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IIpeoducnosue

ITa KHUra — UTOT MHOTHX JIET M3YYEHHUs] CHCTEM TUIIOB U TIPABUJIILHOCTH PabOThI MPO-
IPAMMHOTO 06eCTIeYeHIU, BBIPAKEHHBIH B BUJIE TIPAKTHYECKOTO PYKOBOJICTBA 0 CO3/IAHUIO
peasIbHBIX PUJIOKEHUT.

MHe Bcerjia HpaBUJIOCh UCKATh CIOCOOBI HATIMCAHMST 00Jiee COBEPIIIEHHOTO KOJa, HO
coGCTBEHHO HAYAJIO ATON KHUTH, MHE KaskeTcs1, Obuto 3amoxeno B 2015 rouy. S torna
nepelies1 U3 oJHON KOMaH/Ibl pa3paboTUNKOB B JAPYTYIO U XOTEJ OOHOBUTH CBOM 3HAHUS
a3pika C++. S Hayasm cMoTpetsb BUieo ¢ KoHpepeniuii mo C++, ynTaTh KHUTH AJIeKCaHIpa
Crenanosa 110 0600IEHHOMY TPOTPAMMUPOBAHUIO U TIOJHOCTHIO U3MEHUJ CBOY TTPE/I-
CTaBJICHUS O TOM, KaK HY>KHO MTUCATH KOJI.

[Tapasuienbho B cBoGoHOE Bpems s uzydan Haskell u ocBansasn mpogsunyThie cBOM-
cTBa ero cucteMbl TUIOB. [IporpaMmmupys Ha GyHKIIMOHAJBHOM S3bIKE, HAUMHACIIDb
HOHUMATh, KAaK MHOTO €CTECTBEHHBIX BO3MOKHOCTEH MO0OHBIX A3BIKOB CO BPEMEHEM
NPUKUBAIOTCS B 60JIee PacTipOCTPAHEHHBIX SI3bIKAX.

S1 mpounTas HeMaJIo KHUT Ha 9Ty TeMy, HaunHast ot Elements of Programming v From
Mathematics to Generic Programming Crenanosa' u o Category Theory for Programmers
Baproura Musescku (Bartosz Milewski)? u Types and Programming Languages Benpxa-
muHa [Tupca (Benjamin Pierce)?. Kak Bbl moHuMaere M3 Ha3BaHW, KHUTH MTOCBSIIIIEHDBI
CKOpPee TEOPETHKO-MaTeMaTHIEeCKIM BoTIpocaM. Yem GoJibliie 51 y3HaBa O CHCTEMAax TH-
OB, TEM JIy4Ilie CTAHOBUJICS KOJI, KOTOPBIiA st Tiicast Ha pabore. Meskly TeopeTudecKuMu
BOITPOCAMH TIPOEKTUPOBAHUSI CUCTEM THITOB U OBCEIHEBHON PAOOTO# HAJl TPOTPAMMHBIM
obecrieyeHneM CyIeCTBYeT caMast HeoCPeICTBEHHAS CBsI3b. 51 BOBCe He OTKphIBaio AMe-
PUKY: BCe TPUYY/ITTUBbIE BOSMOKHOCTH CUCTEM THUIIOB CYIIECTBYIOT KaK Pa3 JIjid PeleHns
peasIbHBIX 3a/1a4.

Cmenanos A., Max-/[aconc 1I. Hauana nporpammupoBanusg. — M.: Bunsamc, 2011. Poys /.,
Cmenanos A. A. Ot matemartuku Kk 0600ueHHOMy nporpammuposatuio. — M.: /IMK Ilpecc,
2015.

«Teopust kareropuit 1715 IpOrpaMMKCTOB>. Ee HeoduimaibHblil epeBoji MOKHO HAliTH Ha caiiTe
https://henrychern.wordpress.com/2017,/07 /17 /httpsbartoszmilewski-com20141028category-
theory-for-programmers-the-preface/. — Ilpumeu. nep.

3 [upc b. Tunel B si3bIKax mporpammupoBanust. — M.: JIsm6aa npece; Jlobpocser, 2011.
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51 ocosHaut, 4TO 1asIEeKO He Y BceX MPAKTUKYIOIIUX ITPOTPAMMUCTOB €CTh BPEMSI 1 JKeJIa-
HYE YUTaTh 0OGBEMHBIC KHUTH ¢ MATEMATHYECKIMHE JIoKasaTeabcTBaMit. C IPYToii CTOPOHBI,
s He TIOTPATHJI BPeMsI BIYCTYIO 32 YTEHHEM 9TUX KHUT: GJIaroapst UM st CTaJl JIydITiM
CIIEIUATUCTOM TI0 TPOrpaMMHOMY obecriedeHnio. MHe cTajio TOHATHO, 4TO eCTh MOTPed-
HOCTb B KHUTE, B KOTOPOiT GbI OMICHIBATINCH CUCTEMBI TUTIOB U VX TPEUMYIIECTBA Ha MEHEE
(hopMaTbHOM SI3BIKE, C YIIOPOM Ha MPAKTHYECKOe TIPUMEHEHUE B eXKeHEBHON paboTe.

[Tenb KHUTH — MOAPOGHBII AaHATI3 BO3MOKHOCTEH CHCTEM TUTIOB, HAYUHASA OT Ha30BBIX
TUMOB, PYHKIIMOHAIBHBIX TUTIOB 1 cosfantst moaTumos!, OOTI, 06061eHHOTO Tporpam-
MUPOBaHUsI ¥ TUTIOB 60Jiee BBICOKOTO POJIa, Harrpumep (hyHKTOPOB 1 MOHa/I. BMecto Toro
4TOGBI COCPENOTOUUTHCS HA TEOPETUYECKO CTOPOHE ATUX BO3MOKHOCTEH, 5T OTHIITY UX
IIPaKTUYeCcKoe PIMeHeHne. B 1aHHOIT KHUTe paccKa3bIBaeTCs, KAk M KOT/Ia UCII0Ib30BaTh
KayK/yTo U3 HUX, YTOObI CIeIaTh CBOM KOJI JIyYIIIE.

V3HauanbHO TIPE/IIONATANOCh, YTO TIPUMEPLI Koga OyayT Ha si3bike C++. Cucrema
tunoB C++ obaagaer HAMHOTO GOJIBITUME BO3MOKHOCTSIMU, €M Y TAKUX A3BIKOB, KaK
Java u C#. C apyroii ctoponbl, C++ — CJIOXHBII S3bIK, U 5 HE XOTEJ UCKYCCTBEHHO
OTPAaHUYMBATH AYIUTOPHIO KHUTH, TAK YTO PEIIUJ IPUMEHUTh BMecTO Hero TypeScript.
Cucrema TUTIOB 9TOTO SI3bIKA TOXKE PACIIOJIAraeT MUPOKUMH BO3MOKHOCTSIMH, HO €T0
cuHTaKcuc 6oJiee IOCTYTIEH, MOITOMY U3YUeHHEe TIPUMEPOB He JI0CTaBUT CIIOKHOCTEH Jlaske
TeM, KTO IPUBBIK K IIPYTUM sI3bIKaM. B mputoxkennu b npuBeniena kpaTkas mimapraika
110 UCTI0JIb3YEMOMY B JIAHHOW KHUTE TIoJIMHOKecTBY TypeScript.

51 HazeoCh, UTO BhI MOJTYYUTE YIOBOJIBCTBUE OT YTEHUS ATON KHUTH U U3Y4UTE KOe-
KaKue HOBble METOIMKH, KOTOPBIE CMOKETE CPa3y Ke TIPUMEHUTD B CBOUX TIPOEKTaX.

3nech u pasee 1151 euHO0Opasust subtype/supertype nepeBoauTCst KaK «IOTHIL/HALTUIT> , XOTSI
B PYCCKOSI3bIYHON JINTEPATYPE [IEPBOE Yallle HA3bIBAIOT <IOATHUII> (a He cyOTuIn), a Bropoe —
«cynepruns. — Ipumeu. nep.



Bbrazooaprnocmu

[Tpeskie Beero s1 XoTes 6bI TOGIATOAPUTE MOTO CEMBIO 3a TTO/IEPKKY U TOHUMAaHHE.
Ha xas oM starie JaHHOTO YT cO MHOMN G MOsT skeHa Jlnana u 1o4b Ajia, ToJIepKu-
Bast MEHS U TIPEIOCTABIISAST CBOOOLY, HEOOXOUMYIO JIJIS 3aBEPITCHS OTONH KHUTH.

Hanucanue kuuru, 6e3yci0BHO, 3acayra IieJoil koMauabl. S npusnartenen Maiikiy
Crusency (Michael Stephens) sa nepsonauasibHbie 0T3bIBBI. 1 X0uy 1MOGIATOJAPUTH
Mmoero pegakrtopa Jaemy Xaiia (Elesha Hyde) sa Bcio ee momorib, COBEThI U OT3bI-
Bbl. Ciacu6o Maiiky Hlenapay (Mike Shepard) 3a penensuio Ha Kaxayio U3 rjiaB
u dyecTHyI0 KpuTHKY. Kpome Toro, cracu6o Xepmany Ioncanecy (German Gonzales)
3a TPOCMOTP BCEX JI0 EIMHOTO MPUMEPOB KO/Ia U TPOBEPKY TPABUILHOCTH MX PabOTHL.
s xoren 61 MOGMATOAPUTE BCEX PEIEH3ECHTOB 3a YACTCHHOE MHE BpeMs U GecIieH-
uele or3biBbl. Criacu6o sam, Bukrop Bek (Viktor Bek), Po6epro Kacamen (Roberto
Casadei), Axmen Yukraii (Ahmed Chicktay), dsxon Kopau (John Corley), Jxactun
Koyacron (Justin Coulston), Teo Jecnyauc (Theo Despoudis), Josun Ju Mapus
(David DiMaria), Kpucrodep ®Dpaii (Christopher Fry), Xepman T'oncanec-Moppuc
(German Gonzalez-Morris), Bumya I'ynra (Vipul Gupta), Ilurep Xomuron (Peter
Hampton), Kaiis Xap6ep (Clive Harber), ®pexn Xur (Fred Heath), Paitan Xsi06ep
(Ryan Huber), [lec Xopcau (Des Horsley), Kesun Hopman [I. Kanwan (Kevin Norman
D. Kapchan), Xoce Can-Jleanapo (Jose San Leandro), Jsxeiimc Jloii (James Liu),
Voiin Masep (Wayne Mather), Apuanbao ['abpusis Aitana Meiiep (Arnaldo Gabriel
Ayala Meyer), Pukkapao Hosbemno (Riccardo Noviello), Mapko Ilepone (Marco
Perone), [xepmains IpectByn (Jermal Prestwood), Bopxa Kesexo (Borja Quevedo),
Homunro Cebactban Cacrpe (Domingo Sebastidn Sastre), Poxut Illapm (Rohit
Sharm) u I'per Paiit (Greg Wright).

s xoTen 6b1 TOGIATOMAPUTH MOUX COCJTYKUBIEB U HACTABHUKOB 32 BCE, YEMY OHU
MeHs Hayuyuau. Korga s nsydyaa BO3MOKHOCTU MPUMEHEHUS TUTIOB IS YIYUIIEHUsT
Hatreil Ko oBoii 6a3bl, MHE TIOBE3JI0 BCTPETUTH HECKOIBKUX 3aMEUaTEIbHBIX MEHEIKe-
POB, BCera ToToBbIX puiiT Ha noMomutb. Cracub6o Maiiky Hasappo (Mike Navarro),
Hosuny Xanceny (David Hansen) u Beny Poccy (Ben Ross) 3a ux Bepy B MeHs.

Craci60 Bcemy coob1iecTBy paszpaboTankoB C++, OT KOTOPBIX s CTOJIb MHOTOMY Ha-
yumics, ocoberno [lony Ilapenty (Sean Parent) — 3a BIOXHOBEHME 1 3aMedaTeIbHbIe
COBETHI.



O KHuze

ITesb 9TOM KHUTY — TIPOAEMOHCTPUPOBATH BaM, KaK MUCATh JIydInii, 6ojiee Ge30MmacHbIN
KOJI ¢ TIOMOTI[BIO CUCTEM TUITOB., XOTsI GOJBIMUHCTBO M3/IaHWiA, TOCBSAIIEHHBIX CHCTEMAM
THUTIOB, COCPENOTAUNBAIOTCS Ha Gosee (HOPMATBHBIX acTieKTaX BOMPOCa, TaHHas KHUTa
Mpe/ICTABIsSIET COOO CKOpee TPaKTHIecKoe PYKOBOACTBO. OHA COMEPIKUT MHOKECTBO
[IPUMEPOB, TIPUJIOKEHUI 1 ClIeHapHeB, BCTPEYANOIINXCS B TIOBCEAHEBHON paboTe Mpo-
TPaMMUCTA.

Llenesasa ayamtopus

Kuura npegaaznadena Jist IpOrpaMMEICTOB-IIPAKTHKOB, KOTOPbIE XOTSIT y3HATh OOJIbIIe
0 QYHKIIMOHUPOBAHUU CUCTEM THIIOB U O TOM, KaK C MX IIOMOIIbIO TIOBBICUTh KAYeCTBO
cBoero Kojia. JKenaresbHo UMETh OIbIT PAOOThI ¢ 00BEKTHO-OPHEHTHPOBAHHBIMH SI3BIKAMU
nporpammuposanus: Java, C#, C++ wmm JavaScript/TypeScript, a Takske X0Ts1 Obl MUHU-
MaJibHBIH onbIT IpoektupoBanus [10. Xorst B 9T0il KHUTE paCCMATPUBAIOTCS PA3INYHbIE
METO/IMKHU HAIMCAHWS HAJIEXKHOTO, IPUTOIHOTO [17Isi KOMIIOHOBKU U XOPOIIIO HHKATICYIUPO-
BaHHOT'O KOJIA, ITPE/INIOJIATAETCST, YTO BbI IIOHUMAETE, TI0YEMY 9T CBOMCTBA JKeJIATEIbHBI.

CTpyKTYypa KHUMM

Kuwra conep:xut 11 r71aB, OCBAIIEHHBIX PA3JIMYHBIM aCIIEKTaM TUITM3WPOBAHHOTO TTPO-
rPaMMUPOBAHMSI.

QO Briase 1 MbI TO3HAKOMUMCS C TUITAMU U UX CHUCTEMaMu, 060yI[I/IM, UL 9€ro OHU CJIysKaT
1 KaKYIO IT0JIb3y MOTYT ITPUHECTU. PaCCMOTpI/IM CyHIECTBYIOIIHE BU/Ibl CUCTEM TUIIOB
1 TIOroBOpUM O CTpOI‘OI;'I, a Tak’Ke CTaTUYECKOM 1 lII/IHaMI/I‘{eCKOfI THUIIN3alluAX.

Q B raase 2 MbI paccCMOTPpUM IPOCThIE€ TUIIBI JAHHDBIX, CYIIECTBYIOIINE B 60]IBH_H/IH-
CTBE A3BbIKOB ITPOTPAaMMUPOBAaHMA, 1 HIOAHCHI, KOTOPbIC CJACAYET YUUTHIBATD TIPU UX
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ucrnosb3oBannu. K PaCIIpoCTpaHEHHBIM IIPOCTBIM THUIIaAM JaHHbIX OTHOCATCA: HyCTOfI
THUII U € IUHUYHbBII THII, 6yJIeBbI 3HaueHus, 4ncJjaa, CTpOKH, MaCCUBbI 1 CCbIJIKH.

Q Bruase 3 Mbl HN3Y4YUM COYETAEMOCTDb! pa3H006pa3Hb1e c110co0bI COYETAHMS TUIIOB I
oIipe/iesIeHns HOBbIX THUITOB. KpOMe TOT'0, paCCMOTPUM pPa3JINYHbIE c110co0bI peasin-
3allU TMaTTepHa NPOEKTUPOBAHU S «Iloceturenb» u aJII‘€6paI/I‘{eCKI/Ie THIIbI JaHHDBIX.

Q B riase 4 MbI IIOTOBOPUM O TUIIOOE30IIACHOCTH — IIYTH CHUKEHIS HEOJHO3HAYHOCTU
U IpefoTBpalleHns omubOK IIPU UCIIOIb30BaHuK TUIIOB. KpoMe Toro, s pacckaxy
0 pobasiennn/ynanenny nHGOPMAIMU O TUIE U3 KOJA ¢ IIOMOIIBIO MPUBELEHI
THUIIOB.

O B rsaBe 5 BbI MO3HAKOMUTECH ¢ (DYHKITMOHATBHBIMY THITAMH U BO3MOKHOCTSIMU, BO3-
HUKaoIUMU 6arogaps co3fanmio GyHKINOHAIBHBIX IEpeMEeHHbBIX. Mbl pacCMOTPIM
aJibTepPHATUBHBIE CIIOCOOBI Peaju3aliuy naTTepHa npoekTupopanus «Crparerus»
M KOHEYHBIX aBTOMATOB, a Takxke 6a30Bbie aJropuTMbl map (), filter() u reduce().

O B ruaBe 6 Gy/er mpe/cTaBieH PacIInPEHHbIN MaTePUal IPEBbIYIIEN TIaBbl U Po-
JIEMOHCTPUPOBAHO HECKOIBKO MTPOABUHYTHIX MPUIOKCHIH (DYHKITMOHATBHBIX TUIIOB
JIAHHBIX, HAYNHAs OT YIIPOIIEHHOTO TIaTTepHa IIPOeKTHpoBaHus «/lekopaTop» u 3a-
KaHYMBask BO30OHOBJISIEMBIMU 1 ACHHXPOHHBIME (DYHKITUSIMHU.

O B ruaBe 7 Mbl [TO3HAKOMUMCSI C CO3/IAHMEM TIOTUIIOB U 0OCYIMM COBMECTUMOCTD TH-
OB ZIaHHBIX. MBI PACCMOTPUM ITPUMEHEHNe HU3IIETO 1 BBICIIETO TUTIOB U YBUINM, KaK
CBSI3aHBI JIPYT C JIPYTOM THII-CyMMa, KOJUIEKITMH U (DYHKIIMOHATBHBIE THITBI C TOYKA
3peHns NOATUIIN3AIIAN.

O B ruaBe 8 MbI 00CYIUM KJIIOU€EBbBIE 9JIEMEHTBI OOBEKTHO-OPUEHTHPOBAHHOTO TIPO-
TPaMMHUPOBAHUS U UX MCITOJb30BaHMe. PaccMoTpuM nHTEpdEich, HacieT0BaHHeE,
coyeTaHue TUIIOB U IPUMECH.

O B riase 9 BBl O3HAKOMUTECH € 0OOOIIEHHBIM TPOTPAMMHUPOBAHUEM U €TO MEPBBIM
MPUIOKEHUEM: 0000IEHHBIMI CTPYKTYPAMU JaHHBIX. DTH CTPYKTYPBI OTACSIOT
CXeMY AHHBIX OT HUX CAMUX; 00XO0/] CTPYKTYP BO3MOKEH C TIOMOIIHIO HTEPATOPOB.

O B ruaBe 10 MbI IPOAOJKUM TeMy 0600IIEHHOTO POrPAMMUPOBAHUS U 06CYIUM
0000611IeHHbIE AJITOPUTMBI 1 KaTeropuu urepatopoB. OG00IIEHHBIMI SBJISIOTCS aJIr0-
PUTMBI, KOTOPbIE MOYKHO UCIIOJIb30BATh IIOBTOPHO /LIS PA3JIMYHBIX THIIOB JJaHHBIX.
Wrepatopsl urpaiot poJib unrepdeiica Mexy CTPYKTYpaMu JaHHbBIX U aJITOPUTMaMU
1, B 3aBUCUMOCTH OT CBOMX BO3MOXKHOCTEH, MOTYT 3aITyCKaTh Pa3JIMYHbIC aJITOPUTMBI.

O B rmase 11, 3ak/04nTebHOI, OYAyT ONMUCAHBI THIIbL, IPUHALIEKAIINE K GoJiee BbI-
COKOMY PO/, ¥ IaHO 0ObsICHEHHE, UTO TaKoe (DYHKTOPI M MOHAIbI M KaK X UCIIOJb-
30BaTh. 3aBepHIAT 9TY TJIABY CCHIITKY HA JIUTEPATYPY /JIs JaTbHEHTIIero n3y4eHus.

Bce ritaBbI HCITOIB3YIOT MOHSTHS, OMUCAHHBIE B IPEABIAYIINX IJTaBaX KHUTH, TaK 4TO
YUTATh UX CAEAYET 110 HOPAAKY. TeM He MeHee 4eTbIpe OCHOBHbIE TeMbl O0JIee WM MeHee
HEe3aBUCHMBI. B IepBhIX YeThIpeX TIaBaxX OMMCHIBAIOTCST OCHOBHBIE TTOHSITHS; B TJIaBax 5
u 6 pacckasbiBaeTcst 0 QYHKIIMOHAJIBHBIX TUIIAX JIAHHBIX; B TJIaBax 7 U 8§ — 0 co3/laHuu
noarunos; riiasbl 9, 10 u 11 mocssieHsl 06001EHHOMY TPOrPAMMUPOBAHMIO.



[NCKYCCUOHHBIN DOpYM KHUMM 19

O kone

ITa KHUTA COAEPKUT MHOXKECTBO IIPUMEPOB MCXOJHOIO KO/la KaK B IPOHYMEPOBAHHBIX
JINCTUHTAX, TaK U BHYTPU OOBIYHOTO TekcTa. B 060ux cirydasx MCXOMHbBIH KO HabpaH
BOT TaKUM MOHOWWPUHHBIM WPUGTOM C TEJIBIO OTJIUYUTH €ro OT 00BIYHOTO TekcTa. MHorna
KOJI TaKyKe HAOPaH NOMYyXMPHbIM WpUGTOM, YTOOBI TIOTYEPKHYTH U3MEHEHUS TI0 CPABHEHUTO
C TIPEBLY MU TITaraMu B TEKYIIel TiaBe, HanpumMep 1pu 106aBIeHUr HOBOH (hyHKIINO-
HaJIBHON BO3MOKHOCTH K y:Ke CYIIeCTBYIOIIel CTPOKe Kojia.

Bo MHOTHX cJIydasix mepBOHAYATbHBIN HCXOIHDINA KO ObLI TiepehopMaTUPOBaH: ObLIN
N0GABJIEHBI Pa3PBIBbI CTPOK ¥ TIePepabOTaHbl OTCTYIIBI, YTOOBI HAMJIY UM 00Pa3OM HC-
MOJIb30BATD JIOCTYITHOE MECTO HA CTPAHUIIAX KHUTH. B peKMX cIydasx TOTO OKa3bIBAJIOCh
HEIOCTATOYHO, U JINCTUHTH BKIIOYAIOT MAapKEePhI TIPOJI0JKeHNs cTpoku (= ). Kpome Toro,
M3 UCXOTHOTO KOJIa HEPEIKO yIATSINCH KOMMEHTAPHUH TaM, TJIe OH OTIMCHIBAJICS B TEKCTE.
Muorue JUCTUHTU COIIPOBOXKAAIOT IPUMeYaHUs K KOJy, II0JJ4yepKUBaIOlIe BakKHble
HIOAHCBL.

Wcexonuplii KoJ 1 BCEX JIMCTUHTOB JIaHHOW KHUTH JIOCTYIICH [IJ18 CKaYMBaHUS
¢ GitHub no angpecy https://github.com/vladris/programming-with-types/. C6opka Koma mpo-
M3BOJINJIACH C TOMOTIBIO Bepcun 3.3 kommuisgTopa TypeScript co 3nauennem ES6 s
oInIuu target uc omruen strict.

O6 aBTOpEe

Butag Pumkyuus — crenuanict no paspaborke ITO B Microsoft, umeer GoJiee uem gecsi-
TUJIETHWH OTBIT. 32 3TO BPEMSI OH PYKOBO/IUJT HECKOJIbKMMU KPYITHBIMU ITPOrPaMMHBIMU
IIPOEKTAaMU 1 00y MHOKECTBO MOJIOIBIX CIIELUAIICTOB.

[NCKYCCUOHHbBIN (POPYM KHUM

[Mokymka 3TON KHUTH JaeT TPaBo Ha GECIIaTHBINA TOCTYI K YacTHOMY BebG-(hopyMy
uszareabctsa Manning, rae MOKHO OCTaBJIATbD KOMMEHTApUM O KHUTE, 33/1aBaTh TeX-
HHMYeCKHe BOIIPOCHI U MOJIydYaTh MOMOIIb OT aBTOPa KHUTH U IPYTUX MOJb30BaTeJIeH.
Yrobbl momacts Ha aToT GopyM, HepeluTe 110 ajpecy https://livebook.manning.com/#!/
book/natural-language-processing-in-action/discussion. Y3Hatb GoJibiiie 0 opyMax U3aTeb-
CTBa U IpaBUJIax MOBEJAECHNA Ha HUX MOXKHO Ha cTpanulle https://livebook.manning.com/#!/
discussion.

Obs3atesbeTBa N3/IaTebCTBA Manning 110 OTHOIIEHUIO K CBOUM YHTATENISIM 3aKJII0Ua-
H0TCST B TOM, UTOOBI IPEOCTABUTH MECTO JIJISI COAEPKATETBHOTO THAJIOTA MEKILY OT/IC/Ib-
HBIME YUTATEJISIMH, 8 TAKKE YUTATEJISIMU U aBTOPaMU. DT 00sI3aTEIbCTBA He BKIIOYAIOT
KaKoro-arnbo KOHKPETHOTO 00beMa yYacTHsl CO CTOPOHBI aBTOPOB, Ueil BKJIa B paboTy
dopyma ocraercst T06POBOTBHBIM (M HEOTTauMBaeMbIM). MBI COBETYEM BaM 3ajlaBaTh
aBTOPAM WHTEPECHBIE U TPYHBIE BOTPOCHI, 4TOOBI UX HHTEpEC He yrac!
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O6 unnocTpauum Ha obnoxke

PucyHok Ha 06105 Kke HasbiBaercst Fille Lipporolle en habit de Noce («[esuia JInopossb
B CBaJIeOHOM TTaThe» ). DTa WITIOCTPAIS B3STa U3 HEJABHETO TIEPEU3IaHUsT KHUTH
JKaxa I'pacce ne Can-Casbe Costumes de Différents Pays («Hapsabl pasHbIx cTpam» ),
ony6arkoBanHoii 8o Mpanimn B 1797 roay. Bee minmocTpaliy mpeKkpacHo MPOPUCOBAHBI
u packpartrensl Bpyunyio. [ITupokoe paznoobpasue komnekiun Hapsiios [pacce ge Can-
CaBbe HaMOMUHAET HaM, HACKOJIBKO Pa3beINHEHbI ObLIH PA3IMIHBIE PETHOHBI MUPA BCETO
200 net Hazaz. V3ommpoBanHble APYT OT APYTA, JIOAM FTOBOPUJIM HA PA3HBIX AMAJIEKTaX
u si3bikax. Ha yJi@ax ropo/ioB U B JIEPEBHSIX MO OJTHOW MaHEpPe OJIEBATHCST MOKHO OBLIO
JIETKO TIOHSITh, KAKUM PEMECJIOM 3aHUMAeTCsT YeJIOBEK M KAaKOBO €T0 COINATBHOE MOJI0-
JKeHUe.

CTuim ofiesK/IbI ¢ TEX TIOP M3MEHUIIUCH, 1 CTOJIb H0raToe pazHooOpasue pasinyHbIX pe-
TMOHOB Yracyo. 3a4acTyio HEIPOCTO OTJINYHTD JIasKe JKUTEJIST OTHOTO KOHTUHEHTA OT SKUTEJIsT
JIPYTOTO, HEe TOBOPS YK€ 0 TOPOiaX U cTpaHax. Bo3aMOKHO, MBI TIOJKEPTBOBAJIN KYJIbTYPHBIM
MHOTOOOPA3NEM B TIOJIB3Y GOJIBITIEr0 PA3HOOOPA3US JTUYHOM KUSHA — ¥ OTIPEIETICHHO (oJiee
Pas3HOOOPa3HOI ¥ IMHAMIIHOT JKU3HU TEXHOIOTHIECKOH.

B narre Bpems, Koria KHUTH Ha KOMITBIOTEPHYIO TEMATUKY TaK MaJIO OTJIIYAIOTCS JAPYT
OT JIPyTa, U3[IaTebCTBO Manning otaet J0EKHOE H300PETATENLHOCTH U HHUI[HATHBE
KOMITBIOTEPHOTO GU3Heca 00I0KKAMU KHUT, OCHOBAHHBIMU Ha 60raToM pazHoobpasun
JKU3HY B PA3HBIX YTOJIKAX MUPA IBYXBEKOBOI TABHOCTH, BO3BPAIIIEHHOM K HAM MJLTIOCTPA-
nuamn sKaka I'pacce ne Can-CaBsbe.

OT n3paTenbCcTBa

Baimu 3amevyanus, npeisioskeHusi, BOIIPOCH! OTIIPABJISAITE 0 ajipecy comp@piter.com (13-
naTesabCTBO «IInuTep», KOMIIbIOTEPHAS PEIAKIINS).

Mbi GyieM pajibl y3HaTh Ballle MHEHWE!

Ha Be6-caliTe m3maTeIbCTBa WWW.piter.com BbI HaiijeTe moapobHyo nH(OPMAIUIO
O HaIllMX KHUTaX.



Beedenue 6 munusauuro

B 3TOoM rnaBse

O 3a4yeM Hy>XXHbl CUCTEMbI TUMOB.
O TlpenMyLlecTBa CUIbHO TUMU3UPOBAHHOIO KOAA.
O Pa3HOBMAHOCTU CUCTEM TUMOB.

O PacrpocTpaHeHHbIE BO3MOXHOCTU CUCTEM TUMOB.

Ammapat Mars Climate Orbiter passanuicsa B armocdepe Mapca, OCKOJIbKY pa3pa-
6oranubii komnanueii Lockheed KoMoHeHT BblaBag M3MEPEHUS UMILYJIbCA CUJIbI
B pyHT-cuiax Ha cekyuay (eanuutsl uamepernst CIITA), a Apyroit KOMITOHEHT, pa3pabo-
tautbiil HACA, 0Ku/1aj1, 4T0 UMITYJIbC CHIIBI OY/IET U3MEPSITHCS B HBIOTOHAX HA CEKYHJLY
(epunuier CI). KatacTpodbt MOKHO OBLITO H30€KATh, €CJIU ObI LIS TUX JABYX BEJIMUMH
WCITOJTb30BAINCEH PAa3IMIHBIE TUTTHI TAHHBIX.

Kaxk mbI OyzieM HaOJf01aTh Ha MIPOTSKEHUN IAHHOW KHUTH, TPOBEPKY TUIIOB O3B0~
JISTIOT UCKJTIOUATB T[eJIble KJIACCHI OMMOOK TIPY YCJIOBUHM HAJTMUHS JOCTATOUHOM WH(pOpPMa-
. ITo Mepe pocTa CJIOKHOCTH TIPOTPAMMHOTO 00eCIeYeH ST IOJKHBI 00€eCTIeTnBaThCST
U JTy Ul TAPAHTUH TIPABUIIBHOCTH €r0 paboThl. MOHUTOPUHT M TECTUPOBAHUE MOTYT TIPO-
JIEMOHCTPUPOBATh, Bejet jin cebst 1O B coOTBETCTBUM €O celUBDUKALUAMU B 3aaHHbIN
MOMEHT BPEMEHH TIPU OIIPEAETEHHBIX BXOJHBIX JaHHbIX. THIIbI ke obecniednBaior Oojee
ob1riee IOATBEPKIEHNE TOJIKHOTO TIOBEEHUST KO/Ia, HE3aBUCUMO OT BXOJHBIX JAHHBIX.

Biraroapst HayuyHBIM U3BICKAHUSM B OOJIACTH SI3BIKOB ITPOTPAMMUPOBAHUST BO3HU-
KatoT Bce Gosee u Gosee a(hPEeKTUBHBIE CHCTEMBI TUTIOB (CM., HATIPUMED, TAKUE SI3bIKH
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nporpammupoBanus, Kak Elm u Idris). Pacrer nonyasipaocts sisbika Haskell. B To ske
BpeMsI TIPOJIOJIKAIOTCS MOMBITKY JTOOUTHCSI TPOBEPKH TUTTOB HA CTAJANN KOMITHJISIIIIH
B IMHAMUYECKU TUITU3UPOBAHHBIX sI3biKax: B Python mosBummach moep:kka yrasaHuii
okuzaeMbIx TUIIOB (type hints) u 61 cosgan a3bik TypeScript, eAuHCTBEHHAs 1€JIb
KOTOPOTO — 00eCIeYnTh MPOBEPKY TUIIOB BO BPEMsI KOMITUJISIIIUA B JavaScript.

Turnusanust kKoja, 6e3yCJI0BHO, BayKHA, 1 OJIaroapsi MOJTHOMY HCIOJIb30BAHUIO BO3-
MOJKHOCTEI CHCTEMBI TUIIOB, MTPEIOCTABJISIEMOI SI3bIKOM TIPOTPAMMUPOBAHIST, MOXKHO
ucaTh JIydinuii, Gosee 6e30macHbIi KO,

1.1. [Ing Koro 3Ta KHura

Kuura npepnasznadena Ayl TpOrpaMMUCTOB-IIPAKTUKOB. YuTaTesb J0JKEeH XOPOoIo
YMeTDb TTHCaTh KO/ Ha O/IHOM M3 TAKUX SI3BIKOB IPOrpaMMUpoBanus, kak Java, C#, C++
usm JavaScript/TypeScript. [Tpumepsl Koja ipuBe/ieHb Ha si3bike TypeScript, Ho 60Jb-
Iast YacTh M3IATaeMOTO MaTeprasa TPUMEHNMA K JII0O0MY SI3BIKY MTPOTPAMMUPOBAHIIS.
Ha camowm siesie B mpumepax j1ayieko He BCer/ia UCToJib3yeTcs XapakTepubiit TypeScript.
[To BO3MOKHOCTH OHU a[alITUPOBAIUCH TAK, YTOOBI UX MOHUMAJIH TIPOTPAMMUCTBI HA
NPYTUX sI3bIKax mporpaMmupoBatust. CO0pKa IPUMEPOB KOJla OITHCAHA B TPUJIOKEHUN A,
a KpaTKasl «IImapraakas 1o s3biky TypeScript — B mpusoxenun b.

Ecomm BBI 10 pabote 3aHnMaeTech pazpaboTKoil 06bEKTHO-OPUEHTHPOBAHHOTO KO/IA,
TO, BO3MOKHO, C/IbIanu 00 anrebpandeckux tumax gannbix (algebraic data type, ADT),
JAMO 1a-BBIPDAKEHUSIX, 0000OIIEHHBIX THITaX JaHHBIX (generics), GyHKTOpPaX, MOHAIAX
1 XOTHUTE JIy4Tiie pa3obpaThest, 4TO HTO TAKOE U KaK WX UCTIOIh30BATH B CBOEH pabore.

ITa KHUTA pacCKakeT, KaK MCIOJIb30BATh CUCTEMY THIIOB SI3bIKA TPOrPAMMUPOBAHUS
JUIST TIPOEKTUPOBAHUST MEHee TIOIBEPKEHHOTO oMmubKaM, 6oJiee MOLYIBHOTO 1 TIOHATHO-
ro Kojia. Bbl yBUaNTE, KAK TIPEBPATUTH OMIMOKU BPEMEHU BBITTOJHEHUST, KOTOPBIE MOTYT
[IPUBECTHU K OTKA3y BCEH CHCTEMbI, B OMIMOKI KOMITUJISIIUN U EPEXBATUTH UX, TOKA OHK
erre He HATBOPHIIH Ge/l.

OcHOBHag YacTh JIUTEPATYPHI [0 CUCTEMaM TUTIOB CUJIbHO (hopMasin3oBana. Kuura xxe
COCPEZIOTAYNBAET BHUMAHWE HA TPAKTUIECKUX TIPUJIOKEHUSX CUCTEM THITOB; TO3TOMY Ma-
TEMATHKK B Heil oueHb Masio. TeM He MeHee jKelaTeIbHO, YTOOBI Bbl IMEJIH TIPEICTABICHUE
006 OCHOBHBIX MOHATHSX aaTeOPhl, TAKUX KaK (GYHKIIUU U MHOKECTBA. ITO TIOHAOOUTCS
JITS1 TIOSICHEHUS HEKOTOPBIX U3 HY>KHBIX HAM TTOHATHIH.

1.2. [nd 4yero cywecTByOT TUMbI

Ha HusKkoM ypoBHe armapatHoro obeciiedeHrs 1 MallMHHOIO KOJa JIOTHKa IIPOrpaMMbl
(KO[I) ¥ JaHHbIE, KOTOPBIME OHA OIIEPUPYET, MTPeICTaBieHbl B Buze Outos. Ha aToM ypoBHe
HET pasHKIIbl MEXK/Y KOJOM U JaHHBIMM, TAK YTO BIIOJIHE MOI'YT BOSHUKHYTH OIIMOKH, IIPU
KOTOPBIX CHCTEMA TTyTaeT OAHO ¢ APYTUM. VX anuamnasoH mpocTupaercst oT paTaibHbIX cO0-
€B TIPOTPAMMBI JI0 CEPhE3HBIX YSI3BUMOCTE, KOT/IA 3JI0YMBIIIJIEHHUK OOMaHOM 3aCTABJISIET
CHUCTEMY CYUTATh BXOJHBIC TAHHbBIE KOJIOM, TIO/IJIEKAIIUM BBITIOJTHEHUIO.
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[Tpumep noa06HOIT HecTpOroii mHTepIpeTanun — QyHKIMs eval () g3bika JavaScript,
BBITIOJTHSIONIAST CTPOKOBOE 3HaYeHre Kak Ko OHa OTIIMIHO pabOTa€eT, eCITi mepeanHast
eil cTpoka npejcraBisier co60il JOMYCTUMBII KO/ Ha si3bIKe JavaScript, HO BbI3bIBAeT
omubKy BpeMEHHU BBITIOJTHEHUS B TPOTHBHOM CJIyYae, Kak MoKasaHo B jucruare 1.1.

Jinctuur 1.1. MonbiTKa MHTEPNPETUPOBaTh AaHHbIE KaK KOA

console.log(eval("40+2")); <—| BbIBOAUT B KOHCOM 42

console.log(eval("Hello world!"));
8( ( ) Mopoxpaer nckniouenne SyntaxError:
unexpected token: identifier

1.2.1. Hynn n eguHnubl

Heo6xoaumo He TOJIBKO pasindaTh KO U AaHHbIE, HO 1 MHTEPIIPETUPOBATH 3JI€MEHTHI
nanubix. Cocrostiiast u3 16 GUT MOCIeI0BaTEIBHOCTH 1100001010100011 MOKET COOTBET-
CTBOBaTb 6633HaKOBOMy 16—6I/ITHOMy IIeJIOMY 4ucCJLy 49827, 16-6I/ITHOMy 1eJIOMY YHCILy
€0 3HaKOM -15709, cumBoay '£' B kogupoBke UTF-8 uiu uemy-To coBepIiieHHO Jpyromy,
KaK MOKHO BuzieTh Ha puc. 1.1. AnmapaTHoe obeciieueHre, Ha KOTOPOM paboTaloT HalITK
[IPOrpaMMbl, XPaHUT BCE B BHJIE II0CJIEA0BATENbHOCTEN OUTOB, TaK YTO HEOOXOAMM JI0-
TMOJIHUTEIbHBIN CJI0H /11 OCMBICJICHUS 3TUX TAHHBIX.

...0011010011101100001010100011010111100101. ..

Puc. 1.1. MocnenoBaTtenbHOCTb 6GUTOB MOXHO MHTEPMNPETMPOBATb
no-pasHoMy

TuIbl IPUAAIOT CMBICJ HOAOOHDBIM JAHHBIM U YKa3bIBaIOT [IPOrPAMMHOMY obecrieue-
HUIO, KaK MHTEPIIPETUPOBATD 3aaHHYIO [TOCAe0BATEJIbHOCT OUTOB B YCTAHOBJIEHHOM
KOHTEKCTE, YTOOBI OHA COXpaHUJIa 33J[lyMaHHbIIl aBTOPOM CMBICIL.

Kpowme Toro, THTIBI OTPaHMYNBAIOT MHOXKECTBO JIOTTYCTUMBIX 3HAUEHWH TTepeMeHHbIX.
[MecTHaanATHONTHOE LEJI0E YUCJIO CO 3BHAKOM MOKET OTPaskKaTh JII000€ U3 11eJI0YUCICHHbIX
3HAUEHWH OT -32768 /10 32767 W TOJbKO UX. biraroapst orpaHnyeHuIo 1uamazoHa Jo1y-
CTUMbIX 3HAYECHUI UCKJIIOYAIOTCA LEJIble KJIACChI OIOO0K, IIOCKOJIbKY He JIOILyCKaeTCsI BO3-
HUKHOBEHUST HETIPABUJIBHBIX 3HAYEHW I BO BPEMSI BBITIOJTHEH WS, KaK IOKa3aHo Ha puc. 1.2,
YT06bI HOHATH MHOTHE U3 TIPUBE/IEHHBIX B 9TOM KHUTE KOHIIETIIIHI, BAKHO PACCMATPUBATh
THUIIBI KaK MHOKEeCTBA BO3MOKHDBIX 3HAUEHU.

B pasnese 1.3 Mbl yBugnM: crcremMa obeciieduBaeT Takske coOII0AeHe MHOTUX JPY-
X Mep 6e301acHOCTI npu J00aBIEHUN BO3MOKHOCTEH B KOJI, HarpuMep obo3HaueHue
3HaYeHUH KaK const MM 4JeHOB Kak private.
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..0011010011101100001010100011010111100101. ..

-15710 -15708

Tun: 16-6uUTHOE 3HAKOBOE Lienioe

Puc. 1.2. MNocneaoBaTenbHOCTb 6UTOB € TMMNOM 16-6MTHOrO 3HAKOBOrO Lienoro. MHgopmaums
o Tune (16-6uTHOE 3HAKOBOE LiefIoe YNCI0) yKasbiBaeT KOMMNUASTOPY U/WUK cpefe BbiMOSIHEHUS,
YTO 3Ta 6UTHAs NocneaoBaTENbHOCTL NPEACTABNSIET CO60M LENOUYMNCIIEHHOE 3HAUYEHNE B AMana3oHe
oT —32 768 po 32 767, 6narofapsi YeMy OHa npaBWibHO MHTEpNpeTUpyeTca kak —15 709

1.2.2. Y710 Takoe Tunbl N UX CUCTEMBI

Pas YK KHUT'a ITOCBAMIEHA TUITaM 1 X CUCTEMaM, [aM OIIPE/ICICHUA 9TUX TEPMUHOB, IIpE-
K€ 4yeM M/ITU JaJjIbIIIe.

YTO TAKOE TUN
Tun (type) — knaccudmkaums AaHHbIX, onpeaenstolas AoMyCTMMbIE onepauum
HaZ HWMM, CMbIC/ 3TUX AaHHBLIX M MHOXECTBO AOMYCTUMbIX 3HaUeHuiA. KoMnuns-
TOP W/WN cpeaa BbiMONHEHWSI MPOM3BOAST NPOBEPKY TUMOB, YTO6bI 06ecrneyunTb
LIeNOCTHOCTb [laHHbIX U COBJII0AEHME OrpaHUYeHuiA JOCTYMa, a TaKKe UHTeprnpe-
TaLMIO AaHHbIX B COOTBETCTBUM C 3aMbIC/IOM pa3paboTumka.

B HEKOTOPBIX ciydasx pajii MPOCTOTHI MbI Gy/IeM UTHOPUPOBATH OTHOCAIILYIOCS
K OTIepaIisIM YacTb ATOTO OTIPe/Ie/ICHUS M PACCMATPUBATD TUIIBI IPOCTO KaK MHOKECTBA,
OTpaykalolie Bce BO3MOKHbBIE 3HAUCHUS 9K3EMILIIPA TAHHOTO THTIA.

CUCTEMA TUIMNOB

Cuctema TMnoB (type system) npeacrtasnsieT coboit Habop NpaBua NPUCBOEHNS
TUMOB 3/1EMEHTaM A3blka MPOrpaMMMpoBaHmsl U obecneveHnst cobnoaeHus 3Tux
NpUCBOEHUIA. TaKMMM 3M1EMEHTAMK MOTYT BblTb NEPeEMeHHbIe, PyHKUMKN 1 Apyrue
BbICOKOYPOBHEBBIE KOHCTPYKLMK 5i3blka. CUCTEMBI TUMOB MNPOM3BOAST NPUCBOEHME
TUMOB C MOMOLLbIO 33JaBaeMON B KOZ€ HOTaLMM WU HESIBHBIM 06pa3oM, nyTem
BblBOAa TUMa KOHKPETHOIO 3JIEMEHTA NO KOHTEKCTY. CucreMbl TUMOB pa3pewialoT
04HM Npeobpas3oBaHUs TUMNOB APYr B Apyra W 3anpeLyaroT Apyrue.

Terepb, Korga Mbl y3HaIU ONPEAEICHUS TUIIOB U CUCTEM THIIOB, IOCMOTPUM, Kak 0Oe-
crieunBaeTcst CoOJI0IEHNE TIPABIIT crcTeMbl THITOB. Ha puc. 1.3 mokasaHo Ha BBICOKOM
YPOBHE BBITIOJTHEHUE UCXO/IHOTO KOJIa.

Ecau onuceiBaTh Ha OYeHDB BBICOKOM YPOBHE, TO CO3/IaBaeMbIii HAMU MCXOIHBIN KO
1peobpasyercs KOMIUASTOPOM WJIM MHTEPIPETATOPOM B MHCTPYKIMK /I MAIIHBI
(cpeodvt soinomenust). Ee posib MoskeT urpath (pusndeckas MaiiHa (B 9TOM CJIydae PoJib
uHcTpykiwmii urpatot uactpykin CPU) win BupTyaibHas ¢ cCOOCTBEHHBIM HaOOPOM
WHCTPYKIMH 1 (hyHKITH.
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Kopa, nHTepnpetnpyembii Cpena
McxogHbIn Ko, Komnungarop Cpeno BbIMOJIHEHUS BbINOJIHEHUS

Puc. 1.3. C noMoLLbio KOMMUNSTOPa UK UHTEprpeTaTopa UCXOAHbIV koA npeobpasyeTcs

B KOZ, 3arnycKaeMblli Cpefoit BbiNoNHeHMS. Ee ponb MOXET urpaTb hU3NYECKUIi KOMMNbIOTEP
WM BUpTyasnbHas MawumHa, HanpuMep JVM Java nnm asmxok JavaScript 6pay3sepa

MPOBEPKA TUIMOB
Mpouecc nposepku TMNoB (type checking) obecneunsaet cobntoaeHne nporpam-
MOV MpaBu/1 CUCTEMBbI TUMOB. poBEpPKa NPOM3BOAUTCS KOMMUISTOPOM BO BPEMS
npeobpasoBaHnsl KoAa WM CPeson BbIMOSHEHUS MpU ero paboTe. KOMMOHeEHT
KoMnunsitopa, obecneunBarowmnii cCobnoAeHVe Npasun TUNU3aUMK, Ha3biBaeTCs
moaynem nposepku Tvnos (type checker).

Ecmm mposepka THIOB 3aBepiiaeTcs HEyIaqHO, TO €CTh MPorpaMMa He coOmo1aeT
IIpaBHJIa CUCTEMBI TUIIOB, TO BOHUKAET OMINOKA Ha 9Talle KOMITHJISIIN UM BBITIOJTHEHNSL.
Pasnuiry Mesay MpOBEPKOI THIA Ha dTare KOMIUJIAINN ¥ Ha 9Tare BBITTOJHEHUS Mbl
obcy M ropobHee B pasee 1.4.

lMpoBepka TMNOB M AOKa3aTeNbCTBa

B ocHoBe cucTeM THIIOB JIeXKUT (hopMasbHas Teopusi. 3amevartesibHoe cooTBeTcTBrHe Kap-
pu-Xosapaa (Curry-Howard correspondence), uspectHoe TakkKe Kak 9KBUBAJIEHTHOCTh
MEK/y MaTeMaTHYeCKUMU JOKA3aTeIbCcTBaMu ¥ porpamMmmamu (proofs-as-programs), me-
MOHCTPUPYET POJCTBEHHOCTb JIOTUKH 1 Teopun TUIOB. OHO TTOKA3bIBAET, YTO TUIT MOKHO
paccMaTpuBaTh Kak JOrMYecKoe BbICKA3bIBaHKe, a HYHKIMIO, TPUHUMAIOIILYIO HA BXOJe
OJVH TUII ¥ BO3BPAIAOILYI0 APYTO, — KaK JIOTHYECKYI0 UMIUINKAIINIO. 3HAUCHNEe THIIA
HKBUBATEHTHO (GaKTy CIPABEJINBOCTH BHICKA3BIBAHUSI.

Bosbpmem fus mpumepa GyHKIINIO, TPUHUMAIONIYIO Ha BX0J/e boolean U BO3Bpalia-
IOIYIO string.

ns 6yJ1eBa 3HAY€HHUA B CTPOKOBOE

function booleanToString(b: boolean): string {

if (b) {
return "true";
} else {

return "false";

3
}

Ity GYHKIUIO MOKHO MHTEPIPETUPOBATH KaK «13 boolean ciepyer strings. Ilo 3agan-
HoMY (haKTy BLICKA3bIBaHUS THUIIA boolean faHHas GQyHKINA (MMILIMKALNSA ) BIIAeT HakT
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BbICKa3piBaHust Tuma string. Makr boolean mpezcTapsier cO00I 3HAYEHIIE ITOTO TUIIA,
true un false. [lo Hemy ykazanHas GyHKIMS (MMIIAKAIINS ) BbIIaeT DakT string B BHIE
CTPOKH "true" man "false".

TecHas CBA3b MeXK/Y JOTMKOI U TeOpUeii THIOB MOKa3biBaeT: cOOIIOLA0NAs TIPaBUIa CH-
CTEMBI TUTIOB ITPOTPAMMa SKBUBAJIEHTHA JIOTHYECKOMY JI0Ka3aTe/IbCTBY. [ pyruMu cioBamu,
cucTeMa TUTIOB — SI3bIK HAIIMCAHUS 9THX JlokaszaTesbeTB. CoorBercTBre Kappu-Xosapa Bak-
HO T€M, YTO TIPABUJIBHOCTH PAOOTHI IPOrPAMMBI TAPAHTUPYETCS! € JIOTUYECKOU CTPOrOCTHIO.

1.3. [lpeumyLiecTsa CUCTEM TUMOB

Bcee paHHble, 110 CyTH, IPEACTABISIOT COO0M HYJIM M eIUHUIIBI, TO9TOMY BCE CBOMCTBA JIaH-
HBIX, HAITPUMEP UX MHTEPITPETAINS, HEU3MEHSIEMOCTh U BUIUMOCTH, OTHOCSITCSI K YPOBHIO
tina. IlepeMeHHas OGBSIBISETCS ¢ YUCTIOBBIM THUIIOM, U MOJLYJIb [TPOBEPKI THIIA FTAPAHTHPY-
€T, YT ee 3HaUYeHHue He OyIeT MHTEPIPETUPOBAHO Kak cTpoKoBoe. [TepeMeHHast 00bsIBISAETCST
KaK TIpUBaTHAsI WU MTPEJHA3HAYEHHAST TOJIBKO JIJIST YTeHUsT. V1 XOTSI caMu JJaHHBIE B ITAMSITH
HITYeM He OTJIYAIOTCS OT aHAIOTMYHBIX ITyOJIMYHBIX U3MEHSEMBIX JAHHBIX, MOJLYJIb IPOBEPKH
THIIA FAPAHTUPYET, YTO MbI He Oy1eM 00paliaThCst K IPUBATHOM TlepeMEHHOI BHE ee 00J1acTH
BUJIMMOCTH WJIU MTBITATBCS UI3MEHUTh JIAHHBIE, TIPEIHA3HAYEHHbIE TOJIBKO JIJIST UTEHHUSI.

OcHOBHBIE TIPEUMYIIECTBA TUTTU3AIUU — KOPPEeKmMHOCmy (correctness), Heusmens -
emocmw (immutability), unxancyaisuus (encapsulation), komnonyemocms (composability)
u yumabenvrocms (readability). Ito dyHIaMeHTAIbHBIE TIPU3HAKK XOPOIIEH apXUTEK-
TYPBI U HOPMaJIbHOTO MOBEJIEHUsT TporpaMMHoro obecrieuerust. C TeueHreM BpeMeHH
CHCTeMbI PAa3BUBAIOTCS. DTU IPU3HAKU [IPOTUBOCTOSIT SHTPOIIUH, KOTOPasi HeM30eKHO
BO3HMKAET B JIIOOOI crcTeMe.

1.3.1. KoppeKTHOCTb

Koppexmuwim (correct) siBjisieTcst Ko, KOTOPBIii BeieT ceds B COOTBETCTBUU €O crienudu-
KaIMsIMU, BBIJIAET OKHM/IAEMbIE PE3YJIbTaThl 6e3 onOOK U c60EB BO BPEMsI BBITIOTHEHIS.
Bnaronaps trmam pacTyT cTPOrocTb Kojia 1 rapaHTHH €ro J0JKHOTO MOBEICHUS.

Jlos mpuMepa npeAnosoKuM, YTO HaM HY’KHO HAWTH MO3UITUI0 CTPOKK "Script"
BHYTPH JIPYroil cTpoku. Mbr He Gy/ieM mepeaBaTh J0CTATOUHY0 HHHDOPMAIMIO O THTIE
Y pa3penium Iepejady B KayecTBe apryMeHTa Hailell GyHKIMYU 3HAUeHUs TUIIA any.
Kax nokassisaet suctunr 1.2, 970 IpUBEAET K OMUOKAM BO BPEMs BBITIOJHEHHSI.,

B aroii mporpamme comepKUTCs OMmubKa — 42 He sIBJISAETCS IOMYCTUMBIM apryMEHTOM
1t QYHKIUY scriptAt, HO KOMITUJIATOP 00 9TOM MOJYHT, MOCKOJBKY MBI HE MPEI0-
CTaBUJIM JIOCTATOYHYIO MH(MOPMAIIMIO O THUIIE JAHHBIX. ¥ COBEPIICHCTBYEM JIAHHBIN KO/,
OTPaHMYUB apryMeHT TUIIOM string B smctunre 1.3.

Tenepb KOMITUIIATOP OTBEPraeT ATy HEKOPPEKTHYIO IIPOTPaMMY, BbI/IaBast cJelyloliee
coobuienue 06 ommbke: Argument of type '42' is not assignable to parameter of type
'string' (HEBO3MOKHO TIPUCBOUTD TTapaMeTpy THTA 'string' aprymenT Tuma '42").
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Jinctunr 1.2, HegocrtaTtoyHas MH@OpMaumMs 0 TUne AaHHbIX

function scriptAt(s: any): number { TN aprymenTa s — any, To ecrb
} return s.index0f("Script”); pa3pelLaeTca 3HaYeHe NPOU3BONbHOIO TUNA

37a CTPOKa BbIBOAWT B KOHCOMb
console.log(scriptAt("TypeScript")); KOppeKTHoe 3HaueHue 4

console.log(scriptAt(42)); Mepenaya B kauecTBe aprymeHTa

UNCNOBOrO 3HAUEHUA NPUBOAUT
Kk TypeError Bo BpemaA BbinonHenns

JinctuHr 1.3. YTouHeHHas nHdbopMaumsa o Tune

function scriptAt(s: string): number { T .
lenepb y aprymeHTa s Tun — strin
return s.indexOf("Script"); fIEpb Y ApryMeHTa s Tun ng
}

Kog He KomnunnpyeTcs u BbIAAET OLUIMOKY
KOMMUAALMN Ha JaHHOIA CTPOKe

console. 10g( s¢ r‘iptAt( "TypeSc r‘ipt " ) ) ; BU1eACTBME HeCOBMaAeHNA TUNOB

console.log(scriptAt(42));
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Bocrnosb30BaBImuch CHCTEMOI THTIOB, MBI 3 MPOGJIEMBI BDEMEHU BBITIOJTHEHUS,
KOTOpast MOTJIa TIPOSIBUTHCS MPU TPOMBIIIIEHHO dKCTTyaTanu (U TMOBIAUATH Ha Ha-
MUX KJIAEHTOB), C/Ieann 6e306MAHyI0 TTPoOIeMy aTarna KOMITHIIAIINN, KOTOPYIO TIPOCTO
HYJKHO UCIIPABUTH MePe/l PasBepPThIBaHIEM Kojia. MOy Ib TIPOBEPKU TUIIA TaPAaHTUPYET,
410 g610KK He OYyAyT lepefaBaThCs B KQUECTBE alleIbCUHOB; a 3HAUUT, PAcTeT OMnOKO-

yCTOfI‘IHBOCTb Ko/Za.

Omubxn BO3HUKAIOT, KOI'/la IIpOrpaMMa MEPEXO/IUT B HEKOPPEKMHOE COCMOAHUE,
TO €CTb TEKYIIEE COUYETAHNE BCEX €€ Z[eI>'ICTBy10H.[I/IX II€peEMEHHBIX HEKOPPEKTHO 110 KaKo¥i-
6o IIpuYnHeE. O[[I/IH N3 METO/I0B, ITO3BOJIAIOIINX n30aBUTLCS OT YaCTH TAKUX HEKOP-
PEKTHBIX COCTOF[HI/Iﬁ, — YMEHbIIEHNE IMPOCTPaHCTBA COCTOSTHUH 3a cUeT OTpaHNYeHUA

KOJINYECTBA BO3MOXKHBIX 3HAYCHUH MTePeMEHHBIX, KaK MOKa3aHo Ha puc. 1.4.

e © U e © U

©

Tun, gonyckaowmin 60sbLe MUHUMANTbHO Tun, orpaHn4YeHHbIN

He0oOX0AVMOro KONMYECTBA 3HAYEHWNI TOJIbKO KOPPEKTHBbIMU 3HA4YEHUAMUN

X = @ H // Nnoxo X = @ H // Oumbka kKomMnunAauuu

Puc. 1.4. Enaro,qapﬂ npasubHOMY 06BSBNEHNIO TUMA MOXHO 3anpeTUTb HEKOPPEKTHbIE 3HAYEHUA.

lMepBbIfi TUM CIVLLKOM LUMPOK M AOMYCKAET HeXenaTesbHble HaM 3HaueHus. BTopolt Tun — Gonee
)KECTKO OrpaHUYeHHbIi — He CKOMMUAMPYETCS, €C/IM KOA MOMbITaeTCsl MPUCBOUTL NepeMeHHON
HeXenaTenbHoe 3HaueHve
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[TpoctpancTBO cocTostHmil (state space) paboTarolieil MporpaMMbl MOKHO OTIMCATH
KaK coueTaHue BCeX BEPOSITHBIX 3HAUECHUH BCeX ee IEHCTBYONUX TiepeMeHHbIX. T0 ecTh
JIEKapTOBO TIPOM3BEIEHUE TUIIOB BCEX MepeMeHHbIX. HarmoMHIo, 4To TUTI TepeMeHHON MOXK-
HO paccMaTPUBATh KAK MHOKECTBO ee BO3MOXKHbBIX 3HaYeHuil. [[ekapToBo npoussenenie
JIBYX MHOKECTB TIPEICTABIISIET COO0I MHOKECTBO, COCTOSIIIEE U3 BCEX UX YIIOPSIOUCHHDIX
Tap 9JIEMEHTOB.

BE3OMNACHOCTb

BaxHbIli MOBGOYHLIN pe3ynbTaT 3anpeTa Ha NoTeHUMasnbHble HEKOPPEKTHbIE COo-
CTOSIHMSI — MOBbIWEHNE 6e30MacHOCTM Koaa. B ocHOBE MHOXECTBa aTak NexuT
BbIMOSIHEHME MEepeAaBaeMbIX NOMb30BaTENIEM AaHHbIX, MeperofiHeHne bydepa
1 apyrue noaobHble METOANKM, ONACHOCTb KOTOPbIX HEPEAKO MOXHO YMEHbLLUTL
3a CYET A0CTAaTOYHO CUJIbHOM CMCTEMbI TUMOB M XOPOLLUMX OMpeAeneHunii TUMOB.

KoppeKTHOCTb KoZla He NCYeprbIBaeTCs UCNpaBieHNeM HEBUHHbIX owmboK B Koae
C Uenblo NpeaoTBpaTUTb aTakn 3/10YMbILLJTIEHHUKOB.

1.3.2. HeunsmeHaeMOoCTb

Heusmensiemocms (immutability) — eme ogHO ¢BOICTBO, TECHO CBA3aHHOE C TIPEACTAB-
JIEHUEM O Hareil paboTraroleii cucTeMe Kak O JIBUKEHUN TI0 TPOCTPAHCTBY COCTOSHUHN.
BepogaTHoCTh OMmMO0K MOKHO CHU3UTD, €CJIU [IPH HAXOKIECHUH CUCTEMbBI B 3aBEIIOMO
XOPOILIEM COCTOSHUY He JI0IIyCKaTh ero U3MEeHEeHUH.

PaccmoTpuM mpocToii ipuMep, B KOTOPOM TMOIBITAEMCS TIPEAIOTBPATUTD JieJIeHNe Ha
HOJTb € TIOMOIIBIO TIPOBEPKH 3HAYCHUS JICJTUTEIIST U TEHEPAIIUU OMOKY B CJIydyae, KOr/a
OHO PaBHO O, Kak IoKazaHo B jauctunre 1.4. Eciu ske 3Hauenune MoxkeT MEHATLCS 110CJIe
Hatiell IpOBEPKH, TO OHA TepseT BCAKUN CMBICIL

JInctuur 1.4. «[1noxoe» n3MeHeHne 3Ha4YeHus

function safeDivide(): number {
let x: number = 42;

n
if (x == @) throw new Error("x should not be 0"); 4J POBEPAEM AOMYCTUMOCT X

W= x - 42 Owwubka B nporpamme:
N ’ nocsie NPOBEPKM X CTAHOBUTCA paBeH 0

return 42 / x; [Dlenenue Ha 0 npuBoguT

} K 3HaueHuio Infinity’

B HacTosamux mporpaMmax molo6HOe CIYIaeTCst PETYIISPHO, TPUYEM YaCTO TOBOTHHO
HEOKMIAHHBIM 00Pa30M: TlepeMeHHasT MEHSIETCsT, CKasKeM, KOHKYPEHTHBIM TTOTOKOM BbI-
MTOJTHEHUST WJTH JIPYTO BbI3BaHHOI (yHKIMel. Kak 1 B 9ToM nipumepe, cpasy 1ocje u3-
MeHeHUs 3HaUYeHMs BCe TapaHTUH, KOTOPbIe Mbl HAJIESAIMCh [TOJIyYUTh OT HAIIIMX ITPOBEPOK,

I Crangaprablii BeTpoeHHbiil 00bekT JavaScript (1 TypeScript), onuierBopsier 6ecKoHeuHOE

3Havyenue. — IIpumeu. nep.
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TEPAIOTCA. Ecim xe caesaTb X KOHCTaHTOﬁ, KaK B JIMCTHUHIE 15, TO KOMITUJIATOP BEPHET
OHII/I6Ky IIpH TIOIIBITKE U3BMEHUTD €€ 3HaAaYCHUE.

Jinctuur 1.5. HensmensemocTb
function safeDivide(): number { X 06LABAAETCA C yKasaHheM
const x: number = 42: K/I0YeBoro ¢ioBa const Bmecto let
. El
if (x == @) throw new Error("x should not be 0");

X = X - 42;
? J1a cTpoKa 6onbLue He KOMNUAMpYeTCa,

NOCKOJIbKY X — He3meHAemadA U NOBTOpHoe
npucsoeHue il 3HaueHnsa Heponyctumo

return 42 / x;

Ternepb KOMITUJISITOP OTBEPraeT HEKOPPEKTHBIN KOJI, BBIBOJISI CJIEYIOTIEE COOOIIEH e
006 omubKe: Cannot assign to 'x' because it is a constant (IIpucBoeHue 3HAYEHUS
1epeMeHHON X HEBO3MOSKHO, IIOCKOJIbKY OHA SIBJIETCS KOHCTAHTOIN ).

B cMmbIcste ipeicTaBieHns B ONIEPATUBHON MTaMSITH PA3HUIIBI MEKLY U3MEHSIeMOW 1 He-
n3MeHsieMoii x HeT. CBOMCTBO KOHCTAHTHOCTHU 3HAUUT YTO-TO TOJIBKO JIJIST KOMITUIISITOPA.
ITO CBOMCTBO, 0OECIIeYnBAEMOE CUCTEMOI TUIIOB.

YkazaHue Ha HEM3MEHSIEMOCTb COCTOSTHUS € TIOMOITI[BIO JI0OABJICHUS KITIOYEBOTO CI0BA
const B OITMcaHue TUTIA MTPEIOTBPANIAET Te N3MEHEeHUs 3HAUYEHWUH, TIPY KOTOPBIX TePSTIOTCS
rapaHTHU, IOJTydeHHbIe GJIaroiapst Ipeabay M nposepkam. OcoOeHHO MOJIe3HA HEM3-
MEHSIEMOCTb B CJlyyae KOHKYPEHTHOTO BBIIIOJHEHUSI, TOCKOJIbKY JleJlaeT HEBO3MOKHOMN
COCTOSTHUE TOHKU.

OnTumMusaIus KOMIMISATOPOB obecieunBaeT Bbigauy 6osee apHEKTUBHOIO Kojia
B CJIy4ae HEM3MCHSCMBIX IIEPEMEHHBIX, TaK KaK UX 3HAaYCHUSA MOKHO BCTPAUBATh B KOJ.
B HekoTOPBIX (DYHKITMOHAIBHBIX S3bIKAX ITPOrPAMMUPOBAHNS BCe JAHHBIE — HEnU3Me-
Hsiemble: GYHKIIMY TPUHUMAIOT HA BXOJl€ Kakue-JIn0o JIaHHbIe U BO3BPAIIAIOT JIPYTHUE,
HUKOT/IA He MeHsIsI BXOHBIX. [Ipn aToM srocTaTouHO OIH pa3 MpoBEpUTH 3HAUEHNE TIepe-
MEHHOU ¥ yOEJIUThCSI B €€ XOPOIIEM COCTOSTHUH ¢ TIEJIhI0 TAPDAHTUPOBATH, YTO OHA OyeT
HAXO/IUTBCS B XOPOIIIEM COCTOSIHUU Ha MPOTSKEHUN BCETO JKM3HEHHOTO 11K, KoHeuHo,
[IPU 9TOM IIPUXOAUTCA WATH Ha (He BCerja sKeJaTeJbHbIH) KOMIIPOMUCC: KOIMPOBATh
JIaHHbIE, ¢ KOTOPBIME B IPOTUBHOM CJTydae MOKHO ObLI0 OBl paboTaTh, He puberast K 10-
ITOJIHUTEJbHBIM CTPYKTYpPaM JIAHHBIX.

Bripouewm, He Bcerjia mMeeT CMbICI /lesTaTh BCe JaHHble Hen3MeHsieMbIMU. TeM He MeHee
HEU3MEHSIEMOCTh KaK MOKHO GOJIBIIEr0 YKCIa JJAHHBIX MOJKET PE3KO CHU3UTH BEPOST-
HOCTh BOBHUKHOBEHHS TAKUX MPOOJIEM, KaK HECOOTBETCTBYE 3apaHee 3a[aHHbIM YCJIO-
BUAM U COCTOSHUE TOHKHU I10 IAHHBIM.

1.3.3. WMHkancynaums

Huxancyarsuus (encapsulation) — COKpbITHE YaCcTU BHYTPEHHErO yCTPOMCTBA KoJa
B GyHKINN, KjIacce nian Momyse. Kak Bbl, BEPOSITHO, 3HaeTe, NHKATICYJIAINS — JKeja-
TeJbHOE CBOMCTBO, OHA TIOMOTAET TTOHIKATE CJIOKHOCTD: KOl PA30MBAETCS Ha MEHDIITHE
KOMITOHEHTBI, KaK/[blil U3 KOTOPBIX IIPEALOCTABJISIET JOCTYII TOJIBKO K TOMY, UTO I€HCTBU-
TEJILHO HY’KHO, & HOAPOOHOCTU PeaTM3aAIUU CKPBIBAIOTCST 1 H30JUPYIOTCSL.
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B mucrutire 1.6 Mbi pacimpum mpumep 6e30TacHOTO JieJIeH ST, IPEBPATHB €ro B KJIACC,
KOTOPBI cTapaeTcs rapaHTUPOBATh OTCYTCTBUE JieJIeHUS Ha O.

JNnctuur 1.6. HegoctatouHas nHKancynaumus

class SafeDivisor {

2 MpoBepaem 3HaueHue nepes NpUCBaNBaHNeM
divisor: number = 1; poBep PEA Np !

yT06bI rapaHTupoBaTb HeHYHEBOﬁ aenutenb

setDivisor(value: number) {
if (value == @) throw new Error("Value should not be 0");

this.divisor = value;

}

divide(x: number): number {

enenns Ha 0 He JOMKHO ObITb
return x / this.divisor; 4—|ﬂ A
}

}

function exploit(): number {
let sd = new SafeDivisor(); Mockonbky unex knacca divisor —
ny6nnyHbIA, NPOBepKY MOXHO 060/TH
sd.divisor = 0;

return sd.divide(42); B pe3ynbrate genenns Ha 0 Bo3pamaetca Infinity

B nannowm ciryuae MbI He MOKEM CIeNIaTh IeUTeTh HeU3MEHIEMbIM, TTOCKOIBKY XOTUM,
4yT06BI y BhI3biBatoniero Ham API koza ObLia BO3MOKHOCTD ero 00HOBJsATH. [Ipo6iema
TaKOBA: BbI3bIBAIOIIAsI CTOPOHA MOKET 00ONTH IIPOBEPKY Ha @ U HEIIOCPEACTBEHHO 3a/1aTh
smoboe 3Hauenue g divisor, Tak Kak OH /I HUX JIOCTYIIEH. 3Ty Hpo6JIeMy B JJaHHOM
cJlydae MOKHO PelinTh, 00bsIBUB €0 B KayecTBe private 1 orpaHUyYuB ero 00JacThb BU-
JUMOCTH KJIACCOM, KaK ITOKa3aHo B aucTunre 1.7.

JNinctuur 1.7. NHkancynauus

class SafeDivisor {
private divisor: number = 1; Tenepb 3T0T UneH Knacca ctan NpUBaTHLIM
setDivisor(value: number) {
if (value == @) throw new Error("Value should not be 0");
this.divisor = value;

}

divide(x: number): number {
return x / this.divisor;

}

}

function exploit() { [laHHas CTpOKa He CKOMIUAUpYeTca,
let sd = new SafeDivisor(); NockonbKy Ha divisor 6onbiuie Heb3A

L. CCbINaTbCA BHe Knacca
sd.divisor = 0;

sd.divide(42);
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[IpeacraBieHne B orepaTUBHON MAMSATH TPUBATHBIX M ITyOJUIHBIX YIEHOB KJacca
OJIMHAKOBO; IPOOJIEMHBIN KOJI He KOMITHJIMPYETCS BO BTOPOM [TPUMeEpE IIPOCTO Oirarogapst
ykazanuio tTuna. Ha camom neste public, private n npyrue MoaudukaTopbl BUINMOCTH —
CBOICTBA COOTBETCTBYIOIIETO TUTIA.

Wukancysius (COKpbITHE HHMOPMALIKN) TI03BOJIIeT Pa3buBaTh JOTUKY IIPOIPAMMbI
U faHHble Ha MyOandHblil uaTepdeiic u HenmyOJIMYHyI0 pealnsalio. DTO OUeHb ya00-
HO B OOJIBIINX CHCTEMAX, IOCKOJbKY IIpH paboTe ¢ uHTepdeiicamu (abcTpaKiusaMu)
TpebyeTcs MeHbIIe YMCTBEHHBIX YCUJIHIL, YTOOBI MOHSATh KOHKPETHBIN (DparMeHT Koja.
JKemarenbHo aHAMM3UPOBATE U MOHUMATh KO/ HA YPOBHE WHTEP(EICOB KOMIIOHEHTOB,
a He BCEeX UX HI0aHCOB peaynnsarui. [10Je3HO TakKe OTPAaHMIMBATH 00IACTh BUMMOCTH
Herry6yHOM nH(OpMAaLKUK, YTOOBI BHEITHUI KO He MOT UX MOAXMUIIMPOBATD OIPOCTY
BCJIEJICTBUE OTCYTCTBUS JIOCTYTIA.

Wukarncynsdius cyiecTByeT Ha MHOKECTBE YPOBHEI: CEPBUC MTPEIOCTABIISET JOCTYTI
k cBoeMmy API B Busie untepdetiica, MOy 9KCIIOPTUPYET CBOW MHTEP(dENC 1 CKPhIBAeT
HIOAHCHI PEAJTU3AIINH, KJIACC JETaeT BUAMMBIMHU TOJTBKO TTyOIMIHBIE UIEHBI KJlacca 1 T. 1.
Yem cirabee CBSI3b MEKLY JABYMsI YaCTSIMU KOJIA, TeM MEHbBIIHI 00beM HH(MOPMAIIK OHH
pazesistioT. biarosaps 9ToMy yCUJINBAIOTCS FapaHTUU KOMIIOHEHTA OTHOCUTEBHO €ero
BHYTPEHHUX JIAHHBIX, TOCKOJIbKY HUKAKOW BHENITHUH KOJI HE MOXKET UX MOAUMDUITIPOBATH,
He 1purberast K CIIOJIb30BaHUIO HHTepdelica KOMIIOHEHTA.

1.3.4. KoMnoHyeMocCTb

IomyctuM, HaMm TpeOyeTcst HaliTy mepBoe OTPUIATENbHOE YUCJIO B YHCIOBOM MACCUBE
U TIEPBYIO CTPOKY M3 OJJHOTO CUMBOJIA B CUMBOJIbHOM Maccuie. He npuberast k pazbuenuto
9TOM 3a/]a4¥ Ha JIBE YACTH ¥ MOCIEAYIONIEMY UX OOBEIMHEHUIO B €[HHYI0 CHCTEMY, MBI
moJsryursii 66 B utore aBe yHKImu: findFirstNegativeNumber() 1 findFirstOneCha-
racterString(), mokaszanubie B tuctuHre 1.8.

JInctuur 1.8. HekomnoHyemasi cuctema

function findFirstNegativeNumber(numbers: number[])
number | undefined {
for (let i of numbers) {
if (i < @) return i;

function findFirstOneCharacterString(strings: string[])
string | undefined {
for (let str of strings) {
if (str.length == 1) return str;

Itu iBe (PYHKITUHU UIITYT MIEPBOE OTPUIIATETHHOE YUCTIO U EPBYIO CTPOKY U3 OJTHOTO
CHMBOJIA COOTBETCTBEHHO. ECJin O100HBIX 27IEMEHTOB He Hali/IeHO, TO (DYHKIIMU BO3Bpa-
a0t undefined (HesIBHO, MyTeM BbIxofia U3 pyHKIMHN Ge3 omepatopa return).
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Ecim nosiButcst HoBoe TpeboBaHme K cUcTeMe, HallpUMep, 3aHOCUTh B 5Ky PHaJI OLINOKY
B cJlydae HEBO3MOKHOCTH HAUTH MCKOMBIN 3JIEMEHT, TO MPUAETCS OOHOBUTD OIUCAHIE
obenx GyHKINH, Kak TOKazaHo B iuctuHre 1.9,

JNucTuHr 1.9. O6HOBMEHWE HEKOMMOHYEMOIN CUCTEMBI

function findFirstNegativeNumber(numbers: number[])
number | undefined {
for (let i of numbers) {
if (i < @) return i;

}

console.error("No matching value found");

¥

function findFirstOneCharacterString(strings: string[])
string | undefined {
for (let str of strings) {
if (str.length == 1) return str;
}

console.error("No matching value found");

JlaHHbBII BapHaHT SIBHO He onTUMaJbHBINA. YTO, eciin Mbl 3a0yseM 0OHOBUTH KOJI
B ogHoM u3 MecT? [Togo6uble mpobieMbl yeyrybasaioTes B 60pmux cucremax. Cyad mo
BUJLY 5THX (DYHKI[HIL, aJITOPUTM B HUX OJIH U TOT JKe; HO B OJHOM CJiydae MbI paboTaem
C YMCJIAMU C OJTHUM YCJIOBHEM, a B IPYTOM — CO CTPOKAMU C JIPYTUM ycsioBreM. MoskHO
HanucaTh 0G00IIEHHBIN AJITOPUTM ¢ TTapaMeTPHU3AIEN 110 THITY 00pabaThIBAEMBIX JIaH-
HBIX U IIPOBEPSIEMOMY YCJIOBUIO, KakK mokasano B auctudre 1.10. ITogoGHbIN anropuTm
He 3aBUCUT OT JIPYTUX YaCTel CUCTEMbI, U €0 MOKHO aHAJTU3UPOBATh OT/AETHHO.

JNncrtunr 1.10. KoMnoHyemas cucrema

function first<T>(range: T[], p: (elem: T) => boolean)
: T | undefined {
for (let elem of range) {
if (p (elem)) return elem;
}
}

function findFirstNegativeNumber(numbers: number[])
number | undefined {
return first(numbers, n => n < 0);

¥

function findFirstOneCharacterString(strings: string[])
string | undefined {
return first(strings, str => str.length == 1);

He BosiHyiiTech, €ciiv CHHTAaKCUC HEMHOTO HETIPUBLIYEH; MbI OOCYIM BCTPAUBAEMbIE
dyHKIMK (TakKe Kak n => n < @) B Iviase 5 u 06001enHbie GyHKIMu — B raasax 9 u 10.
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Jlist HoOaBIICHYS B 9Ty PEATMBAIIIO Ky PHATUPOBAHSI IOCTATOYHO OOHOBUTD PEAIH-
saruio pyHkiuu first. [pudem ec Mbl ipuryMaeM 60stee 9hHEKTUBHYIO PeaTH3aIinio
AJITOPUTMA, TO HYKHO Gy/IeT JIHIh OGHOBUTH PEATTM3AINIO, ¥ 9TUM aBTOMATHYCCKH BOC-
10JIb3YIOTCS BCe BbI3bIBalOMINE (DYHKIIUH.

Kax mbt yeuanm B riaase 10, koraa 6yem o6eyskaaTh 0600IEHHbIE aITOPUTMbI 1 1Te-
PaTOpBI, ATY (HYHKIIHIO MOKHO 06001nTS ertie Goubiie. [Toka 4to ona paboTaet ¢ MACCHBOM
HJIEMEHTOB THITA T, HO €€ MOKHO 0000TIHTH Ha 0OXO/] TIPOU3BOJIBHO CTPYKTYPbI IAHHBIX.

Econ koj1 HEeKOMITOHYEMBbIit, TO MOHAZOOUTCST OTAEIbHAS (DYHKITUS IS KasK/I0TO THTIA
JIAHHBIX, CTPYKTYPBI IAHHBIX U YCJIOBUST, XOTS BCE OHU, TI0 CYTH, PEaU3yIoT O/iHy abCTpaK-
110, BoaMOKHOCTH abCTParupoBaHust € TIOCJCIYIONINM COYETAHNEM 1 KOMOGHHUPOBAHMEM
KOMIIOHEHTOB CYIIECTBEHHO CHIZKAET yOarpoBaHe. BeipakaTs mogo6Hbie abeTpakiinm
MO3BOJISTIOT 0O0OTIEHHBIE THITHI TAHHBIX.

Bo3MoxkHOCTD coyeTaHUsl HE3AaBUCUMBIX KOMIIOHEHTOB IIPeBPAIlacT CUCTEMY B MO-
JIYJIBHYIO U YMEHBIIAET KOJUYECTBO TPEOYIONIETO COMPOBOKIACHUS KO/a. 3HAUCHIE
KOMIIOHYEMOCTH pacTeT 1o Mepe pocta oObeMa KoJa M Yncia KOMIOHEeHTOB. YacTu
KOMITOHYEMO#1 CHCTEMBI CIETIIEHBI ¢J1ab0; B TO JKe BPEMST KOJI B OT/ICJBHBIX MOACHCTEMAX
He aybaupyercst. JIst yaeta HOBBIX TpeGOBaHUE OOBIYHO OCTATOYHO OOHOBUTH OJIH
KOMITOHEHT BMECTO TOTO, YTOObI TPOBOANUTH MACIITAGHbIC M3BMEHEHUST M0 BCEIT CHCTEME.
B 0 ske BpeMst ISt TOHUMAHWS TOA0OHON CUCTEeMbI TPEGYETCST MEHBIITE MBICTUTEILHBIX
3aTpart, IIOCKOJIbKY €€ 4YaCTH MOXKHO aHaJIU3UPOBATD 110 OT/EJIbHOCTH.

1.3.5. YutabenbHoCTb

Ko untaior HaMHOTO GoJTbIee KOJIMYECTBO Pas, ueM muiryT. Biarogaps tunusanuu cra-
HOBUTCS IIOHATHO, KaKKMe apTYMEHTBI OKU/1aeT (DYHKINS, KAKOBBI ITPEJBAPUTEIbHbBIC YCII0-
BUst JUIst 0O0BIIEHHOTO aJITOPUTMA, KaKoii nHTepdeiic peanusyer kiacc u T. . lleHnocTs
3TOI MHMOPMAIIUK 3aKTI0YAETCH B BOSMOKHOCTH ITPOBECTH AHAIU3 KO/ 110 OT/IEIbHBIM
YaCTSAM: IO OJIHOMY BU/LY OTIPE/IEIICHNUsT, He 06paIasich K UCXO[HOMY KO/LY BbI3BIBAIOIINX
U BBI3BIBAEMBIX (DYHKIIUH, MOJKHO JIETKO TIOHSATH, KaK JI0JIKEH paboTaTh KOJI.

BaskHy1o poJsib B 9TOM ITpoliecce UTPAI0T HAMMEHOBAHUS I KOMMEHTAPUH, HO TUITU3AIINS
J0OABJISIET B HETO JIOTIOJNHUTEIBHBII CJI0# MHMOPMAINH, TI03BOJIsIst UMEHOBATH OTPaHU-
uenus. Barisguem Ha HetunusupoBanHoe o0bsaBieHne pyHkiwn find() B smcrunre 1.11.

JNnctuar 1.11. HetunusunposaHHas dyHkums find()

declare function find(range: any, pred: any): any;

N3 onucannst aToi yHKITUN HETIPOCTO MOHATH, KAKWe apTYMEHThI OHA OXKU/AeT Ha
Bxozie. Heo6xommmo unrath pearnsanuio, mpoboBaTh PasInIHbIE TAPAMETPBI i CMOTPETD,
He TOJIYYM JI MBI Ha BBIXO/Ie OMMOKY BO BPEMST BBHITTOTHEHNS, IHOO HANESTHCS, UTO BCe
OIIMCAHO B JIOKYMEHTAIIUH.

CpaBHuTE ¢ TPeABIAYINM 0ObsIBICHUEM caeayommuii ko (uetunr 1.12).

Jinctunrr 1.12, TunusnposaHHas dyHkuums find()

declare function first<T>(range: T[],
p: (elem: T) => boolean): T | undefined;
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V3 aToro omucanust ¢pasdy MOHITHO, YTO JIUIS TPOU3BOIBHOTO THIA T HEOOXOAUMO
repezaTb B KauecTBe apryMeHTa range MaccuB T[] v (hyHKIMIO, TPUHUMAIONIYIO T 1 BO3-
Bpallaiollyio boolean B KayecTBe aprymenta p. Kpome toro, cpasy e HOHATHO, 4TO
¢ynkmms Bo3spaiaet T uin undefined.

BmecTo noucka peanusaiy UiIM YTeHUS JTOKYMEHTAIIUK IOCTATOYHO IIPOYECTb 9TO
o6bsiBIeHrEe (DYHKIUH, YTOOBI TIOHSTh, KAKWE MMEHHO TUIIBI apTYMEHTOB HYKHO Tepe-
JIaBaTh. ITO CYIECTBEHHO CHUKAET HaIly KOTHUTUBHYIO HATPy3Ky 6iarofapst Tomy,
4yTO (DYHKIIMS pacCMaTPUBAETCS KaK CaMO/IOCTaTOYHAS OT/eJbHAs CYHIHOCTD. 3ajlaHue
no106HO# MHMOPMATIUH O THTIE SIBHBIM 06Pa30M, BUIMMBIM HE TOJBKO KOMITHIISITOPY, HO
U pa3paboOTUHKy, HAMHOTO O6JIerdaeT MOHNMaHIe KOJa.

B 601bITMHCTBE COBPEMEHHBIX SI3BIKOB MPOTPAMMUPOBAHIS CYIIECTBYIOT KaKHe-Tu60
npasuia evieoda munos (type inference), To ecTh ONpe/eTICHNS THITA TEPEMEHHON TI0 KOH-
TEKCTY. ITO YAOOHO, TOCKOJIBKY MO3BOJISIET CHUBUTH 0ObeM TpeGyeMoro Kojia, HO MOJKET
MPEeBPAIATHCS B TPOOJIEMY, €CITU KO/l CTAHOBUTCST JIETKO TIOHSITHBIM JIJIST KOMITHJIITOPA,
HO CJIMIIKOM 3aIlyTaHHbIM JUUIS JIIoJieil. SIBHO IPOIMCAHHBII THII HAMHOTO 1IeHHee KOM-
MEHTapHst, TaK Kak ero cobJriojieHrne 06ecrednBaeT KOMITHIIATOP.

1.4. Pa3HOBMAHOCTU CUCTEM TUMNOB

B Hacrosiiiee BpeMst B GOJIBITMHCTBE SI3BIKOB TPOTPAMMUPOBAHUS ¥ CPE/l BBHITIOJHEHVST
€CTh TUNIU3AIMS B TON Wi MHOU hopme. MBI yske JaBHO OCO3HAH, YTO BO3MOKHOCTD
WHTEPIIPETUPOBATH KO/ KaK JaHHbIE 1 JJAHHbBIC KaK KOl MOJKET IIPUBECTH K KaTacTpodu-
yecKUM TocaecTBUsAM. OCHOBHOE Pa3nyne MEK/y COBPEMEHHBIMU CUCTEMaMU TUIIOB
COCTOUT B TOM, KOT/Ia TIPOBEPSIIOTCS TUIIBI IAHHBIX, U B CTEIIEHU CTPOTOCTH ATUX ITPOBEPOK.

[Tpu cTaTryeckoll TUNM3AIMK TIPOBEPKA COBEPIIAETCS BO BpeMsl KOMITUJISAIINY, TaK
YTO T10 3aBEPIICHUH MTOCJIeAHEN TAPAHTUPYIOTCS MTPABUIbHBIC TUTIBI 3HAUYECHUH BO BPEMs
BbInosiHeHWA. HarpoTus, mpu 1nHaMUYeCcKON TUITU3AIMHI TTPOBEPKA TUTIOB TAHHBIX OT-
KJIAJIBIBAETCSI /IO BBITIOJTHEHUST, TOITOMY HECOBIAJICHUSI TUTIOB CTAHOBSITCST ONTMOKAMU
BPEMEHU BBITIOJTHEHUS.

[Ipu CUIBHOI TUMU3AINHU TIPOU3BOIUTCS OUEHb MaJslo peobpasoBaHuii TUTIOB (a TO
1 BOOOIIIE He TIPOM3BOUTCA ), & MEHEE CUITbHBIE CHCTEMBI THIIOB JIOTTYCKAIOT GOJIBIIE He-
SIBHBIX ITPe0OPA30BaHUN THUIIOB JIAHHbIX.

1.4.1. [dnHaMunyeckas v ctaTmyeckass Tunusaums

JavaScript — s13bIk ¢ AuHAMMUYecKol TunM3armeit, a TypeScript — co crarnyeckoit. Ha ca-
MoM siesie TypeScript 6611 co3/1aH UMEHHO JTsT TOOABJIECHSI CTATUYECKOH TPOBEPKH THITOB
B JavaScript. IIpesparenne ommuGoK BPeMEHY BBITIOJHEHUST B ONTMOKU KOMITHIISIIIUH,
0c06EHHO B GOMBINNX MPUIOKEHUSX, YAYIIIAET COMPOBOKAAEMOCTH ¥ OTKA30YCTO-
YUBOCTH KOZIA. ITA KHHUTA MMOCBSIIEHA CTATUYECKOI TUITU3AIUN W CTATUYECKUM SI3bIKaM
MPOrpaMMUPOBAHMS, HO TIOJIE3HO Pa300paThCs U B TMHAMUYECKON MOJICTH.
JmHaMuyeckast THIU3AIHS He IPEToJaraeT HUKAKIX OrPaHMYeHNI THIIOB BO BPeMs
komrsiinn. O6uxoHoe HazBauue «ymunas munusavus> (duck typing) Bo3HUKIIO U3
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dpasbr «Eciii HEYTO XOAUT KaK yTKA U KPSIKAeT Kak yTKa TO, 3HAYMT, 3TO yTKay. [lepe-
MeHHas MOKeT CBOOOIHO IPUMEHSIThCS B KOJE KaK YIOJHO, TUIIM3ALMS IPOUCXOAMUT Ha
ATare BhIMOJHEHUs. JJMHAMUYECKYIO TUITM3AINIO MOKHO UMUTHPOBaTh B TypeScript
C TIOMOIIBIO KJTF0YEBOTO CJIOBA any, KOTOPOE TIO3BOJISIET MCIIOJIb30BATh HETUITU3UPOBAHHbIE
nepeMeHHbIe,

Peanusyem dyHKIMIO quacker (), TPUHUMAIONIYIO HA BXO/le apryMeHT duck TUIIa any
U BBI3BIBAONILYIO I Hero (yHKImio quack (). Bee mpexkpacto paboraer, eciiu y nepeja-
BaeMoro o6bekTa ecTh MeTo/ quack (). Ecan ske niepeiaTh HEYTO «He yMeIotee KPsiKaTh»
(6e3 metona quack()), To moJay4yrM TypeError BpeMeHU BBINOJHEHM, KaK [TOKa3aHO
B inctunre 1.13.

JNinctuur 1.13. JuHaMmyeckas Tunmsauus

OyHKLMA NPUHUMaeT aprymeHT TUNa any
function quacker(duck: any) { 1 MoToMy 06X0AMT NPOBEPKY TUNA Ha 3Tane KOMAUAALNM
duck. quack(); Mol nepefiaem 06beKT, copepxaiyuit meton quack(),

TaK YT0 B pe3ynbraTe Bbi30Ba B KOHCOJIb BbIBOAUTCA quack

}

quacker({quack: function () {console.log("quack"); }});

quacker(42); 70T BbI30B NPUBOAWT K OLUNGKe BO BpeMsA BbINOHEHNA:
TypekError: duck.quack is not a function (Own6ka Tna: duck.quack He aBnaetca ¢pyHKkumeit)

[Tpu craTmdeckoil TUIHM3AIUY, C IPYTOil CTOPOHBI, TPOBEPKA TUIIOB MTPOU3BOIUTCS
Ha 9Tare KOMITIJIAIUY, TaK YTO MOTIBITKA [IePeaTh apTyMEHT He TOTO THIIA BHI3BIBAET
omubKy KOMIAIATAN. [/ OJTHOIIEHHOTO UCTIOIb30BAHUST BO3MOYKHOCTEH CTATHIECKOI
tunusaiuy TypeScript MOKHO yCOBEpILEHCTBOBATh Ko/, 00bsIBUB B HeM uHTepdeiic Duck
1 yKa3aB COOTBETCTBYIONIMI TUIT apryMeHTa (hyHKIINHU, KaK MMOKa3aHo B jmctunre 1.14.
O6pature BunManue: B TypeScript He 06s13aTeIbHO ABHBIM 06PA30M YKA3bIBATh, YTO MbI
peasnusyem unrepdeiic Duck, b 661 6611 MeTo quack (). Ecin dynkuus quack() ects,
TO KOMITUJISITOP CUUTAeT MHTepdeiic peann30BaHHbIM. B IpyTUX s13bIKaX IPOrpaMMIPO-
BaHUS MPUIILIOCH ObI SBHBIM 06Pa30M 00BSABUTD, YTO KIACC PEATUIYET ITOT HHTEPDETiC.

Jinctmur 1.14. Cratuyeckasl Tunusaums

interface Duck { 06bABNeHHe UHTepdeiica ANA 06bekTa,
) quack(): void; ¥y KOTOporo fomKeH 6biTb MeToa quack()

function quacker(duck: Duck) { 4—‘

duck. quack () ; Y moanduumpoBaHHoi GyHKLMM
b

Tenepb AomKeH 6biTb aprymeHT Tuna Duck

quacker({quack: function () {console.log("quack"); }1});

quacker(42); . .
Owwubka kKomnunAuuu: Argument of type '42' is not assignable to parameter

of type 'Duck’ (HeBo3moxHo npucsonTb napametpy Tuna 'Duck’ apryment Tuna '42')

OCHOBHOE TIPEUMYIIIECTBO CTATHYECKOI TUIMU3AI[MI — MEePEXBAT MOJOOHBIX OMUOOK
Ha 9Tarie KOMITUJISIIIIY /[0 TOTO, KAK OHU BBI3OBYT OO paboTAIOIIEil TIPOTPAMMBIL.
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1.4.2. Cnabas n cunbHag TMnNu3aumm

[Ipu orricaHusT CUCTEM TUTIOB YaCTO MOKHO BCTPETUTD TEPMUHBI «CUTbHAS MUNU3AUU>'
(strong typing) u «crabas munusauus> (weak typing). Cuita clcTeMbl THIIOB OIIPe/ie-
JISIETCST CTETIEHBIO CTPOTOCTHU COOJOICHNUS eto orpaHndeHuil tumos. Cirabas cucreMa
HESIBHO ITPpeoOpasyeT 3HaYeHUs U3 UX (DAKTUYECKUX TUIIOB B THIIBI, O3KUIAEMBIE TaM, T/I¢
OHW UCTIOJIb3YIOTCSL.

3asymMaiiTech: «<MOJIOKO» paBHO «Oejioe»? B CUIIBHO TUITH3UPOBAHHOM MHUPE OTBET
Ha 9TOT BOTIPOC: HET, MOJIOKO — JKUAKOCTh U CPaBHUBATH €€ C IIBETOM GECCMBICTIEHHO.
B ciabo THMU3UPOBAaHHOM MUpPE MOKHO cKaszaTh: «Hy, 1[BeT MoJIOKa — GeJIblid, TakK u4To
12, MOJIOKO paBHO OesioMy». B CHIIbHO THMTH3MPOBAHHOM MUPE MOJKHO SIBHBIM 00pazoM
mpeoGpasoBaTh MOJIOKO B IIBET, 3a/laB BOIIPOC BOT Tak: « PaBeH Jint 1[BET MOJIOKa GestoMy ?»
B crabo TMITH3NPOBAHHOM MUPE 9TO YTOUHEHHUE He TPeOyeTCsl.

JavaScript — ciabo THIU3UPOBAHHBIN A3bIK. UTOOBI 3TO YBUIETH, JOCTATOYHO BOC-
MOJIH30BAThCS TUTIOM any B TypeScript u fielerupoBaTh TUMTU3AIIIO BO BPEMS BBITION -
Hennst JavaScript. B JavaScript ecTs nBa omepaTtopa mpoBepKu Ha PaBEHCTBO: ==, TIPO-
BEPSIIONTII PABEHCTBO JIBYX 3HAYECHWH, U ===, TPOBEPSIONINI PAaBEHCTBO KaK 3HAYCHMIA,
tak 1 ux Tunos (nuctunr 1.15). Tlockonbky JavaScript — ciabo THIM3UPOBAHHBIN SI3BIK,
BBIpA)KEHME BUIA "42" == 42 PaBHO true. TO TOBOJILHO CTPAHHO, BEADb "42" — TEKCTOBOE
3HaUYeHUeE, a 42 — YHCJIIO.

JNuctmur 1.15. Cnabas tunusauus

const a: any = "hello world";

BoiBopur false, xota cpaBHeHMe
const b: any = 42;

CTPOKM CYMCUIOM JonyCcTUMO

le.1 == b);
console. log(a ) BbiBoauT true; cpepa BbinonHexua JavaScript
console.log("42" == b); HeABHO Npeo6pasyeT 3HaueHuUA K OfHOMY TUMy
console.log("42" === b); BoiBogu false; onepatop ===
C(PaBHUBAET 1 TUMbI TOXE

Hesasuble mpeoGpasoBanus TUIIOB YAOOGHBI TEM, YTO HE HYXKHO MUCATh MHOTO JINII-
HEro KoJa Jist SBHOTO MpeobOpasoBaHus U3 OJHOTO THUIA B APYTOH, HO U OMACHBI, MO-
CKOJIBKY BO MHOTHX CJIy4yadX Takue TpanchopMmaluy HeskeaaTeabHbl U HeOKUTAHHbBI
JU1d porpaMmucTa. baarogaps cumbnolt Tunusanun TypeScript He cKOMIUAMPYeET
HU OJIHY M3 NPEABIAYIINX OTlepaluil CpaBHEHUSI, €Cin 00BIBUTH JOJKHBIM 06pasoM
IIEPpEMEHHYIO a C TUIIOM string U lIepeMEHHYIO b ¢ TUIIOM number, Kak IIOKa3aHO B JI-
crunre 1.16.

Bce a1t onepary cpaBHerust BepHYT OMOKY "This condition will always return
'false' since the types 'string' and 'number' have no overlap". (3JTo ycJiOBUE BCer/ia
Bo3Bpartaer false, MOCKOJIbKY TUTIBI 'string' u 'number' He mepecekaioTcs.) MomyJib
[TPOBEPKHU THIIA OOHAPYKUBAET, YTO MBI IIBITAEMCSI CDABHUTD 3HAYECHHUST PA3JINYHBIX TUIIOB,
1 3a6pPaKOBBIBAET KO,

! B pyccKosI3bIYHOI JINTEPATYPE YACTO TAKKE HA3BIBAETCS CTPOTrOil TunM3anueit. — Ilpumey. nep.
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Jinctmur 1.16. CunbHas Tunusaums

const a: string =c"hello world"; MepemeHHbie a u b 6onbLue He 06bABNEHBI
const b: number = 42; CTUMOM any, TaK 4To JO/KHbI NPOITH NPOBEpPKY TUNOB

console.log(a == b);
Hu opHa 13 Tpex onepaumii cpaBHeHUA
console.log("42" == b); He cKOMAUAMpYyeTca, Nockonbky TypeScript
He pa3peLUaeT cpaBHeHUs PasNUYHbIX TUNOB
console.log("42" === b);

Pa6otats co caboii cucteMoii THITOB MPOTIe B KPATKOCPOIHOI TIEPCIIEKTHBE, BEb 9Ta
CHCTEMA He 3aCTaBJIsIeT IPOrPaMMUCTOB SIBHO TIPEOOPA30BBIBATH THIThI 3HAYECHUH, OTHAKO
OHa He aeT TeX rapalTUil, KOTopble IIPeloCTaBIdeT CUIbHas CUcTeMa. BosbIHeTBO o1m-
CaHHBIX B 3TOH TJIaBe ITPEUMYIIECTB U UCIIOIb3yeMble B OCTaBIIelcs YacT! IaHHON KHUTH
METO/IUKHU TOTEPSTIOT CBOIO 3(D(HeKTUBHOCTD, €CJIN HE MOAKPENUTD UX JOJIKHBIM 00Pa3oM.

O6paTuTe BHUMAaHUE: XOTsI CHCTEMA TUTIOB MOKET OBITh MO0 JUHAMUYECKOIT (TTpo-
BepKa TUTIOB BO BPEMsI BBITIOTHEHUST ), TMOO cTATUIeCKON (TTpOBEpKa TUTIOB BO BPeMsT
KOMIIMJISILIMK ), CYLeCTBYeT 1eJIblil IMalla30H CTelleHell ee CTPOrocTU: YeM MeHee sIBHble
peobpaszoBaHust OHA TPOU3BOJINT, TeM cirabee cucreMa. B G0JIBITMHCTBE CHCTEM TUTIOB,
Jla’ke CUJIbHBIX, €CTh KaKue-JT100 OrpaHuYeHHbIE BOSMOKHOCTH HESTBHOTO MTPUBEICHISI
THUIIOB JIJIS CYUTAIONIUXCSA Ge30TmacHbIMU peobpasoBanuii. PacrpocTpaneHHbIi mpu-
Mep — mpeobpasoBaHuie K boolean: if (a) CKOMIUJIMPYETCS, JaKe €Cid a — number
WM OTHOCUTCS K CCHLTOYHOMY THTTY. Ellle O/IMH TIpUMep — pacwupsiouiee npugedenue
munos (widening cast), 0 KOTOPOM MbI IOrOBOPUM OAPOGHEE B TIaBe 4. [[JIsT 4NCI0BBIX
3HaueHuit B TypeScript MCIOIb3yeTcs TOTHKO THUIT humber, HO B JIPYTUX SI3bIKAX, KOT/A,
JOTYCTUM, TIEPEIAeTCst BOCBMUOUTHOE 3HAYECHIE TIPH HEOOX0AUMOM 16-6UTHOM TIesIoM
qncire, mpeobpazoBanne 0OBIYHO BBITIOTHSIETCS aBTOMATHYECKH, TAK KAK PUCKA TIOPYN
maHHBIX HeT (16-6UTHOE TIeI0e YHCII0 MOXKET CO/IEPKAT JII0O0e 3HAUECHHE, COEPIKAIIECECsT
B BOCBMUOUTHOM YHCJIE, U HE TOJBKO €r0).

1.4.3. BbiBOA TUMOB

B HEKOTOPBIX CTyYasx KOMITUIISITOP MOKET BBIBECTH, UCXO/Sl U3 KOHTEKCTA, THUII TIepe-
MEHHOU WK (PYHKIMY, He YKa3aHHBIA SABHBIM 00pasoM. Eciiu IIpucBOUTD IepeMeHHOM
3HayeHue 42, Harpumep, To KoMuaAaTop TypeScript MOKeT BbIBECTH, YTO €e TUIl —
number, 1 HaM He IPUAETCI YKa3blBaTh TUI. JTO MO3BOJIUT YBEJIUYUTH IIPO3PAYHOCTD
U MIOHSITHOCTD YUTATEISIM KO/IA, HO COOTBETCTBYIOIAS HOTAIHS He0OsI3aTeIbHA.

AnanornyHo, eciv (hyHKITNAS BO3BPAIAET 3HAYEHUS OJTHOTO THTIA BO BCEX OTIEPATOPax
return, TO yKa3bIBaTh BO3BPAIAEMbIH THIT SIBHO B ONTMCaHUK (DYHKITMH He HY>KHO. KomTn-
JISITOP MOKET BBIBECTU 3Ty MH(POPMAIIUIO U3 KOJIA, KaK TToKa3aHo B jinctunre 1.17.

B otsinume oT AMHAMUYECKOHN TUIIM3AIMK, KOTOPAs IPOM3BOUTCS TOJIBKO HA dTalle
BBITIOJTHEHUS, B TIOJIOOHBIX CTyYassxX TUIMH3AINST OMPEIESITCST U TIPOBEPSIETCST Ha DTare
KOMITUJISITIAH, XOTsI SBHBIM 0OPa30M OTIMCHIBATD TUITBI He HY KHO. [IpU HEOTHO3HAYHOCTH
TUIU3AIMN KOMITHUJISITOP BBIAACT OIMHOKY U MOIPOCKUT HAC YKa3aTh HOTAIIUIO TUIIOB GoJiee
SIBHBIM 06pa3oM.
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JNinctmur 1.17. BoiBog Tvna

function add(x: number, y: number) { . .
. Y 3700l GYHKLMN He YKa3aH ABHbII
return x + y;

} BOBBpaI.I.l,aEMbIﬁ TN, HO KOMNUNATOP
onpepenser, uto [DaHHbIi TN — number

let sum = add(40, 2); .
Tun nepemeHHoi sum He 06bABNEH
ABHbIM 06pa3oMm, a BbIBOAUTCA KOMAMAATOPOM

1.5. B 3TOM KHUre

CruthHast CTaTUYECKasT CHCTEMA TUTIOB TTO3BOJISIET MHCATH G0JIee KOPPEKTHDIMN, JTyUITie KOM-
MOHYEMBbIiT 1 YnTabeNbHbIH KO/ B TaHHON KHITe MBI PACCMOTPHM OCHOBHBIE BO3MOKHO-
CTHU TIOJ0GHBIX COBPEMEHHBIX CHCTEM THTIOB € YIIOPOM Ha UX TIPAKTUYECKOE TTPUMEHEHHE.

MbI HAuHEM ¢ nPOCmvIX Munoe dantvix (primitive types), TOTOBBIX JIJIsI TPUMEHEHISI
THIIOB, IOCTYITHBIX B GOJIBITMHCTBE S3BIKOB TporpaMMupoBanus. O6Ccymm, Kak TTpaBIb-
HO WX UCTIOJIB30BaTh 1 N36eXkKaTh PacpoOCTPAHEHHBIX JIOBYIIEK. B psaze caydaes 6ymayT
MOKAa3aHbl CIOCOOBI PEATM3aI[H HEKOTOPBIX U3 ATUX TUIIOB IAHHBIX TIPU OTCYTCTBUU UX
HATUBHOW Pean3aliuu B sI3bIKE TIPOTPAMMUPOBAHUS.

anee Mbl 06CYIUM KOMIIOHYEMOCTb U BO3MOKHOCTH COUETAHUST TIPOCTHIX THIIOB
JTAHHBIX B TIEJISTX CO3IAHSI TIEI0N BCETEHHON TUTIOB, HEOOXOIMMBIX JIJISI IPEAIMETHOM 00-
JIACTU KOHKPETHOM 3aaun. CyIiecTByeT MHOKECTBO CIIOCOO0OB COUETAHVSI TUTIOB JIAHHBIX,
U BBl y3HAeTe, KaK BbIOPATh MPABUIbHBI MHCTPYMEHT B 3aBUCHMOCTH OT KOHKPETHON
petraeMoli 3a1a4mn.

3areM Oyer paccKasaHo 0O QyukuuonaibHbix munax oannvix (function types) u HOBbIX
peayuzanusx, 06s13aHHBIX CBOMM TIOSIBJIEHIEM BO3MOKHOCTSAM THUITU3AIMN (DYHKITUIT 1 1c-
MOJIb30BAaHKS UX AaHAJTOTMYHO OOBIYHBIM 3HaueHUsIM. DyHKIIMOHATIBHOE TPOrPAMMUPO-
BaHHE — BechMa OOIIUPHAsT TeMa, TaK YTO 51 He CTaHy IBITATHCS U3JIOKUTH €€ BO BCeil
MOJTHOTE, MBI TO3AMMCTBYEM U3 Hee HEKOTOPbIE TI0JIE3HBIE TOHSATHST U PUMEHUM UX K He-
(OYHKITMOHAILHOMY SI3BIKY TIPOTPAMMEUPOBAHMST /7SI PEIIEHUS PEAJTbHBIX 33/1a4.

Creayomuii aTan aBOJIONKMYA CUCTEM TUIIOB TI0CJE TUITU3AIMN 3HAYEHUIT, KOMIIO-
HOBKY THUIIOB ¥ TUITU3AIK (DYHKIUN — cozdanue nodmunog (subtyping). Mer o6cyamum,
KaKye KauecTBa JIeIAf0T TUTI TIOATUTIOM JPYTOTO THTIA, U MOMBITAEMCS TPUMEHHUTD B Ha-
meM KoJie HEeKOTOPbIe KOHIIEMTIUU 0OBEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHUPOBAHMSL.
O6cyauM HacsieoBaHKe, KOMIOHOBKY U TAKOI MeHee TPaJUIIMOHHbBII MHCTPYMEHT, Kak
PUMECH.

Hasiee GyeT pacckasaHo 1Ipo 06o0uwenivle munvt Oannvix (generics), barogapst KOTo-
PBIM BO3MOSKHBI TIEpEMEHHbIE TUIIOB U TIapAMETPU3AIINs KoJa THTIOM JaHHbIX. Q6061eH-
HbIE TUIIBI IPEACTABISIOT COO0i COBEPUIEHHO HOBbIH YPOBEHD aOCTPAKIIMU 1 KOMITOHY-
€MOCTH, PACIEIISIST JaHHBIE C UX CTPYKTYPaMH, a CTPYKTYPBI — € aIlTOPUTMAMU 1 JieJIast
BEPOSTHBIMU aIalITUBHBIE AJTTOPUTMBL.

U nakowetr, obcyaum munot 6oiee svicokozo poda (higher kinded types) — caemyrormuii
YPOBEHD a0CTPAKIMU, TAPAMETPU3AIIII0 000OIIEHHBIX THITOB aHHbIX. THITb H0JIee BBICO-
KOTO POJia TIPEICTABIISIOT COOOM (hOPMATTMBAIIIO TAKUX CTPYKTYP TAHHBIX, KAK MOHOUIDT
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¥ MOHa/Ibl. B HacTosiiee BpeMst MHOTHE I3bIKU TIPOIPAMMUPOBAHUS HE TIOJIEPKUBAIOT
TUIIbI G0JIee BRICOKOTO PO/, HO MX IINPOKOE IIPUMEHEHNE B TaKUX A3biKaX, kak Haskell,
U PacTyIiasi MoIyJIsIPHOCTD B KOHITE KOHIIOB JIOJIKHBI TIPUBECTH U K BHEIPEHUIO UX B GoJiee
TPaJMIIMOHHBIE SI3BIKK IIPOTPAMMIPOBAHUSL.

Pe3tome

a

Tun — xmaccuUKAIS AAHHBIX 110 BO3MOKHBIM OTIepAIisIM HaJl HUIMU, IX CMBICTY
7 HaOOPY MOTYCTUMBIX 3HAYEHHI.

Cucmema munos — Ha60p IIpaBWJI HasHaA4Y€HUA TUIIOB 9JIEMEHTAM fA3blIKa IIPOTrPaMMU-
POBaHUsI.

Tun OTPpaHNYUBAET AUAIlla30H ITPUHUMAEMbIX nepeMeHHoﬁ 3H3.‘{€HI/II>’I7 TaK 4TO B HE-
KOTOPDBIX Caydadax OH_II/I6KE1 BpEMEHN BBITNIOJTHEHUA ITPEBPAIIAE€TCA B OH_[I/I6Ky KOMIIN-
JIAIINN.

Heusmensemocmvb — cBOWMCTBO JIAHHBIX, BO3SMOKHOE 6J1ar011ap51 TUIIN3allN WU TapaH-
TUPYIOIIEE, UTO IepeMeHHas HEe IOMEHAETCSA, KOT/la HE J0JIKHA.

Buodumocmov — enre oJHO CBOWCTBO YPOBHA THIIA, OIIpe/essdroniee, K KaKuM JaHHbIM
€CTb IOCTYIT Y T€X NJIN MHBIX KOMITOHEHTOB.

O6006111eHHOE TIPOTPAMMUPOBAHIE MIPEIOCTABIISIET IIMPOKUE BO3ZMOKHOCTH PaCIIErIe-
HUS 1 TIOBTOPHOTO NCIOTB30BAHNUS KOJA.

Yxazanne HOTaHI/IfI TUIIOB YIIPOITA€T TIOHNMaHNE KOAA.
III/IH&MI/I‘-IGCKEI}[ (<<yTI/IHaH>>) TUTIN3aIWA — OIIPpe/eJICHNE THITAa Ha 3Talle BBITTOJTHEHMA.

HpI/I CTaTUYECKOI THUIIU3aIUW TUIIBI ITPOBEPAIOTCA BO BpEMA KOMITUJIAIIMN U IIEPEXBaA-
TbhIBAIOTCA OH_II/I6KI/I, KOTOPbIE€ B IIPOTUBHOM CJIyda€ MOIJIN Obl BO3HUKHYTb BO BpEM:AI
BbIIIOJTHEHNMA.

CTporocrb CHCTEMbBI TUIIOB OIIPEIEIseTCsl YICAOM AOIYCTUMbIX HESIBHBIX IIpeobpa-
30BAHUN TUIIOB.

CoBpeMEeHHBIE MOJTYJIH TIPOBEPKH THUITOB BKJIFOYAIOT 00JIa/IAfOIINE ITMPOKIMHU BO3MOJK-
HOCTSIMH aJITOPUTMBI BBIBOJIA, KOTOPBIE TTO3BOJISIIOT OTIPEAEISITh TUITBI TePEMEHHBIX,
(byHKIMIL 1 T. 1. 6€3 ABHOTO MX YKa3aHUS B KOJIE.

B riaBe 2 mbI PaCCMOTPUM ITPOCTBIC THUIIBI JITaHHbIX — HpOCTefILHI/Ie CTaH/IapTHbIE 6J10KK

cucteM TUNoB. Hayunmest nusberarbh HEKOTOPBIX PACIIPOCTPAHEHHBIX ONMOOK, BO3HUKA-
IOINX IIPU UCHOJIb30BAHNY 3TUX TUIIOB, a TAKKE Y3HAEM, KaK CO3aTh IPAKTUUECKA
JI06YI0 CTPYKTYPY TAHHDBIX 13 MACCHBOB U CCHITIOK.



Bbasoswvie munvt O0aHHbIX

B 3TOM rnaBse

O OcHOBHbIE NPOCTbIE TUMbI AAHHBLIX U UX UCMOb30BaHUE.
Q BbluncneHue byneBbix 3HaUYEHUN.
O JIoBYLUKM YMCNOBBIX TUMOB N KOANPOBaHWSA TEKCTa.

O bazoBble TUMbl 4Ns CO34aHUS CTPYKTYP AaHHbIX.

B kauecTBe BHYTPEHHEIO IPeACTaBIEHHS JAHHBIX B KOMIIbIOTEPE MCIIOJIb3YIOTCS 110~
ciretoBaTesIbHOCTH GUTOB, CMBICII STHM MOCIEA0BATENLHOCTSIM TPUAIOT TUIIBL. B TO Ke
BpeMs TUIIbI CJIY KaT JJIsS OFPAaHUUYEHK JUAIa30HOB JOIYCTUMbIX 3HAYEHWIT 2JIeMEHTOB
nanibix. CUCTEMBI TUIIOB cogepsKkaT HabOPbI IPOCTHIX (BCTPOEHHDIX ) TUIIOB AaHHbBIX U Ha-
GOPBI IPABUJI UX COYETAHUS.

B 9710ii ri1aBe MbI pacCCMOTPUM 4aCTO BCTPEYAIOIIUECS [IPOCTbIE TUIIbI JAHHBIX (ILyCTOMH,
€IMHUYHBII, OYJIeB TUII, YUCJIa, CTPOKU, MACCUBbI U CCBLIKH ), CHOCOObI UX IIPUMEHEHM
U pacipocTpaHeHHble JOBYIIKKA. XOTS MbI KCIIO/Ib3yEM IIPOCTbIE TUIIbI JAHHBIX €3Ke/[HeB-
HO, CYIIECTBYIOT MaJI03aMeTHbIE HIDAHCHI, KOTOPbIE HEOOXOAUMO YIUTHIBATH 1ist apheK-
TUBHOI'O IIPUMEHEHUs 9TUX TUIOB. Harpumep, cyliecTByer BO3MOKHOCTh COKPAIIEHHOTO
BbIUMCJIEHUs OYJIeBbIX BbIPAsKEHUI, a IIPY BHIYMCACHUN YUCIOBBIX BHIPAKEHMIT MOKET
HIPOUCXOAUTD [EPEHOIHEHHUE.,

Mbl HauHEM C IPOCTEHIINX TUIIOB, IPAKTHUYECKU He HeCyIuX UH(MOPMAIIK, U 110-
CTENEeHHO HepeiifeM K TUIIaM, IPeCTABJIAIONIMM AaHHbIe ¢ TOMOLIbIO PA3JIUYHbIX BULOB
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Ko/MpoBatusa. HakoHell, pacCMOTPUM MaCCHUBBI U CCHIIKA — CTaHapTHBIC GJIOKH BCeX
pounx GoJiee CAOKHBIX CTPYKTY]P TaHHBIX.

2.1. TpoekTnpoBaHue MyHKLMH,
He BO3BPaLLaoLLUMX 3HAYEHNN

Ecam paccmarpuBath TUTTBI KAK MHOKECTBA BEPOSITHBIX 3HAUEHUIT, TO BOBHUKAET BOIIPOC:
a CYIIECTBYET JIU TUII, COOTBETCTBYIONINIT TyCcTOMY MHOXKeCTBY? OHO He COIEPKUT dJie-
MEHTOB, TaK YTO HEBO3MOKHO OYET CO3/aTh HK3eMILISIP 9TOTO ThHA. Byaer jn moJb3a
OT TaKOTO THTIA?

2.1.1. Mycron Tun

ITocMOTPHM, CMOZKEM JIM MBI OITUCATD KaK 4acTh OUOIMOTEKH YTHAUT (DYHKIIMIO, KOTOpasi,
MOJTyYrB COOOIIEHUE B KAUECTBE TTAPaMETPa, 3aHOCUIIA Obl B JKypHAT (haKT BOSHUKHOBEHWST
omOKU, BKITIOYast METKY JIaThl/BPEMEHU U COOOIIEHNUE, TIOC/IE YeT0 TeHEpUpoBaia Obl
HCKJIIOYEeHMe, Kak okazaHo B auctuire 2.1. Takag QyHKIMSA SBISETCS IIPOCTO 00ePTKON
TSt throw, TO3TOMY He JIOJIKHA BO3BPAIATh yITpaBJcHIE.

JInctuHr 2.1. M'eHepauysi U XXypHannpoBaHue oWmbKy B Cllydae OTCyTCTBUS daiina KoHbUrypauum

OyHKUUA HUKOTAA He BO3BPALLAeT ynpaBneHue
(Bcerna reHepupyeT Uckniouexue),
TaK uTo ee BO3BpALLAEMblii TUN — never

const fs = require("fs");

function raise(message: string): never {
console.error( Error "${message}" raised at ${new Date()});
throw new Error(message);

¥

function readConfig(configFile: string): string {
if (!fs.existsSync(configFile)) |
raise(  Configuration file ${configFile}missing’); |

return fs.readFileSync(configFile, "utf-8"); Mpumepucnonb3oBanua: ecm daiin

) KOHQUrypaumm He HailfieH, To dyHKLUA
AOMKHA 3aHeCT! uHdopmaLuio 06 3Tom

B KYpHan 1 creHepupoBatb OWWMOKY

Ob6parure BHUMaHUE: BO3BpAll[aeMblil TUI (DYHKI[UU B TAaHHOM IIPUMEPE — hever.
Birarofapst 5ToMy unTaTeNIsIM KOJIa TIOHSITHO, 4TO (DYHKI[HS raise HUKOT/A HE JOJIKHA
BO3BpallaTh 3HaueHue. bosee TOro, eciin KTO-HUOY /b OTOM CJIyYallHO M3MEHUT OIHCa-
Hue QYHKIMU, T00aBUB OTEPATOP return, TO KOJ MePecTaHeT KOMITIINPOBAThCs. THiry
never HeJIb3sI IPUCBOUTDH aDCOJMIOTHO HUKAKOE 3HAUEHUE, TOITOMY 33 [yMaHHOE MOBE/e-
Hue QYHKIUE 06eCeynBaeT KOMITMIISTOP M TADAHTUPYET, YTO OHA He Oy/IeT BO3BPAIIATh
yIpaBJieHUE,

IMoxo6HbII TUTT TaHHBIX Ha3bIBaeTCs «Heobumaemvims (uninhabitable type), nmu
nycmoim munom oannoix (empty type), TOCKOJIbKY CO3/IaTh €T0 HK3EMILISIP HEBO3ZMOKHO.
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NyYCTO TUN AAHHbIX
MMyCTOM TVIM — 3TO TWMN AaHHbIX, Y KOTOPOrO HE MOXKET BbITb HYKAKOrO 3HaYEHNSI: MHO-
YKECTBO ero BEPOSITHLIX 3HAUEHMI — MycToe. 3aAaTb 3HaYEHNE NEPEMEHHOW TaKoro
TWMa HEBO3MOXHO. [yCTOl TUM YMECTEH KaK CMMBOJT HEBO3MOXHOCTW Yero-nnbo,
HanpuMep, B KaYyecTBe BO3BPALLAEMOro TvMa yHKLMM, KOTOpas HUKOrAa He BO3-
BpaLLa@eT 3HaueHsl (reHepupyeT UCKTIOYEHWE UM COAEPXKUT GECKOHEUHDIV LmKI).

«HeoGutaeMblii» TUTI JAHHBIX UCIIOJIB3YETCSI [171sT 00bsIBJIEHMST (DYHKITHIT, KOTOPBIE HU-
KOT/ZIa He BO3Bpammaior 3uavenuit. DyHKIIs MOKET He BO3BPAIIATh 3HAYEHUS 110 HECKOJTb-
KUM TIPUYUHAM: TeHePaIis UCKIIOUEHUs 1T0 BCEM BETBSIM KOJ1a, paboTa B HECKOHEUHOM
IUKJIE I BO3HUKHOBEHHE (DaTaIbHOTO cO0sT TIporpaMMbl. Bee 9TH clieHapyu 10Ty CTHMBL.
Hanpumep, MOKET MOHAI0OUTHCST PEATH30BaTh (hYHKIIUIO, IPOU3BOJAIIYIO JKYPHAIUPO-
BaHNUe WJIN OTHPABJSIONIYIO TeJleMeTPUYecKIe aHHbIe TIepesl TeHepaliieil NCKII0UeHs
Ji00 aBapUIHBIM BBIXO/IOM W3 TIPOTPAMMBI B CJIyUae HEYCTPAHUMOIT ook, Vi MOKeT
BO3HUKHYTH HEOOXOIUMOCTH B KOJIE, KOTOPBII ObI HEIIPEPBIBHO PabOTAJI B ITUKJIE BILJIOTH
JI0 MOMEHTA OCTaHOBA BCEH CUCTEMBbI, HAlIPUMEP, Uit 00paboTKK COOBITHIT CHCTEMBI.

Ob6mbsBiienne mogoOHOM (GDYHKIIMK KaK BO3Bpamiaoiieil void (THUII, UCIIOTb3YeMbIi
B GOJIBIITMHCTBE SI3BIKOB TPOrPAMMUPOBAHISI JIJIsI YKA3AHUS HA OTCYTCTBUE OCMBICJIEHHOTO
3HAUEHWS) TOJIBKO BBOJUT YUTATENS B 320y kaeHue. Harra hyHKIS He TIPOCTO He BO3-
BpaIlaeT OCMBICTIEHHOE 3HAUEHIEe, OHA BOOOIIE HUYETO He BO3Bpaliaer!

HeszaBepwarouwmecs pyHKUUMN

[Tycroit Tnn MOKeT 1OKa3aThCA TPUBUAJIBHBIM, HO IEMOHCTpUpPYeT GyHIaMeHTaTIbHOEe
pazyiune MeXIy MaTeMaTUKON 1 MH(MOPMATUKON: B MaTeMaTHKe HEJb3s OIPEIeJUTh
byHKIII0, 0TOOPAKAIOIILYIO HEITYCTOE MHOKECTBO B ILyCTOE. ITO IIPOCTO JIMIIEHO CMbBICIA.
ODyHKIUY B MATEMATHUKE HE «BBIUYUCIISIOTCST», OHU ITPOCTO «CYTIECTBYIOT.

KomibioTepsl, ¢ [pyroif CTOPOHBI, BBIYUCJISAIOT TPOTPAMMbI; TIOMIATOBO BBITIOJIHSIOT WH-
crpykimu. KoMibioTep B ipoiiecce BEIYUCIEHUET MOKET OKa3aThCst B GECKOHEYHOM IIUKJIE,
BBITIOJIHEHNE KOTOPOTO HUKOT/IA He ITpeKpaTuTcs. [loaToMy B KOMIIBIOTEPHBIX IIPOTPAMMax
MO2zym OTIACHIBATHCST OCMBICTCHHBIE (DYHKINKI 0TOOPAKEHHUS B IIyCTOE MHOJKECTBO, TAKHE
KakK B IIPeBIAYIINX TPUMepPax.

[TycToii TUTI UMeeT CMBICJI UCIIOJIb30BaTh Be3/ie, I/le BCTPevyatoTcsl He BO3Bpalllakole
Hu4ero (GyHKINH, OO0 C TETBI0 TIOKA3aTh IBHBIM 00Pa3oM, YTO HUKAKOTO 3HAYEHUST HET.

CaMoaenbHbIN NycTon Tun

Jlasexko He BO BceX MMUPOKO PACITPOCTPAHEHHBIX A3bIKAaX TPOrPAMMHUPOBAHUS €CTh TOTO-
BBII MyCTOH THIT JAHHBIX HarooOue tuta never B TypeScript. Ho B 60/bIIUHCTBE 513bI-
KOB €r0 MOYKHO PEaJIn30BaTh CAMOCTOATENBbHO. DTO OCYIIECTBUMO C IIOMOIIIBIO OITUCAHWS
MIEPEYNCIIEMOro TUIIA, HE COEPIKAIEr0 HUKAKUX 3JIEMEHTOB MJIA CTPYKTYPBI C OJTHUM
TOJILKO TIPUBATHBIM KOHCTPYKTOPOM, YTOOBI €TI0 HEJIb3st OBIIO BHI3BATH.

B mrctunre 2.2 okazaHo, Kak MOKHO peain3oBarth myctoii Tun B TypeScript B Bue
KJIacca, He JIOMyCKAOIIEro cosanst ak3eMisipoB. O6parure Buumanue: TypeScript cuu-
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TaeT J{Ba THIA CO CXOJKE CTPYKTYPOH COBMECTUMBIMH, TaK YTO HAM TIPUAETCS T06aBUTH
(buKTHBHOE CBONCTBO THIA void, 4TOOBI B IPOYEM KOJI€ HE MOTJIO OKA3aThCsl 3HAYCHUS,
KOTOpPOE HesIBHO Obl Tipeo6pas3oBaioch B Empty. B mpounx sisbikax, Hanpumep Java u CH,
TAKOTO JIOTOJHUTETLHOTO CBOMCTBA He TPEOYETCsT, TOCKOJIBKY B HUX COBMECTHMOCTD THTIOB
HE OIPE/IETISIETCsT Ha OCHOBE UX (hOpMBI. MBI 06CYINM 9TOT BOITPOC TIOpo6GHEe B TiaBe 7.

JINCTUHr 2.2. Peanu3aums NycToro Tuna B BUAE HEBOMJIOLAEMOrO Kiacca

Mogo6HbIM cneunuyeckum obpasom

declare const EmptyType: unique symbol; <—— gTypeScript o6ecneunBaetca HeBO3MOKHOCTb

UHTEpNpEeTUPOBaTh ApYrie 06beKTb

class Empty { TOif ke YOpMbI KaK 06bEKTbI 3T0ro TMNa
[EmptyType]: void;

rivate constructor .
} P 0 {} lpuBaTHbIA KOHCTPYKTOP FapaHTUpYeT, 4To C03AaTh
3K3emnAasAp faHHOrO TUNA B 0CTAZIbHOM KOJie HeBO3MOXHO

&

function raise(message: string): Empty { <
console.error( Error "${message}" raised at ${new Date()} );
throw new Error(message);

I1a GyHKLMA He OTANYaeTCA
¥ 0T NpefbIAYLLEero NpuMepa, Ho Tenepb
BMecTo never ucnonb3yetca Empty

JlaHHBIN KO/I KOMINJIUPYETCs], TOCKOJIbKY KOMITMJISTOP BBITIOJNHIET aHAJIN3 ITOTOKA
KOMaH/I 1 OTIPEJIEJISIET, UTO O1IepaTop return He HyskeH. C Ipyroii CTOPOHBIL, T00aBUTD 3TOT
OIIEPATOP HEBO3MOKHO, TIOCKOJIbKY HEJB3S CO3ATh 3K3EMILLAP Kaacca Empty.

2.1.2. EAWHWYHBIA TUN

B npezapiayiiem mnogpaszieiie Mbl 00CysKaaan (GyHKIMN, HIKOTAa HUYEro He BO3Bpallla-
olue. A Kak HacueT (PYHKIINI, KOTOPbIE IIPOU3BO/ISIT BO3BPAT, HO HE BO3BPAIIAIOT HUYETO
noJsieaHoro? CylecTByer MHOKECTBO IOL00HbBIX (DYHKIIU, BHI3bIBAEMBIX MCKIIOYUTEb-
HO pajy UX 0O60YHBIX 9P (DEKTOB: OHM NPOUIEOAsm ONPeeeHHbIe AeHCTBUS, MEHsIs
KaKoe-1n60 BHEIIHee COCTOSHIE, HO He BBIITOJHSAIOT HUKAKMX BLIYUCJICHIIL, Pe3yJIbTaThl
KOTOPBIX MOLJIM Obl BEPHYTb.

Paccmorpum B KauecTBe ipuMepa (pyHKIuio console.log(): OHA BBIBOJUT CBOIt
apryMeHT B OTJIQJIOYHYIO KOHCOJIb, HO He BO3BPANIAET HUKAKUX OCMbICJIEHHBIX 3HAUEHUIA.
C nipyroii cTOPOHBI, 110 3aBEPIIEHNU BbITIOJHEHUS OHA 8038PAUjaem YIIPABJIeHEe BbI3bIBA-
I01I[ell CTOPOHE, TAK YTO €€ BO3BPAI[AEMbIM TUIIOM HE MOJKET CJIYKUTh never.,

Kiaccuueckas dpynkius "Hello world!", npuBejiennas B iucTunre 2.3, — elle OjnH
XOpolIuil npumep 3Toro. Ee BbI3bIBAIOT /ISl BIBOJIA B KOHCOJIb IIPUBETCTBUS (TO €CTh
paau 1o60uHOro adeKra), a He B LeJIX BO3BPaTa 3HaYEHUSs], TAK YTO Mbl YKayKeM /ISt
Hee BO3BpalllaeMbIii TUTI void.

Jinctunr 2.3. OyHkums «Hello world!»

function %Peit()f,l_lvcl’id { 1d1)+ [llaHHaA GyHKLWA BbIBOAWT B KOHCONb
} console.log("Hello world!™); NPUBETCTBME U HE BO3BPALLAET HUYEro NOE3HOTO

06bIyHO pe3ynbTaT NoA06HbIX

greet(); GYHKUMIA NPOCTO UrHOpUpYlOT
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Bossparaemblii TuI 10400HBIX (DYHKIUIT HasbIBaeTCs edunuunvbim munom (unit type),
TO €CTh TUIIOM, Y KOTOPOTO MOKET ObITh TOJBKO OJIHO 3HauYeHue, u B TypeScript u 6oJib-
[IUHCTBE IPYTHUX SI3BIKOB OH Ha3bIBaeTCst void. ITpuurnHa, n3-3a 4€ro OOBIYHO HE UCTIOJb-
3YIOTCsT TIepeMeHHbBIe THTIA void, a TIPOCTO MTPOU3BOANTCS BO3BPAT U3 void hyHkimm 6e3
YKa3aHUs PeasbHOTO 3HAYEHUs, COCTOUT KaK Pa3 B TOM, YTO 3HAYEHUE eJIMHUTHOTO THITA
HEBAYKHO.

EAMHWYHBIA TUN

EAvHMYHBIA TMN (unit type) — 3TO TUM, YMCIO BEPOSTHLIX 3HAYEHWUIN KOTOPO-
ro paBHO OAHOMY. HeT cMbIC/ia NpoBepsiTb 3HAYEHUE NepeMeHHON Nofo6HOro
TUMA — OHO MOXET ObITb TOSILKO OAHWMM. EAMHMYHBIA TUM UCMONb3YIOT, Koraa
BO3BpaLLaeMblii DYHKLMEN pe3ynbTaT HEBAXKEH.

DyHKIMH, TPUHAMAIOIIIE KaKoe-THO0 YMCIIO0 apryMEHTOB, HO He BO3BPAIIAIOIIE HI-
KaKOTO OCMBICJIEHHOTO 3HAUEHUSI, HA3BIBAIOTCSI TaKKe deticmausimu (actions), TOCKOJIbKY
0OBIYHO BBITIOTHSIIOT O/IHY U HECKOJIBKO OMEPAIHH, KOTOPBIE MEHSTIOT COCTOSTHUE, NN
nompebumensmu (CONSUMETS), TaK KaK MOTYIAIOT APTYMEHTDI, HO HITYETO He BO3BPAIIAIOT.

CamogenbHbI eAUHUYHBIN TUN

Turbl, Hogo6HbIe void, €cTh B GOJBIIMHCTBE SI3bIKOB [IPOrPAMMUPOBAHUS, OJHAKO He-
KOTOPBIE SI3BIKU PACCMATPUBAIOT ITOT TUT OCOOBIM 06PA3OM U He TIO3BOJISIIOT UCIOTB30-
BaTh €r0 TIOJHOCTHIO AHAJIOTHYHO APYTHM THUTIaM. B TIOMOGHBIX CIydasx MOKHO CO3/IaTh
cOOCTBEHHBIN €[MHUYHBIN THUII, OMICAB [EPEYHCIISIEMbIN THIT U3 OJHOTO 3JIEMEHTA HJIN
KJIaCC-OJIMHOYKY 663 cocrostiusd. Tak Kak nepemMenHadA eAMHUYHOIO TUIla MOJKET ITPUHM-
MaTh TOJIBKO OJTHO 3HAYEHIE, HEBAKHO, KAKUM 3TO 3HaYeHHe OY/IET; BCe eIMHUYHbBIE THITbI
sxBuBaIeHTHHL. [IpeobpasoBatinie U3 OJHOTO AVHUYHOTO THIA B IPYTOil TPUBHAIBHO,
[IOCKOJIBKY HET HUKAKUX BAPHAHTOB: €IMHCTBEHHOE 3HAYEHUE OTHOTO TUIIA COOTBETCTBYET
€IMHCTBEHHOMY 3HAYEHUIO JAPYrOro.

B smcTtunTre 2.4 IOKA3aHO, KaK MOKHO peaim30BaTh eIMHNYHLIH THT B TypeScript.
Kak v /151 caMOJIeTbHOTO MYCTOTO THTTA, MBI BOCTIOJIB3YEMCsT CBOFICTBOM THTIA void, 4TOObI
JIPYTHE THITBI C COBMECTUMON CTPYKTYPOii He Tpeo6pa3oBbIBAIICH HEABHO B Unit. B npy-
I'MX S3bIKAX IPOrpaMMUpPOBaHusd, HapuMep Java u C#, 9T0 OMOTHUTENBbHOE CBOMCTBO
He Hy’KHO.

JIncTuHr 2.4. Peanvsauusi eaMHMYHOIO TUMa B BUAE Kacca-OANHOYKN 6e3 CcoCTosIHMS

declare const UnitType: unique symbol; | YuukanbHoe cBoiicTBO rapaHTHpyer,
YTO TUMbI aHANOTUYHOTO BUAA
class Unit { He 6yAyT UHTEpNpeTUpOBaTheA Kak Unit
[UnitType]: void;
static readonly value: Unit = new Unit();

private constructor() {}; (TaT4eckoe cBOICTBO TONbKO
} ’ MpuBaTHbII KOHCTPYKTOp rapanTupyer, | AnA utexns Tuna Unit —

YT0 C037aTb 3K3emMNAAp AAHHOI0 €[INHCTBEHHbIN BO3MOMHbIIi
Tuna B 0CTalbHOM Kofie HeBO3MOXXHO 3K3emnnaAp Unit
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function greet(): Unit {
console.log("Hello world!”);

- JKBUBaANEHTHO BO3BPaLLalOLLell
return Unit.value;

void GyHKUMu, Bceraa
} BO3BPALLAET OZIHO 1 TO e 3HaueHne

2.1.3. YnpaxHeHus

1. Kaxkoii Bo3BpalaeMblii TUII I0JKEH ObITh Y (hyHKIMK set (), IPUHUMAIONIEl Ha BXO/Ie
3HaUEHMeE U IPUCBANBAIOIIEH ero II06aIbHOI epeMeHHOM ?

A. never.

b. undefined.
B. void.

I. any.

2. Kakoii Bo3BpalaeMbiii TUII JOJKEH ObITh y QyHKIMK terminate (), KOTopas HEMe/I-
JIEHHO TIPEPBIBAET BBIIIOJHEHUE [TPOrpaMMbl ?

A. never.
b. undefined.
B. void.
I.

any.

2.2. bynesa norvka u cokpalieHHble
CXeMbl BblYMC/IEHNSA

3a TUIIaMH, y KOTOPBIX He MOKeT ObITh BO3MOKHBIX 3HaueHMil (IIyCThIX TUIIOB HAIIOJO-
Ovie never), M TUIIAMK C OJHUM BEPOSTHBIM 3HaYeHneM (eAMHUYHBIX TUIIOB Bpoje void)
JIOTUYHO CJIEAYIOT TUIIBI C IByMs TAKUMU 3HAUeHUsIMI. KaHOHMYECKNM MPUMepPOM TUTIA
C JIByMsI BOBMOKHBIMU 3HAYEHUSAMH, IOCTYITHBIM B OOJIBIINHCTBE SI3bIKOB IIPOIPAMMEPO-
BaHwus, sBJsiercst 6ynee (Boolean) Tut.

BysieBbl 3HAUEHUS OTPAXKAIOT MPaBAUBOCTL. CBOE Ha3BaHWE OHU MOJYIHUJINA B YECTh
Ilsxopmxa Byast (George Boole), mpujyMaBiiero o, 4To Cero/iHst HOCUT Ha3BaHue OyJie-
BOI ajreGphl — aareOpsl, COCTOSMLIEN 13 UCTUHHOIO 3HaueHus (1), JI0KHOTo 3Hadenus (9)
1 JIOTMYECKUX OTlepaIinii Haji HUMH, Harrprumep AND, OR 1 NOT.

B HEKOTOPBIX cHCTEMax TUIIOB €CTh BCTPOEHHBIH OyJIeB THII CO 3HAYEHUSIMU true
u false. /[pyriie cucTeMbl MCTIOTH3YIOT YUCTOBBIE 3HAYEHIST, CIUTasd, YTO @ 03HauaeT false,
a Jioboe Jpyroe ynucyio — true (To ecTh 8ce, umo ne A0y, — ucmuna). B TypeScript ectb
BCTPOEHHBIN TUITI boolean, KOTOPBIN MOXKET IPUHUMATD 3HaYeHusI true u false.

Bie 3aBHCUMOCTH OT TOTO, CYLIECTBYET JIM B KOHKPETHOM SI3bIKE IIPOCTOI OysIeB THII
WJIM MCTUHHOCTD OIPEIEISIETCs] HA OCHOBE 3HAUEHUH APYTUX TUIIOB, B GOJIBIIMHCTBE A3bIKOB
[IPOrpaMMUPOBaHK MCIIOJIb3yeTcs Kakas-1u60 hopma OyneBoil ceMaHTUKK IS JCI0G-
noeo eemenenus (conditional branching). B takux omnepatopax, kak if (ycnosue) { ... },
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BBIPKEHNE MEKY (DUTYPHBIMYU CKOOKAMU BBITIOHSIETCS, TOJIBKO €CIIM B PE3yJIbTaTe
BBIYUCJICHUS YCJOBYS MOJTYYACTCS UCTHHA. Y CIOBUS TIPUMEHSTIOTCS W B TIHKJIAX, YTOGBI
[TOHATD, IPOIOJIKATH JIM UTEPAIMK UM 3aBEPIINTD BLIIIOJHEHUE IIUKJIa: while (ycnosue)
{ ... }. Be3 ycJIOBHOTO BETBJIEHVSI MUCATH MO-HACTOAIIEMY TTOJE3HBIN KO/ ObLIO ObI He-
B03MOsKHO. [IpescrtaBbre, Kak GbI BbI PEATU30BAH TPOCTEHIIUI aJTOPUTM, HATIPHME]D
MOKCK TIEPBOTO YETHOTO YHUCJIA B CIIUCKE Yncest, 6e3 IUKIOB UK YCIOBHBIX OTIEPaTOPOB.

2.2.1. bynesbl BblpaXXeHus

Bo MHOTHX sI3bIKaX TPOrPAMMUPOBAHS JIJIST PACTIPOCTPAHEHHBIX OYJIEBBIX OTEpaIluii
UCIIOJIB3YIOTCS CIIeYIONUe CUMBOJIBL: && 7171t AND, | | 117151 OR m ! z1uist NOT. BysieBwl BbIpa-
JKEeHUs OOBIYHO OIMCHIBAIOTCS € MOMOIIBIO TabMUIl MCTUHHOCTH (puc. 2.1).

a b a&hb allb la

true true true true false
true false false true false
false true false true true
false false false false true

Puc. 2.1. Tabnnubl nctuHHoct AND, OR 1 NOT

2.2.2. CxeMbl COKpaLLEHHOro BblYNC/IeHNS

[IpencraBbTe, YTO BB XOTUTE CO3/IATh IIJII03 /IS CHCTEMbI KOMMEHTHPOBAHUSI, MTOKA-
3aHHOII B JINCTHHTE 2.5: IIJTI03 OTBEPTaeT KOMMEHTAPHH, OTIIPABJIEHHBIE M0Jb30BATETIEM
MeHee yeM depe3 10 cekyH[ mocsie IpeabIayIero (crmam), 1 KOMMEHTAPUU C ITYCTHIM
COZIeP:KIMBIM (TI0JTh30BATENb CIYYailHO Hakaa KHONKY Comment (OTpaBuTh KOMMEH-
Tapuii) 110 TOro, KaK HaImcal 4To-aubo).

OyYHKIUS-TILTI03 TIPITHUMAET B KAYeCTBE aPTYMEHTOB caM KOMMEHTAapPUIl U NAeHTU (-
karop mosib3oBaress. OyHKIus secondsSincelastComment () y Bac yKe peain30BaHa; OHA
BBITIOJTHSICT 3a1TPOC K Hase AHHBIX 110 33laHHOMY WICHTH(DUKATOPY MOTB30BATEs U BO3-
BpalaeT KOJNYECTBO CEKYHI, TPOIIEIINX C OTIPABKH UM MTOCTIETHETO KOMMEHTAPUSI.

Ecsin 06a ycsoBYst BBITIOJIHEHBI, TO KOMMEHTApHIiT OTIIPABJISICTCST B 623y TAHHBIX, €CJIHU
HeT — Bo3Bpalaercs false.

Jluctunr 2.5 — ojiHa U3 BO3MOYKHBIX peayim3antiii mogooHoro murosza. O6parure BHUMa-
HUe Ha BbIpaskeHue OR, B KOTOPOM BO3Bpalaercs false, eCu MpeabI Iyl KOMMEHTapUit
6bLT oTIIpaBIeH MeHee yeM 10 cekyHI Haza | Wiy TEKYIIUH KOMMEHTapUil MycT.

Jlpyroii crioco6 peannsarin ToH ke JJOTUKH — TIOMEHSITh JIBa OMIePaH/Ia MECTaMH, KakK
rokasaHo B jincTrHre 2.6. CHavyasia mpoBepsieM, He Ty CT JIM TeKYTIUH KOMMEeHTapuii; a 3aTeM
poBepsieM, Koria GbIT OTIIPABJIEH TPEABIY NN KOMMEHTAPHUIT, KaK U B JIUCTHHTE 2.5.

EcThb JI1 IpEeUMyILECTBO Y KaKOii-1100 13 9TUX Bepcuii? B HUX OIMCAHbBI OMHK 1 T€ jKe
IIPOBEPKHU — TOJIBKO B JIPYroM mopsizke. OKasbIBaeTCs, pasJdre ecTb. B 3aBucumoctu ot
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BXO/IHBIX /IaHHBIX BEPCUN MOT'YT BECTU cebs I10-pa3HOMY BO Bp€M BbIIIOJTHEHUA BCJIE/-
CTBHE TOT'O, KaK BbIYUCJIAIOTCA 6yJIeBbI BbIpasK€HU .

Jinctuur 2.5. LWno3

Oynkuma secondsSinceLastComment() 3anpawnBaet
B 6a3e JaHHbIX UHOOPMALMIO 0 TOM, HACKONbKO JaBHO
6b1n1 0TNpaBeH NpeAbIAyLLNIi KOMMeHTapuil nonb3oBatens

declare function secondsSinceLastComment(userId: string): number; -
declare function postComment(comment: string, userId: string): void; <+

Oynkuna postComment() 3anucviBaet
KOMMeHTapuii B 6a3y AaHHbIX

function commentGatekeeper(comment: string, userId: string): boolean {
if ((secondsSincelastComment(userId) < 10) || (comment == ""))
return false;

Ecnu xo1a 6b1 0[HO M3 YCNOBUIA He BbINOMHEHO,
postComment(comment, userId); T0 Bo3Bpawaerca false. B npotusHOM Cyyae

0TNpaBnAeTcA KOMMeHTapuii U Bo3BpaluaeTca true
return true;

JIucTuHr 2.6. [pyroii BapyaHT peanusauuu LWno3a

declare function secondsSinceLastComment(userId: string): number;
declare function postComment(comment: string, userId: string): void;

function commentGatekeeper(comment: string, userId: string): boolean {
if ((comment == "") || (secondsSinceLastComment(userId) < 10))
return false;

J1a BepcuA v npeabiayLLan pa3nuyaTcsa

postComment (comment, userId); .
TONbKO NOPAAKOM YCNI0BUIA

return true;

BOJIbIIMHCTBO KOMITUJISITOPOB U CPEJL BBITIOJHEHUS ONTUMU3UPYIOT OyJIEBBI BBIPAKe-
HUSI C TIOMOIIBIO TAK HA3BIBAEMOTO COKPAleHH020 eviuucienus: (short circuit). Borpaskenue
Bujia a AND b ipeoGpasyercsi B if a then b else false. IIpu aToM uctosb3yercs tabimia
HWCTUHHOCTH JIJIs1 OTlepaliny AND: ecJii TIepBbIii OllepaH/l JIO3KEH, TO U BCe BbIPAsKEHNE JIOK-
HO, BHE 3aBUCHMOCTH OT 3HAYeHUs BTOPOro orepana. C Apyroii CTOPOHbI, €CJIH ePBBIi
oliepaH/i UCTUHEH, TO BCE BbIPa)KeHUE UCTUHHO TOJIbKO B CIydae UCTUHHOCTU U BTOPOIO
olepanja.

AHnajioruuHoe peodpasoBaHue IPOU3BOAUTCS JIJIsT BBIPAKEHST a OR b, KOTOpOE Mpe-
Bpaiaercs B if a then true else b. 13 TaOJINIbI UCTUHHOCTHU JIJIS onepanuy OR BUAUM,
YTO ecJI IIePBBIH ollepaH/] NCTUHEH, TO 1 BCe BblpakeHue NCTUHHO, BHE 3aBUCUMOCTH OT
3HAUEHUs BTOPOro onepan/ia. B mpoTuBHOM ke cirydae, KOrja epBblil olepaH/i sIBJIsieTCs
JIO>KHBIM, BCe BbIPasKeHMe NCTUHHO, eCJIM UCTUHEH BTOPOi1 OTlepaH/I.

[TpuunHa Takoro MPeodpPasOBaHUST U MOSIBJEHUST HA3BAHUS «COKPAUCHHOE GbIYUCTE-
Hues» — TOT (PaKT, YTO €CJI BBIYUCIIEHIE TIEPBOTO OMEPAH/IA IAET JOCTATOYHO MH(POPMAITTT
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UL BBIYMCJIEHUS BCETO BBIPAKEHMS, TO 3HaU€HUE BTOPOIr0 BOOOIIE He BhIYKC/ISIETCH.
[Im030Bas (GyHKIMS LOJKHA BBIIOJIHUTH ABE IpoBepKu. Ilepsas He Tpebyer 0coObIX
3aTpar PecypcoB U IIPOBOAUTC C 11EJIbI0 YOeIUThCS B TOM, YTO [OJyYeHHbI KOMMeHTa-
puii He myct. Bropas — noreHinmaabHo BecbMa J0POrOCTOAIIAs, BKIIOYAET 3a1poc K Gase
KoMMeHTapueB. B mucrunre 2.5 cnauajia BbIIOMHSIETC 3a11poc K 6ase JaHHbIX. Eciu no-
cyIeHIiT KoMMeHTapuii 611 otpasieH 6osee 10 ceKyH/ Hasajl, TO COKpallleHHast cXeMa
BBIYMCJIEHUI BOOOIIIE He CTaHeT aHAJIM3UPOBATh TEKY LU KOMMEHTAPUII 1 IIPOCTO BEPHET
false. B smcrunre 2.6, eciv TeKyImnii KOMMEHTAPHil IyCT, 3a1poc K 6ase JaHHBIX TPOU3-
BOJIMTHCSI HE 6y[[eT. Bropag Bepcus moTeHIIMATBHO MOKET UCKJIIOUYUTD TOPOTOCTOSITYIO
MIPOBEPKY 32 CUET BBIYUCJICHUS APYTOH, TOPA3/I0 MEHee 3aTPAaTHOM.

STO CBOVCTBO BBIYMCJICHUST 6yJIeBbIX Bpra}KeHI/Iﬁ O4YeHb Ba’KHO, €TI0 HeO6XOIII/IMO y4an-
TBIBATH IIPU COYETAHUM YCJIOBUIL: COKpaIlleHHast CXeMa BbIYHUCIeHUI TI03BoJIsieT H30eKaTh
BBIYMCJIEHUS TIPABOTO BBIPAYKEHUST B 3aBUCUMOCTH OT Pe3yJIbTaTa BbIYUCJIEHUS JIEBOTO
BBIPAKEHUS, TAK YTO YCJIOBUS JKEJIATETHHO YIIOPSIOYUBATH OT HAMMEHee 3aTPATHOTO 110
BO3pacCTaIoNIeH.

2.2.3. YnpaxxHeHue

Yto Gy/ieT BBIBEAEHO B PE3YJIbTATe BBITIOJHEHUST CJIEAYIONIEr0 KOIa?
let counter: number = 0;
function condition(value: boolean): boolean {

counter++;
return value;

}
if (condition(false) && condition(true)) {
//
}
console.log(counter)
A. e.
b. 1.
B. 2.

I'. Huuero, Gyner creHepupoOBaHO UCKIIOYEHNE.

2.3. PacnpocTpaHeHHble NOBYLUKM YMCIIOBbIX
TUMNOB AaHHbIX

B GOJIBbIIMHCTBE A3bIKOB IIPOrPAMMIPOBAHI OXHUM 13 IPOCTHIX TUIIOB JAHHBIX CIYKAT
qyuncsoBble TUITbL. CyIecTByeT HECKOJIbKO HIOAHCOB, KOTOPbIE JKeJIAaTeIbHO YUUThIBATH IIPU
paboTe ¢ YNCTOBBIMHU JaHHBIMU. Bo3bMeM B KauecTBe TIPUMEPa TIPOCTYO (DYHKITUIO ISt
BBIYKCJIEHHSI OOIIEi CTOMMOCTH KYTIJIEHHBIX TOBapoB (JucTuHT 2.7). Ecii mosib3oBaTep
KYTUJT TPU TTAYKH JKeBATETbHON pe3uHKH 110 10 IeHTOB Kaxk/1ast, TO UTOTOBast CyMMa JIOJK-
na 6b1Tb 30 mentos. Ho pesybTaT, MOIyY4eHHbIN IPU HEKOTOPBIX CII0CO0aX IPUMEHEHMSI
YUCJIOBBIX TUTIOB, MOKET BAC yIUBUTb.
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JINCTUHr 2.7. OyHKUWS noacyeTa obLuei CTOMMOCTY KyMIEHHbIX TOBapoB

type Item = {name: string, price: number }; 4—‘ Kax oMy ToBapy cooTBeTCTBYeT

Ha3BaHMue 1 LeHa (uncno
function getTotal(items: Item[]): number { lewa )

let total: number = 0;
Oynkuma getTotal Bo3BpatLaer

for (let item of items) { nToroByio Cymmy B Bupie Uncia

total += item.price;

}
return total;
}
let total: number = getTotal(
[{name: "Cherry bubblegum", price: ©.10 }, Bb"'"(""e"'CyMM?’P“Y'OfTO"MO(Tb
{name: "Mint bubblegum", price: 0.10 }, Tpex nayek xesaresibHoU
{name: "Strawberry bubblegum", price: ©.10 }] | Pe3uHkuno 10ueHTOB Kaxpaa
) BoioauTca false, xoTa nornyHo npeanonoxutb,
console.log(total == 0.30); 4r00,10+0,10+0,10=0,30

[Touemy e B pesyabrare cymmuposanus 0,10 Tpu pasa e nosydaercs 0,30? Yrobbl
[IOHATD HTO, HAM IIPUAETCI Pa3oOPaThCsl B TOM, KaK B KOMIIbIOTEPAX [IPEACTABIIAIOTCS
YUCTOBBIE TUTIBI TAaHHBIX. /[Be onpenessiionye XapakKTePUCTUKN YUCTOBOTO THTIA — €T0
[IUPHUHA U CTIOCO0 KOTUPOBAHMSL.

HTupuna (width) — ato KosmuecTBO GUTOB, UCIIOIB3YEMOE JIJISI TIPEICTABICHISI 3HAYE-
Hust. MoeT BapbUpoBaThest 0T BOcbMU OuT (01t GaiiT) nim gaske ogHoro 6ura 1o 64 6ur
u Gosiee. BuToBast MIMPUHA TECHO CBsI3aHA C apXUTEKTYPOIi mpoiieccopa: y 64-0UTHOTO
poreccopa u peructpbl 64-6uTHbie, Gnarogaps yeMy onepanuu Haj 64-OUTHBIMU 3Ha-
YEeHUAMHY BBIIOJIHAIOTCS YPE3BhIYaiino Ob1cTpo. CyIecTByeT TpH c110co0a KOAUPOBAHUS
yc/Ia 3alaHHON IMPUHBL: 6e331aKoebiid dsouunsiil kod (unsigned binary), donomnumens-
nouil K00 (two's complement) u IEEE 754.

2.3.1. LUeno4uncneHHble TUMbl AaHHbIX K nepernoHeHne

[Tpu 6e33HAKOBOM JBOMYHOM KOAMPOBAHUU /IS [IPEJACTABIEHUs YACTU 3HAYEHUSI MC-
0JIb3yI0TCsA Bee 6uThl. Hanpumep, yeThipex6uTHoe Ge33HAKOBOE 11€JI0€ YHCIIO MOKET
[PeJACTaBIATDH J000e 3HaYeHue oT @ 110 15. B obiiem ciydae ¢ moMoibio N-GUTHOro
6€33HaAKOBOTO LEJIOTO YHC/Ia MOKHO IPEACTABUTH 3HAYEHUS OT O (Bce OMTHI paBHEI 0)
10 2M-1 (Bce 6uThl pasubl 1). Ha puc. 2.2 nokaszaHo HECKOJbKO BO3MOKHBIX 3Haue-
HUH Y4eTHIPeXOUTHOTO (Ge33HaKOBOIO LEJIOTO Yncia. IlocaesoBaTebHOCTD 13 N IBOMY-
Heix udp (bN'bN-2.. b'b’) MokHO IpeobpasoBaTh B AECATUUHOE YKCIO 110 GOpPMYJIe
N1 N1+ hN-2 5 ON-2 4+ bl x 21 + b0 x 20,

ITO 0YeHb IPOCTOH CII0c00 KOAMPOBAHIL, KOTOPBIA, BIIPOYEM, II03BOJISIET IIPEACTAB-
JIITH TOJIBKO IIOJIOKUTENbHBIE unca. [IpeacTaBaenne OTpULATEIbHIX YUCET BO3MOKHO
€ MOMOTIBIO PYTOTO c11ocoba. OOBIYHO /T HTOM 1ETM UCTIONB3YETCs TaK HA3BIBAEMbIIA
JOTIOMHUTEIBHBIN Ko, IIpeficTaBIenye IoI0KUTEILHBIX YUCE — TOYHO TaKoe e, KakK
[I0Ka3aHO BBIIIIE, 8 OTPUIATE/IbHbIE KOAUPYIOTCS IIyTeM BhIUMTaHI UX MOyJist U3 2N, rae
N — konnuectso 6utos. Ha puc. 2.3 mokasaHo HECKOIbKO BO3MOKHBIX 3HAUEHUI YeThl-
PeXOUTHOIO 3HAKOBOTO I[EJIOT0 YKCJIA.
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3HaueHune YeTbIpexBUTHOE GE33HAKOBOE KOAVPOBAHME MukumanbHo
BO3MOXHOE 3HaUeHMUe;
0 0000 Bce 6uTbl paBHbI 0
1 0001
2 0010
10 1010 MakcumanbHo
BO3MOXHOE 3HaYeHUe;
15 1 e BCe 6UTHI paBHb! 1

Puc. 2.2. YeTblpexbutHoe 6e33HakoBoe KoAMpoBaHue LesbiX Yncen. MMHMManbHO BO3MOXHOE
3HaYeHve Npy paBeHCTBE BCeX YeTblipex 6ut 0 paBHo 0. MakcMManbHOe 3HaueHve Npy paBeHCTBe
BCex veTblpex 6uT 1 paBHo 15 (1 x 23 + 1 x 22+ 1x 2! + 1 x 29)

3HaueHue | YeTbipex6uTHOE 633HaKOBOE KOAMPOBaHME MuHuManLHo
~ BO3MOXHOE 3HaueHve;
-8 1000 BCe 6UTbI paBHbI 0,
-3 1101 3a MCKNIoueHnem 6uta 3Haka
0 0000
MakcumanbHo
S ool BO3MOHOE 3HaueHe;
7 0111 |« Bce 6uTbl paBHbi 1,

32 UCKNIoYeHnem 61Ta 3Haka

Puc. 2.3. YeTbipexbuTHOE 3HaKOBOE KOAMPOBAHWUE LienbIX Yncen. 3HayeHne —8 koaupyercs
Kak 24— 8 (1000 B ABOMYHOMN cUCTEME CUMCNeHus), a =3 — kak 2* — 3 (1101 B ABOMYHON
cucTeme cumcnenus). Mepsbi GUT Bceraa paBeH 1 Ans oTpyuaTeNbHbIX YnUcen
1 0 4Ns NoNOXMTENbHbIX

I[Ipu TakoMm criocobe KOAUPOBaHKs y BCEX OTPUIATEbHBIX YMCE TIEPBbIH 6ut Gyner
paBeH 1, a y BCexX MOJOKUTENBHBIX — 0. C MOMOTI[BIO YeTBIPEXGUTHOTO 3HAKOBOTO 1EJIOT0
MO’KHO OTpakaTh 3HAUEHUs OT -8 /10 7. YeM 6oJrbiie GUTOB UCTIOTB3YETCST [IJIsT ITPEICTaB-
JIEHUST 3HAYEHSI, TeM OOJTbIITee 3HAYEHNE MOKHO TIPECTABUTD.

[NepenonHeHue n noteps 3HaYMMOCTH

A 9TO IPOUCXOIUT, €CJTN PE3YIbTAT apU(OMETHIECKOI OTIepaAIli He TIOMEIAETCST B 3a/IaH-
Hoe 4ncy10 6uToB? UTO, €CIU MBI IIBITAEMCS € IOMOIIBIO YeTHIPEXOUTHOrO GE33HAKOBOTO
KozupoBanus caoxuTh 10 ¢ 10, X0Ts MakcUMaIbHOE 3HAUYEHUE, KOTOPOE MOKHO TTpel-
CTaBUTh C TIOMOIIBIO YeThIpeX OUT, — 157

[ToxobHas cutyanus Ha3blBaeTCsl apu@pmemuueckum nepenonnenuem (arithmetic
overflow). TIpoTHBOIIOIOKHAST CUTYATIHSI, KOT/Ia YUCJIO OKA3bIBAETCST CUIITKOM MaJIEHb-
KHM JIJISL TOTO, YTOOBI €10 MOKHO OBLIO [1PECTaBUTh, HA3BIBAETCS NOMEPE SHAUUMOCTIU
i ucuesnosenuem nopsaoka (arithmetic underflow). B pasimumbIx s3bIkax MpOrpaMMIu-
POBaHUA 3TU CUTYAITMU PENIAIOTCs TT0-pa3HoMy (puc. 2.4).

OcHoBHBbIe TpH c110c00a pereHus mpodaeM aprudMeTHIECKOTo HepPeoJTHEHUs U oTe-
P¥ 3HAUNMOCTH — BO3BPAT Ha HOJIb (Wrap around), 0CTaHOB Ha MAKCUMaJIbHOM 3HAYCHIN
(saturation) u BbIBOJ coobuieHus 06 omubKe (error out).
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[o)le)(elle)fallE)

OpomeTtp Awnck TenedoHa KapMmaHHbIn KanbkynsaTop
nepexoaut Ha 0 OCTaHaB/MBaAETCS BblOaeT coobLieHne
Ha MaKkCcuManbHOM 06 owmnbke
3Ha4YeHUn

Puc. 2.4. PaznnyHble cnocobbl pelleHns npobneMbl apudMeTMYeckoro nepenosiHeHus.
OpomeTp nepexoamnt ¢ 999 999 obpaTHo Ha 0; Anck TenedoHa OCTaHABIMBAETCA HA MaKCUMarbHO
BO3MOXHOM 3HAUYEHWU; KapMaHHbIN KaslbKyNSTOp BbIBOAUT Ha 3KpaH cooblueHne 06 owunbke (Error)

1 npekpallaet paboty

AnmaparHoe obecrieyenne 0ObIYHO IPOUSBOAUT 036PAM HA HOJIb, TO €CTh IIPOCTO OT-
GpaceiBaet JiniiHue 6GuThl. B ciryuae 4eTbpexOUTHOTO GE33HAKOBOTO EJIOT0 YUCIIA, ECITH
OUTBI BBITJISAAT Kak 1111 U Mbl TIbiTaeMcs pubaButh 1, pesysbrar Oyaer paBeH 10000,
HO, ITIOCKOJIbKY €CTb TOJIBKO YeTbhIP€E 6ura, OIMH 0TOpachIBAETCSI 1 OCTAETCS 0000, TO €CTh
POCTO 0. DTO camblil aPEKTUBHBII c110c00 GOPLOBI ¢ MEPENONIHEHNEM, HO U CaMbli
OIIaCHBIN, TaK KaK MOJKET MPUBECTH K HEOKUAAHHBIM Pe3yJbTaTaM. ITO BCEe PaBHO YTO
mpubGaBUTH OUH OJIJIAP K UMEIOMIUMCS 15 U 0CTaThest ¢ HyJIEM.

Bropoii criocod — ocmarnog na maxcumanvriom snavenuu. Ecin pesyibrar IpeBblilaeT
MAKCHMAaJIbHO MIPEICTAaBUMOE 3HAUYEHUE, TO MbI IIPOCTO OCTAHABIMBAEMCS HA TAHHOM
MaKCUMyMe. ITO XOPOIIIO COTJIACYETCS C PEAJILHBIM MIPOM: TIPH PEJIe TEMITEPATYPBI, Pac-
CYMTAHHOM Ha OIPeAesIeHHYI0 MAaKCUMAJIbHYIO TEMIIEPATYPY, IIOIbITKA CIeJaTh Teliee
uudero e gact. C IpyToit CTOPOHBI, TIPU UCIIOIG30BAHUN ITOTO METO/IA apu(MeTHIecKre
ollepalyy IepecTaioT ObITh aCCONMATUBHBIMK. Ec/i Hallle MaKkCcMMalbHOe 3HAUEHUEe
paBHO 7, TO7 +(2-2)=7+0=7,0H0(7+2)-2=7-2 =5.

TpeTbst BO3MOKHOCTb — 6bidaua coobuenus 06 owubke B ciydae MepernoHEeHUs.
Iro HanboJiee 6e30MacHbIN TOAXO0, BIPOYEM UMEIOIINNA HeJOCTATOK: HEOOXOIMMO IIPO-
BEPSITH BCe JI0 eMHON apruMeTHIecKre onepaui 1 06pabaThiBaTh UCKIOUYEHUS [TPU
JO00BIX apU(PMETUIECKUX IeHCTBUSIX.

OB6Hapy>XeHne nepenosHEHUs! 1 NOTEPU 3HAUNMOCTU

B 3aBucHMOCTH OT MCIOIB3YEMOTO 3bIKA TIPOTPAMMUPOBAHUS MOKHO 00pabaThiBaTh
apubMeTHIeCKOe MePENOTHEHIE U IOTEPI0 3HAYUMOCTH JIFOOBIM U3 OIMICAHHBIX CIIOCOOOB.
Ecom sxe fuist Batero ciieHapust TpeGyeTcest ApyTroit cmocod, He TOT, YTO TPUHST B SI3BIKE
110 YMOJIYAHUIO, TO IIPU/IETCS IIPOBEPSITH BO3MOXKHOE IIeperoHeHre,/TT0Teplo 3HaUnMOCTH
B orepaiiuu u 00pabaThIBaTh JaHHBII clieHapwii oTienbHO. DOKyC B TOM, 4TOOBI HE BBHIATH
IIPU 9TOM M3 [HaNla30Ha JOMYCTUMBIX 3HAYCHU .

Hanpumep, 4T06bI TPOBEPUTD, HE TIPUBEJET JIU CJIOKEHIE 3HAYEHUH a U b K mepe-
MOJTHEHWIO /TIOTePe 3HAYMMOCTH Arana3oHa [MIN, MAX], HeoOX0aANMO YOEIUTHCs, 4TO
He TIOJIYYUTCS a + b < MIN (TIpU CJIOJKEHUHU JIBYX OTPUIIATENBHBIX YUCENT ) UJIH a + b > MAX.

Ecii sHaueHue b Gosibiie HYyJIs, TO CUTyalud a + b < MIN HeBO3MOJKHA B IIPUHITAIIE,
Tak KaKk Mbl YBEJIMYMBAEM 3HAYCHUE a, a He YMeHbIaeM. B aToM cirydae HeoOX0aMMO
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MPOBEPSITH TOJIBKO BO3MOKHOCTD TIEpeNoNHeHNs. Borurrast ¢ 06enx cTOpoH HepaBeHCTRa b,
MOJKHO ITE€PENuCcaTh a + b > MAX B Buzie a > MAX - b. A TIOCKOJIbKY MBI BBIYUTAeM TIOJIOKH-
TeJBHOE YUCJI0, CyMMa CTAHOBUTCSI MEHDBIIIE, TO3TOMY PHUCKA repernoHenus et (MAX - b
3aBe/IOMO HaXO/MTCs B Auana3zoHe [MIN, MAX]). Tak uto mepenosHeHre TTPOUCXOINT,
ecamnb >0ua>MAX - b.

Ecsu 3Hauenue b Menbliie HyJIs, TO CUTYallnd a + b > MAX HEBO3MOXKHA B IPUHIINIIE,
TaK KaK Mbl YMEHbIIIaeM 3HaU€HNUeE a, a He yBeJInYrBaeM. B aTom ciryyae 10CTaTOuHO MPo-
BEPUTH TOJABKO Ha MOTEPIO 3HAUMMOCTH. BblunTas ¢ 06enx cTopoH HepaBeHCTBa b, MOXKHO
TepenucaTh a + b < MIN B Bujie a < MIN - b. A TTOCKOJIbKY MBI BBIYUTAEM OTPHUIIATETHLHOE
YKCJI0, BHAYEHUE CTAaHOBUTCS OOJIbIIIE, IOITOMY PUCKa ITOTepH 3HaYMMOCTH HeT (MIN - b
3aBe/lOMO HaxoAuTcs B uarasone [MIN, MAX]). Tak urto 1oTepst 3Ha4MMOCTH IIPOUCXO/IUT,
ecIM b < @ 1 a < MIN - b, Kak 110KazaHo B jauctunre 2.8.

Jnctunnr 2.8. Nposepka nepenosiHeHns nNpu CIOXeHUN

myHKI.WIﬂ NPUHNMAET B KayecTBe aprymeHToB
uncna a u b, a Take MUHMManbHoe

function addError(a: number, b: number,
1 MaKcMManbHoe AONyCTUMbIe 3HaYeHNs

min: number, max: number): boolean {
if (b >=0) {

return a > max - b;
telse { Mpu b > 0 nepenonnenue
return a < min - b: npoucxopuT, e a > MAX - b
2

} Mpu b < 0 notepsa 3Haunmoctyn
} npoucxoaut, ecnna < MIN — b

AmasornyHas JIOTUKA TPUMEHNUMA TIPU BBIYUTAHUH.

[Tpu yMHOKEHNT MBI IPOU3BE/IEM ITPOBEPKY Ha MeperoHeHne U TOTepIo 3HAUNMOCTH
myTeM JeJieHust 00enxX CTOPOH Ha b. B laHHOM ciiyyae HEOOXOIUMO YUUTHIBATH 3HAKU
000UX YHCe, TOCKOJIbKY YMHOKEHHUE J[BYX OTPUIATETHHBIX UUCEI JA€T B PE3YJIbTaTe
ITOJIOKUTEJIBHOE, 3 YMHOKCHUE OTPULIATEILHOIO YHCJIA Ha ITOJIOKUTEIbHOE TaeT OTPH-
LareabHoe.

[TepernosiHeHMe TPONCXO/UT, €CJITH:

0 b>0,a>0uma>MAX/ b;
U b<o,a<0O0umac<MAX/b.

HOTepH 3HAYMMOCTHU ITPOUCXO/IUT, €CJIN:

0 b>0,a<0ma<MIN/ b;
d b<o,a>0ma>MIN/b.

[Tpu 1eT0unCIEHHOM JIeJICHUU 3HaYeHue a / b Beceraa npeacrasisiet coboil 1meoe
YUCJIO B [Maria3oHe oT -a 70 a. [IpoBepsATh Ha mepenosHenne u moTepio 3HAYNMOCTH
HEOOXOINMO, TOJBKO €CJIN OTPE30K [-a,a] He TOJTHOCThIO HaXO[UTCsI BHYTPU OTPE3Ka
[MIN, MAX]. BosBparmasch K HameMy mpuMepy ¢ YeTHIPEXOUTHBIM 3HAKOBBIM 1[€JTHIM
9HnCJI0M, B KOTOpOM MIN = -8, a MAX = 7, BUUM, UTO €/IMHCTBEHHbIN CJIyqaﬁ nmepenoi-
HEeHU TIPU JleJieHNn -8 / -1 (ITOCKOJbKY OTpe30K [-8,8] He MOJHOCTHIO HAXOAUTCS
BHYTpU oTpe3ka [-8,7]). DakTruecku eMHCTBEHHDIN CIIeHAPUI MEPEOTHEHUS TIPU
JICJIEHUH 171l BHAKOBBIX IIEJIBIX YMCEJl — KOI/[a @ PABHO MUHUMAJIbHOMY IIPEJCTaBUMOMY
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3HaueHuo, a b = -1. [Ipu sesrernu Ge33HAKOBBIX TEJBIX YHCET EePEoTHEHe BOOOIe
HEBO3MOJKHO.

B a6, 2.1 1 2.2 1oAbITOKEHBI ATAIIBI TPOBEPKH Ha MEPENOTHEHNE U TIOTEPI0 3HAYM-
MOCTH JIJIsI CJIy4aeB, Koraa Heobxoauma ocobast o6paboTka.

Ta6nuua 2.1. O6Hapy>KeHne LeNoYMCIIEHHOro nepenonHeHns ans a n b B ananasoxe [MIN, MAX]
npy MIN = -MAX -1

Cno)xeHue BbluMTaHue YMHO)XeHue AeneHne
b>0ma>MAX-b b<oOoma>MAX+b b>0,a>0uma>MAX/b a == MIN
b<@,a<O0uma<MAX/b nub==-1

Ta6nuua 2.2. O6Hapy>eHue LenoYMCIIeHHON NoTepy 3HauMMocTv ans a u b B ananasoxe [MIN, MAX]
npu MIN = -MAX - 1

CnoxeHue BbluntaHue YMHO)XeHue OeneHune

b<@ua<MIN-b b>0ua<MIN+b b>0,a<@ua<MIN/b N/A
b<©,a>0uma>MIN/b

2.3.2. Twvnbl C NNaBatoLLEN TOYKON N OKPYr/IEHME

IEEE 754 upencrasisier coboii crangapt MHCTUTYTA UHKEHEPOB 3JEKTPOTEXHUKU
1 BJIEKTPOHMKY JIJIS1 [IPeICTaBIeH s ynce ¢ naasaroueil moukoi (floating-point), To ectb
uricest ¢ Apobuoit yactpio. B TypeScript (1 JavaScript) unciia mpeacTaBisiioTcst B BUIE
64-0MTHBIX YKMCEJI C IIABAOIeN TOYKOM ¢ HOMOIIbIO KogupoBanus binary64. ITlogpobHoe
OIIKCAHIEe ITOTO [IPeICTABIEHUsI IPUBEIEHO HA PuUc. 2.5.

Mopapok ManTucca

/ /

3HaK T~ 00111111101110011001100110011001100110011001100110011001100110101

JlBonyHOE nNpeacTaBneHne Yncna c nnasatouleit Toukoi (0,10)

52
—i IMopsinok — 1023
(=1)%a (1 + E ManTucca gy ¥ 2" )x 27
i=1

®dopmyna npeobpasoBaHns 4BOVMYHOIO NpeacTaBieHns B GakTMYeckoe 3HaveHre

0.100000000000000005551115123126
dakTmyeckoe 3HayveHve (annpokcrumaums yncna 0,10)

Puc. 2.5. MNpeacTaBneHne ymcia ¢ nnasatollen Toukon 0,10. Bo-nepBsbiX, TYT MOXHO BUAETb
[IBOMYHOE NpeacTaBieHne B OnepaTvBHON NaMsTV Tpex KOMMOHEHTOB: 6UTa 3Haka, nopsizaka
1 MaHTUCChl. Hnxe npueBeaeHa gopmyna npeobpa3oBaHNs ABOMYHOIO NPeACTaBieHNs B YUCHO.
HakoHeLl, Bbl BUAMTE pe3ynbTaT NpuioxeHust 3toii dopmynbi: 0,10 annpokcumMupyeTcs
3HayeHnem 0,100000000000000005551115123126
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Tpu KOMIIOHEHTBI, COCTABJIAIONIE YICIO C TIaBaONIell TOUKOI: 3HAK, TTOPSIIOK
U MaHTHCCA. 3Hax (sign) — ofiuH OUT cO 3HAYEHUEM O JIJIS IOJIOKUTEIbHBIX YUCeN U 1 JIIsT
orpunarenbubix. Manmucca (mantissa) mpejcrasisier co60i APOGHYIO YacTh, KaK TOKa-
3aHO B (hopMyJie Ha puC. 2.5. ITa 4aCTh YMHOKAETCS HAa 2 B CTENEHN, COOTBETCTBYIOIEN
cmewennomy nopsioxy (biased exponent).

TTOpsIIOK HA3BIBAETCST CMEULEHHBIM, TIOCKOJIBKY 13 TTPEACTABIEHHOTO TOPSITKOM Oe33Ha-
KOBOTO I1€JIOTO YHCJIa MBI BBIYUTAEM OTIPE/IEJIEHHOE 3HAUEHNME, 4TOOBI OH MOT TIPE/ICTABIIST
KaK MOTOKUTEbHBIE, TAK U OTPHUIATENbHBIE Yrcia. B caydae komupoBams binary64 sto
sHauenne pasHo 1023. B crarmapte IEEE 754 ommcaro HeCKOTBKO KOAUPOBOK, B Psifie
KOTOPBIX HCIHOb3yeTcst ocHOBaHMe 10 BMecTO 2, XOTS 2 B KaueCcTBE OCHOBAHMS HA TIPaK-
THKe BCTPEYAeTCs Jalre.

B crangapre Tax:ke onpenesieHO HECKOJIBKO CIEINATbHBIX 3HAYEHUT.

O NaN — pacurudpoBbiBaeTcst Kak not a number («He YHCTIO» ) ¥ TIPUMEHSIETCST JITIST Pe-
3yJIbTaTa HEKOPPEKTHBIX oTlepalinii, Harnpumep zgescuus Ha 0.

O T[MosoxuTesnbHast U OTpUIATEIbHAST OeCKOHEUYHOCTD (Inf), UCIOIb3yeMasi B KA4eCTBe
MaKCUMAJIBbHBIX (MUHUMAJIBHBIX ) 3HAYCHUH TP TT€PETIOTHEHUH.

O U xots coryiacHo BheienpuBeieHHoi popmye 3navenne 0,10 npespaiiaercs B yuc-
70 0,100000000000000005551115123126, oro okpyrastercst mo 0,1. Ha camom mee
gucsa 0,10 u 0,100000000000000005551115123126 cuurarorcs B JavaScript paBHbI-
MU. EI[I/IHCTBGHHB_H BO3MOKHOCTD TPEACTABJIATDH IIpO6HbIe YMCJia U3 OTPOMHOTO araria-
30Ha 3Ha‘-IeHPIﬁ TIpH HAJITMYHUKN OTHOCUTEJIBHO H66OJIBHIOI'O qyucJja 6I/ITOB — C [IOMOUIbIO
OKPYTJIEHUsI U alllIPOKCUMAITHH.

ToYyHOCTb

Eciit Hy KHBI TOUHBIE 3HAYEHUS — PU paboTe ¢ TeHeKHBIMI CYMMaMI, HATIPUMep, —
nsberaiite MCMONB30BAHMS YKCEJ C MIABAONIEH TOUKOU. /[e710 B TOM, 4TO CyMMUPOBa-
nue 0,10 Tpu paza ue gaet 0,30 BBULy TOTO, UTO, XOTh KaK/10€ OT/IebHOE TipezicTaBsienue (,10
u okpyrisiercs jio 0,10, B peaysbTare X CJI0KEHUS MTOJIYYAETCS YNCII0, KOTOPOE OKPYTJIsI-
etcs 1o 0,30000000000000004.

HeGoJbliiie 1eJible Yucjia MOKHO CIIOKOMHO TIPECTABUTD O€3 OKPYTJIEHHS], TAK YTO
JIydliie KOJIMpPOBaTh IeHYy B BUJIE [IBYX EJTOUYMCIECHHBIX 3HAYEHUI: OJTHO IS [I0JITIAPOB,
a BTOpoe 1715t 1eHTOB. B JavaScript ectb dhyHKIINS Number . isSafeInteger(), MO3BOJI-
[OTI[ast Y3HATh, MOKHO JIU TIPE/ICTABUTH TAHHOE 1IEJIOUNCIEHHOE 3HaYeH e Ge3 OKPYTJICHUSI.
Ha ee ocHOBe MOKHO cO3/1aTh TUT Currency, KOTOPBI KOAUPYET /[BA MEJOUNCTEHHBIX
3HAUEHMsI U 3alllUIIAET OT IPOGJIeM OKPYTJIEHHUs], KaK TIOKa3aHo B JIUCTUHTE 2.9.

B 1ipyroM si3bike MPOrpaMMUPOBAHIS MbI BOCIIOJIB30BAIICE OBI IBYMSI TIEPEMEHHBIMU
[EJIOYNCIEHHOTO TUTIA ¥ 3AIIUTUIUCE OT MPOGJIEM MePEnoTHEHNS /TIOTePH 3HAYUMOCTH.
Ho, mockosbky B JavaScript HeT IIPOCTOTO IETOYNCIEHHOTO THIIA JAHHBIX, MbI TIPIMEHUITH
dhyHkImo Number . isSafeInteger () /Jist 3alUThI OT IpobseM okpyrienus. [pu pabore
C JIEHEXKHBIMU CYMMaMHU JIydIie BBIIATh OMMUOKY, YeM OOHAPYKUTH MOTOM, YTO JIEHbIU
MOSIBUJINCD/UCUYE3JTU 3araJlOUHBIM 0OPA30OM.
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JinctuHr 2.9. Knacc Currency v yHKUMSI CTOXKEHUS AEHEXHBIX CYMM

class Currency {
private dollars: number; Konnuectso fonnapos u LieHToB
private cents: number; XPaHUTCA B OTAENbHbIX NePeMeHHbIX

constructor(dollars: number, cents: number) {
if (!Number.isSafeInteger(dollars))
throw new Error("Cannot safely represent dollar amount");

if (!Number.isSafeInteger(cents))
throw new Error("Cannot safely represent cents amount");

KoHcTpyKTOp Knacca rapaHTUpyeT XpaHeHue
TONbKO TeX 3HaueHMUil, KOTOpble MOXHO
6e3onacHo npeacTaBuTb 6€3 OKpyrNeHna

this.dollars = dollars;
this.cents = cents;

}
getDollars(): number {

return this.dollars; Konnyectsa fonnapos 1 LieHTOB [JOCTYNHbI
} yepe3 GyHKLMU-TETTepb, TaK YTO BHELUHUIA

KOAl He MOMET UX MOAU$ULMpOBaTL
getCents(): number {
return this.cents;

}
}

function add(currencyl: Currency, currency2: Currency): Currency {
return new Currency(
currencyl.getDollars() + currency2.getDollars(),
currencyl.getCents() + currency2.getCents());

[llBa 3HaueHnsa Currency CKNaabiBaloTCA NpoCTo nyTem
CJ10}KeHUA N0 0TAENbHOCTU KOIUYECTB A0/11aPOB U LIEHTOB

Knacc B iucrunre 2.9 — jninb kapkac. XopoliuM ylpaskHeHreM OyAeT ero paciimpe-
HUe Tak, 4To0bI 110 gocTrxkernu 100 B mepeMeHHOI 1J1s1 Yic/ia EHTOB OHI aBTOMATHYECKH
[peBpaIaInCh B JoJuiap. ByapTe 0CTOpOKHEE ¢ TPOBEPKOI GE30MACHOCTH EJIBIX YHCEIL:
YTO, €CJIM KOJIMYECTBO A0JLIAPOB IIpeCcTaB/isieT coboil 6e301acHoe YncIIo, HO 1Py 100aB-
Jenun K Hemy 1 (nmosyuusineiics u3 100 neHTOB) HepecTaeT ObITh TAKOBBIM?

CpaBHeHWe uncen c niaBatoLLeA TOUYKOM

Kax MbI Buztenn, m3-3a OKpyTJIeHust 0OBIYTHO He NMEET CMBICA TIPOBEPSITH HA PABEHCTBO
Jrcia ¢ maBaoiieit Toukoil. CyiecTByeT Jydiinii crocod BbISICHUTD, PABHBI JIU TIPHOJIN-
3UTETHHO BA YHUCJIA: TPOBEPUTH, HE TIPEBBIIIALT JIU UX PA3HOCTH 33JAHHOTO TIOPOTOBOTO
3HAYEHUS.

Kaxkoe 1ioporosoe 3nadenue cieayer Bbioparb? OHO 10/KHO PaBHATHCSA MAKCUMAIbHOI
BO3MOKHOI TTOTPEITHOCTH OKPYTJIeHUsI. DTO 3HAYEHUE HABBIBAETCS MAUUHNIM INCULOH
(machine epsilon) u 3aBucur ot crocoba Koguposanust. B JavaScript 1anHoe 3HaUeHIe
yKa3aHo B KOHCTaHTe Number.EPSILON. C ero moMoIbio MOKHO Peain30BaTh MPOBEPKY
JIBYX YICET Ha PABEHCTBO, TPOBEPSIST, He TIPEBDIIITAET JI aGCOMOTHOE 3HAUEHHUE UX PA3HOCTH
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MamuHHOTOo 31ncuiaoH (uctuHr 2.10). Ecau Het, To 911 3HAYEHNS OTJIUYAIOTCS IPYT OT
ZIpyTa MeHee YeM Ha ITOTPEITHOCTh OKPYTJIEHNUS, TaK YTO X MOKHO CUNTATh PABHBIMU.

JIncTuHr 2.10. PaBeHCTBO [IBYX UMCEN C MaBaloLLEN TOUKON B Npeaenax ancuioH
MpoBepsem, He NpeBbiLaeT M abconoTHoE 3HaUeHNe
Pa3HOCTM ABYX YICEN NOTPELUHOCTU OKPYTNeHUA

function epsilonEqual(a: number, b: number): boolean {
return Math.abs(a - b) <= Number.EPSILON;

¥ BuiBogurca false, nockonbky 0,1+ 0,1+0,1
console.log(8.1 + 8.1 + 0.1 == 0.3); okpyrnsaetca Ao 0,30000000000000004

console.log(epsilonEqual(®.1 + 0.1 + 0.1, 0.3));

BbiBoauTCA true, Tak Kak 0,3
10,30000000000000004 HaxoaATCA He fanee
NOrPeLHOCTY OKPYIeHUsA ApYr T Apyra

OGBIYHO UMEET CMBICJI UCIIOJIb30BATh KAKO-1160 aHaIo0T (hyHKIIK epsilonEqual mpu
CPaBHEHWW YHCEJI C TIIABAIOTIEH TOUKOM, TOCKOJIbKY apu(pMeTHIeCKUe OMepaud MOTYT
BBI3bIBATD OIMUOKKM OKPYTJIEHNUsL, IPUBOASIINE K HEOKUAAHHBIM PE3yJIbTaTaM.

2.3.3. Tpon3BosibHO 60sblUMe YMcna

B 60b1iHCTBE SI3BIKOB MTPOTPAMMHUPOBAHUS €CTh GUOIMOTEKHU, TO3BOJISIONTHE PaboTaTh
€O CKOJTb YTOJIHO OOJIBIMTUMU YnCIaMu. JJaHHbIE TUTIBI CITIOCOOHBI YBEJIMYMBATD [IIUPUHY 10
KosinuecTBa OUTOB, TPeGYEMOTO JIJIsT IPe/cTaBeHus JiroOoro sHadenust. B Python mogo6-
HBII TUII SIBJISIETCST YUCJIOBBIM TUIIOM 110 YMOJIYAHUIO, a JIJI cTaHapTa JavaScript ceituac
[pPeJJIaraeTcst UCTOAb30BaTh TUII TIPOM3BOJILHO GosbIuX unces BigInt. Tem He Menee
MPOM3BOILHO GOJIBIIINE YNCIIA HESTb3sT CAUTATH IPOCTHIMU THTTAMU JAHHBIX, TOCKOJIBKY UX
MOKHO ITOCTPOUTH Ha OCHOBE YHCJIOBBIX TUIIOB (DUKCHPOBAHHON mupuHbl. OHU yI0OHBI,
HO BO MHOTHX CpeJlaX BBITIOJHEHWST OTCYTCTBYET UX HATUBHAS Pean3alus n3-3a OTCYT-
CTBUSI AlllIaPATHOTO 9KBUBaJeHTa (MUKPOCXEMBI BCETa paboTatoT ¢ (PUKCUPOBAHHBIM
KOJIMYECTBOM OUTOB).

2.3.4. YnpaxHeHuns

1. Yro BBIBeneT CaeAYIONNH KO/ ?

let a: number
let b: number

0.3;
0.9;

console.log(a * 3 == b);
A. Huuero; BepHeT OMUOKY.
b. true.

B. false.

I. e.9.
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2. Kaxkum m10mKHO OBITh ToBe/IeHrE IPpU TIEPEIOJIHEHN W Y1 CJIa, CIysRallero /1Js1 OTCae-
JKNBaHW YHUKAJIbHBIX I/IHEHTI/I(DI/IKB_TOPOB?

A. OcTaHOB Ha MaKCUMaJIbHOM 3HAUEHUU.
b. Bosspat Ha HOJB.
B. Bosspar omu6ku.

I'. TloaxomuT 1000 M3 MPEAbIAYINX BAPUAHTOB.

2.4. KoaupoBaHue TeKCTa

Ene omus pacnpoctpaneHHbIi IPOCTOI THUI JAHHBIX — cmpoka (string), ucob3yemast
muist ipefictaBaenus tekera. CTpoka (CTPOKOBOE 3HAYEHHE) COCTOUT U3 HYJIst Win Goee
CHUMBOJIOB, TaK YTO 9TO TIEPBbIM M3 ONMMCAHHBIX HAMU MTPOCTHIX THUIIOB JTAHHBIX, KOTOPBII
MOTEHITHATBHO MOJKET TIPUHUMATh OECKOHEUHOE MHOKECTBO 3HAUCHMIA.

Ha 3ape a1moxu KOMIBIOTEPOB /I KOAUPOBAHUSA KasK/IOTO CMMBOJIA UCTI0JIb30BAI-
cs1 OJIUH GaiiT, TT09TOMY KOMITBIOTEPBI MOTJIN MPEACTABMAATH TEKCT ¢ TTIOMOIIBIO BCETO
256 cumBouio. Tloce BBeenus cranaapra Unicode, mpeHasHaueHHOTO /ISt TIPEICTAB-
JIEHUST BCEX MUPOBBIX aI(haBUTOB U APYTUX CUMBOJIOB (TaKUX KaK 9MO/131 ), 256 cMBO-
JIOB SIBHO cTasio HemoctaTouro. Ha camom mesre 8 Unicode ommcano 6osiee MUIITHOHA
CHUMBOJIOB!

2.4.1. PaszbueHune TekcTa

Pacemotpum npumep npoctoit hyHkiuu pazdueHusi TeKCcTa, IPUHUMAIOIIEN Ha BXOJEe
CTPOKY U pa3bUBAIONIEil ee Ha HECKOJIBKO CTPOK 33/TAHHON JUTMHBI, KOTOPBIE TTOMECTH-
Jch GBI B OKHE TEKCTOBOTO PEaKTOPa, Kak MoKa3aHo B jucTuiTe 2.11.

JNnctunnr 2.11. MNpoctas dyHKumna pa3buerHns Tekcra

B maccue lines yner
copepxaTbca pa3buTblii TeKCT

function lineBreak(text: string, lineLength: number): string[] {
let lines: string[] = [];

while (text.length > lineLength) { Lvkn noBTOpAETCA, NOKa AMHA TeKCTa
lines.push(text.substr(@, linelLength)); MPEBBILIAET 3a/aHHYI0 AMHY CTPOKI
text = text.substr(linelLength); Ho6asnaem nepabie lineLength

} B KayecTBe HOBOIi CTPOKM, NOCNE Yero

yAanAem UX U3 nepemeHHo text
lines.push(text);

. [lo6aBnsem 0CTaBLUMIACA TEKCT
return lines;

(mnuHa kotoporo menbLue lineLength) B utorosblii
pe3ynbTat B KauecTBe NoCiefHeli CTPOKM

Ha mrepBbIit B3TIIsIT, TaHHAsT PEATH3AIIST TOKHA PAO0TATh KOPPEKTHO. J[JIsT BXOTHOTO
TekcTa "Testing, testing" u UIMHBL CTPOKU 5 IIOJIy4aIOTCA CTPOKU [ "Testi", "ng, t",
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"estin", g"]. IMEHHO 9TOr0 MbI M OJKUAJIN: TEKCT pa3OUBaeTCs Ha HECKOJIBKO CTPOK Ha
KQKJOM II1TOM CUMBOJIE.

Ho apyrue cumBosibl Kogupyiorcs GoJiee cloKHbIM 00pazoM. Bo3bMeM, HallpuMep,
AMOJI3U «KEHITMHA-TTOJTUIEUCKUIT: a XOTs OH U BBITJISAUT OTAEJTHHBIM CUMBOJIOM,
JavaScript ucrnonbayer /11 €ro 1mpeJcTaBIeHus IITh CUMBOJIOB. Bbi3oB " g .length
BosBpainaet 5. [TonbiTka pasbuTh CTPOKY, COAEPIKAILYIO0 TAKON dMO/3HM, Ha OCHOBE €ro
BHEITHETO BU/Ia B TEKCTE MOXKET TTOBJICYh HEOKUJTAHHBIE Pe3yabTaThl. Hampumep, ecmmn
PasOUTh TEKCT ... §4 ¢ JJIMHOI CTPOKY 5, MBI ITOJIYYUM B KaueCcTBE Pe3yJibTaTta MacCUB

IMOJI3U «KEHITUHA-TIOJNUIENCKUIT» COCTOUT U3 JIBYX OT/IETTbHBIX IMOJI3U: «ITOJIUIIEN-
CKMI» ¥ 3HAK, 0003HAYAIONIIT KeHCKUI 110J1. OHM 00bEeIMHAIOTCS ¢ IIOMOIIBIO COEMHMI-
TeJIbHOTO CUMBOJIA HYJIeBOU ITTMHBI "\udee2". OH He nMeeT BU3yaIbHOTO TIPe/ICTaBICHMS
U CIIYIKUT U151 OObeIMHEHUS JIPYTHX CHMBOJIOB.

IMOJI3U «ITOJIUIENCKUTIT», a, [IpeJCTaBJIeH C IIOMOIIBIO BYX CMEKHBIX CUMBOJIOB,
KaK BU/HO IIPU TIOIbITKE pa3bueHus 6oee JJINHHON CTPOKH . . . a C JIJTUHOUN CTPOKMH 5.
B pesysibrare aT0ro aMojI3u «KEHIUHA-TIOMUIEHCKNIT» pasOuBaeTCs Ha 1B 1 MbI TTOJTY-
yaeMm ["....\ud83d", "\udc6e\:ﬁ"]. DieMeHT \UXXXX — YIIpaBJIAOIIeE 110Ce/10BaTe b-
noctu Unicode, nipeacTaBiistioliyie CUMBOJIbI, KOTOPbIE HEJIb3sI BLIBECTH B KOHCOJIb «KaK
€CTby». IMOJI3U «KEHIIUHA-TTOJTUIENCKUIT>, XOTh U BU3YaJIU3UPYETCsT KaK OJ[UH CUMBOJI,
COCTOUT M3 TSATH PA3JIMUHBIX YIIPABJISIONNX TTOcTe/[oBaTeIbHOCTeH: \ud83d, \udc6e, \
u200d, \u2640 1 \ufeoe.

Besgymuoe pasbuenne Tekcra 1o IpaHuiiaM CUMBOJIOB MOKET IIPUBECTH K HEBU3Ya-
JIU3UPYEMBIM PE3YJIbTaTaM 1 JIa’Ke MU3MEHUTD CMBICJ TEKCTA.

2.4.2. Koauposku

Y100bI pazobparbes, Kak IpaBUIbHO 06pabaThiBaTh TEKCT, HEOOXOAUMO U3YUUTh KOIM-
posku cuMBoa0B. Crtangapt Unicode paboTaeT ¢ AByMsI OJIU3KUMU, OJHAKO He MIEHTHY-
HBIMU [TOHSTUSAMIL CUMBOJIBL U Tpacembl. Cumeonnt (characters) ciyskar ajist pecTas-
JIeHHs TeKeTa (AMOJ3Y «KEHIINHA-TTONUIEHCKITT», 00beAMHSIONMNA CUMBOJI HYJIEBOIi
JUIMHBI) B KOMIIBIOTEPE, a 2paghemvt (graphemes) — CUMBOJIBL, KOTOPBIE BT [10JIb30Ba-
Tesib (KeHIMHA-outelickuil). [Tpu Busyasusanuu Tekcta Mol paboTtaem ¢ rpademamu,
1 pazbuBaTh MHOTOCHMBOJIBHYIO rpadeMy HeKeraTeTbHO. B MOMEHT KOAMPOBaHMsI TEKCTa
MBI B3aNMOJIEHCTBYEM C CUMBOJIAMH.

rMnobl U TPA®EMDI

Fnnud (glyph) — 3710 KOHKpeTHOEe npeacTaBrieHne cuMBosa. C MOy>XMPHbIM
WwpndToM 1 C KYpcMBOM — ABE pa3ivyHble BU3yanv3aumm AaHHOro CMMBONA.

padema (grapheme) — Hegenvmas eanHuLa, KOTopast TEPSET CMbICI NpU pas-
BMEHMM Ha COCTABHbIE YacTy, KaK B NMPUMEPE C XEHLLMHOW-NONMLENCkUM. Mpacdemy
MO>HO MPeACTaBUTb C MOMOLLbIO HECKONbKUX rMdOB. OMoA3M Apple Ans >xeHwm-
HbI-MOSIMLIEMCKOr0 BHELLHE OT/IMYAETCS OT aMoA3M Microsoft; oHW npeacTaBnsioT
cobolt pasnnyHble rnudsbl, BU3yanusmpyolme oaHy rpacdemy (puc. 2.6).
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06beguHALLLNIA CUMBON
HyneBoii ANUHbI (HEBUAUMBIA)
Imopa3u
«nonuuenckum> CumBobI Unicode/KoA0BbIE TOYKM 0603HaueHue
XEHCKOro nona
U+1F46E U+200D U+2640 U+FEOF
| : |
padpema

N

KeHwWwuHa-nonuueicknin

Puc. 2.6. CUMBO/bHAs KOAMPOBKA 3MO/3M «KEHLLMHA-NONNLENCKMIA» (CMMBON 3MOA3U
<«KEHLUMHA-MONMLENCKUIN» + 06bEANHSAIIOLMI CUMBOM HYJIEBOM ASIMHBI + 3MOA3W «XKEHCKUI MOM»)
1 rpadema, KOTopas MonyyaeTcs B pesynbraTte (KKEHLMHA-NONLIENCKIIA)

Kasapiit us cumsonos Unicode onuchiBaercss B BUe KOJOBON TOUKH, IIPEICTABIS-
foleii coboii 3HaueHne OT 8x0 110 Ox18FFFF, Tak uTo Beero cymectsyer 1 114 111! kogoBbix
touek. OHU OTpaXkaloT Bce ahaBUThI MUPA, HMOJI3U U MHOXKECTBO JIPYTUX CUMBOJIOB,
U OCTAETCSI ellle HEMAJIO MeCTa JIJIst Oy Ly INX JOTMOTHEHHH,

UTF-32

Camas ipocTast KogpoBKa aTux kojoBeix Touek — UTF-32, B koTopoii ncronbayercs
32 6ura I KasK10To CUMBOJIA; 32-6UTHOE 1[eJ10€ YKCJI0 MOKET IIPEICTABIATh 3HAUYCH IS
OT 0x0 110 OxFFFFFFFF, TaK 4TO B HEM TIOMECTHUTCST JII00Oast KOJ0Bast TOUKA U OCTAHETCST
HeMmasio HesauaTbix ynces. [Ipobiaema koguposku UTF-32 coctout B ee kpaiine HU3KON
9(hHEKTUBHOCTH, IOCKOJIBKY TEPSIETC 0U€Hb MHOTO MECTa J1JIsl HEUCIIOIb3yeMbIX OUTOB.
Kax ciencrsue, 66110 pazpaboTano HECKOIBKO 60JIee CKAThIX KOAUPOBOK, IIPHUMEHSIIOIIIX
MeHblIe OUTOB /IS EPBBIX KOAOBBIX TOYEK U O0Jibllle OUTOB 10 Mepe POCTa 3HAYECHMIA.
VX Has3bIBAIOT K0Ouposkamu nepemennoil onunst (variable-length encodings).

UTF-16 n UTF-8

Yaine Bcero ucnonbzyiores kogauposkn UTF-16 u UTF-8. B JavaScript npumensercst Ko-
muposka UTF-16. Enuauiia kogupoBku B Hell coctasiisier 16 6ut. Kogosbie TOYKH, KOTO-
pbI€ YMEIAIOTCST B 9TO KOJTNIECTBO GUTOB (0x0 110 OXFFFF), TIPEACTABIISIIOTCS C TIOMOTIHIO

1

Tounee, 1114112, — IIpumeu. nep.
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oHOro 16-6UTHOTO 1EJIOro YKcaa, a KOAoBble TOUKU, Tpedyiouue 6oiee 16 6ut (oT
0x10000 /10 OX10FFFF), IPEACTABJISAIOTCS C IIOMOMIBIO ABYX 16-0MTHBIX 3HAYEHMIA.

UTF-8, Hau6oJiee MMPOKO UCIIOJIb3yeMast KOAUPOBKa, Pa3BUBAET 9TOT OAXO/; eHU-
1[a KOAUPOBKU COCTaBJIsIET 8 OUT U KOJOBbIE TOUKHU IIPEACTABIISIOTCS ¢ IOMOIIBIO OIHOTO,
IBYX, TPEX WJIM YeThIPEX BOCBMUOUTHBIX 3HAUEHUIA.

2.4.3. bubnuotekn KoanposaHus

KopupoBanue tekcra 1 BBIIIOJIHEHUE HA/l HUM PA3/IMYHbBIX OIepalluii — CJI0JKHAsd TeMa,
KOTOPOIi MOCBSIIIEHBI 11eJible KHUTH. XO0polas HOBOCTb: s 9 (dEeKTUBHON paboThI CO
CTPOKaMHU He HYKHO U3y4yaTh BCE HIOAHCHI, HO JKeJaTeJbHO 0CO3HABATh BCIO CJIOKHOCTD
U UCKATh BO3MOKHOCTH 3aMEHUTE Ge3/lyMHBIE OTIEPAIlUi HA/l TEKCTOM, KaK B HAIIEM TIPH-
Mepe ¢ pa3bHeHeM TeKeTa, BHI30BaMU (DYHKITHIT 13 GHOIHOTEK, MHKATICYIUPYIONHIX 9Ty
CJIOKHOCTD.

Hanpumep, 6ubanoreka grapheme-splitter mus JavaScript npeaHasHaueHa s pa-
GOTBI KaK ¢ CHMBOJIAMH, TaK ¥ ¢ TpaheMaMi. Y CTAaHOBUTD €€ MOKHO C TIOMOTIBIO KOMaH-
1Bl npm install grapheme-splitter. Bubanoreka mo3sossger peann3oBaTh (HYHKIIATO
lineBreak() juIst pa3sbueHNs TEKCTA Ha ypOBHE rpadeM myTeM pasOreHust ero Ha MacCHB
rpadeM ¢ rocenyIoliei TPYIITUPOBKON UX B CTPOKM TpadeM JUMHON linelLength, Kak
[IOKa3aHo B jucTunre 2.12.

JInctuHr 2.12, OyHkums ans pasbuenunst Tekcta ¢ noMollbto 6ubnmotekn grapheme-splitter

import GraphemeSplitter = require("grapheme-splitter");
const splitter = new GraphemeSplitter();

Oynkuma splitGraphemes
pa36usaert cTpoky
Ha MaccuB rpagem

function lineBreak(text: string, lineLength: number) {
let graphemes: string[] = splitter.splitGraphemes(text);
let lines: string[] = [1;

for (let i = @; i < graphemes.length; i += lineLength) {
lines.push(graphemes.slice(i, i + lineLength).join(""));

}

return lines; Monyyaem cpe3bl rpadem anunbl lineLength
} 1 06beanHAEM UX B CTPOKM TeKCTa

[Tpu Takoii peasnsaniu CTPOKH . . a a... g BOOGIIE He OyayT pazbuBaThCs
IIPY JIJTMHE CTPOKU B 5, TOCKOJIbKY HU O/IHA U3 HUX He TIPEBBIIIAET JJIUHBI AT rpadeM,
aCTpOKA . .... a Oyzer npaBUIbHO pasbuTaHa [". . ... ", g 1.

Bubnnoreka grapheme-splitter OMOTaeT MPEAOTBPATUTH OJMH U3 TPEX KIACCOB
omuboK, 4aCTO BCTPEYAIOIIUXCS TIPH PabOTE CO CTPOKAMH.

Q Bumoanenue onepauuii Hao KOOUPOBAHHBIM MEKCMOM HA YPOBHE CUMBOIL08, A He
epaghem. Mbl paccMOTpesin IaHHBIH TpuMep B Ttoapasaeie 2.4.1, rae pasbusanu
TEKCT TTOCUMBOJIbHO, XOTsI JIJIsl BU3YaJIU3aIMU HAM HYKHO ObLIO Pa3OUBATh e€ro
o rpacdemam. Tlomaganue TOUKY pa3OUEHIsT HA MATHIH CUMBOJI MOXKET MPUBECTH
K pasbueHuio rpacheMbl Ha HECKOJIBKO OTAETbHBIX rpadem. [Ipu oTobpaskeHUN TeK-
cTa HeOOXOAMMO TAKKE YUUTBIBATDH TO, U3 KAKUX MMOCJIE[0BATEILHOCTEN CUMBOJIOB
€oCTOAT rpadeMbl.
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Q Bomonnenue onepauuii Hao KOOUPOBAHHbIM MEKCIMOM HA YPOsHe 6aiimos, a He CUMBOIL08.
[Tomo6Hast cuTyarist BO3MOKHA, KOTJIA TTOCJAEI0BATEILHOCTE TEKCTA B KOAMPOBKE TIepe-
MEHHOI JUTMHBI 06pabaThIBAETCS HEKOPPEKTHO €3 yd4eTa KOIMPOBKH, B PE3yJIbTaTe
Y4Ero CHMBOJI MOXKET OKa3aThCs Pa3bUT Ha HECKOIBKO, HATPUMED TP PasOUeHUH 1Mo
nsaToMy GaiiTy, Koraa Hy KHO 6BLTO pasbuBaTh 10 MATOMY CUMBOJIY. B 3aBucumMocti
OT KOZIMPOBKM KOHKPETHBIN CHMBOJI MOJKET COJICPKATE OIMH OailT nim 6oJiee, Tak 4To
JOMYINEHHUsT, KOTOPBIE HE YIUTHIBAIOT CIIOCOO KOAUPOBAHMUST, HEKENTATETHHBL.

Q HUumepnpemauus nocaedosamenvuocmi 6aimos Kax mexcma ¢ Henpasuibioll Kooupoe-
xotl (HaTlpuMep, TBITaThCS WHTEPIPETUPOBATH TeKCT B KoaupoBke UTF-16 kak TekcT
B UTF-8, u nao6opot). HeoO6xo11uM0 3HaTh, KaKOBa KOAUPOBKA TEKCTA, IIOJY4EHHOIO
OT IPYTOro KOMIIOHEHTA B BrJie GaliTOBOI [I0C/IeI0BATEIbHOCTI. B pas/IMuHbIX S3bIKaX
MPUHSATH pa3Hble KOJUPOBKHU JIJIT TEKCTA MO YMOTYAHUIO, TOITOMY HEJIb3S TTPOCTO
UHTEPIPETUPOBATh GATOBbIE II0C/IEI0BATENPHOCTU KAK CTPOKK — MOKHO IIOJIyYUTh
HEMPABUJIHHYIO MHTEPIIPETAIIHIO.

Ha puc. 2.7 nokazano, uTo rpadeMa «KeHITNHA-TTOTUIEHCKUIT» COCTOUT U3 JIBYX
cumBosos Unicode. Ha sTom pucynke Takske npusegensl nx kogsl UTF-16 u 6unapuoe
Mpe/ICTaBIeHIE.

Butbl (UFT-16)
11011000001111011101110001101110001000000000110100100110010000001111111600001111

Butbl (UFT-16)

0xD8 0x3D OxDC Ox6E 0x20 0x0D 0x26 ©x40 OXFE OxOF

CwumBonbl Unicode/koaoBble TOYKMN

U+1F46E U+200D U+2640 U+FEOF

Mpadema

Puc. 2.7. SMoa3N «KeHLIMHA-MONMUENCKMIA» B BUAE BUTOB B NaMsiTy B CTPOKOBOW koanpoBke UTF-16,
6aiiToBoW nocneaoBaTensHocT UTF-16, nocnefoBaTeilbHOCTM KOAoBbIX Tovek UTF-16 1 rpacembi

O6pature Banmanue, uto UTF-8-koauposanue st 9T0H ke rpadeMbl OTINYaeTCs,
XOTsl AKpaHHoe 1pescTaBiaenne takoe ske. Konuposanue UTF-8 1151 Hee: 0xFO 0x9F 0x91
OXAE OXE2 0x80 0x8D OxE2 0x99 0x80 OXEF 0xB8 Ox8F.
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Bceria mpoBepstiiTe paBUJIbHOCTD KOJAMPOBKH, HA OCHOBE KOTOPOU Bl UHTEPIIPETUPY-
eTe II0C/Ie0BATENbHOCTH GAITOB, ¥ MCIIOIb3YITEe CTPOKOBbIE OMOIMOTEKH I OIlePaLIil
€O CTPOKAMU Ha yPOBHE CUMBOJIOB U rpadem.

2.4.4. YnpaxHeHuns

1. Cxoubko 6aiiToB He0OX0AUMO A1 Kopuposanus cumsosa UTF-8?
A. 1 Gaiir.
B. 2 Gaiira.
B. 4 Gaiira.
I. 3aBucur oT cumBoJIA.
2. Ckosbko 6aiiToB He06X0MMMO 111 KogupoBanua cumposa UTF-327
A. 1 Gaiir.
B. 2 Gaiira.
B. 4 Gaiira.

I'. 3aBucur ot cumBoJIa.

2.5. Co3paHue CTPYKTYp AdHHbIX HA OCHOBE
MaCCMBOB M CCbINIOK

[Tocaeanue 1Ba MPOCTHIX TUTIA JAHHBIX, KOTOPBIE MBI 0OCYINM, — MAaCCUBBI U CCHLITKM.
C ¥X TIOMOIIBI0 MOKHO CO3/aTh JI0GYI0 GoJiee CIOKHYIO CTPYKTYPY JaHHBIX, HATIPUMED
CIUCOK WJIN IEPEBO. Y Peausaiuu CTPYKTYP AaHHBIX HA OCHOBE KasK/IOTO M3 9THUX JIBYX
MIPOCTBIX TUIIOB €CTh CBOW ILTIOCHI M MUHYCBI. MbI 06cynM moApo0Hee, KakK JIydliie uxX
HCITOTh30BATh B 3aBUCHMOCTH OT OXKHIAEMBIX TTATTEPHOB O6paIeHus (4acToTa YTeHst
OTHOCHUTEJILHO YaCTOTBI 3AIMCH) U TIOTHOCTH JAHHBIX (IIJIOTHBIE WU Pa3pesKeHHBIE).

B maccuBe pUKCUPOBAHHON JVIMHBI XPAHUTCA HECKOJBKO 3HAUEHUN OTIPE/IETICHHOTO
THIIa, OJTHO 32 IPYTHM, 4To obecrieunBaeT aPekTuBHbIN ocTyTl. CChLIOUHBIE JKE THITbI
MO3BOJISTIOT Pa3bMBaTh CTPYKTYPY AAHHBIX TIO HECKOJIBKUM MeCTaM GJ1aroapst CChIIKaM
OTHUX KOMIIOHEHTOB Ha JIpyTHe.

MpbI He OTHOCHM MaCCUBBI TIEPEMEHHON JITTMHBI K TIPOCTBIM TUTIAM JIAHHBIX, TOCKOJIBLKY
OHW PeaIn3yI0TCsT Ha OCHOBE MAaCCUBOB (PMKCUPOBAHHON JITMHBI U/NJIN CCHLIOK, KaK MBI
YBU/IUM B 9TOM pas/jieJie.

2.5.1. MaccmBbl ODUKCMPOBAHHOW AJINHbI

MaccuBbl GUKCHUPOBAHHOI JJIMHBI IPEACTAB/IAIOT HEIPEPHIBHYIO 00IaCTh OIlePaTUBHOI
MaMSITH, COJEPIKAIIYI0 HECKOJIBKO 3HAYEHMIT OHOTO THTIa. TakK, MacCUB U3 AT 32-61T-
HBIX IeJIBIX yrcest 3anumaeT obaactb 160 6ur (5 x 32), B KOTOpOM B HepBbIX 32 OGUTax
COJIEPIKUTCS TIEPBOE YKCII0, BO BTOPBIX 32 GUTaX — BTOPOE U T. /.
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MaccuBbI HCTIOJIB3YIOTCS Yallle, YeM, CKaKeM, CBSI3HBIE CITMCKH, U3 COOOpaKeHUT ObI-
CTPOJIEUCTBUSE: JIOCTYII K JIOOOMY U3 XPAHSIIIUXCSI TIOCIIEI0BATEBHO 3HAUEHUIT He TpebyeT
MHoro Bpemenn. Eciin MaccuB 32-OUTHBIX 1IEJIbIX YKcesl HaunHaeTcs 1o ajapecy 101 B ome-
paTuBHOII mamsTi (TiepBoe 1esoe uncio (¢ uamaekcom 0) xparures B Buze 32 6ut, ot 101
1o 132), To nenoe yuciuo ¢ nagexcom N B MaccuBe HaxoauTces 1o aapecy 101 + N x 32.
B obiiem ciyuae, eciii MacCUB HAYMHAETCSI 110 afpecy base, a pasmep asiementa M, To
aJIeMeHT ¢ uHaekcoM N Haxoautes 1o aapecy base + N x M. TIocKOJIbKY oliepaTuBHast
MaMsITh HEMPEPBIBHA, JOCTATOYHO BBICOKA BEPOSITHOCTH MOTAJaHUs MAacCHBa B OJIHY
CTPAHUILY MAMSITH U KIIIUPOBAHUS IEJTUKOM, YTO O3BOJUT 0OPAIAThCS K HEMY OYeHb
OBICTPO.

Harmporus, g goctyna kK N-My 3JIeMEHTY CBSI3HOTO CITMCKA MTPUIETCS HAYATh € FOJI0-
BbI (head) crimcka 1 nepexoanTh M0 yKasaresisiM next y3JI0B, TOKa He OYAET JOCTUTHYT
N-ii atleMenT. BorauciuTh ajipec y3ia HanpsiMyio HeBO3MOKHO. [1aMsaTh 1ot y3ibl He 0651-
3aTeJIbHO BBIIEJSIETCSI TIOCJIEI0OBATEIBHO, TAK YTO MOKET MOHAJOOUTHCS TIOATPY3UTH/
BBITPY3UTh HECKOJIBKO CTPAHUIL TTAMSITH, MIPEKIE YeM OYeT IOCTUTHYT JKEJTAeMbIN y3eJl.
Ha pwuc. 2.8 npuBe/ieHbI IPEICTABIEHUSI MACCUBOB M CBSI3HBIX CITUCKOB T[EJTBIX UM CE
B OIE€PATUBHON TTAMSITH.

MecTononoxenus MaccunB GUKCMPOBAHHOM ASINHbI,
B ONepaTMBHON cofepxaLumin naTe 32-6GUTHBIX LEeNbIX Ycen
namatu \

101 133 165 197 229

2A2A2A2A 2A2A2A2A 2A2A2A2A 2A2A2A2A 2A2A2A2A

head head + 2 x 32

CBA3HbI CNMCOK, coaepXalumii NsaTb 32-6UTHbIX LLeNbIX Yncen

head head.next.next

2A2A2A2A E
v

oz |

oz | |

20202020 |«

oz |

YKazatenu ccbinaotca
Ha NPON3BOJIbHbIE AYEIKU NaMATH

Puc. 2.8. XpaHeHue natv 32-6UTHbIX LieMbiX YMcen B MaccuBe (OUKCUPOBAHHOMN ANIMHbBI U B CBSI3HOM
cnivcke. Mouck aneMeHTa B TaKOM MaccvBe NPOU3BOAMTCS Ype3BblUaiiHO GbICTPO, MOCKOSbKY MOXHO
BbIYMCINTL MO (DOPMY/e ero TO4HOEe MeCcTonosioxeHve. HanpoTms, nNpu paboTe co CBA3HLIM CMINCKOM
HeobXoAMMO CeaoBaTh Mo yKasaTensM next 31eMeHTOB CnCKa BNIOTb A0 AOCTUMXKEHWUS HYXXHOMO
anemeHTa. JNeMeHTbl MOryT pacnosiaraTbCsi B 1t060M MecTe ornepaTVBHON NaMsiTy

Tepmun «pukcupoBantas anta> (fixed-size) o3Hayaer, 4TO MaCCUB HEJIb3sT YBEJIH-
YUTh B PasMepe WK CKaTh. EC/IU TOHaI00UTCST COXPAaHUTDh B MACCHBE TIIECTOM I€MEHT,
TO TIPUJETCS BBIZEIUTD TTAMITh IO/l HOBBIII MAaCCHB, BMENAIOIINIT IIECTh 9€MEHTOB,
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U CKOIIMPOBATH TIEPBbIE TIATh U3 CTAPOTO. A B CBSI3HBIN CIIMCOK, B OTJINYKE OT MAaCCHBA,
MOKHO JJ0GABUTD y3es1 6e3 KaKuX-T100 MOANDUKAIIIT yIKe CYIIECTBYIONMX Y3J10B. B 3a-
BUCHMOCTH OT TIPEIOJIaraeMoro narrepia goctyma (6osbline omnepanuil UTeHus Win
oreparuii 3acy) Jrydiie noAoiAeT Jubo nepBoe mpeAcTaBieHne, 1160 BTOPOoeE.

2.5.2. Ccbinku

CchLTOUHbIE TUTIBI COEPIKAT YKA3ATETH Ha O0BEKTHI. 3HAYEHUE CCBIJIOYHOTO TUIIA — CO-
JIEPIKAIIIecs B IEPEMEHHOM OUTHI — OTPaskaeT He COAEPKUMOe OOBEKTa, a JIUIIb MECTO,
rjie oH HaxoauTest. HecKoIbKO ¢ChIIOK Ha 0JiMH 0OBEKT He 03HAYAIOT yOIUPOBaHUs CO-
CTOSHUS 00hEKTA, TOITOMY U3MEHEHUS TaKOro 00beKTa, IPOU3BEICHHbIE Yepes OJHY U3
CCBIJIOK, BUJTHBI Yepe3 BCE OCTAJbHbIE CCHIIKU.

Ccpl10YHbIE TUIIBI YACTO UCIIOJB3YIOTCA B PEAIN3AIIUSAX CTPYKTYP JAaHHbBIX, IIOCKOJIbKY
MO3BOJISTIOT CBSI3BIBATD OT/IEJBHBIE KOMIIOHEHTBI, I00ABJSATh UX B CTPYKTYPY JAHHBIX BO
BpeMs BBITIOJIHEHUS U y/IAJIATD U3 Hee.

Hwuke MBI paccMOTPUM HECKOJIBKO PACIPOCTPAHEHHBIX CTPYKTYP JAAHHBIX U y3HAEM,
KaK X peajn3oBaTrh ¢ MOMOIIBI0O MACCUBOB U CCHIJIOK UJIM ITyTeM UX COUeTaHUsI.

2.5.3. 2ddekTnBHasa peanmsaumsa CrmckoB

B crangaptHOi 6ubMoTEKe MHOTHX SI3BIKOB TIPOTPAMMUPOBAHUS CYIIECTBYET Peai-
3alus CTPYKTYPbI JaHHbIX cnucox. ObOpaTuTe BHUMaHUE: 3TO HE IIPOCTON TUII JaHHbBIX,
a CTPYKTYpa IaHHBIX, pealn30BaHHAs HAa OCHOBE TIPOCTHIX TUTIOB JJaHHBIX. CTTUCKYA MOTYT
CKMMATBCS /PACTH 110 Mepe yaleHns /100aBIeHus 9JIeMEHTOB.

Peanusalys CIMCKOB B BU/E CBIA3HBIX [I03BOJIIET 100aBJISATh U YAAIATH Y3JIbl 6€3 KO-
[IUPOBAHKA JAHHBIX, HO 00XO0/ CIIMCKA OKa3bIBAETCS BEChbMa JJOPOrOCTOSIUM (JIMHEHOe
BpeMs 06X0/1a, TO eCTh CI0KHOCTD OPsIAKa 0(n), Tie n — JJIMHA clicKa). B micrunre 2.13
[puBeieHa MoA00Has peanusalust crrcka — NumberLinkedList ¢ AByMst (DYHKIIUSIMU:
at(), A4J11 U3BJIEUYCHUI 3HAUCHUA 9JIEMEHTa CIUCKA C 3aJlaHHBIM UHIEKCOM, 1 append(),
HoGaBJIgONIast 3HaYeHUE B KOHEI[ CIMCKa. ITa PeaJus3aliust COAEPIKUT [BE CCHLIKI: OHY
Ha HA4YaJIo CIUCKA, C KOTOPOrO MOKHO HaYMHATH 0OXOJ, 1 BTOPYI0 — Ha KOHEL| CIIICKA.
Baarozaps eii MosKHO 06aBJISTh HOBbIE DJIEMEHTDI, He 00X0/Is1 BECh CIIUCOK.

JinctmHr 2.13. Peanusaums CBA3HOMO CriMcka

class NumberListNode {
value: number;
next: NumberListNode | undefined; Kaxgblii y3en cnucka copeput

3HayeHue U CCbITKY Ha CrIepytoLLuii y3en

constructor(value: number) { (unu undefined, ecnm 310 NoCnegHwii y3en)

this.value = value;
this.next = undefined;

} CHauana co3paetca nycroi CNUCOK, B KOTOPOM KaK roN0BHOIA,
TaK 1 XBOCTOBO IN1eMeHTbI YKa3bIBalOT Ha GUKTUBHbIE Y3/bl
class NumberLinkedList {

private tail: NumberListNode
private head: NumberlListNode

{value: 0, next: undefined };
this.tail;
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at(index: number): number {
let result: NumberListNode | undefined = this.head.next;
while (index > © && result != undefined) {

r 1t =r 1t.next;
esu esu ext; [inA nonyyenuna y3na ¢ 3afiaHHbIM

index--;
} MHAEKCOM He0OX0AMMO HayaTb C FONOBbI
CNUCKA U C1e10BaTh MO CCbIIKaM next
if (result == undefined) throw new RangeError();
return result.value; Y3en go6aBnaerca 4octatouyHo 3$PeKTUBHLIM 06pazom:
} Mbl IPOCTO AONKCbIBAEM €ro B XBOCT CNNCKA,

nocne yero 06HoBNAEM 3HaueHue (BoiCTBa tail
append(value: number) {
this.tail.next = {value: value, next: undefined };
this.tail = this.tail.next;

Kaxk Bupnm, pyukiius append() B JaHHOM cJiyyae peajin3oBana oueHb a(pheKTuBHO,
ITOCKOJIbKY JI0JIKHA JINIITh ﬂO6aBI/ITb y3eJsa B XBOCT CIIMCKa U C/A€JIaTb 9TOT HOBBII ysean
XBOCTOBBIM. C IpyToil CTOPOHBI, GYHKITH at () HAUWHAET C TOJIOBBI CITUCKA U TIPOXOUT
IO CCHIJTKAM next BILJIOTH JI0 IOCTUKEHUS NCKOMOTO Y3JIa.

B smctunre 2.14 MBI CPaBHUM 3TO ¢ peaju3aluell Ha OCHOBE MacCuBa, B KOTOPOU
JOCTYII K 3JIeMEHTY IPousBoAnuTcs 9 OEKTUBHO, a BOT 00aBJIeHUe DIeMeHTa SIBJIsSIeTCs
JIOPOTOCTOSIIIEN OTTepaInuen.

JInctmur 2.14. Peanusaumsa cnucka Ha OCHOBE MacCMBa

class NumberArrayList {
private numbers: number[] = [];
private length: number = 0;

3HayeHus XpaHATcA B Maccue number
U3HayanbHo HyNeBoi ANUHbI

at(index: number): number {
if (index >= this.length) throw new RangeError();

return this.numbers[index];
} [locTyn K neMeHTy NpoM3BOAUTCA NPOCTO

nyTem BbI60pa 3nemMeHTa U3 MaccuBa no MHAEKCY
append(value: number) {
let newNumbers: number[] = new Array(this.length + 1);
for (let i = 0; i < this.length; i++) {
newNumbers[i] = this.numbers[i];

Jlo6aBneHue uncna B Maccu Tpebyet

} Numb this.1 h 1 BblA€NeHNUA NAMATH ANA HOBOTO MaccMBa
nev.w umbers[this.length] = value; 1 KONUPOBAHUA CTapbIX I1€MEHTOB
this.numbers = newNumbers;

this.length++; .
& ’ HakoHeu, nocnegHuit snemeHT

Aob6aBnAeTcA B KOHeL HOBOrO Macc1Ba

3/1eChb JOCTYII K DJIEMEHTY € 3aJlaHHbIM MHJIEKCOM 03HAYaeT IIPOCTO BLIOOP djieMeHTa
13 6a30BOr0 MaccuBa number 1o UHAEKCY. A BOT 1006aB/ieHe HOBOIO 3HAYEHsI CTAHOBUT-
CsI HETIPOCTOM oTiepaIiiei.

1. Heob6XoanuMo BBIIETUTH MAMSTD TIO/] HOBBIH MACCUB, HA OJIH 9JIEMEHT GOJIBIIE Te-
KYILETO.
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2. HE‘O6XOLII/IMO CKOIIMPOBATb BCE IJIEMEHTDI U3 TEKYIIETO MaCCrBa B HOBBIA.

[[aJIee HOBO€ 3HAaY€HUE HYKHO I[O63BI/ITI> B HOBBIMI MacCUB B Ka4eCTBe ITOCIETHETO
SJIEMEHTA.

4. Texymuii MaccuB celyeT 3aMeHUTh HOBBIM.

Konposatue Becex aJIeMEHTOB MACCUBA TIPU KaiK/IOM I0OABIECHUT HOBOTO DJIEMEHTa,
CKaykeM TIPSIMO, He caMast 9 (eKTUBHAS PeaTU3aIius.

Ha mpaktike G0MBITUHCTBO GUOIMOTEK PEATUIYIOT CITUCKU B BU/IE MACCHBOB C He-
KOTOPBIM 3amacoM Mecta. Boibupaercst 6ombmimit pazmep MaccuBa, ueM Tpebyercst
M3HAYATBHO, TOITOMY HOBBIE DIEMEHTH MOKHO T0OABUTH, He MPUOETasT K CO3MAHIIO
HOBOTO MacCHBa M KOMMMPOBAHUIO JaHHBIX. [Ipy 3amosnennn MaccuBa BbIIC/ISIETCS Ta-
MSITh 10/ HOBBIIl MACCUB, IPAB/IA, JIBOITHOTO Pa3Mepa, U 9J1eMEHTBI KOITUPYIOTCST B HETO
(puc. 2.9).

Cnncok Ha OCHOBE MaccuBa C pacLUMPEeHHOW BMECTUMOCTbIO

Ciopa GyneT fobaBneH cneaytoLLMii HOBbIA 3NeMeHT
[inuHa cnnucka — feBATb NeMEeHTOB Aa OYRETA Ayt

A
' A

a2 sfweefe[a2]sfw|afa] | | | | | | |

- /
hd

BmectumocTb cnucka — 16 anemeHToB

Puc. 2.9. Cn1cok Ha OCHOBE MaccuBa, COAEPXKaLLMi AEBSTb SIEMEHTOB, HO MOTEHLUMANIbHO
BMeLLatowmin 16. B Hero MoXHO A06aBUThL €LLe CEMb 3/IEMEHTOB, MPEXAe YeM NpUAETCS NEPeHOCUTb
[IaHHbIE B HOBbIN, 6OMbLLIMIA MaccuB

Baarogapst TakoMy 3BPUCTHUECKOMY aJTOPUTMY BMECTHUMOCTD MacCHBa PacTeT 3KC-
[OHEHIMAIbHO, I09TOMY JaHHbIe He IIPUXOAUTCS KOIMPOBATh TaK Y4acTo, KaK eCJu Obl
MaCCHB HapamuBaJICs 10 O[HOMY 9JIeMeHTY 3a pa3 (scturr 2.15).

JIucTuHr 2.15. Peanv3aums Cnncka Ha OCHOBE MacCyBa C pacLUMPEHHON BMECTUMOCTbLIO

class NumberList {

private numbers: number[] = new Array(1);
XoTa cnucok nyct, Mbl

private length: number = 9;
HaunHaem ¢ BMeCTUMoCTy 1

private capacity: number = 1;

at(index: number): number {
if (index >= this.length) throw new RangeError();

return this.numbers[index];
} [locTyn K anemeHTam npou3BoANTCA
aHanornyHo npeabiayLLei peanusauum

append(value: number) {
if (this.length < this.capacity) { | Ecimmaccus 3anonHeH He nonHOCTbIO,

this.numbers[length] = value; TO MOXHO NPOCTO 406aBUTD INEMeHT
this.length++; 1 06HOBUTb 3HaueHue anuHbl (length)
return;
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this.capacity = this.capacity * 2;
let newNumbers: number[] = new Array(this.capacity);
for (let i = 0; i < this.length; i++) {

newNumbers[i] = this.numbers[i];
Mpn nonHoM 3anonHeHUu MaccuBa HeobxoaMMO

newNumbers[this.length] = value; BbIJIeNNTb NAMATb MO, HOBbIil U CKONUPOBATH
this.numbers = newNumbers; 3M1eMEHTbI, HO NPU 3TOM YABOUTb BMECTUMOCTb,
this.length++; yT06bI NPK COOTBETCTBYIOLLLEM KONMYECTBE

} nocnepylowux fo6aBneHuii neMeHToB

} He NoTpe60Banoch BbiAENATb NAMATH 3aHOBO

AHAJOTMYHO MOKHO Peajn3oBaTh JIpyrue JUHeHbIe CTPYKTYPhI JAHHBIX, HATIPUMep
CTEKH M Ky4d. ITU CTPYKTYPbI ONTUMU3UPOBAHBI JIJISI IOCTYTIA HA YTEHIE, KOTOPBIN BCET/Ia
ypesBbIuaitno apdexrusen. Pacimmpennas BMecTUMOCTD oOecniedusaet 3(HeKTUBHOCTD
GOJIBIIMHCTBA OIePAIUl 3aIIMCH, OJIHAKO HEKOTOPbIE 3alIUCH [IPU MIOJIHOM 3all0JTHEHIH
CTPYKTYPBI IAHHBIX TPEOYIOT IIEPEHOCA BCEX IEMEHTOB B HOBbBIII MACCHB, UTO HEPE3YJIbTa-
TUBHO. B1106aBOK 11pu 9TOM 00pasyeTcst epepacxol IIaMsITH, IIOCKOJIbKY CIIMCOK BbIIEISIeT
ee JiJ1s1 GOJIBIIEro KOJIMYeCTBA 3JIEMEHTOB, YeM TPeOyeTcsl B HACTOAIIUI MOMEHT, 4TOObI
0CBOOOAUTH MECTO JJIst OYAYIIUX JOOABIIEHMIA.

2.5.4. BwWHapHble aepeBbs

PaceMoTpuM JIpyToii THIT CTPYKTYPbI JIAHHBIX: CTPYKTYPY, B KOTOPON MOKHO JI00ABJISITh 3Jie-
MEHTBI B Pas3jinyHble MecTa. [IprMepoM MOJKET CITysKUTh GHHAPHOE JIEPEBO, B KOTOPOM HOBBIIA
Y3671 MOYKHO TIPUCOEIMHITD K JIIOOOMY JIPYTOMY, EIIe He UMEIOTIEMY JIBYX JI0UEPHHUX Y3JI0B.
O/vH 13 BAPMAHTOB: MPEACTABUTH OMHAPHOE JIEPEBO € MOMOIIBI0 MaccuBa. Ha epBom
YPOBHE JIepeBa, KOPHEBOM, COIEPIKUTCsT He Goatee ojHoro yama. Ha Bropom — He 6osiee AByX:
nodepHue y3ibl kopHesoro. Ha tperbem —
He HoJiee YEThIPEX: JI0UEPHUE Y3JIbI IBYX Y3JI0B
TPE/IBIIYITEr0 YPOBHs U T. /1. B 061meM ciyvae
y fepesa ¢ N ypoBHAMU MOKeT ObITh He Gosiee
142+ ...+ 2¥ y350B, uto paBusiercs 2N — 1.
Bunapnoe nepeBo MOKHO XPaHUTb B Mac-
CHBE€, PacIlOJIO’KUB B HEM YPOBHU OJIUH 3a [[PY-
rum. Ecain iepeBo He riosiHoe (He Ha BeeX ypoB-
HAX IPUCYTCTBYIOT BCE BO3MOSKHDBIE Y3JIbI), |
TO MBI Gy/IeM OTMEYaTh HEOCTAIOTIIE Y3JIbl
undefined. [IpeumytecTBo aTOTO MpEICTAB-
JIEHUSI — JIETKOCTb IIePeXo/ia OT POAUTEIHCKOIO
Y312 K JI0YEPHIM: eCIIM POJIUTE LCKUH Y31 puc. 2.10. Mpeacrasnere 61HapHOro Aepesa
paciiojiara€rca B MaCcCHUBE 110 MH/EKCY 1, TO ¢ noMoLblo MaccuBa (UKCUPOBAHHOMN AJIHBI.
JIEBBII OYePHUI y3es1 OyIeT HaXOAUThCs 110 OTCYTCTBYIOWMIA y3en (NpaBblit AOYEPHUI y3en
MHJIEKCY 2*1, a IpaBblii — 2*i+1. y3/1a 2) COOTBETCTBYET HENCMO/b3yeMOMY
Ha puc. 2.10 nokasano npeacrasierue Gu- SMEMEHTY MacBa. CBA3b «NPEOK — MOTOMOK»

MeXAY Y3naMu1 HesiBHasi, MOCKOMbKY MHAEKC
HapHOTO /IepeBa € MOMOIIBIO MACCHBA GUKCH-  1oueniero yana MOXHO BHIUMCTUTS Ha OCHOBE

POBaHHOU JIJIMHBI. MHAEKCa poAMTENbCKOro y3na, U HaobopoT

KopeHb YpoBeHb 2 YpoBeHb 3
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JloGaBjieHne y3jia TakkKe IPOMCXOJUT JOCTaTOUHO 3 (MEKTUBHO, €ClIi He MEHAETCS
KOJIMYEeCTBO ypoBHell gepesa. OnHako npu q06aBIeHI HOBOTO YPOBHA HEOOXOMMMO
He TOJIbKO CKOIIMPOBATh BCE IEPEBO, HO U YABOUTh Pa3MepP MACCHBa, YTOOBI XBATUJIO MECTa
JI7IST BCEX BO3MOXKHBIX y3JI0B, Kak MOKa3aHo B JucTurre 2.16. ITo anamornuHo ahdexTus-
HO¥ peasin3aiiu CIucKa.

JIncTmHr 2.16. Peanvsaumsa 6MHapHOro AepeBa Ha OCHOBE MaccuBa

class Tree { Y3nbl XpaHATCA B BUAE MaccBa
nodes: (number | undefined)[] = []; YUCNOBbIX 3HAYEHUI U 3HAYEHUIA
undefined (0603HavatoLux nponycku)
left_child_index(index: number): number {

return index * 2; <+
} BblumncneHne MHAEKCOB NEBOrO
1 IPaBoOro JOYEPHNX Y308
right_child_index(index: number): number { 10 MHAEKCY POANTENbCKOFO y3Nna
return index * 2 + 1; <+

}

add_level() {
let newNodes: (number | undefined)[] =
new Array(this.nodes.length * 2 + 1); YBenuuenune BMecTumocTy
npu fo6aBNeHUN HOBOTO YPOBHA
for (let i = @; i < this.nodes.length; i++) { Tpebyet ynBoeHuA pasmepa
newNodes[i] = this.nodes[i]; Macc1Ba 1 nepeHoca y3nos
¥

this.nodes = newNodes;

Y 970l peanusanuu ecTh HEJOCTATOK: B CAyYae pa3peskeHHBIX ePEBbeB TPedy-
eMBIil 06beM JOTTOTHUTENHLHOTO POCTPAHCTBA MOXKET OKA3aThCsI HEMTPUEMIEMbIM
(puc. 2.11).

13-32 U36BITOYHOTO PACXO/A TTAMSTH JIJIST
60JIee KOMITAKTHOTO TTPE/ICTABICHUS GHHAPHBIX
JIePEBLEB OOBIYHO UCITIOIB3YIOTCS CCBIIOUHBIE
CTPYKTYPbI aHHbIX (suctunr 2.17). [Ipu atom o
B KaKZIOM y3JIe XPaHITCSI 3HAUeHUe W CChLIKH
HAa JIOUepHUE y3JIBI. o

[Tpu Takoil peaTn3aIiu 1epeBO IPeICTaAB- N
JIEHO CCBLJIKOI Ha cBOI kKopHeBoii y3es1. C 910l | 1 | | 4 | | | 9 | |
OTIPABHON TOYKU MOKHO IOCTHYE JTI0OO0TO y3J1a A

JIePeBa, CJIEysl TI0 JIEBBIM/TIPABbIM JIOYEPHUM
yasam. {st 1obaBieHUsT y3Ja B IPOU3BOJIbHOM — PUC. 2.11. 1N KOPPEKTHOrO NpeaCTaBneHus

MeCTe J0CTATOYHO BBIJEJIUTH IO HEro MTaMATh paspexeHHOro b1HapHoro Aepesa,
. . cofiepXaLlero BCcero Tpu y3na, TeM He MeHee
¥ 3aJ1aTh 3HaYeHUe cBolicTBa left mau right
TpebyeTcs MaccuB U3 CEMM 3MIEMEHTOB.
ero poauTe/ibekoro ysia. Ha puc. 2.12 mokasa- A ecpu'y yana 9 noseutcs podepHmii ysen,
HO IIPpEACTaBJICHUE PA3PEKEHHOTO A€peBa C 110- TO pa3Mep MaccuBa BbIpacTeT 40 15

MOIIIbIO CCBIJIOK.
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JNnctudr 2.17. KomnakTHas peanvsaumns 6uHapHoro aepesa

class TreeNode { B KaX[10M y3Me XPaHUTCA 3HaueHHe
value: number;
left: TreeNode | undefined;
right: TreeNode | undefined;

constructor(value: number) {
this.value = value;
this.left = undefined;

this.right = undefined; Mona left u right ccoinatotca Ha ppyrue y3nbl
} Unu coaiepkar 3HaueHue undefined,

} €N Y AAHHOTO y3/1a HET J0YEepHUX

XOTsT 171 CaMUX CCBIIOK HY’KHO HEeKoe Cebinka
HEHYJIEBOE KOJMUYECTBO TTaMsITH, Tpebye- Ha NeBblii y3en
MbIii 00bEM [IPOCTPAHCTBA IIPOIOPIIMOHA-
JIEH KOJINYeCTBY y370B. /{7151 pa3peskeHHbIX
JIepeBbEB MOA0OHOE MIPEJCTABICHUE IO/ -
XOIUT ropas/io Jiyullle, YeM peansaliyisa Ha
OCHOBE MacCCHUBa, TP KOTOPOI TMTPOCTPaH- @ IZD:I\ Ccoinka
CTBO PACTET HKCIHOHEHIIMATIBHO ¢ KOJIYe- Ha npaBbiit y3en
CTBOM yPOBHEIL. Puc. 2.12. MpeacTasnieHne paspexxeHHoro aepesa

B obmiem cirydae [uist IPEJCTABICHHUS € NOMOLLBIO CChINIOK. CXeMa CripaBa IeMOHCTpUpyeT
Pa3peKEHHBIX CTPYKTYP JAHHBIX, B KO-  CTPYKTYPY IAHHBIX y3N1a B BUAE SHAHEHUS, CCbINKA
TOPBIX MOKET OBITh MHOKECTBO «ITPOTIY- Ha NIEBbIN W MPaBbIN A0HEPHIN Y3Tibl
CKOB», a 9JIEMEHTBI MOTYT J00aBIATHCS
B PA3JIMYHBIE MECTA, TOPA3IO JyUIIE TTOAXOANT BAPUAHT, KOT/Ia OJHH 3JIEMEHTBI CCHLIAIOTCST
Ha Apyrue. PazMenenne ke Beeit CTPYKTYPbI JAHHBIX B MacCuBe (PMKCUPOBAHHOM JJTMHBI
YpeBaToO HEMPUEMJIEMBIMH HAKIAJAHBIMU PACXOAAMHU.

2.5.5. AccounaTmBHbIE MAaCCUBBI

HexkoTtopble S3bIKM TTPOTPAMMUPOBAHUS MTPEIOCTABJILIOT BCTPOEHHYTO TTOJIEPAKKY CUH-
TaKCHCa U [PYTUX MIPOCTBIX TUIIOB CTPYKTYP AaHHBIX. OUH U3 4acTO BCTPEUYATONUXCS
0JJ0OHBIX TUIIOB — accouuamushoiil maccue (associative array), Takke U3BECTHBII 110/
Ha3BaHUAMU «crosapb»> (dictionary) u «xeuw-mabauya> (hash table). 9ot turm crpykTypb
JIaHHBIX [IPeCTaB/IsieT cOO0I HabOP Map «KJo4 — 3HaueHue» u obecrednBaeT apPerTUB-
HO€ M3BJIeUeHNEe 3HAUEHUS 110 KJII0YY.

Bortipexu ToMy, 4TO BbI MOTJIM TIOJIyMAaTh IIPU YTEHUH TIPE/IBIYIINX IIPUMEPOB, Mac-
cuBbl JavaScript/TypeScript — accormatuBHble. B 9TUX A3bIKax MPOrpaMMUPOBAHUSA HET
IIPOCTOTO THIIA JAHHBIX, COOTBETCTBYIONIErO MAaCCUBY (PMKCUPOBAHHON /yinHbL. Hammm mpu-
MePBbI KOJIa IEMOHCTPUPYIOT, KAaK MOXKHO PEAIM30BaTh CTPYKTYPbI IAHHBIX HA OCHOBE MaC-
cUBOB (PMKCUPOBAHHON JIMHBL. MaccuBbl (DUKCUPOBAHHOM JITIMHBI TIPE/IIIOIATAIOT YPE3BbI-
YaiiHo a(heKTUBHDBIN IOCTYTI TTI0 MHAEKCY U Hen3MeHsieMblil padmep. B ciaydae JavaScript/
TypeScript atoro Het. Mbl paccMaTpuBaeM TyT MAaCCUBBI (PUKCUPOBAHHON JIJIMHBI BMECTO
ACCOIMATUBHBIX TIOTOMY, YTO MOCJEHUE MOKHO PEAIN30BATDH C MOMOIIBI0 OOBIYHBIX



70 [naBa 2 e ba3oBble TUMbl AAHHbIX

MacCHUBOB ¥ CCBIJIOK. JIJIs1 HArJISIIHOCTH Mbl paccMaTpuBaeM MaccuBbl TypeScript kak
MacCHUBbI PUKCUPOBAHHOI JJIMHBL, YTOOI IIPUMEPHI KO MOKHO OBLIO HEIIOCPEACTBEHHO
nepeHecTy Ha GOJIbIIMHCTBO APYTUX IOIY/ISPHBIX SI3bIKOB IIPOrPAMMUPOBAHMUSL.

B Takux g3bIkax nmporpaMMUpoBanusd, Kak Java u C#, MacCUBbI M CCBIJIKH SBJISIOTCS
MTPOCTHIMU TUTIAMU JAHHBIX, & CJIOBAPH ¥ XEII-KAPThI BXOJAT B CTAHAAPTHYIO OUOJIMOTEKY.
B JavaScript u Python accounaTiBHbie MAaCCHBBI — IIPOCTHIE TUIIBI JAHHBIX, HO CPE/Ibl
BBITIOJTHEHUSI TAKKe PEATU3YIOT X HA OCHOBE MAaCCUBOB U CCHLIIOK. MacCHBBI U CCHITIKU —
HU3KOYPOBHEBBIE KOHCTPYKIIMH, OTPAKAIONINE OTIPe/IeJICHHbIE CXeMbI Pa3MeleHUs 1aH-
HBIX B OTIEPATUBHOM TTAMSITH U MOJIEJTU JIOCTYTIA, B TO BPEMST KaK aCCOIIMAaTHBHbIE MACCUBBI
SIBJISIFOTCSI BBICOKOYPOBHEBBIMU abCTPAKITUSIMU,

AcconnaTuBHbIE MACCHBBI YACTO PEATUIYIOTCS KaK MaCCHUBBI (PMKCUPOBAHHOM JIJTHHBI,
AJIEMEHTAMU KOTOPBIX SIBJSIIOTCST CITUCKK. Xem-(DYHKIUS MPUHUMAET Ha BXO/€ KJTI0Y
MPOU3BOJILHOTO THUIIA U BO3BPAIllaeT UHEKC B MaccuBe hUKCUPOBaHHOM uinHbL. [Tapa
«KJII0Y — 3HaYeHue» 100aBJISeTCs B CIMCOK MJIU U3BJIEKAETCS U3 HEro 10 3aJaHHOMY WH-
nexcy B MaccruBe. CITUCKHU MCTTOTB3YIOTCS TOTOMY, UTO XeTll HECKOJIbKIX KJII0Uel MOKeT
COOTBETCTBOBAThH OTHOMY WHeKcy (puc. 2.13).

Knwo4: @ Knto4: 5 Knto4: 42
" |3Hauenune: 10|3HaueHune: 10| 3HaueHue: ©

Knou: 2 Cnnckmn
3HayeHue: 9

\ Maccus ¢puKcupoBaHHON ANNHDI

Puc. 2.13. Peanv3aumsi acCOLMaTMBHOIO MacCMBa B BME MAacCuBa CrUCKOB. [JaHHbI K3eMNsp
COOEPXUT COOTBETCTBUS «K/IOY — 3HadeHne»: 0 - 10,2 —-9,5—-10mn42 -0

[Touck 3Hayennd 10 KJIIOYY BKJIOYAET IMOMCK CIMCKA, B KOTOPOM HaXOJUTCA Hapa
«KJTIOY — 3HAYEHUE», 00XO0/[ €T0 JJIsT HAXOKIAECHHST HY;KHOTO KJII0Ya U BO3BPAT 3HAYCHUSI.
Eciu ciicok cMIKoM JUTMHHBIH, TO BpeMs [TOMCKA BO3PACTAET, Tak 4To 3¢ deKTUBHbIE
peau3aIii aCCOMMATHBHBIX MACCUBOB MPOU3BOIST TEPEOATAHCUPOBKY C YBEJUUCHUEM
pasMepa MacCHBa, YMEHbBINIAA 33 CUET 9TOTO Pa3MephI CITUCKOB.

Xopotitast GyHKINSA XEMUPOBAHNsT 00eCTIeYBAET PABHOMEPHOE PaCTIpeieleH e KITio-
Yeil o cuckam, 9TO6bI UTHHDL CITCKOB OBLIH IPUMEPHO PABHBL.

2.5.6. CooTHOLWweHus BbIrog,
M NOTEPb Pa3/IMYHbIX peanu3auun

B npenpiayiiiem noapasaesie Mbl YBUIEIH, YTO MACCUBOB U CCHLIOK BIIOJIHE TOCTATOUHO
JUIS peasiu3alii IPYyTUX CTPYKTYP MAHHBIX. B 3aBUCUMOCTH OT 0KUAEMbIX TTATTEPHOB
obpaieHus (HalpuMep, 4acTOThbI YUTEHUs OTHOCUTEIbHO YaCTOThI 3alIUCU) U (DOPMBI
HMaHHBIX (MJIOTHBIE WM Pas3PesKEeHHbIe) MOKHO 11000paTh Hy KHbIE TIPOCTHIE THIIBI JJIsk
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KOMIIOHEHTOB CTPYKTYPbI IAHHBIX U OGBEAUHUTD UX TaK, YTOOBI OTyIHIach Hanboee
ahdexTIBHAS peaTn3aIisl.

Yrenne,/00HOBJIEHUE B MACCUBAX (DUKCHPOBAHHON JJIHHBI IIPOMCXO/IUT YPE3BBIUAITHO
OBICTPO, OHU OTJIMYHO TIOJIXOJISIT JIJIST TIPE/ICTABJIEHUSI TJIOTHBIX JaHHBIX. UTO KacaeTcst
CTPYKTYP JAHHBIX TIEPEMEHHOTO Pa3Mepa, CCLIKHU MO3BOJAIOT athdekTrBHEE 100aBISATh
HOBBIE JTaHHBIE U JIydIle TIOAXO/IST JIJIST TPEe/ICTABIeHNST PAa3PeKeHHBIX TAHHBIX.

2.5.7. YnpaxHeHune

Kakag cTpykTypa faHHBIX JIydliie MOA0NIeT A 0OpallieHus K 9JIeMEHTaM B CJIy4ailHOM
opsizike?

A. CBSI3HBIN CIIICOK.

b. Maccus.

B. CaoBapp.

I. Ouepenp.

Pe3ome

O @yHKIMKM, KOTOPbIe HUKOT/IA HUYEero He Bo3BpaiiaioT (paboTaioT 6eCKOHEYHO VI re-
HEPUPYIOT UCKJIIOYEHN ), ClIeyeT OObSBIIATh KaK BO3BpaLlaoliie mycroi tuir. ITycroii
THUTI MOKHO PEAM30BaTh B BUJIE KJIACCA, HE JOMYCKATONIETO CO3IAHUS 9K3EMILISIPOB,
WJTH KaK TIePEUNCISIEMBIN TUII, He COIEPIKAIINAN 2JIEMEHTOB.

O @OyHKIMH, KOTOPBIE He BO3BPANIAIOT HUKAKOTO OCMBICIEHHOTO Pe3yJIbTara 110 3aBeplile-
HUY BBITIOJTHEHUS, CJIEyeT OObsBIISATH KaK BO3BPAIIAIOIINE eMHUYHBIN THIT (B 60JIb-
ITUHCTBE S3bIKOB IIPOTPAMMUPOBaHUs — void). EAMHUYHBIN THIT MOXKHO Peasn3oBaTh
B BUJIE KJIACCA-OJMHOYKH UJIU [IEPEYHCIISEMOrO TUIIA, COIEPKAIIETO OJIUH JIEMEHT.

O BeruncieHue OyJIeBbIX BbIPAKEHII OOBIYHO BBITIOJIHSIETCS 110 COKPAICHHON CXeMe,
[03TOMY Ha TO, KAKWE U3 OIePAHI0B OY/IyT BBIYUCIIEHDI, BIUSET UX HOPSIIOK.

O BosMoxHO mepernosHeHne TeJTOYNCIeHHbIX TUTIOB (hpuKcrpoBanHo# mmpuHbl. [lose-
JIeHHE 110 YMOJIYAHUIO TIPU TIEPENOJHCHUN 3aBUCUT OT A3BIKA IPOrPAMMUPOBAHMUS.
A xemaeMoe TTIOBeJIeHUE 3aBUCUT OT KOHKPETHOTO ClIeHAPHS UCTIOTh30BAHUS.

O IIpexacTraBienne YNCEN ¢ MIABAIOMIEN TOYKOW — TPUOIMIKEHHOE, TaK UTO JyUIIe
He CpaBHUBATh 3HAaYE€HUs HA PaBEHCTBO, a IPOBEPATD, HE OTCTOAT JIM OHU JlaJIbIlle
EPSILON mpyr OT Apyra.

Q Tekct cocrout U3 rpadem, rmpejacTaBjieHne KOTOPbIX CTPOUTCS U3 OJHON WJIN He-
CKOJIbKMX KOJ0BbIX Touek Unicode; kaskiast U3 HUX KOAUPYETCs OAHUM OaiiToM WJIu
Gosee. Bubmorekn 11 onepaiyii Hajl CTpOKAMU OIPakIaioT HAC OT BCEX CJOKHOCTEN
KOJIMPOBAHUS U MTPEICTABIEHUS CTPOK, TAK UTO JIydIlle TT0JIaraThCs Ha HUX, a He MPo-
W3BOJIUTH ONEPAITNN Ha/l TEKCTOM HAIIPSIMYTO.

O Maccusbl (GUKCUPOBAHHOMN JJIMHbI M CCLIKU — CTAHAAPTHBIE «CTPOUTENbHbIE OJIOKI»
CTPYKTYP JaHHBIX. B 3aBUCKMOCTH OT MATTEPHOB OOPAIICHUS K JAHHBIM 1 CTEIIEHN UX
IJIOTHOCTH MOYKHO UCIIOJIb30BATh T€ WK Apyrue Jubo X coueranue 1 ahhexTus-
HOU peausanuu JiroOoil, CKOJIb YTOIHO CIOKHON CTPYKTYPbI JaHHBIX.
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OTBETbI K YNpa>XHEHNAM

2.1. MpoekTnpoBaHne PyHKUMI, HE BO3BPALLAIOLIMX 3HAUYEHNI

1. B — (I)yHKHI/IH set() He BO3Bpallla€T HUKAKOT'O OCMbBICJIEHHOTO 3HAa4Y€HU, TaK YTO
€IMHUYHBIN TUTI void OTJIMYHO HOI[OfII[(?T B Ka4€CTBE€ BO3Bpallla€MOTO THUIIA.

2. A — dynkiug set() HUKOT/IAa HUYETO He BO3BPAIIAET, TOITOMY B KauecTBe BO3Bpallia-
€MOTO TUTIA OTJINYHO TTO/IONIET ITyCTOM THII never.

2.2. byneBa noruka n CoKpalleHHble CXeMbl BblYMCIIEHUS

b — 3navenne cuetunka YBEIMYUNBACTCA TOJIBKO OVH pas3, IIOCKOJIbKY (byHKLII/IH BO3Bpa-
maet false, Tak 4TO 6yJIeBO BbIpa’K€HME BbIYUCIIACTCA 110 COKpaH.[eHHOI‘/JI CXeMe.

2.3. PacnpocTpaHeHHble NOBYLLKN YMCIOBbIX TUMOB AAHHbIX

1. B — n3-3a okpyrJieHns Yrce ¢ TIJIaBaloliell TOUKOH pe3yabTaT BEIYUCIEHNS BhIpaske-
Hus — false.

2. B — onTuMabHBIM TIOBEJCHIEM B JAaHHOM ciiydae Gy/IeT Bbliaua OIUOKHU, TOCKOJIbKY
UAECHTUOUKATOPBI JTOJKHBI OBITh YHUKATbHBIMIL

2.4. KognpoBaHue TekcTa

1. T'— UTF-8 — koaupoBKa rnepeMeHHON JIJTUHBL.

2. B — UTF-32 — kopupoBKa GUKCUPOBAHHON JVIMHBI; BCE CUMBOJIBI KOJUPYIOTCS Ue-
TBIPbMST OaiiTamu.

2.5. Co3gaHue CTpPYKTYyp AaHHbIX HA OCHOBE MAacCMBOB U CCbISTOK

b — 14 nponsBoJIbHOTO OCTYTIA JIyYllle TTOAXOISIT MACCUBBL.



Cocmasnvie munvt OAHHbIX

B 3TOM rnaBe

QO O6beanHeHne TUMOB B COCTaBHbIE TUMbI AAHHbIX.
Q 06beanHeHune TunoB B XOR-TUMbI A@HHbIX.
O Peanusaumsa naTrepHa NpoekTUpoBaHus «lloceTuTens».

O Anrebpanyeckue Tunbl AaHHbIX.

B ruiaBe 2 MbI paccMOTpEJIN HEKOTOPBIE TPOCTBIE TUITBI IAHHBIX — CTPOUTENbHBIE OJIOKN
cucTeMBbl TUTIOB. B TekyIiiei rimase Mbl 06CYIMM CITOCOObI X COYETAHUS B TIEJIAX OTIUCAHUS
HOBBIX THUIIOB JAHHBIX.

MBI paccMOTPHUM COCTABHbIE TUIIBI JAHHBIX, ArPETUPYIOIINE 3HAYSHH HECKOJIbKIX
TUTIOB. MBI y3HaeM, Kak 3a CUYeT MPABUIbHOTO HAMMEHOBAHUS YJICHOB KJIACCOB MPUIATh
OCMBICJIEHHOCTD JAHHBIM U CHU3UTh PUCK HEKOPPEKTHOI MHTEPIIPETAIIIH, a TAKIKE TapaH-
THUPOBATh COOTBETCTBUE 3HAYEHUI OTIPE/IEIEHHBIM OTPAHIUYEHIISIM.

Hanee mbr 06cyaqum XOR-Tunsl ganubix (either-or types) (¢cTporo qusblOHKTUBHbIE
THUIIBI), COJePIKAIe POBHO OJIHO 3HAYEHME OJHOTO UJIM HECKOJIbKUX TUIIOB. MBI pac-
CMOTPUM TaKHe PacpOCTPAHEHHbBIE TUITBI JAHHBIX, Kak oruoHa b, XOR-THITbI 1aHHBIX
U BAPMAHTHbIE TUITBI JAHHBIX, & TAK)KEe HEKOTOPbIE UX TTPUI0KEeHUST. MBI YBUIUM, HATIPHU-
Mep, oYeMy BO3BPAIaTh Pe3yJIbTaT uiy ommbKy 0ObraHO Ge30macHee, 4eM BO3BpaIaTh
pe3yJIbTaT u OMmuoKy.

B kauectBe mpusnoskenuss XOR-TUTIOB JaHHBIX MBI PACCMOTPUM TIATTEPH MPOEKTU-
poBanus «IloceTuTesnb» M CpaBHUM PeATUIAIIIIO, UCTIOIB3YIONIYIO HePaPXIH KJIACCOB,
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¢ peanusalyei, B KOTOPOIl AJis XpaHeH st 0ObEKTOB U BbIIIOJTHEHM Ollepalluil HaJ HUMU
WCIIOJIb3YETCS] BADUAHTHBII THIT TAHHBIX.

I HakoHell, Bac JK/IeT olucanue ajarebpandeckux Tinos AaHubix (ADT) u ux cBsasu
¢ BOTIpocaM, 00CYK/IaeMbIMU B 3TOH TJIaBe.

3.1. CocTaBHble TUMbl JAHHbIX

I[Tpocreiinmmii cmocob coYeTaHus THIOB JAHHBIX — TPYIIMUPOBKA WX B HOBBIE THITBL. Bo3b-
MeM Tapy KOOPAWHAT X ¥ i Ha TIIOCKOCTH. THI 06enx KOOPAWHAT X 1 i — number. Y TOUKN
Ha MIOCKOCTH eCTh 06€ KOOPANHATHI (X U i), MOATOMY JIBa THUTIA B HEWl 0OBEANHAIOTCS
B TPETHIi, BHAYEHUSIMU KOTOPOTO CJIY:KAT Maphl YHCET.

B ob1iem cirydae o6beIHEHNE OJJHOTO W HECKOTLKUX TUTIOB TTO0OHBIM 06pa3om
MIPUBO/IUT K CO3/[aHUIO HOBOTO THIIA IAHHBIX, BHAUEHUSIMU KOTOPOTO SIBJISTIOTCS BCE BO3-
MOKHBIE COUETAHUST COCTABJISAIONIUX ero TUToB (puc. 3.1).

® @ . ©® @
©

(0.0 0.0 @ ®)

(©.®) 0.0 (@
©.© e @9

Puc. 3.1. O6beanHeHne AByX TUMOB TaknM 06pa3oM, YTOObI UTOrOBbIV COAEPXKAN MO OAHOMY 3HAUYeHUI0
M3 KaXkgoro 3Toro Tuna. Kaxxabiii 3MoA3v NpeacTaBseT 3HaYeHNe OAHOIO M3 3TUX TMMOB. CKOBKM
OTPaXkatoT TOT (DaKT, YTO 3HAYEHUSI O6BEANHEHHOMO TUMa SIBASIOTCA NapamMu 3HAYEHWUI UCXOAHbIX TUMOB

OG6parute BHUMAHUE: PeUb UIET PO OObEANHEHNE 3HAYEHWIT THITOB, a He OlepaInit
Haj numu. Kombunuposanue onepanuii Mbi 06cyauM, Koria OyseM paccMaTpuBaTh
3JIEMEHTBI 00bEKTHO-OPHEHTHPOBAHHOTO ITPOrpaMMupoBatus B riase 8. [Toka ke orpa-
HUYMUMCS 3HAYEHUSIMU.

3.1.1. KopTtexu

JlomrycTM, HaM HYKHO BBIUYMCJIUTD PACCTOSTHUE MEXKIY JBYMST TOUKAMHU, 3aJaHHBIMHU
B BuJIe Iap KoopauHat. MosKHO onpeiesinTh (yHKIIUIO, KOTOPast IPUHUMAET KOOPINHATHI
X M i cHavyasa mepBoil TOYKHM, a 3aTeM BTOPOH M BBIYUCJISIET PACCTOSTHUE MEKIY HUMH, KaK
rmoxasano B jiuctunre 3.1.
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Jinctuur 3.1. PacctosiHve mexay ABYMS TOYKaMu

function distance(x1: number, yl: number, x2: number, y2: number)
number {
return Math.sqrt((x1 - x2) ** 2 + (yl - y2) ** 2);

ITOT Kozt paboTaet, HO He UJIeaIeH: KOOPANHATA X1, €CJIU Pedb UET O TOUKAX, He UMeeT
cMbicaa 6e3 cooTBeTCTBYIONIEH KoopauHathl y1. CKopee BCero, HysKHO Oy/IeT POU3BO-
JIUTH OTePaIliK Ha/l TOYKAMU BO MHOTHX MECTaX Halllero npuaoskenus. [loatomy BMecTo
TOTO, YTOOBI IIEpelaBaTh OTAEIbHO KOOPJAMHATBI X ¥ I, Mbl MOKEM CIPYIIIUPOBATH UX
B Kopmeic (tuple).

TUMbI-KOPTEXXU
Tun-KOpTEX COCTOMT M3 Habopa TWUMOB-KOMMOHEHTOB, K KOTOPLIM MOXHO 06pa-
LIaTbCs MO MX MO3ULMSAM B KOpTeXxe. KopTexxu — cnocob rpynnupoBKU AaHHbIX
creumanbHO Anst KOHKPETHOrO Clyyasi, MO3BONSIOLLMI NepesaBaTh B BUAE O4HOM
nepeMeHHOM HECKOMbKO 3HaYEHWI PasMyHbIX TUMOB.

C nomotpio KopTeskeit MOSKHO TiepeiaBaTh Tapbl KOOPAWHAT X 1 I KaK IeIbHbIE TOUKH.
ITO yIPOIINAET YTeHNe 1 HalMcanne Ko/ia. YTenne — MOCKOIbKY Terepb MOHSTHO, YTO MbI
HUMeEeM JIeJIO ¢ TOYKAMM, a HAlIMCAHUEe — TIOCKOJIBKY MOKHO HCITO0JIb30BaTh OOBSBICHUE
point: Point BMecTO x: number, y: number, Kak ITOKa3aHoO B JIMCTUHTE 3.2.

JInctuHr 3.2. PaccTosiHne Mexay ABYMsi TOUKaMM, OMUCAHHBIMU B BUAE KOPTeXen

type Point = [number, number]; < OnucbiBaeM HOBBIif TUN laHHBIX — KOPTeX Yncen

function distance(pointl: Point, point2: Point): number {
return Math.sqgrt(
(pointi[@] - point2[@]) ** 2 + (pointl[1] - point2[1]) ** 2);

Kopresxu yno6ub Takske 11 Bo3BpaTa u3 (HYHKIUU HECKOJIBKUX 3HAYCHUH, UTO
CJTOKHO ciesiaTh 6e3 rpyMmupoBKU 3HaYeHi. JIN60 MOKHO UCTIOIB30BATH TTAPAMETPBI
out — o6HOBJIsIEMBIE (DYHKITMEH apTyMEHTBI, KOTOPbIE, BIPOYEM, 3aTPYAHAIOT AaHAIU3
KOJIa.

KopTex cBouMM pykamu

B GOJIBITMHCTBE S3BIKOB TIPOTPAMMUPOBAHUSI CYIIECTBYET BCTPOEHHBIN CUHTAKCUC JJIST
KOPTesKeil NI JKe KOPTEKM BXOJAT B CTaHAapTHYIO 6ubroreky. Tem He MeHee pac-
CMOTPHUM, KaK MOKHO PeaJin30BaTh KOPTEXK, €CJU OH OTCYTCTBYeT. B muctunre 3.3 Mbl
peasnsyem 0000LIEHHBII KOPTEX, BKIIOYAIONIMI ABa THIIa-KOMIIOHEHTa, KOTOPbIi Ha-
3BIBAIOT TaK:Ke napoil (pair).

PaccmarpuBast THIIBI Kak MHOKECTBA BO3MOKHBIX 3HAUEHUH, MOKHO CKa3aTh, YTO €CIIN
KOOPJMHATBI X U i MOTYT TIPUHUMATDH JIIOObIE 3HAYEHUST U3 33[aBa€MOTO THUIIOM nhumber
MHO’KECTBA, TO KOPTEK Point MOKET IPUHUMATH JTI000E 3HAUEHHE U3 32/[aBAEMOT0 Mapoii
<number, number> MHOKeCTBa Iap.
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Nuctuar 3.3. Tun Pair
class Pair<T1, T2> {
mo: T1;

Tun Pair Bkntovaet 3HaueHnsa Tuno T1u T2
ml: T2;

constructor(mo: T1, ml: T2) {
this.m0 = mo;
this.ml = ml;

}

type Point = Pair<number, number>;

function distance(pointl: Point, point2: Point): number {
return Math.sqrt(
(pointl.m@ - point2.m@) ** 2 + (pointl.ml - point2.m1) ** 2);

3.1.2. YkasaHue CMbICNOBOro coaep)kaHus

Touku BIIOJIHE MOKHO OIIUCHIBATDH KaK TTapbl
qrceJI, HO IPU 9TOM TepsIeTCs OTpesiesieH- A
Has 4acTh CMBICJIOBOTO COZIEP/KAaHNMS: TTapa Sl —
YICesT MHTEPIPETUPYETCs TNO0 KaKk KOOP-
JIHATBL X U Y, MO0 KaK KOOPAUHATHL i U X
(puc. 3.2).

[lo cux 1op B HaIIMX TpUMepax Peo-
JIATaJIoCh, UTO TIEPBBI KOMIOHEHT — KOOP-
JIMHATa X, a BTOpor — y. [lanHOe fnomynierne

B
paboTaet, HO OCTABJISIET BO3MOKHOCTH JIJIst 1
omn6oK. Jlyuiire 66110 GBI 3aKOAUPOBATH
CMBICT B CAMY CHCTEMY THUIIOB, TAKUM 00- 0 1 5

pa3oM rapaHTHUPys HEBO3MOXKHOCTH Hellpa-
BIUTHHOM MHTEDIIDETAIIIL X KAK 3 VLN 4 KAK X Puc. 3.2. [1Ba cnocoba nHTeprpeTaummn napbl
prpeTar y Yy ’ (1, 5): kak Touka A c koopauHaTon x = 1

CrenaTb 9TO MOXKHO C ITOMOIIBIO TaK HA3bI- 1 KOOPAMHATON y = 5, 6O Kak Touka b
BaeMoro muna-sanucu (record type). C KoopAMHaToW X = 5 1 koopanHaTon y = 1

TUMNbI-3ANMUCH
TunbI-3anncK aHaNorMyYHO KOpTeXaM 06bEANHSIIOT 3HAaUEHUS) HECKONTbKUX APYrUX
TVnoB. Ho BMeCTO Toro, YTobbl 06palLaThCst K 3HaYEHUSIM KOMMOHEHTOB B COOTBET-
CTBUM C UX MO3MLUMEN B KOPTEXE, TUMbI-3amn1cK NMo3BOSSOT AaBaTb KOMMOHEHTaM
Ha3BaHWsl M 06paLLaTbCS MO HUM. TUMbI-3anMcK B pa3nnyHbIX s3blkax Ha3blBatOTCS
record («3anucb») unu struct («CcTpykTypa»).

Ecsi orucath Hatll THIT Point Kak CTPYKTYPY, TO MOKHO Oy/ieT Ha3HAYUTH JIJIST IBYX
ee KOMITOHEHTOB Ha3BaHUS X W Y M UCKJITIOYNTH BCAKYIO HEOTHO3HAYHOCTD, KaK BUIHO U3
Jauctunra 3.4.
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JinctuHr 3.4. PaccTosiHve Mexay ABYMS TOYKaMW, ONMCaHHBIMK Kak 3anucu

class Point {
X: number; B knacce Point onpepenebl unebl knacca x u y, 6narogapa uemy
y: number; NOHATHO, KAKOil KOOPAMHATe COOTBETCTBYET TOT MW UHOI KOMMOHEHT

constructor(x: number, y: number) {
this.x = x;
this.y = y;

¥

function distance(pointl: Point, point2: Point): number {
return Math.sqrt(
(pointl.x - point2.x) ** 2 + (pointl.y - point2.y) ** 2);

B xavyecTBe sMIMPHUYECKOTO TTPABUJIA MOXKHO TTOPEKOMEH/IOBATH OMUCHIBATD 3AMTNICH
¢ MOMMEHOBAHHBIMU KOMIIOHEHTAMU BMECTO TIepeiaun KopTreskeit. OTcyTcTBUe Ha3BaHN
B KOPTEXKaX Y KOMIIOHEHTOB IIOPOXK/IAaeT BO3MOKHOCTD HEIIPABUJIbLHON MHTEPIIPETAIUH.
Koptrexu 06bIaHO HITYUEM He JIy4Iile 3aUCell B CMBICTIE OBICTPOAEHCTBIS UK (DYHKIINO-
HAJTBHOCTH, 32 UCKJIIOYEHUEM TOTO, YTO OOBIYHO TIPH UCTIOIB30BAHUN OOBSIBIAIOTCA KaK
BCTPOEHHbIE, & [I7IsT 3aTHCel TPeOyeTCsT OT/IebHOE OTpesiesieH e, B GObITIMHCTBE CTyvaeB
KaK pas UMeeT CMBICJI I06aBUTh OT/IETbHOE OITUCAHUE, TIOCKOJIbKY OHO ITPU/AET IepeMeH-
HBIM JIOTIOJIHUTEJIbHBIN CMBICJI.

3.1.3. CoxpaHeHue NHBapuaHTOB

B s13bIKax mporpaMMHUPOBAHUS, T/IE Y THTIOB-3aIIMCEH MOTYT OBITH METO/BI, OGBIYHO €CTh
U BO3BMOKHOCTD OTIUCAHUST BUANMOCTH WIEHOB 9TUX TUTIOB. YJIEH TAKOTO THIIA MOKET OBITh
y6maHbIM (public) — ZOCTYIHBIM U3 JII0OOTO MecTa KoJIa, IPUBATHbIM (private) — 10-
CTYITHBIM TOJIBKO B TIpezieJiaX 3amucy U T. 1. B TypeScript 4ieHbl KJ1accoB 10 YMOJYaHUTO
1y OJIMYHBIL.

B o6rem cirydae Tpu OMMCAHUN TUIIOB-3aTMCEH, €CJIN YJIeHBI TUIIA HE 3aBUCAT APYT
OT JIpyTa U UX U3MEHEHUE He TPUBOUT K TPOOJIEMaM, UX MOKHO CMEJIO OIICHIBATH KaK
ny6nynbie. Kak pas Takas CUTyaIis 1 IMEeT MeCTO MPH OTIMCAHUH TOYEK KaK map Koop-
JIMHAT X 1 : KOOPAWHATHI MOTYT MEHSATLCS HE3ABUCUMO JIPYT OT APYyTa IPU TIEPEMEIeHuN
TOYKH IO TIIIOCKOCTH.

PaccMoTpuM Apyroii mpuMep, B KOTOPOM YJIEHBI THIIA He MOTYT GeciipobIeMHO Me-
HATbCSA HE3aBUCUMO JPYT OT JIPYTa: TUTI JAHHBIX — JIJIS IEHESKHBIX CYMM, O KOTOPOM MBI
TOBOPWJTH B TJIaBe 2, COCTOSIITIIA 13 KOJITYEeCTBA 0JIJIAPOB U IIEHTOB. Pacmmpum omcanme
3TOTO TUTIA CIEAYIONIMU TIPABIIAMH, OTIPE/IeJITIONIMI KOPPEKTHOE KOJNIECTBO ICHET.

O KosmyecTBo J0JIapoB A0JBKHO MPEACTaBIATh COO0M HeOTpUIaTeIbHOE 1IEJI0e YUCIIO,
nozaxosIIee 1t Ge30MaCHOr0 MPEACTAaBIeHUS ¢ IOMOIIIbIO THIIA number.,

O Ko/muecTBO EHTOB A0JIKHO IPEACTABIATh cO60I HEOTPHUIATEIbHOE 1IeJI0€ YHCJIO,
MOAXOIAILee 11 GE3011aCHOT0 MPEACTABICHUS ¢ TIOMOIILIO TUIIA number.

O KosmyecTBo 1IEHTOB He JIOJKHO 1TpeBbIath 99; kaxkwie ciemnyrornue 100 menToB He-
006x01MMO TTpeobPazoBbIBaTh B 1 oJ1ap.
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[TomoGHbIe paBua, FapaHTUPYIOLIKE BEPHYIO CTPYKTYPY 3HAYEHUI, HA3bIBAIOTCSI
uneapuanmamu (invariants), ITOCKOJIbKY JOJGKHBI COOMIONATHCS TP U3MEHEHIH 3HAYe-
HUH, BXOAALIMX B COCTaBHOM Tun ganubix (compound type). Ecim caenarh YieHbl THIa
yOIMYHBIMU, TO BHELIIHMIA KO CMOKET UX MEHATD, B PE3YJIbTaTe YEro 3aIIMCU MOIYT
OKazarbcst cHOPMUPOBAHBI HEKOPPEKTHO, KaK IMOKAa3aHO B JTUCTHHTE 3.5.

Jinctuur 3.5. [leHexHas cyMMa HEKOPPEKTHOro Buaa

class Currency { KoHcTpyKTOp rapanTupyer,
dollars: number; 4TO 3HaueHus Ans AONNapos
cents: number; W LieHTOB GYAyT KOppeKTHbIMM

constructor(dollars: number, cents: number) {
if (!Number.isSafeInteger(cents) || cents < 0)
throw new Error();

Kaxnable nocnepytowme .
100 LeHTOB npeobpasyloTcs dollars = dollars + Math.floor(cents / 100);
81 jonnap cents = cents % 100;
if (!Number.isSafeInteger(dollars) || dollars < @)
throw new Error();
this.dollars = dollars;
this.cents = cents;
¥ K coxanenuio, nybnuuHoctb
b uneHoB KNacca no3BonseT

BHELLUHeMY KOfly MeHATb 06beKT
let amount: Currency = new Currency(5, 50); HeKOPPEKTHbIM 06pazom

amount.cents = 300;

ITOI CUTYyaInl MOKHO M30€KATh, C/IEJIAB YWIEHDI KJIACCca IIPUBATHBIMY U OITHCAB Me-
TOJIbI, TIPEIHAZHAYECHHBIE ]IS X M3MEHEHWsI, KOTOpble obectieunBaju Obl COOIIOEHIE
WHBAapUAHTOB, Kak MokazaHo B juctuare 3.6. O6paboTKa BCex CJIyvaeB, IPU KOTOPBIX
WHBAPUAHTHI HAPYIIAIOTCS, TAPAHTUPYET, 4TO 0OBEKT Beeraa Oy1eT HaXOAUThCS B J10-
MyCTUMOM COCTOSTHUH, TIOCKOJIbKY U3MEHEHWE er0 JUO0 TPUBENET K APYTOMY OOBEKTY
KOPPEKTHOTO BU/IA, JIOO BHI30BET TEHEPAIMIO UCKITFOUEHISL.

Ternepp BHemHEeMY KOy MPUAETCS MEHSATHh 3HAUYEHUS TOJIBKO yepe3 (hyHKIUU as -
signDollars() u assignCents(), 4YTO rapaHTUpyeT CoOXpaHeHre NHBAPUAHTOB: B CJIydyae
HEKOPPEKTHOCTH Ilepe/laBaeMbIX 3HaYeHUIl reHepupyeTcs uckiaodenue. Ecian koinyecTBo
1ienToB npessiiiaer 100, To COTHU EHTOB TPEOOPa3yIOTCS B I0JLIAPEL.

B 1iesioM mipu 0TCYTCTBUU HEOOXOAUMOCTH COXPAHSTH UHBAPUAHTHI (KaK B CJIydae
HE3aBUCUMBIX KOMIIOHEHTOB X U i TOUYKH Ha TIOCKOCTH ) BITOJIHE JIOITYCTUMO ITPEIOCTaB-
JISITD TIPSIMOI JIOCTYTI K 1TyOJINYHBIM wiieHaM 3anucu. C Apyroit CTOPOHbI, IPU HAJITUYUH
HabOpa MPaBUJI, OTIPEEIAIONINX, KAKOBA KOPPEKTHAst (hopMa 3aIvcH, /715t ee OOHOBIECHNUST
CJIe/Ly€eT UCTI0/B30BATh [TPUBATHBIE TI0JIS U METO/IBI, YTOOBI TAPAaHTUPOBATH COOJIIOICHIE
ITUX TIPABUIL

Eite onun BapuanT: c/iesiath 1oJs Kjacca Hen3MeHseMbIMHY, KaK [T0Ka3aHo B JIMCTUH-
re 3.7. B aToM cirydae MOKHO 0GECTIEUNTH KOPPEKTHOE COCTOSTHUE 3AITHCH TIPU €€ MHUTIHA-
JIN3AINH, a 3aTeM Pa3PEINTD MPSIMON JOCTYII K WieHAM KJIacca, TOCKOJIBKY BHEITHUH KO/
BCE PABHO HE CMOJKET WX TOMEHATb.
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JNnctunr 3.6. Knacc Currency, COXpaHsoLWmi MHBapUaHTbI

class Currency {
private dollars: number = @; | lpuatHocTb uneHoB dollars u cents rapaHTUpyeT, 4To BHELUHMil
private cents: number = 0; KOA He CMOXKeT 060iiTi NPpoBepKY KOPPEKTHOCTH 3HaUeHMUiA

constructor(dollars: number, cents: number) {
this.assignDollars(dollars);
this.assignCents(cents);

}

getDollars(): number { E
return this.dollars; O KONNYECTBO A0NIAPOB WU LieHTOB

} HeKOppeKTHo (oTpuLaTenbHoe 6o HebesonacHoe
LieNoe YMCIo), To reHepUpYeTCa UCKNoYeHue

assignDollars(dollars: number) {
if (!Number.isSafeInteger(dollars) || dollars < 9)
throw new Error();
this.dollars = dollars;

}

getCents(): number {
return this.cents; Ecnu KonuuecTBo f0NNapoB unm LieHToB

} HeKoppeKTHo (oTpuLatenbHoe 6o HebesonacHoe
LieNoe YMCIo), To reHepUpyeTca UCKMoYeHue

assignCents(cents: number) {
if (!Number.isSafeInteger(cents) || cents < @)
throw new Error();

4—

this.assignDollars(this.dollars + Math.floor(cents / 100)); ¢
this.cents = cents % 100; Hopmanusyem 3Hauenue,
} ¥ npeobpa3oBbIBaA COTHU LIEHTOB B A0/Napbl
Jinctuur 3.7. Knacc Currency ¢ HeU3MeHsieMbIMU MONSIMU
class Currency {
readonly dollars: number; Mona dollars u cents ny6nuuHble, HO AOCTYNHBI TONbKO 1A YTEHU,
readonly cents: number; nocne MHMLMANM3aLnu NOMEHATb UX 3HAYEHUA HEBO3MOMHO

constructor(dollars: number, cents: number) {
if (!Number.isSafeInteger(cents) || cents < @)

throw new Error(); Tenepb Bcsl npoBepKa

Ha KOPPEKTHOCTb
npou3BoauTCA
B KOHCTpYKTOpe

dollars = dollars + Math.floor(cents / 100);
cents = cents % 100;

if (!Number.isSafeInteger(dollars) || dollars < )
throw new Error();

this.dollars = dollars;
this.cents = cents;
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B CJlydae HEM3MEHAEMbIX YJICHOB KJlacCa /1JIdA CO6]IIOLIBHI/IH NHBAapHWaHTOB 6oJ1b1Ie
HE HY’KHbBI q)yHKIII/II/I X pe/laKTUPOBaHUA. 3HauyeHUs YJIeHOB KJacca 3a/1al0TCs TOJIBKO ITpU
MHUIMAJIN3AIUH, IIO9TOMY MOKHO II€EPEHECTU B KOHCTPYKTOP BCIO JIOTUKY ITPOBEPKU Ha
KOPPEKTHOCTb. VY HensMeHseMbIX IaHHBIX €CTh 1 JApyrue npenMyuiecTBa: rapaHTupoBaH-
Hag 6e3011aCHOCTb KOHKYPEHTHOT'O O6paHIeHI/IH K TaKHUM JIaHHBIM M3 Pa3JINYHbIX ITIOTOKOB
BBITIOJIHEHU A, ITOCKOJIbKY 9TU /IaHHbIE HE MEHAIOTCA. WN3ameHs1€MOCTH JLTaHHDBIX MOJKET
IIPUBO/IUTH K COCTOAHHWIO TOHKHU, IIPY KOTOPOM O/IMH TTOTOK BbIITOJIHEHU MOZII/I(l)I/IHI/IpyeT
HCITIOJIb3yEMOE JIDYTUM 3Ha4Y€HUE.

Y 3anmuceii ¢ HeM3MeHSIEMbIMU YJIeHAMH €CTh HEZO0CTaTOK: HEO6XO,ZII/IMO CcOo31aBaTb
HOBBII IKIEMILJIAD JIA KayK/10ro HOBOT'O 3HAY€HWA. B zaBucumoctn ot 3arpar, Tpe6yeMI)IX
JUISL CO3/IaHMA HOBOT'O 9K3EMILIAPA, MOKHO ITPEATIOYECTD MCITOJIb30BaHNE 1mbo 3almcu,
YJICHDbI KOTOpOfI 06HOBIIAIOTCA Oe3 CO3/laHnA JOMOJIHUTEJIbHBIX CTPYKTYP JIaHHBIX C 110~
MOIIbIO TETTEPOB U CETTEPOB, 6o peaninsaliuu, B KOTOpOfI KasK/10e 00HOBJICHUE 3HAYEHUI
Tpe6yeT CO3/IaHMA HOBOT'O o0ObeKTa.

L[eJII) — HPEAOTBPATUTDb U3BMEHCHN CO CTOPOHBI BHEIITHETO KO/la, KOTOPbIE OBl Hapy1ia-
JIN HalllK ITpaBUJIa KOPPEKTHOCTU 3HAUEHUI. ITO MOKHO CZleJiaTh € ITIOMOIIbIO ITPUBATHBIX
YJICHOB KJlacCCa, ITepeHalrpaBJisisa BCE 06paH_[€‘HI/IH K HUM 4€pe3 METO/Ib, 1mbo ImyTeM 1npu-
MCHCHNA HEM3MEHACMbIX YJICHOB KJIaCCa, IPOBEPAA Ha KOPPEKTHOCTH B KOHCTPYKTOPE.

3.1.4. YnpaxHeHue

Kaxoe omnpenienennie Touku B 3D-1IpocTpaHCcTBe NMpeANOUYTHTEIbHEe?
A. type Point = [number, number, number];.
b. type Point = number | number | number;.
B. type Point = { x: number, y: number, z: number };.
I. type Point = any;.

3.2. BblpaxkxaeM CTPOryo AN3bIOHKLNIO
C MOMOLLbIO TUMNOB AaHHbIX

I[O CHUX IIOP MbI N3y4YaJjn COYE€TaHUE TUIIOB ITyTEM TaKOﬁ X TPYNIIMPOBKH, YTO 3HAYECHUE
BRJTIOYAJIO TIO OJTHOMY 3HAUEHUTO KaK/IOTO M3 TUTIOB-KOMITOHEHTOB. /[pyToii OCHOBHOM CTIO-
€00 coYeTaHus TUIIOB — CTPOrast AM3bIOHKIUA, [IPU KOTOPOI 3HAYEHMeE TIPEACTABIIeT COO0M
JIE000€ OJTHO U3 BO3MOKHBIX HAOOPOB 3HAUEHHIT THIIOB, JIEKAIMX B €r0 ocHOBe (puc. 3.3).

3.2.1. [lepeuuncnsemble TUMbI

HauneM ¢ oueHb mpOCTOH 3a/aum: KOANPOBAHUS HS HEleIN B CHCTEMe THIIOB.
MoHO KOAMpOBaTh JicHb Hepeu B Buze uncaa ot 0 1o 6, rae 0 — mepBbIil AeHD
Henenn, a 6 — TocaeAHNi. JTO HeNJeaJbHBIN BapHaHT, MOCKOJIBKY Y PasHBIX JIOfetH,
PabOoTATONTNX HA/T KOAOM, TIPE/ICTABIEHNUST O TOM, KAKOI IeHb HEJEIN CYNTATH TIEPBBIM,
MOTYT paznnyaTtbes. B takux crpanax, kak CHIA, Kanaga n Amonusi, mepBbIM THEM
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Puc. 3.3. O6beanHeHne AByX TUMOB TakuM 06pa3oM, UTOBbI UTOrOBbIV TUM
coaepXxan 3Ha4YeHne 0AHOro M3 3TuX TUMOB

HeJleIM CUUTAEeTCs BOCKpeceHbe, a B crangapre ISO 8601 u 6obIIMHCTBE eBPOIeiicKIuX
CcTpaH — MOHeAeTbHUK (JTUCTUHT 3.8).

JNnctunnr 3.8. KoamposaHue aHS Hegeny ¢ MOMOLLBO Yucna

EBponeiickuii pa3paboTumk

function isWeekend(dayOfWeek: number): boolean { CHUTAET BLIXOAHBIMM AHN

return dayOfWeek == 5 || dayOfWeek == 6; 56 (cy66oty u Bockpecetbe)
}

AmepuKaHckuil pa3padoTumk
CyuTaeT 6yAHUMU fHU

function isWeekday(dayOfWeek: number): boolean { <1105 (C noHenenbHMKa o nTHILY)

return dayOfWeek >= 1 && dayOfWeek <= 5;
¥

U3 aToro mpuMepa Kojia O4eBUIHO, UTO 06e HYHKITUH He MOTYT OBITh TPABUILHBIMU
OIHOBpeMEHHO. Ecii @ cooTBEeTCTBYET BOCKpeceHbio, TO (hyHKIus isWeekend pabGoTa-
€T HEMPABUJILHO; €CJTH JKe © COOTBETCTBYET MMOHEAEIbHUKY, TO HEKOPPEKTHA (DyHKITHS
isWeekday. K coxayenuio, aBToMaTnyecky IpeAoTBpalaTh mog00Hble OMMOKI HEBO3-
MOZKHO, TIOCKOJIBKY CMBICJT 3HAUEHUSI © He 00OECeunBaeTCsl CUCTEMON TUTIOB, & OIpejie-
JIIETCA COIJIALIEHUEM.

B kauecTBe albTepPHATHBHOTO BapWaHTa MOKHO OOBSBUTH HAOOP KOHCTAHT, COOT-
BETCTBYIOIIUX JAHAM HEJEJU, U UCIIOJAb30BATh UX Be3/e¢, I€ OKUAAECTC LeHb HeLe/IN
(mactuHT 3.9).

ITa peasnsalrst HEMHOTO JIydliie TIPebILY e, HO TTO-TIPEKHEMY eCTh TIPobJIeMa; 13
00bsBIICHNST (DYHKIUIT HETIOHSITHO, KAKUE 3HAYEHUST OKUIAIOTCS B KAUECTBE apTyMEHTOB
tumna number. Kak pazpaboTunKy, HE3HAKOMOMY C KOJIOM, JIOTafaThcst 1Mo dayOfiWeek :
number, 9TO HEOOXOAMMO UCIIOJIB30BATh OJHY U3 MPUBEAECHHBIX KoHCTaHT? OH BOOOIIIE
MOJKET He 3HaTb, YTO 9TU KOHCTAHTBI OIIPE/IEJIEHDL I1e-TO B KAKOM-TO MO/YJI€, U BMECTO
HUX TMPUMEHSITH YKMCJIa, KaK B HallleM mepBoM npumepe B auctunre 3.8. Kpome Toro,
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HE UCKJIIOYEHO, YTO KTO-HUOY/Ib BEI3OBET TaKyI0 (DYHKIIUIO C COBEPIIEHHO HEIOTY CTUMBbI-
MU apryMeHTaMu, Harpumep -1 i 10. JIydium pernerviem Gyner oObABUTE J7IsT THEH
HeJIeJIV TlepevncigeMbril Tuil fanabix (auctuHr 3.10).

Jinctuur 3.9. KoanposaHve AHS HeAenn C MOMOLLbK KOHCTAHT

const Sunday: number = O;
const Monday: number = 1;
const Tuesday: number = 2;
const Wednesday: number = 3;
const Thursday: number = 4;
const Friday: number = 5;
const Saturday: number = 6;

function isWeekend(dayOfWeek: number): boolean {

return dayOfWeek == Saturday || dayOfWeek == Sunday; BmecTo uucen mMbl Tenepb
} ucnonbyem
NoUMeHOBaHHbIe KOHCTaHTbI,
function isWeekday(dayOfWeek: number): boolean { rapaHTupylowme
return dayOfWeek >= Monday && dayOfWeek <= Friday; COTNacoBaHHOCTb KOAA

}

JNuctunr 3.10. KoavpoBaHve AHA HeAenu C NOMOLLbIO MEPEYNCISEMOro TUMa AaHHbIX

enum DayOfweek { 3ameHAEM KOHCTaHTbI

Sunday, Ha nepeyncnAeMblii TUN AaHHbIX
Monday,

Tuesday,
Wednesday,
Thursday,
Friday,
Saturday

}

function isWeekend(dayOfWeek: DayOfWeek): boolean {
return dayOfWeek == DayOfWeek.Saturday

|| dayofWeek == DayOfWeek.Sunday; Te"ePbyHa(?CTb
} CNeLUanbHbIN TU AaHHBIX,

OTpaXkaloLyyil feHb Hegenu

function isWeekday(dayOfWeek: DayOfWeek): boolean {
return dayOfWeek >= DayOfWeek.Monday
&& dayOfWeek <= DayOfWeek.Friday;

[Tpu TakoM 1OAX0/IE THN HeJleIn HEelOCPEJACTBEHHO KOJUPYIOTCS B ITePeUnCIsieMOM
THIIE ]AHHBIX, YTO UMeeT /[Ba IpeuMyIiiecTBa. Bo-1epBbIX, OTCYTCTBYeT HEOIHO3HAYHOCTh
OTHOCHUTEJIBHO TOTO, KaKOe YHCJIO COOTBETCTBYeT IIOHEIeJIbHUKY U KaKOe — BOCKPECEHbIO,
MOCKOJIBKY BCE SIBHO TIPOIHMCAHO B KOJle. BO-BTOPBIX, U3 00bsiBICHMS (DYHKIIH, OKU/IA-
otieti dayOfiWeek : DayOfiWeek, COBEPIIIEHHO SICHO, YTO HE0OXO0IMMO repezarhb B Ka4eCcTBe
apryMeHTa He 41CJIO, a 4IeH IepedrncaeHns DayOfieek.

ITo npocTeinmii npumep oObeUHEHUsT HAOOPA 3HAYEHUN B HOBBIN THUII JIAHHBIX.
[TepemenHas aToro THIIA MOXKET IPUHUMATD O/HO U3 YKa3aHHbIX 3HadeHuil. [lepeunciis-
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€MbI€ TUIIbI JaHHbIX UMEET CMbICJI NUCIIOJIb30BaTbh BE3/1€, T/I€ HY’KHO O/THO3HAYHO IIpE/ACTa-
BUTb MaJIEHbKOE MHOKECTBO BEPOATHBIX 3HAYEHUI. HOCMOTpI/IM, KaK IPUMEHUTD ITaHHYIO
HIet0 K TUTIaM BMECTO 3HAYEHUIA.

3.2.2. OnumoHasnbHble TUMbl AaHHbIX

JomyctuM, HaM HYKHO IIpeoOpasoBaTh MepefanHoe I0JIb30BaTeleM 3HaueHe THIIA
string B DayOfWeek. Ec/ti mosry4eHHYIO CTPOKY MOKHO MHTEPIPETHUPOBATH KaK JIEHb
HeJesu, TO HeoOXOMMO BEPHYTh 3HaueHHe DayOfWeek, B IIPOTUBHOM cJlydae CJIeAyeT
SIBHBIM 00pa30M COOOIIUTE, UTO JeHb Heean — undefined. B TypeScript aTo MoKHO pea-
JIN30BATh C MOMOIIBIO OTIEPATOPa |, KOTOPbBI TTO3BOJISIET COUETATh TUIIbI, KAK TTOKAa3aHO
B mmictunre 3.11.

Jinctunr 3.11. Pa3bop BXoAHbIX AaHHbIX C NpeobpasoBaHneM B DayOfWeek unu undefined

function parseDayOfWeek(input: string): DayOfWeek | undefined {
switch (input.toLowerCase()) {
case "sunday": return DayOfWeek.Sunday; OyHKuuA Bo3BpaLLaeT
case "monday": return DayOfWeek.Monday; DayOfWeek unu undefined
case "tuesday": return DayOfWeek.Tuesday;
case "wednesday": return DayOfWeek.Wednesday;
case "thursday": return DayOfWeek.Thursday;
case "friday": return DayOfWeek.Friday;
case "saturday": return DayOfWeek.Saturday;

default: return undefined;
} Ecnu Hn oavH 13 BapnaHToB He NOAXOANT,

} T0 Bo3BpaLaem undefined Kak curHan Toro,
410 pa3o6patb BXOAHbIE AAHHbIE HE YAanoch

function useInput(input: string) {
let result: DayOfWeek | undefined = parseDayOfWeek(input);

if (result === “[‘defi”ed) { . . NpoBepsem, yAanocb u BbINOAHUTL
console.log( Failed to parse "${input}"’); CHHTaKCHYeCKHil pasbop;
else { eC/M HeT, TO 3aHOCUM B XKypHan
let dayOflWeek: DayOfWeek = result; coobuenime 06 owmbKe
/* uncnonb3yem DayOfWeek */
} Ecnn pe3ynbtat He undefined, To u3snekaem
} U3 Hero 1 ucnonb3yem 3HaueHue Tuna Day0fWeek

Dyuknust parseDayOfiWeek () BozBpaiaet DayOflWeek mian undefined, a hyHKIHS
useInput BBI3BIBAET €€ U IIbITAETCs PA3BEPHYTh PE3YJIbTAT, 3AHOCS B KYPHAJI COOOIIEHNEe
00 ormnbKe WM MOJIydasi IPUIOAHOE VIS UCIIOJIb30BaHUs 3HaYeHHe DayOfieek.

OMUMUOHAJIbHbLIE TUMbI AAHHbIX

OnumoHanbHbIN TMN AaHHbIX (optional type), nnm NpocTo onumoHasn, oTpaxaeT (Be-
POSITHO, OTCYTCTBYIOLLEE) 3HAYEHWE ApYroro TUna T. IK3eMnAsap ONUMOHaNbLHOMO
TMNa MOXeT coaepxaTb (/itoboe) 3HaueHne Tvna T unm cneumanbHoe 3HaYeHne,
YKa3blBatoLLee Ha OTCYTCTBME 3HaYeHus Tuna T.
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OnumMoHan CBOMMM pyKamu

HexoTopsie 13 caMbIX TMUPOKO UCTIOJIB3YEMBIX SI3bIKOB TTPOTPAMMUPOBAHUS JI0 CUX TTOP
He MMEIOT CUHTAKCHYECKOH TTOAIEP/KKI COUeTaHUsI TUIIOB TIOA00HBIM 0O6Pa3oM, HO OCHOB-
Hble KOHCTPYKIMHU AOCTYNHbBI B Bue 6ubarorek. Haun nprmep ¢ DayOfWeek i undefined
npezcTasster coboii onuuonanvibil mun. ONMIIMOHAI COAEPAKUT NGO 3HAUEHHE JIEKAIIEro
B €ro OCHOBE THUIIA, MO0 MHANKATOP OTCYTCTBUS 3HAYEHUS.

ONIMOHANBHBINA TUII JAHHBIX 00BIYHO CJYKUT 0GEPTKOM /I APYTOro THIIa, mepe-
JIaBaeMoro B KauecTBe 0000IIEHHOrO apryMeHTa THIIA, U BKJII0YaeT HECKOJIbKO METOLOB:
hasValue(), yKasblBaIONIMii, COAEPKUT 1 0OBEKT peajibHOE 3HaUeHue, 1 getValue(),
KOTOPBIN Bo3Bpariaer 3Hadenne. [lombiTka BhI3BaTh MeTO/ getValue(), Kor/ia 3HaUeHME
OTCYTCTBYET, TPUBOJIUT K TeHEePAINN NCKITIOUYEHNs, KaK TTIOKa3aHo B JTUCTUHTE 3.12.

JInctuHr 3.12. OnumoHanbHbI TUM AaHHbIX

class Optional<T> { .
. . OnuwoHan cyxut 06eptKoit
private value: T | undefined;
ANA 0606LLeHHOro TUNA JaHHbIX T

private assigned: boolean;

constructor(value?: T) {
if (value) {
this.value = value;
this.assigned = true;
}else {
this.value = undefined;
this.assigned = false;

value npeacTaenser co6oit Heo6A3aTeNbHbIit
aprymeHT, nockonbKy TypeScript
He noAJepKUBaeT neperpysky KOHCTPYKTOPOB

}

hasValue(): boolean {
return this.assigned;

}

getvValue(): T {
if (!this.assigned) throw Error();

. Ecnu 3HaueHre gaHHOrO onuMoHana
return <T>this.value; A W

He 3a[1aHo, TO NOMbITKa NOAY4YUTb
€ro NpuBOAUT K reHepaLlnn NCKNYeHna

B apyrux si3bikax, re HeT olepaTopa TUIa |, KOTOPBIN TT03BOJISIeT 3a1aTh TUIL T |
undefined, MOKHO BOCITOJIb30BAThCSI TUTIOM, JIOITY CKAIOTIMM HEOTIPeIeIeHHOE 3HAYCHHUE.
Tun, donycrarowuil neonpedenennoe suauenue (nullable type), Mosker npuHUMaTh J11060€
3HauYeHue TUMa MO0 3HaUYeHue null, OTpakaolee OTCYTCTBIE 3HAYCHUS.

BO3MOJKHO, BbI YIMBJISIETEC, JIJIsT Y€T0 MOKET MOHA0OUThCS ONIMOHAJIbHBII THIT JIaH-
HBIX, €CJIU B GOJIBITMHCTBE S3bIKOB CChIJIOYHbIE TUIIBI IAHHBIX MOTYT IIPUHUMATH 3HAYCHHUE
null, Tak 4yTO CIOCOO KOAMPOBATH OTCYTCTBHE 3HAUEHHUSI YIKE €CTh U 6e3 MoJ00HOro THIIA.

Orsinyme B TOM, UTO UCIIOJIb30BaHKe null MOKET TIPUBONTD K ONMOKaM (0 4eM cKasa-
HO BO Bpeske «OnmbKa CTOMMOCTbIO MUJTMAP]L I0JITAPOB» HIUKE ), TOCKOJIBKY HETIOHSITHO,
MOJKET JI KOHKPETHas TlepeMeHHas IPUHUMATh 3HadeHue null. ITpuxoantes 106aBiasITh
MPOBEPKH Ha null 10 BceMy KOy WIIM PHCKOBATh Pa3bIMEHOBAHKMEM [IEPEMEHHOI CO 3Ha-
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yeHreM null, IPUBOASILINM K OIIMGKe BO BPeMsI BbINOJIHEHUS. L est OIMOHaIbHOTO TUIIA
JIAHHBIX COCTOUT B pacllelyieHuu null ¢ AMarasoHoM JIOIyCTUMBIX 3HaueHui. Bestknii pas,
BCTpeYast OINIIMOHAJ, MbI 3HAEM, YTO OH MOJKET He CO/IEPKAaTh HUKAKOro 3HayeHus. M juiib
1ocJie TIPOBEPKH, UTO B HEM JIEHCTBUTETIHHO COAEPIKUTCS 3HAUEHNE, MBI MOJKEM «pacria-
KOBaTb» OINIIMOHAJ ¥ TIOJYYUTh IEPEMEHHYIO THIIA, JIESKAIIEro B ero ocHoBe. C 3TOro Mo-
MeHTa MbI TOUHO 3HAEM, UTO IIepeMeHHast He MOKeT ObITh hull. DTO pas/imdre OTPasKaeTCst
B CUCTEME TUTIOB: TUTI TiepeMeHHOol (DayOflWeek | undefined mim Optional<DayOflWeek>),
KOTOpast «MOKET OBITh nully, OTJIMYAETCS OT «PACaKOBAHHOIO» 3HAUEHUSsI, KOTOPOE, KaK
MBI 3HaeM, He MoskeT ObITh hull (DayOfWeek). HecoBMeCTHMOCTB OIIIMOHAJIA 1 JIESKALIETO
B €ro OCHOBE THUIIa 0YeHb YA00HA, IOCKOJIbKY TaPaHTUPYET HEBO3MOKHOCTD CJIYYaiiHO HC-
10JIb30BATh OMIIMOHAJ (B KOTOPOM MOJKET HE COIEPIKATHCS 3HAUEHUST) BMECTO JIeKAIIEro
B €ro OCcHOBe THIIa Ge3 PaCIlaKOBKK 3HAYEHU sIBHBIM 00Pa3OM.

OwnbKa CTOMMOCTbIO MUIIMAPA A0/NIapoB

3HAMEHUTBIN CIEIUANNUCT 110 TEOPUH BBIYUCINUTENBHON TEXHUKHU U JaypeaT npeMun
Trioputra Tornu Xoap Ha3bIBaeT HyJEBbIe CChLIKU CBOEI OIMUOKON CTOMMOCTBIO MUJI-
Juap gosapos. [IuTupyioT ciemyioinee ero BbickasbiBanue: <« HasbiBalo M306peTerme
HyJIeBOil cebuiku B 1965 roy cBoell 0mmnbKoii CTOMMOCTBHIO MUJLTMAP] A0J1AapoB. B TO
BpEMsI S TIPOEKTUPOBAJI MIEPBYI0 KOMILIEKCHYIO CUCTEMY THIIOB JIJISl CCLIOK B 0OBEKTHO-
OpPHMEHTHPOBAHHOM si3bIKe. S1 craBuJI nepesi co6oi 1esib obecnednTh abcoOTHYIO Oe3omac-
HOCTB BCEX CCBIJIOK MTyTE€M aBTOMATHUYECKON TPOBEPKU UX KomItuisitopoM. Ho st ojascst
MCKYIIEHUIO BKIIOYHUTD B SI3bIK HYJIEBYIO CCHLIKY IIPOCTO IMOTOMY, YTO €€ OBLIO TaK JIErKo
peannsoBaTh. DTO NPUBEJIO K GECUNCITIEHHBIM OUIMOKAM, YSI3BUMOCTSIM U CUCTEMHBIM
¢6OsIM, TIPUYMHUBLINM, BEPOATHO, 3a nocaeanue 40 neT HelpusaATHOCTel U yOBITKOB Ha
MUJLTHAP/T IOJLTTAPOB>.

[Tocsie pecsitriietuit ommbOK, CBA3aHHBIX € Pa3bIMEHOBAHUEM null, CTAIO OYEBHIHO, YTO
Jiyuiie Oyzer He cuuTarh null (OTCYTCTBUE 3HAYEHUST) JOIYCTUMBIM 3HAYEHUEM THUIIA.

3.2.3. Pe3ynbTaT nnun coobuieHne ob owmnbke

Pacmupum Hair npumep npeobpasoBanusi cTpoku DayOfhWeek Tak, 4TOObI IIPpU HEBO3-
MOSKHOCTH OIIpeZIeJINTD 3HadYeHne DayOfWeek Bo3BpalaTh He IIPOCTO HEOIIPeeJIeHHOe
3Hauenue, a Gosee oapobHYI0 nHGopMalio 06 onmbKe. KematenbHo pasimyars ciydaii,
KOT/Ia CTPOKA MYCTa U MBI HE MOKEM [IPOU3BECTH €€ Pazbop. To YIAOOHO, eCIii JaHHbII
KO/l UCTIOJIb3YETCsI JIJISI BJIEMEHTA YIPABJIEHUST TEKCTOBBIM BBOJIOM, JIJIst OTOOPAKEHIST
[0JIb30BATENI0 PA3JIUUHBIX COOOMIEHUN B 3aBUCUMOCTH OT omubKu (Hampumep, Please
enter a day of week (Iloxamnyiicta, BBeuTe nenb Hegenn ) uiau Invalid day of week (Hemo-
ITyCTUMBIH JICHb HEJIETH)).

YacTo BCTPEUaoIIiicst aHTUIIATTEPH COCTOUT B BO3Bpate u DayOfieek, 1 Koja omri6-
KM, Kak 1okazano B iucrunre 3.13. Eciu Koj oMnOKY yKa3bIBAeT HA YCIIEITHOE BBIOJIHE-
HUE, TO MOKHO HCIIOJIb30BaTh 3HaYeHne DayOfWeek. Eciin ske OH yKas3bIBaeT Ha OMIUOKY,
TO 3HayeHne DayOflWeek HEKOPPEKTHO U €T0 He CJIEAYEeT IPUMEHATD.
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Jinctunr 3.13. Bo3Bpallaem 13 pyHKUMKM pe3ynbTaT U owmbky

enum InputError {
0K,
NoInput,
Invalid

}

class Result { #B
error: InputError;
value: DayOfWeek;

constructor(error: InputError, value:

this.error =
this.value =

error;
value;

InputError oTpacaet Ko owmn6KM

DayOfWeek) {

} Result couetaet kop owmbku

}

function parseDayOfWeek(input: string): Result {

if (input == "")

1 3HaueHue Day0fWeek

return new Result(InputError.NoInput, DayOfWeek.Sunday);

switch (input.toLowerCase()) {
case "sunday":
return new
case "monday":
return new
case "tuesday":
return new
case "wednesday":

Bo3Bpatuaem 0K

1 pe3ynbrar pasbopa
DayOfWeek, ecnm 3ot
pa3bop ynanocb
BbINOTHUTD

return new Result(InputError.

case "thursday":

return new Result(InputError.

case "friday":

return new Result(InputError.

case "saturday":

return new Result(InputError.

default:

return new Result(InputError.

Result(InputError.
Result(InputError.

Result(InputError.

Ecnu crpoka nycra, To Bo3BpaLjaem Nolnput

1 3Havenune DayOfWeek no ymonuauio

OK, DayOfWeek.Sunday);

OK, DayOfWeek.Monday);

OK, DayOfWeek.Tuesday);

OK, DayOfWeek.Wednesday);

OK, DayOfWeek.Thursday);

OK, DayOfWeek.Friday);

OK, DayOfWeek.Saturday);

Invalid, DayOfWeek.Sunday);

Ecnu npousBecty pa3bop He yaanoco,
T0 Bo3BpaLiaem Invalid n 3HaueHne
DayOfWeek no ymonuauuio

ODTOT BapuaHT HenjieaseH, Be/lb HUUETo He MelTaeT HaM 3aJleicTBOBaTh DayOflWeek,
JasKe eCJI CydailHO 3a0bITh IPOBEPUTH KO omubKu. KpoMe Toro, MOXKeT HUCIO0JIb-
30BaThCSI 3HAYEHUE 110 YMOJYAHUIO, ¥ OTHIO/[b HE BCET/IA MbI PA3JINYUM, JIOTTYCTUMO JIN
0HO. MBI MOKeM IIepeaTh omnOKy Jajee [0 CIUcTeMe, HallpUMeD 3aIicaTh ee B 6asy gaH-
HBIX, He OT/[aBasi cebe oT4eTa, YTo HTO 3HaYeHue BOOOIIIE He CJIeJ0BAJIO IPUMEHSIT.

Ecau mocmotpeTh HA 9TO ¢ TOUKU 3pEHUS TUIIOB JJAHHBIX KAK MHOXKECTB, TO MOXKHO
CYUTATD, YTO HALI PE3Y/IbTAT COAEPKUT KOMOMHAILIMIO BCEX BO3MOKHBIX KOLOB OIINOOK

U BCeX BO3MOKHBIX Pe3yJIbTaToB (puc. 3.4).
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(OK, Sunday)

(Nolnput, Wednesday) (OK, Monday) (Invalid, Sunday)
(Nolnput, Thursday)  (OK, Tuesday) (Invalid, Monday)
(Invalid, Thursday)
(Nolnput, Sunday) : (OK, Wednesday)
(Nolnput, Friday) (Invalid, Tuesday)
OK, Thursda: i i
(Nolnput, Monday) R ( y) (Invalid, Friday)
olnput, Saturda i
( p y) (OK, Friday) (Invalid, Wednesday)
(Nolnput, Tuesday) (OK, Saturday) (Invalid, Saturday)

Puc. 3.4. Bce BO3MOXHble 3Ha4eHns Tuna Result kak coyetanune InputError u DayOfWeek.
Bcero 21 3HauyeHue (3 InputError x 7 DayOfWeek)

Bmecto 91010 KesmateabHo BO3BpAIIaTh 160 OMUOKY, 1160 JOMYCTUMOE 3HAYCHUE.
Ecsit HaMm 9TO0 y1acTCs1, TO MHOKECTBO BO3MOKHDBIX 3HAUECHUN PE3KO COKPATUTCSI U Oy/IeT
HUCKJIIOYEH PUCK CIyYaitHO UCIIOIb30BaTh KOMIIOHEHT DayOfWeek Tura Result, B KOTOPOM
KoMIoHeHT InputError uMeer 3Havenue NoInput uian Invalid (puc. 3.5).

Sunday
M
Gl Nolnput
Tuesday
Wednesday N
Thursday o
oY) Invalid
Saturday
Sunday
Tuesday Nolnput
Wednesday Friday
Monday Invalid
Saturday
Thursday

Puc. 3.5. Bce Bo3MoxHble 3Ha4eHns Tuna Result kak coveTanue InputError unu DayOfWeek.
Bcero aeBsTb 3HaueHwi (2 InputError + 7 DayOfWeek). Bonblue He TpebyeTcs InputError
co 3HayeHneM OK, nockonbKy camMo Hanmuune 3HaueHns DayOfWeek ykasbiBaeT Ha OTCYTCTBME OLUMGKM
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XOR-TUN AaHHbIX CBOMMU pyKaMu

Hamr XOR-Tun ganubix Either Gyner o6epTKoii Ay ABYX TUIOB, TLeft u TRight, e
TLeft cTaHeT CAYKUTH /sl XPAHEHUsT TUTA OMMOKH, a TRight — THMa AOMYCTUMOTO
3HaueHust (ecyu OIMOKU HET, TO 3HaYeHue «IpaBuiibHoe» ') (yactunr 3.14). HamomHio,
B HEKOTOPBIX S3bIKAX MPOTPAMMUPOBAHUS TO BKIIOYEHO B CTAHAAPTHYIO GUOINOTEKY, HO
pU He0OXOMMOCTH MOKHO JIETKO PEan30BaTh MOOOHDIN THIT TAHHBIX.

JNiuctuur 3.14. Tun Either

class Either<TLeft, TRight> {

1

[JlaHHbIA TR CNYXUT 06epTKOI ANA 3HaYeHuA
Tuna TLeft unu Tright, a Takxe dnara,
YKa3bIBaIOLLEro, KaKOil MMEHHO TUM UCNONb3YeTcA

private readonly value: TLeft | TRight;
private readonly left: boolean;

private constructor(value: TLeft | TRight, left: boolean) {
this.value = value;

this.left = left; KoHcTpyKTOp NpMBaTHDIN, NOCKONbKY

} HaM HYXHa yBePeHHOCTb B COFNACOBAHHOCTH

3HaueHuA 1 bynesa dnara

isLeft(): boolean {
return this.left;

}
getLeft(): TLeft { <+
if (!this.isLeft()) throw new Error();
return <TLeft>this.value;
} MonbiTka nonyunTs TLeft
npv Hanuyum TRight unn Haobopot
isRight(): boolean { NPUBOANT K reHepaLun onbkm
return !this.left;
}
getRight(): TRight { <+«
if (!this.isRight()) throw new Error();
return <TRight>this.value;
}

static makeLeft<TLeft, TRight>(value: TLeft) {

OyHKuMn-Gabpukm BbibiBalOT
return new Either<TLeft, TRight>(value, true); YHKL-$26p

KOHCTpYKTOP 1 06ecneynsalot
¥ €ornacoBaHHoCTb Gynesa

static makeRight<TLeft, TRight>(value: TRight) { nara o 3uadexuem

return new Either<TLeft, TRight>(value, false);
}

B opurumnase urpa cJioB: mMo-aHTINNACKN «PAaBUIBHBIN> U «MpaBblii» (right) — oMOHUMBI. —
Ipumeu. nep.
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B s3bIKax, rjie OTCYyTCTBYET OTIepaTop TUMA |, MOSKHO IPOCTO UCIIOJIb30BATh 3HAYEHNE
obuiero tuma, Hapumep Object B Java u C#. IIpeobpasoBanue oOpaTHO B TuIlbl TLeft
1 TRight ocymecrBisgerca meroamu getLeft() u getRight() cooTBeTCTBEHHO.

C 1oMoIbIo o0OHOr0 THIIA MOKHO YCOBEPIIEHCTBOBATD HAILy Pealn3alluio par-
seDayOfWeek () Tak, 4ToObl OHA BO3Bpallaja pe3yabrar Tuila Either<InputError,
DayOfWeek>, jiesiast HEBO3MOKHBIM JlaJIbHElIIIee pacpocTpaHeHue 110 CUCTeMe HEKOP-
PEKTHOTO MJIN UCIIOJIb3yEeMOTO 110 YMOJYaHWI0 3Hauenust DayOfWeek. Ecim pyHkims
BO3BpauaeT InputError, TO B pe3yJibTaTe OTCYTCTBYeT DayOfiWeek 1 IOIBITKA U3BJI€Yb €r0
C IIOMOIIbIO BBI30BA getlLeft () NpUBOAUT K reHepanuu omrOKu (uctunr 3.15).

Hawm onsite npuxoaurest aBHbIM 00pa3soM pacliakoBbiBaTh 3HadeHue. Ecin Mbl 3HaeM
TOYHO, YTO 3HAUeHMe JorycTnMoe (isLeft() Bo3Bpalaer true), U U3BJIEKAEM €TO C TI0-
MOIIIbIO MeTo/1a getLeft (), TO rapaHTUPOBAHHO 110JIyYUM KOPPEKTHbIE JaHHbIE.

JNnctunr 3.15. Bo3epalyaeM 13 GyHKUMM pe3ynbTaT uam owmbky

I tE
enumNo;ESUtr‘r‘or { bonbLue He Tpebyetca InputError co 3HaueHuem OK.
? MbI nonyyaem nn6o own6ky, nn6o 3HaueHne

Invalid
b

Result Tenepb npeactaenset coboii
type Result = Either<InputError, DayOfleek>; nu6o InputError, nu6o Day0fWeek

BMECTO COYETaHUsA TOro U ApYroro
function parseDayOfWeek(input: string): Result {

if (input == "")
return Either.makeLeft(InputError.NoInput); Bosspawaem pesynerar
unu oMKy ¢ nomoLLbo
switch (input.toLowerCase()) { meropos Either.makeRight
case "sunday": n Either.makeLeft

return Either.makeRight(DayOfWeek.Sunday);
case "monday":

return Either.makeRight(DayOfWeek.Monday);
case "tuesday":

return Either.makeRight(DayOfWeek.Tuesday);
case "wednesday":

return Either.makeRight(DayOfWeek.Wednesday);
case "thursday":

return Either.makeRight(DayOfWeek.Thursday);
case "friday":

return Either.makeRight(DayOfWeek.Friday);
case "saturday":

return Either.makeRight(DayOfWeek.Saturday);

default: Bo3Bpataem pesynbrar
return Either.makeLeft(InputError.Invalid); Wi OWNGKY ¢ noMoLLblo
} metopoB Either.makeRight
} u Either.makeLeft

ITa yCcoBepIlIeHCTBOBAHHAS peasIn3alisl UCII0JIb3yeT CUCTEMY THUIIOB /ISl NCKIIIOUEHUS
HEKOPPEKTHBIX COCTOSIHUI, KaKUX Kak (NoInput, Sunday), 13 KOTOPBIX MbI MOIJIU CJIy4Yali-
HO TIPUMEHUTD 3HaYeHve Sunday. Kpome Toro, He Tpebyercst InputError co 3HadeHmeM OK,
MIOCKOJIBKY TTPHU YCTIEITHOM pa3bope coobuierre 06 onmbKe OTCYTCTBYET.
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WcknoueHus

Tenepariust HCKJIIOYEHUST TPU ONMMOKe — TPEKPACHBIN TIPUMEpP TOTO, KaK BO3BPAIACTCSI
pesybTaT nim ombka: hyHKIMs 16O BO3BPAIIAET PE3YIbTaT, MO0 FeHEPUPYET UCKIIIO-
YyeHue. B HEKOTOPBIX ciryyasix UCIOJIb30BATh UCKIIIOUEHMS HEeJIb3s 1 JIydllie 3a/1eHCTBOBATD
T Either. TO MPUTOANTCS B CJAEAYIONUX CUTYAIIUAX: IS PACTIPOCTPAHEHUS ONINOKN
110 TIPOIIeCCcaM MJIN TOTOKAM BBITTOJIHEHWS; B KAUeCTBE ITPUHITUAIIA TPOEKTUPOBAHMS, KOT/IA
cama ormmbKa He HOCUT XapaKTepa UCKJI0UeHMs (YacThlil caydail mpu 06paboTKe BBO/IH-
MBIX TI0JTh30BaTeJIeM JIAHHBIX ); TpU BbI3oBe API oriepalinoHHOI cCTEMBI, UCIIOIB3YIONINX
KOJIBI OTITHOOK, 1 T. /1. B TOMOOHDIX CITy9asix, KOT/Ia TeHEPAIHS UCKITIOYEHNST HEBO3MOIKHA
WM HexXeJaTebHa, HO He0OXOMMO COOOIINT 0 HAJTMYMK 3HAUCHUS WM HEYAauHOM
pasbope, JTydIire BCETo KOANPOBATH MOA0OHOE COOBIIEHIE B BUIIE «3HAUCHUE UNU OUUOKA >,
a He <«3Hauenue u ouuoKa.

Ecau ke renepanus NCKIIOYEHUH IIpUeMJieMa, TO MOSKHO MCII0JIb30BaTh UX [T J10-
[TOJTHUTEJIBHOM YBEPEHHOCTH, YTO Mbl He TI0JyYUM B UTOT€ HEKOPPEKTHBIN pe3yJibTaT
u omn6Ky. ITpu reHepaluy uckIoYeHus (GYHKIUsT OOJIbIIE HE BBITTOJHAET «OObIYHBII»
BO3BpaT, NepejiaBas 3HauYeHUEe BBI3BIBAIOIIEH CTOPOHE € IMTOMOIIBIO OTlepaTopa return.
BMecTo 9Toro 00beKT HCKIIOYEH ST TIPOXOAUT MO CUCTEME JIO TEX MOP, TI0Ka He BCTPETHT-
Cs1 COOTBETCTBYIONIHIT ortepaTop catch. Takum 06pa3oM, Mbl TIOJTydaeM HJIN PE3YJIbTAT,
W UCKJIIoUeHre. Mbl He CTaHEM OICHIBATDH TOAPOOHO TeHEePAINI0 UCKIIUEHUH, 1T0-
CKOJIbKY, HECMOTPSI Ha TO UTO BO MHOTHUX S3bIKAaX TIPOTPAMMHUPOBAHUS €CTh BO3MOKHO-
CTHU TeHepaIuy 1 TiepexBaTa NCKIIOYEHNH, TUITbI NCKJIIOUEHNS He BBIIEIIIOTCS HIUYEeM
0COOEHHBIM.,

3.2.4. BapuaHTHble TUMNbl AaHHbIX

MpbI paccMOTpesTu OMIIMOHAIbHBIE TUITBI JJAHHBIX, KOTOPBIE COIEPKAT 3HAYEHUE OIpe-
JIEJIEHHOTO TUIIA NGO He cojlepskaT HIUKAKoro sHaueHus. 3ateM usyuman XOR-Turbt
JIAHHBIX, COZiepsKalue 3nauenne aubo TLeft, mmbo TRight. O600IEeHeM UX ABIISIOTCS
sapuanmivie munvt dannvix (variant types).

BAPUAHTHBbIE TUMbI AAHHbIX
BapVIaHTHbIe TUMbl AaHHbIX, U3BECTHbIE TAaKXXeE KaK MapKNUpOBaHHbIE Oﬁ'bEﬂVIHEHVIFI
(tagged unions), MoryT cogep>aTb 3HauyeHue nboro U3 HECKONbKUX TUMOB,
nexawmx B UX ocHoBe. MapKMpOBaHHbIE MOTOMY, YTO, AaXe ecnv AManasoHbl
3HAYeHW TakMX TUMOB NepeceKkaroTCsl, Mbl BCE PAaBHO CMOXEM TOYHO CKasaTb,
K KaKOMY M3 HUX OTHOCUTCSI KOHKPETHOE 3HayeHue.

Pacemorpum B sinctusre 3.16 nipumep ¢ Habopom reomerpudeckux puryp. Y xaskaoi
U3 HUX CBOU HabOp CBOWCTB 1 MeTKa (pear30BaHHas B Bu/e cBolicTBa kind). Omnuriem
THII, TIPEICTABJISIIONINI cOO0M 00beIHeHre TUTIOB BeexX Guryp. Jlanee mpu HeOOXOAUMO-
CTH, HAIIPUMEP, BU3YATN3NPOBATD ATU (DUTYPHI MOKHO BOCIIOJIB30BATHCS UX CBOWCTBAMU
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kind 151 oripe/iesieHus TOro, Kakoii (hUurypoii siBJiseTcs KOHKPETHBIN 9K3eMILISP, U [1PU-
BECTH €r0 K COOTBETCTBYIOIIEMY TUILY (DUTYPBL. ITOT IIPOIECC AaHAJIOTUYEH PACIIAKOBKE

B IIPEBIYIINX TPUMEPaX.

Jinctuurr 3.16. MapkuposaHHoe obbeanHeHmne huryp

class Point {

readonly kind: string = "Point";
X: number = 0O;
y: number = 0;
}
class Circle {
readonly kind: string = "Circle";
X: number = 0;
y: number = 9;
radius: number = 0;

}

class Rectangle {
readonly kind: string =
X: number = 0;

"Rectangle";

y: number = 0;
width: number = 9;
height: number = 0;
}
type Shape = Point | Circle | Rectangle;

let shapes: Shape[] = [new Circle(), new Rectangle()];

for (let shape of shapes) {
switch (shape.kind) {
case "Point":
let point: Point =

break;

case "Circle":

let circle: Circle = <Circle>shape;
console.log( Circle ${JSON.stringify(circle)}");

break;
case "Rectangle":
let rectangle: Rectangle =

Mpoxoaum B unkne no ¢purypam
1 npoBepsem BoicTBo kind Kaxaoit u3 Hux

<Point>shape;
console.log( Point ${JSON.stringify(point)}~);

<Rectangle>shape; «—

Ecnu 3HaueHue cBoiicTBa

kind pasHo "Point" (Touka),

T0 MOXXHO 6e30nacHo
npusoauTb K TNy Point.

To e camoe cnpaBeanuBo
oTHocuTenbHo "Circle” (Kpyr)

1 "Rectangle" (MpamoyronbHuK)

console.log( Rectangle ${JSON.stringify(rectangle)} );

break;
default:
throw new Error();

Ecnu pa3HoBuaHoCTL GUrypbl HenssecTHa,
} TO reHepupyem owwnGKy. 3To 3HAUUT, YTO HeKUM 06pasom
B 06beuHeHve nonan Kakoii-To Apyroil TuM, Yero 6bITb He AOMKHO

B npeasiaymem mpumMepe dsieH kind Bo Bcex Kiiaccax OTpaskaeT METKY, YKa3bIBAIOTIYTO
(haxTuyeckuit TUI 3HAUEHUS. 3HAUEHUE TTOJST shape.kind yKa3bIBaeT, sIBASETCS JIU 9K-
3eMILISIp Shape Ha caMoM Jiesie Point, Circle mau Rectangle. MOXHO TakyKe peaqn3oBaTh
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O606L[I€‘HHI)Iﬁ BapHaHTHbIﬁ THUII JaHHBbIX, KOTOprI?I CaMOCTOATEJbHO OTCJICKMBACT TUII
JIAHHBIX 11 HE Tp€6YET XpaHEHUA METKH B CaMUX TUIIAX.

PeaJII/ByeM HpOCTOfI BapI/IaHTHbeI THII JaHHDBIX, CITIOCOOHBII XPpaHNTb 3HAYEHUE OJTHOTO 13
TpeX TUIIOB /IAaHHBIX U OTCJICKNBATH (l)aKTI/I‘{eCKI/I XpaHHMbIﬁ TUII Ha OCHOBE NH/IEKCa THUIIA.

BapuaHTHbIN TUN AaHHbLIX CBOMMU pyKamm

PasyinuHble SA3bIKKM TPOTPAMMUPOBAHUS MTPEAOCTABISAIOT PadHble BO3MOKHOCTH 0006-
IIeHWUsT U IPOBEPKHU TUIIOB. TaK, OJHU SI3BIKK JOIMYCKAIOT IePEMEHHOE KOJIUYECTBO
06001IIEHHBIX aPTYMEHTOB (TTOATOMY BAPUAHTHBIE THITHI TAHHBIX MOTYT OCHOBBIBATHCS Ha
JIE0OOM YncIie TUTIOB). J[pyrie AaioT pas/iaHble CriocoObl OMPee/IeHNs, K KAKOMY THITY
OTHOCHTCS 3HAU€EHUE, HA HTAIe KaK KOMITUJISIIUY, TAK W BBITIOJHEHUS.

Y caenyioteit peanusanuu Ha TypeScript ecTh cBOM JOCTOMHCTBA U HEJOCTAT-
KU, KOTOPbIE, BO3MOKHO, OTJIUYAIOTCS OT APYTUX sI3BIKOB IIPOrpaMMuUpoBanus (Jau-
cturr 3.17). Ona gBJIseTCs OTIHPABHBIM IIYHKTOM AJIs CO3AaHusI 0600IIEeHHOrO Bapy-
aHTHOTO THTA AaHHBIX. OgHAaKO, ckaxkeM, B Java uan C# ee HYKHO pPeayn30BBIBATH
nnade. TypeScript, HanpumMep, He TOANEPKUBAET TTEPETPY3KU METOJOB, & B PYTUX
SI3BIKAX MOKHO 060#THCh OHON (DyHKIIMeN make (), IEPErpyKEHHON sl KasK0TO U3
06001IEHHBIX TUIIOB.

JNinctmur 3.17. Tun gaHHbIX Variant

class Variant<T1l, T2, T3> {
readonly value: T1 | T2 | T3;
readonly index: number;

private constructor(value: T1 | T2 | T3, index: number) {
this.value = value;
this.index = index;

}

static makel<T1, T2, T3>(value: T1): Variant<Tl, T2, T3> {
return new Variant<Tl, T2, T3>(value, 0);

}

static make2<T1, T2, T3>(value: T2): Variant<T1l, T2, T3> {
return new Variant<Tl, T2, T3>(value, 1);

}

static make3<T1, T2, T3>(value: T3): Variant<T1l, T2, T3> {
return new Variant<T1l, T2, T3>(value, 2);

}

Ira peanmsanus Geper Ha cebst XpaHEHNE METOK, TAK YTO TETePh MOKHO UCKIIOUUTh
WX U3 TUTIOB reoMeTpudeckux guryp (auctunr 3.18).

MozKeT MoKa3aThCst, YTO HTA PEATUIAIHST HE UMEET OCOOBIX IPEUMYITIECTB; MBI TIPUTILITH
K MCIOJIb30BAHMIO YUCJIOBBIX METOK ¥ ITPOM3BOJIBHO BBIOPAIU METKY O jiist Point n 1 —
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st Circle. Bo3aMoKHO, BBl HejloyMeBaeTe, TOYeMY Mbl BMECTO 3TOTO HE TPUMEHUJIN
IUIsT HatuX (GUTyp MepapXuio KIacCoB ¢ Ga30BBIM METOAOM, KOTOPBI PeaJn30BbIBaJ ObI
KasK/IbIU TUIL.

Jinctur 3.18. O6beanHeHne reoMeTpuiecknx uryp Kak BapuaHTHbIN TUM AaHHbIX

class Point { <+—
X: number = 0;
y: number = 0;
b
class Circle { ] bonblue He HyXHO XpaHUTb
X: number = ©; METKMU B camux ¢purypax
y: number = 0;
radius: number = 0;
b
class Rectangle { <+
X: number = 0;
y: number = 0;
width: number = 0;
height: number = 9;
} Knacc Shape tenepb
npepacTaBnaer coboit Variant
type Shape = Variant<Point, Circle, Rectangle>; Ha OCHOBE 3TMX TDEX THMOB AAHHBIX

let shapes: Shape[] = [
Variant.make2(new Circle()),

Variant.make3(new Rectangle()) 10661 BLIACHHTL MeTKY,
1 Mbl aHanu3upyem
)

BOIiCTBO index,

a AAnA MonyyeHus amoro
o6bekTa ucnonb3yem
BOIiCTBO value

for (let shape of shapes) {
switch (shape.index) {

case 9:
let point: Point = <Point>shape.value;
console.log( Point ${JSON.stringify(point)});
break;

case 1:
let circle: Circle = <Circle>shape.value;
console.log( Circle ${JSON.stringify(circle)} );
break;

case 2:
let rectangle: Rectangle = <Rectangle>shape.value;
console.log( Rectangle ${JSON.stringify(rectangle)} );
break;

default:
throw new Error();

Jlist pelieHusT aTON 3aauil HaM TTOHAA0OUTCST UBYYUTh MaTTEPH TPOEKTHPOBAHNUS
«IToceTuTesb» 1 COCOOBI €TO PEATMIAIIHH.
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3.2.5. YnpaxHeHus

1. Tlosb3oBaTesy mepejaloT 3HaYeHMe /it BIOOpa U3 HECKOJbKUX 1[BETOB (KpPaCHBI,
3esieHbli 1 cuHuil). Kakum g105keH ObITh THUI 9TOr0 3HAYEeHUs?

A. number c Red = @, Green =1, Blue = 2.

b. stringcRed = "Red", Green = "Green", Blue = "Blue".

B. enum Colors { Red, Green, Blue }.

I. type Colors = Red | Green | Blue, T/ie 1[BeTa SIBJSIIOTCS KJIACCAMMU.

2. 3HaveHWe KaKoTo THUIIA JI0JKHA BO3BPAIIaTh (DYHKIIKL, MOJyYarolias Ha BXO/e CTPOKY
U TIPOU3BOJIATIAsT PAa30Op STOU CTPOKM B uncsioBoe 3Hauenne? DyHKIMs He reHepupyer
HCKJIIOUEeHUH.

A. number.
B. number | undefined.

B. optional<number>.
I nu b, unu B.

3. B onepaioHHbIX crcTeMax KOJbl OIMUOO0K 00BIYHO [IPEACTaB/ISAI0T COOON YNCIOBbIE
sHaueHust. KakoB f0JkeH ObITh BO3BPAIAeMbIi TUIT (DYHKIMH, KOTOPas MOKET BO3-
Bpauarh Jub0 YMCA0BOE 3HAUYEHHE, TMOO YUCTOBOU KO/ OMIMOKN?

A. number.

b. { value: number, error: number }.
B. number | number.
I.

Either<number, number>.

3.3. [laTTepH npoekTnpoBaHus «lloceTutenp»

O6cynum narreph «IToceTutesib» u 06X0 BIEMEHTOB JJOKYMEHTA — CHAYala ¢ TOYKH
3peHust 00bEKTHO-OPUEHTHPOBAHHOTO ITPOTPAMMUPOBAHUS, & 3aTEM C TOMOIIIBIO PEATN30-
BaHHOTO HaMK 000OIIEHHOTO THITA MAPKMPOBAHHOTO 0OberHenus. Ec/im Bbl He 3HAKOMBI
C 9TUM [IATTEPHOM, TO HE BOJHYHTECH, I PACCKAKY, UTO OH OO0 MPEJCTABIISET, IO MEpe
paBOoTHI HAJT TIPUMEPOM.

MbI HAYHEM C «HAUBHOI» Peayn3aliny, yBUIUM, KaK MaTTePH MO3BOJISET YCOBEPIIEH-
CTBOBATh APXUTEKTYPY, & 3aT€M PACCMOTPUM AJIbTEPHATHBHYIO PEATU3AIUIO, B KOTOPO
He TPeOYIOTCS HepapXyu KJIaCCOB.

Haunewm ¢ Tpex asieMeHTOB oKyMeHTa: ¢ ab3ana (paragraph), mzobpaskenus (picture)
u tabsuipl (table). Ham HysKHO 1160 BUSYaIM3UpOBaTh MX Ha dKpaHe, 1100 06eciieunTh
WX MPOYTEHNE BCIYX YTUAUTON YTEHUS € OKPaHa IS CIAO0BU/AINX MONb30BATEIEH.

3.3.1. «HauBHas» peanusauus

OxMH 13 BO3MOKHBIX TIOAX00B — cosjanue obiero uarepdeiica, 4ToObl BCe 5JeMeHThI
yMeJIM BU3YyaJIM3MPOBAThCS Ha 9Kpate Win 06ecrednBaTh YTeHre BCIYX, KaK MOKa3aHO
B auctunre 3.19.
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JNuctuur 3.19. «HaveHas» peanusaums

JTn aBa Knacca npeaocTaBNAT MeToAbl ANA BU3yanusauuu
W YTeHuA BAUIYX, ANA KPaTKoCTV onyLieHHble B 3TOM JINCTUHTe

class Renderer {/* meToabl AnAa Busyanusauun*/ }
class ScreenReader {/* mMeToApl A8 YTEHUs COAEPXMMOro 3KpaHa */ }

interface IDocumentItem { .
render(renderer: Renderer): void; Wurepgeiic IDocumentitem onpepenser,

read(screenReader: ScreenReader): void; HTO KaKABIN SNEMEHT MOXKET BII3yanu3upoBaTb
} ceba u obecneynTb NpouTeHue ceba BaTyx

class Paragraph implements IDocumentItem { D E—
/* uneHbl knacca Paragraph onyweHb*/
render(renderer: Renderer) {
/* wcnonb3yeT renderer OnA CBOero oTobpaxeHuAa Ha dKpaHe */

}

read(screenReader: ScreenReader) {

/* ucnonb3yeT screenReader ans 4yTeHua ceba Bcayx*/ 3nemeHTbI 0KyMeHTa

} peanusyiot uHTepdenc
} IDocumentitem
1 CMOMOLLbIO CPeACTBA
class Picture implements IDocumentItem { < Busyanusauumu
/* 4dneHbl Knacca Picture onyweHb */ WK CPeaCTBa YTeHNsA
i render(renderer: Renderer) { COAEPXUMOT0 SKpaHa
/* wcnonb3yeT renderer OnA CBOero oTobpaxeHua Ha dKpaHe */ BU3yanu3mpyloT cebs
¥ nubo uutarot ceba Bcnyx

read(screenReader: ScreenReader) {
/* ucnonb3yeT screenReader gna 4teHua ceba Bcnyx*/

}
}
class Table implements IDocumentItem { +—
/* d4neHbl knacca Table onyweHnb */
render(renderer: Renderer) {
/* ncnonb3yeT renderer AnA CBOero oTobpaxeHuA Ha dKpaHe */
}
read(screenReader: ScreenReader) {
/* ucnonb3yeT screenReader pns yTeHuAa ceba Bcayx*/
}
}

let doc: IDocumentItem[] = [new Paragraph(), new Table()];
let renderer: Renderer = new Renderer();

for (let item of doc) {
item.render(renderer);
}

C TOYKY 3peHMsT apXUTEKTYPBI ATO He JIydInii Toaxo/1. B asemMenTax 0KyMeHTa JIOJKHA
XPaHUTHCSA HHDOPMAIIUS, OMUCHIBAIOIIAS €T0 COJAEPKUMOE, HATPUMED TEKCT UIn n306pa-
JKEHUsI, OHU He JIOJIKHBI OTBEYATH 32 BCE OCTAJIBHOE, CKAYKEM 32 BU3YAIM3AIIHIO U IOCTYIL.
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Hasmuwe koa /iuist BU3yanusaiuu u 06ecriedeHust 0CTYma B KaKIOM U3 2JIEMEHTOB J[0-
KYMEHTa CHJTBHO Pa3fyBaeT Kofl. Xy/Ke TOTO, eCTU HY5KHO T06aBUTH HOBYIO BO3MOKHOCTD
(HarpuMep, BO3MOKHOCTD T€YATH ), TO JIJIS €€ PeaTu3aiuu MPUAETCs MOUMUITMPOBATH
omnucanue nHTEepdeiica 1 BceX peaan3yIolnuX ero KJIaccoB.

3.3.2. Wcnonb3oBaHue natrepHa «lloceTutesnb»

JlaHHbBIA TATTEPH OMUCHIBAET OIEPAIUIO, KOTOPYIO HEOOXOAMMO BBIIIOJHUTD HaJl dJ1e-
MeHTaMM OOBEKTHON CTPYKTYPbI JaHHBIX. OH MO3BOJISET OMMCATh HOBYIO Onepanuio 6e3
U3MEHEHH KJIACCOB 9JIEMEHTOB, HaJl KOTOPBIMU OHA IIPOM3BOIUTCSL.

B namem npumepe, npusegeHHoM B aucTunre 3.20, JaHHbI HATTEPH 03BOJSET 0~
6aBUTH HOBYIO BO3MOKHOCTD, BOOOIIE He Tporash KO/ 9JIEMEHTOB JTOKyMeHTa. Peannso-
BaTh 9TO MOKHO € IIOMOIILIO Mexanusma 0eotnot oucnemuepusauyuu (double-dispatch
mechanism), Ipu KOTOPOM 3JIEMEHTHI JOKYMEHTa IIOJAY4aloT B KaYeCTBe IapaMeTpa 00b-
eKT-II0CETUTEIb, TIOCJIE YETo NepealoT cebst camux B Hero. [loceTurenb 3HAET, Kak CJeLyeT
06pabaTbIBaTh KaK/IbIi U3 9JIEMEHTOB (BU3YaJIM31POBaTh, IIPOYUTATH BCIYX U T. /1), Y BbI-
HOJTHSET HY’KHYIO OIEpaIiio HaJl epeJaHHbIM €My 9K3eMILIAPOoM aJ1eMenTa (puc. 3.6).

Kapablil u3 anemeHTOB AOKYMeHTa
nonyyaer B KayecTBe napamerpa

06beKT-NoCeTUTENb 1 BbI3bIBAET BbisbiBaer )
COOTBETCTBYlOLHiA visitor.VisitTable(this)
MeTog noceTuTens \ IDocumentItem
accept(visitor: IVisitor)
Paragraph Picture Table
accept(visitor: IVisitor) accept(visitor: IVisitor) accept(visitor: IVisitor)
Bce nocetutenn P T—
npefocTaBnAlT MeTop, s he P h)
renderParagraph(paragraph: Paragrap
A BU [/} nn 8 5 5
AnﬁB 3yanusau \\\\~—-—» renderPicture(picture: Picture)
N00Or0 U3 N1eMEHTOB renderTable(table: Table)
DOKYMeHTa f
Renderer ScreenReader
renderParagraph(paragraph: Paragraph) renderParagraph(paragraph: Paragraph)
renderPicture(picture: Picture) renderPicture(picture: Picture)
renderTable(table: Table) renderTable(table: Table)

Puc. 3.6. MNattepH «MoceTtutens». bnarogaps uHtepdeiicy IDocumentItem y KaXzaoro U3 snemMeHToB
[IOKyMeHTa ecTb MeToz accept(), NpMHUMAtOWMIA B Ka4ecTBe apryMeHTa sk3emnnsp 1Visitor.

OH obecneuvBaeT BO3MOXHOCTb 06paboTky f1106bIM 06LEKTOM-NOCETUTENEM BCEX BO3MOXHbIX TUMOB
3/1EMEHTOB A0KyMeHTa. Bce anemeHTbl peanu3ytoT Meto accept() aAns nepegaymn cebs noceTutento.
Bnarogaps 3ToMy naTTepHy MOXHO pa3fensTb 0653aHHOCTH, TakMe Kak BU3yanun3aums Ha aKkpaHe
1 obecrneyeHne AocTyna, Mexay OTAeNbHbIMU KOMMOHEHTaMK (moceTutensmm), aberparvpys ux
OT 3/1IEMEHTOB [JOKYMEHTa
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JNnctuHr 3.20. O6paboTka ¢ nomoLlbio naTrepHa «MoceTutens»
interface IVisitor {
visitParagraph(paragraph: Paragraph): void;
visitPicture(picture: Picture): void;

Wutepdeirc IVisitor obecneunsaer
BO3MOXHOCTb 06paboTKy Nto6oi

visitTable(table: Table): void; M3 QUIryp KaXAbIM U3 noceTuTeneil

}

class Renderer implements IVisitor { +—
visitParagraph(paragraph: Paragraph) {/* ... */ }
visitPicture(picture: Picture) {/* ... */ } 70T MHTEpdelic peanusyiot
visitTable(table: Table) {/* ... */ } KOHKpeTHble KNaccbl

} Renderer u ScreenReader

class ScreenReader implements IVisitor { <«
visitParagraph(paragraph: Paragraph) {/* ... */ }
visitPicture(picture: Picture) {/* ... */ }
visitTable(table: Table) {/* ... */ }

}

interface IDocumentItem {

. - . Tenepb 3nemeHTbI AOKyMeHTa
accept(visitor: IVisitor): void; P ROKY
} BOMKHbI BCETo NULIb Peanu3oBatb

metog accept(), NpUHMMatoLLUi

class Paragraph implements IDocumentItem { B KauecTe aprymetTa nio6oil noceturens

/* 4neHbl knacca Paragraph onyuweHsl */
accept(visitor: IVisitor) {

visitor.visitParagraph(this); <+«
}

}

class Picture implements IDocumentItem {
/* 4nenbl knacca Picture onyuweHb */
accept(visitor: IVisitor) {
visitor.visitPicture(this); D

3nemeHTbI BbI3bIBAKT
COOTBETCTBYHOLNIA

MeToz NOCETUTENA U NepefatoT
} ¥ e6a B KauecTBe aprymeHToB

class Table implements IDocumentItem {
/* 4neHbl knacca Table onyuweHb */
accept(visitor: IVisitor) {
visitor.visitTable(this); <«

}
}

let doc: IDocumentItem[] = [new Paragraph(), new Table()];
let renderer: IVisitor = new Renderer();

for (let item of doc) {
item.accept(renderer);

}

97

Tepmun «dgoiinas ducnemuepusavus»> 00s3aH CBOMM Ha3BaHUEM ToMy (hakTy, 4TO
6Har011ap;l nHTepdeiicy IDocumentItem cHaYa A BHI3BIBAETCSI COOTBETCTBYIONIMI METO]T
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accept(); a 3aTeM B COOTBETCTBUHU C IIOJIYYEHHBIM aprymeHToM IVisitor Bbl3biBaeTcs
COOTBETCTBYIOIIAs Ollepaliusl.

Teneps 1OCETUTENb MOKET IIPOUTH 110 HabOPy 00beKTOB IDocumentItem, oGpabaTbiBast
MX C IOMOIIBIO BbI30Ba MeTo/1a accept () s Kask10ro u3 HuX. OTBETCTBEHHOCTD 32 00-
paboTKy Telepb JIEKUT Ha IIOCETUTESIX BMECTO CaMUX 9/1eMeHTOB. [lo6aBjieHie HOBOro
MMOCETUTENSI HUKAK He BJIMSET HA 9JIeMeHThI JokyMeHTa. HoBbII TTOCeTuTe b I0JIKEH
JIVTIB peann3oBaTh uHTEpdelic IVisitor, M 3JIeMEHTHI IOKYMEHTA IPUMYT €ro TaK JKE,
Kak 1 J1i060ii 1pyToii.

HoBpiii ki1acc-moceTuresib Printer Mor Obl, HAPUME]D, Peajl30BbIBaTh JOIUKY IS
pacredyaTku absana, n3obpaskeHus: 1 TabIMIBl B MeToIaX visitParagraph(), visitPic-
ture() uvisitTable(). M ajieMeHTaM JOKyMeHTa He OHAL00ATCA HUKAKUE M3MEHEeHNs,
4TOOBI CTATh AOCTYIIHBIMU JIJIsI IIEYaTH.

Jlannbrit mpuMep — Kiaccuveckas peanusanust narrepra «lloceturesns». Temneps no-
CMOTPUM, KaK BbIIIOJHUTb HEUTO [T0X0Kee C [IOMOIIIbI0 BAPUAHTHOIO TUIIA JaHHbIX.

3.3.3. lloceTtutenb-BapuaHT

Jlist Hauasta cHOBa o6paTtuMest K HaiieMy 0606IeHHOMY BapUaHTHOMY THUITY JTaHHBIX
u peasnzyem GyHKIMO visit(). OHa NpUHMMAET B KaUueCTBE apryMEHTOB OOBEKT Ba-
PHAHTHOTO THIIA JAHHBIX U HAOOP (DYHKIHIT 110 OJIHOI JIJIsT KaXK/[0TO THTIA U (B 3aBUCH-
MOCTH OT 3HAY€HUSsI, IMEIOIIErocsl B BADUAHTE ) IPUMEHSIET K HEMY COOTBETCTBYIOIILYIO
dynkiuio (muctunr 3.21).

JNnctuur 3.21. lNoceTutenb-BapuaHT

function visit<T1, T2, T3>(
variant: Variant<T1, T2, T3>,

funcl: (value: T1) => void, OyHKumA visit() npuHumaer B KauecTBe

func2: (value: T2) => void, aprymeHToB No GYHKLMN ANA KaXKA0ro TN,

func3: (value: T3) => void 13 KOTOPbIX COCTOMT HaLL BapUaHTHbIii TN JAHHBIX
): void {

switch (variant.index) {
case 0: funcl(<Tl>variant.value); break; B 3aBucMMocTH OT 3HauYeHud index

case 1: func2(<T2>variant.value); break; BbI3bIBAETCA GYHKLMA, COOTBETCTBYIOWAN
case 2: func3(<T3»variant.value); break; TUNY 3HAUEHUA, XPAHUMOTO B BaphaHTe
default: throw new Error();

[ToMecTUB 9JIEMEHTHI JIOKYMEHTA B BAPUAHTHBIN THUI aHHBIX, MOKHO Oy/eT BOC-
MOJIb30BAThCS ATOM (PYHKIMEH 711 BBIGOPA COOTBETCTBYIONIETO METO/IA TIOCETUTEIIS.
[Iput 5TOM HUKAKUM U3 HAIIMX KJIACCOB GOJIbIIE HE HYKHO PEATM30BbIBATE OTIPE/IEJICHHBIE
uHTephERchl: OTBETCTBEHHOCTD 32 MOAGOP HY;KHOTO METO/Ia-00paboTYNKa JIJIst SJIEMEHTa
JIOKYMEHTA BO3JIaraeTcs Ternepb Ha 06001eHHy 0 hyHKINO visit().

[Tpu TakoM 1OZIXO/Ie MEXAHI3M JIBOITHON AMCIIETYEPUBAIUYN PACIETLIISIETCS C UCTIOITh-
3yEeMbIMU HAMU TUIIAMHE ¥ TIEPEHOCUTCS B OCETUTEb-BapraHT. O6a OHU MTPe/ICTaBIIAIOT
co60ii 060061IIEHHBIE TUTTBI IAHHBIX, KOTOPBIE MOYKHO MCIIOJIb30BATh MOBTOPHO ISt TIPE]I-
METHBIX obsacTell pasinynbix 3agad (auctunr 3.22). [IpeuMyIiecTBo 3TOro noaxona
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TaKOBO: IOCETUTEIIN OTBEYAIOT JIMIIb 32 00PabOTKY, 8 2JIEMEHTBI IOKYMEHTa — TOJBKO 32
XpaHeHMe JaHHbIX IpeaMeTHol obmactu (puc. 3.7).

JIncTuHr 3.22. AnbTepHaTUBHbIV crnocob 06paboTku C MOMOLLbIO NMOCETUTENS-BapuaHTa
class Renderer {

renderParagraph(paragraph: Paragraph) {/* ... */ }
renderPicture(picture: Picture) {/* ... */ }
renderTable(table: Table) {/* ... */ }
}
class ScreenReader {
readParagraph(paragraph: Paragraph) {/* ... */ }
readPicture(picture: Picture) {/* ... */ }
readTable(table: Table) {/* ... */ }
}
class Paragraph { <
/* 4neHbl knacca Paragraph onyweHs */
}
061wmit nHTEpdeiic
class Picture { <4—— pNA 3NeMeHTOB OKYMeHTa
/* 4neHbl Knacca Picture onyuweHs */ 6onbLue He HyXeH
}
class Table { <«
/* 4neHbl kKnacca Table onyuweHb */
}

let doc: Variant<Paragraph, Picture, Table>[] = [
Variant.makel(new Paragraph()),
Variant.make3(new Table())

InemeHTbI AOKYMEHTa XpaHATCA

B BapUAHTHOM TUNE AAHHbIX,
noaxojAwiem Ana XxpaHeHua
no60ro 13 BO3MOXKHBIX 31eMEHTOB

15

let renderer: Renderer = new Renderer();
OyHKuua visit nogbupaet Ans snemeHTa
for (let item of doc) { COOTBETCTBYIOLYUIA MeTof 06paboTku
visit(item,
(paragraph: Paragraph) => renderer.renderParagraph(paragraph),
(picture: Picture) => renderer.renderPicture(picture),
(table: Table) => renderer.renderTable(table)
)

Kpowme Toro, mipejonaraercs, 4To BApUAHTHBII TUIT TaHHBIX OYIET UCII0Ib30BaThCS
€ TIOMOIIBIO CO3aHHON HaMK (GYHKLIMU visit(). BeisicHeHne, Kakoil HMEHHO THUII CO-
JEPKUT BapUAHTHBIN TUII, Ha OCHOBE I0JIs1 index ypeBaro ommbKkamu. Ho 06BIYHO MBI
He M3BJIeKaeM 3Ha4eHIe U3 9TOr0 TUIIA, a IIPUMEHIEM K HeMY PasIndible (yHKINU C 10~
MolIbio MeToza visit(). Takum o6pasoM, ypeBaTbiil OMOKaMU BHIGOP IPOU3BOAUTCS
B peas3alini MeTo/a visit (), 1 Mbl MOKeM 00 3TOM He AyMath. THKarcy s Hebes-
OIIACHOTO B CMbICJIE OIUOOK KO B IIOBTOPHO UCIIOJIb3YEMOM KOMIIOHEHTE — DEKOMEH/IY-
eMasl IPAKTUKA JJIsI CHUKEHMS PUCKA, IIOCKOJIBKY TTO3BOJISIET IIOJI0KUTHCI BO MHOKECTBE
CIleHApHUEB MCIIOJIb30BaHMsI HA OJIHY TIPOBEPEHHYIO Peanu3alluio.
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InemeHTbI JOKYMEHTa 60MbLLE He JOMKHDI
peanu3oBbIBaTb OAMH 06LLMI HTEPelic

Paragraph | | Picture | | Table
Renderer ScreenReader
renderParagraph(paragraph: Paragraph) readParagraph(paragraph: Paragraph)
renderPicture(picture: Picture) readPicture(picture: Picture)
renderTable(table: Table) readTable(table: Table)
///’4’—~—_-—”’//I Variant<Paragraph, Picture, Table>

Mocetutenu Takxe

He JONXKHbI peann3oBbiBaTb

0fiuH 06Wwii HTepeiic B pesynbrate Bbi30Ba MeTopa visit() Ans 06beKTa

BapuaHTHOro TMNa AaHHbIX (AnA TnoB Paragraph,
Picture u Table) kaxnablil U3 TUNOB NepepaeTca
ana 06paboTku HYxKHOTO MeToAy noceTuTens

Puc. 3.7. YNpoLeHHbIV NaTTepH «MoceTUTeNb»: TeNepb OT 3/IEMEHTOB JOKYMEHTA W NOCETUTENEN
He TpebyeTcs peanu3aums HUKakuX nHTepdericoB. CpaBHUTE C puc. 3.6. OTBETCTBEHHOCTb 3a noabop
HY>XHOro MeToAa-06paboTuvka AN aneMeHTa AOKYMeHTa uHKancynmpyetcs B metoge visit(). Kak BugHo
U3 pUCYHKa, TUMbl HEe CBsI3aHbl, YTO XOPOLLO, MOCKOJIbKY MporpamMma cTaHoBuTcst 6onee rbkoi

[TpeuMytecTBO IPUMEHEHUSI TIOCETUTEJSI HA OCHOBE BAPUAHTHOTO TUIA JAHHBIX
BMECTO TPAUIIUOHHOM 0GBEKTHO-OPHEHTHPOBAHHON Pean3aliii — MOJHOE Pas3ieJieHue
00bEKTOB IIpeMeTHOI 0bs1acTu ¢ nocerureasimu. Ham GoJibiie He Tpebyercs paxe MeTo
accept(), a 2JIEMEHTBI JIOKYMEHTa MOTYT BOOOIIIE HUYETO He 3HATDH O KOJE, KOTOPbIit Oy-
net obpabarbiBarh ux. He M0JKHBI OHU U COOTBETCTBOBATH KAKOMY-JTO0 KOHKPETHOMY
unrepdeiicy, TakoMy Kak IDocumentItem B HaiieM IpumMepe. A Bce IOTOMY, YTO B TUIIE
Variant u ero GyHKIUH visit () MHKAICYIMPOBAH CBA3YIOUMIL KO/, KOTOPbIii oA6upaeT
17ist (PUTYP COOTBETCTBYIOIIUN TOCETUTED.

3.3.4. YnpaxHeHune

Harua peanusaius Metoga visit() Bosspaiaer void. Pacimpbre ee Tak, 4To6bl OHa, 110~
Jy4yad Ha BXojie Variant<T1, T2, T3>, Bo3Bpamasa Variant<Ul, U2, U3> ¢ ITOMOIIBIO O/~
HOIt U3 Tpex pyuknuii: (value: T1) => UL, uiu (value: T2) => U2, uiu (value: T3) => U3.

3.4. Anrebpanyeckue TUnbl AaHHbIX

Bo3MOsKHO, BBI yIKe CIIBIIIAIN TEPMUH <aizeOpauueckue munovt dannvix> (algebraic data
types, ADT). Ouu npezncTaBasitor coboil criocoObl coueTaHks TUIIOB B CUCTEME TUIIOB.
Ha camoM zieie iIMEHHO 1X MBI 1 06CYsKIaIM Ha TPOTSKeHUU Beeil a1oii rmasbl, ADT 1ro-
3BOJISIFOT COYETATh THITBI IBYMSI CIIOCOOAMH, CO3/1aBast TUTTbI-TIPOU3BECHMUST U TUITBI-CYMMBI.
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3.4.1. Twvnbl-npou3BeneHnNs

Tunvi-npouseedenust (product types) — To, 4TO Mbl HA3bIBAJIH B 3TOI TJIABE COCMABHBIMU
munamu dannvix (compound types). Koprexu u 3amucu 0THOCSATCS K THUITAM-TTPOU3Be-
JIEHUSIM, TIOCKOJIBKY MX 3HAYEHUS SIBJISTIOTCS JIeKapTOBBIMU TIPOU3BEACHUSIMU COCTABIISI-
IOIUX UX TUIIOB. O613€[[I/IH€HI/I€ Tuma A = {al, a2} (TI/IH A C BO3BMOXHBIMH 3HAYEHUAMU
alwua2) utuma B = {bl, b2} (TUM B ¢ BOSMOKXKHBIMU 3HAYCHUSAMU bl 1 b2) TTpenCTaBIAIET
cob6oii Tun-koprex <A, B> Buga A x B = {(al, bl), (a1, b2), (a2, b1l), (a2, b2)}.

TUMNbI-NMPOU3BEAEHNA
Tunbl-Npon3BeaeHnst 06beANHSIOT HECKOIbKO TMMOB B HOBbLIN TUM, B KOTOPOM
XPaHWUTCS MO 3HAYEHUIO KaXAO0ro 13 3Tux TUMoB. Tun-npovssesaeHve Tunos A, B
1 C — KOTOpBbI MOXHO 3anucaThb B Buae A X B x C— coaepXuT 3HadyeHune Tina A,
3HaueHue Tna B u 3HaueHune Tvna C. MpuMepamMu TUMOB-NPOU3BEAEHMUIA MOTYT
CNYXWUTb KOPTEXN N 3anucn. Kpome Toro, 3anucu no3sBofsioT nNpucBavBaTbh UX
KOMIMOHEHTaM OCMbIC/IEHHbIE HA3BaHUA.

Turnbl-3anucu J0JKHBL OBITh BAM XOPOIIO 3HAKOMBI, Be/Ib 9TO 0OBIYHO MIEPBbINA Me-
TOJi COUETaHUs TUIIOB, U3y4aeMbIll TPOTPAaMMUCTAMU-HOBUYKaMU. B rociennee Bpemst
B HarboJiee MIUPOKO BOCTPeOOBAHHBIX SI3bIKAX IPOrPAMMUPOBAHUS HAYAJIH IPUMEHSITHCS
KODPTEKH, HO PasobpaThecs ¢ HUMHU COBCeM He ¢JI0KHO. OHM OueHb [MOX0KU Ha 3allMCH.
OTiinyrie COCTOUT B TOM, UTO HEJIb3sI JaTh HA3BaHUsS MX YJEHAM M MX OOBIYHO MOYKHO
OIUCHIBATh aHAJOTUYHO BCTpoeHHBIM (inline) QyHKIMAM/BhIpaKEHIAM, YKa3blBast CO-
crasJisionue koprex tutbl. B TypeScript, Hanpumep, TUIT-KOPTEXK, COCTOSTINN U3 [IBYX
3HAUYEHUI TUIIa humber, MOJKHO OIMCATh B BUE [number, number].

CHauasia Mbl 0OCY/IMJIU THITBI-IIPOU3BEIEHUSI, IIOCKOJIbKY OHHU JOJKHBI ObITH Gostee
[IPUBBIYHBIME JJI Bac. [IpakTHYeCKU BO BCEX A3bIKAX IPOrPAMMUPOBAHKS €CTh CIIOCOOBI
OTIMCAHWS TUTIOB 3aMucel. A BOT CHHTaKCHYecKast TOJI/IeP>KKa TUITOB-CYMM ITPUCYTCTBYET
B MEHBIIIEM YHUCJIE MITUPOKO UCTOIH3YEMBIX SI3bIKOB IIPOTPAMMUPOBAHNS.

3.4.2. Tunbl-CyMMbI

Tunwvi-cymmot (sum types) — TO, YTO MbI Ha3bIBAIH B 9T0OH rnaBe XOR-munamu oanmvix
(either-or types). Omn 06BEAMHSIOT HECKOIBKO THITOB B OJINH, KOTOPBIT MOXKET COMEPIKATD
3HaYeHwe JI0OOTO U3 THITOB-KOMIIOHEHTOB, HO TOJIBKO OAHOTO 13 HuX. OObenHeHre THa
A ={al, a2} u Tuna B = {bl, b2} npeacrasisier coboii TU-cymMMy A|B Buma A + B = {al,
a2, bl, b2}.

TUNbI-CYMMbI

TUNbI-CyMMbl 06bEANHSIOT HECKOJIbKO TUMOB B HOBbIM TWM, B KOTOPOM XPaHWUTCS
3HaueHue oHOro Ntoboro 13 3TUX TMMNOB. Tun-cyMmma TUnoB A, B n C — KoTopbIi
MOXXHO 3anucaThb B Buae A + B + C — coaep)XuT 3HaveHue Tuna A, v 3HadeHune
Tvna B, unn 3HayeHune tuna C. MpuMepaMm TUNOB-CYMM MOIYT CY>UTb OMLMO-
Hasnbl U BapyaHTHbIE TUMbl AAHHBbIX.
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Kax mb1 Buztesn, B ss3bike TypeScript ecTs oniepatop tuma |, HO 4acTO BCTpevyaromuecst
THIIBI-CYMMBI, HalpuMep Optional, Either u Variant, peaiusyiorcst 1 6€3 ero MOMOIIH.
AT TUTIBI 06ECTIEYNBAIOT MTMPOKUE BO3MOKHOCTHU MPEJACTABJICHUS PE3yJIbTaTa UK
ONIMOKK ¥ 3aKPBITBIX MHOKECTB TUIIOB, TPEA0CTABJISISI PA3JITUHbIE CIIOCOOBI PeaTn3aIiiu
pacripoctpanenHoro narrepHa «IloceTuresnbs.

B o6ieM carydae TUITBI-CYMMBI TIO3BOJISIIOT XPAHUTD 3HAYCHUST HE CBSIBAHHBIX IPYT
¢ IPYyTOM TUTIOB B OJIHOI tepeMenHoit. Kak okazano B mpumepe ¢ marrepaom «Iloceru-
TeJb», B Ka4eCTBEe 0OBEKTHO-OPUEHTUPOBAHHON abTePHATUBbI THIIAM-CYMMaM MOJKHO
HCTIOTB30BATh 00T 6a30BLIN KTace Wi WHTepdeic, HO TaKoe Perliente MI0X0 MacIiTa-
6upyercs. Coueranue u KOMOMHUPOBAHKE PA3HBIX TUIIOB B PA3JIMYHBIX MECTAX TIPHJIOJKE-
HYIsT Hen36EKHO MTPUBEIET K OTPOMHOMY KOJIMYECTBY MHTEP(hENRCOB i 6a30BbIX KJIACCOB,
KOTOPBIE HE CIUITKOM IIPUTOHBI JIJI TIOBTOPHOTO MCIIOJIb30BAHUSA. THITBI-CYMMBI — 3TO
MPOCTON M aKKyPaTHBII CIOc06 COYETaHUs TUIOB JIJIs MOA0OHBIX CIICHAPHEB.

3.4.3. YnpaxHeHus

1. Kakyio pa3HOBHU/IHOCTb TUIIA OTTMCHIBAET CJIELYIONINI oniepaTop?
let x: [number, string] = [42, "Hello"];

A. TIpocroii TuIll JaHHBIX.
b. Tun-cymmy.
B. Tun-npousseznenue.
I. U tun-cymmy, u TUII-IIpoU3BejICHUE.
2. Kaxyto pa3sHOBUIHOCTD THIIA OTIUCHIBACT CJEMYIONINI OTIepaTop?

let y: number | string = "Hello";

A. TIpocToii ThII JaHHBIX.

b. Tumn-cymmy.

B. Tun-npoussesenue.

I. U tun-cymmy, 1 TUTI-TTIPOU3BE/IEHNE.

3. Jlomyctum, 3aj1aHbl TUTIBI enum Two { A, B } 1 enum Three { C, D, E }. KakoBo KoJnye-
CTBO BO3MOJKHbBIX 3HAUEHU I TUTIa-KOPTexKa [Two, Three]?

A 2.
b. 5.
B. 6.
I. 8.

4. Jlomycrum, 3aaibl TUIbl enum Two { A, B } u enum Three { C, D, E }. KakoBo KoJnue-
CTBO BO3MOJKHBIX 3HAYEHUIT TUTIA Two | Three?

A 2.

=@ o
co oy G
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Pe3tome

a

TI/IHbI-HpOI/IBBeHeHI/IH — 9TO KOPTEXKU U 3allMCH, TPYHIIUPYIOUINE 3HAYECHUA U3 HE-
CKOJIBKUX THUIIOB.

3anucy Mo3BOJISTIOT 33/1aTh HA3BAHUS YJIEHOB 3aIMCH, TO €CTh IIPU/IATh UM OTIpe/ie-
JieHHbIH cMbIcsi. KpoMe TOro, oCcTaB/ISIIOT MEHbIIIE BO3MOKHOCTEN JIJIST Ty TAHUITbI, YeM
KOPTEKH.

VHBapuaHThl — [IPaBU/IA, KOTOPBIM JOJIKHA COOTBETCTBOBATH KOPPEKTHO 3aaHHAas
sammch. O6ecrednTsb cobIoAeHe NHBAPUAHTOB 00J1aJai0MIero MU TUIIA U HEBO3-
MOKHOCTb UX HAPYIIEHUsI BHELITHUM KOZOM MOKHO, OOBbSIBUB YJIEHbI 9TOIO THIIA KAK
private nian readonly.

TI/IHI)I-CYMMH TPYHIUPYIOT TUIIBI IO IPUHITAITY <«WUJIN-WJIN» U COAEPrRAT 3HAUYCHUA
TOJIBKO OHOTO U3 TUIIOB-KOMIIOHEHTOB.

cDyHKHI/IS-I J10JIKHAa BO3BpalllaTb 3HAYCHUE UJIU OI_HI/I6Ky, a HE 3HaYeHUE U OI_HI/I6Ky.

OnmoHaJbHBIN TUIL JAHHBIX MOJKET coZiepKaTh 3Ha4YeHHeE JIeKalllero B €ero OCHOBE
THIA JUO0 He coJepsKaTh HUUero. PUcK omOOK CHUKAETCST, €CIU OTCYTCTBUE 3HA-
YeHHUsT He BXOAUT B COCTaB 00JIacTH 3HaYeHUH mepeMeHHOH (ommnbKka CTOUMOCThIO
MUJITHAP] TI0JITAPOB ¢ yKasatejaeM null).

XOR-Tunbl 1aHHbIX cojiepKaT 3HaYeHUe JIEBOTO WK mpaBoro Tuna. Ilo tpaguiun
[IPaBBIN TUII COOTBETCTBYET KOPPEKTHOMY 3HAUEHMUIO, a JIEBBII — OIITHOKE.

BapI/IaHTHBHL/,I THUIT JTaHHbIX MOJKET COJAEPKATb 3HAYEHNE N3 HIO6OFO YHUCJIa JeKalll1ux
B €r0 OCHOBE TUIIOB U I03BOJISIET BHIPAXKATh 3HAUEHUS 3aKPHITBIX MHOKECTB TUIIOB,
HUKaK He CBS3aHHBIX MeKIY co00i (6e3 kakux-inbo obumx uHTepdeiicos mwin Ha-
30BBIX TUTIOB).

DyHKIUS-TOCETUTEI D, CITYKAIast /sl IPUMEHEHUST HYKHOU (GYHKIINHI K 00bEKTY
BApUAHTHOTO TUIA JAHHBIX, T0O3BOJISIET PEAJNU30BATH HATTEPH IIPOEKTUPOBAHUSI
«IToceTuTenb> APyruM crocoboM, obecIeyrnBaloIUM JIydlliee pa3jeieHne 00s3am-
HOCTEeM.

B aToi1t rnaBe mbl paccMOTpean paBHOO6p8.3HbIe CI10COObI CO3laHMAd HOBBIX THUIIOB

JAQHHDBIX IIYTEM COYETAHUA YK€ CyIIECTBYIONINX. B rmaBe 4 mb1 yBUANM, KaK MOKHO ITOBbBI-
cuTb 6€3011aCHOCTD IIporpaMmbI 6]IaI‘OI[apH KOAWPOBAHUIO CMBICJIOB C TIOMOIIBbIO CUCTEMbI
TUTIOB U OTpaHUYEHUA ANAITa30HOB /1Oy CTUMbIX 3HAYEHUH THUIIOB. KpOMe TOro, Mbl Ha-
yanumcAa I[O6aBJIHTb n y6I/IpaTb HHq)OpMaHHIO O TUIIE U IIPUMEHATD 9TO K TaKHUM CLI€EHaApUAM,
KaK cepuaJjinsalnumsi.

OTBETbI K YNpa>XHEHUSIM

3.1. CocTaBHble TUMNbI AAHHbIX

B — onruMmabHBIM MOAXOAOM OyAeT 3a7aTh Ha3BaHUS [ TPEX KOMIIOHEHTOB KOOD-
TAHAT.
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3.2. BblpaxxaeM CTpOryto AN3bIOHKLMIO C MOMOLLbIO TUMOB AaHHbIX

1. B — B JaHHOM cJiy4ae yMECTEH MePeUrCIsieMblil TUT JaHHbBIX. [Ipu 1o106HBIX TPe6Oo-
BAHMSIX KJIACCHI HE HYKHBI.

2. T — pomyCcTUMBIM BO3BPAI[AEMbIM TUIIOM B JIAHHOM CJIydae Oy/IeT Wi BCTPOEHHDII
TUII-CyMMa, WK Optional, OCKOJbKY M TOT U IpYTOM MOTYT BbIpaKaThb OTCYTCTBUE
3HAUYEHMUSI.

3. T — syuiie Bcero UCMOIL30BATH THII-MapKUPOBaHHOE 00beinHeHue (number | number
HE TI03BOJIUT OTJINYUTH, OTPAKAET JIN JJ]AHHOE 3HAYEHUE OMUOKY ).

3.3. MaTTepH npoekTupoBaHus «lloceTutenp»

Bor O/IHa N3 BO3MOKHbBIX peaJII/ISaHI/IfIZ

function visit<T1, T2, T3, U1, U2, U3>(
variant: Variant<T1, T2, T3>,
funcl: (value: T1) => U1,
func2: (value: T2) => U2,
func3: (value: T3) => U3
): Variant<Ul, U2, U3> {
switch (variant.index) {
case 0:
return Variant.makel(funcl(<T1l>variant.value));
case 1:
return Variant.make2(func2(<T2>variant.value));
case 2:
return Variant.make3(func3(<T3>variant.value));
default: throw new Error();

3.4. Anrebpanyeckme T1nbl aHHbIX

1. B — KopTexu sIBJISIOTCS TUTIAMU-TIPOU3BEIEHUSIMU.
2. b — aro tun-cymma a3wika TypeScript.

3. B — Tak Kak KOPTeKU — HTO TUTIBI-TIPOU3BEIEHNUS, KOTMYECTBA BO3MOKHBIX 3HAYEHU T
JIBYX TI€PEUNCIIIEMBIX TUTIOB JIAHHBIX ITePEMHOKA0TCS (2 X 3).

4. B — mocKoaIbKY 3TO TUTI-CYMMa, KOJTHYEeCTBA BO3MOKHBIX 3HAUCHUN ABYX TIEPEUUCIIS-
€MBIX TUTIOB JIAHHBIX CKJIA/bIBAIOTCS (2 + 3).



Tunobesonacrocmo

B 3TOM rnaBe

Q M3beraem aHTUMATTEPHA OAEPXKUMOCTY MPOCTLIMY TUMAMU AAHHBIX.
QO ObecneunBaeM cobntofeHNE OrpaHUYEHNI MPU HOPMUPOBAHMM SK3EMMNISIPOB TUMOB.
QO [MoBbllwaeM 6e30MacHOCTb C MOMOLLbIO A06aBNEHUS MHOPMaLMK O TUMe.

QO ToBbllLaeM rMbKOCTb, CKpbIBAs U BOCCTaHaBNMBas MHGOPMaLMIO O TUME.

Bor YK€ 3Ha€eTe, KaK NCIT0JIb30BaThb OCHOBHBIE TUIIbI JaHHbBIX, ITPEJOCTABJISIEMbIE A3BIKOM
IIporpaMMmnpoOBaHusd, U KaK CO3/1aBaTb HOBbI€ THUIIbI ITYyTEM NX COYETAHU . TeHepb 110~
CMOTpPUM, KaK ITOBBICUTbH 6e3011aCHOCTD HalINX IIporpaMm C IoMomibo THUIIOB JaHHBIX.
HOI[ 0e30nacHocmvio 1 UMeIo B BHU/y YM€HbIIECHNE Y1 CJIa TTOTECHIIMAJIbHbIX OIMnOOK.

CyHIeCTByeT HECKOJIBKO CI10c060B lIO6I/ITI)CH ATOM IeJin C ITIOMOIIbIO CO3/JaHM A HOBBIX
TUIIOB JTaHHbIX, KOJAUPYIONHX JOIIOJTHUTEJIbHYIO I/IH(bOpMaHI/IIO: CMBICJIOBOE€ CO/IEpsRaHE
W rapaHTHH. KO,ZII/IpOBaHI/Ie CMDBICJIOBOTI'O COIEPsKaHNsA, O KOTOPOM MbI IIOTOBOPHM B I[IEPBOM
paszaeJie JIAaHHOM IJ1aBbl, HE ITO3BOJISIET HEIIPABUJIbHO UHTEPIIPETUPOBATH 3HAYEHNE, Ha-
IIpUMEp HNepenyraTtb MUJIN C KWIOMETPaMU. A BTOPO€ O3HaYa€T BO3MOKHOCTb KO/IUPDOBa-
HUA B CUCTEME TUIIOB TaKNX I‘apaHTHﬁ, KaK «9K3EMILJIAP JaHHOTO THUIIAa HE MOJKET ObIThH
MeHble 8». O6e METOJMKH ITOBBIIIAIOT 6e3011acHOCTD KO/a, NCKJIIOYasda U3 COOTBETCTBY-
IOIIEero TUITY MHOKECTBAa BO3MOKHbBIX 3HAYEHUI HEKOPPEKTHbIE U ITO3BOJIAS ns3bekaTh
HelIOpaSyMeHI/IfI KaK MOJKHO paHbllI€, IT0 BOSMOKHOCTH Ha 9Talle KOMITUJIAIITNN 1mbo 1pun
CO3/laHNN 00BEKTOB THUIIOB Ha 9TAIle BLIIIOIHEHM. HpI/I HaJIMYINM 9K3EMILJIAPA TUITIA MbI
Cpa3dy 3HaeM, 4TO OH coboii MPEACTaBJIAET 1M YTO €TI0 3HAYCHNE — JOIIyCTUMOE.
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A pa3 y;K MBI TOBOPUM O TUIOHE30MACHOCTH, TO OGCYIUM TaKKe, KaK BPYYHYIO 70-
GaBJIATH W CKPBIBATH MH(MOPMAIIUIO OT MOJLYJIst IPOBEPKH TUTIOB. U kakuM-To 06pasom,
obuaast 6opIeit wHbOpMAIHeii, 4eM MOy b TIPOBEPKH THIIOB, MBI MOKEM TIOTIPOCUTD
€ro IOBEepUTbCS HaM U repesath eMy 9Ty uHdopMmaiuio. C Apyroil CTOPOHBI, €CJIU MOJLYJIb
MPOBEPKH TUTIOB 3HAET CJIUIIIKOM MHOTO U MeIaeT Hallell paboTe, TO MBI MOKEM C/IETaTh
TaK, 4TO OH «3a0y/IeT» 4acTh MHMDOPMAIIUHI O TUTIAX, & HTO JACT HaM GoJIbIe THOKOCTH 32
cuet 6e3onacHocTu. HekoTopbie N3 METOMK CJIE/IyeT MCIOIb30BaTh ¢ OCTOPOKHOCTHIO,
MOCKOJIbKY OHU JIEJIETHPYIOT 0OS3aHHOCTH JIOJKHOM MTPOBEPKU THIIOB OT MOJYJISI PO-
BEPKH TUIIOB HaM Kak paspaborunkam. Ho, Kak MbI YBUJIMM J1ajiee, CYIIECTBYIOT BIIOJIHE
JOTIYCTUMBIE CIIEHAPWH, TTPU KOTOPBIX OHU HEOOXOUMBL.

4.1. WN3beraem oaep>XMMOCTU MPOCTbIMK TUMNAMMU
[AaHHbIX, YTOObI UCKNIOUYNTb HEMNpPaBUIIbHOE
TOJIKOBAHME 3HAYEHWUI

B arom paszesne st mokaxy, Kak MCIIOJb30BAHUE [IJIsI TIPEICTABIEHMS 3HAYEHUN TIPOCTHIX
TUIIOB C HESIBHBIMU JIOMYIIEHISIMU O TOM, YTO 9TU 3HAYEHUST OTPAXKAIOT, MOYKET BbI3bI-
BaTh 1pobseMbl. Harpumep, KOT/Ia 9TH JOMYIIEHNS] OKA3bIBAIOTCS PA3JIMYHBIME B J[BYX
OT/IEJIbHBIX (32UaCTYIO HATMCAHHBIX Pa3HBIMK paspaboTynkamin) yactsax koja (puc. 4.1).

let value: Number = 1000

$1000 1000 munb

O e}

Puc. 4.1. Yucnosoe 3HayeHne 1000 moxeT o3HayvaTb 1000 gonnapos mnm 1000 Muab. [Ba pasHbIX
pa3paboTymka MOryT MHTEPNPETUPOBATb €ro COBEPLUEHHO MO-Pa3HOMY

Jlyuiire TOJIOKUTHCS Ha CUCTEMY THITOB U SIBHO YKa3aTh TOJO0HbIE JIOIYIIEHUS, OIIICAB
COOTBETCTBYIOIIHE TUTIBI. B 3TOM cirydae MOJyJib TPOBEPKU TUIIOB CMOKET BBISIBUTH He-
COOTBETCTBHSI U COOOIIUTD O HUX JIO TOTO, KAK BO3HUKHET HeKast IpobJieMa.

JomyctuM, y Hac ecTh yHKIMS addToBill (), mpuHUMAIOIIAS B KaueCTBe apTyMeHTa
number. OHa JI0JKHA TIPUOABJIIATH 1IeHy ToBapa K cuery. [ToCKOJIbKY THII apryMeHTa —
number, MOKHO JIETKO TIepe/IaTh €l PacCTOSTHUE MEK/Ly TOPOJIaMU B MUJISTX, TaKsKe TIpe/l-
cTaBJIEHHOE B BU/IE 3HAYeHUs number. B utore Mbl Gy1eM CyMMUPOBATh MUJIK C JJOJLIapa-
MU, & MOJYJTh TTIPOBEPKU TUTIOB HIYETO /la’ke He 3aI003PUT!

C npyroii cTopoHbl, ecyin Haira GyHKIMs addToBill() OyaerT MPUHUMATH ApTYMEHT
Tuna Currency, a UL PaCCTOSHUA MEXK/LY OPOJaMU CTaHeT UCII0Ab30BaThCs TUIL Miles,
TO KOJI TIPOCTO He CKoMTmpyeTcst (puc. 4.2).
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let value: Currency = new Currency(1000)

$1000 $1000

o @)

| S S—

Puc. 4.2. SBHoe 1cnosnb3oBaHue Tuna Currency YeTko yKasblBa€eT, YTo 3HaUYeHWe NpeacTaBnsieT coboi
He 1000 munb, a 1000 gonnapos

4.1.1. Annapat Mars Climate Orbiter

Amnmapat Mars Climate Orbiter pasBasuicst, TOCKOJbKY pa3paboTaHHBIN KOMITaHUEH
Lockheed xommoneHT nCmob30BaT He TaKYIO eMHUILY n3MepeHus ((hyHT-CUIIB Ha ce-
kyHzy, Ibfs), kKoTopyto oxkuIaM APYTOI KOMITOHEHT (HBIOTOHBI Ha CEKYHILY, Ns), paspabo-
tauHbiii HACA. TTonpoGyeM TpeicTaBuTh, Kak MOT BBITJISIIETh KOJI 9THX IBYX KOMITOHEH-
toB. DyHKIWs trajectoryCorrection() oxuaer namepenne B HpioToH-cekynaax (H - ¢,
MeTpruecKast e[THIIIA N3MEPEHTIS JIsT IMITYJIbCa CHJTBI ), & QYHKINS provideMomentum()
BBIIAET U3MePEHNs B (DYHT-CHJIAX Ha CEKYH/Y, KaK TTOKa3aHo B JucTuHre 4.1,

JIMcTrHr 4.1. 3ckn3 apxmMTeKTypbl C HECOBMECTUMBIMU KOMMOHEHTaMM
function trajectoryCorrection(momentum: number) { 4—‘

if (momentum < 2 /* H-c */) { OyHKuua trajectoryCorrection()
disintegrate(); NPUHUMAeT 3HayeHne UMNynbca

} bl B BIE aprymeHTa Tna number

/* * / Ecnu umnynbe cunbl menblie 2H - ¢,

TO CamOyHUYTOXaemca

}

function provideMomentum() {

trajectoryCorrection(1.5 /* ¢yHT-cunbl + c */); 4—‘ Oyhiuus provideMomentum nepegaer

u3mepeHue, pagHoe 1,5 GyHT-cunbi - ¢

}

B metpuueckoii cucreme emaui 1 dynT-cuna - ¢ pasna 4,448222 H - ¢. C Toukn 3pe-
Hust byHKIUK provideMomentum() mepeaBaeMoe 3HaUeHue — JIOIMYCTHUMOE, TOCKOJIbKY
1,5 GyHT-cuiibl - ¢ paBHO OoJiee yem 6 H - ¢, a 5T0 HAMHOIO IIPEBBIIIAET HUKHUN MTpeiet
2 H - ¢. Yro xe He tak? OcHOBHas 1pobJieMa B JaHHOM CJIydae TaKOBa: TUII UMITYJIbCa
CHJIBI B 0OOUX KOMIIOHEHTAaX — YUCJIO C HESIBHBIMU JOMYIEHUSIMU OTHOCUTEIBHO eIMHU-
111 uaMepenust. MyHKIMS trajectoryCorrection() MHTEPIPETUPYET UMITYJILC CUITHI KAK
1 H - ¢, uro MeHble HiskHero npegeia 2 H - ¢, u ommbovHo 3alycKaeT caMOyHIUUYTOKEHHE.

[TocMOTPUM, KaK BOCIIOJIB30BAThC CHCTEMOI TUIIOB /IS IPEIOTBPAIIEHUST TOI00OHBIX
KaTacTporuecknx HegopasyMeHuil. CresaeM eIMHUITbl U3MEPEHUST SIBHBIMU, OIICAB
THUIIBI Lbfs 1 Ns B jicturre 4.2. O6a Thna ciayskar obepTKaMu it YUCI0BBIX 3HAUCHUI,
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pejcTaBIAomuUX hakTUdecKue 3HaueHUS BeJnYuH. Mbl yKaxkeM B Kak/JOM U3 TUIIOB
VHUKQJIBHBIH CIMBOJI, TOCKOJIBKY TypeScript cantaeT THIIBI OINHAKOBOI (DOPMBI CO-
BMECTUMBIMH, KAK MBI YBU/INM, KOT/Ia Oy/IeM TOBOPUTB O CO3/IAHUY TOATHIOB. Birarozapst
TPIOKY C YHUKaJIbHBIM CUMBOJIOM HesBHAsg MHTEpIpeTalys OAHOr0 TUIIA KaK APYroro
CTaHOBUTCSI HEBO3MOKHOI. He BO BCeX sI3bIKaX MPOrpaMMUPOBAHUST HEOOXOIUM TAKOU
JOTIOJIHUTENIbHbBII YHUKAIbHBINH cUMBOJL. [Togpo0Hee Mbl TOrOBOPUM 00 9TOM TPIOKE
B IJIaBe 7, a II0Ka COCPeJOTOYUM BHUMaHKe Ha OIIMCAHUK HOBBIX TUIIOB.

JInctuir 4.2. Tunel Ana ey, dyHT-cuna - cmH - ¢

. Takum cneumduyeckum
declare const NsType: unique symbol; s TypeScript o6pazom
class Ns { 4JKnachsnocyTnnpocm FapaHTHpYeTCA, 4T Apyrue
readonly value: number; o6epTka ana 3HaueHua Tuna number 06beKTbl aHaNOryHoi
[NsType]: void; (hopmbi He GypyT
MHTEPNPeTUPOBaTbCA,
constructor(value: number) { KaK 370T TMN
this.value = value;

}

}

declare const LbfsType: unique symbol;

class Lbfs {
readonly value: number; AHanoruuto Tin Lbfs cnyxut 06eptkoit
[LbfsType]: void; [ANA 3HaueHVA TUNa number NAKOC yHUKANbHbIA CAMBON

constructor(value: number) {
this.value = value;
}

Tenepb y HAC ecTb JIBa OTAEIbHBIX TUTIA, © MBI MOJKEM JIETKO PeaTn30BaTh (hyHKIINU
peobpasoBaHust MKy HUMU, IOCKOJIBKY 3HAeM, KaK OHH COOTHOCSITCS APYT C APYTOM.
BaristHem Ha JIMCTUHT 4.3, B KOTOPOM OTrcaHa (PyHKIINST Tpeobpa3oBaHust U3 (hyHT-CHI - ¢
B H - ¢, HeoOxoaumas 1151 McIpaBaeHus Koja Haiell pyHKIuu trajectoryCorrection().

JNnctuur 4.3. MNpeobpa3osaHve 3 PyHT-cun - cBH - C

function 1lbfsToNs(lbfs: Lbfs): Ns {

return new Ns(lbfs.value * 4.448222);
} YMHOXKaem 3HaueHne B GyHT-cunax - ¢

Ha K03 puuneHT npeobpasoBaHua
1 Bo3BpaLyaem 3HayeHue BH - ¢

BepHaemcst x armapaty Mars Climate Orbiter. Ternepb MbI MOKeEM Tiepe/iesiaTh B
(byHKIINHN, UCTTOTB3YsT HOBbIe THUTIbl. DYHKIMS trajectoryCorrection() Mo-mpexxHEMY
O’KUJIaeT B KauecTBe apryMeHTa UMILyJibe cuibl B H - ¢ (1 mpoussezieT caMoyHU4TOXKEHNE
anmapara, ecJii 3Hauenue okaxketcs Mmenbiie 2 H-c), a ¢pyHakimg provideMomentum() Bce
ellle BbIaeT uamMepenus B pyHT-cuiiax - ¢. Ho teneps yske Hesib3s 1pocTo nepenath QyHK-
1 trajectoryCorrection() 3HaueHune, Bo3BpalieHHOe (DyHKIMEl provideMomentum(),
MMOCKOJIbKY THUIIBI BO3BPAIa€MOro eii 3HaYeHUs U apryMeHTa HYHKIIMU Pa3JIUyHbL.
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[Ipuzercs SBHO IPOBECTH IIpeodpa3oBaHKe U3 OJHOTO THIIA B APYIOM ¢ IIOMOIIbIO HALIel
¢ynaKmr 1bfsToNs (), Kak TTOKa3aHo B JINCTUHTE 4.4.

JinctuHr 4.4. MoanhuumpoBaHHbIe KOMMOHEHTbI

OynKuma trajectoryCorrection() Tenepb
nonyyaet aprymeHT Tuna Ns u cpaBHuBaet
€ro o 3HayeHnem 2 H - ¢

function trajectoryCorrection(momentum: Ns) {
if (momentum.value < new Ns(2).value) {
disintegrate();

}

/* o */
}

Oynkuua provideMomentum
BblfaeT 3HaueHune 1,5 GyHT-cunbl - ¢

function provideMomentum() { 1 A0mKHa npeo6pa3oBatb eroB H - ¢

trajectoryCorrection(1bfsToNs(new Lbfs(1.5)));
}

Ecom onycrutb nipeobpasosatume 1bfsToNs (), TO KO TPOCTO HE CKOMITUIMPYETCS U Mbl
TMOJTY9INM CJIEIYOTIYT0 OIOKY: Argument of type ' 1bfs' is not assignable to parameter of
type 'Ns'. Property '[NsType]' ismissing in type '1lbfs' (HeB0o3MOXHO IPUCBOUTD ap-
rymeHT tuna '1bfs' mapamerpy tura Ns. B Ture '1bfs' oTcyTCTBYET CBOICTBO ' [NsType]').

Pasbepemcs, uro npousonnio. CHayama y Hac ObLIO JBa KOMIIOHEHTa, PabOTaBIINX CO
3HAYEHWSIMHU MMITYJIbCA CUJIBI, U, XOTh OHU B3aNMOJIEHCTBOBAIN C PA3HBIMU eAMHUIIAMU
uaMepenust, 06a IpeCcTaB/IsIi 3HaueHKs IIPOCTO B BuAe number. Bo nsbesxanue Herpa-
BUJIbHOW MHTEPIIPeTAIMU Mbl CO3/[a]Ii HECKOJILKO HOBBIX TUIIOB, TI0 OTHOMY [IJIF KaXK0H
eIMHUIIBI U3BMEPEHNsT, O1arofapst YeMy UCKJIIOUUIIA BCIKYHO BO3MOKHOCTD HEIIPABUIIbHOI
uHTEpIperanuu. Eciu KOMIOHEHT SSBHBIM 00pa3zoM paboTaeT ¢ TUIOM Ns, TO OH He MOJKET
CJIyyaifHO BOCIIOJIb30BaThCs 3HaYeHneM Tuna lbfs.

OTMmeuy TaksKe, UTO ONMMCAHHBIE B BUJIe KOMMEHTAPUEB B TIEPBOM HallleM TIpUMe-
pe nomymienus (1.5 /* 1bfs */) B UTOTOBOI peajn3ariny MpeBpaTUINCh B KOJ (new
Lbfs(1.5)).

4.1.2. AHTMNATTEPH OAEPXUMOCTU
NPOCTbIMU TUMaMU AAHHbIX

[TaTTepHbI TPOEKTUPOBAHMS OTPAKAIOT BeCbMa HajIe’KHbIe 1 9(h(HEeKTUBHBIE APXUTEKTYP-
HBIE 9JIEMEHTBI [TPOrPAMMHOTO 00eCIIeUeH sl 0Ty CKAIOIIIE TOBTOPHOE UCIIOJIb30BAHIE.
AHAJIOTHYHO HTOMY aHTUTIATTEPHBI MPEACTABISIOT COOON YacTO BCTPEUYAIOIIECS apXi-
TEKTYPHBIE 3JIEMEHTBI, KOTOPbIE SABJISIOTCS HEA(MHEKTUBHBIMY U 3a4aCTYIO TTPUBOIST
K 00paTHOMY Pe3yJIbTaTy U JI/IsT KOTOPBIX CYIIECTBYET JyUIast aTbTepHATHBA. Boiteymo-
MSHYTBIH IpruMep — 0Opasel] U3BECTHOTO aHTUTIATTEPHA T10/] HA3BAHUEM <00EPICUMOCTIL
npocmuimu munamu oannvixy> (primitive obsession). Takast 01epKUMOCTb IPOABJISIETCH,
Kor/a 6a30BbIe TUTIBI JAHHBIX UCTIOIB3YIOTCS TSI BCETO, YTO TOJBKO MOJKHO: THTI number
IS IOYTOBOTO MHJIEKCA, string — s Tese()OHHOTO HOMepa U T. .

IMonaanue B 3Ty JIOBYIIKY MOKET BHI3BATH MHOKECTBO PA3JIMYHBIX OMIMOOK, TAKIX
KaK IIPe/ICTaBJIeHHAs B IPEBIAYIIEM Iopasaee. [IpuyrHa B TOM, 4TO CMBICI 3HAYEHUTT
He OTPasKAeTCsT IBHBIM 06pa3oM B cucTeMe TUTOB. Ecotit pazpaboTdnk mosrydaeT 3HaueHne
WMITYJIbCA CHJIBI B BUJIE number, TO MOKET HESIBHO MPEJI0JaraTh, YTO OHO TIPE/ICTABIISET



110 maBa 4 e Twunobe3onacHOCTb

co6oii sHauenue B H - ¢. Y MomyJ/ist IpOBEPKM THIIA HEAOCTATOUHO MH(MOPMAIIUHU, YTOObI
0OHAPYKUTh HECOBMECTUMBIE JIOIYINEHNST IBYX PasHBIX pa3paboTunkos. Eciiu ske momgo6-
HOE JIOIyIIEeHUE SIBHBIM 0OPa30M OIIMCHIBAETCS B BUIE OObABJICHUS TUIIA 1 Pa3pabOTYMK
[OJIy4YaeT 3HaYeHUe UMITYJIbCa CUJIbI B BUJIE 9K3eMILIsApa Ns, TO MO/LyJib IIPOBEPKU TUIIOB
MOKET IIPOBEPUTD, He MBITAETCS JIM JAPYroii paspabOTUUK IepesaTh BMECTO HETO DK3EM-
1ap Lbfs 1 060pBaTh KOMIMIISIIIO TAKOTO KOJA.

W XOT$1 IIOYTOBbII MHEKC IPEACTABIsIeT COOO0I YKUCII0, XPAHUTD €r0 B BI/IE 3HAUYCHUS
TUna number He cTouT. VIMITyJIbC CHUJIBI HUKOT/IA HE JIOJIKEH MHTEPIIPETUPOBATHCA KaK
ITOYTOBBIN MHJIEKC.

Yro kacaeTcs mpeicTaBIeHNs TIPOCTHIX CYITHOCTEH, HAlTPUMEP Pe3yIbTaTOB M3MEPEHMsT
(pusruecKrx BeJIMYUH 1 TTOYTOBBIX MHIEKCOB, TO UX MOKHO OIMCATh B BU/I€ HOBBIX TUIIOB
JIAHHBIX, I9KEe €CJIM 3TU TUIIbI OKAXKYTCS IIPOCTBIMU aJIAIITePAMU JIJISI YUCEJ WA CTPOK.
Buaropapst 9ToMy cucTeMa TUIIOB HOJIydUT GoJiblle HHGOPMALUK /I aHAJIM3a HAILEro
KOJIa M MBI HCKJTFOUIM I[eJIBII KJTacc OMMOOK, BBI3BAHHBIX HECOBMECTUMBIMU JIOMY IICHHMSI-
MU, HE TOBOPSI Y2Ke O TIOBbIIIeHUN YnTabe/ibHOCTH Kojia. CpaBHUTE, HAIIPUMED, IIEPBOE OIIpe-
nesienve pyHKIMU trajectoryCorrection(), a uMeHHO trajectoryCorrection(momentum:
number), co BTOPbIM, trajectoryCorrection(momentum: Ns). I13 Broporo paspaboTyuk,
YUTAIONIN KOJI, MOKET TTOJYUUTh GOJIbIIe MH(MOPMAIIUH O TPUHITHIX JAOMYIIEHUAX (O TOM,
YTO OXKUAeTCSI UMITYJIbe cuJibl B H - ¢).

J10 cux 1mop Mbl 00€PTHIBAIU IIPOCTbIE TUIIBI JAHHBIX B APYIUE TUIIBL, YTOOBI 3aKOAMPO-
BaTh OoJiblire nHopManuu. Terepp nepeiizieM K MoBbILIEHIO O€30IIaCHOCTH € IOMOIIBIO
OTpaHWYEHUS AUATA30HA TOTYCTUMBIX 3HAUEHWH 33J[aHHOTO TUTIA.

4.1.3. YnpaxHeHune

Kakos Hau6osee 6e301macHbiii criocod BbIPa3UTh U3MEPEHHDBIN Bec?
A. B Buze number.
b. B Buje string.
B. B Buje nonap3oBaTeibcKkoro Tuia Kilograms.

I'. B Buje noiab3oBaTeIbecKoro tTuma Weight.

4.2. (Ob6ecneuymBaeM cobnoaeHne orpaHUyYeHni

B r1aBe 3 MBI TOBOPU/IN O COYETAHNU TUIIOB U OOBEIMHEHNN OCHOBHBIX TUTIOB JAaHHBIX
LIS TIpeCTaBIenns Golee CI0KHBIX MOHSATHIL, HAITPUMED IIPEICTABIEHNS TOYKI Ha IBY-
MEPHOH IJIOCKOCTU B BUJIE NAPbhl YUCJIOBBIX 3HAYEHUIT 110 OJHOMY I KasK{0l U3 KOOp-
IMHAaT x 1 y. Ternepb MOCMOTPUM, YTO eJaTh, €CJIM ANANA30H 3HAYEHUI TOTOBOTO TUIIA
JAHHBIX OOJIBIIE, YeM TPEOYeTCsl.

BosbMmeM, HanipuMep, pe3yabTaT U3MepPeHns TeMIIepaTyphl. MBI XoTen Obl n30exKaTh
OZIEPAKUMOCTH ITPOCTHIMU TUIIAMHU JAHHBIX, I03TOMY 0OBbABUM THII Celsius, 4TOOBI 4ETKO
yKa3aTh, B KAKUX UMEHHO eJMHUIIAX T0JKHA U3MEPATHCS TEMIIEpaTypa. JTOT THIT TAKKeE
Gyzer mpocTo 06EPTKOM ISt YhCIa.

Bupouew, cymecTByeT AOMOMHATEILHOE OTPAaHNYEHIE: TEMIIEPATypa He JOJKHA OILy-
CKaTbCs HUsKe abCOMIOTHOTO HyJIs1, paBHoro —273,15 rpazyca Ienbcus. OxHa u3 BO3MOK-
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HOCTEii — [TPOBEPSATD JOIYCTUMOCTb 3HAUCHUS IIPU KasK/IOM HCIIOJIb30BAaHUM K3eMILIsIpa
JaHHoro THMA. BripoueM, B potiecce MOTYT BOSHUKATD OIMMOKI: Mbl BCET/a I00aBIsieM
[IPOBEPKY, & MIPUIIIE/IINI B KOMaH/Ly HOBbIiT pa3pabOTUUK HE 3HAET IPUHSATOTO MATTEPHA
1 9TOTO He caieaet. He yydtiie i yCTPOUTD Tak, YTOOBI TTOTYIUTh HEKOPPEKTHOE 3HAUEHITE
OBIIIO TTPOCTO HEMB35T?

Cremath 5T0 MOKHO JIBYMsI CTOCOOAMHU: € TIOMOIIILIO KOHCTPYKTOPa nin (habpukm.

4.2.1. ObecneunBaeM cobntoAeHNE OrpaHNYEHUN
C MOMOLLbIO KOHCTPYKTOpA

MosxHo peanu3oBaTh OrpaHndeHue B KOHCTPYKTOPE U ITOCTYIIUTD CO CJAUIIKOM MaJleHbKUM
3HAYEHHEM OJIHUM W3 JIByX CIIOCOO0OB, KOTOPbIE MbI UCIIOJb30BAJIH TIPH TT€PENOTHEHUH
1esibIx umcedt. [IepBolii cnocod — creHepupoBaTh B CJydae HEKOPPEKTHOTO 3HAUEHUS UC-
KJIIOUEHUE U 3aTPETUTh Co3/latne 06bekTa (JIMCTUHT 4.5).

JIucTuHr 4.5. NeHepaums KOHCTPYKTOPOM UCKIIOUEHNS B CllyYae HEKOPPEKTHOIO 3HAYUEHs

declare const celsiusType: unique symbol;

3HaueHue Heu3MeHsAeMoe, no3Tomy nocne

class Celsius .
{ HavyanbHON MHULMANN3ALMYU NOMEHATD €ro Hefb3A

readonly value: number;
[celsiusType]: void;

KoHcTpyKTOp renepupyer
UCKIIOYEHUE, eCIN MONbITATbCA
€037aTb 06bEKT C HEKOPPEKTHBIM
3HayeHueM Temneparypbl

constructor(value: number) {
if (value < -273.15) throw new Error();

this.value = value;

Crenas 3HaueHme readonly, MBI TADAHTHUPYEM, YTO OHO OCTAHETCS KOPPEKTHBIM TTOCTE
opmupoBantst. MOKHO TaksKe CIeMaTh €r0 MTPHBATHBIM 1 00PAIIATHCS K HEMY € TIOMOIIIBIO
(yuxmmm-rerrepa (4T0ObI €10 MOMKHO OBLIO [OJYYUTh, HO HE 3a/1aTh).

Mo3KHO TaksKe peasn3oBaTh KOHCTPYKTOP Tak, YTOOBI OH JIeJIall 3HAUCHUE 0Ty CTH-
MBIM: TIpeBpaliiaj Jroboe 3HaYeHue MEHbIIIe —273.15 B =273 .15 (JIMCTHHT 4.6).

JINCTUHT 4.6. KOHCTPYKTOP, UCMPaBAStOLLMIA HEKOPPEKTHOE 3HayeHue

declare const celsiusType: unique symbol;

class Celsius {
readonly value: number;

[celsiusType]: void; BMmecTo reHepaumi

WUCKNIOYEHNA Mbl

constructor(value: number) { «HCTpaBNsieM» 3HaveHHe

if (value < -273.15) value = -273.15;

this.value = value;
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O6a aTH TIo/IX0/1a IOMYCTUMBI B 3aBUCUMOCTH OT CIieHapust. MOJKHO TaksKe BOCIIOJb-
3o0Barbesa pyukuei-padpukoit. Pabpuxa (factory) — s1o kiaace (PyHKIM), OCHOBHAS
3aj1a4a KOTOPOTO COCTOUT B CO3MIAHUN APYTOTO OOBEKTA.

4.2.2. ObecneynBaeM cobnogeHne orpaHNYeHni
C nomoupbto habpuku

Mdabpuka ynobHa B cIydae, €I JKeJaTebHO He TEHEPUPOBATH UCKITIOUEHHe, 2 BEPHYTH
undefined 60 KaKkoe-TO Apyroe 3HaYeHue (He TEMIEPaTypy), KOTOpoe Obl YKa3bIBAJIO
Ha HEBO3MOYKHOCTD CO3JIaHUSI KOPPEKTHOTO 9K3eMIIgpa. KOHCTPYKTOP HE MOXKeT cjie-
JIATh ITO, TIOCKOJIBKY He BO3BPAIIAET 3HAYEHHIT: OH JTMOO MTPOU3BOAUT WHUTIHATUIATINIO
9K3EMITSIPa, TNHO TeHepupyeT nckoderte. Eie ofHa TprdrHa NCIob30BaTh habpi-
Ky — CJIOJKHAst JIOTUKa (hOPMUPOBAHS ¥ MTPOBEPKH 0OBEKTA, U3-32 YETO MMEET CMBICI
peannsoBath ee BHE KOHCTPYKTOpa. [IprMuTe Kak aMupudeckoe paBuio, YT0 KOHCTPYK-
TOPBI HE JIOJIKHBI IIPOU3BOANTD CJIOKHBIX BBIYMCJICHUN, & TOJTHKO 3371aBaTh HauaJIbHbIE
3HAYEHUST YJIEHOB 00HEKTA.

PaccmoTpuM peanmsanuio Gabpuku B aucTulre 4.7. Mbl cliesiaeM KOHCTPYKTOP
NPUBATHBIM, YTOOBI €T0 MOT BBI3BIBATH TOJBKO (habpuunbiii MeTox. Dabpuka 6yaer
CTATHUECKIM METO/[OM KJIacca W CTaHeT BO3BPAIIATh AK3EeMILIAP Kiacca Celsius mam
undefined.

JNnctunr 4.7. ®abpuka, Bo3spawatolas undefined B cnyyae HEKOPPEKTHOrO 3HaYeHUs

declare const celsiusType: unique symbol;

class Celsius {
readonly value: number;

[celsiusType] id KoHcTpyKTOp Tenepb CTaHOBUTCA
celsiusType]: void;

NpUBATHbIM, MOCKONbKY He NPOU3BOAUT

. (aM HUKaKNX NpoBepoK
private constructor(value: number) { posep

this.value = value; (abpuka Bo3BpaLLaeT 3Kk3emMnnAp

} knacca Celsius unu undefined

static makeCelsius(value: number): Celsius | undefined {
if (value < -273.15) return undefined;

(Dabpuka — eMHCTBEHHDII CNOCO6

co3aHnA 3k3emnnApos knacca Celsius —

} obecneunsaer cobniofieHne orpaHnyennsa

return new Celsius(value);

Bo Bcex aTHX cirydasix Mbl IOJIydaeM JOMOTHUTETbHYTO TapaHTHIO, YTO 3HAUEHWE JK-
3eMILIApa Kjaacca Celsius HUKOT/A He OKaxkeTcs MeHblle —273. 15. [IpeumyiectBo mpo-
BEPKHU IIPU CO3/IaHUM IK3EMILIsIpa THUIIA 1 HEBO3MOKHOCTH CO3/IaHNUS 9K3eMILIsIpa APyTuM
C1TocO6OM COCTOUT B MOTHON TaPAHTHH JIOTYCTHMOTO 3HAYEHMST JTI0O0TO TTepeIaBaeMoro
9K3eMILISIPaA IaHHOTO THIIA.

BumecTo mpoBepKH AOMYCTUMOCTH 9K3EMIIISIPA TIPH €r0 UCHOTBb30BAHUHI, YTO OOBIYHO
O3HayaeT IIPOBEPKY BO MHOTUX MeCTax KO/ia, Mbl IPOU3BO/IUM 3TY IIPOBEPKY TOJIbKO
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B OJJHOM MeCTe C FapaHTHeil TOro, YTO HEKOPPEKTHBI 0OGBEKT THIIA IIPOCTO HE MOKET
CYIIECTBOBATD.

KoHeuHo, aTa METO/IMKA BBIXOIUT JAJIEKO 32 PAMKHU CO3[AHUS IIPOCTHIX 0OEPTOK ISt
3HAYEHUH, TAKKMX KaK Kaacc Celsius. MOKHO 06eCeunTh, HAIPUMep, KOPPEKTHOCTh 00b-
ekTa Date, CO3/IaHHOTO HA OCHOBE 3HAUEHWH JIJI5T TO/1a, MECSITIA U JIHS, U 3alTPETUTh 3Have-
Hus HanozoOue 31 miona. CyInecTByeT MHOKECTBO CIy4aeB, KOra MMEIOMINECs B HAIIEM
pacropsikeHrn 6a30Bble TUIIbI JAHHBIX He TI03BOJISIOT HAIIPAMYIO HAJIOKUTh HY/KHbIE HAM
OTpaHMYEHUSI, M MBI MOJKEM CO3/IaTh TUTIBI, KOTOPbIEe MHKATICYJINPYIOT JOTTOJTHUTETbHBIE
OrPaHUYCHUS U TAPAHTUPYIOT HEBO3MOXKHOCTD CYIIeCTBOBAHUS UX 9K3EMILJISIPOB C He-
KOPPEKTHBIMU 3HAYCHUSIMHU.

Jlasiee Mbl HOrOBOPUM O 700aBJIEHUN U COKPBITUN HH(GOPMALMK O TUIIAX B HALIIEM KOJE
U CIIEHAPUSIX, TPU KOTOPBIX 3TO MOKET MTPUHECTH TI0JIB3Y.

4.2.3. YnpaxHeHue

Peanusyiite Tun Percentage, oTpaskalonuii 3HadyeHue ot 8 710 100. 3HaUYeHNsT MEHBIIIE O
JIOJIKHBI IIPE0OPa30OBBIBATHCA B @, a 3HaUeHMs O0JIbIe 100 — B 100.

4.3. [JobasnseM nHdopMaumio o Tune

HecMmoTpst Ha cepbe3HbIil TeopeTHIecKuii (DyHAaMEHT MIPOBEPKH TUTIOB, BO BCEX S3bIKAX
POTPAMMUPOBAHUS CYIIECTBYIOT CIIOCOOBI 06X0/1a IPOBEPOK TUTIOB, TIO3BOJISIONINE /IATh
KOMaH/y KOMIIMJIATOPY pacCMaTpUBaTh 3HAYEHME KaK OTHOCAIIEECS K OIpe/leJIeHHOMY
tuny. akTuyecku Mbl TOBOPUM KOMITHIISITOPY: «/lOBEPbCs HaM; MbI 3HAEM, YTO ITO 32
THII, JIy4Ilie, YeM Thi». DTO Has3bIBaeTCs npusedenuem munos (type cast) — TepMUH, KOTO-
Pblii BBl HABEPHAKA Y3Ke CIIBbIIIAJIN.

NMPUBEAEHUE TUMOB

ﬂpMBeAEHMe TUMNOB O3HA4YaeT npeo6pa3OBaHme TWMNa BblpaXXeHUA B ,qpyroﬁ TUM.
Y Bcex A3bIKOB nporpaMMmpoBaHuna CBou npasuia OTHOCUTENIBHO TOro, Kakue
npeobpa3oBaHns AOMYCTUMbI, @ KaKne — HET, Kakue KOMMUASTOP MOXET MNpo-
N3BECTN aBTOMATUYECKU, a ANA KaKnx Heo6XO£|,VIMO NMncaTb ,Cl,OI'IOJ'IHMTEﬂbeIﬁ
koa (puc. 4.3).

1100001010100011
; !
-15709 —_— ‘£
Tun: 16-6uTtHOE Tvn: cnmeon
3HaKoBOE Lenoe B koauposke UTF-8

Puc. 4.3. C noMOLbIO NPUBEAEHNS TUMOB MOXHO NpeBpaTUTb
16-6uTHOE 3HaKoBOE Lienoe B cMBON B koanpoBke UTF-8
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4.3.1. [llpuBeaeHue TMNos

Aenvim (explicit type cast) HasbiBaeTcst Takoe MPUBEAEHYE TUIIOB, TIPH KOTOPOM pas-
PabOTUNK SIBHO YKa3bIBAET KOMITHJISITOPY PACCMAaTPUBATh 3HAUCHME KaK OTHOCSIIEECsT
K onpenenierHOMY THTTy. B TypeScript mpuBezienue k Tty NewType TTPOU3BOANTCS C TIO-
MOIIBIO J0OaBeHrs <NewType> Hepej 3HaueHreM Ui as NewType 1ocJjie Hero.

HemnpasuibHoe MpUMeEHEHE 3TOH METOAUKH MOKET OBITh OTIACHBIM: TIPH 00X071e MO-
JTyJist TPOBEPKHU THIA MOKHO TTOJIYUUTh OITHOKY BO BPEMST BBITIOTHEHUSI, €CJIH MOBITAThCS
HCTIOTb30BaTh 3HAUEHNE B KaUeCTBE YeTr0-To, UeM OHO He sBjsieTcsa. Hampumep, s Mmory
puBecTH Mol Bike (Besocuten) ¢ dhyHKimel ride() k THIy SportsCar, HO Y HETO Bce
paBHO He TosBUTCS QYHKIMS drive()!, Kak BUIHO U3 JUCTUHTA 4.8.

JInctuHr 4.8. Owmbka BO BPEMS BbINOSIHEHUS! B PE3Y/ibTaTe NPUBEAEHNS TUMOB

class Bike {
ride(): void {/* ... */ }
}

class SportsCar {
drive(): void {/* ... */ }
}

let myBike: Bike = new Bike(); 06bekt myBike co3aaH Kak 06beKT TMNa

myBike.ride(); Bike, nostomy y Hero ectb pyHKuuA ride()

let myPretendSportsCar: SportsCar = <SportsCar><unknown>myBike;

myPretendSportsCar.drive(); ToBopum KomnunaTopy, uto6bl cuutan myBike
o6bekTom TMna SportsCar, U npucBanBaem

ero nepemeHHoii myPretendSportsCar

MonbiTKa BbI3BaTb GyHKLMIO drive()
o6bekta myPretendSportsCar npusogut
K OLIM6Ke BO BpeMs BbIMONHEHNA

MbI MOKeM IIOTpeGOBaTh OT MOZYJISI IIPOBEPKHU TUIIA IPUTBOPUTHCH, OYATO HAII 00b-
eKT — SportsCar, HO 9TO He 3HAYUT, YTO OH AEHCTBUTEIBHO MPEACTABIISIET COOOM CrIop-
TUBHBII aBTOMOOMJIb. BbI30B hyHKIMKM drive () IPUBOANUT K T€HEPAIMU CJIEAYIONIEro
UCKJIIOUYeHud: TypeError: myPretendSportsCar.drive is not a function (OIHI/I6K8. TUIIA:
myPretendSportsCar.drive He sBisieTcst (DyHKITMEI ).

Ham nmpuminoch cHavyasa mpuBecTu myBike K TUIY unknown U JIUIIb 3aTeM K TUITY
SportsCar, IMIOCKOJbKY KOMITUJIATOP IIOHUMAET, YTO TUIILI Bike 1 SportsCar He repexkpbl-
BaIOTCA (JOIIYCTUMOE 3HAYEHIe OJHOTO U3 HUX HE MOKET OBbITh A0y CTHMBIM 3HAUEHUEM
apyroro). Kak cieactsue, mpocToil BbI3oB <SportsCar>myBike IpUBOAUT K oumIOKe.
BMecTo 9TOro HaM IPUXOAUTCS CHAYa/Ia IPOM3BECTH IPUBeAeHe <unknown>Bike, 4TOOBI
KOMITUJISATOP «3a0bLI» THUII IIepeMeHHOI myBike. 11 TOJIBKO MOTOM MbI MOJKEM CKa3aTh EMY:
«[loBepncs HaM, 310 SportsCary. Ho, Kak MbI BUZIM, B pe3yJibTaTe BCe PABHO ITPOUCXOIAT

! ABTOp O6bIprIBaeT TOT (baKT, YTO B aHTJIMHCKOM $I3bIKE JIJISI OIMCAHUS €3/Ibl Ha BeJloculie/ie

ucnosb3yercest Taarol to ride, a st e3/pl Ha aBToMob6uIe — to drive. — Hpumeu. nep.
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omubKa BO BPeMsI BBITIOHEHUS. B IpyruX sI3bIKaxX MPOrpaMMUPOBAHUST 9TO IPUBEJIO Gbl
K darambroMy c6oio porpamMmel. Kak mpasuiio, mogo6Hast cUTyaius HeAOMyCTHMA.
Tak Korja ke MOKeT IPUTOIUTHCS IIPUBE/IEHUE TUIIOB?

4.3.2. OTCcnexuBaHue TUNOB BHE CUCTEMbI TUMNOB

MHorma MbI 3HaeM O THIIE OOJIbIIE, YeM MOJLYJIb IIPOBEPKH TUIIOB. BHOBB 06paTHMCs K pea-
Jmzanuu Tuma Either us riasel 3. B Hem comepskutcst s3Hadenue tuia TLeft uiaum TRight,
a Takske iar Tura boolean, OTCIEKMBAIONTUE, OTHOCUTCST JIM XPAHUMOE 3HAYEHUE K TUITY
TLeft, Kak 1mokasaro B auctunre 4.9.

Jinctunr 4.9. Bosepalyaemcs k peanunsaumm tuna Either

class Either<TLeft, TRight> { Xpa"""'?’"a"e"”_e
private readonly value: TLeft | TRight; Tuna TLeft unn Tright

rivate readonly left: boolean;
P y ’ OTCnexuBaem, OTHOCUTCA I XpaHUMOe
3HaueHue K Tuny TLeft, c nomolwbio cBoiicTBa left

private constructor(value: TLeft | TRight, left: boolean) {
this.value = value;
this.left = left;

}

isLeft(): boolean {
return this.left;
}

getLeft(): TLeft {
if (!this.isLeft()) throw new Error(); | Ec HyxHo nonyuuts TLeft, To npoBepsem,
XPaHUTCA I B 06bEKTe HYXHbII TUN JaHHDIX,
return <TLeft>this.value; a3aTem npuBoAMM 3HaueHue K Tuny Tleft

}

isRight(): boolean {
return !this.left;

}

getRight(): TRight {
if (!this.isRight()) throw new Error();

return <TRight>this.value;

}

static makeLeft<TLeft, TRight>(value: TLeft) {

return new Either<TLeft, TRight>(value, true); <_(Da6pMKamakeLeft3anaeT

HayanbHoe 3HayeHue
cBoiicTBa left, paBHoe
true; makeRight — false

}

static makeRight<TLeft, TRight>(value: TRight) {
return new Either<TLeft, TRight>(value, false); «—

}
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Taxum 06pas3oM, Mbl 0ObeIMHSAEM IBA TUIIA B THII-CYMMY, C IIOMOIIIBIO KOTOPOIO MOYKHO
[IPEJCTaBUThL 3HAYEHUE JI000T0 U3 HUX. Bripouem, eciiu mocMoTperb BHUMATEIbHEE, TO
OKayKeTCsl, YTO TUI XPaHUMOTO 3HaueHust — TLeft | TRight. [TocJie npucBanBanust MOy b
IIPOBEPKU TUIIOB (OJIbIIE He 3HAET, OTHOCUIIOCH JIH (DAKTIYECKN XPAHUMOE 3HAYCHUE K TUILY
TLeft mim TRight. Haunnas ¢ aToro MoMeHTa oH OyJIeT CUUTaTh, 4TO value MOXKET OTHO-
CUTBCS K JII0O0MY 13 HIX. VIMeHHO 510 HaM 1 Tpebyercst. OIHAKO B KAKOH-TO MOMEHT MbI
3aXOTUM BOCITOJTb30BATHCSA TAHHBIM 3HAUCHUIEM.

KoMruisgrop He pa3peniut HaMm repe/iaTh 3HaYeHNe
tutma TLeft | TRight dyHKIUK, OKUAAIONIEH 3HAUEHTE
Tuma TLeft: ecin Hallle 3HAUEHNE HA CAMOM JIeJie OKasKeT-
cs1 TRight, To 3710 MTpUBeET K pobieMaM. TpeyroJbHIK
u1U KBAZpaT He BCerjia MOKHO IPOTAIUTh Yyepe3 Tpe-
yrosibHOe oTBepcTre. [Ipoiitn uepes Hero cMoKeT TOJIbKO :
TpeyroabHuK. Ho uTo, ecnn hakTnyecknM 3HaYeHUEM B "’A
okaxkercst kBajpat (puc. 4.4)?

[Togo6Hast MONBITKA IPUBEAET K OMIMOKEe KOMITUJIA-
11K, uTo Xopoio. OIHAKO HaM U3BECTHO TO, Yero He 3HaeT Puc. 4.4. Eciv Haw obbexT
MOJLYJTb TIPOBEPKH TUIIOB: C MOMEHTA YCTAHOBKH 3Hade- | PCACTABMAET COBOVi TPEyronbHMk

UMW KBAZPaT, TO Mbl HE MOXKEM
HI MBI 3HA€M, K KAKOMY TUITY OHO OTHOCUTCS: TLeft nan

. CKa3aTb HaBepHsika, NPoMAEeT in
TRight. Eciin Mbl co3masim 00BEKT C ITOMOILBIO METOA haKTMUecKoe 3HaueHe yepes

makeLeft (), To cBoiicTBO left paBHO true. Ecim ske MbI TpeyrosbHoe oTBepcTMe.
cosiaJT 0OBEKT C MOMOIIBIO makeRight (), TO 9TO CBOHCTBO ~ O6bLEKT-TpeyronbHUK NpoiaeT,
paBHo false, kak rokazano B yiuctunre 4.10. Mbr oTciiesxu- 06beKT-KBaapaT — HeT

BaeM 3TO, JIaJKe €CJIH MOJIYJIb IPOBEPKHU THITOB 3a0bIBAET.

Jnctunr 4.10. Metoabl makelLeft() n makeRight()

class Flt:er<TL§fti Tlelght% iL £t | TRight; (BoiicTBo left yka3biBaer,
private readon.y va.ue: e 1gnt; XpaHuTca nu B 06bekTe Tleft

private readonly left: boolean;

private constructor(value: TLeft | TRight, left: boolean) {
this.value = value;
this.left = left;

} 3HayeHue left 3apaetca B npuBaTHoM
KOHCTPYKTOpE, KOTOpbIii MOTYT Bbi3bIBaTb
/% */ TonbKo metoabl makeLeft() u makeRight()

static makeLeft<TLeft, TRight>(value: TLeft) {
return new Either<TLeft, TRight>(value, true); <— MeToas! makeLeft()

b n makeRight()
yCTaHaBAMBAIOT KOHKPETHoE

static makeRight<TLeft, TRight>(value: TRight) { 3HaYeHme CRoiiCTRa left

return new Either<TLeft, TRight>(value, false); «+—

}

N3Brekast 3HaueHme, BBI3bIBAIONIAS CTOPOHA JI0JKHA CHAYasIa TIPOBEPUTD, K KAKOMY U3
JIBYX TUIIOB OHO (baKTqu(:KI/I otaHocurcs. Ecau Mol pa60TaeM ¢ TurioM Either<Triangle,
Square> 1 XOTUM TIOJIYYUTH Triangle, TO cHauasa JOKHBI BBI3BATh isLeft (). B cayuae
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BO3BpaTa true Mbl MOJKEM BbI3BaTh getleft() U HOIYyYUTh OOBEKT Triangle, KaK IIOKa3aHO
B auctuHre 4.11.

JNnctunr 4.11. Triangle unn Square
declare const triangleType: unique symbol;

class Triangle { <+
[triangleType]: void;
/* o0 */
} Tunbi Triangle
u Square
declare const squareType: unique symbol;
class Square {
[squareType]: void; <+
/* o0 */
}
function slot(triangle: Triangle) {
/* o0 */
} C31oro momeHTa Tn myTriangle.value —

Triangle | Square. KomnunaTop Gonbuwe

let myTriangle: Either<Triangle,Square> He 3HaeT, 4To Mbl momecTnn Tyaa Triangle

= Either.makeLeft(new Triangle());

if (myTriangle.isLeft()) BbizoB meTopa getLeft() npuogut
slot(myTriangle.getleft()); 3HaueHue obpatHo Kk Tuny Triangle

BuyTpu Harreil peassary getleft() MPOM3BOAATCS Bce HEOOXOANMbBIE TIPOBEPKU
(B TAaHHOM cJIyYae TpoBepsieTcs, 4To this.isLeft() paBHO true) u o6paboTKa HeIO-
IYCTUMBIX BbI30BOB (B 3TOM cJiyuae renepupyercst Error). [Tocjie Bcero aToro 3HaueHue
IIPUBOIUTCS K HY’KHOMY TUILY. MOZyJIb IPOBEPKU TUIIOB YK€ «3a0bLI», KAKOU TUII OBLI
y 3HaY€HUs MTPU PUCBAMBAHNH, TO9TOMY MbI €My HAIIOMUHAEM, KaK ITOKa3aHO B JINCTUH-
re.4.12, Besib Mbl OTCJIESKUBAJIN THUII C IIOMOIIBIO CBOICTBA left.

Jinctunr 4.12, isLeft() n getlLeft()

class Either<TLeft, TRight> {
private readonly value: TLeft | TRight;
private readonly left: boolean;

* *
/* e x Knuentbl moryT npoBepATb,
OTHOCUTCA NN 3HaYeHue K Tuny TLeft,

isLeft(): boolean { CMoMOLYbH0 BbI30Ba MeToAa isLeft) | Ecny sauenme He Toro Tuna,

return this.left;

} T0 06pabatbiBaem oLwM6KY.
B nanHom cnyyae mbl
getleft(): TLeft { renepupyem Error. MoxHo
if (!this.isLeft()) throw new Error(); 6bin10 6bI Takke BepHyTb undefined

return <TLeft>this.value;
}

/* .00 */

3HaueHue npuoautca K Tuny Tleft
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B nannom cioryuae oneparust IpuBeIeHNS K TUITY <unknown> HaM He HY’)KHA: 3HaYeHHe
tuna TLeft | TRight BrojiHe MOKET OBITD JOIYCTUMBIM 3HaYeHUeM TUIla TLeft, Tak 4TO
KOMITMJIATOP HE CTAHET JKaJI0BaThCA U JOBEPUTC YKa3aHHOMY HaMU IIPUBEIEHUIO THUIIA.

[TpuBeeHre TUIIOB, KCIIOJb30BAaHHOE JOJIKHBIM 0OPa3oM, JaeT 60JIbIINEe BO3MOKHO-
CTH, TIO3BOJISIST YTOUHSTH TUT 3HaueHust. [Tpu Hajmunn oObekTa Tuna Triangle | Square,
0 KOTOPOM M3BECTHO, YTO Ha CaMOM JieJie OH IpeacTaBiser coboil Triangle, MOXKHO
MPUBECTHU €T0 K TUTTY Triangle, KOTOPBIN KOMITUIASTOP TTO3BOJIUT IIPOTANATH Yepe3 Tpe-
YTOJIbHOE OTBEPCTHE.

Ha camom jieJie 6oJIBITMHCTBO MOJIYJIeH IPOBEPKU TUIIOB IIPOM3BOIAAT HOL00HbIE IIPH-
BeJIEHUsI THITOB aBTOMATUYECKH M HUKAKOTO KOJa JIJIsl 9TOTO MHcaTh He Tpedyercs.

HESABHOE 1 ABHOE NPUBEOAEHUE TUIMOB
HesiBHOe npuBeaeHue Tunos (implicit type cast, coercion) nponsBoaMTCca KOMMNu-
NATOPOM aBTOMaTMyeckn. OHO He TpebyeT HanncaHUsa HUKaKoro koaa. Moao6Hoe
npvBeaeHne TUNoB o6bluHO 6e3omnacHo. SIBHOe MpuBeAeHUEe TUMOB, HAMpOTMB,
TpebyeT HanucaHus koga. OHO haKTMYEeCcKU 06X0AWT NpaBuia CUCTEMbI TUMOB,
W MCMOMb30BaTb Ero CleayeT C OCTOPOXXHOCTbIO.

4.3.3. PacnpocTpaHeHHble pa3HOBUAHOCTU
npueeaeHns TUMoB

PaccmoTpuM HECKOIbKO paciipocTpaHeHHbIX BU/IOB IIPUBE/IEHNS TUIIOB, KaK SIBHBIX, TaK
¥ HESBHBIX, U BBISICHUM, B KAaKUX CJIyYasX OHU MOTYT IIPUTOAUTHCA.

MoHmxarowee 1 nosbiLaoLee npuseaeHne TUNos

OiH 13 9acTO BCTPEUYAOIINXCS IPUMEPOB MPUBEAEHUS TUIIOB — MHTEPIIpeTaius 00b-
€KTa TUIIA, YHACJIEJ0BAHHOIO OT APYroro, Kak 00beKTa poAnuTeabcKoro tuia. Ecim kiace
Triangle yHacjenoBaH oT 6a30BOro kiacca Shape, To 00beKT Triangle MOKHO UCIIOJIb-
30BaTh BesJle, Tae TpedyeTcst Shape, Kak MIOKa3aHO B JIUCTHHTE 4.13.

Buytpu Tesia meTosia useShape() KOMIUJISITOP PACCMATPUBAET €0 aPITYMEHT KakK
Shape, maxke ecit MbI Tiepesiain Triangle. MHTepnpeTalus yHacJIe0BAaHHOTO KJac-
ca (Triangle) kak 6azoBoro (Shape) Ha3bIBAETCS NOGHLULAIOUUM NPUCCOCHUCM MUNOE
(upcast). Eciiu Mbl yBepeHbl, uTo Haia urypa pakTu4ecKu siBJSETCs TPEYrOJAbHUKOM,
TO MOKEM [IPUBECTU ee 00paTHO K TUILY Triangle, HO TaKoe IIPUBEIEHIE TUIIA JI0JKHO
OBITH OIUCcaHO ABHO. [IpuBeeHne OT POAUTENLCKOrO Kilacca K yHACJIe0BaHHOMY, T0-
KasaHHOe B JINCTUHTE 4.14, HasbIiBaeTcs nonuicaiougum npusedenuem muna (downcast),
1 GOJIBIIMHCTBO CTPOrO TUIM3UPOBAHHBIX I3bIKOB IIPOrPAMMUPOBAHUS aBTOMATUYECKI
€TO He MTPOU3BOJIAT.

B or/iyme OT MOBBIIIAOIIETO IPUBEAEHUsI TUIIOB, IIOHMsKaoIIee HebGe3omacHo. XoTs
110 YHACJIEZIOBAHHOMY KJIACCY CPa3y MOHATHO, KAKOB €T0 POAUTEIbCKUH KJIACC, KOMITUJIS-
TOP HE MOKET aBTOMATUYECKH OTIPEJIETUTD 110 POAUTETHCKOMY, K KAKOMY U3 BO3MOKHBIX
YHACJIeJOBaHHbIX KJIACCOB OTHOCUTCSI 3HAUEHNE.



4.3. obaBnsieM MHMOPMaUMIO O TUME 119

JinctuHr 4.13. MNoHwxkatoLee npuBeaeHne Tuna
class Shape {

/¥ ... %/
}

declare const triangleType: unique symbol;

class Triangle extends Shape { Tun Triangle pacwupset Tun Shape

[triangleType]: void;

/* o0 */
} MeTop useShape() oxugaer
function useShape(shape: Shape) { aprymeHT Tuna Shape

/* o0 */

}

let myTriangle: Triangle = new Triangle(); Mbi moxem nepepatb emy 06bekT Tuna Triangle,
1 oH GyneT aBTOMaTUYECKU NpUBeAEH K Tuny Shape

useShape(myTriangle);
HekoTopble s13bIKM TPOTPAMMUPOBAHUST XPAHAT JIOMOJHUTENbHYIO UHMOPMAIIUIO
O TUIIE Ha Talle BBIIIOJHEHUS U COlepsKaT olepaTop is, MO3BOJLIONIAN BBISICHUTD TUIT
obbekra. [Tpu cosganny HOBOTO 0ObEKTa BMECTE ¢ HUM XPAHUTCS €TI0 THUIL, TAK YTO, JakKe
€CJIU € TIOMOIIIBIO TIOHMIKAIOIIETO TPUBEIEHUST CKPBITh OT KOMITUJIATOPA YacTh nH(GOpMa-
LUK O TUIIE, HA TAIle BBIIOJHEHUS MOKHO Oy/IeT IIPOBEPUTD, SBJISETCs JIU Hall OOBEKT
9K3EeMILIIPOM KOHKPETHOTO TUTIA, 3a/leicTBOBaB if (shape is Triangle)....

JInctuHr 4.14. MNoHwxkatoLee npuBeaeHne TUNos

class Shape {

/* oo ¥/

}

declare const triangleType: unique symbol;

class Triangle extends Shape { Y a0ii Bepcuu GpyHKUUM ecTb
[triangleType]: void; AOMNONHUTENbHBIA apryMeHT
/* .0 X/ [ANA 0TCNeXMBaHUA TOro,

} 6bin Nn nepeaaH TPEYroNbHUK

function useShape(shape: Shape, isTriangle: boolean) {
if (isTriangle) { #B
let triangle: Triangle = <Triangle>shape;

/% L%/ Ecnu aprymeHT dpakTnyeckun
} npeacTaBnAeT co6oil TpeyronbHUK,
Y. TO Mbl MOXeM BbINONHUTb
} o6paTHoe npuBeAeHne TMNa

let myTriangle: Triangle = new Triangle();

BbI3bIBalOLLAA CTOPOHA OMKHA NPABUNLHO
3a/1aTb 3HaueHue 3Toro pnara; B NPOTUBHOM
Cy4ae Npou3oiiAeT ownbKa Bo BpemaA BbINOAHEHUA

useShape(myTriangle, true);
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SI3BIKHU 1 CPebl BBIIOJIHEHNS, B KOTOPBIX peajin30BaHa ogo0Hasd nH(OPMAIIKs O TUIIe
BpPEMEHH BBIIIOJIHEHUsI, 00eCIednBatoT 6E30aCHbIi CIIoco6 XpaHeHUs 1 3a1poca HHOop-
MallMU O TUIIAX, TAK YTO PUCKA PACCOIIACOBAHMS JaHHON nH(bOPMAIUU ¢ 00bEeKTaMU HET.
Koneuno, 310 03HauaeT orpejiesieHHbIe 3aTPAThl HA XPAHEHUE B TaMSITH JIOTOJHUTETbHOM
uH(bOPMAITUN O KaXK/0M 9K3eMILIsIPe KJacca.

B riase 7, korga Mbl OyeM 00CyKIaTh CO3QaHue MOATUIIOB, PACCMOTPUM O0JIee CII0K-
HbIE CJIy4au MOBBIIIAIONIETO TTPUBE/IEHNST TUTIOB ¥ TTIOTOBOPUM O BADMAHTHOCTH. A TOKa
nepeiizieM K 06CyKIEHUIO PACIIMPSAIONIEr0 U CY/KAIOIIEro IPUBEIEHUST TUIIOB.

Pacwupsiowlee n cyxatollee npuBegeHne TnoB

Eie oz pactipocTpaHeHHbIH B/ HESBHOTO TPUBEIEHNS TUTIOB — U3 T[EJIOUNCIIEHHOTO
THIIA JIAHHBIX ¢ (PUKCUPOBAHHBIM YHCIOM OUTOB, CKasKeM, BOCbMUOUTHOTO H€33HAKOBOTO
1[EJIOTO — B IPYTON TIeJIOYNCTICHHDIN TUIT IAHHDIX, [TPEJICTABIIAIONINI 3HAYCHUS C TIOMO-
1o GoJbiero yrcsia 6urtos, — HanpuMep, 16-6utHoe GessHakosoe 1esoe. Takoe pu-
BeJleH1e TUIIOB HasbiBaeTcs pacuupsiouum (widening cast).

C apyroii cTOpOHbI, IPUBOAUTD 3HAKOBOE 11eJI0€ K Ge33HAKOBOMY OITACHO, TIOCKOJIbKY
6€e33HaKOBOE HE MO3BOJISIET OTPAKATH OTPHUIIATE/IbHbBIE YHCIa. AHAJOTHYHO TIPUBEEHUE
[[EJIOUNCJIEHHOTO TUTIA TAHHBIX ¢ GOJIBIITIM YHCIIOM OMTOB K THITY ¢ MEHBIITHM, HAITPUMED
16-6UTHOTrO 3HAKOBOTO T[EJION0 K BOCbMUOUTHOMY 3HAKOBOMY IEJIOMY, TIOJIXOIUT TOJIBKO
JUJISL YHCeJT, KOTOPbIe MOXKHO IIPEACTABUTD C IOMOIIBIO 3TOTO MEHbIIETO THIIA.

[Tomo6GHOE TIpUBeAEHIe TUIIOB HasbiBaeTcd cyxcaiouum (narrowing cast). Hekoro-
pble KOMITHJISTOPBI TPEOYIOT OMUCAHUS TAKOTO MPUBEACHMS IBHBIM 06Pa3oM B CHJLY €T0
Hebe30macHOCTH. SIBHOE TIPUBEIEHIE MTOJIE3HO, TOCKOJbKY SICHO IEMOHCTPHUPYET, UTO
paspaboTUUK He c/IeTall 9TOTO HeHaMepeHHO. HeKoTopbie Apyrue KOMIUJISITOPBI Pa3-
pelnaloT cyskaolee MpUBe/leHue TUIIOB, HO BBIAIOT npeaynpexacuue. [lopenenue Ha
JTarle BbIIIOJHEHU, eCJId 3HaYeHue He TOMelaeTcs B HOBOM THIIe IaHHBIX, aHAJIOTUYHO
MEJIOYNCTICHHOMY TTEPEMOTHEHUT0, KOTOPOE MBI OOCYSK/IAH B TIaBe 2: B 3aBUCHMOCTH OT
SI3BIKA TIPOrPAMMUPOBaHUsI BO3BPAIAETCst OMNOKA MM 3HAUEHUE YCEKAeTCsl TaK, YTOOBI
MTOMECTUTHCST B HOBBIH TUIT JaHHBIX (pHC. 4.5).

lelafafafefa]a]n

nOﬂOﬂHVITEHbeIe 6uUTbI Pacmmpmou.l.ee
. - ~ TpacacHe
[oTelolololololololsals ols]a]1]
IC I3 9 3 E K B9 3 I Y ES ES N KN Y Y SN
~ N - npmneeneHune
BI/ITbI, KOoTopble Tenepb | B | ] | 0 | " | p | ] | ] | 1 | TNNoB
He NoMeLalTea

Puc. 4.5. Mpnmep paclumpsIoLwero n cyxaroLiero npuseaeHns Tnos. Paclumpsiolee 6e3onacHo:
cepble MPSIMOYTrONbHUKN OTPAXKAKOT NOMYYEHHbIE JONONHUTENbHbIE 6UTBI, TaK YTO MHPOPMaLWS
He notepsetcs. M HaobopoT, cyxatoLuee Hebe30nacHO: YepHble NPSMOYro/IbHUKM COOTBETCTBYIOT ButaMm,
He NoMeLLALMMCS B HOBbIW TUM AaHHbIX
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[IpuBeieHME TUTIOB CIIE/LYET UCTIOIB30BATH OCMOTPUTETBHO, TOCKOJIBKY OHO 0OXOIUT
MO/LyJIb TIPOBEPKHU TUTIOB, (haKTHUYECKU CBOJIS HA HET BCE MPEUMYIIECTBA IPOBEPKU THUIIOB.
BripoueMm, 310 yI0GHBIE HHCTPYMEHTBI, 0COGEHHO ecJin y Hac 6oJibliie WHMOPMAITUH, YeM
Y KOMITHUJIATOPA, U MBI XOTETN GBI COOOIUTD ee eMy. [Tomy4anB ee 0T Hac, KOMITHIATOD
MOJKET UCIOIb30BaTh ATy WHMOPMAIIUIO IPH JabHel eM anaanse. Bossparmasics K mpu-
Mepy ¢ Triangle | Square: ecii KOMIUJIATOPY YKA3aHO, YTO 3HAYEHUE MIPEACTABISAET
co6oii Triangle, OHO yiKe HUT/E He OyeT (GUrypupoBaTh Kak Square. Ta METOMKA aHA-
JIOTHYHA OTIMCAHHON B pasfiesie 4.2, B KOTOPOM MbI 06Cy KAl obecTiedeHre cOOMONEHNST
OrpaHUYCHUIT, HO B IAHHOM CJIy4ae BMECTO [TPOBEPKHU Ha ATare BBITOJTHEHMS MbI TIPOCTO
[pejjiaraeM KOMITUJISITOPY JI0BEPUTHCS HaM.

B caemyiotem pasziesie Mbl PACCMOTPUM HECKOJBKO APYTUX CUTYAIHiT, B KOTOPBIX
yI0GHO OyIeT 3aCTaBUTh KOMITUJISATOP «3a0bIThy WH(MOPMAIIHIO O THIIE.

4.3.4. YnpaxHeHus

1. Kakoii u3 cienyonmx BU0B IIPUBEAEHIA TUIIOB cUUTAaeTCs Oe30MacHbIM?
A. Tlosbaioliee puBeieHUe TUIIOB.
b. Ilonmxatotiee mpuBeeHNE TUTIOB.
B. Tlosprmatormee u moHMW>KaroIIee MpUBeAeHNE TUIIOB.
I. Hwu o 1 npyToOe.
2. Kakoii u3 cjieayronux BUI0B MPUBEACHIS THIIOB CUNTAETCS HeHGE30MaCHbBIM?
A. Tlosplmmatoliiee MpUBEIEHIE TUTIOB.
b. Tlonuxarotee mprBeieHNE THIIOB.
B. Tlospimratoree u moHMzKaroInee MpUBeIeHNE TUIIOB.

I. Hwu o a1 npyroe.

4.4. CKpblBaeM 1 BOCCTaHaB/IMBaeEM
MHOPMaLNIO O TUNe

OmMH U3 IPUMEPOB TOTO, KOT/Ia MOKET TIOHAZOOUTHCS CKPBIBATH HH(DOPMAIMIO O THIIE:
HEOOXOIMMOCTD CO3/IaHMs KOJIJIEKIIH, CoflepyKatieil Habop 3HaueHUi PasJuIHbIX TUTIOB.
Ecam Kommeknust copepKUT 3HA4eHUsT JIMNIb OJHOTO THITA, KAK MEIIOK ¢ KONIKaMU, TO
BCE MPOCTO, MOCKOJIBbKY HAM U3BECTHO: YTO ObI MbI HU BBITAIMII M3 MEIIKa — 9TO Oy1eT
Komika. Ec/iu jke MoJIosKUTh B MEIIOK ellle M HeKHe MPOAYKTHI TIUTAaHHsI, TO Mbl MOKEM
BBITAIIMUTD JINOO KOIIKY, 1100 Kakou-TO IpoayKT (puc. 4.6).

Komnekius, cogepskaliast 9;IeMEeHTBI OIHOTO TUITA, MOA0OHO HAIEMY METIKY C KOTITKa-
MU, HasbiBaeTcst oonopoonot (homogenous collection). CkpbiBarh HHMOPMAIIUIO O THIIE
9JIEMEHTOB HET CMbICJIA, TIOCKOJIbKY THIT Y HUX OAWHAKOB. KoJIeKIs a1eMeHToB pas-
JIMYHBIX TUIIOB HasbiBaeTcs Heoonopoonoil (heterogeneous collection). /{jist 06bsiBermst
MoA06HON KOJLTEKIIMN HEOOXOAMMO CKPBITh 9acTh MH(DOPMAIMHU O TUIIE.



122 maBa 4 e Twunobe3onacHOCTb

OpHopopaHas HeopgHopoaHas
KONNeKLms Konnekums

Puc. 4.6. Ecniv B Meluke coaepXxaTcs TONbKO KOLWKK, TO MOXHO 6UTbCS 0 3aKnaa: YTo Obl Mbl
HU BbITalWlnin U3 MELKa — 3TO 6Y.D,ET Kowka. Ecnv xe B MellKe nexar eLle v NpoayKTbl NUTaHus,
TO Mbl Y>K€ HE MOXEM 3HAaTb, YTO UMEHHO BbITaLLNM

4.4.1. HeogHopogHble KoNneKkummn

JIOKYMEHT MOSKET COziepsKaTh TeKCT, n3obpakenus u tabauiibl. [Ipu pabore ¢ 10KyMeH-
TOM JKEJTATENFHO XPAHUTH BCE COCTABJISIONIIE €T0 HJIEMEHTHI BMECTE, TaK UTO MBI OyIeM
XPaHWUTh UX B KAaKOH-HUOYAL Kosmek . Ho Kakoro TUma OKHBL GBITH €€ 2TeMEHTHI?
CyIiecTByeT HECKOJIBKO CIIOCOO0B PEATM30BaTh 9TO, U BCE OHU TPEOYIOT COKPHITHSI KAKOM-
60 uHMGOpMAIY O THIIE.

ba3oBbivi knacc (MHTepdeNc)

MOKHO CO31aTh MEPAPXUIO KJIACCOB U CYUTATH, UTO BCE AIEMEHTBI JJOKyMEHTa 00s13aHbI
OBITh YaCThIO KAKOH-THO0 repapxuu. EcJin OHU Bee OTHOCSITCST K THITY DocumentItem, TO
MBI MOKEM XPaHUTh KOJIJIEKIINIO 3HaueHi DocumentItem, faske eciu 100aBJsIeM B KOJI-
JIEKIIMIO 3JIEMEHTHI TAKUX TUIIOB, KaK Paragraph, Picture u Table. AHAJIOTMYHO MOKHO
00bsiBUTH HHTEPdeiic IDocumentItem, 1 MacCUB 6y/:[eT COAepKaTb TOJbKO 3JICMCHTBI
THUTIOB, PEATTN3YIOMNX ITOT MHTEpdeiic, Kak TOKa3aHo B ucTuHTe 4.15.

MBI CKPBLIN YacTh MHPOPMAIIUU O TUIIAX, I09TOMY OOJIbIIIe HE 3HaeM, OTHOCUTCS JIN
KOHKDPETHBIH 97IeMeHT KOJIJIEKIIUM K TUTLY Paragraph, Picture uin Table, HO 3HaeM, 4TO
OH peajin3yer KOHTPAKT DocumentItem miu IDocumentItem. Ecii Ham TpeOyeTcst TOMBKO
3aJlaHHOE JJAHHBIM KOHTPAKTOM TIOBEICHUE, TO MOKHO PabOTaTh € 3JIEMEHTAMI KOJIJICKI[HH
KaK ¢ aJIeMeHTaMK 9Toro ob1iero Tumna. Ec/iv jke HaM HysKeH KOHKPETHBIN THUII, HAPUMEP
py HeoOXOAUMOCTH IIepeaTh U300pakeHne B IJIArMH peIakTUPOBAHUS N300pasKeHNI,
TO IIpUAETCS MPOU3BECTU MOHMIKaOIIee ITpuBeieHne DocumentItem 1 IDocumentItem
K TUIY Picture.
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JIucTuHr 4.15. Konnekuus TMnos, peanusytowmx uHtepdeiic IDocumentitem

interface IDocumentItem { 4—‘ IDocumentitem — uHTepdeitc

VALY N
} 00Luyuii Ans Bcex NeMeHTOB AOKYMeHTa
class Paragraph implements IDocumentItem { <€—

/* L0 ¥/
} ~

Kaxnbiii u3 knaccos Paragraph,

class Picture implements IDocumentItem { <—| Picture u Table peanuzyer

/* oo */ untepdeiic IDocumentltem
}
class Table implements IDocumentItem { <«

/* o0 ¥/
}

class MyDocument {

items: IDocumentItem[];
E Mbl XxpaHUM dneMeHTbI JOKYMEHTa
/% %/ KaK MaccuB 06bekToB Tuna IDocumentitem

Tun-cyMMa W BapyaHTHbIA TUM AaHHbIX

Ecom 3apanee 3HaTh Bce TUITBI, C KOTOPBIMH MTPUIETCS UMETB JIEI0, TO MOXKHO BOCIIOJTb30-
BaThCST TUTIOM-CYMMOH, KaK TToKa3aHo B auctuHre 4.16. MoxxHO onucaTh Halll JOKYMEHT
Kak MaccuB Paragraph | Picture | Table (B 9TOM cJryuae MPUJIETCS OTCJIEKUBATH TUII
KasKIOTO 9JIeMEeHTa KOJUIEKIIMK C IIOMOIIBIO0 KAaKUX-IUO0 AOIIOJHUTEIbHBIX CPEACTB)
WU KaK BapUaHTHBIN TUT JaHHBIX Variant<Paragraph, Picture, Table> (mmerotmmit
BHYTPEHHUI MEXAHU3M OTCJIEKUBAHUS XPAHUMbBIX TUIIOB).

JinctuHr 4.16. Konnekums TMNOB Kak TUM-CyMMa

class Paragraph { <+

/* o0 %/
}

Knaccol Paragraph,

class Picture { <— Picture n Table 6onbLue

/* o0 */ He peanu3yloT uHTepdeiic
}
class Table { <

/* L0 */
}

class MyDocument {

items: (Pa ragraph | Picture l Table) [ ] ; Konnekuma anementos AOKYMeHTa Tenepb

/* */ npepcTaBnAeT coboit MaccuB 06bEKTOB,
} KoTOpble MOryT GbiTb N06LIM U3 3TUX TUNOB
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O6a criocoba: u Paragraph | Picture | Table, u Variant<Paragraph, Picture,
Table> — MO3BOJISIOT XPAHUTH HAGOP HIEMEHTOB, KOTOPBIE MOTYT HE UMETh HIYETO 00IIe-
ro (HuKakoro o0uiero 6asoBoOro TUIa WK peajusyeMoro nnrepdeiica). [IpenmyiiecTso
TaKUX TOJAX0/I0B — OTCYTCTBUE TpebGoBaHMil K THIaM B Kojutekinu. Hepocratok —
C 9JIEMEHTAMH CIIHCKA MAJIO YTO MOKHO C/lesIaTh 6e3 TPUBEICHUS X K UX (DaKTUYIECKOMY
TUILY WJIH, B cJIydyae Variant, 6e3 BbizoBa MeToga visit(), TpeOyIoIero HamucaHus COOT-
BeTCTBYIONEH (DYHKIIMY /U151 KaXK/10TO U3 BO3MOKHBIX TUIIOB KOJIJIEKIIUH.

HamomHI0: TI0OCKOJIbKY THTT Hamogobue Variant COAECPKUT MHMOPMAIIUIO O TOM, KaKHe
THITBI (DAKTUYECKU B HEM XPAHATCS, OH 3HAET, KaKyio (DYHKIMIO BHIOPATh 13 Habopa mepe-
JlaBaeMbIX B MeTO/] visit() dyHKIHIA

Tun unknown

B camom kpaiiHem cirydyae KOJJIEKIUS MOXKET COfiepKaTh 4To yrogHo. Kak mokasano
B smuctunre 4.17, B si3pike TypeScript ecTh crieruaabHbIN THIT unknown, CJIyKaliui st
npejcTaBieHust MOAOOHBIX KOJUIEKIU. B GobiinHcTBe 06HEKTHO-OPHEHTHPOBAHHBIX
SI3BIKOB IPOTPAMMUPOBAHUSI CYIIECTBYET OO 6a30BbIil TUII, POUTENBCKUT JIJIST BCEX
OCTaJIbHBIX TUIOB, OOBIYHO HA3bIBAEMBII Object. Mbl PACCMOTPUM HTOT BOIIPOC MOAPOOHEE
B iaBe 7, Koraa 6yaeM 06CyK1aTh co3/[aHue MOTHIIOB.

JinctuHr 4.17. Konnekumst 3neMeHToB Tvna unknown
class MyDocument {

items: unknown[];
VY Maccus moxeT copepxatb
3eMeHTbl Nio60oro Tuna

Bﬂaroaapﬂ lIaHHOﬁ METOJAMKE Halll JOKYMEHT MOJKET CO/IEPIKAThb YTO YIOHO. Y tunos
He 0643aTeIbHO JIOJIZKEH OBITD O6HII/II>'I KOHTPAKT, HaM /Ta’Ke€ HE Tpe6yeTC5{ 3HaTb 3apaHee,
yeM SIBJISTIOTCS 9TH TUTIBL. C leyI‘Oﬁ CTOPOHDBI, C 9JIEMEHTaAMU TaKOM KOJIJIEKIIMY MaJIO UTO
MOJKHO C/ZieJ1aTb. HpaKTI/I'-IeCKI/I BCETr/la NPUAETCSA NPUBOANUTD UX K J/IDYTUM TUIIaM, BCJIE-
CTBHC YETO HE‘O6XO,ZII/IMO OTAEJIbHO OTCJIEKUBATh X MCXO/IHbIEC THUIIbI.

B tab. 4.1 IpHBeE/ICHa KpaTKasdA CBO/IKA PA3JIMYHBIX I1TO/IXO/I0B, a TaKXKE X JOCTOMHCTB
1 HEJOCTAaTKOB.

Ta6nuua 4.1. 3a 1 NpoTVB peanusaumnii HEOAHOPOAHbIX CMIUCKOB

Moaxoabi [AocTonHCTBa HepocraTku

Wepapxus B03MOKHOCTD NCTIONB30BaHM CozepsKaiimecst B KOJUIEKIUE TUIIBI 0JIKHBI
JOOBIX CBOICTB U METO/I0B (GazoBOTO | OBITH CBsI3aHbI uepes 6a30BbIN THUIT UK
Tina 6e3 IpUBEAEHUS TUIIOB peasayeMblii uHTepbeiic

Tun-cymma | Tums MOTYT OBITH HUKAK He CBSI3aHBI | [[JIsT ICTIOTB30BAHIS HJIEMEHTOB HEOOXOIMMO
HPUBECTH MX 00PATHO K (DaKTHYECKOMY THITY,
ecsin Metozia visit() /1 BApUAHTHOTO THIIA
TAHHBIX HET

Tum unknown | Bo3MOXKHOCT XpaHUTD 9TO YTOAHO | JJIsT ICTIOTB30BAHNS HJIEMEHTOB HEOOXOIMMO
OTCJICKUBATD UX (DAKTUUECKUE TUIIDI
U IPUBOAUTH 0OPATHO K 9THM THIIAM
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¥ Bcex aTux IIPpHUMEPOB €CTb JOCTOMHCTBA U HEJOCTATKHU. Bce s3aBucur ot TOTO,
HACKOJIbKO THOKOI JIOJIZKHa ObITH Halla KOJIJIEKIMS B CMBICJIE€ XPAaHUMbIX 9JIEMEHTOB
1 HACKOJIbKO 4YaCTO HaM HOTpe6yeTCH BOCCTaHaBJ/JIMBATb MCXO/HbIC TUIIbI 9JIEMEHTOB.
Tewm He menee Bce YKa3aHHbI€ IIPUMEPDbI BRIIOYaIOT COKPbITHE Kakoii-1mb0 yacTu I/IH(bOp-
Maliu O TUIIE ITPpU ITOMEUICHNN 9JIEMCHTOB B KOJJIEKIHIO. EHIe OZINH ITPUMEDP COKPBITUA
1 BOCCTaHOBJICHHA I/IH(bOpMaIlI/II/I O TUlle — cepruajamn3dalius.

4.4.2. Cepuanusauus

[Tpwu sanucu wrdopmanyu B Bhaila st Tocaeayoleil BHTPy3Ku ee o6paTHO U uc-
[10JIb30BAHMS B ITPOrPaMMe WJIH TIPU MOJKJII0YEHNN K MHTEPHET-CEPBUCY € OTIIPaBKOI/
HOJTyYeHUeM KaKuX-Jn00 JIAaHHBIX JaHHBIE IEPEMEIAI0TCS B BUJIE TTOCE/I0BATEIbHOCTEH
6uros. Cepuanusanus (serialization) — aTo mporece KOAMPOBaHUST 3HAUEHUST OTIPE/Ie-
JIEHHOTO THUTIA B BUJIE TIOCIe0BaTeibHOCTH 61ToB. O6GpaTHas onepanus, decepuanisayust
(deserialization), npezxcrasisier co60il AEKOAUPOBAHNE MOCTIEAOBATEIBHOCTH OGUTOB
B CTPYKTYPY JIAHHBIX, C KOTOPOH MOKkHO paborars (puc. 4.7).

KomnakTHbiit [llBe asepu

/" Cepvianusaumsi Jecepuanusaums
MepenHuii

npusog
{"type":"compact","doors":2,"drive": "front-wheel"}

Puc. 4.7. KoMNaKTHbI aBTOMO6UNb C ABYMSI ABEPSIMUA U NMEPEAHMM NMPUBOAOM, CEPUANTN30BaHHbIN
B JSON, a 3aTeM Aecepvanu3oBaHHbIN 06paTHO B aBTOMOGUSIb

KoHnkpeTHOE KOIUPOBAaHUE 3aBUCUT OT UCIIOJIb3YEMOTO MTPOTOKOJIA, KOTOPBIM MOKET
6biTb JSON, XML nmu 11060t Apyroil 3 MHOKECTBA AOCTYITHBIX TPOTOKOJIOB. C TOUKM
3PEHUST TUTIOB BAJKHO TO, UTO TIOCJIE CEPUATU3AINN MbI ITOJIydyaeM 3HAUeHUe, 9KBUBA-
JIEHTHOE MCXOJHOMY TUTTU3UPOBAHHOMY, OJIHAKO HUKaKasi WH(pOpMAIUs O cCUCTeMe
THUIIOB Tenepb He A0cTymHA. [1o cyTH, MBI MoJIy4aeM CTPOKY Wi Maccus Oaiitos. Mertoj
JSON.stringify() IpUHHUMAET B KauecTBe apryMeHTa oObekT U Bosppaiaer JSON-
[peJcTaBjIeH e 3TOro o0beKTa B Bujie cTpoku. Eciin npeobpasoBaTh B CTPOKY 00beKT Cat
(Kormka), kak mokasbiBaeT JUCTUHT 4.18, To MOKHO 3amucath pe3yJibTatT Ha JAMCK, OTTIPa-
BUTb 110 CETU WJIN JIaKe BBIBECTU HA 9KPaH, HO BBI3BATH JIJISI HETO MeTO/ meow( ) (OT aHTJL.
MEOW — «MSIYKaTh» ) HE MOJYIUTCS.

MBI 110-TIpEsKHEMY 3HAEM, UTO TIPeACTaBJIseT COO0M 3HAaUeHHe, a MOLYJIb IIPOBEPKK TH-
oB — Het. O6paTHast orepalus 03HaYaeT IpeodbpasoBaHme CepUaIu30BaHHOIO 00beKTa
00paTHO B TUIM3UPOBAaHHOE 3HAaUEHKEe. B IaHHOM cirydae Mbl MOKEM BOCIIOJIB30BAThCSI
MeTO0M JSON.parse(), KOTOPbIil IPUHUMAET Ha BXOJE CTPOKY M BO3BpAIIaeT OOBEKT
JavaScript. A OCKOJIbKY 9TOT criocob paboTaer st IPOU3BOJIBHON CTPOKHU, Pe3yJbTar
BBI30BA MMEET THUIT any.
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JNuctuHr 4.18. Cepranusaums Kowku!

class Cat {

meow
51 { */ B tune Cat ectb meTog meow()
e Mbl cepuanusyem 06bekT TMNA

Cat B cTpoky JSON c nomowbto
metopa JSON.stringify()

}
}

let serializedCat: string = JSON.stringify(new Cat());

ToHATHO, 4TO Mbl He MOXeM UCNONb30BaTb
metoa meow(), nockonbky serializeCat
npepcTaBnsAeT c06oii cTpoky

// serializeCat.meow(); €—

TUN ANY

TypeScript npeaocTaBnseT pa3paboTynkaM TUM any, UCMoMb3yeMbli Ansi B3auMo-
Aevicteus ¢ JavaScript B cyyae HeAoCTyNHOCTM MHbopMaumy o Tune. 3ToT Tun
Hebe3onaceH, NOCKOMbKY KOMMUASTOP HE MPOU3BOAUT MPOBEPKM TUMNA ANS ero
3K3eMMSPOB, KOTOpble MOryT CBOBOAHO Npeobpa3oBbIBATLCS B /060N TUM U K3
ntoboro Tuna. 3awmTa oT HerNpaBWIIbHOM UHTEPNPETALMM B STOM CIlyuae TOXUTCS
Ha nneun paspaboTunka.

Ecjiit HaM M3BECTHO, YTO UMEIOIIUICS Y HAaC 00BEKT TPECTaBIsieT co60il cepuaiu-
30BaHHBIN 0OBEKT Cat, TO MbI MOKEM TIPHCBOUTH €0 HOBOMY OOBEKTY Cat ¢ MOMOIIbIO
MeToza Object.assign(), Kak mokasano B aucrunre 4.19, npuseas ero zarem oOpaTHO
K NCXOHOMY THILY, ITOCKOJIbKY Object.assign() Bo3BpalljaeT 3HaueHUE TUIIA any.

JNnctuir 4.19. [lecepnanuszaums obbekta Cat

class Cat {
meow() {
/* oo ¥/
} Dlecepuanusyem o6bekT
} cnomolubio metoaa JSON.parse(),
npuCBauBaem ero HOBOMy
let serializedCat: string = JSON.stringify(new Cat()); sksemnnapy Tuna Cat

s 1 npuoAuM K Tuny Cat
let deserializedCat: Cat =

<Cat>Object.assign(new Cat(), JSON.parse(serializedCat));

deserializedCat.meow();
Tenepb MOXHO BbI3BaTb ANA Hawero 06bekTa metod meow(),

NoCKoNbKY OH NpuBeAeH K Tuny Cat u umeet metog meow()

B psizie cygaeB mpu OMYIEHUN U €CEPUATHIANNT GOTBITOTO KOJTMIECTBA BO3MOJK-
HBIX TUIIOB JAHHBIX MMEET CMBIC]I 3aKOANPOBATh B CEPUAM30BaHHbII 00BEKT U HEKYIO
urbopmaruio o Tune. HampuMep, omicaTh MPOTOKO, B KOTOPOM KO BCeM 00heKTaM
crepeay NPUCOeIMHSETCS CUMBOJI, OTPAsKAIONINI UX TUIL. [Ipn 9TOM MOXKHO KOJMPOBATDH
06beKT Cat, 106aBUB B HAYAJIO TIOJYYEHHO cTpoku cumBou "c". [Tpu momyvennu cepua-

! XoueTcst BEPUTD, YTO IIPU HATTMCAHUUN 3TOTO KO/Jla HU O/lHA KOIIIKa He TIoCTpajgasaa. — HpLLMEH nep.
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JIM30BAHHOTO 0OBEKTA Mbl AHAJTM3UPYEM TIepBbIit cuMBoJI. Eciin aTo "¢, To MokHO Hes-
OIIACHO IIPUBOAUTH 0OBEKT 00pATHO K TUILY Cat. Ecim sKe aTuM CUMBOJIOM OKaxkeTcst "d"
(mist T2 Dog), TO MBI Oy/leM 3HATh, UTO JIECEPUATU30BATH K THITY Cat MaHHBIH 0GBEKT
HeJIb3s, KaK II0Ka3aHo B auctuHre 4.20.

Jincturnr 4.20. Cepranvsaumns C OTCIEXMBAHVEM TUMA

class Cat {
meow() {/* ... */ }

}
class Dog {
bark() {/* ... */ }
} Cepuanusyem obbekT (at,

ﬂ,O6aBl’IﬂH B Hayano

function serializeCat(cat: Cat): string { JSON-IpeACTaBNEHHA CAMBOA e

return "c" + JSON.stringify(cat); <+«
}

Cepuanusyem o6bekT Dog,
Ao6aenAn B Hauano

function serializeDog(dog: Dog): string { JSON-npencrasnenu camson "d"

return "d" + JSON.stringify(dog);
}

Monyuus cepuanu3oBaHHblil 061BbEKT, NpeAcTaBRALoLMil 060
Cat unu Dog, Mbl MoXeM NnonbiTaTbcA Aecepuanu3oBathb Cat

function tryDeserializeCat(from: string): Cat | undefined {
if (from[@] != "c") return undefined;

return <Cat>Object.assign(new Cat(), JSON.parse(from.substr(1)));

Ecnu nepBbiit cumBon He "c', To Bo3BpaLyaem
undefined, nockonbKy gecepuanusauma
B (at HeBO3MOXHa

B npotuBHOM Ciiyyae npumeHsem K ocTaBLUeica
yactu cTpoku ¢pyHKumio JSON.parse() u npucansaem
pe3ynbTart ee BbinonHeHusa 06bexTy Cat

CepuanmzoBas 00beKT Cat M BbI3BAB /IS €10 CEPUATU30BAHHOTO IIPEACTABICHMS
MeToj tryDeserializeCat(), Mbl MOJMyunuM B 0TBeT 00beKT Cat. C APYroil CTOPOHHI,
cepraan30BaB 00bEKT Dog U BbI3BaB MeTO/| tryDeserializeCat (), MbI IIOJIyY¥M B OTBET
undefined. /laee MOXHO TIPOBEPUTD, HE TOJYIUIN JIN MBI undefined, n y3HaTBh, TIpe/I-
CTaBJIsIeT JI Halll 0ObeKT cobo0il Cat, Kak OKa3aHo B JucTuHre 4.21.

N xoTs Mbl He MOTJTM paHee cPaBHUTH Triangle ¢ TLeft, Mbl cpaBHUBaeM maybeCat
c undefined. /leio B Tom, uTo undefined — crniermanbHblil equHuYHbIH THIT B TypeScript,
Yy KOTOPOTO €CTh TOJbKO OJTHO BeposiTHOE 3HaueHue — undefined. B oTrcyTcTBuUE 110-
1106Hor0 THUIIA BCET/la MOXKHO UCII0JIb30BaTh TUII Bpo/ie Optional<Cat>. bl pacckasbiBal
B IJIaBe 3, 4TO Optional<T> — 3TO THII, COI[Gp)KaHlI/Iﬁ 3HaUYeHue Tuiia T U HUYero.

Kak Mbl Buie/ 11 Ha IIPOTSIZKEHU N BCEl 9TOM TJIaBbl, THIIbI A€JaI0T BO3MOKHBIME 00e-
crederue 6e30IaCHOCTH KOJA Ha COBEPLIEHHO HOBOM ypoBHe. JLomyleHns, KOTOpble
panbliie ObLIM HEABHBIMU, TEIIEPb MOKHO OTPasKaTh B 0ObABIECHUAX TUIIOB U JIeJaTh
SIBHBIMU, n36erast 0J[epKMMOCTH TIPOCTBIMUA TUIAMHU JAHHBIX W TO3BOJISIST MOIYJIO
MIPOBEPKU TUTIOB BBISBJISITh BEPOSITHBIE CIyuyan HEIIPAaBUJIbHON MHTEPIIPeTalni 3Ha-
yeHuil. MoxHO ernie GoJblle OrPpaHUYUTh AMANA30H 3HAYEHUH OIPE/IEJTEHHOr0 TUIIA
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u obecnednTsb cobIIOAEeHNe OrPAHUYEHUI IIPU CO3IaHNUN DK3EMILIAPA. ITO [O3BOJIsI-
€T BCeT/la rapaHTUPOBATh, YTO UMEIOIIHUIICS HK3EMILJISIP OTIPE/IeJIEHHOTO THTIa — JIOTTY-
CTUMBI.

JinctuHr 4.21. [lecepmanunsaums ¢ OTCNIEXMBaAHMEM TUNa

let catString: string = serializeCat(new Cat()); | Cepuanusyem s cTpoKu
let dogString: string = serializeDog(new Dog()); | o6bekTblCatuDog

let maybeCat: Cat | undefined = tryDeserializeCat(catString);

B pe3ynbrate Bbi30Ba MeTopia tryDeserializeCat

> if (maybeCat != undefined) { Bo3Bpayaerca Cat unu undefined

let cat: Cat = <Cat>maybeCat;
cat.meow(); Ecnu pa, To moxeM npuBecTi nonyyeHHoe

} K Tuny Cat u B pe3ynbrate nonyuuTb 06bEKT,
JANAA KOTOPOro MOXHO BbI3BaTb MeTOA meow()

maybeCat = tryDeserializeCat(dogString);
y y (dog 8); MonbiTka Aecepuanu3auum

MpoBepsem, nonyuunu nu mbi Cat cepuanu3oBaHHoro o6bekta Dog
B 06bekT Cat npusepet K Bo3spaty undefined

C mpyroil CTOPOHBI, B HEKOTOPBIX CUTYAIUSIX TpeOdyeTcst 00bInas THOKOCTD U JKeJia-
TesIbHO 06pabaThiBaTh HECKOJIBKO THUIIOB CXOKUM 00pa3oM. B 1006HBIX cIydasdX MOKHO
CKPBITh 4aCTh MH(DOPMAIINH O TUIIE U PACHIMPUTH MHOKECTBO 3HAUEHUIT, KOTOPBIE MOKET
NPUHUMATDH TIepeMeHHast. B G0JbITMHCTBE CyuaeB BCe PABHO KeTaTeTbHO OTCAEKUBATD
NepBOHAYATBHBII TUTT 3HAYEHUS, YTOOBI MIMETh BO3MOKHOCTh BOCCTAHOBHTD €I0 MO3/IHEE,
MpbI 1e1aeM 9TO BHE CUCTEMBI TUTIOB, COXPaHss HH(POPMAIMIO O THIIE TJIe-TO ellle, HATlPU-
Mep B APYTOii MepeMenHoi. A Kak TOJIbKO 9Ta JAOTIOJHUTENbHAs THOKOCTh CTAHOBUTCS
He Hy’KHA U MbI XOT€JIN ObI CHOBA MOJIOKUTHCA Ha MOZLYJIb TIPOBEPKH TUIIOB, MOKHO BOC-
CTAHOBUTH UCXOHBII THII € TIOMOIIIBIO TPUBEJIEHUS THIIOB.

4.4.3. YnpaxHeHus

1. Kakoii tTun HeO6XOHI/IMO HCIIOJIb30BaTh, 4TOOBI MOXKHO OBLIO IIPUCBOUTDL €MY ITPpON3-
BOJIbHOE 3HAUEHUE?

A. any.
B. unknown.
B. any | unknown.
I'. JIubo any, 1160 unknown.
2. KakoBo onTMaibHOE TIPEICTABIEHUE JIJIsI MACCUBA YUCEN U CTPOK?
A. (number | string)[].
B. number[] | string[].
B. unknown[].
I. any[].
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Pe3tome

Q AHTUTIATTEPH OJIEPKUMOCTH MPOCTBIMU TUIIAMU JAHHBIX TPOSABJISAETCH, KOTJIA MbI
00bsIBIIsIEM 3HAUEHNsT GA30BBIX THITOB U JI€JIaeéM HESIBHBIE JOMYIIEHUSI OTHOCUTEIbHO
HX CMBICJIA.

O AJbTepHATUBA OJEPKUMOCTU MMPOCTBIMU TUTIAMU JTAHHBIX — OTIMCAHUE TUIIOB, SBHO
OTpakaloIUX CMBICJ 3HAYEHNH, UTO MTO3BOJISIET NMPEJOTBPATUTh UX HElPaBUJIbHOE
HUCTOJIKOBAHUE.

O Ecan HEOOXOAUMO HAJIOKUTD IOMOJHUTETbHBIE OTPAHUYEHHUSI, HO HEJTb3sT CAEIaTh
HTO Ha HTATe KOMITUJISIUH, TO MOKHO 00€CIIeYnTh UX COOIIOICHIE B KOHCTPYKTOPAX
u (abpuKax 1 MOJYyYUTh YBEPEHHOCTh B KOPPEKTHOCTH UMEIOMIEr0cst 00beKTa COOT-
BETCTBYIOIIEro THTIA.

O Uuor/aa Mbl 3HaeM GOJIbIIE, 4EM MOLYJIb TPOBEPKH TUIIOB, TOCKOJIBKY MOKEM XPaHUTh
WHGOPMAITHIO O TUTIAX BHE CAMOI CUCTEMBI TUTIOB, B BUJIE IAHHBIX.

O Ity uHGOPMAITHIO MOKHO HCTIOIb30BATh JIJIs BHITOTHEHNST GE30TIACHBIX TIPUBEICHUI TH-
TI0B 34 CYET IIPEeJIOCTABIEHUS MOJLYJIIO ITPOBEPKU TUIIOB JIONIOJHUTEIbHON HH(MOPMAITIN.

O MHorga MOKET MOHAA00UThCst 00pabaThiBaTh Pa3UUYHbIE THIBI OJAMHAKOBO, Ha-
puMep, YTOObI XPAHUTH 3HAYEHUST PA3JIUYHBIX TUIIOB B OJHOW KOJUIEKI[UH VJIH UX
cepuaInu3aiuu.

O MokHO CKpPBITh MH(MOPMAITUIO, TPUBE/IS 3HAYEHUE K THITY, BKIIIOUAIONEMY HAIIL; K THITY,
KOTOPBIN HacJeyeT Halll TUIT; K TUIY-CYMMe WJIN K TUITY, KOTOPBII MOXKeT XPaHNUTb
3HAYEHUS J0HOTO IPYTOTO TUTIA.

Jlo cux Top MbI paccMaTpuUBaIu 6Aa30BbIE TUITBI JAHHBIX, CMTOCOOBI X COYETAHUS
1 IPYTHE CIIOCOOBI NCTTOTB30BAMIS CHCTEM THITOB [IJIsT TIOBBITITEHST GE30TTACHOCTH KOIA.
B riaBe 5 Hac JKI€T HEUTO COBEPIICHHO WHOE: MBI 00CY/INM, KaKue HOBBIC BO3MOKHOCTH
OTKPBIBAKOTCSI, €CJIM MOKHO HasHauaTh (DYHKIUSM THIIBI U paboTaTh ¢ (DYHKIUSIMHU TaK
JKe, KaK ¥ ¢ JIIOOBIMU JIPYTUMU 3HAYEHUSIMHU B KOJIE.

OTBETbI K YNpPaXKHEHUAM

4.1. N36eraem OAEP>KNMOCTU NPOCTbIMMN TUMNAMU AAHHbIX,
4yTO6bl UCKIOYNTD HEenpaBWJIbHOE TOJIKOBaHNE 3HaYeHun

B — nauboJiee 6e30macHblil ClI0COO — OIMCATh €AUHULBI U3MEPEHMUS.

4.2. ObecneunBaeM cobntoeHme orpaHUYeHun

Bot o110 13 BO3MOKHBIX PEITCHUIH:
declare const perc2entageType: unique symbol;
class Percentage {

readonly value: number;
[percentageType]: void;
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private constructor(value: number) {
this.value = value;

}

static makePercentage(value: number): Percentage {
if (value < @) value = 0;
if (value > 100) value = 100;

return new Percentage(value);

4.3. [lobaensieM nHpopMaumio o Tune

1. A — noBbIaioree TPUBEICHIE TUTOB 6e30MacHO (TIPUBEIEHNE IOYEPHETO THTIA K PO-
JINTEITHCKOMY ).

2. B — nonmxarolee npuBeAeHUe THIIOB HeGe30MmacHO (BO3MOKHA MOTEPsST HHPOPMALIHH ).

4.4. CKkpblBaeM 1 BOCCTAHaBNMBaEM MHGOPMaLMIO O Tune

1. B — unknown GoJjiee Ge30MacHbIi BAPUAHT, YEM any.

2. A — unknown ¥ any YHUYTOXAIOT CJAUITKOM MHOTO WH(MOPMAITUU O THUTIAX.



DynurxyuoHaIvHuLe
Munvl OanHbLX

B 3TOM rnaBe

Q YnpolaeM peanu3aumio NaTTepHa NPOEKTUPOBAHMS «CTpaTerms» C roMoLLbio
(bYHKLMOHAbHBIX TUMOB AAHHbIX.

Q Peanusauus KOHeYHOro aBToMaTa 6e3 ornepaTopoB switch.
Q Peanusauus OTIOXKEHHbIX 3HAYEHWUI B BUAE NAMEAA-BbIPaXKEHWN.

O MWcnonb3oBaHMe OCHOBOMOJIAraloLmMX anropuTMoB 06paboTkm AaHHbIX map, filter
1 reduce Ans CHWXeHWs Ayb6amMpoBaHus Koaa.

MpsI paccMOTpesin OCHOBHBIE THITBI IAHHBIX W TIOCTPOEHHbIE HA UX OCHOBE THIIBI. Kpo-
M€ TOTO, TOTOBOPHJIM O TOM, KaK MOBBICUTH 6E30TIACHOCTD MPOTPAMM C TIOMOIIBIO 00b-
SIBJICHVST HOBBIX THTIOB JIAHHBIX W 06€CTIeYnTh COOMIOICHIE PAasHOOOPA3HBIX OrpaHuye-
HUIi, HAKJTAJBIBAEMbIX HA WX 3HAYCHUS. DTO MPAKTHYECKU BCE, Y€TO MOYKHO JOOUTHCS,
UCIIOJIb3YsT alreOpandecKie TUIIbI JaHHBIX 1 KOMOMHUPOBAHUE THUTIOB B TUITBI-CYMMBbI
U TUIBI-TIPOU3BE/ICHMS.

Cuemyiormast BO3MOKHOCTb CUCTEM TUTIOB, O KOTOPOI MBI TIOTOBOPUM, OTKPBIBAIOTIAS
KaueCTBEHHO HOBBII YPOBEHb BIPAYKEHUST JIOTUKY, — TUTTU3AIMS GyHKINI. Bo3aMOKHOCT
uMeHoBanus GYHKITMOHAIBHBIX TUIIOB JAHHBIX U UCIOJb30BaHUS (DYHKIIUN TOZ00HO
3HAYEHWSM JIPYTUX THIIOB (B Ka4eCTBe ITePEMEHHBIX, aDIYMEHTOB 1 BO3BPAIIAEMBIX TUIIOB
TAHHBIX (DYHKITHIT ) TO3BOJISIET YIIPOCTUTD PEATU3AINIO0 HECKOIbKIX PACTIPOCTPAHEHHBIX
SABBIKOBBIX KOHCTPYKITMH U BBIHECTH YaCTO BCTPEUYAIOTIMECST AITOPUTMBI B GUOIMOTEUHbIE
dyHKITIN.
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B 7011 ry1aBe Mbl pacCMOTPUM CIOCOOBI YITPOIEHMS peaJu3al[ii MaTTepHa MPOCKTH-
poBanust «Crpaterust» (51 TaK;Ke HAITOMHIO BKpaTIle, YTO OH coboii [IpeJICTaBJIsAeT, Ha CJIy-
4ai, ecJIu Bbl 3a6bIJII/I). [lasiee TOroBOpUM 0 KOHEUHBIX aBTOMATax U 60J1e€ KOMIIAKTHOI
WX peayn3aluu ¢ TOMOIIbI0 (PYHKIIMOHAIBHBIX CBOMCTB. MBI pacCMOTPUM OTJIOKEHHBIE
3HAYEHUA — BO3MOKHOCTb OTCPOYUTD IOPOTOCTOAIINE BEIYUCIEHUA B Ha/IEK/I€, YTO OHU
HaM He noHano0satca. Hakomner, O6cleI/IM OCHOBOIIOJIAraloIe aIrOPUTMBL map, filter
U reduce.

Bce a1t pustoxkeHus BO3MOKHBI 6J1ar011ap§1 (pyHKITMOHAJIBHBIM TUTIAM JAHHBIX —
caemyroren (3a MpoCcTeNIMMY TUTIAMH 1 UX COYETAHUSIMU ) CTYTIEHbKE dBOJIOIINHI CUCTEM
TUTIOB. A TIOCKOJIBKY TaKHe TUIIbI JAHHBIX CETO/IHS TTOJ/IEP;KUBAET GOJIBIIUHCTBO S3bIKOB
IIPOrpPaMMUPOBAHU, MBI B3IJIAHEM 3aHOBO Ha HECKOJIBKO CTapPbIX, MCIBITAHHBIX U IIPO-
BEepPEHHBIX KOHIIEIIIH.

5.1. Tpocton natTepH «CrpaTterns»

OnuH 13 yalie BCEro MCMOJIb3yeMbIX TATTEPHOB MPOeKTHpoBanus — «CTparternss.
ITO TIOBE/ICHYECKWH TIATTEPH MPOEKTUPOBAHNUS, TO3BOJISIONINI HA TATle BBITIOJTHEHUS
BBIOMPATD OUH aITOPUTM 13 ceMeiicTBa. OH pacIerisieT aJITOPUTMbI ¢ UCITOJIb3YIOTITH-
MU UX KOMITIOHEHTaMU, TIOBBIIIAs TAKUM 06PasoM THOKOCTH CHCTEMBI B 11e1oM. OObraHast
apXUTEKTypa 3TOTO MaTTepHa M300paskeHa Ha puc. 5.1.

Context npumeHaeT anropuTMbl
CMOMOLLbI0 MHTepelica \

Context
WHtepdeiic anroputma —
IStrategy e Y IStrategy
execute()
KoHkpeTHble peanu3sauum T
uHTepdeiica > | |
ConcreteStrategyl ConcreteStrategy2
execute() execute()

Puc. 5.1. MaTTepH npoekTpoBaHus «CTpaTerus», cocToswmin u3 nHtepderica IStrategy, peanmsauuii
ConcreteStrategyl n ConcreteStrategy2, a Takxe Context, npumMeHsIoLWero anroputMbl C NOMOLLbLIO
nHTepdeiica IStrategy

Paccmorpum korkpertsbiil npumep. [lyckait Hanra aBTomoiika mpeocTaBJisieT Be
YCJIYTH: CTAaHAPTHYIO MOWKY U MOMKY NpeMuyM-KJiacca (¢ IOMOJHUTETHHOI TOJTUPOBKO
3a TPU JI0JLIapa).

ITOT NMpUMeEP MOKHO pPeajn30BaTh B Buie crparernu (uctuHr 5.1), B KoTopoit
unrepdelic IWashingStrategy npepocrapisier Metos wash(). /lasee MbI co3/iaiuM JiBe
peanmsanuu 9Toro nHTepdeiica: StandardWash u PremiumWash. Kiacc CarWash mpen-
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cTaB/geT coboil KOHTEKCT, IPUMEHSIONiT MeTo/l IWashingStrategy.wash() K MalinHe
B 3aBUCHUMOCTH OT TOTO, KAKYyTO YCJIYTY OIJIATUJI TIOJIb30BATEb.

Nuctunr 5.1. Ctpaterusi Ans aBTOMOMKM

class Car {

* *
} /* NpeacTaBnAeT mawuHy */ Knacc Car npeactaBnser
TpebyioLLyto MOIiKI MaLLNHY

interface IWashingStrategy { . _ .
wash(car: Car): void; IWashingStrategy — untepgeiic

} CTpaTeruu, B KOTOpoM 06bABNEH
metop wash()

class StandardWash implements IWashingStrategy { €+——

wash(car: Car): void { StandardWash

* Iy *
/* TpOBOANT CTaHAapTHYK MOViKy */ u PremiumWash —

} KOHKpeTHble peanusauum
} 370l cTpaTeruu
class PremiumWash implements IWashingStrategy { <+—
wash(car: Car): void {
/* npoBoguT MOMKY npemuym-knacca */
}
}
class CarWash {
service(car: Car, premium: boolean) {
let washingStrategy: IWashingStrategy;
if (premium) { <+—
washingStrategy = new PremiumWash(); B 3aBHCAMOCTH OT dnara
}else { .
washingStrategy = new StandardWash(); ::lrgupaeTm yconb3yemsli
} PUTM, NOCAE Yero K IK3emnnapy
MaLUMHbI NpUMeHsAeTca metoa wash()
washingStrategy.wash(car); <«

ITOT Koz BIIOJIHE PabOTOCIIOCOOEH, HO CUIIKOM AJTMHHBIN. OH BKI0YaeT uHTepdeiic
U JIBa PeaTM3YIONINX THIIA, KAJK/bIi 13 KOTOPBIX COAEPKUT OINH MeTO wash(). DTU TUIIBI
Ha CaMOM JieJie HEBAKHBI; TJIABHOE B KOJIe — JIOTUKA MOUKM MaliuH. JJaHHbII Ko/ TIpes-
cTaBJsier co6oil BCero Ui (hYHKIIUIO, TAK YTO €r0 MOKHO CYIIECTBEHHO YIPOCTHUTH,
nepeiiisg oT nHTepheNcoB 1 KIaccoB K QYHKINOHAIBHOMY TUITY JaHHBIX U IBYM KOH-
KPETHBIM PeATN3AIIUSIM.

5.1.1. ®yHKUMOHanNbHasg cTpaterus

Ormniiiem WashingStrategy — THII, TIPEACTABISIONIHIA CO60iT (DYHKITHIO, KOTOPas OTyYaeT
B KayecTBe apryMeHTa Car 1 Bo3Bpaiaet void. /lanee peanunsyeM jiBa TUIIa MOEK B BUJIE
NByX (pyHK1MiL: standardWash() u premiumWash (), osydaonux B KAYeCTBE apIyMEHTa
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Car u BosBpaiaonux void (smcrunr 5.2). Kinace CarlWash BeiOupaer ofiHy U3 HUX JIJIsT
[IPUMEHEHUsI K 33/[aHHOI MaIlluHe.

JinctuHr 5.2. MepepaboTaHHasi cTpaTerust A5t aBTOMOWKM

class Car {

) /* npeAcTaBnsieT MawuHy */ WashingStrategy — dyHKuus,

nonyyaiowaa B KauecTBe aprymeHTa

type WashingStrategy = (car: Car) => void; Car v Bo3Bpawalowas void

function standardWash(car: Car): void { €—
/* NpoBOAMT CTaHAAPTHY MOiiKy */ Oynkumm standardWash()
} u premiumWash() peanusyiot
JNIOTMKY MOVIKM MaLLWH

function premiumWash(car: Car): void { €+——
/* npoBoAMUT MOIKY npemumym-knacca */
}

class CarWash {
service(car: Car, premium: boolean) {

let washingStrategy: WashingStrategy; Tenepb npu BbiGope CTpaTerui MOXHO

NpPUCBONTD GYHKLMIO HeMocpeACTBEHHO

if (premium) { nepemetHoii washingStrategy

washingStrategy = premiumWash;
}else {
washingStrategy = standardWash;
¥ A nockonbKy nepemenHas washingStrategy
washingStrategy(car); npeAcTaBnAeT c060il GYHKLMIO, MOXHO NPOCTO ee BbI3BaTb
)

ITa peasnsalrst COCTOUT U3 MEHBIIErO YNC/IA YaCTel, YeM MPEAbIAYINast, Kak MOKHO
BU/IETh Ha pHC. 5.2.

Context npUMeHseT anropuTMbl

nocpeacTBoM uHTepdeiica \

Context

Bce cTpaterumn npepcraBnaior

coboit GyHKLMM \

| concreteStrategyl() | | concreteStrategy2() |

Puc. 5.2. MatrepH «CTpaTerus», coctosimin n3 Context, npuMeHstowwero oaHy 13 GyHKUWIA:
nmbo concreteStrategy1(), nnubo concreteStrategy2()

O6cynum oapobHee 00bsiBIIeHIE (DYHKIIMOHATIBHOTO TUITA JaHHBIX, TOCKOJIBKY MbI
CTAJIKUBAEMCSI C HUM BIIEPBbIE.
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5.1.2. Tunuzaumsa pyHKUUA

Dyukius standardWash () mosydaeT B KadecTBe apryMeHTa Car 1 BO3BpallaeT void, Tak
4TO ee TUTIOM sIBJisieTcst pynruust uz Car ¢ void wnm B cuntakcuce TypeScript: (car: Car)
=> void. Tum aprymenra v BO3Bpaiaembliii T (hyHKIIMK premiumWash() — TOYHO Takue
JKe, HECMOTPS Ha OTJIMYAIOLLYIOCS pealn3aliulio, II09TOMY TUIL Y HEe TOT JXKe.

®YHKLMOHAbHbBIW TUN (CUTHATYPA)
Tun dyHKUMM ONpeaensieTcs TMNamMu ee apryMeHTOB 1 BO3BPALLAEMbIM TUMOM.
Ecnm y aByx (yHKUMIA OAMHAKOBbIE apryMeHTbl M OHM BO3BPALLAIOT 3HAYEHMS
OAHOrO TWMa, TO Yy HUX OAMH TvN. Habop apryMeHTOB BMeCTe C BO3BPaLLaeMblM
TUMNOM Ha3bIBaETCA TaKXKe CUrHATYpoi hyHKLMN.

Ham Hy’»XHO ccbhlIaTbCs Ha 3TOT THUII, IO3TOMY MBI C/leJlajill ero MONMEeHOBAHHbIM,
¢ oMOIIbI0 00bsiBJIEHNS type WashingStrategy = (car: Car) => void. Mcnoub3ys
WashingStrategy B KauecTBe TUIIA, Mbl 1T0/[pa3yMeBaeM (PYHKIIMOHAJIbHBIN TUIT (car:
Car) => void. MnI ccbutaeMcs Ha Hero B MeTojie CarWash.service().

A pa3 MBI MOKEM TUITU3UPOBATH (DYHKIIMH, 3HAUUT, MOKEM HCIIOIb30BATH ITPECTAB-
sistionie GYHKIUK TiepeMenHble. B Haiem npumepe nepeMennas washingStrategy ot-
pakaeT (pyHKIIUIO C TOJIBKO YTO IIPUBEJEHHON CUTHATY PO, Mbl MOXKEM IIPUCBOUTD ITOU
nepeMeHHOM J06y10 (hyHKIMIO, KOTOpas 1moJydaeT Car 1 Bo3spaiiaer void. Kpome Toro,
MBI MOKEM BBI3BIBATH €€ Kak 00bIaHYI0 (hyHKIMIO. B mepBoM npuMepe, rie mpuMeHsIICs
untepdeiic IWashingStrategy, Hallla JIOTMKAa MOUKY MAITUH BBIITOJHSLIACH C TIOMOIIBIO
BbI30Ba washingStrategy.wash(car). Bo BTopoM ke mpumepe, rie washingStrategy npen-
cTaBjsLIa co0oi (byHKI11MIO, MBI TIPOCTO BbI3BAJIM washingStrategy(car).

MOJIHOMPABHbIE ®YHKLIUA

B03MOXXHOCTb MprcBanBaTb PyHKLMM NepeMeHHble U paboTaTb C HUMK Kak C Jlto-
6bIMM APYrMMU 3HAYEHUSIMU CUCTEMbI TUMOB NPUBOANUT K TaK Ha3blBaeMbIM
nonHonpaeHbIiM dyHkumsaM (first-class functions). 3To 3HaUMT, UTO AAHHbIN A3bIK
NpOrpaMMMPOBaHUSI pacCMaTpUBaAET (PYHKLMM KaK «MOMHOMPABHbIX rpaXkaaH»,
NpeaocTaBsis UM Te XKe NPaBa, YTo U APYrMM 3HAYEHWSIM: Y HUX €CTb TUM, UX MOXHO
npucBaMBaTb NEPEMEHHbIM U NepeaaBaTb B Ka4eCTBe apryMeHTOB, NPOBEPSATb Ha
[OMNyCTMMOCTb M NpeobpazoBbiBaThb (B CllyYae COBMECTUMOCTU) B ApYrve TUMbl.

5.1.3. Peanusauun natTepHa «CrpaTermsa»

Patiee MbI paceMoTpesn jiBa criocoba peasusanuu narrepra «Crparerusi». CpaBHUBas 9TH
JIBE Pean3aIiiy, Mbl BUJIUM, YTO PEATU3AIIN CTPATETHH <110 BCEM ITPABUJIaM» U3 TIEPBOTO
npumepa TpebyeT MHOTO JIOMOJIHUTEBHBIX JleTalieii: Heo6XouMo 00bsABUTh nHTEpheiic
1 UMETDb HECKOJIBKO PEaIU3YIONIMX €T0 KJIACCOB JIJIs KOHKPETHON JIOTWKHU JJAHHON cTpaTe-
run. Bropas peanisanus cxkara /10 CaMOM CyTH TOTO, 4TO HaM TPeGYyeTCst: JIBe Pean3yIoniue
HYKHYIO JIOTUKY (YHKI[UHU, HA KOTOPBIE MOKHO CCBLIATBCS HETIOCPEJCTBEHHO.
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O6e peanuszaru mpecyaeyioT oHy 1eb. [lepBas U3 HUX, OCHOBAHHAS HA WHTEP-
deiicax, pacpocTpanera 60JbIeE, TTOCKOIBKY B 9TOXY MOMYJISIPHOCTH MATTEPHOB
mpoektrpoBanusg B 1990-e roe! 1aseko He Bee, a CKopee 0UeHb HEMHOTHE U3 OCHOBHBIX
S3BIKOB MPOTPAMMUPOBAHUS TO/IEPKUBAIN TTOJHONIPaBHble (GyHKIUK. Ternepb Bce
u3MeHUJI0Ch. Tunusanust GYHKIUNA ZOCTYIHA B GOJBIIMHCTBE S3bIKOB, U MBI MOKEM
BOCIIOJIB30BATLCS ATUM, YTOOBI CO3/[aBaTh H0JIee KOMITAKTHBIE PEAU3aIlii HEKOTOPBIX
[IaTTEPHOB.

Bano y4uTbIBaTD, YTO nAmMmepH He MEHSIeTCs: MBI II0-IIPesKHEMY MHKAIICYJIUpyeM
CeMelCTBO AJITOPUTMOB 1 BEIOMPAEM OJIMH 13 HIX Ha dTalle BhIToTHeHNs. QTInYne JIUIITh
B peal3aliii, KOTOPYIO COBPEMEHHbIE BO3MOKHOCTU SA3bIKOB II03BOJIAIOT BbIpaxaTb
HaMHOTO Tipo1ie. Mbl 3amensieM nntepdeiic u 1Ba kiaacca (KaKIblii U3 HUX peayn3yer
MeToj1) Ha 0ObsABJICHIE THITA U IBE (DYHKITUH.

B GosbInHCTBe caydaes Takoit 6oee JaKOHUYHO pealn3aiini BIIOJIHE JOCTATOYHO.
Peasmzariust ¢ HHTEPGHERCOM 1 KIIACCOM MOKET TOHA0GUTHCS, KOT/Ia aJITOPUTMBI HE TTOJTY-
YaeTcst MPEACTaBUTh B BUJE TIPOCTHIX (hyHKITIL. VIHOTIA TpeGyeTcst HECKOIBKO (DyHKITUI
TN HYKHO OTCJIEXKUBATH KaKkoe-TiH00 cocTostnue. B TakoMm ciyuae Gosree yMecTHa mepBast
U3 HAIUX Pean3aiiuii, IOCKOJbKY IPYNIUPYET CBSI3aHHbIE YACTH CTPATErHU B OOTIHiT
THUII TAHHBIX.

5.1.4. TllonHonpasHble MyHKUNN

Hpemne 4eM IIPOAOJIKUTD, BKpATIle HAIIOMHIO OCHOBHBbIE ITOHATHA, C KOTOPbIMU BbI 110-
3HAKOMUJIMCH B 9TOM pasjieJie.

O Habop apryMeHTOB BMECTE ¢ BO3BpaliaeMbiM (hyHKIMEH 3HAUCHUEM Ha3bIBACTCS Cliz-
Hamypou GyHKIMU. Y caeylonmx AByX GyHKINNE — OJMHAKOBbIEC CUTHATYPbIL:

function add(x: number, y: number): number {
return x + y;

function subtract(x: number, y: number): number {
return x - vy;

¥

Q Curnarypa GpyHKIUM 9KBUBAJEHTHA ee muny B sA3blKaX, I7le MOXKHO TUIIU3UPOBATD
dyukimn. Tumn npeabaymux AByX QGYHKIWI: Qynkyus us (number, number) 6 number
uau (x: number, y: number) => number. O6parure BHUMaHKe: aKTUYECKUE Ha3Ba-
HUA apryMEHTOB HEBaKHbL: TUIL (a: number, b: number) => number uaeHTUYEH TUILY
(x: number, y: number) => number.

O Ecuu S3bIK POrPaMMUPOBAHUS TIO3BOJISAET PAOOTATh ¢ (DYHKITMAME TOYHO TaK JKe, KaK
¢ MOGLIMY IPYTHMHU 3HAYEHUSMH, TO TOBOPSIT, YTO OH TOANEPKUBAET NOTHONPAGHDLE
Gynxyuu. OyHKINT MOKHO TIPUCBAUBATH TIEPEMEHHDIM, TIEPEIaBaTh B KAYECTBE apry-
MEHTOB U MCIIOJIb30BaTh AHAJIOTUYHO JIFOOBIM JAPYTUM 3HAYEHUSIM, YTO 3HAUUTETHHO
MTOBBIIITAET BBIPA3UTEIBLHOCTD KOJIA.
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5.1.5. YnpaxHeHus

1. KakoB tun dyukiuu isEven(), IpuHUMAIOIIEN B KaUeCTBe apryMeHTa YK1CJI0 U BO3-
Bpallalolleil true, CJIM YUCJI0 YeTHOE, U false B IPOTUBHOM CJydae?

A. [number, boolean].
b. (x: number) => boolean.
B. (x: number, isEven: boolean).
I'. {x: number, isEven: boolean}.

2. Kakos tumn ¢yukinu check(), mpuHUMAIOIIel YUCI0 U (DYHKIIUIO TOTO JKe TUIIA, YTO
isEven(), B KauecTBe apryMEeHTOB M BO3BPAINAONIEN pe3yabTaT MPUMEHEHUS 3TOH
(yHKITMY K TAaHHOMY 3HAYCHUTO?

A. (x: number, func: number) => boolean.
b. (x: number) => (x: number) => boolean.
B. (x: number, func: (x: number) => boolean) => boolean.

I'. (x: number, func: (x: number) => boolean) => void.

5.2. KoHeuHble aBTOMaThl 6€3 onepaTopos switch

OjtHO U3 04€eHb YAOOHBIX IPUIOKEHIIT TOJTHOMPABHBIX (DYHKIHIT — BO3BMOKHOCTD OIIHCA-
HUS CBOHCTBA KJjlacca ¢ PyHKITMOHATBHBIM TUTIOM JIAHHBIX. JTO MO3BOJISIET TPUCBANBATh
eMy pa3invHbIe (DYHKIUH, MEHSIS [TOBEIEHE BO BpeMs BbinosiHeHnst. DakTHIecKy mory-
YaeTcst MOJKIIOUaeMbIil METOJ[ KJIacca, KOTOPbI MOYKHO MEHATH TPH HEOOXOMMOCTH.

Tak, MOKHO peasim30BaTh MOJIKJII0YAaeMbIil Kiracc Greeter (OT aHTJI. to greet — «IIpu-
BETCTBOBATD, 3/I0POBaThest» ) (smetunr 5.3). Bmecro peanmsaiuu metona greet () Mbl
peasimszyeM CBONCTBO greet ¢ (DyHKITMOHATBHBIM THIIOM JIaHHBIX. /laee Mbl CMOKEM TIpHU-
cBaMBaTh eMy (DYHKIMW C PA3JIMYHBIMU IPUBETCTBUSME, HAITPUMep sayGoodMorning()
(moxenathb 106poro yrpa) u sayGoodNight () (TToKenaTh CIIOKOIHOM HOUM).

Nuctunr 5.3. MoaknovaeMblii Greeter

function sayGoodMorning(): void { <—

console.log("Good morning!"); [lge dyHKuuM, BbIBORALIME

} NPUBETCTBUA B KOHCONb

function sayGoodNight(): void { <+«
console.log("Good night!");
}

greet — QyHKLMA 6€3 aprymeHToB,
BO3BpaLLatoLLas void, no ymonyanmio

1 G t .
class Greeter { np1HUMaNLLIaA 3HaueHue sayGoodMorning()

greet: () => void = sayGoodMorning;

MockonbKy greet — ¢yHKUMOHaNbHOE
CBOIICTBO, MOXHO BbI3bIBaTb €0 TOYHO
TaK Xe, KaK 1 no6oif meToa Knacca

let greeter: Greeter = new Greeter();

greeter.greet();
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greeter.greet = sayGoodNight; <—| EMy MOXHO NPUCBONTb ZDYIYI0 BYHKLMIO

greeter.greet(); B pe3ynbrate BTOpOro Bbi30Ba
6yaet Bbi3BaHa PyHKuuA sayGoodNight()

Bcee ato mornuno caenyer us peanusaiyu narrepha «Crparerust», o6CyKaaBIieics
B IpejblaylieM paszese. OHAKO CTOUT OTMETUTD: JaHHBIN 110JX0/ 103BOJISAET JIEIKO
J00aBUTH B KJIACC MOAKII0YaeMoe TToBeienne. YTtobbl 106aBUTh HOBOE IPUBETCTBHE, /10~
CTATOYHO MPOCTO M06ABUTH €1rle OAHY (HYHKIHIO ¢ TOI 5Ke CUTHATYPOIl U TIPUCBOUTD €e
CBOHCTBY greet.

5.2.1. [peaBapuTesibHas BEPCUS KHUMM

PaGorast HaJl pyKONUCHIO, s HATIMCAJ MaJICHbKUI CIIeHAPHIT 1T CHHXPOHU3AIIUT UCXOJI-
HOTO KOJIa ¢ TEKCTOM KHUTH. J[aHHbBII HAOPOCOK s MUcaIl Ha MOTIYJISAPHOM SI3bIKE PA3METKU
Markdown. S xpaHus HCXOAHBIA KO B OTAETbHBIX (haiinax TypeScript, 4ToObl HMETh
BO3MOKHOCTH KOMIIMJIMPOBATH MX U IIPOBEPSATH PaGOTOCIIOCOOHOCTD TI0C/I€ OOHOBJIECHMS
MIPUMEPOB.

M#te HYKHO GbLITO 06€CTIEYNTh aKTYaTbHOCTh TPUMEPOB Koja B Tekcte Markdown.
OHu Bcerzia paciiosiaraloTcsl Mex/1y CTPOKOIL, coepskalieii " ts, U CTPOKOI, cozep-
sxkamteid ~ . Tlpu rewepanun HTML Ha ocHoBe ucxoaHoro koja B hopmare Markdown
Y ts MHTepUpeTupyercs Kak Hayasio O6jioka Kojpa TypeScript, BU3yaausupyemoro
C BBIJIEJIEHNEM CHHTAaKCHUECKHUX aeMeHToB TypeScript, a *~~ oTMedyaeT KOHEI[ 3TOTO
6s10ka koga. ComepikMoe 9TUX OJIOKOB A0JKHO OBLIO BCTABIATHCS U3 (hailIoB UCXO/-
Horo Koza Ha TypeScript, KOTOpble MOKHO CKOMITUTMPOBATD M TPOBEPUTH BHE TEKCTA

(puc. 5.3).

Pykonucb
JokymeHT B popmate
Markdown
Paspen 1 | OparmenTt Kopa
Mpumep Koaa o Ha a3bike Markdown
<!-- samplel -->
Samplel.ts — |-------m-me- > 0 ts
Paspnen 2 | OparmenT Kopja
Mpumep kopa | Ha 3bike Markdown
<!-- sample2 -->
Sample2.ts  |----------m- > T ts

Puc. 5.3. [1Ba daiina TypeScript (.ts), coaepxalumx npuMepbl Koaa, BCTpaMBaeMble B OKYMEHTDI
B chopmaTe Markdown Mexay mMapkepamu ~*“tsu . TpuMepbl A5t MOEro CLieHapust CHabXXeHbI
KOMMeHTapueMm <!-- ... -->



5.2. KoHeuHble aBTOMaThl 6e3 onepaTtopoB switch 139

YTo6Bl BBISICHUTD, Ky/Ia JOJUKEH TIOMACTh TOT WM WHOI MPUMEP, ST UCIOIb30Ba
HebouIbIoi TpIoK. SI3bik Markdown momyckaer npumenenue yncroro HTML B Tekcre
JOKYMEHTA, [I09TOMY 51 CHaOIWII KasKAblid 13 npuMepoB koga HTML-koMMeHTapuem Ha-
nozxobue <! -- samplel -->. HTML-koMMeHTapuy He BU3YaJIU3UPYIOTCS, TaK Y4TO IIOCTIe
npeo6pasosanust Markdown B HTML onu okasbiBaiorcst HeBuauMbiMu. C 1pyroii cro-
POHBI, MOII ClIEHAPUIT MOKET UCIIOIb30BATh 3TH KOMMEHTAPUU C TIeJIbIO BBISICHUTD, Ky/Ia
CJIelyeT BCTPOUTH TOT UJIU UHOW TIPUMep KOJIa.

I[Ipu 3arpyske BCex 3TUX MPUMEPOB KOJA € IUCKA MHE MTPUXOIIOCH 06pabaThiBaTh
Bce Markdown-oxymMeHTbI 1 co3/1aBaTh OOHOBJIEHHYIO BEPCHIO CJACAYIONUM 00Pa3oM.

O B pexxume 06pabOTKM TEKCTA TPOCTO KOMMPOBATH KAXK/IYI0 M3 CTPOK BXOAHOTO TEKCTA
B BBIXOJIHOW JIOKYMEHT B HEM3MEHHOM BHUje. A HATOJIKHYBIIUCH HA Mapkep (<! --
sample -->), U3BJIEKATh COOTBETCTBYIOIIMII TPUMEDP KO/A M MEPEKTIOUAThC B PEKIM
06paboTKN MapKepoB.

O B pexkume 06pabOTKH MapKepOB CHOBA KOTIMPOBATH BCE CTPOKH BXOAHOTO TEKCTa
B BBIXOJIHOH JIOKYMEHT, TIOKa He BCTPeTUTCst Mapkep 61oka koza (T ts). A BcTpeTus
MapKep K0/Ia, BBIBOJIUTb aKTYaJIbHYIO BEPCHIO ITPUMePa KO/Ia, 3arpysKeHHYo u3 daiira
TypeScript, u nepexiodaTbes B peskuM 00paboTKU Koza.

O B peskume 06pabOTKU Kojia MbI yKe 00ECIICUIIIN TIOTIalaHle B BBIXOAHOM JOKYMEHT
MoC/IeIHEl BEPCUY KO, TIOITOMY MOKEM IIPOITYCTHTh, BEPOATHO, YCTAPEBILYIO BEp-
cuio u3 610Ka Koa. [Iporyckaem Bee CTPOKH, TIOKa He BCTPETUM MapKep KoHIa 610K
koza (C ). danee nepekodaemcs 00paTHO B pexkuM 00pabOTKK TEKCTa.

[Tpu KaskIOM 3aIyCKe CYIIeCTBYIOIIME TPUMEPHI KOJIA B IOKYMEHTE, Iiepe] KOTOPbIMU
yKazaH Mapkep <!-- ... -->, 0GHOBISIOTCSA B COOTBETCTBUU C aKTYaJIbHON Bepcuel n3
TypeScript-daiinos Ha aucke. Jpyrue 6j0Ku Koga, 6e3 IpeiecTByoIero Mapkepa < ! - -

. -->, He 0OHOBIISIOTCSI, IOCKOJBKY 06pabaThIBAIOTCS B peskiMe 00pabOTKI TEKCTA.

Bor, ckaskem, npumep Koza helloWorld.ts (suctur 5.4).

JNInctuHr 5.4. helloWorld.ts

console.log("Hello world!");

Mbi xoTe i 661 BCTPOUTD 3TOT KO/ B Chapterl.md, MpUveM rapaHTHPOBATD MOIEPKA-
HUE ero aKTyaJIbHOCTHU, KAK TI0KA3aHO B JINCTUHTE 5.5.

JNuctunr 5.5. Chapterl.md
# Chapter 1

Printing "Hello world!".
<!-- helloWorld -->

T ts
console.log("Hello");

He coBcem aKkTyanbHblii Ko,
Crpoka 3aecb rnacut "Hello",
uTo He cooTBeTCTBYET dainy helloWorld.ts

ITOT IOKYMEHT 06pabaThIBaCTCsT TIOCTPOUHO CJACAYIONIM 00Pa3OM.

1. B pesxume 06paboTku TekcTa "Chapter 1" KOTUPYETCs B BHIXOAHOM TOKYMEHT B He-
N3MEHHOM BHU/IE.

2. "" (mycras cTpOKa) KOIMPYeTCs B BBIXOIHOM JOKYMEHT B HEM3MEHHOM BU/IE.
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3. "Printing "Helloworld!"." KOIIUpyercs B BBIXO/[HOU JIOKYMEHT B HEU3MEHHOM BU/IE.
Biipouem, 5T0 MapKep, Tak 4To Mbl GUKCHPYEM IIPUMEP KOJa, KOTOPbI HE0OX0AUMO
BcTaBuTh (helloWorld.ts), 1 epek/OYaeMcs B PEKUM 00pabOTKU MapKepa.

4. """ ts" KOMUPYETCS B BHIXOAHOM TOKYMEHT B HEM3MEHHOM BHjEe. ITO Mapkep 610Ka
KO/Ia, TaK YTO Cpa3y TMOcJje KOMUPOBAHUS €T0 B BBIXOIHON JOKYMEHT MbI TaKKe BbI-
BOJIMM TyJIa cojepsknMoe helloWorld.ts. Kpome Toro, nepexiodacMcs B PEKIM 00-
paboTKu KoJIa.

5. Ctpoky "console.log("Hello");" MblI mporrycKaeM. Mbl He KOITUPYEM CTPOKH B PESKIME
06paboTKM KO/a, TIOCKOJIBKY MEHSIEM UX Ha CBEKYIO BEPCHUIO 13 (haiiia mprMepa KoJa.

6. " " npexcrasiser coO0il Mapkep KoHIa 6J10Ka Kozia. Mbl BCTaBJIsIeM €ro, II0C/Ie Yero
nepexJoyaeMcst 0OpaTHO B pesKUM 06pabOTKU TEKCTa.

5.2.2. KOHeyHble aBTOMaThl

VY 106Hee Beero MoieIMpoBarh MoBeleHre Hallero crieHapus 00paboTKU TeKCeTa B BUE KO-
HEYHOTO aBTOMAaTa. Y TaKOro aBTOMaTa eCTh iBa Habopa: COCTOSTHUI U IEPEXOI0B MEKLY
napaMu COCTOSTHUN. ABTOMAT HaumHaeT paboTy ¢ 3aJaHHOTO COCTOSTHUSA, HA3BIBAEMOTO
TaKKe Havarvivim (start state), u Ipu cOOIIOAEHUN OTIPE/IeJIEHHBIX YCJIOBUH MEPEXOIUT
B IPYTOE COCTOSTHME,

VIMEHHO 9TO ¥ MIPOUCXONT C HAIIMM 00paOOTIMKOM TEKCTA U €T0 TPEMS PEKUMAMU
06paboTku. Bxoambie cTpoku 06pabaThiBaIOTCS OIPEAEIEHHBIM 00pa3oM B pexcume 00-
pabomxu mexcma. A nipu coOMIOEHUN HEKOETO yeaoBus (TIpu 0OHAPYKEHUH MapKepa
<!-- sample -->) Haul 0OPabOTYKK IIEPEXOAUT B pedcum oopabomiu mapkepa. V1 cHoBa 11pu
OITPE/IETIEHHOM JIPYTOM ycioBuu (0OHapyskeHnn MapKepa 6J0Ka Kojia ~~ * ts) mepexoauT
B peacum oopadomxu koda. A BcTpedass Mmapkep KoHia 6s10ka koga (C° ), Bo3Bpaiaercs
B pesicum obpabomxu mexcma (puc. 5.4).

Mepexon
no <!-- sample -->

HavanbHoe
COCTOSIHNE

O6paboTka
Mapkepa

O6paboTka
TekcTa

ObpaboTka
Kogja

Mepexopn,
no ...

Mepexon,
no...ts

Puc. 5.4. KoHeuHbli1 aBToMaT 06paboTKM TEKCTa C TpeMsi cocTosiHuAMK (06paboTka TekcTa, MapKepa,
KOA@) M Nnepexofamn Mexay HUMWU B 3aBUCUMOCTM OT BXOAHbIX AaHHbIX. HavanbHoe cocTtosiHue —
obpaboTka TekcTa
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Terepb, CMOJICTIMPOBAB HATIIE PEIIEHNE, MBI MOKEM OOCYIUTE €r0 IOCTYITHbIE Peajin3a-
1. OIMH 13 CII0COO0B peasii3aliii KOHEYHOTO aBTOMATa — OIMHUCaHNe Habopa COCTOSTHUI
B BUJIE IIEPEYUCIIAEMOrO TUIIA JAHHDIX, OTCIeKUBAHUE TEKYIErO COCTOSHUA U JOCTUKEHIE
HEOOXOIMMOTO TIOBE/IEHHS € TTOMOIIIBIO OTIepaTopa switch, OXBaTBIBAIOIIETO BCE BO3MOKHBIC
cocTosHUA. B HallleM cirydae MOXKHO OIUCaThb IIepeyrc/isieMblil Tl TextProcessingMode.

Kirace TextProcessor GyjieT XpaHUTH TEKYIIEe COCTOSIHUE B CBONCTBE mode U Peasin3o-
BBIBATb OIlepaTop switch B MeTo/ie processLine(). B 3aBUCUMOCTH OT COCTOSIHUSA 9TOT Me-
TO/L GYJIET TT0 OYEPE/IN BHI3BIBATH OJIUH U3 TPEX METO/I0B 00paboTKH: processTextLine(),
processMarkerLine() u processCodeLine(). B aTux yHKIUAX MBI peanusyem 00paboTKy
TEKCTa, a 3aTeM (B COOTBETCTBYIOIIEM CJyYae) MEepexojl B APYTOe COCTOSTHUE TyTeM 00-
HOBJICHUS TEKYIIETO COCTOSHUSA.

O6paborka noxymenTa B hopmare Markdown, cocrosinero u3 MHOTHX CTPOK TEKCTa,
o3HayaeT 06paboTKy BCEX CTPOK MO OUYEPE/IH € TIOMOIIBIO HAIIIETO KOHEYHOTO aBTOMATa
Y BO3BPAT KOHEYHOTO PE3YJIbTAaTa BI3BIBAIOIIEH CTOPOHE, KaK TI0OKAa3aHO B JIMCTUHTE 5.6.

JINCTUHr 5.6. Peann3aums KOHEYHOro aBToMaTa

enum TextProcessingMode { 4—‘ CocToRHNS oTpaeHbi

Text
’ B Nepeyncisemom Tune AaHHbIX
Marker,

Code,
}

class TextProcessor {
private mode: TextProcessingMode = TextProcessingMode.Text;
private result: string[] = [];
private codeSample: string[] = [];

processText(lines: string[]): string[] {
this.result = [];
this.mode = TextProcessingMode.Text;

for (let line of lines) { 06pa6 .
this.processLine(1line); paboTka TeKCTOBOro JOKyMeHTa:
} 06paboTka Bcex CTPOK 1 Bo3BpaT

NONyyMBLUErocA B UTOre MaccuBa CTPOK
return this.result;

}

private processLine(line: string): void {
switch (this.mode) { .
case TextProcessingMode.Text: Onepatop switch KoHeyHoro aBTOMATa
this.processTextLine(line); BbI3bIBaeT COOTBETCTBYlOLMIF 06paboTumk
break; B 3aBUCMMOCTH OT TEKYLLIEro COCTOAHUA

case TextProcessingMode.Marker:
this.processMarkerLine(line);
break;

case TextProcessingMode.Code:
this.processCodeLine(line);
break;
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06paboTKa CTPOKM TeK(CTa.
Ecnu ctpoka HaumHaetea ¢ "<!--",
T0 3arpy»aem npumep Kopa

private processTextLine(line: string): void {
this.result.push(line);

if (line.startsWith("<!--")) { 4 NEpEXOAMM
this.loadCodeSample(line); B CEAyloLLEe cOCTORHIE
this.mode = TextProcessingMode.Marker;
}
} 06pa6oTka mapkepa. Ecn
(TpOKa HauuHaetTca ¢ *"ts",
private processMarkerLine(line: string): void { T0 BCTaBNAeM npumep Koaa
this.result.push(line); 1 NepexoAuM B cnepyloluee
COCTOAHME

if (line.startsWith(" "~ "ts")) {
this.result = this.result.concat(this.codeSample);

this.mode = TextProcessingMode.Code;

} 06paboTka koaa c nponyckom
} cTpok. Ecnu cTpoka HauuHaetca
¢"""", To nepexoanM B COCTOAHUE
private processCodelLine(line: string): void { (pexum) 06paboTky TekcTa
if (line.startsWith(" """)) {

this.result.push(line);

this.mode = TextProcessingMode.Text;
} Teno 370il GyHKLMU Mbl ORYCTUNM,

} NoCKONbKY ANA AAHHOTO
npumepa 0HO HeBaXHO
private loadCodeSample(line: string) {
/* 3arpyxaem npumep Koja B 3aBUCUMOCTM OT Mapkepa
n coxpaHsaem ero B this.codeSample */

Mp1 orycTusan Koz 3arpysku nmpuMepa Kojia u3 BHeNTHero (aiiia, MOCKOJIbKY OH
He 0COOEHHO BasKEH JIJIsI HAIIEro 00CY KICHUsI KOHEUHBIX aBTOMATOB. JTa Pealn3alius
BITOJIHE PABOTOCIIOCOOHA, HO €€ MOKHO YIIPOCTHTD, BOCIIOJIb30BABIINCH TTOIKII0YaeMOi
ynaKIIEH.

OGpaTrTe BHUMaHIE: CUTHATYPA BCEX HAIUX (DYHKII 00pabOTKI TEKCTa OHAKOBA:
OHM IIPUHUMAIOT Ha BXO/l€ CTPOKY TEKCTa B BUJIE apryMeHTa Tulla string 1 BO3BpallamoT
void. Uro, ecii BMeCTO peanusaluu B processlLine() 6osblioro omeparopa switch
C TIepPexo/IoM K COOTBeTCTBYIOIIEeH (hyHKITNN MBI cfiesiaeM processLine() oHOHM U3 9TUX
pyHKITII?

BwmecTo peanmsarium processLine() B BUie MeTOZa MBI MOKEM OITHCATh €€ B BUIE
CBOMCTBA KJlacca ¢ THUTTOM (line: string) => void U HaYaJbHBIM 3HAUEHUEM pro-
cessTextLine(), Kak nokasato B jucrunre 5.7. Jlajnee B KasKI0M U3 TPEX METOL0B 00pa-
GOTKHM TEKCTa BMECTO YCTAHOBKHU Pas/IMYHBIX 3HAUCHUET mode 13 TIePeUrCIIsieMOro THITA MbI
Oy/IeM yCTaHABINBAThH 3HAYEHME processLine paBHBIM pasindHbIM MeToiaM. DakTiyecKu
HaM 0OJIblile He HYKHO OTCJIEKMBATh COCTOSIHIIE BO BHeIIHel mepemenHoi. Ham naske
Gouibliie He TpeOyeTcst MepeyrcIsieMblil THIT!
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JIncTuHr 5.7. [pyroit BapuaHT peanu3aumm KOHeYHOro aBToMaTta

class TextProcessor {
private result: string[] = [];
private processLine: (line: string) => void = this.processTextLine;
private codeSample: string[] = [];

processText(lines: string[]): string[] {
this.result = [];
this.processLine = this.processTextLine;

for (let line of lines) {
this.processLine(line);

}

return this.result;

}

private processTextLine(line: string): void {
this.result.push(line);

if (line.startsWith("<!--")) {
this.loadCodeSample(line);

this.processLine = this.processMarkerLine; <+
}
}
private processMarkerLine(line: string): void {
this.result.push(line); Mepexobl U3 COCTosHMS
. . . weeegm B COCTOAHME Tenepb
if (line.startsWith( ts")) { A —
this.result = this.result.concat(this.codeSample);
nyTem 3ameHbl
this.processLine = this.processCodelLine; <+ m@qHMﬂ(BPMUBa
} this.processLine
} Ha COOTBETCTBYIOLLMIA
MeToq
private processCodeLine(line: string): void {
if (line.startsWith(" ~"")) {
this.result.push(line);
this.processLine = this.processTextLine; <+
¥
}

private loadCodeSample(line: string) {
/* 3arpyxaem npumep Koja B 3aBUCMMOCTU OT Mapkepa
n coxpaHaem ero B this.codeSample */

B aT0il Bropoii peasusanuu Mbl n36aBUJINCH OT MEPEYUCASIEMOTO TUIIA TextPro-
cessingMode, cBOlicTBa mode M omeparopa switch, KOTOPbIN aerernposai 06paboTKy
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COOTBETCTBYIOIEMY MeTo1y. BMecTo Toro utobsl fenernposath 06paboTKy, CBOWCTBO

processLine TEIepb CaMO SBJISACTCA €€ COOTBETCTBYIOIIUM METO/IOM.

JL1s1 9Ol peanusanuy He HY>KHO OTCJICKUBATD COCTOSIHUA 110 OT/I€JIbHOCTH U COTJIa-
COBBIBATh UX C JIOTUKOH 06paboTku. Eciii Tpebyercst BBECTH B aBTOMAT HOBOE COCTOSTHHE,
TO B CTAPO pealn3aIiiy MPUIIIOCh ObI MOAMMUIIUPOBATH KO B HECKOJILKUX MECTaX.
[ToMuUMO peaTr3aIiii HOBO# JIOTHKK 0OPabOTKH 1 EPEXOIOB U3 COCTOSTHUS B COCTOSTHUE,
OPUIILIOCH GbI OGHOBUTH MEPEUNCIASEMBIN TUIT U I06aBUTH €Ille OJIMH TYHKT B OMEPaTOP
switch. Bo BTopoii ske peasusarm 5Toro He TpeGyeTcst: COCTOSTHIE TIPEICTABICHO TOJIBKO

yHKIIIEH.

KoHeuHble aBTOMaTbl HA OCHOBE TUNOB-CyMM

B ciryyae KOHEYHBIX aBTOMATOB ¢ OOJIBIINM KOJUYECTBOM COCTOSAHUIL 3aXBaT COCTOAHUI
WK IaKe TePEeX00B MEK/Y HUMU SABHBIM 00pa3oM 1103BOJIII Obl cesaTh Koj boJee mo-
nsarabpiM. Ho gaske HecMOTPsE Ha 9T0, BMECTO TI€PEUNCISEMbIX TUIIOB JAHHbBIX U OIIEPATOPOB
switch MOKHO cO3aTh peaar3alnio, B KOTOPOH BCe COCTOAHUA ObLIN Obl MPEACTABICHDI
B BUJIE OT/EJbHBIX THIIOB, a BECh KOHEYHBI aBTOMAT — B BH/IE TUIIA-CyMMbI BO3MOKHbBIX
COCTOSIHUIA. DTO O3BOJIUIIO Obl PasOUTh aPXUTEKTYPY HA THIIOOE30IIACHBIE KOMIIOHEHTBI.
Huske npusegen npumep peaarsanny KOHEYHOTo aBToOMaTa Ha OCHOBE TUIa-CyMMbl. Koz
HECKOJIBKO «PasyT», OITOMY 110 BO3MOKHOCTH JIydIlle UCIOJIb30BaTh 0OCYKAABIIYIOCS
BBIIIIE peau3alnIio KaK elle OJHy aJbTePHATHBY KOHEYHOMY aBTOMATy Ha OCHOBE switch.

[Tpn ncnosb30BaHUN TUTIA-CYMMBI JIJIST KAXK/I0TO COCTOSTHUS TPUMEHSIETCS OT/IeTbHBIN THTI,
B JJaHHOM cJiy4dae TextLineProcessor, MarkerLineProcessor u CodeLineProcessor. Kax-
JIBIIT U3 HUX BEJIET YYET 06pa6OTaIIIIbIX Ha TeKYITUI MOMEHT CTPOK B UJieHe Kjacca result
U BKJTIOYAET METOJI process (), OCYTIeCTBISIONTIII 06pa60T1<y CTPOKHU TEKCTA.

Koneunslii aBTOMaT Ha 0CHOBE THIIa-CyMMBI

class TextLineProcessor {

result: string[]; TextLineProcessor Bo3BpaLuaet
nubo TextLineProcessor,

constructor(result: string[]) { nu6o MarkerLineProcessor
this.result = result; ans 06paboTku cnenyowei CcTpoku

}

process(line: string): TextLineProcessor | MarkerLineProcessor {
this.result.push(line);

if (line.startsWith("<!--")) {
return new MarkerLineProcessor(
this.result, this.loadCodeSample(line));

Ecn cTpoka HaumHaeTca
¢"<!--", To Bo3BpaLaem

} else { HOBbIil 06bEKT
return this; MarkerLineProcessor;
} B MPOTUBHOM CTyyae
} BO3BpaLyaeM TeKyLmit
06paboTumk (this)

private loadCodeSample(line: string): string[] {
/* 3arpyxaem npumep Koja B 3aBUCUMMOCTM OT Mapkepa
n coxpaHsem ero B this.codeSample */




5.2. KoHeuHble aBTOMaThl 6e3 onepaTtopoB switch 145

class MarkerLineProcessor {
result: string[];
codeSample: string[]

constructor(result: string[], codeSample: string[]) {

this.result = result; MarkerLineProcessor Bo3BpaLyaet
this.codeSample = codeSample; nu6o MarkerLineProcessor,
} nu6o CodeLineProcessor

process(line: string): MarkerLineProcessor | CodelLineProcessor {
this.result.push(line);

if (line.startsWith(" " “ts")) { —
this.result = this.result.concat(this.codeSample);

return new CodelLineProcessor(this.result);

} else {
return this; Ecnu Bctpeyaem """ ts", To 3arpyxaem npumep Kopa
} 1 BO3BpaLLaem HoBblii 06bekT CodeLineProcessor;
} B NPOTMBHOM Cy4ae BO3BpaLLiaem TeKywuii 06paboTumk (this)

}

class CodelLineProcessor {
result: string[];

constructor(result: string[]) { CodeLineProcessor Bo3Bpaliaet
this.result = result; nu6o CodeLineProcessor,
} nun6o TextLineProcessor

process(line: string): CodelLineProcessor | TextLineProcessor {
if (line.startsWith(" """)) {
this.result.push(line);

Ecnu ctpoka HaumHaetea ¢

T0 l06aBNAEeM ee B KOHel|
return new TextLineProcessor(this.result); | P€3y/1bTarauiBosBpauiaem

} else { HOBbli1 06beKT TextLineProcessor;

return this; MHaye BO3BpaLlaem
} TeKyLyuit 06pabotuuk (this)

} CocroAHNA npecTaBNeHbl 06EKTOM Processor — TUNOM-CyMMON
tunos TextLineProcessor, MarkerLineProcessor n CodeLineProcessor
function processText(lines: string): string[] {
let processor: TextLineProcessor | MarkerLineProcessor <«
| CodeLineProcessor = new TextLineProcessor([]);

for (let line of lines) {
, processor = processor.process(line); Processor 06HOBAAETCA Nocne
Kaxpoi 06paboTaHHol CTPOKM

return processor.result; B (1yyae U3mMeHeHnA CoCToAHUA

}

Bcee namm 06paboTunMKK BO3BPANIAIOT dK3eMILIAp ob6paboTynka this, ecan coctosnue
HE U3MEHWJIOCh, WU B IPOTUBHOM CJlydyae HOBbIN 0OpaboTuuk. DyHKIust processText()
BBITIOJIHSET KOHEYHBIH AaBTOMAT, BBI3bIBAs process () Ui KayKI0H CTPOKU TEKCTa U OOHOBJISLS
110JI€ processor 1P U3MEHEHUU COCTOSIHISE, IIPUCBANBAsE eMY PE3YJIbTAaT BHI30BA METO/A.
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Ternepb HAOOP COCTOSHUI OTPaskeH ABHBIM 00Pa30M B CHTHATYpPaX [lepeMeHHOIt processor,
KOTOpas MOYKET OBITH TextLineProcessor, MarkerLineProcessor nan CodeLineProcessor.

BosmoskHbIe mepexobl oTpakaloTcsl B CUTHATypaxX MeTooB process (). Hanpumep,
TextLineProcessor.process Bo3Bpaiiaet TextLineProcessor | MarkerLineProcessor, Tak
YTO MOKET JIMGO OCTATHCA B TOM sKe cocTostnum (TextLineProcessor), 6o nepeiiT B co-
cTosiHue MarkerLineProcessor. Y 9TUX KJIACCOB COCTOSIHUU TIPH HEOOXOAUMOCTU MOTYT
ObITh IPyrUe CBOMCTBA U WIeHbI KJIaccoB. [laHHas peansalis HeCKOJIbKO JIJIMHHEE Peajiu-
3aIMU Ha OCHOBE (DYHKIINI, TAK YTO €CJIM TU JIOTIOJIHUTEIbHBIC BO3MOXKHOCTH HE HYKHBI,
TO JIy4IIle UCTIOIB30BaTh HOJIee TIPOCTOE PelleHue.

5.2.3. KpaTtkoe pestoMe no peanusaunu
KOHEYHOro aBToMaTta

Bxpartiie pesioMupyeM 00CyKIABIINECS B 9TOM Pa3/iesie Pa3IMIHbIe PEATH3AINH, TTOCIIE
qero HepefmeM K APYTUM TIPUJIOKEHUAM (l)yHKHI/IOHaJH)HI)IX TUIIOB JaHHDbIX.

O B «TpagunnoHHO» peaansalni KOHEYHOro aBToMaTa MCIIO0JIb3yeTcs Tepeuncisie-
MBIl THIT JAHHBIX /I ONMUCAHUS BCEX BO3MOKHBIX COCTOSIHUH, lepeMeHHas 3TOro
THMA U XPAHEHUsT TEKYIIIETO COCTOSTHUST U OOJBINOT omepatop switch st BerGopa
HY’KHOTO BUJIa 00pabOTKHU B 3aBUCMMOCTH OT TEKYTIETO COCTOAHUS. [1epexo/ibl MesK Ly
COCTOSTHMSIMU PEATTM30BAHDI ITyTeM OOHOBJIECHUSI TIEPEMEHHOI TEKYIIETO COCTOSTHHSI.
HepnocraTok aToil peanusanuy — pasjiesieHue COCTOSHUN 1 IPOU3BOJAMMON BO BpeMs
KaKJI0TO U3 HUX 00pabOTKH, BCJIEICTBIE Yer0 KOMITUJISTOP HE MOKET TIPEI0TBPaA-
TUTH CJyYau BHITTOJHEHNS 06pabOTKY, He COOTBETCTBYIONIEH cocTosHuio. Huuto
He MellaeT HaM, HallpuMep, BbI3bIBaTh processCodeline(), HAXOAACH B COCTOSHUY
TextProcessingMode.Text. Kpome TOTO, MPUXOANTCS XPAHUTD COCTOSTHUE U TIEPEXO/IbI
B OT/IEJIBHOI TIepeMeHHO TIepeYrCIsieMOro TUTIA, PUCKYS TOTEPSITh COrVIACOBAHHOCTD
(HampuMep, Mbl MOJKeM J0OABHUTH B IIEPEUHCIISIEMbII THII JaHHBIX HOBOE 3HAUEHNUE, HO
3a0bITDh JOGABUTH BAPUAHT JIJIST HETO B Olepatop switch).

Q [Ipu GyHKIMOHATBHOI peaTu3aIluy KakIbli peKuM 00pabOTKH TIPEICTaBISET COOOI
byHKIMIO, a UTsT OTCIEKUBAHUS TEKYIIETO COCTOSHISI UCIOJIb3YeTCsl (PYHKITMOHAIb-
HOe CBOMCTBO. [lepexoibl MEXKIy COCTOSTHUSIMU PEATTM30BAHBI C TIOMOIIBIO MPUCBAMBA-
HUSI JIPYTOTO COCTOSTHUSE (DYHKITHOHATBHOMY CBOUCTBY. ITO IOCTATOUHO OOJIerYeHHAST
peanusarus, MOJAXOAANIast /IS MHOTUX CIleHApUEB TIPUMEHEHUs. Y Hee, BIpoYeM,
€CTh JIBa HEJOCTATKA: MHOT/IA HEOOXOMMO CBSI3aTh ¢ KasK/bIM M3 COCTOSIHUIA OOJIbIITe
I/IH(l)OpMa]_[I/II/I 1 XOTEJIOCH 6BI OMMUCBHIBATH BO3MOJKHDBIE COCTOAHUS U TIEPEXOABI MEKTY
HUMU SIBHBIM 00Pa3OM.

O B peanusaiyu Ha OCHOBE THIIA-CyMMBI JIJIs BCEX COCTOSTHUE 06PabOTKY UCTIOIB3YIOTCS
OT/IEJIbHBIE KJIACCHI, & OTCJAEKUBAHNE TEKYIIETO COCTOSHUS BBITIOJIHSAETCS C TIOMOIIBIO
repeMeHHON THUIIa-CyMMBbI BCeX BO3MOXKHBIX cOCTOsTHUH. Ilepexonbl Mexa1y cocTos -
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HUSMU PEAIM30BAHbBI IIyTEM IMPUCBAUBAHUS JPYTOTO COCTOSIHUS 9TON TIePEMEHHON,
Guarozapst 4eMy MOKHO L00aBJIATh CBOIICTBA U YIEHBI B COCTOSHMS U IPYIIIMPOBATh
ux. HemocraTok sToro nmoaxona — Gonbimunii 00beM Koja, 4eM y HYHKIMOHATbHON
peasuzaiuu.

Ha atom Hatite o6cysK/IeHNE KOHEUHBIX aBTOMATOB 3aBepiaeTcs. B ciemyonieM pas-
JieJIe MbI paCCMOTPHUM €I11e OANH CHOCO6 TIpMEHECHUA (byHKI_[I/IOHaJIbHBIX TUIIOB JaHHDbIX:
peammn3annio OTJIOKEHHBIX BBIUMCJICHUI.

5.2.4. YnpaxHeHus

1. CmomenmpyiiTe B BUe KOHETHOTO aBTOMATa MIPOCTOE COeTNHEHIE, KOTOPOEe MOKET
ObITh OTKPBHITO (open) uJn 3akpbiTo (closed). J[JIst OTKPBITHSI COEAMHEHNUST HCIIOJIb3Y-
eTcs MeToJ[ connect, a 3aKPBITHS — disconnect.

2. Peanusyiite npezapiayiiee coeimienye B Buie GyHKIIMOHAIBHOTO KOHEYHOTO aBTO-
Mara ¢ pyHKImei process(). B cirydae 3akpeitoro coepiaenust (pyHKIus process ()
JIOJKHA €T0 OTKPBITh. B cirydae OTKPBITOrO coefinieHust — BbI3BATh (DYHKITUIO read(),
KOTOpasi Bo3BpallaeT cTpoKy. Ecyiu Ta 1mycTa, To coelnHeHne TOJKHO 3aKPbIBAThCS;
B MPOTUBHOM CJlydae HeOOXOJMMO BBIBECTU B KOHCOJIb BO3BPAIIEHHYIO (hyHKITHEN
read() crpoky. DyHKuus read() no/kHa ObITh 0ObsiBIeHa B Bu/e declare function
read(): string;.

5.3. W3beraem pecypcoeMKux BblYMUCIIEHNIA
C NMOMOLLIbIO OT/TIOXKEHHbIX 3HAYEHUN

Ertte o110 mperMyIiecTBo HCMOTb30BaHUs (DYHKIMH Kak OOBIYHBIX 3HAYCHUIT — BO3MOJK-
HOCTh MX XPaHEHVs 1 BbI30Ba B cirydae HajgobHocTH. IHOMIA BBIYUCIeHNE HEOOXOIMMOTO
3HauYeHMst OBIBAET BEChMa PECYPCOEMKMM. J[OTycTrM, HaIlIa TIPOTPaMMa MOKET CO3/1aBaTh
o0bexThl Bike (Besmocunen) u Car (ABromobusib). Hanpumep, Ham HyskeH 00beKT Car,
HO ero CO3/IlaHKe ABJISETCA OUYeHb PECYPCOEMKHUM, TaK 4TO BMECTO HErO MbI MOE/eM Ha
Besiocutnesie. Cosnanue oObekTa Bike TpebyeT 0UeHb MAJIo PECYPCOB, TIOITOMY 3aTPAThI
Ha HETO HAC He BOJHYIOT. BMecTO TOTO 4TOOBI co3MaBaTh OOBEKT Car MPU KaKIOM 3a-
[IyCKe TIPOrPaMMBbl JIJIsI IPUMEHEHUST €r0 MTPU HEOOXOMMOCTH, He JIydllle JIU CO3/1aBaTh
Car 10 3ampocy? B aToM ciIyuae MOKHO 3ampaininBaTh co3fanne oGbhekTa Car, KOT/Ia 9TO
NEHCTBUTENHHO HYKHO, U TOJBKO TOT/IA BBHITIOIHSATH PECYPCOEMKYIO JTOTHKY €T0 CO3aHMsI.
Ecoii Mbl HUKOT/IA He 3aTIPOCHM €T0 CO3/IaHNE, TO HUKAKIe PECYPCHI He OYIyT MOTpaYeHbl
BITYCTYIO.

Vjiest 3aKIII09aETCst B CIIEAYIONIEM: OTJIOKUTH PECYPCOEMKUE BBIYNCICHSI Ha MAKCU-
MaJIbHO GoJIee o3I CPOK B HAJIEHK/IE, YTO OHU HE TIOTPEOYIOTC. A TIOCKOJILKY OHU BbI-
paskaiotcst B Buzie (hyHKITNET, MOJKHO riepe/iaBath (DyHKITMU BMECTO (DaKTHYECKUX 3HAUCHUI
U BBI3BIBATH MX TOT/[A U B TOM CJIy4Yae, €CJIM 3TH 3HaYeHUs TIOHA100sTCs. [laHHbIi 1poriece
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HOCHUT Ha3BaHue omaodxcennozo evruucienus (lazy evaluation). Ero mpoTuBomosoKHOCTh —
nemedaennoe soryucienue (eager evaluation), Ipu KOTOPOM 3HAYEHUSI TEHEPUPYIOTCST
U TIEPEAtoTCsI CPasdy JKe, aKe eCJIU MOTOM MOTYT He HOHAA00UThCs (JUCTHHT 5.8).

Jnctunr 5.8. HemeaneHHoe ¢opmMmpoBaHue obbekta Car

class Bike {} Knaccoi Car v Bike. [lonyctum, co3aanme
class Car {} 3k3emnnapa Car Tpebyet MHoro pecypcoB

function chooseMyRide(bike: Bike, car: Car): Bike | Car {
if (isItRaining()) {

return car; Oynkuna chooseMyRide() Bbi6upaer
} else { ] Bike unu Car B 3aBucmocTM
, return bike; 0T HEKOEro YCnoBuA
¥ [ina Bbi3oBa GyHkuum chooseMyRide ()
chooseMyRide(new Bike(), new Car()); Heobxogumo co3parb oGbekT Car

B naiem npumMepe ¢ HeMeJJIEHHBIM co3/laHueM Car JiJis Bbi3oBa (pyHKIUU cho-
oseMyRide HEOOXOAMMO IiepeaaTh B Hee Car, II09TOMY MbI Cpasy e TPaTUM Pecypchbl Ha
opmupoBanue o6bekTa Car. U ecin morojia OKasKeTcst OTJIUYHON U 51 PEIITy ToexaTh Ha
BEJIOCHUIIEIE, TO IOJIYYUTCS, UTO OOBEKT Car ObLI CO34aH BILYCTYIO.

[TepeiineM K OTIOREHHOMY MOAXOLY. BMecTO TOTO 4TOOBI TIepeiaBaTh Car, MbI Tiepe-
M GYHKIIEO, BO3BPAIIAOILYIO IPU BbI30Be 00beKT Car (JiucTuHr 5.9).

JInctuur 5.9. OtnoxeHHoe dopmmnpoBaHue obbekTa Car

Bmecro aprymenTa Tuna Car dyHkuua chooseMyRide()
class Bike {} Tenepb NPMHUMAET B KauecTBe NapameTpa
class Car {} (yHKumIo, Bo3BpaLLatoLLyto 06bekT Car

function chooseMyRide(bike: Bike, car: () => Car): Bike | Car {
if (isItRaining()) {

return car();
} else { 31a GYHKLMA BbI3bIBAETCA, TONBKO KOrAia HaM

return bike; DeNCTBUTENbHO HYXeH 06bekT Car

}
}
function makeCar(): Car { D
return new Car(); 06epTbiBaeM NPoLIECC CO37aHUA
} MaLLUHbI B GYHKLMIO U nepegaem
ee B chooseMyRide()

chooseMyRide(new Bike(), makeCar); «—

B 970i1 0T/I0KEHHOI BEPCUH JIOPOTOCTOAIINN 00BEKT Car CO3[AETCsI, TOJbKO eCJIU
JeHCTBUTENBHO HYsKeH. Pelin s moexaTh Ha Besiocutiesie, (GyHKIust BooOIe He OYIeT Bbi-
3BaHa 1 0OBEKT Car HE CO3/[ACTCS.

ITO MOKHO Pean30BaTh U C MOMOIIBIO YHCTO OOBEKTHO-OPUEHTHPOBAHHBIX KOH-
CTPYKIIHIi, XOTA Kozia ToTpebyercs HamMHoro Gosibiine. MoskHO 00bABUTE Kiiacc CarFactory
B KauecTBe 00EPTKH JJIst MeTozia makeCar () ¥ BOCIIOJIb30BATHCS UM B KaueCTBE apryMeHTa
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¢yukmu chooseMyRide (). A 3aTeM co371aBaTh HOBBII 9K3eMILISAPp CarFactory 1Py BbI30BE
chooseMyRide (), BbI3bIBast yHOMSIHYTBIII MeTOJ T1pH HeobxouMocTr. Ho 3auem nucathb
6oJTbIIIe KO/, eCJIu MOKHO 060UTHCH MeHbITM 00beMoM? Ha camoM Jiesie HaIl Kojt
MOKHO COKPATUTH eitie GoJIbIIe.

5.3.1. Jlambaa-BbipaxxeHus

BosapmmHcTBO cCOBpeMeHHBIX sI3bIKOB ITPOTPAMMUPOBAHUS TOJIJIEPKUBACT AHOHUMHDLE
Gynryuu, nnn aaméoa-svipaxcenus. OHN HATOMUHAIOT OOBIYHBIE (DYHKI[UH, TOJIBKO (e3
HazBaHui. JIssMO/1a-BbIPAKEHUST TIPUMEHSIIOTCST B KOHTEKCTE, T/Ie TPEOYIOTCST «OHOPa30-
Bbie» (DYHKIIMH: TaKKE, K KOTOPBIM MbI COOMPAaeMCst 00PaTUTHCS JIUIITh Pas, TI0ITOMY Jla-
BaTb il Ha3BaHUE — TOJIBKO JIENIATh JIMIITHIOW paboTy. BMecTo 3TOro Jydiiie HCoIb30BaTh
BCTpauBaeMylo peajin3aliuio.

B HarreM npumepe ¢ OTJIOKEHHBIM CO3IaHeM aBTOMOOUIIST XOPOIIUN KaHAM/IAT
Ha POJIb TAKOTO JsAMOa-BhIpaskeHust — MeTos makeCar (). [TocKoMbKy s hyHKIIMK
chooseMyRide () HeoOxoauMa (hyHKIMs 6e3 apryMeHTOB, BO3Bpalaiolas Car, HaM HyKHO
00BSBUTH HOBYIO (DYHKIIHIO, HA KOTOPYIO MbI CCHIJIAEMCSI TOJIBKO OJIUH Pa3: IepeiaBast ee
B KauecTBe apryMeHTa B chooseMyRide (). BMecTo aT0# (hyHKIIMN MOKHO UCIIOJB30BATh
AHOHUMHYIO, KaK 1oKa3ano B jucruire 5.10.

JiuctuHr 5.10. Co3gaHue obbekTa Car C NOMOLLbIO @aHOHUMHOM yHKLMK

class Bike {}
class Car {}

function chooseMyRide(bike: Bike, car: () => Car): Bike | Car {
if (isItRaining()) {
return car();
} else {
return bike;
¥

¥ Jlam6aa-BbipaxeHue 6e3 aprymeHToB,
. . Bo3BpaLyatoLee 06bekT Car
chooseMyRide(new Bike(), () => new Car()); parhaiott

Cunrakcuc jsimbaa-poipaskernii TypeScript oueHb HamoMuHaeT 00bsIBICHNUE (PYHK-
[MOHAJIBHBIX TUIIOB JaHHBIX: B CKOOKaX YKa3bIBAECTCS CIIUCOK apTyMEHTOB (B JaHHOM
cjrydae uX HeT), /lajiee CUMBOJI =>, a 3aTeM Teso GpyHKIun. Ecan GyHKIMS coOCTONT U3
HECKOJIBKUX CTPOK, TO OHU TTIoMeTaioTes Mexay { 1 }. Ho B JaHHOM cirydae MbI BBITIOJ-
HsIeM TOJIBKO OJITH BBI3OB new Car(), KOTOPBIN HESIBHO PACCMaTPUBAETCS KaK OmepaTop
BO3BpaTa JIMO/Ia-BBIPaKEHHsI, T09TOMY n30aBJisieMcst 0T makeCar () 1 MOKEM TOMECTUTh
JIOTUKY CO3/IAaHUST 9K3EMILJIIPa B O[THOCTPOYHYIO (DYHKITHIO.

NAMBA-BbIPAXXEHVUE (AHOHUMHAS ®YHKLIUA)

Jlambpaa-BblpaxkeHne (aHOHMMHas yHKUUS) — 3TO onucaHue hyHKUMK 6e3 Ha-
3BaHus. J1amMbaa-BblpaXkeHnst 06bIYHO MCMONb3YHOTCS AJ1s OAHOPA30BOM, KPaTKOM
06paboTkM 1 NepeaatoTcs aHanorMYHO 06bIYHBIM AAHHBIM.
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JIsm6a-BoIpaskeHust GECoNe3Hbl, €CIU HET BO3MOKHOCTH THITHU3AIUN (hYyHKITUH.
YT0 MOKHO C/1eJ1aTh € TAKUM BbIpakeHueM, Kak () => new Car()? Eciin nesib3st coXpanuThb
€ro B IIePeMEHHON WM Tiepe/laTh B KauecTBe apryMeHTa B JIPYTYIO (DYHKIIUIO, TO U MTOJIb3bI
ot Hero HeMHOTO. C IPYroil CTOPOHBI, BO3MOKHOCTD repeiau (hyHKIHi 1o106H0 00bIY-
HBIM 3HAYEHUAM TI03BOJIIET PEAU30BATDh ClIEHAPUU, AaHAJIOTUYHbIE BLITIETIPUBEICHHOMY,
B KOTOPOM KOJI OTJIO}KEHHOTO CO3/laHust 0ObeKTa Car JIUIIb HA HECKOJBKO CHMBOJIOB
JUTMHHEE BEPCUU C HEME/ITIEHHBIM €T0 CO3/IaHIEM.

OTNOXEHHbIE BbIYMCIIEHUS

Pacnipoctpanennas BO3MOKHOCTb MHOTUX (DYHKIIMOHATBHBIX SI3bIKOB IIPOTPAMMUPOBaA-
HUIST — OMILOACEHHDIE BbIuUCTenUs. B TIOOOHBIX sI3bIKAX BCE BHIYUCISIETCS KaK MOKHO MO3/(-
Hee, M He 06sI3aTEIBHO YKA3bIBaTh 9TO SIBHO. B Takmx si3pikax GyHKIMs chooseMyRide()
He cos/iaBaia Obl [0 yMOTYaHuio Hu Bike, Hu Car. JI060ii n3 aTux 06beKTOB ObLI ObI CO3/aH,
TOJIBKO KOT/Ia MBI JI€CTBUTEBHO TOTBITAINCH ObI BOCIIOIB30BATHCST BO3BPAIIAEMBIM
chooseMyRide () 06BEKTOM — HATPUMeED, BHI3BAB €T0 METO/ ride().

VmiiepaTtuBHbIE SI3bIKM TPOrPAMMUPOBaHus, Takue Kak TypeScript, Java, C# u C++, opu-
EHTHPOBAHbBI Ha HeMeOnenHoe euiuucienue. TeM He MeHee ¥ B HUX, KaK Mbl BHJIEJN BBITIIE,
PU HEOOXOIMMOCTH MOKHO JIETKO CMOJIETTUPOBATH OTJIOKEHHbIE BhYmcaeHust. Mbl pac-
CMOTPUM JIOIIOJIHUTEIbHBIE TIPUMEPbI 3TOT0, Korzia Oy/1eM 06Cy KAaTh FeHEPATOPBL.

5.3.2. YnpaxHeHune

B xaxkom n3 CJIEAYIOIINX (bpaI‘MeHTOB KOZa peajin30BaHO ]IHM6IIa-Bpra>K€HI/Ie, CKJIa/1bI-
BaloIIlee /[Ba Yncya?

A. function add(x: number, y: number)=> number { return x +y; }.
b. add(x: number, y: number) => number { returnx +y; }.

B. add(x: number, y: number) { returnx +y; }.
I.

(x: number, y: number) =>Xx +Yy;.

5.4. Wcnonb3oBaHue onepauun map, filter n reduce

PaccMoTpuM etie 0/IHY BO3MOKHOCTD, BO3HUKATOITYIO GJIaroapst THITH3ANH (QyHKITHI:
bynxmm, npuHUMalonue Apyriue GYHKINNA KaK apTyYMEHTHI WJIH BO3BPAIIAIOIINe UX.
«O6bIaHyI0» PYHKITNIO, KOTOPast TPUHUMAET OJINH W HECKOJIBKO He(yHKITMOHATHBIX
apryMeHTOB ¥ BO3BpaliaeT HedyyHKIIMOHAIBHBIE TUIT JAHHBIX, HA3BIBAIOT TAKKE PyHKyuel
nepeozo nopsioxa (first-order function), ato npocras, camast 0ObIKHOBEHHAS (OYHKIIHSL.
Oyukimu ke, IpUHUMAaIONe GYHKIIUY MePBOTO TOPSIAKA B KAUECTBE APIyMEHTOB WJIH
BO3Bparaie GyHKIUU IIEPBOTO MOPSIIKA, HA3BIBAIOT DYHKUUAMU 6MOPOZ0 NOPAOKA
(second-order function).
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MoskHO B306paThes elne BBIIIe 10 ITOH JIECTHUIE W CKa3aTh, YTO (DYHKITUS, TPU-
HUMaoIagd (PYyHKIUKM BTOPOTO MOPS/IKa B KaYecTBe apryMeHTOB WJIM BO3Bpallalonias
(YHKITMIO BTOPOTO TOPSI/IKA, HA3bIBACTCs Qynryueil mpemoezo nopsaoxa (third-order
function). OxHako Ha npakTUKe Bee (DYHKIUU, IPUHIUMAONME WK BO3Bpallaloliie
npyrue HYHKIUU, Ha3bIBAOT Qyrruusmu svicuiezo nopsoka (higher-order functions).

[Tpumepom (hyHKITUN BBICIIETO TIOPSIZIKA MOKET MOCTYKUTh BTOPas Bepcus (PyHKITHT
chooseMyRide () 13 npeabLAyLIero pasaena. IToi GyHKImu Tpedyercs apryMenT Tuia ()
=> Car, KOTOPbIii caM SABJsieTcs (hyHKITHET.

DaxTryecKy OKa3bIBAETCS, YTO B Bule (QYHKIIUI BBICIIETO MTOPSIIKA MOMKHO Peasi30-
BaTh HECKOJIBKO OYEHb MOJIE3HBIX aJITOPUTMOB, OCHOBHBIC N3 KOTOPBIX — map (), filter()
i reduce(). B GOJIBIIMHCTBO A3BIKOB TTPOTPAMMIPOBAHUS BKIIOYEHBI OUOIMOTEKH, CO-
JiepsKaliie Bepcun aTUX (PyHKIUM, HO MBI CO3/Ia/IUM UX peau3allui CBOUMU PyKaMu
U U3Y4UM BCe OAPOOHOCTH.

5.4.1. Onepaums map()

OcHoBHas Wjies oreparuy map() O4eHb MPOCTA: BbI3BATH (DYHKIIMIO [IJIsT KAXKIOT0 U3
3HAYEHUIT ONpeIeJIEHHOTO THIIA, COAEPIKANUXCS B 3aJaHHON KOJIJIEKIIUY, U BEPHYTh
KOJUIEKIIMIO PE3YJIbTaTOB 9THX BbI30BOB. [[o100Hasa pasHOBUAHOCTh 00pabOTKH BCTpe-
YaeTCst Ha MPAKTUKe PEryJISIPHO, TaK YTO MMEET CMBICJ COKPATUTD BO3MOKHOE 1y OJIH-
poBaHue Koja.

PaccmoTrpum B KauecTBe TIPUMEPOB JIBa ciieHapusi. Bo-1iepBbIX, BO3BeIEHNE B KBAJIPAT
KaK/IOTO M3 YNCTOBBIX 3HAUEHUI B 33/IaHHOM MaccuBe. Bo-BTOPBIX, BBIYUCIEHNE JITTITHBI
Ka’K/IOTO M3 CTPOKOBBIX 3HAUCHMI B 33/JAaHHOM MacCHUBe.

ITHU IPUMEPHI MOKHO PEATN30BaTh C MOMOTITLIO TIAPBI IUKJIOB for. Ho ecii B3rIsiHy TH
Ha HUX PSIZIOM JIPYT C IPYTOM, TO BO3HUKAET OIILYIIEHIE, YTO YaCTh UX OOUIMX YePT MOKHO
BBIIEJIUTH B HEKUI COBMECTHO MCIOJIb3yeMbIil Koa (metunr 5.11).

Jnctunr 5.11. CneunannsnmpoBaHHble anropuTMbl OTOBpaXkeHust

let numbers: number[] = [1, 2, 3, 4, 5]; <—|
let squares: number[] [1; Maccng uicen

Bo3BoauM B KBafpaT Ka/0e U3 uucen B MaccuBe
1 BCTABAAIEM pe3yNbTaT B MaccuB squares

for (const n of numbers) {
squares.push(n * n);

let strings: string[]
let lengths: number[]

%]?Pple » "orange”, "peach”]; Maccu cTpok

Buluncnaem ANUHY Kaxpaoil u3 CTPOK B Maccue

for (const s of strings) {
1 BCTaBNAeM pe3ynbrat B Maccus lengths

lengths.push(s.length);

XOTsT MACCHBBI U TPEOOPA3OBAHNUS PA3TUYAIOTCST, CXEMBI &JITOPUTMOB OYeHb TTOXOKU

(puc. 5.5).
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|1 | 2 | 3|4 | 5|item*item
Y y Y
0 [ & | o [ 1 ] » |
| "apple" | "orange" | "peach" | item.length
y Y
L s | e [ s |

Puc. 5.5. Bo3BeaeHvie uncen B kBagpaT 1 NoslyYeHne A5nH CTPOK — OYeHb pasHble CLeHapuu,
oAHako obLuas cxema npeobpasoBaHust ofHa: 6epeM BXOAHON MaccuB, MpUMeHsieM yHKLMIO
1 TeHepUpYyeM BbIXOAHOW MaccuB

Peanuzaumsi 0TObpaXkeHnst CBOMMU pyKaMu

[TocMOTPUM Ha peai3ariiio map () /IS MACCUBOB M MOyMaeM, Kak MOKHO U30eKaTh
MHOTOKPATHOI'O HAIIMCAHUSL OJAMHAKOBBIX LIUKJIOB. Bocnoabayemcst 06001eHHbIMU THITA-
MU T 1 U, TOCKOJIbKY peam3aiiisi paboTaeT OMHAKOBO, BHE 3aBUCUMOCTHU OT TOTO, KAKOBBI
JaHHble TUTBL TakuM 00pa3oM MbI CMOKEM MPUMEHUTD 3Ty (DYHKIIUIO JIJIST PA3ITIHBIX
TUIIOB JTaHHDbIX, 4 HE 6y/:[eM OTpaHNYNBATDH €€, CKaKeEM, MaCCUBaMM YK CEJI.

Hama ¢ysaxius npuHuMaeT Ha BXO/Ie MAaCCUB 3HAUEHU THTA T U (DyHKIIHIO, TTPU-
HUMAIOILYIO 3JIEMEHT TUTIA T B KAYeCTBE apryMEeHTa ¥ BO3BPAIIAONIYIO 3HaUeHue TuIa U.
Pesyibrar cobupaercst B MaccuB 3HaueHui tuna U. Peanusanus B imctunre 5.12 npocro
O6XOI[I/IT BCe 9JIEMEHTBI MaCCUBa 3HAYECHUI TUTIA T, MIPpUMEHAA K KaK/IOMY N3 HUX 3a/aH-
HYTO (DYHKIIUIO, ITOCJIE YETO COXPAHSET Pe3yIbTaT B MACCUBE 3HAUEHUI THTIa U.

Jinctunr 5.12. Onepaumsa map()

Onepauua map() npUHUMaET Ha BXoJe MaccuB
3nemeHToB Tna T v GyHKLMI0, NepeBoAALLYI0
u3T B U, n Bo3BpaLLaeT maccu 3HaueHuni Tuna U

function map<T, U>(items: T[], func: (item: T) => U): U[] {
let result: U[] = []; )
BHauane maccus 3Havenuii Tuna U nycr
for (const item of items) {
result.push(func(item));

} [ina kaxgoro pesynbTaTa BCTaBnAem
pe3ynbTat BbinonHenna func(item)
. B MaccuB 3HayeHuii Tuna U
} return result; Bo3Bpaluaem maccus
3HaveHwuit Tuna U

B a710ii ipocToiil GyHKIMKM MHKANICYJIUPOBAH 00Ul Ko 00paboTKU U3 MpeIbIiy-
nero npumepa. biaronaps oreparuu map () MOKHO CreHEpPUPOBATh MACCUB KBAJIPATOB
U MAaCCUB JIJTUH CTPOK € ITOMOIIBIO Mapbl OJHOCTPOYHBIX OMEPATOPOB, KAK MOKA3aHO
B Jictunre 5.13.
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Jinctunr 5.13. Vicnonb3osaHve onepaumn map()

Bobi3biBaem onepauuio map() ¢ nomowybto nAM6Aa-BblpaxeHua
(item) => item * item (B AaHHOM C/yyae item — uncno)

let numbers: number[] [1, 2, 3, 4, 5];
let squares: number[] = map(numbers, (item) => item * item);

let strings: string[]
let lengths: number[]

["apple", "orange", "peach"];
map(strings, (item) => item.length);

Bobi3biBaem onepauyto map() ¢ nomowybto 1AM6Aa-BbIpaXeHus
(item) => item.length (B paHHOM cnyyae item — cumBonbHasA cTpoka)

Oyukiya map () MHKAICYIUpyeT npuMeHenre (HyHKIMN, IepefaBaeMoi eil B KauecTBe
aprymenTa. MOKHO IIPOCTO HepeiaTh eil MACCHB 2JIEMEHTOB 1 (DYHKIIMIO, M OHA BEPHET Mac-
CHB, TTOJTYUEHHBII B Pe3yJIbTaTe UCTIOIb30BaHMs 3T0H (hyHKnu. Jaee, Korga Mbl Oyjiem
06y aaTh 0000IIEHHbIE THITBI JAaHHBIX, BBl YBUANTE, KAK MOKHO 0600INATH 9Ty (DYHKIIUIO
1151 PaboTHI ¢ IPOM3BOJIBHON CTPYKTYPOH JaHHBIX, a HE TOJBKO ¢ MaccuBaMu. BrpoueM,
Jajke ¢ TeKyIeil peajnsaiyeil moJydiaach OTIMYHasA aOCTPaKIMs IPUMeHeHUs (DyHKIi
K HabOpaM BIEMEHTOB, KOTOPYIO MOKHO HCIIOJIb30BAaTh BO MHOKECTBE CLIEHAPHEB.

5.4.2. Onepauus filter()

Cuenyronuii BecbhMa paclpoCTpaHEHHBIN clleHapuil, ABOIOPOAHBIN OpaT map (), —
filter(): dwibTpalus 3aJJlaHHOI KOJJIEKITUN 3JIEMEHTOB 10 TIPUHITUITY COOTBETCTBUS
3a/IaHHOMY YCJIOBUIO M BO3BPAT KOJIJIEKIIUU COOTBETCTBYIONINX MY 3JIEMEHTOB.
BephemMcst k HaIlmM TIpUMeEPaM € YUCJIAMU U CTPOKAMU 1 OT(UIBTPYEM CITHCOK, OCTABHB
B HEM TOJIbKO YETHBIE YNC/IA U CTPOKHU JUTHHBI 5. DyHKIMS map () TyT He TIOMOSKET, TIOCKOJTb-
Ky 00pabaThiBaeT BCe BIEMEHTBI B KOJUIEKIIUHI, a MBI B IAHHOM CJTy4ae XOTUM OTOPOCUTH
HeKoTopble U3 HuX. CrielnnaausupoBaHHast pean3alis OlATh e BKJo4aa Obl TIPOXOJT
B IIUKJIE TIO KOJUIEKITUHU U TIPOBEPKY COOTBETCTBHS YCJIOBHIO, KaK MOKa3aHO B JIUCTUHTE 5.14.

JinctuHr 5.14. CneuvanusmpoBaHHas peanusaums bunsTpaunm

let numbers: number[] [1, 2, 3, 4, 5];

let evens: number[] = []

for (const n of numbers) {
if (n %2 ==0) { lMomeLaem 31eMeHT, TONIbKO eC/U OH YETHDbII
evens.push(n);
¥

let strings: string[] = ["apple", "orange", "peach"];
let length5Strings: string[] = [];

for (const s of strings) {
if (s.length == 5) {
length5Strings.push(s); MomeLyaem anemeHT, TONbKO eC/IN €ro ANIMHA paBHa 5
b
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I BHOBB cpasy 3aMeTHa o0miast 11 00enx peaausaiuii crpykrypa (puc. 5.6).

2 [ 2 [ 3 | a | 5 | temuz==o
I R
| "apple" | "orange" | "peach" item.length ==
v
| vapple” | *peach" |

Puc. 5.6. O6Las CTpyKTypa BbIYMCIIEHUS YETHBIX YMCEN U CTPOK ANINHON 5. MpousBoamTcs 06xoa
BXOAHbIX JaHHbIX, NpUMeHeHne $uabTpa U BO3BPaT 3N1EMEHTOB, /18 KOTOPbIX PubTP BO3BpaLLaeT true

®UNbTP CBOMMM pyKaMu

AHAJIOTUYHO TIPOJIEJTAHHOMY € map () MbI MOKEM Peain30BaTh 0000IIEHHY IO (DYHKIHIO
BbICHIErO 1I0opAAKa filter (), IPUHUMAIOLIYIO B KAY€CTBE aPI'YMEHTOB MacCUB BXO/HbBIX
JAHHBIX 1 (QYHKINIO-DUIBTP ¥ BO3BPAIIAONIYI0 OTMOUIHTPOBAHHBIE PE3YJIbTAThI, KaK
mokasamo B jucruure 5.15. B gannom ciyuae npu BxogHOM MaccuBe tumia T hyHKIU-
buapTp — 3TO DYHKIMS, KOTOPAs IPUHUMAET B KA4eCTBE apTyMEHTOB T U BO3BpaIiaeT
boolean. MyHKIMIO, TPUHUMAIOILYIO HA BXOJIE OJIMH aPTyMEHT 1 BO3BPAIIAIONIYIO boolean,
HasbiBatoT npeduxamom (predicate).

JInctunr 5.15. filter()

function filter<T>(items: T[], pred: (item: T) => boolean): T[] {
let result: T[] = [];

Oynkuwms filter() npunnmaer B kauectse

for (const item of items) { aprymeHToB MaccuB 3HaueHuii Tuna T
if (pred(item)) { u npepukart (GyHkuuio u3 T B boolean)
result.push(item);
} Ecnn npepukat Bo3Bpalyaer true,
} T0 f06aBNAEM 3/IEMEHT B UTOTOBbI MacUB,

B NPOTMBHOM CJ/ly4ae npomnyckaem ero
return result;

[TocMOTpPUM, KaK BBITJISIUT KO/ (DUIIBTPAIIUH TTPU UCTIOJIH30BAHUY OOIIEN CTPYKTYPBI,
peann3oBaHHO# B Hatell pynkiun filter(). Kak ueTHble yncia, Tak U CTPOKHU JIJTUHOM 5
BBIYHCJISTIOTCST 32 OJTHY CTPOKY Kojia B inctuHre 5.16.

JNuctuHr 5.16. Vicnonb3osaHue filter()
let numbers: number[] = [1, 2, 3, 4, 5];
let evens: number[] = filter(numbers, (item) => item % 2 == 0);

let strings: string[] = ["apple", "orange", "peach"];
let length5Strings: string[] = filter(strings, (item) => item.length == 5);
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OubTpalus MAaCCUBOB TIPOU3BOANTCSI HA OCHOBE TIpeauKarta. B mepBoM ciryyae aTo
MO Ta- BhIpasKeH e, BO3BPAIIAIOIIEe true, eCJIM YHCIIO TETUTCS Ha 2. A BO BTOPOM CJIy-
Jae — aIMOa-BRIPAsKeHe, BO3BPATIAIOIee true, eCITM JIIHA CTPOKH PaBHA 5.

MpbI peasim30Bajy HAITY BTOPYIO PACTIPOCTPAHEHHYIO OMIEPAITHIO B BUie 0600IIEHHON
¢yuxkiuu. Tenepb niepeiizieM K TpeThell, OCAeHEN U3 ONIEPAINii, KOTOPbIE XOTEJU pac-
CMOTPETD B 9TOH IJIaBe.

5.4.3. Onepauus reduce()

[Toka uTO MBI HAYYMJINCH IPUMEHSATHh (QYHKINIO K KOJIIEKITIH 9JIEMEHTOB C TIOMOIITBIO
oriepariy map () U yAaJsTh 3JIEMEHTBI, He COOTBETCTBYIOTINE ONPEIeIEHHOMY KPUTEPHIO,
¢ moMoIIIbio oreparn filter (). TpeThst 4acTO BCTPEUAIOIIASICS OTIEPAIHst O0bEANHSIET
BC€ 2JIEMEHTDI KOJITIEKITUU B O/THO 3HAYEHME.

Harpumep, HaM MOKET TIOHaTOOUTHCST BBIYUCIUTD TIPOU3BEIEHIE BCEX YHCEN B MAC-
CHBE WJIU TIPOM3BECTU KOHKATEHAIMIO BCEX CTPOK B MACCUBE B OJIHY GOJIBIIYIO CTPOKY.
ITH ClIEHAPUU Pas/IMYAIOTCs, OAHAKO 00/1aa10T 001eil 6a30Boii cTpyKTypoii. [lis Hauana
PacCMOTPUM CIENMATU3NPOBAHHYIO peau3aruio (Jauctur 5.17).

Jinctuur 5.17. CneunannsnpoBaHHas onepaums CBEPTKU

let numbers: number[] = [1, 2, 3, 4, 5]; B cnyyae nponsBeaennsa HauMHaem
X . CHayanbHoro 3Havyenua 1
let product: number = 1;

YmHoxaem product Ha Kaxaoe u3 uncen
for (const n of numbers) { AEM P A
. B HalLeil KonneKLny, HakannnBas pesynbTat
product = product * n;

}
. . N W w w m N B cnyyae cTpok HauMHaem
let strings: string[] = ["apple", "orange", "peach"]; CnyCToii CTpOKM
let longString: string = "";
. MpucoepuHaem cTpoKm no ofHOM
for (const s of str‘lngs)'{ K MyCTOI CTPOKe, HaKannnBas pesynsrat
longString = longString + s;
}

B o6oux caydasx Mbl HAUMHAEM ¢ HAYAJIBHOTO 3HAYEHUsI, & 3aT€M HAKATLINBAEM
Pe3yJIbTAT, IIPOXOJIS [0 KOJIEKITUH U IPYTIIUPYsT KAXK /bl 3 3JIEMEHTOB CO 3HAYEHIeM-
Haxomnuresnem. [To 3aBepiiennn 06xo/1a KOIJIEKINI product cOIEpPKUT MPOU3BEIeHUE
BCEX YHCEJ U3 MACCHBA numbers, a longString npejcraBisier cOG0M KOHKATEHAIIMIO BCEX
CTPOK 13 MaccuBa strings (puc. 5.7).

CBepTKa CBOMMM pyKaMu

B smucrunre 5.18 Mbr peanuzoBann 06001IeHHYIO (DYHKIIUIO, TPUHIMAIOIIYI0 MaCCUB
3JIEMEHTOB THTIA T, €T0 HAYaIbHOE 3HAUeHUE U (PYHKITUIO, TPIHIMAIONIYIO JIBA apTyMCHTA
tuna T 1 BosBpamaonyio T. IIpoMesKyTOUHbIi UTOT MbI Oy/IeM XPaHUTh B JIOKaJbHON
epeMEHHON ¥ OGHOBJISITH €10, TIPUMEHSISI BBIIIEYTIOMAHYTYI0 (DYHKIMIO K HEH U K Kaxk-
JIOMY 13 3JIEeMEHTOB BXO/IHOI'O MacCHUBa 10 OYEePE/IH.
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aCC— HaKonutesnb, U3Ha4albHO
paBHblﬁ Ha4yaJibHOMY 3Ha4YeHUIo,

/— a B KOHUe paBHbIﬁ pe3ynbraty
rpynnupoBKKN BCEX /1IeMEHTOB

| 1 | 2 | 3 | 4 | 5 |acc=acc*item

HavanbHoe 3HauyeHne

| "apple" | "orange" | "peach" |acc=acc+item

| }->|"app1eor‘angepeach"|

HavanbHoe 3HauveHne

Puc. 5.7. Obwas cTpyKTypa rpynnMpoBK1 YMCEN U3 YACIIOBOrO MaccuBa M CTPOK M3 Maccuea CTPOK.
B nepBoM cnyyae HauanbHoe 3HaueHve paBHO 1, a onepauus rpynnupoBKY NpeacTaBnsieT cobom
YMHOXEHME Ha KaXablii U3 371EMEHTOB. Bo BTOPOM Crlyyae HauasibHoe 3HauyeHue paBHO ", a onepauus
rpynn1poBKM NpeacTaBnsieT coboi KOHKaTeHaLMIO C KaXXAbIM U3 311EMEHTOB

Jinctunr 5.18. Onepaums reduce()
function reduce<T>(items: T[], init: T, op: (x: T, y: T) =>T): T {

let result: T = init; OyHKuya reduce() NPUHUMaET B KauecTBe
aprymeHToB MaccuB 3HaueHuin Tuna T,
for (const item of items) { HayanbHoe 3HaueHue 1 onepaLuio
, result = op(result, item); FPYNNMPOBKM BYX 3HaUeHMii TUNa T B O1HO
Bce 3n1eMeHTbI MaccuBa rpynnupyoTcs
return result; CNPOMEXYTOUYHbIM UTOTOM
} CMOMOLLbI0 3aaHHOI onepaLum

¥ aroii hyHKIMM TPU apryMeHTa, a y IByX [peAbylux — 1o asa. Ham npuxoaurcs
HCIIOJb30BATh HaYaJIbHOE 3HAYEHNE, 4 He HAYNHATD, CKayKeM, C IIEPBOTO dJIEMEHTa Mac-
CHBa, ITOCKOJIbKY MAaCCUB MOXKET OKa3aTbCsl IyCThIM. ECN B KOJJIEKIIMN HET HU OJTHOTO
3JIEMEHTa, TO YeMY JI0JIKEH ObITh paBeH result? B mogo6HOI cuTyarum MOXKHO TIPOCTO
BEpHYTh Ha4YaJIbHOE 3HAYEHHE, JIJI 9TOI0 OHO U HYKHO.

Tenepb B3rIsTHEM, KaK MOKHO MOAM(UIINPOBATD HAIIN CIIETTMAIN3UPOBAHHbIE PEATTH-
3aIUH JIJIsT KCTTOJTb30BaHus reduce () (smuetudr 5.19).

Y onepanun reduce() ecTb HECKOJIBKO HIOAHCOB, OTCYTCTBYIONUX Y /IBYX JIPYTHUX.
[ToMuMO TOTO UTO TpebyeTcst HaYanbHOe 3HAYEHUE, HA UTOTOBBIA PE3YJIbTAT MOJKET
BJIUATH TIOPSIJIOK TPYNIIUPOBKU 2JIEMEHTOB. JTO HE OTHOCUTCS K ONEPAIMSIM U HAdaJIb-
HBIM 3HAYEeHUsIM U3 Hairero npumepa. Ho ecsiu Gbl HAYaIbHON CTPOKON ObLIA, CKaKeM,
"banana"? Torza npu KOHKaTe€HAIMK CJIeBa HAIPABO B Pe3yJbTaTe IOJYYUIOCH Obl
"bananaappleorangepeach". A npu 06xo/e MaccHBa ClpaBa HaIeBO U J0OABICHUN dJ1e-
MEHTOB B HaYaJI0 CTPOKU MBI TTOJTy4rJIu Obl "appleorangepeachbanana”.

W, Hanpumep, IPUMEHEHUE OTIEPAIK IPYIIIMPOBKU, COCTOSIIIEH B 00beINHEHUT
MIEPBBIX CUMBOJIOB CTPOK, CHavYasa K "apple" u "orange" maet "ao". [Ipumenenue ee nanee



5.4. Wcnonb3oBaHue onepauunii map, filter n reduce 157

K "ao" u "peach" nmaet "ap". C Apyroii CTOPOHBI, ecJIiM HaYaTh ¢ "orange" u "peach", To
noJry4yaercs "op". A 3atem u3 "apple" u "op" nosyvaercs "ao" (puc. 5.8).

JInctuur 5.19. Vicnonb3osaHue reduce()
[InA uncen HaunHaeM C HayanbHOro 3HaueHua 1
1 ucnonb3yem onepaumio (x, y) => x * y (ymHoxeHue)

let numbers: number[] = [1, 2, 3, 4, 5];
let product: number = reduce(numbers, 1, (x, y) => x * y);

let strings: string[] = ["apple", "orange", "peach"];
let longString: string = reduce(strings, "", (x, y) => X +Yy);
[lnA cTpoK HauMHaem C HaYanbHOro 3HaYeHMA
1 ucnonb3yem onepaumio (x, y) => X + y (KOHKaTeHauus)

Tpynnupyem
/ABa NepBbIX CUMBONA | "apple” | "orange" | "peach” |

neBa HanpaBo \‘

[ e o e
| "apple" | "orange" | "peach" | Tpynnupyem
[ABa NepBbIX CUMBONA
' (npaBa Haneso
I I

Puc. 5.8. [pynnunpoBka MaccmBa CTPOK C MOMOLLbIO onepaumn «nepsble 6yKBbl 06eMX CTPOK»
[aeT pas/nMuHble pe3y/bTaTbl B C/ly4ae NPUMEHeHUs CneBa Hanpaso W CripaBa Haneeo. B nepeBom
C/lyyae Mbl HAUMHaAEM C NycTou CTpoku 1 "apple", nonyyaem "a" n "orange", nanee "ao" u "peach"

1 B pesynbTaTe "ap". Bo BTOPOM HauuMHaeM c MycToi CTpokm v "peach”, 3a KOTOpbIMM

cneaytoT "orange" u "p", uto gaet "op", u, HakoHel, "apple" n "op", uyTo gaet "ao"

TpamuimonHo oneparus reduce() MPUMEHSIETCS CJIeBa HAIPABO, TIO9TOMY MOJKETE
CMEJIO CYUTATh, UuTO JiI0bas BCTpeuyeHHas BaMu ee OubanoTedHas peajusalus paboraer
UMEHHO TaK. B HeKoTOpbIX HUGIMOTEKAX UMEETCS U BEPCHst, paboTaiolas CrpaBa Haje-
Bo. Hampumep, B Turie Array sizeika TypeScript ecTb kak MeToj reduce(), Tak U METO]T
reduceRight (). Ecsin Bac mHTEpECyeT MaTeMaTUIECKUN alllapaT, JeKaIuii B OCHOBE 3TOM
OTIepaIini, TO CMOTPUTE BPe3KY «MOHOUIDI>.

MoHoupab!

AbcTpakTHast ajnrebpa omepupyeT MHOKECTBAME U OIepalisiMy Haji HUMU. Kak Mbl yxe
BUJIeJIN paHee, TUII MOKHO PACCMaTPUBATh B KAYECTBE MHOYKECTBA €TI0 BEPOSTHBIX 3HAUC-
Huit. Onepanuio Hajl TUIIOM T, IPUHUMAIOIILYIO Ha BXO/I€ /1Ba 00beKTa T U BO3BPALIAKOIILY 0
Apyroit 00beKT Tma T, (T, T) => T, MOKHO PACCMATPUBATH KaK OIEPAILIUIO HAJl MHOKECTBOM
3HaYeHUi anHoro Turna. Hanmpumep, MHOKECTBO /11 THIIA number 1 OTIEPallUd +, TO €CTh
(X, y) => x +y, 06pasyioT ajare6pandecKyio CTpyKTypy.
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[Too6HbIe CTPYKTYPBHI OIPEIETSIOTCS CBOMCTBAMI CBOUX ONepanuil. EQunuunviil snemenm
(identity) — aT0 ss1eMenT id THIA T, 171 KOTOPOTO op(x, id) == op(id, x) == x. J{pyrumu
CJIOBAMHU, TPYIITUPOBKA id ¢ JIOOBIM APYTUM SJIEMEHTOM OCTABJISIET HTOT JAPYTOii DJIEMEHT
HeU3MeHHBIM. ETMHIYHBIM 2JIeMEHTOM SBJIsIETCS @ B CJIydae MHOKECTBA number 1 OIlepaIiii
CJIOJKeHUsT; 1 — B cJlyuyae MHOXKECTBA number U OTlepaIiuu yMHOKeHus u "" (IycTast CTpo-
Ka) — B cJIydae MHOKECTBA string 1 omiepariuyl KOHKaTeHAITHN CTPOK.

Omepariust Ha3bIBAETCST ACCOIUATUBHOM, €CJIN TIOPSI/IOK TIPUMEHEHUS ee K TTOC/IeI0BaTeTh-
HOCTH 9JIEMEHTOB HEBa)KEeH, TO €CTh KOHEUHBIN Pe3yIbTaT BCe PABHO He ndMeHuTCs. J[yis
MOGBIX 3HAYEHNH X, y, z THIIa T — op(x, op(y, z)) == op(op(X, y), z). ITO PaBEHCTBO
cobJTI0TAeTCsT, HATTPUMED, JIJIST CIOKEHUS W YMHOKEHWS YUCEN, B OTIUYNE OT BHIYUTAHIIS
1 HAIIeil oTepaIiuy «IepBbie CUMBOJIBI 00EUX CTPOK».

Ecsin y MHOKecTBa T ¢ OIpeIe/ICHHOI Ha HeM oIlepaliieil op CyIecTBYeT e/[IMHIYHbBIIN aJ1e-
MEHT U 3Ta OIepaIysl ACCOIMATUBHA, TO MOJIydeHHast B UTOTe ajrebpamdeckasi CTPYKTypa
HasbiBaercst Moroudom (monoid). B ciryyae MoHOUIA CBEPTKA, HAYMHAEMAST C €IMHIYHOTO
3JIeMEHTa KaK HAYaJbHOTO 3HAYEHUS, CJIeBa HAIIPABO U CIIPaBa HAJIEBO €T OJMHAKOBBIi
pesyabrar. MoskHO naske yoparh TpebOBaHIEe OTHOCUTENLHO HAUAIbHOTO 3HAYECHUST 1 /11~
HUYHOTO 3HAUEHUSI B KAUECTBE YMOJIYAHUS TIPH ITyCTON KoJieKiuu. Kpome Toro, cBepTKy
MOKHO pacriapasieants. [Ipoussectn cBepTKy nepBoii 1 BTOPOl MOJOBUH KOJIJIEKIINN
HapaJiieibHo, a 3aTeM 0OBEANHUTD PE3YIIbTATHI, OCKOIbKY CBOHCTBO acCOIUATUBHOCTH
rapaHTHpyeT MOoJIy4YeHHUe TOro JKe pesyJbTara. B ciyuae maccusa [1, 2, 3, 4, 5, 6] MOXKHO
CTPYNIINPOBATH 1 + 2 + 3 U MAPAJJICJIBHO 4 + 5 + 6, @ 3aTeM CJIOKUTD PEe3yIbTATHL.

Ho ecsin oTKa3arbes 0T 0JHOTO U3 BBIIIEYITOMSIHYTBIX CBOICTB, TO TaPaHTUN TEPSAIOTCS.
bes acconmaruBHocTH, TPU HATMYUH TPOCTO MHOXKECTBA, ONEPAINHI U €IMHUIHOTO 3JIe-
MEeHTa, XOTb HAYaJIbHOTO 3HAYeHsI U He TpeOyeTcst (MbI BOCIIOJIb3YEMCsI €[HHUYHBIM 3JIe-
MEHTOM ), HaUMHAET UTPaTh POJIb HAIIpaBJeHNe MPUMeHeHns oneparuii. bes eqmamanoro
3JIeMEHTa, HO € aCCOIMATUBHOCTBIO T0JIydaeTcs noayepynna. [Ipu orcyTcTBUM € IUHUYHOTO
aJIeMeHTa BayKHO, T/ie MBI ITIOMeIIaeM HadaJIbHOe 3HaUYeHHe: CIeBa OT MePBOro dIeMeHTa NI
cIpaBa OT IOCJIE/THETO.

OCHOBHOU BBIBOJI U3 BBILIEU3JIOKEHHOTO: oriepaius reduce() NpeKpacHo paboTaer st
MOHOUO0B. Ecin ke peub ueT He 0 MOHOMU/IE, TO CJeAyeT OOPaTUTh BHUMAHUE Ha HCIIOJIb-
3yeMoe HauaJbHOEe 3HAYeHNEe 1 HallpaBJIeHIe CBEPTKU.

5.4.4. bubnuoTeuHasa nogaepxka

Kak y:xe yrnoMuHaioch B Hauajie JJaHHOTO paszesia, OOJIbIIMHCTBO SA3bIKOB IIPOrPAMMUPO-
BaHMs IOAAEPKUBAIOT 9TU PACIIPOCTPAHEHHbIE aJITOPUTMbL Ha YPoBHE 6ubanoTek. Bipo-
4eM, 9TU aJITOPUTMBbI MOTYT BCTPEUYATHCA 110/] CAMBIMU Pa3HbIMU HA3BAHUAMHU, IIOCKOJIbKY
HE CYILLECTBYET €JUHOTO CTaHapTa UX HAUMEHOBAHUA.

B C# onepanuu map (), filter() u reduce() MOXKHO HailTU B IPOCTPAHCTBE UMEH
System.Ling o HazBanugaMu Select(), Where() u Aggregate() cooTBeTcTBeHHO. B Java
OHU BKJIIOYEHHBI B TIaKeT java.util.stream u HazpiBaoTcd map (), filter() u reduce().

Ormeparnust map () MOKeT Ha3bIBaThCsl Takyke Select () miu transform(). Oneparus
filter() moxeT Ha3biBaThCst Where (). Onepanus reduce() MOXKeT HOCUTh Ha3BaHUe
accumulate(), Aggregate() nau fold(), B 3aBUCMMOCTH OT A3bIKAa U OMOJIMOTEKH.
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OpxHako, HeCMOTPSI Ha MHOrooOpasue HazBaHWi, 9T aJrOPUTMbI SIBJSIOTCS OCHOBO-
MOJIATAIONINMHU U UCIOJb3YIOTCS B CAMBIX Pa3HOOOPA3HBIX NPUJIOKEHUAX. B nanbreiinem
MbI 06CYZINM MHOTHE TTOZ0OHBIE AITOPUTMbI, HO UMEHHO 9TH TPU (hOPMUPYIOT (PyHIAMEHT
00pabOTKU JaHHBIX € IOMOIIBIO (DYHKIMI BBICIIETO MOPAAKA.

3namenutoiii ppeiimopk MapReduce komnanuu Google, npeaHasHadyeHHbI 17151
KpyIHOMAcIITaOHOI 06pabOTKH JaHHBIX, TIPUMEHSIET Te jke 6a3oBble MPUHIAIBL map ()
u reduce () yTeM BBIOJTHEHUS MACCOBO-TIAPAJIJIEBHON oneparm map () Ha MHOKECTBE
Y3JI0B U 00beIUHEHN Pe3YIbTATOB C IIOMOLIBIO reduce ()-110400HOM OlIepaIyH.

5.4.5. YnpaxHeHus

1. Peaymzyiite dynkimio first(). OHa goskHA TPUHUMATH MACCHUB 3HAUeHUH TnTa T 1 (hyHK-
1o pred (TIpeIKaT), TTOTYJYaroNylo B KauecTBe apryMeHTa 3HadeHue Tuma T 1 BO3Bpa-
IIAIOIYIO boolean. (DyHKL[I/IH first() moKHA BO3BpAIIATh MEPBLIN 2JIEMEHT MACCUBA,
[UII KOTOPOTO pred() BepHeT true niau undefined, ecsiv pred() Bo3Bpaiaet false 1ua
BCEX 2JICMEHTOB.

2. Peammzyiite dynximio all(). Ona 1o/pKHA TPUHAMATD MACCUB 3HAYEHUH THTA T 1 (DYHK-
nuio pred (IpeanKaT), IMOJyJaloNnlyio B KauecTBe apryMenTa 3HadeHue Tuna T U BO3-
BpalnaioIyio boolean. ynkius all() J0/KHA BO3BpAIIaTh true, eciu pred() BO3-
Bpallaer true 1 BCEX 2JIEMEHTOB MacCcuBa, U false B IIPOTUBHOM CJIydae.

5.5.  O®yHKUMOHaNbHOE NporpaMmMmmMpoBaHue

XOTh pacCMOTPEHHBIN B 9TOH TJIaBe MaTepUaT HECKOJBKO CIOKHEE TIPEACTABICHHOTO
BBILIIE, €CTh U XOPOILIAsk HOBOCTb: MbI 06CY UM OONBIINHCTBO KIIOYEBBIX COCTABJISIONIIIX
GyHKIIMOHAIBHOTO TIporpaMMupoBanns. CHHTAKCUC HEKOTOPBIX (DYHKITMOHAJIbHBIX
SI3BIKOB MOJKET COUTH € TOJKY PazpabOTYMKOB, IPUBBIKIIMX K UMIIEPATHBHBIM, 00b-
€KTHO-OPUEHTUPOBAHHBIM S3bIKaM. X CHCTEMBI TUTIOB TTOACP/KUBAIOT TUITBI-CYMMBI,
TUIBI-TIPOU3BeIeHUS U (PYHKIIUU [1€PBOTO IOPSIIKa, a TAKKE MHOKECTBO OMOIMOTEYHBIX
dbyHKIMit 17151 06pabOTKK JaHHBIX, TAKUX Kak map (), filter() u reduce(). Bo MHorux
(YyHKIIMOHATBHBIX I3bIKAX TPOTPAMMUPOBAHNS TPUMEHSIETCS OTJIOKEHHOE BBIUNCJIEHNE,
KOTOPOE TaKKe 00CYKAaJI0Ch B 9TOM IIaBe.

baarogaps tunuzanuu yHKIIMN CTAHOBUTCS BO3MOKHOM peasin3alius MHOTUX ujiei
(YHKITMOHATBHBIX SI3BIKOB IIPOTPAMMUPOBAHUS B He(YHKITMOHAJIBHBIX (UM HE YUCTO
(DYyHKIIMOHAIBHBIX ) sI3bIKaX. B JaHHON TJ1aBe ObLIN 3aTPOHYTHI BCE 9TH BOIPOCHI U TI0-
Ka3aHbl UMIIEPATUBHbBIE PeAIU3allMN BCEX KJIIOUEBbIX KOMIIOHEHTOB.

Pe3tome

Q baarogapd tunusarmuy GyHKIUNE MOXKHO TOPa3/o MPoIle PeaaTu30BaTh MaTTePH MPo-
exktupoBanus «CrpaTerusi», COCPe/JOTOYNB BHUMAHKE TOJbKO Ha (DYHKIUAX, peasn-
3YIOMIUX JIOTHKY, 1 3a0BITH 06 OKpy:KaioreM ckahdomimnre.

Q busarosapsi BO3MOKHOCTH MOAKJIIOUUTH (PYHKIIUIO B KJIacC B BUJIE CBOWCTBA U BbI-
3bIBATh KaK METOJ MOKHO PeajlM30BbIBaTh KOHEYHbIE aBTOMAThl 6€3 OrPOMHBIX
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orepatopoB switch. Takum 06pazoM, KOMITHIISITOP MOKET MPE0TBPAIIATh OITHOKH,
HaIpUMep He MO3BOJISATh IIPUMEHUTD CJyYailHO OIMMOOYHBIN BUJ 06pabOTKH B KAKOM-
TO 33/JJaHHOM COCTOSIHUU.

Q Twumnbl-cyMMBI, B KOTOPBIX KayK/IOMY COCTOSTHUIO COOTBETCTBYET CBOW THII, — €I1Ie OTHA
aJbTepHaTUBA orepaTopaM switch.

O Otioxkentble sHaueHrs (GYHKIUIH-00ePTOK JJIst JOPOTOCTOSIIMX BHIYMCIIEHIIT) 110-
3BOJISIOT OTKJIAAbIBATh Ha [IOTOM BbIYUC/IeHHs], TpeOyolie GOIbIINX 3aTPAT PECYPCOB.
IIX MOKHO BbI3bIBATh, IIPH HEOOXOAMMOCTH FeHEPUPOBAThH 3HAYEHUE MU HE BbI3bIBAThH
BOBCE, ITPOTTyCKast 3aTPaTHbIE BBIYKMCICHUS, €CIIU 3HAYEHUE He TOHA[00MUI0CH.

O OyHKIus BBICIIETro TTOPsiika — QYHKIMST, KOTOPasi IPUHUMAET IPYTYIo (DYHKIINIO KaK
apryMeHT MJIM BO3BpAIIlaeT ee.

Q Tpu ocHoBHBIE DYHKIMU BBICLIErO HOPSIKA, IIMPOKO IIPUMEHsIEMbIe i1 00paboTKU
JaHHbIX, — map(), filter() u reduce().

B rsiaBe 6 Mbl paccMOTPUM ellle HECKOJIbKO TPUIIOKEHUH TUITM3UPOBAHHBIX (DYHKIIUIA.
PacckakeM 0 3aMbIKaHUAX U YIIPOIIEHUH € UX TIOMOIIIBIO €1I[e OIHOTO PACITPOCTPAHEHHOTO
maTTepHa MPOeKTHPoBaHust — martepia «/lexopatop». Kpome Toro, o6cyamm mpommucs,
a Tak’Ke BBITIOTHEHUE 3aIaHuil U COOBITUIHHO-yTIpaBsieMble cucTeMbl. Bee aTu mpuiro-
JKEHUSI CTaJU BOSMOKHBI GJ1aroapsi pecTaBIeHnIo BbiurcaeHuit ((hyHKIMKI) B BUIE
<ITOJTHOTIPABHBIX TPAXKIAH> CUCTEMBI TUIIOB.

OTBETbI K YyNpaXXHEHNAM

5.1. MNpocTon nattepH «CTpaTerus»
1. B — 910 emuHCTBEHHBIN (byHKL[I/IOHaJIbHHﬁ TUII;, OCTAJIbHbIE 00DbSABIIEHUS HE OIIUCHI-
BafOT (hYHKIINH.

2. B — dyuKius npuHUMaet number 1 (x: number) => boolean 1 Bo3BpaIaeT boolean.

5.2. KoHeyHble aBTOMaThl 6€3 onepatopoB switch

1. Tpebyemoe coeguHeHe MOKHO CMOAEINPOBATh B BUE KOHEYHOIO aBTOMATa C ABYMSI
COCTOAHUAMU — open " closed — n JABYM:A TepexoaMu U3 OJHOT'O COCTOAHUA B IPY-
roe — connect /IJ1g Iepexojia u3 COCToAHMA closed B open 1 disconnect /U repexoza
u3 open B closed.

2. OpHa 13 BO3MOKHBIX PeaTu3allnii;
declare function read(): string;
class Connection {
private doProcess: () => void = this.processClosedConnection;

public process(): void {
this.doProcess();
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private processClosedConnection() {
this.doProcess = this.processOpenConnection;

}

private processOpenConnection() {
const value: string = read();

if (value.length == 0) {

this.doProcess = this.processClosedConnection;
} else {

console.log(value);

}

5.3. 36eraeM pecypcoemMKnx BbIYMCIIEHWUIA C MOMOLLbIO
OT/IOXKEHHBIX 3HAYEHUN
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I'—»ar10 CAMHCTBEHHAA aHOHUMHAaA peaan3alisd; B OCTAJIbHBIX BaprMaHTaX OTBETA peaJjin-

30BaHbl IIOMMEHOBAaHHBIC (byHKL[I/II/I

5.4. cnonb3oBaHwue onepauunin map, filter n reduce

1. Omna 13 BO3MOKHBIX peanusaruil first():

function first<T>(items: T[], pred: (item: T) => boolean):
T | undefined {
for (const item of items) {
if (pred(item)) {
return item;
b
b

return undefined;

}

2. OjiHa 13 BO3MOKHBIX peasr3anuii all():

function all<T>(items: T[], pred: (item: T) => boolean): boolean {
for (const item of items) {
if (!pred(item)) {
return false;
}
}

return true;



Pacwupennvie 603moxucHocmu
NpUMeHenus QYHKUUOHATOHBLX
Muno8 OaHHBIX

B aTO# rnaBse

O Wcnonb3oBaHWe yNpoLLEHHOrO NaTTepHa NPOEKTUPOBaHUS «[lekopaTop».
O Peanusaunst BO306HOBISIEMOro CHETUYMKA.
O 06paboTka AnMUTENbHbIX ONepaLui.

O HanuncaHue NoHATHOro aCMHXPOHHOMO KOAa C MOMOLLbIO MPOMMUCOB N KOHCTPYKLIMK
async/await.

B riraBe 5 MbI paccMOTpesTH OCHOBBI (DYHKITHOHATHHBIX TUITOB TAHHBIX U CIIEHAPHH, CTaB-
1IMe BO3MOKHbIMU OJiarozaps pabore ¢ QyHKIMAMU 0100HO JIHOOBIM APYTUM 3HAYEHUSIM,
TO eCTb Tepeiaue X B Ka4eCTBE apTyMEHTOB U BO3BPATe B BU/IE PE3yIbTaTOB. MBI TaksKe
PACCMOTPENIN HECKOJBKO BEChbMa MHOTOOOEMIAIIINX abCTPAKIIN, PEAIU3YIONIX Pac-
[IpOCTpaHeHHble HaTTepHbl 00paboTKK JaHHbIX: map( ), filter() u reduce().

B ar10ii rytaBe MbI TPOAO/IKUM 00CYsKACHIE (DYHKITUOHATBHBIX TUIIOB JAHHBIX U X
6oJiee TIPOABUHYTHIX MpHJIoKeHUil. HaureM ¢ marrepHa nmpoekTupoBatus «JlekopaTop»
1 eTo peayn3anuii — TPAAUIIMOHHON 1 anbrepHatuBHO. (IloBTOpPIO: HE BOIHYIITECH, eciin
110713a0bIIIN €T0; 1 HAIIOMHIO, YTO K YeMy.) BBl HO3HAKOMUTECH € OHATHEM <3AMbIKAHUE>
(closure) u ysHaere, Kak ¢ €ro MOMOIIbIO Peajnu30BaTh IPOCTON CUETYUK. 3aTeM pac-
CMOTPHM JPYToii criocod peaausaliy CYeTIrKa, Ha 9TOT pas 3alelicTBOBaB reHepaTop —
(byHKITNIO, BBIIATONIYIO HECKOJIBKO PE3YIbTATOR.
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Jlajiee MbI TIOTOBOPUM 06 AaCHHXPOHHBIX OTIepalinsix. PaccMOTpUM iBe OCHOBHBIE MO-
JIEeJIM ACUHXPOHHOTO BBITIOJIHEHUST KOJIA: TOTOKU BBITIOJHEHUSI U IIKJIbI O3KUIAHUST COOBI-
THIT — ¥ y3HaeM, KaK paclJlaHMPOBATh BLITOTHEHNE HECKOIbKUX JJIUTENbHbIX OMepalitii.
Mbi HauteM ¢ GyHKIUI 06PAaTHOTO BBI30BA, 3aTEM PACCMOTPHUM ITPOMUCHI U, HAKOHEII,
[IOTOBOPUM O CHHTAKCHUCE async/await, 1OCTYIHOM CeroHs B OOJIbIIMHCTBE OCHOBHBIX
SI3BIKOB TIPOTPAMMUPOBAHNS.

Kak MbI yBUIUM Ha TIOCJIEYIONIUX CTPAHUIIAX, BCe 00CYIKIaeMbIe B 9TOM IJIaBe TEMBbI
BO3MOJKHBI JIUIITH GJ1aroapst UCIOIb30BaHNW0 (DYHKIMI B KaueCTBe 3HAUYCHUI.

6.1. [lpocTon NaTTepPH NPOEKTUPOBAHUS
«[lekopaTtop»

«JlekopaTop» — 3TO TMOBEIEHYECKI TTATTEPH TTPOEKTUPOBAHNS TTPOTPAMMHOTO 00e-
CTIeYeHNsI, KOTOPBIH PacIIupsieT moBeeHne 00beKTa, He mpuberas K MOANGMUKATIAN
COOTBETCTBYIOIIETO Kaacca. JIeKopupoBaHHBIH 06BEKT CTOCOOEH Ha BBITTOTHEHNE 33714,
BBIXOZSIINX 32 PAMKU BO3MOKHOCTEH ero NCXOAHOI peasnzarini. Cxema 3Toro maTTepHa
npuBeieHa Ha puc. 6.1.

WHTepdeiic, B koTopom
00bABNEHa HeKas onepauvm\‘

IComponent
operation()
i
Concrete|Component Deco|r‘ator‘
operation() component
/ operation() v\Oﬁepn(a Decorator

Peanusaumsa pacwumpsAeT nosefieHune
37070 UHTEpeiica uHtepderica IComponent

Puc. 6.1. MNattepH «[ekopatop»: uHTepdeiic IComponent, ero KOHKpeTHas peanunsauus
ConcreteComponent v Decorator, pacwwupsiowmii IComponent 4OMONHUTENbHBIM NOBEAEHVEM

[lyig mpuMepa mipejicTaBuM, uTO y Hac ecTh unrepdeiic IWidgetFactory, B KOTOpOM
00BABIICH METO/L Widget (), BO3BpaImaonnit 00BEKT Widget. A B KOHKPETHOH peayn3ainm
WidgetFactory peain3oBaH METOJ /ISl CO3/IaHust HOBbIX 00beKTOB Widget.

JlomycTiM, 9TO MBI XOTHM TOBTOPHO MCIIOJIb30BaTh Widget ¥ BMECTO TOTO, YTOOBI
€O3/1aBaTh KayKbII pa3 HOBBIH 0OBEKT, XOTEJU OBl CO3/aTh TOJBKO OMH 0OBEKT Kacca
1 BCer/ia BO3BpaIiaTh ero (To ecTh peann3oBaTh oJuHOUYKY ). He BHOCS n3MeHeHMH B Kiace
WidgetFactory, MBIl MOXKEM CO3[aTh JeKOPaTop SingletonDecorator — 06EPTKY st
IWidgetFactory, Kak [OKa3aHO B JiuCTUHTe 6.1, 1 pacIIupUTh ero MoBeAeHne Tak, YTo0bl
cosaBaJjics JIMIIb oAuH 00beKT Widget (puc. 6.2).
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JNnctunr 6.1. [ekopatop ana IWidgetFactory
class Widget {}

interface IWidgetFactory {
makeWidget(): Widget;
}

WidgetFactory npocto co3paet

public makeWidget(): Widget { N -
return new Widget(); HoBblil 06bekT Widget

class WidgetFactory implements IWidgetFactory {

}
}

. . . SingletonDecorator
class SingletonDecorator implements IWidgetFactory { ofieprbisaer IWidgetFactory
private factory: IWidgetFactory;

private instance: Widget | undefined = undefined;

constructor(factory: IWidgetFactory) {
this.factory = factory;

}
public makeWidget(): Widget {

if (this.instance == undefined) {

this.instance = this.factory.makeWidget(); Metog makeWidget peanusyer
} NOTUKY OAUHOYKU
1 TapaHTUpYeT, 4T0 MOXeT

return this.instance; 6bITb CO3aH TONBKO

b oaun 3k3emnnap Widget
}
IWidgetFactory ¢
makeWidget()
WidgetFactory SingletonDecorator
makeWidget () factory
makeWidget()

Puc. 6.2. MNatTepH «[ekopatop» ans dabpukun BumxeTos. IWidgetFactory — nHtepdelic,
WidgetFactory — KoHkpeTHas peanusaums, a knacc SingletonDecorator pobaensiet B IWidgetFactory
rnoBeAeHne OAMHOYKN

[TperMyIecTBO 3TOTO MATTEPHA 3aKTIOUAETCS B MOJJIEPIKKE NPUHUUNA eOUHCMEEHHOT
obssannocmu (single-responsibility principle), KOTOpBI rIaCKT: KJIace A0JKEH OTBEYATh
TOJIbKO 3a 4TO-TO OJ{HO. B manHoM ciyvae kiacc WidgetFactory oTBedaer 3a cosjlanue
BU/IKETOB, a SingletonDecorator — 3a NoBejieHNe, COOTBETCTBYIOIIee OJMHOUKe. Ecan
HaM 1oTpebyeTcst HECKOJIBKO 9K3EMILISIPOB KJIACCa, TO MOKHO BOCIIOJIb30BATHCST HETIO-
CpeJICTBEHHO KaccoM WidgetFactory. Ecim ske oquH — KjaccoMm SingletonDecorator.
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6.1.1. ®yHKUMOHANbHBLIN AEKOpaTOP

[TorpobyeM yIpOCTUTH 9Ty PEANU3AINMIO OTSATh-TAKU € MTOMOIIBI0 THITH3UPOBAHHBIX
dynxrmit. {s vavasma nsbasumMcst oT uHTepdeiica IWidgetFactory, 3aMeHNB ero (yHK-
[UOHAJBHBIM TUITOM JIAHHBIX, OTIMCBHIBAIOIINM (DYHKITHIO 6e3 apryMEHTOB, KOTOPast BO3-
Bpaiaer oObekT Widget: () => Widget.

Temepb MBI MOJKEM 3aMEHUTH KJ1acc WidgetFactory mpocToil (hyHKITHEH makeWidget ().
Tawm, e parbIlie UCIOab30BasCS nHTepdetic INidgetFactory 1 mepeaaBaics 9K3eMILISIP
WidgetFactory, Terepb Mbl moTpebyeM (yHKIMHN THIA () => Widget u GyaeM mepeaaBaTh
Tyzna makeWidget (), kak moka3zano B uctuHTE 6.2.

JInctuHr 6.2. OyHkunoHanbHas abpvika BUOXKETOB

class Widget {} o .
YHKLMOHANbHbII TR AAHHBIX
type WidgetFactory = () => Widget; AnA §abpuku BuKeTo

Tun ¢pynkumn makeWidget()
cootBetcrayer Tuny WidgetFactory

function makeWidget(): Widget {
return new Widget();
}

function useloWidgets(factory: WidgetFactory) {
for (let 1 = 0; i < 10; i++) {
let widget = factory();
VALY

OynKuma use10Widgets tpebyet Hanuuma
napametpa Tuna WidgetFactory n ucnonb3yer
ero AnA co3paHua fecaty sksemnnapos Widget

}

Mpumep Bbi30Ba: nepeaaem GpyHKuUm0
useloWidgets(makeWidget);

makeWidget B KauecTBe aprymeHTa

Jlns cozpanust GyHKIMOHANBHON (habPUKK BUIZKETOB MBI UCIIOJNB3YEM METOIUKY,
04eHb OJIM3KYIO K MATTEPHY TPOeKTUpoBanust «CTparerusi» U3 IIaBbl 5: epefaeM (yHK-
I[MI0 B KAYECTBE apTYMEHTA U BHI3bIBAEM €€ TIPU HeoOX0MMOCTHU. Tereph TOCMOTPIM, KaK
106aBUTH CIOJIa TOBEJICHUE OJTMHOYKH.

Cosmaem HOBYIO (DyHKINIO, singletonDecorator(), TPUHUMAIONIYIO B KaueCTBE
aprymenTa (yHKIMIO ThTA WidgetFactory M BO3BpalaIoONIyIo APYTYIO (DYHKIMIO TUTIA
WidgetFactory. Kak BbI HOMHUTE U3 TJIaBbl 5, JsiMOIa-BhIpaskeHue — 310 (hyHKIus 6e3
Ha3BaHUsA, KOTOPYIO MOKHO BO3BpalaTh u3 Apyroii dynkmuu. B aucrtunre 6.3 wam je-
Kopartop nosrydaeT habpuKy ¥ ¢ ee TIOMOIIIBIO CO3/IaeT HOBYIO (DYHKITHIO, OTBEYAIOIIYTO 32
noBejierne onHoYKY (puc. 6.3).

KoHkpeTHas onepauuas — > | makeWidget ()

[Dlexopatop cnyxut
0bepTKoit 3Toil onepavun
1 fo6aBnAer elwe OAMH
BapUaHT NoBefeHNsA

> | singletonDecorator()

Puc. 6.3. OyHKUMOHasbHBIN AekopaTop: Tenepb AocTaTouHo dyHKumMiA makeWidget() u singletonDecorator()



166 naBa 6 e PacwmpeHHble BO3MOXHOCTN NPUMEHEHNS TUMOB AaHHbIX

JucTuHr 6.3. [lekopaTop Ans GYHKUMOHaNbHOM habpuky BUAXKETOB
class Widget {}

type WidgetFactory = () => Widget;

function makeWidget(): Widget {
return new Widget();

}

function singletonDecorator(factory: WidgetFactory): WidgetFactory {
let instance: Widget | undefined = undefined;

return (): Widget => { OyHkuu singletonDecorator()
if (instance == undefined) { BO3BpaLLaeT NAMGAa-BbIpaKeHMe,
instance = factory(); peanusyloliiee noBefieHIe OANHOUKM,
} ncnonb3ys 3apiaHHyko Gabpuky

return instance; JAnA co3ganmA o6bekta Widget

};
}

function usel@Widgets(factory: WidgetFactory) {
for (let i = 0; i < 10; i++) {
let widget = factory();

VA A nockonbKy GyHKuus singletonDecorator()
} Bo3Bpauuaet WidgetFactory, ee moxHoO
b NepenaTh B KayecTse apryMeHTa

yHKumu use10Widgets()
usel@Widgets(singletonDecorator(makeWidget));

Tenepb BMeCTO co3panus gecatu o0beKToB Widget GyHKIMs useloWidgets() BbI-
3bIBaeT JISIMOIa-BhIPasKEHME, TOBTOPHO UCMOJB3YIOIIee OJUH U TOT ke 00beKT Widget
TSI BCEX BBI3OBOB.

B aTOM KO/IE KOJIMYECTBO KOMITOHEHTOB yMEHbBIIaeTcs ¢ nHTepdetica 1 IBYX KJIacCOB —
110 OTHOMY METO/Ty KakK/IbIi (KOHKpETHAsT oTlepaIins 1 IeKOPaTop) — 0 ABYX (PyHKITHH.

6.1.2. Peanusauumn agekopatopa

Kak u B ciryuae Harrero artepra «Crparerusi», 00beKTHO-OPHEHTHPOBAHHbIN U (DYHKITHO-
HAJIbHBIM TIOJIXO/l peasu3yIOT OJIMH U TOT JKe IaTTepH MPOeKTUPoBaHus «/lekopaTops.
O6beKTHO-0pUeHTHpPOBaHHas Bepcust TpedyeT oObsiBiienns uHtepdeiica (IWidgetFactory),
110 KpaiiHell Mepe OIHON peasiu3aiiuu atoro unrepdeiica (WidgetFactory) u Kiacca-ieKko-
paTopa, OTBeyalolero 3a J0TO0JHUTeIbHBIN BapuaHT 1oBeieHus (SingletonDecorator).
[Tpu HYHKIIMOHATBHON peasn3aliui ke, HAIPOTUB, MPOCTO OOBSIBIISIETCS TUTI ISt (Da-
G6puuHoil pyHKIME (() => Widget) u ucmonb3yoTes ase GyHKIU: GyHKIHsA-(habprka
(makeWidget()) u pyHKIMA-eKOpaTOp (singletonDecorator()).

Ctout oTMETUTH, 4YTO B (DYHKIIMOHATBHOM CJIydae THUIl IEKOPATOpa OTJANYAETCS OT
Tuia makeWidget(). ¥ (abpuku apryMeHTOB HeT, OHa Bo3Bpaliaer Widget, a gexopa-
TOp MPUHUMAET Ha BXoje (abpuKy BUAKETOB U BO3BpaInaer apyryo. foBops uHaue,
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singletonDecorator() IpUHUMAET B KayeCcTBe apryMeHTa (GpyHKIMIO U BO3BpAIlaeT ee
B KauecTBe Pe3ysbrata. ITO BO3MOXKHO TOJIBKO GJIaroapst moJHOMPABHOCTH (DYHKIHIA,
TO €CTh BO3MOKHOCTH paboTaTh ¢ (GYHKIUAMU TOUHO TAK JKe, KaK 1 ¢ IPOUYUMHU MePEMEH-
HBIMM, ¥ UCII0JIb30BATh X B KAYECTBE aPTYMEHTOB U BO3BPAI[AeMbIX 3HAYECHUIA.

Ira 6osiee KOMITAKTHASI Peajin3allisi, CTaBIIast JOCTYITHOM GJarofapst COBpeMEHHBIM
CHCTEMaM THIIOB, BITOJIHE TIOXOJIUT JIJIst MHOTUX CJIydaeB. Bosiee «MHOTOCTIOBHOE» 00b-
€KTHO-OPHEHTUPOBAHHOE PEIIEHHUE TIOIXO/UT JIJist PaOOThI ¢ HECKOJIBKUME (DYHKITUSIMU,
Ecisu B HatieM uHTepdeiice 00bIBIEHO HECKOTBKO METOIOB, TO 3aMEHUTDb UX OJHUM
(hYHKITMOHAILHBIM TUTIOM JJAHHBIX HE TTOJTYUUTCS.

6.1.3. 3aMblkaHusa

[TocmoTpum 6oJlee BHUMATEIbHO Ha peasnusaiuio singletonDecorator() BJuctunre 6.4.
Bo3MoskHO, BBl 00paTHJIN BHUMAHIE HA MHTEPECHBIN HIOAHC: XOTh (DYHKIUST BO3BPAIAeT
JisiMO/1a-BBIPaKEHIE, OHO CCBLITAETCST KaK Ha apryMeHT factory, Tak U Ha, Ka3aJoch Obl,
JIOKAJTBHYIO (11O OTHOIIEHUIO K (pyHKIMK singletonDecorator()) epeMeHHyto instance.

JIncTuHr 6.4. OyHKuus-gekopaTop

function singletonDecorator(factory: WidgetFactory): WidgetFactory {
let instance: Widget | undefined = undefined;

return (): Widget => {
if (instance == undefined) {
instance = factory();

return instance;

s

N naxe mocste Bo3BpaTa 3 ¢hyHKINN singletonDecorator() mepeMeHHas instance
BCE PaBHO CYIIECTBYET, MOCKOJBbKY OblTa «3aXBauycHa» JsIMO[a-BHIPAKEHUEM. DTO SBJICHIE
HasbiBaeTcsa asmboa-saxeamom (lambda capture).

3AMbIKAHUA U NAMBAA-3AXBATDI
Nambpaa-3axBaT npeacTaBnseT coboi 3axBaT BHELUHEWN MEPEMEHHON BHYTPU
nsmMbaa-BblpaXkeHWsl. Takue 3axBaTbl Peanun3yoTcs B si3blkax NMporpaMMmnpoBa-
HUS C MOMOLLbIO 3aMblKaHUI. 3aMblkaHWEe — 3TO He NMPOCTO hyHKLUMS: OHO Takxke
bvkempyeT cpeay, B KOTopol (yHKUMs Bblla co34aHa, TaK YTO MOXET COXPaHATb
COCTOsIHME OT BbI30Ba 10 BbI30Ba.

B namem coryuae mepemenHast instance B ¢pyHKIMM singletonDecorator() sBsieTcsS
YACTHIO TAKOIT CPEJIBI, TOATOMY BO3BPAIEHHOE JIIMO/Ia-BBIPAsKEHIE TTO-TTPEKHEMY CMOJKET
cchliaThes Ha instance (puc. 6.4).
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Bo3spauatowias function getClosur‘eQ: () => void {

3aMbIKaHMe¢yHKI.|Vm\‘ const text: string = "Hello world!";
return () => { console.log(text); };

3amblKaHue BKNKOYaeT

He TONbKO KO, \ BosBpataet

OHO TaK»e 3aXBaTblBaeT

rlepeMentyto text | console.log(text); |—¢text: "Hello world!"|

Puc. 6.4. Mpocras hyHKUMsI, BO3BPALLAOLLAs 3aMblKaHWe: NIiM64a-BblpaXKEHWE, KOTOPOE CCbIIAeTCs
Ha NokasbHyto (N0 OTHOLIEHMIO K 3TOW hyHKUMM) NepemMeHHyto. [axxe nocie Bo3BpaTa U3 dyHKUMK
getClosure() 3aMblkaH1e BCE PaBHO CChbIIAETCS HA MEPEMEHHYIO, TaK YTO OHa CYLLECTBYET [OSIblUE, YeM
(byHKUMS, B KOTOPOM MOSIBNSAETCS

3aMbIKaHUST UMEIOT CMBICJ TOJBKO TIPU HATUYUEU (DYHKI[UN BBICIIETO MOPSIIKA.
Eciv Hestb3st BepHYTh U3 OJHON (DYHKIIMU APYTYIO, TO HET M CPEJbI, KOTOPYIO MOMKHO
6b1710 6bI 3axBaTUTh. B aTOM ciydae Bce PyHKIMU HAXOAATCS B r100aibHOI obsacTu
BUIUMOCTH, KOTOPAsi 1 UTPAeT PoJib uX cpebl. OHU MOTYT CChLIATHCS Ha TII00ATbHBIE
epeMeHHbIE.

MoHO TakKe CPaBHUTH 3aMbIKaHust ¢ 00bekTaMu. OODBEKT — HEKOE COCTOSIHUE
¢ HabOPOM METOJIOB; 3ambiKanue — (PYHKIUS ¢ HEKUM 3aXBaUeHHBIM COCTOsSTHUEM. Pac-
CMOTPHM €lle OIUH PUMEP, B KOTOPOM HaM MPUTOATCS 3aMbIKaHUsA, — PEATU3AIIIO
CUETUHUKA.

6.1.4. YnpaxHeHue

Peamusyiite dyHkimnio loggingDecorator (), TPUHUMAIONIYIO B KAYECTBE apryMeHTa
Ipyryto hyHKIumo, factory (), KOTOpast He IPUHUMAET aPTYMEHTOB U BO3BPAIIaeT O0bhEKT
Widget. /[exopaTop s0J:KeH BbIBECTH B KOHCOJb "Widget created”, mpesk/e ueM ¢ moMo-
IIbIO BBI30Ba 3a[aHHOI (TlepelanHol eMy) (DYHKIMK BEPHYTh 00beKT Widget.

6.2. Peanu3aumsa cyeTymka

paCCMOTpI/IM O4YCHb HpOCTOﬁ cueHapHﬁ: CO3TaHne CYETYMKA, BO3BPAII[AIONIETO ITOCIEI0~
BaTeJIbHbIEC UM CJIa, HAUHNHas C 1. 9ror TIpUMEP MOJKET IMMOKa3aThbCA TPUBHUAJbHBIM, OJTHAKO
OXBaTbIBA€T HECKOJIbKO BO3MOJKHBIX peaJII/ISaHI/IfI, KOTOpPbIE€ MOKHO TPUMCHATH JHO6OMy
CIIEHApHWIO TeHepalnun 3HAYEHUT. OZII/IH N3 9TUX BAPHUAHTOB peaan3alilu — BOCIIOJb-
30BaThCA TII06AIBHOM HepeMeHHOﬁ n q)YHKHHEﬁ, KOTOpadA BO3BpallacT ee, IMOCJIe YeTo
YBEIMYNBACT €€ 3HAaUYCHNEC Ha 1, KaK [TOKa3aHo B JIUCTUHTE 6.5.

HaHHaH peanmn3anusa pa60TaeT, HO OHa He€ OIITUMaJIbHa. BO-HepBbIX, n — raobanbHas
IepeMeHnHasd, Tak 4TO JOCTYII K Hel ecTb Y KOTro yroato. prFOﬁ KO/l MOJKET UISMEHUTD €€
3HaYCHNE HE3aMETHO JIJI HacC. BO-BTO];)EIX7 9TO peamn3aliysda OAHOTO CUeTYrKa. A 4To, €CJIn
HaM HOHaZIO6HTCH JIBa CHETUYNKA, HAUNHAIONINXCA C 1?
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JINCTUHr 6.5. MMo6anbHbIf CHETUNK

let n: number = 1; 7 cwerunk XpaHUTCA B rMo6asnbHoil nepeMeHHoi

function next() { 0
return n++; YHKUMA next() Bo3BpaLyaert n,

} nocne yero yBeiimynBaeT 3HayeHune n Ha 1

B pe3synbrate 0MKHO BbIBOANTBCA:
1
2
3

console.log(next());
console.log(next());
console.log(next());

6.2.1. OB6bEKTHO-OPUEHTUPOBAHHbBIN CHETUMK

[TepBas peanusaiiyist, KOTOPYIO MbI PACCMOTPHM, — OGBEKTHO-OPUEHTHPOBAHHAS, BOSMOKHO,
XOPOI1I0 BaM 3HakoMasi. Mbl co3anum kiaacce Counter, B KOTOPOM B KayeCTBe [IPUBATHOTO
uJieHa Kaacca GyIeT XpaHUThCSA COCTOSIHUE HAIlero cyeTynka. U onuiem Metos next (),
KOTOPBIIT BO3BpAIIaeT CYETUVK, YBETNYNBas ero 3Havete Ha 1. Takum 06pasoM, CYeTInK MH-
KallCyJIMPOBAH 1 HUKAKOI BHEITHUI KOJ| He MOJKET U3MEHUTD €r0 3HAaYEHUE, & MbI MOJKEM CO3-
JIaTh CTOJIBKO CYETYUKOB, CKOJIBKO HYZKHO, B BU/IE 9K3EMILISIPOB 3TOr0 Ki1acca (JucTuHr 6.6).

JINCTUHr 6.6. O6bLEKTHO-OPUEHTUPOBAHHbBIN CYETUMK

class Counter {

private n: number = 1;
3HaueHue cueTymKa Tenepb

ABNAETCA NPUBATHBIM YNIEHOM KNacC
next(): number { N puBa OM knacca

return this.n++;
b
}

let counterl: Counter = new Counter();

Mo2Ho co3aaTb HeCKONbKO CYETUNKOB
let counter2: Counter = new Counter(); ‘ A

console.log(counterl.next()); 1Bpe3yanaTe BbIBOAUTCA:
console.log(counter2.next());
console.log(counterl.next()); 1
console.log(counter2.next()); i

Taxoii nogxox 6osee yaaunsiii. Ha camom gesre GONBIINHCTBO COBPEMEHHBIX SI3bIKOB
[IPOrPAMMHUPOBAHUS TIPEIOCTABIISIIOT UHTEP(hEIC /1715t TOOOHBIX HAIIIEMY CUETUHKY THUIIOB,
BBIJIAIONTIH 3HAUCHME [TPU KASKIOM BBI30BE, CO CIEIUATIbHBIM CHHTAKCHUCOM JIJISI UTEPAITIHL.
B TypeScript aTo MOKHO c/iesaTh ¢ TIOMOIIbIO nHTepdelica Iterable u nukia for ...
of. MbI paccMOTPUM JaHHBIA BOIIPOC Aajiee, Koraa OymeM o0cyKaaTh 06001IeHHOe IPO-
rpammupoBanue. [loka oTMeuy, 4To 3TO OUeHb YacTo BerTpevaomuiics narrepi. B C# on
peasusyeTcsi ¢ TIoMOIIbio nHTepdeiica IEnumerable u 1ukia foreach, a B Java — c 1o-
MOIIIbIO HHTep(peﬁca Iterable u 1ukia for : loop.

[anee paccMoTpuM (QYHKITMOHAJIBHBIH BADUAHT peasn3aliui, B KOTOPOM JIJIS PeaJiy-
3aIMK CYETYMKA MCIIOJIb3YIOTCS 3aMbIKAHUS.
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6.2.2. DYHKUMOHANbHbIA CYETUMK

B smmuctunre 6.7 Mbl peannsyem (yHKITMOHATBHBIHN CYETUYNK C TIOMOIIBIO (DyHKITUHN makeCoun-
ter(), KOTOpast BO3BpAIIAeT ITPU BhI30Be (DYHKIIMIO-cueTunK. HauampHoe 3Havenue cuer-
qika OyJIeT 3a/1aBaThCS B BUJIE JIOKATBHOU (110 OTHOIIEHUIO K (hyHKIMM makeCounter())
TepeMEHHOI, KOTOPYTO MBI 3aTEM 3aXBAaTUM B BO3BPAIaeMoil (DyHKITIH.

JINcTUHr 6.7. OYHKUMOHANbHBINA CHETUMNK
Tun Counter onucan Kak GyHKLUA, He NpUHUMaIOLLaA
type Counter = () => number; aprymeHToB 1 Bo3BpalLiatoLiasn number

function makeCounter(): Counter {

let n: number = 1;
’ 3HayeHue cYeTunKa 06bABNAETCA Kak NepemeHHas

1 3aXBaTbIBaeTCA NAMG6Aa-BbIpaxeHUeM
return () => n++;

}

let counterl: Counter = makeCounter();
let counter2: Counter = makeCounter();

console. Tog(counter1()); presyanaTe BbIBOAUTCA:
console.log(counter2()); 1
console.log(counterl()); )
console.log(counter2()); 2

Temneps Bce CYUETUMKU IIPEACTABIAIOT cOO0M (DYHKIMMI, TAK YTO BMECTO BHI30BA
counterl.next() MbI BbI3bIBaeM 1pocTo counterl(). Kak BujnTe, Kask/Iblil U3 CYETINKOB
3axBaThIBaeT CBOE 3HAaUEHME: BBI3OB counterl() He BJIUSET HA BBI3OB counter2(), mo-
CKOJIbKY TIPH Ka’K/TOM BbI30Be makeCounter () co3aeTcst HOBasi iepeMeHHast n. Y Kaxaon
Bo3BpaiaemMoit pyukimru — cBosd n. CueTuynku SABISAOTCS 3aMblkanussMu. Kpome toro,
3TU 3HAYEHUS COXPAHSIOTCS OT BBI30Ba /10 BBI30Ba. B aTOM 3aKiioyaeTcd OTandue oT 10-
BeJICHUS JIOKAJIBHBIX JIJTs1 QYHKIIUU TIePEMEHHBIX, CO3/[aBaeMbIX TIPU BHI30Be (DYHKIIUH
¥ YHUYTOXKAEMBIX IIPU Bo3BpaTe U3 Hee (puc. 6.5).

Mpu Kaxpom BbI30Be GyHKLMA \

BO3BpallaeT HOBOe 3aMblKaHue

makeCounter()
counter1 counter2

| 1

return n++; |—+n: <counter value>| | return n++; |—+n: <counter value>

" e

Puc. 6.5. BaxHo NoHMMaTb, YTO y KaXkaoro 3amblkaHusi (B HalleM criydae counterl u counter2) — cBos
nepemMeHHas n. Mpu kaxxaoM BbizoBe makeCounter() HOBOW NepeMeHHON N NPUCBAMBAETCS HauyanbHOE
3HayeHue 1, n OHa 3axBaTbIBAETCS BO3BPALLAEMbIM 3aMblkaHMEM. A MOCKOJIbKY BCE 3HAYEHMS pa3Hble,

OHUW HE BNVAKOT APYr Ha Apyra

Bce cuetumkm cBA3aHbI € Pa3HbIMK 3HAYEHNAMU N
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6.2.3. B0306HOBNSEMbIN CUETUNK

Emie oy criocob onucarsb cuetynk — Bo3oOHOBIIsseMas pyHKIus. OGbEKTHO-OPUEHTHPO-
BaHHbIII CYETUMK OTCJIEKUBAET COCTOSIHUE B IIPUBATHOM uieHe Kiacca. DyHKIMOHAIbHbIN
OTCJIEKUBAET COCTOAHNUE B 3aXBAYCHHOM KOHTEKCTE.

BO3OBHOBJISAEMbIE ®YHKLIUUN
Bo3o6HoBnsieMon (resumable function) HasbiBaeTca (yHKUMS, KOTOpasi OTCre-
XVBaeT COBCTBEHHOE COCTOSIHME W MPUY BbI30BE HE HAYMHAETCS C HayasbHOro
3HayeHus, @ NPOAOIIKAET BbINOSHEHME C TOr0 MeCTa, rae NpousoLen Bo3BpaT
U3 Hee B NPOLUNbIN pas.

B TypeScript BMecTo KTF04€BOTO ¢JI0Ba return Ui BBIX0/a 13 (DYHKIIUHA MOKHO HC-
110JIb30BaTh KJII04EBOe CJI0BO yield, Kak Iloka3aHo B iucTuHre 6.8, ITO KiI04eBoe CJI0BO
TIPUBO/INT K TPUOCTAHOBKE BBITIOTHEHNS (DYHKITUH 1 BO3BPATY YIIPABJIEHUS BHI3BIBAIOIIEH
cropote. IIpu TOBTOPHOM BbI30BE BBIIIOJTHEHUE [TPOJIOJIKAETCS ¢ KOJIA, CJIe/lyIOIero 3a
orepaTtopoM yield.

CymiecTByeT HECKOJIBKO OTPAaHUYEHUN 110 MCI0JIb30BaHMIo yield: GpyHKIMIO Ce-
nyeT o6bIBUTL KaK TEHEPATOP, a ee BO3BPAIaeMbIM TUIIOM JIOJIKHA ObITh pean3alius
untepdeiica IterableIterator. [eneparopsi 00 BABIAIOTCS IIyTeM YKa3aHUs Ieper Ux
Ha3BaHIEM CUMBOJIA *.

JINCTUHr 6.8. BO306HOBNAEMBI CHETUMK

function* counter(): IterableIterator<number> {
let n: number = 1; OyHKUMA 06bABNEHA KaK reHepaTop

while (true) {
yield n++;
} 4_‘ Bmecro return moxHo ucnonb3ogarb yield

}

Hawm cueTyukn — 06beKTbI,
peanusyiowue untepdeiic Iterablelterator

let counterl: Iterablelterator<number> counter();
let counter2: IterableIterator<number> = counter();

next ( ) ) ; B pe3ynbrarte BbiIBOAUTCA:

console.log(counterl. 1

console.log(counter2.next());
console.log(counterl.next());
console.log(counter2.next());

1
2
2

ITa pean3aIus — HeuTo CpeiHee MeK/Y 00bEeKTHO-OPHEHTUPOBAHHBIM U (DYHKITHO-
HAJIBHBIM CUETUYMKAaMU. Peansariist JaHHOTO CUETYNKA BBITJISIUT KaK (DYHKITHST: MBI HAUN-
HAEeM € n=1 U BHINTOJIHsIeM OECKOHEUHBIH IIUKJI, BbIlaBast SHAYCHKE CUCTUMKA U YBEJTUUNBasT
ero Ha 1. C Ipyroif CTOPOHBI, TeHEPUPYEMbIiT KOMITUISITOPOM KO/ — OOBEKTHO-OPUEHTH-
POBaHHBIN: (haKTHUECKHU HAIl CUETYUK TIPEACTABIsIET coO0it IterableIterator<number>,
U IS TIOJIyYEHM S CJIE/LYIOIEro 3Ha4eH s Mbl BbI3biBaeM next ().
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M x0T Mbl peasinayeM BBIIIEOIICAHHOE ¢ IOMOIIbIO olrlepatopa while (true), omnac-
HOCTb 3aCTPSTH B GECKOHEUHOM ITMKJIE HAM He TPO3UT; (DYHKITHS BbIZIACT 3HAYCHUS U TIPH-
OCTaHABJIMBAETCS TOCJIE KAXK/I0T0 oreparopa yield. A KOMITUJIATOP CKPLITO TPAHCIUPYET
HaIMCAHHBII HAMU KOJI B HEUTO HAITIOMUHATOTIee HAIIN TTPE/bITy e Pean3aliii.

Tun ganHol pyHKIME — () => TterableIterator<number>. OOpaTuTe BHUMAHHUE: TOT
(baxT, 4TO OHa SIBJIAETCS TEHEPATOPOM, He BIIHsIeT Ha ee THI. Tui GyHrinm 6e3 apryme-
TOB, BO3Bpalaonieii IterableIterator<numbers>, HyjeT TOYHO TakuM ske. KoMmuisTop
HA OCHOBE OOBSIBJIEHUST * pa3pelaeT UCIOIb30BaTh OMePaTophl yield, HO JJIst CHCTEMBI
TUIIOB 9TO COBEPILIEHHO HE3AMETHO.

MBI elite BEpHEMCST K UTEPATOPaM U TeHEPATOPaM B MOCJELYONUX IJIaBax 1 00Cy UM
ux nozppodHee.

6.2.4. KpaTkoe pe3ioMe No peannsauusiM cyeTymKa

Hpemae YeEM IIPOJOJIZKUTDH, KOPOTKO IMOJABITOKUM YETHIPE cnocoba peanm3alivi CHETYNKa
1 pa3yiMyHbI€ A3bIKOBbIE BOSMOKHOCTH, O KOTOPbIX OBLIIO pacckra3aHo.

O TnobanbHBIN CUETYUK PeATU3YeTCsl B BUJIEe TIPOCTOil (yHKIINH, CChLIAIONeiics Ha
r06abHYIO TIepeMeHHYI0. Y TaKOTO CYeTUMKA MHOKECTBO HEJIOCTATKOB: 3HAYEHUE
CUETYNKA He NHKATCYTUPOBAHO TOJLKHBIM 00Pa30M 1 HEJTb3sT CO3ATh /IBA OTIEMBHBIX
9K3eMILISIPA CUETUIKA.

O OODbEKTHO-OPUEHTHPOBAHHAS PEATN3AIHST CIETINKA POCTA: 3HAYEHITE CIETIMKA —
MIPUBATHOE COCTOSTHIIE, /IS YTEHNUS M HapallMBAHNSI KOTOPOTO MPEOCTABISETCS Me-
TO/l next (). B 60bITIHHCTBE SI3BIKOB TPOTPAMMHUPOBAHS JIJIsT TOTOOHBIX CIICHAPHER
CYIIECTBYIOT MHTEP(elichl Haoobue Iterable U CUHTAKCHYECKHIT caxap st pPabOThI
C HUMU.

O @OyHKIMOHAJIBHBIN CYUETYNK — ITO (PYHKIIM, Bo3Bpalaiomias Gyukiuio. Bo3spaiia-
emast QYHKIMSI ¥ €CTh CUeTYUK. B 1m07100HO# peansaiiuu [jist XpaHEHUsT COCTOSTHUST
CUYETYNKA UCTIOMB3YIOTCST BO3MOKHOCTH JITMOTa-3axBaToB. Kos 6ostee TakoHmudeH, vem
B 00BEKTHO-OPUEHTHPOBAHHON BEPCHH.

O B remepatopax UCMIONB3YETCS CIENMUATBHBIN CHHTAKCHUC TS CO3TaHNsT BO30OHOBIIsIE-
Mol hyHkiuu. BMecTo Bo3BpaTta n3 yHKIMY ITeHepaTop IPOM3BOUT BblJlauy 3HaYe-
HU4; OHO [TepeiaeTcs BbI3bIBAIOIIEH CTOPOHE, HO IPU 9TOM OTCJIEKUBACTCS COCTOSHHE
HA TEKYIIUI MOMEHT U TIPH MOCJIE/YIONNX BbI30BaX paboTa BO30OHOBIISIETCS C COOT-
BeTcTBYIOMIero Mecta. OyHKIUSA-TeHepaTOP J0KHA BO3BpaniaTh IterableIterator.

A Teriepb pacCMOTPUM ellle O/IHY pacpocTpaHeHHyIo cdepy mpuMeHeHnus QyHKINO-
HAJIbHBIX TUTIOB JIAHHBIX: ACUHXPOHHBIE (DYHKIINU.

6.2.5. YnpaxHeHus

1. I/ICHOJIIByH 3aMbIKaHUMI, peaﬂﬂsyﬁTe (l)yHKLII/IIO, BO3BpallaronlyIo Ipu BbI3OBE CJIE/Yy-
Iolee 4YncJIo B I1ocjJie10BaTe/IbHOCT Dubonayuu.

2. Wcnonbays reneparop, peaiusyiite GyHKINIO, BO3BPALAIONLYIO IIPU BBI30BE CJIELY-
[o1Ilee YKo B nocjenoBateabHoctn Dubonauym.
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6.3. ACWHXPOHHOE BbIMNOJIHEHME
ASIMTENbHbBIX Onepauun

[TprtosKeHNs TOJKHBI OTINYATLCST GBICTPOAEHCTBHEM 1 CKOPOCTBIO PEAKITHH, TAJKE €CITH
JyacTh omneparuii copepiiaercs posblie. [lociemoBarenbHoe BbINOTHEHIE BCETO KO/A
npuBesio Obl K HelpueMeMbIM 3ajepskkam. [[oib30BaTes i 04eHb pazouapyioTcs, eciu
TpIUTOKeH e OYeT JKAATh 3aBEPIIEHIsT 3arPy3KH U He CMOKET 13-32 9TOTO OTPEarHpOBATh
Ha Ha)kaThe KHOTIKML.

Kax mpaBuiio, He 06s13aTeIBHO JKAATH 3aBEPIIEHIUS ATUTETBHON OMeparni, 9ToObl
BBITIOJTHUTH OTIEPAIIIO, TPEOYIONIYI0 MEHbIITe BpeMeHH. JIydliie BBHIMOTHIATh MOA00HbIE
oreparuu aCHHXPOHHO; 3TO 103B0J T Ul 0cTaBaThCst MHTEPAKTUBHBIM BO BPEMsI 3aTPY3KHU.
ACHUHXPOHHOCTD OTIePAIIUil 03HAYAET, YTO OHM HE BBIIOJHSIOTCS OJIHA 32 APYTOi, B TOM
MOPSIZIKE, B KOTOPOM BCTpevaiorest B koge. OHuM MOTyT paboTarh MapajieibHO, XOTs 1 He
o0sI3aTeIbHO TakK. JavaScript — OJHOMOTOYHBII, TOITOMY CpPe/la BBIIOJIHEHHUST UCIIOJIb3Y-
eT IUKJI OJKUAHMsT COOBITUS JIJIST ACMHXPOHHOTO BBITIOJHEHUS oriepariiit. Mbl 00Cy M
B 00IIUX YePTax KaK MapalIeJIbHOE BBIMOJHEHNE ¢ TIOMOIIbIO HECKOIILKUX TIOTOKOB, TaK
U BBIMTOJTHEHYE HA OCHOBE TIHKJIA OJKU/IaHUsT COOBITHS TIpU 0IHOM TIoToKe. Ho cHauasta pac-
CMOTPHUM TIPUMED, JIJIST KOTOPOTO MOKET MPUTOIUTHCS ACHHXPOHHOE BBITIOJTHEHNE KOJIA.

Jlomyctnm, HaM HY>KHO BBITIOTHUTb [[BE OTIEPAIINH: TOTTPUBETCTBOBATH TTOJIb30BATEIEH
U TIepEHATIPABUTD X HA CAliT www.weather.com, 4ToGBI OHU MOTJIH IOCMOTPETH TaM TEKYIILYIO
niorofy. /171 3TOro MbI cO3/1a/IMM JiBe (DYHKITNN: greet () — 3alpaniuBaeT UM IT0JIb30BaTe s
U IPUBETCTBYET €10, U weather () — 3amyckaeT Gpaysep ISt TPOCMOTPA TEKYIIEN MOTO/IBL.
CHauasia TOCMOTPUM Ha CHHXPOHHYIO PEaJIN3aIlNIo, a 3aTeM CPAaBHUM ee C aCHHXPOHHOT.

6.3.1. CuMHXpOHHasa peanusauus

Mpu1 pearmmsyem yHKITNIO greet () ¢ TOMOIIBIO MTaKeTa node readline-sync, Kak II0Ka3aHo
B ymuctunre 6.9. OyHkIms question() aToro makera obecrieunBaeT BO3SMOKHOCTD YT€HUS
BXO/IHBIX JJaHHBIX U3 stdin. OHa Bo3BpalllaeT BBEJIEHHYIO MOJIb30BATEIEM CUMBOJIBHYIO
CTPOKY. BhinosHere 610KMpyeTcs, oKa [10/1b30BaTe b He BBEIET OTBET U He HaskMmeT Enter.
YcTaHoBUATH ATOT TTAKET MOKHO C TIOMOIIBIO KOMaHIbI npm install -save readline-sync.

JInctuHr 6.9. CHXpOHHOE BbINOMHEHWE
function greet(): void {
const readlineSync = require('readline-sync');

let name: string = readlineSync.question("What is your name? ");
console.log( Hi ${name}!");

} Bbi3os question() 6nokupyet
BbINONIHEHNe 10 TeX Nop, NoKa
function weather(): void { nonb3oBatesb He BBeAET OTBET

const open = require('open');
open("https://www.weather.com/");

}

greet(); CHavana Bbi3biBaem greet(),
weather(); anotom weather()
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s peamusanun GyHKIIKE weather () Mbl BOCIIOJIb3yeMcsI TakeToM open Node, ¢ 110-
MOIIBIO KOTOPOIo MOKHO OTKpbiTh URL B Gpaysepe. Mbl yCTaHOBMM 9TOT IIAKET C IIOMOIIBIO
KOMaH/Ibl npm install --save open.

[ar 3a marom oO6CYAMM, YTO IPOUCXOAUT HPU pabore saToro Koxa. CHavana Bbi-
3bIBaeTcst (QyHKIMs greet() U 3alpaiivmBaeTcs UM 110Jb30BaTed. BoloHenue npu-
OCTAHABJIMBAETCS JIO MOJYUEHUs OTBETA OT MOJIb30BATESI, TIOCJIE Y€T0 BO30OHOBIISIETCS
1 BeIBO/INTCS TipuBeTcTBUE. [Tocse Bo3BpaTa u3 hyHKITY greet () BbI3bIBaeTC weather()
1 TIPOUCXO/IUT TIePexo]] Ha caluT www.weather.com.

ITa peanusaiust paboTaeT, OHAKO He SIBJISIETCS ONTUMATBHON. /[Be Haru (hyHKI[HI —
MIPUBETCTBHE TIOJb30BATES U TIEPEXO0/] HA CAlT — B JIAHHOM CJIydae He 3aBUCAT JIPYT OT
JPyra, TaK 4TO OJIHA He MOKeT ObITh 3a0JIOKUPOBAHA, II0Ka BTOPast He 3aKOHYKUT paboTy.
MosKHO BBI3BaTh 9TH (QDYHKIUU B 0OPaTHOM HOPSIAKE, TIOCKOJIbKY 3alIPOC BBOA M0JIb30-
BaTeJisl AIBHO TpebyeT GoJibliie BpeMEHM, YeM 3aIlyCK Ipujioskerus. OQHaKo Ha IPaKTHKeE
He BCEria MOKHO C YBEPEHHOCTBIO CKa3aTh, KaKas 13 QYHKIMIL OyAeT BhIIOJHATHCS
noaibiite. Jlydire BBITOTHATH (PYHKIIMT ACUHXPOHHO.

6.3.2. ACMHXPOHHOE BbINOHEHME: PYHKLUMMK
obpaTHOro Bbi30Ba

Acunxponnast Bepcusi GyHKIMU greet () 3anpaniiBaeT UM IM0Jb30BATEs, OJHAKO
He GJIOKMPYeT BHITIOJIHEHHE B 0KuaHuu oTBeTa. OHO TPOJOJIKAETCS, W BBI3BIBACTCS
weather (). Ho MBI Bee ske xoTesn Obl BRIBECTH MM II0JIb30BATEIA [IOCIE er0 IOIydeHus,
TaK 4TO He0OXOAUM CII0CO0 YBEOMIEHHS O IIOJy4eHUU OTBETa OT Hero. [lJist 9Toro ciy-
skaT 0OpaTHbIE BbI3OBBL

O6pamuwiii evi306 (callback) — aTo dyHkIMs, NepenaBaemMast B aCHHXPOHHYIO (DYHK-
L[UIO B KauecTBe apryMmeHTa. ACMHXpOHHAs (QYHKIMA He OJIOKUPYET BbIIOJHEHUE; KOJ
MPOJOJIKAET PaboTaTh CTPOKA 3a CTPOKOIL. TTocie 3aBepIieHust TUTETbHON Oleparuy
(B IAHHOM cJIydae OXKUIAHUST OTBETA OT TOJb30BATENSI C €T0 UMEHEM ) BBITIOTHSIETCS
dyHKII 06PaTHOIO BbI30BA, U MOKHO IIPOU3BECTH HY’KHbIE IE€HCTBUS C PE3YIbTATOM.

[TocMoTpUM Ha aCHHXPOHHYIO peasusainuio greet() B auctunre 6.10. MsI Boc-
nosibayemcs npezgocrasiasgeMbiM Node MozysieM readline. B gannom ciaydae GyHKIISA
question() He OJIOKMPYET BBIIIOJIHEHHUE, a IPUHUMaeT QYHKIUIO 0OpaTHOIO BbI30Ba
B KayecTBe apryMeHTa.

[Tpoiinemcs 110 9T0Ii TporpaMme Tormaroso. Cpasy mocJie Bbi3oBa (DyHKIH question()
1 3aITpOCca UIMEHHU Y TT0JTb30BATE/IS BBITIOJHEHHUE MTPOA0JIKAETCS 6e3 KaKOTo-Tnb0 OKUIAHUST
OTBETA MOJIhb30BATEIS; TIPOUCXO/IUT BO3BPAT U3 greet() W BbI30B (DyHKINU weather().
B pesysibrare 3alycka 9Toii mporpaMmbl B TepMEHaje OyzeT BoiBegeHo "What is your
name?", HO caliT www.weather.com Gy/IeT OTKDBIT 10 BBOJIA [I0JIb30BATEIEM OTBETA.

[Tpu mocTyIIEHUU OTBETA OT TI0JIb30BATE sl BHI3bIBAETCS JIIMOIa-BhIPAsKEHUE, KOTO-
pOe BBIBOIUT HA dKPaH IIPUBETCTBHE C TIOMOIIBIO BHI30Ba console.log() U 3aKpbIBaeT
MHTEPAKTUBHBIN ceanc (Tak 4TO II0JIb30BaTeNIo GOJIbIle He HYKHO BBOAUTD JaHHbIE),
3ajieiicTBOBaB rl.close().
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JINCTUHr 6.10. ACMHXPOHHOE BbINOJIHEHME C MOMOLLBI0 06PaTHOMO BbI30Ba

function greet(): void { I/IcnonbsyeMMonynslreadlme
const readline = require('readline'); BMecTo MoaynA readiine-sync

const rl = readline.createInterface({ Meroa createlnterface() npousgoaut
input: process.stdin,

output: process.stdout AONONHUTENbHbIE HACTPOIKM, .
s Heo6xogumble ana moayns readline.
B
[Ins Hawwero npuMepa OHM HeBaXKHbI
rl.question("What is your name? ", (name: string) => {

console.log( Hi ${name}!");
rl.close();

Hs OyHKIWA 06paTHOTO BbI30Ba NPefiCTaBAAET

} c060ii nAMOaa-BbIpaXeHue,
no/yyaiolee B KauecTee aprymeHTa

function weather(): void { UMSA 1 BbIBOAALLEe ero B KOHCONb

const open = require('open');
open('https://www.weather.com/");

}

greet();
weather();

6.3.3. Mogenn aCMHXPOHHOrO BbINOMHEHNSA

Kax y:ke BKpaTIile yIOMWHAJIOCH B HaYaje 3TOTO pasfielia, peain3oBaTh aCHHXPOHHOE
BBIMOJHEHHE MOKHO € TTOMOIIBIO TIOTOKOB BBITIOJTHEHUST VJTU 1TUKJIA OKUAHUS COOBITHS
B 3aBUCHMOCTH OT TOTO, KAK Ballla Cpe/a BHITIOJHEHHS U UCIOJIb3yeMast BaMu OUOJIoTeKa
peasmayioT aCHHXPOHHBIE oriepalui. B JavaScript acHHXpOHHBIE OTIepaIluil PeaTu3yioTCs
€ MOMOII[BIO TINKJIA OKIIAHUST COOBITHIA.

[MOTOKM BbINMOSIHEHUSA

JIioboe mpumoskenne paboTaeT B BUE Mporiecca, paboTa KOTOPOTO HAYMHAETCS B OC-
HOBHOM IIOTOKe BbIIIOJIHEeHN. OJHAKO MOXKHO CO3/1aTh U HECKOJIBKO JAPYTUX ITOTOKOB
1L BIoJIHeHU Koja. B rakux POSIX-coBmecTuMbIxX cucremax, kak Linux 1 macOS,
HOBBIE MTOTOKU BBITIOJIHEHUST CO3/IAI0TCS € MOMOIIBIO pthread_create(), a B8 Windows —
CreateThread(). Itu API Bkiiouenbl B camy oreparoHHyio cucTeMy. A SI3bIKU IIPOTrPaM-
MUPOBaHMS [IPEAOCTABIAIOT Pa3paboTyrKy OMOIMOTEKH ¢ Pa3InYHbBIMKU HHTEPdEiicaMi,
KOTOPBIE, BIIPOUEM, BCE PABHO BHYTPEHHUM 00pazoM uctonb3yior AP onepannonHoil
CUCTEMBI.

Pasmmamblie TOTOKK MOTYT BBITIOJHATBCS o/fHOBpeMenHo0. Heckosbko sinmep CPU moryT
BBITIOJIHATD MHCTPYKITUH MAPAJITIETbHO, KasKJI0€ — JIJIS CBOETo MoToka. Ecim KosmmuecTBoO
[IOTOKOB MPEBBIIIAET BO3MOKHOCTH AIIIAPaTHOTO 0OeCIeYeH s, TO ONepalliOHHast CUCTe-
Ma obecrieunBaeT paBHOMepHoe pasjeietue pecypcos CPU meskay motokamu. JIjist aToro
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IJTAHUPOBIIMK IIOTOKOB IIPHOCTAHABIMBAET U BO30OHOBJSIET IIOTOKU. DTOT IJIAHUPOB-
K — KJIOYEBOI KOMITIOHEHT SI/[pa ONEePAIlMOHHON CUCTEMBI.

MpbI He cTaHEeM paccMaTPUBATh TPUMEPDI KOZIA JIJIST TIOTOKOB BBITIOJHEHWST, TOCKOJIBKY
JavaScript (a smauut, u TypeScript), Tak y:k UCTOPUUYECKU CJIOKUIOCH, OPUEHTUPOBAH
Ha ojHonIoTOYHOE BhinosiHenue. B Node nezaBHo nmogsuiach DKCIIEpUMEHTAIbHAA IO/~
JIEPIKKA TTOTOKOB-UCTIOJTHUTEEH, HO 9Ta BOBMOKHOCTD €Ille 0OUYeHb ChIpast Ha MOMEHT
Hanucanust JaHHoi KHuru. OIHAKO €CJIU BbI TTHUINETE IPOTPAMMBbI HA JPYTUX OCHOBHBIX
SI3BIKAX [TPOTPAMMUPOBAHUSI, TO, BEPOSITHO, YMEETE CO3/[aBATh HOBbIE IIOTOKHU U BBITIOJIHSTD
B HUX KOJI TapauieibHo (puc. 6.6).

OyHKuusa, co3palowas

HOBbIV MOTOK MepBoHa4abHbINn
BbIMONHEHUA \ NOTOK BbIMNOSHEHNS

-------- »| createThread() operation2() -

«}.'l,onrourpaloE.um»/—r HOoBBbIV MOTOK BLIMOSHEHNS
onepauua | longoperation() |

BbINONIHAETCA He3aBUCUMO
B NepBoHa4YaNbHOM NOTOKe

Ocb BpeMeHKn

Puc. 6.6. ®yHkuus createThread() co3aaeT HOBbIM MOTOK. MICXOAHbIN MPOAOCIKAET BbINOHATD
operation1(), a 3aTeM operation2(), B To BpeMsi Kak HOBbI MNOTOK NapasifefibHO BbINOSHAET
longRunningOperation()

Linkn o>xmaaHua cobbiTui

BMecTo HeCKOTBKUX TIOTOKOB BBITIOJHEHUST MOKHO UCTIOTIb30BATD LUK OJCUOAHUS COObL-
muii (event loop). B HeM mcIosibayercst ouepe/ib: aCHHXPOHHbIE (DYHKIINH TOMEIAI0TCST
B Hee, TPUYEM MOTYT CaMHU TIOMENIaTh Tya apyrue ¢hyakimn. [lepsas pyHkius B ouepenn
y/IaTsIeTcs U3 Hee U BBITOJIHSETCS, M TaK 70 TeX 10p, TI0Ka ouepesib He OILyCTeeT.

B kadecTBe mpuMepa paceMoTpuM (GYHKIIHIO 0OPATHOTO OTCUETA C 33JlaHHOTO YHCJIA,
nokaszanuyio B sinctunre 6.11. Bvecto 6JI0KUPOBKY BBITTOJHEHUST [0 MOMEHTA 3aBepIiie-
HEsT 06PATHOTO OTCYeTa 9Ta (HYHKIUS UCTIONB3YET MUK OKUAAHMST COOBITUN U 3aHOCHUT
B ouepe/b elie OA1H BhI30B cebst e, Toka He gocturter 0 (puc. 6.7).

JInctuHr 6.11. O6paTHbIN OTCUET B LIMKIE 0XUAAHWS COBLITUN

OrpaHu4MBaemcsa aCMHXPOHHbIMU GYHKLMAMM

6e3 aprymeHToB, Bo3BpatLaroLmu void
type AsyncFunction = () => void;

Hawa ouepespb npeactagnaer
let queue: AsyncFunction[] = []; €060ii MaccuB GyHKLMiA

function countDown(counterId: string, from: number): void {

console.log( ${counterId}: ${from} ); 4—‘

(YeTumK BbIBOANUT MAEHTUDMKATOP

if (from > @) N TeKyllee 3HaueHne
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queue.push(() => countDown(counterId, from - 1));

Ecnn Tekywiee 3HaueHme 6onbiue 0, To cyeTUnK
3aHOCUT B 04epeb eLe OfUH Bbi30B

—» queue.push(() => countDown('counterl’, 4)); countDown(), ymenbLian saveHue Ha 1

<
<

while (queue.length > 0) {
let func: AsyncFunction = <AsyncFunction>queue.shift();

func(); 3anyckaem npoLiecc, 3aHOCA B 0uepefpb

} Bb130B countDown() co 3HaueHus 4
Moka B ouepeay conepatca GyHKLUM,

yAansem uX 0TTyAa No of\HOIA 1 BbINONHAEM

Bbigaert 3HaueHne

o~
"f-countDown()F—>|~- F—»{countDown()F—»lu- F—»{countDown()}">

3aHout / 3aHocuT /

B oyepesb (3) B ouepenb (2)

Ocb BpeMeHu

Puc. 6.7. BbizoB countDown() oTCUMTbIBAET OAMH LLAr, 3aTEM BblAAET 3HAYEHVE W pa3peLuaeT
BbIMOJSIHEHME OCTaNIbHOro Koda. A Takke 3aHOCUT B ouvepesb elle oanH Bbi3oB countDown()
C YMeHbLUEHHbIM 3HayeHneM cyeTumka. Ecam cyetumnk goctur 0, To countDown() He 3aHoCUT

B OYepesb elle OAMH CBOW Bbl30B

Pe3yﬂbTaT BBITIOJIHEHMA 9TOTO KOJda 6yl[eT BBITJIAAETD TaK:

counterl: 4
counterl:
counterl:
counterl:
counterl:

O R, N W

JocturhyB (), cueTdnk He 3aHOCUT B 0YePe/Ib ellle OJMH BBI30B, TaK YTO BHITIOJHEHWE
porpaMMBbl Tipekpaiiaetcs. Jlo cux 1mop 1o 6biIo He 60jiee HHTEPECHO, YeM, CKaKeM,
rnpoctoit otcueT B rukiie. Ho uto, ecii 3anectn B ouepesp /iBa cuetdnka (Juctunr 6.12)?

JIncTuHr 6.12. [IBa cyeTuMKa B LMKIIE OXXMAQAHUS COBbITUI

type AsyncFunction = () => void;
let queue: AsyncFunction[] = [];

function countDown(counterId: string, from: number): void {
console.log(" ${counterId}: ${from} );

if (from > @)
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queue.push(() => countDown(counterId, from - 1));

}

EQMHCTBEHHOE OTANMuUMe
0T npeAblAyLLero npumepa —

ueue.push => countDown('counterl', 4));
q push(() ( > 4))s Mbl 3aHECAN B 04ePefib eLLe OfINH CYETUNK

queue.push(() => countDown('counter2', 2));

while (queue.length > 0) {
let func: AsyncFunction = <AsyncFunction>queue.shift();
func();

Ha atot pas pe3ynbTar BBITJISANT TaK:

counterl:
counter2:
counterl:
counter2:
counterl:
counter2:
counterl:
counterl:

OR ONRE WNLHD

Kak BuznM, Ha 9TOT pa3 cyeTYnKU yepeaytorcd. Kaskaplit 13 HUX OTCYUTBIBAET OJMH
[T, MOCJIE YEro TO0JYYaeT BO3MOKHOCTh OTCUUTATh BTOPOIL. JJ0OUTHCS TIOM0OHOTO pH
IIPOCTOM CUeTe B IIUKJIe HaM OBl He yiaaoch. birarogaps ouepenn Kaskaas us AByX (hyHK-
il BBIAeT 3HAYEHNE HA KAKIOM Imare o6paTHOTO OTCYeTa, TIO3BOJISIST IPYTOMY KOIY
BBIIIOJIHATBCA [I€Pe]] CBOMM CJIeIYIONINM [IaroM OTcYeTa.

ITU 1Ba CYETUYUKA HE BBIIOJIHSIIOTCS OJTHOBPEMEHHO; TO counterl, TO counter2 MOJIy-
yaeT TporieccopHoe BpeMs. Ho OHM BBITIOIHSAIOTCS aCHHXPOHHO, TO €CTh HE3aBUCUMO JIPYT
ot apyra. JIto6oii 113 HUX MOJKET 3aBEPIINUTH BBITIOJHEHVE TEPBBIM, BHE 3aBUCHMOCTH OT
TOr0, CKOJIBKO €llle II0c/Ie 9TOro Oyner paborats Apyroi (puc. 6.8).

Bbigaer 3aHocuT Bbipaer
3HayeHue B 0Yepesib ~ 3HayeHue

--»|counterl() F—»kounte;é() F—ﬁcounterl() F—»kounggrz() F—»kounterl() }n>

\ 3aHocut

B oyepeab

Ocb BpeMeHn

Puc. 6.8. Kaxxabli1 U3 CYETUYMKOB 3aMyCKaeTCsl, MOC/E YEro 3aHOCUT B OYepeab CreaytoLyo
oriepauuio. BbinonHeHne NpoucxoauT B NopsiiKe nornajaHus onepauuin B ovepesb.
Bce BbINOMHSAETCA B OAHOM MOTOKE

Cpezla BBITTOJIHEHUS MOKET 00ecednTh IMoOMeNnIeHne B ouepeab onepauI/Iﬁ, OX1-
JAI0INX BBO/a I10JIb30BaTEJEM JaHHBIX, HAIIPUMED, C KJIaBUATYPbl 1 OTBCYAIONINX 3a
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00paboOTKy 9TUX JaHHBIX TOJBKO [OCJIE UX IIOJIYUYEHH, YTO IO3BOJIIET APYTOMY KOLY
BBIIIOJIHSTHCS BO BpeMs OKUIaHMsI BBOJA. Biiarogaps 9SToMy MOKHO pasOUTh AJIUTEIbHYIO
omnepaimio Ha gBe 0ojiee KOPOTKUE, IIepBast U3 KOTOPBIX 3allpaIliBAeT BXOAHbIE JaHHbIE
U IPOU3BOAUT BO3BPAT, a BTopast 00pabaThiBaeT UX MOCJIE IONyYeHns. 3a IIAaHUPOBAHUE
BBITTOJTHEHUST BTOPOI ONEPAIIMY [TOCJIe TI0JIyUYeH s BXO/IHBIX JIAHHBIX OTBEUYAET CPeJla Bbi-
TTOJTHEHUSI.

ITukIBI OKUAHIST COOBITHI TLITOXO TIOXOST JIUIST JUTUTETBHBIX ONEPAINil, KOTOPbIE
HeJIb3s1 pasOUTh Ha HECKOJIBKO KyCKOB. Ec/ii 3aHeCTH B Ouepe/ib OIepalinio, He BO3Bpaliia-
fo1Iyto 3HaueHue (yield) U BBITIOTHSIOINLYIOCS OJITOE BPEMsI, TO ITUKJT OKUIAHMS COOBITHIT
MOJKET 3aBUCHYTD BILJIOTH /IO €€ 3aBepPIeHNs.

6.3.4. KpaTkoe pe3toMe No aCMHXPOHHbLIM (PYHKUNAM

Ecjii BBITIOJTHATD JJIUTEIbHbIE ONePaIlii CHHXPOHHO, TO HUKAKOH KO/l HE CMOJKET BbI-
MOJTHSITBCSI, TOKA TAKAs! ONePaliust He 3aKOHIUTCsI. BXOHbIe /BbIXO/IHBIE OTIEPAIII — OT-
JINYHBIE TIPUMEPBI JTUTETBHBIX OTIEPAIHil, TIOCKOIbKY TIPHOPUTET YTEHUS C JINCKA HIJIH
U3 CETU BBIIIIE, YeM YTEHUS U3 TTAMSITH.

BMmecTo CHHXPOHHOTO BBITTOJIHEHUS TOJOOHBIX OMEPAIUN MOKHO BBITIOJIHSTD X
ACHHXPOHHO, MepeiaBast GyHKINIO 06PaTHOTO BbI30Ba, KOTOPYIO MOXKHO OY/IeT BbI3BATh
110 3aBePIIEHUN TN TEIBbHON otiepariiu. CyIecTBY€eT [Be OCHOBHbIE MOJIEJTH BBITIOJTHEHUST
ACUHXPOHHOTO KOJIa: C TIOMOIIIBIO HECKOJIBKIX TIOTOKOB BBITTOJHEHUST U C UCIIOIb30BAHIEM
KA OXKUTAHNST COOBITHIL.

OCHOBHOE TIPEUMYIIIECTBO TIOTOKOB — BO3MOKHOCTD MapaJieIbHONH paboThI Ha OT-
JIEJIBHBIX SIIpax IMPOIECCOPa, B pe3yJIbTaTe Yero PasjinyHble YacTU KO/ BBIIOHSOTCS
OJTHOBPEMEHHO, a ITpoTpaMMa B 1IeJI0M 3aBepiiraercst Opictpee. HemoctaTok — mepegaya
JAHHBIX MESKY TTOTOKaMU TpeOyeT 3aTpaT Ha TIIATEIbHYI0 CHHXPOHU3aIi0. Mbl He cTa-
HEM PacCMaTPHUBATh ATOT BOIPOC B KHUTE, HO BBI, BEPOSITHO, CJABITIAIN O TAKUX MPoOIIe-
Max, Kak ssaumobroxuposka (deadlock) u dunamuuecxas ssaumobnoxuposxa (livelock),
[IPU KOTOPBIX BBITIOJIHEHNE /[BYX TOTOKOB HUKOT/IA HE 3aBEPIIAETCST, TOCKOJIbKY OHU JKLYT
JPYT AAPyTa.

[uKsT oskMaHUSA COOBITUI BBITIOIHSAETCS B OTHOM TIOTOKE, HO /IaeT BO3MOKHOCTD MTOMe-
CTUTH «JIOJITOUTPAIOTIHIT> KO/l B KOHEIl OUEPE/IH, TIOKA TOT JKAET BBOJA JaHHbIX. [Ipenmy-
IECTBO [UKJIA OKUIAHMS COOBITUI 3aK/II0YAETCS B TOM, YTO HE HY/KHA CUHXPOHU3AI[HS,
MOCKOJIbKY Bce paboTaeT B OJJHOM TIOTOKe BBITTOMHeHNsT. HelocTaToK TakoB: HeCMOTPS Ha
yI06CTBO TIOMEIIEHUsI B OUePe/lb OTlepalliii BBO/Ia/BbIBO/IA, OXKU/IAIOIINX JaHHbIE, OTIe-
paituu, Tpedyrotie 6onbinux 3arpaT pecypcos LI, Bce paBHO GJOKUPYIOT BBITOJHEHHE.
Takyto omeparnio, HaPUMepP CJI0KHBIE BBIYMCICHWS, HETb3sT 3aHECTH B OUEPE/lb, OHA
BeJIb He JKJIeT AaHHbIX, a TpebyeT 1ukI0B [II1. [ToTOKM BBITIOJHEHUST TIOAXOAT IS 9TOM
1[eJIU TOPA3JIo JIyylile.

[ToToKM TPUMEHAIOTCS B GOJBITHHCTBE OCHOBHBIX SI3BIKOB MPOTPAMMHUPOBAHUS,
JavaScript — 3ameTHoe nckmouenmne. Hecmorpst Ha ato, gaxe JavaScript ceiituac HaxoauT-
¢4 B miporiecce 106aBIeHUs TOMIEPIKKN BEO-MIOTOKOB McHonHITeeH ((POHOBBIX TOTOKOB
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BBITIOJTHEHUS, paboTaionux B 6paysepe), a B Node mostBUIach aKCriepiMeHTaIbHAsT BEPCUST
MOJIEP/KKY aHAJIOTUYHBIX TIOTOKOB BHE Opaysepa.

3 cremytorero pasjesia Bbl y3HaeTe, KaK MOXKHO C/leJIaTh aCHHXPOHHBIN KOJ[ OoJiee
MOHSTHBIM ¥ YUTAGCTBHBIM.

6.3.5. YnpaxHeHus

1. Yro 13 HUKENPUBEIEHHOTO MO3BOJIUT PEaN30BaTh ACHHXPOHHYIO MOJIE/Th BBITIOJIHE-
Hua?

A. TIoTOoKM BBITIOJIHEHHUSI.

B. Iukn oxxumanus coOBITHI.
B. Hu A, vu b.

I Kak A, tak u b.

2. MoryT sin 1Be (DyHKITMY BBITTIOTHATHCS OIHOBPEMEHHO B ACMHXPOHHOI CUCTEME, B OC-
HOBE KOTOPOU JIESKUT IIUKJT OKUTAHMST COOBITHI?

A. Jla.
b. Her.

3. MOFyT JIN 1BE (byHKHI/II/I BbIITOJIHATBCA OJ/[THOBPEMEHHO B aCI/IHXpOHHOfI CHUCTEME, B OC-
HOBE KOTOpOfI JIesKaT TMTOTOKU BBITIOJTHEHUS ?

A. Jla.
b. Her.

6.4. YnpollaeM aCMHXPOHHbIN KOA

DOyHKIHU 06PaTHOTO BBI30Ba PabOTAIOT AHAJIOTMYHO HAIIIEMY CUCTUUKY U3 TPEABILYIIErO
npuMepa. U ecsint caeTynK 1mocse Kaxk/10To 3aycka 3aHOCHIT B 0Yepe/Ib ellle OJINH BbI30B
cebst JKe, TO ACHHXPOHHAST (DYHKIINS MOJKET TPUHUMATH B KAYECTBE apryMEHTa JIPYTYIO
(pyHKIMIO 1 32aHOCUTD B OU€pe/lb €€ BbI30B 110 3aBEPIICHUH BBIIIOJHEHUS.

B kauecTBe mpuMepa 106aBUM B HAIll CYETYUK B JcTuHre 6.13 0OpaTHBII BBIZOB,
KOTOPBI OY/IET 32aHOCUTHCST B OY€PE]Ib TIPH JIOCTHKEHUU cueTInKoM 0.

DyHKIUK 06pPATHOTO BBI30BA — YaCTO MPUMEHSIEMbIH MaTTepH Mpu paboTe ¢ acuH-
XPOHHBIM KO/IOM. B Hatlem npumepe ucrosbayercst GyHKIMs 06paTHOTO Bbi30Ba 6e3 ap-
TYMEHTOB, HO Takue GYyHKIUU MOTYT U 1I0JIy4aTh apryMEeHTbI OT aCHHXPOHHOH (DyHKIIUH.
Tax mponcxouT B cay4ae HaIIero BbI30Ba question() n3 Momayst readline, B KOTOpOM
B (DYHKIIMIO 06PATHOTO BBI30BA Tlepe/laBaiach BBe/IEHHAs TT0Jb30BATEIEM CTPOKA.

Crierienne HeCKOJIBKIX aCHHXPOHHBIX (DYHKITHI ¢ 0GPATHBIMI BHI30BAMU TIPUBO/IAT
K MHOKECTBY BJIOKEHHBIX (DYHKIINIA, KaK MOKHO BUIETh B JincTUHTE 6.14, T1e MbI 3a1pa-
ITMBAEM MM TTOJIb30BATE I, ATy ero POKACHUS ¢ TIOMOTIBIO (DYHKITMH getUserName()
u getUserBirthday() cOOTBETCTBEHHO, €ro azpec U T. 1. DYHKIIUN 3aBUCSIT JAPYT OT
JPYTa, TIOCKOJIbKY Kak[I0i U3 HuX TpebyeTcst mHpOopMaIins OT Ipeablayieil (Harpumep,
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getUserBirthday() Tpebyercst uMs osib3oBatesist). Bee ot (hyHKITMM aCHHXPOHHBI, T10-
CKOJTBKY TIOTEHIIMAIBLHO MOTYT OKa3aThCs VU TEIBHBIMI, TaK YTO PE3YIbTAThl BO3BPAIa-
H0TCS1 € TIOMOIIBbIO 0OPATHBIX BBI30BOB. MbI BOCIIOJIB3YEMCS STUME OOPATHBIMU BBI30BAMU
JJIS1 BbI30BA cJleiytonieil (hyHKIIUU B 1IEIIH.

Jinctnr 6.13. CueTumnk c 06paTHbIM BbI30BOM

function countDown(counterId: string, from: number,
callback: () => void): void {

console.log( ${counterId}: ${from} ); RobasnAem B ynkumio aprymext

o6paTHoro BbI30Ba — GYHKUMIO

if (fr‘om N 0) 6e3aprymeHTOB, Bosspamammymv0|d

queue.push(() => countDown(counterId, from — 1, callback));
else Mo 3aBepieHun 06paTHOro OTCHETa 3aHOCUM
queue.push(callback); | oyepenp Ha BbINONHEHMe 0GPaTHDIil BbI30B

Mepenaem ¢yHkuuio 06paTHOro BbI30Ba,
BbiBoAALLyto Done (Bbinonnexo)

queue.push(() => countDown('counterl’, 4,
N0 3aBepLUEHNM BbINONHEHNA CYETYNKA

() => console.log('Done')));

JinctnHr 6.14. Opranusaums Lenv o6paTHbIX BbI30BOB

declare function getUserName(
callback: (name: string) => void): void; <+——

declare function getUserBirthday(name: string, MbI He cTaHem NpUBOAUTD 3A€CH
callback: (birthday: Date) => void): void; <—— peanusauum 3Tux ¢pyHKuMii,
declare function getUserEmail(birthday: Date, NoKaxeM ToNbKo 06bABNEHUA

callback: (email: string) => void): void; <«—

getUserName((name: string) => {
console.log( Hi ${name}!");
getUserBirthday(name, (birthday: Date) => {
const today: Date = new Date();
if (birthday.getMonth() == today.getMonth() &&
birthday.getDay() == today.getDay())
console.log('Happy birthday!"');

OyHKuna obpaTHOro BbI30Ba
ana getUserName() Bbi3biBaeT
getUserBirthday()

getUjir‘Emaliﬁblr‘thday, (email: string) => { (OyHKL 0BpaTHOrO BbI3082

3 ana getUserBirthday()
9] ’ Bbi3biBaeT getUserEmail() u T. .

s

B o6paTHOM BbI30B€, KOTOPbIIA BbI3HIBAETCS IIPU 110IyYeHnH (yHKIel getUserName ()
VIMEHM TT0JTh30BaTeJsT, MBI 3aIryckaeM (hyHKIHIO getUserBirthday (), mepeaBast B Hee 3TO
umst. B 0O6paTHOM BbI30Be, KOTOPBII BHI3bIBAETCS MIPH MOJTyYeHnH (hyHKIHEl getUserBirth-
day () ZaThl pOKIECHUS IT0JIb30BaTEs, MbI 3allycKaeM getUserEmail(), repezasas B Hee
ATy POKIAECHUA U T. 1.

Mbl He cTaneM 00CysKAaTh caMy peajnsaiui Bcex GyHKIMN getUser. .. U3 3TOrO
MpUMeEPA, MOCKOJIbKY OHU aHAJIOTUYHBI peau3aru GyHKINY greet () U3 TIPe/bILyTIEero
pasaesa. Hac 3xech 6osiblie nHTEpEcyeT 0011ast CTPYKTYpa BBI30BOB KOJIA.
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Oprann30BaHHBIN MOAOOHBIM 06PA30M KOJI CJIOKHO YUTATh, BE/Ib 4eM GoJibIie (hyHK-
Ui 06PAaTHOTO BBI30Ba MBI J06ABJISICM B 11€1Th, TEM OGOJIBIIE MOJYyYaEM BIOKEHHBIX
JIMO/1a-BBIPAKEH I BHYTPH JistMO/1a-BhIpaskeHnil. OKa3bIBaeTCst, 4TO JIJIs HTOTO MATTEPHA
BBI30BOB ACHHXPOHHBIX (DYHKIIUIT CYIIIECTBYET JIydinas aGCTPAKIHsL: TPOMUCHI.

6.4.1. CuenneHne NpoMmnCcoB

MbI HauHeM ¢ Takoro ¢akra: GhyHKIus, nogobdHasa getUserName(callback: (name:
string) => void), npejcTaBiser coO0i aCHHXPOHHYIO (DYHKITHIO, KOTOPast B KaKO#-TO
MOMEHT BPEMEHH OTIPEe/IEIUT UM [TOJIb30BATEIS U [IEPEIAcT ero B 33JJaHHYI0 HaMu (DyHK-
1o o6paTHOrO BhI30Ba. [[pyruMu ciosamu, getUserName «oberaeT> ' B KOHIE KOHI[OB
BEPHYTH CTPOKY ¢ umeHeM. O6paruTe Takyke BHUMAHUE: Mbl XOTHUM, YTOOBI TIPU TIOJTY-
YeHUN «00EMAHHOTO» 3HaYeHUsT (PYHKIUS BBI3bIBAJIA IPYTYIO (DYHKIIUIO, [IepeIaBast 3TO
3HaYeHUE B Ka4yeCTBe apryMeHTa.

MPOMWUCHI N PYHKLUUU-MPOOAOIKEHUA

Mpomuc (promise) — obbekT-3amecTuTeNnb AN 3HAYEHMS, KOTOPOE OKAXETCS
LOCTYMHbIM B HEKUIA MOMEHT B 6yAyLueM. Elle 0 BbINOMHEHNS KOAA, BbIAAIOLLETO
3TO 3HauyeHue, ApYrov KoA CMOXET UCMOMb30BaTb MPOMUC, YTOGLI MOArOTOBUTb
06paboTKy 3HaUYEHWsl MOCNE ero NOCTYN/EHNs, 3aAaTb AEWCTBUS B C/TyYae OLMOKK
W Jaxe OTMeHWUTb 3TO byayllee BbinonHeHne. OyHKUMS, KOTOpas AO/HKHA Bbl-
MOJTHSATLCS MpY TMOSIBNIEHMWN pe3ysibTaTa NpoMmUca, HasbiBaeTcsl (DyHKUMEN-Npo-
[O/MKEHNEM WK MPOCTO NpofosmkeHneM (continuation).

/IBe oCHOBHBIE COCTaBHBIE YACTH MTPOMICA — ATO 3HAUYEHME HEKOEeTO ThTa T, KOTOPBIN
Haia GYHKIUs «o0elaeTs> MpeocTaBUTh HaM, U BO3MOKHOCTD 3aaTh (GYHKIUU U3 T
B Hekwuii gpyroi Tun U ((value: T) => U), KoTopas Oyer BbI3BaHA IIPU OCYILECTBICHIH
[IPOMUCA U HOJTyYEHUH 3HAYeHUsI. DTO aJlbTepPHATUBA TIepeJadlt 0GPaTHOTO BbI30Ba HEIIO-
Cpe/ICTBEHHO B (DYHKITHIO.

g Havana moauduupyem oObsaeHns GYyHKIMNA B ucturre 6.15, 4To0bI BMECTO
[OJTyYeHUs apryMeHTa — 0GPaTHOIO BhI30BA OHK BO3Bpallaiu 00beKT Promise. DyHKIMs
getUserName () OyzeT Bo3BpaliaTh Promise<string>, getUserBirthday() — Bo3BpaIaTh
Promise<Date>, a getUserEmail() — ToXe Promise<string>.

JInctuHr 6.15. OyHKuMKM, BO3BpaLLAIOLLME NMPOMUCHI

declare function getUserName(): Promise<string>;
declare function getUserBirthday(name: string): Promise<Date>;
declare function getUserEmail(birthday: Date): Promise<string>;

B JavaScript (a sHauwnr, u 8 TypeScript) ecTb peausyoniuii 3Ty aGCTPaKIIUo BCTPO-
eHHbIIT TUTI Promise<T>. B C# ee peanmmayet Task<T>, a B Java aHATOTUYHYIO (DYHKITHO-
HaJIBHOCTD IIPEIOCTABIAET KitacC CompletableFuture<T>.

! ABTOp OOBITPBIBAET AHTJIMIICKOE CII0BO tO promise — «obelnarb». B pyccKosi3plaHOM JiuTeparype

YCTOSIIICSI TEPMUH «IIPOMUCY JJist 0003HAYEHVsI IOHSITUS promise. — [Ipumeu. nep.
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Y npomuca ectb MeTo]] then(), B KOTOPBIN MOKHO TiepeaTh (hyHKIUIO-ITPOIOJIKEHHE,
Kaxmast pyHkims then() Bo3BpalaeT Apyroi MpoMuc, Tak 4TO BbIZOBBI then () MOXKHO
CIEMTUTh. ITO TO3BOJISIET U30ABUTHCS OT BIOKEHHOCTH, CBOHCTBEHHOM peaiusaliiy Ha
0CHOBe 0OpaTHBIX BbI30BOB (JicTuHT 6.16).

Jinctunir 6.16. OpraHunsaums Leny NpoM1McoB

getUserName()

.then((narilezlstr“ilr_llg)$=> { [« | BoisbiBaem metop then() npomuca,
console.log("Hi ${name}!"); Bo3BpaLaemoro ¢pyHkumeii getUserName()

Wcnonb3yem B 3101 GYHKLMU-NPOAOMKEHUN
return getUserBirthday(name); < 3HaueHue, Bo3BpalLaemoe pyHKumeii getUserBirthday()

)
.then((birthday: Date) => {
const today: Date = new Date(); <
if (birthday.getMonth() == today.getMonth() &&
birthday.getDay() == today.getDay()) A nockonbky merop then()
console.log('Happy birthday!'); Toxe BO3BPaLLAET NPOMUC,
return getUsertEmail(birthday); MOXHO Bbi3BaTb MeToA then()
1) BO3BPaLLIAEMOr0 3HAUEHMHA. .
.th il: stri =>
e?i(?r??l*/ string) { T newepas
1

Kak BbI MOKeTe BUIETh, BMECTO MHOTOKPATHO BJIOKEHHBIX JPYT B APyra 0OpaTHBIX
BBI30BOB (DYHKIIUH-TIPOIOJKEHNST CIIETIEHBI 0JTee InTabebHBIM 06PA30M: 3aITy CKAeTCsT
bynxims, mocsie yero' samyckaercs cjaeyionas u T. Ji.

6.4.2. Co3gaHue npoMmcoB

Vcrnonb3oBarh 9TOT MATTEPH CJEAyeT, Pa3oOpaBIIUCh B co3Aannu mpoMucos. Obmas
ujiest pocTa, X0Td U OCHOBaHa Ha (DYHKIMAX BBICHIETO MMOPS/IKA: IPOMUC TPUHUMAET
B KayecTBe apryMenTa (pyHKIMIO, KOTOpas IPUHUMAET B KauecTBe apryMeHTa JAPyrylo
(yHKIMIO, — HA TIEPBbIiT B3TJISI, pa30OPaThCsT B 9TOM HETTPOCTO.

[Tpomuc, caysxamuil 15 OJAydyeHUs 3Ha4eHus Ollpe/leJIeHHOro TUIlA, HallpuMep
Promise<string>, Ha caMOM JieJie He 3HAET, KaK BBIYMCJIUTD 9TO 3HaYeHue. OH rmpeocTas-
JigeT MeTo/l then(), KOTOPBIiA MTO3BOJISIET CIENUTD ITPOIOJIKEHNS, KaK Mbl BUJIEJIU BBIIIIE,
HO He MOJKET BBIYUCIIUTD ATy CTPOKY. B caryuae getUserName () obelianHast cTpoKa mpe/i-
craBJisieT cob6oi MsT OTb30BaTEsI, a B caydae getUserEmail() — ajipec aJIe€KTPOHHON
mouThl. Kak ke [Ipu Takux yCJI0BHSX 0600IIEHHBIN Promise<string> cMOT OBl OIIPEEUTh
9TO 3HaYeHre? A OH 1 He MOKeT caM 1o cebe. KoHCTPYKTOp TpoMiica TPUHIMAET B Ka-
JecTBe apryMeHTa (DYHKINIO, KOTOpast Ha CaMOM Jiesle ¥ BLIYHUCJIsIeT 3HaueHne. B ciaydae
getUserName () oHa 3ampaininBaeT y 1MoJb30BaTelisl €r0 UM U TI0Jy4aeT OTBeT. A 3aTeM
IIPOMUC Y3Ke MOKET IPUMEHUTD 3TY (DYHKIIMIO: BbI3BATb €€ HAIIPAMYIO, 3aHECTH B 0Yepe/lb

! ABTOp O6bIprIBaeT 3HaueHue aHrJIMHCKOTO CJ0Ba then, O3HaA4YalOMIEro «3aTeM, 110CJIe, Jajiee». —

Ipumeu. nep.
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JUIST TIUKJTA OXKUAHMsT COOBITHET VJTH 3aMJIAHMPOBATH €€ BBIIOJTHEHHUE B MOTOKE B 3aBHCH-
MOCTH OT PeaTM3aI[iH, PA3INYAIOIIEeiicsa B Pa3HbIX A3bIKaX U OUGIHOTEKAX.

[Toxa Bce B mopsinke. [Ipomuc Promise<string> mosydaer Koj, KOTOPBIN BbIIAeT
sHavenvie. Ho, MOCKOJIbKY TAHHBIN KO MOJKET GBITD 3aITyIIEH B JII0O0E BPEMsT, HEOOXOIIM
MEXaHU3M, C TOMOIIBI0 KOTOPOTO KO/l MOT GBI COOGIIUTE MTPOMUCY O HATMYUN 3HAYCHIISL.
[l aToil 1iesn mpoMuc TiepesiaeT B yKazaHHbIN Ko hyHKIMIO resolve(). Ilocie BbI-
SICHEHVISI 3HAYEHUST KO/l BBI3BIBAET resolve() ¥ IepeaaeT 3HaueHwe B mpoMuc (puc. 6.9).

Bbi3bIBaloLLan CTOpoHa

noaKnioyaet GyHKUMio BbisbiBaeTc
Bosspawyaer - -
pail npopomxkeHue getUserEmail() QyHKUUA-IpOAOMNeHIE

npomic \ / CnomolLibo Bbi30Ba then() getUserEmail() \
- getUser‘Name()I—>| then() |—>| ce |—>| resolve() |—>| getUserEmail() |—-->

v
3aHocuT B 0uepeab _/' ______________________________________ \ Ko npomuca
ANA BbINONHEHNA BbINONHAETCA
Koj npomuca 1 BbI3bIBaeT resolve()

Ocb BpemMeHun

Puc. 6.9. ®yHkums getUserName() 3aHOCUT B ouepeab KoA NoyyeHust UMeHW nosib3oBaTens
1 BO3BpallaeT Promise<string>. Bbi3biBatowwmit getUserName() Koz MOXET 3aTeM BbI3BaTb A/1sl POMUCA
meToZ then(), 4Tobbl MOAKIUYNTL B KaUYeCTBE NPoAo/KeHUs dyHkumto getUserEmail() — koA, KOTopbIi
MOXHO BbINOJSIHSTL TOMBLKO NMPU HANIMYMKU UMEHW NONb30BaTenNsl. M034Hee, B KAaKON-TO MOMEHT BPEMEHMU
KOA MONyYeHWs UMEHW 3anyCcKaeTCcs U Bbi3blBaeT (hyHKUMIO resolve(), nepenasas B HEro 3To UMs.
Ha aaHHOM 3Tane Bbi3blBaeTCs PYHKUMA-NpoaomkeHne getUserEmail(), Tenepb yxxe ¢ AOCTYMHbIM
MMeHeM Monb3oBaTenst

[Tocmorpum teneps B uctuHTe 6.17, kKak peanm3zoBaTh hyHKIMIO getUserName() Tax,
4TOOBI BO3BPAILATH TIPOMIC.

JInctmHr 6.17. Bo3spawatowas npomMuc gyHkumst getUserName()

Mepenaem nambpa-BbipaxeHue
B KOHCTpYKTOp Promise, oxupatowumii
B KauecTBe aprymeHTa dyHKumio resolve()

function getUserName(): Promise<string> {
return new Promise<string>(
(resolve: (value: string) => void) => {

const readline = require('readline'); <+—
const rl = readline.createInterface({ <+
input: process.stdin, Untaem CTPOKy u3 stdin
output: process.stdout C MOMOLLbI TOTO Xe KoAa,
s uTO U B GyHKLMM greet()
rl.question("What is your name? ", (name: string) => { <+«

rl.close();

resolve(name);
( ) HakoHeu, nonyuus ums,

BbI3bIBaeM nepefaHHylo GyHKLMIO
resolve(), nepeaBasn B Hee 3T0 UMA

s
s
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Metox getUserName() IIpOCTO cO3/aeT ¥ BO3BpaIaeT npomMuc. ToT MHUIIMATI3U-
pyetcst hyHKIIUEH, TPUHUMAIOIIEH apryMeHT resolve Tumna (value: string) => void.
Jra OYHKIUS BKJIIOYAET KO 3aIIPOCca y MOJIb30BATENsI er0 UMEHH |, TIOJIYYHB €ro, BbI-
3BIBaET resolve() [ MePeaun 3HAUYEHIS IPOMHUCY.

Ecomm peanmuzoBath nTeIbHBIE OMIEPAIUH TaK, YTOGBI OHM BO3BPAIIAJIH TPOMUCHI, TO
MOJKHO CIIEITUTh ACHHXPOHHBIE BHI30BBI C TIOMOIIBIO Promise.then(), 9YTO 3HAYNUTETHHO
MOBBICUT YU TAGETBHOCTD KOJIA.

6.4.3. W ewwe o npomMucax

OyHKIUU-TIPOJOJIKEHNS — ATEKO He eIMTHCTBEHHAS BO3MOKHOCTh TpoMucoB. Paccmo-
TpuM 06paboTKy OMMOOK ¢ TOMOIILIO TPOMICOB U €Ille Mapy crnocobOB BbICTPAUBAHUS
110CJIEIOBATEIBHOCTH UX BBITIOJTHEHU, TOMUMO MCI0JIb30BaHng then().

O6paboTka owmnbok

[Ipomuc MOXKeT HaXOIUTHCS B OJTHOM U3 TPEX COCTOSTHUN: OKUAAIONINI BLITIOJTHEHUS, 3a-
BepIIEHHbII U OTKJIOHEHHDINA. Oxcudanue eoinonnenus (pending) o3Havaer, 4T0 MPOMUC
OB CO3/1aH, HO TIOKA €lile He paspeliieH (To ecTh nepeaanHast (hyHKIHsL, KOTOPasi OTBEYaeT
3a MoJTyYeHre 3HaYeHs, ellle He Bbi3Basia resolve()). Sasepuennvm (settled) siBasiercs
TaKoii poMuc, Koraa resolve() yske Oblia BbI3BaHa U 3HAYEHKE MTOJTyUEHO; AT, HA KO-
TOPOM BBI3bIBAIOTCST (hyHKIMU-TIPO0JKeHus1. Ho uto Oyner B ciaydae omubku? Ecou ot-
Beyarolas 3a Mpe/jocTaBIeHe 3HaUeHUS (DYHKIIUS TeHePUPYeT UCKII0OYeHIE, TO TIPOMUC
[IePEXOIUT B COCTOsTHIE omKkaoHennozo (rejected).

Ha camom jiesie oTBevatonagd 3a mpeocTaBienre 3Ha4eHnst (GyHKIMSA MOXKET TIPH-
HUMATD JIOTIOJTHUTEJbHYTO (DYHKIIMIO-apTYMEHT, KOTOPad M03BOJISET TIePEBECTH TPOMUC
B OTKJIOHEHHOE COCTOSTHUE U YKa3aTh PUYMHY 9TOr0. BMecto Toro utobbl nepeaath
KOHCTPYKTODY:

(resolve: (value: T) => void) => void

BBI3bIBaIOI[asd CTOPOHA MOJKET Ilepe/iaTh:
(resolve: (value: T) => void, reject: (reason: any) => void) => void

Bropoii aprymeHT npezcrasiisier coboii (hyHKIMIO THIIA (reason: any) => void, I03BO-
JISTIOIIY IO YKa3aTh JIJIs IPOMECA reason JIIoO0ro THIA U HOMETHUTD €r0 KaK OTKJIOHEHHBI.

[Tpomuc aBTOMATUYECKU CUYUTAETCS OTKJIOHEHHBIM MPU TeHepanuu GpyHKInei uc-
KJIoueHns gaxe 6e3 BbizoBa reject(). IlTomumo dyHkIimm then(), y aroboro mpomuca
noctymHa (yHKIMS catch(), KOTOPOI MOKHO Tiepe/iaTh (DYHKITHIO-TIPOIOJIKEHNE, JITIs
BbI30Ba IIPU OTKJIOHEHUH MTPOMICA 110 KaKoii-mnbo npuunte (puc. 6.10).

Pacuupum B jictunre 6.18 Harny GyHkimo getUserName () Tak, 4To0OBI OHA OTKJIO-
HSJIA TYCTYTO CTPOKY.

Otkyonsiercs (IIyTeM BbI30Ba reject WM M3-3a TeHepaIluu ONIMOKI) HE TOJbKO
TeKYIUI TPOMHUC, HO ¥ BCE TPOMMUCHI B TIETTH, TPUBI3aHHBIE K HEMY C TIOMONIBIO then().
Ecumi 110601t 113 TPOMHUCOB B 1M BBI30BOB then () OTKJIOHSIETCS, TO BBI3bIBaeTCST (DyHK-
[USA-TIPOI0JIKeH e catch(), 106aBIeHHAs B KOHEIT [EeTIH.
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resolve() nepeBoguT Npomuc Boi3biBaeTca ¢pyHKLMA-
B 3aBepLLEHHOE COCTOSHIE NpoJoMKeHMe O 3HaUeHNeM

Bbinonuaerca koa
NonyyeHns UMeHn
nonb3oBarens 3asep- MpopomkeHve
LeH
Mpomuc \
3anyckaerca Oxunpaet Bobi3biBaeTca
B COCTOAHUU — BbINOJI- getUserEmalI()
0XUAAHUA
BbIMONHEHUA
MpoponxeHne
getUserName() /
€03733eT NPOMMUC,
Ho BO3BpaT .
. reject() nepeBogutT Bobi3biBaeTca ¢pyHKLMA-
13 Bbi30Ba question()
NPOMIC B OTKNIOHEHHOE npogomKeHue ana 06paboTky ownbok
elLe He npou3oLuen
COCTOAHME C yKa3aH1eM NPUUYMHbI OTKNIOHEHUA

Puc. 6.10. NpomMuc 3anyckaeTcs B COCTOSHUM OXuAaHUs BbinonHeHusl. (PyHkumst getUserName()
3aniaHnpoBana BbINOSHEHNE KOAA AN onpoca nosb3oBaTtens, HO dyHKumMa question() ele HU4Yero
He BepHyna.) PyHkums resolve() nepeBoanT ero B 3aBepLUEHHOE COCTOSIHME W Bbi3blBaeT QyHKLMIO-

npoao/mKeHne, ecn Ta bbina 3aaaHa (nocne BBOAa NOb30BATENEM UMEHM). 3HAUYEHKE YXKe AOCTYMHO,

TaK YTO MOXHO BbI3BaTb YHKLUMIO-NpoAoKeHne (B AaHHOM cnyyae getUserEmail()). ®yHkums reject()
nepeBoAnT NPOMWUC B OTK/IOHEHHOE COCTOSIHME W BbI3bIBAET QYHKLMIO-NPOACIKEHNE Anst 06paboTkm

ownbok, ecnu Ta bbina 3aaaHa. 3HayeHne HefoCTyMHO, HO BMECTO HEro nepeaaeTcs NpuyMHa owmnbKku

JInctuHr 6.18. OTKIOHEHWe npoMuca

function getUserName(): Promise<string> {
const readline = require('readline');

const rl = readline.createInterface({
input: process.stdin,
output: process.stdout

3
return new Promise<string>( Yka3blBaeM JONONHUTENbHbIIA
(resolve: (value: string) => void, aprymeHT reject
reject: (reason: string) => void) => {
rl.question("What is your name? ", (name: string) => {
rl.close();
if (name.length != 0) {
resolve(name); OTKNOHAEM NPOMUC, eCn
} else.{ " , " 3HayeHue name.length paBHo 0
reject("Name can't be empty");
}
3
1 Moakniouaem HoBYI0 GYHKLMIO-NPOJOMKEHNE;
} Ny OTKNOHEHNM NpoMIca (UNK reHepaLym oLmnbKu)
BbI3bIBaeTcA catch()
getUserName()

.then((name: string) => {console.log( Hi ${name}!"); })
.catch((reason: string) => {console.log( Error: ${reason} ); });
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OpraHu3aums Lenn CMHXPOHHbIX YHKLIMIA

DYHKIUU-TIPOIOIIKEHUST MOKHO CIEITUTh HE TOJBKO OMUCAHHBIMU BBIIIE CTOCOGAMU.
Haunem ¢ Toro, uto HyHKIUSI-TIPOAOJIKEHNE He 00si3aHa BO3BpAIaTh mpomuc. Kpome
TOTO, HE BCEr/ia B 1elb 0ObeIMHAIOTCS ACUHXPOHHBIE (PYHKIIMU: BCTPEYAIOTCS U OBICTPO
BBITIOJTHsIEMbIE (DYHKITUH-TIPOIOJIKEHUS, KOTOPBIE MOKHO BBITIONHATH CHHXPOHHBIM 00-
pasom. Eme pa3 B3rsisiHeM Ha Hall MCXO/HBIN puMep B aucTtunre 6.19, B KoTOpoM Bee
(PYHKIIMU-TIPOIOIIKEH NS BO3BPAIIIAJIN TIPOMHUCHI.

JINCTUHr 6.19. Llenb BO3BpaLLaoLWmMX NPOMUCHI (PYHKLMIA
getUserName()

Oynkuna getUserName()
Bo3BpaLyaet Promise<string>
.then((name: string) => {

console.log( Hi ${name}!");

return getUserBirthday(name); 4—‘ Oykuna getUserBirthday()

Bo3BpaLyaet Promise<Date>

b))
.then((birthday: Date) => {
const today: Date = new Date();
if (birthday.getMonth() == today.getMonth() &&
birthday.getDay() == today.getDay())
console.log('Happy birthday!"');

return getUserEmail(birthday); .
19 Oyukuua getUserEmail()
.then((email: string) => { Bo3Bpallaet Promise<string>
/* o0 ¥/
1

B nmannoMm ciydae Bce yHKIIMU JIOJIKHBI BBITIOJHSATBCS ACUHXPOHHO, MMOCKOJIBKY
JKIyT BBOJIA TI0JIh30BaTeseM JaHHbIX. Ho uTOo, ecii, MOoIydnB UMS TI0JIH30BATEST, MBI
MIPOCTO XOTUM BCTABUTD €T0 B CTPOKY U BEPHYTH pe3ysabTaT? Ecu nHama dhyHKIug-mpo-
JI0JDKeHue — MpocTo ~Hi ${name} ! , To OHa BO3BpaIlIaeT CTPOKY, a He Tpomuc. Huuero
cTpanrHoro, GyHKIuUs .then() aBToMaTHYeCKH IIpeobdpasyer ee B Promise<string>
IUIs fajbHeiieii 06paboTku caepyoueil GyHKIUEH-IpoaoIKeHneM, KaK II0Ka3aHO
B smuctunre 6.20.

JincTuHr 6.20. Cuennenve dyHKUMIA, He BO3BpaLLoLLMX MPOMMCHI

getUserName()
.then((name: string) => {
return “Hi ${name}!"; <+
b B aaHHOM Cnyyae npomuc He BO3BpaLLaeTcs,

Ho pyHKuuA then() npeobpasyer

.then((greeting: string) => { / .
pe3ynbrat B Promise<string>

console.log(greeting);

s

I/IHTyI/ITI/IBHO 9TO MPEACTABJIACTCA JJOTUIHBIM: JIa’Ke €CIN (l)yHKHI/IH-HpOI[OJDKeHI/IG
BO3BpaliaeT O6bI‘{HyIO CTPOKY, OHa BCE PaBHO BKJIOY€HA B II€ITb 3a IIPOMHCOM, BCJIC/ICTBUEC
4Eero He 6y[[6T BBITTOJTHEHA CPpa3y JKe. Taxum O6p330M, OHa (baKTI/IIIECKI/I ABJIAETCA TIPO-
MICOM, 3aBEPITAEMbIM ITOCJIE€ 3aBEPIICHMA NCXO/THOTO IIpOMUCaA.
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[Apyrve cnocobbl COYETaHMSI NPOMUCOB

[lo cux mop MBI paccMaTpuBaau MeTo then() (u catch()), CBI3BIBAIONNAI TPOMUCHI
TaK, YTO OHM 3aBEPHIAIOTCS 110 ouepesu, ApyT 3a ApyroM. CyIiecTByeT elre JBa CII0Cco-
6a TIaHNPOBaHUs BBITIOJTHEHNUS] ACHHXPOHHBIX (DYHKIIMIA: C TIOMOIIBIO Promise.all()
1 Promise.race() — cTaTMYECKUX METO/IOB Ky1acca Promise. MeTtoz Promise.all() mpu-
HUMaeT B KaueCTBe apryMEHTOB Habop IIPOMUCOB M BO3BPAIIAET IIPOMHUC, 3aBEPIIIaeMbIil
[IPY 3aBEPLIEHIN 6CeX YKa3aHHBIX MPOMUCOB. MeToj Promise. race() puHUMaeT HAbOP
IIPOMUCOB ¥ BO3BPAIIAET IIPOMUC, 3aBEPIIAEMBbIil IIPY 3aBEPLIEHIH /100020 U3 YKA3AHHBIX
IIPOMUCOB.

Mertoz no3BoJisteT Promise.all() IIaHMPOBATh BIMOJHEHHE HAOOPA HE3aBUCHMbIX
ACHHXPOHHBIX (DYHKIMI, HATPUMED M3BJIeUYeHre COOOIIEHUI BXOASIIEN TOUThI TI0JIb30-
BaTesieil u3 6asbl JaHHBIX 1 M306paxkenuii mpoduis 3 CDN c mocaenyiomieii mepenayeii
oboux 3navenuii B U, kak mokazano B juctunre 6.21. He umeer cMbicia IaHUPOBATH
OCJIEZI0BATETLHOE BBITIOJIHEHE 9THX (QDYHKIIUI M300pasKeHHsI O/IHA 32 JAPYTOii, MOCKOJIBKY
OHU He 3aBHCAT APYT OT Apyra. C APyroii CTOPOHBI, HaM HY;KHO coOpaTh MX Pe3yJIbTaThl
U TIepe/IaTh IPYToil (PyHKIIUH.

JIncTmHr 6.21. YcTaHoBKa Noc/ieaoBaTe/IbHOCTU BbIMOSIHEHWS C MOMOLLbIO MeToda Promise.all()

OyHKUUM
class InboxMessage {/* ... */ } getinboxMessages()
class ProfilePicture {/* ... */ } u getProfilePicture() —
He3aBUMMble
declare function getInboxMessages(): Promise<InboxMessage[]>; ACUHXPOHHbBIE

declare function getProfilePicture(): Promise<ProfilePicture>;
declare function renderUI(
messages: InboxMessage[], picture: ProfilePicture): void; Aina renderUl() Hyxen .
pe3synbTat 06emnx pyHKuuii

Promise.all([getInboxMessages(), getProfilePicture()])
.then((values: [InboxMessage[], ProfilePicture]) => {
renderUI(values[@], values[1]);

MeTog Promise.all() co3naet npomuc,

H; 3aBepLuaeMblil Nocne paspeLueHma
values npeacTagnser 3 Mepepaem U3BneyeHHble | NPOMICOB 06€UX yKa3aHHDIX GYHKLMIA
Coboii KopTex, copepaLLii 3Hauenus B pyHkuuio renderUl()
o06a pesynbTata

PeannzoBath MO0OHBIN TATTEPH C TIOMOIIBIO 0OPaTHBIX BBI30BOB 3HAUUTEIBHO CIIOK-
Hee, II0CKOJIbKY He CYIIeCTBYeT MeXaHU3Ma UX COe/IMHEHUS.

PaccmoTtpum nipumep npuMeHeHns MeTozia Promise. race() B mctunre 6.22. [lomyctum,
pod b OJB30BATE ST PEIIMIIUPOBAH Ha JIBa y3Ja. [lonpobyem U3BJiedb ero us 06oux
U 33/ICHCTBYEM TOT PE3yJIbTaT, KOTOPBIN Gy/ieT Bo3BpaiiieH ObicTpee. B aToM cirydae MOKHO
MPOIOJIKATH BBITIOIHATH TPOTPAMMY Cpasy MocJIe MOJTyYeHUsT Pe3ybrara ¢ J000To 13
Y3JIOB.

Peann30BaTh TaKOU CIleHAPUN € TTOMOIIBI0 OOPATHBIX BBI30BOB O€3 TIPOMUCOB EIIle
cioxkuee (puc. 6.11).

[TpoMuCH — 9TO TIOHATHAsT AGCTPAKIIUS /TSI BHITIOJHEHWST ACHHXPOHHBIX (hYHKITH.
Baarogapst manuposatnuio 06paboTKH ¢ MOMOIIBIO METOIOB then() U catch() He TOJIBKO
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KOJI CTAHOBUTCSI H0Jiee YNTabeIbHBIM, YeM TIPU UCIIOIb30BAHUN OGPATHBIX BBI30BOB, HO
U HOABJISIETCSA BO3MOKHOCTH 00pabOTKY ONMMOO0K, a TAKKE COSAMHEHNST HECKOIBKIX T1PO-
MUCOB C [IOMOIIbIO METOJI0B Promise.all() u Promise.race(). Bubanorexku ais paboTb
€ TIPOMHUCAMH JIOCTYTTHBI B GOJIBIIHHCTBE OCHOBHBIX SI3bIKOB TPOrPAMMUPOBAHIS, ¥ [TPE/IO-
craBigemMas UMM QYHKIIMOHAJIBHOCTD IPUMEPHO OJIMHAKOBA, XOTSI Ha3BaHUS METO/I0B
MOTYT CJIerKa pa3jandathes (Harpumep, race() B HEKOTOPBIX SI3bIKaX HA3bIBaeTCs any ().

JIncTrHr 6.22. YcTaHoBKa Noc/ief0BaTeNbHOCTM BbINMOTHEHUS C MOMOLLbIO MeTozAa Promise.race()
class UserProfile {/* ... */ }

declare function getProfile(node: string): Promise<UserProfile>;

BbisbiBaem yHKuUMI0
getProfile() no ogHomy
pasy Ans Kaxaoro y3na

declare function renderUI(profile: UserProfile): void;

Promise.race([getProfile("nodel"), getProfile("node2")])

.then((profile: UserProfile) => {
renderUI(profile); B dyHKuumI0-npogomKeHue nepepaeTca

1; Haw eguHcTBeHHbIN UserProfile —
Bl -
TOT, KOTOPbIil 6b1N 6bICTPEE NONyyeH

A B B

Promise.then() Promise.race()

3HayeHwue 1
Mpomuc 2

Promise.

3HayeHune 2
Mpomuc 3

Puc. 6.11. PaznnyHble cnocobbl codeTaHns NpoMmncoB. A: mpoMuc 1 3aBepLuaeTcs
1 nepegaeT 3HayeHne 1 npoMucy 2; NPOMUC 2 3aBEPLLAETCS W NepeaaeT 3HaveHre 2 npomMucy 3.
B: npomuc 1, npomuc 2 1 npoMuc 3 3aBepLuatoTcs. Koraa oHn Bce nepexoasT B COCTOSHUE
3aBepLueHHbIX, Promise.all() nonyyaeT Bce ux 3Ha4YeHMs1 U MOXET NpoAoKaTh paboTy, 3aBepluas ee
COBCTBEHHBIM 3HayeHneM. B: oauH 13 NpoMMCOB 3aBepLuaeTcs NepsbiM (B AAHHOM Crlydae npoMuc 2).
MeTtoa Promise.race() nony4yaeTt 3HaueHMe 2 1 MOXeT Npoao/mkaTh paboTy, 3aBepLias
ee co6CTBEHHbIM 3HaYeHneM

Bor mpakTuuecku u Bee, 4eM GUOJIHOTEKH MOTYT TIOMOYb HAM B HAITMCAHUY SICHOTO
ACWHXPOHHOTO Koza. [ToBbITIeHe YMTabeTHHOCTH TAKOTO KO/l TPeOyeT n3MeHeHn i
CHHTAKCHCA CaMOTO S3bIKa. AHAJIOTMYHO TOMY, KaK oneparop yield 1mo3BoJigeT IIpolie
OTMCHIBATD (PYHKIMU-TEHEPATOPBI, CHHTAKCHC MHOTHUX S3bIKOB PACITUPEH KJIOUEBBIMU
CJIOBAMU async M await, yIpomnaonmMy Halcanue aCHHXPOHHBIX (DYHKITHIA.
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6.4.4. async/await

[TpomuCHI TO3BOMISIN HAM 3alIPalinBaTh Y TOJIb30BaTeeH Pa3amuHyo HHPOPMAIIIIO,
Y MBI YITOPSIOUNBAJINA HAITH 3aITPOCKI ¢ TOMOIIBI0 (DYHKITUN-TTPOAOKEHNI. BarsaeM
ellie pas Ha 9Ty peanusanuto B iuctrHre 6.23. Mbr 00epHeM ee B pyHKINIO getUserData().

JinctuHr 6.23. KpaTtkuii 0630p cuenneHnst NpoM1McoB

function getUserData(): void {
getUserName()
.then((name: string) => {
console.log( Hi ${name}!");
return getUserBirthday(name);

)
.then((birthday: Date) => {
const today: Date = new Date();
if (birthday.getMonth() == today.getMonth() &&
birthday.getDay() == today.getDay())
console.log('Happy birthday!"');
return getUserkEmail(birthday);

}
.then((email: string) => {

VALY
s

Ob6patrure BHUMaHME CHOBA: Bce (DYHKIIMU-TTPOIOJIKEHUSI TIPUHUMAIOT B KAUeCTBE
apryMeHTa 3HaueHue TOTO JKe THUIa, 4TO U y ITpoMuca 13 npeapiaynieid pyunxinn. Kon-
CTPYKIIMA async/await 1o3BoJisieT Jiydlle BbIPa3uThb 3TO B Koje. MoKHO npoBecTn
napaJsiiesib ¢ TeHepaTopaMy 1 CUHTAKCHCOM */yield, KOTOPBIN 00CYKIANCA B IPEIbI-
LyIIeM paszere.

DJIEMEHT async — KJII0YeBOe CJI0BO, yKa3bIiBaeMOe TIepe/] KJI0YeBbIM CJI0BOM function
aHAJIOTUYHO TOMY, KaK B TeHepaTopax nepej function ykassiBaercs *. M mogo6Ho ToMy,
KaK * MOKHO HCIIOJIb30BaTh, TOJIBKO ecyiv (PYHKIIMST BO3BpalaeT Iterator, CJI0BO async
MO>KHO YKa3bIBaTh JIMIIb JI71s1 (DYHKITMH, KOTOPbIEe BO3BpAIAOT Promise. Kax u *, async
He Bauser Ha vt pyukinun. Tun ¢pynkiuii function getUserData(): Promise<string>
u async function getUserData(): Promise<string> oquHakoB: () => Promise<string>.
N ananmornyHo ToMy, KakK * yKasbIBaeT, YTO (DYHKIIM SIBJISICTCS FeHepaTOpPOM, TI03BOJISSA
BBI3BIBATH BHYTPU Hee yield, Tak M async JiaeT 3HaTh, YTO (PYHKIUS aCUHXPOHHA, TI03BO-
JisIsl BBI3bIBATh BHYTPU Hee await.

CJ10BO await MOKHO yKasbIBaTh Iepe/l BO3Bpaliaolieil mpoMuc GyHKIue, 9Toobl
[OJIYYUTDb 3HAUEHUE, BO3BPAIIAEMOE 110 3aBEPIIIEHUN HTOTO TPOMECA. BMecTo TOTO 4T00ObI
nucarb getUserName().then ((name: string) => { /*..*/ }), MOXHO HanucaTh let name:
string = await getUserName(). [Ipexxzie yem pa361/1paTbc;{, KakK 3TOT KO/l pa60TaeT, 110-
CMOTPHM, KaK HarmucaTh GyHKIHIO getUserData() ¢ MOMOIIBIO async 1 await.

Cpasy BH/HO, 4TO HalMcaHHas 1moJ00HbIM 0O6pasoM (yHKIMs getUserData() Ha-
MHOTO 6oJiee yoOHa JIJIsT YTEHNUsT, 4eM BaPUAHT CO CIEIIEHUEM TIPOMKICOB € TOMOIIBIO
MeToza then(). KoMmuisaTop reHepupyeT TOYHO TaKoi ke KOJl; BHYTPEHHUI MEXaHU3M
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He OTJInYaercs. DTo IpocTo GoJiee yAOOHBIN CI10c00 BBIPA3HUTh TY jKe CaMylo 1elb (hyHK-
nui-niposioszkennii. OH 1MO3BOJISIET HANIMCATh BECh KO/ B OJIHON (DYHKIINU, YKa3bIBast
KJII0YeBoe CJI0BO await. IIpu aToM mporpaMma OyzeT KaaTh pesyibTaToB BCeX MPOUNX
BO3BPAILAMOIINX TPOMUCHI (DYHKIUI, BMECTO TOTO YTOObI IOMENIATh BCE IPOLOJIKEHUS
B OT/IeJIbHBbIE (DYHKIIUU, COETMHSIEMBIE C TIOMOTIIBIO then().

Kasknoe coBo await 9KBUBaJIEHTHO MOMEIIEHUIO CIEAYIONIEr0 32 HUM KO/Ia B TIPO-
JoJIKeHre MeTozia then(): 9TO MO3BOJIAET IIMCATh MeHbIIIe JsIMO1a-BbIPasKeH U, a aCUH-
XPOHHBIN KOJ ynTaeTcs mogo6Ho cuHXpoHHoMy. YTo Kacaercs catch(), eciu Bos-
BpallaTh HEYero, HAIPUMeEp, B Cilydyae UCKJIIOUYEHUsI, TO B BbI30BE await reHepupyercs
UCKJIIOUEHIEe, KOTOPOe 3aTeM MOKHO IePeXBaTUTh ¢ IOMOILbIO OOBIYHOTO OllepaTopa
try/catch. JlocTaToYHO IIPOCTO OGEPHYTH BHI30B await B GJIOK try I llepexBaTa BO3-
MOZKHBIX OIINOOK (JIMCTUHT 6.24).

JIncTuHr 6.24. Vicnonb3oBaHne KOHCTPYKUMM async/await

Oynkuua getUserData() gomxHa
BO3BpaLLATh NPOMUC, NOCKONbKY

async function getUserData(): Promise<void> { OTMe4eHa KaK aCiHXpOHHaA

let name: string = await getUserName(); Xaem, noka
le.log( Hi [
console.1og("H1 ${name}!"); MoXH0 MCnonb30BaTh 3Ty CTPOKY getUserName()
CUMeHeM B TOM e GYHKLMM 3aseplumtca
1 BbIAACT CTPOKY

let birthday: Date = await getUserBirthday(name);

const today: Date = new Date();

if (birthday.getMonth() == today.getMonth() &&
birthday.getDay() == today.getDay())
console.log('Happy birthday!');

CUMeHeM

*nem, noka getUserBirthday()
3aBepLUMTCA U BbIAACT
CTPOKY € AaTOil poXAeHNA

let email: string = await getUserEmail(birthday); <—

T [Dlenaem 1o xe camoe ana getUserEmail():

XAeM 3aBepLueHna npomuca n nolyuyeHna CTpoKoBoro 3HauyeHusa

6.4.5. KpaTkoe pe3ioMe No NOHATHOMY aCMHXPOHHOMY Koay

Bxparite mogpITOKIIM OTIMICAHHBIE B 9TOM paz/iesie TTOIX0/Ibl K HATMCAHUIO0 ACHHXPOHHOTO
koza. Mbl Hauaji ¢ 0OpaTHBIX BBI3OBOB — IepeJaull B aCHHXPOHHYIO (QYHKIIIO (DYHK-
1K 0O6PAaTHOTO BBI30BA, BHI3IBAEMOI 110 3aBEPIIEHUN Ollepallii. DTOT HOAXO BIIOJIHE
paboTOCIIOCOGHBIN, HO IPUBOAUT K MHOKECTBY BJIOKEHHBIX OGPATHBIX BBI3OBOB, CUJIBHO
3aTPYIHSIONNX aHAN3 Ko/ia. Kpome TOTO, TIp1 9TOM 0YeHb CJI03KHO COeIMHUTD HECKOJTBKO
HE3aBUCHMBIX aCHHXPOHHBIX (QDYHKIUM, €CJIU JJIsT TPOAOIKEHUS PabOThl HEOOXOMMMBI
pes3yJbTaThbl OT HUX BCEX.

Jlajiee MBI ITOTOBOPHUJIM O TIPOMHUCAX. ITO abCTPAKIIMST /ISl HAIMCAHUST aCHHXPOHHOTO
koza. OHM TOMOTAIOT TJIAHUPOBATH BBITTOJMHEHNE KO/Ia (B SA3bIKAX, I/le TPUMEHSIOTCS
MMOTOKH, BBITIOJIHEHHE TIJIAHUPYETCS 110 HUM) W TTO3BOJISTIOT YKa3bIBaTh (DYHKIIMHU-TIPO-
JIOJIZKEHUST, BBI3bIBAEMbIE TI0 3aBepIieHnH (TTOTyYeHN 3HAYe€HNs ) MJIM OTKJIOHEeHN! (BO3-
HUKHOBEHUN OMMOKK ) mpoMuca. MeToabl Promise.all() 1 Promise.race() IO3BOJISIOT
[10-PA3HOMY COeAUHATH HaOOPbI IPOMUCOB.
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Haxkomnel;, cuHTakcuc async/await, oObIYHBII HbIHE A7 OOJIbIIUHCTBA OCHOBHBIX
SI3BIKOB IIPOTPAMMKPOBAHN, TO3BOJISIET IIHCATh aCMHXPOHHBIN KOJ B Aaxe ele Oojee
MOHSITHOM BUJI€, YUTAEMbIIl COBEPIIEHHO KaK OOBIYHBINA KO/ BMecTo ykazanust (hyHK-
UU-TIPOJIOJIKEHUS ¢ TIOMOIIBIO MeTo/la then () yKa3bIBaeTCs KJIOYEBOE CJIOBO await.
[TporpaMma OyeT KAaTh pe3yabTaTta MPOMUCA U TIPOIOJIKEHIS BBITIOJTHEHUS € 9TOTO
MecTa. BpITIosIHgeMbIil KOMITBIOTEPOM BHYTPEHHUIT KO/l — TOT K€ CAaMbIi, HO YATATh TAKON
CUHTAaKCUC HAMHOTO TIPUSITHEE.

6.4.6. YnpaxHeHus

1. C xaxoro cocrosHus HauMHaeT paboTy npomuc?
A. 3aBepIeHHBIT.
B. OTkI0HEHHBII.
B. Osxuzgaromuii BIIOJIHEHNS.
I. C mob6oro us HUX.

2. Kakoii u3 CJIEeYIOIINX METO/10B ITO3BOJIAET lIO6aBI/ITb B II€ITb (byHKIII/IIO-HpOlIO]I)KeHI/Iey
BbI3bIBAEMYIO B CJIy4a€ OTKJIOHEHU A HpOMI/ICEl?

A. then().
b. catch().
B. al1().

I. race().

3. Kakoii u3 cJIeyonmx METOI0B TIO3BOJISIET I0OABUTD B 11E1Th (DYHKIHIO-TTPOIOJIKEHIE,
BBI3BIBAEMYIO B CJTyUae 3aBEPIEHNST BCETO HaOOpa TIPOMUCOB?

A. then().
b. catch().
B. all().

I. race().

Pe3tome

O 3ambikaHue — 3TO JAMOIa-BbIPAKEHIE, COXPAHSIIONIEE, TOMUMO ITPOUYero, hparMeHT
COCTOSTHUS cojiepKallieil ero GyHKINH.

Q IIpocroii maTTepH MPOEKTUPOBAHUSA «/[eKopaTop» MOXKHO peajn30BaTh € MOMOIIBIO
3aMblKaHUs U 3aXBaTa JeKOPUPOBAHHON PYHKIUKM BMECTO peaIu3aliiy OT/ebHOoN
HOBOI (DYHKIIUH.

O CyYeTuyWK MOKHO PEATN30BaTh C MMOMOIIBIO 3aMBIKAHUS, KOTOPOE OTCIEKUBAET CO-
CTOSHUE CUETUYMKA.

O Hanwucanublil ¢ IpUMEHEHHEM CUHTaKCKCa */yield reHepaTop sBJsSETCS BO30OHOB-
JisieMoit (PyHKITHEid.

O /JlsuresbHbIE OTEPAIIUH JKENATETHHO JIeJaTh ACHHXPOHHBIME, YTOOBI OHU He GJIOKHU-
POBaJIN BBIIIOJTHEHHUE OCTAJILHOM TPOrPAMMBIL.
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JIBe OCHOBHBIE MOEIN ACMHXPOHHOIO BBIIIOJHEHUST: HOTOKU U LMKJIbI OKUAAHUS
coObITHA.

O6paTHBIi BBI30B — (DYHKINS, TIepelaBaeMast B aCHHXPOHHYIO (DYHKITHIO U BbI3bIBa-
eMast 10 ee 3aBepIICHU.

ITpoMuchl — pacnpocTpaHeHHast abCTPAKIUA [JIsT BBIIOJIHEHNsI aCHHXPOHHBIX (DYHK-
uii, umeeT (pyHKIMK-IIPOAOJIKEHUS KaK aJbTepHaTuBy obpaTHbIM BbizoBaM. Co-
CTOSTHUSI TIPOMUCA TAKOBBI: OKUAAIOINE BBITTOJHEHWS, 3aBePIIEHHbBIN (3HAaYeHNEe
MOJIyY€HO) U OTKJIIOHEHHBIN (BO3HUKJIA OIMHOKA).

Cratuyeckue MeTo/bl Promise.all() u Promise.race() — MEeXaHU3MBbI COCIUHEHMUST
HabOpa MPOMUCOB PA3JIMIHBIM 00PA3OM.

Koncrpyxiug async/await — coBpeMeHHbIH CUHTAKCUC HAIIMCAHUS KOJla Ha OCHOBE
MTPOMIICOB TTOI0OHO CHHXPOHHOMY KOIY.

Tenepb, O6CYIII/IB JIETAJIbHO BCE MTPUJIOKEHMA (l)yHKHI/IOHaJIbeIX THUIIOB JJaHHbIX, OT

OCHOB Tiepesiaunt GYHKIUI B KaUyecTBe apTyMeHTOB U [I0 TeHEPATOPOB U aCUHXPOHHbBIX
(byHKIMH, MBI MOJKEM MEPERTH K caeAyIomeil 6oJblIoil Teme: moaTunaM. Kak Mbl yBUAUM
B TJIaBe 7, TIOATHIIBI — 3TO OTHIO/b HE TOJBKO HACICIOBAHUE.

OTBETbI K YNPa>XHEHNAM

6.1. MNMpocTor naTTepH NPOeKTUPOBaHUS «[lekopaTop»

OjHa 13 BO3MOKHBIX peasn3aliuii, Bo3Bpariammias GyHKIU0, KOTopas 106aBJsier
B 06epHYTYI0 (DabpUKy JKypPHATMPOBAHHKE:

function loggingDecorator(factory: () => Widget): () => Widget {
return () => {
console.log(«Widget created»);
return factory();

6.2. Peanunzayus cuetymka

1.

BapmanT peanusanmu ¢ TOMOIIHIO 3aMbIKaHUsI, 3aXBaTHIBAIOIIETO TIepeEMEHHbBIE a U b
us3 (byHKuI/II/I-06epTKI/I:
function fib(): () => number {

let a: number = 0;
1;

let b: number

return () => {
let next: number = aj;
a = b;
b = b + next;
return next;
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2. BapI/IaHT peasin3anu € IIOMOIIbIO T€HEPAaTOPAa, BbIZIAIOIIETO CJIeAYyIolIee Y1 CJIO B 110~
cJje10BaTeJIbHOCTU:
function *fib2(): IterableIterator<number> {

let a: number = 0;
let b: number 1;

while (true) {
let next: number = a;
a = b;
b = a + next;
yield next;

6.3. ACMHXPOHHOE BbIMOSIHEHME ANMUTESNbHBIX Onepauuii
1. T — kax IIOTOKH, TaK U IIUKJI OKN/TaHNA CO6BITI/IIL/,I MOJXHO HCIIOJIB30BAaThb AJid aCUH-
XPOHHOTO BBITIOJTHEHUA KO/1A.

2. B — uuki oxkuzanust coObITUI He BBIIOJIHSET KO apasuieibHo. DyHKIMN monagaoT
B OuY€pe/ib 1 BBITIOJHSIOTCS aCHHXPOHHO, HO He OJ[HOBPEMEHHO.

3. A— ITapaJjijieJibHOE BbIIIOJIHEHNE BO3MOKHO C TIOMOIIbBIO ITIOTOKOB; HECKOJIBKO IIOTOKOB
MOTYT BbIIIOJIHATH HECKOJIBKO (byHKI_[I/Iﬁ OJHOBPEMEHHO.

6.4. YnpoLiaeM aCMHXPOHHbIN KOz

1. B — npomuc HaumHaeT paboTy ¢ COCTOSTHUSI OKU/IAHUST BBITIOJTHEHMSI,

2. b — na nobaBrenust B 1eTb (QYHKIUU-TTPOIOIKEHUS, BHI3BIBAEMOI B CITydae OTKIIO-
HEHUA IIPOMUCA, UCIIOJIb3YeTC MeToA catch().

3. B — juist jobaBiieHust B 1eb (DYHKIMK-TIPOIOJIKEHUS, BBI3BIBAEMOIT B CJTyuae 3aBep-
LIEHU BCEX IIPOMUCOB, UCIIOJIb3YyeTCa MeToL all().



Ioomunusauus

B 3TOM rnaBe

Q YcTpaHeHue HeoaHO3HaYHOCTeN TUMoB B TypeScript.
O be3onacHag gecepuanusaums.
QO 3HauyeHus Ha cilyyai oLIMBKM.

Q CoBMECTUMOCTb TUMOB A/ TUMOB-CYMM, KOJIEKLMIA U DYHKLIMNA.

Mpbi ysKe paccMOTPEJI [IPOCTbIE TUTIBI, UX COYETAHUS, a TAKKe (DYHKIIMOHAIBHbIE TUITHI
nanubix. Hactano BpeMst B3MJISTHYTH €llle Ha OJINH aCleKT CUCTEM THITOB: OTHOTICHUST
MEKIy THITaMU. B 5Tl ry1aBe MbI ITO3HAKOMIM Bac ¢ OTHOIIEHUEM «THUIT — TIOATUIT». XOTsI
BbI, BO3MOJKHO, 3HAKOMBI C 3TO KOHIIETIHEN 10 00 beKTHO-OPHEHTUPOBAHHOMY ITPOTPaM-
MUPOBAHUIO, Mbl HE CTAHEM TOBOPUTD B IAHHOII TJIaBe O HAC/IEJOBAHUY, & COCPEAOTOUNM
BHUMAaHHUE HA HHBIX TIPUJIOKEHUSX TTOATUITU3ATIAN.

Crayasa MbI TTOTOBOPHM O TOM, YTO TaKO€ TIOATHITH3ATINS, 1 O IBYX CIOC00aX ee peasi-
3al[iK B SI3BIKAX MPOTPAMMUPOBAHUSL CTPYKTYPHOM U HOMHHAJILHOM. 3aTeM CHOBA 00-
parumcs K Harremy npumepy ¢ Mars Climate Orbiter u 06bsicHrM TPIOK ¢ unique symbol,
KOTOPBIM MBI BOCIIOJIb30BAJIUChH B TJIaBe 4 MPpU 06CY/KACHUN TUTTIOOE30MaCHOCTH.

A TIOCKOJIBKY THIT MOKET OBITH TIOTHIIOM JAPYIOrO THIIA U Y HETO CAMOTO MOTYT ObITh
IO/ITUTIBI, MBI B3TJISTHEM HA BCE TO C TOYKHU 3PEHUST MEPAPXUU TUIIOB, B KOTOPOIl OGBIYHO
€cTh OJIUH THI B CAMOM BEPXY U MHOI/A OJMH TUII B CAMOM HU3Y. MbI PACCMOTPUM BO3-
MOKHOCTH HCIIOJIB30BAHUSI ATOTO BBICIIETO TUTIA B CIIEHAPUSX HATIOA00UE Jlecepraii-
3aIiH, KOrjia OOBIYHO JOCTYITHO HE CJAUIIKOM MHOTO HH(MOPMAIIUU O TIle. MbI TakKe
HayYHMCs 3a/1efiCTBOBATh HUBIIMI TUIT B KAUECTBE 3HAUCHUST Ha CIIydail OmnOK.
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Bo BTOpOii MOJIOBHHE 9TON TJIABBI MBI HAYYUMCS YCTAHABJIUBATH HoJiee CIOKHBIE
OTHONIEHUS «TUTI — TOATHUII>. ITO MOMOXKET HaM TIOHATH, KaKie 3HaYeHWsT MOKHO 3a-
MEHSTh KaKuMU. Hy:KHO JT1 peayn30BbIBATH aAITePhl MM MOXKHO IIPOCTO TIepeiaTh
3HaUYEHHUE JPYTOro THIA Kak ecTh? KakoBo OyZeT OTHOIIEHUE «TUIT — MOATHI> MEKLY
KOJUTEKITUSIMU JIBYX TUIIOB, OJIMH U3 KOTOPBIX SIBJIIETCS MOATUIIOM Ipyroro? A ¢hyHKIu-
SIMY, TPUHUMAIONTIMY I BO3BPAIIAIOIUMI aPTYMEHTHI 3TUX THUTIOB? MBI TOCMOTPHIM
Ha IIPOCTOM MPUMepe, KaK TTepe/iaBaTh reoMeTpuieckre (hurypsl B BUE TUTIOB-CYMM, KOJI-
JIEKITHIA 1 (PYHKIIUI, — IIPOIIeCC, M3BECTHBII 101 HA3BAHUEM «8apuanmuocmys> (variance).
MBI M3ydnM pasiinyHble Pa3HOBUIAHOCTH BapraHTHOCTH. Ho cHavasia pasbepeMcst, 4To Takoe
nozrutnet B TypeScript.

/7.1. Pasnuuyaem cxoxue Tunbl B TypeScript

BosibimmaCcTBO IPUMEPOB TaHHOI KHUTH, XOTh U Hanucanbl Ha TypeScript, He cogep:kar
HIYETO CIeNnpUYECKOro JUIS 9TOTO SI3BIKA, UX MOYKHO MEPEMcaTh Ha GOJBITHHCTBE ApY-
IUX OCHOBHBIX SI3IKOB TIPOTPAMMUPOBaHUsL. JIaHHBII pasies] — UCKIIOUEHUE: Mbl 00CYINM
cnerduyeckyio g TypeScript MeTOIMKY, TOCKOJIbKY OHA [TO3BOJIUT IIJIABHO IIepeNTH
K 0OCYKICHUIO TIO/ITHUTIOB,

Bepuemcs k mpumepy ¢ pyHT-cUIaMU/HbIOTOHAMU Ha CEKYH/y U3 ryiaBbl 4. Hamowm-
HIO, YTO MBI CMOJIEJITNPOBAJIN B HEM JIBE Pa3JIMYHbIC €JUHUIIBI U3MEPEHUA B BUJIE ABYX
OTIeJbHBIX KTaccoB. Ham TpeGoBasach TapaHTHsT TOTO, YTO MOJLYJIb TIPOBEPKU TUIIOB
He pa3pelnT MPUHATHh 3HaUYeHNe OJJHOTO THUIIA 3a 3HaUYE€HHe PYToro, I03TOMY Mbl BOC-
TTOJTb30BAJINCH Unique symbol ¢ 1eJTbI0 YCTPAHUTD JIBYCMBICJIEHHOCTh. MBI He BJIaBaInCh
pamee B MOAPOOHOCTH TOTO, JIJIST Y€r0 ATO OBLIO HYKHO, TAK UTO C/EJNAEM 3TO TEIephb,
B suctunre 7.1.

Jnctrir 7.1. Tunbl Ang @yHT-CUAbI B CEKYHAY W HbIOTOHA Ha CeKyHAY
declare const NsType: unique symbol; <«—

06baBnaem NsType Kak yHUKaNbHbIii
class Ns { cumBon 1 pobasnsem csoiictBo [NsType]
value: number; TMna void B knacc Ns
[NsType]: void; <+«

constructor(value: number) {
this.value = value;

}
}

declare const LbfsType: unique symbol; <«—
06baBnaem LbfsType kak yHuKanbHblii

class Lbfs { cumBon u fo6aBnsaem cgoiictBo [LbfsType]
value: number; Tuna void B knacc Lbfs
[LbfsType]: void; <+

constructor(value: number) {
this.value = value;

}
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Ecom onyctuts 9111 71Ba 06BSIBJICHUS, TO TIPOU30UIET HHTEPECHAS BEIIb: MOKHO Oy/IeT
nepeiaBath 06beKT Ns BMECTO Lbfs U Ha060pOT, IPHUYEM KOMITHIISITOP HUKAKUX OTNHO0K
He BeIIacT. PeannayeMm Jiist 1eMOHCTPAIMK 9TOTO Mporiecca GYHKIUIO acceptNs (), 0XKu-
MAIoNLyo apryMeHT Tuma Ns. A 3ateM monpobyem mepeiaTh B acceptNs () 0ObeKT THIIA
Lbfs (siuctunT 7.2).

JIMCTUHI 7.2. OYHT-CUNbI Ha CEKYHAY U HbIOTOHbI Ha CEKYHAY 6€3 YHMUKasbHbIX CYMBOJIOB

class Ns { <+—
value: number;
constructor(value: number) { Tunbi Ns u Lbfs
this.value = value; 6Gonblue He BKMIOYaIT
} BOICTBO Unique symbol
}
class Lbfs { <+«
value: number;
constructor(value: number) {
this.value = value;
} ¥ OyHKuua acceptNs() npunumaer

B KauecTBe aprymeHTa o6bekT Ns

function acceptNs(momentum: Ns): void { W BbIBORUT B XypHal €10 3HaueHie

console.log( Momentum: ${momentum.value}Ns');

¥ lepenaem ak3emnnap
acceptNs(new Lbfs(10)); Lbfs B pyHKumio acceptNs()

Kak Hu cTpaHHO, 9TOT Ko paboTaeT 1 BBIBOAUT B KypHaI Momentum: 10 Ns — sIBHO
He TO, YTO HaM HY;KHO. Mbl 0OBSIBHIIN JIBa OTAEJbHBIX THIIA UMEHHO BO U30EKaAHKE ITy-

TaHUIBI ABYX €AUHKL u3Meperns 1 apapuu Mars Climate Orbiter. Yro e mpousomnino?
Hawm npuzercst pazobparbest B HIOAHCAX TTOATUIT3ALIH.

noaATUN3ALNA

Tun S — noaTtvn Tuna T, ecnun 3k3eMnasp S MOXHO 6e30MacHO UCMob30BaThb
Be3e, rae oxuaaercs aksemnnsp T.

Ito HecTporas GOPMYJIUPOBKA 3HAMEHUTOTO npunyuna nodcmanosxu' bapoapvl
Jluckoe (Liskov substitution principle). [[Ba Tuma cBsI3aHbI OTHOIIIEHUEM <ITOATUI — HaJl-
THUII», €CITH MOYKHO UCTIOTh30BATh HK3EMILISIP TIOATHTIA BE3JIe, T/Ie OKUIAETCS IKZEMILISP
HAJITHIIA, HE MEHSIS KO/I.

CymtectByer aBa criocoba 3aiaTh OTHOIIEHUS «THIT — MOATUII>. [IepBbIil U3 HUX, ¥C-
[0JIb3Y€EMBbIil B OOJIBIIMHCTBE OCHOBHBIX SI3BIKOB MPOrPaMMUPOBaHus (HarmpuMep, Java
u C#), HasbIBaeTCst HoMunaiviol noomunusayuet (nominal subtyping). Tun siBaster-
ST TOJTHUIIOM JIPYTOTO THIIA, €CJIN OIMCAH KaK TAKOBOU SIBHBIM 00Pa3oM, ¢ MMOMOII[BIO

! I/IHOI‘[[& €T0 TaK/Ke€ Ha3bIBAIOT IIPUHIIUIIOM 3aMEHbI Jluckos. — HpuM@u nep.
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cuHTaKkcuca Buja class Triangle extends Shape. [locsie 3TOT0 MOXKHO TPUMEHSI T 9K3€M-
mstp Triangle Be3/ie, r/ie O3KU/IAETCS IK3EMILISIP Shape (HanpuMep, B KA4eCTBe apryMeHTa
dyukuun). Ecim ke He 06bsABUTD, 4TO THII Triangle pacmmpsier Shape, TO KOMIIUISTOP
He IT03BOJIUT UCIO0JIb30BaTh €T0 BMECTO Shape.

Hanporus, cmpyxmypnas noomunusayus (structural subtyping) He Tpebyer siBHOTO
YKa3aHus OTHOIIEHUST «ITOATHUIT> B KOJle. DKIEMILJISIP TUIIA, HAIPUMED Lbfs, MOKHO uc-
MOJIb30BATh BMECTO IPYTOro THUIIA, HanpuMep Ns, ecii OH BKJIIOYaeT BCE YJICHBI KJacca,
00bsIBJICHHBIE B 9TOM JIPYroM TuIie. VIHBIMU CJIOBAMH, €CJIH CTPYKTYPa THITA aHAJIOTHYHA
Ipyromy THILly (Te sKe YIeHbI Kjacca 1, BO3MOKHO, elle KaKue-1uO0 JOIMOJIHUTEIbHbIE
YJIEHBI ), TO OH aBTOMATUYECKN CUNTAETCS TTOTUTIOM 9TOTO J[PYTOTO TUTIA.

HOMUMHAJIbHASA U CTPYKTYPHAS NOATUNN3ALINA

Mpy HOMWMHABHOM NMOATUNM3ALMM TUM CYATAETCA NMOATUMNOM APYroro TUMa, ecim
3TO OTHOLLEHME OMMUCAHO B KOAE SABHBIM 06pa3oM. Mpu CTPYKTYpHOI NOATUMNM3a-
LMK TUM CYUTAETCS MOATMMNOM APYroro TUMNa, /v BKIIKOUAET BCE UeHbl HaaTMNa
1, BO3MOXHO, HEKWUE AOMONHUTENBHBIE.

B orsmume ot C# u Java, B TypeScript ucrnosbayercst CTpyKTypHast TIOATATIA3AITHS.
menno moatomy, ecyin B Kj1accax Ns u Lbfs 00BABJIEH TOJIBKO YJIeH value TUIa number,
UX MOYKHO MCITOJIb30BATh JIPYT BMECTO JIpyra.

7.1.1. [loCTOMHCTBA M HEAOCTAaTKM HOMUHANIbHOM
N CTPYKTYPHOW NOATUNN3ALIMM

JIOBOJIBHO YacTO CTPYKTYPHasT MOATUIIN3AINS YI00HA, TAK KaK IMO3BOJISIET 3a/laBaTh OT-
HOIIIEH WS MEKLY TUITAMU BHE HAIIETO KOHTPOJISL. JIOTyCTUM, MBI HCTIOJIb3yeM OHOIHOTEKY,
B KOTOPOI 00bsIBJIeH TUII User ¢ TI0JISIMU name U age. B Harem koze o0bsaBien nuuTepdeiic
Named, KOTOPBII TpeOYeT OT peaM3yIoNINX €ro THUIIOB HaJIMIMsT CBOHCTBA name. M bl MOJKeM
HCII0JIb30BaTh 9K3eMILIAD User Be3/e, Iie oxujaercs Named, XOTb User U He peajiu3yer
Named sIBHBIM 00pa3oM, Kak IOKa3aHo B JIUCTUHTE 7.3 (B 00baABIeHIN Klacca User He yKa-
3aHO class User implements Named).

Ecir 661 TpebOBATIOCH SIBHO 00BSIBUTD, UTO User peajusyeT Named, TO MbI CTOJIKHY-
Juch Obl ¢ IpobIeMOii, Beab THII User B3SAT U3 BHelIHeH Oubinoreku. Mbl He MOKEM
MEHSATB ee KOJI, T09TOMY TIPHUIILIOCH OBl MATH OKOJBHBIM IIyTeM W 00bSIBUTH HOBbII THII,
pacmupsgiomuii User u peasnsyioninii Named (class NamedUser extends User implements
Named {}), IpocTo 4TOOBI CBSI3aTh TH JBa THIA. ECJIHU JKe CUCTeMa TUIIOB MCIIOJIb3YeT
CTPYKTYPHYIO IOATUIIM3ALINIO, TO MOKHO 9TOIO HE J1eJ1aTh.

C npyroii CTOPOHBI, B HEKOTOPBIX CJAyYasx KpallHe HEKeIaTebHO, YTOOBI THIT CUU-
TAJICS MTOITUTIOM JIPYTOTO THTIA HA OCHOBAHWU OJTHON MX CTPYKTYyphl. Harpumep, Hesb3st
JIOTTYCKaTh UCIIOJTh30BAHUS 9K3eMILISIPOB Lbfs BMecTo Ns. VIMeHHO Tak 110 yMOJTUYaHUTO
BeieT cebst crcTeMa TUIIOB [P HOMMHAJIBHON MOATUIIM3AIUN, YTO TO3BOJISET JIETKO
usbexarb onboK. B To jke BpeMs CTPYKTypHas HOATUIIM3AIuUsA TpedyeT oT Hac Goiee
TIIATEbHON MMPOBEPKHU TOTO, UTO 3HAYEHNE — MMEHHO TOTO TUIIA, KOTOPBIN MBI JKIIEM,
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a He TUIA CO CXOKel CTPYKTYpOil. B Mofo6HBIX cIIydasix CTPYyKTYPHAsT MOATHITN3AIUST
HAMHOTO TIPe/IIIOYTUTEbHEE,

JucTuHr 7.3. Knacc User — CTpYKTYpHbIV noaTvn uHtepdeiica Named

/* kop w3 6ubnuoTekn */

class User { User — Tun u3 BHelwHeil 6ubnnoTeku,

name: string; HeAOCTYNHbII ANA MoANdUKaLUK
age: number;

constructor(name: string, age: number) {
this.name = name;
this.age = age;

}

/* Haw xkop */
interface Named {

name: string; OyHKuuA greet() oxmnpaer B kauectse
} aprymeHTa 5K3emMnnAp Tina,

. . cooTBeTcTBYloLiero uHTepdeiicy Named
function greet(named: Named): void {

console.log( Hi ${named.name}!");

} Jk3emnnAp knacca User
greet(new User("Alice", 25)); MOXHO nepesatb BMmecto Named

Cy1tecTByeT HECKOIBKO METO/IOB, MTO3BOJISAIONINX 33/ICiICTBOBATH HOMUHAIBHYIO MO/
tunu3anyio B TypeScript, HanmpuMep UCTIoIb3yeMblii 10 Beell aToi KHUTE TPIOK € unique
symbol. Mzyunm ero 6ojiee BHUMATEIBHO.

7.1.2. MopennpoBaHMe HOMUHANBHON
noaTunusaumn B TypeScript

B namem ciryyae ¢ Ns/Lbfs MbI (haKTHUECKH TIBITAEMCST CMOZIETTMPOBATD HOMUHAJIBHYIO TIO/I-
tunusanuio. HaMm Hy:KHO, 4T0OBI KOMITUIISITOP CUUTAJ THIT MOATHIIOM NS, TOJIBKO KOT/IA MbI
00OBSIBUM €ro Tak SIBHBIM 06Pa3oM, a He U3-3a HaJIMUUsl Y Hero 4iieHa Kiacca value.

Jlist atoro Heo6XoMMMOo T06aBUTH B Ns UJIeH KJIacca, KOTOPBIH He CMOJKET CIyYaiiHo
00bABUTH HU OAUH APYroii ki1ace. B TypeScript Beipaskenue unique symbol 103BOJISIET
CreHeprupoBaTh «Ha3BaHUe», FapaHTUPOBAHHO YHUKAJIbHOE B ITpejiesiax Bcero koja. Pas-
JINYHBIE OOBSIBIICHUS unique symbol CrEHEPUPYIOT PA3INYHbIC «HA3BAHUSI», I HIKAKOE
06BABIEHHOE TIOTE30BATEIEM HA3BAHNE HE COBIAJIET CO CTEHEPUPOBAHHBIM.

MbI 06bSIBUIIN YHUKATBHBIN CUMBOJI JIJ1s1 THTIA Ns Kak NsType. OObsiBIIeHIE YHUKAIb-
HOrO CMMBOJIA BBITJISIAMT CJIeAYIONUM oOpa3oM: declare const NsType: unique symbol
(xak B sctutre 7.1). OObSIBUB YHUKAIbHOE Ha3BaHIE, MOYKHO CO3/IaTh CBOUCTBO C 3THM
Ha3BaHMeM, YKa3aB €ro B KBA[PATHBIX cKoOKax. Heo6xoanmo omucars THIT 715 TAHHOTO
CBOWCTBA, HO MbI He COOMpPaeMCcsl IPUCBAMBATH €My HUKaKKMX 3HAYEHMIA, TOCKOJIbKY CBOM-
CTBO CJIYKUT JIUTITD JIJISE PA3JIMYEHUs TUTIOB. A TOCKOJIBKY (haKTHIeCcKoe ero 3HaueHe Hac
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He BOJIHYET, JIy4llle BCEro /i 9TOH 1eJIU ITOAXO0ANUT eAMHUYHBIN THIT JAHHBIX. Tak 4To Mbl
BOCIIOJIb30BAJIMCh TUIIOM Void.

To ke camoe MblI ITpojiesIaIn ¢ TUTIOM Lbfs, 1 Terepb y 9TUX /IBYX TUIOB Pa3JNYHbIE
CTPYKTYPBL: B OTHOM U3 HUX €CTb CBOMCTBO [NsType], a B ipyroM — [LbfsType], Kax 110-
Ka3aHo B JicTUHTE 7.4. A Garojapsi unique symbol HEBO3MOKHO CJIyYallHO OMUCATDH
CBOWCTBO ¢ TeM jKe Ha3BaHUEM B JIPYToM Ture. Terepb eINHCTBEHHDIN CIIOCO0 CO3/1aTh
MOATHUT Ns Uit Lbfs — BBIMOJHUTE HACJE0OBAHNE OT HUX SIBHBIM 00Pa3soM.

JIucTUHr 7.4. MozenvpoBaHe HOMUHAMbHOW NoATUNN3aLMK

declare const NsType: unique symbol;

class Ns {
value: number;
[NsType]: void;

constructor(value: number) {
this.value = value;

}
}

declare const LbfsType: unique symbol;

class Lbfs {
value: number;
[LbfsType]: void;

constructor(value: number) {
this.value = value;
}

}

function acceptNs(momentum: Ns): void {
console.log( Momentum: ${momentum.value}Ns);

¥ J 3107 Kog GonbLue
acceptNs(new Lbfs(10)); He Komnumpyerca

Eciu nionbitarhest nepenarth ax3eMIuigp Lbfs BMecTo Ns, OyzeT BblaHa cieayionas
omubKa: Argument of type 'Lbfs' is not assignable to parameter of type 'Ns'.
Property '[NsType]' ismissing in type 'Lbfs' but required in type 'Ns' (HeBo3mok-
HO TTPUCBOUTD apPTYMEHT THTa 'Lbfs' mapamerpy tuma ‘Ns'. B tume 'Lbfs' oTcyTcTBYyeT
Tpebyemoe Jist Ns CBOHCTBO ' [NsType]").

B aTom pasjiesie ObL10 JAHO OTIpeIesIeHIe MOATUITU3AIIMI 1 PACCKA3aHO O JABYX CIIOCO-
6ax yCTaHOBUTH OTHOIIEHUE «THUII — TTOATUII> MEKIY ABYMS THIAMU: HOMUHAIBHO (I1y-
TeM SIBHOTO OOBABJIEHN ) I CTPYKTYPHO (Ha OCHOBE OJMHAKOBOII CTPYKTYPhI TUIIOB).
MpbrI Takske Bujiesin, 4TO, HEB3UPasi Ha UCIoJb30Banue B TypeScript cTpyKTypHOU 1101

TUMW3AIMH, MOKHO JIETKO CMO/IeJIUPOBATH TaM HOMUHAJIBHYIO C TOMOIIBIO YHUKAJIBHBIX
CHMBOJIOB B TeX CJIyyasx, KOT/la CTPYKTypHas HeyMecTHa.
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7.1.3. YnpaxHeHuns

1. Asngercs nu B TypeScript Tum Painting moaTumom Wine, eciim OHN ONMCAHBI CIIETy-
101IM 06pa3om?

class Wine {
name: string;
year: number;

}

class Painting {
name: string;
year: number;
painter: Painter;

}

2. dAsagercs mu B TypeScript tut Car nogTunioMm Wine, ecii OHU OMUCAHBI CJEAYIONTUM
o6pazom?
class Wine {
name: string;
year: number;

}

class Car {
make: string;
model: string;
year: number;

/.2. [llpuceanBaeMm 4ToO YrogHo,
NpucBanMBaeM 4yeMy YyrogHo

Teneps, korza MBI yoKe 3HaeM, ITO TaKoe MOATUIIN3AINS, PACCMOTPHUM /iBa Mpe/esh-
HBIX CJIy4ast: TUI, IPUCBAUBAIONINI YTO YTOIHO, U TUII, TPUCBAMBAEMBIN YeMY YTOHO.
B mepBoM 13 HUX MOKHO XPaHUTH abCOMOTHO oboe 3HaveHre. Bropoit mpurozien K mc-
MOJTE30BAHIIO BMECTO JIIOGOTO IPYTOTO THTIA, €CITH €T0 IK3EMTIIIISIP HEOCTYTIEH.

7.2.1. be3onacHasa gecepuanusauus

Mbr1 06¢y auI TUIIBE any 1 unknown B IviaBe 4. B tuize unknown MOJKET XpaHUThCs 3HAYEHME
06010 Apyroro tumna. Ml yiKe YIOMUHAIN, YTO B APYIUX 0OBEKTHO-OPUEHTHPOBAH-
HBIX 3bIKaX [IPOrPAMMUPOBAHUS OOBIYHO €CTh TUII Object, Bemyumii ceOst aHAIOTUYHO.
Ha camom neme u B TypeScript ectb T Object, BKIOYAIOMNWI HECKOIBKO YaCcTO UC-
IIOJIb3yEMbBIX METO/I0OB Hanozgo6ue toString(). Ho aTo gajeko He Bce, KaK MbI YBUIUM
B TAHHOM pasjierie.
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Tum any — 6osiee omacHbiil. MOKHO He TOJBKO €My TIPUCBAMBATh J06G0E 3HAYCHIE,
HO U TIPUCBAanBATh 3HAUCHUE TUIIA any JIIOOOMY JAPYrOMY THITY JAHHBIX, 0OXOJIsI TEM Ca-
MbIM TIpoBepKy TutioB. OH obecrieurBaeT B3anMO/IeiiCTBIE ¢ KOJOM Ha JavaScript, HO
[IOCJIE/ICTBUA €TI0 UCIIOJIb30BAHUS MOTYT OKa3aThCsl BeCcbMa HeoxkuianHbIMU. [lorrycTm,
y Hac ecTh (QYHKIINsI, KOTOPast AeCepraiayeT 0OhEKT ¢ MOMOIIBIO CTAHAAPTHOTO METO/IA
JSON.parse(), Kak TTOKa3aHO B IUCTUHTE 7.5. A TOCKOJIBKY JSON. parse() — 310 (DyHKITHS
ga3bIKa JavaScript, ¢ KoTopbiM B3aumo/ielictByet TypeScript, oHa He SIBJISIETCST CTPOTO TH-
MTU3UPOBAHHOM, TUIT BO3BPAIAEMOTo efo 3HaYeHWsT — any. [IpeficTaBim, 4To HaM HYKHO
Jlecepran30BaTh 9K3eMILIAP Kiacca User, y KOTOPOTO €CTh CBOKHCTBO name.

Jinctuur 7.5. [lecepyanusyem any

class User {
name: string; ;
Y knacca User ecTb cBOIICTBO Name
constructor(name: string) {
this.name = name;

¥

¥ OyHKuua deserialize() — npoctoii
apantep ana JSON.parse(),

function deserialize(input: string): any { BO3BALLAIOWLMii 3HaYeHMe THa any

return JSON.parse(input);

}
function greet(user: User): void { B¢¥quuugreet()wcnomﬁyercn
Tl : (BOIACTBO Name 3aflaHHoOro 06bekTa User
console.log( Hi ${user.name}!");
¥ [Dlecepuanuzyem JSON-cTpoky
greet(deserialize('{"name": "Alice" }')); ANA KoppeKTHoro o6bekTa User

greet(deserialize('{}")); Ho moxHo pecepnanu3soBatb 1 00beKT, He ABnatowmiica User

[Tocsreanii BbI30B (hyHKITMY greet () BbIBEIET B )KypHa "Hi undefined!", MOCKOIBKY
THIT any 0OXOUT MPOBEPKY TUIIOB M KOMITUJISITOP TIO3BOJISIET HaM paboTaTh ¢ BO3Bpaliae-
MBIM 3HAUECHUEM KaK 3HaUeHUeM THTIA User, XOTs OHO TAaKOBBIM U He gBJseTcs. Pe3yabrar
SIBHO HenziearbHbIi. Heo6X0amMo mpoBepsaTh MPaBUILHOCTD THTTIA JAHHBIX TIEPE UCTIOMTb-
3oBaHueM (hyHKIUU greet().

B manHOM ciiydae HeEOOXOMMO TIPOBEPUTD, €CTH JIM Y HAIIETO 0OBEKTA CBOWCTBO name
tuna string (smctuHr 7.6). B HaieM ciydae 3TOro I0CTaTOYHO JI7IsT TPUBEIEHNS TAaHHO-
ro o0bekTa K THIy User. JKemaTeibHO Takske MTPOBEPHUTD, YTO HAIl 00BEKT He null 1 He
undefined — siBa cienmasbHbIX TUTa B TypeScript. JI7ist 310r0 MOKHO, HatlpuMep, 100aBUTh
B HAIIl KO/l TOOOHYIO TIPOBEPKY, BBI3BIBAS €€ Mepel BBI30BOM greet (). O6GparnTe BHUMAHE:
JTaHHAs TTPOBEPKA TUTIOB TIPOM3BOIUTCS BO BPEMS BBITIOJIHEHUS, TIOCKOJIBKY 3aBUCUT OT
BXOJIHOTO 3HAUEHUS, U CTATHIECKN 0OECTIEUTh ee COOTI0IEHIE HEBO3MOMKHO.

Bosspamiaemsbiii Tun ¢yHkinnmu isUser — user is User — crernuduka CUHTaKCHCA
TypeScript, Ho, 51 HajieloCh, GoJiee WK MeHee MOHATHAsA. DTOT TUII BO MHOTOM HAIlOMHU-
HaeT BO3BpaIaeMbIil THII boolean, OTHAKO HECET /I KOMITUIATOPA JIOTIOTHUTEIbHBIT
cmbpics. Ecoin dynkuus Bo3spaiaer true, To TUII IepeMEHHON user — User, 1 KOMIIU-
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JIITODP MOKET UCII0JIb30BaTh Ty WH(OPMAIINIO Ha BbI3bIBalolleil ctopore. MakTudecku
B KaskioM Osioke if, B KOTOpOM (DyHKIUsS isUser BepHYJIa true, y TIEPEMEHHON user THUII
User BMECTO any.

JIncTuHr 7.6. MNpoBepka TMMOB BO BpeMs BbINOHEHMs! ANns obbekTa User

class User {
name: string;

constructor(name: string) {
this.name = name;
}
}

function deserialize(input: string): any {
return JSON.parse(input);
}

function greet(user: User): void {

>er 1 1a GyHKLMA NpoBepAET, OTHOCUTCA N
console.log( Hi ${user.name}!");
}

3a/laHHblit aprymeHT K Tuny User.
Mbi cuntaem, uTo K Hemy OTHOCUTCA

. . . nepemeHHas co CBOICTBOM hame Tuna strin
function isUser(user: any): user is User { P 9

if (user === null || user === undefined)
return false;

return typeof user.name === 'string’;
}
let user: any = deserialize('{"name": "Alice" }');
if (isUser(user)) <+

greet(user); lepen Kaxabim ucnonb3oBaHnem

06beKTa user npoBepsem, eCTb 1

user = undefined; y Hero CBOIACTBO Name TuMa string
if (isUser(user)) PE—

greet(user);

Briosire pabortocmocobubiii moaxo. [pu 3amycke 9TOro Kojia BBITTOJHSIETCST TOJTBKO
[IEPBBII BBI30B ¢ IMEHEM 110J1b30BaTe st Alice. BTopoii He OyIeT BBIIOJIHEH, TOCKOJIBKY
B /IAaHHOM cCJIyyae y user HeT CBOCTBa name. BripoueM, y 3TOTo 10o/iXo/la €CTh HeJIOCTaTOK:
HIYTO He 00sI3bIBAET HAC PEAN30BaTh JAHHYIO IIPOBEPKY. A TIOTOMY MbI BIIOJIHE MOKEM
CJTy4aitHo 3a0bITh BBI3BATh (DYHKIIUIO TPOBEPKH, B PE3YJIbTAaTe YETO MPOU3BOJIBHBIN pe-
3ysbTat u3 pyukimu deserialize() nomnazer B GyHKIUIO greet() U HUUTO €My B 9TOM
He IIOMellIaer.

Xoportio 66110 6B HAUTH BO3MOKHOCTD CKa3aTh KOMIHISTOPY: «ITOT 00HEKT MO-
JKET OTHOCUTBCS abCOJIIOTHO K JII0OOMY THILY», HO 6€3 JONOJHUTEIHHOTro «Bepbre MHe,
4 3HaIO, YTO JIeJIalo», KOTopoe ojpadyMeBaeT any. Ham HyskeH [pyroii TUII — HaJTHUIIL [T
moGOTO THTIA B CHCTEME, YTOODT JII060€e Bo3BpariaeMoe JSON. parse () 3HaueHne OBLIO €T0
noarunom. Takum 06pasoM, crucTemMa THIOB GyJIEeT TPOBEPSITH, J0OGABUIIN JI MBI HY/KHYTO
[IPOBEPKY TUIIOB IIepe]| IIpUBeJAeHIeM K TUILY User.
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BbICLLUWWA TN

Tun, KOTOPOMY MOXHO MPUCBOUTB NHOB0E 3HAUEHWE, HA3bIBAETCA TAKXKE BbICLIMM
(top type), MockosbKy BCe OCTaslbHbIE TUMbI ABASKOTCA €ro NoATUNaMM. Jpyrumu
CnoBamu, 3TOT TUMN pacrionaraeTcst BBEPXY Mepapxuu noatvnos (puc. 7.1).

BoliewmiiTan —————

ABNAETCA HAATUNOM
ANA BCex apyrux | |

MoxxHo onucatb | | | |

6eckoHeyHoe | | | | | | | |
KONUYecTBo mrk‘ Y I I

Puc. 7.1. Bbiclunii TUN SIBNSIETCS HAATMMOM Ans ntoboro Apyroro Tuna. MoXHO onucaTtb Npov3BO/IbHOE
KOMIMYECTBO TUMOB, HO Nt0BON 13 HUX ByAET NOATUMOM BbICLIEro TUNa. TaM, rae 0XnAAeTCs 3HaYeHne
BbICLLEr0 TUMa, MOXHO MCMONb30BaTb 3HayYeHue nboro Tvna

Moaguduinupyem Hanry peanusanuio. Haunem ¢ tuma Object — HagTuna 6oaviuiu-
cmeéa TUIIOB CUCTEMbBI TUIIOB, 32 UCK/IOUYeHeM null u undefined. B cucreme Tuios
TypeScript ecTbh HECKOJIBKO 3aMeYaTebHBIX CPEACTB OE30IIaCHOCTH, OJHO U3 KOTOPBIX
TaKOBO: 3HaUeHUs null u undefined HaxoAsATCS BHE 00acTeil ONpPEAEICHIUS TPOUNX
tunoB. [ToMmHuTe Bpe3ky «OmubKa CTOUMOCTHIO MUJLTHAP/L 0JIAPOB» U3 TJIABbI 3
(noapaznen 3.2.2 «Oninonabible TUIBL JJAHHBIXY, TYHKT «ONIIMOHAJN CBOUMU PyKa-
M»)? B GOIBIIMHCTBE S3BIKOB IPOrPAMMUPOBAHI MOKHO IIPUCBOUTH null mepeMeHHoi
mo6oro Tuna. B TypeScript 9T0 He paspemraercsi, ecii HCI0Jb30BaTh (Jiar KOMIIK-
Jasitopa --strictNullChecks (4TO s BaM HacTosTelbHO pekoMeHay0). TypeScript
cyuTaeT, 4yTo null — 3Havyenue tuna null, a undefined — 3HaveHue Tumna undefined.
Kax cirezicTBre, HAIll BBICIIWIA THTI, HAJITHIT BCETO HA CBETE, ABJISICTCS CYMMON 3THX THUTIOB!
Object | null | undefined. Ha camoMm zeiie yske ecTb rOTOBBII THIIL, OIMCAHHbIIA IT0J00HbIM
obpasoM: unknown. ITepenuiieM Hallr KoJi, BOCIIOJb30BaBIIMCH unknown, Kak IIOKa3aHo
B JIMCTHHTE 7.7, TI0C/Ie Yero 00Cy M pasindust MKy any ¥ unknown.

N3meHeHnst Mano3aMeTHBI, HO BeCbMa CEPbe3HBI: TIOJYYUB 3HAUeHUEe U3 DYHKITUN
JSON. parse(), MbI cpa3y ke peobpasyeM ero 13 any B unknown. ITo GE30TTaCHO, TOCKOJIBKY
mpeobpasoBaTh B unknown MOKHO UTO YTOHO. THITOM aprymMeHTa (GyHKITUH isUser 0CTaeTcst
any pajiu ynpoiienus peanusaiuu. (Boinosnuts npoBepky Bujia typeof user.name jijist
THIIa unknown, He IpuOeras K A0IOJIHUTEIbHOMY IPUBEAEHIIO TUIIOB, HEJIb3:L.)

Kon paboTaer, Kak 1 paHblile, pPasjinyKe JHIb B TOM, YTO KO II€PeCTaHeT KOMIIU-
JINPOBAThCS, €CJIM YAATUTD JF0O0IH 13 BbI30BOB (yHKIMK isUser (). KoMnuisatop BbI-
JIACT TIPU TOM CJIEAYIONIYIO OIUOKY: Argument of type 'unknown' is not assignable
to parameter of type 'User' (HeBo3MOXXHO IIPUCBOUTH apryMeHT Tuma ‘unknown'
napamerpy Tuna 'User').
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JinctuHr 7.7. bonee cTporast TMNM3aums € NOMOLLbIO TMMa unknown

class User {
name: string;

constructor(name: string) {
this.name = name;

}
} Oynkuna deserialize() Tenepb

function deserialize(input: string): unknown { Bo3BpataeT Tun unknown
return JSON.parse(input);
}

function greet(user: User): void {
console.log( Hi ${user.name}!");

¥ Tunom aprymeHTa

. . . yHKuum isUser octaeTca any
function isUser(user: any): user is User {

if (user === null || user === undefined)
return false;

return typeof user.name === 'string’;
}
let user: unknown = deserialize('{"name": "Alice" }');
if (isUser(user))
greet(user); 06bABNAEM HalLy nepeMeHHYI0

cTunom unknown
user = deserialize("null");
if (isUser(user))
greet(user);

205

Hesbas mpocTo niepeiaTh epeMeHHyIo ThIa unknown (hyHKIMM greet (), oRuIAIONIEH
B KayecTBe aprymenTa User. Ha nomons npuxoaut dyHkius isUser (), IOCKOJbKY KOM-
MMUJISITOP aBTOMATUYEeCKN CYMTAeT Hallly TepeMeHHYI0 OTHocsIIeicst K TUITy User, Kor/ia

OHa BO3BpaIIaeT true.

ITpu takoil peasu3aiy 3a0bITh IPOBEPUTH THIT IIPOCTO HEBO3MOKHO; KOMITUJISTOP
3TOr0 He Mo3BouT. OH Pa3pPEIIuT UCTIOIH30BATh HAIl 00BEKT KaK 0OBEKT THIA User

TOJIBKO IIOCJIE TOTO, KaK Mbl IIOATBEPANM, 4YTO user is User.

PA3JINYNA MEXXAY UNKNOWN U ANY

MOXHO MpucBaMBaTb YTO YFOAHO KaK MepeMeHHbIM unknown, Tak 1 nepeMex-
HbIM any, OAHaKO CYLLECTBYIOT pa3fivuumsi B UCMOSIb30BaHMN NEPEMEHHbIX 3TUX
TUNOB. 3HayeHne Tuna unknown MOXHO MPUMEHSITb B KayecTBe 3HayeHus
Kakoro-nub6o tuna (Hanpumep, User), Tonbko y6eanBLINCL, YTO 3HAYeHue
[EeNCTBUTENIbHO OTHOCUTCA K 3TOMYy Tuny (NoJo6bHO TOMY Kak Mbl caenanu
¢ dyHKUMel, Bo3BpaLlaBLIei user kak User). 3HauYeHune e TUMa any MOXHO
Cpasy e UCNonb30BaTh Kak 3HayeHne noboro apyroro. Tun any 06xoauT npo-
BEpKY TUMOB.
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B apyrux A3pIkax nporpaMMUPOBaHUS UCIOJIb3YIOTCS MHbBIE MEXAHU3MBI JIJIS1 OIIPE/Ie-
JIEHUSI TOTO, OTHOCUTCS JIN 3HAYEHME K 3ajanHoMy Tuity. Hanpumep, 8 C# ectb Kimouesoe
CJI0BO is, a B Java — instanceof. B o6iem ciydae npu pabore co 3HaYeHUeM, KOTOPoe
MOJKET OTHOCUTHCA K JlTO6OMy TUITY, Mbl HAYMHAEM C TOTO, YTO CUUTAEM €ro 3HAaY€HNEM
BBICILErO TUIA. A 3aTEM IIPOBOJMM COOTBETCTBYIOIIME MPOBEPKH € LEIbI0 yOeauThCs,
9TO OHO OTHOCHUTCA K HYy’KHOMY HaM THUILY, IIPEKAEC 9EM ITPOU3BECTH ITOHUIKAIOIIEE IIPU-
BeJIEHNE K 9TOMY THUILY.

7.2.2. 3Ha4yeHust Ha CrTy4an oLIMOKM

Temnepb TOCMOTPUM Ha MTPOTUBOTIOJIOKHYTO 33/1a4y: TUTI, KOTOPBIH MOKHO UCIIOJIb30BATh
BMeCTO JII000r0 sipyroro. BosbMmeM mpoctoil ipumep us jmctutra 7.8. B aToii urpe koc-
MHUYeCKUI KopabJib IIoBopaunBaercs Baeso (Left) um Bupaso (Right). DTu BO3MOKIbIE
HaIIpaBJIEHUS MBI IIPEJCTaBUM B BUJIE IlepevncgeMoro tuna gannbix. Hamna 3ajmaua —
peann3oBarh (GYHKIMIO, TIPHHUMAOIIYO Ha BXOJIE HAIIPABJICHHUE 1 TIPEOOPasyoILyo €ro
B YTOJI IOBOPOTA KOCMUYECKOTO KOPabJisi. A TIOCKOJIbKY HEOOXOAUMO YUeCTh BCE CIydan,
MBI TeHEpPUPYeM OHOKY, eciit B (DYHKIIUIO TIEPEIAHO 3HAYEHUE, OTIIUIHOE OT JBYX OXKH-
JlaeMbIX 3HaueHui Left u Right.

JIuctuHr 7.8. Vicnonb3oBaHue dyHKuum turnAngle ans npeobpasoBaHust HAaNpaBeHNs B YITIOBOE 3HaUYeHUe

enum TurnDirection {
Left,
Right
}
Mpeobpasyem nosopor Haneso (Left)
function turnAngle(turn: TurnDirection): number { B yron —90 rpajiycos; a N0BOPOT
switch (turn) { nanpaso (Right) — B yron 90 rpaycos
case TurnDirection.Left: return -90;
case TurnDirection.Right: return 90;
default: throw new Error("Unknown TurnDirection");

} } TeHepupyem owmOKy, eCim BCTPETUNOCh
HenpeaBUAEHHOE 3HaYeHNe

[Toka Bce HOpManbHO. Ho uTo, ecaiu co3nath (hyHKIMIO A5 00paboTKu omnboK?
Hanpumep, GyHKIMIO KypHAJIUPOBAHUS OMIMOKH TIepes] ee reHepanueil. Ita QyHKIms
Bcerza GyIeT TeHEPUPOBATH OTMHMOKY, TOITOMY MOKHO OOBSIBUTH €€ KaK BO3BPATIAIOINIYIO
THUII never, Kak Mbl BUJIe/N B r71aBe 2. HamomHIo, 4TO never — TyCTON THI IaHHBIX, KO-
TOPOMY HeJIb3s1 IPUCBOUTD HUKaKOe 3Hauerre. C ero oMOIIbIo MbI ITPOIEMOHCTPUPYEM:
Harma (GYHKINS HUKOT/IA He BO3BPAIaeT 3HAYeHUs IO TOTOMY, 4TO paboTaeT HecKoHed-
HO, TO0 TTOTOMY, UTO TeHEPUPYET OMUOKY, KaK MOKA3aHo B JucTHHTe 7.9.

JIncTtuHr 7.9. Boigaya otyeta 06 owmnbke

function fail(message: string): never {

console.error(message); Oyukuus fail() hukorpa
throw new Error(message); HUYero He BO3BpaLLaeT
} Bb1BoAUM 0wwMGKY (Bcerpa rexepupyeT owmbKky),
B KOHCOJ1b, NOC/e yero TaK Mbl 00bABNAEM ee

reHepupyem oKy CBO3BpaLLaemMbIM TUMOM never
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Ecmm 3amennTs ortepaTop throw B hyHKIMN turnAngle Ha dyHKIMo fail(), To moJy-
YUM TTpUMEPHO cireytoree (auctuar 7.10).

JiucTuHr 7.10. ®yHkums turnAngle(), B koTopoit ucnons3yetcs fail()

function turnAngle(turn: TurnDirection): number {
switch (turn) {

case TurnDirection.Left: return -99; 3amensiem onepatop

case TurnDirection.Right: return 90; hrow Bbi30BoM fail()

default: fail("Unknown TurnDirection");

ITOT KO TTOUTH PaboTaeT, HO He coBceM. [IpH KOMITUIISIINN € CTIOIb30BaHeM (hirara
--strict BbIIaeTcs cieayonias onbKa: Function lacks ending return statement and
return type does not include "undefined" (¥ yHKIUN OTCYTCTBYeT 3aBepILIAIOIINL
omneparop return, a BO3BpaliaeMbIil TUT He cOiepKuT "undefined").

Kommusisitop He HaX0uT onepaTop return B BeTKe default 1 CYUTAET HTO OMMOKOIL.
JIJis1 perieHust JaHHO# TTPOOJIEMBI MOJKHO, HAIIPUMED, BO3BpaIaTh (PMKTUBHOE 3HAUECHHE,
KaK MoKasano B uctunre 7.11, Befib MBI Bce PaBHO CTeHEPUPYEM ONMHMOKY, TIPEK/Ie deM
JOIiJIeM /10 9TOro ollepaTopa return.

Jinctuur 7.11. ®yHkumsa turnAngle(), ncnonb3aytowwas fail() n Bo3spallatolas GUKTUBHOE 3HaYeHNe

enum TurnDirection {
Left,
Right

}

function turnAngle(turn: TurnDirection): number {
switch (turn) {
case TurnDirection.Left: return -90;
case TurnDirection.Right: return 90;

default: {
fail("Unknown TurnDirection");
} return -1; Hukorpa He Bo3Bpalaemoe
} (nockonbky fail() crenepupyet
} owm6Ky) pUKTMBHOE 3HAUEHNE

Ho eciin B Kakoii-To MOMEHT B Oyy1ieM Mbl IoMeHsieM GyHKInio fail() tTakum 06-
pasoM, 4To oHa He Beerza OyieT renepupoBarh omubKy? Torma Hant Ko BepHET (PUKTHB-
HOe 3HavYeHue, XOTS He J0JKeH 9TOro fiesaTh. CyIecTByeT penieHne moaydiie: BEpHyTh
pesyJibTaT Bbi3oBa fail(), Kak moka3aHo B jucTuHre 7.12.

JNnctunr 7.12. ®yHkumns turnAngle(), ncnone3ytowas fail() v Bo3spaluatollas pesynbTaT ee BbiNoJIHeHNUs

function turnAngle(turn: TurnDirection): number {
switch (turn) {
case TurnDirection.Left: return -90;

case TurnDirection.Right: return 90; "pO(TOBO3B[;a!.IIJaeTTO,
default: return fail("Unknown TurnDirection"); uro BepHyna fail()
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ITOT Koz pa60TaeT IIOTOMY, 4TO never — HE IIPOCTO TUII, Y KOTOPOI'O HET 3Ha‘-IeHI/II'7I,
a elle 1 IO TUIT BCEX OCTaJIbHbIX TUIIOB B CHUCTEME.

HU3LLWIA TUN AAHHbIX

Twvn, KOTOPbIN ABNSETCA NOATUMOM AJ1s NO60ro U3 NMPOUMX TUMOB AAHHBIX CUCTE-
Mbl, Ha3blBaeTCa HU3LWKM (bottom type), nockonbKy pacnonaraeTcs B CaMOM HU3Y
nepapxum NoaTMNoB. YTobbl ObITb MOATUMOM BCEX OCTasbHbIX TUMOB, OH AOHKEH
BK/IIOYATb BCE Y/iE€Hbl BCEX MPOYNX TUMOB. A NOCKOJIbKY KOJIMYECTBO TUMOB U UX
YneHoB 6eCKOHEYHO, HU3LLMIA TUM AOSKEH BKIOYaTb BECKOHEUHOE KOMMYECTBO
YNIEHOB, YTO HEBO3MOXHO. [MO3TOMY HM3LLMIA TN BCerga NycToi: TUM, co3aaTb
peanibHOe 3HaYeHne KOTOpOro HeBO3MOXHO (puc. 7.2).

oTeHuuanbHo
MOXHO onuncaTb \
6eckoHeuHoe

yuncno Tunos

Hpuwmwitin— — —— I___,
MOATUN BCeX NPOUMX

Puc. 7.2. HU3LWKI TMN — NOATUM BCEX MPOYMX TUMOB CUCTEMbI. MOXHO OMMCATb CKOSIbKO YroAHO
PasnM4YHbIX TUMOB, HO BCE OHM ByAyT HaaTUMaMK Ans HM3LWero. MOXHO nepeaaBaTh ero 3HavyeHue
BCtoAy, rae TpebyeTtca 3HaveHne noboro Tuna (XoTs co3aaTh Takoe 3HaYeHne HEBO3MOXHO)

A TIOCKOJIBKY BCer/ia MOKHO TIPUCBOUTD 3HAUEHHUE never KakK HU3IIEro TUIa J60-
MY JIPYTOMY, TO MOXKHO M BePHYTb ero u3 GyHKInU. KoMIuasaTOp HE CTAaHET TPOTUB
HTOrO BO3PAXKaTh, BeJb peub MAET O MOBBIIIAIONEM IpUBeAeHrr TUoB (1peobpaso-
BaHUH 3HAYCHUA IIOATUIIA B HaIITI/IH), KOTOpPOE I0IMYCTUMO MPOMU3BOAUTD HEABHBIM 06-
pazoM. Mbl ToBOpuM KOMIUIATOPY: «IIpeobpasyit BOT 3TO 3HaUEHWE, KOTOPOE HEJIb3ST
€03/1aTh, B CTPOKY». ITO ponyctumMo. [Tockonbky dyukius fail() HUKOT/A HE BO3-
BpallaeT 3HAUCHWIT, HaM HUKOT/[A He TIPUJIETCS Ha CaMOM JieJsie TIPeoOpa3oBbIBaTh UTO-
ambo B CTPOKY.

Takoii moaxo JIy4IIe, 4eM Hpe/:[bI/:[yHlI/H‘/’I, Be€/Ib €CJIN MbI MO/]I/I(I)I/IL[I/IpyeM (l)yHKHI/Ho
fail() Tak, YTO B HEKOTOPbIX CJydasdX OHa IepecTaHeT TeHepUpoBaTh OMIMOKY, TO KOM-
MTUJISITOP 3aCTaBUT HAC UCTIPABUTH KO/, JIJist HaYaia oH noTpedyeT, UTOObI Mbl TIOMEHSIITH
BO3BpalaeMblil TuM fail() ¢ never Ha YTO-TO IPyroe, HAIPIMeEP void. A 3aTeM 3aMeTHT,
YTO MBI TIBITAEMCSI TIEPEIaTh 3TO 3HAUEHUE B BUjie 00BEKTa string, He IIPOXOJISIIETro TPO-
BepKy TUMoB. Ham mpumeTcs moMeHATDh peannsaruio turnAngle(), HampuMep BEPHYTH
00paTHO SIBHBII BBI30B omepaTopa throw.

Husumuii Tii mo3BoJisieT TPUTBOPUTHCS, OYATO y HAC €CTh 3HAYEHME KaKOr0-Jn00
TUIIA, JaKe €CJIU Ha CaMOM JieJle Y Hac €ro HeT.
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7.2.3. KpaTtkoe pe3ioMe Mno BbICLIMM U HU3LWIKMM TUMaM

KopoTko pesioMupyeM paccCMOTPEeHHbIE B 9TOM pasz/iesie BOIIpochl. [[Ba Tuiia MOTyT Haxo-
NIUTBCST B OTHONIEHUH «TUTT — TIOATHIT», TIPU KOTOPOM OJIMH U3 HUX SABJISACTCS HAATHUIIOM,
a BTOpoit — noarunoM. IIpesesbabie ciayyan 3TOro — HaJITUII BCeX IPOUYUX THUIIOB U 110]1-
THUII BCEX MTPOYMX THUIIOB.

B HaziTHme Beex MPoYnX TUIOB — BBICIIIEM — MOKHO XPaHUTb 3HAUEHHE JII060TO0 PY-
roro. B TypeScript ator Tuim HasbiBaeTcst unknown. OH y06€H, B 4aCTHOCTH, Tpu paboTe
¢ TAHHBIMU, KOTOPbIE MOTYT OKA3aThCs YeM YTOIHO, HarpuMmep npounTanabiM n3 NoSQL
6asbl gaHHbIX JSON-g0KyMeHTOM. M3HAYaIbHO AJIs TAKUX JaHHBIX YKA3bIBAETCS BBICIIAN
THII, @ 3aTE€M TIPOU3BO/ISITCS TPOBEPKU, HEOOXOAUMBIE JIJIS IPUBEAEHUS K TUILY, C KOTOPBIM
ysKe MOKHO paboTaTh.

[TopTr BeceX TPOYMX TUTIOB — HUBIIUI — MCTOJb3yeTCs I BO3BPATa 3HAYCHUS
soboro apyroro tuta. B TypeScript aTor tun HasbiBaeTcst never. OuH U3 IIPUMEPOB €r0
[IpUMeHeHNs — BO3BpalllaeMblil TUII 3HaYeHU 11 PYHKIUU, KOTOPas HUYero He MOXKeT
BEPHYTb, TOCKOJIbKY BCET/la TCHEPUPYET NCKIOYCHIUE.

Ob6patuTe BHUMAHUE: XOTSI BBICIIHI THUIT JAHHBIX €CTb B OOJIBIIMHCTBE OCHOBHBIX
SI3BIKOB TIPOTPAMMUPOBAHUS, JIUIITh B HEMHOTUX M3 HUX €CTh HU3IINHI. B Hatei camoziesnb-
HOM peaym3aiyy U3 rJaBbl 2 MBI CO3/IaJIN ITYCTOM, OJHAKO He Hu3muil tui. HeBo3dmoxkHO
CO3/1aTh TTOJb30BATEIBCKUI HUSIIUIA TUTI, €CJIU ITO HE TIPEYCMOTPEHO KOMITHIISITOPOM.

7.2.4. YnpaxHeHuns
1. MoskHO /1 MHUIUATU3NPOBATh 3HAYEHUE X TUTIA humber pe3yJbTaToM (QYHKINN
makeNothing(), Bo3Bpaiiaioiieii never (6e3 puBeLeHIs TUIIOB)?

declare function makeNothing(): never;

let x: number = makeNothing();
2. MosHO JTu MHATIMAIU3UPOBATh 3HAUYEHUE X TUIIA number pe3yJabTaToM (PyHKIMH
makeSomething(), Bo3Bpainaiomuieii unknown (6e3 IpuBeAeHUs TUIIOB)?

declare function makeSomething(): unknown;

let x: number = makeSomething();

/.3. [onycTuMble NOACTAHOBKM

Ha nmanHbIil MOMEHT MBI PacCMOTPEJIN HECKOJIBKO ITPOCTHIX ITPUMEPOB MOATUITU3AIUH.
MBI oOTMETHIN, B YaCTHOCTH, UYTO €CJIU Kjacc Triangle pacmmupsieT Kjaacc Shape, TO
Triangle — nojrum Shape. Tereps nompodyem OTBETUTH HA HECKOJIBKO (0Jiee XUTPHIX
BOIIPOCOB.

O KakoBO OTHOIIEHUE «THUIT — TOATUIT> MEXKIY THTaMU-CyMMaMu Triangle | Square
u Triangle | Square | Circle?

O KakoBO OTHOIIEHNE «TUTT — MTOJITHIT> MEK/Ly MACCUBOM TPEYTOJIbHUKOB (Triangle[])
U MacCUBOM reoMeTpuieckux ¢puryp (Shape[])?
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O KaxkoBO OTHOIIEHUE «TUTT — MOATHIT> JIJIsT 000OTIEHHOM CTPYKTYPBI TaHHBIX, HATTPHU-
Mep List<T>, Mexay List<Triangle> u List<Shape>?

O A mexay GyHKITMOHAIBHBIMU TUTIAMU JIAHHBIX () => Shape u () => Triangle?

O U #ao6opoT, Kak HacueT (PyHKIMOHAIBHOIO THIIA (argument: Shape) => void u ¢pyHK-
[IMOHAJBHOTO TUIa (argument: Triangle) => void?

[To/ryynTh OTBETHI HAa 9TU BOIIPOCHI BAsKHO /ISt TOTO, YTOOBI BBISCHUTD, BMECTO KaKUX
U3 9TUX TUIIOB MOKHO TIOACTAaBUTDh UX MOATUIBI. MBI ZOJKHBI TOHUMATH, MOKEM JIT
nepeaTh 3aJaHHON (DYHKIUH, OKU/IAIONIEN apTyMEeHT OJHOTO U3 9TUX TUIIOB, O/IUH U3
€ro IOJITUIIOB B3aMEH.

CJIOKHOCTH B TIPEBIYIINX ITPUMepPax COCTOUT B TOM, UTO 3TO He MpocTo Triangle
extends Shape. Peub ujer o Tunax, 3aJJaHHbIX Ha 0cHoge Triangle 1 Shape: yacTell TUIIOB-
CyMM, TUTIOB 3JIEMEHTOB KOJIJIEKITMH, TUTIOB apTYMEHTOB (DYHKIIMH MU BO3BPAIlaeMbIX
UMU TUTIOB.

7.3.1. TMoatunmsauus n TUNbl-CyMMbl

Cuauasia pacCMOTPUM CaMBbIii TIPOCTO TPUMED: TUTI-CYyMMY. Bo3dbmeM QyHKIMIO draw(),
KOTOpasi MOXKeT OTPUCOBBIBAThL Triangle, Square uiu Circle. MoxkeM Ji MbI TiepeiaTh
B Hee Triangle uiu Square? Kak Bbl, BEPOSITHO, I0Ta/IbIBa€TECh, OTBET — /14, MOKeM. Kak
BUJIHO U3 JiucTuHra 7.13, Takoii KoJi CKOMITUJTUPYETCSI.

JNnctunr 7.13. Triangle | Square BMecto Triangle | Square | Circle

declare const TriangleType: unique symbol;
class Triangle {

[TriangleType]: void;

/* 4neHbl knacca Triangle */

}

declare const SquareType: unique symbol;
class Square {

[SquareType]: void;

/* u4neHbl knacca Square */

}

declare const CircleType: unique symbol;
class Circle {
[CircleType]: void;

/* 4nenbl knacca Circle */ Oynkuua makeShape()

} Bo3BpaLyaer Triangle unu Square

declare function makeShape(): Triangle | Square; (eanu3ayio Mol onycrim)

declare function draw(shape: Triangle | Square | Circle): void;

Oynkuna draw() npuHUMaeT B kayecTBe
aprymenTa Triangle, Square unu Circle
(peanu3auuio Mbl onycTum)

draw(makeShape());
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B atux mpumepax ucmosb3yeTcsd HOMUHAJIbHAS TOATUTIN3AINS, TOCKOJIbKY MBI
He MPUBOAKM IS 9THX TUIIOB MOJIHYIO peanu3ainio. Ha mpakTuke ux oTimyaiu Obl
pasHooGpasHble CBOUCTBA U METO/bL. MBI MOJIEJIUPYEM ITH PasJMUHbIe CBOUCTBA B Ha-
IMUX TTPUMEPAX € TOMOIIBI0 YHUKATBHBIX CHMBOJIOB. Besb ectm ocTaBuTh colepsRuMoe
KJIACCOB IIyCThIM, TO OHU BCE OKa3aJIiCh Obl 9KBUBAJIEHTHBIMU BCJIEICTBUE CTPYKTYPHON
nojrruu3aium sa3eika TypeScript.

Kak MBI U 0KU/IaJIH, IJAHHBI KO/l TPEKPACHO CKOMITUIUPYETCsL. A Ha000pOT — HeT.
Ecau Mmb1 MOskeMm HapucoBath Triangle WM Square W TTOTIBITaeMCsT HAapucoOBaTh Triangle,
Square uiu Circle, TO KOMIIMJIATOP HaM 9TOTO HE IIO3BOJIUT, [IOCKOJIbKY Mbl MOYKEM CJIy-
yaliHo nepenarh 00beKT Circle B (pyHKIMIO draw(), KoTopas He OyIeT 3HaTh, YTO C HUM
nenarb. Moskere caMu yOeAUThC, 4To CaeAyomuil Ko (Jimctunr 7.14) He KOMITUIPYETCS.

JNuctuur 7.14. Triangle | Square | Circle kak Triangle | Square

declare function makeShape(): Triangle | Square | Circle;

declare function draw(shape: Triangle | Square): void; MbI nomeHANU MecTamu TUnbI,
TaK uto makeShape() moxer
TaKxe Bo3Bpatathb Circle,

B T0 Bpems Kak draw()
6onbLue He npuHumaer Circle

d keSh ;
raw(makeshape()) 10T Kop 60nblLe He KOMAUANpPYeTCA

Triangle | Square — noartui Triangle | Square | Circle: Bcerjga MOKHO II0/ICTABUTD
Triangle uiu Square BMecTO Triangle, Square uiu Circle, HO He HAOOOPOT.

WHTYUTUBHO 3TO HEMIOHSTHO, TOCKOJIbKY Triangle | Square — HEUTO «MEHBIIIEEY, YeM
Triangle | Square | Circle. IIpu ncnosib30BaHNYM HACTIEIOBAHUS Y TIOATHUIIA OKA3bIBAETCS
6oJIbIIe CBOMCTB, 4eM y HaaTuma. JIJIs TUIIOB-CyMM CIIpaBeIInBo 0OpaTHOE: HAATHII CO-
JEepsKUT OOJIbIlE TUIIOB, yeM 1oaTun (puc. 7.3).

Tun-cymma
b Vinn Q Triangle | Square | Circle

\ MoaTun

Tun-cymma

Wnn Triangle | Square

Puc. 7.3. Triangle | Square — noatun Triangle | Square | Circle, nockonbKy Be3ae, rae oXxuaaeTcs Tmn
Triangle, Square nnwm Circle, MoxHo ncnonb3oBaTb Tvn Triangle unu Square

[Tycts Tumt EquilateralTriangle Hacienyet Triangle, Kak MOKa3aHo B JIMCTHHTE 7.15.

Jinctunr 7.15. O6bsisnexune Tuna EquilateralTriangle

declare const EquilateralTriangleType: unique symbol;
class EquilateralTriangle extends Triangle {
[EquilateralTriangleType]: void;
/* uneHbl knacca EquilateralTriangle */
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B kauecTBe ynpaskHEHHs II0CMOTPUTE, YTO OyAEeT IIPU COYETAaHUN THIIOB-CYMM C Ha-
cienosanueM. byayT nu paborars GyHKunKu makeShape (), Bo3Bpaliaiomas Equila-
teralTriangle | Square, u draw(), TpUHUMAIOIIAS B KAYeCTBe apryMenTa Triangle | Squa-
re | Circle? A xak Hacuer makeShape(), Bo3Bpairaiolieii Triangle | Square, u draw(),
[IPUHUMAIOIIEN B KayecTBe apryMenTa EquilateralTriangle | Square | Circle?

Pabory 1nogo6H0ii pasHOBUIHOCTU MOATUIIN3AIMH H0JKEH 00eCeunBaTh KOMIIK-
agrop. Ham He ypanoch O6b1 100MThCs 10A0OHOTO MOBEAEHNU B CMbICJIE OATUIIOB IIPU
«CaMOJIEJIBHOM» THUIIE-CYyMMe, TAKOM Kak Variant, KOTOPbBIH MbI 0OCYKIa/iu B IJase 3.
HarmowmHto, 4To Variant MOKET CIYKUTh 0GEPTKOI /ISt OTHOTO U3 HECKOJBKUX THIIOB,
HO caM He sSIBJISIETCS] HU OJTHUM M3 9TUX TUIIOB.

7.3.2. loatTunusauus n Konnekumu

Terepb pacCMOTPUM THITBI, COZIEPIKAIITIE HAOOP 3HAYECHUI HEKOETO APYTOro Tria. Hauxem
¢ MaccuBOB B Jiuctuare 7.16. MoyKHO Jiit riepeiaTh MaccuB 00beKTOB Triangle B (DYHKIINTO
draw( ), TPUHUMAIOIILYO B KAUeCTBE apryMeHTa MacCHB 0OBEKTOB Shape, eciii Triangle —
MoITUI Shape?

JInctmHr 7.16. Triangle BMecTo Shape

class Shape {
/* 4neHbl knacca Shape */
}

declare const TriangleType: unique symbol; Triangle — noatun Shape
class Triangle extends Shape {

[TriangleType]: void;

/* 4nenbl knacca Triangle */

¥ Oynkuna makeTriangles() Bo3Bpaiaet

declare function makeTriangles(): Triangle[]; maccg 06bextos Triangle

declare function draw(shapes: Shape[]): void; 4—‘

draw(makeTriangles()); .
Maccu o6bekToB Triangle MoxHo
UCnonb30BaTb BMECTO MaccuBa 06bekToB Shape

Oynkuuna draw() npuHuMaert B kauecTse
aprymeHTa maccuB 06bekToB Shape

BoamoskHo, mantnoe HabIOeHNe He CAUMTKOM YAUBUTENHHO, OHAKO OUEHb BaK-
HO: MACCUBDL COXPAHSAIONM OMHOWEHUE <MUN — NOOMUNS> MUNO0B, U3 KOMOPHIX COCIMOSIM.
Kax u cireoBaio oxxunaTh, 06paTHBIN 3TOMY KO/ He cpaboTaeT: eCcu MOMbITAThCS Tepe-
JIaTh MaccuB 0OBEKTOB Triangle BMECTO OJKMAAEMOTO MaccuBa 0OBbEKTOB Shape, KO
MPOCTO He cKoMmTunpyercs (puc. 7.4).

Kaxk ™Mbl Bujiesin B riiaBe 2, MAaCCUBBI — rOTOBbIE GA30BbIe TUIIBI MHOTUX SI3BIKOB TIPO-
rpaMMHpOBaHuUst. A 4T0 OyZIET, eCIIH OTUCATD MOJTb30BATENCKYIO KOJIEKIUIO, HATPUMED
LinkedList<T> (suctunr 7.17)?

[laxe B caydae HenpocToro Tuna AaHHbx TypeScript npaBuJibHO Olpenessier,
4yTo LinkedList<Triangle> — moaTum LinkedList<Shape>. Kak u panee, TpoTHUBO-
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MOJIOKHBI BaPUAHT HE KOMITUJIUPYeTCsT; epefaTh LinkedList<Shape> B kauecTBe
LinkedList<Triangle> HeJb34.

ﬂ «—___ Triangle—
noaTun Shape

OO0 0| rwm [AAA

-~ =~ Triangle[] —

D D A A noaTun Shape[]

Puc. 7.4. Ecnm Triangle — noatun Shape, To maccue 06bekToB Triangle aBnseTcs NOATMNOM MaccvBa
06bekToB Shape. JonycTMMocTb Mcnonb3oBaHus Triangle B kayecTBe Shape no3BossieT NpUMeHsTL
MaccuB 06bekToB Triangle B kayecTBe MaccmBa 06bekTOB Shape

Jinctuur 7.17. LinkedList<Triangle> Bmecto LinkedList<Shape>

class LinkedList<T> { 4—‘ KoAneKuus — 06o6LueHHblii

value: T; ) . . CBA3HbIIi CIMCOK
next: LinkedlList<T> | undefined = undefined;

constructor(value: T) {
this.value = value;
}

append(value: T): LinkedList<T> {
this.next = new LinkedList(value);
return this.next;

Oynkuna makeTriangles()
} Tenepb BO3BpaLiaeT
CBA3HbIIl CNNCOK
o6bekToB Triangle

}

declare function makeTriangles(): LinkedList<Triangle>;
declare function draw(shapes: LinkedList<Shape>): void;

draw(makeTriangles()); Oynrunn draw) npuuumaef
Kon Komnunupyetca B Kauye(TBe aprymeHTa (BA3HbIN

cnucok 06beKToB Shape

KOBAPUAHTHOCTb

TuN, COXPaHSIIOLWMIN OTHOLLEHWE «TUM — MOATMM» TWMA, HAa OCHOBE KOTOPOro CO3-
[laH, Ha3blBaeTCs KoBapuaHTOM (covariant). MaccuBbl — KOBapWaHTbl, MOCKOSbKY
COXPaHSIIOT OTHOLIEHME «Tun — noaTun»: Triangle — noaTun Shape, noatomy
Triangle[] — noaTtvn Shape[].

Passinunble a3biK1 BeAYT ceO T0-Pa3HOMY B OTHOTIEHUM MACCUBOB U KOJUTEKITUI
Haroo6ue LinkedList<T>. B C#, Hanpumep, HaM IPUIILIOCH ObI OMUCHIBATH HHTEPDEIC
¥ UCIOJIb30BaTh KII0YeBOe cI0BO out (ILinkedList<out T>) M IBHOTO yKa3aHUS
KOBapMaHTHOCTH TaKWX TUTIOB, Kak LinkedList<T>. B mpoTUBHOM ciyyae KOMIUISITOP
He cMOT GbI OGHAPYKUTH OTHOIIEHNUE «TUIT — MOATHII>.
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B kadecTBe asbTepHATUBLI KOBAPMAHTHOCTU MOXKHO IIPOCTO UTHOPUPOBATH OT-
HONIEHUE «TUIl — IOATUI» MEK/Y ABYMS 3aJlaHHBIMU TUIIAMU U CYUTATD, 4YTO MEXKIY
TunaMu LinkedList<Triangle> u LinkedList<Shape> HeT Takoro oTHoleHusT (HU
OJIVH M3 HUX HE SIBJSIETCS TOTUIIOM JIPYroTo). ITo He kacaetcst TypeScript, Ho ume-
eT cMbica B ga3bike C#, rzie List<Triangle> u List<Shape> He cB43aHbl OTHOIIEHUEM
<THUII — TTOJITUIL>.

MHBAPUAHTHOCTb
TUM, UrHOPMPYIOWMI OTHOLLEHUSI «TUM — MOATUM» NEXALLero B ero 0CHOBE
TUMa, Ha3bIBAEeTCS MHBApWaHTOM (invariant). Tun List<T> a3bika C# — nHBapu-
aHT, MOCKONbKY UFHOPUPYET OTHoWeHue «Triangle — noaTun Shape», noaToMmy
List<Triangle> n List<Shape> He cBsi3aHbl B C# OTHOLLUEHMEM «TUM — MOATUM>».

Tertepn, Koraa Mbl OOCYIUIIN, KAK CBSI3AHBI IPYT C IPYTOM KOJUIEKI[UH B CMbICJIE TTO/T-
TUNWU3AIUH, U PACCMOTPEJIH JIBE pacIIpoCcTpaHeHHbIe PAa3HOBU/IHOCTH BApUAHTHOCTH, T10-
CMOTPHM, KaK CBSI3aHbI MEK/Y CO00ii (hYHKIIMOHAIbHbBIE TUIIBI IAHHBIX.

7.3.3. Tlloagtunusaums n Bo3BpallaemMble
TUMbl GYHKUNA

Haynewm ¢ mpocToro crieHapus: MOCMOTPUM, KaKKe [T0JICTAHOBKU TUIIOB BO3MOKHBI MEK/TY
dynxiumeit, BozBpairaoleii Triangle, n ¢hyHKIIMEl, BO3Bpaliaonieil Shape, Kak rmoka3zaHo
B aicrunre 7.18. O6bsaBuM nBe GyHKIMN-babpuku: makeShape (), BO3BpaIaONIyIo 06b-
eKT Shape, 1 makeTriangle(), Bo3Bpamaionyio oobeKkT Triangle.

[anee Mbl peanuzyeM (GyHKIHMIO useFactory (), IPUHUMAIOIIYIO B KauecTBe apryMeHTa
dyukIwio Tuma () => Shape 1 Bo3Bpamaioiyio oobekT Shape. [TonpoGyem nepegars B Hee
makeTriangle().

JNnctuur 7.18. () => Triangle Bmecto () => Shape

declare function makeTriangle(): Triangle;
declare function makeShape(): Shape;

function useFactory(factory: () => Shape): Shape {
return factory(); Oynkuna useFactory() npuHumaet
} Ha BXofe QYHKLMIO 6e3 aprymeHToB,
BO3BpaLLatoLLyto 06beKT Shape,
useFactory(makeShape); 1 BbI3bIBaeT ee
useFactory(makeTriangle);

let shapel: Shape
let shape2: Shape

06e ¢pyHkumm: n makeTriangle(),
1 makeShape() — moxHo ucnonb3oBatb
B Kaue(TBe aprymeHTa ans useFactory()

Hudero HeOOBIYHOTO B 9TOM KOJIE HET: MOKHO CIIOKOWHO Mepe/iaTh BO3BPAIIAIOIIYIO
Triangle dbyHKIMIO BMecTO (DyHKIIMH, BO3Bpallalollell Shape, IOCKOJbKY BO3Bpallla-
eMoe 3Hauenue (Triangle) — moaTun Shape, a 3HAYMUT, €T0 MOXKHO TTPUCBOUTH Shape
(puc. 7.5).
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ﬂ +«—___ Triangle —

noatun Shape

0=> () LA 0=> A “~__ ()=>Triangle —
noaTun () => Shape

Pwuc. 7.5. Ecnm Triangle — noatun Shape, To dyHKkums, Bo3BpaLlatowas Triangle, npurogHa
K MCMOMb30BaHMio BMeCTO (yHKLUMM, BO3BpaLLatoLLeli Shape, MoCKkobKy BCeraa MOXHO NpUCBOUTb
Triangle BbI3bIBaKOLLEN CTOPOHE, rAe oxuaaeTcs Shape

HaoGopor He mosryunTcest: ecin U3MEeHUTh useFactory () Tak, YToObI OHA OKK/IAjIa apry-
MeHT Tuma () => Triangle, U MOMBITATHCS TIEpenaTh eil makeShape( ), kak B simctunre 7.19,
TO KO/ He CKOMITUJINPYETCH.

Hamnowmnro, 3TOT KOJI OU€Hb IPOCT: NCIIOJIb30BaTh makeShape() B kKauecTBe (PyHKIIUHN
tuna () => Triangle HeJb3s, IOCKOJIbKY makeShape () BosBpainaer o0bekT Shape. ToT
00BEKT MOKET 0Ka3aThCs Triangle, HO MOXKeT — W Square. CDyHKI_[I/IH useFactory()
JIOJI’KHA BO3Bpallarh Triangle, Tak 4TO HE MOXKET BEPHYTb HAATUII TUIIA Triangle. Ko-
HEYHO, OHA MOJKeT BepHYTb MOATUI, HanipuMep EquilateralTriangle, ecsu niepeqaThb ei
makeEquilateralTriangle().

Nuctunr 7.19. () => Shape Bmecto () => Triangle

declare function makeTriangle(): Triangle;
declare function makeShape(): Shape;

3ameHsem 3aecb

function useFactory(factory: () => Triangle): Triangle {
Shape Ha Triangle

return factory();
}

let shapel: Shape = useFactory(makeShape);

let shape2: Shape = useFactory(makeTriangle); Ko He KomnunupyeTca; ucnonb3oears

makeShape() B kauectBe () => Triangle Henb3a

DOyHKIMY KOBAPUAHTHBI OTHOCUTELHO BO3BPAIIAEMbIX THIIOB JaHHBIX. /Ipyrimu ciio-
BaMU, ecaii Triangle — nojaruil Shape, To (byHKuHOHaﬂbelﬁ TUTI TaHHBIX () => Triangle
OKaKeTCs MOATUIIOM (DYHKIIMOHAIBHOTO ThTa () => Shape. O6paruTe BHUMAHUE: 9TO OT-
HOCHUTCST HE TOJIBKO K (DYHKIIMOHATIBHBIM TUTIAM JIAHHDBIX, OMUCHIBAIONUM (DyHKIMH €3
aprymenToB. Eciiu 1 makeTriangle(), u makeShape() MpUHUMAIOT IO TTape apryMeHTOB
THUIIa number, TO BCe PaBHO OY/IyT KOBAPHAHTDI, KAK MBI TOJIBKO UTO BUJIEJIH.

DyHKITMOHATBHbIE TUTIBI IAHHBIX BEYT CeOst aHAIOTHYHBIM 06pa3oM B GOJIBITHHCTBE
OCHOBHBIX $I3BIKOB ITPOrpaMMUpoBanus. Te e mpaBuia MpUMEHUMBI 1 JIJIs1 TiepeoTipe/ie-
JIEHWS METOJIOB TIPU HACJIeZIOBAHUN TUIIOB, TPU 3TOM U3MEHSIeTCsI UX BO3BpalllaeMblil THII.
Ecam peannsoBars kyacc ShapeMaker, BKJIo4aonuii MeTo/ make (), KOTOPBIN BO3BpalliaeT
Shape, TO MOJKHO IIEPEOTIPEIEJINTD €0 B IIPOU3BOHOM KJacce MakeTriangle Tak, 4To OH
Oyzer Bo3Bpaiath Triangle, Kak moka3ano B jinctuare 7.20. KoMIuasiTop mpomycruT
3TO, OCKOJIbKY B Pe3yJIbTaTe BbI30Ba 000MX METOI0B make () BO3BpaiaeTcss 00bEKT Shape.
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JNuctuHr 7.20. lMNepeonpegeneHne MetToda C NOATUMNOM B KaYecTBe BO3BpALLAEMOro Tuna

class ShapeMaker {
make(): Shape {

return new Shape(); B knacce ShapeMaker
} onucaH metop make(),

} BO3BpaLyatoLuil 06beKT Shape
Knacc TriangleMaker

class TriangleMaker extends ShapeMaker { Hacnepyer knacc ShapeMaker

make(): Triangle
r(*itur‘nlne\;gv Tr‘gangle( ); B knacce TriangleMaker metog make()

} nepeonpegensetcs, ero Bo3spaiaembiii
} TMN MeHaeTcA Ha Triangle

B cBo10 0uepesib, 3TO OMYCTUMO B OOJIBIIMHCTBE OCHOBHBIX SI3BIKOB TIPOTPAMMEPO-
BaHMS, TOCKOJIbKY (DYHKITMU B HUX CYUTAIOTCS KOBAapUAHTAMU OTHOCUTEIHLHO BO3Bpa-
1aeMoro Tuima. Barignem Terepb Ha (DYHKIIUU, TUITBI ADTYMEHTOB KOTOPbIX SABJSIOTCS
MIOATUIIAMU JIPYT APYyTa.

7.3.4. TogtTunusaums v GyHKLMOHabHbIE TUMbI
aprymMeHToB

BoiBeprem Haill mpuMep Hau3HaHKY ¥ BMecTO (hyHKIIMIA, BO3BPAIIAIONIUX Shape 1 Tri-
angle, paccMoTpuM (byHKITMH, IPUHUMATOTIE COOTBETCTBEHHO Shape u Triangle B Kaue-
cTBe aprymenTa. HasoBem ux drawShape () u drawTriangle(). Kak ke cooTHOCSTCS YT
¢ ipyrom Tuiibl (argument: Shape) => void u (argument: Triangle) => void?

Cosmaanm ernte oy (GyHKINIO, render (), TIPUHUMAIONIYIO B Ka4eCTBE apTyMeH-
TOB 00beKT Triangle u (yHKIMIO THIA (argument: Triangle) => void, KaK MOKa3aHO
B sicrunre 7.21. Ona 11pocto Bbi3blBaeT 3a/jaHHylo (DYHKIINIO, liepeiaBas el 3aaHbli
Triangle.

JIncTuHr 7.21. OyHKUMM OTPUCOBKM 1 BU3yanusaumm

Oynkuua drawShape()
aet aprymel
declare function drawShape(shape: Shape): void; :3:::rap:'dpr:1m'r;gle()
declare function drawTriangle(triangle: Triangle): void; npuuumaeT,aprymeHT

function render( vna Triangle

triangle: Triangle,

drawFunc: (argument: Triangle) => void): void { OyHkuua render() oxnpaer
drawFunc(triangle); Ha BXxofie 06bekT Triangle

1 GYHKLMI0, NPUHNMAIOLLYIO
Triangle B KauecTBe aprymeHTa

render() npocTo Bbi3bIBaeT

} nepefaHHylo eli B KauecTee
aprymeHTa GyHKuumIo,

nepepasas eil nonyyeHHbii Triangle

A BOT 1 caMOe MHTEePECHOE: B IAHHOM CJIydae MOKHO CIIOKOIHO riepesiaTh drawShape ()
B dynkiuio render()! Tawm, re oxxumaercs (argument: Triangle) => void, MOXKHO HcC-
0JIb30BaTh (argument: Shape) => void.
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ITO JIOBOJILHO JIOTHYHO: MBI TIepeziacM 0ObeKT Triangle B (yHKIMIO OTPUCOBKY B Kaue-
ctBe aprymenTa. Ecsiv ona cama oxxuziaer Triangle, kak Hama gyakius drawTriangle(),
TO BCe, KoHeuHo, paboraer. Ho cxema fosskHa paboTtarh u st GYyHKIHH, OKUIAI0TTEd
nadmun tuna Triangle. @yHkuun drawShape() Tpebyercs Ha BXOje reoMeTpudecKast
durypa — smo0bas — s OTPUCOBKU. A MOCKOJbKY B HEll HE UCIIOJIb3YeTCss HUYEro
crernuduIecKoro sk TPEYyroJIbHUKOB, TO OHA OoJiee YHUBEPCAJIbHA 10 CPABHEHUTO
¢ drawTriangle(); OHa MOET IIPUHUMATD B KQUEeCTBE apryMeHTa JII00YI0 FeOMeTPHYECKY IO
durypy: 1160 Triangle, b0 Square. II0aTOMY B JaHHOM KOHKPETHOM CJIydae OTHOIIIE-
HUE «THIT — TOATHUIT> MEHSIETCsT Ha 0OpaTHOE.

KOHTPBAPUAHTHOCTb

Tun, KOTOPbIN MeHSIET Ha 06paTHOE OTHOWEHWE «TWUM — MOATUM» JIEXALLEro
B €ro OCHOBE TuMa, Ha3blBaeTCs KOHTpBapuaHToM (contravariant). B 6onblunHcTBE
A3bIKOB MPOrpaMMMPOBaHKsS (PYHKLMM SBASKOTCS KOHTPBapUaHTaMn OTHOCUTENBHO
CBOMX apryMeHTOB. BMecTo oxupatowlen Triangle B kauecTBe aprymeHTa (yHk-
LMK MOXHO MOACTaBUTb (DYHKLMIO, OXXMAAIOLLYIO B Ka4ecTBe aprymeHTa Shape.
OTHoLleHue y 3TUX DYHKLUMIA ByaeT 06paTHLIM K OTHOLLIEHMIO TUMOB UX apryMeH-
ToB. Ecnu Triangle — noatun Shape, To Tun ¢yHKUMM, NpuHMMatoLwen Triangle
B KauyecTBe aprymeHTa, 6yaet HaaTunoM dyHKUMK, NpUHUMAIOLLEN B KayecTBe
aprymeHTa Shape (puc. 7.6).

ﬂ +«—__ Triangle —
noatun Shape

MopTun . .
(< ))=>void |——|( Q ) =>void “—_ Triangle => void —
HapTun (Shape) => void

Puc. 7.6. Ecnv Triangle — noaTvn Shape, To yHKUMIO, OXMAAMOLLYIO
B KayecTBe aprymeHTa Shape, MOXHO MCMONb30BaTh BMECTO (PYHKLMM,
oxugatoweit Triangle, nockosbky Bceraa MOXHoO nepeaatb Triangle B dyHKUMIO,
npuHuMatoLLyto Shape

Panee 51 ckasan (pasy «OOJBIHIMHCTBO SI3bIKOB IIPOrpaMMUpoBaHus». TypeScript —
3aMeTHOE MCKIIOueHne. B HeM BO3MOKHO 1 0OpaTHoe: epeaaTh 0KUAAIONIYIO IIOATHIL
(GYHKIIMIO BMECTO OKU/IAIONIEN HAATUIL. ITO OCO3HAHHOE aPXUTEKTYPHOE PellleHune, TTpu-
3BaHHOE YIIPOCTUTH PEATM3AINIO PACTIPOCTPAHEHHBIX MTaTTEPHOB MPOTrPAMMUPOBAHU
JavaScript. Bipouem, HHOIIa OHO IPUBOAUT K IIPoOIeMaM BO BPeMsl BbIIIOJTHEHUSL.

Paccmorpum nipumep B siuctuHre 7.22. JIjis Hauajia onuineM B HallleM Tuiie Triangle
MeTof isRightAngled() C IIeTBIO ONIPEETNUTD, SABASCTCS JIU JAHHBIA 9K3EMILISIP TIPSIMO-
YTOJTbHBIM TPEYTOJbHUKOM. Peanmmsanms 7aHHOTO MeToIa HaM HeBakKHa.

Teneppb pacecMoTpuM 0OpaTHBIN TIpUMep, IpUBeAcHHBIN B uctunre 7.23. ITycTh
Hama dyHKIms render () oxujaeT Shape BMecTo Triangle u (pyHKIIUIO /71T OTPUCOBKU



218 [naBa 7 e [loaTunusaums

MPOM3BOJIbHBIX (pUTyp (argument: Shape) => void BMecTO QyHKI[NH, KOTOPAsT yMeeT
pHuCcOoBaThb TOJIbBKO TPEYTOJBHUKY (argument: Triangle) => void.

Jinctuur 7.22. Knaccel Shape u Triangle ¢ meTogom isRightAngled()

class Shape {
/* 4neHbl knacca Shape */

}

declare const TriangleType: unique symbol;
class Triangle extends Shape {

[TriangleType]: void; Metog isRightAngled() coobwaer,

ONuMCbIBAeT N AaHHbII K3emnnap

isRightAngled(): boolean { NPAMOYroNbHbIil TpeyronbHUK

let result: boolean = false;
/* onpepnensem, NpAMOYroJibHbIA 1M OTO TpeyrosibHUK */

return result;

}

/* npoyme 4neHol knacca Triangle */

JinctmHr 7.23. MoanduumpoBaHHble hyHKLUMM OTPUCOBKM M BM3yanm3aumm

declare function drawShape(shape: Shape): void;

declare function drawTriangle(triangle: Triangle): void; OyHkuum drawShape()
n drawTriangle() —
function render( TaKue Xe, KaK 1 paHee
shape: Shape,
drawFunc: (argument: Shape) => void): void { Oynkuua render() oxmpaet Ha Bxoge
drawFunc(shape); Shape 1 dyHKuUMIO, NPUHUMAIOLLYIO
} OyHkuua render() npocTo Bbi3biBaeT Shape B kauecTBe aprymeHTa

yKa3aHHylo GyHKuMI0, NepeaBas el
nonyyeHHbI 06beKT Shape

A BOT KaK MOKHO BbI3BaTh OIIMOKY BO BPeMsI BBIIIOJHEHUS: olKcaTh drawTriangle()
TakuM 006pasoM, 4ToObI B Hell KCHOJIb30BaTI0OCh HEUTO CIelu(pUIECKOe /I TPEYrOIbHI-
KOB, CKa’keM OTIMCAaHHBIN BBINIe MeTOJ| isRightAngled(). A 3aTeM BbI3BaTh render(),
nepe/as eil 00beKT Shape (a He Triangle) u ¢pyHKIUIO drawTriangle().

Oyukius drawTriangle() B JctuHre 7.24 nojydyaer o0beKT Shape U IbITAETCs
BbBI3BATh €ro MeToJ| isRightAngled(), HO 3TO NpPUBELET K OMUOKE, IIOCKOJIBKY Shape
He Triangle.

JlaHHBIN KO/ KOMIIMJIMPYETCs, HO BbI3oBeT oOKy JavaScript Bo BpeMst BbIIIOJIHE-
HUSI, IOCKOJIBKY Cpejla He CMOsKeT 0OHAPYKUTh y 00beKTa Shape, lepeaHHOro QyHKIHH
drawTriangle(), MeTon isRightAngled(). /lanexo He nmeasbHOE MTOBE/IEHNE, HO, KaK yrKe
YIIOMUHAJIOCH BBIIIIE, 3TO OCO3HAHHOE PellieHne co3areneil si3bika TypeScript.

B TypeScript, ecsiz Triangle — noarutn Shape, To GyHKIIMN TUTIOB (argument: Shape)
=>void u (argument: Triangle) => void B3anmozamensiembl. DaKTudecKn OHU SIBJISTIOTCS
HOATUIIAMHE JAPYT APyra. TO CBOWCTBO HOCUT HaszBauus Ousapuanmuocmu (bivariance).
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JinctuHr 7.24. lMNonbiTka Bbi3BaTb MeTog isRightAngled() ans obbvekTa HaaTMna Tmna Triangle

function drawTriangle(triangle: Triangle): void {

;gn??%e;}og(trlangle -1sRightAngled()); Oynkuua drawShape() BbisbiBaeT

} INA 3alaHHOTO apryMeHTa
UMeloLuitca Tonbko y Triangle meToa
function render(
shape: Shape,
drawFunc: (argument: Shape) => void): void {
drawFunc(shape);

¥ Komnunatop no3sonset nepeaatb 06bekT Shape

render(new Shape(), drawTriangle); u metop drawTriangle() ana Busyanusaumuu

BMBAPUAHTHOCTDb

[Ba Tuna 6uBapuaHTHbI, €CNN ABNSKOTCS NOATUMAMK APYr Apyra B cC/yyae,
KOrAa nexawme B UX OCHOBE TWUMbl HAXOAATCS B OTHOLWEHUW «TUM — MOA-
Tmn». B TypeScript ecnn Triangle — noatun Shape, T0 dyHKUMOHaNbHbIE TUMbI
(argument: Shape) => void n (argument: Triangle) => void aBnsTCA noa-
Tunamu apyr apyra (puc. 7.7).

) MoaTun +—___ Triangle —
noaTun Shape

MogTnn
) - ) (Triangle) => void —
(D ) =>void MoaTtvn (A) =>void “~— ogHoBpeMeHHO noaTUN
) u Haatun (Shape) => void

Puc. 7.7. Ecnu Triangle — noatun Shape, To B TypeScript yHKUMIO, OXXMAAIOLLYIO B KayecTse

aprymeHTa Triangle, MOXXHO MCMOb30BaTb BMeCTO (hyHKLMK, Oxuaatolelt Shape. AHanormuHo

N PYHKUMIO, OXXMAAIOLLYIO B Ka4ecTBe apryMeHTa Shape, MOXHO MPUMEHWUTb BMECTO (hyHKLMK,
oxugatowein Triangle

buBapuanTHOCTH (DYHKIMIT OTHOCUTEIBHO UX apryMeHToB B TypeScript mpuBoauT
K YCIHEITHOW KOMITMJISAIMN HETPaBUJIbHOTO Kojia. OCHOBHASA TeMa JIAaHHOM KHUTH — Kak
UCKJTIOUUTH GJIaro/[apst UCIOIb30BAHUIO CHCTEMBI TUIIOB ONTHMOKHU BBITTOJHEHUS HA HTAIlE
komnusiinn. B TypeScript Takoe 0coO3HAHHOE apXUTEKTYPHOE PelieHre ObLIO TPUHSI-
TO, YTOOBI C/IEJIATH BO3MOKHBIME 4aCTO BCTPEUAIOIIHECS TATTEPHBI IPOrPAMMUPOBAHUS
JavaScript.

7.3.5. KpaTkoe pe3tomMe no BapvaHTHOCTU

B aTom pasjiesie Mbl 00CYsK /AU, KaKKe THITbI MOTYT OBITh UCTIOJIB30BAHBI BMECTO JIPYTUX.
XOTs MOATUIU3ATINST TPOCTA IPU OOBIYHOM HACJIEI0BAHUH, B CJIyUae MapaMeTPU30BAaHHBIX
TUTIOB JJAHHBIX CUTYyaIus ycaoskusercs. Cpenu aTUX TUIIOB — KOJUJIEKIINH, (hyHKIINO-
HaJIbHbIE TUIIBI U APyTHE 0600IIeHHbIe TUTbl JaHHbIX. CoXpaHeHre, HTHOPUPOBAHUE,
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O6paIlIeHI/I€‘ nJin npeBpalieHre B AByCTOPOHHME OTHOIEHUA «TUIT — HOATUIT» TaKUX I1a-
PaMETPU30BaHHBIX TUIIOB B 3aBUCUMOCTH OT OTHOIIIEHN A THUIIOB, JIEJKAIlINX B X OCHOBE,
Ha3bIBA€TCA BaPUAHTHOCTDBIO.

a I/IHBapI/IaHTHbIe TUIIbI UTHOPUPYIOT OTHONIEHUE «TUIT — TIOATHUIT» JIEJKAIIUX B NX
OCHOBE€ THUIIOB.

O KoBapuaHTHbBIE TUIIBI COXPAHSIOT OTHOIIEHUE «TUIT — MOATUI» JIEKANTUX B UX OC-
HOBe TUTIOB. Ecau Triangle — moaTum Shape, To MaccuB Tutia Triangle[ ] SBasgeTcs
MOATUIIOM MaccuBa Tuna Shape[]. B 60JbIINHCTBE SA3BIKOB IIPOrPAMMUPOBAHUSI
(pyHKIIMOHAIbHBIE TUTTBI IAHHBIX KOBAPUAHTHBI OTHOCUTEJIBHO BO3BPAIlA€MbIX TUTIOB
JIAHHDBIX.

O KonrpsapuaHTHbBIE TUIIBI 0OpAIAIOT OTHOIIEHWE «TUIl — HOATUII> JIEKAIUX B UX
ocHoBe TutoB. Ecau Triangle — noaTum Shape, To GyHKITMOHATBHBIN TUTT JAHHBIX
(argument: Shape) => void sABJsIeTCS TOATUTIOM (DYHKITMOHATBLHOTO THTIA (argument :
Triangle) => void B 6OJIBIINHCTBE A3BIKOB IporpaMmuposanus. Ho ne B TypeScript,
B KOTOPOM (DYHKITHOHAJIBHBIEC THUITBI JaHHBIX OMBAPUAHTHBI OTHOCUTETBHO TUITOB UX
apryMEHTOB.

O DbuBapuwaHTHBIE TUTIBI SBJSIOTCS TTOATUTIAMU JIPYT JIPYTa, €CJIU JIesKalie B UX OCHOBE
TUTIBI CBSI3aHbI OTHOIIEHUEM «THI — MoATUIl». Ecau Triangle — noarun Shape, To
(yHKIIMOHATBHBIN TUTT TAaHHBIX (argument: Shape) => void n HyHKIITMOHATHHBIN TUTI
JIAaHHBIX (argument: Triangle) => void ABJSIOTCS TOATUTIAME JPYT pyTa (TO €CTh
MOKHO B3aUMO3aMEHHUTh (DYHKIIMKI 0O0UX TUIIOB).

XoTst /17151 pa3HbIX SI3BIKOB MPOTPAMMUPOBAHIST IMEIOTCST OTIPe/IesIeHHbIe 00TIIe Tpa-
BUJTA, HE CYTIIECTBYET e0uH020 CROCOOA TIOIEPKKI BAPHAHTHOCTH. Bam HYKHO TOHUMATD,
Kak paboTaeT cucTeMa TUIOB BAIIEro KOHKPETHOTO SI3BIKA TIPOTPAMMUPOBAHIS U KaK
OHAa YCTAHABJIUBAET OTHOUICHUS «THUII — TIOATUII». DTO BAXKHO, TOCKOJIbKY 3TH TIPABUJIA
OTIPE/IENISIOT, KAKUMH TUIIAMU MOJKHO 3aMEHSATh Te WU WHble TUIbl. HyHOo 11 peann-
30BBIBATh (DYHKIHIO JJIsT TpeoOpasoBaHus List<Triangle> B List<Shape> win MOKHO
[IPOCTO IIPUMEHUTD List<Triangle> kak ectb? OTBET 3aBUCUT OT BAPUAHTHOCTHU THIIA
List<T> B UCIIOJIb3yEMOM BaMU A3bIKe IIPOrPAMMUPOBAHUSI.

7.3.6. YnpaxHeHns

B crepyromux yrmpaxxHEeHUAX Triangle SBIISETCS HOATHIIOM Shape U HCHOIB3YIOTCS TIpa-
BUJIa BAPMAHTHOCTH si3bIKa TypeScript.

1. MosxHo sin iepesiaTh repeMeHHyio Tuma Triangle B yHKIMIO drawShape (shape:
Shape) : void?

2. MoHoO Ji TIepeiaTh IepeMeHHY 0 THTIa Shape B hyHKIINIO drawTriangle(triangle:
Triangle) : void?

3. MosxHo jin iepeath MaccuB 00beKTOB Triangle (Triangle[]) B pyHKIMIO drawSha-
pes(shape: Shape[]) : void?
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MoskHo 1 TpucBOUTH QYHKIHIO drawShape () iepeMeHHON (QYHKITMOHATBHOTO THTIA
JIAHHBIX (triangle: Triangle) => void?

MoskHO 1 TPUCBOUTD PYHKITUIO drawTriangle() mepeMeHHON (QYyHKIIMOHATIBHOTO
THIIA JaHHBIX (shape: Shape) => void?

Moskro st prcBonTb yHKIHIO getShape () : Shape iepeMeHHO (DYHKITMOHATBHOTO
THUTIA TAHHBIX () => Triangle?

Pe3tome

a

MbI paccMOTpenn TOATUTIH3ANNIO 1 [IBa CITOCO6a, ¢ TOMOTIHI0 KOTOPHIX B SI3bIKAX
[IPOrPaMMUPOBAHUS OLIPEAECIACTCS, SABJIAETCS JIM TUIL IIOATUIIOM JAPYTOro TUIIA: CTPYK-
TYPHBI 1 HOMUHATHHBIH.

Mpbr1 uzyunsm meroguky TypeScript, mpe/lHa3HAYeHHYIO JIJIsT UMUTAIIUA HOMUHAJIBHOM
MOJTUTIN3AIINY B I3BIKE CO CTPYKTYPHOI MOATUITN3AIINEH.

MpbI paccMOTpeJIn OTHO U3 TPUJIOKEHUH BBICIIIETO TUTIA TAHHBIX, THUTIA, PACTIONOKEH-
HOTO BBEPXY ME€PAPXUK TUIIOB: GE30IIACHYIO JIECEPUATTHBAIIUIO.

Mbur paccMOTPEJIN TaKKe O/JTHO U3 HpHJIO)KeHI/Ifl HHU3MIETO TUIla JaHHbIX, THUIIA, paCllo-
JIOKEHHOI'O BBEPXY ME€PAPXUU THUIIOB, KaK TUII 3HaY€HMUA Ha cnyqaﬁ omuboK.

Mbl 06CY NI TAKIKE OTHOIIEHUS «THUII — IIOATUI» MEKLY TUIIAMK-CyMMaMu. Tuii-
CYMMa, COCTOSAIINHI 13 MEHBIIIETO KOJTNYECTBA TUTIOB, ABJAIETCS HAITUTIOM TUTIA-CYM-
MBI, COCTOSIIIEr0 13 OOJIBIIET0 KOJIMYeCTBa THUITOB.

Mps1 y3Ha/n O CYIIECTBOBAHUN KOBAPUAHTHBIX TUITOB. MaccuBbl u KOJIJIEKIITMHU 9aCTO
KOBapHUaHTHDI, a (l)yHKHI/IOHaJIbeIe THUIIBI TAaHHBIX KOBAPMAaHTHBI OTHOCUTEJIbHO BO3-
BpaliaeMbIX THUIIOB.

B HEKOTOPBIX A3bIKAX MPOTPAMMUPOBAHUSA TUITHI MOTYT ObIThH HHBapuaHTaMu (He
CBS3aHbI OTHOIIEHUEM «TUIl — ITIOATHUII» ), IasKe €CJIN JieXKallle B UX OCHOBE THUIIBI
CBSI3aHBI THM OTHOTIIEHUEM.

DyHKIMOHABHBIE TUTIBI TAHHBIX 0OBIYHO KOHTPBAPUAHTHBI OTHOCUTEIBHO TUTIOB ap-
TYMEHTOB. J{pyrumMu cJ10BaMiu, UX OTHONIEHUE «THUIT — TIOTUIT» — IIPOTUBOIIOJIOKHOE
OTHOIIEHUIO TUIIOB UX apIyMEHTOB.

B TypeScript ¢hyHKIMI OMBapUAHTHBI OTHOCUTEIBHO TUIIOB WX apryMeHToB. Eciu
THUTIBI APTYMEHTOB CBA3aHBI OTHOTIEHUEM «TUTT — TIOATHIT», TO TUTIBI (DYHKITUTT SBJIS-
10TCS TTOATUIIAMU JIPYT JIpyTa.

B pasznnyHbIX A3bIKaX TPOrPAaMMHUPOBAHUS BAPMAHTHOCTD PEAM30BaHa [10-Pa3HOMY.
BaxHo 3HaTh, KaK yCTaHABIMBAIOTCS OTHOLICHUS <TUIl — HOATHUII> B UCIIOJIb3YEMOM
BaMMU $I3bIKE TIPOTPAMMUPOBAHNS.

Tenepb, HOJIpO6HO paccMOTpPEB BOIIPOCHI MOATUTTN3AITNN, Mbl MOJKEM HepeﬁTH K BaxK-

Helitell chepe MPUMEHEHUST TTOTUTTU3AIUH, O KOTOPOW MBI €llle TIOYTU He TOBOPUJIN:
00BEKTHO-OPUEHTHPOBAHHOMY [IPOrpaMMIPOBaHui0. B riaBe 8 Mbl paccCMOTPUM €ro
AJIEMEHTBI U UX TIPUJIOKEHUS.
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OTBETbI K YNpa>XHEHNAM

7.1. Paznuuaem cxoxue tunol B TypeScript

1.

Jla — y Painting Takas ke hopma, 4TO U y Wine, MJIIOC JIOMOJHUTEIBHOE CBOWCTBO
painter. Beaencrsue cTpykTypHoii nogTunmsaiuu B TypeScript Painting siByigercs
MOATUIIOM Wine.

Her — y Tuna Car orcyTcTByeT CBOMCTBO name, OlMCaHHOE B THIIE Wine, TaK UTO laxKe
[IPU CTPYKTYPHOH IMOATUIIN3AIMH Car HeJIb34 NCI0JIb30BaTh BMECTO Wine.

7.2. lpncBanBaeM 4TO YrogHoO, NpMCBanBaeM YyeMy yrogHo

1.

[la — never sABJgeTCA TOATUIIOM [IJIST BCeX MIPOYUX TUTIOB JAaHHBIX, BKJI0Yad number,
TaK YTO €r0 MOXKHO ITPUCBONTD NTePEeMeHHON THTIa number (XOTSI MbI HUKOT/IA HE CMO-
JKeM CO3/1aTh HacTodAllee 3HAaUYeHNE, IIOCKOAbKY makeNothing() HUKOrza HUYEro
He BEPHET).

Het — unknown siBJIsteTCsS HaATUTIOM BCEX MPOYMX TUTIOB JIAHHBIX, BKJIIOUas number.
MoOJKHO TIPUCBOUTD number MepeMeHHoii ThIia unknown, HO He Hao6opoT. CHavama
HEO6X0UMO YOeUThCST, YTO Bo3BpaliaeMoe makeSomething () 3HaueHMe SABISIETCS
YHCJIOM, TIIPEXKIE YEM IIPUCBANBATDh €TI0 X.

7.3. JonycTMble NOACTAHOBKM

Jla — Triangle MOKHO IIOJICTaBUTH Be3/ie, I/le OKMUIaeTcs Shape.
Het — HeJb3s MCIOIb30BaTh HAATUII BMECTO IIOATUIIA.

Jla — MaccUBBI KOBapHAHTHBI, TAK YTO MACCUB 0OBEKTOB Triangle MOYKHO IIPHUMEHSITh
BMeCTO MaccuBa 00beKTOB Shape.

Jla — GyHKIMYI OUBapUAHTHBI OTHOCUTEILHO apryMeHTOB B TypeScript, Tak 4To MOXK-
HO MCIOJB30BaTh (shape: Shape) => void BMecTo (triangle: Triangle) => void.
Jla — GyHKIMN OUBapUAHTHBI OTHOCUTEJILHO apryMeHTOB B TypeScript, Tak 4To MOXK-
HO UCIT0Jb30BaTh (triangle: Triangle) => void BMecTO (shape: Shape) => void.
Her — B TypeScript ¢hyHkunu 6MBapraHTHbI OTHOCUTEIBHO apIyMEHTOB, HO HE BO3-

BpaiaeMbIxX TUIOB fanubix. OyHKIIO THIA () => Shape HEJIb3sT UCTIOJIH30BATH BMECTO
¢yuknuu tuta () => Triangle.



INeMEeHMbl
00BEKMHO-0PUSHMUPOBANHHOZ0
NPOPAMMUPOBAHUS

B 3TOM rnaBse

Q OnucaH1e KOHTPaKTOB C MOMOLLbIO UHTEPENCOB.

Peanunsaums nepapxum BbipaXKeHWIA.

@)
O Peanusauusi NnaTtrepHa NpOeKTUPOBaHUS «AdanTtep».
Q PacluMpeHne NOBEAEHMS C MOMOLLBIO NMPUMECEN.

@)

AnbTepHaTUBbI YNCTOMY 06BEKTHO-OPUEHTUPOBAHHOMY MPOrPaMMUPOBaHMUIO.

B maHHOM ryiaBe Mbl pacCMOTPHUM 3JIEMEHTBI 00BEKTHO-OPUEHTUPOBAHHOTO TIPOTPAMMU-
poBanus 1 HayuynMcs a(GEeKTUBHO UX MPUMEHATH. BO3MOXKHO, 3TH MOHATHUS BaM YiKe
3HAKOMDI, BE/[b OHM BCTPEUAIOTCS BO BCEX OOBEKTHO-OPUEHTHPOBAHHDIX SI3BIKAX, TAK UTO
MBI COCPEJOTOYNMCS Ha KOHKPETHDIX CLeHAPUAX UCIIOIb30BaHU.

Mpb1 HauHem ¢ nHTepdelicoB M B3TJISTHEM Ha HUX Kak Ha KOHTPakThl. [locie mHTEp-
(eiicoB MbI 3aiiMeMcs HacaeIOBaHUEM: KaK JJAHHBIX, TaK U 1TOBeeHns. AJbTepHATHBOMN
HACJIEIOBAHUIO SIBJISIETCST KOMNo3uuus (composition). Mbr 00CYIM HEKOTOPbIE PA3JIAINST
MEKLy 9TUMU JIBYMs TTOJIXO/IaMU 1 Y3HaeM, KOT/[a KaKOW 13 HUX JIy4llie NCITOIb30BaTh. Mbl
TTOTOBOPUM O PACTIIMPEHNN JJAHHBIX U TTOBEJEHUS C TIOMOMIBIO npumecers (Mix-ins) nan
B cayvae a3bika TypeScript munos-nepeceuenuii. He Bce S3bIk1 IPOrpaMMUPOBAHUS 1101
fepsKuBaioT pumMecu. He oToMy, 4To ¢ 06hEKTHO-OPUEH THPOBAHHBIM ITPOTPAMMHUPOBa-
HUEM HeJIJIHO, a TPOCTO MHOTHE TPOTPAMMUCTBI CYUTAIOT €TI0 eIMHCTBEHHBIM TTOX0I0M
k mpoektrposanuio [1O, 1 ncnosab3yioT ero CauIKoM IHUPOKO.
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Ho mipesk/ie Bcero st mpuBety onpesiesienne 00beKTHO-OPUEHTUPOBAHHOTO TIPOTPaM-
MUPOBAHMUS.

OBBbEKTHO-OPUEHTUPOBAHHOE NPOrPAMMWPOBAHMUE
Ob6BbEKTHO-OPMEHTMPOBaHHOE NPOrpaMMUPOBaHME — NapaaurMma nporpaMmMmpo-
BaHWsi, B OCHOBE KOTOPOW NEXUT MOHATME 06beKTa, COAEPIKALLEro KaK AaHHbIE,
Tak U koA. [aHHble onpeaensoT cocTosiHne obbekTa. Koa CoCToMT M3 0fHOro
WM HECKOJTbKMX METOZLO0B, Ha3blBaeMblX Takxke coobLueHnaMmn (messages). B 06b-
€KTHO-OPUEHTUPOBAHHOMN CUCTEME 06bEKTbI MOTYT «0bLLaThCs» (0BMeHMBaTLCS
coobLyeHnsaMM) Apyr C APYroM C NMOMOLLbIO BbI30BOB METOAOB APYr Apyra.

JlBe KJroyeBble BOBMOKHOCTH OOBEKTHO-OPUEHTHUPOBAHHOIO IIPOrPAMMUPOBAHUS —
unkancyrsuus (encapsulation), mo3BosisolIast CKPbIBaTh JaHHBIE ¥ METOJbI, U HACLE-
dosanue (inheritance), garoiee BO3MOKHOCTD PACIIUPSITH TUT TAHHBIMU ¥,/ KOJIOM.

8.1. OnucaHWe KOHTPAKTOB C MOMOLLbIO
nHTEpdENCoB

B aTom pasmese MBI omBITAEMCS OTBETUTH Ha YacTo 3afiaBaeMblii oTHOcuTeapbHO OOII
BOITPOC: B YeM PasHUIIAa MeXK/y abCTPaKTHBIM KJaccoM 1 nHTepdeiicom? BosbMeM, K Tipu-
Mepy, cucTeMy KypHanuposanust. Ham HyskeH MeTos1 1og (), HO XOTeJI0Ch OBl COXPaHUTh
BO3MO’KHOCTb MCTIOJIB30BATh U JIPYTHE PeaTnu3aliui JKypHAIUPOBAHUS. JTO JOCTUKIMO
HECKOJIbKMMHU criocobamu. {1 Hayasa 00bsBUM aOCTPaKTHBII KJ1ace ALogger U CO3IaIUM
HECKOJIBKO HACJIeYIONINX er0 KOHKPETHBIX peajin3aliuii, HaripuMep Consolelogger, Kak
Moxasano B jiuctunre 8.1.

JInctuHr 8.1. A6CTPaKTHBIN MEXaHM3M XypHaIMPOBaHUS

ALogger — abcTpakTHbII Knacc
abstract class ALogger { 4—, % P

abstract log(line: string): void; log() — aBeTpaKTHbiil
meTop 6e3 peanusauuu

}

class ConsolelLogger extends ALogger {

log(line: string): void { Hacnepyiowmii ALogger knacc
console.log(line); ConsoleLogger copepxut
b peanu3aumio metopa log()

[Tonb3oBarestio Halllel CUCTEMbI KYPHAIUPOBAHUS MOKHO TlepeiaBaTh ALogger B Ka-
yecTBe Hapamerpa. IIpu 5ToM MOKHO 1epesath 060l 13 OATUIIOB ALogger, HalIpUMeED
Consolelogger, BCIOAY, I/le OKULaeTcsa ALogger.

B kauecTBe ajbTepHATUBHOTO BapuaHTa MOKHO 00bABUTL HHTEp(delic ILogger 1 Ha-
cemytonuii ero kaace ConsolelLogger, Kak TOKa3aHO B JINCTUHTE 8.2,
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JIucTuHr 8.2. NHTepdeiic Ans )XypHananpoBaHus

interface ILogger {

log(line: string): void; B untepdeiice ILogger 06bABNeH metop log()

} Peanuzyrowuin nntepdeiic
ILogger knacc ConsoleLogger
class ConsolelLogger implements ILogger { copepxut metog log()

log(line: string): void {
console.log(line);

}

B Takom cisiyyae 1mosib30BaTesb CUCTEMbI KYpPHAJINPOBAHNS TIOJIyyaeT B KauecTBe
napametpa ILogger. IIpu 9TOM MOKHO TI€peiaTh OO0 peausyouii 3ToT HHTepdeiic
TUII, HaIIpuMep Consolelogger, BCIOAY, I/le OKumaeTcda ILogger.

ITH [IBa MOJX0/Ia OYeHb OJIM3KHU 1 006a BIIOJIHE PabOTOCTIOCOOHDI, HO B BBIIIETPHBE-
JICHHOM CIIeHAPUU JIy9Ilie UCTI0JIb30BaTh MHTEP(dEIIC, TOCKOJIBKY OH 3a/1aeT KOHMPAKMI.

MHTEP®ECbI (KOHTPAKTDI)

WHTepdelic (KOHTpaKT) — 3TO onucaHue Habopa CooBLLEHUI, MOHSITHBIX JTO60MY
peanusytowiemMy ero 06bekty. CoobuieHns SBNSOTCA METOAAaMU U BKIOYAOT
Ha3BaHWe, apryMeHTbl U BO3BpaLUaeMblil TUM AaHHbIX. Y uHTepdelica HeT Hu-
KaKkoro coctosiHusi. MogobHO KOHTpakTaM B peasibHOM MUpe, KOTopble npes-
CTaBnAOT CO60M MUCbMEHHbIE COrnalleHusl, UHTepdeinc — 3T0 NUCbMEHHOe
cornalleHve OTHOCUTENIbHO BO3MOXHOCTEN, KOTOpble ByayT MpefoCTaBnsiTh
€ro peanusauuu.

VMenHO 9T0 HaM U TpeOyeTCsl B JAHHOM CJIydae: KOHTPAKT Ha JKyPHAJIUPOBAHUE, CO-
cTosAniH 13 MeTozia log(), KOTOPBIN CMOTYT BBI3bIBaTh KineHTbl. OObSIBICHNE UHTEDP-
(eiica ILogger sICHO IECMOHCTPUPYET BCEM, KTO OYIIET YUTATh HAII KO, YTO MBI 33/1aeM
KOHTPAKT.

AGCTpakTHBII KJIace TOKe Ha 9TO CIIOCO0eH, KakK U Ha MHOTOE JIPYroe: OH MOXKET CO-
JiepKaTh HeabCTPaKTHBIE METO/bl MK COCTOsTHUE. EMHCTBEHHOE OT/IMYKe MeKIy ab-
CTPAKTHBIM 1 «OOBIYHBIM> (KOHKDEMHbIM) KIACCOM — HEBO3MOKHOCTh HEIIOCPEACTBEHHO
€O3/1aTh 9K3eMILIAP a0CTPaKTHOIO Kiacca. IlepenaBas sKk3eMILIsIp abCTPAKTHOIO KJacca,
TaKoM Kak apryMeHT Tuiia ALogger, Ha CaMOM JieJie MbI Beerjia paboTaeM ¢ 9K3eMILISIPOM
Hacjenyoero ALogger Tuila, Haripumep Consolelogger.

ITO I0CTATOYHO TOHKOE, HO Ba)KHOE Pa3jInyre MKy aOCTPaKTHBIMU KJIACCAMM 1 MH-
tepdelicamu: oTHOIIIEHUE MeKTy ConsoleLogger u ALogger HAa3bIBAETCSI OMHOUEHUEM 1S-A
(is-a relationship), kax, Harpumep, ConsoleLogger siBiisiercst (is a) ALogger, OCKOJIbKY
HACJIeyeTCst OT 3TOro abeTpakTHOTO Kiacca. C Ipyroit cTopoHsl, ot nHTepdeiica ILogger
HIYETo He HacJIeyeTcsT, Be/Ib OH IPOCTO OMMUChIBaeT KOHTPaKT. Kiace ConsolelLogger pea-
JIN3yeT 3TOT KOHTPAKT, HO ITPU 3TOM CEMaHTUYECKH He CO3/[aeT OTHOIIEeHUs is-a. JlanHbiii
KJ1acc y0osemeopsiem Yciosusim Konmpaxma ILogger, HO He AGIAeMCS PA3HOBUOHOCTILIO
ILogger. [ToaTomy nmaske B TeX si3bIKAX, Tl€ KJIACC MOKET HACJIEOBATHCSI TOJBKO OT OJTHOTO
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JIpyTOro KJjacca, HaripuMep B Java u C#, kyiaccaM Bce paBHO pa3pelieHo peasn30BbIBaTh
HECKOJIbKO MHTePheiicoB.

OG6parute BHUMaHKeE: HHTEPMENC MOKHO PACIIUPUTh, CO3JAB HA €0 OCHOBE HOBBIIA,
¢ JIOTIOJIHUTEIbHBIMY MeTo/laMi. Harpumep, kak 1eMOHCTPUPYET JIMCTUHT 8.3, MOKHO
c0o3/1aThb I/IHTep(beﬁc IExtendedLogger, 106aBIAONINI B KOHTPAKT ILogger MeTO/bI warn()
uerror().

JInctuHr 8.3. PaclumpeHHbIi MHTepdENC AN MeXaHWU3Ma XYpPHanMpoBaHUst

interface ILogger {
log(line: string): void;

¥ Nutepdeiic IExtendedLogger Bknioyaet

interface IExtendedLogger extends ILogger { meroabi log(), warn() u error()

warn(line: string): void;
error(line: string): void;

JI1060ii 0OBEKT, yAOBAETBOPSIOIUI YCIOBUAM KOHTpaKTa IExtendedLogger, yaI0B-
JIETBOPSIET TAK/Ke aBTOMATUYECKH YCJIOBUAM KOHTPakTa ILogger. MoXHO TakKe 00b-
eJIMHUTh HECKOJIbKO uHTepdelicoB B oaun. Hanpumep, onucars unrepdeiic ISpeaker-
WithVolumeControl, 00BeIUHSATIONINH BA I/IHTep(beI?Ica, ISpeaker n IVolumeControl,
B O/IMH, KaK IIOKA3aHO B JIUCTUHTE 8.4. ITO MO3BOJIUT UCIIOIB30BATDH B KAUECTBE KOHTPAKTA
BO3MO’KHOCTH KaK JIUHAMMKA, TaK U PEryJUPOBKU I'POMKOCTH, U OJJTHOBPEMEHHO C 3TUM
JIPyTHeE TUIIBI CMOTYT PEAJIN30BbIBATD JIUIITh YTO-TO OZIHO (HAIIPUMEP, PETYJINUPOBKY IPOM-
KOCTH JIJIs MUKPO(OHA).

Koneuno, kiacc MySpeaker MosKeT peajin3oBbiBaTh 00a mHTepdeiica ISpeaker
1 IVolumeControl BMecTO ISpeakerWithVolumeControl. OqHaKo HaIU4YKUe eIUHOTO
unrtepdeiica MO3BOJSIET TAKMM KOMIIOHEHTAM, Kak MusicPlayer, 100aBUTDH AUHAMUK
JIJIsT PETYJIUPOBKU IPOMKOCTH. BO3MOKHOCTH 00beiHEHUST TT000HBIX HHTEP(ECOB
1103BOJISIET CO3/1aBaTh UX Ha OCHOBE MEHBIINX, IOBTOPHO MCII0JIb3yeMbIX CTaHaPTHBIX
6JIOKOB.

Nmenno nntepdeiicnl, a He peaTu3yIonue X KJIacChl, B KOHEYHOM cueTe IPUHOCAT
[0JIb3Y TOTPEOUTESIM, TAK YTO BPEMs], IOTPAYEHHOE HA TIOMCK ONTUMATbHON apXUTEK-
TYpPbI, 0OBIYHO OKa3bIBAETCS ONPABAAHHBIM. VI3BECTHDII IPUHIUIT RPOZPAMMUPOBAHUSL
unmepqeiicos (coding against interfaces) 06beKTHO-OPHEHTUPOBAHHOIO IIPOrPAMMKPO-
BaHUsI [JIACUT, YTO cJieyeT paboTath ¢ nHTepdeiicaMmu, a He ¢ KJIacCaMu, KaK MbI JIeJIaji
¢ MusicPlayer B HalleM Ipumepe. J[aHHbIN IPUHITUI TOHUKAET CIEIJIeHHOCTh KOMIIO-
HEHTOB CUCTEMBbI, TI03BOJIASE MOANMDUIIMPOBATL MySpeaker WK Jla’ke 3AMEHUTD €T0 IPYTUM
TUIIOM, HUKAK He IIOBJIMSB IIPU 3TOM Ha MusicPlayer, ecyii, KOHEUHO, Y/IOBJIETBOPEHbI
yCJI0BUS KOHTpaKTa ISpeakerWithVolumeContract.

3azauy IpUBI3KH KOHKPETHON peanusanuy K uurepdeiicy 6epyt Ha cebs dppeiim-
BOPKU BHEJIPEHNUS 3aBUCUMOCTE, TaK UTO OCTAJIBLHON KOJI IIPOCTO 3aIlpalinBaeT Hy KHbIN
untepdeiic, a GpeiMBOPK €ro MPEAOCTABIIAET. 32 CYET HTOIO YMEHbIIAETC 0OBEM «CBsI-
3yI0IIer0o» KOJla, U Mbl MOK€M COCPe/IOTOYUTDb CBOe BHUMaHMe Ha peau3alui caMuXx
KOMIIOHEHTOB. MbI He GyieM oApo6HO 00CYKIaTh BHEAPEHHE 3aBUCUMOCTEH, HO 9TO
[IPEKPACHBIIT ITOXO/I, TO3BOJISIIONINIT CHUBUTD CIIEIJIEHNe KOja, 0COOEHHO YIOOHbIN ISt
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MO/IYyJIbHOTO TECTUPOBaHNsI, TP KOTOPOM 0OBIYHO 3aBUCUMOCTU TECTUPYEMbBIX KOMIIO-
HEHTOB IIPEACTaBJAIOT coboii «3alJIyHIK» NI UMUTAIlMOHHbIE 0OBEKTBL

JNucTuHr 8.4. O6beanHeHne MHTepdencoB

interface ISpeaker { <—| " "
playSound(/* ... */): void; HTepOeitc puHamiKa
}
interface IVolumeControl { MiTepdeiic perynpoBki
volumeUp(): void; P perynup
lumeDown(): void; rpomkocT i i
volume : ; 06beaMHeHHbIi UHTepdelic
¥ [AVHaMUKa U perynupoBKM rpoOMKOCTH

interface ISpeakerWithVolumeControl extends ISpeaker, IVolumeControl {

}

class MySpeaker implements ISpeakerWithVolumeControl {
playSound(/* ... */): void {
// KOHKpeTHaa peanusauusA
}

volumeUp(): void {
// KOHKpeTHaa peanusauuA
}

volumeDown(): void {
// KOHKpeTHaa peanusauus

Knacc MySpeaker
peanusyer 1ot
00beAMHEHHDIN MHTepdelic

}
}

class MusicPlayer {

[Iina knacca MusicPlayer Heobxoaum AuHamuk
speaker: ISpeakerWithVolumeControl;

CBO3MOXHOCTAMM perynupoBKn rpoMKoCcTn

constructor(speaker: ISpeakerWithVolumeControl) {
this.speaker = speaker;

}

lIaJIee MbI PaCCMOTPHUM HaCJIeI0BaHME N HEKOTOPbIE N3 €T0 HpH]IO)KeHI/IfI.

8.1.1. YnpaxHeHus

1. Oyukims index() MOKET HCIOIb30BATH 9K3EMILISIPBI TUIIOB, BKIIOYAIOIINX (DYHKITIIO
getName (). Kak sryutiie cMozieiupoBarhb aTOT ClieHAPUiA?

A. OObsABUTH KOHKPETHBIN 6a30BbI Ki1acc BaseNamed.
B. O6bsiBuThH abCTPaKTHBIN 6a30BBIN Kiiacc ANamed.

B. O6wsiButh unrepdeiic INamed.
I.

[IpoBepsATh BO BpeMs BBITIOJTHEHUS, €CTh JIU Y JaHHOTO 9K3EMILISAPA METO get-
Name().
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2. B TypeScript B unrepdeiice Iterable<T> 00bsiBIeH MeTO [Symbol.iterator], Bos-
Bparaioniuii Iterator<T>, a B unrepdeiice Iterator<T> — MeTO/ next (), BO3Bpalla-
ol IteratorResult<T>:

interface Iterable<T> {
[Symbol.iterator](): Iterator<T>;

interface Iterator<T> {
next(): IteratorResult<T>;

}

lFenepaTopsl Bo3BpallalioT HEKYI0 CMeCh TOTO U IPYroro: nrepupyemMoiii Iterable-
Iterator<T>, KOTOPbII caM sBJisieTcst uTepatopom. Kak Obl BbI OIIMCAIIN unrepdeiic
IterableIterator<T>?

8.2. HacnepoBaHMe AaHHbIX
U noBeaeHus

HaciiemoBanme — ojiHa M3 caMbIX M3BECTHBIX BO3MOKHOCTEH 00BEKTHO-OPUEHTUPOBAH-
HBIX A3BIKOB, ITO3BOJIAIONIAS CO3/I1aBATh MOJKJIACCHI POJUTEIbCKOTO Kiacca. [loakmaccn
HaclenyIoT Kak ero JanHble, Tak U MeTobl. [lofkiace, pazymeeTcs, SABISETCS MOATUIIOM
THUIIA POAUTEIBCKOTO KJIACCa, TOCKOJbKY 9K3EMILIAP MMOJKJIACCa MOKHO UCII0JIb30BaTh
Be3Ie, T7Ie OKUAACTCS POIUTETHCKUT.

8.2.1. 3MnuMpunyeckoe npasuso is-a

A BOT cpasy ke U IPUIIOKEHHE: TP HaJIMYUH KJIACCa, PEATU3YIOIIEro oYTH Bee He06X0-
JIIMOE HAM TIOBEJIEHIE, MOKHO MTOPOJUTD OT HETO IPYTOH KJIACC, T00aBUB HEJOCTAOIIEE.
Ho ecain menath 910 HecrnopsagouHo, To mpobaeM TOJIbKO CTAHOBUTCS BABOE OOJIBIITE.
Bo-1niepBbIX, CIUITKOM aKTUBHOE UCTI0JIb30BaHNE HACJIE0BAHNS TPUBO/IUT B UTOTE K TITYy-
GOKO BJIOKEHHBIM HEPAPXUSIM KJIACCOB, Pa30OpaThest U BOOOIIE HAWTH YTO-TO B KOTOPBIX
OYEHb CIIOKHO. BO-BTOPBIX, OHO MPUBOAUT K HECOTIACOBAHHON MOJIEJN JIAHHBIX ¢ Gec-
CMBICTIEHHBIMU KJTACCAMM.

Hampumep, ecm y Hac ecTh Kacc Point, copiepsKaiiuii KOOPAUHATEL X U Y TOYKH, TO
MOJKHO YHACJIE/IOBATh OT HETO Kiiace Circle, 106aBUB CBOICTBO radius. Kpyr ompenersier-
CsI eTo TIEHTPOM U PaJIyCcoM, a Point MOKeT oTpaskarh 1eHTp Kpyra. Ho aTo onpenenenne
BBITJISIZIUT JJOBOJILHO CTPAHHBIM (JIMCTHHT 8.5).

Yto6bl MOHATH, TIOYEMY 9TO BBITJISIAUT CTPAHHO, TOCMOTPUM Ha TTOJYYUBIIEECS OT-
HOlIeHUe is-a. SIBisieTcs i 9K3eMIIAP 110/IKIacca JJOTHYeCKH 9K3eMILISIPOM Hajlkacca?
B nannom cayyae net. Kpyr ne pasnoBugnHocts Touku. KoHeyHo, npu TakoM orpezeJie-
HUM MOJKHO €70 UCIOJIb30BATh B JIAHHOM KaueCTBe, HO BPsi/l JIM HalieTcst 000CHOBAHHbII
crieHapuii, Korja aTo GyeT yMecTHO.
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Juctuur 8.5. MpumMep HeygayHOro HacneaoBaHUs

class Point {
X: number;
y: number;

constructor(x: number, y: number) {
this.x = x;
this.y = y;
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CBOEro LieHTpa ot Knacca Point

} Knacc Circle HacnepyeT KoopavHaTbi X 1y

class Circle extends Point {
radius: number;

constructor(x: number, y:
super(x, y);

this.radius = radius;

HACNEQOBAHUE U OTHOLUEHME IS-A

number, radius: number) {

HacnepoBaHue 3agaeT OTHOLLEHMWE iS-a Mexay AOYEPHUM U POAUTENBCKUM TUMOM
AaHHbIX. Mpu 6a30BoM knacce Shape n gouepHem knacce Circle obpa3yertcs oTHO-
weHme «Circle sBNSeTCS pa3HOBUAHOCTBLIO Shape». OHO OMMCLIBAET CEMaHTUYECKUI
CMbIC/T HacNefoBaHUS U MO3BOJISIET JIErKO NMPOBEPUTL, HYXXHO NI UCMOMb30BaTh
HacneaoBaHue Ans ABYX 3aaHHbIX TUMOB.

AJbTepHATUBHBIN TO/X0/] — KOMTIO3UIIMIO — MBI U3y4YWM B pazjese 8.3. A moka
pPacCMOTPUM HECKOJIBKO CUTYAIUIl, B KOTOPBIX €CMb CMbiCJl BOCIIOTB30BATHCS HACTe-

JJOBaHHUEM.

8.2.2. MopgenupoBaHne nepapxmm

OnuH 13 caydaes, KOTJa CTOUT IIPUMEHUTD
HacJIeZIoBaHNe, — MepapxXimiecKue JaHHbIE.
ITO OUEBU/IHBIH CoIydaif, TAK YTO MBI HE CTa-
HeM 06CyRIaTh ero moapobHo. OxHako o
SIBJISIETCS ONTUMAJTBHBIM TIPUJIOKEHNEM Ha-
cJIelOBaHMS: IIPU JIBUSKEHUN BHU3 110 1IelU
HacJeI0BaHus TUIIb! JAHHBIX YTOUHSIOTCS,
M06ABIAIOTCS OTIOJHUTETbHBIC TaHHBIE
u/unu nosenenne (puc. 8.1).
[TpuBeneHHbII HA 9TOM PUCYHKE TIPUMED
MOJKET TIOKA3aThCA CIAUITKOM YITPOIIEHHBIM,
HO IIPEKPACHO UJUIIOCTPUPYET HaCJIe0Ba-
Hue. Kotika — pa3HOBUIHOCTH JIOMAIITHETO

Bcem XuBOTHBIM Animal
HYXXHO YTO-TO eCTb eat()
is-a
C pomawHumn Sot
KUBOTHBIMM MOXKHO —— €
urpatb play()
is-a
Kowku maykator — o
meow ()

Puc. 8.1. Bce X1BOTHblE YTO-HNOYAb eaaT (eat).

C [OMaLLHMMM XXMBOTHBIMM MOXHO urpathb (play),

HO M efsiT OHM TOXe. A KOLLKW, KpoMe TOro, elle
N MsyKaloT (meow)
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JKUBOTHOT'0, KOTOPOE SIBJISIETCSI PA3HOBUITHOCTBIO JKUBOTHOTO, ¥ Y€M HUZKE MBI CITyCKaeMCsT
0 uepapxuu, TeM HOJIbIIe BADHAHTOB MTOBEIEHUSI U COCTOSIHUSI BUIUM.

YeM BBIIIIE IO HEPAPXUH, TEM BBIIIE YPOBEHb aOCTPaKIuu. ECJIU MBI XOTUM ITPOCTO
rourpathb (play()) ¢ ’KUBOTHBIM, TO MOKEM BOCIIOJIB30BATHCSI APTYMEHTOM THIA Pet.
Ecomm ke HaM HYKHO, 4TOOBI OHO MSIYKAJI0, TO TIPUMEHSIEM apryMeHT Tumna Cat.

ITO OYEHb TIPOCTON TIPUMEP, TAK YTO PACCMOTPUM HOJIee MHTEPECHOE TIPUIOKEHIE
HACJICJI0BAHUA € XUTPBIM HIOAHCOM: HECKOJIBKO ITPOU3BOJIHBIX KJIACCOB PEAIN3YIOT KaKOe-
JinbOo TOBEIEHYE MTO-PAa3HOMY.

8.2.3. [MapameTpusaums noBeaeHUs! BbipaxxeHui

HacuieoBanue MoKeT HPUTOAUTHC, ellle U Koraa OO0JIbIlas 4acTh IOBEAECHUS U COCTO-
SHNUA Y HECKOJIbKUX TUIIOB OAMHAKOBA U JIMIIb HE3HAYUTEIbHO JOJIKHA PA3INIAThCA
B pa3HbIX peanusanusix. Ho BceM aTUM TUTIaM HY;KHO YCITEITHO TTPOXO/INTh HAIIY TTPO-
BEPKYy Ha is-a.

[lonyctuiM, y Hac eCcTh BhIpasKeHUe, Pe3yAbTaTOM BBIUUCIECHUS KOTOPOTO SABJISETCS
YIICJI0, OMHAPHBIE BBIPAKEHUSI ¢ IBYMST ONlEPaHIaMU, a TaKKe BBIPAKCHUS JIJIST CYMMBbI
¥ TIPOU3BEAECHNS, BBIYNCIAEMBIC TIYTEM CJIOKEHNUA M YMHOKCHUA OIEPAH/IOB.

CwmojietupyeM BbhIpakeHue B Bujle uHTepdelica IExpression, BKJIOYAIONIETO METO/
eval(). Mol cienanu ero nunrep@eicom, IoCKOJIbKY HUKAKOTO COCTOSTHUSI OH XPAHUTh
He foJpKeH. laee peasyeM abCTpaKTHBI Kiace BinaryExpression JIJist XpaHEHUSI IBYX
olepaH;IoB, KaK [I0Ka3aHo B uctunre 8.6, Ho octaBuM MeToz eval () aOCTpaKTHLIM, peaJiu-
30BBIBATH €TI0 JOJLKHBI OyAYT IPOU3BOIHbIE Kaacchl. Kaxaplil 13 KiaccoB SumExpression
1 MulExpression HacjaeayeT OT BinaryExpression /iBa orepan/ia, HO BKIIOYaeT cobcTBeH-
HyT0 peanuzaruio Metosia eval() (puc. 8.2).

IExpression
eval()
B knacce BinaryExpression BinaryExpression
XpaHATCA ONepakibl | a
b
abstract eval()
[Tlouephue Knaccobl ) T .
peanusyiot MeTog, evm Is-a | | is-a
SumExpression MulExpression
eval() eval()

Puc. 8.2. Vlepapxus BblpaXK€HWIA C pOAUTENbCKMM K1accoM BinaryExpression 1 Jo4epHUMM Knaccamm
SumExpression 1 MulExpression

Jrta peanusalusd yIOBJETBOPIET HAIIEMY KPUTEPHIO iS-a: SUmEXpression aBiseTcs
Pa3HOBUIHOCTHIO BinaryExpression. [To Mepe citycka BHU3 110 MepapXuu HACJIEAYIOTCS
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obrmue 7t K1accoB yacTy (B HAIIEM CJIydae /[Ba OMEePaH/Ia), HO KaxK/IbIH U3 TIOPOKICHHBIX
KJIACCOB peasu3yeT CBoil MeTo/| eval().

JIncTuHr 8.6. Viepapxus BblpaXxeHui

interface IExpression { .

Het Hyxnabi penatb IExpression knaccom,
eval(): number;

} NOCKOJNbKY Y HEro HeT COCTOAHMA

abstract class BinaryExpression implements IExpression {
readonly a: number;
readonly b: number;

BinaryExpression —
KNnacc, B KOTOPOM
XpaHATCA ABa onepanaa
constructor(a: number, b: number) {

this.a = a;

this.b = b;

¥ Mertop eval() — a6cTpakTHblii, nosTomy
abstract eval(): number; peanusauuu Ans Hero He NpuBeAeHo

class SumExpression extends BinaryExpression { <—

eval(): number { .
return this.a + this.b; 06a knacca, SumExpression

} 1 MulExpression, nopoxpaeHbl
} ot Knacca BinaryExpression
u peanusylot metop eval()

}

class MulExpression extends BinaryExpression { <«—
eval(): number {
return this.a * this.b;

}

Cuienryer ocreperarTbCst CJUIIKOM TTyOOKMX HepapXuil KIIacCOB, YCIOKHSIONIMX HABK-
raInio o KOy, MOCKOJIbKY HaCJIe0BAHNE PA3INYHbIX 9JIEMEHTOB COCTOAHUA U METO/[0B
00beKTa IIPOUCXOIUT C PA3HBIX YPOBHEN MepapXuu.

OO0bIUHO 0YepPHIE KJIACCHI J1€JIal0T KOHKPETHBIMU, a BCE POAUTENbCKIE — aOCTPaKT-
HBIMU. Biarogapst 9ToMy cTaHOBUTCS IPOILE OTCIEKUBATH IIPOUCXOIIee 1 u3berath
HETPeIBUACHHOTO TTOBe/eHUS. TakoBOe MOKET BOSHUKATD, €CJIN TOYCPHUN KJIACcC Tepe-
ompeaendeT OUH U3 MEeTO/I0B POJAUTEIbCKOTO, & MBI 3aTEM IIPUBOINUM €T0 dK3EMILIADP
K POAUTEJILCKOMY THUITY U IIEPEaeM Jajiee B Ka4eCTBe 00BbEKTA POAUTENBCKOIO TUIIA.
[Tono6HbBII 00bEKT BeeT cebst He TakK, Kak 9K3eMILISP POJUTEIbCKOTO KIACCa, YTO He 0Ye-
BU/IHO JIJIsl COITPOBOKAAIONIUX KO/ Pa3pabOTINKOB.

B HEKOTOPBIX sI3bIKAX TTPOTrPAMMHUPOBAHUS CYTIECTBYET c11oco6 ABHBIM 06pa30M oT-
METUTH JIOUEPHUI KJIacC KaK HeHacJeJyeMblii, 4YTOOBI [IPEKPaTUTh Ha HEM MePapXuio
HacsaenoBanus. OObIYHO JJI5I ATOTO CJIy’KaT Takue KJo4eBble CJIOBA, Kak final u sealed.
PexomeH ryeTcst HCIIOIb30BaTh MX MPH J10060H BodMoskHOCTH. [Tepeonpenesnts u pac-
IIUPUTH ITOBEJCHUE IT03BOJIUT JIyylllad aJbTepHATUBA, YeM HacJeJOBaHue, — KOMIIO-
3ULKA.
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8.2.4. YnpaxHeHus

1. Kaxoii 3 ceyionx BapuaHToOB OTMCHIBAET MPABUJILHOE TPUMEHEHNE HACIeI0Ba-
HUS?

A. File (Maiin) pacuupsier Folder (Karasor).

B. Triangle pacmmpsier Point.

B. Parser (CpencrBo cuntakcudeckoro pasbopa) paciuupser Compiler (Kommmis-
TOP).

I Hwu ofiiH 13 MpuBeIEHHBIX BBIIIE BAPDHAHTOB.

2. PacmmpbTe ONMMCAHHBINA B 9TOM pasjieJie mpuMep, 106aBUB B HETO Kaacc UnaryExpres -
sion I BBIPAKEHUS C OJTHUM OTIEPAH/IOM U KJacc UnaryMinusExpression st 06-
parenus 3HaKka orepania (ckaxem, 1 mpesparaercs B —1, a —2 npeBpaiaercs B 2).

8.3. KoMno3muusa AaHHbIX U NOBeAEeHUS

O/tiH 13 MMPOKO M3BECTHBIX TIPUHITUIIOB 0GBEKTHO-OPUEHTHPOBAHHOTO MPOTPAMMHU-
POBAHUS TJIACUT, YTO CJIE/LYET MPH JI0O0H BOZMOKHOCTH MPEAMOYUTATH KOMITO3UITUIO
HacsenoBanuio. I[locMoTpuM, YTO JKe Takoe KOMITO3UIKA.

Beprewmcs k Hamemy npumepy ¢ kiaccamu Point u Circle. Mbr MoskeM c/iesiaTh Circle
JIOYEPHUM KJIACCOM Point, XOTsI TaKOe peleHue OyieT He BITOJIHE MPaBIIbHBIM. Pacrim-
puM Hailr ipuMep, 100aBUB B HETO KJiace Shape, Kak 1okaszano B sincrure 8.7. Jlomycrim,
YTO y BCEX T€OMETPUUECKUX (DUTYP B HAIIEH cucTeMe MOJKEH ObITh WICHTU(hUKATOP,
MMO3TOMY B KJlacce Shape MbI OIUIIEM CBOMCTBO id Tuma string. Circle siBJsieTcs pas-
HOBU/IHOCTBIO Shape, TaKk YTO Mbl MOKEM YHacJe10BaTh OT Hero id. C fpyroii CTOPOHBI,
y KpyTa ecmo 1EeHTP, BCJIEICTBUE Yero y Hero Oy/IeT U CBOWCTBO center THIa Point.

JNuctuur 8.7. HacnegoBaHue 1 KOMMNO3UUMS
class Shape {
id: string;

constructor(id: string) {
this.id = id;

}

}

class Point {
X: number;
y: number;

constructor(x: number, y: number) {
this.x = x;
this.y = y;

} Knacc Circle Hacnenyet
class Circle extends Shape { ot Knacca Shape cBoiictBo id
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center: Point; K Gird . Point
radius: number; nacc Circle copepxut coiictBo Tuna Point,
OnuCbIBaloLLEe KOOPAVHATBI X 1 Y €ro LieHTpa

constructor(id: string, center: Point, radius: number) {
super(id);
this.center = center;
this.radius = radius;

8.3.1. 2Mnupuyeckoe npasunio has-a

[Tomo6HO KPUTEPHIO 7S-a, € TTOMOTITBIO KOTOPOTO MBI TPOBEPSIIH, TOJKEH JTH Kiacc Circle Ha-
ciez10BaTh Point, CYLIECTBYET M aHAJIOTUYHBII KPUTEPHIA [1JIsk KOMIO3KUIUK: has-a (puc. 8.3).

Y Bcex reomeTpuyeckmnx
duryp ectb
MAEHTM¢MK3T06~\\\\\_’ Shape Point Y nio6oit
id: string X: number *///'WHKMEUb
Kpyr aBnsetca y: number KOOPAMHATBIX U Y
& is-a
reomeTpuyeckoi
durypoii n HacnenyeT\, Circle
BOIiCTBO id Center: Point has-a
Y kpyra ectb — " | radius: number
LieHTpanbHasa Touka

Puc. 8.3. Y Bcex reoMeTpuyeckmx Guryp ectb cBOMCTBO id. Kpyr sSiBNsieTcs reoMeTpuyeckoit urypoii,
Tak yTo Hacneayer id. Y kpyra ecTb TOuKa, 3a4atoLLas ero LeHTp
BMmecTo TOro uToObI Hacae0BaTh MOBeAeHNe OT KaKOro-Irbo0 TUIA, MOYKHO OINCATh
€ro CBOHCTBO. JTa METOMKA TOXKE MO3BOJSIET XPAHUTh COCTOSTHUE HYKHOTO THIIA, HO
B BH/Ie YaCTU-KOMITOHEHTA THUTIA, 2 He YHACJIe/IOBAHHON YacTU TUTIA.

KOMMNO3ULMUA U OTHOLLUEHUE HAS-A
KoMnosunums 3agaeT OTHolWEHUe has-a Mexay TUMOM-KOHTEeHEpPOM U coaep-
Xalmmcst B HeM TMNoM. Ecnm Tun-koHTeliHep — Circle, a coaepalumincst B HeM
TN — Point, To nx OTHOLLEHME MOXHO onucaTb Kak «Y Circle ectb Point» (Touka,
3ajatowast ero ueHTp). OHO OMUCLIBAET CEMAHTUYECKMI CMbICST KOMMNO3ULIMK
1 MO3BONSIET IEMKO NPOBEPUTD, CNIEAYET /I UCMOMb30BaTb KOMMO3ULMIO ANS ABYX
3aflaHHbIX TUMOB.

['maBHOE IPENMYIIECTBO KOMIIO3ULIMH 3aK/II0YA€TCA B CJIELYIOIIEM: BCe COZleprKallieecs
B CBOHCTBAaX-KOMIIOHEHTAaX COCTOsIHUE (HAIlpUMep, KOOPAUHATLI IIeHTpa Kpyra) B 9THX
KOMIIOHEHTaX MHKAIICY/JIMPOBAHO, YTO JieJIaeT THUII JaHHBIX HAMHOI'O IIOHATHEE.

¥ ax3emnsipa circle Hamrero Tumna Circle mmeeTcst cBOMCTBO circle.id, yHacue-
JI0BaHHOE UM OT KJlacca Shape, HO KOOPJAMHATBL X U Y €r0 LeHTPaILHOM TOUKHM XPaHATCS
B CBOIICTBe center: circle.center.x u circle.center.y. HpI/I JKeJJaHUU MOJKHO Cc/ieJiaTh
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CBOJICTBO center MPUBATHBIM, B PE3YJIbTATE YETO BHENTHUN KO/ He GY/IET UMETh JIOCTYTI
k Hemy. Ho cziesats 1o1o6Ho0e ¢ yHACIeI0BaHHBIM CBOMICTBOM HEJIb3S: €CJIM CBOHCTBO id
06BABJICHO B KJIacce Shape Kak MyGInvHOE, TO Kiace Circle He MOKET CKPBITE €T0.

MbI paccMOTPUM Jlajiee HECKOJIBKO BAPMAHTOB IPUMEHEHUS KOMIIO3UIIMH, HO B 1[EJIOM
JIydIiie UCTIOIb30BaTh UIMEHHO €€, a He HacJe/[0BaHue, YTOOBI [IeIaTh COCTOSTHIE U TTOBe-
JleH1e JOCTYITHBIMU /IS KylaccoB. KOMITO3UIIMIO HMeeT CMBICJI 33/1eICTBOBATD 110 YMOJI-
YaHUIO, pa3Be UTO MEXK/Y JABYMs TUIIAMU [IPUCYTCTBYET YETKOE OTHOIICHUE iS-A.

8.3.2. KoMno3uTHble K1iacchbl

MbI HAauHEM eliie ¢ OJTHOTO MPOCTOTO, OYEBUIHOTO TPUMEPA, TIOCKOJIBKY OTISITh JKe € ATOH
KOHLIEIILUEl Bbl, BEPOSATHO, XOPOIIO 3HaKOMBbL. OHa BCTPEYAETCs II0BCIOAY B 0OBEKTHO-
OPUEHTUPOBAHHOM MIPOTPAMMUPOBAHUH (M HE TOJIHKO B HEM).

BosbmeMm it ipuMepa KOMITAHUIO ¢ MHOKECTBOM COCTAaBHBIX YaCTei: pa3IMuHbIe
HoZIpasiesIeHns], TeKyuuii 61o:ket, renepaibhbiii gupexTop (CEO) u T. 1. Bee onn —
cBoiicTBa Kjacca Company. Mbl 06CysKaaau mogo0HbIe TUIIBI B IJIaBe 3, KOra FOBOPUJIM
O TUITax-1IPOU3BeIeHUsIX. ECIN B3TJISTHY Th Ha MHOKECTBO BO3MOKHBIX COCTOSTHUI KOMITa-
HUU, TO CTAHET TIOHSITHO, YTO OHO SIBJISIETCST IEKAPTOBBIM ITPOU3BEIEHNEM COCTOSTHUI BCEX
nojipasesieHuil, Oro/ykera, reHepaabHOro JUPEeKTopa U T. J. JLomoJHUTENbHBIH HIOAHC:
MOJKHO MHKAIICYJIMPOBATh YaCTH 9TOTO COCTOSIHUSI, 00bSIBJISAS MX B Pean3allii KaK Ipu-
BaTHBIE CBOMCTBA U I06ABUB B KOMIIO3UTHBIN KJIaCC JOMOJHUTEIbHBIE METO/[bI, KOTOPbIE
CMOTYT K HUM 00paIaThCcs B peaausauu (YTO HeJOCTYIIHO JJIsI BHEUIHUX (DYHKIIIT).

Harpumep, Heslb3s1 TIPOCTO TIOJONTHU K TeHEPATILHOMY AUPEKTOPY KOMITAHUY U 3/1aTh
€My BOIIPOC. MOKHO MOIBITAThCA OTIIPABUTH FeHEPAIbHOMY JMPEKTOPY COOOLIEHME Yepes
odunraIbHbie KAaHAJIBI KOMIIAHUH, & OH YK€ MOXKET OTBETHTD WJIN HET, KaK MTOKa3biBaeT
JucTuHr 8.8.

Jinctuur 8.8. Bonpoc reHepanbHOMY AMPEeKTopY

class CEO { . .
. TeHepanbHbIil AUpEKTOp 0YeHb 3aHATON YeNoBeK
isBusy(): boolean {
1 MOXXET 0TBeYaTb UK He 0TBeYaTb Ha BOMPOCHI

/* L0 */
}
answer(question: string): string {
/* o0 */
}
}
class Department {
/* L0 */
}
class Budget {
/* L. */
} B KomnaHuu ecTb reHepanbHblil AUpeKTop
class Company { 1 HeckonbKo noppaspenenuii. Ectb Gropxker
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private ceo: CEO = new CEO(); Yro6bi 3aaTb BOMPOC

private departments: Department[] = []; reHepanbHOMY AUpeKTOpY,
private budget: Budget = new Budget(); HEOBXOAMMO 0BPaTHTLCA !
askCEO(question: string): string | undefined { K HEMy tiepes Komnanitio
if (!this.ceo.isBusy()) {
return this.ceo.answer(question); ECAV reHepanbHblii AMpeKTop
¥ He 3aHAT, TO OTBETUT HaM

B03MOKHOCTD CKPBITD YJIEHBI KJIacca M YIPABJIATH OCTYIIOM K HUM — OJTHO U3 KJIIO-
YEBBIX OTIMYUN WHKATICYJISIIIAN 110 CPABHEHUIO € OOBIYHBIME THITAMU-TPOU3BEIECHUSIMI
BPO/Ie KOPTeKel 1 3ammmcei.

Tunbl-3Ha4YeHUS1 U CCbIJTIOYHbIE TUMbI

Bo3MoskHO, BbI caiblany o munax-guavenusx (value types) u ccoliounvlx munax oannox
(reference types) 160 0 pasnuuuAX MeKILy cmpykmypamu n kiaccamu. Hecmorps Ha
MHOKECTBO HIOAHCOB, K COKAJIEHUIO, 0COOBIX 000OIIEHUH TYT C/ie/IaTh He ToJyYuTcst. B pas-
JIMYHBIX A3bIKaX ITPOrPaMMUPOBaHUA JlTaHHbI€ TUIIbI PEAJIN3YIOTCA 110-Pa3HOMY, TaK YTO BaM
npuzeTcst pasduparbes B HIoaHCaX pabOThl UMEHHO BAIIETO SI3bIKA.

B niesiom B MomenT IIpucCBanBaHUA HepeMEHHOfI IK3EMILIAPaA TUIla-3HAYCHUA UJIN 1Tepelavun
€0 B Ka4eCTBE aprymMeHTa (byHKI_[I/II/I €TI0 COAEPIKNUMOE KOIMNPYETCA B 1IaMATb, B pE3YyJabTaTe
gero d)aKTI/I‘{eCKI/I CO3/1aeTCA OTZ[CJIbeIﬁ IK3EMILJIAP. B Caydae K€ IPpUCBanBaHNA 9K3EM-
IJIApa CCbIJIOYHOTO TUIIA JAaHHBIX KOITUPYETCA HE BCE COCTOAHUE, 4 TOJBKO CCbIJIKA Ha HETO.
Kak CTapas, Tak 1 HOBasd II€epeMeHHasdA CCblJIAIOTCA Ha OJIMH O6'I)eKT, " 4epe3 HUX MOKHO
MEHATDH €TI0 COCTOAHUE.

MpbI He cTaHeM 37iech TTOAPOOHO TOBOPUTD HA TAHHYIO TEMY HMEHHO [TOTOMY, 4TO HE XOTHM
3aIlyThIBATh UUTATEJIS HIOAHCAMM PEaIN3alliK 3TUX MOHATHI B PA3JIMYHBIX A3bIKAX MPO-
rpammupoBanus. Hampumep, B C# cTpyKTypa 04eHb HAOMUHAET KJIACC, HO SBJISIETCS
TUIIOM-3HAYEHWEM; TIPH €€ MPUCBAaNBAHUK KoMupyeTcs cocrosinue. V1 maobopor, Java
He TO/I/IEPKUBAET HACTOSIIIUX TUIIOB-3HAYEHUI, 32 UCKIIOUEHUEM TOTOBBIX ITPOCTHIX
YKCJIOBBIX TUIOB JAHHBIX: BCE TUIIBI IPEACTABISIOT cob0i cebiku. Uy C++ Toxke ecThb
CBOM OTJNYUS: cTPYKTypa B C++ oTaMYaercs oT KjIacca TOJNBKO TeM, UTO ee YJIeHBI
[0 yMOJIYaHuo MyOJIMuHbl, a B Kjiacce — npuBaTHbl. B C++ j11060ii Tun — 3HaueHue,
ecyii He 00BbABJIEH ABHBIM 00pa3oM Kak yKaszaTeab (*) wim ceplika (&). B HeKoTopbIx
(byHKIIMOHATBHEIX A3bIKaX IPOrPAMMUPOBAHIS UCTIOJIB3YIOTCSI HEM3MeHsIeMble JIaHHbIE,
U Pa3HUIlA MeXK/y 3HaUeHIeM U CChLIKOI Ha HEr0 OTCYTCTBYET BCJIeJCTBUE IOCTOSHHOTO
TepeMeIeH st TaHHbIX.

Pazmumne Mexry TUTIAMU-3HAYEHUSMU ¥ TUTTAMHU-CCBIJIKAMU UTPAET BAXKHYIO POJIb (KOTIH-
poBaHue GOIBIITIX 00bEMOB JIAHHBIX OTPUIATEBHO CKa3bIBAETCSI HA IPOU3BOUTENLHOCTH;
HO JIydIIle KOMUPOBATD, YeM UCIIOJIB30BATh COBMECTHO, TOCKOJIBKY Oe30TacHee, KOra y JIaH-
HBIX TOJIBKO OJIUH Baiazeselr). V1 Bam sryuiiie pa3oOpaThCsi B 9TUX HIOAHCAX IPUMEHUTEIbHO
K BalleMy sI3bIKY TPOrPaMMUPOBAHMS.
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I[aJIee TIOCMOTPpHUM €111€ Ha O/IHO, BEPOATHO, HE CTOJIb OYE€BU/IHOE ITPUJIOKEHNE KOMITO-
SUIINN NCKJIIOYHTEJIbHO IT0JIE3HbBII IaTTEPH ITPOCKTUPOBAHUA «Az[aHTep».

8.3.3. Peanuzauus natTepHa NpPoOeKTUpOBaHUA «AganTtep»

C noMoIIbIo maTTepHa «AZarTep» MOKHO CAEJIaTh Ba KJIacca COBMECTUMBIME 0e3 MO-
muuKanuu kKakoro-1nbo us Hux. JJaHHbIi aTTepH 0YeHb HAIlOMUHAET (HU3UUECKUI
azarrep. Harpumep, BosbMeM HOYTOYK, UMEIONIHIA ToJIbKO HOPTHI USB, KOTODBII HYKHO
MOAKJIIOYUTH K IIPOBOIHOM CETH, YTO MOKHO CZiesIaTh ¢ TioMolbio kabess Ethernet. Agan-
tep Ethernet-to-USB ocyiecrtsiiser npeodpazoBaHiie MEKIY ABYMS HECOBMECTUMBIMU
komrnonentamn, Ethernet u USB, 1 obecrieunBaeT nx B3anMojeiicTeue.

B kauecTBe npuMepa IpeAcTaBbTe BHENIHIOW OMOINOTEKY, KOTOPast BKJIOYAeT HEKIe
HEOOXOIMMbIE HaM TeOMeTPUYECKHe Ollepallii, HO He BIIMCHIBAETCS B HAILy 00bEKTHYIO
Mozesb. OHa TpeGyeT onucaHus KPyroB B COOTBETCTBIM ¢ uHTepdeiicom ICircle, B KOTO-
POM 00'bSIBJIEHO JIBa METO/A IS TIOJIyYeHNsI KOOPAMHAT X U y IIeHTpa Kpyra, getCenterX()
" getCenterY(), a TakKe elle oAUH MeTOo/l, getDiameter (), AId MONYUYECHNUA UaMeTPa
KpyTa, KaK 1MoKa3aHo B jinctunre 8.9.

JIucTuHr 8.9. brbnMoTeka reoOMeTpUYECKUX onepaLmnii

namespace GeometrylLibrary {

export interface ICircle { b6
getCenterX(): number; MbnnoTeKa reomeTpuyecKuX

getCenterY(): number; onepaumii 0)KMAaeT, uTo Kpyru GymyT
getDiameter(): number; COOTBETCTBOBATb ONpeieNeHHOMY KOHTPAKTy

} Mbl He cTaHeM OnMCbIBaTb

/* onpepeneHHble B uHTepdeiice ICircle onepauuun */ 3Mech cami onepauuit,
} NOCKONbKY ANA Halero

npumepa OHN HeBaXXHbl

Harm Circle 3amaetcst cBouM 1ieHTPoM (IIEHTPAIbHOM Point) u pajmycom. Ecom kimace
Circle coCTaBJISIET TOBKO MAJIYIO YACTh HAIIEH OrPOMHOI KOZOBOI Oa3bl, TO BPSIL JIK HAM
3aX0UeTCs MPOBOANTH ee TII00aNbHbBIH pedaKTOPUHT JIUIIIb TSI 00eCIIEYEeHISI COBMECTH-
MOCTH ¢ 9TOi 6ubaMoTEKOi. X0opolas HOBOCTb COCTOUT B TOM, UTO €CTh Hosiee IpocToe
pellieHe: MOKHO pealn30BaTh Kiace CircleAdapter — peai3yoILy0 HeOOXOMMMbIil
unTepdeiic 06epTKy ISt Kiiacca Circle, cogepiKalilyto JOrHKY TpeodpasoBaHus Circle
B oxugaeMblii Gubanorekoii Buz (muctunr 8.10).

JNinctuur 8.10. Knacc CircleAdapter

Knacc CircleAdapter
peanusyet untepdeiic ICircle,

class CircleAdapter implements GeometryLibrary.ICircle { oHAaeMbiii GuGnHoTeKo

rivate circle: Circle; .
P ’ CirdleAdapter — o6eptka
ana sk3emnnapa Circle

constructor(circle: Circle) {
this.circle = circle

}
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getCenterX(): number {

}

return this.circle.center.x; <+

getCenterY(): number {

}

return this.circle.center.y; <«

getDiameter(): number {

return this.circle.radius * 2;
}
}

Metoppbi getCenterX() n getCenterY()
CRIyKaT AnA nonyyeHna u3s obbexra
Circle cooTBeTCTBYIOLNX KOOPAMHAT X Ny

Metop getDiameter() nonyuaet paguyc u ymHoxaet
€ro Ha 2 (AuameTp paBeH yABOEHHOMY pajuycy)

Teneps piis Toro, 4yTOOBI UCIIOJIb30BATh 61/16111/10Te1<y reoMeTpUYECKUX OTIepallnii C IK-
3eMILIIPOM Circle, MOKHO €cO3/1aTh /i1 Hero CircleAdapter u mepejarh 9TOT aJalTep
B 6I/I6JII/IOTeKy. [TaTTepn npoekTUpoBaHus «Ajantep» OueHb yao6eH 1U1st pabOTBI € KOJIOM,
KOTOPBIM MbI HE MOKEM MOAUGMUITUPOBATH, HATTPUMEDP KOJOM M3 BHEITHUX 616INOTEK.
O6wag CTPYKTYpa JIAaHHOTO MaTTepHa TpUBejieHa Ha puc. 8.4.

0xunpaemblii
netepdeiic 0 — IExpected Adaptee
expected() actual()

Adapter peanu3yer is-a \ OaKTnyeckas
0Xupaemblii nHTepeic
ncnykuT obeptkoit 00— Adapter has-a peanizatitn
AnA GaKkTU4ecKoii peanusaLum adaptee

Peanuzauus metopa _— expected()

expected() ucnonb3yer

BOIiCTBO adaptee

1 BbINONHAET

npeo6pa3oBanue

Puc. 8.4. NHTepdelic IExpected n dakTuyeckas peanusaumsi Adaptee HeCOBMECTUMBI.
Mx coBmecTmocTb obecneunBaet Adapter 3a cyet peanusauumn IExpected n npeobpasosaHus
Mexay dyHKumMoHanoM, obbsiBneHHbIM B IExpected, 1 dyHKUMOHANOM, akTnyeckn
peanu3oBaHHbIM B Adaptee

8.3.4. YnpaxHeHus

1. Kak 65l BbI cMozienpoBasn kiaace FileTransfer (Ilepenaua (aiiioB), HCIOIB3Y IO
turtt Connection (CoennHenue) st mepegauu haitaos 1o cetu?

A. Knacc FileTransfer pacmmpsier Connection (Hacjemayer HeOOXOAUMOE ISt CO-
eTMHEeHUs TToBejIeHne OT Thia Connection).

Bb. Krnacc FileTransfer peanusyert Connection (peanusyet mHTepdeiic, B KOTOPOM
00BSIBIIEHO HEOOXOMUMOE [I7TsT COETTHEHNST TTOBE/ICHIE).

B. Kmacc FileTransfer cJIysKUT afialiTepoM Jijist Connection (HEOOXOAMMYTO JIJIsT
coennHeHust HYHKITMOHATLHOCTD 0OECTIETNBAET YTEH KITACCA).
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I. Tun Connection paciupser abcTpakTHbBIN Kaacc FileTransfer (paciuupser
abcTpakTHBIN Kiace FileTransfer u obecriedrBaeT HEOOXOAMMOE JOTMOTHUTEIBHOE
TTOBEJIEHHE).

2. Peanuayiite tur Airplane (Camosier) ¢ IByMSI KPbLJIbSIMU U JIBUTATENIEM HA KAKIOM
U3 KPBLIbEB Ha OCHOBE 3aJaHHOTO Kjaacca Engine ([Isurarens). Ilompobyiite cmome-
JINPOBATD ATOT CIIEHAPUI C TOMOIIIBIO KOMITO3UIIUH.

8.4. PacwwupeHue gaHHbIX
N BapuUaHTOB MoBeAeHus

Eiite oiu# c11ocob BKIOYHUTE JOTIOJHUTEIbHBIE JIAHHbIE 1 [TOBEJIEHUE B TUIT — HEYTO OT-
JIMYHOE OT HACJIeIOBAHUS, XOTS U, K COXKAJICHUIO, Peasin3yeTcs ¢ TIOMOIIbIO HACTeI0BAHUS
B GOJIBIITMHCTBE TIOJ/IEP/KUBAIONINX €T0 SI3BIKOB.

Bepnemcs K HanieMy YIIPOIIEHHOMY ITPUMEPY C KUBOTHBIMU: THII Cat — Pa3HOBU/I-
HOCTDH Pet, ABJIFIONIETOCS PA3HOBUAHOCTHIO Animal. BkiiouuM B HaIly HepapXuio TUIT
WildAnimal (/Iukoe :kuBOTHOE) U ero gouepHuii Tui Wolf (Bouik). J[ukue xXuBoTHbIE
MoryT 6poauThb (roam()), a BOJIK — ellie 1 0XOTUThCA. OX0Ta COCTOUT U3 TPEX OT/ETbHBIX
MeTO/I0B: track() (BbicjexkuBaTh), stalk()(moakpaabiBaThcs) u pounce() (aTakoBaTh)

(puc. 8.5).

Animal
eat()
Pet WildAnimal
play() roam()
Cat Wolf
meow () track()
stalk()
pounce()

Puc. 8.5. PaclumpeHHas nepapxusi xmBoTHbIX ¢ WildAnimal n Wolf. Inkue x1BOTHblE MOTYT 6poanTb
(roam()), a BOMK MOXET OXOTUTbCS C NoMowblo MeToaoB track(), stalk() n pounce()

[Tpu sxesannm MOKHO /laxke peanusoBaTh nHTepdetic IHunter (OXOTHUK) cO cTaH-
JapTHbIMU MeTosaMu track(), stalk() u pounce().

A 4ro, eciin 100ABUTD B 9Ty MEPAPXMIO ellle U THIl Tiger? Tiger TakiKe MOKET 0XO-
TUTBCS, U, IOITYCTUB TIPEIIOJIOKEHNE, YTO OXOTHUYBY TTOBA/IKU XUIITHUKOB O/INHAKOBBI,
HeT cMbIc/Ia LyOaupoBaTh Ko B Trnax Wolf u Tiger. OuH 13 BADUAHTOB PELIEHIS 9TOM
po6JIeMbl — BBEIEHUE B MEPAPXIIO OOIIEro THIIa Hunter, KOTOPbIii Obl SIBJISLICS TOYEPHUM
Ut WildAnimal 1 poauTe bcKuM it Wolf u Tiger (puc. 8.6).

ITOT MOAX0/ paboTaeT HOPMAJIbHO, IOKA MbI HE OCO3HAEM, YTO KOIIKK TOKE MOIYT
oxotuthest. Kak ske obecrieduts Z0CTyIl Cat K MOBEAEHIIO OXOTHUKA, He Tiprberast K 1oJi-
HOII TTepecTPOIKe nepapXuu TUTIOB?
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Animal
eat()
Pet WildAnimal
play() roam()
Cat Hunter
meow() track()
stalk()
pounce()
Wolf | | Tiger

Puc. 8.6. Tvn Hunter, onucebiBatoLwmii NoBeaeHNe 0XOTHWKA, — poauTenbckuit ans tunos Wolf n Tiger

8.4.1. PacwwupeHue BapnaHTOB NOBeAEHUS
C NOMOLLbK KOMMNO3UNLIUN

Opun u3 cocoboB — onucarh uHTepdeiic IHunter 1 KiIace HuntingBehavior!, unka-
CYJIMPYIONIKiT 06IIKe AJIsT KOIIEK, BOJKOB M TUTPOB OXOTHHYbH TIOBAIKK, KaK MOKa3aHO
Bmcrunre 8.11. A 3ateM MOKHO OyZeT cie/1aTh Bee HALIKM TPU TUIa: Cat, Wolf u Tiger —
obepTKaMu /Il 9K3EeMILIAPOB HuntingBehavior 1 IepeHecTH B HETO peaius3aluio HHTep-
detica (puc. 8.7).

Animal IHunter
eat() track()
T stalk()

‘ pounce()

Pet WildAnimal

play() roam()

i
I

Cat Wolf || Tiger | | HunterBehavior

meow ()

Puc. 8.7. Cat, Wolf v Tiger cnyxat obepTkamn ans sk3emnnspa HuntingBehavior v peanusyiot
nHTepdeiic IHunter. OHM aenervpytoT Bce Bbi30Bbl 06epHYTOMY 06bekTy. HuntingBehavior
npepocTasnseT peanv3aumio IHunter, KOTOpyo Bce peanusytoLme ero XX1BOTHbIE MOTYT UCMO/b30BaThb
B BMAE KOMMOHEeHTa. Mbl ucknounnm HuntingBehavior 13 nepapxum Animal

U ABTOp 371€Ch U jajiee oIepeMeHHo ncnob3yer HasBanusa HunterBehavior u HuntingBehavior,
XO0Ts1 peub Bpoze Obl et 06 ogHOM Kiacce. — [Ipumey. nep.
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Jinctmur 8.11. OXOoTHMYLM NOBaAKM

interface IHunter { 06wymit untepgeiic IHunter

track(): void;
stalk(): void;
pounce(): void;

}

0X0THMYbY MOBAAKY, 00LMe

ANA BCeX XULWHbIX XXUBOTHbIX

class HuntingBehavior implements IHunter {
pray: Animal | undefined;

track(): void {

/* L. %/
}
stalk(): void {
/* L. %/
b

pounce(): void {
VALY
} Knacc Cat cnyut

obepTKoil AnA 3K3emMnnApa
HuntingBehavior

}

class Cat extends Pet implements IHunter {
private huntingBehavior: HuntingBehavior = new HuntingBehavior();

track(): void {
this.huntingBehavior.track(); <«—
b

stalk(): void {
this.huntingBehavior.track(); <—

Bce meTopbl uHTepdeiica IHunter
NpocTo NepeHanpasnATcA

Ha BbINONHeHNe

sk3emnnapy HuntingBehavior

}

pounce(): void {
this.huntingBehavior.track(); <—

}

meow(): void {
/* o0 */
}

IT1o BroHE pabOTOCITOCOOHBIN TTOAXO0/I, HO IPU HEM KOJ COAEPKUT HECKOJIBKO
KJIaCcCOB, peau3yonux naTepdeiic THunter ¢ OMOIIBIO 00EPTHIBAHUS 9K3EMILISIPA
HuntingBehavior. /lobaBiieHne KaK0T0 HOBOTO XUIHUKA B HAIY UEPAPXUIO TEIEPh
TpebyeT Macchl CTEPEOTUITHOTO KOJIa, KOTOPBIN MPUIETCS] KOIMMPOBATh U3 IPYTOTO THIIA.
Xy:xe Toro, q0doe n3MeHeHre nHTepdelica IHunter MpuUBeIeT K KACKaLy U3MEHEHUN
B KOJIOBOU Gase, Belb MPUAETCS MEHSATD OMMCAHUSI BCEX JKHBOTHBIX ¢ OXOTHUUBMMU T10-
Ba/IKaM1, HECMOTPS Ha TO YTO MEHAETC TOJIbKO caM HuntingBehavior.

Mo3KHO i1 peain30Bath 910 Bee Oosiee onTuMasbio? U na u Her.
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8.4.2. PaclumpeHune noBeaeHMs C NMOMOLLbIO NpuMecen

Jlis peaszanuu o6IIero MoBeJeHUsT BCeX XUITHUKOB TIpolie ObLI0 Obl IPUMEIIaTh €ro
BO Bee TUIIbl. K cosKajIeH1io, 9T0 0OBIYHO OCYILECTBIISIETCS C IIOMOIIBIO MHOKECTBEHHOTO
HaCJeJ0BAHUs, YTO ILJIOXO COIJIACYETCSI ¢ MaTePHaJoM, OIIMCAHHBIM B Hayajle JaHHOI
I[JIABBI IIPK 00CYKAEHNN SMIIMPIIECKOrO IPaBuiIa is-a. V1 910 erre ObLIM OIIMCAHBI JATIEKO
He BCe OITaCHOCTH MHOKECTBEHHOTO Hac/AeI0BaHus (HO €I BaM MHTEPECHO, TO MOKETE
MOUCKATD 10 KJIIOYEBLIM CJIOBaM <«npobiema pombosuonozo naciedosanus» (the diamond
inheritance problem)).

MbI B3IJIIHEM Ha Hallly 3a7a4y ¢ TOYKU 3PEHUSI MHOKECTBEHHOTO HaC/IeI0BaHMs,
co3JaauM KJIacc Hunter, peaJusyomuil HoBefeHne OXOTHIKA, OT KOTOPOro OyIyT II0-
POKIEHBI BCe KJIACCHI JKUBOTHBIX-XUIHUKOB. Torma Cat OKaxKeTcs pasHOBUAHOCTBIO KaK
Animal, Tak u Hunter.

C zpyTOii CTOPOHBI, MPUMECH W HACTEAOBAHIE — He COBCEM OJHO M TO ke. MOKHO
co3/1aTh KJacc HuntingBehavior, peajiiayoniuii lIoBeIeHIe OXOTHIKA, & KJIaCChl JKUBOT-
HBIX-XUITHUKOB OYAYT IIPOCTO GKIIOUAMD 9TO OBEJEHUE.

NMPUMECH U OTHOLUEHUE BKJTFOYEHMA

Mpumecn 3a4aloT OTHOLWEHWE BKtoYeHus (includes) Mexxay TUMOM 1 ero TUMoM-
npumeckto. [ins knacca Cat n Tuna-npumecn HuntingBehavior otHoweHune byaet
BbIrNsAeTh kak «Cat BkovaeT HuntingBehavior». OHO onMCbIBaET ceMaHTu4Ye-
CKMIA CMbICN NpUMecei, OTNINYHBIA OT CEMAaHTUYECKOrO CMbIC/Ia OTHOLLEHUS iS-a
Hacnenosanus (puc. 8.8).

Animal HunterBehavior
eat() track()
T stalk()
‘ pounce()
Pet WildAnimal
play() roam()
I
cat Wolf | | Tiger

meow ()

Puc. 8.8. B Cat, Wolf n Tiger npumelnar knacc HuntingBehavior, 4to no3sonsieT n36aButbcs
oT 60bLIOro 0b6bema CTepeoTUNHOro Koaa: HeobxoaumocTun B obepTbiBaHuM kKnaccamu HuntingBehavior
W AenernpoBaHumM Bbi30BOB H0nbLUe HEeT. OHM NPOCTO BK/IOYAIOT 3TO NoBeseHue

[Tpumecu cTOJIb HEOIHO3HAYHBI U IPOTUBOPEYUBDI IIOTOMY, YTO MHOTHE SI3bIKKU PAJIN
YIPOIIEHUST BOOOIIE HE MOJIEPKUBAIOT UX, @ B OOJIBIIMHCTBE W3 TTOIEPKUBAIOTIIX WX
SI3BIKOB TIPUMECH HEOTJIMYMMbI OT HacJiefioBaHust. Bee lorndHo, Be/b TPHU NCIIOJIb30BaHNUN
B KayecTBe MPUMeCH TaKOoTo KJacca, Kak HuntingBehavior, Cat aBTOMaTHY€CKU CTAHOBUT-
€41 €70 HOATUIIOM. DK3eMILIAP Cat MOKHO Telepb [epeaaTh B 1I000e MECTO, T TpedyeTcs
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HunterBehavior, HO TeCT Ha OTHOLIEHHUE iS-a eMy IIPOUTH He yJacTcd: Cat He SABJseTCs
Pa3HOBUIHOCTHIO HunterBehavior.

[TpumecH MPEKpPacHO MOMOTAIOT YMEHBITUTE 06BEM CTePeOTHITHOTO Koia. OHuU To-
3BOJISIIOT C(hOPMUPOBATH OOBEKT, BKIIOUNB B HETO PAa3JUYHbIC BAPUAHTHI TOBEACHMS,
U UCIIOJIb30BATh TIOBTOPHO 001Ilee TIOBEIEHNE B PA3IUYHBIX THIAX. JIydIie Bcero oHu moj-
XOZAT JUJISL Peau3aluu CK803HOU QyHKyuonaivrocmy (Cross-cutting concerns): aclieKToB
[IPOrpaMMBbl, BJUSIONIMX Ha IPOYYIO PYHKIIMOHAIBbHOCTD, KOTOPbIE HE IT0JIy4aeTCs JIETKO
pa3ouTh Ha coctaBHble yacTh. Cpein HUX TO/ICYET CCIJIOK, KIMIMPOBAHNE, COXPAHEHUE
JIAHHBIX U T. ]I.

[lasee Mbl KPaTKO paccMOTpPUM Ipumep Ha sa3bike TypeScript, HO yuTuTe: €ro CuH-
takcuc cnenududer umenHo st TypeScript. He GecriokoiiTech, €Cin OH BBITJISIANT 3a-
[IyTaHHBIM, HAC MHTEPECYIOT TOJILKO JieXKalllie B €r0 OCHOBE ITPUHITHIIBI.

8.4.3. Tllpumecn B TypeScript

YT00BI CMEIIATh Ba THIA, MOYKHO, B YACTHOCTH, BOCIIOJIb30BaThcs (DyHKIMeH extend(),
KOTOpasi IPUHUMAET B KaueCTBe apIyMEHTOB JIBa 9K3EMILJISIPA Pa3JIUYHbIX TUIIOB U KOIIHU-
pyeT Bce 4JIieHbl BTOPOTO 9K3eMILIsIpa B TIEPBBIi, Kak oka3aHo B suctunre 8.12. 4 npu-
Be/Iy 9TOT IpUMep Ha si3bike TypeScript n3-3a fuHaMUYeCKO IIPUPOJIBI JIEKATIETO B €TI0
ocHoBe JavaScript, B KOTOPOM MOKHO H00aBJISATh/yAAJIATh YIeHbI 00beKTa BO BPEMS
BoinosiHeHus. MyHknust extend() — 00600IIeHHAST K MOKET pabOTaTh ¢ 9K3EMILISIPAMU
JIIOOBIX JIBYX TUIIOB.

Jinctuur 8.12. PaclumpsieM 3k3eMnasp TUna YieHaMu aK3eMnsipa Apyroro Tuna

function extend<First, Second>(first: First, second: Second):
First & Second {

const result: unknown = {}; Bo3gpauaembiii THn GyHKLH

npeacTaBnAeT co6oii couetaHue
tunos First n Second

for (const prop in first) {
if (first.hasOwnProperty(prop)) { (Hayana NpoXofvM B LMKAe N0 BCeM
(<First>result)[prop] = first[prop]; | W1eHam neporo ofbexta

} 1 KONupyem 1x B nepemMeHHyo result
}
for (const prop in second) {
if (second.hasOwnProperty(prop)) { flanee nponenciBaem 1o xe
(<Second>result)[prop] = second[prop]; (amoe ¢ 4neHamn BTOporo Tina
}
}

return <First & Second>result;

B atom sucTiHTe HaM BIlepBbIe BCTPEYaeTCs CMHTAKCHC & BbIpakeHue First & Second
OTIpe/IeJISIeT THII, BKIIOUAIONUH BCe YIeHbl TUTIOB First u Second. Takoii Tum B TypeScript
HasbIBaeTCst munom-nepeceuenuem (intersection type). He obpaiiaiite oco60ro BHUMaHMS
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HA 3Ty KOHKPETHYIO PEAIU3AIHIO, TIABHOE 3/1€Ch — cama H/iest 00 be/IMHEHNUsT IBYX TUTIOB
B TPETUI, BKJIIOYAIONUI BCE UX YJICHBL.

B GosbIiMHCTBE SI3BIKOB TIPOTPAMMIPOBAHUS HE TIOJYIUTCS TAK JIETKO 10OaBUTH HO-
BBIE YJICHBI B 0GBEKT BO BPeMs BBITIOIHEHS, HO 9TO JIOTYCTUMO B JavaScript, a 3HauuT,
n B TypeScript. B kauecTBe asibrepHaTUBBI, Peayin3yeMoii Ha aTarne KoMmruisaiu, B C++
MO’KHO BOCTIOJIb30BATHCST MHOKECTBEHHBIM HACJICIOBAHUEM JIJIst OOBSIBJICHYISI THTIA B BUIE
codeTaHud ABYX JAPYIUX TUIIOB.

Temnepn, rocJse onucanus Metoja extend(), MOXKHO MOAMMUIIMPOBATD IIPUMEP
¢ JKMBOTHBIMHU TaK, Kak mokaszano B juctunre 8.13. BmecTto kimacca Cat Mbl 00bABUM
MeowingPet — J[OUEpHHUIT KJIACC KJTacca Pet, TPpeICTaBISIONUI cOG0M JKUBOTHOE, yMEIoIIee
MSIYKaTh, HO 3TO He COBCEeM Cat, Be/Ib ¥ HETO HET OXOTHUYBKX MOBAJIOK. Jlanee 06bsBUM
kJjacc Cat B BUJle TUTIA-TiepecedyeHnst MeowingPet u HuntingBehavior. U mpu kaxkgom
COBJIAHUH HOBOTO 9K3eMILIsipa Cat Oy/1eM cO3/1aBaTh HOBBII 9K3eMILIsIp MeowingPet 1 pac-
mpsaTh (extend()) ero HOBBIM 9K3EMILISIPOM HuntingBehavior.

Jinctuur 8.13. lNpuMelunBaeM noseaeHne

class MeowingPet extends Pet {
meow(): void {
/* o0 ¥/

Bmecto knacca Cat o6bABnAem
MeowingPet — noutn Cat,
HO He YMeloLLWii 0XOTUTbCA

)
}

class HunterBehavior { . .
. Knacc HunterBehavior — Takoit xe,
track(): void {
KaK 1 B npeAblAyLWuX npumepax

/* L0 */
}
stalk(): void {
/* L0 */
}
pounce(): void {
/* L0 */
}
} J Knacc Cat Tenepb npeactaBnaet co6oi
type Cat = MeowingPet & HunterBehavior; Tun-nepeceyenne MeowingPet n HunterBehavior

const fluffy: Cat = extend(new MeowingPet(), new HunterBehavior());

Co3paem 3k3emnnap Cat, pacnpas
T1n MeowingPet Tunom HunterBehavior

Mo:kHOo 06epHYTH BbI30B extend () B (hyHKIMIO makeCat (), 4TOOBI YIIPOCTUTH CO3/IAHKE
00bekTOB Cat. B oT/imume oT Hac/aeJ0BaHUs, IIPUMECH TI03BOJISIOT 33/1aBaTh Pa3JINYHbIE
TUIIBI JIJIsI PA3HbIX ACIIEKTOB MOBEJEHUS, a 3aTeM cOOUPATh UX BOEAUHO B OKOHYATEIb-
Hbtii Tri. OOBIUHO Y KasKI0TO U3 HUX €CTh YACTh CBOMX, IIPUCYIUX KMEHHO €My CBOICTB
W METOJIOB — B HAIIEM CJydae MeTOJ meow(), — a TaKyKe KaKue-TO CBOMCTBA M METOJIBI,
€IMHDIC JIJIA HECKOJIBKUX TUITOB, HAIIPUMEP OXOTHUYBU IMMOBAIKN HECKOJIbKUX KUBOTHDIX.
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Mpr yxxke pacemoTpesnt nutepdeiicsl, Hacjae0BaHue, KOMIIO3UIIUIO U IPUMECH —
OCHOBHBIE 9JIEMEHTHI 00BEKTHO-OPHEHTHPOBAHHOTO MPOrpaMMHUpPOBaHus. Temepp mo-
CMOTPUM Ha HECKOJIBKO aIbTEPHATHB YICTO 0OBEKTHO-OPUEHTHPOBAHHOMY KOJLY.

8.4.4. YnpaxHeHue

Kax 6bI BbI CMOJIEJTUPOBAJIHN TIEPECHIIKY ITHCEM U MTOCHLIOK, KOTOPBIE MOKHO OTCJICKUBATH
(c momoIibio Metojia updateStatus())?

8.5. AnbTepHaTUBbl YNCTO
06bEKTHO-OPUEHTUPOBAHHOMY KOAY

[Tosb3a 0T 0OBEKTHO-OPUEHTHPOBAHHOTO TPOTPAMMUPOBAHUSI OTPOMHA. BO3MOKHOCTD
CO3/IaBaTh KOMIIOHEHTBI C TyOJIMUHBIMU HHTEP(eiicaMu (CKPBIBast B TO JKe BPEMST HIOAHChI
peajim3aliim), KOTOpble MOI'YT B3aUMO/IEHCTBOBATD JAPYT C APYTOM, — KJIOU K 06paboTKe
CJTOKHBIX MTPEIMETHBIX 06J1aCTEH € TIOMOIIBIO CTPATETHH «Pa3/eIAil U BJIaCTBY >,

TeM He MeHee CyIEeCTBYeT MHOJKECTBO JIPYTHX CIIOCOGOB TIPOEKTUPOBAHKS TPOTPAMM-
HOTO O0ecrieueH s], Kak MbI BUJICJIU B IPUMePaX U3 MPEAbIAYIINX TJIaB, IEMOHCTPUPO-
BaBNINX PA3JNYHBbIE PEaN3alNy MaTTEPHOB MPOEKTUPOBAHMSI, TakKuX Kak «CTparerus»,
«Jlexopatop» u «Iloceturesnb». B HEKOTOPHIX ciaydyasdx ajibTepPHATUBHBIE BAPUAHTHI
obecriednBaloT Jrydiiiee pacierieHe Koja, pa3dueHie Ha KOMIIOHEHTDI 1 TIOBTOPHOE
HCIIOTb30BaHME.

Ho st anbTepHaTnBHBIE BADUAHTHI HE CTOJh MOTYJISIPHBI, TOCKOJIBKY MHOTHE SI3bIKU
MPOTPAMMUPOBAHUST CO3/IABAINCEH KAK YUCTO OOBbEKTHO-OPUEHTUPOBAHHBIE, HE3 TIOJIePIK-
K1 (QYHKIIMOHAIBHBIX MM 0O0OIIEHHBIX TUIIOB JAHHBIX ¥ T. 1. XOTs B GOJIBITUHCTBO U3
HUX MO/JIEPAKKY BCETO HTOTO CO BPEMEHEM JI00aBUJII, MHOTHE TIPOTPAMMUCTHI JI0 CUX TOP
H3YYAIOT MOYTH UCKJIIOUUTENBHO CTapble YHCTO 00bEKTHO-OPUEHTUPOBAHHbBIE METOIBI.
Bkpariie paccMOTpUM HECKOJIbKO BO3MOYKHBIX aJIbTEPHATHUB.

8.5.1. Twunbl-CyMMbl

MpbI yke paccMaTpUBaIM THIIBI-CYMMBI B TJIaBe 3, KOT/Ia UCKAJIU CII0CO0 peaii30BaTh
nattepH npoektupoBanus «IloceTnTenmb» ¢ momMorpio A Variant u pyakmm visit().
KopoTko HATIOMHIO, Kak 3TOT KO BBITJIsiUT Tipu uctosbzoBanuu OOTT u Ges vero.

Ha ceii pa3 Bo3bMeM jipyToii ciienapuit: mpoctoii hpeiimBopk UL ITop3oBarenbekmit
uHTEepdeiic cocTonT U3 gepeBa 00bEKTOB Panel, Label u Button. B oxHoM ciieHapun
Renderer Gy/ieT prcoBaTh 3TH OOBEKTH Ha 9kpare. Bo Bropom XmlSerializer Oyzer
ceprannzoBaTh gepeso Ul 8 XML, 4ToObI COXPaHUTH €r0 U 3arPY3UTh B JaJbHENIIEM.

KoneuHo, MOKHO 100aBUTH METO/IBI JIJIST BUSYATM3AINUN U CEPUATUBAINN B KK IBII
u3 aemerToB UT, HO 3T0 He wieaibHOE peliieHre; 4TOObI 100aBUTh HOBbIH CIIEHAPUT, IPH-
JleTcsl BHOCUTD M3MEHEHUs BO Bee Kiaccebl, coctasiisioniue UL B urore atu kiraceot «3HaioT
CJIMIITKOM MHOTO» O Cpe/ie, B KOTOPO NCIToIb3yloTcsl. B kauecTBe aqbTepHATUBbI MOKHO
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3a/elicTBOBATD IATTEPH IPOeKTUpoBaHus «IloceTuTesb», 4T0ObI PACLEIUTD CIIEHAPUH
¢ Buyzkeramu Ul 1 He gaBaTh uM HHGOPMAIHMU O ClIocobe UX IPUMEHEHUST B IIPUJIOKEHUH,
Kak [I0Ka3aHo B juctunre 8.14.

Jinctuxr 8.14. Co3aaHne NoceTuTeNs C NMOMOLLbI 06bEKTHO-OPUEHTUPOBAHHOIO NPOrPaMMMPOBAHKS

interface IVisitor {
visitPanel(panel: Panel): void;
visitlLabel(label: Label): void;
visitButton(button: Button): void;

}

class Renderer implements IVisitor {
visitPanel(panel: Panel) { /* ... */ }
visitlLabel(label: Label) { /* ... */ }
visitButton(button: Button) { /* ... */ }

}

class XmlSerializer implements IVisitor {
visitPanel(panel: Panel) { /* ... */ }
visitlLabel(label: Label) { /* ... */ }
visitButton(button: Button) { /* ... */ }

}

interface IUIWidget {
accept(visitor: IVisitor): void;

}

class Panel implements IUIWidget {
/* 4neHbl knacca Panel onyuweHb*/
accept(visitor: IVisitor) {
visitor.visitPanel(this);
}
}

class Label implements IUIWidget {
/* 4neHbl knacca Label onyuweHs */
accept(visitor: IVisitor) {
visitor.visitLabel(this);
}
}

class Button implements IUIWidget {
/* 4neHbl Knacca Button onyweHb */
accept(visitor: IVisitor) {
visitor.visitButton(this);

}

B 00beKTHO-OPUEHTUPOBAHHON peaNn3aiu /s CBA3bIBAHUS CUCTEMbBI BOE/U-
HO HeoOXoauMBbI HHTepdeiichl IVisitor u IUIWidget. YToObl paboTarh, BCe BUAKETHI
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MOJIB30BATEILCKOTO WHTEpdelica I0KHBI 3HATh 00 nHTepdeiice IVisitor, XOTs peanbHas
HA0OHOCTD B 3TOM OTCYTCTBYET.

B asbTepHaTHBHON peannsalii — ¢ MOMoIbio Variant (nuctunr 8.15) — unTep-
(heficpl He HYKHBI, KaK U 2JIEMEHTBI JJOKYMEHTA He I0JKHBI 3HATH O CYIECTBOBAHUHI
roceTuTeJel.

Jinctuur 8.15. Co3gaHne noceTnTens ¢ NOMOLLbIO BAapMaHTHOrO Tuna AaHHbIX

class Renderer {

renderPanel(panel: Panel) {/* ... */ }
renderLabel(label: Label) {/* ... */ }
renderButton(button: Button) {/* ... */ }

}

class XmlSerializer {
serializePanel(panel: Panel) {/* ... */ }
serializelabel(label: Label) {/* ... */ }
serializeButton(button: Button) {/* ... */ }

}

class Panel {
/* 4neHbl knacca Panel onyuweHb*/

}

class Label {
/* 4neHbl knacca Label onyweHb */

}

class Button {
/* uneHbl knacca Button onyuweHs */
¥ OnucanHblii B rnase 3 Tun Variant
NocobeH XpaHuTb

let widget: Variant<Panel, Label, Button> = HecBA3aHHbIE UMb JaHHbIX

Variant.makel(new Panel());

Metop visit() «ckneuaet» cuctemy
BOEAUHO, noa6upas metoa
cepuanu3auuu And BugxeTa
nonb30BaTeNbCKoro uHTepgeica

let serializer: XmlSerializer = new XmlSerializer();

visit(widget,
(panel: Panel) => serializer.serializePanel(panel),
(label: Label) => serializer.serializelabel(label),
(button: Button) => serializer.serializeButton(button)

)5

MpbI pacecMoTpesin ncIojib3oBanue Tuia Variant u Mmerozia visit(), xors (popmaiibHO
JIUIITH TIEPBBIE TISITh OTIPEIEIEHUN KJIACCOB SIBJSIOTCS SKBUBAJIEHTOM 0OBEKTHO-OPUEHTH-
poBarHoro ipumepa. O6pature BHUMaHUE: HUKaKHe WHTEP(HENCH TyT He HYKHBL,

B 11e710M MOKHO CXOKHM 00Pa30M MepeiaBaTh 0OBEKTHI PA3ITHYHbBIX THITOB WJIH Pa3-
MeIaTh UX B OJTHOH KOJIJIEKITNH, Taske ecJn OHN He PeaJn3yioT OANH UHTepdeiic u He
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SABJISIIOTCS| TOTOMKAMK OJJHOTO POMTENBCKOTO THIIA JAHHBIX. BMECTO 9TOr0 MOKHO BOC-
I10J1Ib30BaTbhCA TI/IHOM'CyMMof/)I 1 TIOJIYYUTDb TO JKe IIoBeJileHne, He HpI/I6€TaH K CO3/1aHUIO
KaKOH-/1100 CBSI3M MEXK/LY THITAMHU.

8.5.2. ®yHKUMOHaNbLHOE NporpaMMMpoBaHue

[Toka 06 BEKTHO-OPUEHTHPOBAHHbIE SI3BIKU TIPOTPAMMIPOBAHNS He HAYAIH MOIEPKUBATH
(DYHKIMOHATBHBIE THITBI IAHHBIX, TPUXOIUIOCH 00EPTHIBATH 0001 2JIEMEHT TIOBEACHUS
B ksace. Kak mMbl Buziesiu B rJiaBe 5, Tunindnast peajusaius narrepaa «Crparerus» tpe-
GoBasia HaIMUUs WHTEepdeiica 1JIs ONMCAHNS TIOBEEHUS U HECKOJIBKIX KJIACCOB, PEaI-
3YIOINX ATOT UHTEPderic.

CHOBa OCMOTPUM HA PUCYHKH U3 [JIABBI 3, B KOTOPBIX OMUCHIBAIKCH [[BE AJIbTEPHA-
TUBHBIE Peain3alluy narrepHa rnpoektupoanus «Crparerust» (puc. 8.9).

Context npumeHseT anropuTMbl
CnomoLLblo MHTepdeiica \

Context
Nutepeiic anroputma —
IStrategy ———w | IStrategy
execute()
KoHKpeTHble T
peanusauuu ukTepdeiica > | |
ConcreteStrategyl ConcreteStrategy2
execute() execute()

Puc. 8.9. O6beKTHO-OPUEHTVMPOBaHHbIV NMATTEPH NPOEKTUPOBAHWS. Pa3nnyHble BepcuM anroputMa
peanusoBaHbl B ConcreteStrategyl n ConcreteStrategy2

ATy apXUTEKTYPY MOXHO CUIBHO YIIPOCTUTD, €CJIH TIepelaBaTh Peaan3anio aaro-
putMa B Bujie hyHKIMU. BMecTo nHTEpdeiica BocrombayeMcst (DYHKIMOHATBHBIM THIIOM
JIaHHbIX, 2 BMECTO KJIaccoB OyeM 3aneiictBoBath hyHkuuu (puc. 8.10).

DyHKIMOHATBHOE TPOTPAMMUPOBAHNE IO3BOJIAET TakKe N30eKaTh COXPAHEHUS
cocTostHUsT: (DYHKITNST MOJKET TTPUHUMATH Habop apryMeHTOB, BBITTOJIHITH KaKkie-1uHo
BLIYMCJIEHUS U BO3BPAIIATH PE3YILTAT €3 N3MEHEH s KaKOT0-T1O0 COCTOSTHUST.

BepHemcst k HatreMy mpumMepy ¢ GUHAPHBIM BbIpaskeHreM B jictunre 8.16 1 B3risiHeM
Ha OJIHY U3 BO3MOXKHBIX €r0 (DYyHKIIMOHATBHBIX peanusaiuii. Ecan onucaTs BbIpakeHue,
Pe3yJIbTaTOM BbIYMCJIEHUS KOTOPOTO ABJIAETCS YUCJIO, TO MOXKHO 3aMEHUTD Halll HHTep-
(efic IExpression Ha (PYHKITMOHAJIBHBIN THUII IAHHBIX EXpression, KOTOPbII He MpH-
HUMAaeT apryMeHTOB U BO3BpalllaeT Yynucjo. Bmecto SumExpression MOXKHO pean3oBaTh
(habpuunyio dhyHKIHO makeSumExpression (), KOTOpas BO3BPAIIAET JIJisT IBYX 3a/[AHHBIX
YyuceJs 3aMbIKaHue, Bbluncsgioniee nx cyMmmy. HanomHio, 4To 3aMbIKaHe 3aXBaThIBaeT
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COCTOSTHUE — B JIAHHOM CJIydae apryMeHThl a 1 b. To ke camoe cripaBeiyiiBoO U I/t YM-
HOKEHUSI.

Context npumeHseT anropuTMbl
CnomoLLblo MHTepdeiica \

Context
Bce ctpateruun
npeacTaBnAoT T
C060ii GyHKuUY | concreteStrategy1() | | concreteStrategy2() |

Puc. 8.10. OyHKUMOHabHbIVM NaTTepH «CTpaTterus». PasnnyHble BEpCUMM anropuTMa peannsoBaHsbl
B BUAe dyHKUMIA

Jnctrr 8.16. OyHKUMOHaNbHbIE BbIPAXXEHWS

3ameHa ana untepeiica IExpression —

type Expression = () => number; (yHKUMOHanbHbIA TN Expression

function makeSumExpression(a: number, b: number): Expression {

t = b; .
return () => a + Oynkuna makeSumExpression()
BO3BpaLLaeT 3amblkaHue () =>a+b

}

function makeMulExpression(a: number, b: number): Expression {
return () => a * b;
} Oyukuua makeMulExpression() Bo3Bpaluaet 3ambikaHue () =>a*b

Kiacc BinaryExpression HaM G0JIbllie He HY’KeH; MbI HCIIOJIb30BAJIM €T0 JIJIST XPAHEHsT
COCTOSIHUSI, HO COCTOSTHHUE TeIlePb 0OEPHYTO B 3aMbIKAHUSL.

[Tpu 60siee caoxuoM unTepdeiice IExpression, MIMEIONIEM MHOTOYHUCIEHHbBIE METOJIBI,
00BEKTHO-OPUEHTUPOBAHHBII 11071X071 ObLI ObI GoJiee orpaBiat. Ho yuTuTe, 4T0 B IIPOCTHIX
CJIydasix MOKHO PEAIM30BaTh TO JKe TIOBEICHUE TIPU FOPa3/0 MeHbIIEM 00beMe KOJ1a, UC-
0JIb3Yst (DYHKIIMOHATBHBII TTOAXO/L.

8.5.3. 0606ueHHOe nporpaMMMpoBaHme

Eue ogna anbrepHaTuBa 4uncTo 00bEKTHO-OPUEHTHPOBAHHOMY IIOAX0LY — 0000IIeHHOe
HpOFpaMMI/IpOBaHI/Ie. O6O6H_ICHH]JIQ TUIIbI JaHHDBIX BCTpe‘{aJII/ICb BO MHOTUX HalllUX HpI/I-
Mepax Koz, HO [I0Ka He 00CysKAaauch nogpoOoHo. Mbl 3aiiMeMcst 9TUM B CJIeLYIOHIIX
JIBYX IJlaBaX U PACCMOTPHUM Pa3JIMUHbIE CIIOCOOBI aGCTPArHPOBAHUS U TOBTOPHOTO KC-
MOJIb30BaHNA KOJIA.

[MosxanyiicTa, He JeaiiTe U3 JAHHOIO pasjie/ia BbIBOJ, YTO HYKHO M30eraTb 0O beKTHO-
OPUEHTHUPOBAHHOTO ITPOTPAMMUPOBAHNS; 3TO MHCTPYMEHT, KOTOPBIN UTPaeT BasKHYIO POJIb
IIPU PELIEHNH ITMPOKOTO CIIEKTPa 3aiad. BEIBOZ CIIeyeT ceIaTh APYToil: Halo yIUThIBATD
HECKOJIBKO BO3MOYKHBIX albTePHATHB. BBIOMPATh CIeAyeT TOT IMOAX0, KOTOPBII cleaaeT
KOJL KaK MOKHO OoJiee 6e3011acHbIM, TOHATHBIM U ¢1a00 CIeIJIEHHBIM.
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Pe3tome

O C nomornsio nuTepheiicoB 3aa10TCsT KOHTPAKTHL. VIHTEphEiichl MOKHO PacIIupsaTh
" KOMOMHUPOBATb.

Q OMuupuyeckoe IpaBuIIoO is-a — OTIUYHBIN KPUTEPUIL TOrO, HY>KHO JIM UCIIOJIb30BATD
HacJe/I0BaHme.

Q HacsenoBanue npuMeHseTcs s OTpaskeHusl uepapXuil CyluHocTel uin peajnsaliuu
apaMeTpU30BaHHOTO MOBEEHHS ¢ TOMOIIbIO AOCTPAKTHBIX UJIU MEPEOTPEIETEHHBIX
METO/IOB.

O SMIMpUYecKoe MPaBuJio has-a — OTJIUYHBIN KPUTEPUI TOTO, KOT/IA CJIE/LYET UCIIOJIb-
30BaTb KOMIIO3ULIUIO.

Q Kommnosuimst mpuMeHsIeTcst /11 MHKATICYJISIITAN HECKOJIbKUX COCTaBHBIX YacTeil B O/1-
HOM THUIIE TaHHbIX.

Q IlatTepH MPOEKTUPOBAHUS «AMamnTep» — MPUMeP TOTO, KaK C MMOMOTIBIO WHKATI-
CYJNALMK U KOMIIO3UIUU IIPUCIIOCOOUTD THUII IO APYroil unrepdeiic, ne moandu-
UPYS €ero.

O C noMolpio npuMeceii MoKHO 1006aBUTh B TUII JOIIOJTHUTEIbHBIA BapUAHT 110BE-
JIEHUS.

Q Twunbl-cyMMBI, GyHKIMOHATIBHOE IIPOrPaMMIPOBAHKEe U 0000IIEHHOE IPOrPaMMUPO-
BaHMe — 3acJIyKuBarolue BHUMaHus aimbTepHatuBbl ynuctomy OOII. Bripouem, onu
He ABJIAIOTCH 3aMEHOM 0ObEeKTHO-OPUEHTUPOBAHHOIO IPOrPAMMUPOBAHUS; IIPOCTO
WHOT/IA TIOZXO/IST JIydIIIe.

Mt Jiutith BKpATIie 3aTPOHYJIH 0G00IIEHHBIE THITBI IAHHBIX B TEKYIIEH TJIaBe, TOCKOJIb-

Ky JIBE CJIE/IYIONIHE [TOCBSIIEeHbl UCKJIIOUUTEBHO 3TO TeMe. HuTaiite nasbiie!

OTBETbI K YNpa>XHEHUSM

8.1. OnucaHne KOHTPAKTOB C NMOMOLLbIO MHTEPENCOB

1. B — ¢ Touku 3perus GyHKIUKE index () 9TO ABHO KOHTPAKT, TaK YTO JIydiie Oyaer
BOCITIOJTb30BaThcsl nHTEpdeiicom INamed.

2. Jtotr uHTEpdeiic MOKHO 33[aTh MIPOCTO ITyTEM COUETAHUS J[BYX OCTAJIBHBIX NHTEP-
eiicos:

interface IterableIterator<T> extends Iterable<T>, Iterator<T> {

}

8.2. HacnepnoBaHue AaHHbIX 1 NOBEAEHMUS

1. T — YK€ 110 OAHUM Ha3dBaHUAM KJIaCCOB BU/ITHO, YTO HU O/INH U3 TPEX IPUMEPOB
HE OIIMCbIBA€T OTHOIIECHMA iS-CZ, II03TOMY HU B O/THOM HE UMEET CMbICJI UCITIOJIb30BaTh
HacJielj0BaHue.
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2. OlIHa N3 BOSMOJKHDBIX peaJII/IBaHI/Iﬁ Ha OCHOBE€ HacJieJOBaHMs BBITJIA/INT TaK:

abstract class UnaryExpression implements IExpression {
readonly a: number;

constructor(a: number) {
this.a = a;
}

abstract eval(): number;

¥

class UnaryMinusExpression extends UnaryExpression {
eval(): number {
return -this.a;
}

8.3. KoMno3unumsa aaHHbIX 1 NoBeaeHUs

1. B — aroT crieHapuii OTINYHO MOIXOMUT /TSI NCTIOTBb30BaHUS KOMITO3UINH. OObeKT
Connection ciemyer caenaTh 4IeHOM Kjaacca FileTransfer, TIOCKOJIBKY OH TaM He-
06XO0/TMM, OITHAKO He HYKHO HACTeIOBATH HI OIUH 13 9TUX THITOB OT JPYTOTO.

2. OpHa 13 BO3MOKHBIX peanmaunﬁ Ha OCHOBE€ KOMIIO3UIINI:

class Wing {
readonly engine: Engine = new Engine();
}

class Airplane {
readonly leftWing: Wing = new Wing();
readonly rightWing: Wing = new Wing();

8.4. PaclumpeHue aaHHbIX U BapUAHTOB NMoBeAEeHUS

Opun 13 c110co60B MOJEIMPOBAHMKS 9TOIO — CO3AATh Kaace Tracking /ISt TOBEAEHNUS OT-
CﬂexadBaHHﬂ,asaTeAJCMCUJaTbGFO(:Kﬂaccawu1LetterllPackage,qTo6b1ao6aBHTb13HMX
noBejieHue orciexkuBanus. B TypeScript aTo MOKHO peasn30BaTh ¢ TTOMONIBIO TAKOTO
MEeTO/1a, Kak extend():

class Letter { /*...*/ }
class Package { /*...*/ }

class Tracking {
setStatus(status: Status) { /*...*/ }
}

type LetterWithTracking = Letter & Tracking;
type PackageWithTracking = Package & Tracking;



Ob06wennvle
CMpPYKMypoL OaHHbIx

B 3TOM rnaBse

Q Pa3geneHne HE3aBUCUMbIX S/IEMEHTOB (hyHKLIMOHANIBHOCTY.
Q Wcnonb3oBaHue 0606LLEHHBIX CTPYKTYP AN Pa3MELLEHUS AaHHbIX.
Q 06xoA NPOM3BOSbHOM CTPYKTYPbl AaHHbIX.

O ®dopMupoBaH1e koHBelepa 06paboTKN AaHHbIX.

Mbr HauHeM 00cysaeHre 0006IEHHbIX THIIOB JAHHbBIX C PACIPOCTPAHEHHOTO CIIEHAPHST
WX IPUMEHEHUS: CO3[aAHNS HE3aBUCUMBIX, TTOBTOPHO MCITOJIB3YEMBIX KOMIIOHEHTOB.
MBI pacCMOTPUM HECKOJIBKO CIIEHAPUEB, B KOTOPHIX MOKET IIPUTOAUTHCS TOKIECCTBEHHAS
dynkius (PyHKLIUS, IPOCTO BO3BPAILAOLIAs II0JYYEHHBII apTyMEHT ), ¥ IIOCMOTPUM Ha
ee 06o6menmyio peanusanuio. Kpome Toro, Mpr o6cyiuM Tuir Optional<T>, KOTOPbII MbI
CO3/Ia/N B IJIaBe 3, C TOUKN 3PEHUsT IPOCTOTO, HO 00IaaioIero GOMBITIMI BO3MOKHO-
CTAMU 0000IIEHHOTO TUIIA JAHHDIX.

Jlanee MbI IIOTOBOPHM O CTPYKTYpax AaHubiX. OHU onpeaensior GopMy JaHHBIX
6e30THOCUTEIBHO K coepskanuio. O6o0menne CTpyKTyp JaHHbIX TI03BOJISET IIOBTOPHO
MCIIONB30BATh OHY (GOPMY /I CaMbBIX Pa3HOOOPA3HBIX 3HAYEHUIA, YTO CYIECTBEHHO
cHmkaeT oobeM TpedyeMoro Koza. Mbl HaureM ¢ GMHAPHOTO JepeBa YNCI0BBIX 3HAYEeHIIT
U CBSIBHOTO CIMCKA CTPOK ¥ 0600MIMM UX 10 OMHAPHOTO epeBa U CBAZHOIO CIIKCKA.

O6o061entbie CTPYKTYPhI JAHHBIX — €IIe He PENICHNE BCeX TPoOIeM: HeoOXO0IMMO UX
Kak-To 06X0auTh. MBI 00CYIMM PIMEHEHNE UTEPATOPOB B KauecTBe 00miero maTepdeiica
nis o6xoza 000 CTPYKTYPLI JAHHBIX. Biarogapst 5ToMy MOKHO Tak:Ke yMEHBIIUTD
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06beM TpebyeMoro Koja, MOCKOJIbKY A0CTATOYHO OYIET CO3/aTh OJHY PaboTaoIyo
¢ UTepaTopamMy BEpCHIo, a He OT/esIbHbIe BepCur (DYHKIMI /U151 BCeX CTPYKTYP JJaHHBIX.
[Tpu aTOM MBI CHOBA BOCIIOJIb3yeMCSl TeHePaTOPaMi, ¢ KOTOPBIMM Mbl II03HAKOMUJIICD
B riiaBe 6. OHU TIPEACTABIISIOT cO60H BO30OHOBIIsIEMbIE (DYHKITUH, BBIIAIONIIE 3HAYCHVIS,
TaK 4TO MO3BOJISAIOT PEaIn30BaTh UTEPAIUH 110 CTPYKTYPaM JIaHHBIX.

HaxoHerr, MbI TOTOBOPUM O CBA3BIBAaHUU (DYHKIHIT B KOHBelepbl 1 06paboOTKy ¢ UX
MOMOIIIBIO TIOTEHITMATBHO GECKOHEYHBIX TIOTOKOB JTAHHBIX.

9.1. PacuenneHune aneMeHToB (PYHKUMOHANBbHOCTH

Bol mosnakoMuTech ¢ 0000OIEHHBIMI TUTTAMH Ha TIPOCTOM MpuMepe (hyHKITI getNum-
bers (), BO3BpaIaonieidl MaCCUB YUCE, TIO3BOJISIS TIPUMEHNUTL K HUM HY;KHOE TIPeod-
pasoBanue repe Bo3ppaToM. g aToil 11esin y Hee ecTb (PYHKIIMOHATBHBIN apryMeHT
transform(), KOTOPbIHI IpUHKUMaeT Ha BXO/ie U BO3BpalliaeT yrcJio. BoldbiBalolias cropota
nepezaer nogooHy0 GyHKIMO transform(), a getNumbers () IPUMEHSIET ee, IPEKIE YeM
BEPHYTD Pe3yJIbTar, Kak IIoKazaHo B uctunre 9.1.

Jnctunr 9.1. OyHkuma getNumbers()

OnucbiBatowwmit GyHKLMIO THR,
type TransformFunction = (value: number) => number; KOTOpbIil NPUHUMAET Ha BXOAE
11 BO3BPALLIAET YUCNO
function getNumbers(
transform: TransformFunction): number[] {

/x ... %) Boi3biBatowas C(TOpOHa nepepaer

dyHkumio transform(), npumensemyio
K KaX/loMy U3 BO3BpaLLaeMbiX
B UTOTOBOM MaccuBe 4ucen

A 4TO, ec/i BBI3BIBAIOIIAS CTOPOHA HE XOYeT IPOU3BOAUTH HUKAKUX IIPeo0dpa3oBaHmii?
VY 106HBIM 3HAUEHUEM 110 YMOJYAHWIO JIs (QyHKIMY transform() OyaeT QyHKITHS, KOTO-
past HIUero He JieJlaeT — TIPOCTO BO3BPAIIAET MepelaHHOe B Hee 3HaUeHMe, KaK MTOKa3aHo
B JmctuHTe 9.2.

JinctuHr 9.2. OyHkums transform() no ymonyanuio

type TransformFunction = (value: number) => number;

function doNothlrjg(value: number): number { Oyhkuns doNothing() npocto
return value;

} BO3BpaLLaeT nepefaHHbIi eil aprymeHT
6e3 kakoro-nu6o ero npeo6pazoBaHus

function getNumbers(
transform: TransformFunction = doNothing): number[] {

/* .0 %/
} Oynkuna doNothing() ncnonb3yertca B getNumbers()

N0 ymon4yaHuio, N03ToMy Bbi3biBaloLLiaA CTOPOHA MOXKeT
ONyCTUTb aprymeHT, e HUKaKoro npeoﬁpaaoBaHml He Tpe6yeTc5|

Paccmorpum erie ogus npumep. Jomycrum, y Hac ecTb MaccuB 00beKTOB Widget 1 Mbl
yMeeM co3aBath U3 00beKToB Widget 0ObeKThl AssembledWidget. Dynkims assembleWid-
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gets () mpor3BoaAUT 06PabOTKY MaccuBa 0OBEKTOB Widget M BO3BpAIaeT MAaCCHB OOBEKTOR
AssembledWidget. A IIOCKOJIbKY HaM He XOTeJ0Ch Obl coOMpaTh GoJiblle 0OHEKTOB, YeM
HY>KHO, OyHKITUST assembleWidgets () MpuHUMaeT B KauecTBe aprymMenTa yHKInio pluck(),
KOTOPasi BO3BPAIAET MOMHOXKECTBO MepelaBaeMOro eif MacciBa 0ObeKTOB Widget, Kaxk 1mo-
Ka3aHo B jiucTuHre 9.3. balaroziaps aToMy BbI3bIBaOIAd CTOPOHA MOXKET YKa3aTh (DYHKIUH,
KaKue 13 BUKETOB JIeHICTBUTEIBHO HYKHbI, 2 KAKUE MOKHO IIPOUTHOPHUPOBAT.

JNunctuur 9.3. OyHkumsa assembleWidgets()

OnucbiBatoLyii GYHKLMIO TUR, KOTOPbII BO3BPALLAET NOAMHOXKECTBO
nepeAaHHOro el B KauecTBe aprymMmeHTa MaccuBa BUKETOB

type PluckFunction = (widgets: Widget[]) => Widget[]; <

function assembleWidgets(
pluck: PluckFunction): AssembledWidget[] {

VALY Boi3biBatouias (TOpPOHa nepefaer

dyHKumio pluck(), KoTopyio
assembleWidgets() Bbi3biBaeT
Ans BbI60Pa HYXHbIX BUIPKETOB

Kakoe 3nauenuie 1o yMoJl4aHuIo CJeyeT UCTIOIb30BaTh /i pyHkimuu pluck()?
Harpumep, ecsiu BbI3biBatoliasi CropoHa He nepesania GyHKIuo pluck(), TO MOKHO TIpe-
00pa3oBbHIBATH BECH CITUCOK BUJKETOB. ByJIeM BBI3BIBATD 110 YMOIYAHUIO B JIUCTUHTE 9.4
aty pyHKmio pluckAll(), KOTOpas IPOCTO BO3BpAIIAeT MePe/laHHbII eif apTyMeHT.

JNncturrr 9.4. OyHkumsa pluck() no ymonyanmio
type PluckFunction = (widgets: Widget[]) => Widget[];

function pluckAll(widgets: Widget[]): Widget[] {

return widgets; Oynkuus pluckAll(

NpoCTO BO3BpaLLaeT Becb
nepefaHHbIi eil MaccB

}

function assembleWidgets(
pluck: PluckFunction = pluckAll): AssembledwWidget[] {
/* oo ¥/
} pluckAll() ncnonb3yeTtca B KauecTBe 3HaueHUA
10 YMO/YaHMNI0 ANA apryMeHTa Ha CTyyaid, e
nonb3oBaTesb cam He nepepact ¢pyHkuuto pluck()

Ecim cpaBauUTH 1Ba HAMIMX TTpUMeEPA, BUAHO, 4TO (DyHKITMH doNothing() u pluckAll()
OYEHb MOXOKHU: 00€ IPUHIUMAIOT APTYMEHT U BO3BPAIIAOT ero 6e3 Kakoii-im6o 06paboTKH,
KaK II0Ka3aHo B iuctuHre 9.5.

Jinctunr 9.5. OyHkuum doNothing() u pluckAll()

function doNothing(value: number): number {
return value;

}

function pluckAll(widgets: Widget[]): Widget[] {
return widgets;

}
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Pasnuia Mexay HUMU COCTOUT TOJIBKO B THIIE IPUHUMAEMOro (1 BO3BPAIlaeMoro)
3HaueHud: aud doNothing() aTo ymcio, a 11 pluckAll() — MaccuB 0ObeKkTOB Widget.
O6e ot pyHkIMK ABAsIOTCS mosxcoecmeennvimu (identity functions). Ha maremariye-
CKOM 43bIKe TOXK/IeCTBeHHas (QyHKIUS OlUChIBaeTC Kak f(X) = x.

9.1.1. TloBTOpPHO MCnonb3yeMas
TOXAECTBEHHAasA PyHKUMS

Her Hudero xopoiero B CO3/[aHUU JBYX OTAETBHBIX (DYHKITUI, KOTOPbIE HACTOJIBKO T10-
x0sku. TTomo6HBII MOAX0 OUEHD III0X0 MaciTabupyercs. MOKHO JI YIPOCTUTh 3TOT
MIPOIIECC, HAMTMCAB TIOBTOPHO UCTIOJIb3YEMYIO TOKIECTBEeHHYIO (pyHKIHIO? [la.

Haunem ¢ «<HauBHOTO» TIOIXO/IA U, TIOCKOJIbKY TOKIECTBEHHAST (DYHKITUST OTMHAKOBO
paboTaer st J11060TO TUIIA, TTOTIPOOYEM MPOCTO UCIIOIb30BaTh TUII any. B pesyibrare
nmosryauTest GyHKIMS identity (), KOTOpas IpUHUMAET Ha BXOJIE U BO3pallaeT 3HaueHue
ATOTO TUTIA, KaK IMOKa3aHo B JucTHHTE 9.6.

JNncturir 9.6. «HauBHas» ToxAeCTBeHHas PyHKUMS

function identity(value: any): any {
return value;

}

[Tpobiema gaHHON peanu3aliy 3aKAI04aeTCs B TOM, 4TO IIPY UCIIOJIb30BAHIK any Mbl
00X0IMM TIPOBEPKY TUIIOB M yTpaunBaeM THITO0E30MaCHOCTh, KaK MOKa3aHO B JIMCTHH-
re 9.7. PesysbTaT BbI30Ba identity() cO CTPOKOI B KauecTBe apryMeHTa MOKHO CITOKOHHO
nepeaTh MYHKIMH, OKUAAMOIIEH YHCII0, U KO/ CKOMITHIHPYeTcst 6e3 ONTiO0K, HO BBI30BET
¢6011 Ha 9Tane BBIOJHEHUS.

JinctuHr 9.7. Hebe3sonacHoe ncnonb3oBaHWe Tvmna any

function square(x: number): number {
return x * x;

¥ Onepatop CKoMNUANPYETCA U BbI30BET €60 Ha 3Tane
. . Y . BbINOMIHEHNA, NOCKONbKY 06X0AMT 06bIYHbIE NPOBEPKY TUNOB
square(identity("Hello!"));

MoKHO peaj3oBaTh BblleonucaHHoe Oojiee He3011aCHO: TaPaMETPU30BaTh TO, YTO

B (DYHKIIUAX PA3/IUIAETCs, 4 MMEHHO THUI apryMeHTa. Takoil mapaMeTp Ha3bIBaeTCs TH-
IIOM-ITAPAMETPOM.

TUN-NAPAMETP
Tun-napameTp (type parameter) — naeHTUdUKaTOp Ha3BaHUs1 0606LEHHOrO
TnNa. Tmnbl-napameprl CNy>KaT «3anoJIHUTENAMN>», 3aMEHAOLLMMU KOHKPETHbIE
TUMbI, KOTOPblE K/IMEHT YKa3blBaeT Mpu co34aHuM 3k3emnnspa o06o6LeHHoro
TUMNA AaHHbIX.

B smucrunre 9.8 B Hamieit 06001eHHOI TOKIECTBEHHON (DYHKIIUU UCIIOJIb3YETCs THUII-
mapaMerp T — number B IIepBOM CJy4ae U Widget[] Bo BTOpOM.
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JinctuHr 9.8. 0606L1eHHas ToXAECTBeHHast YHKUMS

function identity<T>(value: T): T {

06006weHHas TOXAeCTBeHHaA
return value; - A

(GyHKUMA c TUNom-napameTpom T

}

function getNumbers(
transform: TransformFunction = identity): number[] {

* *
} /*e MoxHo Bocnonb3oBaTbca GyHKumeit identity() Bmecto doNothing().

Tun-napametp T B 3Tom C/yyae npeBpaLuaetca B number

function assembleWidgets(
pluck: PluckFunction = identity): AssembledWidget[] {
/* o0 */
} MoxxHo npumenunTb GyHKumio identity() Bmecto pluckAll().
Tun-napametp T B Takom cnyyae npespaiaetca B Widget(]

KoMIuistop 0CTaTOYHO YMEH U O TOM, KaKUM JOJIKEH OBITh THTI T, lorajiaetcst Oes
nojickazok. Ham Gouibiiie He HYsKHBI QyHKIIE doNothing () 1 pluckAll(), u aTy TOXK/e-
CTBEHHYO (DYHKITHIO MOKHO ITOBTOPHO UCIIOJIB30BATh JIJIst TIDOOTO JAPYTOTO THIIA. A TOCIIE
ompezieieHUs TUMa (HarpuMep, B caydae getNumbers() TUm T — number) KOMIUIATOD
MOJKET MPOBEPATDH TUIIDI, I CUTYyallus, KOT'Ta MbI TBITAEMCA BO3BECTU B KBa/[paT CTPOKY,
CTAHOBUTCSI HEBO3MOXKHOM, KaK IIOKa3aHo B jicTunre 9.9.

JInctmHr 9.9. TunobesonacHOCTb

function identity<T>(value: T): T {
return value;

}

squar‘e(identity("Hellol ||)); Tenepre Komnunupyerca

JTa peasn3alius cTaja BO3MOYKHOM, TOCKOJIbKY BHYTPEHHEE YCTPOUCTBO TOXK/I€CTBEH-
HOI (DYHKIIMU OJIHO U TO K€, HE3ABUCUMO OT THUIIA, JIJISI KOTOPOTO OHA MCIIOJIb3YEeTCs.
DaxTrYeCcKy Mbl PACIENUJIN JOIHKY TOKAECCTBEHHOCTH C IPEAMETHON 06J1acThIO 3a1a4
getNumbers() u assembleWidgets(), IIOCKOJIbKY JIOTUKA TOKAECCTBEHHOCTU U ITPEAMETHAA
00J1acTh 3a1a4u 0pmozoHaivivl (He3aBUCUMBbI).

9.1.2. Twn aaHHbIX Optional

B kauecTBe elrie 07IHOTO TIPUMEPA PACCMOTPUM PeAIU3AIUIO THTIA Optional U3 TJ1aBbl 3
(suctunr 9.10). HanoMHIO, 4TO ONMIIMOHABHBIN TUIT IAHHBIX MOKET COJIEPKATh 3HAUEHNE
KaKOro-TO TUIA T UJIK He cOofiepKaThb HUYETo.

Jloruka 06pabOTKK OTCYTCTBUS 3HAYEHUSI OTISITD JK€ He 3aBUCHUT OT (DAKTUIECKOTO TUTIA
3HaueHust. Mbl UCIOIb3yeM 0G00IIeHHBIN THIT JAHHBIX Optional, KOTOPBI MOXKET Xpa-
HUTB JIOOOH THUIL, TOCKOJBKY €r0 BHYTPEHHSISI JIOTHKA 00pabOTKU OT 3TOTO HEe MEHSIETCSI.
Turm Optional MOKHO pacCMaTpPUBATh KaK COBEPIICHHO OT/EJNbHOE OT THUIIA U3MEPEHHE,
[IOCKOJIbKY JifoOble u3MeHeHus: B Optional He BAMSIOT Ha T M, HAOOOPOT, HUKAKUE W3-
MeHeHUd T He BJIMAIOT Ha Optional. HOI[O6Ha$E[ N30JIAIIUA — IMOUCTUHE 3aMevaTesibHasd
BO3MOKHOCTD 0600OIIIEHHOTO TPOTPAMMUPOBAHUSL.
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Jnctuirr 9.10. Tun gaHHbix Optional

class Optional<T> { 0
private value: T | undefined; MUAOHAN CYKUT afanTepom
ns 06061LeHHOro TUNA faHHbIX T

private assigned: boolean;

constructor(value?: T) {
if (value) {
this.value = value;
this.assigned = true;
} else {
this.value = undefined;
this.assigned = false;

AprymeHT value — HeobA3aTenbHbIN,
nockonbky TypeScript He noaaepxuBaet
neperpy3Kku KOHCTPYKTOPOB

b
}
hasValue(): boolean {
return this.assigned;
}

getValue(): T {

if (!this.assigned) throw Error(); Ecam apryment value He 3aga

. TO NPY NONbITKE NOAYYUTD
return <T>this.value; P y
} 3HayeHue reHepupyem UCKNIoYeHne

9.1.3. 0O606LWeHHbIe TUMbl AAHHbIX

MbI TOJIBKO YTO PACCMOTPEJIU JIBa CIIEHAPKS UCIIOIb30BaHUs 0000IEHHBIX TUIIOB JaH-
HBIX: 000011eHHY 0 (DYHKIIMIO 1 00001IeHHbIIT Ki1acce. Terneps BepHeMCs Ha3ajl U BbISICHIM,
4TO JKe jies1aeT 0600IeHHbIE TUIIBI JAHHBIX 0COOeHHBIMK. MbI Haua/ln 3Ty KHUTY ¢ 06Cy-
sKeHUs Ga30BbIX TUIIOB JAHHBIX U CIIOCOOOB MX codyeTaHus. Mbl pacCMOTPEIN TaKue
THUIIBI, KaK boolean 1 number, a Takxke boolean | number. /lajsiee paccmoTpenu (DyHKITHO-
HaJIbHbIE TUITBI IAHHBIX, HATIpuMep () => number. Kak BUNM, HA Y OZTHOTO U3 3TUX TUTIOB
HeT Tuna-napameTpa. Yucao — ato npocro yucsao. DyHKIMS, Bo3BpaIaonas Ynucio, —
1pocTo (hyHKITHS, BO3BpAIIAioNias YnucJo.

C nogsiennem 0000IEHHBIX TUIIOB JaHHBIX BCe MeHseTcs. BosbMeM, HapuMmep,
00001eHHY0 DYHKIMIO (value: T) => T ¢ TUIIOM-TIapaMeTpoM T. KoHKpeTHbIe QyHKIH
co3/1al0TCst TPY yKazanun paktrueckoro tuna T. Hampumep, mpu Widget[ ] B kayectBe T
rosrydaetcst GyHKIIMOHATbHBIN THT (value: Widget[]) => Widget[]. MbI BriepBbie MOXKeM
MTO/IKJTI0YATH TUTIBI U TTOJIYYaTh Pa3JIMuHble onucanns Tunos (puc. 9.1).

OBOBLUEHHbIE TUMbI JAHHbIX

0606LeHHbI TUN AaHHbIX (generic type) — o0606lweHHas dyHKUMS, Knacc,
UHTepdeinc u T. 4., NapaMeTpU30BaHHbIN MO OAHOMY MM HECKOSIbKMM TuUMaM.
Bnaroaapst 0606LIEHHBIM TUMNaM AaHHbIX MOXHO MUCaTb YHUBEPCasbHbIN KOA,
paboTatoLwmit ¢ pasnuYHbIMKU TUNaMK, U AOBUTLCS BbICOKOM CTEMEHW MOBTOPHOO
MCMONb30BaHMs KOAa.
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0606L1eHHasA
TOXAeCTBEHHAA GyHKLMA \

ANA Npon3BOJIbHOIO TUNA T

identity<T>()
(value: T) => T

identity<number>() identity<Widget[]>()
(value: number) => number (value: Widget[]) => Widget[]
/ ~__ ToXzecTBeHHas GyHKLMA

cTunom-napametpom Widget|
ToxpaecTBeHHaA GyHKUMA P P getl

CTUNOM-NapamMeTpom number

Puc. 9.1. O606LeHHas ToxaecTBeHHas yHKUMS € TUNoM-napamMeTpoMm T 1 ABa ee 3K3eMnnspa:
identity<number>() ¢ koHKpeTHbIM TUMoM (value: number) => number u identity<Widget[]>()
C KOHKpeTHbIM TunoM (value: Widget[]) => Widget[]

Kak MbI Bujiesin B Ipe/IbIIyIIMX [IPUMEPax U KaK YBU/UM Jiajiee B 9TOH U cJielytoniei
rJIaBax, PU UCTIOIb30BaHUK 0GOOIIEHHBIX THITOB JAHHBIX HAII KO/ TOPa3/Io JydIle pas-
GuBaeTCs Ha KOMITOHEHTBL. ITr 06006ITIeHHbIE KOMITOHEHTBI MOYKHO IPUMEHSTD B Ka4eCTBe
CTAHJIAPTHBIX OJIOKOB 1, COUeTast MX, JOOUBATHCS KETAECMOTO MOBEACHUS TPU MUHIUMAIb-
HOI1 UX B3aMHOM 3aBUCHMOCTHU. BbilijieM 32 paMKU ITPOCTBIX IPUMEPOB identity<T>()
1 Optional<T> 1 PacCCMOTPUM CTPYKTYPbI JAHHDBIX.

9.1.4. YnpaxHeHus

1. Peanusyiite 06061eHHbBII THTT Box<T> — MPOCTYI0 00EPTKY /st 3HAYCHUS THTIA T.

2. Peanusyiite 060011eHHYI0 (GYHKIINIO unbox<T> (), KOTOpas IPUHUMAET B KauecTBe
apryMeHTa 9K3eMILISIP Box<T> U BO3BpalaeT cojep:Kalieecs: B HeM 3HaUEHIIe.

9.2. 0606leHHOEe pa3MelleHne AaHHbIX

Haunewm ¢ napbl He0000LMIEHHBIX IPUMEPOB: OMHAPHOIO JepeBa Yucell, IPUBeIeHHOr0
B yuctuare 9.11, 1 ¢BI3HOTO CIUCKA CTPOK, TTOKazaHHOoTo B sinctunre 9.12. Bol HaBepHsika
3HAKOMBI C TUMH TIPOCTBIMH CTPYKTYPaMU JIaHHbIX. Mbl peajiu3yem JiepeBo B BUJIE O/IHOTO
WJIM HECKOJIBKUX Y3JI0B, KQJK/IbIH U3 KOTOPBIX COAEPKUT YUCIOBOE 3HAUEHWE U CChLIKU
Ha JIEBBII ¥ IIPaBblil oyepHue y3Jbl. [IpimaeM 5T0 MOryT OBITh KaK CCHUIKHM HA Y3JIbl, TAK
1 undefined, ecjii COOTBETCTBYIONINI JOYEPHUI y3€J OTCYTCTBYET.

Jinctmur 9.11. buHapHoe aepeBo uncen

class NumberBinaryTreeNode {
value: number;
left: NumberBinaryTreeNode | undefined;
right: NumberBinaryTreeNode | undefined;
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constructor(value: number) {
this.value = value;

}

AHAJIOTUYHO MBI Peajin3yeM CBA3HbIH CITUCOK B BU/IE OIHOTO MJIM HECKOJILKUX Y3JI0B,
KaXKJbII 13 KOTOPBIX COAEPKUT string M CCHIIKY Ha CJAeAYIOMUN y3ea uin undefined,
€CJIM TAKOBOTO HE CYIIECTBYET, KaK MOKa3aHo B incTuHre 9.12.

JIncTrHr 9.12. CBSA3HbIN CNMCOK CTPOK

class StringLinkedListNode {
value: string;
next: StringlLinkedListNode | undefined;

constructor(value: string) {
this.value = value;

}

Temneps npepcraBbTe, 4TO B APYTOI YacTH MPOEKTA HaM IIOHAL00MI0Ch OUHAP-
HOe JlepeBO CTPOK. MoKHO peasn3oBaThb UAEHTUYHBIN NumberBinaryTreeNode TUIl
StringBinaryTreeNode, 3aMEHUB TUII 3HAYEHUS C humber Ha string. 3aMaH4YuBas rep-
CIIEKTUBA: BCETO JIUIIb CKOIIMPOBATL/BCTABUTH KO/l M 3AMEHUTD TIapy MeJioueil, HO KOIu-
poBaHue,/BCTaBKa Koja — Ij10Xas ujes. IIpeacrasbre, 4TO HAIl KJIacC BKIIOYAET BIoba-
BOK €IIe U HECKOJIBKO MeTOJ0B. EC/I Mbl CKOIIMPYEM 9TH METO/IbI, @ IIOTOM OOHAPY KM
omOKy B OZHON U3 BEPCHii, TO MOKEM 3a0bITh UCIPABUTh OIIMOKY B CKOIIMPOBAHHOM
BapuanTe. HaBepHsiKa BbI IIOHUMaETe, K YeMYy 51 BEZLY: BMECTO AyOIMPOBaHI KO MOKHO
BOCIIOJIb30BATHCA 000OIIEHHBIMU TUITAMY JAHHbIX!

9.2.1. 0O606LeHHble CTPYKTYpPbl AAHHbIX

Peanusyem 06001eHHOE 1epeBo BinaryTreeNode<T>, TOAXOMIIEE 1JIsI XPAHEHUST II0OOTO
THUIIA JaHHBIX, KaK [IOKa3aHo B ucTtuHre 9.13.

Jincturr 9.13. 0606weHHoe 6rHapHoe aepeBo

class BinaryTreeNode<T> {

value: T; BinaryTreeNode<T> cnyxut
left: BinaryTreeNode<T> | undefined; y Y
ANA XpaHeHUA 3HaveHna Tuna T

right: BinaryTreeNode<T> | undefined;

constructor(value: T) {
this.value = value;

}

Ha camom mesie MOKHO He KAaTb, ITOKa OT HaC HOTpe6yIOT 6I/IHapHOG JI€EPEBO CTPOK:
CIICIVIEHNE CTPYKTYPbI TaHHBIX 6I/IHapHOE JIEPEBO C TUIIOM humber B Haleil UCXOIHOI pea-
Jn3anuu NumberBinaryTreeNode OBLIO U3JIUIITHIM 1 HEHYKHbIM. AHaJIOTTYHBIM 06])3.30M
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MO’KHO 3aMeHUTb StringlinkedListNode Ha 00001eHHbI crincok LinkedListNode<T>,
KakK II0Ka3aHo B jaucTuHre 9.14.

JInctuHr 9.14. O606LEHHbIV CBS3HbI CMUCOK

class LinkedListNode<T> {
value: T;
next: LinkedListNode<T> | undefined;

constructor(value: T) {
this.value = value;

[TomHMTE: B GOTBITUHCTBE SI3BIKOB TPOrPAMMUPOBAHUSA YKE €CTh GUOIMOTEKH, BKIIIO-
yalollie Bce Hy>KHbIE CTPYKTYPBI JAHHBIX (CITMCKU, OYepe/in, CTEKU, MHOKECTBA, CJI0-
Bapu U T. /I.). Mbl paccMaTpuBaeM UX peajn3anuu, 9ToObl MPOJAEMOHCTPUPOBATD UC-
oJib30BaHue 060OIIEHHBIX THUTIOB IAHHBIX, HO JIydliie BOOOIIE He nmucaTh Ko, Ecau ectb
BO3MOKHOCTD BBIOPATh TOTOBYIO 0G0OIIEHHYIO CTPYKTYPY JAQHHBIX U3 6GUOGINOTEKH, TO
cJeyeT ciesiaThb aTo.

9.2.2. YTO Takoe CTpPyKTypa AAHHbIX

Hemuoro noduiocoderByeM u 3agaarmMcst BorpocoM: «4To BoobIie Takoe CTPYKTypa
nanubix?» OHa COCTOUT U3 TPeX YacTel.

Q Camu dannvie — 3HaUeHMsI number U string B HAIIUX AE€PEBbIX U CIIUCKAX B IPEABILY-
meM rpuMepe. CTPYKTYpPBI IAHHBIX CO/lePKAT TaHHBIE.

a (DOpMd dannvix — B HalIEM 6I/IHapHOM AepeBe JanHbIe PACIIOJIOKEHDI NEPAPXUIECKH,
Y KasKA0r0 9JieMeHTa €CThb OT HYJIA N0 ABYX JOYEPHUX IJIEMEHTOB. B namewm crmicke
MaHHbIE PACIIOJIOJKEHDI ITOCJIE0BATEAbHO, IJTIEMEHTBI UAYT OJINH 3a IPYTUM.

Q Habop coxpansiowux Gopmy 0annvix onepayuii — HapuMep, CTPYKTypa JaHHBIX
MOJKeT BKJIUAaTh HAaOOp omeparuii st o0aBIeHUST UK yAaJeHUs 3JIeMEHTA.
MbI He IPUBOAMIIN TTOOOHBIX OTIEPATIUi B TIPEIBIAYIIUX TPUMEPAX, HO TIOHSTHO JKeJia-
HUe, YTOOBI CBSI3HBIN CIIMCOK TIOCTIE YIAJICHUS 3JIEMEHTA U3 €r0 CEPEIUHbI, HATPUMEp,
OCTaJICS TIO-TIPEKHEMY CBSI3HBIM.

Mpbl BUZUM TYT [1BA OT/JEJIbHBIX d7eMeHTa (DyHKIMOHATBHOCTH. OMH U3 HUX — 9TO
JAHHDBIE: TUT JAHHBIX M (DaKTUYEeCKU XpaH4Ileecs B 9K3eMIISIPe CTPYKTYPBI JaHHbBIX
3Hauenue. Bropoit — dopma nanupix U coxpansonme ¢hopmy orepaiuu. C IOMOIILIO
06006IIEHHBIX CTPYKTYP JAHHBIX HAMoA061e TeX, KOTOPbIe MBI BUJEU B HAYAJIE HTOTO
pasjiesia, MOKHO PACIeUTh TH dJeMeHTHI (hyHKIMOHaTbHOCTH. OBO6IEHHbIE CTPYK-
TYPBI IAaHHBIX OTBEYAIOT 32 Pa3MelleH1e TaHHbIX, X GopMy U Bce coxpangdioniue popmy
oneparnuu. BuHapHoe jiepeBo — 310 OMHAPHOE JIEPEBO BHE 3aBUCUMOCTHU OT TOTO, COJIEP-
SKUT OHO CTPOKU MJIM yncia. JlesernpoBanne OTBETCTBEHHOCTH 34 Pa3MelleHHUe JaHHbIX
0600TIEHHBIM CTPYKTYPaM JIAHHBIX, HE 3aBUCAIIIX OT (haKTUYECKU XPAHUMBIX JAHHBIX,
MO3BOJISIET Pa30UTD KOJl HA KOMITOHEHTBI.
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A Terepb, cunTas, 4YTO y HAC €CThb BCE 3TU CTPYKTYPbI JaHHBIX, IOCMOTPHUM, KaK MX
00XOUTH U IPOCMATPUBATH COIEPIKIMOE.

9.2.3. YnpaxHeHus

1. PeanmsyiiTe CTPYKTYPY MaHHBIX Stack<T> JJIsT cTeKa («IMOCTETHIM BOIIE, TIEPBHIM
BBIIIEN» ) ¢ MeToziamu push (), pop() 1 peek().

2. Peasusyiite CTPYKTYpPy JaHHBIX Pair<T, U> ¢ ujieHamu first u second JIByX CBOUX
TUIIOB-TIaPAMETPOB COOTBETCTBEHHO.

9.3. 06xoa Npon3BOSIbHOW CTPYKTYPbl AaHHbIX

JTormycTim, HaM HYKHO 0G0HTH Hallle GUHAPHOE IEPEBO TI0 MOPS/IKY U BHIBECTH 3HAUEHUS
BCEX €ro 3JeMeHTOB, KaK 1mokasano B juctunre 9.15. Hanomuio, 4To meHTpupoBaHHbIN
o0xoz (in-order traversal, LNR) gepeBa — 9T0 peKypCcUBHBII 00X0/ B IIOPSIAKE J€BBIIH —
KOPHEBOI — TIpaBbiii y3en (puc. 9.2).

JleBbii y3en Pogutenbckuin ysen MMpaBbIn y3en
(pexkypcuBHO)

oo Re

Poputenbckui y3en Mpasbin y3en

Puc. 9.2. LIeHTp1poBaHHbIi 06X04 AepeBa. PekypcBHO 06XOAMM fieBble Y3/bl, MOKa He AOCTUIHEM
CaMoro KpalHero cneBa, NepexoanM K ero poamuTebCKoMy Y37y, a 3aTeM K MpaBoMy y3/ly 3Toro
pOAUTENbCKOro y3na. [anee Bo3BpallaeMCcs K POANUTENBCKOMY Y3/ly AaHHOMO POAUTENLCKOrO y3na,

a 3aTeM NepexoauM K ero npasoMy y3ny. Waem Bcerga Haneso; a 3aTeM, Koraa oboiiaem Bce NOAAEPERO,
MepexoAnM K POAUTENIbCKOMY Y3/1y; MOC/e 3TOro UAEM Hanpaso

Jinctuur 9.15. BoiBoa no nopsiaky

class BinaryTreeNode<T> { To e camoe GuHapHoe
value: TS . NlepeBo, 4To U paHblLe
left: BinaryTreeNode<T> | undefined;
right: BinaryTreeNode<T> | undefined;

constructor(value: T) {
this.value = value;

}
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function printInOrder<T>(root: BinaryTreeNode<T>): void {

if (root.left != undefined) ) { PeKypaIBHO NepexouM K ieBomy
) printInOrder(root.left); [l04epHeMy Y311y, eClK TaKoBOii ecTb

BbiBoAMM 3HaueHue 31oro y3na
console.log(root.value); 4—, y

if (root.right != undefined) {

HakoHew peKypcBHO NepexofinM K npaBom
printInOrder(root.right); U pexyp pexon pasomy

JA0uepHeMy Y31y, eCN1 TaKoBOIi ecTb

}

B kauectBe nipumepa co3naiiM IepeBo 13 HECKOJIBbKUX Y3JI0B 1 TIOCMOTPUM Ha Pe3YJIb-
tarbl paboThl GyHKIMK printInOrder() B mcTunre 9.16.

Jinctunr 9.16. MNpumep paboTsl dyHKumm printinOrder()

let root: BinaryTreeNode<number> = new BinaryTreeNode(1); 0
root.left = new BinaryTreeNode(2);

root.left.right = new BinaryTreeNode(3); o o
root.right = new BinaryTreeNode(4);

printInOrder(root); o

ITOT KOJI CO3/IaeT MpuBeileHHOe Ha puc. 9.3 nepeso. Puc. 9.3. Mpuvep
[lenTpupoBaHHbBII €10 00X0JT IIPUBOAUT K TAKOMY BBIBOJLY: 6MHapHOro Aepesa

2
3
1
4

Ho urto, eci HaMm HY>KHO BBIBECTH €l1le U BCEe 3HAUEHMS CBA3HOTO CIIMCKA CTPOK? Mok-
HO peayin3oBath GyHKIMIO printList(), KOTOpast 0OXOAUT CHHCOK OT FOJIOBBI K XBOCTY
1 BBIBOJMT 3HAYEHMS BCEX JIEMEHTOB, KaK [OKa3aHo B juctunre 9.17.

JinctmHr 9.17. BbiBOA4 CBA3HOrO Crncka

class LinkedListNode<T> {
value: T: Ta xe camas peanusauua
. )
next: LinkedListNode<T> | unde (BA3HOTO CMINCKa, 4TO I paHbLue

fined;

constructor(value: T) {
this.value = value;
¥

}

function printLinkedList<T>(head: LinkedListNode<T>): void { Hauuxaem
let current: LinkedListNode<T> | undefined = head; CT0N0BbI CM1CKa

while (current
( ) 4 ¢ loBTOpAEM BbIUMCNEHNA, NOKA OCTAIOTCA Y3/bl

console.log(current.value);

current = current.next;
} ’ BbiBogum 3Hauenne y3na

} 1 NepexoauM K cnepylolemy
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B kauecTBe KOHKPETHOTO MPUMEPA MOKEM MHUIIUATU3UPOBATH CITUCOK CTPOK U BbI-
BECTHU €T0 € TIOMOIIIBIO (PyHKIMK printlLinkedList(), Kak mokasano B siuctunre 9.18.

JinctuHr 9.18. MNpumep paboTbl hyHKuUMK printLinkedList()

let head: LinkedListNode<string> = new LinkedListNode("Hello");
head.next = new LinkedListNode("World");
head.next.next = new LinkedListNode("!!!");

printLinkedList(head);

B pesyiibrare paboThl 3TOTO KOJIa CO3/[AETCSI CIIUCOK, IPUBEIEHHBIN Ha puc. 9.4.

wette [ worter [ i ]

Puc. 9.4. Npumep CBSA3HOro crnncka

B pesysbTare 3amycka aToro Kojia BoIBOJIUTCS:

Hello

World
1

ITOT KOJI paboTaet, HO, BO3MOKHO, CYIIECTBYET JIYUIIUN BAPHAHT.

9.3.1. Wcnonb3oBaHWe UTepaTOpPOB

MoskHO Jiu ertie 6ostbIie pasduTh Koj 1o 0bst3aHHOCTSIM? O6e Halu (hyHKIUH, printInOr-
der() u printLinkedList (), BBIOJHSIIOT BE 33241 0OXOJ CTPYKTYPBI JaHHBIX ¥ BHIBOJL
ee COJePKUMOTO B KOHCOJIb. V1 UTO elile XysKe: BTOPbIe 3a/[aull COBIAAAIOT, 00e (DyHKIIH
BBIBOJIAT 3HAYCHUA B KOHCOJIb.

MoskHo mposectu HeboblIoe 06001IeHne — BhIHECTUH 00X0/ CTPYKTYPbI JaHHbBIX
B OTZe/NbHBII KoMIIoHeHT. HauneM ¢ GunapHoro mepesa. Hamra 3agaua: oboiitu Bee
9JIEMEHTHI IEPeBa 110 MOPSAKY U BEPHYTh 3HAUeHUe KaK0ro 13 y310B. Takoil 00X01 MbI
OyjieM Ha3bIBATh UMepauuell; To eCTh Mbl IIPOU3BOAUM UTEPATUBHBIN 06XO0 CTPYKTYPbI
JIAHHBIX.

WUTEPATOP
WtepaTop (iterator) — 06bekT, obecneunBatoWnii 06X0a CTPYKTYpPbl AAHHBIX.

OH MpefoCTaBseT CTaHAAPTHBIN MHTEPMhENC, CKpbIBaOWMIA OT KJIMEHTOB (ak-
TUYECKYO (hOPMY CTPYKTYPbl AaHHbIX.

Peanusyem nysxubie uteparopnol. Haunem c¢ onucanust IteratorResult<T>, nIpuBe-
nennoro B juctunre 9.19, B Bujie TUna ¢ AByMs CBOHCTBAMU: CBOMCTBOM value Tumna T
U CBOICTBOM done Tuta boolean, yKa3bIBaIOMIETO HA TO, TOCTUTJIN JIX MBI KOHIIA CTPYK-
TYPBI TaHHBIX.
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JNinctuHr 9.19. Tun IteratorResult

type IteratorResult<T> = {
done: boolean;
value: T;

B smucrunre 9.20 onucan uHTepdeiic Iterator<T>, B KOTOPOM 00bSIBICH €IHHCTBECH-
HBI MeTO next (), BO3Bparaionuii IteratorResult<T>.

JiucTuHr 9.20. NHTepdeliic Iterator

interface Iterator<T> {
next(): IteratorResult<T>;

}

Temeps MOXKHO peann3oBaTh BinaryTreeNodeIterator<T> B BHUjE KJacca, peajansy-
otero uatepdeiic Iterator<T>, Kak mokazaHo B auctunre 9.21. B kiacce npoBogauTcs
[[EHTPUPOBAHHBINA 00XO/I ¢ MOMOIIBIO MTPUBATHOTO METO/IA inOrder(), a BCe 3HAYCHUS
Y3JI0B TIOMEIIAOTCS B ouepesib. MeTo next () yaausieT 13 ouepean sHaueHust 6raroaapst
WCIIOJIb30BAHMIO MeTozia shift() MaccuBa U BO3BpalaeT 3HaUeHns IteratorResult<T>
JI0 TeX Mop, TI0Ka eCTh YTO Bo3BpaIaTh (puc. 9.5).

Mertop inOrder()

;
i
nomelLaerT Bce ;
3HayeHuA B ouepeb \ '
| 3 | | 5 | 3HayeHus
— XpaHATCA B 0uepeam
next() usBnekaer
3HayeHuA U3 ouepeam

Puc. 9.5. Metop inOrder() 06xoanT y3nbl GUHapHOro AepeBa Mo nopsaky, Ao6aBnss BCe 3HaYEHUs
B ouepeab. Metoa next() Bo Bpemsi 06x0/a yAansieT 3HaueHus U3 o4Yepeamn U Bo3BpaLLaeT ux

Jinctunr 9.21. Utepatop Ans 6uHapHoro aepesa

class BinaryTreeIterator<T> implements Iterator<T> {
private values: T[]; <—| )
private root: BinaryTreeNode<T>; Ouepenb sHauenuil

constructor(root: BinaryTreeNode<T>) {
this.values = [];

N KoHcTpykTOp BbINONHAET
this.root = root;

LieHTPUPOBaHHbIii 06x0p,

.. 3aN0/HAA 0uepesb 3HaUueHMHil
this.inOrder(root); peA
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} Mpu kaxpom Bbi30Be MeToAa next()
3HaueHue U3BNeKaeTCA 3 ouepeau
next(): IteratorResult<T> { CnomoLubio Bbi30Ba shift()
const result: T | undefined = this.values.shift(); -«
if (!result) {
return {done: true, value: this.root.value }; —
} Ecnu pesynbtat paseH undefined, To npucauaem

csoﬁcrsy done 3HaueHue true u BO3Bpallaem

return {done: false, value: result };
KaKoe-To 3HaueHue No YMONYaHo

}

private inOrder(node: BinaryTreeNode<T>): void {
if (node.left != undefined) {

Metoni
this.inOrder(node.left); etoa inOrder() o6xoput

y37bl N0 NOPAAKY

}

this.values.push(node.value);
[Ilo6aBnsem 3HaueHue Kaxaoro

if (node.right != undefined) { U3 y3710B B 04epeAb 3HaueHMuii
this.inOrder(node.right);
}

I10 He camast 3G deKTUBHAS PeaNnusaltis, IIOCKOIbKY /s Hee HeoOX0AMa odepe/lb,
KOJIMYECTBO 3JIEMEHTOB KOTOPOI COBIIQ/IAeT C KOJTUYECTBOM Y3JI0B JiepeBa. Bo3amoskeH
u 6osee 9 PeKTUBHDBIN, TPEOYIOUUN MeHbIIIe NaMsITH cI10co0 00X0/a, HO ero JOruKa
caoxkHee. [Toka ncmosb3yeM Takoi TpUMep, MOCKOJIbKY BCKOPE HaM MTPEICTONT YBUIETh
6oJ1ee IPOCTOI U OIITUMAJIBHBII CIIOCO0 pealn3aliu.

Pea]II/IByeM TaKKe 0000IIeHHbI Kiaace LinkedListIterator<Ts 7151 06X0/1a CBS3HOTO

criicka (auctunr 9.22).

JIncTuHr 9.22. Vitepatop Ans CBA3HOro cnucka

class LinkedListIterator<T> implements Iterator<T> {
private head: LinkedListNode<T>;
private current: LinkedListNode<T> | undefined;

constructor(head: LinkedListNode<T>) {
this.head = head;

. Ecnu Mbl BocTUIN KOHLA CincKa 1 CBOMCTBO current
this.current = head;

} paBHo undefined, To npuceauBaem cgoiictay done
3HaueHue true 1 BO3BpaLLaem HeKoe GUKTUBHOE

3HaueHue (KOTOPOe HIKOFAA He A0MKHO UCMONb30BaTbCA
next(): IteratorResult<T> { (KoTop Aanen )

if (!this.current) {
return {done: true, value: this.head.value };

} B nepemeHHoli result xpaHutca

; HaueHme TekyLLer
const result: T = this.current.value; 3HatieHue Tekywero ysna

this.current = this.current.next;

return {done: false, value: result }; ﬂe"aeMTe'fym”M
Cneylowwmil y3en cnmcka

} Bo3BpalLiaem coxpaHeHHblii pe3ynbrat
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Pasbepemcs, B ueM ya06¢TBO 91X MTeparopoB. Ham GoJibliie He HYKHbI OT/IEJIbHbIE
(yHKIMK U1 BBIBOJIA 3HAUEHMIT BCEX y3JI0B OMHAPHOTO JlepeBa U BCEX CTPOK CBSIZHOTO
crcka. [Jocrarouno oxnoii obmei GyHKIuM, IpUHUMAIOLIel B KaueCcTBe apryMeHTa
WUTEpPaTOP M U3BJIEKAIOIIEN € €ro MOMOIIbIO BbIBOUMbIE 3HAUEHMSI, KaK 1T0Ka3aHO B JIK-
ctunre 9.23.

Jinctnrr 9.23. OyHkuma print(), ncnone3yrowas utepatop

Unuumanuzmpyem nepemeHyto result c nomotbio
BbI30Ba MeTO/a next(), U3BNeKas nepoe 3HayeHune

function print<T>(iterator: Iterator<T>): void { <

let result: IteratorResult<T> = iterator.next(); MMoka result.done

He paBHO true, Mbl MOXeM
BbIBeCTU 3HaYyeHue
N nepeaBuHYTb nTepaTop

while (!result.done) { OyHKuua print() — o606LieHHasn,
console.log(result.value); | npunumalowas B Kauectse
result = iterator.next(); | aprymentaurepatop

[Tockosbky pyHKIM print() paboTaeT ¢ UTepaTOpaMu, MOKHO TepeaTh el Kak
BinaryTreeIterator<T>, Tak u LinkedListIterator<T>. DakTHUYeCKN €€ MOKHO UCTIOJb-
30BaTh JJIs BBIBOJA B KOHCOJIb JII0OOI CTPYKTYPbI JAHHBIX, €CJIU €CTh UTEPATOP, YMEIOIHii
00XOIUTH TAKYIO CTPYKTYPY.

M Teparopsl II03BOJIAIOT IIOBTOPHO UCIIOAb30BaTh ropasno Goubine koga. Hampumep,
4TOOBI Y3HATH, COAEPIKUTCS JIM B CTPYKTYPE AaHHBIX OIIPEIeIEHHOE 3HAYEH e, He HYKHO
PeasTM30BbIBATH OT/IEJNbHYIO (DYHKIIUIO JIJIST KAXKIOU CTPYKTYPhI IAHHBIX; MOYKHO TIPOCTO
peasn3oBaTh QYHKIINIO contains (), MPUHUMAIOINIYIO HA BXOJIE UTEPATOP U MCKOMOE
3HaUEHMeE, KaK [TOKa3aHO B JIMCTHHTE 9.24, U 3aTeM MPUMEHUTH €€ ¢ JIIOOBIM UTEPATOPOM,
peasusyionm natepdeiic Iterator<T> (puc. 9.6).

Jncturnrr 9.24. Vicnone3yiowas utepatop dyHKUmns contains()

function contains<T>(value: T, iterator: Iterator<T>): boolean {
let result: IteratorResult<T> = iterator.next();

while (!result.done) {
if (result.value == value) return true;
result = iterator.next();

¥

return false;

VTepaTopbl — CBA3YIOIIEE 3BEHO MEKAY CTPYKTypaMy JaHHbIX U aJrOPUTMaMHU, [10-
3BOJISTIONIEE MX PACHEIIATD. TaKol MoaXo | MO3BOJISET CoueTaTh 1 KOMOMHUPOBATD pas-
JINYHBIE CTPYKTYPhI JAHHBIX € PA3JUYHBIMU (DYHKLIUSIMU, UL Obl HHTEPMENRC MEKILY
Humu ObLT Tterator<Ts.

Ob6pature BHUMaHME: OGXOUTH MHOTHE CTPYKTYPbI JAaHHBIX MOKHO Pa3IUTHBIMU
crocob6amu. Mbl COCPELOTOUMIM Hallle BHUMAHUE Ha LEHTPUPOBaHHOM 00Xxo/e GuHap-
HOTO JIepeBa, HO CYIIECTBYIOT TaKKe aJropuTMbI IpsiMoro obxosa (pre-order traversal,
NLR) u ob6partoro obxoza (post-order traversal, LRN). Bce atu aaropur™bl MOKHO
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peasm30Barh B BUIE UTEPATOPOB MO OHOMY ¥ TOMY ke GUHApHOMY jiepeBy. OHOiT CTpyK-
Type JIAaHHBIX He 00s13aHa COOTBETCTBOBATH POBHO OJ[HA CTPATErust 06Xo/a.

/Q\ OIIIIII L1

[ | |
3 O el
i
|BinaryTr‘eeIter‘ator I——| LinkedListIterator |

Iterator

e

print() contains()

Puc. 9.6. Knacc BinaryTreelterator<T> peanusyeT anroputm obxoaa 6uHapHOro aepesa.
Knacc LinkedListIterator<T> peanu3yeTt anroputm obxofa cBsizHoro cnvcka. Oba knacca BonIowWwaoT
KoHTpakT Iterator. ®yHkumu print() n contains() NpyHMMalOT B KayecTBe aprymeHTa Iterator, Tak yto

MOXHO COYeTaTb U KOMBMHMPOBATL 3TU PYHKLUMM C Pa3IMYHBIMK CTPYKTYpamMu AaHHbIX

9.3.2. [enaeM koa uTepaumi NOTOKOBbIM

VTepaTopbl — HACTOJIBKO YAOOHBIN MHCTPYMEHT, UTO MX MOJEPIKKA TTOSBUIACH B OG-
6sinoTeKax OOJIBIIMHCTBA OCHOBHBIX SI3BIKOB, @ B HEKOTOPBIX — JIajKe CIIEIMAIbHDIN CHH-
Takcuc. MBI BKpaTIie KacaJanch 3TOTO BOTIpoca B IJIaBe 6, KOT/[a TOBOPUJIN O TeHEPAaTOpax,
1 06CYINM €ro 371eCh OY€Hb MOAPOOHO.

Ha camom niesie BoBce He HY>KHO OIMCHIBATh THUIIBI IteratorResult<T> u Iterator<T>;
B TypeScript y:ke ecTb rotoBble. JkBUBaJeHTHbIN nHTepdeiic B C# HazbiBaeTcs IEnume-
rator<T> ¥ TOKe TTO3BOJISIET TTPOU3BOIUTH 0OXO/I CTPYKTYP AAHHBIX. JKBUBAJIEHT B Java
HasbiBaeTcst Iterator<T>. B 6ubmoreke C++ ecTh HECKOIBKO PA3HOBUIHOCTET UTEpATO-
poB. Ml orosopum 06 aToM noApobHee B riase 10 mpu 06cysKIeHIN BUIOB UTEPATOPOB.
KirtoueBbIM MOMEHTOM 3/I€CH SIBJISIETCSI TO, YTO JAHHBII TTATTEPH HACTOJIBKO YIO00EH, 4TO
MO/IIEPIKUBAETCST <113 KOPOOKI».

[ToMHUMO UTEPATOPOB, PEATUIYIONINX KO/ 00X0/a CTPYKTYPBI IAHHBIX, €CTh U APYTOI
uHTepdeiic, ¢ MOMOIIBIO KOTOPOTO MOKHO TIOMETUTH THIT KAK UTePUPYeMBbIil: Iterable<T>
(suctunr 9.25).

JNnctunr 9.25. NHTepdeiic Iterable

interface Iterable<T> {
[Symbol.iterator](): Iterator<T>;
}
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Cunraxcuc [Symbol.iterator] — ocobennoctsb s3bika TypeScript. 9to nmpocto ocoboe
Ha3BaHue, 04eHb HAIIOMUHAIOIEE TPIOK ¢ CUMBOJIOM, C IIOMOILbIO KOTOPOTO Mbl PEAJIN30-
BBIBAJIM HOMMHAJIBHYIO TIOATUIIU3AINIO BO BCel Hateil kaure. B unrepdeiice Iterable<T>
00bsiBIEH MeTOI [Symbol.iterator](), Bo3Bpaluaiomuii Iterator<T>.

Monaudunupyem nai tTuit LinkedListNode<T>, c/iesiaB ero urepupyembim (Jiu-
crunr 9.26).

JINcTUHr 9.26. NTepupyemblii CBS3HBIV CMIMCOK

class LinkedListNode<T> implements Iterable<T> {
value: T;
next: LinkedListNode<T> | undefined;

constructor(value: T) {
this.value = value;

) Mbi peanusoBanu uHtepdeiic lterable<T>,
. €031aB Ji/1A1 3TOTO CMUCKA
[Symbol.iterator](): Iterator<T> { HoBbIii 5k3emnnsAp LinkedListlterator

return new LinkedListIterator<T>(this);

}

Mo3KHO TakyKe MOMETUTD Hallle OMHApHOe JePeBO KaK UTepUpyeMoe, IIPeIoCTaBUB
AHAJIOTUYHBIN MeTO/ [Symbol.iterator] g co3maHus 9K3eMILIsApa BinaryTreelte-
rator<T>.

WTepaTopbl MO3BOISIOT UCIOJNB30BaTh B TypeScript cunrakcuc for ... of. ITO
CTIeTINATbHBIN CUHTAKCHC JIJI TTPOX0/Ia B IIUKJIE 110 BCEM 3JIEeMEHTaM UTePUPyeMOro
o0beKTa, O1aroapst KOTOPOMY KOJI CTAHOBUTCSI HAMHOTO TMTOHATHEE. DKBUBAJIECHTHI CY-
[IECTBYIOT B GOJIBIINHCTBE OCHOBHBIX SI3bIKOB IIporpaMmmupoBanus. B C# 1o IEnume-
rable<T>, IEnumerator<T> u 1UKJIBI foreach. B Java — Iterable<T>, Iterator<T>
U IIMKJIBI for :.

[TocmoTpum ere pa3 Ha peanusarnuu QYHKIUA print() u contains() B JIMCTUH-
re 9.27, a 3aTeM U3MEHUM X, BOCIIOIb30BABIINCH UTEPUPYEMBIMU OOBEKTAMU U IIIKJIOM
for ... of.

JIncTuHr 9.27. ®yHkumm print() n contains() ¢ aprymeHTom Iterator

function print<T>(iterator: Iterator<T>): void {
let result: IteratorResult<T> = iterator.next();

while (!result.done) {
console.log(result.value);
result = iterator.next();

}

function contains<T>(value: T, iterator: Iterator<T>): boolean {
let result: IteratorResult<T> = iterator.next();
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while (!result.done) {
if (result.value == value) return true;

result = iterator.next();

}

return false;

A Terepb u3MeHUM 9TH QYHKIMHU B JiucTuHre 9.28 Tak, yT06bl OHU IIPUHUMAJIN apry-
MeHT Tuna Iterable<T> BMecTO Iterator<T>. 13 Iterable<T> Bcerjza MOXKHO MOJIy4YUTH
Iterator<T>, BbI3BaB MeTO/ [Symbol.iterator].

JNnctrrr 9.28. OyHkuum print() u contains() ¢ aprymerTom Iterable

function print<T>(iterable: Iterable<T>): void {

for (const item of iterable) {
console.log(item); [ina BbIBOAA KAX/A0r0 U3 INeMEHTOB

} B KOHCONb dyHKLMA print()
} ucnonb3yet yukn for...of

function contains<T>(value: T, iterable: Iterable<T>): boolean {

for (const item of iterable) {
if (item == value) return true; [Ina cpaBHEHMA Kaxa0ro U3 SnNeMeHToB

} € 3a/1aHHbIM 3HaueHnem yHKumA contains()
ucnonb3yet uukn for...of

return false;

Kak MOXXHO BUIETH, KOJ 3HAUMTEIHHO COKpaTUJicsa. BMecTo mpoxoza B IUKJIE MO
CTPYKTYypaM JaHHBIX BPYUYHYIO, C IIOMOLLbIO Iterator<T> u MeTozna next(), HaM Tenepb
JMIOCTATOYHO OJTHOU CTPOKU KOJa € TTUKJIOM for ... of.

Temnepp mocMOTpUM, Kak YIPOCTUTH KO UTepaTopa. S yke ynmoMuHam, 4To MeHTpr-
poBaHHBII 06X071 OMHAPHOTO JiepeBa Hea(HEKTUBEH, TIOCKOJBKY BCE Y3JIbl 3aHOCSTCST
B 0U€epe/Ib TIepe]] BO3BPATOM MX 3HaueHuil. B 6osiee ahhekTHBHOM pelteHnr 00X0/1 epeBa
JIOJKEH MMPOM3BOJUTHCS G€3 3aHECEHUST BCEX Y3JI0B B 0Uepe/lb, HO Peau3allisi IPU 3TOM
yeaoxkauTes. B mverunre 9.29 npuBenena mpeabiyas peaan3arus.

JInctuHr 9.29. Vitepatop ana buHapHoro aepesa

class BinaryTreeIterator<T> implements Iterator<T> {
private values: T[];
private root: BinaryTreeNode<T>;

constructor(root: BinaryTreeNode<T>) {
this.values = [];
this.root = root;
this.inOrder(root);

}

next(): IteratorResult<T> {
const result: T | undefined = this.values.shift();
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if (!result) {
return { done: true, value: this.root.value };

}

return { done: false, value: result };

}

private inOrder(node: BinaryTreeNode<T>): void {
if (node.left != undefined) {
this.inOrder(node.left);

¥

this.values.push(node.value);

if (node.right != undefined) {
this.inOrder(node.right);

¥

JlaHHbBIIT KO/T MOSKHO 3aMEHNTD Ha TeHepaTop (51 ysKe YIIOMIUHAJ TeHepaTophI B TJ1aBe 6).
TenepaTtop — 910 BO306HOBIsIEMast (DYHKITHSL, BHIIAIONIASA 3HAYCHHUS C TOMOIIILIO OTIEPaTO-
pa yield, KOTOpast Ip¥ TOBTOPHOM BBI30BE BO30GHOBJISIET BBITIOJIHEHHUE € TOTO MECTa, Ha
KoTopoM octanoBuiach. ['eneparopst B TypeScript Bo3Bpamaior IterableIterator<T>,
[peACTaBISIONMI co00ii IIPOCTO coYeTaHKe JBYX yiKe 3HAKOMBIX HaM MHTeP(EHCcOoB:
Iterable<T> u Iterator<T>. ITo peanusymoiuiemy ob6a atu uHTEpdEiica 00HEKTY MOKHO
MPONTH B IIUKJIE BPYUHYIO, C TOMOIIBIO MeTO/a next (), HO OH MIPUMEHUM U B IIUKJIE
for ... of.

Peasusyem o6xoz GuHapHOro Aepesa B Buze redeparopa B auctunre 9.30. C momomuipio
reHEePATOPOB MOJKHO PEATH30BATh PEKYPCUBHDII 00XO/1 U BbIJIABATh 3HAYEHUSI JIO TEX TIOP,
oka He 000¥i1eM BCIO CTPYKTYPY AaHHbIX (puc. 9.7).

[Monyunmack HaMHOTO GoJiee KOMIakTHast peaimsaiust. O6paTure BHIMaHIE HA pe-
KYPCUBHOCTH (DyHKITUHU inOrderIterator(). Ha kagoM ypoBHE 3HAYECHUS BHIAIOTCS
«HapyXKy», TIOKa He JIOWIYT /10 TIePBOHAYATHHON BHI3BIBAIOIIEN CTOPOHBI.

Oynkuua inOrderlterator()
PeKypC1BHO BbiaeT
3HayeHna No nopaaKy

MeTop next() 3aBepiaet .
pabotyreweparopa —

W BbiiaeT nepyioLlee 3HayeHue

Puc. 9.7. ®yHkums inOrderlterator() — reHepatop v Bo3Bpallaet Iterablelterator<T>. NMoao6bHo
dyHkumm inOrder(), OHa peKkypc1BHO 06XOANT AEPEBO, HO BMECTO TOrO, YTOObI 3aHOCUTb 3/IEMEHTHI
B oyepefb, BblAaeT ux. Bbi30B MeToaa next() Ans BO3BpaALLEHHOMO UTepaTopa NPUBOAMT K 3aBEPLLEHUIO
paboTbl reHepaTopa 1 Bblaaye Ceaytowero 3Ha4yeHms
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JNnctunr 9.30. Vitepaumnsi no 6uHapHOMY AepeBy C MOMOLLbIO reHepaTopa
function® 03Hauaer, uto pyHKUMA

function* inOrderIterator<T>(root: BinaryTreeNode<T>): ABNAETCA reHepaTopom, nosromy
IterableIterator<T> { MOXeT BbljaBaTb 3HaueHus, a 3aTemM

if (root.left) { CHOBa B0306HOBNATD BbINONHEHMe
for (const value of inOrderIterator(root.left)) {

yield value;
Mpexpe Bcero 06xoAuM neBoe nopaepeso
1 BbljaeM Bce BO3BpaLLeHHble 3HaueHna

}
}

yleld root.value; 3aTem BblaeMm TeKyLyee 3HaueHue

if (root.right) {
for (const value of inOrderIterator(root.right)) {

yield value;
} [lanee 06xoaum npaBoe noaaepeso
1 BblJlaeM BCe BO3BpaLLeHHble 3HaueHusA

AHAJIOrMYHO MOKHO OPraHU30BaTh 00X0/] CBA3HOIO CIIMCKA € TIOMOIILIO FeHePaTOpa,
3HAYUTENHHO YIIPOCTUB JIOTUKY. Hatia repBoHaYaibHast peain3aiiust BhITJSIIeNa TaK, Kak
moxasaso B juctunre 9.31.

Jinctuur 9.31. VitepaTtop AN CBA3HOro crnvcka

class LinkedListIterator<T> implements Iterator<T> {
private head: LinkedListNode<T>;
private current: LinkedListNode<T> | undefined;

constructor(head: LinkedListNode<T>) {
this.head = head;
this.current = head;

}

next(): IteratorResult<T> {
if (!this.current) {
return { done: true, value: this.head.value };

}

const result: T = this.current.value;
this.current = this.current.next;
return { done: false, value: result };

MOJKHO 3aMEHUTD HTOT KOJ, €11l€ OJHUM reHepaTOPOM, BBIJIAIONUM 3HAYEHHsI 110 Mepe
00X0/1a CITICKA, KaK MTOKa3aHo B JucTuHre 9.32.

Komruisitop mpeobpasyer aToT KoJl B HT€PaTOP, BhIAAIOIINI 3HaUeHMs THIIa Itera-
torResult<T> IIPU KaskZ0M BbI3oBe yield. Korma hyHKIMs gocTuraeT KOHIA CIIMCKA 1 32-
Bepiaer pabory (6e3 Bbilaui 3HAYEHUS ), BO3BPAIlAeTCs UTOTOBbII IteratorResult<T>
¢ paBHBIM true 11oJieM done.
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JNInctuur 9.32. Vitepaumns no CBA3HOMY CMINCKY C NMOMOLLbIO FreHepaTopa

function* linkedListIterator<T>(head: LinkedListNode<T>):
IterableIterator<T> {
let current: LinkedListNode<T> | undefined = head;

while (current) {

yield current.value;
Bbigaem 3Hauenns no mepe
current = current.next;

06x0/1a CBA3HOIO CMUCKa

OcTtanoch TOJBKO BKJIIOYUTD 9TU F€HEPATOPDBI B CAMU CTPYKTYPbI JAHHBIX B BUJIE
peasuzanuii [Symbol.iterator](). IlocMOTpUM, KaK BBITVISIZUT Hallla NTOTOBAs BEPCUS
cBA3HOTO cnrcKa (yetunr 9.33).

JincTuHr 9.33. UTepupyemblii CBS3HBIN CMIMCOK C MCMOSIb30BAHNEM reHepaTopa

class LinkedListNode<T> implements Iterable<T> {
value: T;
next: LinkedListNode<T> | undefined;

constructor(value: T) {
this.value = value;

}

[Symbol.iterator](): Iterator<T> {
return linkedListIterator(this);

[Symbol.iterator]() npocto Bo3BpaLLaer

pe3ynbrar linkedListlterator()

}

ITOT KO/ paboTaeT, IOCKOJIbKY reHepaTop Bo3Bpaliaer IterableIterator<T>. MHorma
JI7IST BCTPAMBAHMS BBI30BA reHepaTtopa BHYTPbh Iukia for. . .of (Hampumep, for (const
value of linkedListIterator(...)) tpebyercs Iterable<T>. A WHOI/A, HAPOTUB,
HyskeH Iterator<T>, Kak B TIPEALIAYIIEM TIPUMeEpPE, YTOOBI NCTIOIB30BATD UK for. . .of
JI7IST 9K3EMILIISIPA CaMOU CTPYKTYPhI IAHHBIX.

9.3.3. KpaTkoe pestome no nrepatopam

MpbI Hauasm 06CysKAeHIe UTePAaTOPOB ¢ Mapbl 0000IIEHHBIX CTPYKTYD JAAHHBIX, OIpe/e-
JISTIOTIUX (DOPMY JIAaHHBIX BHE 3aBUCMOCTH OT UX CYITHOCTH. MbI BUJIEI BO3MOKHOCTH
a10i1 abcrpakuuu. Ho econ mucaTh Ko AJ1st 00X0/1a Kask0H CTPYKTYPbI JAHHBIX BCSAKHIA
pas, Korja MoHago0uTCs: IPUMEHUTh K Heil KaKyro-1nbo onepaluio Hanogobue print()
WM contains(), TO y HAC OKQJKETCS MHOKECTBO BEPCUIT KasK/I0M (DYHKIIHH.

ITO PUBOJUT K TMOABJIeHNIO0 UHTepdetica Iterator<T>, pacienisioniero Gopmy
JaHHBIX ¢ (DYHKIIUAMIE 32 CUeT YHUBEPCaJIbHOro MHTepdeiica 06X0/1a ¢ MOMOIIBI0 METO/a
next (). bararonapst atomy unTepdeiicy 10cTaTouHO HAMcaTh OJIHY Bepcuio print()
1 OJIHY BepcHio contains (), paboTatolue ¢ uTepaTopaMu.

Brpouem, 06xo/1 B IIMKJIE IIyTeM BbI30Ba next() ¢ MPOBEPKOii 3HaueHKs done — J0-
CTaTOYHO HeYKJoxMii crocob. Ha momorups npuxoaut uarepdeiic Iterable<T>, B KO-
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TOPOM OTIMCHIBAeTCsI MeTO/[ [Symbol.iterator](). DTOT METO/ TIO3BOJISIET TIOJYIUTh
urepatop. Ho uTo ertie syuiie, MOKHO UCTIOJIb30BaTh Iterable<T> B omeparope for. . .of.
ITO HE TPOCTO MOBBIMIAET MOHATHOCTH CUHTAKCHICA, HO M UCKII0YAET HEOOXOAMMOCTD
paboThI ¢ UTEPATOPOM SIBHBIM 00Pa30M, TIOCKOJIbKY MTPH KayKIOH UTEPAIIUU TIHKJIA MbI
[10JIy4aeM CaM 3JIEMEHT.

Hakorerr, MbI BUJIETH, 4TO MOKHO YIIPOCTUTD KOJL 00X0/1a 3a CYET UCTIONB30BAHNS TeHe-
paTopa, BBIJAIOIIEro 3HAYEHUS 10 Mepe 06X0/ia CTPYKTYPBI TaHHBIX. [eHepaTopbl BO3Bpa-
maioT I'terableIterator<T>, Tak YTO MOXKHO KaK IIPUMEHUTD UX HEIIOCPEACTBEHHO BHYTPU
IIUKJIOB for. . . of, Tak U peasm3oBaTh nHTEpdelic Iterable<T> i CTPYKTYPDI IaHHBIX.

Kaxk ynomuHasioch paHee, aHaJOTUYHbBIN CIIEIIMATU3UPOBAHHDBIN TUII, TTO3BOJISTIOTIMI
HCTIOJTh30BATh IIUKJ for it 06X0/1a M0 3JIeMEHTaM CTPYKTYPBI JaHHBIX, CYIIECTBYET
B GOJTBITIMHCTBE OCHOBHBIX SI3BIKOB TTPOTPAMMIPOBAHU. UTO ke KacaeTcsi TeHEPATOPOB,
TO, XOTb B SI3bIKE Java 1 HeT BCTpoeHHOro omeparopa yield, C# rnopjiep:KuBaeT Ux ¢ 1o-
MOTI[bIO 04eHb 6su3Koro k TypeScript cunTakcuca.

B 0611em, onuchiBaiiTe CTPyKTYPbI JaHHBIX TaK, YTO0bI OHKM 00SI3aTEIbHO PeaTi30Bbl-
Baiyu Iterable<T>. M36eraiite Hanvcanus (PyHKIMH, BKIIOYAOMIUX 00X0 KakoU-1100
KOHKPETHOI CTPYKTYPBI AaHHBIX; JKEJTATEIbHO, YTOOBI OHU PabOTANN ¢ UTEpPaTOPaMK
1 MOKHO GBIITO TTOBTOPHO UCTIOIE30BATh OJIHY W TY Ke JIOTHKY JIJIST PA3JIMIHBIX CTPYKTYP
nanubix. O6rymMaiite, He TPUMEHHUTD JIW TIPU PEATU3AIUHN JTOTHKU 06X0/a CTPYKTYPbI
JIAHHBIX OTIEPaTop yield, Beilb OH OOBIYHO JIEJAET KO/ JAKOHUYHEE U MOHSITHEE.

YcoBepweHcTBoBaHue IteratorResult<T>

Odenb KaJjb, YTO HAM IMPUIIIOCH UCITOJb30BaTh IteratorResult<T> B KayecTBe BO3-
BpalaeMoro Tuna Metoza next(). ViIMenHo Tak ommcan JaHHBIN rOTOBBIN NHTEpdeiic
B TypeScript, X0Tb 5TO U IPOTUBOPEUUT MPUBEIECHHOMY B TJIaBe 3 MPUHIIKILY, COTJIACHO
KOTOPOMY JIydlile BO3BPAIaTh 13 (DYHKIMU PE3yJIbTaT UK OMUOKY, a He U TO U J[PYyToe.
Tur IteratorResult<T> BKioyaer GyJieBO CBOICTBO done 1 cBOICTBO value tuia T. ITo 3a-
BepieHrn 06X0/[a HTEePaTOPOM BCETO CIIMCKA OH BO3BPAIIAET done, PABHOE true, HO J0JIKEH
BEPHYTb U 4TO-TO B KayecTBe value. [TockosbKy value — 06si3aTesibHAST YACTD PE3YJIbTATA,
HEOOXOAMMO BEPHYTh HEKOE 3HAYEHUE 110 YMOJIYAHUIO, HO CTPYKTYPA JAHHbBIX YIKe HOJIHO-
CTBIO TIPOii/ieHa. BbI3bIBAIONIIIT KO/ HI B KOEM CJIydae He JI0JIKeH HCII0Ib30BaTh value, eciin
done paBHO true. K coskasenuio, rapaHTHPOBATH HTO HEJIb3SI.

B kavecTBe Jydinero KOHTpaKTa MOKHO [PE/JIOKUTD TUIT-CYMMY, Halipumep Optional<T>
win T | undefined. B atom ciryuae MOJKHO Bo3Bpariarh 0ObeKTHI T JI0 TEX TI0P, MOKa 3HAYe-
HUSI He NCYEPIIAIOTCST, & 3aTeM, 110 3aBepIIeHnr 00X0/1a, He BO3BPAIATh HUYETO.

9.3.4. YnpaxHeHus

1. Peanusyiite npamoii o6xon o600menHoro dunapuoro gepesa. Ilpu mpsmom o6xome
cHavasa 00XOANUTCS POANTENbCKUI y3eJ, 3aTeM JIEBOE TIO/IEPEBO, a Jajiee MPaBoe.
[TomprTaiiTech peasm3oBaTh €TO ¢ TTOMOTIIHIO TeHEPATOPA.

2. Peasnusyiite GyHKIUIO, TPOXOSIIYIO B IUKJIE T0 MACCUBY B 0OPATHOM IMOPSIIKE
(c xoHIIa B HAYAJO).
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9.4. TloTokoBast 06paboTka AaHHbIX

B aTom mocsiesinem pasjiesie Mbl pACCMOTPUM OU€Hb MHTEPECHBIH aClIeKT UTePaTOPOB:
TO, YTO OHM MOTYT He ObITh KOHeYHbIMU. B nuctunre 9.34 Mbl peanusyem QYHKIHIO,
TeHEPUPYIONTYTO0 OECKOHETHBIN TOTOK CTyYalHbIX nces. Mbl Ha30BeM ee generateRan-
domNumbers (), 1 OHa Gy/IET BBIIABATH 3TU YUCJIA B OECKOHEUHOM TIUKJIE,

JIncTuHr 9.34. BeckoHeYHbIl NOTOK ClyYaliHbIX Yncen

function* generateRandomNumbers(): IterableIterator<number> {
while (true) {

. beckoHeuHbIil LnKn
} yield Math.random(); < Bbipaet cnyyaiinoe uncno
}

Ha KaXXiom Luare

Mbi BbI30BeM 3Ty (DYHKIIMIO CHavasa i MoxyyeHus IterableIterator<Ts, a 3aTeM
BBI30BEM HECKOJIbKO pa3 next() [/ MOoJIydyeHus CIyYailHbIX YUCel, KaK [10Ka3aHto B JIU-
crunre 9.33.

JinctuHr 9.35. MNoTpebneHre 3HaueHui i U3 NOTOKa AaHHbIX

let iter: IterableIterator<number> = generateRandomNumbers();

console.log(iter.next().value);
console.log(iter.next().value);
console.log(iter.next().value);

Ha mpaxTuke BCTpeyaeTcs MHOKECTBO TIPUMEPOB OECKOHEUHBIX TOTOKOB TAHHBIX:
YTeHne CUMBOJIOB ¢ KJIaBUATYPHI, TOJYYeHHe TAHHBIX YePe3 CETEBOE COeNHeH e, cO0p
MAaHHBIX OT JAATYMKOB ¥ T. /. [l 06paboTKI MO0OHBIX TAHHBIX MOKHO UCITOJIB30BATH
KOHBelephl.

9.4.1. KoHBenepbl 06paboTku

Kouseiiepbl 06pabOTKM COCTOSIT U3 KOMIIOHEHTOB — (DYHKIIUH, KOTOPBIE TIPUHUMAIOT
B KauecTBe apryMeHTa UTepaTop, MPOU3BOIAT ONpeIeJeHHY0 00paboTKY 1 BO3BPAIIAIOT
takke ureparop. [Togo6HbIe (GYHKIMU MOKHO CHENUTH I 00pabOTKHU JaHHbBIX [0 Mepe
MOCTYTIJIEHNST. DTOT TATTEPH, JIEKAIUH B OCHOBE PEAKTUBHOTO ITPOTPAMMUPOBAHMS,
LIUPOKO PacIpoOCTpaHeH B (DYHKIIMOHATbHBIX SI3bIKAX.

B kauecTBe nipumepa peasindyem (hyHKIINIO square (), BO3BOJSIILYIO B KBAJ[PaT BCE YUC-
JIa TIOJTYYeHHOTO Ha BXOJIE UTEPATOPA. ITO JIETKO MOKHO C/IEJIaTh C TIOMOIIBIO TeHEPATOPa,
KOTOPBII MPUHUMAET B KaUeCTBe apryMeHTa Iterable<number> 1 BBIZIA€T KBAIPATHI €T0O
3HAUYEHMI, Kak mokasaHo B jmcturre 9.36. O6paTrTe BHUMaHUE: HA BXOJE MY J0CTaTOYHO
Iterable<number> BMecTO IterableIterator<number>, HO MOCJEHUI B KAUeCTBE apry-
MEHTAa TOKe II0AXO/UT, Be/lb IterableIterator<number> TakKe y/10BJIETBOPSIET KOHTPAKTY
Iterable<number>.

B konBeiiepax 06paboTKK YacTo npumensercs GyHKIms take (), KoTropas BO3Bpallaer
[IePBBIE N 3JIEMEHTOB MOJTYYEHHOTO Ha BXOJI€ HTEPAaTOPa, 0TOPACHIBAsI BCE OCTAJIBHBIE, KaK
MMOKa3aHo B uctuHre 9.37.
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JInctrHr 9.36. OyHkums square()

function* square(iter: Iterable<number>):

IterableIterator<number> { 371a YHKUMA NPUHMMAET B KayecTee
for (Fonst value of iter) { aprymenTa Iterable<number>

yield value ** 2; " Bo3BpaLyaer Iterablelterator<number>
}

JNinctuHr 9.37. OyHkums take()

function* take<T>(iter: Iterable<T>, n: number):
IterableIterator<T> {
for (const value of iter) {
if (n-- <= @) return;

yield value;
} Bbigaem oHO 3HaueHue

YMeHbLUaeM 3HaueHue N Ha eguHuLYy
¥ npeKpataem paboty nocne Bbigaun n 3HaueHuil

Tenepsb B siuctunre 9.38 cosnaum KOHBeHeED /IJisl BO3BEIEHUST B KBaJ[paT YnCes U3
GECKOHEYHOTO MTOTOKA JAHHBIX U BBIBOJIA B KOHCOJIb MIEPBBIX MSATH Pe3yabTatoB (puc. 9.8).

square() 3anpawmBaet

3HayeHue \
take() 3anpawmeaer | *generateRandomNumbers () |

3HaueHue \ @/ /@
| *square() |
p/ \ generateRandomNumbers()

| BbIJaeT 3HaueHMe
*take() |
\ square() 3anpauvsaet
3HaveHve

Puc. 9.8. KoHBeliep 1 nocnenoBaTeNbHOCTb Bbi30BOB. OyHKUMS take() 3anpalunBaeT 3HaveHne
n3 utepatopa square(). ToT 3anpalumBaeT 3HauyeHune u3 utepatopa generateRandomNumbers().
OH BblgaeT 3HayeHne B yHKUMIo square(), a Ta BblAaeT 3HayeHue B dyHkumto take()

JNuctuHr 9.38. KoHeeliep

const values: IterablelIterator<number> =

take(square(generateRandomNumbers()), 5); OyHKkuwa take() nonyuaet nAT

3HaueHuit u3 GyHKuum square(),
KOTOpas NonyyaeT 3HaYeHns
13 GyHKumu generateRandomNumbers()

for (const value of values) {
console.log(value);

}

Mrteparopbl — KJIOY K CO3[aHUIO TIOA00HBIX KOHBEHEPOB U K TOCJIEI0BATEIbHON 00-
paboTke 3HaYeHui. BakHo Takke YeTKO TIOHUMATh, YTO BHIYMCIEHNS B TIOJOOHBIX KOH-
Beliepax MPOU3BO/ISITCST OTIOKEHHBIM 0Opa3oM. B Haiiem nipumepe repemerHast values —
Tuna IterableIterator<number>. 1 XOT4 OHA cO3/1aeTCs ¢ TTOMOIIBIO BHI30BA KOHBeepa,
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HUKaKOM KO/l ITI0Ka He BBIIOJHSAETCSA. SHAYCHUS HAYMHAIOT UJTH 110 KOHBeHepy TOIbKO
II0CJIe HayaJa HOTpe6JIeHI/IH 3HAYeHU! B 1IUKJIe for. . .of.

B ka0t nTepanun KA BbI3bIBAETCS METO next () ureparopa values, KOTOPBIH,
B CBOIO 0Y€epe/ib, BbI3bIBaeT (hyHKIHIO take (). Eii 171t paGoThl HYKHO 3HAYEHIE, TOITOMY
oHa BbI3bIBaeT square (). Toil Toxke TpebyeTcst 3SHaUEHIE JIJIsT BO3BE/ICHUSI B KBAJIPAT, TaK
YTO OHA BbI3bIBaeT generateRandomNumbers(). Ta, B cBOI0 ouepe/ib, BblAeT caydaiiHoe
3HaueHne (PyHKIUN square(), KOTOpas BO3BOAUT €ro B KBaJpaT W BbiJlaeT HYHKIINN
take(). A oHa BbIZIaeT 9TO 3HAUCHUE B TTUKJI, T/IC TO BBIBOAUTCS B KOHCOJTb.

A TIOCKOJIbKY BBIUUCJIEHUE KOHBEHEPOB MTPOU3BOAUTCS OTJIOKEHHBIM 06Pa3oM, T10-
SIBJISIETCSI BO3MOYKHOCTB PabOThI ¢ GECKOHEYHBIMU IeHepaTopaMi Harmogo0ue genera-
teRandomNumbers (). MbI 06cy1umM ajroputMbl mojipobHee B Tirase 10.

9.4.2. YnpaxHeHus

1. Eme ogna pacripocrpanentas hyHKIUS — drop (). ITO MPOTUBOIMOJIOKHOCTD (DYHKIINN
take(), oHa OTGpachIBaeT MepBblie n JTEMEHTOB UTEPATOPA ¥ BO3BPAIIAET OCTANbHBIE.
Peammsyiite drop().

2. CospaiiTe KOHBeliep, KOTOPbII BO3BpAIlaeT IIECTOM, CeIbMOI, BOCbMOM, JI€BSTHII U jie-
CSITBIN 3JIEMEHTDI 33JaHHOTO nTeparopa. [lofckaska: 3To MOKHO CesIaTh € TTOMOIIIHIO
couetanus GyHKINH drop () 1 take().

Pe3tome

O OO606IIeHHbIE TUIIBI JAHHBIX YIOOHBI JJIsI pas/ieIeHUs] HE3aBUCHMbIX 3JIEMEHTOB
(PYHKITMOHAIBHOCTH.

O Ob6obieHHbIe CTPYKTYPDI TAHHBIX OTBEYAIOT 32 (POPMY TAHHBIX BHE 3aBUCHMOCTH OT
MX COJEPIKUMOTO.

Q Ureparopsl obecrieunBaior o6muii uarepdeiic st 06xo/1a CTPyKTyp TaHHbIX.

Q Tum Iterator<T> 0603HaYaeT UTEPATOP, a Iterable<T> — CYIIHOCTH, 06X0/ KOTOPOI
MO3KHO ITPOU3BECTH € MTOMOIIBIO UTEPATOPA.

Q Urepartopbl MOKHO peasin30BaTh, 33/IciICTBOBAB T€HEPATOPDI.

O B 6OJIBIIMHCTBE S3BIKOB TPOTPAMMUPOBAHHSI CYIIECTBYIOT UTEPATOPBI U CIICTINATBHBI
CHHTAKCHUC 75T 00X0/1a X B IHKJE.

Q UrepaTtopsl He 06s13aHbI OBITH KOHEYHBIMU: OHU MOTYT F€HEPUPOBATH 3HAYEHUs Gec-
KOHEYHO.

O C nomoribio HYHKINI, KOTOPbIE TPUHUMAIOT HA BXOJI€ U BO3BPAIAIOT UTEPATOPHI,
MOKHO (hOPMUPOBATH KOHBEIEPhI 06pabOTKL.

Tenepn, mocse onucanust 0G0OIEHHBIX CTPYKTYP AAHHBIX, MBI MOKEM PACCMOTPETh
B ryaBe 10 erie oMH BaXKHENUIITUI UHTPEAMEHT TIPOTPAMMUPOBAHMS: AJITOPUTMBIL.
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OTBETbI K YNpa>XHEHNAM

9.1. PacuenneHue 31eMeHTOB (PYHKLUMOHATbHOCTH

1. OpHa 13 BO3MOYKHBIX peaTu3aIiuii:
class Box<T> {

readonly value: T;

constructor(value: T) {
this.value = value;

}
}

2. OjHa 13 BO3MOYKHBIX peaTu3aliuii:

function unbox<T>(boxed: Box<T>): T {
return boxed.value;

}

9.2. O606L1eHHOEe pa3melleHre AaHHbIX

1. Opxna 13 BO3MOXKHBIX peaiM3alinii Ha ocCHOBe MaccuBa (B JavaScript y MacCuBOB eCThb
TOTOBBIE METO/IBI pop () U push()):

class Stack<T> {
private values: T[] = [];

public push(value: T) {
this.values.push(value);

}

public pop(): T {
if (this.values.length == @) throw Error();

return this.values.pop();

}

public peek(): T {
if (this.values.length == @) throw Error();

return this.values[this.values.length - 17;

b
2. OjiHa 13 BO3MOKHbBIX Peasin3aIiuii;

class Pair<T, U> {
readonly first: T;
readonly second: U;
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constructor(first: T, second: U) {
this.first = first;
this.second = second;

9.3. O6x0a NPOM3BOSILHOW CTPYKTYpPbl AaHHbIX

1. Ora peanmusanyd O4eHb ITOX0Ka Ha peaTn3alyio IEHTPUPOBAHHOTO O6XOlIa; MBI IIPOCTO
BbIZIaeM root.value, Ipesk/e YeM Bbl/IaBaTh JIEBOE IIO//IEPEBO:

function* preOrderIterator<T>(root: BinaryTreeNode<T>):
IterableIterator<T> {
yield root.value;

if (root.left) {
for (const value of preOrderIterator(root.left)) {
yield value;

}
¥

if (root.right) {
for (const value of preOrderIterator(root.right)) {
yield value;

}
}

2. B manmoii peammsarm st 06xo/ia MaccuBa B 06PATHYIO CTOPOHY UCTIOTB3YETCST TIMKIT
for, Tak YTO BBI3BIBAIONIEH CTOPOHE TOTO JIeJIaTh He HYXKHO:

function* backwardsArrayIterator<T>(array: T[]): IterableIterator<T> {
for (let i = array.length - 1; i >= 0; i--) {
yield array[i];
}

9.4. MNMoTokoBas 06paboTka AaHHbIX
1. OnHa 13 BO3MOKHBIX PeaTHu3aIlnii;

function* drop<T>(iter: Iterable<T>, n: number):
IterableIterator<T> {
for (const value of iter) {
if (n-- > @) continue;

yield value;
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2. Mo:xHo ornucath TeHepaTop count () — CYETYUK, BBIJIAIONINH Yncya, HadynHasd ¢ 1 u 10
GecKOHEUHOCTH. A 3aTeM, IIPUMEHUB drop( ), OTOPOCUTD IIePBbIe AT 3HAYEHUIT 13 BbI-
JIaBaeMOTO UM II0TOKA JAHHBIX, IIOCJIE YeTo ¢ IIOMOIIbIO take () oToOparh cieayolue
[IATh:

function* count(): IterableIterator<number> {
let n: number = 0;

while (true) {
n++;
yield n;

}

for (let value of take(drop(count(), 5), 5)) {
console.log(value);



ObobwentvLe anzopummbt
U umepamopol

B 3TOM rnaBe

QO MWcnonb3oBaHue onepaumit map(), filter() u reduce() He TOMbKO AN MACCMBOB.

O PellieHMe LIMPOKOro CrekTpa 3aZady C NOMOLLbI Habopa pacnpoCTPaHEHHbIX aropUTMOB.
O O6ecneyeHne noaaepxkm 0606LEHHBIM TUMOM AaHHbIX HY)KHOTO KOHTpakTa.

O Peanuzauysi pa3HO06pa3HbIX a/IrOPUTMOB C MOMOLLbIO PasfIMYHbIX KAaTEropuiA UTEPATOPOB.

O Peanusauusi aganTUBHBIX anroOpUTMOB.

Ira r1aBa BCelelo MocBIeHa 0000IEHHbIM aITOPUTMAM, IIPUTO/HBIM /ISl IOBTOPHOIO
HCITOJIb30BAHUS, TIOAXOSIINM JIJIS PA3HOOOPa3HBIX TUITOB ¥ CTPYKTYP JaHHBIX.

MpbI paccMOTpeJH TI0 OTHOM BEPCUH KaKA0H 13 omepariuii map (), filter() u reduce()
B IJIaBe 5, Kora o6y kaaiu (QYHKIIMT BBICIIIETO TOPSAKA. DT (PYHKIMU pabOTAIOT ¢ Mac-
CUBaMH, HO, KaK MbI BHJICJIU B TPEABIAYIINX IVIaBaxX, HTEPaToOpbl — MpeKkpacHas abCTpak-
st 115t paboThI ¢ 1060 CTPYKTYPOI faHHBIX. MBI HAuHeM ¢ peayusaiui 0000IIeHHbIX
BEPCUI TPEX BBILMIEYTIOMSIHYTBIX aJITOPUTMOB, PAGOTAIONIIX C UTEPATOPAMH, a 3HAUNT,
[IPUMEHUMBIX JIJIs1 00pabOTKN GUHAPHBIX IE€PEBHEB, CIIUCKOB, MACCHBOB U JIIOOBIX IPYTHX
UTEPUPYEMBIX CTPYKTYD JTaHHBIX.

Omneparun map(), filter() u reduce() He eIUHCTBEHHBIE B CBOEM pojie. MBI TOTOBOPUM
1 0 Apyrux 0000IIEHHBIX aITOPUTMaX U OMOJIMOTEKaX aJITOPUTMOB, JIOCTYITHBIX B GOJIb-
IITTHCTBE COBPEMEHHBIX SI3BIKOB TIPOTPAMMUPOBAHUS. Mbl yBUANM, TOYEMY JIYUIIIEe 3aMe-
HUTH GOJIBIINHCTBO IUKJIOB BHI30BAMU OMOIMOTEYHBIX alrOPUTMOB. Mbl TaKKe HEMHOTO
moroBopum o Tekyurx API u yo6HBIX 711 IOJIb30BaTeNst HHTEpdEHcax aropuTMOB.
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Jlajiee Mbl POIIEMCSI TI0 OFPAaHUYEHIAM TUIIOB-TIaPAMETPOB; 0000IIEHHBIE CTPYKTYPbI
JIAHHBIX ¥ AJITOPUTMbBI MOTYT 33/IaBaTh BO3MOKHOCTH, KOTOPbIE JI0JIKHBI TIPUCYTCTBOBATD
B MX TUIIaX-apaMeTpax. Ilogo6Has crenuaniusaiysa IPUBOIUT K HECKOIbKO MEHee YHI-
BEPCAJILHBIM CTPYKTYPaM JaHHBIX U aJITOPUTMAM, [IPUTOJAHBIM K UCIIOJIb30BAHUIO YKe
He Be3/le.

Mbr nogpobree 06Cy MM UTEPATOPBI U MOTOBOPUM 00 UX Pa3JUUHBIX KATErOPUAX.
YeM yake crielaJu3upoBaH utepaTop, reM 6oJiee s(hPeKTUBHBIE AJITOPUTMbI BOSMOKHbBI
¢ ero yyactreM. Biipouem, He Bce CTPYKTYPBI IaHHBIX CIIOCOOHBI TTO//IEPKUBATH CIIEIIHA-
JIN3UPOBAHHDBIE UTEPATOPHI.

HaxkoHerr, Mbl KOPOTKO TIPOOEKUMCS 110 aIallTUBHBIM ajroputMam. OHE MO3BOJISIOT
cosfiaBaThb 6oJiee yHUBEpCaJIbHbIE, HO MeHee 9 (eKTUBHBIE PeaI3alluK IJIsl HTEPATOPOB,
00/1aIAT0IINX MEHBIINM KOJIMYECTBOM BO3MOKHOCTEH, 1 Gosiee apheKTUBHbIE, HO MEHee
YHUBepCaJIbHbIE Peau3alluu I/ UTEPATOPOB ¢ OOJIBUIMM KOJIUIECTBOM BO3MOKHOCTEN.

10.1. Yny4yweHHble onepauunn map(), filter()
n reduce()

B ritaBe 5 Mbt roBopuiin 06 otepariusix map( ), filter () u reduce() U pacCMOTPENN OJTHY
13 BO3MOKHBIX Peaii3aiuil KaxK/ 0l U3 HUX. DTU aJIFOPUTMBI [IPEACTABJIAIOT COO0i (hyHK-
IIUU BBICIIETO MOPSI/IKA, TOCKOJIbKY IPUHUMAIOT B KAUueCTBE apryMeHTa JAPYTYIO (DYHKITHIO,
MIPUMEHSS ee K ITOCIeI0BaTeIbHOCTH JaHHBIX.

Omeparust map () mpuMensieT GyHKIMIO K KaKIOMY 3JIeMEHTY TTOCIe/I0BaTeTbHOCTH
u Bo3Bpamaet pe3yabrarbl. Onepanus filter () npuMensieT pyHKINUIO DUABTPAIIUN
K KaXKJIOMY 9JIEMEHTY ¥ BO3BPAIAeT TOJIbKO T€ U3 HUX, JIJIsT KOTOPBIX 3Ta (hYHKITUS BEp-
Hyza true. Onepanust reduce() rpynnupyeT Bce 3HAYEHUS B TIOCJIE0BATETBHOCTH C TI0-
MOIIIbIO (DYHKIIMY U BO3BPAIIAET B BUJIE Pe3yJIbTaTa O/IHO 3HAYEHUE.

B marmeii peanusammm U3 rjaBel 5 UCIOAb30BAICA 0000UIEHHBIN THII-TapaMeTp T, a [o-
CJIeZI0BATEbHOCTH OBLIN IIPECTABJIEHbI B BH/IE MACCUBOB 9JIEMEHTOB THIIA T.

10.1.1. Onepaums map()

BenoMHuM, KaK Mbl peajii3oBajii olepanuio map (). Y Hac ObLIO ABa TUIIA-IIapaMeTpa:
T u U. OyHKIUSA TPUHIMAET KAK apryMeHT MAacCUB 3HaYenuil Tuna T u QYHKIUIO, TIepe-
BOZATILYIO U3 T B U B KauecTBe BTOPOTO apryMenTa. OHa BO3BpaIlaeT MAcCUB 3HAYCHUT
trma U, Kak mokasano B jauctunre 10.1.

Teriepb, BOCIIOJIB30BABIINCH HAIIMMU 3HAHUSIME 00 UTEPATOPax U FeHepaTopax, HoCMOo-
TpuM B sncturre 10.2, kak peannsosBarh map () Tak, 4ToObI OHA MOrJIa PaboTaTh ¢ JIOOLIM
Iterable<T>, a HE TOJIBKO C MAaCCHBaAMMU.

B T0 Bpems Kak 06J1acTh AeiiCTBUS IePBOHAYAIBHOII peajnsaliil OrpaHuYNBajIach
MaccHBaMHU, 9Ta MOXKeT paboTaTh ¢ Jir000il CTPYKTYPOIl JaHHBIX, IPEAOCTABJISIONIEH UTe-
patop. Kpome Toro, ko1 cTajm HAMHOTO KOMIIAaKTHEe.
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Jinctuar 10.1. Onepaumst map()

Onepauua map() npuHUMaEeT Ha BXoJie MaccuB
3nemeHToB TUna T v GyHKLMI0, NepeBoAALLYI0
u3 T8 U, n Bo3BpaLiaet maccu 3Hauenuii Tuna U

function map<T, U>(items: T[], func: (item: T) => U): U[] {

let result: UL] = [ B Hauane maccus
for (const item of items) { 3HateHii THna U mycr

result.push(func(item));

Iina kaxpaoro pe3ynbrata BCTaBnAem

Bo3BpaLyaem maccus pe3ynbrat BbinonHenuna func(item)
3HaueHun Tuna U B MaccuB 3HayeHuii Tuna U

}

return result;

Jinctunr 10.2. Onepaumst map() ¢ MTepatopom

Oynkuna map() Tenepb npeactaBnaet
co6oii reHepaTop, NPUHUMAIOLLNIA
B KauyecTBe NepBoro aprymenta lterable<T>

function* map<T, U>(iter: Iterable<T>, func: (item: T) => U):
IterableIterator<U> { OyHKuns map() Bo3BpaLaeT
for (const value of iter) { YHKU P pa

. Iterablelterator<U>
yield func(value);

} ¥ 3ajiaHHas GYHKLNA NPUMEHSETCA K KaXKAOMY
U3BNEYEHHOMY U3 UTEPATOPa 3HAUEHUIO,
1 pe3ynbTaT BblAAETCA HAPYXKY

10.1.2. Onepauus filter()

[Tponenaem to xe camoe ¢ filter() (smuctunr 10.3). Hama ncxonnas peanusaius 0Ku-
Jlajia Ha BXOJI€ MACCUB 3JIEMEHTOB Tuma T U npeaukar. HamoMHIo, 4To npeduxam — 310
(byHKIMSA, TPUHUMAIOIITASA OJIUH 3JIEMEHT KaKOTO-TO THUIIA U BO3Bpalaoliias boolean.
Eciu narnas yHkims Bo3Bpalaet true /i IepeJaHHOTO eif 3HaYeHus, TO TOBOPAT, 4TO
3HAYEeHNE y/IOBJIETBOPSIET IIPEINKATY.

JNnctunr 10.3. Onepauws filter()

function filter<T>(items: T[], pred: (item: T) => boolean): T[] {
let result: T[] = [];

Oyukups filter() npunumaert B KauecTse

for (const item of items) { aprymeHTOB MaccuB 3HaueHuii Tuna T u npeaukar

if (pred(item)) { (dynkumio, nepesoaawyto u3 T 8 boolean)
result.push(item);

}

Ecnn npepukar Bo3Bpauwaer true,
T0 f06aBNAEM NEeMEHT B UTOTOBbII
MaccuB, B NpOTUBHOM Cnyyae nponyckaem ero

}

return result;
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Kak u B cityuae c onepariueit map (), Mbl BocIiosib3yemcs Iterable<T> BMECTO MaccuBa
U peasiu3yeM 9TOT Iterable B Buje reHepaTopa, BbIAAIONIET0 3HaYeHU, Y0BJIETBOPSI-
IoINe MPeANKATy, Kak MoKaszaHo B auctuHre 10.4.

Jinctuur 10.4. Onepauwms filter() ¢ utepatopom

Oynkuus filter() Tenepb npepcTaBnaet
06011 reHepaTop, NPUHMMAatOLLUI
B KauecTBe NepBoro aprymenTa lterable<T>

function* filter<T>(iter: Iterable<T>, pred: (item: T) => boolean):
IterableIterator<T> {

for (const value of iter) { Oynkuys filter() Bo3Bpalyaer Iterablelterator<U>
if (pred(value)) {

yield value;
} Ecnu 3HaueHue ynosnetsopaet
} npeAuKarty, To BbIAAETCA HapyKy

Onarh mosryuniach GoJiee JaKOHUYHASL Peannsalys, cocobHas paboTaTh He TOJIbKO
¢ maccuBamu. U HakoHet, mogudunupyem GyHKIHIIO reduce().

10.1.3. Onepaumns reduce()

Harra nepBonavanbuas peasusaius reduce() oxujajia Ha BXOJie MAaCCUB DJIEMEHTOB
Thma T, HadyaJbHOe 3HaueHue Tuma T (Ha CIyJaii, ecim MacCUB OKayKeTCsT TIYCT) U orepa-
1o op(). Dra omepanus npeacTas/sger cob6oi HYHKIINIO, KOTopas IPUHUMAET B Kaye-
CTBE apTyMEHTOB J[Ba 3HAUEHUsI THTIA T U BO3BPAIaeT OIHO 3HaveHue turna T. Oneparus
reduce () IPUMEHSIET OTIEPAIINIO K HAYaIbHOMY 3HAYEHUIO U TIEPBOMY 9JIEMEHTY MacCHBa,
COXpaHSIET Pe3yJIbTaT, IPUMEHSIET TY JKe OMePaIio K Pe3yJIbTaTy 1 CJeyIoneMy aJieMeH-
Ty MaccuBa u T. ;1. (siuctunr 10.5)

Jinctuur 10.5. Onepaums reduce()
function reduce<T>(items: T[], init: T, op: (x: T, y: T) =>T): T {
let result: T = init; OyHKuya reduce() NPUHMMAET B KayecTe
aprymeHTOB MaccuB 3HaueHuin Tuna T,

HayanbHoe 3HaueHue 1 onepavwuio
rpynnNMpoBKM ABYX 3Ha4eHuil TUna T B 04HO

for (const item of items) {
result = op(result, item);

Bce anemeHTbI MaccuBa rpynnupyloTca
return result; € IPOMEXYTOUHbIM UTOFOM C IOMOLLbIO
} 3alaHHoli onepaLum

ITY GYHKIMIO MOKHO TEpenucaTh Tak, 4YTOOBI BMECTO MACCHBA MCTOTb30BATICS
Iterable<T> u oHa MOTJIa paboTaTh ¢ JIOOON MOCTETOBATENHHOCTHIO, KAK MOKA3aHO
B nctunre 10.6. B 1anHOM cirydae TeHepaTop HaM He Hy»KeH. B oTimuune ot AByX mpe-
IBIY X (DYHKITHI, reduce () BO3BpAIaeT He TOCJAE0BATENbHOCTD 3JIEMEHTOB, & OJTHO
3HAYEHME.
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Jnctunrr 10.6. Onepauums reduce() ¢ nTepaTopom
function reduce<T>(iter: Iterable<T>, init: T,
op: (x: T, y: T) =>T): T {
let result: T = init;

BmecTo maccua 3Hauenuii Tuna T
reduce() npuHMMaeT B KayecTBe
nepBoro aprymenTa lterable<T>

for (const value of iter) {
result = op(result, value);
}

return result;

OcranpHast 9acThb peasn3ann He ITIOMEHAIACh.

10.1.4. Konenep filter()/reduce()

[TocMoTpuM, Kak 06beAMHUTD 9TH aJIFOPUTMbI B KOHBeep, BbIOMpaoii us 6unap-
HOTO iepeBa TOJIHKO YeTHBIE YMCIa U CYMMUpPYIONil nx. Bocmoabayemest kmaccom
BinaryTreeNode<T> U3 TJIaBbl 9 ¢ €ro NEHTPUPOBAHHBIM 0OXO/IOM JIEPEBA U CIEITIM €0
¢ (OUIBTPOM YETHBIX urces U pyHKIHEN reduce(), B KOTOPOU B KAUeCTBE OIIEPAIIUH TIPH-
MenseTcst cioxenne (auctuar 10.7).

JNncturr 10.7. Koneeitep filter()/reduce()
let root: BinaryTreeNode<number> = new BinaryTreeNode(1);

root.left = new BinaryTreeNode(2); Tot e npumep
root.left.right = new BinaryTreeNode(3); 6uHapHoro aepesa,
root.right = new BinaryTreeNode(4); yTo M B rNage 9

const result: number =

reduce( Monyuaem Iterablelterator<number>

filter(
nA 06xofia iepeBa no NopAAK
inOrderIterator(root), A Aa Rep PARKY

(value) => value % 2 == 0), <

0, (X, y) => X +Yy); < OunbTpyem ¢ nomoLLbio
nAam6aa-BblpaxeHus,

console.log(result); BbinonHaem cBepTKy, HauNHaA C HAYaNbHOro 3HaueHusa 0, BO3BpalLalolLero true
CnomoLybo HHMGAH-Bpra)KEHMﬂ, Cymmupyroiero Ba yucna LNA YETHbIX yncen

ITOT MpUMeEP — JKUBOE TIOATBEP:KIAeHE ahhekTuBHOCTU 0600IIEHHBIX THITOB. BMecTo
TOrO YTOOBI Pean30BbIBATh HOBYIO (DYHKITHIO JIJIsT 06X0/1a GUHAPHOTO JIepeBa U CyMMHU-
POBAHUST YETHBIX YHCEJI, MBI TIPOCTO (DOPMUPYEM KOHBeliep 00pabOTKHU CHEUATBHO JIJIsT
HYJKHOTO CIIeHapHsI.

10.1.5. YnpaxHeHus

1. Cosmaiite koHBeliep aJis1 06pabOTKU UTEPUPYEMOTO 0OBEKTA TUIIA string: KOHKaTe-
HAIIUU BCEX HEMYCTHIX CTPOK.

2. Cospaiire koHBeiiep st 06pabOTKH UTEpUPyeMoro oGbeKTa THTIA number: BHIOOPA BCEX
HEYETHBIX YKCEJI U BO3BE/ICHUS UX B KBaJ[par.
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10.2. PacnpocTpaHeHHble anropuTMmbl

Mol o6¢yiuim anroputmbl map(), filter() u reduce(), a Takske ObLI yIIOMIHYT take ()
B T71aBe 9. B KoHBeliepax 4acTo MCHOJB3YIOTCS U MHOTHE JIpyTrHe ajropuTmbl. [lepeunc-
JIT0 HEKOTOPbIe U3 HUX. MBI He cTaHeM U3ydaTh peaqu3alu — s ITPOCTO OTUIITY, KaKue
apry™MeHTsl (IToMuMo Iterable) OHM TTOJMYYAIOT U Kak 0OpadaThiBatoT AaHHbIe. B1o6aBok
S IIePEeYMCIIIO Pa3InyHble Ha3BaHUs, 110/l KOTOPBIMU 3TH aJITOPUTMbI MOT'YT BCTPEYATbCS:

O map() MpUHUMAET Ha BXO/I€ TIOCJE/I0OBATENBHOCTb 3HAUYEHUI TUTa T U (QYHKIIUIO
(value: T) => U, a BO3BpaIlaeT MOCIe[0BaTeTbHOCTb 3HAUeHNN THTIA U TI0CJIe TIPUMe-
HEHUs KO BCeM 3HAYEHUSIM BXOJIHOH TT0CJIe/1oBaTeibHOCTH 9TON hyHKImK. OHa Takke
BCTpeYaeTcd 1o/ Ha3BanuAMU fmap (), select();

O filter() MpWHUMAET HA BXOJE MOCIEAOBATEIHHOCTD 3HAUCHUN TUTIA T W TIPeNKaT
(value: T) => boolean, a Bo3BpalllaeT MOCIEI0BATEIbHOCTD 3HAUEHU ThIa T, BKJIIO-
YAOIITYIO BCE 3JIEMEHTHI, IJIT KOTOPBIX 3TOT MPEANKAT BO3BpataeT true. Berpeuaercs
TakKKe I10J] Ha3BaHueM where();

O reduce() mpuHUMAET HA BXO/Ie MOCJIE0BATEIbHOCTh 3HAUEHU TUIIA T U OTllepaInio
TPYIIIAPOBKY IBYX 3HaUeHUN Tta T B ofiHO (x: T, y: T) => T. [locse rpynmmpoBkn
BCEX 9JIEMEHTOB TI0CJIe/I0BATETbHOCTU C TTIOMOIIBIO ATOH orepanuu reduce () BO3-
BpaiaeT o/iHo 3Hauenue Tumna T. OHa TakKe BCTpevyaeTcs 1o HazBanusMu fold(),
collect(), accumulate(), aggregate();

Q any() mpuHMMaeT Ha BXOJE MTOCAE0BATEJIbHOCTD 3HAYEHUN TUIa T U NpeguKar
(value: T) => boolean. OHa BO3Bpalllaet true, €CJiu XOTst OBl OJIH JIEMEHT TTOCTIEI0-
BaTeJIbHOCTU YA0BJICTBOPSET NIPEAUKATY;

O all() npuHMMaeT Ha BXOJe IOCJe0BATEeIbHOCTh 3HAaUYeHUN Tuna T U npeJuKat
(value: T) => boolean. OHa BO3BpalllaeT true, CJU BCE 2JIEMEHTDI TI0CJIE0BATEb-
HOCTH YJIOBJIETBOPSIOT IIPEJUKATY;

O none() mpuHUMAaeET Ha BXOJle TTOCTAE0BATENbHOCTD 3HAYCHUU TUNA T U TIpeIuKaT
(value: T) => boolean. OHa Bo3Bpallaer true, ecjiv HU OJMH U3 3JIEMEHTOB I1OCJIE/0-
BaTEJIbHOCTU HE YJIOBJIETBOPSET IIPEeAUKATY;

O take() mpuHUMaeT HA BXOjle MMOCAEI0BATEIbHOCTb 3HAUEHUN TUIIA T ¥ YUCJO n.
OHa BO3BpaliaeT mocaeI0BaATEIbHOCTD, COCTOSIIYIO U3 TIEPBbIX N 3JIEMEHTOB UCXO/I-
HOU TI0cJIeioBaTeIbHOCTU. BeTpeuaercs takke 1ot HazBaHneM limit();

O drop() npuHUMAaET HA BXOJIE MTOCJIe/I0BATEIbHOCTD 3HaYeHn i Tuma T 1 yrcsio n. Ona Bo3-
BpariaeT MOCIe/[0BaTeTbHOCTD, COCTOSIIYIO U3 BCEX 3JIeMEHTOB NCXO/HON TTOCTIe/10Ba-
TeJIbHOCTH, 32 MCKJII0YEeHNeM TIepBBIX n. BeTpeuaeTcs Takske 110/1 HazBaHueM skip();

Q zip() mpuHUMaeT Ha BXOJe TTOCTIEN0BATEIbHOCTD 3HAUYCHUN TUTa T U MOCae0Ba-
TeJIbHOCTH 3HAUEHWH ThTIA U, 2 BO3BPAINAeT IMOCIe/I0BATETbHOCTD, COCTOSIIYIO U3 T1ap
3HaYeHUU T U U, IO CyTH, CKJIeUBas JIBe BXO/IHbIE TTOCTIEI0BATEIbHOCTH.

CyuiecTByeT MHOXKECTBO JAPYTUX aJTOPUTMOB LISl COPTUPOBKHU, O6palieHus, pas-
OGUeHNs M KOHKATeHAI[IH TTOCTe[oBaTeIbHOCTeN. K c9acThio, 9TH aaropuTMBI HACTOJIBKO
MOJIE3HBI U TIPUMEHUMBI B TAKOM KOJIMYECTBE OOIACTEH, UTO PEean30BbIBATH MX CAMOCTOSI-
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TesbHO He Tpebyercs. [lst GoIbINHCTBA A3BIKOB TPOrPAMMUPOBAHMUST CYIIIECTBYIOT G-
GJIOTEKH ¢ TOTOBBIME peasinsarusiMu. B JavaScript ectb makeTst underscore. js u lodash,
B K&JKIIOM U3 KOTOPBIX MHOKECTBO MOA00HBIX anropuTMoB. (Ha MOMEHT Haricanus 1aH-
HOU KHUTH 9T GUOINOTEKN HE TIO/IEPKUBATIM UTEPATOPBI — TOJBKO BCTPOEHHBIE TUIIbI
MaccuBOB 1 00bekTOB JavaScript.) B Java nx MoskHoO HaiiTh B mmakere java.util.stream.
B C# onu pacnosiaraiorcs B TpOCTPaHCTBe MMeH System. Ling. B C++ — B 3arosioBounoM
(paiine cranmapTHOit GubNIMOTEKN <algorithms.

10.2.1. AnropuTMbl BMECTO LIMK/IOB

Bo3MoskH0, BBl yAUBUTECD, HO €CTh XOpOolllee SMINPUYECKOe [IPABUIO: BCAKUIL pa3, KOT-
JIa TIUIIeTe aJITOPUTM, ITPOBEPHTE, HE CYIIECTBYET Jit OUOIUOTEUHOTO AJITOPUTMA WU
KoHBelepa /st 9ol 3azauun. OOBIYHO IIUKJIBI TTUITYTCS I 00PabOTKU MOC/Ie/I0BATE b=
HOCTEH — MMEHHO JIJIS TOTO, JIJIST 4ETO CITYsKAT 00CYKIABIIUECS BHIIIE aITOPUTMBL.

BubamoTedrbie aaTOPUTMBI TPEATIOYTUTETHHEE TTOTH30BATEIBCKUX IIUKIOB MTOTOMY,
YTO BEPOSITHOCTD OIMUOKU MeHbIIIe. BUGIMOTEUHbIE AITOPUTMbI — TPOBEPEHHBIE ¥ PEaiv-
30BaHbI 9(D(HEKTUBHBIM 00PA30M, U UX TIPUMEHEHHUE MO3BOJISIET MOJYYUTh O0JIee TOHSTHBIH
KOJI OJ1aro/1apst SBHOMY YKa3aHUIO OTIEPAIHil.

B 9710i1 KHITE MBI PACCMOTPEJIM HECKOJIBKO peaynsaliuii, 4To0bl JIydllie IOHSATh BHY-
TPEHHHUE MEXaHU3Mbl, HO PEAIN30BbIBATH AJITOPUTMbI CAMOCTOSTEILHO TPUXOAUTCS PEIIKO.
Ecau Bam BeTpeTuTes 3ajjaua, KOTopasd He M0/ CHJIY CYLIECTBYIOUUM aJrOpuT™MaMm, TO
JIydIiie co3maTh 0600IIEHHYI0, TOBTOPHO UCIOIB3YEMYIO PEATH3AITNIO, 4eM OTHOPA30BYIO
cHelalu3upOBaAHHYIO.

10.2.2. Peanusaums TeEKy4yero KoHBerepa

Boubiaerso 6ubinorex npegocTapiasior tekyunii APT i oObeprHeHs airopuT™MoB
B konBeiiep. Tekyurnie API — ato API, B ocHOBE KOTOPBIX JIEKUT CIlellJIeHUe, 3HAUUTETbHO
ymporraloliee yrenne koja. [locMoTpum Ha pa3HuIly MexKAy TeKyuuM u HeTekyunm API
Ha IpuMepe KoHBellepa humbTpanny,/cBepTku u3 pazzaena 10.1.4 (auctunr 10.8).

Nuctunrr 10.8. Koxeeltep filter/reduce

let root: BinaryTreeNode<number> = new BinaryTreeNode(1);
root.left = new BinaryTreeNode(2);

root.left.right = new BinaryTreeNode(3);

root.right = new BinaryTreeNode(4);

const result: number =
reduce(
filter(
inOrderBinaryTreeIterator(root),
(value) => value % 2 == 0),
0, (X, ¥) =>x+Y);

console.log(result);
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M xoTp MBI cHavasa IpuMeHseM oliepanuio filter () u 3aTeM nepenaeM pesyJib-
TaT B oleparuio reduce(), IpU YTEHUH KOJ/la CJIe€Ba HAIIPABO YBUIAUM reduce () Tepen
filter(). Kpome TOTO, I0BOJIBHO HEMTPOCTO Pa300PATHCsT, KAKIE apryMEHThI OTHOCSITCST
K TO¥1 miin uHOH (yHKImu B KoHBeiiepe. Tekyunit APT HaMHOTO 00JIeryaeT yTeHue Koja.

B HacTostiiiee BpeMst Bce HAIIM aJITOPUTMBI TPUHUMAOT KaK MEePBbIi apTyMeHT 00bhEKT
UTEPUPYEMOTO THTIA U BO3BPAMaioT urepatop. O6beKTHO-0OPUEHTHPOBAHHOE TPOTPAMMI-
pOBaHuMe MO3BOJMT YCOBEPIeHCTBOBATH Hatll APT. MoskHO coGpaTh Bee HaI aJITOPUTMBI
B KJ1acC-00ePTKY /Il UTEPUPYEMOTo 0OBEKTA. A 3aT€M BbI3bIBATH JI0OON U3 UTEPUPYEMBIX
00BEKTOB O€3 SIBHOTO YKA3aHUS €70 B KAUeCTBE [IEPBOTO APIYMEHTA, BE/Ib TEIEPh UTEPUPY-
eMblii 00beKT sABJIsteTCs YieHOM Kiacca. [Tpogesaem ato it map (), filter() u reduce(),
CTPYNIUPOBAB UX B HOBBIN KJjiacc FluentIterable<Ts, caysKaiuii 00epTKOI /it 00bEKTA
Iterable, kak 1okasato B jucTtutre 10.9.

JiucTuHr 10.9. Tekyuwii Iterable

class FluentIterable<T> { .
iter: Tterable<Ts; Knacc Fluentlterable<T> cnyxut o6eptkoii an lterable<T>

constructor(iter: Iterable<T>) {
this.iter = iter;

by
*map<U>(func: (item: T) => U): IterableIterator<U> { —
for (const value of this.iter) {
yield func(value);
}
¥
*filter(pred: (item: T) => boolean): IterableIterator<T> { —
for (const value of this.iter) {
if (pred(value)) {
yield value; Peanuzaumun map), filter() u reduce() aHanoruub
} npeablAayLLMM, HO BMECTO UTepupyemoro 06beKTa B KauecTse
} NepBoro aprymeHTa B HUX UCNONb3YeTcA UTepupyemblii this.iter
¥
reduce(init: T, op: (x: T, y: T) =>T): T { —
let result: T = init;
for (const value of this.iter) {
result = op(result, value);
}
return result;
}

Ha ocnose Iterable<T> MOXHO co3/laTh FluentIterable<T>, II09TOMY MBI MOXKEM
nepenucaTh Halll KoHBeiiep filter/reduce B Gosiee Texkyuem Buie. CosmaanM 00bEKT
FluentIterable<T>, BbI30BeM /Ui Hero filter (), co31aauM Ha OCHOBE PE3yIbTaTOB €ro
pa60Tb1 HOBBII 00beKT FluentIterable<T> 1 BLI30BEM /I HEro reduce (), Kak IIOKa3aHO
B smuctunre 10.10.
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JiuctuHr 10.10. Tekyunin koHBelep filter/reduce

let root: BinaryTreeNode<number> = new BinaryTreeNode(1);
root.left = new BinaryTreeNode(2);

root.left.right = new BinaryTreeNode(3);

root.right = new BinaryTreeNode(4);

const result: number = Monyuaem 06beKT Ana utepauum
new FluentIterable( no 6uHapHomy pepesy u3 inOrderlterator
new FluentIterable( 1 uHuumanusupyem um Fluentlterable

inOrderIterator(root)
).filter((value) => value % 2 == @)
).reduce(@, (x, y) => X +Vy);

Boisbiaem ans Fluentiterable<T> ¢yHkuwmio filter(),
nocne Yero €o3Jaem Ha OCHOBE BO3BPaLLaeMbIX
console.log(result); Hakokeu, Bbi3biBaem eii pesynbtatos apyroii Fluentlterable<T>

nAa Fluentlterable<T>

PyHKumio reduce() n nonyyaem

UTOTOBbIif pe3ynbrar

Tenepsn filter() BcTpeuaercs mepej reduce(), 1 COBEPIIEHHO SICHO, YTO apTYMEHTBI
OTHOCSTCS K 9TO (hyHKINN. ExuHCcTBeHHAst TIPo6JieMa COCTOUT B HEOOXOANMOCTH CO3/1a-
BaTh HOBBII 00beKT FluentIterable<T> mmocJjie Kaska0ro BbI30OBa ysarmmm. Moxk#Oo yco-
BepIeHcTBOBaTh HaHHbIil API, ecou iepencath GyHKIK map () u filter() Tak, 4ToObI
OHU Bo3Bpalaiu FluentIterable<T> BMecTo IterableIterator<T>. O6paruTe BHUMAHIE:
MEHATh MeTo/] reduce () He TpebyeTcst, MOCKOJIbKY reduce () BO3BpaIlaeT ¢IMHCTBEHHOE
3HaueHMe TUIA T, a He UTEPUPYEMBIH 00BEKT.

Ho mockombKy MBI MCTTOTb3yeM TeHepaTOPhI, TO MTPOCTO MTOMEHSITh BO3BpaNiaeMbIil
TUI Hesib3st. CMBICI CYIECTBOBaHUsI TEHEPATOPOB COCTOUT B TOM, 4TOOBI 0becIiey-
BaTh leO6HbeI CUHTAKCHUC JIJId (byHKL[I/H?I, HO OHU BCerja Bo3BpalaioT IterableItera-
tor<T>. BMecTo 2TOTO MBI MOKEM TMTepPeHeCTH pean3aruy B [Ba MPUBATHBIX METOIA:
mapImpl() 1 filterImpl() — M NPOU3BOAUTL IIpeobOpasoBanue U3 IterableIterator<T>
B FluentIterable<T> B IyOJIMYHBIX MeTOAaX map() U filter (), KaK MOKa3aHO B JINCTHH-
re 10.11.

Jincturr 10.11. YcoBeplueHCTBOBaHHbIN knacc FluentIterable

class FluentIterable<T> {
iter: Iterable<T>;

constructor(iter: Iterable<T>) { M 0 .
this.iter = iter; eTol map() nepeAaeT NoNYYEHHbIit

} apryment metogy mapImpl() u npeo6pasyer
pesynbrar Bo Fluentlterable

map<U>(func: (item: T) => U): FluentIterable<U> {
return new FluentIterable(this.mapImpl(func));

}

private *mapImpl<U>(func: (item: T) => U): IterableIterator<U> {
for (const value of this.iter) {

yield func(value); Meton maplmpl() —
} 3T0 MCXOAHAA peanu3anya

1 map() B BUae reHeparopa
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filter<U>(pred: (item: T) => boolean): FluentIterable<T> {
return new FluentIterable(this.filterImpl(pred)); <«
}

private *filterImpl(pred: (item: T) => boolean): IterableIterator<T> {
for (const value of this.iter) {

if (pred(value)) { Mogo6Ho map(), filter()
yield value; nepefaeT NonyyeHHblil aprymeHT

} Mertog filterlmpl() — merogy filterlmpl() n npeo6pasyer

} 370 UCXOAHaA peanu3auna pe3ynbrart Bo Fluentlterable

} filter() B BuAe renepatopa

reduce(init: T, op: (x: T, y: T) =>T): T {
let result: T = init;

Mertop reduce() He meHseTcs,
NOCKONbKY He BO3BpaLLAeT UTepatop

for (const value of this.iter) { 4—‘

result = op(result, value);
b

return result;

Baiarogaps sT0ii ycoBepuieHCTBOBAHHON peainusaliii CTAHOBUTCS yA00Hee CIEIISATh
QJITOPUTMBI, TTOCKOJIbKY OHU BCE Telepb BO3BpamaoT FluentIterable, B KOTOpOM Bce
QJITOPUTMBI OTTUCAHBI B BUJIE METO/IOB, KaK MOKa3aHo B jiuctunre 10.12.

JinctuHr 10.12. YcoBepLUEHCTBOBaHHbIV Tekyumii koHBeliep filter/reduce

let root: BinaryTreeNode<number> = new BinaryTreeNode(1);
root.left = new BinaryTreeNode(2);
root.left.right = new BinaryTreeNode(3);

0CTaTOYHO €037aTb ABHBIM
root.right = new BinaryTreeNode(4); A A

o6pa3zom HoBblii Fluentlterable
Ha 0CHOBE UCXOHOTO UTepaTopa

const result: number =
AnA 6uHapHoro fiepeBa TONbKO OAVH pa3

new FluentIterable(inOrderIterator(root))
.filter((value) => value % 2 == 0)

.reduce(®, (x, y) => x +¥); filter() — meron Knacca

MoxHo Bbi3BaTb MeToA Fluentlterable u cam
reduce() Bo3BpaLLeHHOro Bo3BpaLyaer Fluentlterable

le.1 1t);
console.log(result) meTogom filter() pesynbrata

Tenepb B 9TOM O-HACTOSAIIEMY TEKy4YeM BapUaHTe KO/ JIETKO YUTAETCS cJieBa HallpaBo,
Y CHHTAKCHC CLEIJIEHUS IIPOU3BOJIBHOIO KOJIMYECTBA COCTABJISAIONINX KOHBEep ajllrOpUT-
MOB BBITJISIIUT BIIOJHE eCTeCTBeHHO. [T0100HBIN TTOX0/T TIPUMEHSIETCST B GOJIBITHHCTBE
6UGIMOTEK aITOPUTMOB, MAKCUMAJIBHO YIIPOIIAst CIEILICHHE HECKOJIBKUX aJITOPUTMOB.

B s3aBrucuMOCTH OT 43bIKa IIPOrPAMMUPOBAHUS OIMH U3 HEOCTATKOB Tekyunx API —
3arpoMosk/ieHue Kiacca FluentIterable MeTOaMU JIJISL BCEX QJITOPUTMOB, UTO YCJIOKHSET
ero pacimpenvie. Eciv on BKIIOYeH B 6UOIHOTEKY, TO Y BBI3BIBAIOIIETO KOJIa HET BO3-
MOKHOCTH 7100aBUTh HOBBIN anroput™ 6e3 moucdukarnuu kiacca. B C# cyiiectByror Tak
HasbIBacMble METO/IBI pactpennst (extension methods), koTopbie TO3BOIAIOT 106ABIATH
B KJIacc i uHTepdeiic MeToIbl, He puberast K MoAMbUKAIIK ero Kojia. Bripouewm, He Bo
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BCEX sI3BIKaX MPUCYTCTBYIOT MOA0OHBIE BOSMOKHOCTH. TeM He MeHee B GOJIBIIMHCTBE
CJTy9aeB JIyYIlie HCTOIb30BATH YiKE CYIECTBYIONLYI0 GUOINOTEKY aJITOPUTMOB, & He pea-
JIN30BBIBATH HOBYIO C HYJIS.

10.2.3. YnpaxHeHus

1. PacmmpbTe Kmacc FluentIterable, 100aBUB B HErO aJNTopuTM take (), BO3BpaIIatomImit
epBble N 3JIEMEHTOB U3 UTepaTopa.

2. Pacmupbre Kiace FluentIterable, 100aBUB B HETO aJrOPUTM drop( ), TIPOITYCKAOTIHIA
1epBble n 3JIeMeHTOB U3 UTepaTopa U BO3BPAIIAIONINil BCe OCTaNbHBbIE.

10.3. OrpaHuyeHne TMNOB-NapaMeTpoB

Mbi yake Buzienn, Kak 06001eHHbIe CTPYKTYPbI JaHHBIX 3a4a10T (OPMY JaHHbBIX, HE 3aBH-
CAILYI0 OT KOHKPETHOTO TUIIa-Tiapamerpa T. Mbl TakiKe paccMOTper Habop ajiropuTMOB,
HCTIOJB3YIOIIIX UTEPATOPHI J1Jist 00pabOTKH HOC/IeI0BaTeIbHOCTEN 3HaUeHUI THIIa T, BHE
3aBUCHMOCTH OT TOTO, KaKO KOHKPETHO 3To TUIIL. Teneps B uctunre 10.13 paccmoTpum
cueHapuii, Ipu KOTOPOM KOHKPETHBII THII JaHHBIX BaskeH: 0000IEHHYIO (DYHKIIHIO
renderAll(), IpMHUMAIOIILYIO B KaUeCTBe aprymenTa Iterable<T> 1 BBI3BIBAIOILYIO METO/L
render () JIsT KJK/I0TO BO3BPAIIIA€MOTO UTEPATOPOM AJIEMEHTA.

Jnctunar 10.13. Habpocok renderAll()

function renderAll<T>(iter: Iterable<T>): void { ‘_‘(DyHKuuﬂrenderAII()npwuumaeT

for (const item of iter) { B KauecTBe aprymenTa lterable<T>
item.render();

} [Ins KaXaoro Bo3BpaLLaeMoro MTepaTopom
b 3/IeMeHTa Bbi3biBaeTca metof render()

IMombITKa KOMITUJIATIUN 9TOM (DYHKIIUU 3aBEPIIAETCS CAEAYIONIUM CO00IeHneM 00
ommbKe: Property 'render' does not exist on type 'T' (B Tuiie 'T' OTCYTCTBYET CBOI-
CTBO 'render").

MbI mibITaeMcst BoI3BaTh MeTo]] render () 0600IIEHHOTO THIIA T, B KOTOPOM TaKOTO
METO/Ia MOKET U He ObITh. [IpH o100HOM clieHapuu HeOOXOAUMO 02PAHUYUMb TUTL T 1C-
KJIIOUUTEJIbHO KOHKPETHBIMU BOILIOLIEHUAMHY, COAEPKALLIMMU METOX render ().

OrPAHUYEHUA TUNOB-NMAPAMETPOB

OrpaHuyeHns coobLatoT KOMIMAATOPY O BO3MOXHOCTSX, KOTOpble 0693aTenbHO
[OMKHBI BbITb Y TUMa-apryMeHTa. bes orpaHMYeHnin TUN-apryMeHT MOXET bbiTb
ntobbiM. Koraa Tpebyetcs Hanmume y 06061eHHOro T!na AaHHbIX OnpeaeneHHbIX
USIEHOB KJ1ACCa, MMEHHO C MOMOLLbI0 OFpaHUYEHU Mbl COKPALLL@eM MHOXECTBO
[OMYyCTUMbIX TUMOB A0 TeX, B KOTOPbLIX €CTb 3TN TpebyeMble YMeHbI.

B Hamem ciydyae MOKHO onucaTh uHTepdeiic IRenderable, B KOTOPOM 0ObsIBIEH
Meto/1 render (), Kak 1mokasaso B suctunre 10.14. Janee MOKHO 106aBUTh OrpaHiYeHUe
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Ha TUII T C IIOMOIIIBIO KJIFOYEBOIO CJI0Ba extends, yKa3aB TeM CaMbIM KOMIIUJISATOPY, YTO
JIOIIyCTUMBI TOJIBKO TUIIBI-aPTyMEHTHI, BOILIOIIAOIe IRenderable.

Jinctuur 10.14. ®yHkums renderAll ¢ orpaHuyeHnsaMm

inter“Fa;e IR?nde(‘jt_’le { Bonnowatoume untepdeiic IRenderable
} render(): void; TUNbI A0MKHbI BKAOYaTb MeToA render()

function renderAll<T extends IRenderable>(iter: Iterable<T>): void {

for (const item of iter) { |
item.render(); T extends IRenderable gaet komnunatopy ykasasue

} NPUHUMATb TONbKO TaKne KOHKpEeTHble Bonsowenua Tuna T,
} KoTopble peanu3yiot unTepdeiic IRenderable

10.3.1. O606LeHHble CTPYKTYpPbl AAHHbIX
C OrpaHvyeHnaMn Tuna

Jliist 6osibiHCTBA 0000IIEHHBIX CTPYKTYP AaHHBIX He TpeOyeTcs orpaHuyeHne TUIIoB-Iia-
pamMeTpoB. B ¢BSI3HOM CIIMCKe, JiepeBe U MacCHBe MOKHO XPaHUTh 3HAYEHUsT JII0OO0r0 THIIA.
Onnako cyiiecTByeT HeCKOJIbKO UCKJIIOYEHN, B YACTHOCTH XENTMPOBAHHOE MHOKECTBO.

CrpyKTypa IaHHBIX MHOKECTBA MOJIEIUPYET MHOKECTBO B MATEMATHIECKOM CMBbICIIE,
[I09TOMY B HEM XPaHSITCS YHUKAJIbHBIE 3HaYeHus, a 1yOauKarhl otOpackiBaiorcest. CTpyK-
TYPBI TAHHBIX MHOKECTBA OOBIYHO BKJIIOUAIOT METO/IBI LISt OOBEAMHEHIIS, TIEPECCUCHNUST
WU BBIYMTAHUA U3 JPYTUX MHOKECTB, a TAK)KE IMO3BOJAIOT IIPOBEPATDH, BKIAIOYECHO JIN
3ajlaHHOe 3HAYeHMe B MHOKeCTBO. UT0ObI BBIIIOJIHUTD OA0OHYIO IPOBEPKY, MOKHO
CPaBHUTH ATO 3HAUEHUE C KAK/IBIM U3 9JIEMEHTOB MHOKECTBA, XOTh ATO HE CJIUITKOM 3(h-
exTUBHBIN TO/X0/1. B Xy/iem ciydae cpaBHEHHE € KayK/bIM U3 3JIEMEHTOB MHOXKECTBA
Tpebyer 06xo1a Bcero MHOKecTBa. 110100HbBIIH 00X0/ BBIIOJIHACTCS 32 JUHEUNHOE 6De-
ms, O(n). OcBexkuTb 3HaHUSA 00 9TUX 0003HAYEHUAX BbI MOKeTe BO Bpeske « Horarmsa O
6oJbIIOE> Jasee.

Hawubosee ahdexrupHast peannsaliys — XelMPOBaHUE BCeX 3HAYEHUIT 1 XpaHEeHHe UX
B CTPYKTYpE JaHHbIX <KJII0Y — 3HaYeHUe», HallpUMep B Xell-Kapre uiu caosape. [Togo6-
HbIE CTPYKTYPbI 6oiee ahHEKTUBHBI, OHU MOTYT U3BJIEKATh 3HAUCHUS 32 KOHCMAHMHOE
spems, O(1). XemmpoBannoe MHOKECTBO CIYKUT 00ePTKOH /IS XelI-KapThl, 00ecreun-
Bast a(hheKTUBHYIO MPOBEPKY HA BKJOYEHHE ajeMeHTa. Ho y Hero ecTh orpaHuveHme:
TUTI T JIOJKEH TTPEJIOCTABIISATH Xelll-(PyHKITUIO, TPUHUMAIONIYI0 3HAaUeHue TUia T 1 BO3-
BpaIIaIoIyIo ero XeIll-3HaYeHne TUIla number.

B HeKoTOPBIX A3bIKAX MPOrPAMMUPOBAHUS XeITNPOBAHNE BCeX 3HAYEHU I OCYIIeCTBH-
MO 32 CUeT ONUCAHUS METO/Ia XeITUPOBaHu4 B BbiciieM tuiie. Hampumep, Beiciuii TUI
Java Object Bkiogaet MeTo/ hashCode(), a Beictmuit Tunt C# Object BKIIOUAET METO/
GetHashCode (). Ho eciii g3bIk He IIpenocTaBisieT Mog00HON BOBMOKHOCTH, TO HEOOXO0-
JIMMO OIpaHrYeHMe TUIIA, YTOOBI B HAIIUX CTPYKTYpaX AaHHBIX MOIJIM XPAHUTHCS TOJIBKO
THUTIBI, JIOMTyCKaoIue XelmupoBanne. Harmprumep, MoskHO oncath nHTEpdeiic IHashable
U BOCIIOJIb30BAThCS MM B Ka4eCTBE OrpaHMYeHust TUIIA /It TUIIA KJIoueil Hammx 0606-
IIEHHBIX XCII-KaPThI UJIN CJI0OBAPA.
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HoTtauus O 6onbLuoe

C nomoripio Hotarmu O GoJIbIIoe YKA3BIBAIOTCST OIIEHKH CBEPXY BPEMEHH 1 MaMSITH, He00X0-
JIUMBIE J1JIst paGOThI (DYHKIMH, TIPU CTPEMJIEHUH apryMEHTOB 9TOH (QYHKINE K KOHKPETHOMY
3HAYEHUIO 72. MBI He Gy/ieM CIUITKOM YIIIyOIsAThCs B IAaHHBIH BOIIPOC, & TPOCTO PACCMOTPUM
HECKOJIBKO PACIIPOCTPAHEHHBIX BU/IOB OIIEHOK CBEPXY U BBISICHUM, YTO OHM 03HAYAIOT.

Koncmanmnoe spems (constant time), O(1), o3HauaeT, 4TO BpeMsi BHITIOJHEHUS (DYHKITHI
He 3aBUCHT OT KoJinuecTBa oOpabaTbiBaeMbix sjieMeHTOB. Hanpumep, ¢hyHkims first(),
U3BJIEKAOIIAs] 13 TTOC/IEI0BATEIbHOCTH MIEPBbIii 31eMeHT, PaboTaeT OMHAKOBO OBICTPO 1151
nocaenosaresnbHocteit uz 2 u 2 000 000 asiemeHTOB.

Jlozapupmuueckoe epems (logarithmic time), O(log n), o3Hayaet, 4TO BpeMst BbITOJHEHUS
(byHKIMU TIPOTIOPIIMOHAIBHO JIorapudMy! 0T KoJmuecTBa 00pabaThIBAEMbIX 3JIEMEHTOB, UTO
oueHb 3 hEKTUBHO Jlaske ist GOJIbIINX 3HAYeHuiT 72. [[PUMEPOM TaKUX aJITOPUTMOB MOKET
CJTY’KUTH JIBOUYHBIN TOUCK B OTCOPTUPOBAHHOM TT0C/IEI0BATENLHOCTH.

Jluneiinoe epems (linear time), O(n), 03HayaeT, YT0 BpeMsl BbIIOJIHEHUS (DYHKIMU PacTeT
MPOTOPIHOHAIBHO OOBEMY BXOJHBIX TaHHBIX. 3a JMHEHHOE BPEMsI BBITIOIHSIETCS TPOXO]L
B IUKJIE TIO MTOCJIEZ0BATEIbHOCTH, HAIIPUMep, /7T OTIpe/IeJIeHNsT, BCe JIF AJIeMEHTHI 1ocJIe-
JIOBATEIbHOCTH YIOBJIETBOPSIIOT HEKOEMY NTPEANKATY.

Keaopamuunoe epems: (quadratic time), O(n?), o3HauaeT, uTo (ByHKIIUSA HAMHOTO MeHee 3d-
(bexTUBHA, YeM TIpU JIMHEHOM BPEMEHHU, Be/lb BPEMsI BBIIIOJIHEHUS PACTET TOPas3ao ObicTpee
Ppasmepa BXO/IHbIX /IaHHbIX. 33 KBa/[paTUYHOE BPEMS BBIIIOJTHAIOTCA JIBA BJIOYKEHHBIX ITPOXOJ1a
B IIUKJIE TIO TTOCJIEI0BATETHHOCTH.

Jluneiino-rozapugpmuueckoe spems (linearithmic time), O(n log n), He crosb ahhHeKTUBHO,
Kak JuHelHoe, HO addekTuBHee KBaapaTHuHoro. CirokHOCTh Hanbosee apheKTUBHBIX
AJITOPUTMOB COPTUPOBKH cpaBHeHneM cocrtasisier O(n log n); orcopTrpoBaTh MOCIE10Ba-
TEJBHOCTD B OZIHOM IIUKJIE HEJIb3sI, HO MOKHO C/IEJIaTh 3TO OBICTPEE, YeM C TIOMOIIIBIO [BYX
BJIOKEHHBIX I[UKJIOB.

HO]IO6HO TOMY KaK CJIOJKHOCTD ITO BpEMEHU 3a/1a€T OIICHKY CBEPXY /IJIsI BDEMEHU BBITTOJIHE-
HUA (byHKLH/II/I B 3aBUCHUMOCTH OT pa3dMepa BXO/HBIX JJaHHBIX, TaK U IIPOCTPAHCTBEHHAA CJIOXK-
HOCTDH aJITOPUTMa 3aIa€T OIEHKY CBEPXY JJIA obbeMa lIOHOJIHI/ITe]IbHOﬁ IMaMATH, KOTOpada
HYXHa (byHK]_H/II/I IIPpU POCTE BXOJHBIX TaHHBIX.

Koncmanmuoiit 06vem npocmpancmea (constant space), O(1), ozHauaer, yTo HyHKIMY
He Tpebyercst GoJiblile aMsTU IIPU PocTe 00beMa BXOIHbIX AaHHbIX. Hanpumep, Hateil
byHKIIN max () HY;KHO HEMHOTO JOTMOJHUTENHHOTO MECTA JIJIST XPAHEHUST TIPOMEKY TOTHOTO
MaKCHUMYyMa U UT€PATOPa, HO KOJUYECTBO MECTA He 3aBUCUT OT Pa3Mepa MOCIe[0BaTeb-
HOCT.

Jluneinoviii o6vem npocmpancmea (linear space), O(n), o3Hadaet, 4To Tpebyemoe HyHKIUN
KOJIMYECTBO MaMSTH MTPOTIOPIIIOHAIBHO pa3Mepy BXOIHBIX JaHHBIX. B kayecTBe mpumepa
MO0GHOMN (BYHKINI MOKHO PUBECTH HATITY UCXOAHYIO (DYHKIMIO 00X0/1a OUHAPHOTO JIepeBa
inOrder(), KOIMPYIONLYIO 3HAYEHNUS BCEX Y3JIOB B MACCUB JIJISI UTEPAIHH TI0 I€PEBY.

O6bIuHO 110 0cHOBaHUIO 2. [[pyroe 0OCHOBaHIE COOTBETCTBYET IPOCTO YMHOKEHHIO Ha (DUKCH-
POBaHHBIN MHOXUTENb. — [Ipumeu. nep.
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10.3.2. O606LeHHbIe anropuTMbl C OrpaHUYeHNs MU TUNa

Y anroputMoB 06bI9HO GOJIBITIE OTPAHUYEHUH HA THITBI, Y€M Y CTPYKTYP HaHHbIX. OTCOp-
TUPOBaTh HAGOP 3HAUEHUI MOJKHO TIPH HAJIUYNU CIIoco6a CPaBHUTH MX. AHAJOTUYHO,
4TOOBI OTPEIETUTh MUHUMAJIBHBIN UM MAKCUMAJIBHBIN 9JIEMEHT TIOCJIE[0BATEIBHOCTH,
€€ AJIEMEHTBI JI0JIKHBI ObITh JIOCTYITHBI JIJIst CDABHEHUS.

PaccMOTpUM O/IHY M3 BO3MOXKHBIX peaausaiiuii 06061IeHHOTo aaropuT™Ma max ()
B sucrtunre 10.15. [l Hayana oObssBuM uHTepdeiic IComparable<T>, OTPAHUYIE UM
asroput™. B aToM uHTEpdeiice 00bsiBIICH OUH MeTOT — compareTo().

JuctuHr 10.15. NHTepdelic IComparable
enum ComparisonResult { ¢ Mepeuncnaemblii Tun AaHHbIX

LessThan, 0TPaXkaeT pe3ynbTar (paBHeHUs
Equal,
GreaterThan
} B untepdeiice IComparable 06bABneH metop

compareTo(), cpaBHUBAIOLLMI TEKYLLMIA
3K3eMNAAp C ApYrUM 3HaUeHNeM Toro xe

interface IComparable<T>
P { TMna v Bo3BpaLatowmit ComparisonResult

compareTo(value: T): ComparisonResult;

}

Ternepb peanuzyem 0606IIEHHBIT aITOPUTM max (), KOTOPBIH MOJTyYaeT Ha BXOJIE UTe-
paTop s mpoxo/a mo Habopy 3HaueHui IComparable M BO3BpAIacT MaKCHMATHHBIN
AJIEMEHT, Kak 1moka3ano B jiuctuare 10.16. MBI I0JKHBI y9ecTh cydai, KOTIa uTepaTtop
He COJIEPKUT HUKAKNX 3HaUeHNH 1 max () 0JoKeH BepHyTh undefined. [ToaTomy BmMecTo
TOTO, YTOOBI UCTIOIB30BATH IIUKJI for. . .of, Mbl Gy/IeM TIepe/IBUraTh UTEPATOP BPYUHYIO,
C TIOMOIIBIO next ().

Jinctmar 10.16. Anroputm max()
Bbi3biBaem next() oauH pa3 Anroputm max() orpaHuuMBaeT BO3MOXHbIA TN T

ANA NoNyyeHnsa nepBoro 3HaueHns TUNamu, peanusyrowmmu untepdeiic IComparable<T>
function max<T extends IComparable<T>>(iter: Iterable<T>)

: T | undefined {
let iterator: Iterator<T> = iter[Symbol.iterator](); Monyyaem

Iterator<T>
13 aprymeHTa

if (current.done) return undefined; 4—‘ Iterable<T>

let current: IteratorResult<T> = iterator.next();

Ecnu nepBoro 3Hauenns

let result: T = current.value; Her, To Bo3BpaLyaem undefined

3apaem HayanbHoe 3HaueHne nepemMeHHoli result —

while (true
( ) 1 nepBoe 3HaueHue, BO3BPaLLEHHOE UTePaToOPOM

current = iterator.next();
Bcaxkwii pa3, koraa Tekywee
3HayeHue 6onbLue,

yeM HbIHEeLHNIn MaKCUMyM,
npucBanBaem nepemeHHol
result Tekywiee 3HaueHue

Koraa uteparop if (current.done) return result;

3aBeplliaeTcd, if (current.value.compareTo(result) ==

B03Bpalaen result ComparisonResult.GreaterThan) {
result = current.value;
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MHor1e aJIropuTMbl, TaKue Kak max (), BBIABUTAIOT OIIpe/ieieHHble TpeOOBaHUsI K TH-
mam, ¢ KoTopeiMu pabotatotr. EcTb 1 pyrast BO3MOKHOCTh — CJIeJIaTh OMEPAINI0 CPaB-
HEHUST apTyMEHTOM caMoil (DYHKI[MU B IIPOTUBOBEC OrPaHUYEHUIO 0OOOIIEHHOTO THIIA.
BwmecTo IComparable<T> dhyHKIMS max () MOXKET TTOJIyYaTh BTOPOI apryMeHT — (hYHKITHIO
compare(), IepeBOAALIYIO [Ba apryMenTa tuia T B ComparisonResult, KaKk ITOKa3ano
B smctunre 10.17.

JNnctunrr 10.17. Anroputm max() ¢ aprymeHTom compare()

function max<T>(iter: Iterable<T>,
compare: (x: T, y: T) => ComparisonResult)

: OyHKuma compare()
T | undefined { . ) NPUHMMAET Ba apryMeHTa
let iterator: Iterator<T> = iter[Symbol.iterator](); T#na T v Bo3BpaLLaeT

mparisonResul
let current: IteratorResult<T> = iterator.next(); ComparisonResult

if (current.done) return undefined;
let result: T = current.value;

while (true) {
current = iterator.next();

if (current.done) return result;

if (compare(current.value, result)
== ComparisonResult.GreaterThan) {

Bmecto metoga IComparable.compareTol
result = current.value; A P P 0

BbI3bIBaeTCA NepeiaHHblii
} aprymeHT compare()

[TpenmyIecTBO aTOH pearu3anuy 3aKJII0YACTCS B OTCYTCTBUY OTPAHIIEHNH Ha THTI T,
BCJIEICTBIIE Y€TO MOJKHO Tepenarh ciofia Jiobyio GyHknuio cpasuenus. Hemoctatkom
SBJISIETCS TO, YTO JIJISt TUTIOB, OOIA/AIONIIX €CTECTBEHHBIM MOPSIIKOM (YHCE, TEMTIepa-
TYP, PACCTOSTHUIL ¥ T. 1), IPUXOANUTCS YKa3bIBaTh (DYHKI[UIO CPAaBHEHUST SIBHBIM 00Pa3oM.
B xopomux 6ubinorekax airopuTMoB 00bIYHO eCTh 06€e BEPCUN allOPUTMA: OJHA, B KO-
TOPOH UCTIOMB3YETCST €CTECTBEHHOE CPaBHEHNE /IS TAHHOTO THTIA, U BTOPast, B KOTOPYTO
BBI3BIBAOIIAST CTOPOHA MOJKET MIEPEATH CBOKO COOCTBEHHYO (DYHKIUIO CPABHEHUSL.

Yem 60IrbIIe aITOPUTMY H3BECTHO O METO/AX ¥ CBOMCTBaX obpabarbiBaeMoro Tuma T,
TeM TIOJTHeEe MOKHO UCTIOb30BATh UX B €T0 peann3aiii. /lajee TOCMOTPUM Ha TIPHMeHe-
HUE UTEPATOPOB JIJISA MOBBIIEHU 3((MEKTUBHOCTH Peai3alliii aIrOPUTMOB.

10.3.3. YnpaxHeHue

Peanusyiite 06001eHHYI0 (DYHKIIO clamp (), IPUHIMAOIILYO HA BXOJE 3HAUEHIE, & TAK-
JKe apryMeHThI low 1 high. Ecsii 3Hauenne BXOUT B inamnas3oH ot low /10 high, To hynkims
BO3Bparniaer 3HaueHue. Ecim oHo MeHbIe low, To Bo3BparaeT low. Ecim ke mpeBbITiaeT
high, To Bo3Bpamiaet high. Bociosb3yiiTech onmcanubIiM B 9TOM paszjiesie nHTepgeincom
IComparable.
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10.4. 3ddekTrBHaA peanusaums reverse n apyrux
aJIfOPUTMOB C MOMOLLbIO UTEPATOPOB

J1o cux 110p MBI 00CY7KIaal aJrOPUTMbI IMHEHHO 06pabOTKH I10CIe[0BaATENbHOCTEN.
Taxk, map(), filter(), reduce() u max() TPOXOAAT B IIMKJE IO TTOCTAEAOBATETLHOCTH
3HAUEeHMNH OT HayvaJa /10 KoHa. Bce onn

BBITIOJIHSTOTCS 32 JIMHEITHOe BpeMs (TTpo- WcxopHas «llepeBepHyTas»
MOPIIMOHAJIBHOE pa3Mepy MOCJe0Ba- nocnegosatenbhoctb  CTeK nocrneao0BaTeNbHOCTL
TEJLHOCTH) ¥ ¢ KOHCTAHTHBIM 00'beMOM &
npocrpancTsa. (TpeboBanus K HaMATH s | 2 | 3 | , | ; |
He MEHII0TCI He3aBUCUMO OT pa3Mepa

TTOCIeI0BaTETbHOCTH. ) PaccMOTprM ettie \
OJINH AJITOPUTM — reverse().

ITOT aJITOPUTM «ITepeBOPAUYNBAECT>
BXO/IHYIO [TOCJIE/IOBATEJIbHOCTD: ITOCJIE/I-
HUI 37IeMEHT CTAaHOBUTCS TIEPBBIM, ITPE/I-
MoCJIeIHN — BTOPBIM U T. . OnuH 13
BapuaHTOB peajausaluu reverse() — I10-
MECTUTD BCE BXO/IHbIE 3JIEMEHTBI B CTEK,

L[2]s]4]s]

\

BEERESE —

Puc. 10.1. «[lepeBopaymsaHme»

a 3aTEM M3BJICYb UX B 06paTH0M Tnopsana- NnocneaoBaTeNIbHOCTM C MOMOLLBIO CTEKA: 3NIEMEHThI
Ke, Kak 1mokaszano Ha puc. 10.1 1 B Jiu-  1CXopHoi nocnefoBaTeNbHOCTY MOMELLAIOTCS B CTek,
ctumaTe 10.18. a 3aTeM M3BMIEKAOTCA B 06paTHOM mopaake

Jinctunr 10.18. Peanuzauus reverse() ¢ NOMOLLbIO CTeka

Oynkuua reverse() npeactaensAet co6oii revepatop,
CNeqyIoLLMil TOMY e NaTTepHY, YTo 1 0CTaNbHbIe HALUN ANrOPUTMbI

function *reverse<T>(iter: Iterable<T>): IterableIterator<T> {

let stack: T[] = 5 .
[l (] Y maccuBoB JavaScript Bcerga ectb metopbl push() u pop(),
for (const value of iter) { N03TOMY BOCMONb3yeMcsl MaCC(MBOM B KauecTBe CTeka

stack.push(value);
} Momelaem Bce 3HaueHUa
13 N0CN1e0BaTeNbHOCTY B CTEK
while (true) {

let value: T | undefined = stack.pop(); 4—‘ V3BneKaEM SHAYCHME U3 CTeka

Ecnu cTek nyc, To oHo paBHo undefined

if (value == undefined) return;
Korpa cTek oKa3blBaeTca NMycT, BbINONHAEM
yield value; onepatop return — pa6oTa GyHKuWY 3aBeplLeHa
} } Bbigaem 3HaueHue C nomoLybto onepatopa yield

1 NePEXoAMM K CrieayloLLeii MTepaLun uukna

ITo TIpocTasi, HO He camas ahdekTnBHas peanu3ains. OHa BBITIOTHIETCS 3a TNHEH-
HOE BpeMsI, OJIHaKO TpebyeT U JTUHEeHHOro oobeMa mamsaT. YeM GoJiblire BXOAHAS MO-
CJIEIOBATEBHOCTD, TeM OOJIbIIE MaMITH OHAZOOUTCS TaHHOMY aJITOPUTMY Ha BCTaBKY
9JIEMEHTOB B CTEK.
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[Toka HenamoJro 3adyzem 06 urepaTopax u monpodyeM apGHEeKTUBHO peain30BaTh
obpailieHne MaccKBa, Kak mokasaHo B jctunre 10.19. Ero MoHO IpOU3BECTH, He TIpH-
Gerast K CO3[[aHUIO JOTIOJHUTENbHBIX CTPYKTYP JAHHBIX, TAKUX KaK CTEK, IIPOCTO MEHsIsI
2JIEMEHTBI MACCUBA MECTAMU C JIBYX KOHIIOB 0iHOBpeMeHHO (puc. 10.2).

Kak Bujure, ata peanuzanus apdekTuBHee mpeablayIei.
3aBUCUMOCTH OT BPEMEHU TIO-TIPEKHEMY JIMHEHHAS, ITOCKOJIbKY
MIPUXOAMUTCS 0OpAIAThCs K KasKIAOMY M3 2JIEMEHTOB 110C/Ie[0Ba-
TesbHOCTH (6€3 Yero TepPeBEepPHYTh MOCIEIOBATEIBHOCTD He MOJTY- | 1 | 2 | 3 | 4 | 5 |
4KTCA), HO 1151 paGoThI il TpebyeTcst KOHCTaHTHBIN 00beM Ipo- *__/
crpaHcTBa. B oTsinune ot mpeabiyeil Bepeun, e TpeboBaicst \_/
CTEK TaKOTO K€ Pa3Mepa, KaK M BXOHAS 1TOCJIeI0BATEIbHOCTD,

B 3TOI TOCTATOYHO OHOU ITepeMeHHO temp TUTA T, BHE 3aBUCHU-
MOCTHU OT pa3Mepa BXOHBIX JTaHHbIX.

Mo:xHO 1 0600MKUTh 9TOT IpUMep U co31aTh 3hdEeKTHB- | 5 | 4 | 3 | 5 | 1 |
HBII aJITOPUTM OOpallleHUst TIPOU3BOJIBHOM CTPYKTYPbI TaHHBIX ?
MoO:KHO, OJJHAKO HaM IIPUAETCSA BHECTH HeGObIINe OIPABKU  Puc. 10.2. O6palueHme
B Hallle mpejicTaBieHne 06 ureparopax. TypeScript mpemocras- Maccuea nyTeMm
asieT uuTepdeiicsl Iterator<T>, Iterable<T> u ux coderanue  OOMEHA €M0 neEMEHTOB
IterablelIterator<T> B pamkax cranjapra ES6 JavaScript. MecTami 6es cosnaris

. . AOMOSHUTENBbHbBIX
Mpr e ceifyac BBIHIEM 32 €TO MPeesbl U PACCMOTPUM HEKOTO- CTPYKTYP AaHHbIX
pble He BKJIOYEHHBIE B HETO UTEPATOPHI.

Jinctuur 10.19. Peanuzauus reverse() ans maccvsa

J71a Bepcud reverse() 0XuaaeT Ha BXoge MaccuB

. . 3nemeHToB Tuna T, a He UTepupyeMblil 06beKT
function reverse<T>(values: T[]): void {

let begin: number = ©; N3HayanbHo nepemeHHbie begin
let end: number = values.length; | uendyka3sbiBaloT Ha Hayano 1 KoHel MaccuBa

‘J MosTopsaem, noka onn (begin u end)

while (begin < end) { He COBMaAYT WK He NPOAYT ApYr Apyra
const temp: T = values[begin];
values[begin] = values[end - 1];

MeHsiem Mmectamu 3HaueHue B begin co 3HaueHnem
values[end - 1] = temp; 9

B end — 1 (13HauanbHo end yKa3biBan Ha 0AUH
3N1eMeHT Aanblue NoCNeHero snemMeHTa MaccuBa)
begin++;
end--;

YBenuumuBaem uxpexc begin Ha eguHuLy
U yMeHbluaem uHaeKC end Ha euHULY

10.4.1. CtaHgapTHble 6710KKM, U3 KOTOPbIX COCTOSIT UTepaTopbl

Nteparopsr JavaScript mo3BOJISIOT U3BJI€Ub 3HAUEHUE U TEPENUTH K CIIeYIONIEMY, TOBTO-
Psis BTU JIEHCTBYS 10 TeX TI0P, MOKa He 3aKOHYKUTCS TIOCIe0BaTeIbHOCTD. 115t paboThI Ke
aJITOPUTMa 663 CO31aHnA JOMOJTHUTE/IbHBIX CTPYKTYP JaHHBIX HYKHDBI JOTTIOJTHUTEJIbHDIE
Bo3MOXHOCTU. Hy:XHO yMeTh He TOJIbKO MPOUNTATh 3HAUEHNe Ha 3a/[aHHON TTO3UIINH,
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HO M YyCTAHOBWTD €ro. B ciydae Harero anropurMa reverse() Mbl HAUMHaeM ¢ 060UX
KOHIIOB TIOCJIC/IOBATEIBHOCTH U 3aKaHUYNBAaEM PaboOTy B €€ CEPe/INHE, TOATOMY UTEPATOP
caM 10 cebe He CMOJKET OTIPEIesIUTh, KoTia o6paboTka 6yaer 3aBepiieta. Ham nsBectHo,
4TO BBIIIOJIHEHME reverse () 3aKOHYEHO, KOI/la begin 1 end MUHYIOT APYT APYTa, CJIEI0-
BaTEJILHO, HY KEH CIIOCOO CPaBHEHUS JIBYX UTEPATOPOB.

B nenax cospanus ahdeKTUBHBIX aITOPUTMOB IIEPEOIPEIeJUM HAIIU UTEPATOPbI
B BH/Ie Habopa MHTEP(hENCOB, KAKIBIN 13 KOTOPBIX OMICHIBAET JOTOJHUTETBLHBIE BO3MOJK-
Hoctu. CHavasa ormnieM uHTepdeiic IReadable<T>, BKIIOUAOMIMN YOJNUHBIIA METOL
get (), KOTOPbIi Bo3Bpaiiaer 3HaueHue Tuna T. Mbl Oy/ieM UCIT0Ib30BaTh ITOT METOJI JIJIsT
YTeHUs 3HaYeHus u3 urepatopa. Kpome toro, onuiiem unrepdeiic IIncrementable<T>,
BKJIIOUATOIIUI TTyOIHYHbBII METOT increment (), MOAXOSIITHIN IS TPOJBUKEHIST HTEpa-
Topa BIiepes, Kak rnokasbrBaet suctuar 10.20.

JuctuHr 10.20. NHTepdeiicsl IReadable<T> u IIncrementable<T>

interface IReadable<T> { 4—‘

get(): T; B untepdeiice IReadable 06baBnen oguH metop, get(),
b

U3BneKalLwmii TeKyllee 3HayeHuUe U3 uTepatopa

interface IIncrementable<T> {
increment(): void; B untepdeiice lincrementable 06bABneH oguH meTog,
} increment(), nepeBoAALWLMIA UTEPATOP HA CNeAYHOLLMIA INEMEHT

I1u Ba uHTEpdeiica — MPAKTUIECKU BCE, YTO TPEOYETCs ISt TIOJIEPIKKI HATIIX ¥C-
XOJIHBIX JIMHEHHBIX aJITOPUTMOB 06X0/1a Hatto061e map (). OCTaI0Ch TONBKO BbISICHUTD,
B KaKOH MOMEHT HY’KHO OCTaHaBINBaTh paboTy. HaM U3BecTHO, 4TO caM UTepaTop He 3Ha-
€T, KOT/[a 3TO JIEJIATh, TIOCKOJIbKY HHOT/IA He TPeOyeTcst 0GXOANTD BCIO TTOC/IEI0BATELHOCT.
BBezieM nonsTHE paBeHCTBA: UTEPATOPLI begin 1 end paBHbBI, €CIM YKA3bIBAIOT HA OJIMH
U TOT JK€ BJIEMEHT. ITO HAMHOTO riOUe CTaHaapT-
HOI peasuzanuu Iterator<T>. MoxHO 3a/1aTh
HavaJbHOe 3HaYeHue end Ha OAUH dJIEMEHT NOC/e @ @
(punasbHOTO 37IEMEHTA TTOCJIEI0BATEIBHOCTH. N N 1
A 3aTeM MOKHO ITPOJIBUTATh begin Biepes, moka | | [ | [ | | |
OH He CTaHeT PaBeH end, U B TAKOM cJiydae Oyer
MOHSITHO, YTO MbI O0OIIIN BCIO TTOCJIE0BATE b~

begin end

Pwuc. 10.3. Utepatopsl begin 1 end
3a4alo0T AManasoH: begin ykasbiBaeT

Hocth. Ho MOXKHO Takke aBUTATh UTEPATOP end Ha NepBbili ero anemenT, a end —
Ha3aJ, TOKa OH He yKakeT Ha MePBblil dJieMeHT Ha MeCTOMOJIOXKEHME 33 NOCNeAHUM
110CJIe10BaTeIbHOCTH, — TO, YTO CleJIaTh ¢ OObIY- 3/1EMEHTOM

HBIM Iterator<T> Gbu1o Heambss (puc. 10.3).

B mactunre 10.21 onumem unrepdeiic IInputIterator<T> Kak TOT, KOTOPBIH peas-
syer oba unTepdeiica IReadable<T> 1 IIncrementable<T>, a TakKe MeTOZ equals () s
CpaBHEHUS [IBYX UTEPATOPOB.

JNuctuHr 10.21. NHTepdeiic IInputlterator<T>

interface IInputIterator<T> extends IReadable<T>, IIncrementable<T> {
equals(other: IInputIterator<T>): boolean;
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Cam ureparop 60Jiblile He MOKET OIPEIEIUTh, IIPOU3BEI JI OH 00XO0/1 II0C/Ie10BaTeb-
HocTH niosiHOCThIO. [loceioBaresbHOCTD Teneph 33[aeTCs ABYMS UTEPATOPaMU — OJTHUM,
YKa3bIBAIOIIM Ha HAYaJIO ITOCJIEA0BATEIbHOCTH, M BTOPBIM, YKAa3bIBAIOIINM Ha €€ 3JIEMEHT,
CJIETYTOTITUH 32 TIOCJIETHUM.

[Tocuie onncanug atux unrepdeiico Mbl B uctunre 10.22 Mmoskem MonuduImpoBaTh
HaIll UTePaToP /LIS CBSIZHOTO criucKa u3 riaasbl 9. Tenepb janublil CIUCOK peayn30BaH
B Bujie Tuiia LinkedListNode<T> co cBoiicTBamMu value U next, IpuyYeM IocJie/[Hee MOKeT
IpUHUMAaTh 3HadeHne Tuma LinkedListNode<T> nin undefined, B ciy4yae MOCJIeIHETO
y3J1a B CIIUCKE.

Jinctuur 10.22. Peanu3aums CBA3HOIO Crimcka

class LinkedListNode<T> {
value: T;
next: LinkedListNode<T> | undefined;

constructor(value: T) {
this.value = value;

}

CmoempyeM Tapy UTepaTopoB B I1eJsX 00X0/Ia 9TOTO CBSIZHOTO CITUCKA B JIUCTHH-
re 10.23. Ing nayasia HeoOX0AUMO peasn3oBaTh LinkedListInputIterator<T>, KOTO-
PbIii OBl YIOBJIETBOPSII HAIlEMY HOBOMY KOHTPaKTy IInputIterator<T> Jist CBSI3HOTO
CIIMCKa.

Jinctuar 10.23. NtepaTop BBOAA A5 CBA3HOMO Crivcka

class LinkedListInputIterator<T> implements IInputIterator<T> {
private node: LinkedListNode<T> | undefined;

constructor(node: LinkedListNode<T> | undefined) {

this.node = node; .
} Ecnn cBoiicTBo node Tekywero y3na — undefined,

TO reHepupyeMm oLUNOKY; B NPOTUBHOM

increment ( ) . void { C1yyae nepexoaum Ha cnepyowinm ysen

if (!this.node) throw Error();

this.n = this.n .next; .
is.node 1s.node.next; Ecnu cBoiicTBO node Tekyuwero y3na —

} undefined, To renepupyem oLmoKy;
B MHOM C/lyyae nojlyyaem 3HaueHue
get(): T { y y
if (!this.node) throw Error();
MTepatopbl CuMTalOTCA PaBHBIMU, €CU CNYKAT 06epTKamm
return this.node.value; Ansa ogHoro y3na. Mpusepenne K Tuny LinkedListinputlterator<T>
} BO3MOXHO, OCKONbKY Bbi3blBaloLlas CTOPOHA
He J0/KHA CPaBHUBATb UTEPATOPbI Pa3NUYHbIX TUNOB
equals(other: IInputIterator<T>): boolean {
return this.node == (<LinkedListInputIterator<T>>other).node;

}
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Ternepb MOJKHO CO3/IaTh APy UTEPATOPOB JIJIst 06X0/IA CBSIBHOTO CITUCKA, 32/1aB HAYITh-
HOeE 3HaYeHME begin paBHBIM rOJIOBE CITMCKA, & end — paBHbLIM undefined, KaK ITOKa3aHO
B smctunre 10.24.

Jinctuur 10.24. MNapa ntepatopos Anst 06xofa CBA3HOroO Crnmcka

Cnncok

const head: LinkedListNode<number> = new LinkedListNode(®); J 3 HECKONIbKIAX y3110B

head.next = new LinkedListNode(1);

begin yka3biBaeT Ha nepefjaHHyio B KauecTse
head.next.next = new LinkedListNode(2); giny PeAaHHy

aprymeHTa rojioBy (BA3Horo cnucka

let begin: IInputIterator<number> = new LinkedListInputIterator(head);
let end: IInputIterator<number> = new LinkedListInputIterator(undefined); <—
fined

end paBeH unde

ITO HasbIBAETCs umepamopom 66oda (input iterator), MOCKOJbKY U3 HEI'O MOKHO
YUTATh 3HAYEHUS C TIOMOTIBIO MeTo/Ia get ().

WTEPATOPbI BBOOA

ViTepaTop BBOAA — 3TO UTEPATOP, CMOCOBHBIN 060/TW NOCIeA0BaTENbHOCTL POBHO
OAMH pa3 ¥ BEpPHYTb ee 3HayeHus. BbigaTb 3HAUYeHWs1 BTOPOI pa3 OH HE MOXKET,
MOCKOJIbKY OHM MOTYT OKa3aTbCsl HEAOCTYMHbI. MiTepaTop BBOAA He 06a3aTenbHO
LO/MmKeH 06X0AWTb NMOCTOSIHHYHO CTPYKTYPY AaHHbIX, OH MOXET BblAaBaTh 3HAYEHUSI
13 reHepaTopa Wam Apyroro UcToyHmka (puc. 10.4).

WUrepatop BBOAa MOXeT

NOAYYUTb C NOMOLbIO

meTofa get() TeK){mee \

3HaYeHue 1 nepeiiTu

Ha CneayH Lyl anemeHT g} -
L A2l e[ F—{s] |
L A2 F—{4] |

Puc. 10.4. /itepaTop BBOAA MOXET M3B/eYb
3HaYeHWe TEKYLLEro a/IEMEHTa U NEepPenTU K cneayoLemy

A Tertepb OMUTIIEM UTEPATOP BBIBOJIA — UTEPATOP, B KOTOPBIH MOKHO IMTPOU3BOIUTH 3a-
nuck. s aroro o0bsasuM unrepdeiic IWritable<Ts, BKIOUAONMIL MeTOZ set (), U OIU-
meM Halr I0utputIterator<T> Kak pacmupsomuil IWritable<T>, IIncrementable<T>
1 BKJIIOYAIONMIT MeToJ| equals (), Kak rmokasaHo B uctunre 10.25.
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JNncturr 10.25. NHTepdeiicsl IWritable<T> n IOutputlterator<T>

interface IWritable<T> {
set(value: T): void;

}

interface IOutputIterator<T> extends IWritable<T>, IIncrementable<T> {
equals(other: IOutputIterator<T>): boolean;
}

B HOlIO6HbIﬁ UTEPATOP MOJKHO 3aIlTUChIBATh 3HAYCHUA, HO HEJIb3 UX OTTY/lda ITPOYNTATD.

UTEPATOPbLI BbIBOA
WTtepaTtop BbiBoAa (output iterator) — 310 UTEpaTop, KOTOPLI MOXKET MNPOU3BECTU
o6xoa nocneaoBaTeNbHOCTM M 3anmcaTb B HEE 3HAYEHMS, HO He 0653aH yMeTb

yuTaTb UX U3 Hee. OH He 06513aTeNbHO A0MKEH 06XOANTbL NMOCTOSIHHYIO CTPYKTYPY
AaHHbIX; MOXET TaKXKe 3anucbiBaTb 3HAYEHWSI B Apyrie NOTOKU BbIBOAA.

Peasnusyem nrepatop BBIBO/IA /IS 3AIMCHA B KOHCOJIb. 3AalIUCh B MOTOK BBIBOJIA JIaH-
HBIX — CaMbIil PacIpoCTPaHeHHbIN ClieHapuii UCTI0JIb30BaHUsI UTEPATOPOB BLIBOJIA: BbI-
BECTU JIAHHBIE MOJKHO, & TIPOUYUTATH UX 06pPaTHO — HET. MBI MOXKEM 3alliucaTh JaHHbBIE
(He MMest BO3MOKHOCTH X TIPOUUTATH CHOBA) B CETEBOE COCAMHEHUE, CTAHIAPTHBIN T10-
TOK BBIBOJIA, CTAHAPTHBIN MOTOK ONMMOOK U T. /. B Hamem cirydae iepeBoji ureparopa Ha
CIIEIYIONTYTO TIO3UIINI0 HUKAKUX JICHCTBUI He 03HAYACT, a OTlepaIis yCTAaHOBKY 3HAYCHUS
MIPUBOMIUT K BBI3OBY console.log(), kak mokasano B suctunre 10.26.

Jinctuur 10.26. VTepaTop BbIBOAA B KOHCOSb
class ConsoleOutputIterator<T> implements IOutputIterator<T> {
set(value: T): void {

console.log(value); MeTopa set() BbINoAHACT 3aNUCb B KOHCONb

} MeTog increment() HUYero He JomKeH aenatb, TaK Kak
increment(): void {} B 3TOM CJ1yyae Mbl He 06XouM CTPYKTYpy AaHHbIX
equals(other: IOutputIterator<T>): boolean {

return false;
} Metog equals() moxet Bceraa Bo3Bpatuath false, nockonbky
} Npu 3an1cK B KOHCOMb OTCYTCTBYET 3HaueHue end AnA cpaBHeHUA

Tenepb B HatleM pacrnops;keHU MHTepdeiic, KOTOPBI OMUCHIBAET UTEPATOP BBOJA
U KOHKPETHBIN 9K3eMILISIP, peaiu3y ol 00X0/1 HAIIIETO CBSA3HOTO cIiucKa. EcTh y HaC
1 uHTepdElic, KOTOPBIN OMMMCHIBAET UTEPATOP BBIBO/IA U KOHKPETHYIO €r0 Peasn3aliunio,
3aIKCHIBAONTYI0 HH(POPMAIINIO B KOHCOJIb. C X MTOMOTIBIO MOXKHO CO3/IaTh aTbTEPHATHB-
HyT0 peayusarnuio map () B mctunre 10.27.

JTta HOBag Bepcus map () MPUHUMAET B KAUeCTBE apTyMEHTa [1apy UTepaTopoB BBO-
J1a begin 1 end, 3a1aI01[1X II0CJIE0BATEJIbHOCTD, U UTEPATOP BBIBOJA out /g 3alIUCH
pPe3yabTaToOB 0TOOPAKEHUS 3JIEMEHTOB TOCIE0BATENBHOCTU € MTOMOIIBIO 3a/IaHHO
(pyHKIMK. A IOCKOJIbKY MbI OOJIbIIIE HE KCIIOJIb3yeM CTaHJapTHbII cuHTakcuc JavaScript,
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HE MOJKEM MbI U IIPUMEHSATD YaCTh €I0 CUHTAaKCUYECKOI0 caxapa — oreparop yield u uu-
KJIbl for. . .of.

JNnctururr 10.27. Anroputm map() € uTepatopamu BBoAa M BbIBOAA

function map<T, U>(
begin: IInputIterator<T>, end: IInputIterator<T>,

out: IOutputIterator<u>, out — uTepatop BbIBoAa
func: (value: T) => U): void { JINA e3yNLTaTOB PaBoThl yHKLMM

Wrepatopb! begin u end 3apatot
BXO/IHYI0 NOCNe/0BaTeNbHOCTb

MoBTopAem, noka He o6oiiem BClo

while (!begin.equals(end)) { J nocnegoBatenbHoCTb U begin He cTaHeT pageH end

out.set(func(begin.get())); BblBOAUM pe3ynbTat npumeHeHus

begin.increment(); | HapawmBaem 3HaueHue YKL KTeKyLieM)Y MeMeHTY

out.increment(); UTEpaTopoB BBOAA U BbIBOAA

JTa Bepcus map() CTOJIb Ke YHUBepPCcaJibHa, KAK U OCHOBAHHAas Ha HATUBHOM WH-
tepdeiice TterableIterator<T>: B Hee MOXKHO MepeiaTh 000 IInputIterator<T> —
HPOUBBOAALINN 00XO0/ CBA3HOIO CIIMCKA, IIPOU3BOASIINI IEHTPUPOBAHHBIH 06X0/1
jepesa u T. . MOKHO TaksKe 1epeziaTh j11060ii I0utputIterator<T> — 3aIMChIBAIONIMIL
B KOHCOJIb WJIM B MaCCUB.

[Toka aTO TOUTH HUYETO HAM He 0. MBI TOTYYNIN aTbTePHATUBHYIO Pean3aIlnio,
He CIIOCOOHYIO MCIIOJIb30BaTh BO3MOKHOCTH CIIEIMabHOro cunrakcuca TypeScript.
Ho a1 ureparopst — Beero b 6azoBbie 610K, MOKHO OIMcaTh UTEPATOPBI C FOPa3Io
OOIBIIMMEI BO3SMOKHOCTAMU, YeM MBI U 3aiiMeMCS faJiee.

10.4.2. YpobHbii anroputM find()

PaccmoTpum erite ofiH pacipocTpaHeHHbIN anropuT™: find (). OH IpUHUMaET Ha BXOJIe
MOCJIEIOBATENLHOCTD 3HAUECHUH U TIPEINKAT, & BO3BPAIIIAET ITEPBBIN 2JIEMEHT TTOC/IE0Ba-
TEJTHHOCTH, JIJIST KOTOPOTO TIPEUKAT BEPHYJT true. Ero MOKHO peasn3oBaTh ¢ TOMOTIBIO
cTaHzapTHOro Iterable<T>, Kak mokasano B auctunre 10.28.

Jinctuur 10.28. Peanuzauus anroputMa find() ¢ utepmpyembiM apryMeHTOM

function find<T>(iter: Iterable<T>,
pred: (value: T) => boolean): T | undefined {
for (const value of iter) {
if (pred(value)) {
return value;
}
¥

return undefined;
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Ita peanmsarnus paboraer, HO He 0cobeHHO yo6Ha. UTo, ecim, Hali/i 3HAUEHUE, MBI
3aXOTHUM €ro noMeHATh? Harpumep, Mbl HCKaJIU B CBS3HOM CITMCKE MIE€PBOE BXOXKAEHNE
yucia 42, urobpl 3aMenuTh ero Ha 0. Yem HaM 1mmomosker To, 4To find() BepHer 427?
C TeM ke ycrexoM OHa MOTJIa BO3BpaIlaTh boolean, Be/lb TaHHAS PeATU3AINS TPOCTO
€o00IIIaeT HaM, eCTh JIU B TIOC/IE0BATEIbHOCTH TAKOE 3HAUCHHE.,

Yro, ecaii BMECTO BO3BPATa CAMOTO 3HAUEHUS UTEPATOp OBl yKas3biBas Ha Hero? ToTo-
BbIll Iterator<T> JavaScript npejiHazHaveH TOJIbKO 7151 uTeHust. Ho MbI yske Bujiesin, Kaxk
€O3/1aTh UTEPATOP, C TIOMOIIBIO KOTOPOTO MOKHO U YCTaHABJIUBATD 3HAUCHUS. Bolteornu-
CaHHBIU clieHapuil TpeGyeT COUeTaHusT UTEPATOPA JIJISt YTEHUST U UTEPATOPA [IJIsI 3alIUCH.
OrnuieM Tak Ha3bIBAeMBbIH TPSAMOI UTEPATOP.

MPAMbBIE UTEPATOPbDI

Mpsaimont utepatop! (forward iterator) — 310 UTepaTop, KOTOPLIN MOXET NPOABU-
raTbCsl Bnepea, Y1TaTb 3HaYeHMe B TeKyLlei no3uuum 1 moambuumMpoBaTb ero.
MpsiMble MTepaTopbl MOXXHO TaKXe KIIOHMPOBaTb, BCIIEACTBME Yero nepeMeLleHne
Brepen OAHOM KOMWW UTepaTopa He 3aTparvBaeT OCTasibHble. 3TO BaXHO, Mo-
CKOMbKYy M03BONsieT 06x0AMTb NOCnefoBaTeNbHOCTb HECKOIbKO pas, B OT/InYne
OT UTepaTopoB BBOAaA M BbiBoAa (puc. 10.5).

Mpamoii utepatop MoxxHO
KIOHMPOBATb, C03AaBas

HOBbIIi UTeparop, —

YKa3blBatowuil
Ha TOT Je JeMeHT @
| | | | | | [ | | MNopo6Ho utepatopam
| l I BBOAA, NPAMOIi UTEpaTop
TaKiKe MOXET NepexoanTb
{} — Ha CleyloLLuil SNemMeHT

KnoH — 370 HOBbIN
uTeparop, \
nepemeLyaloWumica e
HE3aBMCMMO OT UCXOAHOTO
L= == ]
| |
Puc. 10.5. MpsiMolt UTEPATOpP MOXKET YATaTb M 3aNUCbIBaTb 3HAYEHME TEKYLLErO 3/1EMEHTA,
nepexoanTb K CreaytoleMy 1 co3AaBaTb CBOM KOMUK, YTO NMO3BOJISIET MHOMOKPATHO BbIMOMHATL 06x04

nocneoBaTeNbHOCTEN. 34eCh NOKa3aHo CO3AaHMe KOMuK UTepaTopa ¢ noMoLlbio MeToaa clone().
lMpu nepeBoae UCXOAHOrO UTepaTopa Ha CNeayHoLLMiA SNIEMEHT KOMWSi OCTAETCs Ha TOM e No3vuumm

IMokazannbiii B muctunre 10.29 uaTepdeiic IForwardIterator<T> MpeacTaBisieT cOOOit
couetanne nHTepdeiicoB IReadable<T>, IWritable<T>, IIncrementable<T> 1 BKJIOYAET
MeTozbl equals () 1 clone().

! Berpeuaercst TakKe 1O/ HA3BAHUSIMU «ITOCTYNATENbHBIN UTEPATOP», «OHOHATIPABIEHHbII
urepatops. — IIpumeu. nep.
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JNuctuHr 10.29. NHTepdeiic IForwardIterator<T>

interface IForwardIterator<T> extends
IReadable<T>, IWritable<T>, IIncrementable<T> {
equals(other: IForwardIterator<T>): boolean;
clone(): IForwardIterator<T>;

B xagecTBe mprMepa peannsyem AaHHbIi nHTEpdEic 1 06X0/1a CBA3HOTO CTHCKA
B amcrunre 10.30. Mogudunmpyem kiace LinkedListIterator<Ts, BBEIs B HETO Tpedy-
eMble 3TUM HOBBIM MHTepdeicoM I0TTOJTHUTETbHBIE METO/IBI.

JNnctunr 10.30. Knacc LinkedListIterator<T>, peanusytowmin nHtepdelic IForwardIterator<T>

class LinkedListIterator<T> implements IForwardIterator<T> {
private node: LinkedListNode<T> | undefined;

I1a BepuA Knacea

constructor(node: LinkedListNode<T> | undefined) { LinkedListlterator<T>
this.node = node; peanusyet HoBblil UHTEpeiic

} IForwardlterator<T>

increment(): void {
if (!this.node) return;
this.node = this.node.next;

}
get(): T {

if (!this.node) throw Error();

return this.node.value; . .
} [TlononHutenbHbIii MeTop set(), Tpebyembiii

untepdeiicom IWritable<T>, cnyxut

set (value . T) . void { anAa MOAM(I)I/IKBI.WIM 3Ha4yeHunA y3na (BA3HOro Cnucka

if (!this.node) throw Error();

this.node.value = value; Meroa equals() Tenepb

0XMfaeT B KauecTBe NapameTpa
IForwardlterator<T>

}

equals(other: IForwardIterator<T>): boolean {
return this.node == (<LinkedListIterator<T>>other).node;

}

clone(): IForwardIterator<T> {

return new LinkedListIterator(this.node); MeTOAdone()C03ﬂaETH?BbIM
} uTeparop, yKkasbiBaroLmii

} Ha ToT e y3en, 4to 1 utepartop this

Temneps mocMoTprM Ha TipuBeieHnyI0 B mctunre 10.31 Bepcuto dhyHKImu find(),
KOTOpas MPUHUMAET B Ka4eCTBE apIYMEHTOB ITapy UTEPaTOPOB begin 11 end 1 BO3BpaIlaeT
UTEpaToOp, KOTOPBIN YKAa3bIBAET HA TIEPBBIN YIOBIETBOPSIONINH ITpeInKaTy anemMenT. c-
MOJTb30BAHKE HTOI BEPCUN TTO3BOJISIET OOHOBJISTH Hall/ICHHOE 3HAUCHIE.

BocrmosibayeMcst TOIBKO UTO pealn30BaHHBIM HAMU UTEPATOPOM JIJIst 06X0/1a CBSIZHOTO
CITMCKA YMCeJI, HAal/IeM C TTIOMOIIIBIO 3TOTO AJITOPUTMA TIepBOe 3HAUEHNE, paBHOeE 42, 1 3a-
MEHHUM €ro Ha 0, Kak mokasano B juctunre 10.32.
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Jncturr 10.31. ®yHkums find() ¢ npsMbIM TepaTopoM

MoBTopsem, Noka He o6oiigem .
BCI0 NOCNE0BATENbHOCTD Mpambie utepatopbl begin n end

. . 3a/1a10T N0CNE0BATENbHOCTL
function find<T>(

begin: IForwardIterator<T>, end: IForwardIterator<T>,
pred: (value: T) => boolean): IForwardIterator<T> {
while (!begin.equals(end)) {

Hawa ¢yHKuma Bo3BpaLyaet

if (pred(begin.get())) { MpAMON UTepartop,
return begin; . . yKa%lBa'o"m!'
} Ecnu nckomblii anemenT HalifieH, Ha HalieHHbIil SNeMeHT
T0 BO3BpalLiaem UTepatop

begin.increment();
} g 0; Nepexoanm K ouepegHoMy
3NeMeHTY N0CNeA0BaTeNbHOCTH

return end;
} Ecnu mbi go6panuco o end, To anemeHT
He HaiigeH. Bo3Bpaliaem uteparop end

Jinctmr 10.32. 3ameHa 42 Ha 0 B CBSAI3HOM Crnncke

let head: LinkedListNode<number> = new LinkedListNode(1);
head.next = new LinkedListNode(2); Co3aem CBA3HbIIi CINCOK,
head.next.next = new LinkedListNode(42); CORepXaLMii NOCNeA0BATENbHOCTb 1, 2, 42

let begin: IForwardIterator<number> =

new LinkedListIterator(head); <+
let end: IForwardIterator<number> =

new LinkedListIterator(undefined); «—

3aziaeM HayanbHble 3HaYeHNA NPAMbIX
utepatopos begin u end anA ¢BA3HOroO CNMcKa

BoisbiBaem dyHkuumio find()
let iter: IForwardIterator<number> = 1 nonyyaem uteparop,
find(begin, end, (value: number) => value == 42); YKa3bIBaloLNiA Ha NepBbIi y3en,
COiepXKaLLni 3HaueHue 42
if (!iter.equals(end
( . 4 K ( N A Heobxoammo ybeauTbCs, 4to Mbi
iter.set(0);
} Ecnu Hawnm, To 06HOBNSIEM HaLnW y3en co 3HaueHuem 42,
€ro 3HaueHue Ha 0 a He I0LLAM 10 KOHLA CNNCKa

IIpsiMble UTEPATOPBI CITOCOOHBI HA OYEHb MHOTOE: 00XOUTH TTOCIEL0BATEILHOCTD
MIPOU3BOJIBHOE KOJMYECTBO pa3 U MoAuGuimpoBath ee. C UX MOMOIIHIO MOKHO pean-
30BBIBATh AJITOPUTMBI, He TPEOYIOIINE CO3MaHUST IOMOTHUTEIBHBIX CTPYKTYP JaHHBIX,
KOTOPBIM HE HYKHO KOTIMPOBATD BCIO MOCJIEI0BATEILHOCTD JAHHBIX, YTOOBI ee Tpeodpa-
30Barh. HakoHell 3aiiMmeMcst aJiropuT™MOM, € KOTOPOTO MBI HAYaJIN 9TOT pasiesi: reverse().

10.4.3. 2ddekTmBHasa peanusauus reverse()

Kax Mbl BUJIEIM B peajinsaliii Ha OCHOBE MacCUBa, He TpeOyoIas Co3/aHusl TOTIOMHU-
TEJNBHBIX CTPYKTYP JAaHHBIX pean3aius reverse() HaunHaeT paboTy ¢ 060MX KOHI[OB
MaccuBa OJJHOBPEMEHHO M MEHSET 3JIeMEHTBI MECTaMM, HapalliiBasgd 3HaYeHUE MPSIMOTO
UHJIEKCA ¥ YMEHbBIIas 3HaUeHre 0OPATHOTO JI0 TEX TOP, MOKA OHK HE COBIA/YT.

MoskHO 0606IIUTH peau3anio Ha OCHOBE MAcCUBa JIJIs PAGOTHI € TIPOU3BOJIBLHON
MOCJIE[0BATEIBLHOCTBIO, HO HANIEMY UTEPaTOPY sk 9TOTO TOHAAO0OUTCS ellle OHO:
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CoCOOHOCTH MEPEXOAUTH Ha MPe/blayiuii smement. ObnaIatoNuii el nTepaTop Hasbi-
Baercs deynanpaeiennvim (bidirectional iterator).

ABYHAMNPABNEHHbIA UTEPATOP

[1ByHanpaB/ieHHbIVi UTEpaTOP MOXET BCE TO Xe€, YTO U MPsMON, U BAOGABOK
CrocobeH nepexoanTb Ha NPeablAyLUIA SNEMEHT. [IpyruMmn crioBamMu, AByHanpas-

NEeHHbIN UTepaTop MOXET NepeMeLaTbCst Mo NocnefoBaTeNbHOCTM Kak Bnepes,
Tak v Ha3aj (puc. 10.6).

[JlByHanpaBneHHblii
UTEpaTop MOXeT
1 .— e KNOHMpOBATb(A
i {} — 1 nepeaBuUraTbca
| | | | | | B 06€ CTOpOHbI

/— OpuH uTepatop

i nepexoguT
G @ Ha CIeAyIoLMii SNEMEHT
[Dlpyroii uteparop
nepexopuT
vatpemsuyun G @

JNleMeHT | |

Puc. 10.6. [IByHanpaBneHHbIN UTepaTop CNOCO6EH YMTaTh/3anncbiBaTh 3HAUYEHUE TEKYLLErO 3NIEMEHTA,
KIOHMpoBaTh cebs, a Takxke nepemeLlaTbCs BNepes 1 Hasaz no nocneaoBaTenbHOCTM

Omnumrem naTepdeiic IBidirectionalIterator<T>, aHAJOTUYHBIN WHTEpdeiicy
IForwardIterator<T>, HO C JOITOJJHUTEJIbHBIM METOIOM decrement (). O6paT1/1Te BHUMaHHE:
JTATIeKO He BCE CTPYKTYPHI JAHHBIX, HATIPUMED HAIl CBSI3HBIN CIUCOK, TO//IEPSKUBAIOT T10-
n0OHBIH TepaTop. [TOCKOIBKY B CBSIBHOM CIHMCKE Y KaKIIOTO SJIEMEHTa eCTh CChLITKA TOJIBKO
Ha CJIEJYIOINN y3e1, TlepeiiTi 00paTHO K MPEABIAYIeMY ya3ry He roayuntes. Ho MoxkHO
€O03/1aTh JIBYHAIIPABJIEHHBIN UTEpaTOp /75T IBYCBA3HOTO CITHCKA, B KOTOPOM KaK/IbIN y3eJT
BKJIIOYAET CCHIJIKY HA MTPEIIIYTINN 1 TTOCJIeY IO Y3JIThl, WU 7151 MaccuBa. Peanmmsyem
IBidirectionalIterator<T> B Buje Kmacca ArrayIterator<T> B muctunre 10.33.

Nuctunr 10.33. NHTepdelic IBidirectionallterator<T> u knacc Arraylterator<T>

interface IBidirectionalIterator<T> extends FB?';Tep‘!’e"‘" :
IReadable<T>, IWritable<T>, IIncrementable<T> { idirectionallterator<T>,
decrement(): void; no cpaHeHnio ¢ IForwardIterator<T>,
equals(other: IBidirectionalIterator<T>): boolean; BKJII0YEH I0NONHUTENbHbINA
clone(): IBidirectionalIlterator<T>; metop decrement()

}

class ArrayIterator<T> implements IBidirectionalIterator<T> {
private array: T[];
private index: number;
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constructor(array: T[], index: number) {
this.array = array;
this.index = index;

}
get(): T {

return this.array[this.index];
}

set(value: T): void {
this.array[this.index] = value;

}

increment(): void {
this.index++;

}

decrement(): void {
this.index--;

}

equals(other: IBidirectionalIterator<T>): boolean {
return this.index == (<ArrayIterator<T>>other).index;

}

clone(): IBidirectionalIterator<T> {
return new ArrayIterator(this.array, this.index);

}

Tenepp peanusyem ajaroput™ reverse() ¢ IOMOIIBIO MAPbI [BYHAIIPABIEHHBIX UTe-
patopoB begin u end (uctunr 10.34). Mensiem 3HaueHns MecTaMu, repejiBUraeM begin
BIepe/I, end Ha3a/[ U 3aBepinaeM paboTy, KOT/[a 9TH IBa HTepaTopa coBnaaaoT. [1pu atom
BAKHO FapaHTUPOBATD, YTO HAIIM UTEPATOPDI HE <ITPOCKOYAT» JIPYT JIPYTa, TIOATOMY CPa3y
TOCJIe TIePEMETIIEHNST OTHOTO U3 HUX HeOOXOIMMO TTPOBEPUTD, HE COBMAMH JIM OH.

JNinctuur 10.34. Peanuzauus anroputma reverse() ¢ NoMoLLbiO ABYHaMNpaB/EHHbIX UTEPATOPOB
loBTOpAEMm A0 Tex nop, noka
function reverse<T>( utepatopbi begin u end He coBnagyT
begin: IBidirectionalIterator<T>, end: IBidirectionalIterator<T>
): void {
while (!begin.equals(end)) {
end.decrement();
if (begin.equals(end)) return; <«—

Mepepsuraem end Ha3ag. HanomHum:
end HaunHaem co cnepyloLero

Mensem | const temp: T = begin.get(); 32 KOHLIOM MacciBa 3HaueHus,
3Hauenmns | begin.set(end.get()); N03TOMY ero HyXHO nepeaBUHYTH
mecramu | end.set(temp); Ha3ag, npexze yem UCnonb3oBaTb
(HoBa npoBepsieM, UTo B pesynbTare
nepensikenus end Ha3ag ABa Tepatopa
He CTa/y YKa3blBaTb Ha OfUH MEMEHT

begin.increment();

HakoHeu, nepeasuraem begin Bnepeg n nostopsem
uTepauuio uukna (B ycnosuu umkna while cHosa
npoBepAeTCA, He COBNAM N1 Haly AiBa UTepaTopa)
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[TonipoGyewm ero Ha gese B uctrnre 10.35.

JNncturr 10.35. Ob6palleHre MaccvBa ymcen
let array: number[] = [1, 2, 3, 4, 5];

let begin: IBidirectionalIterator<number>
= new ArrayIterator(array, 0);

let end: IBidirectionalIterator<number>
= new ArrayIterator(array, array.length);

WHuuymanusupyem begin urepatopom ans obxopa
MaccuBa, yKa3biBAKLLMM Ha no3uuuio 0

WNHuumanuzmupyem end utepatopom

. . AnA o6xoaa MaccuBa, yKasbiBaloWum

reverse(begin, end); B pe3ynbrate B KOHCONb Ha 3nemeHT c uHaekcom length (cneayrowmit
BbiBOAUTCA [5,4,3,2,1] 3a NoCNeAHUM NeMeHTOM MaccuBa)

console.log(array);

JlByHalpaB/IeHHbIE UTEPATOPbI IO3BOJISIOT 0000IMTh 3 PEKTUBHbIN, paboTarommii
6e3 co3/aHus JIOTIOMHUTETBHBIX CTPYKTYP JIAHHBIX aJITOPUTM reverse() Ha MPOU3BOJIb-
HBIE CTPYKTYPBI JAHHBIX, JIOTyCKatolne 06X0/[ B IBYX HAMPABICHUAX. Mbl PACIIUPUIN
HUCXOHBIN aJITOPUTM, BO3MOKHOCTH KOTOPOTO OTPAHUYMBATIICH PAabOTON ¢ MacCHBaMH,
110 paGoTHI ¢ J106bIM IBidirectionalIterator<T>. OMH U TOT jKe AJITOPUTM TETIEPb MTPHU-
rOJIeH JIJist OOpAIeHuUsT IBYCBSI3HOTO CIICKA WJIH JIOOH JAPYTOil CTPYKTYPhI JaHHBIX, 110
KOTOPOU UTEPATOP MOKHO TIEPEMEIIATH BIIEPEL 1 HA3a/I.

O6patute BHUMAHUE: MOKHO PEATU30BaTh U AJITOPUTM 0OPAIIEHIS OJHOCBAZHOTO
CITHCKA, HO 0600IIHUTH TaKOH aaropuT™ He ToaydnTes. [Ipu obpaiieHnn oHOCBSI3HOTO
CITHCKA TPUXOAUTCS BHOCUTH U3MEHEHHUS B CTPYKTYPY JAHHBIX, 3aMEHSIST CCHIIKHU Ha CJie-
JYIOIIFE BIEMEHTHI CCBIIKAMU Ha Tpebiy e, I1ogo6HBIN airopuT™ 0YeHb TECHO TIPH-
BSI3aH K KOHKPETHOU CTPYKTYPE JaHHBIX U HE TOJIEKUT 06001IeHn 0. A Hatll TPeGY Ol
JIBYHAIIPaBJIEHHOTO UTepaTopa 0000IIeHHbII reverse (), HAIIPOTUB, € yCIIeXoM paboTaer
JUIs1 0601 CTPYKTYPBI IAHHBIX, KOTOPast MOXKET 06eCednTh MO0OHBINH HTEpPaTop.

10.4.4. 2 deKTMBHOE N3BIEYEHNE S1EMEHTOB

Cy1IecTBYIOT aJITOPUTMBI, TPEOYIOIINE OT UTEPATOPOB HAMHOTO OOJIBIIIE, UM MTPOCTHIC
onepanuu increment() u decrement (). Xopomuinii IpuMep: ajJropuT™Mbl COPTUPOBKH.
AbderTUBHOMY aITOPUTMY COPTUPOBKH, paboTatoiiemy 3a Bpemst O(n log n), Takomy
Kak ObICTPast COPTUPOBKA, TIPUXOIUTCSI <IIPBITATH> 110 COPTUPYEMO CTPYKTYPE TAHHBIX
BIIEPE/l M HA3a/l, 00PaIasich K 3JIEMEHTaM B TIPOM3BOJIbHBIX MecTaX. /[ByHapaBIeHHOTO
UTEpaToOpa 7 ITOTO HefocTatouHno. Ham moHao6uTest uTepatop mpousBOILHOTO J10-
cryna.

UTEPATOPbI MPOU3BOJIbHOIO JOCTYIA

MTepaTop nponsBonbHOro Aoctyna (random-access iterator) MoxeT nepemellatb-
€5 Ha noboe 3ajaHHOe KOIMYECTBO 3/1EMEHTOB Bnepea/Has3as 3a KOHCTaHTHoe
BpeMs. B oTanume oT AByHanpaBneHHOro, crnocobHoro nepemeluatbcs Bnepen/
Ha3az TOJIbKO Ha OAMH 3/IEMEHT 3a pas, UTepaTop NPOM3BOJSILHOMO AOCTYMNa MOXET
nepeMeLLaTbcs Ha Ntoboe KonmyecTso anemeHToB (puc. 10.7).
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WUrepatopbl Npou3BonbHOro
A0CTYNa MOTYT «NepenpbirnBaTb»
Ha Niobyto No3uLMio 3a OAMH Wwar

Puc. 10.7. VitepaTop nNpon3BosIbHOrO AOCTyMNa CNocobeH YnTaTb/3anmncbiBaTb 3HaUYEHME
TEKYLLEro a5eMeHTa, KIIOHMPOBaTbCS, @ TakKe NepeMeLlaTbCs Bnepea unv Halag Ha noboe
KOMMYECTBO 3/1IEMEHTOB

MaccuB — xopotiuii TpuMep CTPYKTYPbI JAHHBIX C TPOU3BOJIBHBIM IOCTYIIOM, B HEM
MOKHO OBICTPO 00PATUTHCS K JIFOOOMY JIEMEHTY TI0 MHIEKCY U 3BJIeub ero. M HapoTus,
B CJIydae JIBYCBSI3HOTO CITUCKa HEOOXOANMO TIPOITH MO BCEM COOTBETCTBYOIIUM CChLIKAM
HA TTOCJIeYIOIIU I /TIPEBIIY U 9JIEMEHT, YTOObI JOCTUYb HYKHOTO aJieMeHTa. J[ByCBsI3-
HbIE CITUCKU He MOJIEPKUBAIOT UTEPATOPHI IIPOU3BOJIBHOTO JIOCTYIIA.

Onwmiem IRandomAccessIterator<T> — UTePATOP, KOTOPBIN HE TOJBKO MO/JIEPKIUBAET
BCe BO3MOKHOCTHU IBidirectionalIterator<T>, HO U BKJIOYAET METO/ move( ), Iepeme-
IIAFOIIMI uTepaTop Ha 7 3ieMeHToB. Ipu paboTe ¢ uTepatopamMu IPOU3BOJBHOTO JOCTYIIA
He TIOMeTlTaeT TakyKe 3HATh, HACKOJIbKO JIAJIeKO JAPYT OT JAPYTra HAXOSATCS /[BA UTEpaTopa.
[Tosromy B smctunre 10.36 Mbl gobaBuM MeTos distance(), KOTOPbII BO3BpalllaeT pac-
CTOSTHHE MEK]TY JIByMsI UT€PATOPAMHU.

Jinctuur 10.36. Utepatop IRandomAccessIterator<T>

interface IRandomAccessIterator<T>
extends IReadable<T>, IWritable<T>, IIncrementable<T> {
decrement(): void;
equals(other: IRandomAccessIterator<T>): boolean;
clone(): IRandomAccessIterator<T>;
move(n: number): void;
distance(other: IRandomAccessIterator<T>): number;

B suctunre 10.37 moauduiupyem Hain ArrayIterator<T> Tak, YT0ObI OH PEA30-
BBIBaJ UHTEPelic IRandomAccessIterator<T>.

PaccMoTpum oueHb IPOCTOI aJITOPUTM, 7151 KOTOPOTO MOKET IIPUTOUTHCS UTEPATOP
IIPOM3BOJILHOTO J1ocTyIIa: elementAt (). [lanHbIil alropuT™ NIpUHUMAET B KayecTBe apry-
MEHTOB UTepaToOpbl begin 1 end, 3a/iatoliye oc1e/[0BaTeIbHOCTD U YUCJIO 7, 2 BO3Bpalaer
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nreparop, yKaSI)IBaIOH_[I/Iﬁ Ha n-11 3JIEMEHT IoCJsIe/1I0BaTCJIbHOCTU NJIU UTEPATOP end, ecain
7 IpEeBbIIIAET AJINHY ITOC/IE€0BATEJIbHOCTH.

Nuctunrr 10.37. Knacc Arraylterator<T>, peanusytolmii UTepaTop NpoM3BOSIbHOMO AOCTYNa

class ArrayIterator<T> implements IRandomAccessIterator<T> {
private array: T[];
private index: number;

constructor(array: T[], index: number) {
this.array = array;
this.index = index;

}
get(): T {

return this.array[this.index];
}

set(value: T): void {
this.array[this.index] = value;
}

increment(): void {
this.index++;

}

decrement(): void {
this.index--;

}

equals(other: IRandomAccessIterator<T>): boolean {
return this.index == (<ArrayIterator<T>>other).index;
}

clone(): IRandomAccessIterator<T> {
return new ArrayIterator(this.array, this.index);

}

MeTog move() nepemewyaet utepatop
Ha N aneMeHToB (n MoXeT 6bITb 0TpULIATENBHBIM

move(n: number): void { [IinA nepemelLeHuA B 06paTHOM HanpaBneHum)

this.index += n;
}

distance(other: IRandomAccessIterator<T>): number {
return this.index - (<ArrayIterator<T>>other).index;

} Mertopa distance() Bbluncnaer
} paccTonHue Mexay ByMs UTepaTopamu

JlaHHBII AJITOPUTM MOKHO PEaTM30BaTh € IIOMOTIBIO UTEPATOPA BBOJIA, HO €TO TIPHU-
MI0Ch GBI IEPEMENaTh 7 pa3, YTOOBI JOCTHYL HYKHOTO JIEMEHTa. A 9TO 03HaYaeT
JINHENHYIO CJIOKHOCTH aIiropuTMa, To ectb O(n). Mtepatop Mpou3BOIBHOTO IOCTYIIA
MTO3BOJISIET C/IEJIATh TO JKe caMmoe 3a KoHCTaHTHOoe BpeMsi, O(1), Kak ToKa3aHo B INCTUH-

re 10.38.
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JiucTuHr 10.38. MosyyeHre sneMeHTa, pacnosioOXXEHHOO Ha 3a4aHHON No3nLMK
function elementAtRandomAccessIterator<T>(
begin: IRandomAccessIterator<T>, end: IRandomAccessIterator<T>,
n: number): IRandomAccessIterator<T> {
begin.move(n); Mepemeuwaet utepatop begin
if (begin.distance(end) <= ©) return end; Ha N JMEMEHTOB Bnepea

. Ecnu on paBeH unu 6onblue end,
return begin;

B nHom cnyvae Bo3BpaLyaem TO N NpeBbILIAET ANNHY NOCNEA0BATENbHOCTH,
} uTeparop, ykasblatoLyuii TaK 4To Bo3BpaLyaem end
Ha HyXHblii JnemMeHT

C NOMOIIBI0 UTEPATOPOB MPOUZBOJIBHOTO JOCTYIIA MOKHO Peasn3oBath Hanboee
3(hdEKTUBHBIE aJITOPUTMbI, HO OY€Hb HEMHOTHUE CTPYKTYPbI JAHHBIX MOTYT 00€CIIEUUTh
paboTy TaKMX UTEPATOPOB.

10.4.5. KpaTkoe pe3tome rno urtepatopam

MbI paccMOTpesiu pasHo0OpasHble KATETOPUN UTEPATOPOB 1 CO3/[aHNE HA OCHOBE UX Pa3-
JIMYHBIX BO3MOKHOCTEH GoJiee 3(h(HeKTUBHBIX aITOPUTMOB. Mbl HAUaJIM ¢ UTEPATOPOB
BBOJIa U BBIBOJIA, MTPEHA3HAYEHHBIX JIJIsI OJIHOPA30BOr0 00X0/a MOCIeI0BATEIbHOCTH.
WtepaTopbl BBO/A MTO3BOJISAIOT YUTATH 3HAYCHUS, & UTEPATOPDI BBIBOJA — 3a/1aBaTh UX.

DTOro BIIOJIHE JIOCTATOUHO JIJIST TAKUX aJITOPUTMOB, Kak map (), filter() u reduce(),
06pabaThIBAIOIINX BXOHBIE TAHHBIE TIOCIE0BATEIBHO. B GOJIBITHHCTBE SI3bIKOB ITPOrpaM-
MupoBanus, Bkiovas Java u C# ¢ ux nnarepdeiicamn Iterable<T> 1 IEnumerable<T>,
CYIIECTBYIOT GUOINOTEKN TOTIBKO JJIsT IAHHON PA3HOBUIHOCTH UTEPATOPOB.

Jlasiee MBI BUJIEITH, KAKMM 06Pa3oM CIIOCOOHOCTD UTEPATOPOB KaK YUTATh, TAK W 3a-
[UCHIBATh 3HAYEHUA BKYIIE C CO3ZaHUEM KOIIUU UTepaTopa II03BOJIAET PEAIN30BbIBATDH
Apyrue yaoOHble aropuTMbl, MOAU(DUINPYIOIINE JaHHbIe, He Tpuberas K CO31aHIo J10-
MOJTHUTENBHBIX CTPYKTYP. ITUMI HOBBIMHU BO3MOKHOCTSMY 00JI/IAIOT TAK HA3BIBAEMbIC
IIPSAMbIE UTEPATOPDL.

B HEeKoTOPBIX coryyastx, HalpuMep B TIPUMepe C aTOPUTMOM reverse( ), HeZIOCTaTOUHO
HUMETh BO3BMOKHOCTD TIEPEMEIAThC M0 TOCAeI0BATEIBHOCTH TOJIbKO Biiepea. Heobxonu-
MO TIepeMeInaThest B 06e CTopoHsl. Mitepatop, CriocobHbII epeMenaThes Kak BIepel, Tak
U Hasajl, Ha3blBaeTCs [ABYHAIIPABIEHHbIM.

Haxkonerr, Ha 9 heKTUBHOCTH pabOTHI HEKOTOPBIX AITOPUTMOB MOJIOKUTETBHO CKa-
3BIBAETCST BOBMOKHOCTD «ITPBITaTh 110 TIOCIEI0BATEIBHOCTH 1 00PAIIAThCS K 3IeMEHTAM
B IIPOMU3BOJIBHBIX MECTaX, a He IPOXO/IUTH TOCIE0BATEIbHOCTD 1Al 32 IaroM. XopomHIuii
[IpUMep — aJTOPUTMBI COPTUPOBKH; TAKOB U TOJIBKO YTO OOCYKAABIIUNCS TIPOCTON aJro-
putM elementAt (). J{Jist OMIEPKKHI MOJOOHBIX AJITOPUTMOB HMCIIOJb3YIOTCA UTEPATOPDI
[IPOM3BOJILHOTO JIOCTYIIA, CIOCOOHBIE MePEeMEIIaThCsl Ha HECKOJIBKO 3JIEMEHTOB 3a pas.

ITU ujen He HOBBI; cTangapTHas 6ubinoreka C++ Bririoyaer Habop ahHEKTUBHBIX
JITOPUTMOB, B KOTOPBIX IPUMEHSIOTCSI UTEPATOPbI CO CXOKMMU BO3MOKHOCTAMU. [Ipoune
SI3BIKU OTPAHUYMBAIOTCS MEHBITUM HAOOPOM aJITOPUTMOB Wi MeHee 3 (heKTUBHBIMU
pean3anuaMu.
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BosMoxkH0, BBl 06paTHIM BHUMaHUE, YTO OCHOBAHHBIE HA UTEPATOPAX AJTOPUTMBI
He TeKyuue, IIOCKOJIbKY IPUHUMAIOT Ha BXO/IE [1apy UTEPATOPOB M BO3BPAIIAIOT void nin
npyroii uteparop. C++ ceifuac 1nepexoinuT OT UTEPATOPOB K UCIIOIb30BAHUIO HHTEPBAJIOB
(ranges). MbI He cTaHeM MOAPOGHO 0O6CYIKAATH HTOT BOITPOC B ATON KHUTE, HO B OOIINX Yep-
TaX UHTEPBAJ MOXKHO CUNTATD I1aPOI HTEepaTopoB begin/end. Monudukaims aaropuTMoB
JUIS TIOJIyYeHUS MHTEPBAJIOB B Ka4eCTBE apryMEHTOB 1 BO3BPaTa MHTEPBAJIOB 1103BOJIICT
cozzaBarh 6osee Tekyure API, crierisist onepariy Hajg nHTepBagaMu. Bepostho, B Gy-
JYIIEM AITOPUTMBI HA OCHOBE WHTEPBAIOB OY/AYT Pean30BaHbl 1 B IPYTUX SI3BIKAX TPO-
rpaMMEPOBaHust. BO3MOKHOCTD BBITTOTHATD 3 heKTHBHBIE 0600IIIEHHBIE ATTOPUTMBI HAJT
Jo60oit CTPYKTYPOiT TAaHHBIX, He TPUOETast K CO3MaHUIO JIOTOTHUTENBHBIX CTPYKTY]P TAHHBIX
C ITOMOII[BIO I0CTATOYHO (PYHKIIMOHAJIBLHBIX UTEPATOPOB, HCKJIIOYUTEIbHO I10JIe3Ha.

10.4.6. YnpaxHeHus

1. KaxoBa MMHMMaJIbHAS KATETOPUA UTEPATOPA, 10CTATOUHAS /IJISI PeAU3aIH aJITOPUT-
Ma drop (), TPOITyCKAIOIIETO MEPBBIE 77 3JIEMEHTOB JMala3ona’?

A. Urepatop BBOJIA.

b. IIpswmoit mtepaTop.

B. /IByHampaBieHHBIN nTEpaTOp.

I. Ureparop ¢ npou3BOJIBHBIM IOCTYIIOM.

2. KakoBa MUHUMaJIbHASI KATETOPUST UTEPATOPA, JOCTATOUHAS JJIsI PEATU3aluu ajiro-
purMma 6uHapHoro roucka (co caosxknoctbio O(log 7))? Haromuio, 4To ripu 6MHapHOM
HOKCKe MPOBEPSIETCsI CPe/IHMIT sieMenT anarnasona’. Eciiu ol 60sibiie MCKOMOTo 3Have-
HUIsI, TO INANA30H PasOUBAETC HATIONOJIAM U JlaJiee aHAM3UPYETCS TIePBast TIOJIOBUHA.
Ecou Her, To ananusupyercst Bropast OJOBUHA JAUATIA30HA, TI0CJIE Yero Tporeaypa
HOBTOPSIETCS. A TOCKOJIbKY 00JIaCTh TIOMCKA YMEHbBIIAETCS BABOE HA KAjKIAOM IIare,
T0 coxuocTh anropurma — O(log n).

A. Urepatop BBOJIA.

b. IIpssmoit mrepatop.

B. /IByHampaBieHHBIN UTEpaTOP.

I. Uteparop ¢ Npon3BOJIBHBIM IOCTYTIOM.

10.5. AganTuBHbIE aNnropuUTMbI

Yem Gouibiie TpeGOBAHUI K UTEPATOPY, TEM MEHBINEE KOJUIECTBO CTPYKTYP HAHHBIX
MOJKET €ro TMOAJePKUBaTh. MBI BUIETN, YTO MOKHO CO3/IaTh MPSIMON UTEPATOP /LIS
OJTHOCBSI3HOTO CITHCKA, IBYCBSI3HOTO MW MaccuBa. Ecjin Ham TpebyeTcst IBYHAIPaB-
JICHHBIH UTEPATOP, TO OJHOCBSI3HBIE CITUCKU BBIOBIBAIOT U3 COCTSA3aHMsI. MOKHO CO3/1aTh
JIBYHAITPABJIEHHbII UTEpaTop /st 00X0/1a IBYCBSI3HBIX CITUCKOB U MACCHBOB, HO HE OJTHO-

! OTCOPTUPOBAHHOTO B MOPsiIKe Bo3pacTanus. — I[Ipumeu. nep.
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CBSI3HBIX CITHCKOB. A JIJTs1 UTEPATOPOB C TPOU3BOJIBHBIM JIOCTYTIOM HE MOAXO/IAT yiKe JaKe
IBYCBSI3HBIE CITIICKHU.

Xouercst, yToObl 06001IEHHbIE AJTOPUTMbI ObLIN KaK MOXKHO Oojiee 00001IeHHbIMU.
Jl1st 5TOT0 TPEOYIOTCS UTEPATOPHI ¢ MUHUMAIBHO HEOOXOIMMBIMU JIJISI IAHHOTO aJITOPUT-
Ma BO3MOKHOCTSIMU. Ho, KaK MBI TOJIBKO UTO BU/EIH, TpeOGoBaHUS MeHee a(phEKTHBHBIX
BepCuil AITOPUTMOB K UTEPATOPAM He CTOJIb BbICOKU. MOKHO CO3/1aTh HECKOJIbKO BepCuii
HEKOTOPBIX aJITOPUTMOB: MeHee a(hekTuBHYyI0 U 60see ahdekTuBHYI0, paboTaioriie
€ COOTBETCTBYIOINIE TTPOIBUHYTBIMU UTEPATOPAMHU.

Bepnemcst k Hanremy nmpumepy elementAt (). ITOT aJITOPUTM BO3BPAIIAET 72-if 2JIEMEHT
MOCJIEIOBATEIBHOCTH WJIH €€ KOHETI, eCJii 72 60JIbIIe ee THHBL YTOGbI HCTOJIh30BaTh TIPSI-
MOIi UTepaTop, ero MOKHO I€PEMECTUTH BIIEPE]L 72 Pa3 U BePHYTb 3HaueHune. CI0KHOCTb
aJTOpUTMa NpU 3TOM JHHelHas1, O(n), Tak Kak KOJUYECTBO IIAaroB PAacTeT IPOIOPIINO-
HasbHO 7. C APYTOH CTOPOHBI, C TIOMOTIBIO UTEPATOPA MPOU3BOJBLHOTO JIOCTYTIA MOKHO
M3BJI€Yb 3JIeMeHT 3a KoHcTanTHOe Bpemst O(1).

Yo syute: 6osee obuwii u MeHee 3 beKTUBHBIN airopuT™ uin 6oJee ahheKTHB-
HBIH, HO OTPAHUYEHHDI MEHBIITUM KPYTOM CTPYKTYP JMaHHbix? Ha camom jiesie BBIOupath
BOBCe He TpeDdyeTcs: MOKHO CO3/IaTh J[BE BEPCUU aJITOPUTMA U MCIIOJIb30BaTh Hanboree
MOJIXO/ISAIILYIO PEATU3AIUIO B 3aBUCUMOCTH OT OCTYITHOTO THUIIA UTEPATOPA.

Peammzyem elementAtForwardIterator() n elementAtRandomAccessIterator(), us-
BJIEKATOIITIIE 3JIEMEHT 3a JTMHEITHOEe 1 KOHCTAHTHOE BPEMsI COOTBETCTBEHHO, KaK TIOKa3aHO
B sinctunre 10.39.

Jincturr 10.39. Peanusauus elementAt() c nomowbto ntepaTtopa BBOAa M UTepatopa
MpOM3BOJILHOIO AOCTYNa

function elementAtForwardIterator<T>(
begin: IForwardIterator<T>, end: IForwardIterator<T>,
n: number): IForwardIterator<T> {
while (!begin.equals(end) && n > @) {
begin.increment();
n--; Ecnn n 6onbiue 0 1 KoHew nocneoBaTenbHOCTH
} He JOCTUTHYT, TO NepemelLiaem utepatop
Ha CleAYIoLWNIA SNEMEHT U YMEHbLUAEM N Ha eAUHULY
return begin;
} Bo3Bpatuaem utepatop begin. O ykasbiBaet nu6o
Ha -1 SneMeHT nocneoBaTeNbHOCTH, NGO Ha ee KoHel|

function elementAtRandomAccessIterator<T>(
begin: IRandomAccessIterator<T>, end: IRandomAccessIterator<T>,
n: number): IRandomAccessIterator<T> { <
begin.move(n);

I10 peanu3auua anroputma elementAt()

13 NpeAblAyLLero pasaena
if (begin.distance(end) <= @) return end; PERGIAYLAETO pash

return begin;
Terepb MOKHO peann3oBaTh (GYHKIMIO elementAt (), koTopas OyzeT BbIOMpaTh airo-

PUTM B 3aBUCUMOCTH OT BOSMO)KHOCTGIL/,I, TIOJTYYE€HHDBIX B KQYE€CTBE apTyMEHTOB UTEPATOPOB,
kak nokazano B jmctuare 10.40. O6pature BHumanue: TypeScript He mopepKUBaeT
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neperpysky (GyHKIUH, TOITOMY HaM MOHAM0OUTCS (DYHKIHS /IS OMIPEAETCHUS THTIA
ureparopa. B npyrux sspikax nmporpamMmmuposanus, Harpumep C# u Java, MO3KHO IPOCTO
€O03/1aTh METO/Ibl C O/THUM Ha3BaHUEM, HO Pa3HBIMU apryMEeHTaMU.

JinctuHr 10.40. AfanTvBHbI anropuTM elementAt()

function isRandomAccessIterator<T>(
iter: IForwardIterator<T>): iter is IRandomAccessIterator<T> {

return "distance" in iter; .
} CyuTaem, uto iter — uTepaTop NPoU3BONALHOIO

AocTyna, eUin y Hero eCTb MeToA distance

function elementAt<T>(
begin: IForwardIterator<T>, end: IForwardIterator<T>,

Ecnn utepatopbl npoussonbHoOro goctyna,
T0 Bbi3bIBaeM IQPeKTUBHYI0

n: number): IForwardIterator<Ts { dyHKumio elementAtRandomAccesslterator()

if (isRandomAccessIterator(begin) && isRandomAccessIterator(end)) {
return elementAtRandomAccessIterator(begin, end, n);
} else {
return elementAtForwardIterator(begin, end, n);

} } Ecnu Her, To o6paaemca K meHee
ydpdekTuBHON PpyHKuum elementAtForwardIterator()

Xopoluii aIropuTM UCHOJIb3YeT UMEIONNEeCcs BO3MOKHOCTH, aJIalITUPYSCh K MeHee
[IPOJIBUHYTOMY UTEPATOPY IIyTEeM MCII0Jb30BaHus MeHee 3((hEeKTUBHON peasu3aluy,
a i1t GoJiee TIPOIBUHYTHIX UTEPAaTOPOB npubeperast 6osree ahHEKTUBHYIO.

10.5.1. YnpaxHeHue

Peanusytite nthLast() — dbyHKIIMIO, KOTOpas BO3BpAIIaeT UTEPATOP, YKA3bIBAIONTUI Ha
n-# ¢ KOHIIA 3JIeMeHT /inana3ona (MJu end, eCu UanasoH CAUIIKOM y30K). Ecamn = 1,
TO BO3BpAIllaeM UTEPATOP, YKA3bIBAIOIIMHI Ha TOCTEIHIHI 3JIEMEHT; ecJii 1 = 2, TO uTepa-
TOP, YKa3bIBAIONIMH Ha TIperocyaeanuii, u T. 1. Ecan n = 0, To Bo3Bpaiaem ureparop end,
KOTOPBIH yKa3bIBAET Ha CJCAYIONINI 32 TIOCTETHIM 3JIEMEHT JIMaa3oHa.

[Tonckaska: ee MOKHO peasin30BaTh € MOMOIIBIO ForwardIterator ¢ IByMs ITPOXOJIAMU.
[Tpu iepBOM ITPOXO/Ie MBI TIOAICYUTBIBAEM 3JIEMEHTHI [rarasona. Ha BTopoM 1mpoxojie Mbl
yIKe 3HAeM pasMep JIHANa3oHa, a 3HAUUT, 3HAEM, KOT/[a OCTAHOBUTHCSI, YTOOBI OKA3ATHCST
3a 7 3JIEMEHTOB /IO €T0 KOHIIA.

Pe3ome

O OO6o06IIeHHbIE ATTOPUTMBI PAOOTAIOT ¢ UTEPATOPAMHU, YTO TIO3BOJISIET TOBTOPHO HC-
TI0JTb30BATh UX JIJIS1 PA3JINYHBIX CTPYKTYP JAaHHBIX.

Q Bwmecto TOro uToOb! IUCATh ITUKJI, saayMaﬁTer, HEJIb341 JIM PEHIUTDH CBOIO 3a/1a4y C 110~
MOIIIbIO 616/IMOTEYHOrO AJITOPUTMa WJIN COYETaHUA aJITOPUTMOB.

O Tekyune API obecrieunBarot yaoOHBIN HHTEPMENC AJIsT CHENIEHUS aJITOPUTMOB.
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a OI‘paHI/I‘-IeHI/IH TUIIOB ITO3BOJIAIOT aJITOPUTMaM BblJIBUTATb OIIpEC/ICHHbIE Tpe6OBaHI/IH
K ThItaM, C KOTOPbIMU OHU pa60Ta10T.

d I/ITepaTopm BBOZla MOT'YT YUTAThb 3HAYCHUA U IEPEMENIATHCA BIIEPEL 110 TTOCJIEI0BA~
TeJTLHOCTU Ha OFWH dJIeMeHT 3a mar. MosKHO YUTaTh U3 TTOTOKa JAHHBIX, HAIIpMEDP
CTaHZaPTHOTO ITOTOKaA BBO/IA, C ITIOMOIIBIO BXOAHBIX UTEPATOPOB. Hepe‘{I/ITaTb yiKe
NMPOYNTAHHOE 3HAUYCHUE €IIe€ Pa3 HeJIb3d, MOKHO TOJIBKO IIEPEMECTUTDHCA BIIEPE.

Q Hreparops! BbIBO/A [T03BOJISIIOT 3alIMCHIBATh 3HAYEHUSI U [TepeMellaThbes BIepe/| 1o
110cJIe/10BaTeIbHOCTH Ha OJIMH dJieMeHT 3a 11ar. MoskHO TPOU3BOUTD 3aIUCh B IIOTOK
JIAHHBIX, HAIIpUMep B CTaHJAPTHBIN IIOTOK BBOJIA, C TOMOIIBIO UTEPATOPOB BbIBO/IA.
[IpounTats yske 3anucaHHoe 3HaYeHNEe HeJlb3sl.

a HpHMHe HUTEPATOPBI MOTYT UUTATh U 3allMCbIBAThb 3HAYCHN S, X MOKHO II€EpEMENATH
BIIEpE/L 110 ITOCJAEA0BATEJIbHOCTH U KIIOHUPOBATD. B kauectse Xopol1mero nmpuMmepa
CTPYKTYPbI IaHHBIX, HOZ[Z[GP)KI/IBaIOH.[eﬁ IIpAMbIE UTEPATOPbI, MOKHO ITIPUBECTH CBA3-
HBIH ciucok. B aToii CTPYKTYPE MOKHO HepeflTI/I K CJIeAYIOIIEMY 9JIEMEHTY U XPAHUTb
HECKOJIbKO CCBIJIOK Ha TeKyH_[I/IfI 9JIEMEHT, HO HEJIb31 HepeﬁTH K IIpeblAymemMy, ecimn
HE COXPAHUTD CCbIJIKY Ha HETO, U3HAYAJIbHO HAXO/ASCh Ha HEM.

O /IByHalpaBI€HHbIE HTEPATOPDI OOIAMAIOT BCEMU BO3MOKHOCTSIMU MIPSIMBIX, HO MOTYT
elle 1 IIepeMenarhest B 0GpaTHOM HallpaBJieHUHU. B KauecTBe mpuMepa CTPYKTYPbI
JAHHDBIX, MTOJIEPKUBAIOIIEN /IBYHATIPABICHHBIE UTEPATOPBI, MOKHO TTPUBECTH JIBY-
CBSIBHBIN CITICOK. [Ipy HEOOXOANMOCTH B HEM MOKHO TTEPENTH KaK K CIEIYIONIEMY,
TaK ¥ MpeibIAYIIeMy 3JIeMeHTY.

O Ureparopsl ¢ MPOU3BOJIBHBIM JOCTYIIOM MOTYT CBOOOIHO MEPEMENATHCS 33 OJUH
mar Ha Jo6yio mo3uInio B nocjaeaoBareabHocT. O[Ha U3 CTPYKTYP JAAHHBIX, MOJI-
JeP>KUBAIOIIAs UTEPATOPBI C IPOU3BOJIBHBIM JIOCTYIIOM, — MAacCUB. B HeM MOKHO
«IePEIPLITHY Th» 32 OJIUH MIAr K JII0OOOMY 5JIEMEHTY.

O B 60JbIIMHCTBO OCHOBHBIX S3BIKOB IporpaMMUPOBaHMA BKJIIOYEHDBI 6ubMoTeKN
AJITOPUTMOB IJIA UTEPATOPOB BBO/IA.

O Yewm OoJibliie BO3MOKHOCTEN y uTepatopa, TeM GoJiee s heKTUBHBIE ATOPUTMbI MOK-
HO CO3/IaTh C €r0 TTOMOIIBIO.

O AJanTUBHBIE AITOPUTMBI BRIIOYAIOT HECKOIBKO PEATU3AIHIA: 4eM GOJIBIIMI BO3MOJK-
HOCTAME 061a/1aeT ureparop, TeM ahdekTruBHee paboTaeT aIrOPUTM.

B riase 11 MBI mogHuMeMcs Ha CIEAYIOMIUI YPOBEHD aOCTPAKIK — K TUIIAM, IPUHA-
JIesKAIM K 60Jiee BBICOKOMY POJLY, — M Y3HAEM, 4TO TaKOe MOHAJIbI M KaK1e BO3MOKHOCTH
JOCTYIIHBI OJIATOAAPS UM.

OTBETbI K YNpaxKHEHNUAM

10.1. YnyuyweHHble onepaumm map(), filter() n reduce()

1. OpHa 13 BO3MOKHBIX peajusainii Ha ocHoBe reduce() u filter():

function concatenateNonEmpty(iter: Iterable<string>): string {
return reduce(
filter(
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iter,
(value) => value.length > 0),
"', (strl: string, str2: string) => strl + str2);

b
2. OpHa 13 BO3MOKHBIX pean3ariuii Ha ocHOBe map () u filter():

function squareOdds(iter: Iterable<number>): IterableIterator<number> {
return map(
filter(
iter,
(value) => value % 2 == 1),
(x) => x * x

)5

10.2. PacnpocTpaHeHHbIe anropuTMbl

1. OpHa 13 BO3MOYKHBIX peaTu3aliuii:
class FluentIterable<T> {
/* oo */

take(n: number): FluentIterable<T> {
return new FluentIterable (this.takeImpl(n));

}

private *takeImpl(n: number): IterableIterator<T> {
for (const value of this.iter) {
if (n-- <= @) return;

yield value;

b
2. OjiHa 13 BO3MOKHBIX Peasin3alinii:
class FluentIterable<T> {
/* ... X/

drop(n: number): FluentIterable<T> {
return new FluentIterable(this.dropImpl(n));

¥

private *dropImpl(n: number): IterableIterator<T> {
for (const value of this.iter) {
if (n-- > @) continue;

yield value;
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10.3. OrpaHnyeHune TMNoB-napaMmeTpoB

1.

O/HO U3 BO3MOKHbBIX PelleHtil, UCI0/Ib3YIolee orpaHrndere 0600IeHHOrO TUIIa,
qTO6bIrapaHTHPOBaTb,qTo'FHBHHeTCHIMBHOBHHHOCTBR)IComparablE
function clamp<T extends IComparable<T>>(value: T, low: T, high: T): T {

if (value.compareTo(low) == ComparisonResult.LessThan) {
return low;

}

if (value.compareTo(high) == ComparisonResult.GreaterThan) {
return high;

}

return value;

10.4. b dekTMBHaa peannsaums reverse n Apyrux anroputMoB
C MOMOLLbIO UTEPaTOpPOB

1.

A — drop() nozxoiifeT gaske A MOTEHIMAIBHO OECKOHEYHbIX IOTOKOB JaHHbIX. B03-
MO;KHOCTHU TIEPEMENIATHCS BIIEPE]T 110 MTOCJIeI0BATETbHOCTU BIIOJIHE JJOCTATOUHO.

I — st 3HeKTHBHOTO GUHAPHOTO MOUCKA HEOOXOANMA BO3SMOKHOCTD «IIEPEIPbITH-
BaTh» Ha KaJK/IOM IIIare B cepe/InHy auamnasona. /laxe nByHampaBieHHOMY UTEPATOPY
[PUILIOCH ObI IIPOXOAUTH 110 [1OCJAEA0BATEIbHOCTH 2JIEMEHT 32 2JIEMEHTOM, 4TOObI
JIOCTUYb CEpeIUHbBI JuanasoHa, moatoMy ciaokuoctu O(log n) ajroputm He gocTur
6b1. (ITomoOHbII Tipoxoz mar 3a marom gaet O(7), To ecTh JIMHEHHOEe BPeMsI BBITIOJI-
HEHWS. )

10.5. AganTuBHbIE anropuTMbl

AanTUBHBIN aJITOPUTM JIOJKEH TIEPEMEIIAThCS B 0OPATHOM HAIIPABJIEHUH, €CJIH TIOJTY-
YaeT Ha BXOJIE JIBYHANPABIECHHBIE UTEPATOPDI, TUGO UCIIOIB30BATH MOAXOJ C ABYMST TPO-
XO/IaMU, eCJIH TT0JIy4YaeT MpsimMble. BOT 0/{Ha 13 BO3MOKHBIX peajn3aluii:

function nthLastForwardIterator<T>(
begin: IForwardIterator<T>, end: IForwardIterator<T>, n: number)
: IForwardIterator<T> {
let length: number = 0;
let begin2: IForwardIterator<T> = begin.clone();

// onpepensieM AJWHY WHTepBana

while (!begin.equals(end)) {
begin.increment();
length++;

}

if (length < n) return end;

let curr: number = 0;
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// nepemewaem uTepaTop BrepeA, MoKa N-i dNEMEHT C KOHLUA
// nocnepoBaTeNbHOCTU HE OKaxeTcA TeKywum
while (!begin2.equals(end) && curr < length - n) {
begin2.increment();
CUrr++;

¥

return begin2;

}

function nthLastBidirectionalIterator<T>(
begin: IBidirectionalIterator<T>, end: IBidirectionalIterator<T>,
n: number)
IBidirectionalIterator<T> {
let curr: IBidirectionalIterator<T> = end.clone();

while (n > @ & !curr.equals(begin)) {
curr.decrement();
n--;

¥

// ecnu mbl gocTurnaum begin go TOro, Kak nepemecTunu utepaTop
// Ha3ap n pa3, TO, 3HAYUT, WHTEepBaa CAUWKOM Man
if (n > @) return end;

return curr;

}

function isBidirectionalIterator<T>(
iter: IForwardIterator<T>): iter is IBidirectionalIterator<T> {
return "decrement" in iter;

¥

function nthLast<T>(
begin: IForwardIterator<T>, end: IForwardIterator<T>, n: number)
IForwardIterator<T> {
if (isBidirectionalIterator(begin) && isBidirectionalIterator(end))

return nthLastBidirectionalIterator(begin, end, n);
} else {
return nthLastForwardIterator(begin, end, n);

¥



Tunwt, omuocsauuecs k 6o.ee
8bLCOKOMY POOY, U He MOJLKO

B 3TOM rnaBe

O T[lpuMeHeHve onepaumy map () K NpoYMM TUMnam.
O WHkancynsuma pacnpocTpaHeHUsl OLUMBKM.
O MoHagabl 1 UX NpUNOXeHUS.

QO WcToYHNKM nHdOpMaLMK A4St AANbHENLLErO U3YYEHUS.

Ha nporsizkeHnu 5T0i KHUTM MbI BUAEIN Pa3HO0OPa3HbIe BEPCUU OUEHb PACIIPOCTPAHEH-
HOTo asroputMa map( ), a B riase 10 HabmoaM HTEpaTopbl — aGCTPAKITIIO, ¢ TOMOIIIBIO
KOTOPO#l MOKHO MTOBTOPHO MCIIOJIb30BATh €r0 JJIsT Pa3HOOOPA3HBIX CTPYKTYP JaHHBIX.
B rtexyimeit riraBe Mbl YBUINUM, KaK BBIUTH 32 IIPEIETbl HTEPATOPOB U CO3/aTh elrle boJiee
00TIYI0 BEPCHIO 9TOTO 3aMedaTeIbHOro asropurMa. OH TO3BOJIUT HaM KOMOUHUPOBATH
0000611IeHHbIE THTIBI U QYHKIUY 1 06ECTIEYUT eANHBIN cI0cob 00paboTKH OMMOOK.

[Tocsie n3ydeHns HECKOJBKUX IPUMEPOB 51 IPUBEAY OTIpesieIeHre 3TOTO MMNPOKO
MPUMEHUMOTO ceMelicTBa (GYHKITNI, U3BECTHBIX MO/ HazBaHueM (yHKTOPOB. Takske
Oy/eT paccKasaHo, YTO TaKOe THIIbI, OTHOCSIIHECS K GoJiee BBICOKOMY POJLY, M KaK C UX
MTOMOIIIbIO ONMUCHIBATH TO00HBIE 0600IIeHHbIe (PYHKIINN. PacCMOTPUM OTpaHUYEHUS,
BO3HUKATOTIHE TP UCIIOTH30BAHUT SI3LIKOB MIPOTPAMMUPOBAHTS, HE TIOIZICP;KUBATOIITIE
THIIBI, OTHOCSIIIUECST K 00JIeE BBICOKOMY POJLY.

3aTeM MbI 06CYANM MOHAbL. ITOT TEPMUH BCTPEUACTCS AOCTATOUHO YACTO, U, XOTSI
Ha TIePBBIN B3TJISA/L BBITVISIAUT YCTPAIaolie, uest oueHb mpocta. Mbl y3HaeM, 4To Takoe
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MOH3/Ibl, 1 PACCMOTPUM HECKOJIbKO UX IIPUJIOKEHUH, HAYMHAS C YCOBEPIIEHCTBOBAHHOIO
MeXaHMU3Ma Mepeiaui ONMOKY lajiee U 3aKaHYNBast ACMHXPOHHBIM KOJIOM ¥ CXJIOIBIBA-
HUEM I10CJIeI0BATEIbHOCTEH.

U B 3aBepiienne aToil TIaBbl BAC JKJET Pasjies, B KOTOPOM MbI OyieM 06CyKAaTh
HEKOTOpBIE U3 BOIIPOCOB, YK€ BCTPEUYABIIMXCS B JIaHHOI KHUTE, U ellle HECKOJbKO pas-
HOBU/IHOCTEH TUIIOB, HE IIPE/ICTABICHHBIX MHON: 3aBUCHMbIE 1 JIMHEHHbIE TUIIDI JAHHDIX.
1 He crany BIaBaThCS B MOAPOOHOCTH, & IPUBELY TOJIBKO KPATKOE PE3IOME U TIEPEUNCITIO
HECKOJIbKO JIOTIOJHUTEIBHBIX MCTOYHUKOB MH(MOPMAIIUK Ha CJIy4Yall, ecJid Bbl 3aXOTUTE
y3HaTh 0 HUX TOApobHee. S MOPEeKOMEH/YI0 HECKOIBKO KHUT, COAEPIKAIIUX GOIbIITE
nH@OpMAIK 110 KaXKI0H U3 9TUX TeM, a TaKKe HAa30BY S3bIKU [IPOIrPAMMUPOBAHUS, [10/1-
JIepKUBAIONIME HEKOTOPbIE U3 9TUX BO3MOXKHOCTEHA.

11.1. Ewe 60onee 0606LieHHas Bepcus
anropyTMa map

B riase 10 MbI ycoBepIiIeHCTBOBAIN peaji3alliio airopuTMa map () U3 raaBbl 5, pabo-
TaBIIYIO TOJBKO ¢ MACCUBAMHM, JI0 NpUBeAeHHoi B ncTunre 11.1 06001meHHoiT peann-
3anuu, paboraloeil Ha OCHOBE UTePaTOPOB. Mbl BBISICHIJIM, KaK UT€PATOPbI CIIOCOOHDBI
abcTparupoBaTh JOIMKY 00X04a CTPYKTYPBL JaHHBIX, II09TOMY Hallla HOBas BEPCH
map () MOTJIa TPUMEHSITH 3a/[aHHY 0 (DYHKITUIO K 3JIeMEeHTaM TTPOU3BOIHHON CTPYKTYPBI
(puc. 11.1).

Oyukums, nepesopawas O 8 O \

ﬂocnenosaTenbuochQ\ |O| | |O| I |O|

v

@map

MocnepoBatenbHOCTb O\ |O| I IO| I |O| I IO| |

'
|

Puc. 11.1. Anroputm map() npyHUMaEeT Ha Bxoae utepaTop obxoaa nocnefoBaTenlbHOCTH,
B J]AHHOM C/lyyae Cruncka KpyroB, U dyHKUMIO npeobpa3oBaHust Kpyra, NPUMEHSIET 3Ty (PyHKLMIO
K KaXXAOMy U3 3/1IEMEHTOB MOCNeA0BaTENbHOCTU U FreHepupyeT HOBYHO NOC/eA0BaTENbHOCTb
C U3MEHEHHbIMW 3/1EMEeHTaMm

JiuctuHr 11.1. 0606wweHHbIN anroput™ map()

function* map<T, U>(iter: Iterable<T>, func: (item: T) => U):
IterableIterator<U> {
for (const value of iter) {
yield func(value);

}
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ITa peajusalysg MOKeT paboTaTh ¢ UTepaTopaMu, HO HAM XOTeJOCh Obl IMETh BO3-
MO’KHOCTb MPUMEHSTh HYHKINIO Buga (item: T) => U M K IPYTUM THIIAM JJaHHBIX.
B xauecTBe 1nmpuMepa Bo3bMEM OIMCAHHbBINM B rJ1aBe 3 TUll Optional<T>, npuBeeHHbII
Banctunre 11.2.

Jinctuur 11.2. Tun Optional

class Optional<T> {
private value: T | undefined;
private assigned: boolean;

constructor(value?: T) {
if (value) {
this.value = value;
this.assigned = true;
} else {
this.value = undefined;
this.assigned = false;

}

hasValue(): boolean {
return this.assigned;
}

getvalue(): T {
if (!this.assigned) throw Error();

return <T>this.value;

OtobpakeHue Optional<T> ¢ mOMOIIBIO (GYHKINHU (value: T) => U BBITJISIAUT BIOJHE
ecTecTBEeHHBIM. ECJIM ONMIUOHAJ COJEP/KUT 3HAUEHME TUTIA T, TO OTOOPaKEHHE €T0 ¢ TI0-
MOIIBIO DYHKIIMY JOJIKHO aTh Optional<U>, comep:Kaliuil pe3yabTaT ITpUMeHeHUs
sroit pyrkium. C APyToii CTOPOHBI, TPU MYCTOM OTIIHOHATE B PE3yIbTaTe OTOOPAKEHUS
JoJIKeH ObITh BO3BpallleH IycToii Optional<U> (puc. 11.2).

Oynkuua, nepesopawas O B QO \

Onunonan O —~_, | undefined CZ:>O

map

Onuonan © —_, © | undefined

Puc. 11.2. OTtobparkeHne OnuMoHanbHOro 3Ha4YeHns C NoMoLbto yHKUMK. Ecnm onumoHan nycrT,
To map() BO3BpaLLAEeT NyCTOi OMNUMOHan; B MPOTUBHOM Ciyyae yHKLMS MPUMEHSIETCS K 3HAYEHUIO
1 BO3BPALLAETCA OMLUMOHAs C pe3yNbTaToM
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Cospaim HaOPOCOK peamsalny IaHHO# Bepcuu map. [lomecTiM a1y (GyHKITHIO B ITPO-
crpancTBo uMeH (ctunr 11.3). ITockombry TypeScript He Moaep:KUBAET MEPErPy3KN
(byHKIMIT, HECKOJIBKO (DYHKIUN ¢ OJIHUM Ha3BaHWEM HEOOXOIMMO PA3MEIaTh B PA3HBIX
MIPOCTPAHCTBAX UMEH, YTOOBI KOMITUJISITOP MOT OTIPEIETNUTD, KAKYIO U3 HUX MbI BBI3bIBAEM.

JiucTuHr 11.3. OnumoHanbHbI anroputM map()

OnepaTop export obecneunBaer BUAUMOCTb

namespace Optional { QYHKLYUU BHE ee NPOCTPAHCTBA UMEH

export function map<T, U>(
optional: Optional<T>, func: (value: T) => U): Optional<U> {
if (optional.hasValue()) {
return new Optional<U>(func(optional.getValue())); <+
}else {
return new Optional<U>();

Ecnv onumoHan coneput 3HaueHue,

} To u3BNeKaem ero, nepepaem func()

} 1 nHnumuanusupyem Optional<U> nonyueHHbim

} Ecnu onumonan nycr, B pe3ynbTaTe ee BbINONHEHNA 3HaYeHUeM
T0 C03AaeM HoBbIiA nycToii Optional<U>

Heuto mogo6HOE MOKHO CIeJaTh M ¢ TUIOM-CYyMMOU T ujin undefined si3biKa
TypeScript. HaromHto, uto Optional<T> — Hallla caMojiesibHas Bepcust Mojo6HOTO THTIA,
paborarolias jaxke B A3bIKaX, B KOTOPbIX HET HATUBHOI MOMIEP/KKU TUIIOB-CYMM, HO
B TypeScript ona npucyrcrayer. [TocMOTpUM Ha HATUBHOE OTOOPAsKEHUE OTIHOHATIBHOTO
Thma JaHubIX T | undefined (sinctunr 11.4).

OtoGpaxenue T | undefined ¢ momoreio GyHKIME (value: T) => U O3HAYAET IPU-
MeHeHue (YHKIIMU 1 BO3BPAT ee pe3yJibTaTa B ciydyae 3HaYeHus Tuila T WK BO3BpaT
undefined, ecain aTO 3HaYEHKE OBLIO HAYAJIBHBIM.

Nuctunar 11.4. Anroput™ map() Ana TMna-cyMMbl

namespace SumType {
export function map<T, U>(
value: T | undefined, func: (value: T) => U): U | undefined {
if (value == undefined) {
return undefined;
} else {
return func(value);

}

Wrepaius 1o TakuM THIIAaM HEBO3MOKHA, HO (DYHKIINSA map () 17151 HUX BIIOJIHE OTIPaB-
nanHa. OnuIeM ere oiH MPOCTON 0000IIEHHBIN THII, BOX<T>, TT0 CYTH, TPOCTO 00EPTKY
UL 3HaYeHus TUia T, puBeaennbiii B iuctunre 11.5.

Jinctuur 11.5. Tun Box

class Box<T> {
value: T;
constructor(value: T) {
this.value = value;
}

Tun Box<T>, no cytu, npocto
obepTka ana 3HaueHua Tuna T
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MoskHO Jii 0TOOPA3UTh TaKOil TUII JAHHBIX € IIOMOIIbI0 MyHKIMU (value: T) => U?
[la. Kak BbI oraipiBaetech, GyHKITH map () 1715t Box<T> IOJKHA BO3BpAIaTh Box<U>: OHa
JIOJKHA U3BJIEYb 3 Box<T> 3HAUEHMeE THIIA T, IPUMEHNUTH K HeMy (YHKIINIO, a 3aT€M CHOBA
MMOMECTHUTH Pe3yJIbTaT B Box<U>, Kak mmokazano Ha puc. 11.3 u B iuctunre 11.6.

OyHkuua, nepesopawas O B O\

OB obbekreBox — O <Z:>O

map

O BobvexreBox — o

Puc. 11.3. OtobpaxeHne coaepxxallerocsi B Box<T> 3HaueHusi ¢ noMoLbio dyHKUmK. OyHkums map()
pacnakoBbIBAET cofepxalleecs B Box<T> 3HauyeHue, NpuMeHsieT PyHKUMIO, @ 3aTeM CHOBa MOMeLLaeT
pesynbTaT B Box<U>

JNnctunrr 11.6. Anroput map() ana Tuna Box

namespace Box {
export function map<T, U>(
box: Box<T>, func: (value: T) => U): Box<U> {

Box<U> (f .val 5
} return new Box<U>(func(box.value)) B pe3ynbrate npumeHenua map() k Box<T>

} 3HayeHue pacnakoBbIBAETCA, ANA Hero
Bbi3bIBaeTcA GyHKuua func(),
a pesynbrat nometyaetca B Box<U>

ﬂOCTyr[HO 0T06pa)K6HI/Ie MHOKeCTBa THUIIOB C ITIOMOIIbIO Q)yHKHI/Iﬁ ﬂaHHaﬂ BO3MOXK-
HOCTb M0JIe3Ha TeM, YTO map ( ), KaK 1 UTEPpAaTOPbI, ITO3BOJIAET paCUEIIMTh TUIIbI, IIpeAHa-
3Ha4Y€HHbIE /JId XpaHEHUWA /IaHHbIX, C (I)yHKHI/IHMI/I, O6pa6aTbIBaIOHII/IMI/I 9TU JaHHBbIE.

11.1.1. O6bpaboTka pe3ynbTaToB U Nepeaaya ownbok aanee

B kauecTBe KOHKPETHOIO TIIPHMePa PACCMOTPUM JiBe (DYHKIINH, 00padaThIBAOIINE YICIIO-
BOE 3HAUEHMeE: peasn3yeM MMpocTyio PyHKIHIO square(), KOTOpast BO3BPAIAeT KBapaT
[OJIyYEHHOTO apryMeHTa, a Takke (QyHKINIO stringify (), peo6pasyoliyto CBOl 41 CI0-
BOII apTyMEHT B CTPOKOBOE TIPeJICTaBIeHNe, KaK TToKa3aHo B uctuare 11.7.

Jnctunrr 11.7. ®yHkumm square() u stringify()
function square(value: number): number {

return value ** 2;

function stringify(value: number): string {
return value.toString();

¥
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Temneps ycth y Hac ecTh hyHKIM readNumber (), KoTopas unTaet U3 daiiia 9ucuo-
BOe 3HaYeHNe, Kak MmoKkasaHo B uctuHTe 11.8. A MOCKOMBbKY peub UeT O TTOTOKE BBOJA,
HE UCKJIIUEHBI TIOTEHIIUAIbHBIE TIPoOJIeMbl. UTo, eciiu, HarnpumMep, (dails He CyIeCcTByeT
WJIU eT0 He y/IacTCst OTKPbITh? B aTom ciyuae pynxkiius readNumber () BepHeT undefined.
Mpbl He cTaHeM paccMaTpUBaTh Peaau3aluio JaHHOM (DYHKIUY; I Halllero IpuMepa
Ba’KEH TOJIBKO ee BO3BPAIAeMBbIi THII.

JNncturr 11.8. Bo3spaluaemblin Tun dyHkummn readNumber()

function readNumber(): number | undefined {
/* Peanusauma onyweHa */
}

YTo06bI IIPOYECTh YKCIIO 1 3aTeM 00paboTaTh ero, IPUMEHKB K HeMy cHauaia (hyHKIIH
square(), a 3aTeM QyHKIK stringify(), cieayer yOeauThest B A€HCTBUTETBHOM TIOJTY-
YeHUU YUCJIOBOTO 3HaueHus, a He undefined. OHa U3 BO3MOKHBIX PeaiM3aliiil TaKOM
IIPOBEPKU — IpeobpasoBanue 13 humber | undefined B number ¢ IIOMOIIBIO ONIEPATOPOB if
Y HeOOXOAMMOCTH, KaK IIOKasbiBaeT JucTuHr 11.9.

Jinctunrr 11.9. O6paboTka umcna

function process(): string | undefined {
let value: number | undefined = readNumber();

if (value == undefined) return undefined; Heo6xonnMo y6emuTb, He undefined au

3HaueHue. B nogo6HoM cnyyae mbl

return stringify(square(value)); pasy e BuaEpausaem undefined

06pabaTbiBaem 3HaueHue
1 BO3BpaLLaem pesynbrar

Harmm ase ¢pyHKImy paboTaioT ¢ YUCJI0BBIME 3HAYEHHUSIMHE, OJJHAKO, ITOCKOJIbKY BXOJI-
HbIE JJaHHbIE MOTYT OKa3aThcst undefined, HeoOX04MMO 06pabaThIBATh JAHHBIN ClIEHAPHIT
aBHbIM 00pazom. He To 4To0bl 9T0 11/10X0, HO 4eM MEHbIIIE BETOK B HallleM KOJe, TeM OoJiee
OH IIPOCT, YI06€H B COIIPOBOK/IEHUHN 1 TOHSATEH U TEM MEHbIIIe IOTEeHIIMAIbHBIX BO3MOJK-
HocTeil 17151 omnboK. MOKHO paccMaTpuBaTh 9TO TaK, CJIOBHO (DYHKIINS process () IPOCTO
repezpaet undefined pasblie, Beib HUKAKKUX [TOJIE3HBIX JA€HCTBUI ¢ HUM OHA He IIPOU3BO-
qt. JIyatie G110 GBI, UTOOBI process () OTBeyYasia TOJBKO 32 00pabOTKY JTaHHBIX, 2 KAKOM-
TO Zpyroii Koz o6padarsiBa ommbku. Kak e 510 caenars? C HOMOILbIO peain30BaHHOTO
HaMH JIJIsT TUTIOB-CYMM aJiropuTMa map (), Kak rmokasano B juctunre 11.10.

Ternepb HET HUKAKOTO BETBJIEHUS KOJIa B Halllel peaqusaiuu (GpyHKIUN process ().
O06s3aHHOCTD paciakoBKU number | undefined B number u 1poBepku Ha undefined Bo3-
slaraercs Ha anroput™ map (). OH 0600IIEeHH DI, €ro0 MOYKHO UCIIOJIb30BATh C MHOKECTBOM
IPYIUX TUIIOB JaHHBIX (Harmpumep, string | undefined) u dyuxumii 06paboTKu.

A TIOCKOJIBKY B HallleM cJiydae square () 3aBeJIOMO BO3BPAIAET YNCJIO, MOSKHO CO3/IaTh
MaJieHbKoe JIsIMO/1a- BbIpaskeHKe, KOTOpoe clielisder square() u stringify(), u nepearb
ero map() Bmctunre 11.11.

I10 DYHKIMOHAIbHAS Peanusalys process (), B KOTOPOH 00s3aHHOCTH AalbHen el
nepegayr ourOKu geserupyercst GyHKIuU map (). Mbl oropopuM nozapo6Hee mpo 00-
paboTky omnbok B pasaese 11.2, korma Oymaem 00CysKaaTh MOHAABL. A TIOKa TOCMOTPUM
€ellle Ha OZIHYy peannsanuio map().
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Jinctuar 11.10. O6paboTka ¢ nomowbto map()

namespace SumType {
export function map<T, U>(
value: T | undefined, func: (value: T) => U): U | undefined {

if (value == undefined) {
return undefined; 370 yHKuMA map() Ans TANOB-CYMM,
} else { peanu3oBaHHas Hamu B nucture 11.4
return func(value);
¥
}
} Bmecro Toro uto6b1 ABHBIM 06pazom
) ] ] npoBepATb Ha undefined,
function process(): string | undefined { Mbl Bbi3blBaeM map() AnA NpUMeHeHNs

let value: number | undefined = readNumber(); K 3HaueHuio dyHKuum square().
Ecnn 3nauenme undefined,
let squaredValue: number | undefined = 70 map() Bo3Bpauaer undefined
SumType.map(value, square);

return SumType.map(squaredvalue, stringify); Ananoruuto gyHKkumm square()
} BbI3bIBaeM map() AnA npuMeHeHNs

stringify() k squaredValue.
Ecnn 3HaueHue undefined, To map()
Bo3BpaLyaet undefined

Jinctnar 11,11, O6paboTtka ¢ NoMOoLLb0 NIMOAA-BbIpaXXeHNs

function process(): string | undefined {

- Nambpa-BbipaxeHne,
let value: number | undefined = readNumber();

nepepaolee pesynbrat
BbINONHeHUA square()

return SumType.map(value, & stringify()

(value: number) => stringify(square(value)));

11.1.2. CoueTtaeM n KOMbUHMpPYEM yHKLNN

Bes cemeiicTBa (hyHKIMIT map () HAM MPUILIOCH ObI PEATU30BBIBATH [OMOTHUTETbHYIO
JIOTUKY U3BJI€UYeHUA number 13 TUIIA-CyMMBbI number | undefined mJist BO3BOIsIIEN Nnumber
B KBazpaT QyHKIKMHU square (). AHAJOTUYHO IIPUILIOCH Obl PEajln30BbIBATH JOIIOJI-
HUTEJIbHYIO JIOTMKY U3BJIedeHs 3HAaYeHUsI U3 Box<number> U yIaKOBKK ero 0OpaTHO
B Box<number>, Kak mmokasano B aucTunre 11.12.

JnctuHr 11.12. PacnakoBka 3HaueHuii ans square()
function squareSumType(value: number | undefined) 4—‘ OyHKuMA-06epTKa AN Onepaum

: number | undefined { npoBepku Ha undefined

if (value == undefined) return undefined;
return square(value);
}
(OyHKUNA pacnakoBbIBaeT 3HaueHue
function squareBox(box: Box<number>): Box<number> { u3 Box, a 3aTem nomeuuaet
return new Box(square(box.value)); pesynbTar B ewye oauH Box

}
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[Toka Bce HOpMasbHO. Ho uTO, ecii HaM MOHALOOUTCS IPOAETATH TO JKE CaMOe
¢ stringify()? Ham npusercs HanmcaTh /1Be GyHKIIMH, TIPAKTUIECKU UIEHTUIHBIE TIPU-
BeJIEHHBIM BbIIIE, KaK TToKa3aHo B yimctuare 11.13.

JNucTuHr 11.13. PacnakoBka 3HadeHui ans stringify()

function stringifySumType(value: number | undefined)
: string | undefined {
if (value == undefined) return undefined;

return stringify(value);

¥

function stringifyBox(box: Box<number>): Box<string> {
return new Box(stringify(box.value))

}

Hauwmnaer HanoMuHaTh 1yOaMpoBaHUE KO, KOTOPOE HUYEro XOPOIIEro He CYJIUT.
Ecau cozmars dhyHKIMT map () /i TUTIOB number | undefined 1 Box, TO MOKHO TIOJTYYUTh
abCTPaKIINIO, TI03BOJISIONLY 0 M30AaBUThCS OT AyOaupyomiero koga. MoxHO IepenaBaTh
nmbo square(), mmbo stringify() B SumType.map() wiu Box.map (), Kak IOKA3aHO B JIK-
ctunre 11.14; HUKAKOTO TOTIOJHUTENBHOTO KO/Ia HEe HYKHO.

Jnctunar 11.14. Wcnonb3osaHne map()
let x: number | undefined = 1;
let y: Box<number> = new Box(42);

console.log(SumType.map(x, stringify));
console.log(Box.map(y, stringify));

console.log(SumType.map(x, square));
console.log(Box.map(y, square));

Tereps omnuiiiem aTo cemeicTBO GyHKITUI map ().

11.1.3. OyHKTOPLI N TUMNbI, OTHOCALLMECH
K 6051ee BbICOKOMY poay

DakTHYeCKY B TIPEIBILYIIEM OAPa3ese Mbl 0OCYKAaIN (DYHKTOPBI.

®YHKTOPbDI
®DYHKTOp — 3TO 0606LLEHNE NOHATUS PYHKLMM ANS onepauunii 0TobpaKeHus.
[Ans noboro 0606LweHHOro Tvna AaHHbIX, HanpuMep Box<T>, onepaums map(),
KOTOpas NpUHUMAET Ha BXxoAe Box<T> un dyHkumo, nepesoaswyto 3 T B U,
1 Bo3BpallaeT Box<U>, aBnsaeTca hyHKTOPOM.

DyHKTOPBI 00JIAIAI0T UCKIIOYUTENHHO IMTUPOKUMU BO3MOKHOCTSIMI, HO B OOJIBIIINH-
CTBE OCHOBHBIX SI3BIKOB ITPOTPAMMHUPOBAHISI 10 CUX [IOP HET YAAUHOTO CIIoco0a MX BbIpa-
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JKEHUsT, TOCKOJIBKY B OCHOBE 0BIIero ornpeseeHust GyHKTOpa JeKAT TUTTB, OTHOCSIIAECST
K 00JIe€ BBICOKOMY POJIY.

Oyukuma, nepesopamas O 8 Q \

0606wenHbii Tin H<O> —__ &) CZ:>O

map

0606wennblii Tan H<@> —__ (@

Puc. 11.4. [lonyctuM, AaHbl 0606LEeHHbIN TUN AaHHbIX H, coaepalumil HoMb, OAHO 3HAYEHUE WK

6onee Tvna T, u dyHKUMS, nepeBoaswias u3 T B U. B gaHHOM cnydae T npeacTaBnsieT cobolt nycToi

Kpyr, a U — 3anonHeHHbIi. ®yHKTop map() pacnakoBbIBAeT 3HayeHue (-51) T 13 ak3eMnnspa H<T>,
NpUMEHSIET hYHKLMIO, MOC/E YEero CHOBa MOMELLAET MOJyYeHHbIN pesynbTaTt B H<U>

TUNbl, OTHOCALLUMECA K BOJIEE BbICOKOMY POY

OBOOBLLEHHDIN TUM COAEPXMUT TUM-NMapaMeTp. B kauecTBe npuMepa MOXHO Npu-
BECTM 0606LUEHHbIV TUN AaHHbIX T MAM TUN Hanopobue Box<T> ¢ Tunom-na-
pameTpoM T. Tvn, oTHocAWMitcs k 6onee BbicokoMy poay (higher kinded type),
HanpuMep (GyHKUMS BbICLLEro NMopsiaka, BKIYAET TUM-NapaMeTp CO CBOMM TUMOM-
napaMeTpoM. Hanpumep, Tmnbl T<U> 1 Box<T<U>> cogepxat Tun-napametp T,
Y KOTOPOro ecTb CBOW Tun-napameTp U.

KOHCTpPYKTOpPbI TUMOB

B cucremax Tunos korcmpyxmopom muna (type constructor) naspiBaercs (yHKIIMS, BO3Bpa-
matoniast Tui. CaMocTOSATENbHO Mbl UX HE Pean3yeM; 9TO YaCThb BHYTPEHHEr0 MeXaHu3Ma
CUCTEMbI TUIIOB.

VY Ka10ro TUIIA ecTh KOHCTPYKTOP. HeKoTopbie KOHCTPYKTOPBI TpUBMa/bHBL, Hanpumep,
KOHCTPYKTOP /IS THIIA number MOKHO PACCMATPUBATh KaK (DYHKIIUIO O€3 apryMEeHTOB, BO3-
BpalaoILyto Tuil number. 1o Oyzer () -> [Tun number].

[laxxe y Takoit pyHKIInM, Kak square(), ¢ TUTIOM (value: number) => number, KOHCTPYKTOPD
THUITa Bce paBHO 6e3 apryMeHToB () -> [(value: number) => Tun number], TIOCKOJIBbKY, XOTS
(yHKIMA TPUHUMAET aPTYMEHT, HO ee TUIl He IIPUHUMAET TUII-TIapaMeTp, OH BCEra OJIMH
U TOT Ke.

I[Ipu nepexoze Kk 0600IIEHHBIM THITAM JAHHBIX CUTyallusl npuobpeTaer emie GoJiee MHTe-
pecHbIit 0TTeHOK. /715 TeHepanui KOHKPETHOTO THTA TAHHBIX 13 0600TIEHHOTO THITA HATIO-
nobue T[] pakruueckuii tui-mapamerp He Tpedyercs. Ero KOHCTPYKTOpP THIIa UMEET BUL
(T) -> [tun T[]1]. Hanpumep, ecaii B kauecTBe T MCHOJIB3YETCST number, TO HATIAM THTIOM
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CTaHOBUTCS MACCUB YNCJIOBBIX 3HAUEHUIT number[ ], a ecyii poJib T UTpaeT string, To 1moJry-
YyaeTcst MaccuB CTPOK string[ ]. [To0OHBII KOHCTPYKTOP TaksKe Ha3bIBACTCS «p0d» — T10-
JIy4aeTcs poj TUIOB T[].

Twuribl, oTHOCAIIMECS K G0JIee BBICOKOMY POAY, HallpuMep (DYHKIUK BBICLIETO MOPSIAKA, —
97O ere 6osiee BHICOKMIT yPOBEHDb abcTpakin. B faHHOM ciiydae Hall KOHCTPYKTOD THIIA
MOJKET IIPUHUMATD B KAYeCTBE apryMeHTa IPYTroif KOHCTPYKTOP TUla. PaccmoTpum T<U>[] —
MacCHUB 3HAUEHUI HEKoero Thma T ¢ TUoM-apryMmenToM U. [TepBriit KoHCTpYKTOp THIIA T10-
siydaet U 1 Bozspaiiaer T<U>. [TonyueHHOe HeOOXOAUMO TI€PeaTh BO BTOPOil KOHCTPYKTOP
THTIA, TEHEPUPYIONINIT Ha €T0 OcHOBe T<U>[] ((U) -> [Tun T<U>]) -> [Tun T<U>[]].

[To06HO0 TOMY Kak (hyHKITMH BBICIIIETO OPSIIKA — 3TO (QhyHKITUHY, TIPUHUMAIOIHE B KAYECTBE
apryMeHTOB Apyrue hYHKIMHI, THIT, OTHOCSIIINCS K 60Jiee BBICOKOMY POJLY, TIPEACTABIISIET
co6oit pojt (TapaMeTpU30BaHHbI KOHCTPYKTOP THIIA), IIPUHUMAIONINI B KA4eCTBe apry-
MEHTOB JIPYTH€ POJIBL.

TeopeTudeckn KOJMYECTBO YPOBHEH BIOKEHHOCTH MOKET GBITh TIPOU3BOJBHBIM (Ha-
npuMep, T<UKV<W>>>), OIHAKO Ha MPAKTUKE GECCMBICJIEHHO UCTIOIb30BATh H0JIee OHOTO
YpOBHA (T<U>).

B TypeScript, C# u Java oTcyTcTByeT yAI0OHDIH CIOCO0 BHIPAKEHNSI TUTIOB, OTHO-
cAmmxcst kK 6ojiee BBICOKOMY POJLY, TI09TOMY B HUX He MOJYYUTCS OMKCATh ¢ TOMOIIBIO
CHCTEMBI THTTOB KOHCTPYKITHIO /75T (hyHKTOpa. B Takux ke si3bikax, kak Haskell n Idris,
obuagaronux 6oJiee PasBUTOM CHCTEMOIT THITOB, TIOI00HbIE OIMCAHUSA BO3MOKHBI. OTHAKO
B HaIlleM CJIydae, BCJIEACTBHE TOTO YTO HEJIb3s1 00eCIeUUTh TAKYI0 BOBMOKHOCTD C TIOMO-
IHIO CUCTEMBI TUTIOB, OHA CKOPEE MOKET UTPATh POJIb TATTEPHA.

MoskHO cKasaTh, uTO (YHKTOP — Jt000# THI H ¢ TUIIOM-TIapaMeTpoM T (H<T>), 1ist
KOTOPOTO y HAc ecTh (DYHKIM map (), TPUHUMAIONIAS apIyMEHT TUTIa H<T> U (DyHKITHIO,
IepeBO/IILyI0 13 TuMa T B TUII U, 1 Bo3Bpalialonias 3HaueHne Tuia H<u>.

C apyroii cTtopoHbI, TOA0Ms ¢ 6ojiee 0OBEKTHO-OPUEHTHPOBAHHON TOYKHU 3PEHUS,
MOKHO cjiesiaTh map () (pyHKIIMEH-4JIeHOM U TOBOPUTD, 4TO H<T> — (DYHKTOP, ecau OH
BKJTIOYAET MeTO/L map( ), KOTOPBIN MPUHUMAET (DYHKITUIO, TEPEBOJISIILYIO U3 THIA T B THIT U,
1 BO3BpallaeT 3HaueHue Tuia H<U>. ITo0BI TOCMOTPETD, Yer0 MMEHHO HEOCTAET B CUCTE-
Me TUTIOB, HOIPOOYEM CXeMaTHIHO 0GPUCOBaTh COOTBETCTRYIONIIIT nHTepdeiic. HasoBem
ero Functor u 00bsIBUM B HeM MeToz map () B uctunre 11.15.

Jnctunrr 11.15. Habpocok nHTepdelica Functor

interface Functor<T> {
map<U>(func: (value: T) => U): Functor<U>;

}

Moaudurmpyem kiacc Box<T> B suctunre 11.16 Tak, 4ro0bI OH PeanTn30BbIBAI 3TOT
unrepdeiic.
JucTuHr 11.16. Knacc Box, peanusytowmii nHtepdeiic Functor

class Box<T> implements Functor<T> {
value: T;
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constructor(value: T) {
this.value = value;

}

map<U>(func: (value: T) => U): Box<U> {
return new Box(func(this.value));

}

ITOT KOJI OTIIMIHO KOMIUJIUPYETCST; eIUHCTBEHHAST TIPOOJIeMa — OH HE[OCTATOYHO
KOHKpeTeH. B pesyibrare Bbi30Ba map() /7ist 06bEKTa Box<T> BO3BPAIIAETCSA IKIEMILIISAP
Tumna Box<U>. Ho ecii peus uziet 06 unrepdeiicax Functor, T0 Mbl BUUM B 00bsABICHIN
METO/Ia map, YTO OH BO3Bpalnaer Functor<Us, a He Box<U>. CTereHy KOHKPETU3auu He-
nocratouto. Heob6xommum criocob ykaszath B 00bsiBIeHUN WHTepdeiica ToUHbIi BO3BpaIia-
eMblil TuI MeToza map () (B IaHHOM cirydae Box<U>).

Xoresoch b1 UMETh BO3BMOYKHOCTh CKa3aTh KOMITUIATOPY: «/lanubiii nurepdeiic yaer
peasn30BaH TUIIOM H ¢ TUIIOM-TIapaMeTpoM T». B smctunre 11.17 nmokasano, Kak Obl 9T0
o6bsiBIIeHNE BBITJIAAEN0 Ha st3bike TypeScript, eciim 6bl OH TOIEPIKUBA TUIIBI, OTHO-
canecs K 6osiee BHICOKOMY pojty. Pasymeercst, IpuBeIeHHbII KO/l He KOMITUIIUPYETCSL.

Nuctuar 11.17. UnTtepdeiic Functor

interface Functor<H<T>> {
map<U>(func: (value: T) => U): H<U>;

class Box<T> implements Functor<Box<T>> {
value: T;

constructor(value: T) {
this.value = value;

map<U>(func: (value: T) => U): Box<U> {
return new Box(func(this.value));

A pas Takoil BO3MOKHOCTH HeT, Oy/leM paccMaTpUBaTh peaausaliuil map () IPOCTO
KaK [aTTepH MpuMeHeHust QYHKIUH K 0000IEHHBIM THIIAM JaHHBIX WK K KAaKUM-TO
YIIAaKOBAHHBIM 3HAUECHUSIM.

11.1.4. OyHKTOpPLI ANS DYHKUMIA

OGparuTe BHUMaHUE: CYIECTBYIOT Takke (DyHKTOPbI A1 yHKIUI. MoKHO 0TOOpasuTh
3a/IaHHYI0 (DYHKITUIO ¢ TPOUBBOJILHBIM YHCJIOM apTyMEHTOB, BO3BPAIIAIONIYIO 3HAYEHNE
Thmna T, ¢ MOMOIIBIO (DYHKIINU, KOTOpast IpuHUMaeT T 1 Bo3BpaiaeT U. B pesyiibrare y Hac
MOJIyIUTCsT (DYHKITHS, IPUHUMAIOIIAS T€ JKe aPTYMEHTBI, YTO ¥ UCXO/[HAS, U BO3BpaIla-
tomas sHauerre Trna U. Onepaiius map() B JAaHHOM cJlydae MpeAcTaB/seT coOoil IIpocTo
KOMIIO3UIINIO (DYHKIINH, Kak ToKa3aHo Ha puc. 11.5.
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Oyukums, nepesopawas O 8 QO \

OyHKuys, I'IepeBO}.‘lﬂI.I.laﬂ<> B O—_, <Z:>O <Z:>O

map

Oynkuus, nepesopauas ) B @ —_, <Z:>O

Puc. 11.5. OTo6paxeHne oaHOW GYHKLMM C MOMOLLBIO APYrOM 03HAYaET KOMMO3WLMIO ABYX (yHKLMIA.
PesynbTaT npeactaBnseT coboii GyHKLMIO, KOTopasi MPUHUMAET Te e apryMeHTbI, Y4TO W NnepBasi,
U BbIAQET 3HAUYeHWe, OTHOCSILLEECS K BO3BPALLAEMOMY BTOPOM (ByHKUMEN TUMy. ITU ABE dYHKUMM [OIDKHbI
6bITb COBMECTUMbI; BTOPAsi AO/KHA OXXMAATb apryMeHTbI TOro TUMa, KOTOPbIV BO3BpALLAET nepBas

B kavecTBe puMepa paccMoTpuM (DYHKITUIO, TPUHUMAIOIIYIO /[Ba apryMeHTa Thma T
Y BBIJIAIOILYTO 3HAUYEHHUE ITOTO JKE THUIIA, U PeaTU3yeM COOTBETCTBYIONLYTO (hyHKITHIO map ()
B smctunre 11.18. Ona Bo3Bpariaet pyHKINIO, KOTOpas MTPUHUMAET /[Ba apTyMeHTa Tuma T
¥ BO3BpallaeT 3HaueHue tuma U.

JNinctmar 11.18. ®yHkums map()

map() NPUHNMAET B KauecTBe aprymeHToB
dyHkumio Tuna (T, T) => T, a TaKxe BTOpYIO

namespace Function
P { ¢yHkumio T=> U ans otobpaxenusa

export function map<T, U>(
f: (argl: T, arg2: T) => T, func: (value: T) => U)
: (argl: T, arg2: T) => U {

return (argl: T, arg2: T) => func(f(argl, arg2)); map() Bo3Bpaiaer
} GyHKuMIO
} JTa peanu3auma NpocTo Bo3BpaLLaeT NAm6aa-BbipaxkeHue, mna (T,T)=>U

KOTOpoe BbINoAHAET Komno3uumio pyHKuuii func() u f(),
BbiI3bIBasA func() ¢ pesynbratom f() B KauecTBe aprymenTa

[Torpobyem otobpasuth byHkuio add() (KOTOpast IPUHUMAET Ha BXO/IE JBa YNCJIA
U BO3BPAIIAET UX CYMMY) C IIOMOIIbIO (hyHKIMU stringify (). B pesysibrare mosmkna no-
JiyduThes (QYHKIMSA, TPUHUMAIONIAA Ha BXOJIE /[Ba YICJIa U BO3BPAIIAONIas COepKaIlnii
ux cyMMmy 00BeKT string(), Kak mokasano B iuctunre 11.19.

JNnctnar 11.19. MNpumeHernne map() Ans otobpaxeHns dyHKLUM
function add(x: number, y: number): number { 4—‘

return x + y;
}
Peanu3auus stringify()

function stringify(value: number): string { JTaKaﬂme,KaK"Pa“bme
return value.toString();
}

Oynkuna add() npocto cknapbiBaet
NoNyYeHHble apryMeHTbl

Oto6paxaem pyHkumio add() ¢ nomorLbio GyHKLUM
stringify(). U BbI3bIBaeM nonyumBLLyloca GyHKLMIO
caprymentamu 40 v 2. B pesynbtate nonyyaem ctpoky "42"

const result: string = Function.map(add, stringify) (40, 2);
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[Tocsie pyHKIMIT HAM OCTAJIOCh PACCMOTPETH OJIHY I1OCJEHIOI0 KOHCTPYKIIHIO:
MOHAJIBI.

11.1.5. YnpaxHeHue

Homyctum, nan unrepdeiic IReader<T>, B KOTOPOM OIMCAH OJMH MeTo: read(): T. Pea-
J3yiite GyHKTOP [UIst oToOpaskerns IReader<T> ¢ moMoIbio GyHkimu (value: T) => U,
BO3Bparnaonnii IReader<Us.

11.2. MoHaabl

BeposiTHO, BBI yiKe CIbIIIAIN TEPMUH «<Morada» (monad), Beiib B OCIEAHEE BPEMS €MY
yiessieTcst HeMaJio BHUMaHus. MOHabl TOHEMHOTY TOSIBJISIIOTCST M B OCHOBHBIX SI3bIKAX
IIPOrpaMMUPOBaHNsA, ITIO9TOMY HE ITOMEHIAET Y3HATHh O HUX Ha CJIy‘-IaI‘/JI, €CJIN BbI CTOJIKHE-
Tech ¢ HUMU. B anHoM pasjiesie, 0CHOBAaHHOM Ha U3JI0KeHHOM B pazzesie 11.1 matepuaiie,
A paCCKaKy, 4TO TaKO€ MOHA/Ibl U I'/le OHN MOTYT IIPUTOAUTDHCA. Ha‘{Hy C HECKOJIBKUX
IIPUMEPOB, a 3aTeM IIpUBey 001Iee OlpeneIeHie.

11.2.1. Pe3ynbTtaT nnm owmbka

B pasgene 11.1 ymomunanace dyskmnus readNumber (), KoTopast Bo3Bpaiiaia number
| undefined. /lus mocienoBareabHOM 00pabOTKN ¢ TTOMOIIBIO (DYHKIIUH square ()
u stringify() MbI ucnosb3oBasu (PYHKTOPHI, TaK 4TO ecjiv readNumber () Bo3Bpaliaer
undefined, To HIYero He oO6padaTbiBaeTcs, IPocTo undefined mepegaercs gajee Mo KOH-
Beliepy.

[Momo6Has moceoBaTe bHast 06paboTKa ¢ TOMOIIBIO (GYHKTOPOB BOSMOKHA B TOM
cJryJdae, ecJiv TOJbKO TepBas (OyHKIMS B IETTIOYKe — B IAHHOM cJyrydae readNumber () —
MOKET Bo3BparaTh onOKy. Ho uro npousoiiet, eciu obast U3 CHelIeHHbIX (DyHKIHIT
MOJKeT BbIIaTh omubKy? Hampumep, Mbl XOTUM OTKPBITH (DailjI, IPOYUTATH €T0 COEP-
JKMIMOE B CTPOKOBOE 3HAYEHHE, a 3aTeM JIECEPUATU30BATh 3Ty CTPOKY B 0OBEKT Cat, Kak
rokazano B sinctunre 11.20.

MpbI 6yemM UCToab30BaTh (HYHKIMIO openFile (), BO3BpANAONyo Error UIH
FileHandle. Bo3MoxkHbBIC IPUYMHBI BOSHUKHOBEHMS OMMOOK: (halijl He CyIIeCTBYET,
3a0JIOKMPOBAH JIPYTUM TIPOIIECCOM HJIU Y TIOJIb30BATE s HEJIOCTATOYHO TIPaB JIJIST €r0 OT-
KkpbITHs. Eciin jke orepaiiys BbITTIOJTHEHA YCIIENTHO, TO (DYHKITNS BO3BPAIAET IECKPUIITOD
(aiina.

Kpome Toro, Mbi OyjieM ucIo/ib3oBaTh GyHKIHMIO readFile(), IPUHUMAIONIYIO HA
BXoJie FileHandle 1 BO3Bpalaioniyio Error uin string. BoamosHble IPUYUHBI BOSHUK-
HOBEHUsI OIMOOK: (haiisl He MoJIydaeTcs IPOYNTATh, HAIPUMED, €CJIH OH CJUIITKOM BEJIUK,
4TOOBI TOMECTUTHCS B ONIEPATHBHON maMsTu. B ciiyuae ke yCIHenrHoro yreHus daiiaa
dyukiusa Bo3Bparaer string.

Haxoner, ¢bynkiug deserializeCat() NpuHUMAET HA BXO/Ie CTPOKY U BO3BPAIIAET
Error WJIH 9K3eMIIAp Cat. Bo3MoOsKHbBIE MTPUUYNHBI BOSHUKHOBEHWSI OMNUOOK: CTPOKY
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HeJIb3s Jlecepuain3oBaTh B 00beKT Cat, HallPUMeED, U3-32 OTCYTCTBUS KaKUX-I1100
CBOJWICTB.

Bce oty QyHKIMK CIIeAYIOT HATTEPHY «BEPHYTH Pe3yJIbTaT WK OIIUOKY» U3 IJIaBbl 3,
KOTOPBIII IIpe/irioiaraeT Bo3ppar GyHKIneii 1u6o JoIyCTUMOTO Pe3yibTaTa, 1ubo ouo-
KI1, HO He 060MX ofiHOBpeMeHHo. BosBpamiaemblii T — Either<Error, ...>.

Jinctuur 11.20. ®yHKumM, Bo3BpaLlatome pesynbTaT Uamn owmnbky

Oynkuua readFile() Bo3Bpatuaer Oynkuusa openfFile()
Error unu string Bo3Bpatuaert Error unu FileHandle

declare function openFile(path: string): Either<Error, FileHandle>;

declare function readFile(handle: FileHandle): Either<Error, string>;

Oynkuua deserializeCat
declare function deserializeCat( Bz3s:au.|aeTErrorMnu((;t
serializedCat: string): Either<Error, Cat>;

[TpuBoAUTH peausaiuu s He Oy, TOCKOJbKY OHU B JaHHOM CJIy4ae HEBasKHBI.
Tenepn ObICTPO B3IJISITHEM Ha peai3alinio Kiacca Either us rinasbr 3 B muctunre 11.21.

JNiuctmur 11.21. Tun Either

[laHHbII TN CNYXUT 06epTKO
AnA 3HaveHua Tuna TLeft unm TRight,
class Either<TLeft, TRight> { aTaKkxke dnara, yKasblBalowLero,
pr‘ivate r‘eadOnly value: TLeft | TRight; KaKoﬁMMEHHOTM“MC“onbsyeTcﬂ
private readonly left: boolean;

private constructor(value: TLeft | TRight, left: boolean) {
this.value = value;
this.left = left; KoHcTpyKTOp NpMBaTHDIN, NOCKONbKY
} Mbl JOMKHbI ObITb YBEPEHbI B COrNacOBaHHOCTH
3HaueHna u Gynesa pnara

isLeft(): boolean {
return this.left;

}
getLeft(): TLeft { <«
if (!this.isLeft()) throw new Error();
return <TLeft>this.value; MonbiTka nonyuenns TLeft
} npv Hanuuum TRight
isRight(): boolean { ::z::oaﬁoﬁ:wj%iznm
return lthis.left; pay
}
getRight(): TRight { <+

if (!this.isRight()) throw new Error();

return <TRight>this.value;
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static makeLeft<TLeft, TRight>(value: TLeft) {

OyHKUMU-GabpuKm BbI3bIBAIOT
return new Either<TLeft, TRight>(value, true); YHKUUU-$aGp

} KOHCTPYKTOP 1 obecneunBaiot
COrNacoBaHHOCTb 6yneBa

static makeRight<TLeft, TRight>(value: TRight) { onara co sHaueniem

return new Either<TLeft, TRight>(value, false);
}

A terieppb mocMoTpuM B sinctunre 11.22, Kak cBA3aTh 3TH (PYHKIIUN BOEAWHO B (DYHK-
o readCatFromFile(), KoTopast ObI MTPUHUMATA B KaUeCTBE apryMeHTa MyTh K (hafi-
JIy ¥ BO3Bpalliaia 9K3eMIisip Cat uin Error B cJIyyae BO3HUKHOBEHUST KaKO-100
OTIIOKL.

Jinctunr 11.22, O6paboTka v siBHasi NpoBepKa Ha OLWMOKM

Oynkuua readCatFromFile() Mpexpe Bcero Mbl npobyem oTKpbITH daitn.
Bo3Bpawaer Error unu sk3emnnsap Cat W nonyyaem B otBeT Error unu FileHandle

function readCatFromFile(path: string): Either<Error, Cat> {
let handle: Either<Error, FileHandle> = openFile(path);

if (handle.isLeft()) return Either.makeLeft(handle.getLeft()); <—

—> let content: Either<Error, string> = readFile(handle.getRight());
—» if (content.isLeft()) return Either.makeLeft(content.getLeft());
R . Ecnu 6bina Bo3BpalyeHa Error,
return deserializeCat(content.getRight()); € T0 BbINOMHAEM J0CPOUHBIiA
¥ HakoHeu, nocne nonyuexus BO3BPAT U3 GYHKUMN.
W cHoBa B cnyyae ownbKm COZIePXKMMOF0 MOXKHO BbI3BaTb Boi3biBaem Either.makeLeft(),
npu uTeHnm aiina npoussognm deserializeCat(). A nockonbky | Beib Ham HYXHo npeo6pasoBaTb
JI0CPOYHBIii BO3BPAT U3 YHKLMH BO3BPALLaEMblil TUN Y 3T0i GyHKLIMN Either<Error, FileHandle>
TaKol Xe, KaK 1y camoit B Either<Error, Cat>.
Ecnm 6bin Bo3BpawyeH FileHandle, readCatFromFile(), moxHo npocto PacnakoBbiBaem Error
NbITaeMcA NPOUMTaTh cofiepRMMoe daiina BepHYTb BO3BPaLLIEHHbIil u3 Either<Error, FileHandle>
elo pe3ynbrar 1 CHOBa yNaKoBbIBaeM

B Either<Error, Cat>

Irta GyHKIUA CUIBHO HAIOMUHAET MEPBYIO Pean3aIuio process (), IPUBEICHHYIO
paHee B JaHHOW TJiaBe. Tora MBI cO3/1a/n YIYYIIEHHYIO peasu3aiinio, B KOTOPoi Bce
BETBJIEHUE KOJ[A U ITPOBEPKA HA HATMYKE OMUOOK OGN UCKIIIOYEHbI U3 (DYHKIUY U jiesie-
ruposanbl GyHKIK map( ). ITocmoTpum B snctunre 11.23, kak Moryia 6ol BbIrsieTh map ()
1 Either<TLeft, TRight>. Ml ciie/tyem corsaieHuIo <IpaBblii THII COOTBETCTBYET KOP-
PEKTHOMY 3HAUEHMIO, & JIEBBII — OIInOKe», 03HaYaIoIeMy, 4To TLeft coaepKuT OIOKY,
moaToMy GyHKIUSA map() OyaeT MpocTo nepegasarh ee gajbiire. OHa GyIeT IPUMEHSITh
repeIaniyio eil PyHKIMIO, TOJMbKO ecyivt Either comep:kut TRight.

Bupouem, ¢ pyHKIHEeH map () ecTh ofiHa TpoOJIeMa: TUITBI OKUIAEMBIX €f0 B KAUE€CTBE
aprymMeHnToB (hyHKIIIT HECOBMECTUMBI ¢ HalmMu (pyHKImnssMu. [Ipu takoii hynkimm map ()
11ocJie BbI3oBa openFile() u nmosyuyeHus oT Hee Either<Error, FileHandle> jjig uTeHus
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COJICPKUMOT0 9TOTO (haiiyia HaM ToHazobuTcest pyHkIms Tuia (value: FileHandle) =>
string. /lannag pyHKIMS He 0JKHA BO3BPANIaTh Error, HO B HAIlIEM CJIy4ae BO3MOXKHO
BO3HUKHOBeHUE omubKy 11pu pabore GyHKIUU readFile(), Tak YTO OHA BO3BPAIIaeT
Either<Error, string>. IlombITKa BOCIIOIB30BaTHCS €f0 B Hallell readCatFromFile()
[pUBeJET K OUMOKe KOMIIMJISILUY, KaK IOKasbiBaeT JucTUHT 11.24.

Nnctunar 11.23. ®yHkums map() ans Either

OyHkuma func() npumeHaAeTca ToNbKO B TOM CTyYae,

ecnu Either copeput 3HaueHune Tuna TRight; Ecnun BXogHble AaHHbIe COAEpKAT 3HAUEHNe

TaK YTo TMN ee aprymeHTa AomkeH 6biTb TRight Tuna TLeft, To Mbl pacnakoBbiBaem ero 1 3aH0BO
ynakosbiBaem B Either<TLeft, URight>

namespace Either {
export function map<TLeft, TRight, URight>(
value: Either<TLeft, TRight>,
—> func: (value: TRight) => URight): Either<TLeft, URight> {
if (value.isLeft()) return Either.makeLeft(value.getLeft()); «—

return Either.makeRight(func(value.getRight()));

Ecnu BxogHble faHHbIe cofepxat 3HaueHne Tuna TRight,
TO Mbl pacnaKkoBbIBaeM ero, npuMeHsem K Hemy dyHkumio func()
1 ynakoBblBaeM nonyyeHHblii pesynbrar B Either<TLeft, URight>

Jinctmur 11.24. HecoBMeCTMMOCTb TUMNOB AaHHbIX

function readCatFromFile(path: string): Either<Error, Cat> {
let handle: Either<Error, FileHandle> = openFile(path);

let content: Either<Error, string> = Either.map(handle, readFile);

/* */ 3-3a HecooTBeTCTBMA TUNOB
} BO3HMKaeT oLwnbKa KomnunALun

MbiI TosryumM pu 3ToM coobiieHue 00 omubKe: Type 'Either<Error, Either<Error,
string>>' is not assignable to type 'Either<Error, string>' (HeBo3amosxHo mipu-
CBOUTDH 3HaUeHMe Tuma 'Either<Error, Either<Error, string>>' mepeMeHHOU THTIA
'Either<Error, string>").

OyukTop He onpasaat Hamux Haaeska. DyHKTOPBI MOTYT TepesaBaTh BOSHUKAIOILYIO
Ha HayaJIbHOU aTarre omubKy Jajnee Mo KoHBeliepy 06paboTKM, HO €CJIU OITHOKA MOKET
BO3HHUKATh Ha JIOOOM U3 MIaroB KOHBeiepa, To (GyHKTOPHI He moaxoasat. Ha puc. 11.6
YePHBII KBaJ[paT COOTBETCTBYET Error, a YepHBIN 1 OeJIbIil KPYTH — JIBYM THUIIAM, HAIIPHU-
Mep FileHandle 1 string.

Il orobpaskenust Either<Error, FileHandle> Ha Either<Error, string> HeoO-
xozmma (yHKIMS map (), nepeBozsnas FileHandle B string. OxHako Hama GyHKINAS
readFile() mepeBoaut FileHandle B Either<Error, string>.

Peruts a1y npobiiemy Hecsoxkuo. HyskHa (hyHKIHS, aHaTIoTHIHast map (), KOTOpast Obl
nepeBoauia T B Either<Error, U, kak nokazano B juctunre 11.25. Tpagunmonno mst
Takou (pyHKIINM NCTIOIb3yeTcs Ha3Banue bind ().
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Oyukuus, nepesopawan O B <[, O> \

Either<d,O> (Z:> Either<d,O>

Bocnonb3oBatbca map() £
3/1eCb He MonyunTCA. ?
CornacHo Hatemy onucaHuio —

el Tpebyetca GyHKuUA,

nepesopAwan O B

Either<[d,O>

Puc. 11.6. /icnonb3oBaTb PyHKTOP B AAHHOM Crlyyae Hesb3s, MOCKOSIbKY OH OnpeaenseTcs
Kak ornepaums oTobpaxeHust 6en10ro Kpyra B YepHbIi C MOMOLLBIO 3aaHHON (YHKUMK. K coxaneHuto,
Hawa dyHKUMS Bo3BpaLLaeT yxe 06epHyThil B Either Tun (Either<uepHbiii KBagpaT, YepHbI Kpyr>).
Ham HyxHa 3ameHa map(), cnocobHas paboTaTb C NOAOOHLIMU (PYHKLMSMM

JNnctunrr 11.25. ®yHkums bind() ans Either

namespace Either {

export function bind<TLeft, TRight, URight>( Tun funcl) 3neck oTAMYaETEA

value: Either<TLeft, TRight>,
ot Tuna func() 8 map()

func: (value: TRight) => Either<TLeft, URight>
): Either<TLeft, URight> {
if (value.isLeft()) return Either.makeLeft(value.getLeft());

return func(value.getRight()); MOXHO IPOCTO BEpHYTH PESYNLTaT

} yHKuum func(), nockonbky ero Tun
COBNajaeT ¢ Bo3Bpataembim Tunom bind()

Kak MOJKHO BUJIETD, 9Ta Peain3alins Jaske Mpollle pearsaliun map (): Iocje paciiakoB-
KU 3HAUEHUST MBI ITPOCTO BO3BPAIaeM Pe3yJibTaT IpUMeHeHMs K HeMy (hyHKIU func().
Bocmiompayemces dynkimeit bind () g peasm3anyy Hatreld pyHKIUN readCatFromFile()
B Jmctunre 11.26 1 gocTskerns TpebyeMoii nepenaun ommbKy fajee 6e3 BETBICHUS KOJIA.

Jinctunr 11.26. Peanuzauus readCatFromFile() 6e3 BeTBneHus koga

function readCatFromFile(path: string): Either<Error, Cat> {
let handle: Either<Error, FileHandle> = openFile(path)

B otAnuue ot BapuaHTa ¢ map(), 3101 Ko
BrnonHe pabotocnocobeH. B pesynbrate
npumeHenuna GyHkuum readFile() k peckpuntopy

let content: Either<Error, string> = Bo3spaaerca Either<Error, string>

Either.bind(handle, readFile);
Bo3Bpataembiii Tun GyHKumM
return Either.bind(content, deserializeCat); deserializeCat() coBnapaet
b CBO3BpaLLlaeMbIM TUNOM QYHKLUM
readCatFromFile(), Tak yto Mbl npocTo
BO3BpaLLaem pesynbTat
BbINONHeHNA GpyHKumu bind()
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JTa Bepcust OPraHUYHO cllerisieT GyHKIuN openFile(), readFile() u deseriali-
zeCat() Tak, 4To B caydae ¢6od J060il U3 HUX OMMOKA IEepPefaeTcs Janee B KauecTBe
pesyibTaTa readCatFromFile(). OmsTh Jke Bce BETBJIEHUE KOJIa MHKATICYJINPYETCs B pea-
Jmsanmy bind (), 1 Haira GyHKIUA-06pabOTYNK OKa3hIBAETCS JIMHEIHOM.

11.2.2. Paznnunsa mexxay map() v bind()

[Ipexxkze yem nepeiiTu K onpeieIEHUI0 MOHAIbI, PACCMOTPUM elle OJIMH YIIPOIeHHbIH
puMep U cpaBHUM map () U bind(). Mbl cHOBa BOCIIOIb3yeMCsI Box<T> — 060011eH-
HBIM TUIIOM JaHHBIX — 06epTKOi mus Tuna T. OH He 0COOEHHO I0JIe3€eH, OAHAKO ITO
npocTeinmii 06001 bl TUII JAHHBIX, @ Mbl XOT€JIA ObI COCPELOTOYNTHCS Ha paboTe
dbyHKMii map() 1 bind() co 3HaUEHUAMMU TUIOB T 1 U B KOHTEKCTEe 0OO0OIEHHBIX TUIIOB
JIAHHBIX, TAKUX KaK Box<T>, Box<U> (msn T[], U[ ]; niu Optional<T>, Optional<U>; uim
Either<Error, T>, Either<Error, U> U T. 11.).

B citydae Box<T> dyukTop (map()) NpuHUMAET Ha BXOjie Box<T> 1 (PyHKITUIO, TIEPEBO-
[suryio T B U, 1 Bo3BparnaeT Box<U>. [IpoGiemMa B TOM, YTO B HEKOTOPBIX CLIEHAPUSIX HAILH
(yHKIMM 11EPEBOJIAT T HETIOCPE/ICTBEHHO B Box<U>. VIMEHHO B HUX HAM U ITPUTOAUTCS (PYHK-
1us bind (). OHa npuHUMaET Ha BXO/IE Box<T> 1 (DyHKITUIO, IEPEBOJATILYIO T B Box<U>, 1 BO3-
BpAIlaeT pe3yJibTaT IPUMEHEHWST 9TOM (DYHKIIUU K 3HAUEHUIO T BHYTpU Box<T> (puc. 11.7).

Oyukuys, nepesoaswan O B O\

OB o6bekre Box—_, O <Z:>©

map

O BobvexreBox —_, )

Oyukuma, nepesopawas O 8 O \

O Bobbexte Box — O <Z:>8

bind

O BobekreBox — )

Puc. 11.7. CpasHeHnne map() u bind(). ®yHkTOop map() NpuMeHseT K 3Ha4eHuno Box<T>
dyHkumio T => U 1 Bo3BpalLaeT Box<U>. ®yHkumsa bind() npuMeHsieT K 3HayeHnto Box<T>
dyHkumio T => Box<U> u Bo3Bpalyaet Box<U>
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C nomornpio GyHKIMU stringify (), KOTOpasi IPUHUMAET B KA4eCTBE apryMeHTa YUCJIO
U BO3BPAIIAET ero CTPOKOBOE IIPeJCTaBIeHIe, MOKHO OTOGPasUTh Box<numbers> U 110Jy-
YUTBb Box<string>, Kak rmoxkasano B juctunre 11.27.

Jinctnur 11.27. MNpumeHenne map() k Box

namespace Box {
export function map<T, U>(
box: Box<T>, func: (value: T) => U): Box<U> {
return new Box<U>(func(box.value));

lpuBeneHHas patee B 310l rase
peanusauua dyHkuum map() ana Box

lpuBeaeHHan paHee B 3T0il rNaBe

¥ peanu3auua ¢pyHKkuum stringify(),
KOTOpaA NPUHUMAET B KauecTe
aprymeHTa uucio 1 BO3BpaLLaeT CTPoKy

}

function stringify(value: number): string {

return value.toString(); Oto6paxaem Box<number>

cnomobo stringify()
u nonyyaem Box<string>

}

const s: Box<string> = Box.map(new Box(42), stringify);

Ho nns dynkumm boxify (), nmepeBojisiieil number cpa3dy B Box<string> (BMecCTO
stringify(), mepeBojsiieit number B string), map () He moaxoaut. Bmecto Hee monao-
6utca bind(), kak nmokasano B aucrunre 11.28.

Jinctuur 11.28. MNMpumeHermne bind() k Box

bind() pacnakoBbiBaet 3Hauenne

namespace Box { u3 Box 1 Bbi3biBaet ana Hero func()

export function bind<T, U>(
box: Box<T»>, func: (value: T) => Box<U>): Box<U> {

t f box.val 5 . -
} return func(box.value) Oyukuua boxify() otnunyaetca ot stringify()

} Tem, uTo Bo3BpaLuaet Box<string>
BMeCTO NpocTo string

function boxify(value: number): Box<string> {

return new Box(value.toString()); Moxto Boconb308aTbcA bind

ana boxify() n Box<number>
1 MONYYNTD B KauecTBe
pe3synbtata Box<string>

}

const b: Box<string> = Box.bind(new Box(42), boxify);

Pesyabrar obenx dymkimii — umap(), u bind() — Box<string>. B o6oux ciydasix Mbl
nepeBoauM Box<T> B Box<U>; pa3HUIIA B TOM, KaK MbI 9TOr0 fo0nBaeMcs. [IpuMennTe -
1o K pyHkmy map () Heobxoxnma GyHKINS, HepeBosaias T B U; B caydae e QyHKIIHI
bind() HeobXomuMa (byHKHI/IS{, nepesozdIad T B Box<U>.

11.2.3. NaTtTepH «MoHaga»

Monaza cocTout us bind() u ere oxHOI, 6oJiee IpocToil hyHKIMK. ITa Apyras (yHKIHI
[PUHUMAET apryMEeHT THTIA T 1 06epThIBaeT ero B 0600TIEHHbINH THTT IJAHHBIX, HATIPIMED
Box<T>, T[], Optional<T>, Either<Error, T>. OGbIuHO 5Ta (HYHKIMA HasbiBaeTCA return()
i unit().
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C nOMOIIbI0O MOHAJ MOKHO CTPYKTYPUPOBAThH IIPOTPAMMbl 0000IEHHO, MHKAIICY -
JIUPYST OTHOBPEMEHHO HYKHBIN JIJIs1 IOTUKHW TIPOTPAMMBI CTEPEOTUITHBIH Ko, MOHAIbI
MTO3BOJISTIOT TPECTABISATD MOCAEI0BATETHBHOCTD BHI30BOB (DYHKIINIA B BU/Ie KOHBEIEPa,
abCcTparupyomuero yipasjieHue JaHHbIME, IOTOK KOMaHI 1 0604 HbIe 9(h()EKTHL.

PaccMoTpuM HECKOJTBKO TPUMEPOB MOHAJI. HauHeM ¢ Hamero npoctoro tura Box<T>,
JIOTIOJIHUB €ro /10 MOHa bl (hyHKIMel unit() B simctunre 11.29.

Jinctmur 11.29. MoHaaa Box

namespace Box {
export function unit<T>(value: T): Box<T> {

return new Box(value); OyHKuuA unit() npocTo Bbi3biBaeT

KOHCTpyKTOp Box AinA 06epTbiBaHmA
3a/1aHHOTO 3HaYeHUA B K3emnaAp Box<T>

}

export function bind<T, U>(
box: Box<T>, func: (value: T) => Box<U>): Box<U> {

return func(box.value);
( ); bind() pacnakoBbiBaet 3Hauenne

} u3 Box n Bbi3bIBaeT ang Hero func()

Jannast peasnmsaiiust oueHb rnpocta. [locMoTpuM Ha GyHKIMKM MOHaIbI Optional<T>
B aucrtunre 11.30.

Jinctunr 11.30. MoHapa Optional

namespace Optional {
export function unit<T>(value: T): Optional<T> {

return new Optional(value); OyHKuuA unit() npuHumaer

} B KauecTBe aprymeHTa
3HayeHue Tuna T u 06epTbiBaeT

export function bind<T, U>( ero  Optional<T>

optional: Optional<T>,
func: (value: T) => Optional<U>): Optional<U> {

if (loptional.hasValue()) return new Optional(); Ecaw onuwowan nye, To bind()

BO3BpALLAET NYCTOli ONLMOHAN

return func(optional.getValue()); 1una Optional<U>

} Ecnu onumoHan copepiuT 3HaueHue,
} 70 hind() Bo3BpalLaeT pesynbrat
npumeHeHna K Hemy dyHkuum func()

Kax u B cyuae yHKTOPOB, He CYIIECTBYET XOPOIIETO crmocoba 3a1ath nHTepderic
Monad, eCJIi SI3bIK TIPOTPAMMUPOBAHUS HE CIIOCOOEH BBIPAKATH THIIBI, OTHOCSIIIHECST
K 6oJiee BBICOKOMY pojy. B aToM ciryuae MOXKHO paccMaTpuBaTh MOHAJIbI KAK TIATTEPH.

NATTEPH «MOHAJA»

MoHaaa (monad) — 3To 0606LLEeHHbIN TUM AaHHbIX H<T>, Ans KOTOPOro cylie-
cTBYeT (byHKTOp Hanogobue unit(), NpUHMMAOLWMI 3HauYeHne Tuna T 1 BO3Bpa-
LaroLWwmid 3HadeHne Tmna H<T>, a Takke dyHkums bind(), koTopasi NnpuHUMaeT
B KauyecTBe apryMeHTOB 3HauyeHue Tuna H<T> u dyHKkumo, nepeBoasuyto us T
B H<U>, 1 Bo3BpawlaeT 3HadyeHne Tnna H<U>.
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[TomHuTE: GOMBITMHCTBO SI3BIKOB TIPOTPAMMHUPOBAHUS MCTIOJIB3YET JAHHbII TTATTEPH,
He TIPEJOCTaBJIsIT Kakoro-1nbo crocoba 3agath WHTEpGEIc, COOTBETCTBUE KOTOPOMY
Mor ObI TIpoBepuTh KoMIusiTop. Kak ciepcrue, atu a8e dbyHKIuU, unit() u bind(),
BCTPEYAIOTCST MO/ PA3INYHBIMU Ha3BaHWsIMU. BO3MOKHO, BaM yiKe BCTpeyasicst TepMUH
<monaduueckuti> (monadic), HapUMeEp, B CJIOBOCOYETAHUH «MOHAOUUECKas 00padomxa
owuobox» (monadic error handling), osnagaomniem, 4to crroco6 06paboTKI OMMOOK CIeLyeT
narrepHy «MoHazga».

Jlajiee MBI PaCCMOTPHM €IIie ONH mpuMep. Bo3aMOKHO, BBl YIUBUTECH, TIOCKOJIBKY OH
ysKe BCTpevalsics patee, B /aBe 6; IPOCTO TOT/Ia Mbl ellle He 3HAJIM, KK 9TO HA3bIBAETCS.

11.2.4. MoHaza NpoAO/HKEHNS

B ruase 6 MbI u3ydasu crnocoObl YIIPOIIEHUsT aCHHXPOHHOTO KOJa U 3aKOHYMJIH Ha MIPO-
mucax. [Ipomuc OTpaskaeT pe3yJibTaT BEIYUCJIEHUST, KOTOPOe OYJIET BBIMOJIHEHO KOTAa-Tn60
B Oy/LyIieM. Promise<T> — MPOMMUC JIJIsA 3HAUEHUs THTIA T. MOKHO TJIAHUPOBATD BBIMOJ-
HEHUE aCHHXPOHHOTO KO/Ia TIYTEM CIETIEHUsT TPOMUCOB € MTOMOIIBI0 (hyHKIUU then().

[ormyctum, y Hac ectb (hyHKIIUS OTIPeieJieHUs HAIETO MECTOTIONOKEHNS Ha KapTe.
Boinosnenue aToii hyHKIIUKM MOXKET 3aHATD JIJIUTEIbHOE BPEMs, MOCKOJIbKY OHA MC-
nosb3yer GPS, Tak uTo caenaeM ee aciHXpoHHOH. OHa OyzeT Bo3BpamaTh MPOMHUC THIIA
Promise<Location>. /lajiee 1pejcTtaBum, 4TO y HAC €CTh (DYHKIIUS, KOTOPAs MOJIyYaeT
MECTOTOJIOKEHUE U CBA3BIBAETCS C CEPBUCOM COBMECTHBIX TOE3/I0K, YTOObI apeHI0BaTh
11715t Hac MammuAy (Car), Kak geMoHcTpupyeT quctuHTr 11.31.

Jinctuur 11.31. CuenneHve NnpomMmcos

declare function getLocation(): Promise<Location>;
declare function hailRideshare(location: Location): Promise<Car>;

let car: Promise<Car> = getLocation().then(hailRideshare);

Mocne Bo3Bpata 3HaueHua GyHKumeil getLocation()
ANA ee pesynbTata Bbi3biBaetca ¢pyHKuua hailRideshare()

Bo3M0oxHO, 9TO BBITJISNT /17151 BaC OYeHb 3HAKOMO; then(), 1O CyIecTBY, MPOCTO
Bepcus bind() st Promise<T>!

Kax mbl Buzienn B riaBe 6, MOXKHO TaKsKe CO3/[aTh IIPOMUC, KOTOPBII pa3peniaercs
cpasy ke, ¢ TOMOIIbIO Promise.resolve(). /laHHbII MeTO TPUHUMAET 3HAUEHWE 1 BO3-
BpalllaeT ColePKAIIUii 3TO 3HAUECHHE YiKe PA3PEIIeHHBIN TPOMUC. DTO IKBUBAIEHT (DYHK-
1y unit() aJsa Promise<T>.

OxkasbIBaeTcs, I0OCTYITHOE MPAKTUIECKH BO BCEX OCHOBHBIX SI3bIKaX MPOrPaMMHUPOBa-
nug API crierienue nmpomucoB — monagndeckoe. OHO ciietyet maTTepHy, KOTOPBIH MBI
BUJICJIA PaHee B TOM MOJIpas/iesie, TOIbKO JJISt APYToit peameTHoii obmactu. [Tpu o6pa-
60TKe ONMOOK B MOHA/Ie HHKATICYIMPYETCST TPOBEPKaA TOJTYYEHHOTO HAMK 3HAYCHUS JIJIsT
nasbHeltel 06paboTKK WiIK ONMMOKH, KOTOPYIO HEOOXOAMMO TIepeaTh ganee. B ciayuae
MIPOMUCOB MOHA/Ia HHKATICYJIUPYET HIOAHCHI TJIAHMPOBAHHUS U BO30OHOBIEHUS BBITIOJTHE-
Hus. [laTTepH, BIIpoYeM, 0CTAeTCs TEM K€ CAMBIM.
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11.2.5. MoHapa cnucka

YacTo ucroab3yeTcss 1 MOHa/Ia CITUCKA. PaccMOTPpUM peasin3aliuio JIJisk Mocae10BaTe  b-
HOCTe: (GyHKIMIO divisors(), KOTOpast BO3BpAIIaeT Mo 3alaHHOMY YHCJIY h MacCHUB,
BKJIIOUAIOIINI BCE €T0 JeJINTENIN, 3a UCKIoUeHneM 1 1 caMoro n, Kak IOKa3aHO B JIH-
crunre 11.32.

ITa 6eCXUTPOCTHAS pean3alis IPOXOAUT, HAYMHAs ¢ 2 ¥ 0 [TOJIOBIUHBI YUCJIA N, CO-
Oupas Bce HaliJleHHbIe YIIC/Ia, Ha KOTOPBIE h feanTcs 6es3 octaTka. CyliecTByIOT HaMHOTO
60s1ee ahpexTUBHBIE CIIOCOOBI TOKMCKA BCEX JIeUTe el Ynca, HO /i IpUMepa HaM J[0-
CTAaTOYHO ATOTO MPOCTOTO AJTOPUTMA.

JNnctuur 11.32. [lenutenu ymucna

function divisors(n: number): number[] {
let result: number[] = [];

for (let i = 2; i <=n / 2; i++) {
if (n % 1i==20) {
result.push(i);

return result;

[omycTuM Temneps, 4TO, TOJIYYNB B KaueCTBE apryMeHTa MacCUB YHCeJN, Mbl XOTUM
BEPHYTb MACCHUB, COAEPIKAIIMII BCe JAeUTeNIN BCeX uncea us Hero. JlybGanpoBanue Hac
He BosiHyeT. O/1Ha M3 BO3MOKHBIX Pean3alifii: Harucatb QyHKIINIO, KOTOpast IPUHUMAET
B KauecTBe apryMeHTa BXOJIHOI MAaCCUB YKCEJI, IPUMEHSIET K KayK/IOMY U3 HUX (DYHKIIUIO
divisors() u oObeaMHSIET PE3YIbTAaThl BCEX ITUX BBI3OBOB divisors() B UTOrOBBIN pe-
3yJIbTaT, KaK MoKa3aHo B guctunre 11.33.

JNnctmur 11.33. Bce genvtenu umcen

function allDivisors(ns: number[]): number[] {
let result: number[] = [];

for (const n of ns) {
result = result.concat(divisors(n));

return result;

OKa3sbIBaeTCsl, ATOT MATTEPH BCTPEYAETCs 0YeHb yacto. /lomycTtuM, y Hac ecTh ene
onHa (hyHKIIHS, anagram( ), KOTOpast TeHEPUPYET CITMCOK BCEX MTEPECTAHOBOK CHMBOJIOB
CTPOKHU U BO3BpAIIaeT MacCUB CTPOK. YTOObI 0IyunTh HAOOP BCEX aHATPAMM MaCCUBa
CTPOK, HaM TIPUETCS PeaJN30BaTh OU€Hb MOXOKYI0 (DYHKIINIO, KaK MOKa3bIBaET JI-
ctunr 11.34.
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Jinctuur 11.34. Bce aHarpammsl

declare function anagram(input: string): string[]; 4—\Peanmsauuﬂ¢yukuwu

anagram() onywieHa
function allAnagrams(inputs: string[]): string[] { gram() onyuy

let result: string[] = []; OyHkuua allAnagrams()
. . 0YeHb HanoM1HaeT
for (const input of inputs) { dynkumio allDivisors()
result = result.concat(anagram(input));
¥
return result;
}

[TonpoGyem Terepb 3aMeHUTh GYHKIMKU allDivisors() u allAnagrams () OmHOIL
060061enHoi dyukimeil B ucrunre 11.35. 9ra GyHKIMSA H0KHA TPUHUMATH MaCCUB
3HaueHuit Tuna T U (HYHKIMIO, TIePeBOAAIIYI0 T B MacCuB U, M BO3BpAIaTh MACCUB 3HA-
yeHuit Tuma U.

Jincturr 11.35. OyHkums bind() ans cnucka

function bind<T, U>(inputs: T[], func: (value: T) => U[]): U[] {
let result: U[] = [1];

bind() npunnmaer maccus 3HaueHuii Tuna T
u GyHKLMI0, KOTOpas No AaHHomy T Bo3BpaLLaeT

for (COF‘ISt input of inputs) { MacciB U,VIBO3BpaI.I.laeTMa(CI/IB3Ha‘IEHI/IVI tina U

result = result.concat(func(input));

}

Mpumensaem dpyHkumio func() K kaxxgomy
return result; NoNyYeHHOMY Ha BXOJE 3HAYEHNI
} Tuna T v cknenBaem pesynbratbl

function allDivisors(ns: number[]): number[] {

HKumo allDivisors() moxHo
return bind(ns, divisors); Oy 0

peanu3oBartb, npumeHuB bind()
} K Maccuy uucen u dyHkuum divisors()

function allAnagrams(inputs: string[]): string[] {

Oyukuuio allDivisors() MoxHO
return bind(inputs, anagram); YHKM 0

peanu3oBatb, npumenus bind()
} K MaccuBy CTpoK 1 GpyHKUmMK anagram()

Kax BBI, BO3MOKHO, I0TAAJIICh, 3TO peannsanus GYHKIUU bind () 171 MOHAIBI
cnucka. OTHOCUTEIBHO CITMCKOB 9Ta (PYHKIIUS CXJIOTIBIBAET MACCUBbI, BO3BPAIIlAeMbie
B pe3yJibTaTe OT/IeJbHBIX BBI30BOB 3aJlaHHON (hYHKIIUM, B elUHBII MaccuB. MoHaja
pacTpoCTpaHeHust OMMUOKHU OMPEeIEIISIET, TIEPEIABATh JIN OTMTHOKY Jajiee U TIPUMEHUTD
(yHKIHIO, a MOHA/IA TIPOJIOJIKEHST CIIYIKUT OOEPTKOIA IS IITAHUPOBAHYIST BHITIOJHEHHSI.
A BOT MOHAajia clMcKa oObeanHsaeT Habop pe3yabTaToB (CIUCOK CIMCKOB) B €AMHBIN
CXJIOIHYTHIH CIHUCOK. B 1aHHOM ciIydyae aHAJIOTOM BOX CIYKUT IOCJEA0BATEIbHOCTD
3Havenni (puc. 11.8).

Peanuzanusa dynkiun unit() anemenrapha. Ilo 3agannomy 3Hayenuio tuma T oHA
BO3BpAIIAeT CIIUCOK, COAEPKAIINI OHO 3TO 3HaYeHue. JlanHast MoHaza 06001aeTcst Ha
BC€ PA3HOBU/THOCTH CITUCKOB: MACCHUBBI, CBA3HbIE CITUCKU 1 MHTEPBAJIBI HTEPATOPOB.
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OyHKuys, nepesopawan O

B nocnenosatenbHoctb O \

Nocnepoatenshocts O ~_, |O| ._I_,|Q| -—|—>|Q| | @:> @3_’@]

bind

CxnonHyTas

woaesssarensuacrs © (O] }—{0] +—{0] +—f[ {6 -}—(e] ]

Puc. 11.8. MoHapa cnncka: bind() npuHMMaeT nocnenoBaTenbHOCTb 3HaueHuWid Tuna T (B AaHHOM
cnyyae 6enbix KpyroB) 1 yHKLUMIO TUMa «3HadyeHue Tuna T => nocnefoBaTebHOCTb 3HaveHui Tuna U»
(B maHHOM Cnyyae YepHbIX KpyroB). Pe3ynbTaT npeAcTtaBnsieT coboi CXMOMHYThINA CMIMCOK 3HAYEHW
Tvna U (Y4epHbIX Kpyros)

Teopus kaTeropmii

DyHKTOPBI U MOHA/IBI — TOHSATUST U3 TEOPUN KATETOPUH, pas/iesia MaTeMATUKH, TOCBSI-
[IEHHOTO CTPYKTYPaM, COCTOSIIIMM 13 OOBEKTOB, U OTHOLIEHUSIM MEKILY HUMU. VI3 Takux
MaJIEHbKUX CTaHAAPTHBIX OJI0KOB MOKHO (hOPMUPOBATH CTPYKTYPbI HAllo1001e (hyHKTOPOB
u MoHa/. Mbl He cTaHeM 00CYsK/AaTh MOAPOOHOCTH, a IIPOCTO YCBOMM, UTO HA SI3bIKE 9TOIL
TEOPUU MOKHO OIUCHIBATD HOHSATHS U3 PA3JMUYHBIX 00JIACTEl, HAIIPUMEpP TEOPUU MHOKECTB
1 JIaKe CUCTEM TUIIOB.

S3bik nporpammuposanusi Haskell 6bw1 B HeMalioil crerieHn BIOXHOBIIEH TeOpHel KaTe-
rOpHiA, IO3TOMY €r0 CHHTaKCUC U CTaHAapTHAsE OMOINOTEKA [TO3BOJISIIOT C JIETKOCTBIO BbI-
pakaTh TaKue MOHSITUS, Kak (hyHKTOPBI, MOHa/bl U Apyrue crpykrypbl. Haskell B osHoit
Mepe MOIEPKUBAET TUIIbI, OTHOCSIINECS K O0Jiee BHICOKOMY POLLY.

B03MOKHO, IMEHHO BCJIEJICTBHE IIPOCTOTHI CTAHAAPTHBIX GJOKOB TEOPUU KaTeropuii obey-
JKIABIINECS HaMK aOCTPAKIIMK IPUMEHKMMbI B TAKOM IIUPOKOM crieKTpe obacteit. Kak mbl
TOJIBKO YTO BU/IEJIM, MOHaJIbI YA0OHBI B KOHTEKCTE PACIIPOCTPAHEHUS ONIMOOK, aCHXPOH-
HOTO KoJa 1 06paboTKY T10C/Ie[0BATENIbHOCTEIL.

Xots1 B 6G0JIbIINHCTBE OCHOBHBIX SI3bIKOB [IPOrPAMMUPOBAHUST MOHA/IbI BCE E11le PACCMATPU-
BAKOTCsI KAK MATTEPHBI, & HE HACTOSILINE KOHCTPYKIUU SI3bIKA, 3TO, GE3YCJIOBHO, YI00HbIE
CTPYKTYPBI, IOBCEMECTHO BCTPEUAIOINeCs B Pa3/INYHbIX KOHTEKCTax.

11.2.6. Npoumre pa3zHOBMAHOCTN MOHAL,

[lBa IpyTUX pacrnpocTpaHEeHHBIX BUIa MOHA/I, YACTO BCTPEUAIOITUXCS B (DYHKITMOHAJb-
HBIX I3BIKaX POrPaMMHUPOBAHUS ¢ YHCTBIME QYHKIUAME (DYHKIUAMEI 63 TTOO0UHBIX
2 deKrToB) 1 HeM3MeHAeMbIMU JIAaHHbIMHU, — MOHA/Ia COCTOSIHUS U MOHa/1a BBOJIa,/BbIBO/IA.
3/1eCb MbI PACCMOTPUM MX BeCbMa IIOBEPXHOCTHO, HO €CJIU BbI PEIINTE N3Y4aTh (QYHKITNO-
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HAJBHBIN A3BIK TPOrpaMMupoBans, Takoii kak Haskell, To naBepHsika oueHb 6I1CTPO
CTOJIKHETECH C HUMI.

Momnaza cocTosSTHISI HHKATICYJIUPYET YaCTh COCTOSIHUS [IJis IePejiadll BMECTe CO 3Ha-
JeHHeM. biiaroaps aToit MOHajIe MOKHO CO3/IaBaTh YNCTHIE (DYHKITHIN, BO3BPAIIAIOIIIE HA
OCHOBE TEKYIIETO COCTOSTHIS 3HaueHre 1 0GHOBIeHHOe coctosHme. Clieruiere ux ¢ bind()
MO3BOJISIET TIEPEIaBaTh JAMBIITE TIO KOHBEHEPY U OOHOBJISITH COCTOSTHUE, He TPUOerast K co-
XPaHEHUIO €T B IEPEMEHHOIT SIBHBIM 00pa3oM, 6arofapst 4eMy 4ucTo (pyHKIIMOHATBHBII
KOJI OKa3bIBaeTCs1 criocobeH o6pabareiBaTh 1 MOANGDUITNPOBATH COCTOSTHUE,

Momasia BBO/1a/BbIBOIA MHKATICYIMPYeT obouHble ahdekTsl. OHa aeT BOBMOKHOCTD
PeaNn30BbIBATh YHCThIE (DYHKITUH, CIIOCOOHDBIE YUTATH BBOAUMBIE MIOJIb30BATEIEM JIAHHBIE
WJTV TTPOU3BOIATD 3AITUCH B (DAl WM BBIBOJL B TEPMUHAJ OJIarofiapst BEIHOCY 13 (DYHKIIN
He SIBJISTIONIEr0Cs YUCTHIM MOBEIEHYST 1 0GEPTHIBAHST €70 B MOHA/LY.

B pasnene 11.3 mpuBeieHbl NCTOYHUKH, U3 KOTOPBIX MOKHO ITOYEPIHYTh JOTIOTHU-
TeNbHYI0 MH(POPMAIUIO 0 MOHA/IAX, €CJIM 9TA TeMa BaC 3aNHTEPECOBAJIA.

11.2.7. YnpaxHeHue

PacemoTpum pyHKIIMOHAIBHBIN TUIT IAHHBIX Lazy<T> Buja () => T, TO ecTb (DyHKIIUIO 6e3
apryMeHTOB, BO3BPAIIAOILY0 3HaueHue Tua T. OH BBIIOJHSIETCS OTIOKEHHBIM 00Pa3oM,
TTOCKOJIBKY BO3BpalllaeT 3HaueHne Tuta T, HO JiesTaeT 3TO TOJIBKO 110 3aripocy. Peanusyiite
¢y unit(), map() u bind() 1 JaHHOTO THUIIA.

11.3. YT0 n3y4yatb fganblue

B zaHHO# KHUTe Mbl OOCYAMIN MHOKECTBO TEM, HAYMHAsI OT IIPOCTBIX TUIIOB JAHHBIX
1 KOMIIO3ULIUH 10 (DYHKIIMOHAJIBHBIX TUIIOB JAHHBIX, HOATUIN3ALUY, 0O0OIIEHHBIX THIIOB
JNAHHBIX ¥ (hparMeHTa CUCTEM THIIOB. B 9TOM mocjeiHeM paszesie Mbl 00CyANM elle He-
CKOJIBKO TeM, KOTOPbIE, BO3MOKHO, BaM 3aX0UeTCsI U3YUUTh OOJIee JeTalbHO, U Y3HAEM,
C 4Yero HauMHATh U3ydeHne KaKA0i N3 HUX.

11.3.1. ®yHKUMOHANbLHOE NMporpaMMmMpoBaHmne

[Tapagurma (yHKIMOHATBLHOTO TPOrPAMMHMPOBAHMS OYEHb CUJIBHO OTJINYAETCS OT 00b-
€KTHO-OPUEHTUPOBAHHOIO IIPOrPaMMUPOBanusd. V3ydenne A3plka (QyHKIIMOHAILHOTO
[IPOrpaMMUPOBAHKs II03BOJIUT BaM B3IJISIHYTh Ha HAIIMCAHUE KOJA COBEPIIEHHO C APYroi
CTOPOHBL. A yeM GOJIbINe MyTel PeleHus 3a1adu BaM U3BECTHO, TEM JIETYE €€ TTPOaHAIH-
3UPOBATh U PEIUTb.

HedyHKIMoHaIbHBIE S3BIKK IPOrPAMMUPOBAHUS BKIIOYAIOT BCE GOJIBIIE BO3MOKHO-
cTell ¥ MaTTepHOB (DYHKITHOHAIBHOTO TIPOTPAMMHUPOBAHIIS, YTO CBUIETEIBCTBYET 00 UX
IIPOKOI IPUMEHUMOCTH. JIsMG1a- BbIpaKeHs 1 3aMbIKaHUs1, HEU3MEHSIEMbIE CTPYKTYPbI
JAHHBIX ¥ peaKTUBHOE IIPOrPaMMUPOBAaHUE — BCE OHU IIPHLLIM U3 (PYHKIMOHAILHOIO
IPOTPaMMUPOBAHUSI.

JIyumuii cioco6 HauaTh 3HAKOMCTBO CO BCEM 9TUM — BBIOPATD LISt U3YYEHUST KAKOT-
60 (PYHKIMOHAIBHBIHN A3bIK IIporpaMMupoBatus. 1 pekomenayio Hadath ¢ Haskell.
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OH OTJIMYaeTCst O4€Hb TPOCTHIM CUHTAKCUCOM M MOIIHOM CUCTEMOM TUIIOB, & TAKJKe T1POY-
HbIM TeopeTndeckuM (yHaamMmenToM. OTINYHOE JIETKOYUMTAEMOE BBOJIHOE PYKOBOACTBO 110
Hemy — kaura Mupana Jlunosaun Learn You a Haskell for Great Good!', onybiukoBatHast
nznatennctBoM No Starch Press.

11.3.2. O606LeHHOEe NpOrpaMMmMpoOBaHne

Kax Mbl BUIeIH B TIPEABIYIINX [JIaBax, 06006IeHHoe TPOrpaMMHUPOBaHIE — KJII0Y K CO-
BEPIIEHHO 3aMeYaTesIbHbIM aOCTPAKIUSM 1 TOBTOPHOMY MCIIOJIb30BaHUIO Kozia. [TomyJisp-
HOCTb HTOTO CTHJIS TIPOTPAMMHUPOBAHMS HAYAIACH CO CTAHAAPTHON GHOIHOTEKH 111abJI0HOB
C++ u ero Habopa KOMOUHUPYEMbBIX CTPYKTYP AaHHBIX U aJITOPUTMOB.

Vcroku 06001IEHHOTO TPOrPAMMUPOBAHHSI JIEKAT B abCTpakTHON asrebpe. AJleKcaHap
CremnaHoB, COUNHUBIINN TEPMUH <0000WEHHOE NPOZPAMMUPOBAHUE> T PEATN30BABIINN
nepByto 6ubaMOTEKY MabIOHOB, HATIUCAT J[BE TTOCBATIEHHbIE 3TO TeMe Kuurn: Elements
of Programming (8 coasropctse ¢ [Tosjom Maxk-/[sxoHcom) u From Mathematics to Generic
Programming® (8 coaBropctse ¢ [lannenom . Poysom), ory6simKoBaHHbBIE H31ATETHCTBOM
Addison-Wesley Professional.

O06e KHUTY HACBIIIEHbI TEOPETUYECKON MaTEMATUKOM, HO, S HAJ[EI0Ch, 9TO BaM HE I10-
MelaeT. JJEeraHTHOCTb U KpacoTa Koja norpsicaior. OCHOBHAsS UX Wjles: TIPU HAJTUIUN
HYKHBIX aOCTPaKIMH B KOMIIPOMUCCAX HET HYK/IBI: KO MOKET ObITh OJJHOBPEMEHHO
JIAKOHUYHBIM, TIPOU3BOUTEbHBIM, YNTAOCTBHBIM U 9JICTAHTHBIM.

11.3.3. Tvnbl, OTHOCALWMECS K bonee BbICOKOMY pPOAY,
N TEOpUsl KaTeropui

Panee g yske ynoMuHas1, 4TO Takue KOHCTPYKIIMH, KaK (hyHKTOPBI, MPUIILIA HETTOCPE]T-
CTBEHHO M3 Teopuu KaTeropuil. Beejennem B 3Ty TeMy, HallMCAaHHBIM Ype3BbIUaliHO
[IPOCTBIM SI3BIKOM, MOJKET 1ocaryskuth kaura Category Theory for Programmers® Baproiia
MuteBcku (camuszar).

MbI 06cy i (byHKTOPBI ¥ MOHA/bI, HO 9TO JaJeKO He BCE THIIbI, OTHOCSIIHECS
K 6oJIee BBICOKOMY PO/Iy. BeposiTHO, TpoiiieT HeMaio BPEMEHH, TIPEsK/IE YeM JTaHHbIE BO3-
MOKHOCTH HOSIBITCST B 00JIee PaCIPOCTPAHEHHBIX SI3BIKAX TIPOrPAMMUPOBAHUSL, HO €CJIH
BbI XOTesn Obl 3a06€KaTh HEMHOTO HaIlepe/l, TO /it M3yYeHHsl TUX TOHATUH OTINYHO
nonoriner a3bik Haskell.

Bo3MOKHOCTH 3a/1aBaTh TaKKe BHICOKOYPOBHEBbIE aGCTPAKINH, KAK MOHA/IBI, TTO3BO-
JISIET TIHCaTh KOJI, KOTOPbIiL eriie yao0Hee Mepercioib30BaTh.

Mupan JI. syuaii Haskell Bo ums no6pa! [l vaunnatommx. — M.: IMK Ilpecc, 2017.
2 Cmenanos A., Max-/Toconc I1. Havama mporpammuposanust. — M.: Busbsmce, 2011, Poys /1.,
Cmenanos A. A. Ot marematuku Kk 06061eHHOMY riporpammuposanuio. — M.: IMK IIpecc, 2015.

3 Teopus kateropwuii st mporpammuctoB. HeoduiinaabHbIil IepeBOJi MOKHO HANTH Ha caiiTe
https://henrychern.wordpress.com/2017,/07 /17 /httpsbartoszmilewski-com20141028category-
theory-for-programmers-the-preface/. — Ilpumeu. nep.
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11.3.4. 3aBUCUMbIE TUMbI AaHHbIX

B aroii kHUTE HEOCTATOYHO MecTa /715t 00CYKICHIST 3aBUCUMbIX TUTIOB IAHHBIX, HO €CJIHT
BBI XOTUTE Y3HATH OOMBINE O TOM, KaK XOPOIasd CHCTEMa TUTIOB CIOCOOHA 06eCTTeunTh
6€e301aCcHOCTH KOJ[a, TO JIaHHAsI TEMA BAC 3aMHTEPECYET.

Ecsin oueHb KOPOTKO: MBI YK€ BUIEH, 4TO TUTT CIOCOOEH YKa3bIBATh, KAKUE 3HAUCHVIST
MOJKET TIPHHUMATh TiepeMeHHass. Mbl TakKe paccMOTpesin 0000IIEHHBIE TUITBI JaHHbIX,
B KOTOPBIX THUI MOKET YKA3bIBaTh, KAKMM JOJIKEH ObITh JAPYroii TUII JAHHBIX (THUIIbI-
mapamMeTpbr). 3aBUCUMBbIE THITHI — HEYTO 0OpaTHOE: 3HAYEHUST YKA3bIBAIOT, KAKUM JI0JI-
JKeH ObITh TuI. Kitaccrmuecknii mpuMep: KOAUPOBaHUE JIIMHBI CITUCKA B CHCTEME THUIIOB.
TuIr 4MCITOBOTO CNIUCKA U3 JIBYX 9JIEMEHTOB IPU ATOM OTJIMYAETCS OT THIA YUCIOBOTO
CIMCKA W3 TIATH 9JIEMEHTOB. A UX KOHKAaTEeHAIUsT IaeT TPETHHl THUIT: CTUCOK M3 CEMU
37eMeHTOB. BO3MOJKHO, BBI yrke TTOHUMAETe, Kak Gaaroapst KOANPOBAHUIO TTOMOGHOMN
uHGOPMAIUU B CUCTEME TUIIOB MOKHO FapaHTHPOBATh, YTO HHIEKC HUKOT/IA HE BhIAET
3a JIOTYCTUMBIE TTPE/ICIIBL.

Eciu BBl X0Tes1 ObI y3HATH OOJIBIIIE O 3aBUCUMBIX THIIAX, TO 1 PEKOMEHIYI0 KHUTY
Type Driven Development with Idris nuna Bpaau uznarenscrsa Manning. Idris — si3pix
POTPAMMUPOBAHIST, CHHTAKCHC KOTOPOTO oueHb HamomuHaet Haskell, Ho Briouena moj-
JIePKKa 3aBUCHMbIX THIIOB JaHHBIX.

11.3.5. JIUHEeNHbIe TUMbl AaHHbIX

B rmaBe 1 MbI MEJTbKOM YIIOMSIHYJTH TIYOUHHYIO CBSI3b MEKIY CHCTEMAMU THIIOB U JIO-
rukoil. JIu"eliHas Joruka — OTJAUYHBIN OT KJIACCHIECKOU JIOTUKU TIOIXO/T, OPUECHTHUPO-
BaHHBII Ha paboTy ¢ pecypcamu. B Kiaccuyeckoil JIOTHKe MCTUHHOE YMO3aKJIIOYECHUE
oCTaeTcs ICTUHHBIM BCET/Ia, & BOT B /IOKA3aTEJbCTBE B JIMHEITHOI JIOTHKE YMO3aKITIOYeHHST
MOTYT UCITOJIb30BATHCS TOJIBKO OJIMH Pa3.

Y suHeitHO# JIOTUKY eCTh HEMOCPeJCTBEHHOE TPUJIOKEHNE B SI3BIKAX ITPOTPAMMUPO-
BaHUs, B KOTOPBIX C €€ TIOMOIIBIO B CIICTEME THIIOB KOAUPYETCs OTCAEKUBAHNE UCTIOTb-
30BaHUA pecypcoB. Rust — oluH M3 S3BIKOB MPOTPAMMUPOBAHUS, UYbs MOITYJISPHOCTD
HEMpephIBHO PACTET; B HEM JIMHEHHbBIEC THIIBI CJIYSKAT Uit 0OectieueHnst 6e30MacHOCTH
pecypcos. Berpoentoe cpenctBo mpoBepku 3anmMcTBoBanuii (borrow checker) sizpika
Rust rapantupyer, 4to y 106010 pecypca ToJbKo ofuH Biaesell. Ipu nepegade oGbekta
B (DYHKITMIO TPOUCXOUT CMEHA BJIAJIEIIBIIA PECYPCA, U KOMITUIATOP GOJIbIIE He O3BOJISIET
CCBLIATBHCS HAa MAHHBIH pecypc, TToKa (YHKIINS ero He BEPHET. JTO JeIaeTcs JJIsT yeTpa-
HeHUst TIPOOJIeM KOHKYPEHTHOCTH, a TaKyKe CTOJIb OMACHBIX CUTYAI[UI MCIIOJb30BAHUS
pecypca mocsie 0cBOOOKICHUST TAMSATH U TIOBTOPHOTO OCBOGOXKICHYS TAMSTH, HEPEIKO
BCTpevaronxces B s3bike C.

M3yunth Rust umMeeT cMBIC XOTsI OB 32 €70 PACIIUPEHHYTO MOEPKKY 0600TIEHHBIX
TUIOB JIAHHBIX ¥ YHUKAIbHbBIE BOSMOKHOCTH obecniederus besomactoctu. Ha caiite Rust
MOJKHO GeciiaTHO ckadaTh KHUTY The Rust Programming Language Crusa Kiabuuka
u Kapost Hukosic npu yuactuu coobiitectBa Rust — mpekpacHoe BBeIeHUE B 3TOT SI3bIK
(https://doc.rust-lang.org/book).
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Pe3ome

O Oyuxiwo map() MOKHO 0000IIUTH ¢ UTEPATOPOB U HA APYTHE TUITHI JAaHHBIX.

O @OyHKTOPbI HHKATICYJUPYIOT PACIIAKOBKY JAAHHBIX U MOTYT IPUMEHSITHCS IIPU KOMIIO-
3UIUN U JI7T5T TIePe/Iavn OMmOOK Jlaee.

O Tursl, OTHOCAIIHECS K O0JIEE BBICOKOMY POJLY, TO3BOJISTIOT BBIPAKATD MOA00HBIE (DYHK-
TOpPaM KOHCTPYKITUHU ITyTeM TIPUMEHEHUST 0G0BIIEHHBIX TUTIOB JIAHHBIX, Y KOTOPBIX €CTh
CBOW THUIIBI-TIAPAMETPHL.

O C 1oMOIbI0 MOHA/IBI PACIIPOCTPAHEH S OIIMOOK MOKHO CLEILIATH OIlEPAIK, BO3BPa-
HIAIOIME PE3YJIbTAT WK OMIMOKY, MHKANCYIUPYsI TAKMM 00pa3soM JIOTUKY Iepeaaqyn
OmMOKN fajee.

a HpOMI/ICI)I — 9TO MOHAa/Ibl, UHKAIICYJUPYIOIINE IIJIaHUPOBaHWE BbIHO]IHeHI/IH/aCI/IH-
XPOHHOE BBITIOJTHEHNE KO/1A.

O Monaja cricka IIpuMeHAaeT (byHKL[I/IIO reHepammm 1mocjae10BaTeJibHOCTH K ITOCJIe/10Ba-
TeTbHOCTH 3HAYEHUH 1 BO3BpallacT CXJIOIMMHYTYIO ITOCJIEI0BATEIbHOCTD.

Q B g3bikax MIporpaMMUpPOBaHUSA, KOTOPbIE HE MOJIEPKUBAIOT TUIIBI, OTHOCSIITUECS
K 60J1ee BBICOKOMY POJLY, (DYHKTOPBI I MOHA/IBI MOYKHO PACCMATPUBATH KaK MATTEPHBI,
TMPUMEHUMBbIE JIJIST PETeHnst Pa3HOOOPa3HbIX 3a1ad.

O Haskell — s3bik, u3ydyenue KOTOPOTo MOKET TIOMOYb B OCBOEHUH (hYHKIIMOHAIBLHOTO
MPOTPAMMUPOBAHMST ¥ TUTIOB, OTHOCSIIINXCS K 60JIee BLICOKOMY POIY.

O Idris — g3bIK, U3yYEHHE KOTOPOTO MOXKET MOMOYb B OCBOCHUU 3aBUCUMbIX THIIOB
JIAHHDBIX U UX [IPUJIOKEHUI.

O Rust — a3bIK, U3yyeHne KOTOPOro MOKET IIOMOYb B OCBOEHU I JTMHEHHbBIX TUIIOB JlaH-
HBIX M UX TPUJIOYKEHUI.

Hapnetoch, aTa KHUra BaM IIOHPaBUJIACh, BbI IOYEPITHYJIN U3 Hee TO, YTO IIPUTOJIUTCS
B Ballieil pabore, u 6arofapst eif CMOTJIN B3TJITHYTh HA HEKOTOPbIE BEIIM ¢ HOBOW TOUKU
3peHNsL. Y 1auu BaM B TUTIOOE30MACHOM TPOTPAMMHUPOBAHIH!

OTBETbI K YNPaXHEHUAM

11.1. Ewe 6onee 0606LieHHas Bepcust anroputmMa map

Omtia 13 BO3MOKHBIX PEATH3AIIIT BKIIOYAET MCTOIb30BaHNE OOBEKTHO-OPUEHTHPOBAH-
HOTO TaTTepHa «JleKkopaTop», K KOTOPOMY MBI 0Gparmanich B raase 5. Takum o6pazom
MOJKHO CO3/IaTh THUII, PeATU3YIONHil nHTepdeiic IReader<U>, KOTOPBIIT CIIyKUIT ObI 06EPT-
KOif /1t IReader<T> U IPU BBI30Be MeTO/A read() 0TOOpaskas GBI HCXOMHOE 3HAUYEHE
€ TIOMOTIBIO 33JJTaHHON (DYHKITAM:

interface IReader<T> {
read(): T;
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namespace IReader {
class MappedReader<T, U> implements IReader<U> {
reader: IReader<T>;
func: (value: T) => U;

constructor(reader: IReader<T>, func: (value: T) => U) {
this.reader = reader;
this.func = func;

¥
read(): U {

return this.func(this.reader.read());
}

}

export function map<T, U>(reader: IReader<T>, func: (value: T) => U)
: IReader<U> {
return new MappedReader(reader, func);

11.2. MoHaap!

Huske npuBeiena ojiHa U3 BO3MOXKHbBIX peasmsannii. O6parture BHUMaHKME Ha pasjiidyue
Mexay map() ubind().

type Lazy<T> = () => T;

namespace Lazy {
export function unit<T>(value: T): Lazy<T> {
return () => value;

}

export function map<T, U>(lazy: Lazy<T>, func: (value: T) => U)
Lazy<U> {
return () => func(lazy());

¥

export function bind<T, U>(lazy: Lazy<T>, func: (value: T) => Lazy<U>)
Lazy<U> {
return func(lazy());



IIpunosxcenue A
Yemanosxka TypeScript
U UCXOOHDBLI KOO

OHNnavH

JLJ1st TPOCTOTO KOJIa, HAIIPUMED, YTOOBI TOMPOOOBATH B JIEHCTBIN HEKOTOPbIE U3 TPUMEPOB
Koza 6€e3 3aBUCUMOCTEH, BB MOKETE BOCIIOJIb30BAThCsI OHJTallH-Tiecounuiieit TypeScript
110 ajpecy https://www.typescriptlang.org/play.

Ha nokanbHOW MalnHe

st yeranosku TypeScript Ha JIOKaJbHOM MallliHe HEOOXOAUMO CHavYa a YCTaHOBUTh
Node.js u cucremy ynpasiaennst makeramu Node — npm. CkadaTh X MOKHO MO ape-
cy https://www.npmjs.com/get-npm. Ilocsie aTOTO BBITIOSTHUTE KOMaHAY npm install -g
typescript 175 yecranoBku KommusgTopa TypeScript.

CxoMnuanpoBath oT/esabHbIN (aiia TypeScript MoskHO, TiepesiaB ero B KauecTBe apry-
MeHnTa KomrussaTopy TypeScript, Bot Tak: tsc helloworld.ts. TypeScript komnuaupyer
B JavaScript.

JL71s1 comeprkaImmx HeCKOJIbKO (haliJioB TIPOEKTOB MCIOIb3yeTcs (haiis tsconfig. json,
TTO3BOJIIONINH 33/1aTh HACTPONKN KOMIUJIATOPA. {151 KOMIUJISIITNN BCETO MTPOEKTa B CO-
OTBETCTBUU C 9TOI KOH(PUTYpAITHEH TOCTATOYHO BBITIOJTHUTH KOMAH/Y tsc 6e3 apryMeHTOB
B coziepskarieM aiis tsconfig. json karasore.

NcxoaHbIM Kop,

[Tpumeps! Ko/ia M3 3TOW KHUTH MOXKHO HAWTH 1O azapecy https://github.com/vladris/
programming-with-types. Ko 717151 Ka:K1oli T/1aBbI pa3MellieH B OT/IeIbHOM KaTalore CO CBOUM
aiisom tsconfig.json.

C6opka Koza IIpOU3BOANIACH ¢ TOMOIIBIO Bepeun 3.3 komnuisaTopa TypeScript co
snauennem ES6 g omniun target u omnmueit strict.
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Bce daiinpl npuMepoB caMOJOCTATOYHBI, B KaXK/Iblil N3 HUX BCTPOEHBI BCE THUIILI
u byHKIMK, HeoOXOAMMBIE JIJIs 3aIlyCKa MpuMepa Kojaa. Bo Beex ¢ailnax nmpumepos
UCTIOJIB3YIOTCS] YHUKATbHBIE TPOCTPAHCTBA UMEH BO U30ekaHme KOH(MIMKTOB UMEH, T10-
CKOJIbKY B HEKOTODBIX IIPUMepax IIPUBEICHDI PA3JIMYHbIC Pealu3alui OAHUX U TeX XKe
(yHKIHMI MM TATTEPHOB.

[lnst 3ammycka haiizia mpuMepa cHavaia CKOMITMJIUPYHTE ero ¢ MOMOIIBIO tsc, a 3aTeM
3aIlyCTUTe CKOMIIMJIMPOBAaHHbII JavaScript-daiii, ncnoabsys Node. Hanpumep, nocie
KOMITHUJISITINY, WTHUITUNPOBAHHON KOMaHAO0N tsc helloworld.ts, MOKHO 3aIyCTUTD KO/,
3a/1eiicTBOBaB KOMaH/y node helloworld. js.

«CamopaenbHble» peanu3aunu

B naHHOIT KHUTE ONMUCBIBAIOTCS «CaMO/IeJIbHbIe» peasu3aliuy TUa variant u Apyrux
Tunos gauubix B TypeScript. Bepcun C# 1 Java 9THX TUIIOB MOKHO HaliTi B OubIMOTEKe
tunos Maki: https://github.com/vladris/maki.



IIpunoxncenue b
IlInapzanxa no TypeScript

Ira 1naprajika OTHIOAb He hcueplibiBaionias. OHa 0XBaTbIBAET JIUIIb Ty YACTh CUHTAKCHCA
TypeScript, koTopas npumensiercst B annoit kuure. [losnbrii cipaBounuk 1o TypeScript
MOKHO HaiTH Ha caiiTe http://www.typescriptlang.org/docs.

Ta6nuua B.1. [pocTble TUMbl AaHHbIX

Tvn OnucaHue

boolean MoskeT puHIMaTh 3HaueHue true win false

number 64-6uTHOE YHCITO C TTaBaIoNIei TOUKOIT

string Crpoxa B kopuposke Unicode UTF-16

void Vcrnosbayercst B KauecTBe BO3BPAIAeMOro THIIA [Jist (DYHKIHI, He BO3BPAIIAIOIIIX

HUKAKOro OCMBICJI€EHHOTO 3HAYCHU A

undefined | Moser npuHUMaTh TOJIBKO 3HaveHne undefined. MoseT mpe/icTaBisiTh, HATPUMED,
00BSABIEHHYTO, HO He MOJTYYUBIIYI0 HAYaIbHOTO 3HAYCHUS [IePEMEHHY O

null MoskeT IpUHIMATH TOJIBbKO 3Hademe null
object IIpencrasnsier object (THIT TAaHHBIX, He SIBJSTIONIUIICS TPOCTHIM)
unknown MoskeT npecTaBasaTh Joboe 3Hauetne. TUoOe30macHbIi, TOCKOJIbKY

He 11peobpasyercst aBTOMATUYECKH B JPYTHE TUIIbI

Any O6xoanT nmposepky THNOB. He oGecieanBaet TMII06E30MacHOCTD M aBTOMATHIECKI
npeobpasyercst B 0G0 APyTroi Tl

Never He mozxeT oTpakaTh HUKaKOTO 3HAUeHUs

Tabnuua b.2. CocTtaBHble TUMbl AaHHbIX

Mpumep OnucaHue

string[] Tutibl MaccuBOB 0003HAYAIOTCS € OMOIIBIO yKa3aHus [ | mocJie
Ha3BaHNS THUIA — B TAaHHOM CITydae 3TO MAaCCHB CTPOK

[number, string] Kopresku 06BsIBISIIOTCST ¢ TOMOTIBIO IEPEYHCITICHIST TUTIOB B || —
B JIaHHOM cJiy4ae TuioB number u string, narnpumep [0, "hello”]
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Mpumep

OnucaHue

(x: number, y: number) => number;

CDyHKHI/IOHaJH)HI)Ie THUIIbI TaHHBIX 00BABIAIOTCA
B BU/I€ CITUCKA apI'YMEHTOB, CJCAYIONIEro 3a HUMN
CUMBOJIa =>, a 3aTeM BO3BPaIllaeMOro TUIla JaHHbIX

enum Direction {

Hepe‘{l/lCJIHeMble THIIbI JIAHHBIX O6])HBJI$IIOTCH

North, C TTOMOIIIBIO KJTIOYEBOTO CJI0Ba enum. B gaHHOM cirydae
East, 3HadeHue MoskeT ObITh ognuM u3 North, East, South
South, u West
West,

}

type Point { Tun, Brovaiomuii coiictea X n Y Tuna number
X: number,
Y: number

}

interface IExpression {
evaluate(): number;

}

Wurepdeiic ¢ meronom evaluate(), Bo3Bpamaiommm
number

class Circle extends Shape
implements IGeometry {
/! ...

}

Kuace Circle pacummpsier 6a3oBbiii kmace Shape
u peanusyet natepdeiic [Geometry

type Shape = Circle | Square;

Tunsr-o6beMHEHNST OOBABIISIOTCS B BUJIE CIINCKA
THIIOB, Pa3/IeIeHHOr0 CUMBOJIOM |. Shape MoskeT GbITh
6o Circle, 6o Square

type SerializableExpression =
= Serializable & Expression;

Turnbl-niepecedeHst OObsABISIOTCS B BUJE CIIICKA
THUIIOB, Pa3/IeJIeHHOTO CUMBOJIOM &. SerializableEx-
pression BkJouaet Bee uienbl Tuna Serializable u Bee
usieHpl THTa EXpression

Ta6bnuua b.3. O6bsiBNeHus

Mpumep

OnucaHue

let x: number = 0;

OO6bsaBIIeHIE TIepeMeHHoil X Tuiia number
C HavaJIbHBIM 3HaYeHueM (

let x: number;

OGbsiBJIeHIE TIEPeMEeHHOi X TuIia number, KOTOpOi
TepeJi NCIOJIb30BAHIEM HEOOXOMMO [IPHCBOUTH
3Ha4YeHNE

const x: number = 9;

O0ObsaBIeHNe KOHCTAHTBI X THIIa number co
snauenuieM (. V3amenenue 3HaYeHNST X HEBO3MOKHO

function add(x: number, y: number)
: number {
return x + y;

}

O6bsiBaiene ¢ynkimu add(), mosyyaronieii gsa
aprymMeHTa, X 1 y Tuiia number, u BosBpamaoieii
number

(x: number, y: number) => X + y;

JIambna-soipaxkenue (aHOHUMHAs (DYHKITHST),
IIPUHIMAIOIIee /1B apIyMEHTa 1 BO3Bpallaioliee
UX CyMMY

IIpodoncerue
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Ta6nuua B.3 (npogomkeHne)

Mpunoxenuve b. LUnapranka no TypeScript

Mpumep

OnucaHue

namespace Ns {

}
}
Ns.func();

export function func(): void {

ITpoctpancTBa IMeH 0OBSIBISIOTCS C TOMOIIIBIO
KJII0YEBOTO c10Ba namespace. YToObr 06 bsIBACHS
BHYTPH MTPOCTPAHCTBA IMEH ObIITN BUINMBI H3BHE,
HeOoOXOIMMO TIepell HUMHU YKa3biBaTh eXport

class Example {
a: number = 0;
private b: number = 0;
protected c: number = 0;
readonly d: number;

constructor(d: number) {
this.d = d;

getD(): number {
return this.d;

}

let instance: Example
= new Example(5);

ITo ymosuanuio Bee wienbl kiaacca mybauuannt (public).
Onu Taxske MOryT ObITh 3armuiienubivu (protected),
TO €CTh BUAUMBIMU TOJIBKO YJI€HAM TIPOU3BOIHBIX
KJIACCOB, M TPUBATHBIMU (private) — BUIUMBIMU
TOJIBKO BHYTPHU caMoro Kiacca. CBOICTBa TakKe
MoryT ObiTh readonly, 11 B TaKOM Cirydyae UX Helb3st
MOANGDUIMPOBATH MOCJIE YCTAHOBKU HAYAIBHOTO
3navenus. U ecim fuis cBoiicTBa He paspeleto
undefined B KauecTBe 3HAUEHUS, TO OHO JIOJIKHO ObITH
MHUTMATU3UPOBAHO JINGO HA MeCTe, OO ¢ TOMOIIBIO
KoHCTpyKTOpa. KOHCTPYKTOD /1713t 1I060T0 Ktacca
nasbiBaetcs constructor(). [lepes cepliikamuy Ha yieHbI
KJIacca BHYTPU HETo He0OXOAMMO yKa3biBaTh this.

JList co3pratust 0GBEKTOB UCTIOJNB3YETCS KII0UEBOE
CJIOBO NEW, BbI3bIBAIOIIEE€ KOHCTPYKTOD

declare const Sym: unique symbol;

KoMmmiATop rapanTHpyeT yHUKaJbHOCTD Sym.
PaBeHCTBO HUKAKUX IBYX KOHCTAHT, OObSIBJICHHBIX
Kak unique symbol, HeBO3MOKHO

Ta6bnuua b.4. O606LeHHbIE TUMbI AaHHbIX

O6bsaBneHune

OnucaHue

function identity<T>(value: T): T {
return value;

}

Y 06006111eHHON (DYHKITUU YKA3bIBACTCS OIMH WJIH
HECKOJIBKO THIIOB-TIAPAMETPOB BHYTPU <> 1iepe/|
CITUCKOM apryMeHToB. Y o10ii dyukimu identity()
ot Tui-aprymentT T. OHa npuHIMaeT 3HaueHue
tuna T u Bo3Bpaiaer Takxe 3Hauenue tuma T

let str: string =
identity<string>("Hello");

[Tpn yxasaHmy KOHKPETHOTO THITA BHYTPH <> CO3/[aeTCSI
KOHKPETHBIIT 9K3eMILISIP 000011IeHHOMN (hYHKIHN.
identity<string>() upeacrasisier coboii hyHKIIUIO
identity(), B koTopoii posib Tuna T urpaer string

class Box<T> {
value: T;

constructor(value: T) {

this.value = value;

}

let x: Box<number> = new Box(9);

VY 0600611IeHHBIX KJTACCOB YKA3bIBACTCSI OAUH

WJIM HECKOJIBKO TUIIOB-IIapaMETPOB MEXKYy <> IOCJIe
HazBaHus kiacca. Kiace Box BriioyaeT 3HaueHue-
cBoiicrBo tumna T.

[Tpm ykasaHnM KOHKPETHOTO THIIA BHYTPH <>
CO3/I2€TCST KOHKPETHBII 9K3eMIISIP 0000IIEHHOTO
kaacca. Box<number> npezcrasisier coboil knace
Box, 8 kotopom posib T urpaer number

class Expr<T extends IExpression> {
/¥ oo X%/
}

Orpannyenre 06061IEHHOTO THTTA OOBSIBIISIETCS] TOCTIE
0600611eHHOTO THIa-TIapameTpa. B aToMm npumepe
tun T gospken nopaepxuBath nntepdeiic IExpression
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Ta6nuua B.5. [MpvBeaeHne TUMOB U OXPaHAOLLME BbIPAKEHWUS TUMOB

Mpumep

OnucaHue

let x: unknown = 0;

let y: number = <number>x;

[Ipu yKazaHum TUIIA BHYTPH <> nepe/i 3HauyeHueM
KOMITHJIITOP MHTEPIIPETUPYET 9TO 3HAYEHUE KaK
OTHOCAIIEECS K yKazanHoMy Tumy. [lepemenmyio x
MO’KHO TIPUCBONTD MEPEMEHHON Y TONBKO MOCTE
TOTO, KaK sIBHO NOBTOPHO MHTEPIIPETUPOBATH €€ KaK
number

type Point = {

X: number;
y: number;
}
function isPoint(p: unknown):
p is Point {
return

((<Point>p).x
I== undefined) &&
((<Point>p).y
I== undefined);

}

let p: unknown = { x: 10, y: 10 };

if (isPoint(p)) {
//p 3Becb oTHocuTCcA K Tuny Point
p.x -= 10;

IIpexuxat trma — a0 GyJIeBO 3HAUEHNE,
yKasbIBaloliiee, OTHOCUTCA JIM TlepeMeHHast

K onpejiesieHHOMy Tuiy. Eciin 3aHoBO
HMHTEPIPETHPOBATH TIEPEMEHHYIO P KaK
oTHocsATIyIocs K Ty Point, mpiueM y Hee ecTb
wiieHbl TUIA X 1y (M HU oiuH 13 Hux He undefined),
TO nipezinKar p is Point Gy/er BoBpamars true.
Buyrtpu oneparopa if, B KOTOPOM IpesnKar Tiia
paBeH true, IIpoBepsieMOe 3HAUeHNe aBTOMATHYECKN
HMHTEPIPETHPYETCs 3aHOBO KaK OTHOCSIIEECs

K 3TOMY THITY
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