT nobbie
06bABNEHMA import, a 3aTeM — N0CNeA0BaTeNbHOCTb 06bABNEHNA TUMNOB, NEPEMEHHbIX,
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KOHCTaHT ¥ (hyHKLMIA YPOBHS NakeTa B NPOM3BO/SIbHOM Mopsiake. Hanpumep, npuBeaeHHas
HUXe nporpamma 06bsBASET KOHCTAHTY, DYHKLMIO U Napy NepeMeHHbIX:

aoDL. io/ch2/boiLina
N Boiling BbBOAUT TemnepaTypy KUMEHUS BOObl,
package main

import "fmt"
const boilingF = 212.0

func mainQ) {
var T = boilingF
var c = (fF - 32 *5/9
fmt_Printf("'Temnepatypa kunenua = %g°F wwm %g°C\n"j f, ©)
// BoiBOA:
// TewmnepaTtypa Kunenuns = 212°F wwm 100°C

KoHcTaHTa boilingF npeacTtaBnseTr coboit 06bABNEHNE YPOBHA MakeTa (Kak v (yHK-
uMa main), Torga Kak nepeMeHHole f u c ABNAKOTCA NOKaNbHLIMU 415 (DYHKUMM main.
VIM§ KaX[oli CYLLHOCTM YPOBHS NakeTa fBNSeTCA BUAMMbIM He TONbKO B MCXOLHOM chaiine,
cogepxallemM ee 06bABNEHME, HO W BO BCeX (Paiinax nmakeTa. JIOKanbHble 06bABAEHUS, Ha-
NpoTUB, BUAUMbBI TONILKO B npefenax GyHKUUN, B KOTOPON OHW 06bABMEHbI, & BO3MOXHO,
N TONbKO B HEGOMLLUOI ee yacTu.

O6bsABNeHMEe (YHKUUN COLEPXWUT MMSA, CNUCOK napameTpoB (MepeMeHHble, 3HaYeHUs
KOTOPbIX MPefoCTaBfseT Bbi3biBalOWaA PYHKLUA), HeobA3aTeNbHbI CAUCOK pe3ynbTaToB
M Teno (YHKUWUKM, KOTOPOe COAEepPXWUT OnepaTopbl, ONpefenstolme, YTo MMEHHO fenaeT
yHKUMA. CNUCOK pPe3ynbTaToB OMYCKAeTCHd, ecnv PYHKUMA HUYero He Bo3BpaliaeT. Bobi-
MoMHEeHMe (YHKLMW HauYMHaeTCAa C NepBOro orneparopa v NPogoJiXaeTca [0 Tex nop, noka
He BCTPETUTCA omepatop return waM He 6yfeT AOCTUIHYT KOHeL (PYHKUWW, KOTOpas He
BO3BpaLLaeT pesynbTaTbl. 3aTeM ynpas/ieHWe W pe3ynbTaTbl BO3BPALLAIOTCS Bbi3blBatOLLei
(hyHKLMK.

Mbl y>Ke BUAENN Hemanoe KOAn4yecTBo PYHKLMWIA, U Hac XAeT HaMHOro 6onbLiee X Ko-
NNYECTBO, BKAOYas feTanbHOoe 06CyxaeHne yHKLMIA B rnase 5, “@yHKUUN”. Tak UTO BCe,
YTO Mbl PacCMOTPMM celivac, — 3T0 He 6osnee uyem acku3. PyHkuma fToC, nokasaHHas
HVKe, MHKancynupyeT NOrMky npeobpasoBaHua TemnepaTypbl. OHa onpejeneHa TOMbKO
OfMH pa3, HO MOXEeT MCMO/b30BaTbCA B HECKONbKMX MecTax. B npuBegeHHOM WCXOLHOM
TekcTe (DYHKUMA main Bbi3blBaeT ee ABaXAbl, MCNOMAb3ys 3HAYEHUS ABYX Pas3MUHbIX f10-
KafbHbIX KOHCTAHT:

aool.io/ch2/ftoc

Il Ftoc BbLBOAMT pe3ynbTaThl Npeobpa3oBaHUs ABYX TemnepaTtyp
// no %apeHrenTy B TemnepaTypy no Lenbcuio,

package main

import “fmt"
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func main() {
const freezingF, boilingF = 32.0, 212.0
fmt.Printf("%g°F = %g°C\nH, freezingF, fToC(freezingF))
// "32°F = 0°C"
fint _Printf ("%g°F = %g°C\n", boilingF, fToC(boilingF))
// "212°F = 100°C"

}

func fToC(f float64) float64 {
return (f -32) *5/9

}

2.3. [lepeMeHHbIe

O6bsiBNeHME var co3fjaeT NepeMeHHY0 onpefeseHHOro Tuna, HazHavaeT el UMa 1 Npu-
CBaMBaeT HayanbHOe 3HayeHne. Kaxgoe 06bsABAeHNE UMeeT 06Nl BNg

var name type = expression

Jio6as 13 yacTeil type n = expression MOXeT ObiTb ONyLleHa, HO He 06e BMecTe. Ecnm
OnyLeH TUMN, OH ONpeAenseTcs U3 WHULMANU3MPYIOLWEro BblpaxeHus. Ecnu xe onyuie-
HO BblpaXKeHMWe, TO HayaNbHbIM 3HaYeHUeM ABASETCS HY/EBOe 3HaYeHWe AN AaHHOro Tuna,
paBHoe O ans uucen, false — ansa 6yneBbiX nepemeHHbIX, "" — ans cTpok u nil — ana
MHTEP(EeCoB U CCbINOYHBLIX TUMOB (CpPe3oB, yKaslaTenel, 0TOOpaxeHU, KaHanoB, PyHK-
umin). Hynesoe 3HayeHWe cOCTABHOro TMNa Hanogo6ne MacCUMBOB WM CTPYKTYp NpeacTas-
nset coboli HyneBble 3HAYEHNS BCEX €ro 3/1IeMEHTOB UM NOMeN.

MeXaHW3M HyfneBOr0 3HAYeHWA rapaHTMpyeT, YTO NepeMeHHble BCerfja XpaHAT BroJHe
onpefenieHHble 3HA4YeHMS CBOEro Tuna; B GO He CyLLeCTBYeT TaKOro NOHATUS, KaK HEeUHU-
unann3npoBaHHas nepemeHHas. 3TO ynpolLaeT KoA U 3a4acTyto obecneunBaeT pasyMHOe
noBefieHNe rpaHUYHbIX YC0BMIA 6e3 4ONONHWUTeNbHON paboTel. Hanpumep, Kog

var s string
fmt_Printin(s) 7/ ™

BbIBOAUT MYCTYH CTPOKY, a He MPUBOAUT K OLUMBKE MW HenpenckasyemMoMy MOBeAEHUIO.
MporpaMMucTbl Ha GO YacTo NPUKNALbIBAOT HEKOTOPbIE AOMONHUTENbHBIE YCUAUS, YTOGbI
clienatb Hy/eBoe 3HaueHWe 60/Iee COXHOIO TUMA 3HaYalUM, TaK YTO 3TU NepemMeHHble Ha-
YMHAT CBOE CYLLECTBOBAHWE B MOME3HOM COCTOSIHUN.

B 0HOM 06bsIBNIEHWM MOXHO 06bSABAATL WU (He06s3aTeNbHO) MHMULMANU3UPOBATL He-
CKO/IbKO NMEPEMEHHBIX, UCMO/b3Ys COOTBETCTBYIOLLMIA CMUCOK BbIpaXKeHMWA. MPONyLLeHHBbI
TWN N03BONSET 06bABNATL HECKOMLKO NMEPEMEHHbIX PasHbIX TUMOB.

var i, j, k int // int, int, int
var b, f, s = true, 2.3, "four” // bool, float64, string

|/|HI/IU.VIa!'IVI3&TOpr MOryT ObITb nnTepanbHbIMW 3HaYEHUAMU NN NPON3BOJIbHLIMU Bbl-
paXeHnamu. neF)EMEHHbIe YPOBHA MNakeTa WHUUMNaNNU3NPYyKTCA A0 Hayana BbINO/IHEHUA
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(hyHKUMM main (pa3gen 2.6.2), a NOKa/ibHble MepeMeHHble UHULMANU3NpyTCsa Toraa, Kor-
Aa B NPOLECCe BbIMONHEHUS YHKLMUWN BCTPEYAOTCA UX 00bABNEHNUS.

MHOXECTBO MEPEMEHHbIX MOXET TakKXe 6bITb MHULMANU3NPOBAHO C MOMOLLbIO BbI30BA
(YHKUMW, BO3BpPaLLalOLLel HECKO/IbKO 3HAYEHMWIA:

var f, err = os.Open(name) // o0s.0Open Bo3BpawWaeT (ainn n ownbky

2.3.1. KpaTkoe 06bsBNeHne nepemMeHHONn

B yHKLMM ANA 06BABAEHUS U MHULMANM3ALUUN NOKANbHbIX MEPEMEHHbIX MOXET uC-
Mob30BaThCsA anbTepHaTMBHAA (JopMa 0ObABMEHUA, UMEHYeMas KpaTKUM 00bABAEHNEM
nepeMeHHOM. OHa UMeEeT BUA name := expression, v TUM NepeMeHHON name onpefe-
NAETCS KaK TUM BblpaXKeHUs expression. BOT TpM M3 MHOXECTBA KpaTKUX 06bABNEHMI
nepeMeHHbIX B pyHkumnn lissajous (pasgen 1.4):

anim = gif.GIF{LoopCount: nframes}
freq := rand.Float64() * 3.0
t :=0.0

B cuny KpaTKoCTW ¥ TMOKOCTW KpaTKue 06BABMEHUS NEepeMeHHbIX WUCMoMb3yrTea Ans
06BABMEHNA U MHULMANU3aLUM 60NbLUNHCTBA TOKANbHBIX NEPeMeHHbIX. O6bABNEHME var,
KakK MpaBunio, pes3epBupyeTca AN NOKa/bHbIX NEPEMEHHbIX, TPeBOYOLWNX ABHOMO yKazaHus
TUNa, KOTOPbIA OTAMYAETCA OT BbIP@XEHUA WHULMANM3aTopa, WKW Korja 3HayeHue nepe-
MeHHOV 6yfieT NPMCBOEHO MO3XKe, a ero HayanbHOe 3HaYeHWe He UrpaeT ponu.

i = 100 // int

var boiling float64 = 100 // float64
var names []string

var err error

var p Point

Kak v B cnyyae 06bsBNEHNUS var, B 0JHOM KpPaTKOM O6bSBNEHUM MOXHO 0GBLABUTHL W
WHULWANN3NPOBaTb HECKONIbKO NMePeMEHHbIX, Hanpumep

ijj =0 1
OfHaKo 06bSIBNEHUS C HECKONMbKUMU BbIPAXEHUSMU WHWLMANWN3ALKUN CleayeT UCMOoMb30-
BaTb TOMbKO TOrfa, KOrA4a OHW MOTYT MOBbICUTL YA060YMTAEMOCTb, Kak, Harnpumep, B Ko-
POTKUX W eCTECTBEHHBLIX Fpynnax Harnogo6ue NHULManusnpyouleid yactu unkna for.

He 3aGbiBaiiTe, 4To 06bABNEHWE — 3TO =, a = — I3TO MpucBamBaHue. O6bLABNEHUNE
HECKO/IbKNX MEepPeMeHHbIX He cnefyeT myTaTb C MpUCBavBaHWEM KOPTeEXKY (pasgen 2.4.1),

B KOTOPOM KaX[0 MepeMeHHOl B NeBOW YacTW MHCTPYKUWWM MPUCBAMBAETCS 3HaYeHUe u3
npasoli YyacTu:

i»> jJ = b 1 // 06MeH 3HaudeHwWin 1 U j

Mofo6HO 06bIYHBEIM 06BABMEHUAM var, KpaTKne 00bABNEHUA MepeMeHHbIX MOTYT UC-
nonb30BaThbCA ANS BbI3OBOB (PYHKLMI Hanogobue 0s .Open, KOTOpble BO3BPALLAKT 4Ba MUK
60nblue 3HaYeHWi:
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f, err = os.Open(name)
if err = nil {

return err
// ... vncnonb3oBaHne T ...
f.Close()

OAMH TOHKWNIA, HO BaXKHbI MOMEHT: KpaTKoe 06bsiB/ieHNe NepeMeHHON He 0653aTeNbHO
00bsIBNSIeT BCE MepeMeHHble B CBOe N1IeBOI YacTu. Ecnm HEKoTopble U3 HUX YXKe Bbin 00b-
ABMIEHbl B TOM >Ke fieKcuyeckom 610ke (pasgen 2.7), ToO ANS 3TUX MepeMeHHbIX KpaTKue
06bABNEHNA AEiCTBYIOT KaK NpuUcBanmBaHus.

B npuBefeHHOM HUWXe Kofe mepBas MHCTPYKLUMSA 00bABASET Kak in, Tak v err. BTopas
06bABASAET TONLKO OUt, a yXKe CYLeCcTBYOLLE/i NEPEMEHHOW €rr OHa NPUCBaMBAET 3HaYEHMeE.
in, err = os.Open(infile)

/1l
out, err := os.Create(outfile)

OfHaKo KpaTKoe 06bsSiBNEHME MepPeMEHHOW LOMKHO 00BABNATL MO KpailHeil mepe OfHY
HOBYIO MEPEMEHHYI0, TaK YTO NMPUBEAEHHbIA HUXE KOA He KOMMUAMpyeTcs:
f, err = os.Open(infile)
...
f, err := os.Create(outfile) // Ounbka: HET HOBOWN MEpPEeMEeHHON

UT06bl MCNPaBMTbL OLWINOKY, BO BTOPO MHCTPYKLMK cneayeT MCMNONb30BaTb 06bIYHOE
nprcBamBaHue.

KpaTkoe 06bsBMEHE MEPEMEHHON 4eliCTBYET KakK NpucBanMBaHWe TOMbKO AN MepeMeH-
HbIX, KOTOPbIE YXXe 6bl/in 006bABEHbI B TOM Xe eKCUu4yeckoM 6/10Ke; 06bABNEHMSA BO BHeLU-
Hem 6/10Ke UTHopupytoTca. COOTBETCTBYIOLWME NPUMEPLI NPUBEAEHLI B KOHL,E 3TOW FNaBbl.

2.3.2. YKa3arenu

MepemMeHHas npeacTaBnsieT co60li HebONbWOW 6NOK MamMATU, COAepXKallnii 3HaYeHue.
MepemMeHHble, CO34aHHble C MOMOLLbLI0 0OBABAEHUA, NAEHTUHULNPYIOTCA MO WMEHW, Ha-
npUMep X, HO MHOTMe MepemMeHHble UAEHTUHNLMPYIOTCA TONbKO C MOMOLLLI0 BbIPaXEHWH,
Takmx kak X[1] vnm x.f. Bce 3Tu BblpaXXEHUSA CYMTbIBAIOT 3HAYeHWE MEePEMEHHON, 3a uc-
K/IOYEHNEM CUTYyaUWid, KOT4a OHW HaxoAsaTcs CfeBa OT onepaTtopa NpUCBavBaHWSA; B 3TOM
cfyyae nepemMeHHOW NpucBavBaeTCs HOBOE 3HAYeHUe.

3HaueHue yKasaTens npefcraBnseT coboil agpec nepemeHHoi. Takum obpasom, yka-
3aTeNlb — 3TO MECTOMNONOXEeHWe B MaMATW, rAe XpaHWUTCA 3HavyeHue. He Bcskoe 3HauyeHue
MMeeT afipec, HO ero umeet nobas nepemeHHas. C NOMOLLbIO YKa3aTens MOXHO CUMNTbIBATb
WM U3MEHSTb 3HaYeHWEe MepeMeHHON KOCBEHHO, He MCMOMb3ys (U JaXe He 3Hasi) ee ums,
€C/IN OHO Y Hee eCTb.

Ecnn nepemeHHas o6bsABAeHa Kak var X iInt, BblpaxeHue &x (“agpec x’’) faeT ykasa-
TeNb Ha LLENOYNCIEHHYIO MEPEMEHHYI0, T.e. 3HaYeHMe Tuna *int, KOTOPbIA NPOU3HOCUTCA
KaK “ykasatenb Ha int”.Ecnu 3To 3Ha4YeHWe Ha3blBAETCA P, Mbl FOBOPUM “p YKasblBaeT Ha
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X'" NN, 4TO TO XKe caMoe, UYTo “p cofepXuT agpec x”. [MepemeHHasn, Ha KOTOPYIO yKa3biBaeT
p, 3aNUCbIBAETCA Kak *p. BbipaxeHue *p faeT 3HayeHWe 3TON MepeMeHHOW, int, HO mo-
CKO/IbKY BblpaXKeHne *p 0603Ha4aeT NepemMeHHyr, OHO MOXET MCNOMb30BaTbCA U B IEBOW
YyacTu NpuUcBauBaHus, U B 3TOM Ciny4vae npuceavBaHve 06HOBNAET faHHYIO NEPEMEHHYHO.

X =1

p = & /1 p umeeT TMN *int © ykasbiBaeT Ha X
fmt.Printin(*p) // "1"
*p =2 /] 3KBMBaNEHTHO MpucBaMBaHUD X = 2

fmt.Println(x) [/ "2"

Kaabli KOMMOHEHT NEpPeMeHHO COCTaBHOrO TuNa — MoJjie CTPYKTYPbl UAWN 3NEMEHT
MaccuBa — TaKXe ABAAeTCA NMepemMeHHON, a 3HauMT, UMeeT CBOM agpec.

lMepeMeHHble MHOr4a ONUCHIBAIOTCA KakK afipecyemble 3HauyeHUs. BbipaxeHus, KoTopble
OMMUCHLIBAKOT NEpPEMEeHHble, ABNAOTCA eANHCTBEHHbIMU BbIPAXEHUAMU, K KOTOPbIM MOXET
6bITb NPUMeEHeH onepaTop MonyyYeHUs agpeca &

Hynesoe 3HaueHue ykasatens no6oro tuna pasHo nil. Mposepka p !'= nil uctnHHa,
ec/i P YKa3blBaeT Ha NepemMeHHY. YKaszaTe/in MOXHO CpaBHMBATb; [Ba yKasaTens pasHbI
TOrja v TONbKO TOrAa, KOrfa OHW YKasblBalOT Ha O4HY U TY XXe NepeMeHHYI0 UK Korja OHu
06a paBHbl nil.

var X, y int
fmt.Println(&x = &%, & == &y, & = nil) // "true false false"

®YHKLMA COBEPLIEHHO 6e30MacHO MOXET BepHYTb afpec /I0KaabHOW nepeMeHHol. Ha-
npvmep, B NPMBELEHHOM HUXE KOfe NOKasbHas MepemMeHHas V, co3faHHas 3TUM KOHKpeT-
HbIM BbI30BOM f, GyfeT cyllecTBOBaTh Aaxe Moc/e BO3BpaTa U3 (yHKLUK, W yKasaTeNb p
GyaeT No-npexHemMy YKasblBaTb Ha Hee:

var p = f()
func f() *int {
v =1
return &

}

Bce BbI30Bbl f BO3BpaLLalOT pasfivyHbIe 3HAYEHUS:
fmt.Printin(f() == f()) // "false"

MocKoNbKy yKasaTe/nb COAEPXMUT afpec nepeMeHHo, nepegaya ykasaTens B (hyHKLUIO B
KauyecTBe aprymeHTa fieNiaeT BOSMOXHbIM 0GHOBMEHME NMepPeMeHHO, KOCBEHHO nepefaHHoA
B (PYHKLMIO. Hanpumep, NpuBedeHHas HWKe (YHKLUUS YBENMUMBAET NMepeMeHHyi, Ha Ko-
TOPYI0 YKa3blBaeT ee apryMeHT, 1 BO3BpaLLaeT HOBOE 3HAYEeHWE MepeMeHHOIli, TaK YTO OHO
MOXET WUCMO/b30BATLCS B BbIPAXKEHUM:

func incr(p *int) int {
*p++ [/ YBennumBaeT 3HauyeHWe, Ha KOTOpoe YyKasbiBaeT p;
/1 He wn3MeHseT 3HayeHue p
return *p
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v =1
incr(&v) // TlobouyHoe feicTBMe: V Tenepb paBHO 2
fmt.PrintInCincr(&v)) // 3" (n v cTaHoBUTCA paBHbM 3)

Bcskunin pas, nonyyas agpec nepeMeHHoO WM Konupys ykasaTesb, Mbl CO34aeM HOBble
MCeBAOHUMbI, UAKM CMOCO6LI MAEHTU(UKALUM OFHON W TOl e nepeMeHHoW. Hampumep,
*p — 3TO NCeBAOHMM Ans V. NceBAOHMMbI-yKa3aTenu MonesHbl, NOTOMY YTO MO3BONSAIOT
Ham MoNy4uTb AOCTYN K MepemMeHHON 6e3 MCNONb30BaHWA ee UMEHW, HO 3TO Manka o0 ABYX
KOHUaXx: 4YTo6bl HailTW BCe MHCTPYKLMMW, KOTOpPble 06palLaloTcsa K NepeMeHHo, Heobxoau-
MO 3HaTb BCe ee MCEBJOHMMbI. ITO He NPOCTO yKaszaTenu, KOoTopble cO34at0T NCeBAOHUMbI;
MCEBAOHUMBI TaKXXe CO34at0TCs, KOrAa Mbl KOMMPYEM 3HAYEHUS APYTUX CCbISIOYHbIX TUMOB
(Hanogobwve cpe3oB, 0TOGPaXKeHWIA U KaHaNoB), a TakXKe CTPYKTYPbl, MacCuBbl U MHTepdeii-
Cbl, KOTOpbIE COAEPXAT 3TN TUMbI.

YKazaTenn sBAsSOTCS KAO4YoM K nakeTy flag, KoTopblii ncnonb3yeT aprymMeHTbl Ko-
MaHAHOI CTPOKWM Mporpammbl ANS YCTaHOBKW 3HAYEHW HEKOTOPbIX MepeMeHHbIX, pac-
npefeneHHbIX Mo BCeli mporpamme. [ns WAMOCTpauny NpuUBELEHHAs HUXe BEpCUs paHee
paccMOTpeHHOl nporpamMmsl echo npuHUMaeT fBa Heob6a3aTeNbHbIX hnara: -n 3actaBnseT
echo nponycTnTb 3aBeplualoWwnii CUMBOST HOBOW CTPOKM, KOTOPbIA 06bLIYHO BbIBOAUTCA,
a -S sep 3acTaBnseT nMporpaMMmy pas3fensaTb BbIBOAUMbIE apryMeHTbl COLEPXKMMbIM CTPOKM
sep BMEeCTO MCMO/b3yeMOro No yMOM4aHUI0 0OA4HOro cumBona npobena.

aopL.io/ch2/echo4
// Echo4 BbBOAMT aprymeHTbl KOMaHAHOW CTPOKM,
package main

import (
"flag”
Ilfm.tll
"'strings”

)

var n = flag.Bool("'n", false, '‘nponyck cumBOna HOBON CTPOKU'™)
var sep = flag.String(''s", " ", "pasgenutenb')

func mainQ {
flag.Parse()
fmt. Print (strings, loin (flag. ArgsQ, *sep))
if "n {
fmt .PrintinQ

}

®dyHkuna flag.B ool co3paet HoBYO MepemeHHyto-(nar tuna bool. OHa npuHUMa-
eT TpW aprymeHTa: ums ¢nara ("n"), 3HauyeHWe nMepeMeHHON Mo ymonyaHuio (false) un
coobLieHne, KOTOPOe BbIBOAWUTCS, €CAM MOMb30BaTe/lb NPefOCTaBUT HEBEPHbIA apryMeHT,
HEeKOPPeKTHbIA ¢nar uan ¢nar h uam help. AHanornyHo dyHkuyma flag.String nony-
YyaeT MMSA, 3HaYeHMe Mo YMOMYAHMIO U COOOLLEHME 1 cO3A4aeT NMepemMeHHYH Tuna string.
lMepeMeHHble Sep W M ABAAOTCA yKasaTeNaMyn Ha nepeMeHHble-tnaru, 4OCTyn K KOTOPbIM
OCYLLLEeCTBNAETCA KOCBEHHO, KaK K *sep 1 *n.
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3anyckaemasi nmporpamma Ao/fxHa Bbi3BaTb flag.Parse [0 ucnonb3oBaHUs (naros,
4yTo6bl MepemeHHble-Giarn NoNyYnau HOBbIe 3HAYEHUS, OT/INMYHbIE OT 3HAYEHUIA N0 YMON-
YaHUIo. ApPrymMeHTbl, He aBnsatolimecs hnaramu, goctynHbl yepes flag.Args() kak cpes
CTpoK. Ecnn dyHkums flag. Parse cTankmBaeTcsi ¢ OWIMOKOWA, OHa BbIBOAUT CO06LLEHME
06 MCNONb30BaHWUM NPOrpaMmbl U BbI3biBaeT 0S. E X it(2) Ans ee 3aBepLUeHNS.

[JaBaiiTe HEMHOro npoTecTMpyem nporpamMmy echo.

$ go build gopl.io/ch2/echo4
$ ,/echod a be def
a be def
$ ./echo4 s
/ a be def
a/bc/def
$ ./echod4 n
a be def
a be def$
$ ./echo4 help
Ncnonb3osaHne ./echo4:
-n NpoMycK CUMBO/Ia HOBOW CTPOKU
-s string
pazgenmtens (' ' Mo ymonyaHuw)

2.3.3. DyHKUMA new

Eule ogHMM cnocob60M co3flaHWs TMepeMeHHOW ABNsSeTCS NPUMEHeHWEe BCTPOEHHOIN
(YHKUMM new. BbipaxeHune new(T) co3gaeT HEMMEHOBAHHYIO NepeMeHHY0 Tuna T, MHULU-

anu3npyeT ee HyneBbIM 3Ha4YeHMeM Tuna T 1 BO3BpaLlaeT ee afjpec, KOTOpbIii NpeacTaBaseT
cob6oli 3HauyeHue Tuna *T.

p := new(int) // p, wvmewunii TN *int, yKasbiBaeT Ha HEUMEHOBaHHYH
// nepemeHHyn Tuna int

fmt.PrintIn(*p) // "Om

*p =2 // YcTaHaBnvBaeT 3Ha4yeHue 3TOl MEepeMeHHOW paBHbIM 2

fmt.Printin(*p) // "2"

MepemeHHasn, co3gaHHas C MOMOLLbI New, HUYEM He OT/IMYaeTcA OT 06bIYHOW NOKanb-
HOW NepeMeHHOM, Yy KOTOPOI 6epeTca afpec, 3a UCKAKOYEHUEM TOr0, YTO HET Heo6X0oANMO-
CTN NpuayMbiBaTb (M 06BABMATL) €6 UMS U MOXHO MCMOMb30BaTh B BblpaXKeHun new(T).
Taknm 06pa3om, new fBASeTCA TONbKO NIUWb CUHTAaKCMUYeCKUM yA06CTBOM, HO He pyHAa-

MEHTa/IbHbIM MOHATWEM: [Be NMPUBEAEHHbIE HUXE (YHKUMM new Int UMEOT UAEHTUYHOE
noBefeHue.

func newlnt(Q *int { func newlnt() *int {
return new(int) var dummy int
} return Sdummy
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KaxAblii BbI30B NeW BO3BpaLLaeT OT/IMYHYIO OT NPefblAYyLLNX NEPEMEHHYIO C YHUKaNbHbIM
agpecom:

p := new(int)

g = new(int)

fmt_PrintIin(p = q) // "false"

CyuiecTByeT OAHO WUCK/OUYEHWEe U3 3TOr0 MpaBuna: ABe NepeMeHHble, TUM KOTOPbIX He
HeceT HMKAKOW MH(opMaLMK, a MOTOMY MMetoLne HyneBoli pasmep, Takue Kak struct{}
wm [0]int, mMOryT, B 3aBUCMMOCTM OT peasim3auuu, UMeTb OAMH W TOT Xe aapec.

®YHKLMA New MCMoNb3yeTcs OTHOCMTENLHO pefKo, NOCKO/bKy Haubonee pacnpocTpa-
HEHbl HEeMMEHOBaHHbIE MEPEMEHHble CTPYKTYPHbIX TUMOB, AN KOTOPbIX MMeeTcs Gonee
rMOKuiA NuTepanbHbIil cUHTakKcuc (pasgen 4.4.1).

MoCKONbKY new siBASETCA NPefonpeeNeHHON PYHKLUUENR, a He K/HOYEBbIM COBOM, 3TO
UMS MOXHO MEPeornpesennTb 4N Yero-T0 MHOro B (OYHKLMK, HarpuMmep:

func delta(old, new int) int { return new - old }

KoHeuHo, BHYTpK d elta BCTpoeHHad PYHKLMA new HefoCTynHa.

2.3.4. BpemMs >XN3HN nepeMeHHbIX

Bpemsi >KM3HU MEpPeMeHHON — 3T0 MHTEpBan BPEMEHW BbIMOAHEHUS MNPOrpamMmsbl, B
TeYeHMe KOTOPOro OHa Cyuw,ecTByeT. Bpems >XW3HM MepeMeHHO YPOBHA NakeTa paBHO
BpPeMeHM paboTbl BCeli Mporpammbl. J10KasbHbIE Xe MepemMeHHble, HanpoTMB, UMET Au-
HaMM4YeCcKoe BpeMs XXU3HWU: HOBbI/ 3K3eMMNAAP CO3aeTca BCAKWI pa3, KOrfa BbiMOAHAeTCA
onepaTop 06bABAEHNA, N NepeMeHHas XXMUBET A0 TeX Mop, NoKa OHa CTAHOBUTCA HEAOCTYM-
HOIA, Mocfe Yero BblfeneHHas Ans Hee NamsaTb MOXeT 6bITb MCNOMb30BaHa MOBTOPHO. Mapa-
MeTpbl 1 pe3ynbTaTbl YHKUWIA ABNAKTCS NOKaNbHbIMU MEPEMEHHBIMU — OHW CO34arTCs
BCAKMIA pa3, KOrja Bbi3blBaeTCA UX YHKLMS.

Hanpumep, B (hparmeHTe nporpamMmbl lissajous us pasgena 1.4

for t = 0.0; t < cycles*2*math.Pi; t += res {
X = math.Sin(t)
y = math_Sin(t*freq + phase)
img.SetColorIndex(size+int(x*size+0.5), size+int(y*size+0.b),
blackIndex)

}

nepeMeHHas t co3faeTcs KaX[blii pa3 B Hauyane uukna for, a HOBbIe MEPEMEHHbLIE X U Y
CO3[at0TCA Ha KaXAoi MTepauuu Lukna.

Kak c60plyMK Mycopa y3HaeT, UTO MamsTb, BblfeNieHHas AN XpaHeHWUs nepemMeHHO,
MOXeET 6bITb 0CBO6OXAeHA? MofHas McTopus ropasgo 6osee ANMHHas WM NoApPoGHas, HO
OCHOBHas uies B TOM, YTO Kax/Jas nepemMeHHasi ypoBHS MakeTa MU Kaxpaas N0KanbHas nepe-
MeHHasi KaXAO0i B HacTosllee BpemMs aKTWBHON (PYHKLUMKM MOTEHLMUANbHO MOXeT 6biTb Ha-
yanoM WM KOpHEM MyTW K UHTepecylolleil Hac NepemMeHHOl, KoTopblii, cneays yKasatensm
U APYTUM pPasHOBMAHOCTAM CCbINIOK, B KOHEYHOM MTOre MOXET MPUBECTU K 3TON mepe-
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MEHHOI. Ecnu Takoro NyTW He CyLLecTBYeT, NepeMeHHas HeAOCTYMNHA, a MOTOMY He MOXeT
6onblle BAMATL Ha paboTy MporpamMMbl.

MoCKO/bKY BPEMS XW3HM MepeMeHHOW onpeaenseTcs TONbKO ee AOCTYMHOCTbO, /0-
Ka/lbHas nepeMeHHas MOXEeT MepeXxuTb UTepauuio 0XBaTbiBaloWlero Lukna. OHa MOXeT
MPOAO/MKATbL CYLLECTBOBAThL AaXe MOC/e BO3BPaTa U3 OXBATbIBAOLLEW (YHKLMN.

KoMnunaTop MoXeT Bbi6paTb AN BblAENEHWUS MamMATh AN NOKaNbHbIX MepeMeHHbIX
Ky4y WM CTeK, HO KakuM 6bl YAMBUTENbHBIM 3TO HW Ka3anocb, 3TOT BbIGOP onpegensieTcs
He TeM, YTO MUCMO/b3yeTcs 419 06bSBNEHUS NEPEMEHHO — var Win new.

var global *int

func () { func g() {
var x int y = new(int)
x =1 *y =1
global = &x }

}

34ecb NamsATb NS NEPEMEHHONR X A0/MKHa 6biThb BblgeneHa B Kyde, MOTOMY 4YTO OHa
0CTaeTca AOCTYMHON c momouwblo nepeMeHHolt global mocne Bo3sepaweHus us f, He-
CMOTPA Ha ee 06bABMEHUE KaK fI0KaNbHOW nepemeHHOW. Mbl FOBOpUM, 4YTO X cberaeT OT
(escapes) f . N Hao6opOT, KOrga BbIMNOAHAETCSH BO3BPAT M3 (DYHKUUKU g, NepeMeHHas *y cTa-
HOBWUTCA HEAOCTYMHOMNM, U BblAeNeHHas ANA Hee NamsTb MOXET OblTb MCMOb30BaHa NOBTOP-
HO. MOCKOMbKY *y He cberaeT 0T g, KOMOMAATOP MOXET 6e30NacHO BblAeNUTb NaMsATb AN
*y B CTEKe, HECMOTPSA Ha TO YTO NaMATb BbIAENSETCS C NOMOLLbIO (YHKUMKM new. B no6om
cnyvae noHATME Mmobera He ABAAETCH TEM, O YEM HYXXHO 6eCMOKOMTbCS, YTOObl Hanucatb
npaBUAbHbINA KOA. TemM He MeHee ero XOpowo MMeTb B BMAY BO Bpems ONTMMMU3auUUuM Mpo-
N3BOAUTENBHOCTU, MOCKO/bKY KaXkaas cberatolias nepeMeHHas TpebyeT LONOAHUTENLHON
namsaTu.

Cbopka mycopa npeacTaBfiseT OFPOMHYH MOMOLWb NPU HanMCaHUU KOPPEKTHBLIX MpPo-
rpaMM, HO He 0CBOGOXJaeT Bac OT GpeMeHM pa3MmbilleHWi A 0 NaMATh. He HYXHO SIBHO
BbIAENATb M 0CBOOOXAATb NaMATb, HO, YTOObI NUcaTb 3PHEKTUBHbIE MPOrpaMmmMbl, BCE Xe
HeobX0AUMO 3HaTb O BPEMEHU >XXM3HW MepeMeHHbIX. Hampumep, COXpaHEHME HEeHYMXXHbIX
yKasaTefneih Ha KOPOTKOXMBYLLME 0O6BEKTbI BHYTPU LONATOXUBYLMX OOBEKTOB, B 0COOEH-
HOCTW B rnobanbHbiX NEPeMEeHHbIX, MellaeT coopLyKY Mycopa 0CBO60X4aTb NaMATb, Bbl-
OENeHHY0 AN KOPOTKOXUBYLMX 06BHEKTOB.

2.4. NMpnuceaneBaHuA

3HayeHUe nepeMeHHol 06HOBASETCS C MOMOLLbLIO OMepaTopa NPUCBaMBaHWS, KOTOPbIi
B CBOEIl npocTeiilieil hopme COAEPXUT ceBa OT 3HaKa = MepeMeHHylo, a cnpaBa — Bbl-
paxeHue.

x=1 // VimeHoBaHHas nepemeHHas
*p = true // KocBeHHasA nepemeHHast
person.name = "bob" // Tlone CTPYKTypsl

count[x] = count[x]*scale // dnemeHT mMaccuBa, cpe3a Wi OTObpaxeHus
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Kaxapblil 13 apumMeTUUeCKUX MM nobuToBbIX GUHAPHBLIX OMepaTopoB MMEET COOTBET-
CTBYIOLMIA NpUCBaMBAKOLLNIA OnepaTop, MO3BONANOWMIA, Hanpumep, nepenucatb nocneg-
HIOK MHCTPYKUWIO Kak

count[x] *= scale

3T0 NO3BONSET He NUcaTb INWHUIA pa3 BblpaXXeHWe ANS NepemMeHHON.

Yncnosble nepemMeHHble MOTYT TakXe OblTb YBEANYEHbl WAN YMEHbLIEHbl C MOMOLLbIO
WHCTPYKUWIA ++ 1
v =
v++ // To xe, 4TO N Vv
v-- // To xe, 4yTO N v

Vv + 1; VvV CTaHOBUTCA paBHbIM 2
v - 1; Vv CTaHOBUTCA paBHbiM 1

2.4.1. TlpnucBanBaHNE KOPTEXY

[Opyras hopma npuceBanBaHus, M3BECTHAsA KaK MpuUCBaMBaHWe KOPTEXKY, NO3BONSET Bbl-
MOMHATbL NPUCBaMBaHNE 3HAYeHU HECKOMbKUM MepeMeHHbIM OfHOBPEMeHHO. Mpexje yem
no6as M3 nepemMeHHbIX B N1EBOI 4YacTy NOAYUYUT HOBOE 3HAYEHUe, BbIUMCNAKOTCS BCE Bbl-
pakeHWUs W3 NpaBoii YacTu, YTO AenaeT 3Ty PasHOBUAHOCTb MpUCBaMBaHMS Haubonee Mo-
Ne3HOM, Koraa HeKOTOpbIe NepemMeHHble BCTPeYarTCs ¢ 06enx CTOPOH onepaTopa npucBau-
BaHWs, KaK 3TO MPOMCXOAMT, HaNpuUMep, Npu 06MeHe 3HaYeHUli ABYX MepeMeHHbIX:

X, Y =Y, X
a[i], alj] = a[il. ali]
Vnn npu BblYMCNEHMN Hanbo/bLIero obLWwero 4eNnTens ABYX LenblX YUCen:
func gcd(x, y int) int {
fory =0 {
X, Yy =Y, Xhy

return x
}
Mnu npu utepatMBHOM Bblunc/ieHUN & - 1-ro yncna ®rnboHavuu:

func fib(n int) int {
X,y =0, 1

for i =0; 1 <n; i++ {
X, Y =Y, Xty

return x

MpucBaMBaHWE KOPTEXY MOXET TakKXe CAenaTb NocnefoBaTeNbHOCTb TPUBMANbHbIX
npncBamBaHnin 60/1ee KOMMAKTHOIA:

i, j, k=2, 3, b
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X0TA (B KauecTse BOMpoca CTUAA) cnedyet usberaTb NpUCBaMBaHUA KOPTEXam Npu Hanu-

UMM CNIOXKHBIX BbIPAKEHWIA: NOCNEA0BaTEIbHOCTb OTAE/bHbLIX WHCTPYKLWIA YATaeTCs ferde.
HekoTopble BblpaXeHWsA, Takue Kak Bbl30B (DYHKLWUM C HECKONbKUMUW pesy/bTatamu,

MpoV3BOAAT HECKO/IbKO 3HauyeHWid. Korga Takoil BbI30B UCMO/Mb3YETCA B WHCTPYKLUM MpU-

CBauBaHus, B NEBOI 4aCTW [JO/KHO ObITb CTO/MLKO MEPEMEHHbIX, CKOMbKO Pe3y/bTaToB BO3-

BpaLyaeT QyHKLUMA:

T, err = os.Open("foo.txt") // Bbi30B (yHKUMV BO3BpawaeT ABa 3HAYEHMA

3avacTyo (yHKUMU WCNONMb3YKT AONOMHUTENbHbIE pe3ynbTaTbl A8 yKazaHUs npo-
ncwepwen owmMo6KM, BO3BpaLlas 3HaYeHUe error, Kak B cfiyyae Bbi3oBa 0s.-Open, nu6o
3HayeHve Tuna bool, 06bIYHO C UMeHeM OK. Kak Mbl YBMAMM B Nocnefylowmx rnaeax,
ecTb TPV onepaTtopa, KOTOpble UHOrJa BefyT ceba Takum obpa3om. Ecnu B npucBamBaHum,
B KOTOPOM OXWAAKTCA [Ba pe3ynbTara, HaxoAWTCA MOWUCK B OoTo6paxeHuwn (pasgen 4.3),
yTBepXaeHue o Tune (pa3gen 7.10) nam nonyyeHue u3 KaHana (pasgen 8.4.2), cospaetcs
JOMNONMHUTENbHBINA NOFMYECKUA pesynbTar:

v, ok = m[key] // MNouck B OTOGpaxeHWu
v, ok = x.(T) // YTBepxgeHvne o Tune
v, ok = <-ch  // MNonyyeHve wu3 KaHana

Kak 1 B cnyyae 06bsABNEHNS MEPEMEHHbIX, Mbl MOXEM MPUCBOUTL HEHYXXHbIE 3HAYEHNS
MycTOMY MAEHTUHMKATOPY:

, err = i0.Copy(dst, src) // OTbpacbiBaem KONM4YeCcTBO 6GaliToB

, ok = x.(T) // TpoBepka Tuna, WrHopupyem pe3y/nbTaT

2.4.2. NpnceBanBaemMocCTb

Onepatopbl NpucBamMBaHWUA NPeACTaBAAOT c060li SBHYIO (hOpPMY MpUCBanMBaHMUs, HO
B MporpammMe ecTb MHOFO MeCT, B KOTOPbIX MPUCBaMBaHWe MPOUCXOAUT HEABHO: BbI30B
(YHKLMN HEABHO MpUCBaMBaeT 3Ha4YeHNA apryMeHTOB COOTBETCTBYHOLW MM NEPEMEHHbIM
napameTpoB; MHCTPYKUUS return HesBHO MpucBauBaeT onepaHAbl return cooTBeTCTBY-
IOWNUM Pe3yNbTUPYIOWUM NEePEMEHHbIM; NUTepanbHOe BblpaXKeHWEe AN1A COCTaBHOrO Tuna
(pasgen 4.2), Takoe, Kak cpes

medals := []string{"'gold”, "silver", "bronze"}

HeABHO npuceanBaeT Ka)K,lJ'bII‘/ﬁ 3M1EMEeHT, KaK ec/in 6bl OHO 6bIN0 3anNMcaHo Kak

medals[0] = "gold"
medals[1] = "silver”
medals[2] = "bronze"

3nemMeHTbl 0TOBPAXeHU U KaHafbl, XOTS W He ABAAIOTCA OObIYHLIMU MEepeMeHHbIMU,
TaKXXe 0KasblBalOTCs Cy6beKTaMM MOAOGHbLIX HESABHbIX NPUCBaMBaHUA.

MpucBamBaHue, IBHOE WM HEABHOE, BCerfa KOPPeKTHO, ecin neBas 4vacTb (MepemMeH-
Has) 1 npaBas 4acTb (3Ha4yeHWe) MMEeOT OAUH M TOT Xe Tun. oBops 6onee 0610, NpucBa-
MBaHMe paspeLLeHo, TONbKO eC/n 3Ha4YeHWe npuceameaemo (assignable) Tuny nepemeHHoiA.
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MpaBuno NpMcBaMBaeMoCTM UMEET CBOM YacCTHble clyvyan AN pasHbiX TUMNOB, TakK yTo
Mbl 6yfieM MX paccMaTpuBaTb MO Mepe PacCMOTPEHMS HOBbIX TUMNOB. [N TUNOB, KOTOpbIe
paccmarpuBanucb A0 CUX NOpP, NPaBMNO OYEHb NPOCTOE: TUMbl AOMKHbI TOYHO COOTBET-
CTBOBaTb, HO 3Ha4YeHMe n il MOXET 6bITb MPMUCBOEHO OGO NepemMeHHO Tuna NHTepdeii-
ca unu ccolioyHoro tuna. KoHctaHThl (pasgen 3.6) umetoT 60see rmbkue npasusia npucea-
MBaeMOCTU, KOTOPbIe NMO3BONAT M36eXaTb 60NbLINMHCTBA ABHbIX MPeobpasoBaHuii.

Bonpoc 0 TOM, MOXHO N CpaBHMBATb ABa 3HAYEHUS C NMOMOLLbIO ONepaTopoB == u !=,
CBSI3aH C MPUCBaUBAEMOCTbIO: B /IIO6GbLIX CPaBHEHMUAX NEPBbI onepaHs AOMKeH BbiTh Mpu-
cBaMBaeMbIM TUMY BTOPOro onepaHja, U HaobopoT. Kak 1 B ciyyae NpyucBaMBaeMoCTu, Mbl
byaem paccmaTpuBaTb COOTBETCTBYHOLLME CAyYan MPaBuUA CPaBHMBAENOCT W NpW NpescTas-
NEHNN KaXAO0ro HOBOro TUMa.

2.5. O6baBneHnsa TUMNos

Tun nepemMeHHON UK BbIPKEHUS ONpefAenseT XapaKTePUCTUKN 3HAYEHWIA, KOTOpbIe
OH MOXET NMPUHUMaTb, TakMe Kak UX pasmep (KO/IMUYecTBO GUTOB UM, BOSMOXHO, KONMye-
CTBO 3/IEMEHTOB), KaK OHU NpeAcTaB/ieHbl BHYTPEHHE, OMepayumn, KOoTopble MOTyT 6biTb Haf
HUMW BbIMOJTHEHbI, W CBA3aHHbIE C HAMWU METO/AbI.

B nto6oii nporpaMme ecTb NepeMeHHble, KOTOPble UCMO/b3YIOT 04MHAKOBOE BHYTPEHHEe
npeAcTaBfeHne, HO 3HAYMTENIbHO Pa3NMYaTCs B CMbICNe MpeAcTaBAseMOl MMM KOHLen-
umn. Hanpumep, int MOXeT UCNONb30BATLCSA AN NPEACTAB/EHMS NHAEKCA LKA, BPEMEH-
HOW MeTKW, fleckpunTopa ¢aiina unm mecsiua; float64 MoxeT npeAcTaBAsTb CKOPOCTb B
MeTpax B CEKYHAY WM TemnepaTypy B OAHOW M3 HECKONbKMX LUKan; string MOXeT 6bITb
naposieM WM HasBaHWEM LBeTa.

O6bsABNeHMe type onpefensieT HOBblA MMEHOBaHHbI TUM, KOTOPbIA UMeeT TOT Xe ba-
30BbliA TWMN, YTO U CYLLECTBYOWMIA. VIMEHOBaHHbIA TUN 06ecneymBaeT BO3MOXHOCTb OT-
NYaTb pasfvyHble U, BO3MOXHO, HECOBMECTUMbIE WMCMO/b30BaHUA 6a30BOr0 TuMa C TeM,
YTO6bl OHU He MOF/IN 0Ka3aTbCs HEMPeAHAMEPEHHO CMELLAaHHbIMU,

type vma 6030Bbiid_TyN

O6bsBNEHUS TUNOB Hanbonee YacTo NOSIBAAIOTCS Ha YPOBHE MakeTa, rae UMeHOBaHHbIi
TN BUAEH BCEMY NakeTy, W €C/IM 3TO UMs 3KCNOPTUPYeTCs (HauMHaeTcs C MPONUCHOW GYK-
Bbl), TO OHO AOCTYMHO U B AAPYrMX nakeTax.

Ans nanocTpauum 06bSBAEHNIA TUNOB AaBaliTe MPeBPaTUM pas3nivyHbIe TEMMNePaTypHble
LWKaNbl B PasHble TUMbI.

qodL.io/ch2/temDconv0

11 NMakeT tempconv BbLIMOMHAET BLYMC/EHNS TemnepaTyp

// no Uenbcuio (Celsius) u no dapeHreiity (Fahrenheit),
package tempconv

import "fmnt"

type Celsius float64
type Fahrenheit float64
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const (
AbsoluteZeroC Celsius = -273.15
FreezingC Celsius = 0
BoilingC Celsius = 100

)

func CToF(c Celsius) Fahrenheit { return Fahrenheit(c*9/5 + 32) }
func FToC(f Fahrenheit) Celsius { return Celsius((f - 32)*5/9) }

3T10T nakeT onpegenset gsa tuna, Celsius u Fahrenheit, gng AByXx LIKan Temme-
patypbl. HecMoTps Ha TO 4TO 06a OHM UMEHT OAMH W TOT Xe 6a3oBbin Tun, Float64,
camu OHW SIBAAKOTCA PasHbIMU TUNamu, a MOTOMY He MOFYT CpaBHMBATbCH WU 06beau-
HATHCA B apUMeTUUECKNX BblpaXKeHWAX. Takoe pasfuyeHmMe TUMOB MO3BO/SAET M36exaTb
OWNBOK HemnpeLHaMepPeHHOro co4yeTaHWs TemnepaTyp B ABYX pa3fiMyHbIX MacluTabax;
TpebyeTcs ABHOe npeobpasoBaHue Tnna ansd 3HaveHus Float64, takoe kak Celsius ()
nam Fahrenheit(t). 3T0 MMeHHO npeobpa3oBaHMA TUMa, a He BbI30Bbl (HYHKLWIA
Celsius(t) un Fahrenheit(t). OHM HMKOUM 06pa3OoM He W3MEHSOT 3HAYeHWe Wn
ero npeacTaB/eHNe, HO IBHO U3MEHSAKT ero cmbica. C Apyroi CTOpoHbl, yHKunn CToF
n FToC BbINONHAT npeobpa3oBaHue TeMNepaTyp Mexay ABYMS pasfMUHbIMK LUKanamu,
OHV BO3BpaALLaT OTMYaKOLLMECS OT UCXOAHbLIX 3HAYEHNS.

Ona kaxpgoro tuna T MMeeTca COOTBeTCTBYHLLAs onepauus npeobpasosaHus T(X),
KOTOpass MPWMBOAWT 3HayeHne X K Tuny T. MNpeobpa3oBaHue OJHOrO TwWMa B ApYyroi pas-
peleHo, ecin o0ba OHW MMEKT OAWH W TOT Xe 6a30BbIA TUN UAKM ecnn 06a OHWU ABNAKOTCSA
HEMMEHOBAHHbIMUN yKa3aTeNMWU Ha NnepemMeHHble OA4HOro M TOro e 6a3oBOro Tuna; Takue
npeo6pasoBaHNs U3MEHAIOT TUMN, HO He NpeAcTaBfeHWe 3HaYeHMsA. Ecnu X npucBanBaemo
Tvny T, To npeo6pa3oBaHue paspeLleHo, HO 0ObIYHO ABNAETCA U3ULLHUM.

Kak Mbl yBMAUM B ClefytoLLeil rnaBe, paspelleHbl Tak)xe NpeobpasoBaHUs Mexay 4uc-
NOBLIMU TUMAMWN U MEXAY CTPOKaMMW M HEKOTOPbIMW TUNamu cpe3oB. 3TU npeobpasoBaHua
MOryT U3MeHUTb MNpejcTaBfieHWe 3HavyeHus. Hanpumep, npeobpa3oBaHne yucna c nnaea-
tolLel 3anaToin B Lenoe oTbpackiBaeT APO6HYK 4YacTb, a NpeobpasoBaHMe CTPOKW B Cpes3
[1byte BbigenseT namaTb ANS KOMWU JaHHbIX CTPOKKU. B nob6om cnyyae npeobpasoBaHue
HMKOra He NPUBOAMWT K CO0K0 BPEMEHMW BbINOJIHEHUSA MPOrPamMMbl.

Ba3oBbIl TMN 419 UMEHOBAHHOMO TUNa onpejenseT ero CTPYKTYpy W NpeAcTaBieHue, a
Takxe Habop NOAAEPXMBAEMbIX BHYTPEHHUX OMepauuii, KOTOpble ABASAIOTCA TaKUMU ke,
KakK v npy HernocpeAcTBEHHOM MCMNOMb30BaHUM 6a30BOro Tuna. AT0 03Ha4aeT, 4YTo apugpme-
TUYeckue onepaTopbl 04nHaKoBo paboTaloT ana Celsius u Fahrenheit v To4HO Tak e,
Kak v ans Float64, yero u cnefoBano 0XnaaTb.

fmt Printf("%g\nn, BoilingCFreezingC) // 100" °C

boilingF := CToF(BoilingC)

fmt.Printf("%g\n", boilingFCToF( FreezingC)) // "180i °F

fmt_Printf(""%g\n", boilingFFreezingC) // Oumbka KoMIUASAUWK:
// HecoOoTBeTCTBME TUMOB

OnepaTtopbl CpaBHEHUA, TaKMe KaK == U <, MOTYT MUCMNO/Ib30BaTbCA [AN1f CPaBHEHUS 3Ha-
YeHA UMEHOBaHHOIo Tuna c ApyruM 3Ha4eHMem TOro e tuna unm co 3Ha4eHMeMm Heume-
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HOBAaHHOrO TuMa ¢ Tem e 6a30BbIM TUNom. Ho ABa 3Ha4YeHUa pasIMvYHbIX UMEHOBAHHbBbIX
TUNOB CPpaBHMBaTb HEMOCPEACTBEHHO HEMb3A:

var c Celsius

var f Fahrenheit

fmt.Printin(c ==0) // "true"

fmt.PrintIn(f >=0) // "true"

fmt.Println(c == f)  // Oumbka KOMNUAALMM: HECOOTBETCTBME TUMOB
fmt.PrintIn(c == Celsius(f)) // "true"!

BHuMaTenLHO paccMoTpuUTe MOCNeAHuiA cnyyail. HecMoTpsi Ha CBOe Ha3BaHue, Npeo6-
pasoBaHue Tuna Celsius () He U3MeHAET 3HAYEHMe CBOEro aprymMeHTa, a U3MeHAeT TO/b-
Ko ero Tun. MNpoBepKa JaeT 3HayeHue true, NOTOMY 410 U C, U f paBHbI Hy/IO.

VIMeHOBaHHbI/ TUN NpeAocTaBaseT onpefeneHHble yA06CTBa, MoMoras n3bexarb Hanu-
CaHWsA CNOXHbIX TUMOB CHOBA 1 CHOBA. 3TO NMPeuMYyLLecTBO NOYTU He MPOABNAETCA, Korfa
6a30BbIii TN Takoi nNpocToii, Kak float64, HO OKa3biBaeTCA CYL,EeCTBEHHbIM AN CMOX-
HbIX TUMNOB, B YeM Mbl y6eanmMcs, Korga yfem paccmaTtpuBaTtb CTPYKTYpPbI.

VIMeHOBaHHbIE TUMbI MO3BONAIOT TaKXe ONpefe/inTb HOBOE MOBEAEeHWe 3HAYeHU 3TOro
Tuna. Takoe noBedeHWe BblpaXkaeTca B BuAe Habopa YHKLUWIA, CBA3aHHbLIX C JaHHbIM TU-
NMOM U MMeHyeMbiX MeTogamu Tuna. MeTtofbl NoApPo6HO onucbiBalOTCA B rnase 6, “MeTo-
Obl”, HO Y)Xe ceiiyac Mbl MONpobyemM 3TOT MeXaHU3M “Ha BKyC”.

MpuBegeHHoe ganee o6bsBNeHWe, B KOTOPOM napametpa ¢ Tuna Celsius Haxoautcs
nepef MeHem QyHKUuK, accouumnpyet ¢ Tunom C elsius Metof ¢ umeHem String, KOTo-
pbiii BO3BpALLaeT YNCNOBOE 3HAYEHME C, 3a KOTOPbIM CNeayT CMMBONbI °C:

func (c Celsius) StringQ string { return fmt.Sprintf(""%g°C", ¢) }

MHorume Tunbl 06bLABNAOT MeTod String Takoro BuAa, NOCKO/NbKY, KaK Mbl YBUAUM
B pasgene 7.1, oH ynpaBnseT BUAOM 3HaYeHWA AAHHOrO TMna Mpu BbIBOAE CTPOK Make-
Tom fmt.

c = FToC(212.0)

fmt.Printin(c.String(  // '100°C"

fmt_Printf("%\n", c) // "1008C"; sBHbii Bbi30B String He HyxeH
fmt Printf(*%s\n", c) // "100°C"

fmt.Printin(c) // ’100°C"

fmt_Printf(""%g\n", c) // "100"; He Bbi3biBaeT String
fmt_PrintIn(float64(c)) // ""100"; He Bbi3biBaeT String

2.6. MNMakeTbl 1 dainnebl

MakeTbl B GO CAYXaT TeM Xe LensM, 4To 1 6M6INOTEKN MU MOLYUN B APYTUX f3blKax
NporpaMMmnpoBaHuns, NOAAEPXKMBasA MOAYNbHOCTb, MHKANCYNALMIO, pa3feibHy0 KOMMWAs-
LM 1 NMOBTOPHOE MCMOJb30BaHMe. VICXOAHBIA TEKCT MakeTa pacnonaraeTcs B OAHOM WK
HecKonbKux thaiinax .go, 06bIYHO B KaTa/nore, MM KOTOPOro SBASETCS OKOHYaHWEM MyTK
numnopTa, HanpumMep aivinbl naketagopl.io/chl/hellow orld pacnonaratoTcs B KaTa-
nore $GOPATH/src/gopl.io/chl/helloworld.
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Kaxabli nmakeT CAyXWUT B Ka4yeCTBE OTAE/IbHOI0 MPOCTPAHCTBA MMEH [/ CBOMX 06b-
ABNEHNIA. B nakeTe image, Hanpumep, ugeHTudgukatop Decode OTHOCUTCH K PYHKLMK,
OT/INYHOW OT TOI, Ha KOTOPYH YKasbiBaeT umAaeHTMdMKaTop B nakeTe unicode/utfl6.
UTo6bl 06paTUTLCS K PYHKL MM 3a NpefenamMn ee nakeTa, cnefyet KsanmduumnposaTb U4EH-
TUUKaTop, ABHO yKa3as, YTo umeetca B Bugy: image.Decode nnm utf16.Decode.

MakeTbl TakKXXe MO3BOMAKT CKPbIBaTb MHAOPMaLMIO, YNpPaBNnsas TeM, Kakiue MMeHa BUA-
Hbl 3a NpegenamMy nakeTa {3KCNopTUpoBaHbl). B Go TeM, Kakue MAEHTU(PUKATOPbI 3KCNOp-
TUPYHOTCA, a KaKMe — HeT, ynpasaseT 0YeHb NPOCTOE NPaBUIO: 3KCMOPTUPYIOTCA UAEHTU-
(hMKaTopbl, KOTOPbIE HAYMHAKTCA C NPONUCHON GYKBbI.

UT0o6bl MPOUNNIOCTPMPOBATL 3TU OCHOBLI, NPEAMNO0XMM, YTO Halle NporpaMmmHoe o6e-
creyeHue a4 nNpeobpas3oBaHUa TemnepaTyp CTano NONyasapHbIM U Y4TO Mbl XOTUM CAenaTb
ero fJOCTYMHbIM AN coobuecTBa Go B BUAe HOBOro nakeTta. Kak Mbl 3TO caenaem?

[JaBaiite co3gagum nakeT gopl.io/ch2/tempconv, npeacTaBnstowmnini coboin Bapw-
auui npegbigyuiero npumMepa. (34ech Mbl cienann UCKIYEHMe AN HALEero 06bIYHOrOo
npaBuna nocnefoBaTe/bHOW HymepaLuy NpUMepoB, YTO6LI MyTb NakeTa 6bin 60nee peanun-
CTMYHbIM.) CaM nakeT XpaHMTCA B ABYX (haitnax, 4Tobbl NoKasaTb AOCTYMHOCTb 06bAB/E-
HWIA B OTAENbHBIX (Paiinax naketa; B peasbHOCTU TaKOl KPOLUEYHbIA NakeT, Kak pacCMaTpu-
BaeMblii HaMuW, BNOJIHE NOMECTUTCA B O4HOM (haiine.

MomecTUM 06bABNAEHUSA TUMOB, KOHCTAHT U MeTOLOB B (haiin tempconv. go:

aoolL .io/ch2/tempconv
11 MakeT tempconv BhLIMOMHSET Npeobpa3oBaHMs Temnepartyp,
package tempconv

import “fmt"

type Celsius float64
type Fahrenheit float64

const (
AbsoluteZeroC Celsius = -273.15
FreezingC Celsius =0
BoilingC Celsius = 100

)

func (c Celsius) StringQ string { return fmt.Sprintf("%g°C", ¢©) }
func (F Fahrenheit) StringQ string { return fmt .Sprintf(""%g°F,J ) }

a yHKUMM npeobpasoBaHns — B (haiin conv. go:

package tempconv

// CToF npeobpa3yeT TemnepaTtypy no Lenbcuiw B TemnepaTypy no dapeHreiTy,
func CToF(c Celsius) Fahrenheit { return Fahrenheit(c*9/5 + 32) }

// FToC npeobGpa3yeT Temnepatypy Mo dapeHreity B TemnepaTypy Mo Lenbcuio,
func FToC(f Fahrenheit) Celsius { return Celsius((f-32)*5/9) }

Kaxpablii (haitn HaumHaeTcs ¢ 06bABneHUs package, kotopoe onpefenser UMs nakeTa.
Mpn nmnopTe MakeTa K ero 4yneHam cnepyet obpauwiaTbcd kak K tempconv.CToF, u 1.4
VimeHa ypoBHS MakeTa, TakMe Kak TUMbl U KOHCTaHTbl, 06bAB/EHHbIE B O4HOM (haiifie nake-
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Ta, ABNAOTCA BUAMMbIMU ANA BCeX APYruX (ainnos nakeTta, Kak ecnv 6bl BeCb UCXOAHbIN
TEKCT pacrofiarancs B eAUHCTBEHHOM (paiine. O6paTuTe BHMUMaHWe, 4YTO tempconv.go
nmnoptmpyeT fmt, HO cONV.gO 3TOr0 He AenaeT, TaK Kak He WCMO/b3yeT HUYEro u3 na-
keta fmt.

IMOCKONbKY MMeHa KOHCTAHT YPOBHS MakeTa Ha4MHAKTCA C MPOMUCHbLIX 6YKB, OHW AOCTYnN-
Hbl U C NOMOLLbIO KBaNMMULMPOBAHHBLIX UMEH, TaknX Kak tempconv.AbsoluteZeroC:

fmt.Printf('bpppp! %v\n'J tempconv.AbsoluteZeroC) // "Bpppp! -273.15° C"

UTo6bl NpeobpasoBaTh Temnepatypy no Llenscuto B Temnepatypy no ®apeHreiity B na-
KeTe, KoTopbli mnopTupyetgopl.io/ch2/tempconv, MOXHO HanucaTb CNeayoWwmii Kog;

fmt.PrintIn(tempconv.CToF(tempconv.BoilingC)) // '"2120FM

KommeHTapwuii, HenocpeACTBEHHO NPeALIecTBYIOWMNA 06bABNeHNI0 package, LOKYMeEH-
TUPYET MakeT B LenoM. Mo cornaweHnio OH AO/MKEH HavyaTbCsA C pe3toMe B MPOUIIKCTPU-
poBaHHOM B npuMepe cTue. B Kax[oM MnakeTe TOMbKO OAUH (haiin [OMKEH MMETb TakoWn
JAOKYMEHTUPYOLWMNA KoMmMeHTapuii (pasgen 10.7.4). O6WMPHbIE LOKYMEHTUPYHOLLME KOM-
MeHTapumM 4acTo MOMEeLLaTCA B OTAENbHbIM (haiin, No cornaleHno MMeHyemblii doc .go.

YnpaxHeHue 2.1. lo6aBbTe B MaKeT tempconv TUMbl, KOHCTaHTbl U QYHKLUKU ANs pa-
60Tbl C TemnepaTypoil no wkane KenbBUHa, B KOTOPOW HYyNb rpagyCcoB COOTBETCTBYET TEM-
nepatype-273.15°C, a pasHuua temnepatyp B 1K nMmeeT Ty e BenmyuHy, uyto un 1°C.

2.6.1. imnopT

B nporpamme GO KaXAblii MakeT WAEHTUDUUUPYETCA YHUKANbHOW CTPOKOW, KOTO-
pas Ha3blBaeTCA ero nyTem MmnopTa. STO CTPOKMW, KOTOPbIE MOABNAIOTCA B 00bABNEHUN
import, Takne kak "gopl.io/ch2/tempconv”. Cneynukaymsa A3blKa He ONpegenser,
0TKyfia 6epyTcs 3TV CTPOKM WM YTO OHWM O3HAYAIOT; UX UHTeprnpeTauns — fAeno cooTseT-
CTBYIOLLEr0 MHCTPYMeHTapua. Mpu ncnonb3oBaHMM MHCTPYMeHTa go (rnasa 10, “IakeTbl u
MHCTPYMeHTbl GO™) NyTb uMNopTa 0603HavaeT Katanor, CoOAepXawnin O4nH UM HeCKONbKO
UCXOAHbIX (aiinoB Go, COBMECTHO 06pasyroLLnX Naker.

B fonofnHeHne K NyTV MMMOPTa KaXAbli NakeT MMeET MMSA NakeTa, KOTOpPoe ABASeTCS
KpaTKUM (U He 00653aTe/IbHO YHUKANbHBIM) UMEHEM W HaxXoA4MTCA B 06bABNeHUN package.
Mo cornalieHnto NMa naketa COOTBETCTBYET NOC/AEAHEN YacTK NyTW UMNOPTa, TaK YTo fer-
KO Mpejckasartb, YTO MMeHeM naketagopl.io/ch2/tempconv aBnserca tempconv.

UT06bl BOCMONbL30BATLCA MakeToM gopl.io/ch2/tempconv, ero cnegyet umnopTu-
poBaTtb.

aoDL.io/ch2/cf

// Cf KoHBepTMpyeT u4MC/OBON aprymeH B TemnepaTypy
// no Uenbcuio n no dapeHreiity,

package main

import (
ll.ﬁ,ntll
"gopl .io/ch2/tempconv"
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"strconv"

)

func main(Q) {
for arg := range os.Args[l:] {
t, err := strconv.ParseFloat(arg, 64)
if err = nil {
fmt_Fprintf(os.Stderr, "cf: %v\n", err)
os.Exit(l)

:= tempconv.Fahrenheit(t)

:= tempconv.Celsius(t)

fnt.Printf("%s = %sy %s = %s\n"y

fy tempconv.FToC(f), c, tempconv.CToF(c))

O =he

O6bsABNEHME MMNOPTa CBA3bIBAeT KpaTKOE WMs MMMOPTMPYEMOro naketa, KOTOPOe
MOXeT MCMoMb30BaThbCA AN 06palleHUs K ero CoAepXWMOMYy B AaHHOM aline. lMoka-
3aHHOe Bbllwe 06bABNAeHUe Import no3sonseT obpawatbes K MmeHam B gopl.io/ch2/
tempconv ¢ NOMOLbI0 KBA/IM(PUILLPOBAHHbIX MAEH T UMK TOPOB Hanogobue tempconv.
CToF. o ymonyaHuio KpaTtkoe UMs npeactaBnseT coboli Mma naketa (B JaHHOM Ciyvae —
tempconv), HO 06bsABAEHME MMMNOPTA MOXET yKasaTb W a/ibTepHAaTUBHOE UMSA, YTOObI W3-
6exxaTb KOH(MKTOB (pasgen 10.4).

Mporpamma cf npeobpasyeT OAWH YMCNOBOW apryMeHT KOMaHAHOW CTPOKW B 3HAYEHUS
no Lienbcuio n no dapeHreity:

$ go build gopl.io/ch2/cf

$ ./cf 32

32°F = o°cy 32°C = 89.6°F

$ ./cf 212

212°F = 100°cy 212°C = 413.6°F
$ ./cf -40

-40°F = -400C, -40°C = -40°F

MNmMnopT naketa 6e3 mocnefylooLero ero NCNonb30BaHUA CUMTAeTCA OLIMOKONA. Takas
npoBepKa NoMoraeT M36exaTb 3aBUCMMOCTEN, KOTOPble CTAHOBATCS HEHYXHbIMU MO Mepe
pasBuUTUA Kogda (XOTS 3TO MOXeT 6bITb HeyJoOHbIM BO BPeMs 0T/afKu, MOCKOMbKY, Hanpu-
Mep, 3aKOMMEHTMpPOBaHHaa cTpoka kofa Hanogobue log .Print("got here!™) moxer
ybpatb eAMHCTBEHHYIO CCbIJIKY Ha nakeT log v NpUBECTU TeM CaMbIM K BbIBOAY KOMMWAA-
TOpOM co06LieHnsa 06 owmnbke. B aToi cntyaumm Heo6XOAMMO OLHOBPEMEHHO 3aKOMMEH-
TUPOBaTb (MW Y4aNUTb) HEHYXHble 06bABNEHMSA Import.

Ewe nyywe — Bocnosb3oBatbCAd WHCTpymMeHToM golang.org/x/tools/cmd/
goimports, KOTOpbI/i Npy HEOBXOAMMOCTN aBTOMATUYECKM J06aBASAET U yaanseT MnakeTbl
13 06BABMEHMI MMNOPTA; 6O0NBLWIMHCTBO PeAaKTOPOB MOXeT ObiTb HACTPOEHO AN 3amycka
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goimports npu KaXaoM coxpaHeHuun aina. MofobHO MHCTPYMeHTY gofmt, goimports
TakXe NPUBOAUT UCXOAHbIE TEKCTbl GO K KAHOHMYeCKOMY (hopmary.

YnpaxHeHve 2.2. HanvnwwnTte nporpammy 06LLEro HasHayeHus as npeobpasoBaHus
efMHNL, aHanornyHyto cf, KoTopas cuMTbIBaeT YMCna U3 apryMeHTOB KOMaHHOI CTPOKM
(nn 13 cTaHJapTHOMO BBOAA, €C/M apryMEHTbl KOMaHAHOI CTPOKM OTCYTCTBYHOT) M Npeo6-
pa3yeT KaXK[0e YMCNOo B fpYyrue efuMHULbI, KaK TemnepaTtypy — B rpagycbl Lienscua n ®a-
peHreiita, 4AMHY — B ()yTbl U MeTpPbl, BEC — B (OYHTbl U KUAOrpaMmbl 1 T.4.

2.6.2. "Hnumanmnsauma nakeTos

WMHuumnanmsaumm naketa HauymHaetTcs C MHUUMaNU3aLuMn MepeMeHHbIX YPOBHA Make-
Ta— B TOM nopsake, B KOTOPOM OHU 00bABNEHBI, C TEM UCKNOYEHUEM, YTO nepBbiIMn pas-
pewaroTca 3aBUCUMOCTU:

var a = b + ¢ // a vHuymanusmpyeTcs TpeTbei, 3HayeHnem 3
var b = fQ // b vHMUManM3vpyeTcs BTOPOl, 3HayeHuem 2 u3 Bbi3oBa T
var c = 1 //C vHMUMaNM3MpyeTCa MnepBoOi, 3HauyeHuem 1

func fQ int { return c + 1 }

Ecnn nakeT COCTOMT M3 HECKONbKMX (haiifioB .go, OHW WHULMaNM3NpyTCa B TOM MO-
pAafKe, B KAKOM (baiifibl nepefatoTca KOMMNUAATOPY; MHCTPYMEHT go Mepef BbI30BOM KOMMU-
nsTopa copTmpyeT (ainbl .go Mo UMEHW.

Kaxgas nepemeHHas, 06bsBNeHHas Ha YPOBHE MakeTa, HauyMHaeT CYLecTBOBaHWE CO
3HAYEHMEM, PaBHbIM 3HAYEHWMI0 WHULMANU3NPYIOLLEr0 BbIPaXEHUS (ECNU TaKOBOE MMeeT-
c); HO A1 HEKOTOPbIX MepeMeHHbIX, TaKMX Kak Tabnuubl faHHbIX, WHULMANU3npytoLiee
BblpaXKeHVe MOXEeT ObiTb He CaMbiM MPOCTbIM CPEACTBOM 3afaHUs HAyalbHOr0 3Ha4eHus.
B 3TOM cniyyae npoLie MOXET 0Ka3aTbCH MexaHW3M (yHKuuu init. Jlo6oit aiin moxet
cofepxatb N1t060e KONNYeCcTBO DYHKLMIA, 06BABNEHNE KOTOPLIX UMEET BUA

func initQ {/*...*/}

Takue QyHKUMM in it Henb3a BbI3BaTb WK 06PAaTUTLCA K HUM, HO BO BCEX NPOYMX OT-
HOLUEHWAX OHU ABMAOTCA HOPMasnbHbIMU (QYHKUMAMU. B Kaxaom daiine gyHKumMm init
BbIMOIHAOTCA aBTOMATMYECKM MpW 3amyCckKe MporpaMmMbl B TOM NOPsiAKe, B KOTOPOM OHM
06DbAB/EHDI.

WNHnymanusayms BbINOMHAETCA MO OAHOMY NakeTy 3a pa3 B Nopsigike 06bABAEHWUI UM-
nopta B nporpaMmMe; nepebiMn 06pabaTbiBatOTCA 3aBUCUMOCTU, NO3ITOMY NAaKeT p, UMMNOP-
TUPYIOLWNIA NakeT ¢, MOXET 6bITb YBepeH, 4YTo ¢ OyfeT MOAHOCTbIO UHULMANU3NPOBAH [0
Hayana uHuumanusaumm p. WHnumnannsaumnsa BbINONHAETCA CHWU3Y BBepX; NOCMEAHUM WHU-
umanmsmpyeTcs nakeT main. Takum 06pa3oM, BCe MaKeTbl 0Ka3blBAOTCA MOAHOCTbIO UHW-
LMannM3MpoBaHHbIMM 40 Hayana BbINOMHEHUA YHKUUM main NpUNoXKeHUS.

MpuBedeHHbIN HWXKe MakeT onpegenset yHkuuio PopCount, KoTopas Bo3BpaliaeT
YUCNO YCTAHOB/EHHbLIX 6MTOB (T.e. 6MTOB, 3Ha4YeHNE KOTOPbIX PaBHO 1) B 3HayeHWe Tuna
uint64. OHa ncnonb3yeT (PYHKUMIO in it A4na npefBapuTeNbHOro BblUMC/eHUs Tabnumubl
pesynbTaToB pC /18 BCEX BO3MOXHbIX 8-6UTOBbIX 3HAYEHUIA, TaK uTO (hyHKUMM PopCount
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HY>XHO He BbIMOMHATb 64 wWara, a NPOCTO BEPHYTb CYMMY BOCbMW 3HauyeHWid 13 Tabnuupbl.
(9710, 6€3yCcn0BHO, He CaMblili ObICTPbLIA anropnuTM nogcyeta 6UTOB, HO OH O4YeHb YA06eH
AN UAncTpauumn QyHKUMA in it M geMoHCcTpauMy Takoro nosie3Horo npuvema nporpam-
MWPOBaHMSA, Kak NpefBapuTeNbHOe BblYMCNEHME TabnnLbl 3HAYEHWNA.)

godL.10/ch2/DODCOunt
package popcount

11 pc[i] - KonMyecTBO €AMHUYHBIX 6GUTOB B 1.
var pc [256]byte

func initQ) {
for i = range pc {
pc[i] = pc[i/2] + byte(i&l)

}

// PopCount BoO3BpawaeT CTeneHb 3anosiHeHUs]
// (KOMM4YecTBO YCTaHOB/EHHbLIX OMTOB) 3HAYeHUs X.
func PopCount(x uint64) int {
return int(pc[byte(x>>(0*8))] +

pc[byte(x>>(1*8)

pcbyte(x>>(2*8)

pc[byte(x>>(3*8)

pc[byte(x>>(4*8)

pc[byte(x>>(5*8)

pc[byte(x>>(6*8)

pc[byte(x>>(7*8) )

O6paTTe BHUMaHWE, YTO LUK range B (YHKUMU init NCMONb3yeT TONbKO WMHAEKC;
3HaueHWe He sBNSIETCH HEOGXOAMMBIM W MOTOMY He BKIOUEHO. STOT LMK/ MOXHO Takxke
3anucaTb cnefyoLuM o6pasom:

for i, _ = range pc {

Lpyrue npuMeHeHUs QyHKUMA Init Mbl pacCMOTPUM B CReAYHOLEM pasgene u B pasje-
ne 10.5.

YnpaxHeHue 2.3. Mepenuwute dyHKuuio PopCount Tak, 4To6bl OHa MCMo/b30Bana
LMK BMECTO eJMHOT0 BblpaXXeHusi. CpaBHUTE NMPOM3BOAUTENLHOCTL ABYX Bepcuii. (B pas-
fene 11.4 nokasaHo, KakK NMpaBW/bHO CPaBHMBATb NMPOU3BOAUTENLHOCTL PA3INYHBIX peanu-
3ayunin.)

YnpaxHeHue 2.4. HanuwuTe Bepcuto PopCount, KoTopas MOACYWTLIBAET 6GUThI C NO-
MOLLbIO CABMTa aprymMeHTa no Bcem 64 no3uuusmM, NpoBepsas Npu KaXAoM CABUTe KpanHuii
cnpasa 6uT. CpaBHMTE NPOU3BOAMTENLHOCTb 3TOM BEPCUUN C BbIGOPKON M3 Tabnuupbl.

YnpaxHeHue 2.5. BoipaxeHue x&(x-1) cbpacbiBaeT KpaiiHWii cnpaBa HeHY/eBOA
6uT x. Hannwwute Bepcuto PopCount, KoTopas MNOACYMUTbLIBAET GUTHI C MCMO/b30BAHUEM
3TOro (hakTa, U OLLeHNTEe ee NPOU3BOAUTENLHOCTD.
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2.7. O6nacTb BUANMOCTHU

ObbABneHMe CBA3bIBAET UMSA C CYLLHOCTbIO B Nporpamme, Takoi Kak (yHKUWA Uau ne-
peMeHHas. O6nacTb BUANMOCT Y ABASETCA YaCTbl WCXOLHOMO KOAa, B KOTOPOWN MCNOMb30-
BaHVe 00bSABMEHHOIO0 VMEHU CCbINAeTCs Ha CYLHOCTb M3 3TOr0 0ObABMEHMUS.

He nyTainTe 06nactb BUAUMOCTU U Bpemsa XM3HU. O6nacTb BUAUMOCTM — 3TO 06/1acThb
MCXOLHOro TeKCTa NPOrpaMmbl; 3TO CBOMCTBO BPEMEHU KOMMUAALMUU. BpeMeHem e XU3HK
MepeMeHHON HasblBalOT AMana3oH BPEMEHU BbIMOMHEHUS, KOFfa K MepeMeHHON MOXHO 06-
palaTbCa M3 4pYrUX YacTeil NporpamMmbl; 3TO CBOWCTBO BPEMEHU BbINOMHEHNUS.

CuHTakcuyecknii 610K npeacTaBnseT co60i nocnefoBaTeNibHOCTb WHCTPYKLWIA, 3a-
K/IOYEHHbIX B (QUrypHblE CKOBKM, MOA06HbIE TEM, KOTOPbIE OKPYXaKT Teno QYyHKUUU 1aun
umMkna. Mima, 06bABNEHHOE BHYTPU CUHTAKCUYECKOro 610Ka, He BUAMMO BHe 6/10Ka. Brok
0XBaTblBaeT CBOW 00bBSABNEHMA W onpefenseT ux obnacts BUAMMOCTU. Mbl MOXem 0606-
WNUTb 3TO NMOHATUE B/I0KOB, BKAKOUYMB B HEro Apyrue rpynnbl 06bABAEHUI, KOTOPbIE He OX-
BaTbIBAIOTCA (PUTYPHbLIMU CKOOKaMM B UCXOAHOM TEKCTe ABHO; O6yAeM Ha3blBaTb WX JIEKCU-
yecknMmM 6110KaMun. IMeroTca NeKCMYecKnin 610K 415 BCero NCXOAHOr0 TeKCTa, UMeHYeMblii
Bceobwmm 610kom (universe block); 610k gna Kaxgoro naketa; 408 Kaxgoro gaina; ans
Kaxaoin nHetpykuumn for, if n switch; ana kaxgoro case B KOHCTpykuuu switch unu
select; n, KOHEYHO, AN8 KaXOro SBHOr0 CMHTAKCUYEeCKOoro 6/10ka.

Nekcnyeckunii 610K 06bABNEHUA onpedenseT ero 06a1acTb BUAUMOCTU, KOTOpas MOXET
6bITb 60NbLWIOK MM Manoin. O6bABNEHNS BCTPOEHHbIX TUNOB, PYHKUNIA M KOHCTAHT Hamo-
pobue int, len u true HaxogaTca BO BceobuieM 6/10Ke, U 06PAaTUTLCA K HAM MOXHO Ha
NPOTSHXKEHUN BCein mporpammbl. K 06bABMEHNAM BHe NHO60OA hyHKUMK, T.e. LI YPOBHE Na-
KeTa, MOXHO 06paTuTbCA M3 N060ro (halina B TOM Xe caMOM Makete. VIMnopTupoBaHHbIE
nakeTbl, Takne kak fmt B npumepe tempconv, 06bABNAKTCA Ha ypoBHE (halinos, Tak 4TO
K HAM MOXHO 06palyaTbCq M3 TOro Xe halina, HO He M3 ApPYroro ana B TOM Xe nakerte
6e3 oTAenbHON AMPeKTUBbLI Import. MHorne 06bsSBNEHMA, NOAOOHO 0OBLABNAEHUHD Nepe-
MeHHOW ¢ B pyHKuuM tempconv.CToF, ABAAOTCS NOKasbHbIMK,, @ MOTOMY obpaliaTbCcs K
HVMM MOXHO TO/IbKO B Npefenax Toi e yHKuuMn (Mnn, BO3MOXHO, TONbKO ee 4YacTw).

O6nacTblo BUAMMOCTM METKW YMNpaBneHUs MOTOKOM, WCMONb3YeMON WHCTPYKUUAMU
break, continue n goto, aBnAeTca BCA OXBaTblBaloWwasa PyHKUMA.

Mporpamma MOXeT COAepXaTb HECKONbKO 00bABMEHWII OAHOrO M TOr0 XXe UMEHU npu
YCNI0BUM, UYTO BCe 0OBABMEHUSA HAXOAATCA B pasfMYHbIX NeKcuyeckux 6nokax. Hanpumep,
MOXHO 00bABUTH NOKANbHYIO MEPEMEHHYIO C TEM XX€ UMEHeM, YTO WU MepeMeHHas YpPOBHS
naketa. Mnu, kak nokasaHo B pasgesne 2.3.3, MOXHO 06bABUTL NapaMeTp PyHKLUN C uMme-
HeM new, faxe HeCMOTPS Ha TO, YTO PYHKLMUS C 3TUM UMeHeM SBNAETCA 06BABNEHHON BO
Bceob6wem 6noke. Ho He nepeycepacTBYiTe; Yem 60/blue 061acTb BUAMMOCTM Mepeonpe-
[eneHuns, Tem 60nblle LWAHCOB 3anyTaTb YMTaTeNs UCXOLHOMO TeKCTa.

KomnunaTtop, BCTPETUB CCbISIKY Ha UMA, WLLeT 06bABNEHUE, HAYMHAsA C Haubonee rny-
60KO BNOXEHHOI0 BHYTPEHHEr0 NeKCUYecKoro 610Ka U Npogo/mkas 4o Bceobliero 610ka.
Ecnm komMnunaTop He o6Hapy>XmMBaeT 06bsABAEHME, OH CO0bLaeT 06 OWnbKe “He06bABNEH-
Hoe UMA”. Ecnn ums 06bABMEHO M B HAPY)XXHOM, UM BO BHYTpPeHHEM 6/10Kax, nepBbiM 6ygeT
06Hapy>XeHo BHYTpeHHee 06bABMEHME. B 3TOM cnydyae roBopsAT, YTO BHYTPEHHee 00bsBNE-
Hve 3aTeHaeT (shadow) unm ckpbiBaeT (hide) BHelwHee, feflas ero HeAOCTYMHbIM:
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func TQ ¢

var g = 'g

func main(Q) {
f ="
fmt.PrintIn(f) // "f'; nokanbHas nepemeHHas T 3aTeHsieT
// pyHkumo F ypoBHS nakeTa
fmt.PrintIn(g) // "g'; nepemeHHas YpOBHs nNakeTa
fmt.Printin(h) // Ouwubka Komnunsaumm: HeonpegeneHHoe uvmsa h

BHYTpU GYHKLUM NeKcUYeckne 6A0KM MOTYT GbiTb BIOXKEHHBIMU C MPOM3BONbLHOM
rNyGUHOI BIOXEHUS, MO3TOMY OfHO NOKaNbHOEe OGBLSABJEHWE MOXET 3aTeHATb APYroe.
BONbWMHCTBO G/0KOB CO34alOTCSH KOHCTPYKUMSMU YNpaBAeHWUs MOTOKOM, TaKUMU Kak
MHCTPYKUuMn iF n ynknbl for. MprBeAeHHas HWXe MporpamMma MMeeT TPU Pa3nMyHbIX
NepemMeHHbIX X, TaK Kak BCe OOBABNEHUS MOSBAANTCS B PasNUUYHbIX NeKCUYeckux 6o-
Kax. (3TOT NpuMep UAMOCTPUPYET NpaBuia o6nacteil BUAUMOCTU, HO HE XOPOLLMIA CTUNb
nporpaMmmupoBaHus!)

func mainQ) {

X = "hello!™
for i =0; 1 < len(X); i++ {
x = X[i]
ifx 1= "1" {
X =X+ "A" - &
fmt.Printf("%c', X) // "HELLO"™ (no GykBe 3a uTepauuio)
}
}
}
BblpaxeHus x[i] nx + 'A' - T"a* ccbiialoTca Ha 06bABMEHNUA X U3 BHELWHero 610-

Ka; Mbl MOACHUM WX YyTb Mo3xe. (OBpaTUTe BHUMaHUE, YTO BTOPOE BblpaXKeHWe He 3KBUBA-
NneHTHO BbI3oBy Unicode.ToUpper.)

Kak ynomMuHanoch Bbllle, He BCe NieKCUMYecKme 610KM COOTBETCTBYHOT NOCNef0BaTe b-
HOCTSIM OMepaToOpPOB, MOMELLEHHbLIM B (DUTYPHbIE CKOOKMW; HEKOTOPbIE U3 HUX NMPOCTO Mof-
pasymeBatoTca. Lukn for B MCXOAHOM TeKCTe Bbille CO34aeT ABa EeKCUUYECKNX Bnoka: sB-
Hbli1 6N10K ANa Tena LMKNa U HesBHbIA 610K, KOTOPbIA AOMOMAHUTENbHO OXBaTblBaeT nepe-
MEHHble, 00bABMEHHbIE B MHMLManU3aunyu Lukna (B JaHHOM Cny4vyae — MepPeMEHHY ).
O6nacTbt0 BUAMMOCTU MepemMeHHO, 06bABNEHHON B HEABHOM 6/10Ke, ABAAKOTCS YC0BKe,
nocnegerictene (i++) u teno uunkna for.

B npuBeaeHHOM HWKE NpUMepe TakXKe MMEEeTCs TPU MepPEMEHHbIE C UMEHEM X, Kaxias
13 KOTOPbIX 06bsIBNEHa B CBOeM 610Ke: ofgHa — B Tene QyHKuMu, gpyras — B 610Ke LuKna
for n TpeTbs — B Tene umkna (HO TOMbKO ABa M3 3TUX 6/I0KOB yKa3aHbl IBHO):

func main(Q) {
x = "hello”
for x = range X {
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X =X+ "A" - &
fmt.Printf(C'%c”, X) // "HELLO"™ (no 6ykBe 3a uTepauuio)

Mogo6Ho umknam for, nHCTpykumm iF n switch Takxe co3faloT HeABHble 6/10KU B
pjononHeHue K 6nokam mx Ten. Kog B cnegytouwieit uenouvke if-else nokasbiBaeT 061actu
BUAUMOCTU X U Y-
ifx =FQ; x =0 {

fmt.PrintIn(x)
Yelse ify =gxX); x =y {
fmt_Printin(x, y)

} else {
fmt_Printin(x, vy)

}
fmt.PrintIn(x, y) // Oumbka KOMNWNAUMW: X W Y 3[4eCb HEBUAUMbI

BTopas uHcTpyKkuus if BnoxeHa B MepByto, Tak YTO MEPEMeHHble, 06bABNEHHbIE BHY-
TPU MHMLMANM3aTopa NepBoit UHCTPYKLUW, BUAUMbI BHYTPU BTOPO UHCTPYKUMU. AHano-
FMYHble NpaBuia NPUMEHSIOTCA U A1 KaXA0ro case WHCTpyKuum switch: umeetcs 610K
ANs YCNOBUS U B/IOK ANs KaXKAO0ro Tena case.

Ha ypoBHe makeTa NopsiAok, B KOTOPOM MOSBASIOTCS 06bSBAEHMSA, He BAUSIET HA UX 06-
NacTb BUAMMOCTU, MO3TOMY OGBLABMEHWE MOXET CCbINATbCA caMo Ha cebs uan Ha Lpyroe
06bABNEHNE, KOTOPOE CNneayeT 3a HUM, MO3BOASAS HaM 06bLABAATL PEKYPCUBHbLIE UM B3a-
VMHO PeKypPCUBHble TWMbl U YHKLUMW. OfHAKO KOMMUAATOP COO6LMT 06 OwunbGKe, ecim
06bsABNEHNE KOHCTAHTbI WU NMepeMeHHOM CCbIaeTcs camMmo Ha cebs.

if f, err = os.Open(fname); err != nil { // Ouubka KOMNWUNALMWN: Heuc-

return err // nonb3oBaHHas nepevmeHHas f
f.stat() // Ounbka Komnunsumm: HeonpegeneHHas nepemeHHasa F
f.CloseQ // Ouwmbka koMnNUIAUMW: HeonpegeneHHas nepemeHHas

B npuBefeHHOl Bbilwe nporpammMe 06nacToto Buagnmoctu F ABAseTca TONbKO MHCTPYK-
uma 1f, Tak yto nepemeHHaa f HegOCTyNHa A9 MHCTPYKLUMIA, cnegytownx ganee, 4to npum-
BOAWT K OLLINGKEe KOMNUASALKUW. B 3aBUCMMOCTM OT MCNONb3YEMOro KOMMMAATOPA Bbl MOXe-
Te MOMy4YUTb AONONHUTENbHOE COo06LeHe 06 OWNOKe, rnacslee 0 TOM, YTO NepeMeHHas
T HUrge He ucnonbayeTcs.

TakvM 06pa3oM, 4acTo NPUXoaMTca 06bABNATL NepemeHHy0 F 4o ycnoBus, 4Tobbl OHa
Oblfia JOCTYMNHA NOC/e Hero:

fj err := os.Open(fname)
if err I= nil {
return err
>
f._StatQ
f.Close()
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MoOXeT noKasaTbCcs CO6/M1a3HUTENbHOW BO3MOXHOCTbL M36eXaTb 00bsBNeHna f nerr Bo
BHelWHeM 6/10Ke, nepemMeLyas BbI30oBbl MeTogoB Stat n Close BHyTpb 6/10Kka else:

if f, err := os.Open(fname); err != nil {
return err
} else {
// T n err Bugumbl 3gecb
f.Stat(Q
f.Close()
}

OpHako 06blYHas nNpakTukKa NnporpaMmMupoBaHna B Go 3akio4aeTcs B paboTe C OWNGKOW B
KOHCTpYKuMM i f ¢ nocnegyowum BbIXOAOM M3 (PYHKLMU TaK, YTO6bl YCNELWHbIA NyTb Bbl-
MONHEHNA He COMPOBOXAANCA OTCTYMOM.

KpaTkne 06bABNeHNS NepeMeHHbIX TPeOYOT NOHMMaHMs 06nacT BUgMMOCTH. PaccmoT-
pUM MporpaMmy, MpUBEAEHHYH HUXE, KOTOpas HauMHaeTCsi ¢ MOMyYyeHUs TekyLiero pabo-
4ero KaTanora v ero COXpaHeHusl B MepeMeHHON YPOBHA MakeTa. TO MOXET BbITb CAeNaHO
C Momoulblo Bbi30Ba 0S.Getwd B (hyHKLMM main, HO, MOXET 6biTb, /lyylle OTAENNTb 3TO
[elicTBME OT OCHOBHOI NOTUKW MPOrpamMmmbl, B 0COGEHHOCTM €CNM HEBO3MOXHOCTb MONy-
ynTb paboumnii Katanor sBnaseTcs artanbHON owmnbkoi. dyHkuma log.Fatalf BbiBOgMT
COOTBETCTBYHOLee coobLeHNe 1 BbI3bIBaeT 0s. E xit(l).

var cwd string
func init(Q) {
cwd, err := os.Getwd() // Oumbka kKomnunsAuum: cwd He WCNoNb3yeTcs
if err = nil {
log.Fatalf("'Oumbka os.Getwd: %', err)

MocKoNbKy HKU cwd, HU err He 06bABNEHbI B 6/10Ke PyHKLMK init, onepatop := 00b-
ABNAET 06e 3TN NepemMeHHble Kak NoKanbHble. BHyTpeHHee 06baBneHne cwd fenaeT BHeLU-
Hee HefOCTYMHbIM, MO3TOMY [aHHAs WHCTPYKUWA He OGHOBASET 3HAayYeHMe MepemMeHHO
YPOBHS nakeTa cwd, Kak npegnonaranoco.

HblHewWwHWe KoMnuaaTopsel GO 06HapYXMBaKT, YTO IoKanbHas nepemeHHas cwd HUKOT-
[la He ncnonb3yeTtcs, M coobatoT 06 3TOM Kak 06 OwMOKe, HO OHW He 0653aHbl BbIMOMHATH
3Ty NpoBepKy B 06s3aTeNlbHOM nopsgke. Kpome TOro, He3HauyMTeNbHble U3MEHEHUS, TaKne
Kak fo6aBneHMe WHCTPYKUMM 3amvCcU B XXYPHaNn 3HAYeHWs NIOKanbHOW nepemeHHOW cwd,
AMWMAN 6bl 3Ty NPOBEPKY CMbIC/A.

var cwd string
func initQ {
cwd, err = os.GetwdQ // MMpumeyaHue: HeBepHo!
if err = nil {
log.Fatalf("'Owbka os.-Getwd: %', err)
>
log.Printf("'Pabounini katanor = %s', cwd)
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nobanbHas nepemeHHass cwd OCTAeTCs HEUHULWANM3UPOBAHHOW, U KaXyLLMIACS Kop-
PEKTHBLIM BbIBOA B XXYPHaJl TO/IbKO CKPbIBAET OLUUGKY.

CylecTByeT psaf CnocoboB CNpaBUTbCA C 3TOW NOTeHUManbHOW npobnemoii. Camblii
NPOCTOl U3 HUX — M30exaTb onepaTopa : =, 00bABMB € B OTAENbHOM OObABMAEHUN Var:

var cwd string
func init(Q) {
var err error
cwd, err = o0s.GetwdQ
if err = nil {
log.Fatalf("'Oumbka os.Getwd failed: %", err)

Tenepb Mbl BUAENU, KaK MaKeTbl, (haiifibl, 06HABNEHUS U MHCTPYKLUK BbIpaXatoT CTPYK-
Typy nporpamm. Cregytoujne fBe rnaBbl Mbl MOCBATUM CTPYKTYpaM AaHHbIX.



beH,EI,aMeHTa]'IbH bl€e TUllbl AaHHbIX

B KOHeuyHOM cuyeTe BCS MamMATb NpefCTaBnseT CO60W NPOCTO 6UTLI, HO KOMMbIOTEP pa-
60TaeT ¢ MX (QUKCUPOBAHHLIMU KOAUYECTBAMU, MMEHYEMbIMU C/IOBAMMW, KOTOPble WMHTep-
NPeTUPYITCA Kak Lienble Yncna, Yncna ¢ nnasarolleli TOUKOR, MHOXeCTBa 6UTOB M agpeca
namsaTn, a 3aTeM 06beAMHAOTCA B 6ONbLUMe arperatbl, KOTOpble NMPeACTaBASKOT MaKeThl,
nukcenun, noptonno, CTUXN UM 4YTo-To ewwe. GO npeanaraeT psag cnocob60B opraHu3auum
[AHHbIX C LUMPOKNM CNEKTPOM TUMOB AaHHbIX, Ha OHOM KOHLIe KOTOPOro HaxoAATCs TUMbI,
COOTBETCTBYIOLME BO3MOXHOCTAM annapaTtHoro obecnevyeHns, a Ha Apyrom — BCe, 4TO
HYXXHO A4 TOro, Y4To6bl MporpaMmmucTaMm 6bin0 YA0OHO NpeAcTaBAATb CNOXHblE CTPYKTY-
pbl AaHHbIX.

Tunbl Go AenaTcs Ha YeTblpe KaTeropun: hyHAamMeHTa/bHble TUMbl, COCTaBHble {arpe-
rMPOBaHHbIE) TUMbI, CCbINOYHbIE TWUMbI U TUMbl MHTepdencos. PyHAaMeHTanbHbIie TUMbI,
KOTOpble ABAAOTCA TEMO AaHHOM rnaBbl, BKOYAKOT YMCia, CTPOKN U ByneBbl 3HAYEHWUS.
CocTaBHble TUMbl — MaccuBbl (pasgen 4.1) u cTpykTypbl (pasgen 4.4) — obpasytoT 6osee
CMOXHble TUMbl JaHHbIX MyTeM 06beAuHeHUs 6onee NPocTbiX. CCbiNOYHbIE TWUNbI MNpeg-
CTaBNAlOT COBO PasHOPOAHYIO rpynny, KoTopas BKAlYaeT ykasatenu (pasgen 2.3.2), cpe-
3bl (pasgen 4.2), otobpaxeHusa (pasgen 4.3), ¢pyHkumn (rnaea 5, "®YHKUMKN) U KaHasbl
(rnaBa 8, “Go-nognporpamMmbl M KaHanbl”), HO OOLWKUM Yy HUX SBASETCA TO, YTO BCE OHU
06palLalnTcs K MepeMeHHbIM UM COCTOAHUSAM MPOrpamMmMmbl KOCBEHHO, TaK 4TO pesy/bTaT
LeicTBuA onepayuun, NPUMEHEHHON K OAHON CCblKe, HabngaeTca BCeMU ee KOMUAMMU.
O Tnnax uHTepencoB Mbl MOroBopum B rnaee 7, “UHTepdeiicol”.

3.1. Uenbie yncna

YUuncnosble TUMbl AaHHbIX GO BKAOYAKT Leble YNCNa HECKOMbKUX pasMepoB, yucna ¢
nnaBatoLLeil TOUKON M KOMMNEKCHble Yyncna. Kaxablii YACN0BOM TN ONpegensieT pasmep u
3HaKOBOCTb CBOMX 3HAYeHMl. HauyHeM ¢ uenbix yncen.

Go obecneunBaeT KakK 3HaKOBYHD, TaK W 6€33HAKOBYIO LLeNIOYNCNEHHYO apuMeTUKY.
VimeroTcs 3HaKOBbIE Liefible Yncna YeTbipex pasmepos — 8, 16, 32 n 64 6uta, — npepacras-
NeHHble TUNamm int8, intl6, int32 mint64, a TakXke COOTBETCTBYIOLME BE33HAKOBbIE
Bepcum uint8, uintl6é, uint32 nuint64.
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EcTb TakXKe fBa TMNa, KOTOPble Ha3blBATCA NPOCTO int n uint 1 MMeKT eCTeCcTBeH-
Hbli AN Hambonee 3PPEKTUBHLINA pazmep AN 3HAKOBbIX M GE33HAKOBbIX LEbIX YMCen
Ha KOHKPeTHO nnaTdopme; int Ha CErofHAWHWIA feHb siBAseTCA Hanmbonee LWIMPOKO UC-
No/b3yeMbIM YMCIOBLIM TUNOM. O6a 3TU TMMa UMEIDT 04MHaKOBbIM pasmep (nn6o 32, nn6o
64 6uTa), HO Bbl HE JO/KHbI feNaTb HUKAKUX NPeAnooXKEeHNA 0 TOM, KAKOA UMEHHO U3 HUX
MCNONb3YyeTCA; pasMyHble KOMAUAATOPbI MOTYT AenaTb pasHblil BbIGOp pasmepa Jaxe Ha
OAHOM ¥ TOM e annapaTHOM 0b6ecrneyeHum.

Tvn rune ABASeTCA CUHOHMMOM Ana Tuna iNt32 1 No cornaweHuio ykasbliBaeT, yTo
JaHHOe 3HauyeHue asnseTca cumsosiom Unicode. OTW gBa MMeHUM MOryT UCNOJb30BaThCA
B3a/Mo3aMeHseMo. AHanormyHo tun byte ABnseTcs CUMHOHMMOM Ans Tuna uint8 u nog-
YyepKmMBaeT, YTO 3TO 3HAYeHUe ABnseTCca PparMeHTOM HeOPMaTUPOBaHHbLIX AaHHbIX, a He
MasibiM YUCIOM.

HakoHel, umeeTca 6€33HaKOBbIA LeNoUYnCneHHbIn Tun uintptr, wWupuHa KOTOporo He
yKaszaHa, HO focCTaTo4yHa AN XpaHeHWs Bcex OGUTOB 3HavyeHMs ykasaTens. Tun uintptr
NCMoNb3yeTca TOMbKO AN HU3KOYPOBHEBOr0 MpOrpaMMMpOBaHMsA, TakKoro, Kak CTbIKOBKa
nporpammbl Go ¢ 6ubnunoTekoir C maM ¢ onepalMoHHON cucTeMoil. Mbl yBUAUM COOTBET-
CTBYlOLLMe npuMepbl, Korga fobepemca go naketa unsafe B rnase 13, “HuskoypoBHeBoe
nporpammMmupoBaHune”.

HesaBucumo oT pasMepa Tunbl int, uint n uintptr oTAn4YalOTCA OT CBOMX “6paTbeB”
C IBHO YKa3zaHHbIM pasMmepoM. Takum o6pa3om, int — 3TO He TOT Xe TWM, 4To U Int32,
[aXe ecnn Ha faHHol nnaTopme eCTECTBEHHbIV pa3mep Lefblx Ynucen coctasnseT 32 6uTa
M Tam, rae Hy>XHO MCNoAb30BaTb 3HaYeHWe Tuna int, B TO BpeMsa Kak TpebyeTca 3HayeHue
TMna int32 (M HaobopoT), HeO6XOAMMO ABHOE NMpeobpasoBaHMe TUMOB.

3HaKoBble Yncna npeacTaBfieHbl B popMaTte 4ONOAHEHUA A0 2, B KOTOPOM cTaplimnii 6uT
3ape3epBMpOBaH AN1S 3HaKa 4Mcna, a AvManasoH 3HauyeHWid «-paspsagHOro yucna npocTupa-
eTca oT -2,M o 2" 1-1. Llenble 6e33HaKoBble YMcCaa UCNOMb3YIOT AN NpefCcTaBAeHUs He-
oTpuLaTenbHbIX 3HAYEHUI BCe BUTbI W, TaKMM 06pa3oM, UMEKT fManasoH 3HayeHuii oT O
fo 2'-1. Hanpumep, AgnanasoH 3HadeHuil int8 npoctmpaetca 0T-128 go 127, Torga Kak
Avana3oH uint8 — o1 0 go 255.

Hwxe nepeuuncneHbl 6uHapHble onepatopbl Go (apudpmeTnyeckne, nornuyeckue u one-
paTopbl CpaBHEHMWA) B NOPSAKE YMEHbLIEHUA NpuopuTeTa.

* / % < < » & 8A
+ - |
] 1= < <= > >=
&
N

ECTb TONIbKO NATb YPOBHEN npuopuTeTa Ans 6uHapHbIX onepaTtopoB. OnepaTopsl Ha 04-
HOM U TOM XXe YPOBHE JIeBOACCOLMATUBHbLI, MO3TOMY A5 ACHOCTU WM AN8 TOro, YTO6bI
[eACTBMS BbINOMHANUCH B HY>XHOM MOpsfKe, MOryT ObiTb HEO6XOAWMbI CKOGKMU, Kak, Ha-
npumMep, B BblpaXXeHnn Hanogobue mask & (1 << 28).

Kaxablii onepatop B NepBbIX ABYX CTPOKax Tabnuubl Bbile, HanpuMmep +, UMeeT CO0T-
BETCTBYIOLLWIA NpMCcBaMBaOLLMiA onepaTop, TaKOM Kak +=, KOTOPbIA MOXET MCMO0/b30BaTh-
€A 419 COKpaLleHNsa 3anucyu MHCTPYKLMU MPUCBanBaHNS.
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ApupmeTnyeckue onepatopbl +, -, * 1/ MOryT MPUMEHATLCA K LEeAbIM YuCaaM, Ymc-
nam C nnaBaroLLeid TOUKON U KOMMIEKCHBIM YMCaM, HO OMepaTop NoayyeHus ocTaTka npu
feneHnm % nprMeHsAEeTCs TOMbKO K LenbiM yYncnam. MosegeHne %ans oTpuLaTenbHbIX UYn-
CeN pas3fIMyHO B pasHbIX A3biKax NporpaMmupoBaHns. B Go 3Hak ocTaTKa BCerfa Takoii xe,
KakK ¥ 3HaK fefinmoro, Tak 4to u -5%3, n -5%-3 paBHbl -2. NoBeaeHne onepartopa / 3aBu-
CUT OT TOTO, AIBASAKOTCA NN €ro onepaHbl LenbiMy yucnamm, Tak uto 5.0/4 .0 pasHo 1.25,
HO 5/4 paBHO 1, TakK Kak MpwW Lefo4nCcIeHHOM AefIeHUU NMPOUCXOANT yCeUyeHne pesynbTaTa
MO HampaBAeHUI0 K HYJH0.

Ecnn pesynbTat apumeTMYECKON onepalmmn, Kak 3HaKOBOR, Tak 1 6e33HaKOBOM, NMeeT
6onble 6MTOB, YeM MOXET ObITb NPeACTaBNEHO TUMOM pe3y/nbTaTa, Mbl FOBOPMM O nepe-
nonHeHun (overflow). Mpu 3Tom cTapwune 6MTbI, KOTOPbIE HE NOMeL,aOTCA B pe3ynbTare,
Mon4a oTbpacbiBaloTCA. ECAm McxogHOe 4nCno MMeeT 3HAKOBLIA TWUM, pe3ynbTaT MOXeT
6bITb OTPMLATENbHbLIM, €CNK NEBbI/i GUT paBeH 1, Kak NOKa3aHO B clieAylolleM Mnpumepe
cint8:

var u uint8 = 255

fmt_PrintIn(u, u+l, u*u) // "255 0 1"
var i1 int8 = 127

fmt.Printing i+lj i*i) // "127 -128 1"

[Ba Lenbix yncna ogHOro 1 TOro Xe Tuna MOXHO CPaBHWUTb C UCMO/b30BaHUEM BUHap-
HbIX OMepaTOpPOB CPaBHEHUS, MOKA3aHHbIX HUXE; Pe3ynbTaT BbIPAXXEHUS CPaBHEHUS ABNA-
eTcs nornyeckum (bynesbiM) 3HaYEHWEM.

== PaBHO

I= He paBHo

< MeHbLie, yem

<= MeHbLe nnm pasHo
> Bonblue, yem

>= bonblle nnn paBHo

®aKTUYecKn BCe 3HaUYeHUs PyHAaMeHTaNbHbIX TUMOB — /OTMYECKUE, YMcna U CTPO-
KN — SBASIOTCA CPaBHMBAEMbIMW, a 3TO O3HAYaeT, YTo fBa 3HAYEHMS] OAHOTFO W TOrO Xe
TMNa MOXHO CpPaBHMBATb C MOMOLLbIO OMepaTopoB == u !=. Kpome TOro, Lienble Yncna,
yncna ¢ NAaBaroLLEeil TOUKOM M CTPOKM SBASIOTCA YNOPSA0YMBAEMbIMU C MOMOLLbIO Onepa-
TOPOB CpaBHEHWs. 3HAUYEHWUS MHOTUX APYTUX TUMOB He SBASIOTCS CPaBHUBAEMbIMU, & MHO-
rme gpyrvie TUMbl He SBAAOTCA ynopsgoumBaeMbiMu. Mo XoAy 3HAKOMCTBA C pasHbIMU TU-
naMu Mbl 6ygeM paccmMaTpuBaTb MpaBuna, Perynupytolime cpaBHUBAEMOCTb UX 3HAUYEHWIA.

MmetoTcs Takxke YHapHbIe OMepaTopbl + u -.

+ YHapHbI/A 3HaK Naoc (He OKa3blBaeT HUKAKOrO AeliCTBUSA)
YHapHbIA 3HaK MUHYC

[ns Lenbix yncen 3anuch +x sBASETCS KpaTKoi (opmoii 3anucy ans 0+x, a - X — Kpart-
Koii hopmoii ans 0-X; AN YMCEs C NAaBatoLLeil TOUKOM M KOMMMEKCHBIX YMCEN +X PaBHO
MpoCTO X, a —X ABMSAETCS 3HAYEHWEM X C MPOTUBOMOMOXHLIM 3HAKOM.
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GO TaKxe NpefocTaBnseT cnefytolme nobuTosble 6UHAPHbLIE ONEpaTopbl, NepBble Ye-
ThbIPE M3 KOTOPbIX pacCMaTPMBAlOT CBOM OMepaHfbl Kak G6UTOBble LWAGNoHbI, 683 NOHATUI
rnepeHoca UM 3Haka.

& Mobutosoe U
Mo6utosoe NN
MobutoBoe nuckntovarowee NN
&A Cépoc 6uTta (U HE)
<< Casur Bneso
>> Cgasur Brnpaso

Onepatop AnpeacTaBnsieT coboit nobutoBoe ncknoyvarouee UM (XOR) npu ncnonb-
30BaHMM B KayecTBe GMHAPHOro onepatopa, HO MpY UCMO/b30BaHUN B Ka4yeCTBE YHAPHOro
npeduKCHOro oneparopa OH NpeAcTaBfseT co60i N06MTOBOE OTPULLAHWE, UM LONOSTHEHUE;
B TaKOM Cny4ae onepaTtop BO3BpalliaeT 3Ha4YeHWe, B KOTOPOM KaXKAblii 6UT paBeH WHBEPTU-
pOBaHHOMY COOTBETCTBYOLEMY 6UTY ero onepaHga. Onepatop &A ABNSETCA ONepaTopom
cbpoca 6uTa: B BbIpaXKEHUN z = X &A Yy KaxAblil 6UT z paBeH 0, eCNM COOTBETCTBYHOLL WA
6uT y paBeH 1; B NPOTMBHOM C/ly4yae OH paBeH COOTBETCTBYHOLLEMY OUTY X.

MpuBefEHHBIA HMXKEe KOA MOKasbiBaeT, Kak MOXHO WCMO/ib30BaTb GMTOBbIe onepayuu
NS MHTepnpeTauMn 3HayeHWs uint8 B KauecTBE KOMMAKTHOrO U 3thheKTUBHOro Habopa
BOCbMMW He3aBUCKUMbIX 6UTOB. OH MCMONbL3YEeT CUMBONLI NpeobpasoBaHma %b B P rintf gna
BbIBOJA ABOWYHbLIX LUPp uyucna; 08 yTouHAeT nosefeHue %b, 3acTaBnAs AOMNOMHATb pe-
3ynbTaT HYNSMU TaK, YTOObI BbIBOLMNOCH POBHO 8 Lndp.

1<l ]1<<5
1<l J1<<2

var X uint8
var y uint8

fmt.Printf("'%08b\n", x) // ''00100010", mHoxecTtBO {1,5}
fmt_Printf("%08b\n", y) // 00000110", mHoxecTtBO {1,2}
fmt.Printf(""%08b\n", x&y) // '00000010", nepeceueHue {1}

fmt Printf('%08b\n", x]Jy) // "00100110", o6bbveauHenne {1,2,5}

fmt Printf('%08b\n", xAy) // 00100100, cummeTpuyHaa pasHocTb {2,5}
fmt.Printf("%08b\n", x&Ay) // 00100000, pa3HocTb {5}

for i = uint(0); i < 8; i+t {
if x&(<<i) =0 { // TipoBepka MNpUHAANIEXHOCTU MHOXeCTBY
fmt.PrintIn(i) // U1, e

}
}
fmt_Printf("%08b\n"", x<<I) // 01000100, wmHoxecTBO {2,6}
fmt_Printf(""%08b\n", x>>I) // '00010001", wmHoxecTBo {0,4}

(B pasgene 6.5 nokasaHa peanv3auus Lef0YUCTEHHbIX MHOXECTB, KOTOpble MOryT 6biTb
3HaunTeNLHO 6osblle GaiTa.)

B onepauuax casura X<<m u X>>n onepaHj n onpejenset KOAMYECTBO NO3NLUIA CABU-
ra u fo/mKeH 6biTb 6€33HaKOBbIM 3HAaYeHMeM; OonepaHg X MOXeT 6biTb Kak 6e33HaKOBbIM,
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TakK U 3HaKOBbIM. ApU(MeTUYECKN CABUT BIEBO X<<MN 3KBMBANEHTEH YMHOXEHUIO Ha 2", a
CABMWT BNPaBO X>>N — fAefleHNI0 Ha 2n

CABuT BNEBO 3aN0JHAET 0CBOGOXKAAKOLWMecH GUTbI HyNsMK, TaK Xe, Kak 1 CBMT BMpaBo
6e33HaKOBOr0 3Ha4YeHWA; HO CABMI BMNPaBO 3HAKOBbLIX YMCE/ 3ano/iHAeT 0CBOOOXAaeMble
6WTbl KONMAMK 3HaKoBOro 6uta. Mo 3Toli NpUYMHe NpU PacCMOTPEHUN LeNbIX YnUCen B Ka-
yecTBe 6MTOBOrO Wab/soHa BAXXHO MCMNOb30BaTb 6€33HAKOBYO apuUiMETUKY.

Xots Go npefocTaBnsieT 6e33HAKOBble YKCna U apuUPMETUKY, Mbl CKIOHHBI UCMOJb30-
BaTb 3HAKOBbIM TN int gaxe ANa 4mcen, KOTOpble He MOryT 6bITb OTpULATENbHBIMU, Ha-
npumep 418 TakMX, Kak AMHA MacCuBa, XOTA Uint MOXeT nokasaTbcs 60fiee 0UEBUAHLIM
BbIOOpPOM. B felicTBUTENbHOCTU BCTpPOeHHasa (yHKUMA len BO3BpaliaeT 3HAKOBbIA int,
Kak B NPVBEJEHHOM LMK/, KOTOPbLIA 06bABASET NPN30Bble MeAanu B 06paTHOM MOPSAKE:

medals := []1571n8{n3onoToH, '"cepebpo™, "6poH3a"}
for i = len(medals) - 1; i1 >= 0; i— {
fmt.PrintIn(medals[i]) // "6pon3a”, 'cepebpo', '3010T0”

AnbTepHaTMBa OKa3anacb Obl kKaTtacTpoduuyeckoil. Ecnm 66l len Bo3Bpalwiana 6e33Ha-
KOBO€ YMCMO0, TO NepeMeHHas i Takxe mmena 6bl Tn uint, nycnosue i >= 0 6b110 Bbl
BCerja BepHO Mo onpefenexunto. Mocne TpeTbeli ntepaynmn, B KoTopoi i == 0, MHCTPYK-
uus i - - npuBena 6bl K TOMY, YTO 3Ha4YeHMe i CTano 6bl paBHbIM He -1, a MaKCMMaIbHOMY
3HayeHuto Tna uint (Hanpumep, 2641), n BbluncneHme medals[i] npu nonbiTke nony-
YnNTb JOCTYN K 3MEMEHTY 3a Npejenamu rpaHuy cpesa npuBeno 6bl K 60K BPEMEHM Bbl-
MOMHEHUA, UK K aBapuitHoi cuTyauun (pasgen 5.9).

Mo 3Toil NpuyuHe 6e33HaKOBble 4MCMa, Kak MpaBuO, WCMNONb3YIOTCA TOMbKO TOrAa,
KOrfja B BbIpaXeHWM WUCMOMb3YHTCA NMOOGUTOBbIE UAKM HEOObIYHbIE apuUdMeTUUECKuUe one-
paTopbl, KaK, HanpuMep, Npu peanusayum 6UTOBLIX MHOXECTB, MpW MPOBEAEHWNMW aHanm3a
thopmaToB GUHAPHbLIX (halinoB MW ANS XelMpoBaHUs U Kpuntorpadun. Kak obbluHbIe He-
oTpuLUaTeNbHbIE 3HAYEHWNA OHU, KaK MPaBu/o, He MCMNOJb3YHTCA.

B obuiem cnyvae gns npeobpa3oBaHWA 3Ha4YeHWUs M3 OJHOrO TuMa B APYroi TpebyeT-
€A ABHOe npeobpa3oBaHuMe TUNa, a bMHapHble apumMeTUHECKMEe U NOTUYECKUE OMmepaTopsbl
(Kpome CABUTOB) AO/MKHLI MMETb OMepaHAbl OAHOrO U TOrO XXe Tuna. XOoTA 3T0 MpaBW/o
MHOTAa U NpUBOAUT K 60M1ee ANUHHBIM BbIPAXEHWSM, 3aTO MPU 3TOM YCTPaHAETCs LeNbli
Knacc npo6siem u 06/1eryaeTcs NOHMMaHWe NpPorpamm.

B KauyecTBe npumepa, 3HaKOMOT0 U3 [PYrMX KOHTEKCTOB, pacCMOTPMM MOC/efoBaTe b-
HOCTb

var apples int32 =1
var oranges intlé = 2
var compote int = apples + oranges // Owvbka KoOMOUASLMM

MonbITKa KOMOUAALUM 3TUX TPex 00bABNEHUIA NMPUBOAUT K COOBLLEHNIO 06 OLINGKE:

invalid operation: apples+oranges (mismatched types int32 and intl6)

HeBepHasa onepauusi: apples+oranges (HecooTBeTcTBMEe TunoB int32 u intl6)
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9TO HecOOTBETCTBME TUMOB MOXHO PaspeliuTb HECKONbKMMU crnocoGamu, Haubonee
NPocToii 13 KOTOPbIX — sIBHOE NpPUBEAEHMe K 0HOMY TUMY:

var compote = int(apples) + int(oranges)

Kak onucaHo B pasgene 2.5, 414 Kaxgoro tuna T onepauuns npeo6pasosanmsa T(X) npe-
o6pa3syeT 3HayeHMe X B TUM T, ecny Takoe npeobpasoBaHue paspelleHo. MHorve npeoo6-
pa3oBaHMs LENoro 3HadeHWs B LIEN0€ He BeKYT 3a C060l KakKux-nmbo M3MeHEHWIt 3Have-
HWS; OHW MPOCTO COO6LLAT KOMMUAATOPY, Kak TOMY CneayeT UHTeprnpeTupoBaTh AaHHOe
3HayeHme. OfHaKo npeobpa3oBaHMe, KOTOPOe Cy)XaeT Lenoe 4yncno 60Mblero pasmepa o
MeHbLUero, nam npeobpasoBaHuMe LENoro Yncaa B YACNO0 C NaBakoLeli TOUKOM NnaasaroLLein
3anaToil M 06paTHO MOXET M3MEHUTb 3HAUYeHWUEe UM MPUBECTU K NOTEPE TOUHOCTHU:

f =3.141 // float64

i = int(h)

fmt_PrintIn(f, 1) // 73.141 3~
f=19

fmt Printin(int(f)) /7 "I"

Mpeo6pa3oBaHMe 3HAYEHWs C NaBatoliell TOUKOW B LieNI0e YMCNO MPUBOAMT K 0T6Gpa-
CblBaHUIO POGHOI YacTu, T.e. K YCEUEHUIO MO HanmpaBfeHWto K Hymo. CnegyeT usberaTb
npeo6pa3oBaHuii, B KOTOPbIX ONepaH HaxoAuTcs BHe AuManasoHa LefeBoro Tuna, notomy
YTO NpY 3TOM TMOBEAEHNE 3aBUCMT OT peanmsalnu:

f = 1e100 // float64d
i = int(P) // Pe3ynbTaT 3aBUCUT OT peanu3auuu

LienoyncneHHble nnuTepansl N1060ro pamepa U Tmna MoryT 6biTb 3anucaHbl Kak 06bly-
Hble JeCATUYHbIE YNCNa, KaK BOCbMEpPUYHbIe YnCaa, ecin OHM HadymHatoTca ¢ 0 (kak 0666),
WM Kak LecTHajuaTepuyHble, eciv OHM HaduHatotcs ¢ 0x unm OX (kak Oxdeadbeef).
LW ecTHaguaTepnyHble LUGPbl MOTYT ObITb Kak NMPOMUCHBIMU, TaK U CTPOUYHbIMKU. Bocbme-
pUYHbIE YMCNa B HACTOsALLEe Bpems, MOXOXE, MCMOMb3YHTCA A8 €AUHCTBEHHON Lenm —
onucaHua npas focTyna K (ainam B cuctemax POSIX, 3aTo WeCTHaALaTepUYHble Yucna
LUMPOKO MCMOMb3YKTCA AN TOro, 4tobbl NOAYEPKHYTb, YTO WMCMONb3YETCA He 4YKUC/IOBOE
3HaueHue, a GUTOBLINA LWAGNOH.

Mpy BbIBOAE 4YMcen ¢ ucnonb3oBaHMeM naketa Fmt Mbl MOXem ynpaBnsTb CUCTEMONA
cuncneHns n popmatom BbiBOAA C MOMOLLLID CMMBOOB Npeobpa3oBaHuns %d, %o u %X, Kak
MoKasaHo B CNnefyloLlWwemM npumepe:

0 = 0666

fint.Printf("%d %[1]o %#[1]o\n", o) // "438 666 0666"
X = int64(OxdeadbeetT)

fmt.Printf("%d %[1]x %#[1]x %H[1]X\n", X)

// BoiBOL:

// 3735928559 deadbeef Oxdeadbeef OXDEADBEEF

O6patnTe BHMMaHMe Ha UCMoNb3oBaHne ABYX Tptokos fmt. O6bIYHO (hopmaTHas CTpokKa
Printf cogepXuT HecKo/lbKO CMMBONOB Mpeobpa3oBaHus % KOTOpble TPebYHT TOro e
KONNYeCcTBa AOMONHUTENbHbLIX aprymMeHToB, HO [1] nocne %rosoput gyHkummn Printf o
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TOM, 4TO eli cnefyeT UCNONb30BaTb NEPBbLI/ OMNepaHs CHOBa M CHOBa. Bo-BTOpbLIX, Hanuume
# npn cumBonax npeobpasosaHua %o, %X nam %X roBopuT yHkuuu Printf o Tom, 4yto
npy BbiBOAe JO/MKeH ObiTb f06aBneH npedukc, yKasbiBaowWwmini cuctemy cumucnedms — 0,
Ox nnn OX COOTBETCTBEHHO.

NnTepanbl 3anucbiBAlOTCS Kak CMMBON B OAMHAPHbLIX KaBblukax. lMpocTeiwunin npu-
Mep ¢ ncnonb3oBaHnem ASCIlI-cumBona — 'a', HO TaK MOXHO 3anucaTb Nt060A CMMBON
Unicode — nn60 HenocpeACTBEHHO, 1160 C NOMOLLbIO YNCNOBbLIX YNPaBAALWUX NOCNes0-
BaTe/IbHOCTEM, KaK Mbl BCKOpe YBUAUM.

PyHbl BbIBOAATCA C NOMOLLbI CUMBOMIOB npeobpa3oBaHua %c, unm %gq — ecnu Tpeby-
IOTCA KaBbIYKU:

ascii = fa
Unicode :=
newline = "\n"

fnt.Printf("%d %[1]c %[1]g\n", ascii) // 97 a Ca™
fint .PrintfF ("% %[1]c %[11g\n", Unicode) // '"9733
fmt.Printf("%d %[1Jgq\n", newline) // 10 “\nM

3.2. Yncna c nnasarouwein TOUKOW

Go npepocTaBnseT fABa BapuaHTa uYucen C MNaBalolieil TOUKOW pasHOro pasme-
pa, float32 n float64. WNx apumeTnyecKue CBOICTBA PEryINPYHOTCA CTaHAApPTOM
IEEE 754 n peann3oBaHbl Ha BCEX COBPEMEHHbLIE MpoLieccopax.

3HayeHMs 3TUX YUCNOBbLIX TUMOB HAaxXOAATCA B AMana3oHe OT CaMblX MajieHbKUX [0
OrpOMHbIX. MpefenbHble 3HAYEHUS C NaBaloLlleil TOUKOM MOXHO HaliTu B nakete math.
KoHcTaHTa math.MaxFloat32, Hanbonbwee 3HavyeHue Tnuna Float32, npumepHo paBHa
3.4e38, a math_MaxFloat64 — npumepHo 1.8e308. HaumeHbLUVe MNOMOXUTENbHbIE
3HaYeHUs cocTaBnAT 0Kono 1.4e45 n4.9e324 cooTBETCTBEHHO.

Tun float32 obecneynsaeT NpUBGAN3NTENBHO LWECTb AECATUYHBIX LGP TOYHOCTH, B
TO BpeMs Kak TOYHOCTb, obecneunsaemas tunom Float64, coctasnset okono 15 uudp;
Tun Float64 B 60nbLWINHCTBE cnyyaes cneayet npeanountarb Tuny Float32, nockonbky
Mpu UCMONb30BAHWUM NOCMEHEr0, eC/IN He NPUHUMATB CreunanbHble Mepbl, ObICTPO Hakan-
nuBaeTca owmnbKa, a HauMeHbLIee NOJIOKUTENIbHOE LeN0e YMCNO, KOTOPOe He MOXET BbiTb
npegcrtasneHo tunom Float32, He oyeHb BENWKO:

var £ float32 = 16777216 // 1 << 24
fnt.PrintIn(f = f+1) // "true!

Unucna c I'II'IaBaIOIJ.LeVI TOYKOM MOTYT 6bITb 3aMuncaHbl 6yKBaI’IbH0, C ncnonb3oBaHMeEM fe-
CATUYHOI 3anucu:

const e = 2.71828 // (NpnbnnsnTensHO)

B 3anucy MOryT ObITb OMYyLLEeHbl LUGpPbl Nepef AecATUYHON ToukoW (.707) u nocne
Hee (1.). OueHb Manble M OYeHb GOMbLUME YMCNA NyYLle 3aNUCbiBaTb C UCMOMb30BaHUEM
Hay4yHoro gopmata, ¢ 6ykBoii e unm E nepepg AecATUYHON CTENEHbLIO:
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6.02214129e23
6.62606957e34

const Avogadro
const Planck

3HauyeHuMa ¢ nnasatoLleli TOUKOW YA06HO BbIBOAUTL C MOMOLLbIO CMMBOOB Npeo6paso-
BaHUs %g tyHkuuu Printf, KoTopble BbIOMpaOT Hanbonee KOMNAKTHOE MpeAcTaBfieHue
3HaYeHNs € Hafgnexalleid TOYHOCTbIO, HO ANA Tabnul, AaHHbIX MOTYT OKas3aTbCs npegno-
4yTuUTeNbHee CMMBONbLI NpeobpaszosBaHua %e (C nokasatenem cteneHn) unn %F (6e3 nokasa-
Tens ctenexHun). Bce Tpu BapuaHTa CMMBO/IOB NPeobpa3oBaHUA NO3BOMAKT YKasblBaTb LUK-
PUHY MOAS U YUCNOBYH TOYHOCTb:

for x = 0; x < 8; x++ {
fmt . Printf("'x = %d ex = %8.3A\n", x, math.Exp(float64(x)))
}

MpuBeaeHHbIN BbilIe WCXOAHbIV TEKCT BbIBOAUT CTEMEHU € C TPEMS AeCATUUYHBIMU Lnd-
paMn TOYHOCTU, BbIPOBHEHHbLIMMW B MOMe A/IMHOIM 8 CUMBO/IOB:

X =0e4y= 1.000
X =1leuy= 2.718
X = 2ex= 7.389
X = 3e4y= 20.086
X =4 ey= 54.598
X = 5euy= 148.413
X = 6eu= 403.429
X = 7e4= 1096.633

B fononHeHne K 60AbLWIOKA KOMNEKLUUN MaTeMATMUeCKUX (YHKLMIA B nakeTe math nme-
IOTCA (PYHKLUMM 418 CO3[4aHUA U 0O6HapY>XXeHUs chneluanbHbiX 3HAYEHWR, onpefefieHHbIX
cTaHgapTom IEEE 754: nonoXuTenbHON 1 oTpuLaTenbHOn 66CKOHEYHOCTH (KOTopble npeg-
CTaBNAOT YMCNa YPe3MepPHO BeNMUUHbI U pe3ynbTaT feneHus Ha Hynb) M NaN (“not a
number’ — He 4nCno), ABNAKOLLEECA PE3YNbTAaTOM TaKMX MaTeMaTU4yeCcKU COMHUTESNbHbIX
onepauuii, kak 070 nan Sqre(-1):

var z float64
fmt_Printin(z, -z, /z, -1/z, z/z) 11 "0 -0 +Inf -Inf NaN"

®yHkuua math.lIsNaN nposepset, asnaetcd nu ee 3HadyeHnem NaN, a math._NaN
BO3BpallaeT 370 3HauyeHue. NmeeTcs cobnasH mcrnonb3oBaTtb NaN B KauyecTBe 3Ha4yeHUs-
OrpaHnYmnTENs B YNCOBbLIX BbIYMCNEHUAX, HO MPOBEPKa, PaBEH NI Pe3yNibTaT KOHKPETHLIX
BblumcneHnin NaN, 4ocTaTto4HO onacHa, MOCKO/IbKY Nt060e cpaBHeHue ¢ NaN Bcerga gaeT
3HauveHve false:

nan := math.NaNQ
fmt.Println(nan == nan, nan < nan, nan > nan) // "false false false"

Ecnu yHKUMS, KOTOpas BO3BpallaeT B KayecTBe pe3y/nbTaTa 3HauyeHuWe C NiaBatoLuei
TOYKOM, MOXET NPUBECTU K OWNBKe nam c60to, 06 3TOM nyylle coobLaTb OTAeNbHbIM BO3-
BpaLlaemMblM 3HAYEHMEM, KaK MOKa3aHO HUXE:

func compute() (value float64, ok bool) {
/1
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if failed {
return 0, false

}

return result, true

MpuBefeHHasa fanee nporpamma WANIOCTPUPYET rpatmyeckne BbIHYMCIEHUA C NaBalo-
Wwein Toukoil. OHa CTPOUT rpadik YHKUMKM OT ABYX NepemeHHbiX z = f(x,y) B Buge
TpexMepHoi ceTku ¢ nomolybio SVG (Scalable Vector Graphics — macwtabupyemas Bek-
TOpHaa rpadguka), ctaHgapTHoro XML-thopmaTta gns uyepyeHus nMHWUA. Ha puc. 3.1 no-
KasaH npumep BbIBOAA MporpaMmMbl Ans QyHKUMM sin (r)/r, rge r npeacrasnset coboi
sqri(x*x+y*y).

Puc. 3.1. YepTex noBepxHocTh yHKkummn sin(r)/r

aopLAo/ch3/surface
11 Surface BbuucnsieT SVG-npeacTaBieHUe TPEXMEPHOro rpaguka (yHKumn,
package main

import (
"fmt"
"math"

const (
width, height = 600, 320 // Pa3vep KaHBbl B MUKCENAX
cells = 100 // KonnyecTBO silYeeK CeTKM
xyrange = 30.0 // [nana3oH oceil
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// (-xyrange..+ Xyrange)

xyscale = width/2/xyrange // Tukceneih B egvHule X win y
zscale = height * 0.4 // Tukceneli B egnHuue z
angle = math.Pi /6 // Yrnel ocein X, y (=30°)

)
var sin30, cos30 = math.Sin(angle),math.Cos(angle) //sin(30°),cos(30°)

func main(Q) {
fmt Printf(<svg xmlns="http://www.w3.0rg/2000/svg" "+
,Style=" stroke: grey; fill: white; stroke-width: 0.7% "+
width=%" height="%d" >", width, height)
for i ==0; 1 < cells; i++ {

for j =0; j <cells; j++ {
ax, ay := corner(i+l, j)
bx, by := corner(i, j)
cx, cy = corner(i, j+l)
dx, dy := corner(i+l, j+1)

fmt_Printf('<polygon points="%g,%g %g,%g %gj%g %g,%g"/>\n",
ax, ay, bx, by, cx, cy, dx, dy)
}

3
fmt.PrintIn('</svg>")
}

func corner(i, j int) (float64, float64d) {
// Vuwem yrnosyw Touky (X,y) sueitkn (i,J).
X = xyrange * (float64(i)/cells - 0.5)
y = xyrange * (float64(j)/cells - 0.5)
// Bbluucnsiem BbLICOTY MOBEPXHOCTU Z
z = 1(x, y)
// V3omeTpuyeckn npoeumpyem (X,y,z) Ha ABYMepHyw kaHBy SVG (SX,SYy)
sx = width/2 + (xy)*cos30*xyscale
sy = height/2 + (x+y)*sin30*xyscale - z*zscale
return sx, sy

}

func f(x, y Float64) float64 {
r = math._Hypot(x, y) // Pacctosnve ot (0,0)
return math.Sin(r) 7/ r

O6patuTe BHUMaHWe, YTO (YHKLWUSA COrner BO3BpallaeT ABa 3HAYEHUS, KOOPAWUHATLI
yrna auenku.

[ns 06bAcHeHUs paboTbl NPOrpamMmMbl HYXXHO 3HATb TOMIbKO OCHOBbI FEOMETPUU, HO Mbl
MOXXEM NPOCTO MPOMYCTUTb €ro, NOCKO/IbKY Halla LeNb — BCEro Jvib NPOUNNICTPUPO-
BaTb BbIUMC/IEHUA C NnaBatoLeil Toukoii. CyTb NporpamMmMbl COCTOUT B BbIMOMHEHUN OTO6-
paXKeHWs MeXAy TPeMms pas/MyHbIMW CMCTEMAMV KOOPAMHAT, MOKasaHHbIMKU Ha puc. 3.2.


http://www.w3.org/2000/svg'
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[lBymepHas ceTka TpexmepHoe NpPoCcTpPaHCTBO [BymepHasn nsometpuieckast
Aveek CoyHKLMN npoexkuua

Puc. 3.2. Tpn pasnMuHble CUCTEMbI KOOPAUHAT

MepBass — 370 fBYyMepHas ceTka pasmepom 100x 100 ayeek, MAEHTUHULUPYEMbIX 3HAYEHU-
AMU LenoymcneHHbix koopauHar (/,/), HauuHas ¢ (0, 0) B fanbHem yriy. Mbl BbINOHAEM
YyepyeHune OT fanbHero KoHua K 6AMKHEMY, TaK YTO fanbHWe MHOTOYTFOAbHUKN MOTYT OblTb
CKPbITbl Haxogawmmmcs 6nmxe.

BTopas cucTemMa KoopauHaT npeAcTaBnseT CO60l CeTKY TPeXMepHbIX KoopAuHaTt
(X,y,Z) C MnaBaloLLleil TOUKON, TAe X Uy ABNATCA NUHERHbIMKU QYHKLUAMK OT / ny, nepe-
MeLLeHHble TaK, YTO Ha4yano KOOpPAWHAT HaXOAWUTCS B LEHTPEe, U MacluTabupoBaHHbIe C MO-
MOLLbK KOHCTaHTbl Xyrange. BbicoTa z npeAcTaBnseT coboii 3HayeHne PyHKLMUM NOBepx-
HocTn X, y).

TpeTbsi cucTemMa KOOpAUHAT NpefcTaBaseT co60/ KaHBY [BYMEPHOr0 M306paXKeHWs C
Toukol (0, 0) B 1IeBOM BepxHeM yrny. TOUKM Ha 3TOM NAOCKOCTU 0603HaYaeTca Kak (SX, sy).
Mbl MCMONb3yeM M30METPUYUECKYID MPOEKLMI0 ANS OTOOPaKEHUN KaX4OW TpexmepHOol
TOoukM (X, Y, Z) Ha ABYMEPHYI0 KaHBy. YeM fafblue cnpaBa Ha KaHBE HaxoAuTCsA TOYKa, TEM
60nblle ee 3HaYeHNe X UM MeHbLLIe ee 3HaYeHne™. A YeM HUXKe Ha KaHBe HaXOLMTCA TOUKa,
TeM 6GONblle ee 3HaYeHWe X WM 3HaYeHMEe Y U MeHblle 3HavyeHue z. BepTuKanbHble U ro-
pU30HTaNbHble MaclTabHble MHOXWUTENN A8 X UY BbIYUCAAIOTCA KaK CMHYC U KOCUHYC
yrna 30°. MacwTabHblii MHOXWUTeNb ANs z, paBHblii 0.4, BbIGpaH NPON3BOLHO.

[ns KaXaoin Aveilkn B fBYMEpPHOW CeTKe (YHKLUMA main BblYMCNAET KOOPAMHATbI Ha
KaHBe YeTblpex YrnoB MHoroyronsHuka ABCD, rge sepwunHa B cootsetcTByer (/, /), a Bep-
wuHbl A, C n D aBndA0TCA ee cocefamu, a 3aTem BbIBOAUT SV G-KOMaHLY ero yepyeHus.

YnpaxHeHue 3.1. Ecnn dyHkumns T BosBpaw,aet 3HayeHne Float64, He asnstouieecs
KOHeYHbIM, SV G-haiin CoLepXUT HEBepHble 3neMeHTbl <polygon> (X0TA MHOrue Bu3ya-
nusatopbl SVG ycnewHo obpabartbiBaloT 3Ty cuTyauuio). VismeHuTe nporpammy Tak, 4To-
6bl HEKOPPEKTHbIE MHOTOYTONbHUKN ObININ ONYLLEHbI.

YnpaxHeHue 3.2. N03KcnepuMeHTUpPYHTe ¢ BU3yanusaunamm apyrux gyHkumin m3 na-
KeTa math. CMOXeTe N1 Bbl NONYYUTb U306paxKeHUsa Harnofobue KOpobKu ans auu, cefna
nam xonma?

YnpaxHeHune 3.3. OKpacbTe KaXAblii MHOFOYrosbHUK LBETOM, 3aBUCSLLMM OT €ro Bbl-
COTbl, TaK, YTOObl NUKKN 6blN KpacHbiMK (#FFO000), a HM3MHbI — cuHUMK (H#O000FF).

YnpaxHeHue 3.4. Cnefys noaxoay, UCNonb30BaHHOMY B npumepe ¢ gurypamu Jlncca-
Xy u3 pasfena 1.7, co3gainTe Be6-cepBep, KOTOPbIA BbIYUCASET NOBEPXHOCTM U BO3BpaLLaeT
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KnneHTy SVG-paHHble. CepBep A0/MKEH MCNONb30BaTh B 0TBETE 3arofioBok ContentType
Hanogobue cnegytoLLero:

w .Header() -Set(*"ContentType", "image/svg+xml'™)

(3TOT wWwar He 6bIN HYXeH B NpuMepe ¢ Gurypamu Jlnccaxy, Tak Kak CepBep UCMoNb3yeT
CTaHAAPTHYI0 3BPUCTUKY pacno3HaBaHWUs pacrnpocTpaHeHHbIX popmaToB Hanogobue PNG
Mo nepebIM 512 6aiiTaM 0TBETa WU reHepUpPyeT KOPPEKTHBbI 3aronoBoK.) Mo3BoNbTE K/MEH-
Ty YKa3blBaTb pasHble napameTpbl, TaKWE KaK BbICOTa, WMPUHA U LBET, B 3anpoce HTTP.

3.3. KoMmnaeKcHble yncna

Go npepocTaBnsAeT KOMMIEKCHbIE YMcna gByx pasmepos, complex64 n coTplex128,
KOMMNOHeHTamMy KoTopbix aBndatoTca float32 un float64 cooTBeTcTBEHHO. BCTpoeHHas
(yHkuma complex co3gaeT KOMMAEKCHOE YWCAO W3 AeliCTBUTENbHOW M MHUMOA KOMMO-
HEHT. & BCTPOEeHHble PYHKLUMKN real n imag v3BMeKatoT 3TU KOMMNOHEHTHI:

var x complex128 = complex(l, 2) // 1+2i
var y complex128 = complex(3, 4) //3+4i

fmt_PrintIn(x*y) // " (5+101)"
fmt.PrintIn(real (x*y)) // 5"
fmt_PrintIn(imag(x*y)) // 10"

Ecnu HenocpefCTBEHHO 3a INTEPANOM C NaBatoLLeil TOYKON UK 3a eCATUYHbBIM Lieno-
YMCNEHHbIM NUTepanom cnegyeT i, Hanpumep 3.141592i wnm 2i, Takoih nuTepan cTa-
HOBMTCA MHMMbIM U Tepanom, 0603HavaloW MM KOMMNIEKCHOE YNC/O C HYNEBbIM AeACTBU-
TeNlbHbIM KOMMOHEHTOM:

fot.PrintIn(li * 1i) 11 "(-1+01)", i2= -1

CornacHo npasuiiaM KOHCTaHTHOW apuiMeTUKN KOMMAEKCHbIE KOHCTaHTbl MOTYT 6bITb
npubaBneHbl K ApYrMM KOHCTaHTaM (LenoUYnCNEHHbIM UK € NiaBatoLLeil TOUKoN, felicTBu-
TeNbHbIM WM MHWMbIM), NO3BOMSAA HaM 3aNUCbiBaTb KOMMIEKCHbIE YMCla eCTEeCTBEHHbIM
obpa3om, Kak, Hanpumep, 1 + 2i wunu, 4To TO XXe camoe, 2i + 1. NMoKasaHHbIe Bbile 00b-
ABNIEHNA X U'Y MOTYT 6bITb YNPOLLEHbI:

X =1+ 2i
y =3+ 4i

KoMnneKcHble Yncna MOXHO NpoBepsTb Ha PaBEHCTBO C MOMOLLbIO OMepaTopoB ==
n !'= [lBa KOMM/JEKCHbIX YMCna paBHbl TOFAA WM TONbKO TOFAa, KOrfa paBHbl UX LeACTBU-
TeNbHble YacT U UX MHUMbIE YacTu.

MakeT math/cmplx npegocTtaBnseT 6UGIMOTEUHbIE PYHKLUM AN8 paGoThl C KOMMIEKC-
HbIMW YMCNaMU, TaKMe Kak KOMMIEKCHbI KBagpaTHbI KOPeHb UM BO3BEEHWE B CTEMEHb:

fmt.PrintIn(cmplx.Sqrt(-1)) // "(0+1i)"

MpvBefeHHas ganee nporpamma MCMonb3yeT apudpmeTuky complexI128 ans reHepa-
UMM MHOXecTBa MaHAenL6poTa.
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Puc. 3.3. MHoxecTBO MaHfenL6poTa

qodL A o/ch3/mandeLbrot

11 Mandelbrot co3paeT PNG-u3o06paxeHve (pakTtana Mangensbpota,
package main

import (
image
"image/color”
"image/png"
"math/cmplx"
MosM

func main(Q) {
const (
xmin, ymin, Xmax, ymax
width, height

2, 2, ¥2, +2
1024, 1024

%mg ;= image.NewRGBA(image.Rect(0, 0, width, height))
for py = 0; py < height; py++ {
y = float64(py) / height * (ymax - ymin)
+ymin
for px = 0; px < width; px++ {
x = float64(px)/width*(xmax-xmin) + xmin
z = complex(x, Yy)
// Touka (px, py) NpeacTaBnseT KOMMJEKCHOE 3HayeHue z.
img.Set(px, py, mandelbrot(z))
>

png.Encode(os.Stdout, img) // lNpuMeyaHue: WUrHOPUPYEM OWNOKM

}

func mandelbrot(z complexI28) color.Color {
const iterations = 200
const contrast = 15
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var v complex128
for n = uint8(0); n < iterations; n++ {
V =V + Z
if cmplx.Abs(v) > 2 {
return color.Gray{255 - contrast*n}

}

return color.Black

[1Ba BMIOXEHHbIX LMKNa NPOXoAAT Mo BCeM TOYKaM PacTpOBOro M306paXKeHUs pasMepom
1024x1024 B OTTeHKax Ceporo uBeTa, MNPeACTaBASIOLWEro YacTb KOMMAEKCHOM M0CKOCTU
0T -2 fo +2. lNporpammMa nposepsieT, NO3BOJIAET IM MHOTOKPaTHOe BO3BEJEHMEe B KBaapar
n gobasneHne yncna, NpeAcTaBAsOWEro ToUKy, “cbexarb” U3 Kpyra paguycom 2. Ecnm no-
3BO/IAET, TO JaHHaA TOYKa 3aKpaLllnBaeTCa OTTEHKOM, COOTBETCTBYIOLLMM KONNYECTBY MTepa-
Luin, noTpeboBaBLLIMXCA NS “nobera”. ECiM He M03BOMSET, faHHOE 3HAYEHWE NPUHASNEXNT
MHOXecTBY MaHaenb6poTa, 1 ToYka 0cTaeTcs YepHOil. HakoHel, nporpamma 3anucbiBaeTt B
CTaHAapTHbI NOTOK BbiBOAA M306paxkeHne B PNG-KoAMpOBKe, Noka3aHHOe Ha puc. 3.3.

YnpaxHeHue 3.5. Peann3yiiTe NONHOLBETHOE MHOXeCTBO MaHaenbL6poTa ¢ UCMONb30-
BaHWeM PyHKuun image .NewRGBA n tuna color .RGBA vamn color .YCbCr.

YnpaxHeHue 3.6. Cynepsbi6bopka (supersampling) — 310 cnoco6 yMeHbLWUTb 3P heKT
NUKCeNU3aLumn nyTem BbIYUCIEHUS 3HAYEHWUIA LiBeTa B HECKO/IbKMX TOUKaX B Mpejenax Kax-
[Oro nuKcensa u ux ycpefHeHus. Mpolie Bcero pasfenuTb KaX[blii MUKCeNb Ha 4eTbipe
“noanukcens”. PeanusyinTe onUCaHHbI MeTOa,

YnpaxHeHue 3.7. Ewe ogvH npocToli hpakTan Mcnonb3yet Metod HbtoTOHa 4ns nouc-
Ka KOMMNEKCHbIX PelleHnid ypaBHeHUs z*-\ = 0. 3akpacbTe KaXAyl TOYKY LBETOM, COOT-
BETCTBYIOLUMM TOMY KOPHIO M3 YeTbIpex, KOTOPOro oHa [OCTUraeT, a MHTEHCUBHOCTL LBeTa
[0/MKHa COOTBETCTBOBATL KOMMYECTBY MTepauuii, He06XoAUMbIX AN NPUOAVKEHNS K 3TOMY
KOPHIO.

YnpaxHeHne 3.8. Busyanusauua gpaktanos Npu BbICOKOM paspeLueHunu TpebyeT BbiCO-
KON apuhmMeTMYeCKon TOYHOCTH. Peann3yinTe O4WMH 1 TOT Xe (paKTan C MOMOLLbIO YeTblpex
pasnuuHbixX npeactasneHnii uncen: complex64, complexl28, big.Float n big-Rat.
(OBa mocnegHux Tuna Bbl HaigeTe B nakete math/big. Float mcnonb3yeT nponsBosb-
HYt0, HO OFpaHWYeHHY0 TOYHOCTb A8 Yucen C MnaBaloleli TOYKOi; Rat obecneuymBaeT
HeorpaHWyeHHyt0 TOYHOCTb ANIA paloHanbHbIX Ynucen.) CpaBHUTE NPON3BOAUTENLHOCTb U
noTpebseHne NamaTh NPUM MCNOSIb30BaHWM pasHbIX TUMOB. MpKM KakoMm ypoBHE MacluTabu-
poBaHWs apTedakTbl BU3yanusaummy CTaHOBATCA BUAUMBIMU?

YnpaxHeHue 3.9. HanuwuTte nporpammy Be6-cepsepa, KOTOPbI BU3yanusnpyet dpak-
Tanbl W BbIBOAMT AaHHble M306paXKeHUs KAWeHTy. [103BOMbTE KAWEHTY yKasbiBaTb 3Haue-
HUS X,y 1 MaclwTabupoBaHus B KayecTse napameTpos HTTP-3anpoca.

3.4. byneBbl 3HaYeHUS

Tun bool, nan 6ynes Tun (boolean), nMeeT TONbKO ABa BO3MOXHbIX 3HaYEHUS —
true un false. BbyneBbiMW ABNAKOTCA ycnoBus B MHCTpykumax if u for, a onepartopbl
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CpaBHeHMs Hanogobuwe == u < faloT OynesB pesynbTaT. YHapHblii onepaTop ! npegcras-
nset coboi normnyeckoe oTpuuaHue, Tak uyto 'true paBHo False (MOXHO cKas3aTb, 4TO
(! true==false)==true, XOTA B KayeCcTBe XOPOLUIEro CTUAA Mbl BCeErfa ynpowaem us-
NULLIHE CNOXHble BYNeBbl BbIpaXeHUa Hanogobue ynpoweHnsa x==true fo X).

ByneBbl 3Ha4YeHUss MOryT ObliTb 06bEAMHEHbI C NOMOLWbLI onepaTopoB &% (N) n ||
(UNW), Npu BblYMCNEHMM KOTOPbLIX MCMOJMIb3YeTCs COKpalieHHoe (shortcircuit) Bbluncne-
HVe: ecnu OTBET OMNpefenseTcs 3Ha4YeHWeM SIEBOr0 OMepaHfa, Npa.blii ONepaHj He BbluunC-
nsetca. 970 fenaeT 6e30MacHbIMU BblpaXeHUs, NOf0OHbIE CnefytoLemy:

s 1= ™ g& s[0] = x*

BbipaxeHue s [0] npuBOAWUT K c60t0 MPOrpaMMbl MpyY NPUMEHEHUN K MyCTOl CTPOKe.
Mockonbky onepaTtop &% MmeeT 60/ee BbICOKWI NpUopuTeT, YeM onepatop | | (MHemo-

HuKa: &% npefcTaBnseT co6oil 6yneBo YMHOXeHUe, a | | — 6GyneBo CNOXeHWe), Ansa ycno-
BUIA NPUBESEHHOrO HWXKe BUAA He TPeBYHTCS HUKaKMe CKOOKM:
if "a® <=c&& c <= "z ||

‘A" <= c & c<="'Z ||

V" <=c&& c<= "9 {

// ...ASCl1-6ykBa wm umppa.. .

He cyuwiecTByeT HesiBHOro npeobpa3oBaHus 6ynesa 3Ha4YeHWUs B YNCNOBOE 3HaYeHUe Ha-
nogo6ue 0 nanm 1 nnm obpatHo. HeobXo4MMO MCNONb30BaTh SABHYI0 MHCTPYKUMIO if, Kak
MOKa3aHO HUXE:

i =0
if b {

i=1
}

Mpn YacToin HeOBXOAMMOCTU TaKo onmepaLmMm MOXeT UMEeTb CMbIC/A HanucaHue cneuu-
anbHOl (hyHKUMM Npeobpa3oBaHus:

// btoi BosBpawaeT 1, ecm b paBHo true, u 0, ecnn false,
func btoi(b bool) int {
if b {
return 1

return 0O

O6paTHas onepauus HacTONbKO NPOCTa, YTO OHA He CTOWT HanuUcaHWUs OTAeNbHOW (hYHK-
UMK, HO AN CUMMETPUM Mbl MPUBEAEM €€ 3[ech:

// itob ykasbiBaeT, WUMEET M | HEeHyneBOe 3HaudeHue,
func itob(i int) bool { return i =0 }



90 MABA3  ®YHOAMEHTA/IbHBIE TVMNblI AAHHbBIX

3.5. CTpokn

CTpoka npefctaBnseT coboii HeM3MeHAeMy0 NocnefoBaTe/lbHOCTb 6aiToB. CTPOKK
MOTyT COflep>KaTb MPOM3BO/IbHbIE AaHHbIe, B TOM yucne 6aiTbl Co 3Ha4YeHnem 0, HO 06bIYHO
OHW CcofiepXXaT yaobounTaemblil Ans yenoseka TekcT. TpagWLMOHHO TEKCTOBbIE CTPOKU WH-
TepnpeTUpYyTCA Kak nocnefoBaTtenibHOCTM cumBonoB Unicode B kognposke UTF-8, 0 yem
noApo6Hee Mbl MOrOBOPUM HIUXKe.

BcTpoeHHas gyHKumMs len Bo3BpallaeT KonuyecTBo 6aiitos (He cumB0OMOB!) B CTPOKE,
a onepauus nHaekcuposaHus s[i] BosBpaljaet /-i 6aiiT cTpoku s, rae 0 <i < len(s):

s = "hello, world"
fmt_PrintIn(len(s)) // 12t
fmt_Printin(s[0], s[7]) // 104 119" ("h* and “w")

MonbiTKa 0bpaLleHns K 6aiiTy BHe 3TOro fuanasoHa NpUBOAMT K aBapUNHON cuTyaumm:
c = s[len(s)] // ABapus: wHOEKC BHe [uanasoHa

/- 6aiAT cTPOKM He 0653aTeNbHO ABNAETCA /-M CUMBOMIOM CTPOKM, NOCKOMLKY KOAMPOBKa
UTF-8 cumBonoB, He siBnstowmxcs cumonamm ASCII, TpebyeT aByXx unm 6onee 6ainTos.
PaboTa c cumBOonamu bydeT BKpaTLe onucaHa Huxe.

Onepaymnsa noayyeHns NoACTPOKK s [i :j ] AaeT HOBYK CTPOKY, COCTOALYO M3 6aliToB
NCXOLHOW CTPOKK, Ha4yMHasi C MHAeKca i 1 fo (HO He BK/4as) 6aliiTa ¢ MHAEKCOM j. Pe-
3yNbTUPYHOLLLaa CTPOKA COLEPXMUT j -1 6aliToB.

fmt.PrintIn(s[0:5]) // 'hello”

Mpn BbIXOAE WHAEKCOB 3a NpeAensl CTPOKWM WM €CAW | MeHblue | BO3HWKaeT aBapuitHas
cuTyaums.

Kaxablil U3 onepaHAoB i M j MOXeT 6blTb OMyLLEH, U B 3TOM C/ly4ae MCNO/Mb3yoTCA
3Ha4YeHns No yMon4yaHuto — cooTBeTCTBeHHO 0 (Hayano cTpoku) n len(s) (ee KoHeu).

fmt.PrintIn(s[:E]) 7/ "hello"
fmt.PrintIn(s[7:]) // "world"
fmt.Printin(s[:1) // "hello, world"

Onepatop + co34aeT HOBYI CTPOKY NYTEM KOHKaTeHauuu LBYX CTPOK:
fmt_PrintIn('goodbye™ + s[5:]) // '"goodbye, world"

CTpPOKM MOXHO CpaBHMBATb C MOMOLLbI OMNepaToOPOB CPaBHEHMS Hamofobue == U <;
CpaBHeHMe BbIMONHAETCS GaliT 3a 6aliTOM, MOITOMY OHO MPOUCXOAMT B €CTECTBEHHOM NeK-
CUKOrpagnyeckoM mopsike.

CTPOKOBbIE 3HAYEHUS SABASIOTCS HEW3MEHSeMbIMW: NMOC/ef0BaTeIbHOCTL 6aiiToB, CO-
AepXaliuxcs B CTPOKOBOM 3HAYEHUU, HE MOXET 6biTb M3MEHEHa, XOTS, KOHEYHO e, Mbl
MOXEM MPUCBOUTL CTPOKOBOI MepeMeHHO HoBOe 3HadeHMe. Hanpumep, Ans AoGaBneHus
OfHOI CTPOKM K [ipyroii Mbl MOXeM Hanucatb

S = '"neeBaa Hora"
t =s
s += ", npasas Hora"
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JTOT KOf, He M3MEHSIET CTPOKY, M3HAYa/lbHO XPaHMBLLYIOCA B S, HO MPUBOAMT K TOMY, YTO
B S Ternepb XPaHWTCA HOBas CTPOKa, 06pa3oBaHHAas WHCTPYKUMel +=; B TO e Bpems Bt
XpaHUTCA cTapasi CTPOKa.

fmt_PrintIn(s) // "nesasa Hora, npasas Hora"
fmt.PrintIn(t) // "nesas Hora"

MOCKOMbKY CTPOKM HeW3MEHSeMbl, KOHCTPYKLMWU, KOTOPble MbITAlOTCS U3MEHWUTb faH-
Hble CTPOKM, He JONYCKAKTCS:

s[0] = <L" // Ouuwbka KomMAMnsAuMM: Henb3s npucBamBaTtb S |[0]

HensmeHseMOCTb 03HAYaeT, YTO fiBe KOMWW CTPOKM MOTyT BrosHe 6e30nacHo pasfe-
NATb OAHY W Ty Xe NaMATb, YTO feflaeT KONMMpOoBaHMe CTPOKM NGO A/INHBI OYeHb Aelle-
BOM onepauueir. AHaNOrMYHO CTPOKa S M NOACTPOKU, Takue Kak s[7 :], moryt 6e3onac-
HO pasfensiTb OfHW W Te )€ AaHHble, MO3TOMY Onepauns NoayyeHUs MOACTPOKU TaKxKe
O4YeHb gewleBasi. B 060ux cnyvaax He BblAensercs HUKakas HoBas namsaTb. Ha puc. 3.4

noKa3aHO pacnonoXeHue CTPOKM U ABYX ee MOACTPOK, UCMONb3YHOLWMUX OAUH U TOT Xe
MaccuB 6anToB.

h e 1 1 o ) w o r 1 d
?
S I world
data: © hello data: @
len: 12 data: @ len: 5 s := "hello, world

hello := s[:5]

len: 5 world := s[7:]

Puc. 3.4. CTpoka v jBe MOACTPOKM

3.5.1. CTpoKOBble nuTepasbl

CTpOKOBOE 3HaYeHMe MOXHO 3anucaTbh Kak CTPOKOBbIA NUTepas, NnocieaoBaTesbHOCTb
6aiiToB, 3aK/IOUYEHHYIO B [BOIHbIE KaBblUYKU:

"MpveeT, T

MockonbKy ncxogHble hanbl Go Bcerga Mcnonb3ytoT Kognpoeky UTF-8, a no cornawe-
HWIO TEKCTOBbIE CTPOKM GO MHTEPNPETUPYIOTCH KakK 3aKOAMPOBaHHbIE C UCMO/b30BaHWEM
UTF-8, Mbl MOXXeM BK/OYaTb cMMBOJIbI Unicode B CTPOKOBbIE NUTEPASbI.

B CTpPOKOBbIX NMTepanax B ABOWHbIX KaBblYKax AN BCTABKW MPOW3BObHbLIX 3HAYEHWI
6aiiTOB B CTPOKY MOTYT MCMOMb30BaTbCA YNpasnsioLwne nocnefoBaTelbHOCT W, HauMHal0-
Wwmecs ¢ obpaTtHoW Kocoli YepTbl \. OfHO MHOXECTBO YMpaBAALWMUX NOCNe0BaTebHO-
cTein o6pabaTtbiBaeT ynpasnstowme kofbl ASCII, Takne Kak CMMBOJ/IbI HOBOW CTPOKM, BO3-
BpaT KapeTku 1 CUMBOJIbI Tabynauuu.
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\a 3BYKOBOW CurHan

\b 3a6oi (backspace)

\f MepeBog cTpaHuLbl

\n HoBas cTpoka

\r Bosspat kapeTku

\t Tabynauus

\V BepTukansHas Tabynauus

\Y OfmMHapHaa KaBbluka (TOMbKO B CUMBO/ILHOM nuTepane '\ *7)
vV [BoiHble KaBblukM (TONMbKO B MTepanax "...")

\\ O6patHas Kocas yepTa

C nomoLblo ynpasnawLwMx nocnegoBaresibHOCTeA B CTPOKOBbIE NTepanbl MOTYT 6bITh
BK/IOUEHbI TakKXe MpoM3BO/bHble 6aliThl. LLlecTHagLaTepnyHbie ynpasnstoLwme nocneso-
BaTe/NbHOCTM 3anucbiBatloTcA Kak \xhh, poBHO ¢ ABYMS LleCTHagLaTepuyHbiMu Luppamu
h (B BepXHEM MM HUXXHEM perucTpe). BocbMepmyHasa ynpasnstoLas nocnefoBaTe/lbHOCT b
3anuncbiBaeTcqd Kak \000 C POBHO TpemMsi BOCbMepuUYyHbIMU Ludpamu (0T O fo 7), He npe.bl-
warowmmmn 3HavyeHne \377. Ob6e oHM 0603HaYalOT OAWH 6ANT C yKa3aHHbIM 3HAYEHUEM.
Mo3xe Bbl y3HaeTe, Kak YNC/IEHHO 3anncbiBaTb B CTPOKOBbLIX NuTepanax cumaonsl Unicode.

HedopmaTnpoBaHHbI CTPOKOBLIN nuTepan (raw string literal) 3anucbiBaeTca ¢ nomo-
Wbl 06paTHbIX OAUHAPHBIX KaBblYeK ('...') BMecTO ABONHbIX. BHyTpu HedopmaTtmpo-
BaHHOr0 CTPOKOBOr0O nTepana ynpasnasioLime nocnefoBaTesibHOCTH He 06pabaTbiBalOTCH;
cofepXXnMoe NpUHUMaeTcs BYKBanbHO, BKIKOYAA 06paTHbIE KOCbIe YepTbl U CUMBOSbI HO-
BO CTPOKW, TaK YTO HepopMaTMpPOBaHHbLIA CTPOKOBLIA NUTEpan MOXET COCTOATb U3 He-
CKONbKUX CTPOK UCXOAHOrO0 TeKCTa. EanHCTBEHHAasn 06paboTKa COCTONT B YAaleHUN CUMBO-
NOB BO3BpaTa KapeTku, Y4ToObl 3HauYeHMe CTPOKM 6GbiN0 OAMHAKOBLIM Ha BCex nnatgopmax,
B TOM YUC/e Ha TeX, Ha KOTOPbIX B TEKCTOBble (haiibl TPagMLMOHHO BK/IOYAKTCS 3TN CUM-
BOJ/Ibl BO3BpaTa KapeTku.

Vicnonb3oBaHMe HethopMaTUPOBaHHbIX CTPOKOBbLIX NTEpanoB — 3TO YA0OHbIA cnocob
3anmcu perynsapHbIX BblpaXXeHW, B KOTOPbIX 06bIYHO OYeHb MHOFO 0OPaTHbIX KOCbIX YepT.
OHu TakXe nonesHbl ana wabnoHoB HTML, nutepanos JSON, coobweHnii 06 NCnonb3o-
BaHWM Nporpammbl M TOMY NOAOGHOrO, YTO 4acTO 3aHMMAET HECKONbKO CTPOK TEKCTa.

const GoUsage = "GO - WHCTPYMEHT gns paboThl C MCXOAHbM TeKCTOoM GO.
lcnonb3oBaHue:
go komaHga [aprymeHTsi]

3.5.2. Unicode

[aBHbIM-[1aBHO XXW3Hb Oblfla MPOCTOW U B HE XBaTano — Mo KpaiHein mepe B CLUA —
TOMbKO OfAHOro Hebonbworo Habopa cumeonoB ASCII (American Standard Code for
Information Interchange — AmMepuKaHCKWiA CTaHAapPTHbLIA Kog 4N o6MeHa uHdopmaynen).
ASCII, wnn, TouHee, US-ASCII, ncnonb3yeT 7 6UT g npeacTaBneHuns 128 “cumBonoB”:
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MPONUCHBIX W CTPOYHbIX GYKB aHrNUINCKOro andasmTa, LUEppP UM pasHOO6pasHbIX 3HAKOB
NYHKTyauMm 1 ynpaBnsioLMX CUMBOMOB YCTPOWCTB. Ana O0NblIMHCTBA 33day Tex Bpe-
MeH 3TOro 6b1710 4OCTATOYHO, HO 60/bLIAA YaCTb HAceNeHUsA MuUpa Npu 3TOM 6blna nLleHa
BO3MOXHOCTW MONb30BaTbCA COOCTBEHHLIMW CMCTEMaMW MUCbMEHHOCTU B KOMMbOTEpax.
C poctom NHTepHeTa faHHble HA MHOTOUYMCIIEHHbIX A3blKax CTaan ropasgo 6onee pacnpo-
CTpaHeHHbIM ABneHneM. Kakum >xe 06pa3oM MOXHO paboTaTb CO BCeM 3TMM 6oratbiM Ma-
Tepuanom, npuyem paboTaTb NO BOSMOXHOCTU 3PHEKTUBHO?

OTBeTOM Ha aToT Bonpoc sBnseTca Unicode (Unicode.org), B KOTOPOM cOb6paHbl BCe CUM-
BO/Ibl M3 BCEX MUPOBbLIX CUCTEM MUCbMEHHOCTW NAKC pa3HOobpa3Hble CUMBOMbI YAapeHui n
npoyne ANaKpUTUYECKME 3HaKKM, YNpassoLwWwme KoLbl Hanogobme cMMBOIOB Tabynaumum v Bo3-
BpaTa KapeTku 1 MHOroe apyroe. Kaxgomy TakoMy CUMBOJY Ha3HauyeH CTaH4apTHbIA HoMep —
kog cumBosia Unicode (Unicode code point), unu, B TepmuHonorun Go, pyHa (rune).

Unicode Bepcun 8 onpegensieT kogbl ansa 6onee yem 120 Thica4 CUMBOSIOB 60siee yem B
COTHe A3bIKOB ¥ an)aBMTOB. Kak >Xe OHW NpeAcTaBnAloTCA B KOMMbIOTEPHbIX MporpaMmax u
JaHHbIX? ECTECTBEHHbIM TUMOM [aHHbIX AN XpaHEeHUs OTAENbHOW PyHbI ABASETCA TMN int32,
M UMeHHO OH ucnosnb3yetcs B Go; Ana atoro B GO UCMO/b3yeTca CUHOHUM TuUMa rune.

Mbl Moran 6bl NpeAcTaBNATb NOCNeA0BAaTEIbHOCTb PYH KakK Moc/ief0oBaTe/lbHOCTL 3Ha-
YyeHMit Tuna int32. B TakOM npeAcTaB/feHNM, KOTopoe HasbiBaeTcsi UTF-32 nam UCS-4,
KaXXAbl KOf CMMBONA MMeeT OAWMH U TOT Xe pa3Mep — 32 6uta. TO NPOCTOE U YHUBEP-
cafbHOe KOAMPOBaHWe WUCNONb3yeT ropasfo 6o/blwe namaTv, YeM Heob6X04MMO, MOCKO/b-
Ky 60/bLUMHCTBO TEKCTOB B KOMMbIOTEPAX WCMO/b3YIOT TONbKO CUMBO/bI W3 KOAWPOBKM
ASCII, koTopoli TpebyeTcs ToNMbko 8 6MTOB, WKW 1 6aiiT, Ha cumBon. lpaKTUYecKn Bee
CKO/b-HNOY b LIMPOKO UCMOJb3YeMble CUMBOJIbI UMEIT KOAbl MeHbLUe 65536, BNUCbIBalO-
wueca B 16 6MTOB. He MOXeM /1M Mbl HaTW nyudlliee peLieHune?

3.5.3. UTF-8

UTF-8 npegctaBnseT cob0il KOAMPOBKY NepemMeHHOl AnnHbl cuMBonoB Unicode B Buae
6ainToB. Koagnposka UTF-8 6binia n3obpeTteHa AByMsa U3 cozgatenein Go, KeHom TOMNCOHOM
(Ken Thompson) n Po6om Maitkom (Rob Pike), n B HacTosee BpeMs ABNseTCA cTaHgap-
ToM Unicode. OHa ncnonb3yet oT 170 4 6aiiToB A5 NPeLCTaBNeHNSA KaXA0A PYHbI, HO NpK
3TOM TonbkKo 1 6aiiT ana cumeonoB ASCII v Tonbko 2 nnm 3 6aiiTa Ans 60MbLINHCTBA pac-
NpoCTpaHeHHbIX pyH. CTapwue 6UTbl NepBOro 6aTa KOLMPOBKU PYHbl YKa3biBAKOT, CKOMb-
Ko 6aiiToB cnefytoT 3a mepBbiM. HyneBoli cTapwuii 6UT yKa3blBaeT, YTO 3TO 7-GUTOBBINA
cumon ASCII, B KOTOPOM Kaxgas pyHa 3aHMMaeT T0/IbKo 16aiT (a NOTOMY OH UAEHTUYEH
06bl4HOMY ASCII). Ctapwue 6uThl 110 yKasbiBatoT, YTO pyHa 3aHUMaeT 2 6GaliTa; BTOpOM
6aiiT Npy 3TOM HaymMHaeTca ¢ 6uToB 10. BonblIMe PYHbI UMEHOT aHaNOrMYHbIe KOAMPOBKM.

OXXXXXXX PyHbl 0-127 (ASCII)

110xXxXXXX 10XXXXXX 128-2047 (3HayeHnsa <128 He Mcnonb-
3ytoTca)

1110XXXX 10OXXXXXX L1OXXXXXX 2048-65535 (3HaueHuns <2048 He wc-
nosb3yoTca)

11110XXX 10XXXXXX L1OXXxXXxx 10xxxxxx 65536-0x1 Offff (Mpouyne 3HayeHUs He uc-
nosb3yTCA)
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MepemeHHaa ANMHa KOAUPOBKN UCKAKOYAET BO3MOXHOCTb MPAMON uUHAeKcauuu ans
Joctyna K n-u, CMMBONY CTPOKKU, HO UTF-8 MMeeT MHOXeCTBO MOME3HbIX CBOWCTB, KOM-
MeHCMPYIOLWLMX 3TOT HegocTaToK. Koauposka KomnakTHa, cosmectuma ¢ ASCII v obnagaet
CBOMCTBOM CaMOCMHXPOHM3aLUN: BCErAa MOXHO HalTU Hayano CMMBONA, NMPOCMOTPEB He
6onee yem Tpu GainTa. DTOT KOA ABNAETCA NPEMPUKCHBIM, TaK YTO €r0 MOXHO AeKOoANpo-
BaTb C/leBa HanpaBo 6e3 Kakux-nnbo HeoA4HO3HAYHOCTe unu npeanpocmoTpa. Hukakoii
KOZ PYHbl He fBNSETCS MOACTPOKON APYroro Koja wau gaxe NociefoBaTe/lbHOCTU ApYrux
KOZ0B, TaK UYTO Bbl MOXeTe UCKaTb PYHbl C MOMOLLbIO NPOCTOr0 NOUCKa COCTABAAKOLWUX ee
6aiiToB, He 6eCNOKOACh O KOHTEKCTe. JIeKCcMKorpaguyeckuii nopsgok 6ainToB COOTBETCTBY-
eT nopsaky koga Unicode, Tak 4yto copTupoBka UTF-8 paboTaeT ecTeCTBEHHbIM 06pa3oM.
He cyliecTByeT BCTPOEHHbIX HYNEBbIX 6aliTOB, YTO YA06HO AN S3bIKOB NporpammMmupoBa-
HWS, B KOTOPbIX UCMNO/b3YHOTCA HY/IEBbIE CUMBObI A1 3aBepLUeHNA CTPOK.

VicxogHble dalinel Go Bcerga 3akoaupoBaHbl € UCMOb30BaHWEM KoaumpoBku UTF-8, n
3Ta KOAMPOBKA fIBNSETCA NPEANOYTUTENbHOM A8 TeKCTOBLIX CTPOK, C KOTOpbIMK paboTa-
0T nporpammsl Go. MakeT Unicode npegoctaBnseT PyHKUMM 418 paboTbl C OTAENbHbIMY
pyHamu (Hanpumep, 4To6bl OT/IMYATL OYKBbI OT LU(P MAM nNpeobpa3oBbiBaTb NMPOMUCHbIE
OYKBbl B CTPOYHbIE), a nakeT unicode/utf8 npegocTagnseT HyHKUMM ANS KOAUPOBAHUSA
1 AeKOAUPOBaHUA PYH B BUAe 6ainToB ¢ ncnonsb3osaHnem UTF-8.

MHorue cumBonbl Unicode TpyAaHO HabupaTb Ha KnaBuaType UaW BU3YyasibHO OTMUNTD
OT ApYruX, BU3YaNbHO CXOXMUX; HEKOTOPbIE U3 HUX MPOCTO HEBUAWUMBI. Y NpasBnstoLime no-
cnefosatenibHOCTM Unicode B CTPOKOBbIX AnTepanax Go MO3BONSAIOT yKa3biBaTb CUMBO/bI
Unicode ¢ nomouiblo MX 4ucnoBoro koga. CyuwecTBytoT 4Be pPasHOBUAHOCTU YNpaBsato-
wmx nocnegosatennHocteld — \uhhhh gns 16-paspagHeix 3HadeHmii 1 \Jhhhhhhhh gns
32-pa3psAgHbIX, rae kaxapoe h agnsercs wecTHaguaTepuyHoi undpoin. HeobxoanmocTb
B 32-pa3pAafHOM pexume BO3HMKAET O4veHb pefko. Kaxpas v3 ynpasasowmux nocnefosa-
TenbHOCTEN npefcTaBnseT coboin kogmpoeky UTF-8 ykaszaHHOro cumsona Unicode. Takum
o6pa3oM, Hanpumep, BCe NpUBEAEHHbIE fanee CTPOKOBbIe NTepanbl NPeACTaBAAOT O4HY U
Ty Xe LWecT6anToByH CTPOKY:

"itfcfji”
mMxed\xb8\x96\xe7\x95\x8c""
"\udel6\u754c"

,A\U00004e 16\U0000754c™"

Tpn NpvBefEeHHble Bbllle CTPOKM C YNPaBAsoW UMK NOCeA0BaTeIbHOCTAMMW NpeacTaB-
NS0T co60 anbTepHATUBHYH 3annch NEPBOI CTPOKM, HO 3HAUYEHUSs, KOTOPblE OHU OMUCHI-
BatOT, 0MHAKOBbI.

Ynpaenstowue nocnegosateNibHocTn Unicode MoryT MCnonb30BaThCs W ANS NUTEpanoB
pyH. MpuBefieHHbIE Aanee TPU NMTepana KBUBANEHTHbI:

“\udel6” "“\U00004el6"

PyHa, 3HayeHMe KOTOPOW MeHbLle 256, MOXET ObITb 3anmcaHa ¢ MOMOLLbI OfHOW LWeCT-
HafLaTepuyHol ynpaBastoLweil nocnefoBaTeNbHOCTUN, TaKoin kak "\x41" ana “A", HO Ans
6onee BbICOKMX 3HAYeHWIi cnefyeT MCNONb30BaTh YNpaBnstoLLme nocnefoBarenbHoOCTH \u
nm \U. CnegosatenbHo, ' \xe4\xb8\x96" He ABNAETCA KOPPEKTHLIM NUTEPASIOM PYHBbI,
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HECMOTPS Ha TO YTO 3TV Tpu baliTa ABNAOTCA KOPPEKTHON Koauposkoi UTF-8 ogHoro cum-
Bona Unicode.

Bnarogapa ykasaHHbIM Bbiwe cBoiicTBaM UTF-8 MHOrMe CTpOKOBbIE Omnepauumn He Tpe-
OyI0T AekoanposaHnsa. Mbl MOXEM MPOBEPUTbL, He COLEPXUT NN OfHAa CTPOKa APYryl B
KayecTBe npedukca:

func HasPrefix(Sj prefix string) bool {
return len(s) >= len(prefix) && s[rlen(prefix)] == prefix

}

UNn B Ka4yecTBe cyddumkca:

func HasSuffix(s, suffix string) bool {
return len(s) >= len(suffix) && s[len(s)-len(suffix):] = suffix
}

nnn B KayecTBe NOACTPOKU:

func Contains(s, substr string) bool {
for i =0; 1 < len(s); i++ {
if HasPrefix(s[i:], substr) {
return true

}

return false
}

Mcnonb3ya Ans 3aKoAMPOBAHHOMO C NOMOLLbI KOAMPOBKM UTF-8 TekcTa Ty Xe IOruKy, 4to
M ona 06bIMHOW nocnefoBaTeNbHOCTM 6aiiToB. NS APYrMX KOAWPOBOK 3TO OblN0 Obl He-
BEPHbIM pelleHneM. (MpuBefeHHbIE Bbille (YHKLUKN B3aTbl U3 NakeTa strings, xoTs pea-
nmsauma yHkumm Contains B aTOM nakeTe AN 60see aPPHEKTUBHOI0 NMOMCKa UCNOSb3yeT
XelwmnpoBaHue.)

C [pyroil CTOPOHbI, €CAN HAac LeACTBUTENbHO WHTEPECYT OTAe/bHble CUMBONbI
Unicode, TO Mbl JO/MKHbI UCMONb30BaTb APYrMe MexaHu3Mbl. PacCMOTPUM CTPOKY, KOTO-
pas BK/OYaeT B cebsa fABa mepornuga. Ha puc. 3.5 nokasaHo ee npegcraBiieHne B NamsaTu.
CTpoka cogepXuT 13 6aiiT, HO ecnn MHTepnpeTMpoBaTh ee kak UTF-8, To B Heil 3akoaupo-
BaHO TO/IbKO AeBATb Kogos Unicode, nnu pyH:

import "unicode/utf8"

s = "Hello, MW"
fmt _Printinglen(s)) // 13T
fmt.PrintIn(utf8._RuneCountInString(s)) // "9"

[ns paboTbl ¢ 3TUMKM cumBOMamMu Heobxoawmo pekogumpoBaHue UTF-8. TMMaket
unicode/utf8 npegocTaBnseT gekonep, KOTOPbIA Mbl MOXeM WMCMOb30BaTh CleAYOLLUM
obpaszom:
for i =0; i1 < len(s); {

r, size := utf8.DecodeRunelnString(s[i:])
fmt.Printf("%d\t%c\n", 1, r)
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i += size
}
tt *
H e 1 1 o R E4 | B8 )| 96| E7 | 95| 8C
Kopuposka UTF-8
i r r
0 '‘H' 72
"Hello, tHR" 1 'e' 101
2 'l' 108
d :
ata: e 3 'l' 108
len: 13 4 o' 111
5 l’l 44
for i, r := range "Hello, {#HR" { 6 : '. 32
fmt.Printf("%d\t%g\t%d\n", i, r, r) 7 ' 19990
10 '5° 30028

}

Puc. 3.5. Lnkn no gnanasoHy, AeKoavpyowmii 3akogmpoBaHHyto UTF-8 cTpoKy

Kaxablli Bbi3oB DecodeRune InString Bo3BpauiaeT r (camy pyHy) u size, Konude-
CTBO 6aiiToB, 3aHATbIX UTF-8 kogom r. Pasmep mcnonb3yeTtcs AN 0OHOBNEHUS WMHAEKCa
6alitoB 1 4Nns cnefytolleil pyHbl B CTpoke. HO 3T0 JOCTATOYHO HEYKOXEE peLleHne, U HaMm
MOCTOSIHHO HE06XO4MMbI LMK/bl Takoro poga. K cuacTtblo, Uukn no guanasoHy Go, 6yayuu
NPMMEHEHHbIM K CTPOKE, BbINOMHAET fekogupoBaHue UTF-8 HesBHO. BbiBog npuBefeHHO-
ro HUXKe LUMKa nokasaH Takxe Ha puc. 3.5; obpaTuTe BHUMaHUe, Kak UHAEKC nepemeLLaeT-
ca 60/ee YemM Ha OfAMH 6aliT ANA KaXXAolh pyHbl, He sBnsaoweica ASCIlI-cumsoniom.
for i, r = range "Hello, ttI>-" {

fmt.Printf(C'%d\thg\t%d\n", i, r, r)

}
[ns noacuyeTta KonmMyecTBa pyH B CTPOKE MOXHO MCNO/MIb30BaTh NPOCTOW LUKA N0 range:
n =0
for = range s {
n++
}

Kak n B npoynx pasHOBUAHOCTAX LWKNA range, MOXHO ONYCTUTb HEHY>XHble HaM nepe-
MEHHbIE!

n =20

for range s {
n++

}

[ns peleHmns 370 3afaqum MOXHOTaKXe NpocTo BbizgaTh UtF8. RuneCount InString (s).
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PaHee Mbl yNOMWHANN, 4TO TO, YTO TEKCTbl CTPOK B GO WHTEPMNPETUPYIOTCA Kak nocne-
JoBaTenbHOCTU cumMBoioB Unicode B koanpoBke UTF-8 B OCHOBHOM MO COrnalleHunto, Ho
4NA NPaBWIbHOTO UCNOJb30BaHWA LMK/IOB N0 Anana3oHy 3To 60/bLUe, Yem cornaweHue, —
3T0 HeobxoAMMOCTb. UTO npousoiigeTt, eciv Mbl NMPUMEHUM Takoi LUK K CTPOKe, cofep-
Xallein npounsBofibHble GUHapHble AaHHble UK, Hanpumep, faHHble UTF-8, cofepxatime
owmnobKn?

[Jekogep UTF-8, nonyyasa npu asHOM Bbi3oBe utf8.DecodeRunelnString wim He-
SIBHO B LMK/e N0 juana3oHy HEKOPPEKTHbIA BXOAHOW 6GaliT, reHepupyeT crneumanbHbIl 3a-
Mewjarownin cumeon Unicode, "\uFFFD", KoTopblli 06bIYHO BbIFNSANT Kak 6enblii Bonpo-
CUTE/bHbIA 3HaK B 4epHOM pombe (¢h). Korga nporpamma BCTpeyaeT pyHY C 3TUM 3Haue-
HMeM, 3TO, Kak MpaBuIo, 03HA4YaeT, YTO HeKas YaCTb CUCTEMbI, FTEHEPUPYIOLLE CTPOKOBbIE
JaHHble, 6bl1a HEKOPPEKTHA B TPAKTOBKE 3aKOAMPOBAHHOIO TEKCTA.

Kogupoeka UTF-8 oka3biBaeTCA UCKNOUNTENLHO YAOOHON B KayecTBe popmaTa 06MeHa
[JaHHbIMUW, HO B Npejenax nporpaMmmMbl pyHbl MOTYT OKa3aTbCA 60siee y406HbIMU, MOCKONb-
Ky WMEKT OAWHAKOBbLIA pasmep W, TakuM 06pa3om, Nerko WHAEKCUPYIOTCS B MaccumBax U
cpesax.

Mpeo6bpa3oBaHue [Jrune, NpMMeHEHHOe K CTpoKe B KoaupoBke UTF-8, Bo3BpalliaeT
nocnefoBaTeNlbHOCTb CMMBO/I0B Unicode, 3aKOAMPOBAHHYIO B 3TON CTPOKe:

// Cnoso 'mporpamma’, 3anMcaHHOe MO-AANOHCKM Ha KaTakaHe

s =

fmt.Printf("% x\n",s) //"e3 83 97 e3 83 ad €3 82 b0 e3 83 a9 e3 83 a0"
r == [rune(s)

fmt.Printf(%x\n",r) //"[30d7 30ed 30b0 30e9 30e0]"

(CumBonbl npeobpa3oBaHns % X B MepBOM Bbi3oBe P rintf BCTaBNAOT npobensl Mex-
Ly KXo napoli wecTHaguaTepmnyHbiX Lupp.)

Ecnu cpes pyH npeobpasyeTcs B CTPOKY, reHepupyeTcs KoHkateHaums UTF-8 kogoB ans
KaXXA0M PYHbI:

fmt.PrintIn(string(r)) // "Yp "y "
Mpeobpa3oBaHue LeN0YNCIEHHOr0 3HAUYEHUA B CTPOKY pacCMaTPMBAET 3TO LiefI0YUCIEeH-
HOe 3HaYeHMe Kak 3HayeHune pyHbl 1 AaeT npeacTaBneHue aToli pyHsl B Koguposke UTF-8:

fmt_Printin(string(65)) // VA", HO He 65"
fmt_PrintIn(string(Ox4eac)) // "C"

Ecnv pyHa HeKOppekTHa, BMeCTO Hee NOACTaBNAETCA 3amellatoLuii cMBON:
fmt.PrintIn(string(1234567)) // """

3.5.4. CTpokun n 6aiiToBble cpesbl

[nsa paboTbl CO CTPOKaMu B 0COGEHHOCTM BaXKHbl YeTbIpe CTaHAAPTHbIX NakeTa: bytes,
strings, strconv u Unicode. MakeT Sstrings npefocTaBnseT MHOXeCTBO (PYHKLMWIA
[N NMOUCKa, 3aMeHbl, CpaBHEHUS, 06pe3Ku, pasfeneHns n 06befuHeHUs CTPOK.
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MakeT bytes cogepXWUT aHanornyHble MyHKUMWM AN paboTbl CO cpe3amu 6ainToB []
byte, KOTOpbIA MMeeT HEKOTOpble CBOWCTBa, 06LWMe CO CBOMNCTBaMM CTPOK. MOCKONbKY
CTPOKN HEU3MEHSAEMbl, UIHKPEMEHTHOE MOCTPOEHUE CTPOK MOXET BK/HOYaTb OTPOMHOE KO-
NNYECTBO BbIAENEHWUIA NamMATW U KOMMPOBaHWUA. B Taknx cnyvaax 6onee apheKTUBHbIM SiB-
NnseTcs ucnonb3oBaHue Tuna bytes.Buffer, 0 KOTOPOM Mbl BCKOpPe MOroBOPUM.

MakeT strconv npegoctaBnseT PyHKUUM AN Npeobpa3oBaHUs GyneBbIX 3HAYEHWIA, Le-
NbIX YNCEN W YNCEN C NNaBatoLLell TOUYKON B CTPOKOBOE nNpeAcTaBneHne (M 06paTHoO). D YHK-
umnM ansa knaccuukaumm pyH, takme kak IsDigit, IsLetter, IsUpper u IsLower,
MOXKHO HaiTu B nakeTe Unicode. Kaxpgas u3 aTux (yHKUMIA nonydaeT B KayecTBe apry-
MeHTa OTAENbHYI0 PYHY ¥ BO3BpalLaeT 6yneso 3HavyeHne. PyHKUUN Npeobpa3oBaHUs Hano-
po6ue Tollpper n ToLower npeo6pasyloT pyHy B pyHY B YKa3aHHOM perucrpe, eciu ata
pyHa saBnsetcs 6ykBoli. Bce 3T PyHKLUM UCNONBL3YKOT KaTeropumn ctaHgapTa Unicode ans
OykB, u1pp 1 T.5. B nakete strings mmetoTcsd Nojo6Hble DYHKLMU, TaKXKe UMEHYEeMble
ToUpper n ToLower, KOTopble BO3BpaLLalOT HOBble CTPOKU C YKa3aHHbIMWU npeobpa3oBa-
HUAMMW, MPUMEHEHHBLIMW K KaXXAOMY CMMBONY UCXOAHOM CTPOKM.

Moka3aHHasa HuXe (YyHKUMA basename oCHOBaHa Ha YTU/IUTE C TEM XXe€ UMEHEM W3
Unix. B Hawein Bepcun basename(s) ybupaeT n3 s Bce NpeuKchbl, MMetoLLMe BUS NyTH
(hainnoBO CUCTEMbI C KOMMNOHEHTaMM, pa3feneHHbIMU KOCbIMU YepTaMu, a Takxke cydgukc,
npeacTaBAAWMA TUN haina
fmt.PrintIn(basename(*'a/b/c.go')) // 'c"
fmt _Printin(basename('c.d .go')) // "c.d"
fmt.Printin(basename("'abc')) // 'abc"

MepBas Bepcua basename BbINOAHAET BCHO paboTy caMOCTOATENbHO, 6e3 nomMowm 6m-
6numorek:

aopL .io/ch3/basenamel
11 basename y6upaeT KOMMOHEHTb KaTasiora u cypdukc Tuna daina.
// a => a, a.go => a, a/b/c.go => ¢, a/b.c.go => b.c

func basename(s string) string {
// OTO6pacbiBaeM nocnegHuii cumBon /" un BCe nepej HuM.
for i =len(s) -1; 1 >=0; i-- {

if s[i] =V {
s = s[i+l:]
break

}

// CoxpaHsiem Bce [0 nocnegHeii TOYKu
for i =1len(s) -1; i >=0; i--{
if s[i] = {
s = s[:i]
break

}

return s
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Bonee npocTas Bepcua Ucnonb3yet 6UGANOTEUHYIO YHKLMIO Strings. Lastindex:
aopL .io/ch3/basename2
func basename(s string) string {
slash := strings.Lastindex(s, "7'") // -1, ecnm "7m He HaligeH
s = s[slash+l:]
if dot := strings.Lastlndex(s, "."); dot >= 0 {
s = s[:dot]

return s

MakeTbl path npath/filepath npegocTaBnstoT 60nee o06WNA HaBOp PYHKLMIA Ans
paboTbl C MepapxXxMyecknmm mMMmeHamu. MakeT path paboTaeT ¢ NyTAMM C KOCOI YepToW
B KauyecTBe pazfenuTens Ha noboli nnatgpopme. OH He AO/MKEH MCNONb30BATLCA 415 UMEH
(haiinoB, HO MOAXOAUT AN APYTUX Belei, TaKUX Kak KOMMOHeHTbl nyTn B URL. Maket
path/filepath, HanpoTus, ncnonb3ys npaBufia KOHKPETHON nnaTdopmbl, paboTaeT
C uMeHamu ¢arinos, Takumun kKak /foo/bar gna POSIX wmm c:\foo\bar B Microsoft
Windows.

[aBaiiTe paccMOTpMM eLle OAUH Mpumep paboTbl ¢ NOACTPOKaMU. 3afjaya 3akovaeTcs
B TOM, 4TO6bl B3Tb CTPOKOBOE NpeAcTaB/ieHUe Lenoro yncna, Takoe Kak ”12345”, n BcTa-
BUTb 3anATble, pa3fensioLime Kaxible TpU ungpsel, Kak B cTpoke "12,345"1 DT1a Bepcus
paboTaeT TOMbKO C LenbiMM yucnamu; o6paboTka umcen C MiaBatoLLeil TOUKON ocTaeTcs
yutaTtensiMm B KayecTBe YNpaxHeHUs.

gopl.io/ch3/comma
11 comma BCTaBAseT 3ansTble B CTPOKOBOE MpPeLCTaBneHne
// HeoTpuuaTe/IbHOro AeCcATUYHOro uuchia.

func comma(s string) string {
n = len(s)
ifn<=3{
return s

return comma(s[:n-3]) + + s[n-3:]

ApPrymMeHToM (yHKLMUM comma siBfseTcs cTpoka. ECnM ee AfMHA MeHblle WAKW paBHa
3, 3anaTas He Hy)XHa. B MpoTWBHOM c/lyuyae (yHKLMS COMMa PeKYPCUBHO BbI3bIBAeT CaMy
cebs ¢ MOACTPOKOW, COCTOSALEN 13 BCEX CUMBO/IOB, KPOME TPEX MOCAEAHUX, U NpuGaBnseT
K pe3y/nbTaTy peKypCUMBHOIO Bbi30Ba 3anATY0 U 3TU NOCMeAHUE TPU CUMBOSA.

CTpoKa COAepXMUT MaccuB 6aiiToB, KOTOPbINA, 6YLy4n CO3[aHHbIM, IBASETCS HEU3MEHSe-
MbIM. QneMeHTbl 6aiiTOBOro cpesa, HaMmpPOTWUB, MOXHO CBOGOAHO MOAU(MULMPOBATD.

CTPOKM MOXHO Npeo6pasoBbiBaTh B 6aliTOBbLIE Cpe3bl U 06paTHO:

s = "abc"

b = [Jbyte(s)
s2 = string(b)

1 Pa3geneHve rpynn paspagos, npuHaToe B CLUA. — lMpumey. nep.
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KoHuenTyanbHo npeobpasosaHue []byte(s) BbigenseT namatb 419 HOBOro maccusa
6ainToB, XpaHsALLero Konuo 6aiToB CTPOKK S, U [aeT Cpe3, CChbiNALLLNIACA Ha BECb 3TOT Mac-
cvB. ONTUMU3VPYIOWUA KOMAUAATOP B HEKOTOPbIX CAyYasaX MOXET U36exaTb BblLeNeHUs
namsaTh U KOMWPOBAaHWA, HO B O6LLEM Clyyae KOMMPOBaHWE HEOBXOAMMO AN TOro, YTOObI
6aliTbl CTPOKM S OCTaBafIMCb HEU3MEHHbIMU, Aaxe ecnn GaiTel Maccusa b 6yayT moaugm-
uupoBaHbl. MpeobpazoBaHne 13 6aliTOBOro cpesa B CTPOKY ¢ nmomouibio string(b) Tak-
)K€ c03JaeT Konut, 4YTobbl rapaHTNpPOBaTbh HEM3MEHAEMOCTb Pe3y/bTUPYHOLLEA CTPOKK S2.

UT06bl n36exatb Npeobpa3oBaHWin N U3NNLIHUX BblAeNeHWU A NaMATW, MHOTMe BCOMOra-
TeNbHble PYHKUUM B NakeTe bytes ABNATCA ABOMHUKAMM (YHKUMIA M3 NakeTa strings.
Hanpumep, BOT HECKONbKO PYHKLMIA U3 nakeTa strings:

func Contains(s, substr string) bool
func Count(s, sep string) int

func Fields(s string) [Jstring

func HasPrefix(s, prefix string) bool
func Index(s, sep string) int

func Join(a []string, sep string) string

A BOT COOTBETCTBYIOLWME (hYHKLMK M3 NakeTa bytes:

func Contains(b, subslice []byte) bool
func Count(s, sep []byte) int

func Fields(s [Jbyte) []1[]byte

func HasPrefix(s, prefix []byte) bool
func Index(s, sep []byte) int

func Doin(s [][]byte™ sep []byte) []Jbyte

EQVHCTBEHHbLIM MX pasnnMunemM sBASETCA TO, YTO CTPOKM B HUX 3aMEHEeHbl cpe3aMiu 6ainToB.

Maket bytes npepoctaBnser tun Buffer gnsa addekTuBHOW paboTbl cO cpe3amu
6aiiToB. N3HayanbHo Buffer nyct, HO pacTeT Mo Mepe TOro, Kak B Hero 3anucbiBatoTcs
[JaHHble TUNOB Hanogobue string, byte nan [Jbyte. Kak nokasaHO B npumepe Huxe,
nepemMeHHas bytes.Buffer He TpebyeT MHMLMaANM3aLUM, NOCKOMbKY HYNeBOE 3HauyeHue
[AaHHOTO TuNa BMOJ/IHE UCMO/b3YEeMO:

aopL.io/ch3/printints
11 intsToString nogob6Ha fmt_Sprint(values), Ho go6aBnsieT 3ansATse,
func intsToString(values []Jint) string {
var buf bytes.Buffer
buf.WriteByte("[")
for i, v = range values {
ifi>0¢{
buf WriteString(", ')
>
fmt.Fprintf(&buf, "%cT, V)

}
buf_WriteByte("]”)
return buf.String()
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func main() {
fmt.PrintIn(intsToString([Jint{l, 2, 3})) // "[1, 2, 3]IM

}

Korga k bytes.Buffer go6asnserca npousBosbHas pyHa B Koguposke UTF-8, nyulue
ncnonb3oBatb ero metog WriteRune; metog W riteByte xopowo nogxogut ang ASCII-
CMMBONOB, TakKUX Kak "[' n "] .

Tun bytes.Buffer upesBblyailHO YHUBEpPcaneH, U Korga B rnaee 7, “UHTepdeiics!”,
Mbl 6yfeM paccMaTpuBaTb MHTepdelichbl, TO YBUAMM, KaK OH MOXET OblTb MCMO/Mb30BaH B
KauecTBe 3ameHbl (baiina Tam, rge TpebyloTcs onepayun BBOAa-BbIBOAA AN 3anucu 6aiitos
(io.W riter), Kak aTo genaet yHkumua Fprintf, nan ana nx uteHuna (io. Reader).

YnpaxHeHue 3.10. HannwunTte HepeKypPCUBHYIO BEPCUID (PYHKLMM cOMmMa, UCNOJb3YH0-
wyto bytes.Buffer BMecTo KOHKaTeHaLuu CTPOK.

YnpaxHeHue 3.11. YcoBeplUeHCTBYITE PYHKLUIO COMMa TaK, YTOObl OHA KOPPEKTHO
paboTana ¢ Yncnamy € NnaBatoLLeil TOUKOA N Heo6s3aTeNlbHbIM 3HAKOM.

YnpaxHeHue 3.12. Hannwunte QyHKLMIO, KOTOpas coobLLaeT, ABNAOTCA NN ABE CTPOKU
aHarpaMmamu ofjHa fpyroii, T.e. COCTOST I OHW U3 OJHUX U TeX Xe OYKB B pyrom nopsifike.

3.5.5. NpeobpasoBaHNA MexXay CTPpoOKamMu 1 Yucamm

B gononHeHne K npeobpasoBaHMsAM MeXAy CTPoOKaMu, pyHamu v 6aliTaMu 4acTo Tpeby-
loTC Npeobpa3oBaHMs MeXAY YMCNOBbIMU 3HAUYEHUSAIMU U UX CTPOKOBLIMU NPEACTaBAEHU-
AMU. ITO Aenaetcsa € NOMOLLbI (YHKLMIA M3 nakeTa strconv.

[na npeo6pa3oBaHua LENOro ymMcia B CTPOKY MOXHO BOCMO/Ib30BaThCA (PyHKLMeEN
fmt.Sprintf; gpyroit BapnaHT — yHkuusa strconv.ltoa (“integer to ASCII”):

x =123
y = fmt.Sprintf("%d", X)
fmt.Printin(y, strconv.ltoa(x)) // "123 123"

Ans ¢dopmatupoBaHus 4yucen B [LPYroi CUCTEME CYUMCAEHUA MOXHO WCNO/b30BaTb
(yHKuunm Formatint n FormatUint:
fmt_PrintIn(strconv.Formatint(inté4(x), 2)) // "1111011"

CumMBonbl npeobpasoBaHus %b, %d, %0 n ¥%x pyHkumn fm t.P rintf yacto 6onee ynob-

Hbl, YeM PYHKLMM Format, B 0CO6EHHOCTW €C/IN Mbl XOTUM [06aBUTbL KaKylo-TO MH(oOpMa-
LMo, MOMUMO CamMoro ymcna:

s = fmt.Sprintf("x=%b", X) // "x=1111011"
[ns aHanusa CTPOKOBOro MpeACTaBMeHMS Leoro Ymcia UCnonb3yinTe Takue yHKLUN
naketa strconv, kak Atoi nam Parselnt, a gna 6e33HakoBbiX yncen — ParseUint:

X, err = strconv.Atoi('123") // X nvweeT Tun int
// B [ecATWYHOI CUCTeMe cuucneHus, [0 64 6uToB:
y, err := strconv.Parselnt(’'123", 10, 64)

TpeTnit apryMeHT dyHKUuuM P arselnt gaet pasmMep LeNOYUCIEHHOrO TNa, B KOTOPbIA
[OMKEH BMNUCLIBATLCA Pe3ynbTaT; TaK, 16 noapasymeBaeT TUM intl6, a oco6oe 3HadYeHue O
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03HayaeT TmMn int. B n06oM cnyyae TUNOM pe3ynbTarta y Bcerga asnferca int64, Koto-
pblii 3aTeEM MOXHO npeo6pa3oBaTb B TUM MeHbLLEro pasmepa.

VMiHorga ans aHanusa BXOAHOM MHOPMaLMKM, COCTOALLEN 13 YNOPSA0YEHHO KOMOUHa-
LMK CTPOK W Yncen B OLHOW CTPOKE MOXET npurogntbcst pyHkums fm t. Scanf, Ho 3To pe-
LUeHNEe MOXeT OblTb HerMbkum, ocobeHHO npu 06paboTKe HENOSHOIO UM HenpaBW/IbHOTO
BBOJA.

3.6. KOHCTaHTHhI

KOHCTaHTbl NPeACTaBASAOT COGOl BbIPaXEHMS, 3HAUEHNSI KOTOPLIX U3BECTHLI KOMMU/S-
TOPY M BblUMC/IEHME KOTOPbIX FapaHTUPOBAHHO MPOWUCXOAMT BO BPEMS KOMMWUAALMM, a He
BO BPEMS BbIMOJIHEHUS. Ba30BbIM TUMOM KXol KOHCTaHTbl ABASETCH PYyHAAMEHTaNbHbIN
TUM: NOTMYECKOe 3HAUYeHMe, CTPOKA WM YUCTO.

O6bsABeHNe const onpegensieT MUMEHOBAHHbIE 3HAYEHUS, KOTOPble CUHTAKCUMYECKU
BbIFNAAST KakK NMepeMeHHble, 3HaYeHMs KOTOPbIX SIBSIOTCS KOHCTaHTamMu, 4TO MpeaoTBpa-
LWaeT ux cnyyaitHoe (MW OWNGOYHOE) U3MEHEHWE BO BPEMS BbIMOMHEHUS NPorpaMmbl. Ha-
npumep, Ans NpeacTaBfeHUs TaKoO MaTeMaTUUYECKO KOHCTAaHTbI, KaK UMCNO s, KOHCTaHTa
npeanoYTUTEIbHEE NepeMeHHON, NOCKOMbKY 3HaYeHWe 3TOro YMcna He U3MEeHSeTCs:

const pi = 3.14159 // Nyuumm npubnuxeHvem ssnsetcsa math.Pi

Kak v B cilyyae nepeMeHHbIX, B OHOM 06bSBAEHUN MOXET HAXOAUTHLCS MOCNe[0BaTe b-
HOCTb KOHCTaHT; Takoe 06bsB/IeHNE MOAXOAMT ANS TPYNN CBA3AHHbIX 3HAYEHWIA:

const (
e = 2.7182818284590452353602874713526624977572470936999595749669
pi = 3.1415926535897932384626433832795028841971693993751058209749
)

MHOrme BblYNCNEHNA KOHCTAHT MOTYT 6biTb MOAHOCTbIO 3aBepLUEHbl BO BPEMS KOMMU-
NALUKN, YMeHbLUas TeM camblM KO/IMYeCTBO PaboTbl, HEOOXOANMON BO BPeMSs BbIMOSHEHUS,
1 NO3BOMISIS BLIMNOMHATL APYrve onTuMu3auuu komnunatopa. Mpu 3ToM oWwnbKK, 06bIYHO
06Hapy>XMBaemble BO BPEMS BbIMOJHEHWS, MOTYT 6GbiTb HaifeHbl BO BPeMs KOMMUAALMUU,
ecnn onepaHAbl NPeAcTaBASfOT COB0 KOHCTaHTbl, HanpuUMep LEeno4YnCcneHHoe AefleHne Ha
HyNb, MHAEKCALMS 3a Npejenamu CTPOKW WM NMobble onepauun ¢ nnaBaroLleid TOUKOM, Ko-
TOpble NPUBOAAT K 3HAYEHWIO, He ABAAIOLLEMYCS KOPPEKTHLIM KOHEYHbLIM 3Ha4YeHWeM C nna-
BaloLLe TOUKOWA.

PesynbTaTbl BCEX apUIMETUUECKMX M NOTUYECKMX ONepauunil, a TakKe onepaunin cpas-
HeHMs C onepaHAammn-KOHCTaHTaMM TakXe SABAAIOTCA KOHCTaHTaMM, Kak W pesynbTaThbl npe-
06pa3oBaHWii 1 BbI30BOB HEKOTOPbIX BCTPOEHHbIX (DYHKUWIA, Takux Kak len, cap, real,
imag, complex nunsafe.Sizeof (pasgen 13.1).

MocKoNbKy KOMAWAATOPY M3BECTHbI MX 3HAYEHUS, KOHCTAHTHbIE BbIPAXXEHUSA MOTYT Ha-
XOAMTbCS B TUMAX, B YaCTHOCTWM — B Ka4yecTBe A/MHbI TUNa MaccuBa:

const IPv4len = 4

// parselPv4 aHanunsupyeTt agpec IPv4 (d.d.d.d).
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func parselPv4(s string) IP {
var p [IPv4Len]byte
1 ...

O6bABNEHNE KOHCTaHTbl MOXET yKa3blBaTb KakK TWM, TaK W 3Ha4YeHWe, HO Mpu OTCYyT-
CTBMM SIBHO YKA3aHHOrO TMNa OH BbIBOAUTCA W3 BbIPaXKEHUA B NpaBoli YacTu. B npuseseH-
HOM fdajsiee MCXOAHOM TeKcTe time.D uration npefctaBnset coboii MMEHOBAHHLIM TuM,
6a30BbIM AN KOTOPOro ABaseTcs TMN int64, atime.M inute — KOHCTaHTa 3TOro Tuna.
Takum o6pa3om, 06e 06bSBMIEHHbIE HMXE KOHCTaHTbl MMeloT Tun time.Duration, 4To
MoKasblBalT CMMBOJbI NpeobpasoBaHns %T:

const noDelay time.Duration = 0

const timeout = 5 * time.Minute

fmt.Printf(C"'%T %[1]Jv\n", noDelay) // "time.Duration 0"
e PrintfC'%T %[ITv\n"., timeout) // "time.Duration SmOs"
fmt.Printf(C"%T %[1]Jv\n", time.Minute) // "time.Duration ImOs"

Ecnu nocnefloBaTeNbHOCTb KOHCTAHT 06bsBNEHA B BUAE FPYNMbl, BbIpaXXeHWe ¢ NpaBoii
CTOPOHbI OT CMMBO/MA = MOXET 6biTb OMNYLLEHO AN BCEX KOHCTAHT, Kpome nepBoii. Mpu
3TOM NOAPa3yMeBaeTCs, YTo B TeKYLULel KOHCTaHTe 6e3 SBHO YKa3aHHOTO BblpaXeHUs 6yayT
MCMO/b30BaHbl 3HAUYEHWE W TUM NPeablAYyLIero BbIPaXXeHUs, Hanpumep:

const (
=1

=2

[= e RN

)
fmt.Printing b, cyd) // "1 12 2"

Ecnn BCe 3HAYEHUS KOHCTAHT OKa3blBAOTCS OANHAKOBLIMMW, OT 3TOF0 HE C/IMLIKOM MHO-
ro To/Ky. Fopas3fao MHTepecHee M Nojie3Hee MCMob3oBaTh reHepaTop KOHCTAHT iota.

3.6.1. [eHepaTop KOHCTAHT iota

O6bsiBNEHME CONSt MOXET MCMOMb30BaTh FEHEPATOP KOHCTAHT iota, KOTOpbIA mpu-
MEeHsIeTCs ANs CO3faHus MocnefoBaTe/lbHOCTU CBA3aHHbIX 3HAUYeHWli 6e3 UX SBHOMO yKasa-
HUA. B 06bABMEHNN CONSt 3HaYeHMe i0ta HauMHAeTCs C HyNs U YBENWUMBAETCS Ha efu-
HULY A48 KaX0ro 9/eMeHTa B Noc/efoBaTe/lbHOCTH.

BoT npumep u3 nakeTta time, KOTOpbIA onpejesnseT MMEHOBaHHble KOHCTaHTbl TUMa
Weekday ans gHeli Hefenw, HauuHas ¢ Hyns ans Sunday. Tunbl Takoro poga 4yacto ume-
HYIOTCS MepeymncieHsIMU.

type Weekday int

const (
Sunday Weekday = iota
Monday
Tuesday



104  rnaBA3 SOYHOAMEHTAJIBHBIE TUMbI AAHHBLIX

Wednesday
Thursday
Friday
Saturday

)

310 06bsBNEHME onpefenseT Sunday kak 0, Monday — kak 1u1 1.4,

MOXHO 1CMnonb30BaTh i0ta W B 601ee CNOXKHbIX BblpaXXeHNAX, KakK B MPUBEAEHHOM fa-
Nee Npumepe U3 Naketa net, rae KaXAoMy M3 MAaAWMX NATU GUTOB Leoro 6e33HaKOBOro
ynucna NpuUcBanBaeTCs YHUKanbHOe UMS:

type Flags uint
const (
FlagUp Flags = 1 << iota // is up
FlagBroadcast
FlagLoopback
FlagPointToPoint
FlagMulticast

C yBenuyeHvem iota Kaxjasa KOHCTaHTa nofydvaet 3HavyeHue 1 << iota (T.e. mony-
yaeTCs NOCnefoBaTebHOCTb BO3pacTaloLWMX CTeNeHe ABOMKN), KaXj0e U3 KOTOPbIX COOT-
BETCTBYET O HOMY OT[EeNbHOMY 6UTY. DT KOHCTaHTbl MOXHO MCMONb30BaTb B DYHKLMUAX,
KOTOpble BbIMOJIHAKOT YCTAHOBKY, COPOC MM MPOBEPKY OAHOT0 MM HECKOMbKUX GUTOBbIX
thnaros

aopL .xo/chS/netflLoa

func IsUp(v Flags) bool { return v&FlagUp == FlagUp }
func TurnDown(v *Flags) { *v &A= FlagUp }
func SetBroadcast(v *Flags) { *v |= FlagBroadcast }
func IsCast(v Flags) bool { return vé&(FlagBroadcast]FlagMulticast)!=0 }
func mainQ {
var v Flags = FlagMulticast | FlagUp
fmt Printf("%b %t\n", v 1IsUp(v)) 11 "10001 true"
TurnDown(Sv)
fmt.Printf("%b %t\n"j v, IsUp(v)) Jl "10000 false™
SetBroadcast(&v)
fmt_Printf("%b %t\n", v, IsUp(v)) 11 "10010 false"
fmt Printf('%b %t\n"y m3 IsCast(v)) 11 *"10010 true"

B kauecTBe eLe 60/1ee C/IOXKHOIO NpuMepa NPUMEHEHUs iota HMXKe NoKasaHo 06bAB-
NeHne UMeH NS cTeneHeli 3HavyeHna 1024:

const (
_ =1 << (10 * iota)
KiB  // 1024
MiB  // 1048576
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GiB  // 1073741824

TiB  // 1099511627776 (npessiuaeT 1 << 32)

PiB  // 1125899906842624

EiB  // 1152921504606846976

ZiB  // 1180591620717411303424 (npeBsitaeT 1 << 64)
YiB  // 1208925819614629174706176

MexaHu3M iota wumeeT cBou npegensl. Hanpumep, HEBO3MOXHO reHepupoBatb 60/ee
3Hakomble cTeneHn 1000 (KB, MB wu 1.4.), NOCKONbKY OTCYTCTBYET onepaTop BO3BeAEHWSA
B CTEMNeHb.

YnpaxHeHue 3.13. Hanuwwute o06bABneHus const gna KB, MB u Tak fanee o YB
HACTO/IbKO KOMMAKTHO, HACKO/IbKO CMOXeTe.

3.6.2. HeTnnn3npoBaHHbIE KOHCTaHTbI

KoHCTaHTbl B GO HEMHOrO HEOoObIYHbI. XOTH KOHCTaHTa MOXeT MMeTb N1l060oi (yHAaa-
MEHTaNbHbIA TUMN JaHHbIX, Takol kak int unn float64, BkNoYas UMeHOBaHHbIE (YH-
faMeHTanbHble TUMbI, TakMe Kak time.Duration, MHOrMe KOHCTaHTbl He MPMBA3aHbl K
onpegeneHHomy Tuny. KomnunaTop npeAcTaBnsfeT 3T He NpuUBA3aHHble K TUMY KOHCTaHTbI
€ ropasfo 6onblueli YACNOBOW TOYHOCTLIO, YeM 3HaYeHUS (yHAaMeHTaNbHbIX TUMNOB, a UX
apudmeTuka AnseTcs 60see TOUHOW, YeM MALUIMHHAA; MOXHO MPEAMONIOXMUTL MO KpaiHei
mMepe 256-6MTOBYI0O TOYHOCTb. VIMeeTcs WecTb BapuMaHTOB TakKMX HECBA3aHHbIX KOHCTaHT,
UMeHYEMbIX HETMUMNU3NPOBAHULIM GYNeBbIM 3HAYEHMEM, HETUMWU3NPOBAHHBLIM LEMbIM YKC-
NIOM, HETUMWU3NPOBAHHOW PYHOI, HETUMM3NPOBAHHLIM YMC/IOM C MAaBaloLLe TOUYKOW, He-
TUNU3NPOBAHHBIM KOMMIEKCHBIM YMC/IOM M HETUMU3UPOBAHHOM CTPOKOIA.

OTKnagbiBas MPUBA3KY K TUMY, HETUNU3UPOBAHHbIE KOHCTaHTbl MOTYT He TO/MbKO CO-
XPaHUTb BbICOKYH) TOYHOCTb 3HA4YeHMI [0 Gonee MO3LHEr0 MOMEHTa, HO M y4acTBOBaTb
B ropasgo 60nbleM KonumyecTBe BblpaXKeHWii 6e3 HeobxoAuMMOoCTK NpeobpasoBaHus, Yem
CBAI3aHHble KOHCTaHTbl. Hanpumep, 3HayeHusa ZiB u YiB B npuBefeHHOM Bbile NpumMepe
CMIULLKOM BESINKW, YTOBbI XpPaHUTb UX B 10601 NepeMeHHOR LenoUYnCcAeHHOro Tuna, Ho OHK
ABNAOTCA KOPPEKTHBIMU KOHCTAHTaMW, KOTOpble MOTYT 6biTb MCNO/b30BaHbl B BblpaXeHU-
AX Hanogobue cneayloLlero:

fmt .PrintIn(YiB/ZiB) // ,1024n
B kayecTBe elle 04HOro mpuMMepa KOHCTaHTa C N/aBatolieil Toukon math.Pi moxer

ncnonb3oBaTbCA BE3AeE, rae Tpe6yeTc;| 3Ha4yeHMe ¢ nnaBatoleli TOUKOA UAM KOMMIEKCHOe
3HayeHwue:

var x float32 = math.Pi
var y float64 = math.Pi
var z complexl28 = math.Pi

Ecnm math.Pi 6yfeT cBA3aH C KOHKPETHbIM TuUnom, Takum Kak float64, pesynbTar
OyfeT He TaKMM TOUHbIM U ByfeT TpeboBaThCs MpeobpasoBaHMe TUMa NpU UCNONb30BaAHNN
TaMm, rge Hy>Ho 3HaveHue Tuna float32 wam complexl128:
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const Pi64 float64 = math.Pi
van x Float32 float32(Pi64)

var y float64 = Pi64
var z complexl28 = complexI28(Pi64)

B cnyyae nuTepanoB BapuaHT HETUMMWU3MPOBAHHON KOHCTaHTbl ONpPeaenseTcs CUHTAKCU-
com. flutepansl 0, 0.0, Oi u "\u0000' 0603HaYaOT KOHCTaHTbl C OAMHAKOBbLIMU 3Haue-
HWUSIMU, HO 3TO pa3Hble BapUaHTbl KOHCTAHT: HETUMMU3NPOBAHHOE LieNoe 3HaYeHNe, HETUMK-
3MPOBaHHOE 3HAYEHWE C MnaBatoLieli TOUYKOW, HETUNU3NPOBAHHOE KOMMIEKCHOE 3HAYEHME
W HETUNU3MPOBAHHAs PyHa COOTBETCTBEHHO. AHanormyHo true u false npeactaBnswoT
c0060i HeTUNN3UPOBaHHbIe GyNieBbl 3HAYEHNs, a CTPOKOBbIE MTepabl ABAAKOTCA HETUNU-
3MPOBaHHbLIMW CTPOKaMMU.

BcnoMHuTe, 4TO onepaTop / MOXET NpefCcTaBNATb B 3aBUCMMOCTM OT OMepaHAoB Kak
LleNIoYnCNIeHHOe fiefleHne, Tak W feneHne ¢ niaBawleil Toukoil. CnefoBaTesibHO, BbIGOp
nuTepana MOXeT NOBAUATb Ha Pe3ynbTaT BblPaXKEHUS KOHCTAHTHOIO AeNeHus:

var T float64 = 212
fmt.PrintIn((f-32)*5/9) // "100"; (F-32)*5 wnmeet Tun Float64
fmt.PrintIn(5/9*(f-32)) // '"0"; 5/9 - HeTunu3uposaHHoe uenoe (0)
fmt.PrintIn(5.0/9.0*(f-32)) // "100"; 5.0/9.0 - HeTuMnu3npoBaHHOE

// 3Ha4yeHne C nnaBawwWeli TOYKOM

HeTUNM3MpoBaHHbIMU MOFYT GblTb TOMbKO KOHCTaHTbl. Korga HeTUNM3NpoBaHHas KOH-
CTaHTa HaxofMTCS B MPaBOi YacTW 06bLABMNEHMS MepeMeHHOW C SBHbIM yKasaHMem Tuna,
KaK B MepBoii MHCTPYKLUUM NPUBEAEHHOFO HUXE WCXOAHOrO TeKCTa, WM MpUCBauBaeTCs
MepeMeHHOM, Kak B CeAYHOLWMX TPeX UHCTPYKUMSX, KOHCTaHTa HesIBHO mpeoGpasyeTtcs B
TN 3TOI NepeMeHHO, ecnu Takoe Npeo6pa3oBaHMe BO3MOXHO.

var T floaté4 = 3 + Oi // HetunusuposaHHOoe KomnnekcHoe -> Tloat64
f=2 // HeTununampoBaHHOe Lenoe -> float64
f = lel23 // HeTunusunpoBaHHOe AelCTBUTENbHOE -> float64
f= "’ // HeTunusuposaHHaa pyHa -> float64

Takvm 06pa3om, NpuBeLEHHbIE Bbille MHCTPYKLUN IKBUBANEHTHbI CNEAYOWMNM:
var T float64 = float64(3 + 0i)

f = float64(2)
T = float64(1el23)
f = float64("a")

SIBHOE WM HesBHOe, MpeoGpasoBaHMe KOHCTaHTbl U3 OAHOMO TUMa B Apyroit TpebyerT,
YTOGbI LIENIEBOM TUM MOT NPeACTaBAATb UCXOAHOe 3HadeHue. OKpYrieHne fonyckaeTcs Ans
OeCTBUTENbHbIX N KOMMAEKCHbIX YMCEN C NAaBatoLLeil TOUKOI.

const (
deadbeef = Oxdeadbeef // HeTunusupoBaHHbii Int = 3735928559

a = uint32(deadbeef) // uint32 = 3735928559
b = float32(deadbeef) // float32 = 3735928576 (OKpyrneHue)
c = float64(deadbeef) // float64 = 3735928559 (TO4HOE)
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d = int32(deadbeef) 11 Oumbka: nepenosiHeHue Int32
e = float64(1e309) // Ouwnbka: nepenonHeHne fFloat64
T = uint(-1) // Oumbka: He npepacTtasumoe uint

B 06bsBMEHUN MEepeMeHHO 6e3 SBHO YKa3aHHOro Tuna (BKNouas KpaTkue 06baBAeHUs
MepeMeHHbIX) BEPCUSt HETUMU3MPOBAHHOW KOHCTaHTbl HESBHO OMpefensieT TUM MepemMeH-
HOI MO YMONYaHMIO, Kak MoKasaHo B CAeAYIOLWUX Npumepax:

=0 // HetununampoBaHHoe uenoe; HesBHoe int(0)

= "\000" // HeTunuaunpoBaHHas pyHa; HesBHoe rune("\000")

0.0 // HeTtunusupoBaHHoe pelicTBuUTeENbHOE; HesiBHoe Float64(0.0)
= 0i // HeTununsmpoBaHHOe KommniekcHoe; HesiBHoe complex128(0i)

O =h = -
il

O6paTuTe BHUMaHWe Ha aCUMMETPUID: HETUMU3UPOBAHHbIE Lieble 3HaYeHMs npeobpa-
3ylOTCA B TUM int, pasmep KOTOPOro He rapaHTUPYeTCs, HO HETUMWU3UPOBaHHbIE 3HAYEHUS
C nnaBawoleli TOUYKOW WM HETUMU3MPOBAHHbIE KOMMJEKCHbIE 3HayeHWs npeobpasytoTca B
TWUMbl C SBHO yKasaHHbIM pasMmepom float64 u complexl28. A3blk He umeeT “6e3pas-
mMepHbIX” Tunos float n complex, aHanornMyHbIX TUNY int, MOCKONbKY OYEHb TPYLHO
nncatb KOPPEKTHbIE YAC/IEHHbIE aNrOPUTMbl, He 3Has pasMep TUNOB AaHHbIX C MaaBaloLLel
TOUKOM.

YT06bl NpnAaTh NepeMeHHON Apyroi Tun, Heo6Xo4MMO ABHO Npeobpa3oBaTb HETUNU3M-
POBAHHYI0 KOHCTaHTY B TpebGyeMblii TUM UK yKa3aTb Tpebyemblil TUN B 06bSBNEHUU Mepe-
MEHHOW, Kak B MPMBELEHHbIX NpuMepax:
var i1 = int8(0)
var i1 int8 =0

3TV TUNbl N0 YMOAYAHWIO 0COGEHHO BaXXHbl NpU Npeobpa3oBaHWUM HETMNU3NPOBAHHON
KOHCTaHTbl B 3Ha4YeHWe MHTepdeiica (cMm. rnaBy 7, “UHTepdeichl™), TaK Kak OHW onpeaens-
IOT ero AMHaMMUYeCcKuin Tun.

fmt.Printf(""XTXn", 0) /7 int”
fmt.Printf(,%T\n,J 0.0) // "float64"
fmt.Printf("%T\n", O0I) // "complexes"

fnt_Printf("%T\n", "™\000") //"int32" (pyHa)

NTak, Mbl paccMOTpenu qyHAameHTanbHble TUMAblI AaHHbIX Go. Chegywoowuii war 3a-
KNoYaeTca B X 06befuMHeHUN B 60/ee KpynHble TPYyNnbl, TaKMe Kak MacCuBbl U CTPYKTY-
pbl, @ 3aTeM B CTPYKTYPbl faHHbIX A4/1F pelleHns peanbHbIX 3a4ay. 910 M ecTb TeMa rnasbl 4,
“CocCTaBHble TUNbI™.






CocTaBHble TUMbI

B rnase 3, "dyHaameHTaNbHble TUMbl AaHHbLIX”, Mbl 06CYANNN (YHAAMEHTaNbHble TUMbI,
KOTOpble CNYXAaT B Ka4yecTBe CTPOUTE/IbHbIX 6/10KOB A5 CTPYKTYP AaHHbIX B MporpamMmmax
Go; OHM SBNAKOTCA aTOMaMy Halleil BceneHHoW. B 3Toii rnaBe Mbl pacCCMOTPUM COCTaBHbIE
TWNbl, MONMEKYbI, CO34aHHble NYyTeM 006beNHEHNSA (YHAAMEHTANbHbIX TUMNOB Pa3IUYHbIMM
crnocob6amn. Mbl 6yaemM roBopuTb O YeTbipex TakUX TUMax — MaccmBax, cpesax, oTobpa-
XEHUAX U CTPYKTYpax, a B KOHLE 3TOWN rnasbl MOKaXeM, Kak C UX NOMOLLbI KOAMPOBaTL U
aHanM3npoBaTb CTPYKTYPUPOBaHHbIE faHHbIe, nony4vaemble U3 faHHbIX JSSON, u reHepupo-
BaTb HTML-TekcT 13 wabn0HOB.

MaccuBbl 1 CTPYKTYpPbl ABNAKOTCA COCTaBHbIMUK (arpermMpoBaHHbIMM) TUNAMWU AaHHbIX;
MX 3HaYeHUa CO3Jal0TCA MyTeM KOHKaTeHauuu B NamaTy ApYrux 3HadeHuii. Maccusbl ro-
MOTEeHHbI (BCe 3/IeMeHTbl MaccuBa UMEHT OAWH U TOT e TWUM), B TO BPEMA Kak CTPYKTYpbl
reTeporeHHbl. VI MaccuBbl, U CTPYKTYpPbl MMEKT (DMKCUPOBAHHbLIA pasmep. B oTauume oT
HUX, Cpe3bl N OTOBPAXKEHNA ABNAOTCA AUHAMUYECKUMMN CTPYKTYPAMM JaHHbIX, PacTyLMMu
no mMepe 406aBfeHNA B HUX 3HAYEHWIA.

4.1. MaccuBbl

Maccus npefcTaBasieT co60il MocnesoBaTelbHOCTb (UKCMPOBAHHOW ANMHBI U3 HYNS
Ui 6onee 31eMeHTOB OMpedeneHHOro Tuna. M3-3a gUKCUPOBaHHOM ANVHLI MacCUBbI PEAKO
ncnonb3ytoTcs B GO HemocpeAcTBEHHO. Cpesbl, KOTOpble MOTYT YBENUMBATHCA U YMEHb-
WwaTtbesl, SABAATCA ropasfo 605ee rMGKUMUK, HO, YTOBbI MOHATL CPesbl, CHavyana cnegyet
pasobpaThbCcs B MaccuBax.

JocTyn K OTAE/NbHbIM 37EMEHTaM MacCMBa OCYLLECTB/SETCS C MOMOLLbIO 06bIYHbIX
0603HaYEHUI UHAEKCMPOBAaHWS, 3HAUEHWUs! UHAEKCOB B KOTOPbIX MMEKT 3HAYEHWUs OT Hy/ns
[0 3HAueHWs, Ha eMHULY MeHbLIEro AfMHbl MaccuBa. BCTpoeHHas (yHKUMS len Bo3Bpa-
LlaeT KONMYECTBO 3/1EMEHTOB B MacCuBe.

var a [3]int // MaccvB uB Tpex wuesbiX uucen
fmt_Printin(a[0]) // BbiBO4, NepBOro anemeHTa
fmt.Printin(a[len(a)-1]) // BuiBOg nocnegHero anemeHTa, al[Z]

// BblBOA, 3HAYEHWI WHOEKCOB W 3/1EMEHTOB,
for i, v = range a {
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fmt.Printf(C'%d %d\n", i, V)

11 BbiBOA TO/IbKO 3/1EMEHTOB,
for v = range a {
fmt.Printf('%d\n", V)

Mo ymonuaHuMio 3ieMeHTaM HOBOW MepeMeHHOI MaccuBa M3HauyafbHO MPKUCBaMBalOTCH
Hy/EeBble 3HAYeHUs TUMa 3NeMeHTa (415 YMcen 3To 3HadeHue 0). Ons UHMLMANM3aLUM mac-
CMBa CMMUCKOM 3Ha4YeHMii MOXHO MUCMNONb30BaTh NMTEpas MacCuBa:

var q [3]int [3lint{l, 2, 3}

var r [3]int = [3]int{l, 2}
fmt.Printin(r[2]) // "Om

“

Ecnn B nuTepane maccuBa Ha MeCTe A/MIMHBI HaXOAUTCA TpPOeTo4yne 7, TO AnnHa
mMaccuBa onpefensercsd KOAMYeCTBOM MHUUManM3aTtopoB. OnpefeneHne g MOXHO ynpoc-
TUTb A0

q = [-..]int{l, 2, 3}
fmt_Printfq) // "[3]intM

Pa3mep maccuBa SiIBNAETCA 4acTblo ero Tmna, Tak u4to Tmnbl [3]int u [4] int pa3nnu-
Hbl. Pasmep Jo/KeH ObiTb KOHCTAHTHbIM BbIPAXXEHWEM, T.e. BblpaXeHWeM, 3HauyeHune KOoTo-
pOro MOXeT ObITb BbIYMC/IEHO BO BPEMS KOMMUAALUW MPOrpamMmbl.

q = [3]lint{l, 2, 3}
g = [4]int{l, 2y 3y 4} 11 OwmbKa KOMNUAAUMW: HeNb3A NPUCBOUTH
// [4]int nepemenHoi Tuna [3]int

Kak Mbl YBUAWM, CUHTAKCWUC NUTepana A1 MacCuBOB, CPe30B, OTOBPAXEHUA U CTPYK-
Typ nofo6eH. Bbille ncnonb3yeTcs YNOpsL0YEHHbIA CIUCOK 3HAYEHWI, HO MOXHO TakKXxe
yKasaTb CMUCOK Map “MHAEeKC-3HavYeHune”:

type Currency int

const (
USD Currency = iota
EUR
GBP
RUR
)
symbol = [... ]string{USD: EUR: GBP: RUR: "I 7}

fmt.PrintIn(RUR, symbol[RUR]) 7/ "3 9"

B 3TOM cnyyae MHAEKCHI MOTYT MOSBAATLCS B I060M NOPsAKE, a HEKOTOPbIE U3 HUX MO-
ryT 6bITb OMYLLEHbI; KaK 1 NpexAe, HeyKazaHHble 3HAUEHWUs1 NMOyYaloT HyNeBoe 3HaueHue
TUMa anemeHTa. Hanpumep,

r = [-..]Jint{99:-1}
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onpeensieT MacCMB I CO CTa 3/IEMEHTaMW, CPeM KOTOPbIX HEHYNEeBbIM SBNAETCSH TONbKO
nocneaHWii aneMeHT, 3HaYeHNe KOTOpPOro paBHoO -1.

EcAn TUN 3neMeHTa Maccuea sBASETCS CPaBHUBAEMbIM, TO TaKUM Xe sBAseTCs W TUn
MaccuBa, Tak YTO Mbl MOXEM CPaBHUTbL [Ba MaccyBa Takoro Tuna HenocpeAcTBEHHO, C No-
MOLLbIO OMepaTopa ==, KOTOPbIiA COO6LLAET, BCE I COOTBETCTBYHOLLME 3/IEMEHTbLI MAcCUBOB
paBHbl. Onepatop != ABAseTcA oTpULaHWEM onepaTopa ==,

a = [2]int{l, 2}

b = [-. -Jint{l, 2}

c = [2]int{l, 3}

fmt.Println(a == b, a == ¢, b == ¢) // "true false false”

d = [3lint{l, 2}

fmt.Printin(a = d) // Ouwnbka komnunsAuum: pasHele Tunsl [2]int n [3]int

B kauecTBe 60/1ee npaBAonofobHOro npumMepa yHKUMA Sum256 13 naketacrypto/
sha256 reHepupyeT KpunTtorpaguyeckuin xew, nan gang>xkecT, SHA256 coobuieHus,
XpaHAWerocs B Npov3Bo/bHOM 6aliToBOM cpese. [aigxecT coctouT u3 256 6MTOB, MO-
aToMmy ero Tunom asnsetcs [32] byte. Ecnu gBa faigecTta coBnajatoT, TO OYeHb BEPO-
ATHO, YTO COOTBETCTBYHOLME COOBLLEHNSA OLMHAKOBbI; €CMIN Xe JalKeCTbl pasnnyatoTcs,
TO pasnuyaroTcs U cooblieHus. MNpuBefeHHas Aanee nporpaMma BbIBOAUT M CPaBHMBAET
paipxectol SHA256 gna “x" n "X

godL.io/ch4/sha256
import "crypto/sha256"

func main() {
cl := sha256.Sum256([Jbyte('x™))
c2 := sha256.Sum256([]byte("X™))
. Printf(C%x\n%x\n%t\n%T\n", cl, c2, cl = c2, cl)

// BuiBOA:
// 2d711642b726b04401627ca9fbac32f5¢c8530Fb1903cc4db02258717921a4881

// 4b68ab3847feda7d6c62clfbcbeebfa35eab7351ed5e78F4ddadeasdf64b8015
// false

// [32]uint8

3TV BXOAHbIEe fAaHHble Pa3NYalOTCA TONLKO OAHUM BUTOM, HO B AaiigxecTax pasfimyHbl
NPVYMepHO NonoBKMHa 6UTOB. OBpaTUTE BHUMaHME Ha CMMBOAbLI NpeobpasoBaHusa B Printf:
%X BbIBOAWT BCE 3/1EMEHTbI MaccvMBa WaM cpesa 6aiiToB B LIeCTHaALaTepMyYHOM hopMmarTe,
%t BbIBOAWUT OyneBO 3HaYeHWe, a %T MoKas3biBaeT TWUM 3HAYEHWS.

Mpn BbI30BE (YHKLUMM KOMUA KaXAOr0 3HAYeHUs aprymeHTa MpucBavBaeTcs MepemMeH-
HO/ COOTBETCTBYHOLLEro mapameTpa, Tak 4TO DYHKLUA MOMy4YaeT KOMWIO, a He OpUrMHan.
Mepepaya TakMM 06pa3oM 60/bLIMX MAaCCUMBOB MOXET ObITb HE3(h(EKTUBHOW, a N0bble U3-
MEHEHUS, BHOCUMbIe (PYHKLMEA B 3NeMeHTbl MaccuBa, 6yayT BAUATL TONLKO Ha KOMUIO, HO
He Ha opurmHan. Moatomy Go paboTaeT ¢ MaccMBaMu Kak C NHO6GbLIM APYrUM TUNOM, HO
3TO MOBeAEHME OT/IMYAETCS OT NOBEJEHNS H3bIKOB, KOTOPbIE HESIBHO MepefjaldT MacCuBbl MO
CCbIfIKE.
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KOHeYHo, MOXHO SBHO nepefaTb yKasaTeslb Ha MaccuB, Tak YTo N0GbIe U3MEHEHUS, KO-
Topble PYHKUMA GyaeT AenaTb B 3feMeHTax MaccuBa, OyAyT BUAHbI BbI3blBaOLWEN (PYHK-
umu. MpuBefeHHas HUXe QYHKLMS 3aM0NHAeT HYNsSMW cofepXumoe mMaccuea [32] byte:

func zero(ptr *[32]byte) {
for 1 = range ptr {
ptr[il] =0

Nntepan maccma [32]byte{} maeT Ham MaccuB n3 32 6aliToB. Kaxablii 3N1eMeHT mac-
CuBa MMeeT HyNeBOe 3HayeHue Ana Tuna byte, KOTopoe NPOCTO PaBHO HYN0. Mbl MOXEM
MCMOMb30BaTh 3TOT PaKT AN HaNUCaHWUA APYroi Bepcun PyHKUUKU Zero:

func zero(ptr *[32]byte) {
*ptr = [32]byte{}
}

MpumeHeHWe yKa3aTens Ha MacCuB OKa3biBaeTCs 3PPEKTUBHLIM W MO3BOJAET Bbl3blBa-
eMoli PYHKLUMM M3MEHATb MepeMeHHble Bbi3blBalOLWEN (YHKLMM, HO MacCuMBbl OCTalTCA
HErmMoKMM pelleHreM M3-3a NPUCYLLEro UM (PUKCUPOBAHHOTO pasmepa. Hanpumep, PyHK-
LUna zero He NpUMeT yKasaTe/lb Ha nepemeHHy [16] byte; HeT TakXKe HMKAaKOro cnoco-
6a fo6aBneHna UM yhaneHnsa 3NeMeHTOB Maccma. 10 3TUM NpUYMHaM, 3a UCKIKOYEHUEM
0C00ObIX cny4yaes, Takmx kak xew SHA256 pMKCMPOBaHHOIO pa3mepa, MacCuBbl B KayecTBe
napameTpoB (PYHKLUM UCMONb3YIOTCS PeAKO; BMECTO 3TOr0 06bIYHO MCMNOMb3YIOTCA Cpesbl.

YnpaxHeHue 4.1. Hanuwunte yHKUMIO, KOTOpas MOACYMTLIBAET KOAMYeCTBO OMTOB,
pa3nnyHbIX B ABYX gaigkectax SHA256 (cm. PopCount B pasgene 2.6.2).

YnpaxHeHue 4.2. HanuwunTte nporpamMmmy, KoTopas no ymon4aHuio BbIBOAWT AaingxecT
SHA256 pns BXOAHbLIX AaHHbIX, HO MPW WUCMNOJ/Ib30BaHUN COOTBETCTBYHOLUX (naros Ko-
MaHAHO cTpokn BbiBoANT SHA384 unn SHA512.

4.2. Cpesbl

Cpesbl NpeAcTaBnAaOT cob60i NocnefoBaTeNlbHOCTU NEPEMEHHON NHbI, BCE 3EMEHTbI
KOTOPbIX UMEKT OAMH M TOT Xe Tun. Tun cpesa 3anucbiaetca Kak []T, rge T— Tun ane-
MEHTOB Cpe3a; OH BbIFNAANUT KaK TUM mMaccuBa 6e3 ykasaHus pasmepa.

MaccuBbl 1 Cpe3bl TECHO CBA3aHbl. Cpe3 — 3T0 NIerkoBecHas CTPYKTypa faHHbIX, KOTO-
pas npefocTaBnaeT AOCTYN K NOAMNOCNeA0BaTe/IbHOCTU 3/IEMEHTOB MaccuBa (UK, BO3MOX-
HO, KO BCEM 3/1IeMeHTaM), N3BECTHOrO Kak 6a30Bblii MaccuB. Cpe3 cOCTOUT M3 Tpex KoMMo-
HEHTOB: yKa3aTens, ANUHbl U eMKOCTU. YKasaTe/lb yKa3blBaeT Ha NepBbllii 3/IEMEHT MaccuBa,
[OCTYMHbIN yepe3 cpe3 (KOTOpbIi He 0653aTenbHO COBNajaeT C MepPBbIM 31eMEHTOM MaccCu-
Ba). [l/iMHa — 3TO KO/INYECTBO 3/IEMEHTOB CPe3a; OHa He MOXEeT MpeBbllaTb eMKOCTb, KO-
Topasi, Kak npasuno, npeActaBnseT co60 KONMYECTBO 3N1EMEHTOB MeXAY Hayanom cpesa u
KOHLIOM 6a30BOr0 MaccmBa. JTW 3HAYeHWUS BO3BpALLAOTCA BCTPOEHHbIMU (PyHKUMAMK len
n cap.
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Hecko/fbKo Cpe3oB MOryT COBMECTHO WCMO/b30BaTb OAWH W TOT XKe 6a30Bblii MaccuB
M OTHOCMTLCS K MepeKpbiBalLWMMCS YacTsM 9Toro maccuBa. Ha puc. 4.1 mokasaH MaccuB
CTPOK 4N MecsALeB rofja v ABa NepeKpbiBaloluxcs cpesa. Maccus 06bABNSAETCS Kak

months := [...]string{l: "#AHBapp", /* ... */, 12: "[lekabpb'}

TaK 4YTO AHBApb COOTBETCTBYET 3fieMeHTY months[1], a gekabpb — months[12]. Kak
06bI4HO, NepBOe 3HAYeHWEe HAXOAWUTCS B 3/1eMEHTE MaccuMBa C UHAEKCOM 0, HO MOCKOMbKY
MecAlbl BCerfa HyMepylTCa HauuHasa ¢ 1, HMUKManm3aLmio HyneBoro 3feMeHTa B 06bAB-
NeHUN MOXHO OMYCTUTb, N OH BYAeT MHULMANN3NPOBaH NYCTON CTPOKOMN.

months

OnepaTop cpesa s[i:j], rae O0<i<j<cap(s), cO34aeT HOBbIA Cpe3, CCbiNako-
WMIACA Ha 3MemMeHTbl MocnefoBaTelbHOCTM S € i Mo j-1. locnefoBaTeNbHOCTb MOXET
ObITb MEpPeMeHHOI MaccuBa, yKasaTenem Ha MaccuB WM Apyrum cpe3om. [Mony4vaemsblii
B pe3ynbTaTe cpe3 MMeeT j-i 3n1eMeHTOB. Ecnn 3HauyeHWe i ONyLlLeHO, WCMOMb3yeTcs
3HauveHue 0; ecnn ONyLLeHO 3HavyeHue j, MUcnonb3yetca 3HaveHue len(s). Takum obpa-
30M, cpe3 months[1:13] cofepXWT BeCb AMana3oH LONYCTUMbIX MecsLeB, Kak W cpes
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months [1: ]; cpe3 months [: ] yka3sbiBaeT Ha Becb MaccuB. [aBaiiTe onpefenum nepe-
KpblBatoLymeca cpesbl ANS BTOPOro KeapTana v Ans neta B CEBEPHOM MONYyLLIAPUN:

Q2 := months[4:7]

summer := months[6:9]

fmt.PrintIn(Q2) // ["Anpenb'” "Maii" “VioHb'"]
fmt.PrintIn(summer) // [WoHb" "Wonb™ "ABryct'’]

MioHb BKMOYEH B 06a cpesa U ABASETCA e4MHCTBEHHbIM BbIBOAOM MPUBEAEHHOTO Aanee
(Hea(htheKTMBHOI0) MOMCKa 06LLNX 3/1IEMEHTOB:

for s = range summer {
for g = range Q2 {
ifs=q{

fmt.Printf(""%s Haxogutca B o6oux cpe3ax\n'', S)

“Cpe3aHue” 3a npegenamy cap(s) Bbi3biBaeT aBapuiiHyH CUTyaLUi0, a cpe3aHue 3a
npegenamn len(s) NpuMBOAMT K PaclIMPEHUIO CPe3a, TaK UTO pe3ynbTaT MOXeT OblTh
ANVHHEe opurnHana:

fmt_PrintIn(summer[:20]) // ABapuiiHas cuTyauusi: BbIXOJ 3a AManasoH
endlessSummer := summer[:5] // PacuupeHue cpe3a (B npegenax guanasoHa)
fmt_PrintIn(endlessSummer) // "[WoHb Wonb ABryct CeHTs6pb OKTA6pb]™

B KauecTBe OTCTYynneHUs OTMETWM CXOACTBO Onepauuu noayyeHMs MNOACTPOKM npu
paboTe co CTpoKamu W onepauuu cpesa npu pabote co cpesamu []byte. Obe onepayun
3anucbiBaloTcA Kak X[m:n] v 06e OHM BO3BpawlalT NOAMNOCNEA0BAaTENbHOCTM WUCXOLHbIX
6ainToB, ncnonb3ys 6a3oBoe NpejcTaBneHWe, Tak YTo 06e onepauuy BbINOMHAKTCA 3a KOH-
CTaHTHOe Bpems. BoipaxkeHne x [T: n] AaeT CTPOKY, ecnm X — 3T0 CTPoKa, n []byte, ecin
X — 3T0 06beKT []byte.

MocKonbKy cpe3 COLepXMT yKasaTe/lb Ha 3/1eMeHT MaccuBa, nepefaya cpesa B PyHKLUNIO
No3BONISET U3MEHATb 3NeMeHTbl 6a30BOro Maccusa. Jpyrumu cnosamu, KonupoeaHue cpesa
co3fgaeT ncesfoHUM (pasgen 2.3.2) gna 6as3oBoro maccusa. lNMpuBefeHHas HuKe (DYHKUKA
reverse obpauiaet nopagoK 3feMeHToB cpe3a []int Ha mecTe, 6€3 NpuBAeYEHNS [0MNON-
HUTENbHON MaMATK, N MOXET 6bITb NPUMeEHEHa K cpe3am N 60l AANHBI.

aopL.io/ch4/rev
// reverse obpawaeT nopsgok uucen '‘Ha mecte'
func reverse(s []int) {
for i, J =0, len(s) - 1; i <j; i, J = i+i, j-1

s[il, sOl = shil. sli]

BoT Kak BbIrnaguT o6pau.|,eH|/|e nopsagka anNemMeHTOB MacCuBa a:
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a = [...]1int{0j 1, 2, 3, 4, 5}
reverse(a[:])
fmt.Printin(@) // "[5 4 3 2 1 0]"

UT06bl BbINOAHUTL LUMKIMYECKUIA CABUT Cpe3a BAEBO Ha M 3MEMEHTOB, MOXHO MPOCTO
TPUXAbI MPUMEHUTL PYHKLMIO reverse: cHadana — K MepBbIM M 3/eMeHTaM, 3aTeM — K
OCTaBLUMMCSH W HakKOHeL, — KO BceMy cpesy. (J15 UMKANYECKOro CABMra BNpaBO MepBbIM
BbIMONHAETCS TPETUA BbI30B.)

s = []Jint{0, 1, 2, 3, 4, 5}

// Unknnyecknini caBur BMEBO Ha fABE MO3WLMK.
reverse(s[:2])

reverse(s[2:])

reverse(s)

fmt_PrintiIn(s) // "[2 34 50 1]"

O6paTuTe BHMMaHMWe, KaK BblpaXeHue, KOTOpOe MHULMANM3NpyeT cpe3 S, OTAMYaeTcs
0T TakoBOro A5 MaccuBa a. JliuTepan cpes3a BbIFIA4MT Kak IUTepan MaccuBa, B BUAE NO-
CnefoBaTeNlbHOCTY 3HAYeHWI, pa3feneHHbIX 3aNaTbIMU 1 3aKIIOYEHHbIX B (OUTYpHbIe CKO6-
KW, HO pasmMep NpW 3TOM He yKa3aH. TeM cambiM HESBHO CO3Jar0TCs NepemMeHHas MaccuBa
npaBWbHOIO pasmepa, M Cpes, KOTOPbIA Ha Hero ykasbiBaeT. Kak u B cnyyae nutepanos
MaccuBa, nuTepanbl CPe30B MOTYT YKa3blBaTb 3HAYEHUS YMOPALOYEHHO WM SBHO YKasbl-
BaTb WX WHAEKCbI, MW UCNOMb30BaTb COUYETaHME 3TUX ABYX CTUNENA.

B oT/iuMe 0T MaccUBOB Cpe3bl He ABMATCA CPaBHMBAEMbIMU, NOSTOMY Mbl HE MOXEM
Mcnonb3oBaTh onepaTop ==, 4TOObl NPOBEPUTb, COAEPXKAT /M ABa Cpe3a O4WHAKOBbIE 3/e-
MeHTbl. [nd cpaBHeHWA ABYX cpes3oB 6aiiToB ([]byte) cTtaHgapTHas 6ubanoTeka npeao-
CTaBnseT BbICOKOOMTMMMW3NPOBAHHY (yHKuuio bytes.Equal, HO gna gpyrux TMnos
Cpe30B HEOOXOAMMO BbIMOAHATL CPABHEHWNE CaMOCTOATE/bHO:

func equal(x, y []string) bool {
if len(x) != len(y) {
return false
1lor i = range x {
if x[i] = y[i] {

return false

}

return true

~

Nsgs Ha ecTeCTBEHHOCTb 3TOW “rny60KO/” NPOBEPKM paBeHCTBA M Ha TO, YTO CTOW-
MOCTb €€ BbIMO/IHEHUS He MPEeBbIWAeT TaKOBYH ANA onepatopa == AN MacCWBOB CTPOK,
MOXET NMOoKaszaTbCs CTPAHHbIM, MOYEMY TOUYHO TaK Xe He BbIMONHAETCS W CPaBHEHWe cpe-
30B. ECTb AiBe MPUYUHBI, NO KOTOPbIM MPOBEPKa ry6OKOA 3KBUBANEHTHOCTU SBASETCA MpPo-
6nemaTtnyHoil. Bo-nepBbiX, B OTAINYME OT 3/1EMEHTOB MacCUBa 3/1EMEHTbI Cpe3a SBNATCA
KOCBEHHbIMW, YTO MO3BOMAET CPe3y cofepXaTb caMmoro cebs. XoTa ecTb Cnocobbl 06paboT-
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KW TakMX CUTYaUWid, HA OAMH W3 HUX He ABAAETCA MPOCTbIM, 3PPEKTUBHBLIM U, YTO camoe
BaXXHOE, OYEBUHbIM.

Bo-BTOpbIX, B CUNY KOCBEHHOCTW 3/IEMEHTOB (DMKCUPOBAHHOE 3HAYeHMe Cpesa MOXeT
CofepXaTb pas/IMYHble 3/1eMeHTbl B pa3Hble MOMEHTbI BPEMEHW MNPU W3MEHEHWUW Ccofep-
XXUMOro 6a3oBoro maccusa. [oCKoMbKy Xelwl-Tabnuubl, TakMe Kak Tun oTobpaxeHus Go,
[enatT TOMbKO MOBEPXHOCTHbIE KOMWM CBOMX KtO4el, TpebyeTcs, 4ToObl PaBeHCTBO ANA
KaXXJ0oro K/to4ya 0CTaBasioCb HEM3MEHHbLIM Ha MPOTAXEHUN BCEro BPEMEHMW XU3HU XeLl-
Tabnmubl. TaknuM 06pa3om, raybokas 3KBMBANEHTHOCTb [AenaeT cpesbl HemoAaXoAAaWwUMu
[N MUCMOMb30BaHMS B KauecTBe Kuyeli 0To6paxeHuiA. NS cCbINOYHbIX TUMOB, TaKUX Kak
yKasaTe/nn ¥ KaHasbl, Onepatopbl == MPOBEPSAIOT CCbIIOYHYI T O>XKAEeCTBEHHOCTb, T.€. CCbl-
NaKTCA NN fBe CYLWHOCTWN Ha OAWMH U TOT XXe 06beKT. AHaN0rMYHO NPoBEPKa “MOBEPXHOCT-
HOro” paBeHCTBA A/1f CPe30B MOXET 0Ka3aTbCA MOME3HON WM NO3BOMWT PeLnTb NpPobemMy ¢
0TO6paXeHNAMM, HO Takas HecorsiacoBaHHas TPaKTOBKa CPe30B M MacCUBOB OMepaTopoM
== 6y/eT 3anyTbiBaTb NPOrpaMMuUcToB. MO3TOMY cambiM 6e30MacHbIM peLleHnemM ABseTcs
MOMHbI 3anpeT CpaBHeHWS CPe30B.

ELVMHCTBEHHBIM pa3pelleHHbIM CpaBHEHMEM cpe3a AB/iseTcA cpaBHeHue ¢ nil:

if sunmer = nil { /* ... */ }

HyneBbiM 3HaueHMeM Tuna cpesa sBASETCA 3HayeHMe nil. Takoi cpe3 He MMeeT 6a30BOro
maccuBa. M AnnHa, 1 eMKOCTb HY/IEBOTO Cpe3a paBHbl HY/I, HO HY/EBLIMU LAUHOW U eM-
KOCTbO MOryT 06M1agaTb U HeHyneBble cpesbl, Takne Kak [Jint{} nam make([]int,3)
[3:]. Kak n B cnyyae nto60ro tmna, KOTOpbIA MOXET MMeTb 3HavyeHue nil, 3To 3HayeHwme
AN KOHKPETHOrO cpe3a MOXHO 3anncaTb C MOMOLLbI0 BbIpaXXeHWNsA Npeobpa3oBaHus, Takoro
Kak [Jint(nil):

var s [Jint /1 len(s) = 0, s = ni
s = nil // len(s) == 0, s =
S=0oint(nil) 2/ len(s) == 0, s =
S = // len(s) == 0, s 1=

Tak 4TO, €CIM BaM HY>KHO NPOBEPUTb, ABNAETCA NX CPe3 MycTbiM, UCMONb3YiTe Npo-
Bepky len(s) ==0, HO He s == nil. 3a uckn4eHMeM cpaBHeHMS CO 3HauvyeHuem nil
HyneBol cpe3 BefeT cebs Kak 0060/ ApPYroin cpes HyneBoW ANWHbLI; HanpuMep, Bbi30B
reverse (nil) aBnseTcs coBepleHHO 6e30MacHbIM. Ecnn He 3a0KYMeHTMpPOBaHO obpaT-
Hoe, hyHKUMU GO [JOMKHbI paccMaTpuBaTb BCE CPe3bl HYNEBOW ANWHbI OfMHAKOBO, He3a-
BMCMMO OT TOFO, paBHbl OHW N il nan Her.

BcTpoeHHas thyHKuns make co3gaeTt cpes ¢ onpefeneHHbIM TUNOM 31eMEHTOB, A/NHON
N eMKOCTb0. APryMeHT, YKasblBalowWuii eMKOCTb, MOXET 6bITb ONYLLEH, U B TAKOM Ciay4ae
eMKOCTb MPMHUMAETCA PaBHOMN A/NNHE:

make([T, len)
make([]T, len, cap) // 10 Xe, uto u make([]T, cap)[:len]

3a Kynucamnm (yHKUMS make co3faeT HEMMEHOBAHHYIO MepeMeHHYH MaccuBa W BO3-
BpalllaeT ero Cpes; caM MacCWB JOCTYNeH TO/bKO 4Yepe3 BO3Bpallaemblii cpe3. B nepsom
CNyuae cpe3 sIBNSeTCs NpeacTaB/eHeM BCEro MacCcuea LiefIMKoM. Bo BTOpoM cpes sBiseTcs
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NpeAcTaBfeHNeM TOMbKO MEPBbIX 1en ero 37eMeHTOB, HO er0 eMKOCTb BKMHOUaeT B cebs
BECb MaccuB. [lONONHUTE/IbHbIE 3/1EMeHTLI OTBOAATCS ANs 6yayllero pocTta cpesa.

4.2.1. dDyHKUMnAa append
BcTpoeHHas dyHKuus append fobaBnsier 3NeMeHTbl B Cpes:

var runes []Jrune
for r := range "Hello, {
runes = append(runes, r)

}
fmt.Printf("%qg\n", runes) // "['H1 ’e" '1l' ‘I’ 'o* 1 [ A

Linkn ucnonb3yet dyHKLM0 append Ans NOCTPOEHUN cpe3a U3 LecsTU PyH, 3aK0AMPO-
BaHHbIX CTPOKOBbIM /IMTEPANOM, XOTA AaHHas KOHKPETHas 3afjava pellaeTcs Kyja npoiie
C MOMOLLbIO BCTPOeHHOro npeobpasosaHus [Jrune("Hello, ffif?").

®dyHKuMA append MMeeT pellalollee 3HaYeHWe AN MOHMMaHUs paboTbl CPe3oB, Tak
4TO AaBaiTe B3rNSHEM Ha TO, YTO NPOMCXOAMT B NporpamMmme. BoT Bepcua yHKLMU MOA Ha-
3BaHMem appendlnt, koTopas cneumanusmpoBaHa gna cpesos []int:

gqodL. 1o/ch4/aDDend

func appendlInt(x []int, y int) []int {

var z []int

zlen = len(x) + 1

if zlen <= cap(x) {
// VimeeTcsa mecTo AnA pocTa. Pacuvpsiem cpes,
z = x[:zlen]

} else {
// MecTa gna pocTta HeT. Bblgensiem HOBbli MaccuB. YBenuMyuBaem
// B gBa pasa fAns /MHERHOW aMOpPTWU3UPOBAHHHOW CMOXHOCTY,
zcap := zlen
if zcap < 2*len(x) {

zcap = 2 * len(x)

>
z = make([]intj zlen, zcap)
copy(r, X) // BcTpoeHHas GyHKUMSi; CM. TEKCT pasgena

i[len(X)] =y
return z

Kaxablii Bbi3oB appendlint go/mkeH nNpoBepsTb, MMeeT /M pa3pe3 AOCTaTOUYHYH eM-
KOCTb AN A06aBNEHUS1 HOBbLIX 3/IEMEHTOB B CYLLECTBYIOLWMIA MaccMB. Ecnm ga, yHKUUs
pacwupsieT cpes, onpegenss cpe3 6onbliero pasmepa (Ho BCe elle B npefenax MCXO4HO-
ro Maccua), KONMpYeT 3/IEMEHT Yy BO BHOBb [06aB/EHHYI0 K Cpe3y MamsTb U BO3BpallaeT
cpe3. BxoaHoW cpe3 X W pe3ynbTUPYIOLWNIA CPe3 z Npu 3TOM WCMOMb3YIT OAUH W TOT Xe
6a30Bblli MaccuB.
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Ecnu e gna pocta HeJocTaToOuHO namaAtu, GpyHkumm appendlint Heobxoanmo Bbife-
NNTb HOBbIA MaccuB, 4OCTATOYHO 6O/bLLUONA, YTOOLI XpaHUTL Pe3y/bTaT, 3aTEM CKOMMUpPOBaTh
B HEr0 3Ha4YeHMs 13 X U 06aBMTb HOBbIA 371eMeHT y. Pe3ynbTaT z Tenepb OTHOCUTCA K ApPY-
romy 6a30BOMY MaccuBy, OT/IMYHOMY OT 6a30BOr0 MaccuBa X.

MO0XHO 6bIN10 6bI MPOCTO CKOMMPOBATb 3/IEMEHTbI C MOMOLLbIO IBHOTO MaccuBa, HO Mpo-
e MCNo/sb30BaTb BCTPOEHHYH (hYHKLMIO COPY, KOTOpas KOMMPYET 31eMEHTbl U3 O4HOrO
cpesa B Apyroit Toro e tuna. Ee nepBblli apryMeHT — LeneBoli cpes, a BTOpPOii — Muc-
XOAHbI/, 4TO HaMOMWHaeT NOPsAAOK onepaHAoB B NpucBamBaHum dst = src. Cpesbl MOryT
OTHOCMTbLCSH K OJHOMY W TOMY >Ke 6a30BOMY MacCWUBY; OHM MOFYT faXKe€ MepeKpbiBaTbCS.
XOTa Mbl ¥ HE NCNOMIb3YEM €ro 3[ecb, PYHKLUMNA COpY BO3BpaLLaeT KOMYeCTBO DaKTUYECKN
CKOMMPOBAHHbIX 3/1eMEHTOB, KOTOPOE MPeACTaB/seT COO0/ MEeHbLUY W3 ANUH [BYX Cpe-
30B, MO3TOMY ONACHOCTb BbINTK 3a Npefesbl frana3oHa OTCYTCTBYET.

[na noBblweHnsa 3DPEeKTUBHOCTN HOBbI MacCUB 06bIYHO HECKONbLKO 60/bLle, YeM MU-
HUManbHO HEO6XOAMMO AN XPaHEHUs X U Yy. YBenuveHue MaccumBa NyTeM YABOEHMUS ero
pasmepa Npu KaXgoMm pacluvpeHMn npeaoTBpallaeT Ype3sMepHOe KOIMUYECTBO BblAENeHWU
namsaTu W rapaHTUMpPYyeT, 4YTo Ao6aBfieHe O4HOMO 31eMeHTa B CPeAHEM BbINOMHAETCA 3a KOH-
CTaHTHOe Bpems. [puBeaeHHas ganee nporpaMma 4eMOHCTPUPYET 3TO:

func main() {
var x, y []int

for i = 0; i <10; i++ {
y = appendInt(x, i)
fmt.Printf("%d cap=%d\t%v\n", i, cap(y), Yy)
X =y
}
}
Mpy Kaxaom fob6aBneHUN BbIBOAMTCS BblAeNIEHHOE KOAMYECTBO NamsaTh Ana maccuBa:
0 cap=1 [O]
1 cap=2 [0 1]
2 cap=4 [0 1 2]
3 cap=4 [0 12 3]
4 cap=8 [01234]
5 cap=8 [012345]
6 cap=8 [0123456]
7 cap=8 [01234567]
8 cap=16 [01234567 8]
9 cap=16 [012345678 9]

[aBaiiTe nogpobHee paccMoTpuMM MTepauuto i=3. Cpes X COLEPXUT TPpX 31eMeHTa
[0 1 2], HO UMeeT eMKOCTb 4, MO3TOMY MMEETCH elle OAMH HE3aHATbIA 31eMEHT B KOHLe
maccuBa, U pyHkums appendlnt moxeT fo6aBuTb 3nemeHT 3 6e3 BblgeNeHUS NaMATMK.
Pe3ynbTupytowunii cpes y UMeeT ANIMHY Y EMKOCTb 4 1 TOT XKe 6a30Bblii MaccuB, 4TO Uy UC-
XO[HOTO cpe3a X, KaK MoKa3aHo Ha puc. 4.2.
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X[ data:
len: 3
cap: 4

y data: .______J len=cap=4 ++++---- : y = appendInt(x, 3)

len: 4
cap: 4

Puc. 4.2. lobaBneHve Npy HaM4MmM MecTa 4i1st pocta

Ha cnegytouweid ntepaymun, i=4, 3anaca nycTbiX MeCT HET, Tak 4To ¢yHKuus appendint
BblAeNAeT HOBbI/i MaccuB pa3mepom 8, KONUpyeT B Hero 4eTbipe anemeHtTa [0123] u3x
1 gobaBngeT 3HaYeHue i, paBHOe 4. Pe3ynbTupylowmnii cpes y NMeeT ANMHY 5 1 eMKOCTb 8;
0CTaTOK B 3 3/leMeHTa npefHa3HayeH AN COXPaHeHUs BCTaBASeMblX 3Ha4YeHWi Ha cnegy-
IOLWMX Tpex utepaumnax 6e3 Heo6XoAMMOCTU BblAENATb AN HUX NamaTb. Cpesbl Y U X fB-
NAKTCA NPeACTaBNeHNAMUN pa3NMYHbIX MacCMBOB. JTa onepauus msobpaxeHa Ha puc. 4.3.

data: @
len: 4 o i den=cap=4 ------ :

cap: 4 0 1 2 3

y = appendint(x, 4)
data: .-
len:

cap:
..lan-C ..

22s8
Puc. 4.3. [lobaBneHWe Npu OTCYTCTBUN MeCTa /181 pocTa

BcTpoeHHas yHKUMA append MOXeT UCNO/b30BaTh 60Jiee CMOXHbIe cTpaTernm pocTa,
yeM yHKums appendlint. O6bIYHO Mbl He 3HaeM, NMPUBEAET NN AaHHbIN BbI30B PYHKLNN
append K nepepacnpefeneHuto NaMaTv, NMO3TOMY Mbl HE MOXEM CUMTaTb HU YTO WUCXOS-
HbIli Cpe3 OTHOCUTCA K TOMY >XKe MaccuBy, YTO W pe3yNnbTUPYIOLWMIA Cpe3, HU YTO OH OT-
HOCUTCA K APYroMy maccuBy. AHanornM4yHo Mbl He AO/MKHbI Npefnonaratb, 4TO onepauuun
Haf 3/ieMeHTaMKn CTaporo cpesa 6ygyT (Mnm He ByayT) OTpaXKeHbl B HOBOM cpese. MoaTomy
006bIYHO BbLIMOMHAETCA NpuUcBaMBaHWe pesynbTata Bbl3oBa (yHKUMM append ToW Xe nepe-
MEHHOli cpe3a, KoTopas 6blna nepefaHa B hyHKLUMIO append:

runes = append(runes, T)

OG6HOB/EHME MepeMeHHOl cpe3a TpeGyeTcs He TONbKO MpW Bbi3oBe append, HO M Ans
no60it PYyHKLMKM, KOTOpas MOXKET M3MEHUTb AIMHY WM eMKOCTb Cpesa WM cAenatb ero
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cCblnallMMes Ha Apyroi 6a3oBblii MaccuB. UT0Obl NpaBUbHO MCNONb30BaTh CPE3bl, BaX-
HO MMeTb B BUAY, YTO XOTHA 3N1eMeHTbl 6a30BOro MaccuBa M JOCTYNHbI KOCBEHHO, yKa3aTesb
cpesa, ero fifIMHa N eMKOCTb TaKOBbIMU He ABNAIOTCA. UTO6bl 06HOBUTL UX, TpebyeTcs npu-
cBavBaHMWe, Takoe, KakK NOKa3aHo Bbllle. B 3TOM CMbIC/e Cpe3bl He ABAATCA “YMCTO” CChl-
NOYHLIMW TUNAMK, a HANMOMUHAKOT COCTaBHON TWUM, TaKOW, KaK NpUBeLEHHas CTPYKTypa:
type IntSlice struct {

ptr *int

len, cap int

Hawa yHkuma appendInt no6aBnsaeT B cpe3 e4UHCTBEHHbIA 3/1EMEHT, HO BCTPOEHHas
(hyHKuma append no3sonseT f06aBnATh 60MblWe OL4HOIO HOBOIO 3/1EMEHTA UK Jaxke Le-
NbIA UX cpes:

var x []Jint

X = append(x, 1)

X = append(x, 2, 3)

x = append(x, 4, 5, 6)

x = append(X, X...) // [obaBneHne cpesa X
fmt_Printin(x) // "[1 2345612 3456]"

C nomoLLbio He6ONbLOW MOoAM(UKALUNA, MOKA3aHHOW HWXe, MOXHO o6ecnevynTb Mo-
BeAeHMe Hawein (yHKUUKW, coBnagaloLiee ¢ NOBEAEHMEM BCTPOEHHON (yHKuun append.
TpoeToune "... " B 06bsSIBNEHUN yHKUMM appendlint genaet ee Bapuagnyeckoli yHK-
uuei, T.e. PyHKUMEl C NEPEMEHHbIM YMC/IOM apryMeHTOB, KOTOpas MOXET NPUHUMATb Nto-
60e KOMMYeCTBO 3aBeplUalOLMX apryMeHTOB. Takoe TpoeTouue B Bbi3oBe append B dpar-
MEHTE MCXOAHOM0 TEKCTA BbIlLe MOKa3blBaeT, KakK nepefaBaTb CMUCOK apryMeHTOB M3 cpesa.
Mbl NoApo6HO paccMOTPUM 3TOT MeXaHu3Mm B pasgene 5.7.

func appendInt(x [Jint, y ...int) [Jint {
var z [Jint
zlen = len(x) + len(y)
// ... pacuupsiem z g0 KaK MUHUMYM gnuHel zlen. ..

copy(z[len(x)1, )
return z

Jlorvka paclmpeHunst 6a30BOro MaccyBa z 0CTaeTCsl HEU3MEHHOW 1 3[1eCb He MoKasaHa.

4.2.2. PaboTa co cpe3amn “Ha mecte”

[aBaiiTe paccmoTpum 6onblue MPUMEPOB (YHKUWIA, KOTOpble, MOAOOGHO (YHKUMUAM
rotate M reverse, U3MEHAIOT 3/IeMeHTHI cpe3a “Ha MecTe”, 6e3 NpUBAEYEHNS [ONONHU-
Te/IbHON NamATy.

dyHKUMS nonempty Ana 4aHHOrO CNUcKa CTPOK BO3BpaLLaeT TOMbKO HeMyCTble CTPOKU:

aopL. io/ch4/nonemptv
// Tpyvep paboTbl CO cpe3om ''Ha mecTe™.
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package main
import "fmt”
// nonempty BO3BpalwaeT cpe3, Cofepxawuii TOMbKO HemnycTble CTPOKA.

// Copepxmvmoe 6a30BOro maccumea npyu paboTe (yHKUUW M3MEHsSIeTcs,
func nonempty(strings []string) []string {

1 =0
for S = range strings {
ifs = ,,{
strings[i] = s
i+
}

return strings[:i]

TOHKOCTbIO AaHHOM (DYHKLUMMW SBNSETCS TO, UTO BXOAHOW U BbIXOHO Cpe3bl pasaenstoT
OAVH U TOT Xe 6a30Bblii MaccMB. STO MO3BONSET M36eXaTb HEOOXOAMMOCTU BbIENATh €lle
OAWH MaccuB, XOTs, KOHEUHO Xe, CofiepXXUMoe data 4acTMUHO Mepe3anucbiBaeTCs, Kak fo-
Kas3blBaeT BTOPas MHCTPYKLUUSA BbIBOAA:

data := nstringC"one", "three"}
fmt.Printf("'%a\n", nonempty(data)) // "['"one" "three']"
fmt_Printf("%g\n", data) // "["one™ "three"™ "three']"

Takum  06pasoM, Mbl  [OMXKHbI, Kak 06blYHO, BbIMOMHATbL  NpPUCBaMBaHWeE
data =nonempty(data).
®dyHKLMIO honempty MOXHO HanucaTb C UCNOMb30BaHWeM PYHKUMUK append:

func nonempty2(strings []string) []string {
out := strings[:0] // Cpe3 HyneBoOl A/MHbI U3 MCXOLHOrO cpe3a
for s = range strings {
ifs I="/{
out = append(out, s)

}

return out

Kakoi 6bl BapMaHT Mbl HM Bblbpanu, Takoe MCMOMb30BaHNE MaccuBa TpebyeT, YToobI
[ONA KaXA0ro BXOAHOTO 3Ha4YeHUs reHepupoBanoch He 60/1ee OAHOT0 BbIXOAHOTO 3HAYEHNs.
3710 TpeboBaHMe BbIMOAHAETCA ANS MHOXECTBa afifOPUTMOB, KOTOpble OTPUALTPOBLIBAOT
371EMEHTbI NOCNeA0BAaTENbHOCTU UMW 06BEAUHAIOT coceHNe. Takoe CMOXHOe UCNo/b30Ba-
HWe CPe30B ABNAETCA WCKNIOYEHWEM, a He MpPaBuIOM, HO B PAfE ClyYyaeB OHO MOXET OKa-
3aTbCA ACHLIM, 3W(MEKTNBHLIM ¥ MOME3HbIM.

Cpe3 MOXeT 6bITb MCMOMb30BaH A1S peanu3auuu cTeka. [ns 3afaHHOr0 M3HavanabHO
nycToro cpesa stack MOMecTWTb HOBOE 3HAYEHMe B CTEK MOXHO C MOMOLLbH PYHKLMK
append:
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stack = append(stackj V) 11 BHeceHve Vv B CTeK

BeplunHa cTeka npefcTasnset coboi nocnefHuin ero aNeMeHT:
top := stack[len(stack) - 1] // BepuuHa cTeka
CHATWEe 3neMeHTa CO CTeKa BbIFNAAUT CnefyoLWwmnm obpasom:
stack = stack[:len(stack) - 1] // YpaneHvne anemeHTa K3 CTeka

UT06bl YAanUTb 3M1EMEHT U3 CPefMHbl Cpe3a, COXpaHWB MOPAAOK OCTaBLUUXCA 3/1EMEH-
TOB, UCNONb3yiNTe (YHKLMIO COpY AN8 MepeHoca “BHWU3™ Ha OfHY MO3ULMIO 3/1EMEHTOB C
60/1€e BbICOKMMUN HOMepamu:

func remove(slice [Jint, i int) [Jint {

copy(slice[i:], slice[i+l:])
return slice[:len(slice)l]

}
func main(Q) {
s = [Jint{5, 6, 73 8, 9}
fmt_.PrintIn(remove(s, 2)) // "[5 6 8 9]"
}

Ecnn Ham He 0653aTeNbHO COXpaHATb NopAafoK, MOXHO NPOCTO NepeHeCcTHn I'IOCJ'IE,CI,HI/IIZ
3/1IEMEHT Ha MECTO yaandaemoro:

func remove(slice [Jint, i int) []int {
slice[i] = slice[len(slice)l]
return slice[:len(slice)l]

}

func main() {
s = [Qint{5, 6, ly 8, 9}
fmt_PrintIn(remove(s, 2)) 11 "[b 6 9 8]

YnpaxHeHue 4.3. Mepenuwmnte QYHKLUIO reverse TakK, YToObl BMECTO Cpe3a OHa uc-
no/ib30Basia yKasartesb Ha MacCuB.

YnpaxHenue 4.4, Hanuwunte Bepcuio PyHKLMM rotate, koTopas paboTaeT B OAWH
NPOXOA.

YnpaxHeHune 4.5. Hannwute yHKUMIO, KOTopas 6e3 BblAeNeHNs AOMNOAHUTENLHON Na-
MATU yaanseT BCce CMeXHble fy6nukatbl B cpese []string.

YnpaxHeHue 4.6. Hanuwunte gyHKLMI0, KOTOpas 6e3 BblgeNeHNa AOMOAHUTEIbHON Na-
MATU npeobpasyeT NocnefoBaTe/IbHOCTU CMEeXHbIX NpobenbHbIX cMMBONOB Unicode (cM.
Unicode.IsSpace) Bcpese []byte B kogupoBke UTF-8 B oguH npo6en ASCII.

YnpaxHeHue 4.7. MNepenuwnte PYHKUUIO reverse Tak, 4Tobbl OHa 6e3 BblgeneHus
[JOMONHUTENLHOW NamATM obpalyana nocnefoBaTelbHOCTL CMMBOJIOB cpe3a []byte, KoTo-
bl NpeacTaBnseT cTPOKy B KoaupoBke UTF-8. CmoxeTe N Bbl 060ATHCH 6€3 BbifeNeHns
HOBOW NamsATn?
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4.3. OTo6parkeHns

Xew-Tabnuua ABAAETCH OAHON M3 CaMblX TFeHWaNbHbIX W YHUBEPCA/bHbIX W3 BCEX
CTPYKTYpP faHHbIX. ITO HeynopsgouvyeHHas KOMnekuus nap “KnoY-3HavyeHue”, B KOTOPOW
BCE K/IOUM pa3fiMyHbl, a 3HaYeHne, CBA3aHHOE C 3a4aHHbIM K/KOYOM, MOXHO NOAYUNTb, 06-
HOBWUTb MW YAaNWUTb C UCMONb30BaHNEM B CPELHEM KOHCTAHTHOIO KO/IMYeCcTBa CPaBHEHUA
K/loYei, He3aBnCUMO OT pasMepa Xew-Tabnmubl.

B Go oTob6pa>keHue npefcTaBnseT coboli cCbiiKy Ha Xew-Tabnuuyy, a TN oTobpaxe-
HMA 3anucbiBaeTcs kak map[K]V, rge K un V aBasioTca TMNamu ero Kn4ein u 3HavyeHwil.
Bce knoun B faHHOM OTOOPaXXEHMM UMEIOT OAWMH M TOT XKe TWUM, KaK 1 BCE 3HAYeHNS NUMET
OOVMH 1 TOT Xe TWUM, HO TUM K/oYeid He 065i3aH cCOBMafaTh C TUMNOM 3HAYeHWA. Tun KoYa
K fomkeH 6biTb CpaBHMBaeMbIM C MOMOLLbIO OmepaTopa ==, 4YT0Obl O0TOGPaKEHWEe MOrno
NPOBEPUTb, PaBeH NI AaHHbIA KAKY OAHOMY M3 MMEIOLLMXCA B HEM. XOTS YMcna ¢ nnasato-
Leli TOUKON ABNAOTCA CPAaBHWUBAEMbIMW, CPaBHMBATb WX HA PaBEHCTBO — M/0Xas uges, u,
Kak Mbl yOMWUHanu B rnaee 3, “®@yHaaMeHTa/bHble TUMbI AaHHbIX”, 3TO 0CO6EHHO N0Xas
nges, ecnn NaN fBAseTCA BO3MOXHbIM 3HauYeHWeM. Ha Tvn 3HavyeHus V HUKaKux orpaHu-
YeHUl HeT.

BcTpoeHHas pyHKLMA make MOXeT MCMONb30BATLCA A/1A CO34aHUA OTOOpaXKeHUS:

ages := make(map[string]int) // OTo6paxeHume CTPOK Ha int

[na co3gaHna HOBOro OTOGpaXKEHMA, 3aNOIHEHHOTO AaHHbIMU, MOXHO WCNONb30BaThb
nvTepan oTobpa>keHus:
ages := map[string]int{
"alice": 31,
"charlie": 34,

}

3Ta 3anncb 3KBMBaNeHTHa creaytoLlei:
ages := make(map[string]int)

ages["alice"] = 31
ages["charlie] = 34

TakK YTO a/bTepHaTUBHOE BblpaXKeHMe ANA co34aHuA HOBOFO MYCTOr0 OTOOPaXeHWs umeeT
Bug map[stringlint{}.

O6paTNTbCA K 3/1eMeHTaM 0TOOPaXKEHMSA MOXHO C MOMOLLbIO 06bIYHOW NHAEKCALUN:
ages["alice"] = 32
fmt.PrintIn(ages["alice™]) // "32"

Y paneHve oCyLLeCTBASETCS C MOMOLLbIO BCTPOEHHOM pyHKumm delete:
delete(ages, "alice'™) // YpaneHve anemeHTa ages['alice™]

Bce 3Tu onepauny 6e30macHbl, flaxke €Cin 3MeMeHT B 0TOGPaXEHWM OTCYTCTBYeET; npu
MCMONb30BaHUM K/OYa, KOTOPOro HeT B OTOGPaXKeHWM, MOMCK BO3BpallaeT HYNeBoe 3Ha-
yeHne COOTBETCTBYHOLWEro Tna. Tak uyTo, Hanpumep, creayrolas UHCTPYKLMS paGoTaeT,
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Jaxe Korfa knto4ya "bob" euie HeT B 0TOOpaXKeHUMN, NOCKOMbKY 3HayeHne ages ["bob”] B
3TOM cny4vae 6ygeT pasBHo O:

ages['bob™] = ages["bob™] + 1 // C gHem poxaeHus!

COKpalLeHHbIE 3aMnUCK X += Y U X++ TaK)Ke paboTatoT ¢ 31eMeHTaMy 0ToGpaXKeHus, no-
3TOMY NMPUBEJIEHHOE Bblllie BbIPaXKEHNE MOXHO Mepenucath Kak

ages["bob™] += 1
UM gaxe Kak
ages["'bob™]++

OfHaKo 3/ieMeHTbI OTO6pa)KEHI/IF| HE ABNAKOTCA NEPEMEHHBIMU, U Mbl HE MOXEM MNOny-
YnTb UX agpeca:

_ = Sages[''bob™] // Oumbka: HEBO3MOXHO MOMYUYNTb afpec B OTOBpaxeHuun

OfHa 13 NpUYMH, NO KOTOPbIM Mbl HE MOXEM MOMYYUTb afpec 3eMeHTa 0TobpaxeHus,
3aK/Il0YaeTCA B TOM, YTO C POCTOM OTOOPaXXeHUA MOXET ObiTb BbINOSIHEHO MOBTOPHOE Xe-
LNPOBaHKe 3/1IeMEHTOB B HOBble MeCTa XpaHeHWUd, YTO MOTeHUManbHO fenaeT ajpeca He-
[0eCTBUTENbHBIMN.

[ns nepeyncneHns Bcex nap “Kn0Y-3HaYeHMe” B 0TOOPaXKEHUU Mbl UCMOMb3YEM LUKbI
no guanasoHy, aHa/siormyHble Tem, KOTopble Mbl BUAENN ANa cpe3oB. [locnegosartesibHble
nTepauMn NPUBELEHHOIO HWXKe LMKNa NpUCcBanBaloT MepemMeHHbIM name 1 age 3Ha4vyeHud
13 oYepeAHON Napbl “KAY-3HaYeHne”:

for name, age := range ages {
fmt Printf("%s\thd\n", name, age)

}

MopsgoK WTepauuii Mo O0TOGPaXKEHMIO He ONpPEeAEesieH; pasfnyHble peanusauuu MoryT
MCNO/b30BaTh PasHble XeL-(hYHKLMKU, YTO MpUBEAET K MHOMY MnopsfaKy. Ha npaktuke no-
ny4yaeTcs CAyyaiHblil NOPsA0OK, KOTOPbIA BapbMpyeTcs OT OAHOro 3amycka MporpaMMbl K
Apyromy. 370 CAeNaHo npejHaMEepeHHO; BapbUpyemble MOCMEA0BATENLHOCTA MOMOralT
nucaTtb MPOrpamMmMbl, KOTOpPble OAMHAKOBO HafeXHbl B PasHbIX peanusayusx ssblika. s
nepeymcneHns nap “Ktou-3HaudeHne” B omnpefesIeHHOM Mopsifike TpebyeTcs siBHas COPTM-
POBKa K/oueid, Hanpumep, ¢ MOMOLbIO GyHKLMKM Strings u3 nakeTa sort, eciau Kaoum
ABNAOTCA CTPOKaMU. BOT KaK BbIrNSAUT 06WMIA WaGMOH:

import ‘“'sort”

var names []string
for name := range ages {
names = append(names, name)

sort.Strings(names)
for _, name := range names {
fmt Printf("%s\thd\n", name, ages[name])
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MOCKONbKY Mbl 3HaeM OKOHYaTeNbHbI/ pasmep names € caMoro Hadana, 6onee apdek-
TUBHbLIM pELUEHUEM SBASETCA W3HA4a/bHOE BblAeseHMe Maccua TpPeGyeMoro pasmepa.
MpuBefeHHasA Aanee WHCTPYKLUWS CO3[aeT Cpe3, KOTOPbliA M3HauanbHO MyCT, HO o6najaeT
[OCTaTOYHO/ eMKOCTbIO [/11 XpaHEHWs BCEX KMHOUel U3 0TOGPaKEHUS ages:

names := make([]string, 0, len(ages))

B nepeom LMKne no fManasoHy, NOKa3aHHOM B UCXOAHOM TEKCTe Bbille, Ham TpebytoTcs
TOMbKO KNKOUYM OTOOPaXKeHMs ages, MO3TOMY Mbl OMYCKaem BTOPYHO MEepeMeHHYH0 LMKNa.
Bo BTOpPOM LMKne HaM TPebGylOTCA TOMbKO 37EMEHTLI Cpe3a names, MO3TOMY Mbl UCMOfb-
3yem MycTON MAeHTU(MKATop _, 4TOBGbl MFHOPMPOBATb MEPBYID MEPeMEeHHYH (3HayeHue
NHAeKca).

HyneBbIM 3HayeHMeM a8 Tuna oTobpaxeHus asnsetca nil:

var ages map[string]int
fmt.PrintIn(ages == nil) // true”
fmt.Printin(len(ages) = 0) // "true"

BonblWIMHCTBO onepaunini Hag oTobpaxeHUsmMM, BKoYas nouck, delete, len u umkn
no fmana3oHy, 6e30MacHO BbIMOMHATCA C HYNEBbIM 0TO6PaXeHNeM, NOCKONbKY OHO BeAeT
cebs Tak Xe, KaK nyctoe otobpaxeHue. OfHaKO COXpaHeHWe 3HaYeHW B HyneBoMm oTobpa-
YXEHUN NPUBOAMT K aBapUnHOW CUTyaunmu:

ages['carol'] = 21 // AsapuiiHaa cuTyauusiz npucBauBaHue
// 3NevMeHTy Hy/eBOro oTobpaxeHus

Mepes TeM Kak BbINOMHATbL NpuUcBanMBaHue, cnefyeT BbIAeNUTb NaMATb ANS O0To6paxe-
HuA.

JocTyn K anemeHTy OTOGpaXKeHUS C NOMOLLbI WHAEKCaLuu Bcerja AaeT 3HayeHue.
Ecnn kM4 npucyTCcTBYeT B OTOBpaXeHWW, Bbl NOfyyaeTe COOTBETCTBYHOLLEE 3Hauye-
HUWe; ecin HeT — Bbl MONYYUTE HY/IEBOE 3HAYEHWe TWUNa 3NeMeHTa, Kak Mbl BUAENN Ang
ages ["bob™ ]. Ans MHOrux ueneii 3To BNO/IHE HOPMasbHO, HO MHOTAA HY)XXHO 3HaTb, €CTb
NN HEKOTOPbIA 31eMeHT B 0TO6paXkeHUU. Hanpumep, ecan TUMOM 3/1IEMeHTa ABAAETCSA Yuc-
N0, TO OTINYNTb HECYLLECTBYIOLWMIA 3NEMEHT OT 3/1eEMeHTa, KOTOPbIA UMeeT HYNeBOe 3Haue-
HMe, MOXHO C NOMOLLbIO CNeayoLLero Tecra:

age, ok := ages["bob']
if lok {/*"bob"™ He gABnAeTcA KM4YOM B JaHHOM OTobOpaxeHun; age == 0.*/}

3avacTylo gBe Takue MHCTPYKLUM 06bEJUHAIOTCS, HANpUMep, Cnefytowym o6pasom:
if age, ok := ages["bob™]; ok { /7 ... */ }

MHaekcaumsa oTo6paXKeHNs B 3TOM KOHTEKCTe flaeT Ba 3Ha4yeHuMsi. BTopoe 3HaueHne —
3TO IOrNYECKOe 3HaYeHne, NoKasbiBalolee, MMEeTCA M AaHHbI 3NEMEHT B OTOOPaXKEHUM.
DTOi NOrnYecKoli NepemMeHHOo YacTo garoT ums ok, 0CO6EHHO eciv OHa cpasy Xe MUCMosb-
3yeTcs B YC/IOBUN MHCTPYKUumM if.

Kak 1 cpesbl, 0TO6paXXeHWNS HeNb3s CPpaBHWBATb OAHO C APYTUM; eANHCTBEHHbIM 3aKOH-
HbIM CpaBHeHMEM ABNAETCA CPpaBHEHWe cO 3HaveHuem nil. UTobbl npoBepuTb, codepxar
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wm nBa 0T06pa)KeHI/IFI OfHN N Te XXe KN4 N CBA3aHHble C HUMWU 3HaY€HUA, Mbl OOJIKHbI
Hanucatb UWKn:

func equal(x, y map[string]int) bool {

if len(x) = len(y) {
return false

for k, xv = range x {
ifyv, ok :==y[k]j ok || yv = xv {
return false

}

return true

O6paTuTe BHUMaHWe, Kak Mbl Ucnonbdyem !ok gns toro, 4tobbl OTANYUTL Ciyyan “oT-
CYTCTBYET M “NpPUCYTCTBYET, HO paBeH HynK”. Ecan 6bl Mbl HaMBHO Hanucanu xv 1=y [K],
TO MOKAa3aHHbIA HMXE BbI30B COOOLLMA Obl, YTO APFYMEHTbI PaBHbI, XOTA 3TO W He Tak:

// VICTVHHO Npy HEKOPPEKTHOM HanmMcaHun (QyHKLUN.
equal (map[stringlint{"A": 0}, map[string]int{"B": 42})

GO He npefocTaBnseT TWN Set, HO MOCKONbKY BCe KOUM OTOOPAXeHWUSA PasfinyHbI,
0TOBpaXeHNEe MOXET CMYXWTb WM Ans 3Toi uenu. Ans mnnwocTpauuu nporpamma dedup
CUMTbIBAET MOCNE0BaTENbHOCTb CTPOK W BbIBOAWUT TOMBKO NEpBOE BXOXAEHME KaXAoih u3
pa3fnyHbIX CTPOK. (ITO BapuaHT nporpamMmmbl dup, KOTOPYH Mbl LEMOHCTPUPOBAIM B pas-
pene 1.3). Mporpamma dedup Mcnonb3yeT 0TO6GpaXKeHWe, KAOUM KOTOPOI NpeAcTaBaAaOT
MHOXECTBO CTPOK, KOTOpble Y>e BCTpeyanucb, W C ero nmomMolblo obecrneymBaeT OTCYT-
CTBMe B BbIBOAE AY6/MKATOB CTPOK:

godL .io/ch4/deduo
func main() {
seen = make(map[string]bool) 11 MHOXeCcTBO CTpOK
input := bufio.NewScanner(os.Stdin)
for input.ScanQ {
line = input.TextQ
if Iseen[line] {
seen[line] = true
fmt.Printin(line)

>

>

if err = input.ErrQ); err = nil {
fmt.Fprintf(os.Stderr., "dedup: %v\n", err)
os.Exit(l)

}

MporpaMmucTbl GO 4acTO OMUCHLIBAIOT OTOOPaXeHue, NCNONb3yemMoe TakKum 06pas3om,
KakK “MHOXEeCTBO CTPOK”, HO ByfbTe OCTOPOXHbI: He BCe 3Ha4eHUs map [string] bool sB-
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NATCH NPOCTO MHOXECTBAMU — HEKOTOpble U3 HUX MOTYT cofepXaTb 3HayeHus true u
false.

MHorga HY>HO oTo6paxeHue (MM MHOXECTBO), KNOUYM KOTOPOrO ABAAKOTCA Cpe3amu,
HO MOCKO/bKY KAOUM OTOOpaXeHUn AOMKHbI OblTb CPaBHMBaEMbIMMW, TaKoe OTOOpaxeHue
He MOXeT 6biTb BblpaXKeHO HernocpefcTBEHHO. OfHAKO 3TO MOXHO cAenaTb B ABa 3Tana.
CHavana Mbl OnpejenvMm BCNOMOraTenbHYH (YHKUMIO K, KOTOpas OTobpaxaeT KaxX.iblil
K/MOY Ha CTPOKY, C TEM CBOMCTBOM, 4TO K(X) == K(y) TOrga v TONbKO TOrfa, Korga x ny
CUMNTalTCA paBHbIMU. 3aTeM Mbl CO34aeM 0TO6paXKeHUe, KUK KOTOPOro SABMSKOTCA CTPO-
Kamu, NprMeHss BCMOMOTaTesibHYI (YHKUMUI0 K KaXAOMY Ko4vy nepej obpaiieHuem K
0TOOPaKEHUIO.

B npvBeseHHOM HWXe NpuMepe 0TOOpaXeHWe UCMOMb3YyeTcs A/ 3anucy KonmyecTBa
BbI30BOB Add C faHHbIM CNUCKOM CTpoK. Mpumep ncnonb3yet yHkuymio fmt.Sprintf
4na npeobpas3oBaHMs cpes3a CTPOK C MOMOLLbI0 CUMBONOB Npeobpa3oBaHmns %Qg B O4HY CTPO-
Ky, KOTOpas fBAdeTCA NOAXOAAWMM K/HOHYOM OTOOPaXKEHUS:

var m = make(map[string]int)
func k(list []string) string { return fmt_.Sprintf("'%q"”, list) }

func Add(list [jstring) { m[k(list)]++ }
func Count(list []string) int { return m[k(list)] }

Takoli )Xe NogX04 MOXET MCNO0Ib30BaThLCA AN I060r0 HeCpaBHMBAEMOrO TUMNa KNKOYEN,
He TO/IbKO ANA Cpe3oB. VIHOrga aToT NOAXo4 MOfe3eH Aaxe ANA KA4Yell CpaBHUBAEMbIX
TWNOB, KOrga TpebyeTcs onpedeseHne paBeHCTBa, OTANYHOE OT ==, Hanpumep CpPaBHEHMWE
6e3 yyeTa permctpa gna cTpok. Tun K(X) Takxe He 06s3aH ObiTb CTPOKON; NOAOAAYT Nt0-
6ble cpaBHMUBaeMble TUMbI C HEO6XOAMMbIM CBOMCTBOM 3KBMBANEHTHOCTU, TaKMe Kak Liefble
ynucna, MaccuBbl WA CTPYKTYPSI.

BoT ele oguH npumep 0TOBPaXKeHUs B AeiCTBUK: NpOrpaMmMa, KoTopas MOACUMTLIBAET
KONMYECTBO BXOXAEHWUW KaXKAoro pasnuyHoro cumeona Unicode B ero BXOAHbIX AaHHbIX.
MockonbKy MMmeeTcs 60MbLIOE KOIMYECTBO BCEBO3MOXHbIX CMMBOJ/IOB, TOMbKO He6O/bLIas
4aCTb KOTOpbIX ByAeT BCTpeyaTbCs B NtO60OM KOHKPETHOM AOKYMEHTe, 0TobpaxeHue ABNS-
eTCA eCTeCTBEHHbIM CMOCO60M OTC/IeXUBaTb TOMLKO T€ M3 HUX, KOTOPble BCTPEYalTcs B
OOKYMeEHTe.

aool .io/ch4/charcount
11 Charcount BbuMCASIET KONMYeCcTBO cumBonoB Unicode,
package main

import (
"bufio”
"fmt"
" i oll
"'os
""Unicode™
""unicode/utf8"
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func main() {

counts := make(map[rune]int) 11 KonuuvecTtBo cwumBonoB Unicode
var utflen [utf8.UTFMax + I]int // KonuyecTBo AnnH KoampoBok UTF-8
invalid =0 // KonnyecTBO HEKOPPEKTHbIX cumBonoB UTF-8

in := bufio.NewReader(os.Stdin)

for {
r, n, err = in.ReadRune() // Bo3BpaT pyHbl, 6aiiToB, OWWNOKK
if err = 10.EOF {

break

if err = nil {
fmt.Fprintf(os.Stderr, 'charcount: %v\n", err)
os_Exit(l)

if r = Unicode_ReplacementChar && n == 1 {
invalid++
continue

>
counts[r]++
utflen[n]++

fmt Printf("'rune\tcount\n™)
for ¢, n = range counts {
fmt.Printf(C'%g\t%d\n", c, n)

fmt _Print("\nlen\tcount\n")
for i, n = range utflen {
ifi>0{
fmt.Printf(Med\t%d\n", i, n)
}

if invalid >0 {
fmt.Printf("\n%d HeBepHbix cumBonos UTF-8\n", invalid)

-

}

Metog ReadRune BbinonHseTt gekogupoBaHne UTF-8 u BO3BpalwjaeT TpU 3HaYeHMUSA
0EeKOANPOBaHHYO pyHYy, aanHy ee UTF-8 koga B 6aiiTax v 3HavyeHue OWMOKN. EANHCTBEH-
Has owwnbKa, C KOTOPOM Mbl OXWAAeM BCTpeYM — 3TO AOCTUXEHUe KoHua (aina. Ecnu
BBOA He sBnsetTca KoppekTHbiM UTF-8-kofom pyHbl, BO3Bpauwialotcs pyHa Unicode.
ReplacementChar v gnvHa 1

B kauecTBe 3KcmepuMMeHTa Mbl NPUMEHWIN MPOrpamMmy K TeKCTY AaHHOW KHurul He-
CMOTPS Ha TO YTO OH HAaMWCaH Ha aHrUACKOM A3blKE, B HEM BCE PABHO UMEETCS PSf CUM-

1 imeeTcs B BULY OPUTMH&asIbHOE U3LaHWe KHUTK Ha aHI/TMIACKOM $I3blKe. — Mpumey. nep.
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BONIOB, He sBAsAOLWMXCS cumBonamu ASCII. BOT Kak Bbirnsgena nepsas naTepka HavnGonee
YacTo BCTPEYABLUMXCS CUMBOJIOB:

°© 27w 15 49 14 & 183x10 <5 x 51 4 M o 3

PacnpegeneHne no gnnHam Bcex UTF-8-KoAoB UMeeT cnegyownin sug;

len count
1 765391
2 60

3 70

4 0

Tun 3HayeHMsa oToOpaXKeHWA camM MOXET 6biTb COCTaBHbIM TUMOM, TaKMM Kak 0Tobpa-
XeHue unu cpes. B npveefeHHOM [anee Kofe TUMOM Khwuya graph ssnsetca string, a
TUNOM 3HavyeHMs — map[string]bool, npeacTaBnaOW KA MHOXECTBO CTPOK. KoHuenTy-
anbHO graph oTobpaxaeT CTPOKY Ha MHOXECTBO CBA3aHHbLIX C Hell CTPOK, ee MPeeMHUKOB
B OPMEHTMPOBaAHHOM rpade.

aoolL.io/ch4/arabDh
var graph = make(map[string]map[string]bool)

func addEdge(from, to string) {
edges := graph[from]
if edges == nil {
edges = make(map[string]bool)
graph[from] = edges

gdges[to] = true
}

func haskEdge(from, to string) bool {
return graph[from][to]

}

dyHkums add Edge geMOHCTpMpyeT MAMOMATUYECKMI CMOCO6 OT/I0XKEHHOr0 3anosHe-
HUA OTOOpaXeHUs, NpyY KOTOPOM WHULMANN3aLMA KaXA0ro 3HaYeHUs BbINONHAETCS, Korfa
€ro K4 BCTpeyaeTcs B nepsblii pa3. dyHKUMs has Edge nokasbiBaeT, Kak paboTaeT Hyne-
BOE€ 3Ha4YeHMe OTCYTCTBYIOLLE 3anMcn 0TOOpaXKeHUs: gaxe ecanm B HanMuum HetT HU from,
HW to, graph [from] [to] Bcerga gaeT 3Ha4MMbIi pe3ynbTar.

YnpaxHeHue 4.8. M3meHuTe charcount Tak, 4ytobbl nporpamma NoAcHMTbIBaNa KO-
4yecTBO OYKB, LMdp 1 Npoumx KaTeropuin Unicode ¢ ncnonb3oBaHuem PyHKLMiA Hanogobue
Unicode.lsLetter.

YnpaxHeHue 4.9. Hanuwwnte nporpammy wordfreq ana nofcyera 4acTtoTbl KaXAoro
CNnoBa BO BXO4HOM TeKCTOBOM (paine. Boizosute input.Split (bufio. ScanWords) go
nepBOro Bbi3oBa Scan Ana pa3buBKM TEKCTa Ha C0Ba, a He Ha CTPOKM.
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4.4. CTPYKTYypbl

CTpyKTypa npeactaBnseT coboii arpermpoBaHHblii TUM faHHbIX, 06beAUHAIOLNIA HYNb
nnn 605ee MMEHOBAHHbIX 3HaYeHWU NPOM3BO/IbHLIX TUMOB B e4uHOe Lenoe. Kaxgoe 3Ha-
YeHWe HasblBaeTcs nonemM. Knaccuyeckum MpUMepoM CTPYKTYpbl SBASETCS 3anucb O CO-
TPYAHVKE, NONAMK KOTOPOI ABNAIOTCA YHUKANbHbIA UAEHTUDUKATOP, UMA COTPYAHUKA, ero
afipec, fata poXxaeHus, AO/MKHOCTb, 3apnniaTta u T.n. Bce aTu nons cobpaHbl B AUHYIO CYLL -
HOCTb, KOTOpas MOXET KOMMUPOBAaTbCA Kak efivHoe Lenoe, nepefasarbcad PYHKLMU 1 BO3BPaA-
LaTbCS et0, XPaHUTbCA B MaccmBax U T.4.

MpuBefeHHble Janee WHCTPYKLMK 00BLABNAIOT CTPYKTYpHbI Tun Employee u nepe-
meHHyto dilbert, koTopasa asnsietca aksemnaspom Employee:

type Employee struct {

ID int

Name string
Address  string
DoB time.Time

Position string
Salary int
ManagerlID int

var dilbert Employee

Joctyn k oTaensHbiM nonsm di lbert ocywecTBnaeTca ¢ NOMOLbLIO 3aMMUCK C TOYKOIA
Hanogo6bue dilbert .Name nam dilbert .DoB. Mockonbky di lbert ssnsetca nepemeH-
HOW, ee MONA TaKXe ABASAKOTCA NMEPEMEHHbIMMW, TaK YTO UM MOXHO BbIMOMHATL NpUCBauBa-
Hue:

dilbert.Salary -= 5000 // 3apnnaTta CHWxeHa, MMWET Masio CTPOK Koga

MOo>HO TakXe nony4yaTb UX afipeca u 4ocTyn nocpecTBOM 3TUX afpecos:

position := &dilbert.Position
*position = "Senior " + *position // ToBbileH B AO/MKHOCTU

3anuck ¢ TOYKOW paboTaeT M C yKasaTensMn Ha CTPYKTYpbi:

var employeeOfTheMonth *Employee = &dilbert
employeeOfTheMonth._Position += " (aKTVBHbIAi y4aCTHUK KOMaHgbl)"

MocnegHsAs MHCTPYKLUUA 3KBMBANIEHTHA CeayoLLei:
(*employeeOfTheMonth) .Position += " (@KTUBHbII Y4aCTHUK KOMaHs)"

[na 3afaHHOr0 YHUKaNbHOro MaeHTUduKaTopa cotpygHuka gpyHkumna EmployeeBy 1D
BO3BpaLLaeT ykasaTenb Ha CTpykTypy Employee. [na foctyna K ee noasim MOXHO UCMOSb-
30BaTb 3aMN1Cb C TOYKOIA:

func EmployeeByID(id int) *Employee {/*...*/}

fmt_PrintIn(EmployeeByID(dilbert.ManagerlID) .Position) // bocc
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id := dilbert.ID
EmployeeBylID(id).Salary = 0 // YBonuTb. ..

MocneaHAs WHCTPYKUWUA 06HOBNAeT CTPYKTypy Employee, Ha KOTOpylO yKasbiBaeT
pesynbTaT Bbi3oBa EmployeeByID. Ecnu tun pesynbtata EmployeeByID u3meHuTh Ha
Employee Bmecto *Employee, MHCTPYKUWUA npucBaMBaHus He OyLeT KOMNWAUPOBATbCS,
MOCKO/IbKY ee /ieBas CTOPOHa He ByZeT onpefenaTb MepeMeHHYo.

Mons 06bIYHO 3aMMCbIBAKOTCA NO OfHOMY B CTPOKE; MpW 3TOM UMSA NOAs NpejllecTeyet
ero tuny. OfjHaKo nocfiefoBarte/bHble NMofs OAHOIO M TOTO Xe Tuna MoryT 6biTb 06befuHe-
Hbl, KaK nonsa Name n Address Huxe:

type Employee struct {

ID int

Name, Address string
DoB time.Time
Position string
Salary int
ManagerID int

MopsafoK nonein MMeeT BaXKHOe 3HavyeHMe AN MAEHTU(MKauuu tuna. O6beanHUM Nn
Mbl C YNOMAHYTBIMU MONSMM 06bsABeHUE Nond Position (TakXke CTPOKa) WM NOMeHsiem
mectamm Name u Address, Mbl Npu 3TOM OMpeAenumM ApYroi Tun CTPYKTypbl. OBObIYHO
00beAVHATCA TOMLKO 06bABNEHUS CBA3AHHbLIX MOMEN.

ViMs nons cTpyKTYpbl 3KCNOPTUPYETCS, eCAN OHO HAYMHAEeTCs C NPONUCHON GYKBbI; 3TO
OCHOBHOW MeXaHW3M ynpaBneHus [ocTynoM B Go. CTPYKTYPHbIA TWN MOXET COAepXaTb
KOMOUHALMIO 3KCMOPTUPYEMbIX Y HEIKCNOPTUPYEMbIX NONei.

CTPYKTYpHble TUMbl, KaKk NpaBWi0, MHOFOC/IOBHbI, MOTOMY 4YTO 3a4acTylo A8 Kaxo-
ro Nons OTBOAWTCH CBOS CTPOKAa. XOTA Mbl MOFAM 6bl MWUCaTb BECb TWUM KaXAbli pas, Kor-
Ja 3To HeobxoAMMO, MOBTOPEHMe Takoro 60nbWoOro o6bemMa yToMUTeNbHO. BmecTo atoro
CTPYKTYPHbIE TUMbl 06bIYHO NOABAAKTCA B 0OBLABMEHUAX MMEHOBaHHbLIX TUMOB, KakK TuM
Employee.

VIMeHOBaHHbIN CTPYKTYPHbIA TUN S HE MOXET 06bABUTL MOJIe TOrO Xe Tuna S: arperat-
HOe 3HayYeHNe He MOXET cofep>aTb camo cebs. (AHaNOrMYHOE OrpaHNYeHne NPUMEeHNMo u
K MaccmBam.) Ho S MOXeT 06bABUTbL MOMe C TUMOM yKasaTens *S, KOTOPbIA MO3BOASET HaMm
C03[aBaTb PEKYPCUBHbIE CTPYKTYPbI faHHbIX, TAKUe KaK CBA3aHHbIe CMUCKN U fiepeBbs. ITO
NPOUNNIOCTPUPOBAHO B KOAE HWXE, B KOTOPOM [A/18 peanv3auum COPTUPOBKM BCTaBKaMu
ncnonb3yeTcs 6MHapHoe LepeBo:

godL.io/ch4/treesort

type tree struct {
value int
left, right *tree

}

11 Sort copTupyeT 3HayeHus ''‘Ha mecTe',
func Sort(values []int) {
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var root *tree
for v = range values {
root = add(root, V)

appendValues(values[:0], root)

}

// appendValues po6aBnset anemeHTh t K values B Tpebyemom
// nopsigke ¥ BO3BpaWaeT pe3ynbTupylwmin cpes,
func appendValues(values [Jint, t *tree) [Jint {
ift =nil {
values = appendValues(values, t.left)
values = append(values, t.value)
values = appendValues(values, t.right)

return values

1}‘unc add(t *tree, value int) *tree {
if t = nil {
// JkBuBaneHTHo Bo3BpaTy &tree{value: value},
t = new(tree)
t.value = value
return t

if value < t.value {

t.left = add(t.left, value)
} else {

t.right = add(t.right, value)

return t

HyneBoe 3HayeHue Ana CTPYKTYpPbl COCTOUT M3 HYNEBbIX 3HAYEHWI KaXoro u3 ee no-
neii. O6bIYHO XenaTeNbHO, YTO6bl HYNeBOE 3HaYeHMe OGblI0 eCTECTBEHHLIM WM Pa3yMHbIM
3HayeHMeM no ymonyaHuio. Hanpumep, B bytes.B uffer HavyanbHOoe 3HaueHWe CTPYKTY-
pbl MpefCcTaBnseT co60i roToBLIA K MCMOMb30BaHMIO MycToW Oydep, a HyneBoe 3HauyeHue
sync.Mutex, ¢ KOTOpbIM Mbl Mo3HakoMumcs B rnase 9, “lMapanfieNbHOCTb U COBMECTHO
UCMOoNb3yeMble MEpeMeHHble”, NMpeAcTaBnseT co60l/ rOTOBLIA Pa3bnOKUPOBAHHLIA MbHO-
Tekc. IHorfja Takoe pasymMHoe nepBoHayanbHOe NoBefeHWe nony4yaeTcs 6e3 0cobbiX ycu-
NNIA CO CTOPOHbLI NPOrpPaMMUCTa, HO MHOFAA Haj HUM NPUXOAMTCA nopaboTarts.

Tun cTpyKTypbl 6e3 Moneid HasblBaeTCA MYCTOW CTPYKTYPOW, 3anucbiBaeMOR Kak
struct{}. OHa nmeeT HyneBO pa3mep 1 He HeceT B cebe HUKAKON UHGpOpMaLUKN, HO MO-
XeT 0Ka3aTbCA MNOMe3Hoi. HekoTopble nporpaMMucTbl GO MCNONb3YHOT ee BMecTo bool
B KayecTBe TWMa 3HA4YeHMs B OTOOPaXeHWW, KOTOPOe npefcTaBaseT cCo60i MHOXEeCTBO.
Takoli BbIOOP NMOAYEPKMBAET, UTO B OTOOPAXKEHMU UTPatOT POb TObKO K/HOUM; IKOHOMUS
naMATX NpW 3TOM OKa3blBaeTCA He3HauMTesbHOW, a CUHTaKcuc — 60s1iee rPOMO3gKNUM, MO-
3TOMY Mbl, Kak NpaBuno, n3beraem Takoro pelueHus.
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seen := make(map[string]struct{}) 11 MHOXeCTBO CTPOK
1 ...
if _, ok := seen[s]; 'ok {

seen[s] = struct{}{}

// ... s BCTpeyaeTcs BhepBble ...

4.4.1. CTPYKTYpPHble nuTepabl

3HayeHWe CTPYKTYPHOTO TUNAa MOXET 6biTb 3aMMCaHO C UCMOMb30BaHMEM CTPYKTYpPHO-
ro inTepana, KOTopbliA onpeAenseT 3Ha4eHNS CBOMX MNOJeEN:

type Point struct{ X, Y int }
p = Point{l, 2}

CylLecTBYOT fiBe PasHOBMAHOCTU CTPYKTYPHbIX NnTepanos. epBas pasHOBULHOCTD,
nokasaHHas Bbllle, TPebyeT yKasaHUsA 3HaYeHUs 4N Ka>K4Oro Mons B NpaBUIbHOM MOPSA-
Ke. DTO 3acTaBNAeT NPOrpaMMuUcTa 3anoMUHaTh TOYHOE MOMOXEHWE MONeA B CTPYKTYype U
fenaeT Kof NOABEPXEHHbIM OlWM6KaM Mpu mocnegyolemMm Ao6aBfeHUU MU Nepeynops-
fLo4YeHUn noneii. Tak 4TO 3Ta Pa3HOBMAHOCTb, KakK MPaBuUIO, NCMO/Mb3YeTCsA TObKO BHYTPN
nakeTta, KOTOpPbI onpeaensieT CTPYKTYPHbI/ TUM, WM C MaNbiMW CTPYKTYPHbIMW TUNaMMu,
AN KOTOPbIX NOPAALOK Moneli 04eBMAEH, HanNpuMep ANsA Takux, Kak image.Point{x,y}
mmcolor.RGBA{red,green,blue,alpha}.

opa3fo vawe Mcnonb3yeTcsa BTOpas PasHOBUAHOCTb, B KOTOPO 3HauyeHue CTPYKTYpbl
MHULMANN3NPYETCA C NOMOLLbIO MepeyncineHns HeKOTOPbIX WKW BCEX MMEH Mofeid ¢ COoOT-
BETCTBYHOLLMMWN 3HAYEHUSAMM, KaK B MPUBEAEHHON HWXKe WHCTPYKLWUK, B3ATOW M3 mporpam-
Mbl Lissajous 3 pasgena 1.4

anim := gif.GIF{LoopCount: nframes}

Ecnu none B TakOM nnTepane onyLieHO, OHO NOAy4yaeT Hy/neBOe 3Ha4YeHUe COOTBETCTBY-
towero Tuna. MoCKoONbKY B NNTepane ykasaHbl MMeHa Mofei, UX NOpAafoK CTaHOBUTCA He
MMEeLW MM 3HaYEHUS.

B 0gHOM ¥ TOM e nuTepane HeMb3s CMELINBAThb [Be OMMCaHHble Pa3HOBUAHOCTW. Tak-
e Heflb3s MPUMEHATb MepBYO0 PasHOBUAHOCTb AuTepana (MCNOMb3yoLWy NopagoK no-
nei), 4Tobbl 060TM NpPaBWUIO, COMNAaCHO KOTOPOMY K HE3KCMOPTMPYEMbIM UAEHTU(MKATO-
pam Henb3s 06palaThCs M3 APYTrMUX MakeToB.

package p

type T struct{ a, b int } // a v b He akcnopTupyewms

package q

import "p"

var _ = p.T{a: 1, b: 2} // Ouwnbka komMmuNAUMKM: Henb3s obpawaTbCcA K a n b

var _ = p.T{1, 2} // Oumbka KOMNUNAUMKU: Henb3s obpawaTbCcd K a u b
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XoTsi B NnocnegHeil CTPOKE Bbile HE YNOMUHAKTCS WAEHTU(HUKATOPLI HEIKCMOPTUPY-
eMblX Moneii, B AeliCTBUTENLHOCTM OHW WUCMOMb3YIOTCA HESBHO, MO3TOMY faHHbI Kof He
KOMMNUAMpyeTcs.

3HaueHns CTPYKTYP MOFYT 6bITb NepefaHbl Kak apryMeHTbl B (OYHKLUIO U 6biTh BO3BpA-
LLeHbl 13 Hee. Hanpumep, NpuBefeHHas fanee (yHKUMUS MacwTabupyeT Point ¢ Mcnonb-
30BaHMEM HEKOTOPOro Koagh(uumeHTa:

func Scale(p Point, factor int) Point {
return Point{p.X * factor, p.Y * factor}

1}=mt-Println(ScaIe(Point{l, 2}, b)) /7 {5 10}"

[na noblweHnsa ahPeKTUBHOCTN 60/bLUME CTPYKTYPHbIe TUMbI 0ObIYHO MepesatTcs B
(hYHKUMM MM BO3BPALLatOTCA U3 HUX KOCBEHHO C MOMOLLbIO yKa3aTens:

func Bonus(e *Employee, percent int) int {
return e.Salary * percent / 100

}

Takaa nepegava 06sa3aTenbHa, ecAn YHKUMS AOHKHA MOAUGDMLMPOBATL CBOW apryMeHT,
MOCKO/MIbKY NpW Mepefaye Mo 3HA4YeHWIO Bbl3blBaeMas (YHKLMA NofydaeT TO/bKO KOMUIO
aprymeHTa, a He CCbIIKY Ha UCXOLHbIA apryMeHT.

func AwardAnnualRaise(e *Employee) {
e.Salary = e.Salary * 105 / 100

}

MocKoNbKy pa6oTa co CTPYKTypamiy O4eHb YacTO BbIMOHAETCS Yepe3 yKasaTenu, Mox-
HO MCMO/b30BaTh CEAYIOLLYI0 COKpalleHHY 3amucb Ans CO3A4aHUs U WHULUAnM3auuu
CTPYKTYPHOI# nepeMeHHOI v NofyyeHus ee afgpeca:

pp := &Point{l, 2}
3Ta 3anucb 3KBMBANEHTHA CNefytoLei:

pp = new(Point)
*pp = Point{l, 2}

OpHako & Point{l, 2} MOXXHO MCNO/b30BaTh HEMOCPELCTBEHHO B BbIPaXXEHWUN, TAKOM, KakK
BbI30B (PYHKL MU,

4.4.2. CpaBHeHUe CTPYKTyp

Ecnu BCe Nonst CTPYKTYpbl CpaBHWBAaeMbl, TO CpaBHMBaeMa W caMa CTPYKTypa, Tak 4To
[Ba BbIPKEHMS 3TOTO TMMNA MOXHO CPaBHUTb C MOMOLLbLIO onepaTopa == uan != Onepa-
UMs == nooyepesHo CpaBHMBAET COOTBETCTBYHOLME NOAS ABYX CTPYKTYp, Tak 4To mpuee-
AEHHbIE HUXE BblpaXEHUS CPABHEHWS 3KBUBAIEHTHbI:

type Point struct{ X, Y int }

p = Point{l, 2}
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g = Point{2, 1}
fmt.PrintIn(p.X == gq.X && p.Y == qg.Y) 11 "false”
fmt.Printin(p = // "false"”

CpaBHUBaeMble CTPYKTYPHbIE TUMbI, KakK 1 Nt06ble CpaBHUBaEMble TUMbI, MOTYT MCMO/b30-
BaTbCS B KAUYECTBE TWMA K/oUa B 0TOGPKEHUN:

type address struct {
hostname string
port int

hits := make(map[address]int)
hits[address{"'golang.org", 443}]++

4.4.3. BcTtpanBaHue CTPYKTYpP U aHOHMMHbIE NoNs

B 3ToM pasfene Mbl YBUAWM, YTO HEOObIYHbIA MeXaHW3M BCTpauBaHUs CTPYKTYp
(struct embedding) no3BonsieT MCNOMb30BaTb UMEHOBaHHLI/ CTPYKTYPHbIA TUN B Ka4yecTse
aHoHMMmHoro nonsa (anonymous field) gpyroro cTpykTypHoro tuna, obecneymsas ygobHoe
CUHTAKCMYeCKOoe COKpalleHue, Tak 4TO NPOCTOE BbIpaXeHMe C TOUKON, Takoe Kak X .f, mo-
XKET 03HayaTb LEenyt Lenoyky nonein Hanogobue x.d.e .f.

PaccMoTpuM nporpammMmy ABYMEpPHOro pycoBaHWsA, KOTopasa npeaoctaBnseT 6ubnmoteky
huryp, TakKMx Kak NpsMoyronbHUKN, 3MAUMCHI, 3Be34bl 1 Koneca. BOT npumep ABYX TUMOB,
KOTOpble OHa MOXEeT OMNpeAensTh:

type Circle struct {
X, Y, Radius int

}

type Wheel struct {
X, Y, Radius, Spokes int

}

Circle nwveeT nons gns KoopauHat ueHTpa X n Y, n Radius. Wheel obnagaet Bcemu
Bo3MoxHocTamu Circle, a Takxe numeeTt none Spokes, cofepxaliee KOAMYecTBO pagu-
anbHbIX cnuu. [asaliTe co3gagum Koneco:

var w Wheel

w.X =8
w.Y =8
w.Radius = 5
w.Spokes = 20

Mo mMepe pocTa MHOXeCTBa (Uryp Bbl 06513aT€/IbHO 3aMeTUTE CXOACTBA M MOBTOPEHMS
cpeay HuX, Tak YTO MOXET 0Ka3aTbCs YAO0GHLIM BbiAEeNNUTb UX 06LLMe YacTu:

type Point struct {
X, Y int
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type Circle struct {
Center Point
Radius int

}

type Wheel struct {
Circle Circle
Spokes int

MpunnoxeHne 0T 3TOF0 MOXKET CTaTb NOHATHEE, HO TAKOE M3MEHEHME YCNOXHAET AOCTYN
K nonssm Wheel:

var w Wheel
w.Circle.Center.X = 8
w.Circle.Center.Y = 8

ol

w.Circle_Radius =
w.Spokes = 20

Go no3BonseT 00bABUTbL NOMe C TUNOM, HO 6€3 UMeHW; Takue NOons HasblBalTCH aHo-
HUMHbIMM NoAAMK. TUN NONsA AOMKEH NpefcTaBnATb COO0A MMEHOBaHHbBIA TUN WK yKa-
3aTenb Ha MMeHOBaHHbIA Tn. Hmwke Circle n Wheel umeloT no ogHOMYy aHOHUMHOMY
nomo. Mbl rosopum, 4to TMn Point BcTpoeH (embedded) B tun Circle, a Circle
BCcTpoeH B Wheel.

type Circle struct {

Point
Radius int
}
type Wheel struct {
Circle
Spokes int
}

Bnarofiaps BCTpaMBaHWUIO Mbl MOXeM 06pallaTbCsl K UMEHaM B IMCTbAX HEsBHOMO Aepe-
Ba 6€3 yKasaHMs NPOMEXYTOUHbIX VMEH:

var w Wheel

w.X =8 // OkBuBaneHTHo 3anucu w.Circle.Point.X = 8
w.Y =8 // OkBumBaneHTHo 3anucu w.Circle.Point.Y = 8
w.Radius = 5 // 3kBumBaneHTHo 3anucu w.Circle.Radius = 5
w.Spokes = 20

fBHas 3anucb, MOKasaHHas B KOMMEHTapusax, Mo-npexHemy AeACTBUTENbHA, Of4HaKo
Ha3BaHWe “aHOHMMHble Mons” He coBcem BepHO. Mons Circle nPoint nmMelOT MMeHa, HO
3TV MMeHa HeobA3aTeNbHbl B BbIP@XEHUAX C TOUKOA. Mbl MOXEM OMyCTUTbL Nt060e unmn Bce
aHOHMMHbIE MOoAsA Npu BblIBOpe UX NOAMONEN.
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K coxaneHuto, He CyL,ecTBYeT COOTBETCTBYIOLLErO COKpaUleHUs [As CUMHTaKcuca
CTPYKTYPHOIO NMTepana, NoaToMy HWU OMH M3 CReayoumnx npumMepoB He 6yaeT KOMAUAU-
poBaTbCs:

w = Wheel{8j 8, 5, 20} // Oumbka: HEen3BECTHbe Moss
w = Wheel{X:8, Y:8, Radius:5, Spokes:20} // Oumbka: HeEW3BECTHble MoNs

CTPYKTYpHbI/i NUTepan AOMKeH cnefoBaTh (opMe O6bSBAEHMS TUMA, MO3TOMY Mbl
[O/MKHbI MCMNONb30BaTh OAMH U3 ABYX MPUBEAEHHbIX HWXE BapuaHTOB, KOTOPble 3KBUBaA-
NEHTHbI OAWH LpYromy:

gqodL. ro/ch4/embed
w = Wheel{Circle{Point{8, 8}, 5}, 20}

w = Wheel{
Circle: Circle{
Point: Point{X: 8, Y: 8},
Radius: 5,

b
Spokes: 20, // MNpumedvaHue: 3aBepuawwas 3andTad 3[ecb
// (n nocne Radius) Heobxoauma

}

fmt. Printf('%#y\n", w)

// BbiBOA:

// Wheel{Circle:Circle{Point:Point{X:8, Y:8}, Radius:5}, Spokes:20}

w.X = 42

ft_Printf('%#v\n", w)
// BbiBOA:

// Wheel{Circle:Circle{Point:Point{X:42, Y:8}, Radius:5}, Spokes:20}

ObpatnTe BHMMaHWE Ha TO, KaK CUMBOJS # 3acTaBnseT CUMBO/bI MpeobpasoBaHus %v
B PyHKUMM P rintf BbIBOAWTbL 3HaYeHWs B BUAE, MOXOXEM Ha CMHTakcuc Go. Ans cTpyk-
TYp 3TOT BUA BKAKOYAET UMSA KaXXL0ro nons.

MocKoNbKy “aHOHUMHbLIE”’ MO UMEKT HEsABHble UMEHA, Y BaC He MOXeT OblTb [BYX
aHOHMMHbIX MONei 0AMHAKOBOro TUNa, TaK Kak WX MMeHa ByayT KOHgavkToBaThb. W no-
CKO/IbKY UMS NOAS HEABHO OMNPefenseTcs ero TMNoM, TO XKe camoe OTHOCUTCA U K BUAUMO-
CT nona. B npuBefeHHbIX Bbile MpuMepax aHOHMMHble nons Point n Circle skcnop-
TUpYKOTCA. EcAM 6bl OHM OblM HeakcnopTupyeMbiMu (point u circle), Mbl Mornu 6bl
No-npe>xxHeMy MCMonb30BaTb COKPALLEHHYIO 3annch

w.X = 8 // 3ksBumBaneHtHo w.circle.point.X = 8

OfHaKo ABHas A/NMHHAA 3anucb, NokasaHHas B KOMMeHTapuu, 6bina 6bl 3anpelieHa BHe
00BbABAAIOLWLErO0 CTPYKTYPY NakeTa, NOCKOMIbKY circle mpoint 6bian 6bl HEAOCTYMHbI.
TO, KaK Mbl UCMNO/Ib30BaNN [0 HACTOALLEr0 MOMEHTA BCTpauMBaHWe CTPYKTYp, ABASAETCA
He 60n1ee Yem “CUMHTaKCMYECKMM caxapom” Ans Bbibopa Nonei CTPYKTYpPbl C MOMOLLbHO 3a-
nuncy ¢ TOYKON. Mo3xKe Mbl YBUAUM, YTO aHOHUMHbIE NOAA He 0653aHbl ObITb CTPYKTYPHbI-
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MW TUMNaMW; 3TO MOXeT 6biTb /II060A MMEHOBAHHbIA TN UAN yKa3aTenb Ha MMEHOBaHHbIN
TUN. Ho Kakoil cMbICn BCTpamnBaTb TUM, HE UMeKLWNA nognoneii?

OTBeT MMeeT OTHOLWeEHMEe K MeTogam. CokpalleHHas 3anucb, UCNonb3yeMas Ans Bbl6o-
pa nonsi BCTPOEHHOrO TuNa, paboTaeT M Ana Bbibopa ero meTofoB. Mo CyTn TUN BHELUHEN
CTPYKTYpPbl Mony4YaeT He TONbKO MOAS BCTPOEHHOro TUMa, HO W ero MeTofbl. ATOT Mexa-
HWU3M SIB/IETCA OCHOBHbIM CMOCOGOM MOJIyYeHUsA MOBEAEHMUA C/IOXHOro o6bekTa ¢ NMOMO-
Wb KOMMO3MUMn 60onee NpocTbiX. Komnosnums sBnseTca UeHTpanbHbIM MOMEHTOM 00b-
€KTHO-OpPMEHTUPOBAHHOIO NporpaMMmnpoBaHma B Go, U Mbl 6ygem mM3ydaTb ee noApobHee
B pasgene 6.3.

4.5. JSON

3anucbk 06bekToB JavaScript (JavaScript Object Notation — JSON) siBnsetca cTaHfapT-
HOIA 3aNMNCbI0 ANS MEePECHIIKN U MONYYEHUs CTPYKTYPHOIN UHGpopmaunn. JSON — He eguH-
CTBEeHHbI cnoco6 Takol 3anucu. AHanoruyHoin uenun cnyxaTt XML (pasgen 7.14), ASN.1
n Google’s Protocol Buffers, n kaxpgblii UMeeT CBOK HWLIY; OAHAKO M3-3a NPOCTOTHI, YA0-
604MTaEemMOCTM 1 BCeobLLel NoaaepXKn Hanbonee WKUPOKO Mcnonb3yetcs nMeHHo JSON.

Go obnafaeT NpeBOCXOAHOW NOAAEPXKKON KOAMPOBAHWA U AeKOAMPOBAHUA 3TUX opMma-
TOB, NPefOCTaB/IeHHOl B MakeTax cTaHAapTHOM 6ubnmotekn encoding/ json, encoding/
xml, encoding/asnl v apyrux, v Bce aTu nakeTbl UMetOT cxoxue APl. B gaHHOM pasge-
ne NPMBOAUTCS KpaTKWii 0630p Hambonee BaXKHbIX YacTell naketa encoding/ json.

JSON sBnsieTca KOgMPOBaHMEM 3Ha4YeHMin JavaScript — CTPOK, Yncen, IOFMYeCcKUX 3Ha-
YyeHuli, MaccnBOB M 06BbEKTOB — B BUAE TeKCTa B Koguposke Unicode. 310 apdeKTUBHOE,
HO ypobounTaemoe npeacTaBfieHne GyHAaMeHTaNbHbIX TUNOB AaHHbLIX U3 rNasbl 3, “©yH-
JAaMeHTanbHble TUMbl JaHHbLIX”, N COCTaBHbIX TUMOB W3 3TOW FNaBbl — MacCMBOB, CPE30B,
CTPYKTYP 1 0TOOPaXKeHUIA.

dyHpameHTanbHbIMKU TUNaMu JSON aBAAK0TCA Ymcna (B 4eCATUYHON UAN Hay4YHOW 3a-
nucwu), nornyeckue 3HavyeHus (true nnn False) v cTpoku, KOTOpble MPeACTaBAAT CO60A
nocnefoBatenbHOCTM cumBOonoB Unicode, 3ak/toUYeHHbIe B ABOWMHbIE KaBblYKU, C ynpasns-
IOWMMKN NOCNeoBaTeNIbHOCTAMU, HavyMHaloWwmMMuca ¢ obpaTHOl KOCO 4yepThl, Kak B GO,
xo1s B JSON nocneposatensHocTu \Uhhhh o603HauatoT kol UTF-16, a He pyHbI.

3TN (PyHLAMEHTaNbHbIe TUMbI MOTYT 6bITb PEKYPCUMBHO CKOMOGUHMPOBaHbI C MOMOLLbIO
maccuBoB 1 06bekToB JSON. Maccue JSON npeacTaBnseT co60il ynopsgoveHHY0 nocne-
[,0BaTeNIbHOCTb 3HAYEHWIA, 3aMMCbIBAaEMYIO KaK CMMCOK C 3anATbIMW B KayecTBe pasgenuTe-
neld, 3aKNIOYEHHBIA B KBapaTHble CKO6KM; Maccubl JSON mMcnonb3yrTcs AN KOAMPOBa-
HMS MaccuBoB M cpe3oB Go. O6bekT JSON SBNAeTCA 0TOOGPaXeHMEM CTPOK Ha 3HaYeHus,
3anncbiBaeMbiM B BUAE MocnegoBaTeibHOCTM nap name rvalue, pasgeneHHbIX 3ansaTbiMy
N 3aKNHOUYEHHbIMW B UTYpPHbIe CKOOKMW; 06beKTbl JSON MCnonb3yrTCa A8 KOAUPOBaHMA
oTobpaxeHnit Go (CO CTPOKOBLIMU KAlOYaMuK) U CTPYKTYpP, Hanpumep:

boolean true

number 273.15

string "She said V'Hello, LWW5?2\""
array ["gold", "silver", "bronze"]



45J0N 139

object {"year": 1980,
"event': "archery",
"medals": ["gold", "silver", "bronze"]}

PaccmoTpum MpunoxeHue, KoTopoe cobmpaeT KMHO0630pbl M NpeanaraeT pekomeHja-
unn. Ero Tmn gaHHbiX Movie v TUNWYHBIA CNWCOK 3HaYeHU 06bABNAOTCA Huke. (CTpOKo-
Bble NTepanbl nocne o6bvaBneHnin noneii Year n Color aBng0TCa geckpunTopamum nonen
(field tags); Mbl 06BACHUM KX YYTb NO3XKE.)

aooi .io/ch4/movie

type Movie struct {
Title string
Year int "json:"released
Color bool “json:"color,omitempty
Actors []string

}

var movies = []Movie{
{Title: "Casablanca™, Year: 1942, Color: false,
Actors: []string{"'Humphrey Bogart", "Ingrid Bergman"}},
{Title: "Cool Hand Luke", Year: 1967, Color: true,
Actors: []string{"'Paul Newman'}},
{Title: "Bullitt", Year: 1968, Color: true,
Actors: []string{"Steve McQueen", "Jacqueline Bisset'}},
/1

Takune CTPYKTYpbl faHHbIX OTANYHO noaxonaT and JSON u ferko KoHBepTUpyloTCA
B 060X HanpaBneHuax. Npeo6pasoBaHue CTPYKTYpbl faHHbIX GO Hanofobwe movies B
JSON Ha3sbiBaetcd mapluaynHrom (marshaling). MapLanumHr ocyLecTBNAETCA C NOMOLLbIO
json.M arshal:

data, err := json.Marshal(movies)
it err = nil {
log.Fatalf("'Cooli mapwanuHra JSON: %s", err)

3
fmt.Printf(%s\n", data)

M arshal reHepupyeT 6aliToBbI cpe3, COAepXalW i OUeHb ANMHHY CTPOKY 6e3 nuul-
HUX Npo6esoB; 34ecb Mbl pa3opsanu 3Ty CTPOKY, 4TOObl OHa NMOMeCTWNacb Ha CTpaHuue
KHUTW:

[{"Title":"Casablanca", " released:1942,"Actors":[""Humphrey Bogart™,"In
grid Bergman"]},{"Title":"Cool Hand Luke","released":1967,"color' true
,"Actors™:["Paul Newman']},{"Title":"Bullitt", "released:1968, " color":
true,"Actors":["'Steve McQueen',"Jacqueline Bisset'']}]

3T0 KOMMaKTHOe NpeACTaBfeHWE COLEPXWT BCH HEOOXOAUMYHK WH(OpMaLui, Ho
ero TPYAHO umTaTb. [N UTEHUS YENOBEKOM MOXHO MCMOMb30BaTb (YHKLUIO json.
M arshallndent, KoTopast faeT akKkypaTHO 0T opMaTMpOBaHHOe NpeAcTaB/ieHMe C OTCTY-
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namun. [1sa 4OMNONHUTENbHbIX aprymeHTa onpenendarT npquMKc ana Ka)K,lJ'OI7I CTPOKWU BbIBO-
Aa N CTPOKY ANA KaXXAoro ypoBHA OTCTyna:

data, err := json.Marshallndent(movies, '™, " ')
if err = nil {
log.Fatalf("'C6oin mapwanuHra DSON: %s", err)

}
fmt.Printf('%s\n", data)

BblBog 3TOr0 KoAa MMeeT creflytoLuii Bua;

[

"Title": "Casablanca",
"released": 1942,
"Actors™: [
"Humphrey Bogart",
"Ingrid Bergman

-~

"Title”: "Cool Hand Luke”,
"released": 1967,
“"color': true,
"Actors": [
"Paul Newman"

"Title™: "Bullitt”,
"released": 1968,
“color': true,
"Actors™: [
"'Steve McQueen",
"Dacqueline Bisset”

MapLanmMHr ucnonb3yeT UMeHa nonein CTpykTypbl GO B KayecTBe MMeH noneli 06b-
ekToB JSON (ucnosnb3ysa penekcuto, Kak mbl yBuaum B pasgene 12.6). Mapwanusytotcs
TONbKO 3KCMOPTUPYEMbIe MOASA; BOT MOYEMY Mbl MCMOb30BaAN NPOMNUCHbLIE NepBble GYKBbI
AN BCcex umeH noneii Go.

Bbl MOrnn 3ameTUTb, YTO MMSA Nons Year U3MeHEHO B BbiBoAe Ha released, a none
Color 3ameHeHo nonem color. [leno B geckpunTropax nonei. [LleCKpUnTop nons npeacras-
NsieT coboi CTPOKY MeTafaHHbIX, CBA3aHHYIO C MOMEM CTPYKTYPbl BO BpeMs KOMNUAALMUK:

Year int "json:"released"”
Color bool “json:"color,omitempty
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LeckpunTtop nons MOXeT 6bITb II0ObIM CTPOKOBLIM NUTEPasoM, HO MO COrnalleHnto OH
WHTepnpeTnpyeTca Kak cnucok nap key: "value™, pa3geneHHbIXx npobenammn; NOCKOMbKY
OHW cojep>kaT ABOWHbIe KaBblYKMW, AECKPUNTOPbLI Mofeii 06bIYHO 3anMChIBAOTCA KakK He-
(hopmaTMpoBaHHble CTPOKOBbIE finTepanbl. Knwo4y json ynpasnseT MoBefeHWEM MakeTa
encoding/json wn gpyrumu naketamm encoding/..., cnegytolwmmMm aToMy cornalle-
HWO. B nepBoit yacTn geckpunTopa nons json onpegensieTcs afbTepHaTnBHoe umsa JSON
ana nona Go. [leckpunTopbl Nofeldi 4acTo MCMOMb3YKTCA A1 YKa3aHUS MANOMATUYECKUX
umeH JSON, Taknx Kak total_count gna nonga Go ¢ umeHem TotalCount. deckpun-
Top Ans Color umeeT ONONHUTENbHLIA MapamMeTp, omitempty, KOTOpbI/i yKa3blBaeT, 4TO
ecnn nose MMeeT HyneBoe 3HauyeHue cBoero Tuna (3gecb — false) nam mMHbIM 06pasom
0Ka3blBaeTCca NyCcTbIM, HUKAKOro BbiBoga JSON He fLOMKHO 6bITb. OYeBMAHO, YTO ANS uep-
Ho-6enoro gpunbma Casablanca JSON-BbIBOg He nmeeT nons color.

O6paTHas K MapllanuHry onepauus, gekoguposaHns JSON 1 3anofiHeHUs CTPYKTYpbI
fJaHHbIX GO, Ha3biBaeTCsA BOCCTAHOBMEHMEM 06beKTa uam gemapwanvHrom (unmarshaling)
N BbINOMHAETCA C nomowsblo json.Unmarshal. B npuBefeHHOM HWXe Kofe AaHHble
JSON 0 ¢mnbmax fgemapliannsytoTcsa B cpe3 CTPYKTYP, €AUHCTBEHHbIM MONEM KOTOPbIX
ansetca T itle. MNyTem onpegeneHns NOoAXOAAWMX CTPYKTYP LaHHbIX GO Mbl MOXeM Bbl-
6paTb, KakuMe 4acTu BXOAHbIX AaHHbIX JSON 6yayT AeKoAMpOBaHbl, a Kakme 0TOPOLLeHbI.
Mpu Bo3BpaTe M3 yHKUUM Unmarshal oHa 3anonHsaeT cpe3 umHdopmaumen Title; Bce
opyrve umeHa JSON urHopupytoTcs.

var titles []Jstruct{ Title string }
if err = json.Unmarshal(data, Stitles); err = nil {
log.Fatalf(*'Cooii gemapwanuHra JSON: %s', err)

}
fmt.Printin(titles) // "[{Casablanca} {Cool Hand Luke} {Bullitt}]"

MHorue Beb-cnyx6bl npegocTaBnaoT UHTepdeiic JSON — Bbl genaete HTTP-3anpoc
1 NonyyaeTe B OTBET HYXHY MH(opmaluio B popmate JSON. [na nnanocTpalmm gasaite
3anpocum GitHub ¢ ucnonb3oBaHnem MHTepeiica Be6-cny6bl. CHayana onpeaenum He-
06X04NMble TUMbl U KOHCTaHTBI:

godL.io/ch4/aithub

M MNaket github npepoctasnset Go APl ana xocTtuHra GitHub.
// Cm.https://developer.github.coTt/v3/search/#searchissues.
package github

import "time"
const IssuesURL = "https://api.github.com/search/issues"

type IssuesSearchResult struct {
TotalCount int "json:"total_count™*
Items [1*1Issue

}

type Issue struct {
Number int


https://developer.github.%d1%81%d0%be%d1%82/v3/search/%23searchissues
https://api.github.com/search/issues
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HTMLURL  string “json:"html_url""

Title string
State string
User *User
CreatedAt time.Time "json:”created_at”"
Body string

>
type User struct {
Login  string
HTMLURL string "json:"html_url"®

Kak 1 paHee, UMeHa BCEX MOMiei CTPYKTYPbl AO/MKHbI HauyMHATLCA C MPOMUCHOW BYK-
Bbl, jAXe ecnn UxX uMeHa He asnaTca mmeHamy JSON. OfHako npolecc conocTasneHus,
KOTOpbIil cBs3biBaeT MMeHa JSON ¢ umeHamu noneit cTpykTyp Go npu gemapLianuHre
He YYMTbIBAET PErncTp CMMBOOB, TaK YTO AECKPUNTOP NOAS HEO0BXOAMMO MCMO/b30BaTb
TONbKO TOrAa, Korga B UMeHn JSON ecTb 3HaK NoAYepKMBaHWUA, KOTOPOro HeT B UMeHU Go.
W BHOBb Mbl MOXeM 0TO6paTb Mond ANA LeKoLUpoBaHUA; oTBeT GitHub cogepXuT 3Hauu-
TeNbHO 6oMblle UHPOPMALMK, YeM Mbl MOKa3blBaeM 3[€Ch.

®dyHKumA Searchlssues BbinonHAer HTTP-3anpoc v gekogupyet JSON-pesynbTar.
MockonbKy 3anpoc, NpeAcTaBfieHHbIA NONb30BaTeNEM, MOXET COAepXaTb CMMBO/bI Haro-
fobne ? n & KoTopble MMEKT crneumnansHoe 3HaveHne B URL, Mbl Mcnonb3yem (PYHKLUIO
url .QueryEscape, 4To6bl rapaHTUpOBaThb, YTO 3TV CUMBOSIbI OYAYT BOCNPUHATHI 6YKBaIbHO

godL . io/ch4/aithub
package github

import (
"encoding/json"
it
"net/http”
"net/url”
"strings”

)

// Searchlssues 3anpawvsaeT GitHub.
func Searchlssues(terms [Jstring) (*IssuesSearchResult, error) {
g := url.QueryEscape(strings.Doin(terms, 7 ™))
resp, err := http.Get(lssuesURL + ”?0=" + Q)
if err = nil {
return nil, err

// Heobxogmmo 3akpbiTb resp.Body Ha BCex NyTAX BbINOMHEHUS .
// (B rnaese b Bbl NO3HaKoMUTECH C 6ofee MpocThiM peleHnem: ’defer’”.)
if resp.StatusCode != http.StatusOK {

resp.Body.Close()

return nil, fmt.Errorf(*'Cooii 3anpoca: %s', resp.Status)


http://http.StatusOK
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var result IssuesSearchResult

if err = json.NewDecoder(resp.Body).Decode(Sresult); err = nil {
resp.Body .CloseQ
return nil, err

}
resp.Body .CloseQ
return &result, nil

B npegbigywmx npumepax Ans AeKOAMPOBAHWA BCEro cofepXumoro 6aiToBoro cpesa
Kak egunHoro JSON-o6bekTa mMcnonb3oBanack gyHkuma json.Unmarshal. Ona pasHo-
06pasna B 3TOM MPMMepe MCMonb3yeTca MOTOKOBbIA Aekoaep json.Decoder, KOTOpbIi
MOXeT 4eKOAMpPoBaTbh HECKONbKO NnocnefoBaTesibHbiX 06bekToB JSON 13 04HOM0 U TOFO Xe
NOTOKa, XOTA Ham 3Ta BO3MOXHOCTb 3feCb He TpebyeTcsa. Kak u cnefyeT oXugatb, cylie-
CTBYET COOTBETCTBYIOL U NOTOKOBbIA KOAUPOBLMK json. Encoder.

BbizoB Decode 3anonHseT nepemeHHyto result. CywecTBYT pas3iMyHble CNocoObl
KpacuBo OTgopmMaTUpoBaTb ee 3HayeHue. MpocTeAwnii NPOLEMOHCTPUPOBAHHbIN HUXe
€noco6 — MCcnonb3oBaHWe TEKCTOBOM TabnuLbl ¢ (DMKCUPOBAHHOW LUMPUHOW cToNbLa, HO
B CNeflylOLLeM pa3jgenie Mbl BCTPETMMCS C 60iee CM0XHbIM MOAXOAO0M, OCHOBaHHbIM Ha Lia-
6noHax.

aool.io/ch4/issues
11 BeiBOAUT Tabnuuy - pe3ynbTaT noucka B GitHub.
package main

import (
>fmt”
""gopl .io/ch4/github”
"log"
"'os

)

func main() {
result, err := github.Searchlssues(os.Args[l:]
if err = nil {
log.Fatal(err)

%mt.Printf("%d Tem:\n", result.TotalCount)
for _, item = range result.ltems {
fmt.Printf("#%-5d %9.9s %.55s\n",
item_Number, item.User.Login, item.Title)

ApPrymeHTbl KOMaHAHOW CTPOKMW YyKa3biBalOT MmapaMeTpbl noucka. MNMokasaHHas HUXe
KOMaHfa 3anpawvsaeT CNUCOK OWMBOK cpefn npoekToB Go, CBA3AHHbLIX C LEeKOAMPOBa-
Huem JSON:
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$ go build gopl.io/ch4/issues

$ ./issues repo:golang/go is:open json decoder

13 Tem:

#5680 eaigner encoding/json: set key converter on en/decoder

#6050 gopherbot encoding/json: provide tokenizer

#8658 gopherbot encoding/json: use bufio

#8462 kortschak encoding/json: UnmarshalText confuses json.Unmarshal
#5901 rsc encoding/json: allow override type marshaling

#9812 klauspost encoding/json: string tag not symmetric

#7872 extempora encoding/json: Encoder internally buffers full output
#9650 cespare encoding/json: Decoding gives errPhase when unmarshalin
#6716 gopherbot encoding/json: include field name in unmarshal error me
#6901 lukescott encoding/json, encoding/xml: option to treat unknown fi
#6384 joeshaw encoding/json: encode precise floating point integers u
#6647 btracey x/tools/cmd/godoc: display type kind of each named type
#4237 gjemiller encoding/base64: URLEncoding padding is optional

WMHTeptheiic Be6-cnyx6bl GitHub no agpecy https://developer.github.com/v3/
MMeeT Kyfa 60/bllue BO3MOXHOCTEN, YeM Mbl MOXEM OMWCaTb B AaHHON KHUre.

YnpaxHeHue 4.10. N3ameHnTe nporpaMmmy issues Tak, 4To6bl OHa coobliana o pe-
3ynbTaTax C y4eToOM UX AaBHOCTW, AENs Ha KaTeropuu, Hanpumep, nNofaHHbIe MeHee MecsLa
Hasaf, MeHee rofa Hasaj v 6onee roga.

YnpaxHeHuve 4.11. Co3gaiiTe MHCTPYMEHT, KOTOPbIA MO3BOAUT NOMb30BaTeN0 CO3Aa-
BaTb, UNTaTb, 0GHOBNATbL 1 3aKpbiBaTb TeMbl GitHub 13 KoMaHAHOW CTPOKMK, BbI3biBas Npea-
nmoumTaeMblii MOMb30BaTeNEM TEKCTOBLIA pefakTop, Korga TpebyeTcs BBECTM TEKCT 3HAUU-
TeNbHOro o6bema.

YnpaxkHeHve 4.12. MonynsapHblii Be6-pecypc ¢ Komukcamn xkcd mmeeT uMHTepdeiic
JSON. Hanpumep, 3anpoc https://xkcd.eom/571/info.0.json Bo3Bpawaet Ae-
TanbHOe onMMcaHWe KoMuKca 571, 04HOFO M3 MHOTOYMUCIEHHbIX DaBOPUTOB caiTa. 3arpy-
3nTe Kaxablin URL (no ogHoMy pasy!) n nocTpoiTe aBTOHOMHbIA CMMCOK KOMWUKCOB. Ha-
nuwuTe nporpaMmy xkcd, KoTopas, Ucnonb3ys aTOT CNUCOK, byaeT BbiBOAUTL URL v onu-
CaHMe KaX[Aoro KOMWKca, COOTBETCTBYHLLEr0 YCNOBUIO MOWUCKA, 3afaHHOMY B KOMaHAHOM
CTPOKe.

YnpaxHeHue 4.13. Be6-cnyx6a Open Movie Database https://omdbapi.com/ Ha
6aze JSON no3BonsieT BbIMOMHATL NOWCK (PUAbMA MO HAa3BaHUIO U 3arpyaTb ero aguuly.
Hanuwute MHCTPYMEHT poster, KOTOpbI/ 3arpyxaeT aguily ¢uabma no nepejaHHoOMy B
KOMaH/[HOI CTPOKe Ha3BaHWI0.

4.6. TekcTtoBble M HTML-wwabn0HbI

B npeablayleM npuMepe MCMonb3yeTcsa TONbKO MPOCTOe (hopMaTMpoBaHme, Ans KOTO-
poro BMOJIHE AOCTAaTOYHO (PyHKumMM P rintf. Ho uHorga gopmatupoBaHme JOMKHO ObiTh
60/1€e CMOXHbIM, U MU 3TOM XKenaTesbHO MONHOCTLIO pa3gennTb opmaTMpoBaHue 1 Kog.
3T0 MOXeT 6bITb CAEMNaHO C NOMOLLbIO nakeToB text/tem plate mhtml/template, ko-


https://developer.github.com/v3/
https://xkcd.eom/571/info.0.json
https://omdbapi.com/
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TOopble 06ecrneynBalOT MexaHUsM 11 NOACTaHOBKW 3HAYEHWI MepeMeHHbIX B TEKCTOBbINA
nnm HTML-wab6noH.

LLlabnoH — 3To cTpoKa (unn aiin), cogepxkawias OAWH WKW HECKOMbKO (hparMeHTOB
B ABOMHbIX (UrypHbIX ckobkax, {{...}}, umeHyeMbIX aelicTBuAMM (action). Bonblias
4yacTb CTPOKMW BbIBOAUTCS GYKBa/NbHO, HO AEACTBUS U3MEHAOT MOBEAEHME MPOrpaMMbl Mo
ymMonyaHuio. Kaxzoe feiicTBME COLEPXUT BblpaXeHWe Ha A3blke LWab/0HOB — MPOCTONH,
HO MOLLHOI CUCTeMbl 3anucu ANA BbIBOAA 3HAYeHWiA, BbI6Opa Nonein CTPYKTYpbl, Bbl30Ba
(hYHKUWIA M METOLOB, BblpaXeHWn ynpaBfeHWs NOTOKOM (HanpumMep, TakKMX Kak WHCTPYK-
umm if-else u UMKAbI NO AManasoHy) U CO3A4aHUA APYrux WabnoHoB. Huxe npuseaeHa
npocTtas WwabnoHHas CTpoKa:

godL.io/ch4/issuesreport

const tempi = "{{.TotalCount}} Tem:

{{range .ltems}}-——--———————mmmmm
Number: {{.Number}}

User: {{-User.Login}}

Title: {{.Title | printf ’%.64sM}}

Age: {{-CreatedAt | daysAgo}} days

{{end}}"

3T0T WabnoH cHavyana BbIBOAUT KONUYECTBO COOTBETCTBYIOLMX 3anpocy TeM, a 3aTem
HOMep, UMA M0/b30BaTeNs, Ha3BaHWe M BO3PACT B JHAX KaXAON M3 HUX. B geiicTBUU uMe-
eTCA NOHATME TeKYLLEero 3HayeHus, KOTOPOe 3annchbiBaeTcs Kak Touka “.”. Touka usHavasnb-
HO yKa3blBaeT Ha napameTp LabioHa, KOTOpbIA B JaHHOM Mpumepe MpeAcTaBaseT coboi
github.lssuesSearchResult. Oeiictene {{.TotalCount}} packpbiBaeTca B 3Haue-
Hue nond TotalCount, BbIBOANMOE 06bIUHbIM cnocobom. Odeiicteua {{range .ltems}}
n {{end}} cosgaloT UMK, TaK YTO MOLCTaHOBKaA MOC/ef0BaTe/IbHbIX 3/1eMeHTOB Items B
TEKCT MeXAY 3TUMUN LeliCTBUSAMMW BbIMONHAETCA HECKOMbKO pa3; TOUKa npy 3TOM yKa3blBaeT
Ha o4epeaHOl anemMeHT ltems.

B peiicTBMM 3anucb | genaeT pesynbTaT O4HOW onepauuy aprymeHTOM APYroi, aHano-
FTMYHO KOHBelepy o6onoyknm Unix. B cnyvae T itle BTOpas onepauvsa npejcraBnseT co-
60/ hyHKUMO printf, KoTopas ABAAeTCA BCTPOEHHbLIM CMHOHUMOM Aana fm t.Sprintf
BO BCex LWabnoHax. UTo kacaeTcsa Age, TO BTopast onepauus seaseTca gyHkumen daysAgo,
KoTopas npeobpasyeT none Created At B KONNYECTBO NPOLLESLLINX AHEA C NCNONb30BaHM-
em time.Since:

func daysAgo(t time.Time) int {
return int(time.Since(t).HoursQ / 24)

}

O6paTtute BHUMaHue, 4yto TMNom CreatedAt sBndetcs time.Time, a He string.
Tak e, Kak TUN MOXET YNpasisATb ero CTPOKOBbIM (hopmaTupoBaHuem (pasgen 2.5) nytem
onpefeneHns HeKOTOPbIX MeTOA0B, TUM MOXEeT ONpefenaTb MeTOAbl A4N1F YNpaBneHus ero
JSON-mapwanmHrom u gemapwanuHrom. Mapwanuur JSON 3HayeHus time.Time paer
CTPOKY B CTaHAapTHOM hopMmare.

MonyuyeHne BbIBOAA C MOMOLLbIO LWabNOHa OCyLLeCcTBAAeTCA B ABa 3Tana. CHavyana Heob-
XO4MMO BbINOIHATL CUHTAKCUYECKUIA aHann3 WwabnoHa B NoAXofAsLlee BHYTPEHHee npea-
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CTaB/IeHWE, a 3aTeM BbIMONHUTL €ro AN KOHKPETHbIX BXOAHbIX AaHHbIX. AHann3 Heobxoau-
MO BbIMOMHUTbL TONbKO OAMH pa3. MpuBeLEHHbIA HWXKE KOA CO34aeT ONnpefeneHHbI Bbllle
WabnoH tem pi 1 BbIMOMHSAET €ro CUHTAKCMYeCKUin aHanms. O6paTnTe BHUMaHME Ha Lienoy-
Ky BbI30BOB MeTof0B: template.New co3gaeT v Bo3BpaljaeT wabnoH; Funcs gobasnser
K Habopy PYyHKUWIA, AOCTYMHbIX 3TOMY WabnoHy, hyHKuno daysAgo, a 3aTem Bo3BpallaeT
3TOT WaboH; U HaKOHEL, K NOlyYeHHOMY pe3ynbTaTy NpumeHsaeTcs QyHKuma Parse.

report, err := template.New('report").
Funcs(template.FuncMap{"'daysAgo": daysAgo}).
Parse(templ)

it err = nil {
log.Fatal(err)

MockonbKy wWwabnoHbl 06bIYHO DUKCMPOBaHbLI BO BPEMS KOMMAUAALMMK, COOM CUHTAKCKU-
UecKoro aHanm3a lWabnoHa ykasblBaeT Ha (paTalbHYH OWKMGKY B nporpamme. Bcnomora-
TenbHaa GyHKUMA tem plate.M ust genaet 06paboTKy oOWN60OK 60nee ya06HOW: oHa npu-
HUMaeT WabnoH 1 oWn6KY, NPOBEPSET, YTO OLWMNOKA SBNAETCA HyNeBol (B MPOTUBHOM CAy-
yae BO3HMKaeT aBapuitHas cuTyaums), a 3aTeM BO3BpaLLaeT WabsoH. Mbl BEpHEMCS K 3TOW
ngee B pasgene 5.9.

Mocne TOro Kak wWabnoH co3faH, OCHalleH (yHKumein daysAgo, npoaHann3uMpoBaH U
NpPOBEepPeH, Mbl MOXKEM BbIMONHUTbLErOC Ucnonb3oBaHuem github.lssuesSearchResult
B KauecTBe MCTOYHMKA faHHbIX 1 0S.Stdout B KauecTBe MecTa Ha3HaYeHWsa BblBOAA:

var report = template._Must(template_New(issuelist™).
Funcs(template.FuncMap{''daysAgo': daysAgo}).
Parse(templ))

func main() {
result, err := github.Searchlssues(os.Args[lI:])
if err = nil {
log.Fatal(err)

}

if err = report.Execute(os.Stdout, result); err != nil {
log.Fatal(err)

}

3Ta nporpamma BbIBOAUT 06bIUHbI/ TEKCTOBbIV OTHYET Hanogo6ue CeaytoLero:

$ go build gopl.io/ch4/issuesreport
$ ./issuesreport repo:golang/go is:open json decoder
13 Tem:

Number :

5680

User: eaigner

Title: encoding/json: set key converter on en/decoder
Age: 750 days
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Number :

6050

User: gopherbot

Title: encoding/json: provide tokenizer
Age: 695 days

Tenepb fasalite obpaTumcs K nakety html/tem plate. OH ncnonb3yet Takue xe API
N A3bIK BblpaXXeHUW, kak u text/tem plate, Ho fo6aBNAeT BO3MOXHOCTM AN aBTOMa-
TWYECKOr0 M COOTBETCTBYIOLLEr0 KOHTEKCTY 3KPaHMPOBaHWA HEKOTOPbIX CUMBOJIOB YIpaB-
NALWMMKN NocnefoBaTe/IbHOCTAMU B CTPOKax, nossnswwmxcs 8 HTML, JavaScript, CSS
nnm URL. 3TM BO3MOXHOCTW NO3BONAKT MU36eXaTb faBHULWIHeR npobneMbl 6e30nacHol
reHepaunn HTML, aTaku C MOMOLLbI MHBEKLWIA, MPU KOTOPOI 3N10YMbILIEHHMK Nepefa-
eT CTPOKOBOE 3HauyeHWe Hanofobue 3aronoBkKa, COAepXKallee BPeAOHOCHbIW KOA, KOTOPOe,
OyLyyn HeKOppeKTHO npeobpa3oBaHO B LWAGMOHE, NPeAoCTaBAAET 3N10YMbIWIEHHUKY KOH-
TPO/Sib Haf CTpaHuLEN.

MprBeLeHHbIN HUXKe WabnoH BbIBOAMT CMUCOK Tem B Buae Tabnmubl HTML. O6patute
BHVMMAaHMEe Ha OTNIMYAIOLLYIOCA MHCTPYKUUIO import:

godL. io/ch4/issueshtmL
import "html/template"

var issuelList = template.Must(template.New("issuelist™).Parse(”
<hI>{{.TotalCount}} Tem</hl>
<table>
<tr style="text-align: left’>
<th>#</th>
<th>State</th>
<th>User</th>
<th>Title</th>
</tr>
{{range .ltems}}
<tr>
ctdxa href="{{_.HTMLURL}}1>{{-Number}}</ax/td>
<td>{{.State}}</td>
<tdxa href= *{{.UserHTMLURL}} '>{{.User.Login}}</ax/td>
ctdxa href=1{{ HTMLURL}} >{{.Title}}</ax/td>
</tr>
{{end}}
</table>
D)
MprBeAeHHasA HWKE KOMaH4a MPUMEHSeT HOBbIli WabnoH K pe3ynbTataM HEMHOro OT-
nnyatouerocs 3anpoca

$ go build gopl.io/ch4/issueshtml
$ _/issueshtml repo:golang/go commenter:gopherbot json encoder>issues.html
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Ha puc. 4.4 nokasaHo, KakK BbIrNagMT co3gaBaeMas Tabnuua B Be6-6paysepe. CCblfIKM
BeAyT Ha COOTBETCTBYHOLWMe Beb-cTpaHULbl GitHub.

issues.html X
4y C file:///home/gopher/issues.htm!
17 issues
# State User Title

7872 open extemporal
5683 open gopherbot
6901 open lukescott

4474 closed gopherbot
4747 closed gopherbot
7767 closed gopherbot
4606 closed gopherbot
8582 closed matt-duch
6339 closed gopherbot
7337 closed gopherbot
11508 closed iosharian
1017 closed gopherbot
8592 closed gopherbot
7846 closed gopherbot

2761 closed gopherbot Marshaler cannot work with omitemptv in encoding/json
1133 closed gopherbot
7841 closed gopherbot reflect: reflect,unpackEface reflect/vaiue.go:i74 unexpected fault address 0x0

Puc. 4.4. HTML-Tabnuua Tem, ceasaHHbIX ¢ JSON-koguposaHem B Go

Hn ogHa n3 Tem Ha puc. 4.4 He npeacTaBnseT coboi cnoxHocTel and HTML, HO Mbl
MOXEM MOHATb, B YeM COCTOUT npobnema, ecav pPacCMOTPUM TeMbl, Ha3BaHWA KOTOPbIX
cofepxaTr metacumBosibl HTML, Takune kak &1 <. [1ns Hawero npumepa Mbl Bbibpanu Ase
Takune Tembl:

$ ./issueshtml repo:golang/go 3133 10535 >issues2._html

Ha puc. 4.5 nokasaH pe3ynbTat 3Toro 3anpoca. O6patute BHUMaHue, 4to naket html/
template aBTOMaTnyeckn npeobpasyeT Ha3BaHusA Tem B HTML Tak, 4ToO OHW MOABAAIOT-
cs B 6ykBanbHOM Buge. Ecnm 661 Mbl No owmnbke ncnonb3oBanu naket text/tem plate,
TO YeTblpexcumBObHas cTpoka " & It;u 6bina 6bl BbiBEAEHA KakK CUMBOS a CTpokKa
,<link>" npespatunacb 6bl B 3nemMeHT link, nsmeHus cTpyktypy HTML-foKyMeHTa W,
BO3MOXHO, CfileNaB ero He6e3onacHbIM.

" C fiie:///home/gopher/issues2.htm!

2 issues
# State User Title

3131 closed ukai
10535 open dvyukov x/net/html: void element <link> has child r

Puc. 4.5. MeTtacumsonsl HTML B Ha3BaHMAX TeM BbIBEeHbI KOPPEKTHO
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Takoe aBTOMaTW4YeCKOe 3KpaHWpOBaHWe [A1a Nofei, cojepxawmx pfaHHble HTML,
MO>HO MOAaBUTL C MOMOLLLIO MMEHOBaHHOro CTpokosoro Tuna template .HTML, a He
string. AHanormyHble MeHa TUNOB umMetoTca gns JavaScript, CSS n URL. MpuBegeHHas
HWXe nporpaMma JeMOHCTPUpYeT MCNO/b30BaHNe 4BYX NOMel C O4HUM M TeM Xe 3HaYeHu-
€M, HO pasHbIMW TuMamu: A uMmeet Tun string, a B— template.HTML.

godL. io/ch4/autoescaDe
func main() {
const tempi = "<p>A: {{,A}}</pxp>B: {{.B}}</p>"
t := template._Must(template.New("escape') .Parse(tempi))
var data struct {
A string // OGbluHbIA TeKCT
B template.HTML // HTML

3ata-A "<b>Hello!</b>"

data.B = "<b>Hello!</b>"

if err = t.Execute(os.Stdout, data); err = nil {
log.Fatal(err)

Ha puc. 4.6 nokasaHo, Kakoii BuA MMeeT BbiBOA LabnoHa B 6paysepe. Kak BuauTe, B
CTpOKe A MeTacuMBOJbl GblfIN 3aMEHEHbBI COOTBETCTBYIOLWMMMI YNPaBASOLLMMN NOC/e[0Ba-
TeNbHOCTAMU AN UX KOPPEKTHOTO BbIBOAA, a B CTPOKE B — HeT.

C fi file:///home/gopher/gobook/autoescape.html
A: <b>Heliol</b>

B: Hello!

Puc. 4.6. CTpPOKOBble 3HaueHVs1 SKpaHMpyloTcs, a 3HadeHua template .HTML — HeT

B KHUre y Hac xBaTaeT MecTa TO/IbKO A/ TOro, Ytobbl NOKasaTb /ML OCHOBHbIE BO3-
MOXHOCTU CUCTEMbI Wa6MOHOB. Kak Bcerga, Ans nofyyeHus AONONHUTENbHOW WH(opMa-
UMK, 06paTUTECh K AOKYMEHTALUN nakeTa:

$ go doc text/template
$ go doc html/template

YnpaxHeHnune 4.14. Cosgaiite Beb-cepBep, OAHOKPATHO 3anpalinBarowmii nHhopma-
uno y GitHub, a 3aTem nossonstowmnii BbINOAHATL HaBUraLMilo Mo CANCKY COOGLLEHMI 06
OWMn6Kax, KOHTPONbHbIX TOYEK U NONb30BaTENEN.
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PYyHKUNN

®yHKUMA NO3BONAET “3aBepHYTh” MOCMEeA0BaTE/IbHOCTL OMepaTopoB B e4MHOE Lenoe, Ko-
TOpPOE MOXET BbI3bIBaTbCSA W3 APYrMX MeCT B NPOrpamMme, BO3MOXHO, MHOFOKpPATHO. DyHK-
LMK NO3BONAIOT pa3buTb 60/bLWY paboTy Ha 6osiee Menkme hparMeHTbl, KOTOpble MOTyT
ObITb HaNMCaHbl PasHbIMW NPOrpaMMMUCTamMu, pasfeneHHbIMU BO BPEMEHU 1 NPOCTPaHCTBeE.
®YHKUMA CKpbIBaeT NOAPOOHOCTM peanm3auuy OT CBOMX Mofb3oBatenieil. Mo BcemM 3TUM
npuumMHamMm (yHKLMN SBAAIOTCA BaXHON YaCTbi NH060r0 A3blKa NMPOrpaMMMpPOBaHUS.

Mbl ye BUAenn MHOro (yHKuWiA. Tenepb NpULWAO Bpems 06CcyanTb UX 6onee Noapoo-
HO. OCHOBHbIM MPYMEPOM B 3TOW FNaBe SBASAETCSH MOMCKOBbIWA areHT, T.e. KOMMOHEHT nouc-
KOBbIX CUCTEM, OTBETCTBEHHbI/A 3a U3BNeYeHNe Be6-CTpaHML, BbISBNEHNE CCbIIOK BHYTpU
HWX, W3BNEYEHNe BeO-CTpaHWUL, MO 3TUM CCbiikaM W T.4. MOWCKOBbLIA areHT obecneynBaeT
LUMPOKME BO3MOXHOCTM /1 U3YUYEeHUS PEKYPCUU, aHOHUMHbIX (PYHKLUNIA, 06paboTKu OLm-
60K 1 MpouYnX acnekToB DYHKLMIA, YHUKANbHbIX 415 3blKa NporpaMmmupoBaHus Go.

5.1. O6baBneHnsa pyHKUUN

O6bsaBNEHME (PYHKLMM MMEET MMsA, CMUCOK MapaMeTpoB, Heobs3aTeslbHbI CMNCOK pe-
3yNbTaToOB U TENO:

func uma(cnucok napameTpoB) (CnUCok pesysnbTatoB) {
Teno

Cnucok napamMeTpoB yKa3blBaeT MMeHa M TWUMbl NapamMeTpoB (DYHKUUKU, KOTOpble fAB-
NAKTCA NOKANbHLIMU MepeMeHHbIMU, 3HAYEHUSA KOTOPbIX, UM apryMeHTbl, MOCTaB/AKOTCA
Bbi3blBatoWel (yHKumeii. CNMCOK pe3ynbTaTOB YyKa3biBaeT TUMbl 3HA4YeHWI, BO3Bpalyae-
Mble yHKUMel. Ecnm yHKUMA BO3BpaLiaeT OAUH HEMMEHOBAHHbLIA pe3ynbTaT WM BOBCE
He BO3BpaLlaeT pe3ynbTaToB, CKOGKM HeobsA3aTeNlbHbl 1 06bIMHO onycKakTcs. MonHoe oT-
CYTCTBME CMUCKA pe3yNbTaToB YKa3blBaeT Ha 00bABNeHME (PYHKLMMW, KOTOpas He BO3Bpa-
L aeT HMKAKOro 3Ha4YeHWs W BbI3blBAaeTCA TOMbKO ANA BbINOMHEHUS HEKOTOPbLIX AEACTBUMIA.
B dyHKUuM hypot
func hypot(x, y float64) float64 {

return math._Sqrt(x*x + y*y)
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}
fmt_Printin(hypot(3, 4)) // "5"

X MYy SBNAOTCA NapaMeTpaMu B 06bABNEHUN (YHKUWUM, 3 U 4 — aprymeHTamu Bbl30Ba, a
BO3BpalwaeT PyHkumus 3HaveHue float64.

Mopo6HO napameTpam, pe3ynbTaTbl MOFYT ObITb MMEHOBAHHbIMW. B 3TOM cnyvae Kax-
[0e UMs 00bsABNSET NOKA/bHYI0 MEePEMEHHYH, UHULNANIM3UPYEMYHD HYNEBbIM 3HAUYeHUEM
ee Tmna.

®yYHKUWSA, KOTOpas MMEeEeT CMUCOK Pe3yfbTaToB, AO/DKHA 3aKaH4MBaTbCA OMEpaTopoMm
return, ecnvm TONbKO WCNOSTHEHWE ABHO He MOXeT [ONTW L0 KOHUA (YHKUMK, Hanpumep
ecnn hyHKLMSA 3aKaHUYMBAETCA BbI30OBOM panic uam 6eckoHeyHbiM Luknom for 6e3 break.

Kak Mbl Bufienn B yHKUMn hypot, nocnefoBaTenbHOCTb NapamMeTpOB UMW Pe3ynbTaToB
OJHOM0 U TOTO Xe TUMa MOXET ObITb (haKTOPM30BaHa, T.e. 3aNMcaHa Tak, YTo caMm TWUn 3anu-
CbIBAeTCA TONbKO OAHOKPaTHO. Cnefytoline Ba 06bABNEHNA IKBUBANEHTHbI:

func f(i, j, kint, s, t string) {/*...*/}
func f(i int, j int, k int, s string, t string) {/*...*/}

[Janee npefcTaBneHbl YeTblpe cnocoba 06bABNEHMS QYHKLUM C ABYMS napameTpamu u
OAHUM pe3ynbTaToM, UMeL UMK TUR int. MycToi MAeHTUHMUKATOP MOXET UCMO/b30BaTh-
sl ANsi Toro, UTo6bl NOAYEPKHYTh, YTO ITOT NapameTp He UCMONb3YeTCs.

func add(x int, y int) int { return x +y }
func sub(x, y int) (z int) {z=x -y; return }
func first(x int, _ int) int { return x }

func zero(int, int) int { return 0 }

fmt_Printf("%T\n", add) // func(int, int) int"
fmt.Printf("%T\nM, sub) // "func(int, int) int"
fmt.Printfe~rTXn", first) // Mfunc(int, int) int"
fmt.Printf("%T\nM, zero) // "func(int, int) int"

TN YHKUUWM MHOT4a Ha3biBAKOT ee CUrHaTYpoi. [iBe (PYyHKLMN UMEIT OANH U TOT Xe
TUM, UAW CUTHATYypy, €CAIM OHU MMEKT OfAHY W Ty XXe NnocnefoBaTenbHOCTb TUMOB napa-
METPOB M OAHY W Ty XX€ MOC/ief0BaTe/IbHOCTb TUMOB pe3yNbTaToB. ViMeHa napameTpoB K
pe3ynbTaToOB He BAMSIOT Ha TUM (PYHKUWUW, TaK Xe KakK He BAWAET TO, Oblf0 I 06bABNEHME
(hYHKLMKN (haKTOPM30BaHo.

Kaxablil BbI30B (DYHKUMW JO/MKEH MPeAoCTaBUTb aprymMeHT AN KaXAoro mapamerpa
(YHKLUM B TOM NOPSLKE, B KOTOPOM OblvM 06bABAEHbI 3T NapaMeTpbl. B Go oTcyTcTBYeT
KaK KOHLenuMs napaMeTpoB MO YMOAYaHWIO, TaK U Kakue-nmbo cnocobbl a8 yKasaHus
aprymeHTOB MO MMeHW, TaK YTO MMeHa napameTpoB W Pe3ynbTaTOB He MMEeKT HWKaKoro
3Ha4YeHMs AN BbI3bIBAKOLLEr0 KOAa, KPOMe Kak ANs ueneii JOKYMeHTUpOoBaHuA.

MapaMeTpbl ABASKOTCA NOKaNbHBIMU MEPEMEHHBLIMW B Tefe PYHKLMMW; UX HavanbHble
3HAYeHMA paBHbl aprymeHTam, nepefaHHbIM BbidbiBatoLWeli QyHKuUmMeid. MapameTpbl QyHK-
UMU 1 UMEHOBaHHbIE Pe3ynbTaTbl ABAAKOTCA MEPEMEHHbIMU B TOM e JIEKCUYECKOoM 6/okKe,
UTO M Hanbosee BHELIHME NOKaNbHble NEPEMEHHbIE PYHKL K.
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ApryMeHTbl NepefaoTcs B QYHKLMM MO 3HAYEHWIO, NO3TOMY (YHKLMS MOMyYaeT Konuio
KaXoro aprymMeHTa; U3MeHeHMs1 B KOMUW He BMSKOT Ha UCXOAHbLIA 06beKT. OfHAKO ecnu
aprymMeHT COZepXWUT HEKOTOPYIO CCbIMIKY, KaK, Hanpumep, yKasaTefb, cpes, 0TOoGpaxeHue,
(YHKUMIO MU KaHan, TO PYHKLUS MOXET BAUSTbL HAa 06BEKTLI BbI3bIBAIOLLETO KOAA C MOMO-
lL|bl0 KOCBEHHOIO BHECEHUS M3MEHEHWIA C UCMOMb30BAHMEM apryMeHTa-CChIKN.

WHoraa Bbl MOXeTe CTONKHYTbCS C 06bABNEHWEM (YHKUMKM Ge3 Tena, yKasblBaloLwum,
UTO 3Ta (hYHKUNS peann3oBaHa Ha s3blKe, OTIMYHOM OT s3bika Go. Takoe 06bsABMEHME Onpe-
LeNnseT cCUrHatypy QyHKLUuu.

package math
func Sin(x float64) float64 // Peanu3oBaHa Ha accembnepe

5.2. Pekypcusa

@YHKLMN MOTYT ObITb PEKYPCUBHBIMU, T.€. MOTYT BblI3blBaTb CaAMMK CE6A NPAMO UK KOC-
BEHHO. PeKypcus ABNAETCA MOLWHLIM WHCTPYMEHTOM [N PelleHns MHOXecTBa 3ajay W,
KOHEYHO, HeobxoauMma AN1s 06paboTKM peKypCUBHbIX CTPYKTYP AaHHbIX. B pasgene 4.4 mbl
MCNONb30Ba/IN PEKYPCUIO MO AepeBy NS peanus3auumm NpocToil COPTUPOBKU BCTaBKOW. B
3TOM pasfefnie Mbl CHOBa 6yfemM Mcnonb3oBaTh ee A8 06paboTkn HTML-[0KYMEHTOB.

B npuBefeHHOM HUWXe MpuMMepe NporpaMmbl WUCMOb3YeTCa HecTaHAapTHbIA MakeT
golang.org/x /net/html, «koTopbli NpeaocTaBNseT CUHTAKCUYECKUIA aHanmsaTop
HTML. Penosutopun golang.org/x /.. . XpaHAT nakeTbl, pa3paboTaHHble U MOALEp-
XMBaeMble KOMaHLOW GO ANns NPUNOXeHWA, TakKMx Kak ceTu, obpaboTka TekcTa Ha pas-
HbIX fA3blKaxX, MOO6UAbHbIE MNATHOPMbI, MaHUNYNALUU M300paXKeHUAMU, KpunTorpapus u
WHCTPYMeHTbI pa3paboTumMka. 3TU MakeTbl He BXOAAT B CTaHAapTHYl 6MOAMOTEKY, NOTO-
My 4YTO OHW BCE eLle HaxoAATCA B CTaAuU pa3paboTKM WM OKa3blBAOTCA PEAKO HY>KHbIMU
60NbLINHCTBY NMpOrpaMMmncToB Ha Go.

Heobxoanmble Ham 4vactm APl golang.org/x/net/htm | nokasaHbl HWxe. PYHK-
uma html. Parse cunTbiBaeT nocnefoBaTe/lbHOCTb 6aiiTOB, BbIMOAHAET ee CUHTaKcuue-
CKWiA aHann3 1 BO3BpallaeT KOpeHb AepeBa AokymeHTa HTML, koTopblit umeeT Tun htm I,
Node. HTML uMeeT y3/bl HECKONbKUX Pa3HOBMAHOCTEN — TEKCT, KOMMEHTapumn u 1.4., —
HO ceilyac Mbl COCPefOTOYMM CBOE BHUMaHWe TOMbKO Ha y3nax 3/eMeHTOB BuAa <name
key="value'>

aoiana.ora/x/net/htmL
package html

type Node struct {

Type NodeType
Data string
Attr [1Attribute

FirstChild, NextSibling *Node
>

type NodeType int32
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const (
ErrorNode NodeType = iota
TextNode
DocumentNode
ElementNode
CommentNode
DoctypeNode

)

type Attribute struct {
Key, Val string

}

func Parse(r io.Reader) (*Node, error)

®yHKLMA main BbINOAHAET CMHTAKCMYECKWNIA aHann3 JaHHbIX CO CTaHAAapTHOro BXoAa
Kak HTML, 13Bnekas cCbIKM C UCMONb30BaHWEM PEKYPCUBHOM (YHKLUMK visit, 1 BbIBO-
48 KKAYI0 Hali4eHHYIO CCbUIKY:

godL.i0/ch5/findLinksl

11 Findlinksl BbeiBOAUT ccbinkn B HTML-pgokymeHTe,
// npouynMTaHHOM CO CTaHAapTHOro Bxoja,

package main

import (
“fmt"

"golang.org/x/net/html"
)

func main(Q) {
doc, err := html.Parse(os.Stdin)
if err 1= nil {
fmt_Fprintf(os.Stderr, "findlinksl: %v\n", err)
os.Exit(l)

for _, link := range visit(nil, doc) {
fmt.Printin(link)

PyHKUMS visit 06xoauT Aepeso y3nos HTML, ussnekaeT ccbinkn u3 atpudyta href
KaX[oro anemMeHTa <a href=" [00aBNAET CCbIIKM B Cpe3 CTPOK W BO3BpaLyaeT
pe3ynbTUpYHLW KA cpes:

// visit po6asnseTr B links Bce cCCbinku,

// HaiifeHHble B N, W BO3BpawaeT pe3ynbTarT-
func visit(links [Jstring, n *html_Node) []string {
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if n.Type == html_ElementNode && n.Data == "a" {
for a = range n.Attr {
if a.Key == "href" {

links = append(links, a.Val)

}
}

}
for ¢ := n.FirstChild; c¢ != nil; ¢ = c.NextSibling {
links = visit(links, ©)

return links

[ns cnycka no gepesy Ans y3na N QPyHKUMA V iSit PeKypCMBHO Bbi3biBaeT cebs Ans
KaXX[0oro u3 oyepHMX y3noB M, KOTOpble XpPaHATCA B CBA3AHHOM cnucke FirstChild.

[Jasaiite 3anyctum findlinks pgna HavanbHO cTpaHuubl Go, nepefas BbIX04 Npo-
rpammbl fetch (pasgen 1.5) Ha Bxog findlinks. [na KpaTKoCTM Mbl HEMHOIO OTpefak-
TMPOBAAN NOMYYalOLWUIACA BbIBOL;

$ go build gopl.io/chl/fetch

$ go build gopl.io/ch5/findlinksl

$ _/fetch https://golang.org | -/findlinksl
#

/doc/

/pkg/

/help/

/blog/

http://play.golang.org/

//tour.golang.org/

https://golang.org/dl/

//blog.golang.org/

/LICENSE

/doc/tos.html
http://www.google.com/intl/en/policies/privacy/

O6paTuTe BHMMaHWe Ha pasHoo6pasve BUAOB CCbIIOK, KOTOPble MOSBASKTCS Ha CTpa-
Huue. To3xe Mbl YBUAUM, Kak paspellaTb UX OTHOCUTeNbHO 6a3oBoro URL, https://
golang.org, 4utob6bl nonyyatb abcontoTHoie URL.

MpuBedeHHas fafee nporpaMma MCNonb3yeT pekypcuio no Aepesy y3nos HTML ans
BblBOZa HabpocKa CTPYKTYpbl AepeBa; Korfja nporpaMma BCTpevaeT Kax[blli 3/1EMEHT, OHa
nomMeLlaeT 4eCKpPUNTOP 3/1eMeHTa B CTEK, a 3aTeM BbIBOAMUT CTEK:

godL.io/ch5/outLine
func mainQ) {
doc, err := html.Parse(os.Stdin)
if err = nil {
fmt.Fprintf(os.Stderr, "outline: %v\n", err)
os.Exit(l)
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outline(nil, doc)

%unc outline(stack []Jstring, n *html_Node) {
if n.Type == html.ElementNode {
stack = append(stack, n.Data) // BHeceHue peckpuntopa B CTeEK
fmt_PrintIn(stack)

}
for ¢ := n.FirstChild; c != nil; c = c.NextSibling {

outline(stack, ©)

Ob6patnTe BHMMaHWe Ha Of4HY TOHKOCTb: XoTA outline “3aTankumBaeT” 3/IEMEHT B
stack, cOOTBeTCTBYHOL e (PYHKUMM ANA CHATUSA 3/EMeHTa CO cTeka HeT. Korpga ¢yHK-
ums outline pekypCMBHO Bbi3blBaeT caMy cebs, Bbl3biBaeMas PYHKLUS Noay4vaeT KOMuio
stack. XoTs Bbi3blBaeMas hyHKLMA MOXET f06aBNATb 3/IEMEHTbI B 3TOT Cpe3, U3MeHss ba-
30BbIi MaccuB, W, BOSMOXHO, aXe BblAeNAeT HOBbI/i MacCuB, OHA HEe U3MEHSET UCXOAHbIe
3NeMeHTbI, BUAVMbIE Bbi3blBaloLWen GyHKumu. MoaTomy npu Bo3Bpate u3 dyHKuumn stack
BbI3bIBalOLLe (hYHKLMM OCTaeTCa TakMM XXe, Kak U 0 BbI30Ba.

BoT Kak BbIrnaguT Habpocok https://golang.org (BHOBb OTpeAaKTMPOBAHHbIA ANns
KpaTKoCTK):

$ go build gopl.io/ch5/outline
$ ./fetch https://golang.org | ./outline
[htmI]

[html head]

[html head meta]

[html head title]

[html head link]

[html body]

[html body div]

[html body div]

[html body div div]

[html body div div form]

[html body div div form div]
[html body div div form div a]

Kak Bbl MOXeTe yBUAETb, aKCNepnMeHTMpys ¢ pyHkuymeid outline, 601bWMHCTBO A40-
KyMmeHTOB HTML MoryT 6biTb 06paboTaHbl TOMLKO C HECKONbKUMU YPOBHAMU PEKYPCUMU;
0[HaKO He TaK YX TPYAHO c034aTb NaTonornyeckne Beb-CTpaHWLbl, KOTOPble NMOTPe6yoT
ypesBblYaiiHO NyBOKOI peKkypcuu.

MHorve peanusauny A3bika NPOrpaMMMpPOBaHWUSA UCMOMb3YIOT CTEK BbI30BOB (PYHKLMIA
(hMKCMPOBAHHOrO0 pasMepa; TUMWYHbIE pa3Mepbl KonebnwTcs oT 64 K6ainT go 2 Mo6ailr.
®PUKCMPOBaHHbIA pa3Mep CTeKa OrpaHW4YMBaeT rnybuHY pekypcuu, Tak 4YTO Hafo ObiThb
OCTOPOXHbIM, YTOObI M36eXaTb MepernosiHeHUs CTeKa Npu peKypcuBHOM 06xoae 60MbLINX
CTPYKTYP AaHHbIX; (UKCUPOBaHHbI/ pa3mep CTeka MOXET [axe co3fhaTb yrposy 6esonac-
HocTW. K cuacTblo, TUNWYHbIEe peann3aumm GO UCMOMb3YIOT CTEKU MepeMeHHOro pasmepa,
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KOTOpble, HAYMHASACh C Masioro pasMepa, MOryT BblpacTaTb N0 Mepe He06X0AMMOCTM 4O TU-
rabaiiTHbIX BENNYVH.

370 no3BonseT 6e30MacHO MCNONb30BaTb PEKYPCUIO U He BECNOKOUTLCA O NepenosiHe-
HWUK cTeka.

YnpaxHeHue 5.1. N3meHuTe nporpammy findlinks Tak, 4To6bl OHa 06xoguna cBs-
3aHHbI cnucok n.FirstC hild ¢ noMowbi0 PeKypCMBHBLIX BbI30BOB VisSit, a He ¢ no-
MOLLbIO LMKNa.

YnpaxHeHue 5.2. Hannwute yHKUWIO 415 3aM0NHEHUS OTOGPaXEHNs, KNoYaMu Ko-
TOPOro ABMAKTCA UMeHa 3/ieMeHTOoB (p, div, span u T.4.), a 3HaYeHUs MU — KOJIMYeCTBO
3N1EMEHTOB C TaKUM MMeHeM B aepeBe HTML-foKymeHTa.

YnpaxHeHne 5.3. HanuwunTte QyHKUMIO 4N BbIBOAA COAEPXKMUMOrO BCEX TEKCTOBBIX
y3/10B B AgepeBe fokymeHTa HTML. He BxoguTte B 3fieMeHTbl <script> un <style>, no-
CKONbKY WX COZlepXUMOe B Beb-6paysepe He ABNAETCA BUAMMbIM.

YnpaxkHeHue 5.4. PacluimpbTe YHKLUWIO V is it Tak, YTOObl OHA U3BNEKana fpyrue pas-
HOBUAHOCTM CCbIIOK M3 JOKYMEHTA, Takne Kak M306paxKeHus, cLueHapum 1 ancTbl CTUEN.

5.3. MHOXXeCcTBeHHble BO3BpallaeMblie 3Ha4YeHnA

PyHKLMA MOXET BO3BpaLLaTb 60nee ofHOro pesynbTata. Mbl BUAEIN MHOTO NPYMEPOB
TaKMX MHOF03HaYHbIX PYHKLMIA M3 CTaHAAPTHbLIX NakeTOB, KOTOpble BO3BPALLalT [Ba 3Ha-
YeHUA, Xenaemblil pe3ynbTaT BbIYUCIEHUA U 3HAYEHWE OLUMOKMN UM NOTUYECKOe 3HAYEeHNeE,
yKa3sbiBarolLee, ObIN N BbIYUCEHNS KOPPEKTHO BLIMOMHEHLI. B cnefytolem npumepe noka-
3aHO, KaK HanucaTb CO6CTBEHHYIO (PYHKLMIO C HECKONbKMMMW BO3BPALLAEMbIMU 3HAUEHNSAMU.

MpuBegeHHas HWXKe nporpamMmma fABnseTcs Bepcuein nporpammbl findlinks, koTo-
pas cama BblinonHAeT 3anpoc HTTP, Tak 4To Ham 60/blUe He HaAo 3anmyckaTb Mporpammy
fetch. Mockonbky K 3anpoc HTTP, U CMHTaKCU4YecKWii aHannM3 MOryT ObiTb HeyAauHbl-
mu, pyHkuma find Links ob6bABAseT gBa pe3ynbTaTa: CAUCOK 0OHaPY>XEHHbIX CCbINOK U
owmnbky. Kctatn, HTML-aHann3atop 06bIYHO MOXET BOCCTAaHOBUTLCA NMPWU HEKOPPEKTHBIX
BXOAHbIX JaHHbIX U NOCTPOUTb AOKYMEHT, COAepXalLnii y3bl OWNBOK, TaK YTO (YHKLMS
Parse peako 6blBaeT HeyfauyHOW; KOrfja Takoe NPOWCXOAMT, 3TO, Kak NpaBuio, CBA3aHO C
owmnbKamMun BBOAA-BbIBOAA.

aoplL.io/ch5/findiinks2
func mainQ) {
for url := range os.Args[l:] {
links, err := findLinks(url)
if err = nil {
fmt.Fprintf(os.Stderr, "findlinks2: %v\n”, err)

continue

>

for link := range links {
fmt.PrintIn(link)

}
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// findLinks BeinonHseT HTTP-3anpoc GET gna 3agaHHoro url,
// BLINOMHAET CUHTAKCWMYeCKWin aHann3 oTBeTa Kak HTML-pokymeHTa
// v v3BnekaeT 1 BO3BpalWaeT CChlIKM,
func findLinks(url string) ([dstring, error) {
resp, err := http.Get(url)
if err = nil {
return nil, err

}
if resp.StatusCode != http.StatusOK {
resp.Body.Close()
return nil, fmt_Errorf('nonyvenve %s: %s', url, resp.Status)

doc, err := html._Parse(resp.Body)
resp.Body.Close()
if err = nil {
return nil, fmt.Errorf("aHamm3 %s kak HTML: %', url, err)

return visit(nil, doc), nil

B dyHkuun FindLinks umetoTca uyeTbipe onepaTopa return, Kaxiblli U3 KOTOPbIX
BO3BpaLLaeT napy 3HauyeHwii. MepBble TPy 3aCTaBNAIOT QYHKLMIO NepesaBaTb MHGHOPMaL MO
06 ownbke 3 naketoB http n html Bbi3biBatowWwein GyHKUUK. B nepom ciyyae owmnbka
BO3BpalLaeTca 6e3 M3MEHEHWUIA; BO BTOPOM U TPETbEM OHa AOMOMHAETCA KOHTEKCTHOW WH-
thopmauueid ¢ nomouwbto yHkumn fmt_Errorf (pasgen 7.8). Ecnu BbizoB FindLinks
ABNAETCA YCNELHbIM, NOCNefHUIA onepaTtop return BO3BpallaeT cpe3 CCbiNOK 6e3 ykasa-
HNS OLLINGKM.

MbI LOMXHbI TAPAHTMPOBATbL 3aKpbiThe resp . Body, uTobbl faxke B c/lyyae oWMOKK ce-
TeBble pecypcbl 6bliM 0CBOBGOXAEHbI LO/MKHBIM 06pasoM. CHopLumK Mycopa Go 0CBOOOX-
[laeT HeMCnonb3yemyt namsaTb, HO He CYMTaiiTe, YTO OH GyAeT 0CBOOOXAATb HEMCMOMb3Y-
eMble pecypcbl OnepaLvoHHON CUCTEMbI, TaKMe KakK OTKPbITble (halinbl U CeTeBble MOAKIO-
yeHUs. OHW JOMKHbI ObITb 3aKPbIThl ABHLIM 06pa3oM.

PesynbTaT Bbl30Ba MHOF03HA4YHON (YHKLMW MpeacTaBnseT COOOA KOPTeX 3HaYeHWi
Mpy BbI30Be Takol PYHKUUM HEO6XOAMMO fBHbIM 06pa3oM MpucBauBaTb 3HaUYeHWS nepe-
MeHHbIM, ec/in N06as 13 HUX AOMKHA O6bITb UCNO/b30BaHa:

links, err := findLinks(url)

UT06bl NPOUrHOPUPOBATL OAHO M3 3HAYEHWI, MPUCBOITE €ro NyCTOMY MAEHTU(MKATOPY:
links, _ := findLinks(url) // OwvbKu NpPONrHOPMPOBaHbI

Pe3ynbTaT MHOr03HaYHOr0 BbI30Ba CaM MOXET 6GbITb MOMY4YeH W3 Bbl30Ba MHOr03HAau-

HOW (DYHKUMMW, KaK B NPUBEAEHHOM HMWXe Mpumepe (PYHKUUKU, KOTOpas BefeT cebs Kak
findLinks, HO 3anuCbIBaeT CBOW aprymeHT:
func findLinksLog(url string) ([]string, error) {

log.Printf(""findLinks %s", url)
return findLinks(url)
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MHOF03HaYHbli BbI30B MOXET SIBIATHCS €AUHCTBEHHbLIM apryMeHTOM MpU BbI30BE (hYHK-
LMW C HECKONIbKMMM napaMeTpamu. XOTs Takoe PeAKO MCMO/b3yeTcs B MPOMbILLIEHHOM
Kofle, 3Ta BO3MOXHOCTb MHOT/la OKa3bliBaeTcs yA06HOW BO BpemMs OTNafKu, Tak Kak Mo3Bo-
NSieT HaMm BbIBOAWTb BCE Pe3yNbTaTbl BbI30Ba C MOMOLLbIO OAHOW WMHCTPYKLMKU. MpuBegeH-
Hble flanee [Ba BbIpaXeHMS BbIBOAA AeCTBYIOT OfJMHAKOBO:

log.PrintIn(findLinks(url))
links, err := findLinks(url)
log.Printin(links, err)

TuatenbHo NoAo6paHHble MeHa MOTYT JOKYMEHTUPOBATb CMbIC/ Pe3ynbTaToB (YHK-
UMu. MmeHa sBNAOTCS 0COGEHHO BaXXKHbIMU, KOFa QYHKLWS BO3BpallaeT HECKONbKO pe-
3yNbTaTOB O4HOIO M TOFO e TUMa, Kak, Hanpumep

func Size(rect image.Rectangle) (width, height int)
func Split(path string) (dir, file string)
func HourMinSec(t time.Time) (hour, minute, second int)

OfiHaKo He Bcerga Heo6X04MMO MMEHOBATb HECKOMbKO Pe3ynbTaTOB WCKAOUMTENbHO A/1s
LOKYMEHTUpOBaHMsA. Hanpumep, no corfaweHnto nocnefHuii pesynbtat Tmuna bool yka-
3bIBAET YCNeELIHOe 3aBeplueHme DyHKLUN; pe3ynbTaT e rror 4acTo He TpebyeT HUKaKMX Mo-
ACHEHWIA.

B dhyHKLMMN C MMEHOBaHHbIMMW pe3ynbTaTaMu OonepaHAbl onepatopa return MoryT 6biTh
onyuieHbl. ATO HasbiBaeTCA NycThbIM BO3BpaTOM (bare return).

// CountWordsAndImages BbinonHAeT HTTP-3anpoc GET HTML-gokymeHTa
11 url n BO3BpawWaeT KOMMYECTBO C/MOB W W3006paxeHWii B HeMm.
func CountWordsAndImages(url string) (words, images int, err error) {
resp, err := http.Get(url)
if err = nil {
return

doc, err := html.Parse(resp.Body)

resp.Body .CloseQ

if err = nil {
err = fmt_Errorf(“'parsing HTML: %s", err)
return

}

words, images = countWordsAndImages(doc)
return
¥ i _
func countWordsAndImages(n *html_Node)(words,images int){ /7*.._.*/}

MycToii BO3BpaT NpeacTaBiseT co60i coKpalleHHYI0 3anuch [/ BO3BpaTa BCEX MMEHO-
BaHHbIX PE3YyNbTUPYIOLLUX NEPEMEHHbIX B YKa3aHHOM B 06bSBMEHUW MOPSAKEe, TaK 4ToO
B NMPUBEAEHHOI Bbilie (YHKLMUM KaxAas UHCTPYKLMS return 3KBUBaNeHTHA 3anucu

return words, images, err
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B ¢yHKLMAX, NOAOOHBIX 3TON, B KOTOPLIX MMEETCA MHOFO onepaTopoB return u He-
CKOJIbKO pe3y/ibTaToB, MyCTON BO3BPAT MOXET YMEHbLNTb Ay6/1MpoBaHNe KoAa, HO OH pef-
KO 06/1eryaet MOHMMaHWe UCXOLHOro TekcTa. Hanmpumep, Ha NepBblii B3rNsg He 04EBUAHO,
4TO [Ba NepBbiXx BO3BpaTa 3KBMBAaNEHTHbl return 0,0, err (MOCKOMbKY Pe3ynbTUPYHO-
Wye nepeMeHHble words M images WHULMANU3UPYIOTCA HYNEBbIMU 3HAYEHUSAMU COOT-
BETCTBYIOLLEro TWMA) M YTO OKOHYaTenbHas WMHCTPYKUMSA return 3KBMWBaleHTHA 3anvcu
return words, images, nil. Mo 3Toil Npu4YuHe NycToii BO3BpaT /Syylle BCEro UCMOMb-
30BaTb 3KOHOMHO.

YnpaxkHeHue 5.5. Peanusyiite dyHkuuio countWordsAndlimages (cm. pasgeneHue
Ha cfiosa B ynp. 4.9).

YnpaxHeHuve 5,6. Moanduynpyiite dyHkumio corner uz gopl.io/ch3/surface
(pasgen 3.2), 4T06bI OHa MCMO/b30Basa MMEHOBaHHbIE Pe3ynbTaTbl U MHCTPYKLMIO MYCTOro
BO3Bparta.

5.4. OWmnoKN

OfHM (yHKUMM Bcerja ycnewHo pelwakwT cBOM 3ajayn. Hanpumep, strings.
Contains n strconv.FormatBool nmeloT 4eTKO onpejeneHHble pesynbTaTbl 41 BCEX
BO3MOXHbIX 3HA4YeHWA apryMeHTOB M He MOTyT 3aBepLIMTbCA HeyAayHO — 3a WCKue-
HMeM HenpefcKasyemblX U KaTacTpo(UUeCcKMX CLeHapueB Hanogobue HexBaTKU NaMATH,
Korfa CMMMTOM NpPOsBASETCA AaneKo OT MPUUUHbLI U NPAKTUYECKN HET HajeX.s Ha BoccTa-
HOB/EHNeE.

Opyrve gyHKUMM Bcerga ycnewHbl, Noka BbIMOAHATCA UX npefycnosus. Hanpumep,
yHkuma time.D ate Bcerga cosgaet time.Time ©3 ero KOMNOHEHTOB (rog, mecsy u
T.4.), €C/IN TONIbKO NOCAeAHNIA aprymMeHT (4acoBOI MOAC) He paBeH nil; B 3TOM c/yvae BO3-
HMKaeT aBapuiiHas cuTyauus. Takas aBapuiiHas CMTyalusi — BepHbI MPU3HaK OWIMGKMN B
BbI3bIBaOLLEM KOAE M HUKOrfa He AOXHa BO3HMKATb B XOPOLIO HAanWcaHHON nporpamMme.

Lng MHOrMX apyrux yHKUMiA fake B XOPOLIO HanMCaHHbIX Nporpammax ycnex He ra-
paHTupyeTcsa, NOTOMY YTO OH 3aBUCUT OT (haKTOPOB, HaXOAALWMXCA BHE KOHTPOAS Nporpam-
mucTta. Hanpumep, nobas hyHKLMSA, BbINONHAOLLAA BBOA-BbIBOJ, 40/KHA YYUTbLIBATL BO3-
MOXHOCTb OLUMGKM, 1 TONbKO HaUBHbIA MPOrpaMMmncCT BEPUT B TO, YTO NPOCTOE YTEHWE UK
3anucb HukKorga He cbomt. Korga Hambonee HajeXxHble orepauuyM HeOXMAAaHHO OKasblBa-
HOTCA HeyAayHbIMK, 0643aTeIbHO HEOBXOAMMO 3HaThb, B YeM Aeno.Takum 06pa3oM, OLWNGKK
ABNAOTCA BaXHOW 4acTblo APl makeTa uav nonb3oBaTeNbCKOro MHTepdelica MpUoXeHus,
1 cboii ABNAETCA NULLb OAHUM U3 HECKONIbKMX 0XUAaeMblX MOBEAEHNIA NporpaMmMbl. B aTom
3aKknroyvaeTca nogxogd Go K 06paboTke OWMOOK.

PyHKUWSA, AN KOTOPOW OTKAa3 ABNSETCA OXUAaeMbiM NOBeAeHWeM, BO3BpaLLaeT 4ONo-
HWTeNbHbIA pe3ynbTaT, 06bIYHO nocnefHWin. Ecnn c60i MMeeT TONbLKO OAHY BO3MOXHYHO
NpUYnHY, pesynbTaT NpeacTaBnaeT coboil 6yneBo 3HayeHWe, 06bIYHO C UMEHEM OK, Kak B
NPpUBESEHHOM HMXEe MpUMepe MOWCKa B Kelle, KOTOPbIA BCerga BbIMOMHAETCS YCMELIHO,
€C/N TOMbKO B Kelle MMeeTCs 3anuchb A1 UCKOMOro K/ya:

value, ok := cache.Lookup(key)
if lok {
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// ...cache[key] He cyuwecTByeT...

Yalye Bcero, 1 B 0COBEHHOCTU ANd BBOAA-BbIBOAA, Heyfaynm MOryT MMEeTb MHOXECTBO
pasHo06pa3HbIX NPUYMH, TaK YTO Bbi3blBalOLaA YHKLNA [OMKHA 3HATb, YTO UMEHHO NpO-
nsowno. B Takmx cnydvasx TMn LONOMHUTE/IbHOTO pe3yfibTaTa— error.

BCTpOEHHbIV TMN error SBASeTCH TUNOM WHTepdeiica. Mbl y3HaeM, Y4TO 3TO O3Ha4aeT
N Kakue cnefcTBus ana 06paboTKM OWMBOK M3 3TOr0 BbITEKAKOT, B rnase 7, “VHTepdeiics!”.
Celfyac xe O0CTaTOYHO 3HaTb, YTO OWMGKA MOXET ObITb HYNEBOW WM He HYNeBOM, YTO Hy-
neBas OlWMOKa 03HaYaeT YCMeLwHOoe 3aBepLleHe 1 YTO HeHyneBas owunbKa CoLepXuT cTpo-
Ky coobuieHuns 06 ownbKe, KOTOPYO Mbl MOXEM MOYy4YUTb MyTEM Bbi30Ba ee MeToda Error
nunn nytem BbiBoga ¢ nomowsbto fmt.Printin(err) mwam fmt. Printf ("%v" ,err).

O6bI4HO, Korga (yHKLMA BO3BpALLaeT HeHYNEeBYIO OLWMOKY, ee pe3ynbTaThbl He onpeje-
NeHbl N JO/MKHbI 6bITb MPOUTHOPUPOBaHbI. OfHAKO HEKOTOPble (YHKLMM Npu OWnBKe MO-
ryT BO3BpaliaTb YaCTMUHble pe3ynbTaTbl. Hanpumep, ecan npomsoLlna owmbka BO Bpems
yTeHus u3 halina, BbI3oB Read BO3BpaLyaeT KoMYecTBO 6aiiTOB, KOTOPbIe (PYHKLMSA CMOrfa
npoYmnTaTh, M OWKNGKY, OMUCHIBAKLLYIO BO3HUKLIYIO Npobnemy. [ins obecrneyeHns nNpaBusib-
HOro MOBeAEHUS HEKOTOPbIM BbI3bIBAOLMM (DYHKLUAM MOXET noTpeboBaTbcs 06paboTaTh
HemnosiHble AaHHble A0 06paboTKM OWNGKM, NO3TOMY BaXHO, YTOObI Takue QyHKLMN TOYHO
LOKYMEHTMPOBAIN CBOW Pe3y/bTathl.

Moaxoa Go oTAMYaeT ero 0T MHOTUX APYTrUX A3bIKOB NPOrpaMMUpPOBaHMUs, B KOTOPbLIX 06
0TKasax coo0bLiaeTcs C MOMOLLbIO MeXaHU3Ma MUCKITIYeHWiA, a He 06bIYHbIX 3HaYeHWn. XoTs
B GO MMeeTcA onpefeneHHbli MeXaHW3M UCKYeHWA, Kak Mbl yBUAUM B pasgene 5.9, oH
MCMONb3yeTcs TONbKO ANS AeACTBUTENbHO HEOXUAAHHbIX HEMPUATHOCTEN, YKa3blBatoL,nx
Ha Hanuume Cepbe3HO OWMOKM, a He Ha 0ObIYHbIE OLIMOKKM MOAMPOrpamMm, KOTopble Ha-
JeXHas nporpammMa fo/KHa 0XXnaaTb 1 0bpabaTbiBaTh.

MpuunHa TaKoro NoAxoAa 3aKn4aeTcsa B TOM, YTO UCKNHOYEHUS, KaK NpaBuio, cMeLn-
BalOT onucaHne owmnbKM ¢ obpabaTbiBaloWwMM ee NOTOKOM YnpaB/ieHUs, 4TO 4acTo NpuBo-
OUT K HeXenaTeNbHbIM pe3y/nbTaTaM: 06blYHbIe OWMOKM MOAMPOrpamMm MpesoCcTaBAsATCS
KOHEYHOMY MO0Mb30BaTeNl0 B BUAE MasiONOHATHOIO COCTOSHUA CTeka C MOSIHOW MH(opMa-
UMein o CTPYKType NMporpamMmbl, HO MpW 3TOM HeLOCTATOYHO YeTKOW MHGopMaLueln o ToM,
4TO MMEHHO NOLWO He TakK.

GO Xe, HaNpoTMB, ANA peakuun Ha OWKBKM MCNoNb3yeT 06blYHbIE MEXaHU3Mbl NOTOKA
ynpasneHus Hanogobue nHcTpykuum if nam return. 3TOT CTWUAb, HECOMHEHHO, TpebyeT
yaenaTb 60/ble BHUMaHWUA I0rMKe 06paboTkM OWKN6O0K, HO ACHOCTb M TOYHOCTL 06paboT-
KN OWNBOK TOro CTOAT.

5.4.1. CtpaTterum o6paboTKu oWKnB60OK

Korga BbI30B (hyHKLMM BO3BpaLiaeT OWWOKY, Bbi3biBatowias QYHKLMSA JO/MHKHA NpoBe-
PUTb €e U NPUHATL COOTBETCTBYHOLME Mepbl. B 3aBMCMMOCTM OT CUTyauunm MOXeT ObiTb
pAL BO3MOXHbIX [eACTBMIA Bbi3biBalOWEN (yHKUMKN. [laBaiiTe pacCCMOTPUM MATb M3 HUX.

MepBblii M Hanbonee pacnpoCTPaHeHHbI cnyyail — pacnpocTpaHeHWe OWUBKY,
TakK 4YTo c6Oi B nognporpaMme cTaHOBUTCS c60eM Bbi3blBalOWeEn PyHKLMU. Mbl BUAENN
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npumepsbl 3T0ro B PyHkummn findL inks n3 pasgena 5.3. Ecnum Bbi3oB http .G et Heypa-
yeH, findLinks nepepaet ownbky HTTP Bbi3biBatolwel (yHKLMM 6€3 ganbHenwunx
LLepeMOHWIA:
resp, err = http.Get(url)
if err = nil {

return nil, err

B nNpoTMBONOMOXHOCTL 3TOMY, ecnuM HeygadeH Bbi3oB html.Parse, d¢yHKuus
findLinks He Bo3Bpawaet ownbky HTML-aHann3atopa HenocpeacTBEHHO, MOTOMY 4TO
B Heli He XBaTaeT ABYX BaKHeMWmnx yacteil MHhopmaunn: Toro, 4To owmnbKa npousoLwna B
CMHTaKcu4yeckoM aHanusatope, 1 URL goKyMeHTa, aHasnm3 KOTOPOro BbIMOMHANCA. B aTom
cnyyae pyHkums findLinks co3gaeT HOBOe coobLieHMe 06 oWwWmn6OKe, KOTOPOe BKAOYAET B
cebs 3Ty MH(OpMaLMIO, a TakxXe 6a30BYIH0 OLWNOKY CUMHTAKCUYECKOro aHannsaropa:

doc, err := html._Parse(resp.Body)
resp.Body .CloseQ
if err = nil {
return nil, fmt.Errorf("AHam3 %s kak HTML: %", url, err)

dyukuma fmt.Errorf dopmatupyet coobuieHne 06 owmnbke, UCNONb3YA PYHKLUIO
fmt.Sprintf, 1 Bo3BpawaeT HOBOe 3HaYeHMe error. Mbl UCNOMb3YEM ee AN CO3JaHus
onucateslbHOW OWMGKM C NOMOLLbIO A06aBNEHNA UH(POPMALUM O KOHTEKCTE K UCXOAHOMY
coobuieHnto 06 owwnbke. Korga owmbka B KOHEYHOM uTOre obpabaTbiBaeTcs B (DYHKLUK
main nporpamMmbl, 4O/MKHa ObITb NpeAoCTaBAeHa YeTKas MPUUYUHHO-CNEACTBEHHAA Lenoy-
Ka OT MCTOYHMKA, YeM-TO HanoMuHatoLas pacciefoBaHne HecyacTHoOro cnyydas B NASA:

WCTouHUK: aBapvsi: HeT napawwTa: owMGKa nepekyaTensi: c6oi pene

MockonbKy coobLeHns 06 owmbKax 4acTo COeAUHEHbI B O4HY LENo4Ky, CTPOKM C006-
LLEHNs He CTOUT HauyMHaTb C NPONUCHbLIX OYKB, a TakXKe crnefyeT n3beratb CMMBOIOB HOBOM
CTpOKW. Monyyaemble COOOLEHUS MOTYT ObITb ANMHHbLIMK, 3aTO ByAyT CaMOAOCTATOUHbI
MpW MOMUCKE C MOMOLLbIO TaKUX UHCTPYMEHTOB, KakK grep.

Mpy pa3paboTKe coobLEeHNIA 06 OWKNOKax OyAbTe OCMOTPUTENbHbI, YTOObI KaXaoe U3
HUX 6bIN0 OCMbICNEHHBIM U AOCTATOYHO NOAPOGHLIM ONUCaHWEM MPOG6AEMbI; OHU AO/KHbI
6bITb NOCNEA0BaTENbHbLIMW W COFNAacOBaHHbIMU, YTOObLI OLWNOKK, BO3BpaLLaeMble OAHON U
TOI Xe hyHKUMen nan rpynnoin GyHKUMUiA B 04HOM NakeTe, Gblay MOXOXMW MO (hOpMe U MOor-
N paccCMaTpMBaTbLCA OLHUM U TEM e CMOoCco6oM.

Hanpumep, nakeT 0S rapaHTUpYyeT, Y4TO Kaxkjas owmnbka, BO3BpaLLleHHas (aiinoBoii one-
paumeii, Takoin kak 0s.Open, unn metogamu Read, W rite nnm Close oTKpbITOro ¢aina,
He TONbKO OMUCbIBaeT xapaktep cb6os (OTCYTCTBME MpaB AOCTyMa, HeT TaKoro karanora u
T.4.), HO U COLEPXUT UMS (haiina, Tak YTO Bbi3biBatOLEN PYHKLMM HE HYXXHO BK/IOYaTb 3Ty
NH(opMaunio B coobuieHne 06 owmnbKe, KOTOPOE OHa CO34aeT.

B obuwem cny4vae BbI30oB f (X) HeceT OTBETCTBEHHOCTb 3a NpefocTaB/ieHne UHGOpMa-
LWKn 0 NpegnpuHATON onepauumn f 1 3HaYeHUN aprymeHTa X, eC/in OHW OTHOCATCA K KOHTeK-
CTy OWMn6KN. Bhi3biBatowWwas GyHKLMA 0TBeYaeT 3a AobaBneHe fanbHellwen nHpopmaLmu,
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KOTOpPOW o6nagaeT OHa, HO He yHKuua f (x), Hanpumep URL B Bbi3oBe html. Parse u3
NpWBEeAEHHOTO BblLIE MCXOAHOTO TEKCTa.

[aBaiiTe nepelijeM Ko BTOPOi cTpateruun ans obpaboTky owmnbok. Ana owm6b0K, KoTo-
pble NpeAcTaBASAOT NpPexoAsduLme uaM Henpegckasyemble NPo6aeMbl, MOXKET UMETb CMbIC
NoBTOPUTH COOMHYK OMepauuio, BO3MOXHO, C 3afepXXKOii Mexay nonbiTKamu, U, Bepo-
ATHO, C OFpaHWYEHMEM, HaKNafLblBaEMbIM Ha KO/IMYECTBO MOMbITOK WM Ha BPeEMS, KOTOPOe
MOXHO 3aTpaTUTb Ha BbIMOMHEHWE MOMNbITOK.

qodL.io/ch5/wait
11 WaitForServer nbiTaeTcsa COeAVMHUTbLCA C cepBepoM 3agaHHoro URL.
// TIoNbITKM NpeanpuHUMaTCA B TeYeHWe MUHYTb C PacTyWuMM WHTepBasiaMu.
// Coobuwaet 06 ownbke, ecinm BCe MOMbITKN HeyauHb,
func WaitForServer(url string) error {
const timeout = 1 * time.Minute
deadline := time.NowQ.Add(timeout)

for tries := 0; time.NowQ.Before(deadline); tries++ {
err := http.Head(url)
if err = nil {

return nil // YcnewHoe coepguHeHve

log.Printf(*'CepBep He oTBeuvaeT (%s)j nosTop...", err)
time.Sleep(time.Second << uint(tries)) // YBennueHve 3afepxKu
>
return fmt_Errorf("'CepBep %s He oTBevaeT; Bpemsa %s ", url, timeout)

[Janee, ecnm nporpecc HeBO3MOXEH, Bbli3blBatOLLas PYHKLMA MOXeT BbIBECTU COO0OLLe-
HMe 06 OWwnbKe W 31eraHTHO 3aBEPLUUTbL BbIMOAHEHME MPOrpaMMbl, HO 3TOT CNocob Aeli-
CTBWIA, KaK MpaBuno, 3ape3epBMPOBaH A1 OCHOBHOIO NnakeTa NporpamMmmbl. bubnnoTeyHsle
(hYHKLMM 0B6bIYHO AOMKHbI NepefaBaTb OWIMOKM Bbi3blBaKOLE (YHKLWM, KPOME Cly4Yaes,
KOrAa olwnbKa sBnseTcs NPU3HaAKOM BHYTPEHHE HeCcornacoBaHHOCTY.

// (B dyHkumm main.)
if err = WaitForServer(url); err != nil {

fmt.Fprintf(os.Stderr, "CepBep He pa6oTaeT: %v\n', err)
os.Exit(l)

Bonee yao6HbIM CNOCOBOM [JOCTMXEHUS TOro e addekra asnserca Bbizos log.
Fatalf. Kak n Bce hyHkumn naketa log, no ymonuyaHuio oHa npegsapseT coobuweHne 06
OLWMOKe TeKYLMMN BpeMeHeM 1 LaTOi.

if err = WaitForServer(url); err = nil {
log.Fatalf("'CepBep He paboTaeT: %v\n', err)

dopmMaT MO YMONYaHUio MofieseH Mpu pa6oTe “AONTOMrpatoLLero” cepBepa U MeHee
yA06eH A1 MHTePaKTUBHOTO UHCTPYMEHTa

2006/01/02 15:04:05 CepBep He paboTaeT: HeBepHbii gomeH: bad.gopl.io
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Bonee npusnekaTesnbHbIi BbIBOL MOXHO NOAYYUTb, 3aAaB NpetuKc, UCNONb3yeMblil B
nakete log, 1 nogasme oTobpaXKeHWe AaTbl Y BPEMEHW:

log.SetPrefix("wait: ')
log.SetFlags(G)

B HEKOTOpbIX cAyYasax AOCTATOMHO NPOCTO 3anucaTb OWMOKY B XXYpHan U NPOAOIXUTb
paboTy, BO3MOXHO, C YMEHbLUEHHON (PYHKLMOHANbHOCTLIO. [pK 3TOM BHOBb MOXHO Bbl6M-
paTb MeXAy Mcronb3oBaHWeM nakeTta log, KOTOpbI f06aBNsSeT 06bIYHbIA NpednKe:
if err = PingQ; err = nil {

log.Printf("oumbka ping: %v; ceTb OTKIW4YeHa', err)
}
1 BbIBOJOM HeMOCPeACTBEHHO B CTaHAAPTHbI/ NOTOK OLIMGOK:
if err = PingQ; err = nil {
fimt_Fprintf(os.Stderr, "ouwnbka ping: %v; ceTb OTK/o4YeHa\n'", err)

}

(Bce thyHKummn naketa log f06aBNSOT CUMBON HOBOW CTPOKM, €CNN TaKOBOMN OTCYTCTBYET.)
MocnefHss cTpaTerns — B peAKUX ciyyasx MOXHO 6e30nacHO MOMHOCTbI UTHOPUPO-
BaTb OLUNOKY:

dir, err := ioutil.TempDir(""", 'scratch™)
if err = nil {
return fmt_Errorf("ownbka co3gaHns BPEMEHHOro kaTtanora: %v', err)

}

// ... VUCNONb3yeM BPEMEHHbIA KaTanor ...
os.RemoveAll(dir) // WrHopupyem ownbku; $TMPDIR nepuogmyecku ounuaeTcs

Bbi3oB 0s.RemoveAll MOXET 3aBeplIMTLCA HeyAauyHO, HO MporpamMmma 3To UFHOpUpY-
€T, NOTOMY 4TO OMepaLuoHHas cMcTemMa caMa NepuoAnYeckn oYnLLaeT BPEMEHHbIW KaTanor.
B 3TOM cnyyae MrHopmpoBaHue oWn6KM 6biN0 NpegHamMepeHHbIM, HO /1I0FMKa MPorpaMMbl
BbIFIAANT TaK, Kak ByATO Mbl MPOCTO 3abblin 06paboTaTh ownbKy. BbipaboTainTe NpuBbIY-
Ky NpOBepsTb OWIMOKM MOC/e KaXA0ro Bbi30Ba PYHKL MM, a eC/IM Bbl NpefHAMEPEHHO UTHO-
prpyeTe UX B KAKOM-TO MeCTe, ABHO JOKYMEHTUPYATe CBOU HaMepeHus.

O6paboTka owmboK B GO MMeeT cBOW “puTM”. Focne NpoBepKn cHavana 06bIYHO 0bpa-
6aTbiBaeTCs OWMOKA, a yXKe 3aTeM — YychneLwHoe BbiNoaHeHWe. Ecan c60il NpuBOAUT K Bbl-
X04y 13 YyHKUWKM, yCnewHoe NpoAo/HKeHUe paboThl BbINOAHSAETCA He B 610ke else, a Ha
6onee BbICOKOM YpPOBHe, C MEHbLUMM OTCTYNOM. PYHKLWMW, KakK NpaBuno, AeMOHCTPUPYIOT
00Uy CTPYKTYPY C pALOM npeaBapuTe/ibHbIX NPOBEPOK, YTO6bI U3bexaTb OWNBOK, nocne
yero cnefyeT OCHOBHOM KOA (PYHKLUU C MUHUMaNbHbLIM OTCTYMOM.

5.4.2. KoHel, paiina (EOF)

O6bIUHO pasMuHble OLIMGKM, KOTOPble MOXET BO3BpallaTh MYHKLMS, WHTEPECHbI KO-
HEYHOMY MO/Ib30BaTES0, HO HE ANl MPOMEXYTOUHO NOFMKW Mporpammbl. VIHorga, ogHa-
KO, MPOrpammbl AOMXHbI MPeAnpUHUMaTh pPasfnyHble AelCTBUS B 3aBUCMMOCTU OT TuUna
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npoucweLwein ownbkn. PacCCMOTPUM NOMbITKM YTeHUa N 6aliToB faHHbIX U3 haiina. Ecnm
n — AnuvHa caiina, no6oi cboit npeactaBnset coboit ownbky. C Apyroin CTOPOHbI, ecnu
BbI3bIBaKOLLAs PYHKLMS MbITaeTCS MHOTOKPAaTHO 4YMTaTb B/10KM (DUKCMPOBAHHOIO pasmepa
[0 KOHUa (haiina, TO OHa AO/KHA pearnpoBaTb Ha OWMOKY AOCTUXEHMA KOHLUA (aitna uHa-
ye, YeM Ha BCe Npoune owWMOKKU. Mo 3TOW NpPUYMHE NakeT i0 rapaHTUPYET, YTO O HEBO3-
MOXHOCTW 4TeHWs, BbI3BaHHOI [LOCTMXXEHMEM KOHUA (haiina, Bcerga coobuiaeTcss Kak 06
oTAenbHOW ownbke io. EOF, KoTopas onpefeneHa cnegyowmm obpasom:

package io

import "errors"

// EOF - 3710 owvnbka, BO3Bpawaemas ¢yHkuueli Read,

// Korpa 6osblle HeT AaHHbIX 419 4YTeHus,

var EOF = errors.New("EOF")

BbisbiBatowas (hyHKLUA MOXET 06HAPY>XUTb 3TO YCNOBME C MOMOLLbLIO MPOCTOr0 CpaB-
HEHUs, KaK HMXe MoKa3aHO B LMKNe, KOTOPbI/i YMTaeT pyHbl M3 CTaHAApTHOrO BBOAA.
(B nporpamme charcount u3 pasgena 4.3 npeAcTaBneH 6onee NoAHbIA UCXOAHbIA TEKCT.)

in = bufio.NewReader(os.Stdin)
for {
err := in.ReadRuneQ
if err = 10.EOF {

break 11 YteHve 3aBepuweHo

>
if err = nil {
return fmt_Errorf(*'c6oli uTenusa: %", err)

>
// ...nCcnonb3oBaHue T...

MoCKoNbKy YCnoBMe KOHUa (haiina He COAEPXMWT HUKAKOW MHGpopMaLun, 0 KOTOPOi
Morno 6bl coobwnTb, io. EOF nmeet ukcnpoaHHoe coobuieHne 06 ownbke — "EOF".
Lna opyrux owmnob0oK MOXeT NoTpeboBaTbCa 601ee NOJMHbIA OTYET, Tak ckasaTb, 60/1ee Kave-
CTBEHHas W KOJIMUYECTBEHHAS UH(OPMaLNs, NO3TOMY Y HUX HET (PMKCMPOBAHHOTO 3HaYeHMs
owmnbok. B pasgene 7.11 Mmbl npeactaBMM 60/ee cuctemMaTUYecKnii Cnoco6, Kak O0TaMyaTb
onpefeNieHHble 3HaYeHUs OLWNBOK OT MPOYMX.

5.5. 3HaueHna-pyHKUNN

PYHKLUMN ABAAIOTCA 3HAYEHUAMU MepBoro knacca B Go: Nofo6bHO APYrvM 3HAYEHUAM,
3HaYeHNA-PYHKLMUN UMEIOT TUMbI, N OHU MOTYT OblTb MPUCBOEHLI MEPEMEHHLIM WU, Ha-
npumep, nepefaHbl B PYHKLMIO WX BO3BPaLLEHbl U3 Hee. 3HaYeHne-hYHKLNA MOXKET 6biTb
BbI3BaHO NOA06HO Nt06ONA ApYroi hyHKLUK, Hanpumep:
func square(n int) int {return n*n}
func negative(n int) int { return -n }
func product(m, n int) int { return m * n }
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f = square
fmt.PrintIn(f(3)) /7 "M

f = negative
fmt_PrintIn(f(3)) // -3
fmt_PrintfC'%T\n", ) // "func(int) int"

T = product // Oumbka KOMNMAAUMU: Henb3s npuceamBaTb
// func(int, int) int nepemenHoii func(int) int

HyneBbiM 3HauyeHVeM TuNa PyHKUUKM sBnseTca nil. Bbi30B HyneBo yHKLMWM MPUBO-
OUT K aBapuiiHON cuTyaunmu:

var f func(int) int
f(3) // ABapuiiHaa cuTyaums: Bbi30B ni l-QyHKuUMK

3HayeHne-PYHKLUNI MOXHO CpaBHUTL ¢ nil:

var f func(int) int
if £ 1= nil {

f(3)
}

OfHaKo camy 3HaYeHUA-QYHKLUN ABNAAKOTCA He CPaBHWBAEMbIMW OfHO C APYTUMM, Tak
UTO UX HEeNMb3f CPaBHMBATb OA4HO C APYTMM WAM UCMO/b30BaTb B KayecTBe K/Oueli B 0T06-
paXKeHuu.

3HauyeHMA-PYHKLMM MO3BONAOT NapaMeTpr3nMpoBaTh HalM DYHKLUN He TONIbKO JaHHbI-
MW, HO U noBegeHnem. CTaHAapTHble 6MGANOTEKN cOAepXXaT MHOro MpMMepoB ToMy. Ha-
npumep, strings.Map npumeHseT QYHKUMIO K KaXLOMY CMMBONY CTPOKU, 00befMHASA
pesynbTaTbl B JpYry CTPOKY:

func addl(r rune) rune { return r + 1 }

fmt.PrintIn(strings.Map(addl, '"HAL-9000")) // "IBM.:111"
fmt.PrintIn(strings.Map(addl, "VMS™)) // TWNT
fmt.PrintIn(strings.Map(addl, "Admix™)) // "Benjy"

®dyHkuma findLinks wu3 pasgena 5.2 ucrnonb3yeT BCMOMOrate/lbHYH (QYHKLUIO,
Visit, 4To6bl NOCETUTL BCE Y3/bl B fOKyMeHTe HTML 1 NnpuMeHuTh JeliCTBME K KaXAOMY
13 HUX. C NOMOLLbIO 3HAYEHUSA-PYHKLMUN Mbl MOXEM OTAENUTb NOTMKY 06Xoaa fepeBa OT
NOTVKW [eACTBNSA, NPUMEHSEMOTO K KXAOMY Y37y, UTO MO3BO/IUT HaM BbIMOMHATb 06X04 C
pasNyHbIMU LEACTBUAMMU:

godL .\o/ch5/outLine2
11 forEachNode Bbi3biBaeT (yHkumm pre(X) u post(x) pns Kaxgoro ysna x
// B pepeBe c KopHeM n. 06e (yHKUMM Heobs3aTesbHb.
// pre Bbi3biBaeTCA A0 MNOCEWEeHNs AoYepHMX Yy37oB, a post - nocne,
func forEachNode(n *html.Node, pre, post func(n *html.Node)) {
if pre = nil {
pre(n)
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for ¢ = n.FirstChild; c != nil; c = c.NextSibling {
forkEachNode(c, pre, post)

%f post != nil {
post(n)
}

dyHkuus forEachNode npuHumaeT gBa aprymeHTa-QyHKUMU: OAUH — [A/15 Bbl30Ba
nepes noceLeHMeM [OYEpPHUX Y3108, a BTOPO/ — AN BbI30Ba MOC/E TaKOro MoCeLeHuns
370 06ecneymnBaeT BbICOKYH CTeneHb MMOKOCTW AN Bbi3biBatolweil yHKumMm. Hanpumep,
yHKumm startElement n endElement BbIBOAAT OTKPbIBAKOLLUA 1 3aKpbiBalOWMii fe-
ckpuntopsl HTML-3anemeHTa Hanogobue <b>. .. </b>:

var depth int

func startElement(n *html_Node) {
if n.Type == html_.ElementNode {
fmt_ Printf(Wi*s<%s>\nM, depth*2, n.Data)
depth++

}

func endElement(n *html.Node) {
if n.Type == html_ElementNode {
depth--
fnt.Printf('%*s</%s>\n"", depth*2, n.Data)

}

3TN (DyHKLMM Takxe obecneymBaloT OTCTYMbl C NOMOLLLIO elle OAHOro TPHOKa (PYHK-
umm fm t.Printf. CumBon * B %*Ss BbIBOAUT CTPOKY, AOMO/IHEHHYIO MEPEMEHHbIM KO-
nnyectsoM npob6enos. LupuHa BbiBOAA M BbIBOAMMAA CTPOKa MepefaHbl KakK aprymeHTb
depth*2 un

Mpu Bbi3oBe ForEachNode ¢ HTML-4OKyMeHTOM cneaytowum o6pasom:

forEachNode(doc, startElement, endElement)
Mbl MONy4YMM 60/iee KpacuBbliA BbIBOJ, Halleli pacCMOTPEHHON paHee nporpaMmbl outline:

$ go build gopl.io/ch5/outline2
$ ./outline2 http://gopl.io
<html>
<head>

<meta>

</meta>

<title>

</title>

<style>

</style>
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</head>
<body>
<table>
<tbody>
<tr>
<td>
<a>

<img>
</img>

YnpaxHeHne 5.7. Pa3paboTainTe startElement n endElement ans 0606LeHHOro
BbiBoga HTML. BbiBOAMTE y31bl KOMMEHTapWeB, TEKCTOBbIE Y3/bl W aTPpUBYTbl KaX4oro
anemeHTa (<a href=* ... ’>). Vcnonb3yiTe COKpalleHHbI BbiBOA Hanogobue <img/>
BMeCTO <imgx/img>, KOrfga 3/eMeHT He MMeeT JOYEepHMX Yy310B. HanuwuTe TeCTOBYHO
nporpamMmmMy, 4tobbl y6eanTbCA B KOPPEKTHOCTU BbIMONHAEMOr0 aHanmsa (cM. rnasy 11, “Te-
CTupoBaHue™.)

YnpaxHeHue 5.8. Namennte ¢gyHkumio ForEachNode Tak, 4To6bl (PyHKLMM pre wu
post Bo3Bpalianu OyneBo 3HauyeHWe, yKasbiBalollee, CnefyeT M MPOJOMKaTb 00X0A fe-
peBa. Bocnonb3yiiTecb MMy Ana HanucaHus (yHkumm ElementByIlD ¢ npuBeaeHHON
HWXe CUTHATYpoiA, KoTopas HaxoauT nepBbli HTML-31eMeHT ¢ yKa3aHHbIM aTpubyTom
id. ®yHKUMA JO/MKHA NpekpawaTb 06X0[4 AepeBa, KakK TO/IbKO COOTBETCTBYIOLWMNA 31eMEHT
HaldeH:

func ElementByID(doc *html.Node, 1id string) *html.Node

YnpaxHenne 5.9. Hannwnte pyHkuno expand(s string, f func(string)
string) string, KoTopas 3aMeHfAeT Kaxayt noactpoky ""$foo” B S TeKCTOM, KOTOpbI
Bo3spataetcs Bbizosom T ('foo™).

5.6. AHOHUMHbIE PYHKLUNN

VIMEHOBaHHbIE (PYHKUUU MOTYT ObiTb O0O6BAB/EHbI TONLKO Ha YPOBHE MakeTa, HO Mbl
MOXEM MCMOoMb30BaTb NMTepan QPyHKUUM AN 0603HAYEHUS 3HAUYEHUSA-PYHKLUN B NHO6GOM
BblpaXKeHUW. JlnTepan (yHKLUMM 3anucbiBaeTCs Kak 06bABMeHWE (YHKUUKU, HO 6e3 MMeHU
nocne knwyesoro cnosa func. 370 BblpaXeHWe, N ero 3Ha4yeHWe Ha3biBaeTCA aHOHUMHOW
hyHKLMEN.

Nutepan gyHKUUM NO3BONSET ONpeAennTb PYHKLMUIO B TOUKE MCMOMb30BaHMA. B Kaye-
CTBE NpMMepa NPWBE/EHHbIV Bbille BbI30B Strings -Map MOXHO nepenucatb CAefyOLW UM
obpasom:

strings.Map(func(r rune) rune { return r + 1 }, "HAL9000")

UTto 6onee BaXKHO, onpefeneHHas TakMm 06pasoM (YHKUMS MMeeT AOCTYN KO BCEMY
NEKCUYECKOMY OKPYXXEHUIO, TaK UTO BHYTPEHHAS DYHKLMUS MOXeT 06paliaThes K MepeMeH-
HbIM VX OXBaTbIBalOLLE (YHKLMM, KaK NOKa3aHO B MPUMEPE HUXE:
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aooL.io/ch5/sauares

11 squares Bo3BpawaeT (YyHKUMIO, KOTOpas MNpu KaX4OM BbI30Be
/] BO3BpaliaeT KBagpaT O0YepefHOro u4wucna,

func squares() func() int {

var x int
return func() int {
X++
return x * x
}
}
func main() {
f := squares() o
fmt.PrintIin(fQ) // "0
fmt.PrintIn(fQ)) /7 4"
fot.Printin(fFQ) 7 "%
fmt,PrintIn(fQ) // "16"
}

dyHKUMA squares BoO3BpaliaeT apyryt ¢yHkuuo, Thna funcQ int. Bbi3oB squares
CO3/4aeT NOKanbHYK MepeMeHHYI X M BO3BpaliaeT aHOHUMHYH (YHKLMIO, KoTopas npu
Ka)XJ0M Bbl30Be YBENMNUYMBAET X M BO3BpALLaeT ee KBajpaT. BTopoi BbI3oB squares CO3-
[acT BTOPYIO MEPEMEHHYH X W BEPHET HOBYI aHOHMMHY (PYHKUMIO, KOTOpas ByaeT yBe-
NNYNBaATb 3TY NEPEMEHHYIO.

B npumepe squares NpoAeMOHCTPMPOBAHO, UYTO 3HAYEHUA-DYHKLUN He TONbKO ABNS-
I0TCA KOLOM, HO MOTYT MMETb W COCTOAHME. BHYTPEHHAS aHOHUMHAsA (YHKLUA MOXeT 06-
palatbCs K SI0KaNbHbIM MEePEMEHHbIM 0XBaTbiBaloLe (yHKUMM squares U OBHOBAATH
UX. DTWN CKPbITblE CCbINKM Ha MepemMeHHble SBAAIOTCA NPUUYMHONA, NO KOTOPOWA Mbl Knac-
cuuumnpyem QyHKLUN KaK CCbIOYHbIE TUMblI K NO KOTOPOW 3HaYeHUs-YHKUUN He ABNS-
I0TCA CpaBHUBaeMbIMU. 3HaYEHUA-PYHKUNK, NOAO0OHbIE NMPUBELEHHON, peann3yloTcsa ¢ no-
MOLLbI0 TEXHOMOTMM MOJ Ha3BaHWEM 3aMblKaHWs, ¥ MPOrpaMMnCTbl GO 4acTO MUCMOMb3YHT
3TOT TEPMUH A8 3HAYEHUA-PYHKLNIA.

34ecb Mbl ONATb BUAMM NpPUMeEpP TOT0, YTO BPEMS XXMN3HW NEPEMEHHON He onpefenseTcs
ee 061acTbi0 BUAMMOCTM: NepeMeHHas X CyLLeCTBYET Nocfe TOro, kak (pyHKuusa squares
BO3BpaLLaeT ynpas/eHne yHKLMM main, HECMOTPS Ha TO YTO X CKpbITa BHyTpH f .

B kayecTBe HECKONbKO aKafeMu4yeckoro npumepa aHOHUMHbIX DYHKLWIA paccMoTpum
npo6seMy BbIYMCAEHUS NOCMEA0BaTE/IbHOCTM KypCcOB MH(OPMATUKM, KOTOpas YAOBneT-
BOpseT TpebOBaHUAM KaXKA0ro U3 HUX, 3aKNHYaloLMMCcs B TOM, YTO ONpefeneHHbIA Kypc
ONMpaeTcs Ha Apyrue Kypcbl, KOTOpble AO/MKHbI 6bITb M3Yy4YeHbl A0 HEro. Ycnosus npueese-
Hbl B TabnnMLe prereqs HWXe, KOTOpas NpeAcTaBnseT coboli 0TobpaxeHWe KaXA0oro Kypca
Ha CMMCOK KypcoB, KOTOPbIe AOMKHbI 6bITh MPOJeHbl 40 4AHHOTO Kypca.

QODLAO/ch5/t0DQSOrt
11 prereqs OTO6paXKaeT KaKAbl1 KypC Ha CMAWCOK KypcOB, KOTOpble
/] [omKHbI 6bITb MPOYUTaHbl paHblle HEro,
var prereqs = map[string][]string{
"algorithms": {"data structures"},
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calculus™ : {"linear algebra"},
compilers” : {
"data structures",
"formal languages",
"computer organization

s
data structures” {"discrete math"},
databases" {"data structures'},
discrete math" {"intro to programming"},
formal languages" {"discrete math"},
networks" {"operating systems'},
operating systems {"data structures",

"computer organization'}
programming languages': {"data structures",
"computer organization'}

Takoro pofa 3agaya M3BeCTHa Kak Tomonormyeckas copTupoBka. KoHUEeNnTyanbHO WH-
thopmaymsa 0 He0bX0AMMbBIX Kypcax JopMUPYeT OPUEHTUPOBAHHbLIA rpad € Y3/10M AN Kax-
[Oro Kypca 1 pebpamy OT Hero K Kypcam, OT KOTOPbIX OH 3aBUCUT. DTOT rpad auuKINyeH:
He CyLLecTBYeT NyTU OT Kypca, KOTOpblil Ben 6bl 06paTHO K 3TOMY Kypcy. Bblumcantb fo-
NyCTUMYI MOC/eA0BaTE/IbHOCTL KYPCOB MOXHO C MOMOLLbI0 Moucka B rpade B riaybuHy
C UCNOMb30BaHNEM ClieAyIOLLero Koaa:

func main() {
for i, course := range topoSort(preregs) {
fmt.Printf('%d:\t%s\n", i+l, course)

}
}

func topoSort(m map[string][]string) [Jstring {
var order []string
seen := make(map[string]bool)
var visitAll func(items []string)
visitAll = func(items []string) {
for _, item := range items {
if lIseen[item] {
seenfitem] = true
visitAll(m[item])
order = append(order, item)

>

var keys []string
for key := range m {
keys append(keySj key)
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sort.Strings(keys)
visitAll(keys)
return order

Korga aHoHMMHas GyHKLMSA TpebyeT peKypcuio, Kak MokKa3aHo B JaHHOM Mpuvepe, Mb
LOMXHb CHayana 06bSABUTbL MEPEMEHHY0, a 3aTeM MPUCBOUTb €/ AaHOHUMHYK QYHKLMIO .
Ecnn aTn gBa wara o6beAMHUTb B OAUH B 0OBbSABAEHUM, AUTepan QyHKUUM He BydeT Ha-
XOAWUTbCA B 06n1acTy BUAMMOCTM nepemeHHon visitAll, Tak yTo OH He GyaeT UMeTb BO3-
MOXHOCTM Bbi3bIBaTb Ce651 PeKypCUBHO:

visitAll = func(items []string) {
...
visitAll(m[item]) // Ouwmbka komnunsumu: He onpegeneHa visitAll
//

Huxe npuBedeH BbiBOA nNporpammbl toposort. OH geTepMMHMpOBaH — 3TO 4YacTo
Tpebyemoe CBOICTBO, KOTOPOE He BCErda yAaeTcs NoyunTb 6ecriaTHo. 34eCb 3HAUEHUsIMU
oTOOpaxeHuss prereqs SIBASKTCS CPe3bl, a He 0TOOPaXeHUsi, Tak YTO NMOPSIAOK UX UTepa-
UM 4eTepPMUHUPOBaH, M Mbl COPTHPYEM KAK4YM prereqs Ao nepsoro Bbi3oBa visitAll.

=

intro to programming
discrete math

data structures
algorithms

linear algebra
calculus

formal languages
computer organization
compilers

databases

operating systems

12: networks

13: programming languages

=

I—‘IO(OCO\IOU'I-PO.)I\J

=Y

[laBaiiTe BepHemcst K Hawemy npumepy FindLinks. Mbl nepeHecnn hyHKUWIO U3BNE-
yeHus ccoinok links . Extract B cOGCTBEHHbI MakeT, MOCKOSbKY Mbl BHOBb Oyaem uc-
Mosib30BaTh ee B rfase 8, “Go-nognporpammel ¥ KaHasbl” .M bl 3aMeHWIN QyHKUMI VISt
AHOHUMHOW (hyHKUMEli, KoTopas BbINOIHAET gobasneHune B cpe3 links HenocpeacTBEHHO
n ncnonb3yeT FrEachNode ans o6paboTkn 06xoda. MoCKoNbKY GyHKLUMA Extract Hyx-
[laeTcsa TONbKO B YHKUUKN pre, B KaYeCTBe aprymeHTa post oH nepefaeT 3HadeHue nil.

aopL 1o/ ch5/Links
// NakeT links npepocTaBnseT (YHKUMIO LN WU3BEYEHUS CChUIOK,
package links

import (
"fmte"
"golang.org/x/net/html"
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"net/http"”
)

11 Extract BbinonHgeT HTTP-3anpoc GET no onpegeneHHomy URL, BbiMONHAET
11 cuHTakcumyeckuin aHaim3 HTML » Bo3BpawaeT ccbiku B HTML-gOKymeHTe,
func Extract(url string) ([]string, error) {
resp, err := http.Get(url)
if err I= nil {
return nil, err

%f resp.StatusCode != http.StatusOK {
resp. Body. CloseQ
return nil, fmt.Errorf('nonyvenve %s: %s", url, resp.Status)
>
doc, err := html.Parse(resp.Body)
resp.Body .CloseQ
if err = nil {
return nil, fmt_Errorf(anam3 %s kak HTML: %v'", url, err)

var links []string
visitNode := func(n *html.Node) {
if n.Type == html_.ElementNode && n.Data == "a" {
for _, a = range n.Attr {
if a.Key != "href" {
continue

link, err := resp.Request.URL.Parse(a.Vval)
if err = nil {
continue // WrHopvpyem HekoppekTHble URL

>
links = append(links, link.StringQ)
>
>

>
forEachNode(doc, visitNode, nil)
return links, nil

BmecTo gobaBneHns HeobpaboTaHHOro 3HadeHus atpubyTa href B cpes links gaHHas
Bepcus aHanusmpyeT ero kak URL-agpec oTHocuTenbHO 6a3oBoro URL fOKymeHTa, resp.
Request.URL. Pe3synbTupytowas ccoinika 1ink nonyyaetca B abcontoTHol (opme, npu-
rogHas 41a MCnonb3oBaHus B Bbl3oBe http.Get.

Obxof Be6 — Mo CyTW CBOei 3agaya o6xoga rpada. B npumepe topoSort nokasaH
06xo4 B rnybuHy; ana Hawero Be6-ckaHepa Mbl 6yaemM MCNonb30BaTb 06X04 B LUWPUHY, NO
KpaiiHeil mepe cHayana. B rnase 8, “Go-noanporpamMmmbl U KaHanbl”, Mbl paccMOTPUM na-
pannencHblii 06X04.

MpuBefeHHas HWMKe (PYHKLMSA MHKaNCynnpyeTt cyTb 06xoda B WMpUHY. Bbi3dbiBatolas
(YHKLMA NpeaoCcTaBnseT UCXOLHbIA CMMCOK 3n1eMeHTOB ana noceweHns worklist u 3Ha-


http://http.StatusOK
http://http.Get
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YyeHue-pyHKumio F, Bbi3biBaeMYI0 AN KaXKAOr0 3nemMeHTa. Kaxablil anemMeHT MAeHTU(K-
unpyetcs cTpokoit. dyHkuma F Bo3BpalLaeT CNNCOK HOBLIX 31EMEHTOB ANS A06aBNeHuns B
paboumnii cnucok. ®yHkums breadthFirst Bo3BpaliaeT ynpaBieHWe Nocne noceLieHus
BCeX 3nemeHToB. OHa NoAAepXMBaeT MHOXECTBO CTPOK A1 rapaHTUU TOro, YTO HU OAWH
3/1eMEHT He 6yfeT noceleH ABaX/bl.

godL .io/ch5/findLinks3
11 breadthFirst Bui3biBaeT f gnsa kaxgoro anemeHta B worklist.
// Bce oanemeHTH, BO3Bpawaemble F, pobaBnsawTca B worklist.
// T Bbi3biBaeTCA ANsl Kaxgoro afieMeHTa He 6onee ogHOro pasa,
func breadthFirst(f func(item string) []string, worklist []string) {
seen := make(map[string]bool)
for len(worklist) > 0 {
items := worklist
worklist = nil
for _, item := range items {
if lIseen[item] {
seen[item] = true
worklist = append(worklist, f(item)...)

Kak ™Mbl 06bAcHANM B rnaBe 3, “®yHAaMeHTanbHble TUMbl faHHbIX”, aprymeHt
“f(item)...” NpMBOAUT K TOMY, 4YTO BCE 3/1eMEHTbI B CNMCKe, Bo3BpalieHHble T, no6as-
natea B worklist.

B HaweMm ckaHepe anemeHThl sBasoTcA URL. ®yHKumna crawl, KOTOpyt Mbl Nepesaem
breadthFirst, BbiBoguT URL, 13BNEKAET N3 HErO CCbINIKM M BO3BpALLAaeT UX TaK, YTO OHM
TOXXe 0Ka3blBalOTCA MOCeLeHHbIMN:

func crawl(url string) [Jstring {
fmt.PrintinCurl)
list, err := links.Extract(url)
if err = nil {
log.Print(err)

return list

[na 3anycka ckaHepa Mbl UCMOMb3YeM aprymeHTbl KOMaHAHOW CTPOKW B KayecTBe Ha-
YanbHbIX URL.

func main() {
// TlouCK B WMPWHY, HauuMHas C aprymeHTa KOMaHAHON CTPOKW.
breadthFirst(crawl, os.Args[l:])

[aBaiiTe HauHem ckaHupoBaHue ¢ agpeca https://golang.org.BoT HekoTopble U3
BO3BpaLleHHbIX CCbINOK:


https://golang.org
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$ go build gopl.io/ch5/findlinks3
$ ./findlinks3 https://golang.org
https://golang.org/
https://golang.org/doc/
https://golang.org/pkg/
https://golang.org/project/
https://code.google.com/p/gotour/
https://golang.org/doc/code.html
https://www.youtube.com/watch?v=XCsL89YtqCs
http://research._swtch.com/gotour
https://vimeo.com/53221560

Mpouecc 3aBepLuaeTcs, Korga BCe AOCTYMHblIe Be6-CTpaHMLUbl ByayT NPOCKAHWPOBaHbI
VAW NPU UCYEPMAHMM NaMATU KOMMbIOTepa.

YnpaxHeHnue 5.10. Mepenuwunte topoSort TakK, 4To6bI BMECTO CPE30B MCNO/MbL30BA-
NUCb OTOBPaXeHWs, W YCTpaHUTEe HadvanbHYl COPTUPOBKY. Y 6eAnTeCh, YTO pesynbTaThl,
nycTb U HeeTePMUHUPOBaHHbIE, NPeACTaBAAT COO0I KOPPEKTHY TOMONOTMMYECKYHO CO-
PTUPOBKY.

YnpaxHeHune 5.11. Mpenogasatens nuHeliHol anrebpsl (linear algebra) cuuTaet, yTo
[0 ero Kypca cnegyeT npocnywatb Kypc mataHanmsa (calculus). Mepenuwunte GyHKUUIO
topoSort Tak, 4Tobbl OHa co06LLana 0 HaMMYMKN LUKNOB.

YnpaxHeHne 5.12. dyHkymmn startElement n endElement B gopl.io/ch5/
outline2 (pasgen 5.5) COBMeCTHO MCNONb3YKT rnobanbHy0 nepemeHHyto depth. Mpe-
BpaTUTe UX B aHOHUMHbIE PYHKLUWU, KOTOPble COBMECTHO UCMOJb3YIOT NI0KANbHYIO nepe-
MEHHYIO PyHKUMKM outline.

YnpaxHeHune 5.13. Moguguumnpyiite pyHkumio craw | Tak, 4tobbl OHa fenana NoKanb-
Hble KOMUWU HalileHHbIX el cTpaHul, npyu HeobxoAMMOCTU co3faBas KaTanoru. He genaiTte
KONWUW CTPaHWUL, MONYYEHHbIX M3 APYrux LOMEHOB. Hanpumep, ecny UCXOfHas cTpaHuua
nocTtynaet c agpeca golang.org, coxpaHsaiiTe BCce CTpPaHWULbl OTTYAa, HO He COXpaHsiiTe
CTpaHuLbl, HanpuMep, ¢ vimeo. com.

YnpaxHeHue 5.14. Wcnonb3yinte yHkuntio breadthFirst gns uccnegosaHuns apy-
roil CTpyKTypbl. Hanpumep, Bbl MOXeTe WMCMO/b30BaTb 3aBUCMMOCTU YUeOHbIX KYpPCOB U3
npumepa topoSort (OpMeHTUPOBaHHbIN rpad), nepapxuto PannoBoil CUCTEMbl Ha CBOEM
KOMNbloTepe (4epeBo) MM CNUCOK MapLipyToB aBTo6yCcOB B CBOEM ropoge (HEOpUeHTUpo-
BaHHbIW rpad).

5.6.1. NMpepynpexxgeHue o 3axBaTte nepemMeHHbIX
nTepaymii

B 3TOM pasgene Mbl paCCMOTPMM NOBYLUKY NpaBu/ Nekcuyeckoit 061acTu BUAUMOCTH
Go, KOTOpas MOXeT MPUBECTU K HEOXUAAHHBIM pe3y/nbTaTaM. Mbl HAacTOATE/IbHO PEKOMEH-
AYeM BaM pa3o6paTbCsl B 3TOI NpobGneme, Mpexpe YemM NpPoAo/XKWUTb paboTy, MOTOMY 4TO
B 3Ty NIOBYLUKY MOMNaAalT AaXe OMbITHblE MPOrPaMMUCTI.


https://golang.org
https://golang.org/
https://golang.org/doc/
https://golang.org/pkg/
https://golang.org/project/
https://code.google.com/p/gotour/
https://golang.org/doc/code.html
https://www.youtube.com/watch?v=XCsL89YtqCs
http://research.swtch.com/gotour
https://vimeo.com/53221560
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PaccmoTpumM nporpammy, KOTopas JO/MKHa co3jaTb Habop KaTanoros, a 3aTem yganuTb
nX. Mbl MOXXEM MCMONb30BaTb CPe3 3HAYEHWNA-PYHKLUA ANS XpaHeHUsA onepaunii no o4mcT-
Ke. (ON9 KpaTKoCTW B 3TOM MpUMepe Mbl ONYCTUAM 06y 06paboTKy OLWNGOK.)

var rmdirs [JfuncQ
for d = range tempDirsQ {
dir = // TpymeyaHue: Heobxogumo!
os.MkdirAll(dir, 0755) // Co3paHve poaMTENbCKUX KaTa/loros
rmdirs = append(rmdirs, funcQ {
os.RemoveAll(dir)

b))
}
// ...do some work. ..
for rmdir := range rmdirs {
rmdirQ // Ounctka
}

Bbl MOXeTe YANBUTLCS, MOYEMY Mbl NPUCBAMBAEM NEPEMEHHYHO LMKna d HOBOW NIOKab-
HO nepemeHHoi dir B Tefe LMKNa, BMECTO TOro YToGbl NPOCTO Aath UMs dir nepemeH-
HOI LMKNa, HO 3TO BYAET HEKOPPEKTHBLIM pPeLleHUEM:

var rmdirs []JfuncQ
for dir = range tempDirsQ {
os.MkdirAll(dir, 0755)
rmdirs = append(rmdirs, funcQ {
os.RemoveAll (dir) // TNpumeyaHne: HeepHoO!

by

MprunHa 3aknyaeTcsa B CNeACTBMM U3 NpaBUA 061aCTU BUAUMOCTU A1 MEePEMEHHbIX
uvkna. B npuBegeHHOM Bbllle UCXOAHOM TekcTe uukna For BBOAUT HOBbIE IEKCUYECKMIA
610K, B KOTOpOM 06bsiBieHa nepeMeHHas dir. Bce 3HavyeHWA-(YHKUUW, CO3LaHHble 3TUM
LUMK/IOM, “3aXBaTbiBalOT” M COBMECTHO MCMNONbL3YIOT OAHY WU Ty XXe MepeMeHHyl — afpe-
CYyeMoe MeCTO B MaMsATH, @ He ero 3Ha4YeHWe B 3TOT KOHKPETHbI MOMEHT. [103TOMYy K TOMY
MOMEHTY, KOrja BO Bpemsi OUYMNCTKM BbI3bIBAOTCS COOTBETCTBYHOLLME (DYHKL MM, NepeMeHHas
dir HeckonbKO pa3 0Ka3blBaeTCSi 0OHOB/IEHHOM 3aBEPLUEHHbLIM K 3TOMY MOMEHTY LMK/IOM
for. Takum o6pa3om, dir XpaHUT 3Ha4YeHMe M3 NocnefHein MTepauun, a cnegoBaTesibHO,
BCe BbI30Bbl 0S .RemoveAll monbiTaloTCs yAanuTb OAMH U TOT XKe KaTtasor.

3avacTyto Ans peLleHns 3TON Npobnembl CO3LaeTCA BHYTPEHHAA MepeMeHHas (B Hallem
npumepe — dir) ¢ TemM XXe MMEHEM, YTO M Y BHELUHEN MepemMeHHOR, KONnmein KOTOpoil OHa
ABNAeTCA. OTO NPUBOAMUT K CTPAHHO BbIFNAAALLEMY, HO KNHOUYEBOMY 06BABEHUIO MepemMeH-
HOI Hamogo6ue cneayoLLero:

for dir = range tempDirsQ {
dir := dir // 06baABneHve BHyTpeHHel dir, WHULMaIM3MPOBaHHOWA
// 3HauyeHveMm BHewHei dir
/1l
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3TOT pPUCK He SBNSETCA YEM-TO YHUKabHbIM, XapaKTepHbIM TOMbKO ANS LUKa No guna-
nasoHy. LIMkn B npymepe HUXe CTafIKMBAEeTCA € TOl XXe Npo6/eMoil n3-3a HenpegHaMepeH-
HOro 3axBaTa UHAEKCHON nepemMeHHO i.

var rmdirs [JfuncQ
dirs := tempDirs()
for i ==0; 1 < len(dirs); i++ {
os.MkdirAll(dirs[i], 0755) // OK
rmdirs = append(rmdirs, func() {
os.RemoveAll (dirs[i]) // NpumeyaHve: HesepHo!

by,

Mpo6nema 3axBaTa NMepemMeHHON MTepalMun Yalle BCero BCTpevaeTcs Npu MCMNo/b30Ba-
HAM MHCTPYKUMKM go (rnaea 8, “Go-nognporpaMmbl U KaHanbl”) unn defer (c KoTopol
Mbl BCKOpPE MO3HaKOMMMCS), NOCKOJ/IbKY 06€ OHM MOTYT 3aiepXXaTb BbINONHEHWNE 3HAYEHUS-
(bYHKLMM 0O MOMEHTa noc/ie 3aBeplueHns uukna. Ho ata npobnema He aBnsetcs npobne-
MO, CBOCTBEHHOI MMeHHO go nnn defer.

5.7. BapuaTnBHble PYHKLNN

BapnatuHaa (yHKUMSA (PYHKUMUA C NepeMeHHbIM KO/IMYeCTBOM aprymeHToB) — 3TO
(hYHKUMA, KOTOpas MOXeT 6biTb Bbl3BaHa C pasHbIM KOMWYECTBOM aprymeHToB. Hambonee
3HaKOMbIM npuMepoM sBnsetcAd yHkuma fm t.Printf un ee pasHoOBUAHOCTU. DPYHKUUA
Printf TpebyeT ofHOro (UKCMPOBAHHOIO aprymeHTa B Hayasie, Mocje KOTOPOro MOXeT
cneposaTh N1060€ KONUYECTBO APYTrUX aprymMeHTOB.

UT06bl 06BABUTL BapuMaTUBHYO (DYHKLMIO, Nnepes TUMOM NOCNELHEro napameTrpa yka-
3blBaeTCA TpoeToume “. .. ", KOTOpoe roBOPUT O TOM, YTO (DYHKLMA MOXeT 6biTb Bbl3BaHA C
No6bIM KONMYECTBOM aprymMeHTOB [aHHOro Tuna:

Qopl .xo/chS/sum

func sum(vals ...int) int {
total =0
for val = range vals {

total += val

return total

MokasaHHas Bbllle DYHKUMSA SUM BO3BPALLAET CyMMY Hyns uam 6onee aprymeHToB Tuna
int. B Tene gyHkuun tunom vals asnaetcd cpe3 []int. MNpu Bbi30BEe (YHKLUWUM Sum B
KayecTBe mapameTpa vals MOXeT ObiTb NPeAoCTaBNeHO N060E KOMNYECTBO 3HAYEHWIA:

fmt.Printin(sumQ)) /7 o
fmt.PrintIn(sum(3)) /7 "3
fmt.PrintIn(sum(l, 2, 3, 4)) // "10"
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HesiBHO Bbl3biBatoLLas PYHKLUS BbiAeNSeT NaMsTh AN MaccuMBa, KONUPYeT B HEro apry-
MEHTbl 1 nepefaeT B QYHKUNUIO Cpe3, NpeacTaBAstoWLniA Becb MaccuB. MocnegHuii BbI3OB,
nokasaHHblii Bbllle, TaKMM 06pa3om, BeaeT cebsi Tak Xe, Kak NpuBefeHHbI HUXKe, B KOTO-
POM MOKa3aHO, KaK Bbl3blBaTb BapuaTMBHbIE (DYHKLUW, KOTfga apryMeHTbl Y)Ke HaxopasTcs
B cpese: cfiefyeT f06aBUTL TPOETOUME NMOC/E NOC/EAHErO apryMeHTa:

values = [Jint{l, 2, 3, 4}
fmt.PrintIn(sum(values...)) 1N 10"

XoTs napameTp . .. int BeaeT cebs B TeNe PYHKLMM, KaK CPe3, TUM BapuaTUBHOW yHK-
UMW oTAMYaeTcs OT TUMa (YHKUMM C NapaMeTpoMm, SBASIOLMMCS 06bIUHBIM CPE30M:

func f(...int) &
func g([Jint) {&

fmt.Printf(C"%T\n", f) 11 "func(...int)"
fmt.Printf("%T\n", @) // "func([Jint)"

BapuaTuBHble YHKLMM 4acTO MCMONb3YHTCA A8 DOPMaTUPOBaHUA CTPOK. MMoKasaH-
Haa panee yHkums errorf cosgaer popmaTtMpoBaHHoe coobLeHne 06 owmnbke ¢ HOMe-
poM CTpOKM B ero Hauvane. Cyddgukc f aBnseTcs LIMPOKO pacnpoCTpaHEHHbIM CcOrfalle-
HVeM 06 MMeHOBaHUWM BapMaTMBHbIX (YHKUWI, KOTOPble NPUHMMAIOT CTPOKY dopmMaTta B
ctune Printf.

func errorf(linenum int, format string, args ...interface{}) {
fmt.Fprintf(os.Stderr, "Crp. %d: ", linenum)
fmt.Fprintf(os.Stderr, format, args...)
fmt.Fprintln(os.Stderr)

}

linenum, name := 12, “count"
errorf(linenum, "He onpegeneH %s', name) // "Cip. 12: He onpegeneH count"

Tun interface{} o3HauaeT, 4TO faHHaf QYHKLUA MOXET MPUHUMATb Nt06ble 3Haue-
HWS B Ka4YeCTBE MOCNefHNX apryMeHTOB, Kak 6yJeT MOACHEHO B rnase 7, “VIHTepdeicsl”.
YnpaxHenune 5.15. HanuwunTte BapuaTuBHble (PYHKLMM mMax M min, aHanornyHble
(YHKUMM sum. YTO AOMKHbI fenaTb 3T PYHKLMK, 6YAyYn Bbi3BaHHbIMU 6€3 apryMeHTOB?
HanuwwuTte BapnaHTbl PYHKLMWIA, Tpebyrolwmne KaKk MMHUMYM OJHOr0 aprymeHTa.
YnpaxHeHune 5.16. Hanuwunte BapnaTuBHY Bepcuto yHKUMKM strings.Join.
YnpaxHeHue 5.17. Hanuwwnte BapuatuBHyto QyHkuuio ElementsByTagName, KoTo-
pas ana gaHHoro gepesa y3na HTML 1 Hyna nnn HeCKONbKUX MMeH BO3BpallaeT BCe ane-
MEHTbl, KOTOPble COOTBETCTBYIOT OAHOMY W3 3TUX MMeH. BOT fBa npumepa Bbi30Ba Takoi
(DYyHKLMK:
func ElementsByTagName(doc *html.Node, name ...string) []*html.Node
images := ElementsByTagName(doc, 'img’™)
headings := ElementsByTagName(doc, "hi, "h2", "h3", "h4")
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5.8. OTNoXXeHHble BbI30Bbl (PYHKL NI

Hawwu npumepsl findL inks wncnonb3oBanu BbIXOAHbIe AaHHble http.G et Kak BXoa-
Hble faHHble html.Parse. 3To xopowo paboTaeT, ecnu cofepXKaHWe 3anpalluBaemMoro
URL pgeiicTBMTENbHO NpefcTaBnset coboit HTML, HO MHOrMe cTpaHuLUbl cofepxXaT n3obpa-
XeHus, TeKCT 1 apyrue copmathl ¢aiinos. Mepegaya Takux gaiinos HTML-aHanusaTopy
MOXET UMeTb HeXenatefibHble NOCNeLCTBUA

lMprBefeHHasa HUXe nporpaMmma u3Bfekaet JOKyMeHT HTML 1 BbIBOAUT ero HasBaHue.
dyHKuMA title npoBepseT 3aronosok Content-Type oTBeTa cepBepa W BO3BpallaeT
OLWNOKY, ecnn LOKYMEHT He siBnseTcs JOKymMeHTOM HTML.

godL.io/ch5/titLel
func title(url string) error {
resp, err := http.Get(url)
if err = nil {
return err

}

// Tposepka, 4TO 3aronoBok Content-Type npeacTasBnseT coboii HTML
// (Hanpuvep, "text/html; charset=utf-8").
ct := resp.Header.Get(''Content-Type')
if ct I= "text/html" && Istrings.HasPrefix(ct, "text/html;") {
resp.Body.Close()
return fmt.Errorf("'%s umeeT TUN %S, He text/html™, url, ct)

}

doc, err := html.Parse(resp.Body)
resp. Body. CloseQ
it err = nil {
return fmt.Errorf("aHaim3 %s kak HTML: %', url, err)

}

visitNode := func(n *html.Node) {
if n.Type = html_ElementNode && n.Data == "title" &&
n.FirstChild = nil {
fmt.PrintIn(n.FirstChild.Data)

}

s
forEachNode(doc, visitNode, nil)
return nil

BoT TMnuuHas (cnerka oTpeAaKTUpoBaHHas) ceccus:

$ go build gopl.io/ch5/titlel

$ ./titlel http://gopl.io

The Go Programming Language

$ ./titlel https://golang.org/doc/effective__go.html
Effective Go - The Go Programming Language


http://http.Get
http://gopl.io
https://golang.org/doc/effective__go.html
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$ ./titlei https://golang.org/doc/gopher/frontpage.png
title: https://golang.org/doc/gopher/frontpage.png
umeeT TMN image/png, He text/html

O6paTnTe BHUMaHME Ha Ay6/1MpoBaHHbIN Bbi3oB resp.Body.Close(), KoTopblii ra-
paHTMpyeT, uto title 3akpbiBaeT ceTeBOE MOAK/OYEHME Ha BCEX MYTAX BbIMNOSHEHUS, B
TOM 4ucie npu c6oax. Mo mMepe TOro kKak PyHKLUN CTAaHOBATCA 601ee CAOXKHbIMU U AOMK-
Hbl 06pabaTbiBaTb 60/blUe OWMOOK, Takoe AYy6AMPOBAHME NOTMKU OYUCTKU MOXET CTaThb
npo6seMoil Npu NOALEpPXKKe Mporpammbl. [aBaiTe MOCMOTPMM, KaK HOBbIi MexaHU3M GO
defer nNo3BonsieT ynpocTUTh pelleHune 3TON Npobniemsl.

CUHTaKCUYeCKN MHCTPYKUMa defer sBnaeTcs 06bIYHbIM BbI30BOM (PYHKLUM MU METO-
[ia, KOTOPOMY MnpejLuecTByeT Knto4veBoe cioBo defer. DYHKUNA W BbIPAXEHUS apryMeHTOB
BbIYMCAATCA MPU BbINOMHEHUN UHCTPYKLMMW, HO aKTUYECKUIA BbI30B OTKAafblBaeTCS A0
3aBEPLUEHNA (YHKLMK, cogepXalieid MHCTpYKun defer, He3aBMCMMO OT TOro, Kak OHa
3aBepLiaeTca: 06bIYHbIM CMOCOGOM C MOMOLLBIO OnepaTopa return unu B pe3ynbTarte aBa-
puitHOW cuTyaumnn. MoxeT 6bITb OTNOXEHO N060e KOMMYECTBO BbI30BOB; OHU BbIMO/HAKOT-
ca B nopsigke, 06paTHOM TOMyY, B KOTOPOM OHU ObIIN OT/I0XEHBI.

NHcTpykuma defer yacto ucnonb3yeTcs ¢ TaKUMU NapHbIMW Onepauusamu, Kak OTKpbl-
TWE W 3aKpbiTUE, MOAKNKYEHNE N OTKIKYEHME WM GMOKMPOBKA U pa3biiokMpoBaHne —
AN rapaHTUM 0CBOBOX/EHMS PecypcoB BO BCEX Cy4asX, HE3aBMCMMO OT TOrO, HACKO/bKO
CMOXEH NOTOK ynpaBneHus. MpaBuibHOe MecTO UHCTpykumm defer, koTopas 0CBOGOX-
[aeT pecypc, — cpasy XXe Mnocre TOro, Kak pecypc 6bii1 ycnewHo 3axsauveH. B dyHkumm
title HwmKe OANH OTNOXEHHbLIN BbI30B 3aMeHseT 06a npeablAyLwmx Bbi3oBa resp.Body.
Close():

aooi.io/chS/txtie2
func title(url string) error {
resp, err = http.Get(url)

if err = nil {

return err

}
defer resp.Body .CloseQ

ct = resp.Header Get('Content-Type')
if ct = "text/html" && Istrings.HasPrefix(ct, "text/html;"™) {
return fmt_Errorf("%s umeeT TMN %s, He text/html™, url, ct)

}

doc, err := html._Parse(resp.Body)
if err = nil {
return fmt.Errorf(aHaym3 %s kak HTML: %v', url, err)

}
// ...BbBOA anemeHTa title pgokymeHTa...
return nil


https://golang.org/doc/gopher/frontpage.png
https://golang.org/doc/gopher/frontpage.png
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ToT e WwabnoH MOXeT UCMonb30BaTbCs AN APYTUX PecypcoB, NOMUMO CETeBbIX MOA-
K/HOYEHWIA, HanpuMmep, YToObl 3aKPbiTb OTKPbITbIA (haiin
io/ioutilL
package ioutil

func ReadFile(filename string) ([]Jbyte, error) {
f, err := os.Open(Ffilename)
if err = nil {
return nil, err

}
defer f.CloseQ
return ReadAll(F)

}

nnn ansa pasbnokupoBaHus MbloTekca (pasgen 9.2):

var mu sync.Mutex
var m = make(map[string]int)

func lookup(key string) int {
mu.Lock()
defer mu.Unlock(Q)
return m[key]

MHcTpyKuns defer MOXET TakXe WMCMo/b30BaTbCA AN Napbl OTNA40YHbIX 3amnu-
celi 0 BXOfe B HEKOTOPYH (YHKLMIO U BbIXoAe U3 Hee. [1okasaHHas HWXe (PYyHKLMA
BigSlowOperation Hemen/sieHHO BbI3biBaeT PYHKUUIO trace, KOTOpas BbIMOJHAET 3a-
nncb 0 BXofde B PYHKLMIO W BO3BpallaeT 3HayeHue-(hyHKLUKNI0, KOTopas Mpu Bbl30BE Bbl-
MOJIHAET 3aMnCb O BbIX0Ae U3 PYHKLUUKN. TakuM 06pa3omM, C MOMOLLbK OT0XEHHOTO Bbl30Ba
BO3BpaLLaemMoi YHKLUN Mbl MOXEM BbIMOMHATL 3aNUCb O BXOAE B (DYHKLMIO W BbIXOAe U3
Hee B OAHON UHCTPYKLUMMW M AaXe nepefaBaTb MeXAY 3TUMU ABYMS LeACTBMAMU 3HAUYEHWS,
Hanpumep Bpemsa Havana paboTbl yHKUMK. HO He 3abbiBaliTe 0 3aBeplUaroLLeli nape CKo-
60K B nHCTpyKuun defer, nHaue “BxofHOe’4feicTBMe OyAeT BbIMNOSHEHO Ha BbiXo4e U3
(hyHKUMK, a “BbIXO4HOE™ He ByaeT BbINOMHEHO BOBCe!

aooi. io/ch5/trace

func bigSlowOperation() {
defer trace("'bigSlowOperation'™)() // He 3a6uiBalitTe 0 CKobkax!
11 ... pgvTenbHas paboTta ...
time.Sleep(10 * time.Second) // VnviTaums gonroin paboTs

}

func trace(msg string) func() {

start := time.Now()

log.Printf('Bxog B %s", msQ)

return funcQ { log.Printf('seixogq us %s (%s)", msg, time.
Since(start)) }

}



5.8. OT/IOXXEHHbIE BbI30Bbl ®YHKLIMM 181

Mpu kaxgom BbizoBe bigSlow O peration BbIMOMHAETCA 3aNMCb O BPEMEHMW BXOfa B
Hee W BbIX0fa, a TakKXe 0 BpeMeHW paboTbl AaHHOW (PyHKUMM (Mbl Mcnonb3oBanu time.
Sleep ana vMuTayun ANUTENbHO PaboTbl QYHKLMK):

$ go build gopl.io/ch5/trace

$ ./trace

2015/11/18 09:53:26 Bxog B bigSlowOperation

2015/11/18 09:53:36 Bbixog u3 bigSlowOperation (10.000589217s)

OTNOXeHHbIe (PYHKLMW BbIMOMHAKTCA NMOC/e TOr0, KaK MHCTPYKLMS BO3BpaTa 06HOBNS-
€T NnepemMeHHble pe3ynbTaToB YyHKLMMW. MOCKOAbKY aHOHMMHAaA (YHKLUMUA MOXeT obpawatb-
€S K MepeMeHHbIM OXBaTblBaloWel (YHKLUWUW, BKIKOYAS MMEHOBaHHbIe Pe3ynbTaTbl, 0TNO-
YKeHHas aHOHWMHas YHKLMA MMeeT JOCTYN K pe3ynbTataM yHKLMMW, B KOTOPOW Bbl3BaHa.

PaccmoTpum yHKumuto double:

func double(x int) int {
return x + X

}

MprcBOMB UMSA ee pe3ynbTUPYHOLLE MepeMEHHON 1 Ao6aBuB MHCTPYKLUMto defer, Mbl
MOXeM 3aCTaBUTb (PYHKLMIO BbIBOAWUTb CBOU apryMeHTbl W pe3yfnbTaT npyu KaX4OM BbI30BE:

func double(x int) (result int) {
defer funcQ { fmt.Printf("double(%d) = %d\n,J x, result) }0O
return x + X

_ = double(4)
// BuiBOA:
// "double(4) = 8~

3TOT TPIOK ABMAETCA M3NULLECTBOM ANA TaKoW npocToii dyHKumm, kak double, HO Mo-
XXeT 6bITb NOMe3eH B )YHKLUUM CO MHOTMMM OnepaTtopamu return.

OTNOXEHHasa aHOHMMHAA (YHKLMA MOXET AaXe U3MEHATb 3HAYEHWs, KOTOpble BO3Bpa-
LLaeT oxBaTblBalOLLaA PYHKLMNSA:

func triple(x int) (result int) {
defer funcQ { result += x }O
return double(x)

}
fmt_Printin(triple(d)) // 12"

MocKONbKY OTN0XEHHble (YHKUWM He BbIMOMHAKTCA A0 CaMOro KOHLA BbIMO/HEHUS
(YHKUUK, MHCTpYKumMs defer B LMKne 3acny>KMBaeT AONOAHUTENIbHOTO U3YYeHUs. Y npu-
BElEHHOr0 HWXe KoAa MOTYyT BO3HUKHYTb NPo6aeMbl M3-3a MCUYepnaHnus JOCTYMHbIX (aii-
NOBbIX LECKPUNTOPOB, MOCKO/LKY HW OAUH (haiin He GyAeT 3aKpbIT, NOKa He 6yayT obpabo-
TaHbl BCe (halinbl:

for filename := range filenames {
f, err := os.Open(filename)
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if err 1= nil {
return err

defer f.CloseQ // MNpumeyaHne: PUCKOBAHHO; MOXET MNpPMBECTU
// K ucyepnaHuio haiinoBbiX AeCKPUNTOPOB
// . ..pabota c f...

OfHUM 13 peLleHnini MoXeT 6bITb NepeHoc Tena Wnkna, BkAovas nHetpykuuio defer, B
APYTyto PYHKLMIO, KOTOpas BbI3bIBAETCA Ha KaXKA0 UTepaLum.

for _, filename := range filenames {
if err = doFile(filename); err != nil {
return err

}

func doFile(filename string) error {
f, err := 0s.0Open(filename)
if err = nil {
return err

}
defer f.CloseQ
// ...pabota c f...

MpuBefeHHbIA HUXE MPUMep NpeLCTaBAseT co60i YyCOBEPLUEHCTBOBAHHYIO MPOrpaMMy
fetch (pasgen 1.5), koTtopas 3anucbiBaeT HTTP-0TBeT B /IOKaNbHbIA (aiti, a He B CTaH-
[LapTHbI BbiBOA. OHa BbIBOAUT MMA (aiina u3 nocnegHero KomnoHeHTa nytm URL, KoTo-
pbllii NONyYaeT ¢ NOMOLLbIO PyHKUMKM path . Base.

godL.xo/chS/fetch
Il Fetch 3arpyxaeT URL ¥ BO3BpawaeT WMA W AJIMHY JIOKa/IbHOIO (aiina.

func fetch(url string) (filename string, n int64, err error) {
resp, err := http.Get(url)
if err = nil {
return 0, err

gefer resp.Body .CloseQ
local := path.Base(resp.Request.URL.Path)
if local = 7" {
local = "index._html"
%, err := os.Create(local)
if err 1= nil {
return , 0, err
>
n, err = io.Copy(f, resp.Body)
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// 3akpbiTve ¢aiina; ecnm ecTb owmbka Copy, BO3Bpawaem ee.
if closeErr := f.CloseQ; err == nil {
err = closeErr

return local, n, err

OTNOXeHHbI BbI30B resp. Body .Close yXe go/mKeH ObiTb BaM 3HaKOM. EcTb 60/1b-
ol cobnasH MCnonb3oBaTb BTOPOA OTNOXEHHbIN BbI30B, f .Close, UT0ObI 3aKpbiTb /10-
KasbHbIl (haiin, HO 3TO ByAeT HeMpaBWIbLHO, MOTOMY YTO 0S.Create OTKpbIBaeT haiin ans
3anucu, co3fasas ero npyM Heo6xogMmocTu. Ho BO MHOrMX (ainoBbiX cUCTeMax, B 0COOEH-
HocTu NFS, owmnbkmu 3anncum He QUKCUPYIOTCA HEMEANEHHO UM MOTYT OblTb OTMOXEHbI [0
Tex nop, noka aiin He OyfeT 3aKpbIT. HEBO3MOXHOCTb MPOBEPUTL pe3ynbTaT onepauuu
3aKpbITUA MOXET NPUBECTU K TOMY, YTO NOTEPS [AHHbIX OCTAHETCS He3ameyeHHOW. OaHako
ecm n io.Copy, u f .Close 3aBepwatoTca HeyfayHo, cnefyeT npefnoyecTb oT4eT 06
ownbke i0.Copy, NOCKOMbKY OHAa NPOM30LLNA NepBO U, CKOpee BCEro, COOOLLMT rnaBHyHo
NPUYNHY HEMPUATHOCTEN.

YnpaxHeHue 5.18. Mepenuwunte, He M3MeHAA ee nosefeHue, GyHkuuo fetch Tak,
4yTo6bl OHa ucnonb3osana defer Ana 3aKpbITUA 3anMcbiBaeMoro aina.

5.9. ABapuiiHas cutyaums

Cuctema Tnos Go 0TNaBMBaeT MHOXECTBO OWIMGOK BO BpeMs KOMMUALWU, HO Apy-
rme oWN6KK, Takne Kak obpalleHne 3a rpaHnL,aM1M MacCMBa UM pasbiIMEHOBaHWE HYNEBOrO
yKasartens, TpebytoT NpoBepoK BpeMeHU BbiNonHeHWs. Korga cpefa BbiNnonHeHust Go 06Ha-
PY>XVBAeT 3TV OWMOKM, Mbl CTa/IKUBAEMCS C aBapuiiHOW cuTyauneinl

Bo BpeMs TUNWYHOW aBapuiiHOW CUTyauuum HOpMasbHOE BbIMO/HEHWE NPOrpaMMbl
0CTaHaB/IMBAETCA, BbINOMHAOTCSA BCE OT/IOXKEHHbIE BbI30BbI (DYHKLMIA B go-nognporpaMme
M nporpaMMa aBapuitHO 3aBepluaeT paboTy C 3anUCbi0 COOTBETCTBYHOLLENO COOGLLEHNS.
3T0 XYypHanbHOe co06LLIEHNE COAEPXKMUT 3HAYEHNE aBapPUIAHON CUTYyaLmK, KOTOPOe 06bIYHO
npeacTaBnseT co60i HeKOTOpoe coobLeHMe 06 ownbKe, 1, 4N KaX40R go-NoANporpaMmsl,
TpacCcMpoBKY CTEeKa, MOKa3blBatOLW Y COCTOSIHNE CTeKa BbI30OBOB (hYHKLMIA, KOTOPbIE GbIIN
aKTMBHbI BO BpeMs aBapuiiHOW cuTyauumn. STOro XYPHanbHOro COO6LLEHNS YacTO OKa3blBa-
eTcA A0CTaTOYHO, YTOObl AMArHOCTUPOBATb MPUUYMHY Mpo6aeMbl 63 MOBTOPHOro 3anycka
nporpammbl, NO3TOMY €ro BCerga ciefyeT BKOYaTh B NepejaBaeMblii paspaboTymKy oT4eT
0 HalAeHHbIX OLWNBKaXx.

He Bce aBapuiiHble CUTYyal MM BO3HMKAKOT U3-3a OLUMGOK BPEMEHU BbINONHEHUS. BcTpo-
eHHas (YHKLMA panic MOXET Bbl3biBaTbCA HEMOCPEACTBEHHO; B KayecTBe aprymMeHTa OHa
NpUHUMaeT Nto6oe 3HayeHMe. Takol BbI30B — 3a4acTyr Haufyudllee, YTO Bbl MOXETe cfe-
natb, KOrja cfyyaeTcs HeKoTopas “HeBO3MOXHAas” CUTyauus, HanpuMep BbIMONHEHWe A0-
CTUraeT case B MHCTPYKUMM Switch, KOTOPOro corfacHo nornke Nporpammsl 4OCTUUb He
MOXeET:

1 B s3blke GO ANs ONUCaHUA TaKUX CUTyaLmnii ucnonb3yetca noHaTue “naHuka” (panic). — Mpu-
Meu. nep.
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switch s := suit(drawCard()); s {

case ''Spades': 1 ...

case "Hearts": /...

case "Diamonds': 11 ...

case ""Clubs': n

default:

panic(fmt.Sprintf(*'HeBepHaa kapTa %Qq', s)) 11 [xokep?
}

Xopolueit NpakTUKOi SBNSETCS NPOBEPKa BbIMOMHEHUS MpeAycnoBuii GyHKLMK, HO Ta-
Kne NMPOBEPKM MOTYT fIErKO 0KasaTbCsl M3GbITOYHbIMU. ECNN TONBKO Bbl HE MOXETe Npefo-
CTaBuTb Gonee MHHOPMATMBHOE COOGLiEHNE 06 OWMGKE WU OGHAPYXUTb OLIMGKY 3apa-
Hee, HET CMbIC/1a B NMPOBEPKE, KOTOPYIO Cpeja BbIMOIHEHWS OCYLLECTBUT cama:

func Reset(x *Buffer) {
if x = nil {
panic("x is nil') // HeTt cmeicnal

}

x.elements = nil

XO0TA MexaHW3M aBapuiiHbIX cUTyaunii Go HanoMWHaeT UCKIIYEHNUS B APYTUX A3blKax
nporpaMmmunpoBaHung, cuTyaluu, B KOTOPbIX OH UCNOJb3YyeTcs, CYL,eCTBEHHO pa3fiMyaloT-
cA. TaK Kak npy 3TOM NPOMCXOAMT aBapuiiHOe 3aBepLueHWe MporpaMMbl, 3TOT MeXaHW3M
06bIYHO MCnoJb3yeTca ANA rpy6ObiX OWMOOK, TaKUX Kak SI0TMYecKas HecorfiacoBaHHOCTb
B NporpaMme; fnpuiexHble NporpaMMUCTbl paccMaTpuBaloT 0OYI0 aBapuio Kofa Kak [fo-
KasaTe/lbCTBO Hannumsa OwunMbKM B nporpamme. B HagexHoW nporpamme “oxupaembie”
oWwun6KK, T.e. Te, KOTOPble BO3HWKAIOT B pe3ynbTare HernpaBuibHOro BBOLA, HEBEPHOW KOH-
thurypaymm nnmn c609 BBOAA-BbIBOAA, LO/MKHBI ObITb KOPPEKTHO 06paboTaHbl; Nyylle BCero
paboTaTb C HAMU C UCMO/b30BAHWNEM 3HAYEHWI error.

PaccmoTpum yHKuUMo regexp.Compile, KoTopas KOMNUAUPYeT perynsapHoe Bbl-
paxeHve B 3aMeKTUBHYIO (OpMY ANd fanbHeiwero conoctasneHns. OHa Bo3BpallaeT
error, ecnu YHKLMS Bbl3bIBAETCA C HENPaBUIbHO CHOPMUPOBAHHBIM LIA6MIOHOM, HO MpPO-
BepKa 3TOW OLWMOKN ABNAETCA W3NIMLLIHEA N 06PEMEHUTENbHOMN, eCn Bbi3blBaloLWLasa (yHK-
LMs 3HaeT, YTO OMpefesieHHbIi BbI30B He MOXET ObiTb HeyfauyHbIM. B Takux cnydvasx pas-
YMHO, UT06bI Bbi3biBatoLas hyHKLMS 06paboTana oWwWmMOKY C MOMOLLbI FeHepaLumn aBapuii-
HOI CMTyauum, TakK Kak OLINBKa CHUTAETCH HEBO3MOXHONA.

MockonbKy OOMbLIMHCTBO PerynsipHbiX BbIPaXEHUA MpeAcTaBAslOT coboi nuTepa-
Nbl B UCXOLHOM TeKCTe NporpaMMbl, NakeT regexp MpesocTaBnfeT (YHKLUO-060/10UKY
regexp.MustCompile, BbINOMHAIOLWYIO TaKylo NPOBEPKY:

package regexp
func Compile(expr string) (*Regexp, error) { /* ... */ }
func MustCompile(expr string) *Regexp {

re, err := Compile(expr)
if err = nil {
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panic(err)
>
return re

37a (PYyHKUMA-060/104Ka NMO3BONSET KNMEHTAM YA06HO MHWLMAAN3MPOBATL NEPEMEHHbIE
YPOBHS NakeTa CKOMMWAWPOBAHHbIM PErynspHbIM BbIpaXKeHWEM, KaK MOKa3aHO HUXE:

var httpSchemeRE=regexp-MustCompile("Ahttps?:") // "http:" wwm "https:"

KoHeuHo, pyHKumna MustCompile He gonKHa BbI3bIBATLCA C HELOBEPEHHBIMU BXOLHbI-
MU 3HauYeHmaAMK. Mpeduke Must ABNAeTCS pacnpoOCTPaHEHHbIM COrfalleHneM UMeHOBaHUA
Ana yHKUWUIA Takoro poga Hanogo6ue tem plate.M ust B pasgene 4.6.

Korga nporpamma CcTafiKuBaeTcs C aBapuilHOW cuTyalmeil, Bce OTNI0XEHHble (hYHKLMM
BbIMOMHATCA B NOPALKE, 06paTHOM MX MOSBIEHUIO B UCXOAHOM TEKCTe, HauMHast ¢ PyHK-
LMW Ha BepLUMHE CTEKa M OMyCKasach A0 YHKLMM main, 4To 4EMOHCTPUPYET NpuBeLeHHas
HVXe nporpamma:

aopLAo/chS/deferl
func main() {

f(3)
}

func f(x int) {
fint. Printf(C'f(%d)\n", x+0/x) 11 C6oii npu X ==
defer fmt.Printf("'defer %d\n", X)
fx-1)

}

Mpu 3anycke aTa NporpaMma BbIBOAWUT Ha CTaHAAPTHbIW BbIBOA CeayloLlee:

f<3)
(2)
O
defer 1
defer 2
defer 3

Mpu BbizoBe f (0) BO3HMKaeT aBapuiiHas CUTyauus, NPUBOAALLAA K BbIMOSIHEHUIO TpeX
OT/IOXKEHHbIX BbI30BOB fm t.Printf. 3aTem cpega BbINOSIHEHNA MpeKpalaeT BbIMOMHEHNE
nporpaMmel, BbIBOAS COOTBETCTBYIOLLEe aBapuiiHOe co0b6LLeHNe 1 famMn CTeKa B cTaHapT-
HbI MOTOK OWNBOK (34eCb ANS ACHOCTW BbIBOA YNPOLLEH):

panic: runtime error: integer divide by zero
main.f(0)

src/gopl .io/ch5/deferl/defer.go:14
main.f(1)

src/gopl.io/ch5/deferl/defer.go:16
main.f(2)

src/gopl .io/ch5/deferl/defer.go:16
main.f(3)
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src/gopl.
main.main()
src/gopl.

OYHKLMN
io/ch5/deferl/defer.go:16

io/ch5/deferl/defer.go:10

Kak Mbl BCKOpe YBUAUM, YHKLMA MOXeT BOCCTAHOBUTLCS NOCNe aBapuiiHOM cuTyauun
Tak, YTo MporpamMma npv 3ToM He 6yfeT aBapuiiHO 3aBepLUeHa.

Onsa puarHocTUYecKMxX Leneid makeT runtime n0O3BOASET MPOrpaMMUCTY BbIBECTU
[aMn cTeka C NMOMOLLbIO TOro Xe MexaHnama. OTKnagbiBas Bbi30B printStack B yHKUMK

main,

gool.io/ch5/defer2

func main() {
defer pri
f(3)

}

ntStackQ

func printStackQ {
var buf [4096]byte
n = runtime.Stack(buf[:], false)
os.Stdout.Write(buf[:n])

}

Mbl 06ecrneynBaeM BbIBOJ AOMOMHNUTENLHOTO TEKCTA B CTaHAAPTHbLI NOTOK BbIBOAA (BHOBb
YNPOLLEHHbI 34eCb ANs AICHOCTW):

goroutine 1 [running]:
main.printStackQ

src/gopl.
main.f(0)
src/gopl.
main.f()
src/gopl.
main.f(2)
src/gopl.
main.f(3)
src/gopl.
main.mainQ
src/gopl

io/ch5/defer2/defer.go:20
io/ch5/defer2/defer.go:27
io/ch5/defer2/defer.go:29
io/ch5/defer2/defer.go:29

io/ch5/defer2/defer.go:29

.1o/ch5/defer2/defer.go:15

Yutatenn, 3HakoMble C UCKNOYEHUAMU B APYTUX A3blKax nNporpammumpoBaHus, MOryTt

6bITb YANBNEHbI

TeM, UTO (PyHKUMA runtime.Stack Mo3BoONAeT BbIBECTU MH(OPMaLUIO O

(YHKUMAX, KOTOPble KaXyTca yXe "“pa3BepHyTbiMKU”. HO MexaHU3M aBapuiiHOM cuTyaumm
Go 3anyckaeT OTCpOYeHHble PYHKLMMN [0 pa3BopayMBaHUs CTeka

5.10. BoccTaHOBNEeHMne

Bce, 4uTO onMcaHoO BbilWwe, — 3TO 06bIYHO MpaBW/bHas peakuus Ha aBapuiHyl cuUTy-
aumnio, Ho He Bcerga. MoXeT BO3SHMKHYTb CUTyauus, Korja BO3MOXHO HEKOTOpOe BOCCTa-
HOBNeHWe Nocne OWMOKK, AW Mo KpaiiHelk Mepe BO3MOXHa “yb6opka 6ecnopsagka” nepeg
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BbIXOZIOM M3 MporpamMmsl. Hanpumep, Be6-cepBep, KOTOPbIA CTaNIKMBAETCSA C HEOXMAAHHOM
npo6emMoil, MOXET aKKypaTHO 3aKpbiTb MOAKIHOYEHNS, a HE 0CTaBAATb K/IMEHTOB "3aBucC-
WMMK”, a BO BpPeMs pa3paboTku coobLiaTb KnueHTaMm 06 oLimnbKe.

Ecnn B OTNIOXEHHOW (DYHKLMU BbI3biBAaeTCA BCTPOEHHAs (DYHKLUS recover u yHK-
uns, cogepkawias MHCTpykuuto defer, cbouTt, recover 3aBepluaeT TeKyllee aBapuintHoe
COCTOSIHME W BO3BpALLAET COOTBETCTBYHOLLEE 3HAYEHMe aBapUHON cuTyaumn. PyHKUMS,
KOTOpas CTONIKHYNacb C aBapuinHOW CMTyauneid, MPOLO/IKAETCS C TOr0 MecTa, rje oHa 6bina
npepBaHa, W BbIXO4 M3 Hee OCYLLeCTBASETCS B LUTATHOM pexume. Ecnm recover Bbi3biBa-
eTcs B Nt060I APYroil MOMEHT, OHa HUYEero He fenaeT M BO3BpaLLaeT 3HadeHue nil.

[na wnnoctpaunyM paccMoTpyMM pa3paboTKy CUMHTaKCMYEeCKOro aHanusatopa ssblka.
Jaxe ecnu Ham KaxeTcs, YTO OH OT/IUMYHO pabOTaeT, B HEM MO-MPEXHEMY MOTYT ObiTb
OWn6KM, B OCOBEHHOCTM ECN YHYECTb CNOXHOCTb ero paboTbl. Mbl MOrn 6bl NpesnoYvecTb,
4TO6bl BMECTO aBapuinHOro 3aBepLueHns paboTbl aHanM3aTop NpeBpalyan aBapuiiHble CUTY-
auuy B 06bIYHbIE OLUIMOKN CUHTAKCMYECKOro aHanusa, BO3MOXHO, C AOMNONHUTENbHBIM CO-
06 eHeM, NpeanaraL M NoAb30BaTENSIM COOOLNTL 06 3TOM OWIMOKE pa3paboTymMKam:

func Parse(input string) (s *Syntax, err error) {
defer funcQ {
if p = recover(); p = nil {
err = fmt_Errorf("'BHYTpPeHHsA ownbka: %', p)

}

%) ... CuHTakcuyeckuii aHanusaTop ...

OTnoXeHHas (yHKUMA B Parse BbIMOAHAET BOCCTAHOBNEHMWE MOCNe aBapuiHON CUTY-
alumn, UCNonb3ys 3HauyeHWe aBapuiiHOM CUTyauuu ANs CO3haHUA CoobLeHMs 06 OLIMOKe;
60nee MOLLHasA BepcUs MOXET BK/O4YaTb BECb CTEK BbI30BOB, MOMYYEHHbIA C MOMOLLbIO
runtime.Stack. 3aTem OTnoXeHHas (YHKUMA BbINOJIHAET NpuUcBanMBaHWe pesy/bTaTa
MepeMeHHOMN err, KOTOpas BO3BPaLLaeTCs Bbi3blBalOLLEA PYHKLNN.

OrynbHOe BOCCTaHOBNEHWe MOCNe aBapuMiHOW CUTyaLuu MpefCTaBNAeTCS COMHUTENb-
HbIM, MOTOMY YTO COCTOSHMA MepeMeHHbIX NakeTa nocfie aBapumn pefKo TOUHO onpejeneHsl
UNN LOKYMEHTUPOBAHbI. BO3MOXHO, 6bI10 HEMOMHbLIM KPUTUYECKOE 06HOB/IEHWE CTPYKTY-
pbl AaHHbIX, Qaiin (MKW ceTeBoe MOAKAOYEHUE) BbIN OTKPbLIT, HO He 3aKpblacs uUnu 610KU-
poBKa 6Gbina 3axBayeHa, HO He 0CBO6OXAeHa. Kpome Toro, 3ameHa aBapuiiHOro 3aBeplue-
HWSA, HanpuMep, CTPOKOI B (haiine XXypHana MOXeT NPMBECTU K TOMY, YTO OWNBKa OCTaHeT-
cA NOMPOCTY He3aMeuYeHHOI.

BoccTaHOBNEHME M3 aBapUIiHOrO COCTOSAHUS B TOM >Xe MakeTe MOXeT MOMOYb Ynpo-
CTUTb 06PabOTKY C/IOXHbIX UM HEOXMAAHHBIX OLINBOK, HO, KaK MpaBuno, He CneayeT Mbl-
TaTbCA OCYL,ECTBNATb BOCCTAHOB/IEHWE MPU aBapuiiHON cuTyauun B Apyrom nakete. O6-
WwegocTynHole APl fo/MKHbI co06WaTh 0 Heyjayax C NOMOLLbIO error. AHanorMyHo Bbl He
JO/MKHbI OCYLLECTBNATbL BOCCTAHOBNEHME B Clyyae aBapuiHOl cuTyalumn, KoTopas MOXET
NPONTKU uYepe3 He MOAAEPXKUBAEMYI BamMu (YHKUMIO (Hanpumep, B Cayyae NPUMEHEHUs
(hYyHKUMIA 06paTHOro BbI30Ba), TaK Kak MpWM 3TOM Bbl He MOXeTe OLeHUTb 6e30MmacHOCTb
3TOro AencrTeums.
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Hanpumep, nakeT net/http npegoctaenset Be6-cepsep, KOTOPbIA AMCheTyYepusyeT
BXOfsALLMe 3anpocbl, nepefasas WMX PYHKLUAM-06paboTymkam, NpefocTaBiasieMbiM MOJb-
3oBatenssMu. BmecTto TOro 4to6bl MO3BONWUTL aBapUNHON CUTyauuu B OAHOM K3 3TUX 06-
paboTy/KOB 3aBEPLUNTL BECb MPOLLECC, CepBep BbI3blBaeT PYHKLMWIO recover, BbiBOAUT
TpaccupoBKYy CTEKa M NPoJoxaeT 06cnyxusaHme. Ha npakTuke aTo yg06HO, HO NPU TakoM
NoAX04e UMEeTCHs PUCK YTeYKM PecypcoB WM BO3HWKHOBEHUS CUTyaLuu, KOrja aBapuii-
Hblli 06paboTUNK OCTaeTCs B HEOMPEAENeHHOM COCTOSIHUM, YTO MO3XKE MOXET MPUBECTU K
Lpyrum npobnemam.

Mo BCeM yKa3aHHbIM Bbille MpMyYMHam Hambonee 6e3onacHbIM ABASETCS BbIGOPOYHOE
BOCCTaHOBNeHWe (ecnu OHO BOOGLLEe mMcnonb3yeTcs). ApyruMmm cnosamu, BOCCTaHOBNEHUE
MOXET BbIMOMHATLCA TOMbKO B (KpaiHe pefkux!) aBapMidHbIX CUTyaLusX, NpefHa3HayeH-
HbIX AN BOCCTAHOB/EHMUA. ITO NpeAHaszHayeHUe MOXeT 6biTb 3aKOAMPOBAHO C MCMOJb30-
BaHMEM CMeunanbHOro He3IKCMOpPTUMPYEeMOro Tumna AN 3HayeHWs aBapuinHOW cuTyauuu u
NPOBEPKM, NMEET /I BO3BPALLEHHOE recover 3HavyeHume 3ToT TUn. (O4MH 13 cnocoboB, Kak
3TO cfenaTb, NpeAcTaBieH B cnegytolem npumepe). Ecam 3710 Tak, TO 06 aBapuiiHON CUTY-
aumm mbl coobLyaemM kak 06 06bIYHON OLWINGKe; eCNN HET, TO Mbl BbI3biBaEM panic € Tem Xe
3HaYeHWeM AN BOCCTaHOB/IEHWS aBapUIAHOIO COCTOSHUS.

MpuBeLeHHbIA HKe NpUMep fBAsSieTCA Bapuauueid nporpaMmbl title , KoTopas coob6-
waeTt 06 owwnbke, ecnm HTML-4OKYMEHT COAEPXUT HECKONbKO 3/1eMeHTOB <title>. B
3TOM cfiyyae nporpamma npepbiBaeT PeKypcuio, Bbi3biBasg PYHKLMIO panic CO 3HaAYeHWeM
crneymanbHoro Tmna bailout.

aoDL.io/ch5/titLe3
// soleTitle Bo3BpawaeT TEKCT MNEpPBOro HenycTtoro anemeHTta title
// B [OKyMEHTE W OWMOKY, €C/M WX KO/IMYECTBO HE paBHO OAHOMY .

func soleTitle(doc *html.Node) (title string, err error) {
type bailout struct{}
defer func() {
switch p = recoverQ; p {
case nil:
// no panic
case bailout{}:
// 'Oxmpaemasn’ aBapuiiHas cuTyauus
err = fmt_Errorf('Heckonbko anemeHToB title™)
default:
panic(p) // HeoxupjaHHaa aBapuiiHaa cuTyauus;
// BoOCCTaHaB/vBaem ee

}

// Tlpekpalwaem peKypcui Mnpy HEeCKOSIbKUX HenycTeiX 3anemeHTax title.
forEachNode(doc, func(n *html.Node) {

if n.Type == html.ElementNode && n.Data == "title" &&
n.FirstChild = nil {
if title =" {

panic(bailout{}) // Heckonbko anemeHTOB title
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}
title = n.FirstChild.Data
}
b nil)
if title = "™ {

return ™', fmt_Errorf("'HeT anemeHTa title')

return title, nil

OTnoXeHHas (hYyHKUUS-06paboTUMK BbI3bIBAET reCcOVer, NpoBepseT 3HaYeHNe aBapuii-
HO cuTyaumm n coobuiaeT 06 06bIYHOM OWKGKe, ecin 3To 3HaveHne — bailout{}. Bce
npoyre 3HayeHus, He aBnstowWwMecs nil, ykasbiBalOT HA HEOXUAAHHYIO aBapUHYIO cUTya-
Lnto, 1 B 3TOM c/iyyae 06paboTumK BbI3bIBAET (DYHKLMIO panic ¢ AaHHbIM 3HayeHUeMm. Tem
caMbIM [eiCTBUWe recover OTMEHSETCA M BOCCTaHaB/MBAETCH WCXOLHOE aBapuilHOe Co-
cToAHMe. (B 3TOM NprMMepe HeCKONMbKO HapylleHbl HaliK COBeTbl He UCMO/b30BaTh aBapuil-
HYI0 CMTyauuio ana "oxugaembix” owWn60K, HO 3TO CAENaHO A8 TOro, YTobbl KOMMAKTHO
NPOUNNIOCTPUPOBATL JaHHbI MEXaHu3M.)

M3 HeKOTOpbIX CUTyaL il BOCCTAHOB/IEHWE HEBO3MOXHO. Hanpumep, ucuepnaHue nams-
TV NPUBOAMWT K 3aBEpPLUEHUNI0 NPOrpaMMbl ¢ paTanbHON OWMNGKOIA.

YnpaxHeHune 5.19. Bocnonb3yintecb PyHKLUAMM panic v recover AAsS HanucaHus
(hYHKUWUK, KOTOpas He COAEePXUT UHCTPYKLMIO return, HO BO3BPALLaeT HEHYNIEBOE 3HAYEHMe.






MeToabl

C Havana 1990-x rogoB 06beKTHO-OPMEHTUPOBAHHOE Nporpammumposardue (OOT) cTano
OOMUHMPYIOLLEA napagnrMoil NporpaMMMpoBaHUs B NPOMbILIIEHHOCTU U 06pa3oBaHun, u
MoYTK BCE LUMPOKO MCMOJIb3YeMble A3bIKW, pa3paboTaHHbIe C TOTO BPEMEHW, BKNHOYAIOT €ro
NnoAfepxKy. He asnsetca ncknoyeHnem n Go.

XoTa 06LEenpUHATOro onpeseneHns 06beKTHO-0PNEHTUPOBAHHOIO NPOrpaMMMpoBaHuns
HeT, ANA HalWWX Ueneil onpefenum, 4To 00bEKT NpefcTaBnseT cobOi NPOCTO 3HaYeHue
WM NEPEMEHHYIO0, KOTOpas UMEEeT MeTOfbl, a MeTOL — 3TO YHKUMA, CBA3AHHAA C onpeje-
NEeHHbIM TUNoM. O6bEeKTHO-OPMEHTUPOBAHHAA NporpaMmma — 3T0 Nporpamma, Kotopas uc-
nonb3yeT MeTOAbl AN BbIP@XXEHUSA CBOWCTB W Onepauuili KaxAoi CTPYKTYpbl AaHHbIX Tak,
4TO K/MEHTaM He TpebyeTcs NpAMONA AOCTYN K NpeAcTaBieHuto obbekTa.

B npefblgyLmMx rnaBax Mbl perynsipHo MCnofib30Bann MeTodbl U3 CTaHAAPTHON 616ano-
TeKW, Takne Kak metog Seconds Tunatime.Duration:

const day = 24 * time.Hour
fmt_PrintIn(day.SecondsQ) // '86400"

Mbl TakXe Onpefensnn cob6CTBEHHbI MeTof B pasgene 2.5 — metog String Tuna
Celsius:

func (c Celsius) StringQ string { return fmt.Sprintf("%g°C"J c) }

B 3101 rnaBe, nepBoil 13 ABYX, MOCBSALLEHHbIX 06LEKTHO-OPUEHTNPOBAHHOMY MpPOrpam-
MUPOBAHUIO, Mbl MOKaXEeM, KakK 3(h(heKTMBHO OMpefensTb W UCNOMb30BaTb MeToAbl. Mbl
TaKXXe PaccMOTPUM fBa KOUYEBLIX NMPUHLMNA 06BEKTHO-OPUEHTUPOBAHHOIO NPOrpaMMu-
POBaHMS — MHKAMCYNSLUMUI0 N KOMMO3ULMIO.

6.1. O6bsABNEHNA MEeTOA0B

MeTog 061bABNAETCA C NMOMOLLbI Bapuauun o06bABNEHUS 00bIYHbIX (DYHKLMWIA, B KOTO-
poM nepes UMeHeM (YHKLWM NOSABNSETCA AOMOMHUTENbHbLIA NapameTp. JTOT napameTp
npucoeanHsaeT PYHKLMIO K TUNY 3TOr0 napameTpa.

[JaBaiiTe HanuwemM Hall NepBblii MeTOL B NPOCTOM MakeTe A4/ reoMeTpuM Ha NAOCKOCTU:

godL.io/ch6/aeometrv
package geometry
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import “math"
type Point struct{ X, Y float64 }

// TpagumumoHHasa (yHKUMA
func Distance(p, g Point) float64 {
return math._Hypot(q.X-p.-X, q.Y-p.Y)

}

// To e, HO Kak meTog Tuna Point

func (p Point) Distance(q Point) float64 {
return math.Hypot(q.X-p.-X, q.Y-p.Y)

}

[ononHuTenbHbIn napaMmeTp p HasbiBaeTcs NonyvyaTenem Metofa MPUEMHMKA; 3TO Ha-
3BaHMe YHacne[oBaHO OT paHHUX 0OBEKTHO-OPUEHTUPOBAHHbLIX A3bIKOB, KOTOPbIe OMUCHI-
Ba/IN BbI30B MeTOfa KakK “0TrnpaBKy cO06LLeHNS 00beKTYy”.

B Go He ncnonb3yetcsa cneymanbHoe ums, Takoe kak this nnu self, ana nonydyate-
na; Mbl BbIOUpPaeM MMS 419 NonayyvaTens Tak e, Kak ans nwboro gpyroro napametpa. lMo-
CKOMbKY UMS nonyvatens OyfeT MCMonb30BaTbCA YacTo, flyylle BblibpaTbh YTO-TO KOPOTKOE
M COrnacoBaHHO MCMOJ/ib3yemMoe BO BCeX MeTofaxX. PacnpocTpaHeHHbIM BbIGOPOM ABAsSeTCA
nepsasi 6yKBa MMEHW TWMa, Kak BbIlle MCMO0Mb30BaHO umsa p ans Point.

B BbI30Be MeTOAa apryMeHT NojyyaTens HaxoguTcs nepef MMeHeM MeToda. JTO Hamo-
MUHaeT 06bsABAEHME, B KOTOPOM NapaMeTp Noayyatens HaxoauTcs nepej MMeHeM MeToja:
p = Point{l, 2}

g := Point{4, 6}
fmt _PrintIn(Distance(p, q)) // "5, Bbi30B (yHKLMU
fmt.Printin(p.Distance(q)) // "b”, Bb30B MeTOofa

HeT HMKaKOro KOH(ANKTa MeXAy ABYMS 00bABNEHUAMU (YHKUMI Mo nmeHn Distance,
npuBefeHHbIMK Bbile. [lepBoe 06bABAAET (YHKLUI YPOBHA MNakeTa Mof Ha3BaHWEM
geometry .Distance. BTopoe 06baBAseT MmeTog Tuna Point, MO3TOMy ero uma —
Point.Distance.

BbipaxeHue P_Distance HasbiBaeTcs cenekTopom (selector), NOTOMY 4TO OHO BbIGU-
paeT nogxogawuii metog Distance gns nonyyatens p Tuna Point. Cenektopbl MCNOMb-
3yloTCa TakXKe Ans Bbl6opa nosieil CTPYKTYPHbIX TUNOB, Kak B BbipaxkeHuUn p . X MOCKONbKY
MEeTOfAbl U MONS HaxoAATCA B OAHOM M TOM >e MPOCTPaHCTBE UMEH, 0ObSBNEHWE B HEM
mMeToda X Ans CTPYKTypbl Tuna Point npuBefeT K HEOJHO3HAYHOCTW, U KOMMUAATOP €ro
OTBEPrHeT.

MoCKOMbKY KaXAbli TN MMeeT COOGCTBEHHOE MPOCTPAHCTBO MMEH AN MeTOLOB, Mbl
MOXeM Mcnonb3osatb UMs Distance gna Apyrux MeTofos, fMlb 6bl OHU MPUHALNeXanu
pasnuuHbiM Tunam. [daBaiiTe onpegenum Tun Path, KoTopblii nNpegcTaBnseT coboil nocne-
[0BaTeNIbHOCTb OTPE3KOB NHUW, U onpedenum metof Distance u gns Hero:

// Path - nyTb U3 TOYeK, COEAMHEHHbIX MNPSAMOSIMHEWHbIMM OTpe3Kam,
type Path []Point
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// Distance BoO3BpalWaeT A/IMHY MyTH,
func (path Path) DistanceQ float64 {
sum = 0.0
for 1 = range path {
ifi>0({
sum += path[i-1].(pathfi])
}

return sum

Path aBnseTca MMeHOBaHHbIM TUNOM Cpe3a, a He CTPYKTYpPOI, Kak Point, HO Mbl no-
NpeXXHeMy MOXEM OMpPeaennTb ANA HEero MeToabl. Paspeluas CBA3bIBaTb MeTOAbl C 1H06bIM
Tunom, Go 0T/IMYaeTCs OT MHOTUX APYTUMX 06BbEKTHO-OPMEHTUPOBAHHbIX A3bIKOB MpPOrpam-
MUpoBaHus. YacTo 6biBaeT yA06HO ONpeLennTb AONOAHUTEIbHOE MOBEAEeHUe ANS MNPOCTbIX
TUMNOB, TaKWX Kak 4yncna, CTPOKU, Cpe3bl, 0TOOpaXeHWs, a MHOra faxe QyHKUuM. MeTofbl
MOryT 6bITb 06bSABNEHbI 414 10600 MMEHOBAHHOIO TUMa, OMPEeAeIeHHOr0 B TOM Xe nake-
Te, MNWb Obl ero 6a30BbIfi TN HE ABAANCSA HU YKa3aTesieM, HU UHTepgencom.

[lBa paccMoTpeHHbIX MeToda Distance WMMeHT pa3nuuHble TUMbl. OHU He CBSi3aHbI
oAvH ¢ apyrum, xota Path. Distance ucnonb3yet Point.Distance BHyTpeHHe Ans
BbIUMCIEHNS O/IMHBI KaX0r0 0TPe3Ka, COeMHALWEro COCeHNE TOUKU.

[JaBaliTe BbI30BEM HOBbI/i METOA A1 BblYUCAEHWA NepumeTpa MPAMOYroNbHOIO Tpey-
roflbHMKa:

perim := Path{

{l, 1}] q=(54)
{5 1},

{5, 4},

{11 1}1 P=@1n

}
fmt.PrintIn(perim.Distance()) // "12"

B ABYyX MOKasaHHbIX Bbllle BbI30BaX MeTOAOB Distance KomnunaTop onpegenser,
Kakas (YHKUMA AOMKHA ObiTb Bbl3BaHa, OCHOBbLIBAsACL Ha MMEHW MeToda W Tuhe nonyua-
Tens. B nepsom Bbi3oBe path[i-1] wmeeT Tun Point, noatomy Bbi3biBaeTcs Point.
Distance; Bo BTOpoM perim wumeeT Tun Path, nostomy BbI3biBaeTcsd Metog Path.
Distance.

Bce MeToAbl JAHHOMO TWUMa LOMKHbI UMETb YHWKaNbHble UMEHa, HO O4HO U TO Xe UMS
MeTOofa MOXEeT UCM0/b30BaThCA PasHbIMU TUNaMu, Kak MeTof D istance ucnonb3oBaH ans
TMnoB Point n Path. HeT Heo6xoanmocTn KBanmuumpoBaTb MMeHa (YHKLUA (Hanpu-
mep, PathDistance) gns ycTpaHeHUs HEO4HO3HAYHOCTW. 34ecb Mbl BUAUM NepBoe npe-
MMYLLECTBO MCMOMb30BaHUSA METOA0B MO CPABHEHWUIO C 06bIYHLIMU PYHKLUAMUN: UMEHa Me-
TOLOB MOTYT 6bITb Kopoue. MpenmMyLLecTBO YBENMUYMBAETCSA AN BbI30BOB, BbINOAHSAEMbIX
3a npefenamu MakeTa, Tak Kak OHW MOTYT MCMO/b30BaTb 60/Mee KOPOTKOE MMS 1 OMYCKaTb
VA naketa:
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import "gopl.io/ch6/geometry”

perim := geometry.Path{{l, 1}, {5, 1}, {5, 4}, {1, 1}}
fmt_PrintIn(geometry._PathDistance(perim)) // 12", aBTOHOMHasA (YHKLUSA
fmt_PrintIn(perim.Distance()) // 12", weTop geometry.Path

6.2. MeTofbl C yKazaTenem B poan nosyyarens

BbI30B (hyHKUMW CO34aeT KOMUIKO KaXAoro 3HayeHns aprymeHTa, Mo3aTtoMy, ecim yHK-
UMN HeobXoAMMO OBHOBUTL MEPEMEHHYIO UM eCny apryMeHT ABASETCH HacTO/bKO 60/b-
LUNM, YTO XefaTenbHO n3bexaTb ero KonuposaHus, CrefyeT nepefasBaTb afpec nepemeH-
HOW C MOMOLLbIO YKa3aTens. To e caMoe cnpaBeasvBo U AN MeTOLOB, KOTOPbIM Heob6Xo-
OUMO O6HOBUTL MEPEMEHHYIO NOMyyaTens: uUx cnefyeTt MPUCOESUHATL K TUNY yKasaTens,
TakoMy Kak *Point:

func (p *Point) ScaleBy(factor float64) {
p-X *= factor
p.Y *= factor

VimeHeM gaHHoro metoga siensetcs is (*Point) -ScaleBy. Ckobku Heobxogumbl —
6e3 HMX BblpaXKeHue ByaeT TpakToBaTbCs Kak *(Point .ScaleBy).

B peanbHbIX mporpaMMax cornawleHue JUKTYeT, YTO eCAn Kakoi-nubo meTog Point
NMeeT noslyyatenb-yKasaTesb, TO BCe MeToAbl Point fO/MKHbI UMETL YKa3aTe/lb B Ka4ecTsBe
nonyyarens, faxe Te, KOTOPbIM 3TO He TpebyeTca B 0643aTeNlbHOM nopsake. Mbl HapyLun-
v 3To npasuno ana Point, 4To6bl NOKas3aTb BaM 06e PasHOBUAHOCTU METOLOB.

VimeHoBaHHble TUNbl (Point) u ykasatenn Ha HUX (*Point) — eAWHCTBEHHbIE TUMbI,
KOTOpble MOTYT NOSABAATLCA B 06bsABNEHUM nonydvatens. Kpome Toro, 4tobbl n3bexaTb He-
0[JHO3HaYHOCTW, 0OBABMEHUS METOAO0B He paspelleHbl 418 UMEHOBAaHHbLIX TUMOB, KOTOPbIE
camy SIBNSAOTCS TUMaMU yKasaTeneii:

type P *int
func P) QO {/* ... */} // Oumbka KOMNWMSUMWM: HEBEPHLIA TUM Mony4vaTesns

Metog (*Point) .ScaleBy MOXeT ObITb BbI3BaH C MOMOLLbLIO NPeAoCTaB/eHUsA NoAy-
yatena *Point, HanpuMmep, Tak:

r = &Point{l, 2}
r.ScaleBy(2)

fmt.Printin(*r) // {2, 4}"
Mnu Tak:

p = Point{l, 2}

pptr = &p

pptr.ScaleBy(2)
fmt_Printin(p) 7/ "{2, 4}n

Mnn BOT Tak:
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p = Point{l, 2}
(&p) -ScaleBy(2)
fmt.Printin(p) 7/ "{2, 4}"

Ho nocnefHue fBa BapuMaHTa HECKONMbKO FPoMO3fKM. K cuacTbio, 34eCcb HaM NomoraeT
A3blK. ECAM nonyvatenb p sBAsieTCS MepeMeHHoi Tuna Point, HO MeTogy Heo6xoaum mno-
nyyaTens *Point, MOXHO WMCMOMb30BaTh COKPALLEHHYH 3amnnchb

p.ScaleBy(2)

npy KOTOPOW KOMNUAATOP BbIMOMHWUT HEABHOE MOAyYeHWe afpeca &p 3TOW nepemeH-
HOW. 3TO paboTaeT TOMbKO ANS MepeMeHHbIX, BK/IOYas NOMs CTPYKTYp Hanogobue p.X u
3/1eMeHTbl MaccuBOB MM cpe3oB Hanopobue perim[0]. Mbl He MOXeM BbI3BaTb METO[,
*Point gna Heafpecyemoro nonyvatens Point, Tak Kak HeT HMKaKoro crocoba nonyue-
HWS afpeca BPEMEHHOTO 3HAYEHUA.

Point{l, 2}.ScaleBy(2) // Oumbka KOMMUAAUMN: HEBO3MOXHO MOAYUNTb
// appec nutepana Point

Ho Mbl MO>KeM BbI3BaTb MeTof Point Hanogo6bue Point _Distance ¢ nonyvatenem
*Point, NOCKONbLKY ecTb CMOCO6 MOAYUYUTb 3HAUYEHME M3 afjpeca: HYXHO MPOCTO 3arpy3uTb
3Ha4yeHMe, Ha KOTOPOe yKa3sbiBaeT nony4yarens. KoMnuaaTop, no CyTW, BCTABAAET HeABHbIN
onepaTop *. [1ga cnegyoLMX Bbi30Ba ABNAKOTCA IKBUBANEHTHBIMMU:

pptr.Distance(q)
(*pptr) -Distance(q)

MoaBeAeM MTOMM, TaK Kak HEA0CTaTOYHOE NMOHMMaHWE B 3TON 061acTK 3a4acTyto NPUBO-
OWT K NnyTaHuue. B KaXA0OM KOPPEKTHOM Bblpa)X€HWM Bbi30Ba METOAa UCTUHHBLIM ABAAETCS
TONbKO OJHO M3 TPEX MePeUUCIeHHbIX YTBEPXAEHNA.

JIn60 aprymeHT nonyyatens MMeEeT TOT XXe TUMN, YTO U NapameTp NoayvaTens, Hanpumep
06a umetoT TMN T nam o6a umeroT TUn *T:

Point{l, 2}.Distance(q) // Point
pptr.ScaleBy(2) // *Point

Nn6o aprymeHT nonyvatens ABASeTCH MepemMeHHOW Tuna T, a mapaMeTp nonyyarens
umeetT TMN *T. KOMNuUAATop HeABHO NonyvaeTt afpec NepeMeHHo:

p-ScaleBy(2) // HesBHoe (&p)

JIn6o aprymeHT nony4vatens umeet Tun *T, a napameTp nony4varens mMmeet tun T. Kom-
NUNATOP HeSBHO pas3biMEHOBLIBAET MOMy4vaTensd, APYrumu cnosamu, 3arpykaet COOTBET-
CTBYIOLLLEE 3HAYEHNE:

pptr.Distance(q) // HesBHoe (*pptr)

Ecnn Bce meToAbl MMEHOBaHHOro Tuna T uMMetloT Tun nonyyatens T (He *T), TO Ko-
NnMpoBaHue 3K3eMMNAAPOB 3TOro Tuna 6e30nacHo; BbI30B /110600 M3 ero mMeTogoB 06d3a-
TeNnbHO AenaeT Konuio. Hanpumep, 3HayeHust time.Duration cBo60AHO KonupyroTCs,
B TOM 4YMCNe B KayecTBe apryMeHTOB ()yHKUMiA. HO ecnin Kakoin-nnbo meTon MMeeT B Ka-
YyecTBe Mony4yaTens ykasaTenb, cfiegyeT u3beraTtb KOMMWPOBaHWSA 3K3eMNAsipoB T, MOTOMY
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4TO 3TO MOXET HapyllaTb BHYTPEHHMe MHBapMaHTbl. HanpymMep, KonupoBaHuWe 3k3eMnnspa
bytes.Buffer mMoXeT mpuBecTn K TOMy, YTO OpPWUTUHaN U Konus GyayT MCeBAOHMMaMU
(pa3gen 2.3.2) 04HOrO M TOro e 6a30BOro maccuBa 6aiiToB, ¥ NocnegytoLMe BbI30Bbl Me-
TOA0B OYAYT MMETb HenpeAcKa3dyeMble pe3yNbTaThl.

6.2.1. 3HaueHue nil aBngeTca KOPPEeKTHbIM
nonyyarenem

Tak Xe, Kak HeKOTopble PYHKL MM JONYCKAIOT Hy/eBble yKa3aTen B KAYEeCTBE apryMeH-
TOB, TaK U HEKOTOpble MeTO/bl AOMNYCKAOT HYNEeBble YKasaTe/M B KauyecTBe MX nonyvate-
nsi, 0CO6EHHO ecnn n il ABAsETCH MOMHOLEHHbLIM HYNMEBbIM 3HAYEHUEM TUMA, KaK B Cly4ae
0TOGpaXKeHWii 1 cpe3oB. B npuBeseHHOM fanee NPOCTOM CBS3aHHOM CMMCKeE LiefbIX YUCen
3HaueHue n il npeacTaBnseT NycToi CNMCoK:

// IntList npeactaBnsieT €060 CBSI3aHHbIA CMWCOK LEMbIX uMCen.
// 3HauveHne *Intl_ist, paBHoe nil, npeacTaBnseT MycTON CNMCOK,
type IntList struct {

Value int

Tail *IntList

}

// Sum BO3BpawaeT CyMMy 3/IEMEHTOB CMUCKa,
func (list *IntList) Sum() int {
if list = nil {
return 0

return list.Value + list.Tail.SumQ)

Mpu onpegeneHnn Tumna, MeToAbl KOTOPOro AOMYCKAlT HyfMeBoe 3HauyeHue monyuvare-
NS, XKenaTesbHO SIBHO yKa3aTb 3TO B OKYMEHTMPYIOLMX KOMMEHTapUsX, Kak 370 CAenaHo
BbILLE.

BoT uacTb onpegeneHus tuna Values us naketa net/url:

net/uri
package url

11 Values oToGpaxaeT CTPOKOBbIi KM Ha CMUCOK 3HAYeHWid,
type Values map[string][]string

// Cet BO3BpawWaeT nepBoe 3HayeHue, CBA3aHHOE C AaHHLIM K/I4OoM,
// win €CNn TaKoBOro HeT.
func (v Values) Get(key string) string {
if vs = v[key]; len(vs) >0 {
return vs[O]

}

return
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// Add po6aBnseT 3HayeHve K Kdvy. [lo6aBnieHne BbIMOMHAETCS K J106biM
// CyuecTBYWWWM 3HAYEHWAM, CBA3a@HHbIM C KJ/I0YOM,
func (v Values) Add(key, value string) {
v[key] = append(v[key], value)
}

OHO noKasblBaeT, YTO NpefCTaBleHWEM [aHHOI0 TUNa ABNsSeTCA 0TOOpaXeHUe, a Takxe
npepocTaBnseT MeToAbl A8 JOCTyMa K 0TOOGpPaXeHWHo, 3HaYeHWsMU KOTOPOro ABMSHOTCA
cpesbl CTPOK — 3TO My/NbTMOTO6pa>keHMe. KAneHTbl MOryT MCNONb30BaTb €r0 BCTPOEH-
Hble onepatopbl (make, nuTtepansl cpe3os, m[key] v T.4.) uan ero mMeToAsbl, UM u T0, U
Apyroe BMecTe, YTO UM BO0/blUE HPaBUTCS:

aoDL . io/ch6/urL\/alues

m = url_ValuesC"lang"”: {"en"}} 11 HenocpeacTBeHHOE cO3jaHVe
m.Add("item”, "I')

m.Add("item", '2')

fmt_PrintIn(m.Get(Mlang™)) // "en"
fmt_PrintIn(m.Get('q"™)) /7
fmt_PrintIn(m.Get("item™)) 11 "I (nepBoe 3HayeHwe)

fmt_PrintIn(m["item™]) 11 "[1 2]" (HenocpeACTBEHHOE obpaleHue)
m = nil

fmt.PrintIn(m.Get("item™)) // '™

m.Add(""item”, "3') 11 AsapwiiHas cuTyauusi: npucBauBaHue

11 3anucy B NyCTOM OTO6GpaxeHun

B nocnefHem Bbl3oBe Get HyneBoil nonyyaTenb BefeT cebs, Kak MycToe 0TOGpaxeHue.
Mbl Mornmn 6bl 3KBMBANEHTHO 3anucatb Bbi3oB Kak Values(nil) .Get(""ltem™), HO Bbl-
paxeHune nil. Get (""item') He 6yaeT KomnuanposaTbCsA, NOoToMy 4to TN nil He onpe-
feneH. MocnefHunin e Bbi30oB Add NpUBOAUT K aBapuiAHOW CUTyaLun, NOCKOMbKY OH MbITa-
eTca 00HOBUTbL HY/NeBOe 0TOOpaxXeHue.

Mockonbky url .Values nmeeT Tun oTobpaxeHns, a 0TobpaxeHMe obpalaeTcs K CBO-
UM napam “Kar4Y-3HayeHue” KOCBEHHO, Nt0ObIe 0OHOBAEHUS U yAaneHUs, KoTopble genarT
Bbl3oBbl Url.Values.Add c anemeHTaMn 0TOGPaXXeHWU, BUAHbI Bbi3blBatOLLLER (YHKLMWK.
OfHaKo, Kak U B ciydae 00blYHbIX PYHKLWIA, Nt0Oble N3MEHEHUSA, KOTOpble METoA AenaeT
C CaMOWi CCbIJIKON, TakMe Kak yCTaHOBKa ee 3HauyeHusi paBHbIM nil nnn ee nepeHanpasne-
HWe Ha Apyroe oTobpaxeHune, He OyAeT BUAUMO Bbi3blBaKOLLEN YHKLMN,

6.3. Co3gaHve TUNoB NyTemM BCTpanBaHUS
CTPYKTYp

Paccmotpum trn ColoredPoint:

gqooL.io/ch6/colLoredDoxnt

import "image/color"
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type Point struct{ X, Y float64 }
type ColoredPoint struct {

Point

Color color.RGBA

Mbl mornm 6bl onpegennts ColoredPoint Kak CTPYKTYpy W3 Tpex Monei, HO BMe-
CTO 3TOro BcTpamBaeMm Point gns npegoctaBneHns noneit X un Y. Kak mbl BUgenn B pas-
fene 4.4.3, BcTpaMBaHWe No3BOJIAET HAM MCMNOJIb30BaTb CUHTAKCUYECKME COKpaLLeHua Ans
onpegeneHuns cTpyktypsl ColoredPoint, Kotopas cogepXuTt Bce nons Point natoc ewe
HekoTopsble. Mpun xenaHnn Mbl Moxem BblbpaTb nons ColoredPoint, KoTopble 6bian npe-
[JOCTaB/IEHbl BCTPOEHHOW CTPYKTYypoi Point 6e3 ynoMuHaHUs umeHun Point:

var cp ColoredPoint

cp-X =1
fmt.PrintIn(cp.Point.X) /7 "I"
cp.Point.Y = 2
fmt.Printin(cp.Y) // 2

AHanNorMyHblii MexaHU3M MPUMEHMM U K MeTodaM Point. Mbl MOXeM BbI3blBaTb Me-
TOAbl BCTPOEHHOro nosig Point ¢ ucnonb3osaHuem nony4yarens tuna ColoredPoint, He-
cmoTpsA Ha 1o uTo ColoredPoint He nMeeT 06bAB/IEHHbLIX METOAOB:

red := color.RGBA{255, 0, 0, 255}

blue := color.RGBA{O, 0, 255, 255}

var p = ColoredPoint{Point{l, 1}, red}
var q = ColoredPoint{Point{5, 4}, blue}
fmt.PrintIn(p.Distance(q.Point)) // "5"
p-ScaleBy(2)

g-ScaleBy(2)
fmt.PrintIn(p.Distance(q.Point)) // 10"

MeTogbl Point 6bi11 nosbiweHbl 4o MeTogoB ColoredPoint. Takum obpa3om, BCTpa-
MBaHMWe JOMYCKaeT HaMume CNOXHbIX TUMOB CO MHOTMMK METOAaMu, Npu 3TOM YKa3aHHble
TUNbl CO34al0TCA MyTeM KOMMO3ULUN HECKONTbKUX MOMeid, Kaxaoe U3 KOTOPbIX npefocTaB-
NsieT HECKONbKO MEeTOZ0B.

YuTaTtenu, 3HaKoMble C O6BHEKTHO-OPUEHTUPOBAHHLIMU A3bIKAMW, OCHOBAHHLIMU Ha
Knaccax, MOryT c061a3HUTbCA MPOBECTU Napannenn n paccmaTpmbaTb Point Kak 6a30Bbli
knacc, a ColoredPoint — kak nogknacc (MM MPOM3BOAHBIA KNacc) UM UHTepnpeTu-
poBaTb CBA3b MEXAY 3TMMM Tunamu, kak ecnm 6ol ColoredPoint “asnancs” Point. Ho
370 661710 6bl OWMGKOA. O6paTNTE BHUMaHME Ha MoKaslaHHble Bbille BbI30Bbl Distance.
Metog Distance umeet napameTp Tuna Point, HO g He aBnseTcs Point, Tak 4yTo X0TH Q
N UMeeT BCTPOEHHbIe MOMS 3TOr0 TMNa, Mbl O/MKHbLI ABHO MX yKa3aTb. [1onbiTka nepejayum
g NpmBeaeT K coobLeHnto 06 owmnbke:

p.Distance(q) // Oumbka KOMNUNAUMM: HeNMb3A UCMOoNb30BaTb
// q (ColoredPoint) kak Point
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ColoredPoint He sBndetcs Point, HO “cogepXut’ Point n nmeeTt gBa JOMNOHU-
TenbHbiX MeTofa (Distance u ScaleBy), nosblilweHHbIX U3 Point. Ecnn Bbl npegno-
ynTaeTe fymaTb B TEPMUHAX peanu3aluu, BCTPOEHHOE MO/e YKa3blBaeT KOMMUAATOPY Ha
Heo6Xxo4MMOCTb reHepaLumn LONONHUTENbHbIX “MeT0L0B-06epTOK”, KOTOpPbIE fenerupytoT
BbI30B 06bABNEHHbLIM METOAaM YTO-TO BPO/E TaKoro Koga

func (p ColoredPoint) Distance(q Point) float64 {
return p.Point.Distance(q)

}

func (p *ColoredPoint) ScaleBy(factor float64) {
p-Point.ScaleBy(factor)

}

Korga Point _.Distance BbI3biBaeTCA NePBbIM U3 3TUX METOLOB-06€pTOK, 3HAYEHNEM
ero nosnyuarens asngercd p.Point, a He p, U NPM 3TOM HET HUKAKOro cnocoba, KOTOPbIM
meTog Mor 6bl 06paTnThCs K cTPykKType ColoredPoint, B KOTOPYHO BCTpPOEHa CTPYKTypa
Point.

TWUNOM aHOHWMHOTO MONA MOXET ObITb YKa3aTe/lb HA UMEHOBAHHbIM TWUM; B 3TOM Cly4vae
nofs U MeTofibl KOCBEHHO MOBLILIAKTCA U3 yKa3biBaEMOro obbekrta. [lobaBneHue ewe of-
HOr0 YPOBHA KOCBEHHOCTW MO3BOMAET HAM COBMECTHO MCMNOJb30BaTh 06LWME CTPYKTYPbI U
OWHaMUYeCKN U3MEHATb B3aUMOOTHOLUEHUS Mexay o06bekTaMu. MpuBefeHHOe HMKe 06b-
asneHne ColoredPoint BcTpamsaet *Point:

type ColoredPoint struct {
*Point
Color color.RGBA

}

p := ColoredPoint{&Point{l, 1}, red}

g := ColoredPoint{&Point{5, 4}, blue}

fmt.PrintIn(p.Distance(*q.Point)) // '5"

g.-Point = p.Point // p n q pasgenswT ogHy u Ty xe Point
p.ScaleBy(2)

fmt.PrintIn(*p.Point, *g.Point) /7 L2 2} {2 2}n

CTPYKTYPHbIA TUN MOXeT MMeTb 60/1ee 0AHOr0 aHOHUMHOTO Mons. Ecnnm Mbl 06bABUM
ColoredPoint kak

type ColoredPoint struct {
Point
color.RGBA

}

TO 3Ha4YeHue 3TOro Tuna ByfeT NMeTb BCe MeToAbl Tuna Point, Bce MeTofbl RGBA v ntobbie
[ONOMHUTENbHbIE METOAbl, HENOCPEACTBEHHO 00bsBNeHHble ana ColoredPoint. Korga
KOMMMAATOP paspeLlaeT cenekTop kak p.ScaleBy ana Bbi3oBa MeToAa, CHayana OH MLLET
HenocpeACTBEHHO 06bSABNEHHbIA MeTon ¢ umeHem ScaleBy, 3aTem — MeTof, O4HOKpaT-
HO MOBbILWEHHbI 13 BCTPOEHHbIX noneit ColoredPoint, nocne 3T0ro — Aaxgbl NOBbI-
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LUEHHbI MeTof U3 BCTPOEHHbIX BHYTpU Point v RGBA, v 1.4. KomnunaTtop coobuiaeT 06
OLINOKe, ec/in CeNneKTop ABNAETCA HEOAHO3HAYHbIM 13-3a TOr0, YTO MMEeTCa ABa unmn 6onee
MEeTO/0B C OAHUM MMEHEM C OAMHAKOBbIM PaHrOM MOBbILLIEHNS

MeTofbl MOTYT ObITb 06bSABNEHBI TONLKO AN19 MMEHOBaHHbIX TUNOB (Hanogobue Point)
1 ykasateneii Ha Hux (*Point), Ho 6narogaps BCTpauBaHWIO HEMMEHOBAHHbIE CTPYKTYp-
Hble TUMbl TaKXe MOryT UMeTb MeTOoAbl (MHOTa 3TO OKa3blBAETCHA MOME3HbIM).

BoT Hennoxas WAnCTpaums K ckasaHHoOMY. B npuBefeHHOM npumMepe nokasaHa 4acTb
NpoCTOro Kella, peasM30BaHHOI0 C MOMOLLbIO ABYX MepPeMeHHbIX YPOBHA NakeTa, MblOTeK-
ca (pasgen 9.2) n otobpaxeHMs, KOTOPOE OH 3aLiMLLaeT:

van (
mu sync.Mutex // 3aumwaeT oTobpaxeHue
mapping = make(map[string]string)

)
func Lookup(key string) string {
mu.Lock()
v = mapping[keyl
mu.-Unlock()
return v
}

MpuBeAeHHAs HWKe Bepcus (PYHKLUMOHANbHO 3KBMBANEHTHA, HO TPynnupyeT 3TW ABe
CBSI3aHHbIE NepeMeHHbIE BMeCTe B 04HY NMepeMeHHY0 YPOBHS makeTa cache:

var cache = struct {
sync.Mutex
mapping map[string]string

H{
mapping: make(map[string]string),
}

func Lookup(key string) string {
cache. LockQ
v = cache.mapping[key]
cache. UnlockQ
return v

HoBasa nepemMeHHas faeT CBA3aHHbIM C Kellem nepemMeHHbIM 60nee Bbipa3uTenbHble
MMeHa, a NOCKOJIbKY B Hee BCTPOeHO nose sync -Mutex, ero metogbl Lock n Unlock no-
BbILLAKOTCA [0 HEMMEHOBAHHOI0 CTPYKTYPHOIo TUNa, No3eBonsas Ham 610kuposats cache ¢
NMOMOLLbI0 CAMOOYEBMAHOIO CUHTAKCKCa.

6.4. 3HaYeHnAa-meTo4bl N BblpadkKeHUA-MmeToabl

O6bIYHO Mbl BblOUPaeM ¥ Bbi3blBaeM MeTOL B O4HOM BbIP@XEHWMW, Kak, Hanpumep, B
p.-DistanceQ, HO 3T ABe onepayunm MOXHO pasfenuTtb. Cenektop p.Distance faet
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Ham 3HayeHue-meToOn (method value), yHkuuiO, KoTOpas cBA3biBaeT meton (Point.
Distance) co 3Ha4yeHMEeM KOHKPETHOro nosy4artens p. 3ta GYHKLMS MOXET OblTb Bbl3Ba-
Ha 6e3 yKasaHWsA 3Ha4yeHWsA MoayyaTens; el HYXHbl TOIbKO apryMeHTbl, He fBAStOLLIMeCS
nonyvaresiem.

p = Point{l, 2}

g := Point{4, 6}

distanceFromP := p.Distance // 3HauyeHue-meTOop
fmt.PrintIn(distanceFromP(q)) // 5"

var origin Point /7 {0, 0O}
fmt.PrintIn(distanceFromP(origin)) // "2.23606797749979", nk
scaleP := p.ScaleBy // 3HauyeHvne-meTofq
scaleP(2) // p ctaHoButCA (2, 4)
scaleP(3) // 3atem (6, 12)
scaleP(10) // 3atem (60, 120)

3HayeHua-MeTOAbl Nofie3Hbl, Korga APl naketa TpebyeT 3HaUeHWe-OYHKUUIO, a ANs K-
eHTa XXefaemMblM NOBefeHWeM ANS 3TOW PYHKLUUMN ABNSETCA BbI30B METOAA A1 KOHKPETHOro
nonyyatens. Hanpumep, gyHkuma time.AfterFunc Bbi3blBaeT 3HauYeHUe-(HYHKLMUIO MNO-
cne 3afaHHoN 3afepXku. MNpuBefeHHas NporpamMma WCNonb3yeT ee ANA 3anycka pakeTbl T
yepe3 10 cekyHA:

type Rocket struct { /* ... */ }
func (r *Rocket) LaunchQ { /7 ... */ }

r = new(Rocket)
time.AfterFunc(10 * time.Second, func() { r.LaunchQ }

CUMHTaKCcUC ¢ UCnonb3oBaHMEM 3Ha4YeHUA-MeTo[a OKasbiBaeTCA 6onee KOPOTKUM:

time.AfterFunc(10 * time.Second, r.Launch)

CO0 3Ha4YeHUsIMU-METOJaMWN TECHO CBA3aHbl Bbipa>KeHUA-MeTofbl. py BbI30BE MeTOAa,
B MPOTUBOMOJIOXHOCTb 06bIYHON (YHKLMMW, Mbl O/MKHbI YKa3aTb Mofy4vaTens ¢ NoOMOLb0
CMHTaKcuca cenektopa. BelpaxeHune-metos, 3anucbiBaemoe Kak T.F v (*T). F, rpe T—
TUN, JaeT 3HaYeHne-yHKLMIO € 06bIYHbLIM NepBbIM NapaMeTpoM, NPeacTaBsaoLWL MM co6oi
nosyyartesib, Tak YTO €ro MOXHO BbI3bIBaTb, KaK 00bIYHYH (YHKLMIO:

p = Point{l, 2}
g := Point{4, 6}
distance := Point.Distance // BuipaxeHue-meTop,

fmt.PrintIn(distance(p, q)) // 5"
fmt.Printf("%T\n", distance) // "func(Point, Point) float64"

scale := (*Point).ScaleBy

scale(&p, 2)

fmt.Printin(p) // {2 43"
fmt.Printf("%T\n", scale) // "func(*Point, float64)"
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BblpaXeHA-MeToAbl MOTyT 6biTb MOME3HbI, KOrAa TpebyeTca 3HauyeHWe Ans npeacTas-
NeHns Bbl6Opa Cpean HECKONbKMX METOA0B, MPUHaANeXalnx 04HOMY TUMy, Takoe, Y4To6bl
BbIGPAHHbIA MeTOf MOXHO 6bI/I0 BbI3BaTb CO MHOTMMU pa3/IMYHbIMKU Mony4vaTensMmu. B cne-
JylOLEeM Npumepe nepemMeHHas op MpeacTaBnseT MeToj CNOXKEHMSA NMB0 BblYMTaHUS Tuna
Point, nPath.TranslateBy Ha3biBaeT ero gna Kaxgon Touku B nytn Path:

type Point struct{ X, Y float64 }

func (p Point) Add(q Point) Point { return Point{p.X+q.X,
X

p.Y+q.Y} }
func (p Point) Sub(g Point) Point { return Point{p.-X-q.X, p.Y-q.Y} }
type Path []JPoint

func (path Path) TranslateBy(offset Point, add bool) {
var op func(p, q Point) Point

if add {

op = Point.Add
} else {

op = Point.Sub

for i := range path {
// BbizoB nnbo path[i].Add(offset), nu6o path[i]-Sub(offset).
path[i] = op(path[i], offset)

6.5. MNpumep: TN GUTOBOr0 BEKTOPA

MHoxecTBa B GO 06bI4HO peanu3ytoTcs Kak map[T]bool, rge T asndetca Tunom ane-
MeHTa. MHOXeCTBO, NpefCTaB/NeHHOe OTOOPaXKEHMEM, OYeHb TMOKOe, HO A1 HEKOTOPbIX
3aflay creuuanmM3vMpoBaHHoOe MNpeAcTaBNeHMe MOXEeT ero npeB3oiTM. Hanpumep, B Takux
06/1acTAX, Kak aHann3 MoToKa [aHHbIX, FAe 3MeMeHTbl MHOXecTBa MpeAcTaBnalT coboi
Hebo/NbLIMe HeoTpULaTeNbHbIE LieNble YNCa, MHOXECTBA UMEIT MHOMO 3/1EMEHTOB, a pac-
NPOCTPaHEHHbIMWU ONepaunamMmmn ABNAKOTCA 0ObEAMHEHME W MepecevyeHne MHOXECTB, uje-
a/lbHbIM peLleHMeM OKa3blBaeTCs OMTOBbIA BEKTOP.

BWTOBbIA BEKTOP MCNOMb3yeT cpe3 6e33HAKOBbIX LENOYUCAEHHbIX 3HAYeHU, UAun
“CNoB”, KaXAbI OUT KOTOPbIX MPeACcTaBnseT BO3MOXHbIA 3/1EMEHT MHOXecTBa. MHOXe-
CTBO COAEPXWUT /, ecnun /- 6UT ycTaHoBNEH. MpuBeAeHHas fanee nporpamma AeMOHCTPU-
pyeT NpocToil TN 6MTOBOro BeKTOpa C TPEMSA MeToAaMu:

godL.io/ch6/intset
11 IntSet npeacTaBnsieT co60ii MHOXECTBO HEOGOMbWMX HeoTpuUATENbHbIX
// uenbix unicen. HyneBoe 3HauveHvWe nNpeacTaBnseT MycToe MHOXECTBO.

type IntSet struct {
words [Juint64
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}

// Has yka3biBaeT, COLEPXWT /M MHOXECTBO HEOTpULATENbHOE 3HaYeHne X.
func (s *IntSet) Has(x int) bool {

word, bit = x/64, uint(x%64)

return word < len(s.words) && s .words[word]&(l<<bit) =0

}

// Add po6aBnsieT HeoTpuuaTesbHOE 3HayeHWe X B MHOXeCTBO,
func (s *IntSet) Add(x int) {
word, bit = x/64, uint(x%64)
for word >= len(s.words) {
s.words = append(s.words, 0)

}
s.words[word] |= 1 < bit

}

// UnionWith pgenaeT MHOXECTBO S paBHbM OObEAUHEHWI MHOXeCTB S U t.
func (s *IntSet) UnionWith(t *IntSet) {
for i, tword := range t.words {
if 1 < len(s.words) {
s.words[i] |- tword
} else {

s.words = append(s.words, tword)

}

MocKoNbKY Kaxgoe C1oBO MMeeT 64 6uTa, YTOObI HalWTKU GUT ANS 3HAYEHUS X, Mbl UC-
nonb3yem 4acTHoe X/64 B KayecTBe MHAEKCA CM0Ba, a 0CTaTOK x%64 — Kak MHAEKC 6uTa
BHYTpU 3Toro cnosa. Onepauma UnionWith ucnonb3yeTt onepatop no6utosoro VN
(1) ansa BbluncneHus obbvefnHeHUsA 64 3n1emMeHTOB 3a 0AuMH pa3. (Mbl BepHeEMCA K Bblbopy
64-6MTOBbIX C/IOB B yNpaXHeHUn 6.5.)

B paHHOI peanu3aumm He XBaTaeT MHOTMX PYHKLMIA, KOTOPble XO0TeN0ch bbl MMeTb. He-
KOTOpble M3 HWX OCTaB/IeHbl B KAYEeCTBE YMPaXHEHUA uuTatensm, HO 6e3 OAHOW W3 HUX
O4YeHb TPYAHO 060MTMCB: 3TO BbIBOA MHOXecTBa IntSet B Buae cTpokun. [dasaiiTe fo6aBumM
K 3TOMy TUny MmeTof String, Kak Mbl yxe genanu gna tuna Celsius B pasgene 2.5:

// String Bo3BpawaeT MHOXECTBO KakK CTpoky Buga {1 2 3}".
func (s *IntSet) String() string {

var buf bytes.Buffer

buf.WriteByte("{")

for i, word := range s.words {
ifword == 0 {
continue
>

for j =0; j <64; j++ {
ifT word&(l<<uint(j)) =0 {
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if buf.Len() > len(H{M) {
buf.WriteByte(™ °)

}
fmt.Fprintf(&buf, "%d", 64*i+j)

}

}
buf.WriteByte("}")
return buf.String()

O6paTnTe BHMMaHME Ha CXOXeCTb MeToga String B NPUBEAEHHOM Bblille WUCXOLHOM
TekcTe ¢ intsToString B pasgene 3.5.4; bytes .Buffer yacto ncnonb3yercs Taknum 06-
pa3om B MeTofax String. MakeT fmt paccmaTpmBaeT TUNbI ¢ MeTogoM String cneymnans-
HbIM 06pa3oMm, Tak, YTOObl 3Ha4YEHUA CNOXHbIX TUMOB MOXHO 6bIN0 BbIBOAWUTL B yA0604K-
TaemMoM Buie. BmecTo BbiBOAa HehOpMaTUPOBAHHOIO NPeACTaBNeHUA 3HaYeHUs (B AaHHOM
cnyyae — CTpPyKTypbl) fmt Bbi3biBaeT MeTof String. 3TOT MexaHW3M ONMpaeTcs Ha WH-
Tepdhelicbl U YTBEPXAEHUS O TUMAX, C KOTOPbIMW Mbl BCTPETUMCS B rnase 7.

Tenepb MOXHO NPoAeMOHCTpupoBaTh IntSet B felicTBUM:

var X, y IntSet

x.Add(l)

x.Add (144)

x.Add(9)

fmt.PrintIn(x.String0) // {1 9 144}

y.Add(9)
y.Add(42)
fmt.Printin(y.StringQ) /7 {9 423

x.-UnionWith(&y)
fmt.PrintIn(x.String()) // {1 9 42 144}"

fmt.PrintIn(x.Has(9), x.Has(123)) // "true false"

Heb6onblwoe npegocTepexeHue: Mbl 06bs8BMAM String n Has kak mMeTogbl Tuna yka-
3atenss *IntSet He NO HeO6XOAMMOCTM, a Ana 06ecrneyYeHns CornacoBaHHOCTU C ABYMSA
APYTUMM MeTofaMu, KOTOPbIM B Ka4eCTBE NMOMyYaTensi HYXXeH yKasaTeflb, MOCKO/IbKY B 3TUX
MeTO4ax BbIMONMHAETCA npucBamBaHue s.words. CnepoBaTenbHO, 3HaudeHue IntSet He
nmeeT meToga String, 4TO MHOrA4a NPUBOANT K TaKMM CHOpNpuM3am, Kak 3ToT:

fnt .PrintIn(éx) 11 {1 9 42 144}"
fmt .PrintIn(x.StringQ) 11 "{1 9 42 144}"
fnt.PrintIn(x) // “{[4398046511618 0 65536]}"

B nepsom cnyyae Mbl BbIBOAMM YKasaTesb *IntSet, y KoTtoporo ectb mMetog String.
Bo BTOpOM cfnyvae Mbl Bbi3biBaeM StringQ and nepemeHHoir IntSet; komnunatop
BCTaBNSIET HesBHYIO onepauuio & AaBas HaM yKasaTesb, KOTOPbIi uMeeT meTof String.
Ho B TpeTbeM cfy4yae, MOCKO/AbKY 3HayeHue IntSet He mmeeT meToga String, fmt.
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Println BbiBOAUT NpeAcTaBfeHne CTPYKTYpbl. BakHO He 3abbiBaTh onepatop & Cphenatb
String metogom IntSet, a He *IntSet, MOXET ObiTb XOPOLLEN MAEEA, HO 3TO 3aBUCUT
OT KOHKPETHbIX 06CTOATENbLCTB.

YnpaxHeHune 6.1. Peanusyiite cnegytolime ONONHUTENbHbIE METOAbI:

func (*IntSet) Len() int // Bo3BpawaeT KO/MYECTBO 3/IEMEHTOB
func (*IntSet) Remove(x int) // YpansaeT X U3 MHOXecTBa
func (*IntSet) ClearQ // YpanseT BCe 3/1eMeHThl MHOXecTBa

func (*IntSet) Copy() *IntSet // Bo3BpawaeT KOMWKW MHOXeCcTBa

YnpaxHeHue 6.2. Onpegennte BapnatusHbllii metog (*IntSet) .AddAII(.. .int),
KOTOpbIA N03BONAET f06aBNATL CAUCOK 3HaYeHuid, Hanpumep s.AddAIT(1,2)3).

YnpaxHeHune 6.3. (*IntSet) .UnionWith Bbiuncnser o6befuHeHMe [BYX MHO-
XEeCTB C nomolbio onepatopa |, nmobuToBoro onepatopa WJ/IW. Peanusyiite MeTonbl
IntersectWith, DifferenceWith n SymmetricDifference gna cOOTBETCTBYHOLLUX
onepauuii Hag MHoxecTBamu. (CUMMETPUYHAS Pa3HOCTb ABYX MHOXECTB COLEepXWUT ane-
MeHTbl, UMeloLMecs B O4HOM M3 MHOXECTB, HO He B 060MX O4HOBPEMEHHO.)

YnpaxHeHune 6.4. JobaBbTe meTos Elems, KoTopblii BO3BpaLiaeT cpes, codepKalluii
3NeMEeHTbl MHOXeCTBa U roAsWniica Ans UTepupoBaHUa ¢ UCMONb30BaHMEM LiMKNa No Aua-
nasoHy range.

YnpaxHeHue 6.5. Tunom Kaxporo cnosa, wucnonbdyemoro B IntSet, sasnsetcs
uint64, Ho 64-paspagHas apudMeTMKa MOXET OblTb HE3((EKTUBHON Ha 32-paspsafHbIX
nnatopmax. Mi3amMeHuTe nporpammy Tak, 4ToObl OHa Mchnonb3oBana TMM uint, KoTOpbIiA
npegctaBnsetT coboli Hambonee 3heKTUBHbLIA 6e33HAKOBbIM LENOYMCAEHHbIA TN Ans
[aHHol nnatopMbl. BMecTo feneHns Ha 64 onpefennTe KOHCTaHTY, B KOTOPOW XpaHWUTCA
3(heKTUBHLIN pasmep uint B 6uTax, 32 unun 64. [ng 3TOro MOXHO BOCMO/1b30BaTLCA, BO3-
MOXHO, C/IMLLKOM YMHbIM BblpaXkeHneM 32<<(Auint(0)>>63).

6.6. IHKancynauna

MepemeHHas (WM MeTof 06bEKTa) Ha3bIBAETCH WMHKANCYIMPOBAHHOW, €CNW OHAa Hepfo-
CTYMHa K/MEeHTY 3Toro obbekTa. MHKancynsuus, nHorga MMeHyemas coKpbiTueM uHgop-
Mauuu, ABNSeTCA KNHUYEBbIM acnekTOM 06beKTHO-OPUEHTUPOBAHHOIO NPOrpaMMMpPOBaHUS.

GO UMeeT TONbKO OAMH MeXaHU3M NS ynpasfeHUs BUAUMOCTbIO UMEH: MAeHTUMKa-
TOpbl, HauyMHaKLWMeCS C MPOMUCHOK GYKBbI, 3KCMOPTUPYIOTCA M3 MakeTa, B KOTOPOM OHW
onpefeneHbl, a HaYMHaKOLWMEeCs CO CTPOUYHON OYKBbl — HeT. TakoW e MexaHu3M, Kak u
orpaHMymMBaloLWMA LOCTYN K YjeHaM nakeTa, OrpaHu4MBaeT AOCTYN M K NOASAM CTPYKTYpbI
nnn Metogam Tuna. Kak cnefcTBue, Ans MHKANCynsaumm 06beKTa Mbl LOMKHbI CenaTb ero
CTPYKTYPOIA.

Mo atoii npuuuHe Tvn IntSet u3 npeablAyLLero pasgena 611 06bABNEH KakK CTPYKTYp-
HbliA, HECMOTPSA Ha TO YTO B HEM MMeeTCs TOIbKO OfHO NOfe:

type IntSet struct {
words [Juint64
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Mbl MOr/in 6bl BMeCTO 3TOro onpefennTb IntSet Kak TMn cpesa, Kak NMoKasaHO HUXE,
XOTH, KOHEYHO, LO/MKHbI O6blN Obl NPU 3TOM 3aMeHUTb B ero MeTojax KaxAoe BXOX[eHue
S .words Ha *s:

type IntSet [Juint64

XoTs aTa Bepcus IntSet 6bina 6bl, N0 CYTU, 3KBMUBASIEHTHA UMelOLLLeCcs, OHa NO3BONSA-
na bl KNMEHTaM M3 APpYrMxX NakeToB yYnTaTb U MOAU(PULMPOBATL CPe3 HEMOCPELCTBEHHO.
MHauye roBops, B TO BpeMs Kak BblpaXeHWe *Ss MOXeT ObiTb MCMONb30BaHO B IK060OM nake-
Te, S.words MOXeT NosiBUTLCA TONMbKO B NakeTe, B KOTOPOM onpegeneH IntSet.

Elle ogHMM CnefCTBMEM MeXaHM3Ma 3KCMopTa, OCHOBAHHOMO Ha MMeHax, fBaseTcsa To,
UTO eAMHMLENA MHKancynsuum SBASeTCA MakeT, a He TUM, KaK BO MHOMMX APYruX si3blKax
nporpaMmmupoBaHuns. Mons CTPYKTYPHOro Tuna ABASTCA BUAUMbIMUW /15 BCErO KOAA B TOM
e nakeTe. HaxoguTcs v 3TOT KOA B PYHKLMM UAN METOAE, HE MMEET HUKAKOro 3HauYeHus.

MHKancynaumna umeet Tpu npeumMyLiecTBa. Bo-nepBbiX, NOCKO/IbKY KAWEHTbI HE MOTYT
M3MEHATb MNepeMeHHble 06beKTa HEenoCpPefCTBEHHO, HEO0OXOAMMO M3yyaTb MeHblUe WH-
CTPYKLMIA, YTOBLI MOHATb, KAKUMU MOTYT GbITb BO3MOXHbIE 3HAUYEHUS STUX NEPEMEHHBIX.

Bo-BTOpbIX, COKpbITUE [AeTaneil peanmsauum ycTpaHAeT 3aBUCUMOCTb K/AWEHTOB OT
CYLLHOCTei, KOTOpble MOFYT U3MEHATLCA, YTO AaeT NPOEeKTUPOBLLMKY 60MbLIYI0 cBOGOAY B
pasBuTMM peannsauuun 6e3 HapyLleHUs COBMecTUMOCTU API.

B kauecTBe nmpumepa paccMoTpum Tun bytes._Buffer. OH uyacTo ucnons3yetcs gns
HaKOM/IEeHNA 0YeHb KOPOTKMX CTPOK, TaK YTO BbIFOAHON ONTUMM3aL e ABNAETCA pe3epBu-
pOBaHWe HEKOTOPOrO AOMNOMHUTE/IbHOr0 NPOCTPAHCTBA B 06beKTe, UTOObI N36eXaTb N3NuL-
Hero nepepacnpejefieHns nNamsTU B 3TOM pacnpocTpaHeHHOM cnydae. Mockonbky Buffer
npeAcTaBaset coboil CTPYKTYPHbIA TUM, 3TO NPOCTPAHCTBO MPUHUMAET BUA LOMNONHUTENb-
Horo nona [64]byte ¢ nMeHeM, HauMHAKOLLMMCA CO CTPOUYHOW OYKBbI. [Mocne fobaBneHus
3TOro NoONs B CUAY €ro HeakcnoptTupyemocTn knmeHTol Buffer BHe naketa bytes Huuero
He 3HalT 0 KaKUX-NM60 M3MEeHEHMUSAX, 3a UCKTIOYEHMEM MOBbILLIEHNS MPOU3BOANTENLHOCTH.
Buffer v ero metoa Grow npuBefeHbl HKe (HEMHOTO YNPOLEHbl A1 ICHOCTU):

type Buffer struct {
buf [Jbyte
initial [64]byte
> .0

}

// Grow yBenuumBaeT npu Heo6XOAMMOCTU eMKOCTb Oydepa,
// u4TO06H rapaHTVMpOBaTb HamMuve MecTa Ana ewe n Gavtos. [---]
func (b *Buffer) Grow(n int) {
if b.buf == nil {
b.buf = b.initial[:0] // WN3HayanbHO uWcCnNoOMb3yeTcs
} // npepaBapuTenbHO BbiheNleHHas navATb,
if len(b.buf)+n > cap(b.buf) {
buf := make([]byte, b.Len(), 2*cap(b.buf) + n)
copy(buf, b.buf)
b_buf = buf
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TpeTbe, U BO MHOTUX CNydasx Haubonee BaXKHOe, MPeNMYLL,ECTBO MHKANCYNALMUMU COCTO-
UT B TOM, YTO OHa He NO3BO/SET K/MEHTaM NPOWU3BO/bHLIM 06Pa3oM YCTaHaBAMBATb 3Ha-
UeHUs NepeMeHHbIX 06beKTa. MOoCKO/bKY MepemMeHHble 06beKTa MOryT YCTaHaBNMBaTbCS
TOMbKO DYHKLMAMMW U3 OAHOTO MakeTa, aBTOP 3TOr0 NakeTa MOXET rapaHTWpoBaThb, YTO BCE
(YHKUMM MOAAEPXUBAIOT BHYTPEHHWE WHBApUaHTbl 06bLEKTOB. Hanmpumep, MokasaHHBbIi
HWKe Tun Counter No3BONAET KAMEHTAM BbINOMHATbL NPUPaLLeHMe CUETUMKA UK COPAChI-
BaTb €ro 3HauyeHWe [0 Hyns, HO He yCTaHaBAMBATb ero PaBHbIM HEKOTOPOMY MPOW3BOJbHO-
My 3HAUEHWIO:

type Counter struct { n int }

func (c *Counter) N(Q) int { return c.n }
func (c *Counter) IncrementQ { c.n++ }
func (c *Counter) Reset() {c.n=01}%

®yHKLUMW, KOTOPble MPOCTO MOMyYakT LOCTYN KO BHYTPEHHUM 3HAUYEHUSIM TUMa U us-
MEHSIT KX, Takue Kak meTofbl Tuna Logger u3 naketa log, nmokasaHHble HUXe, Ha3blBa-
I0TCA MeToAaMun MonyyYeHUs MycTaHOBKM 3HaueHus (getter n setter). O4HaKO NpyU MUMeHOBa-
HWU MeTOoAa MOMyYeHUs 3HaYeHNs Mbl 06bIYHO onyckaeM npedukc Get. 3To nNpegnoyTeHne
KpaTKOCTM OTHOCUTCA KO BCeEM MeTOoAaM (He TOMbKO K MeTofaM A0CTyna K Nonsam), a Takxke
K NpoYMM n36bITOYHbIM Mpedukcam, Takum kak Fetch, Find unm Lookup:

package log

type Logger struct {

flags int
prefix string
//

}

func (1 *Logger) FlagsQ int

func (1 *Logger) SetFlags(flag int)

func (1 *Logger) Prefix() string

func (1 *Logger) SetPrefix(prefix string)

CTtunb GO He 3anpeLLaet 3KCNOPTMpPOBaTL Nons. KoHeYyHo, nocne aKcnopTta nosie He Mo-
XEeT cTaTb HE3KCMOPTUPYeMbIM 6e3 BHECEHUS HECOBMECTUMbIX U3MeHeHW B API, noaTomy
nepBoHava/bHbIli BbIGOP JOMKEH ObITb NpefHaMepPEHHbIM. TakKXe JOMXKHbl ObITb TLaTeNb-
HO pacCMOTpPeHbl BOMPOC O CIOXHOCTW MHBAPUAHTOB, KOTOPbIE AO/MKHbLI NOAAEPXMNBATLCS,
BEPOATHOCTb BOYAYWMX U3MEHEHUIA U KONMYECTBO K/MEHTCKOrO KOAa, KOTOPbIA 6ygeT 3a-
TPOHYT BHECEHMEM W3MEHEHWUIA.

MHKancynauma xenaTtenbHa He Bcerga. OTKpbiBas MpeAcTaBfeHWe YMCna HAHOCEKYHS
Kak int64, time.Duration no3BONsieT MCNOMb30BaTb BCE OObIYHbIE apUMeTUYeCKMe
onepauMn 1 onepaLumn cpaBHeHUs Npu paboTe ¢ NepuogamMy BPeMeHU W gaxe Ana onpege-
NEHUs KOHCTAHT 3TOro Tumna:

const day = 24 * time.Hour
fmt.PrintIn(day.SecondsQ) // '86400"
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B kayecTBe gpyroro npumepa cpasHum IntSet c tunom geometry.Path Bcamom Ha-
yane 3Toii rnasbl. Path Gbin onpejeneH Kak TUN cpe3a U NO3BOMAET CBOMM KNMEHTaM CO3-
faBaTb 3K3eMMAAPblI C UCNOJIb30BAHWEM CUHTAKCKCa IMTEPanoB CPEe30B, BbIMOMNHATL UTepa-
L1 MO ero ToYKam C NMoMOLLbIO LMKNa Mo AnanasoHy W Tak fasnee, Torja Kak A KIneHTos
IntSet aTn onepayun HefOCTYMHbI.

BoTt npuHumnnuansHoe otanymne: geometry.Path, no cytu, asnsetca nocnegosaTesib-
HOCTbIO TOYEK, He 60MbLIe U He MeHbLUe, 1 L0OaBNeHWEe B HEr0 HOBbLIX MOJME He MpeaBu-
[LMTCA, TaK YTO NS MaKeTa geometry MMeeT CMbIC/ NMoKasaTb, 4To Path asnsetca cpes3om.
B npoTMBONONOXHOCTL 3TOMY IntSet npocTo cnyuyaliHo mpefcTaBneH B Buge cpesa []
uint64. OH Mor 6bl MMeTb MpeacTaBAeHME C UCMOMb30BaHUEM [Juint uan 4ero-To co-
BEPLUEHHO MHOTO 415 pa3pexXeHHbIX UK 0YeHb MasblX MHOXECTB. Mnn, 6bITb MOXET, onpe-
[efieHHoe MpenMyLLecTBo AafyT LOMOSHUTENbHbIE BO3MOXHOCTMW, TakuWe Kak elie OfHO
rnosne Ans 3anucu KOJIMYecTBa 3/1IEMEHTOB MHOXecTBa. 10 3TUM MpUYMHAM WMEET CMbIC/
caenatb IntSet HenpospayHbIM.

W3 37O rnaebl Bbl Y3Hanu, Kak cBfi3aTb METOAbl C UMEHOBaHHbIMU TUMAMWU U Kak Bbl-
3blBaTb 3T METOAbl. XOTA MeTOAbl MMelT pellatolee 3HayeHWe AN 06BLEKTHO-OPUEHTU-
pPOBAHHOIO MPOrpaMMUpPOBAHUA, OHW MPEACTABASAT TO/IbKO MONOBUHY KapTWHbl. YTO6bI
3aBepWmnTL ee, HYXHbl MHTepdeickl. O HUX peyb NOWAET B CieaytoLLeil rnase.



NHTepdencsl

ViHTepgelicHble TUMNbI BblpaXalT 0606WeHNs nam abeTpakunm noBeaeHUs ApYrux TUMOB.
C nomowbto 0606ULeHNA UHTepdeiicbl MO3BONAT NucaTb 6onee rMOKUe 1 aganTUpyemble
(YHKLMW, He NpUBA3aHHble K feTansM OfHOW KOHKPETHOW peanusauuu.

HekoTopoe noHATME WMHTeP(eNCcoB MMeeTCs Y MHOIMX O6bEKTHO-OPUEHTUPOBAHHBIX
A3bIKOB, HO OTANYNTENbHO 0COGEHHOCTLIO MHTepdelicoB Go ABASeTCA TO, YTO OHW YA0B-
NeTBOPAKTCA HEABHO. [JpyrMMu cnoBamu, HeT HeOBXOAMMOCTM 06bABNATL BCe UHTepdel-
Cbl, KOTOPbIM COOTBETCTBYET [aHHbl/i KOHKPETHbIA TUM; LOCTAaTOYHO MPOCTO HaNW4ns He-
06X04MMbIX MeTOAOB. Takoi Au3ailH Mo3BONAeT co3faBaTb HOBble MHTEP(EChl, KOTOPLIM
COOTBETCTBYIOT CYLLECTBYHOLINE KOHKPETHbIE TWUMbl, 663 U3MEHEHUS CYLLECTBYHOLINX TU-
MoB, 4YTO OCOBEHHO YA0OHO AN TMNOB, OMpeAeeHHbIX B MakeTax, KOTOPbIe Bbl HE KOHTPO-
nupyere.

3Ty rnaBy Mbl Ha4YHEM C PacCMOTPEHMS OCHOB MeXaHWKW WHTep(eiCHbIX TUMOB U KX
3HayeHnin. MoNyTHO Mbl M3YYUM HECKOMbKO BaXKHbIX WHTep(eincoB M3 cTaHfapTHOl 6u-
6nnotekn. MHorve nporpammbl GO MCMOMb3YIOT CTaHAapTHbIE MHTEPMENCbl HUYYTb He
MeHblle, YeM COBCTBEHHble. HakoHel, Mbl paccMOTpuM feknapauuu Twunos (pasgen 7.10)
1 nepeknyaTenn Tunos (pasgen 7.13) nyBuanm, Kak oHu obecneymBaoT 0606LLEHHOCTb
MHOTO pofa.

7.1. VIHTepeicbl KaK KOHTPaKTbl

Bce Tunbl, KOTOpble Mbl paccMaTpuBanu [0 CUX NOp, GblAM KOHKPETHLIMU TUMaMU.
KOHKpeTHbI TN onpefenseT TOYHOe MpeAcTaBNeHWe CBOWMX 3HAYeHWid M npepocTaBns-
eT BCTPOEHHble onepauun 3TOro npeAcTaB/eHUs, Hanpumep apuMeTUYecKue onepaluu
ONA Yucen, UNM MHAeKcauuto, fo6aBneHne 3HAYeHWd M LMK NO AWanasoHy A CPesos.
KOHKPEeTHbIA TMN MOXEeT TakXe NpefocTaBnaTh LONOSHUTENbHOE NOBEAEHME C NOMOLLbIO
CBOUX MeToAoB. Ecnu y Bac eCTb 3HA4YeHMEe KOHKPETHOrO TWMa, Bbl TOYHO 3HaeTe, YTO OHO
€060/ NpeAcTaBNsAeT M YTO Bbl MOXETE C HUM cAenaTh.

B Go umeeTcsa ewe ofHa pasHOBUAHOCTb TUNOB — TuUN MHTepgeica. VHTepdeiic
ABNgeTCcA abCTpakTHbIM TUNOM. OH He pacKpbiBaeT MpPeAcTaBieHUe WAW BHYTPEHHIOO
CTPYKTYPY CBOMX 3Ha4yeHWI, UaM Habop OCHOBHbLIX MOAAEPXUBAEMbIX UMW OMepaLuii; oH
MOoKa3blBaeT TOMIbKO HEKOTOpble U3 UX METOA0B. Ecnu y Bac ecTb 3Ha4YeHue NHTepdencHoro
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TWNA, Bbl HUYEro He 3HaeTe 0 TOM, YeM OHO SIB/IAETCS', Bbl 3HAaeTe TO/IbKO TO, YTO OHO MOXEeT
JenaTb UK, TOYHee, Kakoe NoBefieHue NpefocTaB/seTcs ero Metofamu.

Bo Bceil 3TOW KHMre Mbl MCNOMb30BanM ABe CXOXWe PYHKUUU Ans popmaTupoBaHus
cTpok: fmt.Printf, koTopas 3anucbiBaeT pe3ynbTaTbl B CTaHAAPTHbIA MNOTOK BbiBOAA
(baiin), n fmt.Sprintf, KoTopas BO3BpallaeT pe3ynbTaT B BMAe CTPOKM string. Bbino
6bl TpYyCTHO, ecnn 6bl CaMytl0 CMOXHYK 4acTb, (hOpMaTupoBaHMe pe3ynbTaTta, MPULLIOCH
Ay6nmnpoBaTh M3-3a MOBEPXHOCTHbIX pa3nnymii B UCNOMb30BaHWUMW pe3ynbTaTtoB. bnarogaps
NHTepgheiicam Bce 0Ka3blBAETCS He Tak rpycTHO. O6e (hyHKLMMN ABAAKOTCA, NO CyTH, "0bepT-
Kamun” ansa TpeTbeli yHkummn, fmt _Fprintf, KoTopas HUYEro He 3HaeT 0 TOM, 4TO 6yzeT C
pe3ynbTaToOM, KOTOPbIA OHA BbIYMCASET:

package fmt

func Fprintf(w io.Writer,format string,args ...interface{})(int,error)
func Printf(format string, args ...interface{}) (int, error) {
return Fprintf(os.Stdout, format, args...)
}
func Sprintf(format string, args ...interface{}) string {
var buf bytes.Buffer
Fprintf(&buf, format, args...)
return buf.String()
}

Mpedwmkc F B Fprintf o603HavyaeT paT W yKasbiBaeT, 4YTO OTHOPMaTUPOBAHHbIN
BbIBOJ [O/DKEH 3anucbiBaTbCsl B (paiin, NMpeaocTaBisieMblii B KayecTBe MepPBOr0 aprymeH-
Ta. B cnyvae Printf aprymeHT, os.Stdout, umeeT Tun *os.File. OfHako B cnydvae
Sprintf aprymeHT He siBNsieTcs (aitiom, XOTA BHEWHe HamomuHaeT ero: &buf — 3to
yKasaTtesb Ha bydep B namsTi, B KOTOPbIA MOXHO 3anucaTb 6aiTol.

MepBblii napameTp Fprintf Boobwe He aABnseTcs gaitnom. Ero Tun — io.W riter,
KOTOpbIV SIBNAETCA TUNOM MHTepgelica co cneaytolmnmMm 06bABIEHNEM:

package io
// Writer sABnseTcs wHTepdeiicom, sABAsAwLWMMCA 060104Koin meToga Write,
type Writer interface {
// Write 3anucuiBaeT len(p) 6aiTtoB U3 p B 6a30Bbli MOTOK AAHHBIX .
// MeTop BO3BpalaeT KOIMYECTBO 6aiiTOB, 3anWCaHHbiX U3 p
// (0 <= n <= len(p)), a nwbas ownbka BbI3bIBAET MNpeKpaweHue 3anucu.
// Write ponxeH BepHyTb HeHyneByk owubky npu n < len(p)-
// Write He JONXeH WU3MEHATb [aHHble cpe3a, [Jaxe BPEMEHHO.
/1
// Peanv3aumn He [ONXHb COXPaHATb p.
Write(p [Jbyte) (n int, err error)

VHTepdeiic io.W riter onpepenset KOHTpakT mexay F printf u Bbi3biBalOWmMMu ero
(yHKUMAMKU. C OLHON CTOPOHbI, KOHTPaKT TpebyeT, 4Tobbl Bbi3biBaloWas GyHKLMSA Npeao-
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CTaBfana 3Ha4YeHNe KOHKPETHOro Tuna Hanogobue *os.File nam *bytes. Buffer, koTo-
pbii cOAEepPXMUT MeTog ¢ uMeHeM Write c COOTBETCTBYIOLWMMU CUTHATYPOI U NOBEAEHNEM.
C Opyroii CTOPOHbI, KOHTPAKT rapaHTupyeT, 4to Fprintf 6yaeT BbINONHATL CBOO paboTy
Ans no6oro 3HayeHus, COOTBETCTBYHOLWEro UHTepdelicy io. Writer. ®dyHkyma Fprintf
He MOXEeT CYMTaTb, YTO BbIMOAHAET 3anncb B (Paiin MAM B NaMATb, — OHa MOXET TO/IbKO
BbI3biBaTb Write.

Mockonbky fmt _Fprintf Huuero He npegnonaraeT 0 NpPeAcTaBNEHUN 3HAYEHMS U MO-
naraetcs TONbKO Ha MOBEAEHWE, rapaHTUPOBaHHOe KOHTpakToM Ko.Writer, Mbl MOXem
6esonacHo nepefaTb 3HaueHWe NO6Or0 KOHKPETHOrO TUMa, KOTOPbIi COOTBETCTBYET UHTEp-
thelicy 1o.Writer, B KayecTBe nepeoro aprymeHta fmt.Fprintf. OTa cBo60Aa 3aMeHbl
04HOro TWMa ApYruM, KOTOpbIA COOTBETCTBYET TOMY XXe UHTepdelicy, Ha3bliBaeTCA B3auMO-
3aMeHseMocTbio (substitutability) n sBnfeTca oTANYMTENbHOW OCOBEHHOCTbIO OOBLEKTHO-
OPVEHTUPOBAHHOIO NMPOrpaMMuUpPOBaHMS.

[aBaiiTe NnpoBepuM 3TO C MOMOLbIO HOBOrO Tuna. Metog Write npuMBeseHHOrO HuXe
Tuna *ByteCounter npocTo NOACYMUTLIBAET KOMMYECTBO 3anMCaHHbIX B Hero 6ainTos, no-
cne 4yero urHopmpyet ux. (A4na cooTBetcTBMA Tuna len(p) Tmny *c B onepaTope += He-
06X0AMMO BbIMOMHUTL NpeobpasoBaHMe TNa.)

aoolL. io/ch7/bvtecounter

type ByteCounter int

func (c *ByteCounter) Write(p [Jbyte) (int, error) {
*c += ByteCounter(len(p)) 11 Mpeo6pa3oBaHve int B ByteCounter
return len(p), nil

MockonbKy *ByteCounter coOTBeTCTBYeT KOHTpakTy io.Writer, mMbl MOXeM nepe-
patb ero B Fprintf, KoTopbIii BbINOMHAET (DOpMaTMPOBaHUe CTPOKU, AaXKe He 3aMeyvas 3To-
ro usmeHeHus; ByteCounter HakannmeaeT AAUHY BbIBOAUMOTO pe3y/bTata.

var c ByteCounter

c Write([Jbyte('hello))

fmt_Printin(c) // 5", = len(C'hello™)

c=0 // C6poc cuyeTumka

var name = "Dolly"

fmt.Fprintf(&c, "hello, %s'", name)
fmt.Printin(c) // "12", = len("hello, Dolly")

Mommumo To_Writer, vMmeeTcs elle OAUH OYeHb BaXHbI Ana naketa fmt uHTepdeiic.
dyHkunn Fprintf un FprintIn npegocTaBnAloT TNam BO3MOXHOCTb YNpaBfATb BU-
LOM MX 3HavyeHWin npu BbiBOZe. B pasgene 2.5 mbl onpegennan metogd String gna tuna
Celsius Takmm o6pa3om, 4To6bLI TemnepaTypa BblBOgunacb kak ,,100°C" , a B pasge-
ne 6.5 mbl ocHacTunn mMetogoMm String Tun *IntSet ang Bu3yanusaumm nocrefHero c
MCNOoNb30BaHMeEM TPaAULMOHHOIO 0603HauYeHNs MHOXecTBa Kak "{1 2 3}". O6bsBneHue
meTofa String genaeTt TMN COOTBETCTBYIOL MM OAHOMY U3 Hanbonee LWMPOKO UCMOMb3ye-
MbIX MHTepdelicos, Fmt .Stringer:

package fmt
// Metop String ucnonb3yeTcsa AN BbiBOAA 3HAYEHWn, nepefaBaembixX
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// B KayecTBe ornepaHfoB /wbomy dopmaty, nNpuHUMalLeMy CTPOKY, WX
// HeopmaTMpoOBaHHOMY MPUHTEPY, TakoMmy Kkak Print,
type Stringer interface {

String() string

}

Kak nakeT fmt BbICHSIET, KaKue 3HaYeHUsI COOTBETCTBYHOT MHTEP(EACYy, Mbl PACCKaXKEM
B pasgene 7.10.

YnpaxHeHne 7.1. Vicnonb3ysa naen n3 ByteCounter, peanusyiiTe CUeTYUKN AN CNOB
1 cTpok. Bam npuroautcs dyHkuma bufio.ScanW ords.

YnpaxHeHue 7.2. Hanuwwute yHkymio CountingW riter ¢ NnpuBeAeHHON HWXe Cur-
HaTypoli, KoTopasi A4Nns gaHHoro io.W riter Bo3Bpawaet HoBbIn W riter, sanstowmiica
000/104KOli UCXOAHOrO, M yKasaTeNlb Ha MepeMeHHy int64, KoTopas B N06OA MOMEHT
COZEPXXUT KONMYECTBO 6aTOB, 3aMMcaHHbIX B HOBbIA W riter.

func CountingWriter(w io.Writer) (io.Writer, *int64)

YnpaxHenue 7.3. Hanuwwute metog String pna tuna *tree w3 gopl.io/ch4/
treesort (pasgen 4.4), KOTOpPbIA NOKa3biBaeT NOC/Me[0BaTENbLHOCTb 3HAYEHWUI B fepeBe.

7.2. Tunbl NHTEPdIENCOB

Tun mHTepdelica onpefensieT MHOXeCTBO MeTOAOB, KOTOPbIMU [O/MKEH 061ajaTbh KOH-
KPEeTHbIM TWN, YT06bI paccMaTpMBATHLCA B KaUeCTBE 3K3eMMApa 3TOro uHTepdeiica.

Tun io.W riter sBnsetcsd OAHWM U3 Hambonee WMPOKO MCMOb3YeMbIX WUHTepdeir-
COB, NMOTOMY 4TO OH MpefOCTaBNAeT abCTPaKLMUIO BCEX TUMOB, B KOTOPble MOXHO 3anuchbl-
BaTb 6aliTbl, U BKNOYaeT B cebs aiinbl, byepa namaTu, ceTeBble NogKNOYeHUs, HTTP-
K/IMEHTbI, apxmBaTopbl U T.4. MakeT io onpefensieT MHOrO APYrUX MoOne3HbIX UHTepgeli-
coB. Reader npeacTasnseT N1060W TWM, K3 KOTOPOr0 MOXHO YuTaTb 6aiiThl, a Closer —
no60e 3HauyeHMe, KOTOPOE MOXHO 3aKpbiTb, TaKoe Kak (ain wuau ceTeBoe MOAKIHYEHNE.
(Tenepb Bbl, BEPOATHO, YXX€ YACHUAW cornaweHns 06 MMEHOBaHWW MHOTMX WHTepdelicoB
GO C eJMHCTBEHHbIM METOAOM.)

package io

type Reader interface {
Read(p [Jbyte) (n int, err error)

}

type Closer interface {
CloseQ error

}

[Janee Mbl Haxo4uUM OGbLSBMEHWUS HOBbIX MHTEP(EWCHBIX TUMOB KaK KOMBUHALUU YXKe
uMetoLLMXxcs. Huxke npuBeaeHbl ABa Npumepa:

type ReadWriter interface {
Reader
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Writer
}
type ReadWriteCloser interface {
Reader
Writer
Closer
}

Vicnonb3oBaHHbIM Bbille CMHTAKCUC, HANMOMWHAKOLWWIA BCTpamBaHWe CTPYKTYp, NO3BO-
nseT Mcnonb3oBaTh MMSA APYroro uHTepdelica Kak cobupatenbHoe Ans 3anucu BCeX ero
MeTOA0B. OTO [eliCTBME Ha3blBaeTCA BHeApeHWeM UHTepdeiica. Mbl Mornn 6bl Hanucatb
io.ReadW riter n 6e3 BHegpeHUs, XOTA U MeHee KpaTko:

type ReadWriter interface {
Read(p [Jbyte) (n int, err error)
Write(p []byte) (n int, err error)
}

Nnm ¢ npymeHeHWeM KOMBUHALWWU ABYX CTUNEIA:

type ReadWriter interface {
Read(p []byte) (n int, err error)
Writer

Bce Tpu npuBefeHHble 06bABNEHNA AAOT O4UH U TOT Xe pe3ynbtar. [opsajok, B KOTO-
poOM NOSBMAIOTCA METOAbI, 3HAYEHUSA He UMeeT. BaXXHO TO/IbKO MHOXECTBO METO/0B.

YnpaxHeHue 7.4, dyHkumna strings.New Reader Bo3BpalwjaeT 3HauyeHUe, COOTBET-
cTBytowee MHTepgelicy io.Reader (M gpyrum), nyTemM 4YTEHUS M3 CBOEr0 apryMeHTa,
KOTOpbI npefcTaBnseT coboli cTpoky. PeanusyiiTe npocTtyto Bepcuto NewReader u nc-
nonb3yiTe ee NS CO3[aHNs CUHTaKcu4yeckoro aHanusatopa HTML (pasgen 5.2), npuHuma-
fOLLEr0 BXOLHble flaHHble U3 CTPOKMU.

YnpaxHeHue 7.5. ®yHkuma LimitReader n3 naketa io nNpuHMMaeT NeEpPemMeHHYH r
Tuna io .Reader 1 KoNn4yecTBo 6ainTOB N M BO3BpaLLAeT APYyroin 06bekT Reader, KOTOpbIii
ynMTaeT M3 I, HO MOC/e YTeHMS N coobulaeT 0 AOCTUXEHUNU KOHUa alina. Peanusyiite ero.

func LimitReader(r io.Reader, n int64) io.Reader

7.3. CooTBETCTBME NHTEPENCY

Tun cooTBeTcTBYeT (Y4OBNETBOPseT) uHTepdelicy, ecnn oH 0b6nafjaeT BCEMU METO-
faMun, KOTopble TpebyeT uUHTepdeiic. Hanpumep, *o0s.File cooTBeTCTBYeT MHTepdeiicam
io.Reader, Writer, Closer n ReadW riter. *bytes.Buffer cooTBeTcTBYeT NHTEpP-
tbeiicam Reader, W riter n ReadW riter, Ho He Closer, NOTOMy 4YTO He UMeeT MeToAa
Close. [ina kpaTKocTu nporpaMmmucTel GO 4acTO rOBOPST O TOM, YTO KOHKPETHbIA Tun
NABNSETCA” TUMOM HEKOTOPOro MHTepdeiica. ITO 03Ha4aeT, YTO OH COOTBETCTBYET 3TOMY
nHTepgeiicy. Hanpumep, *bytes.Buffer sBnsetca io.W riter, a *os.File saBnsetcs
io. ReadW riter.
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MpaBuno npuceanaemoe™ (pasgen 2.4.2) nHTepdencoB o4eHb NPOCTOE: BblpaXKeHUe
MOXET 6blTb MPUCBOEHO WHTepdeiicy, TONbKO ecnM ero TUM COOTBETCTBYET 3TOMY WMHTep-
(heiicy. Takmm obpasom:

var w io.Writer

w = 0s.Stdout // OK: *os.File umeer meTog Write
w = new(bytes.Buffer) // OK: *bytes.Buffer uvweer metog Write
w = time.Second // Ouwnbka: y time.Duration HeT meToga Write

var rwc io.ReadWriteCloser
nc = os.Stdout // OK: *os.File wmveeT meTogpl Read, Write, Close
rwc = new(bytes.Buffer) // Ouvbka: y *bytes.Buffer HeT meToga Close

3T0 NpaBMao0 NPUMEHMMO faxKe Torga, Korga npaeasi CTOPOHAa cama Mo cebe siBnseTcs
NHTepencom:

w = rwc // OK: io.ReadWriteCloser umeet metog Write
wc = w // Ownbka: io.Writer He umeeT meToga Close

Mockonbky ReadWriter n ReadWriteCloser BknwyaloT Bce metogbl Writer, nto-
6oin Tmun, cooTBeTcTBYOWMNA ReadWriter nan ReadWriteCloser, o6s3aTeflbHO COOT-
BeTcTBYeT Writer.

Mpexge 4em Mbl NOWAgeM fanblie, pacCMOTPUM OLHO TOHKOE MecTO, CBAi3aHHOEe CO
CMbICIOM YTBEPXAEHUSA, UTO HEKOTOPbIA TMN MMeeT Hekuil meTof. BcnoMHum u3 pasge-
na 6.2, 4to ANA KaX0ro MMeHOBaHHOr0 KOHKPETHOro Tuna T O4HWU U3 ero MeTo40B UMEIOT
nonyyatens Tuna T, B TO Bpems Kak Aapyrue TpebyloT ykasatefib *T. BCNOMHUM Takxke,
YTO BMOJIHE 3aKOHHbLIM SIBNSETCH BbI30B MeToAa *T ¢ apryMeHTOM Tuna T npu yCnosuwm,
4TO apryMeHT SIBASETCS MepeMeHHOM; KOMNUAATOpP HesBHO GepeT ee agpec. Ho 3To nuwb
CMHTAKCMYecKoe ynpoLleHue: 3HadyeHne Tuna T He o6najaet BCEMU METOLAMM, KOTOPbIMU
obnafaet ykasaTtesnb *T, U B pe3y/nbTaTe OHO MOXeT Y 0B/IETBOPUTb MeHbLLEMY KO/IMYECTBY
NHTEpeicoB.

UT06bl 66110 NOHATHEE, NpuBegeM npumep. Metogy String Tuna IntSet w3 pasge-
na 6.5 HeobxoAuMM Mofy4vaTenb, ABNAOLWMNIACA yKasaTesemM, Tak YTO Mbl HE MOXEM BbI3BaTb
3TOT MeTOj A/19 HeajpecyemMoro 3HadyeHus IntSet:

type IntSet struct { /* ... */ }
func (*IntSet) String() string
var _ = IntSet{}.String() // Owvbka: String TpebyeT nonydatens *IntSet

Ho MOXHO BbI3BaThb €ro A5 nepemeHHoii IntSet:

var s IntSet
var _ = s.String() //0K: s gBnseTcs nepeMeHHoin; &s umeeT meTog String

OpfHako, NockosibKy TonbKo *IntSet mvmeeTr metof String, Tonbko *IntSet coot-
BeTCTBYeT uHTepdeicy fmt .Stringer:

var _ fmt.Stringer = &s // OK
var _ fmt.Stringer = s // Ouubka: y IntSet HeT meToga String
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B pasgene 12.8 npefcTaBfieHa nporpamMmma, BbiBOAALLAA MeTOAbl MPOWU3BOJIbHLIX 3Haye-
Huii, a komaHga godoc analysis=type (pasgen 10.7.4) oTobpaxaeT MeTOAbl KaXAoro
TMNa ¥ B3aMMOOTHOLLEHNA MeXAy uHTepdeiicaMmy N KOHKPETHbIMU TUNaMu.

MofjobHO KOHBEPTY, KOTOPbIA ABNSETCH 000M0YKOW, CKpbIBalOLLeii NMCbMO, KOTOPOEe B
HeM XpaHUTCH, MHTepdeiic 06epTbiBaeT M CKPbIBAaeT KOHKPETHbIM TUM W 3HA4YeHWe, KOTopoe
OH XpaHuT. Mpyu 3TOM MOTYT BbI3bIBaTbCA TONIbKO METOAbl MHTepdeiica, faXe ecn KOH-
KPETHbIN TUN UMEET U ApYyrue MeToabl:

os.Stdout _Write([]Jbyte(hello™)) // OK: *os.File vveeT meTtog Write
0os.Stdout.CloseQ // OK: *os.File unveet metog Close

var w io.Writer

w = o0s.Stdout

w.Write([Jbyte('hello™)) // OK: io.Writer wvmeeT meTos Write
w.CloseQ // Oumbka: io.Writer He vmeeT meToga Close

VHTepeiic ¢ 60/1blIMM KONMYECTBOM MeTOAOB, Takoil kak io.ReadW riter, 6onblie
rOBOPUT O 3HAYEHUAX, KOTOPble OH COAEPXUT, N yCTaHABNMBAET 60fiee BbICOKMe TpeboBa-
HVS K TUNaM, KOTOPbIE ero peannsyioT, YeM UHTep(elic C MeHbLIUM KOMMYeCTBOM METO/OB,
Takol Kak io.Reader. Uto xe tun interface{}, KoTopblli BOO6LE He UMEET METOAOB,
rOBOPUT HaM O KOHKPETHbIX TMNax, KOTOpble eMy COOTBETCTBYIOT?

VIMEHHO TaK: Huyero. OTO MOXeT Ka3aTbCA 0OeCnofie3HbiM, HO Ha caMoM fene Tun
interface{}, KoTOpbliAi Ha3blBaeTCA MYCTbIM MHTEP(ENCOM, SBASETCA HEOOXOAUMbIM.
MockonbKy TUM MycTOro mHTepdelica He HaknajbiBaeT HUKAKUX TpeboBaHWiA Ha TWMbl, KO-
TOpble eMy COOTBETCTBYIOT, MyCTOMY UHTepdency MOXHO NPUCBOMTL Nt060e 3HaYeHwe.

var any interface{}

any = true
any = 12.34
any = "hello”

any = map[string]int{"one": 1}
any = new(bytes._Buffer)

XO0TS 3TO M He OYEBMAHO, Mbl UCMNOML30BAM TUM NYCTOr0 MHTepdelica, HauMHaa ¢ nep-
BOr0 NpuMepa 3TOW KHUTW, MOTOMY YTO UMEHHO OH MO3BOMAET TaKUM (PYHKLMAM, KakK fm t.
Println wnm errorf u3 pasgena 5.7, npuHMMaTh apryMeHTbl 1060ro Tuna.

KoHeuHo, co3aas 3HauveHue interface{}, cogepxauiee 6ynes TMn, TUN C nnasatoLlei
TOYKOW, CTPOKY, OToBpaxkeHue, yKasaTenb Uam 6ol Apyroin Tun, Mbl HUYETO HE MOXEM
chenatb C HUM HenocpefCTBEHHO, NMOCKOMbKY MHTepdeiic He NMeeT MeTOA0B. HaM HyxeH
Cnoco6 BHOBb MOMYyUYNTb 3HaYeHMe MepefaHHOro Tmna. Kak 3aTo cfenatb ¢ NOMOLbIO fe-
Knapauun Twuna, Bbl y3HaeTe B pasgene 7.10.

MocKonbKy yA0BMEeTBOPEHNE UHTepdeicy 3aBMCUT TONbKO OT METOAOB [BYX TUMOB, HET
HE0BX0AUMOCTHN 06BLABNNATL OTHOLUEHUS MEXAY KOHKPETHbIM TUMOM W MHTepdeicom, Ko-
TOPOMY OH COOTBETCTBYET. TeM He MeHee UHOrAa Mnosie3Ho AOKYMEHTMPOBaTb U NPOBEPSAThb
B3aMMOOTHOLUEHUS, €CIN OHW 3anJaHWpoBaHbl, HO He MOTYT GbiTb 0GecneyeHbl Nporpam-
MO/ MHbIM crioco6om. O6bABNEHME, NPUBEAEHHOE HWXKE, NPOBEPSET BO BPEMS KOMMUAS-
UMW, 4To 3HayeHue Tuna *bytes. B uffer cooTBeTcTBYeT MHTepdeicy io.W riter:
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// *bytes.Buffer ponxeH coorBeTcTBOBaTb io0.Writer
var w io.Writer = new(bytes.Buffer)

Ham He HYXHO BbIfeNATb HOBYIO MepPEMEHHYH0, NOCKOMbKY Ntoboe 3HayeHWe Tuna
*bytes.Buffer 6yaet 310 genatb, gaxke nil, KOTOPbIA Mbl 3aMMUCbIBa€M C NOMOLLbIO fB-
Horo npeo6pasoBaHus Kak (*bytes.Buffer) (nil). A Tak Kak Mbl BoOOLLe He Hamepe-
Hbl 06pawaTbca K MNEepPeMEHHON W, ee MOXHO 3aMeHUTb MyCTbIM UAeHTudukaTopom. Bce
3TV U3MEHEHUS JAal0T HaM 3TOT 60/1ee CKPOMHbIA BapuaHT:

// *bytes.Buffer pgonxeH cooTBeTcTBOBaTb i0.Writer
var _ io.Writer = (*bytes_Buffer)(nil)

HenycTbiM Tnam UHTepdeiicoB, TakuM Kak io.W riter, valie BCEro COOTBETCTBYHOT
TUMbI yKa3aTenei, 0CO6eHHO KOrja OAMH MU HECKONLKO MeTOL0B MHTepdelica nogpasymMe-
BalOT HEKOTOPbIE N3MEHeHNs nonyyartens, kak metof W rite. OCO6eHHO YacTo UCMONb3YeT-
A yKasaTe/lb Ha CTPYKTYypy.

OfHaKo TWUMbl yKa3aTeneli — 3TO OTHIOAb HE €AUHCTBEHHbIE TWUMbI, KOTOPblEe COOTBET-
CTBYIOT MHTepdelicam, 1 gaxe UHTepGelcbl C U3MEHALWMUMMN NonyvaTens MeTogaMmm Mo-
ryT 6bITb YA0BNETBOPEHbI OAHUM M3 APYTUX CCbINOYHbLIX TUMOB GO. Mbl BUAenn npuMepsl
TMnoB cpe3oB ¢ mMeTogammn (geometry.Path, pasgen 6.1) n TMNOB 0TOGPaXKeHUn C Me-
Togamun (url.Values, pasgen 6.2.1), a Nno3xe Mbl YBUAUM TUMbl PYHKUWIA C MeTOAaMU
(http.HandlerFunc, pasgen 7.7). Jaxe (yHAamMeHTa/lbHble TUMbl MOTYT COOTBETCTBO-
BaTb UHTepdelicam; Kak Mbl BUAenn B pasgene 7.4, Tun time.Duration cooTBeTCTBYET
uHTepgeiicy fmt _Stringer.

KOHKpETHbIA TWN MOXeT COOTBETCTBOBATb MHOXECTBY He CBSI3aHHbIX WHTepdeicos.
PaccmoTpym mporpammy, KOoTopas opraHvu3yeT unun npojaet oLupoBaHHbIe NMPOU3BeLEHNS
KyNbTYpbl, TaKne Kak My3blKa, hWUbMbl U KHUTWM. OHa MOXET ONpefe/nTb CNeayoLLee MHO-
YKECTBO KOHKPETHbIX TUMOB:

Album
Book
Movie
Magazine
Podcast
TVEpisode
Track

Mbl MOXeM Bblpa3uTb KaXAYyl WHTEPecyrLlly Hac abCTpakuMio Kak WMHTepdeiic.
OfHK cBONCTBa ABNAIOTCA 06WMMU 418 BCEX NPOM3BEAEHWUI, TakMe Kak Ha3BaHue, gata
€03/aHuna 1 CNMCOK co3aaTeneld (aBTOPbI WU XYLOXHUKN):

type Artifact interface {
TitleQ string
CreatorsQ [Jstring
Created() time.Time
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Lpyrue cBOWCTBa OrpaHMYeHbl TONMbLKO ONpeAeneHHbIMKU BUAAMU NpousBedeHuii. Ceoii-
CTBa TMNOrpadCKOro U3gaHus akTyanbHbl TONBKO A5 KHUT U XYPHanoB, TOrfa Kak ToNbKo
(UNbMbl U TENEBU3MOHHbIE 3MN304bl UMEIOT pa3peLleHne aKpaHa:

type Text interface {
Pages(Q) int
Words() int
PageSize() int

}

type Audio interface {
Stream() (io.ReadCloser, error)
RunningTime() time.Duration
Format() string // Hanpumep, "MP3", "WAV"

}

type Video interface {
StreamQ (io.ReadCloser, error)
RunningTime() time.Duration
Format() string // Hanpuwep, "MP4™, "Wwv"
ResolutionQ (X, y int)

3TN nHTepdeiicbl NpeacTaBAAT CO60I NUWbL OAWH M3 MOME3HbIX CNOCO60B rpynnu-
POBKM CBSi3aHHbIX KOHKPETHbIX TUMOB U BbIPAXEHUS UX 06LIMX acneKToB. Mo3xe Mbl CMO-
XeM 06HapyXuTb U apyrue cnocobbl rpynnupoBku. Hanpumep, 06HapyXuB, Y4TO HYXHO
obpabaTbiBaTh 31eMeHTbl Audio nVideo 04MHAKOBO, Mbl CMOXEM ONpeAennTb MHTepdelic
Streamer ana npeactaBneHns UX 06WMX CBOMCTB 6€3 N3MEHEHWNS KaKnX-1Mbo CyLLecTBy-
HOLWMX 06bABNEHNIA TUMOB:

type Streamer interface {
StreamQ (io.ReadCloser, error)
RunningTime() time.Duration
Format() string

Kaxpaas rpynnumpoBKa KOHKPETHbIX TUMOB Ha OCHOBE WX 06LLero noBeAeHUs MOXeT
ObITb BblpaXeHa Kak TuN WHTepdelica. B oTanume OoT A3bIKOB HAa OCHOBE KNacCoB, B KO-
TOPbIX HAabop MHTepelicoB, KOTOPbIM COOTBETCTBYET K/acc, YKa3blBaeTcs ABHO, B GO Mbl
MOXEM OMpeAensTb HOBble abCTpaKuUM UAKN TPYMnbl MHTEPECOB, KOFAA Mbl B HUX HYXAa-
eMCsl, He U3MEHSASA NPW 3TOM 06BABNEHUSA KOHKPETHbIX TUNOB. 3TO 0CO6EHHO YA06HO, Koraa
KOHKpeTHbIA TUN onpefeneH B nakeTe Apyroro astopa. KoHeYHo, Npy 3TOM JO/MKHO Y/A0B-
NeTBOPATLCA TpeboBaHMe 6a30BOIN OBLLHOCTY KOHKPETHbLIX TUMOB.

7.4. AHann3 dnaros ¢ nomouwbto flag.Value

B 3aTom pasgene Mbl paccCMOTpMM elle OAWH cTaHAapTHbId uHTepgeiic, flag.Value,
KOTOPbIVi MomoraeT onpefennTb HOBYHO 3anucb A5 (hnaroB KOMaHAHOW CTpokW. Paccmo-
TPUM MPUBELEHHYIO HUXE Mporpammy, Kotopas 6e3feicTByeT YKasaHHbI Nepuoj BpeMeHu:
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godL.ro/ch7ysLeeo
var period = flag.Duration(“'period”, I*time.Second, "sleep period')

func mainQ) {
flag.ParseQ
fmt.Printf(""OxugaHve %v...", *period)
time.Sleep(*period)
fmt.PrintinQ

Mepea Tem Kak NepeiTn B PeXXMM OXWUAaHWA, Nporpamma BbIBOAUT COOTBETCTBYHOLL NI
nepuog spemeHun. MakeT fmt Bbi3biBaeT MeTo4 String Tuna time.Duration gns BbiBO-
[a nepuoja He Kak KONM4YecTBa HaHOCEKYHJ, a B yA0604MTaeMOM BUfe:

$ go build gopl.io/ch7/sleep
$ ./sleep
OxumpaHue Is...

Mo ymonyaHuio nepuog 6e34eicTBMA COCTaBASET O4HY CEKYHAY, HO UM MOXHO ynpas-
NSTb C NOMOLLbLIO (hnara KomaHaHoli cTpokn period. ®yHkums Flag.Duration cosga-
eT nepemeHHyt Tuna time.Duration u pa3pelwaeT Nonb30BaTeN0 yKasbiBaTb NPOAOI-
XUTENbHOCTb B pasfMyHbIX YAOOHLIX 415 YenoBeka (hopmaTax, BKAKOYas BbIBOA MeToja
String. Takoli CMMMeTPUYHbLIA AM3aiiH NPUBOAUT K YAOGHOMY MONb30BaTENbCKOMY WH-
Tepdelicy:
$ ./sleep period
50ms
OxmpaHne 50ms. ..
$ ./sleep period
2m30s
OxunpaHne 2m30s. ..

$ ./sleep period

1.5h

OxugaHne 1h30mOs. ..

$ ./sleep period

"1 day"

HeBepHoe 3HayeHne "1 day" pgna gnara period

MockonbKy hnaru Npofo/MKUTEIbHOCTA OYEHb MOME3Hbl, 3Ta BO3MOXHOCTb BCTpPOEHA
B nakeT Flag, HO MOXHO Nerko onpeaennTb HOBbIA (hnar 4Ns COOCTBEHHbLIX TUMOB AaH-
HbIX. HY>XHO TONbKO OMNpefennTb TUM, KOTOpPbIA cooTBeTCcTBYET MHTepgelicy Flag.Value
1 06bSABMAEHNE KOTOPOro NOKa3aHo HUXKe:

package flag

// Value npeactaBnseT coboii MHTEp(eic 3HadyeHus, XpaHswerocsa B (nare,
type Value interface {

StringQ string

Set(string) error
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MeTtog String ¢opmaTupyeT 3HayeHue hnara Ans MCNOMb30BaHWA B COOOLLEHUAX
CNpaBKM KOMaHAHOI CTpoku; Takum o6pasom, kaxgblii Flag.Value Takxke faBnseTcs
fmt .Stringer. MeTog Set aHanu3npyeT CBON CTPOKOBLI/ aprymMeHT W 0GHOBAAET 3Ha-
YyeHus nara. Mo cytn, metog Set sBnsetcd obpaTHbIM MeTOAOM Ans meToga String, u
MCNoNb30BaTh A1 HUX OAHU U Te XXe 0603HaUYeHNs — XOpoLUas NpakTuKa.

[LaBaiite onpegenum Tun celsiusFlag, KoTopblli N03BONSET yKa3bliBaTb TEMNeEpaTypy
B rpagycax Lienbcus nnn ®apeHreiita c COOTBETCTBYHOLWMM npeobpasoBaHneM. Obpatute
BHUMaHue, 4yto celsiusFlag BcTpanBaetr Celsius (pasgen 2.5), Tem caMbiM nony4as
meToa String 6ecnnaTHo. UTobbl ypoBnetsoputh UHTepdelicy fFlag.Value, ocTtanoch
TO/IbKO 06bSABUTL MeTof Set:

godL. io/ch7/tempconv
11 *celsiusFlag cooTtBeTcTByeT uHTepteiicy flag.Value,
type celsiusFlag struct{ Celsius }

func (F *celsiusFlag) Set(s string) error {
var unit string
var value float64
fimt._Sscanf(s, "%fus", &value, &unit) // TNpoBepku OWWMOOK He HYXHbI
switch unit {
case "C"', ,,@XC":
f.Celsius = Celsius(value)
return nil
case "F', T°F'":
f_Celsius = FToC(Fahrenheit(value))
return nil

return fmt.Errorf(‘'HeBepHas TemnepaTtypa %q'", S)

Bbizos fmt.Sscanf nonyyaeT u3 BXOLHOW CTPOKM S YMCAO C MiaBaroLleli TOUKOWA
(value) wn cTtpoky (unit). XoTs 06bIYHO Heob6X04MMO MPOBEPUTb pe3y/bTaT Bbl30Ba
Sscanf Ha Hanuyue oWKOKK, B 3TOM Clyvae Takas NMpoBepKa He HYXXHa, NMOCKOSbKY, eciun
BO3HUKHET Npo6/emMa, B UHCTPYKUMKM switch npocTo He HaligeTcsa HY>XXHOTO COOTBETCTBUS.

MpueegeHHas Hmke yHkuma CelsiusFlag o6begnHAeT Bce cka3aHHOe. Bbi3biBato-
el yHKLMM OHa BO3BpalLaeT yka3aTenb Ha none Celsius, BCTPOEHHOE B NMepemMeHHYH0
f tuna celsiusFlag. Mone Celsius aABnseTcs nepemMeHHoW, KoTopas 6yaeT 06HOBASATb-
cs metogom Set npu obpaboTke nara. BoizoB Var go6asnseT hnar B MHOXeCTBO (hna-
roB KOMaHAHOW CTPOKM npunoxeHusa (rnobanscHyto nepemeHHyt Flag. Command Line).
Y nporpaMMm C HeoObl4HO CAOXHbIMW MHTepdeincamMn KOMaHAHOA CTPOKM MOXET OblTb
HEeCKO/IbKO MepeMeHHbIX 3TOro Tuna. Bbi3oB Var npucsansaet aprymeHT *celsiusFlag
napameTpy flag.Value, 3acTaBnsis KOMNUAATOP BbINOMHUTL MPOBEPKY TOrO, YTO TWM
*celsiusFlag nmeeT HeobX04MMble METOAbI.

// CelsiusFlag onpegenset ¢nar Celsius C yka3aHHbM VIMEHEM, 3HA4YeHUEM
// N0 yMOnYaHWK M CTPOKOW-UHCTPYKLUMEl M0 NPUMEHEHUID M BO3BpawaeT agpec
// nepeveHHol-(nara. AprymeHT ¢nara [O/KeH COAepXaTb YUC/IOBOE 3HAueHve
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// v egnHuLy un3mepeHusi, Hanpuwep '100C™.

func CelsiusFlag(name string, value Celsius, usage string) *Celsius {
T = celsiusFlag{value}
flag.CommandLine.Var(&f, name, usage)
return &f.Celsius

Tenepb MOXHO HayaTb MCMOMAb30BaTb HOBLIA (hnar B CBOMX NporpaMmax:
aopL Ao/ch7/temDfLaa
var temp = tempconv.CelsiusFlag('temp™, 20.0, "Temnepatypa')

func main(Q) {
flag.Parse()
fmt _PrintIn(*temp)

BOT TUNUYHbIEe pe3yNbTaThl PaboThl NporpaMmbl (B NepeBoje):

$ go build gopl.io/ch7/tempflag
$ ./tempflag

20°C
$ ./tempflag -temp -18C
-18°C
$ ./tempflag -temp 212°F
100°C

$ ./tempflag -temp 273.1BK
HeBepHoe 3HauyeHve ''273.15K" pgna d¢nara -temp:
HeBepHasA Temnepatypa ''273.15K"
Ncnonb3osanne ./tempflag:
-temp value
Temnepatypa (no ymonuyaxuio 20°C)
$ ./tempflag help
Wcnonb3oBaHve ./tempflag:
-temp value
Temnepatypa (no ymonyanuiw 20°C)

YnpaxHeHue 7.6. [lo6asbTe B tem pflag nogaepxky TemnepaTypbl No wkane Kenb-
BUHa.

YnpaxHeHune 7.7. MoacHUTe, NoYeMy B COOOLLEHUN O MPUMEHEHUW NPOrpaMMbl coaep-
XUTCA yKa3aHue efuHUL, n3MepeHusa °C, B TO BpemMs Kak B 3Ha4yeHUn no ymonyanuio 20.0
eANHNLIBI U3MEePEHUs He YKa3aHbl.

7.5. 3HaveHns nHTepdencos

KoHuenTyanbHO 3HaueHMe MHTepdelicHOro Tuna, WM MPoOCTO 3HaYeHUe MHTepdeiica,
MMeeT [Ba KOMMOHEHTAa — KOHKPETHbIA TWN M 3HauyeHWe 3Toro Tuna. OHW HasblBalOTCS
OVHAMUYECKMM TUMOM U JUHAMWYECKMM 3HAUYEHNEM MHTepdelica.
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[ns cTaTMYecKy TUNU3MPOBAHHOTO S3blKa, TAKOT0 Kak GO, TWUMbl SBAAIOTCS MOHATUEM
BPEMEHV KOMMUASALMUM, MOITOMY TUM He SBASeTCA 3HayeHMeM. B Halleil KoHUenTyanbHo
MO/IENN MHOXECTBO 3HA4YeHW, MUMeHYEeMbIX leCKpUnTopaMy TWMoB, NpeJoCTaBseT CBe-
[EHUS 0 KXAOM TUMe, Takue Kak ero UMs 1 MeToabl. B 3HaueHun nHtepgeiica KOMMOHEHT
TWNa NpPe/CcTaB/eH COOTBETCTBYIOLMM [eCKPpMNTOPOM TUMa.

B MHCTPYKLMAX HUXE MepemMeHHas W NpUHUMaeT TpK pasHble 3HauyeHus. (HavanbHoe U
KOHEYHOE 3Ha4YeHUs NepemMeHHO OfMHAKOBbI.)

van w io.Writen

w = 0s.Stdout
w = new (bytes.Buffen)
w = nil

[aBaiiTe B3rNsiHEM Ha 3HAYEHWE M JUHAMMWNYECKOE MOBEAEHWNE WNOC/E KaXA0W MHCTPYK-
umu. MepBasi MHCTPYKLMS 06BABNSET W,

van w io.Wniten

MepemeHHble B GO BCerfja UHULMANM3NPYIOTCA TOUYHO OMpefesieHHbIM 3HaYeHUeM, U
NHTepdeicbl He ABAAIOTCS UCKNOYeHUeM. HyneBoe 3HauveHue Ans nHTepdelica MMeeT u
TWN, W 3Ha4YeHue, paBHble nil (puc. 7.1).

w
Tvn nil

3HaueHve nil

Puc. 7.1. HyneBoe 3HauyeHne MHTepdelica

3HauyeHne nHTepdeiica onucbiBaeTCAa Kak HYNeBOe UM HEHYNeBOe Ha OCHOBE ero fuHa-
MUYECKOro Tuna, Tak 4To 3[eCb Bbl BUAWTE HYNEBOe 3HauyeHWe WHTepdelica. MpoBepuTsb,
ABMAETCA NN 3HAUYeHWe MHTepdeiica HyNeBbIM, MOXHO C MOMOLLbIO MHCTPYKLUMIA w==n il
mam w != nil. Bbi30B Nt060ro Metofa Hy/neBOro MHTepdeica NpUBOAUT K aBapuUnHON cu-
Tyauuu:

w.Wnite([]lbyte("hello")) // ABapusa: pa3biIMEHOBaHWe HYNEBOr0 yKasaTesns

BTopas MHCTPYKUMS nNpucBaMBaeT NepemMeHHOl w3HavyeHme Tuna *os. File:

w = 0s.Stdout

3T0 npucBavBaHne BKOYaET HesABHOE Npeobpa3oBaHMe M3 KOHKPETHOrO TMNa B TUN WH-
Tepdelica, aKBMBaNeHTHOe ABHOMY npeobpa3oBaHuio io. W riter (0s.Stdout). Mpeob-
pasoBaHue 3TOro poja, ABHOe WM HesiBHOE, 0XBaTbiBaeT TWM U 3HAYeHMe CBOEro omnepaHja.
JuHamuyeckuin TN 3HayeHWs UHTepdelica yCTaHaBNMBAaeTCA pPaBHbIM [LECKPUMTOPY AN
Tuna ykasatensa *os.File, a ero guHamMmuyeckoe 3HavyeHuWe XpaHUT Konuio 0s.Stdout,
KoTopas sIBNAETCA yKasaTefleM Ha nepemeHHyl 0s. File, npepcrasnsiouyto ctaHiapT-
HbI BbIBOA, Mpouecca (puc. 7.2).
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Tin *0s.File os.File

3HaueHve e—T1  \__—"] fd int=1(stdout)

Puc. 7.2. 3Ha4eHne uHTepdieiica, cogeprkallee ykasatesb *0s .File

Bbi3oB meToga Write 3HauyeHns uWHTepdeiica, cogepxauiero ykasatens *os.File,
npuBoANT K BbI3oBY MeToga (*os.File) .Write. 3T10T BbI30B BbIBOAUT CTPOKY "hello™.

w.Write([]byte("hello™)) // "hello"

B o6LieM cnyyae BO Bpems KOMNWUASILUKU Mbl He MOXEM 3HaTb, Kakum OyAeT AUHaMU-
YecKuii TUM 3HAYeHUs MHTepgeiica, NO3TOMY BbI30B C MOMOLLbI MHTepdelica 4OMKEH UC-
nonb30BaTb AUHAMUYECKYO AMCNeTYepusalmio. BMecTo HenocpeaCcTBEHHOMO BbI30Ba KOM-
MUASTOP LO/MKEH FeHEpMpoBaTb KO AN MONMyyYeHWs afpeca mMetofa ¢ uMeHem Write us3
JBEeCKpUMTOpa TMNa U BbINOMHUTL KOCBEHHBIN BbI30B MO 3TOMY afgpecy. AprymMeHTOM Mnony-
yaTens AN BbI30Ba ABMAETCA KOMUA JUHAMWYECKOro 3HayeHUs uHTepdelica os.Stdout.
Mbl MoflyyaeM TaKoW ke pe3ynbTaT, KakK ecfin 6bl Mbl BbIMOMHUAM 3TOT BbI30B HEMoCpea-
CTBEHHO:

os.Stdout _Write([Jbyte('hello™)) // hello”

TpeTbsi MHCTPYKLUA NpuUcBamMBaeT 3HadeHue Tuna *bytes _Buffer 3HaueHno mHTep-
theiica:

w = new(bytes.Buffer)

Tenepb AMHAMUYECKUIA TUM npeacTaBnset coboih *bytes . .Buffer, a guHamuueckoe
3HaYeHWe npeAcTaBnseT coboi yKasaTeNb Ha BHOBb BblfjeNIeHHbIA 6ydep (puc. 7.3).

w

Tvn sbytes_Buffer

bytes._Buffer
data [Jbyte

3HaueHvie Yy

Puc. 7.3. 3HaueHne uHTepdeiica, cogepxxallee ykasatenb *bytes. Buffer

Bbi3oB meToga Write ucnonb3yeT TOT XK€ MexXaHW3M, KOTOpbIii 6bin ONucaH paHee:
w.Write([Jbyte('hello'™)) // BuBogut "hello” B bytes.Buffer

Ha aToT pa3 feckpuntopom Tuna ssnsetcs *bytes .Buffer, Tak 4yto Bbi3blBaeTCA Me-
Tog (*bytes. Buffer) .Write c agpecom 6ydepa B Ka4ecTBe 3Ha4YeHUs napameTpa Mo-
nyyatens. Bbizos fo6asnseT B 6ygep ctpoky “hello™.

HakoHel, yeTBepTas MHCTPyKLMs npucBamBaeT nil 3HaueHUo nHTepdeiica:

w = nil

3Ta MHCTPYKUMS cBpacbiBaeT 06a KOMMOHEHTA B Hy/b, BOCCTAHAB/IMBAA TO )€ COCTOS-
HME W, KOTOpOe GbINIo MpU ee 06bABNEHUM 1 KOTOPOE NOKasaHo Ha puc. 7.1.
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3HauyeHWe MHTepdeiica MOXeT XpaHUTb ANHAMUYECKME 3HAYEHUS MPOM3BOJILHOIO pas-
mepa. Hanpumep, Tun time.Time, npeAcTaBNsOWINA MOMEHT BPEMEHM, ABNSETCA CTPYK-
TYPHbIM TUMOM C HECKO/IbKUMM HE3IKCMOPTUPYEMbIMU NOASAMU. ECAM Mbl CO3A4aUM M3 HEro
3HauyeHue mHTepelica

var x interface{} = time.NowQ

TO pe3ynbTaT MOXET BbIFNAAETh Tak, Kak NoKasaHo Ha puc. 7.4. KoHUenTyanbHO AMHaMUue-
CKOe 3HauyeHWe Bcerfa pasMellaeTcs BHYTPM 3HauYeHUs MHTepgeiica, He3aBUCMMO OT TOrO,
HaCKO/NIbKO BEe/IMK pas3mep ero Tuna. (370 TONbKO KOHLENTYyasbHas MOAENb; peasbHas pea-
NN3aLUs HECKO/bKO MHas.)

Tvin time.Time

3HaveHre  sec: 63567389742
nsec: 689632918
loc: “UTC"

Puc. 7.4. 3HaueHve nHTepdeiica,
XpaHsiLLiee CTPYKTypy time.Time

3HayeHus MHTepdencoB MOXHO CpaBHMBATb C MCMO/b30BaHWEM 0ONepaTopoB == n !=
[Ba 3HayeHWs UHTepdelicoB paBHbl, eciv o6a paBHbl nil waM ecnm ux guHammyeckue
TUMbl OMHAKOBbI, a AMHAMUYECKME 3HAYEHUS PaBHbl COrNAacHO pesynbTaTy CpaBHeHWs C
NMOMOLLbID onepaTopa == C 06bIYHbIM MOBELEHMEM [1S AaHHOro Tuna. MOCKOMbKY 3Haue-
HUS UHTepgencoB CpaBHMMbI, OHU MOTYT MCNOMb30BaTLCA B KayecTBe KtOueli oTobpaxe-
HWIA MK onepaHfoB MHCTPYKUUKM switch.

O[IHaKO ec/in CpaBHUBAKOTCA [Ba 3HAYeHWS UHTepP(encoB, UMeKLWnX OANHAKOBbIE M-
Hammnyeckue TUNbl WU 3TU TUMbl He CPaBHUMbI (HanpuMep, cpe3sbl), TO CPABHEHME 3aKaH4Yu-
BaeTCs aBapuitHOM cuTyalmei:
var x interface{} = [Jint{l, 2, 3}
fmt.PrintIn(x == X) // ABapuiiHas cuTyauus: HecpaBHuBaeMbie Tunbl []int

B 3TOM OTHOLWIEHMM TUNbl MHTEP(ENCOB HEOObIUYHbI. Apyrue Tunbl 6€30MacHO CpaBHMU-
BaeMbl (Takue, Kak hyHAaMeHTanbHble TUMbl UK YKa3aTenun) WiM HecpaBHMBaeMbl BOOGLLE
(cpesbl, 0TOOPaXEHWA, (hYHKLMW), HO MPY CPaBHEHUWN 3HAYEHUIA MHTEP(encoB nam cocTas-
HbIX TUMOB, COAepPXKaljnX 3Ha4YeHUs UHTepdeiicoB, Mbl AO/MKHbLI YUUTbIBATL NOTEHUMANb-
HYH0 BO3MOXHOCTb BO3HUKHOBEHWUA aBapWiiHOW CUTyauun. AHaNOrMYHbIA PUCK CYLLECTBY-
eT Npu MCNofib30BaHUN MHTepP(elicoB B KayecTBe KAOUYeli 0TOGpaxeHWd unm onepaHioB
switch. CpaBHMBaliTe 3HaYeHNS UHTeP(encoB, TONLKO ECAN Bbl YBEPEHbI, YTO OHW COAep-
XaT AMHaMUYecKme 3HauyeHns cpaBHUBAEMbIX TUMOB.

Mpwn 06paboTKe OWMBOK UAN MPW OTNAAKE YAacTO OKa3blBAETCS MOJE3HON WH(OopMaLms
0 AMHAMMWYECKOM Tune 3HayeHWs uHTepdeiica. [Jns 3T0ro MOXHO MCMOMb30BaTb CUMBO/IbI
npeobpasoBaHua %T nakeTa fmt:

var w io.Writer
fmt .PrintF (™"TXn”, w) // ,<nil>"
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w = os.Stdout
fmt PrintfC"%T\n", w) // "*os.File"

w = new(bytes.Buffer)
fmt_Printf(C"%T\n", w) // "*bytes.Buffer”

Ana nonyvyeHns MMeHW AMHAMWYECKOro Tuna nHTepgelica naketT fmt ncnonb3yet ped-
nekcuto. Mbl Mo3HaKoMUMCA € Heil B rnase 12, “Pednekcuns’”.

7.5.1. OCTOPOXXHO: UHTEepPdeNc, cogep kaLinii Hy1eBOW
yKazaTe/b, He SIBAAETCS HY/1EBbIM

Hynesoe 3HauyeHWe uHTepdeiica, KOTOPOE He COAEPXMUT 3HaYeHWUs KakK TakoBOro, He CO-
BMajaeT CO 3Ha4YeHMEM MHTepdeiica, coaepXawMM HYNeBON yKasaTe/lb. TO TOHKOE pasnu-
yne co3faeT SIOBYLLKKM, B KOTOPble NoNagan Kaxablii nporpammucT Ha Go.

PaccmMoTpyM MpUBEAEHHYIO HWKe nporpamMmy. Ecnu 3HauveHue debug paBHO true,
(hyHKUMA main HakannueaeT BbiBog (yHKuun f B bytes. Buffer.

const debug = true

func main(Q) {
var buf *bytes.Buffer
if debug {
buf = new(bytes.Buffer) // HakonneHve BbiBOAAa

f(buf) // BHumaHMe: TOHKas ownbkal
if debug {
// ... wcnonb3yem buf
}
}

// Ecnn out HeHyneBOi, BbIBOA 3anmchiBaeTCA B HEro
func f(out io.Writer) {
// ... HekoTopble AeicTBuSA
if out = nil {
out Write([Jbyte("BbinonHeHoN\n"™))

MOXHO 0XXnAaTb, 4TO NPy M3MeHeHWW 3HadeHns debug Ha false HakonneHue BbiBOAA
OyAeT OTK/IOYEHO, HO HA CaMOM [efle TaKoe W3MEHEeHWEe MPUBOAUT K aBapUiiHON CMTyaunm
BO Bpems Bbi3oBa out .Write:
if out !I= nil {

out.Write([Jbyte("BbinonHeHo!I\n")) // ABapuiiHaa cuTyaumsi:
// pasbiMeHoBaHVWe HyneBoro ykasaTesns

Korga main Bbi3biBaeT f, BbINOMHSAETCA MpUcBauBaHWe HYNeBOro ykasatensa Tuna
*bytes.Buffer napameTpy out, Tak 4TOo AMHaAMM4yeckoe 3HayeHue out paBHO nil.
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OfHako ero gMHamumyeckum Tunom asnsetca *bytes. Buffer, a ato o3Hayaet, 4To out
npeacTaBnseT coboil HeHyneBOM WHTepdelic, codepXalinii HyNeBoe 3HavyeHue ykasartens
(puc. 7.5), Tak uTO 3aWMUTHaA nNpoBepkaout !'=nil okasbiBaeTcA NPONAEHHOIA.

w

Tvin +bytes.Buffer

3HaueHve nil

Puc. 7.5. HeHyneBoli uHTepdeiic,
COfiepXKaLLiniA HyneBOi yKasaTtenb

Kak n paHee, MexaHU3M AUHAMWYECKOW AMCMeTYepM3auuy OMpefensieT, 4To LO/MKEH
6bITb BbI3BaH (*bytes.Buffer) .Write, HO Ha 3TOT pa3 co 3HaYeHWeM nonyyaTens, pas-
HeiM nil. Ons HeKOTOpbIX TUMOB, TakKMX Kak *0s.File, nil saBnaetca gonycTumbiM no-
nydatenem (pasgen 6.2.1), Ho *bytes.Buffer cpegn HUX HeT. DTOT METOA BbI3blBaeTCSH,
HO MpW NOMNbITKE NOAYYUTH AOCTYN K 6ydhepy BO3HMKAET aBapuiiHas cuTyauus.

Mpobnema 3aknto4vaeTcs B TOM, YTO XOTA HyneBOl ykasaTenb *bytes.Buffer umeer
MeToAbl, HE0BX0AUMbIE A1 YAOBNETBOPEHUS UHTEpdelicy, OH He COOTBETCTBYET MOBEAEH-
YyeckuUM TpeboBaHMAM MHTepdeiica. B yacTHOCTU, BbI30B HapyllaeT HESBHOE NpPeaycnoBue
(*bytes.Buffer) .Write o Tom, 4UTO nonyyaTesnb He ABASAETCH HYNEBbIM, TaK 4YTO MNPU-
CBaMBaHWe HYNeBOro ykasaTens MHTepdeicy ownbouyHoe. PelleHWe 3akitoyaeTcs B TOM,
yT06bl M3MeHUTL TMN buf B PyHKUMM main Ha io.W riter, mn3berasa, Takum o6pasom,
npucBanBaHna AUCHYHKLMOHANbHOTO 3HaYeHNs NHTepgency:

var buf io.Writer
if debug {
buf = new(bytes.Buffer) // HakonneHue BbiBOAA

}
f(buf) // K

Tenepb, KOrAa Mbl PaCCMOTPENN MEXaHWKY 3HavyeHWin MHTepteiicoB, faBaiiTe B3rNAHEM
Ha HeKoTopble 60/1ee BaXHble UHTEPdenChbl N3 cTaHAapTHOW 6ubnuotekn Go. B cnegyto-
WMX Tpex pasfenax Mbl YBUAUM, KaK WHTepdeicbl MCMONb3yHOTCA AN COPTMPOBKM, Be6-
cny>x6 1 06paboTKM oWwnbOoK.

7.6. CopTunpoBKa ¢ nomollbto sort.Interface

Kak n hopmaTupoBaHue CTPOK, COPTUPOBKA OYEHb YACTO UCNOJIb3YETCA BO MHOXECTBe
nporpammM. XoTs MUHMMaNbHasa BbiCTpas COPTUPOBKA MOXET MOMEeCTUTbCA B 15 CTPOK, Ha-
feXHas peannsaumsa CyWecTBEHHO 60/bLUe, M 3TO HE TOT KOf, KOTOPbI/ XO0TeNnoch 6bl nu-
caTb 3aHOBO WM KONMPOBaTb BCAKWUIA pa3, KOr4a OH HaMm HYXXeH.

K cuacTblo, nakeT sort npegocTaB/iseT COPTUPOBKY “Ha mecTe” (6e3 npmBneyYeHns go-
NOSHUTE/NbHOW NamsATK) NH60IK NocneaoBaTeNlbHOCTM B COOTBETCTBMM C M0G0 (hyHKUMei
ynopsagoyeHus. Ee fn3aiiH HeCKONbKO Heo6blYeH. BO MHOMMX fA3blkax anropuTMm COpTUPOB-
KW CBSi3aH C TUMOM [aHHbIX MOCNeA0BaTe/IbHOCTMW, B TO BPEMS KaK (DYHKLMS yNopsaoUeHns
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cBf3aHa C TUNOM 3nemeHTOB. Hanpotus, B GO thyHKUMA sort.Sort HMYero He npegno-
naraet O MpejcTaBfieHNN NOCNe0BaTeNIbHOCTU UK ee 3fieMeHTax. BmecTo 3Toro oHa uc-
nonb3yeT nHTepgeiic, sort.Interface, utobbl 3a4aTb KOHTPAKT MeXAy 0606LEeHHbIM
anropuTMOM COPTMPOBKM WU BCEMW TUMaMW MOCNef0BaTeNbHOCTEA, KOTOpble MOFYT 6bITb
0TCOPTMPOBaHbLI. Peanusaunsa atoro uHTepdeiica onpegenset Kak KOHKpeTHOe npegcTaBne-
HWe NocnefoBaTeNbHOCTU, KOTOPAs 4acTo SBASETCA CPe30M, TaK W XXenaemblii MopsafokK ero
3/1EMEHTOB.

ANTropuTM COPTMPOBKU “Ha MecTe” TpebyeT Tpex Beleih — AJNHbI NocnefoBaTeNlbHO-
CTW, CPeACTBa CPaBHEHWA [IBYX 3/1eMEHTOB W cnocoba o6MeHa [ByX 31eMeHTOB MeCcTaMu.
Bce oHu aBnqaoTca metogamu sort._Interface:

package sort

type Interface interface {
Len() int
Less(i, j int) bool 11 i,jJ - VHOEKCH 3NEMEHTOB B MOC/NeL0BaTe/IbHOCTH
Swap(i, J int)

[ns copTUpoBKM Nto60I Nocnef0BaTe/IbHOCTU HY)KHO OMpefenuTb TUM, KOTOPbIA pea-
NU3yeT TPK YKasaHHbIX MeTOAa, a 3aTeEM NPUMEHUTL SOrt.Sort K aK3emMnnsapy aToro Tmna.
Kak ofyH 13 MpocTeiwnx NpMMepoB PaccCMOTPUM COPTUPOBKY cpe3a CTPOK. HoBbIi Tun
StringSlice uero metofbl Len, Less 1 Swap nokasaHbl HUXe:

type StringSlice []string

func (p StringSlice) Len() int { return len(p) }
func (p StringSlice) Less(i, j int) bool { return p[i] < p[j] }?}
func (p StringSlice) Swap(i, j int) { pli], pOl = p0yl, pLi] }

Tenepb Mbl MOXeM COPTMPOBATbL CPe3 CTPOK, names, cnefyolum obpasom, npeobpa-
3ya cpe3 B StringSlice:

sort.Sort(StringSlice(names))

Mpeo6pa3oBaHue TUNa faeT 3HAYEHUe Cpe3a C TEMU Xe LANHOM, eMKOCTbI0 U 6a30BbIM
MaccrvBOM, YTO M Y names, HO C TUMOM, KOTOPbIi MMeeT TpU MeTofa, HeobXoaumble Ans
COPTMPOBKM.

CopTupoBKa cpes3a CTPOK HACTO/MbKO pacnpocTpaHeHa, yTo nakeT sort npegocTasns-
eT Tun StringSlice n dyHkymto Strings, Tak YTO NOKa3aHHbIN Bbllle BbI30B MOXHO
ynpocTntb Ao sort.Strings (names).

MokasaHHas 34ecb MeTOAMKa NIerko afanTupyeTcs AnS APYrux COPTUPOBOK, Hanpumep,
UTHOPUPYHOLWKX pernucTp 6YKB Man cneumanbHble CMMBONbLI. [ns 6onee CnoXHoii copTu-
POBKM Mbl MUCMOMb3YEM TY XK€ WAEH, HO C 60nee CAOXHLIMUA CTPYKTYpaMn AaHHbIX WK
6onee cNoXHbIMK peanu3auusMu MetogoB sort.Interface.

PaccMOTpuM elle OAWH NpUMep — NpPOrpaMMmy ANAS COPTMPOBKM CMMCKa BOCNPOW3Be-
LeHUs My3blKK1, BbIBOAMMOIO B BUAe Tabnuubl. Kaxaas 4opoXKa npefcTaBieHa 0TAeNbHO
CTPOKOW, a Kaxablii cTtonbey, npeacTaBnseT OANH U3 aTPUBYTOB 3TOM JOPOXKN — UCMONHU-
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Tens, Ha3BaHuA W Apyryo uHdopmaunto. MpeacTaBbTe cebe, UTO Tabnuua BLIBOAUTCA C MO-
MOLLbI0 rpaUUecKoro Nonb30BaTeNbCKOro MHTepdeiica, B KOTOPOM LLEMYOK Ha 3arofioBke
cTon6bua NPMBOAUT K COPTUPOBKE CMMCKA NO YKa3aHHOMY aTpubyTy; MOBTOPHbIN LiENYOK
BbIMO/IHAET COPTUPOBKY B 06paTHOM nopsgke. [laBaiiTe MOCMOTPUM, Kakoi MOXeT 6biTb
peakuus Ha KaXAblA LienyoK.

MepemeHHan tracks cogepXxuT cnucok BocnpomsBefeHns. (OAMH M3 aBTOPOB KHUMU
MPUHOCUT U3BMHEHMWA 3a MY3blKa/ibHble BKYCbl ApYroro aBtopa.) Kaxgblii afemMeHT ABAs-
eTCA KOCBEHHbIM — yKa3aTeseM Ha Track. XoTa npuBefeHHbIA HWkKe Ko byaeT paboTaTb
1 B TOM C/yyae, ecin Mbl 6yaeM XpaHWUTb 3nemMeHTbl Track HenocpeacTBEHHO, HO TaK Kak
(DYHKUMSA COPTMPOBKM MEHAET MecTaMy MHOro nap 3/eMeHTOB, OHa 6yaeT paboTaTb Obl-
CTpee, eCNn Kax/blli 3NeMeHT ABNAeTCS yKasaTenem (0O4HO MallMHHOe CnoBo), a He Track
MONHOCTbIO (BOCEMb UK 60ONee CnoB):

qodL.io/ch7/sortina
type Track struct {
Title string
Artist string
Album string
Year int
Length time.Duration

var tracks = []*Track{
{"Go", "Delilah™, "From the Roots Up", 2012, length(*'3m38s')},
{"Go", "Moby", "Moby", 1992, length(*'3m37s')},
{"Go Ahead", "Alicia Keys", "As I Am", 2007, length(*'4m36s')},
{"Ready 2 Go", "Martin Solveig", "Smash", 2011, length(‘'4m24s')},

}

func length(s string) time.Duration {
d, err := time.ParseDuration(s)
if err = nil {
panic(s)

return d

®dyHKUMSA printTracks BbIBOAUT CNMCOK BOCNpPOW3BeAeHUs B Buae tabnuubl. padu-
Yyeckuii BbIBOA BbIrnagen 6bl Kpacusee, HO B Halleil He6ONbLLIOW NpOrpamMMe Mbl BOCMOSb-
30BaNnncb naketom text/tabwriter gna reHepauny Tabnuubl ¢ KPaCUBO BbIPOBHEHHbLIMM
cTonbuamu, Kak nokasaHo Huxe. 3ameTum, 4yTo *tabwriter _Writer cooTBeTCTBYET WUH-
Teptheiicy io.Writer. OH HakannmBaeT BCe 3anMuCaHHble B Hero gaHHble; metod Flush
3Toro TMna opmaTupyeT BCl Tabnuuy 1 BbIBOAUT ee Ha 0S -Stdout.

func printTracks(tracks []*Track) {
const format = "%v\thv\thv\thv\thv\t\n"
tw = new(tabwriter._Writer).Init(os.Stdout, O, 8, 2, " %, 0)
fmt.Fprintf(tw, format, "Title","Artist","Album™,"Year”, " Length™)
fmt. Fprintf (tw, format, ""———","—————- B v —_— D)
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for _, t = range tracks {
fmt_Fprintf(tw, format, t.Title, t._Artist,
t.Album, t.Year, t.Length)

tw.FlushQ // BbuncneHve pasmepoB CTOMGLOB W BbiIBOL Tabnuupl

[lna copTVpOBKM CnrcKa BOCMPOU3BeAeHNs No nonw Artist mbl onpefenseMm HOBbll
TUN cpe3a Cc Heo6xoMMbIMM MeTodamn Len, Less u Swap, aHa/lorM4yHO TOMy, Kak Mbl ge-
namn ato gna StringSlice:

type byArtist []*Track
func (x byArtist) Len() int { return len(X) }

func (X byArtist) Less(i,j int) bool { return x[i]-Artist<x[j].Artist }
func (x byArtist) Swap(i,j int) { x[il, x[J1 = x[j1, x[i] }

[lnsi BbiI30Ba 0606LEHHOI NoANpPorpamMmbl COPTUPOBKY npeotpasyem tracks B HOBbIl
TN, byArtist, KoTopbiii onpeaensieT nopsgoK CoOPTUPOBKN:

sort.Sort(byArtist(tracks))

Mocne CopTUPOBKYM Cpe3a Mo WUCTOHUTENSM BbiBOg printTracks vveeT cnepgyiounii
B

Title Artist Album Year Length
Go Ahead Alicia Keys As 1 Am 2007 4m36s
Go Delilah From the Roots Up 2012 3m38s
Ready 2 Go  Martin Solveig Smash 2011 4m24s
Go Moby Moby 1992 3m37s

Ecnn nonb3oBaTtenb 3anpocuUT COPTUPOBKY MO UCMONHUTENAM NOBTOPHO, OyAeT BbiMOA-
HEHa COpTMPOBKa B 06paTHOM nopsake. OfHAKO HaM He HYXHO OonpefensTb HOBbIA Tun
byReverseArtist c meTofom Less, MMelWUM 0O6GpPaTHbIA CMbICA, MOCKOMbKY NakeT
sort npegocTaBnseT GyHKLUKO Reverse, KoTopas NMpoCTO npeobpal3yeT N060i nopsagok
COPTUPOBKUN B 06paTHbIN 2

sort.Sort(sort.Reverse(byArtist(tracks)))

Mocne CopTMPOBKM cpesa Mo UCMOMHUTENSIM B 06paTHOM nopsigke BoiBog printTracks
nproGpeTaeT cneaywownii Bua:

Title Artist Album Year Length
Go Moby Moby 1992 3m37s
Ready 2 Go  Martin Solveig Smash 2011 4m24s
Go Delilah From the Roots Up 2012 3m38s
Go Ahead Alicia Keys As 1 Am 2007 4m36s

dyHKUMA sort.Reverse 3acnyxvBaeT 60nee 6/M3KOro 3HaKOMCTBA, Tak Kak OHa uc-
nonb3yeT Komno3uumio (pasgen 6.3), KoTopas sABAseTCca BaxHON uaeeli. MNakeT sort onpe-
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[LensieT He3KCNOPTUPYEMbI TUN reverse, ABASKOWNACA CTPYKTYPOiA, B KOTOPYK BCTPOEH
sort.Interface. MeTog Less ana reverse Bbi3biBaeT MeTOf Less BCTPOEHHOIO 3Ha-
YeHua sort.Interface, HO C MHOEeKcamu B 06paTHOM Mopsiake, YTO NPUMBOAMT K obpale-
HUI pesynbTara COPTUPOBKN:

package sort

type reverse struct{ Interface } // T.e. sort.Interface

func (r reverse) Less(i,j int) bool { return r.Interface.Less(j,i) }
func Reverse(data Interface) Interface { return reverse{data} }

[Ba gpyrux wmeToga reverse, Len u Swap, HEsiIBHO MpefoOCTaBASOTCA WCXOAHbIM
3HauveHuem sort.Interface, KOTOpoe ABNSETCA BCTPOEHHLIM MOEM. JKCnopTupyemas
PyHKLMA Reverse BO3BpawaeT 3K3eMMNsp Tuna reverse, KOTOPbIA COAEPXUT UCXOAHOe
3HaueHve sort.Interface.

[lns copTVpoBKY NO ApYromy CTon6Ly He0OX0AMMO ONpefenuUTb HOBbIA TVN, Takoi Kak
byYear:

type byYear []*Track
func (x byYear) Len() int { return len(xX) }

func (x byYear) Less(i, j int) bool { return x[i].Year < x[j].Year }
func (x byYear) Swap(i, j int) { x[il, x[O1 = x[J1, x[i] }

NMocne copTupoBkn tracks no rogy c wucnonb3oBaHuem sort .Sort(byYear
(tracks)), printTracks BbBOANT CNUCOK B XPOHO/IOMMYECKOM Mopsiake:

Title Artist Album Year Length
Go Moby Moby 1992 3m37s
Go Ahead Alicia Keys As 1 Am 2007 4m36s
Ready 2 Go  Martin Solveig Smash 2011 4m24s
Go Delilah From the Roots Up 2012 3m38s

NS Kaxgoro HeoGXOAMMOrO HaMm TUMA 9/IEMEHTOB CPe3a U Kaxaoi dyHKuUM yrnopsi-
JouYeHnst Mbl 06bsIBNISieM HOBYI peanusauuio sort.Interface. Kak Bbl MOxeTe BUOETb,
mMeToapl Len n Swap MMelnT OAMHAKOBbIE ONpeaeneHust Ais Bcex TUMoB Cpe3oB. B cneay-
oWweM npuMepe KOHKPeTHbIi T customSort coueTaeT cpes ¢ (yHKUyMeli, No3Bosss Ham
onpeaenMTb HOBbIN MOPSA0K COPTUPOBKY C MOMOLUbI HanMCaHWsi OAHOI TOMbKO GYHKLMK
cpaBHeHVsi. KcTaTu, KOHKpeTHble Tumbl, peanusywune sort.Interface, He Bcerga siB-
NATCA cpe3amn; customSort — 3TO CTPYKTYPHbIA TUn:

type customSort struct {
t []*Track
less func(x, y *Track) bool

func (x customSort) Len() int { return len(x.t) }
func (x customSort) Less(i,j int) bool { return x.less(x.t[i],x.t[j]) }
func (x customSort) Swap(i,j int) { x.t[i], x.t[j1 = x.t[j1, x.t[i] }

JlaBaiiTe onpeaenum QyHKLMNIO MHOFOYPOBHEBOIO YNOPSAoUYeHUsl, NepPBUYHbLIM K/HYOM
COpPTUPOBKM KOTOpOIl sBnsieTca Title, BTOPUYHLIM K/lOYOM siBAsSeTcA Year, a TpeTud-
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HbIM — MPOAO/KUTENBHOCTb MCNONHeHUs Length. BOT Kak BbIrnsguT Bbi3oB Sort ¢ uc-
Mo/b30BaHVWEM aHOHUMHOW (hYHKLMM YyNopsa0UeHNs:

sort.Sort(customSort{tracks, func(x, y *Track) bool {
if x.Title = y.Title {
return x.Title <y.Title

if x.Year !=y.Year {
return x.Year < y.Year

}
if x.Length !=y._Length {
return x.Length < y.Length

return false
}»

A BOT KaKkoli BUf, MMeeT pesynbTaT COpTUPOBKM. O6paTuTe BHUMaHMWe, YTO ABE AOPOXKM
C 0flHaKoBbIM HasBaHueM “Go0” ynopsafoYeHbl Mo rogy BbiXoga:

Title Artist Album Year Length
Go Moby Moby 1992 3m37s
Go Delilah From the Roots Up 2012 3m38s
Go Ahead Alicia Keys As 1 Am 2007 4m36s
Ready 2 Go  Martin Solveig Smash 2011 4m24s

XO0Ta COpTMPOBKa nocnefoBaTensHOCTH gnmHol n Tpebyet O0(n log n) onepauwii cpa.-
HeHWs, NPOBepKa, 0TCOPTUPOBAHA /N faHHas NocnefoBaTeNlbHOCTb, TpebyeT He 6onee M-1
cpaBHeHns. dyHKumMs IsSorted u3 nakeTa sort BbINOMAHSET yKa3aHHY npoBepKy. Mo-
[O6HO sort .Sort, oHa abcTparupyeT Kak noc/ief,oBaTeNbHOCTb, TaK U ee (yHKLMUI0 yno-
psiaoyeHus ¢ nomollbio sort.Interface, HO HMKOrAa He Bbi3biBaeT MeTof Swap. Mpuse-
JEeHHbIN HKe Kog aemMoHcTpupyeT dyHkunm IntsAreSorted v Ints utun IntSlice:

values = [Jint{3, 1, 4, 1}

fmt.PrintIn(sort. IntsAreSorted(values)) // "false"
sort. Ints(values)

fmt.PrintIn(values) // "[113 41"
fmt.PrintIn(sort. IntsAreSorted(values)) // "true"
sort.Sort(sort.Reverse(sort.IntSlice(values)))
fmt_.PrintIn(values) /7 "[4 31 1]"
fmt.PrintIn(sort. IntsAreSorted(values)) // "false”

[ns ynobcTBa nakeT sort npefocTasnseT Bepcun CBOMX PYHKUWIA 1 TUNOB, cneynanu-
3npoBaHHble gna []int, [] string n [Jfloat64 ¢ ncnonb3oBaHUEM MX eCTECTBEHHOTO
nopsgka. Ans gpyrux tunos, Takux Kak []int64 wan [Juint, Hago nucaTb COOGCTBEH-
HbIlA, MYCTb U JOCTaTOUYHO KOPOTKUWA, KOZ,.

YnpaxHeHue 7.8. MHorve rpajuueckue uHTepdeiicbl NpefoCcTaBAsT Tabnuubl ¢
MHOTOYPOBHEBOI COPTUPOBKOM C COXPAHEHMEM COCTOSIHMA: MEPBUYHbBIA KKOY onpeaenseT-
€A N0 MOCNefHeMY LLEeNYKy Ha 3arofioBKe, BTOPUUHbLI — No npegnocinegHemy u 1.4. Onpe-
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penute peanusaumto sort.Interface gna mcnonb3oBaHus B Takolh Tabnuue. CpaBHUTE
3TOT NOAXO0[ C MHOTOKpPaTHOI COPTMPOBKOM C Mcrnonb3oBaHMem sort.Stable.

YnpaxHeHue 7.9. Bocnonbayiitech naketom htm |I/tem plate (pasgen 4.6) ans 3ame-
Hbl printTracks yHKuuWei, KoTopas BbIBOAUT LOPOXKM B BuAe Tabnuubl HTML. Uc-
NoNb3yiTe pelleHne NpeabiAyLLero ynpaxHeHsa Ans Toro, YTobbl KaXAblA LWenvyoK Ha 3a-
rofioBKe cTon6ua reHepuposan HTTP-3anpoc Ha COPTUPOBKY TabauLbl.

YnpaxHeHue 7.10. Tun sort.Interface MOXHO aganTupoBaTb ANa APYrUX npume-
HeHui. Hanuwwnte dyHkumuio IsPalindrome(s sort.Interface) bool, kotopas co-
obLlaeT, ABASETCS 1M NOCNeL0BaTe/IbHOCTb S MafMHAPOMOM (4PYrvMy CnoBaMu, 4To 06-
palieHve nocnefoBaTeslbHOCTU He U3MeHseT ee). CumTaiiTe, UTO 3/IEMEHTLI C UHAEKCAMU i
nj paBHbl, ecin !'s.Less(ijj)& & Is.Less(j,i).

7.7. MHTepdhenc http.Handler

B rnase 1, "YuebHUK4, Mbl MOAY4YMNU NpeacTaBfieHMe O TOM, KaK MCMOMb30BaTb Ma-
keT net/http and peanusayun Be6-knueHTa (pasgen 1.5) u cepsepa (pasgen 1.7). B atom
pasfene mbl getanbHee paccmoTpum APl cepBepa, B OCHOBE KOTOPOr0 NIEXUT MHTepeiic
http.Handler:

net/htto
package http

type Handler interface {
ServeHTTP(w ResponseWriter, r *Request)

}
func ListenAndServe(address string, h Handler) error

dyHkuua ListenAndServe TpebyeT agpec cepBepa, Takoil kak "localhost :8000",
N 3K3eMnnap uHTepgelica Handler, koTopomy gucrneTyepusytoTca Bce 3anpockbl. OH pa-
60TaeT 6eCKOHEYHO, eCM TOIbKO He NPOMCXOoAuT owmnbKa (Mam npu 3anycke cepsepa npo-
NcxXoauT COOM, TaK UTO OH He 3anycKaeTtcs), U B 3TOM cnyyae (DyHKUMS BCerga BO3BpallaeT
HEeHYNeBY OLINOKY.

MpeacTaBbTe cebe calT 3NeKTPOHHOIO MarasmHa ¢ 6a30ii AaHHbIX, OTOGpaxaroLein To-
Bapbl Ha MX LeHbl B gonnapax. lNokasaHHas HWXe nporpamma npejctasnseT coboii npo-
CTeiiwyto ero peanusauuto. OHa MofenupyeT cKnaj kak Tun otobpaxeHus, database,
K KOTOpOMY npucoefnHeH meTod ServeHTTP, Tak 4YTO OH COOTBETCTBYET WHTepdeicy
http. Handler. O6paboTunkK 06X04ANT OTOGPaXKEHNE W BbIBOAUT €r0 3N1EMEHTbI.
godL.io/ch7/httol
func main() {

db := database{''shoes'": 50, '"socks": 5}
log.Fatal (http.ListenAndServe('localhost:8000", db))
}

type dollars float32
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func (d dollars) StringQ string { return fmt.Sprintf("$%.2f", d) }

type database map[string]dollars

func (db database) ServeHTTP(w http.ResponseWriter,req *http.Request){
for item, price := range db {
fmt_Fprintf(w, "%s: %s\n", item, price)

}

Ecnn Mbl 3anycTumM cepBep

$ go build gopl.io/ch7/httpl
$ ,/nhttpl &

W NOAKMIOUMMCA K HEMY € nomoLlblo nporpammbl fetch us pasgena Section 1.5 (unwu, ecnu
BaM TakK 60/blle HPaBUTCS, C NOMOLLbIO Be6-6pay3epa), TO MOAYHYUM CNeayHoLLnii BbIBOA:

$ go build gopl.io/chl/fetch

$ ./fetch http://localhost:8000
shoes: $50.00

socks: $5.00

Moka 4TO cepBep TONbKO MepeyuncaseT BCe TOBapbl M OTBeYaeT 3TUM Ha Nto6oi 3anpoc
HesaBucumo oT URL. Bonee peanucTuuHbIA cepBep onpeAensieT HECKOMbKO Pa3MyHbIX
URL, KaXAblii M3 KOTOPbIX MPUBOAWUT K CBOEMY MNoBefeHWto. [aBaliTe 6yaem Bbli3blBaTb
numeroLLeecs nosefdeHue npw 3anpoce /list npgobaBum ewe OAnH 3anpoc /price, KOTo-
pblil cO06LLaeT O LieHe KOHKPeTHOro ToBapa, ykasaHHOro B napameTpe 3anpoca Hanogobue
Iprice?item=socks:
goal .\o/ch7/htto2

func (db database) ServeHTTP(w http.ResponseWriter,req *http.Request){
switch req.URL.Path {
case "/list":
for item, price := range db {
fmt.Fprintf(w, '%s: %s\n", item, price)

case "/price":
item = req.URL.Query() .Get("item")
price, ok := db[item]
if lok {
w.WriteHeader (http.StatusNotFound) // 404
fmt_Fprintf(w, "HeT ToBapa: %qg\n'", item)
return
>
fmt_Fprintf(w, "AsXn", price)
default:
w_WriteHeader(http.StatusNotFound) // 404
fmt_Fprintf(w, "HeT cTpaHuup: %s\n", req.URL)
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Tenepb 06paboTuMK Ha OCHOBe KoMnoHeHTa nyTM URL req.URL.Path pewaert, Ka-
Kasg noruka fo/mkHa ObiTb BbiNONHeHa. Ecnn 06paboTumMk He pacnos3HaeT MyTb, OH CO-
o6lwaeT KnAveHTy 06 owunbke HTTP knueHTa nyTem Bbi3oBa w.W riteHeader(http.
StatusNotFound); ato go/mkKHO 6bITb cAenaHo Ao 3anucu nwboro Tekcta B w. (Kcta-
™, http.ResponseW riter npegctaBnseT co6oii ewe oavH nHTepgeinc. OH AONONHAET
io.W riter metogamn gns otnpaskn HTTP-3aronoBkoB oTBeTa.) Mbl MOrn 6bl C TEM e
pe3ynbTaToOM WCMONb30BaTb M BCOMOraTenbHy gyHkuuo http .Error:

msg := fmt.Sprintf('HeT cTpaHuubli: %s\n", req.URL)
http.Error(w, msg, http.StatusNotFound) // 404

B cnyuae 3anpoca /price Bbi3biBaeTca metog URL.Query, KOTOpbIA BbIMOMHAET Npe-
obpasoBaHue napameTpoB HTTP-3anpoca B 0To6paxeHne, a TOUHee — B MYNbTUOTOGpa-
XeHue Tuna url.V alues (pasgen 6.2.1) u3 naketa net/url. 3atem HaxoAUTCS NepBbIi
napameTp item 1 BbISICHAeTCA ero ueHa. Ecnu ToBap He HalifeH, BbIBOAMTCA CO06LLEHUe
06 oLunbKe.

BoT npumMep ceaHca paboTbl C HOBbIM CEPBEPOM:

$ go build gopl.io/ch7/http2

$ go build gopl.io/chl/fetch

$ ./http2 &

$ ./fetch http://localhost:8000/1ist

shoes: $50.00

socks: $5.00

$ ./fetch http://localhost:8000/price?item=socks
$5.00

$ ./fetch http://localhost:8000/price?item=shoes
$50.00

$ ./fetch http://localhost:8000/price?item=hat
HeT ToBapa: '‘hat"

$ ./fetch http://localhost:8000/help

HeT cTpaHuub: /Zhelp

OueBMAHO, YTO Mbl MOFAM 6bl MPOAOMKATb A06aBNATL pas3Hble BapuaHTbl AEWCTBUA B
ServeHTTP, HO B peanbHbIX MPUNOXEHUAX YA06Hee onpefennTb NOTUKY ANS KaXAOro
cnyyas B BUAE OTAENbHOW (yHKUMM unm metoga. Kpome Toro, cesisaHHbIM URL MOXeT
noTpe60oBaTbCs CXOXasa NOrnKa, Hanpumep HeCKONbKO (ainnos M306paxKeHWUin MOTyT UMeTb
URL Buga /im ages/*.png. Mo aTum npuumHam net/http npepoctasnset ServeMux,
MYy/NbTUMNIEKCOP 3aMPOCOB, ynpoLatwnin ceasb mexay URL nobpaboTumkamu. ServeMux
cobupaeT Lenoe MHOXecTBO obpabotymkoB http.Handler B eguHbii http.Handler.
M BHOBb Mbl BUAUM, YTO pasnyHble TUMbl, COOTBETCTBYHOLLME OAHOMY U TOMY Xe UHTep-
(heiicy, ABNAIOTCA B3aMMO3aMeHSIEMbIMUW: Beb-cepBep MOXET AUCMeTYepM30BaTh 3anpochbl
no6omy http.Handler, He3aBUCMMO OTTOrO, KaKoil KOHKPETHbIA TUN CKPbIBAETCS 3a HUM.

B 60nee CNOXHbIX NPUIOXEHUAX A5 06pabOTKM 60Siee CNOXHbIX TpeboBaHWIA K guc-
neTyepmsaumnm HecKonbko ServeMux MOryT 06befnHATHCA. GO He MMeeT KaHOHUYECKOro
Be6-kapkaca, aHanornyHoro Rails B Ruby nan Django B Python. 3T0 He 3HauuT, 4TO TaKoro
Kapkaca He MOXeT CyLLecTBOBaTb, HO CTPOUTENbHbIE 6/10KW B CTaHAApPTHON 6ubnnoTeke Go
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ABNAKTCA CTOMb TMOKMMM, UYTO KOHKPETHBIA KapKac NPoCTO He HYXeH. Kpome Toro, xoTs
Ha/imyMe Kapkaca Ha paHHMX 3Tanax npoekTa yaobHo, CBA3aHHbIE C HAM LOMNOMHUTENbHbIE
CMOXHOCTU MOTYT YCNOXHUTb A0TOCPOYHYIO MOALEPXKKY MPOEKTa.

B npuBegeHHOIi HWXKe nMporpamme Mbl co3gaem ServeMux M UCMOMb3YeM ero Ans cono-
cTaBneHns URL ¢ cooTBeTCTBYHOLWMUMM 0b6paboTumkamun ana onepauymii /list n/price,
KOTOpble OblW pasfeneHbl Ha OTAe/bHble MeTOAbl. 3aTeM Mbl MCMO/b3yem ServeMux Kak
OCHOBHOI1 06paboTuMK B BbI3oBe ListenAndServe:

qodL. 10/ch7/htto3

func main() {
do := database{''shoes": 50, "socks": 5}
mux := http.NewServeMuxQ
mux.Handle("/list”, http.HandlerFunc(db.list))
mux.Handle(*'/price”, http.HandlerFunc(db.price))
log.Fatal (http.ListenAndServe(*'localhost:8000", mux))

}
type database map[string]dollars

func (db database) list(w http.ResponseWriter, req *http.Request) {
for item, price := range db {
fmt_Fprintf(w, "%s: %s\n", item, price)

}
}

func (db database) price(w http.ResponseWriter, req *http.Request) {
item := req.URL.QueryQ .Get("item™)
price, ok := db[item]

if lok {
w.WriteHeader(http.StatusNotFound) // 404
fmt_Fprintf(w, "no such item: %g\n', item)
return

}
fmt_Fprintf(w, "%s\n", price)

[aBaliTe cocpefoTouMMCS Ha ABYX Bbl3oBax mux. Handle, KoTopble perucTpupyoT 06-
pa6otunku. B nepsom d b .list npeacTaBnseT coboii 3HayeHune-meToa (pasgen 6.4), T.e.
3HayeHue TMNa

func(w http.ResponseWriter, req *http.Request)

KOTOpOe Npu Bbl30Be Bbi3biBaeT MeToh database.list co 3HavyeHnem nonydatens db.
Tak yto d b .list aABnseTca (yHKUMER, KOTOpas peann3yeT NnoBeAeHne 06paboTymka, HO
TaK Kak Yy 3TOi (PyHKLMM HET METOAOB, OHa He MOXEeT COOTBETCTBOBATb MHTepdeiicy h ttp .
Handler n He MoXeT 6bITb NepefaHa HenocpeacTBeHHO mux.Handle.

BoipaxxeHne http.HandlerFunc(db.list) npeacrasnser co6oli npeobpasoBaHue
TMNa, a He BbI30B PYHKUMK, Nockonbky http.HandlerFunc asnsetcs TunoMm. OH nmeeT
cnepytollee onpegeneHue:


http://http.NewServeMuxQ
http://http.ResponseWriter
http://http.Request
http://http.ResponseWriter
http://http.Request
http://http.StatusNotFound
http://http.ResponseWriter
http://http.Request
http://http.HandlerFunc
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net/htto
package http

type HandlerFunc func(w ResponseWriter, r *Request)

func (F HandlerFunc) ServeHTTP(w ResponseWriter, r *Request) {
fw, n

}

HandlerFunc gemMOHCTpUpYeT HEeKOTOpble HEOObIYHbIE BOSMOXHOCTA MeXaHU3Ma WH-
TepelicoB Go. ITO TMN PYHKUMN, UMEIOLLEA METOAbI U COOTBETCTBYHOLLEA MHTepdeicy
http.Handler.MoBeageHnem ero metoga ServeHTTP sABnaseTcs Bbi30B 6a30BON (HYHK-
umm. Takum o6bpasom, HandlerFunc sBnsetcs afjanTepoM, KOTOpPbIA MO3BOMSET 3Haue-
HUIO-(DYHKLMN COOTBETCTBOBaTb MHTEP(elicY, KOrfa MYHKLUNA N efJMHCTBEHHbIA METOA UH-
Tepdelica MUMeT OAMHAKOBYIO CUrHaTypy. Mo cyTW, 3TOT TPIOK MO3BONAET OfHOMY TuMy,
TakoMy Kak database, cooTBeTcTBOBaTbh UHTepdelicy http.Handler HeckonbkuMu pas-
NNYHbIMKU cnocobamm: nocpeacTBom ero metoga list, metoga price v T.4.

MockonbKy perucTpaumsa obpaboTumka Takum 06pa3om AB/SETCA BecbMa pacnpocrtpa-
HeHHON, ServeMux mnmeeT yao6Hbli metog HandleFunc, KoTopblii genaet 3To Ans Hac,
TakK 4YTO Mbl MOXEM YNPOCTUTL KOJ perucrpaumy obpaboTymka cinegytownm obpasom:

aopL .io/ch7/http3a
mux.HandleFunc("'/list", db.list)
mux.HandleFunc(*'/price", db.price)

M3 npuBefeHHOro Bbile KOAA Nerko BUAeTb, Kak MOXHO c03faTb nporpammy, B KO-
TOpPOi ecTb ABa pasHbiX Be6-cepBepa, NPOCAYLIMBAKOLWMUX pasMYHbIe NOPTbl, onpeaens-
owme pas3nnyHole URL ¥ BbINOMAHAKOLWME AUCMeTYepusaLmio pasinyHelM obpaboTyuu-
Kam. Heo6xoAnMO NpocTo €034aTh eule OAuH ServeMuX W BbIMOAHUTL elle OAUH BbI30B
ListenAndServe, BO3MOXHO, napannenbHo. Ho gns 60/bWIKHCTBA NPOrpaMm LOCTaTou-
HO W ogHoro Beb-cepsepa. Kpome T0ro, 06bl4HO 06paboTuMkn HTTP onpeaenstoTcs BO
MHOrMX thainax npunoxXeHuns, n 6610 6bl HEYA06HO, ecnn Bbl BCE OHM AO/MKHbI 6bINN BbITb
SIBHO 3aperucTpupoBaHbl 3K3eMNAAPOM ServeMuX YPOBHSA MPUIOXEHUS.

Moatomy Aans ypobcetea nakeT net/http npepgoctaBnseT rnobanbHbIA 3K3emMnnsap
ServeMux c umeHem DefaultServeMux n QyHKuMamm ypoBHs naketa http.Handle
n http. HandleFunc. Ona npumeHeHus DefaultServeMux B KayecTBe OCHOBHOMO 06-
paboTumka cepBepa He HYXHO nepeaasaTh ero ListenAndServe; HyxHO nepegatb nil.

OcHOBHaa PyHKUMA CepBepa Npu 3TOM YNpoLLaeTcs A0

aopL.io/ch7/httpd

func main() {
db := database{''shoes'": 50, '"socks': 5}
http.HandleFunc(**/list”, db.list)
http.HandleFunc(*'/price", db.price)
log.Fatal (http.ListenAndServe(*'localhost:8000", nil))


http://HTTP.HANDLER
http://http.Handler
http://http.Handler
http://http.Handle
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HakoHel, elle OAHO BaXHOe HarmOMWHAHMWE: Kak Mbl ynomuHanu B pasgene 1.7, Be6-
cepBep BbI3biBaeT KaXAblil 06paboTyUnK B HOBOW go-MognporpamMme, Tak 4Tto o6paboTym-
K LO/MDKHbI NPUHMMATb Mepbl NPeAoCTOPOXHOCTU, Takue Kak 6N10KMPOBKU Npu focTyne K
nepeMeHHbIM, K KOTOPbIM MOTYT obpallatbca gpyrue go-nognporpamMmmbl (BKaouas gpyrue
3anpocbl TOro xe o6pabotymka). Mbl 6yaeM roBopuThL O NapannennsmMe B CrefyoWwnx aByx
rnasax.

YnpaxHeHue 7.11. [lobaBbTe 4ONONHUTENbHbIE 06PabOTUMKM TaK, YTOOblI KAMEHT MOr
co3faBatb, YMTaTb, O6HOBAATL M yAanaTb 3anucu 6asbl AaHHbIX. Hanpumep, 3anpoc BuAaa
/update?item=socks&price=6 gonxeH 06HOBMATL LeHY ToBapa B 6a3e faHHbIX U CO-
obwarb 06 owKnbKe, eciv ToBap OTCYTCTBYET WM LieHa HEKOPPeKTHa (MpefynpexieHue:
3TO U3MEHEeHWe BHOCUT B Mporpammy napaniesbHoe 0OHOB/NEHWNE NEPEMEHHbIX).

YnpaxHeHue 7.12. N3ameHunTe o6paboTumk /1ist Tak, 4ToObl ero BbIBOA MpescTaBnan
co6oii Tabnmuy HTML, a He TekCT. Bam MoXeT npurogutbes naket htm l/tem plate (pas-
fen 4.6).

7.8. IHTepdenc error

C camoro Havasna 3TO KHUTW Mbl UCMOMb30Ba/IM 3HaYEHNA TaMHCTBEHHOTO Npejonpege-
NEHHOrO TUMa error, He MOSICHAsA, YTO 3TO Takoe. Ha camom fene 3TO NPOCTO TWM WMHTEp-
(helica C eAUHCTBEHHbIM METOLOM, KOTOPbIA BO3BpaLLaeT cooblieHne 06 owunbKe:

type error interface {
Error() string
}

MpocTeiiwnii cnoco6 cosgaHus error — MCNoib30BaTh BbI30B errors.New, KoTo-
pblii BO3BPALLAET HOBOE 3HAYEHME e rror /19 AaHHOTo coobLleHns 06 owmnbKe. Bech maket
Errors COCTOMT TOMbKO W3 YEThIPeX CTPOK:

package errors
func New(text string) error { return &errorString{text} }

type errorString struct { text string }

func (e *errorString) ErrorQ string { return e.text }

Bas3oBblii TUN errorString ABNseTCA CTPYKTYPOiA, a He CTPOKOM, 4YTOGbI 3alNTUTL €ro
npeAcTaBneHne OT CAy4YaiHOro (MU YMbILWIEHHOr0) 06HOBAEHUA. MpnuyKMHA, N0 KOTOPO
TN yKasaTens *errorString, a He cam TMn errorString, cCOOTBETCTBYET MHTepdelicy
error, 3aKno4aeTca B TOM, YTO KaX/blil BbI30B New [O/KEH CO3[aBaTb 3K3EMNAAP error,
HE paBHbIi HUKAKUM APYrUM. Bblao 6bl He CAULLIKOM YA06HO, ecnu 6bl, HanpuMep, OWKNG-
Ka i10.EOF oKasblBanacb Npu CpaBHEHUW PaBHOW OLIMGKE, CNyYaliHO MMEIOLLLein To Xe co-
obuieHmne:

fmt.PrintIn(errors.New(MEOF'") == errors.New("'EOF')) // "false"
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Bbi3oBbl enrors.New cpaBHUTENbHO peaKu, NOCKO/bKY UMeeTcs yaobHas hyHKUus-
ob6onouka, fmt.Errorf, KoTopas 3a04HO BbINOMHAET (hOpPMaTUpPOBaHUE CTPOKU. Mbl UC-
Nno/sib30Banu ee HeCKO/IbKO pa3 B rnaee 5, “©@yHKUnK”.

package fmt
import “errors”

func Errorf(format string, args ...interface{}) error {
return errors.New(Sprintf(format, args...))

}

XoTd *errorString MOXeT 6biTb NPOCTEALUMM TUMOM €rror, OH Janeko He efuH-
CTBEHHbI. Hanpumep, nakeT syscall npegoctaBnsietr APl HW3KOYPOBHEBBIX CUCTEMHBIX
BbI30BOB GO. Ha MHOTUX Nnatgopmax oOH onpefenseT YACcaoBoi Tn Errno, cOOTBETCTBY-
loWWiA MHTepdelicy error, a Ha nnatgopme Unix meTog Error Tuna Errno BbINOAHSET
nouck B Tabnuue CTPOK, Kak MNOKa3aHo HUXKE:

package syscall

type Errno uintptr // Kopg owvbku OnepaumoHHON CUCTEMbI
var errors = [,..]string{

1: "onepauua He pa3pelLeHa’, // EPERM

2: "HeT Takoro ¢aiina wwm katanora'™, // ENOENT

3: "HeT Takoro npouecca', // ESRCH

/11
}

func (e Errno) ErrorQ string {
if 0 <= int(e) & int(e) < len(errors) ¢
return errorsfe]

return fmt.Sprintf(“'errno %d", e)

MpuBefeHHas fanee WHCTPYKLMSA CO3f4aeT 3HauyeHue-uHTepdelic, XpaHsllee 3HaveHue
Errno, paBHoe 2 u o3Havatouiee ycnosume ENOENT POSIX:

var err error = syscall.Errno(2)
fmt.PrintIn(err.ErrorQ) // "HeT Takoro ¢aiina wwm katanora'
fmt.PrintIn(err) // "HeT Takoro ¢aina wm kKataiora'

Mpahnyeckn 3Ha4eHUe e rr nokasaHo Ha pwuc. 7.6.
err
Tvin syscall.Errno

3HaueHvie 2

Puc. 7.6. 3HaueHne nHTepdeiica, xpaHsiee
uenouncneHHoe 3HadveHve syscall .Errno
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Errno sBnsetcs aP(eKTUBHbLIM NpeAcTaBNeHNEM OLLIMGOK CUCTEMHBIX BbI30BOB, BblOU-
PaeMbIX U3 KOHEYHOFO MHOXECTBA, COOTBETCTBYIOLLMM CTaHLAPTHOMY MHTepdeiicy error.
Opyrue Tunbl, COOTBETCTBYIOLLME 3TOMY WHTEpPelicy, Mbl yBUAUM B pasgene 7.11.

7.9. TlpnMep: BbIYUCINTENb BblpaXKeHUS

B aToM pasgene 6yAeT CO34aH BbIYMCAUTENL MPOCTbIX apUMETUUYECKNX BbIPaXKEHUIA.
Mbl Mcnonb3yem MHTepdelic EXpr gns NpeAcTaBneHUs N060ro BbIPAXEHWS Ha 3TOM Si3bl-
Ke. MoKa YTo B HEM HET MEeTO/0B, HO Mbl 406ABUM MX MO3XKE:

// EXpr npeactaBnsieT apuMeTMyecKoe BbipaxeHue
type Expr interface{}

Haw 3bIK BbIpaXeHWIi COCTOMT U3 INTEpanoB ¢ NnaBakLWeil TOUKOI; 6MHapHbLIX onepa-
TOPOB +, -, * N /; YHapHbIX ONepaTopoB -X U +X; BbI30BOB DYHKUMIA POW (X,Y), sin(x) u
sqrt(x); nepeMeHHbIX, TaKUX KakK X U pi; 1, KOHEUYHO Xe, CKOBOK 1 npaBua cTaHAapTHbIX
npuopuTeTOB onepaTtopoB. Bce 3HavyeHns umetoT Tun float64. BoT HECKObKO NpUMeEpPOB
BbIPaXXEHWA:

sqrt(A / pi)
pow(x, 3) + pow(y, 3)
F-32)*b/9

MATb NPUBEAEHHBIX HUXE KOHKPETHbIX TUMOB MpPeACcTaBNSOT OTAeNbHble PasHOBUAHO-
CTU BbIp@XEHUA. Var npefcTaBNseT CCbINKY Ha NMepeMeHHYto (Bbl BCKOpe MoiimMeTe, noyemy
OHa akcropTupyemas), literal npeacTaBnseT KOHCTaHTY C MnaBaloleil TOUKoi. Tunbl
unary nbinary npeAcTaBnsiOT BbipaXKeHMs C oNepaTopaMmi C OAHUM UK ABYMS OmepaH-
Jamu, KoTopble, B CBOI ouepedb, MOTYT GbiTb Nt06bIMU pasHoBugHOCTAMKU Expr. call
NpeAcTaBAseT Bbi30B PYHKLMUMW; Mbl OFpaHMunM ee none f n 3HaueHUsMuU pow, sin nsqrt.

aoDL.1o/ch7/evalL
11 Var onpefensieT MepemMeHHyw, Harpuvep X.
type Var string

11 literal npegcTaBnsieT CO6O YMCNOBYKW KOHCTaHTY, Hanpumep 3.141.
type literal float64

11 unary npeacTaBnsieT BbipaXeHUWEe C YHapHLIM OMepaTopoM, HanpuMep -X.
type unary struct {

op rune 11 ™+ wwm "-"

X Expr

}

// binary npeficTtasfifeT BblpaxeHWe C OMHapHLIM OMepaTopoM, HanpuMep X+y.
type binary struct {

op rune // "+°, wwn /°

X, Yy Expr
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// call npepactaBnaeT BbipaxeHne Bbi30Ba (yHKUWKM, Hanpumep sin(x).
type call struct {

fn string // ogHo u3 “pow, '"sin", "sqrt"

args []Expr

Ons BbIUNCNEHWS BbIPAXKEHWIA, COAepXKalMX NepeMeHHble, Ham MOHafo6uTCs cpeaa,
KoTopasi 0TO6paXkaeT UMeHa NepemMeHHbIX Ha 3HaYeHus:

type Env map[Var]float64

Ham Take HY>XHO0, UT06bl KaxAablii BUA BbipaeHUs onpepensn metod Eval, koTopsblii
BO3BpALLAET 3HAYEHME BbIPAXXEHUs B JaHHOW cpefie. MOCKONbKY Kaxoe BblpaXKeHUe fOMK-
HO NpefoCTaBNATL 9TOT METOA, Mbl 406ABUM ero K UHTepdeiicy Expr. MakeT akcnopTupyet
TOMbKO TURbI EXpr, Env 1 Var; KAWeHTbl MOTYT UCMO0b30BaTh BblYUCANTENb 6e3 06palye-
HUS K APYTUM TUNAM BblIPaXeHWA.

type Expr interface {
// Eval Bo3BpawaeT 3HayeHMe AaHHOro Expr B cpefe env.
Eval(env Env) float64

Hue npuBoasaTca KOHKpeTHble MeToabl Eval . MeTtog ansa Var BbINO/HAET NOUCK B Cpe-
Je, KOTOpblIii BO3BpaLlaeT Hy/b, €C/IN MepeMeHHas He onpegeneHa, a metog ana literal
MpoCTO BO3BpallaeT 3HaA4YeHMe nuTepana.

func (v var) Eval(env Env) float64 {
return env[v]

}

func (@ literal) Eval(_ Env) float64 {
return float64(l)

}

Metogbl Eval gna unary u binary pekypCUMBHO BbIYMCASAOT UX OMepaHfbl, a 3aTem
NPUMEHAIOT K HUM onepauuio op. Mbl He paccMaTpuBaeM fefieHue Ha Hynb uim 6ecko-
HEYHOCTb Kak OWMOKM, TaK KaK OHW Aal0T pe3y/bTaT, XOTS U He ABAALLUIACA KOHEYHbIM.
HakoHew, ans call meTof BblUMCNSET aprymMeHTbl PYHKUMA pow, Sin nam sgrt, a 3atem
BbI3blBaeT COOTBETCTBYIOLLYIO (DYHKLMIO U3 nakeTa math.

func (u unary) Eval(env Env) float64 {
switch u.op {
case :
return +u.x.Eval(env)
case "-7:
return -u.x.Eval(env)

panic(fmt.Sprintf(‘'HenogaepxnBaembii yHapHbIA onepaTop: %g™, u.op))

}
func (b binary) Eval(env Env) float64 {
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switch b.op {
case "+":

return b.x.Eval(env) + b.y.Eval(env)
case

return b.x.Eval(env)
case "*":

return b.x.Eval(env) * b.y.Eval(env)
case

return b.x.Eval(env) / b.y.Eval(env)

b.y.Eval(env)

panic(fmt.Sprintf("'HenoaaepxnBaemsli 6UHapHLIn onepaTop: %g™*, b.op))

func (c call) Eval(env Env) float64 {
switch c.fn {
case ''pow':
return math.Pow(c.args[0].Eval(env), c.args[l].Eval(env))
case ''sin":
return math._Sin(c.args[0].Eval(env))
case ''sqrt':
return math.Sgrt(c.args[0]-Eval(env))

}
panic(fmt.Sprintf(*'HenogaepxmBaembii BbIZOB (yHKUMK: %s™, c.fn))

HekoTopble M3 3TUX METOAOB MOFYT 3aBepllaTbCA OWWOKON. Hanpumep, BbipaxeHue
call moxeT cofep>xaTb HEU3BECTHYH (PYHKLMIO UM HEBEPHOE KONMYeCTBO apryMeHTOB.
MOXHO Takxe co3faTb unary wav binary ¢ HefonyCTUMbIM ONepaTopoM, TakMM Kak !
MM < (XOTA YNOMSAHYTad HWXe (YHKUMA Parse HUKOrga He nocTynuT Takum o6pasom).
3TV ownbKM NPUBOAAT K aBapuitHoii cuTyauun B Eval. [pyrue ownbKun, Takne Kak Bbl-
yncneHue Var, oTCyTCTBYIOLLE B cpede, NMpoCTO 3acTaBnsaloT Eval BepHyTb HEBepHbIi
pesynbTaT. Bce 3T OWKMOKM MOryT 6bITb 0O6HapYyXXeHbl NyTeM MPOBepKU EXpr nepeg ero
BbluMcneHmem. B aTom n coctomT pabota meToga Check, KOTOpbIA Mbl BCKOpe Bam MOKa-
eM, HO cHayana faBaiiTe npoeepum Eval.

MpuBeaeHHas Hmke dyHKums TestEval npegctaBnseT coboil MpoBepKy BblUMCANTE-
na. OHa ncnonb3yeT nakeT testing, KoTopblil Mbl 6ygem paccmaTpuBaTh B rnase 11, “Te-
CTMPOBaHME”, HO MOKa JOCTATOYHO 3HaTb, YTO BbI30oB t. Errorf coobuwaer 06 owunbKe.
dPyYHKLMSA NPOXoAMT No Tabnunue BXOAHbIX faHHbIX, KOTOpas onpeaensieT TPW BbIpaXXeHUs U
pasnuyHble cpefbl 418 KaXA0ro u3 Hux. MNMepBoe BbipaXeHWe BbIYUCIAET paguyc Kpyra no
ero naowaan A, BTopoe BblYMCASET CYMMY Ky6OB [BYX MepeMeHHbIX, X 1y, a TpeTbe npe-
o6pasyeT TemnepaTypy no ®apeHreinTy F B TemnepaTypy no Lienscuto.

func TestEval(t *testing.T) {
tests = []struct {
expr string
env Env
want string

H
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{"sqrt(A / pi)", Env{"A": 87616, "pi”: math_Pi}, "167'%},
{"pow(x, 3) + pow(y, 3)", Env{"x": 12, "y": 1}, "1729"},
{’pow(x, 3J) + pow(y, 3)", Env{"x": 9, "y": 10}, "1729"%},
{'579* F - 32", Env{"F": -40}, '-407},
{579 * F - 32", Env{"F": 32}, "0"},
{'579* F - 32)", Env{"F": 212}, 1007},
\}/ar prevExpr string
for _, test := range tests {
// BbBOOWUT €Xpr, TONbKO KOrja OHO W3MeHsieTcs,
it test.expr !I= preveExpr {
fmt.PrintfF("\n%s\n", test.expr)
prevExpr = test.expr

expr, err := Parse(test.expr)

if err = nil {
t.Error(err) // Ouubka aHanu3a
continue

éot = fmt.Sprintf(""%.69", expr.Eval(test.env))
fmt. Printf(C"\thv => %s\n", test.env, got)
if got = test.want {
t.ErrorfC%s.Eval() B %v = %q, Tpebyetca %g\n",
test.expr, test.env, got, test.want)

[na kaxpgol 3anucu B Tabnmue TeCT BbIMOAHAET CUHTAKCUYECKMI aHann3 BblpaXXeHus,
BbIYMCNAET ero B ONpPefeNeHHON cpefe W BbIBOAMT pesy/bTaT. Y HAc HeT BO3MOXHOCTU
npuBecTu 34ecb PYHKLMIO Parse, HO Bbl CMOXeTe HallT ee UCXOAHbIA TEKCT, ecin 3arpy-
31Te MakeT C MOMOLLbIO go get.

KomaHpa go te st (pasgen 11.1) 3anyckaeT TecTbl nakera:

$ go test -v gopl.io/ch7/eval

dnar -v no3BonseT yBUAETb BbIBOA TeCTa, KOTOPbIA 06bIYHO NOAaBnAseTca ANns ycnew-
HO NPONAEHHbIX TeCTOB. BOT BbIBOA MHCTPYKUMiA fm t. P rintf TecTta:

sqrt(A / pi)
map[A:87616 pi:3.141592663589793] => 167

pow(x, 3) + pow(y, 3)
map[x:12 y:17 => 1729
map[x:9 y:10] => 1729

579 * F - 32
map[F:-40]=> -40
map[F:32] => 0
map[F:212] => 100



242 rNABA7  WHTEP®EWCHI

K cyacTbio, MOKa YTO BCE BXOAHbIE JaHHble KOPPEKTHO CHOPMUPOBAHLI, HO BPSA N Tak
6ynet Bcerga. Jaxe B MHTEPNpPeTMPYEMbIX A3blKax pacrnpocTpaHeHa npoBepKa CUHTaKCK-
ca Ha CTaTW4yeckne OWUBKHK, T.e. Ha OWIMOKMU, KOTOPble MOXHO 06HapyXuUTb 6e3 3anycka
nporpammbl. OTAeNss CTaTUYeCKWe NPOBEPKU OT SUHAMMUYECKMUX, MOXHO GbicTpee 06Ha-
PY>XUBaTb OWIMGKN W BbIMOMHATL MHOTO0 MPOBEPOK TOMbKO OfAMH pa3, BMECTO TOr0 4TOObI
BbINONHATb NMPOBEPKN MPU KaXKAOM BbIYUCNEHUN BblpaXKeHUS.

[JaBaiite gobaBum B uHTepdeiic Expr ewe oanH metoq. Metog Check BbimonHseT
NPOBEPKY Ha CTaTMYecKune OWNOKN B CUHTAKCUYECKOM [epeBe BbipaxeHus. Ero mapametp
Vans Mbl NOSICHUM YYTb MO3Xe.

type Expr interface {
Eval(env Env) float64
// Check coobwaeT 06 owmbkax B fJaHHOM Expr u pobaenset cBou Vars.
Check(vars map[Var]bool) error

Hwvke nokasaHbl KOHKpeTHble MeToabl Check. BoluucneHue literal uVar He moxeT
6bITb HeygayHbIM, NO3TOMY MeTogbl Check ana aTux Tunos Bo3BpawarT nil. Metogbl
Ana unary v binary cHavyana npoBepsitoT, YTO onepaTop ABASETCH AOMYCTUMbIM, a 3aTem
PEKYPCMBHO MPOBEPAIOT onepaHAabl. AHaNorM4yHo MeToA ansa call cHayana nposepsieT, 4To
(OYHKUMA M3BECTHA U MMeeT NpaBUIbHOE KOANYECTBO apryMeHTOB, a 3aTeM PEKYPCUBHO
NpOoBepsieT KaXAbIA aprymeHT.

func (v Var) Check(vars map[Var]bool) error {
vars[v] = true

return nil

}

func (literal) Check(vars map[Var]bool) error {
return nil

}

func (u unary) Check(vars map[Var]bool) error {
if Istrings.ContainsRune(*+-", u.op) {
return fmt.Errorf('"HeKOpPEeKTHbIi yHapHbii onepaTtop %q', u.op)

¥

return u.x.Check(vars)

}

func (b binary) Check(vars map[Var]bool) error {
if {strings.ContainsRune(""+-*/", b.op) {
return fmt.Errorf("'"HeKOppeKTHbIli GMHapHLIA onepaTtop %q™j b.op)

if err = b.x.Check(vars); err I= nil {
return err

>
return b.y.Check(vars)



7.9. MPUMEP: BLIYUCIUTENb BBIPAXKEHUA 243

func (c call) Check(vars map[Var]bool) error {
arity, ok := numParams[c.fn]
if lok {
return fmt.Errorf("HensBecTHaa (yHkuma %q", c.fn)

}
if len(c.args) != arity {
return fmt.Errorf("Bbi30B %s mmeeT %d BMecTo %d aprymeHToB",
c.fn, len(c.args), arity)

}
for arg := range c.args {
if err := arg.Check(vars); err = nil {
return err
}
return nil

}
var numParams = map/[string]int{"pow": 2, "sin": 1, "sqrt": 1}

Mbl pa3gensemM HeKOPPEeKTHble BXOAHble AaHHble M OWMOKMW, KOTOPble OHU BbI3bIBAIOT,
Ha aBe rpynnbl. (He nokasaHHas) PyHKUMA Parse coobuaeT 0 CUHTAKCUYECKMX OLnbKax,
a PyHKuma Check — o cemaHTUYeCKux.

X % 2 HenpegBUAEHHbIA cumBon '%'
math.Pi HenpeaBWAEHHbLIA CUMBON
Itrue HenpeaBuAeHHbIi cumson ‘!’
"hello" HenpegBWAEHHbIA CMMBON

log(10) HemssecTHasa QyHkuma "log"
sqrt(l, 2) BbI30B sqrt umeeT 2 BMecTO 1 aprymeHTOB

AprymeHT (yHKuum Check, MHOXecCTBO Var, HakannmBaeT MHOXECTBO UMEH NepemeH-
HbIX B BblpaXKeHUU. Kaxgad u3 aTMX NepemMeHHbIX AO0/XKHAa NMPUCYTCTBOBAaTb B Cpefe AN
OLEHKMW ycnexa. 3TOT Habop NOrMyeckn ABNAeTCA pesynbTaToM Bbi30Ba hyHKUMM Check,
HO MOCKO/IbKY MeTO[ fBSeTCA PeKYPCUBHbLIM, 60/ee yA06HO 3aM0NHATL MHOXECTBO, nepe-
[aBaemMoe B KayecTse napameTtpa. B nepsoHayanbHOM Bbl30Be K/MEHT [O/DKEH MpefocTta-
BUTb MYCTO€ MHOXECTBO.

B pasgene 3.2 mbl BbiBOAUAW rpadnk GyHkumn f(x,y), 3apuMKCMpoBaHHOW BO BpeMs
KoMnuasummn. Tenepb, KOrga MOXHO BbIMOMHATb CUHTAKCMUYECKMIA aHanu3, NpoBepKy U Bbl-
YnCNeHue BbIPAXKEHWU, 3aflaHHbIX B BUAE CTPOK, Mbl MOXEM MOCTPOUTL BEG-MPUNOXeHNE,
KOTOpOe MonyvaeT BblpaXeHWe (YHKLMUM BO BPEMS BbIMOSIHEHWUA OT K/IMEHTa U CTPOUT ee
rpamk. Mbl MOXXeM MCNOMb30BaTb MHOXECTBO Vars AN NPOBEPKU, YTO BbipaXeHune npea-
CTaBnseT co60i (hYHKLMIO TONbKO OT BYX MepeMeHHbIX, X Uy (Ha camoMm fiene oT Tpex, Tak
KaK Mbl Ans ygo6cTea npefocTaBfiseM BO3MOXHOCTb MCNO/b30BaTh paguyc r). Mol Gyaem
ncnonb3osatb MeTof Check, Toro 4to6bl OTKNOHUTL HEKOPPEKTHbLIE BbIPAXEHUA [0 UX Bbl-
yncneHus, (a He NOBTOPATb 3T NpoBepkn 40 OO0 pa3 (100x100 siveek, Kaxaas C YeTblpb-
Ms yriamMmu) Npu BbIYUCIEHUN 3HAYEHUIA PYHKLUNK).

dyHkuna parseAndCheck obbefMHAET ONMCAHHbIE LWArk aHaansa n NPOBEPKU:
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goolL.io/ch7/surface
import ngopl.io/ch7/eval™

func parseAndCheck(s string) (eval.Expr, error) {
if s="{
return nil, fmt.Errorf(*'nyctoe BbipaxeHune')
zxpr, err := eval .Parse(s)
it err 1= nil {
return nil, err

vars := make(map[eval.Var]bool)
if err = expr.Check(vars); err != nil {
return nil, err

for v = range vars {
ifv =" & v I=2"y" && v I="r"
return nil, fmt.Errorf('Heu3BecTHaa nepevmeHHas: %s', V)

}

return expr, nil

UTo6bl NMOMYUYNTb M3 9TOrO BEG-MPUIOXKEHME, BCe, YTO HaM Hafo, — 3TO MPUBEAEHHas

HKe PyHKuma plot, KoTopas nmeeT 3HaKoMyto curHatypy http.HandlerFunc:

func plot(w http.ResponseWriter, r *http.Request) {
r.ParseFormQ
expr, err := parseAndCheck(r.Form.Get("expr™))
if err = nil {
http.Error(w, "HeKOppeKTHOe BblpaxeHue: "+err.Error()
http.StatusBadRequest)
return

}
w_Header () -Set("'Content-Type', "image/svg+xml'")
surface(w, func(x, y float64) float64 {

r = math.Hypot(x, y) // PacctosHue ot (0,0)

return expr.Eval(eval .Env{"x": x, "y":vy, "r'': r})

b

®dyHkuMa plot BbIMOMHAET CMHTAKCUYECKWIA aHann3 U NpPOBEPKY BbIPXEHUS, yKa-
3aHHOro B 3anpoce HTTP, u ncnonb3yert ero Ans co3gaHUs aHOHUMHON PYHKLUKU OT ABYX
nepemMeHHbIX. AHOHUMHaA PYHKLMA MMeeT Ty Xe CUTHATYpy, YTO U (IMKCUpOoBaHHaA PYHK-
uma f B MCXOAHOW MporpaMmme yepyeHWUs rpaduKoB, HO BbIYUCNAET BblpaXeHue, 3afjaHHOe
nonb3osatenemM. Cpefia onpegenseT nepeMeHHble X Uy W paguyc r. HakoHey plot Bbi3bl-
BaeT pyHKumio surface, KoTopas fBnAeTca Npocto yHKumed main m3 gopl.io/ch3/
surface, M3MEHEHHO Takum 06pa3om, YTOObI NOAy4YaTb B KauyecTBe MapaMeTpoB (YHK-
LMK yepyeHns n BbIBOA i0.W riter BmecTo ukcmpoBaHHoOW yHkumn f n os.Stdout.

Ha puc. 7.7 nokasaHbl TP MOBEPXHOCTM, HaYepPUYEHHbIe NPOrPamMMONi.


http://http.HandlerFunc
http://http.ResponseWriter
http://http.Request
http://http.StatusBadRequest
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iocalhost:3000/plot?expr ; X

c f* localhoste000/piot?expr=pow(2,sin(y})*pow(2)sin(x})/12

iocaihost:8000/plot?expf X

localhost:8000/piot?sxpr=sin(x*y/10)/10

Puc. 7.7. T'padmku Tpex yHKumid: a) sin( -x)*pow (l. B, -r);
6) pow (2,sin(y))*pow (2,sin(x))/12;B) sin(x*y/10)/10
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YnpaxHeHue 7.13. lobaBbTe MeTof String K EXpr Ans Kpacusoro BbiBOJAa CUHTAKCU-
Yyeckoro fAepesa. Y 6eAnTechb, YTO pesynbTaTbl NMPY NOBTOPHOM aHanun3e AaloT 3KBMBA/IEHT-
Hoe fiepeBso.

YnpaxHeHue 7.14. OnpefennTe HOBbI KOHKPETHbIMA TUM, KOTOPbI COOTBETCTBYET WH-
Tepeiicy EXpr u npegoctaBnseT HOBYIO Onepaunio, Takyl Kak BblYMCNEHWEe MUHUMAb-
HOro M3 3Ha4yeHWn ee onepaHfoB. MMOCKOMbKY (PYHKUUA Parse He co3faeT 3K3eMNaspoB
3TOro HOBOrO TUNA, ANA ee NMPUMEHEHWA BaM Haf0 CTPOUTHL CMHTaKCUYeCKoe AepeBo Hemno-
CPefCTBEHHO (MM paclIMpsATb CUHTAKCUMYeCKUiA aHanm3artop).

YnpaxHeHnue 7.15. Hanuwunte nporpammy, KoTopas 4YMTaeT M3 CTaHLApTHOro BBOAA
e4VHCTBEHHOE BbIpaXKeHWe, npepsiaraeT MoAb30BATENO0 BBECTU 3HAYEHUS MEepPeMEeHHBbIX, a
3aTeM BblYMCASET BblpaXXEHME B MOYUYeHHOW cpeae. AKKypaTHO ob6paboTaiiTe BCe OLIMOKN.

YnpaxHeHue 7.16. HanuwunTte nporpamMmmy-KanbKynatop ans Beob.

7.10. leknapauny TUMNOB

[Jeknapaums Tuna (type assertion) npefactaBnseT coboil onepauuto, NPUMEHAEMYHO K
3HauYeHMo-nHTepdeiicy. CUHTaKCMYEeCKU OHa BbIFAANUT, Kak X. (T), rae X — BblpaXeHue
NHTepcheiicHoro Tuna, a T ABNAETCA TUMOM, UMEHYEMbIM “Aeknapupyembim'’ (asserted). Ade-
Knapauus Tuna npoeepsieT, UTO AMHAMMWYECKUIA TUM ero onepaHja X COOTBETCTBYeT Aekna-
pupyemomy Tumny.

CylLecTBYIOT ABe BO3MOXHOCTW. Bo-nepBbix, ecnn geknapupyembiii Tun T aBnseTcs
KOHKPETHbIM TUMOM, TO AeKnapauns TUNOB NPOBEPSeT, UAEHTUYEH NN LUHAMUYECKUA TUN
x Tuny T. Ecnv 3Ta npoBepKa 3aBepLUaeTca YCNewHo, pe3ynbTatom Aekiapauum Tuna ss-
NAETCA AMHAMWYECKOe 3HaYeHue X, TUMOM KOTOPOro, KoHeyHo, asnsetcd T. Apyrumm cno-
BamW, feKfapauua Tuna g1 KOHKPETHOrO TUMa U3BNEKAET KOHKPETHOE 3HaYeHue 13 CBOero
onepaHfa. Ecnn npoBepka HeyjauHa, TO CO3[aeTcA aBapuitHas cuTyaums, Hanpumep:

var w io.Writer

w = o0s.Stdout

f = w.(C*os.File) // YcnewHo: f == os.Stdout

c = w. (*bytes.Buffer) // AsapuiiHaa cuTyauusi: UHTepgeiic XpaHuT
// *os.File, a He *bytes.Buffer

Bo-BTOpbIX, €C/IM BMECTO 3TOr0 JeKnapupoBaHHbIil TUN T ABASeTCA TUNOM WHTepdeiica,
TO AeKnapauus TMNOB NPOBepseT, COOTBETCTBYET M AMHAMUYECKWI TUN X UHTepdeicy
T. Ecniv npoBepka NpoLuia ycnewHo, AuHaMu4eckoe 3HauyeHe He N3BNEKaeTCs; 3Ha4YeHNEM
pe3ynbTaTa 0CTaeTCsA 3HayeHue MHTepdelica ¢ TeEM XKe TUMOM W 3HAYEHUAMU KOMMOHEHTOB,
HO cam pe3ynbTaT MMeeT TUM WHTepdelica T. Apyrumu cnosamu, feknapauus tuna Ans
TMNa nHTepgeica M3MeHSeT TUN BbIPaXXEHMUS, Aenast OCTYMNHbIM MHOI (06bIYHO BONbLLNIA)
Habop MeT0A0B, HO COXPaHAET AMHAMUYECKUIA TUM U 3HAYEHUS KOMMOHEHTOB BHYTPU 3Ha-
YyeHus nHTepdelica.

Mocne nepBoii feknapauuu TWMa, NMOKa3aHHOM HWXe, U W, U rw XpaHAT 0s.Stdout,
TaK YTO KaXKaas 13 3TUX NepemMeHHbIX NMeeT AMHAMMUYeCcKunin Tun *os. File, HO w, KoTopast
apnsetcs io.W riter, gemoHcTpupyeT Tonbko meTog W rite, B TO Bpemsi Kak rw uvmeeT
elte n metos Read.
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var w io.Writer
w = o0s.Stdout
rw = w.(io.ReadWriter) 11 Ycnex: *os.File vmeeT wmeToms Read n Write
w = new(ByteCounter)
rw = w.(io.ReadWriter) 11 AsapwuiiHas cutyaumsi: *ByteCounter
11 He wumeeT meToga Read

Hes3aBMCMMO OT TOrO, Kakoi TN 6blN AeKnapupoBaH, eciv onepaHj npefcTaBnseT co-
601 MHTepgelicHoe 3HadeHune nil, geknapaumsa Tuna SBAAETCA HeygayHoW. [deknapauus
TMNa ANA MeHee OrpaHMYMBalOLLero Tuna uHTepdelica (C MeHbLWWM KOANYECTBOM MeETO-
[0B) TpebyeTca pefKo, TaK Kak BefeT cebs TakK Xe, KaK mpucBavBaHWe, 3a UCKYEHUEM
cnydaa nil:

W = rw // i1o0.ReadWriter npucsamBaem io.Writer
w = rw.(io.Writer) // Ouwvubka TO/MbKO nNpu == nil

UacTo Mbl He YBEpeHbl B AMHAMWYECKOM TUMe 3HauYeHus uHTepdelica U XOTUM MpoBe-
pUTb, He IBNSIETCA 1M OH HEKOTOPbIM OMpeAeneHHbIM TUNoM. Ecin fAeknapauus Tuna noss-
nsieTcs B MpUCBaVBaHWM, B KOTOPOM OXWAaloTcs [Ba pe3y/bTaTta, KaK, HanpumMep, B NpuBe-
OEHHbIX HUKe 06bABMEHUAX, aBapuiiHas CUTyalns Npu Heyaaue onepauuy He NPOUCXOANT.
BmMecTo 3TOro Bo3BpallaeTcs 4ONONHUTENbHbI BTOPOI pe3y/bTaT 6yneBa TuMna, yKasbiBato-
WKiA ycrex unum Heyaady onepauuu:

var w io.Writer = os.Stdout
f, ok = w.(*os.File) // Ycnex: ok, ¥ == os.Stdout
bj ok := w.(*bytes.Buffer) // Heypaua: ok, b == nil

BTopoli pe3ynbTaT npucBavBaeTCcs MepeMeHHON ¢ uMeHeM OK. Ecnm onepauusa He yjaa-
nacb, oK nonyyaet 3HauyeHne False, a nepBblil pe3ynbTaT paBeH HYNEeBOMY 3HAYEHUIO fe-
KNapMpoBaHHOrO TUMNa, KOTOPbIA B AaHHOM NpuMepe npeAcTaBnseT coboli HyneBoe 3Haye-
Hue *bytes .Buffer.

PesynbTaT ok 4acTo HeMeLNeHHO MCNOMb3YyeTCA ANS MPUHATUA PelleHMs O nocneayto-

WMX geincTeuax. PacwuperHas gopma MHCTpyKUuuK i f no3BonsieT caenaTb 3TO JOCTATOUHO
KOMMaKTHO:

if f, ok = w.(*os.File); ok {
// ... Vicnonb3oBaHue T ...

}

Korga onepaHz Aeknapauuu Tuna npeactaBnseT co6oil NepeMeHHY0, BMECTO Apyroro
VIMEHW 1151 HOBOI NOKaNbHOW NepemMeHHON MHOr4a MOBTOPHO WUCMOMb3YETCsH UCXOAHOE UMS,
3aTeHstoLL,ee OpurnHan:

if wy ok = w.(*os.File)j ok {
11 ... Wcnonb3oBaHve w ...

}
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7.11. Pacno3HaBaHue owWnob0oK
C NOMOLbI0 AeKnapauuin TUMOB

PaccMOTpyM MHOXEeCTBO OLWIMOOK, BO3BpallaeMbiX (DaiinoBbIMM OnepauusMy B nakeTe
0s. Onepauus BBOAA-BbIBOAA MOXET 3aBEPLUMNTLCA OLMUOKON M3-3a MHOXECTBA NPUYMUH, HO
3a4aCTylo Tpy Pa3HOBUAHOCTM Heyfay JO/MKHbI ObITb 06paboTaHbl NO-pasHOMY: (aiin yxe
cywecTtByeT (414 onepayunii cosgaHus aiina), hakn He HailgeH (ANs onepaunin UTeHUa) u
OTCYTCTBMe MpaB focTyna. MakeT 0S MpeAocTaBasieT TpM BCOMOraTefibHble YHKUUW ANS
Knaccugmkaumm c6oeB B COOTBETCTBUM CO 3HAYEHUEM E€rrOT:

package os

func IskExist(err error) bool
func IsNotExist(err error) bool
func IsPermission(err error) bool

HavBHas peanusauns aTUX NpeauKaToB MOXeT NpPOoBepsTh, YTO CO06LeHNe 06 owunbKe
COLLEPXMT OMpeAeneHHY0 NOACTPOKY:

func IsNotExist(err error) bool {
// TpumeyaHne: He HagexHo!
return strings.Contains(err.Error(), "daiin He cywecTByeT")

}

OfHaKo, NOCKONbKY Normka 06paboTkM OWKNOOK BBOAA-BbIBOAA MOXET BapbMpoBaTbCA OT
0JHOV NnatopMbl K ApYroi, 3TOT MOAXOS He ABNAETCA HafeXHbIM, a OfiHa W Ta Xe oW unbKa
MOXeT 6bITb NepefaHa C pas3NNYHbIMU coobLeHnAMU. TpoBepKa HaNMUYMA NOLCTPOKU B CO-
00LLeHNM 06 OWMOKE MOXET OKa3aTbCs MOME3HON Npu TECTUPOBaHMK, YTOBLI 06ecneyYnTb
KOppPeKTHoe coobuieHne 06 owmnbke PyHKLMeR, HO ANa NPOU3BOACTBEHHOMO KoAa ero He-
[0CTaTouHoO.

bonee HajexHbIi NOAX04 3aknvaeTca B MPeAcTaBieHUU CTPYKTYPUPOBAHHBIX 3Ha-
YeHWiA OWKNBOK C MOMOLbIO cneunanbHOro Tuna. Maket os onpegenset Tun PathError
ANA onucaHus cboes, CBSA3aHHbLIX C omnepauuMaMu Hag nyTaMu haiinos, Takumm Kak Open
nnn Delete, a Takxe BapuaHT LinkError gna onucaHus c60eB onepauunii, BKAOYalo-
WmMx ABa NyTW K (haiinam, Hanpumep onepaunii Symlink nan Rename. BOT Kak BbIrnsgut
os.PathError:

package os
// PathError 3anuceiBaeT owMbKy, a Takke onepauuio u nyTb K dainy,

// KoTopble ee Bbi3Ba/M,
type PathError struct {

Op string
Path string
Err error
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func (e *PathError) ErrorQ string {
return eOp + " " + e.Path + ": " + e.Err.ErrorQ

}

BONbLWMHCTBO KNMEHTOB He 06pallatoT BHUMaHMs Ha PathError v o6pa6aTbiBatoT Bce
oWwn6KN efMHO06pasHO, NyTeM Bbl30Ba MX MeTOf0B Error. Xota mMeTon Error owmnGKu
PathError cdopmupyeT cooblleHMe C MUCMOMb30BaHWEM MPOCTOM KOHKaTeHaluu nonein,
CTPYKTypa PathError coxpaHseT 6a30Bble KOMMOHEHTbI OLWIWGKU. KNNEHTbI, KOTOPbIM He-
06X0AMMO OT/IMYaTb OAMH BWA OTKasa OT APYroro, MoryT MCMO/Mb30BaTh feknapayuu tuna
AN 06HApPYXXEeHUs OMpefesieHHOro TMna oWn6KM; KOHKPETHbIW Tun obecneynBaeT Gonee
nofpo6Hy0 MHGOPMaLMIO, YeM NpocTas CTPOKa.

err = os.0Open(*"'/no/such/file™)
fmt.Printin(err) // "otkpbitne /no/such/file: HeT Takoro daina™
fmt . Printf("%#v\n", err)
// BbiBOA:
// &os.PathError{Op:"open', Path:"7no/such/file", Err:0x2}

Tak paboTaloT TpU yNoOMAHYTble BCMNOMOraTesibHble (GyHKLMU. Hanpumep, nokasaH-
Has Huxe IsNotExist coobuiaeT, paBHa im owmnbka syscall _[ENOENT (pasgen 7.8)
WA OTNNYHON OT Hee owwnbke os .ErrNotExist (cm. i0.EOF B pasgene 5.4.2), nm
*PathError, 6a30Boi OWNOKON KOTOPOW ABASETCA OAHA U3 NEPEUYNCEHHBbIX.

import (
"errors”
"syscall”
)

var ErrNotExist = errors.New( paiin He cyuwecTtByeT")

// 1sNotExist Bo3BpawaeT 6yneBO 3HayeHVe, YyKasbiBawuee, npousoLna
// nm ouwnbka, CBAi3aHHasi C OTCYTCTBMEM (alina w Katanora. YCNnoBuw
// cooTBeTCTBYeT Kak ownbka ErrNotExist, Tak M HeKoTopble OWWBKM
// CUCTEeMHbIX BbI30BOB,
func IsNotExist(err error) bool {
if pe, ok := err.(*PathError); ok {
err = pe.Err

return err == syscall .ENOENT || err = ErrNotExist

A BOT Kak BbIFIAAUT NPUMeHeHNe 3Tol (YHKLUK:

err = os.Open("/no/such/file™)
fmt.Printin(os. IsNotExist(err)) // "true”

KoHeuHo, cTpykTypa PathError Tepsetcs, ecnm coobuieHme 06 owmnbke 06beANHAET-
cs B 6051€ee KPYMHYI CTPOKY, Hanpumep, ¢ nomowbio BbizoBa Fmt. Errorf. O6bi4HO pac-
no3HaBaHue OWNOKN LONXKHO BbIMOMHATLCA cpa3y nocse c6os, npexge Yem ownbka 6yget
nepejaHa Bbi3blBalOLLel YHKLNW.
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7.12. 3anpoc noBegeHmna ¢ NoOMoLblo
AeKnapaunini TUNos

MpuBefeHHaa HUXe /0FMKa CX0Xa C 4vacTblo Beb-cepBepa net/http, OTBETCTBEH-
HOV 3a HanucaHue noneit HTTP-3aronoBka, Takux Kak '"Content-Type: text/html".
io.Writer w npeactaBnser HTTP-oTBeT; 6aliTbl, 3anNUCbiBaéMble B HEro, B KOHEYHOM
nTore OTNPaBNSOTCA K KOMY-TO Ha Beb6-6pay3ep.

func writeHeader(w io.Writer, ContentType string) error {
if _, err = w.Write([Jbyte('Content-Type: ')); err I= nil {
return err
}
if _, err = w.Write([]byte(contentType)); err I= nil {
return err

}
n

Mockonbky MeTog Write TpebyeT 6ainTOBOro cpesa, a 3HauyeHue, KOTOPOE Mbl XOTUM
3anucbiBaTh, SIBASIETCA CTPOKON, Heobxoammo npeobpasoBaHune []byte(...). 3710 npe-
o6pas3oBaHue BbifenseT NamsaTb W AenaeT KOMWKO, HO KOMWUSA MOYTU cpasy Xe nocne 3anu-
cn oT6pacbiBaeTca. [aBaiiTe npefCcTaBUM, UTO 3Ta 4acCTb ABNAETCA YyTb /I He SAPOM Beb-
cepBepa v YTO NPOUNMPOBAHME KOAA NOKa3blBaeT, YTO Takoe pacnpefeneHve namaTu cy-
LLEeCTBEHHO 3amMeanseT paboTy. MOXeM i Mbl U36exaTb TaKOro pacnpegeneHuns namaTun?

VHTepgelic 10 .Writer roBoput HaM O KOHKPETHOM Tune, XpaHaLemcs B W, TO/IbKO TO,
YTO B HEr0 MOXHO 3anucaTb 6aliTbl. ECM Mbl B3rNSIHEM 3a Kynucbl naketa net/http, T0
YBUAMM, YTO JMHAMUYECKUIA TUM, KOTOPbIA XpaHUT w, UMeeT Takxe meTod WriteString,
KOTOpbI/i M03BOASAET HaMm 3(hPEKTMBHO 3anucbiBaTb CTPOKU 6e3 c034aHMA BPEMEHHOM KO-
nuu. (3TO MOXET MOKa3aTbCA CTPaHHbIM, HO PSf BaXHbIX TUMOB, COOTBETCTBYIOLINX WH-
Tepdelicy io.Writer, umeloT Takxe MeTog WriteString, BKAOYas Takue TWUMbI, Kak
*pbytes.Buffer, *os.File n *bufio.Writer.)

Mbl He MOXeM yTBepXfaTb, YTO MPOU3BOMbHLIA To.Writer w Takxe MMeeT MeTo[
WriteString. Ho Mbl MOXeMm oOnpegennTb HOBbIA MHTepdeiic, KOTOpbIi MMeeT TONbKO
3TOT METOf, W NCMOMb30BaTh AeKnapauuio Tuna Ans NpoBepKu, COOTBETCTBYET M AUHAMU-
YECKUI TUN w 3TOMY HOBOMY MHTepgeiicy.

// WriteString 3anuchLiBaeT S B W.
// Ecrm w nveeT metog WriteString, oH Bbi3biBaeTcsa BmecTo w.Write,
func writeString(w io.Writer, s string) (n int, err error) {
type stringWriter interface {
WriteString(string) (n int, err error)

if sw, ok = w.(stringWriter); ok {
return sw.WriteString(s) // l\36eraem KonupoBaHus

return w.Write([Jbyte(s)) // Vcnonb3yeMm BPEeMEHHY KOMuio
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func writeHeader(w io.Writer, contentType string) error {
if err := writeString(w, "Content-Type: '); err = nil {

return err

} _ _ ]

if _, err = writeString(w, contentType); err !I= nil {
return err

}

/1

UToObl M36€eXaTb NMOBTOPEHWA, Mbl MepPemMecTWNN MPOBEPKY BO BCMOMOraTefibHYI0
(hYyHKLMIO W riteString, HO OHa HacTOMbKO MOMe3Ha, YTO CTaHfapTHas 6ubnanoTeka npe-
pocTtaenseT ee Kak io.W riteString. 3T0 peKOMeH0BaHHbI/i cnoco6 3anucu CTPOKK B
io. Writer.

B aTomM npumepe n060NLITHO TO, YTO HET CTaHAAPTHOrO MHTepdeiica, KOTopbIli onpe-
penset meton W riteString v ykasbiBaeT ero tpebyemoe nosegeHue. Kpome T0ro, coot-
BETCTBYET NI KOHKPETHbIA Tun uHTepdelicy stringW riter, onpefensetcs TONbKO ero
MeTO4amu, a He KakMM-TO O6bABNEHHBIM B3aMOOTHOLLEHUEM MeXAY HUM U TUNOM WHTep-
(heiica. 3TO 03HAYaeT, YTO MOKa3aHHas Bbllle METOAMKA ONMPaeTCs Ha NPeAnoNioXeHue, YTo
€C/IM TUMN COOTBETCTBYET MOKa3aHHOMY Hue WHTepdeicy, To BbizoB W riteString(s)
JOMKeH BbINOMHATL Te Xe gelicteus, uto n Write ([ Jbyte (s)).
interface {

io.Writer
WriteString(s string) (n int, err error)

Xota i0.W riteString AOKYMEHTMPYET 3TO MpeAnosioXXeHne, HECKONbKO (YHKLWIA,
KOTOpble €ro BbI3bIBalOT, BEPOATHO, AO/MKHbLI JOKYMEHTUPOBATb, UTO OHW AENalT Takoe Xe
npeanonoxeHue. OnpegeneHne MeToAa y HEKOTOPOro TUNa ABAAETCA HEABHbIM COrnacumem
Ha onpefeneHHbI NOBefeHYECKUA KOHTpakT. HoBMukaM B GO, 0COGEHHO TeM, Y KOTOPbIX
MMeeTcs OnbIT paboTbl CO CTPOro TUMU3UPOBAHHLIMU A3blKaMu, 3TO OTCYTCTBME SBHOMO
yKa3aHWsa HamMmepeHWii MOXKET MoKa3aTbCA TPeBOXallMM, HO Ha MPaKTUKe OHO PeAKO BbI3bl-
BaeT Npobnembl. 3a UCKIOYEHMEM MYCTOro MHTepeiica interface{}, Tmnbl uUHTepdeii-
ca pefKo y0BNeTBOPAOTCA M3-3a HENPeLHAMEPEHHOIO COBMajeHus.

Moka3aHHasa Bblle PYHKUMA W riteString ucnonb3yeT feknapauuto Tuna gna Toro,
4TOObI BbISCHUTb, COOTBETCTBYET M 3HaYeHMe 06LLero Tna nHTepdeica 601ee KOHKPETHO-
My TUNY WHTepdelica, U ecn 3TO Tak, TO OHA UCNONb3yeT NOBeAeHMe NocnefHero. 3Ta me-
TOAMKA MOXeT MCM0Nb30BaTbCA HE3aBUCMMO OT TOrO, ABNSETCA v 3anpallBaeMblil UHTep-
(helic cTaH4apTHbIM, Kak io.ReadW riter, nim nonb3oBaTenbCkuM, Kak stringW riter.

MmeHHo Tak fm t.F printf oTnMuyaet 3HayeHus, cooTBeTCcTBYlOWME error wam fmt.
Stringer, oT BCEX NPoYMX 3HayeHwid. B fm t.Fprintf nmeeTca war, npeo6pasytowmii
OTAENbHbIA OnepaHf B CTPOKY, YTO-TO BPOAe 3TOro:

package fmt

func formatOneValue(x interface{}) string {
if err, ok = x.(error); ok {
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return err._Error()

}
if str, ok := x.(Stringer); ok {
return str.StringQ

// ... Bce npouve Tunbl ...

Ecnn X coOOTBETCTBYET NOGOMY M3 3TUX ABYX MHTEpP(eiicoB, OHN onpeaenstoT popmMa-
TUPOBaHWe AaHHOr0 3HavyeHWs. Ecnn e HeT, BbINONHAETCA 60/iee UM MeHee YHU(ULMpo-
BaHHasa 06paboTka BCEX NPOYMX TUMOB C UCMOMb30BaHWEM pethnekcun; 06 3TOM Mbl pac-
CKaxeM B rnase 12, “Pediekcua”.

N BHOBbL 3f1€Cb MCNONL3YETCA NPEAMNoNoXeHWe, 4To N060A TN ¢ MeTogom String co-
OTBETCTBYeT KOHTpPakTy nosefeHus Fmt _Stringer, KoTopbl/i BO3BpalLaeT roffllyocs
ANs BbIBOLA CTPOKY.

7.13. Bbibop THna

WNHTepgeiicbl NCNONb3YOTCSA ABYMSA pa3nuYHbiMU cnocobamun. B nepsom U3 HuX, npume-
pamun KoToporo sBnstTca io. Reader, io. Writer, fmt .Stringer, sort. Interface,
http.Handler v error, metogbl MHTEP(ENCOB BbipaXarT NOJ06ME KOHKPETHbIX TUMOB,
KOTOpble COOTBETCTBYIOT JAHHOMY WHTepdeicy, HO CKpbIBAlOT AeTann npeacTaBfeHUs ©
BHYTPEHHME OMnepauumn 3TUX KOHKPETHbIX TUMOB. AKLEHT NpW 3TOM [eNlaeTcad Ha MeTojax,
a He Ha KOHKPETHbIX TUNax.

BTOpoil CTUb NCNOMb3YeT CNOCOOHOCTL 3HAUYEHUs UHTepdeiica XpaHUTb 3HaYeHUs psaja
KOHKPETHbIX TUMOB U paccMaTpuBaeT UHTepdenc kak 0bbeguHeHne aTuX TUMNoB. Jeknapa-
LM TMNOB WUCMONb3YIOTCA A8 AMHAMWUYECKOro pacno3HaBaHWUA 3TUX TUMOB WM TPaKTOBKMU
Ka)K[0oro OoTAe/NbHOro cny4yas no-cBoeMy. B aTom cTune akueHT fenaeTcd Ha KOHKPEeTHbIX
TMnax, COOTBETCTBYIOLWMNX UHTEPdeicy, a He Ha MeTodax MHTepdeica (ecan OH UMeeT Ta-
KOBbIE), W HET HWKAKOro COKPbITUA MH(opMaumn. Mbl Bygem roBopuTb 06 MHTepdeiicax,
MCNOMb3yeMbIX TaKUM 06pa3oM, Kak 0 pacno3HaBaeMblX 06beANHEHUSX.

Ecnu Bbl 3HAaKOMbI C 00BEKTHO-OPUEHTUPOBAHHLIM MPOrPaMMMPOBaHMEM, TO Bbl MOXeETe
y3HaTb B 3TUX ABYX CTUASX NOAMMOPCM3M MOLTUMNOB U MeperpysKy, HO BaM He HY)XXHO 3ano-
MWHaTb 3TV TEPMUHbI. B 0CTaBLuelics YacTy rnaBbl Mbl NpeLCTaBUM MPUMepPbl BTOPOro CTUASA.

APl Go gna 3anpocoB K 6a3e gaHHbIX SQL, Kak W Apyrue sa3blku, No3BoaseT OTAENUTb
(PMKCMPOBAHHYIO 4acTb 3ampoca OT NepPeMeHHbIX YyacTeil. [pumMep KAnMeHTa MOXET BbIFNf-
JeTb cnegytowmm obpasom:

import "'database/sqgl"

func listTracks(db sgl.DB, artist string, minYear, maxYear int) {
result, err := db.Exec(
"SELECT * FROM tracks WHERE artist = ? AND ?<=year AND year<=?",
artist, minYear, maxYear)
/1
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MeTon Exec 3ameHsieT KaxAblii cumBon ? B CTpoke SQL-3anpoca nuTtepanom, 060-
3HayalLWmMM 3Ha4YeHNe COOTBETCTBYIOLLEr0 apryMeHTa, KOTOPbIA MOXET 6biTb IOrMYECKUM
3HAYEHMEM, YMC/IOM, CTPOKOA MM UMeTb 3HavyeHume nil. MocTpoeHUe 3aNpocoB TakMM 06-
pa3oM nomoraeT usbexartb aTak SQL-MHBEKLMNIA, NP KOTOPbIX 3/10YMbILUAEHHUK NOoAyYaeT
KOHTPO/Ib Haf 3anpocoM, UCMOJb3yA HEKOPPEKTHOEe 3aK/toUeHne B KaBblUKM BXOAHbIX AaH-
HbiIX. B Exec Mbl MOrfiM 6bl HaTK (PYHKLMIO Hanofobue MOKasaHHOI HWXe, KOTopas npe-
obpasyeT 3HauYeHMe Kaoro aprymeHTta B ero SQL-3anunch B BUAe nutepana.

func sqglQuote(x interface{}) string {
if x == nil {
return "NULL"
} else if ok = x.(int); ok {
return fmt.Sprintf("'%d", X)
} else if ok = x.(uint); ok {
return fmt.Sprintf("'%d", x)
} else if b, ok = x_(bool); ok {
if b {
return "TRUE"

l}feturn "FALSE"
} else if s, ok := x.(string); ok {

return sglQuoteString(s) // (®yHKUMS He nokKasaHa)
} else {

panic(fmt.Sprintf("'HenpeaBugerHbii TMn %T: W', X, X))

}

MHcTpykuma switch ynpowaet uenouky if-else, koTopasa BbINO/HAET NocnefoBa-
TeNbHOCTb MPOBEPOK HAa PABEHCTBO 3HayeHWii. AHanornyHas WHCTPYKUMA Bblibopa Twuna
(type switch) ynpouwaeT uenouky if-else geknapayuii TUNoB.

B npocTeiilem Buge BbI6GOp TUNa BbIFNAAMT, KaK 06blYHAA MHCTPYKLMSA switch, B Ko-
Topoi onepaHgom sBnaseTcs X.(type) — 34ech type npeactaBnser coboil Knouesoe
CNOBO, — a KaXfAas WHCTPYKLMSA case MMEEeT OAWH UAN HeCKObKOo TUMOB. Takas UHCTPYK-
umsa obecneymBaeT MHOXECTBEHHOE BETB/IEHME HAa OCHOBE AMHAMMYECKOro TMna 3HauyeHus
NHTepeiica. Cayyain nil cooTBeTcTBYeT cuTyaumm x == nil, a cnyyaih default obpa-
6aTblBaeT CUTyaL Mo, KOrga COOTBETCTBME He HaliaeHo. Beibop Tuna ans sqlQuote nmeer
cnefywouwmnii Bug;

switch x.(type) {

case nil: //
case int, uint: //
case bool: //
case string: // .
default: //

Kak 1 B 06bIYHOI MHCTPYKUMK switch (pasgen 1.8), Bce MHCTPYKLUKM case paccMma-
TPUBAKOTCA NO NOPSAAKY, W KOrja COOTBETCTBUE HaifjeHO, BbIMOMHAETCA TeN0 COOTBETCTBY-
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toweli MHCTPYKUMM case. MOpsSAOK MHCTPYKUWI CTAHOBUTCA BaXHbIM, KOrAa OAWH WU
HECKO/IbKO YYacCTBYIOLLMX B CPaBHEHWUAX TWUMOB SBAAOTCA MHTepgelicamu, Tak Kak npu
3TOM BO3MOXHa CUTyaLuus, Koraa cooTBeTCTBUe OyfeT HaifeHO B HECKONbKUX UHCTPYKLM-
ax case. lMonoxeHne nHcTpykumn default oTHOCUTENbHO MPOYMX MHCTPYKLWIA 3Haue-
HUS He umeeT. B BbiGope Tuna npumeHeHune fallthrough He paspeweHo.

O6patuTe BHMMaHME, YTO B UCXOAHON (YyHKUMW noruka ana cnydaes bool un string
TpebyeT fOCTyNa K 3Ha4YeHW0, U3BJIEYEHHOMY feKnapauneil Tna. Tak Kak 3TO 4OCTaTOYHO
TUNWYHAA CUTyauusa, MHCTPYKLUA Bblbopa TMNa MMeeT paclivpeHHyo gopmy, KoTopas B
KaXX[0M Case CBfi3blBaeT U3B/eKAeMOE 3HAYEHMWE C HOBOW MepeMeHHOA:

switch x = x.(type) {/*...*/}

34ecb HOBas MepeMeHHasi TakKXKe Ha3BaHa X; Kak W B C/lyyae fieknapauum Tuna, noBTop-
HOe MCMONb30BaHME WMMEH MEePEMEHHbIX ABASETCA AOCTAaTOMHO pacnpocTpaHeHHbIM. [lo-
[OOHO 06bIYHOM MHCTPYKLMM Switch, MHCTPYKUMA BbiGOpa TMMa HEABHO CO34aeT NeKCu-
YyecKuii 610K, TaK YTO 06BLABMEHWNE HOBOW MEPEMEHHOM X He KOH(IMKTYET C NEPEMEHHOR X
BO BHelHeM 6/10Ke. Kaxblil case TakXe HesBHO CO3AaeT OTAE/bHbIN NeKCUYecKuin 6/10K.

Mepenuwem sqlQuote ¢ Mcnoib30BaHMEM paclIMPEHHOro Bbibopa TUMOB, YTO AenaeT
KOf CYLL,ECTBEHHO MOHSTHee:

func sglQuote(x interface{}) string {

switch x = x.(type) {
case nil:

return "NULL"
case int, uint:

return fmt_Sprintf("%d”, x) // 3pecb x umeeT Tun interface{}.
case bool:

if x {

return "TRUE”

1eturn "FALSE"
case string:
return sqlQuoteString(x) // (He nokasaHa)
default:
panic(fmt.Sprintf('HenpeaBuaeHHbIA TN %T: %", X, X))

B aToli Bepcuu, B 6/10Ke KaX4Oro case C eUHCTBEHHbIM TUMOM MepemMeHHas X UMeeT
TOT XKe TWM, YTO W yKasaHHbIA B case. Hanpumep, X umeet tun bool B case bool un
™nN string Bcase string. Bo Bcex ocTanbHbIX cnyyasx X UMeeT (MHTepdelcHbIn) Tvn
onepaHga switch, B gaHHom npumepe — interface{}. Korga ogHo un To Xe geiicTBue
TpebyeTcs 4N HECKOMbKMX case, TakMX Kak int nuint, Bbl6Op TMNA NO3BONAET SIETKO UX
00bEANHUTD.

Xota sqlQuote NnpuHMMaeT aprymeHT nt060ro Tmna, PyHKLMS BbINOMHAETCS 40 KOHLA,
TO/IbKO €C/IX TUN aprymeHTa COOTBETCTBYeT OLHOMY M3 case B MHCTPYKLUMMK Bblbopa TUMa;
B NPOTMBHOM C/lyyae OCYLLECTBNAETCA aBapuiiHas cuTyaumsa € coobLieHUeM “HenpenBu-
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JeHHbIA TMN”. XoTa Tunom X sasnsetcs interface{}, Mbl paccmaTpuBaem ero Kak pac-
nosHasaemoe obbeAunHeHne int, uint, bool, string mnnil.

7.14. Mpumep: XML-pgekognposaHume
Ha OCHOBE JIeKCEM

B pasgene 4.5 6bi10 NoKasaHO, KakK AeKOAMPOBaTb AOKYMeHTbl JSON B CTPYKTypbl
Go ¢ nomouwbtlo (yHkunin Marshal n Unmarshal n3 naketa encoding/json. Maket
encoding/xm | npegocTaBnseT aHanoOrMYHbIN APl. 3TOT noaxoa yAo6eH, Korga Mbl XOTUM
NocTpOUTbL NpeAcTaBneHne AepeBa JOKYMEHTA, HO A1 MHOTMX MPOrpaMm 3TO He TpebyeT-
cs. MNakeT encoding/xm| Takxe npegoctaBnser gns gekognmposaHus XML HW3KoypoB-
HeBbll APl Ha ocHoBe fiekceM. py UCMOb30BaHMM CTUAA Ha OCHOBE NEKCEM CUHTaKCuye-
CKMUI aHanu3aTop NosiyvyaeT BXOAHbIE JaHHbIe U FeHepUpyeT NOTOK NIeKCeM, FlaBHbIM 06pa-
30M yeTbipex BuaoB (StartElement, EndElement, CharData n Comment), Kaxablii 13
KOTOpbIX SBNAETCA KOHKPETHbIM TUNomMm naketa encoding/xml. Kaxgblii BbizoB (*xml.
Decoder) .Token BO3Bpaw,aeT fieKCeMY.

Hwxxe nprBefeHbl CyLLeCTBEHHbIE 41 HALIEro paccMoTpeHus vactu API:

encodina/xmL
package xml

type Name struct {
Local string // Hanpuvep, "Title"” wwm "id"
>

type Attr struct { // Hanpwwvep, name="value"
Name Name
Value string

}

// Token Bkmwuyaet StartElement, EndElement, CharData

// n Comment, a TakKxe HeKOTopble CKpbiThle Tunbl (He nokasaHbl).
type Token interface{}

type StartElement struct { // Hanpumep, <name>

Name Name
Attr [JAttr
}
type EndElement struct { Name Name } // Hanpumep, </name>
type CharData []Jbyte // Hanpumep, <p>CharData</p>
type Comment []Jbyte // Hanpumep, <!-- Comment -->

type Decoder struct{ /*...*/}
func NewDecoder(io.Reader) “Decoder
func (*Decoder)Token()(Token, error) // Bo3BpawaeT ouyepefHylw feKcemy
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He nmetownin metofoB nHTepeiic Token Takxe ABNSETCA NPMMEPOM pacno3HaBaeMoro
06beanHeHmns. MNpegHasHavyeHne TPaguULMOHHOIO MHTepgeiica Hanogobue io.Reader —
CKpPbITb AeTaNn KOHKPETHbIX TUNOB, KOTOPble eMy COOTBETCTBYIOT, TaK, UTO6bl MOF/N ObITb
CO3JaHbl HOBblE peannsaLun; Bce KOHKpPeTHble TUMbl 06pabaTbiBalOTCS OAMHAKOBO. Hanpo-
TMB, HAabop KOHKPETHbIX TWNOB, KOTOPble COOTBETCTBYKT pacrno3HaBaeMomy o06befuHe-
HUWIO, ABNISIETCA M3HAYa/lbHO (PMKCMPOBAHHLIM U HE CKPbITBIM. TUMbl pacno3HaBaemMoro 06b-
eANHEHNS UMEIOT HECKObKO MeTOA0B; PYHKLUK, KOTOpble paboTaloT C HUMU, BbipaXaroTcs
B BUJe Habopa case Bbl6opa TMNa, C Pa3NUYHO NIOrMKOA B KaX40M KOHKPETHOM Chyyae.

MpuBeaeHHas fanee nporpamma xm lselect n3Bnekaet v BbIBOAUT TEKCT ONpeAeneH-
HbIX 3neMeHTOB fepeBa XML-gokymeHTa. C nomolbio onnucaHHoro Boile APl oHa MoxeT
[enatb CBOKO paboTy 3a O4MH MPOX04 N0 BXOAHbIM faHHbIM, 6€3 NOCTPOEeHNA fepeBa.

godL.io/ch7/xmLseiect

// Xmlselect BbBOANT TEKCT BblOpaHHbLIX 3/1€eMEHTOB XML-AOKyMeHTa.
package main

import (
"encoding/xml"
ll.ﬁntll
lliOll
"'os
"'strings"

1]

)

func main() {
dec := xml.NewDecoder(os.Stdin)
var stack []string // CTeKk vMeH 3/1eMeHTOB
for {
tok, err := dec.Token()
if err = 10.EOF {
break
} else if err = nil {
fmt.Fprintf(os.Stderr, "xmlselect: %v\n", err)
os.Exit(l)

gwitch tok = tok.(type) {
case xml.StartElement:

stack = append(stack, tok.Name.Local) // BHeceHve B cTekK
case xml.EndElement:

stack = stack[:len(stack)-1] // CHATME CO CcTeka
case xml.CharData:

if containsAll(stack, os.Args[l:]) {

fmt.Printf(""%s: %s\n", strings.Join(stack, " '), tok)

}
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// containsAll yka3sbiBaeT, COLEPXUT JIM X 3MEMEHTH Y B TOM Xe Mopsgke,
func containsAll(x, y [Istring) bool {
for len(y) <= len(x) {
if len(y) == 0 {
return true

1
it x[0] == y[0] {
y = yl[l:]

¥
x = x[I:]

>
return false

Kaxpablii pas, korga Uuukn B main sctpeuaet StartElement, oH nomeuiaet nvs ane-
MeHTa B CTeK, a Ana kaxgoro EndElement cHumaet umsa co cteka. APl rapaHTupyeT, uTo
nekcembl StartElement n EndElement B nocnegosaTensHocTu 6yayT KOPPEKTHO COOT-
BETCTBOBATb APYr APYry fLaXe B HEBEPHO CHOPMUPOBAHHBLIX JOKYMeHTaX. KomMmmeHTapum
urHopupytoTtca. Korga nporpamma Xxmlselect o6Hapyxusaetr CharData, oHa BbiBOAUT
TEKCT, TOIbKO €C/IN CTEK COLEPXMUT BCE 3/IEMEHTbl C MMEHaMW, MepevyncNeHHbIMU B Kaye-
CTBE aprymMeHTOB KOMaHAHOW CTPOKM B TOM XK€ NOpsifKe.

MokasaHHas HWXKe KoMaHJa BbIBOAWUT TEKCT BCex anemeHToB h2, koTopble HaxogsTcs
HUXe BYX YpoBHeii anemeHToB div. BBogOM nporpamMmbl sBaseTcs cneyudukanms XML,
cama asnatowasacd XML-4OKYMeHTOM.

$ go build gopl.io/chl/fetch

$ ./fetch http://www.w3.0rg/TR/2006/RECxmI 1120060816 |
-/xmlselect div div h2

html body div div h2: 1 Introduction

html body div div h2: 2 Documents

html body div div h2: 3 Logical Structures

html body div div h2: 4 Physical Structures

html body div div h2: b Conformance

html body div div h2: 6 Notation

html body div div h2: A References

html body div div h2: B Definitions for Character Normalization

YnpaxHeHue 7.17. PacwupbTe Bo3aMoxHocTn Xmlselect Tak, uTobbl anemMeHTbl MOT-
nn 6bITb BbIGPaHbI HE TONLKO MO UMEHW, HO ¥ Mo aTpubyTam, B Ayxe CSS, Tak 4To, Hanpu-
Mep, anemeHT Hanogo6ue <div id=""page” class=""wide,,> mMoxeT 6bITb BbIGpaH Kak
no cooTBeTcTBUIO aTpubyToB id unm class, Tak 1 nNo ero UMeHw.

YnpaxHeHue 7.18. C nomowbtio APl fekofepa Ha OCHOBE fleKCeEM HanuwuMTe Nporpam-
My, KoTopas GYyAeT uMTaTb NPOM3BOMbHbIA XML-[OKYMEHT U CTPOUTbL MPeAcTaBAstoLLee
ero AepeBo. Y3nbl MOFyT 6biTb ABYX BMAos: y3nbl CharData npeactaBnstoT TeKCTOBble
CTpoKw, a y3nbl Element — vmeHoBaHHbIe 371€MeHTbI U 1UX aTpubyThl. Kaxablit ysen ane-
MEHTa UMEeET Cpe3 AOUYEPHUX Y3/O0B.

Bam MOTYT NpUroAnTLCS CreaytoL e o06bIBNEHNS:
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import "encoding/xml™

type Node interface{} 11 CharData or *Element
type CharData string

type Element struct {
Type xml _.Name
Attr [ixml .Attr
Children [JNode

7.15. HeckosnibKoO coBeToB

MpoeKTMpOBaHWe HOBOrO MakeTa HauyuHaloume NporpaMmMucTbl GO 4acTo HavyMHalT C
CO3[jaHNA MHOXeCTBa MHTepelicoB 1 TOMbKO NOCAe 3TOro onpeAenstoT KOHKPETHbIE TUMbI,
KOTOpble UM COOTBETCTBYIOT. DTOT MOAXOA faeT HECKONbKO MHTep(elicoB, KaXAablil U3 Ko-
TOpbIX MMeEeT TOMbKO OfHY peanu3aunio. He genaiite atoro. Takne MHTepgencobl ABAAIOTCS
HEHYXXHbIMW abCcTpakLMsMM, KOTOPble K TOMY XK€ MMEKT CBOK HEHY/eBYH CTOMMOCTb BO
BpeMsl BbIMOMHEeHNA. OrpaHUYNTL MeTOAbl TUMa AN MOMs CTPYKTYPbl, BUAVMbIE U3BHE Ma-
KeTa, MOXHO C MOMOLLbI0 MexaHM3Ma akcrnopTa (pasgen 6.6). MHTepdechbl HYXXHbI TONbKO
B TOM C/ly4ae, ec/im ecTb HECKOJIbKO KOHKPETHbIX TUMOB, paboTa ¢ KOTOPbIMW A0/KHA Bbl-
MOJIHATLCA €4MHO06pa3Ho.

VickntoueHnem 13 3TOr0 npaBuia ABASeTCA CMTyauus, Korga uHTepdelicy coOOTBETCTBY-
eT eJMHCTBEHHbI KOHKPETHbIA TUM, HO 3TOT TUM He MOXET Hax0AUTbCA B TOM e MakeTe,
4TO M MHTepdelic, M3-3a CBOMX 3aBMCMMOCTEN. B TakoM ciyyae UHTepdeic ABnseTca xXopo-
UMM CPeSCTBOM pa3Bsi3blBaHWUSA ABYX MaKeTOB.

MockonbKy MHTepgeicebl ncnonb3ytoTcs B GO TONbKO TOrAa, KOrja UM COOTBETCTBYHOT
ABa UM 6oniee TUMOB, OHW 0693aTeNbHO abCcTparnpytoTca OT geTaneid 1060 KOHKPETHOW
peanu3auuu. B pesynbTaTe nonyvatoTca MHTepeiicbl MeHbLIero pasmepa ¢ He6o/bLIM-
MW, NPOCTBIMW METOAaMU, NpPUYeM 3a4acTyl TOMbKO C OAHMM METOAOM, Kak B Cly4ae C
io.Writer mam fmt.Stringer. HoBbiM Tumam npouie COOTBETCTBOBATb HEGONbLUIMM
NHTepgheiicam. Mpn NpoeKTMpPOBaHUN MHTepdeiica CTONT cnefoBaTb NpaBuay 3anpalluBaii-
Te TO/bKO caMoe HeobXoaMMOoe.

Ha 3ToM Halle 3HaKOMCTBO C MeToAamMu U nHTepdelicamu 3aBeplieHo. Go noagepxusa-
eT 06BbEKTHO-OPUEHTMPOBAHHbIM CTUMb NPOrPaMMUPOBAHUS, HO 3TO He 03HA4YaeT, YTO Bam
HY)>XHO MCMO0Mb30BaTb UCKNHOUYMTENbHO ero. He BCce AO/MKHO 6GbiTb 06BEKTOM; CBOH HULY
3aHUMMaKT aBTOHOMHbIE (DYHKLUUM, TaK e KaK W He WHKArCynupoBaHHble TUMbI JaHHbIX.
O6paTuTe BHUMaHWE, YTO BCe MPUMEPbLI B NEPBbLIX NATU rnaBax 370N KHUIM BMeCTe Bbi3bl-
BalOT He 6onee ABYX AeCATKOB METOA0B, TaKUX Kak input.Scan, B 0TMYMe OT 0ObIUYHbIX
thyHKuniAi Hanogobue fm t.Printf.
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MapannenbHoe NporpaMmMMpoBaHune, BbipaxeHWe NporpaMmMbl Kak KOMMO3MLUUKM pAga aBTo-
HOMHbIX LeACTBUIA, HUKOTAA He 6bI1I0 CTOMb BaXHbIM, Kak cerogHs. Beb-cepBepbl 04HOBpe-
MeHHO 06pabaTbiBalOT 3anpoChl ThiCAY KAUEHTOB. [pUIoXeHNUa Ha NnaHwWweTax u B Tenedo-
Hax BM3yanu3upyloT aHUMauuio nHTepdeica nonb3oBaTens M 04HOBPEMEHHO B (HOHOBOM
pexkxvMe BbINOMIHAIOT BbIYMCIEHUA W CETeBble 3anpochkl. [axe TpaguLMOHHbIE MaKeTHble
3a/la4n — YTEHMEe HEKOTOPbIX BXOAHbIX faHHbIX, BbINOMHEHWE BbIYMCNEHWUIA W 3aMnCb He-
KOTOPbIX BbIXOAHbIX faHHbIX — WCNOMb3YIOT Napannennsm NS TOro, 4Ytobbl CKPbITb 3a-
LepXKu onepaumii BBOAA-BbIBOAA M MCMNOMb30BaTb MHOXECTBO MPOLLECCOPOB COBPEMEHHO-
ro KOMMbTEPA, KOMMYECTBO KOTOPbIX C KaXAbIM rOfOM pacTeT BCe 60Mblle, B OT/MYMNE OT
NX CKOPOCTHU.

Go obecneynBaeT ABa CTWA NapannenbHOro NporpaMMmnpoBaHnsa. B aToi rnaee npeg-
CTaBNeHbl go-noAnporpammbl (goroutines) v KaHanbl, KOTOPblE MOAAEPXUBAIOT B3aUMOAei-
CTBYIOLLME MocnefoBaTeNbHble npouecchl (communicating sequential processes — CSP),
MOJeNb Mapannenvama, B KOTOPOW MeXAy He3aBMCUMMbIMW npoueccamu (go-nognporpam-
Mamun) nepefarTca 3HayYeHWs, HO NepemMeHHble MO 60/bLUE YacTW OrpaHU4YMBalOTCA 0Of-
HUM npoueccom. B rnase 9, “INapannenbHOCTb M COBMECTHO MUCMOJb3yEMble MepeMeHHble",
O0XBa4eHbl HEKOTOpPbIe acnekTbl 60siee TPaAULMOHHON MOAEAN MHOTOMOTOYHOCT M C 06LLEi
naMsaTbio, KOTOpasa 6yAeT BaM 3HaKOMa, ec/in Bbl MCMONb30BaN MOTOKW B APYrUX OCHOB-
HbIX i3blKaxX MporpaMMupoBaHnsa. Tam Xe OnucaHbl BaHble 0NacHOCTW M NOBYLLUKW Napan-
NefbHOT0 NMPOrpaMMUpPOBaHUs, B KOTOPbIE Mbl He ByaeM yrny6nsTeca B AaHHON rnas.e.

HecmoTps Ha To 4TO nofdepXka napannenusma B Go ABNSETCA OLHOM M3 ero cambiX
CU/bHbIX CTOPOH, PacCcMOTPeHWe mnapansefibHblX NPOrpaMM CYLeCTBEHHO TpyAHee, 4yem
nocnegoBaTesibHbIX, a NPUOOPeTEHHAs NpU NocnefoBaTe/lbHOM NPOrpaMMMpPOBaHUN UHTY-
NUMA MOXET BpemMs OT BPeMeHW BBOAWTb B 3abnyxaeHue. Ecnn 3To Balla nepsas BCTpeya
C Mapanienn3mMomM, Mbl PeKOMeHAYyeM NOTPaTUTb HEMHOrO LOMOAHWUTENLHOIO BPEMEHWN Ha
CepbesHble pa3mblLlUeHNS Haj NPUBOAMMBIMU B 3TUX [BYX FnaBax npumepamu.

8.1. Go-nognporpamMmbl

B Go kax[as 04HOBPEMEHHO BbIMO/HAKOLWAACSA 3aja4ya Ha3biBaeTCA go-NoANPOrpaMmoi
(goroutine). PaccmoTpym nporpamMmmy, B KOTOPOI ecTb ABE PYHKLUMW, OLHA U3 KOTOPbIX Bbl-
MONHSAET HEKOTOpble BbIYMCNEHUA, & BTOPas 3anuCbiBaeT HEKOTOPbIE BbIXOAHbIE AaHHbIE,
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1 NPeAnonoXunM, YTo HW OfHa U3 HUX He BbI3bIBaET Apyryto. NocnegoBatenibHas nporpam-
Ma MOXET BbI3BaTb O4HY (DYHKLMIO, a 3aTeM BTOPYIO, HO B NapanfienbHoi nporpamme ¢ 4BYy-
Ms MK 60nee go-noanporpaMMamMy Bbi30Bbl 06eUX PYHKUUA MOTYT 6bITb aKTUBHbI B O4HO
1 TO XXe Bpems. Mbl BCKOpe YBMAWM TaKyt Mporpammy.

Ecnu Bbl MCMOMb30BaN NMOTOKM ONepaLyoHHON CUCTEMbI UM NOTOKN B APYTUX f3blKax,
TO MOKa MOXEeTe CYMTaThb, YTO gO-MOAMNPOrpaMma cxoxa c MoTOKOM, M Cpasy Xe nucaTb Kop-
PEKTHble napannefbHbie Nporpammel. Pasnuuua mMexagy noTokamu v go-nognporpaMMamm
MO CYLLEeCTBY KO/MYECTBEHHbIE, @ He KaUeCTBEHHbIE, U ONUCaHbl B pasgene 9.8.

Mpu 3anycke nporpammbl ee efMHCTBEHHON gO-NOANPOrpaMMoi ABAAeTCA Ta, KOTopas
BbI3blBAET (hYHKLMIO main, N0O3TOMY Mbl Ha3blBaeM ee rNaBHON go-nognporpamMmoin. HoBble
go-noAnporpaMmMbl CO34at0TCA C MOMOLLbI MHCTPYKLUUKN gO- CUHTAKCUYECKN WHCTPYKLUA
go ABNSIETCA BbI30BOM OOLIYHON (DYHKLUUM MM MeTofa, KOTOPOMY MNpefLiecTBYeT Kue-
BOE CM0BO g0- VHCTpPyKUMS go 3acTaBnseT (PYHKLUIO ObiTb BbI3BAHHON BO BHOBb CO34aH-
Holi go-nognporpamme. Cama no cebe UHCTPYKLMA gO HeMeLneHHO 3aBepLuaeTcs:

1{0) // BoisoB T(); oxvpaHue Bo3BpaTa U3 Hee
go fQ // Co3paHune HOBOIi go-noanporpammsl, Bbi3biBawwei F(); oxuaaHusa HeT

B npuBeeHHOM HKe NpUMMepe rNaBHas go-nofnporpamma BblumcnseT 45-e uncno du-
60Hayuu. MoCcKONbKY OHa UCMONb3YET YXKAaCHO He3((heKTUBHbIA PEKYPCUBHbIA anropuTm,
BpeMs ee paboTbl BeECbMa 3HAYMTENbHO, U Mbl XOTENN Obl MPEAOCTaBUTb MO/b30BATENO BU-
3yasibHOe NOATBEPXAEHWE TOro, YTO MporpamMmma Bce ele pa6oTaeT, 0To6paXkas aHUMUPO-
BaHHbI/ TEKCTOBbIA 3/1EMEHT, NPeACTaBAAOLLMIA COO0M BpalLatoLLIMACA OTPE3OK.

QQDLAo/ch8/spinner
func main(Q) {
go spinner(100 * time.Millisecond)
const n = 45
fibN = fib(n) 11 MegneHHoe BblUMC/IEHNE
fmt.Printf(n\rFibonacci(%d) = %d\n”J n, FibN)

}
func spinner(delay time.Duration) {
for {
for r == range -\|/"
fmt . Printf("\r%c”, r)
time.Sleep(delay)
}
}
}
func fib(x int) int {
ifx<2{
return x

E‘eturn fib(x-1) + Fib(x-2)
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lMocne HeCcKONbKUX CeKyHp aHumaumu Bbi3oB fib (45) 3aBeplwaercs, U yHKLMA main
BbIBOAWT CBOW pe3y/bTar:

Fibonacci(45) = 1134903170

Mocne atoro (yHKUMA main 3aBepwaetcsa. Korga ato npoucxopuT, Bce gO-nognpo-
rpamMmbl TYT XK€ NpekpaliaroT BbINOMHEHWE, U MPOrpaMMa 3aBepLuaeT cBO paboty. Momu-
MO BO3BpaTa M3 PyHKLMM main uayM BbIXog4a 13 NporpaMMbl, HET HUKAKOro NporpaMMHoro
crnocoba 0CTaHOBUTb M3 OAHON go-nognporpaMmbl APYryk, HO, Kak Mbl YBUAUM MO3XKe,
eCTb CNocobbl 06MeHa MHpopMaLmeli ¢ go-nogNPOrpaMMoin, ¢ MOMOLLbIO KOTOPbIX MOXHO
nonpocuTbL go-nognporpaMmmMy OCTaHOBUTLCA CAMOCTOATESbHO.

Ob6paTtnTe BHUMAHWe, Kak MporpaMMa BblpaxeHa B BMAe KOMMO3MLUW [BYX aBTOHOM-
HbIX MPOLECCOB, aHUMaLUUKN “NMUKTOrpamMbl” U BblYMCNeHUS Yyncna PuboHauun. Kaxapli
M3 HUX 3anucaH Kak oTAenbHas (yHKLuWs, HO 06e OHM paboTalT OJHOBPEMEHHO.

8.2. Mpumep: napannesbHblii cepBep Yacos

CeTn — ecTecTBeHHad 06nacTb MNPUMEHEHUS Mapanfiennsma, MoCKONbKY CepBepbl
00bIYHO 06pabaTbiBalOT MHOIO KAUEHTCKUX MOAKIOYEHWIA OLHOBPEMEHHO, MPU 3TOM KaX-
OblA KNWEHT, MO CYLWecTBY, He3aBMCUM OT Apyrux. B aTom pa3gene Mbl MO3HAKOMUMCS C
nakeToM net, KOTOpbIA NpefoCTaBnseT KOMMNOHEHTbI /18 MOCTPOEHUS NPOrpaMMm CeTeBbIX
K/IMEHTOB W cepBepoB, coobuiatowmxcs nocpenctsom TCP, UDP unu cokeTtoB Unix. MakeT
net/http, KOTOPbIA Mbl yXXKe NCNOMb30BaNW B KHUTE, ABNAETCA HALCTPOWKON Hag yHKLK-
AMU nakeTa net.

Haw nepBbiii Npumep — MoCneA0BaTENbHbIA CepBep 4YacoB, KOTOPbIA BbIBOAUT TeKy-
Lee BpeMS KNUEHTY OAUH pa3 B CEKYHAY:

aopL.io/ch8/cLockl
11 Clockl sBnsetcsa TCP-cepBepoM, NEpPUMOAMYECKM BbIBOASWMM BpEMS,
package main

import (
Ilioll
lllogll
"net"
"time"
)

func main(Q) {
listener, err := net.Listen('tcp”, "localhost:8000")
if err = nil {
log.Fatal(err)

}
for {
conn, err := listener.AcceptQ
if err = nil {
log.Print(err) // Hanpumep, 006pbiB COEAUHEHUS
continue



262 TNABAS  GO-NMOAMPOrPAMMbI U KAHAJbI

}
handleConn(conn) // O6paboTKka efUHCTBEHHOIO MOAK/YEHNS

}

func handleConn(c net.Conn) {
defer c.Close()
for {
err = io.WriteString(c, time.Now().Format('15:04:05\n""))
if err = nil {
return // Hanpuvmep, OTK/INYEHUE KIMEHTA

}
time.Sleep(l * time.Second)

®dyHKuMa Listen co3gaeT 06bekT net.Listener, KOTOpbIA MPOCNYyLWNBAET BXOAs-
LMe coeMHEeHNss Ha CeTeBOM MOpPTYy, B faHHOM cny4ae 370 TCP-nopt localh ost:8000.
MeTog Accept npocnywmsarens 6/J0KMpyeTca 40 Tex Nop, noka He 6yAeTt chenaH BXOAf-
LKA 3anpoc Ha MOAK/YeHMe, NOcne Yero Bo3Bpalaet 06bekT net .Conn, npegcTaBnsto-
LLMIA coefMHEHME.

dyHkuma handleConn o6pabaTbiBaeT OAHO MOMHOE KAMEHTCKOe coeguHeHue. OHa B
LMKNe BbIBOAUT KAMEHTY Tekyliee BpeMeHs, time.Now (). Mockonbky net.Conn cooT-
BETCTBYET MHTepdelicy io.W riter, Mbl MOXeM OCYLLECTBAATb BbIBOJ HEMOCPEACTBEHHO
B Hero. Liukn 3aBepLuaeTcs, Korgja BbINOMIHEHME 3aNUCK He yAaeTcsa, HanpuMep noTomy, 4To
K/MeHT Bbl1 OTKAtOYeH, ¥ npu aTom handleConn 3akpbiBaeT CBOKO CTOPOHY COELUHEHMUSA C
NMOMOLLbIO OTNOXEHHOTO Bbi3oBa Close M NepexofuT B COCTOSAHWE OXWUAAHUA 04YepeHOro
3anpoca Ha NofKNYeHue.

MeToa time .Time. Format npegoctaBnseT cnocob opmMaTMpoBaHUsA 3HAYeHUI 4aTbl
1 BPEMEHWN HA OCHOBe npuMepa. Ero apry MeHToOM fiBfiseTca WabioH, yKasblBatoLiMili cnocob
thopmaTupoBaHNA BpeMeHU, B YacTHOCTM — Mon Dan 2 03:04:05PM 2006 UTCO0700.
MOMEHT BpeMeHW MMeeT BOCEMb KOMMOHEHTOB (f4eHb Hefenun, Mecal, AeHb Mecsaua U T.4.).
B cTtpoke Format MOXeT nosaBuTbLCA Nt060e UX MOAMHOXECTBO, B /1I060M NOPALKe U B pas-
NNYHBIX (hopMaTax; Bbl6paHHbIe KOMMNOHEHTbI AaThl U BpeMeHW 6yayT oTobpaxaTbCs B Bbl-
6paHHOM hopmaTe. 34ecCb Mbl NMPOCTO MCMOMb3yeM Yacbl, MUHYTbl U CEKYH[bl BPEMEHMU.
MakeT time onpegenseT wWabnoHbl 419 MHOTMX CTaHLAaPTHbIX POPMATOB BPEMEHU, TaKuX
Kak time.RFC1123. Takol e MexaHu3M WCMofib3yeTcs M B 06pPaTHOM HanpaeneHuu B
X0[e aHafm3a CTPOKM BpPeMeHU C nomoLbio tim e.Parse.

[ns nogknioyeHns K cepBepy Ham NoHafobmuTCca KNMEHTCKas nporpaMmmMa, Takas Kak nc
(“netcat”), cTaHAapTHas BcnomoratesbHas nporpamma ans paboTbl C CETEBbIMU MOAKNIO-
YEHUAMM:

$ go build gopl.io/ch8/clockl
$ ./clockl &

$ nc localhost 8000

13:58:54
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13:58:55
13:58:56
13:58:57
nc

KnneHT oTo6paxkaeT BpeMs, OTMPAB/SEMOE CEPBEPOM KaXAYH CeKyHAy [0 TexX nop,
NMoKa Mbl He npepBeM paboTy K/MeHTa C MOMOLLbIO KOMO6WHauum knasuw <Ctrl+C>, koTo-
pas B Unix-cuctemax BbIBOAUTCA 060/104Kolii Kak AC. Ecnu nc unn netcat B Bawleli cu-
CTEME He YCTaHOBJ/IEH, MOXHO MCMoMb30BaTh telnet vam npoctyo Go-Bepcuto netcat
KoTopas ucnonb3yet net.Dial gna nogknoyeHns Kk TCP-cepsepy:

godL.io/ch8/netcatl
11 Netcatl - TCP-KIMEHT TOSIbKO ANA 4YTeHus,
package main

import (
llioll
"Iog"
"net"”
"os™
)

func mainQ) {
conn, err = net.Dial(tcp”, "localhost:8000")
if err = nil {
log.Fatal(err)
>
defer conn.CloseQ
mustCopy(os.Stdout, conn)

}
func mustCopy(dst io.Writer, src io.Reader) {
if _, err = i10.Copy(dst, src); err I= nil {
log.Fatal(err)
}
}

3Ta nporpaMma CUYMTbIBAeT AaHHble U3 MOAKMOUEHNS U 3aNUCbIBAET UX B CTaHAAPTHbII
MOTOK BbIBOAA /10 TEX MOP, NMOKa He GyfAeT AOCTUIHYT KOHel aiina uam He npousoingeT
owmnbka. PyHKUMS mustCopy SBASETCS BCMOMOraTenbHON (YyHKUWel, ucnonbayemoli B
HECKONIbKUX NpuMepax faHHoro pasgena. [aeaiiTe Tenepb 3anycTUM ABa KAWEHTa OfHO-
BPEMEHHO Ha pPasHbIX TEPMUHANAX, KOTOPble NOKasaHbl CTONGLAMM CieBa U Cnpasa:

$ go build gopl.io/ch8/netcatl

$ ./netcatl

13:58:54 $ ./netcatl
13:58:55

13:58:56

AC
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13:58:57
13:58:58
13:58:59
nc

$ killall clockl

KomaHpa k illall B Unix npekpaliaeT paboTy BCex NpoOLECCOB C AaHHbIM VMEHEM.

BTopoli KAWEHT BbIHYXAEH XAaTb 3aBeplueHus paboTbl MepBOro KAMEHTa, MOCKOMbKY
cepBep ABNSETCA NOCNefOBATE/NbHbIM; OH 3aHMMaeTCs TONbKO O4HUM KAWEHTOM OAHOBpe-
MeHHO. BHecem 0iHO He6O/bLLIOE N3MEHeHMe AN TOro, YTo6bI cAenaTb CepBeP napanneb-
HbIM: f06aBfieHMe K/14YeBOro cnoBa go K BbizoBy handleConn npuBoauT K TOMY, 4TO
KaXXAbliA BbI30B OCYLLECTBAAETCA B COGCTBEHHOI go-noAnporpaMmme.

godL .ro/ch8/cLock2
for {
conn, err := listener.AcceptQ
if err 1= nil {
log.Print(err) 11 Hanpwvep, pa3spbiB cOeavHEeHus
continue

go handleConn(conn) 11 MapannensHas obpaboTka coeauHeHUi

Tenepb Nosy4aTb 3HaUeHWe BPEMEHU MOTYT HECKO/IbKO K/MEHTOB OfHOBPEMEHHO:

$ go build gopl.io/ch8/clock2
$ ./clock? &

$ go build gopl.io/ch8/netcatl
$ ,/netcatl

14:02:54 $ ,/netcatl
14:02:55 14:02:55
14:02:56 14:02:56
14:02:57 Jic
14:02:58
14:02:59 $ ,/netcatl
14:03:00 14:03:00
14:03:01 14:03:01
JiC 14:03:02

'C

$ killall clock2

YnpaxHeHue 8.1. ismeHunTe nporpammy clock?2 Takum o6pa3om, 4To6bl OHa NPUHU-
mana HoMep nopta, v HanuwwuTe nporpammy clockwall, koTopas fgeiicTByeT B kauyecTBe
KNNEHTa HECKONbKUX CEepBepoB OfHOBPEMEHHO, CUUTbIBAA BPEMA M3 KaXK4Oro W BbIBOAA
pesy/nbTaTbl B BUAe Tabnulbl, CPOAHN HACTEHHLIM Yacam, KOTOpble MOXHO YBUAeTb B He-
KOTOpbIX othnucax. Ecnmn y Bac ecTb JOCTYN K reorpauyeckn pasHeCceHHbIM KOMMbOTepam,
3anycTuTe 3K3eMMaApbl CEPBEPOB YAaneHHO; B MPOTUBHOM C/y4ae 3anyCcTuTe fIoKasbHble
9K3eMMAPbl Ha pasHbIX NOPTax C NOAAE/NbHbIMU YACOBLIMM MOACaAMU.



$ TZ=US/Eastern ./clock2
$ TZ=Asia/Tokyo ./clock2
$ TZ=Europe/London ,/clock2

$ clockwall NewYork=localhost:
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-port 8010 &
-port 8020 &
-port 8030 &
8010

b London=localhost:8030 Tokyo=localhost:8020

YnpaxHeHue 8.2. PeanusyinTe napannenbHblii FTP-cepeep. CepBep AOMKEH UHTepMpe-
TMPOBAaTb KOMaHAbl OT KaXAoro KJWeHTa, Takne Kak cd Ans U3MeHeHWs katanora, Is gns
BbIBOJla CMUCKa (halifos B KaTanore, get s OTNpaBKW COAepXuUMoro aiina n close gns
3aKpbITUA COefMHEHNA. B KayecTBe KNMEHTa MOXHO MCMO/b30BaTh CTaHAAPTHYO KOMaHay
ftp wnn HanucaTb CO6CTBEHHYIO Nporpammy.

8.3. Mpumep: napannenbHbIl 3X0-cepBep

CepBep 4acoB NCMONb3YeT M0 0HON go-nognporpaMmme Ha coeuMHeHmne. B aTom pasgene
Mbl CO34aflMM 3X0-CepBep, KOTOPbIA 418 KaXA0ro MOAK/OUYEHNS UCMONb3yeT HECKObKO go-
nognporpamMmM. bOMbLWKNHCTBO 3X0-CEPBEPOB MPOCTO 3amMMUCbIBalOT BCE, YTO CUMTbIBAIOT, —
YTO MOXHO BbIMO/HUTL C MOMOLLbIO CReaytoLLeil TpuBuanbHoi Bepcun handleConn:
func handleConn(c net.Conn) {

io.Copy(c, c) /1 TpumeyaHue:
c.Close()

NUIHOPUPYEM OWNBKM

Bonee NHTEPeCHbI 3X0-CepBep MOXET MUMUTUPOBATL peBepbepaLMio 06bIYHOTO0 3Xa, CHa-
Yyana oteeyasd rpomko (“'HELLO! "), 3aTem, nocne 3afepxku, — ymepeHHo (“'Hello! "), a
notom — coecem Tuxo (""hello!"). 3To ymeeT aenatb cnegytowwan sepcus handleConn:

godL. 10/ch8/reverbl

func echo(c net.Conn, shout string, delay time.Duration) {
fmt.Fprintln(c, "\t", strings.ToUpper(shout))
time.Sleep(delay)

fmt_Fprintin(c, '\t", shout)
time.Sleep(delay)
fmt.Fprintin(c, "\t", strings.ToLower(shout))

>

func handleConn(c net.Conn) {
input := bufio.NewScanner(c)
for input.ScanQ {

echo(c, input.Text(), I*time.Second)
>
// TlpymeyaHue: WrHopmpyem noTeHunasibHble ownbku input.Err()
c.Close()
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Hally KAMeHTCKyt nporpammy Heo6Xxoaumo 06HOBWUTHL Tak, 4YTObGbl OHa OTnpasfsfna
BXOfHble [laHHble Ha CepBep M B TO XKe BPeMs KOMupoBana OTBET CepBepa Ha BbIX04, 4YTO
npefocTaBNsAeT ewwe 0fHy BO3MOXHOCTb UCMOMb30BaHUA Napanfiennsma:

aool .io/ch8/netcat2
func main() {
conn, err := net.Dial('tcp”, "localhost:8000"")
if err 1= nil {
log.Fatal(err)

defer conn.Close()
go mustCopy(os.Stdout, conn)
mustCopy(conn, os.Stdin)

B To Bpemsa Kak rnaBHas go-nognporpaMma cUYuTbiBaeT CTaHAAPTHbIA BBOA U OTNpaB-
NSAeT ero Ha cepeep, BTOpas go-nojnporpammMa cYMTbiBaeT U BbIBOLUT OTBET cepsepa. Kor-
[a rnasHas go-rnojnporpamma BCTpeyaeT KOHeL, BXOAHbIX JaHHbIX, HanpumMep rnocse Toro
KaK nonb3oBaTeflb HOKMET B TepMuHane knasuwm <Ctrl+D> (unm <Ctrl+Z> B Microsoft
Windows), nporpamma octaHaB/VBaeTCA, faxe ecnu Apyrue go-nognporpammbl BCe elue
paboTatoT. (Mo3HaKOMUBLUUCL C KaHanamu pasgene 8.4.1, Mbl y3HaeM, Kak 3acTaBuTb Mpo-
rpammy >faTb 3aBepLieHUs ¢ 06enx CTOPOH COeUHEHUS.)

B npnBeAeHHON HMXe CeCCMW BXOAHble AaHHble KAMeHTa NpuBedeHbl CeBa, a OTBEThI
cepsepa — cnpasa. KANeHT Tpu pasa “KpuynT'’ 3X0-cepBepy M CnyLlaeT OTBEThHI.

$ go build gopl.io/ch8/reverbl
$ _/reverbl &
$ go build gopl.io/ch8/netcat2

$ ./netcat2

Hello?
HELLO?
Hello?
hello?

Is there anybody there?
IS THERE ANYBODY THERE?

Yooohooo!
Is there anybody there?
is there anybody there?
YOOOHOO0O!
Yooohooo!
yooohooo!

AD

$ killall reverbl

O6paTnTe BHUMaHWE, YTO TPETUIA “KPUK™ OT KAMEHTA He pacCMaTpUBaeTCs 40 TexX nop
MoKa BTOpOli KpPWK He 06pa6oTaH MOMHOCTbIO, — YTO, KOHEYHO, He O4YeHb PeanucTUYHO.
PeanbHoe 3x0 6yfeT COCTOATb M3 TPeX He3aBMCUMbIX KPUKOB. UTOGbI MMUTMPOBaTb ero
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Ham I'IOHa,qO6I/ITCF| 60/blUe go-nognporpamMmm. I BHOBb BCe, YTO HaM HY>KHO cfenartb, — 3T0
,CI,O68.BVITb KNnK4eBoe CN0BO gO, Ha 3TOT pa3 K BbI3OBY echo:

aopL. 1o/ch8/reverb2
func handleConn(c net.Conn) {
input := bufio.NewScanner(c)
for input.Scan() {
go echo(c, input.TextQ, I*time.Second)

// TpumevaHve: WrHopupyem noTeHuuanbHble ownbkn input.Err(Q
c.CloseQ

ApPrymeHTbl (PYHKLMKN, 3aNyCKaeMO C NOMOLLbIO g0, BbIYUCAAKTCA MPU BbIMOAHEHUN
camoi WMHCTPYKUUM go; TakmMm ob6pasom, input.Text() BbluMCAAeTCA B FNaBHON Qo-
noanporpaMmme.

Tenepb Bce 3x0 paboTalT napanfiesbHO U NePeKpbIBAOTCA BO BPEMEHM:

$ go build gopl.io/ch8/reverb2
$ ./reverb2 &
$ ./netcat2
Is there anybody there?
IS THERE ANYBODY THERE?

Yooohooo!
Is there anybody there?
YOOOHOO0O0!
is there anybody there?
Yooohooo!
yooohooo!

AD

$ killall reverb2

Bce, uTo Tpe6oBanoch 418 TOro, 4To6bl CAENaTh CEPBEP UCMOMb3YIOWMUM Napaniensm,
npuyeM He TONbKO AN 06paGoTKU COEAUHEHUI OT HECKOMbKMX KWEHTOB, HO faXe B paMm-
Kax 0fjHOTO COeAMHEHWs, — 3TO BCTaBMTb ABa K/NHOUEBbLIX C/IOBA gO.

OfHako, A06aBNsAs 3TU KNOYEBbIE CMIOBA, Mbl AOMKHbI GblIN YGEANTLCSA, YTO 3TOT OfHO-
BPEMEHHbIi BbI30B MeTof0B net.Conn 6GesonaceH, YTO ANs GONbWWHCTBA TUMOB HE Bbl-
nonHsieTca. Mbl 06CyaUM peluarollee 3HaueHWe KOHLENuuy 6e3onacHocTyW napanienmsma
B Crieaytoleli rnase.

8.4. KaHanbl

Ecnu go-nognporpaMmbl NpeacTaBastoT cO60i npouecckl B pamkax napanfiensHol
nporpamMmbl GO, TO KaHa/bl ABASIKOTCS COEAUHEHUAMU MeXAy Humu. KaHan npepcTaBnset
C060/ MexaHM3M CBS3W, KOTOPbIA MO3BOMAET OAHON gO-nMognporpamMme OTMPaBAsATb HEKO-
TOpble 3Ha4YeHWs Aapyroi go-nognporpamme. Kaxablil kKaHan siBNSeTCS CPeACTBOM Nepefa-
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Uy 3HaYeHUit onpeaeneHHOro TNa, KOTOPbIA Ha3biBaeTC TUMOM 3/1eMeHTOB KaHana. Tun
KaHana, 3NeMeHTbl KOTOPOro MMetOT TN int, 3anucbiBaeTcs Kak chan int.
[ns co3gaHus KaHana Mbl UCMOMAb3YeM BCTPOEHHY (ByHKLMIO make:

ch = make(chan int) // ch wvmeeT Tvn “chan int*

Kak 1 B cnyyae ¢ 0TOO6paXKeHUsAMU, KaHal ABASETCA CCbUIKOM Ha CTPYKTYPY AaHHbIX,
c03JaBaemMyl0 C NomoLbio PyHKLMM make. Konupys KaHan unv nepefasas ero gyHKUnmn B
KayecTBe aprymMeHTa, Mbl KOMUPYeEM CCbIfKY, MO3TOMY Bbi3biBalolas 1 Bbi3blBaeMas (yHK-
LMK CCbINAKTCS Ha OAHY M Ty Xe CTPYKTYpY AaHHbIX. Kak 1 B cnyvyae ¢ ApyruMu cCbiioy-
HbIMW TUNaMW, HYNEBbIM 3HAYeHWEM KaHana sasnsetcsa nil.

[Ba KaHana ofHOro TMna MOXHO CpaBHMBaTb C MOMOLLbIO onepaTopa ==. CpaBHeHWe
MMeeT 3HayeHue true, ecnu 06a KaHana ABNAOTCA CCbIIKAMU Ha OLHY U Ty Xe CTPYKTypy
JaHHbIX KaHana. KaHan Takxe MOXHO CpaBHWUTb CO 3HaveHuem nil.

KaHan umeeT [jBe OCHOBHble onepauuu, OTNpaBieHe U NOAyYeHUe, BMECTE U3BECTHbIE
KaK KOMMYyHVKauum (communications). WHCTpyKLMA OTNpaBneHns nepefaeT 4vyepes KaHan
3HayeHne W3 OAHON Qgo-noAMpOrpaMMbl APYroi, BbINOMHAKOLLEA COOTBETCTBYHOLLEE Bbl-
paxeHue nonyuyeHus. Obe onepaLumn 3anuCbIBAKOTCSA C UCMOMb30BaHWEM onepaTopa <-. B
WHCTPYKLUW OTNpaBfeHns <- pasgenseT KaHan v 3HavyeHue. B BbipaXeHUU noaydveHuns <-
npeALecTByeT ONepaHAy KaHana. BelpaxkeHne nonyyeHus, pe3ynbTaT KOTOPOro He UCMOb-
3yeTcs, ABNAeTCA KOPPEKTHON UHCTPYKLMEN.

ch <~ x // WHCTpyKuus oTnpasiieHus
X = <-ch // BblpaxeHue MofyyeHnss B WHCTPYKUMW NpucBanMBaHus
<-ch // VHCTpyKUMA NOMyyYeHns; pel3ynbTaT He WUCNoMb3yeTcs

KaHarnbl noafepXuBaroT TPeTbl0 ONepayuio, 3aKpblTHE, KOTOpas yCTaHaBAUBaeT ar,
YKa3blBaloLWMiA, YTO MO 3TOMYy KaHany 6ofblie He GyAyT nepefaBaTbCs 3HAYEHUs; mocre
3TOro Nto6ble MOMbITKM OTMpPaB/eHNs 3aBepLIaloTca aBapuiiHoit cuTyaumeit. Onepayun no-
NYYeHWs, MPUMEHEHHbIE K 3aKPbITOMY KaHajy, NPUBOASAT K NOMYUYEHUIO 3HaYeHU, KOTopble
GblM OTNpaBNeHbl paHee, A0 TeX MOp, NMOKa HeMmoMyuYeHHbIX 3HAUEHWA He OCTaHeTCs; /io-
Gble AanbHeiilune NONbITKA MOAYUYUTb 3HAUYEHWS MPUBOAAT K HEMEIeHHOMY 3aBepLLIEHUIO
onepawuu v Bo3BpaTy Hy/NeBOro 3HaueHWs TUMa 3neMeHTa KaHana.

UTo6bl 3aKpbITh KaHas, UCMOb3yeTcs BCTPOeHHas dyHKuus close:

close(ch)

KaHan, co3fgaHHblli ¢ NOMOLLbI NPOCTOro Bbi3oBa make, HasbiBaeTCcs Hebydepn3oBaH-
HbIM KaHa/ioM, HO make NpMHMMaeT Heob6s3aTeNbHbI BTOPOW aprymeHT, Liefoe 3Ha4eHue,
KOTOpOe Ha3blBaeTCA eMKOCTbi0 KaHana. Ecnv emMKoCTb KaHana HeHynesas, make cosgaet
6yhepn3oBaHHbIli KaHas.

ch = make(chan int) 11 Hebyjepu3oBaHHbIl KaHas
ch = make(chan int, 0) 11 He6ydepn30BaHHbIi KaHan
ch = make(chan int, 3) // Bythepn3oBaHHbIi KaHan C eMKOCTbi 3

Moka uTo Mbl Bygem paccmatpuBaTb Hebyhepn3oBaHHbIe KaHanbl, a K 6y¢epn30BaHHbIM
KaHanam obpaTtumcs B pasgene 8.4.4.
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8.4.1. HebydtepunsoBaHHbIe KaHabl

Onepauus oTnpaefieHns B Hebygepn3oBaHHbI kaHan 610KMpyeT go-noAnporpaMMy Ao
Tex Mmop, Noka gpyras go-nognporpamMmma He BbIMOSIHUT COOTBETCTBYIOLLEE MOMyYEHUE U3
TOrO )€ KaHana, rnocje Yero 3HayeHue CTaHOBMTCSA MepefaHHbIM, U 06e go-noanporpaMmbl
npogoskatoTcs. M Hao6opoT, ecnu MepBoii chenaHa NonbiTKa BbINOMHUTL OMepalui no-
NyyYeHUs, NpuHMMarowas go-nognporpamma 610KMpyeTcs A0 Tex Nop, Moka gpyras go-
NoAnporpamma He BbIMOMHWUT OTNpPaBNeHNE 3HAYEHUS B TOT XKe KaHan

CBA3b N0 HeGydepn3oBaHHOMY KaHany MPUBOAWUT K CUHXPOHM3aLMK onepauuii oTnpas-
NeHns 1 nonyyeHus. Mo 3To nNpuunHe Hebythepu3oBaHHbIE KaHafbl MHOF4A HasblBalT
CUHXPOHHbIMKU. Korga 3HauyeHue 0oTnpaBnsieTcs B Hebyepn3oBaHHbI KaHan, nony4veHue
3HauYeHWs MpeaLWecTBYeT MPOAO/MKEHNIO PaboTbl OTMpaBAstoWel go-nognporpamMmmblpu
paccMOTpeHuUW mapaniennsMa, Korga Mbl rOBOPUM, UTO X MpPeALIecTBYeT Y, Mbl He MPOCTO
MMEEM B BUAY, YTO X MPOUCXOANUT MO BPEMEHU paHblUe, YEM y; Mbl MOAPa3yMeBaeM, UTO X
rapaHTMpPOBaHHO MOCTYMaeT MMEHHO TaK W YTO BCE BbIMOMAHEHHblE UM Npeablaywme geii-
CTBMS, TaKMe Kak 0GHOBMIEHUS NepeMEeHHbIX, 3aBEPLUEHbI U Bbl MOXETE MOTHOCTHIO Ha HUX
nonaratbCs.

Korgax He npeflwecTBYeT;; ¥ He NPOMUCXOAUT NOCAEL, Mbl FOBOPUM, YTO X BbIMNO/HSAET -
cA napasnensHo cy. 3TO He 03Ha4aeT, YTo X MYy 0653aTe/lbHO O4HOBPEMEHHbI, NPOCTO Mb
He MOXEeM HUWYero yTBepxpatb 06 uMx nocnefoBaTenbHocT. Kak Mbl yBUAUM B crnegyto-
Wel rna.e, YTo6bl N36eXaTb NPO6GIEM, KOTOPble BO3HWUKAIOT, KOrja ABe go-noAnporpaMmbi
OlHOBPEMEHHO 06pallatoTCs K OA4HOM W TO Xe NepemMeHHOl, onpefeneHHble COObITUS BO
BPEMS BbIMOMIHEHUS NPOrpamMmMbl HEO6XOAMMO YMNOPAL0YNBATD.

KnueHTckas nporpamma B pasgene 8.3 KONUpYeT BXOAHble faHHble Ha CepBep B CBO-
el rnaBHol go-nognporpaMMe, TaK UYTO K/IMEHTCKas Nporpamma 3aBepLlaeTcs, Kak TO/bKO
3aKpbIBaeTCA BXOAHOW MOTOK, Aaxke ecnu nmMeeTcs paboTatolias B (DOHOBOM pexume go-
nognporpamMma. UYTo6bl nepeg BbIXOAOM Nporpamma oXwufjana 3aBepueHus HOHOBbIX go-
NoANporpaMM, AN CUHXPOHM3aLUM ABYX gO-NOANPOrpamMM Mbl NCMONb3YEM KaHa:

aool .io/ch8/netcat3
func main(Q) {
conn, err := net.Dial("tcp”, "localhost:8000")
if err = nil {
log.Fatal(err)

%one = make(chan struct{})
go funcQ {
10.Copy(os.Stdout, conn) // MpuveyaHne: WrHOPUPYEM OWUOKM
log.PrintIn(done™)
done <- struct{}{} // CurHan rnaBHOli gO-noAnporpamve
%SétCopy(conn, 0s.Stdin)
conn.CloseQ
<-done
// OxmngaHwe 3aBepweHus (IOHOBOI QO-MOANPOrpPamMMbl
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Korga nonb3oBaTenib 3aKpblBaeT CTaHAapPTHbIA BXOAHOM NOTOK, NPOWCXOAWNT BO3BpaT U3
(hyHKumMn mustCopy, 1 rnaBHas go-nognporpamMmma Bbi3biBaeT conn.Close(), 3akpbiBas
06€e NONOBMHbLI CETEBOM0 NOAKMOYEHUSA. 3aKpbITUE 3anucbiBatoLLEl NOMOBUHbLI COEANHEHUS
3aCTaBNfeT cepBep YBUAETb NPU3HAK KOHLa (paiina. 3akpbiTWe CUMTLIBAKOLWEN MOMOBUHBI
NpMBOAMT K TOMY, 4TO BbI30B i0.COpYy B g0-nojnporpaMmMe BO3BpaLlaeT OWNOKY “YTeHue
13 3aKPbITOro coeAnHeHUs™ (N03TOMY Mbl y6panu 3anuch XypHana oWwnbokK); B ynpaxHe-
HUM 8.3 mpegnaraeTtcs nyduwee peweHune. (Obpatute BHUMaHWE, YTO UHCTPYKLMSA O Bbl-
3blBaET NNTepan PYHKLUN — 3TO BecbMa pacrnpocTpaHeHHas KOHCTPYKLMA.)

Mepepn 3aBeplieHvem paboTbl (JOHOBAA go-MoAnNporpaMma 3aHOCUT B XYpHan cooT-
BETCTBYlOLWEee coobLieHMe, a 3aTeM OTNpaBnseT 3HayeHue B kaHan done. [naBHas go-
nognporpamma o Tex rmop, Noka He MOAYYMT 3TO 3HAYeHUe, HAXOAUTCA B COCTOSHUM OXMU-
JaHua. B pesynbTate nepej 3aBeplieHMeM paboTbl nporpamMmma Bcerja 3aHOCUT B XXypHan
coobuieHme "done".

Coo0LieHns, nepecbinaemMble Yepes KaHanbl, UMEIOT [iBa BaXKHbIX acnekta. Kaxgpoe co-
obLieHNe UMeeT 3HaYeHMe, HO MHOTAa BaXKHbl cam (DaKT nepefayn COOOLLEHMSA M MOMEHT,
Korga aTa nmepefaya npoucxoaut. Korga mbl XOTMM NOAYEPKHYTb 3TOT acnekT nepejayu
CO06LEHNIA, Mbl Ha3blBaeM MX COObITUAMU. Korga cobbiTve He HeceT 4ONONHUTENbHOW WH-
thopmauun, T.e. ero eANHCTBEHHAA Le/fb — 3TO CUHXPOHM3aUUA, Mbl NOLYEPKMUBAEM 3TOT
(haKT, UCMOJMb3ysA KaHan ¢ TUMOM 3neMeHToB struct{}, XoTa He MeHee pacnpocTpaHeHOo
NPUMeHEeHWe An8 TOM Xe Lenu KaHanos ¢ TUMOM 3HauveHuidi bool mam int, NOCKonbKY Bbl-
paxeHue done <- 1 Kopouye BblpaxkeHus done <- struct{}{}.

YnpaxHeHue 8.3. B nporpamme netcat3 3HaueHue uHTepdeiica conn MMeeT KOHKpeT-
Hbln TN *net .TCPConn, koTopbli npeactaBnset TCP-coegnHeHune. TCP-coegnHeHune
COCTOMT W3 ABYX MOMOBWH, KOTOPbIE MOTYT ObITb 3aKPbITbl HE3aBUCMMO C UCMOJIb30BaHNEM
meTogoB CloseRead u CloseW rite. 3meHuTe rnaBHyk go-nognporpammy netcat3
TakK, 4ToObl OHa 3aKpbiBana TO/IbKO 3anMMCbiBalOLLY0 MOMIOBUHY COEAWHEHUSA, TaK, 4TOObI
nporpamma npojo/kana BbIBOAUTb NOCnefHMe 3X0 OT cepsepa reverbl gaxe nocne Toro,
KakK CTaHfapTHbIn BBOJ 6yadeT 3akpblT. (CAenaTb 3TO Ana cepBepa reverb?2 TpyfHee; cwm.
ynpaxHeHue 8.4.)

8.4.2. KoHBeWepbl

KaHanbl MOFyT MCM0b30BaTbCA AN NOAKAOYEHUS gO-NogNporpaMmm Tak, YTobbl BbIXO[,
O[JHOW M3 HMX OblN BXOAOM ANs Apyroii. 3To Ha3biBaeTCca KoHBeiepom (pipeline). Moka3aH-
Hasi HVXe MporpamMmma COCTOWUT M3 TPEX gOo-MoAnNporpamMm, COeMHEHHbIX ABYMS KaHanaMmu,
KaK cxemaTuh4yeckn nokasaHo Ha puc. 8.1.

0,1,2,3,.. 0,1,4,9,..
leHepatop —> Bosseneue -> BbiBop

uenbie yncna B KBappar KBaApaTh!

Puc. 8.1. TpexcTaguiiHbI KOHBeliep
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MepBas nporpamMmMa reHepupyet uenbie yucna 0, 1,2, .. U OTNpaBAseT MX MO KaHany
BTOPOI1 go-MoAnporpamme, KOTopas Mony4aeT 3HAueHWs, BO3BOAMT WX B KBaapaT W nepe-
[aeT Mo crefylolemMy KaHany TpeTbell go-nognporpamMme, KoTopasi BbIBOAUT NOyYaemble
3HAYeHMs Ha aKpaH. [N1s ACHOCTU NpuMepa Mbl HAMEPEHHO BbIGPasv 0UYeHb NPOCTble (YHK-
UMK, XOTH, KOHEYHO, OHU CMIMLWIKOM TPMUBMANbHbI, YTO6bI BbIAENATL UX B OTAENbHbIE gO-
nofnporpamMMbl B peanbHO/ NporpaMme:

aopL Ao/ch8/pipeLinel

func main(Q) {
naturals := make(chan int)
squares := make(chan int)

11 leHepauus

go func(Q {
for x =0; ; x++ {
naturals <-x
}
30
11 Bo3BegeHve B KBagpaTt
go funcQ {
for {
X = <-naturals
squares <- X * X
}
30
11 BwiBog (B r/1aBHOM go-MnoAnporpamve)
for {
fmt.PrintIn(<-squares)
}

Kak MOXHO 0XungaTb, MporpaMmma neyvataeT 6€CKOHEeYHbIN psag kBagpatos 0, 1,4, 9 n T.4.
KoHBeiepbl, Nofo6HbIe NOKa3aHHOMY, MOXHO HailTu B “gonrourpatrowmx4 cepsepax, rge
KaHanbl MCMOMb3YTCA AN HEMPEepbIBHOTO B3aMMOZECTBIA MeXAy go-nognporpaMmmamu,
cofepXalmnmmn 6eckoHeYHble LUKbl. HO 4TO fenatb, eciM Mbl XOTUM OTNpaBUTb Yepes
KOHBeiep TOIbKO KOHeYHOe KO/INYeCcTBO 3HAYeHMN?

Ecnv oTnpaBuTenb 3HaeT, YTo B KaHan 60/nblie He 6yAyT OTNPaBAATLCA HUKaKWe Aasb-
Heilllne 3Ha4YeHUs, NONE3HO COOBLWMTL 3TOT (DAKT MOy YatoLlein go-noanporpaMmme, YToobl
OHa Morna npekpaTUTb OXuaHue. ITO LOCTUTAETCA MyTem 3aKpblTUA KaHasna C MoMOLLbH
BCTPOEHHON (hyHKUMKM close:

close(naturals)

Mocne 3aKpbITWUS KaHana BCe MOCNeAylolMe onepaLun oTnpasfeHns GyayT Bbl3blBaTb
aBapuiiHyto cuTyaumio. Mocne TOro Kak 3akpbiTblii KaHan onycToLlaeTcs, T.e. Nocae Nosy-
UeHMs NOC/EAHEro 3/1eMeHTa, BCe NMOCNeAYtOLLMEe ONepaLun NonyYeHns BbIMONHAKOTCS 6e3
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6MI0KNPOBKM, HO AalOT HYNeBble 3HaYeHUs. 3aKpbiTUe KaHana naturals Bbile NpuBegeT K
TOMY, YTO gO-MoAnporpamMMa BO3BeAeHNs B KBaApaT 6yaeT HECKOHUYAeMbIM MOTOKOM Mony-
yaTb Hy/eBble 3HAYEHMS M HANPaBAATh UX go-MoAnporpaMmme BblBoAA.

He cyuiecTByeT cnoco6a HeMnocpeACTBEHHO NPOBEPUTL, 3aKPbIT N KaHa, HO ecThb Ba-
pUaHT onepaLun MoMyyeHus, KoTopas BO3BpallaeT ABa pe3y/bTaTa: MONYYEHHbI W3 Ka-
Hana 3NeMeHT U JIOTMYECKoe 3HaueHue, YC/I0BHO HasbiBaeMoe oK, KOTOpoe paBHO true
npy ycrnewHoM MofyyeHun 3HadyeHus v False — Mpu NOAYyYEHWM W3 3aKPLITOFO W ony-
CTOLIEHHOrO KaHana. Mcnonb3ys 3Ty BO3MOXHOCTb, Mbl MOXEM W3MEHWUTb LMKN B gO-
noanporpamme Bo3BefieHUs B KBafgpaT TaK, UToObl OCTAHOBWTL €ro, Korga kaHan naturals
OMNyCTOLIAETCA, U, B CBOIO OUepedb, 3aKpbiTh KaHa/l squares.

// Bo3BepeHve B KBagpar

go func(Q {
for {
X, ok := <-naturals
if lok {

break // KaHwan 3akpblT ¥ onycToweH
squares <- X * X

close(squares)
30

M3-3a pacnpocTpaHeHHOCTU CUTyaLun U HEYKNHXKEeCTU MPEeLCTaB/eHHOro Bbille CUH-
Takcuca A3biK M03B0/SET UCNOMb30BaTh AN NOMYUYEHNA BCEX 3HAYEHUI M3 KaHana LUK no
AunanasoHy. 3To 60nee yAO6HbINA CUHTAKCUC ANA NOMYYEHUS BCEX 3HAUYEHWIA, OTNPaBAEHHbIX
B KaHas, v 3aBeplleHns paboTbl Mocne nonyyeHUs NOCNefHEro 3fieMeHTa.

B nokasaHHOM HWXe KOHBeiepe go-nognporpaMma reHepauuy 3akaH4MBaeT CBON LMKA
nocne oTnpaBneHMA CTa 3NEMEHTOB M 3aKpbiBaeT KaHan naturals. 3To 3acTaBndeT go-
noAnporpamMMy BO3BeAEHMS B KBajpaT 3aKOHYWTb CBOW LMK W 3aKPbITb KaHan squares.
(B 60nee CnoXxHOW nporpamme An8 (YHKLMWIA reHepauum v Bo3BeAeHUS B KBagpaT MOXET
UMETb CMbIC/T B CAMOM Hayane 3TuUX (PYHKLMA 0TN0XUTb BbI30B close ¢ MOMOLLbIO KO-
yeBoro cnosa defer.) HakoHel rnaBHas go-nojgnporpaMmma 3aBepLuaeT CBOW UMKA W Mpo-
rpamma 3asepLuaet pa6oTy.

godL .io/ch8/DipeLine2

func mainQ {
naturals := make(chan int)
squares := make(chan int)

11 TeHepauus

go func(Q {
for x = 0; x < 100; x++ {
naturals <- x

close(naturals)

30
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11 BosBefeHue B KBagpar

go func() {
for x := range naturals {
squares <- X * x

}
close(squares)

30

// BbiBog (B rnaBHOW go-mognporpamme)

for x := range squares {
fmt.Println(x)

}

Bam He HY)XXHO 3aKpblBaTb KaXAblli KaHan no 3aBeplieHun paboTbl ¢ HUM. Heobxoammo
3aKpbiBaTb KaHanbl TOrAa, Korja BaXHO CO06WMUTL NPUHMMALOLLE go-nognporpaMmMe, 4To
BCe AaHHble y)Xe OTnpas/ieHbl. Pecypcbl KaHana, KOTOpPbIA cOopwuK mycopa onpeaenser
KaK HefOCTYMHbIA, 6yayT 0CcBOGOXAeHbI B H060M Cfyyae, HE3aBUCMMO OT TOr0, 3aKpbIT /K
OH. (He nyTaiiTe 370 C onepauuein 3aKpbiTUA OTKPbITbIX (DaiinoB; Bbi3biBaTh MeTod Close
Ba>KHO Ana Kaxgoro caiina, paboTa ¢ KOTOPbIM 3aBepLUeHa.)

MonbiTKa 3aKPpbITh Y)XKe 3aKPbIThbll KaHaN Bbi3biBaeT aBapuiiHYI0 CUTyaLuio, Tak Xe Kak
M 3aKpblTUe HYNeBOro KaHana. 3aKkpbiTue KaHa/loB MMEET W pyroe nNpuMeHeHMe — B Kauye-
CTBE MexXaHM3Ma OnoBeLLeHUs, KOTOPbIA Mbl paccCMOTpMM B pasgene 8.9.

8.4.3. OgHOoHanpas/IeHHble KaHasbl

Mo Mepe pocTa MporpaMMm KpynHble PYHKLMU ecTecTBeHHbIM 06pa3oM pacnajaroTcs
Ha 60onee mefnkue parmMeHTbl. B Hawem npefbigylemM NpuMepe MCNOb30BaHbl TpU go-
nognporpamMmmbl, COEAMHAKOLLMECH C MOMOLLbIO ABYX KaHanoB, KOTOpble NpeacTaBastoT co-
60/ nokanbHble NepemMeHHble YHKLMM main. Mporpamma eCTeCTBEHHbIM 06pa3oM AeNnT-
€Sl Ha TPU (PYHKUNN:

func counter(out chan int)
func squarer(out, in chan int)
func printer(in chan int)

®yHKUMA squarer, Haxogswascs B CPeUHE KOHBeiepa, monyyaeT ABa napamerpa —
BXOAHOWM U BbIXOAHOW KaHanbl. O6a OHW WUMEKT OAWH U TOT Xe TWUM, HO UCMONb3yTCs
B pasHbIX Lensx: in pa6oTaeT TONbKO Ha NO/yuyeHue, a out — TOMbKO Ha OTNpaBfieHMe.
MMeHa in 1 out BblpaaloT 3TO MpeAHa3HauyeHue, Ho, TeM He MeHee, HWYTO He MellaeT
(YHKUMM squarer oTNPaBAATb AaHHbIE B MOTOK in WAW NOMyYaTb UX U3 NOTOKA Out.

3Ta cuTyauus LOCTaTOYHO TuUNMuHa. Korga KaHan mepefaeTcsl B KayecTBe mapameTpa
(YHKLMK, 3TO MOYTW BCErAa [ieNlaeTcs C TeM HaMePEeHWEM, YTO OH I0/I)KEH WCMO/b30BaTLCA
UCKNIOUYUTENLHO AN OTMPABAEHUS UKW UCKNIOUUTENBHO A1 MOMYYeHUs JaHHbIX.

ONs [OKYMEHTVMPOBaHMS 3TOF0 HaMepeHUs W NpPefoTBPaLleHNs HEBEPHOTO NPUMEHEHMs
cucTema TMnoB Go npefocTaBfsieT TWN OAHOHAMNPaBNEHHOrO KaHana, KOTOpbI o6ecneun-
BaeT TO/IbKO OfiHY OMepauuio — oTnpaBfeHne UM nonydeHune. Tun chan<-int npeacTas-
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nseT coboii KaHan int, npegHasHaueHHbI TOMBKO A OTNPABNEHNUS, KOTOPbIA NO3BOAET
OTNPaBAsATh AaHHbIE, HO He Moay4yaTb MX. HanpoTue, Tun <-chan int, kaHan int, npea-
HasHauYeHHbI TOMbKO A8 MOMyYeHWs, MO3BONSET MOAy4YaTb, HO He OTMPaBAATb [aHHbIE.
(MonoxeHne CTpeNku <- OTHOCUTENbHO KJHOUEBOro ClioBa chan sBNSeTC MHEMOHMWYe-
CKUM.) HapyLueHMs NprMeHeHnst Takux KaHanoB 06HapY>KMBAlOTCA BO BPEMSI KOMMUAALMM,

MockonbKy onepauns close yTBepXxaaeT, YTo B KaHan Gofblle He GYAeT OTNpaBieHUs
LaHHbIX, Bbl3blBaTb €6 MOXET TO/IbKO OTNpaB/stoLLas go-nognporpamMma; no aToi NpuynHe
MONbITKA 3aKPbITb KaHal TONbKO AN NOMyYeHUs MPUBOAMT K OLUMGKE BPEMEHW KOMMNUAS-
Lum.

[JaBaiiTe ellie pa3 pacCMOTPUM KOHBeliep, BO3BOAALLMIA UMcna B KBaApaT, Ha 3TOT pa3 —
C MPUMEHeHNeM OfHOHAMpPaBMeHHbIX KaHaMoB:

aopL lo/cbB/oroeHne3
func counter(out chan<- int) {
for x = 0; x < 100; x++ {

out <- X
close(out)
}
func squarer(out chanc- int, in <-chan int) {
for v := range in {
out <- v *v
>
close(out)
}
func printer(in <- chan int) {
for v := range in {
fmt.Println(v)
}
}
func main() {
naturals := make(chan int)
squares := make(chan int)
go counter(naturals)
go squarer(squares, naturals)
printer(squares)
}

Bbi3oB counter(naturals) HeaBHO npeobpasyeT naturals, 3HayeHue TuNa
chan int, B TMn napameTtpa, chan<-int. Bbi3oB printer(squares) BbINOMHAET aHa-
NOTUYHOE HesiBHOe npeobpasoBaHue B <-chan int. Mpeobpa3oBaHUs ABYHanpaBieHHbIX
KaHas0B B OfjHOHaNpaBneHHble paspeluaeTca B N060M npucBamBaHun. OfHaKo obpaTHoe
He BEpHO: ec/N y Bac ecTb 3HaYeHWe OAHOHANPaBAEHHOro TUMa, Takoro kak chan<-int, To
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HeT cnocoba NnoNy4YnTb N3 HEFr0 3Ha4YeHMEe Tnuna chan int, KOTOpPOE CCbINNaeTCA Ha CTPYKTY-
Py AaHHbLIX TOro XXe KaHana.

8.4.4. byhepunsoBaHHble KaHa/bl

Bytepun3oBaHHbI KaHan MMeeT oyepedb 31eMeHTOB. MakCuMasnbHblli pasmep ouepe-
W onpefenseTca Npu CO3faHUM KaHana ¢ MOMOLLbIO apryMeHTa eMKOCTM (pyHKLMU make.
MprBefeHHaa HUXe WHCTPYKUWUA co3faeT Oydepn3oBaHHbI KaHan, CNOCOGHbIA XpaHWUTb
TPU CTPOKOBbIX 3HayeHus. Ha puc. 8.2 rpagmyecku npefactasBieHbl ch W KaHaj, Ha KOTO-
pbiii OH YKa3blBaeT:

ch = make(chan string, 3)

I

Puc. 8.2. [ycroii Oydepu3oBaHHbli kaHan

ch

Onepauus oTnpasneHns B 6ydepn3oBaHHbI KaHan BCTaBNsSeT OTMPABIAEMbI/i 3fNeMeHT
B KOHeL, o4epesu, a onepauus noayyeHws yganseT nepsblii a1eMeHT n3 ouepean. Ecnn ka-
Han 3anofiHeH, onepauua oTnpaBneHUs GNOKMPYeT CBOK go-nofnporpammy Ao Tex nop,
noka gpyrasa go-nognporpamMmma He 0CBO60AMT MecTO, NOAYUYMB [aHHble U3 KaHana. U Ha-
060poT, ecAn KaHan nycT, onepayusa nonyyeHus 6nokupyeT go-nognporpammy Ao Toro mo-
MeHTa, MOKa B KaHan He OyfeT NocnaHo 3HayeHue U3 Apyroli go-nognporpamMmei.

B yKasaHHbIi KaHa/ll MOXHO OTMpaBUTb A0 TpeX 3HayeHWi 6e3 6IOKMPOBKM gO-MoA-
nporpaMmbl:

Ch <_IIAII
ch <-"Bm
ch <-uC"

B 3TOT MOMEHT KaHan 0Ka3blBaeTCsA 3amofiHeHHbIM (puc. 8.3), 1 MHCTPYKLMUS oTnpas/e-
HUS YeTBEPTOro 3/1eMeHTa NMPUBOAUT K 6NIOKMPOBKE §O-MOAMNPOrpamMmbl.

_/ “p” “g” acr
-

Puic. 8.3. 3anonHeHHbIl 6ydepr30BaHHbIA KaHan

ch

Ecnn Mbl NONYyYUM M3 KaHana OfHO 3HaYeHne
fmt_Printin(<-ch) // "A"
TO KaHan CTaHEeT HW MYCTbIM, HW 3anonHeHHbIM (puc. 8.4), Tak 4YTO Kak onepauus oTnpas-

NleHNs, Tak 1 onepayus nonyyeHus 6yayT BbINONHeHbl 6e3 6/10KMPOBKU. Taknum 0o6pasom,
Oydep kaHana pasfenser go-nognporpaMmMbl OTMPABAEHUS W NOMAYYEHUS.
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—/ “g” “cr
*—

Puc. 8.4. YacTnUHO 3aro/IHEHHbIN
Oy(hepr30BaHHbI KaHan

ch

B ManoBepoATHOM Cfiyvae, Korga nporpaMmme Heo6xo4MMo 3HaTb eMKOCTb 6ydepa KaHa-
na, ee MOXXHO MOYy4YUTb, BbI3BaB BCTPOEHHYIO (YHKLWIO cap:

fmt.Printin(cap(ch)) // "3"

Mpy NpUMEHEHWM K KaHany BCTPOEHHas (yHKUMs len BoO3BpallaeT KOMMUYECTBO 3fe-
MEHTOB, HaxoAsuluxcs B HacTosillee Bpems B Gydepe. MoCKONbKY B mapannensHoii npo-
rpaMme 3Ta MH(OPMALMSA, CKOpee BCEro, OKaXeTCs yCTapeBllel cpasy Mo MojyuyeHuu, ee
NpYMeHeHNe OrpaHNyYeHo, HO OHa MOXET 0Kas3aTbCs MO/e3HO AN ONTUMMU3ALMM NPOU3BO-
OUTENBHOCTY MAW NPU OTNAAKe.

fmt.Printin(len(ch)) 7/ "2"

Mocne ele ABYX ONepaunii MonyyeHUs KaHan CHOBA CTaHET MyCTbIM, a YeTBepTas one-
pauus 3abnokupyeT paboTy go-nognporpaMmsi:

fmt_Println(c-ch) // "B"
fmt.PrintIn(<-ch) // "C"

B aTom npumepe onepauuu OTNpaBieHUS U NOAYYEHWUS BbINOAHANNCL OLHON W TOW Xe
go-noAnporpaMMoii, HO B peanbHbIX NPOrpaMmMax OHV 06bIYHO BbIMOMHAKTCA Pa3nMyHbIMU
go-nognporpaMmamu. HOBMUKM MHOTAa cO6M1a3HAOTCA MPOCTbIM CUHTAKCUCOM WM UCMOMb-
3yl0T 6yhepm3oBaHHble KaHanbl B Npegenax 04HON go-nognporpaMMbl B Ka4ecTBe ouepesm,
HO 3TO owwnbKa. KaHanbl rnyboko CBA3aHbl C MAaHUPOBaHUEM go-NoAMporpaMm, u 6e3 apy-
roil go-nofgnporpaMmsl, Nofyyatoweid gaHHble U3 KaHana, OTNpaBuUTeNb — Aa, MOXanyw,
BCS Mporpamma B LIe/IOM — PUCKYeT 6bITb HaBcerga 3ab610KMpoBaHHbIM. Ecnin Bce, UTO Bam
HY>XHO, — 3TO MPOCTas o4epefb, BOCNONb3YATECH CPE3OM.

B npuBeseHHOM HMXEe MNpumepe MNOKa3aHO MPUIoXeHue 6y(epnm3oBaHHOrO KaHana.
OHO BbIMOMHAET MapanfenbHble 3anpocbl K TPeM 3epkanam, T.e. K 3KBMBANEHTHbIM, HO
reorpauyecki pasHeceHHbIM cepBepam. VX OTBETbl OTMPaBAsfTCA B Oydepn3oBaHHbI
KaHan, a 3aTemM OTTyAa MOCTynaeT TO/IbKO CaMblii ObICTPbI/ MepBblii 0TBET. TakUM o0bpa-
30M, mirroredQuery BO3BpaljaeT pe3ynbTaT faXe 40 TOro, Kak OCTafbHble MefeHHble
cepBepbl YCTaHOBAT coefuHeHue. (KcTatu, An1s HECKONbKUX gO-NOANPOrpaMM BMOSIHE HOP-
Ma/lbHO NnepefiaBaTb 3HAYEHWS| B OQUH W TOT XX€ KaHan 04HOBPEMEHHO, KakK B MPUBEAEHHOM
npuMepe, Kak v Nonyyatb JaHHbIe U3 O4HOIO W TOr0 XXe KaHana.)

func mirroredQuery() string {
responses := make(chan string, 3)
go func() { responses <-request(asia.gopl.io™) }O
go func() { responses <-request(‘'europe.gopl.io™) }O
go func() { responses <-request(‘“americas.gopl.io™) }0O
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return <-responses 11 BosBpaT camMoro 6bICTPOro oTBeTa

func request(hostname string) (response string) {/*...*/}

Ecnm 6bl Mbl MCMOMb30BanM kKaHan 6e3 Oygepusaumn, gBe 6onee MeaneHHble go-
noanporpaMMbl 661K Gbl 3a6N0KMPOBAHLI NP NOMbITKaX OTNPaBUTbL CBOU OTBETbI B KaHasl,
M3 KOTOPOr0 HUKTO HUKOrfa He MbiTanca 6bl CUMTbIBATL AaHHble. 3Ta CMTyalus, KoTopas
Ha3bIBaeTCs yTEUYKON go-nognporpamm, 6bina 6bl OWKNGKOA. B 0TAMYME OT MepeMEHHbIX,
noTepsiHHbIE gO-MOANPOrpaMMbl He cobuparTca C60pLLMKOM Mycopa aBTOMaTuyecku, no-
3TOMY BaXHO rapaHTUpoBaTb, YTO gO-NOANPOrpaMmbl AO/MKHbI MPEKPaTUTLCA caMu, Korga
OHW 60NbLUE HE HYXHbI.

Bbi6op mexay 6ydepusoBaHHbIMK 1 Heby(epn3oBaHHbLIMU KaHanaMmu, Kak u Bblbop emM-
KOCTU 6y(hepn3oBaHHbIX KaHan0B, MOXET BAWATb Ha KOPPEKTHOCTb paboTbl MPOrpamMbi.
HebyepunsoBaHHble KaHanbl falOT 60/7ee HajeXHble rapaHTUU CUHXPOHU3aLUK, MOTOMY
UTO KaXkgas onepauus OTNpaBfieHNs CUHXPOHU3NPYETCA C COOTBETCTBYHOLLEA onepauuei
nonyyeHus; B cnyvyae Oydepn3oBaHHbIX KaHanoB 3TV onepauuu pasgeneHbl. Kpome Toro,
KOrfa Mbl 3HAEM BEPXHIOK FpaHuULy KOMWYEeCTBa 3HaYeHWii, OTMPaBASEMbIX B KaHan, HeT
HU4Yero HeobbIYHOTO B CO34aHMM O6y(epnu3oBaHHOrO KaHana AaHHOro pasmMepa C BbINOSHe-
HMeM BCEX OTNpaB/IeHMIA elle [0 NOMYYEHWUS MepPBOro 3Ha4YeHnsa M3 KaHana. Hecnoco6HoOCTb
BblAe/INTb LOCTAaTOYHYI €MKOCTb Oydepa MOXET MPMBECTU KO B3anMOBIOKMPOBKe Mpo-
rpaMMbl.

Byepusauua kaHana MoXeT MOBAWNATb W Ha NPOM3BOAUTENLHOCTL Mporpammsl. Mpea-
CTaBbTe cebe TPexX KOHAWTEPOB, U3 KOTOPbIX OAWH MeyeT TOPT, BTOPOW NOAMBAET ero rna-
3ypbto, a TpeTuii pasykpalmBaeT TOPT nepej nepegadeii Ha npojaxy. B KyxHe, rge mano
MecTa, KaXAbll KOHAUTEP, KOTOPbLIA 3aKOHYM CBOK OMepauuio ¢ TOPTOM, BbIHYX/EH f0-
XunaaTbcs, Korga cnegyowmnii KoHgutep 6ygeT rotoB NPUHATL ero paboTty. 3TO aHanor Ka-
Hana cBA3n 6e3 byepnsaymu.

Ecnn e MeXay KOHAWTepamu ecTb MecTo AN OAHOro TopTa, TO KOHAUTEP MOXET no-
CTaBWTb TaM FOTOBbI TOPT 1 BpaTbCs 3a Cneayowmii. 3To aHanor KaHana ¢ 6ydepom emKo-
cTbto 1 Ecnn KoHAMTepbl paboTaloT B CPeAHEM MPUMEPHO OLMHAKOBO, 60/bWMNHCTBO TOp-
TOB MPONAYT BbICTPO: BPEMEHHbIE pa3nnuma B paboTe 6yayT CrnaxeHbl Hanuuvem Gydepa.
Uem 60/blle MecTa MeXAy nosapamy — T.e. Yem 6onble 6ydepa, — Tem 60/ee CUbHbIE
Bapvauun 6yayT crinaxeHsl 6e3 MPMOCTaHOBKM KOHBelepa (KakK, HampumMep, ecim OfuH Mo-
Bap BbIHY)XXAEH HEHafonro OTNy4YnTLCA, NOCAEe Yero HaBepcTbIBaeT YNyLEHHOE).

C fpyroii CTOpoHbl, ecnn Ha 6osiee paHHeli cTaguu KoHBeiepa paboTa maet 6GbicTpee,
4yeMm Ha cnegytowem atane, 6ydep mexay HUMKU 6yaeT 60MbLUY YaCTb BPEMEHW 3aMO/IHEH.
N HaobopoT, ecnn Ha nocneaylouein ctagum paboTta ugeT 6bicTpee, Oydep B OCHOBHOM
nycTbl. B aTom cnyyae 6ydep He MPUHOCUT HUKAKOWM MOSb3bl.

MeTathopa Takoro KoHBeliepa mofie3Ha Ans KaHanoB U go-nognporpamm. Hanpumep,
ecnum paboTa Ha BTOpPOM 3Tarne sBAsieTcs 6onee CNOXHOW, TO OAUH KOHAWTEP MOXET He
MMeTb BO3MOXHOCTW 06eCrneynTb He06X0AUMYI CKOPOCTb, TaK YTO Mbl MOF/IN Obl HaHATb
elle 0fHOro KOHAMWTEPa eMy B MOMOLLb — ANS BbIMOMHEHWS TON e 3ajayu, Ho paboTato-
LLero caMocToATeNIbHO. OTO aHaNOrM4YHO CO3/aHNI0 ellle OfHON go-MoAnporpaMMbl, C006-
WwakoLleicsa ¢ pyrumMmn yepes Te Xe KaHasbl.
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3[ecb HeA0CTAaTOYHO MEeCTa, YTOObI MPUBECTMU MOMHbIA UCXOAHbIA TEKCT, HO nakeTgopl.
io/ch8/cake nmuTMpyeT 3TOT MarasvH TOPTOB, C HECKO/IbKUMUW MapamMeTpamu, KoTopble
MOXHO M3MeHATb. OH BK/OYaeT B ceba PyHKUMU nponsBoguTenbHocTM (pasgen 11.4) pns
HECKOMbKNX CL,EHapMeB, OMUCAHHbIX BbILLe.

8.5. MapannenbHbie LUKbI

B atom pasgene Mbl pacCMOTPMM HEKOTOPble pacnpocTpaHeHHble WabnoHbl Ang na-
pannenbHOro BbIMOMHEHMA BCeX MTepauuii umkna. Mbl 6ygem paccmaTpuBaTth 3ajavy cO3-
[aHUst ManblX 3CKWM30B AN Habopa nonHomaclwTabHbIX n3obpaxeHuid. Maket gopl.io/
ch8/thumbnail cogepxut pyHkunio ImageFile, koTopad macwTabupyet o4HO nU3obpa-
XeHve. Mbl He 6yZeM MNOKasbiBaTb €€ peann3auuto, oHa MOXEeT OblTb 3arpy)eHa c caiTta
gopl.io.
qooL.i0o/ch8/thumbnaii
package thumbnail

11 ImageFile cuuthbiBaeT usobpaxeHne us infile u

// 3anucbiBaeT 3CKM3 B TOT Xe Kartasor.

// Bo3BpawaeT CreHepupoBaHHOe uMsl haina, Hanpumep "‘foo.thumb.jpg™.
func ImageFile(infile string) (string, error)

MpuBeAeHHass HWXe Nporpamma MPOXOAWT MO CMUCKY MMeH (haiifioB M306pakeHnin u
reHepupyeT A1 KaXA0ro MUHMATIOPHBIA 9CKN3:

godL. i0/ch8/thumbnail
// makeThumbnails co3gaeT acku3bl gns dalinoB U3 cnvcka,
func makeThumbnails(filenames []string) {
for _, ¥ = range filenames {
if err := thumbnail.lmageFile(f); err != nil {
log.Printin(err)

}

Ou4eBMHO, YTO NOPSAOK, B KOTOPOM 06pabaThbiBaloTCA (aiifibl, He MMeeT 3HaUYeHUs, Mo-
CKOMbKY KaXkfas orepawlus MacliTabvpoBaHWs ABNSETCA HE3aBUCUMMOI OT BCEX OCTalbHbIX.
Mofo6Hble 3ahaun, KOTOPbIE COCTOAT WUCKMOUYUTENbHO U3 MOJIHOCTbIO HE3aBMCUMbIX OfjHA
OT [pyroii nogsajady, ONMWCLIBAKOTCA KakK OLUEOMAAOLWE napannensHble (embarrassingly
parallel). Ans owenomnsioLie napanienbHbiX 3a4ay NPoLLe BCEro peann3oBaTb napansesb-
HOe BbIMO/IHEHUE U MONYYNTb NPOU3BOAMTENLHOCTL, KOTOPass NMHEAHO pacTeT ¢ yBenude-
HUEM CTeMeHW napansiennsma.

[aBaiiTe BbINOMHUM BCe 9TV onepalun mapannenbHo, TeM CaMbiM CKpPbIBas 3afepXKy
(halinoBOro BBOAA-BLIBOAA WM MCMOMb3Ys HECKOMbKO MPOLECCOPOB ANs MaclTabupoBaHus
1306paxkeHnit. Halua nepeas nMonbITKa NONY4YUTL Napan/esbHyl0 Bepcuto NpocTo Ao6aBns-
eT K/loyeBoe CNoBo go. Moka uTo Mbl Gy[emM UrHOPMPOBaTh BCE BO3MOXHbIE OLUMGKM,
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// TpuveyaHve: Henpasu/ibHO!
func makeThumbnails2(filenames []string) {
for T = range filenames {
go thumbnail.ImageFile(f) // MNpuveyaHve: wrHopvpyem OWUOKK

OTa Bepcusa paboTaeT oYeHb ObICTPO, Ha cCaMOM fefne Aaxe CAUWKOM ObICTPO, TaK Kak
3aHMMaeT Kyja MeHblue BPEMEHW, YeM OpWUTUHAN, faxe Korfja cpe3 umeH thaiinos cogep-
XUT TONbKO OfAWH 3anemMeHT. Ecnu HeT nmapannenusma, TO Kak >Xe napanfenbHas Bepcus
MOXeT paboTaTb 6bicTpee? OTBeT NpocT — Bo3BpaT n3 makeThumbnails BbinonHseTCH
[0 TOro, Kak BbIMOMHSETCA BCe TO, YTO 3Ta DYHKUMA A0MKHA fenaTb. OH 3anmyckaeT go-
nognporpamMmbl, MO O4HOM ANS KaXKAOro MMeHU (aiina, HO He XAeT WX 3aBepLueHus.

YBbl, He CYyLeCcTByeT HemnocpeAcTBEHHOro crnocoba A0XAAaTbCA 3aBepLUeHUs go-nofg-
NporpaMmMbl, HO Mbl MOXEM W3MEHUTb BHYTPEHHIOK gO-MOoAMNporpaMMmy TakuMm 06pa3om,
4yTo6blI OHa coobliana O CBOEM 3aBepLUeHUN BHELUHel go-nofgnporpamme, OTNPaBnss Co-
6bITMe B 06WMIA KaHan. MockonbKy Mbl 3HaeM, yuTto mmeetca posHo len (Filenames)
BHYTPEHHUX gO-MOAMPOrpaMM, BHELIHEA MporpaMMe HY>XXHO NPOCTO MOACYHUTATb HYXHOE
KO/INYeCTBO COOBLITMI, NPeXae Yem 3aBepLUIUNTbLCS:

// makeThumbnails3 napannenbHO AenaeT 3CKW3bl ONpefesnieHHbIX (alinos,
func makeThumbnails3(Ffilenames []Jstring) {
ch := make(chan struct{})
for f = range filenames {
go func(f string) {
thumbnail . ImageFile(f) // MNpumeyaHne: WUrHOPUPYEM OWMOKN

ch <-struct{}{}
oS 2

// Oxnpaem 3aBepleHuss go-nognporpavm
for range filenames {
<-ch

}

O6paTnTe BHMMaHMWE, YTO Mbl nepegany 3HavyeHue T Kak ABHbIi aprymeHT nutepanb-
HON (PYHKUMWM BMECTO TOro, YTO6bl MCNO/Ib30BaTh 06bsABNEHUe F 13 OXBaTbIBAOLLErO LKA
for:

for T = range filenames {
go funcQ {
thumbnail . ImageFile(f) // TMpumeyaHne: Henpasu/ibHO!
/1
30
}

BcnomHMTe 0 NpoGieme 3axBaTa MEPEMEHHOW LMKAa BHYTPU aHOHUMHOW (yHKLMK,
onucaHHoW B pasgene 5.6.1. Bbilwe ogHa nepemeHHas f pasgensercs BceMW 3HaAUEHUAMN —
AHOHWMHbBIMWU DYHKLUMSMU 1N OGHOBNSETCSH KaXKAol ouepefHO uTepauumeid. Ko BpemeHw,
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Korga HoBasi go-nognporpamma HaunmHaeT BbINOIHEHWE NUTEPanbHON PYHKLMKN, LUK, BO3-
MOXHO, y>Xe o6HoBUAN f ¥ Havan Apyryto utepayuio unm (4To gaxe 6onee BepoOsATHO) 3a-
BEPLUM/ICS MOMHOCTLIO, TaK YTO, KOrAa 3TM go-nognporpaMmmbl Aobpannck A0 YTEHUS 3Ha-
yeHus f, BCe OHW yBMAENU 3HAYeHMe AN MOCMeAHero 3nemMeHTa cpesa. Mcnonb3ys SiBHbIN
napameTp, Mbl FapaHTUpyem, YTO NpUMeHseTcs 3HadeHue f, KOTopoe ABNAETCA TEKYLW UM
B MOMEHT BbINO/IHEHUS UHCTPYKL MK QO.

Uto penatb, eCAM Mbl XOTMM BO3BpallaTbh 3HAYeHWS OT KaXAoi paboueid go-moa-
nporpamMmsl B rnaBHyt0? Ecnm BeizoBy thum bnail. ImageFile He ygaeTca co3gaTb haiin,
OH BO3BpalliaeT coobuieHne 06 owmnbke. Cneayrowas sepcuss makeThumbnails Bo3spa-
LaeT NepByto OLMOKY, KOTOPYIO OHa Nofy4vaeT OT /1060# 13 onepaumnii MaclTabupoBaHma:

// makeThumbnails4 napannenbHo genaeT 3CKU3bl ONpefefieHHbIX (haiios.
// Bo3BpawaeT ownbky npu cboe Ha nwbom ware,
func makeThumbnails4(filenames []string) error {

errors := make(chan error)

for f = range filenames {
go func(f string) {
err := thumbnail.lImageFile(f)
errors <- err

HF)

for range filenames {
if err = <-errorsj err != nil {
return err // lpumeyaHne: HEBEPHO: yTeyka go-Mognporpamm!

}

return nil

B 3Toli hyHKUUM COAEPXKMTCS TOHKas owmnbKa. BCTpeTnB nepByto HEHYNEBYIO OLUIMGKY,
OHa BO3BpALLaeT ee BbI3blBalOW e YHKLUN, He MO3BONAA gO-NogMporpaMme OnycToWNTb
KaHan errors. B pesynbTaTe Kaxpjas ocTaBlasca paboTawolas go-nognporpamma 6yaet
HaBcerja 3a6/10KMpoOBaHa, ecnn NonbiTaeTcAd 0TNPaBUTbL 3HAYEeHWe B 3TOT KaHan, U HUKOrja
He 3aBeplinTCcA. ATa cUMTyaums, yTeduka go-nognporpamm (pasgen 8.4.4), MOXeT MPUBECTU
K OCTaHOBKe BCell nMporpaMMbl WX HEXBATKE NaMATK.

CaMbIM MPOCTbIM peLleHnem ABaSeTCa MCNob3oBaHMe byGhepnM3oBaHHOIO KaHana ¢ 4o-
CTaTOYHOI eMKOCTbH0, KOTOpbIA He 6yfgeT 6n0KMpoBaTb pabouve go-nognporpammbl nNpu
oTnpaBke coobuieHWiA. (ANbTepHATUBHOE PEeLLEeHWe 3aK/4aeTcs B CO34aHMU elle OAHOW
go-noAnporpamMmmel 415 ONYCTOLWEHWUA KaHana, B TO BpeMs Kak OCHOBHas go-noAnporpaMmma
6e3 npomefeHNs BO3BpalLaeT MepByro OLINOKY.)

OuepegHas Bepcusa makeThumbnails ucnonb3yet 6ygepn3oBaHHbIN KaHan Ans BO3-
BpaTa MMeH CreHepMpoBaHHbIX (halinoB BMeCTe CO BCEMU OLLIMOKaMMK.

// makeThumbnails5 napannenbHo fenaeT 3CKWU3bl OnpeaeneHHbIX (hainos.
// Bo3BpawaeT uMeHa CreHepupoBaHHbLIX (aiifioB B MPOM3BOSILHOM MNOpsiaKe
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// v owmbky npu cboe Ha fwbom ware,
func makeThumbnails5(filenames []string)
(thumbfiles []string, err error){
type item struct {
thumbfile string

err error

}

ch := make(chan item, len(filenames))
for _, T := range filenames {

go func(f string) {
var it item
it.thumbfile, it.err = thumbnail.lImageFile(f)
ch < it

HF)

for range filenames {
it == < ch
if it.err = nil {
return nil, it.err
>
thumbfiles = append(thumbfiles, it.thumbfile)

}

return thumbfiles, nil

Hawa okoHuaTenbHaa Bepcusa makeThumbnails, nokasaHHas HuXe, BO3BpalLaeT 06-
Lee KOAM4YecTBo 6aliToB, 3aHATbIX HOBbIMU (halinamu. OfHAKO B OTAMYME OT NpeablgyLinx
BepcuiA, OHa MonyvaeT MMeHa (aitfioB He Kak Cpes3, a MO KaHany CTPOK, MO3TOMY Mbl He
MOXeM MpeackasaTb KONMYECTBO UTepauuii Lukna.

UTobbl y3HaTb, KOrga nocnefHAas go-nognporpaMma 3akoH4uUT paboTy (3Ta go-nog-
nporpamMma MOXeT He ObITb MOCMefHen 13 3anyLeHHbIX Ha BbIMOMHEHWE), HY)XHO YBenu-
YMBaTb CUETUYMK Mepes 3anyCKOM KaxKAoi go-mofnporpamMmmbl M YMeHblUaTb €ro nocne 3a-
BepweHuns. Ana atoro Tpebyetcs cHETYMK 0CO60ro poaa, ¢ KOTOpbIM MOryT 6e30MacHo pa-
60TaTb HECKONbKO gO-NOAMPOrpaMM W KOTOPbIA MpeaocTaBnseT BOSMOXHOCTb OXMAAHWUS,
NMOKa OH He CTaHeT paBHbIM HYNH. ITOT TUN cUeTUYMKa U3BECTEH Kak sync.WaitGroup, u
NpyBeAEHHbIN HUXe KO MOKa3blBaeT, KakK ero ncrnonb3oBatb:

// makeThumbnails6 napannenbHO genaeT 3CKW3bl OMNpeAenieHHbIX (ainios.
// Bo3sBpawaeT o6Wee KoAM4ecTBO 6GaiiTOB B CO3AaHHLIX (ainax,
func makeThumbnails6(filenames <-chan string) int64 {
sizes := make(chan int64)
var wg sync.WaitGroup // KonuuecTBo paboTaiwmx go-nognporpamm
for £ := range filenames {
wg .Add(l)
// Pabouyas go-nognporpamma
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go func(f string) {
defer wg.DoneQ

thumb, err := thumbnail.ImageFile(f)
if err 1= nil {
log.Printin(err)
return
}
info, _ := os.Stat(thumb) // WrHopupyem oLWM6KM
sizes <- info.Size()
HE)
/1 OxwupaHve cyeTymKa
go func() {
wg.WaitQ
close(sizes)
10
var total int64
for size := range sizes {
total += size
>

return total

O6paTnte BHMMaHWe Ha acummeTpuio metogoB Add m Done. Metog Add, KoTopblii
yBENNUMBAET 3HauYeHMe CYeTuMKa, AO0/KEH ObiTb Bbi3BAH Mepesj Hayanom pabouyeit go-
NOAMPOrpamMMbl, HO He BHYTPU HEro; B MPOTUBHOM C/yyae Bbl He MOXeTe OblTb YBEPEHHI,
yTo Add npefLlecTBYeT gO-MOANPOrpamMMe 0XMUAAHNA CUETUMKA, KOTOPas Bbi3blBAET METO/
W ait. Kpome Toro, Add npnHumaet napameTp, a Done — HeT; BbI30B Moc/iefHero Metoaa
akBumBaneHTeH BbizoBy Add(-1). Mbl ncnons3osanu defer, 4To6bl rapaHTUpPOBaTb, 4YTO
3HaYeHWe CUETYMKA YMeHblUaeTcsl faxe B cliyvyae ownbku. MokasaHHas CTPyKTypa Kofa
SBNSETCA PacnpoCTPaHEHHbIM MAMOMATMYECKUM LWIabNoOHOM AN napanfiefibHO BbIMOAHAE-
MbIX LMKMOB, KOF4a Mbl He 3HAaeM KO/MM4ecTBa UTepauuii 3apaHee.

KaHan sizes nepepaeT pasmep Kaxgoro gaiina 06paTHo B rnaBHY go-nognporpaMmmy,
KoTopas nony4aeT 3TV 3Ha4YeHUs C NMOMOLLbI LMKAa N0 AManasoHy W BbIYUCNSET CYyMMY.
O6paTnTe BHMMaHWe, Kak Mbl CO3[aeM gO-MoAnporpamMy OXWAaHUSA CYeTYMKa, KoTopas
XIET 3aBepLleHns Bcex pabounx go-nognporpamMm. STW ABe onepaluu, 0XULAHUS CYeT-
YMKa U 3aKpbITUSA KaHana, fO/MKHbI BbINOMHATLCA NapanfieNbHo C LMKAOM, paboTaroLimm
C KaHanom sizes. PaccMOTpMM anbTepHaTWBbLI: €ClM OMepauus 0XUAaHWS HaxoguTcs
B rNMaBHON go-MoAnporpaMMe nepef LUKAOM, OHA HUKOrAa He 3aBepLuUTCA, a eciu ee mno-
MeCTUTb MOC/e LuKa, OHa OKaXXeTcs HeJOCTYMHOM, NOCKO/bKY HUUYTO He 3aKpOeT KaHarn,
a 3Ha4mMT, UMK/ HUKOTAa He MpekpaTuTcs.

Ha puc. 8.5 nokasaHa nocnegoBaTeNbHOCTb COObITMI B hyHKLMM makeThumbnails6.
BepTuKanbHble TMHWW NPELCTABAAKT gO-NoANPOrpaMmMbl. TOHKME OTPE3KU YKa3blBalT
nepuoabl OXWAaHWs, TONCTble — AeATeNbHOCTU. HaknoHHblIe CTPENKM YKasblBalT CO-
6bITNA, KOTOPbIE CUHXPOHU3MPYIOT OAHY gO-nognporpammy c gpyroii. Ocb BpeMeHu Ha-
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npaesieHa BHKU3. O6paTUTe BHUMaHWE, Kak rnaBHas go-nognporpaMmMa NpoBoANT 60MbLIYHO
yacTb CBOEr0 BPEMEHW B LMK/E MO AMana3oHy B COCTOSHUM OXMWAAHWS, MoKa paboyas go-
noAnporpamma He OTMPaBUT 3HAYeHME, WU O-MOAMPOrpaMma OXMAAHUS CUeTUMKaA He 3a-
KpOeT KaHal.

InaBHas
[0-noanporpavMma

go Paboune
9 go-NOANPOrPaMMbl
: \ Oxuganve
. cyeTunka |
OtnpasneHue pasmepa i
> e Done ()
2
2 OtnpasneHue pasmepa |
s e Done ()
2
s OtnpasneHuie pasmepa
s
=

} Done ()
3aaep\ueume oxuaaHva

Puc. 8.5. [NocnenoBarenbHOCTL COObITHI B makeThumbnailsé

YnpaxHeHue 8.4. Mogugunumpyiite cepeep reverb2 Ttak, 4tobbl OH MCNOMb30BaN MO
ofHOMY 06bekTy sync.WaitGroup gna KaXaoro coeguHeHus And nojcyera Konuyecrsa
aKTUBHbIX go-nognporpamm echo. Korga oH 06HynseTcs, 3aKkpbiBainTe NULIYLLYIO MOM0BU-
Hy TCP-coeMHEHNA, KaK ONUCAHO B yrnpaXKHeHUn 8.3. YbefuTech, YTO Bbl M3MEHWUIN K/N-
EHTCKYI0 nporpammy netcat3 n3 3TOro ynpaxHeHUs Tak, 4Tobbl OHa OXugana nocnegHue
OTBeTbl OT MapassefibHbIX gO-NoANPOrpamMmm CepBepa faxe Mnocne 3aKpbiTUA CTaHLAPTHOrO
BBOZA.

YnpaxHeHue 8.5. Bo3bMUTe CyLLECTBYIOLLYIO MOCAeA0BaTeNbHYIO NporpaMMy, Takyto
Kak nporpamma BblUMCAeHUs MHOXecTBa MaHaens6poTa u3 pasgena 3.3 Uau BblYUCEHUA
TPeXMEpHOI NOBEPXHOCTM U3 pa3fena 3.2, U BbINOMHUTE €€ NaBHbIA LMKN napannensHo, ¢
Mcnonb3oBaHMeM KaHanoB. Hackonbko 6bicTpee cTana paboTaTb nmporpamma Ha MHOronpo-
LleCCOpPHO/ MallmHe? KakoBo ONTMMa/ibHOE KOMMYECTBO MCMNOMb3YEMbIX gO-MOANPOrpaMm?

8.6. MNpumep: napannensHblii BE6-CKaHep

B pasgene 5.6 Mbl co3gany NpoCcToi Beb-CKaHep, KOTOPbIA uccnegoBan rpag) CCblaok
B VIHTepHeTe B NopsfKe MouCKa B WMPUHY. B 3TOM pasgene Mbl cAefiaeM ero napannenb-
HbIM, YTO6bI He3aBUCKMMbIe Bbl30Bbl craw | MOranm ucnonb3oBaTb Mapannennsm onepawui
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BBOJAa-BbiBOAA B VIHTepHeTe. dyHKuUMs craw | ocTaetca Toil xe, uto uBgopl.io/ch5/
findlinks3:

aooi .io/ch8/crawLl
func crawl(url string) []string {
fmt.Printin(url)
list, err := links.Extract(url)
if err 1= nil {
log.Print(err)

return list

®PyHKUMA main HanomuHaeT breadthFirst (pasgen 5.6). Kak n paHee, worklist
3anucbiBaeT ouepesb 3N1eMeHTOB, Tpebyowmnx 06paboTku, Kaxablii anemeHT cnucka URL
CKaHUpYeTCA, HO Ha 3TOT pa3 BMECTO NPeACcTaBfeHUs oYepean B BUAE Cpe3a Mbl UCMOMb3Y-
em KaHan. Kaxgbiii BbI30B craw | ocyliecTBiseTcs B CBOeWi go-noAnporpamMme v nepefaet
06HapPY>XEHHbIE CChISIKU 06paTHO B CMMUCOK.

func main() {
worklist := make(chan []string)

// 3anyck c aprymeHTamy KOMaHOHO/ CTpOKw,
go func() { worklist <- os.Argsfl:] }()

// TNapannencHoe CKaHVpoBaHuve,

seen := make(map[string]bool)
for list := range worklist {
for link := range list {

if l!seen[link] {
seenflink] = true
go func(link string) {
worklist <- crawl(link)

}(link)

O6patnTe BHMMaHUe, YTO go-nojnporpamMma ckaHupoBaHusa npuHumMaeT link B Kadye-
CTBe ABHOro napaMmeTpa, 4Tobbl n3bexaTb NPo6aeMbl 3axBaTa NePeMEHHON LUKa, KOTOPYHO
Mbl BriepBble YBUAenn B pasgene 5.6.1. O6patnTe TakKe BHUMaHWE, YTO MepBOHaYa/bHble
aprymMmeHTbl KOMaHAHOI CTPOKU JO/KHbI NepefaBaTbca B paboymnili CNMCOK B OTAENLHOW go-
nognporpaMmMe, 4Tobbl 136eXaTb B3aMMOONOKMPOBKM, CUTyaluum “3aBucaHusa™, B KOTOPON
OCHOBHaa go-moAnporpamMma v go-noAnporpaMMbl CKaHWPOBaHWSA MbITAKOTCA OTNPaBNATb
nHhopMauno Apyr Apyry B TO BPeMs, KOrja H/ OAHa M3 HUX ee He monyyaeT. AnbTepHa-
TUBHOE peLleHNe 3aK/Y4aeTcs B UCMONb30BaHUN 6yhepnu30BaHHOIO KaHana.
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Tenepb ckaHep 06/1ajaeT BbICOKOIM NapanfieNbHOCTbIO U BbIBOAUT NOTOK URL, HO B HeM
nmeroTcs fABe npobnemsl. MepBas npobnema NposBAseTcs B BUAE coobLLeHUl 06 owmnbKax
B XKYpHane nocfie HeCKONbKUX CeKYH[ paboThbl:

$ go build gopl.io/ch8/crawll
$ ./crawll http://gopl.io/
http://gopl.io/
https://golang.org/help/
https://golang.org/doc/
https://golang.org/blog/

2015/07/15 18:22:12 Get ...: dial tcp: lookup blog.golang.org:
HeT TaKoro xocra
2015/07/15 18:22:12 Get ...: dial tcp 23.21.222.120:443: socket:

C/TMIUKOM MHOIo OTKpbITbIX ¢aﬁﬂ08

MepBoe coobLLeHMe — 3TO CTpaHHOe yBeAoMeHne 06 owwnbke noncka DNS gnsa cyue-
cTByloLero gomeHa. Cnegytouee coobuieHme 06 ownMbKe NOSCHAET NPUYMHbLI: Mporpamma
CO3/aeT TaKk MHOMO CeTeBbIX MOAKMYEHUI cpasy, UTO MpeBbillaeT NpeAen KoanyecTsa of-
HOBPEMEHHO OTKPbITbIX (haiiNoB, yCTaHOBNEHHbIN ANA K&XAOro npoLecca, 4To NpUBOAUT
K c60AM Takux onepaumii, kak DNS-3anpocbl 1 Bbi30Bbl net.Dial.

3Ta nporpamma OKasblBaeTCA C/MLLUKOM MapannefnbHoi. HeorpaHuueHHblli napanne-
NN3M pefKo SIBASAETCA XOpOLUel uieei, NOCKOMbKY B CUCTEMe BCerja eCcTb OrpaHMYKMBalo-
Wme (hakTopbl, TakMe Kak KOIM4YecTBO ffep npoleccopa ANf BbIYUCAUTENbHON Harpysku,
KOMMYEeCTBO LWNWUHAENEA M FONOBOK ANA NOKanbHbIX AUCKOBbIX Onepauunii BBOAA-BbIBOAA,
NPONYCKHOW CNOCOGHOCTM CeTW ANs MOTOKOBOW 3arpysku. PelleHWe 3akio4vaeTcs B TOM,
4yTo6bl OFPaHUYNTL KONMYECTBO NapanfienbHbliX 06palleHnil K pecypcaM B COOTBETCTBMM C
LOCTYMHbIM YpOBHeM napannenusma. MNpocTteliwmnii cnocob fo6UTHCA 3TOrO B HalleM npu-
mepe — obecneynTb He 60/ee Yem N BbI3oBOB links.E xtract ogHOBpeMEHHO, rae N —
3HayeHMe, MeHbllee, YeM OrpaHuYyeHUe Ha KOM4YecTBO OTKPbIThIX (hainos (ckaxewm, 20).
3T0 aHanornyHo TOMY, Kak LuBeiuap B MepernosHEHHOM HOYHOM Kiybe BMyCKaeT rocrs
TONbKO TOrAa, Korga yiiayT HEKOTOpble ApYrue rocTu.

Mbl MOXeM OFpaHW4YMTbL Napanfiennsm ¢ NOMOoLblo Bydepn3oBaHHOro KaHana ¢ eMKOC-
TblO N 415 MOLENUpPoBaHWUA NPUMWUTUBA MapannennsMa, KoTopblii Ha3biBaeTC MOACUUTbI-
BaloLWmin cemaopom. KoHUenTyanbHO KaxAblii M3 N CBOOOAHLIX CNOTOB B 6ydhepe KaHana
npegctaenset Mmapkep. OTNpaBfeHNe 3HAUYeHNA B KaHan 3axBaTblBaeT Mapkep, a nofyyeHme
3HAYeHMs M3 KaHana ero ocBO6OXJaeT, CO3f4aBas HOBbI CBOGOAHLIA CMOT. JTO rapaHTu-
pyeT, 4To 6€3 NPOMEXYTOYHOr0 MOAYYEHUS 3HAYEHUS U3 KaHana B Hero MoXeT ObiTb OT-
npaBfieHO He 60/ee N 3Ha4YeHWii. (XoTa 60nee HarNAgHbIM MOXeT BblTb PacCMOTPEHME Kak
MapKepoB 3anofiHeHHbIX COTOB B 6ydepe KaHana, HO UCMOMb30BaHME CBOBGOLHbIX C/IOTOB
no3BosiseT nsbexarb He0OX0ANMOCTM 3anofiHATL bydep KaHana nocne ero cosgaHus). Tak
KaK TWM 3/1eMeHTa KaHana He BaXKeH, Mbl GyaeM Ucnonb3oBaTh struct{}, nmerowmnin Hy-
NneBON pasmep.

[aBaiite nepenuwem ¢yHKunto craw | Tak, 4yTtobbl BbI3oB links.Extract 6bi1 no-
MELLeH MeXJAy onepauusMy 3axBaTa M OCBOOOXAEHMS Mapkepa, TEM CaMbiM FapaHTUpys,
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https://golang.org/blog/
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UTO O/JHOBPEMEHHO aKTUBHbIMU ABAAIOTCS He Gonee 20 BbI3OBOB. Xopollas MpakTUKa 3a-
K/MYaeTcs B TOM, UTO6bI onepauuu ¢ cemagopamum pacnonaranncb Kak MOXHO 6/Mxe K
onepauusm BBOAA-BbIBOAA, KOTOPbIE OHU PETYNUPYIOT.

aoolL Ao/ch8/crawlL2
11 tokens npefcTaBnseT co60i noAcuMTbIBawWUA cemMadop, WCNONb3yeMmbili
// pnA orpaHnyeHust KonmyecTBa MapainenbHbiX 3arnpocoB BenuuuHol 20.
van tokens = make(chan struct{}, 20)
func crawl(url string) []string {

fmt.PrintinCurl)

tokens <- struct{}{} // 3axBaT mapkepa

list, err := links.Extract(url)

<- tokens // OcBoboxaeHne mapkepa

if err 1= nil {

log.Print(err)

return list

BTopas npobnema 3aknoyaeTca B TOM, YTO MporpaMma HUKOrfa He 3aBepLlaeTcd, faxe
nocne o6HapyXXeHUs Bcex AOCTMXMUMbIX M3 HavanbHOro URL ccbinok. (KoHeuHo, Bbl Bpsg
nn 3aMeTuTe 3Ty Mpobnemy, ecnu TONbKO He BbibepeTe TLLaTeNbHO NepBoHayanbHbii URL
nnn peannsyete BO3MOXHOCTb OrpaHUyeHns rnyouHbl U3 ynpaxHeHus 8.6.) [lna 3aBeplie-
HWA NPOrpaMMbl Mbl JO/MKHbI BbIATU 13 OCHOBHOTO LMKNA, KOr4a CMMCOK NYCT M HeT akTuB-
HbIX CKaHVPYOLWWNX gOo-NoANPorpaMmm.

func main() {
worklist := make(chan []string)
var n int 11 KonvMyecTBO OXMAawwmx OTNpaBKM B CAMCOK

// 3anyck Cc aprymeHTamy KOMaHAHOW CTPOKMW.
n++

go funcQ { worklist <- os.Args[1:1 }O

// TNapannensHoe ckaupoBaHue Beb.
seen := make(map[string]bool)
for ; n>0; n- {
list = <~ worklist
for _, link := range list {
if Iseen[link] {
seen[link] = true
n++
go func(link string) {
worklist <- crawl(link)

}(link)
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B aToli BEpcUMM CUETUYMK N OTCAEXMBAET KONMYECTBO OTNPaBOK B pabounii cnncokK, Ko-
TOpble HAaXOAATCA B COCTOSHUM OXugaHus. Kaxablil pas, 3Has, YTO 3eMEeHT LOMKeH ObITb
OTMpaBneH B paboymnini CNMCOK, Mbl YBeIMYMBAEM M, OAUH pa3 nepej TeM, Kak OTNpaBnsiTb
B CMUCOK NepBOHAaYaNbHble aprymMeHTbl KOMaHAHON CTPOKMW, W N0 pa3y nepes KaXAbIM 3a-
MYyCKOM gO-nojnporpaMMbl CKaHWpOBaHWsA. [NaBHbIV LMKN 3aBepLlaeTcs, Korja n yMeHb-
LaeTca A0 Hyns, MOCKO/bKY MpW 3TOM 60nblUe HEeT HMKAKOM paboTbl, KOTOPYH NpeacTouT
coenatb

Tenepb napannenbHblli ckaHep paboTaeT (6e3 owmnb0K) npumepHo B 20 pa3 GbicTpee
ckaHepa 13 paszena 5.6 1 KOPPeKTHO 3aBepLUaeTcs N0 OKOHYaHUK paboTbl.

B nprBefeHHOI HMXe NporpaMMe NoKasaHo anbTepHATMBHOE peLleHune Npobemsl Ypes-
MepHOro napannenusma. dta Bepcus NCNONb3yeT UCXOHYIO PYHKLMIO craw | 6e3 nogcum-
ThiBalOLero cemagopa, Ho BbI3bIBAET €e 13 OAHOW 13 20 JONTOXMBYLLNX gO-NOANPOrpamMmm
CKaHMPOBaHWs, rapaHTUpysa Tem caMbiM, YTO OAHOBPEMEHHO aKTUBHbI He 6onee 20 HTTP-
3anpocos.

qodL.i0o/ch8/crawlL3

func main(Q) {
worklist := make(chan []Jstring) 11 Cnucok URL, MOryT O6biTb Ay6:m.
unseenLinks := make(chan string) 11 Ypaneuue payb6neii.

// [lobaBneHne B CMUCOK aprymMeHTOB KOMaHAHOI CTPOKM,
go func() { worklist <- os.Args[l:] }O

// CospgaHue 20 go-noanporpavMM CKaHWpOBaHWS [/151 BbIGOPKM
// BCceX HENPOCMOTPEHHLIX CChUIOK,
for i =0j 1 <20; i++ {
go func(Q {
for link := range unseenLinks {
foundLinks := crawl(link)
go func() { worklist <~ foundLinks }(

}
30
}

// TnaBHas go-nognporpavma yaanseT ayb6nukaTsl U3 cnvcka
// v oTnpaBnsieT HEenpoOCMOTPEHHbIE CChUIKM CKaHepawm,

seen := make(map[string]bool)
for list := range worklist {
for link = range list {

if Iseen[link] {
seen[link] = true
unseenLinks <- link
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Go-noanporpamMmbl CKaHepoB MCMONb3YKT OAWH U TOT XKe KaHan, unseenLinks. nas-
Has go-nofnporpaMmma OTBeYaeT 3a UCKUYeHUe fy6AnpoBaHUS 3EMEHTOB, KOTOpbIe OHA
nonyyaet n3 paboyero Crnucka, a 3aTeM OTMPaBMAeT KaXAyt HEernpoCMOTPEHHYIO CCbIIKY
no KaHany unseenLinks go-nognporpaMmme CKaHMpOBaHMA.

OTobpaxeHne seen 3aMKHYTO B Mpefenax rnaBHON go-noAnporpamMmmbl, T.e. 4OCTYN K
HeMy WMeeT TONbKO rnaBHas go-nognporpamma. Mogo6HO ApyrMM pasHOBUMAHOCTAM CO-
KPbITUA UH(OPMaLNUK, 3aMKHYTOCTb MOMOraeT Ham 060CHOBaTb KOPPEKTHOCTb Nporpam-
Mbl. HanpumMep, noKasnbHble NepeMeHHble He MOTYT YNOMWHATLCA NO UMEHW 3a MNpejenamu
(YHKLMK, B KOTOPOI OHW GbINN 00bABNEHBI; MePeMeHHbIe, He cbexaBlimne (pasgen 2.3.4) u3
(hYHKLMU, HeJOCTYMHbI BHE 3TON (DYHKLUW; a MHKANCyNMpOBaHHbIe NOAs 06beKTa He MOTyT
6bITb A4OCTYMHbI HUYEMY, KpOMe MeTOAOB 3TOro 06bekTa. Bo BCcex cayyasx COKpbITUE UH-
(hopmaLuy NOMOraeT OrpaHNUNTb HeXenaTtesbHble B3aVMOAEWCTBUSA MeXAY 4YacTAMM Npo-
rpaMmmbl.

CcbIIKK, HailgeHHble GyHKLMen craw |, oTnpaBnsatoTCca B pabounii CNMCOK M3 BblgeneH-
HOIA go-moanporpaMmbl, 4Tobbl M36eXaTb B3aMO6OKMPOBKMY.

[Ns 3KOHOMMKM MecTa Mbl He paccMaTpuBanu B 3TOM npumepe npobiemy 3aBepLueHUs
nporpaMmbl.

YnpaxHeHue 8.6. [1o6aBbTe orpaHMyeHune no rny6uHe B napanfnenbHblil CKaHep. MHaue
roBops, eCNN nonb3oBatenb ycraHaBnmeaeT -depth=3, To BbiGupatoTca Tonbko Te URL,
KOTOpble JOCTUMXUMbI Yepe3 Lernoyky He 60nee YemM U3 TPEX CCbIIOK.

YnpaxHeHue 8.7. HanuwnTe napannenbsHyo nporpaMmMmy, Kotopasa CO3faeT foKanbHOe
3epkano Beb6-caliTa, 3arpyxasl BCe JOCTYMHble CTPaHWULbl U 3anucbiBas UX B KaTanor Ha
NOKaNbHOM AWCKe. BblbnpaTbes 4OMKHbLI TOIbKO CTPaHMLbl B NpeAenax NCXO4HOM0 JOMeHa
(Hanpumep, golang.org). URL B cTpaHuMuax 3epkana fO/MKHbI NpU HEO6X0AUMOCTU BbITb
M3MeHeHbl TakuM 06pa3oM, YTO6bl OHM CCbINANUChL HA 3ePKa/ibHY CTpaHuLy, a He Ha opu-
rmHan.

8.7. MynbTunnekcuposaHme ¢ nomoulbto select

MpuBefeHHAs HWKe MporpaMmMa OCyLLecTBAseT 06paTHbI OTCUeT A/14 3anyCcKa pakeTsl.
®yHKums time. Tic K BO3BpallaeT KaHa/l, N0 KOTOPOMY OHa Mepuoju4Yecku oTnpasnset
cobbITHA, AECTBYS KaK MeTpoHOM. Kaxgoe cobbiTve npeacTaBnseT cob60li 3HayeHUe Mo-
MEeHTa BPEMEHU, HO OHO He TaK MHTEPEeCHO, Kak cam (hakT ero A0CTaBKM.

aopi.io/ch8/countdownl
func main() {
fmt_PrintIn(*'HadHHaio oTcuet."™)
tick = time.Tick(l * time.Second)
for countdown := 10; countdown > 0; countdown-- {
fmt.PrintIn(countdown)
< tick

>
launchQ)
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[JaBaiiTe Tenepb 406aBUM BO3MOXHOCTb MPepBaTh NOCMEA0BAaTENbHOCTb 3aMycKa, Haxas
KnaBuwwy <Enter> Bo BpeMs 06paTHOro oTcyeTa. CHavyana Mbl 3anycTUM go-rnognporpaMmy,
KoTopas MbITaeTcs MpoynTaTh OAMH GaliT M3 CTaHAAPTHOrO BBOAA W, €CAW 3TO yAacTcs, oT-
npaBnsieT 3HaYeHMe B KaHas, KOTOpbIii HasbiBaeTcs abort.

aool .i10/ch8/countdown2
abort := make(chan struct{})

go func() {
os.Stdin.Read(make([]byte, 1)) // UteHue opgHoro 6bawTta
abort <- struct{}{}

30

Tenepb Kaxgas utepauus LMKia 06paTHOro oTcyeTa LO/MKHA 0XMAATb COOLITUA OT 0f-
HOro U3 BYX KaHanoB: KaHana tick, ecnn Bce B nopsfke, uaM KaHana abort, ecnum cne-
LyeT OTMEHWTb 3anycK. Mbl He MOXeEM MPOCTO MOMlyyaTb 3HAYEHMA OT KaXKAOro KaHana,
MOTOMY 4YTO MepBas Xe onepauus 6yaeT 6/0KMpOBaHa A0 ee 3aBepllieHns. Mbl JOMKHbI
MYyNbTUMNAEKCUPOBATH 3TN ONepaunn, a 4Tobbl 3TO cAenaTb, HYXHa UHCTPYKLUKuS select:

select {
case <-chi:
...
case X := <-ch2:
/1 ...mcnonb3yem X...
case ch3 <-y:

/...
default:

/1

O6wuii Bng MHCTPYKLMM select nokasaH Bbiwe. Kak M MHCTpyKuus switch, oHa
NMeeT psj BapMaHTOB case W AOMONHUTENbHbIA BapuaHT no ymonuvanuto default. Kax-
Oblli BapuaHT onpefensieT cBA3b (onepauun OTAPaBAEHUS WM MOMYYEHWUSA Ha HEKOTOPbIX
KaHanax) v 670K MHCTPYKUMIA. BbipaxeHne nonyyeHns MoXeT BbiTb Kak camo Mo cebe, Kak
MoKa3aHo B NepBOM Ciyvae, Tak M B KOPOTKOM 06BbABNEHUW MEPEMEHHON, KaK MoKasaHo BO
BTOpPOM cnyyae. BTopas hopma no3BONSET CCbINATLCA Ha MOAYYEHHOE 3HAYEHMeE.

WHCcTpyKuma select oxupaer, Korja cBA3b 419 HEKOTOPOro BapuaHTa Oyfer rotosa K
06paboTKe. 3aTeM OHa BbIMOMHAET ONEPaLUI0 CBA3U W BbIMOMHAET MHCTPYKLMM M3 6/10Ka
ANA faHHoro BapumaHTa. Onepauuy NpoYMx CBA3e He mpomcxofsaT. MIHCTpykums select
6e3 BapnaHTOB, select{}, oxungaeT Be4HoO.

BepHeMca K Haleli nporpamMmme 3anycka paketbl. ®yHkumna time. A fter HemegneHHO
BO3BpallaeT KaHal W 3anycKaeT HOBYH gO-MOAMNporpamMmmy, Kotopas oTnpaBffeT O4HO 3Ha-
YeHune B KaHas No UCTEYEHUW YKa3aHHOro BpeMeHUn. VHCTpyKumua select HUXe oxupaert
[0 Tex nop, Noka He MPOM30AEeT NepBoe M3 ABYX CO6bLITUIA, 6O CO6bITUE NpPepbiBaHUS
3anycka, 1m6o cobbiTue, ykasbiatolwee, 4to npowsno 10 cekyHg. Ecnv npowno 10 cekyHp
6e3 cobbITMA NMpepbiBaHKSA, NPOrpaMma BbINOHAET 3anyCK.

func main() {
/l ... co3gaHue kaHana abort
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fimt.PrintIn(*'HadVHaK) oTcueT. HaxwmuTe <Enter> gna oTkasa.'")
select {
case <- time.After(10 * time.Second):
// Hnyero He penaewm,
case <-abort:
fmt.PrintIn(*'3anycK oTmeHeH!'")
return

>
launch()

Mpumep HMke — 6onee ToHKMIA. KaHan ch ¢ 6ydepom pasmepom 1nooyepegHo CTaHO-
BUTCA TO MOMHbIM, TO NYCTbIM, TaK YTO 06pabaTbiBaeTCA TONbKO O4UH W3 BapvaHTOB: NM6O
0TnpaBfeHWe Npy YeTHOM i, NM60 Mofy4veHue mpu I He4yeTHOM. Ha 3kpaH Bcerga BbIBO-
autca 0 2 4 6 8:

ch := make(chan int, 1)
for i :=0; i <10; i++ {
select {
case X = <-ch:
fmt.Println(x) // "0" "2 "4" "g" "8"
case ch <-i:

}

Ecnu roToBbl HECKONBbKO BapuaHTOB, select BbIOGMPaeT OAMH U3 HUX CAyYailiHbIM 06-
pa3oM; 3TO rapaHTUPYeT, YTO KaXAbl KaHajl WMMeeT paBHble LIaHCbl GbiTb BbIGPaHHbLIM.
YBenuueHue pasmepa 6ydepa B npeabigyliemM npuMepe fenaeT ero BbIBOS HEAeTEPMUHNPO-
BaHHbIM, NOTOMY 4TO, Korga 6ydep HM MOAHbIA, HU NYCTOW, MHCTPYKUMS select, ob6pasHo
rosopsi, 6pocaeT MOHETKY.

[aBaiiTe cfenaem Hawy nporpaMmy 3anycka BblBOAsALLE 06paTHbIA oTcyeT. MHCTPYK-
uma select HMXe NPUBOAUT K TOMY, YTO Ha KaXAol NTepauuun LMKNa BbINMOAHAETCA OXMU-
[aHue CMTHana NpepbiBaHUA B TEUEHWE CEKYH/bl, HO He AONblUe.

gqodL.io/ch8/countdown3

func main() {
11 ... co3pgaHue KaHana abort ...
fmt.PrintIn(*'HadHHaK) oTcueT. Haxwmute <Enter> pna oTkasa.'')
tick := time.Tick(l * time.Second)

for countdown := 10; countdown > 0; countdown-- {
fmt.Printin(countdown)
select {
case <-tick:

// Huwuyero He penaewm,

case <-abort:
fmt.PrintIn(*'3anycK oTmeHeH!'")
return
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launch()

dyHkuus time.Tick Beger ceba Tak, Kak OYATO CO34aeT go-nognporpammMy, Kotopas
Bbi3biBaeT time.Sleep B uMkne, oTNpaBnas cobbITME BCAKMI pas, Korga oHa "mpocbina-
eTca”. Korga yHKUmMs oTcUyeTa 3aBeplUiaeTcsl, OHa nepecTaeT mony4yaTb cobbiTusa oT tick,
HO COOTBETCTBYHOLas go-nojgnporpammMa octaetca paboTaTb U NbiTaeTcs OTNPaBAATb CO-
6bITVA B KaHan, U3 KOTOPOro UX He MonyvaeT HMKakas go-nojnporpamMmma, T.e. MPOMCXOAUT
yTeuka go-nognporpammbl (pasgen 8.4.4).

PyHKuMs Tick ygobHa, HO OHa MOAXOAMT TONbKO TOrfa, Korga OTcyYeTbl BPEMEHMW He-
00X04UMbI Ha MPOTAKEHUN BCEr0 XXU3HEHHOTO LUKNa NPUNOXKEHUSA. B NMPOTUBHOM cny4ae
Heo6X0AMMO MCNOMb30BaTh CAefYOW M WabnoH:

ticker := time.NewTicker(l * time.Second)
<-ticker.C // TNonyyeHve u3 kKaHana ticker

ticker.Stop() // OctaHoBka go-nognporpavmbl ticker

VIHOr4a Mbl XOTMM MONbITaTbCA OTNPaBUTb AaHHbIE B KaHan UAU NOAYYUTb UX U3 HEro,
HO n3bexaTb 6/NO0KMPOBKMK, eCn KaHan He roTos, T.e. 06ecneynTb HEOMOKMPYIOLLYIO CBA3b.
VHcTpykuma select moxeT caenaTb M 3T0. OHa MOXET MMEeTb BapvaHT N0 YMONYaHUIO
default, KOTOpbIA yKa3biBaeT, YTO AenaTb, KOrAa H OAHO M3 APYTUX COOGLLEHN He MO-
XeT 6bITb 06paboTaHO HEMeA/IEHHO.

MHcTpykuma select Huxe nmonydyaeT 3HayeHue u3 KaHana abort, ecnu TakoBoe f0-
CTYMHO ANA MOAYYEHMS; B MPOTUBHOM C/ly4ae OHa HMWYEro He fgenaeT. ATO BbICOKOMPOU3-
BOAMTENbHAA HE6MOKMPYHOLLas onepauus MonyvyeHus; ee MHOrOKpaTHOe MOBTOPEHUe Ha-
3bIBAlOT OMPOCOM KaHana.

select {

case <-abort:
fmt.Printf('3anyck oTmeHeHN\n")
return

default:
// Hwyero He penaTb

HyneBbIM 3HaueHneM Ansa KaHana saenasetca nil. BO3MOXHO, 3TO YAUBUTENbHO, HO MHO-
raa HyneBble KaHanbl Mofe3Hbl. MOCKONbLKY onepauuy OTAPaBieHNs U NONYYEHUS C Hyfe-
BbIM KaHanoM OM0KMPYKTCA HaBCcerga, BapuaHTbl C HY/NEBbIMU KaHanaMu B WHCTPYKLUK
select Hukorga He BbIGMpatoTCA. 3TO NO3BONSET HaM Mcnonb3oBath Nil gns BKNOUeHNA
UM OTK/TIOYEHUS| BApMaHTOB, KOTOPble COOTBETCTBYIOT TaKMM BO3MOXHOCTSM, Kak 06pa-
60TKa TaliM-ayTOB WM OTMEHa, 0TBeYast Ha Apyrvue BXOAHbIe COObITUS WA TeHEPUpPYS Bbl-
BOoZ. Mbl pacCMOTPUM COOTBETCTBYHOLW WA NPUMep B CrefytowwemM pasjene.

YnpaxHeHune 8.8. Micnonb3ya nHcTpykumio select, gobaBbTe K 3X0-CepBepy U3 pas-
nena 8.3 TaliM-ayT, 4TOOblI OH OTKAKOYan NOBOro KAMEHTa, KOTOPbIA HUYero He nepegaet B
TeyeHue 10 cekyHS.
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8.8. Mpumep: napannesnbHbli 06X04 KaTtasora

B aTom pasgene Mbl co3gagum nporpammy, Kotopas coobuiaeT 06 MCNonb3oBaHUW Auc-
KOBOr0 NMPOCTPaHCTBA OLHUM WM HECKONMbKMMMW KaTanoramu, yKasaHHbIMW B KOMaHAHOM
CTPOKe Hanogobue komaHgbl Unix du. Bonbwyto yacTb paboTbl BbIMOAHAET NoKasaHHas
HwKe yHkuma walkDir, KoTopas nepeuncnseT Bce 3anucu Kartanora dir ¢ NMOMOLLbHO
BCromoratenbHon gyHkuun dirents:

aooL . io/ch8/dul

11 walkDir pekypcuBHO 06Xx0AuMT AepeBO (aiioB C KopHem B dir
// v oTnpaBnseT pa3mep Kaxaoro HaingeHHoro tdaiina B fileSizes.
func walkDir(dir string, fileSizes chanc- int64)

{ for _, entry := range dirents(dir) {
if entry_1sDir() {
subdir := filepath.Doin(dir, entry.Name())
walkDir(subdir, fileSizes)
} else {
fileSizes <~ entry.Size()
}
}
}

// dirents Bo3BpawaeT 3anucu Katanora dir.
func dirents(dir string) [Jos.Filelnfo {
entries, err := ioutil._ReadDir(dir)
if err = nil {
fmt.Fprintf(os.Stderr, "dul: %v\n", err)
return nil
>
return entries

®PyHKuna iou til.ReadDir Bo3BpaliaeT cpe3 3HaveHuidi os. Filelnfo — Ty xe uH-
thopmaunto, KOTopyto PyHKUMA 0s.Stat Bo3BpalaeT Ans ogHoro (aina. Ana Kaxporo
noakatanora walkD ir pekypcrBHO Bbi3blBaeT caMa cebs, a Ans Kaxgoro danna walkD ir
oTnpaBnseT coobuieHne B KaHan fileSizes. CoobuieHne npeacTaBnseT coboi pasmep
thalina B 6aitTax.

lMokasaHHaa HWXe (YHKUMA main ucnosb3yeTt fBe go-nognporpammsl. ®oHoBas go-
nognporpamMmma Bbi3biBaeT walkDir gns Kaxpgoro karanora, yKa3aHHOro B KOMaHAHOW
CTPOKe, U B KOHUe 3akpbiBaeT KaHan fileSizes. naBHaa go-nognporpammMa BbluucnseT
CYyMMy pa3mepoB (halifoB, KOTOpble NOAyYaeT U3 KaHana, u B KOHLEe paboTbl BbIBOAUT UTO-
roBblii pesynbTar

// Komanga dul BbuMCnsieT CymMMapHbii pa3mep Bcex (aiinoB B KaTasore,
package main

import (
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"flag"

L] lfrntl 1]
"io/ioutil”
"'os
"path/filepath”

)

func main(Q) {
// OnpepgensieT WUCXOAHble KaTasioru.
flag.ParseQ
roots := flag.Args()
if len(roots) == 0 {
roots = []string{"."}

}

// 06xop fepesa (aiinos.
fileSizes := make(chan int64)
go funcQ {
for _, root := range roots {
walkDir(root, fileSizes)

}
close(fileSizes)

30

// BbiBOg pe3ynbTaTos,

var nfiles, nbytes int64

for size := range FfileSizes {
nfiles++
nbytes += size

}
printDiskUsage(nfiles, nbytes)

func printDiskllsage(nfiles, nbytes int64) {
fmt.Printf("%d ¢aitnos %.1f GB\n", nfiles, float64(nbytes)/1e9)

}

JTa nporpamma Hafonro 3aMmpaeT Mepes TeM, Kak BbIBECTU pe3y/bTar:

$ go build gopl.io/ch8/dul
$ ./dul $HOME Zusr /bin /etc
213201 ¢avinos 62.7 GB

Mporpamma 6yAeT BbIrNSAeTb Nyylle, ecin 6yAeT WHPOPMUPOBATL HAC O XOe CBOeit
pa6oTbl. OfjHAKO MPOCTOe NepemMelleHne Bbi3oBa printDiskUsage B LMKA NpuUBeeT K
BbIBOAY ThICAY CTPOK.

BapuaHT du, nNpuBeAeHHbI HUXKE, MEepPUOAMYECKN BbIBOAUT UTOFOBYIO BE/IMUMHY, HO
TONMbKO €C/M YKasaH fiar -v, MoCKOJbKY He BCe MOMb30BaTeNn XOTAT BUAETb COOBLLEHMS
0 XOAe BbINOMHeHMs. DPOHOBas go-MoAmnporpaMma, KoTopas LUKAUYeCKn 06XOoguT roots,
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0CTaeTcs HEM3MeHHOR. [naBHas e go-noAnporpamMma Ternepb MCNOMb3yeT TaliMep Ans re-
Hepauum cobbITUin Kaxgblie 500 MC M MHCTPYKLUMIO select, 4To6bl OXmnaaTb NMM60 coobLye-
HWA C pasmepom (aina (B 3TOM cnyyae 0OHOBAAIOTCSA WTOTOBble 3HAYEHWA), MO0 COBbLITUS
TaliMepa (B 3TOM C/lyyae BbIBOAATCA TeKylme utorn). Ecnm He ykasaH dnar -v, KaHan tick
0CTaeTcs Hy/eBbIM, U ero BapuaHT B MHCTPYKLUK Select CTAaHOBUTCA OTKIHOUYEHHbIM.

godL.i10/ch8/du2

var verbose = flag.-Bool ("'v',false, " BbiBOA NPOMEXYTOUHLIX pe3ynbLTaToB')
func main() {

// ... 3anycK ()OHOBOW ¢O-NOANpPOrpammbl ...

11 Nepuognyeckuii BbIBOL, Pe3ynbTaTos,
var tick <-chan time.Time
if *verbose {

tick = time.Tick(500 * time.Millisecond)

var nfiles, nbytes int64

loop:
for {
select {
case size, ok := <-fileSizes:
if lok {
break loop // fileSizes 6bin 3aKpbIT
nfiles++

nbytes += size
case <-tick:
printDisklIsage(nfiles, nbytes)
}

printDiskUsage(nfiles, nbytes) // OkoH4YaTeflbHble WUTOrM

MockonbKy nporpamma 60Mblue He MCMO/b3YeT LMKA MO AUana3oHy, MepBblii BapuaHT
select gomkeH ABHO NPOBEPATh, He 3aKpbIT N KaHan fileSizes, ucnonb3ys onepaymio
MoflyyeHus ¢ ABYMS pesynbTaTtamu. ECm kaHan 6bi1 3aKpbIT, BbINOIHEHWE LMK NpepbiBa-
eTca. MNMomeyeHHasa MHCTPyKUmMsA break obecneumBaeT BbIXO Kak U3 MHCTpyKuuu select,
Tak 1 U3 UMKna; MHCTpykuma break 6e3 meTkm obecneumBana 6bl BbIXOL TONbKO W3 WH-
CTpyKuuu select n Hauano cnefytoleii uTepauun Lmkna

Tenepb Nporpamma AaeT HaM HETOPOMN/MBLIA NOTOK 06HOBNEHUI UTOTOBLIX Pe3y/bTaToB:

$ go build gopl.io/ch8/du2
$ ./du2 v

$HOME Zusr /bin /etc

28608 aiinoB 8.3 GB

54147 ¢aiinos 10.3 GB

93591 ¢aiinos 15.1 GB
127169 daiinos 52.9 GB
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175931 faiinos 62.2 GB
213201 oaiinos 62.7 GB

OpHako mporpamma Bce ele paboTaeT CAUWKOM AOAro. HeT MpU4YMH, No KOTOPbIM
BCe BbI30Bbl WalkD ir Henb3a BbINOMHATL NapasnfiefibHO, TEM CaMblM WCMONb3Ys napasnne-
NM3M N8 GUCKOBOM cucTembl. MokasaHHas HWXe TpeTba Bepcus du co3gaeT HOBYH (o-
nognporpammy ana kaxgoro sbizosa walkDir. OHa ucnonb3yet sync.WaitGroup (pas-
Jen 8.5) ana nofcyeTa KonmMyecTBa akTUBHbIX Bbi30BOB wWalkD ir n go-nognporpammy, 3a-
KpbiBatowyto kaHan fileSizes, korga c4eTUNK CTAHOBUTCA PaBHbIM HYNIO.

godL. 10/ch8/du3
func main(Q) {
11 ...onpegeneHne KOpHei. . .

11 NapannenbHbii 06X0A4 Kaxgoro KOpHs AepeBa (aiinos.
fileSizes := make(chan int64)
var n sync.WaitGroup

for _, root := range roots {
n_Add(l)
go walkDir(root, é&n, TileSizes)
}
go funcO {
n.WaitQ
close(fileSizes)
30
// ... umkn select

}

func walkDir(dir string, n *sync.WaitGroup, fileSizes chan<- int64)

defer n.DoneQ
for _, entry := range dirents(dir) {
if entry.IsDirQ {
n.Add(l)
subdir := filepath.Doin(dir, entry.NameQ)
go walkDir(subdir, n, fileSizes)
} else {

fileSizes <- entry.Size()

}

lMocKonbKy B MUKe nMporpamma co3faeT MHOTUE TbiCAYM gO-MOANPOrpamMmm, mbl AO/DKHbI
M3MEHNTb (yHKUMKO dirents Tak, 4ToGbl OHa MCMNOMb30Bana MNOACUMTHIBaKOLWMIA cemadop
4Na npefoTBpaLLEeHNS OTKPbITUS CAULIKOM 60/bLIOr0 KoAn4yecTsa (ainioB 04HOBPEMEHHO,
TaK e, Kak Mbl fenanu ans Beb-ckaHepa B pasgene 8.6:

// sema - noacunMThiBawWMA cemadop ANs OrpaHWYEHUs NapannenbHOCTU,
var sema = make(chan struct{}, 20)
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/l dirents Bo3BpawaeT 3anucu B Katanore dir.
func dirents(dir string) [jos.Filelnfo {

sema <- struct{}{} /] 3axBaT Mapkepa
defer func() { <-sema }() // OcBoboxgeHne Mapkepa
/1

3Ta Bepcus paboTaeT B HECKONbKO pa3 ObICTpee NpeAblAyLLeR, XOTS ee YCKOPeHUe CUllb-
HO BapbMpyeTCs OT CUCTEMbI K CUCTEME.

YnpaxHeHnue 8.9. Hannwute Bepcuio du, KoTopas BbIYUCASET U NEPUOLUYECKN BbIBO-
LOVT OTAeNbHbIE UTOTOBble BEMUYUHBI A4/19 KaXA0ro 13 Katanoros root.

8.9. OTmeHa

MHorga Hy)XHO ykas3aTb go-nognporpaMmmMe, 4TO OHa AO/HKHa NpekpaTUTb CBOM [eil-
CTBUA, Hanpumep, Ha Beb6-cepBepe, rae OHa BbINOMHAET BblYUCNEHUS ANF KNUEHTa, coeau-
HeHMe C KOTOPbIM pa3opBaHo.

HeT Hukakoro crnocoba, KOTOpbIM OfjHa gO-nojnporpamMmMma morna 6bl NpekpaTuTb Bbl-
NOMIHeHWe ApYroii HenmocpeCTBEHHO, NOCKO/bKY 3TO fONYycKano 6bl CUTyauuto, Korgja co-
BMECTHO MCMOJb3yeMble MepeMeHHble MOI/M 0Ka3aTbCA B HEOMpPeAeneHHOM COCTOSHWUU. B
nporpamme 3anycka pakeTbl (pasgen 8.7) Mbl OTNPaBAANW OAHO 3HAYEHME B KaHan C UMe-
Hem abort, KoTopoe go-nognporpamMma oTcyeTa WMHTEPNPeTMpPOBana Kak 3ampoc Ha npe-
KpalleHune paboTbl. HO 4TO ecim Ham HY)XXHO OTMEHWTb Be gOo-NOoAMNPOrpaMmbl MM NPOn3-
BOJIbHOE YMCMO gO-MOAMpOrpaMm?

OfiHa 13 BO3MOXHOCTE MOXET 3aK/t04aTbCs B OTMPABJEHUM CTONbKUX COOLITUI B Ka-
Han npepbiBaHUS, CKOMbKO gO-MoANporpaMmM ciefyeT OTMeHWUTb. OfHaKO ecii HEKOTOopble
13 go-nNoANporpaMmM yxe npekpaTuan paboTy, Hall CHETUMK OKaXKETCH CAULIKOM 60/bLINM,
M Haw OTMpaBUTeNb OCTaHOBMTCS. C Apyroli CTOPOHbI, eCnuM 3TW go-NoANpPorpaMMbl Mo-
poaunu Apyrue go-noanporpammbl, CUETUMK OKAXeTCA CAULIKOM Mas, U HeKoTopblie go-
noanporpaMmsl Tak U OCTaHYTCS B HEBEAEHMM OTHOCMTENbLHO Tpebytlowerocs npekpatle-
HWa paboTbl. B oblem cnyyae Tpy[HO 3HATb, CKOMIbKO gO-MOANporpaMM paboTatT OT Ha-
LLero MMeHU B NPOU3BOJbHbIA MOMEHT BpeMeHU. Kpome Toro, go-nognporpamma, nony4vvs
3HauyeHve n3 KaHana abort, 3abupaeT 3TO 3HaYeHMe, U Apyrue go-nogNporpaMmbl ero He
BUAAT. [1NS OTMEHbI HaM HYXXEH HafeXHbl MeXaHU3M LLUMPOKOBELLaHMs CO6bITUSA MO KaHa-
Ny, 4TO6blI MHOTME go-NoANPOrpamMmbl MOF/IN €ro YBUAETb.

BCMomMHMM, 4TO Moc/e TOro, Kak KaHan 6bin 3aKpbIT M ONYCTOLWEH OT BCEX OTNpPaBfieH-
HbIX 3HAYEHWUIA, NocneayoLne onepaLmn NOAyYeHUs 3HaA4YEHNA HEMEAIEHHO BbIJAKOT Hy/le-
Bble 3HaUeHNsA. Mbl MOXEM UCMOMb30BaTh 3TO CBOMNCTBO ANA CO34aHNA MeXaHMW3Ma LUMPOKO-
BELLLaHUA: He OTMpaBAiTe 3HaYeHNe B KaHasl, a MPOCTO 3aKpoWTe ero.

Mebl MOXKeM 406aBUTb TaKyt0 BO3MOXHOCTb B mporpammy du u3 npegbigyLiero pasgena
C MOMOLLbI0 HECKO/IbKMX MPOCTbIX M3MeHeHNA. CHavana mbl CO34aeEM KaHan OTMEHbI, B KO-
TOpbIA He nepefalTca HWKaKWe 3HaYeHus, HO 3aKpblTUe KOTOPOro 03HayaeT, YTo Mporpam-
Ma [O/MKHa NPeKpaTUTb CBOK pPaboTy. Mbl TakXXe ONpeaenuM BCMOMOraTe/lbHY (YHKLUIO
cancelled, KoTopas npoBepseT, Uan onpawinBaeT, COCTOSHWE OTMEHbI MPU BbI30BE.
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aopL.io/ch8/du4
var done = make(chan struct{})

func cancelledQ bool {
select {
case <- done:
return true
default:
return false

[anee mbl co3gaem go-nognporpamMmmy, Kotopas byaeT cunTbiBaTb AaHHbIE U3 CTaHAapT-
Horo BBoja (06bIYHO MOAKMOYEHHOr0 K TepMWHany). Kak Tonbko 6yfeT cuMTaH NGO
BBOJ (Hanpumep, NoMb30BaTeNlb HAXMET KnaBuwy <Enter>), gaHHas go-nognporpamma co-
obuiaet 06 3TOM BCEM MPOYMM gO-NoAnporpaMMamM nyTem 3akpbiTus KaHana done.

/1 OtmeHa obxofa npu 0OHapyXeHHOM BBO/E,

go func() {
os.Stdin.Read(make([]byte, 1)) // YteHme opHoro 6aiita
close(done)

30

Tenepb HYXHO CAenaTb Hawu go-MOANPOrpamMMbl pearupytowmnuMmn Ha CUrHan OTMEHbI.
B rnaBHoOi go-nognporpammMe fo6aBuM B MHCTPYKLMIO select TpeTuil BapuaHT, KOTOpbIN
NbiTaeTCA BbIMOAHUTb NOAy4YeHWe OT KaHana done. Mpu BbIGOPe 3TOr0 BapuaHTa BbINOM-
HAeTCA BO3BpaT U3 (YHKLMMW, HO nepej 3TUM chnefyeT onycTowwnTb kaHan fileSizes,
MPOUTHOPMPOBAB BCe 3HAYEHMS A0 3aKPbiTUS KaHana. JTO fenaeTcsa ANs TOro, 4tobbl ybe-
OUTBCA, UTO BCE aKTUBHbIe BbI30Bbl WalkD ir MOryT BbIMOMHATLCA A0 3aBepLUeHUs 6e3 “3a-
BMCaAHMA” NMpU NonbITKe oTnpaeneHns B kaHan fileSizes.

for {
select {
case <-done:
/] OnyctoweHve kaHana fileSizes, 4T0BbI NO3BONUTH
// 3aBepWwNTbCA CYLLECTBYHOLIMM JO-NOAMNPOrpaMmMam,
for range fileSizes {
/1 Hwndero He penaem.

>
return

case size, ok = <-fileSizes:
1

}

Go-nognporpamma WalkD ir onpalivBaeT COCTOSHWE OTMEHbI, KOTfa HauMHaeT paboTy,
W, €CNK 3TO COCTOSIHUE YCTAHOBMEHO, BO3BPALLAETCS, HE BbINOMHSAS HUKAKUX AelcTBUMIA. Tak
BCE gO-NOAMPOrpaMmsbl, CO3AaHHble NOC/e OTMEHbI, MPeBPaLLaTCs B “NYyCTbILIKNA:
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func walkDir(dir string, n *sync.WaitGroup, fileSizes chan<-int64)
{

defer n.Done()

it cancelled() {

return

s _ ]

for entry := range dirents(dir) {
/1

}

MOXeT OKa3aTbCsl BbIFOAHbLIM OMPOC COCTOAHUA OTMeHbl B Uukie walkDir, 4To6bl K3-
6exxaTb CO3f4aHUs go-MoANporpaMm Mocsae cobbiTUS OTMEHbl. OTMeHa BK/KYaeT KOMMPO-
MWCC; BbICTPbI OTBET YacTo TpebyeT 60MbLINX M3MEHEHWI B NOTMKe Mporpammbl. apaH-
TUA OTCYTCTBMA [OPOrocTOALWMX onepaluii Nocae OTMEHbl MOXeT noTpe6oBaTb 06HOBIe-
HUS MHOTMX MECT KOAa, HO 3a4acTyto Hanbonblimne BbIrofgbl MOTYT ObiTb MOMYyYEHbI OT MNPO-
BEPKM OTMEHbI B HECKONIbKMX BaXKHbIX MECTax.

Hebonblwoe NpogmanpoBaHme 3TON NpPorpamMmbl MOKasano, YTo Y3KUM MECTOM ABNSET-
€A 3axBaT MapKepa cemagopa B dirents. VHcTpykumus select, nokasaHHas HuXe, N03BO-
NAeT OTMEHUTL 3Ty ONepauuio N YMeHbLUAeT TUMNYHYHO 3a[ePXXKY OTMEHbI NpOrpamMmbl OT
COTEH MUIMCEKYHA A0 AEeCATKOB:

func dirents(dir string) [Jos.Filelnfo {

select {
case sema <-struct{}{}: // 3axBaT Mapkepa
case <-done:

return nil // OTmeHa

}
defer funcQ { <-sema }() // OcBoboxgeHue Mmapkepa

// ... UTeHue KaTanora ...

Tenepb, Korga nponcxoAuT 0TMeHa, Bce POHOBbIE gO-NOAMNPOrpaMmMbl 6bICTPO OCTaHaB-
NNBAIOTCA M NPOUCXOAWT BO3BPaT U3 YHKLUMKM main. KoHeyHo, Korja npoucxoauT Bo3Bpar
13 hyHKUMM main, nporpamMma 3aBepluaeT paboTy, MO3TOMY MOXET 6bITb TPYAHO CKasatb,
TOYHO NN (PyHKLMS main oumwiaeT Bce nocne cebs. ECTb yf06HbIA TPHOK, KOTOPbLIA MOXHO
MCMo/b30BaTh B XOfe TeCTUPOBaHWUA: ecin BMeCcTO Bo3Bparta M3 (yHKUuuMM main B cliyyae
OTMeHbl Mbl BbIMOAHMM BbI30B panic, TO Cpefa BbIMOJHEHUA CO34aCT AaMM CTeKa Kaxgaol
go-rnognporpammel B nporpamMmMe. Ec/iv ocTaetcs TONbKO OfiHa rnaBHas go-rnognporpamma,
TO OHa BbINOJIHAET BCKO 04YUCTKY. HO ecnu octaroTca gpyrve go-nognporpaMmmbl, OHU MO-
ryT He OblTb KOPPEKTHO OTMEHEHbl UM, BO3MOXHO, UX OTMeHa TpebyeT BpeMeHU. B aTom
cnyyae MOXeT ObITb LienecoobpasHbiM HeboNbLIOE paccnefoBaHue. Jamn aBapuiiHoW cu-
Tyauumn 4acTo COAepXUT LOCTATOUHYIO MHOPMALMIO, YTOObl pasNnYnTb 3TU Cayyau.

YnpaxHeHue 8.10. 3anpocbl HTTP MoOryT 6bITb OTMEHEHbI C MOMOLLLID 3aKPbITUS He-
o6s3aTenpHoro kaHana Cancel B cTpykType http.Request. Mi3mMeHuTe Beb-ckaHep U3
pasgena 8.6 Tak, 4T0Obl OH NOALEPXUBAN OTMEHY.


http://http.Request
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YKasaHue. PyHkumnsa http .Get He Nno3BonseT HaCTpouTb Request. BMecTo 3TOro cos-
faiTe 3anpoc ¢ ucnonb3oBaHmem http.NewRequest, yctaHoBute ero none Cancel u
BbINOMIHUTE 3aMpoc ¢ nomouibio Bbi3oBa http.D efaultClient .Do(req).

YnpaxHeHne 8.11. Cnegya nogxogy mirroredQuery u3 pasgena 8.4.4, peanusyiite
BapuaHT nporpammbl fetch, koTopblii napannenbHO 3anpalimnBaeT Heckonbko URL. Kak
TO/IbKO NOJSTYYeH NepBblii OTBET, NPOYME 3anpOChl OTMEHATCS.

8.10. lNpumep: yaTt-cepsep

Mbl 3aBeplIMM 3Ty rnaBy pa3paboTKoil YaT-cepBepa, KOTOPbIA MO3BONAET HECKObKUM
nonb3oBaTensiM 06MeHMBATbCA TEKCTOBbIMU COO6LEHUAMU Apyr ¢ ApyroMm. B 3Toil npo-
rpaMme ecTb 4YeTbipe BuAa go-nognporpamm. Mmeetca no ak3emnaspy go-noanporpamm
main n broadcaster, a Ans Kaxaoro NOoAK/JAOYEHHOr0 KAMEHTa MMEETCA MO OfHOM go-
nognporpamme handleConn nclientW riter. Go-nognporpamma broadcaster asns-
eTCs XOpoLleid nnatcTpaLmnein ncnonb3oBaHUs MHCTPYKUMKM select, Tak Kak OHa fO/HKHA
pearnpoBaTb Ha TPU pasINYHbIX BUAA COOBLLEHWIA.

Pa6oTa rnaBHbI gO-NOANPOrpaMMbl, MOKa3aHHOW H¥Ke, COCTOUT B NPOCAYLWINBAHUN 1
npueme BXOAALLMX CETEBbIX MOLKNHOYEHUA OT KAUEHTOB. [NA KaX4oro n3 HUX OHa co3faeT
HoBYt go-nognporpammy handleConn, Tak e Kak 3TO fenan napannefbHblil 3X0-CepBep
B Hauase 3Tol rna.bl.

godL. i0o/ch8/chat
func main() {

listener, err := net.Listen("tcp"”, "localhost:8000")
if err I=nil {
log.Fatal(err)
}
go broadcasterQ
for {
conn, err := listener.Accept()
if err I=nil {
log.Print(err)
continue
>
go handleConn(conn)
}

Tenepb nepeiigeM K go-nognporpamme broadcaster. Ee nokanbHas nepeMeHHas
clients 3anucbiBaeT TEKYLL,ee MHOXECTBO NMOAKMOUEHHbIX KANEHTOB. EANHCTBEHHASA WH-
(hopmalms, 3aNnCbiBaemas 0 KaXaoM K/MeHTe, — 3TO ero KaHan Afis UCXOAsLMX coobLle-
HWIA, 0 KOTOPOM BY[EeT CKa3aHO YyTb MO3Xe.

type client chanc-string /1 KaHan ucxogawmx coo6LeHwnit
var (
entering = make(chan client)


http://http.NewRequest
http://http.DefaultClient
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leaving = make(chan client)
messages = make(chan string) // Bce Bxogswve coo6WeHUs KneHTa

)

func broadcaster() {
clients := make(map[client]bool) // Bce nNoAK/IYEHHbIE K/NEHTHI
for {
select {
case msg = <-messages:
// llnpokoBewaTenbHoe BXogslee coobleHne BO BCe
// KaHanmbl UCXOAAWMX COOOWEHUA AN KAMEHTOB,
for cli := range clients {
cli <-msg

case cli = <-entering:
clients[cli] = true

case cli := <-leaving:
delete(clients, cli)
close(cli)

Go-nognporpamMmma LUMPOKOBeLLaTeNs MpoCyLllMBaeT rnobanbHble KaHanbl entering
nleaving B nmouckax 06bABAEHWUIA 0 NOCTYNalWMX W yObIBaOWMX KAneHTax. Monyyus
MH(opMauno 06 0gHOM M3 3TUX COObLITUIA, OHa 0GHOBNSIET MHOXECTBO clients wu, ecnun
co6bITME — YObITUE KNMEHTA, 3aKPblBaeT KaHal UCXOAALMX coobLLeHNA knneHTa. LWunpo-
KOBelLaTenb TakXXe CneauT 3a COObITMAMKM B rn0ob6anbHOM KaHane messages, B KOTOPbIi
KaXXAbl KNWEHT 0TMpaBseT Bce BXoAswme coobueHus. LLnpokosewaTenb, NoAy4ymB 04HO
13 3TUX COOLITUIA, NepefaeT COO6LLEHNE KXAOMY MOAK/TIOUYEHHOMY KINEHTY

Tenepb pfaBaiiTe paccMOTPUM QO-MOAMNPOrpaMMbl  KaXAOro KaneHTa. ®PyHKUuA
handleConn co3gaeT HOBbIA KaHan MCXOAAWMX COOOLWEHNA ANS CBOEro KAMEHTa U 00b-
ABNAET LUVPOKOBELLATENO O MOCTYN/JEHWM 3TOr0 K/MEHTa No KaHany entering. 3atem
OHa CUMTbIBAET KaXXAYH CTPOKY TEKCTa OT KMMEHTa, OTNPaBAAsi KaXAyl CTPOKY LUMPOKOBE-
LaTento no rnobanbHOMy KaHany BXOAALWMX COOOLLEHWUIA 1 NpefBapas Kaxoe coobuieHune
yKasaHueM oTnpasuTens. Korga oT KaueHTa nonydveHa Bca uHpopmaums, handleConn
0061bsBASET 06 yObITUM KNMEHTA MO KaHany leaving u 3akpbiBaeT NOAK/IOYEHUE

func handleConn(conn net.Conn) {
ch := make(chan string) // Vcxopswme coobueHnst KINMEeHTOB
go clientWriter(conn, ch)

who := conn.RemoteAddr().String()
ch < "Bul ™ + who

messages <- who + " nmogknwumnncsa’
entering <- ch

input := bufio.NewScanner(conn)
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for input.Scan() {
messages <- who + "> " + input.Text()

// TpumeyaHue: WrHopmpyem noTeHuuasibHble ownbku input.Err()

leaving <~ ch
messages <- who + ' oTknwoumncs"
conn.CloseQ

}
func clientWriter(conn net.Conn, ch <-chan string) {
for msg := range ch {
fmt.Fprintin(conn, msg) // MpumeyaHwe: WrHOPUPYEM OWWOKM CETW
}
}

Kpome Toro, handleConn cos3gaet go-nognporpammy clientW riter gna kaxgoro
KNWeHTa, KoTopas MnonyvaeT LUMPOKOBeLLaTeNbHble COOBLEHNUA MO WCXOAALWEMY KaHany
K/MeHTa U 3anucbiBaeT MX B CEeTEBOe MOAK/IOYEHUe KnveHTa. Limkn 3aBepluaeTcs, Korga
LUMpPOKOBeLLaTe/lb 3aKpbIBaeT KaHaa nocie noayyeHus ysegomneHus leaving.

MprBeLeHHbIA HWKe BbIBOA NOKa3biBaeT CepBep B AEACTBUM C ABYMS K/IMEHTaMu B OT-
fAenbHbIX OKHax Ha O4HOM W TOM e KOMMbIOTepe ¢ UCMONb30BaHWeM hetcat ans vata:

$ go build gopl.io/ch8/chat
$ go build gopl.io/ch8/netcat3

$ ./chat &

$ ./netcat3

Bol 127.0.0.1:64208 $ _/netcat3

127.0.0.1:64211 nopgknwynnca Bol 127.0.0.1:64211

MpveeT!

127.0.0.1:64208: T[puBeT! 127.0.0.1:64208: MpuseT!
N Bam npuseT.

127.0.0.1:64211: W Bam npvBeT. 127.0.0.1:64211: W Bam npuBeT.

nc
127.0.0.1:64208 oTk/4WICA

$ ./netcat3

Bol 127.0.0.1:64216 127.0.0.1:64216 nogknwunnca
3apaBcTBYinTE.

127.0.0.1:64211: 3ppaBCTBYliTE. 127.0.0.1:64211: 3pgpaBCTBYyliTE.
nc

127.0.0.1:64211 oTkIwuuncs

Bo Bpems ceaHca 4aTa A4Ns M KAMEHTOB 3Ta Mporpamma 3anyckaeT 24 + 2 napannefb-
HbIX COOOLLALWMXCH MeXAY C0060/ go-MofMporpaMM, HO OHA He HYX/AaeTcsi B SIBHbIX
onepaumnax 610kupoBkn (pasgen 9.2). OTobpaxeHue clients orpaHuyeHo OAHON LWK-
pOKOBeLaTeIbHON gO-MOANPOrpamMMoli, NOSTOMY K HEMY He MOXET BbIMOJHATLCA Mapan-
nenbHbIA focTyn. EAWHCTBEHHbLIMWU MepeMeHHbIMUW, KOTOpPble pa3fenstoTcs HeCKONbKMMU
go-nofnporpaMMamMu, IBASIOTCA KaHafbl U 3k3eMnaspbl net .Conn, HO W Te, U Apyrue aB-
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naTcs 6e3onacHbLIMM C TOYKM 3peHus napannenusma. bBonee noapo6HO 0 Bonpocax 6es-
0MacHoOCTK, OTpaHNYeHNs 1 CNefCTBUA M3 COBMECTHOTO MCMOAb30BaHUS MEpPEMEHHBIX (o-
noAnporpaMmMamMu Mbl MOFOBOPUM B ChefytoLLeli rnaee.

YnpaxHeHue 8.12. 3acTaBbTe LUIMPOKOBELLATENbHYH gO-NoANporpaMmMy coobuiatb Te-
Kylllee MHOXECTBO K/MEHTOB KaXAOMY BHOBb MOAK/IHOYEHHOMY KAWEHTY. [ins 3Toro Tpe-
byeTcs, 4UT0Obl MHOXeCTBO Cclients n KaHanbl entering uleaving 3anucbiBany Takxe
MMEHa KMNEeHTOB.

YnpaxHeHue 8.13. 3acTaBbTe cepBep OTKAHOUATb NPOCTaNBaKOLLIUX KMEHTOB, KOTOpPbIE
He NMpuMciany HW OfHOrO COO6LLEHMUS 3a NOCNefHNEe 5 MUHYT.

YkasaHue: Bbi3oB conn.Close () BAapyroi go-nognporpamMmme 4e6/10KMPYeT aKTUBHbIN
BbI30B Read, Takoi, KaK BbINOMHAEMbIA BbI30BOM input.Scan().

YnpaxHeHue 8.14. Vi3meHUTe ceTeBOM MPOTOKON 4vaT-CepBepa TaK, YTOObl KaXAblii
K/AMEHT NpeAoCcTaBAAn Npu NOAKAOYEHMMN CBOE UMS. ICNoNb3yiTe 3T0 MMS BMECTO CETEBO-
ro agpeca B npegukce coobLLeHMS.

YnpaxHeHne 8.15. OwunbkKa CBOEBPEMEHHOrO YTEHWs [aHHbIX M0G0 KAWEHTCKO
nporpaMmmoii B KOHEYHOM UTOre Bbi3biBaeT COOM BCeX K/IMEHTCKMX Mporpamm. M3MeHuTe
LIMpOKOBeLLaTenb Takum 06pa3omM, 4To6bl B cnydyae, korfja go-noAnporpamma nepegayu
COO0OLLEHMS KNMEHTaM He roToBa MPUHATL COO6LLEHME, OH BMECTO OXUAaHMS Mponyckan
coobuleHne. Kpome Toro, gobasbTe 6ydepusaumnto Kaxaoro KaHana Mcxofawmx coobuye-
HUIA KNWEHTa, YT06bl BONBLIMHCTBO COO6LWEeHNI He yaananuck. LLInpokoBewaTenb 40/MKeH
Mcnonb30BaTb HEOGNOKUPYIOLLee OTMPaB/eHNe B 3TOT KaHas.



[TapannenbHOCTb N COBMECTHO
MCMOJib3yeMble NepemMeHHble

B npeablaylleid rnaBe Mbl NPeAcTaBUIN HECKONbKO MPOrpamm, KOTOpble UCMO/b3YOT go-
MOAMPOrpaMMbl 1 KaHafbl A1 BbIPaXeHWs Napanfenns3Ma HemnocpeicTBeHHbIM U ecTec-
TBEHHbIM nyTem. OfIHaKo, MOCTynas Tak, Mbl 3aTyLIEBbIBANN LENbliA Psf BaXHbIX U TOH-
KWX BOMPOCOB, KOTOPble MPOrpaMMUCTbl [O/MKHbI YYMTbIBATE NPU HanuWcaHWW nNapan-
NenbHOro Kopa.

B 3Toii rnaBe Mbl 60fiee AeTanbHO PacCMOTPUM MeXaHWUKy Mapannenusma. B vacT-
HOCTM, Mbl YK@)X€M Ha HEKOTOpble M3 MPo6aeM, CBA3aHHbLIX C COBMECTHbIM WCMOJIb30Ba-
H/EM MepPeMEeHHbIX HECKONbKMMMK go-MoanporpamMmamu, 1 pacCMOTPUM aHaIMTUYECKne
MeTOflbl pacrno3HaBaHWs 3TUX NPo6AemM U WabnoHbl UX pelleHnidi. HakoHel Mbl MOSCHUM
HeKOTOpble TEXHMUECKME pas3nnymMa mexay go-nognporpammamuy 1M noTokamu onepauu-
OHHOWM CUCTEMBI.

0.1. COCTOSAHUSA TOHKU

B nocnepoBaTenbHON nporpaMMe, T.e. B Nporpamme ¢ eVHCTBEHHOM gO-NOANPOrpam-
MO, BCce 3Tanbl NpPOrpamMmbl BbIMOMHAKTCA B 3HAKOMOM MOPsiAKe, ONpefensemMoMm noru-
Ko/ mporpamMmbl. Hanpumep, B MOCnef0BaTeNbHOCTM WHCTPYKUWIA NepBas BbIMOMHAETCS
[0 BTOPOA 1 T.4. B mporpamme c ABymsA wan 601ee go-nognporpaMMamMiy aTtanbl Kaxgon
go-noAnporpaMMbl BbIMOMHAKOTCA B 3HAKOMOM MNOpPALKe, HO B 06WEM Ciyvae Mbl He 3Ha-
eM, MpeALecTByeT N COBbITUE jc s onnow JO-MOANPOrpamMme COOLITUIO Y B APYroi go-
noanporpaMme, MPOMCXOAWUT /I OHO MOC/Ee X UM OAHOBPEMEHHO C HUM. Ecnn Mbl He Mo-
XKeM YBEPEHHO CKa3aTb, YTO OAHO CO6bITUE NpefLlecTBYeT APYromy, Takue cobbiTUS X Ny
ABNSIOTCA MapannenbHbIMu.

PaccmoTpuM (hyHKUMIO, KOTOpas npaBuibHO paboTaeT B NocnefoBaTesibHOMW Nporpam-
Me. OHa aBfisieTcs 6e30MacHOl ¢ TOYKM 3peHMs napanieNlbHOCT W, ecyu NpojomKaeT pabo-
TaTb NPaBUIbLHO faXKe NpW napanfienbHOM BbI30Be, T.e. MPY BbI30BE M3 ABYX Uu 60/ee go-
nognporpamMMm 6e3 Kakoil 6bl TO HW 6blJ10 LONOAHUTENLHONW CUHXPOHU3ALMN. Mbl MOXEM
06061WNTb 3TO NOHATUE ANS MHOXECTBa COTPYAHMYAKOLWMNX PYHKLUWUIA, TaKUX KaK MeToAbl
M onepauuny onpefeneHHoro Tuna. Tun ABnseTcs 6e30MacHbIM C TOUKM 3peHUs napaniefib-
HOCTK, €CNKn BCe AOCTYMHbIE METOAb! U OMepaLmmn SBASIOTCA TaKOBbIMU.
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MOoXHO caenaTb nporpaMmy 6e30MacHOW C TOYKM 3peHUs napannenbHOCTU, He Aenas
KaX/blli KOHKPETHbI/ TUM B 3TON MporpamMme TakoBbIM. B fe/icTBUTENbHOCTU 6e30MacHble
C TOYKM 3pEHMs napannesibHOCTU TWUMbl SBASOTCS CKOPee UCKMOYEHMEeM, YeM MNpPaBu/oM,
TaK 4YTO MosyyaTb NapasfiefibHbli JOCTYN K NEPEMEHHOI cnefyeT, TONbKO eCn B AOKYMEH-
Tauum AN ee TMMna CKasaHo, UTO 370 6e3onacHo. Mbl M36eraemMm OHOBPEMEHHOrO A0CTynMa
K 6O/MbLUVHCTBY MEPEMEHHbIX, OrpaHWuMBasi MX OJHOM go-NoAMpPOrpaMMoi uUnM noamep-
XVBasi BbICOKOYPOBHEBbI/i WHBAPUAHT B3aMMHOI0 MUCKNOUYEHUA. Mbl MOSACHUM 3TW TEPMUHbI
[lanee B 3TOW rnase.

B nNpoTMBOMONOXHOCTb 3TOMY OT 3KCMOPTMPYeMbIX (DYHKUWIA YPOBHA nakeTa 06bly-
HO 0XKpaetcsi 6€30MacHOCTb C TOYKM 3PEHUst MapaniefbHoCTU. MOCKObKY MepemMeHHble
YPOBHS NakeTa He MOryT 6biTb OrpaHWMYeHbl OfHOM gO-NoANPOrpaMMoii, yHKLMKN, KOTO-
pbl€ MX U3MEHSIOT, JOMXHbI 06eCneYnmBaTh B3aUMHOE UCK/TIOUYEHNE.

CyllecTByeT MHOXeCTBO MPUYMH, NO KOTOPbIM (DYHKLMA MOXET He paboTaTb Mpu na-
pannensHOM BbI30BE, BK/OYas B3aMMOGIOKMPOBKM, AUHAMMUYECKNE B3aMMOBGIOKUPOBKN 1
ronogaHve. Y Hac He XBaTUT MecTa AN 06CYXAeHUs BCeX 3TUX SIBNEHWIA, NO3TOMY Mbl CO-
CPeAoToUMMCS Ha Hanbonee BaXXHOM — COCTOSIHUM TOHKM.

CoCTOsiHME TOHKM — 3TO CUTyalusi, B KOTOPO NporpamMma He AaeT MpaBW/IbHbIA pe-
3ynbTaT ANS HEKOTOPOro uepefoBaHuUs onepauuii HecKoNbKMUX go-nognporpamm. CocTto-
SHUS TOHKWM KpaliHe BpeAHbl, MOCKOMbKY MOryT OCTaBaTbCS CKPbITbIMKW B Nporpamme u
NPOSIBNATLCA OYEHb PeAKo, BO3MOXHO, TOMbKO NpU GONbLIOIA Harpyske WAWM MpU UCNONb-
30BaHUN HEKOTOPbIX KOMMMWAATOPOB, Ha ONpeAeNieHHbIX NaathopMax UnuM Ans KOHKPETHOM
apXUTEKTYpPbl. DTO flenaeT UX CMOXHbIMU A1 BOCMPOU3BEAEHNS U ANAFHOCTUKN.

TpafnLUMOHHO Cepbe3HOCTb COCTOSHMUA TOHKWM MOSICHAeTCA 4yepe3 mMeTadopy (MHAHCO-

BbIX MOTEPb, MNO3TOMY Mbl PACCMOTPMM MPOCTYIO MPOrpammy Anis paGoTbl ¢ 6aHKOBCKUMM
cyeTamu:

// TakeT bank peannsyeT 6aHK C €AUHCTBEHHbLIM CYETOM,
package bank

var balance int
func Deposit(amount int) { balance = balance + amount }

func BalanceQ int { return balance }

(MbI Mornm 661 HanucaTb Teno yHKuuM Deposit kak balance += amount, 4yto 661710
6bl 3KBMBANIEHTHO, HO 6oniee AIMHHAA 3anucb NO3BOMMT YNPOCTUTL 06BACHEHNE.)

[na Takoi TpMBMaNbHOWM MporpaMmmbl O4EBMAHO C MEPBOrO B3rNfAa, 4TO Ntobas nocne-
[0BaTeNbHOCTb BbI30BOB D eposit n Balance gact npaBunbHbIii 0TBET, T.e. Balance 6y-
[eT coobLyaTh 0 BepHO CyMMe BCEX MOMIOXKEHHbIX B 6aHK BKNafoB. OfHaKo, ecnn Mbl Bbl-
3bIBaeM 3TV PYHKLMM He mocfiefoBaTenbHO, & OAHOBPEMEHHO, 60/bLUe He rapaHTMpyeTcH,
yto Balance pact npaBuibHbIA OTBET. PacCMOTPMUM fBe Crneaytollme go-nojnporpammel,
KOTOpble MpeAcTaBnsAloT coboii fBe onepaLun ¢ 06WUM 6aHKOBCKMM CUYETOM:

// Annca:
go funcQ {
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bank.Deposit(200) 11 Al
fmt.PrintIn(M="", bank.Balance()) 11 A2
30
11 bob6:
go bank.Deposit(100) 11 B

Anvca BKknagbiBaeT 200 foniapoB, a 3aTeM MPOBEPSieT CBOW 6GanaHC, B TO BPeMs Kak
Bo6 BknagbiBaeT 100 gonnapos. MockonbKy warn Al v A2 BbINOAHAIOTCA O4HOBPEMEHHO
¢ B, Mbl He MOXKeM npefcKasaTb TOUYHbIA UX NOPSAAOK. VIHTYUTUBHO MOXET NOoKa3aTbCs, UTO
eCTb TONbKO TPW BO3MOXHOCTU YMOPALOYEHUS, KOTOPble Mbl ByAeM HasbiBaTb “Annca nep-
Bas”, “bo6 nepBbIi” 1 “Anuca/bo6/Anuca”. B cnepytoueli Tabnuue nokasaHbl 3Ha4YeHUs
nepemeHHoil balance nocne KaXpaoro wara (CTPOKM B KaBblYKax MPefCcTaBAsflOT BblBOA

H6anaHca Ha nevaTb):

Annca nepBas Bo6 nepB.biit Annca/bo6/Annca

0 0 0
Al 200 B 100 Al 200
A2 "= 200" Al 300 B 300
B 300 A2 = 300" A2 "= 300"

Bo Bcex cnyvafx OKOHYaTeNbHbI 6anaHc coctaBnseT 300 fonnapoB. EAMHCTBEHHOMN
Bapuauueli ABnseTcA To, BKAKOYaeT M 6anaHc Anuchbl TpaH3akuum boba, HO B 1t06OM chy-
yae K/AMEHTbI Y0BNETBOPEHDI.

Ho nHTyuuus Hac o6maHbiBaeT. ECTb U 4eTBepTbll BO3MOXHbIA pe3y/nbTaT, B KOTOPOM
Bkfag boba npoucxofAuT nocpefu BKaga ANWChl, Mocie NPoYTeHWUsA 3HavyeHus GanaHca
(balance + amount), Ho fo ero o6HoBneHnsa (balance = ...), npuBoAA K ucye3HOBe-
HUIO TpaH3akumm boba. [leno B TOM, 4YTO onepauuns Bknaga Anucel AL Ha camom fefe npeg-
cTaBfiseT cob0i mocnefoBaTeNlbHOCTb ABYX OMnepauuii, YTeHUS W 3anucu; Ha3oBeM UX Air
n Alw. BOT Kak BbIrNaguT YyepefoBaHue, Bbi3blBatoLLee Npo6emMsbl:

CocTosiHNE TOHKMK

0
Air 0 ... = balance + amount
B 100
Alw 200 balance =
A2 "= 200"

Mocne Air BbipaxeHue balance +amount paBHo 200, 1 UMEHHO 3TO 3Ha4YeHuWe 3a-
nucbiBaeTcs Bo Bpema Alw, HeCMOTpS Ha BbINOMHEHHbIA BKag. OKOHYaTeNbHbIA 6anaHc
cocTtaBnseT Bcero 200 gonnapoB. baHk ctan Ha 100 gonnapos 6orave 3a cyeT boba.

dTa nporpammMa CoAepXuUT pa3HOBUAHOCTb COCTOSAHUS FOHKWU, KOTOPas HasblBaeTCs rOH-
KOl AaHHbIX. [OHKa faHHbIX OCYLLeCcTBAAETCA, KOrha ABe go-no4nporpaMmMbl O4HOBPEMEH-
HO obpaliatoTcs K OAHON 1 TOW e nepemMeHHOW U Mo KpaiiHel mMepe 04HO M3 obpaLleHui
ABNAETCA 3aNUCHIO.

Bce oKka3blBaeTCs eLe XYXXe, ec/im FOHKa JaHHbIX BK/KOYaeT MepeMeHHy Tuna, 60nb-
Lero, YemMm OA4HO MalUlMHHOE CNOBO, TaKOr0 Kak MHTepdeiic, cTpoka unu cpes. MNMpuseneH-
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Hblli ganee Kof 06HOBNSET 3HAUYEHNe NepPeMeHHO X O4HOBPEMEHHO ABYMS Cpe3aMun pasHoi
ONHbI:

var x [Jint

go funcQ) { x = make([]int, 10) }O

go funcO { x = make([Jint, 1000000) }O

x[999999] = 1 // TpumeyaHvne: HeonpeaeneHHoe MOBeAeHNE;
// BO3MOXHO MoBpexaeHne namaTu!

3HauyeHue X B NOCNeAHe MHCTPYKLMMN He ONpeaenieHo; 3TO MOXeT 6biTh nil, cpe3 anu-
Hoii 10 man cpes3 gnamHoli 1 OO0 OOO. Ho BCNOMHWTE, YTO Y cpes3a ecTb TPW COCTaBHble
YacTW: yKasaTenb, L/IMHA U eMKOCTb. Ecnu ykasatenb nonyyeH u3 nepsoro BbizoBa make,
a AMHa — U3 BTOPOrO, X CTaHOBWTCS XWMepoiil cpe3oM, AnMHA KOTOPOro cOcCTaBnsieT
1 000 OO0, HO 6a30BbIii MaccMB MMeET TONMbKO 10 31eMeHTOB. B 3TOM ciyvae coxpaHeHue
999 999-ro 3nemMeHTa BbINOMHSAET 3aNUCb B HEKOTOPOW [aneko OTCTOAWEN A4yelike nams-
TW C NOC/eACTBMAMM, KOTOpble HEBO3MOXHO MpefCKa3aTb W TPYAHO /I0Kann3oBatb U OT-
Nnaxusatb. JTO CEMaHTUYECKOE MWHHOE MOoJfie Ha3blBaeTCA HeomnpegeneHHbIM MoBefjeHnem
N XOpOLLIO M3BECTHO MporpaMMmucTam Ha a3blke C; K cyacTbto, B GO Takue HenpusaTHOCTU
BCTpeyvatoTCa Kyfa pexe, yem B C.

Jaxe MHTYWTUBHasA uAaes, 4YTO napannenbHas nMporpamMmma npefcraBnseT coboli Yepeno-
BaHWe HEeCcKONbKUX MocnefoBaTeNlbHbIX NPOrpaMM, ABASETCA JI0XHON. Kak Mbl YBUAUM B
pasgene 9.4, roHKa flaHHbIX MOXeT NPUBOAUTL K elle 6onee cTpaHHbIM pe3ynbTtataM. MHo-
rme NPOrpaMMmCTbl — fla>Ke HEKOTOPbIE M3 CaMblX YMHbIX — WHOTfa npegnaratoT 060CHO-
BaHWA 419 AONYCKa U3BECTHOM FOHKM faHHbIX B CBOe/ nNporpamMme: “CTOMMOCTb B3aUMHOI0
NCKNIOYEHNA CMLLKOM BbiCOKA”, “3Ta NIOrMKa — TOMbKO A1 NPOTOKOAMPOBaHUA”, “a He
BO3paXKal MPOTUB MOTEPU HEKOTOPbIX CO06LWEeHMIA” n T.4. OTCYTCTBUE Mpob6niem npu uc-
NoNb30BaHWM faHHbIX KOMNUAATOPA W NAaT@opMbl MOXET [aTb JIOXKHYI YBEPeHHOCTb B
61aronoNy4yHoCTU cuTyaumn. Xopollee nNpakTMYecKoe NpaBuio rnacuT, YTo He CyLLecTBY-
eT Takoro NoHATUSA, Kak J06poKayeCTBEHHAA FOHKA faHHbIX. Tak Kak e n3beratb roHku
[OaHHbIX B HalWMX nporpammax?

Mbl MOBTOPUM OMpefiefieHne, NOCKO/bKY 3TO OYEHb BaXKHO: FOHKA faHHbIX OCYLLeCcTBAA-
eTcsl, Korja fBe go-noAnporpamMmsl OJHOBPEMEHHO 06pallalTcs K OLHOW U TOW e nepe-
MEHHOI 1 MO KpaiHein mepe OAHO U3 o6palleHnii npeacTaBnseT coboi 3anucb. M3 3TOro
onpefeneHuns cnefyet, YTo CyLLecTBYeT Tpu cnocoba nsbexaTb FOHKN AaHHbIX.

MepBbIli CNOCO6 — He 3anuCbIBaTb NePeMEHHY0. PaccMOTpUM NpuUBeLEHHOE HUXKE 0TO-
OpaxkeHne C OT/IOKEHHbLIM 3arno/IHEHWMEM NPW NepeBoM 3anpoce knwo4a. Ecim Icon Bbi3bl-
BaeTCsA MocnefoBaTefibHO, nporpamma paboTaeT HOpManbHO, HO eciu lcon Bbi3biBaeTCs
napanfienibHo, Npu o6paLleHnn K 0TO6paxXeHno MMeeTCa FOHKa AaHHbIX.

var icons = make(map[string]image.Image)
func loadlcon(name string) image.lImage
// TNprveHaHue: Hebe30MmacHO C TOYKU 3peHusl napannensHocTn!

1 B gaHHOM cnydyae MMeeTcs B BUAY Xumepa Kak MUooruyeckoe Cyu,ecTBo, co3fjaHHoe B pe-
3ynbTate 06beAUHEHMUS YacTell pasNUUHbIX XUBOTHbIX. — [1pnMeY. nep.
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func lIcon(name string) image.Image {

icon, ok := icons[name]
if lok {
icon = loadlcon(name)
icons[name] = icon
}

return icon

Ecnu BMeCTo 3TOro Mbl MHULMANM3NPYeM 0TO6paXkKeHWe BCEMU Heo6XOAMMbIMK 3anu-
CAMM nepef Co3faHNeM AOMOMHUTENbHbIX gO-NOANPOrpaMM M HUKOr4a He 6yaemM U3MeHSThb
ero CHoBa, TO N1060e KONMYECTBO gO-NOAMPOrpaMM MOXeT 6e30MacH0 0jHOBPEMEHHO Bbl-
3bIBaThb ICON, MOCKONbKY KaXjas M3 HUX TONbKO YMTaeT OTOGpaXeHwe.

var icons = map[string]limage.Image{

"spades.png” : loadlcon("spades.png"),
"hearts.png"” : loadlcon("hearts.png"),
"diamonds.png": loadlcon("diamonds.png"),
"clubs.png" : loadlcon("clubs.png"),

// Be3onacHO C TOYKM 3peHUA NapannenbHOCTH.
func lIcon(name string) image.Image { return icons[name] }

B npvBefeHHOM Bbille NpMMepe NepemMeHHas icons npucBavBaeTCca BO BPEMS MHULMA-
An3auumn naketa, KOTopas MPOMCXOAUT A0 TOTO, Kak 3anyckaeTcs (yHKLUS main nporpam-
Mbl. Tlocne MHWUManM3auun icons HUKorga He nameHsietcsi. CTPYKTypbl AaHHbIX, KOTO-
pble HWKOTAa He M3MEHSAITCA WKW SBAAIOTCA HEU3MEHSieMbIMUW MO CBOEl CyTu, 6e30MacHbI
C TOYKW 3pPEHUS MapaniesbHOCTU U He TPeBYIT CMHXPOHU3aLUnM. Ho 04eBUHO, YTO Mbl He
MOX€EM MCMNONb30BaTb 3TOT NOAXOA, €CiM 06HOBMIEHUS UTPAKOT CYLLECTBEHHYHO POfib, Kak B
cny4vae 6aHKOBCKOrO cyeTa.

BTOpoit cnocob n3bexatb FOHKU AaHHbIX — u3beratb 06palleHns K nepemMeHHol u3
HECKONbKMX gO-MoANporpaMm. 3TO MOAXOLA, MUCMONb30BaHHbIA MHOTMMU M3 NPOrpaMMm npe-
Abloyweid rnaebl. Hanpumep, rnaBHas go-nojgnporpaMmma B napannienbHOM Be6-CKaHepe
(pasgen 8.6) sBnAeTCA €4MHCTBEHHONM gO-mognporpammoi, obpaljatoLeiica K oTobpaxe-
HUIO seen, ago-nognporpamma broadcaster yar-cepsepa (pasgen 8.10) ABnseTcs eAnH-
CTBEHHOII go-nognporpammoii, obpawatouieiics Kk otobpaxeHuto clients. 3T nepemeH-
Hble OrpaHunyeHbl OA4HOW go-NoANPOrpaMMOi.

MockKonbKy Apyrue go-noAnporpaMmmbl He MOTYT NOAYYWUTb HEMOCPEACTBEHHbI A0CTYN
K NMepemMeHHOM, OHW LOMKHbI MCMNONb30BaTb KaHan Ans 3anpoca y orpaHuyumBatolleid go-
noAnNporpamMmbl NOMYYEHUSA 3HAYEHUS UM OGHOBNEHWUA MepemMeHHOR. 3TO To, Y4TO NoAapas-
ymeBaeTca MaHTpoli Go “He cBfi3biBaliTeCb MyTeM COBMECTHOrO WCMO/Mb30BaHUA MamsTw;
COBMECTHO MCMOMb3yiTe NamsaTb NyTeM cBA3M”. Go-noagnporpamma, rnocpefgHuyatowlas B
JOoCTyne K OrpaHMYeHHOR MepeMeHHOW € MCNO/b30BaHMEM 3ampoca No KaHany, HasbiBaeTcs
go-nognporpammMoli ynpaeneHnss (MOHATOPOM) ANS AaHHOW nepeMeHHO. Hanpumep, go-
nognporpamma broadcaster ynpaenseT foctynom K otobpaxeHuto clients.

BoT npumMep 6aHKa, NnepenucaHHbIl ¢ nepeMeHHolt balance, koTopas orpaHu4nBaeTcs
MOHUTOpPOM teller:
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godL.i0o/ch9/bankl

11 NakeT bank npegocTaBnsieT 6e30MacHbii C TOYKN 3PEHUS]
// napannenbHoCcTW 6aHK C OAHUM CYETOM,

package bank

var deposits = make(chan int) // OTnpaBneHue BKiaga
var balances = make(chan int) // TNony4yeHne 6anaHca

func Deposit(amount int) { deposits <- amount }
func BalanceQ int { return <~ balances }

func teller() {
var balance int // balance orpaHunyeH go-noanporpammoii teller
for {
select {
case amount := <- deposits:
balance += amount
case bhalances <- balance:
>

>

func initQ) {
go teller() // 3anyck ynpasnswweli go-nognporpammsl

}

[axe korga nepemeHHas He MOXeT OblTb OrpaHWyYeHa OAHOW go-noAgnporpaMMoi Ha
BCE €e BPEMS XKM3HU, OTpaHUYEHNE BCE XKe MOXET OblTb PeLleHMEM NpobGnembl napannenb-
HOro goctyna. Hanpumep, pacnpocTpaHeHO COBMECTHOE UCMO/b30BaHWE NepeMeHHON go-
nognporpaMmmamMiy B KOHBelepe NyTeM nepefayn ee agpeca 0T OAHOWN CTaguu K APYroi no
KaHany. Ecnn Kax/blii 3Tan KOHBelepa BO3fep>KMBaeTcs OT A0CTyna K MepemMeHHOI nocne
ee OTMPaBKW Ha CreaylowWmnii aTan, Bce 06palleHns K Takoli mepeMeHHoi nocnefoBaTeflb-
Hbl. [0 CyTW, NepeMeHHas orpaHuWyeHa OfLHON cTaguneli KOHBelepa, a 3aTemM OrpaHMyYnBaeT-
cs cnegytouleit v T.4. Takoil Nnogxon UHOTAA Ha3bIBAKDT NOCNEA0BATENbHBIM OrPaHNUYEHNEM.

B npuBeaeHHOM Hmxe npumepe Cake MocnefoBaTeNbHO OrpaHUYeHbl, CHavyana go-
nognporpammoit baker, 3aTem — ¢o0-nognporpammoin icer:

type Cake struct{ state string }

func baker(cooked chan<- *Cake) {

for {
cake := new(Cake)
cake.state = "cooked"

cooked <- cake // baker 6onbwe He 6yaeT paboTaTb C 3TUM Cake

>

func icer(iced chan<- *Cake, cooked c-chan *Cake) {
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for cake := range cooked {

cake.state = "iced"

iced <- cake // icer 6onblle He 6yaeT paboTaTb C 3TUM cake
}

TpeTuii cnoco6 nM3bexaTb FOHKW JaHHbIX COCTOUT B TOM, YTO6bl MO3BO/INTL MHOTUM
go-nognporpaMmmam obpalatbCs K MePeMEHHO, HO TONLKO NO OAHOM 3a pa3. ATOT NoAXo4
M3BECTEH KaK B3aMMHOE UCK/IOYEHUE U SBMAETCS TEMOI cneayroLlero pasgena.

YnpaxHeHue 9.1. [lobaBbTe PYHKUMIO CHATUA co cyeTa Withdraw(amount int)
bool B nporpammy gopl.io/ch9/bankl. PesynbTaT fo/mKeH yKasbiBaTb, MpoLna v
TpaH3aKLMsa yCcnewHo UM npousoLina ownbka ns-3a HexeaTkn cpeacts. CoobuyeHue, 0T-
npaensemMoe go-noAnporpaMme MOHWUTOPA, AO/MKHO COAEPXaTb KaK CHUMAeMyl CymMmy,
TaK W HOBbI/ KaHaj, No KOTOPOMY go-noAnporpaMma MOHUTOPa CMOXET OTMpaBuThL Oynes
pesynbTat gpyHkunn Withdraw.

9.2. B3anMHbIe UckKnw4deHuna: sync.Mutex

B pasgene 8.6 Mbl ncnonb3oBanu 6ytepr3oBaHHbI KaHan B KayecTBe NOACUMT biBalo-
wiero cemacdopa, 4tobbl rapaHTupoBaTtb, 4T0o HTTP-3anpocbl 0g4HOBpeMEHHO 6yayT BbINON-
HATb He 6onee 20 go-nognporpaMM. Mbl UCNONb3YeEM Ty Xe CaMYH WAL W KaHan eMKo-
CTbt0 108 TOro, 4ytobbl rapaHTMpOBaThb, YTO OAHOBPEMEHHO K COBMECTHO MCMNONb3YEMON
nepemMeHHON MOXeT 06paTUTbCA TONbKO OAHa go-nognporpamma. Cemadgop, KOTOpbIM Be-
[eT NoAcyeT TONIbKO [0 1, Ha3biBaeTCA GMHapPHbLIM ceMadiopoM.

aopL.io/ch9/bank2

var (
sema = make(chan struct{},l) // BuHapHbini cemagop ans
balance int // 3aumuThl balance
)
func Deposit(amount int) {
sema <- struct{}{} // 3axBaT mapkepa
balance = balance + amount
<- sema // OcBoboxfeHne wmapkepa
}
func Balance() int {
sema <~ struct{}{} // 3axBaT mMapkepa
b := balance
<- sema // OcBoboxfeHvne wmapkepa
return b
}

Takoli WabnoH B3aMMHOTO UCKIKYEHNS HACTONbKO MO/e3eH, YTO MOALEPXKMBAETCA He-
nocpescTBeHHO TUNOM Mutex M3 nakeTa sync. Ero metog Lock 3axBaTbiBaeT Mapkep (Bbl-
3bIBaeT 6N0KMPOBKY), a MeTof Unlock ero ocso6oxpaer:
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godL .10/ch9/bank3
import ''sync”

var (

mu sync.Mutex 11 3awmwaet balance
balance int

)

func Deposit(amount int) {
mu.LockQ
balance = balance + amount
mu.UnlockQ

}

func BalanceQ int {
mu.LockQ
b := balance
mu.UnlockQ
return b

}

Kaxnablil pa3, Korga go-nognporpamma obpalyaetcs K nepeMeHHbIM 6aHKa (34€eCb TOMb-
ko balance), oHa gonkHa Bbi3BaTb MeTof4 Lock mbioTekca, 4To6bl MONYYUTb MOHOMO/b-
Hyt0 6/10KMpOBKY. Ecnn 6N0KMPOBKa BbIMOMHEHA HEKOTOPOW ApYyroi go-nofgnporpaMmMoi,
Tekyllias onepauusa Oyget 3a6nokMpoBaHa [0 Tex MOp, MOKa Apyras go-nognporpamma He
Bbi30oBeT Unlock u He paspewnT Tem cambiM O670KMPOBKY APYrMM ¢o-nofnporpammam.
MbIOTEKC OXpaHsfieT COBMECTHO WCMOJib3yeMble MepeMeHHble. [0 cornaleHnio oxpaHse-
Mble MbIOTEKCOM MepemMeHHble 06bABAAIOTCA Cpasy Xe nocne 06bABNEHUA CaMOro Mbio-
Tekca. Ecnu Bbl mocTynaeTe uHauve, 06s3aTeslbHO AOKYMEHTUPYWTE 3TO OTCTYM/eHWe oT
npasun.

Oo6nacTb koga mexay Lock n Unlock, B KoTopoli go-nognporpamma MOXeT CBO60AHO
ynTaTb U MOAM(MLMPOBATL COBMECTHO MCMOMb3yeMble NEpPeMeHHbIe, Ha3biBaeTCs KpUTU-
yeckum pasgenom. BeizoB Unlock Bnagensuem 610kupoBkn npefliecTBYeT 6/0KMPOBKE
no60oin gpyroii go-nognporpammoi. BaxHo, 4Tobbl go-nognporpamMmma 06s3atefbHO 0CBO-
60)ana 6/10KMPOBKY Ha BCEX MYTAX BbINOSHEHUA (PYHKLUMMW, BKAKOYAA MYyTU OLLNOOK.

MpuBefeHHas Bbllle nporpamMma 6aHka WAMKCTPUPYeT pacnpocTpaHeHHbIli WwabnoH
napannenusma. Habop 3KcnopTupyeMbiX QYHKLUIA UHKANCynMpyeT OAHY WM HECKONbKO
nepeMeHHbIX, TaK YTO eAMHCTBEHHbI/A CMOCO6 JOCTYyNa K NePEMEHHbIM — Yepe3 3T PYHK-
umMn (Mnm metoabl 4Na nepemeHHbIX 00bekTa). Kaxaas (yHKUUS BbIMOAHAET 6/I0KUPOBKY
B Hayane M 0CBOOOXAEHME OT Hee B KOHLeE, 06ecreymBas TeM CaMbiM HeLOCTYMHOCTb CO-
BMECTHO WCNOMb3yeMbIX NEPEeMEHHbIX OAHOBPEMEHHO HECKONbKWM Qgo-nognporpaMmmam.
3TOT MexaHu3m paboTbl ¢ 610KMPOBKaMU, HYHKLUAMU U NMEPEMEHHbIMU Ha3blBaeTCs MO-
HUTOPOM.

MockonbKy KpuTuueckne pasgens! ¢pyHkuuii Deposit n Balance o4yeHb KOPOTKM — B
OfHY CTpOKy, 6e3 BeTBneHuiA, — BbI30B Unlock B KOHLE NpocT. B 60/1ee CAOXHbIX KPUTH-
YyecKux pasfgenax, B 0CO6EHHOCTU B TeX, B KOTOPbIX OWNOKM MPUBOAAT K 60/ee paHHemy
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BO3BpALLEHWNI0 M3 NPOrpaMMbl, MOXeT OblTb TPYAHO rapaHTMpPOBaTh, YTO BbI30Bbl Lock u
Unlock cTporo cooTBeTCTBYIOT OAWMH APYroMYy Ha BCeX NMyTAX BbIMOAHEHMS. Ha nomolb
npuxognT mHcTpykums defer: oTknagbiBaHue Bbi3oBa Unlock HesiBHO paclumpsieT Kpu-
TUYeCKuii pasfen 4O KOHUA TeKylleid (yHKUMM, 4TO M36aBnseT Hac OT Heob6XoAMMocTU
NMOMHWUTbL 0 BcTaBke Bbi3oBa Unlock B 0fHOM WM HECKONbKMX MecTax Bhaau OT Bbi30Ba
O6NOKNPOBKMU.

func Balance() int {
mu.-Lock()
defer mu.Unlock()
return balance

B npuBeaeHHoM Bbiwe npumMepe Unlock BbinonHseTca mocne TOro, Kak WHCTPYKLUWS
return cunTbiBaeT 3HauyeHMe nepemeHHoin balance, Tak uto QyHkyma Balance 6e3o-
MacHa C TOYKWN 3peHus mapaniefbHOCTU. B kayecTBe 60HYyca Mbl 6O/bLUE He HYXAaemcs B
NOKaNnbHOWM nepemeHHO b.

Kpome Toro, oTcpoyeHHbId Bbi3oB Unlock 6ygeT BbINOMHATLCA faXKe Npu aBapuiiHOW
cuTyaumMm B KPUTUYECKOM pasfesie, YTO MOXET MMeTb BaXHOEe 3HayeHue B MporpaMmax,
KOTOpble MCnonb3yT recover (pasgen 5.10). MpumeHeHne defer HemHOro [opoxe,
yem sBHbI BbI3oB Unlock, HO HegocTaTouyHo, YTOGLI OMpaBAaTb MEHee SICHbIA Kog. B na-
pannenbHbIX NporpaMmax Bcerga cnefyeT npegnoynTatb ACHOCTb M COMPOTUBAATLCA Npe-
XAEBPEMEHHO onTuMmM3auumn. Tam, rae aTo BO3MOXHO, ucnonb3yiite defer n no3sonbte
KPUTUYECKOMY pasgeny NpoanuTbes 40 KoHLA hyHKLMK.

PaccMOTpuMM npuBefeHHY0 Huxe PyHKuuio Withdraw. lNpu ycnewHom 3aBepLueHUn
OHa YMeHbllaeT 6anaHC Ha yKa3aHHYH Be/M4YMHY M BO3BpaliaeT true. Ho ecnm Ha cuety
HeloCTaTOYHO CpeacTB AN TpaH3akuuu, Withdraw BoccTaHaBNMBAaeT CTapoe 3HauyeHUe
6anaHca n Bo3Bpalaet 3HayeHue false.

// TpumeyaHve: (yHKUMSA He aTomapHas!
func Withdraw(amount int) bool {
Deposit(amount)
if BalanceQ <0 {
Deposit(amount)
return false // HepocTaTouyHO CpefcTB

return true

D yYHKLMA B KOHEYHOM UTOre faeT MpaBU/bHbIA pe3ynbTaT, HO MMEET HempUATHbLIA Mo-
604HbIA 3thdekT. Mpy MOMNbITKE CHATUSA CO CYeTa YPe3MEpHON cyMMbl 6anaHC BPEMEHHO
OMYCKAEeTCA HMXe Hyns. BTO MOXET MPUBECTW K TOMY, UYTO NapajnesibHoe CHATUE CKPOM-
HOW CyMMbI OKaXXeTCS NI0XHO OTBEPrHyTbIM. Tak uTo, ecnn o6 nonbiTaeTcs Kynutb cnop-
TWBHbI/i aBTOMOOUAb, ANMca He CMOXET OnnaTUTb CBOW YTpeHHWi Kode. Mpobnema 3a-
KM4aeTcs B TOM, 4TO (pyHKUuA Withdraw He aTomapHasa: OHa COCTOMT U3 NOCNeA0BaTe b-
HOCTU Tpex OTAe/bHbIX Onepaumnin, Kaxaaa M3 KOTOpbIX 3axBaTbiBaeT, a 3aTeM 0CBOOOXAaeT
MbIOTEKC, HO HMYTO He 6M10KMPYeT BCIO NOCNeL0BaTeIbHOCTb.
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B npeane yHkuma Withdraw fonxHa BbINONHUTL 610KMPOBKY OAWH pa3 Ans BCEX
onepauuii. OfHaKo Takas MonbiTKa He paboTaeT

// TpuveyaHne: HeepHO!
func Withdraw(amount int) bool {
mu.LockQ
defer mu.UnlockQ
Deposit(-amount)
if BalanceQ <0 {
Deposit(amount)
return false // HepocTtaTouyHO cpencTs

return true

®dyHKUuMa Deposit nbiTaeTcs 3axBaTUTb MbIOTEKC BTOPOM pa3 nNyTeM Bbi30Ba
mu.Lock(), HO Tak Kak 6/10KMpOBKa MblOTeKCa HepeeHTepabentHa (He nNo3sonseT 6/10-
KUpoBaTb Y>Ke 3a6/I0KMPOBAHHbIA MbIOTEKC), 3TO NPMBOAMT K B3aMMOG/IOKMPOBKe, Korga
nporpamma He BbIMOHAET HUKaKUX AeACTBMIA, NOCKONbKY hyHKuma W ithdraw 3a6noku-
poBaHa HaBe4Ho.

He peeHTepabenbHOCTb MbIOTEKCOB BMOSIHE MOHATHA M 060CHOBaHa. MblOTEKChI Mpu-
3BaHbl 06ecneynTb COXpaHeHue onpefeneHHbIX WHBAPUAHTOB COBMECTHO WCMOMb3YyeMbIX
MepeMeHHbIX B KPUTMYECKMX TOYKAaX BO BpeMS BbIMOMHEHUS nporpammbl. OfWH U3 3TUX
WHBApMaHTOB — “HMKakKas go-nojnporpammMa He uMMeeT JOCTYNna K COBMECTHO WCMO/b3y-
eMOIl MepeMEeHHON”, HO MOTYT 6bITb WU JOMNOMIHUTENbHbIE WHBAPUAHTbI, CReUndpnYHbIe Ans
CTPYKTYpbl faHHbIX, KOTOPYH OXpaHsfeT MbloTekc. Korga go-nojgnporpamma BbiMOAHAET
610KMPOBKY, OHa MOXET npeAnonaratb BbINOSIHEHWE MHBapuaHTOB. Bo Bpems 610KMpoOB-
KN OHa MOXET 06HOBNATb COBMECTHO WMCMOMIb3yeMble MepeMeHHble, TaK YTO MHBAapUaHTI
BPEMEHHO HapywatTca. OfHAKO Npy CHATUM BGNOKUPOBKM gO-MOANPOrpaMMma foJKHa ra-
paHTUpoBaTh, YTO MOPSAOK BOCCTAHOB/EH W UHBApMaHTbl BHOBb BbIMOAHAKTCA. XOTH pe-
eHTepabenbHbIli MbIOTEKC MOT Gbl FapaHTUPOBaTb, YTO HUKaKue Apyrue go-nognporpaMmbl
He MOoJlyyatoT JOCTYN K COBMECTHO WMCMO/b3yeMbIM NMEPeMEeHHbIM, HUKaKue Apyrue gonon-
HUTENbHbIE MHBAPUaHTbl 3TUX NMEPEMEHHbIX OH 6bl 3aLUTUTL HE MOT.

PacnpocTpaHeHHOe pelleHMe 3aK4vaeTca B pasfeneHun GYHKUWA, Takux Kak
Deposit, Ha ABe: HeakcnopTupyemyto yHKuUuo deposit, koTopasa npeanonaraet, 4to
ONOKMPOBKA Y)XKe BbIMOMIHEHA W BbIMOJHAET peanbHYyl paboTy, U 3KCMOPTUPYEMYHD (DYHK-
uno Deposit, KoTopas BbINOMHAET 6/10KMPOBKY A0 Bbi3oBa deposit. Torga Mbl MOXeM
Bblpa3nTb hyHKUMo Withdraw c nomowbto yHKuMM deposit cnegyrowum o6pasom:

func Withdraw(amount int) bool {
mu.LockQ
defer mu.UnlockQ
deposit(-amount)
if balance < 0 {
deposit(amount)
return false // HepoctaToyHO cpencTs
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return true

}

func Deposit(amount int) {
mu.LockQ
defer mu.Unlock()
deposit(amount)

}

func Balance() int {
mu.Lock()
defer mu.Unlock()
return balance

}

// 31a dyHKums TpebyeT, 4TOOL Gbina BbIMOSHEHA OGM0KMPOBKA,
func deposit(amount int) { balance += amount }

KoHeuHo, npuBegeHHas 34ecb PyHKUMsS deposit HAaCTONbKO TpMBMAIbHA, YTO (PYHK-
uvm Withdraw HeT cmbiCna ee Bbi3biBaTb; TeM He MeHee OHa WMCTPUPYET ONUCaHHBbINA
Bbllle MPUHLMN

NHkancynaumns (pasgen 6.6), yMeHblUas HEOXMAAHHbIE B3aUMOAEACTBMA B Nporpam-
Me, MOMOraeT HaM MOAAEPXMBaTb WHBAPMaHTbl CTPYKTYpP AaHHbIX. M0 Tol Xe npuynHe
WHKaNcynaumsa noMmoraet TakXe NOALepXMBaTb UHBapPUaHTbl napannenusma. rpu mcnonb-
30BaHMM MblOoTeKca y6eanTech, YTO U OH, U NepeMeHHble, KOTOPble OH 3alluLiaeT, He 3KC-
NOPTUPYIOTCH, HE3aBUCMMO OT TOr0, ABMAKOTCA /IM OHU MEPeMEHHbIMU YPOBHSA NakeTa wuim
NoNsMU CTPYKTYPbI.

9.3. MbloTeKcbl UTeHus/3anmncu: sync.RWMutex

YBuWAeB BHe3anHoe ucyesHoseHne 100 gonnapos, bo6 nuweT nporpammy ans nposep-
Kv cBoero 6anaHca B 6aHKe COTHU pa3 B cekyHAy. OH 3anyckaeT ee y ce6a goma, Ha paboTe
n Ha cBoeMm TenedoHe. baHK 3ameyaeT, YTO yBe/inMyeHne Tpadmka 3aMensaeT BKNafdbl U CHA-
TUS, TaK Kak Bce 3anpocbl Balance BbIMOAHAOTCA NOCNeL0BaTENIbHO, BbINOMHAS UCKOYK-
TENbHYIO 6/IOKMPOBKY U BPEMEHHO MPENATCTBYA BbINMONHEHWIO LPYTUX §O-MOAMNPOrpaMM.

MockonbKy (yHKUMM Balance HYXHO TONbKO YMTaTb COCTOSHWE MNEepeMeHHOM
MHOXeCTBeHHble Mapasn/fiesibHble Bbl30Bbl 3TOW (PYHKLWW B AeACTBUTENbHOCTU OyayT 6es-
ONacHbIMW, €CNN TOMbKO He BbINOJIHAETCA Bbl3oB Deposit wam Withdraw. Mpu Takom
CLUEHapUM Ham HY>EeH 0C06blli BUA 6NOKMPOBKM, KOTOPbLIA MO3BONSET onepauusM 4YTeHus
BbINOMHATLCA NapannesbHo Apyr ¢ 4pYroM, HO onepauuy 3anucy MnoayyarT MOAHOCTLIO
UCKNIOUYUTENbHbIA AOCTYN. Takas 610KMPOBKa Ha3biBAaeTCA HECKOMbKO unTaTeneid, oanH
nucaTens 1 B Go obecneynBaeTca MblOTEKCOM sync .RWMutex:

var mu sync.RWMutex
var balance int

func BalanceQ int {
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mu.RLockQ // bBnokvpoBka uuTaTens
defer mu.RUnlock()
return balance

Tenepb ¢yHkuma Balance Bbi3biBaeT meTtodbl RLock n RUnlock gns 3axBata u oc-
BO6GOXAEHUSA 6M0KNPOBKU UNTaTeNs, WAM HEUCKIUYNTEeNbHOW 610KMPOBKU. P YHKLUS
Deposit, ocTaBwasca HEM3MEHEHHON, Bbi3biBaeT MeToAbl mu. Lock m mu.Unlock gnsa
3axBarta 1 0CBO6GOXAeHUS 6NOKMPOBKN NUCATENS, AU UCKIOUYNTeNbHOM 610KUPOBKN.

Mocne 3TOro M3MeHeHWs 60MbLUIMHCTBO 3anpocoB boba ByayT BbINOAHATLCA Napannenb-
HO OfMH LPYroMy K 3akaH4uMBaTbCs 60nee 6bICTPO. bnoknpoBKa 6yaeT AOCTYMHA JO/bLUE,
1 3anpocbl D eposit cMOryT BbINONHATLCA CBOEBPEMEHHO.

RLock MOXeT MCnonb30BaThCsA, TOMbLKO €CAM B KPUTMUYECKOM pasfesnie HeT 3anucu co-
BMECTHO MCMOMb3YEMbIX NEPeMeHHbIX. B 06Llem cnyyae Mbl He AO/MKHbI NofaratbCs Ha To,
YTO NIOTMYECKN MpefHa3HAYeHHble TOMbKO ANS YTEHUS YHKUUM UM MEeTOAbl He 06HOBNSA-
lOT TaKXKe HeKOTOpble NMepemMeHHble. Hanpumep, MeTog, KOTOpbIi MpeAcTaBAseTCA NPOCTbIM
MeTOLOM MOJyYeHUs 3HAYeHWUS, MOXET YBEeNMYUTb W 3HAYEHWE CYETUYMKA BHYTPEHHErO
NCMONb30BaHNSA, AU 0OHOBUTbL Kell, YTOObl MOBTOPHbIE BbI30Bbl BbIMOAHAANCL ObICTPEE.
Ecnn Bbl COMHEBaeTeCh, UCMOMb3YHTE UCKIUNTENbHYIO 6/10KMPOBKY Lock.

Mcnonb3oBaTh RWMutex BbIrOfHO TONALKO TOrAa, Korfa 60/bWNHCTBY gO-MOANPOrpaMm
TpebyeTcs 6/M10KMPOBKa uuTaTeneil, M 3a OGNOKMPOBKY BefeTCA COCTA3aHWe, T.e. go-
noAnporpaMMamM MpUXOAUTCS PErynspHO 0XuAaTb Ans ee 3axBaTa. RWMutex TpebyeT 60-
Nee CNOXHOW BHYTpPeHHEN 6yxrantepmm, 4To fenaeT ero MefneHHee 06bIUYHbIX MbHOTEKCOB.

9.4. CNHXpOHM3aLNA NamMAaATn

Bbl MoXeTe yfAMBMTbLCA, movemy MeTod Balance TpebyeT B3aMMHOro WCKIHOYEHUS,
OCHOBaHHOr0 Ha KaHane WAM MblOTeKce. B KOHLe KOHLOB, B oT/inyne oT Deposit, oH
COCTOUT TO/IbKO M3 OfHOW Omepauvu, MO3TOMY HeT OMacHOCTW BbIMOMHEHWSA APYroi go-
nognporpammbl “nocpefuHe’” Hero. Tomy ecTb AB€ MPUUMHbLI. [1epBad 3aKn04aeTca B TOM,
YTO He MeHee BaXKHO, 4TO6bI MeTOf4 Balance TakKe He BbINOMHAMCH MOCPefU HEKOTOPbIX
Apyrux onepaumnii Hanogobue Withdraw. BTopas (M 60onee TOHKas) MpuMyYMHa B TOM, 4YTO
CUHXPOHM3aLMsA NpefcTaBnseT cOO0i HeuTo 6oMbluee, YeM MPOCTO NOPSAOK BbIMOMHEHUS
HEeCKONbKMX go-NnoAnporpaMm; CUHXPOHU3aLna TakKe BNUAET Ha NamaTb.

B coBpeMEHHOM KOMMbOTEPE MOFYT ObITb AECATKN MPOLLECCOPOB, KaXAbIA 13 KOTOPbIX
MMeeT COOCTBEHHbIV NOKanbHbIA Kew OrnepaTMBHON namaTu. [na noBblleHns ahdeKTns-
HOCTK 3anucb B NamsTb Oydepusyetca B npefienax Kaxgoro npoteccopa u copacbiBaeT-
CA B OCHOBHYIO MamMATb TONLKO MO Heo6X0AMMOCTU. 3anucy B OCHOBHYIO MamMATb MOTyT
ObITb BbIMO/IHEHbI He B TAKOM MOPSiAKe, B KAKOM OHW BbIMOAHANWUCE 3anuCbIBaOWMMMN Jo-
nognporpaMmamu. Takue NMPUMWUTUBBI CUHXPOHMU3ALMW, KaK KOMMYHUKAUWOHHBIA KaHan
M onepauuu MblOTEKCA, 3aCTaBNAOT MPOLLECCOpP BbINOAHUTL COPOC U 3aUKCMPOBATL BCe
HaKOM/IEHHbIE 3aMWUCK, TaK YTO pesy/bTaTbl BbIMOMHEHWUA §O-NOANPOrpaMMm f0 3TON TOUKK
rapaHTMpoBaHHO OyAyT BUAUMBIMU ANS go-nojnporpamm, paboTalwLwmx Ha Apyrux npo-
Lieccopax.
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PaccMOTpM BO3MOXHbIE BbIBOAbLI C/IeAYIOLLEro parMeHTa Koga:
var X, y int

go funcQ {
x =1 // Al
fmt. Print CYy:",, v, ) // A2
30
go funcO {
y = 1 // Bl
fmt_Print("x:", X, ) // B2
30

MocKoNbKy 3TW ABe gO-NMOAMpPOrpaMMbl napannenbHbl W 06pallanTcs K COBMECTHO MUC-
nofib3yemMbIM nepemMeHHbIM 6e3 B3avMHOT0 WCK/IOYEHNs, BOSHMKAET FOHKa AaHHbIX. M0o3To-
My Mbl HE JO/MKHbI YAUBAATLCS TOMY, UTO MPOrpamma He sBNSeTCS AeTePMUHMPOBAHHON.
Mbl MOriM Gbl 0XWAATb NOGOF0 M3 YeTbipeX MPUBEAEHHbIX HUXKE Pe3ynbTaToB, KOTOpble
COOTBETCTBYIOT MHTYUTUBHOMY MpeACTaB/EHUIO O YepefoBaHUN WHCTPYKLMUIA NPorpamMmbl:

YeTBepTas CTpPOKa, Hanpumep, MOXET ObiTb MNOACHEHa MOCNeA0BaTeNbHOCTbIO
Al, B1jA2, B2 nnn nocnegosatensHoctelo B I,A |, A2, B2. OpgHako cnegytowmne asa Bbl-
BOJa MOTYT MOKa3aTbCA YANBUTENbHbIMU:

x:0 y:0

y :0 x:0

OfHaKo B 3aBMCUMOCTM OT KOMMOWUASTOpa, Mpoleccopa v MHOTMX APYrux akToOpoB OHM
TakXXe MOTryT umeTb MecTo. Kakoli ke nocnefoBaTenbHOCTbIO YepefoBaHWsa YeTblpex WH-
CTPYKLMIA MOXHO MOSCHUTL Takue pesynbTarthl?

B npesenax ofHOM go-nognporpaMMbl pe3ynbTaTbl paboThbl KaXA0W UHCTPYKLUMW rapaH-
TUPOBaHHO OCYLLECTBAAKOTCS B NOPALKE UCMONHEHUS; gO-MOANPOrpaMmMbl NocnefoBaTeNb-
HO cornacoBaHHbl. OfHaKO B OTCYTCTBUE IBHOM CMHXPOHM3ALUN C UCMO/Ib30BaHWEM KaHana
WA MbHOTEKCA HeT HMKaKO rapaHTuu, 4To CoObITUS BUAUMbI BCEM gO-MofnporpamMmMam B
0fHOM 1 TOM e nopsigke. XoTa go-nognporpamma’™ fo/mkHa HabnogaTe pesynbTart 3anu-
N X = 1 A0 YTeHUs 3Ha4YeHUs Yy, OHa He 06s3aTeNlbHO OGyAeT HabnoAaTh 3anuch y, chenaH-
HY0 go-noAnporpaMmoli 5, NoaToMy A MOXET BbIBECTU yCTapeBLUee 3HAUYEHNE Y.

Co6na3HNTENbHO NOMbITaTbCA MOHATL Mapannenusm Tak, Kak 6yATo OH COOTBETCTBYeT
HEKOTOPOMY YepefoBaHWNIO MHCTPYKUMIA KaxAoi go-MoAnporpaMmbl, HO, Kak MOKas3aHo B
npumepe Bbllle, COBPEMEHHbIE KOMMUAATOPbLI UM NpoLeccopbl paboTatoT He COBCEM Tak.
MocKonbKy MpucBaMBaHMe W BbI30B Print OTHOCATCA K pasHbIM NepeMeHHbIM, KOMMUs-
TOp MOXET MOCYMTaTh, YTO NOPSAOK 3TUX ABYX MHCTPYKLUIA He MOXET NOBMUATb Ha Pe3y/b-
TaT, U NOMEHATb X MecTamu. Ecnu aBe go-noanporpammsl BbIMOMHSAOTCS Ha pasHbIX Npo-
Lleccopax, KaxAblii co CBOe Kell-MaMsATbio, 3anncb B NaMsATb O4HON go-NOAMpOorpamMmmon
He BMAMMa A5 Bbi3oBa Print gpyroii go-nognporpamMmsl 4o Tex Nop, NoKa Kewy He byayT
CUHXPOHM3MPOBaHbI C OCHOBHOW NaMATLH).
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Bcex aTux npo6semM napaniennMama MOXHO M36exaTb NyTeM MocfefoBaTenbHOro, €o-
rNacoBaHHOro MPWMEHEHUS MPOCTbIX U AABHO W3BECTHbIX Wa6M0HOB. Tam, rae 370 BO3-
MOXHO, OFpaHMybTe NMepeMeHHble 0fHOM go-NoANpPOrpaMMoii; Ans BCEX APYTUX NepemeH-
HbIX UCMOMb3YTe B3aUMHbIE UCKNIOYEHUS.

9.5. OTNnoXeHHasa nHnymanunsauma: sync.Once

OTNOXMTb 3Tan flOPOroCTOALLell MHULMANM3aLMKU 10 TOF0O MOMEHTa, KOraa oHa Heo6Xxo-
AVMa, — Xopoluas NpakTuKa. VHMLManusaums nepeMeHHbIX B Hauane paGoTbl yBenunBa-
eT 3aflepXKKy 3anycka NporpaMmbl ¥ He SBNSETCS Heo6XOAMMOIA, ecnin BbINOMHEHWE Mpo-
rpaMmbl He BCErfa fOCTMUraeT TOW 4acTu, KOTopas UCMo/b3yeT 3Ty nepeMeHHyto. [aBaiiTe
BEpHEMCS K MepeMeHHOI icons, KOTOPYH Mbl YXKe BUAeNn B 3TOM rnase:

var icons map[string]image.Image
Cnepgytouias Bepcus lcon Mcnonb3yeT 0T/0XKEHHYHO MHULMAM3aLuio’

func loadlconsQ {
icons = map[string]image. Image{
"spades.png”: loadlcon(''spades.png™),

"hearts.png”: loadlcon("hearts.png"),
"diamonds.png': loadlcon(*'diamonds.png™),
"clubs.png": loadlcon(*"clubs.png™),

}

// TpyveyaHne: He 6e30MacHO C TOYKU 3peHus napasinenbHocTu!
func lIcon(name string) image.lImage {
if icons == nil {
loadlconsQ // OpHoKpaTHas WHUUManm3auus

return icons[name]

[ns nepemMeHHO, JOCTYN K KOTOPOI OCYLLEeCTBNAeTCA TO/IbKO O4HON go-nognporpam-
MOV, MOXHO MCMOMb30BaTb MPUBEAEHHbIV Bbllle LWAabMoH, HO 3Ta MOAeNb He fABAseTCA
6e3onacHoi, ecnu Icon BbI3biBaeTcs napannenbHo. Kak u ucxogHas @yHkumsa Deposit,
Icon BbIMOMHAEGTCA B HECKONbKO 3TaroB: MPOBEpPSeT, He paBHO nn n il 3HayeHue icons,
3arpyXaet MMKTOrpaMMbl U O06HOBNSET 3HayeHue icons. WHTYUTUBHO MOXHO Mpeano-
NOXWTb, YTO HaMXyALIWA BO3MOXHbI/A pe3ynbTaT COCTOAHWA FOHKM — TO, YTO GYHKUUA
loadlcons Bbi3bIBaeTCA HeCcKonbKO pa3. lNMoka rnepsas go-nofgnporpamma 3aHATa 3arpys-
KOl MMKTOrpamMm, BTOpas go-noAnporpamma BXoguT B PyHKLMIO Icon, o6HapyXu1BaeT, 4yTo
3HaYyeHWe nepemMeHHol paBHO nil, u Takxe BbI3biBaeT loadlcons.

Ho n 3gecb UHTYuULMA noasoaut. (Mbl Hageemcs, YTO Tenepb Bbl BbipaboTaeTe HOBOE WH-
TYWTUBHOE MpejCcTaB/ieHne 0 napanfiennsme — 4YTo [OBEPATb MHTYULUN OTHOCUTENbHO Ma-
pannenusmMa Henb3sA!l) BcnomHuTe 06CyXAeHWe NnamsaTu B pasgene 9.4. B oTcyTcTBME ABHOM
CUHXPOHM3aUUU KOMMMUAATOP M NPOoLLeccop mMoryT cBo604HO nepeynopagoyumBatb 4OCTYMb
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K namaTu nbsiMyu cnocobamMy Mpy yCnoBUKM, YTO NOBEAEHME KaxAoi go-nognporpammsi
0CTaeTcs NocnefoBaTe/ibHO COrfacoBaHHbIM. HvXe NpuBeSEHO O4HO M3 BO3MOXHbIX Mepe-
ynopsagoyeHnin nHctpykumii loadlcons. OHO coxpaHsfieT nycTtoe OTOOpaXxeHue B nepe-
MEHHOW icons [0 ero 3anofnHeHus:

func loadlconsQ {
icons = make(map[string]image.Image)
icons["spades.png"] = loadlcon("spades.png")
icons["hearts.png"] loadlcon("hearts.png")
icons["diamonds.png"] loadlcon("diamonds.png")
icons["clubs.png"”] loadlcon("clubs.png")

CnepoBaTtenibHO, go-nognporpamMmma, obHapyXuBllas, 4To 3Ha4YeHMe iCONsS He paBHO
nil, He MOXET cunTaTb, YTO MHMLMANN3ALMA 3TOV NEePEMEHHON BbIMOMHEHA NOMHOCTLIO.

MpocTelNA KOPPEKTHbIA CNOCO6 rapaHTUpOBaThb, YTO BCE §O-NOAMNPOrpaMMbl YBUAAT
pesynbtat loadlcons, — CUHXPOHU3NPOBATL UX C NPUMEHEHNEM MbIOTEKCA:

var mu sync.Mutex // 3aumwaeTt icons
var icons map[string]image. Image

// bBe3onacHO C TOYKU 3peHus napasnenbHoCTu,
func lcon(name string) image.lImage {
mu.Lock()
defer mu.UnlockQ
if icons = nil {
loadlconsQ

return icons[name]

OfiHaKo LeHOM peanu3saumny B3aMMHO UCKKOYAKOLWLEro 40CTyNna K icons ABNSETCS TO, YTO
LB go-noAnporpamMmmbl He CMOTYT MOMYYWUTb JOCTYN K MepemMeHHON OfHOBPEMEHHO faxe
nocse TOro, Kak nepemeHHas 6ygert 6e3onacHoO MHULMANN3MpoOBaHa U HUKOrga He BygeT u3-
MeHeHa CHOBa. 3T0 npeanonaraet NpuUMeHeHWe 6N1OKMPOBKN AN HECKONbKUX YnTaTenei:

var mu sync.RWMutex // 3aumwaeT icons
var icons map[string]image.Image

// be3onacHO C TOYKM 3peHus napanseflbHoCTu,
func lIcon(name string) image.lImage {

mu.RLockQ
if icons !I= nil {
icon := icons[name]

mu.RUnlockQ
return icon

>
mu.RUnlockQ

// VcknwunTtenbHasa 610KMpoBKa
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mu.LockQ
it icons == nil { // TpumeuaHne: HyxHa nosTopHasA nposepka Ha nil
loadlconsQ

icon := icons[name]
mu.UnlockQ
return icon

Tenepb B HaU4YMKM ABa KpUTMYeckux pasgena. Go-nognporpamMmma cHavana BbINOAHSAET
6/10KNPOBKY AN UTEHMA, NPoBepseT OTO6paXKeHWe, a 3aTeM CHMMaeT 6/10KMPOBKY. Ecnn
3anucb HaligeHa (OCHOBHOW cnydvait), oHa Bo3Bpalwaetca yHKumeli. Ecan 3anucb He Hali-
JeHa, go-nognporpaMmma oCyLLecTBAAET 6NOKUPOBKY Ana 3anucu. HeT cnocoba 06HOBUTH
HEUCKNIOYUNTENbHYI0 6NOKMPOBKY A0 WUCKOUYMTENbHOW 6e3 npefBapUTeNibHOTO CHATUA
6/10KMPOBKYX, & MOTOMY Mbl JO/DKHbI MepenpoBepUTL MepeMeHHY icoNns Ha TOT cnyuyaid,
ecnu apyras go-noAnporpaMmMa y>xe MHULManu3mpoBana ee B NPOMeXyTke Mexay 6/10Ku-
poBKamu.

Takoii WwabnoH obecneynBaeT 60Mee BLICOKYIO CTerneHb napannenusma, Ho fBNseTcs
CNOXHbIM Y, TaKUM 06pa3oM, NoABepXeHHbIM owmnbkam. K cyacTblo, NakeT sync npego-
cTaBnsieT crneynann3mpoBaHHOe CPeACTBO pelleHns NpobaemMsbl OAHOKPATHON UHULMANKU3a-
umm: sync.Once. KoHuentyanbHo Once COCTOWUT M3 MbOTEKCA M NIOTMYECKON MepeMeH-
HOIA, 3anmucCbiBaloLLe, MMena N1 MHULKNaNM3aLna MecTo; MbIOTEKC 3aliulLaeT Kak normye-
CKOe 3HayeHue, TaK M CTPYKTYpbl AaHHbIX KAWeHTa. EgMHCTBeHHbIN MeTog Do nmpuHumaeT
B Ka4YeCTBEe CBOEro aprymeHTa QyHKUMIO MHMLManu3aunn. fasainte ucnonbyem Once ans
ynpouieHns yHkuumn lcon:

var loadlconsOnce sync.Once
var icons map[string]image. Image

// be3onacHo C TOYKM 3peHuss napanieflbHoCcTw,
func Icon(name string) image.lImage {
loadlconsOnce.Do(loadlcons)
return icons[name]

Kaxablili Bbi3oB Do (loadlcons) 610KMPYET MbIOTEKC W BLIMOMHSAET NPOBEPKY 6yne-
BOIN NepeMeHHO. B nepBoM BbI30Be, KOrAa nepeMeHHas nmeet 3HaveHue false, Do Bbi3bl-
BaeT pyHkymto loadlcons, a 3HayeHme GyneBoii MEPEMEHHON CTAHOBMTCSA paBHbIM true.
Mocneaytolyne BbI30Bbl HUYErO HE AenatT, HO CMHXPOHM3aLMsA C MOMOLLbIO MblOTEKCa ra-
paHTupyeT, y4To BAnsHMe loadlcons Ha namMATb (KOHKPETHO Ha icons) CTaHOBUTCH BU-
OVMbIM 18 BCeX go-nognporpamMm. Mcnonb3ys sync.Once Takum 06pa3om, Mbl MOXEM
n36exxaTb COBMECTHOIO MCMO/b30BaHWA NEPEMEHHbIX APYrMMW go-nojnporpammamu [o
MX KOPPEKTHOTO KOHCTPYMpPOBaHMS.

YnpaxHeHue 9.2. Mepenuwute npumep PopCount 13 pasgena 2.6.2 TaK, 4Tobbl OH
MHWLMANU3MpoBan Tabnuuy noucka c ucnonib3oBaHmem sync .Once npu nepBoMm K Heil 06-
pawieHunun. (B peanbHOCTM CTOMMOCTb CUHXPOHM3ALUMN AN TaKUX ManbiX W BbICOKOONTUMMU-
31pOBaHHbIX PYHKLUMIA, kak PopCount, siBnseTcs Ype3MepHO BbICOKOWA.)



9.6. IETEKTOP roHkn 319

9.6. [leTeKTOp roHKu

[axe npu mMakcnmanbHOl akKypaTHOCTW BCe PaBHO CAULLIKOM /1IeFKO AOMYCTUTbL OG-
Kn napannenusma. K cyactblo, cpefa BbiNofIHEHUA GO W ee MHCTPYMEHTapUil OCHaLLEeHbI
WHTENNEKTYaNbHbIM, HO MPOCTbIM B UCMNONb30BaHUW WHCTPYMEHTOM AUHAMWYECKOro aHa-
Nn3a — AeTEeKTOPOM FOHKMN.

Mpocto po6aBbTe hnar -race K KomaHge go build, go run wunm go test. 370 3a-
CTaBUT KOMAWUAATOP CO34aTb MOAU(DMNLMPOBAHHYIO BEPCUIO BaLlero NPUIOXKeHNa Uam TecTta
C LONOMHUTENbHbIM WHCTPYMEHTapMeM, KOTOpbIi 3)(eKTMBHO 3anucbiBaeT BCe O6paLle-
HWS K COBMECTHO MCMOJIb3yeMbIM NEpPeMEeHHbIM, MPOU3OLEALLNM BO BPEMS BbIMOSHEHUS,
Hapagy ¢ nHdopmMalmein o go-nognporpaMmMe, KOTopas UMTaeT WU 3anucbiBaeT MepeMeH-
Hyto. Kpome TOro, M3MeHeHHas mporpaMma 3anucbiBaeT BCe COGbITUA CUHXPOHU3ALMM,
TakMe KaK WMHCTPYKUMM go, onepaumun Hafj KaHanamu, Bbi3oBbl (*sync .M utex). Lock,
(*sync.WaitGroup) .Wait nt.g. (NMonHblih Habop CO6LITUI CUHXPOHM3ALWUN ONpeaens-
eTca AokymeHTOM The Go Memory Model (Mogens namsatu Go), KOTOPbIA COAepXUTCA B
cneyngurkaymm a3bika.)

[leTekTOop FOHKM U3y4yaeT 3TOT MOTOK COOLITUIA B MOUCKax Cny4vaeB, KOrja ofHa go-
noanporpaMma CYMTbIBaeT WM 3aMnCbiBaeT COBMECTHO MCMO/b3YEMYIO NMEpeMeHHYI0, KO-
Topasi COBCEM HefjaBHO Gbina 3anucaHa Apyrovi go-nognporpaMmMoi, 6e3 npomMeXXyTOoUHbIX
onepayuii CMHXPOHM3aLMK. ITO 03Ha4YaeT OLHOBPEMEHHbLIA JOCTYN K Takoi MepemMeHHOW
1, TaKUM 06pa3oM, FOHKY faHHbIX. IHCTpyMeHTapuii BbIBOAUT OTHET, BK/IHOYAIOLWNIA NAeH-
TUHKaTOpP NEPEMEHHOW, 1 CTEKM BbI30BOB aKTMBHbIX (PYHKLWIA B gO-nognporpammax vrte-
HMS 1 3anucu. ITOro 06bIYHO AOCTATOYHO, YTOOLI TOUHO NOKaNM30BaTh Npobnemy. B pas-
nene 9.7 cogepXuTcs NpuMep AeTeKTopa FOHKU B Ae/CTBUM.

[JeTekTop roHKM coobuiaeT 060 BCEX FOHKAxX faHHbIX, KOTOpPble (haKTUYeCKU 6bln Bbl-
nonHeHbl. OfHAKO OH MOXET 06HAapyXWUTb TOMbKO Te COCTOSIHUS TOHKW, KOTOpble Mpouc-
XOAAT BO BPEMS BbIMO/IHEHWUSA; OH HE MOXET [40Ka3aTb, YTO HWKakue ApYyrue roHku He 6y-
YT KOrga-nnbo npomcxofuTs. [ns AOCTUXKEHWUS HauNy4vlwuX pe3ynbTaToB ybeanTech, UTo
BalUM TeCTbl NMPOBEPAIOT BaLUM NaKeTbl C MCNONb30BAHWEM Napanfenvsma.

W3-3a 4ONONHUTENbHBLIX AEACTBUIA MO 3anuMcu MHGOPMaLUKU Mporpamma, NOCTPOEHHas
C 06Hapy>XeHuem roHku, Tpebyet npu paboTe 6onblie NamMATh 1 paboTaeT AoOJbLUE, HO Ha-
KnafHble pacxofbl BMOSIHE NPUEMAEMbl AaXe A1 MHOTMX NMPOU3BOACTBEHHbLIX MPOrpamm.
[nsa pefko BCTpeyarLlerocs COCTOSHUA FTOHKU BKIKOYEHUE AeTeKTopa MOXET CIKOHOMMUTb
yacbl MU faXxe AHW OTNajKu.

9.7. Npumep: napannesibHbIi
HEBGNOKNPYOLWNIA KeLL

B aTom pasgene mbl 6yaeM co3gaBaTb MapaniefibHbli HEGNOKMUPYIOLWMIA Kell — abcTpak-
LMo, KOTOpas pellaeT nNpobiemMy, 4acTO BO3HMKAKLWLYH B peanbHbIX MapaaienbHbIX Npo-
rpaMmmax, HO He pelleHHYI OKOHYaTeNbHO CyllecTBYOWNMUN 6ubanotekamu. ITo npobne-
Ma yHKUMIA C 3aMOMUHaHMEM, T.e. KellnpoBaHue pesynbTata yHKLUKW, TaK YTO ero Hy>XHO
BbIYNCAATb TONBKO OAWH pa3. Halle peleHune 6yaet 6e30NacHO € TOYKM 3peHUS napaniefib-
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HOCTM M NO3BONUT M36eXaTb KOH(INKTOB, CBA3AHHbIX C AMU3aiiHOM Ha OCHOBE efWHCTBEH-
Holi 6/10KMPOBKWN ANS BCErO Kella.

B kayectBe npumepa (QyHKLMM C 3anOMUHAHWEM BOCMOMb3YeMCA  (QYHKLMe
httpGetBody, nokasaHHoli HMxe. OHa genaet 3anpoc HTTP GET 1 unTaeT Teno oTBeTa.
BbI30Bbl 3TOM (DYHKLWUW ABNSIOTCA OTHOCMTENbHO AOPOTrMMU, MO3TOMY Mbl XOTeNn 6bl W3-
6exaTb UX U3MULLHEro NOBTOPEHNS.

func httpGetBody(url string) (interface{}, error) {
resp, err := http.Get(url)
if err = nil {
return nil, err

}
defer resp.Body.Close()
return ioutil.ReadAll(resp.Body)

B nocnepHeli CTPOKe cKpblBaeTcst HeGOMbLIAasA TOHKOCTb. Read All Bo3BpallaeT ABa pe-
3ynbTata, [Jbyte v error, HO NOCKOMbKY 3TW TWUMbl NpUCBaMBaeMbl 06BABMEHHBIM pe-
synbtataM httpGetBody — interface{} u error COOTBETCTBEHHO, — Mbl MOXEM
MPOCTO BEPHYTb pe3ynbTaT Bbi30Ba 6e3 AasbHEeNLWmnX LepeMOHNA. Mbl BbIGpanm aToT Tun
BO3BpaLlaeMoro 3HaveHmsa gna httpGetBody Tak, 4To6bl OH COOTBETCTBOBAN TUNY (PYHK-
LWA, oNs KOTOpbIX paspabaTbiBaeTCA Hall Kell, npefHasHavyeHHbIl 418 3anOMUHaHNUS.

BoT nepBbIil HABPOCOK Kella:

aopL .io/ch9/memol

11 MNakeT memo obecneumBaeT 6e30MacHOe C TOYKU 3pPeHUd
// napannenbHOCTW 3anoMuHaHve QyHKuuMn Tuna Func.
package memo

// Memo KewvpyeT pe3ynbTaTbl Bbi30BOB Func.
type Memo struct {

T Func

cache map[string]result

}

// Func faBnsieTcsa TUMOM (QYHKUMM C 3aroMUHaHVEM,
type Func func(key string) (interface{}, error)
type result struct {

value interface{}

err error

}

func New(f Func) *Memo {
return &emo{f: F, cache: make(map[string]result)}

}

// TpyveyaHne: He6e30MaCHO C TOYKU 3peHuss napasinenbHocTu!
func (memo *Memo) Get(key string) (interface{}, error) {
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res, ok := memo.cache[key]

if lok {
res.value, res.err = memo.f(key)
memo.cache[key] = res

}

return res.value, res.err

Jk3emnnap Memo cogepxut yHKumno T (pesynbTaTbl BbIMOAHEHWSA KOTOPON 6yayT 3a-
noMmnHaTbca) ¢ TMNOM Func u Kell, KOTOPbIA NpeAcTaBnseT co60i 0To6GpaXeHUe CTPOK
Ha result. Kaxpgblii result npeacrtasnseT co60il NpocTo napy pes3ynbTaToB, BO3BpaLla-
eMbIX Bbl30BOM T, — 3HaueHWe M OWMOKY. Mbl NOKaXXeM HECKOMbKO Bapuauuii Memo no
X0y pa3BMTMA fM3aiiHa, HO BCe OHM ByAyT McMnonb3oBaTh 3T 6a3oBble cBolicTBa.Mpumep
NCnonb3oBaHUA Memo nokasaH HKe. [na Kaxaoro anemMeHTa B NOTOKe Bxogawmx URL
Mbl Bbi3blBaeM Get v NPOTOKONMPYEM MPOLOMKUTENbHOCTbL BbI30Ba U KOIMYECTBO AaHHbIX,
KOTOpble OH BO3BpallaeT:

m = memo.New(httpGetBody)
for url := range incomingURLs() {
start := time_Now()
value, err := m.Get(url)
if err = nil {
log.Print(err)

}
fmt.Printf("%s, %s, %d 6aiToB\n",
url, time.Since(start), len(value.([]byte)))

[na cnctemaTnyeckoro uccnefoBaHua 3dexkTa 3anOMUHAHUS MOXHO WCNONb30BaThb
naket testing (3to Tema rnaebl 11, “TecTupoBaHue™). V3 BbIXOAHbLIX faHHbIX TecTa, Npu-
BeAEeHHbIX HWXKe, BUAHO, 4To NoToK URL cofepXuT Ay6nuKaTbl 1 YTO, XOTA MepBbIil BbI30B
(*Memo) .Get gna kaxaoro URL 3aHMMaeT COTHM MUANUCEKYHS, BTOPOI 3anpoc BO3Bpa-
LW aeT TaKoe Xe KO/IMYeCTBO AaHHbIX B NpeAenax MUNINCEKYH/bI:

$ go test v

gopl .io/ch9/memol

=== run Test

https://golang.org, 175.026418ms, 7537 6aliToB
https://godoc.org, 172.686825ms, 6878 6aiiToB
https://play.golang.org, 115.762377ms, 5767 6aiiToB
http://gopl.io, 749.887242ms, 2856 6aiiToB
https://golang.org, 721ns, 7537 6aiiTOB
https://godoc.org, 152ns, 6878 6aiiToB
https://play.golang.org, 205ns, 5767 6GaiToB
http://gopl.io, 326ns, 2856 6aiToB

-—— PASS: Test (1.21s)

PASS

ok gopl.io/ch9/memol 1.257s


https://golang.org
https://godoc.org
https://play.golang.org
http://gopl.io
https://golang.org
https://godoc.org
https://play.golang.org
http://gopl.io
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OTOT TeCT BbINOJIHAET BCe BbI30Bbl Get nmoc/iefoBaTe/ibHO.

Mockonbky HTTP-3anpocbl — OTAMYHAA BO3MOXHOCTb MPUMEHEHUS napannenusma,
faBaliTe U3MEHUM TeCT Tak, 4ToObl OH BbIMOMHAN BCe 3anpockl napanienbHo. B TecTe uc-
nonb3yetcs sync.WaitGroup — a4 oXugaHua npw 3aBepLuieHWN NporpaMmbl, Noka no-
cneAHwii 3anpoc He 6yAeT NOMHOCTLIO BbIMOJIHEH:

m = memo.New(httpGetBody)
var n sync.WaitGroup
for url := range incomingURLsQ {
n_Add(l)
go func(url string) {
start = time.NowQ
value, err := m.Get(url)
it err = nil {
log.Print(err)

}
fmt.Printf("%s, %s, %d 6aiTtoB\n',

url, time.Since(start), len(value.([]byte)))
n.Done()

YQrh)
oo
n.WaitQ

3TOT TeCT BbINOMHAETCA ropa3fo GbICTPee, HO, K COXAaNeHWUo, HErmoxoXxe, 4To OH Kop-
PEKTHO pa6oTaeT Bce BpeMs. Mbl MOXEM 3aMeTUTb HEeOXWaHHble OTCYTCTBUS MH(OpMa-
UMM B Kelle WAM BbIGOPKM M3 Kella, BO3Bpallaloliue HenpaBUbHble 3HAUYEHUs, UK Aaxe
aBapuitHble CUTyauuu.

Ho Xy)e BCero To, 4To OH MOXET KOPPEKTHO paboTaTb HEKOTOPOEe BPeMs, TaK UTo Mb
MOXEM [aXe He 3aMeTWUTb Hannume nNpo6semM. Ho ecnu Mbl 3aMycTUM Kog C (hnaroM -race,
LEeTeKTop roHkM (pasgen 9.6) MOXeT BbIBECTW OTYET HanogoGue crefytoLero:

$ go test -run=TestConcurrent -race -v gopl.io/ch9/memol
=== RUN TestConcurrent

WARNING: DATA RACE
Write by goroutine 36:
runtime.mapassignl ()
~/go/src/runtime/hashmap.go:411 +0x0
gopl . io/ch9/memol . (*Memo) .Get()
~/gobook2/src/gopl .io/ch9/memol/memo.go :32 +0x205

Previous write by goroutine 35:
runtime.mapassignl )
~/go/src/runtime/hashmap.go:411 +0x0
gopl . i0/ch9/memol . (*Memo) .Get()
~/gobook2/src/gopl .io/ch9/memol/memo.go :32 +0x205

Found 1 data race(s)
FAIL gopl.io/ch9/memol 2.393s
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Ccblnka HA mMemo.g0:32 roBopuT Ham O TOM, YTO ABe gO-MognporpaMmMbl 06HOBUAU
0TO6paXKeHMe Kewa 6e3 KaKoh-nmbo NpPoMexyTouHOW CUHXpoHM3aumn. MeTog Get He fB-
nseTca 6e30NacHbIM C TOYKW 3PEHUS NapanienbHOCTU: B HEM UMEeTCS TOHKa AaHHbIX:

28 func (memo *Memo) Get(key string) (interface{}, error) {

29 res, ok := memo.cache[key]

30 if lok {

31 res.value, res.err = memo.f(key)
32 memo.cache[key] = res

33 }

34 return res.value, res.err

35}

Camblii MpocToil cnoco6 caenaTh Kew 6e30MacHbIM € TOUKU 3peHUs Mapan/iesbHoCTM —
CMOMb30BaTh CHXPOHMU3ALMIO HAa OCHOBE MOHMTOpaA. Bce, UTo HYXHO cAenaTb, — 3TO f0-
6aBUTb MblOTEKC B Memo, 3aXBaT MbloTeKca B Hadane Get M 0CBOGOX/eHMe ero 0 BbiXoAa
n3 Get Tak, 4To6bl ABe onepauuu ¢ cache BbINONHANNCH B KPUTUYECKOM pasfene:

godL.10/ch9/memo2

type Memo struct {
f Func
mu sync.Mutex // 3awuTa cache
cache map[string]result

}

// MeTtop Get 6e3onmaceH C TOYKM 3pEHUs NapafieNlbHoCTu,
func (memo *Memo) Get(key string) (value interface{}, err error) {
memo .mu.LockQ
res, ok := memo.cache[key]
if lok {
res.value, res.err = memo.f(key)
memo.cache[key] = res

memo.mu.UnlockQ
return res.value, res.err

Tenepb AETEKTOP FOHKM MOMYMUT AaXKe NPV napanienbHoM BbIMOAHEHMU TecToB. K co-
KaNeHUI0, 3TO M3MeHeHWe Memo OTMeHsieT A06bITbIA paHee MPUPOCT MPOU3BOLUTENLHO-
cTU. MpuMeHss 6J0KMPOBKY Ha BPeMsi, paBHOe MPOAOMKUTENbHOCTU KaXAOro Bbi3oBa f,
Get cepmanusyeT BCe Onepalun BBOAA-BbIBOAA, KOTOPbIE Mbl HaMepeBasNCb caenaTb na-
pannenbHbIMU. Ham Hy)XXeH He6MOKMPYIOLLMIA Kell, He Cepuann3yolnii Bbi30Bbl QYHKLNY,
ANs 3aNOMUHAHUA Pe3ynbTaTOB KOTOPOW OH NpejHa3HayeH.

B cneayiouleii peanusauum Get Bbi3biBaloWas go-nognporpaMmma BbIMOAHAET 610KM-
POBKY [BaXKAbl: OfMH pa3s — ANl MOMCKA, a BTOPO pa3 — A1 06HOBNEHUS, €CAK MOWCK
HeygadeH. Mexay HUMKU apyrue go-nofnporpammMbl MOFYT CBOGOAHO MCMOMb30BaTh KeLll.
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godL .\o/ch9/memo3
func (memo *Memo) Get(key string) (value interface{}, err error) {
memo .mu.Lock(Q
res, ok := memo.cache[key]
memo .mu.Unlock()
if ok {
res.value, res.err = memo.f(key)

// Mexgy aTumn ABYMS KPUTUYECKUMM pas3genamu
// HecKonbKo go-nofnporpamm MOryT BbHUCAATb
// f(key) n 06HOBNATbL OTOGpaxeHue.

memo.mu. LockQ

memo.cache[key] = res

memo .mu.Unlock()

return res.value, res.err

[Mpon3BOAMTENBHOCTL CHOBA Y/yYlLAeTCd, HO Temepb Mbl 3amMeyaeM, YTO HEKOTOpble
URL BblbupatoTca aBaxabl. TO NPOUCXOAUT, Korga ABe uam 60/see go-nognporpamMmm Bbl-
3biBalOT Get ans ogHoro v Toro xxe URL B 0gHO 1 TO Xe BpeMsi. O6e BbIMOAHAT MOUCK B
Kelle, He HaxodAaT MCKOMOIO 3HayeHwus, a 3aTeM BbI3blBAlOT MefneHHY0 (yHKuuio f . Mocne
3Toro obe go-nognporpaMmel 06HOBASAKOT OTOOPaXeHUe NOAYYEHHbIM pe3ynbTaToM. B nto-
re OfWH pesynbTaT 3aMeHAETCA APYTUM.

B ngeane xotenocb 6bl M36eXaTb TakoN nuHel paboTbl. 3Ta BO3MOXHOCTb MHOrAa
Ha3blBaeTCs MOAaBneHVEM NOBTOPeHMA. B Bepcum Memo HMdKe KaxAbll anemeHT oTobpa-
XeHns ABNSETCSH yKasaTenem Ha CTPYKTYypy entry. Kaxablil anemeHT entry CcOAepXuT
3anucaHHbIli pe3ynbTaT Bbl30Ba PyHKUMKU f, Kak U npexge, HO Tenepb OH LOMOJIHUTENb-
HO COfepXUT KaHan ¢ umeHem ready. Cpa3y nocne TOro, Kak none result cTpykrtypsl
entry OKa3sblBaeTCA 3anuCaHHbIM, 3TOT KaHan 3aKpblBaeTCs, LUMPOKOBELLaTeNbHO ONOBe-
was (pasgen 8.9) Bce npoume go-noAnporpaMMbl O TOM, YTO Tenepb MOXHO 6e30nacHo
yuTaTb pesynbTaT U3 3TOr0 3/IeMeHTa entry.

aool .io/ch9/memo4
type entry struct {
res result
ready chan struct{} 11 3akpbiBaeTcs, Korga res roTos

}

func New(f Func) *Memo {
return &emo{f: f, cache: make(map[string]*entry)}

}
type Memo struct {
f Func
mu sync.Mutex // 3aupta cache

cache map[string]*entry
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func (memo *Memo) Get(key string) (value interface{}, err error) {
memo .mu . Lock()
e := memo.cache[key]
if e = nil {
// 3TO nepsblii 3anpoc AaHHOro K/oya.
// 3Ta go-nognporpavma CTaHOBWTCS OTBETCTBEHHOW 3a
// BblUUCNEHME 3HAYEHMS W OMOBEWEHVWe O FOTOBHOCTY,
e = &entry{ready: make(chan struct{})}
memo.cachefkey] = e
memo.mu.Unlock()

e.res.value, e.res.err = memo.f(key)

close(e.ready) // llnpokoBewaTenbHOE OMOBEWEHNE O FOTOBHOCTU
} else {

// 3TO MOBTOpPHbIA 3anpoCc JAaHHOIr0 K/ya.

memo.mu.Unlock()

<-e.ready // OxmpaHve roTOBHOCTU

>
return e.res.value, e.res.err

Bbi3oB Get Tenepb BKAOYaeT B cebA 3aXBaT MbIOTEKCA, OXPaHAOLLEro oTobpaxeHue
Kella, MOMCK B OTOOpaXeHWW yKasaTens Ha CYLLeCTBYHOLYIO 3anucb entry, BbieneHue
NaMATU U BCTaBKY HOBOM 3amucCu, eCnn MOMCK Obln HeyAayeH, 1 0CBOOOXAEHNE MblOTeKCa.
Ecnn e vmMeeTca cyuiecTByloLWas 3annuch, ee 3HayeHne He 0643aTeNbHO FOTOBO — B 3TOT
MOMEHT fApyras go-nojnporpaMMa MOXeT OCYLLeCTBAATb BbI30B Me[J/IEHHON (YHKLMK
f, — Tak 4TO BbI3blBalOLLAA gO-MOANpPOrpaMMa LO/MKHA 0XUAaTb OMOBELLEHUS O FOTOBHO-
cTu, npexge yem untath result n3 3anucu entry. OHa fenaeT 370, BbINOMAHAA YTEHUE U3
KaHana ready, NOCKOMbKY 3Ta onepauus 610KMpyeT go-nognporpammy Ao Tex nop, noka
KaHan He 6yAeT 3aKpbIT.

Ecnv HeT COOTBETCTBYIOWLEr0 CYLLECTBYIOLLEro 3fnemMeHTa entry, TO NMyTeM BCTaBKU
HOBOFO “He roTOBOr0" 3neMeHTa B 0TOGpaKeHWe TeKyllias go-nojnporpamma 6GepeT Ha
cebs OTBETCTBEHHOCTb 3a BbI30B MefJ/1EHHOI (hYHKL MW, 0OGHOBMIEHME 3anNnCK U ONOBELLEHNe
0 FOTOBHOCTWU HOBOW 3anucKu BCex ApYrux go-nognporpamm, Kotopsle MoryT (K TOMy Bpe-
MEHM) ee 0XKNAaTb.

O6paTnTe BHMMaHMe, 4TO nepemMeHHbie e. res. value u e. res.err B entry co-
BMECTHO WCMOMb3YKOTCA HECKONbKMMU go-mognporpammamu. Go-moanporpamma, KoTto-
pas co3faeT entry, ycTtaHaBiMBaeT WX 3HauyeHWs, a Lpyrue go-nofnporpammbl YUTaKOT
MX 3Ha4YeHMA TOMbKO NOC/Ee LMPOKOBELW,aTeNbHOr0 ONOBELLEHNS O COCTOSSHUM FTOTOBHOCTM.
HecmoTps Ha obpaleHne cO CTOPOHbI HECKO/IbKMX gO-NOoANpOrpamMm, MbIOTEKC He SBISi-
eTcs HeobXxoAMMbIM. 3akpbiTve KaHana ready npegwecTByeT MNOMYYEHWIO OMOBELLEHUS
No6bIMK ApYrMK go-nognporpaMmmamu, No3ToOMy 3anuch B 3TU NepeMeHHbIe B NMepBOiA go-
nognporpamme npefLlecTBYeT MX YTEHWUKO MOCNeAylowWwMMK go-nognporpammamu. B pe-
3yNbTaTe HUKaKON FOHKW AaHHbIX He CYLLecTBYeT.
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Halw napannenbHblil, HE6NOKMpPYOWWIA Kew 6e3 ay6aMpoBaHUs roToB.

Moka3aHHasa Bbllle peanusayma Memo MCMONb3YET MbHOTEKC AN 3awWuTbl NepemMeHHOM
oTOGpaxeHusa, KoTopas MCMONb3yeTcs COBMECTHO BCEMW ¢O-MOAMporpaMMamu, KOTopble
BbI3blBalOT MeTof Get. VIHTEpecHO CpaBHUTb 3TOT AW3aiiH C aNbTepHaTUBHbLIM, B KOTOPOM
nepemMeHHasi 0TOGpaxeHUs1 orpaHnYeHa ynpaenstoLein go-nognporpaMmmoin, KoTopoi abo-
HeHTbl Get AO/MKHbI OTNPAaBNATb CO06LLEHNE.

O6baBneHus Func, result nentry ocralTca TaKUMM Xe, KaK U paHee:

// Func npegctaBnsieT co60/ TUM (QyHKUMK,
// pna KOTopol peann3yeTcs 3arnoMUMHaHWe .
type Func func(key string) (interface{}, error)
// result npeactaBnseT cob6oil pe3ynbTaT Bbi3oBa Func.
type result struct {
value interface{}
err  error

type entry struct {
res result
ready chan struct{} // 3akpbT, KOrga res roTtoB

OgHako TMM Memo Temepb COCTOWUT W3 KaHana, requests, uepe3 KoTOpbli (yHKLWS
Bbi3blBalOWas Get, B3aMMOeWCTBYeT C ynpasnstoweid go-nognporpaMmoit. Tunom ane-
MeHTa KaHana siBnsietcs request. C NOMOLLbIO 3TOI CTPYKTYpbl Bbi3biBatlowas Get dyHK-
uus oTMpPaBnseT ynpaBnstoLieil go-nofnporpamMMe Kak Kkod, T.e. apryMeHT (YHKLUW C
3aMmoMUHAaHWEM, TaK W elle OAWH KaHaf, response, Mo KOTOPOMY Pe3y/nbTaT JO/KEH OT-
npaBnsTbCcs 06paTHO, KOrAa OH CTaHOBUTCS AOCTYMHbLIM. OTOT KaHan 6yAeT MepeHoCUThb
TONMbKO OfHO 3HaueHMe.

gqodL. 10/ch9/memo5
// request npeactaBnseT coboii coobleHue,
// Tpebywuwee npumeHeHns Func K key.
type request struct {
key string
response chan<- result
// KnvueHTy HyxeH Tonbko result

¥

type Memo struct{ requests chan request }

// New Bo3sBpawaet f c 3anomvHaHueMm.
// BnocneacTBumM KAVWEHTH AO/MKHb Bbi3biBaTh Close,
func New(f Func) *Memo {
memo := &Memo{requests: make(chan request)}
go memo.server(f)
return memo
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func (memo *Memo) Get(key string) (interface{}, error) {
response := make(chan result)
memo.requests <- request{key, response}
res = <-response
return res.value, res.err

¥

func (memo *Memo) CloseQ { close(memo.requests) }

MpuBefeHHbIN Bbile MeToq Get co3faeT KaHan response, NMOMeLLaeT ero B 3anpoc
M 0TNpaBifeT 3anpoc ynpasnsoLein go-nognporpaMmMe, rMocfie Yero cpasy e nepexogut
K MOMy4YeHMN0 OTBETa U3 3TOr0 KaHana.

MepemeHHast cache orpaHnyeHa ynpaenswLLein go-nognporpammonn (*Memo).server,
nokasaHHOW Huxe. OHa CUMTbIBAET 3ampochbl B LMKAe A0 TeX Mop, Moka KaHan He byget
3aKpbIT ¢ nomoublo Metoga Close. [na KaXAoro 3anpoca oHa 0bpatlaeTca K Kelly, co3fa-
Bas U BCTaBMAA HOBYH 3anucb entry, ecniv TakoBas He 6bifa HaigeHa.

func (memo *Memo) server(f Func) {

cache := make(map[string]*entry)
for req := range memo.requests {
e := cachefreq.key]
if e = nil {

// 3TO nepBbil 3anpoc AaHHOro Kiwya key.
e = &entry{ready: make(chan struct{})}
cachefreq.key] = e

go e.call(f, req.key) // Bu3os fT(key)

go e.deliver(req.response)
}
¥ _
func (e *entry) call(f Func, key string) {
// BbluncneHne ¢yHKUmn .
e.res.value, e.res.err = f(key)

// OnoseleHne 0 roTOBHOCTW.
close(e.ready)

func (e *entry) deliver(response chan<- result) {
// OxmgaHme rOTOBHOCTU.
<-e.ready
// OTnpaBka pe3ynbTaTta K/MEHTY,
response <- e.res

CnocoboM, aHanorMyHbIM BEPCMU HAa OCHOBE MbHOTEKCa, MepBbIA 3ampoc HEKOTOPOro
K/l0Ya CTAaHOBUTCA OTBETCTBEHHbIM 3a BbI30B (yHKUuMM T Ans 3TOro kiwua, coxpaHeHue
pe3ynbTata B entry 1 OMoBeLLeHMe O FOTOBHOCTM C MOMOLLbIO 3aKpbiTUA ready. 370 fe-
naetcs ¢ nomouibto BbizoBa (*entry) .call.

MocnepytoLwwnii 3anpoc TOro Xe Koya HaXoAWT CYLLeCTBYIOLLYIO 3anucb entry B OTO-
OpaxeHuu, XAeT, Korga pesynbTat OyfeT roToB, U OTMPABASET ero No KaHany KANEHTCKOM
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go-nognporpammMe, KoTopas Bbi3Basa Get. 310 flenaeTca C NOMOLLbIO Bbi30Ba (*entry).
deliver. Metogbl call n deliver [O/MKHbI Bbl3bIBaTbCA B UX COBCTBEHHbLIX gO-MOA-
nporpamMmax, 4tobbl rapaHTMpoBaTh, 4YTO ynpasnstoLwas go-noAnporpaMma He 0CTaHOBUT
06paboTKy HOBbIX 3aMpoCoB.

OTOT NPUMEP MOKasbiBaeT, YTO MOXHO MOCTPOUTb MHOTO NapanienbHblX CTPYKTYp, UC-
nonb3ys N060iM 13 NOAX0A0B — C COBMECTHO MCMO/b3YEMbIMU NEPEMEHHbIMU 1 610KNPOB-
KaMu UM co B3aMMOAeiCTBYIOW MMM Noc/eoBaTelbHbIMKU npoueccaMmu, — 6e3 ypesmep-
HOI CNOXHOCTMU.

He Bcerfa o4eBMAHO, Kakoli MMEHHO NOAX04 NPeAnoyTUTENeH B [JaHHOW cuTyauuu, HO
CTOUT 3HaTb 06a. IHOrAa nepexof oT OAHOr0 MOAXoAa K APYroMy MO3BONSET CYLLeCTBEHHO
YNPOCTUTb KOA.

YnpaxHeHune 9.3. PaclwupbTe TN Func n meTtod (*Memo) .G et Tak, YToObl Bbi3blBa-
owas QyHKUMS Morna npefocTaBnTb HeobA3aTeNbHbI KaHan done, ¢ MOMOLLbIO KOTOPO-
ro MOXHO 6b1710 Obl OTMEHUTL onepauunto (pasgen 8.9). PesynbTaTbl OTMEHEHHOIO BbI30Ba
Func kelwnpoBaTbCsA He JOMIXKHbI.

9.8. Go-nognporpamMmbl U NMOTOKNU

B npefblayweii rnase Mbl FOBOPW/M, YTO MOKA MOXHO UFHOPMPOBATb PasHULY MeXAy
go-rnoAnporpaMMami M NOTOKaMy onepaLuoHHoi cuctemsl (OC). XoTa pasnnuns mexgy
HUMW, MO CYLLECTBY, KOJMYECTBEHHbIE, AOCTATOUHO 6GOMbLUAS KOMMYECTBEHHAs pasHuUua
CTAHOBUTCS KaueCTBEHHOW, M 3TO CNpaBeA/IMBO W AN go-noAnporpaMm 1 nNoTokoB. Tenepb
HacTano BpeMs MOCMOTPETb Ha UX pasnuuus.

9.8.1. PacTtywine cteku

Kaxabll NOTOK ONepayvoHHON cUCTeMbl UMeeT 610K NamaT (OMKCUPOBAHHOTO pa3me-
pa (3a4acTtyto fo 2 M6aiiT) gna cTeka — paboueli 061acTu, B KOTOPOA OH XPaHWUT N0Kab-
Hble NMepemMeHHble BbI30BOB (DYHKLMIA, Haxogswmecs B paboTe Uav NpUOCTaHOB/IEHHbIE Ha
BpeMSl Bbl30Ba Apyroii (yHKUuMW. Takoi CTeK (PMKCMPOBAHHOIO pasmepa SBMASETCA OfHO-
BPEMEHHO C/IMLUKOM 60/bWMUM M CAULIKOM ManbiM. CTek pasmMepom 2 Mb6aiiTa OKa3sbiBa-
eTCcA OrPOMHON TpaToli namsTu Ans HebONbLIOK go-MOANPOrpaMMmbl, KOTopasi, Hanpumep,
npocTto oxungaer WaitGroup, a 3aTeM 3akpbiBaeT KaHan. [ns nporpamm GO He pefkocTb
0[HOBpPEMEHHOEe CO34aHWe COTEH TbiCAY gO-NOAMPOrpaMM, 4YTO 6bl0 Obl HEBO3MOXHO C
TakKUMK 6ONbLIMMK CTeKaMn. TeM He MeHee CTEKOB (PUKCUMPOBAHHOrO pasMepa, HECMOTpS
Ha ux 6ofblune pasmepbl, He BCerfa AOCTATOYHO A8 CNOXHbBIX U FNY60KO PEeKYPCUBHbBIX
(yHKUMIA. N3meHeHne hMKCUMPOBaAHHOIO pasMepa CTeKa MOXET MOBbICUTb 3 (PEeKTUBHOCTb
MCMONb30BaHNA MamAaTW 1 NO3BONTL CO34aBaTb 60/bLIee KONMYECTBO NOTOKOB UMK paspe-
WNTb BK/OYATb PEKYPCUBHbIE (DYHKUMUW C 60NbLUei rNy6WMHOM, HO He MOXET OfHOBPEMEH-
HO 06ecneunTb U TO, U Lpyroe.

B NpoTUBOMOMOXHOCTb 3TOMY gO-NOAMNpPOrpaMMa HauuHaeT paboTy € He6GONbLIMM
CTEKOM, 06bI4HO 0K0Mo 2 K6aidT. CTeK go-moAnporpaMmMsl, Nof06HO CTeKy MoToka orne-
PaLMOHHOR CUCTEMbI, XPAHUT NI0KaNbHble MepeMeHHble aKTUBHbIX W MPUOCTaHOBAEHHbIX
(hYHKUWIA, HO, B OT/IMYME OT NMOTOKOB OMNEpPaLMOHHON CUCTEMbI, He ABNSETCA (DUKCUPOBAH-
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HbIM; MPW HEOGXOAMMOCTU OH MOXET PacTV U yMeHbLIaTbCcs. MaKCUMarbHbIil pasmep cTeka
go-MoANporpaMmbl MOXET 6bITb 0KOM0 1 6GaiiTa, Ha mopsaku 60/blie TUMNUYHOTO CTeka
C (JMKCUPOBaHHbIM PasMepoM, XOTS, KOHEYHO, Takoi 60/blOo CTeK MOTYT WUCMOMb30BaTh
TOMIbKO HECKO/IbKO gO-NOAMNpPOrpamm.

YnpaxHeHue 9.4, MNocTpoliTe KoHBeliep, COeAMHSOWNIA NPOU3BOSIbHOE KOMMYECTBO
go-rnoanporpamMmM KaHanamu. KakoBo MakCMManbHOe KO/MYeCTBO 3TarnoB KOHBelepa, KOTo-
PbIii MOXHO c034aTb 6e3 ucuyeprnaHus namsTu? CKOMbKO BPEMEHU AAUTCS TPaH3UT 3Haue-
HWS Yepes3 BeCb KOHBeliep?

9.8.2. NMnaHnpoBaHne Ao-noanporpamMmm

MoTOKM OMepauMoHHOl CUCTEMbl MAaHMpYloTCAa B ee Agpe. Kaxpable HECKOMbKO MWJI-
NNCEKYHA annapaTHbIl Talimep NpepbiBaeT NPOLECCOp, YTO NPUBOAMT K BbI30BY (YHKLMK
A4pa, MMeHYeMOW MNaHMPOBLLMKOM. 3Ta (PYHKUMA MpuocTaHaBnMBaeT paboTy TeKyLLero
MOTOKa W COXPaHSAeT 3HaYeHUs ero perucTpoB B NamsaTU, NPOCMaTpMBaeT CAUCOK MOTOKOB U
peLlaeT, Kako M3 HUX cnefdyeT 3anycTuTb CAeAyoW MM, BOCCTaHaBAMBaAET PErUCTPbI 3TOr0
noToKa M3 NamMaTW 1 BO30OHOBMSAET €ro BbiNOAHEHMe. Tak Kak MOTOKWM OnepaunoHHOR cu-
CTeMbl MIaHMPYKOTCS B A4pe, nepefaya ynpaBneHnsa 0T O4HOr0 NOTOKa K apyromy Tpebyer
MOSIHOTO NEPEKNIOYEHUSA KOHTEKCTa, T.e. COXPaHeHNs COCTOSHWUSA OLHOM0 NO/b30BaTeN1bCKO-
ro NOTOKa B MaMATW, BOCCTAHOB/IEHME COCTOAHMSA APYroro n 06HOBNEHNE CTPYKTYP AaHHbIX
NNaHMpoBLLMKa. DTO MefNeHHas onepauns — n3-3a c1aboil N0KaNbHOCTU M HEOBXOAMMOrO
KONMyecTBa obpalleHnin K namsaTy.

Cpepa BbinonHeHUs GO COAEPXUT COBCTBEHHbI NIAaHUPOBLLMK, KOTOPbIA MCMOMb3yeT
MeTof, W3BECTHbIN Kak T:M-naaHUMpoBaHMe, MOTOMY 4YTO OH MYNbTUMNAEKCUpYeT (UM nna-
HUPYET) BbINOJIHEHWE T gO-NOAMNPOrpaMM Ha M NOTOKax omnepaynoHHON cMcTeMbl. 3afaHus
nnaHnpoBLLMKa GO aHaNorMYHbl 3afaHuaM NAaHWPOBLLMKA A4pa, HO CBA3aHbl TONLKO C go-
nognporpammamm ogHoii nporpammbl Go.

B oTAnyme oT NAaHUPOBLLMKA MOTOKOB ONEPaLnoHHON CMCTeMbl MAaHMPOBLLMK GO Bbl-
3bIBaeTCA He Mepuoanyeckn annapaTtHbIM TaliMepoM, & HeIBHO HEKOTOPbIMU KOHCTPYKLUUS-
Mun A3blka Go. Hanpumep, Korga go-noAgnporpamMmma Bbi3biBaeT time .Sleep nam 610Kmpy-
eTCca onepauueil KaHana WM MblOTEKCa, NIAaHUPOBLLMK NEPEBOAUT ee B CMAWMA PEXUM W
3anyckaeT Apyryt go-nognporpammy 4o Tex nop, noka He HacTyMuUT BPEMS aKTUBMPOBATb
nepsyto. OCKOMbKY MepeknloveHne KOHTEKCTa figpa He TpebyeTcs, NNaHWpOBaHWe go-
noAnporpaMmM HamHOro AelwleBnie, YeM NMOTOKOB.

YnpaxHeHue 9.5. Hanuwunte nporpaMmmy ¢ ABymMsa go-nognporpammamu, Kotopas oT-
npaBnseT coobLWEHNA Hasad W Brepesd No ABYM Hebydepu3oBaHHbIM KaHanam Hanogobue
MSUMKa ANA NUHF-NOHra. Kakoe KOMYecTBO COOGLLEHNI B CEKYHAY MOXET NoAAepXusaTb
3Ta nporpamma?

9.8.3. GOMAXPROCS

MnaHnpoBWMK GO Mcnonb3yeT napaMeTp ¢ uMeHeM GOMAXPROCS fns onpegeneHus,
CKO/IbKO MOTOKOB OMEepPaLMoHHOW CUCTEMbl MOTYT OHOBPEMEHHO aKTUBHO BbIMOMHATL KOA
Go. Ero 3HaueHue Mo ymMo/a4aHMI0 paBHO KONMMYECTBY MPOLECCOPOB KOMMbIOTEPA, TakK UTO
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Ha MalluHe ¢ 8 npoueccopamMy MAaHWPOBLLUK ByAeT nnaHUMpoBaTb Kof GO ANS BbINOSHE-
HMA Ha 8 noTokax ogHoBpeMeHHO (GOMAXPROCS paBHO 3Ha4Y€HWt0 N B T:N-NAaHMPOBaHNN).
Cnswue nam 3ab10KMPOBaHHbIE B MpoLEecce KOMMYHUKaLMM go-noAnporpaMmbl MOTOKOB
ona ceba He TpebytoT. Go-nognporpamMmmbl, 3a6/10KMPOBaHHbIE B ONepaLuy BBOAA-BblBOAA
WAN B APYTUX CUCTEMHbIX BbI30BaX, UM NPU BbI30BE PYHKLUWIA, He ABAAIOLLUXCA PYHKLUA-
Mu GO, HY)XXAatoTcs B MOTOKE ONepaLMoHHOM cuctemMbl, HO GOMAXPROCS MX He yunTbiBaeT.

MOXHO $BHO YyNpaBnAaTb 3TUM MapaMeTpoM C MNOMOLWbI0 NepemMeHHOW cpefbl
GOMAXPROCS win  dyHKumMm runtim e. GOMAXPROCS. Mbl MOXeM YBWAETb BAMAHUE
GOMAXPROCS Ha cnefyloleM MafeHbKOM Mpumepe NporpaMmbl, KOTopas BbIBOAMT 6ECKO-
HEYHbI MOTOK HyNei 1 egnHNL:

for {
go fmt.Print(0)
fmt.Print(l)

}

$ GOMAXPROCS=1 go run hacker-cliche.go
111112211221112221112210000000000000000000011111...

$ GOMAXPROCS=2 go run hacker-cliche.go
010101010101010101011001100101011010010100110...

Mpy nepBoM 3anycke O4HOBPEMEHHO BbIMOAHAETCA He 60/1ee 0fHOW gO-MOAMPOrpaMmbl.
MepBOHa4anbHO 3TO rNaBHasd go-nognporpamMmma, BblBOAALLAA efnHULbLI. CNyCTA HEKOTOpOe
BpemMs N1aHUMPOBLLMK NPUOCTaHaB/IMBAET e N aKTUBKNPYET gO-NOAMNPOrpamMmy, BbiBOASALLYIO
HYnu, BbIgENAs el Bpema 418 paboTbl B MOTOKE OMepauMoHHON cucTembl. [pu BTOPOM
3anycke MMeHTCA ABa MOTOKa ONepalyMoHHON CUCTeMbI, Tak 4TO 06e go-nognporpaMmsl
pa6boTaloT OAHOBPEMEHHO, BbIBOAS LUPPbI NPUMEPHO C OLHOWN W TOI XK€ CKOPOCTbi0. Mbl
[OJIXHBI NOLYEPKHYTb, YTO B MIaHUPOBAHUMN JO-NOAMNPOrpaMmM y4yacTBYIOT MHOTMe (haKTo-
pbl, & cpefa BbIMO/IHEHUS MOCTOAHHO PasBMBAETCH, TaK YTO Baly pe3ynbTarbl MOTYT OT/IN-
4aTbCA OT MPUBEAEHHbIX BbILLE.

YnpaxHeHue 9.6. N3mepbTe BanaHne sHadyeHna GOMAXPROCS Ha Npon3BOAMTENIbHOCTb
napanfienbHoin Nporpammbl M3 ynpaxHeHusa 8.5. KakoBo onTuManbHOe 3Ha4YeHre Ha Ballem
KomnbtoTepe? CKONbKO NPOLLECCOPOB eCThb B BalleM KOMMbiOTepe?

9.8.4. Go-nognporpamMmmbl He UMEKT NAeHTUPnKaummn

B 60/bWIMHCTBE ONEpPaLMOHHbIX CUCTEM U A3bIKOB NPOrpaMMuUpoBaHuns, NoAAepXunBa-
IOLMX MHOFOMNOTOYHOCTb, TEKYLL W MOTOK MMEET MAEHTU(MKALMIO, KOTOpas MOXET ObITb
NIErKO MoslyyeHa Kak 06bl4yHOe 3HayeHue (06bIYHO — Lefioe YMUCNO WK yKasaTesnb). JTO
o6neryaeT NOCTpoeHue abCTpakuum, UMeHyeMOoi NOKanbHOW NamMsaTbio NOTOKa, KoTopas,
no CyLLecTBY, ABASETCA rN06afbHbIM O0TO6paXKeHMEM, UCMOMbL3YIOLUM B KayecTBe Kava
NOEHTUHMKATOP MOTOKA, TaK YTO KaX[blli MOTOK MOXET COXPaHATb W U3BNEKaTb 3HAYeHMS
He3aBMCMMO OT ApPYruX MOTOKOB.

Y go-nognporpaMm HeT MOHATMS WAEeHTUUKaLWWU, AOCTYNHOW nporpammucty. Tak
pelleHo BO BPeMs MPOEKTMPOBAHUA A3blKa, MOCKOMAbLKY /I0KaNbHON NamATbI0 MOTOKa Mpo-
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rpaMMuCTbl, KaK Npasuno, 3n10ynoTpebnstoT. Hanpumep, Ha Beb6-cepBepe, peann3oBaHHOM
Ha fA3blKe C /IOKaNbHOM MNamsATbl0 MOTOKa, MHOrMe (YHKLUM 4acTo ULLYT B 3TOW NamsaTtu
NHpopmauno 06 HTTP-3anpoce, OT UMEHU KOTOPOro OHU paboTaltT B HACTOsLLEE BPEMS.
O[HaKo TakK e, KaK W B Clyyae nporpaMm, 4pesMepHo MCnonb3yoLlmnx rnobanbHole nepe-
MeHHbIe, 3TO MOXXeT MPUBECTU K HE340pPOBbLIM “CBA3SAM Ha PacCTOAHMW”, KOrga nosefeHue
(hYHKUMW ONpefenseTca He TO/IbKO apryMeHTamu, HO U UAEHTU(HMKATOPOM MOTOKa, B KOTO-
pPOM OHa BbIMOAHAETCSA. Takum 06pasom, npyv HEOOBXOAMMOCTU W3MEHUTb WAEHTUDUKATOP
NnoToka Takas (yHKUUA noBefeT ce6s HEKOPPEKTHO, NpuyeM 06HapYXXWUTb MPUUUHY Takoro
nosefeHns ByneT KpaiHe CNOXHO.

Go noowpseT NpoCcToil CTWUAb MPOrpaMMUpPOBaHKA, NMPY KOTOPOM BCE NapameTpbl, BIU-
AloLULMe Ha noBedeHne PYHKLUU, ABNAKOTCA ABHbIMU. OTO He TO/IbKO AenaeT nporpaMmbl
6onee yno6ounTaeMbiMu, HO Y NO3BONIAET HaM CBOGOAHO pacnpefensaTb nof3afayn LaHHOW
(YHKLMW MO0 MHOTMM pasHbIM go-nognporpamMmmam, He 6eCnOKOsACb 06 MX NAEHTUDUKALNN.

WNTak, Tenepb Bbl y3HaM 060 BCeX BO3MOXXHOCTAX A3blKa, KOTOPble HYXHbl 418 Hamnu-
caHua nporpamMm Ha Go. B cnegyowmx AByX rfnaBax Mbl BEPHEMCA HEMHOro Hasaf, 4To-
Obl B3rNAHYTb Ha HEKOTOPble MPAKTUYECKME METOAbl U UHCTPYMEHTbLI, NoAJepXusatoLimne
KpynHoMacwTabHoe nporpaMmmumpoBaHue: Kak CTPYKTypupoBaTb NPOEKT kak Habop nake-
TOB, KaK Mony4aTb, C034aBaTb, TECTUPOBATL, MPOPUANPOBATL U [OKYMEHTUPOBATL NaKeThl,
a TaKXXe KaK JeinTbCca UMW C ApYTMMK nporpamMmucTamu.
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[MakeTbl U MHCTPYMEHTbI GO

CerogHsa nporpaMmMa CKpOMHOIO pa3mMepa MOXeT COepXaTb JeCATKM ThiCAY YHKUUA. Tem
He MeHee ee aBTOPY HYXXHO LyMmaTb NMLLb O HEKOTOPbIX U3 HUX, a paspabaTbiBaTb — U TOrO
MeHbLle, NOTOMY YTO NoAaBfsAoLLee 60NbWNHCTBO (PYHKLMIA HaNnMCaHO APYrUMK Nporpam-
MUCTaMU 1 JOCTYMHO A5 MOBTOPHOrO UCMO/Mb30BaHMA B BUJE NakeTOB.

Go nocTaBnseTcs 6onee yem C COTHE CTaHAAPTHLIX MaKeTOB, KOTOpble 06ecneymBaloT
OCHOBY AN51 60/bLUNHCTBA NPUIOXKeHUIA. Kyaa 60/blue NakeToB, pa3paboTaHHbIX BCEM CO-
obwecTsoM nporpammuctoB Go, MOXHO HaliTk no agpecy http://godoc.org. B atoi
rnaBe Mbl MOKaXEM, KakK MCMO/Mb30BaTh CYLLECTBYHOLLME NaKeTbl U CO3aBaTb HOBbIE.

GO TakXe MoCTaBAsieTCs UHCTPYMEHTOM g0, C/IOXHbIM, HO MPOCTbIM B UCMO/b30BAHMUMU,
KOTOpbI/ NpefAcTaBnseT coboli KoMaHAy B TOM Yuchne 415 ynpasneHus naketamu Go. B Ha-
Yasie KHWTM Mbl NOKas3aiu, Kak MCMONb30BaTb §O ANS TOFO, YTOObl CKayaTb, MOCTPOUTL U
3anycTUTb NpuUMepbl NporpamMm. B 3Toil rnaBe pacCMOTPEHbl OCHOBHble KOHLUeEMNuuu, ne-
Xalyme B OCHOBE 3TOr0 UHCTPYMEHTA, M MOAPOOGHO U3/0XEHbI €r0 BO3MOXHOCTU, KOTOpbIe
BK/OYAIOT BbIBOA [OKYMeHTaLuM ¥ 3anpoc MeTafaHHbIX O naketax B paboyeil o6nactu.
B cnegytollein rnase Mbl 6yfem M3y4yaTb ero BOSMOXHOCTU TECTUPOBAHMUS.

10.1. BeegeHune

Lenb nto60oii cucTeMbl NMakeToB — cAenatb Au3aiiH U NOAAEPXKKY GOMbLINX NPorpaMm
MPaKTUYHBIMKU MYTEM TPYNMMPOBaHUS CBA3AHHLIX (YYHKLUMWIA B MOAYW, KOTOPbIE NErKO no-
HAMaTb W W3MEHATb He3aBUCKMMO OT [pYruMX NakeToB MpPOrpammbl. Takas MOAYNbHOCTb
Mo3BO/sieT COBMECTHO MCMO/b30BaTh MaKeTbl PasHbIMU MPOEKTaMu, pacnpocTpaHAaTb UX B
npegenax opraHu3auuMu uamn genatb AOCTYMHLIMU BCEMY MUPY.

Kaxgblii nakeT onpegenseT YHUKanbHOe NMPOCTPaHCTBO WMMEH, OXBaTblBaloOLLEe BCE €ro
NaeHTU(GUKATOPbI. KaXa0e UMS CBA3aHO C KOHKPETHLIM MakeToM, Y4TO MO3BO/SET HaM Bbl-
6upaTb KOPOTKME, sCHble UMeHa A/ HauGonee 4acTo MCMOMAb3YEMbIX TUMOB, PYHKLUA W
TaK fanee, He cosfasas Npy 9TOM KOHM/IMKTOB C PYTMMM YacTAMU NPOrpaMmbl.

MakeTbl TaKXXe 06ecneynBatoT MHKaNCynsauuio, ynpasss TeM, Kakue UMeHa BUAHbI, Uan
9KCMOpPTMpPYeMbl, BHe makeTa. OrpaHWYeHUe BUAMMOCTM U/IEHOB MaKeTa CKPbIBAeT BCrO-
mMoraTesibHble (YHKUMM ¥ TWNbl 33 APl nakeTa, NMo3Bosisisi CONPOBOXAEHUIO NaKeTa MeHsTh
BHYTPEHHIOI0 peann3alnio, He 3aTparuBas Koj BHe naketa. OrpaHuyeHne BUAUMOCTU TaK-
)K€ CKPbIBAeT NEepeMeHHble, TaK YTO KAMEHTbI MOTYT Nojy4aTb K HUM AOCTYN ¥ 0GHOBASATH
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MX 3HAYEHUS TOMLKO Yepe3 3KCMOPTUPOBaHHbIE DYHKLUUK, KOTOpble o6ecnevymnBaloT coxpa-
HeHWe BHYTPEHHUX WHBApPWaHTOB WU B3aMMOWCK/IIOUEHME B NapanfienbHOn nporpamme.

Mpn un3meHeHun halina HeO6XOAMMO MepeKOMMNUAMPOBaTL MakeT, B KOTOPbI BXOAWUT
3TOT (haiin, » MOTEHLMANbHO — BCE MakKeTbl, KOTOpble 3aBUCAT OT Hero. Komnunsauyus Go
BbINOMHAETCA ropasfo 6bicTpee, YeM 6O/bLUVHCTBA APYTUX KOMMUANPYEMBIX A3bIKOB, faXe
KOrfa nocTpoeHne BbIMOMHAETCA “C Hyna”. ECTb TP OCHOBHbIE NMPUYMHBI TaKOli CKOPOCTK
KoMnunaumun. Bo-nepBsbiX, BCe MMNOPTUPYEMbIE MaKeTbl AOMKHbI OblTb ABHO YKa3aHbl B Ha-
Yyane Kaxgoro UcxofHoro haiina, N03aToMy KOMNUAATOPY He NPUXOAUTCA YNTaTb U aHann3n-
poBaTb Becb (haiif, 4To6bl ONpeAeNnTb ero 3aBUCUMOCTU. BO-BTOPbIX, 3aBUCMMOCTM NakeTta
06pasytoT OPUEHTUPOBAHHbBIN aunKInyecknii rpad, U B CUAY OTCYTCTBUA LMKIOB NaKeThbl
MOTYT KOMMUIMPOBATLCA OTAENIbHO W, BO3MOXHO, napannenbHo. HakoHel, B-TPeTbuX, 00b-
eKTHbI (halin CKOMNUAMPOBAHHOrO naketa GO 3anucbiBaeT 3KCMNOPTUPYeMYI0 MHDOpMa-
LMI0 He TONbKO A5 CaMOro nakeTa, HO W 415 ero 3aBucumocTeil. Mpn KoMnmasuum naketa
KOMNUAATOP [O/MKEH MPOYUTaTb OAWH OOBLEKTHbIN (halin ANA Kax4oro UMMNOPTUPYEMOro
nakeTta, HO He JO/IXXeH BbIXOAUTb 3a npejenbl 3Tux haiinos.

10.2. Tyt nmnopTa

Kaxablil nakeT naeHTUMLMPYeTCA YHUKaNbHON CTPOKON, KOTOpas Ha3blBaeTCsA ero ny-
Tem umnopTa. MNMyTn nMnopTa ABAAKTCA CTPOKaMU, KOTOPble Y4acTBYIOT B 00bABAEHUNAX
import.
import (

"fmt"

"math/rand"
"encoding/json"
"golang.org/x/net/htmI"
"github.com/gosqldriver/
mysql"

Kak ynomuHanocb B pasgene 2.6.1, cneynukauma a3olka GO He OMpefenser CMbICH
9TUX CTPOK W/IN TO, KaK HaXoAWTb NYTW MMMNOPTa NakeTa, OCTaBAAA 3T BONPOCHI UHCTPY-
MeHTaputo. B 3Toi1 rnase Mbl NOAPOBGHO PACCMOTPUM, KaK UX UHTEPNPETUPYET MHCTPYMEHT
g0, MOCKO/IbKY WMEHHO ero 60/bLIMHCTBO MPOrpaMmucTos Go MCNonb3yloT ANs co3fja-
HWA, TECTUPOBAHMA W T.4. TeM He MeHee CYLLEeCTBYIOT U Apyrue MHCTPYMeHTbl. Hanpumep,
nporpammuctsl Go, MCNOJb3ytoLW e BHYTPEHHIO MHOTOA3bIYHYO CUCTEMY MOCTPOEHUSA
Google, cnefyoT UHbIM MpaBuiam VMeHOBaHWUA W ONpefesieHns MeCTOHaxO0X/eHUA nake-
TOB, YKa3aHus TecToB M TOMY nofo6Horo, 6osiee TOYHO COOTBETCTBYIOLUM COrNalleHnAM
3TON CUCTEMBI.

[nsa naketos, KOTOpble NpeAHasHayeHbl A1 COBMECTHOrO MCMO/b30BaHWUs uam nyoénm-
Kauuu, Nyt mmnopTa AO/KHbI OblTb r106a1bHO YHUKaNbHBIMKU. YTOObI M36exaTb KOH-
(h/INKTOB, NYTW MMNOPTA BCEX MaKeTOB, He BXOAALMX B CTAHAAPTHYIO 6UGMNOTEKY, AONXK-
Hbl HaYMHaTbLCA C [JOMEHHOr0 MMEHMW OpraHu3aLumn, Kotopas BnajeeT NakeToM; 370 TakKxe
MO3BOJIAET /IETKO HaxoAMTb NakeTbl. Hanpumep, npusefeHHOE Bbille 06bABNEHNE UMMNOP-
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TnpyeT HTML-aHanu3aTop, NoAfepXXuBaemblii KomaHgoi Go, M nonynspHblii gpaiisep
6a3bl faHHbIX MySQL cTOpOHHero pa3paboTumka.

10.3. O6baBneHne nakera

Oo6baBneHne package TpebyeTcs B Hauyane Kaxgoro ucxogHoro aina Go. Ero rnas-
Has Lenb — OnpefennTb UAEeHTU(HMUKATOP MO YMONYAHUIO 415 3TOr0 nakeTa (HasbiBaeMblil
MMeHeM nakeTa) Npu ero MUMNopTe B APYroi Naker.

Hanpumep, Kaxablii aiin naketa math/rand HaumHaeTcs ¢ package rand, Tak uTo,
UMNOPTUPYS 3TOT MaKeT, Bbl MOXeTe obpalwiatbca K ero yneHam kak K rand .Int, rand.
Floaté4 n .4

package main
import (
"fmt"
"math/rand"

)

func mainQ {
fmt.Printin(rand.Int())

}

Mo cornaweHnio MMA Naketa npeAcTaBnseT co60i NoCnefHIO 4acTb NyTW UMMOPTa,
N B pe3ynbTarte ABa Maketa MOryT MMeTb O4HO W TO XK€ UMA, XOTA WX NYTU UMMopTa pas-
NWYHbl. Hanpumep, nakeTbl ¢ nyTamu umnopta math/rand n crypto/rand umetoT umsa
rand. [lanee mMbl yBUAUM, KaK OfHOBPEMEHHO MCMOMb30BaTh 06a NakeTa B O4HOW W TOM Xe
nporpamme.

CyLiecTBYeT TpU OCHOBHbIX WCKIKOYEHUS W3 COrnawleHus O nocnegHei vactu. Bo-
nepBbIX, MakeT, ONpejenswowWwnii KomaHgy (BbiMONHMMYK nporpamMmy Go), Bcerja ume-
eT MM main He3aBUCMMO OT MyTU MMMOPTa Naketa. ATO curHan gna go build (pas-
fen 10.7.3) 0 TOM, Y4TO OH [JO/KEH BbI3biBaTb KOMMNOHOBLUMK A8 CO34aHUSA BbIMOSHUMOIO
thaiina.

Bo-BTOpbIX, HEKOTOPbLIE (haiinbl B KaTasiore MOryT uMeThb cyqMKc _test B MMEHM Na-
KeTa, ecnin umsa (aiina 3akaH4YMBaeTcs Ha _test.go. Takoil KaTanor MOXeT onpefensTb
[Ba naketa: 06bIYHbIA U ewe OANH, UMEHYEMbI NaKeTOM BHELLHEro TecTuposaHus. Cyg-
(hmKc _test curHanm3mpyet go test o TOM, 4TO Haflo NMOCTPOUTL 06a NakeTa, U yKa3blBa-
eT, Kakue haiinbl MpuUHaAnexart K KaXAoMy M3 nakeToB. [MakeTbl BHeLIHero TeCTMPOBaHUA
MCNoNb3yroTcs, YTobbl N3bexartb LMKI0B B rpade MMnopTa, NoayyarLmnxcs U3 3aBucumo-
CTel TecTa; 60nee Nogpo6HO 3TOT BOMPOC paccMaTpuBaeTcs B pasgene 11.2.4.

B-TpeTbnX, HEKOTOPble WHCTPYMEHTbI AN YNpasBfeHns 3aBUCUMOCTAMYU [06aBNA0T
cyhpuKc ¢ HOMEpOM BepcuUM B NyTb MMMNOPTa MakeTa, Takol kak gopkg.in/yaml. v2.
Cyd¢mMKc M3 MMEHM nakeTa UCK/OYaeTcs, Tak YTO B JaHHOM Cny4yae UMsA naketa — npocTo
yaml.



336 ABA 10 MAKETbI M UHCTPYMEHTbI GO

10.4. O6bABNEHNA MNopTa

WNcxoaHblid daiin Go MOXET coAepXXaTb HYNb UM 6o/ee 06bABNEHNIA import cpasy no-
cne o6baBneHns package u nepeg nepebiM 00bABMEHUEM, HE ABAAIOWMMCA 06bABIEHUEM
nvnopta. Kaxgoe o6baBneHMe NMNoOpTa MOXeT YKa3blBaTb NyTb MMMNOPTa OAHOr0O nakeTa
WM HECKONbKWUX MakeTOB B CMWUCKE B KPYr/blIX CKOOKax. [1Be MokKasaHHble HUXe (POpMbl
3KBMBA/IEHTHbI, HO BTOpas 60/iee pacnpocTpaHeHa:
import "fmt"
import "os"

import (
l.frnt“
"'os

MiMnopTupoBaHHble NakeTbl MOTYT 6bITb CTPYNNUPOBaHbI C MOMOLLbIO A06ABNEHUSA NY-
CTbIX CTPOK; Takue rpynnbl 00bIYHO YKa3blBAOT pas3iMyHble npefMeTHble 06nactu. Mops-
[OK He BaXEeH, HO MO COrnaweHno CTPOKM KaXAol rpynnbl COPTUPYIOTCA B angaBUTHOM
nopsgke.
import (

“fmt"

"html/template”
"0s

n

"golang.org/x/net/html*
"golang.org/x/net/ipv4"

Ecnn Hy)XXHO MMMOPTMPOBATL ABa MakeTa C OAHUM W TEM XXe MMEHEM, Kak, Hanpumep,
math/rand un crypto/rand, B TpeTuii nakeT, 06bABNEHNE MMMIOPTA JO/MKHO YKas3aTb afb-
TepHaTMBHOE MMS MO KpaliHeid Mepe 418 OLHOMO U3 HUX, YTOObI M36exaTb KOH(ANKTA. 3TO
[eiicTBMe Ha3blBaeTCA NMepeMMeHOBaHMEM MMMOpPTa.
import (

"crypto/rand”
mrand "math/rand” 11 AnbTepHaTuBHOe umsi mrand yCTpaHsAeT KOH(PINKT

ANbTEPHATMBHOE WMS 3aTparMBaeT TONbKO MMMOPTUPYHOLWMA thaiin. Lpyrue dainsl,
JKE B TOM e makeTe, MOryT MMMNOPTMPOBATb MAaKET, UCMOMb3Yys €ro UMs Mo YMONUYaHUIO
UM Spyroe ums.

MepevMeHOBaHWe UMMOPTA MOXEeT GbiThb MOME3HbIM fJaXe TOrAa, Korga HeT HUKaKoro
KOH(AuKTa. Ecnv MMsi MMMOPTMPYEMOro makeTa FPpoMO3AKOe, Kak 3T0 WHorfa GbiBaeT B
CNyyae aBTOMATUYECKU CO3LaHHOTO KOAa, COKpPalLeHHOoe UMs MOXET OKasaTbes 6osiee ya06-
HbIM. Bo M36exaHue MyTaHUUbl CledyeT MOC/Nef0BaTeNbHO WCMO/b30BaTh O4HO W TO Xe
KOpPOTKOe UMsl. Bbl6op afbTepHATVBHOrO MMEHW MOXET MOMOYb M36eXaTb KOH(IUKTOB C
pacnpocTpaHeHHbIMU MMEHaMM NI0KabHbIX MepeMeHHbIX. Hanpumep, B (aiine ¢ MHOrMMM
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NOKanbHbIMN MEPEMEHHbIMW C UMeHeM path Mbl MOranM 6b1 UMNOPTMPOBATL CTaHAAPTHbI
naket "path"” kak pathpkg.

Kaxgoe 06baBMeHNe MMNOPTA YCTAHABNMBAET 3aBMCUMOCTb TEKYLLEro naketa oT UM-
nopTupoBaHHOro. MHcTpymeHT go build BbigaeT coobleHne 06 owmnbke, ecnm 3TM 3a-
BUCUMOCTM 06pasyoT LUK,

10.5. MycTon nmnopTt

Henb3s umnopTupoBaTb NakeT B (haiin, HO Npy 3TOM HUrAe B 3TOM (paiine He cocnaTbCs
Ha MMs, KOTOpOe OH onpefenseT. JTO paccMaTpuBaeTca Kak ownbka. OfHAKO MHOrpa He-
06X04MMO MMNOPTUPOBATL MakKeT NPOCTO AN NOBOYHbLIX IPPEKTOB — BbLIYUCAEHUS UHU-
LNanu3nMpPYIOLWLNX BbIPAXEHWUA ero NepeMeHHbIX YPOBHA MakeTa W BbINOJAHEHUS (QYHKLUWI
init (pasgen 2.6.2). YTto6bl NofaBWTb OWMKOBKY “Hencrnonb3yemblii UMNOPT’, C KOTOPOIA
Mbl B MPOTUBHOM Cfly4ae CTO/IKHEMCS, c/liedyeT UCNO0/b30BaTh NeperMeHOBaHWe nMNopTa ¢
anbTepHaTUBHbLIM Ha3BaHueM _ (nycToll ugeHTudukaTop). Kak 06bI4HO, Ha NyCTOW MAeH-
TUNKATOP MOXHO HMKOrAa He CCbINaThCs.

import _ "image/png” // PerucTtpaumsa gexkofuposlmka PNG

370 [felicTBME U3BECTHO KakK MycTOW MMnopT. Hambonee yacto mycToii MMMOPT uC-
nosb3yeTcs N8 peanusaumy MexaHU3Ma BPEMEHWM KOMMUAALMU, COFNacHO KOTOPOMY OC-
HOBHas MporpamMma MOXEeT BKIHOYaTb Heob6513aTe/lbHble BO3MOXHOCTY C MOMOLLbI MYCTOro
MMNopTa AONOMHUTE/bHBIX NakeToB. CHayana Mbl MOCMOTPUM, KakK ero Mcnosb3oBatb, a
3aTeM — Kak OH paboTaer.

MakeT cTaHAapTHON 6M6MMOTEKM image skcnopTupyeT (yHKuyuto Decode, KoTopas
cuuTbiBaeT 6ainTbl U3 i0. Reader, onpegenseT, Kakoil popmaT n306paKeHUs UCNONb30BaH
[015 KOAMPOBaHMA AaHHbIX, Bbl3blBAaeT COOTBETCTBYHOLW M AEKOAEP M BO3BpPaLLaeT pesysb-
TUpyloLLee 3HaYeHne image. Image. Mcnonb3ya image. Decode, nerko cosgaTb NpPoOCTOi
npeo6pasoBaTtesib M3006paXKeHWIA, KOTOPbIA CUNTHIBAET M306paXKeHNe B O4HOM opmate K
3anucbiBaeT B Apyrom:

aopj -io/chie/jpea

11 KomaHga jpeg uuTaeT wn3obpaxeHune PNG M3 cTaHfapTHOro BBOAa
// wn 3anucbiBaeT ero Kak usobpaxeHve JPEG Ha cTaHAapTHbIA BbIBOA,
package main

import (
it
"image"
"image/jpeg"
_ "image/png" // Peructpauus PNG-gekopepa
Tig"
"'os

)
func main(Q) {
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if err = toDPEG(0s.Stdin, os.Stdout); err = nil {
fmt.Fprintf(os.Stderr, "jpeg: %v\n", err)

os_Exit(l)
}
}
func to3PEG(in io.Reader, out io.Writer) error {
img, kind, err := image.Decode(in)
if err I= nil {
return err
fmt_FprintIn(os.Stderr, 'BxogHoi dopmaT =", Kind)
return jpeg.Encode(out, img, &jpeg.-Options{Quality: 95})
}

Ecnn mbl nepegagmm Bbixof nporpammbl gopl.io/ch3/mandelbrot (pasgen 3.3)
nporpamme npeobpasoBaHus, OHa 06Hapy>XWUT BXogHoi dopmat PNG u 3anuwet JPEG-
Bepcuto puc. 3.3.

$ go build gopl.io/ch3/mandelbrot

$ go build gopl.io/chl0/jpeg

$ ./mandelbrot | ./jpeg > mandelbrot.jpg
BxogHoli dopmaT = png

O6paTuTe BHUMaHWE Ha MyCcTON MmnopT image/png. be3 aToil cTpokn nporpamma 6y-
JeT KOMNUAMPOBaTbCA M KOMMOHOBATbCA KakK 06bIYHO, HO MOXET He pacrno3HaBaTb MM fe-
KofmpoBaTh BBOJ B (hopmaTe PNG:

$ go build gopl.io/chl0/jpeg
$ ./mandelbrot | ./jpeg >mandelbrot._jpg
jJpeg: image: HEM3BECTHbI (opmaT

BoTt kak 310 paboTaer. CTaHfapTHas 6ubnnoTeka npefoctasnseT gekogepbl ansa GIF,
PNG wn JPEG, a nonb3oBaTenn MOryT npefocTaBnaTe U gpyrve. Ho 4ytobbl BbINOAHUMbIE
thaiinbl 6b11n HE6ONbW UMK, AeKoAepbl He BKIOYAKOTCA B MPUOXEHME, CIM 3TO ABHO He
notpe6osatb. PyHKUMSA image.Decode KOHCYNbTUPYeTCA ¢ Tabnuueid noaaepXmBaembix
thopmatoB. Kaxpaasa 3anucb B Tabnuue ykasblBaeT 4YeTbipe BelW: MMS opmaTa; CTPOKY,
KoTopas npeacTaBnseT co6oii npe)MKc BCeX M306paXKeHWU, 3aKOLMPOBaHHbLIX TaKMM 06-
pas3oMm, 1 UCnonb3yeTcs AN onpefeneHnNs KoguMposkuy; dyHkuuto Decode, koTopas feKoau-
pyeT m306paxeHns; n ewe ogHy dyHkuunto DecodeConfig, KoTopas LeKOAUPYET TONLKO
MeTafaHHble N306paXKeHNs, HanpuMep ero pa3sMep W LBETOBOE MPOCTPAHCTBO. 3anuch f0-
6aBniseTcA B Tabnmuy nyTem Bbi3oBa image. Register Format, 06bI4HO M3 MHULMaNU3a-
TOopa NakeTa MOALEPXKKM Kax4oro opmara, Kak B nakete image/png:

package png // image/png

func Decode(r io.Reader) (image.lmage, error)
func DecodeConfig(r io.Reader) (image.Config, error)
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func init() {
const pngHeader = "\x89PNG\r\n\xla\nM
image.RegisterFormat("png", pngHeader, Decode, DecodeConfig)

YT06bl hyHKUMA image.Decode 6blna B COCTOSHMM AEKOAMPOBATb AaHHbIA (opmar,
NPUI0XEHNIO TpebyeTcs TONbKO MyCTOM MMNOPT NakeTa ANA perucrpauuy gopmara.

MakeT database/sql ncnonb3yeT aHaNOrMYHbIA MexaHU3M Ana TOro, 4Ytobbl NO3BO-
NNTb MOMb30BaTENAM YCTAHOBUTL TO/LKO Te ApaliBepbl 6a3 AaHHbIX, B KOTOPbIX OHU HYX-
JalTcs, HanpumMep:

import (
"database/sql"
__"github.com/lib/pqgq™ // enable support for Postgres
_ "github.com/gosqldriver/
mysql™ // enable support for MySQL

)

db, err = sql.Open("postgres™, dbname) // K

db, err = sql.Open("mysql"™, dbname) /I K

db, err = sql.Open("sqlite3", dbname) // BosspaT owunOKK:

/] HewnsBecTHbIn papaneep 'sqlite3"

YnpaxHeHnune 10.1. PacwimpbTe nporpamMmy jpeg Tak, 4Tobbl OHa npeobpa3oBbiBana
No60i noafep>XMBaeMblil BXOLHOW hopmaT B 060 BbIXOLHOW C UCMONb30BAHMEM (YHK-
umm image.Decode gns onpegeneHns BXOAHOro opmaTta M hnara KOMaHAHOW CTPOKM
Ans BbIGopa BbIXOAHOIO hopmara.

YnpaxHeHune 10.2. Onpegennte 0606WEHHYO QYHKLMIO YTEHUS apXmBa, CNOCOGHYIO
yntatb ZIP-alinel (archive/zip) n POSIX tar-gaiinel (archive/tar). Bocnonb3yii-
TeCb MeXaHW3MOM perucTpauuu, aHanorMyHbIM OMUCAHHOMY Bbille, YTO6bI MOAAepXKa
KaXX4oro gopmata aina morna 6biTb J06aBneHa C MOMOLWbIO NYCTOr0 MMMNopTa.

10.6. lNMakeTbl N UMeHOoBaHNe

B aToM pasgene Mbl NPeANoXKMM HECKOIbKO COBETOB O TOM, Kak C/eA0BaTb COrNalleHu-
AM GO AN MMEHOBAHWUA MaKeTOB W WX Y/IEHOB.

Mpy co3gaHny NakeTa ero UMs cnefyeT fenaTb KOPOTKMM, HO He HAacTOMbKO, YTOObI OHO
CTano HEMoHATHbIM. Hambonee 4acTo UCMOMb3yeMble MaKeTbl CTaHAapPTHOW 6MGAMOTEKM
umeloT nmeHa bufio, bytes, flag, fmt, http, io, json, os, sort, sync ntime.

[oe 3TO BO3MOXHO, MCMONb3yiTe OnucaTeNbHble W HeABYCMbIC/IEHHbIE KMMeHa. Ha-
npuMep, He WMeHyWTe nakeT yTUAUT kak util, mpy TOM 4YTO 60/Mee KOHKPETHOE MMSA
imageutil manm ioutil ABnserca BnonHe KpaTkuM. He BbibupaiiTe MMeHa NakeToB, KOTO-
pble 06bIYHO UCNOMb3YHOTCS 418 NOKaNbHbIX NEPEMEHHbIX UAW MOTYT 3aCTaBUTb KIMEHTOB
BOCMO0/1b30BaTbCA MEpPerMeHOBAHMEM UMMOPTA, Kak B c/lyyae naketa path.

O6bIYHO MMeHa NakeToB ABNSAKOTCSA CNOBaMW B eAMHCTBEHHOM yuncne. CTaHAapTHble na-
KeTbl bytes, errors n strings MCNOMb3ylOT MHOXECTBEHHOE UMC/O0, YTOOLI 136exaTb
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COKpbITUA COOTBETCTBYIOLLMX MpefonpefeneHHbIX TUNOB W, B cliyyae go/types, usbe-
XaTb KOH(NKTA C KNHOYEBbIM C/IOBOM.

WN3beraiiTe NMeH NakeToB, KOTOPble YXX€ UMEKT ApYyroi cmbicn. Hanpumep, nepBoHa-
YanbHO Mbl MCMOMNb30BANN NS NakeTa npeobpasoBaHMsA TemnepaTypbl B pasgene 2.5 nms
temp, HO 3TO 6blna y)KacHas maes, NOTOMY 4YTO “temp” ABAAETCA MOYTU YTO CUHOHUMOM
ANs cnoBa “"BPEMEHHbIN”. Kakoe-TO BpeMs Mbl MCMOMb30Banu MMs tem perature, HO OHO
6b1710 CAULIKOM AJVHHBIM U He MOSACHAMO, YTO UMEHHO AefnaeT nakeT. B KOHLE KOHLOB Na-
KeT Nofiyuynmn mmsa tempconv, KOTOPOe KOpPOYe M MOoXoXe Ha strconv.

Tenepb faBaiiTe 06paTUMCA K MMEHOBaHUIO Y/1eHOB nakeTa. MOCKOMbKY KaXAjas CCblf-
Ka Ha YneH ApYyroro naketa UCMOMb3yeT KBANIUGPULUPOBAHHBIA NAEHTU(HMKATOP, TaKoW Kak
fmt.Println, 6pemsa onucaHus 4yneHa MakeTa B PaBHOM Mepe BO3/IOXKEHO KakK Ha MMS
nakerta, Tak W Ha UMS 4YneHa. Mbl He JOMKHbI YNOMUHATL KOHLUENLMIO DOpMaTMpOoBaHuA
B UMeHU Println, noTomy 4To 3TO yXe fenaeT uma naketa fmt. Mpn npoekTMpoBaHun
naketa paccmoTpuTe, Kak paboTaloT BMecTe 06e 4acTu KBanMOULMPOBAHHOTO UAEHTUMK-
KaTopa, a He TO/IbKO MMS YneHa. BOT HECKO/IbKO XapaKTepHbIX NpYMepoB:

bytes_Equal flag.Int http.Get json.Marshal

Mbl MOXeM BbISIBUTb HEKOTOPble pacrnpocTpaHeHHble LWaG/0Hbl UMEHOBaHWS. akeT
strings npepfocTaBnseT psjg He3aBUCUMbIX PYHKLMIA 415 paboThl CO CTPOKAMM:

package strings
func Index(needle, haystack string) int

type Replacer struct{ /*...*/}
func NewReplacer(oldnew ...string) *Replacer

type Reader struct{ /*...*/}
func NewReader(s string) *Reader

CnoBo string B /IlO6OM M3 3TUX UMeH OTCYTCTBYeT. KnneHTbl 06pallaloTcs K HUM Kak
Kstrings.Index, strings.Replacer nt.g.

[pyrve nakeTbl, KOTOPble Mbl MOT/W Bbl ONMCaTb KaK MNakeThbl OAHOIO TUNA, Takne Kak
html/template n math/rand, npegocTaBnAOT OAUH FNABHbIA TUM AAaHHbLIX MAOC €ro
MeTOobl 1 3a4acTyto hyHKLMI0 New 418 cO3[4aHUSA ero aK3eMnaspos.

package rand // "math/rand"

type Rand struct{ /7*...*/}
func New(source Source) *Rand

3T0 MOXET MPUBECTU K NOBTOPEHUIO, TakoMy Kak tem plate.Tem plate wam rand.
Rand; nMeHHO NO3TOMY MMeHa MaKeTOB TaKOro poja YacTo ABASKTCA 0CO6EHHO KOPOTKUMMU.

C apyroil CTOpoHbl ecTb TakMe nakeTbl, Kak net/http, KOoTOpble MMET MHOIO0 MMeEH
6e3 0c060i CTPYKTYpPbl, MOCKO/MbKY BbIMOMHAIOT CNOXHble 3agaydn. HecMoTps Ha Hanu4ue
6onee 20 TMNOB M ropasgo 60/bLero KonyecTsa PYHKLUUIA, Hanbonee BaXKHbie YjeHbl Na-
KeTa MMetoT npocTeliwmne nmeHa: Get, Post, Handle, Error, Client, Server.


http://http.Get
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10.7. HcTpymeHTapuin Go

OcTafbHas 4acCTb 3TOW rnaBbl NOCBALLEHA MHCTPYMEHTY g0, KOTOPbIA MCNoMb3yeTcs Ans
3arpysku, 3anpocos, opmMaTMpoBaHUA, NOCTPOEHUA, TECTUPOBAHUA U YCTAHOBKW NakKeToB
koga Go.

VIHCTPYMEHT go couyeTaeT B cebe BO3IMOXHOCTM Habopa pasHO06pa3HbIX UHCTPYMEHTOB
B OAHON KOMaHfe. TO MeHe[Kep NnakeToB (aHANOrMYHO apt uau rpm), KOTOPbI/ OTBeYaeT
Ha 3anpocbl O MepeyHe MakeToB, BbIYMCNAET UX 3aBUCUMOCTU U 3arpy>aeT ux U3 yaaseH-
HOW cuCTeMbl ynpaBneHus BepcusMM. ITO cucTema NOCTPOEHMUS, KOTOpas BblYMCASET 3a-
BMCMMOCTMN (haiifioB W Bbi3biBA€T KOMMUAATOPbI, acCemMb1epbl MU KOMMOHOBLLMKN, XOTS OHa
npefHamMepeHHO MeHee NOMHas, YeM cTaHapTHas komaHga Unix make. 1 ogHOBpeMeHHO
3TO TECTUPOBLY MK, KaK Mbl yBUAUM B rnase 11, “TectupoBaHue”.

VIHTepeiic ero KOMaHAHOW CTPOKM UCMONb3yeT CTUAb “"CKNafgHOro Hoxa”, 6onee yem
C LeCATKOM MOoAKOMaH[ (C HEKOTOPbIMW M3 HUX Mbl YXXe 3HAKOMUNCh), TaKUMU Kak get,
run, build nfmt. Bbl MOXeTe BbINONHWUTL go help, 4To6bLl YBUAETL NPeAMETHBIN yKa3a-
TeNb BCTPOEHHOW AOKYMeHTaLWuW, HO ANS CNpaBKW Mbl Mepeyncnum 3gecb Hanbonee 4acto
ncnonb3yemMble KOMaHfbl (B nepeBoje):

$ go

build kKomMNUNAUMA NakeToB M 3aBUCUMOCTEN
clean ypaneHue OGLEKTHbLIX (haiinos

doc JOKYMEHTaUMS MO NakeTam U vMeHam

env BbIBOA, MHopmauum o cpeae Go

fint 3anyck gofmt gns ncxopHbiX TEKCTOB MakeTa

get 3arpyska ¥ yCTaHOBKa MakKeTOB W 3aBUCUMOCTENA
install komnuIsuys 1 ycTaHOBKa MakeTOB W 3aBMCUMOCTEN
list CMNCOK MaKeToB

run KOMIWASUMS 1 BbIMNOMHEHWE nporpambl Go

test TECTVPOBaHNE MaKeTOB
version BbiBog Bepcun Go

Ona nonydyeHns 6onee AeTanbHOW MHMOPMAUUM O KOMaHe
ncnons3dyinte "go help [command]".

UT0o6bl COXPAHUTb MUHUMAaNbHYI NMOTPEBHOCTL B KOH(UTYpPaLWUU, UHCTPYMEHT go Onu-
paeTcs Ha cornaweHus. Hanpumep, Ans faHHOro MMeHu daiina ucxogHoro koga Go WH-
CTPYMEHT gO MOXET HaliTW BK/IOUAOLLMIA €ro nakeT, MOTOMY UTO KaXAblA KaTanor cogep-
KWT OOUH MaKeT, ¥ NyTb MMMOPTa NakeTa COOTBETCTBYET MepapXuu KaTaaoroB B paGoueit
o6nactu. s [aHHOro NyTW MMMOPTa NakeTa MHCTPYMEHT MOXET HaliTW COOTBETCTBYIO-
WA KaTanor, B KOTOPOM XpaHsATCs 06beKTHble (haiinbl. OH MOXET Takxe HaiTn URL cep-
Bepa, Ha KOTOPOM HaXOoAWTCS Peno3uTOpuit UCXOAHOTO Koda.
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10.7.1. OpraHunsauus pabovero npocrtpaHcTBa

EfUHCTBEHHAA HacTpolika, Kotopas TpebyeTcs 60/MbWMHCTBY MNONb30BaTeNnei, — 3To
nepemeHHas cpegbl GOPATH, koTopas onpegenseT KOpHeBOl katanor pabouyeit obnacTu.
Mpu nepeknloyYeHUn Ha Apyryto pabouyto 06nacTb Monb3oBaten 06HOBAAIOT 3HayeHue
GOPATH. Hanpumep, npu paboTe Hafj 3TOW KHWroi Mbl ycTaHaBnueanu GOPATH paBHbIM
$HOME/gobook:

$ export GOPATH=$HOME/gobook
$ go get gopl.io/...

Mocne 3arpy3kn Bcex NPorpaMm fns 3TOM KHUMM C MOMOLLbIO YKa3aHHON Bbllle KOMaH-
Abl Bawa pa6oyas 061acTb GYAeT COAEPXKaTb Mepapxnio Hanofobve cneaytoLyei:

GOPATH/
src/
gopl.io/
git/
chi/
helloworld/
main.go
dup/
main.go

golang.org/x/net/

git/
html/
parse.go
node.go
bin/
helloworld
dup
Pkg/

darwin_amd64/

GOPATH nmeeT Tpu noakaTanora. Mogkatanore src CoOAep>XuT UCXOAHbIA Kog. Kaxabli
MakeT HaXxoAMTCA B KaTanore, MM KOTOPOro no oTHoweHuto K $GOPATH/src npeacTtaBns-
eT coboil nyTb mmnopTa naketa, Hanpumep gopl.io/chl/helloworld. 3ameTum, uTo
oAHa paboyas o6nactb GOPATH BKOYaeT HECKONMbKO Peno3nTopues ynpasfeHUs Bepcu-
AMKU B kaTanore src, Hanpumep gopl.io n golang.org. B nogkatanore pkg cpeactsa
NOCTPOEHUS XPAHAT CKOMMNUANPOBAHHbIE NaKeTbl, & NogkaTanor bin cogep>XuT BbINONHMU-
Mble nporpamMmel, Takme kak helloworld.

BTopasi nepemeHHasn cpegpl, GOROOT, yKa3biBaeT KOPHEBOW KaTanor gucTpubyTuea Go,
KOTOpbI MPefoCTaBNsieT BCe MaKeThl CTaHAapTHOW 6ubnnotekn. CTPyKTypa KaTasioroB B
GOROOT HanomuHaeT TakoByk B GOPATH, Tak 4yto, Hanmpumep, MCXOAHble (ainbl nakeTa
fmt pacnonarawTca B katanore $GORO0T/src/fmt. MNonb30BaTensMm He HYXHO yCTaHaB-
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nueatb GOROOT, NOCKOMbKY MO YMOAYaHUID WHCTPYMEHT go 6yAeT MCNONb30BaTb MECTOMO-
NOXXEHWe, B KOTOPOEe OH Oblfl YCTAHOBNEH.

KomaHga go env BbIBOAUT AeACTBYHOLWME 3HAYEHUS MEPEMEHHbIX CPeAbl, UMelL X
OTHOLIEHME K WHCTPYMEHTapuio, BK/KOYas 3HAYeHWA Mo YMONYaHWUIO ANF OTCYTCTBYIO-
wmx. GOOS onpefenseT LeneByw onepaluoHHYyt0 cucteMmy (Hanpumep, android, linux,
darwin nam windows), a GOARCH onpeaensieT apxuTeKTypy LiefeBoro mnpoueccopa, Ha-
npumep amd64, 386 unu arm. XoTa €AUHCTBEHHON NEepeMeHHOl, KOTOPYH Bbl AOMKHbI
YCTaHOBUTH, ABNseTcAa GOPATH, B HawnX 06bSACHEHMAX MHOTAa NOABAAIOTCA U Apyrue ne-
pemeHHble cpefbl.

$ go env
GOPATH=,/home/gopher/gobook"
GOROOT=""/usr/local/go"
GOARCH=,amd64"

GO0S=,darwin™

10.7.2. 3arpyska nakeTos

Mpy MCNONb30BAHUM WMHCTPYMeEHTa go NyTb MMMOPTA MakeTa yKa3blBAaeT He TOJMbKO,
rAae ero HaliTu B NOKaNbHOW paboyeid 061acTW, HO M rAe ero HainTn B VIHTepHETe, TaK 4To
go get No3BONSET €ro NOMyYnTb Y OGHOBUTD.

KomaHfa go get MOXeT 3arpy3uTb OAMH NakeT UM BCe MOALAEPEBO WM PEMO3UTOPUIA
C MOMOLLbBI 3aNuUCK . . ., KaK B NpefblgyLiemM pasgenie. VIHCTPYMEHT go TakXe BblUMCnseT
M 3arpyaeT BCe 3aBUCUMOCTM UCXOLHbIX MaKeTOB; MMEHHO MO3TOMY B paboueil o6nacTu B
npegblgywem npumepe nossuncs naketr golang.org/x/net/html.

Mocne TOro Kak go get 3arpysuT makeTbl, OH WX CTPOMT, a 3aTeM ycTaHasnmaeT Ou-
6nnoTekn n KomaHAbl. [eTanbHee Mbl pacCMOTPMM 3TOT BOMPOC B Chefytollem pasgene,
HO Ha NpuBefeHHOM fanee Mpumepe BUAHO, HACKOMbKO NPOCTOW 3TOT npouecc. lMepsas
NpuBeAEHHAA HUXEe KOMaHAa Nonay4yaeT MHCTPYMeHT golint, KoTopblii NnpoBepseT Hanum-
yne pacnpocTpaHeHHbIX Npo6aemM CTUAA B MCXOLHOM Kofde Go. BTopas KomaHza 3anyckaeT
golint gna gopl.io/ch2/popcount u3 pasgena 2.6.2. OHa ycnyXXn1MBo coobLaeT, 4To
Mbl 3a6bI7M HaNUcaTb JOKYMEHTUPYIOLW NI KOMMEHTapuii Ana nakeTa:

$ go get github.com/golang/lint/golint
$ $GOPATH/bin/golint gopl.io/ch2/popcount
src/gopl.io/ch2/popcount/main.go:1:1:

package comment should be of the form "Package popcount ..."

KomaHfa go get nogaepxusaeT MONynspHble caiTbl XOCTUHra KoAa, Takue Kak
GitHub, Bitbucket n Launchpad, n MoXeT fenatb COOTBETCTBYHOLLME 3aNpoCbl B UX CUCTe-
Mbl yrpaBiaeHus BepcusaMu. [ns MeHee M3BECTHbIX CATOB, BO3MOXHO, B MyTWM UMMOpTa
NpuAeTCcs yKas3aTb, Kakoii NPOTOKON KOHTPONS Bepcuil crnefyeT WMCNO/b30BaTh, TaKoOW Kak
Git unn kak Mercurial. Mogpo6HY UHHOPMALMIO MOXHO MOMYYUTb C MOMOLLbIO KOMaHAbI
go help importpath.
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Kartanoru, koTopble co3faeT go get, ABAANTCA UCTUHHBIMU K/IMEHTaMU YAaeHHOro
XpaHuauuia, a He NPOCTo KOMMAMM (baiifioB, MO3TOMY Bbl MOXETe MCNOMb30BaTb KOMaHfbl
ynpaBneHns BepcuaMU 19 NPOCMOTPA BHECEHHbIX BaMU NOKaNbHbIX U3MEHEHWUA WX Bbl-
nonHMTL 06HOBNEHME A0 ApYyroi Bepcun. Hanpumep, Katanor golang.org/x/net asns-
eTcs KnmeHTom Git:

$ cd $GOPATH/src/golang.org/x/net

$ git remote v

origin https://go.googlesource.com/net (fetch)
origin https://go.googlesource.com/net (push)

O6paTuTe BHMMaHWE Ha TO, YTO UMS JOMeHa B MyTW UMMopTa nmakeTta, golang.org,
0T/IMYaeTca OT (haKTMUECKOro MMeHU fomeHa cepsepa Git, go.googlesource.com. 370
0CO6EHHOCTb MHCTPYMEHTa go, KOTopas Mo3B0/sAeT NakeTam NPUMeHATb NONb30BaTENbCKOE
LOMEHHOE MMSi B CBOMX MYTAX MMMNOPTa Npu TOM, YTO pa3MeLLieHbl OHM B 06Lel cnyxbe, Ta-
Koii kak googlesource.comunm github.com. HTML-cTpaHuubl no agpecy https://
golang.org/x/net/htm | BkntoYatoT NOKa3aHHbIE HIKE MeTafaHHble, KOTOPbIe NepeHa-
NpaBAsStOT MHCTPYMEHT go B Git-peno3nTopunii Ha HaKTUUYECKUIA CailT XOCTUHTa:

$ go build gopl.io/chl/fetch
$ ./fetch https://golang.org/x/net/html | grep goimport
cmeta name=,,goimport"

content="golang.org/x/net git https://go.googlesource.com/net">

Ecnu ykasaH ¢nar -u, go get rapaHTupyeT, 4YTo BCe MOCELLeHHble NakeTbl, BKIOYas
3aBMCUMOCTW, OOHOBATCS [0 NOCNeLHE Bepcuu, Mpexze 4em 6yayT BbiMOAHeHbl cHOpKa K1
ycTaHOBKa. be3 aToro thnara nakeTbl, YXXe UMeIOLecs NoKanbHO, 06HOBAATLCA He ByayT.

KomaHza go get -u, Kak npasBu/o, W3B/EKAeT MOC/NEAHIO BEPCUIO KaXAOro Naketa,
YTO OYeHb YA0OHO, KOrfa Bbl HauMHaeTe paboTy, HO MOXET He MOAXOAWUTb AN PasBepHy-
TbIX MPOEKTOB, B KOTOPbIX pellakliee 3Ha4eHWe MMeeT TOUYHbIA KOHTPONb 3aBUCUMOCTEN.
O6bl4HOE pelleHne 3Tol Npo6nemMbl 3aKYaeTca B NOCTaBLMKe KOAa, T.e. B TOM, 4TOObI
chenaTb HEM3MEHSEMYH0 NOKa/IbHYH KOMWI0 BCEX HEOOGXOAMMbIX 3aBUCUMOCTEN M 06HOB-
NSTb €8 0YeHb OCTOPOXHO M 06aymMaHHO. Jo Go 1.5 310 TpeboBano M3MEHeHNUS NyTel UM-
nopTta TakMx NakeToB, Tak 4To Hawa konua golang.org/x/net/htm | npespawanach
Bgopl.io/vendor/golang.org/x/net/htm |. bonee no3gHve BepcuUN MHCTPYMeHTa
go noafepXmnBatoT NOCTaBKy HENOCPeACTBEHHO, XOTA 3[eCb Y HAaC HeT MecTa, YToObl MokKa-
3aTb nogpobHoctn. (Cm. Vendor Directories B BbiBOfe KoMaHAbl go help gopath.)

YnpaxHenne 10.3. C nomouwbto kKomaHgbl fetch http://gopl.io/chl/hello
world?go-get=1 BbiicCHUTEe, Kakoli CepBMC XpaHUT 06pasubl Kofja ANns JaHHOW KHUMK.
(HTTP-3anpockl 0T go get BK/OYalOT napameTp go-get, Tak 4YTo CepBepbl MOTYT OT/IU-
YyaTbCs OT YKa3aHHbIX B 06bIYHOM 3anpoce 6paysepa.)

10.7.3. NMocTpoeHne NakeToB

KomaHga go build komnunmpyeT Kaxgblii NakeT, yKa3aHHbI/i B KayecTBe apryMeHTa
KOMaHAHOM cTpoku. Ecnu nakeT npeacTaBnseT coboli 6MbNnoTeKy, pesynbTaT UTHOPUpYeT-
CA; NPOBEPSAeTCA TONbKO, YTOObI NPM KOMNUAAUUM NakeTa He 6bl10 OLWNOOK KOMAUAALUN.


https://go.googlesource.com/net
https://go.googlesource.com/net
https://g0lang.0rg/x/net/html
https://go.googlesource.com/net
http://gopl.io/chl/hello
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Ecnun nakeT nmeeT uMsa main, go build Bbi3biBaeT KOMNOHOBLLMK AN CO3A4aHWUSA BbIMOSHN-
MOro (palina B TeKyLLeM KaTanore; UMs BbIMOAHMMOrO (baiina bepeTca u3 nocnegHel Yactu
nyTv MmnopTa nakeTa.

MocKoNbKy KaXAbll KaTanor COAepXMWT OAWH MakeT, KaXAas BbIMOJHMMAsA Mporpam-
Ma (MM KomaHga B TepMmuHonoruy Unix) TpebyeT COBGCTBEHHbIN KaTanor. 3T Katanoru
MHOrfa ABNAIOTCS [OYEPHUMU MO OTHOLUEHWUIO K KaTanory ¢ MMeHeMm cmd, Kak, Hanpumep,
golang.org/x/tools/cmd/godoc B cnyyae KoMaHAbl, KOTOpas CAYXUT LOKYMeHTaLm-
el naketoB Go yepes Be6-nHTepdeiic (pasgen 10.7.4).

MakeTbl MOTYT BbITb YKa3aHbl C MOMOLLbIO MYTEA UMMNOPTA, KaK Mbl BUAEN BbILLE, WU
C NOMOLLbI0 OTHOCMTENbHOrO UMEHW KaTanora, KOTOpoe AO/MKHO HauMHaThCs C . Uan ..,
[aXe ecny 06bIYHO 3TO He TpebyeTcsA. ECIM HMKaKue aprymeHThbl He MpefoCcTaBeHbl, Npea-
nonaraeTca TeKyLW WA kaTanor. TakuMm 06pa3om, creayrolime KOMaHabl CTPOAT OAWH 1 TOT
e NakKeT, X0TA Kaxjas 3anucbiBaeT BbINOMHUMBIA (aiin B KaTanor, B KOTOPOM 3anycKaeTcs
go build:

$ cd $GOPATH/src/gopl.io/chl/helloworld
$ go build

n

$ cd anywhere
$ go build gopl.io/chl/helloworld

7

$ cd $GOPATH
$ go build ./src/gopl.io/chl/helloworld

Ho He

$ cd $GOPATH
$ go build src/gopl.io/chl/helloworld
Oumbka: He HaiipeH nakeT "'src/gopl.io/chl/helloworld™.

MakeTbl MOTYT 6bITb YKa3aHbl W Kak CMUCOK UMeH (haiinos, XOTH 3TO, Kak npasuso, uc-
NoNb3yeTcs TOMbKO 418 HEeGONbLIMX NPOrpaMM W PasoBbIX 3KCMEPUMEHTOB. Ecim umsa na-
KeTa— main, umMsa BbINOAHUMOTO (baiina 6epeTca U3 MMEHN MepBoro .go-gaina:

$ cat quoteargs.go
package main

import (
ll.ﬁntll
oS
)

func main(Q) {
fmt.Printf('%g\n", os.Args[1l:])

}

$ go build quoteargs.go
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$ ./quoteargs one '“two three" four\ five
['one™ ™"two three™ "four five']

UacTo 415 pasoBblX NPOrpamm, TakKUX Kak 3Ta, Mbl XOTUM BbIMOMHUTL W cpasy Mo no-
CTPOEHMM 3aNyCTUTb BbIMOMHUMbIW haiitn. KomaHza go run couyeTaeT B ce6e 3T fBa Wiara:

$ go run quoteargs.go one "two three" four\ five
"'one" "two three" "four five']

MpepnonaraeTcs, 4YTO NEPBbIA apryMeHT, KOTOPbIA He OKaHYMBaeTCs Ha .go, AB/AAeTCA
HayasoM Cnucka aprymeHTOB NS BbINOMHMMOTO (haina.

Mo ymonuaHuto komaHga go build cTpouT 3anpoLleHHbIl NakeT 1 BCe €ro 3aBUCUMO-
CTW, a 3aTeM 0TOpacbiBaeT BECb CKOMMUANPOBAHHbI KO 33 UCKIIOYEHWEM OKOHYATENbHOTMO
BbIMOMIHAMOTO (haiina, ecnv TakoBOM MMeeTcA. AHanU3 3aBUCUMOCTEN U KOMMUAALUKN Bbl-
MOJIHAETCA Ha YAWMBMIEHME BbICTPO, HO C POCTOM NPOEKTOB A0 [eCATKOB NAaKeTOB U COTEH
ThICAY CTPOK KOJAA Bpems MepeKoMNUASLUN 3aBUCMMOCTER MOXeT cTaTb 3aMeTHbIM — mMo-
TEHLUMaNbHO JOCTUYb HECKONbKUX CEKYH/, AaXKe ec/in 3TW 3aBUCMMOCTU HEe U3MEHUNCH.

KomaHga go install o4yeHb noxoxa Ha go build, ¢ Tem oTAnuMem, 4TO OHa coxpa-
HAET CKOMMWAMPOBAHHbLIA KO KaXXA0ro nakeTa M KOMaHAbl BMECTO TOro, 4tobbl ero oT-
6pocnTb. CKOMMMUAMPOBaHHbIe MaKeTbl COXPaHATCA B NofgkaTanorax katanora $GOPATH/
pkg, COOTBETCTBYIOLLErO KaTanory Src, B KOTOPOM XPaHATCSH UCXOAHbIE TEKCThI, a BbIMOA-
HUMble haiinbl xpaHaTcs B Katanore $GOPATH/bin. (MHorve nonb3oBaTenu [06aBnsl0T
$GOPATH/bin B NyTW noucka BbINOAHUMbIX (haiinos.) Mocne aToro kKomaHabl go build u
go install He 3anyckalT KOMMOUAATOP 415 3TUX NaKeTOB U KOMaHf, eC/in OHU He u3Me-
HUAUCB, YTO AenaeT nocrnefytoLime NOCTPOEHMs ropasgo 6onee 6bicTpbiMuU. Ons yao6cTea
go build -i ycTaHaBnMBaeT NakeTbl, OT KOTOPbIX 3aBUCUT LIE/IEBOI OOBLEKT.

IMoCKO/IbKY CKOMMWAMPOBAHHbIE MaKeTbl 3aBUCAT OT MAaTHOPMbl WU apXUTEKTYPbI,
go install coxpaHfeT ux B nogkatanore, UMsA KOTOPOroO BK/tOYAET 3HAYEHWA MEPEMEH-
HbIX cpefdbl GOOS n GOARCH. Hanpwumep, Ha komnbtoTepax Mae naket golang.org/x/
net/html Komnunmpyetcs n yctaHaBnuBaetca B haitne golang.org/x/net/html.a s
nogkatanore $GOPATH/pkg/darwin_amd64.

OyeHb NPOCTO BbIMOMHAETCA B GO KPOCC-KOMMUAAUUSA, T.e. MOCTPOEHWE BbINOSHUMOIO
(haiina, npegHasHa4YeHHOro ana paboTbl C APYroi onepayyMoOHHON CUCTEMOW MM npouec-
copom. lpocTo yctaHoBUTe nepeMeHHble cpefbl GOOS n GOARCH Ha BpemsA MOCTpPOEHUA.
Mporpamma Cross BbIBOAUT ONEPaLMOHHYI CUCTEMY U apXUTEKTYpPy, AN KOTOPOW OHa
6bl/1a NOCTPOEHa:

godLMo/chlQ/cross
func mainQ) {
fmt.PrintIn(runtime GOOS, runtime.GOARCH)

}
Cnepytolimne KomaHAabl co3fatoT 64- 1 32-pa3pafHoe NPUIoXKeHUA COOTBETCTBEHHO:

$ go build gopl.io/chl0/cross
$ ./cross
darwin amd64
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$ GOARCH=386 go build gopl.io/chl0/cross
$ ./cross
darwin 386

[na HekoTOpbIX NakeToB MOXET MOTPe6oBaTbCH KOMNUAALUA Pa3fiMyHbIX BEPCUIA koda
4Ns onpefeneHHbIX NAaTgopM WM MPOLEeccCopoB, HampuMmep ANS HWU3KOYPOBHEBON nepe-
HOCMMOCTU WAM ONTMMMK3ALMM BEPCUIA BaXKHbIX mpouegyp. Ecnm umsa daiina cogepxut
Ha3BaHMe onepalVoHHON CUCTEMbI MU UMSA apXMTEKTYpbl MpoLeccopa Hanogobue net_
linux.go nan asm_amd64.s, To go 6yaeT KOMNUAMPoOBaTb (haila TOMbLKO MpW MOCTpoe-
HWUM ONS 3TON LeneBoi cucTeMbl Uan npoueccopa. CneunanbHbie KOMMEHTapUKU NOJ Ha3Ba-
HMEM AEeCKPMNTOpbl MOCTPOEHMA 0becneymBaloT 60nee TOHKOe ynpasneHue. Hanpumep,
ecnu ain coLepXuT KOMMeHTapui

// +build linux darwin

nepes 06bsBNeHNeM nakeTa (M ero AOKYMEHTUPYIOLWMM KOMMeHTapuem), go build 6yget
KOMMNUAMPOBaTb €ro TONAbKO Mpu nocTpoeHmn ana Linux nam Mac OS X, a cnegyrowmi
KOMMEHTapuil yKa3blBaeT, YTO AaHHbI (halin HUKOTAa He JO/MKEH KOMMUANPOBATbLCS:

// +build ignore

Bonee NogpobHYH MHGpOPMALUID MOXHO HainTu B pasgene Build Constraints gokymeHTa-
unn naketago/build:

$ go doc go/build

10.7.4. JOKyMeHTUpOBaHNe NakeToB

Ctnnb GO HacToATeNIbHO pPEKOMeHAyeT TuiaTesbHO AOKYMeHTupoBaTb APl nakeTos.
HenocpeCcTBEHHO KaXAOMY 00BbSBAEHWIO 3KCMOPTUPYEMOrO YjleHa naketa v caMmoMy 06b-
ABMEHUNIO NaKeTa AO/MKEH MPeALecTBOBaTb KOMMEHTapWiA, 0OBACHAOLWMIA ero Lefb n uc-
nonb3oBaHue.

JokymeHTuUpylowme KoMMeHTapum Go Bcerfa ABAgt0TCS MOMHLIMU MPeLoXeHNUSAMMY,
M nepBoe NpeasoXeHne 06bIYHO MpeAcTaBnseT CO60i pe3toMe, KOTOPOE HauMHaeTcs C
06baBNSEMOr0 MMeHW. lMapameTpbl QYHKUUU W gpyrue UAEHTU(HMKATOPbl YNOMUHAKTCS
6e3 kaBblueK. Hanpumep, BOT KaK BbIFA4UMT AOKYMEHTUPYIOLW NI KOMMeHTapuii ana fmt.
Fprintf:

// Fprintf BbNONHAET (OopMaTUpPOBaHWE COr/lacHO creuupukaTopy gopmara wu
// 3anucb B W. Bo3BpawaeT KOAMYECTBO 3anmncaHHbX 6aliToB ¥ mpouclealyio
// ounbky 3anvcu.

func Fprintf(w io.Writer, format string, a ...interface{}) (int, error)

LeTtanbHaa nHpopmauna o hopmaTupoBaHun PyHKumen Fprintf pasbacHseTca B go-
KYMEHTUpYHOLLEM KOMMeHTapum camoro naketa fmt. KommeHTapumii, HemocpeACTBEHHO
npeawecTByoWwnii 06bsABNEHNO package, paccmaTpuBaeTcsi KakK AOKYMEHTUPYHOLLMWiA
KOMMEHTapuii naketa B Ue/fioM. OH AO/MKEH ObITb TONBKO OAUH, XOTS MOXET HaX04UTbCS B
no6bom taiine. bonee ANMHHbLIA KOMMEHTapWiA NakeTa MOXeT MoTpeboBaTb COGCTBEHHOIO
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(halina; kommeHTapuin naketa fmt coctont 60nee yem m3 300 cTpPoK. ITOT (haiin 06bIYHO
HasblBaeTcs doc.go.

Xopowas AOKyMeHTaLus He [o/mMKHa 6biTb 60nbwoli. CornaweHns Go oTAalT npefg-
nouTeHMe KPaTKOCTU M MPOCTOTE B JOKYMEHTaL MK, Kak 1 BO BCEM MPOYeM, NOCKOMbKY f0-
KYMEHTaLMs, Kak 1 Ko, Takxe TpebyeT 06¢cnyXmBaHna. MHorme 06b8BNeHNA MOTYT ObiTb
06BACHEHbI OHUM YeTKO CHOPMYNMPOBaHHbLIM MPEANOXKEHNEM, a eClv NOBefjeHUe coBep-
LUEHHO OYEBMHO, KOMMEHTApPUM He SBAATCA HEOOXOAUMBIMU.

Tam, rge B KHWUre nNo3BOAMO MECTO, Mbl OCTaBMANN LOKYMEHTUPYIOLLME KOMMEHTapuu
nepes 06bABMEHUAMU, HO Bbl MOXETE HaliTU Kyda Nydllve NpuMepsbl B CTaHAApPTHON 6u-
6nmoteke. MoMoyb BaM caenatb 3TO MOTYT ABa UHCTPYMEHTA.

VIHCTpyMeHT go doc BbIBOAWUT 00bSABAEHUE W LOKYMEHTUPYHOLIMIA KOMMEHTapuii ans
06beKTa, YKa3aHHOro B KOMaHAHOW CTpoke. OH MOXeET ObITb NakeToM:

$ go doc time
package time // import "time"

MakeT time npefocTaBAsieT (YHKUMOHANLHOCTb
LN U3MEPEHUS] U BbIBOAA BPEMEHU.

const Nanosecond Duration = 1 ...
func After(d Duration) <- chan Time
func Sleep(d Duration)

func Since(t Time) Duration

func Now() Time

type Duration int64

type Time struct { ... }

e U T.A. -

Mnn yneHoMm nakerta:

$ go doc time.Since

func Since(t Time) Duration
Since Bo3BpawaeT Bpewms, npolwedwuee C MoMmeHTa t.
310 abbpesuatypa ana time.NowQ.Sub(t).

Mnn metogom:

$ go doc time.Duration.Seconds

func (d Duration) SecondsQ float64
Seconds BoO3BpawaeT MNPOAO/IKUTENBHOCTL B BUAE uucna
CeKyH C nyaBawleli TOYKOI.

WHCTpyMeHT He TpebyeT 3aBeplleHMsA MyTeli MMMNoOpTa WM KOPPEKTHOrO permcrpa
naeHTudukatopos. MpuBefeHHas fanee KOMaHAa BbIBOAUT JOKYyMeHTauuwo no (*json.
Decoder) .Decode n3 naketa encoding/json:

$ go doc json.decode

func (dec *Decoder) Decode(v interface{}) error
Decode cuuTbiBaeT ouepefnHoe DSON-KoAMpOBaHHOE 3HayeHWe U3 BXoaa
N COXpaHseT ero B 3Ha4yeHWn, Ha KOTOpoe yKa3biBaeT V.
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BTOpOi MHCTPYMEHT, He COBCEM BEpPHO Ha3BaHHbIA godoc, NpefocTaBnsieT CBA3aHHbIE
HTML-cTpaHuubl, KOTOpble COfepXaT Ty XXe MH(POopMaLuto, YTo 1 go doc, a TakxKe MHoroe
apyroe. Cepsep godoc no agpecy https://golang.org/pkg oxBaTbiBaeT CTaHAAPTHYHO
6nébnmoteky. Ha puc. 10.1 nokasaHa LOKYMeHTauus ana naketa time, a B pasgene 11.6 —
WHTEPaKTUBHbLIA BbIBOL MPMMEPOB MpOrpamm WMHCTpyMeHTOM godoc. Cepsep godoc no
appecy https://godoc.org cHab>XeH NOWCKOM B ThiCAYaX MakeTOB C OTKPbITbIM KOZLOM.

time - The Go Prograrmif ~ x

4e C fi ; golang.org/pkg/tirne/ € H

The Go Programming Language Search

Package time
import "time"
Overview

index
Examples

Overview v

Package time provides functionality for measuring and displaying time.

The calendrical calculations always assume a Gregorian calendar.
index ~

Constants
func After(d Duration) <-chan Time
func Steep(d Duration)
func Tick{d Duration) <-chan Time
type Duration
func ParseDuration(s string) (Duration, error)
func Since(t Time) Duration
func (d Duration) Hours() float64
func (d Duration) MinutesQ float64
func (d Duration) Nanoseconds*) int64

Puc. 10.1. NakeT time B godoc

MOXHO 3anycTuTb 3K3emnnsp godoc B Bawel paboyeli 06nactu, 4To6bI NpocMaTpu-
BaTb COOGCTBEHHbIE NakeThl. [ocne 3anycka NPMBEAEHHON HWXe KOMaHbl NOCeTUTe agpec
http://localhost:8000/pkg c nomowbio cBoero 6paysepa.

$ godoc -http:8000

®narn -analysis=type n-analysis=pointer JONONHAIOT AJOKYMEHTALMIO U UC-
XOAHbIA TEKCT pesynbTaTamMy “npoaBMHYTOr0"” CTaTUCTUYECKOrO aHanm3a.

10.7.5. BHyTpeHHMne nakeTbl

MakeT sBNseTCA Haubonee BaKHbIM MeXaHW3MOM WHKancynsauum B nporpammax Go.
HeakcnopTupyemble UAeHTUHNKATOPLI BUAMMbI TONBKO B Mpeaenax ofHOro rnakeTa, a 9Kc-
MopTUPYEMble — BUAWMbI BCEM.

Brnpouem, MHOra nonesHa 30/10Tas cepesuHa — cnoco6 onpegeneHns UgeHTUUKaTo-
POB, KOTOPbIE SBAAIOTCA BUAUMBIMU AN HE6ONbLWIOro Habopa A4OBEPEHHbIX NMAKETOB, HO He
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Ana Bcex. Hanpumep, pas6uBas 60nbl0l NakeT Ha 60nee ynpaBfisgemMble MeHbLIMWE YacTyu,
Mbl MOXXEM He 3aX0TeTb pPacKpbiBaTb MHTepdelicbl MeXAy 3TUMKU YacTaAMU ANd Apyrux na-
KeToB. VN1 Mbl MOXXEM 3aX0TeTb COBMECTHO WCMO/b30BaTbh HECKO/IbKO BCMOMOraTe/ibHbIX
(OYHKUWA HECKONbKMMK NakeTaMu MNpoekTa 6e3 ux 06w efoCTynHOCTU. Maun, BO3MOXHO
Mbl NPOCTO XOTUM MO3KCMEPUMEHTUPOBATL C HOBbIM MaKeToOM 6e3 NpexaeBpeMeHHOR puk-
cauuu ero AP, npegocTtaBuB ero "Ha UCNbITATENbHbIA CPOK" Y3KOMY KPYry K/WEHTOB.

[na ynoBneTBOpeHMs aTUX NOTPeBHOCTen MHCTPYMeEHT go build paccmaTpuBaeT na-
KeT 0cobbiM 06pa3om, ecnv ero NyTb MMNOPTa COAEPXMUT YacTb C UMeHeM internal. Ta-
Kve MakeTbl Ha3blBAKOTCA BHYTPEHHUMW MakeTamu. BHYTpeHHWII nakeT MOXeT 6biTb UM-
MOPTUPOBaH TO/MBKO APYrM MakeTOM, HaxoAAaWMMCS B fiepeBe C KOPHEM B POAMTENIbCKOM
Nno OTHOWeHMIO K internal katanore. Hanpumep, Ana NpuBeLeHHbIX HMKe NakeToB net/
http/internal/chunked moxeT 6bITb MMNopTUpoBaH u3 net/http/httputil wam
net/http, Ho He u3 net/url. OpgHako net/url moxeT mmnopTuposatb net/http/
httputil:

net/http
net/http/internal/chunked
net/http/httputil

net/url

10.7.6. 3anpalwimBaemsblie NnakeTbl

WHcTpyMeHT go list BbIBOAUT MH(OpMaLMIO O AOCTYMHbLIX NakeTax. B cBoeid npo-
cTeiiweii opme go list npoBepseT, NpUCYTCTBYET M NakeT B paboyeM MpocTPaHCTBe, U
BbIBOAWT €ro NyTb MMMOPTa, ecnn 9T0 Tak:

$ go list github.com/go-sql-driver/mysql
github.com/go-sgl-driver/mysql

AprymeHT go list MOXeT cofepXaTb CUMBO/bI KOTOpPbIE COOTBETCTBYIOT /i0-
60ii NnoAcTpoke MyTW MMMNopTa naketa. Mbl MOXEM WUCMONb30BaTb MX ANs MEpeyvncneHus
BCEX NaKeTOB B paboueii o6nactn Go:

$ go list ...
archive/tar
archive/zip
bufio
bytes
cmd/addr2line
cmd/api

nT.4.

Wnu BHYTPW KOHKPETHOro noagepesa

$ go list gopl.io/ch3/...
gopl .io/ch3/basenamel
gopl .io/ch3/basename?2
gopl . io/ch3/comma
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gopl .io/ch3/mandelbrot
gopl.io/ch3/netflag
gopl.io/ch3/printints
gopl .io/ch3/surface

Mnun cBA3aHHbLIX C KOHerTHOVI TEMOIA:

$ go list ...xml...
encoding/xml
gopl.io/ch7/xmlselect

KomaHga go list nosiyyaet nosiHble MeTajaHHble A48 KaXX40ro nakerta, a He TOJbKO
nyTM MMMoOpTa, W AenaeT 3Ty MHGpOPMaLMI0 LOCTYMHOW ANA Monb3oBaTeneid wanm Lpyrux
WHCTPYMEHTOB B pa3nnyHbiX thopmatax. dnar -json 3actasndetr go Iist BbiBeCT BCHO
3anucb AN Kaxgoro naketa B popmarte JSON:

$ go list json
hash
{ _
"Dir": "/home/gopher/go/src/hash",
"ImportPath™: "hash",
"Name'': "hash",
"Doc": "Package hash npepocTaBnsieT uHTepdeincs Ans Xe-hyHKUWA. ",
"Target": "/home/gopher/go/pkg/darwin_amd64/hash.a",
"Goroot': true,
“"Standard": true,
"Root": "/home/gopher/go",
"GoFiles": [
"hash.go"
b
"Imports"”: [
"io”
L
"Deps": [
“'errors",
IIi6M y
"runtime",
'sync",
'sync/atomic”,
"unsafe”

®nar -f no3BoNAeT NONb30BATENAM HacTpanMBaTb (hOpMaT BbIBOAA, MCNOMb3YS A3bIK LUa-
6n10HOB nakeTa text/template (pasgen 4.6). Cneaytowas KoMaHaa BbIBOAUT TPaH3UTUB-
Hble 3aBUCMMOCTU MakeTa strconv, pasjeneHHblie npobenamu:

$ go list -Ff "{{join .Deps " "}}" strconv
errors math runtime unicode/utf8 unsafe
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A npuBefeHHas HWXe KOMaHAa BbIBOAWT HEMOCPeACTBEHHbIE MMMOPTUPOBAHUA KaXAoro
nakeTa B NoAAepeBe cCOmMpress CTaH4apTHOW 6UBAMOTEKMN:

$ go list -f *{{.ImportPath}} —-> {{join _Imports " '}}" compress/...
compress/bzip2 —> bufio io sort

compress/flate —> bufio fmt io math sort strconv

compress/gzip -> bufio compress/flate errors fmt hash hash/crc32 io time
compress/lzw —> bufio errors fmt io

compress/zlib —> bufio compress/flate errors fmt hash hash/adler32 io

KomaHga go list monesHa Kak [na WHTepaKTUBHbLIX 3anpocoB, Tak W Aff NOCTpoe-
HWS 1 TECTUPOBAHUSA CLeHapueB aBToMaTu3aumum. Mbl 6yfem UCMONb30BaTb ee CHOBA B pas-
pene 11.2.4. Ana nonyyeHus AONOMHUTENbHOW UH(OPMaLMUK, BKAOYas Habop AOCTYMHbIX
nonein 1 Nx cMbic, 06paTUTECh K pe3ynbTaTy BbIMOAHEHUS KoMaHAbl go help list.

B 3TOii rnaBe paccMOTpeHbl BCe BaXKHble MOAKOMaHbl MHCTPYMEHTA go, 3a UCKAuYe-
Hvem ofHOI. B crnepytoleid rnaBe Mbl YBUAMM, KaK KOMaHAa go te st mcnonb3yeTca Ans
TecTupoBaHus nporpamMmm Go.

YnpaxHeHue 10.4. Co3paiiTe MHCTPYMEHT, KOTOPbI/ C006LLaeT 0 MHOXECTBe BCeX na-
KeToB B paboueli 06nacTu, KOTOpble TPAH3UTUBHO 3aBUCAT OT MakKeTOB, YKa3aHHbIX apry-
MeHTaMy KOMaHAHOW CTPOKM. YKasaHWe: BaM HYXHO OyAeT BbINOMHUTL go list aBaxpabl:
OAMH pa3 — [A/11 UCXOAHbIX NAaKeTOB M OAUH pa3 — [N5 BCEX NakeToB. Bbl MOXeTe npoaHa-
nu3nposatb BbIBOA B hopmate JSON ¢ nomouibio naketaencoding/json (pasgen 4.5).



TecTnpoBaHue

Mopuc Yunkc (Maurice Wilkes), paspabotunk EDSAC, nepBoro KomnbloTepa ¢ XpaHMMOii
nporpamMmmoii, B 1949 rogy CTONKHYACA CO CAy4vyaeM MOPasMTeNbHOro ACHOBWUAEHMSA, KOrga
noAHMMasnca no NecTHULUe B CBOK nabopartoputo. B cBoeli kHure Memoirs of a Computer
Pioneer oH nuweT, KakK ero “c Heobbl4aiHOl CWOI 0XBaTU/a YBEPEHHOCTb, YTO 60/bLUAS
4acTb XWU3HU GyaeT moTpayeHa Ha MOMCK OLWIMOGOK B COBCTBEHHbIX Mporpammax”. Hasep-
HAKa KaXXAbl MporpammucT, paboTaroLlmnii Ha KOMNbIOTEPe C XpPaHMMOW MpPorpaMMoi, oT-
JIMYHO NOHMMAET YUNKCa, XOTs, BO3MOXHO, He 6e3 HEKOTOPOro YAMB/EHUS er0 HaWBHOCTU
B BOMpOCaxX NOCTPOEHMNS CMOXHOI0 NPOrpaMMHOro 06ecrneveHus.

KOHeuHo, cerofHslWHMe MporpaMmbl ropasfo 60/blUe W CNOXHee, YeM BO BpPEMeHa
Ywunkca, n 66110 3aTpayeHO MHOXECTBO YCUIMIA Ha pa3paboTKy MeToAoB, KOTOpble cAenan
Obl 3Ty CNOXHOCTb CKO/b-HMOY b yNpaBnseMoin. Coeli ahPeKTUBHOCTLIO BbIAENAOTCA ABa
MeTofa. Bo-nepBbIX, 3TO PYTUHHBIA KONMErnanbHblii MPOCMOTP NMPOrpaMm, a BO-BTOPbIX —
npeaMeT HacTOALLEN rnaBbl: TECTUPOBaHME.

TecTupoBaHVe, NOL KOTOPbIM Mbl HESBHO NOApasymMeBaeM aBTOMAaTMW3MPOBAHHOE Te-
CTUpOBaHWe, NpefCTaBAseT co60l NPaKTUKY HanucaHus HeBONMbLIMX MPOrpamMmm, KOTOPble
MPOBEPSIIOT, YTO TECTUPYEMbIA Ko (roTOBbI/ KOA) BefieT cebs Tak, KakK OT Hero u oXxugaet-
S, ANA HEKOTOPbIX BXOAHbIX fAHHbIX — /IM60 TlaTe/bHO 0TO6PAHHbLIX AN OCYyLLecTBe-
HWSA onpejenieHHbIX BO3MOXHOCTEN, MMB0 cnydyaiHbliX Ans obecnevyeHus Haubonee LWMpo-
KOro oxBaTa BCeX BapUaHTOB.

O6nacTb TeCTUPOBAHMSA NMPOrpaMMHOro obecnevyeHnss OrpomMHa. 3ajadva TeCTMPOBaHUSA
OTHMMAET y BCEX NPOrpaMMUCTOB HEKOTOPOE UX BPEMS, a Y HEKOTOPbIX NPOrpaMMnUCcTOB —
BCe MX Bpems. JZlnTepaTypa No TeCTUPOBAHWIO BKMHOYAET ThICAYM MEYATHbIX KHUT U MUS-
NNOHBI CNOB B 6/10rax. [na KaxAoro U3 0CHOBHbIX A3bIKOB NPOrpamMMupOBaHNS UMEKTCS
[EeCATKN MaKeToB MPOrpaMMHOro obecnevyeHus, npefHa3HauYeHHbIX 418 TECTUPOBAHUS, He-
KOTOpble — C MPUB/IEYEHNEM CEPbE3HbIX TEOPETUUECKMX pa3paboTok. Bcero atoro noutu
[AOCTaTOYHO ANS TOro, YTO6bl y6eaMTs MPOrpaMMMUCTOB, UTO AN HanucaHUa 3MHEKTUBHbIX
TECTOB OHMW JO/MKHbI NPMOBPecT COBEPLUEHHO HOBbI/i HABOP HaBbIKOB.

Mo cpaBHEHMIO CO BCAYECKMMU COBPEMEHHbLIMKU TexHonoruamu nogxod Go K TecTu-
POBaHUIO MOXET MoKas3aTbCA AO0BOMbHO ycTapeBW M. OH OMMPaeTcs Ha e4UHCTBEHHYHO
KOMaHfy, go test, v psg COrnalleHWin Nno HamMCcaHUK TeCTOBbIX (DYHKLWIA, KOTOpble 3a-
nyckaeT 3Ta KOMaHAa. CpaBHUTENbHO NErKOBECHbI MexaHW3M SBMSeTCA Nerko paclinpse-
MbIM 1 [,OCTaTO4YHO 3WEKTUBHBIM A1 YACTOrO TECTUPOBAHUS.
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Ha npakTuke HanucaHue TeCTOBOrO KOfa He CUbHO OT/IMYaeTCca OT HanucaHus camoii
OpUTMHaNbLHOW Mporpammbl. Mbl NUWeM KOPOTKMe QYHKLWMW, KOTOPble COCPefoTOUYeHbl Ha
HEKOTOPOI OfHOI YacTu 3afayn. Mbl AOMKHbI ObITb OCTOPOXHbLI C FPAaHUYHBLIMU YCNOBUA-
MW, AyMaTb O CTPYKTypax faHHbIX W MOHUMAaTb, Kakue pe3ynbTaTbl BbIYMCIEHUA AO/MKHbI
Noay4aTbCs U3 TEX WM UHBIX BXOAHbIX AaHHbIX. HO 3TO TOT e npouecc, YTo 1 HanucaHue
06bI4HOro Kofga Go; OH He TpebyeT HOBbIX 0603HAUYEHUIA, COrNalleHNi U UHCTPYMEHTapus.

11.1. 'HCcTpyMeHT go test

MoskomaHfa go test npeactaBnsieT coboil TecT-apaiiBep Ans naketos Go, opraHu3o-
BaHHbIX B COOTBETCTBUW C HEKOTOPLIMU cornaweHnamu. B katanore naketa aiinbl, MMeHa
KOTOpbIX 3akaHuMBatoTcA Ha_test.go, He ABNATCA YaCTbH MakKeTa, KOTOPbIA CTPOUTCSH
C nomoublo KomaHabl go build, Ho ABNAOTCS €ro YacTblo NP NMOCTPOEHUM C NMOMOLLbIO
KOmaHAbl go test.

B dhaiinax * _test .go Tpu Buaa yHKLMIA paccmaTpuBaloTca 0cobbiM 06pa3omM — 3TO
TecTbl, NOKa3aTenu NPOU3BOAUTENILHOCTU U MpUMepbl. TecToBas (hyHKLUUS, KOTOpas npej-
CTaBNsAeT c060l (MYHKLMIO C UMEHEM, HauMHalWwmMesa ¢ T est, OCYLLeCTBASET HEKOTOPYIO
NporpaMMHY0 IOTUKY A5 NPaBUbHOTO NMOBeAeHUs; go te st BbI3bIBAET TECTOBYH (PYHK-
UMI0 1 coobLaeT 0 pesynbTaTe, KOTOPbIA MOXeT ObiTb MM60 PASS (npoiigeH), nnéo FAIL
(He npoigeH). PYHKUMS NPON3BOANTENLHOCTM MMEET UMSA, HauynHaroweecs ¢ Benchmark,
M 13MepsieT MPOM3BOAMTENbHOCTb HEKOTOPOI onepauuu; go test coobliaeT 0 cpefHeEM
BPEMEHMW BbIMOMHEHUS onepauuun. HakoHel, yHKUUA-MPUMEpP, UMSA KOTOPOW HauyuMHaeTcs ¢
Example, npegoctaBnser MalwMHHO-NPOBEPAEMYIO LOKYMeHTauuto. Mbl 6ygem nogpob-
HO paccmaTpuBaTh TeCTOBble (hYHKUMM B pasgene 11.2, ¢yHKUUM NPOU3BOAUTENLHOCTU —
B pa3fene 11.4, a npumepbl — B pasgene 11.6.

KomaHaa go te st ckaHupyeT ainbl * _test .go Ha npeameT HanMumMa 3TUX Cheun-
anbHbIX DYHKUWIA, CO34aeT BPeMeHHbI NakeT main, KOTOPbIA Bbi3blBaeT BCe UX Haj/exa-
W1M 06pa3oM, CTPOMT U 3anycKaeT 3TOT MakeT, COO6LLaeT O MONYYEHHbIX pe3ynbTatax u
3aTeM BbIMOHAET OUNCTKY.

11.2. TecToBble (PYHKL NN

Kaxablil TeCTOBbI (haiin AO/MKEH MMNOPTUPOBATL NakeT testing. TecToBble hyHKLMUK
VMEIOT CNeayIoLLyH0 CUTHATYPY:

func TestName(t *testing.T) {
/1

}

ViMeHa TeCTOBbIX PYHKUMIA LO/MKHbI HaumHaTbCcA € Test; HeobA3aTeNbHbI cyhduke
[O/DKEH HAUMHATLCA C NMPOMUCHON GYKBbI:

func TestSin(t *testing.T) { /* ... */ }
func TestCos(t *testing.T) { /* ... */ }
func TestLog(t *testing.T) { /* ... */ }
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MapameTp t npefocTaBasieT MeTOAbl 4151 OTUETA O He MPOWAEHHbIX TecTax M Ans NpoTo-
KO/IMPOBaHWA AOMONHUTENLHON MHGopmaunn. [asaiTe onpegenum naket npumepa gopl .
io/chll/wordl, copepxawmit ogHy ¢yHKumo IsPalindrome, koTopas coobuyaeT, siB-
NSeTCA M CTPOKa NaiMHAPOMOM, T.e. faeT U UYTeHWe ee B 06PaTHOM HampaBieHUU Ty Xe
cTpoky. (MprBefeHHas peanu3auns NpPoBepsieT KaXAblA 6aiT fBaxAbl, €CM CTPOKa ABNSA-
eTcs NaMHAPOMOM; Mbl BEPHEMCSA K 3TOMY BOMpPOCY B 6/mxaiiluee Bpems.)

gooL.io/chl1/wordl
11 MNakeT word npegocTaBnseT YTWAWUTH A8 UFP CO C/loBamu,
package word

11 IsPalindrome coobwaeT, SBASETCA /M S NaIMHAPOMOM .
// (TNepBas nonbITKa.)
func IsPalindrome(s string) bool {
for i = range s {
if s[i] != s[len(s)-1-i] {
return false
>

return true

Haxogsawmiicas B TOM Xe KaTanore caiin word_test.go coaepXuT ABe TecTOBble
hyHKUMK ¢ umeHamu TestPalindrome n TestNonPalindrome. Kaxpgas u3 HuXx npose-
pseT, gaet nn IsPalindrome npaBu/bHbIA OTBET ANA OAHOIO BBOAA, M cO06LLaET 0 c605X
c nomowbto t _Error:

package word
import 'testing”

func TestPalindrome(t *testing.T) {
it !lsPalindrome('detartrated™) {
t .Error (" IsPalindrome(*'detartrated’™) = false™)
>
it !lsPalindrome(“"kayak™) {
t.Error("IsPalindrome("’kayak') = false®)
}
}

func TestNonPalindrome(t *testing.T) {
if IsPalindrome("palindrome™) {
t.Error(" IsPalindrome("palindrome™) = true®)

}

KomaHpga go test (uam go build) 6e3 aprymeHTa, yKasbiBaroLero naket, paboTaeT ¢
nakeToMm B TeKyLlem katanore. Mbl MOXEM CTPOWUTb W BbINOAHATL TECTbl C MOMOLLbIO Cle-
AyloLLeil KOMaHfbl:
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$ cd $GOPATH/src/gopl.io/chll/wordl
$ go test
ok gopl.io/chll/wordl 0.008s

[loBonbHbIe, Mbl OTNpaBfiseM Nporpammy 3aka3uuky, HO He ycneBaemM OTMETUTb 3TO
cob6biTMe 6aHKeTOM, KakK HauyMHaloT npubbiBaTb co0OWEHNA 06 owmnbkax. PpaHLy3CKWi
nons3osartenb no umeHn Noelle Eve Elleon xanyetcsd Ha 10, 4To IsPalindrom e He pac-
no3HaeT cnoso "ete4. Apyroi, n3 LleHTpanbHO AMepunKK, pa3oyapoBaH TeM, YTO Nporpam-
Ma oTBepraet gpasy “A man, a plan, a canal: Panama”. 3Tu KOHKpeTHble CO0bLLeHNS ecTe-
CTBEHHbIM 06pa3oM NOAXOAAT ANS HOBbIX TECTOBLIX NPUMEPOB:

func TestFrenchPalindrome(t *testing.T) {
if !IsPalindrome(ete™) {
t.Error("IsPalindrome(ete') = false")

}
}
func TestCanalPalindrome(t *testing.T) {
input = "A man, a plan, a canal: Panama"
if !lsPalindrome(input) {
t.Errorf("IsPalindrome(%g) = false®, input)
}
}

UT006bl N36€XaTh HAMUCAHWUA AIMHHOW BXOLHON CTPOKMN ABaXAbl, Mbl MCNONb3YeM DYHK-
umo Errorf, KoTopas ob6ecneynBaeT Takoe e popmMaTupoBaHue, Kak v pyHkumsa P rintf.

Mocne fo6aBneHns ABYX HOBbIX TECTOB KOMaH/a go te st BblfaeT MH(OPMAaTUBHbIE CO-
obuieHns 06 ownbKax:

$ go test
—  FAIL: TestFrenchPalindrome (0.00s)
word_test.go:28: IsPalindrome(“ete™) = false
—  FAIL: TestCanalPalindrome (0.00s)
word_test.go:35: IsPalindrome(""A man, a plan, a canal: Panama')
= false
-— FAIL
FAIL gopl.io/chll/wordl 0.014s

Bcerpa cnefyeT cHavana HanucaTb TECT U y6e[uTbCA, YTO OH Bbi3blBAET Te Xe npobne-
Mbl, YTO M B COOOLLEHNN NOoNb3oBaTeNs 06 owmnbke. TONbLKO TOrga Mbl MOXeM 6biTb yBepe-
Hbl B TOM, 4YTO Npo6sema AeACTBUTENbHO UMEETCA U YTO OHa UMEHHO B Hallel yHKuuu, n
HayaTb paboTaTb Haj ee UCMpaBIEHUEM.

Kpome TOro, 3anyck go te st 06bI4HO BbINOMHAETCS ObICTPEE, YeM PYUHOI NpoxXog no
BCEM LIaraM, ykKasaHHbIM B CO06LLeHNM Nonb3oBaTens. Ecnv Habop TeCTOB COAEPXUT MHO-
ro MeA/IeHHbIX NPOBEPOK, Mbl MOXEM YCKOPWUTb TECTMPOBAHME, O0TOMpas MHTepecyloLmne
Hac TeCTOBble NPUMepbI.

dnar -v NpUBOAMT K BbIBOAY UMEHW U BPEMEHMW BbIMOMHEHNA KaXAOro TecTa nakeTta:



11.2. TECTOBbIE oYHKUMKM 357

$ go test -v

=== run TestPalindrome

— PASS: TestPalindrome (0.00s)

== run TestNonPalindrome

— PASS: TestNonPalindrome (0.00s)

=== run TestFrenchPalindrome

—  FAIL: TestFrenchPalindrome (0.00s)
word__test.go:28: IsPalindrome(“ete™) = false

=== run TestCanalPalindrome

—  FAIL: TestCanalPalindrome (0.00s)
word_test.go:35: IsPalindrome("A man, a plan, a canal: Panama'™)

= false

FAIL

exit status 1

FAIL gopl.io/chll/wordl 0.017s

A dnar -run, aprymeHTOM KOTOPOTO AB/IIETCS PEry/asipHOe BbIpaXXeHWe, NPUBOAUT K TOMY,
UTO KOMaHfa go te st BbIMOMHSAET TONbKO T€ TECTbl, UMEHA (hYHKLUI KOTOPbIX COOTBET-
CTBYIOT LWa6MoHY:

$ go test -v -run="French]Canal"

=== run TestFrenchPalindrome

— FAIL: TestFrenchPalindrome (0.00s)
word_test.go:28: IsPalindrome(“ete'™) = false

== run TestCanalPalindrome

—  FAIL: TestCanalPalindrome (0.00s)
word_test.go:35: IsPalindrome(’A man, a plan, a canal: Panama'™)

= false

FAIL

exit status 1

FAIL gopl.io/chll/wordl 0.014s

KOHeuYHo, Kak TO0fbKO Mbl O6beMCH YCMELWHOro NPOX0XAeHUA Bbi6pPaHHbIX TECTOB, Mbl
JO/MKHbI NPOWTWM MOAHBLIA TecT go test 6e3 ¢naros, YTo6bl y6eAUTbCA, YTO, MCMpaBAss
OflHY OLMNOKY, Mbl He BHEC/IN APYTYIO.

NTak, Mbl ybegmnucb B HanuuuMyM OWM6O0OK, M Tenepb Hawa 3ajadvya COCTOUT B TOM,
4yTo6bl WX MCNpPaBWUTb. BbiCTpoe mccnefoBaHMe packpbiBaeT MPUYMHbLI NEpPBON OLUMGKM:
IsPalindrome ucnonb3yet nocnefoBaTenbHOCTU 6aliTOB, @ He PyH, TaK YTO Hanuuue He-
ASCII cumBonoB (Takmx, Kak & B "ete") NMONHOCTLIO AE30PUEHTUPYET 3Ty (DYyHKUMIO. BTO-
pas owunbKa BO3HMKAET M3-3a TOr0, YTO Mbl He UTHOpPUPYeM Npo6enbl, 3HaKW MYHKTyauuu
n perncTp 6yks.

Tenepb Mbl nepenuiueM YHKLUIO NOBHUMATENbHEE:

aool .io/chl1/word2
N MNakeT word npegocTaBnseT YTWAWTH A4S UFp CO CroBamu,
package word

import “unicode"”
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// 1sPalindrome coobuaeT, fBASETCA /M S Na/IMHAPOMOM.
// VIrHopupyem peructp 6ykB W CUMBO/bI, He siBAsiWMecss Gyksamu,
func IsPalindrome(s string) bool {
var letters []Jrune
for _, r = range s {
if Unicode.lIslLetter(r) {
letters = append(letters, Unicode.ToLower(r))

}

for i := range letters {
if letters[i] != letters[len(letters)-1-i] {
return false

}

return true

Mbl TaK)Xe Hanuwem Goniee BCeoOGbEMIOWMIA HaGop TECTOBbLIX NPUMEPOB, KOTOPbIii CO-
6upaeT Bce NpefblAyLie TeCTOBbIE MPUMEPbI U PSS HOBbIX B O4HY TabnuLy:

func TestlsPalindrome(t *testing.T) {
var tests = [Jstruct {
input string

want bool
H

r", true},

{"a", true},

{"aa", true},

{"ab", false},

{"kayak”, true},

{"detartrated", true},

{"A man, a plan, a canal: Panama", true},
{"Evil I did dwell; lewd did 1 live.", true},
{"Able was | ere | saw Elba", true},
{"'ete", true},

{"Et se resservir, ivresse reste.", true},
{"palindrome", false}, // He nanuHgpom
{"desserts”, Tfalse}, // TonynanvHapom

for _, test := range tests {
if got := IsPalindrome(test.input); got !I= test.want {
t_Errorf("IsPalindrome(%q) = %v', test.input, got)

}

HoBbIi TecT hyHKLMS NPOXOANT YCMELLHO:

$ go test gopl.io/chll/word2
ok gopl.io/chll/word2 0.015s
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JTOT cTUNb TabnnyHoro TecTumpoBaHus (table-driven testing) o4yeHb pacnpocTpaHeH
B Go. OH obecneynBaeT NPOCTON cnocob fo6aBNEHMSA HOBbLIX 3anuceil B Tabauuy npu He-
06X04MMOCTU, a MOCKOMbKY NOT1Ka NPOBEPKM U BbIBOAA COOOLEHUI He Ay6nMpyeTcs, Mbl
MOXEM MPUN0XUTb BONbLIE YCUANIA AN NOMYYEHUS XOPOLLEro coobLieHms 06 olmnbke.

BbiBOA nNpu HeyjayHOM TecTe He BK/YaeT B cebd BeCb CTeK B MOMEHT Bbl30Ba
t .Errorf.®yHkuma t .Errorf He NpuBOAMT K aBapuiiHON CUTyaunn UM OCTaHOBKE Bbl-
NONHEeHUs TecTa, B OT/IMUYMe OT c60eB Y MHOTMUX CPeACTB TECTUPOBAHMA ANA APYTUX A3bl-
KOB. TecTbl He 3aBMUCAT OAWH OT Apyroro. Ecnn paHHue 3anucu B Tabnunue NpUBOAAT K CO0I0
TecTa, 60/ee no3gHue 3anucu Tabnuubl BCe paBHO O6yAyT NPOBEPEHbl, TaK YTO Mbl MOXEM
Yy3HaTb 0 HECKONbKUX CHOAX NPW BbINMOSHEHMMN O4HOTO 3anycka TecTa.

Ecnn Ham [eiACTBMUTENbHO HYXHO OCTaHOBUTb (PYHKLWIO TeCTUPOBAHMUSA, Hanpumep,
n3-3a c6058 HEKOTOPOro Koga MHUUManusauuu wuanm Ana npesoTspalieHus coobuieHus 06
OLWMBKax, KOTOPbIe BbI3bIBAKTCA APYTMMU OLLINOKaMKU, Mbl UCNONb3yeM GyHKUuKM t . Fatal
nt.Fatalf. OHM JOMKHbI BbI3bIBATLCA U3 TOM Xe gO-MOANPOrpaMmbl, YTO U PYHKLMA
Test, HO He U3 Apyroi go-noanporpammbl, CO34aHHON BO BPEMS BbIMOMHEHUA TecTa.

CoobuweHne 06 ownbKe B TecTe, Kak npasuno, umeet sug "f (x) =y, Tpebyetcsa z",
rae f (x) ob6bAcCHAeT, Kakas onepayns BbINOAHANACh U C KAKUMW BXOAHLIMU LaHHBIMUW, Y —
ee (pakTUYecKmnii pesynbTaT, a z — OXugaemblii. Tam, rae 310 yao6Ho (kak B Hallem npu-
Mepe ¢ nanuHgpomom), B vactu f (x) mucnonb3yetca cmHTakcuc Go. BbiBog X 0C06eHHO
BaXEH B TaG/IMYHbIX TeCTax, TakK Kak aHHas NpoBepKa BbIMOMHAETCA HECKO/IbKO pa3 ¢ pas-
HbIMW 3HaYeHMAMU. N36eraiiTe N3bUTbIX BbIPpaXKEHWIA 1 M3BLITOYHON MHDopmayun. Hanpu-
Mep, Npu nNpoBepke OyneBoin PyHKUUK, Takoi Kak IsPalindrome, yacts “TpebyeTtcs z”
MOXHO OMYCTUTb, MOCKONIbKY OHa He J06aBNSeT HUKAaKo WHGopmauuun. Ecnm X, y wm
Z CUWKOM ASINHHOE, BbIBOAMTE KpaTKOe pe3toMe AN COOTBETCTBYHLMX yacTeli. ABTOpY
TecTa cneayeT CTPEMUTHLCS MOMOYb MPOrpaMmmuUCTy, KOTOPOMY MpUAETCA AUMarHoCTUpPOBaTb
OLIMNOKMN.

YnpaxHeHue 11.1. HannwwnuTte TecTbl A4na nporpammsel charcount us pasgena 4.3.

YnpaxHeHune 11.2. Hanuwwnute Habop TecToB s MHOXecTBa IntSet (pasgen 6.5),
KOTOpPbIA MPOBepsSeT, 3KBUBANEHTHO X €ro NoBejeHWe MHOXECTBY Ha OCHOBE BCTPOEH-
HbIX 0TO6paxeHuii. CoxpaHWTe CBOKO peanusauuio Ans NpoBepoK NPOU3BOAUTENLHOCTU B
ynpaxHeHun 11.7.

11.2.1. PaHaoOMN3NpPOBaHHOE TeCTUPOBaHuE

TabnuuHble TeCTbl YAOGHbI 415 MPOBEPKM, KOPPEKTHO NN (PYHKUUS paGoTaeT ¢ TLia-
TeNbHO 0TO6PaHHLIMU [/ NMPOBEPKN MHTEPECHbIX CNyYaeB B IOTUKe (YHKLUN BXOLHbIMU
AaHHbIMK. [pyroii noaxos, paHAOMMU3MPOBAHHOE TeCcTUPOBaHWe, NccnedyeT 6onee LLMPO-
KW CNEKTP BXOAHbLIX JaHHbIX MYTEM WX CO3A4aHUs Cly4YaiHbIM 06pa3oM.

Ho Kak Ham y3HaTb, Kakoli BbIX04 CMeAyeT OXMWAaTh OT Halel YHKLMK, yUUTbIBAS Cy-
yailHoCTb Bxoda? WmetoTcs e cTpaTeruu. MNepsas 3aK/io4aeTcs B TOM, 4T06bl HanucaTb
aNbTePHATUBHYIO peann3aunio QyHKLUKM, KOTopas UCMONb3yeT MeHee 3HEKTUBHBbIN, HO
60nee MPoOCTOi U SCHbIA anropuTM, U MPOBEPUTDL, JAlOT M 06e peannsaunm OAWH M TOT
)K€ pesynbTaT. BTOpoil 3aKnto4aeTcs B CO34aHMKN BXOAHbIX 3HAUEHMIA COrTaCHO HEKOTOPOMY
WabnoHy, TaKoMy, /15 KOTOPOro Mbl 3HAeM, Kakoli BbIXOf CNleayeT 0XWUAaaThb.
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B npuBefeHHOM HWXe MpUMepe MCMOMb3yeTcs BTOPO MOAXOA: PyHKuMs random
Palindrome reHepupyeT c/ioBa, KOTOpble SBASHOTCA MaqMHAPOMaMK WCXOAs W3 Camoro
MPUHLMNA UX NMOCTPOEHNS:

import "math/rand"

// randomPalindrome Bo3BpawaeT NaMHAPOM, A/IMHA W COLEPXMUMOE
// KOTOpPOro 3a4anTCs FeHepaTopOM MCEeBAOCYYalHbIX uYMcen rng.
func randomPalindrome(rng *rand.Rand) string {
n = rng.Intn(25) // CnyvaitHasa gnvHa o 24
runes := make([Jrune, n)
for i =0; i < (n+tD)/2; i+ {
r = rune(rng.Intn(0x1000)) // CnyuvaiiHas pyHa go “\u0999"
runes[i] =r
runes[n-1-i] =r

return string(runes)

}

func TestRandomPalindromes(t *testing.T) {
// MHnumamnvsaups reHepaTopa MCeBAOCyYalHbIX 4ncen,
seed = time.Now() .UTCQ) -UnixNano()
t .Logf("'TTICY umHuumann3unposaH: %d", seed)
rng := rand.New(rand.NewSource(seed))
for i =0; i < 1000; i++ {
p := randomPalindrome(rng)
if HsPalindrome(p) {
t._Errorf(HIsPalindrome(%q) = false”, p)

}

[MocKoNbKY paHLOMMU3NPOBAHHbIE TECTbl ABMAKOTCA HELETEPMUHUPOBAHHLIMU, BaXHO,
4yToObI NpY 3anucK 0 c60AX B XKYpPHaNn BbIBOLWUIOCH JOCTATOYHO MH(OPMALMK, YTO6bI MOX-
HO 6bINI0 BOCMPOU3BECTM 3TOT C6OIA. B Hallem npumepe BXOAHOI napaMeTp p AN PYHKLUK
IsPalindrome faeT Ham BCHO Heo6X0AMMYIO MHAOPMALUIO, HO ANd (YHKLUWIA, KOTopble
NPUHUMAIOT 60/1ee CNOoXHble BXOAHblE JaHHbIE, MOXET 6bITb MPOLLe 3anucbiBaTb UHULK-
anusnpytoLlee 3HayeHWe reHepaTopa nceBfoCnyYalHbIX yncen (Kak CAenaHo BbILWE), YEM
Jamn BCeX BXOAHbIX AaHHbIX. BOOPYXWBLIWCH 3TUM WHULWANU3UPYIOWMUM 3HAYEHUEM,
MOXHO N1erko M3MeHUTb TecT Tak, YT0Obl AeTePMUHMPOBAHHO BOCMPOM3BECTU COHOMN.

Wcnonb3ys B KayecTBe MCTOYHMKA CMy4aliHOCTW Tekyliee Bpems, Mbl 0becnevnBaem
TECT HOBbIM HabOPOM BXOAHbIX AaHHbIX MPU KaXAOM O4YepefHOM 3anycke B TeYeHWe BCEro
ero XW3HeHHOro uukna. 370 0CO6eHHO LIEHHO, ecnu Ball MPOeKT UCNONb3yeT aBTOMAaTU3M-
pOBaHHYIO CUCTEMY AN NepMoSMYecKOro 3anycka BCex TeCTOB.

YnpaxHeHne 11.3. TestRandomPalindromes TecTupyeT TONbKO NannHApoMbl. Ha-
nNULWNTE paHAOMU3NPOBAHHbIA TECT A8 reHepauuy v NpPoBEpPKN He NasvHAPOMOB.



11.2. TECTOBbIE dyYHKUMM 361

YnpaxHeHue 11.4. N3meHnte dyHkuymto randomPalindrome Tak, 4To6bl OHa Mpo-
Bepsna, Kak pyHkuus IsPalindrome obpabaTbiBaeT NpobefibHble CUMBOSbI U 3HAKW MYH-
KTyauumm.

11.2.2. TecTnpoBaHne KoOMaHLA

VIHCTpyMeHT go te st moneseH Ana TeCTUPOBaHUS NakeToB 6MBANOTEK, HO ecin npu-
NOXWTb HEMHOTO YCW/IMIA, €0 MOXHO WMCMOMb30BaTb WM AN NPOBEpPKM KOMaHA. MakeT ¢
MMeHeM main 06bIYHO CO34aeT BbINOMHUMYIKO NPOrpammy, OAHAKO OH MOXET TakXe OblTb
UMMOPTMPOBAH 1 Kak 6ubnnoTeka.

[aBaiite Hanuwem TecT Ans nporpammbl echo u3 pasgena 2.3.2. Mbl pas3genum npo-
rpammy Ha fBe QyHKUMK: echo genaeT peanbHy paboTy, B TO Bpemsa Kak PyHKUMA main
BbIMOJIHAET YTEHME U aHaNM3 3Ha4YeHNiA hnaros 1 coobuiaet 060 Bcex owmnbKax, BO3BpaLla-
eMbIX (pyHKUMen echo.

aopL.io/chll/echo
/] Echo BbIBOAUT aprymMeHTbl KOMaHAHOW CTpOKM,
package main

import (
"flag"
"fmt"
Ilioll
"os"
"strings"
)
var (
n = flag.Bool("n", false, "onycTWTb CWMMBONbI HOBON CTPOKMK")
s = flag.String("s", " ", "pasgenutenb")

var out io.Writer = o0s.Stdout // W3meHseTcqa Ha Bpema TeCcTUPOBaHUSA
func main() {
flag.Parse()
if err = echo(!*n, *s, flag.ArgsQ); err != nil {
fmt.Fprintf(os.Stderr, "echo: %v\n", err)
os.Exit(l)

}
func echo(newline bool, sep string, args []string) error {
fmt.Fprint(out, strings.Doin(args, sep))

if newline {
fmt.Fprintin(out)

return nil
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M3 TecToBO (hyHKUMU Mbl 6yaem Bbi3biBaTb echo ¢ pasHOO6pasHbIMK aprymMeHTamu
M ycTaHOBKaMu (hfaroB M NpPOBEpsiTb, BbIJAET M (PYHKUMA B KaXKAOM KOHKPETHOM CAy-
yae BEpHbI BbIBOA. M03TOMY Mbl f06aBUIM B PyHKUMIO echo mapameTpbl, NO3BONAOLLME
YMEHbLWUTb 3aBUCUMMOCTb OT rn06aNnbHbIX NepeMeHHbIX. C y4eTOM CKa3aHHOro Mbl BBENM
TaKxe LONOMHUTENbHYIO rn06anbHY0 nepemeHHyt, out, Tuna io.W riter, B KOTOpyto
OyneT 3anucbiBaTbCA pesynbTat. Ecnu yHKUMA echo BbINOMHSET 3anucb 4Yepes 3Ty nepe-
MEHHYI0, a He HemocpeACTBEHHO B 0s.Stdout, TecTbl MOTYT NOACTaBUTbL APYryto peanu-
3aumto W riter, KoTopas 3amoMWHaeT BbIBOJA AN NocneAytolleil nposepku. BOT Kak Bbl-
rnagnuT TecT B thavine echo _test.go:

package main

import (
"bytes"
L] l.ﬁntl L]
"testing”

)

func TestEcho(t *testing.T) {
var tests = []struct {
newline bool

sep string
args [dstring
want string
H i
{true, "™, [Jstring{}, "\n"},
{false, [1string{}, ”"Db
{true, "\t", []string{one™, "two", "three"},
"one\ttwo\tthree\n"},
{true, [string{'a", "b", "c"}, "a,b,c\n"},
{false, Ostring{"1", 2", "3"}, "1:2:3"},
%or _, test := range tests {
descr := fmt.Sprintf('echo(%v, %q, %q)",
test.newline, test.sep, test.args)
out = new(bytes.Buffer) // MNepexBauyeHHbil BLIBOA
if err = echo(test.newline, test.sep, test.args); err != nil {
t.Errorf("%s failed: %v", descr, err)
continue
} _
got := out.(*bytes.Buffer).String()
if got = test.want {
t.Errorf("%s = %q, Tpebyetca %q, descr, got, test.want)
>
>



11.2. TECTOBbLIE ®oYHKUMM 363

O6paTuTe BHUMaHWe, YTO TECTOBbI KO HaxoAuTCH B TOM Xe MakeTe, YTO U OCHOB-
HOl paboumnin Kog. XoTA UMA MakeTa — main, U B HeM onpegeneHa PyHKLMA main, npu
TECTUPOBaHWMW 3TOT NakeT feACTBYeT, Kak 61bnoTeKa, KoTopas npefoctaBnseT MYHKLMIO
TestEcho gnsa TecT-gpaliBepa; ero yHKLMS main UrHopmpyeTcs.

OpraHun3ys TecT B Bufe Tabnuubl, Mbl MOXEM /1Ierko [06aBNATb HOBble TECTOBbIE MPU-
Mepbl. [daBaiiTe MOCMOTPUM, YTO MPOU30IAAET, €CAN TecT He ByaeT npoligeH, NpocTo foba-
BUB B TabauLy cnefyowyo CTPOKY :

// TpumeyaHne: HeBepHO yKa3aHHOe oxupgaHve!
{true, V 1, []string{"au, "b", "c"}, "a b c\n"b

Mpu 3TOM go te st BbIBOAMT CreaytoLLee:

$ go test gopl.io/chll/echo
-—— FAIL: TestEcho (0.00s)
echo_test.go:31: echo(true, V', ["a" "b" V ]) = "a,b,c"
Tpebyetca "a b c\n"

FAIL
FAIL gopl.io/chll/echo 0.006s

CoobuieHne 06 owmnbke onucbiBaeT HeyfauHyk onepauuto (¢ ucnonb3oBaHuem Go-
nofo6HOro CMHTaKcmMca), hakTUYeckoe M 0XMAAaeMOe MOBefeHUs, B YKa3aHHOM MOpsKe.
Takoe MH(opmaTMBHOE coobLlieHMe 06 owwnbKe, Kak MpuUBeAeHHOE Bbile, obecrneymBaeT
[JOBOMIbHO XOpoLUee NpeAcTaBieHne 06 OCHOBHOW NpuyMHe Npobnembl faxe 4o obpalyeHns
K UICXOAHOMY Kogy TecTa.

BaxHO, 4TO TeCcTMpyeMblii Kog He BbidbiBan log. Fatal uam os. EXit, Tak Kak 3Ty Bbl-
30Bbl OCTAHOBAT paboTy TeCTUPYIOLLEr0 KOAa; BbI30B 3TUX (YHKLUWIA cnefyeT paccMaTpu-
BaTb KakK MCKIOUYUTENbHOE NpaBo (hyHKLMM main. Ecay nponsoiget 4To-TO COBEPLUEHHO
HEeOXWJaHHOe 1 BO3HWKHET aBapuiliHasa cuTyauus, TecT-ApaliBep BbINOAHUT BOCCTaHOBIE-
HMe, XOTH, KOHEYHO Xe, TecT 6yAeT cuMTaTbCs He NpoigeHHbIM. O6 0XMaaembIX OLM6GKaX,
TaKMX Kak nofiyyaemblie B pe3ynbTaTe HEBEPHOrO NOMb30BATENbCKOr0 BBOAA, OTCYTCTBMU
(halinoB MM HenpaBWUNbLHON KOHMWrypauuu, cnefyeT coobliaTb, BO3BpaLlas HeHy/eBoe
3HaYyeHne owmn6bKM. K cyacTbio (XOTS M K COXaNeHUI0 B Ka4ecTBe WANCTpaLnn), Haw npm-
Mep echo HacTONbKO MPOCT, YTO OH HMKOrga He H6yaeT BO3BpaLlaTb HEHY/EBYHO OLUUGKY.

11.2.3. TecTupoBaHue 6es0ro AumnKa

OfHVM 13 cnoco60B Kaccudukalmm TeCTOB ABNSETCA YPOBEHb TPEOYIOLWMXCA UM 3Ha-
HWA 0 BHYTpeHHeli paboTe TeCTUPYemMOro maketa. TeCTMpOBaHUe YEpHOro ALLMKa npeano-
naraeT, 4YTo O MakeTe HEM3BECTHO HMYEro, KpOMe MpeaocTaBnsemMoro um APl 1 ykasaHHON
B AOKYMEHTALWUWN WH(MOPMaLUW; BHYTPEHHME KOMMOHEHTbI MakeTa ABAAKOTCA MONHOCTbIO
Henpo3payHbIMU. HanpoTue, TecTupoBaHue 6enoro AlWMKa UMeeT MPUBUNErMPOBAHHBINA
[0CTYN K BHYTPEHHEMY YCTPOMCTBY (DYHKLMUIA U CTPYKTYP LaHHbIX MaKeTa U MOXeT fenaTb
HabMaeHNs N U3MEHEHUSA, Ha KOTOpble He Cnoco6eH 06bIYHbIA KNneHT. Hanpumep, TecTt
6enoro fALMKa MOXeT NPOBEPUTb, COXPAHAKTCS N MHBAPUAHTbI TUMOB AaHHbIX NakeTa no-
cne Kaxgon onepauuun. (HasaHue 6enblii ALWMK UCNONb3YETCH MO TPagUL MK, HO Kyaa Tou-
Hee 6b110 6bl Ha3BaHWe NPO3payHbIli ALLKK.)
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3Tn fABa nofxoja ABNAIOTCA B3aMMOLOMONHAKOLWMMMK. TecTbl YEPHOro fAliMKa 06bIYHO
6onee HagexXHbl 1 TPEOYIOT MEHbLLEr0 KOiMyecTBa 06HOBNEHWUI NO Mepe pasBUTUS TecTu-
pyemMoro nporpaMmmHoro obecneyeHus. OHM Takxxe MOMOratOT aBTOPY TecTa NPOHUKHYTbCA
OLLYLLEHNAMMN K/IMEHTa nakeTta, 4yTo o6/eryaet BblfiBNeHWe HeAOCTAaTKOB B fu3aiiHe API
TecTupoBaHue e 6enoro fliMka MoXeT 06ecneynTb 60/nee AeTanbHbIA 0XBAT CMOXHbIX
yacTeid peanmsayun.

Mbl yke Bugenu npumepsl 06oux Tunos. TestlsPalindrom e Bbi3bIBaeT TO/MLKO 3KC-
noptupyemyto gyHkuuio IsPalindrome u, Takum 06pa3om, ABNAETCA TeCTUPOBAHUEM
yepHoro fwumka. TestEcho Bbi3biBaeT (yHKUMIO echo u o6HOBAsSET rnobanbHy nepe-
MEHHYI0 out, nNpuyem OHW 06€e He ABAAKOTCA IKCNOPTUPYEMbIMU, YTO fenaeT faHHbIA TecT
TecToM 6enoro Awmka

Mpy paspaboTke TestEcho Mbl M3MeHMNN (YHKUWIO echo Tak, 4YTo6bl OHA WMCMOJb-
30Bafia Ana BbIBOAA NEPEMEHHYI0 YPOBHA MakeTa out v TeCT MOT 3aMeHWUTb CTaH4aPTHbIN
BbIBOJ, anbTepPHATUBHOI peanusalueii, KOTopas 3anuncbiBaeT BbIBOAVWMbIE [aHHble 415 MO-
CNefytoLlero n3yyeHuns. Micnonbsysa Ty e MeTOAMKY, Mbl MOXEM 3aMeHUTb U Apyrue 4actu
paboyero Koja nerko TecTUpPyeMbIMU “NOAfeNbHbIMW” peanusaunsamu. MpenmyLLecTsom
Taknux NOAAeNbHbIX peanusauuii fBAseTca TO, YTO OHM Mpolwie HacTpauBatoTcs, 6Gonee
npesckasyembl, 60nee HafeXHbl W Npolie B U3yyeHMn. OHW TakXKe MOryT m3bexartb He-
XenatenbHbIX NMOBOYHbIX 3PPeKTOB, TaKUX KaK 0OHOBMEHMA paboueit 6asbl faHHbIX WK
onepaunii ¢ KpeanTHON KapToi

B npuBefieHHOM HWXe KOoAe Nokas3aHa /iormka npoBepky KBOT B Beb-cnyxbe, KoTopas
obecneymBaeT CeTEBOE XpaHWUMLLEe NOMb30BaTeNbCKMX (painnos. Korga nonb3oBatenn npe-
BbllalT 90% OT UX KBOTbI, CUCTEMaA OTMpaBAseT UM NpefynpexaeHne Mo 3N1eKTPOHHOW
noute.

aopL .io/chl1/storaael
package storage

import (
"fmt"
lllogll
"net/smtp"

)

func byteslnUse(username string) inté4 { return 0 /* ... */ }

// HacTpoiika oTnpaBuTens 37EKTPOHHbIX MUCEM.

// TpuvmedaHne: HUKOrga He nomewaiiTe Maposib B MCXOAHbI TeKCT!

const sender = "notifications@example.com”

const password = '‘correcthorsebatterystaple”

const hostname = "smtp.example.com”

const template = "BHuumaHve, Bbl McCnonb3oBav %d 6ainT XpaHunmwa,
%d%% Bawein KBOTHI. "

func CheckQuota(username string) {
used := byteslnUse(username)
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const quota = 1000000000 // 1GB
percent := 100 * used / quota
it percent < 90 {

return // OK

msg := fmt.Sprintf(template, used, percent)
auth := smtp.PlainAuth(’"', sender, password, hostname)
err := smtp.SendMail(hostname+":587", auth, sender,
[Istring{username}, [Jbyte(msg))
if err = nil {
log.Printf('Cooii smtp.SendMail(%s): %s™, username, err)

Mbl xoTenm 6bl MPOTECTVMPOBATb STOT KO4, HO Mbl HE XOTWMM TECTWPOBaTb OTMPaBKy
3NEKTPOHHOW NoYThl. M03TOMY Mbl Nepemewaem f0rMKy OTNPaBMeHUs 3MEeKTPOHHON no-
YTbl B OTAENbHYI QYHKLMIO N XpPaHUM ee B HEIKCMOPTUPYEMOI NepeMeHHOl YPOBHS nake-
Ta, notifyUser:

qodL.io/chll/storaae2
var notifyUser = func(username, msg string) {
auth := smtp.PlainAuth(’""", sender, password, hostname)
err := smtp.SendMail(hostname+":587", auth, sender,
[Istring{username}, []byte(msg))
if err 1= nil {
log.Printf("'Cooii smtp.SendEmail (%s): %s", username, err)
}
}

func CheckQuota(username string) {
used := byteslnllse(username)
const quota = 1000000000 // 1GB
percent := 100 * used / quota
if percent < 90 {
return // OK
>
msg := fmt.Sprintf(template, used, percent)
notifyUser(username, msg)

Tenepb Mbl MOXEM HamucaTb TeCT, KOTOpbIi 3aMEHSIET OTMNPaB/EHNE 3MIEKTPOHHON Mo-
YTbl (YHKLMEN NPOCTOro yBeAOMIEHUs, KOTopas MpOCTO pervucTpupyeT yBeaoMIsieMOro
nonb30BaTess U COAEPKUMOE COOBWEHNS 1

package storage
import (

"strings"
"testing"
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)

func TestCheckQuotaNotifiesl)ser(t *testing.T) {

van notifiedUser, notifiedMsg string
notifyUser = func(user, msg string) {
notifiedUser, notifiedMsg = user, msg

// ... wwuTauma ycnosus 980-M6aiiTHOW 3aHATOCTU ...
const user = "joe@example.org"

CheckQuota(user)

if notifiedllser == '™ && notifiedMsg == "™ {

t._Fatalf('notifyUser not called™)

}
if notifiedllser != user {
t.Errorf("'YeegomneH (%s) Bmecto %s',
notifiedllser, user)

const wantSubstring = "98% of your quota"
if Istrings.Contains(notifiedMsg, wantSubstring) {
t.Errorf("'HeoxungaHHoe yBegomneHne <<%s>>, '+
"want substring %g", notifiedMsg, wantSubstring)

VimeeTcs ogHa npobnema: mocne Bo3BpaTa M3 TecToBoi (hyHKumm CheckQuota 60nb-

e He paboTaeT Tak, Kak Haflo, NOTOMY YTO BCe eLle MCMNONb3yeT NOAAENbHYIO TECTOBYIO
peanusayuto notifyUsers. (Mpn 06HOBNEHMM TN0BaNIbHLIX NEPEMEHHbIX BCErga nmeeTcs
pWCK Takoro poga.) Mbl LO/IKHbI M3MEHWTb TeCT, YTO6bl OH BOCCTaHaBMMBan npefbigyliee
3HayeHue TakK, YToObl Mocnefytowime TecTbl He HabAlOAaNM HUKAKOW 3aMeHbl, U LOMKHbI
CLenatb 370 Ha BCeX MyTAX BbIMOMAHEHNS, BKNOYas cbou 1 aBapuitHble cUTyauum B TecTax
3T0 ecTeCcTBEHHbIM 06pa3oM NpUBOAUT K NnpumeHeHuto defer.

func TestCheckQuotaNotifiesUser(t *testing.T) {

// CoxpaHeHue W BOCCTaHOB/IEHWE MCXOAHOro 3Hadvenuss notifyUser.
saved := notifyUser
defer func() { notifyUser = saved }(Q

// YcTaHoBKa noagenbHoi (yHkumm gna notifyUser.

var notifiedUser, notifiedMsg string

notifyUser = func(user, msg string) {
notifiedUser, notifiedMsg = user, msg

>

// ... ocTanbHas 4acTb TecTa

JTOT WabnoH MOXeT UCMONb30BaTbCS Ansa BPEMEHHOI0 COXpPaHeEHUA U BOCCTaHOB/IEHUA

rnobanbHbIX nepeMeHHbIX BCEX BWUAOB, BKNKO4ad qanarvl KOMaH,D,HOI‘/II CTPOKKU, napamMeTpbl
OTNnagkn 1 napameTpbl NPON3BOANTENBHOCTU; ANA YCTaHOBKW M yaaneHWA nepexsaT4yMKoB.
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KOTOpble 3aCTaBNAT pabounii Ko Bbi3biBaTb HEKOTOPLIM TECTOBLIA KOZ, KOrAa NpOUCXOAnNT
YTO-TO MHTEPECHOE; a TaKXe Mpu TakuX pPeaKuX, HO BaXHbIX CUTyauUMaX, Kak TaliM-ayThbl,
OWMNBKN U1 faxe KOHKPeTHbIE YepefoBaHuNa napaniefbHblX AeACTBUIA.

Mcnonb3oBaHne rnobanbHbIX MepemMeHHbIX TakMM o06pa3om sBfseTcs 6e30MacHbIM
TO/IbKO MOTOMY, YTO go te st 06bI4YHO He 3anyCKaeT HEeCKO/IbKO TeCTOB OHOBPEMEHHO.

11.2.4. BHewHNe TecToBble nakeTbl

PaccmoTpum naketbl net/url, koTopble npegocTaBnser aHanusatop URL, u net/
http, koTopblii obecneumBaeT Be6G-cepBep W KANEHTCKYK 6u6nmoTeky HTTP. Kak Mbl
MOrIM Gbl 0XKAaTb, 60/ee BbICOKOYPOBHEBLIN MakeT net/http 3aBuMcUT OT maketa 60-
nee HWU3KOTO ypoBHA net/url. OgHako oaMH 13 TecToB B net/u rl npeactaBnseT coboi
npumep, LEMOHCTPUPYHOLWNIA B3aumogeiicTBre Mexay URL v KAMeHTCKoN 6MBAnoTeKoit
HTTP. [pyrumMu cnoBamu, TECT MakeTa HUXHErO YPOBHSA UMMNOPTUPYET nakeT 60nee BbICO-
KOro YpOBHS.

time - The Go Programmi: X

O ti golang.org/pkg/time/

The Go Programming Language

Package time
import "time”
Overview

Index
Examples

Overview *

Package time provides functionality for measuring and displaying time.

The calendrical calculations always assume a Gregorian calendar.
index v

Constants
func After(d Duration) <-chan Time
func Steep(d Duration)
func Tick(d Duration) <-chan Time
type Duration
func ParseDuration{s stnng) (Duration, error)
func Since(t Time) Duration
func (d Duration) Hours() ffoat84
func (d Duration) Minutes() float64
func (d Duration) Nanoseconds() int64

Puc. 11.1. Tect net/url 3aBucuT OT Tecta net/http

O6bsABNEHME 3TOW TECTOBON (hyHKUMM B nNakeTe net/url 6yaeT co3gaBaTb UMKA B rpa-
(e MMMNoOpTa MakeToB, KaK MOKa3aHO CTPENKON, Bedylueli BBepx Ha puc. 11.1, HO, KakK Mbl
rosopunu B pasgene 10.1, cneymndukayma Go 3anpeliaet LMKANYECKUA UMMNOPT.

Mbl pelsaem 3Ty npobnemy, 06bSBAAA TECTUPYIOLLYIO (YHKLUUIO BO BHELUHEM TecTo-
BOM MaKeTe, T.e. B (haiine B KaTanore net/url, o6bsSBNEHME MakeTa KOTOPOro BbIrNAANT
kak package url_test. [ononHMTeNbHbIA cypduke _test ABAseTCA cCUrHanoMm Ans
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gotest 0TOM, YTO OH AO/DKEH CO3f4aTb AONOAHUTENbHbINA NakeT, COAePXaLLNii TONbKO 3TK
thaiinbl, N BbIMNOMHATL €ro TeCTbl. MOXHO paccMaTpuBaTb 3TOT BHELUHWUIA TeCTOBbIA NakeT
KaK MakeT, KOTOpPbIiA MMeEeT NyTb MMnopTanet/url_test, HO He MOXET 6bITb MMMOPTUPO-
BaH C 3TUM WU NO6BLIM NHBIM VMEHEM.

IMOCKOMbKY BHELUHWE TeCTbl HaXOAATCA B OTAENbHOM MakeTe, OHW MOryT UMMOPTUPO-
BaTb BCMOMOraTe/ibHble MakeTbl, KOTOPble TakKXe 3aBUCAT OT MakeTa, KOTOPbI/i OHWU TecTu-
PYIOT; 06bIYHbI/i TECTOBbIA MakKeT Ha Takoe He cnocobeH. C TOYKM 3peHUst NPOeKTUpPOBaHuA
BHELLHWI TeCTOBbI/ MakeT IOrMYecKM HaxoAuTCH Bbilwe, Yem 06a nakeTa, OT KOTOPbIX OH
3aBMCUT, Kak MokKasaHo Ha puc. 11.2.

net/url_test

net/http

y

net/ur|

Puc. 11.2. BHeLUHWIA TECTOBbI NaKeT paspy-
LUaeT LKA 3aBUCUMOCTEN

M36eras LMKNOB MMMOPTA, BHELIHWE TECTOBbIE MaKeTbl MO3BOMIAOT TecTaM, B 0CO6EH-
HOCTM TecTam uHTerpauun (KoTopblie TECTUPYHOT B3aMMOAECTBME HECKOMbKMX KOMMNO-
HEHTOB), CBOGOAHO MMMOPTUPOBATL APYrMe NakeTbl Tak, KakK 3T0 AenaeT MPUNoXeHue.

Mbl MOXeM WCNONb30BaTb WHCTPYMEHT go list, uTo6bl BbIACHWUTbL, Kakue UCXOAHble
thaiinel Go B KaTanore naketa sIBASOTCA paboyMM KOAOM, Kakme — TeCcTaMu B TeKYLLEM
nakeTe, a Kakme — BHELIHWMMW TecTamu. B kayecTBe mpumepa BOCMOAb3yeMCH NakeToOM
fmt. GoFiles npeacTtaBnseT coboil CNNCOK (halinoB, KOTOPble cogepXKat paboumnin Kog; aTo
(hainnbl, KoTopble go build 6yaeT BkAtoYaTb B MPUIOXKEHME!

$ go list -f={{.GoFiles}} fmt
[doc.go format.go print.go scan.go]

TestGoFiles npeactaBnseT coboii cnUcokK (aitioB, KOTOPbIE TaKXKe NpuHagnexart na-
KeTy fmt, HO 3TW (palinbl, MMeHa KOTOPbIX OKAHYMBAKOTCS Kak _test.go, BK/IOYAOTCS
TONMbKO NpY NOCTPOEHUN TECTOB:

$ go list -f={{.TestGoFiles}} fmt
[export_test.go]

B Takux halinax 06bI4YHO pacnonaraldTcs TeCThbl NakeTa, Tak YTO UX OTCYTCTBME B Make-
Te fmt HeoObIUHO; Ha3HaveHue (halinaexport_test.go Mbl BCKOpe MOSCHUM.

XTestGoFiles npeactaBnsieT coboil cnucok (aitnoB, KOTOpPble COCTABASAKT MakeT
BHELLUHEro TectupoBaHus, f mt_test, Tak uTo 37K halinbl JOMKHbI UMIOPTMPOBATL MaKeT
fmt gna Toro, 4To6bl ero ncnonb3oBatb. OHM TaKXe BK/HOYAKTCS B MOCTPOEHME TOMbKO B
npouecce TeECTUPOBAHNA:



11.2. TECTOBbIE ®dYHKUMM 369

$ go list -f={{.XTestGoFiles}} fmt
[fmtjtest.go scan_test.go stringer_test.go]

ViHorga nakeTy BHELUHEro TeCTMpPOBaHWA MOXeT MoTpeboBaTbCs MPUBMAErMPOBaHHbIN
JOCTYN K BHYTPEHHEMY MpeAcTaBAeHWIO0 TeCTUPYeMOro naketa, eciu, Hanpumep, TecT He-
NOro AWMKa AO/MKEH HAXOAUTLCA B OTAENBHOM MakeTe BO M36eXaHue uukna umnopra. B Ta-
KX cay4vasax Mbl MCNOMb3YeM CReayowWwmnii TpoK: gobaBnsem o06bABAeHMs B (haiin _ te st.
go B TECTMPYEMOM MakeTe ANs NpejocTaB/leHUs HEO6XOAMMOro BHYTPEHHErO NpefAcTaB/ie-
HWA BHELWHeMY TecTy. Takum o6pa3om, 3TOT (paiin, no cyTu, NpeacTaBsieT coboi “yYepHblin
X0A” B nakeT. Ecnn MCXofHbIli (haiin cyLiecTBYeT TOMbKO AN 3TOW LeNN U He COAEPXUT
TECTOB, ero 4acTo HasblBalOT export_test .go.

Hanpumep, peanusauum naketa Fmt Tpebyetcs ¢yHKUMoOHanbHOCTL Unicode.
IsSpace — kak yacTb fmt .Scanf. UTo6bl 13bexaTb CO34aHUS HeXenaTelbHbIX 3aBUCU-
mocTeid, fmt He umnopTupyeT nakeT Unicode 1 ero 6onbline Tabnuubl AaHHbIX; BMECTO
3TOr0 OH COAepXUT 60ee NPOCTYHO peanu3aunio, KoTopas HasbiBaeTca isSpace.

UTtobbl 0b6ecneunTb cornacoBaHHocTb nosegeHus fmt.isSpace wn Unicode.
IsSpace, fmt npeaycMoTpuUTENbHO COAEPXUT TecT. DTO BHELUHee TeCTUPOBaHWE, U, Ta-
KUM 06pa3oM, OHO He MOXeT Moay4uTb AOCTYN K isSpace HenocpeAcTBeHHO. MMoaTomy
fmt oTKpbIBaeT YepHbll XOA4 K 3TOW (PYHKLMM NyTeM 06BABNEHMS IKCMOPTMPYEMON nepe-
MEHHOM, KOTOpas COAEPXWUT BHYTPEHHIOW (YHKLMIO isSpace. B 3Tom u COCTOWT Becb
(alin export_test.go maketa fmt.

package fmt
var IsSpace = isSpace

JTOT TecTOBbIi (haiin He onpefenseT HUKAKMX TeCTOB; OH NPOCTO OGBLABMSET IKCMOP-
TUpyemblii cumBon fmt.IsSpace Ans WCNONb30BaHWS BHEWHWM TeCTUPOBaHUEM. ITOT
TPIOK MOXET TakXKe MCMO0b30BaThCs BCAKMIA pas, KOrfa BHELWHEMY TeCTUPOBAHWUIO HeO06X0-
AMMO UCMONb30BaTh HEKOTOPbIE U3 METO/0B TECTUPOBAHUSA Genoro AlKKa.

11.2.5. HanncaHve sppeKTUBHbLIX TECTOB

MHOrMe HOBUYKW YOUBAAKOTCA MWHMMANU3MYy Kapkaca TecTMpoBaHus Go. Kapkachl
LpYruX f3bIKOB 06ecneynBaldT MexaHU3Mbl 418 UAEHTUPUKALMM TECTOBLIX PYHKLMA (Ya-
CTO C NMOMOLLbLIO pedieKCUn UM MeTafaHHbIX), nepexsatbl AN BbIMOMHEHUA Pas/INYHbIX
onepayuii 4o v nocne 3anycka TecToB, 6UOGNNOTEKM BCNOMOraTeNbHbIX DYHKLMWIA Ana npo-
BEPKWU pacnpoCTpaHEeHHbIX NpeinKaToB, CPaBHEHWA 3HAYeHWiA, hopMaTmMpoBaHue coobLe-
HWi1 06 oWM6KaxX M NpepbiBaHNA HEMPONAEHHbIX TECTOB (3a4acTy C MOMOLLbIO UCK/OYe-
HUA). XOTA 3TU MexaHW3Mbl MOTYT cfeflaTb TeCTbl OYeHb KpPaTKUMW, B pe3y/nbTare cO3f4a-
eTCA BMevyaT/eHne, YTO 3TU TeCTbl HamMcaHbl Ha COBEPLUEHHO WMHOM fA3bike. Kpome Toro,
XOTSl OHW MOTYT KOPPEKTHO Co06LWaTb 0 TOM, MPOWAEH NN TECT, NX COOBLEHMS MOTYT bbITb
BeCbMa 3araflo4HbIMK, C cO0OLWEeHNAMM Buaa "assert: 0 == 1" MM MHOrOCTPaHUYHbLIMU
TpaccupoBKamu CTeka.

OTHOWeHNe GO K TeCTUPOBaAHUIO NpeAcTaBnseT pasuTeNbHblA KOHTpacT. OH oXuaaet
OT aBTOPOB TECTOB, YTO OHM CaMu CAenatT 60/bLIYH0 YacTb paboTbl, TaK Xe, Kak U npu
pa3paboTke 06bIYHbIX Mporpamm. Mpouecc TeCTMPOBaHUS He SBAseTCA Cyrybo mexaHuue-
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CKUM fA€eliCTBOM; TecT TaKXe MMEeT MoMb30BaTeNbCKNA UHTEP(EAC, XOTS 1 NpegHa3Ha4eH-
HbI/i TONIbKO ANS TeX, KTO 3aHMMAETCs COMPOBOXAEHMEM MporpaMmbl. XOPOLWMWA TeCT Bbl-
BOAMT YETKOE M CXKaToe onmcaHme CMMNTOMOB NPo6aeMbl U, BOSMOXXHO HEKOTOPYHO APYrYyIo
MH(OPMAaLMI0 0 KOHTEKCTe, B KOTOPOM npousowen c6oil. B ngeane nporpaMMucTy He Tpe-
OyeTcs YUMTaTb UCXOAHBIA TEKCT, 4TOObI paclndpoBaTb CO06LLEHNA TecTa. XOpOLW Wi TecT
He JO/MKHbI 3aBepliaTbCA NOCAe MepBOro e c60s; OH LO/MKEH MONbiTaTbCs NpPeAcTaBUTbL
3a 0JMH MPOX0[, HECKO/bKO OLLIMGOK, NOCKOMbKY 06L1as KapThHa C60eB MOXET MOMOYb Bbl-
SBNEHNI0 NPOBIeMbI.

MpuBefeHHas HWxKe (YHKUWA CpaBHUBAET [Ba 3HauyeHus, co3gaeT 0606LieHHOe C006-
LeHne 06 ownbKe U OCTaHaBNMBaeT MporpaMmMmy. 3TO NPOCTO B MCMO/b30BAHUN U KOPPEK-
THO, HO coobuieHne 06 ownbKe Npu cb6oe NpakTUYeCcKN 6ecnonesHo. JaHHas PYHKLUS He
peluaeT CNoXHYK npobnemy npefocTaB/ieHUs XOPOLUEro Mob30BaTeIbCKOro UHTepdenica:

import (
e
"strings"
"testing"
)

// Tnoxas (yHKuus,
func assertEqual(x, y int) {
ifx =y {
panic(fmt.Sprintf("'%d 1= %d", X, y))
}
}

func TestSplit(t *testing.T) {
words := strings.Split(’a:b:c", ":")
assertequal (Ien(words), 3)
/1

B onpegeneHHOM cMbic/ie NpuBeAeHHaa PYHKLWA cTpadaeT OT Npe>KAeBpeMeHHON ab-
CTpakyMn: paccmaTpuBas 0TKa3 3TOr0 KOHKPETHOro TecTa Kak NpocToe pasnunume [fByX
LeNbIX Yncen, Mbl TEPSEM BO3MOXHOCTb MOMYYEHUA 3Ha4allero KoHTekcTa. MOXHO npejo-
CTaBUTb COO6LLEHME W MONYYLLE, C KOHKPETHO MHGOpMaLmneil, Kak nokasaHo B npumepe
HXe. Bpemsi ana BBoAa abCcTpakumMii HacTynaeT TONbKO MOC/e TOro, Kak B JaHHOM TecTe
HabngaeTca OAUH U TOT XKe MOBTOPAILWMIACA WaboH OWN6KK:

func TestSplit(t *testing.T) {
s, sep := "a:b:c", "V
words := strings.Split(s, sep)
if got, want := len(words), 3; got != want {
t.Errorf("Split(%q, %q) Bo3BpawaeT %d cnoB, a Tpebyetca %d",
S, sep, got, want)
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Tenepb TecT co06LaeT 0 TOM, Kakasi (pyHKLUS Bbi3blBanacb, ee BXOAHbIE JaHHbIE U pe-
3ynbTaTbl — TECT SBHO yKa3blBaeT PAKTMUYECKOE M 0XKUAaeMoe 3Ha4YeHUs pesynbTata. TecT
NpoLo/MKaeT BbINOMHATLCA, faXe ec/in NpoBepKa yKasblBaeT Ha Hanuuue c6os. Mocne Toro
KaK Mbl Hamucanu TecT Hamnojobue paccMaTpuBaemMoro, eCTeCTBEHHbIA CregyroLlWwmin war
3a4acTyl COCTOWUT He B TOM, YTOObl onpeaennTb PYHKLUI, 3aMEHAIOLLYIO BCH KOHCTPYK-
umto if, a B TOM, 4TOObI BLIMOMHWUTbL TECT B LMK/E, B KOTOPOM BapbMpyOTCA 3HaYeHus s,
sep nwant, Kak B TabsimyHoM TecTe pyHKumm IsPalindrome.

MpeablAyWniA NpUMep He HYXAAeTCA B KaKUX-NM60 CnyXebHbIX PYHKLMAX, HO, KO-
HEYHO, 3TO He [JO/KHO YAEpXWBaTb Hac OT AoGaBNeHMs (PYHKLMIA, ecnn OHW MOMOrawT
ynpocTnTb Kog. (Mbl paccCMOTpUM OfHY TaKyt BCrnomorartenbHyt yHkuuto, reflect.
DeepEqual, B pasgene 13.3.) Kntou K XopolueMy TecTy — HauaTb C peanusaumnm KOHKpeT-
HOro Heo6XOAMMOro BaM MOBEAEHUS W NULWb 3aTeM WMCMO0Mb30BaTh YHKLUUKM ANS yhpolle-
HMSA KOfa M YCTPaHeHUs NOBTOpPeHWil. Ecan HaumHaTb ¢ 6GMBAMOTEKM abCTPaKTHbIX, 0606-
LW EeHHbIX TECTOBbIX (VYHKLUWIA, Hanny4Lllme pesynbTaTbl MNONyvaloTCs PeaKo.

YnpaxHeHue 11.5. Pacwupbte TestSplit Tak, 4Tobbl OHa Mcnosb3oBana Tabauuy
BXOAHbIX U 0XXMNAAEMbIX BbIXOAHbIX AaHHbIX.

11.2.6. N36erante Xpyrnkux TectoB

MpunoxeHne, KOTOPOe 4YacTo CHOUT, BCTpeYyasCb C HOBbIMM, XOTSA M LONYCTUMbIMU
BXOAHbIMW AaHHbIMMW, Ha3biBaeTca MOYHbIM (buggy); TecT, KOTOpPbIA AaeT NoXHble cbou
Npu BHECEHWWN KOPPEKTHbIX U3MEHEHWI B MporpaMMy, HasbiBaeTca xpynkum (brittle). Tak
e, Kak rni4YHas nporpamma paccTpavBaeT CBOMX MOMb30BaTeneil, Xpynkuin TecT pasgpa-
)KaeT mporpaMMucTa, CoOnpoBoxgarowero kog. Hanbonee xpynkue TecTbl, KOTOpble CO0OAT
npu NoYTn NO60OM M3MEHEHUU (BEPHOM WM HEBEPHOM) paboyero Koga, MHOTAa HasbiBalOT
JeTeKTopaMy M3MEHEHUI nan TecTamMu cTaTyCc-KBO, N Bpems, KOTOpPOoe NPUXOAUTCS 3a-
TpaumsaTb Ha paboTy C HUMW, OYEHb ObICTPO CBOAWMT HA HET BCH BbIFOAY, KOTOPYH OHW,
Ka3anocb 6bl, A0/IXKHbI NMPEfOCTaBNATD.

Korpa TecTupyemas yHKLMS faeT CMOXHbI/ BbIBOA, TaKOW Kak ANMHHAA CTPOKA, CHOX-
Has CTPYKTYypa fAaHHbIX WUan (ain, Tak n xoyeTca ybeauTbCsa, UTO pesynbTaT B TOUHOCTU
paBeH HeKOTOpOMY “30/10TOMY” 3Ha4yeHUI0, KOTOpPOEe 0XKMAanocb BO BpPeMsa HanucaHus Te-
cTa. Ho no mepe pas3BuTUS NporpaMMbl 4acTU BbIXOAHbIX 4aHHbIX, CKOpee Bcero, 6yayT
N3MeHATbCA. W 3TO KacaeTcs He TO/IbKO BbIXOAHbIX AaHHbIX; DYHKLWW CO CNOXHbIMU BXOA-
HbIMU AaHHbLIMW 4acTo faloT c60M U3-3a TOro, YTO NCMOMb3YeMble B TECTE BXOAHbIE AaHHbIE
60/bLUe He ABNAIOTCA KOPPEKTHbIMU.

Camblil npocToil cnocob M3bexaTb XPYMNKUX TeCTOB — MNPOBepPATb TOMLKO Te CBOMCTBA,
KOTOpble Bac MHTepecytoT. TecTupyiiTe 60nee NpocTbie U CTabUNbHble MHTepdeicbl npo-
rpaMMbl BMECTO BHYTPEHHUX (DYHKUMIA. ByabTe n3bmpaTenbHbl B BallMx MpoBepkax. Ha-
npuMep, He CTOUT NPOBEPATL TOYHOE COBNajeHMe CTPOK, HO CnefyeT CNefUTb 3a BAXXHbIMU
NOACTPOKaMM, KOTOpble OCTAOTCA HEU3IMEHHLIMW MO Mepe pasBUTUS MporpaMmbl. Yacto
MMeeT CMbICN HanucaTb 60MbLWY QYHKUWIO 418 TOro, YTO6bI 13B/EYL U3 CNOXKHOMO BbIBO-
Ja camy ero CcyTb, YTOObl MOMYYNTb BO3MOXHOCTb HafleXXHOM MpoBepku. XoTa 3Ta paboTa
MOXXET NoKasaTbCs Tpedytolen 60/1bWNX YCUANI, OHA MOXET ObICTPO OKYNUTLCA 3a CUET
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3KOHOMUW BPEMEHU, KOTOPOE B MPOTUBHOM C/ly4yae Gblf0 6bl 3aTpayeHo Ha paboTy C NI0XKHO
cpabaTbiBalOLW UMK TecTamu.

11.3. OxBar

Mo cBOen mpupode TeCTUPOBaHWE HWKOTAA He fBAAETCA MOMHbIM. Kak Bblpaswicsa us-
BECTHbIN y4yeHblii-knbepHeTuk dacrep Lelikctpa (Edsger Dijkstra), “TecTupoBaHme noka-
3bIBaET MPUCYTCTBME, He OTCYTCTBME OWNBOK”. HNKaKkoe KONMYECTBO TECTOB He MOXET A0-
KaszaTb OTCYTCTBME OLIMGOK B NakeTe. B nyyllem cnyyae OHM YBeNMYMBAKOT Hally YBEpPEeH-
HOCTb, YTO 3TOT NakeT XOPOLIO paboTaeT B LUMPOKOM CMEKTPe BaXHbIX CLieHapueB.

CTeneHb, 40 KOTOPO Habop TecTOB McChefyeT TecTMpyemblil MakeT, Ha3biBaeTcA OX-
BaTOM Tecta. OXBaT He/nb3s HEeMOCPEACTBEHHO BbIPa3nTb KOAMYECTBEHHO (AMHAMMUKA Nt0-
ObIX CKOMb-HNMOYAb HETPUBMANBHbLIX NPOrPaMM BbIXOAUT 3a PaMKU TOYHOFO M3MEPEHUS), HO
MMeTCA 3BPUCTUKM, KOTOPbIE MOFYT NMOMOYb HaM HanpaBWTb HalK YCUAUA MO TeCTUPOBa-
HWIO B TOM HarpaBineHUN, B KOTOPOM OHU OKaXyTCH Hanbonee nonesHbIMu.

Camoil npocToil n Hanbonee LWIMPOKO WUCNOMb3YyeMOl Cpeam 3TUX 3BPUCTUK ABNSETCA
3BPUCTUKA OXBaTa MHCTPYKUMiA. OXBaT MHCTPYKLMIA TeCTOM NpeAcTaBAsieT coboi fonto
WHCTPYKLUUIA B NCXOAHOM TEKCTE, KOTOPble BO BPEMSA TeCcTa BbIMOMHATCA MO KpaiHen mepe
OfVH pa3. B aTom pasgene mbl 6ygem Mcnosib3oBaTb MHCTPYMeHT GO cover (KOTOpbIA MH-
TerpmposaH B go test), 4To6bl U3MePUTb 0XBAT UHCTPYKLMIA U BbISBUTL OYEBUAHbIE NPO-
6enbl B TecTax.[TpuBeEHHbIN HVXE KOf ABNAETCA TabAWYHbIM TECTOM [ BblUMCAUTENS
BbIP@XXEHW, KOTOPbIA Mbl CTPOWAW B rnase 7, “UHTepteiicol™”:

aoDL.io/ch7/evalL

func TestCoverage(t *testing.T) {
var tests = []Jstruct {
input string
env Env
want string // Oxupgaemas owmbka oT Parse/Check
// wwm pesynbTat Eval

H {"'x % 2", nil, "HeoxuaaHHbIi CUMBON
{"1true”, nil, '"HeOXMAaHHLIA CUMBON
{"log(10)", nil, "HemsBecTHas ¢yHkuma "log""},
{'sqrt(l, 2)", nil, "Bbi3oB sqrt c 2 aprymeHTtamu, HyxeH 1"},
{"sqrt(A 7/ pi)", Env{"A": 87616, "pi': math.Pi}, "167"},
{"pow(x, 3) + pow(y, 3)", Env{"x": 9, "y": 10}, "1729"%},
{579 * F - 32", Env{"F": -40}, "-40"},

1}=or _, test = range tests {

expr, err = Parse(test.input)
if err == nil {
err = expr.Check(map[Var]bool{})
>
if err 1= nil {
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if err.ErrorQ !I= test.want {
t.Errorf(""%s: nonydeHo %q, Tpebyetcsa %q",
test.input, err, test.want)

}

continue

got == fmt.Sprintf("%.6g", expr.Eval(test.env))
if got != test.want {
t.Errorf("%s: %v => *s, want %s",
test.input, test.env, got, test.want)

CHayvana npoBepuM, 4TO TeCT NPoiiaeH:

$ go test -v -run=Coverage gopl.io/ch7/eval
=== run TestCoverage

— PASS: TestCoverage (0.00s)

PASS

ok gopl.io/ch7/eval 0.011s

Cnepytowas KomaHaa BbIBOAMT coobueHne 06 MCNONb30BaHUN UHCTPYMeEHTa OxBaTa
(B nepeBoge):
$ go tool cover
Ncnonb3oBaHne "go tool cover®:

Mpogunb oxBaTa, reHepupyembii ’go test”:
go test -coverprofile=c.out

OTKpbITb Gpay3ep, BbIBOAAWMA aHHOTUPOBAHHbLIA WCXOAHbIA TEKCT:
go tool cover -html=c.out

KomaHga go tool 3anyckaeT OAvH U3 BbINOJHUMBIX (PaiioB MHCTpYMeHTapus Go. 3Tu
nporpamMmbl HaxogsTca B katanore $GOR0O0T/pkg/tool/${G00S}_ ${GOARCH}. bnaro-
paps go build Ham pefko npuxogutca obpalaTbCa K HUM HenocpenCcTBEHHO.

Tenepb 3anyctum TecT ¢ pnarom -coverprofile:

$ go test -run=Coverage -coverprofile=c.out gopl.io/ch7/eval
ok gopl.io/ch7/eval 0.032s oxBaT: 68.5% WHCTPyKUWii

JTOT hnar BKAOYAET CO0p AaHHbLIX 06 0XBaTe NOCPEACTBOM U3MepeHuii (instrumenting)
NPOU3BOACTBEHHOIO KOAa, T.e. OH M3MEHAeT KOMWK0 MCXOAHOro Kofa Tak, YTobbl nepep Bbl-
NOMHEHMEM KaXJoro 6510Kka MHCTPYKLMA ycTaHaBnMBanach Hekotopas 6ynesa nepemeHHas,
no OfjHOI MepeMeHHOWN Ha KaxAblii 610K. HemocpeacTBeHHO nepef BbIXOAOM W3 U3MEHEH-
HOV Takum 06pa3omM NporpamMmmbl 3Ha4EHWUA BCEX MEePEMEHHbIX 3aNUChIBAKOTCA B YKa3aHHbIN
XYPHanbHbIA aitn c.out v BbIBOAUTCA UTOrOBOE 3HAYEHWE JONWN UHCTPYKLMIA, KOTOpble
66111 BbIMONHeHbl. (ECAn Bce, YTO BaM HYXHO, — 3TO WUTOrOBble 3HAYEHMUS, BOCMOMbL3YiA-
Tecb komMaHAoi go test cover.)
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Ecnn 3anyctuts go te st ¢ hnarom -covermode=count, Npy BbINOJIHEHUN KaXKA0ro
610Ka BMECTO YyCTaHOBKM OyfneBa 3Ha4YeHUs byaeT yBeNM4MBaTbCA COOTBETCTBYOLW WA CUET-
unK. B KypHane 6yayT yKasaHbl KO/IMYECTBEHHbIE BENNUYNHBI 415 KaXAOro 6/710Ka, KOTopble
Nno3BO/AT ONpefenuTb, Kakue 6/10KM BbINOMHATCA 60Mee YacTo, a Kakme — pexe.

CobpaB AaHHble, Mbl MOXEM 3anyCTUTb WHCTPYMEHT cOVer, KOTopblii o6pabaTbiBaeT
XypHan, co3gaeT HTML-0T4yeT 1 OTKpbIBaeT ero B HOBOM OKHe 6pay3sepa (puc. 11.3):

$ go tool cover -html=c.out

LI TRV >
file'J/fhome/gcpher/gobook/coverage.htrnl
Byd.jolCTMi\2i, *evaj.qD*i j not tracked NOt covered covered
func (u unary) Eval(env Env) float54 {
switch u>op {
ease Y*r
retum +u.x.eval(en)
ease
return -«.K.. Eval (env)

panic (fwtfprintf(“unsupported unary operator; I u,op))

func (b binary) Eval(env Eiw) float64 {

switch b*wy |
t&m :
return b*K/NTI{&RY) 4 (env)
esse 1
return b.x.£val(env) - by,Eval(env)
AL *0* i
return b.x.£val<env) * b.y.£val(env)
case */*? i
return b«x«ivaKenv) / b<y*£«9t(env)
panic(fmt.Sprintf(“unsupported binary operator; b.op))

func (c call) Eval(anv Env) float64 {
switch c.fn {
case
.return fith-Pw Cc*mys [#J.Eval £env), c .argsf1i]. Eval («nv))
case ''sift”:
return math*Sin{c.args[0].Eval(env)}
case
return m«tt».5qrt-(c»«rgsli]*£vailtenv))

panic{fmt.Sprintf("unsupported function call: %s*“, c.fn)>

Puc. 11.3. OtueT 06 oxsaTe

Kaxpas UHCTPYKLMSA OKpalleHa NMbo B 3eMeHbli LBET, eCM OHa 6blna 0XBayeHa, NM6o
B KPacHbIA, ecnu He 6bina (419 ACHOCTU Ha PUCYHKe KPAcCHbI TEKCT MPUBEAEH Ha 3aTeHEeH-
HOM (hoHe). Mbl cpa3y e BUAMM, YTO HW OAHW W3 HALIMX BXOAHbLIX faHHbIX He NpUBOAAT
K BbI30BY MeTofa Eval yHapHOro onepartopa. Ecav mbl go6aBum B Tabaunuy HOBbIA TecTo-
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BblIiA npuMep N BHOBb BbIMO/IHMM ABE Npeabiayuwine KoOMaHAbl, KOO YHAapHOro BblpaXXEHNA
CTaHeT 3eNeHbIM:

{"-x * -xH, eval .Env{"x": 2}, WMh}

OfHaKo ABe MHCTPYKLUMM panic OCTalTCA KpacHbIMU. DTO He JO/HKHO ObITb YAUBUTENb-
HbIM, MOTOMY YTO MpeAnofsaraeTca, YTo AaHHbIE UHCTPYKLUUN HEJOCTYMHbI.

HoctmxeHne 100% oxBaTa MHCTPYKLMIA 3BYUMT Kak GnaropogHas uUesb, HO 06bIYHO
OHa He OCYLeCTBMMA Ha MPaKTWKe W He NMpPeACTaBNseTCs pasyMHOW TpaToil cun. To, uTo
WHCTPYKL WS BbINOMHAETCA, HE 03Ha4YaeT, YTO B Heli HET OWMNOOK; YTOObl OXBaTUTb BCE WH-
TEPECHbIe C/lyyau, CNOXHbIE BbIPaXeHUs LO/DKHbI BbIMOMHATECA MHOMO pas C pas/imyHbl-
MW BXOAHbLIMW AaHHbIMU. OLHU WHCTPYKLUWKW, TakKue KaK MOoKa3aHHbIe Bbllle WHCTPYKLUK
panic, HMKoOrga He gocturatoTtca. [lpyrue, Takume Kak obpabaTbiBaroline pefkue owmno-
KW, TPYZLHO BbINONHWUTb, HO OHW PeAKOo AOCTUXXMMbI Ha NpakTuke. TecTMpoBaHWe ABNAeTCA
NPUHLMNNANBHO NparMaTUYHOW AeATeNbHOCTHHO, KOMMPOMMUCCOM MEXAY CTOMMOCTbIO Ha-
n1caHna TecTOB Y CTOMMOCTbIO C60€eB, KOTOPblE MOXHO NPefoTBpaTUTb NyTem TeCTMpPOBa-
HUA. IHCTPYMEHTbI, CBA3aHHble C 0XBATOM, MOTYT MOMOYb ONpefennTb cnabble mMecTa, HO
pa3paboTka XOpOoLMNX TeCTOBbIX NPUMePOB TPebyeT TaKUX Xe T aTeNbHbIX pa3MblLlLIeHN,
KaK 1 NporpaMmMupoBaHune B LIeJIOM.

11.4. dyHKLUNN NPOU3BOANTESNIBHOCTHA

3TaNoHHOEe TecTUpOBaHWs MNpeacTaBnseT cob6oii MPakTUKY M3MepeHWUs MPOU3BOAM-
TENbLHOCTW MpOrpaMMbl A1 (UKCUPOBAHHOW paGoueil Harpysku. B Go dyHKUUsS npous-
BOAMTENbHOCTU BLITNSAUT Kak TecToBas (YHKLWs, HO ¢ npedukcom Benchmark u napa-
MeTpoM *testing.B, KOTOpbI/i NpefoCcTaBNseT GOMbLUYI0 YacTb TEX XKE METOf0B, UTO W
*testing.T, NIOC HECKOMLKO JOMOMHUTENbHbLIX, CBA3AHHLIX C U3MEPEHNEM MPOU3BOAM-
TeNbHOCTW. OH TakXe NpefoCcTaBNseT LenoUncreHHoe none N, KOTOPOe yKasblBaeT Koauye-
CTBO pa3 M3MepsieMoii onepauuu.

BoT KakK BbIrnaauT (yHKUWsS TecTupoBaHus Ans IsPalindrome, Bbi3biBatoullas 3Ty
(hyHKUMIO B UMKne N pas:

import "testing"
func BenchmarklsPalindrome(b *testing.B) {
for i =0; i < b.N; i++ {
IsPalindrome("A man, a plan, a canal: Panama')

Mbl 3anyckaem ee C MOMOLLbIO MPUBELEHHON HWXKe KOMaHAbl. B oTnnyune OT TecToB,
(hYHKLMM NPOM3BOAUTENBHOCTM MO YMOJIYAHMIO He 3anycKkalTca. AprymeHT gnara - bench
BblOMpaeT, Kakne MyHKLUN NPON3BOAUTENLHOCTU BYAYT 3anyLleHbl. 3TO perynspHoe Bbipa-
YKeHMe, COOTBETCTBYHOLLEE MMeHaM (YHKUUA Benchmark, co 3HaueHMemM no ymonyaHuto,
KOTOpPOe He COOTBETCTBYET HU OAHOI 13 HMX. LLla6noH NPMBOAUT K COOTBETCTBUIO BCEM
(MYHKUMAM B nakete word, HO TaK Kak ecTb TOJIbKO OAHa (DYHKLMS, 3KBMBaNEHTHaA 3anuncb
nmeet Bug -bench=IsPalindrome:
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$ cd $GOPATH/src/gopl .io/chll/word2
$ go test -bench=.

PASS
BenchmarklsPalindrome-8 1000000 1035 ns/op
ok gopl.io/chll/word2 2.179s

UuncnoBoi cy@puKe MMeHN PYHKUMU NPON3BOAMTENbHOCTU (34eCb — 8) yKasbiBaeT
3HayeHne GOMAXPROCS, KOTOpOe fBMISETCA BaXKHbIM AN MapannefibHbiX TeCTOB MPOU3BO-
OUTENbHOCTH.

OTueT roBOpUT, YTO KaxAblil BbI30B IsPalindrome 3aHumaeT okono 1.035 mukpoce-
KyHZAb! Npy ycpegHeHnn no 1 000 000 3anyckoB. MOCKONbKY M3HayanbHO (PYHKLMK MPOun3-
BOLMTENIbHOCTW He MpPefCTaBNAtOT, CKONbKO BPEMEHU BbINOJIHAETCA Onepauus, oHa fenaet
nepBOHaYasbHble M3MepeHWs A HebOoNbWOro 3HayeHMsa N, a 3aTeM 3KCTpanonunpyeT KX
AN NONYYeHNa 3HaYeHWs, LOCTATOUYHO BOMbLIONO ANA BbINOJHEHWNSA YCTONYMBOrO U3Mepe-
HWA BPEMEHMN.

MpuynHa, N0 KOTOPOW UMKN peanu3yeTcs (yHKUWeld MPOU3BOAUTENLHOCTU, a HE Bbl-
3blBAOLLMM KOLOM B ApaliBepe TecTa, 3aK/yaeTcs B TOM, YTO (DYHKLUA NPOU3BOAUTENb-
HOCTU VMMeeT BO3MOXXHOCTb BbIMOMIHEHUA N060ro He06XOAMMOro 04HOPa3oBOro Koja Ha-
CTPOIKM BHe UMKna, 6e3 06aBNeHUs ero K N3MepsieMOMY BPEMEHU Ha KaXAol mTepauuu.
Ecnn 3TOT KOA HACTPOKM HapyllaeT pe3ynbTaTbl TECTMPOBaHMA, napameTtp testing.B
npeaocTaBAsieT MeTOAbl AN OCTAHOBKMW, BO30OHOBNEHUS U cbpoca Taiimepa, HO OHM Tpeby-
H0TCH 0YeHb PeLKo.

Tenepb, Korgay Hac ecTb pe3yfibTaTbl 3Ta/IOHHbIX TECTOB U TECTOB, JIEFKO NONPo60oBaTh
naew ansa Toro, Ytobbl caenatb nporpaMmy 6bicTpee. BosmoxHo, Hanbonee oveBuHas on-
TUMMU3aLMs — OCTaHaBAMBaTb BTOPOi Uuukn IsPalindrome nocpefuHe, 4Tobbl M36eXaTb
MOBTOPHbIX CPaBHEHMWIA:

n := len(letters)/2

for i =0; 1 <n; i++ {
it letters[i] != letters[len(letters)-1-i]
{

return false

}
return true

Ho KaK 3T0 4acTo 6blBaeT, OUEBMAHASA ONTUMMU3ALUA HE BCEra AaeT 0XWAAeMble BbIro-
Abl. JaHHas onTuMuU3aLms gana nuilb 4% yny4ylleHns B 0HOM 3KCMEePUMEHTE:

$ go test -bench=.

PASS

BenchmarklsPalindrome-8 1000000 992 ns/op
ok gopl.io/chl1/word2 2.093s

Lpyras nfes 3akntoyaeTcs B TOM, YToGbl NPeABapUTENbHO BbIAENNTb 4OCTATOYHO 60/b-
woii maccus Ans letters, BMecTo TOro YTo6bl PaclUMpPSATL €ro NocnefoBaTeNbHbIMU Bbi-
3oBamu append. O6bsBReHWe lette rs Kak maccuMBa NOAXOASLLErO pasmMepa, Kak 3f€ecCb,
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letters := make([Jrune, 0, len(s))
for r := range s {
if Unicode.IsLetter(r) {
letters = append(letters, Unicode.ToLower(r))
}
}

[aeT ynydweHue noyuTty Ha 35%, v Tenepb NOKasaTenu Mpou3BOAUTENLHOCTU YCPEAHAOTCA
no 2 000 OO0 ntepayunii:

$ go test -bench=.

PASS

BenchmarklsPal indrome-8 2000000 697 ns/op
ok gopl.io/chl1/word2 1.468s

Kak nokasblBaeT faHHbIli npumep, Hanboee BbICTPOI NPOrpaMMoli YacTo OKa3blBaeTcA
Ta, KOTopasi fjlenaeT HaMMeHbLIee KONMYeCTBO BbIJeNEeHUA NaMATu. dnar KOMaHgHOW CTpo-
Kn -benchmem BktOUaeT B OTYET CTAaTUCTUKY pacnpedeneHunii namsatu. [asaiTe cpaBHUM
KO/INYeCTBO BblfeNeHUA A0 ONTUMU3ALUK:

$ go test -bench=. -benchmem

PASS

BenchmarklsPalindrome 1000000 1026 ns/op 304 B/op 4 allocs/op
M Nocne Hee:

$ go test -bench=. -benchmem

PASS

BenchmarklsPalindrome 2000000 807 ns/op 128 B/op 1 allocs/op

Cobopka Bcex pacnpefeneHuii namstTu B OAWH Bbl30B make nukBuauposana 75% pac-
npeseneHnin n BABOe YMeHbLUKNAA KONNYECTBO PacXoA4yeMoil namsTu.

®YHKLMN NPON3BOAUTENLHOCTU TOBOPAT Ham 06 abCONOTHOM BpPEMEHU, 3aTpaynBae-
MOM Ha HeKOTOpPYylo Ofepauuio, HO BO MHOTMX C/lyyasxX Hac MHTEpPecyeT OTHOCUTeNbHOe
BpPeMS BbIMOSIHEHNA ABYX pa3fiMYHbIX onepauunin. Hanpumep, ecnn QyHKUnMa Tpatut 1 mc
Ans 06paboTkm 1000 3neMeHTOB, TO CKO/IbKO BpeMeHM 3alimeT o6paboTka 10 OO0 mam mun-
nnoHa? Takue CpaBHEHUA MNOKa3blBAlOT aCUMNTOTUYECKUIA POCT BPeMeHM pPaboTbl (HYHK-
umn. [pyroi npumep: KakoB Haunydywuii pasmep 6ydepa BBOAa-BbiBOJa? V3mepeHue
NPON3BOANTENILHOCTM AN pasHbiX PasMepoB MOXET MOMOYb HaM Bbl6paTb HaUMeHbLUWIA
6ytep, KOTOpbIA 0becneynBaeT y40BNETBOPUTENbHbIE pe3ynbTaThl. TPeTUii NpruMep: Kakoi
anropuTM Hauaydwum o6pasoM MOAXOAWUT NS BbINOMHEHMS AaHHON paboTbl? M3yueHue
[BYX Pa3/iMyHbIX anropuTMoB A/ OAHUX U TeX XKe BXOAHbIX AaHHbIX 3a4acTyl0 MOXeT Mo-
KasaTb CMbHbIe K CNabble CTOPOHbLI KaXXAO0r0 M3 HUX MPU BaXHbIX WA NPeaCcTaBUTENbHbIX
BXOAHbIX faHHbIX.

CpaBHUTeNbHbIE MOKa3aTeNn AOCTUraloTCA C NOMOLLbI 06bIYHOrO0 Koga. OHM 06blu-
HO MPUHUMAKT BUJ OLHON NapameTpU30BaHHOW (PYHKLMWU, BbI3bIBAEMON M3 HECKOSIbKUX
thyHKLMin Benchmark ¢ pasnMyHbiMU 3Ha4YEHUAMU, Hanpumep:

func benchmark(b *testing.B, size int) { /* ... */ }
func BenchmarklO(b *testing.B) { benchmark(b, 10) }
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func Benchmarkl00(b *testing.B) { benchmark(b, 100) }
func Benchmarkl000(b *testing.B) { benchmark(b, 1000) }

MapameTp size, KOTOPbIA OnpefensieT pasMep BXOAHbIX AaHHbIX, BapbupyeTca Ans
pasHbIX YHKLWIA, HO ABNSETCS KOHCTAHTOM B Npejenax Kaxaoin yHKLMM NPOU3BOLUTENb-
HocTu. MocTapaiiTecb NPOTUBOCTOATb UCKYLIEHWIO MCMOMb30BaTh napameTp b.N kak pas-
Mep BXOAHbIX AaHHbIX. ECnn TONbKO Bbl HE MHTEPMpPeTMpPYeTe ero Kak KoiM4yecTBO mMtepa-
UmMii ons BXOAHbIX faHHbIX MKCMPOBAHHOTO pasMepa, Pe3ynbTaTbl BAaWEro MCCnefoBaHus
OKaXyTCst 6ECCMbICNIEHHBIMU.

LLIa6/10HbI, BbISBASIEMble NPY CPaBHEHWW Pe3yNbTaToB (YHKLMIA NPOU3BOAMTENBHOCTH,
0C06EHHO NOMe3Hbl BO BpeMsi pa3paboTKu NporpaMmmbl, HO UX He CleayeT UTHOPMPOBaTb M
npu pa6oueil nporpamme. Mo Mepe pasBUTWS MPOrpaMMbl MOFYT pacTu ee BXOfHble [aH-
Hble, OHa MOXET YCTaHaB/MBATLCA Ha HOBbIX OMEpPaLMOHHbLIX CUCTEMAaX MU MpoLieccopax
C Pa3NIMYHLIMI XapaKTePUCTUKAMM, N Mbl MOXEM MOBTOPHO MCMONb30BATh 3TU AaHHbIE A/
nepecMoTpa NPOEKTHbIX PELLIEHWI.

YnpaxHeHuve 11.6. Hanuwunte QyHKLUIO NPOM3BOLUTENLHOCTU ANS CPAaBHEHUS peanu-
3aymmn PopCount u3 pasgena 2.6.2 ¢ BallMMMK pelleHUAMN ynpaxHeHnin 2.4 n 2.5. B kakoii
MOMEHT He cpabaTbiBaeT gaxe TabnmyHoe TeCTUpoBaHme?

YnpaxHeHne 11.7. HanuwuTte ¢yHKUMU npoussoguTensHoctn ans Add, UnionWith
n ppyrux metofoB *IntSet (pasgen 6.5) ¢ uCnonb3oBaHMeM 60OMbLIMX MCEBAOCYYARHbBIX
BXOZHbIX JaHHbIX. HacKO/bKO BbICTPbIMU Bbl CMOXETe cAenatb aTu MeToAbl? Kak BauseT
Ha MPOU3BOANTENLHOCTb BbIGOP pasmepa cnoBa? Hackonbko 6bicTpo pa6oTaeT IntSet no
CPaBHEHMWIO C peanusaumeli MHOXeCTBA Ha OCHOBE OTOGPaXeHNs?

11.5. MNMpodgmnnnposaHmne

KOHTpO/IbHbIE NMOKa3aTenn nosie3Hbl 4158 U3MepeHns NPou3BOANTENbHOCTU KOHKPETHBIX
onepauuii, HO KOrfa Mbl NblTaemMcs cAenatb MeAfeHHY nporpammy 6onee 6bICTPONA, y Hac
3a4acTyl0 HeT HUKaKuX uien, ¢ yero HayaTb. Kaxpabli nporpaMMmucT 3HaeT agopusm [o-
Hanbaa KHyTa (Donald Knuth) o npexaeBpemMeHHON ONTMMM3aLMK, KOTOPbLIA MOSBUACS B
ero pabote “CTpyKTYypHOE NporpaMmMmMpoBaHMa C UHCTPyKLUMen goto” B 1974 rogy. XoTs
€ro 4acTO HEBEPHO BOCMPUHUMAIOT KaK yKa3aHue, 4TO NPOM3BOLUTEIbHOCTb HE UMEET 3Ha-
YeHWsl, B €ro UCXOAHOM KOHTEKCTe Mbl MOXEM pa3rnsifetb APYroi cMbich.

He cyulecTBYeT HUKAaKUX COMHEHWI B TOM, 4To [paanb 3((eKTUBHOCTW MPUBOAUT
K 3n10ynoTpe6sieHnsamM. MporpaMMmUCTbl TPaTAT OrPOMHOE KOJIMYECTBO BPEMEHU, pas-
MbILIAAS UM GECMIOKOSCh O CKOPOCTM HEKPUTUUECKMX YacTeil X NporpaMm, u aTu mo-
MbITKA AOCTUYbL 3((PEKTUBHOCTM Ha CaMOM [e/le 0Ka3blBalT CUIbHOE OTpuULLaTeNbHOE
BO3/leliCTBME Ha OTNAAKy U 06CNYXMBaHWE. Mbl 1O/MKHbI 3a6bITb 0 Manoin ahdekTnB-
HOCTU, CKaXeM, NMPUMepHO Ha 97% BpeMeHU: MpexAeBpeMeHHas onTUMu3aLus ABAs-
eTCs KOPHEM BCEX 3071

OfHaKo Mbl He AO/MKHbI NpeHebperaTtb HaWMMU BO3MOXHOCTAMW B pamKax Kputuue-
CKMX 3%. XOopownii NporpaMmmmncT He 6yAeT CamMOyCMOKOEH TaKMMMK pacCyXXAeHnamu.
OH 6yaeT AOCTATOYHO MYZAPbIM, YTO6bl BHUMATENIbHO PacCMOTPeTb KPUTUYECKMIA KOf,
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HO TO/LKO MOC/Ae TOr0, KaK 3TOT KOA 6yaeT o6HapyxeH. CepbesHas olin6Ka nporpam-
MUCTOB 3aK/H0UaeTCsl B anpuOPHbIX CYXAEHMAX O TOM, KaKue 4acTu nporpammbl aeii-
CTBUTENIbHO KPUTUUYECKME, MOCKO/bKY OMbIT MPUMEHEHMS MHCTPYMEHTOB M3MEpPEHNS
MPOU3BOAMTENLHOCTYU C/INLLKOM YacTO MPOTUBOPEYMT UHTYUTUBHBLIM [OrafKam.

Ecnn Mbl XOTMM BHMMAaTeNbHO PaccMOTpeTb CKOPOCTb CBOMX MPOrpamMm, Haunyuyllunii
MeTOo4 ANA onpejeneHns KPUTUYECKOro Koja — npodunmposaHue. MpodunmpoBaHue
npeAcTaBnset coboli aBTOMATU3MPOBAHHbLIV NOAXOA K WU3MEPEHMI0 MPOM3BOAUTENLHOCTU
Ha OCHOBe BbI6OPKM psAfa COObITMWIA BO BpeMs BbINOMHEHWUA C MOCNeAYIOLLed nxX sKcTpano-
nAauvei Bo Bpems nocnefywoleid ob6paboTku. Monyyaemas B pesynbTaTe CTaTUCTUYECKAS
CBOJIKa Ha3blBaeTcsa npodunem.

GO nogfepXxunBaeT MHOrMe BUAbl NPOPUANPOBAHMSA, Kacalolwmecs pasNnyHbIX acrnek-
TOB MPOW3BOAWTENHOCTU, HO BCE OHU BKIKHOYAKOT 3aNUCh NOCNEA0BATENIbHOCTU WHTEpecy-
IOWNX COBLITUIA, KaXA0e M3 KOTOPbIX COMPOBOXAAeTCA TPACCUPOBKOW CTeka — CMUCKOM
(YHKLWIA, BbI30Bbl KOTOPbIX aKTUBHbI B MOMEHT COObITUSA. VIHCTPYMeHT go te st umeer
BCTPOEHHYO NOAAEPXKKY HECKONbKWUX BUAOB NPOGUANPOBAHNS.

Mpodmnb npoueccopa WAeHTUOULMPYET (YHKLMW, BbINOJHEHME KOTOPbLIX TpebyeT
60/blUe BCEro MpPOLECCOPHOro BpeMeHW. TeKyLW M BbIMOMHAOWMIACA Ha KaXAOM Mpouec-
cope MOTOK MEpPUOAUYECKM MPEepbIBAETCA OMEpauMOHHONW CUCTEMON KaX[ble HEeCKONbKO
MUAANCEKYHA, U NPU KaXXAOM MpepbiBaHWM nepef BO30OHOBEHNEM HOPManbHOW paboTsl
BbIMOHAETCA 3anucb 0AHOI0 COOLITUA MPOPUANPOBaHNS.

Mpodhunb NamaTwn onpefenseT WUHCTPYKLMM, OTBETCTBEHHbIe 3a BblAefieHne Haubosb-
LWero Konu4yecTsa namaTu. Bbibopky 6M61MOTEKM NPOPUINPOBAHUA BbI3bIBAOT BHYTPEH-
HMe npoueaypbl BblLeNeHUs MaMsATh Tak, YTO B CPeLHEM OAHO COObITME MPOGUNN 3anuchl-
BaeTCA ANA Kaxabix 512 K6aiT BbiAeNEHHOW NamsaTu.

Mpochunb 6/10KMPOBOK BbISBNSET OMepaLmu, OTBETCTBEHHbIE 3a HauAMHHelwee 610-
KMpOBaHWe go-noamnporpamMmm, Takue Kak CUCTEMHble Bbl30Bbl, OMepauun OTMpaBAeHUs ©
MONy4YeHMs KaHana v 3axBaT 6/10KMPOBOK. bnbanoTeka NpounMpoBaHna 3anucbiBaeT CO-
6bITe KaXKAbIA pas, Korga go-nognporpamMmma 6/J10KMpyeTcs OAHOW M3 3TUX OMepauuii.

BbINoNHWTL c60p MHDOpMaL MK Npodunein aasa TeCTUPYEMOro Kog4a O4YeHb Nerko, BK/to-
YMB OAMH M3 NEePeYnCneHHbIX HKe naro. OgHaK0 GyAbTe OCTOPOXHbI MPU MCMOMb30Ba-
HWK 6onee Yem OAHOro (hnara O4HOBPEMEHHO: cOOp MHGopMaLUK ANS O4HON pasHOBUAHO-
CTV NPOgUNIA MOXET UCKA3UTb pe3ynbTaThl 415 APYTUX.

$ go test -cpuprofile=cpu.out
$ go test -blockprofile=block.out
$ go test -memprofile=mem.out

Nlerko fo6aBnTb NOALEPXKKY NPOPUANPOBAHUA U B He TECTUPYEMbIe NMPOrpamMmmbl, XOTA
fLeTanbHaa MHMopMauMn o TOM, KakK 3TO [enaeTtcs, BbIFNALMT NO-pasHOMY B 3aBUCUMOCTU
OT TOrO, YeM ABAAETCA MPUNOXKEHNE — KOPOTKMM WUHCTPYMEHTOM KOMAaHAHOW CTPOKU Wn
ANVNTENbHO paboTaloW MM CepBePHLIM MPUIoXeHMeM. MpogunmpoBaHne oco6eHHO Nones-
HO B 4/MTe/lbHO paboTatolmx NPUNOXKEHUAX, MO3TOMY BO3MOXHOCTU MPOGUAMPOBAHUA
BPEMEHW BbINOMHEHMA GO MOXHO BKIHOYaTb NOA KOHTPOAEM NPOrpaMmucra C NOMOLLbH
API runtime.
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CobpaB HYXHYI0O UH(OPMaL M0, He06X04MMO MPoaHann3MpoBaTb ee C NMOMOLLbI WH-
cTpymeHTa pprof. 310 cTaHfapTHas yacTb AucTpubyTtnuea Go, HO MOCKOMbKY 3TO UHCTPY-
MEHT He MOBCEeJHEBHOI0 MCMONb30BaHNA, JOCTYN K HEMY OCYLLeCTB/IAETCA KOCBEHHO C NO-
MOLLbO KOMaHAbl go tool pprof. OH MMeeT MHOXECTBO BO3MOXHOCTeW U KAKueld, Ho
B OCHOBHOM TpebyloTcA TOMbKO ABa aprymeHTa — BbIMOMHUMbIM (haiin, KOTOpbIA co3fan
npodunb, 1 XXKypHan npopuna

Y106kl CaenaTb NpoduampoBaHne aPPeKTUBHLIM U CIKOHOMUTb NamATb, B XYpPHan He
BK/IHOYAIOTCA UMeHa PYHKLUMA. BMeCTO 3TOro PyHKLUUU WAEHTUPULUPYIOTCS MO MX ajpe-
caMm. JTO 3HAYMT, 4TO ANA TOro, YTOObl 3aNUCU B XXYpHane CTaau OCMbICNEHHbIMU, WH-
CTpyMeHTY pprof Heob6xoauMM BbINOAHWUMBIA (aiin. XoTa go te st 06bIYHO YHUUTOXKAET
BbINOMHUMBINA (haiin nocne 3aBeplleHUs TecTa, B CAy4vae NpopuaNpoBaHUA BbINOMHUMBINA
thainn coxpaHsetcs Kak foo.test, rae foo — 3To MMS TeCTUPYEMOro MakeTa.

MpuBeLeHHble HUXE KOMaH[bl NOKa3blBalOT, KakK BbIMOMHWUTL COOP U 0TOBpaXeHue Ans
npocToro npoguna npoueccopa. Mbl Bbi6panyu OAHY M3 (YHKUW/A NPOM3BOAUTENLHOCTH
naketanet/http. O6bIYHO Nyywe NPOPMANPOBATbL KOHKPETHbIE (DYHKLUKN, KOTOPbIE Bbln
cneumnanbHO co3faHbl TakMM 06pa3oM, YTo6bl 6biTh PENPEe3eHTaTUBHLIMU A1 HArpysKu, C
KOTOpOI npupeTca UMeTb Aeno paboueil nporpamme. CpaBHUTENbHbI aHann3 TeCTOBbIX
C/ly4yaeB MOYTM HUKOrAa He ABMIAETCA Penpe3eHTaTUBHbLIM, U UMEHHO MO3TOMY Mbl OTK/IIO-
Yyaem ux ¢ nomoLybio hunbtpa - run=NONE

$ go test -run=NONE -bench=ClientServerParallelTLS64 \
-cpuprofile=cpu.log net/http

PASS

BenchmarkClientServerParallel TLS64-8 1000
3141325 ns/op 143010 B/op 1747 allocs/op

ok net/http 3.395s

$ go tool pprof -text -nodecount=10 ./http.test cpu.log
2570ms of 3590ms total (71.59%)
Dropped 129 nodes (cum <= 17.95ms)
Showing top 10 nodes out of 166 (cum >= 60ms)
flat flath  sum% cum  cum’

1730ms 48.19% 48.19% 1750ms 48.75% crypto/elliptic.p256ReduceDegree
230ms 6.41% 54.60% 250ms 6.96% crypto/elliptic.p256Diff
120ms 3.34% 57.94% 120ms 3.34% math/big.addMulWw
110ms 3.06% 61.00% 110ms 3.06% syscall.Syscall
90ms 2.51% 63.51% 1130ms 31.48% crypto/elliptic.p256Square
70ms 1.95% 65.46% 120ms 3.34% runtime.scanobject
60ms 1.67% 67.13% 830ms 23.12% crypto/elliptic.p256Mul
60ms 1.67% 68.80% 190ms 5.29% math/big.nat.montgomery
50ms 1.39% 70.19% 50ms  1.39% crypto/elliptic.p256ReduceCarry
50ms 1.39% 71.59% 60ms  1.67% crypto/elliptic._p256Sum

®nar -te x t ykasbiBaeT hopMaT BbIBOAA, B JAHHOM Cllyyae — B BUAe TEKCTOBOW Tabnu-
Lbl C OAHOW CTPOKOW Ha KaXAyl (YHKLMIO, OTCOPTUPOBAHHYIO B MOpsgke “ropadectun”
(hyHKUWIA, — Te, KOTOpble MOTPebNAOT 60MblUe MPOLECCOPHOro BPEMEHU, MAYT MepBbl-
mu. ®nar -nodecount=10 orpaHuyMBaeT pe3ynbTarT AeCATbIO CTpPOKamu. [ns BbIACHE-
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HWUA NPUYMH 60MbIMX NPo6eM NPOM3BOAUTENLHOCTU 3TOr0 TEKCTOBOrO (hopmarta AO/HKHO
6bITb 4OCTATOUHO.

3T0T nNpouab roBOPMUT Ham O TOM, YTO KpUNTOrpadus Ha OCHOBE 3NUMATUYECKUX
KPMBbIX MMeeT BaXKHOe 3HauyeHue ANS BbINOAHEHWA 3TOM KOHKPETHOW NpPOBEPKU Mpou3-
BoauTensHocTn HTTPS. HanpoTtus, ecnm B npoduae SOMUHUPYOT PYHKLMU BblgeneHuns
namMaTv U3 naketa runtime, Haunydlwen onTUMU3aLueid MOXET 0Ka3aTbCA COKpaLleHue
noTpebneHns namsATw.

[ns 60onee TOHKUX npobnem, MOXeT 6bITb, y4lle BOCMO/b30BAaTLCA OQHUM W3 rpagm-
yeckmx BbIBogoB pprof. OHu TpebytoT naketa GraphViz, KOTOPbI MOXET ObiTb 3arpy>XeH
C caiiTa no agpecy www .graphviz.org. ®nar -web BbIBOAWUT OpPUEHTMPOBaHHLIN rpag
(hYHKUWIA NporpamMbl, aHHOTUPOBAHHbLIA UX WCMOMb3YEMbIM NPOLLECCOPHLIM BPEMEHEM U
LBETOM 4718 YKasaHUs “ropsayumnx” QyHKUWUiA.

34ecb Mbl TO/IbKO 6erno 03HaKOMWUCh C UHCTPYMeHTamu npoduanposaHus. YTobsbl
nony4nTtb 60nblIe MHOpMaLumn, obpatuTtech K ctaTbe Profiling Go Programs B 6nore Go
Blog.

11.6. PyHKUMMN-NPUMeEpPBI

Tpetuii Bug (yHKUMIA, obpabaTbiBaeMbiX KOMaHAoW go test cneuuanbHbiM 06pa-
30M, — (YHKUUU-NPUMEPBI, UMA KOTOPbIX HauynHaeTcs ¢ Example. OHU He MMEKOT HU na-
pamMeTpoB, HW pe3ynbTaToB. BOT npumep Takol yHkuumn ana IsPalindrome:
func ExamplelsPalindrome() {

fmt_Printin(IsPalindrome(”A man, a plan, a canal: Panama™))
fmt.Printin(IsPalindrome(*"palindrome™))

// Output:

// true

// false

D yHKUUMU-NPUMEPBI cayXaT TpeMm uensM. OCHOBHasi U3 HUX — [JOKYMEHTauWs: X0opo-
WK NpUMeEpP MOXET 6biTb 60Mee CXKAaTbIM UAM MHTYUTUBHO MOHATHbLIM CPEACTBOM mMepe-
fJayun mHdopmaymm o nosefeHUn 6MBNNOTEYHON (YHKLMK, YeM ee C/IOBECHOe onucaHue,
0CO6EHHO MpW MCMNOMb30BaHWM B KAYeCTBE HAMOMWHAHWUA WM KpaTKOW cnpasku. Mpumep
MOXEeT TakXe MpPOAEeMOHCTPMPOBaTL B3aMMOAEWCTBME MEXAY HECKOMbKAMU TUMaMu U
(YHKUMAMKN, NpuHagnexawmmu ogqHomy API, Torga kak cnoBecHas AOKyMeHTalus Bcerga
0Ka3blBaeTCcs NPUBA3aHHON K OA4HOMY 0OBLEKTY, TaKOMY Kak TN, 06bsABAEHUE (YHKLUN UK
nakeT B LenoM. W, B oTanume oT NpUMepoB B KOMMeHTapusax, QYHKUUU-NPUMepbI ABAAIOT-
€A peanbHbIM Kogom Go, NpoBepseMbIM BO BPeEMS KOMMUAALUK, TaK YTO OHW He CTAHOBATCA
yCTapeBLWMMN MO Mepe pa3BuTHUA paboyero Koja.

OcHoBbIBasicb Ha cygdukce Example, cepsep AoKymeHTauum Ha 6a3e Be6 godoc
CBA3bIBAET (PYHKLMUU-NPUMEPLI C PYHKUMEA UAM NaKeTOM, KOTOPbIA OHU WANKOCTPUPYIOT,
Tak 4yto ExamplelsPalindrome 6yaetr oTobpaxaTbCA B JOKYMeHTauun Ang (yHKLUK
IsPalindrome, 1 B KayecTBe (hyHKLMMN C UMeHeM Example 6ygeT cBa3aH ¢ naketom word
B LIE/IOM.


http://www.graphviz.org
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BTopoe npeaHasHayeHve QYyHKLUIA-NPUMEPOB 3aK/10YaeTCa B TOM, YTO NPUMepbl ABNS-
tOTCA BbIMOMHUMbIMUW TECTaMU, 3anyckaembiMW KOMaHAoW go test. Ecnu B pyHKLUM-NPpU-
Mepe COAepPXMTCA 3aBeplualoLnii kKommeHTapuin // O utput:, Kak NOKas3aHO Bbllle, TeCT-
ApaiiBep BbINOAHWT 3Ty (DYHKLMWIO W NPOBEPUT, BbIBOAUT N OHA B CTAHAAPTHbIW NOTOK Bbl-
BO/la TEKCT, YKa3aHHbI B KOMMeHTapuu.

TpeTba Lenb npuMepa — MpakTU4Yeckue akcnepumeHTbl. CepBep godoc no agpecy
golang.org ucnonb3yetr Go Playground, 4To6bl NO3BOMUTL NOMb30BATENO peAaKTMpo-
BaTb W 3anycKaTb KaXXAyH PyHKUMO-Nnpumep u3 Be6-6pay3epa, Kak nokasaHo Ha puc. 11.4.
YacTo 370 camblii GbICTPbLIA cnoco6 “nowynatb” onpefeneHHY0 QYHKLUUIO AN BO3MOX-
HOCTb A3blKa.

func Join

func Join(a [Jstring, sep string) string
Join concatenates the elements of a to create a single string. The separator string
sep is placed between elements in the resulting string.

N Example

package main

import {
L —
"strings'™

)

func mainO {
s = [3string{“foo", "bar", "baz"}
fmt.Printin(strings.Join(s, ", "))

foo, bar, baz

Program exited.

Run Format Share

Puc. 11.4. HTepakTvBHbIV Npyumep strings. Doin B godoc

B nocnegHux ABYX FnaBax KHUMM onucaHbl MakeTsl reflect u unsafe, koTopble pe-
rYNSPHO MCMOMb3YIOT NNLIb HECKONbKO MPOrpaMMMCcTOB Ha GO (M elle MeHblUeMy KOfu-
UeCTBY OHU peanbHO HY>KHbI). ECAM Bbl MOKa ellle He Hanucanum Kakux-m6o 0cobo cylue-
CTBEHHbIX NporpaMm Ha Go, ceiiuac camoe BpeMs 3aHATbCS ITUM.
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Pednekcuns

Go npefocTaBnseT MexaHU3M Ana 06HOBAEHUS MEPEMEHHbLIX U MPOBEPKN UX 3HAYEHUIA BO
BPEMS BbIMOMHEHUS, AN BbI30Ba MX METOLOB U ANS NMPUMEHEHWs onepaunii, NPpUCyLmMX ux
npeacTaBneHMsAM, WU BCe 3T0 6e3 3HaHWA 06 WX TUMax BO Bpems KOMAMAAUUK. DTOT mexa-
HM3M HasbiBaeTca pedinekcuein (reflection). Pedhnekcus Takxke Mo3BONsSET paccMaTpuBaTth
camu TUMbl Kak 3Ha4eHWs MepBOro Knacca.

B 3Toii rnase Mbl 6yfem n3yyaTb BO3MOXHOCTU pednekcum Go, 4ToObl YyBUAETH, KaK OHU
YBE/IMYMBAIOT BbIPa3nNTE/IbHOCTb f3blKa, M B YAaCTHOCTU, KaKoe peLlaloLlee 3HauyeHWe OHK
UMEIKT ANA peanusaumn [BYyX BaxHbIX APIl: opmatupoBaHus CTpPOK, NpefoCTaBAseMOro
fmt, 1 KognpoBaHUs NPOTOKOMOB, NPefOCTaB/AEMOro TakKuMM NakeTamu, kak encoding/
json nencoding/xml. Pethnekcus takxke UMeeT BaXXHOe 3HaYeHME A1 MexaHu3ma La-
6n0HOB, NpegocTaBnseMoro naketamm text/tem plate nhtml/template, KoTopble Mbl
Buaenu B pasgene 4.6. OfHako pedeKcus — CAMILIKOM CAOXHBIA 415 MOHUMaHWA npea-
MEeT, He npeAHa3HauYeHHbIli AN NOBCELHEBHOr0 MCNO/Mb30BAHUA, TaK YTO, XOTA 3TU MakeTbl
N peann3oBaHbl C NCNOMb30BaHMEM pediiekcum, B cBOMX APl OHU He NpeaocTaBAsOT HUKa-
KOW pediekcuu.

12.1. MNMouvemy pednekcusa?

MHOorga HyXHO HanucaTb (YHKLMIO, CNOCO6GHYIO paboTaTb OAMHAKOBO CO 3HAYeHUSMM
TUMNOB, KOTOpble He YAOBNETBOPSOT 06WeMy WHTepdelicy, He MMelT 06LLero npeacras-
NEeHUs UK He CYLLeCTBYIOT B TO Bpems, Korga Mbl paspabaTbiBaem JaHHYHO (yHKLMIO (BCe
TPW BapMaHTa MOTYT OCYLLEeCTBNATLCA OAHOBPEMEHHO).

3HaKOMbIM NPUMeEpPOM fBASeTCA Norvka gopmatupoaHus B fm t.Fprintf, koTopas
Mo3B0/sieT BbIBECTM pasyMHOe NpeAcTaBfeHMe MPOM3BONLHOIO 3HayYeHMs N060ro TvMna, B
TOM 4ucne onpefeneHHoro nosnb3osatenem. Monpobyem peannsosaTb (PYHKLUIO, NOA06-
HYI0 €1, NCNONb3ys BCE CBOM 3HAHWUA A3blKa MporpaMMupoBaHusa Go. [ns NpocToTbl Hawa
(yHKLMA OyAeT MPpUHMMAaTb OAWMH aprymMeHT U BO3BpaliaTb pesynbTaT B BUAE CTPOKU, Kak
penaetr fmt.Sprint, Tak YTO Mbl Ha3oBem ee Sprint.

Mbl HauMHaem c BbI6Opa TWNa, KOTOPbLIA BbISICHAET, ONPeAeNseT M aprymMeHT MeTof
String, ¥ BbI3bIBAET ero, ecAy 3TO TakK. 3aTeM Mbl [06aBNsieM BapuaHTbl, KOTOpble Npo-
BEPAOT, He COBMajaeT /M AUHAMMWYECKUIA TUM 3HAYEHWS C OAHUM K3 yHAAMEHTaNbHbIX
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TMnoe — string, int, bool n 1.4, — v BLIMONHAIOT COOTBETCTBYIOLME Onepaluu hop-
MaTUPOBaHUA NS KaXK[A0ro KOHKPETHOro cnyyas.

func Sprint(x interface{}) string {
type stringer interface {
String() string

}
switch x = x.(type) {
case stringer:

return x.String()

case string:

return x
case int:

return strconv.ltoa(x)

/1 ... aHanoruyHole case gna intlé, uint32 un T1.4.
case bool:

if x {

return "true"

>

return “"false"
default:

/1 wmaccuB, KaHan, (yHKUUsi, oTobBpaxkeHue,
/!l ykasaTenb, cpe3, CTpPyKTypa...
return "???"

Ho Kak 6bITb C gpyrumu Tunamu, Takumu kak []Jfloat64, map[string] []string
N T.4.7 Mbl Mornu 6bl 4o6aBuTbL 60MbLUE BapMaHTOB Case, OAHAKO KO/IMYEeCTBO TakMX TU-
noB 6eCKOHeYHO. A Kak 6blTb C MMeHOBaHHbIMW TuNamu, Takummn Kak url .V alues? faxe
ecnn B Bblbope TUNa umeeTca case Ans ero 6aszosoro Tmna map[string] []string, oH
He OyfeT cooTBeTcTBOBaTH Url .V alues, NOCKOMbKY 3TW ABa TUMa He UAEHTUYHbI, a BbI6GOp
TWMa He MOXeEeT BK/OYaTb case AN Kaxaoro Tuna Hanogo6bue url.V alues, nockonbky
3T0 NoTpeb0oBano 3aBUCUMOCTN BUBNNOTEKN OT ee K/INEHTOB.

be3 cnocoba NpoBepkn NpefCcTaBNEHUS 3HAYEHUIA HEM3BECTHbIX TUMOB Mbl 6bICTPO 3all-
N B TYNUK. UTO Ham HYXHO, Tak 370 pethneKkcus.

12.2. reflect. Type nureflect .Value

Pednekcus obecneumBaetca naketom reflect. OH onpegenser fBa BaXHbIX TUNa,
Type nValue. Type npeacTaBnset coboit Tun Go. 3T0 MHTepdelic CoO MHOTMMKU MeToaa-
MW AnA TOro, Y4TO6bl MOXHO 6bINO pasnuuaTh TUMbl U NPOBEPATH UX KOMMOHEHTLI, Takne
Kak Mons CTPYKTYpbl WM mapameTpbl yHKuuU. EaMHcTBeHHas peanusaums reflect.
Type npeactaBnsieT coboli aeckpuntop Tuna (pasgen 7.5), Ty e CyLHOCTb, YTO U NAEHTU-
Ghuympylowas guHaMMyecknii TUN 3HavyeHnsa nHTepdelica.
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®dyHkuuns reflect.TypeOf npuHumaet noboit interface{} v Bo3BpaLLaeT ero gu-
Hammnyeckunii Tun kak reflect .Type:

t = reflect.TypeOf(3) // reflect.Type
fmt.PrintIn(t.String()) // “int"
fmt.Printin(t) // int”

MokasaHHbIA Bbiwe BbiI3oB TypeOF(3) npucsamBaeT 3HauyeHMe 3 mMapameTpy
interface{}. BcnomHute n3 pasgena7.5, 4To NpucBamBaHME KOHKPETHOrO 3HaYeHWs
TUNY WHTepdeiica BbINONHAET HeABHOe Npeobpa3oBaHue WHTepdelica, KOTOpoe co3jaeT
3HayeHue MHTepgeiica, coCTosLee U3 BYX KOMMOHEHTOB: ero AMHaMUYeCKNn Tun ABNseT-
ca Tunom onepaHga (int), a ero AMHaMn4YecKoe 3HaYeHMe paBHO 3HayeHuto onepaHga 3)-

Mockonbky reflect .TypeOf Bo3BpalwiaeT AMHAMUYECKUIA TUN 3HaYeHUs WHTepdei-
ca, 3TOT BbI30B BCErja BO3BpallaeT KOHKPeTHbIA Tun. Tak 4To, HanpumMep, NpPUBELEHHbI
HWXKe Kof BbIBOAUT “*os.File", a He "io. Writer". lMo3xe Mmbl yBugum, uto reflect.
Type B COCTOAHWUM NPeACTaBNATb U UHTEP(EACHbIE TUMbI:

var w io.Writer = os.Stdout
fmt_PrintIn(reflect.TypeOf(w)) // "*os.File"

O6patnte BHuMaHue, uto reflect. Type ypoBnetBopser uHTepdeiicy Fmt.
Stringer. MNOCKOMbKY 3HaTb AMHAMUYECKUIA TUM 3HaYeHWs MHTepdelica NonesHo A1s OT-
nagku un 3anucu B XxypHan, fmt_Printf npegocrasnser COOTBETCTBYHOLLEE COKpaLleHune
%T, koTtopoe nucnonb3dyeT reflect . TypeOf Bo BHYTpeHHel peannsaunu:

fnt.PrintfC%T\n", 3) // “int”

Opyrum BaxHbiM Tunom B nakeTe reflect asnsetca Value, reflect _Value mo-
XET XpaHuTb 3HauyeHue nto6oro Tuna. dyHkuma reflect .ValueOf npuHnmaeT no6oi
interface{} v Bo3spawaet 3HayeHue reflect .Value, cogepxaliee AMHaMUYeCKOe
3HauyeHune nHTepdeiica. Kak n B cnyvae reflect .TypeOf, pesynbTar reflect .ValueOf
Bcerfa KoHkpeTeH, Ho reflect .Value MOXeT XpaHUTb U 3HaYeHUs UHTepgeica:

v = reflect.ValueOf(3) // reflect.Value
fmt.Printin(v) /7 "3

fmt.Printf(""%v\n", v) // "3"
fmt.PrintIn(v.String()) // Npuvmeyanne: "<int Value>"

Kak n reflect .Type, reflect .Value Takxke yaoBnetsopsieT uHtepdeiicy fmt.
Stringer, HO ecnu TonbkKo Value He cofepXWT CTPOKY, pe3ynbTaT Metoda String Bbl-
paet Tvn. MoaTomy ucnonb3yiiTe CMMBO/bLI Npeo6pa3oBaHna %v n3 naketa fmt, KoTopble
TpakTytoT reflect .Value ocobbim 06pasom.

BbizoB metoga Type ans Value Bo3sBpawaet ero tun Kak reflect .Type:

t = v.TypeQ // reflect._Type
fmt.PrintIn(t.String()) // "int"

Ob6patHoin k reflect .ValueOf onepauyueii asnsetca metog reflect _Value.
Interface. OH Bo3BpawaeT interface{}, xpaHAWMA TO e camoe KOHKPETHOe 3Hauye-
Hue, yto 1 reflect.Value:
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v = reflect.ValueOf(3) // reflect.Value
X = v.InterfaceQ 11 interface{}
i = x.(int) // int

fmt.PrintfC%d\n", i) // "3"

N reflect .Value, n interface{} MoryT xpaHuTb NPOU3BONLHbIE 3HAaYeHUs. Pas-
HMWUA B TOM, YTO NYCTOA WHTepelic CKpblBaeT NpefCcTaBfeHWe WU BHYTPEHHMWE onepaluun
3HAYeHUA, KOTOPOe OH XPaHWT, U He NpefoCTaBNAeT HU OAMH U3 ero MeTO/O0B, TaK YTo, eciun
TOMIbKO Mbl HE 3HaeM ero JMHaAMUYeCKUA TUM U He NCNOb3yeM Aeknapauuio Tuna, 4Tobsbl
3arnsaHyTb BHYTPb Hero (Kak Mbl 3TO [enafn BbIle), Mbl Mano YTO MOXEM CAeNnaTb C 3TUM
3Ha4yeHneM. B npoTMBONONOXHOCTL 3TOMY Value umeeT MHOro MeToAoB Ans paboThbl C ero
COAEPXMMbIM, HE3aBNCMMO OT Tuna. [laBaiiTe UCMONb3yeM MX NPU Hallell BTOPOW MOMbITKe
Hanucatb 0606l EHHYO (DYHKLMIO (DopMaTUPOBaHuUsA, KOTOpYo Mbl HazoBem Format .Any.

BmecTo Bbibopa Tuna Mbl Bocnonb3dyemca metogom reflect .Value nopg HasBaHu-
em Kind gns Toro, 4ytobbl pasnuyaTb TUMbl. XOTA CYL,eCTBYeT 6ECKOHEYHO MHOro TUMOB
MMeeTCcs NNWb KOHEYHOE KOMMYEeCTBO PA3HOBUAHOCTEN TUMOB: (hyHAAMeHTa/bHble TUMb
Bool, String u BCe YMCOBbIE TWUMbI; COCTaBHble TUMNbl Array u Struct; CcCbiNOYHble
Tunel Chan, Func, Ptr, Slice u Map; tunel Interface; u HakoHey Invalid, o3Hava-
IOWMA oTCcyTCcTBMe 3HaveHus Boobuwe. (Hynesoe 3HaueHne reflect .Value nmeeT pas-
HoBugHocTh Invalid.)

aopL.io/chl2/format
package format

import (
"reflect”
“'strconv''
)

// Any dopmaTupyeT nwboe 3HaueHue B BUAE CTPOKM,
func Any(value interface{}) string {
return formatAtom(reflect.ValueOf(value))

}

// formatAtom gopmaTupyeT 3HaveHne 6e3
// vccnefoBaHWA €ro BHYTPEHHEl CTPYKTYpl,
func formatAtom(v reflect.Value) string {
switch v.Kind() {
case reflect.Invalid:
return "invalid"
case reflect.Int, reflect.Int8, reflect.Intl6,
reflect.Int32, reflect.Int64:
return strconv.Formatint(v.Int(), 10)
case reflect_Uint, reflect.Uint8, reflect.Uintl6,
reflect Uint32, reflect.Uint64, reflect.Uintptr:
return strconv.FormatUint(v.Uint(), 10)
// ... TvMbl C NNaBawWel TOYKOW W KOMMMIEKCHblE
// uucna onyleHsl O19 KPaTKOCTW. . .
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case reflect.Bool:
return strconv.FormatBool (v.Bool())
case reflect.String:
return strconv.Quote(v.String())
case reflect.Chan, reflect.Func, reflect.Ptr,
reflect.Slice, reflect.Map:
return v.Type().String() + " oOx" +
strconv.FormatUint(uinté4(v.Pointer()), 16)
default: // reflect.Array, reflect.Struct, reflect.Interface
return v.Type().String() + " value”

}

[Jo cux nop Hawa QyHKLMA paccmaTpuBana Kax/joe 3HayeHWe Kak HefenuMblil 06bekT
6e3 BHYTpeHHen CTPYKTypbl — oOTctoAa U HasBaHue formatAtom. [Ons nHTepgeicos u
COCTaBHbIX TUMOB (CTPYKTYP M MaccvBOB) OHa BblJaeT TOMLKO TWN 3HAYeHWUs, a A1A CCbl-
NOYHbIX TUNOB (KaHanoB, PYHKUWUIA, yKazaTenei, cpe3oB U 0TOGPaXKeHWIA) BbIBOAUT TWM U
ajpec CCbIIKM B LIECTHaALaTepuyHoM topmarte. 3TO He MaeanbHOE peLleHue, HO BCe Xe
3HauYMTeNbHOe yayulleHune, a NockonbKy Kind cBA3aH TOMbKO ¢ 6a30BbIM MpeACTaBlEHUEM,
format .Any pa6boTaeT 1 4N9 UMEHOBaHHbLIX TUNOB, HanpuMmep:

var x int64 =1
var d time.Duration = 1 * time.Nanosecond
fmt.PrintIn(format.Any(x)) /7 U
fmt.PrintIn(format.Any(d)) /7 U
fmt.PrintIn(format.Any([Jint64{x})) // "[]int64 0x8202b87b0"
fmt.PrintIn(format.Any([jtime.Duration{d}))

// "[]time.Duration 0x8202b87e0"

12.3. PeKypCUBHbIN BbIBOM 3HAYEHUA

[aBaliTe Tenepb pacCMOTPMM, Kak YCOBEPLUEHCTBOBaTb OTOOpaXeHWe COCTaBHbIX TW-
noB. BmMecTo TOro 4to6bl NbiTaTbCA B TOYHOCTU Konuposatb fm t.Sprint, mMbl 6yaem cTpo-
NTb BCNOMOraTenbHY (OYHKUWUIO 418 0TNafKu ¢ HasBaHneM Display, KoTopas gna faHHo-
ro 3Ha4eHMA MPOM3BONLHO CMOXHOIO 3HAYEHUA X BbIBOAMT MOMHYIO CTPYKTYpYy 3TOr0 3Ha-
YyeHMs, NoMevas KaxX/blil 3eMeHT NyTeM, Ha KOTOPOM OH 6bin HaligeH. HauHem ¢ npumepa:
e, _ = eval.Parse(sqrt(A /7 pi)"™)

Display('e", e€)

B npuBefseHHOM Bbille Bbl3oBe aprymeHTom Display sBnsetca cuHTakcuMyeckoe fe-
peBo, MONYYEHHOE BbIYMCAUTENEM BblpaXKeHWid 13 pasgena 7.9. BoiBog Display nokasaH
HUXKe:

Display e (eval.call):

e.fn = "sqrt”

e.args[0].type = eval.binary
e.args[0].value.op = 47
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e.args[0] -value.x.type = eval.Var
e.args[0].value.x.value = "A"
e.args[0].value.y .type = eval .Var
e.args[0].value.y .value = "pi"

e 3T0 BO3MOXKHO, Bbl 4O/KHbI M36eraTb geMoHcTpaumnm pegiekcum B APl naketa. Mol
onpegenum HeakcrnopTupyemyto gyHkumio display, KoTopas BbINOMHSAET BCH peasibHYH
paboty, u akcnoptupyem Display, npocTyto 060/104Ky BOKPYr Hee, KoTopas NpuHUMMaeT
napameTp interface{}:

aopL.io/chl2/disDLav

func Display(name string, x interface{}) {
fmt.Printf("'Display %s (%T):\n", name, X)
display(name, reflect.ValueOf(x))

B dyHkumn display mbl ncnonb3yem gyHkumio FormatAtom, KoTopylo Mbl onpege-
MUK paHee ANs BbIBOLA 3NEMEHTAPHbIX 3HAYeHUA — yHAAMEHTanbHbIX TUMOB, QYHKLMWIA
N KaHanoB, — HO Mbl ucnonb3yem Mmetoabl reflect _Value gns pekypcuBHOro BbiBOAa
KaXX[0ro KOMNoHeHTa 6onee CNOXHOro Tuna. Mo Mepe peKypCMBHOrO cnycKa CTpoka path,
KoTopas cnepsa ONUCbIBaeT HayalbHOe 3HayeHWe (Hanpumep, ''e'"), b6yaeT pacimpaTbes
ONA yKasaHus TOro, Kak Mbl SOCTUIAN Tekyliero 3HaveHus (Hanpumep, "e.args[0].
value™).

MockonbKy Mbl 60fblIe He NpuTBOpseMcs, 4To peanudyem Ffmt.Sprint, Bocnonb3y-
emca naketom fmt gns Toro, 4TO6Ll Hal NPUMep 0CTaBanCca KOPOTKUM:

func display(path string, v reflect.vValue) {
switch v_.KindQ {
case reflect.Invalid:
fmt.Printf("%s = invalid\n", path)
case reflect.Slice, reflect.Array:
for i ==0; i <v.lenQ; i++ {
display(fmt.Sprintf(""%s[%d]", path, 1), v.Index(i))

case reflect.Struct:
for i = 0; i < v.NumFieldQ; i++ {
fieldPath := fmt.Sprintf("%s.%s", path,
v.TypeQ.Field(i) .Name)
display(fieldPath, v_Field(i))

case} reflect_Map:
for _, key := range v.MapKeys() {
display(fmt._Sprintf(""%s[%s]", path,
formatAtom(key)), v Maplndex(key))

case reflect.Ptr:
if v_IsNilQ {
fmt.Printf("%s = nil\n", path)

} else {
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display(fmt.Sprintf(”(*%s)", path), v.Elem())
>
case reflect.Interface:
if v.IsNilQ {
fmt.Printf("%s = nil\n", path)

} else {
fmt.Printf("%s.type = %s\n", path, v.ElemQ.Type())
display(path+".value"”, v.Elem())

}
default: // basic types, channels, funcs
fmt.Printf("%s = %s\n", path, formatAtom(v))

[aBaiiTe paccMOTpMM BCce case MO MOPALKY.

Cpesbl 1 maccusbl. Jlornka oguHakosa gns Hux oboux. Metod Len BO3Bpaliaet Ko-
NNYECTBO 31EMEHTOB cpe3a uam maccuea, a Index (i) BblGMpaeT 3N1eMEHT C UHAEKCOM i,
Takke Kak reflect .Value; ecnn i BbIXOAWUT 3a rpaHuULbl, BO3HUKAET aBapuiiHas cUTya-
uma. ITO aHanOrM4yHO BCTPOEHHbIM onepauunsam len (a) u ali] 4na nocnefoBaTesibHO-
cTeil. dyHkuna display peKypcUBHO BbI3biBaeT camy Cebsi A1d KaXAOro 3feMeHTa no-
cnepoBaTtenbHOCTU, f06aBnss K Nyt nHgekc "[i] 7.

Xota reflect .Value nmeer MHOro MeTOA0B, TO/IbKO HEKOTOPbIE M3 HUX MOTYT ObITb
6e30nacHO BbI3BaHbl A1 NHO60Oro 3afaHHOro 3HaveHus. Hanpumep, meTtod Index Moxet
ObITb Bbl3BaH AN 3HAYeHWn pasHoBMAHOCTel Slice, Array m String, HO NMPMBOAUT K
aBapuiiHOM cUTyaumm 4N BCEX MPOYMX PasHOBUAHOCTENA.

CTpykTypbl. MeTtogq NumField coob6waer o KonumyecTBe Noneid B CTPYKType, a
Field (i) Bo3Bpawaet 3HauyeHue /-ro mona B Buge reflect .Value. Cnucok nonei
BK/ItOUAEeT aHOHMMHble nong. Ana go6asneHus 3anucu nond ™. f" K NyTM Mbl O/DKHBI NO-
nyuntb reflect .Type gns cTpyKTypbl 1 06paTUTLCA K MMEHU /-ro nons.

OTob6pa>keHns. MeTtog MapKeys Bo3BpaljaeT cpe3 3HayeHuin reflect .Value, no
OZIHOMY A/15 K&XXA0ro Kntova oTobpaxeHns. Kak 06bI4HO Npu UTepauusax no oTobpaxeHuto,
nopsgok mtepauyuii He onpegeneH. Maplindex(key) Bo3BpaliaeT 3HayeHuMe, COOTBETCTBY-
towee key. Mbl gobasnsem K nytu o6o3HadyeHns nHgekca "[key]". (34ecb Mbl cpe3aem
yron. Tun knoya oTobpaxeHUs He OorpaHWyeH TUMaMu, KOTopble nydlle obpabaTbiBalOTCA
thyHkumelrr formatAtom; maccuBbl, CTPYKTYpPbl U MHTep(encbl TakKe MOryT 6biTb KOp-
PEKTHBIMW KNOYaMu oToBpaxeHUs. PaclivpeHmne 3T0ro BapmaHTa TakK, Y4Tobbl KoY BbIBO-
LWNCA NOMHOCTbLIO, ABMAETCA 3afaHMeM ynpaxHeHus 12.1.)

YkaszaTenu. Metog Elem Bo3BpaliaeT nepeMeHHYH, Ha KOTOPYIO YKa3blBaeT yKasa-
Tenb, BHOBb Kak reflect .Value. OTa onepaumsa 6e3onacHa, faxe eCin 3HaYeHWE yKa-
3atends — nil. B nocnegHem cnydvae pesynbtar 6yger umeTb pasHoBuaHocThb Invalid,
HO Mbl ncnonb3yem IsSN il, yTo6bl 06HapYXMBaTb HyNeBble yYKasaTe/n SBHO, TaK YTO Mbl B
COCTOAHUM BblBeCTU 60/iee noaxogsllee cny4vatro coobweHne. Bo nsbexaHne HeofHO3Hau-
HOCTen Mbl f06aBnsieM B MyTb NpednKc N CKOOKM.
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NHTepgeiickl. U BHOBbL Mbl ucnonb3yem IsNil gns npoBepky, He paBeH n MHTepdeic
nil, v ecnn HeT, Mbl NOJlyYaem AMHaMUYeCKoe 3HauveHue ¢ ucnonb3osaHnem v. Elem() u
BbIBOAVM €ro TUM 1 3HauveHve.

Tenepb, korga Hawa ¢yHKums Display 3aBepueHa, faBaiiTe NOCMOTPMM ee B paboTe.
NMpuBeaeHHbI HMXe Tun Movie sBnseTca He6oMbWON Bapuauvei Tuna u3 pasgena 4.5:

type Movie struct {
Title, Subtitle string

Year int

Color bool

Actor map[string]string
Oscars [Istring

Sequel *string

[laBaiiTe 06bSBMM 3HaYeHWe 3TOro TWna M MOCMOTPMM, YTO C HUM caenaeT QyHKuus
Display:

strangelove := Movie{
Title: "Dr. Strangelove",
Subtitle: "How 1 Learned to Stop Worrying and Love the Bomb",
Year: 1964,
Color: false,
Actor: map[string]string{

"Dr. Strangelove™: "Peter Sellers”,
"Grp. Capt. Lionel Mandrake™: "Peter Sellers”,
"Pres. Merkin Muffley": "Peter Sellers”,
"Gen. Buck Turgidson': "George C. Scott",
"Brig. Gen. 3ack D. Ripper™: "Sterling Hayden",
*Maj. T.3. "King" Kong": "Slim Pickens",

b
Oscars: []string{

"Best Actor (Nomin.)",

"Best Adapted Screenplay (Nomin.)",
"Best Director (Nomin.)",

"Best Picture (Nomin.)",

Buizos Display (“'strangelove™,strangelove) BbBOAUT cregywlee:

Display strangelove (display.Movie):

strangelove.Title = "Dr. Strangelove"

strangelove.Subtitle = "How 1 Learned to Stop Worrying and Love the Bomb"
strangelove.Year = 1964

strangelove.Color = false

strangelove.Actor["Gen. Buck Turgidson'™] = "George C. Scott"
strangelove.Actor["Brig. Gen. Hack D. Ripper™] = "Sterling Hayden"
strangelove.Actor[""Maj. T.3. \"King\" Kong™] = "Slim Pickens"
strangelove_Actor["Dr. Strangelove™] = "Peter Sellers”
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strangelove.Actor["Grp. Capt. Lionel Mandrake™] = "Peter Sellers"
strangelove.Actor["Pres. Merkin Muffley™] = "Peter Sellers"
strangelove.Oscars[0] "Best Actor (Nomin.)"
strangelove.Oscars[l] = "Best Adapted Screenplay (Nomin.)"
strangelove.Oscars[2] = "Best Director (Nomin.)"
strangelove.Oscars[3] = "Best Picture (Nomin.)"
strangelove.Sequel = nil

Mbl MOXeM ucnonb3oBath Display A5 BbiBOAa MH(OPMALUN O BHYTPEHHEM YCTPOIi-
cTBe 6MGNMOTEYHbIX TUMOB, TaKUX Kak *os .File:

Display('os.Stderr"™, os.Stderr)

// Output:

// Display os.Stderr (*os.File):

// (*(*os.Stderr).file).fd = 2

// (*(*os.Stderr).file).name = "/dev/stderr"”
// (*(*os.Stderr).file).nepipe = 0

O6paTnTe BHUMaHWE, YTO JaXKe HEIKCNOpPTUPYeMble MONA ABAATCA BUAUMbIMU N5
pethnekcun. YUTnuTe, YTO KOHKPETHbIV BbIBOA AAaHHOr0 NpYMepa MOXET OT/MYaThCa B pas-
HbIX Maatopmax W Aaxe U3MEHATbLCA CO BPEMEHEM, NO Mepe pasBUTUA 6GubamoTek. (AaH-
Hble MONA NOTOMY W ABASAKOTCA 3aKpbiTbiMMU!) Mbl MOXeM Aaxe npumeHuTb Display K
reflect .Value n nocmoTpeTb Ha BHYTpeHHee MpeAcTaBfieHMEe AecKpunTopa Tuna Ans
*o0s .File. Pesynbtar Boizosa Display ("rV",reflect .ValueOf (os.Stderr)) npu-
BEEH HUWXE, XOTHA, KOHEYHO, OH MOXET BapbMpOBaTbCA:

Display rV (reflect.Value):

(*rvV.typ).size = 8

(*rV.typ) .hash = 871609668

(*rV.typ).align = 8

(*rV._typ) .fieldAlign = 8

CrV.typ).kind = 22

(*(*rV.typ).string) = "*os.File"

C*C(*rV.typ) .uncommonType) .methodS [0].name) = "Chdir"

C-C*C*(C*rv.typ) -.uncommonType) .methods[0] .mtyp) .string)
= "func() error”

CC*C**rV.typ) .uncommonType) .methods[0] - typ) -string)
= "func(*os.File) error”

O6paTnTe BHUMaHWE Ha pasnuumne aTUX ABYX NPUMEPOB:

var 1 interface{} = 3
Display(i”, 1)

// Output:

// Display 1 (int):
/1 =3
Display("&i™, &i)
// Output:

// Display &i “interface {}):
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// (*&i).type = int
11 (*&i).value = 3

B nepsom npumepe Display ocyuwectsnset Bbi3oB reflect.ValueO f(i), koto-
pblii BO3BpaLlaeT 3HayeHMe pasHOBMAHOCTKM Int. Kak Mbl ynomuHanu B pasgene 12.2,
reflect.ValueOf Bcerga Bo3spaliaet Value KOHKPETHOro Tuna, NOCKO/IbKY M3BeKaeT
COAepXMMOe 3HaYeHUs UHTepdeiica.

Bo BTopom npumepe Display ocywectBnset Bbi3oB reflect .ValueOf (&i), koto-
pblii BO3BpallLaeT yKasaTe/lb Ha i, pasHOBUAHOCTM Ptr. BapmaHT case ansa P tr Bbi3biBaeT
Elem fna 3Toro 3HauyeHus, 1 3TOT BbI30B BO3BpAlLaeT 3HayeHWe, NpefcTaBnslolLLee camy
nepemMeHHyto i, pasHosmgHocTu Interface. MonyyeHHoe KocBeHHO Value, Takoe Kak
TONbKO 4TO YMOMSHYTOE, MOXEeT MpefcTaBfATb 060e 3HaYeHue, BKIOYas MHTepdeiichl.
®dyHKuma display pekypcuBHO BbI3biBaeT caMa Cebs M Ha 3TOT pa3 BbIBOAUT OTAe/IbHbIe
KOMMOHEHTbI A1 AUHAMUYECKMX TUMNa 1 3HavyeHns nHTepdelica.

B Tekywein peannsaumm Display HMKOrga He 3aBepluaeTcs Npu 06HapYXXeHUN LMKIa B
rpage 06bEKTOB, TAKOTO KakK 3TOT CBA3AHHbIN CMMUCOK, KOTOPbIA “KycaeT cebs 3a CO6CTBEH-
HbIA XBOCT”:

// CTpykTypa, YykKa3bBawwas cama Ha cebs
type Cycle struct{ Value int; Tail *Cycle }
var c Cycle
c = Cycle{42, &c}
Display(Mc", ©)

Display BbiBOAUT cnegytolme NOCTOAHHO PacTyLlMe CTPOKK:
Display c (display.Cycle):
c.Value = 42
(*c.Tail).vValue = 42
(*(*c.Tail) . Tail).value = 42
CCCc.Tail).Tail).Tail).vValue = 42

do 6ecKOHeYyHoOCTM

MHorue nporpammbl GO cofiepaT Nno KpaliHeil Mepe HEKOTOPble LLUKAUYECKUE JaHHBIE.
Cpenatb yHkuuto Display ycnewHo obpabaTbiBatolieil TakMe UUK/AbI — CAOXHaA 3a-
Java, Tpebyollas AONOMHUTENLHOW 3anucu Habopa CCbINOK, MO KOTOPbIM K HacToslemy
BpemMeHU Obl/1 BbINOJIHEH NPOXOA4, a 3TO CAUWKOM goporo. Obuwee peweHne TpebyeT npu-
MEHeHMWs A3bIKOBbIX BO3MOXHOCTel 13 naketa unsafe, ¢ KOTOpbIM Mbl NO3HaKOMUMCS B
pasgene 13.3.

LInknbl co3patoT MeHblle npobnem ana fmt.Sprint, noToMy 4To 3Ta PYHKUUA pesko
NbITaeTCs BbIBECTU NOJSIHYIO CTPYKTYpY. Hanpumep, BCTpeTUB yKasaTesb, OHa NpekpaliaeT
peKypcuio, BbIBOAA YMCIOBOE 3HAYEHMe 3TOro ykasaTens. OHa MOXET 0Ka3aTbCA B TyMNuKe,
MbITaTbCA BbIBECTW Cpe3 UM 0TobpaxeHue, cofepxkaliee cebs B KayecTBe 3feMeHTa, HO
Takue pefKkue cnyyam He OnpaBAblBatOT 3HAUNUTE/bHbIE 4ONOAHUTENbHbIE AeACTBUA N0 06-
paboTKe LMKNOB.

YnpaxHeHue 12.1. PacwupbTe Display Tak, 4To6bl 3Ta (PyHKUMA MOrna BbIBOAUTH
0TO6PaXEHUSA, KNHOYaMK KOTOPbIX SBAAIOTCA CTPYKTYPbl UM MaCcCUBbI.
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YnpaxHeHue 12.2. Cpenaiite yHkuuio display 6e3onacHOi And NpPUMeHeHUs C
LUMKANYECKUMWU CTPYKTYpaMu AaHHbIX MYTEM OrpaHWYeHUs KOAMYecTBa LLAroB, KOTOpble
OHa BbIMONHAET, Nepef TeM Kak npepsaTb pekypcuto. (B pasgene 13.3 Bbl NO3HAKOMUTECH C
APYTMM cnoco6oM 06HapyXXeHMsa LNKIO0B.)

12.4. MpuMep: KoAupoBaHME S -BblpaKeHUA

Display sBnsetca 0TnagoyvHON nognporpaMmoii Ans BbiBOAA CTPYKTYPMPOBaHHbIX
[laHHbIX, HO He MeHee MHTEpPecHa BO3MOXXHOCTb ee NMPUMEHEHUA AN KOAUPOBAHMA MPOuU3-
BO/IbHbIX 061beKTOB GO B BUAE NEPEHOCUMbIX COOOLLEHWI AN MEXMPOLLECCHOro B3auMo-
[LeicTBuA.

Kak Mbl Bugenu B pasgene 4.5, ctaHgaptHas 6ubnnoteka Go noagep>XmnBaeT MHOXECTBO
thopmatos, Bkatoyas XML, JSSON n ASN.1. Eule ogHoli Bce ele LIMPOKO UCMOMb3yemoN
3anncbio ABNAIOTCA S-Bblpa>KeHUsi, cMHTakcuc Lisp. B oTnuume oT Apyrux 0603HauveHui,
S-BbIp@XXeHNA He NOALEPXMBAOTCA CTaHAAPTHON 6MbANOTEKON GO, He B MOCNEAHIOID O4e-
pefb NOTOMY, YTO Y HUX TakK U HET 06LEeNPUHATOrO ONpeaeneHns, HECMOTPA Ha HECKOJbKO
MONbITOK CTaHAApTU3aLMM 1 CyLecTBOBaHWE MHOTUX peanu3auii.

B 3Tom pasgene Mbl OMpeAenum NakeT, KOTOpblA KOAMPYET Npou3Bo/bHble 06beKTbl GO
C UCMONb30BaHUEM S-BbIpaXXeHUW U KOTOPbIV NOAAEPXMBAET CNefyloLMe KOHCTPYKLMUN:

42 Luenoe 4ucso
"hello” cTpoka (B KaBbukax B cTune Go)
foo cumBon (UM 6e3 KaBbluek)

(1 2 3) cnucok (HyNb WM HECKONbKO 3/IEMEHTOB B CKOGKax)

Bynesbl 3HayeHnsA TpafULMOHHO KOAMPYIOTCA C MOMOLLbLIO cUMBONa t Ana true un ny-
ctoro cnucka () wam mumeHn nil gns false, HO AnA MPOCTOThbI Halla peannsayns UX Wr-
HopupyeT. OHa TakXXe WIHOPMPYeT KaHanbl M MYHKUWKU, TaK KaK WX COCTOSHUWE ABNAETCA
Henpo3payHbIM Ans pediekcun. A ele OHa UTHOPMPYET AeACTBUTENIbHbIE U KOMMIEKCHbIe
ymucna ¢ nnaBatoLLeil TOUKON 1 nHTepdelicl. [obaBneHne NOAAEPXKKN ANa HUX — 3adaHne
ynpaxHeHue 12.3.

Mbl 6yaemM KogMpoBaTb TUNbl GO C MOMOLLbI S-BbipaXeHuii cnegytowmm obpasom. Lle-
Nible Yncna 1 CTPOKN KOAUPYHTCA O4eBUAHBIM CNOCO60M. HyneBble 3HAUYEHUS KOAMPYIOTCS
C nomowbio cumBona nil. Maccusbl 1 cpesbl KOUPYHOTCA C NOMOLLbK 0603HAYEHMSA CNUCKa.

CTPYKTYpbl KOAUPYIOTCA Kak CNUCOK MOMel, npyu 3TOM Kaxjoe none npeactaBisieT co-
60/ fBa 3aneMeHTa Clucka, B KOTOPOM NepPBbIil 31eMeHT (CMMBOA) — 3TO MMS NOAS, a BTO-
PbIM 31EMEHTOM ABASETCA 3HaveHue nons. OToBpaxeHUs TakXke KOAWPYIOTCA B BuAe Cnu-
CKa nap, Npu aTOM Kaxjas napa COLEPXUT KAOY 1 3Ha4YeHUe O4HOM 3anucy 0ToOpaxeHus.
TpagMuUMOHHO S-BbipaXKeHUS NpPeacTaBaAsOT co60i cnMcKM nap “Knto4v/3HavyeHne”, NCNonb-
3ytouime ana kaxaon napbl syeitkn (key.value), a He 4BYX3NeMEHTHbI/ CMUCOK, HO ANs
YyNpow,eHnsa AeKoanpoBaHus Mbl OyemM UTHOPMPOBATbL TaKyto 3anuch.

KogupoBaHue ocyLLecTBASeTCS Of4HOW peKkypcuBHOW (yHKuueli encode, NoKasaHHOW
HWKe. Ee cTpyKTypa, no cyllecTBy, NpefcTaBaseT co60/M TO e caMOe, 4TO U CTPYKTypa
tyHKuumn Display 3 npefbigyuiero pasgena:
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godL. io/chl2/sexpr
func encode(t>uf *bytes.Buffer, v reflect.Value) error {

switch v.KindQ {

case reflect.Invalid:
buf.WriteString('nil™)

case reflect.Int, reflect.Int8, reflect.Intl6,
reflect.Int32, reflect.Int64:
fmt_Fprintf(buf, "%d", v.Int())

case reflect.Uint, reflect.Uint8, reflect.Uintl6,
reflect.Uint32, reflect.Uint64, reflect.Uintptr:
fmt_Fprintf(buf, "%d", v.Uint())

case reflect.String:
fmt_Fprintf(buf, "%qg", v.String())

case reflect_Ptr:
return encode(buf, v.ElemQ)

case reflect.Array, reflect.Slice: // (value ...)
buf.WriteByte("(")
for i =0; i <v.LenQ); i++ {

ifi>0¢{
buf.WriteByte(™ ©)

}
if err := encode(buf, v.Index(i)); err = nil {
return err

}

%uf.WriteByte(')')
case reflect.Struct: // ((name value) ...)
buf.WriteByte("(%)
for i =0; 1 <v.NumFieldQ; i++ {
ifi>0({
buf.WriteByte(" ©)

}

fmt_Fprintf(buf, "%s ", v.Type().Field(i).Name)

if err := encode(buf, v.Field(i)); err != nil {
return err

%uf.WriteByte(')')

%uf.WriteByte(')')
case reflect.Map: // ((key value) ...)
buf.WriteByte(*(%)
for i, key := range v.MapKeysQ {
ifi>0(¢{
buf.WriteByte(™ ©)

}

buf.WriteByte("(")

if err = encode(buf, key); err I= nil {
return err
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}

buf.WriteByte(" ”)

if err = encode(buf, v.Maplndex(key)); err != nil {
return err

guf-WriteByte(')')

}
buf_WriteByte(")")

default: // float, complex, bool, chan, func, interface
return fmt.Errorf(“'HenogaepxmBaembin Tvn: %s", v.TypeO)

}

return nil

®dyHkuma M arshal "o6opaumBaet” koguposwmk B API, nogobHblii APl apyrux nake-
ToBencoding/...:

// Marshal kogvpyeT 3HayeHne GO B BuAE S-BbipaxeHus,
func Marshal(v interface{}) ([]byte, error) {
var buf bytes.Buffer
if err = encode(&buf, reflect.ValueOf(v)); err = nil {
return nil, err

}
return buf.Bytes(), nil

BoT Kak BbIrNSaUT BbIBOA GYHKUMM Marshal, npumeHeHHOW K MepemMeHHOW
strangelove u3 pasgena 12.3:

((Title "Dr. Strangelove™) (Subtitle "How I Learned to Stop Worrying
and Love the Bomb™) (Year 1964) (Actor (("Grp. Capt. Lionel Mandrake"
"Peter Sellers™) ('Pres. Merkin Muffley" "Peter Sellers™) (“'Gen. Buc
k Turgidson" "George C. Scott) ('Brig. Gen. Jack D. Ripper" "Sterlin
g Hayden™) ('Maj- T.D. \"King\" Kong" "Slim Pickens™) ("'Dr. Strangelo
ve" "Peter Sellers'™))) (Oscars(''Best Actor (Nomin.)" '"Best Adapted Sc
reenplay (Nomin.)" "Best Director (Nomin.)" "Best Picture (Nomin.)'"))
(Sequel nil))

Becb BbIBOS npefcTaBnseT c060i OfHY CTPOKY C MUHUMaNbHbIMW Mnpobenamu, KOTO-
PYI0 OYeHb TPYAHO 4nTaTb. BOT Kak BbIrNSAAWT TOT Xe BbiBOA, 0THOPMATUPOBaHHbIV BpYyY-
HY0 COr/flaCHO cornaleHusm S-BblpaXeHuiA. HanncaHne KpacuMBOro BbiBOAA S-BblpaXKeHU
ocTaeTcs ymTaTensM B Ka4yecTBe (CNOXKHOI0) ynpaxHeHus; 3arpyska c agpeca gopl.io
BK/IIOYAET NMPOCTY0 BEPCUIO.

((Title "Dr. Strangelove™)
(Subtitle "How | Learned to Stop Worrying and Love the Bomb'™)
(Year 1964)
(Actor (("Grp. Capt. Lionel Mandrake" "Peter Sellers'™)
("Pres. Merkin Muffley" '"Peter Sellers™)
("Gen. Buck Turgidson™ ™"George C. Scott')
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('Brig. Gen. 3Jack D. Ripper™ "Sterling Hayden™)
('Maj- T-3. \"King\" Kong™ "Slim Pickens'™)
('Dr. Strangelove™ "Peter Sellers™)))

(Oscars (*'Best Actor (Nomin.)"
"Best Adapted Screenplay (Nomin.)"
"Best Director (Nomin.)"
"Best Picture (Nomin.)'™))

(Sequel nil))

Tak Xe, Kak U pyHkumm fm t.Print, json.M arshal un Display, sexpr.M arshal
3alMKNBaeTCa MpW nepefayve el LMKINYECKNX JaHHbIX.

B pasgene 12.6 Mbl HaMETUM peann3aLMio COOTBETCTBYIOLWEN PYHKLUN AeKOLMPOBAHNA
S-BbIP@XEHWA, HO Mpexze Yem NepenTu K HeEMY, HYXXHO MOHATb, Kak petiekcus MOXeT uc-
nosb30BaThCs AN 0OHOBMEHNA NMEpPeMeHHbIX NPOrpaMMbl.

YnpaxHeHue 12.3. PeanusyiiTe nponyuweHHble cayyvan B pyHkumm encode. Kogu-
pyiTe 6yneBbl 3HauYeHMsA Kak t W nil, yncna c nnaBaloLeil TOYKOW C NMOMOLLbI 06bIY-
Hoi 3anucnm Go, a KOMMMEKCHble yucna Hanogobue 1+2/ — kak #C (1.0 2.0). WNHTep-
(helicbl MOXXHO KOAMPOBaTb Kak Mapbl, COCTOALME M3 MMEHW TUNa W 3HaYeHUs, Hanpumep
("[lint" (12 3)), HO y4TuTe, UYTO Takasa KOAMpOBKa HeofHO3HauyHa: metof reflect.
Type.String MOXeT BO3BpalaTb TaKyt Xe CTPOKY ANS pas/iMYHbIX TUNOB.

YnpaxHeHue 12.4. Moguduumnpyiite encode Tak, 4ToObl BbIBOA S-BblpaXXeHMit ocy-
WwecTBNANcsa B ygobountaeMom Buie, NpuBeeHHOM BbILLE.

YnpaxHeHue 12.5. Agantupyiite QpyHKLM0 encode Tak, YTo6bl OHa BbIBOAMA 3aNUCh
B popmate JSON BMeCTO S-BblpaKeHWI. MpoTecTupylite cBOM KOAMPOBLLMK C MOMOLLbIO
CTaHfapTHOro gekogmposluka j son.Unmarshal.

YnpaxHeHue 12.6. Agantupyiite yHKuuio encode Tak, 4To6bl B Ka4yecTBe ONTUMMU-
3aUMmn OHa He KofupoBana rnosis, 3Ha4eHUsA KOTOPbIX ABNAKOTCA HYNEBbIMU 3HAYEHUAMU UX
TUMNOB.

YnpaxHeHue 12.7. CosgaiiTe noTokoBoe APl ans feKoAMpOBLLMKA S-BblpaXXeHWiA, cre-
aysa ctuno json.Decoder (pasgen 4.5).

12.5. YcTaHOBKa nepemMeHHbIX
c nomouibto reflect .Value

Moka 4To pedhieKcus NpMMeHanach TONbKO AN MHTepnpeTauumn 3Ha4eHUn B Nporpam-
Me pasnnyHbiMK cnocobamun. CyTb JaHHOTO pasjena B TOM, UTOObl X U3MEHATb.

BCcnoMHUM, 4TO 0AHW BbipaxeHus Go Hanogobue x, X .f [1] wam *p obo3HavaloT nepe-
MeHHble, a apyrue, Takme kak X + 1 uam f (2), — HeT. lNepeMeHHasa npeacTaBnseT cobon
afgpecyeMoe MECTOMO/OXEHNE B MaMATH, KOTOPOe COAEPXKUT 3HAYEHUE, N 3TO 3HAYeHUe MO-
XeT 6blTb N3MEHEHO C MCNO/Ib30BaHNEM afpeca NepemMeHHOIA.

AHanornyHoe pasnuume npumensetca n Kk reflect .Value. OgHu U3 HUX ABNAOTCA
JOCTYMHbIMU, ApYTrMe — HeT. PaccMOTpuM cnepytow e 06bABNEHUS:

X = 2 /] 3HayeHve TN nepemeHHasa?
a = reflect.ValueOf(®) // 2 int no
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reflect.ValueOF(x) // 2 int no
reflect.ValueOF(&x) //  &x *int no
c.ElemQ // 2 int yes (X)

3HayeHWe B a He agpecyeMoe. ITO BCEro NWLb KONWA LLenoro ymcna 2. To Xe camoe
O0THOCUTCA M K b. 3HaueHMe B € TakXe Heafgpecyemoe, 6yayun Komuell 3HauYeHus ykasaTe-
na &x. ®aktnyeckn 3HaveHnsa reflect _Value, Bo3spauweHHble reflect .ValueOf (X),
He ABNslOTCA agpecyembiMu. Ho d, npou3BofHOe OT C NyTeM pasbiMEHOBaHMSA yKasaTens
BHYTPW Hero, CCbiNaeTcs Ha NepeMeHHYI W, Takum obpasom, ABnseTcs agpecyeMbiM. Mbl
MOXeM MCnonb3oBaTh 3TOT nogxod, Bbi3biBasd reflect _ValueOf (&x) .ElemQ ans no-
ny4yeHnsa 3HaveHue agpecyemoro Value ans no6oil nepemMeHHOl X.

Mbl Mmoxxem 3anpocutb y reflect .Value, aBnseTcs N1 3HayeHne afpecyembiM, € Mo-
mowbto MeToga CanAddr:

fmt.Printin(a.CanAddrQ) // "false"
fmt.Printin(b.CanAddrQ) // "false"
fmt.Printin(c.CanAddrQ) // "false"
fmt.Printin(d.CanAddrQ) // "true"

Mbl nonyvaem agpecyemoe reflect .Value npu KocBeHHOM 06palieHMn yepes yKa-
3aTenb, faxe ecnu HauuHaem c Heagpecyemoro Value. Bce 06bl4Hble NpaBuia agpecaluu
MMelT aHanoru ana pednekcun. Hanpumep, MOCKOSIbKY BblpaXeHWe WHAekcauuu cpesa
e[i] HesBHO Mcnonb3yeT yKa3aTesb, OHO afpecyemo, flaXKe ec/in BblpaXXeHWe e TakoBbIM
He asnseTcq. Mo aHanorun reflect .ValueOf(e) .Index(i) ccbinaetca Ha nepemeH-
HY0 1, Takum obpas3om, aBnaetcs agpecyembiM, gaxe ecan reflect .ValueOf(e) Tako-
BbIM He ABaseTCS.

[na BoccTaHOBMEHMA nepeMeHHon 13 agpecyemoro reflect .Value TpebytoTcsa Tpu
wara. CHavana mbl Bbi3biBaeM Addr(), nonyyas Value, KOTOpoe COAEPXUT yKasaTe/b Ha
nepemeHHyto. fanee ana atoro Value mbl Bbi3biBaeM Interface(), koTopblli BO3Bpa-
waeT 3HayeHue interface{}, cogepxaliee ykasatenb. HakoHew, ecniv Mbl 3HaeM TuN
nepemMeHHOM, Mbl MOXEM MCMOMb30BaTh AeKapauuto Tuna Aas U3BAeYeHUs COAePXMMOro
MHTepelica Kak 00bIYHOTO yKasaTensd. 3aTeM Mbl MOXEM OOHOBUTbL MEPEMEHHYH Yepes
3TOT yKasaTenb:

X =2

d := reflect.ValueOf(&x) .ElemQ /] d ccblnaetcqd Ha nNepemMeHHyr X
px := d.AddrQ .InterfaceQ.(*int) // px ==

*px =3 // x =3

fmt.PrintIn(x) // 3

Mbl TakXXe MOXeM 06HOBUTb MEPEMEHHYIO, Ha KOTOPYIO CCbiNaeTcs afpecyemMoe 3Haue-
Hue reflect .Value, HenocpeACTBEHHO, 6€3 NPUMEHEHUA yKa3aTens, C NOMOLLbIO BbI30-
Ba metoga reflect._Value.Set:

d .Set(reflect_ValueOf(4))
fmt.PrintIn(x) /7 4T

MeTofoM Set BO BPeMsi BbIMOSHEHMS MPOBOAATCS T€ XKe MPOBEPKN AOCTYMHOCTU, KO-
TOpPbIe 06bIYHO BbIMOHATCSA C NMOMOLLbIO KOMMUAATOPA. Bbille NepemMeHHas M 3HaueHue
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MMEIT TUR int, HO ecnu Gbl NepemeHHas 6Gbina TMna int64, BO3HWKAA 6bl aBapuiiHas

CUTyaLunsi, NOITOMY OYeHb BaXHO YOEAWMTLCSA, YTO AAHHOE 3HAYeHMe MpUCBaMBaemMo TUMy
nepemeHHOIA:

d.Set(reflect.ValueOF(int64(5))) // AsapuiiHaa cuTyaumus:
// int64 He npucBauBaemo Tuny int

W koHeuHOo e, Bbi30B Set gna Heagpecyemoro reflect .Value Takxe npusegeT K
aBapuiiHon cutyaumu:
X =2
b := reflect.ValueOf(x)
b.Set(reflect.vValueOf(3)) // AsapwiiHas cuTyauusi:
// Heappecyemoe 3HayeHue MepefaHo Set

VimetoTcs BapuaHTbl Set, cneuuanu3npoBaHHble ANS HEKOTOPbIX rpynn yHAameH-
TanbHbIX TMNOB: Setlnt, SetUint, SetString, SetFloat nr.p4.:

d := reflect.ValueOf(&x) . .ElemQ)
d.SetInt(3)
fmt_Printin(x) // 37

B HeKOTOpbIX OTHOLUEHMAX 3TU METO/bl ABNAKOTCA 60/ee cHUCXoauTenbHbIMU. Setint,
Hanpumep, 6yAeT yCrneLwHbIM, eCiM TUN NepeMeHHON npeAcTaBnseT coboii HEKOTOPYIO pas-
HOBWAHOCTb 3HAKOBOFO LIENIOr0 YMCna WM AaXKe MMEHOBAHHbIA TWM, 6a30BbIM TUMOM KO-
TOPOro ABNAETCA 3HAKOBOE Lefioe YMCNO, M eci 3HAUYeHWe CMMILKOM BEeNWKO, OHO ByfneT
Monua yceyeHo. Ho 6yabTe BHUMaTenbHbI: Bbi3oB Setlnt gns reflect _Value, koTopoe
cCblnaeTca Ha nepemeHHyto interface{}, npuBefeT K aBapuiiHON cCUTyauun, Aaxe He-
CMOTpS Ha yCnewHocTb Set:

x =1

rx = reflect.ValueOf(&x).Elem()

rx.SetInt(2) // K, x =2
rx.Set(reflect.ValueOf(3)) // 0K, x =3
rx.SetString("'hello™) // ABapwuiiHaa cuTyaums:

// string He npucBamBaemo int
rx.Set(reflect_ValueOf("hello™)) // AapuiiHas cuTyauus:

// string He npucsavBaemo int
var y interface{}
ry := reflect.ValueOf(&y).Elem()

ry.Setint(2) // ABapuiiHaa cuTyaums:

// SetlInt BbizBaH ansa uHTepdelica Value
ry.Set(reflect._ValueOf(3)) // 0K, y = int(3)
ry.SetString(“"hello™) // ABapwiiHaa cuTyaumsi: SetString

// Bbi3BaH gna wuHTepgeiica Value
ry.Set(reflect.ValueOf("'hello™)) // OK, y = "hello"

Mpumenus Display K os.Stdout, mbl 0O6HAPYXWWU, YTO peeKCUs MOXET YuTaTb
3HaYeHNs Mnoneil HEIKCNOPTUPYEMOI CTPYKTYpPbl, KOTOPble N0 06bIYHLIM NpaBunam f3blka
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HefJoCTYNHbI, Kak none int fd cTpykTypbl 0s. File Ha Unix-nofo6bHbix nnathopmax. Oa-
Hako pediieKcus He MOXKEeT 06HOBAATL TakuMe 3HaYeHUA:

stdout := reflect.ValueOf(os.Stdout) .ElemQ // *os.Stdout,
// nepemenHasn os.File

fmt.Printin(stdout.Type()) // "os.File”

fd := stdout.FieldByName("fd")

fmt.Printin(fd.Int()) /1o

fd.SetInt(2) // ABapwiiHas cuTyauws:

// HeaKkcnopTupyemoe nosne

Agpecyemoe 3HayeHue reflect .Value 3anucbiBaeT, 6bI/10 M OHO MOAYYEHO NYTEM
06x04a Nofis HE3KCMOPTUPYEMOI CTPYKTYpPbI, 1, ECIM 3TO Tak, 3anpeliaeT MOAUDMKALMIO.
CnepoBaTtenbHo, CanAddr 06bIYHO He ABASIETCA MpaBUIbHOW MPOBEPKOW nepef yCTaHOB-
Kol nepeMeHHoi. Metog CanSet coobuwaet, asnsetca nm reflect .Value agpecyembim
M yCTaHaBNMBaeMbIM:

fmt _PrintIn(fd.CanAddr(), fd.CanSetQ) 11 "true false"

12.6. Mpumep: gekoanpoBaHme S -BblparkKeHUi

Ona kaxgon gyHkumm Marshal, npegoctaBnsemoin naketamum encoding/.. . cTaH-
[apTHOM 6MbnnoTekn, meeTca cooTBeTcTBYtOWas GyHkuma Unmarshal, koTopas Bbinon-
HAeT geKkoaupoBaHue. Hanpumep, Kak Mbl BUAenu B pasgene 4.5, ans gaHHoro 6aliToBoro
cpesa, cofepxallero gaHHble B JSON-KoaupoBke Ans Hawero Tuna Movie (pasgen 12.3),
Mbl MOXEM [LeKoAMpOoBaTb UX clefyroLlmnm o6pasom:
data = [Jbyte{/* ... */}
var movie Movie
err = json.Unmarshal(data, é&movie)

dyHkumns Unmarshal ncnonb3yeT petnekcuio A U3MEHEHUS MOJei CyLLecTBYOLL el
nepeMeHHON movie 1 CO34aHNA HOBbIX OTOOGPaXKEHMWI, CTPYKTYP M Cpe3oB, onpeaensiemMbix
TMNOM Movie M COLEPXUMBIM BXOAHbIX faHHbIX.

[JasaiiTe Tenepb peannsyem npoctyto gyHkuuo Unmarshal gna S-sbipaxeHui, aHa-
Nnor cTaHAAapTHON yHKUMKM json.Unmarshal, ncnonb3oBaHHOW HaMu paHee, U 06paTHYHO
K Hawei yHkumm sexpr.Marshal. Mbl JO/MDKHbI NpeaynpeanTb Bac, YTO HafeXHas U
0606uleHHas peanusaumsa TpebyeT 3HAUUTENbHO 60MbLUIEr0 KOAa, YeM Bbl YBUAUTE B 3TOM
npumepe (M KOTOPbIA W TakK LOCTaTOYHO ANMHHbLIA), MO3TOMY Y HAac TaKk MHOFO COKpaLlie-
HuiA. Mbl NoAAepXMBaemM TONbKO OrpaHWYeHHOEe MOAMHOXECTBO S-BblpaXeHui 1 He obpa-
6aTbiBaeM owmn6kM. Kog npefHasHayeH TOMbKO AN UAMKOCTPaLun penekcum, a He peasib-
HOro aHanmn3a S-BblpaXkeHus.

Nexcnyeckunini aHanusatop Mcnonb3yeT TMN Scanner U3 naketa text/scanner gns
TOro, 4YTo6bl pasfennTb BXOAHOW MOTOK Ha NOCMef0BaTeNbHOCTb SIEKCEM, TaKMX KaK KOM-
MeHTapuu, MAEHTU(PUKATOPbl, CTPOKOBbIE M YMUCNOBble nMTepanbl. MeToa Scan ckaHepa
BbIMOMHAET MPOXOL MO TEKCTY U BO3BpalLaeT BWA CleAyloLleil NeKCeMbl, KOTOpbIA nMeeT
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TMN rune. BOMbLWMHCTBO /IEKCEM, TaKMX Kak Kak ' (', COCTOAT M3 OAHON PyHbI, HO MakeT
text/scanner npeacraBnseT U MHOTOCUMBOJIbHbIE iekceMbl Ident, String u Int, uc-
nonfb3ys HebOoNbLUNE OTPMLATENbHbIE 3HAYeHUS TuNa rune. Mocne BbI3oBa Scan, KOTOPbIN
BO3BpallaeT OAMH M3 3TUX BUAOB fekceM, metod TokenText ckaHepa BO3BpalaeT TekCT
NEKCEMBI.

Tak KaK TUNMYHOMY aHann3aTopy MOXeT NOHAA06MTLCA MPOBEPUTL TEKYLLYIO JIEKCEMY
HECKO/IbKO pas, a MeTo Scan nepeMeLLaeT cKaHep Mo TEKCTY, Mbl “3aBopaymBaeM” ckaHep
BO BCNOMOTATENbHbIA TN lex er, KOTOPbIA OTCNEXUBAET NOC/NEAHIOK BO3BPALLEHHYIO Me-
TOAOM Scan fiIeKcemy.

aopL.io/chl2/sexor
type lexer struct {
scan scanner.Scanner
token rune // the current token

}

func (lex *lexer) next() { lex.token = lex.scan.Scan() }
func (lex *lexer) text() string { return lex.scan.TokenText() }
func (lex *lexer) consume(want rune) {
if lex.token = want { // TlpumeyaHue: NPUMEPOM XOPOLlLEi
// 06paboTkM OowMbOK He sBnseTcs!
panic(fmt.Sprintf("'nonyueH %q, Tpebyetcs %q",
lex.textQ, want))

lex.next(

BepHemca Kk aHanm3atopy. OH COCTOWUT U3 ABYX OCHOBHbIX (PYHKUWIA. lMepBas U3 HUX,
read, yuTaeT S-BblpaXKeHWe, KOTOPOE HAYMHAETCA C TeKyLLeil nekcembl, U 06HOBNAET nepe-
MEHHYI0, Ha KOTOPYIO ccblfiaeTcs agpecyemoe 3HadeHune reflect .Value v:

func read(lex *lexer, v reflect.Value) {
switch lex.token {
case scanner.ldent:
// EQVHCTBEHHLIMU KOPPEKTHLIMW UAEHTUPMKaTOopamm
// senswTca "nil™ 1M uvmeHa nonein CTPyKTyp,

if lex.textQ = "nil" {
v .Set(reflect.Zero(v.Type())
lex.nextQ
return

case scanner.String:

s, _ = strconv.Unquote(lex.text()) // MNpumeyaHwe:
v.SetString(s) // VrHopupyem OwWwnoKm
lex.next()

return

case scanner.Int:
i, _ = strconv.Atoi(lex.text()) // TpumedyaHve:
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v.SetInt(int64(i)) 11 wrHopupyem OWW6KM
lex.next()
return
case "(":
lex.next(
readList(lex, V)
lex.next()  // CuntbiBaem *)°
return

}
panic(fmt.Sprintf('HeoxmagaHHas nekcevma %g”, lex.text()))

Halwmn S-BbipaXeHWs NCNONb3YIOT MAEHTUGHUKATOPLI AN ABYX Pa3INYHbIX Lenei, uMeH
nonei CTPYKTYp W 3HadeHuid nil gna ykasateneir. dyHkums read obpabaTbiBaeT TO/bKO
nocnegHuin cnydaii. Betpetus scanner.ldent "nil", oHa ycTaHaBnMBaeT gns mnepe-
MEHHOW Vv HyneBOe 3HayeHue ee TUNa, ncnonbdysa dyHkyuto reflect .Zero. Ans nro6oro
APYroro naeHTugukaTopa oHa coobuiaet 06 owmnbke. dyHKumns Read List, ¢ KOTOpoi Mbl
BCKOpe nmo3Hakomumcs, o6pabaTbiBaeT MAeHTUDOUKATOPbI, NCNONb3yeMble KaK MMeHa nonei
CTPYKTYPbI.

Nekcema '(' ykasblBaeT Hayano cnucka. Brtopasa dyHkuus, readL ist, gekoaunpyet
CMWUCOK B NEPEMEHHYIO COCTaBHOr0 TMNa — 0TOOpaXxeHue, CTPYKTYpY, CPe3 UM maccus —
B 3aBMCMMOCTM OT TOr0, KAKOro poja nepeMeHHyt0 GO Mbl B HACTOsLLee BPEMS 3anONHAeM
nHopmauueii. B niobom cnyyae LMK NpOLOMKAET aHann3 3N1eMeHTOB [0 TeX Nop, noka He
BCTPETUT COOTBETCTBYIOLLYIO 3aKPbIBAIOLLYIO KPYTAytk CKO6KY *)', Kak onpefensieT yHK-
umsa endList.

VIHTepecHOl YacTblo fBngeTca pekypcusa. MNpocTeiiwnii cnyyali — maccuB. [0 BCTpeun
C 3aKpblBatoLWeli CKOBKoM ') ' Mbl ncnonb3yem meTod Index Ans NonyyvyeHUs nepeMeHHoM
O19 KaX[0ro afeMeHTa MaccuBa M BbINOMHAEM PEKYPCUBHbIA BbI30B read Ans ero 3amnon-
HeHusA. Kak 1 BO MHOTUX APYTUX OWMBOYHbLIX CUTYaLMsAX, ECNIU BXOAHbIE faHHbIe NPUBOAAT
K MHOEKCY 3a KOHLOM MacCuBa, BO3HMKAET aBapuiiHas cuTyauus. AHanOrMYHbIA MNOAXOA
NCNonb3yeTcs ANS CPe30B, C TeM OT/IMYMEM, YTO Mbl O/DKHbI CO34aTb HOBYIO NEPEMEHHYIO
ONS KAXAOro 3/1eMeHTa, 3anofiHUTbL ee, a 3aTemM J06aBUThL B Cpes.

Liyknbl Ans CTPYKTYp M OTOBPaXKEHMIA LOMKHbI Ha KaXA0N UTepauuu aHanm3mpoBaTb
nogcnucok (key value). [ns cTpyKTyp KoY SABASETCA CMMBOJIOM, OMPenenstoLunum
none. Kak n npn o6paboTke MaccvBOB Mbl MOMy4yaeM CYLLECTBYIOWYIO NepeMeHHY0 AN1s
nons CTPYKTYpbl, ncnonb3ya GyHkuuwo FieldByName, v BbINO/HAEM PeKYpPCUBHbIA BbI30B
4Na ee 3anonHeHUs. Ans 0ToO6paXKeHMI KUY MOXeT 6bITb 1I060r0 TMNa, U Kak U B CUTYa-
LMK CO cpe3ammn Mbl CO34aeM HOBYI NEPeMeHHYH, PeKYPCUMBHO 3arofiHAeM ee W HaKoHel,
BCTaB/IIEM HOBYIO Napy "Kntou/3HayeHune" B 0TOBpaxKeHue:

func readList(lex *lexer, v reflect.Value) {
switch v_KindQ {
case reflect.Array: // (item ...)
for i = 0; lendList(lex); i++ {
read(lex, v.Index(i))

}
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case reflect.Slice: 11 (item ...)
for lendList(lex) {
item = reflect.New(v.Type().Elem()).Elem()
read(lex, item)
v.Set(reflect.Append(v, item))

case}reflect-Struct: // ((name value) ...)
for lendList(lex) {
lex.consume("(")
if lex.token != scanner.ldent {
panic(fmt.Sprintf(
"nmonyyeHa nekcema %q, Tpebyetcsa wms nona',
lex.textQ))

}
name := lex.textQ
lex.next(Q

read(lex, v._FieldByName(name))
lex.consume(")")

case}reflect.Map: // ((key value) ...)
v .Set(reflect MakeMap(v.-Type(Q))
for lendList(lex) {
lex.consume(" ()
key := reflect.New(v.Type().Key()).ElemQ
read(lex, key)
value := reflect .New(v.TypeQ -ElemQ) .ElemQ
read(lex, value)
v.SetMaplIndex(key, value)
lex.consume(™)")
>
default:
panic(fmt_Sprintf("'He mory fgekogupoBaTb CNUCOK B %v'",

v.TypeQ))
}

func endList(lex *lexer) bool {
switch lex.token {
case scanner.EOF:
panlc(''koHey Gaiina')
case ")T:
return true

return false

HakoHel, Mbl “3aBOpayMBaeM” aHann3atop B aKCnopTupyemyto yHkuuto Unmarshal,
MOKa3aHHYI0 HWXKe, YTO CKpbliBaeT HEKOTOPble OCTPbIe YIAbl peanusaunn. Ownbkn Bo Bpe-
Ms aHanusa NpUBOAAT K aBapuiiHbIM cuTyaumnsam, nosatomy Unmarshal ucnonbsyet otio-
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)XEHHbI/ BbI30B A1 BOCCTAHOBMAEHWS NOC/e aBapuitHoi cuTyauumn (pasgen 5.10) n Bo3Bpa-
Ta coobLeHns 06 owwnbKe.

// Unmarshal aHanm3upyeT fAaHHble S-BbpaXeHUsi 1 3arosiHAET MNepeMEHHYH,
// apjpecom KOTOPOW SIBNSIETCA HeHyneBON yka3aTenb out.
func Unmarshal(data []byte, out interface{}) (err error) {
lex := &lexer{scan: scanner.Scanner{Mode: scanner.GoTokens}}
lex.scan.Init(bytes.NewReader(data))
lex.next() // get the first token
defer func() {
// TpyveyaHve: 3TO He MpuMep uaeasibHON 06paboTKM OWWMGOK!
if x = recover(); x != nil {
err = fmt.Errorf("oumnbka B %s: %", lex.scan.Position, X)

}
l}fgald(lex, reflect.ValueOf(out).Elem())

return nil

Peanusaumsa NpoMbIWIEHHOTO KayecTBa He [O/DKHA FeHepupoBaTb aBapUMHYO CUTY-
auuio HW NMpU KakuxX BXOAHbIX AaHHbIX, & J0/HKHA NPOCTO WUH(OPMaTUBHO coobuiaTb 06
owmn6bKe, BOSMOXHO, C HOMEPOM CTPOKW WM CMeLLeHNeM B TeKCTe. TeM He MeHee Mbl Ha-
Jeemcs, 4To 3TOT MpUMep nepefaeT HEKOTOPOE NpeAcTaBfieHWe O TOM, YTO NPOUCXOAMUT 3a
Kynncamm Takmx NakeToB, Kak encoding/json, M Kak MOXXHO MCMO/b30BaTb peiekcuto
[ONA 3aN0fIHEHUSA CTPYKTYP AaHHbIX.

YnpaxHeHune 12.8. dyukyma sexpr.Unmarshal, nogo6bHo json.Unmarshal,
TpebyeT NOMHbIX BXOAHbLIX AaHHbIX 415 6alNTOBOro cpesa, 4Tobbl HayaTb AEKOAMPOBaHME.
Onpegennte TN sexpr .Decoder, KOTOPbIA, NOA06HO json. Decoder, N03BONAET AEKO-
AMpOoBaTb NOCNeA0BaTe/IbHOCTb 3Ha4YeHMid u3 io. Reader. N3meHnte sexpr.Unmarshal
[4NS MCNOMb30BaHWA 3TOr0 HOBOrO TUNa.

YnpaxHeHne 12.9. Hanuwute APl Ha OCHOBe neKceM AN [eKOAMPOBaHMSA
S-BblpaxeHuin, cnegya ctuno xml. Decoder (pasgen 7.14). Bam noTpebytoTcs NsTb TUMOB
nekcem: Symbol, String, Int, StartList n EndList.

YnpaxHeHue 12.10. PacwupbTe sexpr .Unmarshal gns 06paboTku 6yneBbixX 3Haye-
HWIA, YMcen ¢ NNaBalLLel TOUKOW N MHTEP(ECOB, KOAUPYEMbIX BalIMM peLleHnemM ynpax-
HeHua 12.3. (YkKasaHue: Ana [LEeKOAMpOBaHWA WHTepdelicoB MoTpebyeTcs OoToBpaxeHue
MMEHN Kaxgoro nogaepxueaemoro Tuna Haero reflect .Type.)

12.7. JocTyn K AecKpuntTopam rnosen CTPyKTyp

B pasgene 4.5 Mbl MCNO/b30BaNy AECKPUNTOPbI MO CTPYKTYpP Ans nameHeHmss JSSON-
KOAUPOBaHMA 3HauYeHuii cTpykTyp Go. [leCKpunTop Mofs json MO3BOMISET HaM Bbi6GUpaThb
anbTepHaTWBHbIe MMEHa Nonei W NoAaBNsATb BbIBOA NYCTbIX Mofeii. B 3ToM pasgene Mol
YBUANM, Kak 06paliaTtbCa K AecKpunTopam nofieil ¢ Ncnonb3oBaHueM petiekcuu.

MepBoe, UTO AenaeT 60bLWNHCTBO YyHKLMIi-06paboTunkoB HTTP Ha Beb6-cepBepax, —
3TO M3BNEYEHME NapamMeTpoB 3anpoca B /I0KanbHble nepeMeHHble. Mbl ONpesenum BCMOMO-
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ratenbHyt yHkumo params .Unpack, KoTopas ucnonb3yeTt 4eCKpUNTOopbl MOMei cTpyk-
Typbl ana 6onee ygobHoro HanucaHua HTTP-o6pa6oTunkos (pasgen 7.7).

CHavana faBaiiTe NOCMOTPWUM, KakK OHa McNonb3yeTcs. [MoKasaHHas HWXe (PYHKUKA
search gasnsetca obpabotumkom HTTP. OHa onpegenser nepemeHHyt data ¢ Tunom
aHOHVWMHOW CTPYKTYpbI, NOAA KOTOPOW COOTBETCTBYIOT napametpam HTTP-3anpoca. Teru
nonei CTPYKTYpPbl YKa3blBAOT MMeHa NapaMeTpoB, KOTOPble 3a4acTyl0 KOpPOTKME W 3ara-
[OYHblE, YTOOblI CIKOHOMWUTL AparoueHHoe npocTpaHcTBo B URL. dyHKums Unpack 3a-
NOMHSET CTPYKTYpY MHAOpMaLMeid 13 3anpoca, Tak 4To obpalleHme K napaMmeTpaM MOXeT
BbIMOMHATLCSA YA06HO, KakK K COOTBETCTBYIOLLEMY TUMY AaHHbIX.

QQDL.i10/chl2/search
import "‘gopl.io/chl2/params"

// search peanu3yeT okoHuyeHnme URL /search,
func search(resp http.ResponseWriter, req *http.Request) {
var data struct {

Labels [dstring “http:"IM"
MaxResults int “http:"max™"
Exact bool "http:"x""

data.MaxResults = 10 // 3HayeHWe MO YMONYaHUI0

if err := params.Unpack(req, é&data); err = nil {
http_Error(resp, err.Error(), http.StatusBadRequest) // 400
return

// ... ocTaBlLascsa 4acTb ob6paboTuuka -..
fmt_Fprintf(resp, 'Mouck: %+v\n”, data)

MokasaHHas Hwke yHKUus Unpack genaeT Tpu Bewm. CHadvana OHa BbI3blBaeT req.
ParseFormQ Aana aHanusa 3anpoca. ocne atoro req.Form cofep>XXuT BCe napameTpbl
He3aBMCUMO OT TOrO, YTO ucnosb3yet KnmeHT HTTP: meTtog 3anpoca GET wan POST.

3atem Unpack cosgaeT oTobpaxeHue 3(eKTUBHOTO UMEHM KaXK4Oro nons B nepe-
MEHHYI0 3TOro nons. OPPeKTUBHOE WMMA MOXET OTAMYaTbCA OT (PaKTUYECKOro, ecnm
none cogepxut geckpuntop. Metog Field y reflect. Type BO3BpaliaeT 3HayeHue
reflect .StructField, npegoctaBnstowee cBefeHNs 0 TUMe KaXAOro nosns, Takme Kak
ero ums, TUN 1 Heobs3aTenbHbIN geckpunTop. MNone Tag aBnseTcs 3HadveHuem reflect.
StructTag, KOTOpOe NpeacTaBaseT co60l CTPOKOBLINM TUN, NpeaocTaBnaoWmnii metog Get
AN aHanu3a u M3BNeYeHUs NOACTPOKM A1 KOHKPETHOro K/ua, Takoi Kak http:

B JaHHOM Cnyuae:

godL. 1o/chl2/Darams
// Unpack 3anonHseT nons CTPYKTypbl, Ha KOTOpPYyW yka3sbiBaeT ptr,
// napaveTtpamn n3 HTTP-3anpoca B req.
func Unpack(req *http.Request, ptr interface{}) error {
if err = req.ParseFormQ; err = nil {
return err


http://http.ResponseWriter
http://http.Request
http://http.StatusBadRequest
http://http.Request
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// CTpouT OTOBpaxeHme C KA4YoM, SBASWUMCH IPHEKTUBHBIM UMEHEM,
fields := make(map[string]reflect.Value)
v = reflect.ValueOf(ptr).Elem() // CTpyKTypHas nepeMeHHas
for i == 0; i < v.NumFieldQ); i+t {

fieldInfo := v.Type().Field(i) // reflect.StructField

tag := fieldlnfo.Tag // reflect.StructTag
name := tag.Get('http™)
if name = "™ {

name = strings.ToLower(fieldInfo.Name)

>
fields[name] = v.Field(i)

>
// O6HOBNsieT nofne CTPYKTYpbl A1 Kax4oro napameTpa B 3anpoce,
for name, values := range req.Form {
f = fFields[name]
if If.Isvalid) {
continue // WrHopvpyem Hepacno3HaHHble napameTpsl HTTP
for _, value := range values {
if £.Kind() == reflect.Slice {
elem := reflect.New (f.Type().Elem()).Elem()
if err := populate(elem, value); err != nil {
return fmt.Errorf("%s: %v”, name, err)
%.Set(reflect.Append(f, elem))
} else {
if err := populate(f, value); err != nil {
return fmt.Errorf(""%s: %v', name, err)
}
}
}
return nil

HakoHel, Unpack nepe6bupaet napbl “umsa/3HayeHne"” napametpoB HTTP n o6HoBAsET

COOTBETCTBYIOLIME NOMS CTPYKTYPbl. HamoOMHWUM, UTO OfIHO U TO Xe UMs mapaMeTpa MOXeT
nosiBNATLCA 60/ee 0fHOro pasa. ECAM 3TO MPOMCXOAMT M None NpeAcTaBnsieT coGoli cpes,
TO BCe 3HAYEHWs 3TOro mapameTpa HaKamnJMBalOTCs B 3TOM Cpe3e. B MpoTMBHOM crydae
nose MHOTOKPaTHO Mepe3anyucbiBaeTCsl, Tak UTO B pe3y/ibTaTe OCTaeTCs 3anucaHHbIM TO/b-
KO NnocnefHee 3HaueHue.

®yHKumMa populate 3a60TuTCA 06 YCTaHOBKE OAHOrO MoAs V (UKW OQHOTO 3MeMeHTa

nons, ABNSIOLLErocs Cpe3om) U3 3HaUeHUs napameTpa. B HacTosllee BpeMsi oHa NOAAepXH-
BaeT TO/IbKO CTPOKM, 3HAKOBbIE Lie/ible YMcna U OrMYeckine 3HauyeHus. MNoagepxka apyrux
TUMOB OCTAETCS YNTATENAM B KauecTBe YNPaKHEHMUs.

func populate(v reflect.Value, value string) error {

switch v.KindQ {
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case reflect.String:
v.SetString(value)
case reflect.Int:
, err := strconv.Parselnt(value, 10, 64)
if err = nil {
return err

3.Setlnt(i)
case reflect.Bool:
b, err := strconv.ParseBool(value)
if err 1= nil {
return err

}

v.SetBool (b)
default:

return fmt. Errorf (“"HenogaepxvBaembiii Bug %s', v.TypeQ)
>
return nil

Ecnm mbl fo6aBUM 06paboTuMK Server K BeO-cepBepy, TO TUMUYHbIA CeaHC MOXET Bbl-
rNAfeTb cnefyowmm o6pasom:

$ go build gopl.io/chl2/search

$ _/search &

$ ./fetch "http://localhost:12346/search”

Search: {Labels:[] MaxResults:10 Exact:false}

$ ./fetch “http://localhost:12345/search?l=golang&l=programming”
Search: {Labels:[golang programming] MaxResults:10 Exact:false}

$ ./fetch "http://localhost:12345/search?l=golang&l=programming&max=100"~
Search: {Labels:[golang programming] MaxResults:100 Exact:false}

$ ./fetch “http://localhost:12345/search?x=true&l=golang&l=programming”
Search: {Labels:[golang programming] MaxResults:10 Exact:true}

$ ./fetch “http://localhost:12345/search?q=hello&x=123"

x: strconv.ParseBool: parsing "123": invalid syntax

$ _/fetch “http://localhost:12345/search?q=hello&max=lots”

max: strconv.Parselnt: parsing "lots": invalid syntax

YnpaxHeHue 12.11. HanuwunTte COOTBETCTBYIOWYIO (YyHKUMIO Pack. [And 3agaHHOro
CTPYKTYPHOro 3HadyeHus Pack fonxHa Bo3spaw,ate URL co 3HaYeHMAMU napameTpoB, B3S-
TbIMW U3 CTPYKTYpbl.

YnpaxHeHue 12.12. PaclimpbTe 3anncb LeCKpUNTopa nons Tak, 4tobbl BbipaXxaTb Tpe-
60BaHMs KOPPEKTHOCTW NapaMeTpoB. Hanpumep, OT CTPOKM MOXET nmoTpe6oBaTbCA ObiTh
KOPPEeKTHbIM afpecoM 3/IEKTPOHHOW NOYTbl UM HOMEPOM KPEeAWTHOW KapTbl, & OT LeNoro
yncna — nNpeacTaBnsATb COOON BepHbI/i NOYTOBLIA MHAEKC. M3meHUTe Unpack Takum 06-
pa3oM, 4ToObl AaHHaA (DYHKLUS NpoBepssia yKasaHHble TpeboBaHUA


http://localhost:1234%d0%91/search'
http://localhost:12345/search
http://localhost:12345/search?l=golang&l=programming&max=100'
http://localhost:12345/search?x=true&l=golang&l=programming'
http://localhost:12345/search?q=hello&x=123'
http://localhost:12345/search?q=hello&max=lots'
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YnpaxHeHue 12.13. N3meHUTe KOLUPOBLYMK S-BblpaXKeHWii 13 pasgena 12.4 n gekoau-
pOBLLMK K3 pa3gena 12.6 Tak, 4Tobbl OHM 06pabaTbiBany JECKPUNTOP MONA SEXPr :
aHanornyHo encoding/json (pasgen 4.5).

12.8. BbiBOA4 MeToA0B TUMA

Haw nocnegHmnii npumep pednekcun ucnonsdyet reflect. Type ans BbiBoga Tvna
NPOM3BO/LHOIO 3HAYEHUS U NEPEYUCNIEHNS ero MeTO/0B:

gqodL.io/chl2/methods
11 Print BbiBOAUT MHOXECTBO METOJOB 3HAYeHUs X.
func Print(x interface{}) {

v = reflect_ValueOf(X)

t = v.TypeQ

fmt. Printf ("type SSsW, ©)

for i =0; 1 <v.NumMethodQ; i++ {
methType := v.Method(i).Type()
fmt_Printf(""func (Us) %s%s\n", t, t.Method(i).Name,
strings.TrimPrefix(methType.String(), "func'))

N reflect .Type, n reflect .Value umetoT meTog nog HaseaHuem Method. Kax-
ablli Bbi3oB t .Method (i) BosBpauwaet akzemnnsp reflect .Method, cTpykTypHbIi TvN,
KOTOpbI/ onucbiBaeT UMs U TUN oTAenbHoro metofa. Kaxablii BbizoB v.Method(i) Bos-
BpauwaeT 3HaueHne reflect .Value, npeactaenstouiee metoa-3HaueHne (pasgen 6.4), T.e.
MEeTOZ, CBsA3aHHbIN ¢ ero nonydatenem. Mcnonbsys metog reflect .Value. Call (noka-
3aTb KOTOPbI 34eCb HaM He NO3BO/sieT OTCYTCTBME MeCTa), MOXHO Bbi3BaTh Value pasHo-
BUAgHocTK Func, fo B faHHOW NporpamMmMe Hac MHTEpecyeT TOMbKO 3HayeHue Type.

BoT wmeTogbl, npuHagnexauime pagym Tunam, time.Duration wu *strings.
Replacer:

methods .Print(time.Hour)

// Output:

// type time.Duration

// func (time.Duration) HoursQ float64

// func (time.Duration) MinutesQ float64
// func (time.Duration) Nanoseconds() int64
// func (time.Duration) SecondsQ float64
// func (time.Duration) StringQ string

methods _Print(new(strings.Replacer))

// Output:

// type *strings.Replacer

// func (*strings.Replacer) Replace(string) string

// func (*strings.Replacer) WriteString(io.Writer, string) (int, error)
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12.9. lNpepnocTepexxkeHne

CylectByeT ropasgo 6onbwe QyHKunidi APl pedaiekcumn, 4eM Mbl MOXEM MPUBECTU
30eCb, HO MOKa3aHHbIE NPUMepbl fal0T NpefcTaBNeHMEe O TOM, Ha YTO OHWU CMOCOGHLI. Ped-
NeKcua ABNAETCA MOLWHBIM Y Bblpa3uTe/ibHbIM UHCTPYMEHTOM, HO MO TPeM NpuYMHam oHa
[O0/IXHA UCNONb30BaTbCA C OCTOPOXKHOCTLIO.

MepBas NpuuyMHa 3aKN0YaeTCAa B TOM, YTO KOZ Ha OCHOBE pel/ieKCUy MOXKET 0KasaTbCA
yA3BMMbIM. [Ns KaXAoh owmnbKu, 0 KOTOPOI KoMNuasTop coobuwaeT Kak 06 owmnbke Tuna,
NMeeTCs COOTBETCTBYHOLLMIA cnocob 3noynoTpebneHus pednekcmeli; HO B TO BpeMS Kak
KOMNUAATop coobuiaeT 06 ownbKe B X04e NOCTPOEHUA MPUIOXKEHUS, pedhaekcns coobLaeT
06 OWW6Ke Npy BbINOSIHEHWWM NPOrpaMmMbl C MOMOLLbIO aBapUIiHOW CUTyaLn, BO3MOXHO,
yepes A/IMTENbHOE BPEMSA MOC/e HanucaHusa Uan faxe 3anycka nporpaMmmbl.

Ecnu, Hanpumep, @yHkuma read L ist (pasgen 12.6) foskKHa NpoyecTb BXOAHYK CTPO-
Ky AN 3anofiHeHMA nepemeHHoOl Tuna int, Bbi3oB reflect .Value. SetString npuse-
JeT K aBapuitHon cuTyaumu. BONbLWUHCTBO NporpamMm, KOTOpble UCNOML3YIOT pediekcuto,
COLEepXKaT aHanormyHble 0NacHOCTU, U TPEOYIOTCA 3HAYUTENbHbIE YCUANA ANA OTCAeXUBa-
HUSA TuUMa, agpecyemocTun M ycTaHaBansaemocTn Kaxgoro reflect .Value.

Hannyuywmii cnoco6 n3bexaTb 3TON YSI3BUMOCTU — 06ECNeYNTb MOMHYI MHKaNcyns-
LMI0 NpUMEHEHNS pedieKcun B BalleM nakeTe 1 Mo BO3MOXHOCTU OoTKasaTbcA oT re flect.
Value B nonb3y KOHKPEeTHbIX TMNOB B APl Ballero nakera, 4Tobbl OrpaHNUUYUTL BXOAHbIE
[aHHble KOPPEKTHbIMU 3HauyeHUsMU. Ecan 370 He MpeAcTaBnseTcs BO3MOXHbLIM, BbIMOA-
HANTE LONONHUTE/bHbIE AUHAMUYECKME MPOBEPKU Mepes Kaxoih puCKOBaHHOMW onepauu-
eil. B KayecTBe nNpumepa 13 cTaHLapTHOW 6ubnnoTekn: Korga hyHkumsa fmt. P rintf npu-
MeHseT HenmoAxofdAline AN AAHHOTO onepaHfa CMMBOAbI NMpeobpa3oBaHUA, OHa BbIBOAUT
NH(opMaTMBHOE co06LLeHNe 06 OLWM6OKe, a He OrpaHMYMBaeTCs aBapuiiHbIM COCTOSIHUEM.
B nporpamme ecTb owmn6bKa, HO TakK ee Kyfa ferye guarHocTupoBathb:

fmt.Printf("%d % s\n\ "hello", 42) // "%!d(string=hello) %!s(int=42)"

Pethnekcnsa Takxe cHMXaeT 6€30MacHOCTb M TOYHOCTb MHCTPYMEHTOB aBTOMATUYECKOr0
pethaKTOpUHIa 1 aHanm3a, NOCKOAbKY OHM MPW 3TOM He MOFYT OCHOBbLIBATLCS Ha MH(OPMa-
LMK 0 TMNax.

BTopoii npuumHoi m3beratb pediekcun ABASeTCA TO, YTO, MOCKOAbKY TUMbI CAyXaT
thopMmoii JOKyMeHTaLmMu, a onepayum peaekcmm He MOTyT ObiTb NPeaMETOM CTaTUYECKOM
MPoBepKU TUMOB, aKTUBHO WCNONb3YIOWMNIA pediieKCnio Kof 4acTo OYeHb TPYAEH Ans Mo-
HUMaHusA. Bcerga TwatenbHO AOKYMEHTUPYITE OXUAaeMble TUMbI U APYTMe UHBAPUAHTSI
(hyHKUwniA, koTopble NnpuHumMatoT interface{} nmreflect .Value.

TpeTbs NpMYMHA 3aK/HOYAETCS B TOM, YTO DYHKLMW C UCMONAb30BaHNEM pediekcun Mo-
ryT 6bITb Ha OAWMH UNK [iBa MOPsAKa MeA/eHHee, YeM CreLuann3nupoBaHHble QyHKLMU A5
KOHKPETHbIX TUNOB. B TMNW4HOW nporpamme 60AbWINHCTBO (DYHKLMWIA He UrpatoT ponu B
06LLeil NPON3BOAMTENLHOCTU, TaK YTO PepIeKCMI0 MOXHO MCMO/Mb30BaTh TaM, e OHa Je-
naet nporpamMmmy 60see AcHol. OCO6EHHO XOpOLIO MOAXOAWT pedniekcus Ans TecTUpoBa-
HUs, MOCKOJ/IbKY 60MbLUIMHCTBO TECTOB UCMOMb3YHOT He6GOMblUME Habopbl AaHHbIX. Ho ans
(hYHKUNIA Ha KPUTUYECKOM MYTW BbIMOIHEHUA pediekcum nydlle nsberatb.



HN3KoypoBHEBOE
nporpammMmmnpoBaHue

[un3saliH Go rapaHTupyeT psaf CBOWCTB 6€30MacHOCTW, OrpaHUYMBAKOLLMX NYTU, NO KO-
TOpbIM nporpamma Go MOXeT “MoiTn He Tyaa”. Bo Bpems KOMNuAAUMM NpoBepKa TUMOB
06HapyXuBaeT 6OMbLWNHCTBO MOMbITOK MPUMEHWUTb OMepauuto K 3HAYeHWK HENnoAXOAs-
LWero TMna, HanpuMep MOMbITKY BblYMTaHUA OLHON CTPOKW W3 Apyroil. CTporue npasuna
npeobpasoBaHna TUNOB MPeAOTBpaLLaldT NPAMONA AOCTYN K BHYTPEHHEMY COLEPXUMOMY
BCTPOEHHbIX TUMOB, TaKUX KakK CTPOKM, OTOBPaXeHNs, cpesbl 1 KaHanbl.

[ns ownboK, KOTOpble HE MOTYT ObiTb 06HAPYXXeHbl CTaTUYECKMN (Takux, Kak obpatle-
HWe 3a npefenamu maccuBa WKW pasbiMeHOBbIBAHME HYNEBOro yKasaTens), AuHamuyeckas
NpoBepKa rapaHTUpyeT, YTO BCAKWIA pas, Korga npoucxofsT 3anpeLeHHble onepayum, npo-
rpamma HeMef/1eHHO 3aBepluaeTcs ¢ UH(POPMaTUBHbLIM coobLieHMeM 06 owwmnbke. ABTOMa-
TWYEeCKoe ynpasfieHue namaTbio (c6opka Mycopa) ycTpaHseT OWnBKU MCNOoNb30BaHNUa na-
MATW Noc/ie 0CBOGOXAEHUS, a TakKe 60/bLIMHCTBO yTeUeK NamaTu.

MHorve getanu peanusaunm HefoCTynNHbI And nporpamm Go. He cyuwectByeT cnocoba
BbIACHUTL pasMelleHne B NamMATh COCTaBHbIX TUMOB, TAKUX KakK CTPYKTYpPbl, WAA MallnH-
HOro Kofa (yHKLMMW, UM NOTOKa OnepaLuoHHO CUCTEMbI, B KOTOPOM BbIMOMHAETCA TeKy-
Was go-nognporpamMma. B geiicTBUTeNbHOCTM NnaHMpoBLiMK GO CBOGOAHO MNepemeliaeT
go-noanporpaMmbl M3 O4HOFO NOTOKa B APYroi. YKasaTeflb ONpefensieT nepemMeHHyto, He
packpbiBas 4MC/I0BOe 3HauyeHWe ee agpeca. Agpeca MOTyT U3MEHUTLCA; MO Mepe TOro Kak
cbopLiMK Mycopa nepeMeLLaeT nepeMeHHble, yKkasaTem npo3payHo 06HOBNSAIOTCS.

BmecTe 3TM 0CO6EHHOCTM fenatoT NporpaMMbl Ha A3blke nporpamMmuposaHns Go 60-
nee npefckKasyeMbIMy U MeHee 3arafo4HbIMU, YeM MPOrpamMmbl Ha A3blKe MporpammupoBa-
HuA C, TMMMYHOM HU3KOYPOBHEBOM fA3blKe. COKpbITUE HW3KOYPOBHEBLIX AeTanel genaeT
nporpammMmbl Ha GO BbICOKOMNEPEHOCMMbIMUN, MOCKO/IbKY CeMaHTWKa A3biKa He 3aBUCUT OT
KOHKPETHOro KOMNUAATOpa, OnepaLyMoHHON cucTeMbl UKW apXMTEKTYpbl npoueccopa. (He-
3aBMCUMOCTbL He abCoNtOTHasA: BCE Xe MMeeTCs yTeuka HeKOTOpbIX fJeTanei, Hanpumep, Ye-
pes3 pasmep cn0Ba npoLeccopa, NoOpPAA0K BbIYMCAEHUA OnpefeNneHHbIX BblpaXeHuid 1 Habop
OrpaHuMyeHnin peanmsauumn A1 KOHKPETHOro KoMnuaaTopa.)

Ho nHorga Mbl MOXeM MpefnoyvecTb 0TKa3 OT HEKOTOPbIX U3 3TUX MOME3HbIX rapaHTui
AN LOCTUXKEHNSA MaKCMManbHO BO3MOXHOIM MPOM3BOAUTENLHOCTM, 419 B3aMMOLENCTBUS C
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6rbnmoTekamu, HanMCaHHbIMK Ha APYTrUX f3blKaxX, UAKM ANA peanunsauuun QyHKLuu, Kotopas
HE MOXET ObITb BblpaXXeHa Ha yuctom Go.

B aToli rnaBe Mbl yBMAMM, KakK nakeT unsafe mo3sonseT Ham BbIATK 3a Npefenbl 06bIY-
HbIX MPaBui M Kak UCNONb30BaTb MHCTPYMEHT €90 ANs co3gaHusa cBsasn Go ¢ bubnanoTteka-
mMn C 1 BbI30BaMW OMepaLMoHHO CUCTEMBI.

OnucaHHble B 3TOW rnaBe NOAXOAbl HE AO/MKHbLI MCNOMb30BAaTbCA NErKOMbICNEHHO. be3
NpUCTanbHOro BHUMAaHWUA K AeTansiM OHW MOTyT Bbl3BaTb Pa3NuyHble Henpenckasyemble,
HeMmoCTMXUMbIe U HeNoKanbHble c60U, C KOTOPbIMU, K HECHACTbIO, XOPOLLO 3HAKOMbI Npo-
rpammucTtbl Ha C. Mcnonb3oBaHne unsafe Takxe nuwaet GO rapaHTUii COBMECTUMOCTM C
Oyaywmmmn BepcuMaMM, NOCKOSbKY, NPefHaMEPEHHO UMW CMyYailHO, 0YeHb Nerko okKasaTbCs
B 3aBMCUMOCTU OT HeyKasaHHbIX [eTaneli peanusauuu, KOTopble MOFYT HEOXWUAaHHO W3-
MEHMNTbLCS.

MakeT unsafe JOBONLHO CTpaHHbIA. XOTA OH MMeEeT BUA O6bIYHOIO Naketa u MMNOpPTU-
pyeTcs 06bl4HBIM CNOCO6OM, Ha CAMOM [ene OH peann3yeTcsd KOMNUAATOPOM. DTOT naket
obecneymBaeT JOCTYN K psgy BCTPOEHHbIX A3bIKOBbIX BO3MOXHOCTElW, KOTOPble He fBNS-
toTCA 06LLeA0CTYNHbIMU, NOCKONbLKY pacKpbiBatOT MOAPOOHOCTU UCNONb30BaHUA NaMsATU B
Go. lMNpeactaBneHne aTUX PYHKLUMIA B BUAe OTAENbHOr0 nakerta genaet 60nee 3aMeTHbIMU
pegkme cnyyaum, Korga oHM Heobxoaumbl. Kpome TOro, HEKOTOpPble cpefbl MOrYT OrpaHu-
4ynTb MCnosib3oBaHKe naketa unsafe no coobpaxkeHnam 6e30MacHOCTU.

MakeT unsafe LWMPOKO MCMOMb3YeTCA B TaKMX HU3KOYPOBHEBbLIX MakeTax, Kak run-
time, os, syscall n net, KoTopble B3aMMOAENCTBYHOT C ONepayoOHHON CUCTEMON, HO OH
MOYTU HWMKOTAA He HYXXEH 06bIYHbIM Mporpammam.

13.1. unsafe.Sizeof, Alignof nOffsetof

dyHkyma unsafe.Sizeof coobuaeT pasmep B 6aliTax NpPeACTaB/NEeHNA ee OMepaHAa,
KOTOPbIA MOXET 6blTb BblpaXXeHWEM N060ro TMNa; CaMo BbipaXeHWe He BbluMcnseTcs. Bbi-
30B Sizeof ABNSeTCA KOHCTAHTHbIM BbipaXKeHWEM Tuna uintptr, no3Tomy pesynbTaT Mo-
XKET NCMO0/b30BaThCA B KAYECTBE PA3MEPHOCTU TMNa MacCMBa UAW AN BbIUMCIEHUA LPYTUX
KOHCTaHT:

import "unsafe"
fmt.PrintIn(unsafe.Sizeof(float64(0))) // "8"

Sizeof coobuiaeT pasmep TONbKO (PUKCMPOBAHHOW YaCcTU KaXKAol CTPYKTYPbl AaHHbIX,
TaKoW Kak yKasaTenb WM ANNHa CTPOKW, HO He KOCBEHHbIX YacTei, Kak, Hanpumep, coaep-
XWUMOe CTPOKU. TUMMUHbIE pasMmepbl AN BCEX He COCTaBHbIX TUNOB GO NpuUBefEeHbl HUXE,
XOTSl TOUYHbIE WX pa3Mepbl MOFYT OT/IMYATbCA B 3aBMCUMOCTM OT KOHKPETHOW peanu3auum.
[ns nepeHOCMMOCTU Mbl NPUBENN Pa3Mepbl CCbISIOUYHbIX TUNOB (TUNOB, COAePXKaLLUX CCblN-
K1), BbIpaXKEHHbIE B CNOBaX, M4e C/0BO cOCTaBnfeT 4 6alita Ha 32-pa3pagHoli nnathopme U
8 6aiiToB Ha 64-paspsagHoii nnathopme.

KomnbloTepbl Haubonee ai(heKTUBHO 3arpy>atT U COXPaHAT 3HAYEHMS B NaMATK, KOr-
[a 3TV 3HaYeHUs Hagnexawmm 06pa3oM BbIPOBHEHbI. Hanpumep, agpec 3HavyeHUs AByx6ali-
TOBOFO TUMa, TaKoro Kak intl6, fO/MKeH BbITb YETHLIM YMCIOM, aapec YeTbipexbainToBoro
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3HaYeHMA, TaKOro Kak rune, fO/MKeH 6biTb KpaTeH 4, a aapec BOCbMWOGANTOBOro 3Ha4YeHus
Hanogo6ue float64, uint64 wnn 64-paspsagHoro ykasatens JO/DKeH 6bITb KpaTHbIM 8.
TpeboBaHWA K BbipaBHMBaHWUIO 60/1ee BbICOKUX CTeNeHel peaku, gaxe Ana 601bLIKNX TUNOB
JLaHHbIX, Takux kak complex128.

Mo 3Tol NpUYMHe pasmMep 3HaYEHUS COCTABHOMO TuMa (CTPYKTypbl Wn
MaccuBa) COCTaB/IAET MO MeHbLLE Mepe CyMMY pasMepoB Mosier unm
3N1EMEHTOB, HO MOXET OblITb 1 60/bLLE K3-3a HaMUnS “nNpobenos”. Mpobesbl
(Hencnonb3yeMas NamsiTb) 406aBNSOTCA KOMMUASTOPOM A8 06ecreyveHns
[O/HKHOIO BbIPaBHUBAHWUS CEAYHOLLErO MOMS WN 3/1eMeHTa OTHOCUTE/IbHO
Havasia CTPYKTypbl UM MaccuBa

Twun Pasmep
bool 16aint
intN, uintN, floatN, complex N/8 6aittoB (Hanpuvep, ana Float64 — 8 6aifToB)

int, uint, uintptr 1cnoso
*T 1cnoso

string 2 cnosa (faHHble, 4MHa)

[T 3 cnoea (AaHHble, A/MHA, EMKOCTb)
map 1cnoso

func 1cnoso

chan 1 cnoso

interface 2 cnosa (Tvin, 3HaYeHne)

Cneundukaums d3blka He FapaHTUPYeT, UTO MOPSA0K, B KOTOPOM 06bsBMEHbI NONs, —
3TO MOPSAOK, B KOTOPOM OHU pacrofaratloTcsi B MamsaT, No3TOMY TEOPETUUECKN KOMMUAS-
TOp BOMEH WX MEPeynopsaoUnThb, XOTS Ha MOMEHT HanWCaHWs KHUTU HW OUH KOMMWASTOP
TaK He mocTynaeT. Ecnv TUMbl Noneit CTPYKTYpPbl — PasinyHbIX Pa3mMepoB, WCMO/b30BaHMe
namsaTh MOXET OKas3aThCs 3(eKTUBHEEe Npu 06bSABNEHWUM NONel B NOPsSAKe, NPU KOTOPOM
OHU YNaKOBbIBAKOTCS MaKCUMaabHO MAOTHO. TpW MPUBEAEHHbIE HWXKE CTPYKTYpbl UMET
0flHW U Te Xe Nons, Ho nepBas TpebyeT A0 50% 6onblie NaMaTU, Yem ABe Apyrue:

// 64 paspspa 32 paspsga

struct{ bool; float64; intl6 } // 3 cnosa 4 cnosa
struct{ float64; intl6; bool } // 2 cnosa 3 cnosa
struct{ bool; intl6; float64 } // 2 cnosa 3 cnosa

[JeTann anropmTma BbipaBHUBAHWUSA BbIXOAAT 3a PaMKW 3TOW KHUTK, U BaM, 6e3yCMOBHO,
He CTOUT 6ECNOKOUTLCA O KaXKAol CTPYKTYpe, HO 3pheKTnBHas ynakoBKa MOXET caenaTb
4acTo BblaensieMble CTPYKTYpbl 60/1€e KOMMAKTHbIMK, @ NOTOMY 60/1ee GbICTPbIMU.

PyHkuuns unsafe. Alignof coobuwaer 0 HeOBXOAMMOM BbipaBHUBaHUWM TUMa ee apry-
MeHTa. Kak 1 Sizeof, oHa MOXeT ObITb MPUMEHEHA K BblpaXeHWto N060ro Tuna u gaet
KoHCTaHTy. Kak npaBuno, OyneBbl W 4YWUCAOBble TUMbl BbIPOBHEHbI MO CBOUM pa3Mepam
(makcumym o 8 6aiiToB), a BCe ApYyrue TUMbl BblpaBHUBAKTCSA MO FpaHuLe CnoBa.
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dyHKkums unsafe.O ffsetof, onepaHgom KOTOpOI AOMKEH ObITb cenekTop nons X.f,
BblUMCASeT cMelleHne nona f 0THOCUTENbHO Havana BKAKOYaOLWen ero CTPYKTYpbl X € y4e-
TOM BCex Mpo6enos, ecin TakoBble MMEKTCS.

Ha puc. 13.1 nokasaHa CTPYKTypHas MepemMeHHasi X W ee pa3MelleHWe B MamaTu ans
TUNUYHBIX 32- 1 64-pa3pagHblxX peann3aynini Go. CepbiM LBETOM MOKa3aHbl MNpo6enbl.

var x struct {

a bool
b intl6
c [lint

¢ (paHHbIe) ¢ (BaHHble)
¢ (anvHa) ¢ (anuHa)

¢ (eMKOCTb) ¢ (eMKOCTb)

(32 paspsaga) (64 paspsaga)

Puc. 13.1. Mpo6ensbl B cTpyKType

B npuBefeHHoOI fanee Tabnuie nokasaHbl pesynbTaTbl MPUMEHEHUS TPeX PacCMOTPEH-
HbIX (PYHKLMIA 13 nakeTa unsafe K MepeMeHHON X N K KaXXA0MY M3 Tpex ee Mosei:

TunnyHasa 32-paspsagHas nnatgopma:

Sizeof(x) = 16 Alignof(x) 4

Sizeof(x.a) = 1 Alignof(x.a) =1 Offsetof(x.a) = 0
Sizeof(x.b) = 2 Alignof(x.b) = 2 Offsetof(x.b) = 2
Sizeof(x.c) = 12  Alignof(x.c) = 4 Offsetof(x.c) = 4
TunuuHaa 64-pa3psgHas nnaTgopma:

Sizeof(x) = 32 Alignof(x) =8

Sizeof(x.a) = 1 Alignof(x.a) =1 Offsetof(x.a) = 0
Sizeof(x.b) = 2 Alignof(x.b) = 2 Offsetof(x.b) = 2
Sizeof(x.c) = 24 Alignof(x.c) = 8 Offsetof(x.c) = 8

HecmoTpsa Ha UX MMeHa, 3Tu (*)yHKU.I/II/I Ha CaMOM fe/fie He ABNAKTCA He6e3omacHbIMU K
MOTyT 6bITb MONE3HbI Oona NOHUMMaHUA KOMMOHOBKW MamMATU Npu onTUMusaunnm Mcnosb3o-
BaHNA HOCHEAHGM.

13.2. unsafe.Pointer

BO/bLUMHCTBO TMMOB yKasaTeneil 3anucbiBalOTCA KakK *T, YTO O3Ha4vaeT “yKasaTe/b Ha
nepeMeHHyto Tuna T”.Tun unsafe.Pointer npeacTasnseTt coboi 0cobblii BUJ yKa3aTe-
N, KOTOPbLIA MOXET cogepxkaTb agpec 060K nepemMeHHol. KOHeYHO, Mbl HE MOXEM KOC-
BEHHO obpauiaTbCsi K Heil yepe3 unsafe.Pointer ¢ MOMOLWbIO BbIpaXeHMs *p, TaK Kak
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Mbl He 3HaeM, Kakoi TWM AO/DKHO UMeTb JaHHOe BblpaxeHue. Kak u 06blYHble yKa3aTe-
nm, unsafe.Pointer ABAAOTCA CpaBHUBAEMbIMM, Y UX MOXHO CPaBHUBATb CO 3HAYEeHUEM
nil, KoTopoe ABNAETCA HYNEBbIM 3HAYEHUEM [AHHOTO TWNa.

OO6bIuHbIA yKaszaTenb *T MOXeT ObITb npeobpasosaH B unsafe.Pointer, a unsafe.
Pointei----- 06paTHO B 06bIUHbI/ YKa3aTe/b, He 06513aTeIbHO TOMO Xe Tuna, 4To u *T. Tak,
Hanpumep, NyTem npeob6pa3oBaHus ykasaTens *float64 B *uint64 Mbl MOXeM MPOCMO-
TpeTb 6UTOBLINA WAGMOH NEPEMEHHOI C NNaBaloLLei TOUKOI:

package math
func Float64bits(f float64) uint6d {
return *(*uint64)(unsafe.Pointer(&f))

3
fmt.Printf("%#016x\n", Float64bits(1.0)) // '0x3fFf0000000000000"

Uepes nonyyvaroLMincs ykasaTe/lb MOXHO TakxXe 0OHOBUTbL OMTOBLIN WabnoH. ITo 6es-
BPEAHO ANS MEePEMEHHON C nnaBatolleil TOUYKOW, MOCKONbKY Nt060i 6UTOBbIA LWabnoH fB-
naeTcs 4ONYCTUMbIM, HO B 06Lem cnydae npeobpasosaHua unsafe.Pointer nossonstot
3anucblBaTbh NPOU3BOJIbHbIE 3HAYEHUA B NaMATb U TeM CaMbiM MOAPbIBaTb CUCTEMY TUMOB.

unsafe.Pointer MOXHO TakXe npeobpasoBaTb B TUM Uintptr, XpaHAWMIA YMcnoBoe
3HayeHve ykasaTens W Mo3BONANOLWMIA BbINOAHATL apuMeTUUecKne onepaunn Hapg agpe-
camu. (BcnomHute 13 rnasbl 3, “PyHAaMeHTaNbHble TUMbl AaHHbLIX”, 4TO TUN uintptr
ABNAETCA AOCTAaTOYHO LLUMPOKMM, YTOOLI MpeAcTaBnATbL agpec B BUAe 6€33HAKOBOro Lenoro
ymucna.) 310 nNpeobpasoBaHMe TakXKe MOXET 6biTb MPUMEHEHO B 0O6pPaTHOM HanpaB/ieHUN,
HO npeo6pasoBaHme u3 uintptr B unsafe.Pointer MoOXeT NMOBPeANTb CUCTEMY TMMOB,
TaK Kak He BCe Yncna npeacTaBnaoT coboi fjonycTumble agpeca.

MHorune 3HaveHns unsafe.Pointer, Takum obpa3om, ABNSIOTCA NOCPeAHUKaMKU Ans
npeobpa3oBaHUs 00bIYHbIX YKa3aTeneil B YNCNOBble 3HAUYEHWS afpecoB U 06paTHO. B npu-
BEAEHHOM HUWXe Mpumepe onpefenseTcs agpec NepeMeHHON X 1 K HeMy fobaBnseTca cme-
WweHme ee Nonst b, nonyyeHHbIh agpec npecbpasyerca B yKasaTenb *intl6, yepes KOToOpbIi
06HOB/MIAETCA 3HAUEHUe X . b:

godL.io/chl3/unsafeptr
var x struct {

a bool

b intl6

c [dint

11 3kBMBaneHTHO pb := &x.b

pb := (*intl6)(unsafe._Pointer(
uintptr(unsafe.Pointer(&x)) + unsafe.Offsetof(x.b)))
*pb = 42

fmt_Printin(x.b) /7 "42"

XOTs JaHHbIA CUHTAKCUC SBASETCS TPOMO3AKMM (4TO KaK pa3 MOXEeT ObITb HEMIoxo,
MOCKO/MbKY Takue (YHKUWM cneayeT MCMOMb30BaTh C OCTOPOXHOCTbLIO), He cobnasHsaiiTech
BBOAWTb BPEMEHHbIE MepeMeHHbIe TUMa uintptr, 4To6bl Pa3éuTb CTPOKU. TpUBEAEHHBbI
fanee Kof siBNSieTCS HeBEPHbIM:
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// TpvmeyaHue: TOHKas HEeKOPPEKTHOCTb!

tmp = uintptr(unsafe.Pointer(&x)) + unsafe.Offsetof(x.b)
pb = (*intl6) (unsafe.Pointer(tmp))

*pb = 42

MpuynHa TOMy BeCbMa TOHKasi. HekoTopble CO0PLMKN MycOpa NepeMeLLaloT nepemMeH-
Hble B MaMsATV ANS YMeHbLUEHUs parMeHTauuyu uam ynpoueHns yyeta. Coopuimkm Myco-
pa Takoro poja M3BeCTHbl Kak mepemMelaioLlye. Mpu nepemelleHU NepeMeHHol BCe yKa-
3aTenu, KOTOpble COAEPXKaT afjpec ee CTaporo MecTOMOM0XEHWS, AO/MKHbI 6bITb 0GHOB/EHbI
3HayeHVeMm ee HoBOro agpeca. C TOoukM 3peHuns cboplmka mycopa unsafe.Pointer sB-
nseTca ykasaTefieM W, TaKMM 06pa3oM, ero 3HauyeHue Npu nepeMeLleHny NepeMeHHOW He-
06X0MMO U3MEHWTb, HO U intptr — 3TO NPOCTO YNCAO, TaK YTO ero 3Ha4eHne N3MeHATHCA
He JO/MKHO. HEeKOPPEKTHLIA KOA Bbille CKpbIBaeT yKazaTenb 0T cbopLiMKa Mycopa B nepe-
MEHHOR tmp, He ABnAOLWelica yKasaTenem. Ko BpeMeHy BbIMONHEHUS BTOPO MHCTPYKLUK
nepeMeHHass X MOXET ObITb MepeMeLleHa, U Yncno B tmp 6onblwe He 6yaeT agpecom &X.b.
B pesynbTate TpeTbs MHCTPYKLUA NPUCBOUT NPOU3BOJILHON A4elike NaMaTy 3HaveHune 42.

ECTb MHOXeCTBO MaTO/IONMYECKUX Bapuauuii Ha 3Ty Temy. [locne BbIMOSHEHUS WH-
CTPYKLMU

pT := uintptr(unsafe.Pointer(new(T))) // MNpumeyaHne: HeBepHO!

HET HMKaKUX yKasaTe/ieli, KOTOpble OTHOCATCA K NePeMEHHON, cO34aHHON C MOMOLLbIO Bbl-
30Ba new, NO3TOMY COHOPLWMK Mycopa UMeeT NpaBo €e YHUUTOXUTb N0 OKOHYaHUU BbIMO-
HEeHWs JaHHOW WHCTPYKUuUW. B pesynbTate nepemeHHas pT OyfeT cojepxatb afpec, No Ko-
TOpPOMY MepeMeHHas 6bl1a, HO ee 60/blle TaM HeT.

Hun ofHa u3 Tekywux peanusauuii Go He UCMONb3YeT MepemMeLlalonin coopumnK My-
copa (xoTd, BO3MOXHO, Oyayuive peanusauumm 6ygyT aTO fenatb), HO 3TO He NOBOL ANA
CaMOYCMOKOeHMs: TeKylyne Bepcun GO nepeMeLlaldT HEKOTOpble MepeMEHHbIe B NamATy.
BcrnomHmTe 13 pasgena 5.2, 4To Npu HEO6XOAMMOCTM CTeKM go-nognporpaMm MOryT yBe-
nnuymeatbea. Korga ato npomcxoauT, BCe NepemMeHHble U3 CTaporo cTeka MOryT 6biTb nepe-
MeLLEHbI B HOBbI, 6ONBLUMIA CTEK, TAK YTO Mbl HE MOXEM MO/araTbCs Ha TO, YTO YMCIOBOE
3HayeHMe afgpeca NepeMeHHoON 6yAeT OCTaBaTbCA HEM3MEHHbLIM Ha MPOTSHXKEHMM BCEro ee
YXU3HEHHOrO LMKNa.

Ha MOMEHT HanmuMcaHUsi UMeeTCsi Mafio YeTKMX yKa3aHW O TOM, Ha YTO MMEHHO Mpo-
rpammucTbl Ha GO MOryT noJsiaraTbCcsd nocne npeobpasosaHns unsafe. Pointer B uintp-
tr, N03TOMY Mbl HAaCTOATENIbHO PEKOMEHAYEeM 06X0AMTbLCA MWHWUMAbHBIMU MPEeAnonoxe-
HuAMKU. PaccmaTpuBaiiTe Bce 3HavyeHMs uintptr Tak, Kak OYATO OHW cofepyKaT ObIBLUNIA
afipec MepeMeHHoR, 1 CBOAMTE K MUHMMYMY KO/IMYECTBO OMepauuii Mexay npeobpas3oBa-
Huem unsafe.Pointer B uintptr u ucnons3oBaHnem 3Toro uintptr. B HaweMm nepeom
npumMepe, NpYBeAEHHOM BbIlle, BCE TPW onepauum — npeobpasoBaHue B uintptr, go6as-
NeHne CMeLleHns nons u npeobpasoBaHne 06paTHO — HaxoAAaTCA B Npejenax OAHON WH-
CTPYKLUUN.

Mpy BbI30BE 6MOAMOTEYHOW (PYHKLUMM, KOTOpas BO3BpalLaeT uintptr, Kak nokasaHHble
HWKe hyHKumMM 13 naketa reflect, pesynbTar fonxeH 6bITb HEMeAeHHO npeobpa3oBaH
Bunsafe. Pointer gna rapaHTuy, 4TO OH NPOAO/KAET YKa3blBaTb Ha Ty XKE MEPEMEHHYIO:
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package reflect

func (Value) PointerQ uintptr
func (Value) UnsafeAddr() uintptr
func (Value) InterfaceDataQ [2]Juintptr // (index 1)

13.3. NMpumep: rnybokoe paBeHCTBO

dyHkuna DeepEqual n3 naketa reflect coobuiaeT, ABASIOTCA MM ABA 3HAYEHUS “Ty-
60K0" paBHbIMU. DeepEqual cpaBHMBaeT 3HauyeHUS (hyHAAMEHTaNbHbIX TUMOB, KaK ec/u
6bl MCNONb30Bancs BCTPOEHHbLI OMepaTop ==; 418 COCTaBHbIX 3HAYEHWI OHa 06XOAUT WX
PEeKYpPCMBHO, CpaBHMBasA COOTBETCTBYIOLME 31eMeHTbI. PaboTas ¢ Nt060i napoii 3HaveHwui,
JaXKe C TEMMW, KOTOPbIe HE CPaBHMBAEMbI C MOMOLLbI ==, OHA HaXOAWT LUMPOKOe NPUMEHe-
Hue B TecTax. Cneayrowmiti Tect ucnonb3yet DeepEqual gns cpaBHEHWs [ABYX 3HAYEHWIA
O string:

func TestSplit(t *testing.T) {
got = strings.Split(*a:b:c”, ":')
want = []string{"a"™, "b", "c"};
if Ireflect.DeepEqual(got, want) { /* ... */ }

Xots DeepEqual ypobHa, ee cpaBHeHMe MOXeT NoKas3aTbCsH LOCTATOYHO MPOU3BONb-
HbIM. Hanpumep, oHa He paccmMaTpuBaeT Hy/neBOe 0TOOPaXKeHMEe PaBHbIM HEHY/EeBOMY My-
CTOMY OTOOpaXeHUto, KakK 1 He paccmaTpuBaeT HYNeBOW cpe3 paBHbIM HEHYEBOMY MYCTO-
My Ccpesy:
var a, b [Jstring = nil, []string{}

fmt.PrintIn(reflect.DeepEqual(a, b)) // “false"
var c, d map[string]int = nil, make(map[string]int)
fmt.PrintIn(reflect.DeepEqual(c, d)) // false"

B atom pasfene mbl onpefenum ¢yHkuuto Equal, KoTopas cpaBHMBAEeT MPOW3BO/b-
Hble 3HaveHus. Mogo6bHo DeepEqual, oHa cpaBHMBaeT cpe3bl M OTOGpPaXeHWA Ha OCHOBE
X 3N1eMEHTOB, HO B oTanume oT DeepEqual cuuTaeT HyneBoil cpes (MM OTOOPAXKEHME)
paBHbIM HEHYNeBOMY MYyCTOMY cpesy (Mnu oTobpakeHnto). OCHOBHaA PeKypcusi Hag apry-
MeHTaMU MOXeT ObITb BbINOAHEHA C NOMOLLbI pethieKcun, ¢ UCMONb30BAHNEM MNOAX0AR,
aHanormyHoro nogxogy nporpammel Display, KoTopyk Mbl Bugenu B pasgene 12.3. Kak
06bIYHO, A8 PEKYPCUMU Mbl ONpefenseM HeakcnopTupyemyto ¢yHkumio equal. Moka uTo
He 6ecrnokoiiTecb 0 napameTpe seen. [ns KaXoi napbl CPaBHUBAEMbIX 3HAYEHUA X U Y
(yHkumsa equal nposepseT, 4To OHW 06a (MM HW OJHO U3 HWUX) ABNAKOTCA AEWCTBUTENb-
HbIMW W YTO UMEKT Of4MH W TOT Xe Tun. Pe3ynbTaT QYHKLUN ONpefensetcd Kak MHOXe-
CTBO CpaBHEHWI ABYX 3HayeHWii OAHOro Tuna. Mo coobpaKeHUsM 3KOHOMUKU Bymarn Mbl
OMYCTU/IN HECKONbKO MHCTPYKLUIA case, MOCKO/bKY [aHHblli WabfoH LO/MKEH ObiTb BaM
XOpOLUO 3HaKOM:
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godL .io/chl3/eauai
func equal(x, y reflect.value, seen map[comparison]bool) bool {
it Ix.IsvalidQ) || ly-Isvalid(Q) {
return x.IsValid() == y.lIsValid()

}

it x.TypeQ) !'=y.TypeQ {
return false

}

// ... npoBepka UMKIOB onyuweHa (6ygeT nokasaHa Mo3xe). ..
switch x.Kind() {
case reflect.Bool:
return x.BoolQ == y.BoolQ
case reflect.String:
return x.String() = y.StringQ

// ... 4yucnoBble TUMbl OMyWeEHb A1 KPaTKOCTK
case reflect.Chan, reflect.UnsafePointer, reflect.Func:
return x.PointerQ == y.PointerQ

case reflect.Ptr, reflect.Interface:
return equal(x.Elem(), y.ElemQ, seen)
case reflect.Array, reflect.Slice:
if x.Len) '=y.lLen {
return false

for i =0; i < x.LenQ; i++ {
if lequal(x.Index(i), y.Index(i), seen) {
return false

}

return true
// ... CTPYKTypbl N OTOGpaxeHUs OnyleHsl 418 KPaTKoCTH

}

panic('HegocTyneH™)

Kak 06bI4HO, Mbl He MOKa3blBaeM MCNO/ib30BaHUe pedaekcun B API, nosTomy akcnop-
Tmpyemas yHkuma Equal gomxkHa BbidbiBaTh reflect .ValueOF gns cBonx aprymeHTOoB:

// Equal coobuwaeT 0 riyboKoM paBeHCTBE X W Y.
func Equal(x, y interface{}) bool {
seen := make(map[comparison]bool)
return equal (reflect.valueOf(x), reflect.ValueOf(y), seen)

}

type comparison struct {
X, ¥ unsafe._Pointer
t reflect.Type
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UT06blI rapaHTMpOBaTh, YTO aroOpUTM 3aBePLUAETCA faXe AN LUKINYECKUX CTPYKTYP,
OH J0/IXeH 3anucbiBaTh, Kakue napbl NepeMEeHHbIX YXXe CpaBHMUBanUCb, U usberatb MX no-
BTOPHOro cpaBHeHud. Equal Bbigenset namaTb A4 MHOXECTBa CTPYKTyp comparison,
KaxKgas M3 KOTOpbIX XpaHWUT agpeca ABYX MepeMeHHbIX (npeAcTaBfeHHbIX 3HaYeHUAMU
unsafe.Pointer) v T1n cpaBHeHusd. NNoMMUMO afpeca, HYXHO 3anucbiBaTb TWUM, MNOTOMY
YyTO pas/InyHbIe nepemeHHble MOTyT MMeTb OfMH W TOT Xe afgpec. Hanpumep, ecim X ny
06a ABNATCA MaccuBamu, To X 1 X[0] UMEKT OANH 1 TOT Xe agpec, kKak ny ny[0], n Ham
Ba)XHO OTNMYUTL, CPaBHMBAEM i Mbl X Uy unn x[0] wny[0] -

Mocne Toro Kak pyHKuuMs equal yctaHoBMAa, YTO apryMeHTbl UMEKT OAMHAKOBbIWA TUM,
M Npexae Y4em oHa BbINOAHWUT UHCTPYKLUUIO Switch, oHa npoBepsieT, He BbIAN NN YXKe pac-
CMOTPEHbI 3TU MepeMeHHble, WU ecnun 3TO Tak, NpeKpallaeT peKypcuio.

// TpoBepka uuKna
if x.CanAddrQ && y.CanAddrQ {
xptr := unsafe.Pointer(x.UnsafeAddr())
yptr := unsafe.Pointer(y.UnsafeAddrQ)
if xptr == yptr {
return true // WAeHTW4YHbIE CChIIKN

:= comparison{xptr, yptr, x.Type()}
f seen[c] {
return true // Yxe npoCMOTpPEHO

}
c
i

seen[c] = true

}

BoT kak BbIrnAauT Hawa yHkuna Equal B geiicTeum:
fmt PrintIn(Equal([]Jint{l, 2, 3}, [QOint{l, 2, 3})) /1 "true”
fmt.Printin(Equal ([Jstring{"'foo"}, [Istring{"bar'})) // "false”
fmt.PrintIn(Equal ([Istring(nil), [Istring{})) // "true”

fmt.PrintIn(Equal (map[string]int(nil), map[stringlint{})) // "true"

OHa paboTaeT faxe AN LUKINYECKUX BXOAHbIX AaHHbIX, NOXOXUX Ha Te, KOTOpble 3a-
cTaBnann saunknutoecs yHkuymto Display m3 pasgena 12.3:

// Unknnyeckne cBsi3aHHbe cnuckn a -> b -> a m ¢ -> c.
type link struct {

value string

tail *1ink
}
a, b, ¢ = &link{value: "a"}, &link{value: "b"}, &link{value: 'c"}
a.tail, b.tail, c.tail = b, a, c
fmt_PrintIn(Equal(a, a)) // true”
fmt.Printin(Equal (b, b)) // "true"
fmt_PrintIn(Equal(c, ¢)) // true"
fmt.PrintIn(Equal(a, b)) // false"”
fmt.PrintIn(Equal(a, c)) // false"”
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YnpaxHeHue 13.1. Onpegennte (yHKLMIO r1y60KOro cpaBHEHMA, KoTopas paccMaTpu-
BaeT uucna (N6oro TMna) paBHbIMK, €CIM OHU Pa3INYalOTCH MeHbLUe YeM Ha OAHY MWN-
NNapaHyo.

YnpaxHeHue 13.2. Hanuwute PyHKUUIO, KOTOpas cOO6LLaeT, SABNAETCA NIN apryMeHT
LMKANYECKOI CTPYKTYPOI AaHHbIX.

13.4. Bei3oB koga C ¢ nomoLlblo ego

Mporpamme Ha si3bike GO MOXET NoTpeboBaTbCA MCNONbL30BaTb annapaTHbI Apaiisep,
peann3oBaHHbI Ha C, BCTPOEHHYIO 6a3y faHHbIX, peann3oBaHHY Ha C++, UnM HeKOTopble
NoANpOrpamMMbl IMHERHON anrebpbl, HanucaHHble Ha Fortran. A3blk NporpammupoBaHus C
VXK€ JaBHO AB/IAETCA YEM-TO BPOLe “A3blKa MeXHaLWOHa/bHOro 06 eHna” B nporpammu-
pOBaHWK, TaK YTO MHOTUe MakKeTbl, MpeAHa3HaYeHHbIE 418 LMPOKOro UCMO/b30BaHNS, IKC-
nopTmpytoT C-coBMeCTUMbIA API, He3aBMCUMO OT A3blKa UX peann3saluu.

B 3Tom pasfene Mbl CO3A4afuMM MPOCTYH NpOrpaMMy AN CXaTusi JaHHbIX, KOTopas
MCNONb3YeT €90, UHCTPYMEHT, KOTOpbI/i cBA3biBaeT GO € yHKUMAMM Ha a3bike C. Takue
WHCTPYMEHTbI Ha3blBalOTCSH MHTepdelicl ¢ yHKUMAMM Ha apyrux assikax (foreign-function
interfaces — FFI), 1 ego ABnseTCa He e4MHCTBEHHbIM a4 nporpaMm Go. Elle ogHUM fB-
nsetca SWIG (swig.org); oH obecneumBaeT 60/iee CNOXKHbIE BO3MOXHOCTU MHTerpayuu ¢
knaccamu C++, HO Mbl He byfem paccMaTpMBaTb €ro 34ech.

MoagepeBo compress/... CTaHAapTHOW 6MONMOTeKM ob6ecnevymBaeT cXaTue M pac-
MakoBKYy C MOMOLLbI MOMYAAPHbLIX anropuTMOB CXaTus, BkAoYas LZW (Mcnonb3yeTcs
KomaHgoin compress Unix) n DEFLATE (ucnonb3yeTtcs komaHgoli GNU gzip). API-
UHTepdecsl 3TUX NakeToB He3HAYMTENIbHO pa3nuyalTcsa B feTansiX, HO BCE OHU Mpefo-
CTaBNAT 060104Ky Ana uHTepdeiica io.Writer, KoTopas CXXMMaeT JaHHble, 3anuncbiBae-
Mble B HEF0, M NPOrpamMmy-060/7104Ky ans UHTepdelica 10. Reader, KoTopas pacnakoBbliBa-
eT CUNTbIBAEMbIE€ U3 HEFO AaHHble, HanpuMep:
package gzip // compress/gzip
func NewWriter(w io.Writer) io.WriteCloser
func NewReader(r io.Reader) (io.ReadCloser, error)

AnropnT™ bzip2, OCHOBaHHbIA Ha 3neraHTHOM npeobpasoBaHUM Bappoysa-Yune-
pa (Burrows-Wheeler transform), pabotaeT mefjieHHee, 4yeM @zip, HO LaeT 3HAYUTENbHO
nyduwee coxartuve. INaker compress/bzip2 npepoctaBnset pacnakoslwuk ana bzip2, Ho B
[AaHHbIA MOMEHT MakeT He MpefoCTaBNAeT ynakoBumMK. Co3gaHue ero “c Hyns” sBnseTcs
OrpPOMHOI 3afayell, HO eCTb XOPOLIO AOKYMEHTUPOBAHHAS, BbICOKONPOU3BOAUTENbHASA pe-
anu3auna ¢ OTKPbITbIM UCXOAHbIM KofZoM Ha C, nakeT libbzip2, gocTynHblil no agpecy
bzip.org.

Ecnn 6nbnunoteka C HeboNbLIas, €6 MOXHO NPOCTO MEPEHECTM Ha uYucTbli Go, a ecnu
NPOU3BOANTENBHOCTb HE MMEeT pellatollero 3HaYeHna ANS Hawux Leneid, MOXHO NPoOCTo
BbI3bIBaTb NMporpammy Ha C Kak BCMOMOraTesibHbI MOAMPOLECC C UCMOMb30BaHWEM nake-
Ta 0s/exec. Ho Korga HY>HO MCMO/b30BaTh CMOXHYIO 6UONNOTEKY, KPUTUYHYIO B NaHe
Npon3BOANTENBHOCTU, U C Y3KUM API Ha A3bike C, MOXeT MMeTb CMbIC/T UCMO/b30BaTh ee C
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NMOMOLLbIO €g0. B oCTanbHOM 4acTW 3TOM rnaBbl Mbl PACCMOTPUM MPUMEP TaKoro UCMosb-
30BaHuA.

W3 naketa libbzip2 Ha C Ham HyXeH CTPYKTYpPHbIA Tun bz_stream, KOTOpbIA Xpa-
HUT BXOAHOW W BbIXOAHOWN 6ydepa, n Tpu PyHKUmMM Ha C: BZ2_bzCompresslnit, koTo-
pas BbigenseT 6ygepa NoTokoB; BZ2_bzCompress, KoTopas CXXMMaeT faHHble U3 BXOLHOIO
6yepa B BbIX0AHON; 1 BZ2_bzCompressEnd, koTopas ocBoboxgaeT 6ydepa. (He 6ecno-
KoWTecb 0 MexaHu3sMme naketa libbzip2; uenb faHHOro npumMepa — NPOCTO NOKa3aTb, Kak
3aCTaBMTb BCe 3TO paboTaTb BMECTE.)

Mbl 6yaem Bbi3biBaTb PyHKUuMM C BZ2_bzCompresslinit n BZ2__bzCompressknd He-
nocpescTBeHHO U3 Go, HO Ans BZ2_bzCompress Mbl onpefenvM QYHKLUI0-0060/104KY Ha
C, yT0Obl NOKa3aTb, Kak 3To fenaetca. MpeacTaBneHHbIA HWXKe UCXOAHbIN aiin Ha C Ha-
X04MTCA BMECTe C KogoM GO B HalleM MakeTe:

aooL .io/chl3/bzip
/* 310 taiin gopl.io/chl3/bzip/bzip2.c, npoctas */
/* obonouka ana libbzip2, npurogHaa gna ego. */
#include <bzlib.h>

int bz2compress(bz_stream *s, int action,
char *in, unsigned *inlen, char *out,
unsigned *outlen) {

s->next _in = in;
s->avail_in = *inlen;
s->next_out = out;

s->avail_out = *outlen;
int r = BZ2_bzCompress(s, action);

*inlen -= s->avail_in;
*outlen -= s->avail_out;
return r;

Tenepb faBaiiTe obpaTmcsa K kogy Go, nepBasi 4acTb KOTOPOro rnokasaHa Huke. O6b-
ABneHue import "C" aBnsetca ocobeHHbIM. He cyuwiecTByeT naketa "C’\ Ho 3TO 06bABME-
Hue 3acTaBnsgeT go build BbINONHWTL NpefBapuUTeNnLHYHO 06paboTKy haiina ¢ NOMOLbIO
MHCTPYMeHTa ego nepef TeM, Kak OH nonageTt komnunsatopy Go.

// NakeT bzip npepocTaBnseT writer, KOTOpLIA

// vcnonb3yet cxatue bzip2 (bzip.org).

package bzip

/*

#cgo CFLAGS: -I1/usr/include

#cgo LDFLAGS: -L/usr/lib -1bz2

#include <bzlib.h>

int bz2compress(bz_stream *s, int action,
char *in, unsigned *inlen, char *out,
unsigned *outlen);

*/
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import "C"

import (
llioll
""unsafe"

)

type writer struct {
W io.Writer // BbixogHoli MNOTOK
stream *C.bz_stream
outbuf [64 * 1024]byte

}

// NewWriter Bo3BpawaeT writer g/ns cCxaTblX MOTOKOB,
func NewWriter(out io.Writer) io.WriteCloser {

const (
blockSize = 9
verbosity = 0
workFactor = 30

w = &writer{w: out, stream: new(C.bz_stream)}

C.BZ2_bzCompresslinit(w.stream, blockSize, verbosity, workFactor)
return w

Bo Bpemsi npeaBapuTenbHOM 06paboTKM ego COo34aeT BPEMEHHbIN MaKeT, CoAepXKalLui
06bsBneHns Go, cooTBeTCTBYIOWME BCeM C-(PYHKLMAM ¥ TUNaM, UCNOAb3yeMbIM (haiiniom,
TakuM kak C.bz_stream un C.BZ2_bzCompresslnit. NHCTpYyMEHT ego o6Hapy>XusaeT
3TV TUNbI NYTEM CMeunansHOro BbizoBa komnunatopa C gns COLEPXXUMOro KOMMEHTapuA,
KOTOpbIA NpejLecTBYeT 00bABAEHNIO MMMOPTA.

KoMMeHTapuini MOXeT cofepXXaTb AUPeKTUBLI #Cgo, onpeaenatLime 4ONOMHUTENbHbIE
onumn ans nHctpymeHToB C. 3HavyeHua CFLAGS v LDFLAGS yka3biBalOT AOMNOSHUTENbHbIE
aprymMeHTbl AN KOMaHj KOMOUAATOpa M KOMMNOHOBLLMKA, YTO6bI OHW MOTAW HalTW 3arofo-
BOYHbIA (haiin bzlib.h n 6ubnuoteky libbz2.a. B npumepe npeanonaraeTcs, YTo OHWU
YCTaHOBMEHbI B KaTanore /usr B Balleil cucteme. Bam MoXxeT noTpe6oBaTbCHd U3MEHUTb
WK yaanuTb 3TW (pnaru NS CBOell KOHKPETHOM YyCTaHOBKM.

NewWriter BbinosiHAeT Bbl30B PyHKUMM C BZ2_bzCompressinit gna umHuymanmnsa-
ummn 6ycdepoB Ans NOTOKOB. Tun writer BKAKOYaeT B Ce61 elle oANH Bydep, KOTopbI ByaeT
MCMNOMb30BaThCs A5 ONYCTOLEHNS BbIXO4HOTO H6ydepa gekomnpeccopa.

MeTog Write, nokasaHHbI HWXe, NepefaeT HecxaTble AaHHble data Kommpeccopy, B
LMKe Bbi3blBaeT PYHKLUMIO bz2compress, noka Bce faHHble He 6yayT 06paboTaHbl. O6pa-
TUTe BHUMaHWe, YTo nporpamma Go MOXeT obpalatbcs K Tunam C, Takum kak bz_st ream,
char n uint, K gyHKUMAM Hanogobue bz2compress u gaxe K Makpocam npenpoteccopa,
Takum Kak BZ_RUN; Be3sge ucnonb3yetcd 3anucb C.X. Tun C.uint oTnmyaetca oT tMna
uint Go, gaxe eciiv 06a UMeOT OAUHAKOBYHO LUMPUHY:

func (W *writer) Write(data []byte) (int, error) {
if w.stream = nil {
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panic(*'3aKpbiT™)

var total int 11 3anucaHHbIX HecxaTbiX 6aiiToB
for len(data) > 0 {
inlen, outlen := C.uint(len(data)), C.uint(cap(w.outbuf))
C .bz2compress(w.stream, C .BZ RUN,
(*C.char) (unsafe.Pointer(&data[0])), &inlen,
(*C.char)(unsafe.Pointer(&w.outbuf)), &outlen)
total += int(inlen)
data = data[inlen:]
if err = w.w.Write(w.outbuf[routlen]); err != nil {
return total, err
}
>

return total, nil

Kaxpas ntepaumns umkna nepegaet pyHKUun bz2compress agpec v AAMHY oCTaBLUei-
€A 4YacTu fAaHHbIX data, a Takxke agpec M eMKocTb w.outbuf. [1Be mepeMeHHble A/NHbI
nepefarwTcsa MO WX afpecam, a He MO 3HAYEHMAM, Tak 4To QyHKuus C MOXeT 06HOBUTb
MX, 4TOBbl yKa3aTb, KaKOBO KOAMYECTBO MOTPEBAEHHbIX HECXKATbIX AaHHbIX W KaKoB pas-
Mep CXaTbIX [aHHbIX. 3aTeM KaXAbliA 670K CXKaTblX JaHHbIX 3anucbiBaeTca B 6a30Bblii
io.Writer.

MeTtog Close uMMeeT CTPYyKTypy, aHanoruuHyio Write, ucnonb3ysa uukn ana cébpoca
BCEX OCTaBLUMXCA CXKATbIX faHHbIX M3 BbIXOAHOTO 6yepa NoToKa:

// Close cbpacbiBaeT cxaTble AaHHble W 3aKpbiBaeT MOTOK.
// OH He 3akpbBaeT 6as3oBbin io.Writer,
func (w *writer) CloseQ error {
if w.stream == nil {
panlc(''3akpbiT™)

}

defer funcQ {
C.BZ2_bzCompressEnd(w.stream)
w.stream = nil

X)
for {
inlen, outlen := C.uint(0), C.uint(cap(w.outbuf))
r = C.bz2compress(w.stream, C.BZ_FINISH, nil, &inlen,
(*C.char)(unsafe.Pointer(Sw.outbuf)), &outlen)
if err = w.w.Write(w.outbuf[:outlen]); err != nil {
return err
}
if r == C.BZ_STREAM_END {
return nil
}
}
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Mocne 3aBepleHus Close Bbi3biBaeT C.BZ2_bzCompressEnd gns ocBo6oxaeHus 6y-
(epos notoka, ucnonb3aysa defer, 4yTo6L rapaHTVpOBaTbL, YTO 3TO MPOM30MAET Ha BCEX My-
TAX BbIXOJA. B 3TOT MOMEHT ykasaTenb w. stream 6osblie He sBnseTcA 6e30nacHLM A1
pa3biMeHoBaHUA . 114 3awmnTsl Mbl NpYpaBHUBaeM ero K nil n gobasnsem ABHYH NPOBEPKY
Ha nil B KaxAapll MeToA, Tak YTo, C/M MoMb30BaTe/lb MO OWMOKE Bbi3bIBAET METOZ Mocne
Close, BO3HMKaeT aBapuiiHas cuTyauys .

He Tonbko writer He sBnseTca 6e30MacHbIM C TOYKW 3PEHUS NapannenbHOCTU, HO K
ofHoBpeMeHHble Bbi3oBbl Close n Write moryT npuBecTu K aBapuiiHOMY 3aBepLUEHUIO
kopa C. McnpaBuTb CUTYyaUmio npegnaraetcs B ynpaxHeHun 13.3.

MpuBeaeHHas HWXe nporpamma bzipper ABaseTca KOMaHAON ynakoBku bzip2, KoTo-
pas Mcnofb3yeT Haw HOBbIA NakeT. OHa BedeT cebs kak KoMaHfa bzip2, umerowascs Bo
MHOrmMx cuctemax Unix:

godL.io/chl3/bziDoer

// Bzipper uMTaeT BXOfHble AaHHble, CXMMaeT WX C MOMOUbIO
// bzip2compresses 1 3anucbiBaeT B CTaHA@pTHbIA BbiBOA,
package main

import (
IIiOll
Illogll
"os'
"gopl.io/chl3/bzip"”
)
func main() {
w = bzip.NewWriter(os.Stdout)
if err := i0.Copy(w, os.Stdin); err != nil {
log.Fatalf("'bzipper: %v\n", err)
if err == w.CloseQ; err !=nil {
log.Fatalf("'bzipper: 3akpbT: %v\n'j err)
}
}

B npuBeaeHHOM HMXe ceaHce paboTbl Mbl MCNOMb3yeM bzipper ana cxatusa gaiina
/usr/share/dict/words, cuctemHoro cnosaps, ¢ 938 848 6aintoB go 335405 6alitoB
(OKOMO TpPeTM MCXOAHOrO pasMmepa), a 3aTeM pacrnakoBbIBAEM €ro C MOMOLLbI0 CUCTEMHON
KoMaHabl bunzip2. Xew SHAZ256 oka3blBaeTcs O4HMM W TeM >Ke A0 YNakoBKW W nocne
pacnakoBKW, YTO faeT HaMm YBEPEHHOCTb B MPaBUbHON paboTe nporpammbl cxatus. (Ecnu
B Bawlein cucteme HeT sha256sum, BOCNONb3yNTECh CBOMM peLLeHMEM ynpaxHeHus 4.2).

$ go build gopl.io/chl3/bzipper

$ wec —¢ < /usr/share/dict/words

938848

$ sha256sum < /usr/share/dict/words
126a4e138493313edc50b86F90dfdaf7c59ec6c948451eac228F2f3a8ablabed -
$ ./bzipper < /usr/share/dict/words | wc -c
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335405
$ ./bzipper < /usr/share/dict/words | bunzip2 | sha256sum
126a4ef38493313edc50b86f90dfdaf7c59ec6c948451eac228f2f3a8ablabed -

Mbl NPOAEMOHCTPMPOBaNU KOMMNOHOBKY 6u6nmoteku C B nporpammy Go. MOXHO pa-
6oTaTb M B 06paTHOM HanpaBfeHUW, KOMNWAUPYS nporpammy Ha GO Kak CTaTuyeckuil
apxuB, KOTOPbIA MOXET ObITb CBA3aH C Nporpammoli Ha C, uan Kak fJUHaMWYecKu 3arpy-
Xaemy 6nbanoTeky, KoTopas MOXeT 6biTb MCMOAb30BaHa Nporpammoli Ha C. Mbl TOfb-
KO 6erno B3rNsHy/nM Ha €go; Ha CaMOM fefie ecTb KyAa 60Mblie BaXHbIX BONPOCOB, TaKuX
KakK ynpasfieHue NamsTbio, yKaszaTenu, obpaTHble BbI30Bbl, 06paboTKa CUrHanoB, CTPOKM,
errno, UHanM3aTopbl U OTHOLIEHUS MeXAY go-noAnporpaMMaMin v NoTokamu onepawu-
OHHOW CUCTEMbI, MO 60/bLIEA YaCTU OYeHb TOHKUX... B YacTHOCTW, MpaBufia KOPPEKTHOM
nepefaun ykasateneil u3 Go B C 1 06paTHO 0Ka3blBAOTCH OYEHb CMOXHbLIMW MO NPUYK-
HaM, aHanoru4yHbIM 06CYyXAaBlWMMcs B pasfene 13.2, U 40 CUX NOP OKOHYATENbHO He CO-
rnacoBaHHbiMWU. B kauyecTBe fanbHeiwero 4TeHus obpaTuTech K mMartepuanam no agpecy
https://golang.org/cmd/cgo.

YnpaxHeHue 13.3. Bocnonb3yiitech sync.Mutex, 4tobbl caenatb bzip2.writer 6es-
OMacHbIM C TOYKMN 3peHUs napannesbHoro MCNoab30BaHWUA MHOTMMMW gO-NOANPOrpaMmmamMu.

YnpaxHeHue 13.4. 3aBucMMOCTb 0T 6ubAnoTek C umeeT cBoM HegocTaTku. Cosfaite
anbTepHaTMBHYKO peann3aunio bzip.NewW riter Ha ysnctom Go, KOTOpas WMCMonb3yeT na-
KeT os/exec Ans BbinosHeHus /bin/bzip2 B KayecTBe nognpolecca.

13.5. Eule ogHO npepocrepexxeHmne

Mbl 3aKOHUMAWM NPeabIAYLLYIO N8By NpeaynpeXxiaeHwem 0 HejocTaTkax MHTepdelica
pednekcun. ITo NpefynpexzaeHne nMeeT ele 60MbLWIYI CUAY B cilydae nakeTa unsafe,
OMMCaHHOTIO B 3TOI rNase.

BbICOKOYpOBHEBbIE A3bIKM WM30MPYHOT NPOrpaMMbl M MPOrpaMMUCTOB He TOMbKO OT
cneympuKn HabopoB KOMaH[ OTAeNbHbIX KOMMbIOTEPOB, HO M OT 3aBMCUMMOCTW OT TaKux
nofpo6HOCTEN, Kak pasMelLleHe NepeMeHHbIX B NaMATH, pasmepbl TUNOB AaHHbIX U Leno-
ro psja UHbIX geTanei peanusaunun. IToT U30AMPYIOLWMIA CNOA NO3BONSET NUcaTh Gesonac-
Hble 1 HafleXXHble MPOrpaMMbl, KOTOpble 6e3 M3MeHeHWn paboTaloT B 060N onepaLMoHHO
cucTeme.

MakeT unsafe no3sonseT NnporpaMMucTam NPeoAoneTb 3Ty U30NALMIO 419 UCMNONbL30-
BaHMA HEKOTOPbIX BaXHbIX, HO HEAOCTYMHbIX WHbIM MyTeM (DYHKLMWIA UK, BO3MOXHO, A/15
[JOCTUXeHNs 6onee BbICOKOW Npou3BoAMTeNbHOCTM. O6LIYHO MATOl 3a 3TO ABAANOTCA MNe-
PEHOCHMOCTb 1 6e30NacHOCTb, NO3ITOMY Bbl MCMOMb3yeTe nakeT unsafe Ha CBOM cTpax u
puck. Hawwu coBeTbl 0 TOM, Kak M KOrfa Mcrnofib3oBaTb naket unsafe, HanoMmHalOT peko-
MeHgaumm KHyTa (Knuth) o npexgeBpeMeHHOW ONTUMM3aLMKN, KOTOPbIE Mbl LUTUPOBaN
B pasgene 11.5. BOMbLWIMHCTBY NMPOrpaMMMCTOB BOOGLLE HUKOrAa He NpuieTcs MCNnonb30-
BaTb MakeT unsafe. TemM He MeHee MHOrAa MOTYT BO3HMKaTb CUTyaLWm, KOTAa HEKOTOPbI
KpUTUYECKNIA parMeHT Kofa MOXeT OblTb HanucaH 6onee 3(HeKTUBHO C UCMONb30Ba-
Huem unsafe. Ecnm TwatenbHOe U3y4YeHWE W U3MEPEHWS YKa3blBalT, YTO MPUMEHEHME
unsafe gefNcTBUTENbHO ABMAETCA HaWUYYLW MM BbIXOAOM, OFPaHMYbTE €r0 NPUMEHEHWE
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KaK MOXHO MeHbLLen 061acTbio, YTO6bI 60/bLLAA YaCTb NPOrpaMMbl HUYEro He 3Hana o ero
NPUMEHEHNN.

A Tenepb cnpsAYbTe MaTepman NocnefHUX ABYX [NaB B 3arallHUK CBOel namsaTu. BepHu-
TECb K HUM He paHee YeM HanulueTe AaneKko He O4HY HETPUBMANbHY NPOrpaMMmy Ha A3blKe
nporpammupoBaHus Go. Ho n torga nsberaiite reflect nunsafe HacToNbKO, HACKONbLKO
3T0 6yAeT BO3MOXHO.

Cuyactnusoro Go-nporpaMmupoBaHnsa! Mbl Hageemcsi, 4TO OHO MOHPaBWUTCA BaM HWU-
YyTb He MeHbLUe, YeM HaM.
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MporpammupoBaHme/a3bik Go

A3bIK nporpamMmipoBaHig Go

JaHHas KHYra SIBSIETCS BaKHbIM M aBTOPUTETHBIM MCTOUHUKOM 3HaHWIA A1 TEX, KTO XOUET U3YUMTb S3bIK
nporpamMmMypoBaHmnst Go. B Hel MAET pedb 0 TOM, Kak NCaTb SCHbIE U MAMOMATUYECKME NPOrpaMMbl Ha S3bike GO 1S
peLLeHVs pearbHbIX MPaKTUHECKVIX 38434, KHMra He mpeanonaraeT Hy HayHMs HEKOTOpbIX MpeaBapuTesbHbIX 3HAHIA
s3bIKa GO, HY OMbITa paboTbl C KAKUM-TO KOHKPETHbIM S13bIKOM MPOrpaMMpOBaHUs, Tak YTo OHa ByAeT A0CTYMHa /1
BaC, C Kak/M Obl 513bIKOM Bbl paHblLie HY paboTasm — JavaScript, Ruby, Python, Java wwm C++.

« [epBast r/1aBa NPeOCTaB/IsSieT COGON CMPaBOYHMK OCHOBHbIX KOHLIEMNLMI 3bIka GO, MoKasaHHbIX Ha Npuviepe
nporpamm ¢haiiioBoro BBOAa-BbIBOAA 1 00PabOTKIM TEKCTOB, NPOCTENLLEN MpadKK, a Takke BEG-KMEHTOB
1 CepBEpPOB.

= [lepBble [71aBbl OXBATLIBAIOT CTPYKTYPHbIE 3/IEMEHTbI MPOrPaMM Ha sizbike GO: CUHTaKCYC, YIpaB/ieH1e NMoTOKOM
BbINO/HEHVS, TWMbI AAHHBIX 1 OPraH13aLyis NporpamMM B BIE NMAKeToB, (PaiirioB v diyHKLIA. MprBoaAviVble NMpYMEpb!
WKOCTPMPYIOT MHOYKECTBO MAKETOB CTAHAAPTHOM GUG/IMOTEKN M MOKa3bIBAIOT, KaK CO34aBaTh COGCTBEHHbIE MaKeTbI.
B roc/ieaytoLLyix riaBax MexaHy3M NakeToB GyAeT pacCMOTPeH 6oriee NoapobHO, 1 Bbly3HAETe, Kak CTPOUTD,
TECTVPOBATb W MOAAEPKMBATH MPOEKTLI, UCTIOMNL3YS UHCTRYMEHTapWIA [

= B raBax, NOCBSLLEHHbIX METOAaM U MHTEP(heicaM, ONMCLIBAETC HECTAHAAPTHBIV NMOAXos Si3bika GO K 0GHEKTHO-
OPVIEHTMPOBAHHOMY MPOrPaMMMPOBAHIIO, B KOTOPOM METOZIbI MOTYT GbITb OGbSIB/IEHb /19 MI0GOr0 TUNa,
a YHTEPelicbl — HESIBHO Y/AORMETBOPEHbI. B 3TVIX /1aBax MOsICHSOTCA KITHOHEBbIE MPUHLMBI MHKAMNCY AL,
KOMMO3ULM 11 3aMEHVMOCTY C UCTIO/b30BaHMEM PETIMCTUHHBIX MPUMEPOB.

« [ige /@aBbl, NMOCBSILLEHHbIE Napasvienv3My, NPeACTaB/AOT YIyGMeHHbIA NoaXoz, K3Tol BaxxHON Teme. NepBsast rriasa
0XBaTbIBAET OCHOBHbIE MEXaH13MbI A0-MOAMPOrpaMm 1 KaHasioB, WIKOCTPURYET CTWb, U3BECTHBIN Kak
B3aVMOZEVICTBYE MoCc/eA0BaTe bHbIX MPOLIECCOB, KOTOPbIM 3HaMeHUT GO. BTopasi oxeatbiBaeT 6oriee
Tpaay/UMOHHbIE aCreKTbI NapasvieiM3va C COBMECTHO UCTIONb3YeMbIMU NMepeMeEHHbIMA. 3TU [1aBbl MOC/yKaT
MPOYHBLIM GlyHOAMEHTOM 151 MPOrpaMMI CTOB, KOTOPbIE BriepBble BCTPEUAIOTCS C Mapayv1e/TbHbIMA BbMVCTIEHVISIMA.

= B ByX NOCNeaHVX [MaBax PaccMaTpPUBAakOTCS H3KOYPOBHEBbIE BO3MOXHOCTY S3bIka Go. OfHa 13 HX NOCBSILLEHA
VICKyCCTBY METarnporpaMMMpPOBaHIs C NMOMOLLbHO pedyiekcin, a pyrast NMokKasbBaeT, Kak VCMOo/b30BaTh NakeT
unsafe A/151 BbIXQAA 3@ NPEAESTbl CUCTEMbI TUMOB B 0COBbIX CrTyuasiX, a Taloke Kak MCMo/b30BaTh MHCTPYMEHT ego
o1a ceszv Go ¢ branmorekamn C.

B KHUre npviBeAeHbI COTH MHTEPECHBIX W MPaKTUYHBIX MPYMEPOB XOPOLLIO HanMcaHHOro KoJa Ha sisbike GO, KoTopble
OXBaTbIBAKIT BECH 13bK, E€ro HaMbosee BXKHbIE MaKETb! M MMEKDT LLMPOKMIA CNIEKTP MpUMEHEHs. B kadkaoi rrase
COAEPATCH YMPadKHEHVS A1 MPOBEPKN BALLENO MOHUMAaHS U M3YyHEHMSt BOSMOXHbIX PaCLLMPEHI 1 aflbTepHATYB.
VicxopHble TeKCTbI CBOGOAHO AOCTYMNHbI A1 3arpy3ku no agpecyhttp://gopl .io/ v MOryT 6biTh SIErKO NO/yHeHbl,
MOCTPOEHbI Y MHCTa/IMPOBaHbI C UCTIO/NBL30BaHMEM KOMaHbl go  get.

AnaH A. A. [IOHOBaH SIB/SIETCA WIEHOM KOMaH/Ibl pa3paboTUMKOB si3bika Go B Google (Hbto-Viopk). OH Momyumn yueHyto
cTerneHb B 06/1aCT MHhopMaTUKL B Kembprmke 1 B MTV 3aH1MMaeTCs NporpamMmMypoBaHviem ¢ 1996 rofa. HaumHas ¢
2005 ropga, oH paboTaeT B Google Hag NpoeKTamn B 06/1aCTV MHGIPACTPYKTYPbI 1 ObUT OAHMM 13 pa3paboTynKoB
MaTeHTOBaHHOM CUCTEMbI MOCTPOeHUS Blaze. VM co34aH0 MHOXECTBO GMG/IMOTEK 1 MHCTPYMEHTOB /151 CTaTUYECKOro
aHanm3a nporpavm Ha sisbike Go, Brkdasioracle ,godoc -analysis,eg ngorename.

BpaiiaH Y. KepHuraH — npodpeccop thaxyssteTa MHpopMaTrki B MpYHCTOHCKOM yHvBepcuTeTe. C 1969 no 2000 rog,
OH paboTan B vccneaosareisckoM LieHTpe B Bell Labs, rae 3aHuvancs sisbikamy 1 HCTpyMeHTamm Ass Unix.

OH SIB/ISIETCA OOHMM U3 aBTOPOB PAA KHAT, BK/IKOHasA Tak/e, KaK Si3biK nporpamMmMupoBsaHrus C, 2-e usgaxue (Nep. € aHimn.,
M4 “Bunbamc™, 2006) 1 MpakTvika nporpammuposanus (Nep. ¢ aHm., A “Bunibamvc”, 2005).

informit.conVseries/professionalcomputing
informit.com/aw

JrA /Bpoarensckii oM “Bunbsamc’
n™ wwwww.williamspublishing.com

Addison-Wesley
ALWAYS LEARNING PEARSON


http://www.williamspublishing.com

	Содержание
	Предисловие
	Происхождение Go
	Проект Go
	Структура книги
	Дополнительная информация
	Благодарности
	Ждем ваших отзывов!

	Глава 1. Учебник
	1.1. Hello, World
	1.2. Аргументы командной строки
	1.3. Поиск повторяющихся строк
	1.4. Анимированные GIF-изображения
	1.5. Выборка URL
	1.6. Параллельная выборка URL
	1.7. Веб-сервер
	1.8. Некоторые мелочи

	Глава 2. Структура программы
	2.1. Имена
	2.2. Объявления
	2.3. Переменные
	2.3.1. Краткое объявление переменной
	2.3.2. Указатели
	2.3.3. Функция new
	2.3.4. Время жизни переменных

	2.4. Присваивания
	2.4.1. Присваивание кортежу
	2.4.2. Присваиваемость

	2.5. Объявления типов
	2.6. Пакеты и файлы
	2.6.1. Импорт
	2.6.2. Инициализация пакетов

	2.7. Область видимости

	Глава 3. Фундаментальные типы данных
	3.1. Целые числа
	3.2. Числа с плавающей точкой
	3.3. Комплексные числа
	3.4. Булевы значения
	3.5. Строки
	3.5.1. Строковые литералы
	3.5.2. Unicode
	3.5.3. UTF-8
	3.5.4. Строки и байтовые срезы
	3.5.5. Преобразования между строками и числами

	3.6. Константы
	3.6.1. Генератор констант iota
	3.6.2. Нетипизированные константы


	Глава 4. Составные типы
	4.1. Массивы
	4.2. Срезы
	4.2.1. Функция append
	4.2.2. Работа со срезами «на месте»

	4.3. Отображения
	4.4. Структуры
	4.4.1. Структурные литералы
	4.4.2. Сравнение структур
	4.4.3. Встраивание структур и анонимные поля

	4.5. JSON
	4.6. Текстовые и HTML-шаблоны

	Глава 5. Функции
	5.1. Объявления функций
	5.2. Рекурсия
	5.3. Множественные возвращаемые значения
	5.4. Ошибки
	5.4.1. Стратегии обработки ошибок
	5.4.2. Конец файла (EOF)

	5.5. Значения-функции
	5.6. Анонимные функции
	5.6.1. Предупреждение о захвате переменных итераций

	5.7. Вариативные функции
	5.8. Отложенные вызовы функций
	5.9. Аварийная ситуация
	5.10. Восстановление

	Глава 6. Методы
	6.1. Объявления методов
	6.2. Методы с указателем в роли получателя
	6.2.1. Значение nil является корректным получателем

	6.3. Создание типов путем встраивания структур
	6.4. Значения-методы и выражения-методы
	6.5. Пример: тип битового вектора
	6.6. Инкапсуляция

	Глава 7. Интерфейсы
	7.1. Интерфейсы как контракты
	7.2. Типы интерфейсов
	7.3. Соответствие интерфейсу
	7.4. Анализ флагов с помощью flag.Value
	7.5. Значения интерфейсов
	7.5.1. Осторожно: интерфейс, содержащий нулевой указатель, не является нулевым

	7.6. Сортировка с помощью sort.Interface
	7.7. Интерфейс http.Handler
	7.8. Интерфейс error
	7.9. Пример: вычислитель выражения
	7.10. Декларации типов
	7.11. Распознавание ошибок с помощью деклараций типов
	7.12. Запрос поведения с помощью деклараций типов
	7.13. Выбор типа
	7.14. Пример: XML-декодирование на основе лексем
	7.15. Несколько советов

	Глава 8. Go-подпрограммы и каналы
	8.1. Go-подпрограммы
	8.2. Пример: параллельный сервер часов
	8.3. Пример: параллельный эхо-сервер
	8.4. Каналы
	8.4.1. Небуферизованные каналы
	8.4.2. Конвейеры
	8.4.3. Однонаправленные каналы
	8.4.4. Буферизованные каналы

	8.5. Параллельные циклы
	8.6. Пример: параллельный веб-сканер
	8.7. Мультиплексирование с помощью select
	8.8. Пример: параллельный обход каталога
	8.9. Отмена
	8.10. Пример: чат-сервер

	Глава 9. Параллельность и совместно используемые переменные
	9.1. Состояния гонки
	9.2. Взаимные исключения: sync.Mutex
	9.3. Мьютексы чтения/записи: sync.RWMutex
	9.4. Синхронизация памяти
	9.5. Отложенная инициализация: sync.Once
	9.6. Детектор гонки
	9.7. Пример: параллельный неблокирующий кеш
	9.8. Go-подпрограммы и потоки
	9.8.1. Растущие стеки
	9.8.2. Планирование go-подпрограмм
	9.8.3. GOMAXPROCS
	9.8.4. Go-подпрограммы не имеют идентификации


	Глава 10. Пакеты и инструменты Go
	10.1. Введение
	10.2. Пути импорта
	10.3. Объявление пакета
	10.4. Объявления импорта
	10.5. Пустой импорт
	10.6. Пакеты и именование
	10.7. Инструментарий Go
	10.7.1. Организация рабочего пространства
	10.7.2. Загрузка пакетов
	10.7.3. Построение пакетов
	10.7.4. Документирование пакетов
	10.7.5. Внутренние пакеты
	10.7.6. Запрашиваемые пакеты


	Глава 11. Тестирование
	11.1. Инструмент go test
	11.2. Тестовые функции
	11.2.1. Рандомизированное тестирование
	11.2.2. Тестирование команд
	11.2.3. Тестирование белого ящика
	11.2.4. Внешние тестовые пакеты
	11.2.5. Написание эффективных тестов
	11.2.6. Избегайте хрупких тестов

	11.3. Охват
	11.4. Функции производительности
	11.5. Профилирование
	11.6. Функции-примеры

	Глава 12. Рефлексия
	12.1. Почему рефлексия?
	12.2. reflect.Туре и reflect.Value
	12.3. Рекурсивный вывод значения
	12.4. Пример: кодирование S-выражений
	12.5. Установка переменных с помощью reflect.Value
	12.6. Пример: декодирование S-выражений
	12.7. Доступ к дескрипторам полей структур
	12.8. Вывод методов типа
	12.9. Предостережение

	Глава 13. Низкоуровневое программирование
	13.1. unsafe.Sizeof, Alignof и Offsetof
	13.2. unsafe.Pointer
	13.3. Пример: глубокое равенство
	13.4. Вызов кода С с помощью cgo
	13.5. Еще одно предостережение

	Предметный указатель

