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IIpeducrosue

Koraa s yunics B KOJUI€/KE U MarMCTPATyPe, MO IJIaH 3aHATUMH ObLI1 HanpaBieH
Ha 00HEKTHO-OPMEHTUPOBAHHOE IIPOEKTUPOBAHUE KAK €IMHCTBEHHYIO METOROJIO-
TUIO IJIAHMPOBAHMSA U NIOCTPOEHUS APXUTEKTYPbI MPOrPaMMHBIX cucTeM. U, kak u
MHOTME Pa3dpaboTYMKH, 1 HAUMHA CBOIO Kapbepy C HaNlMCaHUsA O6bEKTHO-OPUEHTH-
POBAHHOTO KO/Ja U NOCTPOEHMS MO 3TOMY IIPUHLUITY LEIbIX CUCTEM.

Ha npotskenuu Bceit cBoei kapbepbl pa3paboTuMKa s U3yyal A3bIKH NPorpam-
MMPOBAaHHMA Y BHUMATEJbHO CJAEAWI 32 UX Pa3BUTUEM HE TOJbKO IOTOMY, YTO MHE
XOTEeJOCh Y3HATh YTO-TO HOBOE M IOJIE3HOE, U HO U IIOTOMY, YTO MEHS HHTEPECOo-
BaJIM NPOEKTHBIE PEIIEHUA U OCHOBHBIE MTOAXO/bI K IPOrPaMMHPOBAHMIO, IPUHSA-
THIO KOTOPBIX CIIOCOGCTBYET KaxkAblii a3bIK. Kak HOBBI A3bIK, TaK U HOBasA Napa-
JAUrMa No3poJisieT IO-HOBOMY B3IJIAHYTh Ha MOAXOJ K PELICHUIO 33Ja4 pa3paboTku
nporpamMMHoro o6ecnieucHus. HecMoTps Ha TO 4TO OG0 bEKTHO-OPMEHTHPOBAHHBIH
NOJXO/ NPOJO/IKAET OCTABAThCA OCHOBHOM METOAMKOH padpaboTKH NPOrpaMMHO-
ro obecrnedyeHus, U3ydeHne (PyHKIMOHAIbHOTO IIPOrPaMMMPOBAHUsl IIO3BOJHUT OT-
KPbITh HOBbIE METOJMKH, KOTOPbIE MOXXHO NPUMEHSATD KaK 0 OTAEJIbHOCTH, KaK U B
COYE€TaHHH C JIIOOOM APYroH NOAXOAAIEH NapagUTMOH.

PYyHKIMOHAIBHOMY 11IPOrPAaMMHMPOBAHHUIO YK€ HEMAJIO JIET, HO MEHSA OHO IpH-
BJIEKAJIO MaJIo. MHe NIPUXOAW/IOCH CABIIIATD U YUTATh O MPEUMYIIECTBAX A3bIKOB
Haskell, Lisp, Scheme, a nosanee — Scala, Clojure u F#, B yacTHOCTH, HX BbIpa3u-
TEJbHOCTH U BbICOKOM 11POU3BOAMTENBHOCTH. U axe B A3bIke Java, KOTOPBIit Tpa-
JAMIMOHHO CYUTAETCH MHOTOCJIOBHbBIM, TENEPb UMEIOTCA CPEACTBA (PYHKIIMOHAID
HOTO [POI'PAMMHUPOBAHUSA, CIIOCOGCTBYIONHME JTAKOHUYHOCTH IIPUIJIAAHOTO KOJA.
B KOHEYHOM MTOre MHe NPHUULIOCh OOGPAaTUThL GoJlee NPUCTAIbHOE BHUMAHHE Ha
BO3MOXHOCTH (PYHKIIMOHAIBHOTO NPOrpaMMUpoBaHus. M kak oka3anoch, IHPOKO
PacnpoCcTpaHEHHbIH O6bEKTHO-OPMEHTUPOBAHHbIN A3bIK JavaScript MOXHO mpu-
MEHATb COBEPIIEHHO MHaY€e — (PYHKIIMOHAJILHO, U3BJIEKAasi U3 HEro HauGOoJIbHIYIO
nob3y. UTo6bl OOHAPYXKUTDH 3TO, MHE MOTPE6OBAIOCH HEMAIO BPEMEHH, M B 3TOH
KHHUI€ MHE XOTeJIOCh 6bl 03HAKOMHUTD BaC C (PYHKIIMOHAIbHBIMM BO3MOXHOCTAMU
JavaScript, 4To6p1 Bbl 601b1IE HE YIUBJISIMCD, IOYEMY Ball KOJ JavaScript CTAHOBUT-
€Al TAKUM CJIOXKHDIM.

3aHuMasach pa3paboTKOH, A MOCTENEHHO HAYYWICS NPUMEHATb NPUHIMIIbI
(pyHKIIMOHAILHOTO NPOrPaMMHPOBAHMSA, YTOOLI CO3/aBaTh MOAYJ/IbHBIHA, BBIPA3H-
TeJbHbIH, HAJIE)KHbIHN, JIETKO JOCTYNHbIN /U1 MOHMMaHUS U IPOCTOM JUIsi TECTUPO-
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BaHMsA MPUKIALHOI Koa. VI 6e3 COMHeHHs, 3TO COBEPIIEHHO U3MEHUIO MEHS KaK
pa3pabGoTuHKa MporpaMMHOro o6ecnedenus. Iloatomy g pemmn kKakMM-To 06pa3oM
NOJEJUTBCSA CBOMM ONBITOM — Hanpumep, B kHUre. §I, ectecTBeHHO, OOpaTHICs K
u3zaTeapcTBy Manning ¢ nmpeiloXeHHeM HanucaTb KHUTY MO PyHKIMOHATBHOMY
NporpaMMHpoBaHuIo Ha a3bike Dart. B To Bpems st 3KC1IepUMEHTHPOBAI C A3BIKOM
Dart u noxymai, 4ro 66110 Gbl HEMJIOXO BOCNOJIb30BATbCA €TO CPEACTBAMH BMECTE
CO CBOMMHM 3HAHMSMM U ONBITOM (PYHKIMOHATBLHOIO NMPOrPpaMMHUPOBAaHMSA, YTOOBI
MCC/IEI0BATh 3Ty HEM3BEJaHHYIO 06./1acTh. Sl HanMcan cBoOe MpeANTOKEHUE U Yepe3
HezeJo 6bLT NpUIalleH Ha cobeceioBaHye B U3/aTeabcTBO Manning. B xoze co-
6eceoBaHMA BBIACHWIOCH, YTO B M3/IaTENbCTBE MINYT aBTOPa, FTOTOBOIO HAaMCATh
KHMTIY 1O (t));HKuHOHaJleOMy IIPOrpaMMHUPOBAHMIO Ha JavaScript. A MOCKOJIbKY s
6bUI MPOCTO OAEPKUM A3BIKOM JavaScript, To ¢ 60/1bIOH OXOTOM yXBaTUICA 3a Ta-
Ky10 BO3MOXHOCTb. HanucanueMm 3Toii KHUTH A HaJIEeI0Ch TOMOYb BaM BbIpaboTaTh
B ce6e Takue e, KaK M Y MEHsI, HaBbIKM MCKATh HOBbIE HaNpaBJI€eHUs B pa3paboTke
IIPOrpaMMHOTO O6ecreYeHHsI.



baazooaprocmu

Hanncanune kuuru — aeno Henpoctoe. YTo6bl BLIMYCTUTD B CBET KHUTY, KOTOPYIO
Bbl YHMTAETE, MHE NPUIIUIOCh HEYCTAHHO COTPYAHMYATh CO MHOTMMH JIIOAbMH, 06J1a-
AAIOMMMH Pa3sHOOGpPa3HbIMU JAPOBaHHUAMHU.

CoTpyaHuku u3gaTebcTBa Manning nposBuIM orpoMHOE BHUMaHUE M OKa3aIu
BCECTOPOHHIOIO NTOMOMIbIO, HAa KOTOPYIO BIIPaBe€ pacCYMTBLIBATh BCAKHIL aBTOp, 32
4TO A UICKPeHHe UM 61aroapeH. bea HuX 3Ta KHUra He cocrosnach 6b1. Ocobas 61a-
rogapHocTb Mapaxan baiic (Marjan Bace) u Maiiky Ctubency (Mike Stephens) — 3a
TO, YTO OHU [IOBEPHJIM B MOE NPEIOKEHHNE HAIIUCATb 3Ty KHUTY U B MEHS Kak ee
aBTOpa; Mapune Maiiiic (Marina Michaels) — 3a To, 4To oHa fa1a MHe IyTE€BOAHYIO
HUTb, YTOObI HE 3a61y/ANTbCA B TAGMPUHTE TPYAHOCTEMN, BOZHMKABIIHNX MPH HAIMH-
cauun kHury; Coio3eH KoHaHT (Susan Conant) — 3a TO, 4YTO OHa MOATOHSIAa MEHS
U Jlajla MHE ME€PBble YPOKH B HallMCAHUU TEXHUYECKOH JuTepatypsl; bepty baiitcy
(Bert Bates) — 3a TO, 4TO OH 3a)X€T BO MHE IN€PBbI€ MCKPbI TBOPYECKOH MHHUIIMA-
THBbBI H 110/IEJIMJICS CBOUMU 3aMeyaTeIbHbIMM MBICISIMH, KaK CJIEAYET 0Gy4aTh Npo-
IPaMMHMPOBAHHIO; A TAKXKE BCEM COTPYAHHMKAM pPeJaKlMH U M3/aTeIbcTBa Manning,
BKa0Yas Mapu IMupkuc (Mary Piergies), Jxaner Baiin (Janet Vail), KeBuna
Cannusana (Kevin Sullivan), Tuddauu Tsitnop (Tiffany Taylor), Katu Tennant
(Katie Tennant), /lennnca Jlanunnuka (Dennis Dalinnik) 1 MHOrMX Apyrux ckpom-
HBIX COTPYAHMKOB U3/IaTEIbCTBA, HE3AMETHO JEJIAIONIHX CBOE AEJIO.

OrpomHO# 6.1aroJapHOCTH 3aCTy)KMBAET 3aMeYaTeIbHasA PYIIa TEXHUYECKHX
PeLeH3eHTOB BO IMase ¢ AslekcanaapoM JlparocasiaesuueM (Dragosavljevic): 9mu
Tenr (Amy Teng), duapio Mepeaur (Andrew Meredith), bekn Xboert (Becky
Huett), /lsnnen Jlam6 (Daniel Lamb), Iasua bapkon (David Barkol), 9x Ipu6en
(Ed Griebel), 9¢pan Kobucu (Efran Cobisi), 33pa Cumenodp¢ (Ezra Simeloff),
Joxon IlIn (John Shea), Ken ®ykyama (Ken Fukuyama), ITutep dasapac (Peter
Edwards), Cy6xasuc lom (Subhasis Ghosh), Taunep Caeitron (Tanner Slayton),
Topcren Ulynkyc (Thorsten Szutzkus), Bunbppeno Manpuke (Wilfredo Manrique),
Yunbsam E. Yunep (William E. Wheeler), Mu Jlunr Jly (Yiling Lu), a Taioke Bce oaa-
peHHble yyacTHUKM popyMa. OHH BHEC/IM CBO#i BKJIQ/ B BbISIBJIEHHE TEXHUYECKHUX
OWHUGOK, NOIrPEIIHOCTEM B TEPMUHOJIOMMH M ONIEYaTOK, A TAKXKE HEMAIO A€JbHbIX
NpeUI0KEHMI 110 MOBOAY MaTepHala KHUIH. Kaxpiit M3 HUX BHMMATEJIbHO 11PO-
CMOTpEJI PyKOIIMCh KHHTH M CBOMMH OT3bIBaMH Ha popyme crioco6cTBoBan ee op-
MHMPOBAHHIO B HEUTO, JOCTOMHOE U3JaHU.
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Mos ocobas npusHaTenabHocTh Jluny MBepcony (Dean Iverson), ucnonnsismemy
0043aHHOCTH TEXHMYECKOTO peJakTopa, /JIanueiny JlamOy — KOppEeKTOPy PyKOIIMCH,
a Taxxe Bpaitany Xanacpu (Brian Hanafee) — 3a ero ocHoBaTebHYIO M Iy6OKYIO
oleHKy Bceit kHUru. Jlyummx TeXHUYeCKHX peJakTOPOB KHUI'H TPYAHO HalTH.

M, HakoHel, XOTA M HE B NIOCJIEHIOIO oYepeb, 6J1aroAapio CBOIO XKEHY, KOTopas
BCET/Ia MEHS NOJIEPXKHUBAET, a TAKKE MOIO CEMBIO, IIOGYX/IAIOIIYIO MEHS CTAHOBUTD-
Cs1 JIydlI€ C KaX/(bIM JHEM M HE HapEKaBIIyIO HA HEJOCTATOYHOE BHUMAHHE C MOeEii
CTOPOHBI B nIpoLiecce paboThl Hall KHUroi. birarogapio Takxe cBOMX KoJUIET 3a IpH-
o6peTeHre PAHHUX BbIITYCKOB OT/AE/IbHBIX IIaB KHUTU. MHe oueHb npuaTHO pabo-
TaTh C TAKMMM 3aMeYaTeIbHbIMH JIIOJbMU.



06 amotl KHuze

OG6y3aTh CJI0)KHOCTb — HEJICTKO, U BPAJ JIM HAM YAACTCSA CAeJIaTh 3TO MOJIHOCTBIO.
OHna Bceraa 6yaeT 0HOM U3 HEOTbEMJIEMBIX OCOOEHHOCTE pa3paboTKHU NporpamMM-
HoTrO oGecneyeHus. MHe NpUILIOCHh MPOBECTH 6ECUHNCIEHHOE KOJIHYECTBO YaCOB U
3aTpaTUTh 6€3MEPHOE KOJMYECTBO SHEPrMH Ha MO3TOBOH LITYPM, YTOOBI OHSATD
Ha3HaY€HHE KOHKPETHOTO (pparMeHTa Koja. A CEKpET KPOETCs B TOM, UTOObI KOH-
TPOJMPOBATh CJOXKHOCTD, HE JaBas €l yBeJIMUMBATHCSA MPONOPLHOHANTBHO pa3Mepy
KOJIOBO#1 6a3bl, M 3/1ECh HA 1TOMOIIb MOXET NPUHATH (PYHKIIMOHAILHOE NPOrpPaMMU-
posanue. Heine npuxoauTcst nucaTh KoJ Ha JavaScript 6obie, YeM Koraa-mu6o
1pex/ie, IeEPEXo/isi OT CO3JaHUs HEGOIbIIUX poueayp 06paboTKH COObITHI Ha CTO-
POHE KIMEHTA K KPYITHbIM KJIMEHTCKHM apXMTEKTYpaM U 3aKOHYEHHbIM U30MOpd-
HbIM (CepBEPHBIM U KIMEHTCKHM) NMPHIOKEHHUAM Ha JavaScript. PyHKIHOHaIBHOE
NpOrpaMMHpPOBaHHE — 3TO HE CPEACTBO, a CMOCOO MBILILJIEHHS, KOTOPbI MOXHO B
PaBHOI1 CTENEHH NPUMEHSATD B JIIOOOH M3 3THX Cpel.

JTa KHMra NpyM3BaHa HAy4YMTb BaC NMPUMEHATb METOAUKH (PYHKIMOHAJIBHO-
ro MPOrpaMMHPOBAaHUA B CBOEM KOJie, UCnob3ys ctangapt ECMAScript 6 sa3bika
JavaScript. Ee marepuan usnaraercs mocTeneHHo, OXBaThiBasi TEOPETHYECKHE U
NpaKTHYECKUE BONPOCH! (PYHKIIMOHAILHOTO MPOrpaMMHPOBAaHHA. A JUISI IOATOTOB-
JIEHHBIX MIOJIb30BATEIEH NMPEJOCTABIAIOTCS JONOJHUTEbHBIE CBEJEHH, YTOOBI M0~
MOYb HM OCHOBATEJIbHEE Pa306paThCA B HEKOTOPbIX 60Jiee TPYAHbIX I YCBOCHHUS
HOHATHSAX.

CTpyxTypa KHMru

JTa KHUra COCTOMT U3 BOCbMHU IVIaB, pa3/e/IeHHbIX Ha TPU YacTu. Takas cTpykTy-
Pa KHHUIH MO3BOJSAET MOCTENEHHO PACKPBITh €€ MaTepHaJl, NPOBOAA YUTATENEH OT
($yHraMeHTaNbHBIX CTAHAAPTHBIX 6JIOKOB K 60Jiee Pa3BUTBIM U MPAKTUYECKUM MPH-
MepaM NpuMeHeHUs (PYHKIIMOHAILHOTO NTPOI'PAaMMHPOBAHUS.

B vactu I, “¥YMeHne MbICNTD (PYHKIIMOHAIBHO™, JAaeTcs o0iast KapTHHA QyHK-
LIMOHAJIbHBIX CBOMCTB sA3bIKa JavaScript. B Heit Taioke 06CyX1al0TC OCHOBHbIE BO-
npochl PyHKIIMOHATBLHOIO MPUMEHEHHA JavaScript ¥ MOACHAETCA, KaK HAyUHUThCS
MBICJIUTD KaK 1IPOTPaMMHUPYIOIUI (PYHKIIMOHATBHO.

B B rmase 1 npeacrabjieHbl HEKOTOPbIE U3 OCHOBHBIX MOHATHI1 (PYHKLIMOHAIb-
HOTO NPOrpaMMHUPOBaHHsl, 60J1ee OAPOGHO NOSACHAIOMMXCS B [10C/Ie IyIOIMX
J1aBax W IOATrOTaBJIMBAIONUX YUTATEAs K Iepexoay Ha (PyHKIMOHAIbHOC
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MbilIeHHE. B Heil Jal0TCsi OCHOBBI q)}’HKllPlOHaJleOI‘O IIporpaMMHpOBAHHA,
BKJIIOYasA YUCTbI€ Cl)}’HKLH’II/I, noGoYHbIE 3(p¢eKTbl H I€KJIapaTUBHOE NIPOrpam-
MHPOBaHHE.

B B mase 2 3ajaeTcs HEO6XO/UMBIN YPOBEHb JUIs1 UNTaTeNCH, 061aal0MKX Ha-
YaJIbHBIM U MPOMEXYTOYHBIM ONbITOM NMPOrPaMMHUPOBaHMsA Ha JavaScript, a
AJ1s1 60J1€€ ONBITHBIX YMTATEJIEI OHA CTYXKUT JIMIIIb HAMOMWHAHHEM O TOM, YTO
MM JIOJKHO GBITh y2ke u3BeCTHO. Kpome Toro, B Hel paccMaTpHBalOTCsi OCHOB-
Hbl€ MOHATUSA (PYHKIIMOHATBHOTO NPOTrPAMMHPOBAHUSA, YTOOBI NIOJATOTOBUTD
YMTaTe/IsA K yCBOEHHIO METOMK, O6Cyx1aeMbIxX B yacTH II.

B yacTu II, “IlorpyxaemMca B GyHKIMOHATbHOE NPOrPaMMHUPOBaHUE”, ITABHOE
BHHMAaHUE YAEAAETCS OCHOBHBIM METOJANUKAMHU (PYHKIIMOHAIBHOTO POrPaMMHPO-
BaHUs, BKJIIOYas COeAMHEHHE PYHKUHUI B IEMOYKH, KADPUHT, KOMIIO3UIUIO, MOHa-
AbI U 1IP.

B B mase 3 npeacTaBieHbl NENOUKH QYHKIMIH, a TAKXKE UCCAEAYETCH METOIM-
Ka HallKCaHHs NPOrpPaMM B BHJE ONpPE/ICJIEHHOrO COYeTAaHUsS PEKYPCHBHBIX
¢yHKUMIA ¢ PYHKIIMAMM BBICLIETO NOPSAKA, PEAIN3YIONHMH TaKHE Ollepalivi,
kakmap, filter u reduce. 3TH NOHATHA PACCMATPUBAIOTCS HA KOHKPETHBIX
npuMepax, B KOTOpbIX NpuMeHsieTcsa 6ubamnoreka Lodash js.

B B mase 4 paccMaTpUBAIOTCA PacCPOCTPAHEHHbIE METOAMKH KAPPHHTA H KOM-
NO3MIMM, MOBBIAIONIME MOAYJbHOCTb MpPHKJIaAHOro kojaa. Komnosuuns
CJHY>KMT CBA3YIOIIMM MaTEpPUAJIOM, KOOPAMHMPYIOUMM BCE pElICHUE Ha
JavaScript, BripaGaTbiBaeMO€ ¢ MOMOMIBIO (PYHKIMOHANBbHOM GUOIMOTEKH
Ramda.js.

B B mase 5 ymy6ieHHO 06Cy)AaioTCs 60J1€€ TEOPETUYCCKHUE BONPOChI PYHKIH-
OHaAJIbHOTO NPOrpaMMMPOBaHUA. 3€Ch QPYHKTOPbI U MOHA/Ibl BCECTOPOHHE U
NOCTENEHHO PacCCMAaTPUBAIOTCA B KOHTEKCTE 06paboTKM OMHUGOK.

B wactu III, “Pacmmpenne QyHKIIMOHATbHBIX HAaBLIKOB”, PACKPBIBAIOTCSA MPakK-
THYECKHE NMPENMYIIECTBA, KOTOPBIE JaeT PYHKUHOHAIbHOE NPOrPaMMUPOBaHHE B
Pa3peleHNH PEAIbHBIX TPYAHOCTEM.

B B mase 6 BbisABaseTcA npucymas GyHKIHOHAIbHBIM NIPOrpaMMamM NpocToTa,
C KOTOPOii OHHM NMOAJAIOTCA MOAYIbHOMY TeCTHpoBaHuIo. Kpome Toro, B He#l
MIPECTABJIEH CTPOTUI PEXUM aBTOMAaTU3WPOBAHHOTO TECTUPOBAHMSA, HA3bI-
Ba€eMblil mecmuposanuem Ha 0OCHOBE CEOUCMS.

B B miase 7 paccMaTpMBaeTCs MOJEJIb NIAMATH, IPUHATasA B JavaScript u npej-
Ha3HauY€HHas VIS 1I0/UIEPXKKM BbIYUCIeHUs PyHKIMIL. B 3TO# m1aBe o6cyxaa-
I0TCS TAKXKE METOAMKHU, IOMOraolye ONTHMU3NMPOBATh BPEMS BbIIIOJIHEHUSA
(yHKIMOHANBHBIX NPWIOKEHUH Ha JavaScript.

B B mase 8 npe/icTaBieHbl HEKOTOPBIC M3 OCHOBHBIX TPYAHOCTEMH, C KOTOPbIMHU
NPUXOAUTCA YaCTO CTAIKMBATBCA pPa3paboTYMKaM, KOIJla OHM UMEIOT AEJI0
¢ 06paboTKO# COOBITHII M ACHHXPOHHBIM IOBEJACHHEM UX NMPHIOXKEHUH Ha
JavaScript. 3aech Taxke 06CyKAaI0TCA U3SIIHBIE PENIEHUs, KOTOPbIE MOXET
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NPEVIOKUTD (PyHKIITMOHATILHOE NPOrPaMMHUPOBaHHE, YTOObI CEaTh MEHee
CJIOKHBIMM CYHWIECTBYIOLINE UMIIEPATUBHbIE pPElIEeHUs, ONUPAsiCh HA COOTBET-
CTBYIOLIYIO NIAPAANTMY, Ha3bIBAEMYIO peaKmusnvim npozpammuposanuem v pea-
JIM3yeMylo ¢ nomouibio 6uéanorexu RxJS.

Komy aapecoBaHa KHura

JTa KHUra HanMcaHa JJis pa3paboTYUKOB, UMEIOIUX XOTs 6bI OCHOBHbBIE MOHS-
THA 06 O6BEKTHO-OPMEHTHPOBAHHBIX ITPOrpaMMax 1 obiee NpeACTaBICHUE O TeX
TPYAHOCTSIX, KOTOPbIE IPEACTABSET pa3paboTKa COBPEMEHHBIX BEO-TIPUIOXKEHI Ha
JavaScript. brarogaps m1pokoii pacnpocTpaHEHHOCTH sA3bIKa JavaScript yuTaTeb
MOJXET M3BJI€4b HAaMGOJIbIIYIO MOJIb3y U3 3TOM KHUI'M, U3y4ast OCHOBbI (PyHKIIMOHAIb-
HOTO NPOTPaMMHUPOBAHUSA U MOJIb3YsACh 3HAKOMBIM CHHTaKCHCOM BMECTO TOT'O, YTO-
6bl OCBaMBaTh TAKOH MalOPACNPOCTPAaHEHHbI A3bIK, Kak Haskell. (3Ta knura Bpsan
JIM OKQXET nomMoib B ocBocHuu Haskell, nockosnbky y kaxaoro sizbika cBou oco6en-
HOCTH, pa306paTbCs B KOTOPBIX Jydll€e, U3yyas €ro HENoCpPeACTBEHHO.)

JTa KHUra NOMOXET YMTATE/IsIM, UMEIOIIMM HadyalbHBIA M ITPOMEKYTOUHBIN
ONBIT MPOrPaMMUPOBAHHSA, NMOBBICUTb CBOM HaBbIKU OOpaimleHUs ¢ PyHKUMAMH
BBICHIETO MMOPA/JKA, 3aMbIKAHUAMH, KAPPUHIOM (PYHKIMI, KOMIIO3UIIMEH U HOBbI-
MU A3BIKOBBIMUM CPEACTBaMM JavaScript, BHeApeHHbIMH B cTaHgapT ES6, Briouas
NAM6/1a-BbIPAKEHUA, UTEPATOPDI, TEHEPATOPHI M 0053aTENbLCTBA. A OIBITHBIE Pa3-
PaGOTYMKM U3BJIEKYT M5 €65 MOoJIb3y, U3ydast MOAPOOGHO paccMaTpUBaeMble B 3TOMH
KHUT€ MOHA/Ibl M MPUHIMIIbI PEAKTUBHOTO MTPOrPaMMHUPOBAHUs, YTO IIOMOXET UM
peajn30BaTh HOBATOPCKHE ITyTH PeIlEeHUs TPYAHBIX 3a/]a4 HallMCaHUs yIIpaB/isieMo-
ro COGBITUAMHU M aCHHXPOHHOTO KO/ia, B MIOJIHO Mepe UCII0JIb3ysl PEUMYIecTBa U
BO3MOXHOCTH IL1aT¢dopMbI JavaScript.

Kak nonb3oBaTbCca 3TOM KHUIOMN

Ecam y Bac umeercs nuiib HaYaIbHbINA MM IIPOMEXYTOYHBIN ONBIT pa3paboTKH
MPUJIOKEHHUI Ha JavaScript, a PyHKIMOHAIbHOE TPOrPaMMHPOBAHME JUIsi BAC BHO-
B€, HAYHUTE YTEHHeE C IIaBbl 1. A €M y Bac J0CTaTOYHBIH OMNBIT IPOrpaMMHpPOBa-
HHUA Ha JavaScript, MoXeTe NpoMmyCTUTD IIaBy 1, 6110 IPOCMOTPETD IVIaBy 2 U Cpa3y
e NMEePEeHTH K MIaBe 3, C KOTOPOH HAUMHAETCS PACCMOTPEHHME 1eNnoveK PYyHKIMH 1
001mel KOHUENUMH (PyHKIIMOHAIBHOTO IIPOEKTUPOBAHUS.

Bonee onbiTHbIE NOIb30BaTeN PYHKIIMOHATBHBIX CBOMCTB JavaScript, kak npa-
BIWIO, XOPOIIO pa36HUpaloTCst B MOHATHAX YHCTHIX (PyHKUMIH, KAPPHUHTIa ¥ KOMIIO3U-
uun. IloaTtomy oHM MOryT 6€I10 NPOCMOTPETD IMIaBy 4 M cpa3y ke nepeiTy K rase 5.

Mpumepbl HCXOAHOrO KOAA

Hcxoanbiit Koa NpUMepoB, NMPUBEAEHHDbIX B 3TOH KHUIe, HAlMCaH HAa S3bIKE
JavaScript Bepcun ECMAScript 6 1 MOXET B paBHOI1 CTENEHM BBIIIOJIHATLCA KaK Ha
cTopoHe cepBepa (Ha iatgpopme Node.js), Tak 1 Ha cTopoHe KiMeHTa. B HekoTo-
PBIX IpUMepax AeMOHCTPpUPYloTcs unTepdeiicel APl ans BBoa-BbIBOAA M Gpaysep-
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Hoi1 mozean DOM, xots u 6e3 yueTa HecoBMeCTUMOCTH Gpaysepos. I1pu sToM npe-
HOJIAraeTcs, YTO y YUTATEIA MMeeTCs onbIT B3aumojeicTeua ¢ HTML-crpanunamm
M KOHCOJIBIO Ha CAaMOM 3JIEMEHTAPHOM YPOBHE. B 3THX npuMepax OTCYTCTBYET KO/,
JavaScript, xapakTepHblii Ui OTAENbHBIX Gpay3epoB.

B npuMepax M3 3TOi KHUI'M MHTEHCUMBHO NPUMEHSAIOTCA Takue (PyHKIHMOHAIb-
Hble 6M6GaMoTeKH M Kapkackl JavaScript, kak Lodash js, Rainda.js u np. Ceeaenns o6
MX YCTAHOBKE U IOKyMEHTAIIMH HA HUX NIPUBE/CHDI B IIPWIOXKEHUH K JAHHOM KHMTeE.

B TekcTe KHUIM NPUBOANTCA HEMAJIO JUCTUHIOB HCXO/JHOTO KOJA, Ile METOAM-
K{ (PyHKIIMOHA/IbHOTO NPOrPaMMHUPOBAaHMs CPaBHHMBAIOTCS, TaM, I/l€ 3TO yMECTHO,
¢ METOAMKaMH UMIIEpAaTHBHOro nporpammupoBanus. Mcxoanbiit koa Bcex npume-
POB U3 3TOI KHUI'M MOXHO 3arpPy3UThb CO CTPaHMIIbI BeG-caiiTa u3senbcTBa Manning
no agpecy https://www.manning.com/books/functional-programming-
in-javascript uam u3 xpanuauma GitHub no aapecy https://github.com/
luijar/functional-programming-js.

YcnoBHble 0003HaYeHus
B TexcTe npuHATHI CieylolHe YCAOBHbIE 0O03HAYEHU .

B Kypcueom BbIAENAIOTCA BAXXHbIE TEPMMHBI.

] MOHOI.I.IMpVIHHbIM ll.lpl/lq)TOM BbIIC/IACTCA MCXOJHBIN KOJ JIMCTHHIOB, a4 TAKXKe
3JIEMEHTbI 1 anH6yTbI Pa3METKH, NME€Ha METOAOB, KJIaCCOB, q)yHKIIl/Iﬁ H npo-
YHX CPpEACTB NPOrpaMMHPOBAHHSL.

a KOMMCHTapHH K MCXOJAHOMY KOAY HEKOTOPBIX JUCTHHTOB YKa3bIBAIOTCA IO
obeum CTOPOHAM KXXOTO JIUCTUHTA U MTOACHAIOT BAXKXHBIC ITOHSTHS.



O6 asmope

Jlync Arencuo (Gluijar) paGoTaeT MITaTHBIM MHXEHEPOM-Pa3paGOTYHKOM
nporpamMmHoro o6ecrnieyenus B komnauum Citrix Systems, r. @opt-Jloaepaein, mr.
®nopuna. On UMeeT cTeneHy 6akajaBpa M MarucTpa B 06J1aCTH BbIYMCIMTENbHOM
TEXHUKH U MNOJIHOCThIO 3aHAT Pa3paboTKON U NOCTPOEHHEM aPXUTEKTYPbI PUJIO-
xeHUi Ha matgopmax JavaScript, Java u PHP. Jlync apnsieTcss akTMBHBIM yYaCTHH-
KOM MECTHBIX COOpaHHit 1 KOH(pEPEHIMH, Ha KOTOPBIX OH YacTO BLICTYNAET C JI0-
ki1agamu. OH BeJIEeT 6J10T, MOCBANIEHHDIH pa3paboTke NPOrpaMMHOro obecnevyeHus,
Ha CTpaHMIle 1o ajipecy http://luisatencio.net, nuier cTaThM IS )XypHaJIOB
u caifta Dzone, a Takxe ABISAETCA OMHUM U3 aBTOPOB KHUTH RxJS in Action, BbIxoa
KOTOpOIi IylaHMpyeTcs B u3gareabctse Manning B 2017 roay.

OT usparenbcTBa

Bpl, unTaTenb 3TOM KHUATH, U €CTh IIaBHbIH €€ KPUTUK U KOMMEHTATOp. MeI 1e-
HUM Ballle MHEHHE M XOTHUM 3HaTh, YTO ObUIO CI€JJAHO HAMH NPABHIbHO, YTO MOXHO
6bLIO ceNaTh JIy4llle ¥ YTO €Ile Bbl XOTeJIM Obl yBUACTh M3JIaHHBIM Hamu. Ham nn-
TEPECHO YCIBINIATD U JIIOGbIE Apyrue 3aMedyaHHsi, KOTOpbIE BaM XOTeJ0Ch Gbl BbICKA-
3aTh B Hall aJ(pec.

Mb1 ) AeM BalIMX KOMMEHTApPHEB M HajeeMcsl Ha HUX. Bbl MoxeTe npucaaTh Ham
GyMa)XxHOE HJIM 3JIEKTPOHHOE NMUCbMO, JIM6O NMPOCTO IOCETUTH Halll BeG-CalT U OCTa-
BUTb CBOM 3aMedaHHUs TaM. OJHUM CJIOBOM, JIOOBIM YAOOHBIM Ui BaC CIIOCOG0OM
JaiiTe HaM 3HATh, HPABMTCSA WJIM HET BaM 3Ta KHUTA, a TAKXKE BBICKAXKXHUTE CBOE MHE-
HHUE O TOM, KaK C/le/1aTh Hallli KHUTH 60Jlee MHTEPEeCHBIMM /LIS BaC.

[Tocblnas nMcbMo MM coobuieHue, He 3a0yAbTe YKa3aTh Ha3BaHME KHUTH U €€
aBTOPOB, a TAKX€E Balll OOPaTHbIN afgpec. Mbl BHUMATEIbHO O3HAKOMUMCS C BallUM
MHCHHMEM U 00513aTEJIbHO YUTEM €ro IIPU OTGOPE M NMOArOTOBKE K M3/IaHUIO NOCJIEY-
IOIUX KHUT.

Hamu asekTpoHHble aapeca:

E-mail: info@dialektika.com
WWW: http://www.dialektika.com
Hammu nourossle agpeca:

B Poccum: 195027, Canxr-Tlerep6ypr, Maruuroropckas yi., . 30, smumk 116
B Ykpaune: 03150, Kues, a/s 152



Ywmernue muvicaiumam
YHKYUOHAALHO

NOJHE BOIMOXKXHO, YTO BE€Cb Balll OIILIT HAITUCAHHUSA llp()q)e('(‘“()llajlbllblx llpH)’lO)KCHMﬁ

CBOAHUTCS K IPOrPpaAMMHPOBAHHUIO HA OG’bCKTHO'OpHCHTHpOB’clHH()M si3bike. Bam, BCpO-

ATHO, NIPUXOAWJIOCH CJbIATL HJIH YHTATDb O q)ymcuuoua.nbnom HpOrpaMMHUpoBaHuH
B JPYrMx KHMrax, 6;iorax, opymax M XypHajax, HO Bbl, CKOPEE BCEro, HUKOT/IAa He MUCAIH
(yHKIMOHAIBHBIN KOA. M BbI B 5TOM HE OJIMHOKH, YTO HE YAUBHUTEIBHO, NOCKOJIBKY U 5 Gwib-
IYIO YaCTh CBOEi Kapbepbl pa3paboOTYMKA MPOBE] B OGBEKTHO-OPUEHTHPOBAHHOM Cpe/e.
Hanmcats yHKIHMOHAIBHBIH KO HE TaK TPYAHO, KaK HAYYMTBHCH MBICIMTD (DYHKIHOHAIBHO,
M36aBIAACH OT CTAPBIX MPHUBbIYEK. OCHOBHASA LEb 4aCcTH | — 3AT0KN T IPOUHOE OCHOBAHME
H NOATOTOBHUTD Ball€ MbILIJIEHHE K BOCIIPDHATHIO METOAHUK q)yHKL[MOHaJleOl‘O [porpaMmHpo-
BaHMs, MpeACTaBAeHHbIX B yacTax II u IIL.

B rnase 1 moscHsieTcs, 4TO co60i nmpeacTaBaseT PyHKIHMOHANIbHOE MPOrpaM-
MMPOBaHHE, 2 TAKXKE THUIl MbIIIEHUA, KOTOPbIil TpeGyeTcs IS €ro BOCHPUSATHS.
B Heli Takke npeacTapieH paa Hanboiee BRXXHbIX METOAMK, OCHOBAHHbBIX HA YMCTBIX
(yHKUMAX, HEU3MEHAEMOCTH, 110604YHBIX 3(PPEKTAX ¥ CCHUIOYHOI NIPO3PAaYHOCTH.
ITH NOHATUA O6PA3YIOT OCHOBHYIO CTPYKTYpY Bcero pyHKIHOHAIBHOTO KOJA H 110-
MOTYT BaM Jierye nepeiTy K PyHKIUHMOHAIbHOMY IIPOrpaMMUpOBaHuio. OHM ciryxar
TaKXX€ PyKOBOJAIMMH IPUHLIMIIAMH, IOATOTABIUBAIOIIMMH MHOTHE NIPOEKTHBIE pe-
IIEHUS1, PACCMATPHBAEMBIE B HIOC/IE/IYIOIUX [VIABAX.

B miaBe 2 paetca nepsoe npeacTabieHue o JavaScript kak o si3blke (PyHKLHO-
HIBHOTO [IPOrPAMMHUPOBAHHMA. B CHTy MOBCEMECTHOCTH M IMPOKOH pacnpocTpa-
HEHHOCTH 3TOTO A3blKA OH UAEAIbHO MOAXOJUT A1 U3ydeHUs (PYHKIIHOHAIBHOTO
NPOrpaMMMpPOBaHMs. EC/IM y Bac HEeIOCTaTOYHO OMNbITA Pa3paboTKH HPHIOKEHHI Ha
JavaScript, MaTepua 3701 I71aBbI TO3BOJUT BaM GBICTPO YCBOUTD BCe, YTO TpebyeTcst
3HAaTb O PYHKLIMOHAIBLHBIX CBOMCTBAX A3bIKa JavaScript, BKIOYast (PyHKLMH BbICHIE-
ro NOPsAAKA, 3aMbIKAHUSA M MPaBUJIA COGII0EeHNsA 06,1aCTH BUAMMOCTH.






Ochosvl
YVHKYUOHAABHOZO0
npoepammuposarus

B 3TOM rnase...

B [Ipuo6pereHue HaBBIKOB MBICUTD (DYHKIIMOHATBHBIMU
KaTEeropuaMu

B [losacHeHue Ha3HAYEHUs U OCHOBAHMI JUIsi PYHKIIMOHAb-
HOTO POTPaMMUPOBAHUSA

B [IpexcraBieHye NPUHIMIIOB HEU3MEHAEMOCTH M YMCTHIX
ynxmii

B PaccmoTpeHne MeToMK (PyHKIIMOHATBHOIO IPOTPaMMHUPO-
BaHUS U UX BJIMSHUSA Ha O0II€e MPOEKTHOE pemeHne

O6beKTHO-0pUEeHTMPOBAHHOE NPOrPaMMUPOBaHUE AenaeT

KOZ, NOHATHLIM, UHKANCYNMPYA NepemeLteHHbIe 4acTu Koaa.

A dyHKUMOHaNbHOE NPOrPaMMUPOBAHUE AENAET KOA NOHATHLIM, CBOAA
nepemMeLLeHHbIe YacTh KOAA K MUHUMYMY.

Maiixn Pusepc (Michael Feathers; Twitter)

Ecsiu BbI YMTAETE 3Ty KHUTY, TO, CKOPEE BCETO, pa3pabaTbiBaeTe MPIIOKEHHUs Ha
JavaScript, nMes 3HaHMs U IPAKTHUYECKHUI ONBIT 06 BEKTHO-OPUEHTUPOBAHHOTO MIIN
CTPYKTYPHMPOBAHHOTO NPOEKTUPOBAHMSA, HO TENEPD Bbl 3aMHTEPECOBATHUCH (PYHK-
IIHOHAJIbHBIM MPOrpaMMUpOBaHueM. Briosne BO3MOXHO, YTO BbI YK€ NbITAIMCH M3-
y4aTb €ro npexJie, HO Tak M He CyMeJH YAauHO NPHUMEHUTDb €ro Ha paboTe Wiu B
JUYHBIX MpPOeKTax. B mo6oM ciyyae Bamia I1aBHasi Lieib — Pa3BUTb CBOM HAaBbIKH
Pa3paboTKM NPOrpaMMHOTrO 06ecneyeHuUs U MOBBICUTh Ka4€eCTBO CBO€ero koja. M ata
KHHTa MMOMOXET BaM JOCTUYb MIOCTABJIEHHOM LEIH.

BricTphle TeMmnbl pa3BuTHsA BeG-m1aTgopM, Gpaysepos, a caMOe IIaBHOE — POCT
Tpe6GOBaHMI KOHEUHBIX MOJIb30BaTEIEH OKa3aIu TyOOKOE BIMAHHUE Ha COBPEMEH-
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HBIH NOPAIOK pa3paboTku BeG-MPWIokKeHHi. B yacTHoCTH, nosb3oBaTeu TpedyioT,
4YTOOBI BEG-NPUJIOKEHHS GbUIH B 60JIblIIElH CTENEHH OX0XKH HA MPWIOXKEHUS /U1 Ha-
CTOJIbHBIX CHCTEM M MOGWIBHBIX YCTPOMCTB ¢ 60raThiM HAGOPOM ONEPATUBHO pPearu-
PYyIOImHX BUIKETOB. K eCTECTBEHHO, YTO 3TH TPEGOBaHHUS BbIHYXK/IAIOT pa3paboTyu-
KOB, IPOrpaMMHPYIOIMX Ha JavaScript, OCMbICIMBATh 6oJiee OGIIMPHOE NPOCTPaH-
CTBO PEIIEHUI M BHEAPATDb MOAXO/ANIME [1APAUIMbl TPOrPAMMHPOBAHMSI H HOPMbI
11epeIoBOi MPAKTUKH Pa3paboTKH, Aal0IMe HAWIyYIIMe U3 BOZMOXHbIX PEIEHHS.

Pa3paboTunky OGBIMHO TATOTEIOT K TEM KapKacaM M OMOJHOTEKaM, KOTopble
IIOMOTAIOT UM CO3/1aBaTh pacliMpsieMble H SICHbIE APXUTEKTYpPbl NpuiokeHui. Tem
He MeHee CJIOKHOCTh KOJOBOW 6a3bl MO-TIPEXHEMY BbIXOAHUT M3-TIOA KOHTPOJIS, U
pa3paboTyMKaM IPUXOANUTCA ME€PECMATPUBATh OCHOBHBIE IIPUHIMIBI pa3paboTKu
upuiiagHoro koaa. Kpome toro, Bcemupnas nayruna (wiu npocto Be6) ceiuac co-
BCPIIEHHO MHas, UCM IIPEXJE, I pa3paGoTUYHKOB BeG-TIpUIoXeHHUi Ha JavaScript,
HHOCKOJIbKY TENePb OHU MOTYT €JIATh MHOTOE M3 TOTO, YTO 6bLIO TEXHUYECKH HEBO3-
MOXHO paHbiie. B yacTHOCTH, OHM MOTyT pa3pa6aThiBaTh KPYIHbIE CEPBEPHBIE NPH-
JoxeHus Ha ivatgopme Node.js win nepeHOCHTb 60/IbUIYIO YacTh GM3HEC-JIOTUKH
Ha CTOPOHY KJIMEHTa, OCTaBJsAsA ceppep “TOHKUM”. Ho B m060M cirydae paspaboTum-
KaM IPUXOAMUTCSA UMETD AEJIO C TEXHOJIOTHEN XpaHEHHsI HH(OPMALIMH, TOPOXKAATD
ACMHXPOHHBIE IIPOLECChI, 06pabaThiBaTh COOLITUSA U AEJIAaTh MHOTOE JIPYTOE.

O6beKTHO-OpUEHTHPOBaHHOE nporpammuposanue (OOII) nomoraer pemMThb
JIMIIb YacTh 3aa4M, HO B CHJy AMHAMMY€CKOTO XapaKTepa A3bika JavaScript ¢ MHO-
XECTBOM OGLIMX COCTOSIHMI HE MPUXOAUTCA AOJITO XAaTh, YTOObI HAKOMMJIACH 0
CTaTOYHAs CJIOXHOCTD, Aealolas MPUKIAHON KOJ FPOMO3IKHM U HEYLOOHBIM 1S
conpooxaeHus. besyciosno, OOIT cyxuT nmyreBoaUTENEM B HYXKHOM HalpasJie-
HUH, HO BTOTO HEAOCTATOYHO. BaM, BEPOATHO, NPUXOAWIOCH HE Pa3 CJAbIATDH 3a
NoCJIeIHYE TO/Ibl TEPMUH peakmuenoe npozpammuposarue. 3ra napaaurma nporpam-
MHMPpOBaHHUs NPU3BaHA 00JerYuTh 06pPaboTKy NOTOKOB JAHHBIX U PACMpPOCTpPaHe-
Hue uaMeHeHui. OHa KpaiiHe BaXkHa B JavaScript, KorJia IpMXOJMTCA UMETDb JEJI0
€ aCMHXPOHHBIM MJIM 3aITyCKaeMbIM cOObITUAMHU KoioM. Takum o6pa3om, TpedyeTcs
NapajMrMa NporpaMMHpOBaHusA, NMOGyxaalomas THATEIbHO AaHAIM3UPOBATD JaH-
Hble W B3auMojeicTByomme ¢ HUMH GyHkuun. O61yMbiBas NPOEKTHOE pellieHHe
NPHIOKEHUA, HeOGXOAMMO 331aThb ceGe psJl CJIeyIoIUX BONPOCOB, KAaCaloMMXCs
HPUHIMIIOB IIPOEKTHPOBAHUA.

8 PacmupsiemocTs. [IpUX0AMTCS 1M NOCTOAHHO PEOPraHU3OBBIBATH KOA IS
HOJIEPKKH JOTOTHUTEIbHBIX (PYHKIIMOHANIBHBIX BOZMOXHOCTEH?

8 IIpocrora Mmoayasipm3anmuu. Ecin BHecTH u3MeHeHUs B OAMH ¢aii, To 110
BJIMAET JIM 3TO Ha Apyroii ¢aiin?

IToBTopHOE HcnoNb30BaAHEe. MHOrO JIM MMeeTcs AyOJIHUPYIOLIerocs kojaa?

B TectmpyemocTb. EcTb MM cTpeMieHME K MOAYIbHOMY TE€CTHPOBAHHIO
pynknmit?

B IIpocrora nonuManusa. HackobKo KOJI HECTPYKTYpHUPOBaH M TPYIAEH VLA CO-
IIPOBOX/IEHUSA?
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Ecam BbI OTBETHTE YyTBEPAUTEIBHO WIM HE 3HAETE, YTO OTBETUTDH HAa 3TH BONPO-
Cbl, 3HAYMT, Bbl BbIOpAJIM HYXHYIO KHUTY B KAYECTBE PYKOBOJCTBA HA MYTH K MOBbI-
IEHHUIO POU3BOJUTEIbHOCTH M BaM TPeOyeTCs napaaurma (pyHKIMOHAILHOTO Mpo-
rpammupoBanud (PI1). M xora ®I1 ocHoBbIBaeTCsi HA JOBOJIBLHO NPOCTBIX IPUHIHU-
nax, OHO TpeOyeT Nepexo/ia K COBEPIIEHHO MHOMY OCMbIC/IEHHIO PEIlaeMbIX 3a/1a4.
®I1 — 5T0 He KaKOe-TO HOBOE HHCTPYMEHTAIbHOE CPEACTBO WM uHTepdeiic API,
a COBEpPIIEHHO MHOM MOAXO/ K PEIEHHUIO NIOCTABJIEHHbIX 3a/1a4, KOTOPbI# CTaHeT
MHTYMTHBHbBIM, KaK TOJIbKO Gy/yT ysACHEHbl OCHOBHbIE €TI0 PHUHIUIIbL.

B aT0i1 mase gaerca onpeaenenue ®I1 u nogcHseTcs, 4eM M 1104eMy OHO 110J1€3-
HO M BaXHO Jig Bac. B Heil npeacTapieHbl 6a30Bble NPUHIMIIbI HEU3MEHAEMOCTH
M YUCTBIX PYHKIMIH, a TaKKe paccMaTpUBalOTcs MeToAMKU PIT u ux BausHue Ha
NOAXO/| K NPOEKTUPOBAHUIO NPOrpaMM. ITH METOJMKHU MO3BOJIAIOT JIETKO YCBOUTD
PEaKTHBHOE MPOrPaMMHUPOBAHHME M IIPUMEHATD €ro VIS PEUIEHUs CJIOXKHBIX 3aJay
B JavaScript. Ho npex e He06X01HMO NOSICHUTD, NOYEMY TaK BAXXHO HayYMTbCS MbIC-
JMTb PYHKLHOHAIBHO U KaK 3TO IIOMOXET CIIPABJATHCA CO CJIOKHOCTAMU MIPOTPAMM
Ha JavaScript.

1.1. Yem MmoxeT NnoMoub PyHKUUOHANBHOE
nporpamMmMmupoBaHue

M3yuenue (pyHKIMOHAIBHOTO IIPOrPaMMUPOBAHMSA CTAIO KAK Helb3s GoJee ak-
TyaabHBIM. B coobuiecTBe pa3apaboTYMKOB ¥ OCHOBHBIX KOMIIAHUSAX, BbIIYCKAIOIMX
nporpaMMHoe obecrnedyeHre, HAYMHAIOT OCO3HABATh NPEUMYIIECTBA IPUMEHEHUSA
meroauk PII misa ycuneHns X KOMMEpYeCKUX MpUIoKeHuid. B Hacrosmee Bpems
B GOJILIIMHCTBE OCHOBHBIX A3BIKOB NporpamMmupoBanus (Scala, Java 8, F#, Python,
JavaScript u MHOrMX Apyrux) umeercs noaaepxka ®II (BcrpoenHas WM Ha OCHOBC
unrepgeiica API). CinexosarenbHo, HaBbiku PIT BecbMa BocTpeboBaHbl ceifuac u
OyayT OCTaBaTbCHA TAKOBBIMU B OJIMKaiilIue roapl.

B konrekcre JavaScript Tun mbiienus OIT MoxeT 6bITh HCNIOIL30BaH A5 Pop-
MHMPOBaHUsl HEBEPOSATHO BbIPA3HTENIbHOTO XapaKTepa A3bIKa U OKAa3aHUs IIOMOIIH B
HANMCaHUU SCHOTO, MOIY/IbHOTO, TECTUPYEMOTO U JIJAKOHUYHOTO KO/Ia, C KOTOPbIM
MOXHO paboTaTh 60/1€€ NPOAYKTUBHO. MHOTHeE rojpl pa3paboTUMKM NpeHeoperaim
TE€M OOCTOATENBCTBOM, YTO Ha JavaScript MOXXHO nporpaMmMupoBathb 6oee addex-
TUBHO B (pyHKLMOHAIbHOM cTUie. Takoe npeHeGpexxeHUE OTYACTU OOBACHAETCA
00mKMM HEJOTIOHMMAaHUEM BO3MOXXHOCTEH A3bIKa JavaScript, a TakXke OTCyTCTBHEM
B HEM COOCTBEHHBIX KOHCTPYKLIMIA /U1l HAUIEXKAIIETO YIIPaBJIeHus cocToaHueM. Beab
3Ta AMHAMHUYecKas I1aT¢gopMa HaKIaAbIBaeT GpeMsi OTBETCTBEHHOCTH 3a yTIpaBJie-
HHE TaKUM COCTOSIHMEM Ha Pa3paGoOTUYMKOB — [IABHbIX BUHOBHHUKOB NPOIPAMMHbIX
OmMOOK, BHOCUMBIX B MX npuioxeHusi. M eciy 3To MOXXeT OKa3aThCsi BIIOJIHE JOINY-
CTUMbBIM /U1 HEGOIbLIMX CLIEHAPUEB, TO MO MEpe pPa3pacTaHUsA KOAOBOM 6a3bl KOH-
TPOJIMPOBATh €€ CTAHOBUTCA BCe TpyaHee. B uspectnoii crenenu ®I1 orpaxaaer Bac
oT camoro JavaScript. [logpo6uee 3Tom peub MOHAET B I1aBe 2.

Hanucanue ¢pyHKIMOHAIBHOTO KoAa Ha JavaScript mo3BoJsiseT pa3pemuThb 60J1b-
IMHCTBO MOAOOHBIX BONPOCOB. Mcnosib3ys psAx MPOBEPEHHBIX METOAMK M HOPM
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NPaKTHKH, OCHOBAHHBIX Ha YMCTBIX PYHKIUAX, MOXKHO HAITUCATh KOJ, KOTOPbIii He-
TPYAHO NOHATH B CBETE MOCTOAHHO pacTymlei c1oXXHOCTH. [IporpaMMupoBaTs Ha
JavaScript ¢pyHKMOHAIBHO BHIFOJHO BABOMHE, IOCKOJIbKY BbI HE TOJIBKO MOBbIIIaE-
Te KaYeCTBO CBOErO MPHJIOXKEHUs B LIEJIOM, HO M MpHOGpeTaeTe ROMOJHUTENbHbIE
npogeccHOHaIbHBIE HABBIKM M JTydllle IOHUMAETe caM A3bIK JavaScript.

Kak ynomunanocs bime, ®IT—3T0 He kKapkac WM HHCTPYMEHTAILHOE CPE/ICTBO,
a cnoco® HanMCaHUs KOAa, N03ToMy (PyHKIHOHANBHOE MBIIUIEHNE PAAHKAIBHO OT-
JIMYAETCS OT MbIIUIEHUA OOBEKTHO-OPMEHTUPOBAaHHbIMU KaTeropusamu. Kak craTte
NPOrpaMMHpPYIOMIMM (PYHKIIMOHAIBHO M KaK HA4aTh MBICIMTh (pyHKIMOHAIBbHO? PIT
CTaHOBUTCA UHTYMTHUBHBIM, CTOUT JIMHIb YACHUTD €T0 cymHocTb. CaMoe TpyaHoe —
U36aBUTHCA OT CTAPbIX MPUBBIYEK, YTO MOXET CTaThb KOPEHHBIM IEPEJIOMOM IS
TeX, y Koro uMeerca npexuHuii onsit OOI1. Ho npexae yeM Hay4uTbCsA MBICJIHUTD
(yHKIMOHAIBHO, HYXXHO YACHUTD, YTO co6oii npeacTabiseT PII.

1.2. CywiHOCTb PYHKLMOHANBHOIO
nporpaMMupoOBaHus

[Mpome rosops, GpyHKIMOHaILHOE NPOrPaMMHPOBAaHHE — 3TO CTHJIb Pa3paboTKH
NPOrpaMMHOro o6ecneyeHus, Iie OCHOBHO# aKIEeHT JesaeTcs Ha pyHkuun. Ho Bbi
MOXe€T€e BO3Pa3UTh, YTO U TaK 110JIb3yeTeCh PYHKUUAMHU B IOBCETHEBHOI MPaKTHKe.
B yem xe Toraa pasanuue? Kak ynomunanocs sbiie, @I1 TpebyeT HECKOIBKO MHOTO
THIIA MBILLIEHUS, KOT/Ia IPUXOAMUTCS PENIaTh OCTaBleHHbIe 3axa4n. /g aToro He-
AOCTAaTOYHO NPUMEHATDH PYHKIMH, YTOObI JOOUTBCA HY)KHOTO pe3y/bTaTa. A 1eb
COCTOMT B TOM, UTOObI abcmpazupoeams MOTOKM yNPABIECHUSA U ONI€PAllMM HAJX JaH-
HBIMH C MOMOIIbIO (PYHKITHIT U TEM CaMbIM UCKA0UMs NOGoUHbIE 3P EKTHI U toxpa-
mums U3BMEHEHHUE COCTOAHUSA B NMPUIOKeHUU. OUEeBUIHO, YTO TAKOTO MOACHEHH
SIBHO HEZIOCTATOYHO. Besib HY)KHO ellle MOACHUTD KX/l U3 3TUX TEPMHHOB, YTO U
GyneT cAenaHo Jaee, MOCKOIbKY MMEHHO Ha HUX ONTMPAeTCs MTOXKEHHE MaTepHaia
BCEH 3TOM KHUTH.

Kak npasuo, nosicienue ocHos PI1 B iuTeparype HauMHaeTCs C MPUMeEPA BbI-
yucieHus yncea Pu6oHawuM, HO Mbl HAYHEM C IIPOCTO¥ MPOrpaMMbI Ha JavaScript,
oto6paxatomeit Tekct Ha HTML-cTpanune. M pia 3Toit neam kak Heab3s Jydnie
nojoizet crapoe Ao6poe npuseTcTBue "Hello World" (3apaBcTsyii, Mup):

document.querySelector('#msg').innerHTML = '<hl>Hello World</hl>';

MpumevaHue

Kak yxe He pa3 ynoMUHanocb paHee, PyHKLUUOHANbHOE NPOrpammupoBaHue — 310
He KOHKpeTHOEe UHCTPYMEHTaNbHOe CPeACTBO, a CNOCO6 HanNMCaHUA KoAa, KOTOPbIi
MOXHO NPUMEHATb ANA Pa3paboTKM KaK KAMEHTCKuX (Ha ocHose 6pay3epos), Tak 1
cepsepHbIx (Ha nnatpopme Node.js) npunoskeHnii. OTKpbITL OKHO Gpay3epa u BBe-
CTH B HEM KaKoW-HUbyAb Koa — 3TO NpocTewmnii cnocob 3anyCTTL Ha BbINOAHEHNE
cueHapwmii JavaScript. U 3Toro 40nkHO 6bITb 4OCTAaTOYHO ANA BbINONHEHUA NPUMEPOB
MCXOAHOrO KOAA, NPUBEAEHHbIX B AAHHOW KHUre.
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Ta NnporpaMma fnpocTa, HO MOCKOJIbKY BCE B HEll )XECTKO 3aKOJMPOBAHO, TO C €€
ITOMOUIBIO HEJIb3 0T06pa>xa'l‘b COOOLIEHUS B TMHAMHYECKOM pexunmMe. Ilony(‘.TPlM,
Tpe6ye’rca HU3MEHHUTDb (popMaTHponaHne, COZEPKHUMOE, 3 BO3MOXHO, U LICJIEBOH 3J1€-
MEHT pa3MeTKH. Jlnsa aToro NPHUAETCA NMEPENNUCATh BCE NPHUBEJCHHOE Bbilll€ BbIpa-
xkenue. Eciu xe n0Tpe6ye'1‘ca 3aKJIIOYHUTh BECb 3TOT KO/ B TEJIO q)yl-ncuun M cAeJIaTh
TOYKU U3MEHEHHUA TapaMeTpamH, TAaKOH KOJ MOXXHO HAIMCATh OJUH pPas, YTOObI UC-
M0JIb30BATD €ro B JI000 KOH(pm‘ypaunn, KaK ITOKa3aHO HHUXe.
function printMessage(elementId, format, message) {

document.querySelector (" #${elementId} ) .innerHTML =
"<${format}>${message}</${format}>";

printMessage('msg', 'hl', 'Hello World');

YiyumeHue BrosiHe oueBHAHO. TeM He MeHee aToT PparMeHT Ko/1a elle He BIIOJI-
HE MPHUroJIE€H I MOBTOPHOIO MCMONb30BaHudA. JlonycTum, coobmenue TpedyeTcs
BbIBECTH B (paiin, a ve Ha HTML-crpanuny. C 3T0#i 11€/1b10 NpHAETCs NEPEHECTH Npo-
CTOM MBICIMTENbHBII MPOLECC CO3JaHMUs NapaMeTPU3NPOBAHHbIX (PYHKUHMIH Ha co-
BCEM JIPYrOM YPOBEHD, I/I€ 1aPAaMETPbI MOTYT ObITh HE TOJIbKO CKUIPHBIMH BEJIUYH-
HaMM, HO U (PYHKUMAMH, TPEROCTABIAIOUIMMH JONOJHHUTEIbHbIE (PYHKLIMOHATbHbIE
BO3MOXXHOCTH. PyHKIIMOHAIbHOE NPOrPaMMHPOBaHUE B KAKOH-TO CTEIIEHH ITOXOXE
Ha NpeyBeJUYEHHOE BHUMAHUE K NPUMEHEHMIO (PYHKIMI, MOCKOJIBKY B 3TOM CJIy-
Yae MnpecjieAyeTCs €AMHCTBEHHAsA 1€J1b — BbIYMCIMTD M OObEeJMHUTD BMECTE MHOTHE
¢yHKIMH, YTOGBI JOOMTHLCA GoJlee COBEPIIEHHOrO NoBeJAeHUs. 3aberas HECKOJIBKO
BIIEPEJ, PACCMOTPHMM NPHUBEAECHHYIO HHKE Ty XK€ CaMylO IIpOrpaMMy, HallMCaHHYIO
C IpUMMEHEHHEM (PYHKIMOHAIBHOIO MOIXOAA.

JNiucturr 1.1, dyHkumMoHanbLHan BepCUa NporpaMmel printMessage

var printMessage = run(addToDom('msg'), hl, echo);

printMessage ('Hello World');

bes coMHenums1, 3Ta BepcUs pacCMaTPHBAEMOM 31€Ch NPOrpaMMbl PaIMKaIbHO OT-
JIMYAETCA OT ee nepBoHavyaibHOH Bepcun. [Tpexae Bcero, nmapamerp hl Tenepsb ss-
JIAETCA HE CKAIAPHOM BEIMYMHOM, a pyHKIMelH nogo6Ho addToDom u echo. Ha nep-
BbIH B3IV, 3TO MMOXOXE Ha CO3/JTaHHE OHOM (PYHKIMU U3 APYruX, 60iee MEIKHUX.

M nns Takoro 6e3paccyacTsa MMeeTcsl Beckoe ocHoBaHMe. B inctunre 1.1 3aduk-
CHPOBaH CHayajla MpoLEeCcC AEKOMIO3ULMH (T.€. Pa3/IoKE€HUs) NporpamMMbl Ha 6o-
Jiee MEJIKHe, IIPUroHbI€ JIsi IOBTOPHOTO HCNOJIb30BAHUSA, HaJeXKHbIE H TIOHATHbBIE
4aCTH, a 3aT€M UX 0ObeAMHEHMs VI POPMHPOBaHMsA BCel MPOrpaMMbl, KOTOPYIO
JIEr4€ OCMBICUTD B 1i€JIOM. ITOMY OCHOBOIMOJIAraloleMy MPUHIMITY CJIeIyeT BCAKas
¢yHkuMOHAIbHAA IPOrPaMMa. A B pacCMaTPUBAaEMOI 31€Ch IPOrpaMMe Jyist ocJje-
ZIOBATEJILHOTO BHI3OBA psAja (pyﬂxuuﬁ addToDom (), hl() u echo() npuMeHsaeTcs
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Hekas BoJme6GHas yHKUMs run (), KoTopas 6oJiee NOAPOGHO NOosICHAETC A Aajee’.
Mo cymecTBy, OHA CBA3bIBAET BHYTPEHHHM 00Pa30oM KaXK/IylO BbI3bIBa€MYIO (PYHKIIMIO
B 1IEMOYKY, I/ie 3HaY€HHUeE, BO3BPAlllaéMO€E U3 NpeabIAyniel GyHKIMH, epesaeTcs B
KayeCTBE NapaMeTpa cielyiomei pynkuumn. B 1aHHOM cirydyae cMMBOJIbHasi CTPOKa
"HelloWorld", BosBpamaemas u3 gpynkuuu echo (), nepenaercs pynknum hl (), a
Pe3yabTaT pa3METKU B KOHEYHOM UTOTre nepeaaeTcs pynkuuu addToDom ().
IMouemy e GpyHKIMOHATBHOE pelIEHNE BbINIAAUT MMEHHO TaK, a He uHaude? [To
CyHIECTBY, €rO Jyull€ pacCMaTPUBAaTb KaK MapaMeTPHU3aIMIO NMPHKIAJHOTO KOJA,
KOTOPYIO MOXXHO JIETKO U3MEHUTb, HUYETO HE Hapyliasd, NOJO6GHO KOPPEKUMH Ha-
YaJIbHBIX YCIOBUH aITOPUTMA. 32/I0)KUB CTOJIb [IPOYHOE OCHOBAHUE, TENEPb MOXHO
6€e3 0co6Oro Tpyaa paclIMPUThb BO3MOXHOCTH NMPOrpaMMbl printMessage, YyToGbI
NOBTOPUTb COOGHIEHHE JIBAX/IbI, BOCIIONIb30BATHCS 3aroJIOBKOM h2 ¥ OPraHM30BaTh
BBbIBOJI Ha KOHCOJIb BMecTO Mogean DOM. U nis sToro He npujeTcs nepenuchiBaTh
HUYEro U3 BHYTPEHHEM JIOTUKM PabOThl JaHHOMH MPOTrpaMMbl, KaK NIOKa3aHO HUXKE.

JincTurr 1.2, PaclumpeHHan Bepcus NporpamMMsl printMessage

var printMessage = run(console.log, repeat(2), h2, echo);

printMessage('Get Functional'):;

Takoil BHemHe OTIMYAIOMMICA NOAXOA K NMPOrPaMMUPOBAHMIO HECIyYaeH.
CpaBHMBag PyHKIMOHAIbHOE U HE(YHKIIMOHAILHOE pellleHNe, Bbl, BO3MOXHO, 06~
pPaTWIM BHUMAaHHE HA PAIMKAIbHOE OTIMUME U B CTHJIE NPOrpaMMupoBanus. B 060-
UX pelIEeHUAX BbIBOJMTCA OJMHAKOBBIN PE3y/abTaT, XOTS BbIVIAAAT OHHU COBCEM IO~
pasHoMy. M 3To 06bACHAETCA AEKIaPaTUBHBIM XapaKTepOM pa3paGoTKH, KOTOPbI
npucymt ®IT. Yrobs! nosHocThio ycBouTh PI1, HyXKHO CHaYaIa MU3YYHUTD CIeAyIOIHE
HPHHIUIIBL U TIOHATHSA, HA KOTOPbIX OHO OCHOBBIBAETCH.

B JlexrapaTHUBHOE 1IpPOIPAaMMHPOBaHHE.
B Yuctbie pyHkumu.

B CcbuloyHasi NPO3PayHOCTb.

B HeusMeHsieMOCTb.

1.2.1. lexnapaTtuBHbiii XxapakTep GYHKLUMOHANbHOIO
nporpaMMmupoOBaHUA

PyHKIMOHANBHOE IIPOrPaMMUPOBAHUE AEHCTBYET MO NPHHIMIIAM Jexiapamus-
H020 TPOTPAaMMHPOBAHHS, TA€E P/ oNepaluii BbIpAXKAETC TaKUM 00pa3oM, 4TOGbI
He O6GHapYXH1BaTb, KAK OHU PEAIM30BAHbI U KaK Y€pe3 HUX IIPOXOJAT NOTOKHU JaH-
upIx. Ho B HacTos11€€ BpeMs Gosiee pacnpoCTPaHEHbl UMNEpamusHsie Uau npoyedyp-
Hble MOJIENH, KOTOPbIE MO/IEPKHUBAIOTCA B GONBIIMHCTBE A3BIKOB CTPYKTYPHOTO M
06BEKTHO-OPHEHTUPOBAHHOTO NPOrpaMMMPOBAHHUS, TaKUX Kak Java, C#, C++ u mip.

! Bosiee nogpoGHbIe CBCACHUS O PYHKLMM run () cM. NO agpecy https://gist.github.
com/luijar/ce6b96£f13e31cb1530934file-ch0l-magic-run-js.
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B MMIIEPATUBHOM MOJIE/IN IPOTPaMMUPOBAHMS KOMITBIOTEPHAsI IPOrpaMMa paccma-
TPHUBAETCA JIUIIb KaK CJlenylomuﬁ CBEPXY BHM3 PsJi OIIEPATOPOB, U3MEHSAIOUIUX CO-
CTOSTHHE CUCTEMBI C LI€JIbIO BBIYHCIUTD Pe3ybTaT.

PaCCMOTpHM npOCToi'i NpUMEpP HMIIEPATUBHOTO IPOrpaMMHPOBAHMS. I[onyCTHM,
Tpe6ye’rca BO3BECTHU B KB3/[paT BCE YHUCJIa B MACCHUBE. COOTBC’I‘CTBlemaﬂ UMIICPATHUB-
Hasi MNporpamMma BBIIVIAAUT CJIEAYIOMINM 06pa30M:
var array = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9];
for(let i 0; 1 < array.length; i++) {

array(i] = Math.pow(array([i], 2);

}
array; //-> 10, 1, 4, 9, 16, 25, 36, 49, 64, 81]

IMpu MMnepaTUBHOM NPOrpaMMUPOBAHUHM KOMINbBIOTED MOJYyYaeT MOAPOOHbIE
HHCTPYKLMH, KaK BbINOJHUTD ONPEACICHHYIO 3a/1a4y (B IaHHOM CJIy4yae IPUMEHHUTD
¢opmysry Bo3BeI€HHS B KBaJpaT K KXAOMy YMCJIy Ha OTAEIbHOM HIare HMKIa). 3To
caMbli pacCnpoCTPaHEHHbIN CII0CO6 HANMCaHUA NOJOOHOTO KO/ U, BEPOSATHEE BCE-
ro, cCaMbl¥ NIepBbIii MOAXO/ K PEIIEHUIO AAHHOM 3a1a4u.

A npu aexIapaTHBHOM IIPOrpaMMHMPOBAHHUH ONMCAHHE 1IPOrPaMMbl OTAENAETCA
oT BbluMcaeHus. [Ipy 3TOM OCHOBHOE BHHUMaHUE YAENAETCS UCIOJb30OBAaHUIO Bbl-
PaXXEHUH JUIS ONIMCAHUs JIOTMKH IIPOrpaMMbl, He 00s3aTe/IbHO yKa3biBas MIOTOK €€
yIIpaBJI€HUS WM U3MEHEHHE COCTOSHUsA. XapaKTepHbIM IPUMEPOM JE€KIaPaTUBHO-
ro NporpaMMHpOBaHUs C1yKaT onepaTopbl SQL. B yacThocT, 3anpock SQL cocTo-
AT U3 ONIEPaTOPOB, ONMUCHIBAIOIMX PE3y/IbTAT BbINOJIHEHUS 3aIpoca, abCTparupysach
OT BHYTPEHHErO0 MEXaHM3Ma U3BJIeYeHUs JaHHbIX. B mase 3 Oyaet npoaeMoHCTpy-
poBaH npumep npumeHeHNsa SQL-nog06HOro HaOXKeHHU Ha PYHKIIMOHATbHbIA KO/
C LI€JIbIO IIPUAATH CMBLI KaK IIPHIOXKEHHUIO, TAK Y IIPOXOAAIMM Y€PE3 HETO J[AHHDBIM.

YTo6bI nepeiiTi Kk GyHKIMOHAILHOMY MOAXOMY AJIsi PELIEHUA TOH Xke caMOM 3a-
AauH, JOCTATOYHO M103a60TUTHCA O IPMMEHEHHUU NIPABUIBHOTO NMOBEACHUSA K KOXK/I0
My 3JIEMEHTY, YCTYIHB YIIpPaBJIeHHe LHUIKJIOM APYyrUM 4acTAM cMcTeMbl. B yacTHOCTH,
Go/blIYIO YacTb TPYAOEMKOMH PabOThl MOXKHO MOPYYUTh METOAY Array.map():

(o, 1, 2, 3, 4, 5, 6, 7, 8, 9].map(

function(num) { Metoay map () nepeaaerca
return Math.pow(num, 2); 8 KavecTse napamerpa
1) dyHKUmA, BO3BOARWAR
KaKg0e Yo B KBagpar

// -> [0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

ITo cpaBHEHHIO ¢ MPEALIIYIIMM IPUMEPOM AAHHBIN KO OCBOOOMXAAET OT OTBET
CTBEHHOCTH 32 HaJUIeXalllee YIIpaBleHHe CYeTYUKOM IIUKIa M JOCTYIIOM K MacCUBY
no uHzekcy. I1pome ropops, yeM 60Jbile KoJa, TeM GOJIbIIE B HEM MECT 111 BO3HUK-
HOBEHMS NPOrpaMMHBIX omnbok. Kpome Toro, cranzapTHble HUKIIbI HE TIOLIEXKAT
HOBTOPHOMY HCIOJIb30BAHUIO, €CJIM TOJBKO OHM HE abCTparupoBaHbl ¢ IOMOIBIO
¢ynxumit. MmenHo 3To Mbi cobupaemcs caenathb gaiee. Tak, B mase 3 aeMOHCTPHDY-
€TCsl, KaK HCKJIIOYNUTD OPraHU3yeMble BPYUYHYIO LUKJIbI M3 IPUKJIAIHOTO KOJIA B IIOJIb-
3y pyHKIMIT IEPBOTO KJIacca M BbICIIETO MOPsA/JKa, KOTOPbIE PEAIM3YIOT Oll€paLiH
map, reduce, filter u KOTOPBIM NEpeAIOTCA APyrue (PyHKLHM B KayecTBe Napa-



30 Yacms 1. Ymenue moicaums PynKyuonaisno

METPOB, YTOObI C€NaTh NPUKIAAHON KOA B 60/blIEeH CTENEHN MPUTOAHBIM JIs 110-
BTOPHOTO UCHOJIb30BaHMA, PACHIMPAEMBIM U I€KIapaTUBHbIM. IMeHHO 3T0 1 6bLU10
¢/IeJIaHO € MOMOMIbIO BOIEeGHO# PyHKuuK run () BaMcTuHrax 1.1 m 1.2,

AGCcTparupoBaHue IIMKJIOB C TOMOIbIO (PyHKIIMI MIO3BOJISIET C BbIFOJ0MH MOJIb30-
BaTbCA AAMO0A-6DUPANCEHUAMU I CTPENOYHBIMU PYHKYUAMU, BHEAPEHHDIM B CTaH-
Aapt ES6 asbika JavaScript. B vacTHOCTH, 19M61a-BbIpaXEHUS CITYKaT JJAKOHUYHOH
aJIbTEPHATUBOI aHOHUMHBIM (PYHKLIMAM U MOTYT ObIThb N€EpeaHbl PyHKIMH B Kade-
CTBE apryMeHTa, YTo6bl MUCATh MEHbIIE KOJA:

(o, 1, 2, 3, 4, 5, 6, 7, 8, 9].map(num => Math.pow(num, 2));

// -> (0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

Npeo6pa3zoBaHne 0603Ha4eHNA NAM6Aa-BbipaXeHUs B 0603Ha4YeHue
06bIMHOA DYHKUMN

Nambaa-sbipaxkeHna Aal0T rPOMaAHOE CMHTAKCUYECKOoe NPenMyLecTso No cpasHe-
HUI0 ¢ 0603Ha4EHUAMM 06bIYHBIX PYHKLMHK, NOCKONBbKY OHU CBOAAT CTPYKTYPY Bbi30Ba
GYHKUMM MMWb K CaMbIM BaXKHbIM YacTaM. Tak, cheayiowee nambaa-sbipaxeHune:
num => Math.pow (num, 2)

PaBHO3HAYHO QYHKLMM

function (num) {

return Math.pow (num, 2);
}

A 3aueM BOOGIIE UCKITIOYATD UMKIbI U3 npHUKIagHoro kojaa? Lium apngerca um-
nepaTUBHOMN yIIpaB/IAoEei CTPYKTYpO#i, KOTOPasi C TPYAOM NOJAETCsl IOBTOPHOMY
MCIOJIb30BAHHIO U BCTPAMBAHMIO B Jipyrue onepainuu. Kpome Toro, on noapasyme-
BAaeT KOJ, KOTOPbIii MOCTOAHHO M3MEHAETCA UIH MOAM(UIMPYETCs, pearupys Ha
HoBbIe maru nuia. Kak 6yaer rmokasano jnanee, B PyHKIMOHAIBHBIX MPOrpPaMMax
HYXXHO CTPEMHUTLCSA K OMCYMCMEUI0 COXPAHEHUSL COCTNOAHUA U HEUSMEHAEMOCTIU B KAK
MOJXXHO GoJibIei cTeneHu. Bee ge1o B ToM, 4TO €C/iv KO/ He 3aBUCHUT OT COCTOSIHUSA
HPOTrpaMMbl, TO HUYTO HE MOXKET HapPYHWIMTh ero paboTty B mobajibHOM MacuiTabe.
Jns tocTHKEHUs 3TOM LeJN MCHONb3YIOTCA (PYHKLMHU, B KOTOPBIX MCKIIOUAIOTCS
11o6o4Hbie 3PHEKTH M NU3MEHEHHS COCTOSHUSA U ITI0O3TOMY Ha3bIBAEMbIE YUCTNHLMU.

1.2.2. YucTbie GyHKLUMN M TPYAHOCTHU, CBA3aHHDbIE
¢ no6o4HbIMYK 3P PexTamu

@PyHKIMOHAIBHOE POrPaMMHPOBAHHE OCHOBBIBAETCS Ha TOH IPEANOCHUIKE,
4YTO HEM3MEHsEMbIE IIPOIPAMMbl CTPOATCA M3 YMCThIX (PYHKIMI KaK CTaHAAPTHBIX
610k0B. Uncrasa Qpynkuusa obaagaer cieAyloliMMHA CBOMCTBaMH.

B 3aBHUCHUT TOJBKO OT NpeAOCTaB/IsAEMbBIX BXOAHDbIX NAHHbIX, 4 HE OT moboro
CKPbITOI'O HJIM BHCHITHETO COCTOAHUSA, KOTOPOE€ MOXET H3MCHHUTBCS BO BpEMs
€€ BbIYHUCJICHHS WIN B IPOMEXYTKAX MEXY €€ BbI30OBAMH.
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B He BHOCUT M3MEHEHMS 3a nepeaenaMu O6JIacTH CBOEH BUAMMOCTH, HANpH-
MeEp, HE M3MEHAET MOGANbHbIA OGBEKT WIM NapaMeTp, NnepesaBaeMblii 1o
CCBLIKE.

Hertpyano noragarbcs, uro mobas ¢pyHknms, He yIOBJIETBOPSIOLIAst 3THM TPe6o-
BaHUAM, CUMTAETCA “HeuncToi . IIporpaMmupoBaHue ¢ y4eTOM HEU3MCHAEMOCTH
MOXET INMMOKa3aTbCA Ha HCPBbe;I B3I HeOObIYHBIM. Beﬂb B€Cb CMbICJ HMﬂCpaTPlB'
HOTO ﬂpOCKTHpOBaHHﬂ, K KOTOPOM}’ TaK HPHBblKJIPl paspa60Ttmlcu, COCTOHT B TOM,
4TOODbI 3asABHUTDH, UYTO II€PEMEHHBIE NTOJJIEKAT MO}IH(‘)HK&HHH OT OZHOTIO onepaTopa K
APYroMmy, MOCKOJIbKYy OHH BCE-TaKM “iepeMeHHble”. BHOCUTh U3MEHEHHS B IEPEMCH-
HbI€ — BIIOJIHE €CTECTBECHHO 15 paapa60Tqm<OB. PaCCMOTpHM B KA4€CTBEC npnmepa
caedyiomyio pyHKIMIO:
var counter = 0;

function increment () {
return ++counter;

v 9

ATa QyHKIMA ABNAETCA “HEUUCTONH” MOTOMY, YTO OHA YMTAET WIK MoaudUIHpY-
€T BHEIIHIOIO NMePEMEHHYIO counter, KOTopas He SABJISeTCS JOKAIbHOI B 061acTH
BUAUMOCTH JaHHOH QyHKIUHU. B 061eM, MOXKHO CKa3aTh, 4TO y (PyHKIMM UMEIOTCS
1mo6ouHbIe 3(PPEKTDI, €CM B HEH YMTAIOTCSA JJAHHbIE U3 BHEITHNX MCTOYHHKOB WIH
3aMMChIBAIOTCS JAHHBIE BO BHEUIHME MCTOYHMKHM (pHc. 1.1). J[pyrum npumepom Tomy
CJIYXMT pacripocTpaHeHHas pyHknus Date.now (). OueBUaHO, YTO BLIBOAUMBI €10
pe3y/nbTaT HEMpPEeACKa3yeM M HEMOCTOSTHEH, TaK KaK BCEr/a 3aBUCHUT OT NMOCTOSHHO
naMeHsomerocs pakTopa BpeMEeHH.

nobancHas nepemMeHHas

var counter = 0; ‘

pannua PyHkumK

CCbinike

Efunction increment () { NoGouHbi addexT:
: return ++counter; M

! no rno6anbHomn

'

]

1]
1]
1
/' namennnuce paHHbe
N
L}
L}
1]

Puc. 1.1. ®yHKumAa increment () Bbi3biBaeT NO6OYHbIE

3bdeKTb! OT UTeHUa unu moguduKaummn BHEWHen nepe-

MeHHOM counter. Pe3ynbTaT ee BbiNONHEHUA HEeNpeacKa-

3yeMm, NOCKO/NbKY NepemMeHHan counter MOXeT U3MEHUTb-

CA B NOOOK MOMEHT B NPOMEXKYTKaX MeXAy Bbl30Bamu
AAHHOW GYHKLMUK

B nanHOM ciiyyae nepemeHHasi counter JOCTYNHA Y€PE3 HESABHYIO INIOGAIbHYIO
nepeMeHHYIo (B 6pay3epHOM CLieHapUH 3TO 00beKT window). Eme oaun TunuyuHbIi
1n1o6ouHbIH 3¢p(peKT BOZHMKAET NPHU JOCTYTE K JaHHBIM 3K3EMILIAPa M0 KII0YE€BOMY
caosy this. Ccpuika this BeaeT ce6 B JavaScript uHauve, 4eM B IPYTHX A3bIKaX MPoO-
rpaMMHMPOBaHMs1, IIOCKOJIbKY OHA OIIpeJie/seT AMHAMHUECKHII KOHTEKCT QyHKIMH.
A 3TO 3a4aCTyI0 NIPUBOJAMUT K MOABJIEHUIO KOJA, KOTOPbIA TPYAHO MOHATD, Y€TOo CJ1e-
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xyeT n3beraTh NPH BCAKOH BO3MOXHOCTH. MBI ellle BEPHEMCS K 3TOMY BOIIPOCY B CJie-
ayioueii rase. [To60ouHbIe 3(pdeKThI MOIYT BO3HHKATh BO MHOTHX CJIy4asiX, BKIIOYas
CJIeiylonue.

B [o6anrbHOE M3MEHEHUE NTEPEMEHHOM, CBOMCTBA WIH CTPYKTYPbI IaHHBIX.
B li3meHeHMe IEPBOHAYAILHOTO 3HAYEHHs apIyMEHTa (PYHKIMM.

B O6paboTKa BBOAUMBIX T10JIb30BaTE/IEM JaHHbIX.
n

IenepupoBaHue UCKIIOYEHUS, ECIM TOJbKO OHO HE IN€PEXBAThIBAETCS B TOMH
*e caMoH PyHKLIMH.

B Boisox COO61.HCHK171 Ha 3KpaH WIH B )XypHaJ1 pErHCTPallvuH.

B 3anpoc HTML-nroxymeHnToB, 6paysepHbIx cookie-(paiiioB win 6a3 JaHHBIX.

Ecsn B nporpamme HeJb3si CO3/1aBaTh U MOAM(MUIMPOBATH OGBEKTHI WIH BbIBO-
ANTh MHPOPMAIIMIO Ha KOHCOJIb, TO KaKas MPaKTUYECKas M0Jb3a OT TAKOMH NMporpam-
MbI? Be3ycsi0BHO, YMCTBIMU (PYHKIMSAMM TPYAHO MOJb30BATLCA TaM, Iie npeob.a-
JaeT AMHAMHUYeCKkuii pexxuMm u moaudukanusa. Ho Ha npakTuke QyHKIMOHATBHOE
IIPOrpaMMHPOBAaHME HAKIA/AbIBAET OPAaHMYCHHE HE HA 6c¢ U3MEHEHUS COCTOAHUA.
OHo 1MHIb TPEIOCTABNAET KapPKAC, OMOTAIOUIMIA yNIPaBAATh UMM M COKPAIATh UX,
1103BOJIAASE B TO )K€ BPEMS OTAEJSITDh “uncToe” oT “HeuucToro”. “HeuncTteiit” kox npo-
M3BOJUT 6Heure udumsie No6ouHble 3¢pPeKThl BPOAE NEPEUHCIECHHBIX BbIlIE, U B
3TOil KHUI'e pacCMaTPHUBAIOTCA CMTOCO6GLI OOpalleHHA C HUMHU.

YTob6bI 06CYy#AATh 3TH BONPOCHI 60j1€€ KOHKPETHO, AOMYCTHM, YTO Bbl paGoTae-
Te pa3paboOTUMKOM B KOMaHJIe, PEATM3YIOlIei NPHIoKeHue ISt 06 paboTKH JaHHBIX
yuyammxcs wkosbl. B aucrtunre 1.3 xeMoHcTpupyeTca HebGoblias UMIEpPaTUBHAs
1IporpamMMa, BbINOJHAIOMAA MOUCK 3anMcH 00 yyaleMcs 10 €ro HOMEPY COollUaIb-
HOTO CTPaXOBaHMA U OTOGpakaiomas ee B OKHe Gpay3epa (npumeHeHue 6paysepa B
JIAHHOM [IPMMEPE HECYLIECTBEHHO; BEAb C TEM XK€ YCIIEXOM 3aIIMCh MOXXHO BbIBECTH
Ha KOHCOJIb, B 6a3y AaHHbIX win ¢aiin). Me1 GyzeM ene He pa3 oOpamaTbCs K JaH-
HOM MporpamMMe Ha NPOTSHKEHUM BCEH KHUTH, PaCIIMPAS €€ KaK TUITMYHbIA IpUMep
PeaIbHOTO ClieHapUs, B KOTOPOM BO3HUKAIOT N06G0YHbIe 3¢ EeKTbI IPH B3aUMO/IEi-
CTBHH C BHEIIHUM XPaHWIMIIEM JIOKATbHBIX O6'bEKTOB (BpO/J€ MacCUBa OObEKTOB) U
BbINOJIHEHUH BBOJA-BbIBO/IA Ha ONIPEC/IEHHOM YPOBHE.

Jinctuir 1.3. UMnepaTuBHas GyHKuMA showStudent () ¢ noGouHbIMKU 3PP exTamu

MonyMMTL AOCTYN K XPaHHANLLY OGHEKTOB ANA NOUCKA YHAUEroCA No
€r0 HoMepy COLMANBHOTO CTPaxoBaHuA. Byaem NOKa YTo cuMTaTL 3Ty

function showStudent (ssn) { onepayuio CHHXPOHHON. O TOM, Kak 06PALLATLCA C ACUHXPOHHBIM
war student = db.find(ssn); Koaom, pedb nofiaeT aanee & Kiure
if (student !== null) {
document.querySelector (" #${elementId} ) .innerHTML = OGpaThTbeA K BHEW-
*${student.ssn}, Hel yHKUMN AnA

YTEHUA 3NEeMEHTa no

${student.firstname}, naeHTHUKaTOpPY

${student.lastname} ;

else {
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throw new Error('Student not found!'); 4————-5 CreepupoBath UCKAIOUEHHE ANA
} i HeAeHCTBHTENbHOTO YHaWeroca
} ! BbiMONHUTD 3TY NPOrPaMMy ANA CTYAEHTA C HOMEPOM
i COoLManbHOro crpaxosaHnn 444-44-4444 nebisectu
showStudent ('444-44-4444"); ——— naseb-crpauuue nogpobHbie cBegeHun o6 yyauemen

IMpoanan3upyeM UCXOAHDIH KO JaHHOM nporpammel. 1o cymecTsy, aTo ¢yHk-
111, BhIABJISIONAA CIEAYIOMMI pAa N0604YHbIX 3P EKTOB, PacPOCTPaHAIOMMXCHA
3a npejeJsipl 06J1aCTH €€ BUAMMOCTH.

B Ota PyHKIHA B3aMMOJEHCTBYeT ¢ BHelIHEl nepemenHoM (db) mis goctyna
K JAHHBIM, IIOCKOJIbKY B €€ CUTHATypE BHEIIHSAA IIEPEMEHHAs HE OObsABICHA
kak napamerp. Ho B s060ii MOMEHT CChLIKAa Ha BHEITHIOIO NE€PEMEHHYIO MO-
JET CTaTh MycTOM (null) WM U3MEHUTBCA B MPOMEXYTKE MEKIY BbI3OBAMHU
(pyHKIIMH, YTO MOKET NPUBECTH K COBEPIIEHHO JPYTUM pe3yJbTaTaM WM Ha-
PYUIEHUIO 11€JIOCTHOCTH TTPOTPaMMBl.

B [o6aibHas nepeMeHHast elementId MOXeT U3MEHUTBLCSA B JIIOOOIT MOMEHT,
BbIH/IS U3 TIOJ KOHTPOJIA.

8 Oaementsl HTML-pasmeTkn MoaMHUIUPYIOTCA HEMOCPEACTBEHHO. A caM
HTML-nokymenT (ero moaenb DOM) siBasieTcsi MUBMEHAEMBIM, OOIUM, IVIO-
GaIbHBIM peCypcoM.

B 3ta PyHKUHA MOXET CreHEPHPOBATh UCKIIOYEHHE, €C/IU yJalMHCSA He Hait-
A€H, YTO MOXET NPHUBECTH K CBOPAYMBAHMIO CTEKA BbI3OBOB U aBapHIHOMY
3aBEPUIEHUIO NPOrPaMMBl.

@®yHKIMs U3 TUCTHHTA 1.3 3aBUCHUT OT BHEIIHUX PECYPCOB, YTO /IE/Ia€T €€ UCXOA-
HbIi KO HETrMOKHUM, HEYJIOOHBIM JUIsi paGOTHI M TPYAHBIM I TECTUPOBaHUA. A “un-
cThle” (PyHKIMM MMEIOT KaK 4acTh CBOUX CUTHATYP ACHbIE KOHTPAKTbI, Y4ETKO OINU-
cpiBaiolye Bce GopMasibHbIE NIapaMeTPbl PYHKIUH (T.€. PSAJ BXO/IHBIX JAHHBIX), UTO
ynpouaeT MNoOHUMaHHe U MPUMEHEHWE TaKuX PYyHKIMIL.

A Tenepb nonpo6yeM CMEHUTD CTWIb IPOrPaMMHPOBAHUA Ha (PYHKIIMOHAIbHbIM,
BOCIOJIb30BaBHIMCh B PEATLHOM CLEHAPUH TEMHU YPOKaMH, KOTOpbIE ObUIM U3BJI€Ye-
Hbl U3 IpUMepa MporpaMmel printMessage. ITo mepe ycBoeHus ctwis pyHkumo-
HaJIbHOTO NPOrpaMMHUPOBAaHMA HA NPOTSHKEHUH JAHHOM KHUIH y Bac OyeT BO3MOX-
HOCTb COBEPUIEHCTBOBATh 3Ty PEAJIM3ALMIO PACCMAaTPHMBAEMOrO 3€Ch CLICHAPHS C
MOMOIIBIO HOBBIX METOAUK. A B HACTOALIUI MOMEHT B HETO MOXKHO BHECTH JiBa 11pO-
CTBIX yCOBEPUIEHCTBOBAHUSA.

B PasjenuTh JIMHHYIO (PYHKIHIO Ha 60jiee KOPOTKHE (PYHKIMH C OTAENbHBIM
Ha3HAYEHUEM.

B CokpaTHTb KOJIMYECTBO MOGOYHBIX 3(PPEKTOB, ABHO ONPE/ENUB BCE APTYMEH-
Tbl, KOTOPbIE TPEGYIOTCA PYHKUMAM /15 BHIMOJHEHUS X 3a/[AaHUMA.

HauneM ¢ oTaenenus aeiicTBuil Mo M3BJIEYEHHUIO 3aMUCH 00 yvyaleMmcsi OT ee
oToOpaxxeHMs Ha akpaHe. Pasymeercs, no6ouHblie 3¢ ¢PeKThl OT B3IaUMOACHCTBUSA
C BHEIHEH cUCTeMOIl XpaHeHHMsa U MoAebio DOM HensbexHbl, HO UX MOXHO, 110
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KpaiiHei Mepe, cies1aTb 60/1€€ KOHTPOJIMPYEMbIMH, 060COGMB OT OCHOBHOM JIOTHKH.
C 3T0i1 1eJIbI0 MOXKHO BOCHOJIb30BAaThCA pacnpocTpaneHHoi B PI1 meToauko#, Ha-
3pIBaeMOM xappunzom. C MOMOHIbIO KAPPHUHTa MOXXHO YaCTUYHO 3aJ[aTh HEKOTOPbIE
aprymeHTsbl PyHKIMH, U4TOOBI CBECTH MX K OTHOMY. Kak 1eMOHCTpHUpYETCs B IMCTUH-
re 1.4, npumenus ¢yHknmio curry (), MoxHo ceectu £ind() u append () k yHap-
HBIM (PYHKIUAM, KOTOPbI€ HETPYAHO OOBEAMHUTD NOCPEACTBOM QyHKIIMM run ().

Jinctunr 1.4. lexoMmnoanuma nporpaMmbl showStudent

const find = curry((db, id) => { Bna paborbl GyHkumnn noncka £ind ()
let obj = db.find(id); l TpebyeTca cChiNKa HA XpaHKAUULe
if (obj === m.x 11) | ! 06beKTOB M HAEHTHUKATOP YHAULETOCA

throw new Error('Object not found!');

}

return obj;

1) Npeo6pa3osaTb 06LEKT CO CBeAEHUAMM
06 yuawemca B pasgennembiit
const csv = student => 3aNATLIMU CNUCOK 3HAYEHUH

‘${student.ssn}, ${student.firstname}, ${student.lastname};

Ans orobpaxennn noapobHbIX
cBepeHni 06 yuawemca Ha crpa-
Huye Tpebyerca uaeHTHdUKaTOp
3NeMEeHTa Pa3METKM U AaHHble 06
}): yyauemca

const append = curry((selector, info) => {
document.querySelector (selector) .innerHTML = info;

IToka uTo BaXKHO HE CTOJILKO IOHUMATh CYIIHOCTb KAPPHHTa, CKOJIbKO YBUJETDb B
HEM BO3MOXHOCTb COKPAaTHUTb YIIOMSIHYTbI€ Bbillie (PyHKIIMH, YTOGBI HANMCATD NPO-
rpammy showStudent, cocTaBMB ee U3 60jiee MEJKHX YacTeH Ceayiomum o6pa3om:

var showStudent = run( 3apath B ITON YacTH HAEHTUOHUKATOP
append (' #student-info'), anementa HTML-pasmeTku, uto6bl
csv BOCNO/b30BATLHCA UM B QYHKUMM
’

find(db)): f—-—-\ 3aaarb B 310ii YacTH 06BEKT AOCTYNA K AaHHDIM,
yKa3blBalowui Ha Tabnuuy yyawuxcs

showStudent ('444-44-4444");

HCCMOTpﬂ Ha TO 94TO pacCMaTpHBa€Mast 31€Cb IIporpamMmma ObL1a YCOBEPIIEHCTBO-
BaHA HE3HAYUTECJ/IbHO, B Hel HAUMHAIOT IIPOABJIATLCA CIAEAYIOIINE HEMAJIbIE IIPEHUMY-
mecTna.

B IIporpamma cTasa HaMHOTO 60Jiee TMOKOM, MOCKOJIBKY T€TIeph OHA COCTOMT U3
TpeX MOBTOPHO UCIMOJIb3yeMbIX KOMIIOHEHTOB.

B JloBTOpPHOE MCIOJIb30OBAaHUE MEJKOCTPYKTYPHBIX (PYHKIMII HanpaBJI€eHO Ha
HOBBIIIEHNE IPOU3BOAUTEIBHOCTH, ITIOCKOJIbKY OHO [IO3BOJISIET 3HAYUTEIbHO
COKpPaTUTb O6bEM KOZa, TPeOYIOIHI aKTUBHOTO CONPOBOKAEHHUS.

u Hpnnepnmnaxcx: ACKJIAPATUBHOIO CTHJIA NPOTPaMMHMPOBAHUS, AAIOLIETO
ACHOE NPEACTABJICHHUE O CTAJAMAX, BbINOJHACMbIX JAHHOM l'lpOI‘paMMHOf"I Ha
BEPXHEM YPOBHE, MOXXHO CyIl€CTBE€HHO IOBBICUTD YL'[O60‘II/IT3.CMOCTI) HUCXOon-
HOTO KOZa.
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B EKme BaxHee, uto B3auMmogeiicteue ¢ oo6bexramu HTML-pasmeTku nepeno-
CHUTCSl B OTAEJIBHYIO (PYHKIIMIO, IIOJIHOCTBIO OTAENAA “4UCTOE” MOBEAEHUE OT
“Heuyncroro”. bojee no/po6HOE NOACHEHNE KAPPHHTa U YTIPAaBJI€HUE “YUCThI-
MHU” M “HEUHCTBIMHM” YaCTAMU NPOrpamMM NPHBEACHO B IV1aBe 4.

JlanHasi mporpamMma Bce ellle UMEET PsJi HeIopaGoTOK, KOTOPbIe TpeGyeTcs ycTpa-
HUTb. TeM He MeHee OHa CTAHET B MEHbBIIEH CTENEHH MOJIBEPKEHHOH H3MEHEHUIO
BHEUIHUX YCJIOBHI G1arojaps COKpaueHuIo no6ouHbix a¢gexkros. Baumarensno
npoaHa1M3nposas PyHKIMIO £ind (), MOXHO 3aMETHUTD, YTO B HEH UMeETCA oliepa-
TOP BETBJEHHs 1O YCJIOBHIO MPOBEPKH Ha ITyCTOE 3HAaUeHHe Null, KOTOpoe MOXeT
BBI3BaTh McKMoueHue. [To nesoMy psisy paccMaTpuBaeMbIX ajiee MPUYMH 11CIECO-
06pa3HO rapaHTUPOBATh BO3BPAT U3 (PYHKIMH COMIACOBAHHOIO 3HaY€HHUs, 61aro-
Aaps 4eMy Pe3YJbTaT €€ BbIIIOJTHEHUS CTAHOBUTCS NMOCTOSTHHBIM U NPE/CKa3yeMbIM.
JlaHHO€ CBOHCTBO “YHCTBIX” (PYHKLIMI HAa3bIBAECTCS CCOLLOUHOU NPO3PaAUHOCTIIO.

1.2.3. CcbinoyHas Nnpo3pavyHOCTb U NOACTAHOBOYHOCTb

Ccputo4Hasi MPO3payHOCTh SABJAAETCSA Gosee POPMAIBLHBIM CIIOCOOGOM Ompese-
senns “ancroit” ¢ynkunm. “Yucmoma” B 3TOM CMbIC/IE O3HAYAET CYNIECTBOBaAHHE
“4UCTOr0” COOTBETCTBUS APryMEHTOB (PYHKIMHM €€ BO3BPalla€MOMY 3HAUYEHMUIO.
Tak, ecqu QyHKIUA NOCTOAHHO BO3BpAlAaeT OJUH U TOT K€ PE3YALTAT IO TEM XK€
CaMbIM BXOJHBIM JAHHBIM, TO OHAa CYUTAETCA ccviiouno-npospaunou. Hanpumep, pac-
CMOTpeHHas paHee PyHKIMsA increment (), COXpaHAIOHIAaA COCTOSHHE, HE ABJIAETCA
CCbUIOYHO-TIPO3PAavyHOii, MOCKOJIbKY BO3BPAIIa€EMOE €10 3HAYEHHUE CUIbHO 3aBHUCHUT
OT BHEIIHEH NNEPEMEHHOM Counter, Kak elie pa3 OKa3aHO HHXeE.

var counter = 0;

function increment () {
return ++counter;

YToO6pbl cAenaTh 3Ty PYHKUMIO CChUIOYHO-TIPO3Pa4yHOM, U3 HEE NPUIETCA UCKIIO-
YUTb 3aBUCHMOE COCTOSIHUE (T.€. BHENIHIOI NIEPEMEHHYIO), MPeBPaTHB ero B Gop-
MaJIbHBII NApaMeTp, IBHO ONpeAesieMbli B CHrHaType faHHO#M QyHKkuuu. /ng sTo-
r'O €€ MOXHO Mpeo6pa3oBaTh B POPMy JsIMG1a-BbIPAKEHHS CJIEAYIOIMIUM 06pa3oMm:

var increment = counter => counter + 1;

Tenepp naHHas QyHKIINA yCTOHYMBA M BCErJa BO3BPAIAECT OJMH U TOT XK€ pe-
3yJIBTAT, €CJIM OHA MOJIYYAET TE )K€ CaMble BXOJAHBIC JaHHbIe. B mpoTnBHOM Ciyuae
Ha 3Ha4YeHHe, Bo3BpamaeMoe (pyHKMei, GyAeT OKa3bIBaTh BIMAHUE KaKOH-HUOYAb
BHEUIHMII pakTOp.

JlaHHO€ CBOMCTBO KeJIaTeJIbHO B (PYHKIIMAX MOTOMY, YTO OHO YIIPOLIAET HE TOJIb-
KO TECTUPOBAaHUE KOJa, HO U NOHUMANHUE 8cell TPOrpaMMbl B yesom. [loHsaTHE cChi-
JIOUHOM NMPO3PavYHOCTH, MHAYE HA3bIBAEMON INEAYUOHANBHOU KOPPeKmHOCMbI0, YHAC
JIeJOBAHO M3 MAaTEMAaTUKH, HO (PYHKIIMM B A3BIKAX POrpaMMHUPOBAaHMSA BelyT cebs
COBCEM MHaue, Y4eM MaTeMaTH4YeCKHe PYHKIMHU, U TO3TOMY IOCTHXXEHHE CChUIOYHOM
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MPO3PaYHOCTHU MOJHOCTBIO 3aBUCHUT OT NporpamMmupyionero. C noMoumpio Bce TOH
xe Bome6HOi PyHKIMY run () Ha puc. 1.2 Ui cpaBHEHUs NIOKA3aHO IPUMEHEHME
q)yHKHMOHa.anoﬁ Y MMIIEPAaTHUBHOM BepCcHi (pymcupm increment ().

WmnepatusHas sepcus OyHKUKOHaNbHARA BEPCUA

. var plus2 = run(increment, increment);
increment () ;

increment () ;

print (counter); //-> ? print(run(0)); //-> 2

/ N

370 3Ha4YeHUe 3aBUCUT OT NEPBOHAYANBHOrO 370 BCErAa NPMBOAWT K NPUPALLEHMIO
COCTOSHWA NEPEMEHHON counter U Henpeackasye- NepBOHAYaNbHOrO 3HAYEHMA Ha 2

MO, €C/ih OHA U3MEHAETCA B NPOMEXYTKaxX MeXay

BbI30BAMM AAHHOW PYHKUMK

Puc. 1.2. CpasHeHue QyHKLMOHaNLHOW U UMNEPATMBHOM BepPCHid yHKUMM increment () .

Pe3ynsTaT BbiNONHEHUA MMNEPATUBHOW BepCuMM Henpeackasyem u moxeT 6biTb Heno-

CTOAHHbIM, NOCKONLKY BHEWHAA NepemMeHHa counter cnocobHa nameHuTbLER B N1060M

MOMEHT, HapyLWM1B pe3ynbTaT Noc/neaylowmx Bbi30BOB AaHHOM QYHKUUKU. A CCbIIOYHO-

Npo3payYHan GyHKUMOHaNbHAR BEPCHA BCErAa IKBALLMOHANLHO KOPPEKTHA M HE OCTaBAseT
mecTa ans owmnbok

ITporpamMmbl, HanmucaHHbIE NOJOOHBIM O06pPa3OM, HAMHOIO JIerde IMOHATH, MO-
CKOJIbKY B 3TOM CJIy4a€ MOXXHO COCTaBUTb B YM€ MOJENDb COCTOAHUA CUCTEMBI U JI0-
OMTBCA KEJIACMOro pe3yJbTaTa MOCPEACTBOM NeEPenucHl8anus WIN NoOCMAaHOGKU.
PaccMOTpUM Takyio BO3BMOXXHOCTD Ha 60Jiee KOHKPETHOM NpUMepe, IOMyCTUB, YTO
MoOYIO NPOrPaMMy MOKHO OTIPE/ICJINTb B BUJE psAaa QyHKIMI, 06pabaThIBaloNIMX
3aJaHHbI€ BXOJHbIE JaHHbIE U MOJYYalOIMX KOHEUHbIH pedyabrat. Takoe gonyuie-
HHE MOXXHO BBIPAa3HUTb B IIceBJOdOpPMeE CJIeIYIOIHUM O6pa3oMm:

Program = [Input] + [funcl, func2, func3, ...] -> Output

Ecnu ykaszaHHbie cpymcunn [funcl, func2, func3, ...] ABJAAIOTCA “YUCTbI-
MH”, TO JAHHYIO NPOrpaMMy MOXHO I€penycaTh, NOJACTAaBUB BMeCTO (YHKLMIA,
IoJriyyaemMble B HUX 3HaveHusa (vall, val2, val3, ...], He U3MEHsAA Pe3yJbTaT.

PaCCMOTpHM B Ka4Y€CTBE CJICAYIOUIErOo IIPOCTOro nnpuMepa BbIYHUCIIEHHUE cpe;u{eﬁ
OIICHKH y4Yaumerocs:

var input = (80, 90, 100];
var average = (arr) => divide(sum(arr), size(arr));
average (input); //-> 90

brarogaps ccbu109HOM npo3payHoCcTH PyHKIMI sum () U size () BblpaxeHue
var average = (arr) => divide(sum(arr), size(arr));
MOXHO NEPENUCcaTh A/ 3aJaHHbIX BXOJHbIX JJAHHBIX CJIEAYIOIUM 06pa3oMm:
var average = divide(270, 3); //-> 90

®ynkuus divide () Bceraa “uncras”, ¥ MO3TOMY €€ MOXKHO NEepenucarTh Jajiee,
HCIIOJIb3ys €€ MaTeMaThdeckoe o6o3HaueHue. Takum o6pa3om, 1ist TEX XKe CaMbIX
BXOJIHbIX JaHHBIX CPEIHsANA OLIEHKA BCEra paBHA 270/3 = 90. CcputoyHas npoapay-
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HOCTb BCE€TJA 1a€T BO3IMOXHOCTb dHAIM3UPOBATh IIPOrpaMMbl 1I0/IOOHBIM CUCTEMA-
THUYE€CKHM H IIOYTHU MATEMATHYECKUM o6pa30M. A Bcs nporpamMma MOXeET ObITh pe€a-
JIN30BaHa CJI€yIOI UM 06p330M2

Ewe oaHa HoBaA $yHKUNA reduce () .
Kax u ¢pyHKyus map (), ona nepebupaer
BCIO KonneKyuio. Ecau nepegars ei

var sum = (total, current) => total + current; dyHKumMI0 sum (), ¢ ee nomowblo
var total = arr => arr.reduce(sum); lmomnonogmomunpeaynmm
var size = arr => arr.length; CNOMEHNA UKCeN B Maccuse

var divide = (a, b) => a / b; . B tnase 4 6yayT paccmoTpen!
var average = arr => divide(total(arr), size(arr)) ;4—{ €N0Co6bl 06vEAUMEHNA GYHKLUM
average (input); // -> 90 average () B KOMNO3NUMIO

HecMoTpst Ha TO YTO B JaHHO KHUIe HE MPEAIOoNaraeTcs IPUMEHATD SKBaIMO-
Ha/IbHbI€ PAaCCyXAE€HHUSA K KaXXJJOMy IPUMMEPY NPOTpaMMbl, BAXXHO MOHATD, YTO OHHU
110ipa3yMeBaIOTCs B M060# YHCTO (PyHKIIMOHAIBHOI IIpOrpaMMe M YTO 3TO GbLIO Gbl
MIPOCTO HEBO3MOXHO, €CH 6bl PyHKIIMU MMeH nob6ouHble 3¢ ¢ekTnl. MbI eme Bep-
HeMCA B IaBe 6 K 3TOMy BXXHOMY ITPUHLIMITY, PACCMOTPEB €ro B KOHTEKCTE MOJY.Ib-
HOTO T€CTHPOBAaHUA QYHKIHMOHANbHOrO Koja. Onpenenus 3apaHee BCe apryMEHTI
¢yHKIMY, MOXHO M36eKaTh NOGOUHBIX 3(PPEeKTOB B GONILIIMHCTBE CJIy4aeB, KOraa
3a/1al0TCs CKansgpHble 3HaueHus. Ho ecnm pyHkunm nepeaiorcs o6beKThbI O CChLI-
Ke, cIeyeT NPUHATbL 0COGble MEPDI IIPEJOCTOPOXHOCTH, YTOObI He MOAMHIIMpO-
BaTh 3TU OOGBEKTbI HEYMBILIEHHO.

1.2.4. CoxpaHeHue faHHbIX HEU3MEHAEMbIMU

Heusmenaemvimu Ha3bIBAIOTCA TaKKUE AaHHbIE, KOTOPbIE HEJIb3Sl UBMEHHUTD NOCIE
MX co3nanmsa. Kak 1 Bo MHOrMX Jpyrux s3blkaX IPOrpaMMHPOBAHHUs, BC€ IPUMH-
TUBHbBIE THIIbI JaHHBIX (String, Number u np.) B JavaScript, 1o cymecTsy, ABJIsSIOTCA
HEHU3MEHAEMBIMH, HO OGBEKTDI PYTUX TUNOB (HalPpUMEP, MAaCCHMBbI) TAKOBBIMM He
apasAoTcA. Jlaxke ec/ii OHM NepeaaloTcs B KAYECTBE BXOJHBIX JaHHBIX (PYHKIIMH, U3-
MEHEHHE HX NEPBOHAYATbHOTO COAEPKHUMOrO MOXET BbI3BaTh MOGOUHBIH 3 dexT.
PaccMOTpuM B KauecTBe NPOCTOro NMpUMepa CIeAyIomMii KO COPTUPOBKHM MAaCCHBa:
var sortDesc = arr => {

return arr.sort(
(a, b) =>b - a
)i

Ha nepBsblit B3MIsAA, NPUBEAECHHDbIH BblI€ KOA MAEANBHO YUCT OT MOGOYHBIX 3¢-
¢pexros. OH e1a€T UMEHHO TO, YTO OT Hero Tpebyercs, o6pabaTbiBasi MOTyYaeMblii
MacCHMB H BO3Bpalliasi €ro OTCOPTUPOBAHHBIM 1O YObIBalOLIEH:
var arr = [1,2,3,4,5,6,7,8,9];

SOrtDeSC(arr) H // -> [91 8/ 7, 61 5141 3! 2, 1]

Ho, k coxanenuio, pyHkumus Array.sort () COXpaHsieT COCTOsIHME, BbI3bIBas 110~

60uHbIi 3 PeKT COPTHPOBKHU MAaCCHBAa Ha MECTE, B PE3YJbTATE YEro M3MEHAETCH
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nepBOHaYaIbHasA ccbuika. M 3TO cepbe3Hoe npenaTcTBHe B A3bike JavaScript, koTo-
PO€ Mbl IONPoGyeM MpeooNeTh B MOCAEAYIOMMX [VIaBax.

HTak, 6pocuB 6ermiblii B3I Ha OCHOBOIOJIAraloNMe MPUHIMITBI (PYHKIIMOHAb-
HOTO MPOrpaMMHMPOBaHUA (J€KJIapaTHBHOCTb, YUCTOTY U HEM3MEHSEMOCTD), Cro
CYIIHOCTb MOXXHO BbIPAa3UThb B 60J1ee KpaTKoii popme.

Dynxyuonarvnoe npozpammuposanue oanavaem 0exiapamueroe evsuuUcLeHUE “UU-
cmuix” GyHKUUL O1A CO30AHUA HEUIMEHAEMBLX NPOZPaAMM, UCKAIOUAA 8HEUNHE Habi00a-
emvle nobounsie I Ppexmaot.

Takoe onpeaenenmne ®IT MoxeT NOKa3aThCsA HE COBCEM SICHBIM, MOCKOJbKY OHO
JIMIIb BCKOJIb3Db 3aTParMBacT NPaKTHYECKHE NMPEeHMyHIecTBa HamucaHusa GyHKIMo-
HaJIbHBIX NpuIoKeHni. Ho Teneps y Bac I0/KHO yike CKIAABIBATLCA ACHOE Tpe-
CTaBJICHUE O TOM, YTO 3HAYMT MBICIUTDH PYHKIHOHAIBHO.

BoJILIIMHCTBO TPYAHOCTEH, C KOTOPBIMHM CTAIKUBAIOTCA Pa3paGoOTUMKH NMPUIIO-
XeHMii Ha JavaScript, o6ycI0OBIEHbl MHTEHCHMBHBIM IPUMEHEHUEM KPYIHbIX (PyHK-
1M, KOTOPbBIC B 3HAYUTETHbHOM CTENEHH 3ABUCAT OT BHELITHUX OOIIMX NNEPEMEHHDIX,
BBITNOJIHAIOT HEMAJIO OfepalMii BETBJIEHHs U He 06/1a5aloT AcHO# cTpykTypo#. K co-
XaJICHHIO, NOJ06HAs CUTYalMsl XapaKTepHa JUli MHOTMX COBPEMEHHDIX MPHJIOXKe-
HUH Ha JavaScript. Beap faxe yzauHble NPUIOXKEHHsA OObIYHO COCTOAT UX MHOIMX
HCIOJIHAEMBIX BMecTe (paiioB, 06pa3ys o611yIo ceTh MU3BMEHAEMBIX, NIOGAIbHBIX JaH-
HBIX, KOTOPBIE C TPYAOM MOAAAIOTCS OTCIEKUBAHUIO U OTVIAAKE.

3acTaBasis ce6s MBICIUTb KATETOPUAMH “YHUCTBIX” ON€epanMii, paccMaTpHUBas
(pyHKIMM Kak repMeTHYHBIE e0UHUYBL pabomdt, KOTOPbIE BOOGLIE HE MOAUPUIIUPYIOT
AAHHbIE, MO>KHO CYIECTBEHHO COKPATHTh BO3MOXXHOCTb IOSABJICHHs! IPOIPaMMHBIX
OomM6GOK. 3T 6a30BbI€ IPUHLMIIBI BAXXHO IIOHUMATD, YTOGBI BHITOHO M0OJIb30BATHCS
TEMM NPEUMYHIECTBAMH, KOTOPbI€ (PyHKIHOHAIbHOE NPOrPaMMHUPOBaHUE NIPHBHO-
CHUT B IPUKJIAZIHOM KO/, HAITPABJISis 110 BEPHOMY ITyTH NPEOI0JIEHMUS €I0 CJIOKHOCTH.

1.3. NpeumyuwiecTBa GyHKLUMOHANBLHOIO
nporpaMmMupoBaHus

YT0o6bI M3BNEYb BHIrOAY U3 (PYHKIHMOHAIBHOIO NPOrpPaMMHMpPOBaHMs, HEOGXO-
AMMO HAyYHTbCSA MBICJIMTD (PYHKHHOHAILHO, HMEs B CBOEM PacHOPsHKEHHH MOAXO-
AsiliMe MHCTPYMEHTaIbHbIE CPEACTBA. B 3TOM paszese npeacTasieHbl HEKOTOPbIE
M3 OCHOBHBIX METOAMK, O0pa3ylomMX 06s3aTe/IbHbIH HAGOP MHCTPYMEHTAIbHBIX
CPE/ICTB JUlsi BHIPAOOTKH PYyHKUUOHAABHOZ0 8OCTPUAMUA — VUHCTUHKTUBHOTO CTPEM-
JIEHWA aHAJIM3HPOBATh PellacMble 331a4H B BU/IE ONPEAENIEHHOTO COYeTaHUs IPo-
CTBIX PYHKUMI, COCTABJISIOIMX BMECTE rOTOBOE penieHne. Bonpockl, paccMaTpuba-
eMbi€ B 3TOM pa3sjiesie, CIYKaT KPaTKMM BBEJICHHUEM B PsJl IOC/IEAYIOMMX MaB. Ecin
KaKoe-HUOYAb MOHATHE BaM TPYAHO YCBOMTD [IOHavajy, HE OTYauBalTECh — OHO MO~
CTENEHHO Pa3bACHUTCSA MO MEPE YTEHHUS OCTaIbHBIX IJIaB.

A Teneppb pacCMOTPHMM B OGLIMX YepTax Te npeumyniecTsa, koropbie PI1 npu-
BHOCMT B IPWIOXKEHHs Ha JavaScript. B nocieayiomux pasgesax nosCHAETCA, KAKMM
o6pazom PIT ciocobHO
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| no6y>|ma'rb K JI€KOMITO3MLIMH PE€MIAEMBIX 3a1a4 Ha MMTPOCTbIE (b}’HKlIHPl;
| o6pa6a1‘bma"rb JAaHHbIE, HCITIOJIb3YSl TEKYUHE LIETIOYKH;

n YMEHDbILIATh CJIOXKHOCTD YIIPABJIAEMOTO COOBITUAMH KOJa, NIPpUMEHss ITPHHIIH-
TIbI pEAaKTHBHOI'O IIPDOrpaMMHpPOBaHHA.

1.3.1. MNobyxaeHue Kk 4eKOMNO3ULMK CNOXHBIX 3aaay

B campix o6mux yepTax (PyHKIMOHAIbHOE IPOrPaMMHPOBAHHUE, IO CYILECTBY,
O3Ha4YaeT ONpeJeIEHHOE COYETaHHE JAECKOMIO3ULMH (Pa3/ioKEeHHs NPOrpaMM Ha
MEJIKHE YaCTH) U KOMIO3UIUHU (COeIMHEHNs OTAEAbHBIX YacTeil B €AMHOE LEJIOe).
bnarogaps MEHHO 3TO# JBOHCTBEHHOCTH PYHKIIMOHAIbHbIE IPOrPaMMbl CTAHOBSAT-
¢ MOJyIbHbIMU U 3¢ exTuBHbIMU. Kak ymoMuHanoch paHee, e AMHULIEH MOJYIbHO-
CTH, WU edunuye pabomsi, apasercsa cama QyHKiuA. PyHKIMOHAIbHOE MbIIUIEHHE,
KaK MPaBWJIO, HAYMHAETCH C AEKOMIIO3ULIMH, TOGYKJalolell yYUThCA Pa3fesiTh OT-
AEJIbHYIO 33jaqy Ha JOrM4eCKHe MoA3aayH (T.e. QyHKIMH), KaK JEMOHCTPHPYeTCs
Ha NpUMepe AEKOMIIO3ULIMU NporpaMmel showStudent, npuseaeHHOM Ha puc. 1.3.

find

showStudent

append

Puc. 1.3. B npouecce aekomnosuuuu nporpamma

showStudent pa3buBaerca Ha MenKkue YacTu — Hesa-

BMCMMbIE NOA33Aa4M, KOTOPble NPoLe NOHATL, a CoYe-
Tan UX BMeCTe, Nerye pewwnTb KPynHy 3aaady

ITpy HEO6XOAMMOCTH 3THU 3aJaYM MOTYT ObITH AOMOJHHMTENbHO MOABEPrHY-
Thl I€KOMIIO3MIIMH 0 TEX MOP, MOKa He GYayT AOCTHUrHYTbI 6oJiee mpocThie “4u-
cTbie” PYHKIMH, KAXJasA U3 KOTOPBIX SABJISETCS HE3aBUCHMOI eIMHHLEH paGoThl.
HanoMHuM, YTO MMEHHO TaKOro MBICIMTEJBHOTO MPOLIECCa Mbl IPUAEPKHUBAINCH
IIpY peopraHM3anuu nporpammel showStudent B imctunre 1.4. Moayaapusanus B
®I1 TecHO cBSI3aHA C IPUHLIMIIOM OUHCMBEHHOCMU, KOTOPBIN IIACHUT, YTO (PyHKIMH
JOJDKHBI MMETb € IMHCTBEHHOE Ha3HaueHHe. M 3To 6bUTo ICHO NpOIeMOHCTPHPOBa-
HO paHee Ha NpUMepe UCXOAHOro KoJa pyHKIMM average (). Yucrora u ccbUIOYHas
MPO3PAaYHOCTD MOGYKAAIOT MBICJIMTh UMEHHO TaKUM 0GPa3oM, MOCKOJIbKY COeIUHS-
eMble BMecTe (PYHKIIMH JOJDKHBI ObITb COIIACOBAHBI MO TUIIAM BXOJAHBIX M BbIXOJ-
HBIX JaHHBIX. B YacTHOCTH, U3 CCBUIOYHOI MPO3PAYHOCTH CJIEAYET, YTO CJIOXKHOCTD
¢yHKnMM MHOTAA CBSAI3aHA HEMOCPEACTBEHHO C KOJIMYECTBOM apIyMEHTOB, KOTOPbIit
eif nepealoTcs (3TO JIMIIB IPAKTHYECKOe HabmoAeHHe, a He (OpMaIbHOE MOHATHE,
0603HavaloLIee CAeyIoLee: YeM MEHbIIIE IApaMeTPOoB Y (PYHKIIMH, TEM OHA NIpoILe).
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H3HauyanbHO MbI IOJIb30BATHCH BOMEOHOM PyHKLMekH run (), YTOObI COEAMHUTD
BMecTe (PYHKIMH, OOpasyiomue Leylo IporpamMMy. A Ternepb HaCTaIO BpeMsl pac-
KPbITb TaiHbI €€ Bome6cTBa. Ha camoMm siesie run — 3To NCEBAOHMM KOMNO3ULUU —
OJHO U3 caMbIX BakHbIX MeToaAMK PI1. Komnosuums ayx pynkumii xaet eme oy
(yHKUHIO, KOTOpas MOTYYaeTCsA B pe3y/bTaTe NOAKIIOYEHHUS BbIXOAA OXHOM (yHK-
MM Ha BXOJ Apyroii. JlormycTuM, umelorcsa ase pynkuuu: £ () u g (). PopmaibHo nx
KOMITO3ULIMIO MOXHO BBIPAa3UTDb CAEAYIOIMUM O6pa3oM:

f e g=1£f(g(x))

Jlannas ¢opmyna osnavaer “komnosuumio f U3 g7, MpM KOTOPOI 06GpasyeTcs
cn1a6as TUNU3MPOBAaHHAsA B3AMMOCBS3b 3HAYEHM, BO3BpallaeMoro pyHkuMeit g (),
c aprymenTom ¢pyrkuuu £ () . TpeGoBanme coBMECTMMOCTH 06eHX PYHKIIMIT COCTOUT
B TOM, 4TO OHM JI0JDKHBI OBITh COIIaCOBAHBI 10 KOJIMYECTBY apIyMEHTOB M MX THUIIaM.
bonee noapo6Ho 06 3TOM peyb noijeT B IMase 3, a 10 TeX NOP PacCMOTPUM 6J10k-
CXeMy KOMIIO3MIIMHM NporpaMmbl showStudent, npuseaeHHylo Ha puc. 1.4, rae Ha
3TOT pa3 UCNOJIb30BAHO MOAXOAdANLIEE MM (PYHKIIMH Compose:

var showStudent = compose (append('#student-info'), csv, find(db)):;

showStudent ('444-44-4444");

444-44-4444 ——> mp  student —> mmp ssn, first, last —>

Y

showStudent

Puc. 1.4. NOTOK AaHHbIX NPU KOMNO3ULUKUK ABYX PYHKUMA. 3HaYeHne, BO3BpaLLaeMoe M3 GyHKUUM

find (), pOMKHO 6bITb COBMECTMMbIM MO TUNY M aPHOCTH (T.e. KOAUYECTBY apPryMeHTOB) C QyHK-

umeit csv (), Bo3spaLLaloLLeid, B CBOIO ouepeab, MHGOPMaLUIO, KOTOpas MOXeET BbiTb UCNoNb30BaHA

B pyHKUMM append () . O6paTUTe BHUMaHKUE Ha TO, YTO NOPAAOK BbI30BA ITUX PYHKLMM Bbin M3MeHeH
Ha 0b6paTHbIi, YTObbI caenaTb Honee NOHATHLIM NOTOK AAHHBIX

IMonumaHue npuHLIHUNA AeHdcTBUA PYHKIMM COmpose () MMEeT peulaloniee 3Ha-
YeHHue I U3yYeHUs] OCOOEHHOCTElH pPeaTn3aliii MOJYJIbHOCTH U IIOBTOPHOTO MC-
N0JIb30BaHUsA B (PYHKIIMOHIBHBIX MPWIOXKEHUsAX. bosee noapo6Ho 06 aTtom peub
no¥ijeT B mase 4. B pesyasraTe koMno3uuuy QyHKIMi MogyyaeTcs Koj, B KOTOPOM
Ha3Ha4YE€HHUE BCErO BHIPAKEHUS MOXKHO MOHATh M3 Ha3HAYEHUS OTAENbHBIX €ro Ya-
cteit. Takoe kauecTBO KOJa TPYAHO NOJYYHTD, IPUMEHSS APYTrHe NPUHIMIIBI M Napa-
AMIMbI IPOrPAMMHMPOBAHHS.

Kpowme Toro, koMno3unus (pyHKIMii OBbIIIAET YPOBEHb aOCTPAKLIHMU KO TAKOM
CTENEHHU, KOTOPas MO3BOJISIET ACHO 0603HAYNTD BCE CTAAUU BBIIOJHEHUSA KOJA, HE
PacKpbIBasg HUKAKMX HIDKeIeXaluX noapobHocreit. PyHkuuu compose () nepexa-
10TCsA Apyrue pyHKIMHU B KAYECTBE apPIyMEHTOB U MIO3TOMY OHA Ha3bIBAETCA PyHKYU-
el gvicusezo nopadxa. Ho koMnosuuus siBiseTcs JaleKo HE EIMHCTBEHHBIM CIOCOGOM
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CO31aHHUsA TEKY4€ro, MoayjlbHOro Kkoaa. B 3TO0i1 KHUrE NMosicHAETCA TAKXE, KaK CO-
CTABJIATD I1IOCJIEAOBATECJIbHOCTH onepauuﬁ, COCAHNHASA UX HOJIO6HO LETIOYKE.

1.3.2. 06paboTka paHHbIX C NOMOLLBIO TEKY4YUX Lienoyek

IMomMuMo pyHKIMM MAP (), ACCOPTUMEHT (PYHKIMH BBICHIETO NOPAIKA MOXKHO M-
NOPTHPOBAThb B J11I060M NPoeKT Ha JavaScript yepe3 paa 3pPeKTHBHBIX M ONTUMHU-
3MPOBaHHBIX (PYHKIMOHAIbHBIX OM6HMoTeK. B maBax 3 u 4 naercs kparkmii 0630p
MHOTHUX (PyHKLIMIi BBICIIETO NMOPSIKA, PEAIM30BaHHBIX B TAKUX BECbMa PaclpoCTpa-
HEHHBIX MHCTPYMEHTAJIbHBIX CPeACTBaX (PyHKIIMOHAIBHOTO IPOrPaMMHUPOBAHHA Ha
JavaScript, xak Lodash.js u Ramda.js. Ix Bo3MOXXHOCTH BO MHOIMX OTHOLIEHUAX
NEPEKPHIBAIOTCSA, HO KAXA0€ U3 HUX IPUBHOCUT CBOM OCOGEHHOCTH, yIpouaonme
cocTapjieHHue QYyHKIMII B LIENOYKH.

Ecam y Bac MMeeTcs1 HEKOTOPBIH ONBIT HANMCAHMA KOJIa CPeACTBaMU 6MbGaMoTe-
kM JQuery, TO Bbl, BEPOATHO, 3HAKOMbI C MAUOMO# yenouxu (chain) — nociaenosa-
TEJIbHOCTBIO BbI3OBOB (PYHKIIMH, M3 KOTOPBIX BO3BPAAETCsA OJMH M TOT e obuuii
0ODBEKT B Ka4eCTBE BO3BPALIa€MOTro 3HaYE€HHUs (HarpuMep, o6bekT $ Min jQuery).
AHaJI0rMYHO KOMIIO3UIIMM, 3TAa MANOMA MO3BOJISET IIMCATh BbIPa3UTEAbHbII U KpaT-
KM KOJI M 3a4aCTylO IPUMEHsETCS B 6UGIHOTeKaX KaK (PyHKIUHMOHANBHOrO, TaK
P€aKTUBHOIO IIPOrpaMMHpPOBaHMs Ha JavaScript (moapo6Hee 06 3TOM peub noHaeT
Aanee). YTo6bl NPOAEMOHCTPUPOBATh BO3MOXHOCTH LIENIOYEK, PACCMOTPHM pelle-
Hue Apyro# 3agauu. Jlonyctum, TpeGyeTcss HanMCaTh 1IPOrpaMMy, BbIYMCIISAIONLYIO
CPEIHIOI0 OLICHKY YYaIMXCsl, 3a4MCIEHHBIX B HECKOJIbKO Kaaccos. Tak, eciu umeeTt-
CA CJIelyIOlMii MaCCHB C JIAHHBIMU 324U C/IEHUSA:
let enrollment = [

{enrolled: 2, grade: 100},
{enrolled: 2, grade: 80},
{enrolled: 1, grade: 89}
i
TO MMIIEPATHBHBINA MOAXO/ K PEIICHUIO JaHHOM 33/]a4¥ MOXET BbIIIAAETDb CIICAYI0-
MM 06pa3om:
var totalGrades = 0;
var totalStudentsFound = 0;
for(let i = 0; i < enrollment.length; i++) {
let student = enrollment [i];
if (student !== null) {
if (student.enrolled > 1) {

totalGrades+= student.grade;
totalStudentsFound++;

}
var average = totalGrades / totalStudentsFound; // -> 90

Kak n npexae, nNpou3Beisi ACKOMIIO3UIMIO JaHHOH 3aJa4yM Mo THITY (pyHKU.MO'
HIbHOI'O MbIIJIEHHS, MOXXHO BbISIBUTD CJIEAYIOIHUE ITIABHbIE CTAAHH.
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B BbiGop NOAXOJAMIETO Psi/ia YYAIIMXCHA, 3aYHCICHHBIX B HECKOJIBKO KJIACCOB.
B l3siedyeHHe UX OIIEHOK.

B BbruMc/ieHUe UX CpeiHEi OLIEHKH.

Jns coeanHenMs PYHKUME, IIPEICTABIAIONIMX 3TH CTaJHH, MOXHO Tenepb BOC-
noab3oBaThcs 6ubanoTexoit Lodash, chopMupoBaB 13 HUX HIENOYKY, KaK IOKa3aHO
B iucTuHre 1.5 (mosHoe onMcanme Ha3HAYEHHUA KXKIOH U3 3TUX (PYHKIMI MOXHO
HAHTH B JOKYMEHTALMM, CCbLIKA HAa KOTOPYIO IIpUBe/ieHa B npuioxxeHuu). llenouka
¢yHK1Mit ABIsIETCA IPOrPAMMOM C OMAOHCEHHBIM 8BUUCIEHUEM. ITO O3HAYAET, UTO
€€ BbIYMCJICHHE OTKIAAbIBAETCS A0 TEX MOP, MOKAa OHO He noTpebyeTcs, 4TO Moo~
UTEJbHO CKa3bIBAECTCSI HA MPOU3BOJUTEIbHOCTH, 9KOHOMS [IEHHOE NPOLIECCOPHOE
BpeMsi, HOCKOJIbKY MO3BOJIsAET U36€XKaTh BBINIOJHEHUS LIEJIbIX I10CJIef0BATEIbHOCTEH
KOJ/ia, KOTOpbI€ HUT/E 60Jble He UcnoNb3yloTcA. [Tofo6HBIM 06pa3oM, 10 CyLIeCTBY,
MMUTHPYETCA PEXUM 6513080 MOLLKO N0 mpebosaruro, BCTPOEHHbIH B ApyTUe A3bIKU
(pyHKIIMOHAILHOI'O IIPOrpaMMHPOBAHMAL.

JNnctunr 1.5. MporpammupoBaHue ¢ NOMOLLBLIO Lienouek GyHKUUA

_.chain(enrollment)
.filter(student => student.enrolled > 1)

.pluck('grade') € 8bi308a dyHKuMM _.value ()
.average () ' HaYMHaeTCA BbINONHEHHe BCex

.value(); // -> 90 onepauui 8 uenouke

He oco6eHHo 6GecriokoiTech, €CJIM BaM HE BCe MIOHATHO, YTO MPOMCXOUT B IPU-
BeIeHHOM Bblile Koje. [Toka BaM JOCTaTOYHO CPaBHUTD €rO C NPe/ICTaBJIEeHHbIM pa-
Hee UMIIEPAaTUBHBIM BADUAHTOM pENIEHUs] paCCMAaTPUBAEMOMl 3Jech 3a1auu, obpa-
TUB BHUMaHME HA TO, KAKUM OOPa3OM MOYKHO HCKJIIOYUTD IOTPEGHOCTD B OGbsABIIC-
HUHU ¥ U3BMEHEHUH 1IEPEMEHHBIX, LIMKJIOB M YCJIOBHBIX oniepaTopos if-else. Kak 6y-
AE€T MOKA3aHO B IIaBe 7, MHOTHE HMIIEPATUBHbIE MEXaHU3MbI IOTOKOB YIIPABJICHUS
BpO/I€ IIMKJIOB U BETBJICHM MIOBBIMAIOT YPOBEHD CJOXKHOCTH (PYHKIMI, MOCKOJIbKY
OHM BBINOJHAIOTCA MO Pa3HbIM MyTAM B 3aBUCHMOCTH OT OINpPE/IEJIEHHbIX YCIOBMIA,
YTO HEBEPOATHO 3aTPYAHAET UX TECTUPOBAHME.

Ho, oTkpoBeHHO roBopsi, B JaHHOM IPUMEPE OTCYTCTBYET HEMaJlas J0JisA KoJa
06paboOTKH COOBITHI, UMEIOIAACA B TUIIMYHBIX PeaIbHBIX NporpamMmax. Kak yno-
MHHQJIOCh paHee, FeHEPUPOBaHHE HCKIIOYEHHI ABIAETCSA MPUIMHOMN MOGOYHbIX 3¢-
dexTos. Uckimoyenus oTCyTCTBYIOT B aKaA€MUYECKUX A3BIKAX (PYHKIHOHAIBHOTO
NPOrpaMMHMPOBAaHMsA, HO B PEAJIbHOCTH M36exaTh ux He ygaetcs. Lleab cocrout B
TOM, YTOGbI PEATN30BATh YMCTYIO O6PaGOTKY OMMGOK B KAK MOXHO GoJblieil cTe-
MeHH, AOMYCTUB FeHEPUPOBAaHHE UCKIIOYEHHIT B I€HICTBUTENIBHO UCKIIOUMUTCIbHBIX
CHUTyalUsX, HOJOOHBIX ONMCAHHBIM paHee.

[IpaBaa, npuMeHsasAs HEKOTOPbIE HCKIIOYUTENbHO (PYHKIIHOHAIbHBIE IIPOEKTHbIE
Wa6I0HbBI, HE ITPUAETCA IIPUHOCUTD B XEPTBY TaKOI YPOBEHb BbIPA3UTEIbHOCTH,
4TOGbI CHAGAUTD CBOM KO/ HaJIOKHOM JIOTMKO# 06paboTkH coObITHIE. OGCYXKACHUIO
3TOM TE€MbI B OCHOBHOM IOCBsII€HA VIaBa b.
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Jlo cux mop 6bL10 NoKa3aHo, KakuM obpa3om PI1 MoxkeT MOMOYb B CO3AAHMH
MOJIY/IbHBIX, TECTUPYEMBIX, pacCHIMpAEMBIX Npuaoxenuit. Ho nackonbko oHo npu-
TOJIHO B T€X CJIy4asiX, KOra TpebyeTcs B3auMOAEHCTBUE C aCMHXPOHHBIMU MJIM OCHO-
BaHHBIMM Ha COOBITUAX JaHHBIX, BBOJUMBIMU MOJIb30BATENEM WIH NMOCTYNANUMHU
M3 yAQIEHHBIX 3aNpocoB, (aiIoBbIX CHCTEM WIH MOCTOSHHBIX XPaHWINI?

1.3.3. PearupoBaHue Ha CNI0XHOCTb aCUHXPOHHbBIX NPUIOXEHWA

Ecsn BbI BCIOMHMTE, KOI/Ia B [OCJI€IHUI Pa3 BaM NPUXO/WIOCH U3BJICKATD y1a-
JICHHbIE JJaHHble, 06pa6aThIBaTh BBOAUMBIE MOJIL3OBATEIEM JAHHbIC WIM B3aMMO-
AECTBOBATD C JIOKATbHBIM XPAHWIMILEM, TO B BAlICH 11aMATH, BEPOSATHO, BCIUIBIBYT
1eJIble pa3/iesibl HAMMCAHHOM BaMU GU3HEC-TOTUKH, OOPMIIEHHOMH BO BIOXCHHbBIC
HOCAe10BATENbHOCTH (PyHKIIMIT 06paTHOrO BbI3oBa. Takoit o6pasen 06paTHOTO BbI-
30Ba HapyUIaeT JMHEHHbIH MOTOK BbIMOJHEHUS MPUKIAAHOTO KOAA M CTAHOBUTCH
HEYAOG0UHUTAEMBIM, ITOCKOJIbKY OH 3arPOMOX/IEH BJIOXEHHbIMH (pOopMaMH JIOTHUKM
06pabOTKHU YAAYHOTO U HEYAAa4YHOro (C omM6KaMH) MCXO0a BbIMOJIHEHUA Koaa. Bee
3TO AOHKHO OBITb H3BMEHEHO.

Kak noscHsiocs panee, KpailHe BaXHO M3y4aTb (PyHKIMOHAIbHOE NPOrpaMMHu-
poOBaHME, U 0COOEHHO pa3paboTyMKaM npuioxeHHii Ha JavaScript. ITpu Hanmcanum
KPYIHBIX MMPUJIOXKEHUH HEMAJIO BHUMAHHUA MEPEHOCHUTCA ¢ 0ObEKTHO-OPUEHTHPO-
BaHHBIX 6uGIMOTEK Bpoae Backbone.js Ha 6MGiHOTEKH, B KOTOPBIX MOICPXKHBA-
eTcs 11apaiurMa peakTUBHOTO IIporpaMmupoBanus. Takue Be6-OpHEHTHPOBaHHbIE
6ubanoTrexku, kak Angular.js, no-npexHeMy MMPOKO NPUMEHSAIOTCH B HacTosee
Bpems. Ho BMecTe ¢ TeM nosiBUIKCH U HOBble 6MGIMOTEKM (Hanpumep, Rx]S), rae
PIT 3¢ppexkTHBHO UCTIONBIYETCSH VIS PELIEHUA JOBOJILHO TPYAHbBIX 33/1a4.

PeakTHBHOE NpPOrpaMMMpOBAHHE OTHOCHUTCS K €/IBa JIM HE CAMbIM 3aXBaTbIBAIO-
MM M MHTEPECHBIM NPUIOKEHUAMM (PYHKIMOHAILHOTO NporpaMMuposanus. OHO
NO3BOJAET 3HAYMTENBHO YMEHBUIUTD CJIOKHOCTh ACMHXPOHHOTO M YNPaBJIsS€MOro
COOBITUAMHU KOJIa, C KOTOPbIM ITIOCTOSTHHO NPUXOJUTCA UMETD €10 pa3paboTunKaM
KaK KJIMEHTCKHX, TaK M CEPBEPHbIX NPHWIOKEHUM Ha JavaScript.

[lraBHOE NMpeHMymecTBO, KOTOPOE JAaeT NPUHATHE [APaJUIMbl PEAKTHUBHOIO
IIPOrpaMMHPOBAHHUs, 3aKIIOYAETCA B TOM, UTO OHA MOBBINIAET YPOBEHb aGCTPAKIIMH
HPHKJIAJHOTO KOJa, MO3BOJIAs COCPEIOTOUYUTBCS Ha KOHKPETHOI GU3HEC-JIOIMKE H
3a6bITb O TPYAHOM CTEPEOTHITHOM KOJ€, CBA3AaHHOM C HaCTPOMKONM aCMHXPOHHBIX
Y yNpaBJisieMbIX cOObITHsAMM NporpaMM. Kpome Toro, 3Ta nepcrnekruBHas napaaur-
Ma 1103BOJIAET B MOJIHOM Mepe MCNOoib30BaTh BO3MOXHOCTH PIT cocTapasaTh pyHk-
LMY B KOMIIO3UIIUU WIH LETIOUKH.

CoO6bITHA HACTYNAIOT 110 CaMbIM PAa3HbIM MPHYHHAM: OT HIEIYKOB KHOIIKAMH
MbIUIH, TTPY U3BMEHEHUSAX B TEKCTOBbIX MOJAX, CMeHE (PpoKyca BBOJA, 06pabOTKe HO-
Bbix HTTP-3anpocos, nocryiienuu 3arpocoB B 6a3y JaHHBIX, 3a1IMCH B aiiibl U T.A.
Jormryctum, TpeGyeTcs IPOYUTATh ¥ IPOBEPUTD JOCTOBEPHOCTb HOMEPA CONMAIbHO-
IO CTPaxOBaHHUA yyamerocs. TMNUYHbIA UMIIEPAaTUBHBIN NMOAXOM K PEIIEHHIO 3TOH
3a/laud MOXET BbIMIAAETDb TaK, KaK IEMOHCTpHUPpYeTCsa B IUcTHHTE 1.6,
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JNiuctvir 1.6. UmMnepaTuBHas Bepcus NporpaMmmbl, YUTaIOLWEH U NpoBepsiowel
AOCTOBEPHOCTb HOMEepa COUMaNbHOro CTPaxoBaHUA yHaLlerocs

var valid = false;
var elem = document.querySelector ('#student-ssn');
elem.onkeyup = function(event) {

YceueHne n ONMCTKA
No6ounble sddex- var val = elem.value; BXOAHBIX AAHHDIX,
Tol, BO3HHKAIOWHE if(val !== null && val.length !== 0) { MogudHUMPYIOLWaR
npu RocTyne K AaH- val = val.replace(/~\s*|\s*$|\-s/g, ''); WX Ka mecte
HbiM 3a npeaena- if (val.length === 9) { <« 8
mu obnactn Buau- . . . oL NOMEHHAA NOTUKA
MOCTH GyHKUMH console.log( Valid SSN: ${val}!’); I BETBACHUA

valid = true;

}
else {
console.log( Invalid SSN: ${val}!’);

}i

Takoe pemeHne CTOJIb IPOCTOM 32ja4M BbIIVISIUT JOBOJIbHO CJIOXHDIM, 2 peald-
3yIOLEMY €TO KOy HEOCTAET JKEeIAaTeNbHOTO YPOBHSA MOXYJIbHOCTH, YTOOBI pasme-
CTUTDb BCIO GU3HECJIOTHKY B OJHOM MecTe. KpoMe Toro, pyHkIMIo B JaHHOM npuMe-
P€ HeJIb3s UCIOJIb30BATh IOBTOPHO U3-3a €€ 3aBUCMMOCTH OT BHEIIHETO COCTOSHUSI.
A 1OCKOJIIBKY PEaKTHBHOE MPOrpPaMMHMPOBAHME ONUPAETCHA Ha (PYHKIIMOHAIbHOE
NPOrpaMMHMPOBAaHHE, TO B HEM MOXHO BBIFOJHO BOCTIO/NBb30BATbCA “UUCTBIMU” PyHK-
UUSMHU U1 06paGOTKH JJAHHBIX C MOMOUIBIO TEX K€ CaMbIX ONepaluii Bpojae map
U reduce ¥ JJAKOHUYHBIX JIAM6a-BripaxeHuil. Ciie10BaTeIbHO, U3YYHUTh (PyHKIIMO-
HAJIBHOE [POTrPAMMHMPOBAaHHE — 3TO JIMIIb MOJIIENA, YTOObI OBJIAIETh PEAKTUBHBIM
nporpaMMHMpoBaHHeM!

INapaaurma peakTMBHOTO NPOrPaMMHUPOBAHMS AKTUBU3UPYETCS NMOCPEACTBOM
OYeHb BAXHOTO CPEACTBA, Ha3bIBAEMOTO Habirodaembim obsexmom (observable). Takue
0GBEKThI MO3BOJISAIOT MOANMCATHCS HA MOTOK JIAHHBIX, KOTOPbIH MOXHO 06paboTath,
M3SIHO COCTABMB ONl€PALIMK BMECTE B €AMHYIO llenouky. B imctunre 1.7 neMoncTpy-
pYeTcs NpaKkTHUeCKOe MPUMEHEHHE HabII01aeMOro 0ObEKTA C 1E/IbIO NOANHUCATHCS
Ha IIPOCTOE M0JIe BBOJA HOMEPa COIMAJIbHOTO CTPaXOBaHHUs y4allerocs.

Jincuir 1.7. @yHkunoHanbHan BepCcUa NPOrpamMMmbi, YMTaIoLLen U npoBepsioLen
AOCTOBEPHOCTb HOMEpa COLMaNbHOro CTpaxoBaHUA yyaulerocs

Rx.Observable.fromEvent (document.querySelector ('#student-ssn'), 'keyup')
.map (input => input.srcElement.value)
.filter(ssn => ssn !== null && ssn.length !== 0)
.map (ssn => ssn.replace(/*\s*|\s*$|\-/g, '"))
.skipWhile(ssn => ssn.length !== 9)
.subscribe (
validSsn => console.log('Valid SSN ${validSsn} ")
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3aMeTHIU M BbI CXOJACTBO MCXOZHOIO KOJ/Ia M3 IMCTHHTA 1.7 C MICXOHBIM KOOM
u3 auctuHra 1.5 TeM caMbIM IEMOHCTPHUPYETCs, YTO, HE3ABUCHMO OT TOTO, 06pa-
6aTbIBAIOTCS JIM 3JE€MEHTbI KOJUIEKIIUM WM BBOJUMBIE M0JIb30BATEEM JaHHbIE,
BCE ONepanuy aGCTParupyloTcss 1 MHTEPINPETUPYIOTCS OJHUM U TEM XKe CIIocoO0oM.
(IToapoGHee 06 3TOM peusb noiizeT B riase 8.)

M3 BCero M3noXeHHOTO BbIIIE MOXHO CAEIaTh CAeAYIOUIMI eBa J1 HE caMbli
BAKHBINM BbIBOJ: BCE ONEPAIMH, BbIIIOJHAEMbIE B BEPCUH 1IPOIPAMMbI U3 JIMCTHH-
ra 1.7, aBasioTcsAs COBEepUIEHHO HEU3MEHSEMbIMH, a BC GM3HEC-IOrMKa BblAe/JeHa
B oTAeabHble QyHKIUHU. [T01b30BaTbCA (PYHKIMOHAIBHBIM [IPOrPAaMMHUPOBAaHUEM
BMECTE C PEAaKTUBHbBIM COBCEM He 00513aTEIbHO, HO K 3TOMY nobyxdaem CTPEMJIEHUE
MBICIMTh PYHKIHOHAIBHO. M B 3TOM CJlyyae pacKpbIBaeTCsi COBEPIIEHHO 3aMeya-
TeJIbHAS aDXUTEKTyPa, OCHOBAHHAS Ha PYHKYUOHALLHO-peaK musHoM npozpammuposa-
nuu (PPIT).

PyHKIMOHAIBLHOE NMPOrPaMMHPOBAaHUE — 3TO MapajAurma, Mo3Bojdlolas cyule-
CTBEHHO NPe0OPa3UTh MOAXO/ K PEMIEHHIO TO6GbIX TPYAHBIX 3a/1a4 IPOrPaMMHPOBA-
Hus. Tak cnoco6Ho sn PIT 3amenuTsb crosb pacnpoctpanennoe OOIT? K cuactbio,
®I1 He npeanosaraeT KATEropMYeCcKNi, He JOMYCKAIOIWUIT HUKAaKUX OTCTYILIEHUH
NOJXOJ K HaMCAHHUIO MPUKIAJHOrO KOJa, KaK MeTKO 3ameTw1 Maiixn ®usepc (cm.
LIUTaTy, IPUBEICHHYIO B Hayase 3Toii rmasbl). Ha camom nene npu paspa6oTke MHO-
rUX NPWIOKEHUH MOXXHO U3BJIeub Bbirogy Kak u3 ®PII, Tak u U3 06bEKTHO-OpPHUEH-
THUPOBAHHOI apXUTEKTypbl. biarogaps xecTkoMy KOHTPOJIIO HEU3MEHSEMOCTH M
o6mero cocrosguus ®IT omnyaeTcs enie ¥ T€M, YTO YIPOMAET MHOTOIIOTOYHOE MPO-
rpammupoBanue. Ho nockosbky naargopma JavaScript sBaIsSeTCs OAHOMOTOYHOM,
TO 00 3TOM MOXHO HE OCOGEHHO GECIIOKOUTBHCA, YTO U CAENAaHO B JAHHOMN KHMreE.
B caenylomeii rmaBe GyzeT yAeJ€HO HEKOTOPOE BHUMAHHME NOSICHEHUIO IJIaBHBIX OT-
anumiit @IT u OOTI, uTo noMoxeT BaM Jierue OBIaZeTb YMEHHEM MBICIUTD (PyHKIIH-
OHAJIbHO.

B 3T0i1 m1aBe 6bUIM BKPaTLE 3aTPOHYThI BOIIPOCHI, KOTOpbIE GyayT 60/1€€e noapos-
HO PacCMOTPEHBI JajI€E B KHUTE [10 MEPE TOTO, KaK Bbl GyIeTE BCE ITYGXKE MOrpyKaTh-
¢ B QYHKIIMOHAIbHBINA 06pa3 MbllLieHUd. EC/IM Bbl BHUMATEIBHO CJI€J0BAIN ONMCA-
HUIO BCEX NPC/CTABICHHBIX B 3TOi IVIaBe MOHATUH — 3TO XOPOIIO, HO HE OCOGEHHO
6eCIOKOHUTECH, €CJIM Bbl YIIYCTHIN YTO-HUGYADL U3 BUAY. ITO JIMIIDL O3HAYAET, YTO BbI
BbIGpaIN HyxHYIO BaM KHMTY. [Ipu Tpaauumonnom OOII Bbl, BEPOATHO, IPUBBIKIN
IPOrpaMMHMpPOBATh B UMIIEPATUBHOM / IpoLieAyPHOM cTuIe. CMeHa 3TOro CTUJIS 10
TpebyeT OT BaC KOPEHHOT'O NepeJioMa B MBICJIMTEIbHbBIX MPOIECCAX, KAK TOJIBKO Bbl
HavHeTe pemaTh MOCTaBJeHHbIE 3aja4i PYHKIIHOHATbHBIM CIIOCOOOM.

Pe3iome

W3 3T0i1 r1aBb! Bbl Y3HaIH cjaexymouee.

B Koa, B KOTOPOM NPUMEHSAIOTCA “4MCTbie” PYHKIMHU, HECTTOCOGEH U3MEHHUTD
WIH HapyIIUTh IJIO0AIbLHOE COCTOSIHME, YTO IIOMOraeT cAeslaTbh Koa Gosee
YAOOHBIM U1 TECTUPOBAaHUSA M COMTPOBOX/IEHHUSI.
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n q’}’HKuHOHaJIbHOC NporpaMMHpPOBAaHHNE OCYIIECTBIAETCA B A€KJIaPAaTHBHOM

CcTwie, ynpolaioeM IOHMMaHue NPUKIaZHOro koja. TeM caMbIM MoBbINIA-
€Tcs 06LHIA ypOBEHD YI060YMTAEMOCTH NMPHKJIAZHOTO KOAA, KOTOPbIH CTaHO-
BUTCA GOJiee JIAKOHUYHBIM 6Jarofaps cCoue€TaHUIO PyHKIMIA ¢ JIIMOAa-BbIpa-
>KeHUAMH.

O6paboTKa JaHHBIX, XPAHAIIMXCA B 3I€MEHTAX KOJUICKIMH, IUTABHO BBINOJ-
HAETCA M0 HENOoYKaM (PYyHKIMIA, CBA3bIBAIONIMX BMECTE TaKHE ONepaliu, KaKk
map u reduce.

B ¢ynknroHanibHoM NporpaMMHpPOBaHMM (PYHKLHH PacCMaTPUBAIOTCA Kak
CTaHAAPTHBIE GJI0KH € y4ETOM TOTO, YTO (PYHKIIMH NIEPBOTO KJIACCa U BICUIETO

NopsAAKa yIy4maloT MOAYyJIbHOCTb U TOBTOPHOE HCMOJIb30OBAHHE ITPUKIAIHOTO
KOJa.

(CJI0XHOCTD YIIPaBIAEMBIX COOBITUSMH NPOrPAMM MOXXHO YMEHBUIMTD, COYe-
Tast PyHKIMOHAILHOE IIPOrPaMMHPOBAHUE C PEAKTUBHBIM.



Cyenaput evicuezo
nopadxa

B 3TO# rnaee...

B [Ipuumnbl, 110 KOTOPBIM JavaScript ABAAETCA MOAXOAAINM A3bIKOM
U1 (PYHKIMOHAMBHOTO ITPOrPaMMHUPOBAHUSA

Asbix JavaScript gonyckaeT paspaboTKy O MHOXKECTBOM IAPAJUIM
HensmenseMocTb ¥ NpaBuia BHECCHUS U3MEHCHUI
Ipeacrasnenue o GyHKIUAX NEPBOro KJIACCA U BBICIIETO MOPSA/IKA

HccnenoBanme NOHATHM 3aMbIKAaHUHI U 00JACTEN BUAUMOCTH

IIpakTunueckoe IIPUMEHEHUE 3aMbIKaHU I

Mpeobnapaowian napaaurma OTCYyTCTBYET HE TONbKO B €CTECTBEHHOM
fA3bIKe, HO U B JavaScript. Pa3apaboTumku MoryT BbiGupaTh U3 Macch!
NoAxo40B — NPOLEAYPHbIX, PYHKLUMUOHANLHBIX U O6BEKTHO-OpUEH-
TUPOBAHHbIX, — NPUMEHAA UX B NI06OM NOAXOAALEM COYETAHUN.

W3 knuru If Hemingway Wiote JavaScript (Ecam 6p1 XeMHHryai nucan
Ha JavaScript) Aneyca Kposra (Angus Croll)

ITo Mepe paspacTaHus IPHIOKEHMI yBETMYMBAETCH UX CJIOXKHOCTDL. HezaBucumo
OT BalllMX JIMYHBIX KAa4eCTB, 6€CMOPAXOK HEU36eXKEH, €C/IM y BaC HET NOAXOAAIHUX
MoJiesiel mporpammupoBanus. B mase 1 nosicHsmmch no6Gyxaaomue NpUYMHLL, 110
KOTOPBIM CJIelyeT IPUHATD NapagurMy GyHKIIMOHATbHOTO nporpaMmmuposanud. Ho
CaMM NapajurMbl SBASIOTCS JUIIb MOJEISMHU IIPOTPAaMMHUPOBaHMSA, KOTOpbIE Tpeby-
I0T [IOABJICHUSA MMOAXO/ANIEIO A3bIKA UX PEATH3aLUH.

B aToii maBe maeTca kpaTkuii 0630p ruGpuAHOrO A3bIKa JavaScript, couyeTalo-
mero B ce6e npuHumnel OOIT n ®I1. Pasymeercs, 3ToT 0630p HH B Koeii Mepe He
npeTeHyeT Ha oGMMPHOe UccileoBaHue sa3blka. HanpoTus, oHO cocpeaoToY€HO



48 Yacms I. Yuenue moicaums GyHKuuonaisuo

Ha TOM, YTO MMEHHO JIa€T BO3MOXHOCTb I0JIb30BAThCS A3bIKOM JavaScript pyHkuu-
OHAWIbHO, a TaKXKe Ha TOM, YTO NPENATCTBYET 3TOMY. XapaKTepHbIM TOMY NpuMe-
POM CJIY)KMT OTCYTCTBHE B JavaScript no/UIepXKH HEU3MEHACMOCTH. B 3TOi maBe
PaccMaTPHUBAIOTCA TakKe (PYHKIMM BBICHIETO NMOPAAKA, O3BOJISAIONHE NHCATh KO
JavaScript B pynkunonanbHom ctwie. Mtak, 6€3 IMIIHUX CJIOB IPUCTYIIUM K €Y.

2.1. Mpuunnbl gnsa Bbibopa JavaScript

MbI HaUMHAIU C TOSACHEHUS IPUYHH, 110 KOTOPbIM TPEOYETCA MBICIUTD (PyHKIIH-
OHAIBHO B MPOLECCE MPOrpaMMHUPOBAHHA. A Tenepb NONbITaEMCs OGbACHUTD MPH-
4MHbI V15 BbIGopa JavaScript. Takoii BIGOP NPOCTO OGBACHAETCA BE3AECYIHOCTDIO
3TOro A3blka. B yacTHoCTH, JavaScript siBasgeTca JMHAMUYECKU TUIM3UMPOBAHHbIM,
06'bEKTHO-OPHEHTUPOBAHHBIM, YHHBEPCAIbHBIM A3bIKOM C HEOObIYAHO BbIpa3u-
TeJbHBIM CHHTAKCHCOM. JTO €/[Ba JIU HE CaMblil pacpoCTPaHEHHbIN U3 BCEX KOTIa-
6O CO3/1aBaBUIMXCS SAI3LIKOB POrPAMMHPOBAHMUS, TOCKOJIbKY OH IIPUMEHSAETCS JUIst
Pa3spaboTKM NPUJIOKEHUMH /I8 MOOWIbHBIX yCTPOHCTB, BE6-caliTOB, BEG-cEpBEPOB,
HACTOJIbHBIX M BCTPOEHHBIX CUCTEM M Jaxe 6a3 naHHbIX. [IpuHuMas Bo BHUMaHUe
HeoO6bIYaitHO MPOKYIO 061acTh BHEeApeHHUs JavaScript Kak A3sika 045 666, MOXHO
CMeJIO yTBEPXKJaThb, 4To JavaScript npumensercs B @I yanie Bcex OCTaIbHBIX KOT/A-
160 CO34aBaBIIMXCA A3BIKOB IPOrPaMMHPOBaHHUS.

HecmoTpst Ha cBoit C-ogoGHbIi CHHTAKCHUC, JavaScript HeMaJIO 3aHMCTBOBAJI U3
apyrux aspikoB ®I1 Hanogo6ue Lisp u Scheme. HIx cxoacTso nposiBasercs B MOA-
Acpxke (pyHKIUI BbICIIETO NMOPSA/AKA, 3aMbIKAHHU, IMTEPATIOB MACCHMBOB U NMPOYUX
A3BIKOBBIX CPEJACTB, 6arofapsA KOTOPbIM JavaScript CJIyXHT NPeBOCXOJHOM ILIaT-
¢opmoii s npumenenns meroauk GI1. Ha camom gene pyHKIMM ABASIOTCA OCHOB-
HBIMM €IMHULIAMH paGoThI B JavaScript, a 3TO O3HaYaeT, YTO OHU CJIYKAT HE TOJIbKO
JUIs1 YIIPABJICHUSA PCXHUMOM PaboThbl NPWIOKEHHUH, HO U IS ONpe/ie/ICHUs OGbEKTOB,
CO3aHHUSA MOJYJIeil U 06PabOTKH COOLITHIA.

Ssbik JavaScript akTUBHO pa3BMBAa€eTCs U COBEPIIEHCTBYETCA. B ero ouepesnom
Boinycke ES6 no crangapry ECMAScript (ES) BHeApeHO HEMAIO HOBBIX SI3BIKOBbIX
CPCACTB, B TOM YHCJI€ CTPEJOUHbIE (PYHKIIMH, KOHCTAHTBI, HTEPAaTOPbI, 00A3aTe /b
CTBa, MHAaY€ Ha3blBaeMble OOCMAHUAMH, U TPOYMX CPEJACTB, MPUro HbIX U juis OII.

HecmoTps Ha To uTto B JavaScript uMeeTcst Hemano 3p(PEKTUBHBIX (PYHKIIMOHAIb-
HBIX CPEACTB, OU€Hb BAXXHO MOAYEPKHYTb, YTO JavaScript sBjaseTC OXHOBPEMEHHO
aspikoM kak OOII, Tak n ®I1. K coxanenmio, Boamoxxnoctu JavaScript s ®IT ne-
PEAKO YyNyCKalOTCs U3 BUAY. B 4acTHOCTH, 60IBIMHCTBO pa3paboTYMKOB MOb3YIOT-
Csl U3MEHAEMBbIMH OTIEPAlMAMM, UMINIEPATUBHBIMH YIIPABJIAIOIMMU CTPYKTYPaMH,
a TaK)Ke M3MEHEHHUSMH COCTOSHMSA IK3EMILUIAPOB OGBEKTOB, T.€. BCEMH TEMH A3bl-
KOBbIMM CPEJACTBAMM, KOTOPbI€ MPOCTO MCKIIOYAIOTCA U3 apCeHasla TeX, KTO NpH-
HuMaeT QYHKIMOHATBHBIN CTHIb IporpaMmmMupoBanus. Tem He MeHee 31ech BXHO
YAEJUTh CHa4a/la HEMHOTO BHUMaHHUSA OOCYX/IEHUI0 O6bEKTHO-OPHEHTUPOBAHHbBIX
CBOMCTB JavaScript, 4TOObI Jyulle OLUEHUThb IMaBHble oTaMuusA napaaurm OOI
n ®@I1. bnaroxaps 3ToMy Bam GyaeT ierye nepeiTi K PyHKIIMOHAIbHOMY CTIJTIO MPO-
rpaMMHPOBaHMA.
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2.2. ®N B cpaBHeHuu ¢ OO

Jlng pa3paGoTKH CHCTEM OT CPEHETO 0 KPYMHOro MaciuTaba MOXKHO IIPUMEHSTH
KaK (pyHKIIMOHaIbHOE niporpamMmuposanue (PI1), Tak u 06beKTHO-OPUEHTHPOBAH-
Hoe nporpammupoanue (OOII). O6e napagurMpl NPOrpaMMHPOBAaHUS MOTYT CO-
4eTaThCsl B OJHOM S3bIKE, U IPUMEPOM TOMY CJIYKAT 'MOPU/IHBIE A3bIKHM BpoJe Scala
u F#. AHaJIOrMYHBIMM BO3MOXXHOCTAMM O0JalaeT U A3bIK JavaScript, HO3TOMY OB-
JaficHUe UM MOoJpasyMeBaeT NPUOOpeTeHHE HaBbIKOB Mcnosb3oBanusa PIT u OOIT
B OIpeJIe/ICHHOM co4eTaHUH. BbIGOp npeeioB TaKOro CoYeTaHUs 3aBUCUT OT JIMY-
HBIX MPEANOYTEHNI U TpeGOBaHMI1, KOTOpbIE CTABUT pelnaemas 3ajaada. [loaTomy
SICHOE NPEACTABJCHHE O TOM, IJie NepPeceKaloTcss PYHKIHOHANIbHbIA U OOBEKTHO-
OPHMEHTHPOBAHHbII NMOAXO/AbI K TPOrPAMMHPOBAHMIO U I/IE OHH PACXOASATCS, IOMO-
XeT CBOGOAHO NEPEXOAUTh OT OHOTO K APYTOMY WJIM K MbIUUICHHIO KATETOPUAMH
TOTO WIH JIPYroro.

PaccmoTpuM B kauecTBe NpUMepa NPOCTYIO MOJIEIb CUCTEMBI YIIPaBJIeHUS 00yue-
HUeM, BIUllovyast 00beKT Thna Student. C TOUYKH 3peHUs HEPAPXUHU KIACCOB WU TH-
OB BIIOJTHE €CTECTBEHHO PACCMaTPUBATh THN Student Kak MOATHI, IPOU3BOAHbIN
OT THMA Person, 0XBaThIBAIONIETO OCHOBHBIE cBoicTBa Bpoae ®.1.0O., anpec u ..

06bexTHO-OPUEeHTUPOBaHHbIA XapakTep JavasScript

Ecnuv oTHOWeEHME MeXay 06beKTaMu B 3TOW KHUre onpeaenieTcs TepMMHOM nodmun
WMAKN NPpou3600HbLIU Mun, TO UMEETCA B BUAY MPOMOMUNHOE OTHOWEHUe, CyWwecTsy-
lowee mexxay ob6vekTamu. B 3101 CBA3M OYEHb BAXKHO NOAYEPKHYTb, YTO B JavaScript
OTCYTCTBYET NOAAEPHKKA KAaCCU4YECKO20 HAaCNe[0BaHUA, MEIOWAACA B APYruX A3bl-
Kax Bpoge Java, HeCMOTPSA Ha TO, YTO A3bIK JavaScript cunTaeTcs 06HEKTHO-OPNEHTH-
POBaHHbIM.

B ctaHgapTe ES6 mexaHW3M yCTaHOBNEHUA NPOTOTUNHLIX CBA3EH mexay obbekTamu
6b11 (N0 MHEHUIO MHOTUX — OLWIMGOYHO) NPUYKPALLEH TAKUMU KNIOYEBbIMU CI0BaMM,
Kak class n extends. U xoTa 310 ynpouwaet NporpamMmnpoBaHue HacneaoBaHna
00BHEKTOB, TEM HEe MeHee, CKpbiBaeT HacToswee AeUCTBUE U NOTEHUMAN NPUMEHA-
emoro B JavaScript mexaHn3ma NpoToTMNOB. B AaHHOI KHUre He PacCMaTPUBalOTCA
06bEKTHO-OpPUEHTUPOBAHHDBIE BO3MOXXHOCTH JavaScript, HO B KOHUe 3TOit raBbl yno-
MUHAETCA KHUra, B KOTOPOM OHU 06CYKAAI0TCA AOCTAaTOYHO Noapo6HO HapAaay ¢ Apy-
r’MMKU BO3MOXKHOCTAMM JavaScript.

YT06bI BBECTH AOTMOJHUTE/IbHbIE (PYHKIMOHAIbHBIE BO3MOXHOCTH, MOXHO
MPOM3BECTH Jlajiee OT Tumna Student 6osiee KOHKPETHbII Tull, HanpuMmep College
Student. Ilo cymecTBy, O6GbEKTHO-OPUEHTUPOBAHHBIE [IPOTPAMMbl OTIMYAIOTCSA
CO3/JaHMEM HOBbBIX ITPOU3BOJHBIX TUIIOB OGBEKTOB B KAU€CTBE OCHOBHBIX CPEJCTB
M JOCTHXKEHMS TMOBTOPHOIO HCNOJb30BaHUA KoJa. B nanHOM ciyuae B Tune
CollegeStudent GyayT IOBTOPHO MCIIOJIb30BAThCSA BCE JAHHbIE 1 BH/Ibl [TIOBEACHUSA
€ro poauTeNbCcKuX TUNoB. Ho BBecTH JonoHUTE IbHbIE PYHKIIMOHATbHBIE BO3MOX-
HOCTM B CyHIECTBYIOIHE OGBEKTBI GYIET HEJETKO, €C/IM OHU JIOXKHBI IIPUMEHATD-
Csl HE KO BCEM MPOU3BOHBIM OT HUX o6bekTaM. Tak, ecm cpoiicTBa firstname u
lastname NpUMEHSAIOTCA KaK B CAMOM OObEKTE THIIA Person, Tak U B O6bEKTax 1po-
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H3BOJHBIX OT HETO THUIIOB, TO CBOMCTBO WorkAddress, 6€3ycioBHO, 60/1€€ YMECTHO
A1si o6bekTa THIIa Employee, IpOM3BOIHOIO OT THMA Person, yem Uit O6beKTa TUIIA
Student. Takas Moje/Ib pacCMaTPHBAETCS 34€Ch IOTOMY, UTO IVIABHOE OTJIMYHE 00D
€KTHO-OPMEHTUPOBAHHBIX NPHIOKEHUH OT (PYyHKIIMOHAIbHBIX 3aK/IIOYAETCA B Opra-
HH3aLMM NOAOGHBIX JAHHBIX (T.€. CBOMCTB OOBEKTOB) M NOBEACHMH (T.€. PyHKIMIA).

OGBEKTHO-OPUEHTHPOBAaHHBIE IPIIOKEHHUS, KOTOPbIE B 6OJIbIIMHCTBE CBOEM fB-
JISIIOTCSA UMIIEPATHBHBIMU, B 3HAUMTEIbHOH CTENEHU ONMPAIOTCA Ha MHKATICYJIALHIO
0GBEKTOB, YTOObI COXPAHHUTDb LIEJOCTHOCTb MX U3MEHAEMOro (KaK HENOCPEeACTBEH-
HOTro, TaK M HaCJIe[yeMOro) COCTOSAHMSA, a TAKXKE PAaCKPbIBaTh 3TO COCTOAHHUE WU
MaHHITYJIMPOBATh UM Y€pe3 METO/IbI 3K3EMILIAPa. B uTore ycranasinBaeTcs TecHas
CB#3b JIAaHHBIX OG'BEKTOB M C MX JOBOJIbBHO KOHKPETHBIM IIOBEJCHUEM, 00pasys CBA3-
Hblii MakeT. B 3TOM, COGCTBEHHO, M COCTOMT IIaBHas 11€/1b OO bEKTHO-OPUEHTUPOBAH-
HBIX IPOrPaMM M NIPUYMHA, [0 KOTOPO# LEHTPaJIbHOM POPMOIl aGCTPaKIIMK B HUX
SABJISIETCA OOBEKT.

A ¢}yHKIIMOHAIbHOE NPOrPaMMHUPOBAHME HUCKIIOYAET NOTPEGHOCTh CKPbIBATh
AaHHbIE OT BbI3bIBAIOIIETO KO/IA U, KAK IIPABIJIO, OIIEpUPYET 6oj1ee MEJIKUM HaGopoM
OYEeHb IPOCTBIX THIOB JaHHbIX. M nockobky B @I1 HMUTO HE M3MEHsETCA, OObEKTA-
MM MOXXHO MaHMITYINPOBAaTh HEMOCPEACTBEHHO, HO HA 3TOT Pa3 Yepe3 06061eHHbIe
¢$yHKIMH, HaXOASAIMMECS 3a PeieaMU 06IaCTH BUAMMOCTH 06bekTa. MHbIMU Ci0-
BaMH, JaHHbIE 1260 CBSI3aHBI ¢ MOBeAcHNEM 06bexToB. Kak nokasano Ha puc. 2.1,
BMECTO BIIOJIHE KOHKPETHBIX METO/IOB 3K3€MILIsIpa PYHKIIMOHAIbHBIN KO/ ONIMpaeT-
cs1 Ha GoJiee KpyIHbIe ONl€PaliMH, KOTOPbI€ MOXHO BBINOJHATD HaJl MHOTMMH THIIa-
MM JaHHBIX. B Takoii napagurme @ynxyuu cmanosamea znasnoi Popmou abempaxyuu.

@I cnocobCTBYET NPUMEHEHNIO HECBA3HBIX, CAMOCTOSTENBHBIX
A yHKuuiA, paGoTalowmx ¢ HeBGonblwmMKU Habopamu AaHHbIX

06e napaaurMe!l UCNONb-

DyHKumM
3V'°Tg“ COBMECTHO OO oTAn4aeTCs CO3AaHUEM (4epes HacneaoBaHue)
(8w p)““”""‘ CNeLManM3npoBaHHbIX TUMOB, PEaN3yIoLLNX
A3biKax

N0BONLHO KOHKPETHOE noseaexHue

Tunbl AaHHLIX

Puc. 2.1. OOMN cnocobCTBYET YCTaHOBNEHUIO NOTUYECKOM CBA3U MHOMMX TUNOB AdHHbIX CO CNeLuanu-

3UPOBAHHbIM NOBEAEHWEM, TOr4a KaK B cOCPeAOTOHEHO Ha CBA3bIBAHWM ONEpaLUi C 3TUMKU TUNaMKU

[aHHbIX Yepe3 Komnosmumio. Umeetca yaobHoe mecto, rae obe napagurmbl NPOrpammmnposBaHus

MOFYT UCNONL30B8aTbCA NPOAYKTUBHO. M 3TO BNONHE BO3MOXHO B TaKuUX rnbpraHbIX A3bIKax, Kak Scala,
F# v JavaScript

Insapst Ha puc. 2.1, MOXKHO 3aMETHTh, YTO 00€ NapaAnrMbl MPOrpaMMHUPOBAHMS
HAYMHAIOT 3aMETHO OTIMYATHCA N0 MePe NepeMELIEHNs 10 CTPEJIKE BIPAaBO BBEPX.
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Ha npakTike B HEKOTOPBIX Jy4lIMX 06pa3iiax 06 beKTHO-OPUEHTHPOBAHHOTO KOJA
MOXHO OGHApYXHTbh COBMECTHOE IIPUMEHEHUE 06EUX NapajiurM B TOYKE UX Nepece-
yeHus. JUjisi 3TOro o6 bEKTHI CIefyeT pacCMaTPHUBATh KAK HEM3MEHAEMbIE CYIIHOCTH
WIH 3HAaYEHHA, pa3jenss UX (PyHKIIMOHaAIbHbIE BO3MOXXHOCTH Ha OT/E/bHble QyHK-
I{H, ONEPHpYIOMHE 3TUMH O6beKTaMu. TakuM 06pa3oM, U3 CIEAYIOUEr0 METO/A
Uis1 oOObeKTa THUIIA Person:

get fullname() { | Bmetopax pexomenayetca
return [this. firstname, this. lastname].join(' '); -ag— NONb30BATLCA CCbUIKOM
} - - this gna gocryna
K cocronHMio obvexTon

MOXHO BBIACIUTD (PYHKIHIO TAKUM 06pa3om:

var fullname = Cebinka this,
person => [person.firstname, person.lastname].join(' '); no cyuiecray, 3a-
MeHeHa nepeaan-

Hbim 06 beKTOM

Kak n3BectHo, JavaScript sBAseTCA AMHAMMUYECKH TUITU3HPOBAHHBIM A3BIKOM, &
3TO O3HAYAET, YTO PSA/IOM CO CChLIKAMM Ha OG'bEKTBI THIIbI JAHHBIX ABHO HE yKa3blBa-
1oTca. CnenoBarenbHo, MeToA fullname () GyaeT onepupoBaTh OGBEKTOM JIO60TO
THUIA, IPOM3BOJHOrO OT TUMA Person (MM e JI0ObIM OOGBEKTOM CO CBOMCTBAMH
firstname 1 lastname), Kak NMoka3aHo Ha puc. 2.2. [Ipynumas Bo BHUMaHHUE AH-
HaMHMYeCKHUii xapaktep JavaScript, B 3TOM fi3bIKE MOJAEPKHUBAETCHA NPUMEHEHUE

var person = ncw Student ('Alonzo', 'Church', '444-44-4444', 'Princeton');
p.fullname; //-> Alonzo Church ‘\\\\
A .
f ) Ccbinka this ynotpebnsieTcs B METOAAX 3K3EMIIAPa A8 A0CTyna
K AaHHbIM 0OBLEKTOB, NOPOXAAN NOBO4HbIN 3 PexT

Person

®N pa3nensieT METoAb! Ha YHUBEPCANbHBIE DYHKLMM,
CnocOGHLIE ONEPUPOBATH MHOTUMM TUNAMIA JaHHbIX

get fullname ()

d |
l [ Person \
K' [ Student l/y

:fullname (person)

Student

var fullname = (person) =>
[person.firstname, person.lastname].join('');

fullname (person); //-> Alonzo Church

1

Ynotpe6naTb cchinky this He TpebyeTcs, Nockonbky 0GbEKT SBHO NepeaaeTcs
B Ka4ecTse napaMeTpa GyHKUMK, UCKNKOYan TEM CaMbiM NOGOUHbIE IPPEKTHI

Puc. 2.2. OOl cocpefoTO4EHO Ha CO3AaHUM MepapXuit HacnenosBaHua (Hanpumep, Tuna Student oT

TMNa Person) ¢ METOA3MU M TECHO CBA3aHHbIMU BMECTe AaHHbiMK, 3 I — Ha co3paHum yHusep-

CanbHbIX NONUMOPPHbIX GYHKUUHA, ONEepupyoLmx pasHbiMM TUNAMU AaHHBIX, UCKAIOYan NPpUMeHe-
Hue CCbinku this
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0606 meHHbIX MoruMopdHbIX pyHkumii. MubiMu crosamu, Te pyHkinum, rae Mcnob-
3yIOTCSl CCBJIKM Ha 6a3oBble THIIBI JAaHHBIX (Hanpumep, Person), MOryT onepupo-
BaTb OObEKTaMM IPOM3BOAHBIX TUIOB (HanpuMmep, Student mam CollegeStudent).

Kak cieayer u3 puc. 2.2, Boigesienne n3 Meroga fullname () caMOCTOATEIbHOM
¢ynknumn nobyxaaet naberaTb ynorpedseHusa ccblku this ang aocryna k aan-
HbIM 00bekTa. Micnonb3oBanue cChUIKM this 3aTpyAHMTENBHO MOTOMY, YTO OHA
NPeROCTaBIAET ZOCTYN K JAHHBIM 3K3eMILIsApa 00beKTa 3a npeielaMu 06/1acTH BU-
AMMOCTH METO/IA, YTO BbI3bIBAET NOGOYHbBIE 3 dekThl. A ecin npumeHnsercs PII,
TO JaHHble OObEKTA HE CBA3BIBAIOTCS HEMOCPEACTBEHHO C OTAEAbHBIMH YaCTAMH
NPUKJIAZHOTO KOJa, ¥ TO3TOMY MX HaMHOIO YXOGHEE MCIOJIb30BaTh IOBTOPHO U
CONPOBOXAATD.

BmecTo TOro 4ro6b! CO31aBaTh 1€JIblii PSAJ MPOM3BO/HBIX TUIIOB, MOXKHO Paciiu-
PHUTDb NOBeicHUE (PYHKUUH, Nepeas eii Apyrue GyHKUHMHU B KAYE€CTBE apryMEHTOB.
Kak npumep paccMOTpuM omnpejieIeHHe MPOCTOH MOJE/IM JaHHBIX B JUCTUHTE 2.1.
ATa MOJENb COAEPKMT Kacc Student, NpoM3BOAHBIN OT KJacca Person, 1 npume-
HseTCA B 6OJBIIMHCTBE IPUMEPOB, NPUBE/ICHHBIX B JAaHHOM KHHUTE.

Jinctvur 2.1. OnpepeneHune Knaccos Person U Student

class Person ({
constructor (firstname, lastname, ssn) {
this. firstname = firstname;
this. lastname = lastname;
this._ssn = ssn;
this. address = null;
this. birthYear = null;

get ssn() {
return this._ssn;

get firstname() {
return this. firstname;

get lastname() {
return this. lastname;

get address() {
return this. address;

get birthYear() {
return this._ birthYear;
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set birthYear(year) { <«@——————7 Ynotpebnenue MeToa0B YyCTaHOBKM COBCEM He O3HauaeT

this. birthYear = year:; NOAAEPHKY MOAHBUKALUH OBLEKTOB, HO CAYIHT YAOEHHIM
} - cnocobom co3aaHnA 06HEKTOB C pa3HbIMK CBOMCTBAMM, He
npuberan K NOMOLLYM O4EHb ANHHHBIX KOHCTPYKTOPOB. Kak
T0bKO 06beKTbl GyAYT CO3AaHbI ¥ 3aNONHEHDI AAHHBIMK,
set address(addr) { ¢ — cocronHme 6onblue He MeHAeTcA (0 TOM, Kak 06pawiaTbea
this._address = addr; € 3TMM, peub NOHAET ganee B rnase)
}
toString() {

return ‘Person(${this. firstname}, ${this. lastname}) ';

}

class Student extends Person ({
constructor(firstname, lastname, ssn, school) {
super (firstname, lastname, ssn);
this._school = school;

get school () {
return this._school;

}

Kak HaTM, 3arpy3uTb NpuMepbl UCXOAHOrO KOA3 U3 3TOW KHUIU
U NONb30BaATLCA UMUN

Mp1mepbl NCXOAHOTO KOAQ U3 ITOW KHUMM MOXHO HaWTK Ha Beb-cTpaHuue no aape-
¢y www.manning.com/books/functionalprogramming-in-javascript
nnmn https://github.com/luijar/functional-programming-js. Moxere
¢80604HO NONL30OBATLCA 3TUM KOAOM, YTOBbI NpaKTUKOBaTLCA B ®M. C 3TOW UEeNbio
pPeKOMEHAYeTCA BbINONHATL N06ble MOAYNbHbIE TECTb! M IKCNEPUMEHTMPOBATL C pas-
HbiMKU Nnporpammamu. ns npeobpa3oBaHuA koaa Bepcumn ES6 B 3KBUBaNEHTHbIN KoA,
sepcuu ESS B npumepax 13 3Toi KHUrK 6bin CNONb30BaH TpaHcnNUAaTop Babel, Ha3bi-
BaBLIMKCA paHblie 6t05, NOCKONbKY He BCe A3blKOoBble cpeacTsa JavaScript u3 sepcuu
ES6 6binu peann3oBaHbl B 60nblIMHCTBE Hpay3epoB Ha MOMEHT HAaNUCAaHWUA AAHHOM
KHUTW,

HeKoTopble A3biKOBble CpeacTsa He TPebyloT TPaHCNUAALMMK U MOTYT BbiTb aKTMBK-
3MPOBaHbl NYTEM TAKOrO NapameTpa HacTpoiku b6pay3epa, Kak, Hanpumep, Grarok
Enable Experimental JavaScript (AkTuBu3nposaTb 3KCNEPUMEHTANbHDINA PeXUM
paboTb! JavaScript) 8 6pay3epe Chrome. Echu Bbl pabotaeTe 8 IKCNepUMEHTANLHOM
pexxume, TO aKTUBU3UpyUTe cmpoauli pexcum pabotbl JavaScript, BBeas onepartop
'use strict'; B CaMOM Hadane ucxoaHoro ¢panna JavaScript.

Ecam M3BecTHO KOHKpETHOE JIMLIO, TO 3a/ia4a COCTOUT B TOM, YTOObI HAITH BCeEX
€ro Apy3ei, IIpoXXHBAIOIIMX B TOM Xe CTpaHe. A €C/IM M3BECTEH KOHKPETHBIA yya-
HIMICA, TO HEOGXOAUMO HANTH JAPYIHX yYaHIMXCs, IIPOKUBAIOIIMX B TOM XKe CTpaHe
1 nocelaolux Ty xke mkoiy. C ofHOI CTOpOHbI, B NIPUBEAEHHOM HIKE OOBEKTHO-
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OPHEHTHPOBAHHOM PEHIEHHUM 3TOH 3371a4U ONEPAIMH TECHO CBA3AHbBI MO CChUIKAM
this u super ¢ TEKYMM U POAUTENBCKMM OGBEKTOM COOTBETCTBECHHO.

// Knacc Person
peopleInSameCountry(friends) {
var result = [];
for (let idx in friends) {
var friend = friends [idx];
if (this.address.country === friend.address.country) {
result.push(friend);

}
return result;
}:

Wcnonv3osats
// Knacc Student Ccouaky super ans
studentsInSameCountryAndSchool (friends) { 3anpoca AaHHbIX U3
var closeFriends = super.peopleInSameCountry(friends); POANTENBCKOTO KAACCA

var result = [];
for (let idx in closeFriends) {
var friend = closeFriends[idx];
if (friend.school === this.school) {
result.push(friend);

}

return result;
}i

C apyroii cTopoHbl, onupasach Ha npuHsTbie B OIT npMHUMIBI YMCTOTHI M CChI-

JIOYHO# MPO3PavyHOCTH, NMO3BOJIAIOIHE 0OG0COOGUTD MOBEAEHHUE OT COCTOAHUSA, MOX-
HO BBECTH JOTNIOJIHUTEIbHBIE ONl€pallMH, ONPEeJUB M OGbEAMHHUB HOBbIE (PYHKIMH,
onepupyolllie yIIOMAHYTbIMU Bblllle TUIIAMH JaHHbIX. B kOHEYHOM cyeTe MOXHO
HOJIyYHTb MPOCThbi€ OGBEKTbI, OTBETCTBEHHBIE 32 XPaHEHHE JaHHBIX, @ TAKKC YHH-
BepcaibHble (PyHKLMH, CIOCOGHBIE ONEPUPOBATh STUMH OGBEKTAMM KaK apryMeH-
TaMH, KOTOPbIE MOTYT GbITh COCTABJIEHBI IIyTEM KOMIIO3MLMH JUIA JOCTHXKEHUS CIie-
LHMAIbHBIX (PYHKIMOHAIBHBIX BO3MOXKHOCTEH. M XOTs pedb 0 KOMNo3unmum noiaer
JIMIIb B I1aBe 4, BAXXHO MOAYEPKHYTH €lle OAHO PyHAaMEHTAIbHOE OTANYHE 06enx
paccMaTpUBaEMbIX 3€Ch NTapaaurm nporpammuposanus. [To cymecTsy, Hacienona-
Huio B OOII cooTBercTpyeT komnosunus B PI1 ¢ Touku 3peHns HOBOTO NOBEJICHH,
NPUMEHAEMOTO K Pa3HbIM THIIaM JaHHBIX'. YTOOBI BBIMOIHUTH NPUBEIEHHBII BbIIIE
KOJ, noTpebyeTcs caeayiomuil Habop TaHHBIX:
var curry = new Student ('Haskell', 'Curry’,

'111-11-1111", 'Penn State');
curry.address = new Address('US');

! 3ta cHocka kacaeTcs B Gosbmieil cteneHu Tex, kto npumenser OOIT Ha mpakTHke,
yeM camoit mapaaurmel OOIT. MHOrMe aBTOpBI B JAHHOI 061aCTH, BKIIOYAs ¥ 3HAMEHUTYIO
“banay yeTbipex”, NPeANOYUTAIOT 6OJIbllie KOMIO3UIMIO OGBEKTOB, YeM HacJIeJOBaHUE KJIac-
COB, OCHOBAHHOE Ha NPUHIMIE NoACTaHOBKW bap6apsl JInckos.
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var turing = new Student('Alan', 'Turing',
'222-22-2222"', 'Princeton');
turing.address = new Address('England'):

var church = new Student('Alonzo', 'Church',
'333-33-3333', 'Princeton');
church.address = new Address('US');

var kleene = new Student('Stephen', 'Kleene',
'444-44-4444"', 'Princeton’');
kleene.address = new Address('US');
B 06'bCKTHO'OpHeHTHpOBaHHOM PE€lIEHUH JAaHHOMN 3aJayM JJI1 MOMCKA BcCexX
OCTIbHBIX yYAHIUXCsl, TOCEINAIOUINUX Ty K€ CaMYIO IIKOJTY, IPUMEHSIeTCS CJIeIY10IM A
MeTOoJ M3 Kj1acca Student:

church.studentsInSameCountryAndSchool ( [curry, turing, kleenel);
// -> [kleene]

A B pyHKIMOHAIbHOM PEHIEHUHU JaHHAA 3ajla4ya Pasfie/IAeTCA Ha MeJKHE yHK-
MU CJIEAYIOMIUM O6pa3oM:

Co3pats ¢pyHkumio selactor (),
. KOTOPOH AOMKHO GbiTb H3BECTHO,
function selector(country, school) { KaK CPaBHMBATH YHALLMXCA NO CTPaHe
return function(student) { NPOXMBAHMA W NOCeLLaemol wxone
return student.address.country() === country && Nepemewatsen no rpagam
student.school () === school; obvextos. flanee s 370l rna-
}: se Gyaet npogemoHCTPHPO-
\ BaH AyuwWwKiK cnocob poctyna
X cBOMCTBam obvexta
var findStudentsBy = function(friends, selector) { MpumeHUTL ONepaLmio GUALTPAUUM
return friends.filter(selector); K Maccueam 1 BHEAPHUTD
) cneyManbHoe NOBEAEHHE Yepes
$yHKumio selector ()

findStudentsBy([curry, turing, church, kleene],
selector('US', 'Princeton')):;

// => [church, kleene]

[Mpumenss pyHKIMOHATbHOE MPOrPaMMUPOBAHHE, MOXKHO CO3/[aTh COBEPIIEH-
HO HOByI0 ¢pyHknMio findStudentsBy (), ¢ kOTOpoii HaMHOroO mnpoie paboTaThb.
Onnako 3Ta HoBast (PyHKIIMSI ONIEPUPYET JIOGbIMU OGBEKTAMH, CBA3AHHBIMH C THUTIOM
Person, a TaKXke C TIO6GbIM COYETAHHEM HAa3BaHUH HIKOJIbI U CTPAHBL.

JlaHHbI# NpUMED HAMIAAHO JEMOHCTPUPYET OTAMYMA 06EeHX NapagurM nNporpam-
muposanud. B yactaoct, OOIT cocpeaoToueHo Ha XapaKkTepe JaHHbIX H OTHOLIe-
HUAX MexJay HUMH, Toraa kak PIT — Ha onepanmsax, BbIMOJHAEMBIX HAJl JaHHBIMH
(T.e. Ha noBeaenun). B Ta6. 2.1 cBe€HbI TaK)KE OCTAIBHBIEC OTANYHS, KOTOPbBIE CJle-
AyeT NOAYEPKHYTb B CBA3M C TEM, YTO OHM OyAyT pacCMaTPHBATBCA Aajlee€ B 3TOU U
APYyrux riapax.
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Tabnuua 2.1. CpaBHeHue BaxHbix cBoicTs OON u ®. ITu ceorcTea 06cyxaaloTcs Ha
NPOTSXEHNU BCeH KHUIN

on oon

EanHuubl KOMNO3nLKUKM DyHKUMKU O6bekTbl (Knaccot)

Ctunb nporpamMmupoBanusa  [leknapatusHbiii MmnepaTusHbiit

BAaHHble u noBeaeHue Cnabo cBsi3aHHble B YUCTbIE, CaMO- TeCHO CBS3aHHbIE B KNacchl C Me-
cToaTenbHbie GyHKUMN ToRaMM

Ynpasneuue coctonHueMm O6bekTbl cuuTaloTcA Henamensie-  O6bEKTH MOAMPUUMPYIOTCS Yepe3
MbIMU 3HaYEHUAMU MeToAb! 3K3eMnnapa

NoTtox ynpaenenus DyHKUMM 1 pekypcus Uuknel M ycnosHble onepatopb

MoTtoko6e3onacHOCTL Pa3pewaetcs napannensHoe npo- TpyaHOAOCTUXMMA
rpaMmupoBaHue

HUHkancynauus He Tpebyetcs, nockonbky HUYTO He Tpebyetca pns coxpaHeHus Le-
n3meHseTca NOCTHOCTU AAHHBIX

HecmoTpsa Ha 3aMeTHbIE OT/IHYMSA OGEUX NAPAAUIM 1IPOrPaMMUPOBAHMA, UX CO-
UeTaHHUE IIPY HAIIMCAHUH NPUIOXKEHUH MOXET OKa3aThCA BeCbMa 3((EKTHBHDIM.
C oaHoO# CTOPOHBI, TaKOI NMOIXOJ MO3BOJIsAET CO3/ATh 6orartyio MoJe/ib JaHHbIX C
€CTeCTBEHHbIMU OTHOIIEHHUAMH MEX/ly COCTaBJIAIOMIMMHU €€ TUIIaMH, a C JIPYroii cTo-
POHBI, OJlyYUTh B CBOE PACIIOPSKEHUE PSAJ YMCThIX (PYHKIHIA, CTIOCOGHBIX MAaHHMIIY-
JIMPOBaTh 3TUMH TUNAaMHU. [1€e NOJ0XKHUTH Mpesen TakoMy coueTaHHIO 06eHX Iapa-
VM IPOTPAMMHUPOBAHHSA, 3ABUCUT OT TOTO, HACKOJIBKO YIOOHO BaM 110J1b30BaTbC S
KaXK/10# U3 HUX. BeaeacTBue Toro 4To sA3bik JavaScript siBiseTcss OAHOBPEMEHHO
O0BEKTHO-OPUEHTHPOBAHHBIM M (DYHKIMOHANBHBIM, VISt €0 (PYHKIHMOHAIBHOIO
HpUMEHEHUA TpebyeTcs yaeasaTh 0co60e BHUMaHME KOHTPOJIO HajJ U3MEHEHUAMMU
COCTOSHUA.

2.2.1. YnpasneHue coctosHuem o6bekToB B JavaScript

Cocmoanue NPpOrpaMmMbl MOXKHO OTIPEAEJIMTh KAK MOMEHTAJIbHbIA CHUMOK JaH-
HBIX, XPAHSIUIMXCS BO BCEX ee 0ObeKTax B Mo60it MomeHT BpeMeHH. Ho uto kacaercs
COXPAaHEHHUsl COCTOAHUSA OOBEKTA, TO JavaScript, K COXAIEHHIO, — CAMbIii HEMOAXO-
ASLIMIA JUIS 3TOM 1ieU A3bIK. Beab 06bekT B JavaScript BecbMa JUHaAMHUUEH, a CJ1e/10-
BaTEJIbHO, €rO CBONCTBA MOTYT ObITb MI3BMEHEHBI, JOGABJIEHBI WIH yAaJIeHbl B 11000
MOMEHT BpeMeHHM. Tak, ecim Bbl cCUMTaeTe, YTO B MCXOJHOM KOJ€ U3 JUCTHHTA 2.1
MOXHO MHKAIICYJIMPOBaTb CBOMCTBO _address (MCNoJb30BaHUE B €r0 HMEHH 3HAKA
NOA4ePKUBAHUSI HOCUT UCKIIOYHUTENIbHO CUHTAKCHYECKHI XapaKTep) CpeaCcTBaMu
K1acca Person, To Bbl omubaeTech. iMest NOJHBI OCTYII K 3TOMY CBOHCTBY 3a npe-
AeJIaMH JAHHOTO KAacca, Bbl MOXeTe CAeJaTb C HUM BCE, YTO YTOAHO, B TOM YHCJIE
YAQIMTD €TO.

Bcsakaa cBo6Goja aeiicTBUit npeainonaraeT 60/bIyI0 OTBETCTBEHHOCTb. U X0Ta
Bbl BOJIbHBI BBIIIOJIHUTH HEMAIO JIOBKMX OlNl€Palil BPOJAE AMHAMUYECKOTO CO3/a-
HUs CBOMCTB, TaKasi CBOOO/A AECTBUI MOXET TaKkKe MPUBECTH K MOSBJICHUIO KO/JA,
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KOTOPBIii Ype3BbIYaHHO TPYAHO CONMPOBOXAATh B IPOrPaMMax KakK CPEIHEro, Tak
KpPyIHOro maciuraba.

Kak ynomunanocs B riaBe 1, npyMeHeHHEe YUCTBIX (PYHKUMH yIIPOIIAET NOHUMA-
HHE U CONPOBOXJAEHUE HCXOAHOTO KOJAA. A €CTb JIM YTO-HUOYAb NOAOGHOE YHCTOMY
o6bekTy? HenameHseMblit 06bEKT, coAepKalMii HeM3MeHsAeMble (PYHKLIMOHAIbHbIE
CPEACTBA, MOXXHO CYMTATh YMCThIM. PaccyxaeHnue B oTHOmEHHH QYHKIMIA BIOIHE
NOAXOJUT K MPOCTbIM OGbEKTaM. YIIpaB/ieHHE COCTOSTHUEM B JavaScript umeeT pela-
[olliee 3HaYeHHUE VIS TIOMCKa IyTei ero NPpUMEHEHUs B KauecTBe (PyHKIHOHAILHOTO
A3bika. iMeeTcs pax HOPM NPaKTHKH U 11a6I0HOB, KOTOPBIMH MOXKHO 110J1Ib30BaThCs
AJ151 YTIPABJICHHsI HEU3MEHSEMOCTBIO, M 00 3TOM peub NOMAET B NOCAEAYIOUHX pas/ie-
nax. Ho B crpemiiennu co610CcTH HEM3MEHAEMOCTD IPHAETCS HEMAIO NOTPYANTBCS,
4YTOGBI JOOUTHCSA MOJTHONW MHKAICYJALIMY M 3aLIMThI JaHHBIX.

2.2.2. O6paileHme c 06beKTamMu Kak CO 3Ha4YEHUAMM

CHMBOJIbHbBIE CTPOKH U YHMCJIa OTHOCATCSA K YMCJTy TEX THIIOB AAHHbIX, C KOTOPbI-
MM Npollie BCETO O0palaThCs B JI060M A3bIKe TPOrPaMMHPOBaHUL. A MoueMy 3TO
Tak? OTYaCTH 3TO OOBACHAETCA TEM, YTO 110 TPAAUIIUU 3TH NPUMHUTHBHbBIE JIaHHbIE,
O CYHIECTBY, HEU3MEHAEMBI, UTO MO3BONSET CIIOKOHHO MPEANOJIOXKHUTD, YTO APYTHE
onpe/esisieMbIe N0Jb30BaTEIEM THITbI JaHHBIX TAKOBBIMM HE ABIAIOTCA. B pyHkmo-
HaJIbHOM NPOrpaMMHUPOBaHMUH TUIIbI JAHHBIX C NOJOOHBIM MOBECHHMEM Ha3bIBAIOTCSA
anavenusmu. B rmase 1 nosicHANOCDH, KaK cylelyeT HOHMMATh HEU3MEHAEMOCTDb M YTO
Uil 3TOTO JII0O0#H 06BEKT TpebyeTcs, MO CyleCcTBY, pACCMAaTPUBATh KaK 3HaY€HHE.
3TO J]aeT BO3MOXHOCTb PaboTaTh ¢ PyHKIMAMM, NEePeAAIOMUMH 0ObEKTDI, HE Gec-
MOKOSICh 006 UBMEHEHUAX B HHX.

HecMoTpst Ha Bce CHHTaKCHUYECKHE YAI06CTBA, KOTOPbIE IA€T BHEAPEHHE K1aCCOB
B cTangapte ES6, 06bexThl B JavaScript siBnsioTcs He 6ojiee 4eM BMECTHIMLIAMU
CBOMCTB, KOTOPbIE MOXHO J06aBUTb, yIAIUTh U UBMEHUTD B 060 MOMEHT. Kak
e UCTIPABUTD 3TO NOJ0kKeHHe? Bo MHOTUX 3bIKaxX NPOrpaMMHPOBaHUA MOJIEPXKH-
BAIOTCS KOHCTPYKIIMHM, MIO3BOJISAIONIME CAEAATh CBOHCTBA OObEKTA HEU3MEHACMbIMH.
XapakTepHbIM TOMy IPUMEPOM CJIYXXHUT KmodeBoe ¢10Bo final B Java. A B Takux
A3bIKaX, Kak F#, niepeMeHHble ABAAIOTCA HEU3MEHAEMbIMHU 110 YMOJYAHHIO, €CIH
TOJIbKO OHM He OObAB/ICHDBI HHaue. B HacTosmee BpeMs Takoi pockoubio JavaScript
He oGnagaeT. M XxoTs npuMUTHBHBIE THIIBI B JavaScript He OAIEXAT U3MEHEHHUIO,
TEM He MeHee, MOXKHO UBMEHUTD COCTOSIHHE NePEeMEHHOM, CChUIAIOIENCs Ha IPUMH-
TUBHbII TUIL C/1€I0BATENBbHO, TPEOYETCH KAKasi-TO BO3MOXHOCTD IIPEI0CTaBUTb MIIN
XOTs Gbl 3MYJIMPOBATh HEU3MEHsAEMbIE CCbUIKM Ha JIaHHbIE, YTOObI ONpeaesieMble
HOJIB30BATEJIEM OOBEKTBI BEJIM €65l TaK, KaK GyITO OHM HCM3MEHSAEMbI.

B cranpapre ES6 nosswioch kio4yeBoe CI0BO const, npeaHasHayeHHOE IS
CO3/IaHUsA KOHCTAHTHBIX CCbUIOK. A 3TO yXe IO3BOJISCT JIBUraThCsl B HYXHOM Ha-
MpaBJ€HNH, NOCKOJIbKY KOHCTAHTbI HEJIb3s NepEeHa3HaYaTh WM [lePeoIpefesaTD.
B npaxTuke (PyHKIMOHAIBHOrO NMPOrpaMMHUPOBAHHSA KJIIOUYEBbIM CJOBOM const
MOXXHO TOJIb30BAaTbCA KaK CPEACTBOM BHEJAPEHHUs MPOCTbIX KOH(PHUIypauHOHHBIX
JaHHbIX (cTpok URL, umen 6a3 ;JaHHBIX ¥ IPOYHMX) B (PYHKIIMOHAIBbHYIO IPOTPAMMY
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110 Mepe Hafo6HOCTU. M XOTs uTeHHe U3 BHENIHEH NEPEMEHHOI BbI3bIBAET 060Y-
HblIH 3¢ dekT, Ha aTgopme JavaScript npeaOCTaBASETCSA ClIENMATIbHAA CEMAHTHKA
AJ1Si KOHCTAHT, YTOObI OHY HE U3MEHSIMCh HEOXHUIAHHO B IPOMEXYTKAX MEXAY BbI-
3oBamu (pyHkumii. Huxe npuseseH XxapakTepHblii npuMep O6bABICHHUA KOHCTAHT-
HOTO 3HaYeHMs B JavaScript.

const gravity ms = 9.806; MwTepnperarop JavaScript He
| AONYCTHT NepeHasHaueHue
gravity ms = 20; 3TON KOHCTaNTBI

Ho 3To He paspemaeT 3aTpyiHEHHU, CBA3aHHbIE C UAMEHAEMOCTDIO, B TAKOM CTe-
neHM, B Kakoit Toro Tpe6yer PII. [lepenasnaueHre NepeMEHHONH MOXKHO NPEJOT-
BPAaTHTh, HO KaK BOCIIPENATCTBOBATb UBMEHEHHIO COCTOSHUA 0O0bekTa? Tak, cuenxy-
IO1IMiT PparMeHT KOJia BMOJIHE JOTYCTUM:

const student = new Student ('Alonzo', 'Church',
'666-66-6666', 'Princeton'):;

student.lastname = 'Mourning'; «¢————] 370C80HCTBO H3menunocs

CnepoBarebHO, TPeGyloTCA 60J1€e CTporue npasmia COGMOAEHIS HEU3MEHSIEMO-
CTH, Y JUIs 3aIATHI OT MOAU(PHKALIMIT BIIOJIHE MOAXOAUT MHKAMCYAA1Us. B kauecTBe
HEIUIOXOM aJIbTe PHATUBBI /i IPOCTBIX CTPYKTYP JAHHBIX MOXXHO IIPUHATD POEKT-
HbIi ma610H “O6bekT-3HaueHue” (Value Object), rae o6bekT-3Ha4E€HUE — 3TO TAKOH
OOBEKT, PAaBEHCTBO KOTOPOTO 3aBUCHUT HE OT WJIEHTUYHOCTH WIH CCbUIKH, a TOJBKO
oT ero 3HavyeHwust. Ilocie Toro kak o6beKT-3HaUeHNE OObAB/IEH, U3BMEHUTh €r0 CO-
CTOSIHUA Hesb3dA. [ToMMMO YMcen U CUMBOJIBHBIX CTPOK, IPUMEPaMH 06bEKTOB-3Ha-
4yeHMH cayxaTt Tunbl tuple, pair, point, zipCode, coordinate, money, date u np.
Hwuxe npuseseHa pearnsanus o6beKTa-3HaueHUs THNa zipCode.

function zipCode (code, location) {
let _code = code;
let _location = location || '';

return {
code: function () {
return _code;
o
location: function () {
return _location;
b
fromString: function (str) {
let parts = str.split('-"');
return zipCode (parts(0], parts[1l]);
o
toString: function () {
return _code + '-' + _location;
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const princetonZip = zipCode('08544', '3345');
princetonZip.toString(); //-> '08544-3345"

®dynkumamm B JavaScript MOXHO MOJIb30BAThCSA 15 3aIUThI JOCTYIA K BHYTPEH-
HEMY COCTOSIHMIO OG'bEKTa-3Ha4YE€HMs NTOUYTOBOIO MHJEKCA, BO3Bpamas unmepgpeiic
o6seKmHoz0 Aumepana, o6eCcrneynBaloNIMii BbI3bIBAIOMIEMY KOAY IOCTYT K HEGOIbIIOMY
PAXy METOAOB M O6pamaomMiica CO CBOMCTBaMU _code M _location Kak ¢ ncesao-
3aKpbITBIMHU NepeMeHHbIMH. Takue nepeMeHHbI€ JOCTYIIHbI B OOBEKTHOM JIUTEpase
TOJIBKO YePe3 3aMbiKanusi, pACCMaTPHBaeMbIe Jlajiee B 3TOM IJIaBe.
BosppamaeMslii O6BEKT, MO CylecTBY, BeJAeT ceb6s Kak NPUMUTHUBHBIA THI,
Yy KOTOPOroO OTCYTCTBYIOT Moauduumpyomue Merojasi’. CireposareibHO, METOX
toString() BeaeT ceGst Kak YMCTast PYHKLMA, XOTH OH €10 HE SABJIAETCA M CAYKUT
YUCTBIM CTPOKOBbBIM IPEACTABJIECHUEM JAHHOrO 06bekTa. OGbEKThI-3HAYEHHSA [1PO-
¢TI 1 y106HbI 11 pa6oTh! Kak B PI1, tak u B OOIL. A coueTast MX ¢ KJIIOYEBbIM CJI0-
BOM CONnst, MOXHO CO3/IlaBaTh OG'bEKThI C TAKOMH K€ CEMAHTHUKOM, KAK U CUMBOJIbHBIX
CTPOK M 4yHceJ. PaccMOTpHM elie OMH NpUMep pealn3aluy O0beKTa-3HAYEHHS:
function coordinate(lat, long) {
let _lat = lat;
let long = long;
return {
latitude: function () {

return _lat;

b
longitude: function () {
return _long;

Iy B038PaTHTL HOBYIO KONKIO
translate: function (dx, dy) { | ¢ npeo6pa3oBaHHbIMKU
return coordinate(_lat + dx, _long + dy); KOOPAMHATaMH

b
toString: function () {
return '(' + _lat + ','" + long + ')';

const greenwich = coordinate(51.4778, 0.0015);
greenwich.toString(); // -> '(51.4778, 0.0015)'

Eme oauH cnoco6 peajn3oBaTh HEU3MEHAEMOCTb — BO3BPATHUTb HOBBIE KOIIMH
0GBEKTOB, KaK 3TO CAEJIAaHO Bblllie B onepauuu translate. B pesyabrare BbINnoJHe-
HUs ONlepaliMK MPeoOpa3oBaHUA Hajl JAHHBIM OGbEKTOM MOTY4aeTCsi HOBbIN OObEKT
THHa coordinate:

greenwich.translate(10, 10).toString(); // -> '(61.4778, 10.0015)'

! BHyTpeHHee COCTOSIHME OODbEKTAa MOXET ObiTh 3aMMIIEHO, HO €ro MOBEAEHHE 110-
NpEeXXHEMY NOJABEPKEHO MOAM(UKALIMH, MOCKOJIbKY HMEETCS BO3MOXHOCTb AMHAMUYECKH
YAQIATD WM 3AMEHATD JIOObIE EFO METOABI.
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IMpoexThblit mabnoH “O6beKT-3HaYeHME” BO3HUK MO/ BAUAHNUEM (PYHKIIMOHAIb-
HOTro nporpamMmupoBanus. M aTo eme ofuH npumep TOro, HACKOJbKO HU3AIIHO Ma-
paaurmel ®I1 u OOIT gonoansoT ogHa apyryo. Ho, HecMOTps Ha TO YTO JaHHbI
NPOEeKTHbIN mabaoH naeanrbHo noaxoaur uis PI1, ero sBHO HEAOCTATOYHO AIA MO-
A€IMPOBaHUsA BCEH peanbHON npeameTHoi obnactu. Ha npakTuke B npuxiagHom
KoJe, CKopee Bcero, norpebyeTcss o6pabaTpiBaTh ME€papXUYecKHE JaHHbIE, Kak,
HalpuMep, NpeACTaBIeHHbIE PaHee TUNBI Person v Student, a Takxke B3auMoJei-
CTBOBATb C yHAaCJI€I0BaHHbIMM O6bekTaMu. [IpaBa, B JavaScript uMeeTcs MEXaHHU3M
JUIsl 3MYJIALIMM TAKOTO NOBEAEHHUA C ToMombIo pyHKuMM Object . freeze ().

2.2.3. I'nyb6okoe 3aMopaxvBaHue NOABUXHBIX YacTei

B HoBOM 1151 JavaScript CMHTaKCHCe KJIaCCOB HE ONpeJesIeHbl KIOYeBble CJI0Ba
U1 OTMETKHM NOJieH KaKk HeuaMeHsieMmbiX. Tem He MeHee B JavaScript ans aToit neau
NOJIEPKUBAETCA BHYTPEHHUN MEXaHU3M, YNIPABIAIOIUNA PAAOM CKPbITbIX METaC-
BOHCTB 06bekTa Bpojie writable. Eci ycTaHOBUTB B TAKOM METACBOMCTBE JIOTHeE-
ckoe 3HaueHMe false, qocTynHas BjavaSaipt q)yHKuml Object.freeze() mMoxer
1PEOTBPATUTh U3MEHCHUE COCTOsAHUA O0beKTa. B kauecTBe mepsoro mpumepa
HI)KE JEMOHCTPHPYETCA 3aMOpaXXUBaHHE OObEKTa Person U3 JUCcTUHra 2.1.
var person = Object.freeze(new Person('Haskell',

'Curry', '444-44-4444'));
person.firstname = 'Bob'; - 3anpeweno

B peaysabraTe BbINOANEHNS TPUBEAEHHOTO BbIIIE KOAA CBOMCTBa O6beKTa person
CTAHOBATCA AOCTYIIHBIMM TOJbKO M uTeHusA. M mobas monbIiTka M3MEHUTb HUX
(B maHHOM ciryyae — cBoicTBO _firstname) npusezer Kk ciaeayonieii ommoke:
TypeError: Cannot assign to read only propertyll

' firstname' of #<Person>
(Oumbxa coOJMOIeHUA TUMOB: NPUCBaMBaHME 3HAYEHUA

LOCTYIHOMY TOJIbKO IJid uTeHMA cBouCTBY _firstname
obbeKkTa TUIa Person 3amnpemeHo)

C nomompbio pynkuuu Object.freeze () MOXHO 3aMOPO3UTH U HacCJleAyeMble
cBoiicTBa. Hanpumep, 3amopaxusaHue 3k3eMILIsspa 06bekTa Tuna Student npowuc-
XOOAUT TOYHO TAKHUM XK€ o6pa30M: caenyst no Herno4kKke HPOTOTHHOB JAaHHOTroO 00B-
€KTa, OHO 3allHUIIa€T BCE €Iro CBOI?!CTB&, HacaeayeMbi€ OT THUIIA Person. Ho Takum
MEXAaHHU3MOM HEJIb3s1 BOCHIOJBb30BATbCA A1 3AMOPAKUBAHNSA BJIOXEHHbIX CBOMCTB
00bEKTOB, Kak [I0Ka3aHO Ha puc. 2.3.

B xauecTBe elle OJHOTrO npnMepa HpMBCLIeHO onpeaejJeHue Tuna Address:
class Address {

constructor (country, state, city, zip, street) ({
this. country = country;
this._state = state;
this. city = city;
this. zip = zip;
this. street = street;



Tasa 2. Cyenapuii evicuiezo nopadxa 61

get street() {
return this. street;

get city() {
return this._city:

get state() {
return this. state;

get zip() {
return this. zip;

get country() {
return this. country;

BHyTpeHHUe 06beKThi BLIXOAAT 32 NPEAESbl 3aMOPAXMBAHUSA,
obecneunsaemoro pyHkumen Object . freeze ()

j \

Person

\

Object.freeze (| firstname |);

_lastname person.address \
_address . }TT T T Address
_street
. ity
state
writable = false “country address.zip
zi —_— .
Sl | zipCode
' _code
writable = true ~location
writable = true

Puc. 2.3. HecmoTtpa Ha TO 4TO 06BLEKT TMNa Person 3aMOPOXEH, €ro BHYTPEHHUe

cBoiicTa (Hanpumep, _address) He 6binv 3amopoXeHbl. Takum 06pasom, BrOMeH-

HOe CBOWMCTBO person . address . country NOABEPHKEHO U3MEHEHWUAM. TaKoe 3amMo-

PaXMBaHME OKa3bIBAETCA ME/IKUM, NOCKONbKY 3aMOPOXEHbI TO/IbKO CBOICTBA Bepx-
Hero ypoBHA nepapxuu

U, x coxanenuio, HUKaKHX OMMGOK B ciaefyoumeM ¢pparMeHTe KojJa He BO3-
HUKHET:

var person = new Person('Haskell', 'Curry', '444-44-4444');

person.address = new Address('US', 'NJ', 'Princeton',
zipCode ('08544"','1234"),
'Alexander St.'):;
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person = Object.freeze(person);
person.address. country = 'France'; // -> Pa3spemeHo!
person.address.country; // -> 'France'

®Pyuxums Object.freeze () BbINOJHAET ONEPALMIO HEIYOOKOTO 3aMOpaXHBa-
Hus. B kauecTBe 0O6XOHOTO IIpHEMA BIOXKCHHYIO CTPYKTYPy OGbeKTa NPHIAETCS 3a-
MOPO3UTb BPYUHYIO, KaK [T0OKAa3aHO B IMCTHHTE 2.2.

JivcTvir 2.2. PexypcusHas GyHKUMuS Ana 3amopaxusaius o6nexra

Mpoiimues  var isObject = (val) => val && typeof val === 'object';
o Bcem coof- NponycTuts no6bie GyHkuun. U XOTA GopmanbHo PyHK-
?::“:::;:2:' function deepFreeze (obj) { yum 8 JavaScript moryT 6biTb MOAUGULMPOBAHLI, OCHOB-
T8 4 peNypCHOHO if (isObject (obj) < l HOE BHUM3HHE HY)XHO YAGAMTL CBOHCTBamM 06beKToB
BbI3BaTb ANA && !'Object.isFrozen(obj)) { WrHopMpoBaTh yiKe 3aMopoMeHHbie 06 beKTbi;
HAX GYHKLMIO ‘_—l 33MOpO3UTH Te 06BEKTHI, KOTOPbIE el He 3aMO-
Object. Object.keys (obj) . POMeNb!
("':::;:::: forEach (name => deepFreeze (obj[name])); BuiabisaTn ceba pexyp-
GyHKUuM npeob- <—I cusHo (nogpobuee o pe-
- Object.freeze (obj); 3aMOpO3NTL KOPHEBOH KYPCMM cM. 8 rnase 3)
pa30BaHuA nepe Jj j po! p
nCNAEMBIX } obvexr
anemeHToB

return obj;
CM. B rnase 3) }

HTak, MBI paccMOTpeM paji METOAUK, C TIOMOUIbIO KOTOPBIX MOXHO YCHJIMBAaTh
CTeNneHb HEU3MECHAEMOCTH B MPUKJIATHOM KOJ€, HO ObLIO Obl HEPEATMCTUUHO OXKH-
AaThb, YTO MOXXHO CO3/aBaTh lieJIble MPUIOKEHHUS, BOOOIE HE U3MEHSAA UX COCTO-
sauue. CneoBaTeIbHO, NIPU CO3JaHUM HOBbIX OO'bCKTOB M3 MEPBOHaYaIbHbIX (Ha-
npumMep, ¢ nomoubio GyHKIuM coordinate. translate () ) ype3BbIYaiiHO 110I€3HO
YCTaHOBMTb CTPOTHE NMPaBIIA, NBITASICh YMEPUTD CJIOXKHOCTH M XMTPOCIUIETEHUS B
NPHIOKEHUsAX Ha JavaScript. A Tenepb 06CyaAuM APyroi (pyHKIHOHANIBHBIN M10/IXO0/T
MO/] HA3BAHUEM AUH3bL B KAYECTBE HAWIyulllei albTepPHATHBbI IEHTPAIU30BAHHOMY
YNPaBACHHUIO HEU3MEHAEMOCTBIO U3MEHEHHH B OObEKTaX.

2.2.4. MNepemewiexne no rpagam 06bEKTOB M X
MoaudMKaLMa C NOMOLLLIO UH3

O6b1uHo B OOII npuHATO BRI3BIBATH METOABI, U3MEHAIONIUE BHYTPEHHEE CO-
AEPKHMOE COXPAHSIONIEr0 CBOE COCTOAHUE o6bekTa. HepoctaTok Takoro noaxo-
Ja 3aKJ1I0YAETCA B TOM, YTO HET HUKAKOW rapaHTHH, YTO B pe3y/IbTaTe U3BJICYEHHS
COCTOSIHMSA HE HApYWHUTCA (PYHKIIHOHUPOBAHHUE KAKOH-HMOYAb YaCTHU CHCTEMBI, I1€
OXMIAETCS, YTO OOBEKT OCTAHETCA B HEM3BMEHEHHOM COCTOSSTHUMU. MOXHO, KOHeU-
HO, HOMNbITATbCA PE€ATH30BATb CO6CTBCHHY10 CTpAaTEruio xonupo&auuﬂ npu 3anucu,
4TOObI BO3BPALIATL HOBbIE OOBEKTHI U3 KAXKAOTO BbI3LIBAEMOTO METOAA, XOTSH 3TO
TPYAOEMKMIA M upeBaThIii orbkamMu nnponecc. B Takom cityyae npoctoii METOA-yCTa-
HOBIIMK M3 KJ1acca Person Mor 6bl BBINIAAETD CJIeAYIOIUM 06pas3oMm:
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set lastname (lastname) {
return new Person(this. firstname, lastname, this. ssn); < ]

bi CocToAHKe BCeX CBOHCTB NPUXOAUTCA BPYYHYIO
KONKPOBATb B HOBbIA 3K3EMNAAP, YTO NPOCTO yacHo!

A Tenepb npejacTaBbTE, YTO BCE 3TO MPUAETCS MPOJEJIATb C KAX/bIM CBOHCTBOM
B OTAEJbHOCTHU KaX/JOTO THUIA B Ballleii MOJie M npeaMeTHoH obaactu. OdyeBHaHO,
Tpe6yeTcs Apyroe pemenue 3agauu MOANGUIMPOBAaHUS OOBEKTOB, COXPAHSIOMMX
CBOE COCTOSIHUE, YTOODI I€/1aTh 3TO HEM3MEHAEMO, HEHABA3UMBO U 6€3 KecTKoro
MOBCEMECTHOTO KOAUPOBAHUSA CTEPEOTUIIHOIO KoJa. Takum peueHueM ABASIOTCA
/UH3bL, THAYE HA3bIBAEMbBIE PYHKUUOHANbHbIMU ceblakamu. OHU npuMeHsIoTcs B OIT
AJIs1 ROCTyNa K CBOMCTBaM THUIIOB JaHHBIX, COXPAHAIOIUX CBOE COCTOSIHUE, YTOGBI
MaHHUIYJIMPOBaTh UMH HEU3MEHSEMbIM CIIOCO60OM. BHyTpeHHMIT MexaHU3M aeii-
CTBUSA JIMH3 aHAIOTMYEH CTPATETMH KOMMPOBaHUsA MPH 3anucH. /s 3TOro ucnob-
3yeTcs BHYTPEHHMUI KOMIIOHEHT XPaHEHMsi, KOTOPOMY M3BECTHO, KaK YNpaBJATh
COCTOSIHUEM HaJJIEKalKUM 06pa3oM M KONMPOBaTh €ro. ITOT MEXAHM3M HE HYXHO
PeaIM30BbIBATH CAMOCTOATEBHO, @ MOXXHO BOCIO/Ib30BaThCA (PyHKIMOHATbHOM Gu-
6amoTtexoit Ramda.js Ha JavaScript (moapo6GHee 06 3T0i 1 APyrux 6MGIMOTEKAX CM.
B npuioxeHun). [To ymonuanuio pyHkumoHaibHble cpeacTBa 6uéaoreku Ramda.js
AOCTYIIHBI Yepe3 IMoGaTbHbIi 06BbEKT R. Bpi3Bar MeToA R. 1ensProp (), MOXHO, Ha-
IIpUMep, CO3/aTh JIMH3bI, 3aKII0YaIONHE B 060I0YKY CBOMCTBO lastname o6bekTa
THMa Person, Kak NoKasaHO HHUXE.

var person = new Person('Alonzo', 'Church', '444-44-4444");
var lastnamelens = R.lenseProp('lastName');

A BbI3BaB METOA R.view (), MOXKHO IPOYHUTATh COACPAKHUMOE JAHHOIO CBOMCTBA
cJeAyioluM o6pa3omM:

R.view(lastnameLens, person); // -> 'Church’

Io CYIIECTBY, 3TO BCE PaBHO, YTO BbI3BaTh MeTOJ get lastname (), 4TO He OCO-
6eHHO BnieyamiseT. Korja e geyio 1oXoauT A0 MeToaa YCTQHOBKH, TOT/Ia M HAaUMHaA-
€TCA CAMO€ MHTEPECHOE. Tak, ecsin BbI3BaTh MeTOJ R. set (), Kak MOKa3aHO HUXKe,
OH CO3/1aCT Y BO3BPATUT COBEPUICHHO HOBYIO KOIIMIO o0beKTa, COJIePKallyl0 HOBOE
3HaY€HHE U COXPAHSIIOLIYIO NEPBOHAYAJIBHOE COCTOSTHUE IK3EMILISApaA. (CemanTHKa
KOIIMPOBAHUS NIPH 3AITHCH HE CTOUT HHuyero!)
var newPerson = R.set(lastnamelens, 'Mourning', person);

newPerson.lastname; // -> 'Mourning’
person.lastname; //-> 'Church'

JIMH3DBI HEHHDBI TEM, YTO OHU IPEJAOCTABIAIOT BaM HEHABA3UYMBbIN MEXaHM3M Ma-
HUITyJIMPOBAaHUA OOBEKTAMM, JAXKE €CJIM OHU SBJIAIOTCH YHACJIE€AOBAaHHBIMM WM HE
HaxoJATCA NOJ BallMM KOHTposeM. KpoMe Toro, JIMH3b1 11OAAEPAKHUBAIOT BJIOXKEH-
Hbl€ CBOICTBA, aHAJIOrM4YHbIe CBOMCTBY address U3 KJIacca Person:
person.address = new Address('US', 'NJ', 'Princeton’,

zipCode ('08544"','1234"),
'Alexander St.'):;
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B xayecTBe npuMepa HHXKE MOKA3aHO, KAaK CO3/laTh JIMHA3Y /UIsA IlepEMEIEHU 110
cBoMcTBY address. zip.
var zipPath = ['address', 'zip']; Onpeaenuts no-
var ziplLens = R.lens(R.path(zipPath), R.assocPath(zipPath)); Beaenne MeTonos

R.view(zipLens, person); // -> zipCode('08544', '1234') :g:::e"""ym'

brarogaps ToMy 4TO IMH3bI PEAIM3YIOT HEU3MEHSAEMbBIE METO/IbI yCTAHOBKH, UMe-
€TCSl BO3MOXXHOCTb U3MCHSATb BJIOKEHHbIE OOBEKTBI M B TO XK€ BPEMs BO3BpPaILaTh
HOBBIi1 OOBEKT THIIA Person:
var newPerson = R.set(zipLens, zipCode('90210', '5678'), person);
var newZip = R.view(zipLens, newPerson);
// -> zipCode('90210', '5678')
var originalZip = R.view(zipLens, person);
// -> zipCode('08544', '1234"')
newZip.toString() !== originalZip.toString(); // -> true

H 310 3aMeuaTebHO, MOCKOJIbKY TENEPh B BalleM PacNoOps)KeHUH UMEETCs ce-
MaHTHKA METO/IOB MOJy4€HHUsA U YCTAHOBKH CBONCTB OOBbEKTOB (PYHKIIMOHAIbHBIM
cnoco6oM. IToMHUMO TOro, YTO JIMH3bI NPEROCTAB/AIOT 3AIMTHYIO HEU3MEHSAEMYIO
060/104Ky, OHM OYEHb XOPOUIO COMIACYIOTCA ¢ MPUHATBIM B PIT npunnunom o6o-
co6J1eHus JJOTMKH AOCTYNA K CBOMCTBaM OT €aMOro 06beKTa, UCKII0Yass HeO6Xoau-
MOCTbD 110J1araThCsi Ha CCbLIKY this u npenocTabnss apdexruBHbie GyHKUMHU, KOTO-
PBIM M3BECTHO, KaK NMOJYYHUTb OCTYIl K COJAEPKHUMOMY JIOGOro 06beKTa U MaHMITY-
JIMPOBATb UM.

A Tenepb, KOrja CTalo NOHATHO, KAK MAHUITYTMPOBATb OObEKTAMHU HaUIEXAINM
06pa3oM, CMEHHM TeMY, OGpaTUBIINCH K PYHKIMAM. PYyHKINUN IPUBOJAT B IEHCTBUE
NOABMXXHBIE YaCTH NMPHJIOKEHHSA U COCTABJISAIOT CaMy CYTb (PyHKIIMOHAIBHOTO NPo-
rpaMMHPOBAaHMA.

2.3. OyHkuum

PyHKUMM ABIAIOTCA OCHOBHBIMU €IMHUIIAMU PaboThbl B PYyHKIHOHAILHOM MPO-
IPaMMHPOBAHHM, 2 3TO O3HAYAET, YTO BOKPYT' HUX COCPEOTOYEHO BCE OCTAIBHOE.
Pynxyus— 3TO M0GOE BHI3bIBAEMOE BbIpaXK€HHE, KOTOPOE MOXKET GbITh BLIYMCIEHO,
€CJIM TPUMEHHTDb K HeMy onepaiiuio (). ®yHKIMM MOryT BO3BpallaTh BbI3bIBAIOIE-
My KOy BbIUMCJIAeMOe WiIu HeomnpedesneHHoe (undefined B ¢pyHkumu tuna void)
3HaueHMe. A nockonbky ®IT geficTByeT BO MHOTOM MO MPUHIMIIAM MaTEMAaTHKH, TO
(yHKUMHM UMEIOT CMBICJI JIMIIb B TOM CJIy4ae, €CJIM OHHU BBIAAIOT N0/4e3HbLI, @ HE TTy-
ctoii (null) win HeonpeneneHHsplii (undefined) pesyssmam. B npoTuBHOM Coryuae
NPEeANnosaraeTcs, YTo OHU MOAM(UIIMPYIOT BHEUIHME JaHHbIE W BbI3bIBAIOT NOGOY-
Hble 3 dekThl. B nenax nanoxeHusa MaTepraia 3TOH KHUTY POBOAMTCSA pa3ivuiue
Mex Iy evipaxceruamu (T.e. yHKUMAMM, BbIIAIOWIMMH 3HaYEHUSA ) U onepamopamu (T.e.
yHKIMAMY, 1e BBIIAIOMMMH HUKAKMX 3HaUeHMi). MnepaTuBHOe 1 npoueypHoe
NPOrpaMMMPOBaHHE COCTOMT, IVIABHbIM 00Pa3oM, U3 yNOPAAOUEHHBIX MOCA€A0Ba-
TEJbHOCTE ONepaTopoB, a GYHKIIMOHAIBHOE MPOrPaMMHUPOBaHHUE — ITIOJIHOCTBIO U3
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BbipaxkeHuii. [TosTomy cieayer nsderarb pyHKIMIA, KOTOPBIE HE OTBEYAIOT Ha3HAYe-
HHMIO 3TOH MMapaZiurMbl MPOrpaMMHpPOBaHMS.

PyHkumH B A3bIke JavaScript 061a1a10T ABYMsl BAXKHBIMM XapaKTe pUCTHKaMH, 06-
Pas’yloMIMMH MPAKTHYECKYIO OCHOBY €ro (PyHKIHOHAILHOIO CTHJIS: OHH OTHOCATCA
K NEPBOMY KJIaCCy M BbIiCHIEMY nopsaky. O6e 3TH XapakTepHUCTHKH QyHKuMi GyayT
NnoJpo6HO pacCMOTPEHBDI Jajiee.

2.3.1. ®yHkuum nepBoro knacca

Tepmun nepewviii xaacc ynorpebasercsa B JavaScript noToMmy, 4To QyHKIHH, IO CY-
IECTBY, ABJISAIOTCA B 3TOM fA3bIKE OOBEKTAMHU, KOTOPbBIE TAKKE OTHOCATCS K IEPBOMY
K1accy. Bam, BeposiTHO, He pa3 BCTpeYaIHCh OObABICHUA PYHKIIMHA, aHATOTHYHbIC
CeyloneMy:

function multiplier(a,b) {
return a * b;

Ho B JavaScript npefocTaBasiorcs u Apyrue Bo3MOXHOCTH pyHKuMiA. Kak n 06b-
€KTbl, PYHKIIMH MOTYT NIPUCBaUBaThCA:

B nepeMEHHBIM B Ka4€CTBE AHOHMUMHOH PyHKIHUHM MIH NAMO/1a-BblpaXKeHUA
(noapoGHee o N1AM6Aa-BbIPAXKEHHUAX PeUb MOMJET B I1aBe 3):
var square = function (x) {
return x * Xx; AHOHMMHAA PYHKLMA

var square = X => X * X; g—~————— [IAM6aa-BbipaMEHHE

B cBOMCTBAaM OOGBEKTOB B KAUECTBE METO/OB:
var obj = {
method: function (x) { return x * x; }
}i
Ecanm pis Bbi3oBa q)yHKuuu CIyXHT onlepanus (), Kak, HanpuMep, square (2), To
¢yHKUHOHAIbHBINH OOGBEKT BbI3bIBAETCA CAEAYIOIUM OGpa3om:

square;
// function (x) {
// return x * x;
//}

HiMeeTcs Takoke BO3MOXHOCTD [OJY4YaTh 3K3EMILISAPbI PYHKLIMIA Yepe3 KOHCTPYK-
Topbl. M X0TA 3Ta npakTHKa HE OCOGEHHO PacNpPOCTPAaHEHA, OHA JMUUIHUKA pa3 10~
Ka3bIBa€T, YTO PYHKIUH B JavaScript OTHOCATCA K nepBoMy Kiaccy. /lisa nonyyenus
3K3eMIUIAPa (PYHKIUH KOHCTPYKTOPY NepenaeTcs paa GpoOpMaibHbIX 11apaMeTPOB
€€ TeJIo, a TAKXKE YKa3bIBaeTCs KJII0YeBOe CJIOBO New:

var multiplier = new Function('a', 'b', 'return a * b');

multiplier(2, 3); // -> 6
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Kaxnas ¢yHkums B JavaScript sBnseTcs ak3emmigpom tuna Function. C no-
MOMIBIO CBOHCTBA (PyHKIMH 1ength MOXKHO U3BJIEKATh KOJIMYECTBO €€ (POPMaIbHbIX
NapaMeTpoB, a ¢ IOMOWbIO METOAOB apply () M call () — BbI3bIBATh (PYHKIIMM BMeE-
CTe ¢ UX KOHTEKCTaMH (1opo6Hee 06 3TOM — B CJIEYIOHIEM pa3jerie).

B npaBoii 4acTH BbIpaK€HUS aHOHMMHOH (PYHKIIMH yKa3bIBaeTCsl PYHKIIMOHAb-
HBIi1 OOBEKT C HYCTbIM CBOMCTBOM name. Mcnosib3ys aHOHMMHbIE (DYHKIIMH, MOXHO
paclIMpUTh WIH KOHKPETU3UPOBATh NOBEACHHE (PYHKIMH, [I€EPEaB UX B KaueCTBe
aprymeHTOB. PaccMOTpHM B KauecTBe NpuMepa BCTPOEHHYIO B JavaScript gynkuuio
Array.sort (comparator), KOTOPOH B KaueCTBe NapaMeTpa nepeaaeTcs PyHKuHo-
HaIbHBIH 00beKT KoMIapaTopa. 1o ymonuanuio pynkums sort () npeobpasyeT co-
PTHpPyeMble 3Ha4€HHs B CHMBOJIbHbIE CTPOKHM, UCNO/Ib3ysA UX 3Hauenus B [OHukoze
B KaueCTBE KpUTEPUsA COPTUPOBKHU. Ho 3TO orpaHn4MBaeT COPTHPOBKY M He BCerzia
OTBEYAET KOHKPETHBIM noTpe6HOoCTAM. Hike npuBeseHb! 1Ba npyuMepa npuMeHe-
HUA PyHKUMM sort ().

var fruit = ['Coconut', 'apples']:; Nponucubie 6yksbi B KOHMKOAE BCerpa
fruit.sort(); //->['Coconut', 'apples'] 4——-' NPEALIECTBYIOT CTPOUNbIM GykBam

var ages = [1, 10, 21, 2]; Yucna npeobpasyioTca B CHUMBOABHBIE CTPOKM W
ages.sort(); // ->[1, 10, 2, 21] 4—-‘ CPaBHHBAKOTCA NO UX KOAOBLIM TOUKam B IOHKHKOgE

B urore nosesenne pyHkunuM sort () HEPEAKO ONPEENAIOT KPUTEPHH, PEaIU3y-
emble B pyHKnMM comparator (), koTopasi caMa 1o ce6e NpaKkTHYeCKH Gecnone3Ha.
VYxazas Cl'lCLIPIaJIbeIﬁ aprymem* (pyHKIIHPI, MOXHO IIO6P[TI>CH HaUI€XXalulero BbINOJI-
HEHMSA OllepalMii YMCIOBOTO CPaBHEHMA, OTCOPTHPOBAB JIIOAEH 1O BO3PACTy, KaK
IIOKA3aHO HHXKE.

people.sort (( pl, p2) => pl.getAge() - p2.getAge());

Pynkumm comparator () nepesaeTcs JBa napaMeTpa, pl U p2, o cJeAyIoluM
KOHTPAaKTOM.

B Ecau ¢yHknmsa comparator () BO3BpaTUT 3HaY€HHE MEHbIIE HYJs, TO Mapa-
MeTp pl JO/KEH C/IeI0BATh IIPEeX/ie lapaMeTpa p2.

B Eciu ¢ynknus comparator () BO3BPaTUT HyJIEBOE 3HaUYEHME, TO MOPAROK
CJ1IeJOBaHMS MMApPaMeTPoB Pl u p2 ocTaeTcs 6€3 U3BMEHEHHUS.

B Eciu gynkums comparator () BO3BpaTHUT 3HaueHME GoOJIblle HyJsA, TO Mapa-
MeTp Pl JO/KEH CE€0BATh M0C/I€ ITapaMeTpa p2.

IMomumo Toro, uro pyHk1MM B JavaScript MOXKHO NIPUCBaMBaTh, UM MOTYT NEepea-
BaTbCA APyrue PyHKIMU B KAaYECTBE APITYMEHTOB MOJAOGHO YIIOMSHYTOM Bbllle QyHK-
1um sort (). M B 3TOM OTHOIIEHUH OHU OTHOCATCS K KATETOPUM PYHKUULL 6blcutezo
nopaodxa.

2.3.2. dyHKuMM BbiCLLIEro NopAAKa

Eciu pynkunm BeayT ce6st kak OGbIYHBIE OOBEKTDI, TO COBEPIIEHHO ECTECTBEHHO
IPE/INONIOKMTD, YTO UX MOXHO NlepeiaBaTh APyruM (PyHKIIMAM B Kaue€CTBE apryMeH-
TOB M BO3BPaMlaTh U3 JIpyrux ¢pyHKiuii. [IoaToMy oHM Ha3bIBAIOTCA PYHKUUAMU EbLC-
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wezo nopadxa. [ pumepom ToMy CIykHMT PyHKIUA comparator (), KoTopas nepeja-
eTcs PyHKUMM Array.sort () B KauecTBe apryMeHTa. PaccMOTpHUM BKparTiie Apyrue
[pUMepbl TpUMEHEHHS (PYHKIMIT BBICHIETO NMOPAAKA.

B npuBeneHHOM HMXe (pparMeHTEe KOJa AEMOHCTPHPYIOTCA (YHKLHH, KOTO-
pble MOTyT GbITb nepeiaHbl ApyruM ¢yHkuuaM. B yactHocTH, dyHkuuu apply
Operation() mepesaeTcs ABa apryMeHTa M J1io0asi onepaTopHas PyHKIUs, BHIIOJ-
HSIOIIAs HYXKHYIO HaM OIlepalMIO HaJl 3TUMH apPryMEHTaMM.
function applyOperation(a, b, opt) { <~—-——l ®yHKunio opt () MOXHO Nnepeaaty

return opt(a,b); B KauecTBe aprymeHTa ApYrum GyHKUMAM

}
var multiplier = (a, b) => a * b;
applyOperation(2, 3, multiplier); // -> 6

B caenyomem npumepe GyHkuuu add () nepesaeTcst apryMeHT, a OHa BO3Bpalila-
€T (PyHKIIUIO, KOTOPOH, B CBOIO OY€pe/ib, NEPEJAETCS BTOPOH apTyMEHT, 3HaY€HHE
KOTOPOI'O CK/IaJ(bIBAE€TCS C IEPBbIM aPTyMEHTOM:

function add(a) {

return function (b) { <——’ ®yHKUKA, BO3BpaLLaeman
return a + b; u3 Apyroi GyHKuMmM

}
add(3) (3); // -> 6

Brarozaps ToMy yTo ¢yHKIMM B JavaScript OTHOCATCS K IEPBOMY KJIACCy M BBIC-
meMy NMopsAJIKy, OHM MOTYT BECTH C€OSl KaK 3naueHus. ITO O3HAYAET, YTO PyHKIHUA
B JIAaHHOM CJIy4a€e OKa3bIBAETCA He 60JIee YEM NPOCMO HbIUUCLEHHBIM FHAUEHUEM, KO-
TOpOe OZHO3HAYHO (M NO3TOMY HEU3MEHAEMO! ) 3aBUCHUT TOJIBKO OT 3HaUY€HHIH BXOJ-
HBIX JAHHBIX PYHKIMH. DTOT NPUHIMI COOIIONAETCA BO BCEM, YTO NMPHUXOJAUTCS Jie-
JaTh B (PYyHKIMOHAIBHOM MPOrPaMMUPOBAHHH, OCOOEHHO MPH CBA3bIBAHHH (PYHK-
LM B IIEMOYKH, KaK NosAicHAeTcA B iase 3. IIpn nocTpoennu nenouex dbynkumii s
yKa3aHHUA Ha OTAEJbHbIE YAaCTH MPOrpaMMbl, KOTOPbIE JOJDKHbI BBITIOJHATBCA KAk
YaCTH 11€JI0T0 BBIPAXEHHS, BCEr/ia HCIOJIb3YIOTCA MMEHA (PyHKIMIA.

@®yHKIMHU BBICIIErO MNOPSAAKA MOXHO COEJHHATb BMECTE JUISl COCTABJICHHUS OC-
MBIC/IEHHBIX BbIPaXX€HHII M3 6oJiee MEJIKMX YacTel, ynpomas TeEM CaMbIM MHOTI'UE
porpaMmbl, KOTOpble MHauYe 6bUIO Gbl TPyAHee Hanucathb. JlonyctuM, Tpebyercs
BBIBECTH CIHUCOK Jiofei, npoxusaomux B CIHIA. Tlepsoe pemenue 3Toi 3agaum,
BEPOATHO, GyIET NOJOGHO CJIcAyIOlIeMy UMIIEPATUBHOMY KOJY:
function printPeopleInTheUs (people) {

for (let i = 0; i < people.length; i++) {
var thisPerson = people[i];

if (thisPerson.address.country === 'US') { l Buizsatb metog toString ()
console.log(thisPerson); AR KIMAOTO O vexTa
}

} I Napamertpbi p1, p2, ¥ p3 ABARIOTCA

printPeopleInTheUs((pl, p2, p3]): aK3emnaApamu Tna Person
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A Tenepb gonycTuM, TpeGyeTcss o6ecneunTh TAKXKE BHIBOJ CIIMCKA JIIOAEH, Mpo-
JXHBAIOIUX B JIPYrUX cTpaHax. C noMomupio (PyHKIUI BBICIIEro NOPSAKA MOXKHO U3-
SIIIHO abCTParMpoBaTh AEHCTBUE, BBIIOIHIEMOE ISl KAXKJI0r0 YeloBeKa (B JaHHOM
cJIydae — BBIBOJ CBEJICHHI1 O HEM Ha KOHCOJb). C 3To# nebio PyHKIMHM BBICHIETO
nopsjaka printPeople () MOXHO CBOGOAHO NepeaaTh M06yi0 PyHKIUIO, BLINOIHSA-
JIOHIYIO HY)XHOE A€UCTBUE, ONIpEJEIsieMOe TapaMeTpoM action:
function printPeople(people, action) {

for (let i = 0; i < people.length; i++) {
action (people[il);

var action = function (person) {
if (person.address.country =
console.log(person);

'us') |

printPeople (people,action);

Jlna Takux A3BIKOB, Kak JavaScript, XxapakTepeH MOpsiJoK 0603Ha4YaTh UMEHa
(pyHKIMI MAacCHBHBIMU CYIECTBUTENbHBIMU Bpofe multiplier, comparator u
action. A NOCKOJIbKY OHM ABJIAIOTCA QYHKIMAMM IEPBOTO KJIACCa, TO MX MOXKHO IpH-
CBaMBaTh NIEPEMEHHBIM M BBINOJHATD B MOCIEAYIONMEe MOMEHTBI BpeMeHu. Huxke
IIPUBE/JICH PEOPraHU30BaHHbII BapuaHT QyHKNMK printPeople (), rae B MOJIHOM
Mepe MCMOJb3YIOTCA (PYHKIIMH BbICHIETO NOPAAKA.

function printPeople(people, selector, printer) {
people. forEach(function (person) { ®yHkuua forEach () Hanucaxa
if (selector (person)) { 8 GYHKUUOHANLHOM CTHUAE, YTO
. . npeanouTUTENbHEE OPraH3aLMK LUKAOB;
printer(person); noapobHee 06 3Tom cm. B Creaylolueli rnase

}):

Bnarogapa npumeHeHunio GyHKUMi
var inUs = person => person.address.country === 'US'; | sbicwero nopagxa HaunHaer
NPOABAATLCA AEKNAPATHBHDIA
XapaxTtep Koga. U3 3TOro BbipameHun
COBEPLWEHHO ACHO Ha3HayeHne
nporpammbi

printPeople (people, inUs, console.log);

HMeHHO Takoil Tl MBIIIJIEHUA BaM HYXXHO Bblpa6OTaTb, 4TOOBI ITOJIHOCTBIO OC-
BOUTDb Cp)’HKI_lHOHaJIbHOC IIporpaMMHpOBaHHE. B nannom IIPpUMEPE HAIVIAAHO IMOKa-
3aHO, 4YTO npumam{oﬁ KOJ CTa/l HAMHOTIO 6Gosee I‘YIGKI/IM, €M B [IEPBOHAYA/IBHOM
BapHAHTE, ITIOCKOJIbKY OH IMO3BOJIAET 6bl(‘,Tp0 CMEHUTDb (PUIPI HaCTpOHTb) KPpHUTEPpHH
Bbl60pa, a TAK)K€ U3MEHHUTDb MECTO BbIBOJA IIOJYy4Ya€MbIX PE€3yJIbTATOB. 1ot TeMe
MMOCBAUICHBI I'NIABbI 3n 4, rae pacCMaTpHBaETCA TaKKe MIPHUMEHEHHE CITELIHAIbHbIX
6uGIMOTEK JUUIS1 CBSI3bIBAHHUSA onepaum‘/’l B TEKYUHE€ IIENNOYKH U ITIOCTPOECHH S CJIOXKHDBIX
INporpamMm 13 NpocCTbIX YacTe.
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3a6eras snepea

Cnenaem KpaTkuii nepepbis B 06CYyKAEHUM OCHOBHbIX A3bIKOBbIX CpeacTs JavaScript,
4yT06bI euwe 6onblue ycoBepWEHCTBOBATL PACCMATPUBaEeMbIv B 3TOM pa3aene npumep
nNporpammol, ONMPARCb HA HEKOTOPbIE NOHATUA, KOTOPbIX Mbl BKPaTLE KOCHYNUCH pa-
Hee. MpeAacTaBAeHHbIA 34eCb cNOCO6 HAaNUCaHUA NPOrpaMm MOXET NOKa3aTbCA BaM
HEMHOrO CNOXHbIM, HO BCKOPE Bbl HAy4yMTeCb NUCaTb CBOM NPOrpamMmbl NoAo6HbLIM
cnocobom, npumeHas metoaukn ®MN. B yactHocTn, pyHKumm, obecneymnsatowme A0-
CTYN K CBOMCTBaM 06BbEKTA, MOXXHO CO34aThb C NOMOLLBIO IMH3 Cheayowmm obpasom:
var countryPath = ['address', 'country'l]:
var countryL = R.lens(R.path(countryPath), R.assocPath(countryPath));
var inCountry = R.curry((country, person) =>

R.equals (R.view(countrylL, person), country)):

TaKoit koA, BbIFNAAUT HAMHOTO 60n1ee GYHKLMOHANBHO, YeM Npexae:
people.filter(inCountry('US')) .map(console.loq);

Kak BuauTe, Ha3saHUe CTPaHbl CTAHOBUTCA eLe OAHUM NaPAMETPOM, KOTOPbIN MOMK-
HO M3MEHMUTL Kak yroaHo. Noapo6Hee 06 3TOM peub NOMAET B NOCNEAYIOWMX FNaBaX.

®yukuuu B JavaScript He TOJbKO BBI3BIBAIOTCSH, HO U IpUMEHsIOTcA. PaccmoT-
PHM NOAPOGHEE 3Ty XapaKTEPHYIO OCOGEHHOCTb MEXaHM3Ma BbI30Ba (PyHKIIMiA
B JavaScript.

2.3.3. CnocoGbi Bbi3oBa GyHKUMM

MexanuaM BbI30Ba (pyHKNMI B JavaScript siBaseTC BECbMa MHTEPECHOM YacThio
3TOTO A3BIKA, OTIMYASACH OT AHAIOTMYHbIX MEXAHU3MOB B IPYyTUX S3bIKaX NMPOrpam-
mupoBaHus. B s3bike JavaScript npesocrasiseTcsa noaHas ceo6oja g onpejene-
HHS IMHAMHUYECKOTOo KOHTEKCTa, B KOTOPOM Bbi3biBaeTcs QyHKuusA. Peub uger o
TOM, YTO B MOMEHT BbI30Ba (PYyHKIIMM MOXXHO M3MEHMTb 3HaY€HHE CChUIKHU this,
KOTOpas ucnosb3yercs B Teae ¢pyHkuund. PyHkuuu B JavaScript MOXHO BbI3bIBaTh
caMbIMM Pa3HbIMM ClIOCOGaMM.

B Kak mro6anbHyio ¢pynkumio. B 3Tom ciyyae cepuika this ycranasampaercs
Ha IOGIbHBIN 06BbeKT (global) WM BooOGIE HMEET HEONPEAENEHHOE 3Ha-
4yeHue (undefined) B crporom pexume:

function doWork() {

this.myVar = 'Some value'; Npu sbizoBe GyHKUnM doWork ()
} KaK rnobanbHoM ccbinka this Gyger

doWork() ; yKa3biBaTb Ha r106anbHbii o6bexT

® Kak MeToa. B atom ciyuae ccbuika this GyaeT ykasniBaTh Ha Biajeblia Me-
TOA2. DTO OYEHb BAXHAA YepTa O6GBEKTHO-OPUEHTHUPOBAHHOIO XapaKTepa
JavaScript:

var obj = {
prop: 'Some property',
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getProp: function () {return this.prop} NP Bbi30BE MeTOA ANA 06vexTa
}i ccbinka thi s Gyaer ynasvisars Ha
obj.getProp(); BNAAEIOUWMA ITHM METOROM O6bEKT

B Kak KOHCTPYKTOp, IpeBapsieMbIi KIIOU€BbIM CJIOBOM new. B aTom cryuae
HesIBHO BO3BPAIAETCS CCbUIKA HA BHOBb CO3/IaHHBII O6bEeKT:

function MyType (arg) { Npw 8bi30BE GYHKUMM
this.prop = arg; <¢-—————————- CKNIOYEBbIM CNOBOM N@W
} ceoinky this Gyaer ynasbisats
< Ha C03aBaeMbli M HEABHO
B803BpawaeMblid 06beKT

var someVal = new MyType('some argument');

Kak ciesyeT 3 npuBeICHHDIX Bbllll€ IPUMEPOB, B OTJIMUHE O APYTHX A3bIKOB PO~
rpaMMHMpPOBaHHs, 3HAYE€HHE CCbUIKM this ycraHaBiMBaeTcs B 3aBUCUMOCTH OT TOTO,
KaKUM o6pa3oM Hcnosb3yeTcs (pyHKIUA (Kak mobaibHasA, KAk METOA OObEKTa, Kak
KOHCTPYKTOP M T./I.), @ HE OT €€ JIEKCHYECKOTO KOHTEKCTA (T.€. €€ MECTOIONIOXEHUSA
B MICXOJJHOM KOJi€). ITO MOXET 3aTPYAHHUTb MOHMMaHHE HCXOJHOTO KOJIa, MOCKOJIbKY
B JIAHHOM CJTy4a€ HEOO6XOJUMO yAENIHTh MPHUCTAIBHOE BHUMAHME TOMY KOHTEKCTY,
B KOTOPOM BBIMOJTHAETCA (PYHKIMA.

Marepuan 1aHHOrO pa3jieia BKJIOYEH B 3Ty IVIaBy IOTOMY, YTO BCAKOMY pa3paboT-
UMKy NPHIOXKEHUH Ha JavaScript oueHb BaXXHO 3HAThb, KAKUM O6Pa3OM BbI3bIBAIOT-
ca ¢ynknmu. Ho, kak He pa3 oTMeyanoch paHee, cCbUIKa this pesko npuMeHseTcs
B (PyHKIIMOHATLHOM TPOrPaMMHPOBAHHH, U Ha CAMOM JIeJie BCET/Ia CTpeMsATcs u3be-
XaTb €€ MCIOJIb30BaHHA MI000i 1IeHoii. TeM He MeHee OHa MHTEHCHUBHO NPUMEHSAET-
cs1 pa3paboTurkaMu 6M6IMOTEK U MHCTPYMEHTAIBHBIX CPEACTB B OCOGBIX CIIydasXx,
Korjaa TpebyeTcsi NOXYUHUTD A3BIKOBOM KOHTEKCT, YTOObI IOOGMTHCS HEBEPOATHBIX
ycnexoB. M ¢ 3Toii 1es1blo HePEAKO NPUMEHAIOTCA METOAbI PyHKIMIA apply () U
call().

2.3.4. Metoabl GyHKUMA

B sasbike JavaScript noaaepxusaeTcs BbI30B PYyHKIMIT Yepe3 MX METOAbI call ()

u apply (), noao6GHbIe METAQYHKIIMAM U OTHOCAIIHECSH K IPOTOTHITY BbI3bIBA€MOH

¢yskuun. O6a MeToAa LIMPOKO MPHUMEHSAIOTCS IPH MOCTPOEHHH KapPKaCHOro KOJa

¢ TeM, 4yToGbI nosib3oBarean uuTepgeiica APl Moriu co3nasaTh HoBbIE PYHKIIMH U3

ye cymecTBylomux. Hike B kauecTBe KpaTKOro npumMepa IpMBeA€cHO onpejeJe-
Hue GyHKIMU negate ().

KOTOPOW B KaYecTse NapameTpa nepeaaeTca Apyran

function negate( f unc) { - GYHKUMA ¥ BO3BPALLAIOLLYIO ewie OAHY GYHKUNIO,
return function() { OTPULAIOLLYIO PeSYAbTaT ee BbiNONHEHHA

return !func.apply(null, arguments);<——l Bubi3satb metop Function. apply (),
bi
}

l Co3patb GyHKUMIO BbiCWero NOpAAKa negate (),

4T06bl BHINOAHUTD BAHHYIO GYHKUMIO
€ €@ NePBOHAYANbHBIMH aPryMEHTaMH

function isNull(val) { @ OnpeaenuTb GyHKUNIO
return val === null; isNull()
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var isNotNull = negate(isNull); 4——i Onpeaennutb GyHKUMWIO i sNotNull ()
KaK oTpuuaHKe GyHKumMK isNull ()

isNotNull (null); // -> false
isNotNull({}); // -> true

Pynxuus negate () co3gaeT HOBYIO (PYHKIMIO, 3aIyCKAIOULYIO Ty (PYHKIIMIO, KO-
Topas GbLra llepefaHa GYHKIMM negate () B KAYECTBE API'YMEHTA, a 3aTE€M JIOrHye-
CKM OTPHMUAIOUIYIO NOJy4EHHbIH pe3yasTaT. B JaHHOM npHMepe MCNoJb3yeTcs Me-
TOA apply (), HO C TEM Xe yCrexoM MOKHO 6bUIO Obl IPUMEHUTD M MeTo call ().
OT1iMuMe 3aK1I049AETCA B TOM, UTO MeTOAy call () nepesaeTcs CIIMCOK apryMeHTOB,
TOI/Ia KaK MeTOAy apply () — maccuB apryMmeHTOB. [lepBbiM aprymenToMm thisArg
MOXHO BOCIIOJIb30BATbCA U1 H3MEHEHHS KOHTEKCTa (PYHKLHHM B CJIy4ae HEOOX0au-
mMocTu. Huxe npuseeHbl CUTHaTypbi 0GOHMX METO/IOB.

Function.prototype.apply(thisArg, [argsArray])

Function.prototype.call (thisArg, argl,arg2,...)

Ecnu aprymeHT thisArg cchliaeTcsi Ha OOGBEKT, TO B HEM XPAHMUTCS CCbLIKA 00Db-
€KT, /Il KOTOPOTO BbI3bIBAETCSA JaHHbIH METOJ. A eciu apryMeHT thisArg npuHu-
MaeT yCTOe 3HaueHHe Null, To B KayecTBe KOHTEKCTa PYHKIMH 3aJa€TCs [M106aIb-
HbIH OOBEKT, M OHa BEJET ce6s Kak npocTas rmobaibHas ¢pyHkums. Ho ecam paHHblii
METOJ OKa3bIBaeTCs (pyHKIME B CTPOrOM pexuMe, To eMy (pakTH4YeCKH NepesaeTcs
MyCcTOE 3HaYeHue null.

ManunyaMposaHre KOHTEKCTOM (QYHKIIMU Yyepe3 apryMeHT thisArg oTkpbiBaer
NyTb /I BHEAPEHUA paslinyHbIX MeToAMK. Ho B yHKIIMOHANIBHOM NporpaMmupo-
BaHUH 3TO HE IOOMPAETCS, MOCKOJIbKY B HEM BOOOIIE HE YUUTHIBAETCA COCTOSTHHE
KOHTEKCTa (HallOMHUM, YTO (PYHKIMSAM BCE JaHHBIE IePEAAIOTCs B Ka4eCTBE apry-
meHToB). [ToaTOoMy He GyneM Gosbllie TPATUTh BPEMSt M MECTO Ha OGCY»KIEHHE I10-
JAOOHOM BO3MOXXHOCTH.

HecMoTps Ha TO 4TO 6€CrnoJe3HO yIOMHHATD OO IOGIBHBIN KOHTEKCT WIN
Xe KOHTEKCT OObEKTa B CBETE (PyHKIMOHATBHOTO Xapakrepa JavaScript, uMeeTcs
OJIMH OCOObII KOHTEKCT, KOTOPbIi BCE XK€ CJIeAYET MMETDb B BITY. ITO KOHTEKCT (PyHK-
uuu. Ho 4yToGbl IOHATDH €ro, HYXHO YAICHMTb MOHATHUSA 3aMbIKaHUi U o6acTeit BU-
AMMOCTH.

2.4. 3ambikaHua U 06nacTM BUAUMOCTHU

Jlo nosiBrenus JavaScript 3aMbIKaHHS CYyLIECTBOBIN TOJBKO B TeX sidbikax PII,
KOTOPbIE€ HAXOAWIH CrelluaibHOe npuMeHenHe. U Tosbko B JavaScript 3aMbikaHus
6bL1M BHEIPEHBI B MACCOBYIO Pa3paboTKYy, CYIECTBEHHO U3MEHHB MOPSA/IOK HaNMCa-
HUs KoJa. B kauecTBe npuMepa pacCMOTPHM ellle pa3 onpejeieHue Tuna zipCode:
function zipCode (code, location) {

let _code = code;
let _location = location || '';
return {

code: function () {
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return _code;

}I

location: function () {
return _location;

b

}:

BuuMmaTenbHO NpoaHasM3UpPOBaB NMPUBEACHHDINA Bbillle KOJA, MOXKHO NMPUHTH K
BbIBOZY, uTO (yHKIMA zipCode () BO3BpaIaeT 0GLEKTHBIH IMTEpA, Y KOTOPOTO,
1O-BH/IMMOMY, MMEETCA TOJIHBII JOCTYT K IEPEMEHHBIM, OObSBJICHHBIM BHE 06J1aCTH
ero sujumocTH. MHbiMM croBam, no 3aBepuiennn ¢yHkumnm zipCode () nosyyae-
MOMY B MTOT€ OGBEKTY MO-TIPEXHEMY MOXET ObITh ZOCTyNHA HHpOPMaLHs, OObIB-
JIEHHas! B 3TOH oObeMIolIeil ero PyHKIMH, KaK ITOKA3aHO HUXe.

const princetonZip = zipCode('08544', '3345'");
princetonZip.code(); //-> '08544"'

ITO KaXeTCs HECKOJbKO 06ECKYPaXHBaIOIMM, HO BCE IPOUCXOAMT Grarogaps
3aMbIKaHMIO, KOTOPOE 06pa3yeTcss BOKPYr OGbABICHHUIT 06beKTOB M (PyHKIMI1 B
JavaScript. Tako# c1oco6 nocTyna kK JaHHBIM HaXOAHUT HEMAIO NPUMEPOB NIPAKTH-
4€CKOro NPUMEHEHHS, U B 3TOM Pa3/iesie Mbl PACCMOTPHM HPHUMEHEHHE 3aMbIKAHHI
AJS 3MYJMPOBAHHUSA 3aKPbITBIX I€PEMEHHBIX, U3BJIeY€HHs JAaHHBIX U3 CEpBEpa U
HPUHYIUTEIBHOTO 33JaHHS [€PEMEHHBIX ¢ 6JI0YHO# 061aCThI0O BUIMMOCTH.

3amvikanue — 3TO CTPYKTYPa AaHHBIX, NPUBA3bIBAIOIaA (PYHKIMIO K €€ OKpyXxe-
HHIO B MOMEHT e€ 06bsiBieHUsA. OHO OCHOBBIBAETCS HA TEKCTOBOM MECTOIOJIOXKEHHH
06bsABNEHUSA (PYHKIHH ¥ TIO3TOMY HHAY€E HA3bIBAETCSH CMAMUUECKOU WIN LEKCUNECK Ol
obracmuio sudumocmu, oKpyxaioueii onpegeaeHne QyHKIMH. A MOCKOJIbKY 3aMblKa-
HUE 1IPCOCTABIAET PYHKLMH JOCTYI K OKPYXaIOLEeMy €€ COCTOSIHUIO, OHO Je1aeT
MCXOJIHBII KO ACHBIM U yao6ounTaembiM. Kak GyieT nokazaHo HMXe, 3aMbIKAHUS
CJIYXAT BaXXHbIM 110/ICTIOPbEM HE TOJILKO ISt paGOThI ¢ (PYHKIMAMM BBICHIETO MOPAJI-
Ka B (pyHKIIMOHAIbHBIX NPOrpaMMax, HO U JUIsi 0OOPabOTKM COObITHI M OOGPATHBIX Bbl-
30BOB, 3MY/JIMPOBAHHS 3aKPbITbIX IEPEMEHHBIX M 00X0/1a HEKOTOPBIX NPENATCTBUM,
CKPBITBIX B JavaScript.

[MpaBuna, onpegensiomme nNoBeAeHNE 3aMblKaHUA (PYHKLUMHU, TECHO CBA3AHbI
C NPUHATBIMU B JavaScript npaBuiaMu cobmogeHms ob6acTu BUAMMOCTH. B o6.1a-
CTH BUAMMOCTH IPYIINUPYETCS PAA NPUBA3OK NIEPEMEHHDIX U ONPEeIAETCA y9acTOK
KoJja, rie oobasagiorcs nepemensbie. I1o cymectsy, 3ambikanne GpyHKIMH Hacaexy-
€T 06J1aCTH BUJAMMOCTH NMOJAOGHO TOMY, KaK METOJI OOBbEKTA NMOJy4YaeT AOCTYH K nepe-
MEHHDIM 3K3EMILIAPA, KOTOPbIE HACJIEAYET 3TOT OObEKT. B 060Mx cirydyasx umelorcs
CCBbUIKM Ha POJMTENbCKHE 3JIEMEHTBI. 3aMbIKAHMSI HETPYAHO OGHAPYKHUTb BO BJIO-
XKeHHbIX pyHkuusax. Huxke npuseseH KkpaTkuii ToMy npuMep.

function makeAddFunction (amount) { i ®yukumaadd() nexcuyeckm censana
function add(number) { ¢ $pyHKumei makeAddFunction ()
return number + amount; ¥ NOAYMaeT AOCTYN K nepemenHOH

{ amount
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return add;
}

function makeExponentialFunction(base) { | ®ywkumaraise () nexcudecknu

function raise (exponent) { cBA3aHa C PyHKLueH
return Math.pow(base, exponent); | RakeExponentialFunction()
} M NOAYYaET AOCTYN K NepemeHHoN base

return raise;
}
var addTenTo = makeAddFunction(10);
addTenTo (10); // -> 20

var raiseThreeTo = makeExponentialFunction(3);
raiseThreeTo(2); // -> 9

CrneayeT 0co60 NOAYEPKHYTH, YTO B JAHHOM NMpPUMEPE NEPEMEHHBIE amount
U base 6oJbllle He HAXOAATCA B AKTUBHOM 0GJIACTH BUAMMOCTH 06eUX PyHKLUH.
Tem He MeHee OHM JOCTYNHbI U3 Bo3Bpamaemoi ¢yHknuu npu ee soidose. [lo cy-
IeCTBY, BJIOXKEeHHbIe PyHKIHMH add () M raise () MOXHO pacCMaTPHBAThb KaK TaKHe,
KOTOPbIE HE TOJIBKO YIIAKOBbIBAIOT CBOM BbIYMCJIEHHS, HO U JIEIAI0T MOMEHTAIbHbIE
CHUMKH BCEX OKPYXAIOIMX MX NlepeMEHHbIX. B 60J1ee o61ieM cMbiciie, KaK NIOKa3aHO

Ha puc. 2.4, 3aMbIKaHHE BKJIIOYAET B ce6a cieayomee.

B Bce mapameTps! pyHKIMHM (B JAHHOM CJTyyae — params U params2).

B Bce NnE€peMEHHbDIE U3 BHeEIlIHei 06acTh BUIUMOCTH, B TOM YHCJIE U BCE IO~
GasibHblE NEPEMEHHbDIE, A TAKXKE TC IIEPEMEHHbIE, KOTOPbIC ObLIH OOBSIBJIEHBI

nocse GyHKIMM (B JaHHOM CJIyyae — nepeMeHHas additionalvars).

<< BHeluHss obnacTtb Buaumoctu (rnobanbHas) >>
function makerInner (params)

<< BHyTpeHHsas 06nacTb BUAMMOCTU >>
return function inner (params2)

<< Teno ¢pyHkuun >>

var additionalVars;

Puc. 2.4. 3ambikaHue BKAOUaeT B ce6a nepemeHHble,
HaxoAawwmeca BO BHelwHel (rnobanbHoi) obnactu
BMAMMOCTH, BHYTPEHHEe 06/1acT BMAUMOCTH poau-
TEeNbCKOM QYHKUMM, @ TaKKe NapameTpbl poauTeNs-
CKO GYHKUMMU U OONONHUTENbHbIE NEepeMeHHble,
obbaBneHHble nocne o6vaBNeHUA GyHKUUK. B Koae,
o6pasylouem Teno GyHKUMKU, MoryT 6biTb 4OCTYNHbI
nepemeHHble U 06bEKTbI, onpegeneHHbIe B Kamaon
13 3TUx obnacrei suaumocTy. Bce dyHKUUM pasge-
naoT 06uyio rnobanbHylo 06nacTb BUAUMOCTH
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B smcTunre 2.3 neMoHcTpUpyeTcs, KAKUM 06Pa30M AEHCTBYET 3aMbIKaHUE.

Nuctunr 2.3. [leiicTBne 3ambiKaHUR

06baBHTL r06anbHyl0 06 . v
B . nepemenHylo outervar ABKUTL NEPEMEHHYI0 innerVar,
‘f’ar zlftervai ; 'Out(er ' T P Y ABNAIOWLYIOCA NOKANBHOR ANR QYHKLUH
unction makeInner (params makeInner ()
var innerVar = 'Inner'; «&— - .
function inner() { < 06bABMTL GYHKLUHIO inner (), B 3ambiKaHUe KOTOPO

BR/HOYAIOTCA NepemeHHbie outervVar u innerVar
console.log(

‘I can see: ${outervVar}, ${innerVar}, and ${params}’);
}

return inner;

} Bubi3Bath PyHKUMIO makeInner (),
yro6bl BO38PaTUTL GYHKUMIO inner ()
var inner = makeInner('Params');

inner(); <@———— OyHKUMA inner () AOCTOBEPHA M 6NArONOAYUHO NEPEUBAET BLINOAHEHHE €€ BHEWHEH GYHKLWN

B pe3ybraTe BbIIIOJTHEHHUA HCXOAHOIO KOJa U3 JIMCTHHTA 2.3 Ha 3KpPaH BbIBOAUT-
Ci caenymoumee COO61].ICHI/!CI

'I can see: Outer, Inner, and Params'

Ha nepBblii B3, AeiicTBHE 3aMbIKAHMS MOXXET IMOKA3aThCSI HEJIOTMYHBIM U
JlaXke TAMHCTBEHHBIM. Beib lokasibHbIE NepeMeHHbIe (B JaHHOM CTy4yae — innervar)
O0BbIYHO MPEKPALIAIOT CBOE CYHIECTBOBAHUE WM COOMpaIOTCA B “Mycop” noJe Bo3-
BpaTa U3 PyHKNMU (B JaHHOM ciayyae — makeInner ()), a CJIEAOBATEIbHO, JOKEH
ObIThb BbIBEIEH HeonpeaeneHHplit (undefined) pesyabrar. Tem He MeHee oHM HpO-
JOJKAIOT CYIEeCTBOBATh 6J1aroiaps YyAeCHOMY A€HCTBHIO BHYTPCHHETO MEXaHU3Ma
3aMbIKaHMiA. B yacTHOCTH, QyHKIUA, Bo3BpamaeMas U3 ¢yHKuuU makelInner (),
3aIIOMMHAET BCe MEPEMEHHbIE U3 CBOEH 06JIACTH BUAMMOCTH B TOT MOMCHT, KOT/Ia
OHa OODBABNAETCA, a TAKKE IPENATCTBYET MX yTHWiM3anuu. [lo6anbHas 061acTh BU-
JAMMOCTH TaK)Ke BKJIIOYAETCA B 3TO 3aMbIKaHHE, 0OecreyrBas TEM CaMbIM JOCTYH K
nepeMeHHoi1 outerVar. Mpl elle BepHeMcs B IVIaBe 7 K 3aMbIKAHHSIM H TOMY, 4TO
BXO/IUT B KOHTEKCT (PYHKIHH.

B ¢Bsi3u ¢ M3J10XKEHHBIM BbIIIE MOXET BO3HMKHYTh BOIIPOC: KAKMM 06pa3oM nepe-
MeHHbIe (Bpoae additionalVars), o6baBiseMble 1ocae OObABICHUSA PYHKIMH,
MOTyT GBbITb TaKXe BKJIIOYEHBI B €€ 3aMblkaHHe? /It OTBETa Ha 3TOT BONPOC HYXKHO
3HaThb, 4TO B JavaScript uMeloTcs TpU (GOPMBI ONpeAeIeHHUs] 06JaCTH BUIAMMOCTH:
mio6aibHasA, 06/1aCTh BUAMMOCTH (PYHKLHH 1 IICEBI06IIOKA.

2.4.1. TpyaHocTk, cBSi3aHHbie C coOniogeHnem
rno6anbHoi o6nacT BMUAUMOCTH

I'mo6anbHas 064acTh BUAMMOCTH ABJsETCS NpocTeiimei, HO U caMoi XyAuIeH
dopmoit onpenenenus o6aacTy BUAMMOCTH. JIIo6ble OGBEKTDI U IEpEMEHHbIE, 00D
ABJICHHbIE HA CAMOM BHEIIHEM YPOBHE CLIEHAPUA U HE BXOAAIIME HU B OHY M3 (PYHK-
Ui, BKJIIOYAIOTCA B 2106aivnyto obracms eudumocmu U AOCTYNHBI /Ui BCETO KOJA
JavaScript. Hanomuum, 4To B pyHKIIMOHAJIBHOM IIPOrpaMMMPOBAHUM TpeCcje/lyeT-
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¢l 1eJb MPEAOTBPATUTh PACIPOCTPAHEHME JIIOObIX HAaGII0IaEMbIX U3MEHEHHH 32
npezaens! pyHkumii. Ho B mo6aibHO# 06JacTH BUAMMOCTH KaXKasi BbINOTHAEMAas
CTPOKa KOJIa MPMBOAMUT K BUJIMMbIM U3MCHEHUAM.

[MTonp3oBaThCs MOGAIBHBIMHU ITIEPEMEHHBIMU COGIA3HUTENBHO, HO OHH OKa3bIBa-
I0TCst OGIMMM JUIAl BCEX CLIEHAPHEB, 3arPYXKA€MbIX Ha CTPAHMIIE, @ 3TO MOXET JIETKO
NPUBECTH K KOH(IMKTAM IPOCTPAHCTB UMEH, €CJIU KOA JavaScript He ynakoBaH B MO-
Aynu. 3acopeHne Mo6GaIbHOTO NPOCTPAHCTBA MMEH MOXKET BbI3BAaTh OCJIOXKHEHHUS,
MOCKOJIbKY NepeMeHHbIe ¥ PyHKIMH, OGbABICHHbIE B Pa3HbIX (aiiiax, MOTYT GbITDH
nepeornpeieeHbl.

Io6anbHble NepeMeHHbIe OKAa3bIBAIOT BPEAHOE BIUSHME, 3aTPYAHAS NIOHUMAaHHUE
MPOrpaMM, NMOCKOJIbKY B 3TOM CJIy4ae IPUXOJMUTCA AEPXKATbh B yME€ COCTOSIHUE BCEX
3THX NEePEMEHHBIX B 060 MOMEHT BpemeHH. M 3To oHa U3 IMIaBHBIX NPUYMH, 11O
KOTOPbIM CJIOXXHOCTDb IIPOTPaMMBbl BO3PACTa€ET MO MEPE yBeJUYEHUA 0ObeMa UCXOI-
Horo koja. Hatnune ro6aibHbIX NEPEMEHHBIX CIIOCOGCTBYET TAKXKE MPOABIECHHUIO
no6o4HbIX 3¢¢eKTOB B PYHKIMAX, MOCKOJIbKY NIPH YTEHMH WIH 3alIMCH JIAHHBIX B
HUX HEeH36eXXHO 00pa3yloTCsl BHEIIHUE 3aBUCUMOCTU. U yxe Tenepp J0/KHO GbITh
0YEBHJHO, YTO €CM nucaTh Ko B cTwie PII, To ynorpebierus mobaibHbIX nepe-
MEHHBIX cJleJlyeT U36eratnb Jmo60ii ieHOi.

2.4.2. O6nactb BugumMocTu pyHkumit JavaScript

B s3bike JavaScript 3To HanGosee NpeAnoYTUTENbHas opMa onpejaeaeHus o6-
JacTi BUAMMOCTH. JlioGbie nepeMeHHble, OObABICHHbDIE B (PYHKIIMH, OKA3bIBAIOTCA
JIOKQJIBHBIMM [UIsi He€ M HEBUJIMMBIMHU (T.€. HEAOCTYIHbIMU) Gonbiie Hurge. Kpome
TOro, NIPU BO3BpaTe U3 (PYHKLHH JTOObIC OObABICHHDIE B HEH JIOKA/IbHBIE 1IEPEMEH-
Hble yransiorcd. Tak, B cieayomem npumepe:
function doWork() {

let student = new Student(...);
let address = new Address(...);

// BHIMOJNHUTHL NOMNOJIHMUTEJIbHBIE NeACTBUA
i
nepeMeHHble student u address npuBa3anbl K QyHKIUM dOWOTK () ¥ HELOCTYIIHBI
3a ee npeaenamu. Kak nokasano Ha puc. 2.5, MMCHa nnepeMEeHHbIX pa3pelnaloTcs aHa-
JIOrMYHO MMEHAM B LIENIOYKe IPOTOTHIIOB, KaK MOACHAIOCH paHee. ITOT MPOLECC Ha-
YHHAETCA C BHYTPCHHEH 06/1aCTH BUAMMOCTH M ITPOOJKAETCA HapyKy. Mexanuam
onpejesicHUs 061aCTH BUAMMOCTH B JavaScript AeiicTByeT cefylomuM o6pa3oM.

1. Ilposepsierca 061acTb BUAMMOCTH (PyHKLMH, B KOTOPOH BCTPETUIOCH UMS
11IePEMEHHOM.

2. Ecim 3HaueHHe nepeMEHHOH OTCYTCTBYET B IOKAJIbHOM 0061aCTH BUIUMOCTH,
IIPOMCXOAHUT NEPEXOJ K OKPYXKAIOIIEH ee JTEKCHYECKOH 061aCTH BUAUMOCTH,
IZIc CCbLIKA Ha ME€PEMEHHYIO UIETCA 0 TeX MOp, MOKa He OyleT JOCTUTHYTa
mo6anbHas 061aCTh BUAMMOCTH.

3. Ecim 3HayeHHe nepeMeHHOIl TaKk U He ObUIO HaHJIEeHO, TO BO3BpallaeTcs He-
omnpeneneHHoe 3HavyeHue undefined.
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PaccMoTpum creayiomuii npumep Koja:
var x = 'Some value';
function parentFunction() {
function innerFunction() {
console.log(x);
}

return innerFunction;

}

var inner = parentFunction();
inner();

Koraa BpisbiBaeTcs ¢yHkuusa inner (), uHTepnperatop JavaScript 3amyckaet
IPOLIECC MOMCKA 3HAYEHHS NEPEMEHHOM X B MOCJIE€/I0BATEIbHOCTH, IPHBEAECHHOIM
Ha puc. 2.5.

MNposepuTb 06nacTL MposepuTb POAUTENLCKYIO NposepwuTb rnobanshyo
BUAUMOCTU BYHKUNK o6nacTb BUANMOCTH obnactb BuauMocTH
T MepemeHHas
>4 - o undefined
Het Her " Her
fa Aa la

¥

MonyunTs 3HaueHne nepeMeHHon  MNonyunTb 3Ha4eHue NnepeMeHHon  Mony4uTL 3HaYeHNe NepeMeHHOH

Puc. 2.5. NopaaoK paspeweHna MMeH, NPUHATLINA B JavaScript. CHayana NoOUCK 3HaYeHUA nepe-

MEHHO X NPOU3BOANTCA B 6aKKalLeNn, OKpyxKaowiel ee 061acTM BUGUMOCTH, @ 3aTeM NPoaON-

aeTcA Hapyxy. Npu 3Tom cHavana nposepaeTca 06nacTb BUAMMOCTH GYHKUMM (T.e. NoKanbHan

0bnacTb BUAUMMOCTH), 3aTEM NPOUCXOAUT NEPEXOS K POAUTENbCKOM 061acTM BUAUMOCTH, ecnmn

TaKoOBaRA CyLWeCcTBYET, U, HakoHew, — K robanbHou 06nacTn BMAMMOCTH. ECu NnepeMeHHan x He
HailaeHa, GyHKUMA BO3BPATUT HeonpeaeneHHoe 3HaveHne undefined

Ecsm y Bac uMeeTcs OnbIT IPOrpaMMUPOBAaHMsA Ha KAKOM-HMOYAb APYyroM s3bIKe,
Bbl, BEPOSITHEE BCETO, NPUBBIKJIU M0JIb30BAaThCA 061AaCTbIO BUAMMOCTH (YHKIIMH.
Ho npunumas Bo BHumanue C-noao6HbIN CMHTAKCHUC A3bIKa JavaScript, Bbl BpaBe
0XKH/IaTh, YTO AHAJIOTMYHBIM O6Pa30M AEHCTBYIOT 061aCTH BUAMMOCTH 6J10Ka KOJa.

2.4.3. O6nacTb BUAUMOCTH NceBpobnoka

K coxanenuio, B crangapte ES5 a3sbika JavaScript He nmoaaepxusaeTcs 061acThb
BUJIMMOCTH Ha YpPOBHe 6JI0Ka KOJIa, 3aKiio4aeMoro B ¢pUrypHbie CKOGKH {} B TaKUX
YIPaBJISIONINX CTPYKTYpax, Kak oniepatopsl for,while, if u switch. Mcxmodyennem
M3 TOro NpaBHJA ABJAETCA NEepeMeHHas omuOKM, nepexaBaeMas 61oky catch.
O6aacTh BUIMMOCTH 6J10Ka MOXET COGMIONATBCSA B OnepaTrope with, HO oH 6onbiie
HE PEKOMEHJ0BaH Il IPMMEHEHHS M MCKIIOYAaeTCA B CTPOroM pexxume. B apyrux
C-nopo6HbIX A3bIKaX IEPEMEHHAsA, OObsABIsEMasn B 6JI0Ke YCIOBHOTrO oniepaTopa if
(B MpUBEIECHHOM HMXXE MIPUMEpPE — NePeEMEeHHas myVar), HeAOCTYIHA 32 NpeAeaaMu
aToro 6J10ka KoAa.

if (someCondition) {
var myVar = 10;
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3TO MOXKET CMyTHUTb TEX Pa3pabOTYMKOB, KOTOPbIE PUBBIKIHU K IOZ0GHOMY CTH-

JIO NMPOrpaMMMPOBAHMSA U TOJILKO HAYMHAIOT OCBaMBaTh JavaScript. B cBsaau ¢ TeM
4TO B JavaScript co6JII0aeTcs UCKIIOYMTEIBHO 061aCTh BUIMMOCTH (PYHKIIMH, JIIO-
Oble mepeMeHHble, OObABJIsAEMbIE B 6JI0KE KOJa, IOCTYIHBI B IIO60M MecTe PyHKIMM.
JlaHHOE OrpaHMYeHHEe MOXET CTaThb HACTOAIMM KOUIMAapOM JUIsi POrpaMMHUPYIO-
IMX Ha JavaScript, HO 3TO MPENATCTBHE BCE-TAKH MOXHO NpeoxoneTb. PaccmoTpum
cJelylolHii IpUMEpP Koja:
function doWork() {

if (!myVar) {

var myvar = 10;
}
console.log(myVar); //-> 10

}
doWork () ;

B ranHom npumepe nepemeHHas myvVar oGbsB/€Ha B 6JI0KE YCIOBHOTO OlIEPATO-
pa if, TeM He MeHee, OHa IOCTYIIHA 3a nepejeaaMu atoro 6joka. Ho, kak nu ctpan-
HO, B pe3y/ibTaTe BbINIOJHEHUS KOJA U3 JAHHOTO MPUMEPA HA 3KPaH BbIBOAWTCS
3HaueHue 10. Takoii pe3yabTaT MOXET 033la4UTh, OCOGEHHO TEX pa3paboOTYMUKOB,
KOTOpbl€ NPUBBIKIN K 60jiee pacpOCTPAHEHHOM 00JacTH BUAMMOCTH Ha ypOBHE
6s10ka Ko/ia. BHyTpeHHuii MexaHuaM JavaScript mogHUMaeT OObABIEHUA NIEPEMEH-
HBIX M (PYHKIIMH IO BEPXHETO YPOBHs TEKyIEH 061aCTH BUIMMOCTH (B IAHHOM CJTy-
4ae — o61acTH BUAUMMOCTH yHkuum). M 3To MOXET clie1aTh pUCKOBAHHBIM HANMCa-
HMe nMKI0B. O6paTuTe 0c060€ BHMMaHHE Ha CJIEAYIOUIMIA IDUMEDP UCXOZHOTO KO/Ia,
IpUBE/JCHHDIN B IUCTHHTE 2.4.

Jinctunr 2.4. NpoGnema HEOAHO3IHAYHOCTH CHETYMKA LMKNA

var arr = [1, 2, 3, 4];
function processArr() {

function multipleByl0(val) ({
i=10;
return val * i;

}

for(var i = 0; i < arr.length; i++) {
arr[i] = multipleBylO(arr(i]);

}

return arr;

}

processArr(); // -> [10, 2, 3, 4]

B naHHOM npuMepe cYeTUMK HMKIA i nepemeneH HaBepx ¢yHkuuu multiple
Byl0() u BKIIOYaeTcs B €€ 3aMblKaHHME. 3a6bIB yKa3aTb KJIOUYEBOE CJIOBO Var B
OGBbSIBJICHUM NIEPEMEHHOH 1, MBI HE CMOXKEM CO3/1aTh 3Ty NEPEMEHHYIO C JIOKaTbHOM
06J1acThIO BUAMMOCTH B (PyHKIIMM multipleByl0 (), a 3HaUYeHHE CUETUYMKA LIMKIA
cJIy4aitHo u3MeHHUTCca Ha 10. CHayasa NpoMCXOAMT MOAHATHE OODbABIEHUS Nepe-
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MEHHO#1 i M ycTaHOBKa B Heil HeomnpeaeleHHoOro 3HayeHus undefined, a 3arem cii
NIPUCBaMBaACTCs 3Ha4eHUe 0 MPH BbINOIHCHMU NMKIA. B mase 8 6yaer npoaemon-
CTPHUPOBAHO NOBTOPEHME 3TOM K€ NPo61eMbl HEOTHO3HAYHOCTH MPH BBIYMCICHUM
HEGIOKUPYIOIMX ONEpanMii B IUKIaX.

OTyacTv paspemuTb NOAOGHbIE 3aTPYAHEHHS TTOMOTAIOT XOPOUIME HHTErPHPO-
BaHHbIe cpeabl paspaboTku (MCP) u cpeacTBa KOHTPOJIS KauecTBa KOAA, HO M OHH
OKa3bIBAIOTCA 6ECCUIbHBIMM NEPE] COTHAMM CTPOK koAa. B caeaylomeit rmaBe Mbl
paccMoTpuMm Gosice COBEPIIEHHBIE PELICHMS, KOTOPbIE OKa3bIBAIOTCS HE TOJILKO M3
SIHBIMHK, HO U M€HEE NMOABEPXKEHHBIMM OUIMOKAM, 4eM CTaHJAPTHbIE HUKJIbL. JTO
METO/IMKH, B KOTOPBIX B II0JIHOM MEPE MCIIONb3YIOTCH (PyHKIIMH BBICIIETO NMOPSAZKa,
4TO MOMOTraeT 060HTH NOAOGHbIE MPENATCTBUA. B npuMepax U3 3Toii 1aBbl He pa3
AEMOHCTPHPOBATOCH IPUMEHEHHE KIIOYCBOI'O CJIOBA let, BHEIPEHHOTO B CTAHAAPT
ES6 a3bika JavaScript. OHO noMoraeT pa3pemuThb Npo6JeMy HEOHO3HAYHOCTH CUET-
4MKa HMKIa G1arojapa HajyleKaleld NpUBA3KE 3TOTO CYETUYUKA K OXBAThIBAIOIIEMY
ero 6JI0Ky KO/Ia, KaK IMOKa3aHO HHXe.
for(let i = 0; i < arr.length; i++) { Kmouesoe cnoso 1et paspewaet npobnemy

// ... NOAHATHA NEPEMEHONH i W NPaBMAbHO Onpeaennert

} 06nacTb ee BUAMMOCTH. 32 Npeaenamm UuKNa
nepemeHHan i He onpeaeneHa

i; // i === undefined

JTO Wwar B NPaBHJIbHOM HANPaBJIE€HHUU M MPHYMHA, 10 KOTOPOH JIyyllle M0J1b30-
BaTbCA KJII0YEBbIM CJIOBOM let, 4eM KI04YeBbIM CJIOBOM Var NMpH o6bABJIEHUH NiEpe-
MEHHBIX C OrPAaHUYEHHOH 061aCTbIO BUAUMOCTH, XOTS Y OPraHHU3yeMbIM BPYUYHYIO
IIMKJIOB MMEIOTCS IPYTHE HEJIOCTATKH, O YCTPAHEHUH KOTOPBIX peyb NOHJET B CIEAY-
1onieit rape. Mitak, paccMOTpEB, YTO MMEHHO BIJIIOYAETCS B 3aMbIKaHHE PYHKIHHN U
KaKMM 06pa3doM 3TO B3aMMOCBSA3aHO C MEXaHU3MaMH onpe/iesieHus obacTeit BUIH-
MOCTH, nepeiieM K MpaKTHYECKHUM NIPUMepaM IIPUMEHEHHS 3aMbIKAHMIA.

2.4.4. NpaxTuyeckne npuMepbl NPUMEHEHUS 3aMbIKaHNA

3aMbIKAHUA HAXOAAT HEMAJIO NMPAKTHYECKUX NMPUMEPOB PUMEHEHUS, KOTOPbBIE
OY€Hb BAXHO UMETb B BU/IY, PEAIM3ysl KPyllHbl€ MporpamMMbl Ha JavaScript. OHu xa-
PaKTepHbl He TOIBLKO It GYHKIHOHAILHOIO MPOrpaMMHPOBAHHSA, XOTS B HUX Bbl-
IOHO MCMOJIb3YETCSA MeXaHU3M (pyHKnui JavaScript. 3aMbIKaHUSA IPUMEHSAIOTCS
B CJIEIYIOIHX LEJIsX.

B OMyIHpOBaHHE 3aKPbITHIX € PEMEHHDIX.

B OpraHu3alms aCHHXPOHHBIX BbI3OBOB Ha CTOPOHE CepBepa.
® OMynupoBaHHE IEPEMEHHBIX € 6J04YHOM 061aCThIO BUAMMOCTH.

AMynupoBaHHe 3aKpbITbIX NEPEeMEHHbIX

B ommume ot JavaScript, BO MHOTHX /IPYTHX SI3bIKaX MPOrpaMMHPOBaHUSA NIPERO-
CTaBJIAETCA BCTPOCHHBII MEXaHU3M VISl ONIPeieIEHUs BHYTPEHHUX CBOMCTB 06bek-
Ta C NOMOIbIO MOAM(UKATOPOB A0CTyNa BpoJe private. B saspike JavaScript oT-
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CYTCTBYeT COGCTBEHHOE KII04EBOE CJIOBO V11 OObABICHHS 3aKPBIThIX IIEPEMEHHBIX
1 (PYHKIHMIHA, JOCTYIHBIX TOJBKO B 06JaCTH BUAMMOCTH oObekTa. MHKancyasuus
MOXeET MOHTH Ha MOJIb3y HEU3MEHSIEMOCTH, MTOCKOJIbKY He/Ib3 U3MEHUTD TO, YTO
HEJOCTYIIHO.

Ho Takoe noseseHNe MOXHO C3MyJIMPOBaThb C MOMOINBIO 3aMbIKaHMIi. Xapak-
TE€PHBbIM TOMY IPUMEPOM CJIYXKHT BO3BpaT OObEKTA IOZOOHO TOMY, KAK 3TO CAEIAHO
B YIIOMMHABIIMUXCA paHee ¢yHkuuax zipCode () u coordinate (). 3th pyHKuMM
BO3BPaAlIAIOT OGBEKTHBIE IMTEPAIbI C METOAAMH, KOTOPbIE€ MMEIOT JOCTYTI K JIIOGBIM
NePEMEHHDbIM U3 BHEITHUX (PYHKIIMIA, HO HE PacKphIBAIOT 3TH NIEPEMEHHBIE, IO CY-
IIECTBY, ieJIasl UX JIOKAJIbHBIMHU, MJIHM 3aKPbITBIMH.

3aMbIKaHHsA MOTYT TaKXe IIPeJOCTaBUThb CIIOCOO yNpaBJIeHUA OGAIbHBIM NpPO-
CTPaHCTBOM MMEH, YTOObI U36€KaTh NIOOAIbHO BUAMMBIX O6IMX JaHHbIX. Co3aaTen
6M6IHOTEK U MOJY/IEH HAXOAAT JTydlliee NPUMEHEHHE 3aMBIKAHNAM, CKPbIBast 3aKpbl-
Tbl€ METOABI M NIEPEMEHHBIE B LIEJIbIX MOAYIAX. DTO mabiaoH “Moayas” (Module),
Ha3bIBA€MbIH TaK [MOTOMY, YTO JUISl MHKAIICYIALIMH BHYTPEHHUX NIEPEMEHHBIX B HEM
TIPUMEHSAETCS HeMeONeHHO 8bi3bieaemoe Pynkyuonarvnoe evipancenue (IIFE), Ho B TO
*e BpeMs JOITyCKAETCA 3KCIIOPTHUPOBATh HyXHble (PYHKIHOHAIbHbIE CPEACTBA BO
BHEUIHMI MHUP M 3HAYMTEIBHO COKPATHTD KOJHUYECTBO MIOOAIbHBIX CChUIOK.

Npumevanune

B kauectse obwelt HOpMbl NepefoBON NPAKTUKN BECb PYHKUMOHANBHBIN KOA PeKo-
MEHAYeTCA YyNaKoBbIBAaTb B XOPOWO MHKANCynaMpoBaHHble mMoaynu. Bce OCHOBHbie
NPUHUMUNbI GYHKLUUOHANBHOIO NPOrPpaMMUPOBaHUA, PACCMaTPUBAEMbIE B ITOU KHUre,
MOryT 6biTb BNO/THE NEPEHECEHbI M HA YPOBEHb MOAYNEH.

Hwxe npuBeseH KpaTkuii IpUMep 3arOTOBKH MOJYJs®.
NPUCBOUTL MR GYHKLUUM CHOBA, YTOGbI

8 N106biX AAHHDIX TPACCHPOBKM CTEKA, BLIBO-
AUMDBIX B pe3ynbTaTe OWKGKM, MOXHO 6bino
var MyModule = (function MyModule (export) { AICHO OnpeaennTs Bbipaenwe HIFE
let myPrivateVar = ...; 4——| 3aKpoiTbie nepemeHHbie, HeAOCTYNHbIE 33 NPeAenamu
A3aHHOK GYHKUMK, HO AOCTYNHDIE ANA 06ONX METoA0B
export.methodl = function () { <

// BHIOMHUTL HyXHHE HeHCTBUS MeToas!, rnobanbho skcnoptupyembie
B npegenax o6nacTu BURUMOCTH
06beKTa, YTO NPUBOAKT K CO3RAHUIO
NCeBAONPOCTPAHCTBA MMEH

export.method2 = function () { -
// BHIOJIHUTbL HYXHHE IEeNCTBUSA

}: OA/MHOuUHDIA 06BEKT, 0XBATLIBAIOWMI Y3CTHBIM 06pa-
30M BCE CKPbITOE COCTORHKME W meToabl. B yactHoCTH,
return export; merog methodl () MOXHO Bbi3BaTh NO CCbINKE
} (MyModule || {})): MyModule.method1 ()

* Bosiee noAPOGHO pa3iMyHbIE THIIbI 1AGJOHOB MOyl NOACHAIOTCA B CTaThe JavaScript
Module Pattern: In-Depth, onryoankosanHoit benom Ueppu (Ben Cherry) B ero 6;1ore Adequately
Good 12 mapta 2010 roaa (http://www.adequatelygood.com/JavaScript-Module-
Pattern-In-Depth.html).
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O61bexT MyModule cosaaeTcs Mo6aIbHO U IepefaeTcs PyHKIIMOHAIbHOMY BbIpa-
XKEHHIO, COCTABJIAEMOMY C IIOMOIIBIO KJII0YEBOTO ¢10Ba function u BbINOAHAEMOMY
Cpasy e MocCJIe 3arpy3ky clieHapus. biaroaaps onpezaenesnmio 061acTH BUAMMOCTH
B JavaScript nepeMeHHas _myPrivateVar u io6ble Apyrue 3aKpbiThie epeMEHHbIE
OKa3bIBAIOTCA JIOKAIbHBIMU U1l OXBaTbiBaomel ¢ynkinuu. MMenHo 3ambikaHue,
OXBaThIBalolliee 06a 3KCIMOPTHPYEMBIX METO/A, MO3BOISIET OGBEKTY 6J1aronoJIy4Ho
110Jly4aTh AOCTYT KO BCEM BHYTPEHHUM CBOMCTBaAM MOAYJsA. ITO HEOGXOAUMO LIS
TOTO, YTOOBI CBECTH K MUHMMYMY CJI€/IbI ITIOOAILHOM AEATEILHOCTH U B TO )K€ BpeMs
PACKPBITb OOBEKT C MHKAIICYIMPOBAHHBIM B 3HAYUTEIbHOM CTENIEHU COCTOAHHUEM U
nosejeHueM. Takoi ma6s10H MOAy/IA GbUI BHEAPEH BO BCeX (PYHKIMOHAIBHBIX OH-
61MoTeKax, yHOMMHAEMbIX B 3TOH KHUTE.

OpranHu3auna aCUHXPOHHbIX BbI30BOB Ha CTOPOHe cepBepa

@PyHKIUM NEPBOTO KJIacca M BHICIIETo MOPsAJAKA MOXHO nepefasaTh B JavaScript
APYrUM (PYHKUVSAM B BI€e OOpaTHBIX BbI30BOB. OOpaTHBIE BBI3OBBI HCIIOJIB3YIOTCS B
KayecTBe NEPEXBATYMKOB COOBITHI Il X 0O0pabOTKH Majlo3aMETHBIM CIIOCOGOM.
JlomycTuM, TpeGyeTcs CAENaTh 3aNPOC K CEPBEPY C YBEAOMJIEHHEM O NOJyYeHUH OT-
BCTHBIX JaHHbIX. TpajuIMOHHbIN NOAX0A K PEMIEHHIO 3TOH 331a4l COCTOMT B TOM,
4TOObI MPEAOCTAaBUTh (PYHKIMIO OOPAaTHOrO BbI30Ba, KOTOpas o6paboTaeT 3anpoc,
KaK I10Ka3aHO HMXeE.

getJSON('/students',
(students) => {
getJSON (' /students/grades’,
grades => processGrades (grades), ‘-—J O6paborarb ownbkm
error => console.log(error.message)); U3BAGYEHNA OLEHOK

O6paborarb 06a otBera

b

(error) => console.log(error.message) O6patiorars oumbun ussnevenun

A3HHDBIX 06 YYawmxca

Pynxums get JSON () OTHOCHUTCA K KATETOPHHM BbICIIEro nopsaka. B kauecrse ap-
I'YMEHTOB eii nepealoTcs ABe PYHKIMM O6paTHOTO BbI30BA: 11 00paboTKM 3anpoca
NpH yIa4HOM HCXOZ€e M 06paboTKH OMHOOK IIPU HeylauHOM Hcxoge. O6ias 3ako-
HOMEPHOCTD, HabJII0IaeMasi B CBA3M C ACHHXPOHHBIM KOJOM U 06pa6oTkoil coObI-
THH, 3aKTIOYAETCA B TOM, UYTO IyGOKO BIOXXEHHbIE BbI30BbI (PYHKILUI MOIYT JIETKO
3aBECTH B TYIIHK JI060r0 KBaIM(PUIHPOBAHHOIO pa3paboTuMKa. ITO NPUBOAHT K He-
NpUATHOM po6ieme “Hen36eKXHON MMPaMHUIbl OOPAaTHBIX BBI3OBOB”, KOTI/Ia TpebyeT-
Csl CIEIaTh HECKOJILKO 110CJIEIOBATENbHBIX 3aNIPOCOB K cepBepy. Bol, BeposTHO, o
COGCTBEHHOMY ONbITY 3HAETE, HACKOJBKO TPYAHO OTCJIEAUTDb IYGOKO BJIOXKEHHbIM
koJ. [ToaTomy B r1aBe 8 GyayT npeAcTaBleHbI HOPMBI 11€PEOBOI MPAKTHUKH, O3B0~
Jso1He npeo6pa3oBaTh TaKOM KO B 60J1€€ TEKYUHE U IEKTapaTUBHbIE BbIPAXKEHUS,
KOTOPbIE JIOITYCKAIOT CBA3bIBAHHE B LIETIOYKY BMECTO BIOXKEHHUSA.

AmMynuposaHue nepemeHHbiX ¢ 6104HON 06naCcTLIO BUAMMOCTH

”CHOJ’IbS}’ﬂ 3aMbIKaHHsl, MOXXHO NPEAOCTABHUTb AJIbTCPHATHBHOEC pEICHHUE ITPO-
0J1eMbI HE€OJHO3HAYHOCTH CHYETYHKA LUHKIA, ﬂeMOHCTpHpOBaBmeﬁCH B IIpUMEpPE U3
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auctunra 2.4. Kak ynomMunanocs paHee, B OCHOBE 3TOH Npo6jeMbl JIEKHT OTCYT-
cTBHE B JavaScript CEeMaHTHKH /11 06J1aCTH BUMMOCTH 6JI0KA, ¥ MO3TOMY €€ IIPUXO-
JAMTCSI KAKUM-TO O6Pa30M CO3/1aBaTh (MM 3MYJIMPOBaTh) UCKYCCTBEHHO. C MOMOMIBIO
KJIIOYEBOTO CJIOBa let MOXHO pa3peiiuTb MHOTHE 3aTPYAHEHHUs, BOSHHKAIOIUE B
TPaAUIMOHHOM MEXaHU3ME OPraHM3alMH IUKIOB, HO (PYHKIHOHAIbHBIH MOAXO
3aKJ1I0Ya€eTCsA B TOM, YTOGbI BHITOJHO BOCIOJIb30BaThCs 3aMbIKAHUAMM U ONpeJeis-
eMoii B JavaScript 061acThiO BUAMMOCTH, a TAKXXE PACCMOTPETb BO3MOXHOCTD IS
npuMeHenms ¢ynknuu forEach (), kak nokasaHo Huxe. Bmecto Toro 4yto6sr 3a60-
TUTBCSA O NPUBA3KE CUETUYMKA LIMKJIA U JIPYTHX NIEPEMEHHBIX K 06J1aCTH BUAMMOCTH,
MO3KHO 3aKJIIOYUTD TEJIO IIHK/IAa B 060JI04KY, C3MYJIHPOBaB 610K 06/1aCTH BUAMMOCTH
¢ynxuuun B oneparope uvkia. Kak noscHsercsa ganee, 3To NOMOXET BbI3BaTh aCHH-
XPOHHOE NOBeJIEHHE NPHU nepebope KOLIEKIUM.

arr.forEach(function(elem, i) {

}):

B 3T0i1 maBe GbLIM PacCMOTPEHBI JIMIIL CaMble OCHOBBI JavaScript, 4To6bI NO-
MOYb BaM JIydllle MOHATb NPHUCYHIHE 3TOMY A3bIKy OTPaHMUYEHMS, KOIJla OH IpPH-
MeHseTCcA (PyHKIMOHANIbHO, a TaKXe MOArOTOBHTD Bac K 0cBoeHHI0 MeToauk PI1,
NPEACTaBJIEHHbIX B MOCJIEAYIOMMX MaBax KHUru. Ecau Bam TpeGyercsa 6osiee OCHO-
BaTeJIbHOE MpeJACTaBIeHHUe O JavaScript, Ha 3Ty TeMy UMEETCS A0BOJIbHO OGMIMpHAs
JIUTEPATYpa, A€ NOJPOGHO NMOACHAIOTCA TAKUE MOHATHSA, KAK OGBEKTbI, MEXaHU3M
Hac/1eJ0OBaHUsA Y 3aMbIKaHMS.

Xenaere cTaTh HUHA3A JavaScript?

YcBOEHUE PacCMOTPEHHbIX B 3TOM rnaBe NOHATUIA 06beKTOB, PyHKUMIA, onpeaeneHunn
061acTU BUAMMOCTM U 3aMbIKAHUW WUrPAIOT BAXKHYIO PONb B CTAHOBNEHWUM 3HATOKA
JavaScript. Ho 3aecb OHM GbinM PacCMOTPEHb! AULWb B 06WMX YepTax, YTobbl nogroTo-
BWUTb NOYBY, YPABHAB TEM CaMbIM LIAHCbI YUTaTeNel BCeX KaTeropuim n yaenms OCHOB-
HOE BHUMaHMeE TONbKO QYHKLMOHANbHOMY NPOrpaMMMUPOBAHMIO B OCTa/IbHbIX FNaBax
KHUMM. A ana Toro 4ytobbl M3yuuTb JavaScript 6onee ocHOBaTeNbHO U CTaTb HACTOA-
LWMM 3HATOKOM ITOTO A3bIKA, AOCTUIHYB YPOBHA HMHA3A, PEKOMEHAYETCA NPOoYUTaTh
8TOpoe u3aaHne KHurm Cekpemeo! JavaScript HuHO3a [OykoHa Pe3sura, bespa Bnbo
n Mocnna Mapaca, n3garenbcteo Manning, 2016 r. (www.manning.com/books/
secrets-of-the-javascript-ninja-second-edition). Ee nepesoa Ha pyc-
CKWM A3bIK Bbilen B u3aatenscrsee “Auanektuka” 8 2017 r, ISBN 978-5-9908911-8-0.

HTak, 3a10XuB npouHblii PyHnaMeHT 3HaHu 1o JavaScript, B cieayiomei mase
MBI NlepeiiieM K PaCCMOTPEHMIO BONPOCOB 06PabOTKHU JAHHBIX C TOMOUIbIO TAKHUX
pacnpocTpaHeHHbIX onepaumii, kak map, reduce, filter, a Takxe pekypcuu.
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Pe3iome

V13 3T0ii m1aBbI BbI Y3HAIM CIEAYIOLIEE,

SA3pik JavaScript uMeeT yHHBEPCAIbHBIN XapakTep U o6aagaeT 3¢ PeKTUBHDI-
mu cpeactsamu Kak st OOTI, tak u gus PIT.

Peamzanms HensmenseMoctu B OOIT 103BOIsAIET U3AHO COYETATD 3Ty Napa-
Aaurmy nporpammuposanus ¢ ®IT.

PyHKIIUHM BBICUIETO MOPSAKA U NIEPBOro Kjiacca B JavaScript obecrneunBa-
IOT NPOYHYIO OMNOPY JUIsl HAMMMCAHMA KoJa Ha JavaScript B (DyHKIIMOHA/ILHOM
CTUIIE.

3aMbIKAHUSA HAXOJAAT HEMAIO NMPUMEPOB MPAKTUYECKOTO NMPUMEHEHUA A
COKpbITHA MH(POPMAIMH, Pa3paboTKH MoyJIeii U nepefayy napaMeTpU3upo-
BaHHOTO MOBe/IEHUsA 6osiee KPYNHbIM PYHKIHUAM Y€pPe3 Pa3sHbIE THUIIbI JAHHDIX.



[lozpysxrcaemcs
8 PYHKUUOHALBHOE
npozpammuposarue

qacTH I 6bUIH JaHBI OTBETHI HA /IBA CaMbIX IMIABHBIX BOMPOCA: 3aY€M MPOrPaMMHUpPO-
BaTb B (PYHKIIMOHAILHOM CTUJIE U MOYEMY I 3TOH LeIM NOAXOAMT A3bIK JavaScript? A Te-
nepb, KOrAa CTalo ACHO, YTO MMEHHO (PYHKIIMOHAIbHOE IPOrPaMMHPOBAaHUE BHOCHT B pa3pa-
GOTKy NpHJIOXKEHHUH Ha JavaScript, BaM NPeACTOUT NOAHATHCA HAa HECKOJILKO CTYTIEHEK BhbIIE
B ocBoeHuH PI1. B yacTu II 06cyxaaloTcs Bce NOHATHA U METOAMKH, KOTOPbIE IOTPEGYIOTCS
BaM JyIsl pEMIEHUsA NPAKTUYECKHX 3a/la4 C IPUMEHEHNEM (PYHKIIMOHAILHOTO NIPOrpaMMHpO-
BaHHMA. M3 3T0it yacTH BbI y3Ha€eTe, YTO O3HAYAET MOJYUYUTDb HABBIKH (DYHKIIMOHATBLHOTO MPO-
rpaMMHMpPOBaHMA.

B mraBe 3 6ero paccMaTPHUBAIOTCSI HEKOTOPbIE YHUBEPCAIbHbBIEC (DYHKIIMOHAIb-
Hbl€ IIPOTPaMMBbl, B KOTOPbIX NPUMEHAIOTCS J€KJIapaTUBHbIE aOCTPaKLMU BPOJE
map, reduce u filter c Heabio CO31aTh JIETKO yCBauBaeMblii koJ. B Hel o6cyxa-
€TCsl TAKXKE IPMMEHEHHE PEKYPCHH KaK CPE/ICTBA VIS BbINIOJTHEHUS 06X0/Ia pa3HbIX
¢opm 1aHHBIX B PyHKIIMOHAILHOM CTIJIE.

B riaBe 4 NoHATHSA, PACCMOTPEHHBIE B IJIaBE 3, IPUMEHAIOTCA /1A [TIOCTPOEHUS U3
¢yHK1MI KOHBEHEPOB C HENBIO YCKOPUTD pa3paboTKy U IMCATh KOJ B 6eCTOYEYHOM
ctuie. VI3 3Toi maBbl Bbl y3Ha€TE, YTO CAaMOE IMIABHOE ISt MOCTPOEHUA (PyHKIHMO-
HWIBHOTO KOJIa — Pa36GMTh CJIOXKHbIE 3a/la4y Ha 6oJiee MEJIKME HE3aBUCUMBbIE COCTaB-
JSAI0IKE, KOTOPbIE MOXHO COETUHATD BMECTE, YTOObI COCTABJIATD Li€/IbI€ PENIEHUS
110 NPUHIMITY KOMITIO3UIIMOHHOCTH. B MTOre noJiyyaeTcsi MOy ibHAasi U NOBTOPHO MC-
noJib3yeMas KoJioBas 6a3a.

M, nakounen, B mase 5 GyAyT npeACcTaBl€Hbl OCHOBOIOATAIOUHE MPOECKTHBIE
mab/IoHbI, TPeAHa3HaYE€HHbIC M1 GOPBOBI C PacTylEl CI0XKHOCTBIO NPUIOKE-
HMi1 1 06paboTkn omnb6ok. Komnoaunusa gpyakumii cranoBuTca 60j€e HafeKHOM
Y NPOYHOM Gyarofaps aGCTPaKTHLIM THUIAM JaHHBIX BPo/ie (PyHKTOPOB U MOHAZA,
0o6€ecrneuynBaoUIMX TaKOH YPOBEHDb a6CTPAKLIMM, KOTOPbIH J€JAET KOJ yCTONYMBBIM
K C60SIM 1 MCKJIIOYNTEIbHBIM CUTyallUsIM.



IIpuMeHeHne MEeTOAMK, PEACTaBIEHHbIX B YacTH II, mo3BoJIMT BaM NOJIHOCTLIO
npeodpasuTh CBOI CTHJIb HANIMCAHUA KOAA Ha JavaScript. Kpome Toro, B 3T0# yacTn
MO/ArOTABJIMBACTCSA MOYBa JUIsl nepexoaa K yactu IIl, nocesaumenHoi npuMeHeHUIo
MeTOAUK (PyHKIHOHAIBHOTO IPOrPaMMUPOBaHMA LISl pellieHUs GoJlee CI0KHBIX 3a-
na4 Ha JavaScript, Bno4as 06paGoTKy aCHHXPOHHBIX IaHHBIX U COOBITHA.



Menvue cmpyxmyp
darHbLx U 00ABULE
onepayuu

B 3TOK rnase...

B O6mee npeacTaBJIeHUE O IOTOKE YIIPaBICHUs IIPOrPaMMOM

B O¢pdexkTrBHDBIN aHANN3 KOJA U JaHHbIX

B PackppITHE HCTUHHOTO IIOTEHIIMAIA ONlepauui map, reduce
ufilter

B 3npakoMcTBO € enouxkamMu u 6méanorexoii Lodash.js

B Ymenue MbIc/iuTh PEKYPCHUBHO

BbluMCAMTENbHbIE NPOLIECCHI ABAAIOTCA aBCTPAKTHLIMU CYLLECTBAMM,
HaCeNALWMMIN KOMNbIOTEPLI. B X04€ CBOEro pa3BuUTHA NPOLECCH!
MaHUNYANPYIOT APYTMMK aBCTPAKTHBLIMM CYLLHOCTAMM, Ha3blBaeMbIMU
AaHHbIMU.

W3 kuuru Structure and Interpretation of Computer Programs (CtpykTypa
Y MHTEepIIpeTalus KOMNbIOTEPHBIX NporpamM) lapoavda Aberscona
(Harold Abelson) u Jxceparvda Axces Caccmana (Gerald Jay Sussman),
uanateabctBo MIT Press, 1979 .

B yacTtu I 3T0it KHMrM 6BUIM JOCTUIHYTDI /IBE€ BaXKHbIE L[€JIM: BO-TIEPBbIX, HAYYHTb
BaC MBICIUTDb (PYHKIIHOHAIBHO U PEJACTaBUTh UHCTPYMEHTAIbHbBIE CPEACTBA, TPesy-
omuecs i PyHKIMOHAIBHOTO POrPaMMHPOBaHMS; @ BO-BTOPBIX, AaTbh KPaTKHii
0630p CaMbIX OCHOBHBIX A3BIKOBBIX CpeACTB JavaScript, B TOM 4uKcie QYHKIMIA BbIC-
IETO NMOPAAKA, KOTOPbIE GylyT 4aCTO NPHUMEHATBCA B IPUMEPaX M3 3TOH M OCTaJIb-
HbIX 1aB. Tenepb, Koraa Bbl 3Ha€Te, KaK CAeMaTh (PYHKIUH YUCTBIMH, HACTAIO BpeMs
Hay4YUTbCA CBA3bIBATH UX BMECTE.
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B aToit maBe npejcTaBieH psAA NPAKTHUYECKH MOJE3HBIX ONEpalMii BpoJe map,
reduce u filter, KOTOpble NO3BOJAIOT BLINOJHAThL 06X0A M NMpeoGpasoBaHHC
CTPYKTYP AQHHBIX B MOCJE/I0BATEAbHOM OPsi/IKE. ITU ONEPALIMHY HACTOJNBKO BaX-
Hbl, YTO OHH TAaK WIM HHaue NMPUMEHSAIOTCA GYKBATLHO BO BCeX (PYHKUHMOHAIbHBIX
nporpamMax. OHH yNIpPOMAIOT TAKXKE UCKIIOYEHHE OPTaHMU3YEMbIX BPYUHYIO IIMKJIOB
U3 MPUKIAJHOTO KOJa, IIOCKOJbKY 60JIbIIMHCTBO IMKJIOB ABJIAIOTCA JIMIIb YaCTHLIMU
CJIy4assMM IIPUMEHEHUs 3TUX ONepaluii.

M3 3T0M maBbl Bl y3HaeTeE TakKe, Kak MoJb30BaThcs 6ubanorekoit Lodash.js Ha
JavaScript, xoropas no3sonser o6pabaThiBaTh U IIOHUMATh HE TOJBKO CTPYKTYpY
NIPUJIOKEHMSI, HO M CTPYKTYPY AaHHBbIX. B 3Toi miaBe o6cyxaaeTcs Takke BaxKHas
POJib, KOTOPAs IPUHA/VIEXUT PEKYPCUH B (PYHKIIMOHAILHOM POrPaMMMPOBAaHMH,
a TaKxe Te NPEUMYLIECTBa, KOTOPBIE JAET yMEHHE MBICJIUTh PEKypcuBHO. Onupasich
HA 3TH NOHATHSA M NPUHIMILI, Bbl HAYYHTECh NMUCATh KPAaTKHE, BbIPa3UTEbHbIE U
ACKJIAPAaTHBHbIE TPOrPaMMBl, I/I€ NOTOK YIIPABJIEHUS CHO OT/ENAETCA OT OCHOBHOM
JIOTHKH [1IPOTPAMMBl.

3.1. O6wee npeacTaBneHue 0 NOTOKe ynpaBiieHUs
NPUKNaAHOW NPOrpaMmmMon

HYFb, KOTOpblﬁ nporpamma l'IpOXOZlPlT K CBOCMy peIIICHl/HO, HA3bIBAC€TCA NOMOKOM
ee ynpaeﬂeuwl. B PlMl'ICpaTHBHOﬁ nporpawme IIOTOK €¢ ynpaBneHnH OIIUCBIBACTCA
JAOBOJIbHO ﬂ011p06H0 C pacprrmeM BCEX c1‘a,zmﬁ, HeOﬁXOlIHMbIX A pemeumi 3a-
Jla4H, IOCTaBJIeHHOM nepen l'lpOl"paMMOﬁ. 3tn CTaAHUHU OOBIYHO BKJIIOYAIOT B cebs
HEMAIO LIHKJIOB U BeTBJICHHﬁ, a TaKXKe nepemem{ble, H3MEHAEMbIC KOKADbIM onepa-
TOPOM. B cambIx o6umx llep'rax l'lpOCT}’IO HMHepaTHBHYIO nporpammy MOXHO OIIHN-
CaThb CJIEAYIOUIUM ()6p33()MI
var loop = optC();
while(loop) {

var condition = optA();
if (condition) {
optB1();
}
else {
optB2 () ;
}
loop = optC();
}
optD();

Ha puc. 3.1 nokazana npocras 610Kk-cxeMa JaHHO# POrpaMMBl.

A B JCKJIIAPATHUBHBIX [IPOrpaMMax, OCOGEHHO (PYHKIMOHAIbHBIX, YPOBEHb a06-
CTPAKI[MU 3aMETHO NOBbINIAETCA GJ1aroaps NHPUMEHCHUIO MUHHUMATBHO CTPYKTY-
PHPOBAHHOTO MOTOKA, COCTOALIETO U3 HE3ABMCHMBIX ONEPaIHii, 3aK/II0YaeMbIX B
“gepHpii AMMUK” U CBAIBIBAEMBIX BMECTE B MPOCTYIO TOMOJIOrHIO. TH CBA3AHHBIE
BMECTE ONEPalMH ABAAIOTCA HUYEM MHBIM, KaK (PYHKIMsAMH BBICIICTO 1IOPS/IKA, 11C-
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PEHOCAIMMHU COCTOSSHHE U3 OJHOM onepanuM B APyrylo, Kak MOKa3aHo Ha puc. 3.2.
PYyHKIHOHAIbHBIH NMOPAAOK 06paGOTKH TaKHUX CTPYKTYP AAHHBIX, KAK MaCCHBBI,
CNoCOGCTBYEeT MMEHHO TaKOMYy CTHJIIO pa3paGOTKH, PU KOTOPOM JIaHHbIE U TIOTOK
yrpaB/ieHus NPOrpPaMMOii PacCMaTPUBAIOTCA KaK IPOCTbIE CBA3W MEX/Ty KOMIIOHEH-
TaMM BbICOKOTO YPOBHS.

optB,
My o
OptA i >

Ynpas NPOrpaMMmon

Lnkn

optC i optD

Puc. 3.1. ImnepatnsHas NPorpamma, COCTOALLAA M3 NOCNEA0BATENLHOrO pAAa onepauun
(nnn onepaTopos), BLINONHAEMDbIX B BETBIEHUAX M LIUKNAX

optD

optA optB e optC

Ynpasnexue nporpaMmoii >

Puc. 3.2. dyHKUMOHANbHOE yNpaBaeHWe CBA3AHHbIX BMECTe onepauui, 3aKnouaembix 8
“yepHbii AWMK”. UHOOPMALMOHHbIE NOTOKU NPOXOAAT He3aBUCUMO OT O4HOWU onepauum
K ApYroi, npuyem onepauuu ABNAIOTCA OTAENbHBLIMU YUCTbIMU GYHKLMAMKU. NpU TaKkon
OpraHM3aunmn NOTOKa ynpasneHWA NPOrPaMMoN BETBNIEHUA U LUKAbI, NO CYLLECTBY, CBO-
BATCA K MUHUMYMY UAK BOOBLILE MCKNIOHAIOTCA B NONb3Y abCTPaKLmiA BbICOKOTO YPOBHA

B xoHeyHOM MTOTE KOA NOoJydaeTcs 60Jiee WIM MEHee MOX0XXHM Ha CJIeXyIOUHA:

CoepuneHxne vepes

TOUKM NOApPasymesaer
Hanuuue obuiero obvexra,
COACPKALLErO ITH METOADI

Takoii NOpAKOK CBA3BIBAHUA ONEPALMii B LIENOYKY IIPUBOAUT K TOMY, YTO NPO-
rpaMMbl CTAHOBATCSA JJAKOHMYHBIMH, TEKYYMMH U BbIPa3HUTENbHBIMHU, YTO MO3BOJISET
OTAEJIUTH [MOTOK YIIPAaBJICHMA MPOTPaMMOii OT JIOTMKH BBIMOJIHAEMBIX B HEil BbIUMC-
nenuii. TakuM 06pa3oM, NPUIKJIATHON KOA M JaHHbIE JIETKO NOAAAIOTCH 3 dekTHs-
HOMY aHaIM3Y.

optA().optB().optC().optD() ; @—

3.2. CBs3biBaHME METOA0B C LLenoYyKy

Ceasvisanue memooos 8 yenouxy sisasiercs mwadaonom OOI, no3poagommuM BbI3bl-
BaTh HECKOJIbKO METOZOB B OHOM onepartope. Eciu ske Bce 3TH MeTOAbI NpHHALIE-
AT OHOMY M TOMY Xe OOBEKTY, B TAKOM CJIy4ae CBA3bIBAHHE METO/IOB C 1IENOYKY Ha-
3bIBAETCS Kackaduposanuem memodos. 1 xors aToT ma610H HaGMOAAETCS, VIABHBIM
06pa3oM, B 0O0bEKTHO-OPUEHTHPOBAHHBIX ITPWIOKEHHUSX, ITPH OIIPeAEI€HHBIX YCJIO-
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BUSIX, HAIIPUMEP, MPHU MAHUITYJIMPOBAHHH HEU3MEHAEMbIMH OObEKTAMH, OH OKa3bl-
BAaeTCsA NPUTOAHBIM M V11 PYHKIMOHATbHOrO nporpamMupoBanus. Ho nockosbky
MoaHudHKalMs 0ObEKTOB B (PYHKLIHOHAJIBHOM KOJE 3aNpeIaeTcs, TO BO3HHKaeT
BOIIPOC: KaK TaKO€ BOOOIe BO3MOXHO? lIsi OTBETa Ha 3TOT BOIIPOC PacCMOTPHUM
C/Ie YoM IIPUMEP MaHUIYIMPOBAHMA CUMBOJIbHBIMH CTPOKAMH:

'Functional Programming'.substring(0, 10).toLowerCase() + ' is fun';

B nranHOM npumepe MeToabl substring () u toLowerCase () ciayxaT A1s obpa-
GOTKH CMMBOJIbHBIX CTPOK, Onepupys (1o ccbuike this) BaaaeommM UMM CTPOKO-
BbIM OObEKTOM M BO3Bpalllasi HOBbl€ CUMBOJIbHbIE CTPOKH. Onepanus cuervieHus
CHMBOJIBHBIX CTPOK, 0603HayaeMasi 3HaKoM +, meperpyxaercs B JavaScript paau
CHMHTAKCHYECKOI'0 yI06CTBa U TaKXe [TPOM3BOJAUT HOBYIO CTPOKY. B pesynbraTe BbI-
HIOJIHCHMS YKa3aHHbIX BbIlIEe NPE0OPa30BaHMIA OJTy4aeTCss CUMBOJIbHAS CTPOKA, HU-
KaK He CBfI3aHHas C NepPBOHAYaIbHOM CTPOKOMH, KOTOpas ocTaeTcsd HesaTpoHyToi. M
3TOTO CJIEJOBAIO OXHUAATb, IOCKOJIbKY CHMBOJIbHbIE CTPOKH I10 OIIPEAEIE€HHIO HEM3-
mcHsieMbl. C Touku 3pennst OOIT 3To caMo cob6oii pasymeeTcsi, HO C TOYKH 3PEeHUs
®I1 370 MAEATbHO, MOCKOIBKY JUISi 06paboTKH CMMBOJILHBIX CTPOK HE TpebyloTcs
JIMH3DL.

Ecnu peopranusosaTh NpyBE/IEHHYIO BbIIlIE€ CTPOKY Ko/Ja B 60J1ee (PyHKIIMOHAIb-
HOM CTHJIE, TO OHA MPUMET CJIEAYIOIHI BU:
concat (toLowerCase (substring ('Functional Programming', 1, 10))),

' is fun');

ITOT KO/ CAeAYeT NPUHLIMNHAIbHOMY niooxeHHI0 PIT o ToM, yTo Bce nmapame-
TPbl IOJDKHBI OBbITh SIBHO OlIpe/ie/iEHbl B O6bABNeHUM (PyHKIMU. B 3TOM KOZE OT-
CYTCTBYIOT 060YHbIe 3¢ (eKThl U HE MOAMPULIMPYETCS IIePBOHAYAIbHBII OObEKT.
beccnopHo, HanMcaHHUE 3TOrO KOJAA HABBIBOPOT HE JIEJIAECT €r0 TAKUM XK€ TEKYUMM,
KaK CBSI3bIBAHHE METOJOB B 1ieN04Ky. Tako# KoJ HaMHOro MeHee y1060UunTaeM, Mno-
CKOJIbKY HPHUXOJUTCSA MOCTENEHHO CHUMATh O00JIOUKY C KAXA0M (PyHKUMH, YTOObI
HOHATD, YTO XK€ HA CAMOM JIeJie IIPOUCXOJUT B 3TOM KOJIE.

CBA3bIBaHME B LIENIOUKY METOAOB, OTHOCAIIMXCS K OJTHOMY 3K3EMILISAPY OObEKTa,
HAaXOJUT CBOE IIpUMEHeHHE B (PYHKIIMOHAIBLHOM NPOrpaMMHPOBAHMH, NPH YCJIO-
BHM, YTO COOJIIOAAETCA IIPABWIO BHECEHMs u3MeHeHuH. Ho 6bu10 6b1 HEr1oxo npu-
CIOCOOMTD 3TOT IAGJIOH /Ui NPUMEHEHUS K MaccHBaM. [Tosesenue, Habmosaemoe
B CUMBOJIbHBIX CTPOKaX, 6bUIO pacliMPEeHO U Uit 06paboTkM MacCHBOB B JavaScript,
HO OHO MaJIO KOMY U3BECTHO, Y IIO3TOMY MHOTHE NMPHOGEraloT K 6ECXUTPOCTHLIM 1IH-
xiaM for.

3.3. CesisbiBaHue PYHKLUHA B LLeNOYKY

HacnenoBanue npuMensiercss B 00beKTHO-OPMEHTHPOBAHHbIX IIPOrpaMMax B
KayeCcTBe OCHOBHOI'O MEeXaHHM3Ma JUIs IOBTOPHOTO MCNOJIb30BaHus KoAa. Kak 610
IIOKa3aHO B Npejblaylieii ase, THN Student HacJeAyeT OT TMNa Person Bce CO-
CTOSIHHE U METO/bI KaK NOpoXacHHbIi. Takoii o6pa3en Hacje10BaHUA MOXHO Ha-
GsI0JaTh, [VIAaBHBIM OOpa3oM, 6oJjiee OTYETIMBO B OObEKTHO-OPHEHTHPOBAHHBIX
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A3bIKaX, OCOOEHHO B MX peaJM3aluAX CTPYKTyp AaHHbIX. Hanpumep, B s3bike Java
HMEETCA Lie1asi MepapXHsi KOHKPETHBIX KJIAcCOB TUNA List a1s BCAKUX NOTPEOHO-
creii: ArrayList, LinkedList, DoublylLinkedList, CopyOnWriteArrayList u
MIPOYME KJIACChI, PEAIU3yIolMe OCHOBHOM HHTepdeiic List u npousBogHbIe OT 06
HIMX POAUTENBCKMX KJIACCOB, B KOTOPBIX BHOCATCS COOCTBEHHbIE (PYHKLIMOHAIbHbBIC
BO3MOXHOCTH.

A B (PyHKIHOHWIPHOM IPOrPaMMHMPOBAHMM NPHUHAT JAPyroi noaxoa. Bmecro
TOrO 4TOObI CO3/1aBaTh KIACChI /I HOBbIX CTPYKTYP AaHHBIX C LI€JIbIO YIOBJIETBO-
PHUTb KOHKPETHBIM NNOTPe6GHOCTAM, B I npuMeHsIOTCs 061Me CTPYKTYpbl JAHHBIX
BPOJIE MACCHBOB U BBINIOJIHAIEMbIE HAJ{ HUMH KPYITHbIE ONE€PALi{ BbICHIETO HOPsAKA,
KOTOPbI€ HE 3aBUCAT OT 6a30BOro NpeJCTaBleHUs JaHHbIX. Takue onepauuu npes
Ha3HAYeHbI VISl BbIMIOJIHEHUA CJIEXYIOUIUX NEeHUCTBUH.

B [IpunHATHE apryMeHTOB (PYHKLHMI C L€/IbIO BHEJPHUTD CIIEIHAIBHOC MOBE/e-
HHeE, M03BOJIAIOIIEE PEIIUTb KOHKPETHYIO 3a/1a4y.

B 3aMeHa TPaAMIMOHHBIX MEXaHU3MOB, IpeAHa3HAYE€HHBIX IS OPraHU3aLUuU
HMKJIOB BPY4YHYIO, MPEANOJAaralomMux MOAU(HUKAIMIO BPEMEHHBIX IEPEMEH-
HBIX M BBI3BIBAIOHIMX MOGOuHble 3¢ dekThl. baarogaps sTomy ynpomaercs
CONPOBOX/IEHUE KOJA M CTAHOBUTCS MEHbILIE MECT, I/I€ MOIYT BO3HHUKHYTb
OIHOKH.

PaccMoTpuMm aTH ocob6eHHOCTH onepanuii 6osee noagpo6Ho. B npumepax U3 sToi
JIaBbl IPUMEHSAETCS NMPUBEAEHHAA HHXE KOJUIEKIMS OObEKTOB THNa Person. Paau
KPaTKOCTH B Heli OODbABJIEHDI JIMIIb YE€ThIPE OOBEKTA, HO T€ XK€ CaMble IPUHIMIIbI
NIPUMEHUMBI M K 60J1€€ KPYIIHBIM KOJUIEKLMAM.
const pl = new Person('Haskell', 'Curry', '111-11-1111"');

pl.address = new Address('US');
pl.birthYear = 1900;

const p2 = new Person('Barkley', 'Rosser', '222-22-2222');
p2.address = new Address('Greece');
p2.birthYear = 1907;

const p3 = new Person('John', 'von Neumann',6 '333-33-3333');
p3.address = new Address('Hungary');
p3.birthYear = 1903;

const p4 = new Person('Alonzo', 'Church', '444-44-4444");
p4.address = new Address('US');
p4.birthYear = 1903;

3.3.1. O6wee npeacTaBnenue o NaMb6aa-BbipaXeHnax

Jlamboa-viparcenus BriepBble HAYaIW NMPUMEHATbBCA B (PYHKIIMOHAJIBHOM NPO-
rpaMMHpPOBAaHMH, a B JavaScript OHM U3BECTHBI IIOJ Ha3BAHUEM CMPEAOUHDBLX PyHK-
yud. OHU CayKaT IS HalMCAaHUSI OJHOCTPOYHBIX AHOHUMHBIX (QPyHKIHMIT ¢ 6osee
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KPaTKUM CHHTAaKCMCOM, Y€M Yy TPaAHULMOHHOTro o6baBieHUA PyHknuu. M xorsa
NnsM61a-BbIpaXKE€HHSA MOTYT GbITh MHOTOCTPOYHBIMM, Yallle BCETO OHU MPUMEHAIOTCA
B O/THOCTPO4HO# popMe, KaK IEMOHCTPUPOBAIOCH B IIPUMeEpax U3 raBbl 2. Beibop
CHHTaKcHCa JAM6a-BbIPAXKEHHUH WIM TPAaAMIIMOHHBIX OObABICHUI (PYHKIHI 3aBU-
CHT OT yT060YMTAEMOCTH MIPUKJIAZHOTO KO/A, HO BHYTPEHHUI MEXaHU3M MX Jei-
cTBUsi oguHakoB. Himxe npusesen npumep o6bsABIEHUSA ¢ NOMOUBIO CUHTAKCHCA
M6 1a-BbIpaXKE€HUI TPOCTOM PYHKILMH, TPpEeAHA3HAYEHHOH JUISi U3B/IEYEHHUS] MMEHH
KOHKPETHOTO JIUlIa.

const name = (p) => p.fullname;
console.log(name(pl)); // -> 'Haskell Curry'

KpaTtkoe o6o3nauenme (p) =>p.fullname cayXuT JUIIb VI CHHTAKCUYECKOTO
yRo6cTBa 06bABIEHUSA (PYHKIIMHM, KOTOPOH nepeJaeTcs € AMHCTBEHHBII MapaMeTp p
Y HEesIBHO BO3Bpallalolleil CChbUIKY Ha CBOMCTBO p. fullname. CTpykTypa 3TOro CHMH-
TaKCHM4€CKOro HOBOBBE/ICHUSA HAaIsAHO MOKa3aHa Ha puc. 3.3.

CrpenoyHoe 0603HayveHne

A

= (paraml, param2, ...) => expression;
L J [\ J
1 |
var lambda = e Hynesoe unu 6onbluee konu- Onna cTpoka:
4ecTB0 NapameTpos (Kpyribie Bosspawaembim senseTcs
cxobku 06a3aTenbHbt) 3HAYEHNE BbiPAXEHUS
— (paraml, param2, ...) => {
statementl;
statement2;

return finalStatement;
}

\ J
T

Heckonbko cTpox:

BbinoAHsIOTCA Kak v Teno nobon
06bi4HON PyHKLMK (HEABHO BO3BPA-
LLLAEMOr0 3HAYEHUA HeT)

Puc. 3.3. Pa360op CTPYKTypb! CTpenoyHbix GyHKUMA. B npaBoit yactTu nambaa-sbipaxeHus
YKa3blBaeTCA eAVHCTBEHHOE BbipaXKeHUe UK pag 0nepaTopos, 3akNo4aemMbix B Guryp-
Hble CKO6KM

JIsam61a-BbIpaXKEHHUSA NOJIEPKUBAIOT (QYHKIIMOHAIbHBIM XapaKTep ornpejaee-
HUA (PYHKIMH, MOCKOJAbKY OHM MOOYXAAIOT BCErjaa BO3BpaulaTh 3HaueHue. /lis
O/IHOCTPOYHBIX BBIPAXEHUII BO3BpAlla€MOE 3HAYEHHE HAa CaMOM JieJie€ MOJTy4aeTcs
M3 3Ha4YeHMs, BbIYMCAsAeMoro B Tese ¢pyHkuuu. CrenyeT Takxke oOpaTUTh BHUMa-
HHME Ha B3aHMOCBA3b MeXJly PYHKIHMAMH NEPBOTO KJIacca U 1AMO6/Aa-BbIpaXEHUAMHM.
B npuBeeHHOM Bblille PUMEPE CCUIKA Name YKa3bIBAET HE TOJIbKO Ha KOHKPETHOE
3HaueHHe, HO U (OTVIOXKEHHO) Ha ONMCAHHUE NOPsAAKa ero nojaydeHusa. Mubimu cio-
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BaMH, CCbLIKA Name yKa3bIBAET HA CTPEJIOYHYIO (PYHKIMIO, KOTOPO# U3BECTHO, KaK
BBIYMC/IMTD yKa3aHHbIe JaHHble. IMEHHO M03TOMYy B (PyHKUMOHAILHOM NpPOrpam-
MMPOBaHHM MOXHO IOJIb30BaThCs (PYHKUUAMHU KaK 3HaYe€HUAMHU. JlaHHDBINH NpUH-
nun PIT 6on1ee moapobHO paccMaTpUBaeTcs Jajlee B 3TOM IVIaBe, a PyHKIMHM C OT-
JIOXXEHHBIMHU BbIYHUCICHUAMH, GyKBaJIbHO Ha3blBA€MbIMHU “JIEHMBBIMH”, — B IJIaBe 7,
“OnTuMn3anus GyHKIMOHAILHOTO KoJa”.

bonee Toro, ®I1 cnoco6cTByeT NPUMEHEHMIO TPEX IIaBHBIX (PYHKIMHA BbICIIe-
ro NOPpsAKA, PeATH3YIOIUX onepanuy map, reduce u filter. 3tu ¢pyHkuun npex-
Ha3Ha4YeHbl Ui NPUMEHEHHUS BMeCTe C JNAMGAa-BbipaxKeHUsMU. Borbimas wacth
¢yHKIMOHANIBHOTO K02 JavaScript OCHOBBIBAE€TCA Ha O6pPabOTKe CMIMCKOB JaHHBIX,
OTKY/Ia ¥ MPOMCXOJUT HA3BaHHE NE€PBOHAYAIBHOTO A3bIKA (PYHKIIMOHAIBHOTO MpO-
rpammupoBanus LISP (list processing, T.e. 06pa6oTka CUCKOB) — NpeAeCTBEHHU-
Ka JavaScript. B Bepcuu JavaScript 5.1 npeaocrasisiiorcst COGCTBEHHbIE BAPUAHThI
3TUX PYHKIUH, HA3bIBAEMbIE 0ONOAHEHUAMU K MACCUBAM, HO LIS TIOTy4E€HUS TOTOBbIX
peleHni, KOTOpbI€ MOTYT BKIIOYATh B C€0sl IpyrHe noxoOHbIe THUITbI ONICpaluii, pe-
KOMEH/IyeTCs MOJIb30BaThCA MX PEATH3alMAMU U3 (PYHKIMOHATbHONH 6MGIMOTEKH
Lodash.js. B aToit 6u6.110TeKe NpeOCTaBIAIOTCS BaXKHbIE CPEACTBA, CIIOCOGCTBYIO-
M€ HAMMCAHUIO (PYHKIIMOHANIbHBIX POrPaMM, a Takxke 60raThlii Ha6oPp CTy)KeGHBIX
(yHKuMIi A1 pelleHUs MHOTUX TUITMYHBIX 3a/[a4 TPOrPaMMHPOBaHHUsA. YCTAHOBUB
6u6morexy Lodash.js (mogpo6Hee 06 3TOM. CM. B IPWIOXKEHUH K JaHHOH KHHrE),
MOX<HO HOJIyYHTh JOCTYTI K €€ (DYHKIIMOHAIbHBIM CPEACTBaM Y€pPe3 MOGabHbIH 00b-
eKT ¢ npegukcoM _. Mitak, HauHeM c onepauum _.map.

3HaK noaYepKkuBaHus B 6monuorteke Lodash

B 6ubnnoteke Lodash 3Hak noguyepkuBaHua ynotpebnserca notomy, 4to ee paspa-
60TKa 6blna HauaTa Kak OTBETBAEHUE M3BECTHOIO NPOEKTa WUPOKO PacnpocTpaHeH-
Hol 6ubnnotekn Undesrscore.js (http://underscorejs.org/). B 6ubnuoreke
Lodash a0 cux nop MOXHO HaitTh cneabl MHTepdeitca API us 6ubanoteku Underscore,
npuuyem 40 TaKOHU CTeneHu, YTO OH MOXKET CNYXKUTb B KayecTBe NPAMON 3ameHbl. Ho
BHYTPEHHUWIA mexaHn3m 6nbanoTteku Lodash nonHocTblo nepenucaH B nonb3y 6onee
U3ALWHbIX CNOCO60B COCTaBneHUA GyHKUUN B LENOYKN M HEKOTOPbIX NPUEMOB NOBbI-
WeHUA NPOU3BOAUTENBHOCTH, KaK NOACHAETCA B rnase 7.

3.3.2. Npeo6pa3oBanue AaHHbIX C NOMOLLbIO ONEPaUnu _.map

JlonycTumM, TpebyeTca npeo6pa3oBaTh BCE 3J€MEHTbI KPYNHOM KOJIEKIUU AaH-
HbIx. Tak, eciin HMeeTcs CMUCOK OGBEKTOB, MPEACTABIAIONHX YYAIUXCS, TO U3 HETO
Heo6xoaumo uspiedb ©.M.O. kaxaoro yyamerocd. /i pemeHus nofo6HbIX 3a1a4
BaM, BEPOAITHO, HE Pa3 NPUXO/INJIOCH TUCATD CIEAYIONYIO NOC/IE€A0BATENbHOCTD Olle-
paTopoB:
var result = [];
var persons = [pl, p2, p3, p4);
for(let i = 0; i < persons.length; i++) {

var p = persons[i];
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if(p !== null && p !== undefined) { | Npuumneparusrom
result.push(p.fullname); noaxoae npeanonaraerca,
} yro fullname obo3xauaer
meTog M3 Knacca Student

Onepauus map, MHaue HasbiBaeMasi Collect, peanusyeTcs B BUAE (PyHKIIMH BbIC-
IIEro MOPAAKA, NpUMeHsom el PYHKIHIO-UTEePATOP A5 nepeGopa KakA0ro 31eMeH-
Ta MacCHBa M0 OYEPeaU U BO3BPaAHAIONIEH HOBBIN MacCUB paBHOI JMHbl. Hinke
NPHMBEIEHO pellleHHe TOM ke CaMOM 3alayM, HO Ha 3TOT pa3 B (PYHKIMOHAILHOM
CTHJIE C MOMOIIBIO ONEepalMy _.map.

HMcnonb3ys GyHkumn
_.map (persons, BbICWIEro NOPAAKA,
s => (s !== null && s !== undefined) ? s.fullname : '' YAANO0Ch HCKAIOUUTL
) Bce obvaBneHNA
; nepemeHHbIX

dopMmanbHOE OnpeaeJIeHHEe JaHHOMN ONepalMH BhINIAAUT CJIeAYIOUIMM 00pa3oM:
map(f, [d0, d1, d2...]) -> [r0, rl, r2...]; rme: f(dn) = rn

Onepanus map 0CO6EHHO YI06Ha /I CHHTAKCHYECKOrO aHAIM3a LENbIX KOJLUIEK-
LM 3JIEMEHTOB, He nMpuberas K HEO6X0AMMOCTH OPraHU30BLIBATh LIMKJI WIH pa3pe-
HIATh 3aTPYAHEHUS, CBA3aHHbIE C HETUITHYHBIM ONpeeIeHHeM 061aCTH BUAHMOCTH.
Kpowme Toro, 1anHas onepanus ABASETCA HEUIMEHSEMOM, MMOCKOJbKY B pe3yJbTaTe
€€ BBbIOJHEHHUS MOJYYaeTCA COBEPIIEHHO HOBBIN MaccuB. Onepanum map nepejpaeTr
s B KauecTBe napaMeTpoB GyHKIUA f ¥ KOJLIEKIIMSA U3 N 3JIEMEHTOB. B peaybrare
BO3BPAIIAETCSA HOBbIM MACCUB JUTMHOI N, 3JIEMEHTBI KOTOPOTO MOJIY4YalOTCs B PE3yib-
TaTe NPUMEHEHUSA QYHKIMU f K KOKIOMY 3J1IEMEHTY KOJUIEKIIUH CJI€BA HAMIPaBo, KaK
NOKa3aHO Ha puc. 3.4.

v

Onepauusa map

sviece | @ |9 | @] O/ O[O [ [@ |

S/ BE BE IE NE B BE BE N

Puc. 3.4. B onepauumn map GyHKUMA-UTEPATOP £ NPUMEHAETCA K KaXKA0MY 31eMEHTY UCXOAHOro
MaccuBa 1 BO3BPALLAELTCA HOBbIM MaccMB PaBHOM ANMHbI

B npuBeseHHOM Bblllle IPUMEPE ONEPAlMsA _.Map CJAYXHUT A1 nepe6opa mac-
CMBa OGBEKTOB, NPEACTABIAIOMMX yHalMXcs, YTOObI M3Bae4b U3 Hero nx ¢.M.O.
B kauecTBe QyHKUMM-MTEPATOPA B JAHHOM CJIyYae COYXHT JAMOJa-BeIpaKEeHHE, U
3TO JOBOJIbHO TUMHYHOE ABAeHHe. [Ipu 3TOM HCXOAHBIN MacCHB HE U3MEHSETCH,
a BO3BPAIAETCA HOBbIM MacCUB, COAEPKANUH CIEIyIOIUE 3JIEMEHTBI:

['Haskell Curry', 'Barkley Rosser', 'John von Neumann', 'Alonzo Church']
PaCCMOTpHM, KaKUM 06pa30M MOX>XHO pP€aJIM30BaTh ONEPALMIO _.Map, MOCKOJbKY

BCET/A M10JIE3HO 3HATDb, YTO NPOMCXOAUT Ha OJMH yPOBEHb HIXKe abcTpakuuu. B iu-
cruHre 3.1 npuBeeH UCXOAHBIN KO VIS pealu3aluM JaHHOMH onepanuH.
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JNuctunr 3.1. Peanuaaums onepauum npeobpasoBaxus

3T0# PYHKUWUM NEPeAIeTCA B KaYecTse NAPaMETPOB GYHKUUA-WTEpPaTOp
M mMaccus. 3343HHAA GYHKLUA NPUMEHAETCA K KAKAOMY INEMEHTY MACCHBA
W BO3BPALIACTCA HOBbIH MACCUB TAKOM e ANUHDI, KAK U Y HCXOAHOTO MACcCHBA

function map(arr, fn) { €—

const len = arr.length, i Pe3ynbrar: maccus TaKoM we
result = new Array(len); AZMHbI, KaK 4 HCXOAHBIA MacCHB
for (let idx = 0; idx < len; ++idx) {
result[idx] = fn(arr[idx], idx, arr); MpumeHnTs GyHKUUIO £n K KakgOMY
} 3NeMEHTY HCXOAHOTO MACCUBa

W COXPAHUTL pe3ynbTaT B HOBOM

return result; maccuse

Kak BuauTe, BHyTPEHHE OIlEpPalMs _.Map OCHOBBIBAETCS HA CTAHAAPTHBIX 1M-
Kk1ax. OHa BbINOJHAET PyTHHHYIO ONI€PALKIO [0 06X0Iy 371IEMEHTOB MaCCHMBa BMECTO
Bac. OT Bac xe TpebyeTcs TOJAbKO 00ecnednTb TPeGyeMyIo (PyHKIIMOHAIbHOCTD VISt
06paboTKH KaXKAOTO 3/IEMEHTa MacCHBa B QyHKIMU-UTEpPaTOope. BaMm Goblie He Hyx-
HO KX/IbIii pa3 MMcaTh OJIMH U TOT XK€ KOJl, K KOTOPOM HHKPEMEHTHUPYETCS e PEMEH-
Has UKIA U NPOBEPSAIOTCA FPAHMIIbI MacCcHBa. ITO HAIAAHbINA MPUMEP TOTO, Kak
¢yHKLIHOHAIbHBIE GUGJIMOTEKH NEPEHOCAT NPUKIAIHOH KO/ Ha YPOBEHD S3bIKOB
IPOrpaMMHPpPOBaHHA, UMEIOMX 6oJiee OTYETIUBDIN PYHKIIMOHAIbHBIN XapaKTep.

Onepanys map BbINOJHAETCA UCKIIOYUTENbHO cJieBa HanpaBo. Eciu xe Tpe-
OyeTcs BBINOJHUTD €€ CIIPaBa HAJIEBO, TO VIS 3TOr0O MPUAETCA CHavyala o6paTUTD
MacCcHB, KaK NoKa3aHo Huwxke. Paau coBMecTumocTu QyHkiusa _.reverse () u3 Ou-
6imorexkn Lodash coBMecTuMa ¢ npexocTtasnsiemoi B JavaScript pyHkuueit Array.
reverse (), HO 3TO O3HAYAET, YTO OHA MOAMPHUIIMPYET UCXOAHBII MACCUB Ha MECTE.
He caenyer, oqnako, yiyckaTh U3 BUIY CIy4aH, KOTAa y GyHKLHI MOTYT 6bITb M0G0 Y-
Hble 3¢ PexTsI.

_(persons) .reverse () .map (
p => (p !'== null && p !== undefined) ? p.fullname : ''
)i

O6paTuTe BHUMaHUE HA MPUMEHEHHE HECKOJIbKO MHOTO CHMHTAKCHUCA B JaHHOM
npumepe kozaa. B 6ubanoreke Lodash npenocTabisieTcsi M3suHbIH, HEHABA3YMBbIH
cnoco6 MHTErpyupoBaTh €€ B MPUKIAAHOM KoA. [l MaHUITYIMPOBaHUsA OGBEKTaMU
MX JOCTAaTOYHO 3aKJIIOUYMTh B KpyIJIble CKOOKH, ynioTpe6us o6o3HadueHue _(...).
DTO JaeT BO3MOXHOCTDb MOJY4YHTD MOJIHBII KOHTPOJIb Hajl BceM apceHanoM addex-
TUBHBIX (PYHKIIMOHAJIbHBIX CPEJACTB JAHHON GUOGJMOTEKH, UTOODI BBINIOJIHATD JIO-
Oble Tpebylomuecs Npeodpa3soBaHus.

NMpymeneHne GYHKLUN NPpeo6pa3oBaHnsa K KOHTeAHepam

MpUHLKN, N0 KOTOPOMY GYHKLMA NPUMEHAECTCA K CTPYKTYpPE AaHHbIX (B AQHHOM CAy-
4ae — K maccusy) ans npeo6pa3oBaHNA COCTABAAIOWMX €€ 3HAUYEHWNIA, UMEeeT AANEKo
naywme nocneacrsua. Kak 6yaeT nokasaHo B rnase 5, “MNpoeKTHbIe WabnoHbI U CA0XK-
HOCTL”, YHKUMIO MOXKHO NPUMEHUTL ANA Npeobpa3osaHua nboro o6veKTa, a He
TO/IbKO MaccUBa.
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Hrak, HayuuBUIMCh TPUMEHATh (PYHKIHUIO IIpeo6Gpa3oBaHusa K MCXOXHBIM JaH-
HBIM, I10JIE3HO TAKIKE YMETb AEJIAThb BHIBOAbI WJIM U3BJIEKATD ONPEAEIECHHbIE Pe3y/ib-
TaThl, KCXO/IS U3 HOBOM CTPYKTYPbI. JI1sA 3TO# e/ Cy:KUT PYHKIMS, peaTM3yIomas
omnepaiuio reduce.

3.3.3. Nonyyenne pe3ynbraTos ¢ NOMOLbIO Onepaunn _ . reduce

Tenepsb BbI 3HaeTe, Kak 11peoOpa3oBbIBATh MCXOAHBIE AaHHbIE. HO kak u3Bieub
M3 3TOTO CyWECTBEHHbIE pe3yabTaThl? JlomycTum, TpeGyeTcs onpeaeuTh CTPaHy
C HauOOJIbUIMM KOJMYECTBOM OOBEKTOB THUIA Person, NOACYUTAHHBIX B KOJUIEK-
uuu. C 3TOM LeIbI0 MOXHO BOCIOJIb30BaThCA PyHKIUEH, PEATH3YIOMIEH ONepaiHtio
reduce.

Onepaums reduce peanuayeTcs B BHuA€ PYHKIMHU BbICHIETO MOPSIKA, CBOAAIICH
MaCCHB 3JIEMEHTOB K €IMHCTBEHHOMY 3HaY€HMIO. 3TO 3HAYECHNE BBIYHUCIAETCS U3
HaKaIJMBaeMOTO Pe3y/IbTaTa BbI30Ba (PYHKIIMH JUIS KAXKIOTO 3JIEMEHTa MacCUBa, KO-
TOPO# NepefaeTcs B Ka4eCTBE NapaMeTpa 3HAaYEHHE aKKyMYJIATOpa, KaK HaIsHO
AEMOHCTPHPYET CXeMa, IpUBeJieHHad Ha puc.3.5.

Onepauus reduce ———————>

Hakannueaemoe
—
3HaYeHne

Puc. 3.5. CsegeHne maccmuBa K e4MHCTBEHHOMY 3Ha4YeHMI0. Ha Kaxaom ware utepa-

UMM BO3BPALLAETCA 3HAYEHME, HaKaNNMBaemoe UCXOAA U3 NpeabiAyWero pesynsrara.

3T0 HaKanaMsaemoe 3Ha4eHue XpPaHUTCA 40 Tex Nop, NoKa He ByaeT AOCTMIHYT KOHeL,

maccuBa. OKOHYaTeNbHBIM Pe3ynbTaTom onepauun reduce BCerga OKasbiBaeTCA eanH-
CTBEHHOE 3HaYyeHue

bonee ¢popmanbHO cxema Ha puc. 3.5 MoxeT GbITh BEIPOKEHHS CIEAYIOIUM OG-
pasom:

reduce (f, [e0, el, e2, e3],accum) ->
f(f(f(f(acc, e0), el, e2, e3)))) -> R

B nauctunre 3.2 IIpUBEACHA YIPOUIEHHAA pE€AIN3allisd BHYTPEHHEro MEXaHU3Ma
BbITIOJTHEHHNS ONI€panir reduce.

Jiuctunr 3.2. Peanusauus onepauym cBeAcHUs

function reduce(arr, fn, accumulator) {
let idx = -1,
len = arr.length;
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if (!'accumulator && len > 0) { 4——| Ecnv 3HaueHHe aKKYMyNATOPa He YKa3aHO, HCNONb30BaTh
accumulator = arr[++idx] ANA €r0 HHALUKANN3ALUNM NEPBbIK 3NEMEHT MaccHBa

accumulator = fn(accumulator, MaccuBa, nepeaas eii HakannnBaemoe 3HayeHue,

while (++idx < len) ({ | Bbi3BaTb GYHKUMIO £ ANR KAWAOTO INEMEHTa
arr{idx], idx, arr); @ TaK)Ke 3HaYEHHE TEKYLLEro 3NeMEeHTa MaccHsa

}

Bossparur MHCTBEHHOE
return accumulator; 4—-—-—' p b eauHcTae
HaKONNEHHOe 3HayeHue

Pyuxnum, peanusyoueil onepanuio reduce, nepejalTca CAeaylomue napa-
METpBI:

B fn — ¢pyHknmA-uTEepaTOp, BbI3BIBAEMAs VIS KAXK/JOTO 3JIEeMEHTAa MacCHBa, KO-
TOpPOM B KayeCTBE NapaMeTPOB NEPEeAAITCA: HAKAIUIMBAEMOE 3HA4YEHUE, Te-
Kylllee 3HaueHHEe B MacCHUBE, HHAEKC MacCHBa ¥ CaM MacCHB.

B accumulator — HayaJbHOE 3HAYEHUE AKKYMYAATOPa, KOTOPOE UCIOIb3YETCH
3aTeM /ISl XpaHEHUs HAKAIUIMBAEMOTrO PE3yJIbTaTa U NepefaeTcs NPH KaX10M
NocJexyomeM Bbi3oBe QYHKIMU.

PaccmoTpuMm B KauecTBe NpUMepa NMPOrpaMMy, COGMPAIOIIYI0 CTATUCTHYECKHE
JAaHHbIE O pAae 06BEKTOB TUNA Person. JlonycTuMm, TpebyeTcs MOACUUTATL KOJH-
4YeCTBO JIIOJEH, MPOXUBAIOMMX B HEKOTOPbIX cTpaHax. B sucrunre 3.3 npusenen
MCXOJHBIN KOJ NPOrpaMmbl, pelmalomei 3Ty 3aayvy.

JNuctunr 3.3. MNoacyer konuyecTsa noaei, NPOXUBAIOLUX B HEKOTOPbIX CTpaHax

W3Bneub CTpaHy NPOXMBAHUA OTAEALHOTO MU Co3parh anemeHT maccuea
ANA KIKAOH CTPAHBI, HHMLMA-
_(persons) .reduce ( (stat, person) => { NM3UPOB2B €r0 3HaueHHeM 1,
2

2 33aTeM MHKPEMEHTHPYR ero
const country = person.address.country; NP NOACHETE KAMAOTO NHLa,
stat[country] = .isUndefined(stat[country]) NPOXHBAIOULErO B AIHHOM

stat [country] + 1; cTpaHe
return stat; <= Bo3BpaTuTb HaKONNEHHbIKH 06beKT

b b Hauarb npouecc ceepenun

¢ nycroro o6bexTa (MHMLYManu-
3UpOBaTh aKKYMyNATOp)

B P€3ybTaTe BbLINOJHEHUSA IIPUBEACHHOIO BBIIIIE€ KOJA BXOJHOH MacCHB npe06-
pa3yeTcsa B € IMHCTBEHHBIHN 06'beKT, coaepxcaumﬁ NnpeacTaBJI€HHUE KOJINYECTBA JINL,
ITPOXKHUBAIOHIHX B OTAC/IbHbIX CTPpaHaX:

{
'us' 2,
'Greece' : 1,
'Hungary': 1
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YTo6b1 eme Gosblie YIPOCTUTh PElIEeHUE AAHHOM 3a/1a4l, MOXHO PEan30BaTh
NoOBCEMECTHO ynoTpebsgeMoe coueTaHue onepanuii map u reduce. CBa3biBas BMe-
cTe PYHKIMH, PEATU3YIONIHE 3TH ONEPALIMH, MOXHO PaCHIMPHTD UX MOBEAEHUE /IO
CNEeNMaIbHBIX €ro BUAOB, NPEJOCTABUB MOCJIEHHE B KadecTBe napameTpos. Tak,
MOTOK YIIPaBJICHUA PacCMAaTPUBAEMOM 3/1€Ch IIPOrPaMMOii GyIeT Ha CaMOM BEPXHEM
yPOBHE aGCTpaKIH HMETb CJIEAYIOUIYIO CTPYKTYpPY:

_{persons) .map (funcl) .reduce (func2) ;

rae gynkunm funcl u func2 peasusyloT KOHKpPETHOe Tpebylolleecs MoBeAEHHE.
Otaenns PyHKIMH OT IIABHOTO MOTOKA YIIPABJIECHUS, MOXHO B KOHEUHOM UTOTE 110~
JYYUTb UCXOAHBIN KOJI, IPUBEAECHHbIN B IMCTHHTE 3.4.

Jinctunr 3.4. Coyetanne onepauwii map U reduce AN NOAcCHETa CTATUCTUKKU

const getCountry = person => person.address.country;

const gatherStats = function (stat, criteria) ({
stat{criteria] = _.isUndefined(stat[criteria]) ? 1
stat[criterial + 1;
return stat;
}i

_(persons) .map (getCountry) .reduce (gatherStats, {});

B ncxoanom xoje U3 iMcTHHra 3.4 onepanys map CIyKMT VIS IpeABapUTENbHOM
06paboTKH MacCHBa OGBEKTOB Y M3BJICUEHHS BCEX CTPaH. 3aTE€M B HEM BbIIIOJIHACT-
cs onepanus reduce /Ui HAKAIUIMBaHUA KOHEYHOro pe3yibraTa. BMmecTo npamoro
JOCTYNa K CBOMCTBaAM MOXHO BOCIIOJIb30BAThCS JIMH30M (M3 6ubanorekn Ramda),
4TOOBI COCPEAOTOUMTELCA Ha CBOMCTBe address.city o6bekTa, NpeACTaBIAIOlIEro
KOHKPETHOE JIHIIO:
const cityPath = ['address','city'l];
const cityLens = R.lens(R.path(cityPath), R.assocPath(cityPath)):;

M Tak xe npocTo MOXHO MOACYMUTATD KOJIMYECTBO JIOJEH, IPOXUBAIONHX B OT-
JeJIbHBIX TOpoJax:

_(persons) .map (R.view(cityLens)).reduce (gatherStats, {});

C apyro#i cTOpOHBI, MOXHO BOCHIOJIb30BAaThCA ONnepanuei _ . groupBy, 4To6bl 10~
O6MTbCS TOrO XE CaMOTo pe3y/bTaTa elle 60/1e€ TAKOHUYHBIM CIIOCOGOM:

_.groupBy (persons, R.view(cityLens));

B omnume oT onepanum map, onepanus reduce 3aBUCHUT OT HaKaILUIMBa€MOTIo
pe3y/IbTaTa U MO3TOMY MOXET BECTH ce0s NO-pa3HOMY, KOT/a BbITIOJHAETCSA CJieBa
HaIpaBO WM CIIpaBa HaJIEBO, €CJIM TOJBKO BbINOJHsAEMasA QyHKIHEH-UTEPaTOpOM
onepauus He ABAAETCA KOMMYTaTHBHOM. UTOGBI MPOAEMOHCTPHPOBATD 3Ty OCOOEH-
HOCTb onepaluu reduce, pacCCMOTPHM B KauecTBe MPUMEPa CJIEyIOILyIO IIPOCTYIO
NporpamMMy, CyMMHPYIOILYIO 4MCJIa B MAaCCHBE:

_([0,1,3,4,5]) .reduce(_.add); // -> 13
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Toro »xe caMoro pesysrata MOXHO HOOMTBCSA, BbINOJHUB CBelecHre B OOpaTHOM
MOPpsiZKe C MOMOIbIO ornepalMM _ . reduceRight. 9ta onepanusa aeicTByeT MMEH-
HO TaK, KaK U CJIEIOBAIO MIPEANOJAraTh, INOCKOJIbKY OllePalivs CA0XKEHUS SABISACTCS
KOMMyTaTHBHOI. Ho OHa MOXeT NpUBECTU K COBEPIIEHHO APYIrHMM pe3yabTaTaM IS
ornepaluii BpOJi€ €/IEHNs!, KOTOPbIE HE ABJAIOTCSA KOMMyTaTUBHbIMU. Mlcnosbays Te
Xke camble 0003HAYEHUsA, UTO M MIpexJe, onepauuio . reduceRight mMoxHo ¢op-
MaJIbHO OMNPEJEUTD CIEYIOIUM 06pa3om:

reduceRight (f, [e0, el, e2, e3],accum) ->
f(e0, f(el, f(e2, f(e3,accum)))) -> R

Hanpumep, o6e nporpaMmbl B IpaBoii U JIEBOM 4acTAX CAEAyIOIEN onepauumn
CpaBHCHHﬂ aa,uyr COBCPIIICHHO pa3Hble peayanaTbI oT HPI/IMCHCHPU{ onepaunn
_.divide:

({1,3,4,5]) .reduce(_.divide) !== ([1,3,4,5]).reduceRight(_.divide);

BoJee Toro, onepanus reduce NpMMEHAETCA CPa3y KO BCEM 3JIEMEHTAM MACCHUBA,
a 3TO O3HAYAET, YTO €€ HeJIb3s1 COKPATUTh, YTOObI HE 06pabaThIBaTh BECh MACCHUB.
JlonyctuM, TpeGyeTcs NpoBEPUTDb AOCTOBEPHOCTD CIIMCKA 3HAYEHHUM /ISl BXOAHBIX
napameTpoB. [IpoBepka MaccHBa mapaMeTpOB Ha JOCTOBEPHOCTb O3HAYAET, YTO HaM
HY>XHO BbIYHCJINTh €/IMHCTBEHHOE JIOTMUECKOE 3HAYCHUE, OTPAXaIolllee€ KOPPEKTHDI
JIM BCE 3HAY€HUs B MACCHBE MJIHM HET.

Ho Bocnosib3oBaThCst JUist 3TOM Lem onepanueii reduce 6110 6b1 Headdek-
TUBHO, MOCKOJIBKY ITPHUILIOCH Gbl 0GOHMTH Bce 3HaUeHUs B MaccuBe. OGHAPYXHUB B
XOJie MPOBEPKH OJTHO HEJIOCTOBEPHOE 3HaU€HHUE, ObLIO Gbl HElle1ecO06pas3Ho Mpo-
Josxkathb ee faibire. [ToatoMy paccMoTpuM 6osee 3¢ PekTHBHYIO PyHKIIHIO IIPOBED-
KM JOCTOBE€PHOCTH, B KOTOPO#H NPHMEHSIOTCA onlepaluu _.some, _.isUndefined
M _.1isNull, kak nokasaHo Hinke. Koraa onepauus _ . some NpUMeHSCTCA K KaK10-
MYy 3JIEMEHTY MacCHBa, OHa BO3BPAIAET PE3YBTAT (JIOTMYECKOE true), Kak TOJIbKO

OOHAPYXHUT XOTs ObI OZHO NpoLIEALIEe IPOBEPKY 3HAYEHHE.
3HaueHue Hepo-
CTOBEpHO, ecnn
const isNotValid = val => _.isUndefined(val) || _.isNull(val); OHO He onpepene-
! HO WauM nycroe

const notAllvalid = args => (args).some(isNotValid); ®yHKYMUA some () BO3BPATUT
Ppe3ynbrar, Kak TO/IbKO OH OKa-

notAllvalid(['string', 0, null, undefined]); // -> true | evcaucmuubim. 370 yaobHo

notAllvalid(['string', 0, {}1); // -> false | AR NPOBEPKH XoTA Gbi OAHO-
10 AOCTOBEPHOTO 3HAYEHHA

Bocnosnb3oBaBuIich onepanueil _.every, MOXHO MOJYyYUTh M QyHKHMIO all
Valid(), BBINOJHAIOWMYIO ACHCTBUE, IOTUYECKU o6pa1‘Hoe AEHUCTBHIO Cl:))’HKLIPlH
notAllvalid(), kak moka3aHO HibKe. JTa PYHKIHA NPOBEPSAET, BO3BPALIAET JIH
3aJlaHHas MpeAvKaTHasA (PYHKIMS JOTHYECKOE 3HAaYEHUE true JUIsl BCEX IJIEMEHTOB
MacCHBa.

const isValid = val => ! .isUndefined(val) && !_.isNull(val);
const allvalid = args => _(args).every(isValid);

allvalid(['string', 0, null]); // -> false
allvalid((['string', 0, {}]): // => true
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Kak 6bL10 IOKa3aHO paHee, B ONepauusax map U reduce npeAnpHHUMAETCS IO-
neITKa 060iTH Bech MaccuB. Ho 3ayacTyio o6pa6aThiBaTh BCE 3/1EMEHTbI MacCHBa
WIM MHOM CTPYKTYpPbl JaHHBIX HE HY)KHO, MOCKOJbKY CHaYajla Hy)XHO NMPOMNyCTUThb
B HeM JoGble mycTeie (null) win HeonpeaeneHHble (undefined) aeMeHTBI WM
06beKTbl. [I03TOMy 6bL10 6bI HEMJIOXO UMETH B CBOEM PACIOPSHKEHHH MEXaHU3M LIS
HCIJTIOYEHHUA WIM OTCEMBAHUS ONPEE/ICHHBIX 3JIEMEHTOB M3 CTPYKTYPbI JaHHBIX,
IpeX/ie YeM BBINOJHATb HajJ HUMH BbluKcienus. M i 3Toi ueam ciyxur paccma-
TpuBaeMas Jajee onepanusa _.filter.

3.3.4. UcknioueHne HeHYXHbIX 3/IeMEHTOB
C nomoLublo onepauun _ . filter

B npouecce 06paboTKH KPYTIHbIX KOJUIEKLIMIA JaHHBIX HEPEAKO TPEGYeTCA UCKITIO-
YHTb U3 HEE TE IJIEMEHTDI, KOTOPbBIE HE 3aJIeHCTBYIOTCSA B BbIYHCIEHUAX. JlomycTuM,
TpebyeTcsi NOACYMTATh KOJHUYECTBO JIIOAEH, TPOXKHUBAIOMIUX B €BPONENHCKHUX CTPa-
HaX WIH POJAUBHIMXCA B ONpeJeIeHHOM roxy. BMecto Toro 4ro6el sarpoMoxaaTh
HMCXOJHBIHM KOJ 3TOii 3a/lauM YCJIOBHbIMM oliepaTopamu if-else, aia ee pemeHus
MOXHO BOCIIOJIb30BaThCA onepanueit _.filter.

Onepanmsa filter, nHaye Ha3biBaeMas select, peanusyeTcs B BUAE PYyHKUHMH
BBICHIErO NOPsAAKA, Nepebupaloileil 31eMEHTbI MaCCHBA M BO3Bpamaomei HOBbIH
MacCHB, IBJISIOWUNACS MTOJMHOXECTBOM MCXO/AHOTO MaCCHBA M COAEPXKAIMii 3Ha4Ye-
HUA, JUI KOTOPBIX NpeauKaTHasA (GyHKIHA P BO3BpalllaeT UCTHHHBIN pe3yasTat (J1o-
ruyeckoe 3HaueHue true). PopmaibHOE onpeseIEHHE 3TOH ONEpalyH BbIIAAUT
caenylommM o6pa3oM (cM. Takxke puc. 3.6):

filter(p, [d0, d1, d2, d3...dn]) ->
[d0,d1,...dn] (NOOMHOXECTBO MCXOOHOT'O MacCCHMBA IAHHBIX)

Onepauma filter >

(@[ ® [ ® ] @ ]

Pewaer, kakne 3nemMeHTbl MICXORHOr0 Maccuea cneayer CoOXpaHuTb

Puc. 3.6. dyHKumn, peanusyiouler onepaumio filter, nepenaerca 8 KayecrTse na-

pameTpa UCXOAHbIA MacCuB AaHHbIX M QYHKUMUA-UTEPATOP p; OHa NPUMEHAET K Hemy

3aaHHble B QYHKUMN P KpUTEPHUM OTEOPA, YTOOb! NONYYNUTL B MTOTE NOTEHUMANLHO

MeHbLuee NOAMHOXECTBO MCXOAHOro Maccuea. Kputepum oT60pa p HasbiBaKOTCA Tak-
Xe npedukamuol ¢pyHKyuet

OzHa 13 BO3MOXKHBIX peain3anuii onepauuu £ilter npuseaeHa B auctunre 3.5.

JNiucTunr 3.5. Peanusauus onepauuun punsrpauum

function filter (arr, predicate) {

let idx = -1,
len = arr.length, Nonyuaembiit B UTOre MacCHB COACPIMMUT
result = []; 4-—J NOAMHOKECTBO 3N1eMEHTOB HCXORHOTO MACCHBa
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while (++idx < len) {
let value = arr([idx];
if (predicate(value, idx, this)) {4——-] Bbi3BaTh NpeauKaTHYIo dyHKumIo. Ecau

result.push(value); Pe3YAbTAT HCTHHHDIN, 3N1EMENT MaccnBa
COXPaHAETCR, 3 HHaYe — NPONYCKaETCA

}

return result;

IMToMMMO HMCXOZHOro MaccuBa JAHHbIX, (PYHKIIMH, pealu3ylollel OMNepanmio
filter, mepemaercs npeauKaTHas pyHKkuua predicate (), npeagHasHaYeHHasA JUIst
MPOBEPKU KAKAOTO 3/IEMEHTAa MACCUBA Ha BKJIIOYEHHUE B PE3YJIBTUPYIOUIMI MACCHB.
Ecnn sTa pyHKUMA BO3BpAIIAaET JIOTMYECKOE 3HAYE€HHUE true, 3JIEMEHT OCTAETCH B
PE3yJIBTHPYIOLIEM MacCUBE, a MHa4e OH nporryckaercs. IMeHHO noaTomy onepauus
filter MMPOKO NPUMEHSAETCA VISl YAAIEHUA HEJOCTOBEPHBIX JAaHHBIX U3 MaCcCHBA,
KaK [MOKa3aHO HUXE.

_(persons) .filter(isValid) .map(fullname);

Ho 3ta onepanus cnoco6na Ha ropasio 6osbmee. JlonycTuM, U3 KOJUIEKIMH
06BbEKTOB THIA Person TpeGyeTcs U3BJIeYb JaHHBIE TONBKO O TEX JIOAAX, KOTOpbIE
pomwnuck B 1903 roxy. Jlns pemenus 3Toi 3aia4u HAMHOTO IPOIIE U SICHEE YO~
Tpe6uTh onepaumio _.filter, 4yeM ycI0BHbIE ONEPATOPDI, KAK AEMOHCTPUPYETCS
B CJIeylolleM NPUMeEpPe Koaa:

const bornInl903 = person => person.birthYear === 1903;
_(persons) .filter (bornInl903) .map(fullname).join(' and ');

// => 'John von Neumann and Alonzo Church'

FreHepuposaHue MaccuBoB

Onepauuun map U filter peanusyiotca B Buae GyHKUMM BbICWIEro NOPAAKA, BO3-
BpaLAOWMX HOBbIE MACCUBLI, popmuUpyemble W3 CyLLeCTBYIOWMX MaccvusoB. OHu
MMEIOTCA BO MHOTMX A3bikax @I, sknouaa Haskell, Clojure u np. AnbTepHaTnson
coueTaHuio onepauui map U filter CAYXUT NOHATUE 2eHEPUPOBAHUA MACCU-
eoe (array comprehension), Ha3biBaemoe uHaue 2eHepupoeaHuem cnuckoe (list
comprehension). 310 a3bikoBoe cpeacTso P, uHKancynupyiowee GyHKUUMOHaNbHbIE
BO3MOXXHOCTU Onepauuii map u £il ter B N"aKOHUYHOM CUHTAKCUCE, rae UCNONB3YIOT-
€A Knouesble cnosa for. . .of u if cOOTBETCTBEHHO:

[for (x of mrepmpyemwri obvexr) if (ycuoBme) x]

Ha MOMEHT HaNUCaHUA AAHHOW KHUMU CYLLECTBOBAIO NPeANOKEeHUe BHeAPUTL Cpes-
CTBa reHepupOBaAHUA MAccMBOB B CTaHAAPT ECMAScript 7. OHU NO3BONAT COCTaBAATL
NAaKOHWYHbLIE BbIPAXKEHUA ONA NOCTPOEHUA HOBbIX MACCMBOB (MMEHHO NO3TOMY BCe
Np1BeAEHHOE BbilWe BbIPAXKEHME 3aKNIOYEHO B KBagpaTHbie ckobku). Hanpumep, uc-
NONb3YA CUHTAKCHUC FeHEPUPOBAHUA MAaCCUBOB, MCXOAHbIM KOA U3 NPeAbIAYLIEro Npu-
Mepa MOXXHO peopraHu30BaTh cneaylowmm obpasom:

[for (p of people) if (p.birthYear === 1903) p.fullname]
.join(' and ');
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ITpumenenme Bcex pacCMOTPEHHbIX Bbilie MeToauK PIT onupaercs Ha pacuiu-
psiembie U 3¢ ekTHBHBbIE QYHKIIMH, KOTOPBIE MO3BOJAIOT HE TOJBKO NHcaTh 6oce
AICHBII KOJ, HO M JIydllle YACHUTb AaHHble. [Tonb3ysach JeK1apaTUBHBIM CTHJIEM MPO-
IrPaMMMPOBAHMS, MOXKHO YAEJUTh 60JIbIlIe BHMMAHUSA BLIBOIMMOMY U3 MIPHIOKCHUSA
pe3y/abTaTy, 4eM Cnocoby ero nojydeHus. Tem caMbIM CTAaHOBUTCS Jierue ryGoOKo
AHAIM3MPOBATh pa3pabaThiBaEMOE NPHIOKEHHE.

3.4. AHanu3 npuknagHoro Kkoaa

HanoMHuM, 4TO THICAYM CTPOK KOJa, pasfeinsiomue B JavaScript obmee ro-
6a1bHOE MPOCTPAHCTBO MMEH, MOTYT OBITh CPa3y 3arpy’Ke€Hbl Ha OJHOMH CTPaHMIIE.
B nocneanee Bpems NposABaseTCS HEMaIbIi HHTEPEC K CO3/IaHUIO MOAYJiel ynops-
AoYeHUs GM3HECTOTMKH, HO MO-TIPEXHEMY B 3KCILTyaTallUH HAXOAATCS ThICAUH NPO-
€KTOB, I/Ie 3TOTO HE C/IE/IaHO.

YTo xe 03HaYaeT aHAIM3 NMPUIJIAJHOTO KoJda? B npeabuymmx mapax 3ToT Tep-
MMH yNOTpeGIs/ICS B LIMPOKOM CMBbICJIE U151 0003Ha4€HMs CIIOCOGHOCTH aHAIM3UPO-
BaTb JIIOOYIO YaCTh POrPAMMBbI M JIETKO CTPOUTD B YME MOJEJIb IPOHCXOoAslIero. ta
MOJI€/ib COAECPXUT TaKM€E JHHAMUUYECKHE YaCTH, KaK COCTOSIHME BCEX N€PEMEHHBIX
¥ BOo3BpaniaeMble (PyHKIMAMHU Pe3yJIbTaThi, a TAKKE CTaTUYECKHUE YacTH, BKIOYas
cTelleHb yI060YUTaeMOCTH U BbIPA3UTENIbHOCTD pa3paboTanHoro koja. O6e 3T ya-
CTH BOXHBI B PaBHOM cTenenu. Y B 3Toii kHHMre noscHAEeTCcA, HACKOJbKO HEM3MEHse-
MOCTb U YMCTbIe (PYHKIIMH YIIPOIAIOT IIOCTPOEHHUE TAaKOH MOJEIH.

Panee yxxe oTMeuanoch, HaCKOJILKO LIEHHO YMETb CBA3bIBaTh BMECTE ONEpPalMH
BBICOKOI'O YPOBHS# JUISl HAaMMCaHUA nporpamu. [loTokn ynpasjieHUs: UMNepaTHBHOM
¥ QYHKIMOHAIBHOH TPOrpaMMaMi OTJIHYAIOTCA KOPEHHbIM 06pa3oM. B wactHocTH,
HOTOK YIIpaBJIeHUs (PYHKIIMOHAJIBHOI NMPOrpaMMoii 1acT SICHOE NPEACTABIEHUE O
ee HazHaYeHHH, He BHHKAsl B IOJAPOOGHOCTH paboThl €e BHYTPEHHErO MEXaHM3Ma.
ATO MAaET BO3ZMOXHOCTD 60jiee IyGOKO aHAJIM3MPOBATh NPHKIAHOMN KOJ, a TaKXe
MPOXOXAEHHE BXOAAIMX M UCXOJAMMX ITOTOKOB AaHHBIX Ha Pa3HbIX CTAAMAX s
MOJIyYCHHU Sl MICKOMBIX PE3yJIbTAaTOB.

3.4.1. lexnapaTuBHbif xapakTep ueno4ek GyHKUUIA
C OTNOXEHHbIMU BbIYUC/IEHUAMMU

Kak ynoMunasocs B mase 1, pyHKunoHa/IbHbIE IIPOrPaMMbI COCTOAT M3 MMPOCThIX
¢ynknui, koTopble caMu 1o ce6e HUIero 0COGEHHOro He AEeJIAI0T, HO COBMECTHO
OHM CIOCOGHBI PEIIAaTh CI0KHbIE 331a4u. B aTOM passiesie npeacTabieH cnocod Ha-
MHCAHHA [1eJION MPOrpaMMbl IMyTeM CBA3bIBAaHUSA BMECTE psala PyHKIMIA.

JlexapaTHBHBII XapaKTep MOJAENH (PYHKIHOHAILHOTO MPOrpPaMMHUPOBaHUSA
nobyx/aaeT paccMaTpUBaTh MPOrpaMMbl KaK BbIYMCJIEHHE HE3aBHCHMMBbIX YHCTBIX
(yHkiui, 4TO CNOCOGCTBYET MOCTPOEHUIO HEOOXOAMMBIX AGCTPAKIMIA C LIEJIbIO 10
OUTBLCA TEKYYECTH M BBIPA3MTEIbHOCTH NMPHKIAAHOTO Koja. [Tono6HbIM 06pa3om
MOXHO COCTaBMTb OHTOJIOTHIO HJIM CJI0Bapb, ICHO BbIpAXaAIOUME Ha3HAUEHHUC pa3-
pa6aTbiBaeMoro npunoxenus. [locrpoenne YMCTHIX (PyHKIMIA U3 TAKHX CTPOUTEIb-



Tasa 3. Mewvwe cmpyxmyp dannoix u 6oavwe onepayuic 101

HbIX 0JIOKOB, Kak onepauuu map, reduce u filter, HIPpUBOAUT K BblpBGOTKC cTWISA
HAaNMCaHHA JIETKO AaHAIM3MPYEMOTO U CPa3y K€ NIOHMMAEMOro Koja.

Cu/ibHasi CTOPOHA TaKOTO NOBBINIEHUSA YPOBHSA aGCTPaKLMU 3aK/II0YAETCSA B TOM,
4TO Bbl HAUMHAETE PacCMAaTPUBATh ONEpaly HE3AaBUCMMO OT IPUMEHsAEMbIX 6a30-
BBIX CTPYKTYpP AaHHbIX. Paccyxas TeOpEeTUYECKH, CEMAaHTUUECKMI CMBIC Balllen
HpOrpaMMbl HE MEHSAETCSA, MAaHUIYJIUPYETE U Bbl MACCUBAMH, CBA3HBIMH CIIHCKa-
MU, JBOUYHBIMH JE€PEBbAMHU WM UHBIMM CTPYKTypaMH JaHHbIX. IMeHHO noaTomy B
¢pyHKLMOHAIBHOM NPOrpaMMHPOBAaHMH ONEPALIMAM yAeaseTca 60/blie BHUMAHUS,
4YeM CTPYKTypaM JAaHHBIX.

JonyctuM, Tpebyercss IpOYUTATh CMIMCOK HMEH, HOPMAIU30BAThb UX, YAUIUTD
J06bIe AyOJMKATbl U OTCOPTUPOBATh KOHEYHbIH pesdyabTaT. PaccMoTpuM cHavara
HMMIICPATHBHBII BADHAHT pelleHUs 3TOM 3aauM, a 3aTeM nonpobyeM PelIuTb €€ B
(pyHKNMOHANIBHOM CTHIIE.

CHHCOK MMEH MOXHO BbIPa3UTb B BUJE CJIEAYIOUIETO MACCUBA C HEPABHOMEPHO
0T(OpMaTHPOBAHHBIMM CUMBOJIbHBIMH CTPOKaMH:

var names = ['alonzo church', 'Haskell curry', 'stephen kleene',
'John Von Neumann', 'stephen_kleene'l];

B simctunre 3.6 IIpUBEAEH PICXO}_IHbIﬁ KOA UMIIEPATHBHOI'O BapHaHTa IPOTrpaM-
MblI, pelualomeﬁ NOCTAaBJIEHHYIO BblLI€ 3aJa1Yy.

Nuctunr 3.6. BoinonHeHue nocneaoBaTeNibHbiX onepaunin Hag MacCUBaMM
(wMnepaTmBHbIA NOAXOA)

O6paborarb B UMKNE BCe UMEHa B MacCHBe
var result = []; l
for (let i = 0; i < names.length; i++) {

var n = names[i]: | NpoBepuTy, BCe M CN0BA AOCTOBEPHBI

if (n !== undefined && n !== null) { 3TOT MaCCHB COAEPIKMT HECOTNACOBIAHHO
var ns = n.replace(/_/, ' ').split(' "); 0oT$OpPMaTHPOBaHHDIE AaHHDIE; HA AaH-
for(let j = 0; j < ns.length; j++) { HOM CTaanH HOPManK3yeTcA (Mcnpasnn-

var p = ns(jl; €TCA) KAMABIA 3NeMEHT MacCHBa

p = p.charAt(0).toUpperCase() + p.slice(l):

ns[j] = p;

} YcrpauuTs aybankarel,

if (result.indexOf(ns.join(' ')) < 0) { 4—-{ NpOBEPMB, CYLECTBYET NH
result.push(ns.join(' ')); MMA B KOHEYHOM pe3ynbrare

} Orco|
PTHPOBATb MAcCHB
result.sort(); 4——]

BbinosHeHne KoJa U3 JUCTUHTA 3.6 MA€T CJICZ[}’lOlIIPlﬁ JKeJlaTe/IbHbIN pe3yabraT.

['Alonzo Church', 'Haskell Curry', 'John Von Neumann',
'Stephen Kleene']

HCﬂOCTaTOK HUMII€EPATHBHOIO KOJAA U3 JIMCTUHIA 3.6 3akoyaeTcs B TOM, 4YTO OH
Hall€JIEH Ha Sq)q)CKTMBHOC pemenne KOHKpCTHOﬁ 3aJa4u. TUM KOJIOM MOXHO BOC-
MOJIb30BATbCs VIS pECII€HHS TOJIBKO JAHHOM KOHKpCTHOﬁ 3agaun. CiaexoBaTesbHO,
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OH BBINIOJIHAETCA Ha ropasfio 60Jjiee HU3KOM YPOBHE abCTpaKIMH, YeM (QyHKIHO-
HaJIbHBbIN KOJI. A BeJIb 4€M HHXE YPOBEHb aGCTPAaKIMHU, TEM MEHbIIE BEPOATHOCTb
MNOBTOPHOTO UCINOJb30BAHUA KOJIa, HO TEM GOJbIIE €0 CJIOXKHOCTb ¥ BEPOATHOCTb
NOSABJICHHUSA B HEM OIIHGOK.

C apyro# CTOpPOHBI, 1Sl peau3aliuM (PYHKIIMOHAILHOTO BapHAaHTA IOCTaBJIEH-
HOI1 BBIlIE 324K JOCTATOYHO COEAMHUTH BMECTE KOMIIOHCHTHI B BHJE “Y4E€PHOrO
AIMKA”, BO3JIOXKHUB BCIO OTBETCTBEHHOCTb Ha 3TH BIOJIHE YCTOSBIIMECH U MPOBe-
PeHHble KOMNOHEHThl uHTepdeiica API, kak aeMoHcTpMpyeTcs B McTHHre 3.7.
OO6paruTe BHMMaHHE, HACKOJIbKO KACKaIHbIH NOPAJIOK C/I€IOBAHHUS BbI30BOB (PYHK-
1111 ypoIaeT YTeHHe HCXOHOTO KOJIa M3 JIMCTHHTa 3.7.

JNuctuir 3.7. BoinonHeHue NocnepoBaTesNibHbIX ONepaumii Hag MaccuBamm
(bynxumoHanbHbIN Noaxoa)

WHMUMAAK3HPOBATD LENOUNY GYHKUMM, KaK NORCHRETCA Aanee
‘I YA3nuTL HEAOCTOBEPHDBIE 3HAYEHNA

_-.chain(names)
.filter(isValid)
.map(s => s.replace(/_/, ' ')) < Hopmanu3osatb 3HaueHHA
-uniq() “®7 YexnounTs aySaukaThi
.map (_.startCase) -

.sort () “ 3apamd peructp Gyxs
.value ()

// => ['Alonzo Church', 'Haskell Curry', 'Jon Von Neumann',
'Stephen Kleene']

®yuknum, peanusyomue onepauuu _.filter u _.map, 6epyTr Ha ce6s BCio
4epHOBYIO paboTy JuiIs 06X0/la MacCHMBa nNames IO AOCTOBEPHbIM MHAEKcaM. A Ha
OCTaBHIMXCA CTaAMAX MPOLECCA HAM OCTAETCS JIMIIb PEAIM30BaTh CMIEIMaIbHOC 110-
BejieHue nporpammbl. Tak, pyHkIMs, pearuayonas onepanuio _ . uniq, Cayxur ais
MCKJIIOUYEHUSA QyOIHPYIOIHMXCA 3JE€MEHTOB, a (PYHKIMS, pealu3yiollas olepantio
_.startCase, — as BblI€JIEHUA NIPONIMCHOM OGYKBbI B Kax/J0M ciose. M, Hakounen,
BCE I10JIy'YE€HHbIE PE3YJbTATbI COPTUPYIOTCS B HY)KHOM MOPSAJIKE.

ITucaTh ¥ YUTATH TAKUE NIPOrPaMMBbI, KaK NPUBEJCHHAsA B TMCTUHTre 3.7, HAMHO-
ro npusiTHee, He Tak JM? Takoi CTHIL NPOrpaMMHPOBAHHS MO3BOJSAET HE TOJIBKO
3HAYUTEIbHO COKPATUTb 0ObEM KOJA, HO U C/EJIATh €ro CTPYKTYPy NMPOCTOH H 10
HATHOM.

Hrak, npoaomkum uccreaosanve 6ubamnoreku Lodash. B caeayiomem npumepe
CHOBA PacCMaTPUBAETCA HCXOAHBINA KO U3 IMCTUHTA 3.4, rAe NOJCUUTHIBAIOTCA BCE
CTpaHbl KX MaCCUBa OOBEKTOB THNA Person. /s uenei JaHHOrO NIpUMepa ycoBep-
IIEHCTBYCM HEMHOTO (pyHKIMIO gatherStats (), kak nokazaHO HUXe.
const gatherStats = function (stat, country) {

if(!isValid(stat[country])) {

stat[country] = {'name': country, 'count': 0};
}
stat [country].count++;

return stat;
i
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Tenepsb aTa pyHknMsA BO3BpaIaeT 06bEKT CO CAeAyloUlei CTPYKTYpO#:

'gs! : {'name': 'US', count: 2},
'Greece' : {'name': 'Greece', count: 1},
'Hungary': {'name': 'Hungary', count: 1}

Takas cTpyKkTypa rapaHTHpPyeT OAHO3HAYHOCTD 3JIEMEHTOB IS KAXAOH CTPOKH.
Ho paau nuTepeca nonpo6yemM BBECTH JONOJHUTENbHbIE JaHHbIE B I€PBOHAYaIb-
HbIH MacCHB OObEKTOB THUIIA Person, MpUBEAEHHbINA B Ha4aI€ 3TOM IIaBbI:
const p5 = new Person('David', 'Hilbert', '555-55-5555');

p5.address = new Address('Germany'):
p5.birthYear = 1903;

const p6 = new Person('Alan', 'Turing', '666-66-6666");
p6.address = new Address('England');
p6.birthYear = 1912;

const p7 = new Person('Stephen', 'Kleene', '777-77-7777");
p7.address = new Address('US');
p7.birthYear = 1909;

Creayromas 3aj1auya COCTOUT B HAMTMCAHUM NIPOTPaMMbl, BO3BPaMIAIONIEi CTpaHy,
B KOTOPO# NPOXMBaeT HauGoJIblliee KOJMUECTBO JIOJAEH U3 NPUBEJAEHHOTO BblIle
MacCHBa JaHHbIX. PeminM ee CHOBa, CBA3aB BMECTE HYXHble (PYHKIIMH, HauMHAsA
¢ pyHKIMH, peanuaylouei onepaumio _. chain, Kak oKa3aHo B IMCTHHTe 3.8.

JNinctuir 3.8. fleMoHCcTpauums Lenovkyu GyHKUWA C OTNOXEHHBIMY BbIYMCNEHUAMU
n3 6ubnuortexku Lodash

.chain(persons) <«¢—————— CocTasuTs uenouxy us GYHKUMHA C OTI0MEHHBIMMU BbIUHCAE-

.filter (isValid) HuAMM aNAR 06paboTKM NPeaOCTaBACHHOIO MaCCHBa
.map(_.property('address.country')) Bocnonb3osarbca GyHKuUMEH, peannsyiowei
.reduce (gatherStats, {}) onepaymo _ . property, Yrobu uasneup
.values() cBoiicto address . country n3 obvexra

334aHHOTO AMLIA. ITO IKBUBANEHTHAR, HO Gonee
CKPOMHaR NOPYHKUMAM BepcHA R. viaw ()
n3 6ubnnorexn Ramda

.sortBy('count')
.reverse ()
Jfirst()
BuinonuuTb Bce
-value() = | YHKLMH U3 LENOUKH

.name; // -> 'US'

PyHKIHMIO, peaM3yIollyio ONepanuio _.chain, MOXHO MCIIONb30BATh LIS Pac-
ITHPEHUA COCTOAHHUA HCXOAHOTIO 0ObEKTA, COEAMHSAS BMECTE OllepalkH, peobpasy-
Iol€e BXO/IHbIE JaHHbIE B XKEJaTebHbIC BbIXO/IHbIC JaHHbIE. B oTmume ot 3awmo-
4YEeHHUsA MACCUBOB B KPYyIible CKOOKHM C IOMOIbBIO KPAaTKOro 0603HaYeHUsA OGbEKTOB
_(...), TaKkoii noxxox okasbiBaeTcs 6o1ee 3¢pPeKTUBHBIM II0TOMY, YTO OH MHO3BOJISA-
€T AABHO C/IeJIaTh COEAMHAEMOH B LIEMOYKY JT06YI0 (QYHKIMIO U3 33JaHHOH HOC/IE{0Ba-
TeibHOCTH. HecMOoTps Ha BCIO CJIOXHOCTb PaCCMaTPUBACMOIA 31€Ch IPOTPaMMBbl, B
Heit MOXHO 060iTHCh 6€3 CO3JaHUs ITEPEMEHHBIX Y NOJHOCTBIO MCIUTIOYUTD IUKIIbL.
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Eme oaHo npeuMyiecTso, KOTopoe JaeT npuMeHeHne GyHKIUH, peaiM3yloleii
onepaumio _.chain, 3aK1104aeTcsi B BO3MOXHOCTH ITUCATh CJIOXHbIE TPOTPAMMBbI C
OT/I0XEHHBIM MOBEJEHHEM, KOIZla HUYEro He BhIMOJIHAETCA IO TEX MOp, NOoKa He 6y-
AeT BbI3BaHA NocaeAHsAsA PyHkuMs value (). ITO MOXET OKa3aTh OrPOMHOE BIMSHHE
Ha MPWIOXEHHE, NMOCKOIbKY JaeT BO3MOXHOCTDb MPOITYCKaTh BbIIMOJHEHHE LENbIX
¢ynkumii, ecm Bo3BpamaemMbpie MMM pe3yJIbTaThl HE HYXHbI (OAPOoGHee 06 oTio-
XEHHbIX BbIYMCIICHUAX pedb noiifeT B mase 7). [loTok ynpaBiaeHus paccMaTpHBae-
MOIi 3Ziech IPOrpaMMoii MpUBeJeH Ha puc. 3.7.

_.cham[i]:i]:i]:i]:il'i]:i}

MaccuB CryXuT BXxoaHBIMU AAHHBIMU ANA LENOYKU QYHKLMIA

map (f) — | reduce(g) |— values . sortBy
gj—* first |— value |— name — 'US'
Mpoxoas no uenouxe GyHKUMN, AaHHbIE I I
npeoGpayloTes B kaxaov onepaLym Hayano BuNONHeHUA MonyueHe Ha3BaHWA CTPaHbI
BCEX CTaaui npouecca
06paboTkM MaccMBa AAHHbIX

Puc. 3.7. MOTOK ynpasneHns NporpaMMoit, COCTaBNEHHOM U3 LienoyeK dpyHKumit 6ubamnotekm Lodash.

Maccus o6bekTos Tuna Person o6pabaTbiBaeTca B X0A€ BbINOAHEHWUA NOCNEA0BATENbHOMO pAaa

onepauuii, NPOXoAs Yepes KOTOpble AaHHble B KOHEYHOM MTOre CBOAATCA K eAMHCTBEHHOMY 3Ha-
YeHUIo

Ha ranHoM nprMepe nocTeneHHo CTaHOBUTCS SICHO, 1o4yeMy (PyHKIHOHAIbHbIE
nporpammbl 6osiee coBepiieHHbl. AHaJIM3 HEJOCTATKOB UMIIEPATUBHOIO BapHaH-
Ta pelleHUs1 PaCCMAaTPUBAEMOH 3/1€Ch 3a/lJa4M OCTABJSETCA Ha Balle€ PACCYXAEHHE.
A nraBHOCTB paboThbl PyHKIIMOHATLHOTO BapHaHTa U3 JUCTUHrA 3.8 06bACHAETCA
TEM, YTO OH ONHUPAETCA HAa OCHOBoMNoJaraomue npuHuunbl ®IT — uucreie u cBo-
6oaHble OT No60uHbIX 3¢pdekToB pynkunn. Kaxaas nocrenyomas pyHkuus B ue-
MOYKe HEU3MEHSEMO ONEePHPyeT HOBbIMM MAaCCMBAMH, IIOCTPOEHHBIMH B NpPEbLTY-
mwux pyHkumax. Haumnas nenouxky ¢ BbI3oBa (PyHKLMH, PEAIH3YIOLIEH Onepanuio
_.chain, 6u6imorexa Lodash uasiekaer Bbirogy u3 sToro ma6,10Ha, 4To6bl 1pexo-
CTaBUTb YHUBEPCAIbHBII HaGOp ciryxkeGHbIX GyHKIMIT 15 yrOBIEeTBOPEHHUs 60JIb-
wrHCTBa notpe6Hocreit B PI1. 3To noMoraeT NocTeNneHHO NepPeHTH K CTWIIO becmo-
uewnozo (WIN KomMOUHamoproz0) NPOrpaMMHPOBAaHMs, KOTOPbIH XapaKTepeH TOJIbKO
s I n OyleT peJCTaBEH B CIEAYIOME ITaBe.



Thasa 3. Mewvwe cmpyxmyp oannoix u borvwe onepayuic 105

Bo3MOXHOCTb ONpeAeNaATh NPOrPaMMHbIE KOHBEHEPDI B OTIOXKEHHOM PeXuMe
AAeT HAMHOT'O 60JIblIIE IPEMMYIIECTB, YEM TOJILKO UX yI060UHUTacMOCTD. [IporpamMmbl
C OTJIOXXE€HHBIMHM BbIYMCJIEHUAMM ONPEEAIOTCA NMPEXKAE, YEM OHU BIYMC/IAIOTCA,
IIOCKOJIbKY OHM MOTYT OBITh OINITUMU3MPOBAHBI C MOMOIIBIO TAKUX METOAHUK, KaK I10-
BTOPHOE HCIOJIb30BaHUE CTPYKTYpP AaHHBIX U 06beAMHeHHe MeTo0B. Ho nogo6Hbie
METOJMKM ONTUMM3AIMU HE COKPAIAIOT BpEMsl, KOTOpOe TPeOyeTcs Is BbITIOJIHE-
HUA QPYHKUMI B YHCTOM BHJE, 2 CKOPEE OMOTAIOT UCKIIOYMTD U3/IMITHUE BbI3OBbI.
Bosee noxpo6HO OHM paccMATPUBAIOTCA B IVIaBe 7 PU OGCYXACHUN BOIIPOCOB NPO-
M3BOAUTEIbHOCTH (PYHKIIMOHAIBHBIX POTPaMM.

B ucxoaHom kozie u3 1ucTHHrA 3.8 JaHHbIE IPOXOAAT OT OJJHOFO 3BCHA LEHOYKH
K caeayloumemy. biarogaps gexrapaTMBHOMY XapakTepy MCIONb30BaHUA (YHKIMIA
BBICHIET'O [IOPS/IKA CTAHOBUTCS O4YEBUIHBIM, KAKMM O0Pa3oM JlaHHbIE MPeobpasyioT-
Csl B KOKZOM 3BE€HE LIENOYKU, OOHapY>KHBas 60JIbIIe LIEHHBIX CBEICHUI O JaHHBIX.

3.4.2. SQL-noao6Hble AaHHble: GYHKLUUK KaK laHHbIe

Ha nporsxenun Bceil 3TOH IIaBbl AEMOHCTPUPOBAICA PasHOOOGPa3HbIA Pl
¢ynxuuii, peannsylomux onepauum map, reduce, filter, groupBy, sortBy, uniq
uT.A. Crosapb, c@OpMHPOBABILHIICA BOKPYT 3TUX (PYHKIIHIA, MOXKET OBbITb HCIIOJIb30-
BaH JUIS TOTO, YTOGbI ICHO 3KCTPAINIOJMPOBATh CBEACHUSA, OTHOCAIMECS K IAHHbIM.
Eciy nOMBICAMTD HECTaHAAPTHO, OTBJIEKIIHCh HA CEKYHIY OT IPHUBEAECHHBIX BbILIE
PaCCyX/1IEHUM, TO MOXHO 3aMETHUTD, YTO 3TN (PYHKIIMH HATIOMHUHAIOT 3aMpOChI K 6a3e
JaHHBIX Ha A3blke SQL, 1 aTO HecryyatiHo.

Pa3zpaGoTuMKu MPUBBIKJIN 110J1b30BATHCA A3BIKOBBIMHM cpeacTBaMU SQL, 4To6bI
YACHUTb U 3KCTPanoJMpoBaTh HadHaueHHe JaHHbIX. Hanpumep, o6bekThl THMA
Person M3 KOJUIEKIIMM MOXHO MPEACTaBUTh TaK, KaK MOKa3aHo B Ta6. 3.1.

Ta6nmua 3.1. TabnuyHoe npeacTaBneHne faHHbIX U3 cnUcka 06beKToOB TMNa Person

id firstname lastname country birthYear
0 Haskell Curry us 1900
1 Barkley Rosser Greece 1907
2 John Von Neumann Hungary 1903
3 Alonzo Church us 1903
4 David Hilbert Germany 1862
5 Alan Turing England 1912
6 Stephen Kleene uUs 1909

Oxa3bIBaeTCsl, 4TO MBIIUICHHE KATETOPUSMM A3bIKA 3a[IPOCOB NPH HANUCAHUH
[POTPAMM OUY€Hb MIOX0KE Ha MbILIJIEHHE KaTEropUsMH ollepaliii, NpUMEHAeMbIX
K MaccuBaM B PyHKIIMOHAJIBLHOM NporpaMmupoBalui. Ilo cymecTsy, 3To o3Haua-
€T IPUMEHEHHE OGLIETO CA0BapsA UM, €CIM YTOJHO, anre6pbl, nodyxaaoiee K
r1y0OKOMY aHAJIM3y XapaKTepa JaHHbIX M MX cTPyKTypbl. Tak, u3 caeayomero 3a-
npoca SQL.:
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SELECT p.firstname FROM Person p
WHERE p.birthYear > 1903 and p.country IS NOT 'US'
ORDER BY p.firstname

BIOJIHE OYEBMIHO, KAKMM OOGPa30M JOKHBI BbIIVIAAETh JAHHBIE IIOCJIE BBINIOJTHEHUSA
aroro 3anpoca. [Ipexe yem pearnsoBaTh BEpCHIO 3TOro 3anpoca Ha JavaScript, no-
npo6yeM peann3oBaTh psJ ICEBAOHMMOB (PYHKIIMI, YTOGBI CTAJIO IOHATHEE, O YeM
3aech uaet peub. B 6u6amoreke Lodash noanepxusaiorcs cpencTsa, HasbiBaeMble
npumecamu v ipeJHa3HaY€eHHbIE VIS PaclIMPEeHUs OCHOBHO# GUGIHOTEKH JOTIONTHU-
TeJIbHbIMM (PYHKLMSAMM, KOTOPbIE€ MOXXHO TAaK)Xe CBA3BIBATh B LIENIOYKY:

_.mixin({'select': _.map,
'from': _.chain,
'where': _.filter,
'sortBy': _.sortByOrder});

ITprMeHHB 3TOT O6BEKT NPUMECH, MOXHO HAIIMCATh MPOrPaMMy, MCXOIHBIH KO
KOTOpOM npuBeeH B IMcTHHTre 3.9.

Jiuctunr 3.9. Hanucanue SQL-noao6HoI Nnporpammsl Ha JavaScript

_.from(persons)
.where(p => p.birthYear > 1900 && p.address.country !== 'US')
.sortBy(['firstname'])
.select (p => p.firstname)
.value();

// -> ['Alan', 'Barkley', 'John']

B nporpamme u3 anctunra 3.9 cosmalorca NceBAOHUMBI, IPEOGpasylomue KO-
yeBble c0Ba SQL B cooTBeTcTByIOMYE (PYHKIMH. ITOT IPUMEP MO3BOJISAET JAydIle
NOHATb, HACKOJIbKO (PYyHKIIMOHANbHBIH KOJ IMOX0X Ha 3anpoc SQL.

Npumecu B Javascript

Mpumecb ABnAeTcA 06bEKTOM, onpeaenaiowmnm abCTpakTHOe NOAMHOXECTBO GYHK-
LM, OTHOCALLMXCA K KOHKPETHOMY TUNY (B AaHHOM cnyyae — KomaHge SQL). dtor
06BEKT He NPUMEHALTCA HeNOCPeACTBEHHO B UCXOAHOM KOAE, a8 TONbKO pacwupaer
nosegeHue Apyroro o6bveKTa aHanoruyHo mpelimam B Apyrux A3bikax Nporpam-
MUPOBaHMA. Llenesoit 06beKT 3aMmcTBYeT y npumecu Bce GpyHKUUOHaANbHbIE BO3-
MOXHOCTH.

MNoBTOPHO UCNONb30BaTbL koA, B OOM MOXHO U No-apyromy, He npuberas K Hacneno-
BaHUIO U HE UMUTUPYA MHOXKECTBEHHOE HacnegoBaHne B TeX A3biKax NPOrpaMmmnpo-
BaHMA, rAe OHO He NOAAEPIKMBAETCA (K UX YNCNY OTHOCUTCA U JavaScript). B aToit kHure
npUMecKH He PacCMaTPUBAIOTCA, XOTA OHU BECbMa 3PPEKTUBHDI, €CAU NPUMEHAIOTCA
Hagexawum obpasom. na 6onee NoApoO6GHOro M3yueHUs Npumeceit peKomeHAay-
eTCA NPoYMUTaTh CTaTblo, 4OCTYNHYIO NO agpecy https://javascriptweblog.
wordpress.com/2011/05/.

Bce ckxazaHHOe Bblllle€ JOJDKHO YOEAUTD Bac, YTO (PYHKIIMOHAIbHOE IIPOrpaMMU-
pOBaHME MOXET CJIYXUTb 3¢ PeKTUBHOIH abcTpaKIMe Hal UMIIEPATUBHBIM KOJOM.
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YTOo MOXKET GbITh JyqiIe, Y4eM 06pabaThiBaTh M AHAIM3UPOBATH CHHTAKCHYECKH JIaH-
HbIE, NOJIb3YACh CEMAHTHUKOM A3bIKa 3anpocos? IToxo6Ho 3anpocy SQL, nannkbie B
NIpUBEJICHHOM Bblllle KoJie JavaScript Moaeaupylorcs B popme pyHKIui, yTO (PaKTH-
YeCKH O3HAYaeT NMPUMEHEHUE PYyHKYUL KaK 0aHHbLX U IOITOMY TaK U Ha3bIBACTCH.
braromaps cBoeMy neK1apaTHBHOMY XapakTepy 3Ta (popMa OIUCBIBAET pesyismam
06paboTKH AaHHBIX, a HE NoPAdoK ero JOCTHKEHHsA. B npuBeJeHHbIX O CHX NOp
NIPUMEPAX U3 3TOM IJIaBbl Mbl OOXOAWIMCH BOOGIE 6€3 O6bIKHOBEHHBIX ONIEPAaTOPOB,
NpeJHa3HaYeHHbIX JUI OPraHHU3alMH [IUIJIOB, U HAMEPEHDI NPOXOJDKUTD B TOM XKe
AyX€e M B OCTaIbHbIX IJIaBaX, MOJIb3ysACh aOCTPAKIUAMH, 3aMEHSAIONIMMH Ha BbICOKOM
YPOBHE OPraHH3alHIO LIMKJIOB.

Eme oxHo# MeTOAMKOM, HEPEAKO NPUMEHAEMONH BMECTO OPraHU3allMH LUKIIOB,
CIYKMUT pekypcusi. Elo MOXHO nosib30BaThCs KaK CPEACTBOM abGCTparupoBaHMs OT
WTEpalMM, KOorja MPUXOAUTCA pelaTh 3a/a4M “caMoNoJo6HOro” xapakrepa. Jas
peleHNs TaKUX 3aJa4 NOC/eA0BaTeIbHbIE HEMOYKH (PYHKLMI He NOAXOAAT U MaJIo-
3(PeKTHUBHBI. A pEKypCHs IO-CBOEMY PEATM3YeT CrIoco6bl 06PabOTKH AAHHBIX, MO
pyuas BCIO Y4E€PHOBYIO pabOTy MO CTaHAAPTHOM OPraHU3alUM LIMKIOB MHTEPIpETa-
TOPY A3bIKA WM €ro UCHIOJHSIONIEH cpese.

3.5. YMeHue mMbicnnTb peKypcUBHO

HMHoraa 3ajaya oka3bpIBa€TC CJIOXHOIN M TPYAHOPA3PEHMIMMOM, YTOOGbI IIPUCTY-
MUTDb K Hell BILIOTHYIO. B TakoM cirydae ciefyeT cpasy ke NONbITaTLCA HAWTH CIIo-
co6bl ee rekomnosunun. Ecim 3anaua paszaensercs Ha 6osiee MeJIKME BAPUAHTDI pe-
HIEHMS €€ CaMoii, TO, pelINB UX IO OTAEJBHOCTH, MOXKHO PELIMTD U 3aa4y B LIEJIOM.
Pekypcus nmeer cynmecTBeHHOE 3HaUeHHUE JUIsA 06X0/a 3JIEMEHTOB MacCHBa MCKJIIO-
YUTEJILHO CPEACTBAMH A3bIKa (PYHKIMOHAIBLHOTO POrpaMMHMPOBaHMs, NOAOGHOTO
Haskell, Scheme nan Erlang, nockonabky B 3TUX A3BIKaX IIPOCTO OTCYTCTBYIOT KOH-
CTPYKLMH ISk OPraHU3alM ¥ LIMKJIOB.

U B s3bike JavaScript pekypcusi HAXOAMT HEMAIO IPUMEPOB NPUMEHEHMS, BKJIIO-
vasi cuHTakcudeckuit anamm3 XML- nmn HTML-nokymenTos, rpagos u T.4. B aTom
pasjesne CHavaIa NosiCHAETCS, YTO TAKOE PEKypCHs, a 3aT€M ITPUBOAUTCA YTIPaskHE-
Hue, MpopaboTaB KOTOPOE Bbl CMOXKETE HAYYHTHCS MBICIUTDh PEKYPCHMBHO. A noce
3TOro Gy/eT CAie/IaH KPaTKHi 0630 HEKOTOPbIX CTPYKTYP AAHHBIX, KOTOPbIC MOXXHO
CHHTAaKCHY€CKH aHAIM3UPOBATD, NMOJbL3YACh PEKyPCUEH.

3.5.1. Yro Takoe pexypcus

Pmypcwz — 3TO METOAMKA, NpE€JHA3HAMEHHAas1 V1Sl pPEII€HUS 3a1a4 ITPOrpaMMHpPO-
BAaHHSA MYTEM HX IE€KOMIIO3MIIMH Ha Gosiee MeJIKue CaMOllO&OﬁHble 3aJ1avHy, obbenu-
Hsisi KOTOPbIE BMECTE MOXHO I‘IpHﬁTH K pE€IC€HHIO BCEe NCXOIHOM 3ala4H B LIEJIOM.
PCKprHBHaﬂ (p)’HK[IMH COCTOMUT H3 CJIEAYIOHINX OCHOBHbIX yacre:

8 OCHOBHbIE BAPHAHTDI, HA3bIBAEMbIC TAKXKE YCLOGUAMU 6036paMA;
@ pexypcHUBHbIEC BADHAHTBDL
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OcHOBHbIE BAPUAHTDI IPEACTABAAIOT CO60i1 HA6OP BXOAHBIX JAHHBIX, HA OCHOBA-
HHHU KOTOPBIX PEKYPCUBHasA (PYHKIIMSA BbIYMCIAET KOHKPETHBIM pe3y/bTat, He Mpu-
6eras HEMOCPEACTBEHHO K PEKYPCHH. A PEKYPCHBHbBIE€ BADHAHTBI MMEIOT OTHONIE-
HHe K HaGOPy BXO/IHbIX /JAHHBIX, KOTOPbIi1 JOKEH GbITH MEHbIIE MCXOAHOTO U IS
KOTOpOro (yHKLHUs BbI3bIBA€T caMa cebd. Ecom xe Takoit HaGop BXOAHBIX JaHHBIX
OKa3bIBA€TCsl HE MEHbIIE UCXOAHOIO, TO PEKYPCHS BbIIOJIHAETCA 6€CKOHEYHO U
BILIOTb 10 aBAPUHHOrO 3aBeplIE€HUs NporpaMmel. B npouecce pekypcMBHOro BbI-
noJHeHUs QYHKIHMH HAGOP BXOAHBIX JaHHBIX GE3yCJJOBHO YMEHBUIAETCSH, JOCTUras
B KOHEYHOM MTOre BEJHYMHDI, /11 KOTOPO# BbIOMPAETCA OCHOBHO BapHaHT, M Ha
3TOi BEJIMYMHE BECh IIPOLIECC 3aBEPILAETCH.

HanoMHuum, 4To B HEKOTOPBIX IPUMeEpax U3 IM1aBbl 2 PEKYPCHUs IPUMEHSUIACh VIS
DIyGOKOTO 3aMOPaXXHMBaHUA BCEM BJIOXEHHOM CTPYKTYPbl 00bekTa. OCHOBHOI1 Bapu-
aHT BBIGUPAICSA, KOI/]a BCTPEYaICs IPUMHTHUBHBIH WIH YK€ 3aMOPOXXEHHbII OObEKT.
B npoTUBHOM CJTy4ae peKypCHUBHas CTaAus TPOJ0/KANIACh 0OX0JI0M CTPYKTYpPBI 06D
€KTa JI0 TeX 0P, [10Ka ellle OOHaPYKUBAIUCh HE3AMOPOXKEHHbIE 0GbEKThI. B 1anHOM
CJTy4a€e peKypcHs GbLla yMECTHA [IOTOMY, YTO Ha KaX/OM YPOBHE pelllaeMasi 3aJaja
OKa3bIBa1aCh COBEPUIEHHO OAMHAKOBOM. HO HayuMTLCSA MBICIUTD PEKYPCUBHO He-
JIErKO, TIO3TOMY HAYHEM HMEHHO C 3TOTO.

3.5.2. Kak Hay4MTbCst MbICIUTL PEKYPCUBHO

YcBouTh NpUHUMN JeHCTBUA peKypcuM Henpocto. Kak u B pyHKIIMOHAIbHOM
[IPOrPaMMHUPOBAHMH, CAMOE TPYIHOE — Pa3yuyUThCS MBICIUTh IPUBBIYHO. ITa KHUra
HE NPU3BaHa HAyYUTb BAC MOJHOCTBIO OBJIAAETh peKypcueii. M xoTs ata MeToaMKa
NPOrPaMMHUPOBAHUSA MPUMEHSAETCA HEYAaCTO, OHA BaXKHa JUiA oBnageHus. [Toaromy
HMKE [PEeUIaraeTcs ynpaXHEHHe I Ballero yMa, KOTOPOE MOMOXET HaydUTbCs
JIydIl€ aHATM3UPOBaTh PEKYPCUBHbIE 3aJa4H.

PekypcuBHO€E MbllIEHHE TPUHKUMAET BO BHMMaHUe caMoe ce6s Wiv CBOM Moau-
¢puunposanHblil BApUaHT. PeKypcHBHBIM OGBEKT ABIAETCA CAMOONPEAENSAEMbIM, H
PUMEPOM TOMY CJIYXKHMT COCTaBJIEHME BETBEi1 epeBa. Y KaXA0i BETBM UMEIOTCA
JIMCTbSI U IPYTHUE BETBH, 2 y TEX — CBOM JIMCThS U BETBU. TOT NPOLIECC BETBICHUA
LIPOJIOJIXAETCS GECKOHEeYHO U OCTAHABIMBAETCS TOJIBKO P HAUIMYMH OHOTO Orpa-
HUYMBaOLEro pakTopa — pasMepa AepeBa (B JaHHOM CJIydae).

[IpuHnMas BO BHUMaHKE BCE CKa3aHHOE BbIII€, PACCMOTPHM B Ka4€CTBE Pa3MH-
HOYHOTO YNIPAXXHEHUSA 1IPOCTYIO 3a/jauy CJIOXKEHHUS BCEX YHMCEJI, XPAHSAIIMXCSA B Mac-
CHMBe, IIOCTENIEHHO NMEPEH/IA OT UMIIEPATUBHOTO BAPUAHTA €€ pelleHHs K PyHKuu-
onanbHOMY. Ta cTopoHa Balero yma, KOTopasi NPUBbIKIA MBICIMTb UMIIEPATHBHO,
€CTECTBEHHO NPE/CTAB/IAET PENIEHUE JaHHOI 331a4M B TOM, YTOGBI OGOMTH MaCCHUB
M COXPaHMTb HAKOILJIEHHOE CyMMapHOE 3Ha4YeHHe, KaK IIOKa3aHO HIKe.
var acc = 0;

for(let i = 0; i < nums.length; i++) ({
acc += nums([i];
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YM nob6yx/aet BacC K HEOGXOAMMOCTH BOCIIO/Ib30BATHCS AKKYMYJIATOPOM, 6€3 KO-
TOPOTO NPOCTO HE OGONTHUCH, €CJIH TPEOYeTCA XPAHUTD IPOMEXYTOYHOE CyMMapHOe
3HaueHue. Ho HyXHO /i1 IefiCTBUTE/IbHO OPraHHU30BbIBATD /U1l 3TOTO LIUKJ BPYUHYIO?
B 3TOT MOMEHT Bbl OCO3Ha€Te, YTO B BallleM PaclOPsXXE€HUH UMEIOTCA U IpyTHe Cpel:
ctBa U3 apceHaia PI1 1, B yacTHOCTH, NPUBEJCHHAA HUXeE ollepaums _ . reduce.

_(nums) .reduce ((acc, current) => acc + current, 0);

IMocTaBuB py4HYIO HTEPAIMIO B OINPEJENEHHbIE PAMKH, MOXKHO aGCTparnpoBarh

OT Hee CBOM NpHKIaAHOI Koa. Ho MoHO 106MTbCs 1 GOIBIIETO, IIEPELAB UTEPALMIO
HOJIHOCTBIO IU1aTdopMe. PyHKIMS, peasn3yioilas onepaumio _. reduce, HaVISAHO
I10Ka3bIBAET, YTO MOXKHO BOOGIE He 6ECITIOKOMTBLCA 06 OPraHU3alMH LUKJIA U aXKe
o pa3mepe o6pabaTbiBaeMoro MaccuBa. UToGbl MOJIY4YHUTh XKCIAEMbIii PE3y/IbTaT, 10-
CTAaTOYHO CJIOKHUTD MOCJIEJOBATENbHO NIEPBbIH 31EMEHT MaCCHBA C OCTAIbHBIMH €ETO
3JIEMEHTAaMH, A CJIE/IOBATEAbHO, JOCTUYb PEKYPCUBHOIO 00pa3a MbillIeHUs. ITOT
MBICJIMTE/IbHBII MPOLECC MOXKHO PaCHIMPUTD A0 OOILEro NPeACTaBIEHHUS O CyMMU-
POBaHMH YMCEJ KAK O BBIIIOJHEHHUM IIOCJIEIOBATENLHOCTH ONEPALMM CIEYIONIMM
00pa3oM, Ha3bIBAEMbBIM HECTNAHOAPMH LM MOLULLEHUEM.
sum(1,2,3,4,5,6,7,8,9] = 1 + sum(2,3,4,5,6,7,8,9]

=1+ 2+ sum(3,4,5,6,7,8,9]

=1+2+ 3+ sum[4,5,6,7,8,9]

Hrepanus u pekypcus — ABe CTOPOHBI OJHO#H Meaamm. B orcyrcrBue Moanudpu-
KallMM pPeKypcus npeainaraet 6oJiee BbIPa3sUTENbHYIO, 3 (HEKTHUBHYIO U OTIMYHYIO
abTepHaTUBY UTepauuu. Ha camom zesie B A3bIKaX HCKIIOYMTENBHO QYHKIIMOHAIb-
HOTO NPOTPaMMHPOBaHUs BOOOIIE OTCYTCTBYIOT CTaHAAPTHbIE KOHCTPYKIUH /LIS
OpraHM3alyH HUKIOoB Bpoge do, for, n while, NOCKOABKY 3TO J€/1aeTCs MOJTHOCTbIO
pekypcuBHO. KpoMe Toro, pekypcus npMBOAHT K HAIIMCAHUIO KOJIa, KOTOPbII Jier-
4e MOHATH, MOCKOJIbKY OHAa OCHOBBIBAETCS HA MHOTOKPAaTHOM NMOBTOPEHMH OJHMX
U TeX )Ke JeCTBMI1 Ha/l TOCTENIEHHO YMECHbUIAIOIMMCA HaGOPOM BXOHbIX IaHHBIX.
B pexypcMBHOM pelleHHHM pacCMaTPHUBAEMOil 3feCh 3aayi, NPHUBEACHHOM B JIU-
crunre 3.10, npumeHsioTca GyHKUMH, peanuaylolime onepauun _.first u_.rest
n3 6ubamorexku Lodash, mia roctyna k nepsoMy a/1ieMEHTY MaCCHBa WX KO BCEM €ETO
3/IEMEHTaM, KPOME I1€PBOr0, COOTBETCTBEHHO.

Jinctunr 3.10. Pexypcuauoe CyMMUpOBaHUe Yucen

function sum(arr) o "
if( .1sEmpty(arr) (- l CHOBHO BapHaHT

(ycnosue Bo3spara)
return 0;
} WUtepaTHBHbii BapHaHT: GyHKUUA Bbi3biBaET
return .first(arr) + sum( .rest(arr)); cama ceba ana Habopa BXOAHDBIX faHHBIX,
} - - NOCTENEHHO YMEHBLIAEMOTO C NOMOLLbIO
sum([1); //-> 0 onepauwi _.firstwu_.rest

sum({1,2,3,4,5,6,7,8,91); // -> 45

[Tpy cnoxeHnn 31€MEHTOB MYCTOrO MacCHBa BbIOMpPACTCS OCHOBHOM BapHaHT
BbITIOJIHEHUS TPUBEACHHOM Bblille peKypCUBHOMN YHKLIMHU, U3 KOTOPOIi, €CTECTBEH-



110  Yacme 1L Hozpyncaemea 8 dPynxuuonansroe npozpammuposanue

HO, BO3BpAllla€TCs HYJIEBOE CyMMapHOe 3HaYeHMe. B MpoTHBHOM cilydae BhINOJIHE-
HHe JaHHOM PYHKIMH U1 06paGOTKH HENYCTOrO MaCCUBa MPOJOJDKAETCH PEKYPCHB-
HO, KOT/Ia TIEPBbIii 3/IEMEHT MAaCCHBa CKJIAZIbIBAETCA C OCTUIBHBIMU €r0 3JIEMEHTaMHU.
PexypcuBHbBIE BbI30BbI JAaHHOI (PYHKIIMHM Pa3MENAlOTCS BO BHYTPEHHEM CTEKE JIPyT
Haj Apyrom. M kak TOJIbKO aIrOPUMTM JOCTUTHET YC/IOBHSA BO3BpaTa, BCE OI€PAaTOPbI
BO3BpaTa BHINOJHAIOTCSA 10 MEPE CBOPAYMBaHMs CTEKA C LIEJIbIO 00€CIIeYUTh CyMMH-
pOBaHHeE 3/IEMEHTOB MacCHBa. Takoii MEXaHM3M NPUMEHSAETCH NMPHU PEKYPCHH IS
TOro, YTo6bl NEPE/IaTh OPraHU3alMIO IMKIOB MHTEpIIpeTaTopy A3bika. Huxe npu-
BEJIEHO MOHIarOBOE NMPE/ACTABIEHHE PEATM30BAHHOTO BhIllIE€ AITOPUTMA CyMMHPOBa-
HUS 3JICMEHTOB MacCHBa.

1+ sum(2,3,4,5,6,7,8,9]

1 +2 + sum(3,4,5,6,7,8,9]

1 +2+ 3 + sum(4,5,6,7,8,9]

1+2+ 3+ 4+ sum[5,6,7,8,9]
1+2+3+4+5+ sum(6,7,8,9]
1+2+3+4+5+ 6+ sum(7,8,9]
1+2+3+44+5+ 6+ 7+ sum[8,9)
1+2+3+4+5+6+ 7+ 8+ sum[9]
1+2+3+4+5+6+7+8+ 9+ sum[]
1+2+3+4+5+6+7+8+ 9+ 0 ->ocraHoBka, CBOpauMBaHue CTeka
1+2+3+4+5+6+7+8+9
1+2+3+4+5+6+7+17
1+2+3+4+5+ 6+ 24

1 +2+3+4+ 5+ 30
1+2+3+ 4+ 35

1 +2+ 3+ 39

1+ 2 + 42

1+ 44

45

B #aHHBII MOMEHT BIIOJIHE €CTECTBEHHO BO3HHUKAET MBICJIb O IPOM3BOJUTENBHO-
CTH PEKYPCHM B CPaBHEHHHM C UTepaluei BpyyHyio. Beab KOMIMIATOPBI CTATH 0
BOJIbHO Pa3BUTBIMU JIOTHYECKH, YTOObI ONITUMH3NPOBATD IUIUILL. Tak, B cTanzapre
ES6 a3bika JavaScript BHEAPEHO CPeICTBO, Ha3bIBAEMOE ONMUMUIAYUUET XEOCTOEHLX
6v130606 (tail-call optimization) n cNoco6HOE COMM3UTDH IPOU3BOAUTENBHOCTb UTEPA-
LMK U peKypcuM. B cBA3M ¢ 3TUM pacCMOTPUM CJIEAYIOMMMA, HECKOJBKO HHOM Bapu-
aHT peanu3auuy QpyHKImMU sum():
function sum(arr, acc = 0) {

if(_.isEmpty(arr)) {
return 0;

} PeKypcHBHbIl BbI308
return sum(_.rest(arr), acc + _.first(arr)); 3 XBOCTOBOH NO3MUMK

B atom BapHaHTE pCKprPlBHblﬁ BbI3OB pa3M€NIa€TCsA HA nocJjeaHed CTAAUU Bbl-
IMOJIHEHHUSA TEJ1a (py}ll(lll/llf{, MHa4e Ha3bIBA€MOU X80cmoaou noauuueﬁ. Hpeumymec*rna
TAKOro 1nnoaxoaa 6y1[)’T AOIOJHHUTE/IbHO PACCMOTPEHDI B IVIaB€ 7, KOorja pe4db nouaeTr
O BHW/JIaX ONNTUMHU3AITUHN (pyHKL[HOHaJIbHOI‘O KoJa.
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3.5.3. PexypcuBHO onpeaensieMble CTPYKTYPbl AaHHbIX

Bac, BeposiTHO, MOIJIM yIUBUTbL MMEHA, NEPEJaHHbIe OGbEKTaM THMa Person,
ynoTpeGIABIIMMCS B IPUBEAECHHDIX PaHee NpHUMepax B KayecTBe OOpa3LiOBbIX JaH-
HbIX. B 1900-€ rosp1 akTHBHO pa3BUBAJICS MaTeMaTUYECKMIi aNnmapar, NOJIOXeHHbIH
B OCHOBY (PYHKIIMOHAJIBHOT'O ITPOrpaMMMPOBaHHUS (JIAMOa-MCYUC/IEHUE, TEOPHS Ka-
Teropui u np.).

Bonbmas yacTh TPy1OB, ONYGAMKOBaHHbBIX B JaHHOM 00/1aCTH MaTeMaTHKH, OC-
HOBaHa Ha OOIMX MJEAX U TEOPEMaX, BBIABMHYTBIX M JOKAa3aHHBIX YUEHbIMH BEIy-
IUX YHHUBEPCUTETOB IO ONIEKOMH TaKHUX npodeccopos, kak Atonao Yépu. Ha camom
A€Jie MHOTHE BblAIOIIMECS MaTEMAaTUKH, Takue Kak beprxm Poccep, Anan ToiopuHr,
Crusen Kinunm, 66111 fokTOpanTaMu npogeccopa Yépua. My Hux camux 6utu 1ok-
TopaHnTbl. Ha puc. 3.8 npeacrasiena apeBoBuAHAA CTPYKTYPa OTHOWIEHH yueHUYe-
CTBa MEX/TY 3TUMU U IPyTUMH BbIIAIOIIMMHUCS MATEMaTUKaMH, BHECIIMMH 3aMETHBIN
BKJIaJl B Pa3BUTHE MATEMATHYECKOTO aNnapara, IpUMMEHAEMOTrO B PyHKIIMOHATbHOM
NPOrpaMMHMPOBaHHH.

Church
Rosser Turing Kleene
Mendelson Sacks Gandy Nelson Constable

Puc. 3.8. BamatenoHble MaTemaTukm, BHECWIWE 3aMETHbIN BKNaA, B pa3su-

THe MaTemaTU4eCcKoro annapara, NPMMeHAEMOTro B QYHKLUMOHAIbHOM Npo-

rPammmnpoBaHuu. JIMHUK, COEANHAIOWME POAUTENBCKUE U NOPOXKAEHHbIE
Y31bi APEBOBUAHON CTPYKTYpPbl, NPEACTABAAIOT OTHOLEHWUA YY4EeHUYECTBa

Ilogo6Hble APEBOBUHBIE CTPYKTYPBI BECbMA PaCPOCTPAHEHB! B IPOrPaMMHOM
obecnie4eHHH ¥ MOTYT CJYXUTb JUIst MoaeanpoBanus XML-1okymeHToB, aitioBbix
CUCTEM, TAKCOHOMHUM, KATETOPUi, BUIKETOB MEHIO, (pac€THON HaBUTrallUM, COLM-
anbHbIX rpagoB ¥ MHoOrOro apyroro. Ha puc. 3.8 npeacrapieH psaj y310B, COeIUHS-
€MbIX JIMHUAMM, 0603HAYAIOIMMH OTHOIIECHUS] HAyYHOTO PYKOBOAMTESA U JJOKTOP-
anTa. /o cux nop paccmarpusanick Metoauku ®IT u cooTeTcTByIO1ME ONIEpanyMy,
NpeaHa3sHaYeHHbIE J/Isi CHHTAKCMYECKOTrO aHA/IN3a IVIOCKUX CTPYKTYP AAHHBIX BpoJe
MaccuBoB. Ho 3T METOAMKM M onepanyy HENPUTroAHbI JIsi 06paboTKH JPEBOBU-
HBIX CTPYKTYpP JaHHBIX. A MOCKOJIbKY B JavaScript OTCyTCTBYET BCTPOEHHBIH ApeBO-
BU/IHBII OGBEKT, TO NPUXOAUTCHA CAMOCTOSATENBHO CO3JABATh MIPOCTBIE CTPYKTYPhI
JMAHHBbIX, OCHOBAHHBIE Ha y3JIaX AEPEBa, Iie y3e1 — 3TO OOBEKT, COAEPIKAIMI1 3HaYe-
HHE, CCUIKY Ha CBOI POJUTEIbCKMH y3€J1 U MAaCCHUB MTOPOXKIECHHBIX y310B. Tak, y3e
Rosser Ha puc. 3.8 cBsI3aH CO CBOMM POJUTEILCKUM y3/10M Church ¥ NnopoxAeHHbI-
MU y3namu Mendelson u Sacks. Ecim ske y kakoro-HuGyAb yina AepeBa OTCyTCTByeT
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POMUTENBCKUIH y3€1, TO TAKOM y3€/1 CYUTAETCA KOPHEBDIM (B JAHHOM CJIy4Yae — y3eJl
Church). B muctunre 3.11 npuseaeno onpeaenenue Tna Node, NpeCTaBIsIOMIETO

APEBOBUIHYIO CTPYKTYDY.
Nuctunr 3.11. Onpepenexne Tuna Node

class Node {
constructor(val) {
this._val = val;
this. parent = null;
this. children = [];
}

isRoot () {
return isvValid(this. parent); <#—— 37a dynKuMa 6bina coznaHa npemge

}

get children() {
return this._children;

}

hasChildren() {
return this._children.length > 0;

}

get value() {
return this. val;

}

set value(val) {

: this. val = val; 3a43Tb POAKTENLCKUH Y3en ANA AAHHOTO Yana

append (child) {

child. _parent = this; < [A06asuTb 3TOT NOPOXAEHHDIH y3en
this. children.push(child): B CNUCOK NOPOMAEHHBIX Y3108
return this; <-\\\

} BO3BPaTHTL TOT JKe Cambiit y3en, YTo

YAOGHO A/IN KACKARUPOBAHWA METOA0B

toString() {
return “Node (val: ${this._val}, children:
${this. children.length}) ";

Hosbie yasibl fepeBa MOKHO CO3/ATh CIEAYIOMM 00pa3oMm:

const church = new Node (new Person(

MOBTOPHTH 3Ty ONEPALKIO ANA KAWMAOTO Y3Na Aepesa J
'Alonzo', 'Church', '111-11-1111")); -

,ZIEIJRBM ABJIAIOTCA PEKYPCHBHO ONpENCIAEMbIMH CTPYKTYPAMH JAHHBIX, conep-
KalmnuMH KOpHeBOﬁ Yy3€J1, KaK MMOKa3aHO HHXE.
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class Tree {
constructor(root) {
this._root = root;

WUcnonb30BaTh CTaTHYeCKkuii MeTOA BO u3bexanune
nyTanuybil ¢ 60nee pacnpocTpaHeHHbIM METOR0M
Array.prototype.map (). 3T0OT cTaTHYeCKH#A
METOQ MONHO TaKKe NPUMEHATL KaK, NO CywecTsy,
CaMOCTORTENbHYIO GYHKUMIO

f—

static map (node, fn, tree = null) { -+ l Bbi3BaTb PyHKUMIO-HTEPATOP U OGHOBHTD
node.value = fn(node.value); -#~—————- 3HauYeHue B Y3/10BOM 3nieMEHTe AepeBa

if(tree === null) { [Deficrayer aHanoruuHo meToay Array . prototype.
tree = new Tree(node); map (), 3 pe3ynbrare NOAY4AETCA HOBAA CTPYKTYPA AAHHBIX

ECnM y AaHHOTO Y3/1a OTCYTCTBYIOT NOPOMAEHHbIE

if (node.hasChildren()) { <#—-J y3abi, 70 NpOAOMKATL He CTONT (6230BbIA BapHaHT)
_.map(node.children, function (child) { 4—1 Bbi38aTh NPEAOCTaBAACMYIO DYHK-
Tree.map(child, fn, tree); i L4MIO ANA KAKAQOTO NOPOMAEHHOTO
}) s ! yana
I Caenarb peKypcuBHbIA BbI30B ANA
! KaMAoro NOPOMAEGHHOrO y3na

return tree;

get root() {
return this._ root;

OcHoBHas JiorMka paboThl y3/1a HAXOAUTCsA B MeToje append () . Koraa k nanHomy
y3)Iy IIPHCOEANHACTCA l'IOpO)K)leHHbIﬁ y3€J1, B HEM YCTAaHABJIHBA€TCS CCbUIKA parent
Ha IlaHHblﬁ )’3(3.71 KaK Ha pOIlHTeJIbCKHﬁ, Hu BBeﬂeHHblﬁ y3ea LlOﬁaBJIHeTCﬂ B CITMCOK
NOPOXACHHDbIX Y3J/I0B. ,ZICPCBO CO3/Ja€TCA NMYTEM CBsI3bIBAHHA Y3JIOB C APYTrHMH 11O~
POXACHHbIMH y:maMﬂ NPHUBECACHHbIM HHXE 06p330M, HAa4YHHasi ¢ KOPHEBOro yijia
church.
church.append(rosser) .append (turing) .append (kleene) ;
kleene.append(nelson) .append(constable);

rosser.append (mendelson) .append(sacks) ;
turing.append (gandy) ;

Kaxapiit y3en orsedaer 3a 3aKkiioyeHHe o6beKTa TUMa Person B 060J0UKY.
PexypcHBHBIif aITOPHTM BBINOJHAET OOXO/ BCETO IEPEBa B IIMPHHY, HA4MHasA C KOP-
HEBOTO y3J1a M NPOJO/KAsA Jlajlee KO BCEM €ro MOPOX/JIEHHBIM y3naM. Beaeacrsue
CaMOMNOJOGHOrO XapakTepa Takoro o6xoja JiepeBa, Ha4YMHas C KOPHEBOTO y3/1a, OH
nofoGeH o6XoMy AepeBa, HauYMHAsA C JOOOTo y3Ja, YTo, MO CYIIECTBY, COCTABISAET
onpeaeneHue pekypcud. Jlis 3Toi nean cryxuT MeToa Tree.map () Kak QyHKIMs
BBICLIETO MOPSA/IKA C CEMAHTHMKOH, OI06HOI MeToRy Array.prototype.map (), Ko-
TOpPOMY nepeAaeTcs PyHKIHsA, BHIYHCAAIONAAC A1 3HaY€HHs Kax/oro yana. Kak
BUAMTE, HE3aBHCHMO OT THUIIA CTPYKTYPbI, IPUMEHAEMOMH V11 MOJENUPOBAHUSA NO-
AOGHBIX JAaHHBIX (B JAHHOM CJIy4Yae — APEBOBUHOMN CTPYKTYPbl), CEMaHTHKA JaHHOMH
(yHKLIMM T0/KHA OCTABATLCs TOMH Xxe camoit. [To cymecTsy, gyHkiuIo npeo6pa3osa-
HHUSA MOXXHO NPMMEHHUTD K JIIOObIM TUINaM JaHHBIX, COXPaHMUB UX CTPYKTYpy. bonee
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¢opmanbHO Bonpoc npuMeHeHMs (PyHKLIMI Npeo6pa3oBaHMs K TUIIAM JaHHBIX C CO-
XPaHEHHEM HX CTPYKTypbI GyIeT pacCMOTPEH B Iase 5.

O6x0/ pacCMaTPUBAEMOTO 3/1€Ch IEPEBA B INMPUHY OCYIECTBJIAETCA B HECKOIbKO
NEPEeYMCICHHBIX HIDKE CTaINi, HAUMHAsA C KOPHEBOTO y3Jia.

1. Orto6GpakeHHe YaCTH IAHHBIX, XPAHAIIMXCSA B KOPHEBOM Y3Ji€.

2. OGxoj JIeBOro nojjiepesa B MIMPHHY MyTEM PEKYPCHBHOIO BbI30Ba COOTBET-
cTBylomei QyHKIHN.
3. O6xo0/ MpaBOro NoJJiepeBa aHAIOTUYHBIM O6Pa3OM.
Ha puc. 3.9 nokasan nyTb, 110 KOTOPOMY CJIEyET aIFOPUTM 06X0/1a JIEPEBA B K-
puHy.

o -

{ Church
’ Rosser | | ) f Turing | Kleene
;’ - ‘ [ — : SRR 1 pus— S 1% / - —
| Mendelson | i Sacks | Gandy | Nelson { Constable |

Puc. 3.9. PeKypcuBHbIN xapakTep 06xoaa aepeBa B WWPUHY HAUUHAETCA
C KOPHEBOrO Y313 ¥ NPOAOMKAETCA CHaYaNa BAEBO, @ 3aTEM BNPaso

MeToay Tree.map () nepenaioTcs caeAyole o6sa3aTebHbIE I HETO NapaMe-
TPBI: KOPHEBOIA y3€eJ1, C KOTOPOTO, MO CYIECTBY, HAYNHAETCA AEPEBO, a TaKxKe (PyHK-
LMS-UTEPATOP, Npeobpasyiolas 3HaUeHHE B KAX/IOM y3JI€ iepeBa:

Tree.map (church, p => p.fullname);

B pe3yabpraTe 06x0/1a JaHHOTrO A€epeBa B IINPUHY 1 IPUMEHEHUA 3aJaHHOM (pyl—uc-
IUU npeo6paBOBaHHa K KQKJIOMY y3JIy 6y,u;eT MOJIy4€H cnezxylomm‘fl p€3yabTar:
'Alonzo Church', 'Barkley Rosser', 'Elliot Mendelson',

'Gerald Sacks', 'Alan Turing', 'Robin Gandy',
'Stephen Kleene', 'Nels Nelson', 'Robert Constable'

Takoe npeAcraBieHre 06 MHKAICYISAIMM JaHHBIX JUISl yIIPaBJIC€HUS JOCTYIIOM K
HUM CYMTAETCA IVIABHBIM B (DYHKIIMOHAJILHOM IPOrPaMMMPOBaHKH, KOTAA JeJI0 A0~
XOJHUT A0 06paGOTKM TUIIOB JAHHBIX C Y4ETOM UX HEM3MEHAEMOCTH M OTCYTCTBUSA Y
HHUX T060YHBIX 3 dekToB. O TOM, KaK PaCIIMPUTD €ro Jajibllie, pedb NOHAET B IV1a-
Be 5. CMHTaKCM4eCKUi1 aHAIN3 CTPYKTYP JAHHBIX OTHOCUTCS K YHCJTy CaMbIX IJIAaBHBIX
BONPOCOB Pa3paGoOTKH ITPOrPaMMHOTO 06ecrie4eHHs BooO1Ie U (PYHKIIHOHAIBHOTO
NpOrpaMMHMPOBAaHMsA B YaCTHOCTH. B 3Tol maBe Gbli yry6/1€HHO pacCMOTPEH yHK-
IMOHAIBHBII CTHIb Pa3paboOTKH NMPOrPaMMHOrO 06ecneyeH s ¢ UCI0JIb30BaHUEM
A3BIKOBBIX CpeAcTB JavaScript suis ®I1, pean30BaHHBIX B pacupsieMoi QPyHKIMO-
HaIbHO#I 6ubinoreke Lodash. Takoit cTuib oTiMyaeTcss HATMYUEM PallMOHATU3H-
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POBaHHOIT MOJIE/IH, I/le ONiE€PAllMH BBICOKOIO YPOBHS MOTYT GbITh COCTaBJICHBI B IiC-
MOYKY KaK [OC/1€0BAaTEIbHOCTDb CTaAM O6ILETO ITPONECCa, BKIIOUas GU3HEC-TIOTHKY,
TpeGYIONyIOCs UIs JOCTHXKEHHUS )KEJIA€MOro pe3y/ibTaTa.

beccnopHo, HanMcaHWe MOTOKOBOTO KOJa IIPHHOCHUT TAKXKE BbITO/IbI I €TO Mo-
BTOPHOIO MCIIOJIb30BAaHHUS U MOJIY/ISIPU3AIMU, XOTS Mbl KOCHYJIUCh 3/1€Chb 3THX BO-
IIPOCOB JIMHIb BCKOJIb3b. Takoe npejacTaBleHHe O IOTOKOBOM NPOrpaMMHPOBaHMM
Gy/eT BbIBEICHO Ha HOBBIil ypPOBEHbD B IV1aBe 4, IJle OCHOBHOE BHHUMaHue GyzeT yaee-
HO CO3/IaHMIO HACTOSMMX KOHBEHepoB (PYHKIIHIA.

Pe3iome

M3 3T0i1 maBbl Bbl y3HAIN CJEAyIOIIEE.

B Hcnonb3ys QyHKIHMM BLICHIETO NMOPSAAKA, PEAIM3YIOIME ONepaluy map,
reduce u filter, MOXHO IHCATb paCHIMPAEMBIHA KOJ.

B butanoreka Lodash cryxuT He3aaMeHHMBIM CPeACTBOM Ul OOPaGoOTKH JaH-
HBIX M CO3/laHUs NPOrpaMM Yepe3 YNPaBisiolye LEeNoYKH, Iie ACHO pa3rpa-
HHUYEHbBI IOTOKH JAHHBIX ¥ NpeoOpa3oBaHusl.

] ,ZICKJIapaTPIBHin;l CTHJIb (l)yHKuHOHaJleOI‘O IIpOrpaMMHpOBaHHA NO3BOJIAECT
CO31aBaThb KOMX, KOTOpblﬁ Jierye nNoHUMaThb H aHAJIN3UPOBATbD.

B [Ipu conocraBieHHH aGCTPaKnMii BLICOKOTO YPOBHS CO CJIOBapeM sidbika SQL
obHapyxuBaeTcs 60see y6oKoe NpeACTaBlI€HHE O JAHHBIX.

B Pekypcus NO3BOJSET pelaTh CaMOTIOAOGHBIE 33/1aUM M 0GBIYHO TPEGYeTCs UIst
CHHTAKCHUYECKOrO aHAIN3a PEKYPCUBHO ONIPEAEsAEMbIX CTPYKTYP AaHHBIX.






Ha nymu x nosmopo
UCTLOABIYEMOMY,
MOOYALHOMY KO0

B aTOM rnase...

Cpasuenue 1e1novYex (pyHKIMI ¢ KOHBEHEpaMu

Beejenne B QyHKIMOHAIBHYIO OUOIMOTEKY Ramda.js
Uccneosanue NoHATHN KapPUHTa, YaCTUYHOTO IPUMEHECHUS
Y CBA3BIBaHUA PyHKIIMIA

Co3sanne MOAYIbHBIX IIPOTPaMM € MOMOIBIO KOMITO3UIIUH
pynkimi

YcoBepieHCTBOBAHME IOTOKA YIIPABAECHUS IPOTPaMMOi
¢ MOMOMIBIO KOMOMHATOPOB (PYHKIMH

CnoXkHas cuctema, KoTopas paboTaeT, HECOMHEHHO, NoAyYnna Ceoe
pa3BuTUE U3 NPOCTON CUCTEMbI, KOTOPaA HeKoraa paboTtana.

U3 kuuru The Systems Bible (HacTobHas kHMra o cucremam) xcona
Toa (John Gall), usgarensctBo General Systemantics Press, 2012 1.

ModyavHocms OTHOCUTCA K OJHMM M3 CaMbIX BaXXHBIX CBOMCTB KPYIHBIX IIPO-
rpaMMHBIX NpoekToB. OHa NPEACTaBAAET Ty CTENEHb, A0 KOTOPOM NMPOrpaMmbl
MOTryT ObITb pa3jiesieHbl Ha Gojiee MeJIKMe He3aBMCMMblE YacTH. MojaynbHble po-
rpaMMbl BBITOJHO OTJIMYAIOTCSA TEM, YTO MX Ha3HaY€HHE HETPYAHO ONPEAETUTD Ha
OCHOBAaHMH UX COCTABHBIX 4HacTei. ITH YacTH (MM MOANPOrpaMMbl) CTAHOBSTCS
MOBTOPHO MCIOJIb3yeMbIMH KOMIIOHEHTaMH, KOTOPbIE MOTYT ObITb IMOJHOCTBIO WIN
YaCTUYHO NEPCHECEHBI B Jpyrue cucreMbl. biaroaaps aToMy npukiagHoi koj cra-
HOBHUTCSA 60J1€€ YIOOHBIM /Il CONPOBOXAECHMS U YTEHUS, YTO B KOHEYHOM UTOTE M0
BBIIIAET NPOM3BOAUTENBHOCTD TPyAa pa3paboTunkos. [Ipumenenue MoayrbHOCTH
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HAIAAHO JICMOHCTPUPYET CACAYIONMI IPOCTON HpUMED COCTaBJIEHHUS KOHBeWepa
KOMaHJ, B 060J104Ke cucTreMbl Unix:

tr 'A-Z' 'a-z' <words.in | uniqg | sort

Jlaxxe B OTCYTCTBHME BCAKOTO OIIbITAa IPOrPaMMHUPOBAHUSA Ha A3bIKE 000JIOUKH CH-
crembl Unix HETPYAHO 3aMETHUTD, UTO 3TOT KOJ BKIIOYAET B ce6sA nocjaesoBaTeNb
HOCTb CTa/IMi OGLIETO poLecca Npeobpa3oBaHusd CJIOB U3 BEPXHETO perucrpa 6yks
B HM)KHUH, yAaleHus 1y6JIMKaTOB M COPTHPOBKH TOrO, 4TO ocTanoch. KananpHas
onepanus, ob6o3HayaeMasi 3HaKOM |, CBA3BIBAET BMECTE OTAEbHbIE KOMaH/bI.
IMpuMeuaTenbHO, YTO, UMEA YETKHE KOHTPAKTbI, OMMCHIBAIOMMNE BXOJAHbIE U Bbl-
XOJ/IHbIE€ JAHHbIE, HEGOIbIIME TIPOTPAMMbI MOXHO COEITUHATD BMECTE JUIS PElIEHUs
CNOXHDIX 3a7a4. Eciu nonbitaThcs npeacTaBuTh cebe, Kak HaNmMCaTbh TaKylo MPo-
rpaMMy B TPAJMLMOHHOM CTHJIE€ Ha JavaScript, TO Ha yM Cpa3y NPHAET HECKOJbKO
LUKJIOB, Ollepaliuii CPaBHEHHUsI CUMBOJIbHBIX CTPOK, 2 BO3MOXHO, U HECKOJIbKO YC-
JIOBHBIX OTNIEPAaTOPOB U MIOOAILHBIX M€ PEMEHHBIX LIS CJIEKEHUS 32 BCEM ITPOLIECCOM
06paboTKM TEKCTOBbIX JaHHbIX. OYEBUAHO, YTO TAKOH CTHIb HAITMCAHUA IIPOTpPaM-
MbI TPYAHO Ha3BaTh MOMY/IbHBIM. B IporpaMMupoBaHUM Mbl IPEANIOUUTAEM PELIATH
3aJauu, pa3buBas UX Ha 60J1ee MEJIKHE YaCTH U BOCCO3/IaBas U3 HUX LI€JIO€ PENIEHHE.

B npumepax u3 masbl 3, “MeHbllle CTPYKTYP AaHHBIX M GoJbllie oniepanui’”, s
pellleHMsl AaHAJIOTMYHBIX 3a/la4 MPUMEHAIMCh (PYHKIIMHM BBICHIETO MOPSAAKA, TECHO
CBA3bIBa€MbIE B LIENIOYKU METOMIOB, PACMOJIaraéMbIX KacKaJOM HaJ €IMHCTBEHHbIM
06BbeKTOM-000JI04KONH. A B 3TO¥ IMIaBe Mbl pacIIMPUM NOAOGHOE NMpeACTaBleHHE
Aajnblie, 9TOObI CO3/aBaTh €/1a00 CBA3aHHbIE KOHBEHEPDI C MOMOIIBIO KOMIIO3UIIUH
(yHKIMIH, YTO NMO3BOAUT ¢ 6OJbLIEH THOKOCTBIO CO3ABATD Li€JIble POTPaMMbl U3
HE3aBHCUMBIX KOMIIOHEHTOB. 3TH KOMIIOHEHTbI MOTYT GbITh TAKMMM K€ MEJIKMMH,
KaK (DyHKIIMH, WIH KPYTTHbIMH, KaK I€JIble MOXYJIH, KOTOPbIE CaMHU TO cebe He npej-
CTaBJIAIOT HUKAKOH IIEHHOCTH, HO BMECTE MPHAAIOT CMBICJI €IMHOMY LEJIOMY.

Cosznanue MOJyILHOTO KOJIa — jieJio HellpocToe. [ToaTromy 31ech 6yayT npeacTas-
JicHbI TaKUe BeCbMa BaxkHble MeTOAUKH PI1, kak YacTHYHOE NPUMEHCHHE U KOMIIO-
suuusa. C nomompio PpyHKNHMOHANIbHOM 6M6HOoTekn Ramda.js oHn npuaalor koay
HYXHbIH ypOBEHb a0CTPAKIHHM, O3BOIAIONIMI BbIPAXKATh PENIEHHs B 6€CTOYEYHOM
CTUJIE Yepe3 JeK1apaTUBHble KOHBeHePbl (PyHKIHIL.

4.1. Lleno4yku MeTOoA0B B CPaBHEHUM
C KoHBenepamu GyHKUUA

B rnaBe 3 Mbl OCTAaHOBMJIMCD HA IENMOYKAX MCTOJOB, IPUMEHSEMBIX JUISl TIOCJIEA0-
BaTEJIbHOTO COEIMHEHHSA (PYHKLMIA, PaCKPbIB TEM CaMbIM CTHIb (PYHKIIMOHAIBHOTO
ITPOrpPaMMMPOBaHMs, 3aMETHO OTIMYAIOUIMHICH OT JI06GOro Apyroro CTwis pa3pa-
60TKM nnporpamMmHoro obecnedenus. Ho umeercs u apyroii NoJxos K COEAMHEHUIO
¢pyHkumii, HazpIBaeMbIN KoHEeUepusayuel.

H3yuas GpyHKIMY, ONE€3HO ONMUCHIBATD MX C TOYKH 3PEHMS BXO/IHBIX U BBIXOJI-
HbIX IaHHDIX (pHC. 4.1). Takoit cnoco6 0603HaueHUs QYHKLIHI TP X ONpee/IEeHUN
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npuMeHseTcs, HanpuMep, B s3bike Haskell u BecbMa pacnpocTpaneH B coo6mectse
IPOrpaMMHUpYIOINX (PYHKIIMOHAILHO, MIO3TOMY OH OylIeT €lle He pa3 NMPOAEMOH-
CTPUPOBaH B MOCIEAYIOIUX IIPUMEpPaX.

Hynesoe unu Gonbluee KOAM4ECTBO

TUNOB BXOAHbBIX AAHHBIX
<function-name> HH <Inputs*> -> <Qutput>
|
Nma 3Hak onepaumu, 0603Ha- EAMHCTBEHHDIW TN
PyHKUMM yaowwi “umeer Tun” BbIXOAHbIX AAHHbIX

Puc. 4.1. NpuHaToe B A3bike Haskell 0603HaueHune dyHKuumn npu ee onpe-

aeneHnn. B sTom 0603HauYeHMU ONUCHIBAETCA UMA GYHKLMK, NOCNEe KOTO-

poro cnepyer onepaums, 3a4aloLWan TUNbl BXOAHBIX U BbIXOAHBIX A43HHbIX
3TON PYyHKUUM

HanomuuM, 4TO B PyHKLHOHATBHOM IPOrPaMMHPOBaHUM (PYHKLIMS CTYXKHT ISt
MaTeMaTH4€eCKOro Npeo6pa3oBaHUs TUIIOB BXOJHBIX JAHHBIX B THIIbl BBIXOAHbIX JJaH-
HBIX, KaK MOKa3aHO Ha puc. 4.2. Hanpumep, npoctas ¢yHkuusa Bpoae isEmpty (),
KOTOPOM NepeaeTcsi CAMBOJIbHAA CTPOKA M BO3BPalalonias TOTUYECKOE 3HAYEHHE,
MOXET GBITh BbIPOKEHA B JAHHOM O603HaYEHUH CJIEYIOMUM 06pasom:

isEmpty :: String -> Boolean

isEmpty()

BxoaHble naHHbie: BbixoaHble faHHbIE:
CUMBONbHBLIE CTPOKM NOTUYECKOE 3Ha4eHne

Puc. 4.2. dyHkuma isEmpty () cAyXXuUT ANA CCbINOYHO-NPO-
3pa4Horo npeobpasoBaHMA BCEX CTPOKOBLIX 3HAYEHWUIM B N10-
rmyecKme 3HauYeHuA

JlanHaa yHKIMA BBINOJHAET CCHUIOYHO-IIPO3padHOe Mpeo6Gpa3oBaHHE BCeX
BXOJ(HBIX 3HAYE€HMH THIIa St ring B BBIXOAHbIE 3HaUeHMs THIA Boolean. Huxke npu-
BesieHa popma AMGAa-BbIpaXkeHUs JaHHOH (yHKIMH B JavaScript BMecTe ¢ ee cur-
HaTypoH.

// isEmpty :: String -> Boolean
const isEmpty = s => !s || !s.trim{();
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[Ipeacrapass GpyHKIMM B BUIE Npeo6pa3oBaHUil TUIIOB JaHHBIX, CJIEAyeT 3HATh,
KaKuM 06pa3oM OHU MOTYT GbITb COEIMHEHBI B LIENIOUKY ¥ KOHBeliep. J1s aroro nme-
I0TCS CJIEAYIONINE CIOCOODI.

B CpA3bIBAHUC METOJIOB B LIENOYKY (T€CHasA CBA3b, HO OFPAaHUYEHHAs BbIPa3u-
TEeJIbHOCTD).

B OpraHusaums KoHseiepos QyHKUuUi (cnabas ¢BA3b, HO 3HAYMUTEIbHAA THG-
KOCTb).

4.1.1. Cea3biBaHMe METOA0B B LIENOYKY

Kak ynomuHaznoch B mase 3, pyHKuuAM, peanusyiomMM ONepalvy map u
filter, mepefaeTcs UCXOAHDBIN MAaCCUB B KaueCTBE BXOJAHBIX JAHHbBIX, 4 OHM BO3-
BPalAIOT HOBbI MaCCHB B KAU€CTBE BbIXOJHBIX JAHHBIX. DT (PYHKIIMHM MOTYT ObITh
TECHO CBA3aHbI B LENOYKY Yepe3 HEABHO onpeensemblii B 6ubanoreke Lodash o6b-
€KT-060J104Ky, KOTOPbIf BHYTPEHHMM OOPa30M YNIPaBJsieT CO3JaHHEM HOBbIX CTPYK-
Typ AaHHbIX. HHXe npuBesieH npuMep TaKoTo CBA3bIBAHMSA, B3ATbIN U3 IVIaBbl 3.

_.chain(names) Mocne KamAO0H TOUKK MOXKHO
.filter(isValid) !N3mmbK°APW"¢M;T°AN
. => 5. v M3 UENOYKM, YNPaBAREMO
rSraszc(ls() s.replace(/_/, X cpeacrsamu 6ubnuorexu Lodash
.map(_.startCase)
.sort ()
.value();

OuyeBUAHO, YTO 3TO ABHOE CMHTAKCHYECKOE yCOBEPIIEHCTBOBAHHE IO CpPaBHe-
HUIO C UMIIEPATHBHBIM KOZOM, 3aMETHO MNOBbILaloee ero yrob6ountaemocts. Ho,
K COXaJIEHHIO, OHO MCKYCCTBEHHO U TECHO CBSI3aHO C BJIAJEIOIUM OGBEKTOM, Orpa-
HUYMBAIOUMUM KOJIMYECTBO METO/IOB, KOTOPbIE MOTYT ObITh IPUMEHEHBI B IIETIOYKE,
4TO, B CBOIO OY€PE/ib, OTPAaHHYHBAET BbIPA3HTEIbHOCTDb KoJa. B 1aHHOM cirydae npu-
XOAMTCA OOXOAUTLCS JIMIIL TEM HAGOPOM omnepalmii, KOTOpble NPeJOCTaBIAET GU-
6smnortexa Lodash, Ho Heb3s Tak e MPOCTO COEIMHUTD (PYHKIUHU M3 APYTHX (WIH
cO6CTBEHHbIX) 6UGIMOTEK B OJHOI NporpaMMe.

MpumevaHue

UmetoTca cnocobbl paclumpuTb 06BHEKT 4ONONAHUTENbHBIMU GYHKLIMOHANbHBIMU CPea-
CTBaMM, UCNONb3YA NPUMECH, HO B ITOM Cnydae NPUXoAUTCA GpaTb Ha ceba oTsert-
CTBEHHOCTb 33 ynpaBneHne 06beKTOM NpumecH. B 3TOi KHUre NPUMECH He pacCMa-
TPUBAIOTCA, HO O HUX MOXHO NoapobHee y3HaTb U3 CTaTbW, AOCTYNHOI NO aapecy
https://javascriptweblog.wordpress.com/2011/05/.

O6061EHHO POCTYIO MOCJIEA0BATEIbHOCTh METOI0B 06PabOTKM MACCHBOB MOJXK-
HO NpPeJCTaBUTh TaK, KaK MnokasaHo Ha puc. 4.3. Ho 6bu10 6bl Jyuire pa3éurhb, Tak
CKa3aThb, LEMNOYKY, YTOObI MNOJYYMTh HAMHOTO GOJiblle CBOGO/bI UISi OPraHHU3aluH
HOCJIEAOBATEIbHOCTH He3aBUCHMBIX pyHkuMii. U aTo# nesn MoxHO foCcTHYD € NO-
MOUIBIO KOHBEHepOB (PYHKIUIA.
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v

MNopsaok cneposaHWs onepaumin

Maccus Maccus _.filter Maccus .reduce

g
K 3HayeHuIo

Puc. 4.3. Lienoyka MaccuBOB, COCTOALLAA M3 METOA0B, NOCNEA0BaTENbLHO Bbi3biBa@MbIX Yepes Bnaje-
oW UMUK OOBEKT. BHYTPU ee Kaxapiili MeToa BO3BPALLAET HOBbIM MacCuB, COAepIKaLLUi pesynbTar
BbI30Ba KaXKA0W PyHKUUU

4.1.2. Opranusaumsa GyHKUMiA B KOHBEHepbI

PyHKIMOHAIBHOE MPOrPaMMH POBAHUE YCTPAHAET OrPaHUYCHUSA, IPUCYIIME CBS-
3bIBAHHIO METOJOB LIENOYKY, M 00€CnE€YHBAET TMOKOCTb COEMHEHHA TI060ro Habopa
¢yHKUMI HE3ABUCHMMO OT UX NPOMCXOXKAEHMA. A 3TOM NENU CIYyXHUT KoHeeliep —
HanpapJIEeHHas MOCJeJ0BaTENbHOCTD (PyHKIMIA, pacnioaraeMbIX CBOGOJHO, HO TaK,
4YTOGbI BBIXOAHBIE JAHHBIE M3 OXHOM (PYHKIIMHM CJIY>KWIH BXOJHBIMHM JAaHHBIMH JUIs
apyroit. Obmee npeacTasieHre 06 opraHM3aluu KOHBelepa aaet puc. 4.4, rae co-
eMHeHbl BMecTe PyHKIMH, 06pabaThiBalOIMe Pa3HOTUIIHBIE OGBEKTBI.

Bbi308 Konsenep KoHBeWep pu Konsevnep [
B — A [ mp

TunA 't::A->B TwnB - g:B->C TunC

Bxoa Buixoa

Puc. 4.4. KoHBeitep GyHKLMIA, HaUMHAIOWMACA ¢ dyHKUMK £, KOTOPOI NepeaaloTca BXOAHbIE AaHHbIE

TMNa A 1 KoTopas $opmupyeT o6bEKT TMNa B, KOTOPLIM 3aTem nepeaaeTca GyHKUMK g, BbIBOAAWEN

06beKT TNa C Kak KOHEUHbIW pe3ynbTaT. PyHKUMKU £ U g MOrYT OTHOCUTLCA K Nto6oi Bubnuotexe unm
6biTb BawMMK COBCTBEHHBIMU PYHKUUAMMU

B sT0i1 m1aBe npeacTaBi€HbI METOAMKH, MIO3BOJISIONIME OPraHH30BbIBATH BHI3OBbI
¢yHxuuii Ha BbICOKOM YPOBHE B JIAKOHUYHbIE KOHBEHEPBI IO TAKOMH XKe CXeMe, Kak
y Ha puc. 4.4. Eciiu cxema nokaxeTrcst BaM 3HaKOMO#, 3TO MOXHO OOBSICHHUTDb TEM,
YTO OHa ceyeT 0ObEKTHO-OPHEHTHPOBAHHOMY ITPOEKTHOMY mabioHy “Kananbi u
¢unsrper” (Pipes and Filters), Ha6mozaeMoMy Bo MHOTMX NPHJIOXKEHHAX MaciTaba
NpeANnpHATHA U HAaBESTHHOMY IPMHIMIIAMH (PYHKIIMOHATBHOTO POrPaMMHUPOBaHHUS
(¢punbTpaMu B JaHHOM CJIydae CITyXKaT OTAeAbHbIC (PYHKIHMH).

ITpu cpaBHenumn puc. 4.3 u 4.4 o6HapyxuBaeTcs CJAEAyIOlEee MIaBHOE OTIMYHeE
060HUX pacCMaTPHBAEMBIX 3JIECh CIIOCOO0B COEAUHEHH (PYHKIIMIA: IPH CBA3bIBAHUH
B LIENIOYKY 00pa3yloTCs TeCHbIE CBA3M YEPEe3 METO/bl OOBEKTA, TOI/Ia KaK KOHBekep
COEJIMHSAET BXO/bI M BBIXOJbI JIOOBIX (PYHKIMHI, YTO NPUBOJAMT K 1260 CBA3aHHBIM
KomnoHeHTaM. Ho i Toro 4ro6bl Takas CBsi3b CTajJa BO3MOXHOM, COeIMHEHUE
¢yHKuHMii 10/DKHO GBITH COBMECTHUMBIM C TOYKH 3PEHHS KOJHYECTBA aPryMEHTOB U
THUNOB AaHHbIX. UIMeHHO 06 3TOM M noiineT peub aajee.
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4.2. Tpe6oBaHUs K COBMECTUMOCTU QYHKLIUMA

Konseiiepbl NpUMEHAIOTCA B OOBEKTHO-OPUEHTHPOBAHHBIX IIPOrpaMMax CIIO-
PaaMYecKH, B OTAE/IbHbIX CIICHApUAX (3a4aCTyio NpH ayTeHTHU(HKALIMH,/aBTOPHU3a-
L1H), TOTAA KaK B OCHOBY (PpyHKIIHOHAILHOTO NMPOrpaMMHUPOBAHMUs KOHBEIephI 1o-
JIOXEHBI KaK €IMHbII CIIOCO6 HANMCAaHUA porpamMM. B 3aBucuMocTH OT pemaemoi
33Jla4yM 3a4acTyl0 BO3HMKAET JOBOJbHO 3aMETHBINH Pa3pbiB MEXY MTOCTaHOBKOM 3a-
A4y ¥ IPeIaraeMbIM PEIIEHHEM, IIO3TOMY BbIYHMCIEHHA JOKHbI BBINIOJTHATHCSA Ha
BIIOJIHE OMNpeeIEHHbIX CTAAUAX. TU CTAAUM NPEACTABIEHbI PYHKIMAMH, KOTOPbIE
BBIMOJIHAIOTCS MPH YCJIOBUH, YTO UX BXO/IHBIE U BLIXOJHbIE JaHHbIE COBMECTHMBI 110
CJIEAYIOMMM JBYM KPHTEPUSAM.

B Tan. Tun, Bo3BpaiaemMblii npeabiAyIei pyHKIMe, 10/DKEH COBIAAATDb C TH-
IIOM apryMeHTa nocjeayouei pyHkiumm.

8 KommuecTBo aprymenTos. [locrenyiomas ¢pynxums 10mKHa 6bITh OObABIEHA
XOTsA GBI C OMHUM APIryMEHTOM WIM MapaMeTpoOM, YTO6bl 06paboTaTh 3Haue-
HUe, BO3BPAIaeMO€ U3 BbI30BA MPEAbIAyIEH PYHKIMH.

4.2.1. ComecTuMble N0 TMNY GYHKLMUK

IMpu npoexkTHpoBaHMM KOHBEIepOB PYHKIHI OYeHb BAXXHO 06€CNEeUYHUThb COOT-
BETCTBYIOLIMIA yPOBEHb COBMECTUMOCTH JaHHBIX, BO3BPALIAE€MbIX U ME€PELAaBAEMbIX
¢ynxnuamM. Yro xacaeTcss COBMECTUMOCTH MO THIlYy JAHHBIX, TO OGECNIEYUTH €€ B
JavaScript nerue, yem B A3bIKaX CO CTPOTOM THNIM3ALIMEH, TOCKOJbKY JavaScript — 3TO
A3bIK CO caboit Tunuaanuei. Tak, ecn noBeaeHne 06beKTa Ha MPAKTHKE MOXOXE
Ha OonpeJe/JeHHbIi THII, TO OH OTHOCHUTCS MUMEHHO K 3TOMY THIy. ITO TaK Ha3blBae-
Mast ymUHaa mMunu3ayus no ciaeayoumemy npuauuny: “Ecam aTo noxoxe Ha noxoaky
Y KpSIKaHbe YTKU, 3HAUMT, 3TO U €CTh yTKaA™.

NMpumevyaHue

CTporo TMNM3MPOBaHHbIE A3bIKM NPOrpaMMMpoBaHUA 061afaloT TemM npeumylue-
CTBOM, UTO B HUX NPUMEHRAIOTCA CUCTEMbI TUNOB ANA NPEAYNPEXKAEHUA O BO3MO-
HbIX OCNOXHEHUAX 6e3 BbINOAHEHUA NPUKNAHOrO Koaa. CMCTeMbI TUMOB ABAAIOTCA
BAYKHOM TeMOM B PYHKLMOHANLHOM NPOrPaMMUPOBAHUK, HO B ITOW KHUIE OHU He
paccmaTpuBaloTcA.

MexaHu3M AMHAMHYeCKOH JUCneTYepU3alvi, MpUMMeHseMblii B JavaScript, nbl-
TaeTcss OGHAPYKHUTb CBOICTBA U METOAbI OObEKTOB 6E30THOCHTENBHO K CBEACHUAM
06 ux Tune. M xora 370 oyeHb y106HO, Hepeako TpebyeTcs Bce ke 3HAaTb, KaKHe
MMEHHO THIIbI 3HAaYEHHUI1 npeanonaraorcs B pyHknuu. Ecim sicHo onpeaenuts ux
(BO3MOXHO, 32IOKyMEHTHPOBAB B KOJIE C IOMOIILIO NPUHATOTO B s13bike Haskell 060-
3Ha4Y€HMs), TO MPUKIAJHbIE IIPOTPAMMBbI GYIET JIErye MOHATb.

®opmanbHO PyHKIMH £ U g CUMTAIOTCS COBMECTUMBIMH I10 THITY, €CJIH BBIXOJHbBIE
AaHHbIe PYHKUMHM £ OTHOCATCSA K THUITY, 3KBUBAJIECHTHOMY TOMY THITY, C KOTOPbIM 3a-
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AAHbI BXOJHbIE TAHHbIC q))’HKHHH g. B kauecTBe IIpHUMEpPA HHXKE IIPUBECHA IIPOCTAasA
Inporpamma, o6pa6a'rb13alomaa HOMEP COLHAJIBHOIO CTPAXOBAHHS y4aIIETrOCs.

l YAANMTb HauaNbHbIe M KOHeuHbie npobenbl
trim :: String -> String

normalize :: String -> String @] YpannTb niobbie 3HaKK TMPE N3 BXORHOH CHMBONBHO#H CTPOKM

Tenepb MOXHO INPOCHEAUTH COOTBETCTBHE BXOAHBIX AAHHBIX (PYHKUMH
normalize () ¥ BBIXOAHBIX AAHHBIX (yHKIMM trim (), YTOGBI BBI3bIBATH X B IIPO-
CTOM, OpPraHu3yeMoH BPYuYHYI0 KOHBEMEPHOI MOC/IeA0BATENbHOCTH, KaK JEMOH-
CTPUPYETCS B IMCTHHrE 4.1.

JNucTurr 4.1. NMoctpoeHne koHBeWepa U3 GyHKUMIA trim () M normalize () BPyuHyi0o

// trim :: String -> String Bbi3satb 06e dyHKUKM BPYY-
const trim = (str) => str.replace(/"\s*|\s*$/g, ''); HYIO B NPOCTOM NOCNEA0Ba-
TenAbHOM KOHBeHepe (aanee
. . . NOACHAGTCA, KaK ABTOMATHU3M-
// normalize :: String -> String poBaTh 370 Npoyec). flaHHan
const normalize = (str) => str.replace(/\-/g, ''); DYHKUNA HAMEPEHHO Bbi3biBa-
€TCA C HAYANbHDIMK U KOHEN-
normalize (trim(' 444-44-4444 ')); //-> '444444444"' HbiMM npoSenamu

besycioBHO, coBMECTUMOCTb (PyHKIIMI 10 Tunam BaxHa. Ho B JavaScript ona
HE TaK BaXHa, KaK COBMECTHUMOCTD IO KOJMYECTBY apryMEHTOB, MepeaaBaeMbIxX
dynkuuam.

4.2.2. OyHKUUM 1 aPHOCTb: BaPUaAHT ANS KOpPTEXen

Aprocms MOXKHO ONPEJIETUTD KaK KOJIMYECTBO APryMEHTOB, KOTOPbIE LIEPEAAIOT-
ca pynkuuu. OHa Takxe o3HavaeT diuny GyHKUMH. B Apyrux napagurmax nporpam-
MHpOBaHHﬂ apHOCTb BOCIIpHHHMaCTC8 KaK HEUYTO CaMoO CO0Ooi paaymelomecca, HO
B q)yHKI_lHOHaJIbHOM nporpammupoaanuu, KaK c.rxenye'r H3 npm{unna CCbUIOYHOM
npospa!mocw‘, KOJIHUECTBO apI‘YMCHTOB, C KOTOprMH OOBbABASAETCS ¢)YHKIlHﬂ, He-
peznco OKa3bIBA€TCA ﬂpﬂMO nponopunona.nbﬂbm €€ CJIOXKHOCTH. Hanpnmep, Cl))’HK'
1, o6pa6a"r|>malomaa elIMHCTBeHH)’lO CHMBOJIbH)’lO CTpOKy, BCpOﬂTHCC BCEro,
OKaXXeTCs1 HAMHOro 6oJiee I‘IpOCTOﬁ, 4eM q)}’HKIlHﬂ, KOTOPOﬁ nepenalo*rca TpH HIHN
4€ThIpE aprny:HTa:

// isValid :: String -> Boolean
function isValid(str) { -<e——————— 310 PyHKLUKEH NONBIOBATLCA NPOLLE

}

function makeAsyncHttp (method, url, data) { TPyAHER, TaK KaK CHauana [OMKHbI

// makeAsyncHttp:: String, String, Array -> Boolean | A srok gynkumed nonb3osateea
i 6biTb BLIYMCNEHDI BCE €€ APTYMEHTBI

[Monb3oBaTbcst YUCTBIMM (PYHKIHUSAMM, KOTOPbIM NEPE/IAETCHA €IMHCTBEHHBIHM ap-
TYMEHT, IIPOLIE MOTOMY, YTO OHM CJYXKaT TOJbKO OXHOM L€ — €AMHCTBEHHOM OT-
BETCTBEHHOCTH. A Halla LieJIb — MOJIb30BaTbCA (PYHKHMAMHU C KAK MOXKHO MEHDbIIUM
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KOJINYECTBOM apIyMEHTOB, I0CKOJIbKYy OHM 60J1ee ruGKHe U YHUBE PCAIbHBIE, YEM TE,
4TO 3aBUCAT OT MHOTUX apryMeHToB. Ho, k coxanenmio, 11oiyuuTs yHapHbie QyHK-
1 Hesterko. Ha npakTuke Takas ¢yHkiusa, kak isValid() B npuBeI€HHOM HIXKeE
npUMeEpe, MOXET ObITh IONMOJIHUTENBHO Ha/leJIEHa COOOIEHNAMY 06 OlMGKaxX, ACHO
OIHUCBIBAIOIINX, YTO MPOU3OLLIO IIPU €€ BBINOJHEHHUMU.

isvalid :: String -> (Boolean, String) 4—1 B038paTUTL CTPYKTYPY, XPaHALLYIO COCTOAHNE NPOBEPKN
AOCTOBEPHOCTH, 3 BOMOXHO, U coobuienne 06 owubke

isValid (' 444-444-44444'"); // -> (false, 'Input is too long!')

Ho xax BO3BpaTuTh U3 (PYHKIMM JBa Pa3HbIX 3HaYeHUA? B s3bikax pyHKIMOHAID-
HOTO NMPOrPaMMUPOBAaHUs LIl 3TOM 11€/IM ITOJJIEPXKUBAETCA CTPYKTypa, Ha3bIBaeMas
xopmedsicem (tuple). ITO KOHEYHDbIHA, YIOPAZOYEHHBIN CIIUCOK 3J€MEHTOB, OOBIYHO
CTPYNIMPOBAHHBIX M3 IByX WIM TPeX 3Ha4eHHUH U 00o3HavaeMbIX Kak (a, b, c).
Onupasch Ha MOHATHE KOPTEXa, MOXHO BOCIIOJIb30BATLCA UM KaK 3HaY€HUEM, BO3-
Bpam@aemMbiM 13 pyHKuMM isValid(), crpynnMpoBaB B HEM COCTOSIHME NMPOBEPKH
JAOCTOBEPHOCTH BMECTE C BO3MOXKHBIM COO61EHNEM 06 omnbKe, YTOObI BO3BPAaTUTh
HX KaK €IMHOE 1ieJIoe, a eC/IM NOoTpebyeTcs, TO COOTBETCTBEHHO NepeaaThb Apyroi
¢ynkuun. PaccMoTpum koprexu 6osee noapo6Ho.

KopTexu aBIS10TCS HEM3MEHAEMbIMU CTPYKTyPaMHU, YIIaKOBbIBAIOIMMHU BMECTE
Pa3HOTHUITHBIE 3JIEMEHTDI, YTOObI UX MOXHO ObLIO NepejaBaTh APYrUM QyHKIUAM.
HiMeloTcst 1 ipyrue crioco6bl BO3BpaTa IPOM3BOJIbHBIX JAHHBIX, B TOM YHcje O6b-
€KTHbIE JIMTEPAJIbl U MACCHBbI:
return {

status : false, uwmm return [false, 'Input is too long!'];
message: 'Input is too long!'
b

Ho uTo kacaeTcst o6MeHa JaHHBIMM MeXAy PYHKIMAMU, TO B 3TOM OTHOHMICHUH

KOPTEXH NPEJOCTABJIAIOT CJIEAYIOLIHE JOMOJHUTE/NbHbBIE IPEUMYIIECTBA.

B Heunsmensemoctb. Kak TonbkO KOpTEX GyAE€T CO34aH, UBMEHUTb €O BHY-
TPEHHEeE COAEPKUMOE yXKe HEJIb3s.

B OrcyrcTBHE NOTPEOGHOCTH CO3JaBaTh CIelHMaIbHbIe THNBI. B kopTexu
MOTYT 6bITh O6'bCIMHEHDI 3HAUYEHUS, BOOOIIE HE CBA3AHHbIE APYT C APYTOM.
ITosTomy onpeaeeHe U NOJyYEeHUE IK3EMILIAPOB HOBbIX TUIIOB TOJIBKO VIS
IPYHITIMPOBKY AAHHbBIX M3JIMILHE YCJIOKHAECT UX MOJAEIb.

B OTtcyTcTBHE HOTPEGHOCTH CO3AaBATh HEOJHOPOJHBIE MacCHBbI. O6paGoT-
Ka MaCCHBOB, COCTOSIIIMX U3 Pa3HOTHUITHBIX 3IEMEHTOB, 3aTPyAHEHA IIOTOMY,
YTO JIA 3TOro TpeGyeTCs HANMCATh KOJ C GOJIbIIMM KOJIMYECTBOM 3allUTHBIX
npoBepok Tunos. I1o Tpaguuuu MaccUBbI NIPEAHA3HAYEHDI I XPAaHEHUA
06BEKTOB OJHOTO THIIA.

Bosee Toro, koprexu BeayT cebsi KaKk OObEKTbI-3HAYECHHUS, YIIOMMHABIIUECS B
mase 2, “CueHapuii Bbicuiero nopaaka”. KOHKpETHBIM TOMY NIPUMEDPOM CYXHT
MPOCTON THUN AAHHBIX Status, cocToAmMI M3 NPU3HAKA NPOBEPKH COCTOAHUA U
coobmenus: (false, 'Some error occurred!'). B ominune OT APyrux A3bIKOB
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(pyHKIMOHAIPHOTO NNPOrpaMMKUpPOBaHus, Hanpumep Scala, B JavaScript oTcyrcTByeT
cOOGCTBEHHAs NOJJIEPXKKA THMA JaHHBIX Tuple mis koprexei. Tak, eciu umeercs
caefyollee onpesiesieHue koprexa B Scala:

var t = (30, 60, 90)
TO AOCTYTI K OTAEJIbHBIM €TI0 COCTABJIAIOMIMM MOXHO MOJIyYHTb C/I€AYIOIUM 06pa3oM:
var sumAnglesTriangle = t._1 + t. 2 + t._3 = 180

Tem He menee B JavaScript npesoCTaBISIOTCS BCE CTaH/IapPTHBIE CPEACTBA, TPe-
Gylomuecs 1 peaM3aluy COOCTBEHHON BEPCUM THNA JaHHbIX Tuple, Kak JeMOH-
CTpUpYyeTcs B IMCcTUHTE 4.2

NucTurr 4.2, Peanusaums Tuna aaHHbiX Tuple

const Tuple = function( /* Tunu */ ) { NpounTtath npegoCcTaBAREMbBIE TURIbI |
apryMeHTOB, COREPHALMXCA B KOPTEXE

const typelInfo = Array.prototype.slice.call (arguments, 0);

06bABKTL BHYTPeHHUHA TMR _T, OTBe4alo-
const T = function( /* 3Hawenus */ ) ({ WM 33 NPOBEPKY COOTBETCTBUA THNOB
U 3HaveHui
const values = Array.prototype.slice.call(arguments, 0); 4——————]
W3Bneub 3HaUEHHA, KOTOPbIE A0MKHBI XPAHHTLCA B KOpTEXE
if (values.some ( <f—~——~—--— BbINONHUTL NPOBEPKY Ha HENYCTbie 3HaYeHHA. DYHKLHUOHANbHBIE THNbI
val => val === null || val === undefined)) { AAHHBIX HE AOMKHBI AONYCKATH NPOHUKHO-

throw new ReferenceError ('Tuples may not BeHWe NYCTLIX sHaueHH

have any null values');

} MpoBepuTL Ha COOTBETCTBUE KONUYECTBO APrYMEHTOB
B KOPTEKE W KONKUYECTBO ONPeAENEHHBIX THNOB

i

if (values.length !== typeInfo.length) { <
throw new TypeError('Tuple arity does NpoBepuTb, COOTBETCTBYET AU KA AOE Nepe-
not match its prototype'): AAHHOE 3HaYeHWe NPaBUALHOMY THNY B ONpeaeneHum
} KOpTeMa, HCNONb3YA NPEACTaBAECHHYIO Aanee GYHKUNIO

checkType () . Kawppiit anemeHT koprema Gyaer npe-
06pa308aH B cBOHCTBO KOpTEMa, 0603HAYaemoe KaK _n,

values.map((val, index) => { fA€ N — WHAEKC 3EMEHTa, HAUMHAA ¢ 1
this[' ' + (index + 1)] = checkType (typeInfo[index]) (val);
}, this);
: Dy . CAenarb KOpTeX HeusmeHse-
} .Object .freeze(this); 4——-| MbiM SK3EMNNAPOM
_T.prototype.values = () => { <+ W3sneunb Bce 3HAUEHHA U3 KOPTEXa B BUAE
return Object.keys(this) MaccuBa. 3TO MOXHO COYeTaTb BMecTe
.map ( k => this[k], this); C AECTPYKTYPHPOBAHHLIM NPUCBAUBAHHEM,

Vi BHeApeHHbIM B Bepcku ES6, uTo6bi npeobpa-
! 30BaTb 3HAUEHUA U3 KOPTENKA B NEPeMeHHbIe
return _T;

}:

O6bekT THna Tuple, onpejesieHMe KOTOPOro NPUBEJEHO B JIMCTHHTrE 4.2,
ABJISETCA HEM3MEHAEMOM CTPYKTypoii (PMKCMPOBaAaHHOM UIMHbI, TPUMEHAEMON
1 XpPaHEHUA HEO/ITHOPOJHOTO MHOXECTBA 3HAUEHUM 7 TUTIOB, KOTOPbIMU MOTYT
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06MEHUBATLCA QYHKIIMH. ITHM OGBEKTOM MOXHO, HAIIPUMEP, BOCIIOJIB30BATbCA ISt
6bICTPOro NOCTPOEHUS OOBEKTOB-3HAYEHUI THIIa Status:

const Status = Tuple(Boolean, String):;

A Tenepb 3aBepmIMM NpeAbLIYIUI PUMEDP NPOrpaMMbl, 06paGaThiBaloleii HO-
Mep COIMAIBHOTO CTPaxOBaHMA YYalIErocs, BHIFOJAHO BOCIOIb30BaBIINCh KOPTEXa-
MH (tucTuHr 4.3).

Nuctunr 4.3. NpumeHeHune koprexen B GyHKUMKN isValid ()

// trim :: String -> String

const trim = (str) => str.replace(/*\s*|\s*$/qg, ''):
// normalize :: String -> String
const normalize = (str) => str.replace(/\-/g, '');

// isValid :: String -> Status

const isvValid = function (str) ({ 0O6baBuTL THN Status, YTO6bI XPaHHTL 3HaYEHHA
if(str.length === 0){ ANA COCTORHMA NpoBepKK (Tuna Boolean)
return new Status(false, 4—' 4 coobennn (una String)
'Invald input. Expected non-empty value!');
}
else {
return new Status(true, 'Success!');

isValid(normalize (strim('444-44-4444'))); // -> (true, 'Success!')

JlByx3/1eMEHTHbBIE KOPTEXU HACTOJIbKO YaCTO BCTPEYAIOTCA B HPOrpaMMHOM
obecrnieyeHnH, 4YTO MX CTOUT CAeJIaTh OGBEKTaMM NEPBOTo Kjiacca. A ec/iu BOCMOJb-
30BaThCsA €lIE U decmpyxmypuposanmnvim npuceausaruem, NoJIep>XKka KOTOPOro pe-
aM3oBaHa B ctangapte ES6, To 3HaYeHHsA M3 KOpTeXa MOXHO NMPeo6pa3oBbIBaTh
B [IEPEMEHHbIE SICHbIM U IOHATHBIM 00pa3oM. Tak, ¢ moMompIo KOpTEXEil B IpUMe-
pe koja u3 ucTunra 4.4 cozaaercsa o6beKT THNA StringPair.

Juctuir 4.4. Onpepenenne Tuna StringPair

const StringPair = Tuple(String, String):

const name = new StringPair ('Barkley', 'Rosser');

[first, last] = name.values({(); 3gech BO3HMKaeT

first; // -> 'Barkley' ownbKa B cBA3M

last; // -> 'Rosser'’ € HeCOOTBETCTBHEM
KO/IHYECTBa apryMeHToB

const fullname = new StringPair('J', 'Barkley', 'Rosser'); <&

KopTrexu ciyxaT oJHUM U3 CPEJCTB ISl COKpPAIEHUS KOJIMYECTBAa apryMEHTOB
dyHKIMH, HO CYIIeCTBYET M JIydlllasi aIbTEPHATHBA Ha Te CJIy4YaM, KOIZla KOPTEXH
okasbiBaloTcs HeapdekTuBHbIMU. TIpuaaaum o6cyxaeHHio Gosbieil OCTPOTHI,
NpEe/JCTaBUB METOJMKY Kappunza dynxyul, KOTOpas He TOJbKO NO3BoJsAET abcTpa-
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rupoBaThb KOJIHU4Y€CTBO apPryMeHTOB, HO 1 CHOCO6CTByCT MOZYJbHOCTH H IOBTOPHOMY
HCITIOJIb3OBAHHIO KOJA.

4.3. BoluucneHme kappmpoBaHHbIX QYHKUUA

[epenatb 3HaueHUE, BO3BpaliaeMoe U3 (PyHKIMM, B KAUE€CTBE BXOAHbIX JIAHHBIX
yHapHo# ¢pyHkunu HetpyaHo. Ho uto, ecom nesneBoii pyHkunm nepeaaercs 6obiie
napaMeTpoB? UTo6b! yACHUTh Ha3HAYeHNe KappHHTra B JavaScript, HyXHO CHavala
paso6paTbcs, 4eM xappuposarnan PyHKIHUS OTINYAETCA OT OObIYHOM (HEeKkappupo-
BaHHOM) (PYHKIIMH B IUIaHE BeIYMCIeHUIl. B a3bike JavaScript paspeniaeTcs BbI3bIBaTh
O6bIUHYIO (T.€. HEKADPUPOBAHHYIO) (PYHKIMIO /U1 BHIMTOJHEHUSA C OTCYTCTBYIOIMMHU
aprymeHTaMu. MHbIMU clloBamMH, eciiu onpeaenuTs ¢pyHknmio £ (a, b, C) 1 BbI3BaTh
€€ TOJIbKO C apI'YMEHTOM a, TO €€ BbIYMCJIEHUE OyAeT NPOAOIKEHO, a MHTEpIpeTa-
TOp JavaScript aBTOMaTH4Y€CKH YCTAaHOBUT HeonpeaeaeHHoe (undefined) 3nauenune
JUISl apTYMEHTOB b U C, KaK IOKa3aHo Ha puc. 4.5. 9To npuckop6Hast U Haubosee
BEPOATHAs MPUYUHA, MO KOTOPOW KaPPUHT HE SABJSAETCSH BCTPOEHHBIM A3bIKOBBIM
cpeacTBoM JavaScript. HeTpyaHo npeacTaBuThb, YTO €CJIM He OGBABUTD KaKHe-HUOY b
ApPryMEHTBI M N10JIaraThCs TOJbKO Ha OObEKT arguments B TeJie PyHKIHMH, TO CO3/1aB-
1eecs MoJIOKEHHUE TONIbKO YCYTyOuTCA.

Boluucnsercs: BuinonHsercs B suae:
fa) —> f(a, undefined, undefined)

Puc. 4.5. Bb130B HEKapPUPOBaHHOM GYHKLUMM C OTCYTCTBYIOWMMU

apryMeHTaMu NpUBOAMT K aBTOMATUYECKOMY BbIYMCNEHUIO He-

[OCTAOWMX NAapameTpoB M NPUCBOEHUIO UM HeonpeaeneHHbIX
(undefined) 3HaueHul

A KappupOBaHHO¥ Ha3bIBaeTCA (PyHKIUSA, TI€ BCE apPIYyMEHTBI OIpPe/Ie/IEHbI IBHO.
[ToaTomy, ecsiv BbI3BATh TAKYIO (PYHKIIMIO C HEMOJIHBIM HAGOPOM apryMEeHTOB, TO BMe-
CTO pe3y/bTaTa OHa BO3BPATHT HOBYIO (DYHKIIMIO, KOTOPO# HYXHO Gyl€eT rnepeaaThb
HEJIOCTaIOIUE APTYMEHTBI MIEPE/ T€M, KaK OHa BO3BPATUT PE3y/IbTAT BbIYMCICHUS.
[Topsaok BbIYMCIEHNA KAPPUPOBAHHOM (PYHKIIMHK HAIVISAZHO NOKa3aH Ha puc. 4.6.

Kappune — 3To MeToauka npeobpa3oBaHus GyHKIHH CO MHOTMMM NI€ PEMEHHbI-
MU B [OCTENIEHHO (GOPMUPYEMYIO MOCIEJOBATENBHOCTb YHAPHBIX (PYHKIMII IIyTeM
IIPMOCTAaHOBKH WIM “OTKJIA/IbIBAHUSA~ €€ BbIIIOJIHEHHS 0 TeX Mop, MoKa He OyayT
MIPEOCTABIEHDbI BCE APTYMEHTDI, YTO MOXET NPOM30iTH no3aHee. Hike npueeaeno
¢opmanbHOE OMNpesie/IeHHE KAPPUHTa TPEX NapaMeTPOB PyHKIUH.

curry(f) :: ((a,b,c) ->d) ->a ->b ->c ->d

B sToM popManbHOM onpenesieHuH NMPEANOaraeTcsa, YTo CUrry — 3To HocTe-
NIeHHOE NPeo6pa3oBaHUe OJHUX (PYHKIMIA B Apyrue € LeJblo pa300paTh BXOAHBIC
AaHHbIE (a,b,C) Ha BbI3OBbI OTAEIBbHBIX (PYHKIMIA C €IMHCTBEHHBIM apIryMEHTOM.
B Takux s3blKax HMCKJIIOYHUTENbHO (PYHKIMOHAILHOIO IIPOTPAMMHPOBAaHMS, Kak
Haskell, kappyHr siBsIeTCS BCTPOEHHBIM A3BIKOBBIM CPEACTBOM M dBTOMATHYECKH
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BKJIIOYAETCsA B ONpese/ieHUs BceX PYHKIMIA. A B JavaScript kappuHr GyHKIME HE BbI-
MOJIHAETCS aBTOMAaTHYECKH, U ITIO3TOMY NPUXOAUTCA MHCATh KaKoi-HMOYIb noaaep-
XUBAIOIMH KOJ JUI aKTUBU3aLIMM KappHHTra. B cBsA3M ¢ 3TUM paccMOTpUM npumep
peasn3aliMM KapPHHIa JIByX apryMEHTOB BPY4HYIO, IIPEX/J€ YeM NepedTH K aBTOKap-
puHry. COOTBETCTBYIOIHI HCXOHbINA KO HPUBEAEH B IMCTUHTE 4.5.

Buuncnsercs: Bosspauwaer:

fa) — f(b,¢)

f(a,b) —— f(c)

f(a’ b’ C) e— result

Puc. 4.6. BbiumcneHue kappuposaHHOW GyHKumm £. 31a PyHK-
UMA BbIA3ET KOHKPETHbLIM Pe3ynbTaT TONIbKO B TOM Cayvae,
ecnn el nepepaHbl BCe apryMeHTbl. B npoTtMsHOM criyyae
OHa BO3BPaALLAET APYryI0 GYHKLMIO, OXMUAAIOLLYIO NONYYUTb
OCTanbHble aprymeHTbl nepes CBOVM BbINONHEHUEM

NucTunr 4.5. Peanu3saunm xappuHra AByX apryMeHTOB BPYYHYIO

function curry2(fn) { 3aduKcuposarb nepBbili aprymeHT npu
return function(firstArg) { nepsom Bbizose dyHKUuM curry?2 ()
return function(secondArg) { <§————— 3aduKCcupOBaTL BTOPO apryMeNT npu
return fn(firstArg, secondArg); <— BTOPOM BbI30BE AJHHOH QYHKLMM
}; i Bossparutb pesynbrar
v NPUMEHEHNA AAHHOH GYHKLUM
! € 060MMM aprymeHTamu

Kak BuaMTE, KADPUHI OKA3bIBAETCSA JPYTMM BapHMAHTOM JIEKCMYECKOH 06J1acTH
BUIMMOCTH (MM 3aMbIKaHMs), TA€ Bo3BpamaeMmble GyHKUNM ABIAIOTCH HUYEM
MHBIM, KaK OGBIYHBIMH BJIOXKE€HHbIMH (PYHKIUAMH-06GE€pTKaMH, (PUKCHPYIOIIMMHU ap-
TYMEHTBI JJi NOC/IEAYIOIETo UX HCNoab3oBaHud. Hinke npusesen npocToii npumep
ITPUMEHEHMs KappyHra (PyHKIMH, pEaIN30BaHHOTO B JIMCTUHTE 4.5.

const name = curry2(function (last, first) => {
return new StringPair(last, first):;

})i: Ecam ykasaHb 06a aprymenta,
T0 GYHKUUA BbIMMCARETCA
[first, last] = name('Curry') ('Haskell').values(); noakocTslo

first;// -> 'Curry’

last; // -> 'Haskell' A eC/M YKa3aH TONLKO OAMH aPrYMEHT, TO BO3BPALLAETCA
I APYran GyHKUUA BMECTO BOIMHUC/IEHHA BAHHON GYHKUMN

name ('Curry'); // -> OyHxuus € HeonpeaeneHHbIM 3HaYeHHEM OTCYTCTBYIOWLErO apryMenTa

PaccmoTpuM eme oMH npuMep NpUMeHeHUs QYHKIMU curry? () Jis peaimsa-
uun pyHkuu checkType (), ynoTpe6assueiicss B MCXOIHOM KOJie M3 IMCTHHra 4.2
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[py peam3anuu Tuna Tuple. B nanHOM npumepe Ucnosnb3yloTcs GyHKIMM U3 ellle
oqHO# pyHKIMOHAIbHOM 6MGIMOTEKH oA Ha3BaHueM Ramda.js.

Ewe oaHa dyHKLUUOHaNbHas 6ubnnorexka?

Mopo6bHo 6nbnuoreke Lodash, B 6ubanoteke Ramda.js npeaocTaBnaeTca Hemano
nonesHbix GyHKUMH ana coeamHeHUA GyHKUMOHANbHBIX NPOrPamMm, a TakKe cpea-
CTBa, NO3BONAIOUME NPOrPAMMUPOBATL UCKNIOUUTENBHO B GYHKULMOHANBHOM CTUe.
[aHHO 6uBAMOTEKOI peKomeHAYeTCA N0/Ib30BaTLCA NOTOMY, YTO ee CPpeAcTBa ya06-
HO OPraHM30BaHbl A/1A YNPOLLEHUA Peann3aunmn KappUHra, YaCTHYHOTO NPUMEHEHUA
¥ KOMNO3ULMK, O KOTOPbIX peyb NoMaeT aanee B 3Tol rnase. NogpobHee 06 ycTaHoB-
ke 6ubanoTekn Ramda.js cM. B NpUNOKEHUMN.

Ycranosus 6u6morexy Ramda.js, MoxHO BocnoJib3oBaThCs IM06ILHOI Nepe-
MEHHOM R /U1l A0CTyNa KO BCeM €€ (PyHKIMOHAIbHBIM CPeACTBaM, BKIOUas QyHK-
MO R.is():

// checkType :: Type -> Object -> Object
const checkType = R.curry((typeDef, obj) => {

\ . . Bbi38aTb pyHKUMIOR . is () ana
if(!'R.is(typeDef, obj)) { 4——‘
let type = typeof obj; NpoBepKM CBeAeHM O THNe

throw new TypeError (' Type mismatch. Expected
[${typeDef}] but found [${typel}]’);
}

return obj;

}):

checkType (String) ('Curry'); // ->'Curry’

checkType (Number) (3); // -> 3

checkType (Number) (3.5) ; // => 3.5

let now = new Date();

checkType (Date) (now) ; // -> now

checkType (Object) ({}); /1 => {}

checkType (String) (42); // -> Ommbka Tuna TypeError

@Pynxnms curry2 () BIIOJHE NOAXOAMT LI PEIIEHHUs NMPOCTIX 33a4, HO CTOUT
INPUCTYNUTDb K CO3J]aHHIO 60J1ee CI0KHBIX (PYHKIIMOHATBHBIX CPEJICTB, BaM Cpa3y e
norpebyeTcst aBTOMaTUY€ECKas 06paboTka IPOU3BOJIBHOIO KOJIMYECTBA APTYMEHTOB.
Kak npasuio, B npuMepax U3 3TOif KHUTH BHyTPEHHEE YCTPOICTBO (yHKIMIA Jic-
MOHCTPMPYETCS MOJHOCTHIO, HO (PYHKIUA curry () CAMIIKOM JUIMHHAS M CJIOXKHas
AJis IOAACHEHMA, U MO3TOMY, M36aBUB BacC OT JIMLIIHUX XJIOMNOT, nepeiijgem K 6osee
T10J1€3HOMY OOCYKIEHMIO (KOHKPETHYIO PEaIM3auIo PYyHKIMHU Curry () ¥ ee pasHo-
BHAHOCTe curryRight (), curryN() u T.A. MOXHO HaiiTH B 6uGinorekax Lodash
u Ramda).

C nomompio PyHKUMH R.curry() MOMXHO CBIMUTHPOBAaTb MEXaHHM3M aBTOMa-
THYECKOTO KAPPHUHTa, IIPUMEHAEMBII B SI3bIKaX MCKIIOYUTEIBHO (PyHKIIMOHATBHO-
ro NporpaMMHpOBaHUSA ISl 06paGOTKH NMPOU3BOJIBHOTO KOJHUYECTBA apPIyMEHTOB.
ABTOMaTH4€CKHI KAPPUHT MOXHO NPEACTAaBUTb KaK MCKYCCTBEHHO CO3JaHHbIE 06~
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JIaCTH BUAMMOCTH BJIOKEHHBIX (PYHKIIMIA, COOTBETCTBYIOIIME KOJMYECTBY OGbABJICH-
HBIX apryMEHTOB. B cienyiomeM npumepe ocymecTBASETCA aBTOMATHYECKUi Kap-
puHr pynkuuu fullname ():

// fullname :: (String, String) -> String
const fullname = function (first, last) {

oo

Heckonbko apryMeHTOB naHHOI#M (pyHKIMM TPeo6pasyloTcs B yHapHble GYHKIUH,
omnpezessieMble B CIeAyiomeii popme:
// fullname :: String -> String -> String

const fullname = function (first) {
return function (last) {

A Tenepb nepeisieM K HEKOTOPbIM ITPAKTUYECKMM ITPUMEPAM NPUMEHEHUA Kap-
puHra. B 4acTHOCTH, €ro MOXXHO MCIIO/Ib30BaTh VIS PEATM3ALMH CJIEYIOIHUX BECbMa
PacnpoCcTpaHEHHDIX NPOEKTHbIX aGJIOHOB.

B Omynaums GyHKIMOHAIBHBIX HHTEepdeiicoB.
B Peamm3auus NOBTOPHO MCMOJIb3YEMbIX, MOAY/IbHBIX IIA0I0OHOB (DYHKIUIA.

4.3.1. Amynauusa ¢padpuk GyHkunm

Hnrepdeiicet B OOII — 3T0 abcTpakTHBIE THIIBI, IPUMEHSEMbIE ISl ONIpesieie-
HUSI KOHTPAKTa, KOTOPbIHA JOJKEH GbITh peaM30BaH B Kiaccax. Tak, ecimn co3nath
unrepgeiic ¢ pynkumeit findStudent (ssn), To oHa Jo/MXHA GbITh pealn3oBaHa
B KOHKPETHBIX KJIacCaX, Peaju3yloluX 3TOT uHTepdeiic. PaccmoTpum caenyomuii
“KpaTKMii” TpUMep, 1EMOHCTPUPYIOIHMI 3TOT NPUHIUII pealu3alvui HHTepgeicoB
B fA3bIKE Java:

public interface StudentStore ({
Student findStudent (String ssn);
}

public class DbStudentStore implements StudentStore {
public Student findStudent (String ssn) {
//
ResultSet rs = jdbcStmt.executeQuery(sql);
while(rs.next()) {
String ssn = rs.getString("ssn");
String name = rs.getString("firstname") +
rs.getString("lastanme");
return new Student (ssn, name);
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public class CacheStudentStore implements StudentStore {
public Student findStudent (String ssn) {
VYA

return cache.get(ssn);

H3BuHuTE 3a CTOJIb JUIMHHBIN parMeHT KojAa, HO BEJb Java — MHOTOC/IOBHBIH
a3bik! B aTOM npuMepe Koaa IEMOHCTPHPYIOTCS IBE PEATH3ALIMH OJHOTO U TOTO Xe
uHTepgeiica: oxHa — I YTEHUA CBEJEHHI 00 yyamuxcs U3 6a3bl JaHHBIX, a Jpy-
ras — JJIsl YTEHHUsA TEX )Ke CaMbIX CBeAcHMIt u3 kema. Ho jis BoinosHeHus koia ume-
€T 3Ha4CHHE JIMIIb BBI30OB METO/IA, 2 HE MPOHCXOXACHHE 00beKTa. 3Ta 3aMeyaTelib-
Has ocob6enHocTs OOII Bortomaercs B npoekTHOM ma6ione “PabpuuHslii MeToa”
(Factory Method). Micnonb3ys ¢pabpuky QyHKImii, MOXXHO NMOTYYHTh HALICHKAILYIO
PeaTH3aLHIO CIeAyIoMUM 06pa3oMm:

StudentStore store = getStudentStore();
store.findStudent ("444-44-4444");

Yro6b1 He nokuaaTh 061acTb PI1, MOXKHO BLIGPATh KAPPHMHT B KAYECTBE 1O/XO/15-
mero pemenus. B yactHocTH, npeo6pasys koa Java B ko JavaScript, MOXHO co31aTh
(pyHKUMIO, TPOU3BOAAIIYIO MOUCK OOGBEKTOB y4YallUXCA KaK B MH(POPMALIHOHHOM
XpaHWIMILe, TaK ¥ B MaccuBe. Huxke npuseaeHsr o6e ee peamsanum.

// fetchStudentFromDb :: DB -> (String -> Student)

const fetchStudentFromDb = R.curry(function (db, ssn) { <
return find(db, ssn);

Wckarb B 6a3e gaHHbIX
obvexros

1)

// fetchStudentFromArray :: Array -> (String -> Student)

const fetchStudentFromArray = R.curry(function (arr, ssn) { -——— Wcxam Bmaccuse
return arr(ssnj;

}):

baarogaps ToMy YTO (PyHKUMH KappUpPOBaHbI, onpeaeaeHne ¢ynkuun mMox-
HO OTJEJIMTb OT €€ BBIYUCJIEHHA C MOMOUIBIO 0606meHHoro GabpHiHOro MeTo/1a
findStudent (), noApOGHOCTH peaTn3alii KOTOPOTO MOXHO 6bUIO Gbl BLIBECTH U3
OJIHOI U3 CJAEAYIOWNX peaTn3alMii:
const findStudent = useDb ? fetchStudentFromDb (db)

fetchStudentFromArray(arr);
findStudent ('444-44-4444");

Tenepno <1)a6pwmbn?’l MeToA findStudent () MOXHO nepeaaTb APYrUM MOJIYJIsAM,
a BBI3BIBAIOMIEMY €TI0 KOJy JaXXe HE NMoTpedyeTcst 3HaTh KOHKPETHYIO €ro peain3a-
1HIO (3TO 06CTOATENBCTBO OYAECT MMETD GOJIBILIOE 3HAUEHHE U1 MMUTALIMH B3aMO-
AeicTBUA ¢ HHPOPMAIIMOHHBIM XPAaHWJIMIIEM B XO/I€ MOAYJIBHOTO TECTMPOBaHMH,
paccmatpuBaemoro B rase 6). YUTo xke kacaeTcs IOBTOPHOTO MCMOIb30BaHUA KOJa,
TO KAPPHHT NO3BOJSET TAKXKE CO3/IaTh LI€JI0€ CEMENCTBO 1abJIOHOB (PyHKIMIA.
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4.3.2. Peanu3auusa noBTOPHO UCNONb3yeMbiX WaGnoHOB GYHKLMMA

Jlonyctum, TpeGyeTcss HACTPOUTD Pas3Hble (PYHKIMH POTOKOJIMPOBAHUA Ha 06~
PabOTKy pa3/iIMYHBIX COCTOSHUH B IPUJIOKEHHUH, B TOM YHCJjIe OMMOOK, peaynpex-
AeHU#, omiagku 1 T.A. B mabionax ¢yHkumii onpeaesercs ceMeHCTBO CBA3aHHBIX
BMecTe QYHKIUH, UCXO/I U3 KOJIMYECTBA apryMEHTOB, KADPUPOBAHHBIX B MOMEHT
co3nanus. B caeayiomem npruMepe npuMeHseTCs BECbMa PaclpOCTpaHEHHas Gu-
6iuoteka Log4js, o61aaaiomas HAMHOTO 6 oIbIIMMH BO3MOXHOCTAMM 1S IPOTOKO-
JIMPOBAHMs COCTOAHMA KoJa JavaScript, ueM TunnyHas QyHknus console.log().
IMoapo6ublie cBeneHMst 06 €€ yCTaHOBKE CM. B npwioxkenuu. Hinke npusesena oc-
HOBHasi yCTaHOBKA PEXXUMa IIPOTOKOJIMPOBaHHS.

const logger = new Log4js.getLogger('StudentEvents');
logger.info ('Student added successfully!');

Ho 6u6imoreka Log4js cnoco6na Ha ropa3zno 6osabuiee. JlonycTum, NpOTOKOIb
Hble COO6HICHMSA TPeGyeTCss OTOGPpaXkaTh BO BCILIbIBAIONIEM OKHE Ha 3KkpaHe. C aToi
L€JIbI0 MOKHO HaCTPOUTb COOTBETCTBYIOIMI anneHaep caeaylomum o6pa3om:

logger.addAppender (new Log4js.JSAlertAppender());

HiMeeTcs Takke BO3MOXHOCTb HU3MEHUTb KOMIIOHOBKY, HACTPOMB NMOCTAaBIIMK
KOMIIOHOBKH TaKUM O06pa3oM, YTOGbI BLIBOAUTL coobuieHus B popmare JSON, a He
IPOCTBIM TEKCTOM:

appender.setLayout (new Log4js.JSONLayout());

B mannoii 6ubMoTeke MMeeTCsi HEMaIO HaCTPaMBaEMbIX MApaMETPOB, HO KOIIH-
pOBaHME U BCTAaBKA KOJA MX HACTPOWMKH B KaXXIbIH (paiil NPUBOAUT K 3HAYHUTE/IbHO-
My ay61MpoBaHHIO. BMECTO 3TOro BOCNOJIL3yeMCsl KApDPUHIOM, YTOObI ONpeAeIuThb
MOBTOPHO MCIIOJ/Ib3yeMblii a6I0H QPYHKIMI (MOIY/Ib PErMCTPAaTOPa, ECIM YTORHO),
4YTO6BI JOOGUTLCA HAaMGOIbIIEN CTENEHH TMOGKOCTH M MOBTOPHOTO HCIOJ/Ib30BaHMA.
CooTBeTcTBYIOIMHA MCXOAHBIN KOJ IPUBEJEH B IMCTUHTE 4.6.

Jucuir 4.6. Coapanue wabnona pyHkumin ana pernctpatopa

const logger = function(appender, layout, name, level, message) ({

const appenders = { -<@——————{ OnpepenuTtb pAg roToBbIX anneHaepoBs
'alert': new Log4js.JSAlertAppender (),
‘console': new Log4js.BrowserConsoleAppender ()

i

const layouts = { e——————— Onpeaeauts pAA FOTOBLIX NOCTABLIMUKOB KOMNOHOBKM
'basic': new Log4js.BasicLayout(),
'json': new Log4js.JSONLayout (),
'xml' : new Log4js.XMLLayout ()

}i

const appender = appenders[appender];

appender.setLayout (layouts([layout]);

logger.addAppender (appender) ; BaHMA CO BCEMN NPHMEHEHHDI-

const logger = new Log4js.getLogger (name); Bbi4aTb KOM3HAY NPOTOKONUPO-
logger.log(level, message, null); 4‘—————| MY NapaMeTPamMi HaCTPOHKN
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Ecam renepb npoussecty kappyHr QyHKIMH 1logger (), TO MOXHO LIEHTPaJIM30-
BAHHO YNIPaBJIATb PEFTUCTPATOPAMH U MIOBTOPHO UCIO/Ib30BATb UX B KOKAOM OTAE/b-
HOM CJIy4ae, KaK [I0OKa3aHO HHUXKE.
const log = R.curry(logger) ('alert', 'json', 'FJS'); 4—-l BoiuucsuTs Bee

aprymeHTbi, Kpome

log ('ERROR', 'Error condition detected!!’); ABYX ROCAAMMX

// -> 3To npuBeneT K MOABJIEHMIO Npenynpexnapmlero OkKHa
// C 3anpamBaeMsM CoOOmeHueM

Ecnu ke TpeGyeTcss peaiu30BaTh HECKOJIBKO OIlEepaTOpPOB 06paboTKH OMMUOGOK
B OJHO# yHKIMHU UM (aiiie, TO A 3TOH Leu MMeeTcs YI06Has BO3MOXHOCTD
YCTAaHOBHTb BCE lIaPAMETPhbl, KPOME TIOC/IE/THETO:
const logError = R.curry(logger) ('console', 'basic', 'FJS', 'ERROR');

logError ('Error code 404 detected!!'):
logError('Error code 402 detected!!');

Buyrpu nanHO#i (yHKIMM A€JAIOTCA MOCAEAOBATENbHBIC BbIZOBbI (PYyHKUUH
curry (), 4ToO6bl B KOHEYUHOM UTOrE MOJYYHUTb YHapHYIO (pyHKUMIO. biarosaps Bos-
MOXHOCTH CO3/1aBaTh HOBble (PYHKIIMM M3 CYLIECTBYIOMIMX M ll€peaBaTh UM 11060€e
KOJIMYECTBO MAPaMETPOB YIIPOINAETCS MOCTENEHHOEe co3lanue yHKIMUi o Mepe
OIpe/ie/IEHUSA MX APTYMEHTOB.

IMoMuMo U3BIEYEHNA HEMATIBIX BLIFO/] U3 IOBTOPHOTO HCMOIb30BaHMA KOJIA, KaK
YIIOMHHJIOCD BbIlI€, IPUHLIMIIMATbHOE HOBIIECTBO, KOTOPOE BHOCUT KapPHHT, CO-
CTOMT B Npeo6pa3oBaHUH PYHKIMI CO MHOTMMM apTyMEHTaMH B yHapHble QYHKIIMH.
AJIBTEPHATUBOM KapPHHIY CJIYXKaT Yacmuunoe npumenenue Gynkyu u npueaxa ux
napamempos. O6e 3TH METOAMKHU HAXOAAT yMEPEHHYIO MOALEPXKKY B A3bIKe JavaScript
¥ Npe/IHa3HAYEHbI VI OTy4eHUst QYHKIIUI C MEHBUIIMM KOJIMYECTBOM apIyMEHTOB,
HO BIIOJIHE IPUTOAHBIX ISl COEIUHEHHS B KOHBEeEPDI.

4.4. YacTnyHoe npuMmeHeHUe U Npuea3ka
napameTpos

Yacmuunoe npumenenue (partial application) — 310 onepauus, UHUIHATUIUPYIO-
1mas GUKCMPOBAHHBIMY 3HAYEHUAMHU MOJMHOXECTBO NapaMeTpoB (PYHKIMHU C 110~
CTOSTHHBIM KOJIM4ECTBOM apryMEHTOB, CO3/1aBasi B UTOTe (PYHKIIMIO C MEHBIIUM KOJIHU-
4eCcTBOM aprymeHToB. [Ipoie rosops, ecam umeeTcs PyHKIMS C IATHIO TapaMeTpa-
MM, a eif IPeIOCTABIAIOTCSA JIMIIb TPU aPTYMEHTA, TO B KOHEYHOM CYETE NOJIy4aeTcs
yHKIMA, OXMAAIOMASA TTOJYYHUTD 1Ba OCTAaBIIMXCA NapaMeTpa.

[Mogo6HO KapPHHTY, YaCTUYHOE MPHUMEHEHHE MOXET CAYXKMTb Il HEMOCPEn:
CTBEHHOTO COKPAIEHMsA JUIMHBI (PYHKIMH, XOTS M HECKOJbKO MHBIM OGpa3oM.
KappupoBaHHas QyHKIUSA, MO CYIIECTBY, ABJIAETCA YaCTUYHO NMPUMEHAEMOMN QyHK-
1€, U MO3TOMY 06€ 3T METOAUKH 4YacTO MyTaloT. [1aBHOE MX OT/IMYMeE 3aKTIoYa-
eTcst BO BHYTPEHHEM MEXaHM3Me U KOHTPOJIE HaJl nepefayei napamerpos. B yacT
HOCTH:
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B kappuHT GOpPMHPYET BJIOKEHHbIE YHaPHbIE (PYHKIUH NPH KAXJIOM YacTHY-
HOM BbI3oBe. KoHeuHbli pe3yabTaT (popMHPYyeTCs BHYTPEHHUM O6pa3soM M3
MIOCTENEeHHOIM KOMIIO3ULUH 3THX YHapHbIX QyHKuMiA. KpoMe Toro, oH aaet
BO3MOXHOCTB MOJHOIO KOHTPOJIA Ha/Jl T€M, KaK M KOI/Ia IPOUCXOAMUT BbIUMC-
JieHue PyHKINY;

8 yYacTHYHOE NPHUMEHEHHE NMPUBA3bIBAECT aPryMEHTbI (PYHKIIMH K IIpefonpee-
JIEHHBbIM 3HAY€HHUAM (WIM NPHCBAUBAET MX) M POPMUPYET HOBYIO (PYHKIIHMIO
C MEHbIIMM KOJIMUECTBOM apryMeHToB. [losyyalomasics B urore pyHkums co-
JAepxHUT (PUKCHPOBAHHDIE TApPAMETPbl B CBOEM 3aMbIKAHUM U TLOAHOCMBI0 Bbl-
YHCTISAETCS HPH 110CJIEYIOIEM BbI3OBE.

HTak, nposiCHHB IIaBHbIE OTIMYHSA 06EMX METOAMK, NepeieM K UCCIeL0Ba-
HHIO BO3MOXHOM peain3auuu PyHKUUH partial (), KaKk J€MOHCTPUPYETCS B JIM-
ctunre 4.7,

Nuctunr 4.7. Peanusauuna pyHkumm partial ()

function partial() {

let fn =
let placeholder =
—— let bound = function() {

Co3parb
HOBYIO
$ynxymio
€O BCEMM
YacTHYHO
nNPUMEHA-
eMbiMH
napame-
Tpamu

this, boundArgs =
<<partialPlaceholderObj>>; <——

let position = 0, length = boundArgs.length;

let args = Array(length);
for (let i = 0; i < length; i++) {
args[i] = boundArgs[i] === placeholder
? arguments[position++] boundArgs[i];

—~

while (position < arguments.length) {
args.push(arguments[position++]);

Array.prototype.slice.call (arguments);

B peanu3aumax GyHKuAN
partial () u3rvakmx
6ubaunorex, kak Lodash,

B8 Kauecrse 3anoAHMTeNeH
NPUMEHAIOTCR 06vexTb U3
6ubanorexn Underscore.js,
a B APYrMX CNEYHanbHbIX
peanu3aymax — Heonpe-
AGNEHHDIE 3HAYCHMA,
YKa3biBaloOUHe Ha TO, ¥TO
AaHHbIA napamertp cnegyer
nponycTuTL

} O6veKT-3anonknuTens

. partialPlaceholderObj
return fn.apply(this, args); = PE——— 1 nponycKaer onpegenenne
bi Function.apply(), napame]'pa SYHKUMM AnA
return bound; uTOGb BbI38aTH AAHHYIO AanbHeHwero Bbi3083, NO3TOMY
GYHKUMIO € NOAXOAALMM MOXHO 8bi6paTp, Kakue

}):

KOHT@KCTOM W BCEMU NPUBA-
3aHHBIMK apryMeHTaMK

napameTpbli NPMBA3ATL M KaKue
M3 HMX NPEAOCTaBUTD KaK YacTb
Bbi308a (CM. NpHBEAEHHbIE ganee

npumepsbi)

Jlns nenei o6Cyx e HMA METOAMK YaCTHYHOTO MPUMEHEHHSA Y CBA3bIBAHUSA DYHK-
1M1 MBI CHOBA BOCTIONIb3yeMcsi 6uGanoTekoit Lodash, nockosbky cesisbiBanue QyHk-
UM B HEHl MOAIEPKMBAETCA HECKOJIBKO Jydlne, yeM B 6u6moreke Ramda. Ho, no
cymecTBy, PyHKUHMS, peanusyionias onepaumio _.partial, npMMeHseTCa aHaIOTHY-
HO (pyHKUMM R.curry (), npuyem B 06eux QyHKIMAX NOJAEPKHUBAIOTCA aPryMeH-
ThI-3aII0JIHUTEJIM C COOTBETCTBYIOIIMMH 06 beKTaMH-3anoNHuTeAaMU. O6paTHBIIMCH
CHOBA K IECMOHCTPHpOBaBielca paHee pyHKIMM 1ogger (), MOXHO 4YaCTU4HO NpU-
MEHHTBD Olpe/ie/IEeHHbIE TAPAMETPDI, YTOObI PEaIM30BaTh 60JIe€ KOHKPETHOE NOBe-

JeHue:
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const consoleLog = _.partial(logger, 'console',
'json', 'FJS Partial');

BocnosnbsyeMcs gaHHOM (yHKIUCH, YTOOBI IMITHMI pa3 NOAYEPKHYTb OTINMYMSA
KappHMHTa OT YaCTUYHOTO npuMeHeHus. [locie npuMeHeHUs TpeX apryMeHTOB 110~
Jy4alomasaca B uTore GyHkIMA consolelog () OXHAAET NOJYYHTD ABA APYrHX ap-
TYMEHTA, KOI/la OHA BbI3bIBACTCH, IPMYEM HE MTOCTENEHHO, a Bce cpady. Takum 06-
PasoM, B OTIMYME OT KapPHHTIa, BLI30B (PyHKIIMM consolelLog () ¢ €AMHCTBEHHbIM
apryMEeHTOM MPUBEJET HE K BO3BpPaTy HOBOI (PYHKIIMH, 2 K BBIYMCACHUIO JAaHHOH
¢yHKUMM C yCTAaHOBJEHHbIM HeomnpejeaeHHbIM (undefined) sHauenueMm nocaen-
Hero aprymeHTa. Ho HM4YTO He MemaeT U Jajiee YaCTUYHO IIPUMEHATb APTYMEHTbI
K ¢yHkMM consoleLog () € MOMOLIBIO BCE TOM e onepauuM _.partial:

const consoleInfolog = _.partial(consoleLog, 'INFO');
consoleInfolog('INFO logger confiqgured with partial');

KappuHr MoxHO paccMaTpHUBaTh KaK aBTOMaTHUY€ECKHIA CNIOCOG YaCTUYHOTO NpPH-
MEHEHHS, U B 3TOM 3aK/II0YAETCS €r0 IJIaBHOE OTVIMYME OT YACTUYHOTO MPUMEHEHHA.
VmeeTca eme oiHa BO3MOXHOCTD — c6A3bl8aHue ynxyuil, KOTopoe B JavaScript pe-
aM3yeTcs B BUAE MeToja Function.prototype.bind().' Ho ona aeiicTByer He-
CKOJIbKO MHAa4e, YeM YaCTUYHOE NPUMEHEHHE, KaK MMOKA3aHO HHXE.

const log = .bind(logger, undefined, 'console', :
'json', 'FJS Binding');
log('WARN', 'FP is too awesome!');

A uro o3Ha4aeT HeonpeleneHHoe (undefined) 3HaueHHe BTOPOro apryMeHTa
Ju1si oniepauui _ . bind? Cpa3sbiBaHME MO3BOJSAET CO3AaBaTh CBA3bIBa€Mble QYHKIIMH,
KOTOpPbIE€ MOXHO BBINOJHATh B KOHTEKCTE BJIAJEIOUEro 0ObEKTA, I03TOMY Nepe/a-
4yeil Heomnpe/e/IEHHOro 3Ha4Y€HUA BTOPOro apryMeHTa MHTEPIIPETATOPY NPEANUCHI-
BA€TCA NMPUBA3ATH JAHHYIO (PYHKIMIO K MOGAIbHOMY KOHTEKCTY. PaccMoTpum cie-
AylouMe NpUMepPbl IPAaKTUYECKOrO IPUMEHEHUS onepaluid _.partial m_.bind.

B Pacumpenue 6a30BbIX A3bIKOBbIX CPEJCTB.
B Csa3bIBaHUE OTIOXKEHHDBIX (DYHKIMIA.

4.4.1. PacwmpeHnune 6a30Bbix 93bIKOBbIX CPEACTB

YacTuyHOE NPUMEHEHHUE MOXKET CJIYXHUTb A PacliupeHus 6a3oBbIX TUMOB
JAaHHBIX BpoJie String u Number mose3HbIMU CIyXKeGHBIMU (PYHKIIMAMH, MOBBIIIA-
IOIMMM BbIPa3UTEIbHOCTD A3bika. He crenyer, ognako, 3a6biBaTh, 4TO nogob6HOE
pacmupeHye 6a30BbIX A3BIKOBBIX CPEJACTB MOXKET CJIE1aTh MPHKJIAJHON KOA MeHee
NePEHOCHUMBIM Ha OGHOBJIEHHbIE BEPCHU MIAT(QOPMBI, €CJIM JONOJHUTD 3TH CPeS:
CTBa HOBBIMM KOH(QIMKTYIOIIMMU METOAaMHU. PaccMoTpuM caexyiomue npumepsl
NOJOGHOIO paCIIMPEHUs:

! CM. onucaHue MeTozaa Function.prototype.bind() Ha cTpaHule JOKyMEHTaLHUH
Motzilla Developer Network no agpecy https://developer.mozilla.org/ru/docs/Web/
JavaScript/Reference/Global Objects/Function/bind.
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// W3Bneub nepBbe N CMMBOJIOB

String.prototype.first = _.partial(String.prototype.substring, O, )i
MUcnonb3ya 3anonHKTENb, MOXHO
'Functional Programming'.first(3); // -> 'Fun' YaCTHYHO NPHMEHHTL NOACTPOKY,
HaYMHaA C HYNEeBOTO MHAEKCA, W CO3AaTL
// TipeoBbpasoBaTb JwGoe uMsa B dopmar "dammims, Umsa" ynxumio, ommnmyw::“n;:::
String.prototype.asName =
_.partial (String.prototype.replace, /(\w+)\s(\w+)/, '$2, $1'); P ——
YacTHYHO NPUMEHKTD
'Alonzo Church'.asName(); // -> 'Church, Alonzo' onpeaeneHHsie napameTpe,
yT06bi €CO343TH KOHKPETHO®
// TipeoBpa30BaTb CUMBOJIbHYO CTPOKY B MacCus noseaeHue
String.prototype.explode =
_.partial (String.prototype.match, /[\w]/gi):; -a 1 YacTMUHO Npume-
HMTb COBnageHne
'ABC'.explode(); //-> ['A', 'B', 'C'] € OTACNLHLIMM
perynapHbiMm Bbi-
. PaXKeHHAMM, YTOEbI
// TlpoaHanM3upoBaTh CUHTAKCuUuYeCku npocrtoi URL npeobpasosats
String.prototype.parseUrl = .partial(String.prototype.match, CHMBOABHYIO CTPOKY
/(http[s]?21£tp) : \/\/([*:\/\s)1+)\. ([":\/\s]{2,5})/); B MaccuB, copepa-
WA KOHKPeTHbIe

[ 'http://example.com', 'http', 'example', 'com' ] RanHble

IIpexxae ueM peann3oBbIBaTh C06CTBCHHy10 Q)ynkumo, yb6eauTech, 4TO OHa CO-
BMECTHMaA C NTOCJICAHUMH OOGHOBJIEHUSAMM SI3bIKA:
if(!String.prototype.explode) {

String.prototype.explode =
_.partial (String.prototype.match, /[\w]/gi);

HHoraa yacTHuHOE NpUMEHEHHE He JENHCTBYET, HallpUMeEp, B TeX CJy4asx, Koraa
NPUMEHSIOTCA OTIOXEHHbIE PYyHKIMM Bpoje setTimeout (). B Takux ciayuasax cie-
JyeT BOCHOJIb30BATbCSA CBA3bIBAHMEM (PYHKIIMIA.

4.4.2. Cea3biBaHUE OTNOXEHHBIX GYHKLUA

CasaspiBanMe (PyHKIMIT /151 yCTAHOBKH OGBEKTAa KOHTEKCTAa MPUOOpeTaeT ocoboe
3Ha4YeHMeE B TeX CIyyasX, KOT/Aa NPUXOAUTCA paboTaThb ¢ PyHKIMAMH U METOAMH, B
KOTOPbIX 0XHAAETCS HaJIMYME OIpefeJeHHOro Baajeouero oobexkra. Hanpumep,
B Gpay3epc npumeHsiorca PyHkuuu setTimeout () u setInterval(), oxuaa-
IOLIiME€ YCTAHOBKM CChUIKM this Ha mio6GaibHbIi KOHTEKCT (T.e. 06beKT window), a
MHaY€e OHM NMPOCTO He PaGOTAIOT. YCTAHOBUTb TaKOi KOHTEKCT MOXHO, NE€pesas Co-
OTBETCTBYyIOUIEH (DYHKLIMH apryMeHT ¢ HeonpejeneHHbIM (undefined) saHayeHueM.
Hanpumep, c nomompio ¢pyHkumumn setTimeout () MOXHO CO3JaTh IPOCTOM OGBEKT
IVIAHUPOBIIMKA JUIS BBIMOJHEHHUS OTIOXKEHHbBIX 3a1aHuii. B ciexyomem npumepe
JAEMOHCTPHPYETCA IPUMEHEHME onepauuii _.bindu _.partial:

const Scheduler = (function () {
const delayedFn = _.bind(setTimeout, undefined, _, _);
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return {
delay5: _.partial(delayedFn, _, 5000),
delayl0: _.partial(delayedFn, _, 10000),
delay: _.partial(delayedFn, _, )

}i
1o

Scheduler.delay5 (function () {
consolelog('Executing After 5 seconds!')
}):

Hcnonb3yss 06bekT TMNA Scheduler, MOXHO BbI3BaTh /10601 parMeHT KoJa,
3aKJIIOUEHHDIN B TeJO (PYHKIUH, C ONpeie/IeHHOH 3aKePXKKOi (BpeMs 3aIePXKKH Ta-
KOr'o TaliMcpa He rapaHTUPYETCs MHTCPIIPETaTOPOM, HO 3TO YXe APYroil Bonpoc).
@®ynkuuu bind () u partial () Bo3BpamaloT aApyrue PyHKIUH, H IIO3TOMY UX He-
TPYAHO C/le/1aTh BIOXEHHbIMU. Kak ciiefyeT U3 npuBeIecHHOTO Bbilie IPUMEpPa KOJia,
KaX/Jas OTJIOXEHHas Ole€PaLMA COCTABAAECTCA U3 KOMIO3UIIMM IIPUBA3AHHOMN U 4a-
CTHUYHO IpUMeHseMoit pyHkumii. Cpsa3biBaHUE (PYHKLMIA HE CTOJIb OJNE3HO B PyHK-
LHOHAJbHOM MPOrpaMMHPOBAHHMH, KaK UX YACTUYHOE NPUMEHEHHE, KA M MO0JIb30-
BaTbCsl MM TPYy/HEE, NIOCKOJIbKY OHO TPEOYEeT YCTAaHABIMBATb KaXK/blH pa3 KOHTEKCT
¢ynkuuu. A 3nech OHO pacCMaTPUBAETCA HAa TOT CJIy4aii, €CJIM BaM NIPUAETCS UMETh
C HMM JIEJI0, CAMOCTOSATEIBHO M3y4asi JaHHbIH BONPOC.

O6e paccMoTpeHHbIE BbII€ METOAMKHA KapPHUHIA W YACTHYHOTO NMPHUMEHEHUs
¢yHkumii B paBHOI1 cTenienu nosie3Hpl. KappuHr yame Bcero npuMeHsieTcs JUis
co3ianusa PyHKIMH-06epTOK, abGCcTparupyomux nopeaeHue QyHKIHU VISt TIpea-
BAapUTEIbHOM YCTAHOBKH €€ apTyMEHTOB WIH K€ VISl YACTUYHOTO MX BbIYHCJICHUSI.
ITO NPHHOCHUT BITO/IbI NIOTOMY, YTO YHCThbl€ (PYHKLUHM C MEHBUIUM KOJHUYECTBOM
apryMeHToB 6oJjiee yfo6HbI B OOpalleHNH, YeM (PYHKIMH CO MHOI'MMH apryMeHTa-
mu. Jli06as M3 3TUX METOJMK YIIPOLIAET NNPEAOCTABICHHE NOAXOAAIKMX APTYMEHTOB,
4TOOb! (PYHKIMAM HE NMPUXOJAWIOCH BHBIM OOpa3oM o6paiarbcst K OObCKTaM 3a
npejaeaaM MX 06J1acTH BUAMMOCTH, B TO XK€ BPeMs CBOASA UX K YHAPHBIM (PYHKLIMAM.
baaroaaps 060co6.,1€ HHIO JIOTMKH NMOJIy4€HUS 3TUX HCOOXOUMbIX JAHHBIX [TOBbIIIA-
€TCsA CTeNEHb MOBTOPHOTO MCNOJIb30BaHHUA QYHKIMH, a MIABHOE — YNPOILAETCA UX
KOMIIO3UIMSL.

4.5. CoctaBsneHue KoHBenepoB PyHKLUA

B rmase 1, “OcHoBbl PYyHKIIMOHAILHOTO NPOrPaMMHPOBaHHs”, 0GCYKAAIOCDH, Ha-
CKOJIbKO BaXKHO yMETb pa3OMBaTh pellacMylo 3aJady Ha 6oJiee MeJIKUe MoA3a/JauH,
4TOObI, COCTABUB MX BMECTE KAK B I'OJIOBOJIOMKE, IIPHUATH K HCKOMOMY PEIIEHUIO.
PyHKUHOHAIbHbIE MPOTPAMMBI HalleJIEHbI Ha NOJyYeHHe TpeGyeMoii CTPYKTYphI,
LUPUBOASAIIENA K KOMIIO3UIIMH, — [JIABHOM ONOPBbI (PyHKIIMOHAIBHOIO 1IPOrPaMMH-
poBanus. Jlolasa 10 3Toro pasjena, Bbl JODKHBI ICHO NPEACTABIATD, YTO UMEHHO
HOHSATHUS YUCTOTBI U OTCYTCTBUA OG0UYHBIX 3¢ eKTOB Y PyHKIMI Je/IAI0T JaHHYIO
METOIMKY CTONb 3¢ pexkTuBHOi. HanomuuM, yto no6ounsie 3¢dexTbl OTCYTCTBY-
10T y TaKOH (PYHKIIMH, KOTOpPasi HE 3aBHCHT OT JIIOOBIX BHEIIHUX JaHHbIX. Bee, uto
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TpedyeTcs Tako# (PYyHKIINH, JOJDKHO OBITh IIPEJOCTABICHO B KAYECTBE aPryMEHTOB.
UTOOBI NOAB30BATLCA KOMNO3MIIHEH Ha/IeXaIUM 06pa3oM, CJIefyeT OCBOGOAUTD
cBOM PYHKIIMH OT OGOUHBIX 3 (PEKTOB.

Bosee Toro, ecam nporpaMma nocTpoeHa M3 YMCTBIX (PYHKLHH, TO M caMa OHa
CTAHOBUTCSH YUCTOM, JOIyCKasi JajIbHEMIIYIO €€ KOMITIO3UIMIO KaK COCTaBHOM YacTH
ente 60/1€€e CAOXKHBIX PEIIeHHI, HE MPOTUBOPEYANIEH OCTAILHBIM YaCTAM MPOEK-
THPYEMO# CUCTEMBL. ITOT BOMPOC OYEHb BAXKHO Pa3o0opaTh MOTOMY, YTO OH CTaHET
IJIAaBHBIM /U151 OGCYX/IE€HUSA B OCTATbHOM YacTH JaHHOM KHUTH. [ToaToMy, npexae uem
neperTH K I10APOGHOMY PAaCCMOTPEHHIO OCOGEHHOCTEH KOMITIO3ULIMU PYHKLHMM, pac-
CMOTPHUM KOHKPETHbBIH IpUMEP KOMINOHOBKM BuxkeToB Ha HI'ML-cTtpanune, yro-
6bl 1aTh AICHOE MIPEACTABIEHUE O CAMO¥ KOMITO3UIIUH.

4.5.1. Npeacrasnexune o komno3uumn HTML-suaxeros

[TonsiTME KOMIIO3UIIMM CAMOOYEBUAHO U, 6€3yCIOBHO, XapaKTEPHO HE TOJbKO
s (PYHKIMOHAJILHOTO NpOrpaMMypoBaHus. PaccMoTpum B KadecTBe lipumepa
KOMITOHOBKY BUkeToB Ha HTML-cTpannne. CinoxHble BUKETBI CO3JAI0TCHA U3 CO-
YeTaHMUs MPOCThIX BUKETOB M, B CBOIO OY€pe/Ib, MOTYT COCTABJIATh YacTh elie 60-
Jlee KpyInHbIX BUmkeToB. Hanpumep, o6beAMHUB TPU MOJA BBOJA TEKCTA C IIyCTbIM
KOHTEIHEPOM, MOXXHO MOJyYUTb NMPOCTYIO POPMY /LIS 3aNOJHEHUs CBeJeHU 06
yJamemcsl, KaK I0Ka3aHo Ha puc. 4.7.

Bio Bio
[ First name | [ First name |
[ Lastname ]+ = |[Llastname ]

Age

Puc. 4.7. O6veanHeHne Tpex NPOCTbIX BUAXKETOB BBOAA TEKCTA C BUAMKETOM KOHTEU-
Hepa 418 co3AaHuA KoMnoHeHTa 6uorpaduuyeckoin popmol

Tenepn dpopma s 3anoNHEHUA CBEAEHUH 00 yyaleMCsi caMa CTaHOBUTCA KOM-
IIOHCHTOM (WIM BM/DKETOM), KOTOPBII MOXET GbITL COCTaBJIEH BMECTE C IPYTUMH B
6oJiee CJIOXKHBII KOMIIOHEHT, YTOOBI CO3JaTh MOJIHYIO KOHCOJIbHYIO popMy JUist 3a-
NOJIHEHHUS CBe/icHUi 06 yyamemcsa (puc. 4.8). A naiee BHIDKET 3TOM KOHCOJIbHOM
¢opMbI MOXeT GbITh, €cJIM NOTpebGyeTcs, BHEAPEH B elle 6oJiee KPYIHYIO MaHE b
Bpojie JU4HOro kabuHera. B 1aHHOM ciyyae koHcoNbHas dopma cocmaerena U3
azpecHo# u 6uorpaduyeckoit popm. O6bEKTHI C IPOCTHIM NIOBEJAEHHEM, HE UMCIO-
1I{H€ BHEIIHUX 3aBUCHMOCTEM, YIOGHBI JUISi KOMITIO3MIIUH M MOTYT GBbITh MCITOJIb30Ba-
HbI VISl TOCTPOEHMSA CJIOKHBIX CTPYKTYP M3 IPOCTBIX MOJOGHO B3aHMOCBA3aHHBIM
CTaH/IaPTHBIM GJI0KaM.

B kauecTBe mpuMepa co3aANM CJe/Iylolee PEKYPCUBHOE OlIpe/ie/IEHUE KOpTexa
Node:

const Node = Tuple(Object, Tuple):
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~ Student console
~Bio—————
- Address —————
Bo —————— -Studentconsole
i
+ + = —
Age
N i

Puc. 4.8. BugeT KOHCONbHOU GOPMbI ANA 3aNONHEHUA CBeAeHUH 06 yualemca, Co34aHHOW U3
appecHoi u buorpaduyeckoin Gopm, KHONKKU U KOHTEHepa

Takoit KOpTe) MOXeT GbITh MCIIOIBL30BAH Il XPAHEHUS OOBEKTA M CChUIKH Ha
Apyroit kopTex (1M y3en). B koHe4HOM cueTe OKa3bIBaeTCH, YTO 3TO, MO CYIIECTBY,
(pyHKIHOHAIbHOE ONPe/ie/IEHHE CITUCKA 3JIEMEHTOB, PEKYPCHBHO COCTABJISAEMOrO U3
rosioBbl ¥ XBocTa. Mcnosb3ys cielyiomyio KappMpoBaHHYIO QyHKIHIO element ():
const element = R.curry((val, tuple) => new Node(val, tuple));

MOXHO CO3/]aTh CIMCOK JIIOGOro THIA, 3aBepIIAIOMIMIACSA MycThIM (Null) 3HaYeHHUEM.
B xauecTse npumepa Ha puc. 4.9 NokaszaH NPOCTOH CIIUCOK YUCEIL.

var grades = element(l, element (2, element (3, element (4, null))));
| ] [ | J
B

lonosa XsocTt

Puc. 4.9. BbigeneHve ronoBHOW M XBOCTOBOM 4acTeil, 06pasylowmnx CNUCOK Yucen.
fon0Ba U XBOCT BNO/HE AOCTYNHbI Kak pyHKLMK ana 06paboTku maccmsos B A3bikax ®N

HmeHHO TakuM 0O6pa3oM B GOJIbIIEH WIH MEHbLIEH CTENEHN COCTARIAIOTCS CIH-
cku B sa3bikax PIT Bpoae ML i Haskell. A ¢ apyroii cTopoHbl, 11 KOMIIO3HIIMH CJIOXK-
HbIX OGBEKTOB C BbICOKOM CTEINEHbIO CBA3bIBAHMSA C IPYTMMH BHEUIHMMH OObeKTaMu
OTCYTCTBYIOT SICHbIE [PAaBWIA, ¥ MO3TOMY MaHMITyIMPOBaTb UMHU KpaifHe CJIOXHO.
DyHKIMOHAIBHYIO KOMITIO3UIMIO MOCTUTAET Ta XK€ Y4aCTh, KOIJa BO3HUKAIOT NOGOY-

Hble 3¢pdexThl M MOAUPUKaLMU. A Tenlepb NepeiiieM HenocpeACTBEHHO K o6cyx e
HHIO KOMIIO3MIMH (PYHKIIMIA.

4.5.2. Komno3uums GyHKUUA: oTASNeHUe ONUCAHUS OT BbIYUCIEHUS

ITo cymecTsy, xomnosuyus @ynxyui NpeacTaBaseT cO60k MPOIECC rPynIMpoBa-
HUS CJIOXKHOTO IIOBEJICHHs, pa3ieIeHHOro Ha 6oJiee mpocThie 3a1auu. Bkpariie ona
yIOMHHaIACh eme B rase 1, “OcHoBBI (PYyHKIIMOHAIBHOIO POrpaMMMpPOBaHHA’, a
Tenepb HaCTAJIO BpPeMs MOSACHUTDL ee NoApo6HO. C 3Tol Le/bio 06paTHMCS K cJie-
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AylOlEMy KPaTKOMY NIPUMEPY KOJa, Iiae A1 O0beIMHEHUA IBYX YMCTBHIX PyHKIMH
npumeHseTcs GyHKIuaA R. compose () U3 6ubamoreku Ramda:
const str = "We can only see a short distance

ahead but we can see plenty there
that needs to be done";

Pa3buts npegnomenne
const explode = (str) => str.split(/\s+/); Ha Macce cnos
const count = (arr) => arr.length; “@———— Nogcumratb crosa

const countWords = R.compose(count, explode);

countWords (str); //-> 19

Takoii kox, 6e3ycI0BHO, JIETKO YMTAaTh, 2 €r0 Ha3HaY€HHUE HETPYAHO MOHATD,
DIsAAs Ha cocTapifiomue 4acTu ¢yHkuuu. JlanHas nporpaMma npumevdarteabHa
TEM, UTO OHA HE BBIYMCJISETCA O TeX MOP, NOKa He GyAeT BbINOJIHEHA PYyHKUHUSA
countWords (). MHpIMM c/lOBaMu, PyHKLIMH, NIepeaBaeMble 110 UMEHH (B JaHHOM
caydae pyHKIMH explode () u count () ), HAXOAATCA B peXUME OXKHM/IAHUA B CAMOMH
KOMIO3UIMH. A B pe3y/lbTaTe KOMIIO3UIIMHM ITOJIyYaeTcs eule ofHa PyHKuus (B AaH-
HOM cJIy4ae countWords () ), oxujalonas CBOEro BbI30Ba C COOTBETCTBYIOIMM ap-
rymeHTOM. TakuM 06pa3oMm, Bcs npesiecTb KOMNO3MIMHU PYHKLIMIA COCTOUT B omoese-
HUU ONUCAHUR PYHKUUU OM ee 8BUUCACHUA.

A Tenepb NOACHUM, UTO IPOMUCXOAUT B CAMOM KOMITO3ULIMH. B peaynbraTe BbI3O-
Ba (l))’HKI.lPlld countWords (str) BbINOJIHSAETCS prHl(uldﬂ explode () HaJ 3aJaHHBIM
eil IpeUIoXKeHNEM, NlepeilaBas B UTOr€ CBOU BbIXOAHBIE JaHHbIE (MaCCHMB CMMBOJIb-
HBIX CTPOK, Ha KOTOPbI¢ pa36UTO MCXO/JHOE Npe/yIoKeHHne) PyHKIMH count (), Bbl-
YHCSIoleH VIMHY NOJTy4€eHHOTO MaccuBa. KoMnoaunms cBsa3bIBaeT BbIXO/Ibl CO BXO-
AaMHu QYHKIMH, IO cymecTBy, 06pasys U3 HUX KoHBeiep. Mccrenyem nanee 6onee
¢opmanbHoe onpeaenenue komno3unuu. C 3TOH 1EIbI0 PACCMOTPHUM CJIEAYIOIHE
¢yHkumm £ ¥ g € COOTBETCTBYIOIMMH TUIIAMH UX BXOAHDIX Y BbIXOJHbIX JaHHBIX:

. ®OyHKuuA g npeobpasyer
g:: A->B = I AaHHble THNaA B TMN B
£::B->C ®yHKuna £ npeobpasyer

AaHHble THNRAaB B THN C

Ha puc. 4.10 cTpenkamMu 0603Ha4E€HbI COEUHEHHS BCEX TPy, OGbeAMHAEMBIX
B KOMITO3MIIMH. DTOT aGCTPAKTHDIN NPUMEP HATMIAAHO MOKA3bIBAET, YTO 060O3HAYEH-
HOI1 cTpeskoil pyHkuum f nepesaerca apryMeHT TUNa B, a OHa BO3BpalllaeT 3Haye-
Hue tumna C. A apyroit 0603Ha4eHHOM CTpeaKoH PYHKIHMH § NI€PENAETCS apTyMEHT
THIIA A U OHA BO3BpAlIAeT 3HaUeHHe TUna B. B pe3ynbrare koMnosunmu QyHKmit
g::A->Buf ::B ->C (MpoHu3HOCHUTCA KaK “KoMno3unuus £ u3 g”) nosyyaercs eme
o/iHa o603HaYaeMas cTpeakoit ¢pynknus A -> C (puc. 4.11). boaee popmanbHo 3TO
onMcaHe JaHHOW KOMITIO3MIIUH MOXHO BbIPA3HUThb CJIEAYIOIHM 06pa3oMm:

f e g=1f(g) = compose :: ((B->C), (A ->B)) -> (A ->C)
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~

Puc. 4.10. HarnaaHan aeMoHcTpauua npeobpasosaHua
TUNOB BXOAHbIX U BbIXOAHbIX AaHHbIX B QyHKUMAX £ 1 g.
B yactHocTH, GYHKUMA g npeobpasyeT 3Ha4YeHna Tuna A
B 3HaueHuA Tuna B, a dyHKUuMA £ — 3Ha4eHua Tuna B 8
3HayeHun TMna C. KoMno3numa NponMcxoauT NOTOMY, YTO
dyHKUMKU £ M g COBMECTUMDI NO TUNAM

. Komnoauums fusg /

K p R

Puc. 4.11. B pes3ynbrate KOMNO3uuuu AByX
OYHKUMIA nonyyaeTca HoBaA PYHKUMA, Heno-
CpeacTBeHHO Npeobpasyouias BXOAHbIE AaH-
Hble nepBoi ¢GyHKUMKU B BbIXOOHbLIE AaHHbIE
BTOPOI1. KOMNO3NUMIO MOXKHO TaKKe paccma-
TPMBATb KaK CCbINOYHO Npo3paqHoe npeobpa-
30BaHMe BXOAHbLIX AAHHbIX B BbIXOAHbIE

HanoMHuM, YTO C TOYKH 3PEHUS CCBUIOYHOW MPO3PayHOCTH (PYHKIMM CIyXKaAT
He Gojliee yeM CTpeKaMu, COEAMHAIOMMNMHI OAMH OGBEKT U3 IPYNIbl C APYTUM.
U 3T0 NpuBOAUT K €lle OXHOMY BXHOMY NPUHIMITY pa3paboTKH IPOrpaMMHOTO
obGecnieyeHus, MOJI0KEHHOMY B OCHOBY MOJYJIbHBIX cUCTeM. bnarogapsa Tomy uto
KOMIIO3ULHUSA €120 CBA3bIBAET COBMECTHUMBIE I10 TUITY (PYHKIMH B IIpeie/Iax UX rpa-
HUI (BXOXHBIX U BBIXOJHBIX JAHHBIX), OHA BIOJIHE YAOBJIETBOPAET NPUHIMITY npo-
epammuposanus na ocnoge unmepeiicos.

Tak, B npeabiaymem npumepe Gblla NPOAEMOHCTPHPOBAHA KOMIIO3ULIUSA (PYHK-
nuii explode :: String -> [String] m count :: [String] -> Number. MHbiMH
C/I0BaMHM, KaX/10¥ PyHKIMM U3BECTEH WIM BaXeH HHTepdelic nocieayomei pyHk-
LIMM, HO HE BaXKHa ero peaiusanus. M xorsa ¢pynkuus compose () He BXOAUT B COCTaB
JavaScript, ee Mo HO ecTecTBEHHBIM 06Pa30M BbIPa3UTh KaK (PYHKIIMIO BBICILETO IO~
paaxa (mucTHHT 4.8).

JiucTunr 4.8. Peannsauma dyHkumm compose ()

function compose (/*pyrrUumn */) |
let args = arguments;

Ha suixoge pyHKyMu compose ()
let start = érgs.length - 1; l NONYM3ETCH APYTan byHKLMA, KOTOPOH
return function() { nepeaaioTcR KOHKPETHbIE apryMeHTbl
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let i = start;
let result = args[start].apply(this, arguments);4—-| ANHaMKYECKH NPUMEHNTDL

while (i--) AAHHYI0 GYHKLMIO ans
result = args([i].call(this, result); nepeaaHHbix aprymeHTos
return result; Unxauvecku sui3biBaTy nocregyloune

}: QYHKLMM, HCXOAR M3 NPEAbIAYLLEro

} BO3BPaLLACMOTO 3HAUCHNA

Ilpasna, B 6uGianorexke Ramda npexocramnsieTcss peanmsanusi (yHKIHH
R.compose (), KOTOPOii MOXHO BOCNOJb30BaThCs, YTOObI HE PEAINU30BBIBAThL €€
CaMOCTOATENbHO. PaccMOTpUM B KauecTBe NpUMepa CJIeAyIOllylo IpOrpaMMmy, Ipo-
BEPAIONLYIO JOCTOBEPHOCTh HOMEPa COLMAIBLHOTO CTPaxOBaHMs yyaulerocs (ynorpe-
GisieMble B Hell BCIToMOraTeibHbi€ (PyHKIIMHM NPHUMEHAIOTCS BO MHOTHX IIPUMEpPax U3
3TOM KHHUTH):

const trim = (str) => str.replace(/~\s*|\s*$/qg, ");4———{ :“:::::x:::::::::nu:m

const normalize = (str) => str.replace(/\-/g, ''); <——— Yaanutb Bce 3HaKn TMpe
I Nposeputs AnUHY
const validLength = (param, str) => str.length === param; CMMBONBLHOR CTPOKM
HacTpouTb 4aHHYI0 GYHKLMIO Ha Npo-
const checkLengthSsn = _.partial(validLength, 9); BEPKY ANMHDI HOMEPA COLMANBHOTO

CTPax0BaHuA, KOTOPaA AoMKHa GbiTb pasHa 9

M3 aTnx dyHKLMIT NyTeM KOMIIO3HIIMH MOXXHO CO3/1aTh pyrue yHKUMH, KaK M0~

Ka3aHO HHXKE.
B pesynbrate KOMNO3MUUK QYHKUMH
. } normalize() u trim() nonyvaerca
R.compose (normalize, trim);

]

const cleanlInput

$yHkyma cleanInput ()
const isValidSsn = R.compose (checkLengthSsn, cleanInput);

A B pesynbrare KOMNO3ULUK
cleanInput (' 444-44-4444 '); //-> '444444444" $yHKyuit cleanInput () u
isValidSsn(' 444-44-4444 '); //-> true checkLengthSsn () nonyuaer-

€A ele 0AHA HOBAA PyHKUMA

Pacumpms 3TOT OCHOBOIOJIATAIOMINIA NPHUHIHIT KOMIIO3UIIHH, MOXXHO HAIIMCAaThb
HeJbi€ IIporpaMMbl U3 COYE€TAHHUA MPOCTHIX Cl)YHKI_lHﬁ, KaK MOKa3aHO Ha pHC. 4.12.

isvValidSsn modulel
checkLengthSsn cleanInput module?2 module3
checkLength->9 trim normalize module4 module5 module6

Puc. 4.12. CnoxHbie GpyHKUMM MOTyT 6bITb CO34aHbI NYTEM KOMMNO3ULMKM NPOCTLIX GYHKUMH. MO TOMy
e NPUHLMNY KOMNO3ULMK QYHKLMIA U3 PasHbIX MOAYNIEN, COAEPHKALLNX AONONHUTENbHbIE QYHKLMMK,
MOryT 6biTb HaNUCaHbI LieNble NPOrpammbl

Z[al-lllblﬁ NPpUHLHI PaclIpOCTPAHAETCA HE TOJbKO HAa q)yHKI.IHH, HO M Ha LI€JIbI€
IporpaMmmbl, KOTOpbI€ MOI'YyT ObITh HANTMCAHBI IMyTEM KOMIIO3HIIHH JIPYTHX YHCTbIX
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Y JIMIIEHHBIX M06OYHBIX 3(p¢PekToB nporpamm nin moayiaeit. (Mcxoaa us npuse-
AE€HHOTO paHee onpe/eneHus PYHKIUHU, YIIOTPE6AAEMOro MOBCIOAY B 3TOH KHUTE,
TEPMHMHBI PyHKUUA, NPozpamma U Modyis B IIUPOKOM CMbIC/ie 0603HAYAIOT 060
MCIIOJIHsAEMbIi 6JIOK KOZA C BXOJHBIMU U BbIXOJHBIMU JTaHHBIMH. )

KoMnosunus siBIseTcs KONTIOHKMUEHOU onepayuei, a 3TO O3HAYaET, YTO OHA CO-
e[MHsIEeT ONepaH/bl, UCIOAb3Ys Jornyeckyio onepaumio M. Hanpumep, dynkuus
isValidSsn () cocTaBjeHa M3 q)yHKum‘fl checkLengthSsn() u cleanInput().
B 3TOM OTHOMmEHNN MPOrPaMMBbl ABJISAIOTCSA NPOU3BOAHBIMU OT CyMMbI BCEX MX CO-
CTaBHBIX YacTeil. A B m1aBe 5 GyayT 06CyK/1aThCs 3aja4uu, Tpebylouue TM3bIOHKTHB-
HOTO NOBEJACHUS, YTOGBI BIPA3UTD YCJIOBHSA, TPH KOTOPBIX (DYHKIIUN MOTYT BO3Bpa-
IATh OJWMH WM ABa pe3ynvTaTta: A HJIH B.

C npyroii cTopoHbl, JOCTYNHbIH B JavaScript npoToTuil Function MOXHO pac-
HIUPUTD, BBeAs QyHKIMIO compose (). Kak mokasano HMxe, 3TO MOXHO CAelaTh
B TAKOM JX€ CTHJIE, KaK M NPH CBA3bIBAHMM (PYHKLMI B 11€NIOUYKY, YTOMMHABLIEMCH
B IaBe 3, “MeHblie CTPYKTYp JAaHHBIX U 60Jiblile onepanui”.

Function.prototype.compose = R.compose; DYHKUMM CHOBA CBA3LIBAIOTCA
B LENOYKY C NOMOWLBIO TOYEK I

const cleanInput = checkLengthSsn.compose (normalize).compose(trim);

Ecam BaM GoJibllie HOAXOAUT UMCHHO TaKo# croco6, nob3yiTech UM CBOGOAHO.
Kax 6yner mokasaHo B cienyomeii mase, MoJ0OHbIH MEXaHM3M CBA3bIBAHHS METO-
J0B ¥ QYHKIMIT B ICIIOUKY IIpeobasaeT B (PyHKIMOHAIbHBIX alre6pauyeckux Tu-
[axX JaHHBIX, HA3bIBAEMBIX MoHadamu. PEKOMEHIyeTcs Bce ke NpUIEPXUBaThcsa 60-
Jiee PYHKIIMOHATBbHOM (POPMBI KOMITO3UIIMH, NMOCKOJIbKY OHA JJAKOHMYHee, TUGUe u
JIydlle coYeTaeTcs ¢ (PyHKIHOHAIbHBIMU 6UGIHOTEKAMHU.

4.5.3. Komno3uuus c nomoubio GyHKLMOHaNbHbIX Oubanorex

[TpeuMymecTBO paboTbl C TaKMMM (PYHKIMOHAIbHBIMU OMOJMOTEKAMH, Kak
Ramda, 3aKxmouaercs, B YaCTHOCTH, B TOM, 4TO BCE (PYHKLMU B HUX HACTPOEHbDI Haj-
JIEXKAIMM 06Pa3oM ¢ OMOIIbIO KAPPHHTa, U 6/1aroiaps 3TOMy OHM CTAHOBATCS YHU-
BEPCATbHBIMM CPEJICTBAMU U1l KOMIIO3ULIMM B KOHBeHepax ¢pynkuuid. Paccmorpum
ele OAMH NPUMEP, Iie COCTABIAETCA CIIMCOK YYAIMXCS KJIAcCa C UX OLIEHKaMHU:

const students = ['Rosser', 'Turing', 'Kleene', 'Church'l];
const grades = [80, 100, 90, 99];

JonyctuM, TpebyeTcst HaWTH y4yalllerocsi C HauBbICIIEH OLleHKOM B Kinacce. Kak
HOSICHSUIOCH B IIaBe 3, “MeHblle CTPYKTYp AaHHBIX U 60Jbllle onepanuii”, obpame-
HUE C KOJUIEKIIMSAMM JIaHHBIX ABJISIETCSA OXHUM U3 KPaeyroJibHbIX KaMHeH PyHKIHO-
HaIbHOTO nporpammuposanus. McxoaHbrit ko u3 uctuHra 4.9 cocrasieH nyrem
KOMIIO3UIMM HECKOJIbKMX KADPHPOBAaHHBIX (PYHKIMHI, KaX/J[as X KOTOPbIX OTBEYa-
€T 3a npeobpa3oBaHME IIPHUBEIECHHBIX BbIIE MACCHUBOB JIAHHBIX OCOOBIM 0O6pPa3oM.

Huxe BKpaTIie NOACHAETCS Ha3HaYEHHE 3TUX QYHKIMH.

B Pynkumsa R.zip (). Co3xaeT HOBBII MaCCHUB, CONPSATras COACPKHUMOE CMEX-
HBIX MacCHMBOB. B 1aHHOM ciyuae conpsikKeHHe ABYX MCXOAHBIX MaCCHBOB
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MPUBOAUT K MOSABJIEHUIO HOBOro Maccusa [ [ 'Rosser', 80], ['Turing’,
100], ...]1.

B Pyukuusa R.prop (). YkaspiBaeT 3Hau€HNeE, IPUMEHSIEMOE TIPU COPTHPOBKE.
B nanHoM ciryuae 3Toit dyHkIMHM NepefaeTcs 3HaYeHUe 1, yka3bIBalouiee Ha
TO, YTO BTOPbIM 3JIEMEHTOM MAaCCHBA ABJISAETCS OAMACCUB OLIEHOK.

B PyukuusaR.sortBy (). BeImoaHseT COpTMPOBKY MACCHBA 110 33aHHOMY CBOJH-
CTBY B €CTECTBEHHOM IOPSAJKE 10 HapacTalomeH.

B Qyuxums R.reverse (). O6paiaeT BeCb MaCCHB, YTOGBI HAUGOJIBIICE YUCIIO
0OKa3aJloCh B IEPBOM €ro 3JIEMEHTE.

B ®ynkims R.pluck (). CTpoUT MaccUB, U3BJIEKAst JIEMEHT 110 YKa3aHHOMY MH-
aekcy. [lepenaBaemoe eit HyJleBOe 3HAUEHHUE YKA3bIBAET HA 3IEMEHT C UMCHCM
y4Jamerocs.

B ®Pynxums R.head (). [IpuHMMaeT nepBblii 31€MEHT MacCHBa.

Nuctuir 4.9. OnpepeneHne CaMoro ycnesaiollero y4aierocs

const smartestStudent = R.compose ( Nepegaya 060Mx MaccMBOB AAHHOH

R.head, GYHKUMN HAUWHAETCA C BbI30BA PVHK-
Co3parb dpyHKymio smartestStudent (), .
R.pluck(0), onpeaenAemyI0 Kak KOMNO3ULMIO PAA3 unu R. zip () . Ha kawaol craqum

R.reverse, GyHxuwii u3 6ubauorexn Ramda 06paGOTKM 3THX MACCHBOB AaHHbie
HenmeHnemo npeobpasyiotca u3
R.sortBy(R.prop(1)), ORHOFO BLIPANEHHA B APYTOE A0 TeX

R.zip); nop, noka He Gyaer nonyueH xoHeu-
Hblil pe3ynbTaT, H3BneKaeMbii ¢ no-
smartestStudent (students, grades); // -> 'Turing' mowbio GyHKuMM R . head ()

[MpuMeHeHHE KOMNO3ULMHY MOXET ObITb 3aTPYAHEHO, OCOGEHHO Ha HAYIBHOMN
CTa/IMM OCcBoeHus 6ubamorexkn Ramda wiM ocMmpicieHMs TPeAMETHOM 06GIacTH.
Koraa s nosb3yioch komnosunueii B cBoeit paGoTe, TO HEPEAKO JIOBJIIO ce6si Ha MBIC-
JIM: C YEro ceyeT HayaTh? M1 B 3TOM ciIydae camoe TpyaHoe — pa36uThb penraeMyio
3aiavy Ha 6oJiee MeJIKHeE NMoJ3aauH, I10CJI€ Yero KOMITIO3HMIIUA CaMa IIPHUHYUT K BOC-
coeAMHeHUI0 PyHKIMIA.

YTo KacaeTcss KOMNO3UIMU (PYHKIHUIA, TO BbI OBICTPO OCO3HAETE, M BaM 3TO HAY-
HET HPABUTHCS, HACKOJIBKO €CTECTBEHHO M JIAKOHUYHO Bbl MOXKETE BBIPA3UTh BCE
PeleHreE 33/1a4H B OJJHOM WJIHM JIByX CTPOKaxX. A MOCKOJIbKY BaM IIPHJIETCSA CO3aBaTh
byHKIMH, MOAXOAAMME VIS PA3HBIX CTAANIl PEUIN3yeMOro aAIrOPUTMA, TO HAYHETE
COCTABJIATb OHTOJIOTHIO, C TIOMOIbIO KOTOPOH CMOXETE COCTbIKOBBIBATh BbIPaXC-
HMs, ONUCHIBAIOIIKE OTAEAbHbIE YaCTH PEIICHHS, YTO NO3BOJIUT BAalIMM KOJUIeraM
GbicTpee NOHATD Ball KoJ1. Mcxoanblit ko/1 u3 simctuHra 4.10 cocTaBieH aHAIOrMYHO
yIpaXHEHHIO U3 I1aBbl 3.

Jiucrunr 4.10. Npumenenne onucartesibHbIX NCEBAOHUMOB PYHKUMA

const first = R.head;

const getName R.pluck(0);

const reverse = R.reverse;

const sortByGrade = R.sortBy(R.prop(l));
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const combine = R.zip;

R.compose (first, getName, reverse, sortByGrade, combine);

M xoTs nporpaMMy B TAKOM BHJI€ JIEFY€ YUTATD, 3TO HE CIIOCOGCTBYET €¢ MOBTOP-
HOMY MCHOJIb30BAHUIO, IIOCKOJIbKY IIPUMEHsSiEMbIE B Hell PyHKIIMM NOAXOAAT TONIbKO
AJ151 penaeMoii 3aaa4uu. BMecTo 3Toro pekoMeHayeTcsi NPUBBIKHYTD K CI0Bapio PyHK-
it head (), pluck(), zip () ¥ npounx, 4TOOBI HA IIPAKTHUKE 1IPUOOPECTH BCECTO-
POHHHE MO3HAHHA U3OPaHHOH GMGIHOTEKH. ITO MOMOXKET BaM Jierue NepPenTH K
ApyruM 6u6GanorekaM win sa3pikaM ®I1, NockogbKy B HUX 3a4aCTYIO NPUMEHSIOTCSA
T€ e YCJIOBHbIE 0003HAUYEHUSA, YTO B KOHEYHOM CUYETE MOJIOXKUTEIBHO CKAXKETCS Ha
ITPOM3BOJMTENLHOCTH BallETO TPy/a.

B ncxoanom xoge u3 mnctuHros 4.9 u 4.10 uncTbie GyHKUNM IPUMEHSIOTCS JUIS
BBIPOKEHHSA BCETO PellleHHUs, HO, KaK U3BECTHO, TAKOE BO3MOXHO JAIeKO He BCer-
Aa. B pazpaGoTke npujIoxeHHii BO3MOXHBI CUTYallMH, KOTJa NPHUXOUTCA pCllaTh
TaKHe 327a4H, KAK YTEHHE JAHHBIX M3 JOKAIBHOTO XPaHWIHIIA WIH COCTaBIeHHE
yaaneHubix HTTP-3anpocos, uro Hem36exHO NPUBOAUT K NMOG0YHbIM 3P dekTam.
B TakoM ciryyae HyXHO CyMeTb O60COOUTb U OTAEANTb HEYUCTBIN KOJ OT YMCTOrO.
M kak 6yzeT nokasaHo B IiaBe 6, 3TO 3aMETHO YIIPOCTHT TECTHPOBAHHE.

4.5.4. Mepbi 60pb0Obl C HANMYMEM HEUNCTOrO M YUCTOrO KOAa

Hevucmoiii kon BbI3bIBAa€T BHELIHE HaGmogaeMble N060uHbIe 3¢ deKTbl oce ero
BBINOJIHEHUS M UMEET BHEIIHME 3aBUCUMOCTH JUIS IOCTYNA K AAHHBIM 3a ITpeJeiaMH
06JaCTH BUAMMOCTH COCTAaBIAIOMUX ero ¢yHkiuit. locTaToyHO OJHON HEYUCTOU
¢yHKuMHK, 9TOGbI HEUMCTOM CTa/la BCA IPOrpaMMa.

[MpuHMMas BO BHUMaHHME CKa3aHHOE BbIIIIE, COBCEM He 0053aTENbHO 0OMBATHCS
YUCTOTHI BCeX (PYHKUMI, YTOOBI MOXKATh IUIOAbI (PYHKIIMOHAIBHOIO POrPaMMHUpO-
BaHHA. M XOTA 3TO HACAIBHBIN Caydail, HYXKHO HAyUUTbCS TAKKE MUPHUTBCA C 4U-
CTbIM M HEUHCTBIM MOBE/ICHUEM, SICHO 060C06IAs1 OTHO OT IPYTOro — B HEAIBHOM
cjly4ae, B OTAEJbHBIX (PYHKIMAX. A 3aT€M MOXHO BOCHOJb30BAThCS KOMIIO3UIU-
€i1, YTOObI COCAMHNUTD BMECTE YUCTBIE U HEUNCTbIE pparMeHTbl KoJAa. Hanomuum,
4TO peann3aius TpeboBaHMii K nporpamme showStudent HaumMHaIach B rase 1,
“OcHOBBI (PyHKIIMOHAILHOTO MPOTPAMMMPOBAHHUA”, CO CJIEYIONIETO BbIPAXKEHH:

const showStudent = compose(append, csv, findStudent);
Tak win MHaue, HO 60JIBHIMHCTBO 3TUX PyHKIMI 110POXIaI0T No60UHbIE 3 dek-
TBI Y€pe3 T€ apryMEHTbI, KOTOPbIE OHM NOJyYaloT. B yacTHoCTH:
B B pynkuuu findStudent () HCMONB3yETCA CChUIKA HA IOKAIBHOE XPaHWIMIIE
0GBEKTOB MJIM KaKOH-HUOY/Ib BHEITHUI MAaCCHB;
B a ¢pyHkuus append () HENMOCPEACTBEHHO 3aNMChIBACT WM MOAUPUIHUPYET
anemenTol HTML-pasmeTtkn.

IMporomxum coBepiieHCTBOBATh NporpaMmy showStudent, BOCIOIb30BABIIMCh
dyHkiumeit curry () ais 4aCTUYHOTO BBIYMCJICHUS HEM3MEHSEMbIX MapaMeTpOB
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Kaxxaoi QpyHkuuu. Beeaem Taxke Ko 1A caHO6paGOTKM BXOJHBIX ITapaMeTPOB M
peopranusauun HTML-onepanuii ¢ nomombio 6osee menkux ¢gpynknuii. M, Hako-
Hel, caenaem onepaumio £ind boJiee (py}lKHHOHaJ!bHOﬁ, OTAE/IUB €€ OT XPaHWIHIIA
0OBEKTOB. YCOBEpPILIEHCTBOBAaHHAsA BEPCHUA JAaHHOM IIporpaMmbl IIpUBEAEHA B JIM-
crtuHre 4.11.

JNuctunr 4.11. Bepcus nporpammbl showStudent C KapPUHIroM U KOMNO3ULMEH

// findObject :: DB -> String -> Object PeopraumaoBanHbiil meTog £ind (),

const findObject = R.curry((db, id) => { HOTOPOMY NepeaaeTCH OBLEKT XPaHNAMIL
const obj = find(db, id): 8 KaYecTse NAapameTpa C Uenbio ynpocTuTs
if (obj === null) ({ KOMMO3ULUMIO

throw new Error( Object with ID [${id}] not found"):
}
return obj;
1)

// findStudent :: String -> Student YacTUUYHO BLIMMCAMTD H3BAEKAEMYIO
const findStudent = findObject (DB('students')); 3anuck, ykasas xpaHuauwe obvexros

YU3LUXCA M CO34aB HOBYIO GYHKLUHIO
const csv = ({ssn, firstname, lastname}) => findStudent ()

“${ssn}, ${firstname}, ${lastname}’;

// append :: String -> String -> String

const append = R.curry((elementId, info) => {
document.querySelector (elementId).innerHTML = info;
return info;

})i

BOCnONb30BaTLCA KOMNO3ULMEH,
// showStudent :: String -> Integer yTo6bt cobparhb BCIO NPOrpamMmy

const showStudent = R.compose ( B eAMHDIA MCNOAHAEMDIi 610K
append ('#student-info'),
csv,
findStudent,
normalize,
trim);

showStudent ('44444-4444"); // -> 444-44-4444, Alonzo, Church

B ucxoxnom koje us mmuctunra 4.11 onpeaensiorcs yeTbipe GyHKIMM, COCTaBIIs-
jomue nporpammy showStudent (Mx o6bABIE€HUsA JONIOTHEHBI CUTHATYPaMM THUIIOB,
4YTOGbI GbLIO JIETYE TPOC/IEAUTD COOTBETCTBHE MMOCJIELOBATENIbHBIX BHIZOBOB KX JI0M
u3 Hux). B 1anHOM nporpaMme Bce 3TH (PYHKIMHU BbI3bIBAIOTCA B OOPaTHOM MOPSAA-
Ke, HauMHasA ¢ PYHKUMH trim () u BIIOTH A0 PyHKIMU append () M MOCTENEHHO
nepejaloT BBIXOJHBIE JAaHHbIE U3 TIpeblAyIeli Ha BXoA caenytomeit gpynkunn. Ho
OTBJIEYEMCSl Ha MTHOBEHHE U BCTIOMHUM nporpammy Unix, ¢ KOTOpo# HaYMHATOCh
obcyxaeHue B 3Tol mase. B 3Toit nporpaMme kaxkas koMaH/a BbIINOIHAETCS CJI€Ba
HaIIPaBO C IOMOIbIO BcTpoeHHo#H B Unix KoHBelepHOIi onepaluu |, Kak MoKa3aHo
Ha puc. 4.13 A npu coemHeHnM PyHKIMH B KOHBEHEP COCTaBJIEHHbIE U3 HUX PO~
TPaMMbl BLIYMCJISIIOTCA B IOPAJIKE, TPOTHBOMOJIOXHOM UX KOMITO3UIIHUH.
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tr 'A-Z' 'a-z' <words.in | uniq | sort
[ J L
| ]

J L J
o © ©
Puc. 4.13. NpocTan nporpamma o60n04ku Unix, obve-

AVHAIOWAA B KOHBEWEP NOCNEA0BATENLHOCTb KOMAHA
WK APYrUX KOMaHA,

Ecsm o6paTHblit MOpsAAOK BBIMOTHEHUs (PYHKIMI O CPaBHEHMIO C UX KOMIO3M-
I{MEH MOKaXKETCA BaM HEECTECTBEHHDBIM M BaM NOTPEGYeTCA HAMIAAHO NPEeACTaBUTD
CBOM IIPOTPaMMbI B BHJIE€ NTOCJIE€AOBATEIbHOCTH (PYHKIIMIA, BBITIOIHAEMBIX CJIEBa Ha-
MpaBo, BOCMOJIB3YITECDH VISt 3TOi nesm yHkumeit pipe () n3 6m6anorekn Ramda,
KOTOpast NO3BOJIAET JOOUTHCA TOrO K€ CAaMOTO pe3yJbTaTa, Bbi3biBasA (PYHKIMH, CO-
CTaBJAIOIHE IPOrPaMMy, B €CTECTBEHHOM TOPAJKE:

R.pipe (
trim,
normalize,
findStudent,
csv,
append ('#student-info'));

O TOM, HaCKOJIBKO Ba)K€H NOPSAOK BbINOJHEHUS (PYHKIMIH, COCTaBISIONUX IIPO-
rpamMy, CBU/IETEIbCTBYET BCTPOEHHAA B A3bIK F# nopnepxka npamoii konseliepHoit
onepanuu |>. Takaa pockousb B JavaScript OTCyTCTBYET, HO HMEETCS BO3MOXHOCTD
Ha/IeXHO NoJ1araThCs Ha PyHKIMOHAIbHBIE 6MGIMOTEKH, YTO6BI 3¢p(PeKTUBHO FOOH-
BaTbCs XKeJlaeMoro peayasraTa. B ornomenun ¢gynknmii R.pipe () u R.compose ()
C/IEyeT TAKKe 3aMETUTD, YTO C UX TOMOMIBIO CO3/]alI0TCA HOBbIE PyHKIMU 6€3 ABHO-
ro o6bABIEHUSA UX GOPMATBbHBIX aPTYMEHTOB, KaK 3TO OOBIYHO PUXOAMTCSA AE/aTh.
Komnosuuus ¢yHknmii no6yxaaeT MMEHHO K TaKOMY CTHJIIO IPOrPaMMHMPOBaHus,
KOTOPBIii TaK M HA3bIBAECTCA OeCcmoueursimM, 2 MHAYE — KOMOUHAMOPHDIM.

4.5.5. Beepexue B 6ecroyeyHoe nporpaMMupoBaHue

Eciu BHMMaTenbHO IMpOaHAJIN3UPOBATDb HCXO,ZleIi;I KOJA q)yHK[lHPI HU3 JIMCTHH-
ra4.10, To MOXHO 3aMETHUTb, YTO B HEM OTCYTCTBYIOT [TaPaMETPhI BCEX €€ COCTABHbIX
q)ymcuuﬁ, B OTJIMYHME OT UX TPaAMLIMOHHOrO 00bsiBaeHMs. [IpuBeaem 3Ty ¢yskumio
ele pas:

R.compose (first, getName, reverse, sortByGrade, combine);

[Mpumenenune pynkuum R.compose () (uau R.pipe ()) o3HayaeT, YTO 0GbsAB-
JIATb APTYMEHTDI, Ha3bIBaeMble mouKamu PyHKIMHU, BooGuUIe He HYXHO. Biaroxaps
3TOMY MCXOAHBIN KOX CTAHOBUTCSH J€KIapaTUBHBIM U GoJiee TaKOHMYHBIM, WIH
becmoueunvim.

becTroueunoe nporpamMmmupoBaHHe NpuUGIMKaeT (PYHKIMOHAIbHBIH KOJ Java
Script k ocHOBHOMY noaxoxy, npuHaTomy B si3bike Haskell u cucreme Unix. OHo no-
3BOJIIET MOBLICUTb YPOBEHb aGCTPaKUMH, NOGYX/Aasi MBICIMTh KATETOPUSAMH KOM-
MO3UIIMH KOMIIOHEHTOB Ha BbICOKOM YPOBHE, a HE 6E€CIIOKOMTBCS O MOAPOOHOCTAX
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BpIuMcaeHUs GyHKUMIT Ha HU3KOM ypoBHe. 1 31ech BaxHYI0 poJib MTPAET KAPPHHI,
NOCKOJIbKY OH /I2€T yIOGHYI0 BO3MOXHOCTb 4aCTHYHO OIIPE/IE/UTh BCE APTYMEHTHI,
KpOMe IOCJIEJHETO, BO BCTPaNBaeMoii cchbike Ha pyHKIHUIO. Tako# cTHiIb I1porpam-
MMPOBaHMS Ha3bIBAETCA TAKXKE HEAGHBIM WIH KOMOUHAMOPHBIM U BO MHOTOM IIOXOXK
Ha NOPAROK HallMCAaHUA YIIOMAHYTOM Bble nporpaMmel Unix, npuMep peainsaniu
KOTOPOI1 B 6€CTOYEYHOM CTHJIE Ha JavaScript mpuBesieH B iMcTUHre 4.12.

Jinctunr 4.12. Bepcua Hanucauums nporpammsel Unix B 6ectoyeyHom cTune Ha JavaScript
¢ nomoubio pyHKumii 3 6ubnuotexn Ramda -

const runProgram = R.pipe( Bocnonb3osarbea PyHkuueil identity (),

R.map (R.toLower), 4T06bI BO3BPATHTL apryMeHT, C KOTOPbIM OHa
R.uniq, 6bina Bbi3BaHa. HaxoauT He3HauUTENbHOE,
R.sortBy(R.identity)); - HO NPaKTMYECKOe NPUMEHEHHE, KaK NOACHA-
€TCA B Cregyloluem pasaene
runProgram( ['Functional', 'Programming', 'Curry’,
'Memoization', 'Partial', 'Curry', 'Programming']);

// => [curry, functional, memoization, partial, programming]

ITporpamma u3 inctunra 4.12 cocronT n3 6eCToYe UHbIX PYHKIIMOHATbHBIX BbIpa-
XKEHUH, onpeJeigeMbIX TONbKO M0 MMeHaM pyHkumit. M xoTs X apryMeHTbl 4acTH Y-
HO 33/IaHbl, UX TUIIbI HE OOBABJIEHDI, 2 TAKXKE HE YKa3aH MNOPANOK COCAMHEHHS PyHK-
uuit B 6osee KpynHoe BbIpakeHHe. BbInoHAA KOMIO3ULMIO B TAKOM CTHJIE IIPO-
rpaMMHPOBaHUs, HE CJIEAYET, O/IHAKO, 3a6bIBaTh, YTO 3/10yNIOTPEeGIEHHE UM MOXET
c/ieN1aTh NPOrpaMMbl HEMOHATHBIMU UM 3anyTaHHbIMU. He Bce B nporpamme 101xHO
ObITb HAIIMCAHO B 6ecToueyHOM cTHle. MHOrAa A0CTaTOYHO Pa3bUTh KOMIIO3ULIMIO
yHK1MI Ha ABE WIM TP COCTABJAIOMME, YTOObI JOOUTLCS XKENAEMOro pe3yibTara.

BecTrouye4yHbIH CTUIb HAMTMCAHUSA KO/Ia MOXET BbI3BATh P/l BOITPOCOB, CBA3AHHBIX
¢ 06paboTKO¥H OMMGOK U OTIaAKOM nporpamM. MHbIMU c10BaMu, caeayeT Jiv 1pu-
6eraTh K BO3BpaTy IIyCTOrO 3Ha4€HMSA null M3 cocTaBisgeMbIX PyHKIMI U3-3a TOTO,
4TO FeHEPUPOBAHUE UCKIIOYEHHU BbI3biBaeT nobouHble 3 ¢exTrr? [IpoBepka Ha
nycToe 3HaYeHue null B (PyHKIMAX BIIOJHE AOMYCTHUMA, XOTS OHA M IPUBOJAMT K IO
ABJIEHUIO HEMAIOTO 06beMa AyGIHMPYIOIErocs CTEPEOTUITHOTO KOJa M MpeJroara-
€T BO3BPaT Pa3yMHbIX 3HAYE€HUH 110 YMOJIYAHUIO, YTOObI NPOAOIKUTH BbIIIOJTHEHHUE
nporpamMMbl. A Kak OTJIaIUTh BCE€ KOMaH/Ibl M ON€PaTOPbl, YKa3aHHbIE B OHO CTPO-
Ke? T M JIpyTHE BIIOJHE PE30HHBIE BONPOCH! pa3pelaloTcs B ceaylomei mase,
rie NnpeicTaBieHbl JONOJHUTEIbHbIE TPUMEPbI 6€CTOYEYHBIX IPOrPaMM C aBTOMa-
TUUYCCKOM MOJIEPKKOH 06paboTKH OMHUGOK.

Eme oanH oueBUAHBII BONPOC BO3HUKAET B TEX CJydyasX, Koraa Tpedyercs BOC-
N0JIb30BaThCSA YCJOBHOM JIOTMKOM MJIM BBINIOJHATD KAKUM-TO O6Pa30oM HECKOJbKO
¢ynkuuit noapan. B caenyiomem pasaene 6yayT pacCMOTPEHBI MOJIE3HbIE CIykeb-
Hble (PYHKIIMHM, IPE/JHA3HAYCHHbIE VISl OPraHM3alMH1 MOTOKA YIIpaBJIe€HHUS TPHKIAN-
HOI1 NporpaMMoit.
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4.6. OpraHusauums noToKa ynpasfieHUs ¢ NOMOLLbIO
KoMOuHaTopoB GyHKLUIA

B rnase 3, “Menbiie CTPYKTYp JaHHBIX M 60JiblIE Oliepaliuii”, 6bLIO MPOBEJICHO
CpaBHEHHE NMOTOKA YIIPaBIE€HUS [IPOTPaMMOI B UMIIEPATUBHOM 1 (PYyHKIIMOHAILHOM
HapajuMrmMax M Mog4epKHYThbI MX CyleCTBEHHbIE OTIMYMA. B uMnepaTuBHOM koje
HPUMEHSAIOTCA NMPOLEAYPHbIE MEXaHU3MbI YIIPAaBJIE€HUSA BPOJE onepaTtopos if-else
u for /A OpraHM3alMM IIOTOKA BbINOJHEHHUSA NPOrPaMMbl, TOTJA KaK B (PyHKIIHO-
HAJIbHOM KOJI€ OHH He NPUMeHAI0TCs. OTKa3aBIIMCh OT UMIIEPATUBHOTO CTHISA NPO-
rpaMMHUPOBAHMSA, MbI JO/DKHbI HAWTH aJITEPHATUBDI, YTOGBI BOCIIOJHUTD NPOGE
B OpraHM3allMH1 NOTOKA ynpaBieHus nporpammoii. M s 3Toit neam Mbl MoxeM Boc-
HOJIb30BATBCA KOMOUHAMOPAMU PYHKUUU.

KomM6uHaTopb! ABIAIOTCA (PYHKIMSAMH BBICHIETO NMOPSAAKA, CMIOCOOHBIMH O6bEAU-
HATb 60JIe€ MPUMUTHBHBIE CPEACTBA BPOJE APYruX (PyHKIMIA (MM KOMGMHATOPOB)
1 BecTH cebs Nogo6HO ynpasasioeii joruke. Kak npaswio, B caMmux KOMGHHATO-
pax nepeMeHHbIe HE OOBABIAIOTCA U HE COAEPKUTCA OusHecyiornka. OHu npe/iHa-
3HAaYeHbl /I OPraHU3allMy NMOTOKa BbINOJIHEHUA (PYHKUMOHAIBHOM TpOrpaMMoi.
IMomumo ¢ynkumit compose () M pipe (), cymecTByeT 6eCUMCIEHHOE MHOXECTBO
APYTHX KOMOGMHATOPOB, HO 3J€Ch GYAYT pacCMOTpPEHbBI JMLIb HEKOTOPbIe M3 Haubo-
Jiee ynorpeGUTeIbHbIX, B TOM YHCJIE CIeyIOUHe:

B identity()
tap ()
alternation()
sequence ()
fork() (join)

4.6.1. ToxaecrBeHHOCTb (I-koMOuHaTOp)

Kom6unarop identity() — 3To ¢yHKIMs, BO3BpamalOmas TO Xe 3HaUeHHe,
KOTOpOE O6bUIO 33/JaHO €M B KAUE€CTBE apryMEHTA:

identity :: (a) -> a

3TOT KOMOMHATOP WHPOKO MPUMCHAETCH IPH IIPOBEPKE MATCMATHMYCCKHUX
CBOMCTB PYHKIMH, XOTA OH HAXOAMT U APyrHe NPHUMEPbI NPAKTHUECKOTO MpUMeHe-
HMS, B TOM YHCJIE CJIeylolue.

B ChHaGxeHue (PYHKIIMI BBICIIETO MOPSAAKA AAHHBIMH, KOTOPbIE TPEOYIOTCA 1S
BBIYMCJICHHA apTyMeHTA (PYyHKIMH, KaK 3TO GbUIO CAEaHO paHee NpH HalMca-
HHUH [IPOrpaMMbl B 6€CTOYEYHOM CTHE (CM. IMCTHHT 4.12).

B MoayapHoe TeCTHpOBaHME NMOTOKA KOMOMHATOPOB (PyHKUMH, I71e Tpebyercs
MPOCTOM pe3yAbTaT BbINOJAHEHUSA (PYHKIMM, 110 KOTOPOMY AEIAIOTCSA YTBEPXK-
neHus (nogpo6Hee o6 3ToM — B miaBe 6, “OTKa30yCTOMYMBOCTD NMPUKIAL-
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HoOro kozxa”). Hanpumep, MOXHO HanucaTb MOAYJbHBINA TECT LA $yHkuMM
compose (), B KOTOpO# NPUMEHAIOTCA PYHKIIMH TOXAECTBA.

B PyHKIMOHAIBHOE U3BJIEYeHHE JaHHBIX U3 HHKAICYJIMPOBAHHbIX THIOB (MOA-
pobHee 06 3TOM — B caelyomeii miase).

4.6.2. OrseTBnenue (K-kombunarop)

Kom6unarop tap () oco6eHHO yno6eH B KaueCTBE MOCTOBOIO IIEPEXOAA MEX/TY
NyCTbIMU QYHKIHUAMH, B TOM YHCJIE TPOTOKOJIMPYIOIUMH WM 3aIMCIBAIOLIMMH CO-
o6umenus B ¢aitn uim BoiBoaAmMMH X Ha HTML-cTpanuity, BctaBiasis MX B KOMIIO-
3UILHUIO C APYTUMH (PyHKLMAMHU U HE TPEGYs U1 3TOrO HAMHUCAHUA JONIOJIHUTEIbHOTO
xozia. G 3TOl 1eJIbI0 OH NoJIyYaeT OHy (GYHKIHIO M Bo3BpamaeT Jipyryio. Huke npu-
BeJIEHA €ro CMIHaTypa Kak (pyHKIMM tap ().

tap :: (a -> *) -> a -> a

JtoM PyHKUUHU NlepesaloTCs BXOAHOH OGBEKT a M (PYHKIMA, BBINOJIHSIOWAs He-
KOTOpO€ AeMCTBHE HAJl 3TUM 00bekTOM. CHayala OHa BBIMOJIHAET 3aAaHHYIO (PYHK-
LTHIO C MPE€AOCTAaBJICHHbIM O6’beKTOM, a 3aTEM BO3Bpalla€T 3TOT OOBEKT. Hanpumep,
¢yHKIMHM R. tap () MOXHO nepeaaThb MycTyIo PYHKLHIO
const debuglLog = _.partial(logger, 'console', 'basic’,

'MyLogger', 'DEBUG');
Y BCTaBHUTb €€ B KOMIIO3HLHMIO Jipyrux (pyHknmii. Huke npuseseHb1 HeKOTOpbIE NPH-
Mepbl.
const debug = R.tap(debuglog);
const cleanInput = R.compose(normalize, debug, trim);

const isValidSsn = R.compose (debug, checkLengthSsn,
debug, cleanInput);

BbizoB ¢pynknuu debug (), ocHoBaHHO#M Ha GYHKUMH R. tap () , HHKOMM 0Opa3oM
HE U3MEHMT PE3y/IbTaT BbIIIOJHEHUA porpammbl. Ha camom seste 3ToT koMGMHaTOp
OTOpaCchIBAET PE3YJILTAT BLINOJHEHHUSA NIE€PEAABACMOH eMy (PYHKIIHH, €CJIM TaKOBOMH
umeercs. Tak, B caeayomem HpuMepe KoJa BbINUCAACTCS PE3y/ILTaT U 10 XOA4y Jesia
BBLIMOJHAETCA OTJIa/Ka KOJA:

isValidSsn('444-44-4444");

// BHBOOVMBIA pe3yJibTaT

MyLogger [DEBUG] 444-44-4444 // ouvmeHue BXOOHBIX OAHHEIX
MyLogger [DEBUG] 444444444 // npoBepka IJIMHBI

MyLogger [DEBUG] true // KOHEUHEt pe3yJibTaT

4.6.3. lNepemena (OR-komOuHaTop)

Kom6unaTop alt () mo3BosgeT BBIIOJHATb MPOCTYIO YCJIOBHYIO JIOTHKY, KOr/Ja
TpebyeTca o6ecneurTh CTaHAAPTHOE MOBEACHHE B OTBET Ha BbI30B (PyHKLIMH. TOMY
KOMOMHATOpY nepeAaeTca ABe (PYHKLMH, 2 OH BO3BPAIIACT PE3YJLTAT BbIIOJIHE-
HHS TEPBOI1 U3 HUX, €CJIM 3HAUCHHUE onpejeieHO (T.e. He paBHO false, null wiu
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undefined). B npoTUBHOM cilyuyae OH BO3Bpallla€T PE3YALTAT BbIIIOJHEHHS BTOPOMH
¢ynxumumn. Himke nokaszaHo, KakuM o6pa3oM peaimayeTcss KoMGuMHaTop alt ().
const alt = function (funcl, func2) {

return function (val) {
return funcl(val) || func2(val);

}i

C apyroii CTOPOHBI, 3TOT KOMOMHATOP MOKHO HaNmUcaThb 60J1ee KPaTKo, BOCIOJIb-
30BaBUIMCh KAPPHMHIOM U JIIMG/1a-BbIPAKCHUAMHU:

const alt = R.curry((funcl, func2, val) =>
funcl(val) || func2(val));

KOM6HHaTop alt () MOXHO NPMMEHMTD B YIIOMHHABIIECICS paHee Nporpamme
showStudent,qTO6bIcnpaBuTbCﬂcCHTyauneﬁ,Koraaonepauuﬂlnﬂ6opKH3aBepuur
€TCsl Heyla4HO, M B 3TOM CJIy4a€ MOXXHO CO3/IaTh HOBbIii O0BEKT, NPeACTABIAIOIHH
yJaumerocs:
const showStudent = R.compose (

append ('#student-info'),
csv,
alt (findStudent, createNewStudent)):

showStudent ('444-44-4444");

YTO6bI CTaIO NOHATHEE POUCXOASIIEE B 3TOM KOJ€, €TO JIy4llle paCCMaTPUBATbh
KaK KOJI, 3MYyJIMPYIOIHii 3KBUBAJIEHT IIPOCTOro oneparopa if-else B caeayome
HMMIIEPATUBHOMN YCIOBHOM JIOTHKeE:
var student = findStudent ('444-44-4444");
if (student !== null) {

let info = csv(student);
append ('#student-info', info);
}
else {
let newStudent = createNewStudent ('444-44-4444");
let info = csv(newStudent);
append ('#student-info', info);

4.6.4. MNocnepnoBarenbHOCTb (S-KOoMOUHaTOp)

KoM6uHaTOp seq() COYKHT Uil HUKIMYECKOrO BBIMOJIHEHHUS MMOCIEA0BATE b
HocTH (pyHknmii. EMy nepenaetcs ape win Tpu QyHKNMM B KaueCTBE ITapaMeTpPOB,
a OH BO3BpAIllaeT HOBYIO (PYHKIIMIO, KOTOPas, B CBOIO OYEPEAb, BO3BPAIIAET BCE ATH
¢yHKIIMM B OnpeeeHHOM MOCIeR0BaTENbHOCTH OTHOCUTE/ILHO TOTO K€ CaMOro
snavenus. Huwxe npusejena peaiusanusa kom6uHaTopa seq ().
const seq = function(/*@yHxummn*/) {

const funcs = Array.prototype.slice.call (arguments);
return function (val) {



152  Yacmw I1. Tozpyxncaemca 8 Pynxyuonarshoe npozpammuposanue

funcs.forEach (function (fn) {
fn(val);
}):
}i
}bi
C nomo1pio 3Toro KOMGMHATOPAa MOXKHO BBINOJHATD HOC/IE0BATEILHOCTD CBA-
3aHHBIX BMECTE, XOTSl U HE3aBUCHMbIX onepauuii. Illanpumep, kak Toabko Gyaer
HaiileH O6beKT, NPEeACTABAAIOUMI yHAIErocs, MOXHO BOCIIOIb30BATbCA KOMOHHA-
TOpOM seq () Kak /Ui BOCIPOM3BeAeHHs 3Toro o6bekra Ha HTML-cTpanuue, Tak
1 JUIS €TO MPOTOKOJIBHOTO BbIBOJA HA KOHCOJIb, KaK [T0OKa3aHO Hmxke. Bce pyHkuun
OyayT BBIMNOJHATHCA HMEHHO B 3TOM MOPAAKE OTHOCHUTEIbHO OJHOTO U TOTO Xe
06beKTa, IIpeCTaBASIOUIETO YYaIEerocs.
const showStudent = R.compose (
seq(
append('#student-info'),
consolelog),

csv,
findStudent)) ;

KoMm6uHarop seq () He BO3BpamiaeT 3HaYE€HUE, A TOJILKO BBINIOJIHSAET CIEAYIOIHE
noapsan aeiicteus. Ecan ke ero TpebyeTcsi BHEAPUTDL B CPEAMHY KOMIIO3UIIMH, TO
MOXHO BOCIIOJIb30BaThC KOMOMHATOPOM R.tap (), 4TO6bl COEAMHUTDL €FO MOCTOM
C ApyrumMu PyHKIUAMH.

4.6.5. KomOuHaTop pa3BeTBneHus

Kom6unarop fork () okasbiBaeTca yIOOHBIM B TeX cJyuasX, Koraa Tpebyercs
06paboTaTh JaHHbIE U3 OJHOTO MCXOLHOTO PECypca AByMsl pa3HbIMH CIIOCOGaMH,
a 3aTeM O6beAMHHUTD MOJydeHHbIE PE3YAbTaThl. ITOMYy KOMOMHATOPY MEPEAAIOTCS
TpH caeayomue QyHKIMHU: PyHKIUA COEIMHEHHUs U IBE OKOHeYHble (PyHKIUH, 06-
pabaTbiBalomMe NPeAOCTaBAsgEMbIE KM BXOAHbIE JaHHbIe. Pe3yabTraT KaXx 101 passeT-
BJIsieMOi1 PYHKIIMH B KOHEYHOM UTOTre NepeaaeTcs PyHKIMM COeAMHEHUsA join ()
B KauecTBe OJHOIO M3 JIBYX ee apryMeHToB (puc. 4.14).

BxoaHble faHHbe

i

join

Puc. 4.14. KombuHatopy fork () nepepaerca Tpy GyHKLUMU: OAHA —
join() u ase — funcl u func2 Tuna fork. B 4acTHOCTH, PyHKLMM
TMNa fork BLINOAHAIOTCA OTHOCUTENBHO NPEAOCTaBNAEMbIX BXOAHbIX
AaHHbIX, @ KOHEYHbIM pe3ynbTaT 0bbeanHaeTca B pyHKUMM TUNA join
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NMpumeyaHune

3T0T KOMBUHATOP He cneayeT NyTaTh C KapKacom passersneHus (fork-join framework)
B Java, KOTOpbIii NOMOraeT OpraHM30BaTb MHOTONOTOYHYI0 06paboTky. OH peanunsyer
KombuHatop fork (), KOTopbiit nogaepkmnsaerca 8 Haskell n apyrux MHCTpymeHTans-
HbIX CpeacTBaxX GYHKUMOHANBHOrO NPOrPaMMUPOBaHUA.

KombunaTop fork () peammsyercs cieAyiomum o6pa3om:

const fork = function(join, funcl, func2) {
return function(val) {
return join(funcl(val), func2(val));
}i

A Tenepb nokaxem 3TOT KOMOMHATOP B AekcTBUH. C 3TOMH 1EAbIO BepHEMCA K
MpEACTaBIEHHOMY paHee IIPUMEPY BbIYMCIEHHSA CPEAHEN OLIEHKH M3 YHCEJl B MACCH-
Be. C noMomnpio kom6uHaTopa fork () MOXHO CKOOPAMHHUPOBATb BLIYMCJIECHHE TPEX
cyxe6HbIX PyHKIMIH c1eyiomuM o6pa3om:

const computeAverageGrade =
R.compose (getLetterGrade, fork(R.divide, R.sum, R.length));

computeAverageGrade ([99, 80, 89]); // -> 'B'

B cneaylomem npuMepe npoBepseTcs, paBHbI JIM CPeJHEE U MEJHAHA OLEHKH
B MCXOJHOM KOJUIEKLINH:
const egMedianAverage = fork(R.equals, R.median, R.mean);

egMedianAverage ([80, 90, 100])); // -> WUcTuHHO
egMedianAverage ([81, 90, 100])); // -> JloxHo

HexkoTopele ycMaTpHBaIOT B KOJLIEKIIMH ONIPEAEICHHYIO OTPAaHHYEHHOCTbD, HO Bbl
caMH MOXeTe yOeAUTbCA B COBEPIIEHHO NPOTHBOIOJIOXKHOM: KOMOHHATOPBI pacKpe-
MOIAIOT U 06J1eryaloT 6€CToueYHOE NPOrpaMMIpPOBaHHe. A IOCKOJIbKY KOMOMHATO-
PbI ABJIAIOTCSA YUCTBIMU (PYHKIMAMHU, TO MX MOXHO COCTaBJIATh BMECTE C APYTMMH
KOMOMHATOpPaMH, YTO JaeT 6eCYMCIEHHOE MHOXECTBO BAPHAHTOB /Uil BbIPAXEHUS
WM PEOAOJIEHUS CI0XKHOCTEMN B HAMMCAHUM JI06oro THna npuioxenus. Mx npu-
MeHeHMe GyJieT elle He pa3 NPOJAEMOHCTPUPOBAHO B MOCJEAYIOIHX IIABaX.

bnaroaapsa ocCHOBHBIM NPHHIIMIIAM HEM3MEHAEMOCTH M YUCTOTHI (PYHKIMOHAIb-
HOE NPOrPaMMHUPOBAHME NO3BOJIAET JOOGUTHCA ACHOM CTENEHU MOXYJIbHOCTH M IIO-
BTOPHOTO UCMO/Ib30BaHUA QyHKIMIA, cocTaBasomux nporpammy. Kak noscusnocs
B maBe 2, “CrieHapuii Bpicuiero nopsiaka”, GyHKIIMHA MOTYT GbITb MCIIOJIb30BaHbI
B JavaScript u a1a peanusauumn Moayaei. Onupasch Ha Te e caMble PUHIMILL,
MOXXHO COCTaBJISITb U MIOBTOPHO MCIMOJIb30BATh IieJible MOAYIH. PasMbiuienne Haz
TaKOi BO3MOXXHOCTBIO Mbl OCTaBJISIEM Ha Ballle yCMOTPEHHE.

MoayabHble (PyHKIIMOHAIBHBIE NPOTPaMMbl COCTOAT M3 A0CTPAKTHBIX (PYHKIIHIA,
KOTOPbI€ MOXHO YAICHUTDb ¥ MOBTOPHO MCHOJIB30BaTh MO OTAEIBHOCTH M Ha3Have-
HHE KOTOPBIX BbIBOAMUTCSA U3 NMPABWI, ONIPEAEAIOMMX MX KomMnoauumio. Kak nosc-
HAIOCh B 3TOM ITaBe, KOMIIO3UIUSA YHCTBIX PYHKIMI 06pa3yeT caMyio OCHOBY (PyHK-
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IIMOHAJIBHOTO IIPOrpaMMUPOBaHMsA. B MeToAMKax KappHHra ¥ YaCTUYHOTO NMpUMe-
HEHU, PeJCTaBIeHHBIX B 3TOH IVIaBE, BHITOJHO UCIO/b3YeTCA abCTPaKIMa YMCThIX
yHKIUMi ¢ NeABbIO CAENaTh UX NPUTOAHBIMHU JUIS KoMno3uiuu. Jlo cux nop peun
ele He ma 06 o6paboTke OMUG0OK, COCTaBAAIOMEH KpaliHe BaXKHYIO YacThb J060H
HAJIEXHOW, OTKA30YCTONYMBOM NPUKIAJHON NPOrPaMMbl, U IO3TOMY JaHHOI TeMe
NOCBALIEHA CIEAyIOolas IJ1aBa.

Pesiome

W3 3701 1aBbl Bbl Y3HaIM CJI€aylomee.

Llenouku u koHBeiiepol PyHKIMIT MO3BOJISIOT COE/IUMHATh BMECTE MIOBTOPHO
KCIIOJIb3yeMbIE U MOJY/IbHbIE IPOTPAMMbl, Pa3fie/IieMbl€ Ha KOMIIOHEHTBI.

PynkunoHanbHaa 6ubanoreka Ramda.js npucnoco6iena aia kappuHra u
KOMITO3UIIMU M OCHaIeHa 3(p(PEKTUBHBIM aPCEHATIOM CTYXKEOHbIX (PYHKIIMIA.

KappuHr u yacTMuHOE MPUMEHEHHE MOTYT ObITh HCIOJb30BaHbI /Ui COKpPa-
IEHUSA KOJIMYECTBA APTYMEHTOB YMCTBIX (PYHKIMH, MO3BOJIASA YACTUYHO BbI-
YUC/IATH MOAMHOXECTBO apryMEHTOB (DYHKIIMM, ITpeobpa3ysi X B yHapHbuIe
dysxumm.

Pemaemyio 3agayy MOXXHO pa3buUTh CHayala Ha MPOCTbie PYHKIMM, 3aTEM CO-
CTaBUTb UX BMECTE, YTOOBI NPUITH K 1IEIOMY PEIIEHUIO.

C noMompio KOMGMHATOPOB (PYHKIIMI MOXKHO OPraHM30BaTh IOTOKH BBINOJ-
HEHMSA CJIOXKHBIX POTPaMM, pelas Jooble MPAaKTH4YECKUE 3aJa4H M IIporpam-
MHPYS B 6€CTOUYETHOM CTIIE.



I Tpoexmruie wabaorwt
U CROHCHOCTD

B 3Ton rnase...

B HepocraTky uMIiepaTUBHBIX CXeM 00pabOTKH OMHOOK

| Hpczlo'mpamelmc A0CTyIIa K HEAOCTOBEPHbIM JJaHHBIM
C HOMOIIBIO K()liTt’ﬁHQp()B

B Peanusanus pyHKTOPOB B KaUeCTBE MEXaHU3MOB ITPeodpa-
30BaHUS JAHHBIX

B [Ipeacrasienue 0 MOHaJIaX Kak O THIIAX JAHHBIX, YIIPOIHAIO-
IUX KOMITO3UITHIO

B O6beauHenue crpareruii 06paboTku omMUHOK ¢ MOHAMYEC-
KMMH THIIAMH TAHHBIX

B YepenosaHue U KOMIIO3UIIHMS MOHAJMYECKUX THIIOB JJAHHBIX

MycTbie CCbIIKM NpUBenu K ownbKkaM CTOUMOCTbIO B MUNIUAPAD
AONNApOB.

Tonu Xoap (Tony Hoare), caiit InfoQ

HekoTopbie omu604HO CUUTAIOT (PYHKIMOHAIBHOE NPOrPaMMHPOBaHME Mapa-
AWIMO, IPU3BAaHHOM PENIATD IMIIb AKAJIEMUYECKHUE 33/[a4H, UMEIOIHE B OCHOBHOM
4MCIOBOM XapakTep, I1e 3a4acTylo He MPUHUMAETC BO BHUMaHHE BO3MOXHOCTb
OTKa30B, BOZHHUKAIOUIUX B pealbHbIX cuctemax. Ho 3a nocireanue roapl paspa6or-
YUK OGHAPYXWIH, 4TO (PYHKIIMOHAILHOE POrpaMMHPOBAHHE NTO3BOJISIET OPraHH-
30BaTbh 06paboTKy omMGOK GoJiee U3AIHO, YeM 1000 APyroi CTib pa3paboTku
IIPOrpaMMHOTrO OGecneYeHHs.

B nporpammHoM 06€ecniedeHMH MOXXET BO3HMKHYTb HEMAJIO OCJIOKHEHHH B CBA3U
C TE€M, YTO AaHHbIE HEYMBINLIEHHO CTAHOBATCSA MyCThIMU (null) Wi HeonpeaeaeH-
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HpiMH (undefined), reHepHpYIOTCA MCKITIOYEHUsA WIM TEPSETCH CBA3HOCTD y3JO0B
CeTH Y BO3HMKAIOT IIpouHre Henojaaaku. [loaTomy B npukIaHOM KOAE HEOGXOAMMO
NPHHMMATbh BO BHUMAHHUE BO3MOXHOCTb NPOSIBNIEHUSA NOAOGHDBIX OCTIOXKHEHHH, YTO
HeH30EXHO YCJIOXKHsAET Aeso. B urore pa3paboTurkaM IIPUXO/IMTCS TPaTUTh Gec-
YHUCJIEHHBIE Yacbl pabouyero BpeMeHH!, YTOObI yOEAUTBCA, UYTO NPUKIAJHOM KOJ Ha-
JIeKaMM 00Pa3oM reHEPUPYET M 1ICPEXBATHIBAET UCKTIOUYEHMSA, A TAKXKE POBEPSAET
nycTble 3HayeHus null Be3je, rie 3TO TOIbKO BO3MOXHO. M B KOHEYHOM cueTe Bce
3TO eHie GOoJIbIIe YCIOXKHAET MPUKJIATHON KOJI, KOTOPBIH C TPY/ZOM NOAJAETCA MaC-
IITAOMPOBAHMIO ¥ MOHHMMAHHIO 110 M€pe Pa3pacTaHUs Y MOBLIIEHUA CJIOXKHOCTH
HPUIOXEHHH.

Tpya paspa6oTunka Jo/keH ObITb 60j€€ pallHOHAIBHBIM M MEHEE TSHKEJIbIM.
[MosTomy B Tekymieil iaBe pacCMAaTPHBAIOTCH IIOHATUS PYHKMOPoé B KadecTBe
CPeACTB 151 CO3JaHuUs POCTBIX TUIMOB JAHHBIX, K KOTOPBIM MOTYT ObITh IIPUBE/ICHBI
Jynxumn. B yacTHOCTH, QYHKTOP NPHUMEHAETCA K TUIIAM JJAHHBIX, KOTOPbIE Ha3bIBa-
IOTCSA MOHAdamu 1 06J1a/Jal0T OCOGBIM NOBEJCHHEM B OTHOIIEHHH Pa3HbIX CIIOCOGOB
06paboTku omKH60K. MOHaAbI OTHOCATCA K YMCJY CAMBIX TPYAHBIX I yCHEHUS
NOHATHH B PYHKIIMOHAIBHOM MPOrPaMMHPOBAHMH, MTOCKOJIBKY X TEOPETHYECKHE
OCHOBBI IMTYDOKO YKOPEHEHbI B TEOPHIO KaTEropuii, KOTopas 3eCb HE paccMaTpH-
BaeTcs. B aToit maBe npecieayercs nesb yAeJIUTb OCHOBHOE BHUMAaHHeE JIMIIb ITPaK-
TUYECKUM BOINPOCAM MPUMEHEHUsI MOHAJ. Ta TeMa OyAeT pPacKpbITa 34eCh MyTeM
HNOCTEIIEHHOTO HACJIaMBaHMA Psifia HEOOXOAMMBIX KaK IpeJBapHUTEIbHOE YCJIOBHE
IIOHATHH, 110CJIe Yero GyAeT NOoKa3aHo, KaK I10Jb30BaTbCl MOHA/JlaMU Ha MPaKTHKE
Il COCTABJIE€HHS OTKA30YCTOMYMBbBIX KOMIIO3UIMH TaK, KaK 3TOrO IIPOCTO HEJIb3sl
AOOUTDHCSE C IOMOIIBIO MMITEPATHBHBIX MEXaHU3MOB 00pabOTKH OIHGOK.

5.1. HepocTtaTku umMnepaTUBHOMK 006padboOTKH
owno0K

Omnbku B kozae JavaScript MOIyT BO3HHMKATh B CaMbIX Pa3HBIX CUTyalHUsX, OCO-
GEeHHO B TOM CJIyvae, KOI/la MPUJIOXKEHHUIO HE YAAETCA MOAKTIOUMTLCA K CEPBEPY WM
e OHO TbITAETCS MOJYUHTh JOCTYIl K CBOMCTBY mycToro (null) o6bekra. Kpome
TOTO, B CTOPOHHUX GMGIMOTEKAX MOTYT COAEPKATbCA (PYHKIIMH, FeHe PHPYIOIIHE HC-
KJIIOYEHHUS JUIS CUTHAIM3ALMH 06 0COObIX OIHOOUHbIX yeaoBusax. CiexroBaTesIbHO,
HY>KHO BCETI/Ia ObITb TOTOBBIM K HAUXYALIEMY, IPOEKTHPYHA CUCTEMY C Y4ETOM BO3MOX-
HbIX OTKa30B, a HE pearupys Ha HUX 3aN03JaJI0 M BIIOCJIEACTBUM COXKaJIess 00 3TOM.
B uMIlepaTMBHOM CTHJIE NPOrPaMMHMPOBAaHMA OMIMOKHY M UCKIIOUEHMS, KaK NpaBu-
J10, 06pabaThIBAIOTCH 110 IPUHIMITY try-catch, T.e. npo6bl M 11epexBarTa.

5.1.1. O6pa6oTka owmboK B Gnoke onepaTopoB try-catch

HbiHnenuuit MexaHu3m o6paboTKH HCKIIOYEHUH 1 omKu6OoK B JavaScript paccuu-
TaH HE FTeHEPUPOBAHHE U NEPEXBAT UCKIIOYEHHH C TOMONBIO LIMPOKO PaclpoCTpa-
HEHHOM KOHCTPYKIMHU try-catch, umeromerica B 60IbUIMHCTBE COBPEMEHHBIX A3bI-
KOB MPOTPaMMUPOBAaHMsI M IIPUBEECHHON HHXKE.
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try |
// 3Oech cremyeT KOH, CNOCOGHELT CreHEepUPOBATb MCKIIOUEHUE
}
catch (e) {
// 3mech clemyoT OMnepaToph Iid oBpaBoTKyu JOOHX MCKILIOYEHMNA
console.log ('ERROR' + e.message);

Hasnauenue 3Toii A3bIKOBOM KOHCTPYKIIMM — OXBAaTHTh (PParMeHT KO, KOTO-
PblIil CUMTaeTCs HEHAEKHBIM. Kak To/IbKO GyAeT CreHEpMPOBaHO UCKTIOYEHHE, UH-
TeprnpeTarop JavaScript pe3ko OCTaHOBHUT BBINIOJIHEHHE NIPOrpaMMbl U copMuUpy-
€T TPaCCHPOBKY CTE€KAa CO BCEMHU BbI30BaMH (PyHKIHMI BILUIOTb JO NPOGiE€MaTHIHOIM
UHCTPYKUuMHU. Kak u3BecTHO, KOHKPETHbIE NOAPOOGHOCTH OMIMOKH, B TOM YHCJIE CO-
oOlLIEHHE, HOMEP CTPOKM KoJa, UMs (paiia, COXpaHAIOTCs B OGbEKTe THNA Error
Y nepefaloTcs B 6,10k onepaTopa catch, KOTOPbIi CTAHOBUTCSA HAAEKHBIM MECTOM
AJ1 NOTEHIUATbHOIO BO30OGHOBIEHH HOPMaIbHOM paboThl porpaMmbl. B kaue-
CTBE IpHMepa HAllOMHMM paccMaTpuBaBmMecs paHee ¢ynkumu findObject ()
u findStudent ():

// findObject :: DB, String -> Object
const findObject = R.curry(function (db, id) {

const result = find(db, id)
if(!'result) {
throw new Error('Object with ID [' + id + '] not found'):

}

return result;
}):

// findStudent :: String -> Student
const findStudent = findObject (DB('students')):;

Jlio6as n3 3tux (‘pyHKunifl CIIOCOOHa Cr€HEpPUpPOBATh UCKJIIOYECHME, Y I0O3TOMY Ha
MPAKTUKE UX BbI3OBbI NPUXOJUTCA 3AKJIIOYATh B 6710k onepaTopoB try-catch cue-
AYIOIHUM O6pa3oMm:
try {

var student = findStudent ('444-44-4444"'");
}
catch (e) {

console.log ('ERROR' + e.message);

Ho B ¢pynkImsax Heo6x0o1uM0 aGCTParnpoBaThCs, KaK U MPex/e OT HMKIOB U YC-
JIOBHBIX OIIEPATOPOB, TAK U Tenepb oT 06paboTku omnbok. O4eBUIHO, YTO PyHK-
IIYiM, B KOTOPBIX NPUMEHAIOTCA 6JI0KU OllepaTopoB try-catch, Kak OKa3aHo BhIIIC,
HeJIb351 COCTABJIATb W CBA3BIBATD B LIEMOYKY, YTO OKa3bIBAa€T 3aMETHOE BIMsIHHUE HA
NOPAROK Pa3pabOTKM MPUKJIAJHOTO KOJIA.
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5.1.2. MpnynHbl HEe reHepupoBaTb UCKITIOYEHUS

B QYHKLUMOHaNbHbIX NPOrpaMMax

CTpyKTypUpOBaHHbI# MECXaHU3M T€HEPUPOBAHMSA U MEpPeXBaTa MCKIIOYEHUN B
MMIEPaTUBHOM Kojie JavaScript 061aja€T MHOTMMM HEOCTAaTKAMH U HECOBMECTHUM
¢ pyHKIIMOHAILHOH METOAUKOM NMPOEKTHPOBaHUA. PYHKIIMAM, T€eHEPUPYIOIUX HC-
KJTIOYEHHUS, IPUCYLIH CIEAYIOIIHE HEAOCTATKH.

Hix HeJIb3si COCTaBIATD WIH CBA3LIBATH B LIEMOYKH MIOJJOGHO APYTHM CPECTBaM
(pyHKIIMOHAILHOTO TPOrPaMMHPOBAHUS.

OHM HapymaloT NPHHIMII CCbUIOYHOI NMPO3PayHOCTH, BBICTYMAIOUWMI 3a
€IMHCTBEHHOE, MPEACKa3yeMOe 3HauY€HHE, MOCKOJIbKY T€HEPUPOBAaHHUE HC-
KIIOYEHHIT COCTaBAET ellle OAUH MYTh BbIXOJA M3 BbI30BOB (DYHKIIMIA.

OHU BBI3BIBAIOT NOOOUHbBIE 3q)¢e1chl, NMOCKOJIbKY HENPEABUIACHHOE CBOPa-
YHBAaHHE CTE€KA OKA3bIBA€T BJIMSIHHE HA BCIO CUCTEMY, IOMHMO BbI3OBA caMoi¥t

dynknmn.

OHM HapymalOT NPUHIMI HEJOKAIBHOCTH, MTOCKOJIbKY KOJA, NPUMEHAEMbIi
VISt BOCCTAHOBJICHUS pab0TOCIIOCOGHOCTH noce OMOKH, OTAEIEH OT KOJa,
BbI3bIBaIOILEro (PyHKUMIO, Kak noka3aHo Huxke. Koraa BosHukaeT ommnokKa,
(pyHKIHA NOKUJAET JTOKAIbHBII CTEK M CBOE OKPYKEHHE.

try {
var student = findStudent ('444-44-4444");

// 3Oecb CyemyioT LOOMOJIHUTEJbHHE CTPOKM NPOMEXYTOYHOTO KOHa
}
catch (e) {

console.log('ERROR: not found');

// oBpaBoraTs 3meCh OmMOBKy
}

OHM HaKIaJbIBAIOT HA BBI3BIBAIOUIME KO/ HeMaloe 6peMs OTBETCTBEHHOCTH
OGBABJIATL COOTBETCTBYIONUE GJIOKH onepaTopoB catch, uTo6s1 06pabaThl-
BaTb OT/E/IbHbIE UCKJIIOYEH NS BMECTO TOTO, YTOOBI TPOCTO 06ECNEUYNBATD BO3-
BpaT u3 QyHKIMH €AMHCTBEHHOTO 3HAY€HHUS.

Hx TpyaHO NMPUMEHSATD, KOTa MHOTHE OINOOYHbIE YCIOBUSA MPUBOJSAT K 110
SIBJIEHMIO BJIOXKCHHBIX Ha Pa3HbIX YPOBHSAX 6JI0KOB 06pabOTKH HUCKIIOYEHHUH,
KaK MOKa3aHO HUXeE.

var student
try {
student = findStudent ('444-44-44444");

null;

}
catch (e) {
console.log ('ERROR: Cannot locate students by SSN');
try {
student = findStudentByAddress (new Address(...)):;
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catch (e) {
console.log('ERROR: Student is no where to be found!');

}

B cBsiau ¢ M3/10:KEHHBIM BbIllE MOXET BO3HMKHYTD cjleylomuii Bonpoc: "He cie-
AYET JIM CYUTATh FEHEPUPOBAHME UCKIIOYEHUH HEAKTYa/IbHbIM B QYHKIIMOHAIbHBIM
nporpammupoBanun?” Bpsaa sm. Ha npakTike oHO BOOG1E He MOXKET GbITh HEAKTY-
abHBIM, IIOCKOJIbKY UMEETCA HEMAIO (PaKTOPOB, KOTOPbBIE HE 110/UIAIOTCS KOHTPO-
JII0, HO JIOJDKHBI ObITh yuTeHbI IpHU pa3paboTke. KpoMe Toro, B NpUKIaJHOM KOAe
MOXeET NPUMEHATbCA CTOPOHHSAA U HE MOAJAIOIIAACA KOHTpOO 6ubinoreka, rae
PEIM3YIOTCS UCKIIOYEHUS.

IIpuMeHeHHE HCKJIIOUEHHIT MOXKET OKa3aTbCsH AOBOJBHO 3(P(PEKTUBHBIM B HC-
KOTOPBIX KpalHuX ciay4asx. B ¢gynkumu checkType (), ynoMuHaBueiics B rase 4,
HCKJIIOYEHME TPUMEHSUIOCH JVIsi CHTHAIM3a1MH O COBEPHIEHHO HEBEPHOM IIpUMEHe-
Huu unTepdeiica AP MckmoyeHus NpuHOCAT NOJb3Y U U1 CATHAIM3AUMH O TaKUX
HEBOCCTAHOBMMbIX YCJIOBUSX, KakK, HanpuMmep, RangeError: Maximum call stack
size exceeded (Omubka npyu npoBepKe rpaHuIl: MPEBbIIEH MAKCUMaIbHbIN pa3-
Mep CTeKa BbI30BOB), KaK OJAPOOHEE NOACHAETCA B mase 7, “Ontummusanus QyHk-
LMOHAJIBHOTO KoJia”. /1l reHepMpOBaHMs UCKIIOYEHHUH BCeraa HalIeTCs MeCTO, HO
3THUM He cefyeT 3noynorpe6asts. Kak npasuno, B JavaScript BO3HUKaCT Npec/oBy-
Tast ommbka cobmoaeHus Tunos (Type-Error), 06ycoBeHHasA BbI30BOM QYHKIIUH
s nycroro (null) oobekra.

5.1.3. 3aTpyaHeHus, BO3HMKAOLWME NPU NPOBEPKE NYCTOro 3Ha4YeHUs

YT06bI HEOXKMAAHHO HE 3aBEPINATh BbI3OB (DYHKIIMM MOXKHO [IPOCTO BO3BPaTUTh
13 Hee nycToe 3HauyeHue null. ITo kpaiHeit mepe, 3TO rapaHTUPYET JIMLIb OAMH Iy Th
BBIXOJa U3 PYHKIIMH, XOTS OH U He CaMbii Jyqmuii. PyHKuMy, Bo3Bpalaomue my-
CTOe 3HaueHMe null, HAKIAABIBAIOT Ha M0JIb30BATEIEH APYyroe 6pemMs OTBETCTBEH-
HOCTH: TIPOBEPSATh HATMYHE KOCATHOTO MYCTOro 3HadeHUsA. B xavecTse npumepa
paccMoOTpHUM cieaylonnyio GyHKImIo getCountry () , OTBEYaloLlylo 3a YTEHHE ajpeca
Y CTPaHbl IPOXXUBAHUSA yJaAlIETOCH:

function getCountry(student) {
let school = student.getSchool();

if (school !== null) {
let addr = school.getAddress();
if(addr !== null) {

var country = addr.getCountry();
return country;
}
return null;
}
throw new Error('Error extracting country info');



160  Yacms II. Iozpyxcaemea 6 ynxyuornarvroe npozpammuposarue

Ha nepBsblit B3r1sA, peaM3oBaTh 3Ty PyHKIHMIO GbUIO HEeTpyAHO. Beab oHa Bcero
JIMIIb U3BJIEKAET CBOMCTBO 06beKTa. MOXKHO GLLIO 6bl, KOHEYHO, CO3AaTh MPOCTYIO
JIMH3Y, YTO6bI COCPEAOTOYNTh OCHOBHOE BHMAaHHE Ha JIAHHOM CBOMCTBE, IOCKOJIbKY
JMH32 06J1a1aeT A0CTaTOYHO Pa3BUTOM JIOTMKOM, YTOObI BO3BPAaTUTb HEONIPEAEIEH-
Hoe 3HaueHHe (undefined), ecam aapec okaxkercs mycTeiM (null). Ho aTo HuKak He
[MOMOXET BbHIBECTH COOGIIeHHe 06 ommnobKe.

Ho B kOHE4YHOM cueTe NPHILIOCh HANMCATh HEMAIO CTPOK KOAQ, YTOGBI 3aCTpa-
XOBaTbCA OT HEOXMAAHHOTO noseaeHus. [IpeaycMoTpuTebHOE 3aKTOYEeHHE KOJA
B 6JI0KM OllepaTOPOB try-catch Wwin xe ero oxBaT NpOBEPKaMH Ha [TyCTOE 3HAUCHHE
null Ha caMoM JeJie COYXKHMT NPU3HAKOM Matoaymus. He sydie nu opraHu3oBathb
3¢ ekTHBHYI0O O6Pa6OTKY OmHUOOK, H36aBUBHIMCH OT M3JIMIIHETO CTEPEOTUITHOTO
Koaa?

5.2. BoipaboTka nyyiwuero pewweHus C NOMOLLbIO
¢yHKTOpPOB

PyHKIMOHAIbHBIN cIoc06 06paboTKH OMMGOK KOPEHHBIM 06Pa30M OTIMYAETCA
OT JPyrux MOJAXOJOB, NpeAIaralomMx Mepbl 60PbOLI ¢ HANaCTAMH, OOGHAPYXHBae-
MbIMH B MPOrpPaMMHOM o6ecrnie4eHrH. XOTA B €ro OCHOBY IOJIOKE€H aHaJIOTHYHBIN
NPUHIMIL CO3aThb 6€30NMacHbIif KOHTEHHED, €CJIM YTOAHO, BOKPYT MOTEHIIHAIbHO
OMaCHOTO KOJa, KaK MOKa3aHo Ha puc. 5.1.

try {

var student = findStudent('444-44-4444"');

OCTaNIbHOM KOZ

}
catch (e) {
console.log ('ERROR: Student not found!');

// ObpaboTka OTCYTCTByLWEro y4dawerocs
}

Puc. 5.1. KOHCTpyKuma try-catch o6pasyer HeBMAUMbBIN
6e3onacHbii KOHTelHep BOKPYr GyHKUUMA, CNOCO6HDIX re-
HepupoBaTb MCKNIOUEHUA. ITOT Boobparkaembiv 6esonac-
HbI KOHTEHEP BOM/IOLWAETCA B KOHKPETHbIW KOHTeHep

Takoe 0603HaueHNEe KOHTEHHEPA, B KOTOPBIH 3aK/1I049aeTCA ONacHbIN KO, NpH-
MEHACTCA U B PyHKIIHOHAIBHOM IPOrPaMMHUPOBAHMH, HO M3 HETrO MCKJIIOYAETCH
6J10k onepaTopoB try-catch. A cymecTBeHHOE OTIMYHE 3aKII0YAETCA B IPUMEHe-
HUH (PYHKIIHOHAIbHBIX THIOB JIAHHbIX, OFPAXKAAIONIMX HEU3MEHAEMOCTb OGbEKTOB
nepBoro Kiaacca B pyHKIMOHAIbHOM NporpaMmupoBaHuH. PaccMoTpuMm cHavana
camblii 3/1IEMEHTAPHbII THII JaHHbIX, a 3aTeM NepeiiieM K 60Jiee pa3BUTbIM THIIAM.
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5.2.1. 3aknioueHne HeHafeXHbIX 3Ha4eHUH B 000104Ky

3aknio4eHre 3Ha4eHUI B 0060/I0UKY WIM KOHTEHHEP ABIAETCS OCHOBOIONAIAI0-
MM MPOEKTHBIM 1a6/I0HOM B (PyHKIIMOHAIbHOM NPOrPaMMUPOBAHMHU, MOCKOJIbKY
OHO 3alMUIAET OT NPAMOro AOCTYIA K 3HA4E€HMAM, N103BOJIsASA 6E€3011aCHO ¥ HEU3MeE-
HSIEMO MaHUITYJIMPOBaTh UMH B NIPUKJIAJHBIX NPOrpaMMax. TO BCE€ PaBHO YTO Ha-
A€Tb JOCTIEXU NEPES CpakeHHEM. JloCTyn K 3aKII04EHHOMY B KOHTEIHEP 3HAa4E€HHIO
BO3MOXEH TOJIbKO IIyTEM NPUMEHEHUA Onepayuu npeobpas’osanus K e2o Konmeunepy.
IMounarue npeobpasosarusn (map)eume He pas 6yAeT O6CYKAATbCA B 3TOH IVIaBe, HO BaM
OHO JIOJKHO GbITb Y€ 3HAKOMO U3 IVIaBbI 3, /i€ IEMOHCTPUPOBAIOCH NPUMEHEHHE
olepanu map K MacCHMBaM, KOTOPbIE B KAKOM-TO CMbICJI€ CIyXHJH KOHTeliHepaMu
A1 3HAYEHUM.

OxasbiBaeTcs, 4YTO ONEpaluy NMpeodpa3’oBaHUA MOXHO ITPUMEHSATDb HE TOJIbKO
K MaccuBaM. B ¢pynkumnoHanbHOM sa3bike JavaScript npeobpasosanue — 3To He Goee,
4eM gynkyua. ITO NOHATHE NMPOUCXOAUT OT CCbUIOYHOMN MTPO3PAYHOCTH, I/i€ (PyHK-
11 IOJKHA BCET/IA “IIPUBO/IMTD K OJJTHOMY U TOMY XK€ PE3YJIbTaTy MPH TEX e CaMbIX
BXOJHBIX JaHHBIX. TakuM 06pa3oM, onepanuio Npeo6pasoBaHHsA MOXKHO PAaCCMATPH-
BaTb KAK CPEACTBO, MO3BOJIAIONIEE MOJKTIOUHTD JIAMO1a-BblpaXKeHHE ¢ KOHKPETHBIM
noBeJIeHUEM I peoOpa3oBaHUs MHKAICYJIMPOBAaHHOIO 3HavueHusd. Tak, k Maccu-
BaM Olepanus map NPUMEHSAETCA U1 CO3laHUs HOBbIX MACCHBOB € NPeoOpa3oBaH-
HBIMU 3HaUE€HUAMU.

IIpogeMOHCTpUPYEM JaHHOE MOHATHE HA MPOCTOM TNpHUMEpPE AAaHHBIX THUIA
Wrapper, onpejenseMoro B auctuHre 5.1. M xoTa 3To npocToit TMII JaHHDIX, B €70
OCHOBY N0JIOXKEH BeCbMa 3(p(PEKTHBHDIH NPUHLMII, TPOK/IA/IbIBAIOIIHII Ny Th K MaTe-
pHay MOCJAEAYIOIUX Pa3fieIoOB, U IO3TOMY €rO OY€Hb BaXKHO MOHATD.

NucTunr 5.1. QyHKLUMOHANbHBIN TUN AaHHbIX AN 3aKJ1I0YeHUs 3HaYeHuiH B 06010u4Ky

class Wrapper { NPpoctok TN AaHHBIX ANA
constructor(value) { «#--—-— xpaHeHns eaAUHCTBEHHOTO
this. value = value; 3Hauenun moGoro THna
}
// map :: (A ->B) ->A ->B

NpumeHnTb GyHKUMIO NpeobpasosaHun

map (£) { B
K AAHHOMY TUNY AHANOTHYHO MACCHBAM

return f(this. value);
}i

toString() {
return 'Wrapper (' + this. value + ')';
}
}
// wrap :: A -> Wrapper (A) BcnomorarensHan GyHKUuA, GbicTpo
const wrap = (val) => new Wrapper (val); - CO3A310U4aR 060N0OUKY BOKPYF 3Ha4EHHA

Taxkoit 06BEKT-000104KY MOKHO MCIIO/Ib30BATh /I HHKAICYIAIMH OTEHIHAJIb-
HO OMMGOYHOrO 3HaY€HMs. A MOCKOJIbKY HEMOCPEACTBEHHBIN JOCTYIl K HEMY He-
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XeJlaTeJIeH, TO €AMHCTBEHHBIH CIIOCO6 U3BJIeYb €ro — BOCNIOJIb30BaThCA PyHKIUEH
identity(), ynomunasmeiics B mase 4, “Ha rmyTi kK NIOBTOPHO UCIIOIb3YEMOMY, MO-
RyAbHOMY Koy~ (CeJlyeT, ORHAKO, MMETh B BUJy, YTO IBHOTO MeToAa get () y aan-
HOro Tumna 0607104kH HeT). beaycioBHO, B JavaScript npefoCcTaBaAIOTCSA CPEACTBA,
yrpomalomue J0CTyN K 3TOMy 3HaY€HMIO, HO 31€Ch BaXKHO MOHATD, YTO KaK TOJbKO
3HayeHHe GyAeT 3aKI0YeHO B 060/I0UKY, €ro Hejlb3sl M3BJIeYb WM NPeospa3oBaTh
HENOCPEJCTBEHHO, IOCKOJIbKY 060JI04KA CIY)KHUT U1 HEFO BUPTYaIbHbIM 3alIUTHBIM
6apbepoM, KaK MOKa3aHo Ha puc. 5.2.

Wrapper
3almiieHo

map

identity

®yHkuma identity () Bo3BpawWaeT
TO Xe CaMOe 3Ha4eHne

Puc. 5.2. Onepaumna map cyXuT ans 6esonacHoro gocTyna K o6b-

€KTy TUna Wrapper U MaHWNy/IMPOBAHUA 3aKNIOYEHHbIMU B HErO

3HaueHnamMn. B 4aHHOM cnyyae onepauvsa npeobpasosaHuA (map)

npuMeHAEeT GYHKLMIO TOKAeCTBEHHOCTU (identity) K 06onouke,
yTOObI U3BNIEYL U3 HEE 3HAUYEHME KaK U3 KOHTelHepa

Hwxe npuseieH KOHKPETHBIN NPUMEDP MCHOJIb30BaHUSA JOCTOBEPHOTO 3Ha-
YEHMA.

const wrappedValue = wrap('Get Functional');
wrappedValue.map (R.identity); // -> 'Get Functional' -g—1 W38neuosuaienue

K nanHHO# 060/104Ke€ MOXXHO NMPHMEHMTD JI00YI0 (PYHKIMIO Npeobpa3oBaHus,
4TOGBI BbIBECTH 3HAYEHHE HA KOHCOJIb WIHM 06paboTaTh Hy)KHbIM O6pa3oM:

wrappedValue.map (console.log); NpumennTs $pyHKumIo npeobpaso-

wrappedValue.map (R.toUpper); // -> 'GET FUNCTIONAL' | 83H4A K3aKniouenHomy B 06onouky
3HaYEHMIO

IMpeumymecTso CTOJML IPOCTOrO NMOJAXOJA 3aKJIIOYAETCA B TOM, YTO JI060H KOJ,
HaNMCaHHBIN 11 MOJO6HBIX 060/I0Y€EK, JO/KEH NOJNYy4YaTh AOCTYI K UX COAEPXKU-
MOMy uYepe3 MeToJ Wrapper.map (), YTOGbI BOCIOJIb30BaTbCA 3aMIMILEHHBIMU B
HUX 3HaYeHuAMH. Ho ecam 3axmnoueHHoe B 06010YKy 3HaYEHHE OKAXETCS MyCThIM
(null) nuu HeonpeaeneHHbiM (undefined), kKak MOKa3aHO HUXE, TO OTBETCTBEH-
HOCTb 32 €ro HaJUIeXKallylo 06paboTKy BO3/IaraeTCsi Ha BbI3bIBAIOIHIA KO/, KOTOPbIi
MOXET U He 06paboTaTh ero koppekTHo. /lanee GyaeT npeAcTaBi€eHa Jdy4ilas alb-
TEepHaTHBA.
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const wrappedNull = wrap(null); Ha yHKLMIO BO3AAraeTcA OTBETCTBEHHOCTL
wrappedNull.map (doWork) ; -~ 33 NPOBEPKY HANUYUA NYCTOTO 3HA

Kak cieayer u3 ranHoro npumepa, 4To6bl MAHMITYIMPOBATh 3AIUIIEHHDBIM 3HA-
YeHUEM, HAXOJSAMMNMCA B KOHTEKCTE 060JI09Ke, HEOOXOANMO [IPUMEHHUTD K HEMY
($yHKIMIO, HO BBI3BATh €€ HENOCPEACTBEHHO HeMb3A. B Takom ciryyae o6paboTky
OHIMOGOK MOXKHO NOPYYHTb KOHKPETHBIM TUIIaM o6oiouek. MHbIMU clloBaMHu, Mpo-
BEPKY Ha IyCTOE 3HaUY€HHE Nnull, MyCTyI0O CHMBOJIBHYIO CTPOKY, OTPHL{ATEIbHOE 3Ha-
YeHHe M T.J. MOXKHO IPOU3BECTH /10 BbI3oBa pyHkuM. Takum o6pa3om, ceMaHTHKA
Meto/a Wrapper.map () onpeleaseTcss KOHKPETHOM pealn3aliMel 3aKI04aloIero
B 000JI0UKY THIIA.

Ho He Gynem 3a6eraTh Briepea, MOCKOJIbKY HaM HYXHO €lll€ CO3/[aTh HEKOTOPbIA
3a/eJ1 Ha O6yaymee. A B KaueCTBe IpHMepa PaCCMOTPUM CJIEAYIOHIMI, HEMHOTO OT/IN-
YalOIMIiCsA BADUAHT METO/Ia map () , Ha3bIBaeMbIi fmap ():

// fmap :: (A -> B) -> Wrapper[A] -> Wrapper [B]

fmap (f) | i 3aknouuTtb npeobpa3oBaHHOe 3HAUEHHE
return new Wrapper (f(this. value)); 4-'-——{ 8 060/10uKY, NpeXae Yem BO3BPATHTL ero

Bbi3biBaIOLLEMY KOAY

@®ynkiuu fmap () M3BECTHO, KaK NMPHMEHATD APyrHe (PyHKUMM K 3HAYEHHUAM,
3aKJIIOYECHHBIM B KOHTEKCT 060104kH. CHayala OHa OTKPbIBAa€T 060JIOUKY, 2 3aTEM
NpHMeHsAET 3aJlaHHYI0 (YHKIMIO K 3aKJIIOYEHHOMY B HEE 3HAUEHHIO M, HAKOHEL,
3aKJII04aeT 3HAaUeHHe OGPAaTHO, HO YK€ B HOBYIO 06O0JIOUKY TOIO € CaMOro THIIA.
Takoro poaa QyHKIMSA Ha3bIBAETCA PyHKMOpOM.

5.2.2. NosicHeHne HasHa4yeHus GYHKTOPOB

Mo cymectsy, PpyHKTOp ABNAETCA HE GONEe, YEM CTPYKTYPO# JaHHBIX, NO3BOJIs-
I011eH TPUMEHATD PYHKIMM NPEOOPa3s0OBaHM C LIE/IbIO M3BJIEUb 3HAYEHUSA M3 000~
JIOYKH, MOAM(HUIMIPOBATH UX, 2 3aTEM IIOMECTUTDL HX O6pPaTHO B 060/104Ky. ITO NPO-
€KTHBIi a6JOH, B KOTOPOM OMNPEAEIAETCA CEMAHTHKA /Ui HOPMaJbHOM paGoTbl
¢ynkuun fmap (). Huxke npusegeHo obmiee onpeseieHHe 3TOH QyHKUMH.

fmap :: (A -> B) -> Wrapper(A) -> Wrapper (B) 4——{ %:mz‘::&?;zx::mm:n

@®yuxumm fmap () nepejaerca 3agaHHas GyHkuusa npeobpasopanus (U3 A -> B)
1 PyHKTOp (KOHTEKCT 060;104KM) Wrapper (A), a OHa BO3BpAIa€T HOBbIN (PyHKTOD
Wrapper (B), CORepakKauMii pe3y/IbTaT IPUMEHEHHS 3alaHHO (PYHKIMM Tpeobpa3zo-
BaHHUs K 3Ha4E€HHIO, CHOBA 3aKII0YeHHOMY B 060s10uky. Ha puc. 5.3 npuseaen kpar-
KU npuMep, B KOTOpoM yHKnMs increment () npuMmeHsaeTcs JUis npeobpa3osa-
HUA U3 A -> B, 32 UCKIIOYEHHEM TOTO, YTO B JAHHOM CJIy4ae THUIbI A M B OIMHAKOBbI.

Cnenyet, ofHaKo, UMETH B BUY, YTO pyHknusa fmap (), Mo CymecTBy, BO3BpaIlaeT
HOBYIO KOIHUIO OG0JIOYKH MPU KaX/OM €€ BbI3OBE, EHUCTBYs BO MHOTOM MOAOGHO
JINH3aM, YIIOMMHaBIIUMCH B IaBe 2, “CueHapuii BbICIIErO NOPAAKA”, U NO3TOMY €€
MOXXHO CYMTaTh HeusMeHsaeMoH. Kak nokasano na pwuc. 5.3, B pesysbraTe npume-
HeHMsA PyHKUHUM npeobpa3oBaHusa increment () k 06bexTy-06010uKe Wrapper (1)
BO3BPALAETCSl COBEPIIEHHO HOBbIN 00BbEKT-000104Ka Wrapper (2). PaccmoTpum
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NMPOCTON NpUMEP, NpexJe YeM MPHUCTYNIHTD K pelmeHHio 6ojiee MPaKTUYECKHX 3a-
Ja4 ¢ ToMombio PyHKTOPOB. B yacTHOCTH, pean3yeM NpocToe CI0XKeHue 2 + 3 =5,
UCnob3ys PyHKTOPbI. YTOGBI CO3AaTh PYHKIMIO plus3 (), AOCTATOYHO BLINOJIHUTD
KappuHr ¢pyHKumMu add () caeayiomum obpa3om:

const plus = R.curry((a, b) => a + b);
const plus3 = plus(3);

MNpuMeHuTL PyHKUMIO

errd S—
L [
4 v ’ Y d

{11 107 0)c] gre— Wrapper g% ; Wrapper « &,
fmap i :
(0 )]== [ ") [ ]

Puc. 5.3. 3HaueHue 1 coaepuTca B o6vekTe-o60n04Ke TMNa Wrapper. PyHKTOP Bbi3biBaeTCcA ¢ 060-
NOYKO# M PpyHKuMen increment (), npeobpasyloweit 3HaueHUe BHyTpeHHUM 06pa3om u cHOBa 3a-
KNoYaouLel ero 8 060104Ky

: N ~ 3aknowmTb
§ increment g,ej« : ‘13060n0'-ll(y

A Tenepb YMCIO 2 MOXKHO COXPAHUTDb B DYHKTOpE TUNA Wrapper TakuMm o6pa3om:
const two = wrap(2);
B pesyzbrare BbizoBa dyHkumuu fmap () , npuMensiomei GyHKIHUIO npeobpa3opa-

HHMA plus3 () K coaepXHMOMy 060JOYKH, BbIIIOJHAETCS ONEPALUA CIOXKEHHA, KaK
TI0Ka3aHO HHXe.

const five = two.fmap(plus3); // -> Wrapper (5) 4—-|
five.map (R.identity); // -> 5

Bo3sparurs 3HaueHne
B KOHTeKcTe HOBOI 060N104KK

B peayabraTe BbinoaHenus ¢yHknum fmap () nosywaercs Apyroi KOHTEKCT 060-
JIOYKH TOTO K€ CAaMOT'0O THIA, K KOTOPOH MOXXHO IPUMEHHUTDb (PyHKNMIO npeobpa3o-
BaHUA R.identity (), 4To6bl U3BIEYDb U3 Hee 3HaueHMe. CieayeT, OIHaKO, UMETDh B
BHJLy, YTO 3Ha4Y€HHE BOOGIIE HE MOKHAAET CBOIO 000I0UKY, ¥ TTO3TOMY K HEMY MOXHO
NPUMEHSATD CKOJILKO YrOAHO QYHKIIMH Npeo6pa3oBaHMs Ha KAXKA0H CTaMH IIpoLiec-
ca 06paboTKM, KaK [IOKa3aHO HHXeE.

two. fmap (plus3) .fmap (plusl0); // -> Wrapper(1l5)

YTOo6b!I 3TO CTANO MOHATHEE, HA PUC. 5.4 MOKa3aHO, KakuM o6pazoM (yHKUUS
fmap () B3aumozeHcTByeT c PyHKIMEH npeoGpa3oBanus plus3 ().

@Pynxuus fmap () BO3BpPAILAET TOT K€ CaMblif TUIl 000JIOUYKH, B KOTOPYIO 3aK/II0-
YaeTcs MOMy4YEeHHbIA Pe3yIbTaT, /It TOTO, YTOGbI MOXKHO 6bLIO IIPOJOKHTD CBA3bI-
BaHHC ollepanuii B uenouky. B amcrunre 5.2 neMoHcTpupyeTcs eue oaAuH npumep,
B KOTOPOM (yHKIUA Npeobpa3oBaHus plus3 () NPpUMEHAETCA K 3aKIIOYEHHOMY B
060/104Ky 3HaYCHHUIO M POTOKOJIMPYET MOTyYEHHbIN PE3yJIbTaT.

Jiucturr 5.2. Cesa3biBanne GyHKTOPOB B LLI@NOUKY C LieNbio NpuaaTh AONONHUTENbHOE
nosepeHue 3afaHHOMY KOHTEKCTY

const two = wrap(2);
two. fmap (plus3) .fmap (R.tap(infologger)); // -> Wrapper (5)
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MpumennTs GyHKumMIo
3aknouuts
plus3 S 8 060nouKy

Wrapper Wrapper - Wrapper
fmap =
VB ihad [ )

Puc. 5.4. 3HaueHune 2 npubaBnseTca K 3Ha4eHuo B 06bekTe-060n104Ke TMNa Wrapper. A dyHKTOp

CAYXKUT AR MAHUNYNUPOBAHUA 3TUM 3HAYEHUEM, M3BNEKAA €ro U3 KOHTEKCTa 060104KK, NpUMeHAnA

K HEMY 33aHHYI0 GYHKLMIO Npeobpa3oBaHUA M CHOBA 3aK/1I04aRA ero B KOHTEKCT, HO Y)XKe HOBO 060-
NOYKM

B P€3yabTaTEe BbINNOJIHEHHUA HCXOAHOTIO KOJAA M3 JIMCTHHIA 5.2 Ha KOHCOJIb BBIBO-
ANTCS CIeayouee NpoToKoJbHOE COOOIIIeHHE:

Infologger [INFO] 5

He xaxeTcs v Bam Tako# mab/I0H CBA3bIBAaHMA (PYHKIMI B LIENIOYKY OYEHDb 3HA-
kombIM? M 3TO HecTy4aiiHO, BeAb Bbl IOCTOSIHHO OJIb30BAJIMCH (PYHKTOPAaMH B IPH-
B€JICHHBIX paHee NpUMepax, Jaxe He 1oo3pepas 06 3ToM. IMeHHO TakuM o6pasom
Y BBINIOJIHANMCH onepauuu map 1 £ilter Hax MaccuBamMM (MOXeTe elle pa3 yoeauTsb-
cs B 3TOM, BEPHYBIIHUCDH K pasjenaM 3.3.2 u 3.3.4). Huxke npuseseHo ux obuiee onpe-
AeJIEHUE C Y4eTOM (PYHKTOPOB.
map :: (A -> B) -> Array(A) -> Array(B)
filter :: (A -> Boolean) -> Array(A) -> Array(A)

Mo cymectny, onepanuu map u £ilter aBasioTcsa PyHKTOPaMH, COXPAHAIOMMMH
TUN JaHHBIX. IMEHHO TakuM 06pa3oM U aKTUBU3UPYETCS 1AG/IOH CBA3bIBAHUA B 1i€-
MOYKy. A Ternepb pacCMOTPHM elle OAUH PYHKTOP COmpoSe, MPUMEHSABINUICS B ITPU-
BEJICHHBIX paHee npumepax. Kak noachusnocs B mase 4, “Ha myTv kK noBTOpHO uc-
NOJIb3yEMOMY, MOIYJIbHOMY KOy, OH BBIIIOJIHSIET IIPeoOpa3oBaHue OXHUX (PyHKIMIH
B IpyTHe, COXPaHsAs TaKkxXe THN JaHHbIX. Huxe npuseneHo ero obuee onpeaeieHue.
compose :: (B -> C) -> (A -> B) -> (A -> C)

Kak u mo6bie gpyrue ajeMeHTbl (PyHKIIMOHAJILHOTO NPOrpaMMUpoBaHus, QyH-
KTOPbI 06J1aaI0T C/IEAYIOIMMHU BaXXHBIMU CBOMCTBAMHU.

B OHH J0/LKHBI GBITH CBOGOAHBI OT N0GOYHBIX 3¢ ¢ekToB. UTOOLI NOTYIUTD
TO )K€ CaMO€ 3Ha4YCHHE U3 KOHTEKCTA, JOCTATOYHO NIPUMEHHUTH K HeMy (yHK-
1Mo npeobpasoBanusa R.identity(). 3To JHIMHMIA pa3 AOKa3bIBAET, UTO
(yHKTOPBI HE BBI3BIBAIOT MOGOYHBIE 3((PEKTHI, COXPaHss CTPYKTypy 3Haue-
HHS, 3aKJIIOYE€HHOTO B 060IOYKY.

wrap ('Get Functional').fmap(R.identity);
// -> Wrapper ('Get Functional')

B O=#H A0/LKHBI J0NMYCKATh KOMIIO3AIHUIO. ITO CBOMCTBO O3HAYAET, YTO KOM-
no3uuusA GyHKIMH, IPUMEHAEMOH K QyHKIMM £map () , A0/KHA BBITIOTHATBCA
TOYHO TaK e, KaK M CBA3bIBAHME 3THX Xe (yHKuMii B uenouxy. Takum o6-
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pa3oMm, cieyioulee BblpakeHHE COBEPUIEHHO PAaBHO3HAYHO MPOrpaMme 3
JUCTHHrA 5.2:

two. fmap (R.compose (plus3, R.tap(infologger))).map(R.identity):;
// ->5

HeT HM1ero yimBMTEILHOTO B TOM, 4TO (PYHKTOPbI 061aJal0T NOXOGHBIMU CBOMH-
cTteamu. Beab MMEHHO MO3TOMY MM 3aNpemaeTCs FCHEPUPOBATh UCKITIOYEHUS, MO-
AM(PUIMPOBATH 3JIEMEHTBI WIH U3MEHATDb noBefeHne ¢pyHkuuit. Ux npaktuyeckoe
Ha3HaYCHHE COCTOMT B TOM, YTOOBI CO3/iaTh KOHTEKCT WM abcTpakiuio s 6e3-
OMacCHOro MaHUMYJIUPOBAHHUS 3HAYEHHUSMH M BbINOJHEHHUA HaJ HUMM OIepaimii,
HUKOHUM 06pa3oM He U3MEHAS HCXOAHbIE 3HAUCHHUA. ITO BIIOJIHE OYEBUAHO U3 TOTO,
KaK oneparus map npeobpasyeT OJMH MaCCHUB B IPYTOM, He U3MEHASA UCXOAHbIN Mac-
cuB. JlaHHbIi IPUHLMII B PABHOH CTENEHH IPUMEHACTCA K IIOGOMY THITy 060I0YKH.

Ho camu ¢yHkTOpBI HE OCOGEHHO NPUTSATATEbHDI, TOCKOJbKY OHH HE 0643aHbl
3HATh, KaK MOCTYNaTh B TeX CJIy4YasX, KOrZAa BCTPevaloTcs myctbie (null) gaHHbIC.
Hanpumep, HopManbHas pa6oTa ¢yHkIMM R.compose () HApyWIHMTCA, €ClIH nepe-
JIaTh e mycTyio (null) cceuiky Ha apyryio ¢pyHkuio. M 3To He omomHocTsh B 1po-
€KTUPOBaHHH, A CAEJIAHO HAMEPEHHO, MOCKOJIbKY @fyHKmopws npeobpaszyrom dynxyuu
001020 muna 6 dpyzoii. Eme 601ee cnenuain3aupoBaHHOE NOBEEHHUE MOXHO OOHapy-
XHTb B PyHKIIMOHAIbHBIX TUIIAX JaHHbIX, Ha3bIBaeMbIX Monadamu. Cpeau npoyero,
MOHa/[bl NO3BOJISIIOT PAI{HOHAIH3HPOBAaTh 06PabOTKY OMIMOOK B MPUKJIAJHOM KOJIE,
AOMYCKas COCTAaBJEHHE IUIABHBIX KoMno3numii pyHknuit. Kakum xe o6pasom onu
CBsA3aHbI C PYHKIMAMU? MOHaAbI CIyXaT 060/I04KaMH WIH KOHTelHepaMu, cojep-
XKHUMOE KOTOPBIX JOCTYIHO 11 (PyHKTOPOB.

Tepmun monada He 10mKeH OTOMBATD y BaC XKeJIaHUE 110J1b30BaThCA UM. Eciin Bam
HPUXOJHJIOCH MUCATb KOJ, IMOJIb3yAch 6uMOaHoTEKOH jQuery, To MOHaAbl AOJDKHBI
6bITb BaM yXe 3HaKOMbI. ECJIM ke OTBJIeYbCsl OT BCeX CJIOXKHBIX IPaBHJI U TEOPHId,
MOJIOKEHHDbIX B OCHOBY MOHAJI, TO MX Ha3HaY€HHE COCTOUT B TOM, YTOOBI peaocTa-
BUTD aGCTPAKUMIO HAa/Jl HEKOTOPBIM PECYPCOM, GyAb TO NPOCTOE 3HAYEHHUE, JIEMEHT
mozaean DOM, cobbitue nau AJAX-BbI30B, 11t 6€30macHOi 06paboTku coaepxa-
IMXCS B HEM JJaHHBIX. B 3TOM oTHOIEHMH caeayommii koJ jQuery MOXHO OTHECTH
K KaTeropuu MoHaj DOM:

$('#student-info').fadeIn(3000) .text (student.fullname());

JToT KOJ BeaeT cebA KaKk MOHaAa, NOCKOJIbKy 6ubanoTreka jQuery 6eper Ha
ce6sa 06513aHHOCTh 6Ge30MaCHO BBITOJIHUTH MPeo6Pa3OBaHMs C MOMOIBIO METO/OB
fadeIn() u text (). Ecau anemenr student-info ne CyIIECTBYET, TO YKa3aHHbIE
METO/Ibl, NPUMEHAEMBIE K ITyCTOMY 00bEKTY jQuery, KOpPPEKTHO BBIHIYT U3 3TOI CH-
TyallMH, a He CPTEHEPHUPYIOT UCKITIOYeHUA. MoHa/ibl, TpeiHa3HayeHIble 11 06paboT-
KM OIIHGOK, 06/1aIAI0T CJIeAyIOLIMM MOJIE3HBIM CBOHCTBOM: OHH 6€30MacHO TPAHCIH-
PY!IOT OmIMGKH, YTOGBI CIE€IaTh IPUIOKEHHUE OTKA30yCTOuUMBBLIM. Bosee nogpo6Ho
MOHa/Ibl PACCMATPHBAIOTCA HHXeE.



Thasa 5. ITpoexmnvie wabronst u cromrnocms 167

5.3. PyHKuMOHaNBLHBIK cNOCc06 00paboTku owmnodoK
C NOMOLLbIO MOHap,

Momnasbl pemaioT Bce OTMeYEHHbIE PaHee 3aTPYAHEHHS], BO3HUKAIOMME NPH TPa-
AMIMOHHON 06pa6oTKe OMMGOK, IPUMEHHTENbHO K (PYHKIMOHAIBHBIM IIPOrpaM-
maM. Ho npexxae ueM nogpo6Ho o6CyXAaTh 3TOT BONPOC, BbIICHUM OrpaHHYEHHeE,
HaKJ1a/iblBaeMoOe Ha npuMmeHeHHe pyHkTopos. Kak nosicusnock panee, ¢ HOMOIbIO
(pYHKTOPOB MOXXHO NPUMEHSATH (DYHKIIMH K 3HAYEHUAM 0€30MaCHO U HEM3MEHSIEMO.
Ho npumenss ¢yHKTOpbI B NPUKJIATHOM KOJE, MOXHO JIETKO CTOJKHYTbCA C Hey-
AoOHOM cuTyanueil. B kauecTse npuMepa pacCMOTPUM M3BJICHEHHUE CHAYala 3amMu-
cH 00 yJamemcs Mo €ro HoMepy COIMAIbHOTO CTPaXOBaHMs, a 3aTE€M 3HAYEHUS €ro
CBOMCTBa ajapeca. [l peleHus 3TOM 3a/la4¥ MOYKHO OINPEAETUTD CJAeAyIoHe ABe
¢ynxnun findStudent () m getAddress (), B KOTOPbIX NPUMEHAIOTCH OOBEKTHI
(¢YHKTOPOB M1s1 CO3/laHHs 6E30MAaCHOrO0 KOHTEKCTAa BOKPYT BO3BpAa€MbIX M3 HUX
3HAYEHHIL:

const findStudent = R.curry(function(db, ssn) { | 3aknountb 8 06010uKy H3BNEKAEMBIH O6BEKT
return wrap(find(db, ssn)); ANA 3aWMTH HA CAY4aK, ecan obbekT He Byger
1) ; HaHpeH
Npumenntb GyHkuuio R. prop () u3
const getAddress = function(student) { 6ubnuorexn Ramda k o6vexTy, 4Tobbi
return wrap (student.fmap(R.prop('address'))); H3BAEUDL U3 HEro CHa4Yana aapec, a 3a-
} TeM 3aKNI0MUTD NONYUCHHDBIR pe3ynbrar
8 o6onouxy

Kak u npesxxnae, A/1s1 BbIIIOJHEHHMA JaHHOH NPOrpaMMbl 06€ IIPUBEJCHHDIE Bblllie
(pyHKIMM COCTABIAIOTCS BMECTE CJIEAYIOUIMM 06pa3oM:
const studentAddress = R.compose (
getAddress,
findStudent (DB('student"'))
)7
M xOTs1 B NpUBEJEHHOM BbIlIIE€ KOJE YIaJIOCh BOOOIIE U36eXaTh 06paboTKH OMIU-
GOK, pe3y/bTaT €ro BbIIIOJHEHHUSA OTIMYAETCS OT OXHUAaeMoro. B yactHocTy, BMecTo
3aKIIOYEHHOrO B 000JI0UKY O6bEKTA apeca BO3BpANIACTCA ABAX/(bI 3aKJII0YEHHbIH
B 060JI0UKy OOBEKT ajIpeca:

studentAddress ('444-44-4444"); // -> Wrapper (Wrapper (address))

YToO6bl M3BJE€Yb 3TO 3HAYEHHUE, NPHUAETCH JABAXK/]Abl IPUMEHUTb (YHKLHIO
R.identity():
studentAddress('444-44-4444') .map(R.identity) .map(R.identity);

O'—[CBHI[H(), 4YTO U3BJIEKATDb a,apec l'IO,lI06HbIM O6p330M HexenateabHo. CTOUT
JIUIb IPEACTABUTDH, HACKOJIBKO 3TO 6}’2(6’1‘ HCYJ.IO6HO, €CJIM COCTABUTb BMCCTE TPH

um yetpipe pyHkuuu. CrenoBaTeabHO, TpeGyeTcsa Nydiiee pelieHUe noxo6HoM
3azaum. M ero 1o3soasior HaiTHU MOHaJBI.
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5.3.1. MoHagab!: OT NOTOKa yNpaBneHnsa A0 NOTOKA AaHHbIX

Monaapl nogo6Hb! (yHKTOpaM, 32 MCKIIOYEHHEM TOTO YTO OHHU CIOCOGHBI Je-
JIETHpOBaTh CIELMATBbHYIO JIOTHKY B OCOObIX CiIydasx. PaccMOTpHM 3TO NoHATHE Ha
KpaTKOM NpuMepe npuMeHeHusa ¢yHkuuu half :: Number -> Number k moGomy
3aKII0YEHHOMY B 060/104KY 3HaY€HHIO, KaK MTOKa3aHO HMXKE M Ha puc. 5.5.

Wrapper (2) . fmap (half); // -> Wrapper (1)
Wrapper (3) .fmap (half); // -> Wrapper(1.5)

Wrapper s mrmy half :: Number -> Number Wrapper ameecvssn
)| —

Puc. 5.5. DyHKTOPbI NPUMEHSAIOT GYHKLMIO K 3aKNIO4EHHOMY B 060N104KY 3HAYEHUIO.
B AaHHOM cny4ae 3aKkN04eHHOe B 060N104KY 3HaueHue 2 4eNUTCA NON0NaM, a B UTO-
re BO3BPaLLALTCA 3aKNO4eHHOEe B 060/10uKy 3HaYeHue 1

A Tenepb JONyCTHM, 4YTO TpedyeTcs OrpaHM4YMTh PyHKIMIO half () Toabko yeT-
HbIMM uHcnamMu. CaMoMy (PYHKTOPY M3BECTHO JIMIlb, KAK IPUMEHATD JaHHYIO yHK-
I[HIO U 3aK/TIOYATh I10Jly"€HHBIH Pe3yabTaT O6paTHO B 060/104KY, a JONIOTHHUTEIbHAsA
JIOTMKa y Hero orcyrcTsyeT. Ho uTo, ecsin B kauecTBe BXOAHOro 3Ha4€HUs BCTPETHT-
cs HEYETHOE YMCI0? B TakoM cilyyae MOXHO 6bUTO 6bl BO3BPaTHTD ITYCTOE 3HaYEHHE
null uau crenepupoBaTh Mckmouenue. Ho eme syyie caenates aaHHyo GyHKIMIO
Gosiee pa3BUTOM JIOTUYECKH, YTOGBI OHA BeJsla ce6s KOPPEKTHO B JIIO6GOM CiTyyae, BO3-
Bpalias JOCTOBEPHOE YMCJIO, €CJIH €M 3alaHO MPaBHJIbHOE BXOAHOE 3HAYE€HHUE, A
HMHave — UTHOPUPYA €ro MOJHOCTHIO.

PaccmoTpum emie oaHy 060104Ky THNIA Empty, NOCTPOEHHYIO MO MPUHIMITY 060~
JIOYKH TUINIA Wrapper:

class Empty Nycran onepauus. B o6onouxe Tuna
map (f) { Empty 3Hauenue He coxpanaerca. Oxa
return this;: NKWb NPEACTaBARET NOHATHE “NycTOoTbI”
} namn “orcyrcramna”
toString() { AHaNOrMYHO B pe3ynbTaTe NPUMEHEHNA GYHKLMM
return 'Empty ()'; 4——‘ npeo6pa3osaHus k o6vexTy-o60n0uKe THNA
} Empty onepayua Hag HUM NPONYCKAETCA

}i
const empty = () => new Empty();

C yueToM ynoMsiHyTOro Bblllle HOBOro TpeGoBaHus ¢yHkumio half () MoxHoO pe-
IM30BATh TaK, KAK MOKA3aHO HMXKE M Ha puc. 5.6.

const isEven = (n) => Number.isFinite(n) && (n % 2 == 0); BcnomoratenbHan

const half = (val) => isEven(val) ? wrap(val / 2) : empty(); $YHKUMA, pasnyalo-
®yHkuma half () obpabarbisaer AR aeTHiie u ’

half(4); // -> Wrapper(2) AWMU YeTHME YMCAa, B03BpaLER |

half(3); // -> Empty MHaue nycTyio 060104Ky
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Wrapper half :: Number -> Wrapper (Number) {~Wrapper
mnn
Wrapper half :: Number -> Empty Empty

Puc. 5.6. ®yHkuma half () moxeT B03BpaTUTL 3aKN04eHHOe B 060104Ky pa3ae-
NEeHHOE NONONaM 3HaYEHME UK Xe NYCTYI0 060/104KY B 3aBUCUMOCTM OT XapaKTepa
BXOAHbIX A3HHbIX

MoHnazia BO3HUMKAET NPU CO3/IaHHMH LI€JIOTO THIA JAHHBIX MO MPUHIIUITY U3BJEYe-
HUS 3HAYEHUH U3 060JI0YEK U ONpeaeNeHUs NPaBMWI MX BIoxkeHHOcTH. [Togo6HO
¢yHKTOpaM, MOHA/bI ABJIAIOTCS IPOEKTHBIM HIA6JIOHOM, IPUMEHAEMBIM IS ONHUCa-
HUS BBIYUCIECHUI B BUJIE TOCJIEAOBATEJIbHOCTH CTAAH, II€ BOOGIIE HEU3BECTHO OG-
pabarbiBaeMoe 3HaYeHHe. PyHKTOPDI NO3BOJIAIOT 3AIUTUTD 3HAYEHUSA, HO UMEHHO
MOHa/Ibl JAIOT BO3MOXHOCTb 6€30MnacHO 1 6€3 no604HbIX 3)PEKTOB YNPaBIATh MO~
TOKOM /JIAaHHBIX, KOIla OHM IPUMMEHSAIOTCS B KOMNO3ULIMHK. B npeabLaymem npumepe
IIpH NOMBITKE Pa3feJUTh MIOM0J1aM HEYETHOE YHCJIO BMECTO ITyCTOTO 3HAaY€HUsA null
BO3BpaLIAeTCsA 00bEKT-060/104Ka Empty. 3TO AaeT BO3MOXHOCTD BBINOJIHATD ONEpa-
ilMM HaJZ 3HaYE€HHUSMH, HE ONacasiCb, YTO MOTYT BO3HUKHYThb OMMOKH, KaK MTOKa3aHO
HIDKeE.

Hensxo 3aganHo# oboaouxe
half (4).fmap(plus3); // -> Wrapper (5) H3BECTHO, KaK MPUMEHATD
half(3).fmap(plus3); // -> Empty Gyhruuu npeobpasosanun 4

X HEA0CTOBEPHDIM BXORHBIM BaHHBIM

MoHazibl MOTyT GbITh HanmpaBJI€Hbl HA PElIEHHE CaMbIX Pa3HbIX 33Ja4. B aToii
IVIaB€ PacCMaTPHUBAIOTCSA MOHA/bl, IPUMEHAEMBIE VI OGbEeAMHEHUS MEXaHHU3MOB
HMMII€PaTUBHOMH 06PaGOTKH OMMOGOK C LIEJIbIO MPEOAOJETh UX CJIOXKHOCTD, 4 CIEJ0-
BaTeJIbHO, [TO3BOJIMTh BaM aHAIM3UPOBATh MPUKIAJHOM Ko 6osee 3 PeKTHBHO.

TeopeTHnyeckn MOHa/bI 3ABUCAT OT CUCTEMBI THIIOB B KOHKPETHOM s3bike. B jeit-
CTBUTEJBHOCTH MHOTHE CYMTAIOT, YTO MX MOXHO MOHATH JIMIIB B TOM CJIy4ae, ecju
HMMEIOTCH SIBHbIE THIIbI JaHHBIX, Kak B s3bike Haskell. Ho, kak Gyaer nokasano nanee,
Aaxce B TAKOM 6e3TUIOBOM A3bIKE, KaK JavaScript, MOHalbl HETPYIHO YCBOUTDb M 6€3
BCEX CJIOXKHOCTE#H, MPUCYIUX CTATUYECKOH CUCTEME THUIIOB.

Jlnst 3TOro HEO6XO0AUMO YCBOHUTD CJIEAYIOIIHE BasKHbIE IIOHATHS.

B Monaga. [Ipenocrasnser abcTpakTHbIH HHTEp@EIC IS MOHAMYECKMX Olle-
pauvi.
B Monagngueckmnii Tan. KonkpeTHas peanm3sanus JaHHOro HHTepdeiica.

Monaanueckue TUIbI Pa3AeisioT MHOTO OGIIMX PHUHIMIIOB C 00bEKTOM-060.104-
KOi1 THMIMa Wrapper, pacCMOTPEHHBIM BHavase 3Toi rasel. Ho kaxaas MoHazna cso-
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eo6pa3Ha, ¥ B 3aBUCHMOCTH OT CBOETO Ha3HAY€HUSI OHA MOXET OIPEAEATD Pa3ylo
CEMaHTHKY, IPUBOJAILYIO €€ B IefiCTBUE, T.€. HOPAJOK paboThl PyHKIHM map () WM
fmap (). Takue THNbI ONPEAECAIOT, YTO UMEHHO O3HAYAET CBA3bIBAHME ONEPaLHii B
LENOYKY WM BlIOXeHHe PYHKIMIT JaHHOTO THIIA, XOTs BCE OHHU JIOXHBI COGIIOAATD
caenyiomuii uHTepdeiic.

B Korcrpykrop Tana. Co3gaeT MOHaAM4YeCKHUE THITbI aHAJJOTHYHO KOHCTPYKTO-
py THIIa Wrapper.

B EpuanyHas pyHknmsa. BBoauT sHaueHne onpeaesIeHHOro TUIa B MOHaIu-
YEeCKYIO CTPYKTYPy aHAJIOTMYHO PaCCMOTPEHHBIM paHee PyHKUMAM wrap ()
uempty (). Ho ecamn ara ¢pyHkuusa peannsyercs B MOHajJ€, TO OHa Ha3blBa-
ercs of.

B Pynkuusa cBaspiBaHHA. CBA3BIBAET ONEPAIMM B HEMOYKY (3TO PyHKUMA
fmap () KOHKpeTHOro PyHKTOpa, MHaYe Ha3biBaeMas flatMap). 3aech 1 nanee
oHa 6GyfeT COKpaIEeHHO Ha3bIBaThCsA map. Mexay mpouuM, 3Ta (PyHKIMSA CBs-
3bIBAHUSA HE UMEET HUKAKOrO OTHOMEHHA K MMOHATHIO CBA3bIBAHHA (DYHKIIWH,
ynomuHasuiemycs B mase 4, “Ha myTu k noBTOPHO HCMONMb3yeMOMY, MOXYJIb-
HOMY KOAy".

B Onepanus coeguHenns. CBOAUT BCE€ YPOBHM MOHAAMYECKON CTPYKTYPbI K
O/IHOMY. 3TO OCOGCHHO BAXHO MPH KOMIO3UIIMU HECKOIbKUX (PYHKLMIHA, BO3-
BPaNIAIOIMMUX MOHAbI.

YT0G6Bl NPUMEHHUTD 3TOT HOBBII MHTepdeic K TUIly Wrapper, €ro MOXHO peop-
raHU30BaTh B MOHAJY, KAK IEMOHCTPUPYETCS B IUCTHHTE 5.3.

Nuctunr 5.3. Moxvapa TMna Wrapper

class Wrapper ({ ¢——————— Koncrpyxrop ana
constructor(value) {
this._value = value;

}

static of(a) { ————————— EANHNIHAA GyHKUUA
return new Wrapper(a);

}

map (f) { ———————— OyHKUHA cBAILIBAHKUA (PyHKTOP)
return Wrapper.of (f(this._value));
}

join() { ———————— OYHKLHUA CBEAECHUA BNAONEHHDIX YPOBHEH
if(!(this._value instanceof Wrapper)) ({
return this;
}
return this._value.join();

}

get () |
return this. value:
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}
OyHKUUA, BO3BPaLLAIOLLAA TEKCTOBOE
toString() { - npeacTaBneHMe [aAHHOM CTPYKTYPbI
return ‘Wrapper (${this. value}) " ;

}

B MoHaze TMna Wrapper npuMeHseTcs QYyHKTOP map A 3aKTI0Y€HHsA JAHHBIX
B 060JI0YKY, YTOObI MAHHITYJIMPOBATh UMM 6€3 Mo6oUHbIX 3¢pPekTOoB, Orpaxkaas ux
OT BHelHero mupa. Ml He yauBuTEIbHO, YTO I NPOBEPKH COAEPKUMOrO TaKoi
060JIOUKH CJIYXHUT onepaums _.identity:
Wrapper.of ('Hello Monads!')

.map (R.toUpper)
.map(R.identity); //-> Wrapper ('HELLO MONADS!')

Onepanms map CUUTACTCS HEUMPALsHBIM PYHKMOPOM, TOCKONbKY OHA BCETO JIMLIb
NpUMEHSET 33JaHHYIO (PYHKIMIO Peo6pa3oBaHMs, 3aKII04as MOJyYeHHbIH pesyib-
TaT B 060104Ky. Kak GyaeT nmokasaHo aanee, Apyrue MOHa/ibl BHOCAT B ONI€PALIHIO
map cBOM 0COGeHHOCTH. A pyHKUMsA join () CAYKHUT IS CBEJEHHMS BJIOXEHHbIX
CTPYKTYP NOAOGHO OYHUCTKE JyKa OT wexyxu. C ee MOMOUbIO MOXHO YCTPAHHUTDb He-
AOCTAaTKH, OGHApY:KEeHHbIE pPaHee B (PYHKTOPAX, Kak [I0Ka3aHO B IUCTHHTe 5.4.

Jinctmir 5.4. Ceepexne MOHaAN4ECKON CTPYKTYPbI

// findObject :: DB -> String -> Wrapper
const findObject = R.curry((db, id) => {
return Wrapper.of (find(db, id)):

}) s

// getAddress :: Student -> Wrapper
const getAddress = student => {

return Wrapper.of (student.map(R.prop('address')));
bi

const studentAddress =
R.compose (getAddress, findObject (DB('student')));

studentAddress('444-44-4444"') .join() .get(); // Ampec

M3 xoMnosunmm QyHKIMil B IMCTUHTE 5.4 BO3BpallaeTCA PAA BAOKEHHBIX 060-
JIoY€eK, N03ToMy (PYHKIHS jOin () BbI3bIBAETCS /I BBIIOJIHEHHS OllCpallMU CBEle-
HUSI BJIOXXE€HHOM MOHAJUYECKOH CTPYKTYpbl K OJHOMY YPOBHIO, KaK B CJI€AylOlEM
npumMepe:

Wrapper.of (Wrapper.of (Wrapper.of ('Get Functional'))).join();

// => Wrapper ('Get Functional')

[Mopsaok BbINOJIHCHUS ONIEPAlMM CBEeHUA B PyHKIMM join () HAMIA/HO MOKa-
3aH Ha puc. 5.7.
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Wrapper

Wrapper CBECTV 3TH ypOBHM
Wrapper Wrapper memsescxes

“ join R.identity
[J mn > | |[Get Functional]{§ s’y | Get Functional

Puc. 5.7. PekypcusHoe CBeAeHWUE BNOXEHHOW MOH3AWYECKOW CTPYKTYpPbl C NOMOWBI0 GyHKUMUK
join () NoAobHO OUYUCTKE NyKa OT Wwenyxu

JIns BBINIOJTHEHUS aHAJIOTMYHOM ONepali HaJl MACCMBaMM, KOTOPbBIE TaKxkKe CITy-
XaT npeo6pa3yeMbIMU KOHTEHHEPaMH, Bbi3biBaeTca pyHkusa R. flatten():

R.flatten([1, 2, (3, 4], 5, [6, (7, 8, [9, [10, 11], 12]1]1]);

// =>11, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]

Kak npaBuio, MOHa/ bl COCTOAT U3 HAMHOTO GOJILIIETO KOJIMYECTBA ONEpaLHii,
NOJJIEPAKHMBAIOIIUX UX 0cO60€e NMOBEEHHNE, 2 TPUBEAECHHDBIN BbINIE MUHHUMAIbHBIN
uHTepeiic ABIAETCA BCEro JMIIb NOAMHOXECTBOM IIEJOr0 NMPHUKJIATHOTO MpPO-
rpammHoro untepdeiica API jis monan. Ho camm MoHaabl aGCTpaKTHBI U JIMIIEHbI
BCSAIKOTO PE€abHOTrO CMbicaa. MIX MCTUHHBIN NOTEHIMal HAYMHAET PaCKPbIBAaTbCS
TOJIbKO TIOCJIE TOTO, KaK OHM GYAyT pealn30BaHbl B BU/l€ KOHKPETHOTO THIIA JaHHbIX.
[MpaBaa, 6ombIyIo YacTh PYHKIHMOHAIBHOTO KOA MOKHO PEAIM30BaTh C MIOMOUIbIO
HECKOJIbKMX PaclpOCTPAaHEHHDbIX TUIOB JaHHBbIX, U 6/arojapsa 3TOMy MCKIIOYaeT
Csi HEMAJIO CTEPEOTHUITHOTO KO/, HO B TO JK€ BpPeMs YAAETCS BbINOJHMTh HEMAIbIH
o6beM paboThl. A Tenepb nepeiiieM K paCCMOTPEHHIO HEKOTOPbIX MOJTHOLEHHBIX
MOHaA: Maybe, Either n IO.

5.3.2. 06pa6oTka owmbOK C NOMOLLLIO MOHaA Maybe U Either

IToMuMO 3aK/I04Y€HMA JOCTOBEPHBIX 3HAYEHUH B 000JOYKY, MOHagU4YeCKHE
CTPYKTYpPbl MOTYT TaKXe HCIOJIb30BaTbCA JUII MOAEIHMPOBAHMUSA CHUTyalui, Koraa
3HaY€HME OTCYTCTBYET, T.€. OHO MmycToe (null) win HeonpeaenenHoe (undefined).
B ¢yHKIIMOHAIBHOM NPOrpaMMUPOBAHNM OIIMOKH 086U ECMEAAIOMCA C IIOMOLIBIO TH-
nop Maybe u Either, nossoasiomux genaTh cleyouee.

B OrpaxjaaTb HEU3MEHAEMOCTD.

B O6beanHATD JOTHKY POBEPKU HAINYMS MyCTHIX (null) 3HaYeHHUH.

B Hsberath reHepMpPOBaHUSA UCKIIOYEHMIL.

B TloanepxuBaTh KOMIO3UIMIO PYHKLMIA.

B LleHTpann3oBaTh JOTMKY VIS IPEJOCTABIECHHUSA 3HAaYE€HHH 10 YMOJIYaHHIO.

O6a ynomsHyTbIX Bblllleé TUMA MOHAJ OGECNEYMBAIOT 3TH NPEUMYLIECTBA MO-
cBoemy. Haunem ux paccMoTpenue ¢ MoHazb!l Tuna Maybe.
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O6beaunHeHne NOrMKU NPOBEPKU HaNUYUA NYCThIX
3Ha4YeHUi C NOMOLLbIO MOHaAbl TUNA Maybe

JeiicTBre MOHabI THIA Maybe, 110 CylECTBY, COCPEAOTOYCHO HA OGbEAUHEHUN
JIOTUKM IIPOBEPKU HAIM4MA NMycThIX (null) 3HaueHwmii. Tun Maybe aBageTcs nycTbiM
(T.€. MAPKEPHBIM) THUIIOM CO CJICAYIOIIMMHU KOHKPETHBIMH MOTUIIAMH.

B Just (3Havenne). IIpeacrapnser 060104Ky, B KOTOPYIO 3aK/11049a€TCA ONpe/ie-
JIeHHO€ 3Ha4YeHHe.

B Nothing(). IlpeacraBaseT 060/5104Ky 6€3 KOHKPETHOTO 3HaY€HHS WK COOH,
He Tpebylomuit JonoaHureabHoi nugopmaumuu. Ho u B 3ToM cirydyae MoxHo
MO-TIPEXHEMY TPUMEHSATD (PYHKIMU K (HECYIIECTBYIONIEMY) 3HAUYEHHUIO JAHHO-
ro rnoJTHNA.

ITU NOATHIIBI PEAIN3YIOT BCE PACCMOTPEHHbIE PaHEE MOHAIHYeCKHe CBONCTBA, a
TaKX€ HEKOTOPOE JOMOJHUTENbHOE NOBEJEHUE, XaPaKTEPHOE Il UX HA3HAYEHUA.
Peanuszanusa Tuna Maybe npusejeHa B IMCTUHTe 5.5.

Jinctunr 5.5. Moxapa TMna Maybe ¢ noaTMnamMm Just u Nothing

class Maybe { Tun o6onouku
static just(a) { (poauTenbckmi Knacc)
return new Just(a);
} Co3aatb TMn Maybe M3 TMna, gonycka-

1ouiero 3HayeHne null (GyHKUUM-KOH-
cTpyxTopa). Ecaun 3HaueHne, 3aknioua-

static nothing() { emoe B MOHaay, OKa3biBaETCA NYCTbIM,

return new Nothing(); noAy4uTL 3K3emnnAp THna Nothing,

} a MHaJe — COXpaHHTb 3HaueHue B 060-

nouKe nogTMna Just, 4Tobbi peanuso-

static fromNullable(a) { BaTb Ha/MuKE 3HAYEHHUA
return a !== null ? Maybe.just(a) : Maybe.nothing(); #————

}

static of(a) {
return just(a);

get isNothing() {
return false;

get isJust() {
return false;

}

Noarun Just ana o6paboru
class Just extends Maybe { // #C B CAyNae, eCAN 3HaueHHe

constructor (value) { npucyrcTyer
super () ;
this. value = value;

}

get value() |
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return this. value; NpumennTb K 06oAOUKe NOATHAA

} Just ¢pyHKuuI0, npeobpasyroulyio
ee 3HaueHHe, COXPaHHB pesynbrar

map (f) { o6parHo B 06onouke

return Maybe.fromNullable (f(this. value)); // #D
}

getOrElse() { W3BAeub U3 CTPYKTYPbI 3Ha-
return this. value; // #E YeHMe WKW eAUHMYHYIO One-
} - PauuIo, Npe[oCTaBAReMYI0
MOHage N0 YMOMUAHKIO
filter(f) {

Maybe.fromNullable (f(this._value) ? this._value : null);
}

chain(f) {
return f(this. value);
}

B038paTHTL TEKCTOBOE NPEACTaBAEHHE
toString () { AAHHOM CTPYKTYpbI
return "Maybe.Just(${this._value});
}
}

. Noarun Nothing ann
class Nothing extends Maybe { <———i 3aUMUTHI OT OTCYTCTBUA
3HaYEHHUA
map (f) {

return this;

} POBaTb HCKAIONEHMHE, 0603HaYaOWee
HeBepHOEe NpMMeHeHne MOHaAY (noa-

get value() { po6uee 06 3rom — panee), 8 npoTus-
throw new TypeError("Can't extract the HOM Chyuae BO3BPATHTD 3HaUEHHE

MNpu nonbiTke U3BAEYD 3HAUEHWHE U3
o6onoukn TMna Nothing cresepu-

value of a Nothing."); // #H &
}

MNpournopuposars
getOrElse (other) { AAHHOE 3HauEHUe U
return other; «— 803BpaTuTL Apyroe
} EcnK 3HaUeHne MMEEeTCA U COBNARAET C 3a43aHHBIM
npeauKaTOoM, B03BPaTMTL 060M04KY THNA Just,
filter() { ONKCBLIBAIOULYIO AAHHOE 3HAUEHME, B NPOTHBHOM Cayyae
return this. value; // #J 8038paTHTS 060104KY THNa Nothing

}

chain(f) {
return f(this. value);

}

Bo3Bsparuth TeKcrosoe
toString () { npeacrasnexue
return 'Maybe.Nothing'; AAHHOH CTPYKTYPbI

}
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Monazna Tuna Maybe sBHBIM 06pa3oM abGCcTparupyeT o6paboTky “o6Hyas€eMbIX”
3HavyeHu# (null u undefined), ocBoGoXxAasA pa3paboTyMKa AJisi BHINIONTHEHUS 60~
Jiee BaXKHBIX o6sA3anHOCTel. Kak BuanTe, MOHasa Tuna Maybe, 10 CymIeCTBY, CIYXKHT
aGCTPaKTHBIM O60GIEHHBIM OGBEKTOM ISl KOHKPETHBIX MOHAJIMYECKUX CTPYKTYpP
THna Just u Nothing, kaXxaas U3 KOTOPBIX COAEPXUT CBOIO PEAIU3ALHIO MOHAIH-
4eckux cBoMcTB. M, kak ymoMMHanOCh paHee, peaiu3anus MOBEACHUSA MOHaxUYe-
CKHX OmepanMii B KOHEYHOM MTOTe 3aBHCHUT OT CEMAaHTHUKH, HaJEJA€MOH KOHKpeT-
HbiM TUNIOM. Hanpumep, onepanus map BeaeT ce6s no-pa3HOMy B 3aBUCHMOCTH OT
KOHKpeTHoro Tvna: Nothing mwiam Just. HamsaaHoe npeacrasieHne 0 BO3MOXHOCTH
XPaHUTb OOGBEKT, NMPE/ACTABISIONUIi yYallerocs, B CTPyKType MOHa/bl TUna Maybe
JAaeTCs HUXe U Ha puc. 5.8.

// findStudent :: String -> Maybe (Student)
function findStudent (ssn)

Just NOthing s
- J
L
Maybe

Puc. 5.8. Ctpyktypa moHaab! Tuna Maybe cocrout u3

Asyx noarvnos: Nothing u Just. B pe3ynbraTe Bbl-

308a ¢pyHKuun findStudent () BoO3Bpawaerca 3Ha-

yeHue, 3aKknoueHHoe B 060104Ky TMNA Just, MAK *e

COCTOAiHWE OTCYTCTBYIOWEro 3HaYeHusa B 060no4Ke Tuna
Nothing

Ilal-ll-laﬂ MOHaJa HEPEJAKO IPUMEHSACTCA IIPH BbI3OBAX, COACPXKAIMUX HEOIpeae-
JIEHHOCTb: 3aIIpOCax 6a3bl JAHHBIX, IOVCKE 3HAYEHNI B KOJUIEKLIMH, 3anpocax JAaH-
HbIX C CEpBEPA U T.A. HPOZlOJDKPIM PacCMOTPEHNE HAYaTOrO B IMCTHHIE 54 InpyuMeEpa
U3BJIeYeHUs 3HAaYEeHUA CBOMCTBa address oObeKTa, MPEACTABJIAIONErO yYallerocs
H U3BJIEKAEMOTr'O N3 JIOKAJIbHOI'O XpaHHW/IMIIA. 3anuch 06 HICKOMOM ydqaieMcCst MOXKET
U HE CYLIECTBOBATb, Y IO3TOMY H3BJIEKaeMbIit P€3y/1bTaT 3aKII04a€TCA B 060.110tncy
TunaMaybe, a COOTBETCTBYIOIHME Oll€palMu CHaG)aloTcs pegukcom safe, Kak o-
Ka3aHO HHXeE.
const safeFindObject = R.curry((db, id) => {

return Maybe.fromNullable (find(db, id)):;
) }i

// safeFindStudent :: String -> Maybe (Student)
const safeFindStudent = safeFindObject(DB('student'));

const address =
safeFindStudent ('444-44-4444") .map (R.prop('address'));
address; // -> Just(Address(...)) wmmu Nothing
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Eie oJHO npenMymecTBO 3aKJIIOYEHHsA TMOJyYaeMbIX Pe3y/bTaToB B 060JI0Y-
Ky C IOMOWIbIO MOHAJ[ COCTOMT B TOM, YTO CHUTHATYphl PYHKIHUH CHOCOGCTBYIOT
HUX CaMOJOKYMEHTHPOBAHHIO M YCTPAHAIOT HEONPEAEJEHHOCTh BO3BPALIa€MOTO
3”HadyeHus. BpizoB Maybe . fromNullable () y1106eH TEM, 4YTO MPOBEPKA Ha ITyCTOE
3HayeHHe (null) NMPOM3BOAUTCA OT MMEHHU TOTO, KTO JEJaeT 3TOT BbI3OB. B pe-
3yabTaTe Bbi3oBa QyHknuu safeFindStudent () Bo3BpamiaeTcsi pe3yabTaT THIA
Just (Address(...)), €CJIH BCTPETHUTCS JOCTOBEPHOE 3HAYEHHME, A UHAYE — pe-
3yabTaT TMNa Nothing. @ynkuusa npeo6pa3oBanus R. prop () NpUMEHAETCS K MOHa-
A€ MMEHHO TaK, KaK M oxuianochb. Kpome Toro, oHa BBITIOJIHAET MOJIE3HYIO paboTy
10 OGHAPYKEHMIO TPOrPaMMHBIX OIMHGOK WM 3/10yNnoTpe6ieHHii obpaleHusaIMH K
unTtepgeiicy APIL. B yacTHOCTH, C €€ NOMOMBIO MOKHO BBECTH B JACHCTBUE TIpEa-
ycJI0BHsA, 0603HaYalmMe JOMyCTUMOCTh HEJOCTOBEPHBIX NMapameTpos. Tak, ecin
npu Bbl3oBe Maybe.fromNullable () mepeaaeTcs HEAOCTOBEPHOC 3HAYEHHE, TO
B KOHEYHOM CYETE IMOJY4aeTcs pe3yabTaT Tuna Nothing, ¥ moaTomMy npu BbI3OBE
MeToza get () ¢ Ie/Ibl0 OTKPBbITh KOHTEHHEP 6y/leT CreHepUPOBAaHO CJIEAYIONIEE MC-
KJIIOYEHHUE:

TypeError: Can't extract the value of a Nothing.
(Ombka cobsomeHns TUNoB: M3Byeubr 3HaueHme Tuna Nothing Henb3s)

B MoHaax npeanoaraeTcs, YTO K HUM JO/DKHbI IPUMEHATHCA (PyHKIIUHU NTPpeos-
Pa3oBaHMsi BMECTO HEMOCPEACTBEHHOTO M3BJIEUYEHUs UX coaepxumoro. Eme oany
MOJIE3HYIO ONEPALMIO HaJl MOHAJI0H THNa Maybe BbInogHAeT MeTOx getOrElse ()
B Ka4eCTBE aIbT€PHATHBbl BO3BPATy yCTAaHABJIMBAEMbIX MO YMOJYaHUIO 3HAYEHHM.
PaccMoTpuMm cienyiommii npyuMep yCTaHOBKH 3HaY€HMS B Nojie GOpMBI WM CTaH-
JAapPTHOTO 3HaY€HMA N0 YMOJIYaHHIO, €CJIU BXOJHbIE JaHHbIE HE 33/IaHbL:

const userName = findStudent ('444-44-4444"') .map(R.prop('firstname’'));

document.querySelector ('#student-firstname').value =
username.getOrElse ('Enter first name');

Ecsv onepanus n3Bjie4eHus 3aBePIIMTCS YCIEIHO, TO OTOOPaXKaeTcsi UMS 1OJIb-
30BaTeJid y4Yaumerocs. B mpoTMBHOM ciTydae BBINOJIHEHHUE KOJAA IPOUCXOAMT IO ajlb-
TEPHAaTHBHOM BETBHU else, I/ie BbIBOAUTCA 33/iaBa€Masi 110 YMOJIYAHHIO CHMBOJIbHAS
CTPOKa.

MoHaaa TMna Maybe NoA Pa3sHOA NNYUHON

MoHagy TMna Maybe MOXHO 06Hapy»uTb B pasHbix popmax Tunos Optional wau
Option B Takux A3biKax, Kak Java 8 u Scala. BMmecTo Tunos Just 1 Nothing B 3Tux
A3bIKaXx 06bABNAIOTCA TMNbI Some ¥ None, XOTA CEM3HTUYECKN OHU CAYXAT TON e
Camoit uenu.

A Tenepb BEpHEMCS K paCCMOTPEHHOMY PaHee aHTHIIAG/IOHY IECCUMUCTHUYECKO-
ro MCXOJa MPOBEPKH Ha MyCTOE 3HauyeHue (null), KOTOPbIH HEPEAKO AEMOHCTPHU-
PYET CBOIO HENPUMIALHYIO CYyIIHOCTb B OOBEKTHO-OPHEHTUPOBAHHOM IPOTPaMM-
HOM obGecnieyeHnH. B kauecTBe npuMepa HMXKe NPUBEAEHO onpeeneHne QyHKIMH
getCountry().
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function getCountry(student) {
let school = student.school();

if(school !'== null) ({
let addr = school.address();
if (addr !== null) ({

return addr.country();

}

return 'Country does not exist!';

Ecsim nannas ¢pyHKUIMsA BO3BpaliaeT CHMBOJIBHYIO CTPOKY € coobueHHneM ' Country
does not exist!"' (CrpaHa oTcyTcTByeT!), TO HEMOHATHO, KAKOH HMEHHO olepa-
TOP NMPHUBEJ K HEYIAYHOMY UCXOy? B TakoM KoJie TPYAHO BbISABUTb B KAKOii IMEHHO
cTpoke npousonia omu6ka. [Ipy HanMcaHMK NOAOGHOrO KOA MPOrpPaMMMCTBI HE
o6pamaioT 0co60ro BHMMaHHs Ha €ro CTHIb U NPaBHILHOCTL. OHM MPOCTO BOCCO3-
AQIOT 3alMTHBINH 6Gapbep BOKPYT BbI30BOB PYHKIHH. B oTCcyTcTBME MOHaaMYecKHX
XapaKTEePUCTHK NPOBEPKM Ha ITyCTOE 3HaYeHHe (null) NPpUXOAHTCA pacnpeaensTh
MO BCEMY TPUKJIaJHOMY KOJTy, YTOObI IPEAOTBPAaTHTh UCKIIOYEHUs TUNa TypeError.
A B CTPyKType MOHa/ibl TUITIA Maybe Takoe noBeieH1e MHKATICYJIMPYeTCs VIS MOBTOP-
HOTO Mcno/b30BaHuA. PaccMoTpumM caeayiomuii npumep:

const country = R.compose (getCountry, safeFindStudent);

Pynxkuusa safeFindStudent () Bo3BpamaeT 3aKIIOYEHHBII B 060I0YKy OOBEKT,
NPEACTABAAIOUMI yJyamerocsi. 3TO Aae€T BO3MOXHOCTb M30aBUTBbCA OT NPHUBbIY-
KM K 3al[MTHOMY IPOTPAaMMHUPOBAHMIO U 6G€3 OMacKv pacnpoCTPaHATb HEAOCTO-
BEpHOE 3HaYeHHUeE. B kauecTBe npyMepa HHXe NIPUBEJEH HOBbIN BapUaHT METOJA
getCountry().

const getCountry = (student) => student
.map (R.prop('school')) Ecnm Ha mo6O# U3 Craguil BEIYMCAEHMIA
.map (R.prop('address')) nonyJaerca pesynbrar Tuna Nothing,
.map (R.prop ('country')) 70 Bce nocneayloume onepayun 6yayr
.getOrElse ('Country does not exist!'); nponyuieHs!

Ecsin npy o6paimenun K 1o60My M3 3THX CBOMCTB BO3BpAILACTCS MyCTOE 3HAYe-
Hue null, To JaHHasA OMHNOKA PacCHPOCTPAHAETCS 110 BCEM OCTAIBHBIM YPOBHSM Kak
pesyabrar Tuna Nothing, a Bce nocaeayiomue onepaium 6yayT KOPPEKTHO NPOIy-
meHbl. Takoi KOA OKka3bIBaeTCA HE TOJNbKO AEKJIAPATUBHBIM U M3SIIHBIM, HO H OT-
Ka30yCTOMYMBBIM.

NMoaHsaTne dyHKUUMN

BHUMaTENbHO NPOaHaNN3UPYITE Ceayloulyio GYHKUMIO:

const safeFindObject = R.curry((db, id) => {
return Maybe.fromNullable(find(db, id)):
)}

O6paTTe BHUMAHME Ha TO, YTO B €8 UMEHK coaepPUTCA npedukc safe 1 B HeW Npu-
MEHAETCA MOHAAa C UENbI0 3aKNI0UMTb B 060104KY BO3BpaLLAEMOE M3 Hee 3HaYeHue.
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Takan HOpPMa NMPaAKTUKKU XOPOLLA TEM, YTO OHA NPOACHAET ANA Bbi3bIBAIOWErO KOA3,
4TO B QYHKUMU MMEETCA NOTEHUMANbHO ONacHoe 3HayeHue. O3HaYaeT nm 310, YTO
KAyl GYHKUMIO B NPOrpamme cneayeTt HeNpeMeHHO CHabxaTb moHaaamu? Her,
He 03Hauyaet. MeToaunKa noa, HazBaHuem nodHamue ¢gyHkyuu (function lifting) naet
BO3MOXHOCTb Npeobpa3oBaTb Nobyl0 0ObIKHOBEHHYIO PYHKUMUIO B TaKylo ¢opmy, B
KOTOPOW OHa AEWCTBYET KaK KOHTEMHEep U CTaHOBUTCA “6€30NacHOM”, KaK NOKa3aHOo
HWKe. N 310 yao6HO, NOCKONbKY M36aBNAeT OT HEO6XOAUMOCTH N3IMEHATDL YXKe Cyule-
CTBylOLWIME PEANU3aLUM.

const lift = R.curry((f, value) => {
return Maybe.fromNullable (value) .map(f);
b

Bmecto Toro 4tobb! NPUMEHATL MOHAAY HENOCPEeACTBEHHO B Tene pyHKuuu, nocnes-
HIOIO MOXXHO COXPaHUTL B NpeXXHEM Buae:

const findObject = R.curry((db, id) => {
return find(db, id):;
}):

¥ BOCNONb30BaTbCA PyHKUMeN 1ift (), YTOObl 3aKNIOUUTL AAHHYIO QYHKUMIO B KOH-
TeinHep:

const safeFindObject =R.compose (1lift (console.log), findObject);
NoaHAaTHe NpUrogHo ans Nobon GyHKUMKM NO KaKoW yrogHo MmoHaae!

OueBNIHO, YTO MOHaJA TUNA Maybe BBIFOJHO OTIMYAETCS TE€M, YTO NMPOBEPKH
Ha HE/JIOCTOBEPHOCTD JJAHHBIX COCPEAOTOYEHBI B OJJHOM MECTE, HO B TO Y€ BpeMs
oHa Bo3BpauaeT o6beKT Nothing, ecin uro-Hubyan noitzeT He Tak. CieoBaTeNbHO,
TpebyeTcs 6oJ1ee JaTbHOBHAHOE PEIlIEHHE, NIO3BOSAIONIEe BBIACHUTD TPUYHHY C605.
U ju1s 3701 Lesn slyqie BOCIHOIb30BaTbCSI MOHAJI0 THNa Either.

YcTpaHenue c60eB ¢ NOMOLLbIO MOHaAb! TUNA Either

JTa MOHA/Ia HECKOJIBKO OTJIMYAETCS OT MOHA/bl TUIA Maybe. OHa ABaseT co6oi
CTPYKTYpY, IPEACTABJIAIONIYIO JIOTHUECKOE pa3Je/IeHHe JBYX 3HaU€HUH a U b, KOTo-
phi€ BOOGIIE HE JOJKHbI BOSHUKATb OJJHOBPEMEHHO. B TaHHOM THI1IE MOHAa/Ibl MOJiE-
JIMPYIOTCA [IBa CJIE/lyIOUMX BApUAHTA.

B Left(a). CoaepxuUT BO3MOXKHOE COOG1IEeHNEe 06 OMMOKe WIH OOBEKT reHepu-
PYyeMOro UCKJIIOUYEHUS.

B Right(b). C()}ICP}KHT yAQYHOE 3HaYCHME.

Kax npaBuio, monasa Tmna Either peaimsyeTrcsi CO CMEIEHUEM TIO NIPABOMY
orepaH/ly, a 3TO O3HAYaAET, YTO IPUMEHEHHUE Cl)yHKI.II/IH npeo6pa303a1ma K KOHTEMH-
Hepy Bcerjaa BBIMOJHSACTCS 110 1TOATUIY Right (b). 9T0O aHA/IOrMYHO BETBU Just
B MOHaJie THI1a Maybe.

3avactyio MoHaja TUIa Either CIyKuT Ui XpaHECHHS PE3YJIbTaTOB BbIYHCICHUS,
B XO/I€ KOTOPBIX HE YIA€eTCs NPEAOCTABUTb JONIOJHUTEIbHbIE CBEJEHUS O XapaKTe-
pe c60s. B Tex ciayuyasx, koraa yCTpaHUTD c060ii He yAaeTcs, JICBbII BAPUAHT MOXET
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CoiepKaTh Ha/UIeXal il 0OOBEKT reHepUpyeMoro uckmodeHus. Peasnsanns MoHa-
abl TMNa Either geMoHcTpupyercs B iMcTHHre 5.6.

Nucturr 5.6. Peanusauus moHaabi Tna Ei ther ¢ nogknaccamm Left URight
class Either {

constructor (value) { “~———1 QyHKLUA-KOHCTPYKTOP OAHOTO H3 ABYX THNOB.
this._value = value; B 3ToM 06beKTe MOMET coAepKaTLCA 1ubo
} uHPopmaua 06 ucknoueHun, AM60o KoppekTHoe

3HaueHue (npasoe cmeleHue)
get value() {
return this. value;

}
static left(a) {

return new Left(a):

static right(a) {
return new Right(a);

NpuHATL neBbii BapuaKT TMNa Lef t, ecau nepeaa-
} HO HELOCTOBEPHOE 3HAUEHWEM, 3 MHAYe — NPaBbii
BapuanT tna Right
static fromNullable(val) { // #B <@—

return val !== null && val !== undefined

? Either.right(val) : Either.left(val);
}

C034aTb HOBbI 3K3EeMNAAP, COAEPMALYMIH
static of(a) { // #C <@——-I 3Hauenue s crpyxType TMRa Right
return Either.right(a);

J Npeobpa3osarb 3HaueHne B CTPyKType TMNa Right,
npUMeHAR K Hei PyHKYuMIo npeobpasosanna. Ho

class Left extends Either { HWMETO He aenaTb €O CTPYKTYpoi Tuna Lef t

map(_) {
return this; // nycras onepauus
}

WU3Bneudb 3HayeHmne U3 CTPYKTYpb! THNa Right, ecam oHo cywectsyer,
get value() { // #E «@——-1 B NPOTHBHOM CNYNae CreHePUPOBaTL MCKANIOYEHMe TuNa TypeError
throw new TypeError(

"Can't extract the value of a Left(a).");

WU3Bneub 3HaUeHue U3 CTPYKTYpb TMNA Right. Ecu
)K€ OHO He CYU\eCTBYeT, TO BO3BPATHTL 3HaYEHMe,

getOrElse (other) { 33/3HHOE NO YMONUZHUIO

return other; <t
}
NpUMEHNTD 3343aHHYI0 GYHKUWIO
K 3HaYeHui0 TMna Left; Huuero He

orElse (f) { Aenatb €O CTPyKTYpoi THna Right

return f(this. value); // #G 4—-—-—J

t NpumennTs GyHKLMIO K CTPYKTYPE TMNA Right 1 BO3BPaTUTL M3 Hee 3Have-
HHe; HUYEro He AeNaTb co CTPYKTYpOil Tuna Lef t . 7o nepsbiit cryuai Bo3-
chain(f) {«& HUKHOBEHMUA LLeNOYKM, KaK NOACHAETCA ganee
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return this;
CreHepupoBaTh MCKNIOYEHHUE CO 3HAYEHNEM TONBKO U3
getOrElseThrow(a) { CTPYKTYPbI THNa Lef't, B NPOTMBHOM CAyuae NPOUTHOPUPOBaTL
throw new Error(a); MCKNIOYeHME W BO3IBPATHTL A40CTOBEPHOE 3HaUEHHe

i EcAu 3Ha4eHHe NPUCYTCTBYET W YA0BACTBOPAET 33/1aHHOMY NPeaUKa-

filter(f) { Ty, BO3BPaTHTL CTPYKTYPY THNA Right, ONKUCbIBAIOWYIO A3HHOE 3Ha-
return this; JeHue, 3 WHave BO3BPATHUTL NYCTYIO CTPYKTYpY TMna Left

}

toString() {

return "Either.Left(${this._ value});

Npeo6pa3osarsb 3HaueHue B CTPYKType THNA Right,
class Right extends Either { NPUMEHMB K Hell COOTBETCTBYIOULYI0 QYHKUHIO;
map(f) { // #D HWYEro He aenarb co CTPyKTypoil TMna Left
return Either.of (f (this. value));

getOrElse (other) { W3Bneyb 3HaueHHe U3 CTPYKTYpbi THNa Right.
return this. value; // #F Ecnu OHO OTCYTCTBYET, BO3BPaTUTL 3HAUEHHE,
} - 33f1aHHOE NO YMONYAHUIO
MNpumennTo 334aHHYI0 GYHKUMIO K IHIYEHHIO THNA
orElse () { Left; Hnuero He genarb €O 3HayeHnem TMNa Right
return this;
} NpumennTd GyHKUMIO K CTPYKTYpe THNa Right M BO3BPaTHTL M3 Hee
3HaYeHue; HHYEro He Aenarb co CTPYKTYpoH Tuna Lef t. 3To nepsbift
chain(f) { // #H CNyuaii BO3HMKHOBEHHA LENOUKM, KaK NOACHAETCA ganee

return f(this. value);

CreHepupoBaTh MCKANIOYEHHE CO 3HAYEHHEM
TONbKO B CTPYKTYpe THNa Le£'t, B NPOTHBHOM
getOrElseThrow(_ ) { CAyuae NPOMTHOPHPOBATL MCKAKONEHHE

return this.value; W BO3BPaTHTL AOCTOBEPHOE 3HaYEHNE

}

Ecnu 3HaueHue NPUCYTCTBYET U YAOBACTBOPAET 33a43HHOMY NPEAUKaTY, BO3BPATHTL
CTPYKTYpY THNa Right, ONKCHIBAIOLLYIO A3HHOE 3HAYEHNHE, B NPOTHBHOM CAyuae

filter(f) { // #J < BO3BPATHUTL NYCTYIO CTPYKTYpY TMNa Left

return Either.fromNullable (f(this._value)
? this. value : null);

toString () {
return "Either.Right (${this. value}) ;
}

O6parure BHMMaHME Ha TO, YTO HEKOTOPBIC ONEpPalMy B 06EUX MOHAJAaxX THIIa
Maybe u Either okasbiBaloTcs nmycThiMU. OHM C/i€IaHb] TYCTBIMU HAMEPEHHO H CJTy-
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XKaT B KA4EeCTBE 3aMOJIHUTEEH, NMO3BONAIOMMX (PYHKIMAM 61aronosy4Ho Mpory-
CKaTb BBIMIOJIHEHHE, €CJIU B KOHKPETHONH MOHA/IE€ 3TO OKAXETCA YMECTHbBIM.

A Tenepb npuMeHuM MOHaJXy Tuna Either Ha npakTuke. C ee NIOMOMIBIO MOXKHO
CO371aTh ellle OAUH BapHaHT pyHKkuMM safeFindObject (), kKak MOKa3aHO HUXe.

const safeFindObject = R.curry((db, id) => {

gonst ] obj = find(db, id); Yro6bi a6CTParupoBaTh Bech YCAOBHDLIH ONepatop if-alse, MOX-
if(obj) { | Ho 6bino 6bl TaKKe caenats Bbi308 Either . fromNullable ().
return Either.of (obj); Ho 3aecb caenano uHave ana 6onblieit HarNARHOCTH NpUMeEpa

}
return Either.left( Object not found with ID: ${id}’); «—

}): CrpyKTypa THNa Lef t MOMET TalKe COAEepMaTh IHAUEHHA

Eciu onepanus KocTyna K JaHHBIM 3aBEPUIMTCA YAAYHO, OGBEKT, PeACTaBIAIO-
1M1 yYalllerocs, COXpaHAETCA CIIpaBa, B IPOTUBHOM CJIy4ae BbIIAETCS COOOMEHHE
06 ommbke ciesa (puc. 5.9).

Left

Right

Error('ID not found
444-44-4444') obj

||
Either

Puc. 5.9. B ctpykType TMna Ei ther MOXHO xpaHWUTb 06beKT (cnpa-
6a) unu owunbky TMNa Error C COOTBETCTBYIOWEH MHPOpMaum-
el u3 TpaccupoBKM cTeka (cneea). 3to yaobHo, ecamn Tpebyetca
NpepoCcTaBuUTb eAMHCTBEHHOE BO3BPaLLaeMoe 3Ha4eHue, Kotopoe
MOMXeET TaKKe coaepmaTb coobuieHne 06 owmnbke Ha cnydaii cbon

B cBA3Y ¢ M3/10)KEHHBIM Bblllle MOXXET BO3HUMKHYTh Pe30HHbIH Bonpoc: “Tlouemy
6bl He BOCTIOJIb30BAThCS JBYX3/IEMEHTHBIM KOPTe)XXeM (WM TUIOM Pair; cMm. masy 4,
“Ha 1ryTH K IIOBTOPHO MCIIOJIb3YEMOMY, MOXYJIBHOMY KOy~ ), YTOObI 3a(pMKCHPOBATD
U 0ObEKT, U coobuieHue?” JI1sa aToro uMeeTcs ocoboe ocHoBaHHe. B yacTHocTH,
KOPTEXH NPEACTABIAIOT TaK Ha3blBAEMbIH mun npoussedenusn (product type), noapas-
yMeBalolmii jorndeckoe oTHomenune U cpeau ero onepanaos. A nis o6paboTkn
omnGoK yro6Hee Monb30BaThCA B3AMMHO MCKIIOYAIOMKMMH THIIAMH, YTO6BI cMOz€e-
JMPOBaTh CJIy4aii, koraa s3HaueHue cymectsyeT MJIU He cymectsyet. B ciyyae 06-
paboTku omuboK, 062 THIIA HE MOTYT OAHOBPEMEHHO CYIIECTBOBATb.

Pe3ynbraT MOXHO M3BJIeYb C MOMOWIbIO MOHa/bI THNA Either, BbI3BaB METOA
getOrElse () M mpeXOCTaBMB €My Ha BCAKHMM CIy4yad Moaxojsiiee 3HaY€HHE MO
YMOJIYaHMIO:
const findStudent = safeFindObject (DB('student')):

findStudent ('444-44-4444"') .getOrElse(new Student()):
// ->Right (Student)

B ommume ot cTpykTyphl THNA Maybe .Nothing, cTpykTypa THna Either.Left
MOXET COAEPKaTh 3HAYEHMsA, K KOTOPBIM MOXHO NpUMeHATh PyHkuuu. Tak, ecin
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¢ynkums findStudent () He Bo3BpamaeT OO6bEKT, K onepaHay THna Left MOXHO
HPHUMEHUTDb MeTOJ| OrElse, 4To6bl BEIBECTH COOOLIEHHE 06 omubKe:
const errorLogger = _.partial(logger, 'console', 'basic',

'MyErrorLogger', 'ERROR');
findStudent ('444-44-4444"') .orElse (errorLogger);

B urore Ha xoHCOJIb BbIBOAUTCA CJI€AyOLIEE coo6meune:
MyErrorLogger [ERROR] Student not found with ID: 444-44-4444

CrpykTypy THHA Either MOXHO Takke HCHONb30BATD JUIS 3alUThI IPUKJIAJHO-
ro KOJa OT HeNpeACKa3dyeMbIX (PYHKIMIA, CIOCOGHBIX FeHEPUPOBATh MCKIIOYEHH.
bnarogaps aToMy pyHKIMH cTaHOBATCA Goslee 6€30MacHBIMM B OTHOIICHUH THUIIOB
¥ CBOGOAHBIMM OT MOG60YHBIX 3¢ (eKTOB, NPEAyIIpex as UCIIIOYEHHS Ha paHHel
CTaJiMH, a HE pPacnpocTpaHsasa uX. B kayecTBe npuMepa pacCMOTPUM JIOCTYIIHYIO B
JavaScript ¢pynkumio decodeURIComponent (), croco6Hyio BBIBOAMTE COOOLIEHHE
06 omnbke, ecam 3aganHbiii URL okaxeTca HeIOCTOBEPHBIM:
function decode (url) {

try {
const result = decodeURIComponent (url); <&
return Either.of (result);

Moxer renepupoBartb
McKAloueHne TMna URIErrox

}
catch (uriError) {
return Either.Left (uriError);

Kak nokaszaHo B mpMBeAEHHOM Bblllle KoJ€, B CTPYKTypy THma Either.Left
O6bIYHO 1IOMEMAETCA OOBEKT OMMOKH, colepKallUil CBEJEHUA U3 TPACCMPOBKH
CTCKa, a TaKXe caMo coobieHne 06 omnbke. Takoit 06 bEKT MOXKET GbITb CreHEpH-
pPoOBaH, ecau noTpeGyeTcss U3BECTUTh O BOSHUKHOBEHUH HEYCTPAHMMOM OMIHMGKH.
JlonycTum, Tpe6yercs nepeiity o saganHomy URL, koTopblii cHauana HEO6XOAMMO
AEKOAMpoBaTh. B npuBeieHHOM Hike npumepe QyHKIHUA BbI3bIBAETCA KAK C JOCTO-
BEPHBIMH, TaK U C HEJIOCTOBEPHbIMM BXOHBIMH JAHHBIMH.

| 3ra ¢yHKuma 6bina co3pana
| spasgened.at

const parse = (url) => url.parseUrl(); <&
decode ('$') .map(parse); //-> Left(Error('URI malformed'))
decode ('http%3A%2F%2Fexample.com') .map (parse);

// => Right (true)

PyHKUMOHAIBHOE TPOrPAaMMHUPOBAHME NO3BOJIsAET BOOGIE 060iTHCH 6e3 reHe-
PHPOBaHHUSA HCKIIOYEHUH. BMECTO 3TOro MOXHO NMOAb30BAaTHCA MOHA/IAMM JUISA Te-
HEPUPOBAHUA UCKITIOYEHHH 110 TPEOOBaHMIO, COXPaHAS OGBEKT COOTBETCTBYIOIETO
MCKJIIOUEHHS B JIEBOH CTPYKType MOHaAbl Tuna Either. B Takom ciayuae uckmode-
HHE BO3HUKAET TOJIbKO M0C/I€ PACNaKOBKH JIEBOM CTPYKTYpPbl, KaK NOKa3aHO HHKE.

catch (uriError) {
return Either.Left (uriError);
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HTak, Mbl IOKa3aIH, KaK I10Jb30BaThC MOHAIaMH, YTOObI CHIMUTHPOBATh MeXa-
HH3M FeHEPHPOBAHMUA U llepexBaTa UCKJII0YEHHUH B 6J10Ke onlepaTopoB try-catch,
coJepiKalleM MOTEHIIMAIbHO OMacHble QYHKIUH. AHAIOTMYHOE MOHATHE PEATU30-
BaHO B sA3bIKe Scala ¢ momMoupio TUNa Try, ABISI0MErocs GyHKIHOHAILHOM albTep-
HATHBOI1 6J10Ky oneparopos try-catch. M xors tun Try He/b3s Ha3BaThb [OJHO-
CTBIO MOHAJIMYECKUM, TEM HE MEHEE, OH CEMAHTHYECKU paBHO3Ha4eH Tuly Either
¥ BKJIIOYaeT B cebs ABa KIacca, Success M Failure, Ui y1auHOTrO M HEYIAYHOTO
HCXO/Ia ONlepaliy COOTBETCTBEHHO.

MNpoexTbl ®MN, 3acnyXuBaloline N3y4eHun

BONbWUHCTBO NPUHUMMNOB U NOHATUIA, PACCMOTPEHHbIX B 3TO U Npeablaylien rna-
8e, B TOM YUC/1e YACTUYHOE NPUMEHEHUE, KOPTEXU, KOMNO3UUMA, GYHKTOPLI U MOHA-
[bl, @ TAKXe Te U3 HUX, KOTOpbie elle NPeaCTOUT PacCMOTPeTb B MOCNEAYIOWMX rna-
Bax, peasM30BaHbl B BUAE Moayneit B popManbHoOK cneunduKaumum noa HassaHnem
Fantasy Land (https://github.com/fantasyland). 370 3TaNOHHaA peanu3auus
npuHuunos @I, onpeaensiowmx NOPAAOK BHeAPEHUA (YHKUMOHANbHOU anrebpbi
8 JavaScript. U xoTA B npumepax U3 3TON KHWUMM Paan NPOCTOTbI NPUMEHAIOTCA 61-
6nnotekn Lodash u Ramda, Fantasy Land U ¢yHKuMOHanbHaA 6ubauoteka Folktale
(http://folktalejs.org/) 3acnyxuBaloT 0CO60r0 BHUMAHUA U U3YUEHUA TEMMU,
KTO cTpemuTca 6onee ocHOBaTeNbHO Pa30bpaThCA B TMNAX AaHHbIX, HOCAWMX Gonee
GYHKUMOHANbLHLINA XapakTep.

MoHaibl crIocO6HBI OKa3bIBaTh IOMOIIbL B 60pb6e ¢ HEONPEETEHHOCTDIO U BEPO-
ATHBIMU CGOSIMH B PEaIbHOM NporpaMMHoM o6ecneyennu. Ho kak opranusosatb
B3aMMO/I€HCTBHE C BHEITHUM MHPOM?

5.3.3. BaaumopeiicTaue ¢ BHEWHMMU pecypCcamu
C NOMOLLbIO MOHaAbI TUNA IO

Asbik nporpammuposanusa Haskell cunTaeTcs e AMHCTBEHHBIM, CHJIBHO ONHPAIO-
H{MMCSl HA MOHA/Ibl JUIS1 BBITIOJIHEHUS Oll€paliMid BBOJA-BbIBOJA, BKJIIOYAsA YTEHHUE U
3aMMCh JAHHbIX B (paii/ibl, BBIBOA MHPOPMAIMHK Ha 5KPaH U T.A. A B KoJe JavaScript
oliepallH BBOJA-BbIBO/Ia MOXHO IIPEACTAaBUTDb CJIEAYIOHIMM 00pa3oM:

I0.0f ('An unsafe operation').map(alert);

H xoTsi 3TO AOBOJILHO MPOCTOM NMPUMEP, OH HAMIAJHO JAEMOHCTPHPYET CJIOXK-
HOCTH BHEJPEHUA BBOJAA-BbIBOIA B MOHAIMUECKHE ONEPaLlH, [Iepe/jaBaeMble IUIaT-
¢opme Ha BbInoIHEHHE (B JAHHOM CJIyyae JIMIIb I BbIBO/A MPEXYTIPEX/AAIOWETO
coobuenus). Ho B kozxe JavaScript Hena6exHo TpeGyeTcss BZaMMOAEHCTBOBATD C 110-
CTOSIHHO U3MEHSIOMEHC S, KOJUIEKTUBHO MCIIOJIb3YEMOIi, COXPaHAIOIIEN COCTOAHHE
mozenpio DOM. B utore mo6as onepanus, BolonHAeMas Hax Moaeabio DOM, 6yap
TO YTEHHE WJIM 3aMKCh, BbI3bIBAET MOGOUYHBIE 3 PEKTb U HAPYLIAET CChUIOUHYIO
npo3pa4yHocThb. MTak, HauHeM pacCMOTPEHME AaHHOTO BOMPOCA CO CJEAYIOMErO
TIpMMepa CaMbIX 3JIEMEHTAPHBIX ONEpaluii BBOJa-BbIBOJIA:
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const read = (document, selector) => { MNocnegyoume BH30BbI
return document.querySelector(selector) .innerHTML; ANA UTEHHA AAHHBIX
}: MOTYT NPUBECTH K PasHbIM
pesynbratam
const write = (document, selector, val) => { 3HaueHue He BO3BPALLAETCH,
document .querySelector (selector) .innerHTML = val; 4TO ABHO NPUBOAHT K MO-
return val; Andurauuam (r.e. Kk Hebes-
ONaCcHbIM ONepaynAm)

i

Ecin BBINOJIHATD 3TH CAMOCTOATEIbHbIE (PYHKIIMM HE3aBUCHMO, TO HEJb3d ra-
PaHTHPOBaTh KOHEUHbIi pe3yabraT. Beab 3HaueHne MMeeT He TOJNBKO MOPAIOK MX
BBINIOJIHEHHsI, HO U TO OOCTOATENBLCTBO, YTO Mojaesb DOM MoxeT GbITh U3MEHEHA
IIpH BbI30Be (PYHKIMHU Write () B MpOMexyTKax Me Iy BbI3oBaMH (pyHKIHM read ().
HanoMHuM, 4TO maBHON NPHUYHHOMN ISl OTAEIEHHUS HEYHUCTOrO NOBEAEHUSA OT YH-
CTOTO KOJa, KaK 3TO ObLIO MOKa3aHOo Ha IpuMepe nporpamMmbl showStudent B ria-
Be 4, “Ha nyT¥ K HOBTOPHO HCII0/Ib3y€MOMY, MOAYIbHOMY KOAY”, SIBJIIETCA CTPEMJIe-
HHE BCET/Ia TAPAaHTHPOBATb MOCTOAHHbIN pe3y/bTaT.

H36exaTh MoAMUKaLMIT MK YCTPAHUTD OCJOXHEHUSA B CBA3HM C NOGOYHBIMU
a¢pdexTamMu npy BLINOJTHEHUH onepanuii BBoJa-BbiBosa Heab3s. Ho, no kpaiineit
Mepe, MOXHO O0pamarbcs ¢ ONepPalMsAMH BBOJA-BbIBOJA TaK, KaK GyATO OHM He-
HM3MEHSEMbI C NPUIJIAAHONA TOYKH 3PEHM, 3aKII0OUMB UX B MOHAUY€ECKHE LENOoY-
KM, 4 MOHa/I€ MPEJOCTAaBUTh BO3MOXHOCTb IPUBOAUTD B J€HCTBHE MOTOK JAaHHbIX.
M ju1 2TO# 1eaM CIyKMT MOHajAa Tuna 10, peanusanus KOTOPOii NpUBeAeHa B JiH-
crunre 5.7.

Jluctuir 5.7. Peanu3auua MoHaabi TMna 10

class IO { WHHLHMANHINPOBATL KOHCTPYKTOP THNA IO onepaumedi uTeHna-
constructor (effect) { ¢ 33NUCH (aHANOTHMHO YTEHHIO MAK 3aNMCH RAHHDIX B MOAEND
if (! .isFunction(effect)) { | DOM).3vaonepauun nasvisaerca Takme dynxyuel pesynomama

throw 'IO Usage: function required';

}
this.effect = effect;

static of (a) { "7 EauHuuHbie GYHKLMM
return new IO( () => a ); | grnsakniovenns
} 3HaueHHH U GYHKUMA
8 060104Ky MOHaAb!I
static from(fn) { ¢ T™™na 10

return new I0(fn);

dyHkTOp
map (fn) { npeobpa3osanuna
let self = this;
return new IO(() => fn(self.effect()));
}
chain(fn) {

return fn(this.effect());
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run() { 3anyCcTuTL MHULHANKIH-
return this.effect(); pyemyio no rpe6osannio
} UenouKy, 4Tobbi BLINCAHKTD
} onepauyuio 8B0Aa-BbIBOAA

9Ta MOHa/Ia ICHCTBYET HHAYE, YEM JPyTHe, MOCKOJIbKY OHA 3aKII04aeT B 0607104
Ky dyHKIMIO pesyssmama, a He 3HadeHre. HanomuuM, 9To pyHKIMIO MOXKHO paccMa-
TPHUBATb KAK OMAONEHHOE, ECJIV YTOLHO, JHAUEHUE, OXKUAIONLEE CBOETO BbIYUCICHUS.
C noMompbIo 3TOI MOHA/IbI MOXKHO CBS3aTh B LIENOUKY JIOObIE ONEPaIH, BbINOTHS-
emble HaJ Mojeabio DOM, kak einHyio AKO6bl CCHLIOYHO-IIPO3PAYHYIO ONEPaIuIo,
rapaHTHPYs IMPH 3TOM, YTO (DYHKIIMH, IPUBOASAIIME K I060YHBIM 3 dekTaM, 6yayT
BbI3bIBATHCA B CTPOTO YCTAHOBJIEHHOM HOPSAKE, HO HE B TPOMEXYTKAX MEX/y Bbl-
30BaMHU QyHKIMIT 6€3 TOGOUHBIX 3(PdEKTOB.
[Mpexae yeM MPOAEMOHCTPUPOBATH 3Ty MOHA/y HAa NPAaKTHUKE, PEOPraHUu3yeM
¢ynkuuun read () nwrite (), moagBepruyB UX KAPpPHHTY BPY4HYIO:
const read = (document, selector) => {
return () => {
return document.querySelector(selector).innerHTML;
bi
}i

const write = (document, selector) => {
return (val) => {
document.querySelector (selector) .innerHTML = val;
return val;

}i

A 1151 TOrO 4TOGBI HE NepeAaBaTh 0ObeKT document Mo HENOYKE, MOXHO yIIpo-
CTHUTB J€JI0, IPUMEHUB €r0 B KAY€CTBE YaCTUYHOrO apryMEeHTa 3TUX (PyHKIMii:

const readDom = _.partial(read, document):
const writeDom = _.partial(write, document);

ITocne aTnx uamenenmii pynknum readbDom () U writeDom() MOXKHO CBA3BIBATb
B 1IENIOYKY (M COCTaBJIATh B KOMIIO3MIINIO) C OTJIOXKEHHBIM BBINOJIHEHHEM. 3TO Tpe-
GyeTcsa A1s TOro, YTOOb! B JajlIbHEHIIEM CBA3bIBATh B LIENIOYKY ONE€PaliMy BBOAA-BbI-
Boja. PaccmoTpum caeayomuii npocToii npuMep, riae MMs y4yallerocsi CHauana uu-
TaeTca u3 anementa HTML-pasmerku, a 3aTeM u3aMeHsieTcs, 4TOObI OHO HAYHHAIOCh
C MPONUCHO¥ GYKBbL:

<div id="student-name">alonzo church</div>

const changeToStartCase =
I0.from(readDom('#student-name"')) 346Ch MONHO NPUMEHNTD A106YI0
.map(_.startCase) 4———-' onepayuio npeobpasosanna
.map (writeDom('#student-name'));
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[Mocneansa B uenouke onepaums 3anucHu JaHHbIX B Mogenb DOM ne aBaser-
csa yucToi. Kakoro e Toraa pesyabraTa cjaeyeT OXHAATb OT BbI30Ba (PYHKLUMU
changeToStartCase () ? [IpuMeHeHHE MOHAJ] TEM M IPUMEYATENbHO, YTO B HUX CO-
XpaHAIOTCA TpeboBaHMs, NpeabsaBIsAeMble YNCTbIMK GyHKIMAMU. Kak u B m060it
APYTOii MOHAJIE, PE3YJILTaTOM BBINOJHEHMS OIl€PAllMM Map OKA3bIBA€TCH CAaMa MOHa-
Aa (B ZaHHOM CJIy4yae — 3K3eMILISAp THMna I10). 3TO O3HAYACT, YTO HA JAHHOMN CTAAUH
TIOKa ellle HUYETO HE BBINIOJTHEHO, HO Y)K€ UMEETCS ACKIapaTUBHOE ONHCAHME Ore-
pauuu BBOAA-BbiBoAA. M, HakoHel1, BbIIIOIHMM CJIEAYIOILYIO CTPOKY KOJa:

changeToStartCase.run();

IIpoananuauposas mojenb DOM, B Heit MOXHO OOHAPYXUTb CJAEAYIONUH 3Jie-
menT HTMI.-pazmeTtku:

<div id="student-name">Alonzo Church</div>

Takum 06pa3om, onepanuH BBOAA-BbIBO/A BIMTOTHAIOTCSA CCbUIOYHO-TIPO3PAvyHO!
Camoe raBHOE NPEUMYLIECTBO MOHA/Ibl THMNA 10 3aK/II0YAETCH B TOM, UTO OHA fAB-
HbIM 00Pa30M OTAENAET YUCTYIO YaCTh KOoJa OT HeuucTom. Kak ciexyer us onpezene-
HuA PyHKuMM changeToStartCase (), pyHkunn npeo6pa3oBaHus, IPUMEHAEMbIE
K KOHTEIHepy BBOJA-BbIBO/Ia, HOJHOCTBIO OTAEJNEHDI OT JIOTUKH YTE€HHUS U 3aIMCH
AaHHbIX B Moaeab DOM. CnenoBarenbHo, npeo6pa3soBaHUE COAEPKUMOTO 3JIEMEHTA
HTML-pa3aMeTk# MOXeT ObITb BbINIOJHEHO MO MEPe HaJ0OHOCTH. A MOCKOIbKY OHO
BBINOJIHAETCS OAHOMOMEHTHO, TO B IPOMEXYTKAX MEX /Ty OlIEPALIMAMHU YTE€HUS U 3a-
IIUCH HE IPOU3OMAET HUYETO TAKOTO, YTO MOIJIO Gbl IPUBECTH K HETIPEACKA3yeMbIM
pe3ay/ibTaTaM.

Momnaab! ABASAIOTCA BCETO JIMIIb COEAMHAEMbIMH B LIENIOYKY BbIPAXKEHUAMM WIH
BbIYHMCIEHUAMU. ITO JAET BOZMOXKHOCTb COCTABJIATD 110C/IEJOBATENBHOCTH IS 10
HOJHUTEIbHOM 06pabOTKM Ha KaXAOH CTaAMM IIPOLIECCA, KaK Ha JIEHTe KOHBekep-
HO#t imHuK c6opku. Ho cBsA3biBaHME Ollepaiiuii B LIETIOUKY ABJISAETCA HE €IMHCTBEH-
HBIM IPUMEPOM HPpMMEHEHMS MOHaJ1. Hcnoib3ysa MOHaIUY€ECKHE KOHTEHHEPDI B Ka-
4yecTBe BO3BPAIAEMbIX TUIIOB, MOXHO ()OPMHPOBATh COIMIACOBaHHbIE, Ge30MacHble
110 OTHOINCHHUIO K THIly BO3BPalllaeMble 3Ha4€HU 1S PYyHKLMIA, COXPaHSAsA IPU 3TOM
CCBUIOYHYIO Npo3padHocTh. Kak ynoMunanocs B rase 4, “Ha rrytu k noBTOpHO MC-
NI0JIb3yEMOMY, MOJIYJIbHOMY KOZXY”, 3TUM YAOBJETBOPAETCA TPEGOBaHUE K COCTaBJIE-
HUIO Henoyek PYHKIMI U KOMIO3UIUH.

5.4. MoHaguyeckue Luenovykm u KoMno3nuum

Kak BuauTe, MOHa/Ibl 11O3BOJISIOT B3ATh NOGOYHBbIE 3((EKThI 0] KOHTPOJb, a
CJ1IeOBATENbHO, UX MOXXHO NPHUMEHSATb B CTPYKTypax, COCTAB/IAEMbIX B KOMIIO3HU-
muio. Ho B mase 4, “Ha nyru k 10BTOpHO HCIONB3yeMOMY, MOXYJIbHOMY KOy, HaC
He MHTepecoBala IPOBEPKa HEAOCTOBEPHOCTU JaHHbIX. Tak, ecam 6b1 QyHKIUsA
findStudent () Bo3BpaTHJIa IIyCTOE 3HAU€HHE null, TO HEYJaYHO 3aBEpPUIIIACH Obl
BCsi mporpamma (puc. 5.10).



Thasa 5. ITpoexmnvie wabronwt u croxcwocms 187

l'eHepupyercs
append B uckmovenme

'444-44-4444' —)@ findStudent @;%@%v fnu{l\)—)
. N Tvna TypeError!

Puc. 5.10. Komno3suuma dyHkuuit £indStudent () v append () . Ecau 6bi nepBas U3 HUX BO3BpaTU-
Na nycroe 3HayeHue null, TO 8 OTCYTCTBUE HaA/1eXalmMX NPOBEPOK BTOPaA GyHKUWA 3aBepliniach
6bl HeyaaYHO, CreHepupOBaB UCKAOYEHUE TUNA TypeError

[Mpasaa, HanMcap HEMHOTO KOJA, MOXHO M MOHAJIbl CI€JIaTh COCTABJISEMbIMHU B
KOMIIO3MIIMIO, YTOObI M3BJI€Yb BBIFOY U3 MX IIABHOTO, BbIPA3UTEIbHOIO MEXaHU3-
Ma 06pabOTKHM OMIMGOK NMPH COCTaBJICHHH 6€30MacHBIX KOMNO3ULMIA. bbLio 661 co-
BCEM HEIUIOXO, €C/M Gbl (PyHKIIMH, OPraHU30BaHHbIE B KOHBEHED, KOPPEKTHO 06X0-
JWIH NPENATCTBUSA, CBA3aHHbIE B OABJIEHUEM ITyCThIX 3HaYEHUMH, HE TaK JIu?

Kak nokazano Ha puc. 5.11, Ha nepBoii cTaaguu HEOGXOAMMO yOEAUTBCA, YTO Tep-
Bas BbINOJHAEMasA (PYHKIMSA 3aKIIOYAET CBOM PE3yAbTaT B 060J0UKY moaXoAsei
MoHaabl. M s 31001 e noxoiixyT o6e MoHaab! TMNA Maybe u Either.

findStudent ﬁ (oull] —> append [ null )
\ J

]
Mponyckaercs

'444-44-4444 ——>

Puc. 5.11. Te ke camble PyHKUUK, YTO U Ha puc. 5.10, HO Ha 3TOT pa3s nycToe 3HayeHne null
nepeAnaeTca No KoHserepy B MOHaae (Either unu Maybe). B utore octanbHble GyHKLMU B KOH-
BelMepe KOPPEKTHO BLIXOAAT U3 c6oMHOM cuTyaumm

Kak nsBectHo, B PI1 nmeloTcs aBe pa3sHOBUIHOCTH OGbeAMHEHU PYHKIMIL: Le-
mouka 1 komnoaunus. HamoMHuM, uro Bepcus nporpaMmer showStudent, paccMma-
TPMBABLIASCA B IPebIAyLIEH IIaBe, COCTOSUIA U3 CJEAYIOMHX YacTe.

1. Hopmanusaums nosib30BaTeIbCKOro BBOJA.

2. Tlomck 3anucu 06 yyameMcs.

3. BbiBoa cBesenuit 06 yyamemcs Ha HTML-cTpanune.

Ecin n06aBUTH K 3TOMY NIPOBEPKY AOCTOBEPHOCTH BXOJHBIX JaHHBIX, TO JA€JIO
ycoxHATCA eme 6osbie. Takum o6pa3oM, B JaHHOM NporpaMme OGHaPYKHBAIOTCA
ABE TOYKH C6OEB: OMMOKA JOCTOBEPHOCTH JaHHBIX M HeyAadyHOEe 3aBepUIEHHE ore-
palMK M3BJICYEHHs CBEACHMIT 00 yyameMcs. ITH MeCTa NPOrpaMMbl MOXHO peop-
raHM30BaTh, BKIIOYMB MOHaJy TMMNa Either, NpeaocTap/sAIoNyIo COOTBETCTBYIOIIHE
coob6meHus 06 omubkax, Kak IEMOHCTPUPYETCA B IMCTHHTE 5.8.

JNnctunr 5.8. Peopranunsaumus GpyHKUMiA € Uenbio NPUMeHUTbL MoHaay Tuna Either

// validLength :: Number, String -> Boolean
const validLength = (len, str) => str.length === len;
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// checkLengthSsn :: String -> Either(String)

const checkLengthSsn = ssn => ~@———— Bmecto 1010 4TO6bI 3aKNI0YATL 3TH
validLength(9,ssn) ? Either.right(ssn): ¢YMKHHH3°5M°“KYM0H3ANW"3
Either.left ('Invalid SSN') ;| Either,Moxno socnonssosatsca
€10 HeNOCPeACTBEHHO, NPEAOCTABNE
. ) ) . ) KOHKpeTHble coobuieHnn 06
// safeFindObject :: Store, string -> Either(Object) OWMGKaX B 33BUHCHMOCTH OT

const safeFindObject = R.curry((db, id) => { -¢——! xapaxrepa owubxu
const val = find(db, id);
return val ? Either.right(val)
Either.left ( Object not found with ID: ${id}");
i

// finStudent :: String -> Either(Student)
const findStudent = safeFindObject (DB('students'));

) PeopraHn3oBaHHan GyHKYUA
// csv :: Array => String ‘ csv () BO3BPaLLaET CHMBONBHYIO

const csv = arr => arr.join(',"'); CTPOKY M3 MacCHBa 3HAUEHHH

anBeﬂeHHble BbILIEC q))’HKllHH KappHpOBaHbI, H TIO3TOMY UX MOXXHO BBIYHMCINUTD
YaCTHUHYHO, 4TOObI NOJIYUHTb 6onee NpocTbIE q)yHKI_IHH, KaK 3TO J€JIAJIOCh paHbllIE, 4
TAKXKE }IOﬁaBP]Tb BCIIOMOraTe€JIbHbIC q))’HKlll/lPl IIPOTOKOJIMPOBAaHHA!

const debuglog = _.partial(logger, 'console', 'basic',
'Monad Example', 'TRACE'):

const errorLog = _.partial(logger, 'console', 'basic',

'Monad Example', 'ERROR');

const trace = R.curry((msg, val)=> debuglog(msg + ':' + val));

BoT, co6cTBeHHO, 1 Bce! O60 BceM OCTAIbHOM 103a00TATCA MOHaJUYECKUE OTle-
paimu, o6ecneyB NepPeHOC JaHHBIX Yepe3 BbI30BbI PYHKLMIT 6€3 ZONOIHUTENbHBIX
usaepxxek. B ncxoxHom kozse u3 nucTuHra 5.9 noka3aHo, Kak BHEAPHTb aBTOMATH-
4eckKylo 06paboTKy omuboK B mporpamMMmy showStudent, MCIOIB3yss MOHa/bl THIIA
Either u Maybe.

Jinctunr 5.9. NpumeHeHne MoHaa B nporpamMmMme showStudent A1 aBTOMaTU4ECKOW
o6paboTku owmnbok

const showStudent = (ssn) => C nomouybio metogos map () u chain () momHo npeobpasosarb
Maybe.fromNullable (ssn) 3HaueHne B moHape. MeTog map () Bo38paujaeT MoHaay. robui
.map (cleanInput) UCKAIONHTD BAOMEHWE W NOTPEGHOCTL B CBEAEHKM CTPYKTYPDI,
, metoabi map () M chain () CBA3bIBAIOTCA BMECTE, COXPaHAR
-chain(checkLengthSsn) €AMHbIH YPOBEHb MOHAAbI, NPOXOAALLEH Yepe3 BCe Bb30BbI
.chain(findStudent)

.map (R.props(['ssn', 'firstname', 'lastname']) )4——-' U3sneub BbiGpanHbie

.map (csv) cB0HCTBa U3 o6beKTa

.map (append('#student-info')); 8 Maceue

B nuctunre 5.9 geMoHcTpHpyeTcst IpUMEHEeHHe MeToAa chain () paau KpaTko-
cTH, 4To6bl HE npuberaTh K ONEpalMHK join nmocje onepanyu map Jis CBEJeHUS
YPOBHEMH, MOJIy4YalOIMXCsl B pe3y/ibTaTe 0ObeAMHEHUs (PYHKIUH, BO3BPAIIAIOMIMX
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MoHazbl. [Togo6Ho MeTtoaymap (), metox chain () npumenser (byHKumo K IJAaHHbIM,
He 3aK/Io4as NoJy4eHHbIH pe3yJbTaT O6paTHO B MOHAAUYECKUM THIL.

CaeayeT Takxe 3aMETUTb, YTO 06€ MOHa/bI TUMNA Either u Maybe miaBHo uepe-
AYIOTCS1, IOCKOJIbKY OHHM PEQIM3YIOT OAMH U TOT Xe MOHaan4eckuit nurepgeiic. Tak,
€CJIM CJeJIaTh CJIEAYIOIMIA BbI3OB:

showStudent ('444-44-4444"') .orElse(errorlLog);

TO B KOHEYHOM cYeTe GyIyT MoJIyueHbl iBa pe3yibrata. Ecimn o6bekT, npeacrapsio-
IMUH yYAIETrocs, yCNEeHO HalieH, CBeleHUA 06 yJalmeMcs BbIBOJAATCSA, KaK U Npes:
nosaranoch, Ha HTML-cTpanuue v Bo3spaijaercs caeAylomuii pe3yabrar:

Monad Example [INFO] Either.Right('444-44-4444, Alonzo,Church')

B npoTtuBHOM clydae Bcs olepaniusa KOPPEKTHO NMPOIYCKAETCS U BbI3bIBAETCA Me-
ToA orElse () B albTEpHAaTUBHOI BETBM, BO3Bpalliasi TAKOM pPe3yJbTaT:

Monad Example [ERROR] Student not found with ID: 444444444

CpsA3bIBaHME B LIENOYKY — HE €IMHCTBEHHBIN c11OCO6 06paboTku ommnbok. Jloruky
06paboTKN OMMOGOK MOXKHO BHEAPUTD U C MOMOIIBIO KoMno3unuu. C 3Toi nenbio
ceftyeT BbINOJMHUTD npoctoii nepexoa ot OOIT k @II, kak 6bU10 MOKa3aHO paHee
Ha [IpYMMepe Npeo6pa3oBaHUs MOHAHBIX METOAOB B QYHKLMH, NOJMMOp¢HO 06pa-
6aTbIBaloOmKeE JAHHbIE JTI0OOOTO MOHAIMYECKOTO THUITA B COOTBETCTBHH C IIPUHIMIIOM
noacraHoBku bap6apsr JIuckos. B yacTHOCTH, MOXHO cO3aTh 06061EeHHbIE (PYHK-
uuM map () uchain (), kak ieMoHCcTpUpyeTCcs B AMcTHHTE 5.10.

Jinctunr 5.10. O6o6uwerHbie GyHKuMMU map () U chain () , npuroaHsie ana pabotol
€ No6bIM KOHTEeAHEepOM

// map :: (ObjectA -> ObjectB), Monad -> Monad[ObjectB]
const map = R.curry((f, container) => {

return container.map(f);
1) i

// chain :: (ObjectA -> ObjectB), Monad -> ObjectB
const chain = R.curry((f, container) => {
return container.chain(f);});

Hcnonb3ysa 3T ¢pyHKIMH, MOXKHO BHEJAPATb MOHAJAbI B COCTaBJIseMOE BbIpaxe-
Hue. BbinonHenne ucxoaHoro koxa u3 auctuHra 5.11 pact rakoit xke peayabrar,
KaK 1 BbINOJJHEHHE UCXOAHOTO KO/ M3 TMcTHHra 5.9. MoHa bl Hanpas/isioT NOTOK
JAQHHBIX U3 OJHOTO BBIPAKEHMS B JPYroe, M 1103TOMy TaKOi CTWIb 6€3TOYCYHOrO
IpPOrpaMMHMPOBAaHHSA MHAYE HA3BbIBACTCH Npozpammupyemsimu anamomu. B raHHOM
cJIy4ae 3aMsAThle CJIYKaT JUIsl Pa3ficJICHHs BbIPAKEHUH aHAIOTMYHO TOYKaM C 3amns-
TBIMH, MO TPAJULIMHU Pa3JeAIOUIMMHU onepaTopsl B koje JavaScript. Kpome Toro,
OMNepaTophl trace NO3BOJAIOT OTCAEKMUBATD MPOXOXAEHHUC MMOTOKA JaHHBIX YCpe3
onepauuu, a ofepaTopbl NPOTOKOJIMPOBAHUSA MOJE3HbI JJI OTIAJAKH.
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JiucTunr 5.11. MoHaab! kak nporpaMMupyemMbie 3anaTbie

const showStudent = R.compose (
R.tap(trace('Student added to HTML page'))
map (append (' #student-info')),
R.tap(trace('Student info converted to CSV')),
map (csv),
map (R.props(['ssn', 'firstname', 'lastname'])),
R.tap(trace('Record fetched successfully!')),
chain(findStudent),
R.tap(trace('Input was valid')),
chain(checkLengthSsn),
lift(cleanInput));

B pesysbraTe BhINOIHEHHA HCXOHOTO KOAA U3 IMCTUHTA 5.11 Ha KOHCO/b BBIBO-
AATCA CAEAyIoUMe COOOMEHUs:

Monad Example [TRACE] Input was valid:Either.Right(444444444)

Monad Example [TRACE] Record fetched successfully!:
Either.Right (Person [firstname: Alonzo| lastname: Church])

Monad Example [TRACE] Student converted to CSV:
Either.Right (444-44-4444,Alonzo, Church)

Monad Example [TRACE] Student added to HTML page: Either.Right (1)

TpaccmnpoBKa nporpamm

B AuctuHre 5.11 NOKa3aHO, HACKONBLKO NPOCTO OTCNEXUBATb GYHKLUMOHANbHLIN KOA,.
He yrny6naacb B Teno QyHKLMA, MOXKHO PasMeTUTb BCIO NPOrpaMmy onepaTopammu
TPAcCMPOBKM, BbINONHAEMbIMU A0 ¥ NOCAE BbI30BOB PYHKLMIMA, 4TO O4eHb YA0O6HO anA
NOMUCKa HEeNONAAO0K 1 OTNaakKu. Ecam Bbl Ta ke caman nporpamma 6bina HanucaHa 8
06bEKTHO-OPMEHTUPOBAHHOM CTUNE, A0OUTLCA aHANOrMYHOrO pesynbraTa He yAa-
NOCb 6bl, HE BHECA U3MEHEHHUA B OTAENbHble PYHKUUK, 3, BOSMOXKHO, M CHabaus nx
3NemMeHTaMM acCneKTHO-OPNMeHTUPOBAHHOrO NPOrpaMMUpPOBaHUA, YTO camo no cebe
Aeno Henpocroe. A PyHKUMOHANbHOE NPOrpaMMUpOBaHME NPEAOCTABAAET TaKylo
BO3MOXXHOCTb 6ecnnatHol

M, nakonel, cocTaBuM GJIOK-CXEMy BCETO MOTOKA BBINOJHEHUS PacCMaTpHUBa-
€MOil 3leCh IpOrpaMMmbl, YTOObI HaAMISAHO MOKa3aTh Ha pHc. 5.12 Bce, yTO B HeMH
NpPOMCXOAUT. A Ha puc. 5.13 nokasaHo noBeicHUE TOi )K€ CaMOii IpOrpaMMbl IIpH
HeyZa4yHoM 3aBepiieHuu ¢pynkuuu findStudent ().

Mo:kHO 11 cUMTaTh NporpamMMy showStudent HakoHe1-To 3aBepmeHHoi? He co-
BceM. Kak mosicHsU1och paHee npH 06CyXA€HHH MOHAbl THNA 10, UCXOAHDBIH KOJ,
OTBEYaIONINi 3a YTEHHE U 3aNMCh JAHHBIX B MoAean DOM, MoxeT 6bITh ycOBEPILIEH-
CTBOBaH CJIEAYIOWUM 06pa3om:

map (append (' #student-info')),
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SSN —> ; cleanlnput » {!SSN{!-—» B checkLengtthn LSSN} — a fmdStudent *

ﬁ append i <— | [Crpoxa) « csv ‘ <« [student

——————

Puc. 5.12. Mo3aTanHbIii NOTOK BbINONHEHUA Nporpammbl showStudent 8 TOM cnyyae, ecnm GyHKUMA
findStudent () ycnewHo HalaeT 06bEKT, NpeACTaBNAIOWMI yHaWerocs, No 3agaHHOMy HOMepy
coumanbHoro crpaxosaHua (SSN)

SSN—> B cleaninput » !SSN!J—» ' checkLengthSsn » {SSN}|—> . findStudent »

b o s

C———— e ———

Nponyckaetca Nponyckaerca
S o= [ Loft s R [ LEft mees
ﬁ append ﬂ <——~L {nun) |e— * v @ < (o) |
— Rl s T e— N— |
orElse T e
- errorLog 1

Puc. 5.13. M03TanHblit NOTOK BbINOAHEHUA TOI e Camou NPOrpammbi NPU HEYA3AYHOM 3aBepLLeHUU

¢yHKumMu £indStudent (), 4TO OKa3biBaeT BANAHUE HA OCTANIbHYIO YaCTb KOMNO3UUMK. He3aBUCMMO

OT xapakTepa c60n B Nnto6o0m mecTe KOHBeepa, NPOrpamma OCTaeTCA OTKAa30yCTOMUYUBOM, KOPPEKTHO
nponyckan Ntobble npoueaypbl, 3aBUCALLME OT AAHHbIX

Pynkuusa append () aBTOMAaTHY€CKH MOABEPraeTCA KapPHHIY, U IIO3TOMY OHA
BIIOJIHE TPMIroOJiHAa IS ONE€pUPOBaHUA MOHajioi Tuma I0. Jlns atoro mocrarou-
HO MOJHATDb 3HaY€HHE U3 PYHKIUHU CSV (), U3BJIEYb €ETO COAEPKHUMOE, NPUMCHHUB
(yHkumio npeo6pasosanus R.identity () k MoHase Tuna I0 Yyepe3 BLI3OB METOARA
I0.0f (), KaK NOKa3aHO HMIXKE, a 3aTEM CBA3aTb O6€ OnepalnM B LETIOYKY.
const 1iftIO = function (val) {

return I0.of(val);
}:

B utore paccmarpusaemas 3/1ech NporpaMma npuoGpeTeT OKOHYaTeIbHbII BI],
NIPUBEJEHHBIN B IMCTUHTE 5.12.

Nuctunr 5.12. OxoH4aTenbHblit BapuaHT NporpaMmMbl showStudent

const showStudent = R.compose (
map (append (' #student-info')),
liftIo,
map (csv),
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map(R.props(['ssn', 'firstname', 'lastname'])),
chain(findStudent),

chain(checkLengthSsn),

lift (cleanInput));

Bueapenne monazpl Tuna 10 no3BoJisieT A0GMThLCS BeCbMa NPUMEYaTeAbHbIX pe-
3ynbTaToB. Kak U c1e10Ba1o 0XHAATh, IPH BbI30OBE showStudent (Ssn) BbINOJHSAET-
€41 BCSA JIOTMKA IPOBEPKH OCTOBEPHOCTH U M3BJIEYEHHUSA 3aNKcH 06 yyameMcs. U kak
TOJIBKO BC€ 3TO Oy/IET CAe1aHO, MPOrpaMMa MepeiJIeT B PEXXHUM OXKH/IAHHUS BbIBOJA
3THUX JaHHbIX Ha 3KPaH. A MOCKOJIbKY OHH 3aK/II0UYE€HbI B MOHaAy TUMNA 10, TO HYXHO
BBI3BATb €€ METOA run () /Ui BbIBOJAA HA 3KPaH JIAHHBIX, KOTOPbIE 110 TPEGOBAHUIO
coJiepXKaTcs B Hell (T.e. B €€ 3aMbIKAaHHUH):

showStudent (studentId).run(); // -> 444-44-4444, Alonzo, Church

O6mmii maG10H B OTHOMEHHWH MOHA/IbI TUITA IO COCTOUT B TOM, YTOGBI pacnoso-
XHUTb HEYUCTYIO OTNEPAIHIO B KOHIIE KOMITIO3MIIMHA. JTO JaeT BO3MOXHOCTDb IHUCATh
[IPOrpaMMbl MOCTENIEHHO, BBINIOIHATD BCIO HEOGXOAHMYIO GHM3HEC-JIOTHKY M, HAKO-
HEll, IPC/IOCTABIATb MOHaJ/ie TUMNa 10 JaHHbIe KaK Ha GJIIOACYKE /Ul 3aBEPUICHHUs
3ajlaHus, €J1asi BCE 3TO AEKJIapaTHBHO M 6€3 no60o4HbIX 3¢dekToB.

YTOo6b! IPOAEMOHCTPUPOBATD, HACKOJIBKO (PYHKIIMOHATBHOE NMPOrPaMMHPOBa-
HHE YIPOIAaeT aHAIM3 HCXOJHOTO KOJIa, IPUBEAEM JUIsi CPAaBHEHHUA KBUBAICHTHYIO
HeyHKITMOHAIBHYIO BEPCHIO POrpaMmbl showStudent, IpMHOCS 3apaHee U3BHHe-
M€ 3a BOCKpellleHHe He BIOJIHE IPHIIAKHOTO KOJa:

function showStudent (ssn) {

if(ssn != null) ({
ssn = ssn.replace(/~\s*|\-|\s*$/g, ''):
if (ssn.length !== 9) {

throw new Error('Invalid Input');
}
let student = db.get(ssn);
if (student) {
document.querySelector ( " #${elementId} ) .innerHTML =
‘${student.ssn},
${student.firstname},
${student.lastname} *;
}
else {
throw new Error('Student not found!'):;

}
else {
throw new Error('Invalid SSN!');

H3-32 n10604nbIX 3¢pPeKTOB, OTCYTCTBUSA MOJYILHOCTH U UMIIEPATUBHOIO CIO-
co6a 06paboTKM OMHGOK TAaKyi0 NPOrpaMMy TPYAHO TECTUPOBATb M AKCILTyaTHPO-
BaTb. Ec/IM KoMNo3u1Ms ynpasasieT IOTOKOM BbINOJIHEHUA NIPOrPaMMBbI, TO MOHAJbI
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YIIPaBJISAIOT NOTOKOM JIaHHbIX. Ml 3TO caMble BaXXHbIE MOHATHUSA B SKOCUCTEME YHK-
LHMOHAJIbHOTO MPOrpaMMHUPOBAHHUS.

Jroi rasoit 3aBepmaercs yacthb Il anannoi kuuru. Ilpopa6otas maTepuai
3TOM 4acTH, Bbl CMOIIM NOIOJHUTb apCeHas CBOMX CPEACTB Pa3paboTKH BCEMM
NOHATUAMU M npuHnunamu P®I1, koTopblie TPedYIOTCA A NPUHATHUSA NTPaKTHYe-
CKMX pElIeHUH.

Pe3iome

M3 3T0¥1 m1aBbI Bbl Y3HAJIM Ccaeayloiee.

MexaHu3Mbl reHepUpPOBaHUsA UCKIIOYEHHH B OGBEKTHO-OPUEHTUPOBAHHOM
KOJIe CTAHOBATCA NPUYHHON NOSIBJIEHUS HEUMCTBIX QYHKIHI, BO3Iaralonmx
Ha BbI3bIBAOIIUI KOX HeMaloe 6peMs OTBETCTBEHHOCTH 3a 11PEOCTaBleHHE
HOAXOAAIEH JIOTUKH FeHEPUPOBAHUSA U IIEpeXBaTa UCKIIOUCHUH B 6J10Ke olle-
partopoB try-catch.

[la6s01 3aK1I0Y€HHUSA 3HAYEHHUH B OO0IOUKY CJIYKHUT LIS NIOJy4EHUs CBOGOI-
HOro OT No6oUHbIX 3(p(PEKTOB KOAA, I/Ie BO3MOXHbIE MOAU(HUKAIIMHM OXBauC-
HbI €JMHBIM CCbLIOYHO NPO3PaYHbIM MPOLECCOM.

PyHKTOPBI CJIYXAT 118 NIPUMEHEHUS (PYHKIHI IPe06pa3soBaHUs K KOHTCIHe-
paM (1in 060/1049KaM) C HEJbIO MOJYYHUTD OCTYIl U MOAMGPHLIHPOBATb OObEK-
Thbl 6€3 N0604HbBIX 3PPEKTOB U HEU3MEHAEMBIM CMIOCOOOM.

Monaab! ciayxaT B kKauecTBe npoekTHoro mab6iaona B PIT s ymenbmenus
CJIOKHOCTH MPUJIOKEHHH, OPraHn3ys U Hanpab/sas 6€30nacHblii NOTOK AaH-
HBIX Yepe3 PyHKIHH.

B 6€30TKa3HbIX M HAZEKHBIX KOMIIO3ULIMAX Y€ PeayIOTCS MOHA/IMUCCKUC THIIbI
Bpoae Maybe, Either n IO.






Pacwuperue
YHKYUUOHAALHBLX
HABBIKOB

yactax I, “YMenue mbicaute @yHkumoHaibHO”, u II, “Tlorpyxaemcs B ¢yHKIMO-
HIbHOE NPOrpaMMHpPOBaHME”, GbUIM NpeACTaBlIeHbl HHCTPYMEHTAIbHbIE CPEACTBA (PyHK-
LMOHAILHOTO NPOrPaMMHPOBAHHS, HEOGXOAMMBIE JUISl PEIICHUS NPaKTHYECKUX 3aja4. M3
MaTe€pHaia 3THUX YyacTel Bbl Y3HAJIH O HOBBIX METOJHMKAX H ITPOCKTHbIX mabJIoHax, npeaHa-
3HAYEHHBIX A1l YCTPAHEHHA MOGOUYHBIX 3(PPEKTOB U NO3BOJNAIOIMMUX CAENATh MPUKIAIHOH
KOJl MOZYJIbHBIM, PAaCIIMPAEMBIM M JIEFKO MOHMMaeMbiM. A B yactu III 6yaer nokasaHo, Kak
BOCII0JIb30BATHbCA MOJYYEHHBIMH 3HAHHUSIMH H HAaBbIKAMH VI pEIIE€HUSA 3a4a4 MOJAYJbHOro
TECTUPOBAHUSA UPHJIO)KCHHﬁ Ha]avaScript, ONTUMM3ALHH NIPHUKIAJHOrO KOJA 110 NPHHOMIIAaM
®I1 u npeooneHns TPYAHOCTEN O6PAGOTKH ACHHXPOHHBIX COOBITHI M JAHHBIX.

B m1aBe 6, “OTKa30yCTONYHMBOCTD NPUKIAJHOIO KOJa”, OCHOBHOE BHUMAaHUE yJie-
JIIETCS MOLYJIBHOMY TECTHPOBAaHMIO UMIIEPATHUBHBIX MPUIOKEHUI U PACKPbIBAIOTCA
HPHYHHBI, IO KOTOPbIM (QYHKIIMOHATIbHbIE IPHIOKEHHUS OKa3bIBAIOTCS MEHEE CIIOXK-
HBIMH U GoJiee yIOOHBIMH ISl TECTUPOBaHUs. JlocTukeHne CCbUIOYHOM npo3pay-
HOCTH TAKOKE IPUBOJUT K METOJHUKE aBTOMATHYECKOrO TECTUPOBAHMA, HA3bIBAEMOM
mecmupoearuem na ocnoge ceoticms (property-based testing).

B r1aBe 7, “OnTuMusanus pyHKIMOHAIBHOTO KOJa”, MCCJIEyeTC BHYTPEHHUHA
MeXaHH3M paGoThbl KOHTEKCTa QyHKIMI B JavaScript, a Takxke 06CyKAal0TCsA BONPO-
Chl IPOM3BOAUTENBHOCTH, KOTOPbIE NPUXOAUTCH IPUHUMATh BO BHUMAHME, IIPHMeE-
HAASl DTyOOKO BJIOXKEHHbIE 3aMbIKAHMS (PYHKLUMI U peKypcHIO. 31€eCh NpeACTaBJIeHbl
METOAMKH OTJIOKEHHOTO BbIYMC/ICHUS, 3alIOMMHAHUA ¥ ONTUMU3ALMH XBOCTOBBIX
BBI3OBOB.

Y, nakonel, B mase 8, “O6paboTka aCHHXPOHHBIX COOBITHI M IAHHBIX”, paccMa-
TPHMBAIOTCS MOHAJAMYECKHE TPOEKTHbIE MA6I0HDI, NPE/HAa3HAuYEHHbIE V151 60PLODI C
yBEJIMUYEHHMEM CJIOKHOCTH IPUIOKEHHUH. B yacTHOCTH, 31€Ch 06CyX JaeTcs pelieHue
ABYX 4aCTO BCTPeYalomMXcs B JavaScript 3aiay: aCHHXPOHHOTO H3BJI€YEHHUSA IaHHbIX
M3 cepBepa WM 6a3bl JAHHBIX C IOMOMbIO 06A3aTE/NbCTB (OOemaHmit), a TaKxe
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COKpalleHHUs TPAAMIIMOHHBIX OOPaTHBIX BbI3OBOB (DYHKIUI B YNIPaB/seMbIX COObI-

TUSIMU 1IPOI'PAMMax C ITOMOIIBIO PEAKTHBHOIO nojaxoja u 6ubanorckn RxJS.
IIpopa6oTas BeCh MaTepHall 3TOM KHUTHU, Bbl GyIeTe BOOPYKEHbI JOCTATOYHBIMU

3HAHUAMH, YTOOBI yCIIEUIHO NPUMEHATH MeToAMKH PIT B cBOE NpodeccroHaIbHOM

A€ATCIbHOCTH.



Omxa3oycmourusocms
NPUKAA0H020 K0Oa

B aTO# rnase...

B Bimsaxue GyHKIMOHAILHOTO NPOrPaMMUPOBAHUA HA TECTHPO-
BaHHE [POrpaMm

Briasienue TpyAHOCTEH B TECTUPOBAHNM UMIIEPATUBHOTO KOJIa

B Tectuposanue (PpyHKIMOHAIBHOTO Kojla cpeacTaMu QUnit

B HccnepoBanue BO3MOXHOCTEH TECTUPOBAHUSA HA OCHOBE
cBoiicts cpeactBamu JSCheck

B KonugecTBeHHAs OIEHKA CIOXKHOCTH IIPOrPaMM

cpencrBamu Blanket

Cocep xopouw, Koraa 3abop xopowmin.

M3 ctuxorBopenns “Mending Wall” (ITounHka cTeHbI)
Pobepma Ppocma (Robert Frost)

Mpurnamaem k yrenmo yactH I1I aToit kuuru. Unraa yactu I u 11, Be1, BEposaTHO,
06paTUIM BHUMaHME Ha LIEHTPAIbHYIO TEMY, IPOXOAALIYI0 KPACHOM HUTBIO Yepe3
BCIO KHUTY: (DYHKLIMOHAJIBHOE IIPOrPaMMHUPOBAaHUE YIIPOLIAET NOHUMAHHE, YTEHUE
Y COMPOBOX/EHHE NPHKIATHOrO KoJa. MOXXHO faxke CKa3aTh, YTO A€KIapaTUBHbII
XapaKTep NPHKJIAZHOTO KOJIa eJIaeT €ro CaMOAOKYMEHTH PYIOLIMMCS.

Htak, HarcaB PyHKIIMOHAIBHBIHN KO, HEOGXOAMMO yOeAUTHCS B €I0 paboTOCIIO-
co6HocTH. Ho Kak 106MTBCA, YTOGBI OH YIOBIETBOPSAJ TEXHUUECKMM TPEGOBAHUAM
3aka3yMkoB? EquHCTBEHHDIN cIOCO6 — HaMMCaTh KOJA, KOTOPbIN MOXHO IPOTECTH-
POBaTb Ha COOTBETCTBUE PE3YJIBTUPYIOIETO NOBEJEHHS 0)KHIAEMOMY. YMEHHE MbIC-
JUTb PYHKIMOHAIBHO OKAa3bIBAET MyOOKOE BIMSAHUE Ha NPUKIAJHOI KOA U HENo-
CPEeACTBEHHO Ha MOPARXOK Pa3paboTKH €ro TeCTOB.
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MonysibHbIE TECTbI CO3/IAIOTCS JJIS TOTO, YTOObI POBEPAEMDIN KOJ y1OBIETBO-
P TOCTAaHOBKE pelaeMoii 3asauu. OHH CTPOSAT Orpajibl BOKPYT BCEX BO3MOXHbIX
rPaHMYHBIX YCJIOBHIA, KOTOPbIE MOTYT BbI3BATb €ro c60ii. Ec/in y Bac uMeeTcs onbiT
HaIIMCaHUsl MOJYJIbHLIX TECTOB, TO BaM, BEPOSITHO, U3BECTHO, YTO TCCTUPOBAHUE
MMIIEPATUBHDIX IIPOrPaMM — AEJIO HENPOCTOE, OCOGEHHO B KPYIHbIX KOJOBBIX 6a-
3ax. M3-3a 10604HbIX 3¢p(PeKTOB UMIIEPATHBHBII KO/ IIOJIBCPXKCH ONIMOKAaM, BO3-
HHUKAIOMMM M3 JIOKHBIX NPCAIIOAOXKEHHH OTHOCUTENBHO MOGATBHOTO COCTOAHHUSA
CHCTEMbI. AHAJIOTHYHO OJTHH TECThI HEJIb3sl BHIMOJHATD HE3ABMCMMO OT JIPYIHX, KaK
3TO OGBIMHO TPebyeTcs, UTO 3aTPYAHAET BOZMOXHOCTb raPAaHTUPOBATDL MOCTOSTHHDIE
PC3yJIbTaThl HE3ABUCHMO OT NOPSAAKA, B KOTOPOM BBINIOJNHAIOTCA TecThl. M1 B 3TOM
COCTOMT, K COXJICHHUIO, IVIABHasA IPUYHHA, N0 KOTOPOH TECTUPOBAHHE HEPEAKO OT-
KJIa/IbIBACTCS JIO CAMOTO KOHIIA pa3pabOTKH, a 3a4acTyio ¥ BOOGHIE MPOMYCKAeTCs.

B 370l mape paccMaTpHBAIOTCA MPUYHHBI, IO KOTOPBIM (PYHKIIMOHATbHBII KOJ
110 ONPEJENIEHUIO OKA3bIBAETCA TECTUPYEMbIM, TOI/Ia KaK B OGOJIbHIMHCTBE JPYrux
napajurM porpaMMUpPOBaHMsA MPUKIAAHONW KOA MPHUXOAUTCA HAMEPEHHO JA€JIaTh
YAOOHbBIM /Ui TECTUPOBaHMsA. banbias yacTh HOPM nepesoBOii NPAaKTHKM, CBA3AH-
HBIX C HAJUIeXALUM TECTHPOBAHHUEM, B TOM YMCJIE yCTPAHEHHME BHEITHUX 3aBUCHMO-
CTeMH, JIOCTHKEHHUE NPOTHO3UPYEMOCTH (PYHKIMI M NPOYMe, COCTABAAIOT 6a3oBbie
IPMHIIMIIBI, TIOJIOXEHHbIE B OCHOBY (PYHKIIMOHAILHOTO NMPoeKTUpoBaHusa. Uucrele,
CChUIOYHO-TTPO3payHble QYHKUHU 061aJal0T STHM BHYTPEHHUM Kau€eCTBOM MO Onpe-
AEJIEHHIO U MPHUTOJHDI 1A Gojiee pa3BUTOH METOAMKH TECTUPOBaHMsA, HallpuMep,
Ha ocHoBe cBOMCTB. Ho npexae yem nepeiiTu k 0CO6€ HHOCTAM TECTUPOBaHUsA PyHK-
IMOHAITBHOTO KO/Ia, OCTAHOBUMCS HEMHOTO Ha Pa3bACHEHHH TOTO BJIMAHHA, KOTO-
poe ®IT okaspiBaeT Ha pasHble BUJAbI TECTOB M, B YACTHOCTH, HA MOJIY/IbHbIE TECThI
Kak Haubojiee NPOU3BOJAMTENbHBIE,

6.1. BansHme GyHKUMOHANBHOIO
NPorpamMmMupoBaHuUs Ha MOAYNbHbIE TECTbI

B o6mem, umerorcs cienyioumme BUAbI TECTOB: MOAYIbHBIE, KOMILUIEKCHbIE U [IPH-
cmounble. Ia puc. 6.1 npuBesena nupaMuaa BUAOB TCCTUPOBAHMS, HAMISHO JiC-
MOHCTpHpyomas pocT BausaHus I Ha npUKIaHOM KOA MO Mepe nepexoja OT IpH-
CMOYHBIX TE€CTOB (¢8£pxy) K MOXYIbHBIM (cHu3y). VI aTo BnosiHe oueBuaHOE BausiHUE,
nockoabky PIT — 370 Takasi napaaurma pa3paGoTKH NPOrpaMMHOTrO oGecnedYeHu,
Iie OCHOBHOE BHUMAaHHE yAeIA€TCA IPOEKTHPOBAHUIO PYHKIMI M MOAYJIe, @ TAKKe
HMHTETPalMM MX COCTABHBIX YaCTCH.

HecMoTps Ha BCIO BAXKHOCTb TECTUPOBAHMS 10 KPUTEPHUAM IIPUEMKH 110JIb30Ba-
TeJled B OTHOWEHUH BHENIHETO BU/IA, IPAKTUYHOCTH M BO3MOXHOCTEH HAaBUTAllUH B
BeG-TIPUIIOKEHHH OHO BCE-TAKH BBINIOJHAETCA OTCTPAHEHHO OT KO/, a CJIC/I0BATE b
HO, MQJIO WM COBCEM HMKAK HE CBA3aHO C (DyHKIIMOHAJIBbHBIM WIH UMIT€PAaTUBHBIM
CTWIEM HAIIMCAHMA NPOrPaMMbl. 3Ta 3a1a4a G0IblIe HOAXOANUT VIS CPEX ABTOMATH-
3aLMM TECTHPOBaHMA. UTO e KacaeTCs KOMIUIEKCHBIX TECTOB, TO, KaK GbLI0O MOKa-
3aHo B ase 4, “Ha 1yt K H0BTOpHO Mcnob3yeMoMmy, MOxyibHOMY koay”, PIT nepe-
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JlaeT KOMNO3HWLIMM YNPaBJI€HHE PAa3HbIMU KOMIIOHEHTaMM npuioxenus. [loaromy
4YaCcTh BPEMEHH, 3aTPAYMBAEMOT0 Ha KOMIUIEKCHbBIE TECThI, BO3MEMAETCS TONbKO 3a
cyeT NpuHATUA napagurmbl OI1.

OrcyrcrayeT: napaaurMa paspabor-
K1 NPOrpaMMHOro obecnedeHns

He 0Ka3bIBAET HUKAKOrO BAUAHUA

Ha NPUEMONHBIE TECTbI

Bnustue ®MN pacteTno | Hesnauutenshoe: O moxer
Mepe npubnuxenus paunMoHanu3npoBaTh UHTErpaumio \
K YPOBHIO MOAY/NbHbIX MOAyNei B NPUKNAAHOM Koae N

TecTos -—em em e em =m ms e SRR AR PRSI

3HauntenbHoe: O okasbiBaeT
3aMeTHOe BAIUAHUE Ha HUXHUEe
YPOBHU KOAOBOM 6a3bl

v

Puc. 6.1. ®N — 370 Takana napagurma pa3paboTku nporpammHoro obecneueHus, rae

OCHOBHOE BHWUMaHWe yaensetca pa3pabaTbiBaemomy Koay, U NO3TOMY OHa OKa3biBaeT

BNMAHUE B OCHOBHOM Ha MOAY/bHbIE TECTbl, B MANOW CTENEHN HA KOMMNEKCHbIE TECTbI U
NOYTK HUKAK Ha NPUEMOYHbIE TeCTbl

OcnoBHoe BHuManue B PII yrensercs HenocpeacTBeHHO PYHKUMAM — €IMHH-
11aM MOY/IbHOCTH IPUKJIAJTHOTO KO/Ia, 2 TAKXKE MX B3auMoaencTsuio. JL1a Bbinosnne-
HUA TECTOB B NPUMEpPAxX M3 3TOM KHUIY BbIOpPaHa pacnpocTpaHeHHas 6ubanoTeka
QUnit. YcTaHOBKa 6MGIMOTEK TECTUPOBAHMA 3/IECh He paccmaTpuBaeTcs. Ecau Bam
NPUXOJWIOCH PaHblll€ YCTAHABIMBATD J1I00YI0 GUGIMOTEKY MOYIbHOTO TECTUPOBA-
HHS, TO YCTAHOBUTD U IPUBECTH B JelicTBre 6ubmoreky QUnit He cocTaBuT i Bac
oco6oro Tpyaa. [Togpo6Hee 06 3TOM CM. B IPIWIOKEHHUH.

Huke nprBesieHa 31eMEHTapHaA CTPYKTypa OAMHOYHOTO MOXY/IbHOTO TECTA.
QUnit.test('Test Find Person', function(assert) ({

const ssn = '444-44-4444";
const p = findPerson(ssn);

assert.equal (p.ssn, ssn);
b

TecToBblit KOA 06bIYHO HaxoAUTCA B paiie JavaScript, He BXOJAIEM B COCTaB
OCHOBHOTO KOJIa IPWIOXEHMsA, HO UMIIOPTHPYIOIEM BCE TECTUPyeMble (PYHKIIMH.
BbInosIHMTL MOAY/IbHOE TECTUPOBAHME UMIIEPATUBHOI IIPOrpaMMbl KpaiHe TPYAHO
M3-3a No604HbIX 3¢ PexToB U MoaMPHKaIMii. PaccMOTpUM HEKOTOpBIE ysA3BUMbIE
CTOPOHBI TECTUPOBAHUA UMIIEPATHBHOIO KOJA.

6.2. TpyAHOCTU TECTUPOBAHUS UMNEPaTUBHbIX
nporpamm

MMIleaTHBHblC TECTbI CTPAAAIOT TEMH K€ HEAOCTATKAMH, YTO U ﬂMHepaTHBHbIﬁ
Koa. A ITOCKOJIbKY HMHepaTﬂBHblﬁ KO/ 3aBUCHUT OT IVIOGAJIBHOTO COCTOSIHUS H My-
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TalUii IPOrpaMMbl, a HE OT COAEPXKANIMXCA B HEM MOTOKAX AAHHBIX M CBA3aHHBIX
BBIYMCJIEHUAX, TO €ETO TECTUPOBAHHME NPEJCTABJIAET HACTOAIYIO TPyAHOCTD. ITpn
IIPOEKTHPOBAHMH MOJYJIbHbIX TECTOB C/IEAYET NPUAECPXKUBATHCA OFHOTO M3 NIABHBIX
NPHHLIMIIOB — U304A%UU. ITO O3HAYAET, YTO MOAY/IbHBIIM TECT JOKECH BbINOIHATBCS
Kak B BAKyyM€ HE3aBUCHUMO OT JIIOOBIX JPYrUX JAHHBIX WM OKPY>KAIOIHX €TI0 TECTOB.
Ho no6ounblie 3p¢exTsl B KOAE CEPbE3HO OrPAaHMYMBAIOT MPEAEbI, 10 KOTOPBIX
MOXHO TECTHPOBAThb (PYHKIIHMH.
TakuM 06pa3oM, UMNEpaTUBHBIN KOJ:

B c TPYAOM NOJAAETCS BbISIBJIECHHIO U pa36ueﬂmo Ha NpoCTbI€ 3aa4H;

8 3aBHCHMT OT OGLIMX PECYPCOB, KOTOPbIE AEJIAIOT PE3YJIBTaThl TECTOB HEMOCTO-
AHHBIMH;

] BbIHYK/JI€H BbIITIOJTHATBLCSA B IPEAONPEAECTIEHHOM ITOPSAKE.

PaccMOTpuM HEKOTOpBIE U3 NEPEYHCIEHHDIX BbIlIE TPYAHOCTEH TECTHPOBAHHUSA
HMIIEPaTUBHOTO KOJa 6oJjiee NOAPOGHO.

6.2.1. TpyaHoCTb BbiSBNIEHUA U pa3bueHua Ha NpocTbie 3aAa4u

MonayabHble TECTbl NPEeAHA3HAYEHbI IS TECTUPOBAaHMA HAaHMEHBIIMX 4YacTei
NpuioXeHusa. B npouexypHpIXx nporpaMmMax HaMHOTO TPYAHEE BBIABHUTb €0UHUL DL
MOOYABHOCMU U3-32 OTCYTCTBUS MHTYUTHBHOTO CNOco6a pa3bHEeHHs Ha 4acTH eau-
HOI MOHOJIMTHOM LIPOTPaMMbl, He MpeAHa3HaYe€HHON M3HAYAIbHO JUIS 3TOMH LeJH.
B 1anHOM ciyyae TakKMMM €IMHULIAMU ABJISIIOTCH @yHKYuu, MHKATICYIHpyolme 613-
HECIOTMKY. B KauecTBe npuMepa MOXXHO BCIIOMHUTDb UMIIEPAaTHBHYIO BEPCHIO IPO-
rpammbl showStudent, koTopas pacCMaTpMBaeTCs Ha NPOTXKEHUH BCEi 3TOM KHHU-
rd. YaauHas onpiTKa pa3ébuTh 3Ty NPOrpaMMy Ha COCTAaBHbIE YAaCTH NMpHUBeJEHA Ha
puc. 6.2.

Kak BuaMre, 1aHHas mporpaMma COCTOMT M3 TECHO CBSI3aHHOH BMecTe GH3Hec-
JIOTMKH, OTBEYAIOIIEH 32 pa3Hble aCMEKThbl NPOrpaMMbl U OObEIMHEHHOI B €/IHHYIO
MOHOJIUTHYIO pyHKuMIO. HO HET HMKAKMX pealbHbIX MPUYHMH CBA3bIBATb BMECTE
MPOBEPKY AOCTOBEPHOCTH JAHHBIX C U3BJIEYEHHEM 3alucei 00 yyamuxcst M Ko6as-
JIEHUEM 3J1eMEHTOB B Moziesib DOM. OHu f0/KHBI GbITh pa3feeHbl HA TECTUPYEMble
€IMHMI1bI GU3HECIOTMKH, COEAMHAEMBIE NIOCPEACTBOM KoMmno3umu. M, kak nosc-
HsUIOCD B riaBe 5, “IlpoekTHbIe m1a6I0HbI H CJIOKHOCTD”, IOTUKY 0OpaboTKH OIIHOOK
CieJlyeT BIHECTH B OT/JE/IbHbIE MOHAJIbl, CMIOCOGHBIE CIIPABUTBCS C OIUOKAMM.

MoHaabi 1 06paboTka oWn60K

B rnase 5 6bin NpeacTasneH pAg NPOEKTHbIX WABNOHOB, KOTOPbIE MOXKHO NPUMEHATL
Ans o6beanHEHUA U yaaneHua Koaa o6paboTku owKBOoK M3 OCHOBHBIX GYHKLMIA, CO-
XPaHAA B TO e BPEMA MX OTKA30yCTOMUMBOCTL. TaK, UCNONb3YA MOHAAb! TMNA Maybe
1 Either, MOXHO HanucaTb B 6€CTOYEYHOM CTUNE KOA, B KOTOPOM M3BECTHO, Kak
PacnpoCTpaHATL OWKOKU Yepe3 KOMMNOHEHTbI NPOrPamMMbl, NOAAEPIKUBAA B TO XKe
Bpems ee cnoCO6HOCTb pearnpoBaTh Ha A4eWCTBUA NONb3OBATENA.
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function showStudent(ssn) {
if(ssn !== null) {

ssn = ssn.replace(/” \s*|\-|\s*S/g, '');
if (ssn.length !== 9) { o ——————————

throw new Error(' Invalid input'); E ' :
} ) g Siabldiad

| var student = db.get(ssn); | [T
if (student !== null) {
var info =

‘${student.ssn},
${student.fir stname} ,
${student.las tname}" ;

document .querySelector ( \#${elementId} ") S A
.inne rHTML = info; { it Hid

return info;

}

else { —

| throw new Error('Student not found!'); | | E
) ol 2

}

else {

return null;

}
}

Puc. 6.2. PyHKLUMOHAIbHbIE YACTM MOHONUTHOM NPOrpaMmsbl Ha OcHoBe PyHKLUMKM showStudent ().
410661 YNPOCTUTL HANUCAHUE TECTOB, 3TU YACTU A0/MKHbI BbITb pa3buTbl Ha oTAeNbHbIE QYHKLWK, OT-
BeyYalowme 3a NPOBEPKY AOCTOBEPHOCTU AaHHbIX, BBOA-BbIBOA, M 06paboTKy ownboK

YT0o6b1 pacHIMPUThL PaMKH TECTHPOBAHMSA JAHHOI NPOrPaMMbl, NPHIETCA HAHTH
Cnoco6bI ee pa3bueHMs Ha C1a60 CBA3AHHBIE COCTABIAIONINE, OTAENAIOMME YUCTBIH
KO/ OT HeuucToro. HeuucTrlit kox ¢ TPyAOM 10Aa€TCS TECTUPOBAHMIO H3-32 MOG0OY-
HbIX 3 (PEKTOB, KOTOPbIE MOTYT BO3HMKATb NIPU YTEHHUH U 3AIIMCH JAHHBIX B TAKHUX
BHELIHMX pecypcax, kak Mojeab DOM win BHenHee XpaHWIHIIE.

6.2.2. 3aBuCUMOCTb OT 00LUX pecypcoB, NpUBOASALLAS
K HeNOCTOSIHHbIM pe3ynbTaTam

Kak nosicusiniocs B rmase 2, “CueHapuii BbICIIETrO NOPAAKA”, A3bIK JavaScript npe-
AOCTaBJIsAET HUUEM He CBA3aHHYIO CBOGOMY AOCTYTIA K IMIOGAIbHBIM OOMIMM JaHHbIM.
IMoaTomy 1 TeCTHPOBaHMSA NPOrpaMMm ¢ NOGOYHBIMH 3¢ dekTamu TpebyeTcs oco-
6as OCTOPOXHOCTb ¥ AMCLUMILIMHA, NOCKOJIbKY pa3paGoTYMK OTBEYAET 3a yIpaBJie-
HHUE COCTOSIHUEM, CBA3AHHBIM C TECTHPYEMOit PyHkiue. CIMIIKOM 4acTO 1IPUXO-
AUTCSA HAGMOAATD, KaK JOGaBJIeHHE HOBOrO TECTa B paGouMii TecToBbIi HaGop Npu-
BOJUT K HEYMbIIIUIEHHOMY HENPOXOX/JEHHIO JIPYTHX, HE CBA3AHHDbIX C HUM TECTOB.
H o6bsAcHAETCA 3TO TEM, YTO TECThI JOIKHBI GbITh CAMOJOCTATOYHBIMHM WIH HE3a-
BHCHMBIMM OT BCETO OCTAIBHOTO, YTOObI CTaTh HAEXKHBIMHU. ITO O3HAYAET, YTO KaX-
Ablif MOZYJIbHBIH TECT, MO CYLIECTBY, BHIMOJIHAETCA B CBOEH “NECOYHHUIE”, OCTABAA
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CHUCTEMY B TOM )K€ COCTOSIHUH, B KAKOM OHa HaXOAMWJIACh A0 €ro BbinoHeHus. Tectsl,
Hapylaomue 3To NpaBWwiIo, HUKOTAA HE CMOTYT AaBaTh OAMHAKOBbBIE PE3Y/IbTAThI.

O6paTuMmcs Uit WIIIOCTPALIMHU K IPOCTOMY IPUMEPY YIIOMHMHaBLIEHCs paHee UM-
nepaTUBHOM BepcHH PYHKIMM increment ():

var counter = 0; // (rjoBajibHas nepeMeHHas)

function increment () {
return t++counter;

YT06b!1 yGEAUTHCS B TOM, YTO YHCJIO HHKPEMEHTHPYETCS OT 0 10 1, MOXHO Hallu-
caTh NPOCTOM MOAY/IbHbIH TecT. [ToydeHHbII pe3yasTaT JOKEH OCTAaBaThC HEU3-
MEHHBIM, CKOJIbKO 6bI pa3 (1 win 100) Hu BeimonHsicsa Tect. Ho aToro He npoucxo-
AT, TOCKOJIbKY TECTUPyeMas QPYHKIUA YUTAET U MOAM(HUIIUPYET BHELIIHHE JaHHbIE
(puc. 6.3).

QUnit. test ("Increment with zero", function (assert) {
assert.equal (increment (), 1)
Nosropexne by \/
OAHOro U Toro pu—
Xe Tecta QUnit.test("Increment with zero (again)", function (assert) {

assert .equal (increment (),
})i:

1)

X

Puc. 6.3. NosTopeHne MOAYyNbHOTO TeCTa UMNEePaTUBHOMN Bepcun GyHKLUMKM increment () HeBO3-
MOXHO U3-3a TOrO, YTO OHa 3aBUCUT OT BHELUHE! NepemMeHHOIt counter

Tect He MPOXOAUT yXke Ha BTOPOiIl UTEPAIMH, NMOCKOJIbKY Ha NE€PBOif UTEepaLUH
3HaueHHEe BHEIIHEN NNepeMEHHOM counter GbUIO U3MEHEHO Ha 1, BBITECHHUB IMIOGAIb-
HBI KOHTEKCT /UIsi BTOPOTO BbINOJIHEHUSA TOTO € CaMOro KOJa, a CJIeJOBAaTeJbHO,
3a[aHHOE B HEM YTBEPXKAECHHE HE MOATBEPXKAAETCA. AHATOrMYHO (PYHKIIUH C TOGOY-
HbIMM 3(pPEKTaMU 1I0ABEPKEHDI OMMGKAM, O0YCIOBJIEHHBIM NIOPSAKOM HX BbIYHCIIE-
Hus. [Toxpo6Hee 06 3TOM peun noitaeT naiee.

6.2.3. NpeponpeaeneHHbi NOPAAOK BLIYUCNECHUS

AHaNOTMYHO NMOCTOSAHCTBY PE3Y/ILTATOB, MOAY/IbHBIE TECTBI HOJKHBI GbITh KOMMY-
MaAMUEHHLMU. ITO O3HAYAET, YTO U3MEHECHHE MOPAAKA UX BBINIOJHEHHUS HE JOJKHO
OKa3bIBaThb BIMAHMA Ha [TOyYaeMble pe3yabraThl. [To TeM xke caMbIM IpUYMHAM, YTO
Y npexJ/ie, JaHHbIH IPHHIMN He co6/I01aeTca B HEYUCThIX PyHKkuusax. B kayectse
06XOHOTO MpHeEMa B TAKMX GMGJIMOTEKAaX MOAY/IBHOIO TeCTUpPOBaHMs, kak QUnit,
MPEJOCTAB/SAIOTCA TOTOBbIE MEXAHU3Mbl Uil YCTAHOBKM M OYHMCTKH IIOGAIBHOM
cpeabl npoBenenus TectoB. Ho ucxoansie naHHbIE U1 OJHOrO TE€CTa MOTYT COBEp-
HIEHHO OT/JIMYaTbCH OT APYroro, U MO3TOMy BHayajle KaXAOro TeCTa MPUXOAUTCA
3aJaBaTh COOTBETCTBYIOUIHE NPEAYCAOBHSA. ITO MOJAPAa3yMEBAET TAKXKE Ballly OTBET-
CTBEHHOCTD 3a BbISIBJIEHHE BCEX MOGOYHDBIX 3¢ PeKTOB (BHEIIHHUX 3aBUCHMOCTENH)
MPOBEPAEMOro KO/AA B KaXK/JIOM TECTeE.
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B xauecTBe npuMepa pacCMOTPHUM CO3JJaHHE NPOCTbIX TECTOB, OXBATbIBAIOIINX
¢yHkumio increment (), YTOGbI MPOBEPUTb C MX MOMOIUIBIO €€ MOBEAEHUE OT-
HOCHMTEJIbHO OTPHMLATENbHBIX, HYJIEBbIX M MOJIOXKHMTENbHBIX YHCJIOBBIX 3HaYEHUMH
(puc. 6.4). Ipu neppoii noneiTke (cresa) Bce TecThl NpoxoasaT. Ho grocrarouno us-
MEHMTb NOPSAJIOK UX BBITOJHEHHUA (cnpasa), He BHOCA HUKAKUX JOMOJHUTEIbHBIX
M3MEeHEeHHUH, YToGbl BTOpOii TecT He npomen. M o6biAcHAETCs 3TO TeM, YTO TECTbl
¢ N0604HbIMU 3(p(PEKTaMH BLINOJIHAIOTCA HA OCHOBAaHUM TOTO, YTO OKpYyXaloliee
MX COCTOSIHME YCTaHABJIMBAETCH COOTBETCTBYIOMIMM 06pa3oM.

MNpeaycnosus
peny N

yd
QUnit.test ("Increment with zero", QUnit™Ngst ("Increment with negative",
function (assert) { unction (assert) {
assert.equal (increment (), / counter = -10;
b assert.equal (increment (), -9)
7 i /
QUnit.test("Increment wj negative",
function sert) { QUnit.test ("Increment with zero",
counter = -10; function (assert) {
assert.equal (increment (), -9) / assert.equal (increment (), 1) X
)i b /
- . — Npoctan , < —
QUnit.test ("Increment with positive", QUnit.test ("Incre t with positive",
function (assert) { nepecra- 1on (assert) {
counter = 10; HOBKa 10;
assert.equal (increment (), 11) / t.equal (increment (), 11) /
}): >

HeBepHoe npeanonoxexne 0 NPeAWecTsyIoLEeM COCTORHUM NPUBOAUT K HENPOXOXAEHUIO TECTOB

Puc. 6.4. loxHoe npeanonoxexune o rnobanbHOM COCTOAHWUM CUCTEMbI NPUBOAUT K TOMY, YTO Aaxe

NPOCTOM TeCT He NPOXoauT. Kak NoKasaHO Ha PUCYHKE Cs1e8a, BCE TECTbI BbINOMHAIOTCA UAEANbHO,

NOCKONbKY Nepen BbINOAHEHUEM KaXA0TO U3 HUX COOTBETCTBEHHO NOATOTOB/IEHO OKpYKatouiee ero

cocronnue. Ho CTOUT U3MeHUTb NOPAAOK BLINONHEHUA TeCToBs (crpasa), u Bce Npeanonoexus ob
OKPYKaloLWeMm UX COCTOAHWM ByayT HapyweHbl

Kax caeayer aaxe M3 Takoro npocToro npUMepa, /i MoMNbITaTbhCA YCIEMHO Bbl-
NOJIHUTh HECKOJIBKO MOAY/IbHBIX TECTOB KOHKPETHOH (PYHKUHH, MaHHITYJIUPYS [J10-
GaIbHBIM KOHTEKCTOM B KQX/JIOM TECTE, TO HET HUKAKOM raPaHTUH, YTO OHM MPOHAYT
1ocjie U3MEHEHHSA MOPAAKA UX BbINOJHEHUA. JIOCTATOYHO XOTA 6b1 HEMHOIO M3Me-
HHUTD 3TOT NOPAAOK, YTOGBI BCE yTBEPXKICHUS B TECTAX OKA3aTMCh HEJOCTOBEPHBIMU.

YMeHHe MBICIUTh (PYHKIIMOHAIBLHO IIOMOTAET M MPH CO3JIaHUU HAJIEXHDIX TECTO-
BbIX HaGopos. M ecin npuKIagHO#H KO HanucaH B PyHKIIMOHAJIbHOM CTHUJIE, TO I10-
ROGHas HAIEXKHOCTD JOCTUTAETCs ABTOMATHYECKU. BMECTO TOro 4To6b1 6€3HaAEKHO
noAroHsTs npunnunel I nox TecToBbIit KO, HE JTydllle 1M HAMUCATD €ro B pyHk-
LMOHAJIBHOM CTHJIE H3HAYAJIbHO, BO3MECTHB 3aTPa4€HHOE BPEMsl Ha CTaJluU TECTH-
poBanus? PaccMorpuM saiee npermymecTsa yHKIHMOHATLHOTO KOAA B OTHOIEHUH
TECTUPOBAHMUS.
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6.3. TectupoBanue GpyHKUMOHANBHOIO KOAA

HesaBucuMO OT TOrO, TECTUPYETCA JIU UMIIEPATHBHBIN WM (PYHKIIMOHAIBHBIN
KOJ, MHOTHE HOPMbI NEPeJ0BOH NPAKTUKHU Pa3pabOTKH MOJYJIbHBIX TECTOB, B TOM
YHUCJI€ U30JSILMS, HPOrHO3UPYEMOCTb U NOBTOPAEMOCTD, PaClIPOCTPAHAIOTCA U Ha
PI1. A nockoNbKy B KayK10H PYyHKIMH ICHO ONPEJEJISIOTCS BCE €€ BXOJHbIE [1apaMe-
TPbl, TO COBCEM HE TPYAHO 33/1aTh Pa3/IMYHblE€ rPaHUYHbDIE YCJIOBHSA VIS THIATEAbHON
ITPOBEPKH BCEX ITyTEH BbIMOIHEHHA TPUKIAAHOIO KO/a. UTo ke kacaeTcsi NOGOUHbIX
3(PCKTOB, TO HAIIOMHUM, YTO BCE (PYHKIUH ONPEIE/SAIOTCS ICHO U IPOCTO, A BECh
YHCTBII KOJ MOXET ObITh HAZEXKHO 3aKJIIOYEH B MOHAbI.

Kpowme Toro, HeuncroTa, 06HapyXMBalONasACcsi B KOHCTPYKLUHUAX PYy4HOI OpraHu-
3aUMH LUKJIOB, YCTPAHAETCS MyTEM NepesayuM yIpaBieHHs onepauMsamM 6osiee Bbl-
COKOTO II0psiika BpoAe map, reduce, filter u pekypcuM, a Takke GHOIMOTEKAM,
CBOGOAHBIM OT N0604HbIX 3¢p¢ekToB. Takne METOAMKHM M NPOEKTHbIEC HIAGIOHbI
no3Bo/A1I0T 3 (PEKTHBHO a6CTParMpoBaTh CJI0XKHOCTb IPUKIAJHOTO KOJA, YTOObI
TECTHPOBATH ero 60J1ee NPOAYKTUBHO, 3a60TSCh JIMIID O CAMbIX INIABHBIX YaCTSX OM3-
Hec-JorukM. B aTom pasjiesne o6cyxaaloTcs peMmMyniecTsa TeCTUPOBaHUS (PYHKIIHO-
HaJIbHOTO KOJa, B TOM UM CJI€ CeAyIoIHeE.

B Hurtepnperanus QyHKIMY KaK “4€PHOro AMIMKA™.

B CocpeoTo4YeHHC OCHOBHOIO BHUMaHHs Ha GM3HeC-JIOTHKE, a HE Ha MOTOKe
yrpaBJieHHs IPOT'PaMMOIi.

] ()TJICJICHHC YHCTOTO KO/JIa OT HEYHUCTOrO InyTcCM MOHA/IHIE€CKOI'O H30JIHPO-
BAHUJ.

B ViMuTanus BHEUIHHUX 3aBUCUMOCTEM.

6.3.1. UnTepnpetaumns GyHKLUM KaK “4yepHOro awmka”

PynkimoHalbHOE NPOrpaMMHUPOBaHHMeE NOGYXKIAET K HAITMCAHUIO HE3aBHCHUMBbIX
(yHKIMIA, TIe M3BECTHO, KaK 06pabaThIBaTh BXO/IHBIC JIAHHBIE B €100 CBA3aHHOM
MaHepe M He3aBHCHMO OT OCTaIbHOM YacTH npuioxeHus. Takue ¢pyHKIMH He Bbl-
3bIBAIOT NOGOUHBIX 3¢ PEKTOB ¥ COOMIONAIOT CCHUIOYHYIO TPO3PaYHOCTb, U IO3TOMY
MX TECTbI NOJYYalOTCA BIIOJHE IPOTHO3UPYEMBIMH, @ PE3YIBTaThl — OJMHAKOBBIMH,
CKOJIbKO Gbl pa3 M B KAKOM Obl NMOPAJKE OHU HU BBIMOJHAMINCH. ITO Aa€T BO3IMOX-
HOCTb MHTEPIIPETHPOBATh (PYHKIUIO KaK “4epHbIH AIMK’, yAeAsd OCHOBHOE BHU-
MaHHE TOJbKO BXOAHBIM JaHHBIM, OT KOTOPbIX 3aBHUCAT COOTBETCTBYIOUIHE BBIXOA-
Hple faHHble. Hanpumep, 1ia rectuposanus ¢pynkuum showStudent () Tpebyercs
HPWIOXHUTD CTOJIKO X€ YCWIMH, CKOJIBKO M Ul TECTUPOBaHUS (PyHKIIMOHAIBHOM
BepcHM QYHKIMM increment (), npuBeaeHHO# Ha puc. 6.5.

Kak ynomuHanocs B imase 1, “OcHoBbI PyHKIHMOHAIBHOTO IIPOrPaMMHUPOBaHus’”,
ABHOE OOBbABJIEHME BCEX MAPaMeTPOB YHKIIMH B CUTHAType Jes1aeT ee 6onee yno6-
HOI U1 HAaCTPOHKH. bilarosapsi 3ToMy 3HAUMTENIbHO YNPOMIAETCA TECTUPOBAaHUE
¢ysknuu. Beap B MOMEHT NpPeROCTaBICHUS HaIEXKAIUX APTYMEHTOB HUYEro HeE
CKPBIBAETCS OT BBI3bIBAIONIETO KOJQ, TIE HETPYAHO MPEAIIOIOKUTD, UCTO CAERYeT
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0XWJaTh OT BbI3biBacMoi ¢yHkumun. Kak npasuio, B npocTbix GyHKIMAX OObABIIS-
IOTCAl OJIMH WIH /IBa [TapaMeTpa, a 3aT€M M3 HUX ITyTeM KOMIIO3ULIMH COCTABAAIOTCA
60Jiee CI0XKHbIE PYHKIIMM.

QUnit.test ("Increment with zero", QUnit.test ("Increment with ten",
function (assert) { function (assert) {
assert.equal (increment (0), 1) / assert.equal (increment (10), 11) /
i }):
QUnit.test ("Increment with zero (again)", lalnit.test("lncrement with zero",
function (assert) { function (assert) {
assert.equal (increment (0), 1) / assert.equal (increment(0), 1) /
b 1
QUnit.test ("Increment with ten", QUnit.test ("Increment with negative one",
function (assert) { function (assert) {
assert.equal (increment (10), 11) / assert.equal (increment (-1), 0) J
1) 1)
QUnit.test ("Increment with negative one", QUnit.test ("Increment with zero (again)",
function (assert) { function (assert) {
assert.equal (increment (-1), 0) J assert.equal (increment (0), 1) /
}): i

MoryT 6biTb BLINONHEHL B MOGOM Nopsake

Puc. 6.5. Tectbl yHKLUUOHANLHOW Bepcun PyHKUUM increment () MOXXHO NOBTOPATL U BLINO/HATL
8 N11060M NOpsAKe, HEM3MEHHO NONYYas OAUHAKOBbLIE Pe3yNbLTaThl

6.3.2. CocpepoToyeHne OCHOBHOro BHUMaHus Ha 6usHec-noruke,
a He Ha NOTOKe ynpasneHus NporpamMmmon

Tema nexomnosunmu (WM pa3éueHus) 3aJa4 Ha NPOCTbl€ PYHKIHUU MPOXOANUT
KpacHOH HUTBIO uyepe3 BCIo 3Ty KHUry. Kak ymomMuHanocs B maBse 1, npy HanvcaHuu
(pyHKIIMOHAIBHOTO KOA 6 AVIBIIYIO YAaCTh BPEMEHH TPUXOAUTCA YAENATb Pa3OMEHHIO
peuraeMoii 3a/1aun Ha GoJiee MeJIKHE 4acTH, YTO CaMo 1o cebGe HENpPOCTo, a OCTAIb-
HYIO 4aCTbh BPEMEHH — Ha UX coefiuHeHHe BMecTe. [IpaBaa, Takue 6MGIMOTEKH, KaK
Lodash u Ramda, BocnosHsioT ¢pyHKIMOHANbHBIE NPOGebl B JavaScript, npeno-
CTaB/sAsA TOYKH COEAMHEHUS C MOMOIbIo pyHKIMIT Bpoae curry () u compose ().
bnaronapa xom6uHaTopaM ¢yHKIMii, ynoMmuHaBmIMMCA B pasznene 4.6, spems,
NpeBapUTENbHO 3aTPaY€HHOE HAa IIPOEKTHPOBAHUE U JEKOMIIO3HUILIMIO pelaeMoi
3aJayy, BO3MEIAETCA Ha CTAAHMM TECTUPOBaHMUsA. A Ha pa3paboTUMKa BO3JIaraeTcs
€/IMHCTBEHHAS OTBETCTBEHHOCTb — MPOTECTUPOBATh OTAENbHbBIE PYHKIIUH, COCTAB-
JISI0LIME OCHOBHYIO JIOTUKY pa3dpaGaTbiBaeMoii mporpamMmbl. B kauecTse npume-
pa HaYHEM C HAaMMCaHUA PAJA TECTOB A (PYHKIHMOHAIbHOK BEPCHH ITPOTrPaMMbl
computeAverageGrade. Ee ncxoaHslii Koj elie pa3 NpMBOAMTCS /LIl HATOMUHAHUA
B IMCTHHTE 6.1.

Jiuctunr 6.1. TecTpoBaHue nporpaMMbi computeAverageGrade

const fork = (join, funcl, func2) => {
return (val) => {
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return join(funcl(val), func2(val))
}i

const toLetterGrade = (grade) => {
if (grade >= 90) return 'A';
if (grade >= 80) return 'B';
if (grade >= 70) return 'C';
if (grade >= 60) return 'D';
return 'F';

const computeAverageGrade =
R.compose (toLetterGrade, fork (R.divide, R.sum, R.length)):;
QUnit.test ('Compute Average Grade', function(assert) {

assert.equal (computeAverageGrade([80, 90, 100]), 'A");
P

B xaHHO#1 nporpaMme NPHUMEHAETCS HEMAIO NMPOCTBIX (PYHKIHUIA, B TOM 4YuUCIEe
¢ynkumun R.divide (), R.sum() u R.length() u3 6mbinorekn Ramda B couera-
HHUH CO CHelUaJibHbIM KOMOMHATOpOoM fork (), pe3y/sbTaT BbINOJHEHHS KOTOPOro
ob6beanuseTcs ¢ pyHKuuei toLletterGrade (). @yHkuun, npeaocTapisiemMbie B 6u-
6inoTtexke Ramda, yxe TimareibHO npoBepeHbl U He TPEOYIOT AONOIHUTENBHOTO Te-
ctupoBaHusA. OCTaeTcs JIMIIb HAMTHCATh CJIeAyIOMMi MOAYIbHBIA TeCT WA QyHKIUH
toLetterGrade():

QUnit.test ('Compute Average Grade:
toLetterGrade', function (assert) {

assert.equal (toLetterGrade (90), 'A');
assert.equal (toLetterGrade (200),'A');
assert.equal (toLetterGrade (80), 'B');
assert.equal (toLetterGrade(89), 'B');
assert.equal (toLetterGrade(70), 'C');
assert.equal (toLetterGrade (60), 'D'):;
assert.equal (toLetterGrade(59), 'F');
assert.equal (toLetterGrade (-10),'F');
})y:

Pynkums toLetterGrade () ABAAETCA YUCTOM, U TO3TOMY €€ MOXKHO BbITIOJIHSATD
HECKOJIBKO Pa3 AJisl Pa3HbIX BXOAHBIX JAHHBIX C I€JbI0 TECTUPOBAHUSA MHOIHUX €€
rpaHu4HbIX ycaoBuii. Kpome Toro, fanHas QyHKIMS ABISETCA CChUIOYHO NPO3pay-
HOM, YTO Aa€T BO3MOXHOCTb H3MEHHTD MOPAAOK BbIIIOJHEHHS KOHTPOJIbHBIX IPH-
MEPOB B PacCMaTPHBAaEMOM 3/IECh TECTE, HE U3MEHAA ero pesyasrar. Jlanee Gyaet
MPOJEMOHCTPUPOBAH aBTOMaTU3UPOBaHHbI# c110cO6 (POPMHPOBAHMS HA/LIEKAIMX
06pa3IOBbIX BXOAHBIX JAHHbIX, a IO TEX IOP 3TO GyAET AeNaThCsA BPYUHYIO, YTOObI
BBIICHUTD, IPaBHJIBHO JM QYHKIUsA 06pabaThIBaeT MOJHbIH HAGOp BXOAHBIX AaH-
HbIX. MITak, 1poTecTHpoBaB OTAE/IbHbIE YaCTH JAHHOH NPOrpaMMbl, MOXHO C yBe-
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PEHHOCTBIO NPEANOI0XKHTD, YTO IIPOrPaMMa B 1€JIOM PaboTOCNIOCO6HA, MOCKOJIbKY
B €€ OCHOBE JIEXAT KOMIIO3ULIMSA H KOMOMHATOPbI QYHKIMH.

A uro xe xom6uHaTop fork () ? KombunaTops! ¢yHkumii He TpebyloT oco6oro
TECTUPOBAHMS, IOCKOJIbKY OHH HE COJEPKAT HUKAKON OGM3HEC-JIOTMKH, KpOME Opra-
HU3aLMH BbI3OBOB (PYHKIIMIA B IPOTOKE yIpaBieHUsa npwioxenneM. Kak ynomuna-
Jock B paszienie 4.6, komOMHaTOpPBI PyHKLMI yIOGHBI VISl TOACTAHOBKH CTaH/IAPTHBIX
3JIEMEHTOB YN PaB/AOUIEH JIOTHKY BPOJE YC/IOBHBIX onepaTopoB i f-else (cMeHa no-
PALKA BBINOJHEHHS) U ONIEPATOPOB LUKJIOB (I10C/I€0BATENbHOCTD BBINOJHEHU).

B HekoTOphIX 6MO6AMOTEKAX peainM30BaHbl FOTOBble KOMOMHATOPBI Bpoje
R.tap (). Ho ecam npumensioTca cnenyaibHble KOMOMHaTOpbI Hanogo6ue fork (),
TO MX MOXHO IIPOTECTUPOBATh HE3ABMCHUMO OT OCTAJIbHOM YaCTH NPHIOKEHHUS U OT-
AEJNbHO OT GM3HEC-IOTMKH. Pajy NOJHOTHI M3/I0XKEHUA MaTepUaia HUXeE 1IPUBEJICH
KpaTKH# TecT koMOMHaTopa fork (), HamIAAHO AEMOHCTPUPYIOILUH €1lle OJUH yAay-
HbIi NpuMep npuMeHeHUs PyHKIMHU R.identity ().

QUnit.test('Functional Combinator: fork', function (assert) {

const timesTwo = fork((x) => x + x, R.identity, R.identity);
assert.equal (timesTwo (1), 2);
assert.equal (timesTwo (2), 4);

}):

CrenyeT euie pa3 noA4e pKHyThb, YTO KOMOMHATOPbI JOCTATOYHO NPOTECTHPOBATh
C MOMOIIbIO TPOCTOM (PYHKIMH, OCKOJIbKY OHY COBEPIIEHHO HE 3aBHUCAT OT NpPELo-
CTaBJIAAEMbIX apryMeHTOB. biarogaps npumMeHeHUIO PyHKIIMOHAIbHBIX 6MGIHOTEK,
KOMITIO3UIIMM ¥ KOMOMHATOpPOB (PyHKIMIT pa3paGoTKa U TECTUPOBAaHHE NMPOrpaMM
3aMeTHO ynpomaeTcs. Ho f1e10 MoXeT cylecTBEHHO YCJIOXHHUTBCSA M3-3a HEUUCTOIO
MOBE/IEHUA.

6.3.3. OTaenexnue YNCTOro KOAa OT HEYUCTOro
nyTeM MOHaZM4eckoro H3oNUpoBaHNs

Kak nosicHs10Ch B Ipe bl AylIMX IIaBaX, 60JIbIIHHCTBO IPOrPaMM COCTOHT M3 YH-
CTbIX M HEYUCTBIX YacTel. Ml 3To 0co6eHHO cripaBeUIMBO VISl KIMEHTCKHUX IPHIOXKe-
HUH Ha JavaScript, 110CKOJIbKY 3TOT S3bIK NpeHa3sHa4Y€eH /I OPraHU3aliy B3auMo-
AericTBusA ¢ Moaenbio DOM. TpeboBaHus 11s cepBEPHBIX 1IPWIOKEHHH HECKOJIBKO
OTJIMYAIOTCA M BKIIOYAIOT B ce0sl, HAlIlpUMep, YTeHHe U3 6Ga3bl JaHHBIX WK daiina.
PaHee noscHsI0Ch, KaK N0OJIb30BATbCS KOMIIO3MIIHMEH U1l OObEAMHEHMS YUCThIX U
HEYHUCTBIX PyHKIMH, oOpasyomux nporpammel. Ho u nocne aToro onun ocraorcs
HeuMCcThIMU. UTOOBI JOOGMTbCA GosblIeH MX YMCTOTHI B OTHOMIEHHMH CChLIOYHOM
NIPO3Pa4yHOCTH, AECKIAPaTUBHOCTH U NPOCTOThI IOHMMAHMS B IPMBEJEHHBIX paHee
NpUMepax NnpuMeHsaIach MoHaaa Tuna 10. Ilomumo MoHaas! Tvna 10, aia obecrie-
4yeHHs1 6e30MacHOro Croco6a BbINOJHEHUS IPOrPaMM, NMO-NPEKHEMY pearMpyloiux
Ha c60itHOe cobbITHE, B 3THX IPHMEPaX NPHMMEHSUIMCh TAKXKe MOHa/Ibl THIIA Maybe 1
Either. Bce atu meToauku u cpeacrsa PI1 103poJisI0T KOHTPOJIHMPOBATb GONIbLIMH-
¢TBO no6ouHbIX 3ppekToB. Ho ecsin B npuiiagHom koace JavaScript norpebyercs
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HIPOYMTATh U 3aNMCaTh JaHHbIe B Mojeian DOM, To kak rapaHTHPOBaTh, YTO TECThI
OCTAHYTCA NO-NIPEXHEMY H30JIHPOBAHHBIMH U l'IOBTOpﬂeMbIMH?

HanoMuuM, 94TO B MMNepaTHBHON Bepcuu NporpamMMmbl showStudent He npea-
IMPHUHUMAETCSE HUKAKHX ITONBbITOK OTAENAUTDb €€ HEYHUCThIE YaCTH. Bce onn nepeme-
IaHbl, U TIO3TOMY OHa OY/ICT BBITIOJIHATBCSA KaK €THHOE LEJIOE B KAXKIOM OYEPEAHOM
Tecte. Ho Beap 31O coBepmieHHO He3(pPEKTUBHO U HENMPOAYKTUBHO, MOCKOJIbKY
HPOTrpaMMy NPUXOAHUTCA KAXK/bIH Pa3 BbINIOJIHSATD [IOJTHOCTBIO, JIAXKe €CJIN TpebyeTcs
NMPOBEPHUTDb, HAIIPUMEDP, YTO BbI3OB QJyHKuHH db.get (ssn) npaBWIBLHO BBINIOJIHS-
€TCSA C Pa3HbPIMH COYETAHHSAMH HOMEPOB COLHAUIBHOTO CTPAXOBAHUS. Eme oauH He-
JIOCTATOK TAKOTO IMOAX0/a 3aK/II0YAETCA B TOM, YTO IPOrPaMMy HEJIb3si THATEJbHO
IIPOTECTUPOBATD, MOCKOJIbKY BCE €€ ONEPAaTOPbl TECHO CBA3aHbI. Hanpuwmep, nep-
BbIH GJIOK KO/Ia MOKET 3aBEPIIUTHCS NMPeXKAeBPEMEHHBIM BBIXOJOM U3 dyHKIMU
¢ reHepauuel MCKII0YEHMs, YTO HE AACT BO3MOXHOCTb IPOTECTUPOBATDH BbI3OB
(l:))'HKuMH db.get (ssn) ¢ HEZOCTOBEPHBIMH BXOJHbIMH JaHHBIMH.

C apyroii cTopoHsl, q)yHKuMOHaJIbHoe MMPOrpaMMHpPOBaHHE HAllEJICHO Ha CBEAie-
HMe onepanuii (HanpuMep, BBOJa-BbIBOJIA), MPUBOJAIIMX K NOG0YHBIM 3¢ dekTam,
K IIPOCTBIM (PYHKIMAM (Hanpumep, YTEeHMA U 3anmucH). ITO AaeT BO3MOKHOCTDb pac-
UIAPHUTb PAMKH TECTUPOBAHMS JIOTUKH MIPHIOXKEHHUA, ACHO pa3rpaHUYHB CBOIO U 1y-
Y10 OTBETCTBEHHOCTbD 32 TECTHPOBaHHE ONepalnii BBO/Ia-BbIBO/IA. Bepnemcs cHoBa
K (pyHKuPIOHaJIbHoﬁ BEpPCHHM NporpamMmbl showStudent:
const showStudent = R.compose (

map (append (' #student-info')),

liftIo,

map (csv),

map (R.props(['ssn', 'firstname', 'lastname'])),

chain(findStudent),

chain(checkLengthSsn),
lift (cleanInput));

BuumarenpHo npoaHain3npoBaB 06e BePCHH JaHHOM IIPOrPaMMbl, MOKHO OGHa-
PYXHTb, YTO €€ UMNIEPATUBHAS BEPCHUS Pa3/Ie/IAETCS HA YaCTH M 3aTEM COETUHSAETCS
B (PyHKIIMOHAILHOI1 €€ BEPCHH C MOMOIIBIO KOMIO3ULIMM M MOHAJA. B koHeYHOM HTO-
re 3TO AT BO3MOKHOCTD CYIECTBEHHO PaclIMPUTbh PAMKH TECTUPOBAHUSA TAHHOMH
NPOTrPaMMBbl, ICHO NIOHATb M OTAEIUTD YHCTBIE (PYHKIIMM OT HEYMCTHIX (pHc. 6.6).

IMpoaHaiu3upyeM TECTHPYEMOCTb OTAENbHBIX KOMIIOHEHTOB NpPOTPaMMbi
showStudent. M3 naTu cocTaBasiomux ee pyHKIUH JAIB TPH MOTYT ObITH MPO-
TECTUPOBaHbl HajexHo: cleanInput (), checkLengthSsn() u csv(). U xora
¢ynxknusa findStudent () BbI3piBaeT no6ouHble 3PPEKTHI IPH YTEHHH JAHHBIX U3
BHEHIHHUX PECypCoB, Aaiee OyAyT OKa3aHbl CIoco6bl 0GOHTH JaHHOE NPENATCTBHUE.
OcraBmascs ¢pyHkuus append () He COAEPKUT HUKAKOH OM3HEC-TIOTUKH, TIOCKOJIbKY
BCe €€ 003aHHOCTH CBE/IEHDBI K MPOCTOMY no6aBaeHuio B Moieab DOM nepexnasae-
MbIX faHHbIX. TectupoBath MHTepdeiicst DOM APl maionHTEpecHO fa ¥ He HYXHO,
MOCKOJIbKYy 6peMs 3TOi OTBETCTBEHHOCTH MOXHO BO3JIOXHUTDb Ha NPOU3BOUTENIEH
6paysepoB. Takum o6pasom, noabaysce cpeactBamMu PI1, MOKHO B3ATH C TPyAOM



Iasa 6. Omxasoycmoiivusocms npuxiadnozo xoda 209

NOAAAIOULYIOCS TECTHPOBAHHIO ITPOrpaMMy U pa3A€/JIMTb €€ Ha BIOJIHE NoagAAoNHe-
CA TECTHPOBAHHIO YaCTH.

Yucran yacTs Yucras vacm
cleaninput
checkLengthssn |V cst v
showStudent -
findStudent v append @
Heuncras 4acTe: MOXeT Heuncran 4acTb: He MOXeT
6biTb NPOTECTUPOBAHA 6biTb NPOTECTUPOBaHA
APYrMM CPeacTBamMn HafeXHO

Puc. 6.6. BoiacHeHue TecTMpyembix y4acTKOB B Nporpamme Ha ocHose ¢pyHKuuM showStudent ().

Te ee KOMNOHEHTbI, KOTOPbIE BbINO/HAIOT ONEepaunu BBOAA-BbIBOAR, HE MOTYT 6biTb NPOTECTUPOBaHDI

HaAEeMHO, NOCKONbKY OHKM coaepaT nobouHbie adpdeKTbl. ECM He NPUHUMATL BO BHUMAHWE HeuYK-
CTbl€ YaCTW NPOrPamMmbi, TO BCA OHA BNO/IHE NOAAAETCA TECTUPOBAHMIO

A Tenepb CpaBHUMM 3TOT KOJ C MMIIEPATUBHBIM, TECHO CBA3aHHBIM KOJOM M3 JIU-
ctuHra 6.2. B pyHknmoHanbHOM BEpCHHM MOXKHO Ha/@XKHO NMPOTECTUPOBATh OKOJIO
90% paccmaTpuBaeMoii 3eCh NPOrpaMMBbl, TOTA KaK MMIEPATHBHYIO €€ BEPCHIO
MOCTHUTHET Ta X€ Y4acCTb, YTO U YIIOMHUHABIIYIOCA paHee (PyHKIHMIO increment (), —
€e TECTUPOBaHME 3aBEPUIMTCS HEYJAYHO MPH NOCIEAYIOIWMX WIHN BBINOJIHAEMBIX HE
IO NOPAAKY MPOXOo/ax.

JincTunr 6.2. MogynbHoe TeCTMpOBaHUe YUCTbIX KOMINOHEHTOB NPorpaMmel showStudent

QUnit.test ('showStudent: cleanInput', function (assert) {

const input = ['', '-44-44-', '44444', ' 4 ', ' 4-4 ');

const assertions = ['', '4444', '44444', '4', '44']; 4_]”"‘°’"”‘""“"°"‘“”'°
A3HHDIE NepeMeHHOM!
AMMHBI ¢ npobenamu

assert.expect (input.length);

input.forEach(function (val, key) {

assert.equal (cleanInput(val), assertions[key]):

}):

}):

QUnit.test ('showStudent: checkLengthSsn', function (assert) ({
assert.ok(checkLengthSsn('444444444"').isRight); «&
assert.ok(checkLengthSsn('"').isLeft);
assert.ok(checkLengthSsn('44444444"') .isLeft); ¢
assert.equal (checkLengthSsn('444444444') .chain(R.length), 9);

1) Bbi3sats meTon

Bither.isLeft () umm
Either.isRight (), 4tobbi
NPOBEPHUTL YTBEPKAECHHA

0 COREPKUMOM MOHAZ

QUnit.test ('showStudent: csv', function (assert) {

assert.equal(csv((['']), '""):
assert.equal(csv(['Alonzo']), 'Alonzo');
assert.equal (csv(['Alonzo', 'Church']), 'Alonzo,Church');
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assert.equal(csv(['Alonzo', '', 'Church']), 'Alonzo,,Church,');
b

Bce ¢ynkummn B 1anHON Bepcuu NporpaMmsl 060COGICHBI M MOTYT GbITH TIUA-
TEJIbHO NPOBEPEHDI 110 OTAENbHOCTH (Aanee GyAET NPOJAEMOHCTPHPOBAH aBTOMA-
TU3MPOBaHHbIN MEXaHU3M (POPMUPOBaHMS BXOAHBIX AaHHBIX). [T03TOMY HX MOXHO
6J1aronoyYHo peopraHu3oBaTh, He 60ACh UTO-HUOYAL HAPYUIMTD B APYTMX MeCTaxX
NPOrPaMMBbl.

OcTtajoch IMIb NPOTECTUPOBATh NnociaeaHol ¢pynkumioo findStudent (), B
OCHOBY KOTOPOIA noJioxeHa HeuncTas pynkums safeFindObject (), 3anpammusa-
1o11as MOMCK 3anucei o6 yyamuxca BO BHEIIHEM XpaHwiniie o6bextoB. Ho no6ou-
nble 3pdeKTbl B JaHHOH (PYHKIMM NOJIAIOTCSA KOHTPOJIO C HOMOIIBIO MCTOMKH,
Ha3bIBaeMOH umumupyrowumu obsexmamu (mock objects).

6.3.4. UMuTaumnsa BHELWHUX 3aBUCUMOCTEN

Hmumayua (mocking) apnsercs BeCbMa pacCpOCTPAHEHHOM METOAUKON TeCTH-
pOBaHHsA, NpeJHAa3HAYEHHOW JUISl MOJEIMPOBaHHUS NOBEACHUSA BHEUIHUX 3aBUCH-
MocTel pyHKIMH MO/ NOJHBIM KOHTPOJIEM H ITyTE€M YTBEPXKJAEHHUH, H NO3TOMY OHa
BIIOJIHE NPUTO/JiHA LA O0pallleH!si C HEKOTOPbIMHU BUJIaMH MIOGOYHBIX 3¢ EKTOB.
HmuTupyomue o6beKTbl NPUBEAYT K HEMPOXOXKAEHHUIO TECTA, €CJIN YTBEPXKAAeMbIe
B HEM OXMJaHHUA He onpaBaalTca. OHM NOAOGHBI IPOrPaMMHUPYEMBIM ITyCTHIM Mc-
TOJaM (MM 3aI/TylIKaM), C MOMOIIbIO KOTOPBIX MOXKHO 3apaHee ONpeIeUTb 0KHUAA-
eMoe MoBeJieHHe 0ObEeKTa, B3auMo/ieicTayoniero ¢ dyHKuMsamMu. B 1anHoM ciyydae
MMHTalMA O6pailleHns K O6beKTy TUMa DB JaeT NOJIHbII KOHTPOJIb HaJ 3THM BHEIl-
HUM PeCypcoM, 4ToObl co31aBaTh 6oJiee NpeacKa3yeMble M COIIACOBAHHBIC TECTHI.
Jlna pemenus aToi 3azauu OyAeT UCMOAL3OBAH MOAYJIb UMUTAanMHK Sinon.JS, noa-
KmouaeMblit k 6ubanoreke QUnit (mogpo6Hee o TOM, KaK €ro yCTaHaBJIMBaTh, CM. B
IIPHIOKEHUH).

IMoaxmouaemprit MOAY b Sinon.JS fonoNMHAET cpelly TECTUPOBAHUA OOBCKTOM
sinon, NpUMEHSEMBIM JUISi CO3JaHUA MMUTHPYIOIIMX BEPCHIi 1060ro o6bekTa, J10-
CTYIIHBIX B MUMUTAallHOHHOM KOHTEKCTe. B 1aHHOM c/lyyae 3TOT KOHTEKCT 3aII0/IHSACT-
cs1 06beKTOM THIIAa DB, KOTOPbIH MOCAYKHUT B KaueCTBe JeHCTBYIOIEH 3arIyIKy s
NoA06GHOI 3aBUCMMOCTH:

const studentStore = DB('students');
const mockContext = sinon.mock(studentStore);

Hcnonb3ys 3TOT MMMTALMOHHbIA KOHTEKCT, MOXHO YCTAaHOBUTb MHOTHME OXXH-
AaHHs Pa3HOTO MOBEJEHHA HMHTHPYEMOTO OOBEKTA, YTOOBI, B YaCTHOCTH, IIPOBE-
pHTb, CKOJIbKO pPa3 OH BbI3bIBAETCS, KAKUE aPTYMEHTBI €My NEPEAAIOTCA U KAaKUM
AOJIKHO ObITh BO3BpallaeMo€ MM 3HadeHHe. UToObl MPOBCPUTHL MOBEJECHHE MO-
Hajbl TUNA Either, B KOTOPYIO 3aK/1i04aeTCcs 3HaY€HHUE, BO3BpailaeMoe (PyHKIM-
el safeFindObject (), co3gaauM ABa MOIYJbHBbIX TE€CTa: OAVH — JUIS NPOBEPKH
CTPYKTypbl TMNA Either.Right, apyroi — i HHMLMHPOBAHUS CTPYKTYPBI THUIIA
Either.Left. Bocnoabsyemcs 11 3TOr0 KappMpPOBaHHBIM XapaKTepPoM (PyHKIMH
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findStudent (), NO3BONAIOIIMM JIETKO BHEJAPATH JIOOYI0 pPealM3alyio XpaHHUIH-
a2, B KOTOPOM MOXHO MCKaTb HH(QOPMAILHIO, MOZOGHO TOMY, KaK 3TO J€JaloCh
B maBe 4, “Ha nyTu kK NOBTOPHO MCNOJIb3yEMOMY, MOAYJIbLHOMY KOJy”~ C HOMOIIBIO
ma6oHa “@abpuunsiit MeTox”. Kak J1€eMOHCTPHPOBAJIOCH B NPUBEAECHHBIX paHee
JINCTUHIaX, 3Ta QYHKUMs BbI3bIBAaeT MeTOA get () Ju1s1 o6bekTa xpanwiuima. Umes
MOJIHBIH KOHTPOJIb HaJl 3TUM OOBEKTOM Y€pe3 UMMTAIHOHHBII KOHTEKCT, MOXHO
6e3 0co60ro TpyAa KOHTPOJNPOBATh BO3BPAT X€JIa€MOT0 3Ha4Y€HHs, KaK IOKa3aHO
B JIMCTHHTE 6.3.

Jinctunr 6.3. UmuTaumna BHewHen 3aBucUMOCTN PpyHKuMKM £indStudent ()

var studentStore, mockContext;

QUnit.module ('CHO6',
{ NOATOTOBUTL MMMTALIMOHHBIA KOHTEKCT
beforeEach: function() { ANIA BCEX MOAYABHBIX TECTOB
studentDb = DB('students');
mockContext = sinon.mock (studentDb) ;
b
afterEach: function() { -
mockContext. verify ( ) ; A mmeee nposepm YTBEPXAEHHUA, YCTAHOBNAEHHDIE
mockContext.restore(); B MMMTaUUOHHOR KOHGHTYPaUMU
}
}):

Ouncruts nocne
Kawporo recra

B nepBOM MOAYNILHOM TecTe

WMUTUPYIOWMUA OO BEKT MO-
QUnit.test (showStudent: findStudent returning null', AenupyeT (ToNbKO pa3) Bbi-
function (assert) ({ 308 CBOETO MeTOAA 3anpoca,
803Bp3LYAIOWErO NycToe
11
mockContext.expects('get').once().returns(null); - bbb inted
const findStudent = safefetchRecord(studentStore);
Yreepmaenue 8o3Bpawja-
assert.ok(findStudent ('xxx-xx-xxxx') .isLeft); «———- emoro sHaueHus 3annioua-
})i €eTcA B 060/104KY CTPYKTYPbI
Either.Left

QUnit.test ('showStudent: findStudent returning valid object',
function (assert) {

Bo BTOPOM mMOAYyAbHOM TecTe
mockContext.expects('get').once().returns( < MMHUTHPYIOWMi 06beKT moae-
new Student ('Alonzo', 'Church', 'Princeton') .} Aupyer 8bi308 CBOEro metoAa
setSsn('444-44-4444")); 3anpoca ¢ A0CTOBepHbIM pe-
3yALTaTOM
const findStudent = safefetchRecord(studentStore);
Yrsepmpaenue gocrosep-
. . HOTO OTBETa 33KNI0Y3ETCA
assert.ok(findStudent ('444-44-4444") .isRight); &— 8 060N0UKY CTPYKTYPbI
hi Either.Left

Ha puc. 6.7 npeacTapieHbl pe3yasTaThl BbIIOJHEHHS NPHBEJCHHBIX BbILIE Te-
cros cpeacteamu QUnit 1 Sinon.JS 119 NpoBepPKH TECTUPYEMbIX YacTei Nporpam-
Mbl Ha ocHOBe yHKIMM showStudent ().
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Show Student

Hide passed tests Check for Globals No try-catch

1. cleanInput (5)
checklLengthSsn (4)
findStudent returning null (2)
findStudent returning valid user (2) 2 s

5 csv (4) 3 m

Puc. 6.7. Pe3ynbraThbl BbINONHEHWA BCEX MOAY/IbHLIX TECTOB NPOrpammel showStudent.

Tects! 3 1 4 nposeaeHsbl cpeacTsamm QUnit u Sinon.JS, n noaTomy ans Hux Tpebylorca

MMUTUPYEMbIE 3aBUCUMOCTH, YTOBbI CMOAENMPOBaTL PYHKLUMOHANbHBIE BO3MOMHO-
CTW ANA U3BNEYEHUA 3anucK 06 yyawemcn

To 06cToATENBbCTBO, UTO PYHKIMOHAIBHBIH KO NOAAAETCSA TECTUPOBAHUIO B IO-
pa3no Gosblleit CTENEHHU, YEM UMIIEPATUBHBIN KOJ, MOXET ObITh CBEAEHO K €JIH-
CTBEHHOMY NPUHIUIY CCbUIOYHOM npo3dpayHocTH. [loaTomy cymHOCTb yTBEpiKAe-
HMSI COCTOUT B IPOBEPKE, BCET/IA JIU COGJIIOAETCA 3T CCbUIOYHASA MPO3PaYHOCTh:

assert.equal (computeAverageGrade ([80, 90, 100}), 'A'):

Ho ccpuno4Has npo3apayHoCTh OKa3bIBAETCA HAMHOTO GoJice MHUPOKUM MPHHIH-
TIOM, Y€M KaXKeTCs Ha NMEPBbIi B3MIAA. ITOT NPHUHLIMI MOXET GbITh PacpoCTPaHeH
1 Ha apyrue o6acT¥ pa3paGoTKM MPOrpaMMHOro obecrnedyeHus, BKIOYas M crell-
udukanuu nporpamM. Beab B KOHEYHOM cueTe TeCTbl NMpeJHa3HAYEHBI JHUIIb LIS
TOrO, YTO6bI NPOBEPATH CUCTEMY HA COOTBETCTBHE €€ CrielUPHKALHAM.

6.4. dukcaumsa cneundukaumii npyu TeCTUpOBaHUU
Ha OCHOBE CBOMUCTB

MoayibHbIE TECTBI MOTYT HCIIOJIB30BAThCHA KAK CPEACTBA VIsl AOKYMEHTHPOBaHUSA
u pukcanuu cneundukanuu GyHKIHUN B CpeJie ee BbIMOAHEHHUs. Tak, C MOMOMBIO
cJeflylouero Tecta GyHkiuu computeAverageGrade () :

QUnit.test(}Compute Average Grade', function (assert) {
assert.equal (computeAverageGrade ([80, 90, 100]),'A'):

assert.equal (computeAverageGrade ([80, 85, 89]), 'B');
assert.equal (computeAverageGrade ([70, 75, 79]), 'C');
assert.equal (computeAverageGrade ([60, 65, 69]), 'D');

assert.equal (computeAverageGrade ([50, 55, 59]), 'F'):
assert.equal (computeAverageGrade ([-10]), 'F');
1)
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MOJKHO NOJYYMTb IIPOCTOI JOKYMEHT, B KOTOPOM YTBEPXKAACTCS CJeAyiollee:

B ecau cpeaHsia OlLEHKa yuaiero He MeHbuie 90 6ai10B, €My IIpHCBAaUBACTCSA
CTeNeHb A;

B eciu cpeaHsas oLeHKa yyaulero B npejenax ot 80 no 89 6awios, eMy npucBau-
BaeTcA cTerneHs B, u T.1.

EcTecTBeHHbIH A3bIK HEPEAKO MCIIOJIb3YeTCA KaK CPEACTBO JyIst PUKCALIMH TpE-
60BaHUI K CHCTEME, HO €CTECTBEHHbIE A3bIKHM BBIPAXAIOT Ha3Ha4YeHHE B OlNpee-
JIECHHOM KOHTEKCTE, 3a4aCTyl0 M3BECTHOM HE BCEM CTOPOHaM, a 3TO IPHUBOJUT K He-
OIpEeEJI€HHOCTH PH NONBITKE BOIUVIOTUTb Tpe6GoBaHUs B KoJe. FIMeHHO nosToMy
NPHUXOAHUTCSA IOCTOSHHO TPEGOBATH OT BJA/E/bLIEB IPOAYKTOB WM PYKOBOAMTCICH
KOMaH/l pa3pabOoTYMKOB NPOSICHUTh HEOJHO3HAYHOCTH, MPHUCYTCTBYIOIHE B CHIELH-
(pukanmax pemaembix 3asay. OHOM U3 INABHBIX IPUYHH HEOJHO3HAYHOCTH CJIYKHUT
Pe3yNbTaT NPUHATHA UMIIEPATMBHOTO CTHIA JOKYMEHTHPOBAHUsA C IPUMEHEHHEM
BAapHAHTOB BbIGOPA BPO/IE CJIEAYIONEro: €C/IM BbIGpaH BAPUAHT A, TO CHCTEMa JOJIK-
Ha BBINIOJHUTD onepanmio B. HerocTaTok Takoro noaxoza 3akmo4aercs B TOM, YTO
OH He OINMCHIBAET 3aJayy B LIEJIOM C YYETOM BCEX IPaHMYHBIX ycaoBHil. Uro, ecam
BbIGOp BapHaHTa A Tak M He npousoiaer? Kakux aeiicTeuii B TakoM ci1ydae ciexyeT
OXHUAATH OT CUCTEMbBI?

Ynaunble cneundpuKanuy He JOXKHBI 3aBUCETb OT BAPHAHTOB BbIGOpa. OHHU
JAOJKHbI GbITh 06061IEHHBIMH M YHUBEpCaibHBIMU. [IpoaHainaupyem He3HauuTe b
Hble OTIM4MA B GOPMYJIMPOBKAX CJI€YIOLIMX ABYX YTBEPXKIACHHI:

B ecau cpeaHss OlEHKa ydaumero He MeHbiie 90 6a110B, €My NPHUCBAaUBACTCA
CTENEHb A;

8 TOJBKO NPU CpefiHe olleHke He MeHee 90 6aioB yyameMy GyleT IpUCBOEHa
CTeneHb A.

BTopoe yrBepxkieHHe BHIMAAMT HAMHOTO 6oJiee MOJHbIM, NOCKOJIbKY B HEM
yCTpaHEeHbI UMIIEPAaTUBHbIC (Pasbl, JONYCKAIOUIME BAPHAHTHI BbIGOpa. JTO jaeT
BO3MOKHOCTb HE TOJIbKO BbIPAa3UTh, YTO XK€ IIPOU3OMAET, €C/IU CPeAlissa OLleHKA y4a-
uterocs gocturdeT 90 6a/U10B UM BbIlE, HO M HAJIOXHUTh OrPaHUYEHUE Ha TO, YTO
HU OJIMH JPYroil YMCJIOBOM AMANA30H HE NMPUBEAET K NPUCBAUBAHMIO CTENEHU A.
M3 BTOpOro yreepxaeHus MOXHO CAENaTh BbIBOJ, 4TO, [0 KpalHel Mepe, mobas
Apyras BbIYMCJIsieMas OLl€HKa He MPUBE/IET K npucBanBaHuio crencHu A. Ho Takoii
BBbIBO/I HEJIb35l C/I€/1aTh MHTYMTUBHO M3 IIEPBOTO YTBEPXK/JACHUS.

Pa6oTaTb ¢ yHHBEpCaIbHBIMM TPEGOBAHMAMHY HAMHOTO MPOIIE, MOCKOJbKY OHH
HE 3aBUCAT OT COCTOSTHUSA CUCTEMBI B JII060H MOMEHT BpeMeHH. FIMeHHO noaTtomy
yAauyHble crien¢UKaLUU HE BbI3bIBAIOT, KAK M MOJY/IbHbIE TECTHI, OGO YHbIE 3 dek-
Thl U NIPEJIONOXKEHUA OTHOCUTENBbHO OKPYKAIOHIEIO UX KOHTEKCTA.

CcputoyHO-TIpo3payuHble cienUpUKAIMK YIIPOIAIOT TIOHUMaHHE Ha3HaYeHMs
(pyHKIMI ¥ JAIOT ICHOE MPEACTaBIEHHUE O BXOJHDBIX YCJIOBUAX, KOTOPbIM OHU J0JDK-
HbI YIOBJIETBOPATDH. A OCKOJIbKY CCbUIOYHO-IPO3pauHble (PYHKIMM € IMHOOOPa3Hbl
M MMEIOT ICHO OMpe/ie/IeHHbIE€ BXOAHbIE IIapaMeTpPbl, TO OHH JIEI'KO HOANAIOTCS Te-
CTUPOBAHUIO C IOMOUIbIO ABTOMATH3MPOBAHHBIX MEXaHU3MOB, CIOCOGHBIX ZOMTH 0
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npejesa uX BO3MOXKHOCTEH. M 3TO npuBOAUT k 6osiee IpUBJIEKATENbHOI METOAMKE
TECTUPOBAHMS, HA3bIBAEMOI mecmuposanuem na ocnose ceoicms. B recre Ha ocHOBe
CBOMCTB /IE/IA€TCS yTBEPKAEHHUE O TOM, KAKUM JODKEH GbITh PE3Y/IBTAT BINTOJTHEHUA
¢$yHKIMY IPU ONpefieIeHHbIX BXOAHbIX JaHHbIX. KaHOHMYecKkoi WK 3TaloHHOI
¢dbopmoii peannzaumu nogo6HoI MeToaMKH cyxuT 6u6anoreka QuickCheck s3bika
Haskell.

Buénuoreka QuickCheck s3bika Haskell — BonnoweHne MeToankun
TECTUPOBAHUA HAa OCHOBE CBOWNCTB

Bubnuoreka QuickCheck asbika Haskell cnyut ana paHaOMU3MPOBAHHOMO TECTU-
pOBaHMA Ha OCHOBE CBOWCTB KOHKPETHOM cneunduKaumum uam CBOMCT8 NPOrpaMmbi.
B 3tom cayuae cneuynduKauma YUCTOU NPOrpaMMbl NPOEKTUPYETCA B popme CBOMICTS,
KOTOPbIM A0MKHA YAOBNETBOPATL AaHHaa nporpamma. A 6ubnuoreka QuickCheck
dopmupyeT KpynHoe coueTaHue KOHTPObHLIX NPUMEPOB ANA NPOrPpaMMbl U BbiaaeT
cootsetcTBylowmi otyet. NogpobHee 06 aToi 6MbanoTeke cm. no agpecy https://
hackage.haskell.org/package/QuickCheck.

Boamoxnoctn 6u6imorexn QuickCheck amynupyiorcs B JavaScript cpeacrsa-
mu 6ubamnoTexu JSCheck (mogpoGhee o TOM, Kak OHa YCTaHABJIMBAETCS, CM. B npu-
JloXeHuH), paspaboranHoii Jlyrnacom Kpokgopaom — aBropom kuuru JavaScript:
The Good Parts (uanatennctso O’Reilly, 2008 r.; B pycckoM nepeBoje KHUra BbILLIA
noA HadBaHueM JavaScript: Cunvnvie cmopons: B usgareanctse “Ilurep”, 2012 r.)'.
CpeacrBamu 6u6amnorexn JSCheck MoxHO cocTaBuUTh POpPMaIBHBIA OTBET Ha CO-
OTBETCTBUE CCbUIOYHO-TIPO3pPa4yHOM cnenudukauud (GyHKIMM WIH IPOTrPaMMBl.
CrenosaTenbHo, i NOATBEPXKAECHHA CBOMCTB pyHKuMM opMupyeTcst 60binoe
KOJIMY€CTBO NIPOU3BOJIbHBIX KOHTPOJIbHBIX IPUMEPOB, NPeHA3HAYEHHBIX IS CTPO-
ro# NPOBEPKH BCEX BO3MOXHBIX IyTe BBIMOJTHEHUSA (PyHKLIHH.

Kpome Toro, TecTbl Ha OCHOBE CBOMCTB MO3BOJAIOT KOHTPOJIHUPOBATh U BECTH
Pa3BUTHE NPOrpamMMbl MO MEPE PEOpPraHM3allMh €€ MCXOAHOro KOJAa, YTOGBI He
BHECTH HEYMBILUIEHHO NPOrPaMMHbIE OIIHGKH B CUCTEMY BMECTE C HOBBIM KOJOM.
I'nraBHOE npenMymecTBoO, KOTOpOE MaeT NPUMEHEHNE HHCTPYMEHTAIbHBIX CPEACTB
Bpozge JSCheck, 3axmoyaercs B MX aropuT™ax, (OpMHUPYIOIIMX OTKIOHSIOMMECT
OT HOPMbI MAaCCHUBBbI JaHHBIX ISl IPUMEHEHHUA B TecTax. Paj kpaitHux ciyqaes, ko-
TOPbI€ BOCPOU3BOAUT 6GubanoTeka JSCheck, yame Bcero ymyckaioTcs U3 Buay, ecm
NbITAThCA BOCCO3/IaBaTh X BPYUYHYIO.

Moayan JSCheck uasmno mnkancyampyercs B mo6anbHblii 06bekT JSC crenyio-
UM 06pa3oM:

JSC.claim(name, predicate, specifiers, classifier)

B ocHOBy 3TO# 6U6IMOTEKM ITOJIOKEHO CO3TAHHUE 3AAB0K U 6epouKmos. 3asiBKa CO-
CTOMT M3 CJIEAYIOUIMX YaCTeH.

' Oyrnac Kpokgopa — M3BeCTHDBIN NPOrpaMMHCT, aBTOP KHHUT M JOKJIAAOB, HEU3MEHHO
NPHHUMAIOIMI AKTUBHOE YYaCTHE B Pa3BUTHM A3biKa JavaScript, nomynspusauuu popmara
JSON u cospanmn Takux 6ubanoTrek JavaScript, kak JSLint, JSMin u JSCheck.
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B HMmsa. OnucaHue 3asiBKM (aHAIOTHYHO ONMMCaHUIo Tecta B QUnit).

B JIpeamxar. PyHknus, Bo3Bpamaonas UICTUHHBIN (true) BEpAUKT, €CIH 3a-
SIBKA yIOBJIETBOPEHA, a HHaYe — JIOXKHbIH (false) BepaUKT.

8 Cnemudukaropbl. MaccuB, ONUCHIBAIOMMI THIT BXOAHBIX MaPaMETPOB U
cnenu@UKaLHMIO, C MOMOIIBIO KOTOPO# (POPMHPYIOTCS NPOU3BOJIbHBIE MACCH-
BbI JaHHDIX.

8 Heo6a3aTeababid Kiaccagukarop. PyHKIMSA, CBA3aHHAA C KaX/IbIM KOH-
TPOJIbHBIM IPUMEPOM U MpEAHa3HAYEHHAs U1 OTKJIOHEHHUS HEITPHMEHUMBbIX
KOHTPOJIbHBIX IIPUMEPOB.

3assku nepenaorca pynkuuu JSCheck.check () m1s BbINOJHEHUS TPOU3BOJIb
HBIX KOHTPOJIbHbIX lIpuMepoB. Co3aaBaeMas B 3Toit 6MGIMOTEKE 3a5BKA 3aKII0YAET-
sl B 000JIOUKY M IIEpEAETC MHTEPINPETATOPY B OXHOM Bbi30Be PyHKUMH JSCheck.
test (). MMEHHO 3TOT COKpallleHHbI CIOco6 GyAeT UCMOIb30OBAH B MOCAEAYIOMMX
npuMepax TectoB. Tak, B mMcTunre 6.4 npuBeaen npumep Hanucauus B JSCheck
npoctoii cneimdukanmm s gyHkuumu computeAverageGrade (), rae yTBepxaacT-
ca caenyouee: “Tosbko npu cpegHeit oueHke He MeHbine 90 6aju10B yyameMmy Gyrer
MPUCBOEHA CTeNeHb A’

Jiuctunr 6.4. Tectuposanune GpyHkuuK computeAverageGrade () Ha OCHOBE CBOWCTB

Y106l 3aHOBO MHULUKANNINPOBATD KOHTEKCT
TECTMPOBAHMUA, Nyylle HayaTb C Bbi30Ba

JsC.clear () ; JSC.clear()

JSC.on_report ((str) => console.log(str));

JSC.test (

MNepeaars npegnuKaTHOR GYHKUUMU
ma 'Compute Average Grade', | o6veKT BepauKTa, rae onpeaenfeTca
3aABKU function (verdict, grades, grade) { nposepAemoe yciosue
return verdict (computeAverageGrade (grades) === grade);

b
[
~——————— JSC.array(JSC.integer(20), JSC.number (90,100)),
‘Al OYHKUHA KNICCHOHKATOPA, BLINONHAEMAR B KAKAOM
{ 4—-’

1, Tecre. C ee NOMOLLbIO MOXHO NPUCOCAUHHTD RaHHBIE
function (grades, grade) K oTveTy

return 'Testing for an ' + grade + ' on grades: ' + grades;

):

Maccus curHatyp wam cneynduxaropos,
ONUCbIBAIOLYMA KOHTPAKT Ha pOpMHPOBaHME
CPEAHKX OLEHOK, 3aCAYIHBAIOLYMX CTENEeHH A

Kak caexyeT u3 nmcrtunra 6.4, 11a pukcannm cBoMCTB JAHHOM POrpaMMBbl MOX-
HO BOCIIOJIb30BaThCA CJEAYIOIMMU A€KTaPaTHBHBIMU criciiM@uKaTopamMH.

B JsSC.array (). O603HauaeT, 4TO (pyl-ncuml OXHJAAET BXOJAHbIC JAaHHbIEC TUNA
Array.
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B JSC.integer (20). O603Ha4aeT, YTO A1s JAHHOM (PYHKIIMM OXXHMAAETCS MaK-
CUMaJIbHas JUIMHA. B 1aHHOM cilydyae oHa IpOM3BOJIbHA, M TO3TOMY NOAOHAET
mob6oe yucio ot 1 go 20.

B JSC.number (90, 100). OnuchbIBaeT THUIIbI 3JIEMEHTOB BO BXOAHOM MAaCCHBE.
B maHHOM cilyyae OHM YHCJIOBbIE (KaK LEJIOYHCJIEHHbIE, TAK U C IUIaBaIONIE
3ansAToii) B npegesnax ot 90 xo 100.

[MoHATb IpeMKaTHYIO QYHKUHMIO HEMHOTO cloXkHee. OHa BO3BpaIaeT HCTMHHBIH
(true) BepaukT, ecam 3asBKa ynosneTsopsierca. Ho Bce, uTo npoucxoaur B tene
HPCAMKATHOM (PyHKIIMH, ONIPEe/IAETCA pa3paboTYMKOM B 3aBUCMMOCTH OT KOHKpeT-
HOM [IPOrpaMMbl M TOrO, 4TO TpeGyeTcsa nposepuTh. [TomuMo ¢pyHKIMM BepAMKTa,
IPUMEHSIEMOM [UIsi OGbsIBIEHHS Pe3y/IbTaTa BbIIOJTHEHUA KOHTPOJIBLHOTO IpUMepa,
Pa3paboTYMKy NPEAOCTABIAIOTCA NPOU3BOJIBHO CPOPMHUPOBAHHBIE U OXHAAEMbIE
BbIXOJHDIE JaHHbIC. B 1aHHOM cirydae TpeGyeTcs OGbABUTD pE3yabTaT NMPOBEPKH,
Bo3BpallaeT M (pyHkusa computeAverageGrade () oxuaaemyio crenes A. 3aech
PacCMOTPEHO JMIIb HECKOJIBKO CNEUM(PUKATOPOB, a 06 OCTAIbHBIX MOXHO MPOYH-
TaTh Ha BeG-caiiTe 1o agpecy https://github.com/douglascrockford/JSCheck
WJIM XK€ CO31aTh COOCTBEHHDIH crieludHKaTOp.

HTak, NosACHUB OCHOBHbBIE YaCTH PacCMaTPHUBAEMOIi 31€Ch NTPOrPaMMbl, Tepe-
ieM k ee BbinoHeHUI0. PopMHUpYeMBIii €10 OTYET MOXKET OKa3aThCs JUIMHHBIM, 110
ckosbKy 6ubamnorexa JSCheck no ymonryanuio renepupyer 100 npou3sBOIbHBIX KOH-
TPOJIbHbIX IPUMEPOB HA OCHOBAHHMH TNPEAOCTaBAeHHO# cnenudukanun. [Toaromy
B [IPUBEJCHHOM HHMXE NPHUMEPE 3TOT OTYET YCEUEH, HO TaK, YTOObI U3 HEro GbLIO
ACHO, YTO IIPOUCXOAUT HA CAMOM JIeI€.

Compute Average Grade: 100 classifications,
100 cases tested, 100 pass

(BeluMcyMTh CpenHiow oueHky: 100 knaccugpmxaumit, 100 npoBepeHHbIX
KOHTPOJIbHEIX npumepoB, 100 npoitneHo)

Testing for an A on grades:

(ll[poBepka OLIEHOK Ha COOTBETCTBME CTeneHu A)
90.042,98.828,99.359,90.309,99.175,95.569,97.101,92.24
pass 1
(mpommeHo 1)

Testing for an A on grades:

90.084,93.199, pass 1

// and so on 98 more times
// (v T.n. ewe 98 pas)

Total pass 100, fail 0
(UToro: nponneHo 100, He npoimeHo 0)

[Mporpammer JSCheck aBasiioTcss caMOAOKYMEHTHpPYIOIMMUCA. B HUX MOXHO
6€e3 0coBOro Tpysa ONUCaTh KOHTPAKT HAa BXOJAHbIE U BbIXOJAHbIE JaHHBIE (PYHKIIMH
BIUIOTD JIO TAKOTO yPOBHS, Ha KOTOPOM 3TOTO HEJIb3sl C/IE/IaTh B MOAY/IbHBIX TECTaX.
A B otuere, popmupyemom cpeacrsamu JSCheck, HaGmoxaeTcst 3HauuTE IbHBIN
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ypoBeHb aeTanusanuu. Kpome toro, mporpammer JSCheck MOXHO BBIMOJHATD Kak
CaMOCTOSITE/IbHbIE CHIEHAPUH WM BCTPAUBATh UX B MOAY/bHbIE TecTbl QUnit. B no-
cleJHEM CJIydae MX MOXKHO BKJIIOYATh B TeCToBble HaGopel. ITopsagok B3aumoneii-
CTBUsA 3THX GMGIMOTEK HAIAKHO MOKa3aH Ha puc. 6.8.

YTeepxneHus aenanTcs
B dyHKUMAX cocTosHun JSCheck

on_pass on_fail

COAepXHT

 JsCheck |

BepaukT BLINONHAET TECTUPYEMYIO
DYHKUMIO C BXOAHBIMU AAHHBIMK,
chopmMUpoBaHHbIMUA NO Cneundukaumu

TecmpyeMaﬂ ¢'ynxuhﬂ

Puc. 6.8. UHTerpauma rmasHbIx KOMNOoHeHTOB JSCheck u QUnit anA TecTMpoBaHUA

Ha ocHose csoicTB. TecT QUnit uHKancynupyer cneuudmkaumio Tecta JSCheck.

Cneumdukauma v Tectupyeman GpyHKUMA NPeaocTaBNAoTcA GyHKuumn verdict (),

KoTopaa uHTepnpeTupyetca B JSCheck ans BbinonHeHUA 0b6paTHbIX BbI30BOB, KOrAa

TECTbl NPOXOAAT UM HE NPOXOAAT. 3T 06paTHbIe BbI30BbI MOrYT 6bITb MCNONBL30BA-
Hbl ANA MHULMUPOBAHWA YTBEPKAEHWI B MOAYNbHbIX TeCTax QUnit

B cnenyiomem npuMepe Mbl BocnobdyeMcs 6u6anorekoit JSCheck ais Tecrupo-
BaHMA Nporpammbl checkLengthSsn, umeromeii nepeyrcIeHHyI0 HUXe crenudu-
KaIHIo.

8 JlocToBepHbIit HOMEP CONMANIBLHOTO CTPAaXOBaHUA MOXET YAOBJIETBOPATD CJl€-
AYIOUIMM YCIOBHSIM.
- He coaepxwut npo6ebl.
- He coxepxur Tpe.
- HmMeer jinHy neBsATb CHMBOJIOB.
- CootBeTtcTByeT popMaTy, ONMUCAHHOMY 110 ajpecy https://www.ssa.gov,
¥ COCTOMT M3 TPEX YacTei.
1. Ilepsas rpynna u3 Tpex uudp, 0603Ha4YaIOMUX HOMEP PETHOHA.
2. Bropas rpynna u3 aByx uudp, 0603Ha4a0mMMX rpyninoBoi HoMep.
3. U nocaeauss rpynna u3 4yeTbipex Hudp, 0603HaYAIONNX CEPUMHDBIH HOMED.
4

. MlcxoaHblit koA AaHHO# NpOrpaMMel PUBEICH AMCTHHTE 6.5, a oTAeabHbIE €€
4aCTH NOACHAIOTCA HUXE.
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Jluctunr 6.5. Tect JSCheck nporpammbi checkLengthSsn

QUnit.test ('JSCheck Custom Specifier for SSN', function (assert) {
JSC.clear();

JSC.on_report ((report) => trace('Report'+ str));
JSC.on pass((object) => assert.ok(object.pass)):
- l Bbi3satb MeTog JSC.on_fail (), urobul ybeauTsca 8 Tom, 1o
JSC.on_fail((object) => NPH ANIMHE aPTYMEHTOB He PaBHOH 9, TeCT He NPOXOANT
assert.ok(object.pass || object.args.length === 9,
'Test failed for: ' + object.args));

JSC.test ( AanHan GyHKUMA OTHOCHTCA K AoTHue-
'Check Length SSN', I CKOMY THNIY, # NOITOMY Pe3yAnbTaT Npo-
ssn) |

. . Be| 0)KHO NepeaaTh ANA BEPAUKTa
function (verdict, prH M " AAR BepAN

return verdict (checkLengthSsn(ssn));
b
{

JSC.SSN(JSC.integer (100, 999), JSC.integer (10, 99),

JSC.integer (1000, 9999)) BoCNoNb30BaTHCA CNEUMANLHBIM cneyuduratopom
], JSC.SSN (), onpeaeneHHbim B TEKCTE W COCTORLWNM
function (ssn) { u3 cneynduxatopos JSC. integer () . Kamabik

. o . cneundmkartop JSC. integer () Bbi6M-
return 'Testing Custom SSN: + ssn; PIET NPOM3BONLHOE YHCAO B YKAIAHHOM
} ANWana3oxe

)i
)}i

B nannoi nporpamme ¢yHKIIHOHAIbHBIE BO3MOXHOCTH 6ubanoTtek JSCheck u
QUnit coeannsiorcs yepe3 BbI3oB pyHknumit JSC.on_fail () m JSC.on_pass(),
KoTopble coobmaloT 6ubanorexke QUnit o MOGBIX YTBEPKAEHUAX, B KOTOPBIX BbI-
1IIOJIHAETCA WM HapyHIaeTCs npejocTaBisgeMas cienugukanus. B ciaeayomem cnen-
udukarope:

JSC.SSN(JSC.integer (100, 999), JSC.integer (10, 99),
JSC.integer (1000, 9999))

ONHKCBHIBAETCS KOHTPAKT HA IOCTOBEPHBbIE HOMEPA COUHAIBHOIO CTPAaXOBaHMs, U M1O-
3TOMY B JAHHOH NPOrpamMMe NMpeAINoJiaraeTCsi BCETAA BbIBOAUTD NIPABWIbHbIE PE3yJib-
TaThl 11 II060ro coueTaHUsi HOMePa COIMaIbHOTO CTPaXxoBaHUA B popMe XXX -XX-
XXXX, KaK [TOKa3aHO HHKE.

Check Length SSN:
100 classifications, 100 cases tested, 100 pass

Testing Custom SSN: 121-76-4808 pass 1
Testing Custom SSN: 122-87-7833 pass 1
Testing Custom SSN: 134-44-6044 pass 1
Testing Custom SSN: 139-47-6224 pass 1
Testing Custom SSN: 992-52-3288 pass 1
Testing Custom SSN: 995-12-1487 pass 1

Testing Custom SSN: 998-46-2523 pass 1

Total pass 100
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B npuseneHHOM Bbllll€ OTYETE HET HUYEro yausuTeabHO. Ho cnenmgukanuio
MOXXHO OTKOPPEKTHPOBATb TAKUM O6GPa3oM, 4TOGbI BKIIOYUTH B HEE HEAOCTOBED-
HbI€ BXOJIHbIE IAHHBIE C FPYMIIOBBIM HOMEPOM M3 TPeX HU(P U IOCMOTPETh, KaK Npu
3TOM NOBEJIET ce6s nporpaMma:

JSC.SSN(JSC.integer (100, 999),JSC.integer (10, 999),
JSC.integer(1000,9999))

Tect QUnit ¢ npusnakamu JSCheck He npoxoauT, kak u npeanosaarajiocs. Ha
puc. 6.9 paau KpaTKOCTH NIPUBEAEH PE3YJIBTAT OHOTO HENIPOXOXICHUS TECTa.

1. Teet failed for: 949-786-8844

Expected: true
Result: false
Diff: true false

Puc. 6.9. HenpoxoxaeHue Tecta 0bHapyxusaeTcs B
pe3ynbTarte HeBepHOI NPOBEPKU CBOUCTB CPeacTsa-
Mu QUnit. Echn BLINONHWUTL PAHAOMM3ALUIO BXOA-
HbIX AaHHbIX, YTOObI BKNIOYUTL B HUX HEAOCTOBEPHbIE
AaHHble, To anroputm JSCheck o6napaer aocraTou-
HOM 3HTponuei, 4ytobbl 89 Tectos 13 90 He npownu

OTkyna xe 6eperca cnenudukarop JSC.SSN () ? Cnenuduxaropsl JSCheck pe-
AYT ce6s1 Kak KOMOHMHATOPbI PYHKIUIH, KOTOPbIE MOTYT GbITb COCTaBJIEHbI UIA CO3-
AaHusA 6Gojlee KOHKPETU3UPOBAHHBIX crienpHUKaTOpoB. B 1anHOM ciryyae ucnosb-
3yeTcs cnenuaibHbIi cnenypukarop JSC.SSN (), COCTOAMMUM U3 ONPEAENTEHHOTO
coyeTaHus cnenu@ukKaTopoB JSC.integer (), ONMCHIBAIOMMX CBOMUCTBA KAXAOMH
rpynnbl upp B HOMEpe COIMATLHOTO CTPaxoBaHUA (CM. TMCTHUHT 6.6).

Jinctuir 6.6. cneumansHbi cneuudukaTop JSC. SSN ()

/ * k

* QOpMMPYeT CHMMBOJIbHYIO CTPOKY C IOCTOBEDHBM HOMEpPOM
COLMANILHOTO CTpaxoBaHusA (C Tupe)

@param paraml Area Number -> JSC.integer (100, 999)
@param param2 Group Number -> JSC.integer (10, 99)
@param param3 Serial Number -> JSC.integer (1000, 9999)
Qreturns {OyHkumusa} ¢yHkuma cneumpmkaropa

* * ok

*

*/ l [Bobasuto Kak yacTs o6vexTa JSC,
JSC.SSN = function (paraml, param2, param3) { uto6bi CAeAaTh KOA CONACOBAHHBIM
return function generator() {

Kawgan yacrb Homepa coynans-
const partl = typeof paraml === 'function' HOFO CTPAXOBAHMA COCTOMT U3
? paraml(): paraml; KOHCTaHTBI AW GYHKLMM, HCNONL-
3yemoil B JSCheck gnn BHeapeHua
const part2 = typeof param2 === 'function' RPONIBOALHLLX RIDAHMIX ABHHMX
? param2(): param2;
const part3 = typeof param3 === 'function'

? param3(): param3;
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return [partl , part2, part3].join('-'); Bce TPM TOUKW BBOAA AaHHBIX 06Be-
}i AMHAIOTCA B ROCTOBEPHDINA CHHTAKCHC
} ; HOMEPa COYHANDHOIo CTPaXOBaAHKA

bu6ianoreka JSCheck oliepupyeT iMillb YUCTHIMU IPOrPaMMaMH, a 3TO O3HAYAET,
4TO MporpaMmy showStudent Heib3s MpoBepUTh NOIHOCTLIO. Ho B TO e Bpems
3TOi GMGIMOTEKONH MOXHO BOCIIOJIb30BAThCA JUIS TECTUPOBAHHUA KaX/IOFrO KOMIIO-
HEHTA JaHHOM IIPOrpaMMbl B OTAEIbHOCTH, YTO OCTABJIAETCH BaM JUISl CAMOCTOSITE b
HOTO ylpaxxHeHus1. TecTMpoBaHHe Ha OCHOBE CBOMCTB IIPHBJICKATEIbHO TEM, 4TO
OHO MO3BOJIAET NPOBEPATH PyHKUMU J0 npeea. Ero Hanmyymmm kauecTBoM sBis-
€TCSt BO3MOXKHOCTb IIPOBCPUTD, IEHCTBUTENBHO JIM TECTUPYEMBIii KO/L ABISAETCS CChI-
JIOUHO-TIPO3payHbIM. Beib pu 3TOM npeanonaraeTcs, YToO OH AOJDKEH AeiCTBOBATh
COIVIACOBAHHO IO TOMY X€ CaMOMY KOHTpPakTy ¥ BepaukTy. Ho 3auem noaseprathb
NPUKJIATHOM KOJ CTOJIb CYPOBOMY HCIIBITAaHHIO? OTBET NPOCT: 3TO HEOOXOAMMO /IS
TOT'O, YTOOBI CAIENATH TCCThI 3PPEKTUBHBIMU.

6.5. KonnyectBeHHas oueHka 3PpPeKTUBHOCTH
TeCTOB Yepe3 NOKpbITUEe UMM KOAA

KonnuectBeHHas oneHka 3ppeKTUBHOCTH MOAYJIBbHOTO TECTA — HEMPOCTas 3a-
Jlaya, eCJIM OHa HE PENIAETCsA C MOMOIBIO MOAXOAAIMX HHCTPYMEHTAIbHBIX CPE/ACTB,
MOCKOJIbKY OHA BIJIIOUACT B €651 U3yYy€HHE IIOKPBITHSA IIPOBEPSIEMOro KoJja TECTAMH
4yepe3 TecTHpyeMble QyHKUMH. [ig noTydyeHus CBeJleHUi O MOKPBITHH NpoBepsie-
MOTO KOJIa TeCcTaMu TpebyeTcss 060UTH Bce 0COObIE MYyTH, OTHOCAIMECH K TIOTOKY
ynpas/ieHus nporpaMmoit. Ml 3Toro MoXHo, B 4aCTHOCTH, AOCTHYb, M3y4yas MOTOK
BbIIIOJIHEHHS KOJIA 110 TPAHUYHBIM YCJIOBUAM QYHKIMU.

OueBHIHO, YTO OAHO JIMIIb MOKPBITHE TECTAMH HE ABJIAETCA JOCTATOYHBIM ITOKa-
3aTesieM KayecTBa, XOTsI OHO M ONUCHIBAET CTENEHbD, IO KOTOPOH MOXHO IPOTECTH-
poBaTh PYHKIMH, YTO HECOMHEHHO CBSA3aHO C yJIyuiieHreM KauecTBa. KoMy HyxeH
KOJI, KOTOPBIH TaK M HE JIOMIEN IO CTAAMH I POMBIIIJIEHHO# KcIUTyaTanmu? 5 xymaio,
4TO HUKOMY!

B xo/1e aHaIM3a NOKPBITUS POBEPAEMOrO KO/Jla TECTAMH MOXHO OOHAPYXHUTD
B HEM YYaCTKH, KOTOpble He GbUIM MPOTECTUPOBAHBI, YTO JA€T BO3MOXHOCTb CO3-
JABaThb JOMOJHHUTE/IbHBIC TECTHI /Ui UX BoigBleHUsA. Kak npasmwio, ato ko ais 06-
paboTky OomMMOGOK, KOTOPBIH ObUI B CBOE BPeMs NMPOMTHOPHPOBAH M 3aTeM 3a0bIT.
IMTokppiTHE KOJA TECTaMM MO3BOJAET KOJUYECTBEHHO OLEHUTD JIOJIO B IIPOLIEHTaX
TeX CTPOK KOJa, KOTOPbI€ BLINOJHAIOTCA PH BbI30BE MPOrPaMMbl Y€pPe3 MOy IbHbIE
TecTbl. YTOOBI IOJYyYMTD TaKyl0 MH(POPMALIMIO, MOXXHO BOCNOJIb30BAThCA GMGIMO-
teko# Blanket.js B kauecTBe MHCTPYMEHTAILHOTO CPEACTBA VIS MOKPLITHSA TECTAMH
nposepsieMoro kojia JavaScript. OHa CJIY>KUT VI TOTO, YTOObI JIOTIOJIHUTD CYIIECTBY-
IolllE€ MOTYIbHbBIE TECTDI JavaScript CTaTUCTUYECKUMU JaHHBIMU O TIOKPBITHUH I1PO-
BEPAEMOTro KOJIa 3TUMM TecTaMU. B nponecce pa6oTel 3Ta 6MGIMOTCKA TPOXOAUT
TPH CTaJIMM, KaK MOACHSAETCS HHXKe.
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1. 3arpyska ucxosHbix ¢aiios.
2. OcHalleHHe NPOBEPAEMOro KoJa CTPOKaMU OTCIEKHUBAHUS.

3. CoeguHeHHE NEPEXBATYUKOB B HCIIOJTHUTEJIE TECTOB ¢ BBIBOAMMBIMH MOAPOG-
HOCTSIMM O NIOKPBITUM TCCTaMM.

bu6imoreka Blanket.js cobupaeT cBeseHHA Ha BTOPO# CTaJlMH OCHallEHHUs, B Te-
4YeHHEe KOTOpPOi OHa GPUKCHPYET MeTaJaHHbIE, KACAIOIMECS BbIITOJHEHHS ONePaTo-
POB. 3TH JaHHBIE MOXHO U3AMHO 0TO6pa3uTh B oTyeTe QUnit. [TogpobHee o ToM,
KaK ycTaHaB/IMBaTb 6u6anoTeky Blanket.js, cm. B npuioxenun. JIio60it Moxyas nwin
nporpammy JavaScript MOXXHO CHaGUTb CEHAIbHBIM aTpubyTOM data-covered
B CTPOKe clieHapusa include. AHaIM3UpPYys JOMIO B MPOIEHTAX MOKPBITUS OTAEIb-
HBIX OTIEPAaTOPOB TECTAMH, MOXHO OOHAPYXUTb, YTO (PYHKIIMOHATBHBII KO/ B 60J1b-
meii cTeneH! nNoAJaeTcst TECTUPOBAHMIO, YeM HMIIE PaTUBHBbIM.

6.5.1. KonunyecrseHHas oueHka 3p¢eKTUBHOCTH
TecTupoBaHus GYHKLMOHANBHOIO KOAA

B 3T0i1 maBe npejacTabaeHbl IPUMEPBI QYHKIIMOHAIbHBIX IIPOTPaMM, KOTOpPbIE
B GoJsiblIeli CTENEHH NMOAAIOTCA TECTUPOBAHMIO Garofaps TOi MPOCTOTE, C KOTO-
POt 3a1auu MOTYT GbITh pa3jie/IeHbl Ha aTOMapHbIe, NpoBepseMble eaunmbl. Ho,
He Gepsl 3TH CJI0Ba Ha BePy, MONPOGYEM KOJIMYECTBEHHO OLEHUTDb 3¢ (EKTUBHOCTD
TECTUPOBAHUSA NMpOrpaMmbl showStudent, Npou3Beas aHATN3 NMOKPBLITUA TECTAMH
Kax/Jioro ee oneparopa. PaccMoTpuM cHayaaa HOJOXKHUTENbHBIN TECT Kak MPOCTEH-
KA KOHTPOJIbHBII pUMep.

KonuyecteeHHan oueHka 3pPeKTUBHOCTH UMNEPATUBHOIO U QYHKLUMOHANBHOTO
KOAa NPy ROCTOBEPHbLIX BXOAHBIX AAHHbIX

HTtak, nmpoaHanm3aupyeM CTaTHCTHYECKHE JAAHHbIC IOKPBITHS IPOBEPAEMO-
ro KojJia TeCTaMM IPH YIa4YHOM BBINIOJHEHUH UMIIEPAaTUBHON BEPCHH MPOTrPaMMbl
showStudent, MCXOHBII KOJ KOTOPOi NpeACTaBJIeH B IMCTUHTE 6.2. OcHacTUM 3Ty
nporpammy cpeactBamu Blanket u QUnit, nomeTus ee caeayiomum o6pasom:

<script src="imperative-show-student-program.js" data-cover></script>

Ecsi Tenepb BbINOJIHUTDL NPUBEAEHHBII HIXE TECT, TO B KOHEYHOM MTOTe OyaeT
noayseHo 80%-Hoe NMOKPbITHE IIPOBEPAEMBIX ONEPATOPOB 3TUM TCCTOM, KaK CJIETy-
€T 13 pesyasraTa, BeiBoAauMoro B QUnit/Blanket Ha akpan u npeacTaBIeHHOro Ha
puc. 6.10.

QUnit.test('Imperative showStudent with valid user',
function (assert) {
const result = showStudent('444-44-4444");
assert.equal (result, '444-44-4444, Alonzo, Church');
3
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lponyckaetcs Bcs norka 06paboTkm owmbok

Puc. 6.10. Boisogumbiii B QUnit/Blanket pesynsTaT BbINOAHEHUA MMNEPATUBHOM BEPCUM NPOrPamMbl

showStudent ¢ 40CTOBEPHBIMK BXOAHBIMU AAHHLIMWU. B CNeuManbHO BbIAENEHHbIX CTPOKAX Koaa

npeacTasneHbi onepaTopsbl, KOTopbie Boobuie He 6binn BbinoNHEHLI. B utore u3 15 cTpok Koaa 6bi10
BbINONHEHO TO/IbKO 12, a cneaoBaTtenbHO, 0buiee Mx NOKPbLITUE TeCTaMKM COCTaBMNO Wb 80%

Tako#t pesyabraT HeyIUBUTE/EH, MIOCKOJbKY B JAHHOM CJIy4ae GbL1 MPOMyINEH
BeCb koji 06pa6orku omubok. INokasarens 75-80%-Horo nmoKpuITHA NPOBEPAEMO-
ro KOJa TECTAMH CYMTAETCS A0BOJIbHO IPHIMYHBIM JUIsl UMIIEPAaTHBHBIX IPOrPaMM.
M3 manHoro npumepa MoxHO cJesaTh BbIBOA, YTO 80%-HOe MOKpPBITHE — 3TO HaU-
Jy4IIHHA 110KA3aTeNb, KOTOPBIH MOKHO MOJYYHUTb NPH OJHOKPATHOM BBIOJHEHHUH
MOJZYJIbHOTO TecTa. A Tenepb ocHacTuM cpejcTBamu Blanket u QUnit pynknnonans-
HYIO BEPCHUIO TOM € CaMOH MPOrpaMmbl, YTOOBI BBITIOJHHUTD €€ MOJIOKHUTEIbHbIN
TeCT:

<script src="functional-show-student-program.js" data-cover>
</script>

U B 3TOM Cilydae TecTHpPOBaHHE NPOTrPaMMbI GBUIO BBITIOJHEHO C JOCTOBEPHBIM
HOMEPOM COLMJIBHOIO CTPaxoBaHHs, T.€. MO “yaauHoMmy nyty”. Ho Ha 3TOT pas no-
KPBITHE TeCTamM JlocTurio nokasarens 100% (puc. 6.11)!

Oaram.i¢

Puc. 6.11. B pesynbrarte BbiNONHEHUA NONOKUTENBHOTO MOAY/NLHOIO TecTa

$yHKUMOHaNbHOM Bepcum nporpammsl showStudent aocturHyto 100%-Hoe

NOKpPbITUE TECTAaMM €€ MCXOQHOro KoAa. 3T0 03HaYaeT, YTo bbina BbINONHEHA
6yKBaNbHO KA} Aan CTPOKa KOAa NpoBepaemoin 6usHec-norvku!
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Ho nocroiite: Beab €civ BXOAHbIE JaHHbIE ObLIM JOCTOBEPHBIMU, TO IIOUEMY HE
6bL1 ponymeH Kog o6paGoTKM OMMG0K? ITO pe3y/NbTaT AEHCTBHS MOHaJ B NpO-
BEpsAEMOM (PYHKIIMOHAILHOM KOJe€, I/ie MOHATHE IyCTOro 3HAYEHUsA WIH MyCTOTbI
(B popme cTpykTypbl Either.Left mwim Maybe.Nothing) maaBHo pacnpocTpans-
eTcs 1o Bcei nporpamme. Takum o6pa3omM, B JaHHOM BEPCUM NPOTPaMMbl BbINOTHSA-
eTca Kaxaas QPyHKIMsA, XOTH PH 3TOM NPOITYCKAETCA JIOFMKA, MHKAIICYIHPOBaHHAs
B QYHKIUAX NpeobGpa3oBaHMs.

[1pocTo yauBHTENbHO, HACKOILKO HAJIEXKHBIM U TMOKMM OKa3bIBA€TCA (PYyHKIMO-
HJIbHBIA KOJ. A TE€NEPb BbIIIOJIHUM OTPHIATEIbHbIN TECT C HEJOCTOBEPHBIMH BXOJ-
HbIMHU JaHHBIMH.

KonuyecTBeHHan oueHKa 3OPEKTUBHOCTH UMNEPaTUBHOrO U GYHKLUHOHANIbHOTO
KOAa NP HeAOCTOBEPHbIX BXOAHBIX AaHHbIX

Ouenum koanuecTBeHHO 3 (PEKTUBHOCTL O6EUX BEPCHI MPOrpaMMbl MPU UX
BBIMIOJIHEHUH C HEJOCTOBEPHBIMHU BXOJHBIMH JaHHBIMH, HAalIpUMeEp, KOI/a nepeja-
10TCcs nycTele (null) 3nauenus. Kak ciaexyeT U3 oTyeTa o TeCTHPOBAaHUM MMIEpa-
THBHOTO KOJa, IPHBEJICHHOTO HUXE U Ha pHC. 6.12, NokpeiTHE TECTaMH 3TOrO KOJA
OKAa3bIBA€TCSl YMCPEHHBIM, YTO HEYAUBUTEIBHO.

QUnit.test ('Imperative Show Student with null', function (assert) {
const result = showStudent (null);

assert.equal (result, null);
})i

Blanket.js results Covered/Total Coverage (%)
Smts.
1. /mperative-show-student-program.js 6/15 40 %

L ‘'use strict';
2
J var store = D3( 'students’);
r elementId = ‘'student-info’;

showStudent (ssn) { ot
if (ssn I= null) ¢

e

1 olwmb0oK

else

24 }

25 } else {

26 return null;
ra )

28 )

Puc. 6.12. MNpu TeCTMPOBaHUW MMNEPATUBHOM Bepcuu Nnporpammsl showStudent nponyckaerca no-
NOMUTENBLHBIN NYTb €€ BbINONHEHUA. B UTOre BbINO/IHAETCA MW b HECKONLKO CTPOK KOAQ, a ero no-
KpbiTUe TecTaMu cocTasnser scero 40%
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Tako#i pesyasraT O6bACHAETCA HATUYHUEM GJOKOB YCJIOBHBIX OIEPAaTOPOB
if-else, rae co3aaeTcs NOTOK yNpaBJ€HHsA, Pa3BETB/IAIOIMUINCA B Pa3HbIX HallpaB-
nenusx. U, kak 6yaeT nokazaHo HHXE, TO NPHUBOAUT TAKXKE K MOABICHHIO CJIOXKHBIX
dynxumii.

W nanpotus, B pyHKIIMOHANLHOMU BEPCHM JaHHO# NMporpamMMsl mycTsie (null)
BXOJIHbIE JaHHBIE 06PabaThIBAIOTCA KOPPEKTHO, MIOCKOJIBKY B 3TOM CJIy4yae HpoIy-
CKAeTCs JIMlIb JIOTUKA JUI HEMOCPEACTBEHHOTO MAaHUITYIMPOBAHUSA HEJOCTOBEp-
HBIMH (Tenepb MyCTHIMHM) BXOAHbIMM NaHHBIMU. Ho Bca cTpykTypa mporpammsl,
BKJIIOYAs B3aUMOJIEHCTBHE (PYyHKIIMIA, OCTA€TCA HA MECTE U YCIEUIHO BBI3BIBAETCS U
TECTUPYETCS OT Hayaa U 0 KoHna. Hanomuum, yto BeaeacTsne omn6ku GyHKIm-
OHAJIbHBbIN KO/ BbIAAET pe3yabraT THNa Nothing. BmecTto Toro 4yro6s1 npoBepsaTs
BBIXOZIHbIE JAHHbIE HA HAJIMYHE ITyCTOro 3Ha4eHus (null), ZOCTaTOYHO BHINOJIHUTD
CHeRyIOHH TECT:

QUnit.test('Functional Show Student with null’', function (assert) {
const result = showStudent (null).run();

assert.ok(result.isNothing);
1)

Y4acTkH, KOTOpPbIE OCTATUCh HE3ATPOHYTHIMH TECTHPOBAHHEM M3-32 ITPOMNYILIECH-
HOM JIOTMKH, TPHUBEJAEHDBI Ha puc. 6.13.

r.rer

Mponyckalotcs
TONbKO Te
byHKUMM,

KoTopbie
3aBUCHT OT
BXOAHOro
3HayeHus

)« £ilter(validiength.bind({unde

Inputt ¢+ str +

‘:SSN';:» ):

r find dent « safeF hR d(DB( 'students'));

/ Alternate implementation
r showStudent = R.compose(
map(append( 'studentRoster')),
1iftI0,
chain(cev),
map(R.props(['ssn’, 'firstname’', 'lastname’])),
map(findStudent),
map(checkLengthSsn),
lift(cleanInput));

Puc. 6.13. MNpw TectuposaHnn pyHKLMOHaNbHOM BEPCMM NPOrpaMmbl showStudent nponycKaloTca
CTPOKM KOAQ, CBA3aHHbIE TONIbKO C MaHUNYNUPOBAHMEM BXOAHbBIMM AAaHHBIMK, KOTOPbIE B NPOTUBHOM
cnyyae npovcxoannm 6bl U3 AOCTOBEPHOTO UCTOYHMKA
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Jlaxxe nIpy HAIMYMM HEJOCTOBEPHBIX JAHHBIX LEJIbIE YYACTKHU KOJa B (PyHKIHO-
HJIPHOM BEPCHHU JAHHOMH MPOrpaMMbl HE MPOCTO MPOIMYCKAIOTCA, 2 KOPPEKTHO U
6,1aronoJIy4HO pacrpoOCTPaHAIOT HEJOCTOBEPHOE YCJIOBHUE B MOHaJax. B urore no-
CTUTaeTCst NPUWINYHBIN noka3ateb 80%-HOro NOKpbITHA TeCTaMM, B /IBa pa3a lipe-
BBIIIAIOMUI1 AHAJIOTHYHBIN TOKA3aTe b VIl UMIIEPATUBHOW BEPCHMM JAHHOH MpO-
rpammsl (puc. 6.14).

Blanket.js results Caovered/Total Coverage (%)
Smts.
1. /functional-show-student-program.js 23/29 79.31 %

Puc. 6.14. Nokasatenb NOKPbITUA TECTaMU PYHKLMOHANLHOM Bepcun Npo-
rpammol showStudent no-npex}Hemy OCTaeTCA BbICOKUM AaXKe Npu Hepo-
CTOBEPHbIX BXOAHbIX AAHHbIX

Biarosaps ToMy 4TO (PyHKIMOHAIBLHBINH KOJ B HAMHOTO GOJIbIICH CTEIIEHH MO
JAeTCA TECTUPOBAHHUIO, OH JIOJDKEH BbI3bIBATh OlllyllleHHe 6€30MacHOCTH 1 y100CTBa
€ro pa3BepTbIBAHUA B IPOU3BO/ICTBEHHBIX CUCTEMAX — JJaXK€ €CJIH HEU3MEHAEMOCTb
U ycTpaHeHHe No604HbIX 3¢ dekToB He JocTHIIHM cBoeil nean. Kak ynomunanocs
paHee, HaMMYKE 6JIOKOB YCJOBHBIX OIIEPAaTOPOB M LIMKJIOB B MUMII€ PATUBHOM KOJIE HE
TOJIBKO 3aTPyAHAET €ro TECTUPOBaHME M MOHMMAHME, HO U JIONOJHUTENBLHO yBEIH-
YMBAET CJIOXKHOCTb paccMaTpuBaeMoi pyHkmu. Kak xe olleHUTb C10XKHOCTDb KoJia
KOJIMYECTBEHHO?

6.5.2. KonnyecTBeHHas oueHKa CNoXHOCTH QYHKLMOHANbLHOIO KOAA

YT06Bbl KOJHYECTBEHHO ONEHUTH CJIOKHOCTbh NPOTPaMMbl, HEOOXOAUMO TIIA-
TEJIbHO MCCJIEJOBATDb €€ OTOK ynpapjaeHHs. Ha nepsblii B3rsAa, Uis 3TOro Jocraroy-
HO OIIPEJEINTDb, YTO OJIOK KO/Ia CJIOXKEH, €CJIM €r0 TPYAHO NMPOCAEUTh BU3YalIbHO.
B 3TOM oTHOmIEHNM (PYHKNMOHATbHOE MPOrPAaMMHUPOBAHHUE JAeT SICHOE JeKIapa-
TUBHOE NPE/CTaBJICHHE O KOJIE, KOTOPOE JIEJIAE€T €r0 BU3yalIbHO IIPUBJICKATEIbHbIM.
DTO paBHO3HAYHO YMEHbIICHUIO CJIOXKHOCTH KOJA C TOYKU 3pEHMs pa3paboTuuKa.
B atom pazgene GyaeT nokaszaHo, 4TO (PYHKIMOHAJIbHBIN KOJ OKa3bIBACTCS MEHEE
CJIOXKHBIM U C WIFOPUTMHUECKOH TOYKH 3PEHHUS.

CJI0XHOCTb KOJIa onpe/e/isieTcs MHOTMMHU (paKTOpaMHM, BKIIOYas GJI0OKH YCIOB-
HBIX ONIEPAaTOPOB M LMKJIbI, KOTOPbIE MOIYT ObITh TAKXE BJIOXCHHBIMU B Jpyrue
cTpykTypel. Hanipumep, 10rMka ycJI0BHBIX NEPEXOJOB ABIAECTCA B3aMMHO MCKIIO-
vaiolei, passeisisa NOTOK yIpaBleHHs [POrPaMMOii Ha JIB€ HE3aBHUCHMbIE BETBU B
COOTBETCTBUH C IOTMYECKUM ycloBUEeM. Eciin B NpUKIaHOM KOIe MMEETCS HEMAJIO
6JIOKOB YCJIOBHBIX ONlepaTopos i f-else, TO JIOrMKY TAKOTO KO TPYAHO HHPOCJIC/IMTh.
Ho caenaTb 3TO eme TpyaHee, KOr/ia yCJIOBHsI OCHOBBIBAIOTCS HAa BHEIIHUX (paKToO-
pax — nmoGouHbIX 3P¢eKTax, HABA3bIBAIOUINX MYThb, 110 KOTOPOMY JOJDKHO [OWTH
BbINIOJIHEHUE koJa. YeM Gosblie KOMMYECTBO OGBIYHBIX H BJIOXKEHHBIX GJIOKOB YC-
JIOBHBIX ONEPATOPOB, TEM TPyAHEE TeCTHPOBaTh QPyHKIUH. IMeHHO moaToMy Tak
Ba)XXHO COXPAHATb (PYHKIIMM KaK MOXHO 60J1ee MPOCTBIMU. ITO 110JI0XKEHHE ITyOOKO
ykopeHeHo B koHuenuuio ®IT — HyxHo cBoauTb Bce PYyHKUMH K MPOCTHIM JissMO1a-
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BbIPQXKEHUSM BE3JE, II€ TO TOJbKO BO3MOXKHO, OObEAMHAA MX C IIOMOLIbIO KOMIIO-
3ULIMM ¥ MOHAJ.

Luxnomamuueckas croxHocms— 3TO KOJIMYECTBEHHBIIH NIOKa3aTe/Ib IPOrpaMMHO-
ro obecrnieyeHns, NPUMEHAEMBIH Ul OLIEHKHM KOJIMYECTBA JIMHEHHO HE3aBUCHUMBIX
nyTei, KOTOPbIMM MOXET MOWTH BbINOIHEHHE PyHKIMHU. M3 3TOro noHsATHSA BO3HM-
KaeT ufies IPOBEPATb PAHUYHbBIE YCJIOBUSA (PYHKLIIMH, YTOGBI IPOTECTUPOBATh BCE
BO3MOJXXHBIE ITyTH €€ BbINIOJTHEHUA. [l 3TO# 1e/IM CITYKUT NNPOCcTas Teopus rpagos,
COCTOSIIIMX U3 y3JI0B M pebep, Kak noka3aHo Ha puc. 6.15, rxe

B y351b1 0603HAYAIOT HepasjieaseMble 6JIOKH KOJa;

B HanpapjeHHble peGpa COEAMHAIOT ABa 610Ka KOJQA, €CJIM BTOPOii 6JIOK MOXET
ObITD BBINIOJIHEH MOCJIE IIEPBOTO.

Pebpa Yanul

> fiiter | > reduce

Mpespatwaiotcs ‘—1—' ‘—1—’

L J v ' ] if-else
Y Y

if-else for

(@]
s
|
i
=
2
©

W — >

MMnepaTnBHbil KOA, DyHKUMOHANbHBIN KOJ ——

Puc. 6.15. mnepatneHblie 610KKM YCN0BHLIX OnepaTtopos if-else v umkabl for B UMNEpPaTMBHOM
KOAe NpeBpaLLaloTca B onepaunun map, filter u reduce 8 PyHKUUOHANLHOM KOAE

B riaBe 3, “MeHblie CTPYKTYP AaHHBIX U 60JIbllIEe ONI€paluii”, HCCAEA0BATOCH OT-
Juye rpada NoToKa yrnpasjieHHs MMIIEPATUBHBIM KOJIOM OT aHAJIOTMYHOTo rpaga
2151 PYHKITMOHATBHOTO KOJIA, a TAKXKE MOACHAIOCH, KAKMM 06pa3oM B QyHKIIMOHAIb-
HOM KOJie BCsl JIOTUKA UTEPAIMH U YCJIOBHBIX NI€PEXO/J0B NEPEJAETCA ONEpalUiM
BBICHIETO NOpsAAKa Bpoae map u filter.

YTo ke BXOAMUT B MOHATHE LUKJIOMATHIECKOH CIOKHOCTH? C MaTeMaTU4eCKOn

TOYKH 3PEHHS CJI0XKHOCTD JII060i1 IPOrpaMMbl MOXET GbITh OlpeAeieHa 1o Gopmy-
ne M= E- N+ P, e

B E— xonnuecTBO pebGep B OTOKE;
B N— KOJHYECTBO Y3JIOB WJIK GJIOKOB;
B P — KOJIM4ecTBO y3/I0B, UMEIOIMX TOYKH BbIXOA.

Bce ynpasnsiomue CTPyKTypbl BHOCAT CBOH BKJIajl B IMKIOMATHYECKYIO CIIOX-
HOCTb, ¥ 4YEM MEHbIIIE €€ BeJIMYMHA, TeM Jy4dnie. B yacTHOCTH, 6JI0K YCIOBHBIX One-
PaToOpOB OKa3bIBAET BJIMAHUE Ha CJIOXKHOCTD KOJa, MIaBHbIM 06pa3oM, OTOMY, 4TO
OH pa3BeTBJAET MOTOK yNpaB/J€HMUs NPOrpaMMOil Ha /1Ba IMHEHHO HE3aBUCHMBbIX
nyru. M ecrecTBeHHO, UTO YyeM Gosiblle MOJOGHBIX YIIPABIAIONUX CTPYKTYP B NPO-
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rpamMMe, Te€M BbIllle KOJIMYECTBEHHbIH IMOKa3aTe b IMKIOMATUYECKOH CJIOKHOCTH, a
CJIeIOBATENLHO, TEM TPYAHEE TECTUPOBATb NIPOTPaMMy.

BepHeMcs k IOTOKY yripaB/ieHHs MMIIEPAaTUBHOM BepCHEii MPOrpaMMbl Ha OCHOBE
¢ynkumu showStudent (). Yro6s1 ynpocTHTh 0603HaYE€HHE TAKOTO NOTOKA, Ollepa-
TOpPBI NIPEBPaIEHb] B Y3/1bl rpaga, NPUBEACHHOTO Ha puc. 6.16. Eciin 0603HaunTh
MaTeMaTH4eCKH 3TOT rpad, cocroamuii u3 10 yanos, 11 pe6ep u 3 Touek Brixoaa, TO
B KOHEYHOM MTOTE NMOJYyYUTCs caefyiomas ¢popmyna: M= E- N+ P=11-10+3=4.

function showStudent (ssn) {
A if(ssn !== null) {
ssn = ssn.replace(/~\s*|\-[\s*$/qg, ''); B T F
C if(ssn.length !== 9) { B
throw new Error('Invalid input'); D
}
var student = db.get(ssn); E

T F
if (student !== null) { F D je= C D—>
var info =
‘${student.ssn},
${student.fir stname},
G ${student.lastname} " ;
document .querySelector (" \#${elementId} ) T F
.innerHTML = info; V G oe— F O>— H
return info;
}
else {
throw new Error('Student not H
found!"');
}
} > Kowey f¢&—
else { I
return null;

}
}

Puc. 6.16. NoTeHumanbHbIe Y31bl B MMNEPaTUBHOM Bepcum nporpammsl showStudent. Yka3aHHble

MeTKK 6blnn npespalyeHbl B rpad, COCTOAWMIA U3 Y3108 U pebep U HarNAAHO NOKa3bIBAIOWMWA KO-

JIMYECTBO Pa3/IMUHBIX IMHEMHO HE3AaBMCUMbIX NyTel BbINONHEHUA KOAa, 00YCNI0BAEHHbIX HaU4YMem
YC/I0BHbIX OnepaTopos

C apyroi CTOpPOHbBI, OLEHUTb KOJIMYECTBEHHO IIMKJIOMAaTUYECKYIO CJIOXKHOCTD B
(pyHKIMOHANBHBIX TPOrpaMMax HAMHOTO Tipolle, noTomy uto ctiwib ®I1 npeanosa-
raeT MCKJII0YEHHE B KAK MOXKHO 60JIblIEli CTENEHH IMKJIOB, YCIOBHBIX OIIEPaTOpOB
M APYryX YIPaBIAIOMMX CTPYKTYP B HOJb3y (PYHKLMIT BBICIIETO NMOPsIKa, KOMOMHa-
TOpOB (PyHKIUH M TPpOYHX aGcTpaknmii. M Bce 3To NpMBOAUT K COKpPALIEHHIO y3I0B
u pebep rpada, a Takke BCEX IMHEITHO HE3aBUCHMBIX ITyTei BbINOJIHEHUS (PYHKIMIA.
TakuMm 06pa3oM, PyHKIMOHAILHBIE IPOrPaMMbl OOBIYHO CTPEMSATCS K MOKA3aTENI0
HMKIOMAaTUYECKOH CI0XKHOCTH, 6;1M3KOMYy K 1. IMEHHO 3TO M MPOMCXOAUT C PyHK-
HHOHAJIbHOM Bepcuei nporpaMMbl showStudent, NOCKOJIbKY OHa COCTOUT U3 MHO-
rux (pyHKuMi, rpagpl KOTOPBIX COAEPHKAT UL €AUHCTBEHHYIO TOYKY BbIXOJA, HO
HE COJIEPXaT y3JI0B U pebep, 4TO B KOHEYHOM MTOTre NPHUBOJMT K CJICAYIOIEMY IO~
Ka3aTes10 IMKIOMAaTU4eCKOH cloXHOCTH: M= E~ N+ P=0-0+1=1. Ho urto kaca-
€TCs CJIOKHOCTH, TO U3 06EHX BEPCHil pacCMaTPHBAEMO# 3/1€Ch MPOrPaMMbl MOKHO
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BbIBECTH PsAJl IPYTUX KOJIMYECTBEHHDIX MOKa3aTeNeH, 3aCTyMBaIOUMX YIOMUHAHUA
Y TIEPEYUCIEHHBIX B Ta61. 6.1.

Tabnuua 6.1. ipyrue BaxHble CTaTUMOCKMUE KOIMHECTBEHHbIE N0Ka3aTesnn CAOXHOCTH
KOAa B CPaBHEeHUU C ero UMNepaTUBHON N GYHKLUMOHANbHON BEPCUAMMN

WUmnepatusHas Bepcus DYHKUMOHaNbHAs BEPCURA

Lnknomartnyeckan CnoXHoCTb: 4 Lluknomatmuyeckas CnoxXHOCTb; 1

MNOTHOCTb LUKNOMATUHECKOR CNOXHOCTU: 29% MNOTHOCTb UMKIOMATUYECKOW CNOXHOCTU: 3%
Mupexc akcnnyaTaunmoHHOR HagexHOCTU: 100 MHpekc akcnnyaTauoHHOW HafeXHoCTH: 148

[110THOCTh IMKIOMATHYECKOH CJI0XKHOCTH MHAYe BBIPAXKAET NEPBOHAYAIBHYIO
BEJIMUMHY HUKJIOMAaTHUECKOH CJIOKHOCTH B MPOLEHTAX, UCXOJAA U3 KOJMYECTBA
CTPOK MMIIEPATHBHOI'O KO/Ia, KOTOPBIX 3HAYUTEIbHO MEHbIIE B (DyHKIIMOHAIBHOM
kojie. CreleHb, 10 KOTOPOM MporpaMma NoAAAETCA TECTUPOBAHHIO, IIPAMO MPONop-
IIMOHAJIbHA Ka4€eCTBy pa3paboTku nporpammsl. [1ponie rosops, yem 6osee Moxyib-
HBIM OKa3bIBA€TCA IPUKIATHOMN KO/, TEM JIErY€e €ro TeCTUPOBaTh. PyHKIIMOHAIbHbBIE
[POrpaMMbl UMEIOT B 3TOM OTHOIIEHHUH 3aMETHOE MPEHMYIIECTBO, ITOCKOJIbKY B HUX
BBITO/IHO MCIIOJIB3YETCA MOJYJIbHOCTb €€ COCTABHBIX €MHHUIL, KOTOPbIE€ CaMH fABJIsi-
I0TCS PYHKUMAMMU.

B ¢yHkumonanbHoe nporpaMMHpOBaHHE IYyGOKO YKOPEHEHO HCKIIOUYEeHHE Op-
FaHMU3YCMBIX BPYYHYIO LIMKJIOB B 11013y (DYHKIIH BBICHIETO 1IOPAAKA, KOMIO3UIIUH
BMECTO UMIIEPAaTUBHOTO CTWJIA MPOTrPaMMH POBAHMs, 110CJI€A0BATENbHOTO BBIYHCIIC-
HMs1 KoJia M 60J1ee BBICOKHX YPOBHe# abcTpakiuy ¢ NoMombio kappuura. [Toatomy
€CTb BECKME OCHOBAHMSA CUMTATh, YTO BCE 3TO MOXKET MOBIUATbL HA IPOM3BOJANTE b
HOCTb. A MO>XHO JIM C/I€JIaThb TaK, YTOObI M BOJIKU ObUIN ChITbI, U OBIbI 11eabl? Q0
3TOM M NOJIEeT peyb B CJIEyIONIEi VIaBe.

Pe3iome

M3 3Toi1 m1aBbl BbI Y3HAIH CJI€AyIOHICE.
B [IporpamMmbl, B KOTOPBIX HCIOJIB3YIOTCA AGCTPAKIIMM VIS CO€/IMHEHHUSA OUCHD
HNPOCTBIX PYHKUUH, ABAAIOTCA MOXYIbHBIMH.

u MOlIYJIbeIf"I KOJ, OCHOBAaHHbIH HAa YHUCTBIX q)yHKuﬂﬂX, JIETKO NNoAAA€TCs TECTHU-
pOBaHHIO H B Gouiblllei cTeneHu IIPUTOJE€H Vil IPUMEHEHHUA CTPOTrHX METO-
AHK IIPOBEPKH BPOAE TECTHPOBAHHUA HA OCHOBE CBOJWCTB.

8 TecTupyeMblit KO KO/DKEH UMETh ITPOCTOM NMPOTOK YIIPaBJI€HUS.

u rlpOCTOﬁ MOTOK yNnpaBJ€HHUsA YMEHbIIAET CJIOXHOCTb nporpaMMsl B LI€JIOM.
ITO MOXHO OIICHUTDH KOJIUYECTBCHHO C MIOMOIIbIO COOTBETCTBYIONIHX ITOKa3a-
Tesiel HIMKJIOMAaTHYeCKOH CJI0KHOCTH.

B VYMeHblIeHHE CJIOKHOCTH nporpamMm obJieryaeT UX MOHUMaHHE.



Onmumuzayus
DYHKYUOHANDHO20 KOOa

B 3Tou rnase...

B BrigsieHue MecT, rae (PyHKIMOHAIbHBIN KO GoJiee
IPOM3BOJIMTENICH

B lccreproBanue BHYTPEHHETO MEXaHU3Ma BbIIIOJIHEHUSA
ynxkiui B JavaScript

B JlocreacTBUS BIOXKEHUS KOHTEKCTOB (PYHKIIMIL M PEKypCHH

B OnruMusanus BbIIIOJHEHUS q.)yHKHl/lf/i IHOCPEACTBOM
OTNIOKCHHOTO BbIMMTUCJICHU A

&’(‘K()p(‘.lll‘l(‘ BBIIIOJIHEHHWA NPpOTrPaMM ()Jlal‘()}['dp}l 3aITOMHMHAHUIO

b (:B()p'd‘ll»'lBaHH(‘ BbI3BOBOB XBOCTOBO-PEKYPCHUBHDIX (1))"“1\'][51[”!

B 97 u3 100 chyyaes mMbl OMKHbI 3a6biBaTh 0 HE60NLLIOM NOBbIWEHUN
3$deKTMBHOCTH, BeAb BECb KOPEHb 3/1a — B NPeXaeBpeMeHHOM
onTumnsaumm. Ho oueHb BaXKHO He YNYCKaTb TaKylo BO3MOMXHOCTb

B OCTaNbHbIX 3 CNyYanX.

U3 kuurn Hexycemeo npozpammuposarnus (The Art of Computer
Programming) Jonaavda Knyma (Donald Knuth)

Kak pexkoMeHayIOT 3Halolue 101, OIITUMU3MPOBATD KOJ CJIEAYET B [NOCJAECHIO
oudepeab. B npeabLymux rapax nosCHAIOCH, KaK MUCaTh U TECTUPOBATb (PyHKIM-
OHWIbHBIHM KOJ, a Tenepb, 6iMxe K 3aBEPUICHUIO 3TOTO YBJIEKATEIbHOTO 3KCKypCa B
o6acte PI1, Mp1 paccMOTpHM crIOCOGBI ONTUMM3ANMH MOJO6HOTO Kofa. Hu oana
napajavrma nporpaMMHpPOBaHMA HE ABAACTCH UAEATbHON U UMEET CBOU KOMITPOMHUC-
Cbl, HaIIpUMeEP, MEXAY IIPOU3BOIUTENBHOCTBIO M abcTpakumeit. PyHKIMOHaNIBbHOE
IIPOrpaMMHMPOBAHHE IIPEJIOCTABIAET YPOBHU aGCTPAKIMK ISl JOCTHKEHMS BbICO-
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KOM CTENEHU TEKYyYeCTH U JI€KJIaPaTUBHOCTH MPHIVIATHOTO Koja. B cBsa3u ¢ Heo6xo-
JAMMOCTBIO IPUMEHATb BHYTPEHHHMI KAPPHHT, PEKYPCHIO, 3aKJIOYCHUE B 000J0UKY
MOH3/l U KOMIIO3ULIMIO I PENIEHUS JAXKE CaMbIX MPOCTBIX 3a/a4 MOXET BO3HHUK-
HYTb CJIEAYIOMMH BOIIPOC: OKa3bIBA€TCS JIM (PYHKIIMOHAIBHBIH KO/l TAKMM KC ITPOU3-
BOJMTEJIbHbIM, KaK U UMIICPATHBHBbIA?

B camom aene, cokpaiieHne BpeMEHH BBINOJTHEHHS JaXKe€ CaMbIX COBPEMEHHBIX
BeO-IPUIOXKEHUI, KPOME UIPOBbIX, MAJIO YTO JaeT. BricTpoaelicTBie cCOBpeMEHHbIX
KOMIIBIOTEPOB H TEXHOJIOTHYECKOE KA4€CTBO KOMIIWIATOPOB BO3POCJIO HACTOJIBKO,
4YTO HEU3MEHHO FAPAHTHPYET BbICOKYIO IPOU3BOIUTEIbHOCTD IIPABWILHO HAIIMCAH-
HOTO KoZa. B aTOM oTHOMEHUHM PYHKIMOHAILHBIH KOX HE MEHEE NPOU3BO/IUTEJIEH,
€M UMIIEPAaTUBHbIM, XOTs €r0 OCOGEHHOCTH MPOSIBJAIOTCS MHAYE.

bbL10 6b1 HEpa3syMHO nepeiTH K NPUMEHEHHUIO HAa IIPAKTHKE HOBOM Mapajgurmbl
IIPOrPaMMHUPOBaHUS, HE YICHUB IOCAEJCTBMS 3TOTO IIara i Cpelbl, B KOTOPOit
JOJDKEH BbINIOJHATbCA HANTMCAHHbIHM KOA. MMEeHHO noaToMy B 3Toi I1aBe NOACHAIOT
€ 0CO6€HHOCTH (PYHKIMOHAJILHOI'O KOZIa Ha JavaScript, KOTOpbI€ CIeyeT UMEThb B
BUJly, 0COOGEHHO NMpH 06paboTKe GOIBUIMX MACCHMBOB AaHHBIX. [To Xxoxy M3n0XKeHUs
MaTepHaJia 3TOH IaBbl GyAyT yHOMHHATbCSA TaKME OCHOBHBIE SI3bIKOBbIE CPEACTBA
JavaScript, kak 3aMbIKkaHHs1, TO3TOMY npouuTaiite masy 2, “CuieHapuii BbIClIero 1o-
psizika”, 4TOOBI ACHO NNOHMMATh, O Y€M 3/1eCh WJIeT pedb. B 3Toit m1aBe o6cyxaaloTcs
TaKXe MHTEePEeCHbIE METOAUKU ONTUMH3ALIMH, B TOM YHCJIE OTVIOXKEHHOE BbIYMCIIE-
HU€, 3a1IOMMHAHHUE U ONITUMH3ALIUSA BbI3OBOB PEKYPCUBHBIX (PYHKIIHIHA.

PyHKIMOHAIBHOE NPOrPaMMHPOBAHHE HE YCKOPSIET BPEMsl BbIYMCICHHSA OTAE/Ib-
HBIX (PYHKIIMIA, 2 CKOpee CIYXKHT CTpaTeruei It HCKIIOYEHHs JyOIMPYIOIUXCSA Bbl-
30BOB (PyHKIIMH M OTKJIAbIBAHUSA BbI30BOB KOJa IO T€X IOP, I0KA B 3TOM HE BO3HUK-
HeT a6COMOTHAA HEOGXOAMMOCTb. ITO JJAET BO3MOXHOCTb YCKOPUTb paboTy BCETO
npuaoxeHus. B a3bIkax MCKIOYHMTENBHO QYHKIIMOHAJIBHOTO IPOrPaMMHMPOBaHMA
10J06HbIE€ BUIbl ONITUMU3AIMH BCTPOEHDI B CaMy MJIAT(OPMy M MOTYT MCHOJb30-
BaThCs BOOGIIE 6e3 BMEMATEIbCTBA CO CTOPOHbI Nporpammucta. A B JavaScript atu
BH/ibl ONNTUMHU3AIMH IPUXOAUTCA BHEAPATH BPYUHYIO U€pe3 CleIHAIbHbIA KO WIN
¢yHkumonanbHble 6u6MoTexu. Ho npexae ueM o6cyxiaTh 3TOT BONPOC MOAPOGHO,
PacCMOTPHMM BKpaTIlie TPYAHOCTH, BO3ZHMKAIOLIME HAa MYyTH NpUMeHeHUs JavaScript
B ®I1, a Tarke BeCKHe OCHOBAHMA U1 ONTUMHM3ALMM (PYHKIIMOHAILHOTO KOJa.

7.1. BHYTPEHHMA MeXaHNU3M BbINONHEHUN PYHKLUUN

IMockonbky B ocHoBy ®IT nosnoxeHo BbIyMcaeHHe PYHKIMIA IS BCETO, YTO Je-
JlaeTCsA B IPOrpaMme, MO3TOMY NMPHCTYNas K U3yYEHHUIO BOIPOCOB NMPON3BOAUTE b
HOCTH Y ONITUMM3ALIMH, OYEHb BAXKHO YACHHUTD, YTO K€ MPOMCXOAMUT IIPH BbI3OBE
mo6o# pynkumu B JavaScript. I1pu BbizoBe yHKIIMM B CTEKE €€ KOHTEKCTa UHTEp-
npeTaTop JavaScript co3saeT cnelMaabHyIO 3anuch (WK ppeiim).

Crek kOHTEKCTa (PYHKIMH ABASETCA KOMIIOHEHTOM NMPHUHATOMH B JavaScript mo-
JieJIM IPOrPaMMHPOBAHMSA U OTBEYAET 3a OPraHM3alMIO BbINOJTHEHUs PYHKIMH U
nepeMeHHbIe, KOTOPbIE OHA 3aMbIKaeT (3a IOIIOJTHUTENbHBIMH PasbACHEHUAMH 06-
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pamaiitech k pasgeny 2.4). Takoii crek Bcerza HauMHaeTcs ¢ ¢ppeiiMa MOGATBLHOTO
KOHTEKCTa BbITIOJHEHUS, TIE COJAEPXKATCA BCe MoGaIbHbIe epeMeHHble (puc. 7.1).

NMpumevaHue

Cmek ABNAGTCA OCHOBHOW CTPYKTYPOW, coaepKaluein 06beKTbl, KOTOPbIe MOXHO pa3-
MewWaTb M U3BNeKaTb U3 CTeKa NO NPUHUMNY “NociegHUM npuwen, nepsbim obcny-
weH” (LIFO). B kauecTse aHaNorMm MOXHO NPUBECTH CTONKY Tapenok, T.e. Bce onepa-
LUK B CTEKE BbINONHAIOTCA HAa ero BepLUUHE.

} HaxoauTcs BCceraa BHU3y crexa

Puc. 7.1. Ctek KOHTeKCTa B8binonHeHWUa B8 JavaScript nocne
ero uHuLManusaumu. B rnobanbHOM KOHTEKCTE MOXKHO OT-
CNEeXMNBaTb HEMANOo NepPeMeHHbIX U GYHKLMIA, XOTA 3TO 3aBK-
CUT 1 OT KONMYECTBA CLLEHapKEeB, 3arpyXaembix Ha CTpaHuue

PpeiimM MOGAILHOTO KOHTEKCTA BbINOJTHEHUs BCETa PacloJaracTcsi BHU3Y CTe-
ka. Kaxpiii ¢ppeiim konTekcTa GyHKUMH 3aHUMAET Olpee/ICHHBIH 06beM MaMsTH
B 3aBUCUMOCTH OT KOJIMYECTBA JIOKAIbHBIX I€PEMEHHBIX, KOTOPBIE B HEM HaXOAAT-
cfi. A B OTCYTCTBHE KAaKUX-TUOO JIOKATBHBIX IIEPEMEHHBIX ITyCTOM (peiM 3aHMMaeT
okosio 48 GaiT. g XpaHeHUs KaXAOH JIOKAJIbHOM MepeMeHHOH WM NmapameTpa
(uncnoBoro u oruyeckoro) Tpedyercs okono 8 Gaiit. EcrecTBenHo, 4To uem 60
€ NEPEMEHHbIX OGBABIEHO B Teje (PyHKUMH, TEM KPYNHEE CTAaHOBHUTCA ¢peiim
creka. B kaxxaom dpeiime conepxuTcs npubau3nTeabHo caeayomas MHGopManmsa

B CTPYKType JaHHbIX:

B 3TOM KOHTEKCTE MMEETCA AOCTYN K CBOIHCTBY variableObject
AaHHOA GYHKL MK, 3 TaKKe K CBONHCTBY variableObject u3 poau-
TENLCKOTO KOHTEKCTA BLINONHEHHA

executionContextbata = {
scopeChain COnepMUT apryMENTLI, BHYTPEHHWE nepe-
1% ! MeHHbIe U 06LABACHUA AAHHOR dyHKUMK

variableObject,
this l Cebinka Ha GyHKLMOHANDHBINH 06BeKT (HanOMHUM, YTO
Kampaan GyHKuuA B JavaScript cuutaerca obvextom)

M3 3T0i CTPYKTYPBI JaHHBIX MOXHO C€J1aTh PAJ BAXHBIX BbIBOAOB. Bo-nepsbIx,
HMEHHO CBOMCTBO variableObject B ocHOBHOM onpejesieT pa3mep ¢peiiMa cre-
Ka, ITOCKOJIbKY B HEM COAEPXKATCA CCbUIKM HA apryMeHTbl (PYHKIHMH, KOHKPETHbIMH
o6beKT arguments B BUAe MaccuBa (cM. miaBy 2, “CueHapuii Bbicuiero nopsaka”),
a TaKXe BCe JIOKaIbHbIE NlepeMeHHble U (PyHKIMHU. BO-BTOPBIX, MMEHHO LieMOYKa

! 3TH cBeaeHMs B3ATHI U3 OTIMYHOI my6nukaiuu “What Is the Execution Context &
Stack in JavaScript?” (Ha3Hauenue KOHTEKCTa BbIIIOJHEHHS U €ro cTeka B JavaScript) JIabuaa
Ilepudda (David Shariff) ot 19 uiona 2012 r. B 6sore no aapecy http://davidshariff.
com/blog/hat-is-the-execution-context-in-javascript/.
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o6racteil BUAMMOCTH (PYHKLIHI CBA3BIBAET KOHTEKCT JaHHOM (PYHKLIMH C €ro poau-
TEJIbCKMM KOHTEKCTOM BBINOJHEHHSA, KaK HosACHsAeTCA Hike. [IpsiMo mwi KocBeHHO,
HO Ilenoy4kKa o61acTeii BUAMMOCTH KaX/0i (PyHKUHHM B KOHEYHOM CYEeTe CBA3BIBAET
ee ¢ IMI06aIbHbIM KOHTEKCTOM.

NMpumevaHue

Lilenouka obnacreit BUAUMOCTU OTAENLHOW QYHKUUU OTAMYAETCA OT LLenOovKU Npo-
ToTMNOB 06bEKTa B JavaScript. U xoTa 06e uenoyku seayT ceba cxoaHbIM 06pasom,
LUenoyka nNpoToTunos 0603HaYaeT CCbiNKY, YCTaHABAWUBAEMYIO NPU HACNea0BaHUU
06BbEKTOB Yepe3 CBOCTBO prototype. A uenouyka obnacreit BuauMocT 0603Haua-
€T, B YaCTHOCTU, NOPAAOK AOCTYNa BHyTPEeHHe!W GYHKUMMU K 3aMbIKaHUIO ee BHelHel
$yHKUMN.

[NoBexeHue cTeka ONpEAENAECTCA CAETYIOIMMH BAXXHbIMH ITDABHJIAMH.

] javaScrip[ — OJHOTMIOTOYHbBIH A3BIK, A CJIEZOBATENbHO, B HEM NOAAEPKHUBAETCA
CHMHXPOHHOE€ BbINOJHEHHNE KOJa.

B liMeeTcs OMH M TOJBKO OJUH IIOGAIbHBII KOHTEKCT, OOIIMIA U1 BCEX KOH-
TEKCTOB (PYHKLIMIA.

B JlonyckaeTcsi HEOrpaHHYE€HHOE KOJIMYECTBO KOHTEKCTOB (GyHKUUMH (pasany-
Hble Gpay3epbl MOTYT HAaKJIaIbIBaTh CBOM OrPAHHMYEHUS Ha BbINIOJIHEHUE KIIH-
€HTCKOTO KOJa).

] l'Ipu KaXX/IOM BbI3OBEC q))’HKLlHPl CO3/1a€TCs HOBbIM KOHTEKCT €€ BBbINOJHEHUS,
JlaKe eCJIM OHA BbI3bIBaeT caMa ceOst PEKYPCHBHO.

Kax u3secTHO, B pyHKIIMOHAILHOM NPOrpaMMHUPOBaHMHU (PYHKIIMHM NPUMEHSAIOTCA
B MAKCMMaJIbHO# cTeneHu. ITo NoGyxaeT pa3buBaTh pellaeMble 33/1a4M Ha KAK MOX-
HO 6osibIe PYHKIMIA, a TaKXKe NOABEPraTh MX KAPPHHTY IS JOTIOJTHHUTEIBHOIO ya06-
CTBa ¥ MOBTOPHOTO MCHOJb30BaHMA. Ho npuMeHenmne 60gbMIOro KOJU4ECTBA Kap-
PYPOBaHHBIX (PyHKIIMIA OKa3bIBAaET BAMUSHHUE Ha Pa3MeP CTEKa KOHTEKCTA (PYyHKIMIA.

7.1.1. KappuHr u cTek KOHTeKCTa QyHKLMIA

S siBasAIOCH 6OJIBIIMM ITOKIOHHMKOM KappHHTIa, M MHe Obl O4€Hb XOTeJIOCh, YTOObI
BCE BbIYMCJIEHNA (PYHKIMIA BBINOJIHUIMCH B JavaScript ¢ aBTOMaTH4€CKMM KappHH-
rom. Ho Takoii zonosHuTe IbHBIH YPOBEHD aOCTPAKLMHY MOXET NMPHBECTH K HEKO-
TOPbIM KOHTEKCTHBIM HU3J€PXKKaM 10 CPAaBHEHHIO C OGbIYHBIM BbINOTHEHHEM (hYHK-
uuu. YTo6bl 3TO NMOJIOXKEHHUE CTAI0 NOHATHEE, BBIACHUM, YTO Xe€ B A€ CTBUTEIbHO-
CTH IPOMCXOAMUT BHYTPH MEXaHHM3Ma BbI30Ba KApPUPOBaHHOM ¢yHKIMH B JavaScript.

Kak ynomnnanocs B mase 4, “Ha nytu kx moBTOpHO HCIO/NIB3yeMOMY, MOTY/IbHO-
My Koay”, KOra NPOU3BOAMTCS KappUHT (PyHKLMH, MHTEpnpeTaTop JavaScript 3a-
MEHSET €€ OJHOPA30BbIii BbI3OB CO BCEMH NTapaMeTPaMM Ha HECKOJIBKO MOC/€e[0Ba-
TeJIbHBIX BHYTPEHHUX BbI30BOB. FIHbIMM C/IOBaMH, B pe3ybTraTe KappuHra QyHKuuu
logger () u3 maBbi 4:

const logger = function (appender, layout, name, level, message)
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MOoJIyYaeTcCs cjeyioias BJI0oXXeHHas CTPyKTypa:
const logger =
function (appender) {
return function (layout) {
return function (name) {
return function (level) {
return function (message) {

oo

B Takoii BIOXEHHO CTPYKType CTEK HCTI0JIb3yeTcs 601ee HHTEHCHMBHO, YeM NpH
npsamoM Bbi3ose. [losicHUM CHauana IOPAKOK BINOJHEHHS HEKAPPHUPOBAHHOM Bep-
cuu ¢ynkuuu logger (). BereacTsue cMHXpPOHHOrO XapakTepa BbINIOJTHEHHS KOAA
Ha JavaScript BbI30B (pyHKUMM logger () NPUBOAMT K MPUOCTAHOBKE PaboTbI MIO-
6a1bHOTrO KOHTEKCTA M MOATOTOBKE K 3aIyCKy 3To ¢yHKIuH. ITpu aToM cosmaercs
HOBBIi1 aKTUBHBII KOHTEKCT, a B HEM YKa3bIBA€TCS CCbUIKA HA MIOOAIBHBII KOHTEKCT
VIS JOCTYNa K NIepeMeHHbIM (puc. 7.2).

CTaHOBUTCS aKTUBHLIM KOHTEKCTOM

(n ccbinaeTcs Ha rno6GanbHbIA KOHTEKCT)
Ccblnka scopeChain
Ha rnoBanbHbii KOHTEKCT l

MNpuocraHasnueaetcs (4 Bceraa
HaxoAMTCS BHU3Y CTeka)

Puc. 7.2. Npu Bbi3ose nt0boi dyHKUMM (B AaHHOM Cnydae — logger () ) O4AHONOTOYHbIM MHTEp-

npetatop JavaScript npuoctaHasnusaeT paboTy Tekyuiero rnobanbHOro KOHTEKCTa U aKTUBU3UPYeET

KOHTEKCT BbINONHEHWUA HOBOWU QYHKLMWU. B 3TOT MOMEHT Mexay rnobanbHbIM KOHTEKCTOM U KOHTEK-

CTOM $YHKUMM YCTaHABAMBAETCA CBA3b, AOCTYNHAA NO CCbiKe scopeChain. A nocne BO3BpaTa U3

OYHKUMM logger () KOHTEKCT ee BbINONHEHUA YAANAETCA M3 CTeKa M BOCCTaHaBAMBaeTCA robans-
HbIA KOHTEKCT

Bo BHyTpeHHEM MeXaHHM3Me BbINIOJIHEHUs caMoi yHkumu logger () BbI3BIBAIOT-
csl OCTaIbHBIE OnlepanuM u3 6ubanorexu Logdjs, B pesyibraTe 4€ro CO3faITCA HO-
Bble KOHTEKCThI (PYHKIIMI1, pa3MelaeMble B cTeke (noapobHee o 6ubauorexe Logdjs
CM. B npwioxeHun). biaroaaps meficTBuio 3aMbikaHMil B JavaScript KOHTEKCTbI
¢yHKuMii, BO3HHKAIONIHE B PE3Y/IbTaTe BHYTPEHHUX BbI30BOB PYHKUMM, HAKAILJIMBa-
IOTCSi B CTE€KE OJAMH HaJ APYTMM M 3aHHMAIOT BbIACJIEHHYIO )it HUX nMamaATb. CebLika
Ha CTapblil KOHTEKCT yKa3bIBaE€TCs B d/leMeHTe scopeChain (puc. 7.3).

Y, HakoHe1, 1O 3aBEPIIEHNH KO/Ia BJIOXEHHBIX Oflepanuii u3 6uéanorexku Logdjs
TeKyI1ii KOHTEKCT yJalAETCsA U3 CTEKA, U 34 HUM aKTUBU3UPYETCS KOHTEKCT BbINON-
HeHus ¢pyHkuum logger (). IMocne 3aBepmenus paGoTel U 3TOM QYHKUUN UHTED-
npeTtatop JavaScript BO3BpalaeT BCE B HCXOAHOE COCTOSTHUE, B KOTOPOM J€ACTBYeT
TOJIbKO II061bHBIN KOHTEKCT (CM. puc. 7.1). Bot, co6cTBEHHO, M BCs TaliHa, CKpPbI-
BaIOLIAsCA 3a AeiiCTBHEM 3aMbIKaHUH B JavaScript.
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| } CTaHOBUTCA aKTUBHBIM KOHTEKCTOM

Ccbinka scopeChain
Ha POAUTENLCKMIA KOHTEKCT

| | } MpuocTaHaBauBaeTCAa
yHKUMM 1

NpuocTaHasnusaercs (v Bcerna
HaxoAWTCA BHU3Y CTeKa)

Puc. 7.3. PaclumpeHve KOHTEKCTa GyHKUUM NPU BbINONHEHUU BAOMKEHHbIX GYHKLMA. Mpu Bbi3oBE

KaXaoM u3 aTux pyHKUMIM CO3aeTca HOBbIM dperim B CTeKe, U NO3TOMY pa3Mep CTeka pacTeT npo-

NOPLUMOHANLHO YPOBHIO BNOMEHHOCTH GYHKUMMA. B Nnpouecce KappuHra U peKypcumn UCNoNb3yoTcA
BbI30Bbl BNOXEHHbIX GYyHKUUIA

HecMmoTps Ha BC10 3PP EKTHBHOCTD TAKOTO MOAX0/A, IMTyGOKO BJIOXKEHHbIE (PYHK-
IIMM MOTYT NOTPe6OBaTh HEMAIO ONEpPaTUBHOM mamaATH. B rmase 8, “O6pa6oTka
ACMHXPOHHBIX COGBITHIA M JaHHBIX”, GyAeT npejacTaBieHa PyHKIMOHAIbHAsA GUGIN-
oreka Rx]S, npennasnaueHHas 11st paGoThl C aCMHXPOHHBIM KOOM. Bech ncxoaubIi
KoJ| camo# nocseaHei ee Bepcuu RxJS 5 nosHOCThIO Mepenycal no CpaBHEHHUIO €
npeabLIylieil Bepcueii ¢ IMIaBHBIM aKIIEHTOM Ha NMPOM3BOJAMTEIbHOCTb U COKpalle-
HUE€ KOJIMYECTBA 3aMbIKaHHH.

A Tenepb pacCMOTPHUM pHC. 7.4, HA KOTOPOM TOKAa3aHO BbIIIOJIHEHUE KappUpo-
BaHHOM BepcuH pyHKIMM logger ().

Ha nepBsbiii B3rma KappHHT BcexX PYHKIIHI MOXET MMOKa3aThCA HEILIOXOMH njaeeu,
HO 3J10ynioTpe6JieHHe UM CIIOCOGHO MPHUBECTH K TOMY, YTO MPOrpaMMbl GYAyT 3aHU-
MaTb 6OJIbHIME YYaCTKH MPOCTPAHCTBA CTEKA U BBINOJIHATHCA 3HAYUTENbHO ME/VIEH-
Hee. UToO6bl y6eAMTBCA B 3TOM, 3aITyCTUTE CAEAYIONLYIO IPOCTYIO IPOrpaMMy OLIEHKH
IPOM3BOJAMTEIbHOCTH:

const add = function (a, b) {
return a + b;

const c_add = curry2(add);

const input = _.range(80000);

addAll (input, add); // ->511993600000000
addAll (input, c_add); // -> Gpays3ep ocTaHaBJMBaeTCsH

function addAll (arr, fn) {
let result= 0;
for(let i = 0; i < arr.length; i++) {
for(let j = 0; j < arr.length; j++) {
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result += fn(arr(il, arr(jl):

}
return result;

} CTaHOBMTCA aKTUBHBIM KOHTEKCTOM

NpuocTaHasnusaeTcs. Kaxawii HOBbIA KOHTEKCT yHKLUMM
npeacTaBAfeT ee KappUPOBaHHbIIA BLI30B, AN YEro
l TpebyeTcs uenbiii HOBLIN CTeK

['n06asbHbIR KONTEKCT } MpuocTaHaBnuBaeTCs (M BCeraa HaxoaMTCs BHU3y CTexa)

Puc. 7.4. Npwm KappuHre Kaxaplit napameTp KappupoBaHHOM GpyHKUKUM Nnpeobpa3yeT-

CA BHYTPeHHUM 06pa3om BO BNOXEHHDIM Bbi30B. Takoe yao6cTeo 8 npeaocTasneHmu

napameTpos no oyepeau AOCTUraeTCA 33 CHET AONONHUTENbHbIX PEHMOB, 3aHUMa-
IOWMX MECTO B CTEKe

B aToit nporpamme co3paercsa Maccus u3 80000 umcen ¥ cpaBHMBaeTCS HEKap-
pUpoBaHHas Bepcust QYHKIIMM C KappupoBaHHOH. [1paBuibHbII pe3ybTaT Bo3Bpa-
IAETCA U3 HEKAPPMPOBAHHOI BEPCHM IAHHOH (PYHKIMH Yepe3 HECKOJIbKO CEKYH/I,
TOT/Ia KaK BbINIOJIHEHHE €€ KADPHPOBAHHO BEPCHM NPUBOAUT K 3aBMCaHMIO Gpayae-
pa. be3 coMHeHus, 3a KAPPUHT NPUXOJUTCS IUIATHTD ONPE/IETCHHYIO LIEHY, XOTA 06-
pabGoTKa CTOJIb KPYITHbIX MACCHMBOB IaHHbIX B 60JIBIIMHCTBE NPHIOKEHHI JavaScript
MaJIOBEPOATHA.

H 3T0 He eqMHCTBEHHDIH CTy4aii, KOria pasMep CTEKa MOXET 3aMEeTHO BbIPAacTH.
HesddexrnBHble 1 HeBepHbIE PEKYPCHBHbIE PEIIEHHUs TAKXKE IIPUBOJSAT K MEPENOJ-
HEHMIO CTeKa.
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7.1.2. TpyAHOCTH, CBA3aHHbIE C PEKYPCUBHbIM KOAOM

Hosble koHTeKCThI (hyHKLMIH CO3AAIOTCA JaXKe B TeX CIy4asAx, Koraa PyHKIHHU Bbl-
3bIBAIOT caMu ce6s. HeBepHblil peKypCHBHBIH BbI30OB, KOIJla OCHOBHAsi BETKa Ipo-
rpaMMbl TaK M He€ JOCTUIAETCS, MOXKET JIETKO MPHUBECTH K MEPENOJHEHMIO CTEKA.
IMpaBaa, pexypcusi OTHOCHUTCA K TEM MPUEMaM, KOTOpbIe IM60 cpabaTbiBaIOT, 1H60
He cpaGaThIBAIOT, U B MIOCJIEIHEM CJIy4ae PeKypCcHUsl HUKAK He JaeT o cebe 3HaThb. Eciin
BaM KOIZIa-HUOYAb IPHUXOJWIOCH MOJy4aTh cooO1eHus 06 omubke Bpoge "Range
Error: Maximum Call Stack Exceeded" (Omun6ka npu NpoBepKe rpaHull: NPEBbI-
IeH MaKCHMaJIbHbII pasMep CTeKa BbI3OBOB) WM "Toomuch recursion” (Caumkom
MHOFO PEKypCHHM), TO Bbl 3HaeTe, 4TO 3ieCh UMeeTcs B Buay. C nMoMolbio cieayio-
HETO MPOCTOro CHEHAPHA MOXHO BBINIOJHUTb 3TAIOHHOE TECTUPOBaHUe Gpaysepa,
4YTOGBI MOJYYUTh NPHGIM3UTENbHBII pa3Mep CTeKa BbI3OBOB (DYHKIIMIA:
function increment (i) {

console.log(i);
increment (++1i);

}

increment (1);

B pasnnuHbIX 6pay3epax BbISBJI€HHE OUIMOOK NIEPENONTHEHUA CTEKA PEAIM30BAHO
no-pasnomy. Tak, Ha MoeM komnbioTepe Gpaysep Chrome renepupyeT UCKTIOYEHHE
npubansnTeabHo Yepe3 17500 urepaumii B JaHHOM ClIeHapHH, TOT/A Kak Gpaysep
Firefox — BbinosnsieT Tosbko 7600 urepanmii. Ho He cieayeT nonaratbest Ha 3TH
uM@pbl KaK Ha BEPXHHUE FPalHULbl CTEKA BbI3OBOB, MPUCTyNasA K HaMHCaHUIO COO0-
CTBEHHBIX PEKYPCUBHbBIX (PYHKLHMIT! ITH rpaHUUHbIE M PBI ML NOKA3bIBAIOT TE
npeJesibl, KOTOpble He cjeAyeT npepbiaTh. [Ipu HanMcaHUHM COGCTBEHHDBIX PEKYP-
CHBHbIX (DYHKIMIA BbI JIO/DKHBI IPH/EPXHBATLCA HAMHOTO 60J1€€ HU3KUX 3HAYEHHI
cyeTuMKa peKypcuH. Ecim xe B cocTaBl€eHHOM BaMH TPOrpaMMe CYETUYUK PEKYPCHiA
HOCTOSIHHO PacCTeT, JTMOGO UMECT OYE€Hb BbICOKHE 3HAYEHUSA, TO, BEPOATHEE BCETO,
B NPOrpaMMy BKpaslach OIIMOKa.

Ecam xe BaM npuaerca o6pabaThiBaTh HEOOBIYHO KPYIIHbI MacCMB JaHHBIX,
HCIOJIb3Ysl PEKYPCHIO, HMENTE B BHY, YTO pa3Mep cTeKa GyleT pacTH NponopuMo-
HILHO pa3Mepy MacCHBa JlaHHbIX. B KauecTse npumepa paccMOTPHUM CJIEAYIOIYIO
PEKYPCHBHYIO (PYHKLHIO J1si OOHAPYXEHHUS CaMOM JUIMHHON CMMBOJIbHOI CTPOKM
B MacCHUBe:
function longest(str, arr) {

if (R.isEmpty(arr)) {
return str;
else {
let currentStr = R.head(arr).length >= str.length
? R.head(arr): str;
return longest (currentStr, R.tail(arr));

Boi3BaTh yHkMIo longest () a1s cimcka Bcex 192 crpan B MMpe HECJIOXKHO, HO
HOMCK C €€ TOMOHBIO TOPO/IA € CAMbIM JUIMHHBIM Ha3BaHHEM Cpeau 2,5 MJIH roposioB
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MOET NPHBECTH K HEYIauHOMY 3aBEPUIEHUIO JJAHHOI MPOTrPaMMbl, KaK II0Ka3aHO
Ha puc. 7.5. (Ha caMoM fesie 3TOT KOHKPETHBII AJITOPUTM He IPUBEJET K CGOsIM NTPH
06paboTKe KPyNmHBIX MacCUBOB B cTaHaapTe ES6 s3bika JavaScript, kak nosicHseTcs
najee.)

NocnepHsas pexypcusHasa CTaaua CTaHOBUTCA aKTUBHLIM KOHTEKCTOM,
nepep TeM, Kak BCe 0CTaNbHbie KOHTEKCTL OyayT yaaneHsl U3 creka

MpuocTaHasnusaeTcs. Kaxabivi HOBLIM KOHTEKCT PYHKLMM NpeacTasnser

| | PexypcuBHyIO CTanuio ee BLINONHEHUA, 33HUMAIOLLYIO LiENbiIA HOBbIA BpeiM
l B CTeke. Bce 3T KOHTEKCTLI NOCTENEHHO YAANSIOTCA N0 Mepe CBOPaYnBaHuA
cTeka

} MpuocTaHaen1BaeTcs (U BCeraa HaxoAUTCA BHU3Y CTeka)

Puc. 7.5. Npu noucke camoit AAVHHOW CUMBONBHOI CTPOKM B MaCcCUBE U3 N INEMEHTOB PyHKLUN
longest () NpUXoAUTCA HapaWMBaTL pa3mep CTeKa NPONOPUMOHANBHO Pa3MEPHOCTH BXOAHbIX AdH-
HblIX, BBOAA N $PEiMOB B CTEK KOHTEKCTA €€ BbINONHEHUA

B xauecTBe aJIBTEPHATUBBI TAKOMY CIIOCOOY 06X0Ja CIIMCKOB, OCOGEHHO C HEOOBI-
YaifHO KPYNHbIMHM MaCCHBaMH, IPUMEHAIOT (PYHKIIMM BBICHIETO MOPA/AKA, YIIOMUHAB-
muecs B v1aBe 3, “MeHblIe CTPYKTYp AAHHBIX U GOJjibliie Onepauui”, ¥ pealnsyio-
M€ TaKMe onepanuM, kak map, filter u reduce. B atom ciaydae He popmupyloTCs
BBI3OBbI BJIOKEHHBIX (PYHKIMH, a pa3Mep CTeKa OCTAETCS NMOCTOAHHBIM Ha KaXA01
HTEPALIUH.

HecMOTps Ha TO 4TO KAPPUMHT M PEKYPCUs MPUBOAAT K TOMY, 4TO (PYHKIIUH 3a-
HHMAIOT 60JIblile MECTA B ONEPATUBHOM MaMATH, YEM UX UMIIEPATUBHbIE AHAJIOTH,
CEAYeT TaKKe UMETDb B BUAY T€ NIPEUMYIIECTBA, KOTOPbIE€ NPUHOCUT KAPPUHT B OT-
HOIIEHUH T'HOKOCTH U NIOBTOPHOTO MCNOJIb30BaHUSA KOJ@, 2 TAKXKE KOPPEKTHOCTD,
NpPHUCYIyIO PEKyPCHBHBIM pelIeHUAM. DTH MPEUMYIIeCTBa CTOAT TpeGoBaHHH,
NpeIbABAAEMBIX K JONOJHUTEIbHOMY PAacX0/ly ONEPAaTUBHOM IAMSATH.

BnpoueM, HeT xyaa 6e3 go6pa. Beap pynkumoHajibHOEe NporpaMMMpoBaHue
NpPEeAOCTaBJISET TaKME BO3MOXXHOCTH Ul ONITUMM3ALUM MPUKIAJHOTO KOAQ, KOTO-
Pbl€ OTCYTCTBYIOT Y JPyTHX napaaurM. Pasmemenue 60J1b110ro KOJIMYECTBA BHI3OBOB
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(yHkumMit B cTEKE MOXET NMPHUBECTU K YBEJIUYEHHIO OObEMa ONEPaTUBHOM MaMATH,
norpeb6asemoit nporpamMmoid. Tak noyemy 6b1 He MCKJIIOYMTD TTOJHOCTBIO BbI3OBbI
HEKOTOPbIX (PyHKLIMIT?

7.2. OTCpOYKa BbINOJIHEHUS C NOMOLLLIO
OTNOXEHHOro Bbl4MUC/IeHUS

HcxniounB HEHy)KHbl€ BbI3OBbI (DyHKIIMII M KPyNHBIE BXOJAHBIE JAaHHbIE, KOT/AA
AOCTAaTOYHO UX MOJAMHOXECTBA, MOXKHO JOOGUTBCSA CYlIECTBEHHOTO yIy4IlE€HUs IIPO-
M3BOJUTENBHOCTU MporpaMmbl. B Takux sa3bikax PI1, kax Haskell, B xaxoe ¢yHk-
UHOHAJIbHOE BbIPAXKEHHE BCTPOEHO om.ioxcenHoe viuucrenue Gynkumit. Umeorcs
pasHble AITOPUTMbI OTIIOKEHHOTO BLIYHCIEHUA PYHKLMI, HO BCE OHM NPECIERYIOT
OJIHY M Ty )K€ Li€JIb: 33/IEPXATh BbINOJIHEHHE PYHKIIMU KAK MOXXHO JOJIbIIIE N XOTS
6bI 10 BbI30OBA 3aBUCHAIIETO OT HEE BHIPAXKEHHUS.

Ho ans Borunciaenus ¢gynkiuii B JavaScript npumeHsiercsa 6ojee MHUPOKO pac-
NPOCTpaHEHHas CTPAaTErus 3HEPru4YHOro BblYMcIeHHs. B 3ToM ciryyae Bripaxenue
BBIYMCJIAIETCS, KAK TOJIbKO OHO GyIET NPUBA3aHO K NEPEMEHHOM, HE3aBUCHMO OT 110~
TPEGHOCTH B pe3yJbTaTe €ro BhINoJHEHUA. Takoi crnoco6 BeIYMCIEHNs MHOTAA el
Ha3bIBAIOT JHepauunbvmM (UiU Hadnsim). B KauecTse NpUMepa pacCMOTPHUM HU3BJI€Ye-
HHE MOJIMHOXKECTBA 3IEMEHTOB U3 MaCCHBa, NPUBEJECHHOE Ha pHC. 7.6.

Crayana BbmcnaeTcs GyHKLMs 1 co3panTes Bepyrca ToNbKo TPU 3neMeHTa Maccuea,

Bce 10 anemMeHTOB Maccuea a oCTaNbHbie 0TOPaCcHIBAIOTCA
XanHoe BbiuHCNEHHE

. [1.2,3,4,56,7.8 9, 10] o .
range(1, 10) @%ﬁ —) B take(3) .23

OTNOXEHHO® BLIYUC/IEHHE

Bwi30B yHKUMM OTKNAALIBAETCA
range(1, 10) W} »

>

take(3) gz;gg [1.2,3]

Co3pai0TCs NMLLbL TPU 3neMeHTa

Puc. 7.6. Komno3uums ¢yHKUMKM range (), Bo3BpaLatoLEr CNUCOK YUCEN OT Hayana u A0 KOHUQ3,

¢ GyHKumeir take (), yuTalouwei nepsbie N 3NEMEHTOB K3 3TOF0 CNUCKA. Npu 3HEPrMYHOM BbiuMCNe-

HUM OYHKUMA range () BbINOAHAETCA NOAHOCTLIO, NepeAasan pe3ynsrat GyHKuun take (). A npu

OTNOKEHHOM BbIYMCNEHUM DYHKUMA range () He 3anyCKaeTcA A0 Tex Nop, NOKa He 6yaer Bbi3BaHa
3aBUCALLAA OT Hee onepauus take

Kak BuanTe, B 2IropuT™ME 3HEPrHYHOTO BbIYMCICHUS CHAYala BbIMOJHSETCA
¢ynkums range (), a 3aTem ee pe3yabTat nepepaerca pyHkuuu take (), KOTOpoi
TpebyeTcs JMlIb YaCcTh 3TOrO pe3y/bTaTa, TOrAa KaK OCTAIbHAsA €ro 4acTb MPOCTO
oT6pacbiBaeTcsi. Toabko npeacraBbTe, HACKOJBKO 3TO GbLIO Gbl PAaCTOYMTEJIBHO,
ecau 6pl NpUILIOCh POPMHUPOBATh KPYNHbIA MacCUB 4YHcel. A IPH OTVIOXKEHHOM
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BbIYMCJIEHUH BBIIIOJHEHHE PYHKIMU range () OTKIaJAbIBAETCA [0 TEX MOP, MOKa ee
pe3y/bTaT He NoTpebyeTcs 3aBUCsILE OT Hee onepaluH, pealudyeMoit pyHkumein
take (). Ecim 3apaHee u3BeCTHO Ha3HaueHME PYHKIMHU range (), TO U3 HEE MOXKHO
MOJYYMTD JIMIIb HY)KHOE KOJUYECTBO 3JIEMEHTOB. PaccMOTpUM €llle 0/iMH npumep ¢
MCIIOJIb30BAaHMEM MOHA/Ibl THIIA Maybe:

Maybe.of (student) .getOrElse (createNeStudent ());

Ha nepBblﬁ B3IVIA/1, IPUMEHEHUE MOHA/Ibl TUIIA Maybe MOJKET HABECTH HA MbICJIb,
YTO JAHHOE BbIPaXKeHHE BEJET cebs caexyommum ob6pasom:
if (!student) {
return createNeStudent();
}
else {
return student;

Ho 6naromapsa npunsaToMy B JavaScript alrOpuTMy 3HEPruYHOIO BBIYHUCICHHUSA
¢ynkums createNeStudent () OyaeT BbIIOJHEHA B JAHHOM KOJ€ HE3aBHCHUMO OT
TOTO, OKAXXETCs JIK MycThiM (null) o6bekT student. A npu OTIOXEHHOM BbIYMCIIE-
HUM JaHHOE BbIpaXX€HHE NoBeJsIo 6b1 ce6s TakuM ke 06pa3oM, KaK M NPUBEJCHHbIN
paHee pparMeHT KOJa, BooOLIe He BbI3bIBas PyHKIMIO createNeStudent (), ecau
06bekT student okaxeTcs HEJOCTOBCPHbBIM. Tak Kak e BOCIONb30BaThCA PEUMY-
IECTBAaMH OTJIOKEHHOTO BbIYHC/IEeHUA? B 3TOM pasziesie paccMaTpHUBaIOTCS CJieylo-
Me peKOMEHAALMHY OTHOCUTENILHO €ro IPUMEHEHUS.

B HcrnodeHne HeHYXHbIX BbIYMCIEHUH.

B [IpumeHeHME COKPAIEHHOTO CIMAHMUSA B PYHKIMOHATbHBIX 6U6IHOTEKAX.

7.2.1. UcknioueHnue BbiYMCNEeHuii C NOMOLLbIO
KoMmOuHaTopa YepepoBaHUA GYHKUUN

HeT HUuero yiMBUTENBHOrO B TOM, YTOGBI IIPEINIPUHSATD ONPEEICHHbIE ACH-
CTBUS JUIS BMYJISILM Y OTIOXKEHHOTO BBIYHMCJIEHUS U B TO )K€ BPEMs U3BJIEYb PAA IIpe-
HMMYIIECTB U3 A3BIKOB HUCKIIOYHMTEJbHO (PYHKHHMOHAIBHOTO NPOrpPpaMMHPOBAHMUS.
B npocreiimem ciiyyae HEHYXHBIX BbIYHMCIEHUH MOXXHO M36€XKaThb, 1epeaaB PyHK-
IIMH 10 CChUIKE (MJIM IO MMEHH) Y BBI3BAB Ty MJIM MHYIO (DYHKIIMIO N0 3aJaHHOMY
ycaoBuio. B riase 4 6b1u1 npe/icTaBnieH KOMOMHATOP (pyHKIMH alt (), B KOTOPOM BbI-
TOZHO MCTONb3yeTcs Jorudeckas onepanus | | (MJIN) ans BbIMUCIEHHS B IEPBYIO
ouepeab pyHkuuu funcl u Bb13oBa pyHkiuu func2 aMme B TOM cIydae, ecau QyHk-
nusa funcl sosBparur 3Hauenue false, null man undefined, kak AE€MOHCTpUpYET-
cs B CIelyIOUEM IpuMepe:

const alt = R.curry((funcl, func2, val) => funcl(val) || func2(val));

const shoStudent = R.compose (append('#student-info'),
alt (findStudent, createNeStudent)); PyHKUMK He TPeGyeTca BbiabiBaTL NpemAespe-
MEHHO, NOCKO/IbKY OHW NepesaloTcA KOMGUHATO-

shoStudent ('444-44-4444"); PY NO CCbiNKe ANA COFNACOBAHUA WX BbI30BOB
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Kom6unatop GepeT Ha ce6a 06513aHHOCTb COIIACOBBIBATh BbI30BbI (PYHKIMIA, U
MO3TOMY TNPUBEJAEHHBIN BbIllle MPUMEP KOJa PaBHO3HA4YEH cjelylomeil ycJI0BHOM
JIOTHKE, HAITMCAHHOM B UMIIEPaTUBHOM CTHJIE!

var student = findStudent ('444-44-4444");
if (student !== null) {
append('#student-info', student);
}
else {
append ('#student-info', createNeStudent ('444-44-4444"'));

ATO OYEHDb MPOCTOH NMPHUMEP HMCKIIOYEHHUS HEHYXHBIX BbIYMCAEHUN PyHKIMI
C HAaMHOrO MeHbIMM JyGiupoBanueM. bosnee a¢pgexTuBHas crparerus Gyzer
IIPOACMOHCTPUPOBaHa /lajie€é B 3TOH IVIaBE, KOTJA peyb IMOMAET O 3anomunanuu
(memoization). A c APYroit CTOPOHDI, ONpeAENeHHE BCEil MPOrpaMMBl elle 10 ee Bbl-
IIOJIHEHUSA MTO3BOJACT OCYMECTBUTD B (PYHKIIMOHAIbHBIX GMGIMOTEKAX OIITHMHU3A-
1IMI0, Ha3bIBAEMYIO COKpauennbim cruanuem (shortcut fusion).

7.2.2. UIcnonb3oBaHue NPEeUMyLLECTB COKPALLEHHOT0 CAUSHUS

B riase 3, “Menbiie cTPyKTyp AQHHBIX M GoJblie onepanuii”, 6pL1a npeacTas-
JieHa QyHKIMA, peau3yiomas onepanmio _.chain B 6ubanoreke Lodash. lannas
(bynxuMs no3posnseT 3aK0YUTh B 0GOJOUKY BCIO NOC/I€A0BATENbHOCTD (PYHKLIMIA,
HHULMHPOBAB €€ BbIIIOJIHEHHE Yepe3 KOHEeuHYIo pyHKIMIO value (). dTO AaeT BO3-
MOXHOCTb HE TOJIbKO OTAEJHUTb OIIMCAHHE NMPOTrPaMMBbl OT €€ BBbIIIOJIHEHUS, HO U
BbIABUTL cpeacTBamMu Lodash MecTa onTummzanuu koxa, o6beIMHUB, HalIpUMED,
BbINOJIHEHHE HEKOTOPbIX (pyHKIMH 11 6071ee 3¢pPeKTHBHOrO UCNOIb30BAHUS Ma-
maTu. Tak, B cieyomem npuMepe Mory4aeTcsi CMCOK CTPaH, OTCOPTHPOBAHHBIA
10 YHUCJIEHHOCTH HaceJIeHUs:

_.chain([pl, p2, p3, p4, p5, p6, p7])
.filter(isValid)
.map(_.property('address.country')).reduce (gatherStats, {})
.values()
.sortBy('count"')
.reverse()
.first()
.value ()

Taxoii gex1apaTUBHBINA CTHIb IPOrPaMMHPOBaHUSA O3HAYAET, YTO 6ECIOKOUTHCS
C/IelyeT He O TOM, KaK paGoTaloT (PyHKIUH, a TOM, YTO JUIsl 3TOr0 HYXXHO CAE/IATh,
3apaHee onpejeuB Tpebylomuecs aeicrsua. MHoraa sto naer 6uéanoreke Lodash
BO3MOXHOCTb ONTUMM3NPOBATh BHYTPEHHHUM OOPa30M BbINOJHEHHE IPOrPaMMBbl,
MCNOJIb3Ys COKPaIlEHHOE CUAHKE. ITO BUJ ONTUMU3AIMH Ha ypoBHe PYHKLIMH, JO-
HYCKAIOMHHA CIMSIHUE IPOLECCA BBINOJHEHUs HEKOTOPBIX (PYHKIMI B OJHO YILIOT-
HEHHOE KOJIMYECTBO BHYTPEHHHUX CTPYKTYP AAHHBIX, IPeHA3HAYEHHBIX VIS BBIUKC-
JICHHS! IIPOMEXYTOUHBIX Pe3y/1bTaToB. biarogaps co3aH1IO MEHBIICTO KOJMYCCTBA
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CTPYKTYP AaHHbIX COKPAIIAETCSA YPE3MEPHOE PACXOAOBAHHE ONIEPATUBHOM IAMATH,
Tpebylomeiics 1 06pabOTKH KPYIMHBIX KOJUIEKIIHA.

Takoe ciusiHMe OKa3bIBAETCSA BO3MOXKHBIM 6J1aro/iapsi MPUHATHIM B (PYHKIIMO-
HaJIbHOM ITPOTPaMMUPOBAaHUH CTPOTUM NpaBHIaM COGIIOAEHUs CCUIOYHOM Mpo-
3pPavHOCTH, KOTOPas NpHIaeT eMy OCO0YI0 MATEMAaTUYECKYIO WIH ajrebpandeckyio
TOo4YyHOCTh. Hanpumep, Bri3oB pynkumumn compose (map (£), map (g) ) MOxHO 3ame-
HUTDH BbIpaXkKe€HHeM map (compose (£, g)), He MEHsA ee Ha3HauYeHHE. AHAJIOTUYHO
BbI30B (pyHKIMH compose (filter(pl), filter (p2)) paBHO3HauY€H BLIPAXKEHUIO
filter((x) =>pl(x) && p2(x)). IMeHHO 3TO ¥ NPOMCXOAUT B Nape onepalui
filter mmap, C KOTOPBIX HAYUHAETCSA LIENOYKA B NPEAbIAYIEM TpuMepe. OnaThb xe
MaHHUITYJIMPOBAaHUE MOCJIE0BATEIbHOCTBIO ONEpalMii NOJOOHbIM MAaTEMATUYECKUM
Croco60M OKa3bIBAETCA BO3MOXKHBIM JIMIIDb Os1aroJaps YUCTbIM PyHKIHAM. ITO Ha-
DIAIHO AEMOHCTPHUPYET ellle OJUH NMPUMEP U3 JIUCTUHra 7.1,

JiucTunr 7.1. Peannsaums 0TN0XEHHOr0 BbiYMC/IEHNS U COKPALUEHHOrO CIAIHNS
cpeacTtBamu 6ubnnotexun Lodash

const square = (x) => Math.pow(x, 2);
const isEven = (x) => x § 2 === O, CPOpMHPOBATS MaCCHS W3
const numbers = _.range(200); 4—--1 uwcen ot 1 0 200

const result =

_-Chain (numbers) 06paboTaTb TOALKO TPH NEPBbIX

-map (square) 4YMCAA, KOTOPbIE YAOBAETBOPAIOT
.filter(isEven) KPUTEPMAM, HAKNAAbIBAEMBIX
.take(3) e onepaumamm £ilter uau map

.value(); //-> [0,4,16]

result.length; // -> 5

B ucxoaHoMm koje U3 JIUCTHUHra 7.1 BbINMOJAHEHBI ABa BHAA ONTHUMU3aLUU. Bo-
NEPBBIX, NPH Bbi3oBe PyHKUMHU take (3) 6ubanoreke Lodash npeanuceiBaercs
NPHUHATH BO BHUMaHUE JIMIIb TPH ME€PBLIX 3HaYEHHUS, KOTOPbIE YIOBJIETBOPAIOT KPH-
TepuaM npeobGpasoBaHus U PUIBTPanuU. ITO NO3BOJSAET HE PAaCXOJ0BaTh HAIpPac-
Ho aparoueHHble nMKIb! LIT Ha ocTanbhbie 195 anemenToB Mmaccusa. M Bo-BTOPBIX,
COKPANEHHOE CJIUSHUE MO3BOJISIET COCIUHUTh MOCJEAYIONHE BbI3OBbI PYHKIIMI
map() u filter() B BhIpaxkenue compose (filter(isEven), map(square)).
B s3TOoM HeTpyaHo ybenuTbcs, cHabauB ¢yHkuMM square () u isEven() oneparto-
PaMM TPacCHPOBKM B CUCTEMHBIN XypHal (Wi 1esieil MPOTOKOIMPOBaHUS B JiaH-
HOM KOMITO3MIMH, TI0 CYUIECTBY, IPUMEHSAETCA KOMOMHATOp tap () u3 6uGaMoTEKH
Ramda), kak nokazaHo HHUXe.

square = R.compose(R.tap(() => trace('Mapping')), square);
isEven= R.compose(R.tap(() => trace('then filtering')), isEven);

B uTore Ha KOHCOJM MOABUTCA CJeAylomas Mapa COOOIEHUMH, TTOBTOPAEMbIX
NATH pas:
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Mapping
then filtering

4yeM NMOATBEPKAAETCA CIUsAHME onepanuii map u filter. [Ipumenenne pynkum-
OHAIbHBIX OMGJINOTEK HE TO/IbKO YIIPOIIAE€T HAMMCAHME TECTOB, HO U YJIY4IIA€T Bpe-
Msl BBIIIOJIHEHHUSA NMPUKIaHOro KoAa. CoKpalleHHOE CIMSHUE NPUHOCUT BBITOMY U B
Apyrux ¢pyHkumsax u3 6ubamorexu Lodash, peanusyommx creayomue onepamnuu:
_.drop, _.dropRight, .dropRightWhile, .dropWhile, .first, .initial,
_.last, _.pluck, _.reject, _.rest, _.reverse, _.slice, _.takeRight,
_.takeRightWhile, .takeWhilewu _.here.

AHaIOrM4YHO A1 UCKIIOYEHUsl BLIYMCICHUH 10 TEX MOP, NTOKa OHU He NoTpety-
I0TCS1, UMEETCA ellie OIHO 3(P(EKTUBHOE CPEACTBO ONTUMHU3ANMH (PYHKIIMOHAIBbHBIX
porpaMM, Ha3bIBAEMOE 3anomunaruem (memoization).

7.3. Peanu3auua ctparterum Bbi30BOB
no Tpe6oBaHuio

YTO6bI yCKOPUTDb BbIIIOJIHEHUE NPUJIOKEHUH, MOXKHO, B 4aCTHOCTH, UCKITIOYHUTb
MOBTOPHOE BbIYHCJIEHHE 3HAYEHHUH, OCOGEHHO €CJIM 3TO BbIYMCIEHNE O6XOAUTCA N0~
poro. B TpaaninoHHBIX 060bEKTHO-OPHUEHTHPOBAHHBIX CUCTEMAX 3TO JOCTUTAETCA
OpraHu3alMei Kella Ha YPOBHE MOCPEAHMKA, KOTOPbIH NPOBEPAETCA NEpPe BbI30O-
BoM ¢yHKuMH. [Toce BozBpaTa U3 QYHKIMM PE3YILTATy €€ BbIOJHEHUSA NPUCBau-
BA€TCS YHUKAIbHBIM KJIIOY JUIsl CCBUIKM Ha HETO, M IIOJTIydEeHHAs B MTOTe Napa “KIoy-
3HaueHHe” COXPpaHAETCA B Kelle. B kKauecTBe xewa MOXKeT CIyXXUTb IPOMEXYTOUHOE
XPaHWIMIIE WIY OllepaTUBHAA NaMsATb, 3allpalliBaeMasi NI€pe/ BbINOJHEHUEM 3a-
TpaTHO# onepanuu. B BeG-NpuIokeHUaX Kell IPUMEHAETCA UIi BDEMEHHOTO Xpa-
HEHUs U300paKeHUIi, JTOKyMEHTOB, ckoMmuinposanHoro kojaa, HTML-crpanun,
Pe3yJbTaTOB 3afpoca U T.A. B kauecTse npuMepa paccMOTpuM cJiefylomuii ¢par-
MEHT KOJIa, IIe PeaIM3yeTCs yPOBEHb KEIIMPOBAHMS NPOU3BOJIbHON (PYHKIIMH:

COCTaBUTD U3 HMEHN PYHKLMM M €e apTYMEHTOB KNIoY
ANA MACHTHOUKALMN Pe3yNbTaTa ee BLINONHEHNA

Nposeputs CHayana B Keuwe, Bbi3biBa-
Nacb M fARHAA PYHKLUMA paHbwe

Ecnn GyHKUNA Bbi3biBaNACD,
TO BO3BPALYAETCA 3HAYEHME,

HalaeHHoe B Kewe

function cachedFn (cache, fn, args) {
let key = fn.name + JSON.stringify(args);
if (contains(cache, key)) {
return get(cache, key);
}

else { B npoTMBHOM Cyuae
let result = fn.apply(this, args); (v.e. npu oTCyTCTBMM B Kewe)
put (cache, key, result); <—— $yHKUMA BHINOAHAETCA
return result; Pe3ynbTar BLINOAHEHUA

} GYHKUMN COXpaHAETCA B Kelue

OQynkuueit cachedFn (), onpeneseHHOW B NPUBEAEHHOM BbIllIE KOAE, MOX-
HO BOCIOJIb30BaThCA, YTOOBI 3aKIIOYHTb B €€ 000JIOUKYy BbINOJHEHHE (QYHKIUH
findStudent (), kak II0Ka3aHO B CJIEAYIOLIEM NTpUMeEpE:
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var cache = {}; Npw nepsom Bbi30BE pe3ynbTar
cachedFn(cache, findStudent, '444-44-4444'); -«@——--—{ OTCYTCTBYET B Kewe, W NOITOMY QyHKUUA
findStudent () sbinonHaerca

cachedFn(cache, findStudent, '444-44-4444"'); -ﬂ-»-—l

Mpu BTOPOM BbI30BE BLIYMCNEHHOE IHAYEHHE
HU3BNEKAETCA HENOCPEACTBEHHO M3 Kewa I

@ynxums cachedFn () AeCTBYET B Ka4eCTBE NOCPEAHUKA MEX/TY BbI3OBOM (PyHK-
IIMY U €€ Pe3yJIBTATOM, C II€JIbI0 HCKJIIOYHTDb HEHY)XXHbI€ IIOBTOPHbIE BbI30Bbl. HO Ha-
ITUCAThb KOJ, TA€ TaKasg PYHKIMsA CIYXKUIA 6b1 06010UKOMH Ui BbI30BA KaX/0U (yHK-
11U, GbUIO GbI 3aTPYAHUTEILHO, a CaM KOJ| OKa3ajcs 6bl Heylo60uuTaeMbiM. Xyxe
TOrO, aHHasA (PYHKIMSA BbI3bIBAET MOGOUYHBIH 3(PEKT, OCKOIbKY OHA 3aBUCUT OT
miobaibHOro o6hekTa obuiero kema. [ToaTtomy TpebyeTcs ynMBepcaibHOE pelleHHE,
MO3BOJISIONIEE BLITOJHO BOCNOJIb30BAThCA NPEUMYIECTBAMU KEMIMPOBAHUS, COXPa-
HUB HE3aBHCHMOCTb ITPHIKJIAIHOTO KO/Ia M TECTOB OT JJAHHOTO MeXaHu3Ma. B a3bikax
®I1 Takoit MEXaHNU3M HA3bIBAETCHA 3ANOMUHAHUEM.

7.3.1. OGwee npeacTasneHue 0 3aNOMUHaAHUN

AJIrOpUTM KeMPOBAHMA, MOJIOKEHHDIH B OCHOBY 3alIOMMHAHMA, PEAIU3YETCA
aHAIOTMYHO NPHUBEJEHHOMY BbILIE KOJY, MTO3TOMY apryMEHTbI (PYHKIIMHM MCIIONb3Y-
I0TCA B HEM ISt POPMHPOBAHHMSA YHHKAJIBHOTO KJIIOYa, [0 KOTOPOMY COXPAHSIeTCA
pe3yabTaT BbiosHeHUA PyHKUMH. Takum 06pa3soM, NpH NMOCJAEAYIOIMHKX BbI30BAX
(yHKIMH C TeMU XKe CaMBIMM aPTYMEHTaMM COXPaHEHHbIH PE3yNbTaT MOXET GbITh
BO3BpallleH HeMeUIeHHO. COOTHECEeHME pe3y/ibTaTa BbINOJHEHHUS (PYHKIIMH C BXOJI-
HBIMHU IaHHBIMU, UHBIMHU CJIOBAMH, — CPAaBHEHHME BbIYMCJIEHHOTO (pyHKUMEH 3Ha e-
HUSl CO BXO/IHbIM 3HaU€HMEM, JOCTUTAETCA 6Jarofaps Onpeie/J€HHOMY NPUHIMILY
®I1. HerpyaHo aoranaThCs, YTO 3TUM NPHUHLMIIOM ABISETCA CChUIOYHAsA NPO3pay-
HocTb. [Ipex/e Bcero paccMOTpUM NPEMMYIIECTBA 3aTIOMUHAHHUS Ha IPUMeEpE Mpo-
CTOTO BbI30Ba (PYHKIIHH.

7.3.2. 3anomuHaHue GpyHKuui, Tpebylomx
MHTEHCUBHbIX BbIYUCNIEHUHA

B oanux A3pikax MCKIOYUTENBHO (QYHKIIMOHAILHOTO IIPOrPaMMUPOBAHUSA aJl-
rOPUTM 3alIOMMHAHMs PEAIM3yeTCsl aBTOMATHYECKH, a B JPYTHUX A3bIKax BPOJC
JavaScript u Python nporpaMmupyomum npeaocTabiseTcs BO3MOXHOCTb BbIOpaTh
MOMEHT /JIIs1 3arloMUHaHus pyHkuu. EcTecTBEHHO, 4TO B QyHKIMAX, TPeOyIOmuUX
MHTEHCUBHBIX BBIYUCJIEHUH, MOXHO BBITOJHO BOCIIOJNb30OBAaTbCA UY€pPEAOBAHHEM
yPOBHsI KeMpoBaHHUs. PaccMOTpUM B KauecTBe NpUMepa BblYMCIeHHE QYHKUUU
rotl3(), rae CHMBOJIbHBIE CTPOKHM KOAUPYIOTCA no airoputmy ROT13 (myrem uw-
KIndeckoro casura 26 6yks anmmiickoro aigasura Ha 13 noaunmii B koge ASCII).
M xoTa 3TO0 c1a6blii 18 MU(PPOBAHMA AITOPUTM, OH IIPUMEHSAETCS Ha IPAKTHKE B
BEO-IIPUJIONKEHHUAX JUIS COKPBITHS PEIIEHMI] 3aTaIoK U KOJOB CKMOK, UCKIIOYEHHUS
OCKOPOMTEILHBIX MATEPHUAJIOB U T. /..

var discountCode = 'functional_js_50_off';

rotl3(discountCode); // -> shapgvbany f 50 bss
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Hwxe nokasano, kakum o6pa3om peanuayercsi anroputm ROT13.
var rotl3 = s =>
s.replace(/[a-zA-Z]/g, c =>
String.fromCharCode ((c <= 'Z' ? 90 : 122)
>= (¢ = c.charCodeAt(0) + 13) 2 c : ¢c - 26));
(c = c.charCodeAt(0) + 13) ? ¢ : c - 26);
1
}i
[TonuMaHMe 3TOro airopMTMa Heo6A3aTE/NBHO A1 OOCYXAEHUS JAaHHOTO BO-
npoca. Tem He MeHee BaXXHO 3HaTb, UTO ISl OJHOM U TOil )K€ BXOAHOM CHUMBOJIbHOM
CTPOKM (CO CCBUIOYHO NMPO3pavyHOil (PyHKLMEI) 10 3TOMY aIrOPUTMY BCErAa Bbl-
YUCIAETCA OJHO U TO Xe coobuieHue. ATO O3HaYaeT, YTO 3alIOMUHAHUE 1103BOJISIET
AOGUTBCA HEOOBIYAITHOrO NOBLIIEHNS NMPOU3BoAUTENLHOCTH. HO npexae uem pac-
CMaTPHUBATh PCAIM3ALIHIO 3ANIOMMHAHUSA B ICXOAHOM KoJie PyHKIMM memoize (), oT-
METHM, UTO €€ MOXHO IPUMEHATD CIEAYIOIUMHU CIIOCOGaMHu.

B BoisbiBas MeToA 11 PYHKIIMOHAIBHOTO OObEKTa:
var rotl3 = rotl3.memoize();

B 3axmouyas B 060J10‘ll(y onpeaejieHHue C})yHKul/Il/l, KakK ObLIO ITOKa3aHO paHee:
var rotl3 = (s =>
s.replace(/[a-2zA-Z]/g, ¢c =>
String.fromCharCode((c <= 'Z' ? 90 : 122)
>= (¢ = c.charCodeAt(0) + 13) ? ¢ : ¢ - 26))) .memoize();

brarogaps 3anOMHMHaHHMIO MOJKHO OXXM/JaTbh, YTO MPH INOCJEAYIOIEM BbI30BE
(yHKIMM ¢ OAHMMH M TEMH K€ BXOJAHBIMU JaHHBIMM Gy/leT MHUIIMHPOBaHa NpoBep-
Ka BHYTPEHHETO Kellla ¥ HeMe/UIEHHbII BO3BpaT 3HaYeHUA. YTOObI IPOAEMOHCTPH-
poBaTh 3T0, Bocnonab3yeMcs uaTepgeiicom High Resolution Time API na JavaScript,
nHave Ha3piBaeMbIM Performance API, uro6el mosyunTh 60sic€ TOYHbIE OTMETKH
BPEMEHH, YEM C MIOMOIIBIO TPAAMIMOHHBIX (PyHKIMI JavaScript Bpoae Date.no ()
uconsole.time (). B koHe4yHOM CueTe 3TO NO3BOMT HAaM TOYHO H3MEPHUTDb BpPEMH,
HCTEeKIIee Nocje BbI30Ba QyHKIMHU. 11 BHEAPEHUSA ONepaTopoB (pUKCaluH BpeMe-
HU /IO M NIOCJIE€ TECTUPYEMO (PYHKIIMM B JAHHOM NpUMepe GyeT UCIIOIb30BaHa MO-
Haja tina I10. Mcxoaublil Kox TpeGyIomMXCs VIS 3TOi 1eau QyHKIUH NpUBEIEH B
AMCTHHTE 7.2, 2 B OCIEAYIOMMX IPUMEPax KoJja OH OyJIeT ONylleH paiy KPaTKOCTH.

JucTuir 7.2. U3mepenne BpeMeHHL/X XapaKTeprUCTUK NPOM3BOAUTENBHOCTH Bbi3biBaeMbiX
$yHKUMA C NoMoLLLIO KoMGUHaTOpa tap ()

const start = () => now();

Bbi3BaTh GyHKUMK
const runs = []; start() wend() an
const end = function (start) { | w3mepenusspemeHun
let end = now(); | Bocnonb3osarben cpeacteamu Performance

let result = (end - start).toFixed(3); 4——-‘ AP| 418 H3MepeHUR BPEMEHU B MUANMCEKYH-
runs.push (result); AaX C TOYHOCTBIO A0 TPEX ACCATHUHBIX UUPP
return result;
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const test = function (fn, input) {

return () => fn(input); BOCNONB30BATLEA KOMGUHATO-
bi pom tap (), urobui pacnpocrpa-
HUTb CBEAEHNA O HAYANLHOM
const testRotl3 = IO.from(start) MoMmeHTe BpemeHH Hepes mo-

Hagy (310 genaerca notomy, uro
; BaXeEH He pesynbraT GyHKUMHK,
.map (end) ; a Bpema ee BbINONHEHNR)

.map (R.tap(test (rotl3, 'functional js 50 off')))

testRotl3.run(); // nepmemt pa3: 0.733 Mc
testRotl3.run(); // BTopoit pa3s: 0.021 mc
assert.ok(runs[0] >= runs[1]):

Kak BuauTe, B pe3sy/ibTaTe BTOPOro Bbi30Ba PYHKIMM rotl13 () Ta ke caMasi CUM-
BOJIbHAs CTPOKA BO3BPALIAETCA B MTHOBEeHME OKa. M XOoTsa aBTroMaTHUeCcKOe 3alIOMHU-
HaHHe He BCTPOEHO B JavaScript, €ro MOXHO BHEAPUTDb BPY4HYIO, PACIIUPUB OGBEKT
THna Function, kak A€MOHCTPUpPYETCA B IMCTUHTE 7.3.

Jinctunr 7.3. BHeapeHne 3anoMUHaHUA B Bbi30BbI GYHKUMA

BHYTPeHHWH BCNOMOraTenbHbiii METOA, OTBEHAIOWMIA 33 BLINOAHEHHE Npeo6pa3zoBanme paaa BXOAHDIX RaHHbIX
NOTMKM KELMPOBAHUA RaHHOTO KOHKPETHOTO 3K3eMNNAPa GYHKLUK B CHMBONBHYIO CTPOKY ANA NONYMEHHA
MAeHTHOUKATOPA AAHHON YHKL MM, FTOT
Function.prototype.memoized = function () { NPOUECC MOXHO cAenaTth Gonee HageHbIM,

BbIABUB THN BXOAHBIX AAHHBIX M NPUMEHHB
K HHM COOTBETCTBYIOULMH ANTOPUTM GOPMH-
POBaHMA Kaloueii. Ho B faHHOM M APYrMX
npumepax MoxHo 06oiTuch u 6e3 atoro

"=~ C034aTb BHYTPEHHMi| NOKANLHBII Kew
ANR RAHHOTO 3K3eMNAAPA GYHKLUNM
this._cache(key] = this._cache[key] || NonbITaTbes NPONMTATL CHauana
this.apply(this, arguments); Kew, 4ro6bt BHIACHUTD, 06paboTanbl
nn BXOQHDIE fannbie. Ecam B Kewe
o6HapyeHO 3HaueHne, NPONYCTHTL
Bbi30B AaHHONH QGYHKLMM W BO3BPa-

let key = JSON.stringify(arguments);

this. cache = this. cache || {}; #—

return this. cache[key];

}i PaspewnTs 3anomunanwe THTB NPeXHMKi ee Pesynbrar, a HHa-
AHHOH GyHKuMM ye BbINONHKUTD ee
Function.prototype.memoize = function () {
let fn = this;
if (fn.length === 0 || fn.length > 1) {
return fn; NonwiTaTben 3aNOMHUTD
} TONBKO YHapHbIE GyHKUUM
return function () { 3aKAI04MTH SK3EMNARD
return fn.memoized.apply(fn, arguments); <@——— ¢yuxuun s obonouxy
}s 3aNOMHEHHOM GYHKLUM

Bnarogapsa pacmmpenmio o6bekTa THNa Function 3anoOMMHaHUeE B JaHHO# pea-
JIM3aLMH CTAHOBUTCH YHUBEPCAIbHBIM, YCTPaHssA JoOble HabmofaeMble oGO YHbIE
a¢p¢ekThl focTyna K robarbHOMy obmemy kemy. Kpome Toro, a6crparupoBanue
BHYTPCHHETO MEXaHM3Ma KCHIMPOBaHUs B (PyHKIIMM Jl€Ia€T €ro IOJHOCTHIO He3a-
BMCHMBIM OT TECTOB. 3TO O3HAYaeT, YTO Bbl OCBOGOXAaeTeCh OT O6A3aHHOCTH CHa6-
XKaTh CBOH KOJ L€JIbIM PSAJIOM OINEPATOPOB WM TECTUPOBAaTh (PYHKIIMOHAIbHBIE
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BO3MOXHbIE KEMIMPOBAHMA, YEJIUB OCHOBHOE BHUMAaHME TOJBKO TOMY, YTO JOJDKHA
Aenarb cama (PyHKIHs.

Jlns nposicHeHus o6ieit KapTHHBI Ha pUC. 7.7 CXeMaTHY€CKH IIPEeJCTaBJIeHa Mo~
CJIEI0BATENBHOCTD 3anoMuHaHusA gynknuu rot13 (). [Ipu nepsomM Bbi3OBe 3TO¥
¢$yHxumm 3HaUEHHA B Kellle enie HeT, IO3TOMY BbIYHCIAETCS coobuieHue B popMmare
ROT13. A no 3aBepuieHUH Pe3y/ILTAT BLIYMCIEHHUS COXPAHAETCA 110 K04y, cOpMH-
POBaHHOMY M3 BXOJAHbIX apPIyMEHTOB, YTOObI IOBTOPHO BOCIMO/Ib30BaTLCA UM, NPO-
IyCTUB BCE BbIYMC/IEHUS NPH NOCJIEYIOMEM BbI3OBE.

e eiad

MNepBbiit Bbi30B

functional_js_50_0ff e=p
MposepuTs xew =

————
-

Copepxur
— [nycro]
Buinonuute GyHKUMIO

shapgvbany_wf_50
apgvbany wf_50_bss put(func shap

shapgvbany_wf_50_bss €—— S
Bropo# Bui308
functional_js_50_0ff e | i C L0 5 /

Copepxwur /

P rot13 functional_js_50_off shapgvbany wf_50_bss

get
_—
s;hapqvbany_wf_so_bss

shapgvbany wf_50_bss€——i€

Puc. 7.7. NoppobHoe npeacrasneHue AByX BbI30BOB ¢yHKuMM rotl3 () c coobuweHnem
"functional js_50_off". B nepsblit pa3, KOraa Kew euie NycT, NPeA0CTaBAAEMbIN KOA CKMAKK
npeobpasyerca no anroputmy ROT13. MonyyeHHbIM pe3ynsTaT Aanee COXPaHAETCA BO BHYTPEHHEM
Kele NO KNIoYY U3 3TUX BXOAHbIX AaHHbIX. A BO BTOPO pa3 NPOUCXOA4MT NONaAaHKe B Kel, B pe3ynb-
TaTe Yero M3 Hero cpasy Xe BO3BPaLLaeTcA 3HayeHne 6e3 NOBTOPHOro BbIMMCNEHUA XeL-3HauYeHUA

Mpume4yaHue

B npumepax U3 3TOi KHUIU 3aNOMUHAHMIO NOABEPTatOTCA GYHKLUU C OAHUM apryMeH-
ToM. Ho Kak onepupoBaTb PYHKLUAMMU C HECKONbKMMMU apryMmeHTaMu? IToT BoNpoc 8
AAHHOW KHUre He PacCMaTpPUBAETCA, HO OCTAaBNAEGTCA BaM 41 UCCNEA0BaHUA B Kaye-
CTBE YNpaXKHEeHUA. [INA 3TOro Bbl MOXKETE BOCNONb30BATLCA CAeAYIOWMUM ABYMA CTPa-
TErMAMU: CO34aTb MHOTOMEPHbBIW Kel (Maccus MaccMBOB) AWM OAHO3HAUHDIN KAIOM,
COCTOALLMYK U3 CUMBONLHOTO NPEACTaBNAEHUA apPrYMEHTOB.

Ecnu BHUMaTeIbHO POaHATM3MPOBATh MCXOHBIM KOJ M3 JINCTHHIA 7.3, TO MOX-
HO OGHapYXHTb, YTO 3alIOMMHAHHE OrPAaHMYMBAETCA YHAPHBIMM QYHKIUAMH. ITO
ClI€IaHO MMEHHO TaK C LEbIO YNIPOCTUTDb 3Tan (OpMHPOBaHHMA KIIOYa B JIOTHKE Ke-
wrposanus. Ecim xe TpeGyeTca noaBepruyTh 3alOMMHAHMIO (PYHKITMHM, KOTOPBIM
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HEepPEeAIOTCS HECKOJIbKO apTyMEHTOB, COOTBETCTBYIOMIAs JIOrHKa JUis (POPMUPOBaA-
HUS HaJUIeXAUIEro KI04a Kellla MOXeT 0Ka3aThcsA 6oJiee CI0KHOM U 3aTpaTHO#. Ho
MHOT/Ia KADPMHT MOXET OKa3aTh IIOMOMb B Pa3pellieHHH JaHHOTO BOMPOCa.

7.3.3. BoirogHoe npuMeHeHue KappuHra v 3anoOMUHaHus

Bosiee crnoxHble QyHKIMU HIN T€, KOTOPBIM MEPEIAETCS HECKOJIbKO apryMeH-
TOB, TPYAHEE KEIIUPOBATDb, AAXE €CJH OHM YUCThbIE. ITO OOBACHAETCA YBETUYEHH-
€M CJIOXKHOCTH (POPMHPOBAHMS KJIIOYA — ON€PAaliMK, KOTOPAsi A0KHA BbINOJHATHCA
APOCTO U 6bICTPO, YTOObI HCKTIOYUTD JOMOJTHUTEIbHbIE U3IEPXKKH HAa YPOBHE Kelllu-
poBanusa. Heckosbko ynpocTUTb €10 MOXHO C IIOMOIIbIO KappuHra. Kak noschs-
Jock B r1aBe 4, “Ha myTu k nOBTOpHO MCNOIB3yeMOMY, MOZYJIbHOMY KOy~ , KAPPUHT
NPUMEHAETCA 1 Peo6pa3oBaHMsi MHOrOMEPHOI pyHKIMH B yHapHylo. Kappunr
MO3BOJISET 3alIOMMHATD (PYHKIIMIO aHaIOTHYHO PyHKuMM safeFindObject () uepes
¢ynkumio findStudent (), kak OKa3aHO HKXKE.

3712 QYHKLUMA He ABARETCA
const safeFindObject = R.curry(function (db, ssn) { CCbIAOYHO-NPO3PAHON, HO
// BaTpaTHas NOMCKOBas onepauus BBOAA-BHBONA Ha NpaKTHKe OHa Cneunansho
1) ; KewwpyeT pe3ynbrarsi 3arpar-

HbIX ONepauui NOUCKa W nosyueHHbix HTTP-3anpocos

const findStudent = safeFindObject (DB('students')).memoize();
findStudent ('444-44-4444");

Takoii npueM oka3biBaeTcst pa6OTOCIOCOGHBIM IIOTOMY, YTO OOBEKT DB MCNOJIb3Y-
€TCsl JIMIIb JUIS IOCTYIIA K JAHHBIM H HUKAK He CBS3aH € NpolleccoM POpMUPOBaHUS
YHUKAJILHOTO KJII04Ya JUis napameTpoB ¢yHkiuu findStudent (), kK koTopoMy 6yayT
NIPUBS3aHbl JaHHbIE 00 y4yaleMcs, HailleHHbIE IO €ro yHUKaIbHOMY MaeHTHgMKaTO-
py- CieayeT 0co60 NOAYEPKHYTD, YTO IIpeobpa3oBaHue (PyHKIIMM B YHapHYIO Tpedy-
€TCs HE TOJIbKO JUIsi TOTO, YTOObI yIPOCTUTb OOpallleHre C HEH U €€ KOMIIO3ULHIO, HO
Y U151 TOTO, YTOGBI BLITOZHO BOCIOJIb30BAThCA NPU 3alIOMUHAHHMM JIEKOMIIO3UIIMEH
(vw1n pa3bueHHeM) NPOrpaMMbl Ha MEJIKHE YaCcTH U PEAIM30BaTh KEMIMPOBAHHE MO
3THUM yacTaM. M 06 aToMm peub noitger paiee.

7.3.4. [lekoMno3uuua AN MaKCMManbHOro 3anoMUHaHUS

B3auMoCBA3b 3aIOMUHAHUSA C I€KOMIIO3UIIMEN Jierde MOHATD, €C/IM IPUGETHYTh
K MIPOCTO#H aHAJIOrMK M3 MKOJbHOTO Kypca xumuu. Kak nssectHo, mo60it pactBop
COCTOMT U3 PaCTBOPAEMOTO BelecTBa U pacTBopuTens. CKOpocTb pacTBOpPEHHs Be-
H[ECTBA ONPE/ENSIETC MHOTMMH (DAKTOPAMHU, B TOM HHCJIE NA0UAOBI0 NOBEPXHOCTRU.
Tak, eciiu npUroTOBUTS IBa PacTBOPa caxapa (KyCKOBOTO M IECOYHOr0) B BOJE, TO B
npoliecce pacTBOPEHHUs caXap BCTyNaeT B KOHTAKT ¢ BoAoH. M yem Gosbiie roiomann
€ro MOBEPXHOCTH, TeM GbICTPee OH pacTBOPSAETCH.

ITo 3T0i1 ke aHanorMy 3aa4yM MOTyT GbITh Pa36GUTBI HAa MEJIKHE 3aTOMHHAEMbIe
dynkuun. Yem 601€€ MeIKOI CTAHOBUTCSA CTPYKTypa MPHK/IAIHOTO KOAA, TeM 6OJIb-
i€ BbITOJ MOXHO M3BJI€Yb U3 3alIOMMHAHUSA. BHyTpCHHMIT MEXaHN3M KeIIMPOBaHHUS
KaX/10H PyHKIIMH B OTAEIbHOCTH BHOCHT CBO# BKJIaJl B yCKOPEHHE MPOIIecca BbINOJI-
HEHUSA IPOTPaMMbl, YBEJIMYMBAsA, €CJIU YTOAHO, IOBEPXHOCTHBII KOHTAKT.



248  Yacms Il Pacuupernue pynkyuonatdnoix Hagoixos

Tak, ecin 06paTUTBCA CHOBA K NpUMEPY nporpamMMbl shoStudent, To 3aueM BbI-
HOJIHATDb MPOBEPKY JOCTOBEPHOCTH HEKOTOPBIX BXOJHBIX JAHHBIX, €CJIHM 3TO YXKe
6bL10 caenaHo panbiie? M eciu o6beKThl, NpeACTaBISIONHE YYaluXcs, ObUIM U3-
BJIeYEHBI 10 HOMEPAM UX COLMAIBHOIO CTPAXOBaHHSA U3 JIOKAIbHOM 6a3bl JAHHDIX, C
nomMombio cookie-(haityioB WK Jaxe MmyTeM o6panieHUs K yIaIEHHOMY CEpBepY, a MX
M3MEHEHUE HE NIPEATIOJIATAETCA, TO 3a4EM TPATHTD JIParolicHHOE BpeMsi Ha NOBTOP-
HbIi nouck? [IpuMeyarenbHo, 4TO ecin peds uaeT o pynknuu findStudent (), To
3alIOMMHAHUE MOXET CJIYXXHUTbh B KAYeCTBE HeGOIbIIOro Kellla 3alpOCOB, COXPaHss
ye U3BJIeUeHHbIE OObEKTDI /11 YCKOPEHHUA JOCTyNa K HUM. 3aIOMHHAHHE JaeT elle
OJIHY yOGHYIO BO3MOXHOCTb PACCMAaTpUBaTh (PYHKIIMM KaK OObIKHOBEHHbIE 3HAaYC-
HHS, BbIYHC/IsIEMbIe 10 Tpe6oBaHUIO. B kauecTBe npuMepa pacCMOTPHUM 3aMeHY He-
KoTOpbIX (pyHKUMI B nporpaMmme shoStudent MX 3a1OMMHAEMbIMH aHAJIOTaMH (rae
paau yro6cTBa MMEHA 3alIOMMHAEMbIX QYHKIMI CHAGXal0TCA NPePUKCOM m_, XOTs
Takoe o603HauUeHHUE He ABIsieTc odomenpunaTbiM). [IpuBesenHas Hke QPyHKIUA
pa3buTa Ha MeJIKME YacTH, U 6/1aroaps 3TOMY BbIINIOJIHEHHE BCeil MPOrpaMMBbl YCKO-
pseTcst Bo BTopoM ciydae Ha 75%!
const m_cleanInput = cleanInput.memoize();

const m_checkLengthSsn = checkLengthSsn.memoize();
const m_findStudent = findStudent.memoize():;

const shoStudent = R.compose (
map (append (' #student-info')),
1iftIoO,
chain(csv),
map (R.props(('ssn', 'firstname', 'lastname'])),
map (m_findStudent),
map (m_checkLengthSsn),
lift(m_cleanInput));

shoStudent ('444-44-4444") .run() ;

// -> B cpemHeM 9.2 Mc (0e3 3anoMMHAHMUA)
shoStudent ('444-44-4444") .run();

// -=> B cpemHeM 2.5 MC (C 3anoMMHaHMEM)

Eme oaHoi Pa3HOBHAHOCTBIO ACKOMIIO3HMIHH SBIACTCA PEKYPCHsA, A€ HpO-
rpamMma p3.36PIBaeTCH Ha CaMOHOlIO6Hble, MEJIKHE, 3alIOMHWHA€MBbIC MNOA3aJa4YH.
AHaJIOrMYHO 3aIIOMHMHAHUE MMO3BOJISIET 3AMETHO YCKOPHTb MEVIEHHO ACﬁC'FByDHIHﬁ
peKyp(‘.l/lBHblﬁ AJITOPHUTM.

7.3.5. NpumeHeHne 3aNOMUHAHUS K PEKYPCUBHLIM BbI30BaM

Pekypcus cnoco6Ha npuBecTH K 3aBHMCaHMIO Opay3epa WIM reHepHpPOBAHHIO
MaIONPHUATHBIX UCKIOYeHHH. OObIYHO 3TO NPOMCXOAMUT B TOM CJy4ae, KOraa pas-
Mep CTeKa BbIXOJUT U3-MOJ KOHTPOJIsA, HAPUMEP, TPH 06PaGOTKE OYEHDb KPYITHOTO
MaccuBa BXO/JHbBIX AaHHbIX. Ho MHOIa 3anoMuHaHKe MOXET OKa3aTh MOMOILb B pe-
meHuH faHHoro Bonpoca. Kak nosicusuiocs B mase 3, “MeHbilie CTPYKTYP AaHHBIX

w9

1 GoJIbllle ONIePAlHii”, pEKypCHsl — 3TO MEXaHHM3M pa3bueHus 3alauu Ha GoJiee MeJr-



Iasa 7. Onmumusayus gyrxyuonarsnozo koda 249

KM€ BapUaHThbI ee camoii. Kak npasuiio, npu pekypcMBHOM BbI3OBE PEIIAETCA OJHA
M Ta K€ 3a/1aYa WK OJMHOXECTBO 60J1ee KPYIHOM 3a/1a4uM, U IE€JIACTCSA 3TO HEOLHO-
KPAaTHO JI0 T€X MOp, MOKa He 6yAeT JOCTUrHYT OCHOBHOM BapHUaHT, KOIJja HAKOHELl-
TO HAUMHAETCS CBOPAaYMBaHHUE CTE€KA BbI3OBOB M BO3BPAT MOJY4a€MOrO pe3y/ibTaTa.
Ecau 6b1 MOXKHO 6bLIO KEINMPOBATDL PE3YAbTAThl PEIIEHUA NOA3aa4, TO yAa10Ch Obl
NOBBICUTD NPOU3BOAMTEILHOCTb NPH BbI30BE OJHOM U TOH ke yHKUMHU ¢ 6onee
KPYNHbIMH BXOJHBIMH JaHHbIMH.

B xauecTBe npuMepa pacCMOTPHUM NPOCTYIO (PYHKIMIO, BLIYHCIAIOMYIO (akTo-
puan uucaa n, 0603HayaeMblii Kak n!. OH BbIYUCIAETCA KaK IPOU3BEEHHE BCEX M0
JIOXHUTEIbHBIX 3HAUEHUI, MEHBIIIMX M PAaBHbIX 7, 11O cleayoumei popmye:

n''=n* (n-1) * (n-2) *..*3*2*1

Hanpumep:
3 =3 %01 =6 OG6partute BHWMaHKE Ha TO, YTO YHCNA PaKTOPHANA MOTYT
T - I 6biTb TaKOKe OnpeaeneHbl PeKypCMBHO B Buae 6onee menknx
4! =4 * 3 %2 *1=4*3! =24 daxTopuanos, Hanpumep 41 = 4 x 3!

l'lporpammy AJ1s1 penieHus 3TOM 33JIaUH MOXXHO MU3SANHO BbIPA3HTDb B BUJE CJIEAY-
IOLEro 3anNoMHHAEMOro peKypCMBHOI'O pEIICHHS:

, BbMUCNHTD NOAPAA NPOM3BEAEHHA BCEX |
const factorial = ((n) => (n === 0) 21 uncen 100 x 99 x 98 x..x 3x2x1

: (n * factorial(n - 1))).memoize();

factorial(100); // -> B nepswit pa3 BemosHsaerca 3a 0,299 mc, =&
factorial(101); // -> a Bo BTOpOM pa3 — 3a 0,021 MCc <—

BOCNONBL30BaTLCA KEWMPOBAHHLIM PaHee 3HaYeHUeM, YTOGbI COKPaTHTL
BblUMCAEHME, OCTAHOBMBLUMCD Ha Npou3segenun 101 x 100!

ITpy 3anoMMHAaHUH NPHUMEHAIOTCA MaTEMAaTHYECKHE MPUHLHUIIbI BbIYHCIEHUS
¢daxropHanos, u NO3TOMy NPy BTOPOM BbI30BE NPUBEAECHHOM Bbiii€ GYHKLMH 1I0CTH-
raeTcs 3Ha4MTeIbHOE MOBbIIIEHHE IPOU3BOANTEIBHOCTH, KOTAA (PYyHKIMS “BCIIOMU-
Haet” ¢opmyay 101! =101 x 100! ¥ MOXET NOBTOPHO BOCIIO/Ib30BATLCA 3HAUECHUCM,
BO3BpalllacMbIM M3 NepBoro Bbi3oBa factorial (100). B urore Bbruucienue Bcero
AIrOPHTMA PE3KO COKPALIAETCs ¥ pe3y/ibTaT BO3BpalliaeTcsd MrHoBeHHO. Takoii nos-
XOJ UMeeT U JPyrHe NperMyLIecTBa C TOUKH 3pEHUs yripaBieHUs ppeitMamu cTeka
BBI3OBOB, MCKJIIOYasi €ro 3acopeHue (puc. 7.8).

Kak BuauTte, anroput™ BblYMCIeHHs (aKTOpHAIa BBIMOJHAETCHA MOJHOCTBIO
1pu nepeoMm Bbi3oBe ¢yHknum factorial (100). B urore cozmaerca 100 ¢ppeiimos
B CT€Ke BbI30BOB JaHHOI pyHkuMu. M B 3TOM nposBasercs ciaeylomuii HEOCTaTOK
HCKOTOPBIX PEKYPCHBHbIX PEIICHHH: B HUX HEPAIIMOHAIBHO HCIIOJIb3YeTCsi CBOGOI-
HO€ MPOCTPAHCTBO CTE€KA, OCOGEHHO B TAKUX CJIy4asX, KaK MPU Bbi3oBe GyHKIUHU
factorial (), rae KOJIHYECTBO CO3/laBaeMbIX B cTeke (PpeifMOB MPONOPLHOHAIBHO
N0JIy¥aeMbIM BXOAHbIM AaHHbIM. Ho 61arofaps 3anoMuHaHHIO KOJMYECTBO (peii-
MOB, TPEOYIOIHXCS B CTEKE Ui BBIYUCIEHUS CJIEAYIOUIEro YMCIa, 3HAYUTEIbHO CO-
KpalaeTcs.

3anoMMHaHHEe — HEe €IMHCTBEHHbII CNOCO6 ONTUMHM3AIMH PCKYPCUBHBIX BbI30O-
BOB. MIMeloTcs M pyrue cnoco6bl NOBBIMIEHUSA MPOUIBOAUTENBHOCTH € MOMOILBIO
CPEeACTB KOMIWISITOpA.
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factorial (100)

I I ‘ factorial (101) (3anomuHaercs)

Mpw BTOPOM Bbi30BE ByHKUMM factorial (101)
l 13 KeLwa BGMPAeTCs peaynbLTaT Nepsoro ee

g 2
2 [::j BbI30Ba factorial (100) | &
g | E:
S factorial 100 0.33262154430441e+157 / -
e l factorial 101  9.4250477598383540+159 l '

‘ Mo 3aBepLieHun NepBoro BbI30Ba
l dyHKumMmn factorial (100)

i ‘ I pe3ynbTaT COXPaHAETCA B Kelue

Puc. 7.8. Npu Bbi3ose 3anomuHaemon ¢pyHKkuuKu factorial (100) B nepsbiv pa3 cozpaerca 100

dpelimoBs cTeKa, NOCKONbKY TpebyeTca BbiuMCANTbL GpakTopuan uncna 100!, ymHOMXan BCce ynmcna noa-

paa. A npu sbizose pyHKUuM factorial (101) BO BTOPOW pa3s NOBTOPHO MCNONbL3YETCA pe3ynbrar
nepsoro Bbi30Ba, U NPU 3TOM CO3A3IOTCA TONLKO ABa ppeiima cTeka

7.4. Pexypcus n onTUMU3aLUSA XBOCTOBbIX BbI30BOB

Kak 6bL10 nokaszaHo paHee, B IpOrpaMMax ¢ peKypcueii CTeK MCHOJb3yeTCsl Ha-
MHOTro 60Jiee MHTEHCMBHO, Y€M B IIporpamMMax 6e3 peKkypcuu. B HeKoTopbIX sA3bIKax
®IT raxke OTCYTCTBYIOT BCTPOEHHbIE MEXAHHU3MbI OPraHU3aLMH LIMKJIOB, 2 OCHOBHOM
AKLEHT J€JIA€TCA Ha PEKYPCHIO M 3alIOMMHAaHHUeE I peanu3anum 3¢ GeKTUBHOI uTe-
paumu. Ho nHoraa He 0co6eHHO MOMoraeT Jaxe 3allOMMHaHUE, HaIpUMep, Koraa
XapakTep BXOAHBIX AaHHBIX (PYHKIIMM MOCTOAHHO MeHseTca. M B aToMm ciryuae Maio
4TO Ja€T HAJIMYME BHYTPEHHETO YPOBHsA KEIIMPOBaHUA. MOXHO M ONTUMHU3HUPO-
BaTh PEKYPCHIO, YTOObI OHA BBIMOJIHSAIACH TAK XK€ 3(P(EKTUBHO, KAaK U LIMKJIbI B [10-
A06HBIX ciayyanx? OKa3bIBa€TCs, YTO PEKYPCUBHbIE AITOPUTMbI MOXXHO COCTaBUTb
TakMM 06pa3oM, YTOObI KOMIWIATOPbI TOMOTAIH JOCTUYb 3TOTO C IOMOIIBIO ONMU-
MU3AYUUU XB0CMOBBLX 6b30606° (tail-call optimization, TCO). B aTOoM pa3zaese nosicHsieT-

cd, YTO IIPUBEACHHAsA HHXKE Bepcusi peKypcuBHOM dyHknuu factorial ():
PexypcuBHan CTaguA B 3TOH BepCHM

const factorial = (n, current = 1) =>
—— 1) 2 dyHKYUM Tenepb BbINOAHAETCA
(n === .) ? current 8 nocaeaHem oneparope,
¢ factorial(n - 1, n * current); HaXOAALLEMCA Ha TaK HA3LIBIEMOH

X60€MO80ii NO3NUUM

? IHOT/1a 3TOT TEPMUH NEPCBOAAT KaK ONMuUMU3AUUS X80cmogoil pexypcuu. — Ipumen. peo.
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HECKOJIBKO OTIMYAETCA OT MPEAbIAyLIE BEPCUH, TTOCKOJbKY PEKYPCUBHASI CTalUs
pa3MelnaeTcs B Heif Ha XBOCTOBOM nMo3unMu. [103ToOMy OHa BbINOJIHAETCSA TaKKe ObI-
CTpPO, KaK Y PUBEICHHAs HM)KE MMIepaTHBHas Bepcus pynkuuu factorial ().
var factorial = function (n) {

let result = 1;

for(let x = n; x > 1; x--) {

result *= x;
}

return result;

OnTrUMH3alKsi XBOCTOBbIX BbI30OBOB, AABJISIETCA YyCOBEPHICHCTBOBAHMEM, BHE/IPEH-
HbIM B KOMIUJIATOP cTaHAapTa ES6 ¢ nenpio cBecTH BbINOJHEHHE BCEX BHI3OBOB
pPeKypcuBHOM yHKIuM B eauHoM ¢peiive. Ho 310 MOXXeT npou3oiTH TOJBKO Ha
NOCJIEHEN CTaIMM PEelIEHUs PEKYPCUBHOM 33/JlauM, KOI/Ia BbI3bIBAaeTCA Apyras (Kak
NpaBuo, Ta Xe caMas) pyHkuua. M 3ToT nocjaesHuii BbI3OB HAXOAUTCSH B CaMOM
xeocme PyHKIMM, OTKYAA M MMOULJIO Ha3BaHHE JAHHOTrO Cioco6a ONTHMH3ALMH pe-
KyPCUBHDIX BbI30BOB.

B uem xe cocTouT nogo6Has onTuMusanus? BeiabiBasg (PyHKIIMIO B CAMOM KOH-
1le peKypCUBHOH (PyHKIIMM, MOXHO 1aTh MHTEpNpeTaTopy JavaScript NOHATDb, YTO
OH MOXeT GoJibllie He XPaHUTh TEKYIUIH peiiM B cTeke, OCKOJIbKY OH 6oJibllie He
MOHAZIOOUTBLCA U MOXET ObITh yraieH. Kak npaBuio, 3To focTHraercs nepejaaydei
BCETO HEOOXOAMMOTIO COCTOAHHUS U3 KOHTEKCTA OXHOM (PYHKIIMH B IPYTO# KaK 4acTH
€€ apryMeHTOB, YTO U JIEMOHCTPUPOBAIOCH Bbilll€ HA IPUMEPE PEKYPCUBHOM (PyHK-
muu factorial (). Takum o6pa3om, pekypcUBHasi UTepanus GyieT MPOMCXOAHUTD
BCAKHI pa3 B HOBOM (peiimMe, B KauecTBe KOTOPOro GYAET UCIIOIb30BaThCA ppeiim
M3 NpeabIIyHIEro BbI30Ba, BMECTO HarpoOMOXAeHH PpeitMOB APYT Ha Apyra B CTEKE.
IMpuBenenHas Bbilie pexypcuBHas ¢yHkiua factorial () onpeaeneHa B XBOCTO-
BOi1 popme, u noaToMy BhINoAHEHHe Bbi3oBa factorial (4) mepexoauT OoT TUNHY-
HOM MUPaMUZIbl PEKYPCUBHbIX BbI3OBOB:
factorial (4)

4 * factorial(3)
4 * 3 * factorial(2)
4 * 3 * 2 * factorial (1)
4 x 3 2 * 1 * factorial(0)
*2*x1*1
*

3
2 1

* W B
D O* *

4 *

4 * 3
4 * 6

return 24

K IUIOCKOM CTPYKTYP€ C y4ETOM CTEKA KOHTEKCTOB BbIIIOJIHEHUSA, KaK IIOKA3aHO HHUXKE.

factorial (4)
factorial (3, 4)
factorial (2, 12)
factorial (1, 24)
factorial (0, 24)
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return 24
return 24

Kax Buaure, 3Ta IL10CKas CTPYKTypa No3BoJseT 6oJiee 3(peKTUBHO 110JIb30BATh
€Sl CTEKOM, KOTOPbIi GoJibllle He MPUAETCS CBOpPauMBaTh Ha 7 ¢peiimos. Ha puc. 7.9
HO3TAIHO JIEMOHCTPUPYETCA NMPOLECC MPeoOpa3soBaHMUs HEXBOCTOBOM (PyHKIMM
factorial () B €e XBOCTOBO-PEKYPCHBHYIO BEPCHIO.

ARHYNMpOBaTL TeKYWMIA GPenM U 3aMEHUTL €ro HOBbIM,
4T06bi BLIMMCANTL CREAYIOWIEE 3HAYEHNE

Wcnonb3yeTcs ToNbKO
0AvH ppenmM

\

Puc. 7.9. Unhnioctpauuns Bbi3OBOB XBOCTOBO-PeKypPCUBHOW dyHKumn factorial (4). Kak sugute, 8

aToM QYHKUMUM UCNONL3YETCA €4NHCTBEHHbIN dperim. ONTUMU3AUMA XBOCTOBLIX BLI3OBOB 3aKNKOYa-

€TCA B aHHyNMpoBaHUN dperima Tekywen PyHKLMM B CTEKE M pacnpeaeneHny Ha ero Mecte HoBOro
dpeitma, Kak byaTto 661 yHKUMA factorial () BbIUMCNAETCA B UUKAE

7.4.1. NpeoGpa3oBaHne HEXBOCTOBbIX Bbi30OBOB B XBOCTOBbIE

Onrtumusupyem pynkumio factorial (), YToGbl BBIFOZHO BOCIIOJIb30BATbCSA ME-
XaHHU3MOM ONTUMM3alIMM XBOCTOBBIX BbI3OBOB B JavaScript. B npuseaenHoit ke
NepBOHAaYaIbHOM peaiu3aluu:
const factorial = (n) =>

(n === ) 2?21
: (n * factorial(n - 1));
pexypcuBHas ¢ynknusa factorial () He HaxoAMJIACh Ha XBOCTOBOM MO3MIIMH, 11O
CKOJIbKY B IIOCJIEAHEM BO3BPALIA€MOM BbBIPOXEHMH MHOTOKPAaTHO YMHOXAETCA 3Ha-
4YeHHE, BbIYMCISIEMOE Ha PEKYPCUBHOM CTafuM:

n * factorial(n - 1)
Hal’lOMHHM, YTO i1 OIITHUMHU3AIIMH XBOCTOBbBIX BbBI3ZOBOB INOCJHE€AHAA CTAAUA
JOJDKHA 6blTb pelcypcmmoi'{. Beﬂb HMME€HHO 3TO a€T HHTepnpeTaTopy BO3MOXHOCTb

npeo6pasopath ¢yHknmio factorial () B nuI 3TO AesaeTcs B CleyOlMe ABa
JTana.

1. Hepememe}me onepanmv YMHOXECHHS Ha MECTO JONOJHHUTEJIBHOTO 1apamMe-
Tpa q)yHKIIPIPI, 4TOObI OTCJIEKHUBATH TEKyll€€ COCTOAHNE JIAHHOM ornepanmnu.
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2. Ilpumenenne HoBiecTBa ES6 — cTaHIapTHOrO 3HaueHUs nMapaMeTpoB (yHK-
MM, ONpeeSIoNX NPeABapUTEJbHOE 3HAYEHHWE JAHHOTO apryMeHTa.
Taxkoit apryMeHT MOXHO 6bLIO Gbl ONpPEAENUTh ¥ MHAYE, HO IIPU UCIOJb30-
BaHUU CTAHJAPTHOTIO 3HAaYEHHUsA MapaMeTpPoB PYHKLMH 3TO OyAET BbIMIAAETD
HaMHOTO sICHEE:!
const factorial = (n, current = 1) =>

(n === 1) ? current :
factorial(n - 1, n * current);

Tenepsb nanHas GpyHKUMS BbIYUCIeHNA (aKTOpUaIa GyAeT BLINOIHATLCA TaK, KaK
6yATO OHa GblIa peajM30BaHa IlyTEM OPraHM3allMU CTAH/IAPTHOTO LKMKJIA, HE TpC-
Oysi cO3/1aHMsA TOTMOJHUTEIbHbIX (PPENMOB B CTEKE, HO B TO XK€ BPEMS COXpaHssl B
KaKOM-TO CTeNneHn CBOM epBOHaYaIbHbIN ACKIaPaTHBHbBIN U MAaTEMAaTUYECKU I BUA,.
[Mopo6Ho€e npeobpasoBaHKe BO3MOXHO MIOTOMY, YTO CBOHCTBA XBOCTOBO-PEKYPCHUB-
Has PYHKIMM B GOJIBINOI CTENEHH COBMNA/IAIOT CO CBOMCTBAMY CTaHAPTHOTO LIMKJIA,
Kak 110Ka3aHo Ha puc. 7.10.

var factorial = function (n) { var factorial = (n, current = 1)
let result = 1; HavanbHoe —_ => (n === 1) ? current
for(let x = n; x > 1; x--)  3HayeHne factorial(n - 1, n * current);

result *= x;

)

return result;
} Mpupawexue

Peaynetar

Puc. 7.10. CxoACTBO CTaHAAPTHOrO UMKAA (Cs1e8a) C 3KBMBANEHTHOW eMy XBOCTOBO-PEKYPCHUBHOM
dyHKumen (cnpasa). B 060Mx npumepax Koaa MOXKHO NErKo BbIABUTb Ha4aNbHOE 3HaYeHue, Npu-
pauleHue UMKNa M HaKONNEeHWe Pe3ynbTaTa B aKKyMynaTope

Paccmorpum eme oaut npumep. B riase 3, “MeHbine cTPyKTyp AaHHBIX H Gosibliie
onepauMi”, AeMOHCTPHPOBAJIOCH CJAEAylollee HEGONbIIOE PEKYPCUBHOE pElI€eHHE
3alayd CyMMUPOBaHHSA BCEX 3IEMEHTOB B MaCcCHBE:
function sum(arr) {

if (_.isEmpty(arr))
return 0;

}

return _.first(arr) + sum(_.rest(arr));

M B 3TOM c/1lydae MOXHO 3aMETHUTD, YTO MOC/Ie/IHEE JEICTBHE B IaHHOM (PYHKIIMH,
T.e. _.first(arr) + sum(_.rest(arr)), BHIIOJHSAETCA HE B XBOCTOBOM opme.
IToaToMy peopranuayem ee KOA, 4TOGbI OITUMU3UPOBATD €70 B OTHOLIEHUH Pacxoja
onepaTuBHOM namaTH. JlIoGble JaHHBIE, KOTOPBIE KO/DKHBI OLITL NIEpeJaHbl MOce-
AyIOIMM BbI30BaM JaHHOM (PYyHKLMH, B NPUBEJAECHHON HMXC ONTHMHU3MPOBAHHOM
BEPCHH TENEPDb BBEAECHDI B COCTAB €€ APIYMEHTOB.
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function sum(arr, acc = 0) {
if(_.isEmpty(arr)) {
return 0;
}

return sum(_.rest(arr), acc + _.first(arr));

XBOCTOBas peKypCHUs NPUGIHKAET IPOUIBOAUTENBHOCTh PEKYPCHBHOTO IIUKJIA K
LMKJTY, OPraHU3yeMOMY BPy4HyI0. Takum 06pa3oM, B Tex SI3bIKaX, /i€ TaKass PEKYPCHUs
BHeJIpeHa (Hanpumep, B ctangapTe ES6 sa3bika JavaScript), €10 MOXXHO 3aMEHHUTDb Op-
raHu3yeMble BPYUHYIO IIMKJIbI, KOT/Ia IEPBOCTENEHHOE 3Ha4Y€HHe NpUodpeTaeT npo-
M3BOAUTEJIBHOCTD, ¥ B TO Xe BpeMs TpebyeTcsi COXpPaHUTD NPaBUIbHOCTD IIpHMe-
HSIEMOTO ITOPUTMAa U KOHTPOJMpoBaTh MyTanuu. Ho npumeHeHne ontuMusanuu
XBOCTOBBIX BbI30BOB HE OTPaHUYHBAETCS TOJIbKO pekypcHeil. Ee MoxHo, HanpuMmep,
NPUMEHUTD K 11060# PYHKIMH, B [TOCJIETHEM ONEPAaTOPE KOTOPOii BbI3bIBAETCSA APY-
rasi PyHKIMs, YTO HEPEAKO MPOUCXOAUT B MPHIOKEHHAX Ha JavaScript. Cneayer 3a-
METHTb, YTO ONTUMHU3AIMA XBOCTOBLIX BbI3OBOB, SIBJISIONIAasA HOBMHKOM CTaHAAPTA
ES6, 6bL1a paspaboTana B 4€epHOBOM BapHaHTe elle B cTanaapre ES4, Ho noka mu-
POKO He ucnoJb3yercs B 6pay3epax. [To cyTn, Ha MOMEHT HaNMCaHUSA JaHHOW KHUTH
ONTHMH3ALMA XBOCTOBBIX BbI30OBOB €llle He GbUIa TOJIKOM PEaIM30BaHa HU B OTHOM
M3 MOMyIAPHbIX 6pay3epos. IMEHHO O3TOMY IPUXOAMTCS MOJb30BATHCA TPAHCIIH-
asTopom Babel, uTo6b1 npuBecTH ncxoaHbIii Kox cTanaapTa ES6 k npexcHeit Bepcun.

3Imynaumns oNTUMU3aLUK XBOCTOBbDIX BbI3OBOB B CTaHAapTe ESS

B Haubonee pacnpocTpaHEeHHOM B HacToAWee Bpemsa CTaHAapTe ES5 asbika JavaScript
ONTMMU3aLMA XBOCTOBbLIX BbI30BOB He Noaaepxusaetca. OHa bbina sBeaeHa B CTaH-
AapT ES6 3T0ro A3bika B KauecTse NpeanoeHun nop, HassaHuem CrieyuguKa xeo-
cmoebix 86130808 (proper tail calls) (cm. pa3aen 14.6 cneundunkaumn ECMA-262).
Kak ynomuHanocb B rmase 2, “CueHapuit Bbiclero nopaaka”, paborocnocobHocTb
nNpMMepos, NPeACTaBNEeHHbIX B AaHHOW KHUre, 06ecneumBsaeTca C NOMOWbIO TPAHCNK-
nAatopa Babel, BbINONHAIOWEro poab KOMNUAATOPA UCXOAHOTO KOAA U3 HOBOTO CTaH-
[APTa B8 NPEXHUN, YTO OYEHb YAOBHO ANA TeCTUPOBAHUA NEPCNEKTUBHBIX A3bIKOBbIX
cpeacTs.

B KayecTse 06XOAHOrO NpMema MOXHO NpPUBerHyTb K cpeacTsy, meTadpopuyecku Ha-
3bIBAEMOMY NpbiKamu Ha 6amyme (trampolining). 910 cpeacTBO NO3BONAET CMO-
AENUPOBaTb XBOCTOBYIO PEKYPCHUIO UTEPATMBHbLIM CNOCOBOM, YTO MALANLHO NOAXOAUT
ONA KOHTPONA Hag, POCTOM CTEKa BbI30BOB PYHKLMM B TAKUX A3bIKAX CO CTEKOBOM Op-
raHu3aumen, Kak JavaScript.

BaTyTom 34€ecb CAyXUT KOMOUHATOP GYHKLMIA, KOTOPOMY nepeaaerca aApyraa GyHk-
UMA B Ka4YecTBe BXOAHbIX AaHHbIX, 3 OH MOBTOPHO Bbi3blBaET ee (T.e. pacKkaunsaeT ee
Kak Ha 6aTyTe) 40 Tex NOp, NOKA BbINOAHAETCA 33AaHHOE ycnosue. MOBTOPHO Bbi3biBa-
eman GpyHKLUMA MHKANCYNMPOBaHa B CTPYKTYPY, KOTOPaA Ha3blBAeTCA 1epexooHUKomM®
(thunk) v npeactasnnaeT coboit 06010UKy ANA GYHKUMK, CYIKALLYIO BCIOMOraTeNb-
HbIM CPEeACTBOM ANA Bbi30Ba APYroi QyHKUMKU. B KOHTEKCTe PyHKLUOHANbHOIO Xa-

* B npocToHapobe — cankamu. — ITpumen. peo.



Tasa 7. Onmumusayus gynkyuonatvrozo xoda 255

paKTepa A3blKa JavaScript B nepexo4H1KU NOMELLAIOT BbIPAXKeHUe B BUAE aHOHUMHOW
dyHKuMK 6e3 napameTpos, KOTOPOe UCNONbL3YETCA B KAYeCcTBe apryMeHTOB U Nno3so-
NAET OTNOXUTL TEM CaMbIM CBOE BbIYMCNEHUE A0 TeX NOP, NOKa NPUHUMAIOWAA PYHK-
UMA He BbI30BET aHOHUMHYIO GYHKLUMIO.

NoapobHoe paccmoTpeHue 6aTyTOB U NEPEXOAHUKOB BbIXOAMT 33 PaMKU AAHHOW
KHUIU, HO €C/IW Bbl OTYAAHHO MLLMTE NYTU ONTUMU3AUMU CBOMX PEKYPCUBHDLIX QYyHK-
UMM, HauUHUTE NOUCK ¢ 60Nee OCHOBATENBLHOMO U3y4YEHUA 3TUX CPeacTs. A NposepuTb
COBMECTUMOCTb ONTUMMU3ALMUKN XBOCTOBbIX BbI30BOB C APYIMMU A3bIKOBbIMK CPEACTBa-
My B cTaHaapTe ES6 moxHO Ha Beb-caiite no aapecy https://kangax.github.
io/compat-table/es6/.

Ecan TpebyeTcs oOpraHM30BaTh HENPEPhIBHBIN UK BU3yalU3allMH rpadUKH WK
06paGOTKY KPYITHBIX MACCHBOB JIAHHBIX 32 KOPOTKHI IEPHO/I BDEMEHH, TO Ha Iep-
BbIi1 [/IaH BBIXOAHUT ITPOM3BOJUTEILHOCTb. B NOAOGHBIX C/lyyasx MPUXOAUTCA UATH
Ha BBIHYXEHHBbIE KOMIPOMHCCHI, XEPTBYs M3ALIHOCTBIO KOJIa B MOJIb3y GbICTPOro
BBINOJIHEHUS MOCTaBJCHHON 3asauu. [id 3Toil el peKOMEeHAyeTCs NpUJiepPxH-
BaTbCA CTAHJAPTHBIX IIMKJIOB, XOTs I 60JbIIMHCTBA MPUKJIAAHBIX HIOTPEOHOCTEN
¢yHKIMOHAIBHOE MPOrPaMMHPOBAHME TO-ITPEXHEMY OCTAETCA BECbMa POU3BO/IU-
TEJbHON METOAMKOH HanMcaHusa Koja. ONTUMHM3ALMIO NPHKJIAJHOIO KOJAA CJIeayeT
BCET/a BBITIOJIHATD B MOCJIEAHIOIO OY€PEsib, a B HEKOTOPBIX KpaHHHUX C/IydasX, KOraa
TpebyeTcs MOBLICUTb MPOU3BOAUTEILHOCTb, COKOHOMHUB XOTS GbI HEMHOI'O MUJUIU-
CEKyH/l, MOXXHO BCEr/ia BOCIIOJIb30BAaTbCA METOAMKAMM, MTPEACTABIE€HHBIMU B 3TOH
iaBe.

Bcsikomy pemenmio rnpu paspaboTke IporpaMMHOro o6ecredeHus: TIpOTHBOGOP-
CTByeT paBHO3Ha4Has cwia. Ho npu pa3paboTke 60bHIMHCTBA NPUIOKEHUH XEPT-
BoBaHME 3(P(PEKTUBHOCTBIO B M0JIb3Y y06CTBA CONMPOBOXAECHHUA CYMTAETCSA BIIOJIHE
AOITYCTUMBIM KOMIIpOMHCCOM. Beb sIydinie HanmucaTh KO, KOTOPbIH yIOOHO YMTATh U
O'TIAXUBATD, JAXKE €CJIU OH U He caMblii 6bicTpoaeiicTytommii. Kak ckasan Jlonanna
KuyT: “B 97 ciayyasx u3 100 3kOHOMHSI HECKOJIBKMX MWLIMCEKYH/ IPH OIITUMM32-
IIMH HAIIMCAaHHOTO KOJia He UMCET OCOOOro 3HaUEHMUs, OCOGEHHO B CPABHEHHH C TOM
HEHHOCTBIO, KOTOPYIO NIPUHOCUT HaMCaHHe YI0GHOrO JIIsi COIIPOBOXAEHUSA Ko™ .

[Mapagurma QyHKIIMOHAILHOTO IIPOrpaMMHPOBaHHUsI MMEET BIOJIHE 3aKOHUEH-
Hblit XapakTep. OHa o6ecnieunBaeT 60raTblii ypoBeHb abGCTpakuUMM U nepeajapeca-
IIMM, HAMeYas HHTEPECHBIE MYTH VIS 1OCTHKEeHU 3¢ PexTnBHOCTH. JlO cux nop no-
ACHSJIOCh, KaK CO3/aBaTh (PYHKIIMOHAIbHbBIE NPOrPaMMbl C IMHEHHBIMH 1I0TOKaMH
JIAHHBIX ITOCPEACTBOM CBA3bIBAaHMSA B ICIOUYKy ¥ koMno3unuu. Ho, kak napecTHo,
nporpammbl Ha JavaScript coueTaloT B cebe HeMaIo HEIMHENHOTO WM aCHHXPOHHO-
ro NoBEJICHUS, HalIpUMEp, ITpH 06paboTke BBOAUMBIX MTOJIb30BATENEM JAHHBIX WIH
coctabneHuM yaaieHHbix HTTP-3anpocos. Paspemenuio nogo6HbIX 3aTPy/HEHHIA
nocesmena rasa 8, “O6paboTka aCHHXPOHHBIX COOBITHIH M IaHHBIX”, B KOTOPOM
pPaccMaTpUBAETCA TAKXKe MapaAurMa peakTHBHOTO MPOrpaMMHPOBaHHUs, IOCTPOEH-
Hasi Ha NPUHIHNAX (PYHKIIMOHAIBHOTO HHPOI'PaMMUPOBAHHS.



256

Yacme Ill. Pacuupernue ynKyuonatdbuosix Hagoixos

Pe3iome

M3 5T0i1 m1aBbl BB y3HAIM CJIeylouiee.

B B HekoTOpBIX Cayyasax (PyHKHHOHAIbHBII KOJ MOXET paboTaTh Me/UICHHEE

HIHN l'lOTpC6JIHTb GoJibliie OHCpaTHBHOﬁ MmaMsaTH, 4eM paanoanatmmﬁ €My M-
HCPaTHBHblﬁ KoA.

Peannsyst crpaTervio oTI0)K€HHOTO BBIYHMCJICHHS, MOXXHO BBITOJHO BOCHOJIb-
30BaThCd KOMOMHATOPOM 4YepeoBaHUsA (PYHKIMI M COOTBETCTBYIOLIEH MOA-
AePXKKOH B PyHKIMOHANIBbHBIX 61banoTekax Bpoae Lodash.

3anomMuHaHuE MOXET GbITb HCIIOJIB30BAHO KaK CTPATErMs BHYTPEHHCTO Kellu-
POBaHMA Ha YPOBHE (PYHKLMIA C LIEJIbIO HCKIIOYMTD Xy6IMpOBaHNE BbIYHCIIE-
HUs1 IOTEHIMAILHO 3aTPATHBIX (PYHKIMHA.

JlexoMnosunus (1wiu paséueHne) MPorpaMm Ha NpocTbie (PyHKIMH MO3BOJIA-
€T He TOJIbKO CO3/[aBaTh PAaCIIMPAEMbIi KOJ, HO M MOBbIATD €ro 3 GeKTHs-
HOCTb Yepe3 3allOMMHAHHE.

ZICKOMIIOEIHIIHH PacnpoCTpaHAETCA TAKXKE Ha PEKYPCHIO KaK METOIHKA pelle-
HUSA CJI0KHOM 3aJia4H IIyTEM €€ pas6uemm Ha 6oJsiee npocCThIE CaMOHOI[O6HblC
3aaiy, rA¢ BO3MOXHOCTH 3alIlOMHHAHUSA HCII0JIb3YIOTCS B HOJIHOM Mepe C ne-
JIbIO ONTUMHU3NPOBATD IPHMMEHEHHNE CTEKA KOHTEKCTA BbINIOJTHEHHA.

ITpeo6pasys pyHKIHH B XBOCTOBO-PEKYPCHBHYIO (POPMY, MOXKHO BBITOJHO BOC-
I10JIb30BATbCS UCKIIOYEHHEM XBOCTOBBIX BbI30BOB KaK O{HUM M3 CPEJCTB Ofl-
TUMH3allU{, BCTPOEHHOH B KOMITWIATOP.



Ob6pabomra
ACUHXPOHHBLX
CoOOLIMUU U OAGHHDBLX

B 3TOM rnase...

B BrricHeHUE TPYIHOCTEH, BOSHUKAIONMMX ITPY HAITMCAHNH
ACHHXPOHHOTO KOJIa

B [Ipumenenue metoauk Pl s ncxwnodenns BIOKEHHbBIX
OOpaTHBIX BBI3OBOB

Pill[IIOI[ZL'H'I.'&ZUIH?I ACHHXPOHHOTO KO/ia € NOMOMbIO 0053aTeJILCTB

B Ii,‘llC})ll})()BHHH(‘ JAAHHBIX ITO T})(‘()()BIIHHIO C MIOMOHIBIO
reHepaTropos

BB(‘,TICHH(‘ B PEAKTHUBHOC HpOrpaMMHUpPOBAHUC

B Hanwucanue yHIpapJsieMOro COOBITHSAMMU K( yia CPEACTBAMHA
PE€AaKTHBHOTO llp()l‘P‘dMMHp()Blllll’lﬂ

Nporpammupyiowme GpyHKUMOHANLHO U3BAEKAIOT U3 ITOTO CTUNR HEMANO
MaTepranbHbiX BbIrOA, CYMTan €ro Ha NOPAAOK 60nee NPOAYKTUBHLIM,
yem 06bIYHbBIN CTUNb, NOCKONBKY GYHKLMOHANbHBIE NPOTPAaMMBb! HA
NOPAAOK KOpouye 06bIYHbIX.

U3 cTtaTbu “O saxcnocmu gynxyuonarsnozo npozpammuposanus” (Why
Functional Programming Matters) Jxcona Xviosa (John Hughes)'

Jlo cuX Mop MOACHSIOCH, KAK MBICIMTb (PYHKIIMOHAIBHO U MOJb30BATbCS METO-
ankamu PIT 1 HanMcaHMA, TECTUPOBaHMSA U ONTUMHU3ALMHU IIPMKJIAHOTO KOJA
Ha JavaScript. Bce 3T MeTOAMKHN npefHa3Ha4Y€Hbl It 6GOPLOLI C TPYAHOCTAMH,

' U3 uananus Research Topics in Functional Programming nop peaakuneit Jl. Tepuepa
(D. Turner), ctp. 17-42 (u3parenncTBo Addison-Wesley, 1990 r.); cm. Takxke no aapecy
https://www.cs.kent.ac.uk/people/staff/dat/miranda/whyfp90.pdf.
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IMPUCYIIMMH BEG-TIPHIOKEHUAM CPEJHUX M KPYNHBIX MacmTaboB U COCOOHBIMH
CYIIECTBEHHO 3aTPYAHHUTh X COIIPOBOXAE€HHE. MHOrO JleT Ha3a/l B3aMMOJIeHCTBUC
¢ BeG-MPUJIOKEHUSAIMH OrPaHUYMBAIOCH TNlepeaadeil cepBepy AaHHBIX M3 6GOIbUIMX
Be6-(popM M BBIBOJOM B OTBET IeJbix BeG-cTpanun. Ho no mMepe passutus Be6-
NPWIOKEHUH MOBbIAIMCH M TpeboBaHus k HUM. HbiHe Bce mosnb3oBaTenu oxujia-
IOT, YTO CTPaHHULbI OyIyT BECTH ce6s1 B 60JIbIIEH CTENEHH N0J00HO MI1aTPOPMEHHO-
OPHEHTHPOBAHHBIM MPHJIOKEHHUSAM, pearnpyloluM Ha AeHCTBUS NoJab30BaTeae B
peanbHOM MacmTabe BpEMEHM.

B ximenTckoM Kojie Ha JavaScript KOJM4eCTBO 3aTPyJHEHHU, KOTOPbIE IPUXONUT-
csl NpeojoJieBaTh pa3paboTUMKaM, OKa3bIBaeTCs enle 60Jblie, YeM B 1060 aApyroi
cpeae. Ha ato HenocpeacTBEHHOE BIMAHNE OKa3bIBAET NNOsSBJIEHUE O6GBEMHOTO KU~
€HTCKOTO KOJIa, B KOTOPOM HE TOJILKO JO/KHbI ObITh YYT€Hbl OCOOEHHOCTH MEXILIAT-
(popMeHHOrO B3aMMO/EICTBHA C IPOrPaMMHBIM oOGecrieueHHEM BeG-cepBepa, HO U
3¢ PexTHBHaT 06paboTKa BBOJUMBIX 10JIb30BATEIEM JAaHHBIX, B3aMMOJECHCTBHE C
YAQJIEHHBIMU caifTamu 1o TexHojoruu AJAX 1 OJHOBPEMEHHOE OTOOPAXEHHE NaH-
HbIE Ha 3KpaHe. B 1aHHO# KHUre npeuiaraeTcs peneHue, BbipaboTaHHOE CPEACTBa-
mu ®I1, yTo MAEANILHO NOAXOAMT I CUCTEM, Ilie TpeGyeTcs noanepKHBaTh BbICO-
KHIi ypOBEHbD 11€JIOCTHOCTH, HECMOTPS Ha BCE€ 3TH TPYAHOCTH.

B 3T0ii maBe BoamoxxHocTH PTI npuMeHAIOTCS U1 pa3pelleHUs PealbHbIX TPYA-
HOCTE# NporpaMMHpOBaHMS Ha JavaScript, CBA3aHHbIX C aCHHXPOHHBIMH [I0TOKaMH
JaHHBIX, IIe KOJ HE SIBJIAETCSA IMHEHHDBIM C TOUKH 3PEHUS BbINOJHEHUS NPOrPaMMbL.
B HekoTOpBIX M3 paccMaTpUBaeMbIX 3A€Ch IPUMEPOB ITPUMEHSETCs Opay3epHas Tex-
HoJiorus Bpoge AJAX 11 06pa6aThIBalIOTCSA 3aMPOChI M3 IOKaTbHOro Xpanwinma. [Tpu
3TOM NpecaeAyeTCs MIaBHas 11eJ1b — NPOAEMOHCTPpUpOBaTh NpuMeHeHue PIT Bmecre
¢ 0653aTeILCTBAMH, MOABUBIIMMHUCA B cTaHAapTe ES6, a Takxke BO3MOXHOCTH pe-
aKTMBHOTO NTporpaMMMpoBaHus. Bce 3To no3BoJisieT NpeBpaTUTD 3allyTaHHbIH KOJ,
COCTOSINMIT 3 BJIOKEHHBIX OOPATHBIX BbI3OBOB B U3SIIHBIE U YI000UHNTAEMbIE BbI-
paxeHus. PeakTBHOE MpOrpaMMHpPOBaHHE MOXKET NOKa3aThCsl BAM 3HAKOMbIM, T10-
CKOJIbKYy OHO MpeACTaBJseT CO60MH Cnocod OCMBICIEHHS pellaeMblX 3aj4a4, 6JU3K0
HaCJIeAYIOWME TO, YTO IIPUHATO B (PYyHKIIMOHAJILHOM IPOrPAMMHUPOBAaHHH.

JloGUTBCA aCHHXPOHHOTO NOBEJCHUsA Heslerko. B omnune ot o6bIYHBIX (yHK-
I, aCHHXPOHHbIE (PYHKLHH HE MOTYT IIPOCTO BO3BPAaTHUTD JAHHBIE BbI3bIBAIOICMY
Kosty. BMecTo aToro B Hux McnoJibdyercst 6ecciaBHbIi a610H OGPATHBIX BbI3OBOB,
M3BEIAIONMIT O 3aBepUIEHUH JUIMTEIbHbIX BBIUMHUCICHUMH, onepanvii U3BjiCYEHUsA
nHdopmanun U3 6a3bl JAHHBIX HIK OOPabOTKH YAaJIEHHBIX BBI3OBOB 10 CETEBOMY
npotokosy HTTP. O6paTHble BbI30BbI IPUMEHSIOTCSA TaKXe Uil 00pabOTKH B Gpay-
3epax COOBITHII OT IEJUKOB KHOIKAMH MbILIY, HAKATHI KIaBHII U XECTOB Ha CEH-
COPHBIX 3KpaHaX MOGHJIbHBIX YCTPOMCTB B OTBET Ha AEHCTBUsA nojib3oBaTes. s
pearupoBaHHUs Ha 110/106HbIe COOBITHSA MOCJIE 3aITyCKa IPOrPaMMbl Ha BbINOJIHEHWE
HEOGXO0IMMO HANIUCATh KOJI, BbI3bIBAIONIIMI HEMAIO TPYAHOCTEH VISl (PyHKLIMOHA/Ib-
HOTrO POEKTUPOBAHUSA, OTVIMYHBII OT KOJA, I/le MOCTYIJIEHHE JaHHBIX OXKHU/IAETCA B
IpeACKa3yeMble MOMEHTBI BpEMEHH. B kOHEUHOM cueTe HY)KHO HaWTH OTBET Ha CJie-
AYIOIHI BOIIPOC: KaK COCTABJIATb WK CBA3bIBATD B LIEMOUYKY (PYHKIIMH, IPU3BAHHDIE
o6ecneyrThb TO, YTO AOLKHO IIPOM3OHTH B Oyaymem?
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8.1. TpyaHOCTHU, BO3HUKAIOWME NPU HANUCAHUUN
aCUHXPOHHOI0 KoAa

CoBpeMeHHbIe NPOorpaMMbl Ha JavaScript peAKo BbINOJHAIOT 3arPy3Ky AaHHBIX,
MOJIy4aeMbIX OT CEPBEPA B OTBET HAa OJJHHOYHDIH 3aNpoc. 3a4acTylO JaHHbIE 3arpy-
XKQAIOTCA HA CTPAHHUIY IO Mepe HEOOXOAUMMOCTH MO MHOTMM aCHMIIXPOHHBIM 3alipo-
caM B OTBET Ha MOTPEGHOCTH NoJib3oBaTeei. [IpoCTbIM TOMY NPpUMEPOM CYXKHT
KJIMEHTCKOE MPHJIOKEHHUE VI YTEHUS 3JEKTPOHHOM nouThbl. M xoTa BO BXOAAmEi
MOYTE MOTYT GbITh THICAYH JUIMHHBIX COOOIEHUH, KIMEHTaM KaK [IPABHJIO HYXXHO
NpPOCMOTPETh U 06paboTaTh TONBLKO CaMble cBeXHe M3 HUX. OueBHUAHO, YTO HET
HUKAKOTO CMBICJIA 0XMJIAaTh HECKOIBKO CEKYH/ (WIH Jja)ke MHUHYT) 110Ka 3arpy3uTcs
BCA BXoJAIas nouta. PazpaboTunkam Be6-npuJIoKEeHHI Ha JavaScript npuxoauTcs
4acToO pa3pelaTh 3aTPyAHEHHUA MOAOGHOTO PO/, H VIl 3TOro o0bIvHO TpebyeTcs
peaJM30BbIBATh B TOM WM MHOH (POPMe HEGIOKHPYIOLIIME ACHHXPOHHDIE BbI3OBBI, B
KOTOPbIX MOTYT BO3ZHHKATb CJIEAYIONIHC TPYAHOCTH.

B Co3naHue BPEMEHHBIX 3aBUCUMOCTEI MEXAY QYHKIUAMH.
B HewunsbexHoe obpalieHHe K NMpaMuie OOpPaTHBIX BbI3OBOB.

B HecoBMecTHMOE cOueTaHHE CHHXPOHHOTIO H ACHHXPOHHOTO KO/Ia.

8.1.1. Co3paHune BpeMeHHbiX 3aBUCUMOCTEN MeXAay PyHKuuaMu

PaccMmoTpumM B kauecTse nipumepa pyHkumio get JSON (), mpegHasHAaYEHHYIO JUIS
BoInosiHeHnst AJAX-3arpoca 1o M3BJIE€YEHHIO U3 CepBepa CNUCKA O6BEKTOB, NPeE]-
craBisionux yyammxcsa. Kak nokasano Ha puc. 8.1, 3To acmaxponHas GyHkums,
MO3TOMY OHA BO3BPATHT YIIPaBJIEHHE IIPOrpaMMe, KaK TOJIbKO 3anpoc OyAeT oTnpas-
JIEH, TOCJIC Yero BbI3biBaeTcs PyHKuMA showStudents (). Ho B 3TOT MOMeEHT 06b-
€KT students nmo-npexHeMy ocTaeTcst NycThiM (null) M3-3a TOrO, YTO yAaJI€HHbIH
3anpoc eue He o6paboraH. B TakoM ciyyae e MHCTBEHHDIH Ccrocob6 odecrneyuTn
HACTYIUIEHHE COOBITHIH B NPaBUJILHOM MOPSAKE — CO3AATb 6PEMEHHYI0 3AEUCUMOCTIY
MEX/Ty aCUHX POHHBIM KOJIOM M CJIEIYIOIHM [IpeANPHHUMACMbIM leHcTBHEM. I TOGBI

var students - null;
getJSON('/students', function(studentObjs) {
students = studentObjs;
} ’
function (errorObj) {
console.log(errorObj.message); OTOT NOTOK BPEMEHHO NPepLIBAETCA
} 3-3a TOr0, 4T0 06beKT student
) HE UHUUMANN3NPYETCA BOBPEMS

showStudents (students) ;

Puc. 8.1. 310T KOA 06N3AaET CyWeCcTBEeHHbIM HEAOCTaTKOM. [1eN10 B TOM, YTO AaHHbIe
TpebyeTca U3BNEUYL aCMHXPOHHO, U NO3TOMYy 06bekT students Tak u He byaer co-
OEPXKATb HYXHbIX AaHHbIX B MOMEHT 0TOOpaXeHHUa Tabnubl CO CNUCKOM y4HaLLMUXCA
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BBIITOJIHUTD qpymcumo showStudents () BOBp€M1, €€ IPUAETCS BKIIOYMTD B COCTAB
¢yHKIMM 06paTHOTO BBI3OBA.

Bpemennoe ceasvieanue Ny epemennoe cyensernue BOSHUKAET MPH BbINOJHEHUH
ONpe/IE/IEHHBIX, JJOTUYECKH CTPYNINIMPOBAHHBIX PYHKUMHA. ITO J€1aETCA B TOM CJIy-
yae, Korjaa PyHKIUHAM NPUXOAUTCA OKHUAATD, KOIA JaHHbIE OKAXYTCSA JOCTYITHBIMU
WA OyAyT BBINIOJIHEHBI JApPyrue (PyHKIMH. 3aBUCMMOCTb OT JaHHbIX WIM BPEMEHH,
KaK B paCCMaTPHBAEMOM 3/I€Ch CJIyYa€e, MOXET BbI3BaThb M060YHbIE 3P EKTDI.

YaaneHHbIe onepanyy BBO/A-BbIBO/IA BBIIOJIHSAIOTCA 3aME€THO MEJJIEHHEE, UeM
OCTaJIbHAsA YacThb KOJIa, M MO3TOMY MX BBINIOJHEHUE NOPyYaeTcsl HEGJOKMPYIOIUM
npoiieccaM, CroCOGHBIM 3alPOCHTD JAHHbIE M “OXXM/JaTh’ BO3BpaTa Hajlexaule-
ro orBeTa. Kak Toibko saHHblEe GyAyT MOJy4Ye€HbBI, BbI3bIBAETCA MPEAOCTaBIseMas
nosb3oBateseM (QyHKIUA o6paTHOro Bbi3oBa. IMEHHO 3TO M JenaeT QyHKUMsA
getJSON (), kak MoApPO6GHO AEMOHCTPUPYETCs B IMCTHHTE 8.1.

Jiuctunr 8.1. OyHkumns getISON () , B KOTOPO#H NPUMEHSIETCH NNAaTHOPMEHHO-
OpMeHTUPOBaHHbIN 06beKT TUNa XMLHt tpRequest

const getJSON = function (url, success, error) {
let req = new XMLHttpRequest();
req.responseType = 'json';
req.open('GET', url);
req.onload = function() {
if(req.status == 200) {
let data = JSON.parse(req.responseText);
success(data);
}
else {
req.onerror();

}
req.onerror = function () {
if(error) {
error (new Error(req.statusText));

)i

req.send();

Pynxumun o6paTHOrO BbI30BA HEPEIKO NIPUMEHSAIOTCA B Koje JavaScript. Ho onn
C TPYAOM NMOAJAIOTCA MaCITAGHPOBAaHHUIO, KOT/Ia TPeGyeTCs MOCAeJ0BATENbHO 3arpy-
3uTh 6OJIbLIE JAHHBIX, YTO B KOHEYHOM UTOTE IIPUBO/IMT K MCIIOIb30BaHUIO Paciipo-
CTPaHEHHOrO mab/i0Ha O6PaTHBIX BLI3OBOB.

8.1.2. HensbexHoe oOpalyeHue K nupamuae o6paTHbIX Bbi30OBOB

OO6paTHble BbI3OBbI IPUMEHSIOTCA B OCHOBHOM /Il TOrO, YTOGbI HCKIIOUMTD
6JI0KMPOBKY MOJIb30BaTEIbCKOrO MHTEpdelica NpU OXHUAAHUM 3aBEPUICHUS JUTH-
TeJIbHBIX NPOo1ecCcOB. PYHKINHU, KOTOPBIM NiepeaaeTcst GPyHKIMA 0GPaTHOrO BbI30Ba,
BMECTO BO3BpaTa 3HAUEHHUS, PEATH3YIOT CJEAYIOMYIo GOPMY UHEePCUU YNPagieHUR:
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“He 3Bonu MHe, s caMm Te6e no3BoHI0”. Kak To1bko HacTynaeTt cobbiTHE, HAIIPpUMED,
KOT/Ia IaHHbI€ CTAHOBATCSA JOCTYITHBIMUM WIH X€ MOJIb30BATE/Nb LIENKAaeT Ha dKpaH-
HOM KHOIIKe, BbI3bIBAETCSA (PYHKIIMA O6PAaTHOIO BbI30BA C 3allpalliMBaeMbIMH JaHHbI-
MM, YTO Ja€T BO3MOXXHOCTD BbINIOJIHUTh CHHXPOHHbIH KOJ:

var students = null;

getJSON (' /students',

function(students) {
showStudents (students) ;

be
function (error) {
console.log(error.message);

Ecnu Bo3HukHeT omu6Ka, TO BbI3bIBAETCS COOTBETCTByOmas ¢yHkuus obpat-
HOTr'O BbI30Ba, NPEJOCTABAAIONIAsA BO3MOXHOCTb BblIaTh cOOGUIEHHE 06 onubKe U
ycTpaHuTb ee. Ho Takasi MHBepCHs yripaBJ€HHUS IPOTHUBOPEUMUT 3aMbICIy (PYHKIM-
OHAJIBHBIX MPOTPaMM, Ie PYHKIUU JOKHbI GbITh HE3ABMCUMbI ADYT OT Jpyra H
JOJDKHBI HEMEUIEHHO BO3BpalllaTh 3HAY€HMs B BbI3bIBalomui koa. Kak yreepxaa-
JIOCh paHee, JaHHasA CUTYallus YXyAIIAeTCs, €C/IM BO BIOXEHHbBIE YXe OOpaTHbIE Bbl-
30BbI TPeGYETCS BBECTH JIOTHKY, HOCANIYIO 60J1€€ aCHHXPOHHbIH XapaKTep.

YT06Bl NPOAEMOHCTPHPOBATh 3TO, PACCMOTPHM HECKOJIbKO 60Jie€ CIOXKHBIH
cayvaii. JlonycTuM, 4TO NOCJe M3BJIEYEHUS CMHCKA y4YallluXcA U3 cepBepa Tpeby-
eTCs TaKKe U3BJIE€Yb OIEHKH, HO TOJBKO T€X YYallMXCs, KOTOPbI€ MPOXHUBAIOT B
Coeannennpix IllTatax. 3aTeM 3TH JaHHBIE COPTUPYIOTCS 10 HOMEPY COLMAILHOTO
crpaxoBaHus U oto6paxaiorcss Ha HTML-cTpanune, kak nokasaHo B IMCTUHTe 8.2,

Nuctunr 8.2. Peanu3saums BN0XeHHbIX BbiZ30BOB GYHKLMK gatISON () , NPU4EM Y KaXxaoro
M3 HUX UMEI0TCH cBOU GYHKLMK 06paTHOro BbI3OBa AN YAAHHOIO 3aBepLUeHus U Ans
06pa6oTku oLnbxu

getJSON('/students', Nepebii ypoBeHb BAOKEHHA NPH NEPBOM
function (students) { AJAX-3anpoce; ykasaHa ¢yHKUMA 06paTHOro BbI30Ba,
students.sort (function(a, b){ KOTOPaA Bbi3bIBAETCA NPH YAAYHOM MCXO[E

if(a.ssn < b.ssn) return -1;
if(a.ssn > b.ssn) return 1;
return 0;
}):
for (let i = 0; i < students.length; i++) {
let student = students[i];

if (student.address.country === 'US') { Bropoit yposeHb 8no-
Nocne nony4enMA cnk- | get JSON ( */students/${student.ssn}/grades’, JKEHUA ANA n3sneve-
gavauwncaombyy | © function (grades) | ey e o e
W3 HHX, KTO NPONMBAET showStudents (student, average(grades)): yuauerocs; v)::”m
8 CLUA. [inA 3T0r0 Ham HYXHO by cobcraeHHbie obpat-
nIMeHnuTh aanHylo yHkymio  function (error) { <+ Hbie Bbi308bI 4nA 06-
TaK, uro6bi OHa oTo6pamana console.log(error.message) ; pabotku yaauHoro u
Tabnuuy ycnesaemocTu Ha 1) ; HeYAauHOTo MCX0Aa
seb-crpaHnue o6pabotku 3anpoca

NOCTPONHO }
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}o NepBbiit YPOBEHD BNIOXEHHA NPK NEPBOM

function (error) { AJAX-3anpoce; ykasaHa ¢yHKuua obparsoro
console.log(error.message); | Bbi30Ba, KOTOPAA Bbi3biBAETCA B CAyuae

} BO3HMKHOBEHMA OWIMEKM

);

Jl0 YTeHHs 3TOH KHUIM NPHUBEAEHHDBIN BbIlEe UCXOAHBIN KOJ, BEPOSITHEE BCETO,
BbIIVIAZE LIS BAC BIIOJIHE IIPUEMJIEMbIM, HO TENEPb, KOT/AA Bbl YCBOWIHN NPUHIMIIBI
®II, oH 1O/MKEH BbIMIAACTb GECMIOPAXOYHBIM M 3aNyTaHHBIM (HOJHOCTHIO (PYHKIH-
OHabHLIN BApUAHT 3TOro KojJa 6yaeT npejacrapieH gaiee). To xke camoe npoucxo-
AMT 1 1ipu 06paboTke omubok. Tak, B MCXOXHOM KOJ€ MPOrpamMMbl U3 JIUCTHHTA 8.3
AJAX-BbI30BbI YEPEAYIOTCA ¢ 06PaGOTKOMH BBOJAMMBIX MOJIb30OBaTEIEM JaHHbIX. [Tpn
3TOM 06pabaThiBalOTCA COGBITHUSA OT HIEIYKOB KHOMKAMHU U IEPEMEIEHHS MbIIIH,
M3BJIEKAETCA HECKOJIbKO (DParMEeHTOB JAHHBIX U3 CEpBepa, a 3aTeM oGpaGoTaHHbIe
JaHHbIE BOCNIPOU3BOJATCA B Mogean DOM.

Nuctunr 8.3. MNporpamma ana n3snevyeHus 3anucei o6 yvaumxca us cepsepa no Homepy
COUManbHOro CTPaxoBaHUA

var _selector = document.querySelector;
_selector('#search-button').addEventListener('click',
function (event) {
event.preventDefault ();

let ssn = selector('#student-ssn').value;
if(!ssn) {
console.log ('WARN: Valid SSN needed!');
return;
}
else {

getJSON (" /students/${ssn} ", function (info) {
_selector('#student-info').innerHTML = info;
_selector ('#student-info').addEventListener ('mouseover',
function() {
getJSON (' /students/${info.ssn}/grades”,
function (grades) {
// o6paboTaTb CNUCOK OLEHOK YYalMXCA
1)
}):
})
.fail (function() {
console.log('Error occurred!');
1)

}):

U 3TOT McXoaHbIN KO TPyAHO NOHATb. Kak BuAKTE, BJIOXKEHHE MOCIEJOBATE/Nb-
HOCTH OGPaTHBIX BbI3OBOB ObLICTPO NMPEBPANIAET €T0 B KOJ, HAMOMMHAIOWHMIA THpa-
MUy, IPUBEJEHHYIO Ha puc. 8.2. MHoraa faHHasA CHUTyallUs Ha3bIBA€TCS “yXKacoMm
0GpaTHBIX BLIZOBOB” WIH “POXIECTBEHCKOM €JIKOI CYAHOro JHA” U XapaKTepuayeT
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MPOrpaMMbl, B KOTOPbIX BBIIIOJHAETCA HEMAJIO aCHHXPOHHOTO KOJa U IIPOUCXOAUT
B3aUMOJAEHCTBUE MMOJb30BaTENA C MOoAesibiIo DOM.

Hayano acHXpOHHOro Koaa
YnpasneHue BO3BpaLLAETCA 1-
06PaTHO B BLI3LIBAIOLUMA KO, | | “¥ypoBerb
2-1 ypoBeHb
BnoxeHHbi noTok
yNpaBneHus EETTE
[N

| Owsbxa |
MNoTok ynpaBnexuns

Puc. 8.2. [(pOCTOM NNHENHbIA NOTOK YNpPaBAEHUA NPOrPaMMO CBOAWUTCA K YAANEHHO-
MY BbI30BY U BbIPOXKA3€ETCA B BOAONAL, BbI30BOB BNOMEHHbIX QYHKLUMM, T.€. B NpaMu-
AY, PacLWMUPAIOLLYIOCA NO rOPU30HTaNK NOAOBHO “POMAECTBEHCKOM enKe CYAHOTo AHA"

Korza nporpamMa HauMHaeT NPUHUMATDb NOJAOGHYI0 PopMy, NPUXOAUTCA MONA-
raThCsl Ha OTCTYIIbI U CHHTAKCHYECKYIO OPraHM3altio, HanpuMep, JOTUYHOE TpyI-
NMMPOBaHME ONEPATOPOB, YTOODI YJIYYIIMTh YIO60UYHTAEMOCTb MCXOHOTO KOoJia. A Te-
Iepb BbIACHUM, KAKMM O0Pa30M YMEHHE MBICIUTb QYHKLIHOHAILHO MOXET NMOMOYb
B IOZOOHOM CUTyalMMU.

8.1.3. MpumeHeHue cTuna nepeaayn NPOAOCIKEHUN

B smcTunre 8.3 npuBeseH elle OAMH NpUMeP NPOrpaMMbl, KOTOpas He 6bL1a 1101
BEPrHyTa HajUIexalnei AeKoMNo3uuuu. BroxeHnHpble GpyHKIMM O6GPaTHOTO BbI30BA
He TOJIBKO C TPYAOM IOAAAIOTCHA MOHMMAHMIO, HO U CO3JAlOT 3aMbIKaHMA, OXBAThI-
BAIOIME MX COGCTBEHHYIO 06/1aCTh BUAMMOCTH, @ TaKxKe 06J1aCcTb BUAMMOCTH N€pe-
MEHHBIX B T€X (PYHKIUAX, B KOTOPbIE OHM BJIOX€HbI. EAMHCTBEHHAA MPUYMHA /IS
BJIOXKEHHS ONHOM (PYHKIIMH B APYTYIO BOZHUKAET B TOM CJIydae, €CJiu eit Tpebyercs
HENOCPeACTBEHHDBIH JOCTYN K BHEHIHUM II€PEMEHHBIM, YTOObI BBITIOJHUTb CBOE Ha-
3HaueHue. Ho B 1aHHOM cirydae BHyTpeHHAs (pyHKIMA 06paTHOro Bbi3oBa, 06paba-
TBIBAIOWIasA BCE OLIEHKH, NMO-NPEXHEMY CChUIAETCA Ha HEHYXHbIE€ BHEIIHHE JJaHHBIE.
UTo6b! clle1aTh pacCMaTPUBAEMbIii 31eCh HCXOAHBIN KOJ 6osiee yIO6HbIM /1S uTe-
HHUsl ¥ TOHUMaHHA, MOXXHO, B YaCTHOCTH, PUOETHYTb K CTHIIIO nepedauu npodosice-
Huti. IMEHHO B TOM CTHIE HCXOAHbI KOJI MPOrpaMMbl U3 JIMCTUHTA 8.3 peopranu-
30BaH B KOJI U3 IUCTUHTa 8.4.

Nuctunr 8.4. Bepcus nporpamMMbl AN U3BNeYeHns 3anuces 06 ywawmxcs,
peopraHu3oBaHHas B CTM/Ie Nepeaain NPOAOCHKEHUA

var _selector = document.querySelector;

_selector ('#search-button').addEventListener (
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'click', handleMouseMovement);

var processGrades = function (grades) {
// oBpaboTaTb CHMCOK OLEHOK OAHHOTO ydamerocs
}i

var handleMouseMovement = () =>
getJSON (" /students/${info.ssn}/grades’, processGrades);

var showStudent = function (info) {
_selector('#student-info').innerHTML = info;
_selector('#student-info').addEventListener (
'mouseover', handleMouseMovement) ;
i

var handleError = error =>
console.log('Error occurred' + error.message);

var handleClickEvent = function (event) {
event.preventDefault ();

let ssn = _selector('#student-ssn').value;
if(!ssn) {
alert('Valid SSN needed!'):;
return;
}
else {

getJSON( " /students/${ssn}’, showStudent).fail (handleError);

EauMHCTBEHHO, 4TO 6bLIO C/I€/IaHO B 3TOI BEPCHM NPOrpaMMbl, — BHYTPEHHHE
ob6paTHbl€ BbI3OBbl BbIIEJIEHBI B OTAE/bHbIE (PYHKUHH WM JAMOAa-BbIpDOXKEHUS.
[lepeaaua npoxo/HKEHUI — 3TO CTH/Ib IPOrPaMMHPOBAaHUs, IPUMEHAEMbIH 18 Ha-
NHCaHUA HEGIOKUPYIOUMX NPOrpamMM, NOGYXKIAIOMMIT K pa3/ieIEeHHIO TPOrpaMMbl
Ha OT/JeJIbHbIE cocTaBisomue. UMEHHO 1O 3TOk NpUYMHE AaHHBIH CTWIb ABJIAETCSA
IIPOMEXYTO4HO# popMo¥i 115 nepexoa K HPyHKIMOHATbHOMY NPOrPaMMHPOBAHHIO.
B nanHoM ciyvae QyHKIIMM OGPAaTHOTO BbI30BA HA3bIBAIOTCA MEKYUUMU NPoOdosNCe-
HUAMU, KOTOPbIE IIPEAOCTAB/IAIOTCA BbI3bIBAIOIMMH UX (PparMeHTaMH KOJa 1o BO3-
BpallaeMoMy 3Ha4eHHIO. BaxxHoe npeumyniecTBo CTWIs nepejayy npoJAo/DKEHHH
3aKmo4aeTcs B €ro 3¢p(QeKTHBHOCTH C TOUKH 3PEHHS CTEKa KOHTEKCTA MCIIOJTHEeHHs
(moapo6GHee 0 pa3HOBMIHOCTAX CTEKOB B JavaScript cM. B miase 7, “OnTuMH3anus
dynkumronanbHoro koxa”). Ecan nporpaMma HanMcaHa MoJIHOCTBIO B CTHIE Nepe-
Aauy NPOJAOLKEHHM, KaK, HAllpUMeEp, B JUCTHUHTe 8.4, TO NpPoJO/KEHUE B APYTUX
(QYHKIMAX OYUCTUT KOHTEKCT TeKyliei PyHKIMH U MOATOTOBUT HOBBI KOHTEKCT
AJISL IOAIEPXKKH (PYHKIMH, MPOAO/KAIONIEH IIOTOK BbIINIOJIHEHHUS MPOTrPaMMbl, MPH-
4eM Kaxas QyHKIMS, 110 CYIIeCTBY, NpeACTaB/leHa B XBOCTOBOI ¢opMe.



Iasa 8. O6pabomxa acunxpornsvix coboimuii u dannsix 265

IIpuMeHsasa NpoAO/KEHHs, MOKHO TaKXK€ YCTPAHUTDb 3aTPyAHEHHE B HCXOJZHOM
KOA€ M3 JIMCTHHra 82, BO3HHKaOLIEE NPH Y€PEAOBAaHHH CHHXPOHHOTIO MOBCACHHS
C aCMHXPOHHBIM. TpyaHBIM y4acTKOM KOJa B JAHHOM CJIy4ae sABJISETCS BJIOXKEHHDIH
LUK, B KoTopoM dopmupyiorca AJAX-3anpocsl, 4ToObI H3BJIEYb OLEHKH KaXI0TO
Yy4allerocs ¥ BBIYMCIUTh CPESHIOIO OLIEHKY:
for (let i = 0; i < students.length; i++) {

let student = students[i]:
if (student.address.country === 'US') {
getJSON (" /students/${student.ssn}/grades’,
function (grades) {

showStudents (student, average(grades));
b

function (error) {
console.log(error.message);

Ha nepsblii B30I, NpUBEJEHHDIN BbIllE KOJ BIIOJHE PaGOTOCNOCOOGEH U BBIBO-
aut uMeHa yvamuxcsa Alonzo Church u Haskell Curry ¢ cooTsetcTBylomumu cseae-
HUSAMU O HUX (B JaHHOM Kozie npumenseTcss HTML-rabiuna ais BbiBOJa BCeX JaH-
HBIX O KQXX/IOM yYallleMcsl, HO Ha €€ MeCTe MOT GbITh (aiin i 6a3a naHHbIX). Tem He
MEHee BbINOJTHEHUE JAHHOTO KOJa Ja€T Pe3y/IbTaT, IPUBeJeHHbII Ha puc. 8.3.

Op,numomeyqamuﬁcn<' 666-66-6666 Alonzo Church 90

NOBTOPSETCA ABAXAbI?

666-66-6666 Alonzo Church 88

Puc. 8.3. Pe3ynbrar BbINONHEHWA OWMBOYHOrO UMNEpaTUBHOTO KOA3, FAe aCMHXPOHHbIe

$YHKLMM COYETAIOTCA C CUHXPOHHDBIM LMKNOM. U XOTA B HEM U3BNIEKAIOTCA YAANEHHbIE AaH-

Hble, Npu Bbi30Be PYHKLUM BCErAa NPOUCXOAUT 06paLLeHHue K NoCNeaHeNn TepaTUBHOM 3a-
nucn 06 yuauiemcs (8 ee 3aMbliKaHUM), KOTOPan BbIBOAUTCA HECKONBKO pa3

OueBHAHO, YTO 3TO HE TOT PE3yJbTAT, KOTOPBIH MPEANOAAraaoCh NOJyYHUTb.
B yacTHOCTH, NOYEMy CBeicHUsI 06 OTHOM M TOM K€ YHallleMCsl BbIBOJATCSH JBaX-
Ab? Omnbka obycnoBleHa NPUMEHEHHEM CHHXPOHHOTO A3BIKOBOTO CPEACTBA
(B TaHHOM cJlyyae — IUIKJIA), YTOGbI BBINOJIHUTb ACMHXPOHHYIO (PyHKIHIO get
JSON (). B uukie HEM3BECTHO, YTO NPUXOAUTCA OXKMAATH 3aBepiieHUs GyHKUHU
getJSON (). HezaBucHMMO OT NpUMeHEHHs KIIOYEBOTO CJIOBa let Jyis onpeAe/iCHUs
NepeMEeHHbIX ¢ 6JOYHOMN 06/1aCThIO BUAMMOCTH, IIPU BCEX BHYTPEHHMX BbI30BaX
¢ynkumn showStudents (student, average (grades) ) B ee 3aMbIKAHUHU JOCTYITHA
CCbUIKA Ha OODBEKT, NPEACTAB/IAIONMIA YYAIIErocs, ¥ IO3TOMY OTOOpaXaeTcs OHa U
Ta e 3anuch o6 yyamemcs. Kak nosicisurocs B miase 2, “CueHapuii BbICLIEro no-
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pAaka”, NpyU 06CYKAEHHHM HEAOCTATKOB IIMKJIA, CBA3aHHBIX C HEOAHO3HAYHOCTBHIO,
3TO JIMUIHMI pa3 CBUAETEIBCTBYET O TOM, YTO 3aMbIKaHUE ABJIAETCS HE KOMHUEH ee
0GBEMIIIONIErO OKPYXEeHM, a (pakTUYECKO CChUIKOM Ha Hee. O6paruTe, OAHAKO,
BHHMaHHeE Ha TO, YTO CTOJIGELL C OLEHKO# MOo-NpPeXHeMy BOCIIPOM3BOJUTCS NPABUJIb-
HO. OGBbACHAETCSA 3TO TEM, YTO U3BJIEKAEMOE 3HaYEHHUE HaJUIeXaluM o6pa3oM nepe-
AaeTcs (PyHKIMH OGpAaTHOrO BbI30BA IyTEM CBS3bIBAHUSA IPABHJILHOTO 3HAYEHHUS C
ITapaMeTpOM JaHHOM (PyHKIUH.

Kak ciexyet u3 miasbl 2, 4TOGbI paspemMTh JaHHOE 3aTPyAHEHHE, CJIEAyET BBE-
CTH HajUIeXalUM 06pa3oM o6bekT student B 061acTb BUAUMOCTH TOH (pyHKIMH,
rae cocrabasierca AJAX-zanpoc. BocnonbaoBaTbes /15 3TOM LHETH CTHIEM NIEpeAayn
MPOJIODKEHMI, KaK M NPEXAE, HE TAK-TO IPOCTO, MIOCKOJIbKY BJIOXEHHasA (PYHKIM
0o6GpaTHOro BbI30Ba /11 06PaGOTKH OLIEHOK 3aBMCHUT M OT CaMOro o6bekTa student.
Hanomuum, 4To 310 no60uHbI# 3¢ppexT. YTo6bI BOCCTAHOBUTD POAOKEHUE, IPH-
A€TCs NMPHU3BaTh Ha MOMOIb KAPPHHI, yIOMMHaBIIHiica B mase 4, “Ha mytu k no-
BTOPHO MCIIOJIb3yEMOMY, MOJY/IbHOMY KOZXy”. C €ro NoMOIIbIO MOXHO CBA3aTb BXOJ-
Hbl€ M BBIXOJHBIE JaHHbIEC (DYHKIIUH, KaK TOKA3aHO HUXKE.

const showStudentsGrades = R.curry(function (student, grades) {
appendData (student, average(grades)); 4——| KappuHr no3sonser npeo6pasosar I
: HHYI0 GYHKLHIO B YHAPHYIO
2 ®yHkuns appendData () gobasaser crpoku k HTML-rabauue Aneyo i yrapwy

const handleError = error => console.log(error.message);

const processStudent = function (student) { Kappuposannan ¢yHkumna
if (student.address.country === 'US') { showStudentsGrades (student)
. . 8 KOHEYHOM MTOTe Bbi3biBAETCA
getJSON (" /students/${student.ssn}/grades’, OBPATHO C aHHbIMM OLIEHOK

showStudentsGrades (student), handleError);

}i O6vekt student, no cywecrsy,

GUKCHPYETCA B CBOEM 3aMbIKaHNK,
for (let i = 0; i < students.length; i++) { | xorsa on nepenaerca dyHkumun ann
processStudent (students[i]); <& 6paboTku B yuKkne

B 3T0i1 HOBOIi BEpCHH pacCMaTPUBAEMOTO 3/(eCh MPUMEPa KOAA MOJIy4aloTCs Npa-
BWIbHbBIE pe3yasTaThl (puc. 8.4).

MpaBunbHLIe 444-44-4444 | Haskell Curry 90
pesyneTarthl

666-66-6666 Alonzo Church 88

Puc. 8.4. Korga Tekywmi 06vekT student nepenaetca pyHKUMM B KaYECTBE NAPaMeTpa,
Hagnexalwmm obpa3om ycTaHaBNMBAETCA ee 3ambiKaHWe U paspellaeTca HeOAHO3HaY-
HOCTb, BO3HWMKAIOLLAA B PE3YNbLTaTE BbINO/NHEHUA YAANEHHDbIX BbI30BOB B LMKNE
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IMpunsaTHE CTIWIA NEepeaauy NPOJO/KEHUH TOMOTaeT yCTPAHUTh BPEMEHHYIO 3a-
BUCHUMOCTbD B ITPHKJIATHOM KO/IE, 4 TAK)K€ NPEBPATHTb ACMHXPOHHbIH MOTOK B JIMHEH-
HO BBIYMCJIAEMYIO [IOCJ/IEA0BATEILHOCTD QYHKIIMIT — M TO M Jpyroe xopomo. Ho ecin
KTO-HUOGY/b IOCTOPOHHMM MOMbITAETCSA IPOYUTATh NPUBEAEHHDIH BbIllIE HCXOAHbIA
KOJ, HE 3Hasi ero OCOGEHHOCTEMN, TO Y HETO MOXXET BO3HMKHYTb HCIOYMEHHbIH BO-
npoc: noueMmy (pyHKIMHM HE BBITIONHAIOTCA CBOEBpeMEHHO? [l 3TOro CTojb AMH-
TEJIbHbIE ONePalliH HEOOXOAMMO NMPEBPATUTh B OOBEKTHI NEPBOI'O KJIAcCa B CBOUX
nporpammax.

8.2. JocTuXeHne aCUHXPOHHOr O NoBeAeHus
00BbEKTOB NepBoro Kiacca ¢ NOMOLLbIO
o0s3aTenbCTB

B npeabiaymem npuMepe MCXOAHbINH KOJ ObL1 3aMCTHO YCOBEPUICHCTBOBAH 110
CPaBHEHMIO C UMIIEPATUBHBIMH IIPUMEPAMH ACMHXPOHHBIX MPOrPaMM, IEMOHCTPH-
POBaBIIMMHUCS B HaUasle 3TOM I71aBbl. TeM He MeHee 3TOT KO/ ellle AaIEK OT TOIO, YTOo-
6bI CUMTATD €ro PYHKIMOHAIBHBIM. B /1106011 pyHKIHOHANBHOM IPOrpaMMe MOXHO,
CpeAM NPOYEro, OGHAPYXKMTh CJIE/yIOMME KaueCTBa.

B [IpumeHeHHE KOMIIO3UIIMU U TPUEMOB 6€CTOYEYHOrO NPOrPaMMHUPOBAHUS.
B Cpelenue BJIOXKEHHOMN CTPYKTYpbl K 60J1€€ IMHEHHOMY ITOTOKY.

B AGcTparupoBaHHE IOHATUA BPEMEHHOM CBA3M 0 TAKOM CTENIEHH, YTOObI OHO
He JOCTABJISJIO GOJIbllIe HUKAKHUX XJIONOT.

B O6beanHeHne 06paboOTKH OMHOOK B €IMHOM (PYHKIIMM BMECTO MHOTHX O6GpaT-
HBIX BbI3OBOB I10 OIHUOKE, YTOOLI UCKIIOYUTh NOAOGHBIN CTHIbL HAMUCAHUS
KOJIa.

Bcaxmit pa3, korza peyb 3aXOAMT O CBE€AGHHH CTPYKTYP, KOMIO3ULUHU U 06 beau-
HEHHH NOBEJCHMA, Ha YM JO/DKEH MPUXOJAUTb NOAXOAANMMA MPOEKTHDII MaGJIOoH.
[Toxoxe, YTO B JaHHOM CJIy4ae JIy4dlle BCErO MOJAXOAUT MOHA/a, I03TOMY PaccMo-
TPHUM MOHaJy THUMNa Promise. YUToObl cTaIO NOHATHEE HAa3HAYEHHUE 3TOH MOHA/bI B
0O6LIMX YEePTaX, JOCTATOYHO NPEeACTaBUTDb, YTO OHA 3aKJIIOYAET B OO0JIOUKY JUIUTE b
HOe BbIYMCJIEHHC (3TO He uHTepdelic Promise, HO 61M3Kas K HEMY AaHAIOIUs )

Promise.of (<amrensHoe BhumcieHne>) .map (@QyHkums;) .map (QyHkums ) ;
// -> Promise (pe3yabTaT)

B ommuMe oT ApPyrux MOHaJ, PACCMOTPEHHBIX paHee B 3TOH KHHUre, 00s3aTe b
CTBaM M3BECTHO, YTO HY>KHO “IIOJI0XKAATh” 3aBepLICHUs JUTUTE/IbHOI Ollepalliy, npe-
/€ YeM BhINOJIHUTD lIpeoGpasyembie GyHKIMU. [10106HBIM O6pa30OM B 3TOM TUIIE
JAAHHBIX HEMOCPEACTBEHHO pa3peliaeTcs 3aTPyAHEHHeE, CBA3AHHOE C 3ana3JbIBaHH-
€M B aCHHXPOHHbIX Bbi30BaxX. [10106HO TOKyMEHTHBIM (PYHKIIMAM B MOHA/[AX THMNA
Maybe u Either ¢ HeonpejeJe€HHbIMH BO3BPAIAEMbIMHU 3HAYCHUAMH, 0OA3aTE b
CTBA JIEJIAIOT ACHbIM U IIPO3Pa4YHbIM IMIPEACTABJECHUE 00 OXMJAHUU AAaHHbIX. OHU
006J1a1a10T TAKXKE TEM MPEHMYIIECTBOM, YTO MPEAOCTABAAIOT 60JIee NPOCTYIO albTep-
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HAaTHBY BBITIOJTHEHMIO, KOMIIO3UIIMKM M OPraHMU3alMM ACHHXPOHHBIX ONepanuii no
CPaBHEHHIO C TPAAULMOHHBIMH MOAXO0JAMH, OCHOBAHHBIMH Ha OGPaTHBIX BbI30OBaX.

Hcnonb3ys o643aTe1bCTBa, MOXKHO 3aKIOYHUTh 06pabaThiBaeMoe 3HaYEHHE HIIH
¢dyHnkuio B 060104Ky Gyayuiero aeiicTeus (Ui NporpaMMHUpYIOIMX Ha Java 3To aHa-
JOrM4HO 06beKTy THNA Future<v>). JUiMTesbHas onepanus MOXeET NOTpeGoBaTh
CJIOXKHBIX BbIYMCIEHHH, U3BJI€YEHHS 3anHcel U3 6a3bl JaHHbIX WIKM MHPOpMaLUH U3
cepBepa, 4YTeHus cofepxumoro ¢aiiia 1 T.A. A Ha cay4ait c60s1 0653aTenbCTBa 110~
3BOJISIOT OObEAMHUTD BCIO JIOTMKY 06paboTKH OMIMGOK, IPUMEHSS TAKUE XKE MOAXO0-
Abl, KAK M B MOHaJIaX THMa Maybe u Either. AHanOrHYHBIM O6Pa30M 0643aTENBCTBO
MOJXXET NPEAOCTABUTb CBEJEHUA O COCTOSTHUY BBINIOJIHAEMOrO 33/laHUsA, OTBEYas Ha
cJlelylolHe BONPOCHL: ObUIH JIY JaHHbIE U3BJIE€YEHDI YCIIEIHO U BO3HUK/IH JIU KaKHe-
HUOY/b OMIMOKY BO BpeMs JaHHOI1 onlepanuu?

Kak noxazano Ha puc. 8.5, B m060ii MOMEHT BpeMEHH 0053aTEILCTBO MOXKET Ha-
XOJUTbCS B OTHOM M3 CJIEAYIOIMMX COCTOSIHMIA XIyllee, BbINIOJIHEHHOE, OTKJIOHEH-
HOe WIM paspeleHHoe. BHayane 06543aTeIbCTBO HAXOAUTCA B HcOyuiem COCTOSAHUM,
MHaye Ha3bIBAEMOM HepaspeuieHnvim. B 3aBUCMMOCTH OT pe3y/bTaTa BbINOJHEHUS
JMJIMTENBHOM Oonepanny 0643aTe/IbCTBO MOXET NEPENTH B 6biN0AHEHHOE COCTOSTHUE,
ecn Bbi3BaHa yHKIMs resolve (), WIM XK€ B 0OMKAOHEHHOe COCTOSIHUE, €CIH Bbl-
3BaHa QyHKuUA reject (). M kak TOJIbKO 0643aTeNbCTBO GYAET BHINOIHEHO, OHO
MOXET U3BECTUTD JPyrHe O6GBEKTHI (IPOAO/IKEHMS UM OOpaTHBIE BBI3OBbI) O TOM,
YTO OXMJAaeMbl€ JaHHbIE NOCTYNMWIH, @ €C/IH BOSHUKHYT OIIMOKHN — BbI3BATh JIIO0YI0
3aperMcTPUPOBAHHYIO B HeM (PYHKIMIO OOPaTHOrO BbI30Ba. B 3TOT MOMeHT 06s3a-
TEJIbCTBO NEPEXOAUT B paspeutenroe COCTOSTHUE.

Bbi3biBAETCA NPU BHINONHEHUU
obs3atenscrea

3akniovaerca

8 060nouKky Prielelbdcd iy L
I _ " BhinonHeHHoe '_,, ]
f ) ” ~ cocronime [ SESEERES
—— T |
' Lo |
BbinonHeHue AnUTENbHON O SOV SRR S L

onepauun 1 PaspewenHoe cocmnuue‘: I

Bbi3biBaeTCA NPY HEYAAYHOM
3aBepLEHUN Onepauuu

Puc. 8.5. Mopaaok 3aKknio4eHUs onepauum B 060104Ky MOHaAb! TMNA Promise M NpeaoCcTaBneHus

AByX 06paTHbIX BbI30BOB: O4HOr0 — ANA BbINONHEHUA yHKUMM resolve (), a Apyroro — ANA Bbl-

nonHeHua ¢yHKUMKU reject (). BHayane 06a3aTennCTBO HAXOAUTCA B KAYLLEM COCTOAHMM, A 3a-

TEeM NepexoauT B BbINONHEHHOE UK OTKNOHEHHOE COCTOAHME. [NA 3TOro Bbi3blBAIOTCA GyHKUUM

resolve () unn reject () COOTBETCTBEHHO, NOC/NE Yero 0683aTeNbCTBO NEPEXOAUT B pa3pelueHHoe
COCTOAHME

O6s3aTeNbCTBa JAIOT BO3MOXHOCTD 60J1€ee 3¢ (PeKTHBHO OCMBICIMBATD POrpaM-
MbI, PacryThiBasi FOPAUEBBI Y3/Ibl TECHO CBA3aHHBIX OOpAaTHBIX BbI30BOB. [Togo6HO
TOMY KaK MOHa/ia TUINa Maybe NpUMeHsUIaCh VIS MCKJIIOYEHMS 1EJIOTO PsJia BJIOXEH-
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HBIX YCJIOBHBIX orniepaTopos if-else npu npoBepKax HaIMYUA NMycThiIX (null) 3Ha-
YeHUI B IPUKJIATHOM KOJ€, MOHa/Ia THIA Promise MOXeT 6bITh UCIIOJIb30BaHA IS
npeo6pa3oBaHus IEJIOTO PsA/ia BIOXKEHHBIX OOPaTHBIX BbIZOBOB (PYHKIIMI B MOCJI€E-
AOBATENbHOCTD ACHCTBUIT aHAIOTMYHO MOHAAHOMY (PYHKTOPY map ().

B ES6 Gbut npuHAT OTKPBITHIN cTaHAapT Promises/A+ Ha npoTokos B3aMMO-
AE€UCTBHUA 0643aTENLCTB B KOJe JavaScript ¢ 6pay3epaMy pa3HbIX IPOM3BOAUTENEH.
CnpaBOYHbBIii JOKYMEHT IO 3TOMY CTaH/JAapTy MOXHO HaMTH no ajapecy https://
promisesaplus.com. HacToAareabHO peKOMEeHIyeTCss NPOYMUTATh €10, 4TOObI O3Ha-
KOMHUTBCS C OCOGEHHOCTSMM JIAHHOTO MPOTOKOJIAa K COOTBETCTBYIOIENH TEPMUHOJIO-
rueit. Ha camom aieMeHTapHOM ypoBHE OOBEKT THUIA Promise MOXXHO MOCTPOUTD
CleAYIomHUM 06pa3om:

var fetchData = new Promise(function (resolve, reject) {
// W3BieYb OAaHHBIE MIIM BHIIOJHUTH IJIMTENIBHOE BBHUMCIIEHUE

if (<success>) {
resolve (result);

}
else {
reject (new Error('Error performing this operation!'));

}):

KoHcTpykTOpy 006bEKTOB 0O6GA3aTENbCTB NEpeJaeTcs B KayecTBe IapaMeTpa
€IMHCTBEHHAA (PYHKIHA, Has3biBaeMast PyHKIME delicmeua U 3aKII04alonas aCHH-
XPOHHYIO Onepanuio B 060104Ky. ITOi1 PyHKIHMH, B CBOIO OUepEe/b, IEPEAIOTCA ABE
cpymcupm o6paTHoro BbI30OBa resolve () ureject(), KOTOpPbI€ MOXXHO pPacCMaTpH-
BaTb KaK CBOEro poOjAa MPOJO/KEHUS. TH (PYHKIUH BbI3bIBAIOTCSA B TEX CIydasX,
Kor/ia 06513aTe/IbCTBO BBIMIOJIHEHO WIH OTKJIOHEHO cooTBeTcTBeHHO. Hinke npuse-
A€H KPaTKWi1 NpUMepP NPUMEHEHUs 06S3aTEIbCTB B COUETAHMH C NPOCTHIM OObEK-
ToM THmna Scheduler u3 rasbl 4, “Ha nyTH K NOBTOPHO UCMIOIb3YEMOMY, MOYJIbHO-
my koay”. [Togo6HO MOHanHOMY (PyHKTOPY map (), 06A3aTEILCTBA MIPELOCTABASIOT
MEXaHU3M I Npeo6pa3oBaHMsi 3HAYEHHUSA, KOTOPOE MOKa ellle HE CYIEeCTBYET, HO
npeanosaraeTcs B Gyaymem.

var Scheduler = (function () {
let delayedFn = _.bind(setTimeout, undefined, _, _);
return {
delay5: _.partial (delayedFn, _, 5000),
delaylO: _.partial(delayedFn, _, 10000),
delay: _.partial(delayedFn, _, )

N0 l' 3annanuposare 3agep-
MaHHDIHA BLI3OB GYHKLMM,
uT06bI CHIMUTHPOBATL

var promiseDemo = new Promise(function(resolve, reject) ({ ANUTENbHYIO ONEPaLHIO

Scheduler.delay5 (function () { -
resolve('Done!"'); “¢——————— Paspewurb 0683aTenbcrso
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}) s
}):

06n3atenbCcTBO paspelsaerca
promiseDemo.then(function(status) { yepes 5 cexyHa I

console.log('After 5 seconds, the status is: ' + status);
1)

8.2.1. Uenouku 6yaywmx MeToa0B

B obbekTe TMNA Promise onpeaensieTrcs MeToA then() aHAIOrMYHO METOXY
fmap () ¢ynkTopa. OH omnpeaensieT onepanuio A8 3Ha4YE€HHUsA, BO3BPAIIAEMOrO B
06s3aTe/IbCTBE, 3aKII04ast €Ero 06paTHO B 0ObEKT TUNA Promise. AHAIOTMYHO METO-
Ay Maybe.map (f), MeTox Promise.then (f) MoxeT 6bITh MCIIOJIB30OBAH /IS TOTO,
4YTOOGBI CBA3BIBATH B LIEMOYKy ONEpalMy Mpeoopa3oBaHus JaHHBIX, a TAKKE COeAH-
HATb PYHKIIMHM BO BpPEMEHH, aGCTparupys ynorpebjeHre BpEMEHHOTO CBA3bIBAHUSA
¢ynxumit. [Tono6HbIM 06pa30M MOXHO CBSI3aTh B JIMHEHHYIO LIENIOYKY HECKOJIBKO
YPOBHE 3aBUCHMOI'O aCHHXPOHHOTO MOBEJEHNUsA, HE CO3/laBasi HOBBIE BJIOXXEHHbIE

ypoBHM (puc. 8.6).

Kaxnas onepaums Bui3LIBAETCA CUHXPOHHO

//‘//' \\\\
/// \ .
006A3aTeNbCTBO oy 0633a7enbCTEO B 0O6n3aTenscTeo
T

then \ — then \\
let future_value = Seaci : 3 il

il I

Pe3aynbTar BHINOAHEHMS NpEABAYLLEN ONepaLMM
nepeaaercs nocneayiowei onepauuu

Puc. 8.6. MocnenosatenbHOCTb 0683aTeNbCTB, CBA3AHHbLIX B LLENOYKY Yepe3 meTog then () . Kaxabii
BbI30B MeToaa then () Npou3BOAUTCA NOC/IEAOBaTENbHO C 0OAHUM ObelaHHbIM 3HaYeHuem nocne
APYroro, Kak ToNbKo ByAeT BbinoNHEHO Kaxaoe 0683aTenbcTso

Merony then () nepemaercs aBa AONMOJHUTENLHBIX MapaMeTpa: OOpPaTHBIN BbI-
30B NPH yIaYHOM 3aBEPIICHUH ONEPalMH, 2 TalKe NMPY BO3HUKHOBEHUM OMIMOKM.
HaeanbHbiM Ui TOAPOGHOTrO U3BEIEHHS 06 OIMOKAX CYUTAETCA NIPEAOCTABIEHUE
06paTHBIX BEIZOBOB JUIs1 00paboTKM OMMOOK B Kax oM 6;10ke ¢ MeTogom then (). Ho
B TO )K€ BPEMA MOXKHO BOCIIOJIb30BATBHCS [0CJIEOBATENbHOCTBIO OOPAaTHBIX BbI3OB
NpH yIayHOM 3aBEPUIEHUH, IEPEHECS BCIO JIOTUKY 06pabOTKH OMUOOK B €IMHbII Me-
ToA catch (), BbI3pIBaeMbIil B caMOM KoH1ie. Ho, npex e 4eM npUCTyIMTh K CBA3bIBA-
HHUIO 0653aTEJ/ILCTB B LIETIOYKY, pEOpPraHn3yeM MCXOJHBIHN KOJ q))’HKU;HPI getJSON(),
4YTOGBI BBITOAHO BOCIHOJIL30BAaThCA OOBEKTOM THIIA Promise U TeM caMbIM Peain3o-
BaTh TaK Ha3bIBAEMOE UcnoaHenue obeusarnun dyrnxyuu (CM. TMcTUHT 8.5).

Jiuctuir 8.5. Ucnonnenne ob6ewanmns GyHKUMM get TSON ()

var getJSON = function (url) {
return new Promise(function(resolve, reject) {
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let req = new XMLHttpRequest();

reqg.responseType = 'json'; Bbi3BaTh N BO3BPaTE
reqg.open('GET', url); I U3 dyHKuMH 06pabor-
req.onload = function() { ku AJAX-3anpoca

if (req.status == 200) {

let data = JSON.parse(req.responseText);; paspewnrs obasarenscrso
resolve(data); <@——————1 npu yaauHoM orBere (Koge
} orsera 200)
else {
reject (new Error(req.statusText)); <
} OTKNOHUTL 06A3aTENBLTBO, ECTH
}i NONYMEH KOA OTBETa, OTANYAIOUMH-
req.onerror = function () { cA o1 200, HAK BO3HKUKNA OWHEKa
if (reject) { NPK YCTAHOBACHWUH COBAUHEHNHA

reject (new Error('IO Error')); <———ro

}i Ompasuts
reqg.send(); YA3aneHHbi# 3anpoc
})s

Hcnonnenue obemanuil npuiaaneix uatepgeiicos API cuuraerca noaxons-
wei Hopmoii npakTHKU. OHO HAMHOTO YNIPOMWAET PaboTy € MPUKJIAAHBIM KOJOM 110
CPaBHEHMIO C TPAAULIMOHHBIMH OOPAaTHbIMU BbI30BAMH. A MIOCKOJIbKY 0053aT€e/IbCTBA
npejHa3Ha4Y€eHbl VIS 3aAKUII0YEHUSA B 060J104KY 11060 JTMTEIbHOM Onepanyy, a He
TOJIbKO U3BJI€YEHUSA JAHHBIX, TO UX MOXXHO NPHUMEHSTh BMECTE C JTIOObIM OOBEKTOM,
pearusyrowummeron then (). Bckope ob6s3arenbcTa 6yayT BHEAPEHDI B PYHKLIHUH U3
Bcex 6ubmoTek JavaScript.

NMoaaepxka o6a3arenbCcTs B 6ubnunoreke jQuery

Ecnu Bbl Nonb3yetecb 6ubanoTtekoit jQuery, To, BEPOATHEE BCErO, Y)XKe Uumenu geno
¢ obasarenbctBamu. Tak, B pe3ynbTaTe BbiNOAHEHWUA onepauun $.getJSON (u nio-
60i1 pasHoBMAHOCTH onepauuun $.ajax) us 6ubamorekn jQuery Bo3spawiaeTcs ee
cobcTBeHHbIM 06beKT Tuna Deferred (HecTaHAapTHbIN BapuaHT ob6bekTa Tuna
Promise), peanu3yowmit MHTepdeic Promise u metoa then (). ChegosatensbHo,
4TO6bl UHTEPNPETUPOBATL ITOT OOBEKT KaK 06bEKT TMNA Promise, MOXXHO BOCNONb-
30BaTbCA MeTOAOM Promise.resolve () cneayiowmm obpasom:

Promise.resolve ($.getJSON('/students')).then(function () ...);

Tenepb 3T0T 06bEKT peanusyeT meTog, then () u MoxKeT 6biTb UCNONBL30BAH Kak Nto-
60t apyrok ncnonHeHHbilh obeuwaHuem ob6bEKT. YTOOLI NPOAEMOHCTPUPOBATL NPO-
uecc peopraHnsaumu obpatieHun k nHtepdeiicy APl ana npumeHeHun 06s83aTenseTs,
B /mcTuHre 8.5 6bina npeacTasneHa aBTOPCKan Bepcua onepauuu getJSON.

PaccMoTpuM cHavasa npocToi npuMep, B KOTOPOM JaHHbIe 00 ydameMmcs u3-
BJIEKAIOTCSl M3 C€pBeEpa C MOMOIINBIO IPUBEACHHOH HMXKE HOBOW BepcuM (PYyHKLIMM
getJSON (), co3naHHOM Ha OCHOBE 06A3aTENLCTB, @ 3aTEM BHEPUM €T0 BbI3OB B KO
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HaBﬂchHHﬂOHCHOK,QT06blHpOﬂCMOHCTpHpOBaTbCBHSMBaHHC06ﬂﬁﬂfﬂbCTBBlK?
TOYKY.
getJSON('/students') .then (

function(students) {

console.log(R.map (student => student.name, students));

b,
function (error) ({
console.log(error.message) ;

);

A Tenepb peopraHM3yeM MCXOJHbII KOJ M3 JUCTHUHra 8.2, 3aMEHUB B HEM Hepe-
Aady NpoaoJbKeHUi 6ojiee COBEPUIEHHBIM PENIEHHMEM HAa OCHOBE 0O0S3aTE/IbCTB.
HcxoaHblii ko 1McTHHTA 8.2 NPUBOAMTCSA HUXeE I CTIPAaBKH €1le pas.

getJSON (' /students',
function (students) {
students.sort (function(a, b) {
if (a.ssn < b.ssn) return -1;
if(a.ssn > b.ssn) return 1;
return 0;
}):
for (let 1 = 0; i < students.length; i++) {
let student = students[i];
if (student.address.country === 'US') {
getJSON (" /students/${student.ssn}/grades’,
function (grades) ({
showStudents (student, average(grades));
b
function (error) ({
console.log(error.message);
})i:

Vs
function (error) {
console.log(error.message);

)7
B ucxoaHblii koa M3 JaucTuHra 8.6, pEaIM3yIOmHii q)yuxuuona.nbnblﬁ MOAXON,

BHECCHbI CJI€ylOIM€ H3MCHCHHA.

B BMmecTO BJIOXEHHSI aCHHXPOHHbBIE BbI30BbI CBA3BIBAIOTCSA B LENOYKY C TOMO-
mpbio MeToaa then (), a g aGcTparnpoBaHUs aCMHXPOHHBIX YacTel KoAa
NPHUMEHSAETCA MOHa/la TUMna Promise.

B Bce oObsiBieHUs NEPEMEHHDbIX U Mozmquaunu 3aMECHCHBbI JlﬂM6l[a‘Bblpa.)KC'
HHUAMH.
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B KappuposanHnbie pyHknuu u3 6u6morexu Ramda BbIrOZHO MCIIOIB30OBaHbI
AJ1s1 BBITIOJIHEHUSA JIAKOHUYHBIX OTlepaniii 06paGoTKH JaHHBIX BPOJE COPTH-
POBKH, PUIbTPaLMKU M IIPEOOPa3OBaHHUS.

B Jloruka 06pa6oTku OIIMOGOK COCPEOTOUEHA B KOHEUHOI (PyHKIMH epexBaTa
BBI3OBOB.

B [lanHble 3aKII09€HBI B 060J109Ky MOHAAbI TUMA 10, YTOGBI MX MOXHO GbLIO
3anuceiBaTh B Mojeim DOM 6e3 no6ounbix 3¢ ¢eKToB.

Jiuctunr 8.6. UsBneyenue 3anmucm 06 yyawuemMcs U AaHHbIX 0 ero oueHKax ¢ NOMOoLLbLIO
ACUHXPOHHbDIX BbI30OBOB

CKpbITL CyeTunK. flaHHan GyHKUMA He BO3BpaljaeT
3HaueHue, U NOITOMY 3HaueHMe, 3aK/IoNaemoe
B 060n04Ky 0683aTenbcTBa, NepeaaeTca aanee

getJSON('/students') Yaanurs yuaumxca, He
.then(hide ('spinner')) MpoMBaouK 6 CLIA OTCOpPTMPOBATH OCTaBLIMECA
.then(R.filter (s => s.address.country == 'US')) 06beKTv N0 HoMepy coum-
.then(R.sortBy(R.prop('ssn'))) <+ AN1bHOTO CTPaX0BaHUA
.then(R.map(student => { Npeobpa3osarb ouepeaHOl 3anpoc

return getJSON('/grades?ssn=' + student.ssn) | ™nagetJSON ana usneyeHns

. OLEHOK KaMa0ro ywalueroca.
.then(R.compose (Math.ceil, OaenbHbIE OB veKTH: 06A3aTENBCTE

r::;’l":’:;::: fork(R.divide, R.sum, R.length))) OTBENAIOT 32 PE3YALTAT AR KEAWAOTO

GyHKLmii BmecTe -then(grade => u3sneyeHHoro obvexra yuauieroca

¢ GyHKLMAMM U3 I0.0f (R.merge (student,

6ubnuorexu Ramda {'grade': grade})) Wcnonb3osartb

ANA BbIYNCACHNA .map(R.props(['ssn', 'firstname', MoHagy Tuna IO ana

COEAHUX OLEHOK 'lastname', 'grade'])) :gﬁy::n:::;n::rr:nx
-map (csv) OUeHKax K moaenu
.map (append (' #student-info')).run()) DOM

)i
)
.catch(function(error) {
console.log('Error occurred: ' + error.message);

}):

IMockonbky 06s13aTeIbCTBA CKPBIBAIOT NMOAPOGHOCTH 06PaGOTKH aCHHXPOHHBIX
BbI30BOB MOXXHO CO3/1aBaTh NIPOrPaMMbl, KOTOpbIE BHEIIHE BEAYT ce6s TaK, Kak Oy
TO (pyHKIIMH BBINOTHAIOTCA APYT 3a ApyroM. [1pu aToM He TpaTHTCs BpeMst Ha OXKHAA-
HHE UX BBINOJTHEHHS U Bbl laXke He GyieTe NoJ03peBaTh, YTO JaHHbIE 3alpalliuBaOT-
csl U3 BHelHero cepsepa. M xoTs 06s3aTe/IbcTBa CKPLIBAIOT aCUHXPOHHBIH MOTOK,
B HHUX JI€/Ia€TCS aKLEHT Ha MPEJACTAaBJIE€HUH O BPEMEHHM C MOMOIIBIO MeToAa then ().
HnbiMu cioBamu, Bbi3oB QyHKIMK getJSON (url) MOXHO JIETKO 3aMEHHUTDb BBI3O-
BOM K JIOKQJIbHOMY XPaHHJIHILY, HarIpuMep get JSON (db) , B KOTOPOM UCIIOJHSAIOTCA
o6emanus GyHKIUU, ¥ NPUKIATHOI KOJ OyAeT AeiCTBOBAaTh TOYHO Tak Xe. Takas
cTeneHb ruGKOCTH Ha3bIBAETCA NPospaunocmuio mecmonosoxcenun. ObpaTuTe Takxke
BHHMMaHHE Ha TO, YTO PaCCMATPUBAEMBbIH 3/IECh KO/ HallMCAaH B 6€CTOYEYHOM CTHIIE.
Ero noeejenne HarszHO nokasaHo Ha puc. 8.7.
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W3Bneyb cBeaeHnn CkpbiTb Cocrasuts URL anst Bosepatutb

06 yyawmxcs CYETYUK W3BAIEYEHU OLLEHOK coaoxynuocrb URL

; B R — 1 - ‘

f i_ﬂ' i_.)! \r__)q e e e e—e

i

W3asneyb ouerku  Mony4nTb CpeaHion

AobasuTb
S I e e
BuiaBars kaxaoe 06s3a- tier - ysau 0 NMOBbIX
TENLCTBO N0 04epea \ then [N olumbKax

- - - = - -

Puc. 8.7. NpoasuxeHne NOBEAEHUA Yepe3 coeanHAEMbIE B LLeNo4Ky 06a3aTenbcrsa. Kamabiv 610k ¢

metoaom then () cogeput dyHKUMIO, NpeobpasyioLlyto NpoxoasLmue Yyepes Hero gaHHble. U xoTs

D[aHHbIN KOA HEe COAEePKUT NPOrPaMMHbIX OWMBOK M 06nanaeT Bcemu GyHKUMOHANbHBIMKU KayecTBa-

MM, OH HeaddeKTUBEH, NOCKONbKY B HEM NPUMEHAETCA BOAON3AHAA NOCNea0BaTENbHOCTb 3aNpocos
TMNa getJSON ANA n3BneyeHUA OLEHOK Karkaoro yyauierocsa

B ncxoxHoM xoae U3 sucTHHra 8.6 CBeIEHMS O KaXKJAOM ydallleMCs U3BJIEKAIOTCA
1 no6asasiorca B mojenb DOM no ouepenu. Ho nockosbKy onepauvu jisi U3Bieye-
HU$ OIIEHOK BBINIOJHAIOTCSA MO OY€PESH, TO B KOHEYHOM UTOTE TEPSAETCS KAaKasi-TO
4acTh JParoleHHOro BpeMeHM. Y MOHa/Ibl TUIIA Promise MMeeTCs TaKKe BO3MOX-
HOCTB BBITOJIHO T10/Ib30BAaThCA BO3MOXHOCTBIO 6pay3epa ycTaHaBIMBaTh HECKOJIBKO
NOAKTIOYEHUH K CEPBEPY, YTOObI U3BJIEKATh HECKOJIBKO 3JIEMEHTOB OJIHOBPEMEHHO.
B xauecTBe npuMepa pacCMOTPUM HEMHOTO MHYIO 3aady. JlomycTuM, TpeGyeTcs Bbl-
4YHCJMTh CPEJHIONI0 OLIEHKY B OJHO M TOH Xe rpynme yyamuxcs. B atom ciyyae ne
HMMeET 3HaYeHHsl, B KAKOM HMEHHO MOPSKE U3BJIEKAIOTCA AaHHBIE WIM MOCTYNIAIOT
3anpocsl. Cie0BaTEIbHO, ONIEPAllMM MOXHO BBINMOJIHATD IAPALIENIbHO, BOCIIONb30-
BaBIIMCb MeTOJOM Promise.all (), NnpUBeAe€HHBIM B IMCTHHTe 8.7.

JiucTurr 8.7. OgHOBpeMeHHOe U3Bie4eHNe HeCKOIbKUX 31eMEHTOB
C NOMOLLLIO MeToaa Promise. all ()

const average = R.compose (Math.ceil, BbiaenuTs BbMCAEHHE cpeaHeit OUEHKH B OTAGNLHYIO
fork(R.divide, R.sum, R.length)); $YHKUMIO, NOCKOABKY OHa UCMO/b3YETCA HEOAHOKPATHO

getJSON('/students') 3arpysuTb ceeaeHn 06 yuaumxea
.then(hide('spinner')) napannenbHo no scem URL BOCTIONB30OBATHCA MO-
.then(R.map (student => '/grades?ssn=' + student.ssn)) Hapo# TMNa IO, wTo6bI

.then(gradeUrls => BbIBECTH NOAYYEHHbIE
Promise.all (R.map (getJSON, gradeUrls))) 3HaUYEHUA HA KOHCONb
.then(R.map (average)) -g————— BoNHCAHTL O6ULYIO CPEANHIOI0 OUEHKY B KAacce
.then(average) @ BbIYMCIUTD CPEAHIOI0 OLEHKY KXKAOTO YHaLLeroca
.then(grade => I0.of(grade).map(console.log).run())
.catch(error => console.log('Error occurred: ' + error.message));




Tasa 8. Obpabomxa acunxpornvix cobvimuii u dannvix 2795

B meTone Promise.all() BBIFOZHO MCIIOJB3yeTCA CIOCOOHOCTL Gpay3epa 3a-
IPyXaTbh HECKOJIbKO 3JIEMEHTOB OAHOBpeMeHHO. [loayualomeecss B utore 06s3a-
TEJbCTBO Pa3pellaeTcsA, KaK TOJbKO GyAyT pa3pelleHbl Bce 00sA3aTeJbCTBA B UTE-
pypyeMoM aprymenTe. B ucxoanom koae u3 amMctuHra 8.7 coueraioTcsi BMeCTe ABe
OCHOBHbBIE COCTaBJIAIOMHE PYHKIIMOHATBHOTO KOJIa: pa3bHeHMe NPOrpaMMbl Ha IIpo-
cTbie PYHKIMH M NIOCJIEAYIONIas UX KOMIIO3UIYA Y€Pe3 MOHAIM4ECKHUH THII JaHHBIX,
ynpapJisIoHii IoBeJeHreM Bce nporpammbl. Ha puc. 8.8 HamisaaHo nokasaHo, 4To
MpH 3TOM IPOHUCXOJUT.

Cocrasuts URL
W3Bneyb ceepeHua  CKpbiTb CYETYMK s u3BneyeHus  Bo3spatuts
06 yuaumxcs OLEHOK cosokynHocTb URL
M3Bneyb oueHku
Bui3sartb napan- Kaxaoro yuauierocs Monyuutb Monyumts 3anucatb
nenbHble 0693a- / —— -\ CPEAHI0I0 CPEAHII0 UTOrOBYIO Coobuwmts
TENLCTBA NO KaXx- &MW ‘ OLIEHKY KAXAOF0  OLEHKY BO CPeAHIOI0 OUEHKY O NIOObIX
nomy URL — ysaujerocs Bcem knacce B moaens DOM owwmbkax
e * | ) L -

Puc. 8.8. MpoasukeHue noBeaeHNA Yepes IMHENHO COeANHAEMbIE U NAaPaNeNbHO UCNONb3yeMble

06s3aTenbCcTBa C NOMOLWBIO MeToAa Promise . all () . B kaxxaom 6noke c metoaom then () coaep-

HUTCA GyHKUMA, Npeobpasyloulan nepeaasaemMble ei AaHHble. IGPeKTUBHOCTb AaHHOTo Koaa obbAac-

HAETCA TEM, YTO B HEM NOPOKAAETCA HECKOJ/IbKO NAapanie/ibHbiX COeAUHEHUN ANA OAHOBPEMEHHOTO
M3BNEYEHUA BCEX AAHHbIX

Ho Monaab! oka3biBaloTcs 3p(PEKTUBHBIMU HE TONBKO /11 COCTABJIEHUS METO0OB
B Lenoyku. Kak noscHsaioch B npeabIAyluX IMaBax, ux 3pGEeKTHBHOCTD NPOABIsA-
€TCS ¥ B KOMIIO3ULIUAX.

8.2.2. KomMno3unuuna CUHXPOHHOIr0 U aCUHXPOHHOrO NOBEAEHUS

Ecam nogyMaThb 0 TOM, KAKMM O6pPa3oM BXOJAHBIE M BbIXOJHBIE JAHHbIE COCTABIISI-
€MBIX B KOMIIO3ULIMIO (PYHKIIMIT CBA3BIBAIOTCSA BMECTE, TO MHTYHMIUSA MIOJCKA3bIBACT,
4TO Takue PYHKIIUH JO/KHBI BHINOJHATBCS IMHEHHO oHa 3a Apyroi. Ho npumenss
0653aTe/IbCTBA, MOXKHO BBITIOJTHATb (PYHKIIMH, Pa3/ic/iieMbl€ BO BDEMEHH, COXPaHss
B TO € BpeMsl BHEITHM BUJX CHHXPOHHOI1 B OCTaJIbHOM NPOTrPaMMbl, COCTOSIIIEN U3
KOMNO3ULHH PyHKIMIA. YTOOb! TaKOH NOAXO] K KOMIIO3MIUH CHHXPOHHOIO M aCHH-
XPOHHOTO MOBEJAECHUs [IPOrPaMMbl CTal IIOHATHEE, MOACHUM €T0 Ha KOHKPETHOM
npumepe.
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B npumepax koaa, NpUBEAEHHBIX paHEE B JaHHOI KHUre, IEMOHCTPHUPOBa-
nach CUHXpOHHas Bepcus ¢ynkuuu find(db, ssn) ana pearusanuu QyHKIHUM
showStudent (). YTo6bl ynpoCTHTD €10, B 3TUX NpuMepax ¢pyHknusa find () cum-
TajJlaCb CUHXPOHHOH. A Tenepb Pealn3yeM €€ aCHHXPOHHYIO BEPCHIO C TTOMOIIBIO
API Tuna IndexedDB, npeAHa3HAaYEeHHbIH VIS JIOKAIbHOTO XPaHEHUsI OGBEKTOB
B Gpaysepe 1o onpeieJIEHHOMY K04y (HOMEPY COLMaNbHOTO cTpaxoBanus). Eciu
3TOT MHTepdeEHC BaM €llle HE3HAKOM, TO M HEBaXHO. Beap /s peanusanuu acuu-
XpoHHOM Bepeuu @ynkiuu £ind () 6yAyT Mcnoib3oBaHbl 0653aTEIbCTBA, KAK IEMOH-
CTPUPYeTCs B IMCTHHTE 8.8, re camoe MaBHOE — IIOHATD, YTO €M 06beKT student
CyIIECTBYET, TO 06A3aTENBCTBO GyIET pa3peni€eHO C 3TUM OOBEKTOM, 2 MHAY€E OHO
6yaeT OTKIOHEHO.

JiucTunr 8.8. Peannsauna aCUHXPOHHOro B3anmoaeicTens GyHxumm £ind ()
C NoKanbHbLIM XpaHunuwiem B 6paysepe

// find :: DB, String -> Promise(Student)
const find = function (db, ssn) {
let trans = db.transaction(['students'], 'readonly');
const store = trans.objectStore('students');
return new Promise(function(resolve, reject) { 3aKNI0NMTD PE3YNbTAT ONEpPaLUMN H3-
let request = store.get(ssn); 4———’ snevennn B 060104Ky 06A3aTenbcTBa
request.onerror = function() {
if (reject) f{ Ecnu HatiTi HymHbIA 06bexT
reject (new Error('Student not found!')): 4—-{ B XpaHWAHLLe He YAacTCA,
OTHAOHHTL 06A3aTeNbLCTBO
}i
request.onsuccess = function() { ‘—Iicnunymuuioﬁumnaﬁneu,
-+

resolve (request.result); paspewmnTb 06A3aTENLLTBO U
nepeaarb HalaeHHbIi o6vexT

1) yuaweroca
}i

B ncxonnom koje m3 mcrunra 8.8 oryieHb! NoAPOOGHOCTH yCTAHOBKH 0ObEKTa
db, NOCKOJbKY OHM HE MMEIOT HUKAKOTO OTHOIEHHA K OGCYKAaeMOMY 3J1€Ch BOIIPO-
cy. A 0 TOM, KaK MHULIMAJIM3UPOBATh M NpHUMEHATb HHTepdeiic APl Tuna IndexedDB,
MOHO y3HaTh M3 JOKYMEHTAllMH, JOCTYNHOMN mo aapecy https://developer.
mozilla.org/ru/docs/IndexedDB. M3 3TOM JOKyMEHTALUM CJAEAYET, UYTO BCE MH-
Tepdeiicel IS YTEHHS Y 3alIMCH JAHHBIX B XPaHWIHIIE ABIAIOTCS aCHHXPOHHBIMH,
NpHYeM B HUX HCIIOb3yeTcs nepeiaya ¢pyHKIuMii o6paTHOro Bbizosa. Ho kak B Takom
cJy4Yae COCTaBUTb KOMIIO3UIMIO U3 (PYHKLMM, BLINOTHAIOUMNXCSA B Pa3HbIE MOMEHTbI
BpemeHu? Jlo cux nop ¢ynkiusa £ind () 6bu1a cunxpoxHoii. [Ipasaa, o6s3arenncTBa
a6CTparupyloT BbINOJTHEHHE ACHHXPOHHOTO KOJIa IO TAaKOH CTENeHH, YTO KOMIO3H-
1us PyHKIMH ¢ 06A3aTeNbCTBAMHU, MO CYIECTBY, O3HaYa€eT KOMIIO3HIMIO QYHKUMI B
OyayleM ¢ He3HaYNTeIbHBIMA U3MEHEHUAMM B Kozie. Ho, npexae uem peanusoaTb
TaKO# KO/, CO3/Ia/IMM P/l BCTIOMOTaTeIbHbIX (PYHKIMH:

// fetchStudentDBAsync :: DB -> String -> Promise (Student)

const fetchStudentDBAsync = R.curry(function (db, ssn) {
return find(db, ssn);
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b Npon3secTn KappuHr obvekTa

XPaHMAULLE ABHHBIX, 4TOGbI
// findStudentAsync :: String -> Promise BKAIOYHTL AAHHYIO GYHKUMIO
const findStudentAsync = fetchStudentDBAsync (db) ; «¢——— KOMno3uyuo

// then :: f -> Thenable -> Thenable AKTMBM3NPOBATD CBA3LIBAHKE B LLENOYKY
const then = R.curry(function (f, thenable) { onepauuii Hag TakMMK THNamu 06vekTos,
return thenable.then(f); peanusyoumx metoa then (), kak

Promise

})i
// catchP :: f -> Promise -> Promise NpeRocTasmTs AOTMKY
const catchP = R.curry(function (f, promise) { o6paboTku owubok ana

return promise.catch(f); o6vexra THNa Promi se
})i
// errorLog :: Error -> void
const errorlog = _.partial(logger, 'console', 'basic', C0374aTb KOHCONbHBIN

'ShowStudentAsync', 'ERROR'); perucrpatop owunbox

CoudeTasi NpHMBEJCHHBIE BbIllle BCIIOMOraTeJbHble (YyHKUMH ¢ QYHKIUEH
R.compose (), MOXHO MOJIyYUTb MCXOAHDIN KOJA, NPUBEICHHbIH B IMCTHHTE 8.9,

JincTunr 8.9. AcuHxpoHHas Bepcus nporpaMmbi showStudent

const showStudentAsync = R.compose ( YHusepcanbHbiil 8bi308
catchP (errorlLog), byHKUMNK Ha Cayvai ownbox

then (append('#student-info')), 4—————| Npumenenne meroqa then () pasHo3Hay-
then(csv), HO MOHaAHOH GYHKUMK map ()
then(R.props(['ssn', 'firstname', 'lastname'])),
chain(findStudentAsync), CTbiK, 1€ CMMXDOHHDIH KOG COBAH-

map (checkLengthSsn), HAETCA B LENOYKY C aCHHXPOHHBIM

lift (cleanInput)); KOAOM, KaK NOACHAETCA aanee

B npuBeaeHHOI] Bbillle NpOrpaMMe PacKpbIBae€TC MCTUHHBIHN OTEHIIMA KOMIIO-
3uLuH ¢ obs3aTenbcTBaMu. Kak nokasano na puc. 8.9, npu BbINOJHEHUH PyHKIMH
findStudentAsync () paccMaTpuBaeMas 31€eCh IIPOrpaMMa OXXHIA€T BO3BpATa JaH-
HBIX U3 ACMHXPOHHO# (DYHKLIMH B BBI3bIBAIOUMI1 KOJ, YTOObI IPOJAOJKUTD BbINOJIHE-
HHE OCTaNbHBIX QyHKUMIL. O6A3aTEILCTBO B JaHHOM CJy4yae JA€iCTBYeT B KauecTBe
IUTI032 B aCHHXPOHHYIO 4aCTb Nporpammel. [IpumedaTeibHO Takke, YTO B JaHHOM
nporpaMme HU KOMM 06pa3oM He paCKpbIBA€TCs BHYTPEHHUH XapaKTep aCHHXPOH-
HOTO 110BeJeHNs (PYHKIIMM WK IPUMEHEHE OOpaTHBIX BbI30BOB. TakuM o6pa3oM,
¢$yHkuMIO compose () MOXHO NO-TPEXHEMY MCIIOJIb30BATh /Il OPraHU3AlMH NPO-
rpaMm B 6€CTOYEYHOM CTWIE, YTOGBI COEIUHATD BMeCTe (PYHKIIMH, KOTOPbIE BBIIIOJI-
HAIOTCA HE B OJHO M TO Xe€ BpeMs, a B GyaylieM, B YeM NPOABJISAETCS €€ UCTHHHAA
CYIIHOCTb KaK KOMOMHATOpa (PyHKLIMIA.

JlanHas nporpamma Jo1oJIHeHa JOTuKoi 06paboTku omubok. Tak, ecim Bbi3BaTh
€€ C CymeCTBYIOIMM HOMEPOM COLUATbHOTO CTPAXOBaHHUS:

showStudentAsync('444-44-4444")
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map 1 I t o
maj aeantipn ACHHXPOHHbIN ACMHXPOHHbII NOTOK ynpaBnexus
p
checkLengthSsn nepexon,
hain
ot findStudentAsync — >
CHHXPOHHbIVA l l
NOTOK ynpaBneHns :
: then | catch Log !
R.props errorlog
' then prop ;
‘ csv .
- then
; append

Puc. 8.9. Npu KOMNO3NLUM CUHXPOHHOTO NOBEAEHUA KOAA C aCMHXPOHHbLIM B NPOrpamme B803-
HUKAET CTbIK, [AE KOO NEePExXOAuT B OrPaHUYEHHYIO BO BPEMEHW COCEAHIO NOCNEA0BATENbHOCTD
cobbiTHiA, NpoMcxoaAWmX B npegenax Tuna obasartenbcrsa

TO 3anMch 06 yyameMcs 6yAeT ycnelmHo BbiBeieHa Ha Be6-cTpanuiry. A eciu 0653a-
TEJIbCTBO OTBEPrHYTO, TO OMIMOKA GIArONOJIy4HO PAaCHPOCTPAHMUTCA IO BCEH MPO-
rpamMme, JOCTUTHYB BbI30Ba pyHKIMM catch (), B KOTOPOH GyA€eT BHIBEAECHO CIEAYIO-
uiee coobuieHne o6 omunoKe:

[ERROR] Error: Student not found!
([OIMBKA] Oumbka: YyamuicCs He HanneH!)

Be3sycnoBHO, naHHas nporpamMa cjoxHa. TeM He MEHee HaM yIalloCh COXPaHUTD
(pyHKIMOHAIBHBINA CTU/Ib €€ HANMCAHMSA, COEAMHUB BMECTE MHOTHE MOHATHSA, pac-
CMOTpEHHbIE B 3TOi KHUTE, B TOM YHCJIE€ KOMNO3UIHUIO, GYHKIIHUHU BBICUIETO MOPsL-
Ka, MOHa/Ibl, 3aKJI0OYEHHE B 000/I0UKY, Ipeo6pa3oBaHUe, CBA3bIBAHUE B LIEMIOYKY U
np. Bosee Toro, npeacrasienue o nporpamme, Kak OXHAAIOWIEH WIH BblAalomen
AaHHbIE, YTOObI OHU CTAIM JOCTYIIHBIMM LIS NOCJIEAyIoLeH 06pabOTKH, HACTOJIBKO
MPUBJIEKATENIBHO, YTO OHO OGbUIO BHEAPEHO B cTaHAapT ES6 a3bika JavaScript B Buze
3/IEMEHTA MEePBOro KIacca, KakK MOsSCHAETCA Jajee.

8.3. leHepupoBaHue AaHHbIX N0 TpeboBaHuUIo

K ynciy campix 3¢ppeKTUBHBIX A3BIKOBBIX CPEACTB, BHEAPEHHBIX B cTaHAapT ES6,
OTHOCHTCSl CIIOCOGHOCTD (PYHKIIMII B3aMMOAEHCTBOBATh C BbI3BABIIMM MX KOJOM.
ITpn 3TOM BBINONIHEHHE (PYHKIIMH NPHUOCTAHABIUBAETCS 0 NOJyYEHUSA OUEPETHOTO
3alpoca Ha Bbl[auy IAHHBIX. JTO MMO3BOJISIET NIPEAOCTABAATD JaHHBIE B BbI3BaBUIMIA
¢dynkumio kox 6e3 3apepiieHNs pa6oTbl caMoii pyHKIMH. JlTaHHOE CPEeACTBO OTKPbI-
BaeT MPAKTUYECKH 6E€3rpaHUYHbIE BO3MOXHOCTH JUISl TOTO, YTOOBI (PYHKIIMH reHe-
PYPOBaIM JaHHbIE JIMIIb IO TPEOOBAHMIO, 2 HE 06pabaThIBAIM CpPa3y BCE KPYIHbIE
MaCCUBbI JAHHBIX.
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C 0o1HO#M CTOPOHBI, B CBOEM PACIIOPSYXEHUH MOYKHO MMETb KPYIHbIE KOJUIEKIIUH
06BEKTOB, NPeo6pa3yeMbie M0 YCTAHOBJIEHHBIM GU3HEC-IpaBUIaM, Kak 3TO JeJ1aioch
B NPUBEJICHHDIX paHee IIpHMepax ¢ MoMombio onepauui map, filter, reduce u
Ap., @ C APYTOi1 CTOPOHDI — 33JaTh IIPaBUJIA /ISl TEHEPHUPOBAHUSA JaHHBIX B HYXKHOM
nopsaake. HanpuMep, B MaTeMaTH4eCcKOM cMbicie PYHKIUA X => X * X O3HAYa€eT He
4TO MHOE, KaK ONpejeseHHe KBajapaToB Bcex umucen (1, 4, 9, 16, 25 u T.a.). Ecam
e BbIPA3UTb 3Ty (PYHKIMIO C HOMOMIbIO KAKOTO-HUOGYAb 0COOOr0 CHHTAKCHCA, TO €€
MOXXHO Ha3BaTb 2eHepamopom.

PyHKuMA-TeHEPATOP — 3TO A3bIKOBOE CPEACTBO, 0603HayaeMoe Kak function*
(T.e. wno4YeBbIM cI0BOM function co 3HaKoOM “3Be3104YKH”). DTOT HOBBIT TUN PYHK-
11K 06J1alaeT OCOOBIM Ka4eCTBOM, MO3BOJIAIONIMM BPEMEHHO BbIHTH U3 PyHKIUHU
C IIOMOIIBIO KJIIOYEBOTro CJIOBa yield, a B JaJbHEHIIEM CHOBA BOMTH B HEE€ BMeECTE
C €€ KOHTEKCTOM (T.€. C COXpPaHEHHEM 3HAUE€HHIl BCEX JIOKAIbHBIX NI€PEMEHHDIX),
COXPAHAEMBIM B IIPOMEXYTKAX MEX/y NOCIeJ0BAaTEbHbIMU BbIXOJAMH M BXOX/€-
HusiMu B ¢pyHkumio. (IogpobHee o KOHTEKCTE BbINOAHEHUs (PyHKIMIA CM. B I1aBe 7,
“OntuMusanusg GyHKIIMOHAIBHOrO Koaa”). B oTimume oT TMNMYHBIX BbI3OBOB (PyHK-
1uii, B GyHKIHIO-TEHEPATOP MOXHO BXOJUTh NOBTOPHO, NOCKOJIKY KOHTEKCT €€ HC-
MOJIHEHUSI MOXET ObITb BPEMEHHO MPHOCTAHOBJIEH M 3aT€M BO30OGHOBJIEH HO MeEpe
HeOOXOAUMOCTH.

B A3bIKax ¢ MOAKEPKKOI OTIOKEHHBIX BHIYMCIEHUI MOXHO (POPMUPOBATD CITH-
CKM MPOU3BOJIbHBIX Pa3MePOB MO TpeGoBaHMIO B porpaMme. Ecim 6b1 Takas BO3-
MOXHOCTb UMeJIaCh U B JavaScript, TO TEOPETHYECKU MOXHO ObLIO Gbl HAIIMCATD KO,
AHAIOTHYHBI CJIEYIOIEMY:

R.range (1, Infinity).take(1l); // -> [1]
R.range(l, Infinity).take(3); // -> [1,2,3]

DTOT KO/ BbIPAXAET JIMIIb CAMbIii OGIIHIT MPUHIMI paboTbl reHepaTopoB. Beap
KaK MOSICHSUIOCH B IIaBe 7, B JavaScript juid BoiYMCAeHUA (PyHKIMIA IPUHATA 3HEP-
TUYHas CTPATerus, U MO3TOMY BbI30B R.range (1, Infinity) HMKOrAA HE CMOXET
3aBEPUIMTHCS, YTO B KOHEYHOM CYETE MPHUBEJAET K MIEPENOJIHEHHIO CTEKA BbI3OBOB
¢yuxuuii B 6paysepe. [eneparopbl 06ecneyUBaIOT OTIOXKEHHOE [OBEJIEHHE C M0~
MOIIbIO BHYTPEeHHero o6beKkTa iterator, KOTOpPLIi CO3aeTcs NpPHU Bbl3oBe PyHK-
HHMH-TEHEPATOPa. ITOT OObEKT NPEAOCTABIAET AAHHBIE BbI3bIBAIOIEMY KO/ 110 TPe-
6OBaHHUIO IIPU KaXJOM OOpall€eHMH 1O KJII0YE€BOMY CJIOBY yield, Kak MOKa3aHO Ha
puc. 8.10.

PaccMoTpuM ciieayiomuii GpICTPBIN NpUMep, F€ U3 CIIMCKA BHIGUPAIOTCSA TOJNBKO
NepBbl€ TPH YMCJIA U HE NPEANPUHUMAETCSA MONBITKA CO3/{aTh 6€CKOHEYHBII pPsij
YHCeL:
function *range(start = 0, finish = Number.POSITIVE_ INFINITY) ({

for(let i = start; i < finish; i++) {
yield i; BepHyTbea obpatHo
} B Bbi3biBAIOWMH KOA, HO

} 33aNOMHKUTL COCTORHME BCEX
NOK3NbHBIX NePeMEeHHbIX

const num = range(l);
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num.next () .value; // -> 1
num.next () .value; // -> 2
num.next () .value; // -> 3
feHepaTop OTHOCHTCA K HTEPHPYEMOMY THRY, 3 3TO 03HaYaET, YTO

// wm €70 MOXHO MCNONB30BATH B yuKAe NOA0GHO Maccuy (nogpobiee
06 3tom — ganee). B cranpapre ES6 BHeApeHa HOBaA KOHCTPYKUMA
for (let n of range(l)) { for. . of ana OpraHK3ayMM UMKNOB C reHepaTopammu
console.log(n); NposepuTh rpanmuHoe
if (n === threshold) ({ 3HaueHne, 4Tobbl LUKA He
break; BbINOAHANCA B NpOrpamme
} 6eckoHeuHo

Y // ->1,2,3,...

g yied
[ 2]

for (let n of range(1, Infinity)) {
console.log(n);

e leHepaTOp NpUOCTaHaBNMBaETCA
B 0XMAAHWM CNEAYIOLLEro BH30Ba

Puc. 8.10. BoinonHeHue reHepatopa range 8 Ly-
Kne for. .of. Ha KaXxaoMm ware unKna reHepa-
Top ByaeT NnpMoCTaHaBAMBaATb CBOE BbINONHEHUE
¥ BbiasaTb HOBble AaHHble. CheaoBaTensHo, ce-
MaHTUYECKMN reHepaTopbl Noa06HbI UTepaTopam

C noMolIIbIO reHEPaTOPOB MOXHO PEAIM30BaTh POrPaMMy C OTJIOXKEHHBIMH Bbl-
YUCIEHUAMM Ha OCHOBe caeyiomeii pyHkuuu take (), koTopas BbIGUpAET 3aJaH-
HOE KOJIMYECTBO 3JIEMEHTOB U3 6€ CKOHEYHOTO MHOXECTBA:

function take (amount, generator) {
let result = [];
for (let n of generator) {
result.push(n);
if(n === amount) {
break;

}

return result;

}
take(3, range(l, Infinity)); // -> [1, 2, 3]

Ecam He yuyuTbIBaTh HEKOTOPbIE€ OrPaHUYEHMSA, TO FeHEPaTOPbl BEIYT ce6d BO
MHOTOM TaK e, KaK M CTAaHJAPTHO BbI3biBaeMble ¢yHkmH. B yacTHOCTH, UM MOX-
HO TiepeJaBaTh apTYMEHTBI, B TOM YUCJIE U (PYHKIIMH, YTOOBI ONpEJe/IsSTh XapaKTep
reHepUpyeMbIX 3HAYE€HHIA, KaK NIOKa3aHO Hike. PyHKIHH-TEeHEPaTOPbl OTIMYAIOTCA
€llle ¥ T€M, YTO UX MOXHO NNPUMEHATDH PEKYPCHUBHO.
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function *range(specification, start = 0,
finish = Number.POSITIVE_ INFINITY) {
for(let i = start; i < finish; i++) { Bbi38aTh PyHKUMIO

yield specification(i); specification ana
} KaMAO0ro reHepupyemoro
} 3HauYeHuA
leHeparop seaet ceba Kak 1106an GyHKUUA BbIC-
for (let n of range(x => x * x, 1, 4)) { wWero NOPAAKaA, KOTOPOI MOryT nepeaasarbes
console.log(n); apryMenTbl ANA Peann3aLiui CNeyUanbHoro
y /) -> 1,4,9,16 noseaexua. B aaHHOM Cyvae reHeparopy npea-

NMUCHIBAETCA BO3BPALLATL KBIAPATH YHCeN

8.3.1. leHepaTopbi 1 pekypcus

Kak u j1o6ble CTaHAapTHO Bbi3blBaeMbl€ (PYHKIIMH, OJHU F€HEPATOPbI MOXHO BbI-
3bIBaTh U3 APYTUX. ATO yAOOHO B TEX CAyyaax, Koraa TpeGyeTcsa co3qaTh CBEJEHHOE
B TaGIMIly NMPEJACTABJIEHHE BJIOXEHHOTO pajia OObEKTOB, YTO UIEAIbHO MOJAXOANT
AJ151 06X0/a APEBOBUAHBIX CTPYKTYP. A NOCKOJIbKY TEHEPATOPbl MOXHO NPUMEHSATD
B nmKiie for. .of, fejerupopaHue OJHOrO reHepaTopa APyroMy NoA06HO CIUAHUIO
ABYX KOJUIEKLIMi1 M nepeGopy Bcero Maccupa JaHHbIX. HanoMuuM, uto B riase 3,
“MeHblIe CTPYKTYP JaHHBIX M 6oJibllie onepanuii”, pacCMaTPUBAIACh APEBOBU/IHAA
CTPYKTYpPa OTHOIIEHHH YyYEHHMYECTBA MEX/Y BbLIAIOIIMMMCA MaTEMATHUKAMH, €lle
pa3 npejicTabjieHHas Ha puc. 8.11.

Church
Rosser Turing Kleene
Mendelson Sacks Gandy Nelson ] Constable

Puc. 8.11. [lpeBoBMAHAA CTPYKTypa OTHOLIEHUIM yYeHM4YeCcTBa U3 rasbl 3,
rae Kaaplii y3en npeacrasnser 06bekT student, a Kakaan MMHUA — OT-
HOWeHWe y4eHUYecTsa

I/Icnonbayﬂ NpOCTbI€ F€HEPATOPHI, NoxOOHbIE NpHUBEACHHBIM HIXKE, MOXHO JIeT-
KO CMOJI€/INPOBATDb JAHHBIC B BETBSIX 3TOT'O A€peBa. I'IOJIyllaeMblifl B MTOT€ PE3yJbTAT
GyneT npeaCcTaB/IeH Jajee.
function* AllStudentsGenerator() {
yield 'Church';

yield 'Rosser';

yield* RosserStudentGenerator(); Aeneruposar opun reneparop
Apyromy no ccoinke yield*
yield 'Turing’'; [\aHHbIe U3 3TOFO reHepaTopa MOMHO YepesoBaTL
! € AaHHBIMM U3 APYTOTO reHepaTopa

yield* TuringStudentGenerator():
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yield 'Kleene';
yield* KleeneStudentGenerator();

}

function* RosserStudentGenerator () {
yield 'Mendelson’;
yield 'Sacks';

}

function* TuringStudentGenerator () {
yield 'Gandy':;
yield 'Sacks';

}

function* KleeneStudentGenerator () {
yield 'Nelson';
yield 'Constable';

} LMKAMYECKHIt MEXAHN3M BbINONHAET
obxopa, kak 6yaTo 370 OQUH KPYNHBINH
for(let student of AllStudentsGenerator()){ - reHeparop

console.log(student) ;

Pexypcus siBisieTcsa HEOTbEMIEMOH YaCThIO PYHKIIMOHAIBHOTO IPOrPaMMHPOBa-
HUS, ¥ IO3TOMY CJIEAYET TAKXKE NPOJEMOHCTPUPOBATD, YTO FeHEPATOPbI, HECMOTPS
Ha CBOIO OCOOYIO CEMaHTHKY, BE€YT €05l BO MHOTOM TaK e, KaK CTAHapPTHO BbI3bIBa-
emble PpyHKMY, generupys ce6s apyr apyry. Huxe npusesen npoctoii npumep o6-
XO/Ia TOTO XK€ CaMOTO AE€PEBA, B y3/IaX KOTOPOTO COAEPKATCA OObEKTHI TUNA Person,
HO Ha 3TOT pa3 — C IOMOIIbIO PEKYPCHH.
function* TreeTraversal (node) {

yield node.value;
if (node.hasChildren()) {

for(let child of node.children) { Deneruposarb reHeparop
yield* TreeTraversal (child); obparHo camomy cebe no
ccoinke yield*

}

var root = node(new Person('Alonzo', 'Church', '111-11-1231"));

HanomHum, 4TO KOpeHb Aepesa
for(let person of TreeTraversal (root)) { 43 rnaBbi 3 HAYHHAETCA C y3na,

console.log(person.lastname) ; copepwauiero abvekr Church

}

BrinosneHyne npuBeIeHHOTO BhIlIE IPUMEPA KOJa IPUBOLUT K TOMY XK€ CAMOMY
peayabraTy: Church, Rosser, Mendelson, Sacks, Turing, Gandy, Kleene, Nelson,
Constable. Kak Buaure, yripaBjieHue nepeiaeTcs CHa4ala APyruM reHeparopam, a
3aTeM, KaK TOJbKO UX BbIIOJHEHHE 3aBEPIIUTCHA, OHO BO3BPALIAETCA B TO XK€ Camoe
MEeCTO, OTKyAa 6bUIO NpefaHo M3 Bbi3biBaloIlero koaa. Ho ¢ Touku 3penus umxia
for..of npoucxoauT JUIIb BLI3OB BHYTPEHHETO umepamopa KO TEX NMOP, NOKA HE
McYepnaloTcs Bce JaHHble. [Ipy 3TOM HUKTO U HE MO03PEBAET, YTO HA CAMOM JieJie
3aeCTBYETCA PEKYypCU.
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8.3.2. Mpotokon ureparopa

C reHepaTOpaMM TECHO CBA3AHbI UMepamops. — €ule OJHO A3BIKOBOE CPEACTBO,
BHezipeHHoe B cTaHAapT ES6. biarogaps uMEHHO 3TOMy CpPEACTBY F€HEPATOPbI MOX-
HO OGXOHUTD B LIMKJIE TOJOGHO JIIOObIM JIPYTMM CTPYKTypaM JaHHbIX BPOJE MaCCUBOB.
PyHKIMA-TEHEPATOP BO3BPallaeT BHYTPEHHHUM 06pa3oM OObEKT TvNa Generator,
COOTBETCTBYIOUIHIA IPOTOKOJTYy MTEPATOPA. ITO O3HAYAET, YTO B HEM PEAIM30BAH M€
ToA next (), BO3Bpamaoii 3HaYe€HHE, YKa3aHHOE 110CJIe KITI0YEBOro cJloBa yield.
Y aTOro o6beKTa MUMEIOTCA CIEAyIomMe CBOHCTBA:

H done — q)nar‘ nanumaloumﬁ JIorM4ecKoe 3HaueHHe true, ecan HTEpATOP
AOCTHUTI KOHLA CBO€H MOCJIeI0BATEIbHOCTH, 2 MHAY€E — JIOTHYECKOe 3HAYEeHUe
false, KOTOPOE€ O3HAYAE€T, YTO HTEPATOPY YAAJIOCh H3BJICYb OquCII}IOé 3Ha-
YeHUe M3 JIJAHHOM 110CJIeIOBAaTEe/IbHOCTH.

B value — 3HaueHMe, BO3Bpalla€MO€ HTEPATOPOM.

ITOro JONKHO ObITb JOCTATOYHO, YTOOBI NOHATb BHYTPEHHHI1 MEXaHNU3M PaGOThbI
reHepaTopoB. O6paTUMCs CHOBaA K NPUMEPY FreHEpaTopa range, pealu3oBaHHOTO
Ha 3TOT pa3 B lIepBOHAaYaIbHO¥ dopme:

function range(start, end) {

return { _ YKa3atb Ha 70, 4TO BO3BpaULACMbIN
[Symbol.iterator] () { o6veKT ABnAeTcA HTeppyembim
return this; (peanusyer npotokon ureparopa)

b Peann30BaTb OCHOBHYIO IOTHKY
next () { AaNHOrO renepatopa. Ecan gaa
if(start < end) ({ reHEePHUPOBIHMA HMEIOTCA Ka-
return { value: start++, done:false };ﬂ Kue-Hubyab aononHuTenbHbie
} AaHHbie, BO3BPaTHTL 06beKT
C NPON3BEACHHBIM 3HaYEHHEM
M YCTaHOBHTb B CBOlHCTBe done
} nornveckoe 3Havenue false,
}i B NPOTMBHOM C/IyNae Noruue-
} CKoe 3HaveHue true

return { done: true, value:end }; @¢——————-r

C noMO1IBIO TAKOM peaIn3aliii MOXHO CO3/IaBaTh F€HEPATOPHI, IIPOM3BOASALINE
mo6bie JaHHbIE IO ONpeAEJEHHOMY WabIoHy WiH cienMdukanny. B kauectse npu-
Méepa HHKE NPUBE/IEH FEHEPATOP Squares KBaApPaToOB YMCEL:

function squares() {
let n = 1;
return {
[Symbol.iterator] () {
return this;
by
next () {
return { value: n * n++ };

)i
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[Moapo6uee ¢ 0CO6EHHOCTAMH PabOTbl HTEPATOPOB U UTEPHUPYEMBbIX OOBEK-
TOB MOXXHO O3HAKOMHUTbCHA B JOKYMEHTAIMH, JOCTYIIHOM 10 CJICAYIOMEMY afPECy:
https://developer.mozilla.org/ru/docs/Web/JavaScript/Reference/
Iteration_protocols. biarosaps BHyrpenHeMy cBoiicTBy @@iterator mHOrue
3JICMEHTBI fA3bIKA JavaScript MOXHO pacCMaTpUBaThb KaK MTEPUPYEMblE OOBEKTBI.
B 4acTHOCTH, MOXXHO IIPCAIIONIOXKHUTD, YTO MACCUBBI CIIOCOOHDI JICHCTBOBATD CJIELY-
IOLIMM OGpa3oMm:
var iter = ['S', 't', 'r', 'e', 'a', 'm'][Symbol.iterator] ();
iter.next().value; // S
iter.next () .value; // t

Ho aaxxe cuMBoJIbHBIE CTPOKH MOXXHO 06XOaUTh NpUBEACHHbIM HHXKE O6p830M.

var iter = 'Stream' [Symbol.iterator]{();
iter.next().value; // -> S
iter.next().value; // -> t

CreayeT 0co60 NOJYEPKHYTh, YTO JaHHbIE MOXHO pacCMaTPHBATb KaK IMOTOKH,
CIIOCOGHBIE NPU OOpalIeHUH K HUM IIPOU3BOMTD JUCKPETHbIE 110C/IEJOBATENBHO-
CTH cOOBbITHIT WM 3HaYeHuit. Kak He pa3 1eMOHCTPHUPOBAIOCh paHee, 3TH 3HAYEHHUS
B/IMBAIOTCS TIOTOKOM B 110CJ1€/IOBATEIbHOCTD YUCTHIX (PYHKIMI BBICIIETO NMOPSAAKA U
npeob6pasyloTcs B TpeGyeMblii BbIXOAHOM MOTOK. Takoe npeacTaBieHHe O JAHHBIX
HMeeT pemaiolee 3HauCHUe 1S IIepexo/ia K enie oiHOM, ocHoBaHHo# Ha PI1 napa-
AUrMe, Ha3bIBAEMOM peakmuensim npospammuposaruem.

8.4. DyHKUMOHaNbHOE U peakTUBHOE
nporpammMmupoBaHue cpeacrsamu RxJS

Kak yxe ynoMMHanOCh, XapaKTep BeG-IPUIOKEHUH 3HAUUTENbHO U3MEHMWIICH,
JIABHBIM O6pa30oM, MOJA BIAMAHHEM PeBOJIOIIMOHHON TexHonoruu AJAX. Tlo mepe
PacIIMpeHUsi BO3MOXHOCTENH BEG-TIPUIOKEHNUH OXUAAHUA MOIb30BaTENEH nocTe-
IIEHHO CTAHOBATCA GoJice TPeGOBATENIbHLIMU HE TOJILKO K JJAHHBIM, HO U K B3aUMO-
AeiictBHIO ¢ HUMH. [TprtoxkeHus K0KHBI GbITH CIOCOGHBI 06paGaThIBATh BBOJAMMBIE
MOJIb30BATE/IEM JaHHbIE, MOCTYNAIOIME U3 Pa3HbIX UCTOYHUKOB BPO/IE Ha)kMMae-
MBIX KHOINOK, TEKCTOBBIX NOJIEH, IEPEMENIEHHII MBIIIH, )X€CTOB NaJbl[AMH, F0JIOCO-
BBIX KOMaHJ| ¥ IPOYMX, ¥ TO3TOMY OYEHb BaXHO, YTOObI IIPUIOKEHUS ObLIM CIIO-
COGHBI COIVIACOBAaHHO B3aMMOJAEHCTBOBATDH CO BCEMH 3TUMH HCTOYHUKAMU JAHHBIX.

B aTOM pa3nese npejacTapieHa peakTuBHas 6MGHMOTeKa Mo HazBaHueM Reactive
Extensions for JavaScript (Rx]S — peakTusHble pacmmpenus JavaScript), nossoas-
Iolasi U3SUHO COYETATh ACMHXPOHHBIE M YIIPABJIACMblE COOBITUSAMM IIPOTPAMMBI
(moapoGHee 06 ycTaHOBKE 3TON GUOIMOTEKHM CM. B IpUIokKeHnH). bubanoreka Rx]S
BO MHOTOM J€iCTBYeT aHAJIOTMYHO (PYHKIIMOHAIbHBIM, OCHOBAHHbBIM Ha 00s13aTe b
CTBax IpUMepaM, pacCCMaTPUBABLUIMMCS PaHee B 3TOMH IVIaBe, HO B TO K€ BpPeMsl OHa
oGecrnieunBaeT GoJsiee BLICOKYIO CTENEHb aGCTPAKIIMM M HaMHOTO Gosee 3¢ dekTHs-
Hble onepauuu. Ho, npexje yeM NpUCTyNUTDb K €€ pacCCMOTPEHUIO, HEOGXOUMO
OGbACHUTD IIOHATHE Habarodaemsie 06seKMbL.
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8.4.1. laHHbie kak Habnogaembie 06beKTbI

Haobodaemvim (observable) HasbiBaeTcs mo6oii HHGOPMAIIMOHHBI OOBEKT, Ha KO-
TOPbIi MOXXHO nodnucamuvca. [IpuioKeHus MoryT HHOANMChIBATLCA HA ACMHXPOHHbIE
cOOBITHS, HACTYNAIOIKE B Pe3yJIbTaTe YTEHUS COAEPKUMOro ¢aiisa, BbI3OBbI BEG-
cryx6, 3anpockl k 6a3e JaHHBIX, U3BEIEHUE CUCTEMHBIX YBEIOMIEHUH, 06paboTky
BBOZIMMBIX ITOJIb30BATEIEM JAaHHBIX, 06X0/ 3/IEMEHTOB KOJUIEKIIMI MM Jaxke CUH-
TaKCHYECKUH aHAIU3 NPOCTOM CUMBOJIbHOM CTPOKH. PeakTMBHOE NMpOrpaMmMupoBa-
HUe YHU(UIUPYET BCE 3THU MOCTABUIMKHU JAHHBIX B €IMHOE MOHATHE, HAa3bIBAEMOE
HabA100aeMbLM NOMOKOM, UCTIONb3Ysl OObEKT THIIA Rx . Observable. [Torok sBaseTcs
NOCAL008AMENLHOCYI0 YNOPAJOUEHHBLX CObBLMU, npoucxodawux 6o epemeru. YToObI
M3BJIeYb M3 TAKOTO OO'bEKTA 3HAYEHHME, HeOGXOAUMO MOANUCAaThCA Ha Hero. UTak,
PacCMOTPUM CJIe YOI TPUMEDP NPUMEHEHUS JaHHOTO OObEKTa:

Rx.Observable.range(1l, 3)

.subscribe ( < 1 Merogy subscribe () HyXHO nepeaatb
X => console.log( Next: ${x}"), TpK GyHKUMUM 06PaTHOFO BbI30BA
err => console.log( Error: ${err}) ), | AR 06pabotku kamaoro anementa

B NOCNEA0BATENBHOCTH, UCKNIOUNTENBHOTO

() => console.log('Completed')
W KOPPEKTHOro 3aBepWweHun onepaunn

):

B pesyabraTe BbINOJHEHHUS IPUBEIECHHOTO Bhlllie IPHMEPA KOAA CO3AACTCS Ha-
0JI0/jaemMas Mocjef0BaTeJIbHOCTh U3 AUAMa30HaA YHCE, reHepupysa paj 3Hau€HHH
1, 2, 3. U, HakoHell, B AaHHOM KoOJie yCTaHaBJIHBAETCS NMPU3HAK OKOHYAHUA MTOTOKQ,
KaK [OKAa3aHO HMXeE.

Next: 1
Next: 2
Next: 3
Completed

PaccmoTpum elie oMH npuMep NpUMEHEHNs MPeCTaBleHHOI paHee GyHKIMH-
reHepatopa squares () JUIs 3aMoJIHEHHUs NMOTOKa 3HaYeHUssMU. C 3Toii 1esibio oHa
AOIOJIHEHA NTaPaMETPOM /il FeHEPHUPOBaHHUA KOHEYHOTO psJia KBaJIPaTOB YHCEL:

const squares Rx.Observable.wrap(function* (n) {
for(let i = 1; i <= n; i++) {
return yield Observable.just(i * 1i);

})s

squares(3).subscribe (x => console.log( Next: ${x}'));

Next: 1
Next: 4
Next: 9

Kak cieayeT U3 npuBeeHHBIX Bbillle IPUMEPOB, JTIOGbIMU TUIIAMM JaHHBIX MOJX-
HO ONEPHUPOBATh OJUHAKOBbIM OOPAa30OM, HCIOJIb3ys OObCKT THIIA RX.Observable,
IIOCKOJIbKY OH peo6pa3syeT 3TH AaHHbIe B NOTOK. O6bekT THNA Rx.Observable
3aKIi04YaeT B 060104Ky J11060# HabmoAaeMblii OGbEKT, YTOObI IPUMEHHUTDb Pa3Hbie
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¢ynknuu 118 npeo6pa3oBaHus HaGIIOAAEMbIX 3HAYEHHI B TPEGYEMbIil BbIXOAHOM
notok. OTcloa 1 BO3HUKAEeT MOHA/a.

8.4.2. ®yHKuMoHanbHOe U peakTMBHOE NPOrpaMMUPOBaHNe

O6mbexT THIA RX . Observable o6beAMHAET HapaaAurMel pyHknroHanbHoro (PIT)

1 peakTuBHOro nporpammuposanus (PIT). On peannsyeT saxBUBaleHT MUHMMAIbHO-
ro MOHaJu4ecKoro uHrepgeiica, npeacrasiaeHHoro B mase 5, “IlpoexTHbie mabio-
HBI ¥ CJIOXKHOCTD”, (onepauuu map, of U join), a TakXke METO/bI, XapaKTePHbIE VIS
MaHHUIYJIMPOoBaHus notokoM. Hrke npuBeseH XxapakrepHblii TOMy IpuMep.
Rx.Observable.of (1,2,3,4,5)

filter(x => x%2 !== 0)

.map(x => x * x) @ O1CeATb YeTHbie Yncna

.subscribe (x => console.log( Next: ${x}"));

// -> Next: 1
Next: 9
Next: 25

YTo6bI IPOJAEMOHCTPHPOBATh BHYTPEHHHI MEXaHHU3M JeHCTBUS HAabII04aeMOro
06beKTa, Ha puc. 8.12 nokasan npouecc npeo6pa3oBaHMs JaHHBIX.

. i NG \ g < =5

v
filter /£ \ PN Vi)
{ ) ‘ }
) \\ J \'\\V.// Y

v
TN TN AT
map [/ \) £ \ / \

Puc. 8.12. Npouecc npumeHeHUs GyHKLUUM, peanusyloimx onepauum
filter v map, u3 HabaKAAEMON NOCNEA0BATENLHOCTH YUCEN

Ecin BaM He NPHUXOAMJIOCH PaHblle YUTATh KHHUIH IO (PYHKIMOHAJILHOMY NPO-
rpaMMHMPOBAHHIO, TO y BaC MOXKET CJIOXKHUTbCS BIeYaTIeHHe, GyATO caMoe TpyaHoe
B PEaKTMBHOM NPOTPaMMHUPOBAHUH — HAYy4YHTHCA MBICIHUTD “peakTuBHO”. Ho peax-
THBHOE MBIIIICHHE HUYEM HE OTVIMYAETCS OT (PYHKIHOHAJILHOTO, TOJIbKO JJIs1 3TOTO
NPUMEHSIOTCA Jpyrie MHCTPYMEHTAIbHbIE CPEACTBA, a 3TO O3HAYaeT, YTO NoJe-
Jna yxe caenano. Ha camoMm gene y o6eMx paccMaTpMBaeMBIX 31€Ch NTAPAJUTM Npo-
rPaMMHMPOBAHNsA TaK MHOTO OGIIEro, 4To Ganblilasi YaCTh JIMTEPATYPhl 10 PEAKTUB-
HOMY NPOrPaMMHPOBaHMIO, KOTOPYIO MOXHO HaiiTh B MHTepHeTe, HauMHaeTcs ¢
06y4eHUs1 METOAMKAM (PYHKIIMOHAJILHOTO NporpaMmuposanus. [Toroku npuaaor
ACKIAPaTUBHOCTb MPUKJIATHOMY KOJy, CHaGXasi €ro BbIMOJHSIEMBIMU MO LIENOYKE
BprucieHuAMH. ClieloBaTeIbHO, PEAKTUBHOE NMPOrPaMMHPOBAHHE MOXOXE Ha
(yHKIMOHATBHOE, U3 YEro BO3HMKAET TEPMUH PYyHKYUOHAABHO-PeaKmusHoe npozpam-
muposarue (PPIT).



lhasa 8. Obpabomxa acunxponnsvix coboimuii u dannvix 287

PexomeHAyeman nureparypa

MCTOKM peakTUBHOIO NPOrpammupoBaHna npocnhexusatotca ¢ 2013 roaa, n no3Tomy
6onblwan YacTb AMTEpaTypbl Ha 3Ty TeMy CBA3AHA HE TONbKO C PEAKTUBHbLIM, HO U C
$YHKUMOHANbHO-PEAKTUBHbLIM NPOrpammMmupoBaHMeM. 34eCh XKe npecneayerca uenb
He 0by4nUTb peaKTMBHOMY NPOrPAaMMUPOBAHUIO, @ NPOAEMOHCTPUPOBATL, YTO OHO Ha
Camom gene aBAAeTCcA GYHKLMOHANbHbIM NPOrPaMMUPOBAHUEM, NPUMEHAEMbIM ANA
peleHnUA aCUHXPOHHbIX U OCHOBAHHbIX Ha COObLITUAX 334au.

Ecnu e Bbl Xenaete y3HaTb 6onbwe o napagurmax PN u ®PI, pekomeHayem npo-
yutatb KHUry Functional Reactive Programming CtuseHa Bnekxuta U DHTOHM
DxoHca (Stephen Blackheath & Anthony Jones, usgatenbctBo Manning, 2016 r.;
CM. Takke https://www.manning.com/books/functional-reactive-prog
ramming). A ecau Bac MHTepecyeT npumeHeHne 6ubanotekmn RxJS 8 @, To anAa ee u3-
Y4YEHUA peKomeHayeTca KHura RxJS in Action Nona Ai3Huenca u lyuca AteHcuo (Paul
Daniels & Luis Atencio; usaatenbctso Manning, 2017 r.; cM. Takke https://www.
manning.com/books/rxjs-in-action).

Hrak, paccMoTpes HabioaeMblie OObEKTDI, NEpeiiieM K NPUMEHEHUIO 616In-
orexku RxJS n1a 06paboTkM BBOAMMBIM NOJIb30BaTE/NEM JaHHbIX. Ecin Tpebyercs
B3aHMO/ICICTBOBATb C COOBITUAMM M3 CAMBIX Pa3HBIX MCTOYHMKOB U (PUKCHPOBATH
MX, MOXXHO JIETKO IIPUMTH K 3allyTAHHOMY U C TPYAOM uMTaeMomy xoxy. Paccmorpum
CAeLyIoIUHi IPOCTON NPUMEP YTEHUS U IPOBEPKH JOCTOBEPHOCTH MOJIA BBOJA HO-
Mepa COUMaIbHOTO CTPaXOBaHMS:
document.querySelector ('#student-ssn')

.addEventListener ('change', function (event) ({
let value = event.target.value;
value = value.replace(/*\s*|\-|\s*$/g, '');
console.log(value.length !== 9 ? 'Invalid' : 'Valid'));
}) g
// => 444 Invalid
// -> 444-44-4444 VvValid

CobbITHe TUIA change NPOMCXOAUT aCHHXPOHHO, U TIO3TOMY BCIO OM3HEC-JIOTHKY
IIPUXO/IMTCS pa3MelaTh B OHOM (pyHKIIMK o6paTHOTrO Bh3oBa. Ho, kak reMoHcTpuU-
poBanoCch paHee B 3TOH IVIaBe, TAKOH MOAXOJ HE CMIOCOGCTBYeT MacIITabMPOBaHUIO,
€CJIM NIPOJI0JIKATh U JIIbllle HArPOMOX/JIATh KO 0OpabOTKH COOBITHUI 1A KaXA0MH
3KPaHHOM KHOIIKH, TEKCTOBOTO MOJIst WM CCbUIKM Ha cTpaHuue. ExnHcTBenHas Bo3-
MOXHOCTb LISl IOBTOPHOTO HMCIMOJIb30BAaHUA KOJa — PEOPraHM30BaTh €ro, BbIHECH
OCHOBHYIO JIOTHKY U3 (PyHKIIMM o6paTHOro Bbi3oBa. Ho kak MacmTabuposaTs Takoit
KOJI, 4YTOObI €T0 CJIOXKHOCTh HE YBEJMYHBATACH ITPONOPIMOHATIBLHO BHEAPEHHIO J0-
MOJIHUTEIbHOM JIOTUKM?

Kak v npu Hanucanuu acuHxpoHHoro kojaa, Metoauku PI1 He ynaercsa ussamuo
COBMENIATh C TPAAULIHOHHBIMH, OCHOBAHHBIMU HA COOBITUAX (PYHKUHMAMH, MOCKOJIb-
Ky 3TO COBEPIIEHHO pa3HblC NapajurMbl nporpammuposanus. ITlogo6no Tomy, kak
NOTEPs COOTBETCTBUSA MEX/y YMCTHIMU U aCUHXPOHHBbIMU (PyHKIHSAMH pa3peliaeTcs
C IOMOUIbIO 06A3ATEbCTB, TAK M LISl HABEJICHUSA MOCTa MeXJy 061acTAMU 06paboT-
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kH co6brThii u PII Tpebyercsa HeKOTOPbIi yPOBEHD aGCTPAKIIMH, IPEAOCTABIAEMbIH
00beKkToM THNa Rx.Observable. B 4acTHOCTH, HCXOAHDINA KOJA U3 MPUBEAEHHOTO
BBIIlI€ IPMMeEPA, I/ie MPOCIYIIMBAIOTCA COObITHA TUNA Change, HacCTynalomMMUe B TO
BpeMsi, KOr/ia oJIb30BaTe/ Ib OGHOBJISET M0JI€ BBOJAa HOMEPA COLMATBHOIO CTPaxoBa-
HU# YYaIerocsi, MOXHO CMOJIEJIMPOBaTh B BUJIE MOTOKA, KaK [I0Ka3aHO Ha puc. 8.13.

Pacnpenenetue cobbiTUiA BO BpeMeHU

l BuiBoauTCR
— — — — coobuuexmne
| | oo | "Valid"
' — | Temmmm— A (BocrosepHo)

BuiBoanTCA coobueHme "Invalid" (HeaoctoBepHo) LanHble v;cqepnanu

Puc. 8.13. HarnagHoe npeactasneHune cobbrunit, HacTynarowmx B CBA3N C 06HOBNEHMEM HOMEPa
COLMANbHOTO CTPaxoBaHUA yyallerocs, B suae Habniogaemoro NoToKa, C0343BaemMoro B pesynb-
Tate NOANUCKK Ha cobbiTne TMNa change B NONe BBOA3 STOr0 HOMepa

ITpuHMMas BO BHUMaHHE BCE CKA3aHHOE BbIlIIE, MOXKHO PEOPraHU30BaTh MMIEpa-
TUBHBI, OCHOBaHHBII Ha COOBITHAX NCXOXHDbIH KO/ M3 NPEbLIYINEro IpUMepa, BOC-
nois3oBaBmnck PPII. 3to, no cymecTsy, 03Ha4aeT NOANMCKY Ha COOBITHE U MPUMeE-
HEHHUe YUCTBIX PYHKIMH U151 pealn3anuy Bcei GM3HECIOTUKH, KaK TOKa3aHO HUXE.

Rx.Observable.fromEvent (document.querySelector ('#student-ssn'),
'change') <¢———— Mognucarea Ha cobbite TMNa change

.map(x => x.target.value) <@———— W3sneub 3HaueHue Npu HacTynaeHuu cobbiTHA

.map(cleanInput) NpUMEHUTL GYHKUMM U3 NPeAbIAYLLMX
£1a8, YTO6b! YAANKT NPOGENBI M ONHCTHTL :::y:‘;:::::::‘:uﬁ“
HOMEP COUMANBHOrO CTPAXOBAHUA
.map (checkLengthSsn) p cou cTp. CTpyKTypa Ei ther .
Right unamEither.
.subscribe(ssn => ssn.isRight ? console.log('Valid") Left, utobb onpeaenuts
console.log('Invalid')): €ro A0CTOBEPHOCTL

B npuBeseHHOM Bblllle IPUMEPE KOAA MPUMEHSIOTCS (PYHKLIMH U3 IPeAbIIyIHX
JIaB, M [IO3TOMY 3HaUY€HUE, NlepeaaBaeMoe pyHKuMM subscribe (), 3akmovaercs B
060/104Ky MOHaJpl THNA Either, coepxamei 3nadeHre Right (SSN), ecam Bxon:
Hbl€ JaHHbIE JOCTOBEPHbI, a MHaYe — 3HadyeHue Left (null). Bubanoreka Rx]JS
OTIMYAETCS] TEM, YTO C €€ NIOMOUIbIO MOXHO U3MEHUTD JIMHEIHbIE aCHHXPOHHbIE
HOTOKH JaHHBIX 111 06paboTKH COOBITHIA, HO 3TO elle He Bce. B ee a¢gdekTuBHBIE
nHTepdericel API BHeipeHBI 0653aTENIBCTBA, YTO AET BO3BMOXXHOCTD HCINOJIb30BAaTh
€JIMHYIO MOJIE/Ib [ IPOTPaMMHPOBaHNUs BCEX ACMHXPOHHBIX JeiicTBuiA. IMeHHO 06
3TOM Y NIOMJET peyb Jaji€ee.

8.4.3. bubnuorteka RxJS v o6a3aTenbcrBa

Cpencramu 6m6amorekn Rx]JS moboii 06beKT, COOTBETCTBYIOIMII CTaHAAp-
Ty Promises/A+, MoxHO npeo6pa3oBaTh B Ha6GJ110aeMyI0 NOCJIE€A0BATEIbHOCTD.
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ITO O3HAYAET, YTO JUIMTEJIbHYIO OlICPaliHIo, pealnu3yemMylo B pyHkumnm getJSON (),
MOXHO 3aKJIOYUTDb B 060JI0UKYy 06A3aTeIbCTBA, YTOOBI 110C/IE €0 pa3pelleHHs o-
Jly4eHHOE 3HaucHHe ObUIO NpeBpaleHo B NOTOK. B kauecTBe npumepa Huxe jae-
MOHCTPHPYETCs NOJy4E€HHE OTCOPTHPOBAHHOTO CIMUCKA YYAIMXCS, IPOXUBAIOUIMX
B CoeanHennbix lllTaTax:

OTcopTMPOBaTL NO MMEHU, HO 6€3 yUeTa perucTpa Bce OGBEKTHI yHaLMXCA
Rx.Observable. fromPromise (getJSON('/students'))

.map (R.sortBy(R.compose (R.toLower, R.prop('firstname')))) =

.flatMapLatest (student => Rx.Observable.from(student) )4—-{ ﬂPGOGPGEOBﬂbeA"H-

.filter(R.pathEq(['address', 'country'], 'US')) CTBEHHbIN Macche
subscribe ( l 06beKToB yyauuxca

: i 8 Habniogaemyio no-

=> sole.l
y err conso og(err) BLiBecT pesynbraTsi | ! yvawmuxca
// -> Alonzo Church

Haskell Curry

OTCenTb yHalyuxCa, He

student => console.log(student.fullname), < i CneRoBaTeNbHOCTD
! npoxwusawowmx 8 CLUA

Kak BuauTe, B IpMBEEHHOM Bbllll€ IPUMEPE KO/A Pe€aM30BaHa Galblliasi 4acTh
TOrO, Ha YTO CNIOCOOHBI 06s3aTeAbcTBA. O6paTUTE BHUMAHHUE Ha TO, YTO BCA JIOTH-
Ka 06paboTkn oNGOK cocpefoTodYeHa B pyHKMuU subscribe (). Tak, ecin o6s3a-
TEJbCTBO HEJIb3s1 BBINIOJHUTD H3-3a TOTO, YTO 3anpaiivBaemMas Be6-cayx6a HexocTyn-
Ha, TO COOTBETCTBYIOIas OMMUOKA pacpOCTPaHAETCA BIUIOTh 10 OGPaTHOIO BbI3OBA
¢yHkuMH, BbIBOASAILEH caeAyomee coobuieHHe 06 OMUOKE, YTO BIIOJIHE MOAXOAUT
AJ1sl MOHAJL:

Error: IO Error

B npoTHBHOM CJIyyae CIMCOK OGBEKTOB, NPEJACTABAAIONMX YUAUIMXCS, COPTUPY-
ercs (B JaHHOM CJIydae — IO UMeHHU) U nepepaetca pynkuuu flatMapLatest (),
npeo6pasyomeil O6bEKT MOJyYaeMOro OTBETa B HAGJIIOJAEMBII MACCHUB yYaI[UXCH.
U, nakonern, yyamuecs, He npoxupaiomue B Coeaunennnix llTaTtax, orcensaiorcs
13 NOTOKA U Ja/iee BbIBOAATCS MOJIydEHHbIE pe3yabraThl. B 6ubanoreke RxJS npeno-
CTaBJISIETCSA HEMAIO JPYIrMX MHCTPYMEHTAIbHBIX CPEJCTB, a 31eCh OblIa 3aTpoHyTa
JIMIIb HE3HAYMTEIbHASA UX 4acTb. bosiee Noapo6GHO ¢ BO3ZMOXKHOCTSAMHU 3TONH OHOJIU-
OTEKH MOXHO O3HAaKOMHUThCH MO ajgpecy https://xgrommx.github.io/rx-book.

B raHHOII KHUTE 06CYXAIMCh PEHIEHHS CaMbIX Pa3HbIX 33/1a4 CPEACTBaMU (PyHK-
LIMOHAJILHOTO NPOrPaMMHUPOBaHUsA Ha JavaScript, BKIo4as 06paboTKy KOJIEKIIMA,
AJAX-3anpocos, obpaieHuii k 6a3e JaHHbIX, COObITUI U IP. MOXHO HaJeATbCA,
4ITO, YCBOMB TE€OPETHYECKHE OCHOBbI (PYHKIIMOHATbHOIO NMPOrPaMMHUPOBaHUs, A
TAKKe IIpUMEpPBI POrPaMM, I€MOHCTPHPYIOIIME NPaKTUYECKOe IIPUMEHEHUE Me-
toauk PI1, BbI HAyYWINCh MBICUTD (PYHKIIMOHATHLHO M BCKOPE CTAHETE JIeJIaTh 3TO
UHTYUTHBHO.
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Pe3iome

M3 3101 11aBbl Bbl y3HAIM CJIEYyIONUIEE.

O6s3aTeibcTBa 06€CNeYnBaIOT (PYHKIIMOHAIBHOE PENIeHHE 33/1a4 MPOEKTH-
POBaHMS#A, TPAAUIMOHHO OPUEHTUPOBAHHBIX Ha OOpaTHbIE BbIZOBbI, KOTOPbIE
JOJITO€ BpeMsl CUMTaIMCh HACTOSIIMM G€ICTBHEM JUIsl TPOrpaMM Ha JavaScript.

O06s13aTe/ILCTBA JAIOT BO3MOXXHOCTD CBA3bIBATh (PYHKIIMH B LIETIOYKY M COCTAB-
JIAATb M3 HUX KOMIIO3MLIHIO “Ha Gyaymee”, aGCTparupysach OT HU3KOYPOBHEBBIX
CJIOXKHOCTEH, O0YC/IOBI€HHBIX BPEMEHHBIMHU 3aBUCMMOCTSIMH B KOJE.

B reHeparopax nNpuHsT WHOM NOAXOA K ACHMHXPOHHOMY KOAY, /I 4€ro npeao-
CTABJIAIOTCS CIIC€IIHAJIbHbIC CPEICTBA ITPOTPAaMMHPOBAaHHA, KOTOPbIC IIPH 11O/~
ACPHKKE OTIIOKCHHDIX HTEPATOPOB MMO3BOJIAIOT Bbl/IaBaTbh JAHHbIE IO ME€PE HX
AOCTYITHOCTH.

PyHKIMOHAILHO-PEAKTUBHOE MPOrPaMMUPOBAHKE MOBBIIIAET YPOBEHDb a6-
CTPaKUMH NPUKIALHBIX NPOrpaMM [0 TaKOH CTENEHH, KOTOpas NO3BOJAET
yA€AUTb OCHOBHOE BHMMaHHE 00paboTke cOObITHII KaK JIOTMY€CKN HE3aBHCH-
MBIX €IMHUL. ITO AaeT BO3MOKHOCTb COCPEAOTOUMTLCA Ha peliaeMoii 3a1age
BMECTO TOTO, YTO6bI HOPOTHCSA CO CJIOKHBIMH MOAPOOHOCTAMH PEATH3aLIUH.



IIpunosncenue A

bubruomexu JavaScript,
YROMUHAEMDLE 8 KHUZE

B 3TOM npuioKeHMe BKpaTLE ONMCLIBAIOTCA GUOIHOTEKHU JavaScript, ynoMMHaeMble B
JIAHHOM KHMTe.

®yHkunoHanbHble 6uGNnoTekn JavaScript

JavaScript He sBnS€TCA A3BIKOM HCIUTIOYNTENILHO (PYHKLMOHAILHOTO MPOrPAMMHUPOBAHUS,
¥ 1103TOMY [IPUXOIMTCH M0JIAraThCA HA OMOMIb CTOPOHHHX GHOIMOTEK, KOTOPbIE MOXKHO 3a-
rPY’aTh B CBOH MPOEKT JUIsi SMYIMPOBaHHsA TakuxX cpeacTB PI1, Kak KappHHT, KOMIO3ULMA,
3a1OMUHAHME, OTIOXKEHHOE BbIYUCACHHUE, HEU3MEHAEMOCTD H T.JI., KOTOPbIC OTHOCATCS K OC-
HOBHBIM B fi3bIKaX HCKIIOYHUTEIBHO (PYHKIIMOHAIBHOTO NTporpaMMupoBanus sposie Haskell.
bu6imorekn U36aBIAIOT OT HEOGXOMMOCTH PCATU3OBBIBATh COGCTBEHHBIC CPEACTBA H 110-
3BOJIIOT YAAEUTh OCHOBHOE BHUMaHHME HAITMCAHMIO QYHKIMIA, peausyomux Tpebyolyocs
6HM3HEC-TIOIMKY, IOPYyYas OPraHU3aLHIO (PYHKIIMOHAIBHOTO KOJIa 3THM GHGAHoTeKaM. B sTom
pasjiesie nepeurcacHbl (PyHKIMOHAIbHbIE OGMGIMOTEKH, YIIOMHHAEMbIE B lalIIOH KHHUIC U
HpeHa3HAYeHHbIE JJISi BBINOIHEHHUS CICAYIOMMX ACHCTBHIA.

8 BocuosHenue m06bix IPOGENOB B CTAHAAPTHBIX Cpefiax JavaScript ¢ mpesocTasiie-
HUEM JIOTIOJIHUTENbHBIX A3bIKOBBLIX KOHCTPYKIMI U CIIy)K€OHbIX (PYHKIIMI BBICOKOTO
yPOBHS, NOGYX/IAI0MMX [TUCATh KOJ{ HA OCHOBE NPOCTBIX PYHKIHIA.

B O6eclieyeHne COBMECTUMOCTH (PYHKIIMOHAIbHBIX BO3MOXHOCTEH KIMEHTCKHX HPH-
oxeHu# Ha JavaScript ¢ pasubiMu 6pay3epamMH.

B CornacoBaHHOE aGCTParupoOBAHME OT BHYTPEHHUX OCOBEHHOCTCH PCAIM3ALIMH TAKHUX
METOAMK (PYHKUHMOHAILHOTO 11POrpaMMHPOBAHMS, KAaK KaPPHUHI, KOMIO3NIMA, Ya-
CTUYHOE ¥ OTIOKEHHOE BbIYMCIEHHE U 11P.

B kpaTkoe onucaHHue Kaxaoii 6MGIMOTEKN BKIIOUEHbI MHCTPYKLIMH 110 YCTAHOBKC K4K
B cpejax 6pay3epoB, Tak U B cpejiax cepsepoB (Ha maTgopme Node.js).

Bubnuorteka Lodash

Jta cayxebHas 6ubiMOTEKa ABASETCS OTBETBIEHMEM oT 6uGanoreku Underscore.js
(http://underscorejs.org/), INHPOKO NPHHATOMN PaHblIE B CPEAC (PYHKLIMOHATLHO MPO-
IPaMMHUPYIOHIMX Ha JavaScript, MMes 3AaBUCMMOCTb OT TaKMX BaXHbIX Juisl JavaScript 6u6ano-
TEK M KapKacoB, Kak Backbone.js. B 6u6.1noreke Lodash npociexxnubaeTcs TecHast CBA3b ¢ UH-
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Tepdeiicamu API ua 6u6auorexn Underscore.js, ¥ €€ BHYTPEHHHI ABUXKOK GbUI IOJHOCTBIO
NIEPETHUCaH JUis MOBbIIEHUS POM3BOANUTENBHOCTH. B mpuMepax M3 JaHHOH KHUTM GHOIHO-
Texka Lodash npumeHseTcs, aBHbIM 06pa3oM, VIS CO3JaHHA MOY/IbHBIX HEnoYeK PyHKIMIA.
Huxe nepeuncieHbl OCHOBHBIE CBeleHUs 0 6ubanoTeke Lodash.

B Bepcus: 3.10.1

8 HauanbHas cTrpannna: https://lodash.com/

W YcraHoska:

- DBpaysep: <script src="lodash.js"></script

- VY3em: $npm i --save lodash

BbubnuoTteka Ramda

3Jta cayxebHas 6ubinoTeKa NpeJHasHavyeHa Ui (PYHKIMOHAILHOrO NpOrpaMMHpOBa-
HUSA U TIO3BOJISIET YIIPOCTHTD CO3JIaHKEe KOHBelepoB dyHkuuii. Bce gyHkuum na 6ubamorexu
Ramda Henamensemsl 1 cBO60AHBI OT NO6G0uHBIX 3¢ pexToB. Kpome Toro, onn apromaTH-
4eCKH KappUPOBaHbl, 4 MX apaMeTphl CIeNMaIbHO OPraHM30BaHbI JUI YI06CTBA KappPHHTa
u komno3unuu. B coctas 6uéanorekn Ramda BxoaaT Takxxe JHMH3bI CBOHCTB, IPHMEHS€-
Mble B IPUMEPAX U3 JaHHON KHMIHU I YTEHHUS, M 3aIMCH CBOICTB OGBEKTOB HEU3MEHSI€E-
MBIM CITOCOGOM.

Hwuxe nepeunciieHb OCHOBHBIE CBeieHMs O 6uGanoreke Ramda.

B Bepcus: 0.18.0

8 HavanbHas cTpanuna: http://ramdajs.com/

B VYcraHoBka:
— Dbpaysep: <script src="ramda.js"></script>
- VYaen: $npm install ramda

Bubnuorteka RxJS

B 6ubanorexe Reactive Extensions for JavaScript (Rx]S) peannsyercs napaaurma Tak Ha-
3bIBAEMOTO peaKmuenozo npozpammupoeanus, CoOYeTaomas B cebe HauIydue HAEH U3 mabo-
HoB “Hab6monatesns” u “Hrepatop”, a Takke (pyHKIIMOHATBHOTO IPOrpaMMHUPOBAHUSA, YTOObI
YNPOCTHTb HAallMCAHHE POTPaMM, aCHHXPOHHBIX M OPUEHTHPOBAHHBIX HA COGBITHA.

Huxe nepeuncieHs OCHOBHbIE CBeileHUs 0 6ubanoreke Rx]JS.

B Bepcus: 4.0.7

¥ HauanbHasa cTpaHMIA POAMTENLCKOrO MpoekTa: https://github.com/Reactive-
Extensions/RxJS.
B YcraHoBKa:
- bpayaep: 3arpy3anuTb HyXHbl€ NAaKeTbl M3 XpaHWIHIA JavaScript, Hanpumep, no
agpecy http://www.jsdelivr.com/?query=rxjs. /I BbIIOJIHEHUS NpUMe-
POB U3 JaHHOH KHMTM NOTPEGYIOTCA CleAyloliHe MakeTbl: rx-async, rx—dom u
rx-binding.

—~ ¥3ex: $npm install rx-node
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Apyrve npumeHseMbie 6MGNUOTEKM

B npumMepax U3 JaHHOIH KHUTHM PUMEHSAIOTCA TaKXe He(yHKUHOHAIbHbIE GUOIHOTEKH
JUIS1 IEMOHCTPANMH JONOJHHUTEbHBIX CPEACTB Pa3paboTKM MPOTrPaMMHOTO obecreyeHus
BPO/i¢ IPOTOKOJMPOBaHUSA, TECTHPOBAHUSA U CTATHUECKOTO aHAIN3a KOJA.

Bubnuoreka Logdjs

Bu6auorexa Log4JavaScript aBaseTcs KapKacoM Ui IPOTOKOJIMPOBAHMUSA Ha CTOPOHE
KIHEHTA M COKpaIlleHHO Ha3biBaeTca Log4js aHal0rMyHO NakeTaM Ha APYrux A3blKaX, Hanpu-
mep, Log4j Ha Java, log4php na PHP u npounM. 3ta 6u61M0TEKA 3a4aCTYIO IPUMEHSIETCS 15
OPraHU3aLUH IPOTOKOIMPOBAHUSA B MACIITAGAX NPEANIPHUATHA, 061aIasi HAMHOTO GONBITUMU
BO3MOXHOCTAMH, YeM THIIMYHAsA PyHKIMsA console.log ().

Huxe nepeurcienbl OCHOBHbIE CBeJleHUs o 6ubanoTeke Logdj.

® Bepcus: 1.0.0

B HavanpHas cTpanuua: http://stritti.github.io/logdjs/

B Ycranoska:

- bBpayaep: <script src="log4.js"></script>
- Vsen: Snpm install logdjs

Bubnuoreka QUnit

Ara 6ubaMoTEKA ABNAETCA 3PPEKTUBHBIM, CTPOHHBIM U IPOCTBIM KAPKACOM IS MOy b
HOTO TeCTHPOBAHMUA Koja Ha JavaScript. OHa NPUMEHAETCA B TAKHUX WIKPOKO PaclipocTpa-
HEHHbIX NMPOEKTaX, Kak jQuery, ¥ MPUroJHa Il TECTUPOBAHUA J1I060TO TUIIMYHOTO KO/Ia Ha
JavaScript.

B Bepcus: 1.20.0

@ HavuanbHas cTpanuua: https://qunitjs.com/

B YcraHoBKa:

- DBpaysep: <script src="qunit-1.20.0.js"></script>
- Vaen: $npm install --save-dev qunitjs

Bubnuoreka Sinon

Bu6snoTeka Sinon.JS cAyKHUT kapKkacoM i OPraHU3alMH 3aIyHleK U CPCO Ui UMH-
TauMu B Koze JavaScript. B npumepax M3 1aHHOH KHUIH OHA IPUMEHSAETCH B COUETAHHUHM
¢ 6ubamnorekoit QUnit A1s yCHJIEHHS Cpelibl TECTUPOBAHU A KOHTEKCTOM UMHUTAIIMU U HHTED-
¢peiicom APL

8 Bepcus: 1.17.2

8 HavanbHas cTpaHuua: http://sinonjs.org/

B YcTraHoBKa:

- bpaysep: <script src="sinon-1.17.2.js"></script><script
src="sinon-qunit-1.0.0.3s"></script>

- V¥sen: $Snpm install sinon
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$npm install sinon-qunit

Bubnuoreka Blanket

bubnuoreka Blanket.js aBnseTcss MHCTPYMEHTAIBHBIM CPEACTBOM /ISl TIOKPLITHS TECTAMU
koza JavaScript. OHa npeaHa3HayeHa B KAUeCTBE JOTIOJHEHHS CYMIECTBYIOMMX MOAYJIbHBIX
TecTOB Ha JavaScript (a no cymecTsy, TectoB QUnit) cTaTH4ECKMMH AAHHBIMU O MIOKPBITHH
ITPOBEPAEMOTO KO/Ia 3STHMH TECTaMH.

ITokpbiTHE MPOBEPAEMOTO KOZA TECTAMH OIPEAEAAETCA JONeH B MPOLEHTaX TeX CTPOK
KOJla, KOTOPbIE BBINOJHAIOTCS 3a OAMH [IPOXOJ MOJY/IbHOTO TECTA. ITOT NPOLECC MPOUCXO-
JMT B T€YEHHE CAEAYIONHUX STAINOB.

1. 3arpyska HCXOLHBIX (aiLIOB.

2. OcHanieHMEe NPOBEPAEMOro KOJa CTPOKaMHU OTC/IeKUBAHUS.

3. CoeavHEHME NMEPEXBATYMKOB B UCHOJIHHUTENE TECTOB C BBIBOAUMBIMHU MOAPOGHOCTS-

MM O [IOKPbITHH T€CTAMH.

B Bepcus: 1.1.5
HavanbHas cTpanuua: http: //blanketjs.org/
® YcraHoBKa:

— Dbpaysep: <script src="blanket.js"></script>

- V¥3en: $Snpm install blanket

Bubnuoreka JSCheck

ATO 6UGAMOTEKA A TECTUPOBAHUA KoJAa JavaScript Ha ocHoBe cnenuguUKanuM (Kiu
cBoiicTs), HanucanHas Jlyrmiacom Kpokgopaom noxa BinsaaueM npoekra QuickCheck Ha s3b1-
ke Haskell. Ona nosposiseT creHepupoBaTh U3 ONMCAHHUSA CBOMCTB (DyHKLIMHU CITyqaitHble KOH-
TPOJIbHBIE IPUMEPDI, B KOTOPbIX MPEAIPUHHMAETCS NONbITKA MOATBEPAUTL 3TH CBOHCTBA.

8 HavanbHasa cTpanuua: www. jscheck.org/

¥ YcraHoBKa:

- Dbpaysep: <script src="jscheck.js"></script>
- Vaen: $npm install jscheck
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(yHKIMOHANILHBIX TPOrPaMM pPeKypcuBHbIe, coctaB 107
MHTepnpeTanus QpyHkumii B 1A COBMECTUMOCTh
“yepHoro amuka” 204 IO KOJIMYeCTBy aprymeHToB 123
Moay/ibHoe, ocobenHocTH 206 no Tumy 122
OT/Je/IeHHe HEYHUCTBIX YaCTel OT YUCTbIE
guctbix 208 npUMeHeHHe, 0cO6eHHOCTH 32
npeumymiecTsa 204 csoiicTBa 30
CCBUIOYHASA MPO3Pa4YHOCTD, CBOM-
® ctBo 35
®PIT 45 ®OyHKIMOHAIBHO-PEAKTUBHOE IIPO-
®yHKTOPBI rpaMmupoBanue 45
HagHauenue 166 PynkiuoHaNIbHbIE CCBUIKKA 63
HeiTpalbHble, Ha3HaueHue 171
onpegenenue 163 U.
npuMeHenue 165 Llenouku
CBOMCTBA, onucaHue 165 obJacTeil BUINMOCTH, OCOOEHHOCTH
Pynxnun opranusanuu 232
BHYTPEHHHI MEXaHHU3M BbIIIOJIHE- onpezaenenue 41
Husa 230 ¢yHKIMIH C OTIOKEHHBIM BbIUMCIEHH-
BbicLIero nopsaka 40 eM, coctaBaeHue 103, 42
BBICHIETO NMOpsiAKa, onpeaejieHue [HuxiroMaTHueckas CJIOXHOCTb
Y IpuMeHeHue 66 KOJIMYECTBEHHasi OllcHKa 227
KaK repMeTHYHbIe e IMHUIIbI Pabo- onpenenenue 226

Tbl 38
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y

YacTuyHoe npuMeHeHne QyHKIMI
onpeaeneue 133
OT/IWYUA OT KappuHra 133
Yucteie pyaxknumn 30
YucTblit 06bekT 57

3

JKBallMOHA/IbHAA KOPPEKTHOCTb 35

A3bik JavaScript

AMHaMUYeckuii xapakrep 51

kak OOII, tak u ®IT 48

KOHCTAHTHbBIE CCbLIKM, CO3IaHHE
M npumeHenue 57

MEXaHH3M 3aMOPaXXMBaHHS OOBEKTOB
Y CBOKMCTB, NpuMeHeHue 60

06.1aCTh BUIMMOCTH, MEXaHH3M OIpe-
nenenus 75

ONTUMM3aNKA KOJA, OCOOEH-
Hoctu 230
npuMecH, HazHadyeHue 106
NPUYMHbBI /Ui BbIOOpa 48
paciiMpeHue 6a30BbIX A3bIKOBBIX
cpeacts 135
pexypcus, npumeHenue 107
cocTosinue O6bEKTOB, yrpasjieHue 56
cTpesiouHble (PYHKIUH, IPUMEHE-
Hue 89
yTHHaA TUMM3aLUs, TpuHIMn 122
¢byHkIHMH
OCHOBHBIE XapaKTEPUCTUKH 65
crioco6bi BbI30Ba 69
3HEPru4Hoe BBIYMCJIEHHE, aJIrO-
put™m 238



CEKPETb!

JAVASCRIPT HAHA31

2-e u3fjaHue

AxoH Pe3unr
besp bnbo
HNocun Mapac

www.dialektika.com

ISBN 978-5-9908911-8-0

B 3T0i1 KHMre pacKpbIBalOTCA
CeKpeTbl MacTepcTBa pa3paboTku
BeO-npunoxexuii Ha JavaScript

C Y4eTOM HOBOBBEJECHHI B CTaHAAp-
tax ES6 u ES7. HaunHas c nosc-
HEHHS TAKMX OCHOBHBIX MOHATHH,
KaK QPYHKUHMH, OOBEKTBI, 3aMbl-
KaHMS, MPOTOTHUIbI, PETYISIPHBIE
BbIpaXeHHUs, obellaHHus, COObITHSA

Y TaiiMepbl, aBTOPbI NOCTENEHHO
TIPOBOASAT YUTATENS MO NMyTH 00Yy-
YeHHs OT YYEHHKa 0 MacTepa,
packpbiBasi HEMaJIO CEKPETOB U
CreUHaTbHBIX TPUEMOB MPOrpaMMM-
pOBaHMsi HA KOHKPETHBIX MPUMeEpax
Koza JavaScript. B kHure ynensietcs
HeMaJlo BHUMaHHUsl BOMPOCcaM Hamu-
CaHus Kpocc-Opay3epHOro Koaa u
MPEONONEHHIO CBA3AHHBIX

C 3TUM TUMHUYHBIX 3aTPYAHEHHUH, YTO
MOXET MPUHECTU HEMATYIO MOJB3Y
BCEM, KTO 3aHMMAaeTCsi pa3paboTKOM
BeO-NPUIOXEHUA.

KHura paccuutaHa Ha NOAroToB-
JIEHHBIX YUTaTeNei, CTPEMSILIUXCS
NOBLICHTb CBOM YPOBEHb MaCTEPCTBA
B NIPOrpaMMMUPOBaHMMU Ha JavaScript
B YaCTHOCTH U pa3paboTke BeO-npu-
JIOXEHHU# BooOILLE.

B npogaxe



N3YYAEM JAVASCRIPT.
PYKOBOACTBO MO CO34AHUIO
COBPEMEHHbIX BEB-CAUTOB

3-e uzfaHme

JraH bpayH

3raH BpayH

www.dialektika.com

ISBN 978-5-9908463-9-5

DTa KHUra — XOpOILO HamNmMCaH-
HOE CXaToe BBEIEHHE B S3bIK
JavaScript, BKJIO4Yas CTaHAapT
ECMAScript 6. OHa 3HaKOMHUT npo-
rpaMMHUCTOB (1I00UTEJIEH U MpPO-
deccuoHaNioB) co cneuunduka-
uueit ES6 Hapsily ¢ HEKOTOPBIMH
CBSI3aHHBIMM C HEH HHCTPYMEH-
TajJbHBIMA CPEACTBAMU M METO-
AVKaMH Ha cyrybo npakTUuecKoin
OCHOBE.

DTa KHUra npegHa3HauyeHa, npe-
XIe BCero, Ajs 4YuTaTesei, yxe
001110 UX HEKOTOPBIM OMBbITOM
NporpaMMUpoOBaHUsi (OCBOMBLLKX
XOTsl Obl BBOAHBIM KypC NMporpam-
MUpOBaHus). OMNbITHbIE MpoO-
rpaMMUCTbl HaWAyT 30eChb Npak-
TUYECKH TOJHOE OMUCaHHE Bax-
HedlWKnX KoHuenuuit JavaScript,
BBEAEHHbIX B cTaHaapt ES6.
[MporpamMmucTaM, NepexonsilinM
Ha JavaScript ¢ Apyroro s3bika,
COAEPXHUMOE 3ITOM KHUIM TaKXke
JOJIXXHO MOHPAaBUTbCS.

B npogaxe



JAVASCRIPT

KAPMAHHbIN CTIPABOYHUK

3-E U3AAHUE

A3eua dnsHaraH

r e —— r——r—

Coenatime 6e6-Cmpanuuigbt UHMePAKMUSHSMU!

] J36u0 Lasnazan

O'REILLY®

www.williamspublishing.com

ISBN 978-5-8459-1830-7

JavaScript — nonyasipHefnii
sI3bIK TPOrPaMMHPOBaHMS,
KOTOpHIil yxe Gosiee 15 net
NpUMeHseTCs 1151 HalUCaHus
ClleHapU€eB HHTEPAKTUBHBIX
BeO-cTpaHuil. B kuure
npeicTaBaeHbl Hanbosee
Ba)KHbI€ CBEJEHUSI O CHHTaKCHCE
sI3bIKa M NTOKa3aHbl IPUMEPBI €ro
NPaKTHYECKOro NPUMEHEHHUS.
HecMmoTps Ha Massiit 06beM
KapMaHHOTO U3[aHHUA,
B HEM COZAEPXKUTCS BCE, YTO
HeoOX0AUMO 3HATH AJIsk
pa3paboTku n1pogeccHoHaIbHbIX
BEO-TIPHJIOKEHHHA.
Inassl 1-9 nocBsiuieHst
ONMKUCAHUIO CHHTAKCHCA
nocjenHel BepCHH sI3bIKA
(cneunduxanus ECMAScript 5).
- Tunbl AaHHBIX, 3HAYEHHUS

Y IepEMEHHbBIE
- MHCTpYK1IMH, ONepaTophl

M BBIPaXKEHUS
- O6bEKTHI 1 MACCHBBI
- Knaccor u yHkuun
- PerynsipHble BolpakeHHUA
B rnaBax 10-14
paccMaTpUBalOTCS
(byHKIMOHANbHBIE BO3BMOXHOCTH
sI3bIKa HAapsAAY C MOZEJIbIO
DOM u cpeactBamu
noanepxku HTMLS.

B npoaaxe



JavaScript

Ang npogeccMoHanos

Bropoe n3ganme

JDxoH Pe3swur,
Pacc @epriocoH,
AxoH lNMaxkcroH

- MPOBECCHOHANLHG O PRIPREOTRE SEB-IOVIONENAIA

2-¢ U3paHne

JavaScript

ANA NPOOECCUOHATIOB

[xon Pezur, Pacc Qepriocon, xon Maxcrow

\press

www.williamspublishing.com

ISBN 978-5-8459-2054-6

JTa KHUra SBJISETCS He3aMeHH-
MbIM nioco6ueM st npodeccuo-
HaJIbHBIX Pa3pabOTYNKOB COBpe-
MEeHHBIX BeO-TPHJIOXKeHHiT Ha
JavaScript. Uurtarenp HailneT

B Heit Bce, 4TO TpebyeTcs 3HATh
0 COBpPEMEHHOM COCTOSIHUH SI3bIKA
JavaScript, ero nocrouscrBax u
HeJOCTATKaX, HOBBIX SI3bIKOBBIX
CpeICTBaX, BHEAPEHHBIX

B MOCJIETHUX BEPCHUSIX CTaHAApTa
ECMAScript, nepenoBbIX Mpu-
eMax OTJI/IKU U TeCTHPOBaHMs
KOJIa, 3 TAK)K€ HHCTPYMEHTAIbHBIX
cpezctBax pa3pabotku. Kuura
M3001IyeT MHOTOYHC/IEHHBIMH
NPAKTHYECKUMHU H TIOAPOOHO
pa3bupaeMbiMH IPUMEPaMU
KOZIa, TOBTOPHO HCMOJIb3YEMbIX
(GYHKIHUH U KJ1aCCOB, 9KOHOMS-
1MX BpeMsi pa3paboTyukoB. OHa
MOMOTaeT UM OBJIaJIETh PAKTH-
4eCKUMH HAaBbIKAMU HAMHCAHUS
NUHAMHYECKUX BeO-TIPUIIOKeHUH
Ha BBICOKOM NPO(dECCHOHAIBHOM
YPOBHe, a TaKXe MOBbICHTb CBOIO
KBIH(UKAIHIO.

KHura paccuvrtaHa Ha Tex, KTO
uHTepecyeTcs pa3paboTkoi Beb-
NPUJIOKEHUH U MMeeT OIbIT Npo-
rpaMMHUpoBaHus Ha JavaScript.

B Nnpoaaxe



OyHKUMOHanbHOe NporpaMmMmmpoBaHune
Ha JavaScript

Jlync Atencmno

CNOXHbIX BEG-NPUNOXKEHUAX HU3KOYPOBHEBbIE feTa-

nn JavaScript-koaa MoryT 3aTpyAHUTb aHanm3 Npo-

rPamMmbl 1 MOBMATb Ha PaboOTOCMOCOBHOCTb CUCTEMDI
B Lenom. OyHKUMOHanbHoe nporpammuposanue (Or1) kak
CTWSIb HanNucaHnA Koaa cnocobcTByeT cnabo cBA3aHHbIM
OTHOLLEHUAM MeX[y OTAENbHbIMW KOMMOHEHTaMM NPUIo-
XKEHWI 1 NO3BONAET COCTaBUTb ObLIee npefcTaBneHne o
NPOEKTe, yNpoCTUTb ero pa3paboTKy, obLieHne ¢ 3aKa3uu-
Kamu 1 CONPOBOXKAEHNE,
B 31011 KHUre NOACHAIOTCA METOAMKN YCOBEpPLLEHCTBOBAHUA
BEG-MPUNOXEHWIA, BIMAIOLME B TOM YMC/E Ha UX paclumpse-
MOCTb, MOAYIbHOCTb, MOBTOPHOE NCMOJIb30BaHMNE 1 TeCTU-
pyemocTb, a TaKXKe NPon3BOANTENBHOCTb. B ynobHon ansa
uTeHnA Gopme Ha KOHKPETHbIX MPUMepax 1 AOXOAUYMBbIX
NOACHEHMAX AEMOHCTPUPYETCS, KaK MoJib30BaTbCA METO-
avkamu O Ha npakTuke. HaunHatowme ocsamsath O no
AOCTOMHCTBY OLEHAT HEMAO yAauHbIX MPUMEPOB CpaBHe-
H1A Ol ¢ MNepaTBHBIM 1 06bEKTHO-OPUEHTUPOBAHHBIM
NPOrpaMMmMpoBaHmnem, 4TO NO3BOSIAET NyyLle NOHATb 0COo-
6eHHOCTU PYHKLIMOHANBHOIO NPOEKTUPOBaHKA. [pounTtas
3TY KHUTY, YnTaTeslb HayuymTCA OCMbICIIMBATL CBOW MPOEKTbI
GyHKLMOHaNbHO, @ BO3MOXHO, OpacTeT 1 O MOHUMaHUA
MoHag!

OCHOBHbIe TemMbl KHUIN

* MpumeHeHe LeHHbIX MeToank Ol Ha NpakTuKe U Tam, roe
370 Hanbonee uenecoobpasHo

» OTaeneHmne NOrMKM CUCTEMbI OT NOAPOBHOCTEN ee
peanusauumu

+ O6paboTka OWMN6OK, TECTVPOBAHWE 1 OTNaAKa NPUKIaa-
Horo kopa B ctune O

* [lemoHcTpauma n obcyxaeHve Bcex NpUMEpOB Kopa Ha
JavaScript, HanucaHHbIx no ctaHgapTy ES6 (ES 2015)

KHura agpecosaHa paspaboTymkam, TBEpAO YCBOVBLIMM
OCHOBbI MPOrpamMM1POBaHMA Ha JavaScript n obnagatoLwmm
AOCTATOYHbIM OMbITOM MPOEKTVPOBAHUA BEG-NPUNOKEHWIA.

O6aBTope

Jlync ATeHcno — nHxeHep-pa3paboTumK 1 apxnTeKTop
NpUNoXeHnn maclutaba NpeanpuATUA Ha A3bikax Java, PHP
n JavaScript.

/II MANNING A_ﬂAﬂEKIiIUKA

www.williamspublishing.com

“3Ta KHUraflomKHa BXOAUTD
B COCTaB 3HAMEHUTOW KHUT
Cexpemel JavaScript HUHO35
B BuAe otaenbHoum yactu”.,
bnazodapHsiti yumamerno

“ITa KHUra KOpeHHbIM 06pasom
U3MeHWUIa MOW NpeaCcTaBeHus
O HanucaHun Kofa Ha JavaScript”.

SHopio Mepedum,
KomnaHus Intrinsitech Corporation

“YRo6HbIN CNPaBOYHUK C NpaK-
TUYECKUMN Npumepamn’”.
Amu TeHe, komnaHus Dell

“Tenepb MMEHHO TaK HYXHO
nucarb Kog Ha JavaScript”.

Yunesam E. Yunnep,
komnaHua West Corporation

“lNMpoynTas 3Ty KHUTY, A Nepe-
OCMbICIINIT CBOW NOAXO[ K Ha-
MUCaHNIO Kofa U Aa)ke cymen
nepecTponTb CBOE MblLLIeHNe
Ha npumeHeHue 6ornee coBep-
LUEHHbIX MPUEMOB 1 METOAUK”.
Kpucmodgpep Xaynm,
komnaHus New Relic Inc.

Ka'reropvm: nporpamMmmmpoBaHune

MpeameT paccMoTpeHUA: METOANKN
GYHKLIMOHaNbHOro NporpaMMnpoBaHus
Ha JavaScript

YpoBeHb: NPOMEXYTOUHbIN/MPOABUHYTHIN
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