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bJiarogapnocTu

Hexkoropnie n3 ncnoib30BaHHBIX TPUMEPOB OBLIN 3aMMCTBOBAHBI 13 PabOT
Jlyku Kapaemm |3, Pobura Munrepa [5], sitBa Max-Keuna [6] n AGess-
cona u 3yccmana [1]. Moaxum IMappoy, Ton Canémia u Iosuy Yokep Baecn
DSIJL IEHHBIX [PE/IJIOKEHHH.
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I'maBa 1

BBenenue

OTH JIEKITUN FBJIAIOTCA BBOIHBIM KYPCOM B SI3BIK IPOTPAMMHUPOBAHMUS
Crapgaprubiii ML. Ilepeuncium nanbosee Bakubie deprbl CTaHAapTHOIO

ML:

e ML sBnsercd @yrKkyuonasbHbimM SI36IKOM porpaMMupoBanus. OyHK-
AW ABJIAIOTCS TIOTHONMPABHBIMU O0BEKTAMU: OHU MOT'YT IE€PEeIaBaTh-
CsI B KAYecTBe apryMEHTOB, BHIPAOATHIBATHCA B KAYECTBE PE3yJbTaTa U
XpaHUTbCS B iepeMeHHbIxX. OCHOBHOMN CIIOCO0 OpraHu3aluu yIrPaBIeHAs
B nmporpammax Ha ML — pexypcuBHoe mpumMenenne (OyHKITHIN.

e ML amisieTca unmeparxmustvim I36IKOM. Kaxk10e BBeIEHHOE TTPEIJIO-
JKeHWe aHAJU3UPYeTCs, KOMIUJINPYEeTCd W WCIOJTHSETCS, W 3HaYeHne,
MIOJTyUeHHOE B PE3YIbTATe UCTIOJTHEHNUS TTPEIIOKEHNS, BMECTE C €T'0 THU-
IIOM BBIJAETCH II0JIH30BATEIIO.

o ML gammsercsa cmpozo munusuposanrvim I3pIKOM. Kaxkmoe momycTu-
MO€e BBIpaXKeHue MMeeT TUIl, KOTOPBIHl aBTOMATHYEeCKH OIpejeTdaeTcd
kommmasgTopoM. CTporasi Tunuzarnus rapaHTUpPyeT, YTO B MEPUO]] HC-

NOJTHEHUA HE MOXKET BO3ZHUKHYTH o1MOOK B COIJIACOBAHUU TI/IHOB.1

o ML umeer noaumoppryro cucremy tumoB. Kazkmoe momycrumMoe mpe-
JIOXKEHUE SA3bIKA 00/1a/12€T OIIHOBHATHO OLPEIeIaeMoil naubosee obuiet

munu3ayued, KOTopas ONpeJIesisieT KOHTEKCTHI, B KOTOPBIX TTPEJI0¥Ke-
HUE MOYKeT ObITH UCIIO/TB30BAHO.

e ML nopgiepxkupaer abcmpaxmuvie munse danhsir. AGCTpakTHLIE TH-
OBl — BECHbMAa IOJIE3HBINM MEXaHN3M B MOIY/IBHOM MPOrPAMMUIPOBAHNMN.
Hogbie Tunbr manHabIX MOTYT OBITH OIPEAEIEHBI BMECTE ¢ HADOPOM OIre-
pamuii Hall 3HaYeHHsSIMM 3TUX THIOB. JleTaan BHyTpeHHell CTpYKTYypLI

!3amerum, 4ro OmMmMOGKE TAKOrO Poja — BECHMA PACIPOCTPAHEHHA BEIllb, U JIUAIHOCTH-
Ka WX Ha dTare KOMITUJIAIAA 3aMEeTHO O0JIerdaer OTIaaKky nporpaMmel. (IIpum. nepes.)



2 I'ZIABA 1. BBEJIEHUE

3HAYEHUN U PEAJIM3AINY OMEPAIINil CKPBITHI OT MPOTPAMMHUCTA, UCIIOb-
3YIOIEro JaHHbIe abCTPAKTHOTO THUIIA; BHICOKAA CTETEHE W30S A~
€T CYIECTBEHHBIE TTPENMYIIECTBa TIPU pas3paboTKe W COMPOBOK TCHUH
OOJIBITINX TTPOTPAMM.

e B ML obnactu nefictBus miaeHTHGUKATOPOB ONPEIEISIOTCT CMmamuye-
cxu. CMBICT BCeX UIASHTU(PUKATOPOB B IPOTPAMME ONPEIEIIeTCd CTa-
THYECKH, YTO MIO3BOJISIET CO3JIaBaTh OoJsiee MOJy/IbHBIE U Hojiee addek-
THUBHBIC IIPOIPAMMBI.

e ML copep:KuT HaJIeKHO TUIMM3UPOBAHHBIN MEXaHU3M 00paboTKH uc-
KAOYUMEALHBL cobvmut. Mexarm3m 06paboTKN NCKIIOINTEIBHBIX CO-
ObITUIl siBJI€TCsE YIOOHBIM CPEJICTBOM OIUCAHUS JIEWCTBUN B HEHOD-
MaJIbHbIX CUTYaAIIUAX, BOZHUKAIOIIUX B IIE€PUOA UCIIOJIHEHUA IPOrpaM-
MBI.

e ML cozmepxut cpedemsa pazbuenus npozpamm Ha modyau, obecrnedn-
BAOIIMEe BO3MOYKHOCTHL Pa3pabOTKH OOJBIINX IIPOrPAMM II0 HACTIM.
ITporpamma va ML crpontest Kak HAOOp B3aMMO3ABUCUMBIX CIMPYK-
myp, CBA3BIBAEMBIX IPYT C JAPYTOM C TIOMOIIKIO (hyHKmopos. Pasmenn-
Has KOMITIISAIWS OCYIIECTBISIETCS MOCPEICTBOM 3KCIOPTa U HMIIOPTA

GHYHKTOPOB.

Crannaptabiit ML sBisieTcs HOBEHIIIUM U3 CEMENCTBA S3BIKOB, OEPYIINX
cBoe Havayio oT si3bika ML, paspaborannoro B Dauubypre Maiikom Lopmo-
HoM, Pobunom Mustrepom u Kprcom Yoxacsoprom B cepenune 70-x romos [4].
C rex mop BO3HUKJIO MHOI'O JUAJIEKTOB W peaau3aluil, KaK B CAMOM JIMH-
Hypre, Tak u B apyrux mectax. Crangaprabiit ML ocHOBBIBaeTCS Ha CUHTE3€
MHOTHUX I/I,ZLQI?I7 BOIIJIOIIECHHBIX B PA3JIMYHBLIX BapPUaHTAX A3BIKA (I/I3 KOTOPBIX
B IIEPBYIO 0YEpEJib CAeJIYeT OTMETUTh JuajiekT, paspaborannbiii Jlykoit Kap-
nen [3]), u va uaesx yukumonansaoro sizbika HOPE, paspaborannoro
Pomom Bepcremowm, sitom Mak-Keunom u Jonom Canémna [2]. Ilocmen-
Hee gobaBiieHre B s3bIK — MOJYJIbHAS CTPYKTYpa, npeijoxenuas J[sitBom
Maxk-Ksumowm B [6].

OTH JIEKIIUY ABJSIOTCS HEeDOPMAJLHBIM BBEJIEHUEM B S3BIK, OTUCHIBAIO-
MM €TI0 BO3MOXKHOCTHU U CHOCO6BI NCIIOJIb30BaHWA, 1 HE JOJI2KHBI PaCCMaT-
puBarhca Kak dopmasibhoe onucanne Crangapraoro ML. Onu nucanacek u
IEePEennucChiBaJIaCh B T€YEeHUEC HECKOJILKUX JIeT, 1 ceityac HYyKIAI0TCAd B HEKOTO-
poit iepepaboTKe C NEIbI OTPA3UTL U3MEHEHWs, IPOU3OIIEIITNE B A3bIKE, U
OIIBIT €r0 UCHO/Ib30Banud. [109TOMY aBTOP OVAeT pas JI0OBIM TPeI0KEHUIM
OT YHUTATeJEN 10 STOMY BOIIPOCY.

Dopmasibhoe onpejenenne Crangapraoro ML nmeerca B [7]. Heckonbko
MenHee bopMabHOe (M HECKOJIBKO yCTapeBinee) onucanue umeercs B OTaere
Daunbyprekoro yuusepcurera [5]. st jerasbHOr0 3HAKOMCTBA C S3bIKOM
YUTATENIO CJIeIyeT 00PATUThCH K ero (POpMaJibHOMY OIIPE/IEIEHUIO.



I's1aBa 2

Anpo a3bika

2.1 Pabora ¢ ML B pexxume auaJora

IIpakTueckn Bce peanm3anum ML aBASIOTCS MHTEPAKTUBHBIMA;, OHU OC-
HOBBIBAIOTCS HA JUAJIOTE THUIA “MPOUECTh-BBIUNCINTE-HATEUATATh” (XOPOIIO
sHakoMoMmy Tosb3osarenam LISP). B mpomecce Takoro mmasora moib30Ba-
TeJib BBOJUT Bbipaxkenue, ML-cucreMa ero aHaau3upyer, KOMIUINPYET, BbI-
TTOJIHACT U BbIJA€T DE3YJIbTaT Ha TepMI/IHa.Hl.

Bot obpaszer quamora:

- 342;
> 5 : int

”

ML zamparmmBaer BBOA, ¢ TOMOIILIO “~ 7 u mpensapster Boisonx “> 7. Tlosk-

30BaTeNb BBOAUT (bpasy “3+27. ML Brruucisger BhIpaXKeHUE U [E€YATAET €ro
zuadenue, ‘5”7, BMecTe ¢ THIIOM 3HaYeHusd, “int”.

B mpotiecce amasiora MOTYyT BO3HUKATH Pa3IUUHbIE BUIBI OMuOOK. B
OCHOBHOM OHHW PAaCIJAl0TCAd HA TPU KATETOPUH: CHHTAKCUIECKWE OIIMOKH,
OIUOKYW B COTJIACOBAHUU THUIIOB M OIMMMOKN BPEMEHHU UCIOJHEHUs. BeposiTHO,
BbI 3HAKOMBI C CHHTAKCUYECKNMN OH_[I/I6KaMI/I 148 OH.[I/I6K&MI/I BpeMeHun UCIIOJTHEe-
HHs TIO BallleMy OMBITY pabOTHI ¢ JAPYTUMHU SI3LIKAMHU TTPOTPAMMUPOBAHHSI.
[TpuBenem mpumep TOrO, UTO MPOUCXOIAUT, KOTTA BBEIEHA CHHTAKCAYECKH

HelpaBuabHas ¢dpas3a:

- let x=3 in x end;
Parse error: Was expecting "in" in ... let <7> x

OmmbKY BpeMeHn UCIoTHeHns (KaK, HAIpUMep, jiejenue Ha () sSBIstioTcs
OJIHUM U3 BUJOB UCKAOUUMEAbHOLL cobbimut (TopobHO OHU OyIyT paccMoT-

! Merasm wnrepaxTurHOM# paGoThr ¢ ML-CHCTEMON MEHSIIOTCS OT OTHOM PeaH3aIH K
Apyroi, HO “myx”’ oOIIeHWsT OMMHAKOB BO BCEX M3BECTHBIX aBTOPY cucreMax. lIpmmeps: B
HACTOLAIIEH KHUTE IOJrOTOBJIEHBI C MCIOJb30BaHUEM I auHOYpPrcKoro komiumisaropa 1988
roaa.



4 I'VIABA 2. AJIPO A3BIKA

penbl gasee). Ceffgac Mbl TOJBKO TMPUBEIEM TPHMEP TOTO, YTO BBl MOXKETE
TMOJIyIUTH TIPYU BOBHUKHOBEHUHU OIMMMOKY BPEMEHU MCIIOTHEHUS:

-3 div 0;
Failure: Div

OmubKu B coryiacOBaHUU THUIIOB HE TAK TPHUBBIYHBI. MBI 1MOAPOOHO pac-
CMOTPpHUM THUIIBI U1 CBA3aHHBIC C HUMHA O]_HI/I6KI/I Io3aHee; ImoKa OTMETHUM, 9TO
omubKYM B COTVIACOBAHUY THUIIOB BO3HUKAIOT DU HEKOPPEKTHOM HCIIOJIb30Ba-
HUM 3HAYEHUN, HAIIPUMED, IIPHU HONbITKE npubaButh 3 K true:

- 3+true;
Type clash in: 3+true
Looking for a: int

I have found a: Dbool

OpnHoM W3 BecbMa HEMPUSTHBIX OMUO0K, He pacrno3HaBaeMbix ML-cucre-
MoOi#t, gBisieTcss GeckoHeuHbIH UK. Ecin Bl Tof03peBaeTe, UTO Ballra mpo-
rpaMMa 3aIUKINIACh, Bbl MOYXKETE MPEKPATUTH €€ BBLIMOTHEHNE, HAXKAB KJ1a-
Bty npepbiBanust (06eraH0 Ctrl-C). ML BhmacT coobiienune, TOBODSIIEe O
TOM, 9TO BO3HUKJIO MCKJIIOYUTE bHOE cobbiTue "interrupt", m BepHercsa Ha
BEpXHUIl YPOBEHBb BBIMOTHEHUS MTporpaMmbl. HekoTopble peasuzaluu cojiep-
JKAT CPEJICTBA OTJIAJIKH, KOTOPBIE MOIYT TOMOYb B OIPEEJeHUN TPUINHBI
BANUKTUBAHUSA.

BriBator u npyrue Buabl OmmdOK, HO OHU BCTPEYAIOTCS 3HAYUTEIBHO Pe-
K€, U BO3MOXKHbBIE IIPUYUHBI UX TPYIHO 00bACHUTL B 001ieM ciay4ae. Ecin
BBl BCTPETHUTECH ¢ COOOIMeHneM 00 OIMMOKe, CMBICT KOTOPOTO BBl HE MOXKE-
Te MOHATH, TOCTapaiiTech HAWTH KOTO-HUOY/IH, KTO WMeeT OOJIbINE OMbITa B
pabore ¢ ML, 9T06bI 0H HOMOT BaM Pa30bpaThCs B CUTYAIIN.

Jeraan nuarepdeiica moIb30BATE ST MEHAIOTCS OT PEATM3AINY K PeaTn3ar-
MY, 0COOEHHO B YacTH dpopMaTa BLIBOAA U coobInenuit 06 ommbkax. [Ipuso-
JUMBIE B HACTOSIIEH KHUTE TPUMEDPBI OCHOBBIBAIOTC Ha, I auHOyprekom ML
MBI TIOJIAMAEM, YTO [TOCJe 3HAKOMCTBA C ITHMHU IPUMEPAMU y BaC HE JIOJKHO
BO3HUKHYTH TPYAHOCTENH B MOHWUMAHWN Bbimad Apyrux ML-cucrem.

2.2 llepBu4yHble BbIpakeHUsd, 3HAUEHUA U TUIbI

Mg maunem mamre BeBegenme B ML ¢ ommcaHusa MHOMKECTBA, NEPEUYHBLL
tunoB. B ML Tun ecrs MmHOxkecTBO 3Havenuit. Hanpuwmep, nesbie gucia o6-
Pa3yroT TUIl; MHO2KECTBO BCEX CUMBOJIBHBIX CTPOK M MHO2KECTBO JIOTUICCKUX
snadennii (“uctuHa’ U “7I0kb”) Takzke 00pasyioT THIBL. Kcam mMmerorcs gBa
TUTIA 0 U T, TO MHOXKECTBO BCEX YIIOPSITOUEHHBIX AP, TEPBbIA UIeH KOTOPBIX
VMEeT THUI 0, & BTOPOH — TWII T, SIBJIAETCS TUTIOM. Bojiee TOro, MHOXKECTBO
Bcex (DYHKITUH, 0TOOPAKAIOMINX 3HAYEHUsT OHOTO TUTIA B 3HAUEHUS JPYTOT0O
THUIIA, TAKKE 00Pa3yoT Tun. B gomoiHeHne K 9TuM U IPYTUM OTPEIeIeHHBIM



2.2. IEPBUYHBIE BBIPA?KEHN S, SBHAYEHU A 1 THIIBI )

B si3bIKe TuraM ML 1103BOJISIET TTPOrPAMMUCTY OIIPEIETUTh CBOM COOCTBEHHBIE
TUIBE; K 00J1ee moapobHOMY 0OCYKIEHUIO 3TOM BOBMOXKHOCTH MbI 00paTUMCSH
ITO3/THEE.

Bripaxenusg 8 ML m300pakaor 3HaYeHHS TOYHO TaK JKe, KaAK MOCTe-
JIOBATEIBHOCTU 1P w300parkarT unucia. Ul BbIpaXKEHUs OMpeeIsdeTcs
CHCTEMOl MPABW, KOTOPBIE TAPAHTUPYIOT, UTO €CJAN BHIPAYKEHNE MMEET 3Ha-
YeHHe, TO 3HAYCHUE BBIDAYKEHUsT IPUHAJJICZKUT THUILY BBIpaXKeHUst (HY Kak,
nousaTHo? ). Hanpumep, Kaxkaasg mocae10BaTebHOCTD ubp MMeEeT Thn int,
ITOCKOJIBKY 3HAYEHUEM IOCJIEIOBATENBHOCTU (DD SBJSETCS MET0€ UUCIO.
Mper npoumocTpupyem cuctemy tumos ML mpumepamu.

2.2.1 Tuno unit

Tumr unit cocrouT U3 €IMHCTBEHHOrO 3HAYECHUS, 3AMUCHLIBAEMOro Kak ().
DTOT TUM UCTIOTB3YETCA B TE€X CIYUAIXK, KOTJA BBIPAXKEHNE He NMEeT KaKOro-
b0 OCMBICJIEHHOTO 3HAUEHUS, & TAK2Ke BMECTO apTyMeHTa (DYHKIUU B TEX
cayuasix, Korga (byHKINS He J0/XKHA HMETh apPryMeHTOB?.

2.2.2 Jlorm4eckmue 3Hadenus (Tum bool)

Tumn bool cocrout u3 3uadenuit true u false. /g paborsr co 3HaYEHN-
AMHA 3TOTO THNA MMEITCH OJHOMECTHAaA Ollepannsd not M JBe ABYXMECTHBIX
oneparun andalso u orelse (COOTBETCTBYOMHE OOLIYHBIM JIOTHIECKUM OTTe-
PAIIM “He”, U “I/IJ’[I/I”)3.

Venosuoe Beipaxkenwe if e then e; else ez MBI TakXKe PACCMOTPUM
3JIeCh, TIOCKOJIBKY €r0 TIEPBBINl apryMeHT, e, JOJI2KE€H uMeTb Tun bool. O6-
paTuTe BHMUMAHHWE, 9TO YaCTh €lSe JO/KHA MPUCYTCTBOBATH 00A3aTEIHHO.
[Ipuamnaa 3Tor0o B TOM, uTo if B ML sBIsieTcS YCJIOBHBIM BBPAHCEHUEM, A

He YCJOBHBIM ymeepocderuem, Kak, nanpumep, B Pascal’e. Ecan 661 wacTsb

*Muorpa Bo3HMKAET HEOGXOMMMOCTh PACCMATPUBATH (DYHKIWMU, IPUHUMAIOIIHAE I0CTO-
sHAbIe (He 3aBUCANIAE OT apPTyMEHTa) 3HAUeHWs. [[0CKOIbKY 3a9aCTyI0 B TAKUX CJIydasixX
00JIaCTh OIIpeIe/IeHIs HeCYIeCTBEHHA, YMECTHO B Kad9eCTBe Hee MCIIOJIb30BaTh unit. Ilpu
stom B ML Baxkno omsmaars camy GyHKImO (9TO 3anmMChIBAETCA KakK f) OT pe3yJsbraTa ee
mpumenenus (urto 3amuckiBaerca kKak f£()). (IIpum. nepes.)

3UMeroTcst BeCKme TIPUYMHBI, [0 KOTOPHIM BMECTO TPAIHIMOHHBIX Ha3BaHuil and U or
It OMHAPHBIX JIOTMYECKUX OIEPAInil MCIOIb3yI0TCH HeokuiaHHble andalso u orelse.
ITpuuunsr 3Toro ciaenyomue. ML aBiasercs cmpozum I3BIKOM; 9TO 03HAUAET, UTO BCE ap-
ryMeHTHl (DYHKINUY BBIMUCISIOTCS [0 BBIUMCICHUsS 3HadUeHus GyHKimu. Ecau npum sTom
OKaKeTCsd, ITO KAKOU-b0 apryMeHT He MOXKET OBbITh BBIMUC/IECH (HAPHMED, B IIPOIEC-
Ce ero BBIYUC/ICHUS BO3HUKAET 3AITMK/IUBAHWE), TO W CAMO 3Ha4YeHue (DYHKIMU HE CMOKET
6b1Th BhraucieHo. Onepanun ke andalso u orelse SBISIOTCS HUCK/IIOYEHUSIMU U3 ITOTO
[pPaBUA: IPU BBIYUC/IEHNAN, HAIPUMeD, e1 andalso ez CHaYasd BBIUUCJIAETCS €1, U eCJiu
ero 3Haduenme ecTh false, TO ez He BBIUNCISETCS, & 3HAYEHNEM BCErO BBIDAYKEHUs OyIeT
false. Takmum 0Opa3om, Beipaxkerme false andalso ez Gymer Bcerma ompeseseno (m Oy-
mer mMmerb 3Hadenue false) — B OT/MYME, HAIPUMED, OT BbIpaxKeHusd 0 * ez, 3HAYCHUE
KOTOPOTO GyZIeT HE OTIPEIE/IEHO, eCTA He ONpeneseHo ez. (IIpum. nepes.)
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else oTCyTCTBOBaJIa, TO IPK 3HAUYeHNN e paBHOM false BBIpakeHHe HE NMe-
J10 6b1 3Hadenns. Kpome TOTO, TUITBI BHIDAYKEHU €1 U €2 JOIKHbBI COBITAIATD.
Bripazkenne

if true then true else ()

SABJIAETCS HEKOPPEKMHbLM ¢ MOUKU 3PERUA MUNU3AUUY (I, KOPOIe, HEMU-
NUSUPYEMbIM), TTOCKOJIBKY THI BBIDAXKEHUsT B YacTH then ecth bool, a Tum
BBEIPAXKEHHUA B 4aCTH else — unit.

- not true;

> false : bool

- false andalso true;

> false: booi

- false orelse true;

> true : bool

- 1f false then false else true;
> true: bool

- 1f true then false else true;
> false: bool

2.2.3 Ilensie uncaa (tum int)

Tun int SBJIIETCS MHOXKECTBOM (MOJIOKUTEIBHBIX U OTPUTIATETBLHBIX ) T[e-
sbix gucest. [lesbre anc/ia 3amnchBAIOTCI OOBITHBIM CIIOCOO0M, 38 MCKTIOUe-
HUEM TOTO, YTO JIJIsi OTPUNATEIbHBIX YHCEJ 3HAK 3alUCBIBAETCS TUIBI0N ~
BMECTO TPAAUIIUNOHHOI'O MUHYCA -.

- 75;

> 75 : itn

- 724,

> 724 : int

- (3+2) div 2;
> 2 : int

- (3+2) mod 2;
> 1 : int

Breiparkerust MOy T CO/IepKaATh OObIYHBIE 3HAKU apU(DOMETUIECKUX Ollepa-
mwit +, -, *, div w mod (div m mod 0603HAYAIOT COOTBETCTBEHHO MEJIOTNCTEH-
HOE JIeJTEeHUe U TOJIyUYeHne OCTaTKa OT JeJieHns Hareso). Umerres u 3HaKn
IUId orieparnuii cpapuenus <, <=, > >= = u <>. Bce sTtu oneparnuu Tpebyior
JBYX apryMEHTOB THUIA int W BO3BPAINAIOT PE3yJIbTAT THIA bool (true win
false B COOTBETCTBUU C TEM, BBITIOJHEHO YCJI0BUEC UJIU HeT).

- 3«2
> false : bool



2.2. IEPBUYHBIE BBIPA?KEHN S, SBHAYEHU A 1 THIIBI 7

3*2 >= 12 div 6

> true: bool

if 4%5 mod 3 = 1 then 17 else 51;
51 : int

A\

ObpartnTe BHUMaHWE HA TO, 9TO OTEPANNN CPABHEHWS, TTPUMEHEHHBIE K
JIBYM II€JIOYUCIEHHLIM BBIPAXKEHUAM, BIpabaTeiBaloT true win false, u mo-
9TOMY MX PE3yJIbTaT UMeeT THUll bool.

2.2.4 Crpoku (Tun string)

Tun string cocroUT nU3 BCeX KOHEUHBIX IIOCIENOBATE/NLHOCTEH JIHTED.
CTpoxu 3a1MChIBAOTCs 00BITHBIM CIIOCOHOM, KaK MOCEI0BATEbHOCTE JTUTED
MEXKAy ,Z[BOI‘/JIHLIMI/I KaBbIYKaMHM. ECJTI/I ,ZLBOI?IH&H KaBbIUKa JOJI2KHa BOUTH B
COCTAB CTPOKH, OHA, 3alHCHIBaeTca Kak “\"”.

- "Fish knuckles";
> "Fish knuckles" : string
_ ||\||u;

> Mmoo string

CrenuanbHble JUTEPHl TAKK€ MOTYT OBITH BCTABJEHBI B CTPOKHU, HO MBI
He Oy/meM OCTaHABJIMBATHCS HA CIIOCODE CAesaTh 3TO, T.K. B HAIAX TPUMe-
pax sro He nmoHamoOuTCd. 3a GoJiee TOAPOOHON MHOPMaIHeir obpaTuTech K
opmanbHOMY OnMcaHuio si3bika [ 7).

Oyukius size BO3BpaIaeT JJIMHY CTPOKU B nTepax. OyHKIUS ~ sBJIsd-

ercst MHGUKCHON JIBYXMECTHON oreparineli KOHKATeHAITNN CTpOK4.

~

- "Rhinocerous " "Party";

> "Rhinocerous Party" : string
- size "Walrus whistle";

> 14 : int

2.2.5 [eiicrButenbubie yucaa (Tum real)

Tumn wncen ¢ mwraBatomei Toukoi HazbiBaeTcsa B ML real. IeficTBuTeb-
HbIE YHCJIA 3AMUCHIBAIOTCI 00JIee-MeHee OOBIYHBIM I I3BIKOB MTPOTPAMMU-
poBaHMs CHOCOOOM: IIEJI0€ YUCJO, 338 KOTOPBIM CJEAYET JeCATHUHAS TOUYKA,
3a KOTOPO# CJIeAyeT MOC/e 0BaATEIbHOCT U3 OJHON nin 0oJiee JeCaTHIHbIX
1udp, 33 KOTOPBIMU CJIEJIyeT 3HAK SKCIIOHEHTHI, E, 33 KOTOPBIM CJIe/lyeT Japy-
TO€ YUCI0. DKCIOHEHTA MOXKET OBITH OTYITIEHA, €CJTH TPUCYTCTBYET JTeCATHI-
Has TOYKA; JIECATUYHAS TOYKA MOYKeT OBITh OIYIIEHA, €CJAU ITPUCYTCTBYET
9KCIIOHECHTA. Bce 9TO HYXKHO Jijid TOTrO, LITO6bI OTJINYaTh LEJIbIe 49uUCJia OT

4 Hngpurcernot MBI Ha3bIBaeM (BYHKINIO, IMEONIYIO IBA apIYMEHTa, 3HAK KOTOPOH 3a-
MICHIBAET MEXKy apryMEeHTaMH — KaK, HAIIPUMeEDP, OOBIYHO 3aINCHIBAETCI B MATEMATHUKE
oTieparus CJA0KEHUS.
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neiicreuTeabHbIX (ML He obecrieunBaer BKJIIOUEHMsT OJHOTO THUMA B JAPYTOit
HU B Kakoil popme; nmpu HEOOXOAMMOCTH IEI0€ TUCTO TOKHO OBITH ABHBIM
o6pa3oM Tpeobpa30BaHO B JIEHiCTBUTEIBHOE).

- 3.14159;

> 3.14159: real
- 3E2;

> 300.0 : real

- 3.14159E2;

> 314.159 : real

JList meficTBATEIbHBIX YUCEJT UMEIOTCs OObIYHbIE apudhMEeTUIeCKHe Ornepar-
i -, +, -, %, / (/7 obo3Havaer oneparuo JeaeHus eHCTBUTETBHBIX THUCET;
OHepaHHﬁdiVIImOd;UHIﬂeﬁCTBHTeﬂbeD(qHC&HHET)}[OHepaHHHCpaBHeHHH
<, <=,> >= = <> He pgomyckaercs, 9T00bI OJUH 13 OIEPAHIOB 3TUX OIIEPAIAit
ObLI AeficTBUTE/IBbHBIM, & IpYroil — neabiM. Tak:ke uMerorcs dpyHKimu sin,
Sqrt, exp U T.J1., COOTBETCTBYIOIINE OOBITHBIM MATEMATUICCKUM (PYHKITUSIM.
Oyurrus real mpeobpas3yer IeIbIil apryMeHT B COOTBETCTBYIOIIEE AeHCTBU-
TeabHOe uncsio, a dyuknua floor mpeodpasyeTr meiCTBUTENBHBIN apryMeHT
B HamOOJIBIIEE IIeI0€ UUCIO, He MPEBOCXOISINee apryMeHT.

3.0 + 2.0;

> 5.0 : real

- (3.0 + 2.0) = real(3 + 2);
> true : bool

- floor(~3.2);

> 74 . int

- co0s(0.0);

> 1.0: real

- cos(0);

Type clash in: (cos 0)
Looking for a: real

I have found a: int

Dr1um 3aBepiaercs 0030p amomapnsvix tuiioB ML. Tenepb Mbl nepexomum
K COCTAaBHBIM THIIAM, KOTOPBIE CTPOATCS U3 JAPYIHUX THIIOB.

2.2.6 VYmnopdaagodeHHbIE SHKU

Tum o*7, e 0 U T — TPOU3BOJbHBIE THUIIBI, ABJSIETCS TUIOM YIIODS-
MIOYUEHHON Tapbl, T/ MEePBbIf WIeH MMEeT THIl 0, & BTOPOil — Twm 7. YIIo-
psfloueHHast napa 3anucbiBaercd Kak (ej,ez), IJie €] U €3 — BBIPAXKEHUSI.
JAHaﬂOFHQIK)O6pa3yHHK$[yHOpHﬂOquHbKESHKHS.ALHMeHHO,HOCﬂeﬂOBaTeﬂb—
HOCTb BBbIpazKeHU, OTAEJICHHBIX APYT OT ApyTra 3alldTbIMH, 3aK/JII0YacTCd B

SMBI penmmcsy BBECTH TePMUH 9H%G KaK “06001mene” TepMUHOB d60tixa, mpoliKa i T.1,
(BMECTO BBIMIAAANIErO HECKOJLKO CTPAHHO N-KAa) [0 AHAJIOTHH C IOJLyIUBIIUM ITUPOKOE
PACTIPOCTPAHEHWE AHTIUICKUM TepMmuaOM tuple. (IIpum. nepes.)
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Kpyrible ckobku. Ecam BblpakeHus e, €2, ..., €, UMEIOT THILI 01, 02, ...,
Oy COOTBETCTBEHHO, TO THUIIOM yIOPAAOYeHHON SHKU (€1,€2,...,6,) Oyaer
o1*09%. . .*0,.

- (true, O);

> (true, ()): bool * unit

- (1, false, 17, "Blubbet");

> (1,false, 17,"Blubbet"): int * bool * int * string
- (if 3=5 then "Yes" else "No", 14 mod 3 );

> ("No",2): string * int

PaBeHCTBO MEXKAY 9HKAMW — TMOKOMIIOHEHTHOE: JIBE 9HKW PAaBHBI, €CJIN X
COOTBETCTBYIOIINE KOMIIOHEHTHI PaBHBI. Kcju [Be 9HKM UMEIT pa3jindHble
TUIIbI, TO MIPW IOIBITKE NX CPpaBHEHUA BO3HUKAET OH.[I/I6K& B COIJIaCOBAaHHNU
TUIOB: BECCMBICEHHO CIpamnBaTh, paBubl an ("abc", ()) m (true, 7),
ITOCKOJIBKY COOTBETCTBYIOINMWE KOMIIOHEHTDBI 9TUX IMap MMECIOT PDa3HbI€ THUIIbI.

(14 mod 3, not false )
> true : bool

( "abc", (5*%4) div 2 ) = ("a"~"bc", 11);
> false : bool
(true, 7) = ("abc", O);
Type clash in:  (true,7) = ("abc",())
Looking for a: bool * int
I have found a: string * unit

( 141, true );

2.2.7 Cuauckn

Tum 7 1list cOCTONT M3 KOHEYHBIX MOCTETOBATENIBHOCTEN, MM CNUCKOS,
suadenunit Tuna 7. Hanpumep, Tum int 1ist coCcTOWT M3 CIMCKOB I€BIX UH-
ceq, a Tu bool 1list COCTOMT M3 COUCKOB JIOTHYeCKNX 3HadeHuil. Meercs
nBa crocoba 3ammcu CIUCKOB, OCHOBHON M COKpaIenubiit. [lepBoiit 0CHOBBI-
BAaeTCs Ha CJIEJIYIOIIEM OIpeJIeIeHUH CIUCKA: CIUCOK 3HAYEHUH Tuna 7 Jjnbo
mycT, JaubO COCTOUT W3 3HAYEHWS THUIA T, 38 KOTOPBIM CJEIYET CIIMCOK 3Ha-
qenuil TAma 7. B COOTBETCTBUU C 3TUM OIpeJesIeHneM IIyCTOM CIUCOK 3alli-
ChIBAETCsl KaK Nnil, a HEIycTo# CIMCOK 3alUChIBAETCd Kak e :: [, 1je e —
BBIpasKeHwe TUMa T, a | — BeIpakenue Tuna 7 list. Hazsamue omeparum : :
MPOM3HOCUTCST KaK “KoHC” (“cons”) — B TaMsITh O COOTBETCTBYOMIEH QDyHKIMN
s3bika, LISP.

IlopazmMbic/iuB HEKOTOPOE BpeMsi, BbI IOfiMeTe, YTO JIt000 HEIlyCTOo CIiv-
COK MOYKET ObITb 3aluCaH B CJEAYIOIIEM BUJIE:

€1 :: ey i ... i €y :: mnil
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IJie KaxKkJioe e; siBJIAeTCs BbIDAYKEHUEM TUIa T U 1 > 1. DTO COOTBETCTBY-
eT WHTYUTUBHOMY MOHATHUIO CITUCKA, 3HAYEHWI JAHHOTO TWIA, TPU TOM nil
WUTPaeT POJb 3aBEPITATENS CIUCKA.

Takoit METOJ OTpeneeHusT HA3BIBACTCS UHIYKMUGH M (WA DEKYPCUG-
Holm) onpemenerrem. VHIYKTUBHOE ONpPeeIeHne COCTOUT U3 OJHOTO WJIH
Bojiee HAMAADHBIT CAYHGES, OTIUCHIBAIOIINX OIPe/esisieMble MIPEJIMEThl HEIo-
CPEICTBEHHO, W OJHOTO WK Doee uHIYKMUSHHEL Wa206, TIO3BOIIIONINX U3
y2Ke IOCTPOEHHBIX IPEJIMETOB CTPOUTH HOBBIE,

B caygae cmmckoB, HavadbHBIM CAOydaeM sBJsgeTcd nil, a MHIYKTUB-
HBIM IIAroM SIBJISETCH IpuMeHeHue omeparuu : :. Uunykrusabie ompesese-
HUs THUIIOB UI'DAIOT BaXKHYIO POJIb B (DYHKITUOHAIBHOM IPOIPAMMHUPOBAHUM,
TTOCKOJIBKY OpraHu3arus (pyHKITHOHATBHOM TPOrpaMMbl BO MHOTOM OIPETe-
JIAETCA CTPYKTYPOi 00pabaThbiBaeMbIX TAHHBIX.

Huske npusoggTcs npuMepsbl UCHOAB30BaHUA Nil W :: Ajd TOCTPOEHUS
CIIUCKOB:
- nil;
> [1 : ’a list

3 ::4 :: nil;

[3,4] : int list

(3:: nil):: (4 :: 5 :: nil) :: nil;
[[3],[4,5]]: int list list

["This", "is", "it" 1;
["This","is","it"]: string list

\4

\4

\

Ob6parure BHUMaHue Ha TO, 94T0 ML BBIBOAUT CHOUCKU B COKPAIEHHOM
dopmare: MoOCIEIOBATE/IHLHOCTD PA3AETEHHBIX 3AMATHIMIA JJIEMEHTOB CITUCKA,
3aK/II0UeHHAs] B KBaJIpaTHBIE CKOOKU. DTOT (HOpMAT MOXKET HCIOJIB30BATHCH
¥ JIJIS BBOJA CIIUCKOB — HO TIOMHUTE, 9TO 9TO JIAIH COKPAIIEHUE 5T TIOJTHOTO
dopmara.

Tun crircka nil — ocoObIil: OH BRIIOUAET nepemerhyto muna (BBIBOIUTCS
Kak ’a u npousHocuTes Kak “anbda’). [Ipuunnoii 317010 gBASIeTCS TO, YTO B
IIyCTOM CIIUCKE HET HUKAKOi MH(OPMAIIUU 0 TOM, CIUCKOM 3JIEMEHTOB KaKOI'0
TUIA OH ABJIAETCHA. Bbiao Obl rayno TpedoBaTh, 9TOOB MMEINCH OTACIbHBIC
KOHCTAHTbI, 0003HAYAOININE IIYCTOH CIUCOK IIeJBIX, IIYCTOH CIMCOK JIOTHUYe-
ckux u T.70. [Tosromy ML TpakTyer nil Kak noaumopdrovili 0OBEKT, T.e. KaK
TaKOil 00'beKT, KOTOPBLIH MOXKET IPUHA/JIEXKATH JII0OOMY TUIY U3 HEKOTOPOI'O
rmacca. KoncranTra nil moxkeT paccMaTpuMBaThed Kak int list, Kak bool
list wam Kak int list list B 3aBHUCHUMOCTH OT KOHTEKCTA, B KOTOPOM OHA

SUnnykTuBHOE OIpemeseHre 330aeT OIpeIe/IseMblil KJIaCC IPEIMeTOB B COOTBETCTBHI
o caenyomumu Tpems myHKTamu: (1) BCAKHiL IpeMeT, OIMCaHHbLIA OJHUM U3 HAYAIbHBIX
CIIy9aeB, STBJISETCS OMPEAEIAEMBIM TPEAMETOM: (2) BCAKHUIA TIPEIMET, IOy I€HHBIH U3 yiKe
MOCTPOEHHBIX OMPEIEIAEMBIX TIPEIMETOB Iy TEM MPUMEHEHWs KAKOTO-M60 MHIY KTHUBHOTO
nrara, sBJISeTCS ONPEIeIAeMbIM PeaMeToM; (3) HIKAKNUX IPYIUX ONPEesIaeMbIX IIPEIMe-
TOB, KPOME TOJIy9eHHBIX ¢ TIOMOMIBIO MyHKTOB (1) m (2), mer. (IIpum. nepes.)
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HaxXOAUTCsI. DTO BBIPAYKAETCS T€M, 9TO KOHCTAHTE nil IIPUINCHIBAETCA THUII
’a list, rme ’a aBaseTCS TEpPeMeHHO, mpoberaiorieil MHOXKECTBO THIIOB.
YHacTHbIE CIy9ay THIA, BKIOYAIONIErO TEPEMEHHbIe THA (TaKOH THUIT MBI
By/leM Tak>Ke HAZBIBATH NOAUMOPPHOIM MUNOM, U, KOPOIE, NOAUTNUNOM ),
OJIYYAITCA NyTeM 3aMEHbl BCEX BXOXKJACHUN NaHHON NEPEeMEHHOW TUIla Ha
Kako#-ambo Tum (HpI/I ITOM 6C€ BXOXKJCHHUA JJAHHOW IEPEMEHHON 3aMEHAIOT-
e Ha oduh U MO dice THUIL); TOJCTABIAEMBIl BMECTO IIEPEMEHHOl THUII caM
MOXKeT OBITh momMopdHBIM. Hanpumep, Tunbl int list u (int*’b) list
ABJSIOTCA YACTHBIMU C/IydasMu moguTumna ’a list. Twumbl, KOTOpBIE HE CO-
JIEpKAT TEPEMEHHBIX TUTTA, HA3BIBAIOTCST MOHOMOPPHuMU Munamu (W, KO-
pode, MOHOMUNAMU).

PapencTBO 18 CITUCKOB SABIAETCS MO3JIEMEHTHBIM: JIBa, CITHCKa PaBHBI,
€CaN OHU COCTOAT M3 OJHOTO W TOrO XK€ YUCJIa 3JIEMEHTOB M COOTBETCTBYIO-
IIIFe 3JIeMEHTHI paBHBI MexKay coboit. Kak u B ciiydae yrmopsagodeHHBIX 9HOK,
HEBO3MOXKHO CPAaBHEHHME JBYX CHHCKOB C 3JIEMEHTAMU PA3HBIX THUIIOB, W MO-
IIBITKA BBIMOJHUTE TAKYIO OIMEPAIUIO MPHUBEIET K OIIMOKE B COIVIACOBAHNN
TUTIOB.

[1,2,3] =1 :: 2 :: 3 :: nil;

> true : bool

[[11, (2,41 1 = [ [2 div 2], [1+1, 9 div 3] 1;
> false : bool

2.2.8 3anucm

ITocnenuanit cocraBHON THIT, KOTOPBIM MBI PACCMOTPHUM B HACTOSIIEM pa3-
nejie, ectb mun senucu. 3anucu B ML amanorwunsr 3anucam B Pascal’e,
crpykrypam B C u 1.71. 3amuch COCTOUT U3 KOHEYHOIO MHOXKECTBA ITOMEYEH-
HbIX HOJ’[eI‘/'I7 KazKJa0€ U3 KOTOPBIX ABJIACTCA 3HAYCHUEM HEKOTOPOTO THUIIA; KaK
U B CJIy4ae yHIopsiJIOUeHHBIX SHOK, PA3IMIHBIE IO/ MOI'YT UMETh Pa3JIndHble
Tunbl. 3aIMCh 332eTCA OCIEI0BATENbHOCTHIO PaBeHCTB B (popme [=e (rue
[ ecTb MeTKa U e — BBIpayKeHUeE), 3aKII0UCHHOI B durypHbie ckooku. Kax-
JToe PABEHCTBO [=e yCTAaHABINBAET 3HAUEHUE TT0JIsI, TOMEIEHHOTO MeTKOi [=e,
PaBHBIM 3HAYEHUIO BhIPDaXKEHUA €. TI/IHOM 3aIlTUCH dBJIACTCA II0CJICI0BaTEC/Ib-
HOCTB 1ap Buja [ : 7 (rye | ecTh MeTKa, ¥ T — THUI), PA3/IEJI€HHBIX 3ASTHIMI U
BaK/II09EHHBIX B purypubie ckobku. [lopsamok paBeHCTB, 3aJaf0MMX 3AIUCH,
He UMeeT 3HAYEHUS: KOMIIOHEHTBI 3allUCU OIIPEJEAIOTCA CBOUMY METKAMHE, &
HE IIOJIOXKEHUEM B 3alllICH. PaBeHCTBO AJIA 3anuceii — IMOKOMIIOHEHTHOE: ABe
3alUCH PABHBI, €CJU OHU UMEIT OJHO M TO YK€ MHOXKECTBO METOK MOJIell, n
IIOJId, TIOMEYECHHBIC OAMHAKOBBIMU METKAaMW, MMECIOT PAaBHBIC SHAYCHUA.

{name="Foo", used=true };

> {name="Foo", used=true }: {name:string, used:bool}
{name="Foo0", used=true } = { used=not false, name="Foo"};
> true : bool
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- {name="Bar", used=true} = {name="Foo'", used=true};
> false : bool

VHoopsamodeHubie SHKN ABISIOTCH YaCTHBIM CAYYIaeM 3amuceil: yrmopsio-
YeHHAs DHKA TUIIA O1%09%...*0, SBJISETCHd COKPAIIEHHBIM 0003HAaYeHUEM
ns 3ammcu tuna { 1:01, 2:09,...,n:0, }. Hanmpumep, Boipaxkenus (3,4)
u {1=3, 2=4} 0003Ha4YalOT B TOYHOCTH OJHO I TO KE€.

Ha »Tom 3aBepiraercs maie BBeIeHHE B NEPBUYHBIE TUIIbI, 3HAYCHUS U
BeIpazkennda a3bika, ML. Mbl xoruMm obparuTh Ballle BHIMAHHE HA TO, 9TO
3HAYEHUS BCEX PACCMOTPEHHBIX TUIIOB CTPOSATCS HEKOTOPBIM eMHO0OPA3HBIM
MetomoM. JIist Kayk10ro THIla WMeeTcs CBOM HAbOp (hopMaToB BBIPAXKEHUI,
3a/A0IMUX 3HAYEHUS ITOTO THHA. [ aTOMapHBIX TUMIOB TAKUMU BhIPaXKe-
HUAMU ABJIAIOTCH KOHCMAHMDY, ITUX TUTOB. Hampumep, KOHCTAHTAMY THUIIA
int gBJSIOTCS MOCTEIOBATENIbHOCTH UMD CO 3HAKOM, a KOHCTAHTAMU TH-
na string siBAAIOTCH OCIEA0BATEIBHOCTH JUTED, 3AKIIIOUEHHBIX B JBOMHbBIE
KaBbIYKH. 151 COCTABHBIX THIIOB 3HAYEHUS CTPOSITCS C TIOMOIIBI0 KOHCINPYK-
mopos 3navenul, MYHKIMEH KOTOPBHIX dBJISETCH MOCTPOEHWE 3HAYEHUN CO-
CTABHOI'O TUIIA U3 3HAUYeHU KoMnoHeHT. Hampumep, KOHCTPYKTOD maphl, 3a-
nuckiBaeMbIil kak ( , ), 6eper jaBa 3HadeHUs U POPMUPYET U3 HUX ZHAUCHUE
Trna “yrmopsaodennasa mapa’. AHATOTHYIHO, nil U : : ABJSIIOTCI KOHCTPYKTO-
pamu, KoTopbie POPMUPYIOT 3HAUEHME TUITa, “CrucoK’. CUHTAKCUC 3aITUCH MO-
JKeT TaKXKe PACCMATPUBATHLCA KAK KOHCTPYKTOP. Takoil B3T/IA] HA JAHHBIE,
Kak Ha (POpMHUpYEeMble U3 KOHCTAHT C MOMOIIbIO KOHCTPYKTOPOB, SIBISETCH
ocuoBomnoararonuM B ML u 6ymer urparh BayKHYIO POJIb B IOCIEIYIONMIAX
pPacCMOTpEHUSX.

B ML wmeercs emie ojinH 09eHb BaXXKHbBIH THO, Tl GyHKIMA. OgHAKO
mepeJ; TeM, KaK HTPUCTYIUTH K PACCMOTDEHU (BYHKINH, Mbl PACCMOTPUM
pasuubble POPMbl 006A6A€HUT U OCHOBHBIE BUJbI Bhipaxkenuil 8 ML. Dro
0bJIeruT nocaeayIee u3yueHne pyHKITi.

2.3 MWNpentudukaTopbl, IPUBI3KN U 00bABJIECHU

B sTom pazmesne mbr BBemem nonaTue 006464eHUA; O0bABICHUT UCIOJIB3Y-
forcst B ML g Benenust nnentudgukaropos. Kax il nneHTHUKATOD II6-
PeJl UCIIOTb30BAHUEM JIOJIXKEH OBITH 00bsAB/IEH (MMEHA BCTPOEHHBIX (DyHKIMI
— TaKuX, KaK + WK Size — cunTaioTcs 0ObsiBaeHHbIME 3apatee). Vnentudu-
KaTopbl B ML MOTYT MCIIO/IB30BATHCI MHOTUMY PA3THYHBIMY CIOCODAMU, U B
COOTBETCTBUU C STUMU CIIOCODAMU CYTIECTBYIOT pazJyindnbie OPMbI 00'bABIIE-
Huii. B HACTOSIIEM pa3jiesie Mbl PACCMOTPUM UJeHMUPUKAMOPLE 3HA%EHUL,
i nepemertvie. IlepeMentas BBOIUTCA TTyTEM NPUGA3KY UACHTHPUKATOPA
K 3HavueHmnto. Hanpumep:

- val x
> val x

4%5;
20 : int
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- val s = "Abc"A"def";

> val s = "Abcdef" : string

- val pair = (x, 8);

> val pair = (20, "Abcdef"): int * string

®paza val x = 4%5 mHazpiBaeTca npusaskol K 3Hauenu1o. ITobbI BBITIO/I-
HUTH npuBga3Ky, ML Bbrauciiger 3HadeHne BbIPDAXKEHUs CIIPABa, OT 3HAKA pa-
BEHCTBa U yCTAaHAB/IMBAET 3HAYECHUE [IEPEMEHHON, YKa3aHHO! Cc/ieBa 0T 3HaKa
PaBEHCTBaA, PAaBHBIM BBLIYNCJICHHOMY 3HAYEHUWIO. B TPUBEAECHHOM BBIIIE TIPU-
Mepe X mpuBsasbiBaeTcd K menomy uncay 20. [locae sroro nnentndukraTop x
HaBCETJa OCTACTCA MPUBA3AHHBIM K 3TOMY 3HAYEHWIO; TaK, 3HAYCHUEC (X,S)
obpaszyercss u3 3nadyenuit x u s. Obparure BHUMaHUEe HA TO, YTO BbIIAa4Ya
ML Tenepb CJeTrKa OTJINYaACTCA OT IMPUBOAUMBIINXCA PaHee: Iepe] SHAYCHeM
nepeMenHoil nevaraercd “x = 7. Ilpuuunoit 3TOrO dABJISETCH TO, YTO CpPa3y
mocye Toro, Kak uiaentudukarop odbasien, ML medaraer ero ompeesenne
(dbopma ompeiesieHnst 3aBUCUT OT COPTa UACHTH(MUKATOPA; TIOKA UTO MbI BU-
ACJIN TOJIBKO IIEPEeMEHHbBIE, IJId KOTOPBIX OIIPEeJCJICHUEM ABJIACTCA 3HAYCHUE
nepemennoii). HamomuanM, 910 KOrJa Ha BEPXHEM YDOBHE THAJOTa (B OTBET
Ha 3a11pocC BBOILa) BBOJUTCA BBIPDa2KCHHE, TO OHO BBIYMC/IACTCA, U 3aTeM IIe-
JaTaeTcst ero 3nadenne BMecte ¢ TunoM. Ha camowm mene 3mech ML ipuBs3nI-
BAET K 3TOMY 3HAUEHUIO UACHTU(MUKATOD 1t, Tak 9TO B JaJbHEHIMX (hpazax
BEPXHEr0 YPOBHHA AMAIOTA UAEHTH(MUKATOD 1t MOXKET MCIOIb30BATHCA I
JOCTYIA K STOMY 3HAYCHHIO" .

Baxkuo ormernTh omyimune moHaTHs mepeMmenHoit B ML oT moHsTHS TIe-
pPEMEHHO# B JIpyruX #3blkax mporpammupoBanud. ObbsaBienne mepeMeHHon
B ML 6osee moxoxke Ha ommcammne const B Pascal’e, mexxenm Ha ommcamme
var; B YaCTHOCTH, IIPUBS3KA HE ABAACMCA NpucBanBanneMm. Korjia HEKOTO-
PBIit uAeHTHPUKATOD IPUBA3LIBAETC K 3HAUECHUTO, ‘CO3AACTCHA HOBVIT MACH-
TudUKATOp — U OH HE MMeeT HHKAKOTO OTHOIIEHWS K (BO3MOYKHO) paHee
00bIBJIEHHOMY TAaKOMY kK€ mieHTuduKaTopy. bBojee Toro, mocjie Toro, Kak
UJIeHTUMOUKATOD TPUBA3AH K 3HAYEHUIO, HET HUKAKOI'0 CII0C00a U3MEHUTH 3T0
3HAYEHUE: eT0 3HAUYEHUE BCET/IA OCTAETCST TEM, K KOTOPOMY MbI TIPUBSI3AJU €70
B MOMEHT O6’b${BJ’[€HI/IH. EC.HI/I Bbl HE3ZHAKOMBI C (byHK]_[I/IOHa.HbeIMI/I A3BIKaA-
MU TIPOTPAMMHUPOBAHUS, ITO MOXKET MOKA3aThCsI HECKOJBKO CTPAHHBIM; I10-
JOXKJIUTE, TTOKa MBI HE PACCMOTPUM IIPUMEPBI IIPOTPAMM U He ITOKaXKeM, KaK
9TO MOZKET UCIOIb30BaThCsd. Tak Kak panee o0bsABIEHHBIE HIEHTUMUKATODPHI
MOTYT 6bITb IPpUBA3aHbl K HOBBIM 3HAYCHUAM, HeO6XO,ZLI/IMO YTOYHUTH, Ka-
Kasi U3 MPUBA30K JI0J2KHA ObITH MCIOJIB30BAHA B JAHHON TOUYKE MTPOTPAMMBI.
JlapaiiTe pacCMOTPUM CJIEIYIOIIYIO TOCIEI0BATETEHOCTD TPUBAB0K:

- val x = 17;

"TaxuM 06Pa3OM, MOKHO CUMTATE, UTO BBOJ, HA, BEPXHEM YPOBHE IMAJIOTA BEIPAYKEHIS €
SIBJISTETCSL COKpAIeHHON (opmoit mia “val it = €. B Hexoropsix peanmsarusax ML sTor
dakr ABHO OTpazkeH — B OTBET Ha BBOJ, BbIDaXKeHUs Ievaraercd “val it = sHadzenue
Tun” (BMECTO MPUBOAMMOI 3/1€Ch B IPUMepaX BhIIAYH ‘‘sHavenue : Tur’’). (IIpum. nepes.)
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>val x = 17 : int

- val y = x;
>val y = 17 : int

- val x = true;

> val x = true : bool
- val z = x;

> val z = true : bool

Bropas mpussska x “3acsioHseT’ mepByi0 (HO He OKa3bIBAET HUKAKOTO
BJIMSIHUS HA 3HAYEeHMe nepemMeHHoil y). Begkuil pas, xorpa ugeHtuduxkarop
UCTOJIL3YETCAd B BBIPDA?KEHUU, OH CHUUTAECTCA CCHIIAIOIMNMCA Ha TEKCTYAJHHO
HIMKANTITYI0 OO BEMJTIONTY IO TTPUBA3KY ITOTO uaeHTU(huKaTopa. Takum obpa-
30M, UCIIOJIB30BaHUE X B HpaBOﬁ HaCTU IPUBAZKN I/I/:[eHTI/I(l)I/IKaTOpa Z CChlJIa-
eTCst Ha BTOPYIO TMPUBA3KY UACHTU(MUKATOPA X, W [M0ITOMY 3HAYEHUE Z €CTh
true, a He 17. DTO HPaBUJIO AHAJOTMYHO IIPABUIAM BHIMMOCTU B A3bIKAX
¢ 6souHOit cTpyKTypoii. C TOMOIIBI KJIYEBOIO CI0Ba and, UCIOIb3yEMOT0
B Ka4deCTBe Da3genTesid, MOXKHO TIPUBA3aTh K 3HAYCHUAM CPa3y HECKOJBKO
HIEHTH(OUKATOPOB:

- val x = 17;

>val x = 17 : int

- val x = true and y = x;

> val x = true : bool
val y = 17 : int

ObpaTuTe BHUMaHWE Ha TO, ITO y MOJyYaeT 3HadYeHwe 17, a He true!
HeckoabKo npuBs30K, COEAMHEHHBIX CI0BOM and, BHIYMCIAIOTCS [1aPa/LIe/ib-
HO — CHAYaJIa BBIUUC/IIIOTCS WX [IPABble 9aCTH, a 3aTeM HIeHTH(UKATOPEI,
YKA3aHHBIE B JIEBBIX YACTAX, IPUBABBIBAIOTCS K [OJYYCHHBIM 3HAYEHUSIM.

JL1st Toro 9To6b! MPOIOIKUTE N3/I0KEHIe, HaM HY?KHO BBECTU HECKOJIBKO
oupeneaennii. Mul 6y1eM TOBOPUTH, UTO POJIb OOBLABIECHUS COCTOUT B OIIPE-
JleJIeHnr UAeHTUhUKATOpa i JaJLHERIIero UCIoaIb30BaHud B IIPOrpaMMe.
CyecTBy0T pa3aIndHble BO3MOKHOCTH HCIIOJIB30BAHMS UICHTHPHUKATOPA B
[IporpamMMe; OJIHIUM U3 HUX SBJISETCA UCIO/Ib30BAHNE B KAYECTBE [IePEeMEHHOI.
Yrobbl onpeaeanTh UACHTUMHKATOD I KaKOH-HUOYIb Iesn, HeoDXOIMMO
WCIOTB30BaTh MPUBSI3KY, COOTBETCTBYIOIIYIO 9T0l meau. Hampumep, arobb!
OIPEeIeIUTh UACHTU(MHUKATOD KaK IEePEMEHHYIO, CJIeAVeT HCIOJb30BATh IMPH-
BSI3KY K 3HAUEHUIO (KOTOPasi PUBA3LIBAET MEPEMEHHYIO K 3HAYECHHUIO U yCTa-
HaBaWBaeT ee Tun). JIpyrue ¢opmbl mpuBsS30K OyayT BBEIEHBI M03XKe. B 06-
IMEM CJIydae, POJib OOBABIEHUS COCTOUT B HOCTPOEHUH HEKOTOPOH cpedol,
KOTOpas OIpeIesieT CMBICT BCeX O0bABMEHHBIX naeHTHguKaTopos. Hampn-
Mep, MOCJIe BBIMOIHEHNS IPUBEISHHBIX BLIIIE NPUBA30K K 3HAUCHUAM CPEIa
COZIEPKUT UHPOPMAIIIO O TOM, UTO 3HAYEHWE X eCTh true W 3HAUEHWe ¥
ecThb 17. Bolamciaenne BhIpaKeHusI BCETIa IIPOMCXOINT B HEKOTOPOi cpene; B
VIOMSHYTOMH Cpejie 3HAUEeHHEM BhIpaskKeHus X Oyaer true.
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Touno Tak ke, KaK BLIParKeHHS MOTI'YT OLITh COEIUHEHLI APYL ¢ APYyTOM
oneparnusaMu (Kak, HATIPUMED, CIOKEHWEe MIu 00PA30BAHWE yIIOPATOYEHHOM
Maphbl) € MEJbI TOJYyYUTh HOBBIE BBIPAKEHNUsI, 00bABJICHUST MOTYT ObITH CO-
CANHECHLI C ,Z[pyFI/IMI/I O6”bHBJ'[eHI/I$[MI/I. PeSyﬂbTaTOM COCTaBHOT'O O6’b${BﬂeHI/IH
ABJISIETCS CPea, KOTOpas OIPEeIeIsieTcs CPeIaMiu, IMOPOXKIAeMBbIMA KOMIIO-
HEHTAMMU COCTaBHOrO 00bspiaeHust. OJuH U3 ClIOCODOB CoeluHEeHUs 00bABIIe-
HU# MBI y2K€ BHIEJN: TOUKA C 3aIMATON IIO3BOJAET CTPOUTE NOCACIO8ATNEAD-
HYI0 KOMNO3UYLUIO cped®.

- val x = 17; val x = true and y = x;

>val x = 17: int
> val x = true : bool
val y = 17: int

Korga nsa o0baABIEHNsT COSIMHSIIOTCS TOYKON ¢ 3amsaToit, ML cHadasa BbI-
YUCISIET JeBoe 0ObIBICHNE, TOPOXKIAA cpeay &, a 3aTeM BBITUCAAET MPaBOe
obbapaenne (B cpeme &), mopoxkaasa cpeay €. Bropoe obbaBaeHne MOKeT
CKDBITh KaKHe-TO MJEHTU(OHUKATOPBI W3 NEPBOr0 00bLABICHNs (KAK TTOKA3AHO
B IIpUMepe).

Taxke MMOJIE3HO UMETh A0KAALHBIE OOBSIBIEHUS, POJIb KOTOPBIX COCTOUT
TOJIBKO B TOM, 9TOOBI 0OJIETIUTH MOCTPOEHUE JPYTUX OOBABICHUNH. DTO MO-
JKeT OBITh CIeJIAHO, HATPUMED, CAEAVIONINM CIOCO00M:

- local
val x = 10
in
val u = x*kx + X*x
val v = 2*x + (x div 5)
end;
> val u = 200 : int
val v = 22 : int

IIpuBszka waenTndUKaTOpPa X HABJISETCH JOKAJBHOW 110 OTHOIIEHUIO K
TTPUBA3KAM I/I,ZLeHTI/I(bI/IKaTOpOB u " vVv; X JOCTYIHO B TPOIECCE MPUBA3KU U
¥ Vv, HO HE JaJbIIE. DTO OTPAXKEHO U B PE3yabTaTe 0ObABACHUS: 0ObLIBIIE-
HbI TOJIBKO U U V. I/IMeeTCH TaK>K€ BOBMOXKHOCTH JIOKAaJIU30BATH O613HBJ’[€HI/IQ,
UCIIO/TH3YEMO€ TIPU BBIYUCIEHUS BhIPAYKEHUS:

- let
val x = 10
in
x*x + 2%x + 1
end;
> 121: int

#Touka ¢ 3anaToil mo CHHTAKCHUCY HeODsS3aTesIbHA: [IBE IMOCIeI0BATEIbHbIE IIPUBA3KH K
3HAUEHUIO CUUTAIOTCA Pa3eJIeHHBIMUA TOYKOU C 3amaToi
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O6bsBienne X sIBJIAETCs JIOKAJIBHBIM U TI09TOMY HEBHJIUMO 3a IIpEeJIesia-
MU TPUBEJEHHON KOHCTPyKImu. Temo KoHcTpykimu let (pacmosararoreecs
MEZKJIy KJIFOUEBBIMH CJIOBAMHU in U end) BBIYUCJSIETCS B CpeJe, MOy IeHHO
B PE3yJIbTATE BLITUCICHUs 00bLABICHUN, PACIOI0KEHHBIX epen in. B opu-
BEJIEHHOM IIpUMepe, PACIIOJIOKEHHOEe TaM O00bsiBleHUEe ITPUBSI3bIBAET WUJIEH-
TudpukaTop x K 3uadenuio 10. B mosydennoii cpeje 3HadeHne BbIPAXKEHUS
x*x+2%x+1 ecTb 121; 970 3HaYeHue u OyaeT 3HAUEHHEM BCErO BHIPAKEHISI.

Yupaxkuenune 2.3.1 Kaxol pesyavmam bydem naneuamar ML-cucmemot
6 omeem 1a 6600 CAeIYIOWUT 06BA6ACHUT (NPEONOAALAEMCA, HIMO HEMm HU-
KaKux Opyaur npusA3or 0is X, y U z):

1. val x=2 and y=x+1;
2. val x=1; local val x=2 in val y=x+1 end; val z=x+1;

3. let val x=1 in let val x=2 and y=x in x+y end end;

2.4 OO6pa31bl

Kax BbI, BeposTHO, 3aMETH/IN, IOKA YTO y HAC HE UMEETCd CPEACTB JJIs
BBIJIEJIEHUsI, HAIPUMED, TEPBOr0 UjeHa yIOPSI0YeHHON mapbl. Boigenenne
qacTell COCTABHBLIX 3HAYEHHI BBIMOJIHAECTCA C IIOMOIIBIO CONOCMABAECHUA C
06pa3yom. 3HAUEHUsI COCTABHBIX THIIOB CAMU SIBJISIFOTCSI COCTABHBIME; OHU
CTPOSATCS U3 COCTAB/IAMONINX X 3HAUEHNH C IIOMOIIBIO0 KOHCTPYKTOPOB. Ecte-
CTBEHHO WMCIOJIB30BATh aHAJOTUUHYIO KOHCTPYKITUIO /ST Pa3/I0KEHN NX Ha
COCTABJISIONTNE 3HATCHUSI.

TIpenmonoxxmm, a0 x mMmeer Tum int*bool. Torma x aBaseTcss mapoit,
JIeBas KOMIIOHEHTa KOTOPOI ABJISIETCS IEJABIM, & IpaBasd — JIOTHIeCKM. MbI
MOXKEM TTOJIYYUTh 3HAYEHUs JIEBOM U MPaBOl KOMIIOHEHT, UCIIOJIB3YS CASIY-
foIIyI0 0606MIeHHYI0 (GOPMY IPUBAZKH K SHAUCHUIO:

- val x (17, true);
> val x (17,true) : intx*bool
- val (left, right) = x;
> val left = 17 : int
val right = true : bool

JleBasi yacTb BTOPOl HMPUBS3KU siBisgeTcs obpasyom. B obiem ciaydae o6-
pas3en CTpoUuTCd M3 IMEPEMEHHBIX W KOHCTAHT C HOMOIIBIO KOHCTPYKTOPOB.
Takum obpazoM, 0Opa3err ecTh BhIpaXKeHHe, BOZMOKHO, BKIOUIAIONIEE TTepe-
MenHbIe. OTINYNE OT paHee PACCMATPUBABIINXCST BBIPAXKEHNN COCTOUT B TOM,
uTO B 00pasile TepeMenHble He n300paKaioT 3HAUEHUS OTpejieIeHHbIe TTPe-
IECTBYIOIUMHY TTPUBSI3KAMU, & sIBJAIOTCA [TEPEMEHHBIMU, KOTOPBIE JTOJI?KHBI
OBITH MPUBS3AHBI K 3HAUEHWSM B MPOIECCe COTIOCTaBJIeHUsT ¢ obpasrmom. B
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IIDUBEJIEHHOM BLINIe npuMepe left u right cyThb HOBBIE MJIEHTUMUKATODHI,
KOTOpBIE JOJIXKHBI OBITH NpUBS3aHbl K 3HaveruaM. Comocrasienue ¢ obpas-
1IOM COCTOUT B TIApaJIebHOM PA3JI02KEHNN HA COCTABHBIE YaCTU 3HAUEHUs X
u 06pastia, ¥ COMOCTABIEHUN KOMIIOHEHT 3HAYEHUST C COOTBETCTBYFOIIUMEI UM
vacTsmu obpasna. llepemernasi MOKeT ObITH COMOCTABJIEHA C JIFOOBIM 3HAUE-
HHEM, W TOT/ia HeHTU(UKATOD IPUBI3BIBACTCI K ITOMY 3Ha4YeHU0. Ecim
ke obpaserl COJep:KUT KOHCTAHTY, TO OHA JIOJ2KHA COBMAJAaTh C COOTBET-
CTBYIOIIEN JacThbIO 3HAUEHUHA, ¢ KOTOPBIM BBITIOJHAETCS COMOCTaBAeHNE. B
IPUBEJIEHHOM BBIIIEe MPUAMEPE, MOCKOJIBKY X SABJIACTCA YIMOPAJOYCHHONW Ma-
poii, comocTaB/IeHne 3aBePINACTCS YCIENHO; TPU 9TOM JieBasd KOMIIOHEHTA X
nprBasbiBaeTca K left, a mpasag — x right.

Ob6parure BHUMaHUE HA TO, YTO MPOCTEHIITNM CaydaeM 0Opasia siBJiger-
ca mepemenHasi. TakuM 06pa3oM, pacCMOTPEHHAsT PAHEE TPUBSI3KA STBJISETCS
YACTHBIM CJIYYaeM COTOCTABJIEHUS ¢ 00Pa3IOM.

BeccMbICIeHHO THITATHCS COMOCTABUTE, HATIPUMED, IEJI0€ ¢ YIOPSI0YeH-
HO# mapoit wiin crucok ¢ 3anuckio. [losromy nrobast Takast MOMBITKA PACCMAT-
pUBaeTCAd KaK OH.[I/I6K& B COIJIaCOBaHUMU THUIIOB, U O6Hapy)KI/IBaeTCH CTaTu4e-
CKH, T.e. B Iepuo;] KoMmmumwianuu. OIHAKO, COMOCTaBIeHUE C 00PA3IOM MOXKET
OTEepHeTb HEYy/lav9y U JUHAMUYECKHU, T.€. BO BpEeMd UCIIOJHCHUA IPOTIPAMMbI:

- val x = (false, 17);

> val x (false,17) : boolxint
- val (false, w) = x;

>val w = 17 : int

- val (true, w) = x;

Failure: Match

ObparuTe BHUMaHWE Ha TO, 9TO BO BTOPOH W B TpeTheil MPUBsS3Ke obpa-
3eI] COMEPZKUT KOHCTAHTY B KaUeCTBE JIEBOT'O WIEHA YIOPAJOYCHHON Maphl.
Tonpko mapa ¢ TakuM K€ 3HAUEHWEM JIEBOTO UJIEHA MOXKET OBITH YCITEITHO
comocTaBJieHa ¢ TakuM obpasziom. Bo BTopoM ciiydae 3T0 yCJIOBHE BBIIOJIHE-
HO, W COITOCTABJIEHIE 3aBEPIIAeTCs YCIIEITHO, TPUBA3bIBas UAeHTH(MOUKATOD W
K 3HavyeHuro 17. B mocjieieM 2Ke ciiyuae yCJIOBHE HE BBIIIOJIHEHO; COOOIIe-
uue Failure: Match rosopuT 0 TOM, 94TO B IIE€PHO] UCIOJTHEHUA BOZHUKJIA
omubKa, IMpU COMOCTABIEHUH C 0OPa3IOM.

Cormocrapiienne ¢ 06pa3moM MOYXKeT OBITh BBIIOJHEHO JIJIsl 3HAUYCHUN HMe-
IOMUX JIF000I U3 BBEJEHHBIX paHee TuioB. Hamnpumep, Mbl MOXKeM MOJTYYUTH
KOMIIOHEHTbH! TPEX3JIEMEHTHOI'O CINCKA CJE/YIONMM 00pa3oMm:

- val 1st = [ "Lo", "and", "behold" 1;
> val 1st = [ "Lo", "and", "behold" ]: string list
- val [x1,x2,x3] = 1lst

> val x1 = "Lo" : string
val x2 = "and" : string
val x3 = "behold" : string
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D10 paboTaer MpeKpacHo — JI0 TEX IO, MOKA Mbl 3HAEM JJIMHY CITUCKA.
Ho xax 6BITH B cIyuae HEMyCTOTO CIUCKa 1§t MpOoM3BOIbHON Aauabl! fICHO,
YTO €ro HEBO3MOYKHO PA3JI0KUThH HA KOMIIOHEHTHI C [IOMOIIBIO OTHOrO (hUK-
cuposanuoro obpasmal Tem He MeHee, MBI MOYXKEM PA3JIOKUTH 1st, onmupasich
HA UHOYKMUSHOE ONpedeserue Cnucka.

- val 1st = [ "Lo", "and", "behold" 1;
> val 1st = [ "Lo", "and", "behold" ]: string list
- val hd :: tl = 1st;
> val hd = "Lo": string
val t1 = ["and","behold"]: string list

31eck hd TpUBS3BIBACTCS K 3HAYCHHIO TIEPBOTO 9JIEMEHTa CUCKa 18t (Ha-
3BIBAEMOTO 2040600 (head) cnucka 1st) u t1 IpUBA3LIBAETCH K CIHCKY, T10-
JIyYAIOIIEMYCsl TI0CJIe YJIaJeHusl IepBOro 3jieMeHTa u3 1st (3ToT Cnucok Ha-
3pIBAETCsE £60cmom (tail) cimcka 1st). Tunom hd siasierca string, a tunom
tl — string list. [Ipuumna 3T0ro B TOM, YTO KOHCTPYKTOD :: Tpebyer B
Ka4ecTBe JIEBOTO apryMeHTa 3JIEMEHT CIUCKA, & B KAUeCTBE MPABOTO — CIIH-
COK.

Yuapaxkueuue 2.4.1 Ymo npousotidem, ecau mor nanuwem [hd,tl]l=1lst
sMeECMO Mo20, 4mo Obiao nanucanue eviwe? (Ilodckaska: Bamenume coxpa-
wenue [hd,t1l] noanot 3anucvio.)

IIpenmosnioxkum, 4TO HAC MHTEPECYET TOJBKO roJioBa crucka. Torja Ham
He3a9eM TPUIHCHIBATH UM XBOCTY (C €THHCTBEHHOI TIEThI0 HEME/JIEHHO €r0
3a0b1Th). YT06BI M36ABUTHCST OT HEOOXOAMMOCTH BbIyMBIBATH UMEHA, KOTO-
pble B JlajbHeNnIeM Bce PaBHO He OyjnyT HCHoJbL30BaThesl, ML mozBosger
LMCATH BMECTO HUX YHUBEPCAAbHul obpaszey, nian docokep (0bo3HagaeMblii

sHakoM “_” — MOMYEPKUBAHME), KOTOPbIH MOXKET OBITH COMOCTABJIEH C JIEO-

6BIM 3HAUEHNEM 0€3 NMPUBSI3KKA K HEMY HIeHTUMHUKATOPA.

- val 1st = [ "Lo", "and", "behold" ];
> val 1st = [ "Lo", "and", "behold" ] : string list
- val hd :: = 1st;

> val hd = "Lo" : string

Cormocrapiienne ¢ 06pa3ioM MOXKeT ObITh PUMEHEHO U s 3aluceil, u,
KaK Bbl MO2KCTEC IIPDCAIIOJIO?KUTD, A€/JIaeTCAd 3TO C IOMOIIIBIO ITOMEYCHHbBIX I10-
qeit. Cremytommit TpuMep WILTIOCTPUPYET COTTOCTABIEHWE € OOPA3IIOM I
3alucei:

- val r = {name="Foo0", used=true};
> val r = {name="Foo",used=true} : {name:string,used:bool}
- val { used=u, name=n } = r;
> val n = "Foo" : string
val u = true : bool
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Wrorpa ymo6HO BBINIOIHUTE 9aCTUYHOE COMOCTABJIEHUE 3alUCH ¢ 0Opas-
IIOM. DTO MOXKET OBITH BBITIOJHEHO € TOMOIIBI) YHUBEPCAALHO20 00DA3UA 0N
sanucell, Kak B CJIeIYIONEM MPUMEDE:

- val {used=u,...} = r;
> val u = true : bool

CyiecTBeHHBIM OrpAHUYEHUEM TIPU UCIIOJIB30BAHUNA YHUBEPCAJIBHOIO 00-
pasia Ijis 3auceii sIBJISeTCs CAeIYIONIee: MOTHBIN THIT 3AMUCH J0JIXKEH OTTpe-
JEJIITHCST Ha, STAIe KOMIUISIUE (T.€. TIOJHBINH CIIMCOK UMEH IOJIeH 3aliuCh 1
UX TUTOB J0JIZKEH OIPEIEIATHCA [0 KOHTEKCTY, B KOTOPBIN BXOAUT 00paser).

TlockombKY BBIIE/IEHIE OMHOTO TTOJIST W3 BAITUCH ABJISIETCS TITUPOKO PACIIPO-
CTpaHeHHON omeparueil, /iJist Hee MPelyCMOTPEHO ClelnabHOe 0003HAUEHNE:
[oJIe Name 3aIMUCH T MOXKeT ObITh 0003HaueHo Kak #name r. Ha camom gese
#name sBJseTcd He Hojiee YeM COKPAIEHHBIM 0003HAaYeHUEM it PYHKIUN
fn {name=n, ...} => n, Begensromeii nosie name u3 3amucu. [losromy, B
YaCTHOCTH, TUIT 3allCHU JOJIZKEH ONPeaAe/IAThHCA N3 KOHTEKCTa, B KOTOPOM 3Ta
dyukiums ucnoab3yercda. Haopumep, fn x => #name x Oyzer ommbKOi, 1mo-
CKOJIbKY TUII 3allVICHU X HE OoTIpeae/ideTCd OAHO3HAYHO KOHTEKCTOM. HOCKO.HLKy
YIOPSITOYEHHbBIE SHKW SIBJISTIOTCST YACTHBIM CIy9IaeM 3aluCh (MMeHAMU moJIeit
y HUX SBJISIOTCS TIEJIBbIE 9UCAA OT 1 /10 1), i-Tas KOMIOHEHTA YIIOPSTOUEHHO
SHKU MOKET OBbITH BBIJEJIEHA C TIOMOIIBI0 QyHKIUN #1

O6pasibl MOTYT BKJIAJIBIBATLCS JAPYT B JIpyra, KAK B MIPUBOTUMOM HUZKE
npuMepe:

- val x = (("foo",true), 17);
> val x = (("foo",true), 17) : (string+*bool)=*int
- val ((11,1r), r) = x;
> val 11 = "foo" : string
val 1r true : bool
val r = 17 : int

WMuorga 6piBaer ymobHO BBECTH “TIPOMEKYTOUHBIE TEpEeMEHHBIE B 00-
pasie. Hampumep, HaM MOXKeT MOHAI0OMTHCS OpHBs3aTh K mape (l1,rr)
uAeHTHOUKATODP 1. DTO BBIMOJHSIETCH € [TOMOIIBIO MHO20YPOSHEEHIL 06Da3-
yo6. MHOTOYpOBHEBBIN 06pa3ell MoydaeTcs IMyTeM IIPUIUChIBaHUsS 00pasiia
K TIepeMEHHON BHYTPH JAPYroro o0pasia, Kak B CJASTYIONEM TTPUMEDE

- val x = (("foo", true), 17);
> val x = (("foo", true), 17): (string+xbool)=*int
- val (1 as (11,1r), r) = x;
> val 1 = ("foo", true): string*bool
val 11 = "foo": string
val 1r true : bool
val r = 17 : int
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31ech comocTaBeHne ¢ 00pa3oM BLITOJIHSIETCS OOBITHBIM CIIOCObOM: 1
U T UPUBA3LIBAIOTCH K 3HAYEHUSM JEBOI M IIpaBoOil KOMIIOHEHT X, HO JO-
IOJTHUTEILHO IMPOU3BOINUTCS COIOCTABJICHHE IIPUBI3AHHOT0 K 1 3HAUEHHUs C
obpaszmom (11,1r). Pesyabrar BRIBOAUTCA KaK OOBIYHO.

Wmeercst erre om0 BazKHOE OrpaHuyeHne: JII00ast mepeMeHHast MOKeT BXO-
JUTH B 0Opazer ToJBKO 0/nH pa3. B gacrHocTH, HETB3sI 3a,1aTh 0Opasert Bpoie
(x,X) — KOTOpBI 10KEeH ObLT OBl OBITH COITOCTABUM TOJIBKO C CHMMETPHY-
HBIMH IMapaMu. JTO OTPAHUYCHIE HA IPAKTHKE He BLISBIBACT TPYIHOCTE!H, HO
VIIOMSTHYTEH €70 HeOGXOAMMO.

Yupaxkuenue 2.4.2 [Tocmpotime obpasey, xomopwuili npusasvean 6w nepe-
MEHHYI0 X K 3Ha4enuto O npu CONOCMaABAEHUU CO CACOYIOULUM BBEPANCEHUEM
(nanpumep, ecau dano ewipasicenue (true,"hello",0), 06pasuom AoANHCHO
ooemo (_,_,x):

1. {a=1, b=0, c=true}
2. ["2, "1, 0, 1, 2]

3. [(1,2), (0,1)]

2.5 Omnpenenenus pyHKITIA

MBI yiKe UCTIOIB30BAIH TIPEJOIPEIeIeHHbIE (DYHKITUU, TaKue, Kak apud-
METUYIECKUEe OTIePAITUH U OTIEPAIMH CPABHEHNA. B 9TOM pas3iesie Mbl PACCMOT-
PUM NpUBA3KU K GYHKUUOHAALHBM 3HAYERUAM, TTOCPEJICTBOM KOTOPBIX B ML
OIIPEAEAIIOTCA HOBBIE (DYHKITHN.

Haunewm ¢ HeckoJIBKUX OOMINX 3aMevyaHuil, KAaCAIIUXCd TOHATHA (DYHK-
mur B ML, OyaKIUY UCHOIB3YIOTCA IIyTEM NPUMEHEHUA UX K apPryMEHTaM
(MBI OyeM TaKzKe WCIOIb30BATh TEPMUH annaukayus). CHHTAKCHIECKH 9TO
3aMUCHIBAETCST KAK JBA BBIPAKEHUsI OJHO 3a JIPYTUM (3HAYEHHEM TePBOrO
BBIPAXKEHUSA JOJIKHA SIBAATHCA (DYHKIWA, & 3HAUYEHUEM BTOPOTO — ee ap-
IYMEHT) — Kak, HalpuMmep, size "abc" mis BbI30Ba (DyHKINU Size ¢ ap-
rymenToMm "abc". Bee dyukimu gBagiorca HyHKIMIME OTHOTO aPTyMEHTA;
py HEOOXOIMMOCTH HCIOIh30BaTh (DYHKINHU (COAEPKATENBHO) HECKOJbKIX
APryMeHTOB, N apryMeHToB (pyHKIMN “yIaKOBBIBAIOTCH B OJUH — YIIOP10-
YeHHYI0 9HKY. Tak, Hanpumep, eciu dyHKINA append J0J2KHA TOJIYYIATh JIBA
apPryMEeHTa-CITUCKA ¥ BO3BPAIIATEH PE3Y/IbTAT-CIIMCOK, IPUMEHEHUEe ee Oyaer
umerhb Buy append(11,12): dopmanbHo DYHKIUS NPUMEHSETCS K OJHOMY
apryMeHTy, KOTOPBIN dBjsiercs ymnopsaodeHuoit mapoit (11,12). JIna mexo-
TOpBIX DYHKIWH OT JBYX apryMeHTOB (OOBIYHO, BCTPOEHHBIX ) MCIOIH3YeTCs
CTIETTUATBHBIN CHHTAKCUC — TAK HA3BIBAEMAST UHPUKCHAA 3aNUCb, B KOTOPOi
3Hak (QYHKINN 3AIMUCHIBAETCS MEXKy JIByMd ee aprymentamu. Hampuwmep,
3allCh €] + €z B JEHCTBUTENBHOCTH O3HAYAeT “TIPUMEHUTH (DYHKIUIO + K
yrnopanodentuoir mape (ep, e2)”. Mox#HO ncmoip30BaTh WHMUKCHYIO 3aMKCH
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u i QYHKIUHA, Onpeie/isieMbIX TI0JIb30BaTeIeM, OJTHAKO MBI He DyJIeM 3/1eCh
Ha 9TOM OCTAHABINBATHCSI.

Anmmukanus B ML moxer umersb 6ojee CI0XKHYIO (GOPMY, 9eM B IPY-
I'UX g3bIKaX [porpaMmMupoBanus. Ilpuyannoil 9T0T0 gBJIsieTCd Ciemyomee: B
OOJIBIITMHCTBE $I3BIKOB IPOrpaMMUpOBaHus (QyHKIUA MO2KeT 0003HAYaTHCS
TOJILKO WIEHTU(PUKATOPOM, U TIOITOMY BBI30B (DYHKIIMH BCEra WMEET BU]
fler,...,ey), rone f — mmentudukarop. B ML Her Takoro orpaHnveHnud:
byHKIUS aBIgeTCS OOBIYHBIM 3HAYEHWEM, W MOXKET ObITh MOJyYeHa B pPe-
3yJIbTaTe BBIUUCJIEHUs BhIpaxkeHus. lloaroMmy B 0b1mieM ciiyuae aniinKamnus
B ML umeer Buj ee’. Buluncjienne Takoro BbIPasKeHHs BBIIOJIHAETCS Cle-
JIYIOIUM 00pa3oM: CHaUYaJa BBIYUCTISETCS BhIPAYKEHUE €, B Pe3yJIbTaTe Yero
noJydaercss HekoTopas (pyHKIus f; 3aTeM BbIYHCIAETCS BblpaskeHue €, B
pe3yJbTaTe 4ero MmoJydaercsd HEKOTOPOe 3HAYEHUE V; MOCJe STOro PyHKIINs
f npumensierca K 3nadennro v. B mpocreiiniem caydae, KOTia BhIPAXKEHUE €
ABJIAeTC UIeHTHMUKATOPOM (KakK, HAIIPUMED, Size), BBIYUCICHHUE € SIBJIseT-
Cd Kpaline 1IPDOCTOH Oollepalueil: Hy2KHO LIPOCTO B34Th 3HAYEHUE, K KOTOPOMY
npussizan uaenTudukaTop (oHo M0KHO 6BITH dynknueit). Ho B o6mewm ciy-
Jae MPOIECC BHIYUCTCHUS € MOYKET OBITh CKOJIb YIOMHO CHIMKHBIM. Ob6paru-
Te BHUMAHWE Ha TO, 9TO MPABUJIA BLIYUCICHUS ANMIUKAIINYN TPEITOIATaI0T
epesiavy apryMeHTa 10 3HA%eHul0, TIOCKOJBKY apTyMeHT BBIYHC/ISETCS 10
MpUMeHeHUsT (PyHKITHH.

Kakum criocoboM MOKHO FrapaHTUPOBATh, YTO B alllLIUKALUU € €' pPesyiib-
TATOM BBIYWC/IEHUs BhIpaykeHusi e Oyger GyHKIwms (a, HAIpUMED, He Ie0e
quc10)? Yrobbl OTBETUTH HA TOT BONPOC, KOHEYHO, CJEAYET MOCMOTPETh,
Kakoit Tum umeer e. DyHKIINYM SABJSTIOTCST 3HAUECHUSAME, a KaAKI0E 3HATCHWE
B ML nmeer tun. Qynkuyuonasvisie munsi SBISIOTCS COCTABHBIMU TUIIAMU,
WIEHAMY KOTOPBIX ABIA0TCA pyHKimr. OyHKITMOHAIBHBIE TUHI 3aTHCHIBA~
I0TCsl KaK 0 -> 7T (mpowmsHocuTest “o B 77), Ijie 0 U T — THUIIBL. Beipazkerne
TAKOr0 THUIE WMEET B KAUECTBE 3HAUEHUs (PYHKITHIO, KOTOPAas MOXKET OBIThH
IpUMEHEHa K apryMeHTy THIa ¢ (M TOJBKO K apryMEHTY TaKoro THIA), W,
€CJIM €€ BBIYMCJIEHNE 3aBEPINAeTCs YCIENIHO, BO3BPAIIAET Pe3yJbTaT THIA T
(K coXKaJIeHHI0, B ODIIEM CJIydae HEBO3MOMXKHO OIPEIETUTh, 3aBEpIIaeTCs JIn
BbrauCaAeHne (DYHKIMHU Jist JF000T0 aprymenTa niaw Het). Tun o Ha3hiBAETCst
munom obaacmu onpedeserus OYHKINANA, & TAIL T — MUNROM 00AGCTIU 3HAYNE-
nut. Aunsukanud e e’ J1omycTuMa Toraa U ToJbLKO TOAA, KO TUIL € eCTh
o->T, a TiN € — 0 THII BCETO BBIPArKeHHUs €CTh T.

Hanpuwmep:

- size;

> size = fn : string -> int
- not;

> not = fn : bool -> bool

- not 3;

Type clash in: not 3
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Looking for a: bool
I have found a: int

Tun size mMoKa3BIBAET, YTO OHA TOJYYIaeT apTyYMeHT THNa string n BO3-
BpamlaeT pe3ysabTaT TUIa int (KaK MBI U MOTJIT Hpe;LHOJIaraTb). Anajiorny-
HO, not siBasiercst (DYHKITUEH, TTOJTYYIAIOIIel JOTHIeCKuil apryMeHT U BO3Bpa-
maoteit sornydeckuil pesyavrar. [lockonbKy dyHKINN HE UMEIT HUKAKOTro
BHEITHETO TTPE/ICTABJIEHN, BCe OHU IevdaTaroTcd Kak fn. [Ipummenenne not K
3 BBI3BIBAET OIMIMOKY, MOCKOIBKY THII 0BJIACTH OlpejiesieHns not ects bool,
B TO BpeMd KaK THIT 3 €CTh int.

TlockombKy (yHKIMU SBIAIOTCS 3HAYEHUSIMEU, MBI MOYKEM IIPUBI33ATH
ujieHTUHUKATOP K (DYHKIUUA, HUCIOJb3Yyd OOBIYHBI MEXaHW3M MPUBA3KU
nieHTUUKATOPA K 3HAYCHUIO, BBEJAEHHBIN B IIpeAblAyIneM pasaene. Hampu-
Mep:

- val len = size;

> vai len = fn : string -> int
- len "abc";

> 3 : int

Nnentudukarop size npusssan K HEKOTOPO# (npemonpenenennoit) dpyHk-
mn Tuma string->int. IlprBenennas BBIIe NPUBS3KA BBITOJHAETCH TaK:
U3BJIEKAETC 3HAUEHNE uieHTnguKaropa size (koropoe smasercs dhyHKIM-
eif), W 3aTeM K ITOMY 3HAUEHWIO MPUBs3bIBaeTCd uaeHTndmKarop len. Am-
mmKanyg len "abc" BHIYUCIAETCH MyTEM W3BJICUeHNS (DYHKIINHT, K KOTOPOii
MpUBsi3aH WAeHTHMUKATOD len, BHIYUC/IEHNs 3HadeHIA "abc" (KOTOPBIM sIB-
JIFETCs caMa 9Ta CTPOKA) u npuMeHeHuss (ByHKIMHU K CTPOKE. Pe3ysabrarom
siBjigeTcs 3, MOCKoJbKY (byHKIUs, K Koropoit B ML mpusszan unentuduka-
TOp Size, BO3BpAIAET KOJUYECTBO JUTEP B CTPOKE-APTYMEHTE.

OYHKIUU SABJISIIOTCS COCTABHBIMU OOBLEKTAMU; OJHAKO OHU HE SBJISIOTCS
MTOCTPOEHHBIMHU ITyTEM COEIMHEHUsST IPYTUX 00EKTOB B TOM CMBICIE, B KAKOM,
HaMpUMep, VIOPSI0UeHHas TMapa MOCTPOeHa m3 CBOUX KOMMOHEHT. [TosTo-
MYy MX CTPYKTYPa HEJIOCTYIHA IPOTPAMMUCTY, U, B YaCTHOCTH, K (PYHKITUIM
HEMMPUMEHWMO COTOCTaBIeHne ¢ obpasmoM. Kpome TOro, HEBO3MOXKHO IIPO-
BEPUTH HKCTEHCHOHATBHOE PABEHCTBO (DYHKITHIT (T.e. BBIIAKOT Jin JiBe (DYHK-
1M PABHBIE PE3YIBTATHI TPU PABHBIX APTYMEHTAX ), TIOCKOJIbKY 9TO SAB/IAETCS
AJITOPUTMUYIECKU Hepa3penmMoil 3a1a4eii. 3aMeTuM, 9To JJid BCEX JAPYIUX
pamee BBEJIEHHBIX THUIIOB PABEHCTBO MMEJOCh. B masnbHeifmem Mbr Oymem 10-
BOPUTh, YTO THUII JONYCKAEM NPOSEPKY HA PABEHCMBO0, €CJTU MBI MOXKEM J1JIsi
JIIOOBIX JIBYX 3HAYEHUI 9TOr0 TUITA TPOBEPUTH, PABHBI OHU Wiu HeT. Hukakoi
PYHKIIMOHAJILHBIN TUIT HE JIOMYCKAET ITPOBEPKH HA PABEHCTBO, a J10boil aTo-
MapHBI TUT — JOTYCKaeT. UTo Ke MOXKHO CKa3aTh OTHOCUTENHHO NIPYTUX
cocraBHBIX TUTTOB? HamoMHUM, 9TO PABEHCTBO YHOPSAOYEHHBIX Tap OBLIO
OTIpEeIe/IEHO KaK “TIOKOMIIOHEHTHOE”: JIBE YITOPSITOUEHHBIX MAaphl pABHBI TOTIA
¥ TOJBKO TOTA, KOT/IA PABHBI WX JIEBbIe KOMIIOHEHTHI M PABHBI WX MIPABBIE
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KoMIOHeHTHl. TakuMm 00pa3oM, THUII 0*T JOIYCKAaeT IIPOBEPKY Ha PABEHCTBO
TOTJIA ¥ TOJIBKO TOTA, KOT/Ia 00a THIIa 0 U T JOMYCKAIOT IPOBEPKY HA PABEH-
¢TBO. AHAJIOTHYHEIE IPABUJIA IPUMEHIME] U K THIIAM, TOCTPOEHHLIM IPYIUMA
crrocobamu. ['pyboe, HO 9aCTO AaroIIee TPABUILHBIN OTBET ITPABUIO COCTOUT B
TOM, UTO THII, IPH IOCTPOEHHN KOTOPOr0 UCIOIL30BAIICH PYHKINOHAILHBIE
TUIIBI, HE JIOMYCKAET IIPOBEPKU HA PABEHCTBO (9TO HE BCErya BEPHO; KOTJIA Bbl
Jydinne mosgakomurech ¢ ML, u3ydunre ToUHOE OlpeneneHne JOILyCTHMOCTH
IIPOBEPKH HA PABEHCTBO B [7]).

Ilocne mpuBemeHHBIX BEHIIE 3aMEYaHMI MBI TOTOBBI IIEPEHTH K 00CYXK-
JIEHUEO CII0CO00B onpejesieHust PyHKImMI 1moib3oBaresem. CHUHTAKCAC OIIpe-
JCJICHUA beHKHI/II/I BO MHOT'OM IIOXOXK Ha I/ICHOJTBZSyel\/ILIﬁ B JIPYyTrux A3bIKaX.
[IpuBensemM HECKOJILKO MPUMEPOB:

- fun twice x = 2%*x;

> val twice = fn : int->int

- twice 4;

> 8 : int

- fun fact x = if x=0 then 1 else x*fact(x-1);
> val fact = fn : int->int

- fact 5;

> 120 : int

- fun plus(x,y) : int = x+y

> val plus = fn : int*int->int
- plus(4,5);

> 9 : int

OYHKITUYT OIIPEJIETSIOTCS [TyTeM NPUSA3Ky udenmuduramopa ¥ Gynryuo-
HAADHOMY 3HAMEHUIO; ITA KOHCTPYKIHS HATHHACTCS KIFOUYEBBIM CI0BOM fun.
3a umeneM (OYHKIUY CJIEIYIOT €€ MapaMeTphl, KOTOPhIE 33at0TCs 00pa3IoM.
B mepBBIX MBYX mpmMepax mapaMerp SBJISIeTCS TPOCTBIM 06pa3IoM, COCTO-
AMMM W3 OIHOTO MASHTHMUKATOPA; B TPETheM TpuMepe 00pasell sBIsteTcs
VIIOPSAOUeHHON Tapoii, TeBast KOMITOHEHTa KOTOPO# ecTh x 1 mpaBad y. Korma
BBITIOJTHSIETCH TTPUMEHEHUE ONMPEIEIeHHOM T0/Ib30BaTeeM (DYHKITIH, 3HAUe-
HUE apryMeHTa COMOCTABJISAETCA C TAapaMeTpoM-00pa3iioM — TOYHO TaK XKe,
KaK W TPHU TPUBSI3Ke K 3HAUEHUIO; PE3YABTATOM TOTO COTMOCTABJICHUS ABJIsI-
eTcst HeKOTOpasd Cpejia, B KOTOPO# M BBINOJIHAETCS BbIUUCIEHUE Teaa (DYHK-
muu. Hampumep, B ciydae GyHKIUM twice, X IPUBA3LIBAETCI K apPIyMEHTY
(KOTOPBIl T0JI7KEH OBITH IEJBIM UHCIOM, MOCKOJBKY THI (DYHKIHH twice
ectb int->int) u 3areMm Bbrumcasierca teno pyHKuuu twice (T.e. 2*x); pe-
3yJIBTATOM siBjigercs 8. B ciyyae dynkrnuu plus comocrasiieHue ¢ 06pa3iom
HECKOJIBKO H0Jiee CJIOXKHOE, MOCKOIbKY apTyMEHT ABJISeTCH YIIOPSI0UeHHON
Hapoﬁ, — OAHAKO 9TO COMOCTABJICEHME HUYEM HE OTJINYIACTCA OT MPUBA3KU K
3HAYEHUIO, PACCMOTPEHHOI B IPEILIIYINEM pa3jiesie: 3HAUCHUE apTyMeHTa, CO-
rocTaBJsiercs ¢ oopasiom (x,y), B pe3ysbTare 4ero X U y NPUBA3BIBAIOTCSH K
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3HAYEHUIM. 3aTeM B TOJIYUIEHHON Cpejie BBIUUC/ISETCS 3HAUEHUE TeTa (DyHK-
WY, U PE3YJILTAT ONPEIeIdeTCs Mo ODBIYHBIM mpaBmwiaaM. “: int” B ompese-
JieHUe plus HA3BIBAETCS AGHBIM 0ZPOHUYEHUEM THUNA, OHO 3JeCh HEOOX0UMO,
MTOCKO/IBKY M3 KOHTEKCTa HEBO3MOYKHO OINPEIEUTh, O C/I0KEHWH 3HAUCHUIA
KaKoro Turia — int win real — ujer peus. [loz:ke Mbl 06CyuM siBHBIE Orpa-
HUYIEHUST THATIa 00see oIpoOHO.

Yupaxkuenune 2.5.1 Jonuwume pyHuxyuu circumference u area, sviuuc-
AAIOULUE COOMBEMCMEBEHHO OAUHY OKPYHCHOCTNU U NAOWGDs KPY2a 10 padu-

yey.

Yupaxkuenune 2.5.2 Jonuwume GUHEUUI0, SBBUCAAIOWYN MOOYAL deticm-
BUMENBHOZ0 YUCAQ.

Omnpenesnenne pynkimn fact mLrOCTpUPyeT BaXKHY0 0COOEHHOCTE OIIpe-
nenenns dyukiutt B ML: dyukimm, ompeensembie ¢ TOMOIIBI0 KOHCTPYKITAN
fun, SBJISIOTCH PEKYPCUSHBIMU; ITO O3HAYAET, UTO BXOXKJIEHUS UIEHTU(UKA-
Topa fact B mpaByo 4acTh onpejieeHus (pyHKImu fact CChLIAITCA Ha OIpe-
nessgeMyo GYHKIHO (a He Kakoe-ubo Ipyroe 3HadeHHe, K KOTOPOMY MOD
Obl OBITH TpUBsI3aH uaeHTHbUKATOP fact B OKpyxatomiei cpejge). Takuwm
obpazom, (yHKIMS fact B MPOIECCe BBIUUCIEHUS €€ TeJa BhI3BIBAET CaMy
cebst. Ob6paruTe BHUMAHUE HA TO, 9TO MPHU KAXKJIOM CJACTYIOMIEM PEKYPCUB-
HOM BBI30Be apryMenT pyHKImY fact CTAHOBUTCS MEHBITE, 9TO TAPAHTHUPYET,
YTO TIPOIECC BBIYUCIEHUsT (DYHKITUN 3aBEPIIATCA (€C/IM MCXOIHOE 3HAUEHWE
aprymenTa ObIJI0 HeOTpUIATETbHBIM ). KOHEYHO, BO3MOKHBI U OIPeIe/ICHUST
dyHKIM, BEIYUCIEHHE KOTOPBIX HUKOT/IA He 3aBepiiaercs. Hampumep:

- fun £f(x) = f(x);
>val f = fn : ’a->’b

JI1060it BEI30B f IpUBeIeT K BOSHUKHOBEHHUIO OECKOHETHOTO KA, B KOTOPOM
f BrI3BIBaeT cebda CHOBA U CHOBA.

Yaupaxkuenune 2.5.3 AavmepHamuehoili CUHMAKCUC OAf YCAOBHO20 BbEPA-
oHceERUA MOJICEM bbb Onpedeset Kax:

fun new_if ( A, B, C ) = if A then B else C

Obsacrume, 4mo cmanem Henpasusvrom 6 onpedesernuu dynrkyuu fact,
ECAU 6 HEM UCTOABIOBAMH IMOM, HOBYIT APUGH, YCAOBHOZ0 BBLPANCEHILA.

Tenieps Mbl IOTOBbI LIPOJIOJIZKHUTH [IOCTPOEHNE HOBBIX MHTEPECHBIX (DYHK-
i U IpUMEpPOB nporpaMMupoBanuda Ha ML. Pekypcusa aBigerca KIi04eBbIM
MOMeHTOM (bYHKITHOHAJIBLHOTO MPOrPAMMUPOBAHUS, U TTOITOMY, €CJTU BbI e111e
He OYEeHb XOPOIIIO OBJIAJEN STUM TTPUEMOM, Mbl COBETYEM BaM BHUMATEJIHHO
pazbupaTh BCe MPUBOIMMBIE TIPUMEDHI U MPOBOJUTEL BLIUUCIEHNE PEKYPCUB-
HbIX QYHKIWMI “BpyuHyio”.
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IToka uTo MBI paccmorpesu (BbYHKIUH, apryMeHT-00pa3el] KOTOPbIX siB-
JIIeTCA TIPOCTOH MePeMEeHHOM WK ynopsaaodeHtoi mapoit. /laBaiite paccmoT-
pUM, KaK MbI MOXKEM OINpeNejnTh (DYHKIMK HA CIUCKAX — W I Havasa
nonpobyem mocTpouTh PyHKIWIO 18_nil, KOTOpas OMPEIe/IsAeT, siBJAIeTCs JIn
ApryMEeHT MyCThIM CIUCKOM iy HeT. CIUCKOBBIN TUIT UMEET JIBa KOHCTPYKTO-
pa: nil u ::. @yuknus, oupeeaeHHAd HA CIIUCKAX, JIOJ2KHA PAadOTaTh HE3a-
BHUCHUMO OT TOT'O, ABJAACTCH JIA CIUCOK IIYCTHIM WX HET, X HOITOMY HOJIZKHA
OBITEH ompeeeHa pa3bopoM CIyYaes, OJUH U3 KOTOPBIX eCThb nil, a apyroit
ecTh ::. Bor ompenenenmne dyuknum is_nil:

- fun is_nil (nil) = true
| is_nil (_::_) = false;
> is_nil = fn : ’a list -> bool
- is_nil nil;
> true: bool
- is_nil [2,3];
> false : bool

Ompeesnierne is_nil oTpaxKkaeT CTPYKTYPY CIUCKOB: (DYHKIWS ONPEIEIIeT-
¢ C TOMOIIBIO ABYX npedaodiceruti — ONHO IPeIIoKenne At nil, a apyroe
— myia hd::tl. B onpenenennn QpyHKITUN TPEITOKEHUA OTAEIAIOTCI JTPYT
OT Ipyra BepTUKAJILHON 4epToil.

B obmem caydae, ecaum THI apryMeHTa OIpeaenasdeMoil (DyHKIINH IMeeT
6oJ1ee OIHOTO KOHCTPYKTOPA, TO OUPEAeIeHne (PYHKITUU TOJI2KHO COIEPIKATD
II0 OJHOMY IIPEIOKEHUIO Ha KaxKJblii KOHCTPYKTOP. DTO FapaHTHPYET TO,
970 (PYHKINS MOXKET IPHUHATDL JII0O0H apryMeHT JAHHOTO THIIA. 1akoii crmo-
cob ompeesiernst (DyHKINN HASBIBAETCH ONPEJCACHUEM C NOMOWbLI Pa3bopa
cAyvaes, TOCKOABKY OIPEeJICHUEe COAEPKUT MO OJHOMY IIPEJIOKEHUIO I
KaXKJI0T0 caydas hOPMbI apryMeHTa.

Pazywmeercs, onpenenenne pyHKIMN ¢ TOMOIIBIO pa3bopa Caydaes mpu-
MEHMMO H Jid PEKyPCUBHBIX byHKImi. [IpeamosoxuM, MbI XOTHM OIIpee-
JiuTh PYHKIMIO append, KOTOPas MOIyYaeT B Ka4eCTBE aPIyMEHTa, JIBA CIIUC-
Ka W BO3BpAaIllaeT pe3yJbTaT, KOTOPBIN ABIACTCA CIUCKOM, NOJYYeHHBIM ITy-
TEM MTPUMHUCHLIBAHUS BTOPOTO CIIMCKA B KOHEII ITepBoro. BoT ee onpeeneHue:

- fun append (nil, 1lst) = lst
| append (hd :: tl, 1lst) = hd :: append (tl, lst);
> val append = fn : (’a list * ’a list) -> ’a list

Onpesenenne pacCMaTPUBACT [BA CAydad, OJUH — JJId IIYCTOTO CIIUCKA, U
BTOpOit — s mHemycToro. obapaenue crucka 1st K MyCTOMY CIHUCKY BBI-
TTOJTHSIETCS KPaifHe MPOCTO: PE3yJILTATOM BJSETCS Cnucok 1st. B cayuae
HEIyCTOT'O MEPBOro CIINCKA (T.e. nMeroIiero sua hd: :tl) MBI JIOJIZKHBI J100a-
BUTH CIIUCOK 18t K tl, W pe3yapTaT COeAUHUTH B CIUCOK C hd.
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Yupaxkuenune 2.5.4 Buuucaume ewvpascenue append([1,2],[3]) epyu-
HY10, 4Mobvl Yoedumvca 6 NPasUALHOCTNY onpedesenus append.

Yupaxkuenue 2.5.5 Ymo deaaem caedyrousan Gynryus:

funr [1 =00 | r (h :: %) = append (r(t), [h])

Tumom ¢dyukium append SBASETCS TOIUMOP(MHBIA THUM, T.e. TUI, Ube
ompeseaeHre BKIOYAET mepeMennyio tuma ’a. [Ipuwunnoit sToro asisgerca
To, uT0 (hyHKIHS append MOxkKeT ObITH MPUMEHEHA K CIUCKAM 3JIEMEHTOB
JI000TO TUMA; €IUHCTBEHHBIM OTPAHMICHUEM HABJISIETCS TO, YTO THILI JI6-
MEHTOB 0BOUX CIMCKOB-apryMEHTOB JIOJKHBI COBIAIATH (M 3TO OTPAYKEHO B
crpykrype tuna (hynknuu append), append ABISETCA TPUMEPOM NOAUMOPD-
notl pynxyuu. PaccMoTpuM HECKOJIBKO NPUMEPOB IpUMeHeHus append:

append ([1, [1,2,3]);

> [1,2,3] : int list

- append ([1,2,3], [4,5,6]);

> [1,2,3,4,5,6]: int list

- append ([ "Bowl", "of" 1, [ "soup" 1);
> ["Bowl","of","soup"]: string list

O6parure BHUMAHUE HA TO, YTO MBI TPUMEHUIN append U K CIIUCKAM THUIIA
int list, m K cimckaMm Tuna string list.

B obmem ciayuae, ML npucBauBaer Bbipakenuto naubojee obIumit Tum
n3 BO3MOXKHBIX. [log “Hambosee obIuM TUIOM” MOHUMAETCH TAKON THI, B
KOTOPOM OTPaKEHBbI BCE OFPAHUYEHUSI, BRITEKAIOIINE U3 BHYTPEHHEN CTPYK-
TYPBI BhIpaXKeHnus, HO He Oojsiee Toro. Hampumep, B onpenenernn QyHKIANA
append IepBbIfl apryMeHT COMOCTaBjgeTcd ¢ obpas3namu nil u ::, U3 4ero
CJIEJIyeT, 9TO OH JIOJI2K€H MMETh CIUCKOBBIN Tuil. THI BTOPOro apryMeHTa
JIOJ2KEeH OBbITH TaKKe CIIMCKOBBIM THIIOM C TE€M K€ TUIIOM dJIEMEHTOB CITUCKA,
TTOCKOJIBKY B HETO MOTYT 3aHOCUTHCS 3JIEMEHTHI U3 MEPBOT0 crncka. 13 atux
JIBYX yCJIOBWII CJIEJIyeT, Y4TO THIT PE3YIbTATA JI0JIKEH COBMAJIATh C THIIOM 060-
WX apryMEeHTOB, U, TaKuM obpaszom, Tun (yukiun append ecth (’a list *
’a list) -> ’a list.

Bepuemcs k npuBenenmnoMy Beiie mpuMepy gyukmmn £ (x), KoTopas ObI-
Jia oTrpejiesieHa Kak Buigaromas pe3yabrar £ (x). Mur Bugnm, 910 ee Tut ecThb
’a->’b: MOCKOJBKY Tea0 (PYHKINNA He HAKIAIBIBAET HUKAKUX OTPAHMICHHH
HA APTYMEHT, THIIOM apryMenTa Oyger ’a (4To 03HAYAeT NPOU3BOIbHBIN THIT).
AHATOrUYIHO HET HUKAKUX OTPAHUYEHWH Ha TUI PE3YJbTATA, W MOITOMY OH
ectb ’b. Ybesurech, 4T0 HE MOXKET BOZHUKHYTH HUKAKOW OMIMOKKM B coryia-
COBAHUU TUIIOB IIPU KAKOM YT'OJIHO UCIOJIb30Banuu £, HecMOoTps Ha TO, 4TO f
UMeeT CaMBbIil YHUBEPCAJALHLIA THI ’a->’b.

ITpuBsasku K QYHKIIMOHATLHBIM 3HAUYEHUAM SBJIAIOTCS OMHONU n3 (hopm
00bSABJICHUS, AaHAJOTUIHON MPUBA3KAM K 3HAUEHUSIM, PACCMOTPEHHBIM B TIpe-
Jaeynem paszgene (pakTuaeckn npuBsa3ka K (PyHKIMOHATHLHOMY 3HATECHUIO
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SABJISIETCS CIENUaIbHON (bOpMOit MPUBSI3KY K 3Ha4YeHHI0). TakuMm obpazom,
K HaCTOAIIEMY MOMEHTY MBI MMEEM [IBA CIIOCODA MOCTPOCHUsT ODbABIEHMIA:
NPUBS3KA K 3HAYEHUIO U MPUBA3KA K (DYHKIIMOHAJIBLHOMY 3HaueHuto. 13 sro-
0, B YaCTHOCTH, CJIEAYET, 9TO (PYHKIMH MOTYT OBITH OIPEME/ICHBI BE37e,
rje MOXKeT OBITh OIIPEeJIeJIEHO 3HAUEHUE; HAIPUMED, BO3MOYKHBI JIOKAJIbHBIE
obbasyienuns pyuxmuii. Huxke npusogurcs npumep sdpdexruuoii dyHkimm
MHBEPTUPOBAHUS CIIUCKOB!

- fun reverse lst =
let fun rev(nil, y) =y
| rev(hd::tl, y) = rev(tl, hd::y)

in
rev(lst, nil)
end;
> val reverse = fn : ’a list -> ’a list

QyHKINA rev ABISeTCH JIOKAIbHOMN; OHA JIOCTYITHA TOJIHKO BHYTPHU KOHCTPYK-
uu let. Obparure BHUMAaHUE HA TO, 9TO TeV ONpeJIe/IeHA PEKYyPCHedl 110 ep-
BOMY apryMeHTY, a reverse IIPOCTO BbI3BIBAET reV, U [T0ITOMY JIJIs Teverse
HeT HeOOXOIUMOCTH AHAJTM3UPOBATL aApIyMeHT.

B npenenax obbsaBienns QyHKIMH MOIYT HCIIOJIB30BATHCH HE TOJBKO ee
rmapaMerphl U JOKaJbHbIE TIEpEMEHHbIe, HO U JIFOObIE TIepeMEHHbBIE, KOTOPhIE
JIIOCTYITHBI B TOUKE 00bsaBIennd QyHKInr. PacCMOTpuM CJie Iy ommit mpumMep:

- fun pairwith (x, 1lst) =
let fun py = (%, y)
in map p 1lst end;
> val pairwith = fn : ’a * ’b list -> (’a * ’b) list
- val 1st = [1,2,3];
> val 1lst [1,2,3]: int list
- pairwith ("a", 1st);
> [("a", 1), ("a", 2), ("a", 3)] : (string * int) list

Jlokanpruast GyHKIMS p UCTIOIB3YET HETOKAILHYIO (OTHOCUTEIHLHO HEe) TpH-
BSI3KY UACHTU(UKATOpa X — mapaMmerp GyHKIun pairwith. 3meck npume-
HeeTcs 0OBIYHOE TPABWJIO: MPU CChLJIKE Ha, HEJOKAJIBHBIN WASHTU(DUKATOD
ucroJb3yercss Haubosee 6Jn3Kasdg 0ObEMIIIONIAS TPUBS3KA €r0 K 3HAUYEHUIO.
DTO0 B TOYHOCTH TO K€ MPABWUIO, YTO W WCIOJIB3YEMOE B APYTHUX I3BIKAX C
6ao9HOM cTPYKTYpOit, HampuMep, B Pascal’e (HO 0HO oT/im9aercst OT TIPaBUII,
npumMensieMbix B 6o/bmuacTBe peanmsanuii LISP a).

Yupaxkuenune 2.5.6 CosepueHuvimM HASBIGAEMCA HUCAO, KOMOPOE PUEHO
cymme 8Cex ceoux desumenet, 6KA0OYAA 1, HO UCKAIOUAA CAMO YUCAO; HA-
npumep, 6 — cosepwennoe wucao, max xax 6 = 1+ 2 4+ 3. Onpedeaume
npeduxam (Pynryuro muna int->bool) isperfect, nposepaowui, A6.44-
EMCA AU €20 AP2YMEHM COBEPULEHHBIM YUCAOM.
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Beitite 65110 nio1epKEyTO, uTo (byHKIMEN B ML sBiIsitoTcs noJiHOTIpaBHBI-
MU 3HAUEHUSIMI; OHU UMEIOT Te YKe MPaBa, U T€ Ke IMPUBUJIETHH, UTO U JI0bIe
JIpyrue 3Hadenns. B gacTHOCTH, 5TO O3Ha4Yaer, 4TO (DYHKIIUH MOI'YT OBITH
MEPEeJIAHbl B KAUECTBE apryMeHTa APYTuM (DYHKIIUSIM U MOTYT ObITH BRIPAHO-
TaHbl QYHKIIUAME B KadecTBe pe3yJibrara. OyHKINN, KAaKue-inb0 apryMeHThl
WA PE3YJIbTAT KOTOPBIX ABJISIOTCA (DYHKIUSIMU, WHOT/IA, HA3BIBAKOT ByYHKUU-
AMU SHICWUT NOPAJKOS. DTa TEPMUHOJOIUS [MOTYEPKUBAET, 9TO (PYHKIUU
SIBJIFOTCS CYTIECTBEHHO 00Jiee CIOKHBIMU OObEKTaMU — B OTJIWYHE, HAIPHU-
Mep, OT HEJIBIX 9HUCEN (KOTOPble HA3BIBAIOT “00beKTaMu TepPBOro nopsiaka’).
Opanako, obpariaeM Ballle BHUMaHue Ha TO, 9T0 B ML HeT HuKaxoit mpuHIU-
MHATBEHOM PASHUTIBI MEXKIY, HAPUMED, PYHKIIUSAMHA, TIOJTYIAOMINME B Kade-
CTBE apryMeHTa, 9UCJ0, U (DYHKITUSIMH, Oy YAONIUMUA B KAYeCTBE apI'yMeHTa
APYTYI0 (DYHKITHIO; TOITOMY YIOMSAHYTAS TEPMUHOJOIHS MOYXKET yKa3hIBATH
pasBe 9To Ha Cojep2KaTeIbHBIN crocob UCIIoIb30BaHus (DYHKITUN.

Paccmorpum cHavasa GyHKIINN, KOTOPEIE BRIPAOATHIBAIOT (DYHKINK B Ka-
uvecTBe pesysbrara. [lycrs £ — takas dyukims. YTo Torga MoKHO CKa3aTh O
ee tune? [lycTb oHAa WMeeT OMWH apryMEHT THIA T U BHIPADATHIBAET PE3Y/Ib-
tat THna o->p. Torga tun dynkiun £ ects 7->(0->p). Pesysnbrar npume-
HeHust QyHKIUU £ K apTYMEHTY THIIA T €CTh (PYHKIUS TUTIA 0->p, KOTOpast
MOXKET OBITH TPUMEHEHA K apTyMeHTy THIA, 0 U BhIpaboTaTh PE3yabTAT THUIIA
p. Takoe moceoBaTeIbHOE IpUMeHeHne 3anucbiBaeTcs Kak f(eq) (e2), win
npocro fejes. 3amerbre, 94To 3TO HE TO XKe camoe, uyro f(ej,eq)! (ey,ez)
eCcThb 0duH 00bEKT — YHOpsaodeHHad napa, u £ (e1,e2) o3HagaeT “IpUMEHNTD
dyukiuio £ k ynopsaouenuoit mape (e1,e2)”, B To Bpema kak fejes o3uaua-
er “npuMenuThb £ K e, MOJYYUTHb (PYHKIIUIO ¥ TPUMEHUTH ee K ep”. Terneps
CTAHOBUTCS MOHSTHBIM, IOYEMY paHee HPU O0bICHEHUU IIOHSTUS [HPUMEHE-
HUst PYHKINNA K aPTYMEHTY MBI TOAYEPKUBAH, ITO (DYHKITAS 8bUUCAAENCA:
3JI€CH MBI [TOJIYUUIN IPUMED TOTO, ITO (DYHKIINA 3a/JaHa He UAeHTU(HUKATO-
POM, a CJIOXKHBIM BBIPAYKEHHEM.

IIpuBeniemM HECKOJIBKO ITPUMEPOB, NPOSICHSIONINX CKA3aHHOE:

- fun times (x:int) (y:int) = x*y;
> val times = fn : int->(int->int)
times 2;

fn: int->int

- val twice
> val twice
- twice 4;
> 8 : int
- times 3 4;
> 12: int

Oyuarrus times onpejeseHa Kak GpyHKIUs, Oepyinas B Ka9ecTBe apryMeHTa
11eJI0€ YKCJI0 1 BhIpabaThiBatomas pyHKIHIO, DepyIyio B Ka4ecTBe apryMeH-
Ta IeJI0e YHCII0 M BBIPAOATHIBAIONIYIO 1estoe yncio’. UaenTudurarop twice

9HeobxommmocTs : int” mpn; x u y 6ymer obbsicHeHa masee B paszese 2.6.
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NpUBA3BIBAETCA K 3HaueHnio times 2. Ilockonbky 2 mMmeer Twm int, PyHK-
1mg times moxkeT ObITH IPUMEHEHA K 2, W PEIYJIBTATOM DY/JeT O0bEKT THIA
int->int — Kak 3T0 U BUIHO U3 COOOIIeHUdA O THle twice. Tak Kak twice
€CTb (byHKL[I/ISI, OHa MOXKeET 6bITb IPpUMEHEHa K apryMEHTY — W B HaIIEM
mpuMepe pe3ysIbTaT BeIYUCIeHU twice 4 ecth 8 (pasywmeerca!). Hakomer,
times npumendercd K 3, ¥ 3aTe€M Pe3y/abTaT 3TOr0 IIPUMEHEHUAS [IPAMEHACT-
cd K 4, B pe3yabTaTe 4ero mojydaercd 12. B 3ToM mocieHeM BLIpasKeHUHU
TTO/IPA3YMEBAeTC sl CIEIVIONAsi PACCTAHOBKA CKOOOK: (times 3) 4.

Crosk e cBOOGOAHO MOTYT UCIOIB30BATHCA (DYHKIWH, MOy IAOIIHE IPY-
rue (YHKIIUE B KadecTBe apryMeHToB. Takwme (DYHKIIME YacTO HA3BIBAIOT
Pynryuonasamu mu onepamopamu (HO, onaTh nomguepkusaeM, B ML takas
TEPMUHOJIOTHS MOYKET YKA3BIBATH TOJIBLKO Ha COMEPXKATENHHOE HCIIOIb30Ba-
Hue PyHKIMIA, a He HA KAKHEe-TO 0COObIe MX sI3BbIKOBbIE CBOMCTBA). Kraccuye-
CKUM TpuMepoM (DYHKITMH TaKOro poja spjsercd dpyHxnus map. OHa moJry-
TJaeT B Ka49€CTBEC apPTryMEHTOB (byHKL[I/HO " CIINCOK, 1 BO3BPAIlla€T B KaYCCTBE
pe3yJbTaTa CIUCOK, MOJIYIEeHHBIN U3 UCXOHOTO NpUuMeHeHneM (OyHKITUU-ap-
IYMEHTA K KazKJIOMYy ero ajieMmenty. Tuir odaacru onpe/enienns: QyHKIMU-ap-
IYMEHTA JIOJI2KEH COBIIA/IATh C THIIOM 3JIEMEHTOB CITMCKA, HO THII ee 0bjacTu
zHadenunit mpomssosaeH. Bor ee onpenenenme ma ML:

- fun map f nil = nil
| map £ (hd::tl) = £(hd) :: map f tl;
> val map = fn : (’a->’b) -> (’a list) -> (’b list)

ObparuTe BHUMAHUE HA TO, UYTO THUII MAp OTPAXKAET CBA3b MEXK/Iy TUIIOM 00-
JIaCTHU OIIpedc/ICHU A (byHKLU/H/I-aprMeHTa U TUIIOM 3JIEMEHTOB CIIUCKa-apry-
MEHTA, & TaKKe MEeXKJY TUIOM OOJACTH 3HAYEHWH (DyHKIUH-apryMeHTa 0
THUIIOM 3JIEMEHTOB CIIUCKA-PE3YIbTATA.

Bor Hecko/ibKO puMepoB UCIOJIb30BaHUs (DYHKIUY Map:

- val 1st = [1,2,3,4,5];

> val 1st [1,2,3,4,5] : int list

- map twice 1lst;

> [2,4,6,8,10] : int list

- fun listify x = [x];

> val listify = fn : ’a -> ’a list

- map listify lst;

> [[11, [2], [3], [4], [51] : int list list

Yupaxkuenue 2.5.7 Onpedeaume dynxyuro powerset, Komopas nosyuaem
6 KAUECTNGE APLYMEHME MHOHCECTNEO (NPEOCTNABAEHHOE CNUCKOM) U 6036Pa-
WAEM 8 KAYECTBE PE3YADIMAMA MHOHCECTNEO BCET €20 NOOMHONCECTS.

Couerast BO3MOKHOCTE PACCMOTPEHUS PYHKIINI KaK 3HAYEHWH U BO3MOXK-
HOCTB BO3BPAIIATH B KAUECTBE PE3YAbTATA (DYHKITUIO, MBI MOYXKEM OTPEIe/UTh
bYHKIIIO, KOTOPasi CTPOUT KOMITO3UIIAIO ABYX APYTUX (DYHKITHN:
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- fun compose (f, g) (x) = f(g(x));

> val compose = fn : (Pa->’b * ’c->’a) -> (’c->’b)
- val fourtimes = compose (twice, twice);

> val fourtimes = fn : int -> int

- fourtimes 5;

> 20 : int

JlaBaiiTe paccMoTpuM 3TOT mpuMep BHuMATEIbHO. OyHKIMA COmMpOSe TMOJTy-
JaeT B KadecTBe apryMenTa mapy dysxnuil (f,g) u Bo3BpalaeT B Kade-
crBe pe3y/ibrara MYHKIUI; 31 DyHKIUs, Oy/lyun IPUMEHEHA K apIyMEHTY
X, BO3BpalaeT B KadecTBe pe3yiabraTa f(g(x)). llockonbky pe3yiabprar ecThb
f(g(x)), Tum x moKeH OBITH TUIOM OOJACTU OMpPeNeNeHud g; MOCKOIbLKY
f npumenserca Kk g(x), Tun obsactu onpemesennst £ J0JZKEH COBINAJATH C
TUIOM 06J1acTu 3HavUeHui g. TakumM 06pazoM MbI TIOJIyYUaeM THIT COMpOse, KO-
TopbIit 6611 coobimen ML-cucremoit. @yukima fourtimes moydaeTcd myTeM
npuMeHeHusi compose K nape ¢yukimit (twice,twice). Pesynbrarom 6yaer
dbyukIims, Koropasd, Oyaydun IPUMEHeHa K X, BO3BpaTuT twice (twice(x)); B
HAIlleM caydae, KOrla X €CTh 5, pe3yipTraToM saasgercd 20.

Teneps, Korma BbI O/IMXKe TO3HAKOMUINCEH ¢ (byHKImaMu B ML, Bel Mo-
JKeTe 3aMeTUTh Ha JAHHOM ITATIE OMPeIeIeHHYI0 aCUMMETPUI0 MEXK 1y (DyHK-
IMOHAJBHBIMY 3HAUEHUSMY U 3HAUYEHUSIMU JIPYTUX THUIOB: Y HAC TOKA HET
HUKAKUX CIIOCOOOB 3AIUCH BLIPAXKEHUHN, BHIPAOATHIBAIOMMX (DYHKITUU HEMO-
CPEJCTBEHHO; eJUHCTBEHHBIN Crocob moJsiyueHus (byHKIUA — 3TO TPUBI3KA
nneaTuuKaTOPa K PYyHKINOHATLHOMY 3Ha4UeHni0. Ho modyemy mosmKHO Tpe-
BoBaTbest, uT0OBI Kaocdaa DyHKIUS uMesa uMs? B onpeiesieHHbIX Cydasx
9T0 y/100HO, HO €CTh TaKKe CUTYAIlNN, B KOTOPBIX y/I00HO NCII0JIB30BATH 6€3bi-
mannole GYHKIUH, WIH A4AMO0a-6vipasicenus (TOCTETHU TEPMUH BOCXOAT
k LISP’y u A-ucuncienuto). Takue cpeacrsa umerorca B ML, u auzke npuso-
JISATCS IPUMEPBI UX MCIIOJIb30BAHUS:

- fun listify x = [x];

> val listify = fn : ’a -> ’a list
- val listify2 = fn x => [x];

> listify2 = fn : ’a -> ’a list
- listify 7;

> [7] : int list

- listify2 7;

> [7] : int list

- (fn x = [x]) (M);

> [7] : int list

- val 1st = [1, 2, 3];

> val 1lst [1, 2, 3] : int list
- map (fn x => [x], 1st );

[[11, [2], [31]: int list list

v
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Mbr HauasIM ¢ onpejiesieRns oueHb npocToil hyaknuu 1istify, koropas mnpe-
obpazyer apryMeHT B O/(HO3JieMeHTHBIH crincok. Pynkimsa 1istify?2 momHo-
CTBIO 9KBUBaJIeHTHA (byHKIIMK 1istify 3a uckarOYeHneM criocoba ee ompejie-
sienng. PeayabraTom BeIauCeHUs Bhipakenus n x => [x] aBigerca pyHK-
IHd, KOTOpas Ipeobpa3yer apryMeHT X B CHOHCOK [X] — TOYHO Tak ke, KaK
aro jenaer gynkius 1istify. Takoe Bbipazkenue, Bbipabarbisatoliee QyHK-
IO, MBI MOYKEM HPUMEHSATh K apryMeHTY HEeIOCPEICTBEHHO (KaK B IIPeJi-
MOCJIEIHEM CJIy9ae) WK MepeiaTh B Ka4eCcTBE apryMeHTa JApyroii hyHKIMN
(kak B TIOCJIEIHEM CIIydae).

Touno Tak ke, KAK W IPU UCHOAb30BaHuM fun, npu ucmnoab3oBannn fn
MOKHO TTPUMEHSITEH COMOCTABJIEHNE C 00Pa3IOM:

( fn nil => nil | hd::t1 => t1 ) ([1,2,3]);
[2,3] : int list

(fn nil => nil | hd::t1=>t1)([]);

> nil : int list

A\

Onucanue Kax0ro cjaydas 3/IeCh HA3bIBAETCS NPaAGUAOM, & TAKON CI10COD
orpeneeHnst (PYHKIUU — ONPEIEAECHUEM C NOMOWBIO HABOPA NPAGUAL.

Bamernm, uTo Oe3bIMsiHHAA (DYHKIWSA HE MOXKET OBITH PEKYPCUBHOM, M0-
CKOJIbKY HET HUKAKOTO CIIOCo0a COCTAThCS Ha Hee B MPOIECCE ONPEIe/EHNUS.
D10 ojHa U3 mpuanH TOro, moueMy dyakrn B ML TecHo cBa3aHbI ¢ 06bIB-
JIEHUSIMU: OJTHA U3 TieJiell IPUBSI3KY K (DYHKIIMOHAJIBHOMY 3HAYEHUIO COCTOUT
B TOM, 9TOOBI BBeCTH WMl (DYHKIUN C T€M, ITODBI HTO UM MOTJIO OBITH HC-
ITOJIb30BAHO B onpejesieHnn (DyHKIIUH.

VYupaxkuenune 2.5.8 Paccmompunt caedyrougyro 3a0any: CKOADKUMU CNOCO-
boMU MOXKHCHO pasmeHamob cymmy 6 £1 monemamu docmouncmsom 6 1, 2,
5, 10, 20 u 50 nencos. Ipednorosicum, 4mo mvi 66esU HEKOMOPBILT TMOPAIOK
HA MHOMCECNBE AOCTOUHCME MoHem. OuesudHo, 4Mo mo2da SuNOAHAENCA
caedyrousee COOMHOWEHUE:

Koauuwecmeo cno- = Koauuecmeo cnocobos +  Koauwecmeo — cnocobos
c0606 pasmeHAmb PABMEHAMD CYMMY a, PASMEHAMD Cymmy a—d,
CYMMY G UCTNOAb- UCTLONB3YS 6CE TUTLDE UCTIOND3YA BCE T TNUNOE
3YA N MUNOE MO- MOHEM, KPOME NEPEO- monem  (20e d  ecmo
Hem 20 docmouncmeo  Monemuvl

nepeozo muna)
Imo coomnowernue moscem Gbims NPEobPa306aHo 6 PeKYpcusHoe onpedese-

Hue GuHKEUUY, ecau d0basUMb CAYIOU, ONUCHIGAIOULUE 3G8EPULEHUE DERYDCUL.
Hmenno, ecau a = 0, umeemcsa posno 1 cnocob pasmena; ecau a < 0 uau
n =0, cnocobos pasmena nem. IMu 3aMEUGHUA NO3BOAAIOM 3ANUCHMD CAC-
dyrowee onpedeaenue GYHKUUL

fun first_denom 1 =1
| first_denom 2 =
| first_denom 3 =5
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| first_denom 4 = 10
| first_denom 5 = 20
| first_denom 6 = 50;

fun cc(0,_)
| cc(_,0)
| cc(amount, kinds) =
if amount < O then O
else cc( amount-(first_denom kinds), kinds)
+ cc( amount, (kinds-1));

|
-

fun count_change amount = cc(amount,6);

Hsmenume amom npumep max, 4mobvl 6 Hem UCTLOABI0BAACH CNUCOK AOCTNO-
uncme monem (emecmo Ppynryuu first_denom).

Yopaxkuenue 2.5.9 [pusedennviii 6biuie as20pumM NAOL 6 MOM CMbLCAE,
YMO 68 HeM GUNOAHAELMCA MHO20 USAUUHUL Suvucaenut. Mooceme au 6ot
npedaosicumsb Goaee bucmpuii areopumm? (Imo nenpocmas 3adana, u 6
MOJCEME NPONYCIUMb €€ NPU NEPEOM HMEHUL).

VYupaxkuenue 2.5.10 (Xanotckue bawmnu) Umeemea mpu cmeporcna (060-
snawum ur A, B u C). Ha cmeporcens A nademo n duckos pasnozo pasmepa
MaK, %Mo 6HU3Y HATOOUMCA HAUbOALWUT, HAD HUM — YYMb MEHLUWUT, U
m.0.; HABePTY HAxodumcsa comuli marenvrkuli duck. Tpebyemces nepernecmu
ducku co cmepoicna A na cmepoicens C' no caedyrowum npasuiam: 3a 00uh
00 MOJCHO NEPEAOAHCUMD ¢ 00H020 U3 cmepoicrel eeprrul duck na dpyzot
cmepoicens NPu YCA0BUU, WO NePerAadvsaemvli Juck menvule Jucka, Ha
Komopuili on Kaademea. Onpedesume GynKryuIO, PEUWAOUYIO IMY 3a0a4Y.

2.6 Ilommmopdusm u neperpyska

I/IMeeTCH OlHa TOHKadA, HO BazKHad J€TaJ/b, KOTOPYIO HYXKHO 3HATDH JJId
nmoHUMaHnd peaiusanun nogumopdusma B ML. HamomuuMm, uro nosumopd-
HBIM THUIIOM MBI Ha3bIBaCM THII, B KOTOprfI BXOOAT IEePEMEHHBIC TUIIA (B Ipo-
TUBOIIOJIOKHOCTh MOHOMODP(HBIM THIAM, B KOTOPbIE TaKWe IepEeMeHHbBIE He
BX04T). B npeabitymem pasuese Mbl Opegentin noauMopdHy 0 QyHKIUIO
KakK (DYHKINI, paboTAONIYI0 ¢ apryMEHTAMU DA3JINIHBIX THIOB (M3 HEKO-
TOPOro KJIacca) equHo00pasHbiM ciocoboM. KiroueBas uaest COCTOUT B TOM,
9TO TAKYTO PYHKIMIO “He HHTEPECYIOT” TUITbI 3HAYEHUH (Ui KOMIIOHEHT 3Ha-
YeHHii); Mo9TOMY OHa paboTaeT He3aBHUCHMO OT STHX 3HAUEHWIl, U, TAKUM
0bpa3om, AOMyCKAeT PA3JIWIHbIE TUITHI 3HadeHuit. Hampumep, tun dyHKImMN
append ecth ’a list * ’a list -> ’a list, 9To oTpaxkaeT TOT (haKT, UYTO
dyukims append He UHTEPECYETCS THUIIOM 3JIEMEHTORB CIINCKA; €IMHCTBEHHOE,
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4T0 TpebyeTcs, 3T0 YTOOBI HJEMEHTHI 000UX CIIUCKOB-aPTyMEHTOB UMETH 07U~
HakoBbIil Tun. Tun moanMopdHOH DYyHKIINN BCETTa €CTh MOTUMOPQHBIH THTT;
OH 3ajjaeT OECKOHEUHOEe CEMENCTBO THUIIOB, COCTOSINEE M3 TUIIOB, SIBJSFOIINX
YACTHBIMU CJIy9asiMu TOJUMOPGMHOrO Tuma (T.e. MOJy4YaeMbIX B De3y/IbTa-
Te 3aMEHbl MePEeMEHHbIX THUMa Ha KaKue-JIub0 KOHKpeTHble Tuibl). Hampu-
mep, append moxker paborarb ¢ aprymenTamu Twma int list, bool list,
int*bool list u Tak nasjee jo beckoneunoctu. ObparuTe BHUMAHUE HA TO,
YTO TOJUMOPGU3M HE OTPAHUUUBACTCA (PYHKIIUSIMU: TYCTON CTUCOK nil sB-
JISIETCA CITUCKOM 3JIEMEHTOB JII0O0r0 THMA, W MO3TOMY THUIOM nil sBjsiercs
’a list.

[Tomuvopdusm oTIMYIaeTCS 0T IPYroro MOHATHS — nepeepysku (Xors,
Ha 1EPBbIH B3rIsig, OHU cxoxku). [leperpyska cBsazana co crnocobom 3anucw,
a "e co crocobom omnpenesenust byukiuu. [Ipumepom meperpy3ku MoxkeT
CAYXKUTH DYHKIINS CHAOXKEeHUd, obo3HadaeMast +. Mbl 3anmncbiBaeM CI0XKEHUEe
IeablX Yrucea 2 U 3 KakK 2+3, a CJIoXKeHue JIeicTBUTeNbHbIX uncesn 2.0 u 3.0
— KaK 2.0+3.0. DT0 MOXKET MOKA3aThCA MOX0KUM HA CJAyYau MPUMEHEHUs
dyukimn append K ABYM CIHCKAM II€JIbIX YUCET W ABYM CIOUCKAM JI€HCTBU-
TesbHBIX duces. OJHAKO CXO¥KECTh 3/IeCh JIUIIb YaCTHIHAS: 00HA U Ma HCE
dyukims append TPUMEHSIETCH JJIsi COIUHEHUHA CIIUCKOB JII0DOT0 THIIA, HO
AAZOPUMM CAOINCEHUA UEADLL YUCEA OMAULAETNCA O GAZOPUMMG CAONCEHUA
deticmeumenvnur wuces. (Ecam Bbl 3HAKOMBI ¢ OOBIYHBIM TIPEICTABICHUEM
qHCesl B KOMIBIOTEpE, y BaC 9TO HE BBI30BET COMHeHus). Takum obpazom,
OJIUH W TOT K€ CUMBOJI + MCIIOJIb3YETCs i 0D03HAYEHMS JBYX Pa3/INYHBIX
dyukuii — a He ojHON nosuMopdHON dyHKIMU. B KaxKI0M KOHKDPETHOM
caydae BoIOOD (DYHKITHH, KOTOPYIO CJIEAYeT UCIOIb30BATh, 3ABUCAT OT THUTIA
apryMeHTOB.

B srom npuumna Toro, yro Heawp3sd npocto Hamucars fun plus(x,y) =
X+y: KOMIIMJIATOD JIOJ2KEH 3HATH THUIIBI X U ¥, YTOOBI OLPEIe/UTh, KaKas 13
IBYyX DyHKOUHA CI0XKEHUs A0JIKHA ObITH MCIOIB30BAHA — ¥ IIOITOMY OH HE
JOTTycKaeT Takoro ompeaenenus. Cmocob penterus 3T TPOBIeMbl COCTONT
B SIBHOM YKA3aHUU THUTA apryMeHTOB (BYHKIUKU plus; 3TO 3aMUCHIBAETCS KAK
fun plus(x:int, y:int) = x+y. uTepecHbIl (akT COCTOMT B TOM, 4TO,
ecu ObI He OBLIO TIeperpyKeHHbIX (DYHKIIWMA, TO HUKOTA ObI HE BO3HUKAJIA
HEOOXOMUMOCTE SBHO yKasbiBarh Tunbll’. Ho maa Toro, urobnl obecrnednTs
BO3MOXKHOCTB TI€PErpy3KH, U JIJIsi TOrO, 9TOOBI [MOBBICUTH HAJIEKHOCTH [IPO-
rpammbl, ML mo3BOsIsTET BaM 9BHO yKA3bIBATH TU KOHCTPYKITAN Iy TEM ITPHU-
IMUCBIBAHUS K HEMY miinogozo swipasicerus. Huxke Mbl TPUBOJUM IIPUMEDHI
WCIIOJIb30BAHNS SIBHOTO YKA3aHWS THUIIA:

- fun plus(x,y) = x+y;
Unresolvable overloaded identifier: +
- fun plus(x:int,y:int) = x+y;

1034 nexsmouenmeM CJIydas MCIOJIb30BAHNS 9aCTUIHBIX 00pA3I0B, KaK. HampuMmep, fun
f{x,...} = x.
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> val plus = fn : int*int -> int

- 3 : bool

Type clach in: 3 : bool

Looking for a: bool

I have found a: int

(plus, true) : (int*int -> int) * bool

> (fn, true): (int*int -> int) * bool
- fun id ( x : ’a ) = x;
> val id = fn : ’a->’a

3aMerbTe, 9TO B IPOTPAMME [IEPEMEHHBIE THUITA, 3AMUCHIBAIOTCA TOYHO TAK 2KE,
kakK nx BeBoguT ML: anmoctpod, 3a KOTOPBIM cieayer naeHTHOUKATOP.

PagencTBo saBageTca nHTepecHBIM TPOMEXKYTOTHBIM ciiydaeM. PapercTso
HE sBJIIeTCS TOMMOPQHON (DYHKIMENH B TOM CMBIC/IE, B KAKOM TAKOBOH B-
Jisiercd pyHKIus append; 0JIHAKO, B IPOTUBOIIOJIOXKHOCTE CJI0KEHUIO, DABEH-
CTBO ONPEJEJIEHO [MOYTH Jijisd BCeX TuioB. Kak ynoOMUHAIOCH BBIIIE, HE BCE
THUTIBI JTIOMTYCKAIOT MMPOBEPKY Ha, PABEHCTBO, OJIHAKO JJIs BCEX THTIOB, JIOTTYC-
KAOIINX TMPOBEPKY Ha PABEHCTBO, CYIIECTBYET (DYyHKIUS =, KOTOpas BO3BPa-
maetr true wam false B COOTBETCTBUM C TEM, PABHBI WIN HET CPABHUBAEMBIE
snadennd. [lockoapky ML MOXKeT caMm onpelesnTh, JOMYCKAaeT THI ITPOBED-
Ky HA PABEHCTBO WK HET, OH MO3BOJISIET MCIOIH30BATH PABEHCTBO “KBA3UIIO-
siuMopdubiM” myTeM. [ljis 3TOro BBOAUTCS HOBBIN COPT IEpEMEHHBIX THUIIA,
3aMUCHIBAEMBIX KAK ’’a, KOTOPBIE MPODEranT MHOKECTBO BCEX THIIOB, JOMYC-
KaMIIUX NpoBepKy Ha paBeHncrro. [ajgee ML ciemur 3a Tem, Tpebyercs win
HeT, 9T0OBI KAKON-TM00 THUII HOIyCKA/I IIPOBEPKY HA PABEHCTBO, U OTPAXKAET
10T PaKT B BBIBEJIEHHBIX TUIax. Hampumep:

- fun member (x, nil) = false
| member (x, hd::tl) = if x=h then true else member(x,tl);
> val member = fn : ’’a ¥ ?’a list -> bool

Bxoxenns *’a B Tun ¢dbyHKIny member yKa3bIBAIOT, YTO member MoXKeT mpu-
MEHATBECA TOJABKO K apryMEHTaM, JIOMYCKAIUM NPOBEPKY Ha PABEHCTBO.

2.7 OmnpeaeneHns HOBBIX THUIIOB

ML obnamaer pacmupsiemoit cucremoit Tumos. Umeercsa tpu ¢hopmbr 06b-
sIBJIGHUS UAeHTU(DUKATOPA KAaK HOBOTO KOHCTPYKTOPA THIIA.

ITpocreiimeit GopmMoit BIICTCT NPOIPAUHAA NPUBAZKA K MUNY, VI 666~
denue cokpawennozo naumenosarus muna. KoHCTpyKTOp THIA (BO3MOMKHO,
C TapaMeTpaMu) OTpeNessieTCss KaK COKPAIeHne s HEKOTOPOro (CJI0¥KHO-
I‘O) TUTIOBOT'O BBIPAXKEHUA. Bce UCTTOJIB30BaHUsA TaKOTO KOHCTPYKTOPaA THUIIA
MTOJTHOCTBIO SKBUBAJIEHTHBI UCITOJIB30BAHUI0 BMECTO HETO UCXOTHOTO BhIPAXKe-
HUAg.
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- type intpair = int*int;

> type intpair = int*int

- fun f (x : intpair) = let val (1,r)=x in 1 end;
>val £ = fn : intpair -> int

- £(3,2);
>3 : int
- type ’a pair = ’ax’a;
> type ’a pair = ’ax’a

- type boolpair = bool pair;
> type boolpair = bool pair

Her nukakoii paguuiibl Mexkay intpair u int*int, mockosbKy Tun intpair
ompejiesieH PaBHBIM THIY int*int. EanHcTBenHas npwdnHa, o kKotopoit ML
medaraer intpair B Tune (pyHrruu f — 9TO TO, YTO HTOT THUM ABHO OLLI
VKa3aH Ipu 00bIBICHUN (DYHKITHH.

Cucrema tunos ML MoxkeT ObITH TakyKe PACITUPEHA ¢ TOMOIIBI PEKYP-
cueho onpedessemuis munos (W, Kopode, pexypcushor munos)'l. B sroit
KOHCTPYKIUU YKA3bIBAETCS MMsi HOBOrO Tuna (BO3MOXKHO, ¢ MapaMerpaMu)
1 HAOOP KOHCTPYKTOPOB 3HAUEHUIl JJjid MOCTPOeHus: 00beKTOB 3Toro Tumna. B
TPOCTEHTIIEM CyYae PEKYPCUBHOE OOBIBICHNE TUA BBITJISIUT TAK:

- datatype color = Red | Blue | Yellow;
> type color
con Red : color
con Blue : color
con Yellow : color
- Red;
> Red : color

[IpuBenennoe obbsABIeHNE NPUBA3bIBAET HIeHTUMUKATOP COlor K HOBOMY
THUIY JAHHBIX, UMEIoIEeMy KOHCTPYKTOPBL Red, Blue u Yellow!'?. Dror CJLy-
4yail peKypCUBHOTO 00'bsIBJIEHNsT HATTOMUHAET TTepeuncanMbie Tkl B Pascal’e.

Ob6parure BuuManue Ha 10, a0 ML BBIBOIUT CjoBO color 6e3 mociie-
IYVIONIEro 3HAKA PABEHCTBA, MOSIEPKUBAS ITUM, 9TO COL1OT SIBIAETCH HOBBIM
TUTIOM JAHHGIX: OH He COBIMAaJaeT HU C KaKUM paHee ONMpeJeJeHHBIM THUTIOM
MAHHBIX, U [TOITOMY PABEHCTBO 371eCh Ob110 661 HeyMecTHBIM. Kpome 0bbas-
JIEHUsI HOBOT'O THUIIA, TPUBEJIEHHAA BHIIE KOHCTPYKIUA datatype oObsBiser

U3roT crocob ompemesenus HOBBIX THITOB TIPEJOCTABIAET MHOTOOODPA3HBIE BO3MOKHO-
CTHU U ABJIAETCH, MoKy, Hanbosee BaxHbIM B cucteme TuroB ML (ma m apyrmx dyHk-
IMOHAJIBHBIX A3bIKOB). HasBanme pexypcuensiii orpazkaer jmmb oaHy (xora m mambosee
CYIIECTBEHHYIO) IE€PTY TOTO CMOCO6a OMPEIe/IEHUsT THTIOB. DTO HA3BAHUE HE ABJIACTCS TIO-
BCEMECTHO NIIPUHATHIM: Tak, Haupumep, B Haskell’e ucoss3yercsa TepMus anzebpauieckud:
JAIIE K€ BCEr0 B AHIJIOA3BIYHOM JMTEpaType NCrosb3yercd repmut datatype (mpocTo Komu-
PYIOIIUii BBOAMAIIEE OTPEIEICHNE KTIOI€BOE CJIOBO) — OMHAKO MOCTOBHBIA MEPEBOJ] 3TOTO
TepMmuHa (Mun 0anHbT) B PYCCKOM A3BIKE HE OTPAKAET OCOBEHHOCTEH ITOrO TOHSTHSI.
(IIpum. nepes.)

12K oncTpykToph 6€3 apryMeHTOB WHOTIA HA3BIBAIOT KOHCTAHIMAMU.
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TaK¥Ke TPH HOBBIX KOHCMPYKMOPA 3HAMEHULT. ITU KOHCTPYKTOPHI BBIBOJIAT-
Csl C TPEeJIIECTBYIONMM KIIOYEBBIM CJI0BOM con (a He val), moguepkusas
TeM CaMBIM, 9TO 3TO KOHCTPYKTODPHI. BBeieHHbIE KOHCTPYKTOPBI MOT'YT OBIThH
WCIIOJIB30BAHbI JjisI TOCTPOEHUsT 00PA3IIOB IPHU OIpeieieHnr (DYHKITUNA Pa3-
H6opom ciyuaeB. Takum 06pa3oM, peKypPCHUBHOE OIIPE/IeJIEHUE TUTIA sIBISETCH
A0CTATOYHO CJIO2KHBIM: OHO OAHOBPEMEHHO BBOAUT U HOBBII KOHCTPYKTOD TH-
I1a, U HOBbIEe KOHCTPYKTODBI 3HAYEHMUIA.

Pexypcusnnie onpenenrenns TumoB mupokro ucrnoab3yioreda B ML, Hanpu-
Mep, MOYKHO CUNTATh, 9TO BCTPOEHHBIN TH bool 006HABIEH KaK:

- datatype bool = true | false;
> type bool

con true : bool

con false: bool

DyHKIINKM, apPTYMEHTHI KOTOPBIX WMEIOT TWIThl, BBEIEHHDBIE MOJIH30BATEIIEM,
MOTYT OBITH OIpeJIeJeHBl TTyTeM pa3bopa CIydaeB Tak »Ke, KaK U B CJydae
WCXOAHBIX TUIOB #3bIKa. IIpW 5TOM KOHCTPYKTOPBI 3HAYEHUN MOTYT OBITDH
MCIIO/Th30BAHbBI B 00PA3Iax TOYHO TaK Ke, KAK paHee Mbl UCIIOJb30Ban nil
u :: mpu ompenenennu QyHKN, padorammux co cnuckamu. Hampumep:

-fun favorite Red = true
| favorite Blue = false
| favorite Yellow = false;
> val favorite = fn : color->bool
- val color Red;
> val color Red : color
- favorite color;
> true : bool

DTOT NpUMeEp TAKKe WIIIOCTPUPYET BO3MOKHOCTD UCIOJIB30BAHUST O/THO-
0 U TOrO Ke WIeHTUPUKATOPA JIJid HECKOJbKUX Pa3JIMdHbIX reJieit. U en-
TI/I(bI/IKaTOp color UCIOJB3YyECTCA U KaK MM OIIPE/C/JICHHOI'O BbIIIE TUIlA, U
KaK mepeMenHas, npuBsa3antas K Red. Takoe 1BoiiHOe MCTIOIB30BAHTE HE 3a-
MPEITIEHO (XOTsT U HE PEKOMEHIYEeTCsI, TTOCKOJIBKY MOYKET TPUBECTH K 3aTeM-
HEHWUIO CMBICJIQ HpOI‘pELMMbI)7 TTOCKOJIBKY KOMIWJIATOP BCETTa MOXKET IMOHATH
U3 KOHTEKCTa, JOJXKHO JII B JJaHHOM MeCTe HAXOAUTCA UMdA THUIla WIN UM
TIEPEMEHHO.

OmnpejiesisieMble TI0JIb30BATEIEM KOHCTPYKTOPBI 3HAUEHUN MOTI'YT UMETh
APTYMEHTDBI:

- datatype money = nomoney | coin of int | note of int |
check of string*int;
> type money
COn nomoney : money
con coin : int->money
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con note: int->money
con check: string*int->money
- fun amount(nomoney) = 0
| amount (coin(pence)) = pence
| amount (note(pounds)) = 100*pounds
| amount (check(bank,pence)) = pence;
> val amount = fn : money -> int

Twun money mMeeT HdeThIpe KOHCTPYKTODPA, MEPBBIM M3 KOTOPBIX SBJIAETCS
KOHCTAHTO, & TPU OCTAJBHBIX MMEIOT apryMenThl. OyHKIMA amount, ompe-
JlejienHas pa3bopoM CiIydaeB ¢ UCIOJIb30BAHUEM 3TUX KOHCTPYKTOPOB, BO3-
Bpallaer CyMMy B II€HCaX, [IPEJCTABIEHHYIO OObEKTOM THIIa MONey.

A 9TO MOXKHO CKA3aTh IO TIOBOIY PABEHCTBA TS OMTPEEJEHHBIX TTOTh30-
BaTeJSIeM PEKYPCUBHBIX THTIOB! HamoMHNM Ompe/ieiere paBeHCTBa, I CITHC-
KOB: JIBa CITMCKa PaBHBI TOT/JA U TOJBKO TOT/IA, Korja oan aubo oba ectb nil,
Jub0 nmeroT popmy h::t mwh’::t? coorBercTBento, u h pasuo h’ u t pasmHo
t’. B obriem ciyyae, gBa 3HAUEHUS HEKOTOPOTO PEKYPCUBHOTO THUIIA PABHBI,
eC/Ti OHM “IIOCTPOEHBI OJJHUM U TeM 2Ke cocobom” (T.e. Ha BEPXHEM yPOBHE UC-
[OJTb30BAHEI OIUH U TOT YK€ KOHCTPYKTOP) U COOTBETCTBYIOIINE KOMIIOHEHTHI
paBHBI MeXIy coboii. Kak ciencTBue Takoro omnpenesieHusl PABEHCTBA, MbI
TMOJIyvIaeM, 9TO OMPEEeSEHHDBIN TOMb30BATE/IEM PEKYPCUBHBIN THUI JAHHBIX
JIOTIyCKAaeT TTPOBEPKY Ha PaBEHCTBO TOTJA M TOJBKO TOTZIa, KOTZIa BCE apry-
MEHTHI BCEX KOHCTPYKTOPOB 3HAUEHUN UMEIOT THUIIBI, JOMTYCKAOIINE TPOBEPKY
Ha paBeHCTBO. B paccMOTpeHHOM TpHMepe TUIl MOney JOMYCKAaeT MPOBEPKY
Ha PAaBECHCTBO, MOCKOJABKY THUIHBI 1nt M string JOIYCKANOT €e.

- nomoney = NOmMONEY;

> true : bool

- nomoney = coin(b);

> false : bool

- coin(b) = coin(2+3);

> true : bool

- check("TSB",500) <> check("Clydesdale",500);
> true : bool

B pexypcuBHOM OmpenesieHnn THUIIA JOMYCKAETCA WCIOIB30BAHNE PEKY]P-
cun’. I1penonoKuM, YTo MBI XOTHM OIIPEIEIHTh THI JBOMYHBIX JI€PEBBEB.
JBomuHoe IepeBo ecTh AUOO JIUCT, JIMOO BEPIITNHA, UMEIONIAs IBa JBOMIHBIX
IepeBa B KauecTBe ChLIHOBell. B COOTBETCTBUU ¢ 9THM 3allMCLIBAETCS THIL:

- datatype btree = empty | leaf | node of btreexbtree;
> type btree

con empty: btree

con leaf: btree

138 komre xKOHIOB, He 3psi e MBI ero Tak mazpamu! (ITpum. nepes.)
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con node : btreexbtree->btree
- fun countleaves (empty) = 0
| countleaves (leaf) =1
| countleaves (node(treel,tree2)) =
countleaves(treel) + countleaves(tree2);
> val countleaves = fn : btree->int

ObparuTe BHUMAHWE Ha TO, YTO PEKYPCUBHOE ONpeje/ieHne Tuia btree
caeayer HeOPMAJILHOMY ONPEJIeJeHNI0 IBOUIHOrO jAepeBa. PyHKIMs
countleaves sIBJIA€TCS PEKYPCUBHON (PYHKIHEH, OMpeieIeHHON Ha JTBOMY-
HBIX JEPEeBhAX; OHA MMOACUHUTHIBACT KOJIMYIECTBO JIMCTHEB AePEBa. Ba}KHO oT-
METUTh, 9TO (DYHKIINA, OUpeIeeHHas Ha PEKYPCUBHBIX TaHHBIX, SIBJIACTCS
pexypensroitt?. Onpesgenenne dyukimn append, paccMOTPEHHOe pamHee, Jie-
MOHCTPHPYET 9TOT PaKT. ITO HE CIYIANHO, MOCKOILKY MOXKHO CIUTATH, 9TO

IIpeIope leIeH b Til T 1ist oObapaen caemyomuM obpazom™:

- datatype ’a list = nil | :: of ’a * ’a list;
> type ’a list

con nil : ’a list

con :: : (Pa * (Pa list)) -> (’a list)

DTOT MPUMED WILTFOCTPUPYET 3a0/IHO UCIIOJIB30BAHUE NAPAMEMPOS B OIIPE/IE-
JICHUY TUNa: TUII 1ist moaydaeT B Ka4ecTBe HapaMerpa Apyroi Tui, onpeme-
JISIFOIIIUI T 9JIEMEHTOB CIIUCKA. DTOT THUIl IIPEJCTABIEH IIEPEMEHHON THUIIA
’a. Mer ucnosib3yem TepMuH “KOHCTPYKTOP TuIAa’, TOCKOJIbKY list crpo-
YT HOBBIN THUII U3 APYIOTO THIIA IMOJ00HO TOMY, KAK KOHCTPYKTOD 3HATCHUS
CTPOUT HOBOE 3HAYMEHWE U3 JPYTUX 3HAUEHUH.

ITpuBenem apyroit mpuMep PEKYPCUBHOTO THUIA C TAPAMETPOM:

- datatype ’a tree = empty | leaf of ’a |
node of ’a tree * ’a tree;
> type ’a tree

con empty : ’a tree
con leaf: ’a -> ’a tree
con node : ’a tree *x ’a tree -> ’a tree

- fun frontier( empty ) = []
| frontier( leaf(x) ) = [x]
| frontier ( node(t1,t2) ) =
append(frontier(tl), frontier(t2));

1310 e dpopmambHOE, a comepKaTeNbHOE YTBepKIeHIe. KOHEUHO, MBI MOMXKEM OIpe-
[esnTh (DYHKIHIO C apryMeHToM Tuma btree kak fun f(empty) = 1 | f(leaf) = 2 |
f(node(_,_)) = 3, u3xech HerT HUKaKOii pekypcuu. OIHAKO BCE COAEPKATEIHHO UHTEPEC-
Hble YHKINH, OIIpeIeJIeHHbIe HA PEKYPCUBHBIX THUIAX JAHHBIX, 33 PEIIaiNInM UCKIIIOUe-
maueMm OyayT pekypcuBHbIMU. (IIpum. nepes.)

5B srom mpumepe MbI mraOpEpyeM TOT GAKT, UTO AT KOHCTPYKTODA : : HCIIOIb3YeTcs
nudukcHas (HopMa 3aMnUCh: 3TO He KACAETCs CYTH PACCMATPUBAEMOTO BOIIPOCA.
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> val frontier = fn : ’a tree -> ’a list

- val tree node(leaf("a"), node(leaf("b"), leaf("c")));

> val tree = node(leaf("a"), node (leaf("b"), leaf("c")))
string tree

- frontier tree;

> ["a","b","c"] : string list

Oyuknna frontier mosyvaeT B KAUECTBE apTyMEHTa JEPEBO UM BO3BPAIIAET
CIIMCOK 3HAYCHUM, IPUINACAHHBIX JUCThAM JI€PEBA-APIYMEHTA.

Yupaxkuenue 2.7.1 Onpedeaume dynryuro samefrontier (x,y), xomopas
8036pawaem true, ecau Jepesvba X Uy UMM 00HU U Me JHce AUCTDA U 6
OOHOM U TOM dice NOPAJKE, HEZABUCUMO OM SHYMPEHHET CMPYKMYpvl depe-
6a, u false 6 npomusnom cayuae. Ipasuavroe, Ho HeYydosAEMBOPUMEALHOE
pewenue bydem maKum:

fun samefrontier (x, y) = (frontier x) = (frontier y)

Imo d0604bHO MPYOHOE YNPAANCHEHUE, OCHOBHAA NPOBAEMAE COCTNOUM, 6 TNOM,
Yo U3OEHCAMB NOAHOT Pa3sePMKEY Jdepeaa 6 cayuae, K020a PyHKyus Joa-
orcna evidams false.

ML rakxke obecrniednBaeT MeXaHU3M OINpEIeIeHUT abCMpPpaKmmoir mu-
noe'®. Omm BBOIATCS C TTOMOIIBIO KOHCTPYKIMN abstype. A6cTpakTHBIN THTT
JIAHHBIX [PEJICTABISIET cODOM HEKOTOPBIN PEKYPCUBHBIN TUIT JAHHBIX U HAOOD
dbyukImit 17151 PAbOTHI C JAHHBIMK TOTO THUMA. PEKYPCUBHBIN THI JAHHBIX
Ha3bLIBAETCS TUIIOM peajn3amuu abCTpaKTHOIrO Tuma, a Habop dyHKImN Ha-
3bIBAETCs ero marepdeiicom. Tur, onpenenenHublil ¢ TOMOIILI0 KOHCTPYKITAN
abstype, gBjseTcs aOCTPAKTHBIM B TOM CMBICJ/I€, YTO KOHCTPYKTOPHI €0 THIIA,
peasn3danuu HEeJOCTYIIHBI IIDOrpaMMaM, UCHOJIB3YIOIIUM 3TOT THUIl: JOCTYII-
HBIM SIBJIETCH TOJIBKO mHTepdeiic. [TockombKy mporpaMMa, UCIOIB3YIONAst
abCTPAKTHBIN TUIT JAHHBIX, HUYErO HE 3HAET O €ro THUME pPeaau3allui, OHa
MOJIb3yeTcst Ay paboThl ¢ JAHHBIME a0CTPAKTHOTO THIA TOJIBKO (DYHKITHSI-
mu waTEpdeiica. [loaTomy peanuzaiiust abCTPaAKTHOTO THIIA JAHHBIX MOXKET
OBITH W3MEHEHa B J000N MOMEHT, W 3TO HHKAK HE CKAXKeTCs Ha TTPOTpaM-
Me, UCHOJIB3YIolell abcTpakTHbIl Tl jnaHHbIX. Vcnonb3oBanue abcrpakT-
HBIX THIIOB JAHHBIX — BAYKHBIA 3JI€MEHT CTPYKTYPHOI'O IPOTPAMMUPOBAHNS,
ITOCKOJIBKY OH T03BOJIsteT u30€KaTh HEHYKHBIX CBS3el MeXK 1y KOMIIOHEHTa-
M# OOJIBITION TPOTPAMMBI.

ITpuBenem mpumep 0bbsiBieHNS aA0CTPAKTHOTO THUIIA!

- abstype color = blend of int*int*int
with val white = blend(0,0,0)

6B osee MOIIHBIM MHCTPYMEHTOM, OJHAKO, OKa3bIBAIOTCA MOIYJ/H, PaCCMAaTPUBAaEMbIE€ B
CIeqyIOlel Taase.
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and red = blend(15,0,0)
and blue = blend(0,15,0)
and yellow = blend(0,0,15)
fun mix (parts:int, blend(r,b,y),
parts’:int, blend(x’,y’,z’)) =
if parts<0 orelse parts’<0 then white
else let val tp = partst+parts’
and rp = (parts*r+parts’*r’) div tp

and bp = (parts*b+parts’#b’) div tp
and yp = (parts*y+parts’*y’) div tp
in blend(rp,bp,yp) end;
end;
> type color

val white = - : color

val red = - : color

val blue = - : color

val yellow = - : color

val mix = fn : int*color*int*color->color
- val green = mix(2, yellow, 1, blue);

> val green = - : color
- val black = mix (1, red, 2, mix(1, blue, 1, yellow));
> val black = - : color

Mpb1 HOJIKHBI CAEIATH HECKOJIBKO 3aMEUIaHNI OTHOCUTE/IHHO TTPUBEIEHHO-
ro nmpumepa. To, uTo maer mocje CiaoBa abstype, SBASETCS PEKYPCUBHBIM
onpesiesieHneM THNA (M 371eCh UCTIOMIB3YETCs TOT YKE CAMBIH CHHTAKCHUC). DTa
YacThb €CTh OIpeJ/e/ieHne THUIla peaju3anuu. /lagee uper onucanue WHTED-
deiica, 3aKIIOUEHHOE B CHHTaKCHUecKne CKOOKM with m end. B Bergaue ML
MBI BHJIUM, YTO IIOCJIE CJIOBA COLOT HET 3HAKA PABEHCTBA; 3TO OTPAKAET TOT
dakT, uT0 Color — 9TO HOBBLIN THUII, HE COBIAIAIONINI HU C KAKUM JPYTHM.
Ho B omiimune orT peKypCUBHOTO ONpeje/ieHrds TUIIA, B PE3YJIbTATe BBIIOJIHE-
Hug abstype He CO3/1aHO HUKAKUX KOHCTPYKTODPOB: 9TO Jle/1aeT HEeBO3MOZK-
HBIM CO3J/IaHNe HOBBIX 3HAYEHUIl TUIAa color MHAYE, KAK MyTeM HCIIOJIb30-
BaHUsl 3HAUYEHUH U PyHKIMI nHTepdeiica. D10 odecnedanBaeT BhICOKYHO CTe-
MTeHb U30JISIIUN TPOTPAMMBI, UCIIOIL3YIONIEH abCTPAKTHBIN TUI JAHHBIX, OT
ero ompejiesieHns. 3aMeThTe TO, YTO (DYHKIINM, ONPE/Ie/IEHHbIE BHYTPHU Wwith,
BCE Ke uMeom MNOCTYI K TUMY PeaJTu3aluid U ero KOHCTPYKTOpaM — WHAYe
651 3TOT THT OBLT HecToe3HbIM!

O6parure BHUMaHUE HA, TO, UTO BHEIIHSS IPOTPAMMA HE MOXKET OIpe-
JIesdaTh DYHKIMKA ¢ apryMeHTaMu abCTPAKTHOIO THUIA IyTeM Ppa3J/IoKeHUd
apryMeHTa Ha COCTABHBIE YACTH (C MOMOIIBIO COMOCTABIEHUS C OOPA3IOM).
9T0, B 4aCTHOCTH, O3HATAET, 9TO aOCTPAKTHBIA THIT HE JOMYCKaeT MPOBEPKY
Ha paBeHCTBO. Kcimu ais abeTpakTHOTO THITA, JOJKHO OBITH PABEHCTBO, OHO
IOJI?KHO OBITH IBHO ONMPEIEICHO KAaK OTHA U3 MHTEPQEHCHBIX DYHKITALN.
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Wrak, umeercsi Tpu criocoba onpejesiennsi HOBbX Tunos B ML. Ilpospau-
HBIC ONPEIC/ICHNA NPEAHA3HAYCHB! 1A COKPAIEHHON 3aINUCh CJAOXKHBIX TH-
MTOBBIX BBIPAXKEHUH; UX 33,1a49a — MOBBICUTEH YNTabeJbHOCTD TEKCTA ITPOrPaM-
MBI, a HE CO3JaHNE€ HOBBIX THUIIOB KaK TaKOBBIX. PeKprI/IBHbIe TUIIBI o6ecne—
yuBatoT pacimpenne cucrembl OB ML. O6bsBiienne peKypCUBHOIO TH-
113, BBOJIMT HOBBLIM KOHCTPYKTOP THUIA W HEKOTOPBIH HAOODP KOHCTPYKTOPOB
3HAYEHNH 3TOro TUNa. PeKypcuBHOE OIpeiesientie THIA TOIXOIUT JJTs CIOK-
HBIX CTPYKTYD JAHHBIX (KaK, HAIPUMED, JTEePEeBbsl), BHYTPEHHSIS CTPYKTYPa
KOTOPBIX JOJIZKHA 6])ITb JOCTyTIHaA TIPpOTPpaMMe. ECJII/I K€ BAaZKHBIM ABJIAETCA
TOJILKO TOBEJICHNE 3HAYEHWH HOBOTO THMA (KAK, HANPUMED, B CIydae CTe-
Ka UM ovepen ), 60J1ee MoIXOIAINM STBASETCA Onpeieenne abCTpak THOTO
THIIA, CTPYKTYypa Peajn3anui KOTOPOTO HEBUIUMA JIJIs MCIOJIb3YIOIeil ad-
CTPAKTHBIN TU TPOTPAMMBI, 1 MOXKET HCIIOJIb30BATHCA TOJIHKO (PYHKITHIMU,
OTTPeeIIONINMI TTOBeJIeHNe JTaHHbIX.

VYopaxkuenune 2.7.2 Abcmpaxmunii mun set moocem 6Goums onpedeaeh
KaK:

abstype ’a set = set of ’a list
with val emptyset: ’a set =

fun singleton(e: ’a ): ’a set =

fun union(sl: ’a set, s2: ’a set): ’a set =

fun member(e: ’a, s: ’a set) : bool =

| member(e, set(h::t)) = (e=h)
orelse member(e, set t)

fun intersection (sl: ’a set, s2: ’a set): ’a set =

end;

3asepwume onpedeserue amoz2o abCMParmHo2o muna JaHHHLL.

Yupaxkuenue 2.7.3 Moduduyupytime ceoe pewerue max, 4mobvl IAeMEH-
Ml MHONCECNEA TPAHUAUCH 6 6ude ynopadouennozo cnucka. (Ilodckasxka:
Odun u3 nymetdi pewenus coOCmoum 6 mom, 4mobov, Nepesdasams OMHOWEHUE
nopadka (m.e. gynryuro muna ’ax’a->bool 6 Kauecmee AONOAHUMENLHO-
20 napamempa Kaxncdott dynuxyuu. Jpyeot nymov cocmoum 6 mom, 4mobvs
ommouleHue NOPAdKa nepedasams MOALKEO MeM HYHKUUAM, KOMOPbIE CMPo-
AM MHONCECTNEA U3 UCTOOHBLT IAEMEHNOE — C MeM, 4Mobbl OHU 6CMABAANY
ezo0 6 npedcmasaenue muooicecmaa. Tozda, nanpumep, Pyrkyus nocmpoeHus
06BedUHEHUA MO2AG OV U3BACUL OMHOWEHUE NOPAJKE U3 CBOUL AP2YMEHMOE8
U UCNOABZ0BAMD €20 OAA nocmpoenus pesysvmama. Mo sepremca x a2mod
npobaeme nosoce, xKoeda 6ydem 6 cocmoanuu npedaoscums boaee ne2aHM-
MLl METAHUSM NAPAMEMPUSAUUY MAKO20 COPMA,).
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2.8 MHNckiaroueHud

TIpeamonokum, 9TO MBI XOTHM HAIUCATL (PYHKIWIO head, BBIpadaTHI-
BAIOIIYIO TIEPBBI 3JEMEHT CIUCKa-apryMeHTa. [lepBoiii sseMeHT HEmycToro
CITUCKA JIETKO TIOJIYIUTh IyTEM COTOCTABJCHUSA C 0OPA3IOM, HO UTO IOJIKHA
BO3BpalaTh head, ecam ee aprymMeHT ecTb nil? fcHo, 9TO YTO-TO HYKHO
crenaThb, — Beab head mo/pKHA OBITH OIPEETIEHa, JJIsi BCEX 3HAYCHUN apry-
MEHTa, B TOM YHCJe U [ijisi nil, — HO YTO MMEHHO HYXKHO JIe/IaTh, HE OYEHb
noaaTHO. Bo3Bpamars kakoe-1ubo CTaH aPTHOE 3HAYEHNE HE OU€HBb XOPOIIO
110 JIBYyM IPUYUHAM: BO-IIEPBBIX, HENOHATHO, KAKOE K€ 3Ha4YeHHe BBHIOpPaTb
CTAHITAPTHBIM, &, BO-BTOPBIX, 3TO OTPAHWIHUT 0OJACTH OMpeaeseHus (PyHK-
WK HAIPUMED, eCcau Mbl mojokuM head(nil) papubiM nil, To dyHKIMA
head 6yjer MpUMEHUMa TOJBKO K CIIUCKAM CITHCKOB).

JList TOro, 9TOOBI MOXKHO OBLIO OMUCATEH PA3YMHOE TOBEICHIE TPOTPAMMBI
B MOMOOHBIX ciiyuasax, ML mpesgiaraer Mexanu3M 00paboTKU UCKAIOWUMEAD-
Horr cobvimud. 1lesbro 9Toro Mexanm3ma saBageTCs TPeaoCcTaBaeHne PyHKITIN
BO3MOXKHOCTH 3aBepIIATEL paboOTy U3SAIMIHBIM U He HAPYIITAKIIUM IPABUIA CO-
TJIaCOBaHUA TUIIOB CHOCO6OM B Te€X CUTyalludX, KOTZla OHa HE MOXKET WU HE
XO4YeT BO3BpaTUTH pesyiabrar. Hampumep, dyuknuto head moxkuo 66110 OB
3amUCATh CAEIYIOMUM CIIOCOOOM:

- exception Head;

> exception Head

- fun head(nil) = raise Head
| head(x::y) = x;

> val head = fn : ’a list -> ’a
- head [1,2,3];

> 1 : int

- head nil;

Failure: Head

[lepBasi cTpoKa SIBJISIETCSI TPUBSI3KOH K uCKAt04enu10 (HUCKIIOUNTETbLHOMY
3HaquI/Ho): ona 00baBisgeT, uTo nnenTuduxkarop Head asasgercs nmenem wc-
xuirovennsi. Pynkims head onpejnesisiercsd 0OBIYHBIM CIIOCOGOM TyTeEM pazbo-
pa ciaygaes. B ciyuae memycroro cnmucka 3uadvenne gpyuakruu head ects mpo-
CTO TepBbIit 3jieMeHT ciucka. Ho B ciaydae nil dpyukims head He B COCTOSTHUT
BEPHYTH KAK0e-T10O0 pazyMHOe 3HAUEHNE, TIOOTOMY OHA 6030Yyaicdaem uckio-
yenue. Pe3ysibTar 9T0ro BUJIEH B CJIEIYIOIIMX 3a onpe/encauem head crpokax:
B oTBeT Ha npuMeHenne head k nil BeiBogmTCst coobienne Failure: Head,
ITOKa3bIBAOINEE, YTO BbIYUC/IEHNE BbiparkeHusi head (nil) mpuBesio K TOMY,
uT0 H6BLTO BO3OYXKAEeHO ucKIoUYenne Head. HamoMuuM, 9TO TOTBITKA Te/IeHNsT
Ha O OPUBOANT K AQHAJIOTUYHOMY PE3YyJIbTATy, W 3TO HE CJAydaliHO: BO BCTPO-
ennoi byHKIME div Tpu TONBITKE fejieHus Ha 0 Bo3OYK/1aeTCd UCKJIIOUeHEe
Div.
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C momoIbi0 KOHCTPYKIMHI exception n raise Mbl MOMXKeM ONPEJEIATh
bYHKINN, KOTOPBIE CUTHAJIM3UPYIOT 0 BOBHUKHOBEHUN HEXKEJIATETbHBIX CH-
Tyamnuit myTeM Bo30yKIeHHs ncKAodenuit. Ho, ¢ apyroit cTOpOHDI, HYZKHBI
e1T1e W KaKMe-TO CPEJICTBA 711 00paboTKu 3Tux ucKaodennii. Takas BO3MOXK-
HOCTB, €CTECTBEHHO, eCThb B ML; cOOTBETCTBYIOIIAsT KOHCTPYKIINS HA3BIBAET-
cst o6paborunkom uck/oueHuit (nam npocro obpaborunkom). Mbel npousiiro-
CTpPUPYEM ee KUCIOJb30BaHue Ha CJeJYIOIIEM IIPOCTOM IIpuMepe:

fun head2 1lst = head(lst) handle Head => 0;
val head = fn : int list -> int
head2([1,2,3]);

A\

>1 : int
- head2(nil);
>0 : int

Bripaskenue Buga e handle exn => ¢/ Bprancagerca CJIEIVIONINM CIIOCOOOM:
CHavaJIa BBIYUCISETCS €; eCJIN Pe3yThTaTOM SIBJISETCS HEKOTOPOe 3HavdeHue
U, TO 3HAYEHUEM BCErO BBIPAXKEHUS ABJILAETCA V; €CJIU B IIPOIlECCe BHIYUCTIE-
HHUA € B036y}K,ZLaeTC5{ HUCKJIFOYEHUE €TT, TO BBIYUCIACTCA BbIDAXKEHUE 6,, 148
ero 3HadeHne OyaeT 3HAYEHHEM BCEr0 BBIPAKEHNA, €CIN Ke BO30YKIACTCH
Kakoe-1ub0 [Ipyroe MCK/I0UEHNe, TO U BCE BhIPpAXKEeHWe BO3OYKIAET HTO UC-
KJII0YeHne. 3aMeTbTe, 9TO TUIBI BhIpaxkKenuil € u € JIOJKHBl COBIAJATh —
WHAYe TUIl BCEIO BBIPAXKEHWHA 3aBuceT Obl 0T TOro, BO30yAMIOCH JiM B IIPO-
IIecce BBIYUCJIEHHs € MCKJOUEeHNe WIN HEeT. DTHM O0bSICHSIeTCS TO, 9TO THII
dyukiun head2 ecrs int list -> int, xors w3 aHam3a aprymenTa 1st
HUKAaK HE CJEeJYyeT, ITO 3TOT CIIMCOK ABJISETCS CIIMCKOM TEebIX unce1. B mpu-
BEJICHHOM BBIIIE IpuMepe head2 neitaeTca npuMeHnTh head X 1st; ecan 314
TMOTBITKA 33aBEPIIACTCA yCIENHO, T.e. ecau head Bo3BpalmaeT 3HAYEHHE, TO
39TO 3HAYEHUE W CTAHOBUTCH 3HadeHWeM head2; mHaye, T.e. €CJIM B MPOIECCe
Beruncaenva head(1st) Bo3byxmaerca mckmatouenue Head, B KagecTBe pe-
3yJIbTaTa BO3Bpalaercs 0.

FEcam mporecce Burumcsienns BhIPaXKeHWA MOYKET OBITH BO30YXKI€HO He-
CKOJBKO PAa3JIMYHBIX WCKJIOYEHUH, TO WX MOXKHO IEPEeXBATUTH C ITOMOIIBIO
omHOTO obpaboTumka;:

exception 0dd;
> exception 0dd
- fun foo n = if n mod 2 <> O then
raise 0dd
else 17 div n;
> val foo fn : int -> int
- fun bar m = foo(m) handle 0dd => 0O
| Div => 9999;
fn : int -> int

> val bar
- foo O;
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Failure: Div
- bar O;

> 9999 : int;
-foo 3;
Failure: 0dd
- bar 3;

>0 : int

- foo 20;
>1 : int

- bar 20;
>1 : int

[Tpu Beraucaennn Gyukinmm 00 MOXKET MPOU30UTH JBA WCKJIIOUUTETbHBIX
cobeiTuS: nesenue Ha O, B pe3yJibTare 4ero Bo3byk1aeTcs UCKIroUYeHue Div,
WM Tiepesada eiff HeYeTHOTO apryMeHTa, B Pe3y/bTare 4ero Bo3OyK1aercs
uckiouena 0dd. Qyukiusa bar obpabarbiBaer 06a STUX UCKJIIOYEHUs: €CJIH
npu Boraucaennn foo(m) BozOyxkgaerca uckiaiouenune 0dd, to bar (m) BO3-
Bparraer O; ecsi ripu Beraucjaennu foo(m) Bo306yKaaercsd UCKAIOYeHWE Div.
10 bar (m) Bozspamaer 9999; B nporuBHoM ciaydae bar (m) Bo3Bpammaer 3xna-
yenue foo(m).

Obparure BHUMaHUE HA TO, YTO CUHTAKCUC 00pabOTUMKa HECKOJIbKUX HC-
KJIIOYEHU OUeHb MOXO0XK HA CUHTAKCUC OIpejiejieHus Oe3bIMAHHON PYHKIUN
¢ TIOMOIIBI0 HAabOpa mpaBuiI. JleiicTBUTEeNIBHO, MOKHO paccMaTpuBaTh obpa-
DOTYNK MCKTIOUEHN KaK De3hIMIHHY0 (DYHKITAIO, TATT 00,IaCTH OTIPE e/ TeHIS
KOTOPO#i eCcTh exn (TUM UCKIOUATETbHBIX 3HAYECHHT), a TUI 00JIACTH 3HAYE-
HU KOTOPOI €CTh TUIl BhIpaXKeHus cjaesa oT obpaborunka. C TOUKM 3peHus
MIPOBEPKHU COOTBETCTBUA THUIIOB MICHTU(MUKATOPH! UCKJOYEHUN CyTh HE YTO
WHOE, KaK KOHCTPYKTOPBI UCKAUYUNEALHUT 3HOYEHUL TUT €Xn — TOYHO
TaK K€, KaK nil u :: gBJIAOTCI KOHCTPYKTOpaMu Tumna ’a list.

Bostee Toro, uCKIIOUEHNS MOTYT COJEPXKATH BHYTpHU cebsd Ipyrue 3Hade-
HUSI — JJI 3TOrO JIOCTATOYHO IIPOCTO OOBSIBUTH MX C apPryMEHTOM TMOJXO0-
AAIMIEero THIIa. HpI/ICOQ,Z[I/IHeHHOQ K HNCKJ/JIIOUECHUK) 3HAQYE€HUE MOXKET 6bITb nucC-
0JIb30BaHO 0OpaboTunkoM ucKIroueHuit. Chenyomuit npuMep MILIFOCTPH-
pyeT 3Ty BO3MOXKHOCTB:

- exception oddlist of int list and oddstring of string;
> exception oddlist of int list
exception oddstring of string
- ... handle oddlist(nil) => 0
| oddlist(h::t) => 17
| oddstring("") => 0
| oddstring(s) => size(s)-1

3nech obbsBIeHNE exception BBOAUT ABa uckjodeHus: oddlist ¢ apryMes-
TOM THTa int list, m oddstring c aprymenTom tuma string. O6paboramk
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BBITIOJTHSIET Pa3bop Ciy9uaeB — CHAYAJIA ONPEJIEIdeT, KAKOe UCKJIoUeHne ObLI0o
BO30OYKIIEHO, & 3aTeM aHAJIM3UPYET ero apryMent. B sTom orHOMEnwn obpa-
HOTUYMK YCTPOEH TakK Ke, Kak U onpejeseHne DyHKIUH, 3a/laHH0l HabopoMm
IPaBUJI.

Yro npousoiizer, ecyiv 0603HAYEHHOE B IPUMEPE BbIIlIE MHOIOTOYUEM BbI-
paxenme Bo3OyINT UCKIOUeHNE, oTanTHoe OT oddlist n oddstring? 3mech
anajorus ¢ QYHKITUSIME 3aKAHIMBAETCs: B caydae DYHKIIUN, €CJIU apryMeHT
HE OTOXKJECTBUTCS HU C ONHUM U3 0Opa3IoB, BO3OYKIAETCS HUCKJIIOUEHUE
Match; B ciyuae ke 06pabOTINKA UCKAFOUEHWH, €CTM BCTPETALTC NCKII0Ue-
HUe, He TPEIyCMOTPEeHHOe B 00paboTuYnKe, 3T0 UCK/IIOUEHUE 6036yscdaemcs
CHOB0, — B HAJEXK I, I9TO KAKOH-1100 00beMaroInit 00paboTanK NCKIIOIEHMH
Bce ke obpabotaer ero. Hampumep:

exception Theirs and Mine;
> exception Theirs
exception Mine
- fun f(x) = if x=0 then raise Mine else raise Theirs;
>val £ = fn : int -> ’a
- £f(0) handle Mine => 7;
> 7 : int
- £f(1) handle Mine => 7;
Failure: Theirs
- (£(1) handle Mine => 7) handle Theirs => 8;
> 8 : int

ITocKoJTBKY HCKITIOUEHNS B TEHCTBUTENBHOCTH SBASIOTCS 3HAYEHUSIMU TH-
11 €XN, APTyMEHTOM KOHCTPYKITUM raise MOXKeT ObITh HE TOJBKO UIeHTH(H-
KaTop, HO W MPOMU3BOJBHOE BhIpakeHue (BbIPAOATHIBAIOIIEE 3HAUCHHUE TUIA
exn). Hanpuwmep, dyHnkims £ U3 NpUBEJIEHHOTO BBINIE IPUMEPA MOXKET OBbITH
3aINCaAHa KaK:

- fun f(x) = raise (if x=0 then Mine else Theirs);
>val £f = fn : int -> ’a

Kak u npu ompenenennu pyukimm, B 00pasie B 06paboTunKe NCKIIOUECHMIA
MOTYT OBITH WCIOJIB30BAHBI YHUBEPCAAbHBIE 00pasybl (I OAHCOKEPDL), KOTO-
pbie MOTYT OBITH COTIOCTABIEHBI C JTIOOBIM HCKJIOUeHneM. Hampumep, ciemy-
IoIllee BBIPAXKEHNE ITEPEXBATHIBACT MI00bIE UCKIIOYEHHUS, M, B 9TOM CJIydae,
BeIpabareiBaer 0:

handle _ => 0;

O0bgaBiieHre NCKAIOUEHNS SIBJISIETCSI OOBITHLIM O0bABIEHUEM, H [IO9TOMY
MOXKeT OBITH JOKAJBHBIM. Kcjn 06paboTunK mepexBaThIBAET HEKOTOPOE HC-
KJIIOUEHWe, OH JIOJIPKEH HAXOAUTHCSA B 06JIaCTH JefCTBUST COOTBETCTBYIOIIETO
00bsaBaeHust. HempaBUabHBIN yUIeT 9TOr0 00CTOATETHCTBA MOXKET TTPUBECTH K
CTpaHHBIM (HA TEPBBIA B3TIAL) COOOIMEHAM 00 OmmbKax, KaK, HalpuMep:
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- exception Exc;
> exception Exc
- (let exception Exc in raise Exc end) handle Exc => 0;
Failure: Exc

Hecmorpst ma To, 9To upentndukatop Exc o0bsIBIeH Ha BHEIHEM yPOBHE,
BHEIIHUI O6pa6OT‘{I/IK HE MOZKET PACIIO3HATHh UCKJIIOYEHNE, BO3HUKIIIECEC BHYT-
pU KOHCTPYKIHU let, MOCKOJBKY 00JaCTh BUIAUMOCTH ITOTO HCKJIIOUCHU,
JIEKUT BHYTpH KOHCTpYKInu let. (OmHako o6paboruuk ¢ obpasmom “_” cmor
661 06paboTATh ITO UCKIIOYEHNE).

Yupaxkuenue 2.8.1 Obsachume, 4mo HENPASUALHO20 6 CACOYUWUT I8YT
nPOPAMMAL:

1. exception Exn of bool;
fun f x =
let exception Exn of int
in if x> 100 then raise Exn x else x+1 end;
£(200) handle Exn true => 500 | Exn false => 1000;

2, fun £ x =
let exception Exn in
if p x then a x else if g x
then f(b x) handle Exn => ¢ x
else raise Exn
end;
f v;

Yupaxkuenue 2.8.2 Hanuwume npozpammy, POIMEULGOWYo n gepseti Ha
WATMAmHOT OCKe PasMEPOM NN Mak, 4o Hu 0dna us dueyp ne nanadaem
Ha OpY2Yyr0.

Yupaxuenne 2.8.3 Moduduyupytme npedudywyro npozpammy max,
YMObLL OHA B03BPAULANG 6CE PEWEHUA 300U,

2.9 HmMmnepaTuBHBIE BO3MOXKHOCTH S3BIKA

ML pasperaer ucioib308aTh CCbLIKK U IpucBauBanud. CCbLIKY sIBJISIIOT-
Cs1 YKA3aTEJISIMI B Kydy, JJIsT KOTOPHIX BBITTOJIHSETCS TPOBEPKA COTIACOBAHUS
TunoB. llpucBamBaHms MO3BOIAIOT M3MEHSITh 3HAYEHHE, HA KOTOPOE YKA3bI-
BaeT cchuiKa. THn 7 ref sIBJISETCS THIOM CCHLIOK Ha 3HAYEHHS THIA T .

Oyuknuga ref Tuma ’a -> ’a ref BLlmesdeT B Kyde MecTO JIJIS apTyMeHTa,

17]_)) HaCTOdAIIee BpeMd T MOZKET OBITH TOJIHBKO MOHOMOp(i)HI)IM THUIIOM: OZTHAKO IIPEIII0JIa-
raeTcd B 6yﬂy]l{6M BKJ/JIIOYUTH B 4A3bIK OJWH M3 PaCCMATPHUBA€MbIX HBIHE cnocoboB paﬁOTbI
C HOIII/IMOp(beIMI/I CCBIJIKAMH.
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KOTMPYeT Tyla apTyMeHT W BO3BPAIllaeT B KadeCTBe Pe3yabTaTa CCBLIKY Ha
910 MecTto. Oyukrusa ! Tuna ’a ref -> ’a poipabarTbiBaeT TO 3HAYECHUE, HA
KOTOpOe yKazbiBaeT cchuika. Dyakiug := Tuna ’a ref * ’a -> unit BbI-
TTOJTHSIET OTIEPAITUIO TTPUCBANBAHUS.

- val x = ref 0O;

> val x = ref(0): int ref
- Ix;

>0 : int

- x = 3

> (): unit;

- Ix;

>3 : int

Bce cebumodmbie THITHI JOTTYCKAOT TPOBEPKY Ha, paBeHCTBO. OOHLEKTHI TH-
ma 7 ref SBAAIOTCS aJpecaMu B Kyde, W JBa TaKUX 00bEKTa PaBHBI TOTJA
¥ TOJIBKO TOTJA, KOTJIa OHU COBIAIAOT. 3aMETHTE, UTO XOTS PABHBIE CCBLIKN
3aBEJOMO YKa3hIBAIOT HA OJHO U TO Ke 3HaUYeHue, 00paTHOE He BCEeT1a BEPHO:
Ha OIHO U TO K€ 3HAUEHUE MOTYT YKa3hIBATH U HECKOJBKO HEPABHBIX CCHIIOK!

- val x = ref 0;

>val x = ref 0 : int ref
- val y = ref 0;

>val y = ref O : int ref
-x =7

> false : bool

- Ix = ly;

> true : bool

DTO COOTBETCTBYET CHTyaluu B sizblkax Tuna Pascal’s, e MOXKHO uMeTh
JIBE PA3/IMYHBIE TIEPEMEHHbBIE, COIEPIKAIINE OJIMHAKOBbBIE 3HAYEHU (B JTaHHBII
momenT). g rex, ko 3HakoM ¢ LISP’om, 3aMeTwM, 4T0 paBEHCTBO CCHITIOK
B ML coorBercrByer dyukunu eq, a He equal.

Bwmecte co cebuikamu B SI3bIKE TOSIBASIIOTCS OOBITHBIE JJIsT WMTIEPATHB-
HOTO $3bIKa KOHCTPYKITUU: KOMIIO3UIUS [TOCJIETIOBATEIBHBIX YTBEPKICHWH 1
nrepatuBHOoe BhinoHenne. B ML yrBep:kmenus mpemcTaBisioTCa BbIPaXKe-
HUSIMU TATA unit (THIT UX BBIPAXKAET UICK0 TOTO, 9TO STU BHIPAKEHUST BHITUC-
JFIOTCA pajm ux moboanoro sddexra, a He pajan 3HAUeHU BhIpaskenus). C
ITOMOIILI0 WHMDPHUKCHOM omepannn ;7”7 0CyIIeCTBIACTCA MOCIEI0BATE/IHLHOE BhI-
HOJTHEHHME YTBep:KAeHuI, a KoHCTpyKuus while e do €' obecrneunBaer ure-
paTUBHOE BBITIOJHEHUE.

Yupaxkuenune 2.9.1 Cuedyrowui abempakmusid mun OGHHBT MOHCEM,
ObMb UCTOAB30BAH OAA CO30aHUA DECKOHEUH020 NOMOKA 3HANEHUT:

abstype ’a stream = stream of unit -> (’a * ’a stream)



48 I'VIABA 2. AJIPO A3BIKA

with fun next(stream f) = f()
val mkstream = stream
end;

Ecau darn nexomoputi nomox S, mo next S so3epawaem nepeoe 3nateHue u3
S u nomox, cocmoawull U3 OCAABHLLT 3HAYEHUT. MO UALIOCTPUPYEMCA
CAEYIOUWUM NPUMEPOM:

- fun natural n = mkstream(fn () => (n, natural(n+1)));
> val natural = fn : int -> int stream

- val s = natural O;

>val s = - : int stream

- val (first, rest) = next s;

> val first = 0 : int

val rest = - : int stream
- val (next,_) = next rest;
> val next =1 int

Hanvwume pynxyuro, xomopasa 6036pausaem beCKOREYHbIT CIUCOK NPOCMHLT
wucen 8 eude NOMoKa.

Yupaxkuenune 2.9.2 [lpusedennas 6viwe peasudayus nomoka xax abcm-
PAKMHOZ0 MUNA OGHHBIL MONCEM 0KA3AMBCA Kpatine nespdermustoti, eciu
O0HU U TE HCE IAEMEHMBL NOMOKA UCTLOABIYIOMCA MHOROKPGTMHO. Mo npo-
ucxodum nomomy, umo GYHKUUA NeXt B8uUUCAACT OUEPEIHOT IAEMEHM NO-
moka ecarxuti pasd, xozda ona swaveaemca. llosmoproe svivucaenue bydem
becnoaesnoll mpamoti pemeny OAA MAKUT NOMOKOS, KAK, HANDUMED, NPO-
cmvle wucaa, 20e 6o3epalaemoe 3HaveHue bydem ecez20a 00RUM U MEM HCE.
HUsmenume oboasaenue muna Stream ¢ UCNOAb308AHUE CCHLAOK MAK, “4MobbL
yempanumos amy wespdermuernocms.

Ynpaxkuenuue 2.9.3 Hamenume obsassenue muna stream max, wmobwv, ox
donycran Kax KoHeuHvle, Mak U 6eCKOHEUHDIE NOMOKU, UCNOAL3YA NpeduKram
endofstream das onpedesenusn KOHUG NOMOKG.



I'nmaBa 3

Moaynnu

3.1 O630p

BoaMoxHOCTD pazsioxkenus: HOJIBINION MPOrPaMMbl HA HEKOTOPOE KOJTHIe-
CTBO OTHOCHUTEIHHO HE3ABUCHUMBIX MOIY/IEH C YETKO OIMPEIeJICHHBIM HHTEp-
dreiicom siByisieTcst KpaiiHe BayKHOM PH pa3paboTKe KPYITHBIX TPOTPAMMHBIX
npoaykToB. Momynun B ML mpennazuadenst 1id pereHns 9TOH mpobIeMbl.

MHorve u3 COBPEMEHHBIX A3bIKOB IIPOTPAMMUPOBAaHUS 00JIaJA0T MO100-
HBIMEU cBOficTBamMu. K coxkajienuio, B 9TOH 00/aCTH HE CJAOKWUIOCH €IMHOIA

TepMmuHoJsiorun. IIporpaMMubie KOMIIOHEHTHI HA3BIBAOTCH “MOAyIsIMEU’, “ria-

keramu’, “kyacrepamu’ u T.j., u T.i1. B ML ucnonb3yercs repMun “crpyKTy-
pa’, Kak cokpaiienue st “cTpykTypa cpeibr’. Takoit BBIGOp TepMUHOIOTUN
TOBOPHUT O TOM, uTO B ML mporpaMmHbIil MOIY/Ib €CTh WHCTPYMEHT MOCTPO-
enud cpeabl. HamomanM, 910 cpejia ecTb XpaHuauiine nHOPMAIUH O CMbIC-
JIe naeHTuUKATOPOB, 00bABNEHHBIX B MporpaMMe. Hampumep, B pesysibra-
Te BBITOJHEHUs 00bsIBIeHUS val x=3 B Cpeje TOSBISIETCS 3AMUCh O TOM,
uT0 uAeHTU(UKATOP X MPUBS3aH K 3HadYeHWto 3 Tuna int. Takum obpazom,
pasbuenme mporpammbl Ha Momysau B ML mommmaerca xak pasbuemnwue cpe-
JIbI Ha, OTJE/IbHBIE YaCTH, KOTOPBIMU MOYXKHO MaHUIYJIMPOBATH OTHOCUTEBHO
HE33ABUCUMO APYT OT Apyra. Mbl TOBOpUM “OTHOCHTEIBHO”, TIOCKOJIBKY, €C/IN
HECKOJIBKO MOJIysiell 00beIMHAI0TCH B OJHY IPOTPaMMY, OHU JOJIKHBI XOTb
KaK-TO B3amMOJEHCTBOBATEL MeXKay coboit. CraemoBaTesbHO, MOKHA OBITDH
KaKas-TO BO3MOXKHOCTb OINKCAHWS W OPIaHU3AIUU 3TOr0 B3aMMOJIEHCTBUS.
D10 HasbiBaercs npobiemMoil coucnobzosanus (sharing).

To, kakoit Habop oneparuii Ha | TPOTPAMMHBIM MO/TYJIEM JOCTYIIEH, U TO,
KaKue eCTb CPEJICTBA YIIPABIEHUS COUCIIOJIB30BAHUEM, SIBJISIOTCS OCHOBHBIMU
XapaKTepUCTUKaAMU JII0O0ro Mexanu3Ma paszbuenus Ha mouysu. [lo menbireit
Mepe, TOKHA OBITh BOZMOXKHOCTH HE3aBUCUMON KOMIOUAANUN OTAEIBHOTO
TMTPOTPAMMHOTO MOJIYJIsT, BO3MOYKHOCTD CBSI3BIBAHNS CKOMITIITHPOBAHHBIX MO-
JIysiell B eMHYI0 TPOrPaMMy U BO3MOXKHOCTH W30JISIUE OJHOTO MOJYJIsS OT
JIPYTOrO € 1esibio n30eKaTh HeyKeJIaTeJbHOW 3aBUCUMOCTH MEXK/Ty MOJLyJIs-

49
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MU, OCHOBAHHO# Ha “ciydaiiHbix” CBOHCTBAX MOV — TaKUX, KakK JeTaju
BHyTpeHHel peasm3zaruu. COOTHOIIEHNE U B3aUMOCBSI3b MEXKY HU30JATIAEH
(abcTpakimeii) W COMCIIONB30BAHUEM €CTh KJIOUEBOH MOMEHT, ONPEIeIsio-
Uil perrenne APyrux mpobaeM B CHCTEME Pas3/Ie/IeHus Ha MOJYJIH.

Touno Tak ke, Kak THI UACHTUMUKATOPA ABILETCI TOCPETHUKOM, OITH-
CBHIBAIOIIUM BO3MOXKHOCTH KCIIOJB30BAHUS MJIEHTU(DUKATOPA B MPOrPAMME,
TaK U CTPYKTYpa 00/1a/aeT HEKOTOPOIO POJIA TUIIOM, HA3bIBAEMBIM “CUTHATY-
poit”, KOTOPBI# ONMUCHIBAET TO, KAK BUHA CTPYKTypa BO BHellHeM mwupe. B
JINTEpaType TUI TPOrPAMMHOTO MOV WHOTIA Ha3biBaeTcsd “uHTepdeiicom”
wim “onucanuem nakera’. Tepmunosorna ML Bo3amkaer 3 anagornu MexK-
Iy CTPYKTYPOU Cpefibl U ajaredpandeckoil crpyKTypoit — a “rumn’ mocjiennei
00OBIYHO HA3BIBAETCS CUTHATYPOM. TOUHO Tak 2Ke, KAK TUI ABJIAETCA “KPaT-
KOt CBOJIKOiT” cBOiicTB 00bEKTa, NCIOJIB3YEMbIX B IEPHO KOMITUISIIUN, TAK U
CUIHATYPA ABJIACTCA KPATKOA CBOLKON CBOMCTB CTPYKTYPhI, UCIOJIL3YEMbIX
B nepuoj KoMmirdnun. OAHAKO, B TPOTHBOTIOJIOKHOCTD SI/IPY $I3bIKA, STBHOE
MPUINCHIBAHAE CUTHATYPBI KAKOW-100 CTPYKTYpPE BIUSET HA €€ CBOHCTBA U
B IIepUOJ, KOMIWJISIIIUN, U B TIEPUOJ] UCIIOJHEHUS], TTOCKOJIBKY CUTHATYpPa Ha-
KJIAJIBIBAET OrPAHUYEHMS HA “BUAUMOCTE COJAEPKUMOIO JAHHONW CTPYKTYPHI.

Dynxmopom HazbiBaeTCd QYHKIUA, [IPeodpas3yromas CTPYKTypPbl B
cTpyKTyphl. Unesa GyHKTOpa COCTOUT B CAEIYIONIEM: €CIN KaKadg-TM00 CTPYK-
Typa S 3aBUCUT OT CTPYKTYpHI 1 TOJBKO B TO 9acTw, KOTOpas ONHUCAHA B
curtarype 1, To cTpykTypa S MOXkKeT ObITH W30 MPOBAHA OT Jerajeil pea-
JIM3AIWY CTPYKTYPbI 1’ TIyTeM ompejesieHus HeKOTOpoil (byHKIUMU, KOTOpast
mo cTpykType T ¢ 3aaaHHON CUTHATYPOI BBIpADATBIBAET CTPYKTYPY S, B
KOTOPYIO “BMOHTHpOBaHa” cTpykTypa 1. B muTeparype 910 Ha3bLIBaeTCs “Ia-
paMeTpu30BAHHBIMU MOAYAaMy win “‘reHepuuecknmu makeramu . B ML BoI-
6pan TepmuH “dyHKTOD” 1O TOU NPUYKWHE, 9TO OH, C OJHOU CTOPOHBI, HOJIbIIIE
TOAXOMUT [t (DYHKITMOHAIBHOTO SI3bIKA, &, C APYTO# CTOPOHBI, IPUHAT B Ma-
TEMATHIECKOH TEPMUHOJIOT MY, UCIIOJIBL3YIOIIEH TeEPMUHBI “‘CTpYKTypa” u “cur-
narypa’. O0bsapaeHre (DYHKTOPA ONPEAEISIeT H30IUPOBAHHYO CTPYKTYPY S,
a npuMmenenne MPYHKTOPA K CTPYKTYPE COOTBETCTBYET OIEPAITNY CBA3bIBAHUA
Momysieit B equHoe 1esoe. OYHKTOPBI ABJSIOTCS TaK»Ke OCHOBOM s 3Je-
TAHTHOT'O MEXaHU3Ma COKPBITHS WHQMOPMAINN, HA3BIBAEMOTO abcmparyued.
Bo Muorux ciyuasx abcTpakiius SBJASETCS YIAUHON 3aMeHON abCTPaKTHBIX
THUIIOB JaHHBIX.

Mpr magmem Harre BBeJeHHE B MOAY/IbHYIO CTPpyKTYypy ML ¢ paccmorpe-
HUsI CTPYKTYD U CUTHATYP.

3.2 CTpyKTypbl U CUTHATYPBHI
CrpykTypa ecTh He 4TO WHOE, KaK “MaTepuan3oBaHHass’ cpejia, mpeBpa-

IeHHasT B 0OBEKT, KOTOPBIM MOYKHO MaHUIYIUPOBaTh. OCHOBHBIM CPEJCTBOM
OTIPeAeIeHUsT CTPYKTYP ABIAIOTCI UHKGNCYAUPOBAHHIE 005ABAEHUS, COCTOA-
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1€ U3 IOCIEI0BATEILHOCTH O0LSIBJICHIH, 3aK/II0YEHHBIX B CUHTAKCAIECKHE
ckobku struct m end. Bor mpocToit mpuMep MHKAICY/IMPOBAHHOTO 00bIBIe-
HUS:

struct

type t = int;

val x = 3;

fun f(x) = if x=0 then 1 else x*f(x-1)
end

“SraueHneM” ITOTO UHKAICYJIUPOBAHHOTO 00bsIBJICHUS SIBJISIETCS CTPYKTYPA,
B KOTOpO# niaeHTHdUKATOP TUNA t NPUBS3aH K TUIY int, a uieHTUUKA-
TOPBI 3HaYeHUH X 1 f NPUBA3aHbI COOTBETCTBEHHO K 9MCJIY 3 U K (PYHKIUU
BBIYKCJIEHUs (DAKTOpUaIa. XOTd Mbl U CKJIOHHBI PACCMATPUBATh CTPYKTYPHI
KaK HEKOTOPBI COPT 3HAYEHWIl, WX CTATYC OTJUYAETCS OT CTAaTyca OOBIU-
HBIX 3HAYEeHW. B 9acTHOCTH, MHKANCYIUPOBAHHOE 00bLIBACHNE HEIB3A MIPO-
CTO HANWCATh HA BEPXHEM yPOBHE JIHAJIOTa - KaK, HAPUMep, MOXKHO Ha-
mucaTh apudMeTndeckoe Bhipaxkenwe. OHAKO K HEMY MOYKHO TPUBSA3ATH
UJIEHTH(OUKATOD — HO U 3Ta (hopMa 00bsiBJIeHNs], HA3BIBAEMAd NPUBA3KOT K
CMPYKMYpPe, MONKET MOABUTHCH TOJIBKO JIMOO HA BEPXHEM YDPOBHE JHAJIOrA,
Jinb0o BHYTPHU MHKAIICYJUPOBAHHOIO 00bsiBjieHusi. Ha BpemMs MbI orpaHudnM
Hallle BHUMaHUe TOJBKO MPUBI3KAMU K CTPYKTYpPaM Ha BEPXHEM yPOBHE, a
NMPUBS3KHA BHYTPH MHKAIICYJIUPOBAHHOIO 00'bsiBJEHUS paccMoTpuM 1o3zke. K
NIPUBEJIEHHOMY BBIIIE WHKAIICYJUPOBAHHOMY OOBSABICHUIO MOXKET OBITH IIPH-
BsI3aH HAeHTUMHUKATOD CIEAYIONINM CIIOCOO0M:

- structure S =
struct
type t = int;
val x = 3;
fun f(x) = if x=0 then 1 else x*f(x-1)
end;
> structure S =
struct
type t = int
val f
val x
end

fn : int -> int
3 : int

ObparuTe BHUMaHUE HA TO, YTO PE3YJIbTAT NPUBI3KH K CTPYKTYpPE SIBJISIET-
cs cpegroit’. ML meuaTaer cpejty, HOJIyYalONIyIocs B Pe3yIbTaTe BbIIOTHEHNS
obbgaBienuit Mexx 1y struct u end modTy B TOH ke PpopMe, B KAKOM BBHIBOIAT-
cd coolrmenus nocse obbsABIeHN HA BepxHeM ypoBHe. KoHeuHO, CTpyKTypa

o rexnmueckum npuumnsam HekoTopbie peanusamuy ML mepeyopsii0uuBaoT KOMIIO-
HEHTHI CPEJIBbI TIEPE T BHIBOJAOM Ha, SKPaH.
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3a/1a€T HE3ABUCUMYIO CDEJly B TOM CMBIC/E, UTO OObsiBI€HUS, TOSABUBIIHE-
¢ BHYTPHU MHKAICYJIUPOBAHHOTO OObABJICHNUS, HUKAK HE BJUSIOT HA JPYyTHE
00bsBJIEHNSI, BLITIOJIHEHHBIE HA BEpXHEM ypoBHe. Tak, HampuMep, mocie npu-
BEJIEHHOTO BBIIIE IpUMepa HU t, Hu f HEJOCTYITHBI HA BEPXHEM YDPOBHE.

Onrako K uaeHTHOUKATOPAM, O0bSIBJIEHHBIM BHYTPHA CTPYKTYPBI, MOYKET
OBITH MOJIYYUEH JOCTYI € MOMOIIBI0 cocmasnux (qualified) umen. CocraBHoe
UM COCTOUT W3 NYmu Jocmyna & cmpyxmype, TOIKH U CAMOTO HICHTH(OH-
karopa. B HacTogmnmii MOMEHT IIyTh JOCTyIA K CTPYKTYpe OyJIeT cOCTOATH
POCTO U3 UACHTU(DUKATOPA CTPYKTYPHI; I032KE HAM IpuieTcd 0600mmTh mo-
HATHE MYTH J0 MOCIEI0BATEILHOCTH WISHTH(DUKATOPOB CTPYKTYP. MBI MO-
JKEM HCIOJIB30BATH KOMIIOHEHTHI CTPYKTYPBI S € TIOMOIIBI) COCTABHBIX NMEH
CIIETYIONTAM 00OPa30oM:

- x;
Type checking error in: x
Unbound value identifier: x
- S.x;
> : int
£(8.x%);
: int
X S.t;
S.t

\
W N o n w

Bripakenne S.x sIBJIS€TCsI COCTABHBIM UMEHEM, KOTOPOE CCHLIAETCS Ha 3HA-
TeHre, K KOTOPOMY TPWBA3aH MACHTH(MUKATOD X B CTPYKType S. 3HaueHwe
BBIDAXKEHUS S.X, KAK BBl U MOXKETE TIPEJITOJIOKNTh, ecTh 3. Aranorudno, S. f
obozrauaer Gpyukimo £, 00bABAEHHYO B CTPYKTYPe S (DyHKITHIO BBIYHCTE-
Hus dakropuana). Korma ona mpumensiercst K S.x (T.e. K 3), pe3yabTaToM
6ymer 6. Vcmonp3oBanme HaeHTHMOUKATOPOB, OObABICHHDBIX B S, He OTPAHIYIN-
BAaEeTCs 3HAYEHUSIMU: [TOCJIE/IHNI IPUMED [I0KA3bIBAET BO3MOXKHOCTD UCIIOJIb-
30BaHus uaAeHTH(MUKATOPA TUIA S.t, 00bABJIEHHOTO B S Kak int.

Ecan B Kaxoii-T0 9acTét MPOrpaMMbl YIOMUHAIOTCS HECKOIBKO KOMITOHEHT
OJIHO} ¥ TOH Ke CTPYKTYPBbI, BBHIITUCHIBAHHE COCTABHBIX UMEH IIPEBPAIIAETCH
B yroMuTesbHoe 3ansgTre. Yrobbl 06seryuTh XKU3Hb B TaKUX curyaluax, ML
MPeIOCTaBAAET BO3MOKHOCTD “OTKPBITE CTPYKTYPY C T€M, YTODBI K OTIpeIe-
JIEHHBIM BHYTDH Hee UJIeHTU(UKATOPAM CTaJ BO3MOXKEH HEOCPEeICTBEHHBIN
JTOCTYTI.

- let open S in f(x) end;
> 6 : int
- open S;
>val x = 3 : int
val £
type t = int

fn : int -> int
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B nepBoM mpuMepe Mbl JIOKAJBHO OTKPBIBAEM CTPYKTYDPY S BHYTPH BbIpa-
Kernms let, uTo mosBosser nucaTth £ (x) BMecTo rpomosakoro S.£(S.x). Bo
BTOPOM IPUMEDPE MbI OTKDBIBAEM CTPYKTYPY S Ha BEpPXHEM YDOBHE, U TeM
caMbIM 100aB/IgeM K CPEMIe BEPXHETO YPOBHS HOBBIE MPUBA3KN UACHTU(MUKA-
TOPOB — KaK 3TO W BUIHO U3 BbIaun ML.

YHacro ObIBaET MMOJIE3HO PACCMATPUBATH CTPYKTYPHI KAK 3HAUECHUS HEKO-
TOPOTO 0COOOr0 POJA, OCKOIBKY, BO-IIEPBBIX, 9TO COOTBETCTBYET IIPEICTAB-
JIEHUIO O CpeJie KaK O HEKOTOPOM O0BEKTe, a, BO-BTOPHIX, UMEETCsT HEKOTOPBIN
nabop omepanmit Ha T CTPyKTypamu. B gape a3bika Kaxk10e 3HAUCHNE UMeeT
THUI; AHAJOTUYIHO, CTPYKTYPhI TAKXKE UMEIOT TUIBL: 3T0 curHaTypbl. Curna-
TYPBI XaPaKTEPU3IYIOT CTPYKTYPHI BO MHOTOM IMOAODOHO TOMY, KAaK OOBITHBIE
THUITHI XaPAaKTEPU3YIOT OOLIYHBIE 3HAUYEHUS, OIMUCHIBALA CIIOCOOBI, KOTOPBIMU
BHAYEHNE MOXKET OBITH MCITOIb30BAHO B IIPOITECCE BRIYUCICHU. XOTH, CTPOrO
IOBOpSi, CATHATYPBI HE ABJISIOTCS TUIIAMH, HO, TEM HE MeHee, aHAJIOTSA MEXK-
Iy CHTHATYPAMW W THUIIAMHU TOJYKHA ITOMOYb BAM MOHATDH, [JId 9€Tr0 HYZKHBI
CUT'HATYPHI.

Ecan mer paccmorpum Beigady ML B puBeieHHBIX BBIIIE IIPUMEPAX, TO
YBUJIUM HEKOTODPBIE PA3IUUUS MEXK/y Bbljadeil B Ciydae OObIYHON ITPUBI3-
KU K 3HAYEHWIO W B CJIYYae TPUBSI3KHU K CTPYKTYpe. A UMEHHO, TTpU 0OBIYHOM
npuBsa3ke K 3uauennio, ML B orBeT meuaraeT u 3navenune, u ero TUIl. B ciayuae
JKe MPUBS3KK K CTPYKTYpE MedaTaeTcsi TOJbKO 3Hadenue. /laBaiite paccmoT-
puM, uT0 OBI mpou3onuio, ecau 661 ML TBepao mpumepKUBAICT TPUHITUIIOB
paboThl ¢ OOBITHBIMY 3HAYEHUSIMUA U B CJIydae CTPYKTYPHBIX 3HAUYEHUIL:

- structure S =

struct
val x = 2+2;
val b = (x=4)
end;
> structure S =
struct
val x = 4
val b = true
end
sig
val x : int
val b : bool
end

B sToMm mpuuyiiuBoM npumepe wHMOpPMAIUS O TUIIAX IIEPEMEHHBIX IOsiB-
JIgeTCd BHYTPU CUTHATYPBI, B TO BpEeMs KaK 3HAUEHUS TOIBATIOTCS BHYTPH
CTPYKTYPBI. DTO COOTBETCTBYET HAIEMY WHTYUTHBHOMY MOHUMAHUIO CUTHA-
TYpPbI KaK XapaKTePUCTUKW 3HAYCHUsT (HMEHHO, CTPYKTYpPHI). fcHO, 9To ec-
s OB PE3YIBTAT MPUBA3KU K TAKUM “TOJICTBIM  00BHEKTaM KaK CTPYKTYPBI
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MeYaTaJCs B TOM K€ BUJE, KaK U PE3YJIbTaT NPUBSI3KH K ODBIYHBIM 3HAUE-
HUAM, PE3YJIbTAT eYaTH MOJy4ascsd Obl CANUIIKOM I'DOMO3JIKUM, U [IO3TOMY
ML-cucreMbl nie9aTarT PE3Y/IbTAT IIPUBSI3KU K CTPYKTYpPE KaK HEKOTOPYIO
“cmech” U3 CTPYKTYPBI U €€ CUT'HATYDBI.

Bripaxenue, 3aKk/I0UeHHOe B CKOOKN sig W end B IPUBEIEHHOM BBIIIE
puMepe, HA3BIBACTCS CU2HGMYPOLL; €ro TeJI0 Ha3bIBAETCd cneyudurayued.
Cuenudukaliusi BO MHOTOM 110/100Ha OObSIBIEHUIO, C TEM OTJIMYUEM, YTO OHA
TOJIBKO OTUCHIBAET UIEHTU(UKATOP, CBA3BIBAaS ¢ HUM THUI, & HE MPUIAET
upeaTuduKaTOPY 3HaUEHNE (U3 KOTOPOTO B CJydae OOBIYHOTO OObLSIBICHWS
BeIBOsIUTCsT THM). [loka 9TO MBI paccMOTpesM TOJBKO val-crennduKarmn;
TMO3/THEe MBI PACCMOTPHUM W JIpyTHe. B MpUBemeHHOM BBITIE TTPUMeEpe YKa3hbi-
BaeTCd, YTO X AMeeT TUO int, a b mMmeer Tum bool.

CurnaTypsl He TOTbKO BRIBOAATCA ML-komMmmmsTopom. OHE UTPATOT BakK-
HYIO POJIb B UCIOJB30BAHUN MOJIYJIbHON CUCTEMBI, B YACTHOCTH, IPU O0'bSB-
Jiennn (PYHKTOPOB, M IIO9TOMY OHM YacCTO HUILYTCH TTosib3oBaresem. Nnenru-
puKaTOp MOKET OBITH IPUBSI3aH K CUTHATYPE IIYTEM NPUBAZKU K CULHATNYDE
— 1mo00HO npuBs3ke K Tuiry. lIpuBsa3ka K curHarype 0003HAYACTCH K/IHOUe-
BBIM CJIOBOM Signature, u MOXKeT HOABJATHCS TOJIBKO HA BEpXHEM YDOBHE.

- signature SIG =

sig
val x : int
val b : bool
end;
> signature SIG =
sig
val x : int
val b : bool
end

[Mockombky mwHpOpMalma BeimaBaemas ML B oTBeT HA 00bABIEHNE CHTHATY-
PBI He COMEPKUAT HUIEro HHTEPECHOTO, B IMOCASAYIONINX IpUMepax oHa Oyaer
OILYCKATbCS.

OcHOBHAY II0JIb3a CATCHATYP 3aKA0IAETCI B TOM, YTO CTPYKTYPBI MOT'YT
conocmagasmvesa ¢ cuenamypamu. CTPYKTYpa HASBIBACTCA COIMOCTABUMOIL ¢
CcUTHATYPOit, ec/iu, TPyHO TOBOPS, CTPYKTYPa COOTBETCTBYET CIEIN(DUKAIIH-
M curHaTypol. Ilockonbky crnenmdukanuy mogo0HbI THIIAM, U1 COITOCTAB-
JIEHWS C CUTHATYPOU OJM3Ka mpoBepKe COOTBETCTBUS THUIIOB B dpe A3BIKA,
XOTS HEKOTOpBIE JeTaJ M 3JeCh JOBOJBLHO CJI0KHBI. OmMH m3 CIocobOB HC-
MOJIb30BAHNS CUTHATYPBI COCTOUT B YKA3aHWHU €€ MOCTE WMEHW CTPYKTYPBI
[IPY TIPUBSI3KE WICHTHMOUKATOPA K CTPYKTYpe (UTO OUeHb MOXO0XKE HA yKa3a-
HUE THIA TIPU NPUBA3KE UAeHTH(DUKATOPA K OOBIYHOMY 3HAYEHUIO) C IETBI0
obecevennsd JOIOJTHATEIHHON TPOBEPKY B IIEPHO KOMITHISIITHN:

- structure S : SIG =
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struct
2+1
(x=7)

val x
val b
end;
> structure S =
struct
val x
val b
end

3 : int
false : bool

“:SIG” 1moKa3hIBAET, YTO MHKAICYJIUPOBAHHOE OObSABJIECHUE CIIPABA OT 3HAKA
PaBEHCTBA JOJIXKHO OBITH COMTOCTABUMO C CUTHATYPOi SIG.

TTockombky, o Mmuenuto ML, mpuBegertoe Boillie 00bABIECHNE ABJISIETCS
MPUEMJIEMBIM, YKa3aHHAS CTPYKTYPaA COTIOCTABUMA C YKA3AHHON CUTHATYPOIA.
[Mouemy sro Tak? Jlannast CTpyKTypa COMOCTABUMA ¢ CHTHATYpoit SIG, mmo-
CKOJIBKY:

1. S.x mpuBs3aH K 3, YTO UMeeT TUI int, Kak u Tpedyer curaarypa SIG.

2. S.b mpuBasan K false, 9T0 uMeeT TUI bool, Kak 1 TpebOyeT CUTHATYpPA
SIG.

Kopoue roBops, eciu B curnartype fjs TePeMeHHON X yKa3aH THI T, TO B
CTPYKTYpE UACHTU(PUKATODP X JOJKEH MPUBA3LIBATHCS K 3HAUEHUIO TUIA, T.

Curaarypa MOXKET OMUCHLIBATH MEHBITE UIeHTH(OUKATOPOR, YeM WX TTPeJI-
CTaBJIEHO B CTPpYKType. Hampumep:

- structure S : SIG =
struct
val x 2+1
val b (x=7)
val s = "Garbage"
end;
> structure S =
struct
val x
val b
end

3 : int
false : bool

311ech B CTPYKTYPe S 0O0bAB/ISIOTCS TIEPEMEHHBIE X, b 11 §, B TO BpEMsi KaK CHT-
narypa SIG ommchiBaeT TOABKO mepeMentbie X u b. B pesysprare HE TOIBKO
THUII IEPEMEHHON S SIBJISIETCS HECYIIECTBEHHBIM, HO U BCH IIEpEMEHHAsS Yoa.is-
emcA M3 CTPYKTYPhI B MPOIECCE COTIOCTABJIEHNUSI ¢ CUTHATYPOit. CMBICT 3TOT0
cocrouT B TOM, 4TO curHarypa SIG ompemenser npoexuyuto (view) CTpyKTy-
PHBI, T.€. TO, YTO JOJKHO OBITH BUJIHO B CTPYKTYpPE; IMEHHO, OHA TOBOPHUT, YTO
IOJIZKHBI OBITH BUIHBI TOJBKO epeMeHHbie X u b. /Ipyrue curHarypsbl MOTYT
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OBITH UCIIOIB30BAHBI JIJIST [IOJIYUEHUs IPYTUX IMPOEKIINN TON YKe CTPYKTYPHI.
Hanpumep:

- structure S =
struct
val x = 2+1
val b = false
val s = "String"
end;
> structure S
struct
val x = 3 : int
val b = false : bool
val s = "String'": string
end
- signature SIG’ =
sig
val x : int
val b : bool
end
and SIG" =
sig
val b : bool
val s : string
end;
- structure S’: SIG’ = S and S’’ : SIG’’ = S; >
> structure S’ =
struct
val x = 3 : int
val b = false : bool
end
structure S’’ =
struct
val b = false : bool
val s = "String": string
end

Yupaxkuenne 3.2.1 Cuenamypa dasa cmpykmyp, Komopuie codepoicam npe-
duram Yynopadoverua OAA HEKOMOPO20 MUNG, MOHCEM ObiMb 30NUCAGHE MAK:

signature ORD =
sig
type t
val le : t*t -> bool
end
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Cosdatime conocmasumbie ¢ amol cuzhamypoti CMpYKmMYpvl, KOMOPHIE CO-
deporcam npeduram ynopadouenus das munoe int u real*string.

Ecsin 3HaueHme B CTpYKType uMeeT ToJauMopdHbIi TuIl, TO 0HO ByIeT yI10-
BJETBOPATE JI000# crerudukanm, KOTopad 33/1aeT YaCTHBIN CJAydail 9Toro
nojuMopdHOro Tumna. Tak, HapuMep, ecjid X IPUBS3AHO B CTPYKTYpe K nil,
10 x Oymer mmerh Tun ’a list, m nosromy OymeT yAOBJETBOPATH CIICIH-
durarnmsm, Hanpumep, int list m bool list list. Ho uro 6yner, eciu
cuerudukarms copepkuT moauMopdubiit Tun? Ilycrs, Hanpumep, B cremnm-
dukanmuy ykKazaHo, 9To uaeHTuduKarop f J0/KeH uMeTh Tum ’a list ->
’a list. YToOBI COOTBETCTBOBATH TAKOH CIENN(OUKAIINN, B CTPYKTYPE UIEH-
TuduraTop £ J0/KeH OBITH TPUBA3AH K (PYHKITMH, TIOIYYIAIONell B KaUecTBe
apryMeHTa CIHUCOK JIIOOOT0 THIa 1 BO3BPAIIAIOINEH B KadecTBe PE3yIbTaTa
criucoK TOro ke Tumna. Hemocrarouno, arober £ wmesnma Twum, cKaxkem, int
list -> int list, mockoJbKy crnenumdukaus Tpedyer, 9To0bl £ ObLIa Ipu-
MeHnMa, K bool list u .. O6muilt IpUHIKAT COCTOUT B TOM, 9TO CTPYKTYpa
JIOKHA OBITH 10 Kpatined mepe cmoav sice obwel, CKOIb obIeil siBistercs
curnarypa. Takum o0pa3oMm, ecium B HEKOTOPOH CTPpYKType uMd £ npuBa3aHo
K TOXKI€CTBEHHON (DyHKIINY, KOTOpas NMeeT TUII *a->’a, To £ yI0BJIeTBOpsIeT
crerupukarnymu, Tpedyiomeit bynkiuy tuna ’a list -> ’a list. [Ipuunna
COCTOUT B TOM, 9TO f MOXKET IOJIyYUTh apryMeHT JII0OOro M THIIA U BbIpPa-
HoTaTh PEe3yABTAT TOrO XKe TUMa, U mem Oosee T MOKET MOTYIUTh CIHUCOK
HEKOTOPOr0 TWIA W BHIPAOOTATH B PE3yJIbTATE CIUCOK TOTO XK€ THMa. BOT
HECKOJIBKO IIPUMEPOB:

- signature SIG =
sig
val n : ’a list
val 1: int list
val f: ’a list -> ’a list
end;
- structure S : SIG =
struct
val n = nil (* : ’a list *)
val 1 = nil (x : ?a list *)
fun £(x) = x (x : ?a->’a %)
end

Yrupaxkuenue 3.2.2 Ymo nenpasusvhozo 6 ciedyruiem 066a8AeHUL?

structure S : SIG =

struct
val n = [3,4]
val 1 = nil
fun f(x) = x

end
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IIpuBs3ka naeHTUPUKATOPOB K MCKJIIOYEHUSIM B CTPYKTYPaX MOIINHEHA
TeM 2Ke OrpaHUYCHHUAM, 9YTO U B dApe Ad3BbIKA: OHUW JOJI2KHBI HCIIOJIB30BATH
TOJILKO MOHOMOpdHBIE TuIbl. Crernudukanus NCKJIIOUYEHUsT 3a/1aeT TOJIbKO
ero tum. lIpaBmia comocTaB/eHusI C CUTHATYPOR TaKWe 2Ke, KAK U B CJIydae
MEPEeMEHHBIX (33 MCKJIFOUYEHHEM TOTO, UTO CJIOKHOCTEH, CBSI3aHHBIX C MOJIH-
MODP(HBIMU THIIAME, 3/1€Ch HE BO3HUKAET ).

- structure S =
struct
exception Barf
exception Crap = Barf
fun f(x) = if x=0 then raise Barf
else if x=1 then raise Crap
else 7
end;
> structure S =
struct
exception Barf
exception Crap
val £ = fn : int->int
end
- S.f(0);
Failure: Barf
- S.f(4);
> 7 : int

HekoTopble mHTEpECHBIE AOMOJHUTEIbHBIE BOIPOCH BOSHUKAIOT B CBA3H C
OO BLABIEHUSIMY ¥ CIeNnUKAIINAMA TUTIOB. BO-TIEPBBIX, PACCMOTPUM TIPO-
3pagHoe 0ObABIEHNAE TUIA B CTPYKTYPE — KaK, HAIPUMED, B IEPBOM IIPHMe-
pe 3Toro paszena, riae uaeHTuUKATOP t NpuBa3bIBaIcd K Tuiry int. Kakosa
6ymer curHaTypa 9ToH cTpyKTypbl? aBaiiTe paccMOTPHM, 9TO IIOJIYIHIOCDH
OBl IPU TUIIOTETUYECKOM PEKUME [Te9aTH, YIIOMUHABIIIEMCA PaHee:

- structure S =
struct
type t = int
val x = 3
fun f(x) = if x=0 then 1 else x*f(x-1)
end;
> structure S =
struct
type t = int
val f fn
val x 3
end
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sig
type t
val £ : int->int
val x : int

end

29

Coemmudnkanusa st BACHTI(DAKATOPa t B CTPYKTYpe, K KOTOPO# IPUBA3AH
S, ecTb TPOCTO type t, 4TO OBOPUT O TOM. YTO ‘BHAUEHUEM t SABJISETCS

THII.

Ecan tun nmeer mapamerp, ero cuerudukanmusd TaK>Ke OYeBUIHA!

- structure S =
struct
type ’a t = ’a * int
val x = (true,3)
end;
> structure S =
struct
type ’a t = ’a * int
val x = (true,3)

end
sig

type ’a t

val x : bool * int
end

Obparute BauManne Ha QOPMY CHETUMDUKAIUN I t.

O6e npuBeseHHbBIE BBIIIE CIIENUMUKAIUIN JOMYCTUMBI ITPH 3aIUCH CUTHA-
Typbl. Ho a0 mipomsoiiger mpu comocTaBjaeHnr ¢ Takoii curaarypoii? Pac-

CMOTPHUM CJIeIYIOIIUNA IpuMep:

- signature SIG =
sig
type ’a t
val x : int * bool
end;
- structure S : SIG =
struct
type ’a t = ’a * bool
val x = (3,true)
end;
> structure S =
struct
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type ’a t = ’a * bool
val x = (3,true): int * bool
end

CTpyKTypa, K KOTOPOii TPUBS3BIBAETCS S, COMOCTABUMA ¢ cUTHATYpoit SIG,
TMOCKOJIBKY S.t eCThb YHaPHBIA (T.e. UMEIOINH OuH apryMeHT) KOHCTPYKTOP
THIa — Kak 9Toro n tpebyer SIG.

FEcam curmarypa 3amaer HEKOTOPBIH KOHCTPYKTOP THUIA, TO ITOT KOH-
CTPYKTOP MOKeT HCIIOJb30BaThCA Jajiee B curnarype. Hampumep:

- signature SIG =

sig
type ’a t
val x : int t
end;

DTa cUrHATYPa OIpeiesideT KIacC CTPYKTYP, KOTOPbie OObABIISIOT YHAPHBII
KOHCTPYKTOP THIA t U TEPEMEHHYI0 THIa int t (1y1s1 9T0ro KOHCTPYKTOpa
t).

Tenepr naBaiiTe BepHEMCd K TPUBEAEHHOM BLITIIE CTPYKTYPE S U PaCCMOT-
PHUM BOIIPOC, COMIOCTABMMA OHA Wan HeT ¢ curaarypoii SIG. B coorBercrBum
¢ HedpopMabHBIM onucanueM SIG, KOTOPOe MbI TOJIBKO UTO J1aJjiu, OHa OyJer
conocraBumoii. Bojee crporo, S 6yaer conocrasuma ¢ SIG, moToMy 4TO:

1. S.t, xak u Tpebyercsd, eCTh YHAPHBIN KOHCTPYKTOP THUITA.

2. Tum S.x ectb int*bool. IlockoabKYy, O onpenesennio S.t, int t pas-
HO int*bool, S.x coorBercTByer crnenudukaiuy int t.

Baxuo ocoszmaBarh, 94TO B mPOIECCE COMOCTABICHUA C CHUTHATYPOI BCe
AIeHTH(PUKATOPHl THIIA B CHTCHATYPE B3aMEHAIOTCSI Ha COOTBETCTBYIOIIME
uIeHTU(PUKATOPEI U3 CTPYKTYPHI, U ITOITOMY crerumduKanmg int t mpespa-
miaercd B int S.t.

Yupaxkuenue 3.2.3 Kaxaa cuenamypa moosicem Obimb CONOCMasiens co
caedyroueti cmpykmypoti?

structure S =
struct
type ’a t = ’a * int
val x = (true, 3)
end

IIpu paspaboTke mporpaMM IOJE3HO IPUIAEPKUBATLCI NPAGUAL 3AMKHY-
MoCMU Cu2HGMYPbL, KOTOPOe TpebyeT, 9T0ObI CBOOOIHBIMY MACHTUMUKATOPA-
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MU B CHI'HATYpE GBUIM TOJIBKO MICHTH(DUKATOPHI JIPYIUX CHIHATYD U UJICH-

THdHHGﬂprIBCTpOQHHHX(byHKHHﬁ(T&KHG,K&K*‘HHH:2);

Yupaxkuenune 3.2.4 [lycmov danv cmpykmypo:

structure A
structure B
struct

type t = int A.D
fun f(A.d(x)) = A.d(x+1)
end

struct datatype ’a D = d of ’a end

C xaxumu us caedyrowus cuznamyp 6ydem conocmasuma cmpyxmypa B?
1. sig type t val f: int A.D -> int A.D end
2. sig type t val f: t -> int A.D end

3. sig type t val f: t -> t end

Wcnonp3oBanme peKypCUBHBIX OMPEIeICHU TUIIOB B CTPYKTYPax He BbI-
3bIBaeT 0coDBIX TpyAHOCTEH. PaccMoTpuM cienyonuit mpumep:

- signature SIG =

sig
type ’a List
val Append : ’a List * ’a List -> ’a List
end;
- structure S : SIG =
struct

datatype ’a List = Nil | Comns of ’a * ’a List
fun Append (x,Nil) = x
| Append (x,Cons(h,t)) = Cons(h,Append(x,t))
end;
> structure S =

struct

type ’a List

val Append = fn : ’a List * ’a List -> ’a List
end

2 C60600mbim HAZBIBaCTCS MIEHTHDUKATOD, KOTOPBL He 00bsIBIIEH B CUIHATY PE. (IIpum.
nepes.)

3TlomuepkieM, UTO MIPABUIIO 3AMKHYTOCTH CHIHATYPBI SBJIAETCH He (HOPMATHLHEIM Tpe-
GoBaHUEM A3bIKA, & PEKOMEH/IAIHeld, CJIeI0BAHNE KOTOPOIi 00/1er9aeT I0CTPOEHHE CIIOXKHBIX
mporpamwm. (IIpum. nepes.)
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B xadectBe ynpakHeHUs yOeAUTECH, YTO CTPYKTypa S JeHCTBUTEBHO CO-
nocraBuma ¢ curaarypoii SIG (ciemyiiTe Tem e IMyTeM, KAKUM MbI IILTH B
MIPUBOJIMMBIX paHee MPUMePax).

B npusenentnom Beitie mpumepe curnarypa SIG, mpumucaniasg CTPYKTYpe
S, He COJIEpKUT YIIOMWHAHUM 0 KOHCTPYKTOpax 3HadeHu# Tuma List. Mwme-
eTcs JBa Crocoba BKIIOUWTE 9TH KOHCTPYKTOPHI B curHarypy. Oauna n3 Hux
COCTOUT B TOM, YTO KOHCTPYKTOPB! TPAKTYIOTCs KaK OObIYHbIE 3HAUEHNUs, KaK
IIOKa3bIBACT CJEAYIOIUN 1IPUMED:

- signature SIG =
sig
type ’a List
val Nil: ’a List

val Cons ; ’a * ’a List -> ’a List
val Append : ’a List * ’a List -> ’a List
end;
- structure S : SIG =
struct

datatype ’a List = Nil | Cons of ’a * ’a List
fun Append(x,Nil) = x
| Append(x,Cons(h,t)) = Cons(h,Append(x,t))
end;
> structure S =
struct
type ’a List
val Nil: ’a List

val Cons : ’a * ’a List -> ’a List
val Append = fn : ’a List * ’a List -> ’a List
end

ObparuTe BHUMaHUE Ha TO, 4TO ’a List OoJibllle He siBJISE€TCS DPEKYDCHB-
HBIM TuUOM, W 9To Nil m Cons SBASIIOTCS OOBIYHBIME TTEPEMEHHBIMN, a He
KOHCTPYKTOPaMU 3HAYEHUIA.

Jpyroit cocob coctouT B TOM, 4TOOBI 0OBLABUTH KOHCTPYKTOPHI KOH-
CTPYKTOpDaMM, U TE€M CAMbIM CJ/eJIaTh BUAUMBIM ycTpoiicTBo Tuma. Popma
crienupUKAIIN, KOTOPasd O3BOJIAET 9TO CAEMATH, CHHTAKCUYIECKN MICHTHI-
Ha OObSBIEHUIO PEKYPCUBHOIO TUIIA:

- signature SIG =
sig
datatype ’a List = Nil | Coms of ’a * ’a List
val Append : ’a List * ’a List -> ’a List
end;
- structure T : SIG = S;
> structure T =
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struct

type ’a List

con Nil : ’a List

con Cons : ’a * ’a List -> ’a List

val Append = fn : ’a List * ’a List -> ’a List
end

[TonezHocTh 5TOTO MOAX0/1A, IPH KOTOPOM MbI CHEITUPUITUPYEM KOHCTPYKTO-
PBI, OyIeT TPOSCHEHA MO3KEe, KOT/Ia Mbl BBEAEM (PYHKTOPHI.

O6bsapienns abCTPAKTHBIX TUIIOB JIAHHBIX B CTPYKTYPaxX HE MPUBHOCAT
HUYEr0 HOBOTO B COMOCTABJIEHUE C CUTHATY PO, IIOCKOJBKY TaKoe 00bIAB/ICHIE
BBOJIUT TOJIBKO HOBBII THUII U HEKOTOPBIE CBA3AHHBIE C HUM HIEHTU(DUKATOPHI.
Crenudukaiium abCTPAKTHBIX TUITOB HE UCIOJIB3YOTCH, [IOTOMY YTO, KAK MbI
VBUINM JaJIee, UMEeTCd IPYroe CPEeACTBO abCTPATUPOBAHUS TUIIOB, W MOITO-
MYy B TAKUX Cen(DUKAIUIX HET HY KB

Yupaxkuenue 3.2.5 Peaauszytime cmer, ucnoav3yi cmpyxmypos U cuzHa-
mypot.

Ha mpakTuke cTpyKTypbl OOBIYHO CTPOSTCH HA OCHOBE JPYTUX CTPYKTYP
B COOTBETCTBUHU C MPUHIUIIAMHE, OTIPEJIeIIeMBIMHA perraeMoii 3ajgadeit. Ecan
CTPYKTYpPa S HOCTPOEHA HA OCHOBE APYrO#d CTPYKTYPBL T, TO rOBOPAT, 9TO
S sasucum om T. Max-KBun paccmarpruBai aBe KJIaCCH(PUKAITMN 3aBHCHMO-
cru. Bo-tiepBrix, 3aBucuMocts S 0T T MOXKeT ObITh cyusecmeertots nim Hecy-
weemeernnoti. CylecTBenHast 3aBUCUMOCTh UMeeT MEeCTO TOTJa, KOTJa S He
MOXKeT OBIThL UCIOIB30BaHa 0e3 T — CBA3DL MEXKIY CTPYKTYPAMH HACTOJIHKO
TeCHasl, YTO pa3IebHOE UX MCIOIh30BAHNE SABISETCS 6eCCMBICTEHHBIM. JIf0-
6p1e apyrue (bopMbI 3aBICHMOCTH SIBJISIOTCS HECYIIECTBEHHBIMA. BO-BTODHIX,
3aBUCUMOCTL S 0T T MOXKeT ObITh AGHOT WIN HeAGHOT. 3aBucuMocTh S or T
OyaeT sSIBHOII, eciM CHTHATYpa S MOXKET OLITH 3aIlMcaHa TOJLKO CO CCLLIKA-
MU Ha CHUTHATYPY T; B IPOTHBHOM CJly4ae 3aBACHMOCTD ABJIACTCA HEABHOM.
3aMeTbTe, 9TO ABHAS 3aBHCHMOCTDL BCETIa ABJISIETCS CYIIECTBEHHOMN.

IIpocreitiuit cayyail HeCyIIeCTBEHHON 3aBUCUMOCTHM BO3HUKAET, €C/u S
UMIIOPTUPYET HEKOTOPbIe 3HaYeHUd u3 T, KaK B CJACAYIOIIEM IIpUuMepe:

- structure T
struct

1]
\]

val x
end;
> structure T =
struct
val x
end
- structure S =
struct

I
\]

int
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val y = T.x+1
end;
> structure S =
struct
val y

end

[l
[00]

int

SlcHo, uto S MoxkeT OBITH NCIOJB30BAHA HE3ABUCUMO OT T, XOTs S U Ompeie-
JIEHA C TOMOTIBIO CCLTKHU Ha T. DTa (hopMa 3aBUCUMOCTH WHOT 14 HAZBIBAETCS
3A6UCUMOCTNGIO T0 NOCINPOEHUI.

CymecTBennas 3aBUCHMOCTD sIBJIsTeTCA TOpaszao bosee Baxkwuoit. OHa n3
¢opM cyIIecTBEHHO 3aBUCUMOCTH BO3HUKAET TOT/IA, KOraa T oObsBIIsIeT nc-
KJIIOYEHUs, KOTOPbIE MOTYT BO30YXKIAThC (DYHKIIUAME, TPUHAIICKAITUMA
S. Hampuwmep:

- structure T =
struct
exception Barf
fun foo(x) = if x=0 then raise Barf else 3 div x
end;
> structure T =
struct
exception Barf
val foo(x) = fn :int -> int
end
- structure S =
struct
fun g(x) = T.foo(x)+1
end

Iockonbky Beruucienue S.g(0) Bo3OyxkmaeT uck/iIrodexHue Barf, ncnosbzo-
BaHHe S BO3MOXKHO TOJBKO B TOM KOHTEKCTe, B KOTOPOM JOCTynHa T — nHade
MCKJIOYeHne He cMmoxker Obirb obpaborano. Ilosromy S cyliecrBeHHO 3aBu-
cur or T, U FOJIXKHA UCIOIB30BATHCA TOJLKO BMecTe ¢ T. 3amerbre, 0JHaKO,
YTO 3aBUCUMOCTD SIBJISIETCSA HESBHOMN, TTOCKOJBKY CUTHATYpa S HE COJEPIKUT
CCBUIOK Ha T.

CymecTBenHast U SBHAas 3aBUCHUMOCTH BOZHUKAET TOTIA, KOT/Ia S OTKPBITO
HUCIOJIb3YyeT PEKYPCUBHBINA THUII, OIIpEIeIeHHBbIA B T, KaK HalpuMep:

- structure T =
struct
datatype ’a List = Nil | Cons of ’a * ’a List
fun len(Nil) = O
| len(Cons(h,t)) =1 + len(t)
end;
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> structure T =
struct
type ’a List
con Nil : ’a List
con Cons : ’a * ’a List -> ’a List
val len fn : ’a List -> int
end;
- structure S
struct
val len
end;
> structure S
struct
val len
end

T.len

fn : ’a T.List -> int

3aMeTrbTe, YTO CUI'HATYPA CTPYKTYPBI S COAEPIKUT CChLIKY HA CTPYKTYPY
T, orpaxkas ToT daxT, 9T0 len MoKeT OBITH MIPUMEHEHA TOJHKO K 3HAUCHH-
sIM THUNA, onpejeseHHoro B T. 3aMeTbTe, 9TO MPABUIO 3aMKHYTOCTH CUIHA-
TYPBI HE TIO3BOILET B TPUBEICHHOM BBIIIE IPUMEPE IPUIKUCATH CTPYKTYpe S
KaKyo0-1u60 HETPUBUAIBHYIO CUTHATYPY, TOCKOJBKY CUTHATYPA HE MOXKET CO-
JIepXKaTh CBODOIHBIN UAeHTH(MUKATOP CTPYKTYPBI T. DTO HA TEPBBIA B3TJIsIT
MOXKET TI0KA3aThCs HEONPABJIAHHBIM OIPDAHUYEHIEM; OJTHAKO STOM II03BOJISIET
puUBJieYb BHUMAHUE K TOMY BaxTy, 910 S 1 T TECHO CBA3aHbI MEXK1y CODOIA,
¥ TTO3TOMY JOJIKHBI OBITH 00HeINHEHBI B OJUH MOIY/Ib. Takoe 0bheanHenme
MOXKET OBITH BBITIOTHEHO MyTeM BKJOUEHUs] CTPYKTYPHI T B CTPYKTYPY S B
KaUeCTBe NOJCMPyKmypot; MOCTeIHee JOCTUTAETCI C TIOMOIMBI BKJIFOUEHUST
obbapaerus T B HAOOP MHKAIICYJINPOBAHHBIX OOBABIEHNN S, KAK 3TO MOKa-
3aHO B CJIEIYIOMIEM TTPUMEpPE:

- structure S =
struct
structure T =
struct
datatype ’a List = Nil | Cons of ’a * ’a List
fun len(Nil) = 0 | len (Cons(h,t)) =1 + len(t)
end
val len
end
> structure S
struct
structure T =
struct
type ’a List
con Nil : ’a List

T.len
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con Cons : ’a * ’a List -> ’a List
val len = fn : ’a List -> int
end
val len = fn : ’a T.List -> int

end

Takwum myTemM MOXKHO HEPAPXUIECKU OPTAHN30BATh B3aUMOCBI3aHHBIE CTPYK-
TYpBI, U 00bEUHUTE HAOOP CBA3aHHBIX CTPYKTYD B MOJIYJIb.

TlogBrerne momcTpykTyp Tpedyer 0DODIMEHNS BBEIEHHOTO DaHee IOHI-
THS [MyTH JOCTYIa K CTpyKType. B obiiem ciaydae 1myTh J0CTyNa K CTPYK-
Type 3aINCHIBAETCH KaK pa3jeseHHas TOYKAMH IT0CIe0BATEIbHOCTh WMEH
CTPYKTYP, B KOTOPOH KazK/1ad NOCIEeAYIONas CTPYKTYPa ABJIA€TCA ITOJICTPYK-
Typoit npeabiayineit. Hanpumep, S.T saBagercs nyTeMm I0CTYIIa K CTPYKTYPE,
a S.T.len sBjsIeTCsSI COCTAaBHBIM HMeHEeM, KOTOpOe BhIOUpaeT (PyHKIHIO len
NOACTPYKTYPBL T CTPYKTYPHI S.

Eciu T sBiigercss nojcTpyKTypoi CTPYKTYphl S, TO curaarypa S 6yier
BBITJIAIETH CJIEAYIOMUM 00Pa30M:

- signature SIGT =
sig
datatype ’a List = Nil | Cons of ’a * ’a List
val len : ’a List -> int
end;
- signature SIGS =
sig
structure T: SIGT
val len : ’a T.List -> int
end;

Obparute BHuMaHue Ha crenudukaiuo B SIGS, KoTopas yKa3blBaeT, UTO
nogcrpykrypa T jojikHa ObITH comocraBuMa ¢ curaarypoit SIGT. 3amersre
Takxke TO, yro crenudukanus juid len B SIGS coxepxkut T.List; T.List
SIBJIETCST JTOKAJbHBIM B SIGS Gsaromaps Tomy, 9To T ecTh HOACTPYKTYpa S.

Yupaxkuenue 3.2.6 Onpedesume cmpyxmypy Exp, xomopas peasusyem
HEKOMOPLIT PERYPCUSHDBIT, TUT, 8BPANCEHUT U HAOOD CEAZUGHHBIT C HUMU OTe-
pauyuti. Ima cmpyrmypa dosNHcHa Gbimb CONOCMasuMoOl ¢ CuzHAMYpPoT

signature EXP =
sig
datatype id = Id of string
datatype exp = Var of id
| App of id * (exp list)
end
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Onpedeaume dpyeyro cuenamypy SUBST u cmpyxmypy Subst, xkomopas pe-
AAUSYEM ONEPAUUI NOOCTAHOBKY 0L dMUT euipasicenut (m. e. onpedenu-
me mun Subst kax cnucok nap “udenmudduramop/eupasicenue”, u PynKUUIO
nodCManosKky, KOMOPaA N0 GHPANACEHUIO U NOJCMANHOSKE (3HANEHUI MUNG
subst) cmpoum evipadicenue, NOAYHAIOULEECA U3 UCTOOHO20 NYMEM 3AMEHbL
ONUCAHHBIZ 8 NOICMAH0BKe UJeHMUPUKAMOPO8 HA COOMBEMCMBYIOULUE Ebi-
PAdICENUR).

3.3 Aobcrpakiuga

Parmee MBI OTMETHIH, UTO MPOIECC COMOCTABJEHUST CTPYKTYPBI ¢ CHTHA-
Typoit “obpezaer”’ CTPYKTYPY TaK, 9TO B HEHl OCTAIOTCA TOJBKO KOMIIOHEH-
ThI, TPUCYTCTBYIOMME B curHarype. [lpunuceiBanne CUTHATYPBI CTPYKTYpe
CO3IaeT HEKOTOPYIO “MPOEKIHI0’ 3TOH CTPYKTYPHI, W, TAKUM 00pa30M, CO-
ITOCTABJIEHNE C CUTHATYPOH 0becrieanBaeT HEKOTOPbIN OrPAHUYEHHBIN CII0CO0
“cokpbiTus MHGOPMAIMK’, OFPAHUYUBAsL JOCTYI K CTPYKTYPE TOJBKO TeMU
KOMIIOHEHTAMU, KOTOPbIe UMETCs B curHarype. Onaa w3 npuduH (hopmu-
pPOBaHUA TAKUX OIPAHUYEHUN COCTOUT B TOM, YTO [PU IOCTPOEHUN CJOXKHBIX
TPOTPAMMHBIX CHCTEM IOJIE3HO UMETH BO3MOXKHOCTH TOYHOT'O OTTMCAHUS WH-
Tepdeiica KazKI0ro MIporpaMMHOrO MOy IA. 10 JKe caMoe MOYXKeT OBITH yKa3a-
HO KaK OJIHA U3 MPUYUH UCITOJIb30BaHNs aDCTPAKTHBIX TUIIOB JAHHBIX B dJIpe
SA3BIKA: 9TO TO3BOJIAET CACJAATH BCEX IOIH30BATEEH MAHHOTO ab0CTPAKTHO-
0 TUIIA JAHHBIX HE3ABUCUMBIMHU OT jeTajeil ero peajgusanuu. Comnocrase-
HHe C CUTHATYPOI MOXKeT 00ecrednTh HEKOTOPhIE W3 BO3MOYXKHOCTEH, Mpemo-
CTaBJSEMbIX aOCTPAKTHBIMU TUIAME JAHHBIX, TOCKOJBKY C IOMOIIBI0 HETO
BO3MOXKHO “yOparh’ KOHCTPYKTODBHI PEKYPCUBHBIX TUIIOB, U, TAKAM 00pa30M,
CIpATaTh BHyTpeHHee mpejcrasienue. Ho 310 siBiigercs: oJJHUM U3 9aCTHBIX
ciy4aen Oosiee 001Iero crocoba cokpoiTus nuadopmaruu B8 ML, HazbiBaeMoro
abcmparyuet.

OyHIaMeHTaAIbHAS UIesT COCTOUT B TOM, UTO TIPU HEKOTOPBIX 00CTOSITEb-
CTBAX HAM XOTEJOCH ObI OTPAHUYNTE TO, YTO BUAHO W3 CTPYKTYPHI, B TOYHO-
CTH TE€M, UTO YKa3aHO B CUTHATYPE. DTO MOXKET OBITh MPOUJLIIOCTPUPOBAHO
CJIETYIONIAM TTPUMEPOM:

- signature SIG =
sig
type t
val x : t -> ¢t
end;
- structure S : SIG =
struct
type t = int
val x = fn x => x
end;
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> structure S =
struct
type t = int
val x = fn : t -> ¢t
end
S.x(3);
> 3 : int
- 8.x(3) : S.t;
>3 : int : S.t

ObparuTe BHUMaHUE HA TO, 9TO S.t ecTh int, xord curHarypa SIG HE 0 YeM
TaKOM HE TOBOPHUT.

Hesp abcTpakinum cocTOUT B TOM, 9TOOBI CKPBITH BCIO MH(MOPMAIUIO O
CTPYKTYPE, KOTOpad He YIOMUHACTCS IBHO B CUIHATYDE

abstraction S : SIG =
struct
type t = int
val x = fn x => x

end;
> abstraction S : SIG
- 5.x(3);
>3 : int
- 8.x(3) : S.t;

Type error in: S$.x(3) : S.t
Looking for a: int
I have found a: S.t

Db dexT 0bbsiBIIeHNsT AOCTPAKITUE COCTOUT B OI'DAHUYEHUN BCEH TOCTYITHON
06 S wropMauu TOABKO TOH wH(OpMaImeli, kKoTopas ykazana B SIG.

Wwmeercst TecHas cBsizb Mexy abcrpakiiueil m abCTpaKTHBIMU THIIAMU
mauHbIxX. PaceMoTpuM cienyomuit abCTPaKTHBIN THIL:

abstype ’a set = set of ’a list
with
val empty_set = set([])
fun union(set(1l1),set(12)) = set(11012)

end;
> type ’a set

val empty_set = - : ’a set

val union = fn : ’a set * ’a set -> ’a set
- empty_set;
> - : ’a set

D10 00bABIEHNE OTIPE/IEIAeT THIT *a Set ¢ omepanusaMu empty_set u union.
Koncrpykrop set cupstran /st TOro, 4T00bI MOYKHO OBIIO PYy4aThCsH, YTO THII
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ABJIsIeTC abCTPAKTHBIM (T.€. ITO HH OJJHA TPOTPAMMA, UCIIOIB3YIOMAS ITOT
THUTI, HE OKAYKETCsl 3ABUCUMOI OT €ro MPeICTaBIeHNS ).

B obriem cityuae ob0bsiBiieHre abstype onpejessier THIT U Habop ornepariuit
HaJl JaHHBIMH 9TOI'0 THUIIA, CKPbIBas [IPY 9TOM THUII peaan3anuu. Abcrpakimst
Tmpejjiaraer aIpyTo# myTh PEIennst 3TON Ke 3aa4h, 9T0 MOXKHO YBUIETDh U3
CEIYIOTIEro TPUMepa

- signature SET =
sig
type ’a set
val emty_set: ’a set

val union : ’a set * ’a set -> ’a set
end;
- abstraction Set: SET =
struct

datatype ’a set = set of ’a list
val empty_set = set([])
fun union(set(l1),set(12)) = set(11@1l2)

end;
> abstraction Set : SET
- Set.set;
Undefined variable Set.set
- S.empty_set;
> - : ’a S.set

Yupaxkuenune 3.3.1 Onpedeaume abcmparyuio OAf KOMNACKCHOIT YUCEA,
UCNOAB3YA CACOYOWYIO CULHAMYPY:

signature COMPLEX =

sig
type complex
exception divide: unit
val rectangular: {real: real, imag : real} -> complex
val plus : complex * complex -> complex
val minus : complex * complex -> complex
val times : complex * complex -> complex
val divide : complex * complex -> complex
val eq : complex * complex -> bool
val real_part : complex -> real
val imag_part: complex -> real

end

Hodckaska: ucnosvsylime caedyrougue Gopmysvs OAf PEAAUSAUUY ONEPAUUTE
HAO KOMNACKCHOMU YUCATGMU:

(a+1ib) + (c+id) = (a+¢) +i(b+ d)
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(a+ib) — (c+id) = (a—c) +i(b—d)
(a + 1b) * (¢ +id) = (ac — bd) + i(ad + be)

(ac+bd) + i(bc — ad)
c +d?

(a+ib)/(c +id) =

AbcTpakiust sBJsteTcst 6oJtee TUOKOI 10 CPABHEHUIO ¢ aDCTPAKTHBIMUI TH-
TaMU TaHHBIX B OJHUX CIydasx U MeHee THOKO# B npyrux. bosbiras rubkocTs
MTPOMCTEKAET W3 TOTO, YTO ADCTPAKINA He 00s13aHa OBITH “TUIIOM JAHHBIX C
omepanuaMn’, KaK 9T0 BBITEKAET U3 caMoil popMbl abCTpakTHLIX TUIOB. Ha-
npuMep, MOXKeT ObITh He 00bIBIEHO HI OHOTO TUITA BOODIME, a 00 bIABIEHHBIE
TUTBI He 00I3aHbI OBITH PEKYPCUBHBIME TUTTAME. AGCTpaKTHBIE THIIBI JTAHHBIX
HECKOJIbKO 00jiee THOKM TTOTOMY, UTO OHHU, SIBIASCH O0BITHON hopmoit 06b-
sIBJIGHUS, MOT'YT TIOSIBJISIThCS BE€3J€, T/le MOTYT HOSABJISTHCA OObsBJIEHUS, —
B TO BPeMs KaK abCTPAKIIMU MOTYT MMOSIBIATHCS JIUIIb TaM, € MOTYT ITOdB-
JISThCHA CTPYKTYPBI: Ha BEPXHEM YDOBHE WJIM B MHKAIICYJIUPOBAHHBIX O0bSB-
JIEHUSIX. DTO OIDAHMYEHHME HE KAXKETCsl CYIIECTBEHHBIM, ITOCKOIBKY OOBIYHO

TUIIBI OTIPEACJIAIOTCA Ha BEPXHEM ypOBHe4.

3.4 ®DOyHKTOPHI

ML-uporpamMmma gB/sgeTCS HEPAPXUICCKU OPraHW30BAHHBIM COOpAHUEM
B3AMMOCBS3aHHBIX CTPYKTYP. OYHKTOPBI (KOTOpBIE ABJISIOTCA (DYHKIASIMA
HAJ[ CTPYKTYPAMI) UCIIOIB3YIOTCS JIJIST YIOPSITOUEHNsI TIPOIecca pa3paboTKn
nporpamMm. B HEKOTOPOM CMBIC/IE POJIh (DYHKTOPOB AHAJIOTWIHA POJIN CBABbI-
BAIOINEro 3arpy3vYnKa B APYTHUX SI3BIKAX MPOTPAMMUPOBAHUA: OHU SIBJISIOT-
Cd WHCTPYMEHTOM, MO3BOJISIONINM W3 OTAE/JbHBIX YaCTeH CODPATH TOTOBYIO
nporpaMmy. OyHKTOPBI OMPEIETISTIOTCS TYTEM NPUSA3KU K PYHEMOPAM; ITA
KOHCTPYKIUS MOYKET MOABJATHCS TOJBKO Ha BepxHeM ypoBae. CHHTaKCHC
NPUBS3KH K (PYHKTOPY [MOXOXK HA NPUBA3KY K (DYHKIMU B dpe a3bika. [Ipu-
BeJeM TIpuMep:

- signature SIG =

sig
type t
val eq : t*t -> bool
end;
- functor F( P : SIG ) : SIG =
struct

type t = P.t * P.t
fun eq((x,y),(u,v)) = P.eq(x,u) andalso P.eq(y,v)

4 Mbr pekoMeHIyeM IpH IpOrpaMMEpOBAHMY Ha ML m36erars abCTPaKTHBIX TUIIOB JAH-
HBIX, IIOCKOJIbKY B JIaJbHENIIeM OHH MOTYT OBbITh yCTPAHEHBI U3 A3bIKA (TaK KAk abCTpPaK-
U TOCTATOYHA, JJIA WX 3aMEHBI).
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end;
> functor F( P : SIG ) : SIG

Curnarypa SIG oupegesisier tuit t u buHapraoe orHoiieHue eq. PyakTop F
orpejiesisieT pYHKIINIO, KOTOpPad, [OJIYUYUB CTPYKTYPY, COTOCTABUMYIO C CHUI-
HaTypoit SIG, BbIpabaThIBaeT IPYIYIO CTPYKTYPY (KOTOpast B JAHHOM IDH-
Mepe TakKe JIOIKHA OBITh COmocTaBuMa ¢ curHaTypoit SIG — omHako, pa-
3YMEETCsI, B IPYTUX CJIYyYasdX CUTHATYPA CTPYKTYPBI-pE3y/abTaTa He obsg3aHa
COBIIAJIATH C CUIHATYPOH CTPYKTYPBI-IAPAMETPA).

O yHKTOPBI IPAMEHSIOTCA K CTPYKTYPaM U BHIPAOATHIBAIOT IPYTHE CTPYK-

TYPBL.

structure S : SIG =
struct
type t = int
val eq : t*t->bool = op =
end;
> structure S =
struct
type t = int
val eq = fn : t*t->bool
end
- structure SS : SIG = F(S);
> structure SS =
struct
type t = int*int
val eq = fn : t*t->bool
end

31eck MBI CO3/IaU CTPYKTYPY S, colocTtaBuMyto ¢ curHarypoit SIG. dyHk-
Top F, npuMmenaeMmbii K CTpyKType S, CTPOUT HOBYIO CTPYKTYPY C TOH Ke
CUT'HATYpPO#l — HO B KOTODOW t yKe SBJIG€TCS TUIIOM YIIODPsI0YEHHBIX IIap
HEJIbIX drces, a (pyHKIUs PABEHCTBA ONpee/ieHa Ha yrux napax. O0parure
BHUMAaHME HA TO, KaK SS cTpouTcsd u3 S ¢ moMoIesio dyHkropa F
OyHKTOPBI B BBICOKOU CTEMeHU 00JIaIaoT MOJUMOPMU3IMOM, ITO 0ObSIC-
HAETCA TEM, UTO COMOCTAB/IseMAasi ¢ CUTHATYPOH CTPYKTYypa MOXKET COIep-
KaTh 0o/bITe HHPOPMAIINK, 9eM 3Toro Tpebyer curaarypa. Hanpumep:

- structure T : SIG =
struct
type t = string * int
val eq : t*t->bool = op =
fun f(x:t) = (x,x)
end;
> structure T =
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struct
type t = string * int
val eq : t*t->bool
end
- structure TT : SIG = F(T);
> structure TT =
struct
type t = (string*int)*(string*int)
val eq : t*t->bool
end

XoTs U UMeeTCs OrpaHndenue, 9To (PyHKTOP JTOJKEH UMETh POBHO OJUH ap-
TYMEHT, OHO HE ABJIFETCA CYIIECTBEHHBIM: TTPU HEOOXOAMMOCTH HECKOJIHKO
CTPYKTYD MOTYT OBITH BKJIFOUEHBI B OJHY KAaK MOJCTPYKTYDBI, U 3aTEM 3Ta
CTPYKTypa MOxkKeT ObITh mepegana dhyukropy. Ha mpakTrke 310 00BITHO He
CO3/JIaeT HUKAKUX HEyI0OCTB, MOCKOJIBKY B TeX CJIydasX, KOIJa HECKOJIbKO
CTPYKTYP JOJIKHBI OBITH MEPEAHbl B KaUeCTBE aprymMenTta (hyHKTOPY, OHU,
KaK MpaBUJIO, HACTOJBKO TECHO CBSI3aHbI MEXKJy cODOil, YTO MMeeTcd MHOIrO
JPYTUX MPUYKH, TI0 KOTOPBIM WX Pa3yMHO OObEeJIMHUTH B OJIHY CTPYKTYPY
D yHKTODBI JOJIZKHBI MOAIUHATHCA TOMY K€ (PEKOMEHIATETHHOMY ) MPABILITY
3aMKHYTOCTH, YTO U CUTHATYPbBI: OHU HE JIOJXKHBI CO/IEPIKATH OTKPBITHIX CChI-
JIOK Ha 3HAYEHWsI, TUITHI M UCKJIIOUEHNsI BO BHEITHEH cpejte (3a MCKIoYeHneM
PEIOTPEIeTIEHHBIX CHCTEMHBIX TPUMATHBOB). B Teste dhyHkTOpa 6e3 Besakux
OTPAHUYEHUN MOTYT MCIIOIB30BATHCI CCHUIKY HA TTAPAMeTP W €r0 KOMIIOHEH-
ThI (C UCIIOJIB30BAHUEM YTOUHSIIONINX UMEH), Ha JIOKAJIbHBIE HICHTU(DUKATO-
PBI 1 HA paHee onpeneneHHble QYHKTOPhI U CUTHATYPHI.

Teno dyHkTOpa He 00653aHO TPEACTABIATE U3 cebsd MHKAIICYJINPOBAHHbBIE
0ObsiBIeHUS (XOTSA, BEPOATHO, 3TO HamboJIee PACIpOCTPaHeHHbIH crydaii). B
Tesie (PYHKTOPA MOT'YT CBODOJIHO HCIOJIB30BATHCS COCTABHBIE MMEHA U all-
nmKanuu (ByHKTOPOB (OTHAKO BasKHBIH MOMEHT: (DyHKTOD HE Mootcem ObITh
pexypcuBabiM!). [IpuBemem mpumepsr:

- functor G( P : SIG ) : SIG = F(F(P));
> functor G( P : SIG ) : SIG
- functor I( P : SIG ) : SIG = P;

> functor I( P : SIG ) : SIG

Hyxn0 ormernts, aro pyskTop I He sIBJII€TCH TOXKIECTBEHHBIM: €CJIU S €CTh
CTPYKTypa, comocTaBuMasd ¢ curaarypoit SIG, HO ¢ OOJIBITUM KOJIUIECTBOM
KOMIIOHEHT, YeM YIOMSHYTO B curHaType, To F(S) Oymer “ypesamnoit”’ mo

cpasuenuio ¢ S. Hampumep:

- structure S =
struct
type t = int
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val eq = op =
fun f(x) = x
end;
> structure S =
struct
type t = int
val eq = fn : int*int -> bool
val £ = fn : ’a -> ’a
end
- structure S’ = I(S);
> structure S’ =
struct
type t = int
val eq = fn : int*int -> bool
end

ObparuTe BHUMaHUE HA TO, YTO KOMIIOHEHTA f CTPYKTYPBI S OTCYTCTBYET B
I(8).

Yupaxkuenue 3.4.1 I[Ipeobpasytime 60wy peaiudayuio MHOMCECTNE Ha OC-
HOGE YNOPAJOYEHHBIT CNUCKO8 6 (PopMY, 6 KOmopoli GYHKUUU DPABEHCMEA
U NopaAdKa Nepedaromcs 6 Kauecmee ap2yMeHmos GYHKMOPY, CMPOAUEMY
CMPYKMYPY OAA PABOTBL C MHOHCECTNEAMU.

DTUM 3aBepIIaeTCs HAIlle BBeJleHue B Moy ibHy10 cuctemy ML. Ham ocra-
JIOCH OOCYINTH OJIHY BaXKHYI0 HJEH — COUCIOJIB30BAHUE. DTO MBI 0DCYIUM
HECKOJIBKO TI032Ke, MIOCJIe TOr0, KAK PacCMOTPUM IPUMEDPBI HCIIOJIb30BAHUSA
MOJYJIEH B IIPOIPAMMUPOBAHUN.

3.5 MoaynbpHas cucteMa B peaJibHOI MPaKTUKe

B sToM pazmesne MBI TPOMLTIOCTPUPYEM BO3MOYKHOCTH HCIOJIb30BAHUS
MOJLYJTBHOM CHCTeMBI Jist TOCTpoeHus mporpamm. Mer paccmorpum (B 06-
MUX 9eprax) pa3paboTKy CHHTAKCHIECKOTO aHAIM3ATOPa, IPeobpasyromero
BXO/IHYIO CTPOKY B abCTPaKTHOE JIEPEBO CMHTAKCHYECKOI'o pa3bopa u 3aHo-
CAIIET0 HEKOTOPYIO0 HHMOPMAIIHIO O CUMBOJIAX BO BXOHON CTPOKe B TabJIHIY
cumBoJIoB. [Iporpamma Oyaer coCcTosTh M3 9eThipex MOJYJed: ojuH OyJer
cofiepKaTh CODCTBEHHO CHHTAKCUIECKUIT aHAIN3ATOP, BTOPOt — MPOIEeAypPhI
paboTEI ¢ IEPEBOM CHHTAKCUIECKOTO pasbopa, TpeTnil — mpoIeaypsl paboTh
¢ Tabsneli CHMBOJIOB U 9€TBEPTHIN — CKaHep. BOT CUTHATYPBI 9TUX MOIY/IelH:

signature SYMBOL =
sig
type symbol
val mksymbol : string -> symbol
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val eqsymbol : symbol*symbol -> bool

end;
signature ABSTSYNTAX =
sig
structure Symbol : SYMBOL
type term
val idname : term -> Symbol.symbol
end;
signature SYMBOLTABLE =
sig

structure Symbol : SYMBOL
type entry type table
val mktable : unit -> table
val lookup : Symbol.symbol * table -> entry
end;
signature PARSER =
sig
structure AbstSyntax : ABSTSYNTAX
structure SimbolTable : SYMBOLTABLE
val symtable : Symboltable.table
val parse : string -> AbstSyntax.term
end;

Pazymeercs, 9mu CUrHATYPBI UICAJTU3UPOBAHBL U IPEIEIBLHO COKPAIIEHBI, HO
BCE Ke OHM JOCTATOYHO MPABIOIOM00HBI, YTOOBI CIYKUTH B Ka4eCTBe yOeu-
TesibHOTO U nH(pOpMATUBHOrO TpuMepa. O0paTnTe BHUMAaHNE HA HEpapXude-
CKYIO OPTaHMU3AINIO 9TUX CTPYKTYP. I[OCKOIBbKY COOCTBEHHO CHHTAKCUIECK U
AHAJIN3ATOP CYIIECTBEHHO UCIIOIB3YET (PYHKIIUN PAbOTHI U C JePEBOM CHHTAK-
cuvaeckoro pasbopa, u ¢ Tabauieil CMMBOJIOB, COOTBETCTBYIONINE CTPYKTYPBI
JTOJKHBI OBITH SBHO BKJIIOYEHBI B HETO KaK MOACTPYKTYPBI. AHAIOTHYHO, 1
MOJY/Ib PAOOTHI C IePEBOM CHHTAKCUIECKOTO pas3bopa, W MOAYIb AOCTYIA K
TabJInlle CUMBOJIOB UCIIOJIB3YIOT CKAHED KaK HOJCTPYKTYPY.

Teneps maBaitTe MOCMOTPUM, KaK Ha, OCHOBE 3TOT0 MbI MOXKEM ITOCTPOUTH
CHHTaKCU4IecKuit anasgu3zarop. OT/IOKMB Ha BpPEMsi BOIIPOCHI BBIOOpA aJiro-
pUTMa U TPEJICTABJIEHNUs, Mbl MOYXKEM HAITUCATH CJIEIYIOIIe CTPYKTYPBI:

structure Symbol: SYMBOL =

struct
datatype symbol = symbol of string *
fun mksymbol(s) = symbol(s, ...)
fun eqsymbol(syml,sym2) = ...
end;
structure AbstSyntax : ABSTSYNTAX =
struct

structure Symbol : SYMBOL = Symbol
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datatype term = ...
fun idname(term) = ...
end;
structure SymbolTable : SYMBOLTABLE =
struct
structure Symbol: SYMBOL = Symbol
type entry =
type table =
fun mktable() = ...
fun lookup(sym, table) = ...
end;
structure Parser: PARSER =
struct
structure AbstSyntax : ABSTSYNTAX = AbstSyntax
structure SymbolTable : SYMBOLTABLE = SymbolTable
val symtable = SymbolTable.mktable();
fun parse(str) =
SymbolTable.lookup(AbstSyntax.idname(t) ,symtable)...
end;

ObparuTe BHUMAHUE HA TO, YTO B MOCJEIHEN CTPOKE CTPYKTYPHI Parser Mbl
zanucanu npumenenne dyuxinun SymbolTable.lookup K pe3yibrary (QyHK-
1mun AbstSyntax.idname. 9TO TpUMeHeHNE KOPPEKTHO C TOUKU 3PEHUS CO-
TJIaCOBAHMs THUIIOB TOJHKO OJ1arojapsi TOMy, 4TO CTPYKTYyphl AbstSyntax u
SymbolTable BKIHOUAIOT 0dHy © my odice CTPYKTYPY Symbol. Ecin 6b1 ObI-
JIO OBe CTPYKTYPBI, comocrasuMele ¢ curHarypoi SYMBOL, m opma w3 HEX
fbL1a MCIIOJb30BaHa B CTPYKType SymbolTable, a npyrags — B CTPYKType
AbstSyntax, B ynoMsHyTO# CTPOKE BO3HUKJIA Obl OIMOKa HECOOTBETCTBUSA
TunoB. VMeliTe 3T0 B BUAY NPU YTEHUN AJbHeHTIIETO.

Opranuzanms HaIero CUHTAKCHYIECKOTO aHAIM3ATOpPA ITOKA KAaYKeTCs
BIOJIHE YJOBJIETBOPUTEJIBHON — [0 KpalHel Mepe 10 TeX 0P, IOKa Mbl pac-
cMaTpUBaeM CTATUYECKYIO CTPYKTYpy mporpaMmbl. Ho eciam MBI mpentosio-
JKHAM, 9YTO UMEIOTCH eIe MHOTOYUCIEHHBIE CTPYKTYPBI, U KaKJasd U3 HUX CO-
JEPKAT HECKOJBKO TBICAY CTPOK KOJa, TO TOT/A IPEJIOKEHHAS CTPYKTYPa
oKaxkeTca He coBceM ymnobmoii. [Ipesmonokum, HATTPUMED, YTO MBI HAILINA
omubKy B cTpyKType SymbolTable u wucnpasuiu ee. Terneps HaM HYKHO
cobpaTh CHHTAKCUYECKUI aHAJM3ATOP 3aHOBO. DTO MOTPEOYeT MEePEeKOMIIN-
JIATIAY BCEX NPUBEJECHHBIX BBINIE CTPYKTYD (& TakKe, BO3SMOXKHO, U JIPYTHX
CBSI3AHHBIX C HUMU). SICHO, 9TO Hy2KHA KAKasA-TO BO3MOXKHOCTb Pa3/e/bHOI
KOMIIWJIAAA 7 IOCJAEAYIOMEro CBA3BIBAHNA CKOMIIMJIAPOBAHHBIX MOIYJICIt.
To, uTo HaM HYKHO — 3TO BO3MOXKHOCTL OTMIEJBHO CKOMIMJINPOBATEL OWH
MOJIYJIh W 3aTE€M CBSA3aTh MOIYJIU B IUHYIO TTPOrPAMMYy. DTa UIes, pasyMe-
€TCsI, He HOBA; HOBBIM, OJHAKO, SIBJISETCS TO, KAK 9Ta MpobjieMa Peraercsi B

ML.
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Knrouenas ujiess cocrout B TOM, YTOOBI HUKOTJIA HE 3AIMCHIBATH CCBLIKU
Ha CTPYKTYPBI IBHO, & BMECTO 9TOr0 OPraHW30BBLIBATH MPOTPAMMY B BHJE
Habopa DYHKTOPOB, KaXKJIblii U3 KOTOPBIX TOJYYaET B KAYECTBE apryMeHTa
CTPYKTYPBI, OT KOTOPBIX OH 3aBUCUT (MU HUYIEro, ecau (hyHKTOD HU OT 9€ro
He 3agucur). [locse sT0rO peakTUpoBaHe CBsI3eli 6YIET COCTOATH B IIPUMe-
vennu PpyHKTOPOB. B Hamrem ciaydae MyHKTOPBI MOT'YT BBITVISACTD CJAEITYIO-
UM 06pa3oM:

functor SymbolFun() : SYMBOL =
struct
datatype symbol = symbol of string =*
fun mksymbol(s) = symbol(s,...)
fun eqsymbol(syml,sym2) = ...
end;
functor AbstSyntaxFun( Symbol: SYMBOL ): ABSTSYNTAX =
struct
structure Symbol: SYMBOL = Symbol
datatype term =... fun idname(term) = ...
end;
functor SymbolTableFun( Symbol : SYMBOL ): SYMBOLTABLE =
struct
structure Symbol: SYMBOL = Symbol
type entry = ...
type table = ...
fun mktable() = ...
fun lookup(sym,table) = ...
end;
signature PARSER_PIECES =
sig
structure SymbolTable : SYMBOLTABLE
structure AbstSyntax : ABSTSYNTAX
end;
functor ParserFun( Pieces : PARSER_PIECES ): PARSER =
struct
structure AbstSyntax : ABSTSYNTAX = Pieces.AbstSyntax
structure SymbolTable : SYMBOLTALBLE = Pieces.SymbolTable
val symtable = SymbolTable.mktable();
fun parse(str) =
. SymbolTable.lookup( AbstSyntax.idname(t), symtable )...
end;

Curnarypa PARSER_PIECES comep:kuT IBe KOMIIOHEHTHI, OT KOTOPBIX 3aBUCAT
CHHTAKCUIECKUI aHAIM3aTOp, — TabJUIy CUMBOJIOB U JIEPEBO CHHTAKCHIE-
ckoro pazbopa. @yuxrTop ParserFun mcmosb3yer 3Ty mapy [Jid MOCTPOEHUSA
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CHHTAKCUIECKOTO aHam3aTopa. PyHkTop SymbolFun He nMeeT apryMeHTOB,
TIOCKOJIBKY OH HE 3aBUCHUT HU OT 4ero.

IIporpaMma crpoutcst u3 31ux (HPYHKTOPOB C HMOMOIIBIO CJIEIYIONIeH M0-
CJIETIOBATE/TBHOCTU O0bsB/IeHnii. Ybenurech, 9T0 pe3yabrar OyaerT Tem Ke,
qTO U paHee.

structure Symbol: SYMBOL = SymbolFun();
structure Pieces: PARCER_PIECES =
struct
structure SymbolTable: SYMBOLTABLE = SymbolTableFun(Symbol)
structure AbstSyntax: ABSTSYNTAX = AbstSyntaxFun(Symbol)
end;
structure Parser: PARSER = ParserFun( Pieces );

Opxnako ™Mbl ymosauaau o mpobsieme ¢ ParserFun. Hamomuum, uro ¢yHK-
Mg parse, ompeliesieHHas B Parser, aBasgeTcd KOPPEKTHOW C TOYKH 3pe-
HHUA COTVIACOBAHHOCTH THIIOB TOJIBKO IIOTOMY, YTO CTPYKTyphl SymbolTable
u AbstSyntax BK/IIOUAKOT OJHY U TY XKe MOJACTPYKTYpy Symbol, u 6arogapst
9TOMY UCHOABIYIOT OJWH W TOT ke Tun cuMBOjoB. Ho Temeps B ParserFun
dyHKIIMs parse 3HAET TOJBKO CUTHATYPBI 3TUX JBYX CTPYKTYD, U HUYETO HE
3HAET O TOM, Kak oHu peanuzoBanbl. [Tosromy ML-kommnuiasrop ykaxker Ha
omubKy B ParserFun, — u Haia ujes UCIOJAb30BaHus (DyHKTOPOB Jjid obec-
MTeYEeHUS MOJYJILHOTO CTHJIS MPOrPAMMUPOBAHMS OKA3bIBAETCH IO YIPO30Ii.

Cracru geno nomoraoT cneyudurauyun coucnosvaosanus. Uies coctout
B TOM, UTOOBI BKJIOUNTH B curaHarypy PARSER_PIECES mabop paBeHCTB, Ta-
PAHTHUPYIOMIUX TOT (PAKT, YTO TOJTHKO Mapa COBMECTUMBIX BAPUAHTOB CTPYK-
Typ (mast paboThl ¢ TabsuIeli CHMBOJIOB U /st pPa0OTB € JIEPEBOM CHHTAK-
cuueckoro pasbopa) moxker ObITh mepenana ¢dpyukTopy ParserFun. Hoserii
BapuaHT curaaTypbl PARSER_PIECES Oy/ieT BBINVISIETh CIEIYOMUM 06pa30M:

signature PARSER_PIECES =
sig
structure SymboiTable : SYMBOLTABLE
structure AbstSyntax: ABSTSYNTAX
sharing SymbolTable.Symbol = AbstSyntax.Symbol
end;

Dpasa sharing rapanTupyeT TO, YTO MOXKET OBITH HCTTOTH30BAHA TOIBKO COB-
MeCcTHMas mapa CTpyKTyp SymboiTable m AbstSyntax (rme “coBmectnmast’
O3HAYAET “UCIIONB3YIOIAs OJHY U Ty Ke CTPpyKTypy Symbol”). Ecau teneps
MBI HCIIOJIb3YyeM dTY MOAUMUIUPOBAHHYIO CUTHATYDY, TO 00bsiBieHne HyHK-
Topa ParserFun cranoBurca QONyCTUMBIM.

B obmem cioyuae nmeercs ase hOpMbI CrenudUKAINT COUCITOIb30BAHNS
— OJHA IS TUIOB, a Jpyrasd [Jisi CTPYKTyp. B mocienneMm mpumepe Mbl
MCTIOMB30BATN (POPMY IS CTPYKTYP — W OOECTIednn ¢ TIOMOIIBIO Hee TOo,
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uT0 06€e KOMIIOHEHTHI TapaMeTpa UCIOJIb3YIOT PaBHbIE MOJACTPYKTYpHI. llBe
CTPYKTYPBI PaBHBI TOTZA W TOJBKO TOTHA, KOTJA OHU IIOJIYYEHBI B DE3YJIbTa-
Te BBIYUCJIEHUS OJHOTO TOTO Ke OObSBIEHUS CTPYKTYPBI WJIH NMPUMEHEHUS
OJIHOTO ¥ TOTO ke (DYHKTOpA K PaBHBIM aprymentam. Hampuwmep, ciemyro-
1as MMOIbITKAa chOPMUPOBATHL apryMeHTh! jiist (pyHkTopa ParserFun Gyier
OTBEPIHyTa, IIOCKOJIbKY OHA HeE yJl0BJieTBOpdeT crenndukaiun sharing:

structure Pieces : PARSER_PIECES =
struct
structure SymboiTable = SymbolTableFun( SymbolFun() )
structure AbstSyntax = AbstSyntaxFun( SymbolFun() )
end;

[Ipwuanaa 37€ch B TOM, ITO KaxkKJoe IIpuMeHeHne SymbolFun co3maer HOBYIO
CTPYKTYDPY, OTJIMYHYIO OT BCEX APYIHX.

Jpyrasg ¢dpopma cueruduKanu CONCIOIb30BAHN NMEET TeI0 C TUTIAMMU.
Hanpuwmep, cnenytomas Bepcust PARSER_PIECES Oy/ieT BIOJIHE TOIXOAAIIEH,
€CJIN €IWHCTBEHHOE, B 9eM JOJDKHBI COBIALATH CTPYKTYpPBI SymboiTable m
AbstSyntax — 3T0 MCIIOJB3yeMBIil UMI TAN Symbol:

signature PARSER_PIECES =
sig
structure SymboiTable : SYMBOLTABLE
structure AbstSyntax : ABSTSYNTAX
sharing SymboiTable.Symbol.symbol=AbstSyntax.Symbol.symbol
end;

PasencrBo THNOB 1M0106HO PaBEHCTBY CTPYKTYP: JIBa THUIA PABHBI, €CJIU OHU
MOJIy9I€HbI B PE3YJIbTATE BBIYUCACHUA OJHOTO W TOrO K€ 00bamienus. Tax,
HaIPUMED, €CJIU J[Ba THUIA 3a/laHbl UJIEHTUIHbIMU 00bsiBeHnsMu datatype,
oHU OyIyT Pa3/IUIHBIMA.

Bosspamasich K mamemy npuMepy, IOCMOTPHUM, ITO IPOU30UIET, eCTTU MBI
HAIILIA ¥ UCTIPABUIN OMUOKY B pyHKTOpe SymbolFun. YTo MBI JOKHBI Ce-
JlaTh mocJie 31oro? Bo-mepBhIX, KOHETHO, HEOOXOMMMO MEPEKOMITHINPOBATE
SymbolFun. A 3areM J0OCTATOYHO TOBTOPUTH MPHUBEJCHHYIO BBIIIE MTOCTET0-
BaTEIbHOCTEL TPUMEHEHUH (DYHKTOPOB — HO MOBTOPHON KOMITHJISIIUNA BCEX
Ipyrux PyHKTOPOB He Tpedyercs.
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BBoa-BbIBOI

ML obecrneanBaer TOABKO HEOOJBINOE KOJHMIECTBO MPUMHUTHBOB BBOIA-
BBIBOJA, BBINOJHAIONIAX ITOCHMBOJIBHBIN 00MEH ¢ TepMuHAJIOM ¥ (aiiaMu.
DyHgaMeHTaIbLHBIM TOHITHEM B CHCTEME BBOAA-BBIBOaa ML aBseTcs nomox
Aumep — KOHETHast I OECKOHEeUHAs! TTOCIeI0BATEILHOCT uTep. Mmeercs
IIBa, IOTOKOBBIX THITA: instream — s IOTOKOB BBOZA, U outstream — IJjist
MOTOKOB BBIBOAA. [[OTOK BBO/IA OTy9aeT CBOM JIUTEPHI OT UCMOwHUKG (00bII-
HO 3TO TEPMUHAJ WM JUCKOBBIH hails), a TMOTOK BBIBOJA MOCHLIAET CBOU
JATEPBI NOAY4aMeto (TakzKe OOBIYHO TEPMUHATY WJIN JUCKOBOMY (hailry).
[ToTox mHUIHATUBUPYETCS [IYTEM HOIKJIIOUEHUs €r0 K NCTOYHUKY HJIH MOy~
uarTesi0. BXOmHOM TOTOK MOXKET UMEeTh UJIU HE MMETh KOHEI[; B TOM CJIydae,
Korga komerl uMmeercs, ML obecrmednBaeT BO3MOXKHOCTL IIPOBEPKH YCJIOBHS
JOCTUXKEHMS] KOHIA BXOLHOIO IIOTOKA.

OCHOBHBIE IPUMHUTHBEI BBOJA-BBIBOIA HAXOMATCI B CTPYKType BasicIO;
ee curaarypa BASICIO mMmeer cienyromuil BUA;

signature BASICIO =
sig
(* Types and exceptions *)
type instream
type outstream
exception io_failure: string

(* Standard input and output streams *)
val std_in : instream

val std_out: outstream

(* Stream creation *)

val open_in : string -> instream

val open_out: string -> outstream

(* Operations on input streams *)

79



80 IVTABA 4. BBOJ-BBIBO/T

val input: instream * int -> string
val lookahead : instream -> string
val close_in : instream -> unit

val end_of_stream : instream -> bool

(* Operations on output streams *)
val output: outstream * string -> unit
val close_out: outstream -> unit

end;

CrpykTypa BasicIO aBTOMaTHYECKH OTKPBIBAETCs MpH 3amycke ML-cucre-
MBI, TIOTOMY BCE€ YTIOMAHYTHIC I/I,ZLeHTI/I(bI/IKaTOpr MOTYT UCITIOJIB30BATHCA B
nporpamMMe 6e3 yIOMUHAHUST UMEHN CTPYKTYPHI.

Tumner instream u outstream gBJISIOTCHS THUIAMEA COOTBETCTBEHHO BXOI-
HBIX W BBIXOJHBIX MMOTOKOB. Mckatoderne io_failure mcrnonabp3yercs s WH-
dopMUPOBAHUS TTPOTPAMMBI O JIIOOBIX OMMUOKAX, BOSHUKIINX B IIPOITECCE BBO-
Jla-BBIBOJIa. 3HaUEHNe TUIA String, cBI3aHHOE C 3TUM UCKJIIOUEHUEM, COJIED-
xur uHbGOPMAIUIO 0 BO3HUKINEH ommbke (00braHO B (hbopme coobienns 06
ormubKe).

IToroku std_in u std_out aBTOMATHYIECKN CBASBIBAIOTCS C TEPMHIHAIOM
(I/I HE AOJI2KHBI OTKPBIBATHCH UJIM 3aKPbIBATHCA IIPUKJIAIIHONR HpOFpaMMOﬁ).

IIpuMuTHBEL Oopen_in m open_out HCHOAB3YIOTCS AJsI CBI3LIBAHUS TTOTO-
Ka ¢ MncKOBBIM (haitaom. B pesyiabrare BeraucaeHMs BeIpakenus open_in(s)
COB/IAETCs] HOBBI BXOJIHOM MOTOK, YbMM MCTOYHUKOM siBJisgeTcs (pailyi ¢ ume-
HEM 8, U 9TOT HOTOK ABJIAETCA PE3YJIBTATOM ITOT'O BBIDAXKECHUA. ECJII/I (bafma
C UMEHeM S He CYIIecTByeT, TO BO30OyKjaercs uckjodeHue io_failure, a

"~

MapaMeTpoM ee CTAHOBUTCHA CTPOKa "Cannot open "~s. AHATOTHYHO, BRIPA-
JKeHne open_out(s) co3/aeT HOBBIN BBIXOTHON IIOTOK, YbHM IOIyYaTeseM
apysgeTca dbaiial ¢ UMeHeM S, M BO3BPAIAET 3TOT TMOTOK B KAYeCTBE PE3Yb-
TaTa.

IIppMmuTrB BBO/A input MCHOIB3yeTCS 7Sl YTEHNA MTOCTAEeI0BATETBHOCTH
JINTEP U3 BXOMHOrO 1oToKa. B pesyibrare Boruncienud input (s,n), n gurep
YIRJIAIOTCS U3 BXOJIHOTO TIOTOKA, M chOPMUPOBaHHAS U3 HUX CTPOKA BO3BPa-
IIIAeTCs B KadecTBe pe3y/ibrarta. Ecin B JaHHBII MOMEHT B IIOTOKE JIOCTYIIHO
MeHee N JIUTEP, TO IPOrpaMMa OXKHUJAeT, IOKa BCe HeOOXOMMbIe JTUTEPHI He
cramyT gocrynnbiMu?, Eciu B npoluecce BBOJA JJOCTUIAETCs KOHEI] II0TOKa, TO
BO3BpalllaeMas CTPOKa MOXKET COCTOAThL MeHee 9eM U3 n auTep. B gacTtHOCTH,
DPE3yABTATOM UTEHUS U3 3aKPBITOTO MOTOKA OyeT mycTas cTpoka. OyHKIma

!B onepanmonnoit cucreme UNIX 911 IOTOKK CBA3BIBAIOTCS C (haiiIaMK CTAHIAPTHOTO
BBOJIa U BBIBOA, KOTOPBIE MOTYT OBITDH ITOIK/IIOYEHBI JIHO0 K TEPMHUHAILY, 100 eIle Kyaa-To.

2 Toumbit CMBICIT CI0Ba “mMOCTYIHBIE” 3aBHUCHT OT peasm3aruu. Hampumep, omeparm-
OHHAs CUCTeMa 00bIUHO Oydepusyer BBOI C TepMUHAJA, U IEPeJaeT IPOrpaMMe CTPOKY
[EJIMKOM: B 9TOM CJIy9ae JINTEPHI CTAHOBATCH “IOCTYHMHBIMA MPOrPAMME II0CJIE€ HAYKATHUS
KJIABUIIK KOHI[A CTPOKH.
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lookahead(s) BO3BpaIaeT OUepEeIHYIO JUTEPY BXOIHOIO IMOTOKA § 0e3 yaa-
JIEHUS ee W3 MOTOKa. PaboTa ¢ BXOIHBIM MOTOKOM 3aBEPITAETCA € TTOMOIIHIO
dyuximn close_in. O6bIYHO HET HEOOXOIUMOCTH 3aKPbIBATH BXOJIHBIE [TOTO-
KU1, OJHAKO PEKOMEHAYCTCAd BCEC-TaKU 3aKPbIBATH BXO,ZLHOIZ IIOTOK ITOCJIEe TOTO,
KaK ITeHWe U3 HETO 3aBEepIIeHo — WHAYEe MOTYT BOSHUKHYTH HEMPHUSITHOCTH,
CBSI3AHHBIE ¢ OIEPAIMOHHON cucTeMoit. KoHer BXOIHOTO MOTOKA MOYXKET OBbITh
OIIpeJie/ieH C MOMOIIBIO IipenkaTa end_of _stream, KOTODBIN OIMCAH KaK:

val end_of_stream(s) = (lookahead(s)="")

IMpuMuTuB output MCHOMB3yeTCs st 3AIUCU JUTED B NOTOK (MMEHHO,
3aMUCHIBAIOTCS JINTEPBI U3 CTPOKU-aprymenTa). Oynknus close_out 3asep-
m1aeT BLIBO. HOC.HG TOro, Kak BbIXO,ZI;HOfI IIOTOK 3aKPBIT, J'[IO6&H IIOIIBITKA
BBIBECTH B HErO YTO-TO BO3OYKTaeT MCKJoUeHne io_failure ¢ mapamMerpom
"Output stream is closed".

B nononnenne k 6a3uciomy nHabopy npuMuTHBOB BBOa-BhIBoga ML Tak-
Ke 00ecrmeunBaeT HECKOJBKO MONOJHATEAbHBIX (byHkmmi. OmHa n3 HAX —
input_line (tuna instream -> string) — BbINOJHSIET YTEHHE CTPOKH W3
BXosiHOTO 1oTOKa. CTpOKa OIlpeesisiercs KakK MOCTeI0BaTe/IbHOCTD JIUTED,
3aBEPITAIOIIAACT TPU3HAKOM KOHIA CTpoKu \n. JIpyras — dyakiug use tu-
ma string list -> unit — mouaydaer B Ka4eCTBE apryMEHTa CIIUMCOK MMEH
daiinos; B pe3y/ibrare ee BbIYUCIEHNA COIePKUMOe YKA3aHHbIX (DaiijIoB [IPO-
quThiBaeTcsa ML-cucremoii Tak, Kak 0yaro 6b1 OHO OBLIO BBEIEHO Ha BEPXHEM
YPOBHE Juajiora. 1acro 3TOT IPUMUTHUB UCHIOAb3YETCH IIPU MHTEPAKTUBHOM
paboTe jid 3arpy3KH yzKe IOTOBOH YacTH IPOTPaMMBI.

Yupaxkuenune 4.0.1 Moduduyupyiime sawy npozpammy pewenus 360644
¢ TAHOUCKUMU OOUHAMY MaAK, YMOoObl OHG 6b1600UAG HATOEHHYIO NOCAEIO6a-
MEALHOCTS L0J08 HA TEPMUHAN.

Yupaxkaenue 4.0.2 Hanuwume @ynruuto, newamaiowyio pewernue 3a0a-
Y 0 PepP3Axr 8 Popme WaTMaMHOT QOCKU.
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JINTEPATYPA



IIpunoxenme A

OTBeTnI

OTser 2.3.1:

1. Unbound value identifier: x

2.>val x =1 : int
>val y = 3 : int
>val z = 2 : int
3. > 3:int
OTser 2.4.1:

ML-cucrema byer nbiraThes conocTaBuTh hd::tl::nil ¢
"Eat"::"the"::"walnut"::nil. IIoCcKOILKY 3TH CIIUCKH WMEIOT
Pa3HyIo AJIMHY, COLIOCTaBJIeHHUE IOTePIUT Heyaady.

Otrser 2.4.2:

1. { b=x, ... }

2. _cvi_sixe:_ wm [, _, x, _, _]
3. [, (x, )]
Otrser 2.5.1:

local val pi=3.141592654

in fun circumference r = 2.0 * pi * r
fun area r = pi * r * r

end
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OrBer 2.5.2:

fun abs x = if x < 0.0 then -x else x

OtBer 2.5.3:

Hnsg serauciaennst fact(n) norpebyercss BBIYUCAUTH BBIparKe-
mume new_if (n=0,1,fact(n-1)). AprymenTsl (QYHKIINH BBIYUC-
JISTIOTCST JTO BBIYUCAEHUS CaMoil (DYHKITUH; TOITOMY MOTPedy-
erca Bbramcsuth fact (n-1) (maxe korma n = 0!); BeruucTe-

are fact(n-1) mo TeMm Xxe mpHYMHAM OTPebyeT BBIYHCIEHHUS
fact(n-2) — u T.7.; BOSHUKHET DECKOHEIHBIN TTHKJT.

OTser 2.5.5:

Ora pyHKIMa HEIDDEKTUBHBIM CIOCOOOM BBIMOIHIET TEpecTa-
HOBKY 3JIEMEHTOB CIIUCKA B 0OPATHOM TOPSJIKE.

OrBer 2.5.6:

fun isperfect n =
let fun addfactors(1l) =1
| addfactors(m) =
if n mod m = 0 then m + addfactors(m-1)
else addfactors(m-1)
in (n<2) orelse (addfactors(n div 2) = n) end

OTser 2.5.7:

fun cons h t = h::t
fun powerset []1 = [[]]
| powerset(h::t) =
let val pst = powerset t
in (map (cons h) pst) @ pst end;

OtBer 2.5.8:
fun cc(0, _) =1
| cc(_,[1) =0

| cc(amount, kinds as (h::t)) =
if amount < O then O
else cc(amount-h,kinds) + cc(amount,t);
fun count_change coins amount = cc(amount, coins);



OrBer 2.5.9:

fun nth(0,1st) = 1lst
| nth(n,h::t) = nth(n-1,t);
fun count_change coins sum =
let fun initial_table [] = [[0]]
| initial_table (h::t) = [1 :: (initial_table t)
fun count (amount,table) =
let fun count_using([],1lst) = 1lst
| count_using(h::t,hl::t1) =
let val t1? as ((c::.)::_) =
count_using(t,t1)
val diff = amount - h
val cnt = ¢ + if diff<0 then O
else if diff=0 then 1
else hd(nth(h-1,h1))
in (cnt::h1)::t1’ end
in
if amount > sum
then hd(hd table)
else count(amount+l, count_using(coins,table))
end
in count (0, initiaHable coins) end

Orser 2.5.10:

local
fun move_disk(from, to) = (from, to);
fun transfer(from, to, spare, 1) = [move_disk(from,to)]
| transfer(from, to, spare, n ) =
transfer(from, spare, to, n-1) @
[move_disk(from,to)] @
transfer(spare, to, from, n-1)
in fun tower_of_hanoi(n) = transfer("A","B","C",n) end

AJLTepHATHBHOE pEIIeHNe, KOTOPOe SIBHO MOJETUPYET TUCKU U
MPOBEPSIET JOMYCTUMOCTD XOJI0B, MOXKET OBIThH 3AMUCAHO CJIETYIO-
UM 06pa3oM:

local
fun incl(m,n) = if m>n then 0 else m::incl(m+1,n)
fun move_disk((f,fh::f1), (t,[]), spare) =
((£,f1), (t,[fh]), spare)
| move_disk((f,fh::f1), (t,tl as (th::tt)), spare) =
if (fh:int) > th then error "Illegal move"
else ((£,f1), (t,fh::t1l), spare)
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fun transfer(from, to, spare, 1) =
move_disk(from, to, spare)
| transfer(from, to, spare, n) =
let val (f1,s1,t1) transfer(from,spare,to,n-1)
val (£2,t2,s2) move_disk(f1,tl,s1)
val (s3,t3,f3) transfer(s2,t2,f2,n-1)
in (£3,t3,s3) end

in
fun tower_of_hanoi(n) =
transfer (("A", incl(1,n)), ("B", [1), ("C", [1), n)

end

OtTser 2.7.1:

fun samefrontier(empty,empty) = true
| samefrontier(leaf x, leaf y) = x=y
| samefrontier (node(empty,tl),node(empty,t2)) =
samefrontier(tl,t2)
| samefrontier(node(leaf x,tl1), node(leaf y,t2)) =
x=y andalso samefrontier(tl,t2)
| samefrontier(tl as node _, t2 as node _) =
samefrontier(adjust tl1, adjust t2)
| samefrontier(_,_) = false
and adjust(x as node(empty,_)) = x
| adjust(x as node(leaf _,_)) = x
| adjust(node(node(ti,t2),t3)) =
adjust(node(tl,node(t2,t3)))

ITpusesiem u Apyroe perieHne, UCHOJIb3YIONIee NCKIOYEeHNsT (CM.
paszaen 2.8):

fun sameftrontier(treel,tree2) =
let
exception samefringe : unit
fun check_el(empty,empty,rest_t2) = rest_t2
| check_el(leaf x, leaf y, rest_t2 ) =
if x=y then rest_t2 else raise samefringe
| check_el(el,node(l,r), rest_t2) =
check_el(el, 1, r::rest_t2)
| check_el(_,_,_) =
raise samefringe
fun check(_, [1) =
raise samefringe
| check(empty,tree2) =
check_el(empty, hd tree2, tl tree2)
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| check(l as leaf(el),tree2) =
check_el(1l, hd tree2, tl tree2)
| check(node(tl,t2),tree2) =
check(t2, check(tl,tree2))
in
null (check(treel,[tree2])) handle samefringe => false
end

OTser 2.7.2:

abstype ’a set = set of ’a list
with
val emptyset = set []
fun singleton e = set []
fun union(set 11, set 12) = set (11 @ 12)
fun member(e, set []) = false
| member(e, set(h::t)) =
(e=h) orelse member(e, set t)
fun intersection(set [], s2) = set []
| intersection(set(h::t), s2) =
let val tset as (set tl) =
intersection(set t, s2)
in if member(h,s2) then set(h::tl) else tset end
end

OrBer 2.7.3:

abstype ’a set = set of (’a list *
{eq : ’ax’a->bool, 1t : ’a*x’a->bool})
with
fun emptyset ops = set([],ops)
fun singleton(e,ops) = set([e],ops)
fun member(e,set(l,{eq,1t}) =
let fun find [] = false
| find(h::t) = if eq(e,h) then true
else if 1t(e,h) then false
else find(t)
in find 1 end
fun union(set(lst, ops as {eq,1t}), set(lst’,_)) =
let fun merge([],1st) = 1lst
| merge(lst,[]) = 1st
| merge(11l as (hil::t1), 12 as (h2::t2)) =
if eq(h1,h2) then hl::merge(tl,t2)
else if 1t(h1,h2) then hl::merge(tl,t2)
else h2::merge(tl,t2)
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in set(merge(lst,lst’),ops) end
fun intersect(set(lst, ops as {eq,lt}), set(lst’, )) =
let fun inter([],lst) = []
| inter(1st, [1) = []
| inter(11 as (hil::t1), 12 as (h2::t2)) =
if eq(hl,h2) then hl::inter(tl,t2)
else if 1t(h1,h2) then inter(t1,12)
else merge(11,t2)
in set(inter(1lst,lst’), ops) end
end

OTser 2.8.1:

1. Uckiiouenune, npuss3annoe K Exn Bue let, ommdaercs ot
npuBsizamHoro K Exn BuyTpm let. Tlostomy wmckirouenwe,
BOZHUKArOIee B mporiecce Buruncyenus f(200) (umerormee
nesIouncaeHubiit napamerp 200), MoxeT ObITH 06paboTaHO
TOJIBKO 0DPabOTUYNKOM UCKIHOUEHU BHYTPpHU let — U HE MO-
xKeT ObITh 06paboTano BHEMTHUM 00pabOTINKOM (KOTOPBIIL,
K TOMY K€, OKHJAeT TapaMerpa Tuma bool). B pesysibra-
Te COODIIeHne 0 BOBHNKHOBEHUH HEOOPAOOTAHHOTO NCKITFOUe-
Husi Oy/IeT BBIJIAHO HA BepXHEM ypoBHe juajiora. Curyaiius
HE M3MEHUTCS U B TOM CJIydae, €Cu BHEITHEE UCKIYEHUE
Oyaer oObLABIEHO KAK ITOJIyYaloIiee IapaMeTp Tula int —
004 UCKJIIOUEHUS [MO-IPEKHEMY OCTAHYTCsS PA3JINIHbBIMU.

2. Ecmm mpu Berancienun £ (v) okaxercs, uaro p(v) J0XKHO, a
q(v) mcrtunno, TO OyIET PEKYPCUBHO BbI3BaHa (pyHKIMA T C
napamerpom b(v). Hanee, ecim p(b(v)) u q(b(v)) okaxyt-
cst JTOXKHBIMU, Oyner BoIpaboTaHo nckiwodenne Exn. Ho sto
ncksriouenue ne Oymer 06paboTaHo MPUBEIEHHBIM B IIPUME-
pe 06paboTUYUKOM, MOCKOIbKY YKA3aHHOE B HEM UCKJIFOUEHUE
Exn ecTb KOHCTPYKTOP, CO3JAHHBIN mpu Bbrumcaennu f(v)
— a BeipaboTanHoe Exn ecTh KOHCTPYKTOP, CO3JaHHBIN TIpU
soraucseanu £(b(v)) — u 910 nBe pasubie Bemu. (Eme pas
obparlaeM BHUMAaHUE HA TO, YTO BCE 000bHABJIEHUS BHYTPH
obbapseHns DYHKIINNA UCTIOTHIIOTCI KaXK bl pa3 mpu pe-
KYPCHBHOM BBI30BE, W TIPU ITOM BBITOIHIETCS HOBAS MPU-
BsI3Ka, UICHTUHDUKATOPOB).

OTser 2.8.2:

fun threat((x::int,y), (x’,y’)) =
(x=x)
orelse (y=y?)
orelse (x+y=x’+y’)
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orelse (x-y=x’-y’)
fun conflict(pos, []) = false
| conflict(pos, h::t) =
threat (pos, h) orelse conflict(pos, t)

exception Conflict;

fun addqueen(l,n,place) =
let fun tryqueen(j) =
( if conflict((i,j), place) then raise Conflict
else if i=n then (i,j)::place
else addqueen(l+1, n, (i,j)::place) )
handle Conflict =>
if j=n then raise Conflict else tryqueen(j+1)
in tryqueen(1l) end

fun queens(n) = addqueen(l, n, [1)
OtrBer 2.8.3:

exception Conflict of ((int*int) list) list

fun addqueen(l,n,place,places) =
let fun tryqueen(j, places) =
( if conflict ((i,j), place)
then raise Conflict(((di,j)::place)::places)
else addqueen (1+1, n, (ij)::place, places) )
handle Conflict newplace =>
if j=n then raise Conflict(newplace)
else tryqueen(j+1,newplaces)
in tryqueen(l,places) end

fun allqueens(n) = addqueen(i, n, [1, [1)
handle Conflict(places) => places

OtTser 2.9.1:

val primes =
let fun nextprime(n,l) =
let fun check(n,[]) =n
| check(n,h::t) = if (n mod h) = 0
then check(n+1,1)
else check(n,t)
in check(n,1l) end
fun primstream(n,l) =



92 IIPUJIO?2KEHHUE A. OTBETEI

mkstream (fn () =>
let val n’=nextprime(n,l)
in (n’, primstream(n’+1,n’::1)) end)
in primstream(2, []) end

OTser 2.9.2:

abstype ’a stream =
stream of ( unit -> (’a * ’a stream)) ref
with fun next(stream f) =
let val res = (1f)()
in (f := fn() => res; res) end
fun mkstream f = stream(ref f)
end

ITpuBemem apyroe perrenne — Ho1€€ MHOTOCTIOBHOE, HO, BO3MOK-
HO, DoJiee MOHATHOE:

abstype ’a stream = stream of ’a streamelmt ref
and ’a streamelmt = uneval of (unit -> (’ax’a stream))
| eval of ’a*’a stream
with fun next(stream(r as ref(uneval(f)))) =
let val res=f() in (r := eval res; res ) end
| next ( stream (ref(eval(r)))) =r
fun mkstream f = stream(ref(uneval f))
end

OtTser 2.9.3:

abstype ’a stream =
stream of (unit -> (’a * ’a stream)) ref
with local exception EndOfStream in
fun next(stream f) =
let val res = (!f)()
in (f := fn () => res; res)
end
fun mkstream f = stream (ref f)
fun emptystream() =
stream(ref (fn () => raise EndOfStream))
fun endofstream(s) =
(next s; false) handle endofstream => true
end
end
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OrBer 3.2.1:

structure INTORD : ORD =
struct
type t = int
val le : int*int -> bool = op <
end

structure RSORD : ORD =
struct
type t = real*string
fun le((rl:real, sl:string), (r2,s2)) =
(r1 < r2) oresle ((r1 = r2) andalso (sl < s2)) end

OrBer 3.2.2:

Curnarypa yKa3bIBaeT, 94TO TUI 1 €CTh ’a list; oTciojia, B 4acT-
HOCTH, CJIEAYET, YTO €CJU CTPYKTYpa T COMOCTABUMa C CUTHATY-
poit SIG, To Bhipaxkenue true::(T,n) A0KHO OBITH JOIIYCTH-
MBIM. DTO ycJioBUe He OyIeT BHITTOJHEHO B HAIEM IIpUMeEpe, TI0-
CKOJIbKY 1 mMeeT Dojiee KOHKPETHBIH THI, a WMEeHHO int list.
IlosTomMy mamHOEe OmnpejiesieHne KOMIUISTOP NPU3HAET OMUO0Y-
HBIM.

OTser 3.2.3:

sig type ’a t val x : bool*int end
u
sig type ’a t vai x : bool t end

OrBer 3.2.4:

Toabko curanarypa B yaoBaeTBOPAET TPaBUIY 3aMKHYTOCTH CHT-
HATYPBI (BCE OCTAIBHBIE COJEPKAT OTKPBITHIE CCBLIKU HA CTPYK-

TYpY A).
OrBer 3.2.5:

signature STACK =

sig
datatype ’a stack = nilstack | push of ’a * ’a stack
exception pop and top
val empty : ’a stack -> bool
and pop : ’a stack -> ’a stack
and top : ’a stack -> ’a

end
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structure Stack : STACK =

struct
datatype ’a stack = nilstack | push of ’a * ’a stack

exception pop and top

fun empty(nilstack) = true
| empty _ = false

fun pop(push(_,s)) = s
| pop _ = raise pop

fun top(push(x, _)) = x
| top _ = raise top

end

Otrser 3.2.6:

structure Exp : EXP =
struct
datatype id = Id of string
datatype exp = Var of id
| App of id * (exp list)
end

signature SUBST =
sig
structure E : EXP

type subst

val subst: (E.id * E.exp) list -> subst

val lookup : E.id * subst -> E.exp

val substitute : subst -> E.exp -> E.exp
end

structure Subst: SUBST =
struct
structure E = Exp
type subst = (E.id * E.exp) list
fun subst(x) = x
fun lookup(id, Q) = E.Var id
| lookup (id, (id’,e)::1) =
if id=id’ then e else lookup(id,l)
fun substitute s (E.Var id) = lookup(id.s)
| substitute s (E.App(id.args)) =
E.App(id, map(substitute s) args)
end

OrBer 3.3.1:
abstraction Rect: COMPLEX =



struct
datatype complex = rect of real*real
exception divide
fun rectangular{real,imag} =
rect(real,imag)
fun plus(rect(a,b), rect(c,d)) = rect(atc, b+d)
fun minus(rect(a,b), rect(c,d)) = rect(a-c, b-d)
fun times(rect(a,b), rect(c,d)) =
rect (axc-b*d, axd+bxc)
fun divide(rect(a,b), rect(c,d)) =
let val cd2 = c*c+d*d in
if ¢d2=0.0 then raise divide
else rect ((axc+bxd)/cd2, (b*c-a*d)/cd2 )
end
fun eq(rect(a,b), rect(c,d)) = (a=c) andalso (b=d)
fun real_part(rect(a,_)) = a
fun imag_part(rect(_,b)) = b
end

OtTser 3.4.1:

signature ORD =
sig
type elem
val eq : elem*elem -> bool
val le : elem*elem -> bool
end

signature SET =
sig
type set
structure 0 : ORD
val emptyset: set
val singleton : 0O.elem -> set
val member: O.elem * set -> bool
val union : set * set -> set
val intersect: set * set -> set
end

functor Set(0 : ORD) : SET =
struct
datatype set = set of O.elem list
structure 0 = 0
val emptyset = set []
fun singleton e = set [e]
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fun member(e, set 1) =
let fun find [] = false
| find (h::t) = if 0.eq(e,h) then true
else if 0.1t(e,h) then false
else find(t)
in find 1 end
fun union(set 1, set 1?) =
let fun merge([],1) =1
| merge(1,[]1) =1
| merge(11l as (hl::t1), 12 as (h2,t2)) =
if 0.eq(h1,h2) then hl::merge(tl,t2)
else if 0.1t(h1,h2) then hl::merge(tl,12)
else h2::merge(11,t2)
in set(merge(1,1’)) end
fun intersect(set 1, set 1°) =
let fun inter([],1) = []
| inter(l, [1) = [I
| inter(11 as (hi::t1), 12 as (h2::t2)) =
if 0.eq(h1,h2) then hil::inter(tl,t2)
else if 0.1t (h1,h2) then inter(t1,12)
else inter(11,t2))
in set(inter(1,1’)) end
end

OtTser 4.0.1:

local
fun incl(m,n) = if m>n then [] else m::incl(m+1,n)
fun move_disk ((f, fh::f1), (¢, tl), spare) =
if not(null tl1) andalso (fh:int) > hd tl
then error "Illegal move"
else (output (std_out,
"Move " ~ (makestring fh) -
"from" ~f " "to" "t "~ "\n" );
((£,f1), (t,fh::tl), spare))
fun transfer(from, to, spare, 1) =
move_disk (from, to, spare)
| transfer(from, to, spare, n) =
let val (f1,s1,tl1) =
transfer (from, spare, to, n-1)
val (£2,t2,s82) = move_disk(f1l, t1, sl1)
val (83,t3,f3) = transfer(s2, t2, f2, n-1)
in (£3,t3,s3)
end
in



fun tower_of_hanoi(n) =
(transfer(("A",incl(1,n)), ("B",[1), ("¢",[1), n);
end

Orser 4.0.2:

fun printboard(place,n,s) =
let fun present(pos : (int*int), []) = false
| present(pos, h::t) =
(pos=h) orelse present(pos,t)
fun printcolumn(i, j) =
if j>n then O
else ( output (s, if present((i,j),place)
then " Q "
else " . ");
printcolumn(i,j+1) )
fun printrow(i) =
if i>n then O
else ( printcolumn(ij);
output(s,"\n");
printfow(i+l) )
in ( printrow(1); output(s,"\n") )
end
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