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biarogapnaocTu

HekoTopble U3 HUCIIOJIB30BAHHBIX PUMEPOB ObLIM 3aUMCTBOBAHLI U3 Pa-
6or Jlyku Kappemnu [3|, Pobuna Munnepa [5], Hpiisa Mak-Ksuna (6] u
Ab6enscona u 3ycemana [1]. Moaxuwm [Tappoy, dou Canémia u dssum Yokep
BHECJIM PSIJ] [EHHBIX TPEII0OKEHMIA.
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I'maBa 1

BBenenne

DTN JIEKINH SBJSIOTCS BBOAHBIM KYPCOM B SI3BIK ITPOrPAMMHUPOBAHMS
Crapgaprubiii ML. Tlepeuncium naubosiee Bazkuble 4eprbl CTaHIAPTHOTO

ML:

o ML apngercs @ynruyuonasvotvim S36IKOM TporpaMMupoBanns. OyHk-
AU SBJISIOTCS ITOJTHONPABHBIMU 00'bEKTAMU: OHU MOTYT MEPEABATHCS
B Ka4ecTBE apr'yMeHTOB, BbIpabaTbiBaThCHd B KadeCTBE DPE3yJIbTaTa |
XpaHUTbCA B nepeMeHHbiX. OCHOBHOM criocob opraHusalum yirpasJie-
uug B nporpammax #Ha ML — pekypcuBnoe npumenenue OyHKIUN.

e ML apisieTca unmepaxmusroim S3bIKoM. KaxK10e BBeJIeHHOE TIPEIIOo-
JKEHUE AHAJIU3UPYETCH, KOMITMJIUPYETCS W WUCIOJHIETCH, U 3HAYUCHUE,
[IOJTY9eHHOE B PE3YIbTATE UCIIOTHEHNS IPEIJIOYKEHNS, BMECTE C €10 TH-
IIOM BBIJAETCS II0IH30BATEIO.

e ML gaBmserca cmpozo munusuposartvim I3BIKOM. Kaykioe momycTu-
MO€ BBIDAXKEHME MMEET THUIl, KOTOPBI aBTOMATUYECKU OIpeaesisaercd
koMmImigTopoM. Crporast TUIIM3AIUs TapaHTUPYET, 9T0 B IIEPUOJ, UC-
TIOJTHEHUS He MOYKET BO3HUKHYTH OIMIHGOK B COIIACOBAHUM TUIIOB. '

o ML mmeer nosumoppryro cucremy tumos. Kazkmoe gomycTumoe mpes-
JIOXKEHHUE A3bIKa 00J1a1aeT OJHOBHAYHO ONPEeIeIaeMoil Haubosee obuseti
munuaayued, KOTOpas ONpene/IdeT KOHTEKCThI, B KOTOPDBIX TPeJI0NKe-
HIE MOYKeT OBbITH UCIIO/TH30BAHO.

! 3ameTnm, ¥TO OMMOKY TAKOTO POJA — BEChMA PACIPOCTPAHEHHAS BEIllb, U JUATHOCTH-
Ka UX HA 9TAle KOMITUIAIHMA 3aMETHO O6Jerdaer OTIaaKky nporpaMmmer. (IIpum. nepes.)



2 I''IABA 1. BBEJIEHUE

e ML nopgep:kuBaer abcmpaxmmusie munst dannoir. ABCTpakTHBIE TH-
Bl — BECbMa II0JIE3HBII MEXaHN3M B MOJIYJIBHOM IPOTPAMMUPOBAHNMN.
Hogbie tunbl fanHbix MOTyT OBITH OLIPE/IE/IeHBl BMECTE ¢ HabOpOM Ore-
pamuii HaJT 3HAYEHUSIMY 3TUX TUTIOB. JleTajn BHYTPEHHENH CTPYKTYPHI
BHAYEHUH 1 peam3alnn OMePAIiil CKPBITHI OT IIPOrPAMMUCTA, HCIIO b
BYIOIEro JAHHBIE A0CTPAKTHOTO THUIIA; BHICOKAS CTETIEHD M30JIATINN [Ta-
€T CYIIECTBEeHHDbIe MIPEUMYIIECTRa IIPH Pa3paboTKe W COIPOBOXK IEHHN
OOJIBITIUX TPOTPAMM.

e B ML obsactu geficTBust naeHTH(MHUKATOPOB OIPEIEISIIOTCS CIMGTMuYe-
cku. CMBICH BCeX UAeHTU(MUKATOPOB B TPOTPAMME OMPEIEIeTcs CTa-
THYECKHU, YTO TO3BOJISET CO3/1aBaTh Hosiee Moy/IbHBIE U Dosiee 3dek-
THUBHBIC IIPOIPAMMBL.

e ML cozmepuT HaJEKHO THUIU3UPOBAHHBIN MeXxaHU3M 0OpabOTKH wuc-
KAOYUMEADHOL cobimuti. Mexaunsm o0pabOTKKM MCKIIOIATETBHBIX
COOBITHIN SIBJIAETCA YIAOOHBIM CPEICTBOM OIMCAHUA MEHCTBUI B HEHOP-
MAaJBHBIX CATYAllMsX, BOSHUKAMOIINX B MEPHUOJ NCIOTHEHNUS TPOrpaM-
MBI.

e ML comep:xut cpedcmsa pasbuenus npozpamm Ha mModysu, obecmedn-
BAIOIINE BO3MOXKHOCTH Pa3pabOTKK OOJIBIMUX MPOTPAMM IO YaACTIM.
IIporpamma ma ML cTrponTcs Kak HabOOp B3aMMO3AaBUCHMBIX CIMPYk-
MYP, CBA3BIBAEMBIX JPYT C APYTOM € MTOMOITBIO dynrmopos. Pazmesns-
Hagd KOMIWISINNAA OCYIIECTBASETCS TTOCPEACTBOM IKCIIOPTa U UMIIOPTA

GYHKTOPOB.

Cranpaprabiit ML siBiisercs HOBeIInM U3 CEMENRCTBA S3BIKOB, OepyIuxX
cBoe Hauasio oT s3bika ML, paszpaboranroro B Dauubypre Maiikom Lopo-
HoM, Pobrrom Muinepom u Kpucom Yozucsoprom B cepepnne 70-x romos [4].
C Tex TOp BO3HUKJIO MHOTO AMAJEKTOB U PEAJTU3AIUN, KAK B CAMOM DJUH-
Hypre, Tak u B Apyrux Mectax. Cramgaprabiii ML oCHOBBIBAETCS HA CHHTE3E
MHOTHUX UjI€eil, BOILIOIIEHHBIX B DA3JIMIHBIX BADHAHTAX S3bIKA (M3 KOTOPHIX B
MEPBYIO 0UEPEIb CAEAyeT OTMETUTH TUajeKT, paspaboranusiil JIykoit Kap-
nesutn [3]), u Ha naesx dgysximonaasHoro a3sika HOPE, paspaboranHoro
Pogom Bepcerenom, daiibom Mak-Keunom u Tonom Canéna [2]. Tlocaes-
Hee JobaBiieHne B S3bIK — MOJIYJIbHASI CTPYKTYpa, NpeioxKenHas JsitBom
Mak-Ksunowm B [6].

OTH JIEKITUU SIBJIAIOTCA HeOPMATHHBIM BBEJCHUEM B sI3bIK, ONUCHIBAIO-
M €0 BO3MOXKHOCTHU 1 CHOCO6bI NCIIOJIB30BaHWA, U HE JOJIZKHBI PaCCMaT-
puBarhca Kak gopmasibHoe onucanue Cranpapraoro ML. Onm mucanacsk u



[IEPENUCHIBAIACH B TEUCHNE HECKOJIHLKUX JIET, U CeYac HYKIA0TCA B HEKOTO-
poii mepepaboTKe C MEebI0 OTPA3UTh U3MEHEHNU S, IPOU3OIIEIINE B A3bIKe, U
OIIBIT ero ucroab30Banust. [losromy aBrop Oyaer paj JI00bIM TPEIOKEHUSIM
OT 4uTaTe/]Iei N0 3TOMY BOIIPOCY.

®opwmansroe ompeneserne Crangapraoro ML nmeercst B [7]. Heckonpko
menee dhopmanbHOe (M HECKOJIBKO yCTapesInee) onucanne nmeercs B Oruere
Dauubyprekoro yausepceurera [5]. g geTaabHOr0 3HAKOMCTBA C SI3BIKOM
GUTATEIO CASAyeT OOPATUTHCA K er0 (DOPMATBHOMY OMPEIEIEeHUTO.
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I'maBa 2

Anpo ga3bika

2.1 Pabora ¢ ML B pexxume juaJjora

IIpakTuveckn Bce peanmmzarnun ML aBiagaioTcsa HHTepaKTUBHBIMU; OHU OC-
HOBBIBAIOTCS HA JMAJIOTE THUIA “IPOYECTh-BBIYUCIUThL-HAETATATE (XOPOIIIO
sHakoMoMy moJib3oBaTessiv LISP). B mporecce takoro nmasora moJsib30Ba-
Teab BBOOUT Bhipakenue, ML-cucrema ero anajm3upyer, KOMITHIAPYET, Bbl-
IIOJTHACT ¥ BBLIAET PE3YJIBTAT Ha TepMUHA'.

Bort obpaszer; guamgora:

- 3+2;

> 5 : int

ML zampammBaeT BBOI C IMOMOINBIO “~ 7 u mpeasapsger BoiBog “> 7. llos-
zoBaTe/ib BBOaUT pasy “3+2”7. ML Borauciager BbIpaXKeHWE U MIE€IATAET €ro
3HadeHne, ‘5”7, BMecTe ¢ THIIOM 3HadeHusd, “int”.

B mporecce gmasora MOryT BO3HHUKATH Pa3jawdHble BUALI Oommbok. B
OCHOBHOM OHHU PACIAJAITCsd HA TPU KATETOPUU: CHHTAKCUYECKUE OIMUOKM,
ommbKY B COT/IACOBAHWHU TUIIOB U OIMMUOKY BPEMEHU UCIOJIHEHUs. BeposaTHO,
BBl 3HAKOMBI C CHHTAKCUUYECKUMU OMUOKAMU U ONMIMOKAMH BPEMEHU HCIIOJI-
HEHUsI 110 BAIIEMY OMBITY pafOThI ¢ APYTUME SI3BIKAMHU TPOTPAMMUPOBAHUS.
[IpuBesem npumep TOTO, YTO MPOUCXO/UT, KOIVIA BBEJIEHA CHHTAKCUYECKH
HempaBuabHAsS (pasa:

! Merarm unrepakTusHOM paborer ¢ ML-cuCTeMOll MEHSIOTCH OT OXHOIN PeaJH3anul K
APYroit, HO “myx” oOlIeHns OJMHAKOB BO BCEX M3BECTHBIX ABTOPY cucreMax. lIpmmeps: B
HACTOAMEH KHUTE TOATOTOBJIEHBI C WCIIOJIB30BAHNEM O IMHOYPrCKOro KOMmmIsaTopa 1988
rojia.
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- let x=3 in x end;
Parse error: Was expecting "in" in ... let <7> x

OumbKY BpeMeHn UCTIoJTHEeHUs (Kak, HallpuMep, Aesenue Ha () sBJIstroTcs
OJIHUM U3 BUJIOB UCKAOYUMEAbHHT cobbimut (moapobHo oHu Oy1yT paccMoT-
petbr magsee). Ceffqac MBI TOJIBKO TPUBEIEM TIPUMED TOTO, YTO BBl MOYKETE
HOﬂqu/ITb IIPY BOZHUKHOBCHUUN OH_[I/I6KI/I BPEMECHUN MCIIOJIHCHUNA:

-3 div 0;
Failure: Div

Owubky B COrJIaCOBAHUU THUIIOB HE TaK HPUBBLIYHBLL. Mbl 1101p0o6HO pac-
CMOTDPHM THIIBI U CBSI3AaHHBLIE C HAMH OIMMOKN IIO3/IHee; IOKa, OTMETUM, UTO
OIMOKN B COTJIACOBAHUN THUIIOB BO3BHUKAIOT IPU HEKOPPEKTHOM HCIIOIH30Ba-
HWHW 3HAYEHWI, HATpUMep, TPH TIOTTHITKEe TPUbaBnTh 3 K true:

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

I have found a: Dbool

OpnHott M3 BeChbMa, HETPUSITHBIX OMMUOOK, He pacmo3naBaeMbix ML-cucre-
MOIi, siBsieTCs OecKOHeUHbIH UK. Ecam BB mogo3peBaere, UTO Balla IPo-
rpaMMa 3aIUK/INIACh, BB MOYKETe MPEKPATUTh €€ BBITIOJHEHNE, HaYKaB KJla-
Buiry mpepbiBanus (00braH0 Ctrl-C). ML BhIZacCT coobIenne, TOBOPSIIEe O
TOM, 4TO BO3HHUKJIO HCK/IOUHTeIbHOe cobbirue "interrupt", u Beprerca mHa
BEPXHMI ypOBEHD BBLITIOJIHEHNST IPOorpaMMbl. HekoTopeie peanm3annm comep-
JKAT CPEJCTBA OTJIAJKH, KOTOPhIE MOTYT MOMOYb B OIPEEJEHUN MTPUINHbI
BaIUK/IABAHISI.

BriBator w gpyrue Buabl OmmmOOK, HO OHU BCTPEIAIOTCH 3HATUTETHHO Pe-
JKe, I BO3MOXKHBIE IPUIUHBI UX TPYIHO OOBACHUTL B 00IeM ciaydae. Ecan
BBl BCTPETHUTECH C COOOIMeHmeM 00 OImOKe, CMBICJ KOTOPOTO BBl HE MOXKe-
Te MOHSITH, HOCTapaiiTech HANTH KOTrO-HUOYIL, KTO MMeeT OOJIbIIIE OIBITa B
pabore ¢ ML, gTobpr 0H mOMOT BaM Pa3zodbpaThbCd B CUTYAITUN.

Heraan uarepdeiica 1mo1b30BaTE I MEHSIOTCA OT PEAJM3IANNY K PeaIn3a-
1, 0cobeHHo B vacTh (popmaTa BHIBOAA M CO0bIIenuit 06 ommbkax. [Tpmso-
IUMBIE B HACTOSIIEH KHUTE TPUMEPLI OCHOBLIBAIOTCS Ha DAuHOYyprekoM ML;
MBI TIOJIATAEM, UTO TIOC/IEe 3HAKOMCTBA C 9TUMU TPUMEPAMU y BAC HE JTOIKHO
BO3HHUKHYTL TPYAHOCTEH B MOHMMAHHUHU Bbimad apyrux ML-cucrem.
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2.2 IlepBuyHble BbIpaXKEHWUS, 3HAUEHUS U TUIIHI

Mpgbr maunem Haire BBefeHre B ML ¢ onmcannsg MHOMXKECTBA NEPEUHHBIT
tunioB. B ML tum ecth MHOKecTBO 3Hauenwit. HampmnMep, measie uncia o6-
Pa3yIOT THUII; MHOYKECTBO BCEX CHMBOJLHBIX CTPOK M MHOXKECTBO JIOTHIECKUX
suauennii (“mcrura” w “m0xkn”) Takxke 00pasyoT Tumbl. Ecam nmenTcs apa
THUIA 0 U T, TO MHO?KECTBO BCEX YIIOPSIOUEHHBIX [1aD, TIEPBBIil YeH KOTOPHIX
VMeeT THI 0, a BTOPOW — THUI T, IBJAETCA TUIOM. Bojee TOTO, MHOXKECTBO
BCeX (pYHKIHMH, 0TOOPAKAIOININX 3HAUEHISI OJHOIO THIIA, B 3HAYEHHUS IPYTOT0O
THUIA, TAKXKe 00pa3yioT Tull. B 1omojHeHne K 3TUM W JPYTAM OINPEIe/IeH-
HBIM B s3bike TumaM ML mMo3BosisieT mporpaMMUCTy OIpPEeIeInTh CBOU COD-
CTBEHHBIE THIIbI; K 00jiee moapobHOMY OOCY2KICHUIO ITOU BO3IMOXKHOCTH MbI
obpaTnMcs O3 THee.

Bripaxenus B ML wuzobpakaror 3nadueHuns TOYHO TaK 2Ke, KAK MOC/IE-
IoBaTENBLHOCTH 1P M300pazKarT ducjia. 1Tull BhIpaxKeHUs OIpeIesaeTcs
CHCTEMOI TIPABUI, KOTOPBIE TAPAHTUPYIOT, 9TO €CIU BHIPAKEHNE MMEET 3HA-
YeHHe, TO 3HAUEHWE BBIPAYKEHUs MPUHAJJICKUT TUMY BBIpAaXKeHUs (HY Kak,
norsaTHo? ). Hanpumep, kazmas mocie 0BarebHOCTb nudp uMeer tun int,
[IOCKOJIbKY 3HAYEHWEM IIOCJIEI0BATEBHOCTH UMD SBJISAETCS TEJ0€ YUCJIO.
Mzur mpoumiocTpupyem cuctemy tunos ML mpumepamn.

2.2.1 Twum unit

Tum unit cocTonT M3 eAMHCTBEHHOTO 3HAUEHUS, 3AMUCHIBAEMOT0 Kak ().
DTOT TUII UCIIOJB3YETCs B TEX CAyYasdX, KOT/Ia BbIpA2KEHUE HE UMEET KAKOTO-
JinOO OCMBICJIEHHOIO 3HAYEHUSI, & TAK2KE BMECTO apryMeHTa QYHKIUU B TEeX
cayuasix, Korga GyHKINS He J0IKHA HMEeTh apryMeHTOB?.

2.2.2 Jlorm4yeckme 3Havenus (Tum bool)

Twun bool cocrouT u3 3navenunii true u false. st paboTsl co 3HAYEHU-
AMHA ITOTI0 TUIIA MMEITCA OJHOMECTHAsA OIepaAId not u ABE IBYXMECTHBIX
oneparuy andalso u orelse (COOTBETCTBYIONTIE OOBITHBIM JIOTHIECKUAM OTIe-

paLusim “He”, - LLHHHN)?)'

*Muoraa BO3HUKAET HEOBXOIUMOCTD PACCMATPUBATE (DYHKIWM, IIPUHEMAIOIIME TOCTO-
aupble (He 3aBHUCAIIUE OT APryMeHTa) 3HadeHusd. IJOCKO/IbKY 3a4aCTyi0 B TAKHUX CJLydasix
00J1aCTh OIpe/IeIeHIsT HEeCYIeCTBeHHA, YMECTHO B KadeCTBEe Hee MCIO0Jb30BaTh unit. [Ipn
stom B ML BaxkHO oTimmaaTh camy GyHKIHUIO (9TO 3aNMCHIBAETCH KaK ) OT pe3ybraTa ee
upumenenus (aro 3anuceiBaerca kak £()). (IIpum. nepes.)

3UmeroTcst BeCKMe IPHYMHBI, TT0 KOTOPHIM BMECTO TPAIMIMOHHBIX HA3BAHUi and U or
JJTsi OMHAPHBIX JIOTUYECKUX OIEPAlil MCIOIb3YI0TCH HeoxuJaHHble andalso u orelse.
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Vcenosuoe Boipaxkeane 1f e then e; else ey MBI TaK)Ke PACCMOTPUM
3JIeCh, TIOCKOJIBKY €0 IIepBbIil apryMeHT, e, J0/2KeH uMeTh Tun bool. O6-
paruTe BHUMAHME, 9TO 4aCTb else JI0/2KHA HNPUCYTCTBOBATH 00SI3aTEIBHO.
[Tpuwunna sToro B ToMm, uro if B ML aBagercs yCIOBHBIM 6uipadiceHuem, a
He VCJOBHBIM ymeepoicdenuem, Kak, Hanpumep, B Pascal’e. Eciau 651 gacTh
else oTCcyTCTBOBAJA, TO IPU 3HaUYeHUN € paBHOM false BhIpakeHHWe HE NMe-
Jio 6B1 3HaYeHusi. Kpome Toro, THIIBI BhIpasKeHUil €] 1 ey JTOJIKHBI COBIIATATh.
Bruipaxkenue

if true then true else ()

SIBJISIETCS. HEKOPPEKTHBIM ¢ TNOYKY 3PEHuA munuiayuy (I, KOPOIe, Hemu-
NUSUPYEMBIM ), TTOCKOJIBKY THUIT BHIDAJKEHWs B 4acTu then ecth bool, a tun
BBIDAKCHHS B 9acTH else — unit.

not true;

> false : bool

- false andalso true;

> false: booi

- false orelse true;

> true : bool

- if false then false else true;
> true: bool

- if true then false else true;
> false: bool

2.2.3 Ilensie uncaa (tumo int)

Tun int siBsieTCss MHOXKECTBOM (MOJIOKUTEIBHBIX U OTPUIATETbHBIX )
nesnbix gnces. Lesnbie yncia 3anuchbiBaloTCd 0OBIYHBIM CIIOCOOOM, 38 MCKJIIO-
YeHUeM TOro, 4TO JJI OTPUIATEJbHBIX YHCes] 3HAK 3allUChIBAETCH TUJIbI0H
~ BMECTO TPAJUINOHHOTO MUHYCA -.

IIpuuunst sToro crnemyrommue. ML aBasiercs cmpozum S36IKOM; 9TO O3HAYAET, ITO BCE ap-
rymMeHTbl (DYHKUUU BBIYUCJIAIOTCH /10 BbIMHUC/IEHUs 3HaveHus GyHkumu. Eciu npu srom
OKaKeTCHA, 9TO KAKOH-TMO0 apryMeHT He MOXKeT ObITh BBIYHUC/ICH (HATIPUMEp, B MTPOIECCE
€ro BBIUUC/ICHAs BO3HUKAET 3AIWKJIMBAHUE), TO W CAMO 3HAYeHWE (DYHKIMH HE CMOXKET
6biTb BorumcsieHo. Ouepauuu ke andalso u orelse ABJIAIOTCH MCKJ/IIOYEHUAMU U3 HTOLO
MMpaBwJa: MPU BBIYUC/IEHWHN, HampuMep, €1 andalso ez CHadYaja BBIUUC/IAETCS €1, U €CJIA
ero 3HaveHue ectb false, TO €2 HE BBIYUC/IAETCs, & 3HAYEHUEM BCErO BbIpaxkeHus Oyjer
false. Takum o6pa3om, Boipaxxenue false andalso ez Oyuer Bcerga oupezesneno (u Oy-
JIeT uMeTh 3HadeHwe false) — B OTJIMYMME, HATPUMED, OT BBIpAKEHUS 0 * €2, 3HAYCHUE
KOTOPOTO GyZIET HE ONIPEJIENIEHO, €CM HE OnpenesneHo e2. (IIpum. nepes.)
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- 75;

> 75 : itn

- 724;

> 724 : int

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

- (342) mod 2;
>1 : int

Bripaxkenusg MoryT comepkaTh 0ObIIHbIE 3HAKN apuMETHIECKUX OTepa-
it +, -, %, div u mod (div u mod 0603HAYAIOT COOTBETCTBEHHO IETOUNC/ICH-
HOE JIEJIEHNE U TIOJIyYeHne OCTATKA OT JeJeHns Haeno). Mmenres u 3HaKn
IJIs1 ollepaluii cpaBHeHus <, <=, >, >=, = u <>, Bce sTu onepanuu TpedbyoT
JBYX aPryMEHTOB THIIA int M BO3BPAIIAIOT Pe3yJabTaT Tuia bool (true mam
false B COOTBETCTBHUU C TE€M, BBITIOJHEHO YCJIOBUE UJIH HET).

- 3<2

> false : bool

- 3%2 >= 12 div 6

> true: bool

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

ObpaTtnTe BHUMAaHWE HA TO, UTO OTEPATTNY CPABHEHWS, MTPUMEHEHHBIE K
JIBYM I€JI0YUCJIEHHBIM BBIPayKeHUsIM, BLIpabaThIBAIOT true win false, u Ho-
9TOMY MX PE€3yJIbTaT MMeeT THUIl bool.

2.2.4 Crpokn (Tun string)

Tun string cocTOUT M3 BCeX KOHEUHLIX IIOC/IE[OBATENbHOCTEN JINTED.
Crpoku 3aIIMChIBAIOTCS OOBIYHBIM CIIOCOOOM, KaK IMOCAEI0BATEIBHOCTD JIATED
MEXK Ay ,Z[BOI‘/JIH])IMI/I KaBbIYKaMU. ECJTI/I ,ZLBOI?IH&H KaBBbIYKa JOJIZ?KHa BOWTU B
COCTAB CTPOKH, OHA 3alNCLIBaeTca Kak “\'"”.

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

> nun : String

CHQHH&HBHLIQ JINTEPHI TaK?Ke MOTYT 6bITI) BCTaBJIEHBI B CTPOKW, HO MBI
He Oy/eM OCTAHABJIMBATHLCS Ha CIOCODE CAeNaTh 9TO, T.K. B HAIUX IPUMe-
pax 9To He ToHaMoOUTCsA. 3a Gostee OAPOOHOI WHGOPMaIeir 06paTHTECh K
bopmasbHOMY ONICAHUIO sT3BIKA | 7).
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Oyukiug size Bo3Bpaiaer aauny Crpoku B aurepax. Oyakimsa ~ aBjis-

ercs HHMUKCHON JBYXMECTHOI olepaiineli KOHKATeHAIINN CTp0K4.

- "Rhinocerous " =~ "Party";

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

> 14 : int

2.2.5 [HeiicrBurenbuble yuchaa (Tum real)

Tum uncen ¢ maaBatomell Toukoit HazpiBaeTcd B ML real. /leficTBuTenn-
HbIE YHMCJIA 3AITUCBIBAIOTCS Dosiee-MeHee OOBIMHbBIM JIJisl SI3BIKOB [IPOrPAMMU-
pOBaHMA CHOCODOM: II€JI0€ YUCJI0, 33 KOTOPBIM CJEIYyeT JeCATUYHAd TOYKA,
3a KOTOPOil CleyeT TOC/IeI0BATETFHOCTD U3 OJHOM min Hojiee JecaTUIHBIX
P, 38 KOTOPBIME CAEIyeT 3HAK SKCIOHEHTHI, E, 33 KOTOPBHIM CIeyeT apy-
roe 9ncjio. DKCIOHEHTA MOXKeT ObITH OIMYINeHa, eCJU TPUCYTCTBYET JTeCATHY-
Had TOYKa; ACCATUYIHadAd TOYKa MOZKET 6BITB OITyIIieHa, €CJu TIPpUCyTCTBYET
SKCIIOHEHTA. Bce 9T0 Hy»KHO JJid TOTO, YTODBI OTJIMYATH IEJIble YUCIa OT
neiicteurenbabix (ML He obecrneunBaeT BKIIOYEHUST OHOTO TUIIA B JIPYTOM
HU B Kaxoii hopMe; Ipu HEOHXOTUMOCTH 1EJI0€ UUC/I0 JIOJKHO OBITH SBHBIM
o6pa3oM mpeobpa3oBaHO B JIEHCTBUTENIBLHOE).

- 3.14159;

> 3.14159: real
- 3E2;

> 300.0 : real
- 3.14159E2;

> 314.159 : real

Jliist meficTBUTEMBHBIX YHCET MMEIOTCsT OOBITHBIE apndMEeTHIECKNe omepa-
v -, +, -, %, / (“/” o6o3HAaTAET OIIEpAITHIO JeJIeHUs AeHCTBUTEIbHBIX THUCET;
onepanuii div u mod s JIefCTBUTENBHBIX YUCE HeT) " onepanuu CPaBHEHUH
<, <=, > >= = <>, He gomyckaercs, 4To0bI OJUH U3 OIEPAHI0B STHX OIEPAITHi
ObLI AEHCTBUTE/IBHBIM, 8 APYroil — 1e/ibiM. TakxKe nMerTcsd (PyHKIuU Sin,
Sqrt, exp ¥ T.I., COOTBETCTBYIOIIIE OOBIYHBIM MATEMATUYECKUM (DYHKITASM.
Oyurnus real mpeobpasyer Meblii AapryMeHT B COOTBETCTBYIOIIEE TeiCTBHU-
TeabHOE YuCI0, a GpyuKius £1oor mpeobpasyer aeliCTBUTEILHBIN apryMeHT
B HauOOJIBITIEE IIEI0€ UUCIIO, He MPEBOCXOISINee apryMeHT.

4 Mnguxcnot Ml HaspiBaeM QyHKIMIO, EMEIOIIYIO ABA apIyMEHTa, 3HAK KOTODOH 3a-
[MCHIBAET MEXKY apryMeHTaMH — KaK, HaIpuMep, OOBIYHO 3aINCHIBAETCS B MATEMATHKE
ornepauus CJI0KeHU.
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- 3.0 + 2.0;

> 5.0 : real

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

- floor(~3.2);

> 74 : int

- cos(0.0);

> 1.0: real

- cos(0);

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

I have found a: int

DTuM 3aBepiaercs 0630p amomapnbir Tunos ML. Teneps MbI mepexonum
K COCTaBHBIM TUIIaM, KOTOPBIE CTPOATCA U3 APYTUX TUITOB.

2.2.6 VYmnopgaagodeHHbIE SHKU

Tun o*7, tae ¢ U T — TPOU3BOJIbHBIE THUIIBI, SBJSETCI TUIIOM YIIOD-
JIOYIEHHON TTapbl, T/e MEePBBIN 9ieH WMeeT TN O, a BTOPOH — TUI T. YIIO-
PsIOYEHHAS [Mapa 3aInChIBAeTCH KaK (€1,€e), e €] W €2 — BBIPAKEHUSI.
Anasioruano o6pasyroTCa YIOPSI0YCHHbIC SHKA® . A IMEHHO, 10CTIe/[0BATE b-
HOCTB BBIPAXKEHUI, OTACJICHHBIX APYD OT APYTa 3alATLIMU, 3aK/II0YaeTCd B
Kpyribie ckoOku. Ecim BoIipakenus ey, €a, ..., €y, UMEIOT TUMBI 01, 03, ...,

Oy COOTBETCTBEHHO, TO THUIIOM VIOPAZOYEHHON SHKH (€1,€3,...,6,) Oymer
g1*092%. . .*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

Pasencrso MEXKAY 9HKAMW — MOKOMIIOHEHTHOEC: JBE 9HKW PAaBHBI, €CJIN UX
COOTBETCTBYIOIINE KOMIIOHCHTEI PaBHDI. Ecan AIBE 9HKH MMEIOT DPa3JIMIHBIE
TUIIbI, TO IIPpU TIOIBITKE MX CPpaBHEHWA BO3HHUKACT omubKa B COTJIACOBAHUNI

5Mbl pemmIucy BBECTH TEPMUH KA Kak “06061enue” TepMunos deotixa, mpotixa u T.11.
(BMECTO BBITVIAIAMIETO HECKOJHKO CTPAHHO N-Ka) 10 AHAJOTHH C TIOJLY9IMBIIMM MIAPOKOE
pacmpocTpanerne aHrmickuM TepmuHOM tuple. (IIpum. nepes.)
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TUTIOB: OECCMBICJIEHHO CIIpaInBaTh, paBubl an ("abc", ()) m (true, 7),
ITOCKOJIBKY COOTBETCTBYIOIINE KOMIIOHEHTHI THUX AP UMEIOT PA3HBIE TUIILI.

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

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

( 141, true );

(Ilall’*”bcll’ 11);

2.2.7 Cuauckn

Tum 7 list cOCTOUT M3 KOHEUHBIX MOCTIEIOBATENLHOCTEN, NI CnUcKos,
suadenuit Tuna 7. Hanpumep, tun int list cocTowT M3 CIIKMCKOB TEBIX Y-
ces, a TN bool list COCTOUT W3 CIUCKOB JIOTHYecKNX 3Hadenuit. Vlmeerca
IBa crocoba 3alucu CIIMCKOB, OCHOBHOW m COkpareHHbiit. 1lepBoiit 0CHOBBI-
BAETCS Ha CJEJYIOIIEM OTPE/IeJIEHUN CITMCKA: CITUCOK 3HadeHui turma 7 Janbo
mycT, Tu00 COCTOUT M3 3HAUEHUS TUIA T, 33 KOTOPBIM CJIEIyeT CITUCOK 3HAa-
deHuit Tnna 7. B cOOTBETCTBHYN C 9TUM ONpEseeHNeM yCTOH CIMCOK 3alln-
ChIBaeTCs Kak nil, a HEMyCTOH CIIMCOK 3aIlUCHIBAETCA Kak e :: [, Tjae e —
BBIpaYKeHMe TUMa T, a | — Beipaxkenne Tuna 7 list. Hazsanne oneparnum : :
MPOU3HOCATCS KaK “KOHC” (“cons”) — B MaMsITh O COOTBETCTBYOIIEH (DyHKIINH
si3bika, LISP.

[TopazmMbic/iuB HEKOTOPOE BPEMsi, BbI TIOMIMETe, 4TO JIF0O0H HENyCTOH Criu-
COK MOYKET OBITH 3aluCcaH B CJAEAYIOIIEM BUIE:

€1 :: ey i ... i €y :: mnil

rIe Karkjoe e; sIBJSeTCsl BhIparkeHneM THIa 7 U 1 > 1. DTO COOTBETCTBY-
€T MHTYUTUBHOMY ITOHATUIO CIIMCKA 3HAYEHUU JAHHOT'O TUMA, TPU 3TOM nil
UTPaeT POJIb 3aBEPIIUTENA CIUCKA.

Takoit MeTo oupeje/IeHnst Ha3bIBACTCA UHOYKMUGHbM (MIn PeKypcus-
noim) ompesesenneM. VHIyKTUBHOE OIpesieseHie COCTOUT U3 OFHOTO HJIN
bostee HAMAADHBIT CAYHGES, OMUCHIBAIONINX ONPEAeIIeMbIe TPEIMEThI HeIo-
CPEJICTBEHHO, W OIHOTO WK boJiee UHOYKMUSHLIT WG2068, TTO3BOJISIIONTNX U3

y7Ke TIOCTPOEHHBIX IIPEIMETOB CTPOUTH HOBBIES.

6I/IH,ZLyKTI/IBHOB olpe/iesieHue 3aJaeT OlpeesdeMblil K/IacC IIPpeIMeTOB B COOTBETCTBUN
€O caemylomuMu Tpems myHKTamu: (1) BCAKmil TpeMeT, ONMCAHHBINA OTHUM W3 HAYAJIb-
HBIX CJIy9aeB, ABJAETCS ONPEIENAeMbIM MpeaMeToM: (2) BCAKHN ImpeaMer, TOJLyIeHHbIH
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B ciayuae crmckoB, HAYaIBHBIM CAy9aeM dBJIgeTCd nil, a WHIYKTHAB-
HBIM IIATOM dABJISIETC TIpUMeHeHne onepanun : :. VHIyKTUBHBIE ONpeeste-
HUY TUIIOB UT'PAIOT BAXKHYIO POJIb B (PDYHKIIMOHAJIBHOM ITPOTPAMMUPOBAHUM,
MTOCKOJIBKY OpraHu3alng (PyHKIIMOHAJILHON MTPOTPAMMBI BO MHOTOM OTTpeie-
JISIETCS CTPYKTYPOit 06pabaThIBaeMbIX JAHHBIX.

Huxe mpuBoasitcas mpuMeps! UCHOMB30BAHNS Nil u :: Jj1d TOCTPOSHUS
CIIICKOB:
- nil;
> [] : ’a list

3 :: 4 :: nil;

[3,4] : int list

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

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

A\

\4

\4

Ob6parure BHuMaHue Ha TO, YTO0 ML BBIBOJUT CIHUCKH B COKPAIIEHHOM
dopmMare: mOCIEIOBATETHHOCTD PA3AEJCHHBIX 3AIATHIMY JJIEMEHTOB CIIUCKA,
BaKJIF0YeHHAs B KBaJIPATHbIE CKOOKM. DTOT (POPMAT MOZKET UCIIOJb30BATHCS
¥ JIJI9 BBO/IQ CITUCKOB — HO TIOMHUTE, YTO 9TO JUIIH COKPAIIEHNe /s TOJTHOTO
dopmara.

Tun cuncka nil — o0cobblil: OH BKJIOYAET Nnepemertyto muna (BbIBOIUTCS
Kak ’a u npousHocurcs Kak “anbda’). [lpuaunoii sroro spisiercs To, 9410 B
MIyCTOM CITUCKE HET HUKAKOW WH(MOPMAITUHT O TOM, CITUCKOM 3JIEMEHTOB KAKOTO
THUTIA OH 9BJIIETCd. BbL10o 661 mIymo TpeboBaTh, YTOOBI MMEINCh OTAETbHBIE
KOHCTaHTBI, 0003HAYAIOIUE TYCTON CIUCOK TIeJIBIX, MYCTOH CIUCOK JIOTHYe-
ckux u T.j. [Tosromy ML tpakryer nil Kak nosumopdroili 0ObEKT, T.e. KaK
TaKOil 00bEKT, KOTOPBIH MOYKET MTPUHAJJIEXKATD JIIOOOMY THIY U3 HEKOTOPOTO
ksacca. Koncranra nil moxkeT paccMarpwBaThca Kak int list, xak bool
list nam kKak int list list B 3aBHUCHMOCTH OT KOHTEKCTA, B KOTOPOM OHAa
HaX0JUTCd. 9TO BbIPAXKaACTCA TeM, 9TO KOHCTAHTE nil IIPUIINCHIBACTCA TUIL
’a list, rme ’a ABAAETCA IEPeMEHHOI, MpoberaroIeii MHOKECTBO THIIOB.
YacTHble Cjydan TUIA, BKJIOUAIOIIErO MEPEMEHHbIE TUla (TaKONH TUIl Mbl
Oy/ZeM TakKe HA3bIBATH NOAUMODHHHIM MUNOM, U, KOPOIE, NOAUTNUTIOM ),
MOJIyYAKTCA MIyTeM 3aMEHBI BCEX BXOXKJEHUN JAaHHOU TepeMEeHHO! TUlla Ha
KaKo-In00 THT (Hpn ITOM 6Ce BXOXKJCHWA MNAHHOW TIEPEMEHHOW 3aMeHdA-
I0TCA HAa 00uM U mom gice THIT); NOJCTABISEMBI BMECTO TTEPEMEHHON THI

U3 y2Ke HOCTPOCHHDIX OIIPEIEISEeMbIX IIPEIMETOB Iy TEM IPHMEHEHNs KAKOr0-1u00 HHIYK-
TUBHOTO 1I1ara, SIBJISETCS OIPEIeIseMbIM IpeaMeToM; (3) HUKAKUX JPYTUX OIpeesIseMbIX
IPEIMETOB, KPOME MOy 9eHHBIX ¢ TIOMOmbIo yHKTOB (1) m (2), mer. (IIpum. nepes.)
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caMm MOyKeT ObIThb mosuMmopdubiM. Hampumep, tumbr int list m (int*’b)
list aBasgroTCd YACTHBIMU CIyYasMy moauTuna *a list. Twumer, KoTophle He
COJEPKAT MEPEMEHHbBIX TUIIA, HA3BIBAIOTCA MOHOMOPPHOMU Munamy (niu,
KOPOYE, MOHOTMUNAMU).

PaBencTBo 1718 CITUCKOB SABJSIETCS TTO3JIEMEHTHBIM: JBA CIIHUCKA DABHBI,
€CJIM OHU COCTOAT W3 OMHOTO W TOTO K€ UHUCJIa HJIEMEHTOB W COOTBETCTBYIO-
IIIMe 3JEMEHTHI paBHBI MexK 1y coboii. Kak u B ciiy4dae yIopsia0ueHHbIX SHOK,
HEBO3MOXKHO CpaBHEHUWE ABYX CHUCKOB C 9JIEMEHTAMW PA3HbBIX TUIIOB, W I10-
[IBITKA BBIIOJHUTE TAKYI0 OIEPAIUI0 TPUBEIET K OMMUOKEe B COTJIACOBAHUU
TUIIOB.

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

> true : bool

[[11, [2,4]1 1 = [ [2 div 2], [1+1, 9 div 3] 1;
> false : bool

2.2.8 3anwucm

TTocienauit cocTaBHOl THIT, KOTOPBIH MBI PACCMOTPHUM B HACTOSIIEM Pas-
nejie, ecThb mun sanucu. 3amucu B ML anasoruwunsr 3amucam B Pascal’e,
CTPYKTYpaM B C n T.O. BaHI/ICL COCTOUT U3 KOHECYHOI'O MHOX>XKECTBa ITIOMEYECH-
HBIX T10JIell, KaK/I0e U3 KOTOPbIX SBJISIETCS 3HAYeHNEeM HEKOTOPOT'O THIIA; KaK
" B CJIydae YHOPAAO04Y€HHbIX 9HOK, PA3/JIMYHBIC 110J1d MOT'YT MMETHh PA3/INYHbIC
TUOBL. 3AINCh 331aeTCs TOCIeI0BATEIFHOCTEIO PaBeHcTB B dopme [=e (/e
[ ecTh MeTKa U e — BBIPAaXKEHHUE), 3aK/TI0UEHHON B GurypHbie cKoOKu. Kax-
JIoe PABEHCTBO [=€ yCTaHABJNBAET 3HAUEHUE MOJIsI, TOMEUYEHHOTO METKOi [=¢,
PaBHBIM 3HAYECHWIO BHIDAXKEHUS €. THIOM 3alUCH SIBISETCS MOCIeI0BATE -
HOCTH nap Buja [ : 7 (rae | ecTh MeTKa, U T — THUIL), PA3/IEJEeHHBIX 3AMATHIME 1
BaKJIIOUEHHBIX B (purypHbie ckobku. [lopsok paBeHCTB, 33]af0MINX 3aIUCh,
HE UMECT 3HAYCHNA: KOMIIOHEHTHI 3alliCH OIIPeAeTAI0TCA CBOMMU ME€TKaMu, a
HE TIOJIOKEHUEM B 3anucu. PaBeHCTBO 171 3anuceii — NOKOMIIOHEHTHOE: JTBE
3alrCHu PaBHBI, €CJIN OHU MMEIOT OAHO M TO 2K€ MHO2KECTBO METOK HOJ’[eﬁ, u
[I0JIsI, IOMEYEHHbIE OJIMHAKOBBLIMU METKAMM, UMEIOT PABHbBIE 3HAUECHUSI.

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

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

- {name="Bar", used=true} = {name="Foo'", used=true};

> false : bool
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VHOpSI09ueHHbIE SHKH SIBISIOTCSH YaCTHBIM CIY9IaeM 3aIMCeil: yrmopsamo-
YeHHAd YHKA THUIIA O1*09%...*0y, SABJSETCH COKPAIIEHHbIM 0003HAYEHUEM
mas sanucn tuna{ 1:01, 2:09,...,n:0, . Hanpumep, Boipaxenus (3,4)
u {1=3, 2=4} 0003Ha4aIOT B TOYHOCTH OJHO U TO KeE.

Ha sTom 3aBepimaeTcst Hallle BBEJCHNWE B IEPBUYHBIC TUIBI, 3HAUCHUS U
BeIpaxkenunsa a3bika ML. Mbr xoTuM 00paTuTh Ballle BHUMAHWE HA TO, UTO
3HAYEHUS] BCEX PACCMOTPEHHBIX TUIIOB CTPOSTCS HEKOTOPBIM e€IuH000pas-
HBIM MeTofoM. JIsT Kakaoro Tuma mMeeTcs CBOM Habop opMaTOB BHIPA-
JKeHUH, 33Jaf0MnuX 3HaYeHus 9Toro Tura. Jjis aroMapHBIX THIIOB TaKUMU
BBIPAXKEHUAMU ABJIIIOTCA KOHCMAHMb, 3TUX TuoB. Hanpumep, KOHCTAHTA~
MU THIA int ABASIOTCH OCJEI0BATEIBHOCTH P CO 3HAKOM, & KOHCTAH-
TaMu THUNA String ABJISIOTCH [10CJIE/I0BATEILHOCTH JINTED, 3aKIIOUYEHHBIX B
JIBOitHBbIE KaBbIYKU. JlJ1si COCTABHBIX TUIIOB 3HAYEHUs] CTPOSTCA C IIOMOIIBIO
KOHCMPYKMOPos 3navenudi, PyHKIMedl KOTOPBIX SAB/ISIETCS IOCTPOEHUE 3HA~
YeHU{ COCTABHOI'O THIIA M3 3HAuYeHuil kKoMmmoHeHT. Hanpumep, KOHCTPYKTOD
maphl, 3aIUCBIBaeMbIl Kak ( , ), OepeT ABa 3HaUECHHS U (DOPMUPYET U3 HHAX
3HAUEHNE TUTR “yIopsamodeHHast mapa’. AHajormdHo, nil u :: ABISOTCS
KOHCTPYKTOpPaMH, KOTOpble (bOPMUPYIOT 3HaUYeHHUe Turia, “criimcok”’. CuHTaK-
CHC 3aMUCH MOXKET TAKXKe PACCMATPUBATHCA KaK KOHCTPYKTOP. Takoit Barsa
Ha JaHHBIE, KaK HA (GOPMUPYEMbIe H3 KOHCTAHT C IIOMOIIBIO KOHCTPYKTOPOB,
sapagerca ocHoponosiaraomuM B ML u 6yner urpatsh BaxKHYIO POJIb B TIOCHe-
JIYIOITUX PACCMOTPEHUSIX.

B ML uwmeercst ere oguH O4YeHb BaxKHBIM Tum, Tun ¢yHkiuit. OgHako
mepeJi TeM, KaK MPUCTYINUTh K PACCMOTPEHU0 (DYHKIUI, Mbl PACCMOTPUM
pasiuutblie (GOPMbl 008A6AEHUT 1 OCHOBHbIE BUbl Bhipaxkenuii B ML. Dr1o
0bJIerduT mocjeayoliee nlyueHue QyHKITIil.

2.3 MWNnpentudukaTopbl, IPUBA3KN U 00bABJIEHU

B srom pasgene Mbl BBefeM MOHATHE 006A64€HUA; OO BABICHUS UCIIOIh-
gytorca B ML st BBemenus umenTudukaTopoB. Kaxaplii naenTuduKaTop
nepeJt NCIIOIb30BAHUEM JIOJIZKEH OBbITh 00bLABICH (MMEHA BCTPOEHHBIX (hyHK-
Ui — TaKuX, KaK + Win size — cantaioTcs 00bABIeHHBIME 3apaHee). U nen-
tudpukaropsl B ML MOTyT MCIIO/IB30BATHCS MHOTUMY PA3JIUIHBIME CITOCODA-
MU, U B COOTBETCTBUM C 3THUMHU CIocobaMu CYIIECTBYIOT pasJjindfbie (Hop-
Mbl 00bsiBIeHUH. B HACTOSIIIIEM pa3/iesie Mbl PACCMOTPUM UJeHMUPUKAMOPbL
3Havenutl, nan nepementivie. llepeMentas BBOAUTCS MyTeM NPUEA3KU UICH-
tudukaropa kK 3uHadeHnto. Hampumep:

- val x = 4%5b;
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>val x = 20 : int
- val s = "Abc"A"def";
> val s = "Abcdef" : string

- val pair = (x, 8);
> val pair = (20, "Abcdef"): int * string

O®pazaval x = 45 nazpiBaercs npusA3kol % 3Havenuto. ITodbl BBITO-
HUTH TpUBsA3KYy, ML BbIunc/sger 3HadeHre BbIPaKEHUs CIIpaBa OT 3HAKA Pa-
BEHCTBa U yCTaHABIUBACT 3HAYCHUE 1IEPEMEHHOMN, YKa3aHHO! Cj1eBa OT 3HaAKa
PaBEHCTBaA, PABHBIM BBIYUCJIEHHOMY 3HAYEHUWIO. B TPUBEACHHOM BBIIIE TIPW-
Mepe X puBs3biBaeTcs K reaomy uucay 20. [loce sroro uaentudurarop x
HaBCeTa OCTAECTCA MPUBA3AHHLIM K 3TOMY 3HAYECHUIO; TaK, 3HAYCHUE (X,S)
obpazyercsi u3 3HadeHuit x u s. ObparurTe BHUMaHWE HA TO, YTO BHIIAYA
ML TEIIePhb CJIErKa OT/IMYaeTCA OT IIPUBOAUBINNXCA paHee: TIepel] SHaUYeHeM
nepeMenHoil nevaraercs “x = 7. IlpuuuHOil 3TOTO SBJASETCS TO, YTO CpPa3y
mocjie Toro, Kak uaentudukarop o0bbasiaen, ML nmegaraer ero onpesenenue
(dbopma ompesiesieHnst 3aBUCHT OT COPTA WIACHTH(MUKATOPA; TOKA ITO MBI BU-
ACJIN TOJIBKO IIEPpEMEHHbBIE, JJId KOTOPBIX OIIPpEAC/ICHUCM ABJIACTCA 3HAYCHUE
nepeMennoii). Hamomuunm, 9T0 Korja Ha BepXHEM ypOBHE JTHajora (B OTBET
Ha 3alipocC BBO,Z[&) BBOJUTCA BbIPpazKCHHE, TO OHO BBIYMC/IACTCA, U 3aTEeM IIe-
JarTaercst ero 3Haderne sMecte ¢ TunoMm. Ha camowm gene 3aecy ML npuBsaani-
BAaET K 9TOMY 3HAUEHUIO UICHTU(UKATOP 1t, Tak 9To B JajbHelmnx dpaszax
BEPXHEr0 yPOBHS JUAJIOTA WACHTUMUKATOP 1t MOXKET UCIOJIb30BATHCI st
JIOCTYIIA K 9TOMY 3HAUCHHIO" .

Baxkuo ormeruts oTangme nmoHgTHus mepementoit 8 ML oT moHgTHs me-
PEMEHHOM B IPYrUX sg3blKax mporpammupoBanus. ObbsBiieHne mepeMeHHon
B ML Oosee moxoxxe Ha ommcanme const B Pascal’e, Hexkenmu Ha OmmMCaHme
var; B 9aCTHOCTH, IIPUBSI3KA He ABAAECTNCA TTpUCcBanBanueM. Korja nekoro-
PBIi NAEHTI(MUKATOP TIPUBSI3BIBACTCS K 3HAYECHNIO, ‘CO3TACTCS HOGVIT NIeH-
TnduUKATOp — W OH HE MMEET HUKAKOr0 OTHOMIEHWs K (BO3MOXKHO) paHee
00bABIEHHOMY TaKOMY ke uiaeHTudukaropy. bojee Toro, mocjae Toro, Kak
nAeHTUUKATOP TPUBA3aH K 3HAUEHWIO, HET HUKAKOTO Crocoba M3MEHUThH
9TO 3HAYEHUE: €r0 3HAUYEHUE BCET/IA OCTAETCS TeM, K KOTOPOMY MbI TIPHUBS-
3a/m ero B MOMEHT 06bsaBeHus. ECau Bbl HE3HAKOMBI C (DYHKIMOHAIHHBIMA
sI3BIKAMU TTPOrPAMMUPOBAHUSA, 9TO MOYKET ITOKA3AThC HECKOJIBKO CTPAHHBIM;
HOAOXKAWUTE, IIOKA MBI HE PACCMOTPUM HNPHUMEPBI IPOTPAMM U HE IIOKAXKEM,

"Takum 06pa30M, MOMKHO CUUTATH, YTO BBOJ, HA BEPXHEM YPOBHE [IUAIOIa BBIPAXKEHHUST €
ABJII€TCH COKpauleHHol dopmoit msg “val it = e”. B mekoropsix peasm3sanuax ML sror
(daxT ABHO OTpaskeH — B OTBET Ha BBOJ, BBIpaKeHHWs IedaTaercd “val it = sHavenue
Tun” (BMECTO IPUBOIMMOI 3/16Ch B IPUMEPAX BbIIAYH ‘‘3sHaderune : tun’’). (IIpum. nepes.)
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KaK 9TO MOXKET MCII0JIb30BaThcd. Tak Kak panee 00bABIEHHDBIC UACHTH(DUKA-
TOPBI MOI'YT OBITH IPUBHA3aHBI K HOBBIM 3HAYEHUSIM, HEOOXOUMO YTOUHUTD,
KaKas U3 IIPUBA30K J0/2KHA ObITh MCIIO/IH30BAHA B JAHHON TOYKE IIPOrPaM-
Mbl. JlaBaiiTe pacCMOTPHUM CJIEIYIONIYIO TTOCJIEI0BATEBHOCTh TPUBA30K:

- val x = 17;

>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

Bropast mpuBsizka x “3acionsier” mepByo (HO HE OKA3bIBAET HUKAKOTO
B/IWSHUA Ha 3HAYEHWE TepeMennoil y). Beakuit pas, xorpa naeatudnkarop
UCIIOJIB3YETCS B BBIPAYKEHUU, OH CUMTAETCS CCHLIAIOIIMMCH HA TEKCTyaJbHO
OIMKANTITYI0 00 BEMJTIONTY 0 IPUBA3KY 9TOro uaeHTruduraropa. Takum odpa-
30M, UCIOJIBL30BAHNE X B [IPABOH YaCTU NPUBIA3KYI UICHTUPUKATOPA Z CChLIa-
eTCsI Ha, BTOPYIO MPUBSI3KY MAEHTH(DUKATOPA X, U TOITOMY 3HAUEHUE Z eCTh
true, a He 17. DT0 NPaBUIO AHAJOIMYHO TIPABUIAM BUJIUMOCTH B A3BIKAX
¢ 6i0uHOit cTpyKTYpoit. C MOMOIIBIO KJII0YEBOT0 CI0Ba and, NCIOJIB3YeMOTro
B Ka9ecTBe Pa3eInTesis, MOXKHO TPUBIA3aTh K 3HAYEHUIM CPa3y HECKOJHKO
AIeHTH(OUKATOPOR:

- 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, YTO y MOJyYaeT 3HadeHwe 17, a He true!
HeckoabKo nNpuBa30K, COEAUHEHHbBIX CJI0BOM and, BHIYNUC/ISIOTCI TapaJLIedhb-
HO — CHAYAJa BBIYHCIAIOTCI WX IPAaBble YaCTH, a 3aTeM HUIeHTU(MHKATOPDI,
YKA3aHHBIE B JIEBBIX YACTAX, IPUBABBIBAFOTCS K [OJIYUYCHHBIM 3HAYCHUSIM.

JLy1st TOro 9To6bI IPOAOIKUTH U3/I0KEHNEe, HAM HY?KHO BBECTH HECKOJIHLKO
oupeaeaeHuii. Mbr OyjieM roBOpUTh, 9TO POJib OObABIECHUSA COCTOUT B OIIPE-
JleJIeHUH UAEHTU(DUKATOPA, I JAJILHERIero UCIOAb30BaHUS B IIPOrpaMMe.
CymecTByIOT pa3sAndHbIe BO3MOXKHOCTH UCIOJIB30BAHNS HACHTH(MUKATOPA B
IporpamMMe; OJIHUM U3 HUX SIBJISIETCS UCIIOJIb30BAHME B KAYECTBE [IePEMEHHOIA.
Yrobbl onpene uTh UACHTH(MUKATOP I KaKOH-HUOYIL I1e/n, HeOOXOIUMO
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WCITOJIb30BATh TPUBA3KY, COOTBETCTBYIONIYIO 3TO# mesm. Hampumep, 910661
OIIPEIE/IUTD WIEHTUMUKATOD KAK IEPEMEHHYI0, CEIYeT UCII0JIb30BaTh IIPU-
BSI3KY K 3HAYEHUIO (KOTOPas NPUBI3bIBAET IIEPEMEHHYI0 K 3HAYEHUIO U yCTa-
HapuBaer ee ). JIpyrue hopMbl TpuBA30K OyIyT BBEJEHBI N033%kKe. B 06-
MEM CIy9ae, pOJib O0bSIBJIEHUs COCTOUT B TOCTPOEHUHU HEKOTOPOI cpedoi,
KOTOPAas OIMPeIesieT CMBIC BCeX O0bABIEHHBIX WACHTH(PUKATOPOB. Hampu-
MED, TOCJIE BBITIOJHEHUS IPUBEJEHHBIX BBIIIE TPUBS30K K 3HAYEHUSIM CPEla
COAIEPKUT MHQOPMAIIMIO O TOM, YTO 3HAYEHWE X €CTh true W 3HAYEHUE ¥
ectb 17. Beruncjienne BbIpaXkKeHus BCerJa IMPOUCXO/INT B HEKOTOPOI Cpefie; B
YIOMSIHYTON Cpejie 3HAUEHNEM BhIpaXKeHud x Oyzmer true.

Touno Tak ke, KAK BbIPAXKEHUSI MOT'YT OBITH COEIUHEHBI JIPYT C JAPYTOM
onepanusivu (KaK, HATPUMED, CI0KEHUE MM 00PA30BAHUE YIOPAI0IEHHOT
mapbl) C TEIBI0 MOIYIUTh HOBbIE BBIDAYKEHUsI, O0bIBICHUS MOTYT OBITH CO-
€JIMHEHbI C ApyruMu O0bdaBeHusiMU. Pe3yibraromMm coCTaBHOTO 00bsIBICHUS
SIBJIAETCS CpeJla, KOTOPas OIPE/IeIIeTCs CPeJaMu, IOPOXKJIAEMbIMU KOMIIO-
HeHTaMU COCTAaBHOTO 00bLapenus. OIUH 13 CIOCODOB coequHeHns 00hLIABIe-
HUW MBI YK€ BUIEIN: TOUKA C 3AMSATON TO3BOJISIET CTPOUTH NOCAEI0E8AMENL-
M0 KOMNO3ULUIO CPed®.

- val x = 17; val x = true and y = x;
>wval x = 17: int
> val x = true : bool

val y = 17: int

Korga asa 06bsBAeHUS COSIUHSIIOTCS TOYKOHM ¢ 3amsroit, ML cHadama BbI-
YUCIIAET JIeBoe OObABIIEHNE, TIOPOKAAsT Cpey £, a 3aTeM BBIUHUCJISET TPABOE
obbasenne (B cpene £), nopoxmas cpeay £'. Bropoe obbaBIeHnE MOKET
CKPBITH KaK1e-TO WAeHTH(MDUKATOPBI U3 MEPBOTO 00bsIBIeHNs (KaK MOKA3AHO
B IIpUMeEpe).

Takxke MOJE3HO UMETH AOKAAbHLIE OOBABIEHUS, POJB KOTOPBIX COCTO-
UT TOJBKO B TOM, YTOOBI OOJIEIYUTH [IOCTPOEHUE APYIUX OObsBIEHUi. DTO
MOXKET OBITh CIEMAHO, HATPUMED, CJAEAYIONIUM CIIocob0M:

- local
val x = 10
in
val u = x*x + X*X
val v = 2*%x + (x div 5)

8Touka ¢ 3amsTOl 10 CHHTAKCHUCY HEOOS3aTe/IbHA: JIBE MTOC/IEI0BATE/IHHbIE IPUBI3KU K
3HAYEHUIO CUUTAIOTCS PA3JIeJIEHHBIMUA TOYKOU C 3aIraToi
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end;
> val u = 200 : int
val v = 22 : int

ITpuBgaska unpenTrduKaTOpPa X ABJAETCA JIOKATLHON IO OTHOIIEHUIO K
[PUBSI3KAM HJIEHTU(MUKATOPOB U U V; X JOCTYIIHO B IIPOIECCE MPUBSA3KHU U U
V, HO HE Jajblle. JTO OTPAKEHO U B pelyjbrare OObIBJICHUS: 00bSIBJIEHbI
TOJIBKO u u v. VMeercsa Takyke BO3MOXKHOCTH JIOKAJIU30BATH OObSIBJIEHUE,
KCITOJIb3YEMOE TTPU BbIYKCJICHUS BbIPAXKEHUS:

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

OO6bsBienne x SBJISIETCH JOKAJbHBIM ¥ IOSTOMY HEBUJUMO 3a IIPejeJia-
MU TIPUBEIEHHON KOoHCTpYyKInu. Teao KoHcTpykimn let (pacmosaratormeecst
MEKJTy KJIIOUEBBIMU CJIOBAME in U end) BHIUUCJSIETCS B CPeJIE, Oy IeHHOM
B pe3yJIbTaTe BBIUUCJIEHUS OObSIBICHUN, PACIIONOXKEHHBIX Tiepes in. B mpu-
BEJEHHOM MPUMEPE, PACIOJOKEHHOE TaM O0bABIEHWE TPUBA3BIBACT WIEH-
tucpukarop x K 3Hauenuto 10. B monydenHoit cpejie 3HaUeHNE BbIPAXKEHUSI
x*x+2*x+1 ecTb 121; 370 3HAYEHWE 1 OYIET 3HATCHUEM BCETO BHIPAYKEHU.

Yuapaxkuenune 2.3.1 Kaxoti pesysomam 6ydem nanewamar ML-cucmemot
6 omsem na 6600 CACOYIOUUL 006A6ACHUT (NPEONOAGLAEMCA, HIMO HEM HU-
KaKux OpY2uT NpPusA3oK OAf X, ¥ 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, [TOKA UTO Y HAC HE WMEETCA CPEJICTB st
BBIJIEJICHUSI, HAIIPUMED, MEPBOro WIeHa VIOPsIOUYeHHON Taphl. BeiaeneHue
JacTel COCTABHBIX 3HAUEHWI BBITOJHAETCA C TOMOIIBIO CONOCMABACHUS C
06pa3yom. 3HAUYEHUS COCTABHBIX THIIOB CAMU SBJISIOTCS COCTABHBIMM, OHH
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CTPOATCS M3 COCTABJSIONINX UX 3HAYCHUH C TIOMOITBIO KOHCTPYKTOPOB. EcTe-
CTBEHHO HCIIOJIB30BATH AHAJIOTMYHYIO KOHCTPYKIIAIO JIJId PA3J/IOXKCHUA X Ha
COCTABJIAIOIINE 3HAYCHUA.

IIpeamonoxkumM, 9T0 X UMeeT TUN intxbool. Torma x aBasieTca mapoii,
JIEBad KOMIIOHEHTA KOTOpOI7I ABJIACTCA MEJIbIM, a IIpaBad — JIOTUYCCKUM. M1
MOZKEM TOJYYUTh 3HAYCHUdA JIEBOM M IIPABOIl KOMIIOHEHT, HCIIOJIb3ys CJEIy-
FOTIY10 0000IIEeHHYI0 (POPMY TPUBS3KN K 3HATEHUIO:

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

JleBas yacTb BTOPO# npuBa3Ku spisgercd obpa3uom. B obimem ciyuae 06-
paserl CTPOUTCS U3 MEPEMEHHBIX U KOHCTAHT C TOMOIBI0 KOHCTPYKTOPOB.
Takum obpazom, obpa3zert ecTh BhIPaXKEHNEe, BO3MOXKHO, BKJIIOUAIOIIEE TIepe-
MEHHBIE. OT,HI/ILH/IG OT paHee PaCCMaTPUBABIITNXCA Bpra)KeHI/IfI COCTOUT B TOM,
uTO B 00pasIe mepeMeHHble He n300parkaroT 3HAUCHUS OPeJie/IeHHbIE TTPE/I-
MIECTBYIOIMUMU TIPUBA3KAMU, a ABJIAIOTCA MMEPEMEHHBIMU, KOTOPBLIE JOJIZKHbBI
OBITH TPUBS3aHBl K 3HAYEHUSIM B MIPOIECCE COMOCTaBJIeHUs ¢ obpasiom. B
npuBeseHHOM Bblnie npumepe left u right cyrh HOBBIE MiueHTHMOUKATODHI,
KOTOpBIE JOJKHBI ObIThH TpHUBsi3aHbl K 3HaderusiM. Cornocrasienue ¢ o6pas-
IIOM COCTOUT B TAPAJIETBHOM PA3/JI0XKEHUN HA, COCTABHBIE UACTH 3HAUCHUSI
x u obpasia, U COIOCTABJIECHUN KOMIIOHEHT 3HAYEHHUsI C COOTBETCTBYIOIIU-
My M dacTsmu o0pasia. [lepemMenras MoXKeT OBITH COMOCTABIEHA C JIFOOBIM
3HAYEHUEM, U TOTJAa UJICHTU(MUKATOP MPUBA3BIBAETCS K TOMY 3HAYEHUIO.
Ecnu ke obpaszer copepkKuT KOHCTAHTY, TO OHA JOJRKHA COBIAIATH ¢ COOT-
BeTCTByIOH_[eﬁ HaCThIO 3HAYEHUA, C KOTOPHIM BBITIOJIHACTCA COITOCTABJICHUE.
B npuBenentnoM BhIle MpuMepe, TOCKOIbKY X ABJISETCS YIIOPST0UEeHHON Ta-
POii, COTIOCTaBIEHNE 3aBEPIITAETCS YCIIEITHO; TPH 9TOM JieBast KOMIIOHEHTA X
nIpuBA3bIBacTCA K left, a npaBag — K right.

ObpaTnTe BHUMAHWE HA TO, ITO TTPOCTEHIITNM CaydaeM 00pasIa ABIgeT-
ca mepeMmentas. Takum 06pa3oM, PAaCCMOTPEHHAsT pAHEE MPUBA3KA SABJISIETCS
YACTHBIM CJIyUaeM COTIOCTABJIEHUS C 0OPA3IOM.

BeceMbICieHHO TBITATHCS COMOCTABATE, HAIIPUMED, [EJI0e ¢ YIOPSO9eH-
HOI TApOil MK CIIUCOK C 3amuchbio. [ToaToMy Jrobas Takas MOMBITKA, PACCMaT-
pUBaETCS KaK OMMUOKA B COTVIACOBAHUU TUTIOB, U OOHADPYKUBAETCS CTATUYIE-
CKH, T.€. B neproj, komuuasanuu. OQHAKO, COIOCTaBJIeHre ¢ 00pa3IoM MOXKET
MOTEPIETH HEYAAUY U JUHAMUYECKH, T.€. BO BPeMs UCTIOJHEHUS TPOTPAMMBIL:
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- val x = (false, 17);

> val x (false,17) : bool*int
- val (false, w) = x;
>val w =17 : int

- val (true, w) = x;

Failure: Match

ObparuTe BHUMaHUE HA TO, YTO BO BTOPOIl U B TpeTbell MpHUBsi3Ke oOpa-
361l COMEPKUT KOHCTAHTY B KAYECTBE JIEBOIO HU/I€HA YIOPSIOUYEHHON MapbI.
ToJsibKO Mapa ¢ TaKUM K€ 3HAYEHUEM JIEBOIO UJIEHA MOXKET ObITh YCIIENIHO
conocraBiieHa ¢ TakuM obpaziom. Bo Bropom ciydae 910 ycs0BHE BbILIOJIHE-
HO, U COIIOCTaBJIEHUE 3ABEPINAETCS YCIIEITHO, IPUBA3bIBAA UI€HTU(OUKATOD
W K 3Ha"eHnto 17. B mocseaem e ciydae yeaoBuUe He BBITOJHEHO; coobIe-
e Failure: Match roBopuT 0 TOM, 94TO B MepUO]| UCIOJHEHUS BO3HUKIIA
ommubKa IIPH COIMOCTABICHUN ¢ 00PA3IIOM.

Comnocrasiienne ¢ 06pa3roM MOKeT ObITh BBIIOJIHEHO JJis 3HAYEHUHA rMe-
oIux 10601 U3 BBEJIEHHBIX paHee TUNIOB. Hampumep, Mbl MOXKeM TIOJIYIUTH
KOMIIOHEHTH! TPEX3JIEMEHTHOI'O CIIUCKA CJIEAYIONUM 00pa3oM:

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

> val x1 = "Lo" : string
val x2 = "and" : string
val x3 = "behold" : string

D10 paboTaeT MPEeKPACHO — JI0 TeX TOpP, MOKA, Mbl 3HAEM JIJINHY CIUCKA.
Ho xak BbITh B Cilydae HEIyCTOTO CIHUCKA 18t Ipou3BOJIbHON jummHB?T flCcHO,
9TO €r0 HEBO3MOXKHO Pa3/I0KUTh HA KOMIIOHEHTHI C TTOMOIIBIO OTHOrO (PrK-
cupoBaHHOTO 0Opasmal TeMm He MeHee, MBI MOXKEM PA3/I0KUTHL 1st, OMUpasiCh
Ha UHOYKMUBHOE onpedeseHue 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

31ech hd IPUBSA3BIBAETCS K 3HAUEHUIO TIEPBOTO JIeMeHTa crincka 1st (Ha-
3BIBAEMOTO 2040601 (head) ciincka 1st) u t1 IPUBSA3BIBAETCS K CIUCKY, MO~
JIy9RIOIIEMYCst TIOC/Ie Y/IAJIeHIs IePBOrO JIeMeHTa U3 1st (9TOT CIHCOK Ha-
3bIBaeTCs xeocmom (tail) ciimeka 1st). Tumom hd siBasiercs string, a TumoM
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tl — string list. IIpuyuna 3roro B TOM, 4TO KOHCTPYKTOP :: Tpedyer B
Ka4yecTBe JIEBOI'O apryMeHTa 3JIEMEHT CIUCKA, & B KA4YeCTBE MPAaBOIr0 — CIIU-
COK.

Yupaxkueune 2.4.1 Ymo npousotidem, ecau mor nanuuwesm [hd,tl]l=1st
emecmo mozo, wmo 6vio nanucarue evwe? (llodckaska: 3amenume coxpa-
wenue [hd,t1] noanoti sanuceio.)

[Ipenmosnoxkum, 9T0 HAC UHTEPECYET TOJILKO I'0JIOBa cIucKa. Torma Ham
HE3a49€M IIPUITUCBIBATH UM XBOCTY (C e,ZLI/IHCTBeHHOIU/I OeJ1bIo HeEMEeAJICHHO ero
3a0bITh). UT0OBI N30aBUTHCS OT HEOOXOMMOCTH BLIIYMBIBATH UMEHA, KOTO-
pble B JaJjibHENeM Bce pPaBHO He OyayT ncmnosb3oBarhes, ML mosBosser
MUCATh BMECTO HUX YHUBEPCAAbHLIT obpasey, mam dxcokep (0Do3HAIAEMBIiT
3HAKOM “_” — MOY9epKUBAHNE ), KOTOPBI MOXKET ObITH COMOCTABJIEH C JIFOOBIM
suadenneM 6e3 MPUBA3KN K HEMY HIeHTU(PUKATOPA.

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

> val hd = "Lo" : string

Comnocrasiienre ¢ 00pa3oM MoXKeT ObITh MPUMEHEHO U JIJIA 3aIncei, 1,
KaK Bbl MOXKeTe IPEANOJOKATD, NEJaeTCAd 3TO ¢ IIOMOIIBI MOMEUYEeHHBIX I10-
seit. Chemyrommii TpuMep WTFOCTPUPYET COTOCTaBIeHNe ¢ 06pasimoM JIst
3annceit:

- 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

WMnorma ymobHO BBITTOIHUTH YACTUUIHOE COTOCTABJCHUE 3AIUCU C 00pas-
IIOM. DTO MOXKET OBITH BBIITOJHEHO C TIOMOIIBIO YHUBEPCAALHO20 06pasua 0aa
3anucetll, KaK B CJEIYIONIEM IIPUMEDE:

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

Cy1iecTBeHHBIM OTPAHUYEHUEM TTPW MCIIOIL30BAHUN YHUBEPCAIBLHOTO 00-
paaziia JJ1d 3amnceil BJIgeTCd CIeIVIoIee: TOJHBIM THT 3aIllUCH JOIKEH OTpe-
JeJIATHCS Ha, 9Tare KOMIUIATIA (T.€. MOJTHBIH CIIMCOK WMEH MOJIeH 3anuch 1
UX THUTIOB TOJIZKEH OMPEJIENISITHCS 10 KOHTEKCTY, B KOTOPBIit BXOAUT 06paser).
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ITockombKy BbIzI€/IEHTE OMHOTO TIOJIsT M3 3AINCH ABJISIETCH IITUPOKO Pac-
[IPOCTPAHEHHO onepaliueit, Jjisd Hee IPeJlyCMOTPEHO ClielnajbHoe 0003Haqe-
HEE: [10JI€ Name 3aucu T MoXKeT ObITh 0603HaveH0 Kak #name r. Ha camom
nmesie #name siBgeTcd He 60J1€e YeM COKPAIIEHHBIM 0003HaueHneM 11t PyHK-
muu fn {name=n, ...} => n, BeAeAdAONIEH TOe name u3 3amnucu. [loaromy,
B 9aCTHOCTH, THUII 3allUCH JOJI2KEH OIIpEeAC/IATHCA M3 KOHTEKCTa, B KOTOPOM
sra dbyHKIKUA ucnosb3yercs. Hampumep, fn x => #name x Oyumer ommbOKOil,
TMOCKOJIBKY THII 3allUCK X HE oIpeaedercd OAJHO3HAYHO KOHTEKCTOM. HO—
CKOJIBKY YTOPSITOYEHHBIE SHKHU ABJISIFOTCS TaCTHBIM CIy9IaeM 3amucu (uMme-
HAMU TI0JIefi y HUX SABAAIOTCA IEJble YUCaa OT 1 10 n), i-Tasg KOMIOHEHTa
YIOPSIJIOYEHHON SHKKU MOXKET OBITh BBIJIEJEHA C MOMOIIbI0 (hyHKIUK #1.

O06pasibl MOIYT BKJIAJBIBATHCS JIPYT B APYTra, KAK B TPUBOJAMUMOM HUXKE
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

WMuorma 6biBaer ymo0HO BBECTH “MPOMEKYTOUHBIE TepeMeHHbie B 00-
pasme. HampuMmep, HaM MOKeT TOHATOOUTLCS NpuBs3aTh K mape (11,rr)
UACHTUMOUKATOP 1. DTO BBITOJHSAETCS ¢ MOMOIIBI0 MHO20YPOSHESHIL 00pa3-
yos. MHOrOypoBHEBBIN 00pazel moJIyYaeTcs IyTeM MPUIUChIBaHUs 00pasia
K TIEPeMeHHON BHYTpH JAPYTOro o0pasia, Kak B CJAEAYIONEM TPUMEDE:

- val x = (("foo", true), 17);
> val x (("foo", true), 17): (string*bool)*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

31ech comocTaBieHre ¢ 006pa3IoM BBITOJIHIETCS OOBIYHBIM CIIOCOOOM: 1
n ¥ MNpUBA3BIBAIOTCA K 3HAYCHUAM JIEBOI 1 HpaBOﬁ KOMIIOHEHT X, HO HO0-
TTOJTHUTEJIBHO TIPOU3BOANTCA COTIOCTABJIEHUE TIPUBA3aHHOTO K 1 3HaueHus c
obpaziom (11,1r). Pe3ysbrar BBIBOAUTCS KAK OOBITHO.

Mmeercs eliie 0j1HO BaXKHOE OrpaHudeHue: Jirobast IepeMeHHas MOXKeT BXO-
IUTH B o6paszer TOIbKO OOMH pa3. B qacTHOCTH, HEIL34 3aaTh 00pas3elr Bpo-
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e (x,X) — KOTOPBIH JOMKEH ObLT OBl OBITH COTTOCTABUM TOJBKO C CHMMET-
PUYHBIMH IIAPaMU. DTO OrPAHNYIEHNE HA MPAKTUKE He BLI3BIBACT TPYIAHOCTEIH,
HO YIOMYAHYTb €r0 HeOOX0uMO.

Yupaxkuenue 2.4.2 [focmpotime obpazey, Komopuili npusA3viean bv, nepe-
MEHHYI0 X K 3HaYeHUut0 0 NPU CONOCMABAEHUY CO CAEOYIOULUM SHEPANCEHUCM
(nanpumep, ecau dano ewvipasicenue (true,"hello",0), o6pasyom 00aHCHO
bvms (_,_,x):

1. {a=1, b=0, c=true}
2.[72, "1, 0, 1, 2]

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

2.5 Omnpenenenust pyHKITHIA

Mpgr y2xe BCroib30Ban TpeaonpeeaeHabie (DyHKINT, TaKue, Kak apud-
MeTHUIecKHe OTIePAINN U OMTepaIliy CpaBHeHNs. B 3ToM pasznesie MBI paccMOT-
DUM NPUBASKY K HYHKUUOHAADHBIM SHANEHUAM, TIOCPEICTBOM KOTOPEIX B ML
OIIPEJIE/ISIOTCS HOBBIE (DYHKITHH.

Haunem ¢ meckombkux 0OIMIMX 3aMeYaHUi, KACAIONTUXCH MOHATHA (DyHK-
mnr B ML. OyHKIUT UCOOIBL3YIOTCA TyTEM NPUuMeHerus UX K apryMeHTaM
(MBI Oy/1eM TaKzKe UCHOIB30BATH TEPMUH GNNAUKGUUS ). CUHTAKCUYECKHU 3TO
3aMUCHIBAETCS KAK JIBa BLIPAXKEHUA OJHO 3a JIPYIUM (3HAUEHHEM EePBOTO
BBIPAXKEHUS JOJ2KHA ABJIATHC (PYHKIMS, & 3HAYEHHEM BTOPOIO — ee ap-
IYMEHT) — Kak, HAnmpuMep, size "abc" jys Bb3oBa (pyHKImm size ¢ ap-
rymenToM "abc". Bee dyuKIMEN gB/sitorcst BYHKIUAMEA OJHOTO apTyMeHTa,;
npu HEOOXOMMOCTH HUCTIONBL30BATH (DYHKIMHU (COAEPIKATENHHO) HECKOTBLKIX
apTyMEHTOB, N APTYMEHTOB (PYHKIUH “yIIAKOBBIBAIOTCS B OJWH — YIOPSII0-
YEeHHYI0 9HKY. Tak, Hanpumep, ecan QyHKIMA append JOJZKHA T0JyYaTh JIBa
apryMeHTa-CIUCKA U BO3BPAIATH PE3yJIbTAT-CIIUCOK, TPUMEHEHNE ee Oyrer
nmers By append(11,12): dopmanbHo QyHKIMS NPUMEHSETCH K OJHOMY
apTyMeHTy, KOTOPBIit sIBASeTCS ynopamodennoit mapo#t (11,12). [lasa meko-
TOPBLIX (PYHKIMI OT ABYX apryMeHTOB (0OBIMHO, BCTPOEHHBIX) MCIIOIb3YeT st
CIIeITMAJIbHBIN CHHTAKCUC — TaK Ha3bIBaeMas UHPUKCHAA 3aNUCb, B KOTOPOI
3HAaK (PYHKIMU 3AMKUCHIBACTCI MEXKJY JByMs ee aprymenramvu. Hampuwmep,
3amuch €] + €y B JAeHCTBUTEILHOCTH O3HAYAET “TPUMEHUTDH (DYHKIIUIO + K
yrnopsimoaentoit mape (ep, e2)”. MoXKHO UCIIONMB30BATH HHMDUKCHYIO 3alUCh
n juist GYHKIIN, ONIpejiesIseMblX M0Ih30BaTEIeM, OJHAKO MBI He OyJIeM 3/1eCh
Ha 3TOM OCTaHABJINBATDLCS.
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Anmmkanus B ML moxker umers Dojiee C/ioxkHYI0 GOpMY, 9eM B ApY-
UX $3bIKaX IporpaMMupoBanud. [IpuduHOl 9TOTO SABJISETCS CJENYIONIEee: B
OOJILIITMHCTBE S3bIKOB IIPOIPAMMUPOBAHUS (DYHKIIMA MOXKET 0003HAYATHCS
TOJIbKO UAEHTU(UKATOPOM, U TTOITOMY BBI30B (PYHKITMU BCETIA UMEET BU/I
fler,...,ey), rne £ — maentupukarop. B ML HeT Takoro orpaHmdeHUs:
byHKIMS dBAZETCS OOBIYHBIM 3HAYEHUEM, W MOXKET OBITh MOJYYeHa B pe-
3yJIbTaTe BBIUMCAEHUs BbhipaKeHus. [losTomy B 001eM ciryuae amniiukaius
B ML umeer Buz ee’. Boruncienne Takoro BbIPayKeHUs BIIOJIHACTCH CJle-
JIYIOITHUM 00Pa30M: CHaYaJ A BBIUUCIISIETCS BhIDAXKEHUE €, B PE3YJIbTATE Yero
HoJy4aercss Hekoropas (byHKIMd [; 3aTeM BBIYMCISCTCS BhipaxkeHue €, B
pe3yJbTaTe 4ero moJIydaeTcss HEKOTOPOe 3HAYEHHe V; [OCJE 3TOT0 (PYyHKITUS
f npumensierca x 3Hadenuto V. B npocrefinieM ciydae, KOTJa BHIPAXKEHUE €
SIBJIAETCS UACHTHMOUKATOPOM (KaK, HAIPUMED, Size), BBIYUCICHUE € ABJIIeT-
Ce Kpailne IpoCTOoi onepauueil: Hy2>KHO 1IPOCTO B34Th 3HAYEHUE, K KOTOPOMY
npuBsizan waeaTuuKaTop (0HO 10KHO ObIThH hyukmeit). Ho B obmem cy-
Jae MPOIECC BBIYUCJIEHUsT € MOXKET OBITh CKOJIb YTOAHO CJI0XkKHBIM. O6paTn-
Te BHUMAHWE HA TO, YTO MPABUIA BHIYUC/ICHUA AMJIMKAINYA TPEAITOIATAI0T
epesiady apryMeHTa 1o 3HeYeHUI0, TTOCKOJBKY apTyYMEHT BBITHCJISETCS /10
npuMeHeHusT PyHKITUH.

Kakum c11oco6oM MOXKHO rapaHTHPOBaTh, YTO B alllIMKAIMU € € pesy/ih-
TATOM BBIUUCJICHUsT BhIpazKeHust e Oyaer (byHKImMs (a, HApUMEp, He Te0e
qunca0)? Yrobbl OTBETUTH HA 3TOT BOMPOC, KOHEYHO, CJIEyeT MOCMOTDETH,
Kaxoit tui nmeer e. GyHKINN SBJISIOTCS 3HAYCHUAME, a KaXKI0€ 3HAUECHUE
B ML umeer tun. Qyurxyuonasbroie Munss SBJISIOTCH COCTABHBIMU TUIIAMH,
WIeHAMHM KOTOPBIX siBjidfoTcd pyHKInn. OyHKIMOHAJIBHBIE TUIIBI 3ATUCHIBA-
0TCA KaK 0 -> T (npomsuocuTcst “o B 77), TAe 0 u T — Tumbl. Beipaxkenue
TAKOI'0 TUIA UMEET B KAUeCTBe 3HAUYeHUd (PYyHKIIUIO, KOTOPAasi MOXKET ObITh
NPUMEHEHA K apryMEeHTY TUNa o (M TOJBKO K apryMeHTY TaKOro THIIA), U,
€CJTM ee BBIYUCJIEHUE 3aBEPIIAETCS YCIEITHO, BO3BPAIIAET PE3y/IbTaT TUIA T
(k coxa/ieHno, B 001IEM CJIyvae HEBO3MOXKHO OUPEE/UTh, 3aBEPIIAeTCs JIu
BBIMUCIEANE (DYHKIINY J17151 JTI0O0r0 apryMenTa uan Her). Tun o Ha3bsaeTcs
munom obaacmu onpedeserus GYHKINA, & THI T — MUNOM 00AGCTIU 3HAYE-
nud. Annaukanmsa e e’ 1onycTrMa Torja U TOJNLKO TOrJa, KOIa THUIl € eCTh
o->T, a THO € — 0 THII BCErO BBIPAYKEHHs €CTh T.

Hamnpuwmep:

- size;

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

> not = fn : bool -> bool



26 I'VZIABA 2. PO $3BIKA

- not 3;

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

Tun size nokaswsiBaeT, 4TO OHA IOJy4YaeT apr'yMeHT THla String u Bo3-
BpAIAET PE3y/IbTaT TUMA int (KaK MBI ¥ MOTJIH IIPEJNOJIArarh). AHaJIOrmd-
HO, not gBjigercd PpyHKIMeHd, Moy Iatomell JOrMIecKuil apryMeHT U BO3BPa-
maoeit joruueckuii pesysibrar. llockosbky MYHKIUM HE UMEIOT HUKAKOTO
BHEITHETO TIPEJICTABJIEHNS, BCe OHM MevaTatorcd Kak fn. [Ipumenenmne not
3 BBI3BIBAET OMMOKY, TOCKOJIBKY THIT 00J1aCTH OTTpejiesiennsi not ecth bool,
B TO BpeMd KakK TUN 3 €CTh int.

ITockonbKy QYHKIMEM SBJISIOTCH 3HAYEHUSIMU, Mbl MOXKEM IPHUBA3ATH
UAeHTH(OUKATOD K (DYHKIUU, HUCHOJB3Ys OOBIYHBI MEXaHU3M IIPUBI3KHU
nyieHTHMUKATOPA K 3HAUEHUIO, BBEJEHHBI B Ipeblayiiem pasene. Hanpn-
Mep:

val len = size;
fn : string -> int

> vai len
len "abc";
>3 : int

Unentudukarop size mpuBsizan K HEKOTOpOil (mpegonpeneseHnoit) GyHK-
umnn tuna string->int. IIpusejieHHas Bblille NPUBA3KA BBIIOJHAETCH TaK:
M3BJIEKAETCS 3HAUeHne uaeHTuduKaTopa size (KoTopoe gpisiercs (yHKIU-
eif), 1 3aTeM K TOMY 3HAYEHUIO NPUBA3bIBAETCs ujeHTudukarop len. An-
mmKanyg len "abc" BBITUCIIETCS TyTeM U3BJIedeHsd (PYHKINH, K KOTOPO
MPUBsI3aH UACHTHMUKATOD len, BRIYUCICHNs 3HaUeHns "abc" (KOTOPHIM sIB-
JIFETCS CaMa 3Ta CTPOKA) U MpuMeHeHus (ByHKIMH K CTPOKE. PesyabraTom
siBJigeTcst 3, TOCKOJIBbKY (byHKIHNS, K KoTopoit B ML npussizan nnentuduka-
TOp Size, BO3BpAaIIaeT KOJUYECTBO JIATEP B CTPOKE-aPTyMEHTE.

OYHKITUET SBISIOTCS COCTABHBIMU 00bEKTAME; OJHAKO OHU HE SABJISIOTCS
MTOCTPOEHHBIMHE Iy TEM COSAMHEHU APYTUX 0OBEKTOB B TOM CMBIC/IE, B KAKOM,
HallpuMep, YIOPAIOoUeHHas Mapa MOCTPOeHa M3 CBOMX KoMToHeHT. llosTo-
MY MX CTPYKTYPa HEJIOCTYITHA TPOTPAMMUCTY, U, B YACTHOCTH, K (DyHKIIMIM
HEIIPUMEHUMO COTOoCTaBjieHne ¢ obpasioM. Kpome Toro, HEBO3IMOKHO IIPO-
BEPUTH IKCTEHCUOHAIBHOE PABEHCTBO (byHKImil (T.€. BhyatoT jin nBe dyHK-
UM PABHBIE PE3YJILTATHI TIPU PABHBIX APTYMEHTAX ), TIOCKOJIBKY 3TO SIBJISETCST
AJITOPUTMUYIECKN HEPA3PENnMoil 3a1adeii. 3aMeTnM, 4TO JJIsT BCeX APYTUX
pamee BBEIEHHBIX THUIIOB PABEHCTBO MMEJIOCH. B majabHeieM Mbl 0yaeM ro-
BODUTH, UTO TUIT JONYCKAEM NPOGEPKY HAG PAEEHCMBO, ECAU MBI MOXKEM JIJIsI



2.5. OIIPE/IEJIEHNS ®YHKIINI 27

JIFOOBIX JIBYX 3HAQYEHWII 3TOr0 THUIA TPOBEPUTH, PaBHBI OHU ujn Her. Huka-
KO (DYHKIMOHAJBHBIA TUII HE JIONYCKAET MPOBEPKU HA PABEHCTBO, a JIO-
6oit aroMapHbBI TUII — JONyCKaeT. UT0o Ke MOXKHO CKa3aTh OTHOCUTEIBHO
JIPYTHX COCTABHBIX TUTOB?! HamoMHUM, 9TO PABEHCTBO YIMOPSIIOUEHHBIX TTap
OBLIO OTpese/ieH0 KaK “MOKOMIIOHEHTHOE: [IBe YIOPSIOUEHHBIX [aphl paB-
HBI TOTJIa ¥ TOJBKO TOTIA, KOT/Ia PABHBI UX JIeBble KOMIIOHEHTHI W PABHBI WX
paBble KOMITOHEHTHI. TakuM 06pa3oM, TUIT 0*T JIOTYCKAET TPOBEPKY Ha pa-
BEHCTBO TOT/Ia U TOJBKO TOT/IA, KOTJa 00a THNA 0 W T JOIMYCKAIT MTPOBEPKY
Ha pPaBeHCTBO. AHAJOTHIHBIE TPABUIA TPAMEHHMBI M K THIAM, TTOCTPOEH-
HBIM Jpyrumu crocodbavu. ['pyboe, HO 9acTo Aaroriee NPaBUIbHBIA OTBET
[IPaBUJIO COCTOUT B TOM, 4TO THII, IPU TOCTPOEHUU KOTOPOT'O HCIIOJIb30Ba-
iCh (DYHKIMOHAIBHBIE THIIBI, HE JOIyCKAeT IIPOBEPKU HA PABEHCTBO (3ITO
HEe BCErjla BEPHO; KOrJa BbI Jjydiiie mo3HakomuTech ¢ ML, uzyuure TouHOE
OLpeJIesIeHIe JIOLYCTUMOCTH IPOBEPKK HA PAaBeHCTBO B [7]).

[locsie mpuBe/IeHHBIX BBIIIE 3aMEYaHUN MBI [OTOBBI HEPEUTH K 00CYK-
JIEHUIO CITOCO00B onpejenerns (pyHKImil mojab3oparesiem. CHHTAKCUC OIpe-
IefeHnst PYHKINKA BO MHOTOM TIOX0XK Ha WCITOJIB3YEeMbIll B IPYTUX ST3BIKAX.
[IpuBememM HECKOJBKO 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 OIPEJEJIAIOTCA IyTEM NpusaAsky udenmuduramopa x Gynryuo-
HAABHOMY 3HAYEHUIO; ITa KOHCTPYKIM HauUHaeTCd K/IoueBbiM c10BoM fun.
3a umeneM QPYHKIUU CIEAYIOT €€ TapaMeTphbl, KOTOPbIE 33/ 1a0TCsd 06Pa3IoM.
B nepBbix /Byx mpuMepax mapamerp sBJSE€TCS MPOCTHIM 00pa3IoM, COCTO-
AMPM W3 OJHOTO WIAEHTUPWKATOPA, B TPeTheM TpuMepe obpaser] siBIseT-
Csl YHOOPSAJOYCHHON mapoil, jieBast KOMIIOHEHTa KOTOPOH eCTh X W IIpaBad .
Korga BoimosHsiercst mpuMeHenue OnpeeieHHOM Toab30BaTe/IeM (PYHKITHH,
3HAYEHNE APTYMEHTA COMOCTABJIAETCS ¢ TapaMeTPOM-00pa3IoM — TOYHO TaK
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’Ke, KaK W TPHU TPUBA3KE K 3HATUEHWIO; PE3YJIBTATOM STOTO COMOCTABICHUST
SIBJIAETCS HEKOTOpAad Cpejla, B KOTOPOH U BBLINOJHAETCH BBIYUCJIEHUE Teja
dbyuxiuu. Hanpumep, B ciaydae dyuknuu twice, x mpuBga3biBaercd K ap-
rymMenTy (KOTOPBIH JOPKEeH OBIThH MENTbIM 9UCIOM, TIOCKOIbKY THUI (DYHKIINHT
twice ecTh int->int) u 3aTeM BBHIUUCISETCS Te0 GYHKINE twice (T.e. 2%x);
pesynbTaTroMm gBiagerca 8. B ciayuae dyukinum plus comocrasienue ¢ obpas-
IIOM HECKOJIBKO 60Jiee CJI0YKHOE, TIOCKOJIBKY apTyMEHT SBJISETCS yIOPsT0IeH-
HOW mapoit, — OJHAKO ITO CONOCTABJICHAE HUYEM HE OTJINYACTCA OT IPUBA3KH
K 3HAYEHWIO, PACCMOTPEHHON B TIPEABIAYIIEM pa3jese: 3HaUeHNnEe apryMeHTa
conocrasiisgercd ¢ obpasnoM (x,y), B Pe3yJbTare 4Hero X M y IPHUBA3bIBA-
I0TCsl K 3HAYEHUSIM. 3aTEM B MOJYUEHHOIl Cpejie BBIUUC/ISIETCS 3HAYEHUE Te-
Jia QYHKIMK, W PE3Y/AbTAT OMPEIEIaeTcsd 0 OObIYHBIM IpaBuaaMm. “: int”
B ompejiesieHue plus HA3BIBACTCH AGHHLIM OPAHUYEHUEM MUNG, OHO 3JECh
HEOOXOIMMO, TOCKOIBKY M3 KOHTEKCTA HEBO3MOXKHO ONIPEJICNTh, O CJIOKEHUN
3HaYeHU KAKOro Tuma — int wam real — ummger peusb. [lo3xke Mblr obCcymuM
sIBHBIE OTpaHUYeHUd TUIa boJiee ToapobHO.

Yupaxkuenue 2.5.1 Sanuwume gynxuyuy circumference u area, suuuc-
AAIOUWUE COOMBEMCMEEHHO JAURY OKPYNICHOCTIU U NAOWADD KPY2a No Padu-

yey.

Yupaxkuenue 2.5.2 Januwume GyHKEUUIO0, 64UCAANOUWYI0 MOOYAb deticm-
BUMEABHO20 YUCA.

Omnpenenenne byakimn fact WATIOCTPUPYET BAXKHYIO 0COOEHHOCTE OIpe-
nenenng pyukmuit 8 ML: dyukimm, onpenengeMbie ¢ TOMOIIBIO KOHCTPYK-
uu fun, SBASIOTCA PEKYPCUSHBLMU; TO O3HAUAET, UYTO BXOXKJIEHUs] UJEHTU-
dukaropa fact B npaByo 4acTh onpejesenns GyHkinn fact cebliaoTes Ha
onpezengeMy GYHKIN0 (a He KaKoe-Tubo Ipyroe 3HAYEHWEe, K KOTOPOMY
Mor 6b1 OBITH TpUBA3aH uaenTHduKaTOp fact B okpyzxkawmeii cpeae). Takum
obpazom, dyHKIMA fact B npoliecce BHIYKUC/IEHUs] €€ TeJa BBI3bIBAET CAMY
cebst. ObparuTe BHUMAHUE HA TO, 9TO IIPU KAXKIOM CJIEIYIONEM PEKYPCHUB-
HOM BBI30Be apryMeHT QpyHKIuU fact CTAHOBUTCH MEHbIIe, YTO FapaHTUPYeT,
YTO TPOIECC BBIUUCTEHUsT (DYHKIIUU 3aBEPIIUTCST (€CIM UCXOTHOE 3HAUCHUE
apryMenTa ObLIO HEOTPUIATETHHBIM). KOHEUHO, BOBMOXKHBI U ONPEeIeHUs
dyHKIM, BEIYUCIEHNE KOTOPBIX HUKOT/IA He 3aBepiinaercs. Hampumep:

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

JItoboit Bb130B £ TIpHUBEIET K BOBHUKHOBEHWIO OECKOHETHOTO IWKJIA, B KOTO-
poMm f BBIBLIBaET cebsl CHOBA 1 CHOBA.
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Yupaxkueaue 2.5.3 AavmepHamueroili CURMAKCUC OAA YCAOBHO20 EbLPa-
oHCEHUSA MOJICET bbb ONpedeset Kak:

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

Obsacrume, 4mMo CMAHEM HENPABUALHBIM 6 onpedesenuu dynrxyuu fact,
ECAU 8 HEM UCTIOADIOBAMb IMOM HOBGT BAPUAHN YCAOBHO20 BLLPANCEHUS.

Teneps MbI TOTOBBI TPOAOJIKUTH MIOCTPOEHNE HOBBIX WHTEPECHBIX (DYHK-
nwit v npuMmepos nporpamvuposanusa Ha ML. Pexypcug apisgerca Ka0deBbiM
MOMEHTOM (PYHKIITMOHAJIBHOTO IIPOIPAMMUPOBAHUS, U [IO9TOMY, €CJIM BbI EIIIE
HE OYeHb XOPOIIIO OBJIAJIEJIN STUM [IPUEMOM, Mbl COBETYEM BaM BHHUMATEIBHO
pasbuparh BCce IPUBOJIUMBIE IPUMEDHI W IPOBOJIUTH BBIYUCIEHUE PEKYPCUB-
HbIX QYHKIMI “BpyuHy10”.

IToka grTo Mbl paccmorpesnu MYHKIUH, apTyMeHT-00pa3ell KOTOPhIX sB-
JII€TCH ITPOCTOM TIePEeMEHHON mim yropsaouennoit napoii. Hasaiire paccMor-
pPUM, KaK MBI MOXKEM OIpeIeTUTh (PYHKINN Ha CIHUCKAX — W JIJId HAYAIa
mompobyeM MoCTpOUTh (YHKINIO is_nil, KOTOpas OIPEEJIsieT, SBJISETCS
JIM apTYMEHT MYCTBIM CIuCKOM mjn HeT. CHUCKOBBIF THUIT WMeeT JBa KOH-
crpykropa: nil u ::. OyHKINUA, oUpee/eHHas Ha CIUCKAX, JOJKHA pabo-
TaTh HE3ABUCUMO OT TOTO, SIBJISETCI JIM CIIUCOK ITYCTHIM WU HET, U [OTOMY
JI0JT2KHA OBITH OIpe/iesieHa pa3bopoM CiIyuaeB, OJIMH U3 KOTOPBIX ecTh nil, a
Ipyroit ecth ::. Bor ompemenenne dbyukimu 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

Ompegesnierne is_nil orpakaer CTPYKTYPY CHUCKOB: (DYHKIMS OMPEIesieT-
Csl C OMOIIIBIO JIBYX Npedaoscerutdi — OJHO MpeJIJIozKeHue Jijist nil, a apyroe
— aas hd::tl. B oupenenenun pyHKINN TPEIJIOKEHUS OTIEISAIOTCH JIPYT
OT JApyTla BePTUKAJIbHON 4epTOoi.

B obmiem ciyuae, ecsim Tun aprymentTa onpegesasemMoil (yHKINU nMeeT
6oJtee OAHOTO KOHCTPYKTOPA, TO ompeeneHne (pyHKIMU TOJIZKHO COAEPKATh
0 OJTHOMY TIPEJIOKEHWIO HA KAXKJBIH KOHCTPYKTOP. DTO FapaHTUPYET TO,
910 (DYHKIINSA MOYKET NPUHATH J000H apryMeHT JAHHOTO Thma. Takoi cro-
cob ompeneneHust PYHKINNE HA3LIBACTCS OnpedeseHuem ¢ nomowslo pazbopa
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CAYMaEeS, IIOCKOJIbKY OlIpe/e/leHUe COLEPXKUT 110 OJHOMY IIPEIJIOXKEeHUIO M Jid
KaXKJIOro ciay4as hpopMbl apryMeHTa.

Pazymeercs, onpeenenue (pyHKIUU € TIOMOIIBI0 pa3bopa ciaydaes Ipu-
MEHMMO W Jjid pPeKypcuBHbIX (yHkiwmit. [Ipeamosoxnm, Mbl XOTUM OIIpe-
nenuTh ByHKIUIO append, KOTOpas MOJy4YaeT B KadeCTBE apryMeHTa JIBa
CIIMCKA ¥ BO3BPAIIAET PE3YAbTAT, KOTOPBII ABJISETCH COUCKOM, IIOJIyY€HHbBIM
[IyTeM MNPUITUCHIBAHUS BTOPOIO CIIHUCKA B KOHEI nepBoro. Bor ee ompejeste-
HUeE:

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

Ormpejiesienne paccMaTpUBAET JBa CAydas, OJWH — JJIsi IIyCTOTO CIIUCKA, U
BTOpOil — Juid Hetycroro. Jlobassienne cimcka 1st K 1ycroMy CIMCKY Bbl-
MTOJIHSIETCST KPaiiHe TMPOCTO: Pe3yIbTaTOM ABJSETCs cnucok 1st. B caywae
HEIyCTOT'O TEPBOTO CIIUCKA (T.e. uMmeronero sua hd: :tl) MBI JOKHEI q06a-
BUTH CIIUCOK 18t K tl, W pe3yapTaT COeAUHUTH B COUCOK C hd.

Yupaxkuenue 2.5.4 Buuyucaume ewpasrcenue append([1,2],[3]) spyuy-
HY10, 4MobvL Yoedumvbca 6 NPasUAbLHOCTY onpedesenus append.

Yuapaxkuenue 2.5.5 Ymo deaaem caedyrowan dynxuus:

funr [ =0 | r (& :: t) = append (r(t), [h])

Tunom dyuknun append siBjisieTcsi TOJUMOPQHBINA THII, T.€. THUI, IbE
ompeeaeHue BKAOYAET repeMenuyio tuna ’a. [Ipwannoit Toro ssiagercs
1O, uro (yHKIUA append MOXKeT ObITH HMPUMEHEHA K CITMCKAM 3JIEMEHTOB
JIIOOOTO THUIIA; €IMHCTBEHHBIM OPAHUYEHUEM SIBJISIETCH TO, 9TO TUIIBI Ji€-
MEHTOB 0BOUX CIMCKOB-aPTyMEHTOB J0JIKHBI COBINAIATE (M 3TO OTPAYKEHO B
crpykType Tuma dbyHKImE append), append sIBJISIETCS TPUMEPOM N0AUMOPPH-
Hot PyHxyuu. PaccMOTprM HECKOTBKO TTPUMEPOB TIPUMEHEHUs append:

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

> [1,2,3] : int list

- append ([1,2,3], [4,5,61);

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

- append ([ "Bowl", "of" 1, [ "soup" 1);
> ["Bowl","of","soup"]: string list
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O6parure BHUMaHWE HA TO, 9TO MBI NPUMEHWIN append ¥ K CIUCKAM
Tuna int list, m K cumckaM Tuna string list.

B ob6mem cnyuae, ML npucsauBaer BbipazkeHuto nambosiee oOIuii THUI
n3 Bo3MOXKHBIX. Ilog “Hamnbosiee obmmM TUOM” TMOHUMAETCS TAKOW THI, B
KOTOPOM OTPaXKeHbI BCe OTPAHWIEHNsI, BBITEKAIONINE N3 BHYTPEHHEN CTPYK-
TYPBI BhIpaskenus, Ho ne 6osee Toro. Hanpumep, B onpenenennn byHKITAN
append TEpBBII apryMeHT comocTaBiigercs ¢ obpasmamu nil u ::, U3 dero
CIEyeT, 9TO OH JOJYKEH MMETb CIIHMCKOBBIH Tuil. Twum BTOPOrO apryMeHTa
JIOJI?KEeH OBbITH TaKXKe CIUCKOBBIM TUIIOM C TeM YK€ THIIOM 3JIEMEHTOB CIIHCKA,
TOCKOJIBKY B HEO MOTYT 33HOCUTHCS D/IEMEHTHI U3 MEPBOTO Ccrucka. M3 arux
JIBYX YCJIOBHI CJIEIYET, 9TO TUIl PE3YJILTATA JIOJ2KEH COBIIAIATH C TUIIOM 000-
¥UX apryMEeHTOB, W, TaKuM 00pazom, tun pyurruu append ecth (’a list *
’a list) -> ’a list.

Bepuewmcs x npusepennomy Boitie npumepy dyuiiuu f(x), koropas ObI-
Jla OTpeesiena Kak BhIaomas pesyabrar f(x). Mer BumgmMm, 910 ee TuUl
ecThb ’a->’b: MOCKOJBKY TeJ0 (DYHKITUN HEe HAKIAJIBIBAET HUKAKUX OT'PAHU-
YeHUil Ha apryMEHT, THIOM apryMmenTa Oyger ’a (4ro 03HAYaeT MPOM3BOJIb-
HBI{ Tum). AHAJOTHYIHO HET HUKAKWX ODAHWYEHWl Ha THUI pe3yabTaTa, U
IO9TOMY OH eCThb ’b. Ybeaurech, 9T0 HE MOXKET BOZHUKHYTH HUKAKOHN OIubd-
KM B COTJIACOBAHWM THUIOB IPH KAKOM YTOJHO MCHOJB30BaHWU f, HECMOTpS
Ha TO, 9T0 f mMeeT caMblii yHUBEpPCAJIbHBIA TUI ’a->’b.

[IpuBsa3ku K QYHKIIMOHAJTBHBIM 3HAUEHUAM SIBISIIOTCS OJHONW M3 PopM
00bSIBJICHNS, AHAJOTUIHON MPUBA3KAM K 3HAUECHUSIM, PACCMOTPEHHBIM B ITPe-
JBLIyIIeM pasiese (hakTudecKn MpuBsS3Ka K QYHKIMOHATHEHOMY 3HAUEHUIO
SIBJIAETCS CenuaabHOi popmoil npuBsisku K 3Hadenuto). Takum 06pazom,
K HACTOSAIIEMY MOMEHTY Mbl UMEEeM JIBA CII0CO0a TTOCTPOEHUS OObLIBJICHMIA:
MPUBSI3KA K 3HAYUEHUIO U TPUBsI3KA K (DYHKITHOHATLHOMY 3HaUeHU0. U3 3T0-
0, B 9aCTHOCTH, CAEAyeT, 4TO (DYHKIIMA MOTYT OBITH OIPENE/IeHBI BE3IE,
rae MOxKeT OBITh OIpejeseHO 3HAUEeHUe; HAPUMED, BO3MOXKHBI JIOKAJIbHBIE
obbasienng dyukimit. Huxxe npusogurca npumep 3ddextuBnoit dpyurmmn
WHBEPTUPOBAHUS CIUCKOB:

- 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

DYHKIINA rev IBIdeTcd JOKAJBHOM; 0Ha JOCTYITHA TOJBKO BHYTPU KOHCTPYK-
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muu let. ObparuTe BHUMAHME HA TO, YTO TV ONPE/IIeHA PEKYPCHElt 10 mep-
BOMY apr'yMeHTy, & reverse MPOCTO BBHI3BIBAET rev, U IOITOMY JJIsd reverse
HeT HEeODXO[MMOCTU aHAJIM3UPOBATH apl'yMeHT.

B npenenax obbsBaeHns GyHKIINKT MOTYT HCIOJIB30BATHCS HE TOJBKO €e
mapaMeTphl U JOKAJbHBIE TEPEMEHHbIE, HO U JIIOObIe TIepeMeHHbIe, KOTOPHIE
IOCTYITHBI B TOUKe 00bapaerns dpyuxknun. Pacemorpum cienyrommit mpumep:

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

JlokanbHast QyHKIHS P MCIOMB3YET HEJOKAJBHYIO (OTHOCUTETHLHO Hee) pu-
BsI3KY mjyieHTHhuKaTopa x — napamerp dyHKuu pairwith. 3jeck npume-
HAeTCA OOBIYHOE TPABMUJIO: IPHU CCHLIKE HA HEJIOKAIBHBIN WIeHTU(MDUKATOD
ucroJib3yercs Haubosiee bin3zkasi 06bEMIIONIAs IPUBI3KA €r0 K 3HAYEHUIO.
STO B TOYHOCTU TO 2K€ IIPABUJIO, YTO W HUCIOJB3YEMOEC B JIPDYI'MX sI3blKaX C
Oa09HOM CTPYKTYpOii, HampuMmep, B Pascal’e (HO oHO oT/im4aercs or npaBui,
IpUMeHsieMbIX B OostbInmuHCcTBe peannsanuii LISP’a).

Yuapaxkuenue 2.5.6 CogepueHtvimM HU3BIBACTNCA HUCAO, KOMOPOE PLEHO
CYMME 6Cex ceour deaumencti, 6xA04aAA 1, HO UCKAIOUWAA CAMO YUCAO; HA-
npumep, 6 — cosepwennoe yucao, max xax 6 = 1+ 2 + 3. Onpedeaume
npeduxam (Ppynruyuro munae int->bool) isperfect, nposepalowsui, A6AA-
EMCA AU €20 AP2YMEHM, COBEPULEHHBIM YUCAOM.

Buritmie 651710 Iog9epKEYTO, 9TO PYHKIHN B ML SIBASIOTCS TOIHOIPABHDI-
MW 3HAYEHUSMHT; OHI MMEIOT T€e 7Ke TIPaBa, U Te »Ke MTPUBUIETNH, ITO U JII00hIe
Ipyrue 3HadeHns. B g9acTHOCTH, 9TO 03HAYAET, YTO PYHKITUHA MOTYT OBITD IIe-
pPemaHbl B KAYEeCTBE apryMeHnTa apyruM QYHKIUAM U MOTYT ObITH BhIpaboTa-
HbI (DYHKINAMHI B KAYECTBE pe3yabTara. PyHKINN, KaKHe-JIH00 apryMeHThI
WA PE3YJBTAT KOTOPBIX SIBJISTFOTCST (DYHKIIUSIMU, WHOTJA HAZBIBAIOT (PyYHK-
YUAMUY 6OICWUT NOPAJKOE. DTA TEPMUHOIOIN IOTIEPKUBALT, YTO (DYHKITAN
SABJSIOTCS CYIIECTBEHHO 00J1€€ CJA0KHBIMU OObEKTAMU — B OTJIMYUE, HAIIPU-
Mep, OT MEJIbIX Ynce (KOTOPBIE HAZBIBAIOT “00beKTaMM TIEPBOTO MOPSIIKA).
Onnako, obparaeM Ballle BHIMaHKe Ha TO, 9To B ML HeT HUKaxo# mpuHITH-
MUAIBHON PASHUIBI MEXK Y, HATTpuMep, MYHKITUIME, IOy JAI0MIMA B Kade-
CTBE apryMeHTa, YUCI0, ¥ (DYHKIIUSMHE, IOy JAIONINMI B KQUECTBE apryMeHTa,
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IPYTYIO (DYHKIUIO; TIO9TOMY YIOMSIHYTasl TEPMUHOJIOIUS MOYKET YKa3bIBATh
pasBe 4To Ha COJEP2KATEIbHBIN CII0CO0 UCIIOb30BaHUs PYHKIINN.

Pacemorpum cHavasia (byHKIWEM, KOTOpbIE BhIpabaThIBAIOT (DYHKIUU B
kadecTse pesysabrara. [lycrs £ — rakas dynkiumsa. Yro Torga MoXKHO CKa-
3aTh 0 ee Tuite? IlycTh OHA WMeeT OJMH apryMeHT TUNA T U BbipabaTbiBaeT
pesyabrar Tuna o->p. Torga tun dyuknun £ ects 7->(0->p). Pesynwprar
npumMenenusi GyHKIUYM f K apryMeHTy THIA T eCTh DYHKIINUS TUIIA 0->p, KO-
TOpas MOXKET ObITH IPUMEHEHd, K aPIyMEHTY THUIIA 0 U BEIPADOTATh PE3yIbTaT
tuna p. Takoe moceoBareIbHOE IpUMeHeHne 3anucbiBaerca Kak £ (e1) (e2),
wi 1upocro fejes. 3amersre, 4ro 910 He To ke camoe, uro £ ey, ea)! (e1,e3)
ecTh 0duH 00beKT — yTopsiJoUueHtas mapa, u f (e1,e2) 03HaAYALT “MPUMEHUTH
dyuximo f K yonopagodennoii mape (e1,e2)”, B To BpeMda Kak fejes o3nada-
er “mpuMeHuTb f K €1, MOAYyYNTh (DYHKIWIO W TPUMEHUTH ee K ep”. Ternepn
CTAHOBUTCS MIOHSTHBIM, ITOYeMY paHee Ipu O0bsSICHEHUU TMOHATUs TPUMEHe-
HUsT QYHKIIAN K APTYMEHTY MBI TIOTIEPKUBAJIN, YTO (DYHKITUA Sbi4UCAAECTCA:
3JIECh MBI TIOJIYUWJIA TPUMED TOro, UTo (BYHKIINS 3a]laHa HE UAeHTUDUKATO-
POM, & CTOKHBIM BBIPAKEHUIEM.

ITprBemeM HECKOTHKO TTPUMEPOB, MPOSICHSIONIIX CKA3aAHHOE:

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

> val twice = fn: int->int

- twice 4;

> 8 : int

- times 3 4;

> 12: int

OyuKNus times omnpeneseHa Kak yHKIMs, OepyIias B KA4eCTBE apryMeHTa
11eJI0€ YMCJI0 U BhIPAbAThIBAIONIAS PYHKITUIO, OEPYIIYIO B KAYECTBE aPryMeH-
Ta 1IeJI0€ YHUC/I0 U BRIpabaThiBaroNyio neoe uncio’. Mpentuduxarop twice
npuBsA3bIBAETCH K 3HadeHuto times 2. Ilockosibky 2 umeer Tum int, PpyHK-
g times MOKeT OLITh IPHUMEHEHA K 2, U Pe3yJbTaToM OyaeT o0bekT THIa
int->int — Kak 3TO0 M BHIOHO U3 coolIlneHuda o tume twice. Tak Kak twice
€eCThb beHK]_[I/ISI7 OHa MOZKET 6bITb NIpUMEHEHa K apryMEHTy — W B HallleM
IpuMepe Pe3yJIbTaT BhIYHCIeHus twice 4 ecth 8 (pasymeercs!). Hakowrerr,
times mpuMeHdeTCd K 3, U 3aTeM Pe3yJAbTaT 3TOT'0 IPUMEHEeHNd NPUMEHIeT-
cd K 4, B pe3ysabTaTe dero mnogydaercs 12. B aToM mocienneM BLIpaXKeHWH
OAPA3yMeBACTCH CJIEMYIONas PACCTAHOBKA CKOOOK: (times 3) 4.

9HeobxomumocTs ¢ int” mpu x u y Oymer obbsicHeHa sajee B paszese 2.6.
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Crosb 2Ke CBODOHO MOTYT HCITOJIB30BATHCA (DYHKITAN, [TOJLY IAIOIIHIE JIPY-
rue DYHKIUU B KadecTBe apryMeHToB. Takue (DYHKIIMM YACTO HABBIBAIOT
Pyrryuonasamu nu onepamopamu (HO, ousith noguepkusaem, 8 ML Takas
TEPMUHOJIOTHS MOXKET YKA3bIBATH TOJBKO Ha COMEPIKATETHHOE MCIOIH30Ba-
Hre (hYHKIMA, a He Ha KaKWe-TO 0coOble UX sI3bIKOBbIE cBoiicTBa). Kiaccnae-
CKUM TTpuUMepPoM (BYHKIIMK TAKOTO pofa dBisercd dpyakinus map. OHa moJry-
JaeT B KAUECTBE apryMeHTOB (DYHKITUIO U CIIMCOK, U BO3BPAIIAET B KAUECTBE
Pe3yABTATA CIUCOK, TOJIYIEHHBIH 13 MCXOAHOTO TPUMEHEHuEeM (DYHKITUH-ap-
CyMEHTa K KaxKJI0OMy ero ajementy. Tun obsractu onpeneiennst pyHKINN-ap-
TYMEHTA JOJI2KEH COBITAJ[ATh C THUIIOM DJIEMEHTOB CIIUCKA, HO THUI ee 00/1acTu
3Hadennit mpoussBoseH. Bor ee onpenenenne ma ML:

- fun map £ nil = nil
| map £ (hd::t1) = £(hd) :: map f tl;
> val map = fn : (’a->’b) -> (’a list) -> (’b list)

ObparuTe BHUMaHME HA TO, YTO THUI MAP OTPAXKAET CBA3b MEXKY TUIOM 00-
JIaCTU OompeaeieHmd (byHKLU/H/I-aprMeHTa " TUIIOM JJIEMEHTOB CIIUCKa-apTy-
MEHTA, & TaKXKe MEXKJIy TUIIOM 00JIacTh 3HavueHuil (PYHKIINU-apryMeHTa H
THUTIOM 3JIEMEHTOB CIIUCKA-PE3YIBTATA.

Bot #HeCKOMBEKO TPUMEpPOB UCIIONB30BAHNST (DYHKITUH 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 1lst;

> [[11, [21, [3], [4], [5]] : int list list

Yupaxxkxuenue 2.5.7 Onpedesume dynryuro powerset, xomopas nosy4a-
em 6 Kauecmee apeyMeHma MHOHCECMEO (NPEJCTNABAEHHOE CIUCKOM) U 603-
BPAULAEM 8 KAUECMBE PE3YALMAMA MHONCECNEO 6CET €20 NOOMHONCECTNG.

Couerast BO3MOXKHOCTH PacCMOTpEHUsi (DYHKIMI Kak 3HAYEHWIl U BO3-
MO2KHOCTb BO3BPAIATH B KAYECTBE Pe3yabTara (DYHKIIAIO, MBI MOYXKEM OIIpe-
e uTh (DYHKIUIO, KOTOPasi CTPOUT KOMIIO3UIIUIO JBYX JPYIUX (DyHKITHE:

- fun compose (f, g) (x) = f(g(x));
> val compose = fn : (’a->’b * ’c->’a) -> (Pc¢c->’b)
- val fourtimes = compose (twice, twice);



2.5. ONPEJEJEHIS OVHKITHIT 35

> val fourtimes = fn : int -> int
- fourtimes 5;
> 20 : int

JlapaiiTe paccMOTpUM STOT IpUMEDP BHUMAaTEe bHO. OyHKINS compose MOJIy-
4JaeT B KadyecTse apryMmenTa napy dyukiuit (f,g) 1 Bo3Bpaiiaer B Ka4ecTse
pesyabrara QYHKINIO; 9Ta QYHKIUS, OyIyun NpUMeHeHa K apryMeHTy X
Bo3spataer B kadecrse pesysbrara f(g(x)). Ilockonbky pesyiabrar ecrb
f(g(x)), Tun x Jo/zKeH OLITL THUIIOM OOJIACTU OLpeNeseHHs g; IOCKOIbKY
f npumenserca K g(x), Tunm obgacTu onpeneneHusa f TOMAKEH COBIAIATH C
TunoMm obsactu 3uaderuit g. Takum 06pa30M MBI TIOJIYyIaeM THUIT COMPOSE, KO-
TopbIit 6611 coobitierr ML-cucremoii. @yukinst fourtimes moayJyaeTcs nyTeMm
npuMeHeHns compose K nape ¢gpyukruit (twice,twice). Pesyabrarom 6ymer
dyHKImMI, KoTOpad, OyIydIn IpruMeHeHa K X, BO3BpaTuT twice (twice(x)); B
HAIleM CJaydae, KOTJa X eCThb 5, pe3ynbpTraTroM gasjasterca 20.

Teneps, Korja BbI OJ/iMKe MO3HAKOMUINCE ¢ dyHKIUsiMu B ML, BBl Mo-
JKeTe 3aMeTUTh Ha, JIAHHOM 3TAIle OMPeJIeIeHHYI0 aCUMMETPUIO MeXK 1y yHK-
[IMOHAJILHBIMY 3HAYEHUSIMUA U 3HAYEHUSIMU JIPYTUX TUIIOB: y HAC MOKA HET
HUKAKNX CIIOCOOOB 3arucy BbIPAXKEHU, BhIpAbaThIBAOMMX (DYyHKIIMY HEIIO-
CPEJICTBEHHO; €JIMHCTBEHHbIN CI10cO0 mosyueHus: (PYHKIIUU — 3TO MPUBI3KA
uaeHTHHUKATOPA K PYHKITMOHAIBHOMY 3HaueHut0. Ho mouemy 70/2KHO Tpe-
HoBaThCst, 9TOOBI Kaotcdas PYHKIMS uMesa uMsi! B onpeneeHHbIX CIyda-
sIX 3TO yIOOHO, HO €CTh TAKXKE CUTYAIlnd, B KOTOPHIX yI0OHO HUCIIOTH30BATH
besvimantbie PyHKIUU, W Aam00a-6bipasicenus (TIOCTeTHIN TEPMUH BOC-
xomut K LISP’y u A\-ucuncnenuro). Takue cpencrsa umetorcst 8 ML, u Huxe
MPUBOSITCS MTPUMEDBI UX UCIOJTB30BAHUS:

- 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]) (7);

> [7] : int list

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

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

> [[1], [2], [3]]: int list list
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Mb1 Havasn ¢ orpejiesienus odeHb rpoctoil dyukiuu 1istify, koropas npe-
obpa3zyer apryMeHT B OJiHOdJIeMeHTHbIN crnincok. Pyukius 1istify2 mosHo-
cThI0 3KBuBaJeHTHA pyHkiun listify 3a uckitoueHuem ciiocoba ee olpejie-
snenus. PezynbraTrom Boranciennd Beipaxkenns fn x => [x] aBisgerca pyHK-
Mg, KOTOpad Mpeobpa3yeT apryMeHT X B CIOHCOK [X] — TOYHO Tak Ke, KaK
sro genaer dyrkiusg 1istify. Takoe Bbipakenue, BbipabarbiBaoniee PyHK-
M0, MBI MOXKEM MPUMEHSTH K apryMEHTY HEMOCDPEICTBEHHO (KaK B MpeJi-
MOCJIEIHEM CJTy9ae) WU TIEePeJaTh B KA4eCTBe apryMeHTa APYTol (DyHKIum
(KaK B MOCJTETHEM CIIydae).

Touno Tak ke, KAK ¥ IPU UCIOJB30BaHWN fun, TPy UCIOJIL30BAHUN fn
MOXKHO [IPUMEHSTH COIIOCTaBJieHne C 00pa3IoM:

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

(fn nil => nil | hd::t1=>t1)([]1);

> nil : int list

\4

Onucanme KaxK10r0 cay4das 3/1eCh Ha3bIBAETCS NPA8UAOM, & TAKOH cr1ocod
onpesienieHns (BYHKITHT — ONPEJeseHUEM C NOMOULLIO HAO0PG NPOEUA.

Samernm, uro Oe3pIMAHHAs (DYHKIUS He MOXKET ObITh PEKYPCUBHOI, 110-
CKOJIBKY HET HUKAKOTO CIIOCO0a COCTATHCI Ha HEE B MPOTECCE OMPEICTCHNUS.
DTO 0/iHA U3 HpUYUH TOro, modemy dyukimu B ML TecHo cBazanbl ¢ 00bsB-
JIEHUSIMU: OJTHA U3 TeIeil TPUBA3KHU K (DYHKITMOHATHLHOMY 3HAYEHUIO COCTOUT
B TOM, IYTOOBI BBECTU UMHA (DYHKIIMHU C TEM, YTOOBI 3TO MM MOTJIO OBITH MC-
MTOJIF30BAHO B OTpee/eHun (ByHKIINHU.

Yupaxkxuenue 2.5.8 Paccmompum cacdyowyro 3a0a4y: CKOALKUMY CNOCO-
bamu MOHCHO padmenams cymmy 6 £1 monemamu docmouncmsom 6 1, 2,
5, 10, 20 u 50 nencos. IIpednososicum, 4mo Mol 66eAU HEKOMOPBIT NOPAJOK
Ha MHodHcecmee docmounemse monem. OuesudHo, 4mo mozda 6biNOAHAEMCA
CAEYIOULEE COOTMHOWEHUE:

Koauvecmeo cno- =  Koauuwecmeo cnocobos +  Koauuecmeo — cnocoboe
0608 PasMEHAND PASMEHAMG CYMMY @, PASMEHAL CYMMY a—d,
CYMMY A UCNOAD- UCNOAL3YA 6CE MUNDL UCNOAL3YA 6CE N MUNOE
3YA N MUNOE MO- MOHEM, KPOME NEPEO- monem  (20e d  ecmo
Hem 20 doCcmouHcmeo  MOHEMbL

nep6ozo muna)
Imo coommuowenue moxcem bvmov NPeodbpasosaHo 6 pexypcusHoe onpedene-
Hue PYHEUUL, ecat d0basUMb CAYHAU, ONUCHIBAIOULUE 3A6EPUIEHUE PEKYPCUL.
HUmenno, ecau a = 0, umeemesa posno 1 cnocob pasmena; ecau a < 0 uau
n =0, cnocobos pazmena Hem. IMu 3aMEYGHUA NOZEOAAIOM 30NUCAMD CAL-
dyrowee onpedeaenue GyrKyUL:
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fun first_denom 1 =1
| first_denom 2 =
| first_denom 3 =5
| first_denom 4 = 10
| first_denom 5 = 20
| first_denom 6 = 50;
fun cc(0,_) =1
| 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 smom npumep max, 4mobvi 6 Hem UCNOADIOBAACHA CNUCOK JOCTO-
uncms monem (emecmo Ppynryuu first_denom).

Yopaxkuenune 2.5.9 [pusedennviii 6viuie ai20pumm naoL 8 mMmom CMBCAE,
YMO 6 HEM BHLINOAHACMCA MHO020 USAUWNHUT evinucaenuti. Mooceme au 6o
npedaosicums boaee boiempoiti anzopumm? (dmo nenpocmana 3adava, u 6ol
MODICEME NPONYCMUMb €€ NPU NEPEOM YMEHUL,).

Vupaxknenue 2.5.10 (Xanotickue 6awmnu) Umeemes mpu cmeporcns (060-
snavum ux A, B u C). Ha cmepoicens A nademo n duckos paztoz2o pasmepa
max, “wmo 6HU3Y HATOOUMCA HAUOOALUWUT, HAO HUM — “Ymb MeHbwul, U
m.0.; HABEPTY HATOOUMCHA camovili maaenvrul Juck. Tpebyemcsa nepenecmu
ducku co cmepoicna A na cmeporcens C no caedyrouwum npasuiam: 36 00UuH
TOO MONHCHO MEPEAOHCUMD ¢ 00H020 U3 cMmepdcHel eeprHull Juck Ha Jpy20l
CMEPHCEHD NPU YCAOBUU, 4MO NEPEKAAONSAEMT JUCK MeHbWe JUCKA, HA
Komopuili on Kaademea. Onpedesume PYHKUUIO, PEUWAOULYIO SMY 300a4Y.

2.6 Ilomumopdusm m neperpyska

MeeTca oqHa TOHKas, HO BaXKHas JieTajb, KOTOPYIO HYXKHO 3HaTh JJs
MoOHUMaHuA peannsanun nosuMopdusma B ML, HanomunwM, 9ro nosmmopd-
HBIM THUTIOM MbI Ha3bIBAEM THUI, B KOTOPBIH BXOAAT TEPEMEHHBIE THTA (B
MIPOTHBOIOI0KHOCTE MOHOMOP(MHBIM TUIIAM, B KOTOPBIE TAKHE IEPEMEHHbBIE
He BXOAAT). B peapIayInem pasesne Mbl OIpPege iin moauMopduyto dhyHK-
0 Kak BYHKIHIO, PabOTAIIYI0 ¢ apryMeHTaMH Da3IHYHBIX THIOB (U3
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HEKOTOPOro KJjacca) eaquroobpasubiv crocobom. Kirouesas naes cocrour B
TOM, 9TO TAKYO (DYHKIINIO “He HHTEPECYIOT’ THUIIbI 3HAYUCHUIT (MU KOMIIOHEHT
3Ha4eHuil); 109TOMY OHa PabOTAET HE3ABUCUMO OT ITUX 3HAUCHU, 1, TAKUM
obpa3om, J0MyCKaeT pa3andHble TUILI 3Hauennit. Hampumep, Tun dpyHKun
append ecTh ’a list * ’a list -> ’a list, uTo oTpakaer TOT (hakT, YTO
dyukims append He HHTEPECYETCH TUIIOM DJIEMEHTOB CIINCKA; €J[MHCTBEHHOE,
uTo TpebyeTcst, T0 YTOOBI SJIEMEHTHI 0D0UX CITMCKOB-aPIyMEHTOB UMEJIH OJ11-
HaKOBBIA Tum. Tun momumopdHoit pyHKIMY BCETAa €CTh TOTUMOPQHBIH THIT;
OH 3a/1aeT HECKOHEYHOEe CeMEeCTBO THUIIOB, COCTOLAIIEE U3 TUIIOB, SIBJISTFOIINX
YACTHBIMU CJIy9asiMu MOJUMOPGHOro Tuna (T.e. MOJy9YaeMbIX B Pe3yJsbTa-
Te 3aMeHBbl TIEPEMEHHBIX THIA HA KaKue-Jub0 KOHKpeTHble Tuibl). Hampu-
Mep, append MoxkeT padorarh C aprymenTtamu Twna int list, bool list,
int*bool list um Tak gajee ;10 6eckoneunoctu. ObparTuTe BHUMAaHUE HA TO,
9T0 HOAUMOPGU3M HE OrpaHndnBaeTCsd PYHKIUAME: NyCTON Crincok nil sB-
JISIETCS CITUCKOM 3JIEMEHTOB JIFOOOTO THTIA, U TTO3TOMY THUIIOM nil sBisierTcs
’a list.

[Tomuvopdusm oTIMYIaeTCs OT JAPYroro MOHATHS — nepeepysku (XoTd,
Ha NEPBBIA B3Isl, OHKM Cx02KK). Ileperpyska cBazaHa co CrocoboM 3anucu,
a He co crocoboMm onperesnenus dyukiuu. I[Ipumepom meperpysku MoxKer
CAYXKUTDH (DYHKIUS CJI0XKeHUs, obo3HaTaeMast +. Mbl 3aMUCHIBAEM CIOKEHUE
eablx yucea 2 u 3 Kak 2+3, a CJIoXKeHue JIeiiCTBUTeNbHBIX uncesa 2.0 u 3.0
— Kak 2.0+3.0. 9T0 MOXKET MOKA3AThCS MOXO0KUM HA CJIyYad MPUMEHEHUs
dbyukimu append K ABYyM COUCKAM TEIBIX YUCET W ABYM CIOHUCKAM JIeHCTBU-
TeJbHBIX gucejl. OJHAKO CXOXKECTh 3/1eCh JIUIh YaCTUIHAs: 00Ha U Ta Jice
dbyukima append mpuMEHSETCS [T COeIWHEHUS CIHUCKOB JIFOOOTO THITa, HO
AA20PUMM CAOHCEHUA UEAVIT YUCEA OMAULGEMCH O GALOPUMME CAOHCEHUS
deticmeumenvhoi wuces. (Ecim Bbl 3HAKOMBI ¢ OOBIYHBIM TIPEJICTABIEHUEM
qHCesT B KOMIIbIOTEpE, ¥ BaC 9TO HE BBI30BeT coMHeHnus). Takum obpaszom,
OJIMH W TOT K€ CUMBOJI + MCIIOJIB3YETCs Jiyid 0D03HAYECHUS JABYX PA3IUIHBIX
dbyukImit — a "He omHON moMMOpPdHONE GYHKIMA. B KaXXI0M KOHKDPETHOM
cay4dae BeIbOp DYHKINN, KOTOPYIO CJIEAYEeT UCTOIB30BATE, 3ABUCUT OT TUIIA
apryMeHTOB.

B sTom npuunza Toro, 4ro Hesb3s npocro Hamucarb fun plus(x,y) =
X+y: KOMITWJISATOD JI0JI2KEH 3HATH THUIIBI X U ¥, 9TO0BI OIPEIeJIUTh, KaKad U3
IByX QyHKIUH CI0KEHUS JOAXKHA ObITh MCIIOJB30BAHA, — W [OYTOMY OH HE
JIOTIyCKaeT Takoro ompenesenus. Crocob pernennst 370 TpobaeMbl COCTOUT
B IBHOM YKAa3aHUU TUIA apTyMEHTOB (DYHKITHHU plus; 9TO 3aMUCHIBACTCT KaK
fun plus(x:int, y:int) = x+y. IlaTepecHslil dakT cocTouT B TOM, €TO,
ecii ObI He OBbLIO MEPETrPYXKEHHBIX (DYHKITHI, TO HUKOT/a Obl He BO3HUKAJIA
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HEOOXOMMMOCTh SBHO yKazbiBaTh Tumbl . Ho 11s TOro, 4robel obecrnednTs
BO3MOKHOCTB MEPErpy3Ku, U JJjis TOTO, YTOObI TOBBICUTb HAIEKHOCTH ITPO-
rpammbl, ML 1103B0/IsIET BaM IBHO yKa3bIBATH TUI KOHCTPYKIUYU [IYTEM IIPU-
MUCHIBAHUSA K HEMY MUno6ozo supasicenus. Huzke Mbl TPUBOAWM TPUMEPHI
WCIIOJIL30BAHNA IBHOTO YKa3aHWs THUIIA:

- fun plus(x,y) = x+y;

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

> 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, YTO B TpOTpaMMe TepeMeHHbIe THUMa 3AMUCHIBAIOTCI TOYHO TaK
ke, Kak ux BeiBojauT ML: anocrpod, 3a KOTOPBIM CiielyeT UAeHTH(OUKATOD.

PaBencTBo gB/igeTca WHTEPECHBIM MPOMEKYTOUHBIM Cryaaem. PaBencTBo
He sBjsgeTcs moauMopdHOl pyHKIUENR B TOM CMBIC/IE, B KAKOM TAaKOBOI SB-
sgerca pyHKkiyg append; 0IHAKO, B TPOTUBOIIOI02KHOCTD CJIOKEHUIO, PABEH-
CTBO OTIpeeeHo MOUTH JJis BeeX TUMOB. Kak ymoMmHAJIOChL BBINIE, HE BCE
THUIIBI JIOIYCKAIOT TTPOBEPKY HA PABEHCTBO, OJHAKO [IJid BCEX THIIOB, JIOIYC-
KAOIIUX [IPOBEPKY HA PABEHCTBO, CYIIECTBYET (DYHKIUS =, KOTOpas BO3BPa-
maer true nim false B COOTBETCTBUU € TEM, PABHBI WJIM HET CPABHUBACMBIE
suadennd. [Tockonpky ML MoXkeT cam OmpenesnTh, JOMyCKAeT TUI TPOBEP-
Ky Ha PABEHCTBO UJIU HET, OH MTO3BOJISIET UCIOJIB30BATH PABEHCTBO “KBA3UIIO-
squMmopdubiM” myTeMm. g 9TOT0 BBOAWTCA HOBBIN COPT MEPEMEHHBIX THIIA,
3aMUCHIBAEMBIX KaK ’’a, KOTOpBIE MPOHErawT MHOXKECTBO BCEX TUIIOB, JIOIMYC-
KAIOIMX MPoBepKy Ha pasercTso. lamee ML ciaeaut 3a Tem, Tpebyerca man
HeT, 4ToOBl Kakoi-ub0 THIT JOMyCKaJ MPOBEPKY HA PABEHCTBO, U OTPAXKAET
510T (PAKT B BHIBEAEHHBIX THHax. Hampumep:

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

103 mekimoUenHIeM CIIyTas MCIOIB30BANMS YACTUIHBIX 00PA3IOB, KAaK. HAIPHMep, fun
f{x,...} = x.
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Bxoxenns *’a B Tun pyHknm member yKa3bIBAIOT, YTO member MOXKET IIpHU-
MEHATHCA TOJBKO K apryMEeHTaM, JIOIIYCKAIOIMUM IPOBEPKY Ha PaBEHCTBO.

2.7 OmnpeaeseHnss HOBBIX TUIIOB

ML obsramaer pacimupgemoit cucremoii tunos. VMeerca tpu dpopmbr 06b-
siBJIEHUST UJeHTU(DUKATOPA KAK HOBOI'O KOHCTPYKTOPA THUIIA.

[Ipocreiiteit HOPMOit ABIACTCI NPO3PAuHAA NPUBAKA K MUNY, NI 66e-
denue coxpausennozo naumenosanua muna. KoHCTpyKTOp THIa (BO3MOXKHO,
C napaMerpamu) ONpPe/e/sieTcs KaK COKPAIIEHUE Jjisi HEKOTOPOro (CJI02KHO-
I‘O) TUIIOBOT'O BbhIPpaXKEHUA. BCG NCTIOJIB30BaHUA TaKOTO KOHCTPYKTOPaA THUIIA
MTOJTHOCTBIO SKBUBAJICHTHBI UCTIOIB30BAHIIO BMECTO HETO UCXOTHOTO BBIPaYKe-
HUdAg.

- type intpair = int*int;

> type intpair = int*int

- fun £ (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 pa3uuisl Mexk/ Iy intpair u int*int, mockosbKy Tumn intpair
ompesiesieH paBHBIM TUNY int*int. EawncTBennas mputinna, mo kKotopoit ML
medaraer intpair B Twne yHKImM f — 9TO TO, YTO YTOT TUM ABHO OBLI
VKa3aH IpH 00DbIBICHUN (DYHKIINH.

Cucrema tuioB ML MoxkeT ObITH TaKXKe PACIIHPEHA ¢ TOMOIIBI Pexyp-
cusHo onpedessemviz munos (WIH, Kopode, pekypcuehmr munos)'l. B sroit
KOHCTPYKIIMU YKA3bIBAETCA UMsl HOBOTO THMIA (BO3MOXKHO, C HAapaMeTDaMU )

13101 coco6 ompeesieHns HOBBIX THIIOB HPEIOCTABIACT MHOTOOGPA3HBIC BO3MOXKHO-
CTHU U ABJIAETCA, TIOXKAIY, HamboIee BaXKHBIM B cucteme TarnoB ML (na m npyrux dynk-
[IMOHAJIBHBIX A3BIKOB). Ha3Banme pexypcushbi(i OTpakaer Jumb ofHy (XxoTda m Hambosee
CYIIECTBEHHYIO) 9€PTY 9TOr0 CIOC00A OLPEIE/ICHHsl TUIIOB. DTO HA3BAHUE HE ABJIAETC 110~
BCEMECTHO NIPUHATHIM: Tak, HanpuMep, B Haskell’e ucrrons3yercst tepmun aszebpauvweckud:
9JaIe ke BCEro B AHTJIOA3BITHON JmTepaType ucnonb3yerca repmut datatype (mpocTo Ko-
nupyowuil BBOAMIIEE OLPEJE/ICHUuE KIIOYEeBOE CI0BO) — OJHAKO JIOCIOBHBII 1I€PEBO ITO-
ro repvuHa, (mun darHvT ) B PyCCKOM A3BIKE HE OTPAYKAET 0COOEHHOCTEH STOTO MOHATHS.
(IIpum. nepes.)
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¥ HADOP KOHCTPYKTOPOB 3HAYECHUI JIjIsl TOCTPOEHUsT 06 BHEKTOB 9TOr0 Trma. B
IIPOCTEHIIEeM CJIydae PEKYPCUBHOE O0bAB/ICHNE THUIA BLITJIAIUT TaK:

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

[IpuBenentoe 0ObsiBJIEHNE TPUBA3LIBACT UJACHTUMUKATOD COlor K HOBOMY
THUIY JAHHBIX, UMEKIIeMy KOHCTPYKTOPEI Red, Blue n Yellow!'?. DTor ciy-
Jail peKypCcuBHOr0 0O bIBACHIA HATOMUHAET IIepevuncanMble TUibl B Pascal’e.

Ob6parure BHUMaHMe Ha TO, uTo0 ML BBRIBOAUT C/10BO color Ge3 mociemy-
IOIIET0 3HAKA PABEHCTBA, [MOJTUYEPKUBAs ITUM, UTO COlOTr SBJISETCS HOBBIM
TUIIOM AAHHBIX! OH He COBIIaJa€T HU C KaKHUM pPaHee OIIPeae/ICHHBIM TUIIOM
JIAHHBIX, U TI09TOMY PaBEHCTBO 3/1eCh OBLIO ObI HeyMecTHbIM. Kpome 06bsB-
JIEHWs HOBOT'O THIIA, [IPUBE/IEHHAs Bblllle KOHCTPYKIUs datatype oObaBisger
TaKXKe TPHU HOBBIX KOHCIMPYKMOPA 3Ha4%eHud. ITU KOHCTPYKTOPBI BBIBOJSAT-
Csl ¢ TIPEJIIECTBYIONIUM KJIFOUEBBIM CJIOBOM con (a He val), nomdepkupas
TeM CaMbIM, YTO 3TO KOHCTPYKTODHI. BBeIeHHbIe KOHCTPYKTOPBI MOI'YT ObIThH
UCIIOTB30BAHBI 71 TIOCTPOEHUS 0OPA3IOB IPU OMpeIeeHI (DYHKITUN pas-
6opom ciaygaes. Takum 06pa3oM, PEKYPCUBHOE OMPEIE/ICHIE TUTIA SIBISIETCS
JIOCTATOYHO CJIOXKHBIM: OHO OJTHOBPEMEHHO BBOJHUT M HOBBIM KOHCTPYKTOD
THIIA, ¥ HOBbIE KOHCTPYKTOPBI 3HAYCHUN.

PexypcuBHble orpeieieHnsT TUIIOB MIHPOKO UCIOAb3yioTca B ML. Hanpn-
Mep, MOYKHO CUNTATh, YTO BCTPOEHHKIN THIT bool 00HABIEH KaK:

- datatype bool = true | false;
> type bool

con true : bool

con false: bool

DyHKIINM, APTYMEHTBI KOTOPBIX MMEIOT TUIThI, BBEICHHBIE TOJIH30BATEEM,
MOTYT OBIThH OIPEJEJeHbl yTeM pazbopa caydaeB Tak ¥Ke, KAK ¥ B CJIydae
WCXOIHBIX THUIIOB g3bIKa. 1Ipr 5TOM KOHCTPYKTOPBI 3HAYEHUH MOTyT OBITH
KCIIOJIB30BAHbI B 00pa3Iiax TOYHO TaK 2Ke, KAK paHee Mbl HCIOJIb30Ba M nil
¥ :: npu onpeaesennu QyHKINM, paboramux co cnuckamu. Hampumep:

2K oncTpykTophl 6e3 apryMeHTOB MHOT/IA HA3BIBAIOT KOHCTMAHMAMU.
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-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 IpUMEP TAKKe WITFOCTPUPYET BOZMOXKHOCTH UCIOJIB30BAHUS OTHO-
ro ¥ TOTO Ke uAeHTU(hUKATOpA JJid HECKOJIBKUX Pa3/JUUHbIX reseit. Vnen-
TH(bHK&TOp color UCHOJB3YETCd U KaK UMd OIIPEJCJI€EHHOIO BBINIC TUIIA, U
KaK mepeMeHHas, mpuBa3anHad K Red. Takoe 1BoitHOe NCIIOMBL30BAHNE HE 3a-
IIpeIieHo (XOTH " HE PEKOMEHAYETCHd, ITOCKOJIbKY MO2KET IIPUBECTU K 3aTEM-
HEHHUTO CMBIC/Ia TPOTPAMMBI ), HOCKOIBKY KOMITHJISITOP BCET/Ia MOZXKET ITOHATh
n3 KOHTEKCTa, AOJIZKHO JIM B JaHHOM MECTC HAXOAUTCA UM THUIld WUJIN NUMA
TTEPEMEHHOI.

OnpejiesisiemMble 1I0JIb30BATEIEM KOHCTPYKTOPBI 3HAYEHUNH MOI'YT UMETH
APTYMEHTHI:

- datatype money = nomoney | coin of int | note of int |
check of string*int;
> type money
con nomoney : money
con coin : int->money
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 YeTBHIpe KOHCTPYKTOPA, MEPBBIM M3 KOTOPLIX SBJISIETCS
KOHCTAHTO, & TPHU OCTAJbHBIX UMEIOT apryMmenTbl. OyHKIMS amount, ompe-
JleJieHHasd pa300poM CIydaeB C MCIOJb30BAHUEM 3TUX KOHCTPYKTODPOB, BO3-
BpPAITAET CYyMMY B MEHCAX, TPEJCTABICHHYI0 00bEKTOM TUTIA MONEy.

A 9TO MOYKHO CKa3aTh MO TTOBOJAY PaBEHCTBa JIsT OMPETEJICHHBIX TI0JIb-
3oBaTeNeM peKypcuBHbIX TUnoB? HamoMHUM ompeeneHue paBeHCTBA st
CITMCKOB: JIBA CIMCKA PABHBI TOTA W TOJBKO TOTIa, KOT/AA OHHU b0 062 ecTh
nil, aubo umeroT gopmy h::t mw h’::t’ coorBercTBeHHO, n h paBHo h’ u t
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paBuO t’. B obmiem ciaydae, nBa 3HAUEHUS HEKOTOPOTO PEKYPCHUBHOTO TUIIA
DaBHBI, €CJIH OHH “MIOCTPOEHBI OJHAM U TeM Ke crocoboM” (T.e. Ha BEPXHEM
YPOBHE HCIIOJIb30BAHbI OJWH KW TOT K€ KOHCprKTOp) n COOTBETCTBYIOIIINEC
KOMITOHEHTHI PABHBI MeXK Iy coboit. Kak ciencTBre TakOro OmpeaeeHns pa-
BEHCTBA, MbI TTOJIYIa€M, UTO OMNPEIETEHHBIN T0JIb30BaTEIeM PEKYPCUBHBIN
TUII AAHHBIX JOMYCKACT IMPOBEPKY Ha PABEHCTBO TOTAa U TOJIBKO TOTJd, KOT 1A
BCE apr'yMEHTBI BCEX KOHCTPYKTOPOB 3HAYEHWH MMEIOT THUIIbI, JTOTMYCKAIOIINE
MPOBEPKY Ha PABEHCTBO. B paccMOTPEHHOM TpHUMeEpe THIT MONey JOTYCKAeT
MIPOBEPKY Ha PaBEHCTBO, MOCKOJIBKY THIBLI int M String JOMycKamoT ee.

nomoney = nomoney;
> true : bool

- nomoney = coin(b);

> false : bool

- coin(5) = coin(2+3);

> true : bool

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

B pexypcuBHOM ompeiesIeHNN TUMA JOMYCKAETCS UCIOIb30BaHNTEe PEKYP-
cun'®. TIpemoI0sKuM, ITO MBI XOTHM OIIPEJeJIUTh THII JBOMYHEIX J€PEBbEB.
JBouyHoe fepeBo ecTh Jinbo AUCT, OO BEPITUHA, UMEIOIIAS JIBA JBOMTHBIX
lepeBa B KadecTBe ChIHOBElH. B coOTBeTCTBHY € 9TUM 3amUCHIBAETCS THIL:

- datatype btree = empty | leaf | node of btreexbtree;
> type btree
con empty: btree
con leaf: btree
con node : btreexbtree->btree
- fun countleaves (empty) = O
| countleaves (leaf) =1
| countleaves (node(treel,tree2)) =
countleaves(treel) + countleaves(tree2);
> val countleaves = fn : btree->int

ObparuTe BHUMaHHE Ha TO, YTO PEKYDPCHBHOE OIpeje/ieHue THuia btree
caeayer HepOPMaIbHOMY OIPEIeIeHUI0 IBOMYHOrO gepeBa. DOyHKIMS
countleaves #aBIgETCA PEKYPCUBHON (PYHKITHEH, ONPEAECJICHHON Ha ITBOWY-
HBIX J€PEBbAX; OHA IMOJACUYUTHIBAET KOJUIECTBO JUCTHEB JepeBa. BaxkHo oT-
MEeTUTh, 9T0 (PYHKIU, ONPEIC/ICHHAs HA PEKYPCUBHBIX JAHHBIX, sIBJISICTCS

3B komme KOHIIOB, He 3ps ke MBI ero Tak massaiun! (IIpum. nepes.)
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pexypcusnoii'?. Oupenenenne dpynxnun append, pacCMOTPEHHOE paHee, je-
MOHCTPHPYET 9TOT (PaKT. DTO HE CIYIANHO, ITOCKOIbKY MOXKHO CIUTATD, YTO

LpeJoLpeieeHHbI Tull T 1ist obbsasien ciepyromum obpazomtd:

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

con nil : ’a list

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

DTOT TpUMEDP ULAIOCTPUPYET 3a0HO UCTTOTH30BAHNE NAPAMEMPOE B OTIPETE-
JieHuu Tuma: Tl 1ist mogydaer B KaUecTBe mapaMerpa JIpyroil TUIl, ompee-
J'[HIOH_LI/Iﬁ TUII IJIEMEHTOB CIIUCKA. STOT THUII TpeaCTaB/JICH HepeMeHHOﬁ TUIIQ
’a. Mpbl ucnonbp3yeM TepMuUH “KOHCTPYKTOP THIA , IMOCKOABKY list cTpo-
YT HOBBIN THUI W3 APYTOr0 THUIE TOM00HO TOMY, KAK KOHCTPYKTOP 3HAUECHUS
CTPOUT HOBOE 3HAYEHWE W3 JIPYTUX 3HATCHUIH.

ITpuBenem mapyroii mpuMep PEKyPCHUBHOTO THUIA C IMAPAMETPOM:

- 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 * ’a tree -> ’a tree
- fun frontier( empty ) = []
| frontier( leaf(x) ) = [x]
| frontier ( node(t1,t2) ) =
append(frontier(tl), frontier(t2));
> 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

QOyuknus frontier nojydaer B KA4eCTBE apryMEHTa JE€PEBO U BO3BPAIIAET
CIUACOK 3HAYCHUN, IPUNUCAHHBIX JIUCTbAM JIePEBa-apPryMeEHTA.

Y310 ne dopmanbHoe, a cosepxkarTebHOe yTBepKAeHHe. KOHEUHO, MBI MOXKeM OIIpe-
aemuTh GyHKOUio ¢ aprymeHToMm twna btree kak fun f(empty) = 1 | f(leaf) = 2 |
f(node(_,_)) = 3, m 3/1mech HeT HUKAKON pekypcuu. OIHAKO BCE COMEPKATETHHO WHTE-
pectble YHKIIUU, ONPEJEIEHHbIe HA PEKYPCHUBHBIX TUIIAX JAHHBIX, 33 PeIIaflliuM HUC-
kJroueHueM OynyT pexypcusabivu. (IIpum. nepes.)

5B srom mpumepe M urHOpUpPYeM TOT (HAKT, UTO J/IS KOHCTPYKTOPA : : HCIIOIB3YeTCs
nadukcHas (HopMa 3alKCU: ITO HE KACAETCH CYTH PACCMATPUBAEMOTO BOIIPOCA.
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Ynpaxkuenue 2.7.1 Onpedesume @pynxyuro samefrontier(x,y), xomo-
paA 6036pawaem true, ecau depesva X Uy UMENM 00HU U Me JHCE AUCMbA U
8 0OHOM U TOM diCe NOPAJKE, HE3ABUCUMO OM GHYMPErKet CMPYKMYpPvL, depe-
6a, u false ¢ npomusnom cayuae. Ilpaguavnoe, 1o neydosaemsopumenvhoe
pewenue bydem maxum:

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

Mo do60ABHO MPYIHOE YNPANCHEHRUE; OCHOBHAA NPOBACMAE COCTROUM, 8 MOM,
wMobvl U3BENHCAMb NOAHOT PA3EEPMKY JEPEBH 6 CAYuGe, K020 PYHKUUA J0A-
orcha evidams false.

ML Trak:ke obecrieumBaeT MeXaHU3M OIpPEJIEICHUS GOCPAKIMHBIL M-
no6'%. Onu BBOLATCA € HOMOIIBIO KOHCTPYKIMK abstype. AGCTpaKTHBIA THII
MTaHHBIX TPEACTAB/IgeT COO0N HEKOTOPBINH PEKYPCUBHBIN TUI JAHHBIX U Ha-
6op byHKIHil 7719 PAbOTH! € JAHHBIME TOTO TUIA. PeKypCUBHBIN TUT JaH-
HBIX HA3BIBAETCA TUTIOM PeATU3ANMH abCTPAKTHOTO TUTA, a HADOP yHKITH
Ha3bIBaeTCd ero maTepdeiicom. Tur, onpeaesieHHbINA ¢ TTOMOIIBI0 KOHCTPYK-
unn abstype, dBjsercs abCTPAKTHBIM B TOM CMBIC/JE, YTO KOHCTPYKTODBI
ero TUMa peaju3allii HeJOCTYIMHBI TporpaMMaM, UCIOIbL3YIONM STOT THIL:
IIOCTYITHBIM gBJAgeTCS TOAbKO maTepdeiic. [Tockonpky mporpamMma, MCIoIb-
3ytoras abCTPaKTHBIN TUI JaHHBIX, HUYEro HE 3HAET O ero THUIle Peasin3a-
WK, OHA TIOJIB3YeTCd id PaboThl ¢ JaHHbIMEA aOCTPAKTHOTO THUIIA TOJHKO
dyuximavu unrepdeiica. lloaTomy peanm3arnus abCTPaKTHOrO THIIA JAH-
HBIX MOK€T ObITh M3MEHEHA B JI000M MOMEHT, W 9TO HUKAK HE CKAXKETCs
Ha IIporpaMme, UCIoJb3yomieil abcTpakTHbIM TUI JaHHbIX. Vcioib30BaHme
abCTPAKTHBIX TUIMOB JAHHBIX — BAXKHBIN 3JIEMEHT CTPYKTYPHOTO TTPOTPaM-
MWUPOBAHUA, TTOCKOJIBKY OH TI03BOJIAET M30€XKATH HEHYKHBIX CBA3EH MEXKIY
KOMTIOHEHTAMU OOJIBIIOHN MTPOrPAMMBI.

ITpuBenem mpumep 06bsBIeHNS AOCTPAKTHOTO THUIIA:

- abstype color = blend of int*int*int

with val white = blend(0,0,0)
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

16Bostee MouHBIM MHCTPYMEHTOM, OJHAKO, OKa3bIBAIOTCA MOYJIHM, pacCMaTpHUBaeMble B
creayiolell raase.
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else let val tp = parts+parts’
and rp = (parts*r+parts’*r’) div tp
and bp = (parts*bt+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

Mg TOTZKHBI CIe/TaTh HECKOIBKO 3aMEeUaHNi OTHOCUTEILHO MPUBEIEHHO-
ro npumepa. To, uTo mmer mocie cjaoBa abstype, sIBAAETCS PEKYPCUBHBIM
onpesiesienneM Trma (1 376Ch UCIOIB3YETCA TOT YK€ CAMBIA CHHTAKCHC). JTa
JacTh €CTh OMpeJesieHne THIA peaju3aluu. lajgee uper onucanue MHTEP-
deiica, 3aKII0OUEHHOE B CHHTaKcHUecKne ckobkm with n end. B Boimaue ML
MBI BHJIMM, 9TO TIOCJE CJI0BA COlor HET 3HAKA PABEHCTBA; 9TO OTPAXKAET TOT
dakT, 910 Color — 9TO HOBBIH THUII, HE COBIAIAIONTNI HI C KAKUM Apyrum. Ho
B OTJINYUE OT PEKYPCUBHOI'O OIPEJIeJIEHUs TUIA, B PE3YIHTATE BBITIOJIHEHUS
abstype He C03/1aHO HUKAKUX KOHCTPYKTODOB: 9TO JIEJIa€T HEBO3MOMKHBIM
CO3/IaHWE HOBBIX 3HAaYeHWIl TWHa color MHAYe, KaK IIYTEM HCIIOJb30BaHUS
gHaveHuit u GyHKuuit naTepdeiica. 1o 006ECHEeUnBALT BBICOKYI CTEIeHb
W30JIAIAN TTPOTPAMMBI, UCIOJIL3YIONEl abCTPAKTHBIN TUI JaHHBIX, OT €0
OTIpeie/IeHUs. 3aMeThTe TO, ITO (hYHKIINU, ONpeieeHHbie BHYTpH with, Bce
K€ UMEIOM MTOCTYI K TUITY PEATHU3AINu W ero KOHCTPYKTOpaM — uHade Obl
9TOT THN OBLT Gecmone3HbIM!

O6parwTe BHUMaHWe Ha TO, 9TO BHEITHSIS MPOTpaMMa HE MOYKET OTpe-
eI Th (PYHKIUNA ¢ apTYMEHTAMU a0CTPAKTHOTO TUIA TMYTEM PA3JIOKEHUST
apryMeHTa Ha COCTABHBIE YaCTU (C MOMOIIBIO COMOCTABJICHUS C O0PAZIIOM).
DT0, B YACTHOCTH, 03HAYAET, UYTO aOCTPAKTHBIN THII HE JIOIMYCKAET TPOBEPKY
Ha paBeHcTBO. Kcam maa abcTpakTHOTO THITA, JOJKHO OBITH PABEHCTBO, OHO
IOJKHO OBITH SIBHO ONPeAeIeH0 KaK OfHa N3 WHTePdeHCHbIX (OyHKITHI.

Wrak, nmeerca Tpu crocoba onpemenenna Hopbix Tunos B ML. TIpo3pau-
HbIE ONPEJIEIEHUS TPeTHA3ZHAYUEHBI /I COKPAIEHHON 3aIMMCHA CJIOXKHBIX TH-
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MTOBBIX BBIPAXKEHWUI; NX 331348 — ITOBBICUTh 9UTA0EIbHOCTE TEKCTa ITPOTrPaM-
MbI, & He CO3J/IaHie HOBLIX THIIOB KaK TAaKOBLIX. PeKypcuBHBIE TUIIBI 0becrie-
uuBarT pacimupenne cucrembl TunoB ML, OObsiBjieHre PEKYPCUBHOIO THITA
BBOJIUT HOBBIN KOHCTPYKTOP THUIA W HEKOTOPBIN HAOOP KOHCTPYKTOPOB 3HA-
JeHuit 3ToTO THMA. PeKypCcuBHOE Onpenesienre TUTIA TOAXOTUT A CAOKHBIX
CTPYKTYP JAHHBIX (KAK, HATIPUMED, JEPEBbd), BHYTPEHHSAsS! CTPYKTYPa KO-
TOPBIX JOJIKHA OBITH JOCTYIIHA TporpamMme. Kciu ke BaKHBIM sIBJISETCS
TOJILKO MOBEJIEHWE 3HAUEHMI HOBOrO THIA (KAK, HAPUMED, B CIydae CTe-
Ka WK odepesin), 6oree TOIXOIANINM SIBISETCST OTpeie/ieHne abcTpakTHOTO
THUIIA, CTPYKTYpPa peau3aluu KOTOPOIro HEeBUAMMA Jjis UCIOJIb3YIoei ab-
CTPAKTHBIN THUI TPOUPAMMBI, U MOXKET UCIIOJB30BATHCS TOTBKO (DYHKITHUSIMHU,
OIIPEAEISIONINMY TIOBEJCHUE JAHHBIX.

Yupaxkuenune 2.7.2 Abcmpaxmuvili mun set moocem 6vimd onpedenen
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;

Sasepwume onpedeserue 9moz0 abCMPAKMHO20 MUNG JGHHBLT.

Yupaxkuenue 2.7.3 Modugduyupyiime ceoe pewerue marx, 4mobv, asemet-
Mbl MHONCECTNBA TPAHUAUCH 6 ude ynopadouennozo cnucka. (Ilodckaska:
Odun us nymet pewents COCMoOUM 6 mom, 4mobvt nepedasams OMHOULEHUE
nopadka (m.e. Pynruulo muna ’a*’a->bool 6 Kauecmee JONOAHUMEALHO-
20 napamemps Kaxcool gynxyuu. HApyzoli nyms cocmoum 6 mom, 4mobui
OMHOWEHUE NOPAJKA NEPENAEAMD MOALKO MeEM PYHKUUAM, KOMOPbIE CMPO-
AM MHOHCECTNBA U3 UCTOOHDIL INEMERNOE — C MEM, HINOObL OHU 6CTNABAAAU
e20 6 npedcmasaerue muoocecmsa. Toeda, Hanpumep, PyrHKUUA NOCMPOEHUS
00BeduHeRUA MO2AG Dbl U3BAEUD OMHOWEHUE NOPAJKA U3 CBOUT APYMEHIMOE
U UCTIOADI0BAMD €20 OAA NOCMPOEHUA pesysvmama. Muv, sepremea x amot
npobaeme no3oice, K020a 6Ydem 6 COCMOAHUL NPEJAOHCUML BOAEE INE20HM-
WL METAHUSM NAPAMEMPUSAUUY TNAKO20 COPMA,).



48 I'VZIABA 2. PO $3BIKA

2.8 MHNckirouyenud

[Ipenmosnoxkum, 4T0 MbI XOTHUM Hamucarh (QyHKIHO head, BeipabaThbl-
BAIOIIYIO TEPBBIN JIEMEHT COUCKa-apryMenTa. [lepBbIil 3/1eMeHT HemycToro
CTTMCKA JIETKO TOJIYIUATH TyTeM COTIOCTABICHUS ¢ 0OPA3IOM, HO 9TO JOKHA
Bo3BparmaThk head, ecim ee apryMeHT ectb nil? fcHo, UTO 9TO-TO HY2KHO
crenaTh, — BeJh head mMoKHA OBITH OMpeENeHA I BCEX 3HAUEHU apry-
MEHTA, B TOM YHCJIe U Jijid nil, — HO YTO UMEHHO HYXKHO JIe/IaTh, HE OY€Hb
mousTHO. Bo3Bparmars Kakoe-mnbo cTaHmapTHOe 3HAYEHNE HE OU€HB XOPOITIO
[0 JIByM TIPUYUHAM: BO-TIEPBBIX, HENOHSTHO, KAKOE Ke 3HadeHWe BBIOpaTh
CTAHJAPTHLIM, a, BO-BTOPBIX, 9TO OTPAHWUYUAT 00/JACTH OmpeseseHus (PyHK-
[IUU: HAIPUMeED, ecju Mbl 1m0IokuM head(nil) pasubiM nil, To yHKIUS
head Gy/ieT HIPUMEHMMA TOJIBKO K CIIMCKAM CIIUCKOB).

st Toro, 9To6bI MOXKHO OBLIO OITMCATH PA3YMHOE [TOBEJIEHUE TPOTPAMMBbI
B TOJOOHBIX cayvasax, ML npeamaraeT MexanusM 00pabOTKH UCKAIOUUMEAD-
oLz cobvimud. 1lenbio 9TOTO MeXaHW3Ma JABJIAETCA MpemocTaBienne OyHK-
1Y BO3MOXKHOCTH 3aBEPIIUTEL pabOTy U3AIMIHBIM U HE HAPYIIAIINM TPaBU-
JIa COTJIACOBAHMUST TUTIOB CTIOCOOOM B T€X CUTYAIIMIX, KOT/Ia OHA He MOYKeT MIn
He X0UeT BO3BpaTuTh pe3yabrar. Hanmpumep, dyuxnmo head MoxHO 661710 ObI
3AMKUCATH CJIEAYIONUM CII0COOOM:

- 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 cTpoOKa SIBISETCsS] MPUBS3KOM K uUcKAt0uenuto (ACKIIOUUTETbHOMY
3HA4YEHUI0): OHA O0bLABAsier, uro maeHTudukarop Head gapjisiercs mmenem
ucksrouennsi. Oyukius head onpenesidercss 0OBIYHBIM CIIOCOOOM IIyTeM pas-
bopa caydgaes. B ciayuae memycroro crmumcka 3uadenwe dyuknuu head ecrh
[IPOCTO MepBbIi asiemenT ciucka. Ho B ciyvae nil dyukius head ue B co-
CTOSIHUM BEPHYTH KAKOe-JIn00 PazyMHOE 3HAYEHHUE, [IOITOMY OHA 6030Yyoicda-
em uckaovwerue. Pe3yabrar 3TOro BUAEH B CJEAVIONINX 33 ONpPeIeseHueM
head cTpokax: B orBer Ha mpuMenenme head K nil BHLIBOOUTCS COOOIIEHME
Failure: Head, mokasmpiBaroiee, 9TO BBIUMCIEHWE BhIparkennsd head(nil)
MIPUBEJIO K TOMY, 94T0 ObLI0 BO30YyKIeHO uckiodenne Head. HamomuuMm, uTo



2.8. UCKJIFOYEHNA 49

IIOIIBITKA ACJICHUA Ha 0 IPUBOJAUT K AHAJIOTUYIHOMY DE3yabTaTy, U ITO HE
caydaiiHo: Bo BCTpoeHHOU dbyHKInM div Opu MONbITKE jesieHusi HA O BO3-
Oyxkpaerca ucksroyenue Div.

C moMoIpio KOHCTPYKIU exception m raise Mbl MOXKEM OIMPEIESIThH
pYHKINN, KOTOphIe CUTHAJU3UPYIOT O BOBHUKHOBEHUN HEXKEJIATETbHBIX CH-
Tyaruii myteMm BO30OyKaenusa uckiodenuii. Ho, ¢ a1pyroit CTOpoOHBI, HYKHBI
eIre U KaKue-To CPEJICTBA JJist 00paboTKy 9Tux uck/awuennii. Takas Bo3MOXK-
HOCTB, €CTEeCTBEHHO, eCTh B ML; COOTBETCTBYIOMIAsST KOHCTPYKITNS HAZBIBAET-
cst 06paboTINKOM UCKTIOUeHnit (nau mpocto obpaborankom). Mbl nponsto-
CTPpUPYEM €€ UCIOJIb30BaHUE Ha CJICAYIOIEM IIPOCTOM IIPUMEpPEe:

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

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

Bripazkenme Bujia € handle exn => e’ BoramesgeTcs CJIEIYIOIIIAM CIIOCOOOM:
CHa4aJIa BBIUUCIAETCH €; eCn Pe3yJIbTaTOM SBJIFAETCA HEKOTOPOe 3HAUEHUE
VU, TO 3HAYCHUEM BCETr'0 BBIPDAXKCHUHA ABJIAETCA V; €CJAN B IIPOIECCe BBIYUCIIE-
HUA € BO30YKIAeTCa MCKIIOYEHHe ern, TO BLIUUCISeTCS BhIpaxkeHue €, 1
ero 3HaveHne OyneT 3HAYEHWEM BCEr0 BBIPAYKEHWS; €CJIU Ke BO30yKIaeTcs
Kakoe-ubo JApyroe MCKJIUeHre, TO U BCe BhIparKeHUe BO3OYKIAET 3TO MC-
KJIIOUYCHUE. 3aMeTbTe7 YTO THUIIBI Bblpa}KeHI/IfI en 6, JOJIZKHBI COBIIaJaTh —
MHAaY€e THUI BCErO BBIPAXKEHUs 3aBUCET OBl OT TOTO, BO3OYIMIOCH JIH B IIPO-
necce BBIYHMC/JICHUA € UCKJIOYCHHUC WMJIM HEeT. STI/IM O6'bHCH${eTC${ TO, 9YTO THUII
dyukimn head2 ecth int list -> int, XoTag M3 aHaaM3a apryMmMeHTa lst
HUKaK HE CJIeAYEeT, 9TO 3TOT CIIUCOK AdBJACTCA CIIMCKOM IIEJIBIX IUCEII. B mpu-
BEJICHHOM BBIIIIE IpuMepe head?2 mbiTaeTca IpUMeHATh head K 1st; ecyu 3Ta
MOMIBITKA 3aBEPIIaeTCd YCICIIHO, T.e. ecju head BO3BpalmaeT 3HaYCHHE, TO
3TO 3HAYECHWE W CTAHOBATCA 3HauecHHEM head2; mHa4e, T.€. €C/IM B IIPOIECce
Beruncyenus head (1st) Bo3Oyxkgaercs uckmarouerne Head, B KauecTBe pe-
3yJIibTaTa Bo3Bpamaercd 0.

Ecnn mporiecce BhIAUC/TIEHUsT BHIPAYKEHUS MOXKET OBITH BO30YKIEHO He-
CKOJIBKO Pa3JIMYHBIX I/ICKJ'[IOLIGHI/Ifl7 TO X MOXKHO TIepexXBaTUTH C IMOMOIIBIO
OIHOTO 0OpabOTINKA:

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

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

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

>0 : int
foo 20;

>1 : int

- bar 20;

>1 : int

ITpu Berauciennn dpyukimn £00 MOXKET NPOU30HTH IBA MCKIIOTUTETHHBIX
cobeiTus: nejenue Ha 0, B pe3ysbTare Yero Bo30yK1aercd UcKaoyenne Div,
WM Tepefada eif HeYeTHOrO apryMeHTa, B pe3y/braTe uero Bo30yKIaeTcs
ucksrouena 0dd. Oyukrus bar obpabarsiBaerT 062 3TUX UCKIIOUEHUs: €CJIU
npu peruuciennu foo(m) Bo3byxkmaerca uckmoderue 0dd, To bar(m) Bo3-
Bpamaet 0; eciu mpu Boraucaernn £oo(m) Bo3OyKIaeTca HCKAoUeHne Div.
10 bar (m) Bo3eparmaer 9999; B nporuBHOM Caydae bar (m) Bo3BpaImaer 3Ha-
yenue foo(m).

Obparure BHUMaHIE HA TO, YTO CHHTAKCUC 00pabOTINKa HECKOIbKIX UC-
KJIIOUEHU OYeHb ITOX0XK Ha CHHTAKCHUC OIpeJie/ieHnst 0e3bIMTHHON (DYHKITUN
¢ TIOMOTIIBIO HADOpa mpaBui. JleficTBUTeIbHO, MOXKHO pacCMaTpUBaTh 00pa-
BOTUMK UCKTIOUEHUH KaK Oe3bIMSIHHYO (DYHKITUIO, TUI 006JIACTH OIIPE/IeIeHI S
KOTOPOIt ecTh exn (THIl NCK/IOYUTE/IbHBIX 3HaYeHNit), a Tun 061acTH 3Haue-
HUN KOTOPO#t €CTh THT BRIPAXKEHHU CIeBa OT obpaboTunka. C TOUKYW 3peHmst
MPOBEPKHU COOTBETCTBUSI TUMIOB UIEHTU(DUKATOPHI UCKJIFOUEHN CyTh HE UTO
WHOE, KaK KOHCTPYKTOPBI UCKAIOUUMEADHBIL 3HA%EHUT THUTTa XN — TOYHO
TaK K€, KaK nil m :: gBJISIOTCI KOHCTPYKTOpaMu Tumna ’a list.

BoJtee Toro, uckioueHnst MOTYT COIEpPKAThL BHYTpH cebs Ipyrue 3Hade-
HUSI — JIJI 9TOTO JOCTATOYHO TPOCTO OOBSIBUTH WX C apTyMEHTOM ITO/IXO-
JAIIero TUIla. HpI/ICOQ,Z[I/IHeHHOG K HNCKJ/JIIOUEHUIO 3HAQYEHUE MOZKET 6bITb nC-
moJIk30BaHo obpaboTunkoM uckawovenunit. Chemyomuit TpuMep UTOCTPU-



2.8. UCKJIFOYEHNA o1

pyeTr 3Ty BO3MOXKHOCTD:!

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

3rech 00bsBIEHNE exception BBOAUT ABa ncK/awoueHus: oddlist ¢ aprymen-
ToM THma int list, m oddstring c aprymentoMm Tuma string. O6paboTauk
BBITIOJTHSIET pa30op CIydaeB — CHaYa A ONPEIeSIsieT, KaKoe NCKIIUeHne Obl-
JIO BO3OYXK/EHO, a 3aTeM aHAJUM3UPYyeT ero apryMeHT. B 9ToM OTHOIIEHNN
00paboTumK yCTPOEH TaK K€, KaK 1 Olpeje/ienne (PyHKIMT, 3aJaHH0N HAD0-
POM TpaBUJI.

YUto mpousoiiger, ecan 0603HAYEHHOE B IIPAMEPE BBIIIE MHOTOTOYNEM BbI-
pazkerwe BO3OYINT MCKIIOUeHNe, OTandHoe oT oddlist n oddstring? 3mech
AHAJIOTHU ¢ PYHKIASIME 3aKAHIUBAETCS: B CIydae PYHKIUT, eCJIN apryMeHT
HE OTOXKJIECTBUTCA HU C ONHUM m3 00pa3ioB, BO30yXKIaeTCd WCKIIOUEHNE
Match; B caydae ke o6paboOTUINKa UCK/ITIOUEHNH, €CJIin BCTPEYAESTCS UCKJIIOIe-
HUE, He TPeIyCMOTPEeHHOE B 06paboTUnKe, 3T0 UCKJIIUEHNEe 8030yotcdaemcs
cHO8a — B HaAEXKIe, 9TO KaKOi-nbo obbemaomui 06paboTanK HCKIIIOUYe-
Huit Bce ke obpaboraer 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
- (f(1) handle Mine => 7) handle Theirs => §;
> 8 : int

ITockombKy uCK/IIOYEHUS B A€HCTBUTEABHOCTH SIBJSIOTCS 3HAYECHUSIMU TH-
ma exn, apTyMEHTOM KOHCTPYKIIMH raise MOXKeT ObITh HEe TOJIbKO MACHTH(DM-
KaTop, HO W MPOM3BOJIbHOE BBIDAXKEHME (BbIPAOATHIBAIOINEE 3HAUEHWE THUIIA
exn). Hanpuwmep, dynknus £ u3 npuBeieHHOrO BBIITE TPUMEPA MOYKET OBIThH
BaINCaHa KaK:
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- fun f(x) = raise (if x=0 then Mine else Theirs);
>val £ = fn : int -> ’a

Kak w npu omnpenenenun dbynkium, B 00pasie B 06paboTdnke MCKIIOICHUHN
MOTYT OBITH UCIIOJIB30BAHBI YHUGEPCAAbHBIE 06pastbl (I 02CoKepDL), KOTO-
pbie MOTYT OBITH COIOCTABJIEHBI C JIF0ObIM uCK/II0deHueM. Hanpumep, caemy-
OIllee BBIPAYKEHNE TIEPEXBATHIBACT JIIO0ObIE MCKJIIOUEHUsI, U, B 9TOM CJIydae,
BRIpabaTnIBaeT O:

handle _ => 0;

O6’b$[B.7[eHI/Ie NCKJIIOUECHUA ABJIACTCA O6LILIHBIM O61)9[BJI€HH€M, " 11o3ToMy
MOXKET OBITH JIOKAJbHBIM. Kcjn 06paboTdnK nepexBaThiBa€T HEKOTOPOE UC-
KJTIOUEHMe, OH JOJI2KEH HAXOAUTbCS B 00JIACTH JAefCTBUST COOTBETCTBYIOIIETO
obbsBiienng. HempaBumbHbIll yaeT 3T0r0 06CTOSITEILCTBA MOXKET ITPUBECTH
K CTPaHHBIM (Ha MEPBBIi B3MJIsi) cooOIeHsaM 06 ormmbKax, Kak, HalpUMep:

exception Exc;
> exception Exc
- (let exception Exc in raise Exc end) handle Exc => 0;
Failure: Exc

Hecmotpa ma To, uto mpentudukarop Exc 00baBien Ha BHEITHEM YPOBHE,
BHeNTHUN 06paboTINK HE MOXKET PACIO3HATH UCKJIFOUEHNE, BO3HUKIIEE BHYT-
pu KOHCTPYKIMU let, MOCKOJBbKY O0JACTh BHAMMOCTH DTOTO HMCK/TIOUEHUS,
JIEZKUT BHYTpHU KOHCTpYKIHN let. (Oanako 06paboTduk ¢ 06pasmom “_” cMor
61 06paBOTATH ITO UCKIFOUEHHE).

Yupaxkuenue 2.8.1 Obsacrhume, 4mo HENPABUADHO20 6 CACOYOWUL IBYT
NPOZPAMMAL:

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 f x =
let exception Exn in
if p x then a x else if q x
then f(b x) handle Exn => ¢ x
else raise Exn
end;
f v;
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Yupaxkuenue 2.8.2 Hanuwume npozpommy, pasmewarwyro n depset Ha
WATMATMHOT JOCKE PASMEPOM NEXN MGK, 4O HU 00HG U3 Puyp He Hanadaem
Ha OpYyayro.

Yupaxxkxuenue 2.8.3 Moduduyupyiime npedwidywyro npozpammy max,
YMObbL OHA BO3EPAULANG 6CE PEWEHUA 30004U.

2.9 HmnepaTruBHBIE BO3MOXKHOCTHU A3bIKA

ML pasperaer UCIOIB30BATH CCHIIKN 1 TTpUcBanBatust. CCHIIKU SBJIS-
IOTCA YKA3aTeIdAMUA B Ky4y, JJIsI KOTOPBIX BBIOJIHAECTCA IIPOBEPKA COLJIACO-
BaHus THOB. IlprcBanBaHus MO3BOIAIOT U3MEHATH 3HAYEHNE, HAa KOTOPOE
VKa3biBaeT cchliKa. Tum 7 ref aBasgeTcd TUMOM CCHLIJIOK Ha 3HAYEHUS THUIIA
7. Qynknug ref Tuna ’a -> ’a ref BbljesdeT B Kyde MECTO /IS apI'yMeH-
Ta, KONUPYeT TyJa apryMEHT U BO3BPAIAeT B KAUCCTBE PE3YJIbTATa CCHLIKY
ua 310 Mecto. Oyukmua ! tTuna ’a ref -> ’a BeIpabATHIBAET TO 3HAUEHUE,
Ha KOTOpOe yKa3biBaeT cchlika. Oyukmms := tuma ’a ref * ’a -> unit
BBINIOJIHACT ONCPALNI0 IPUCBANBAHUI.

- val x = ref O;

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

>0 : int

- x = 3

> (): unit;

- Ix;

> 3 : int

Bce ceblmounble THITBL AOMYCKAIOT MPOBEPKY HA paBeHCTBO. OObEKTHI TH-
ma 7 ref ABAAIOTCA aapecaMu B KydUe, M IBA TaKuX 06bEeKTa PABHBI TOTAA U
TOJILKO TOTJIa, KOIJIa OHU COBIAJAIOT. 3aMeThTEe, UTO XOTH PABHBIE CCHIIKHU
3aBEJOMO YKa3bIBAIOT HA OJIHO M TO K€ 3Ha4YeHue, 0OpaTHOe He BCeryia BEPHO:
Ha OJTHO U TO K€ 3HAYEHNE MOTYT YKa3bIBATh M HECKOJIHKO HEPABHBIX CCHLIOK!

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

"B macrosmee Bpems T MO2€T GbITH TOJIBKO MOHOMOP(hHBIM TUIIOM: OQHAKO LPELIOIa-
raercs B Oy/yleM BKJIIOYNATH B sI3bIK OJMH U3 PACCMATPUBAEMBIX HBIHE CITOCOOOB pabOThI
¢ oMMOPGMHBIMU CCHLIKAMHU.
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X = y

> false : bool
- Ix = ly;

> true : bool

DTO COOTBETCTBYET CUTyallMu B s3bikax Tuna Pascal’d, rie MOXHO MMETb
JIBE PA3IUIHBIE TEPEMEHHbBIE, COIEPKAIINE OJMHAKOBBIE 3HAUECHNUS (B TAHHBIH
momenT). s rex, kro 3uakom ¢ LISP’om, 3aMeTnM, 9T0 paBEHCTBO CCHLIOK
B ML coorBercrByer byHKIIMEM eq, a He equal.

Bumecre co cchlikaMu B sI3BIKE TOSIBASIOTCS OOBIYHBIE /IS WMITEDATHB-
HOTO si3bIKA KOHCTPYKIIMH: KOMIIO3UIHUS TIOCIEI0BATETbHBIX YTBEPKIEHUN
u wreparuBHOoe BhimosHerue. B ML yrBepx)aennsa npencTaBiIsiOTCA BbIPa-
JKEHUsIMH THUIA unit (THIT WX BBIpaykaeT WJEK TOrO, UTO ITU BBHIPAKEHUS
BBIUHCSIIOTCST Pajan WX 1moO0UHOTO ahdeKrTa, a He paan 3HATEHUT BhIpaske-
aus). C momorbo nHGUKCHON omepanun “;” OCyIIeCTBIISETCs MOCTeI0Ba-
TeJIbHOE BBIIOJIHEHUE YTBepyKJeHuil, a Koncrpykiusa while e do €’ obeciie-
YUBAET UTEPATUBHOE BBIIOJHEHUE.

Yupaxkuenue 2.9.1 Credyrowuis abempaxmuvd mun JGHHBT MOAHCEM,
ObIMD UCNOABI0BAH OAA CO300HUA DECKOHENH020 NOMOKY 3HAYeHUT:

abstype ’a stream = stream of unit -> (’a * ’a stream)
with fun next(stream f) = £()
val mkstream = stream
end;

Ecau dan nexomopsil nomox S, mo next S 68036pawsaem nepeoe 3HaNEHUE U3
S u nomox, cocmoAWUT U3 OCNANOHBEL 3HAYEHUT. FMO UAMOCPUPYEMCH
CACOYIOULUM 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 ¢yH%’uU70, Kromopas 6036pauLaem beckoneuHbl CNUCOK npocmasix
yuces 8 6uUde NOMOKA.
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Yupaxkuenue 2.9.2 [lpusedennas eviuie PEaAu3auus nomoxa kax abcm-
PAKEMHO20 MUNG OGHHHLT MOXCEM 0KA3aTbCA Kpatine Heapdermuenot, ecau
O0HU U e JICE INEMEHMBL NOMOKA UCTLOALIYIOMCA MHO20KPAMHO. MO Npo-
ucTodum nomomy, Mo PYHKUUA DXt GUUUCAAECT, 0UEPEIHOT INEMEHM NO-
moka ecarull pad, x02da ona ewaneaemca. Ioemoproe swwucienue 6ydem
becnosesnoti mpamoti Gpemeny dAa MOKUL NOMOK0S, KAk, HONPUMED, NpPo-
cmule wucaa, 2de eo3epawaemoe snavenue 6ydem eceeda odHum u mem oice.
Hamenume obsasaenue muna Stream ¢ ucnoAb306GHUE CCHIAOK MAK, YMOOb
YCMPaHUmMs MY HeaPPexmueHocms.

Yupakueuue 2.9.3 Hamenume oboassenue muna stream max, 4mobvt oM
QoNYCKan KoK KOHEUHDBIE, TMAK U BECKOHENHDIE TOMOKU, UCTIOALYA NPEIUKAM
endofstream dasa onpedesenusn KOHUG NOTMOKG.
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Mogynn

3.1 O630p

BoamoxknocTs pazsoxennsa 60IbIION MPOrpaMMbl HA HEKOTOPOE KOJIUYe-
CTBO OTHOCHUTEJBHO HE3ABUCHUMBIX MOJIYJell ¢ 9eTKO OIpPeeIeHHBIM UHTEp-
deiicom gBIgeTCa KpafiHe BaXKHON Ipu pazpaboTKe KPYITHBIX TPOTPAMMHBIX
npoaykroB. Moaysu B ML npejinaznadens! Jjist penieHust 3170l 1pod/ieMbl.

Muorue u3 COBPEMEHHBIX sI3LIKOB TPOTPAMMUPOBAHU 0013TA0T 10106~
HbIMU cBoficTBamu. K coxasieHuio, B 9T0# 00J1acTu HE CJI0KUJIOCH €IMHON

TepMuHOIoTHH. [IporpaMMHbIE KOMIIOHEHTHI HA3BIBAIOTCH “MOyisMu’; “ria-

ketamn”, “kjaacrepamu’ u T.J., u T.11. B ML ucnonb3yercsa TepmuH “cTpyKTy-
pa’, Kak cokpallenue s “cTpykTypa cpeqsr’. Takoit BBIOOD TePpMUHOIOTUT
roBopuT 0 ToM, uT0 B ML mporpaMMHubIi MOIY/Ib €CTh WHCTPYMEHT TOCTPO-
eHus cpesibl. HamoMHuuM, 9TO cpefia ecTh XpaHUIUINEe NH(MOPMAITUN O CMbBIC-
Jie uneHTuUKATOPOB, 00bLABACHHBIX B porpamme. Hampumep, B pesysibra-
Te BBINOJIHEHUsT 00bsiBieHus val x=3 B cpele TOSBJISETCS 3aIlUCh O TOM,
910 uAeHTU(UKATOP X MPUBA3aH K 3HaUeHni0 3 Tuna int. Takum obpazom,
pasbuenue nporpaMmbl Ha Moxysn B ML monumaercs kak paszbuenue cpe-
Abl Ha OTAEJIbHbBIC 9aCTU, KOTOPBIMU MOXKHO MAHUITYJIUPOBATH OTHOCUTEJIBHO
HE3ABUCHUMO JIPYT OT Apyra. Mbl roBopuM “OTHOCHTEIBHO”, TIOCKOJIBKY, €CJIN
HECKOJIbKO MOYJIeH OObEeIUHSAIOTCH B OJHY IIPOTPAMMY, OHHU JIOJI2KHBI XOTh
KaK-TO B3aWMMOIEHCTBOBAThL MekIy coboii. CaemoBaTesibHO, MOIKHA OBITH
KaKas-TO BO3MOXKHOCTb OTMHUCAHUSI W OPTaHU3AINU ITOT0 B3aUMOIEHCTBUS.
DTo HasbiBaercst npobiemoil concnonbzosanus (sharing).

To, kaxoit Habop omeparnii HaJ[ TPOTPAMMHBIM MOJYJIEM TOCTYTIEH, U TO,
KaKMe eCTh CPEICTBA YITPABIEHUST COUCTTONH30BAHNEM, STBISIOTCS OCHOBHBIMHI
XapaKTepUCTUKaMu JIH0T0 MexaHu3Ma pa3dbuenus Ha Moaysau. [lo menbiieit

o7
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Mepe, T0KHA OBITH BOBMOXKHOCTH HE3ABUCHUMON KOMIUAISIAN OTAEIBHOTO
IPOrPaAMMHOI0 MO/IYJIs, BO3MOXKHOCTb CB3bIBAHUS CKOMIMJIUPOBAHHBIX MO-
Ayned B eQUHYIO IIPOIPAMMY U BO3MOXKHOCTH U30140UAM OAHOT'O MOAYJIA OT
JIPYTOro ¢ IEeAbI0 N30eKaTh HEXKEJIATEJHHOW 3aBUCUMOCTH MEXKIY MOJIYJIs-
MU, OCHOBAHHOW Ha “CJAyJalHBIX CBOMCTBAX MOIYJIS — TaKWX, KaK JI€Tajn
BHYyTpeHHel peajuzanuu. COOTHOIIEHNE W B3aUMOCBI3b MEXKY U30JIsIIueit
(abcTpakimeii) ¥ COUCIOIB30BAHNEM €CTh KJIFOUEBOW MOMEHT, OIPEIe/IsTio-
Uil perenne APyrux mpobjeM B CHCTEME Pa3 IeIeHus] Ha, MOYJIN.

Touno Tak ke, KaK THI UACHTU(MDUKATOPA SBJISIETCS [TOCPEIHUKOM, OIU-
CHIBAIOIIIMM BO3MOXKHOCTH MCIIOJIb30BAHUS HMIAEHTH(MUKATOPA, B IIPOTPAMME,
TakK ¥ CTPYKTypa obJiagaeT HEKOTOPOTrO POJa THIIOM, HA3LIBAEMBIM ‘‘CHTHA-
TYPOi”’, KOTOPBIN ONMUCHIBAET TO, KAK BUHA CTPYKTYpa BO BHEITHEM Mupe. B
JINTEpaType TUII IPOIPAMMHOr0 MOJIYJIs HHOTJA Ha3biBaeTcsd “‘unTepdeitcom”
wim “ormmcanunem naxera”. Tepmunosorust ML Bo3HUKaeT U3 aHAJIOrNN MEXK-
Iy CTPYKTYPOil CPEbl U aaredpandeckoil CTpyKTypoit — a “rumn’ moc/eHett
0OBIYHO Ha3bIBaeTCs curaaTypoil. Toumo Tax ke, KaK TUI ABISETCST “Kpar-
KO CBO/IKO#” CBOMCTB 00HEKTA, NCIIOIB3YEMBIX B TIEPUO,T KOMITUIATINN, TaK U
CUTHATYPA ABJSETCH KPATKOU CBOJKON CBOICTB CTPYKTYPHI, UCIOJIB3YEMbBIX
B mepuo1 Kommuasiiuu. OTHAKO, B TPOTUBOIOIOKHOCTD SIJIPY A3bIKA, TBHOE
[PUITACBIBAHUE CUTHATYPBI KAKOH-T1H00 CTPYKTYpE BJUSET HA €€ CBOUCTBA U
B [ePUOJ KOMIUIAINN, U B IIEPUOJ, UCIIOJIHEHUS, [IOCKOJbKY CUTHATYPA Ha-
KJIa/IbIBAET OIPAHUYEHUs HA “BUIUMOCTDL COJEPKUMOr0 JIAHHON CTPYKTYPHI.

Dynxmopom HaA3BIBAETCA (QYHKINA, TPEodPa3yiomas CTPYKTYPhl B
cTpyKTypbl. Wiesd ¢dyHKTOpa COCTOUT B CJEAYIONIEM: €CIH KaKasi-jubo
CcTpyKTypa S 3aBUCHT 0T CTPYKTYpbl 1 TOJIBKO B TOW 4acTw, KOTOPAs OIU-
cana B curaarype 1, To cTpykTypa S MOXKET OBITH W30JUPOBaHA OT JeTaJei
peanusanuu CTpYKTypbl 1 TyTeM ompejeseHus HEKOTOPO (DYHKITHH, KO-
TOpasd 1o cTpykrype 1' ¢ 3amaHHOl CUTHATYPOI BHIpAOATHIBAET CTPYKTYPY
S, B KoTopyo “BMOHTHpOBaHa’ crpykTypa 1. B aureparype 3T0 Ha3LiBaeT-
ca “TTapaMeTPU30BAHHBIMU MOIYJAME  WIH “TeHepuueckuMu makeramu . B
ML Boibpan Tepmun “GyHKTOP” MO TOH IpUYHHE, YTO OH, C OAHON CTOPO-
HBI, HOJIBITIE TTOAXOAUT A7 (DYHKIIMOHATBHOTO I3BIKA, &, C APYTOil CTOPOHDI,
[PUHST B MATEMATHYIECKON TEPMUHOJIOT MY, UCIIO/IH3YOIIEeNl TEPMUHBI “CTPYK-
typa” u “curnarypa’. OObgasienne GyHKTOPA ONPEIEISIeT H30JIUPOBAHHYO
cTpyKTypy S, a mpuMenHeHue (ByHKTOPa K CTPYKTYpPE COOTBETCTBYET OITe-
Panyumn CBA3bIBaHUA Moﬂyﬂeﬁ B eaAMHOE IeJioe. q)yHKTOp])I ABJIAOTCA TAaKXKeE
OCHOBOW JIJTsT 97IETAHTHOTO MEXaHU3Ma, COKPBITHS WHPOPMAIUN, HA3BIBAEMOTO
abcmparyueti. Bo MHOTHUX coiyvuasgx abCTpakIins sBJISIETCS YIaYHON 3aMeHOH
abCTpaKTHBIX TUIIOB JTAHHBIX.

Mpr HaUHEM Hallle BBeJEHUE B MOJAYABHYIO CTPYKTYpy ML ¢ paccmoTpe-
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HUEA CTPYKTYD M CUIHATYD.

3.2 CTpyKTypbl U CUTHATYPHI

CrpyKkTypa ecTh HE UTO MHOE, KaK ‘Marepuan30BaHHAdA Cpeja, MPEBpa-
meHHad B O6'beKT, KOTOPBIM MOXKHO MaHUITYJINDOBATD. OCHOBHBIM CpeacTBOM
OIIpEJIeJIEHUS CTPYKTYD SBJISIOTCS UHKANCYAUPOBAHHbIE 00BABNEHUA, COCTOSI-
[Me U3 MTOCTEI0BATEbHOCTU OObSIB/ICHUN, 3aKTF0UYEHHBIX B CHHTAKCHIECKUE
ckobku struct u end. Bor mpocroil npuMep MHKAICYIUPOBAHHOIO 0ObsBIIE-
HUST:

struct

type t = int;

val x = 3;

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

“SraueHreM” ITOrO UHKATICYIUPOBAHHOTO O0bSIBJIEHUS ABJISETCA CTPYKTYPA,
B KOTOPO# uJeHTUdUKATOP TUNA t TPUBHA3aH K TUIYy int, a ujaeHTU(UKA-
TOPBI 3HAYeHU X U f TPUBSI3aHBI COOTBETCTBEHHO K YUCILY 3 U K (DYHKIMH
BhIuKcCJIeHus hakToprasia. XoTsd Mbl ¥ CKJIOHHBI PACCMATPUBATD CTPYKTYPHI
KaK HEKOTOPBI COPT 3HAUEHUHN, UX CTATYC OTJIMIACTCA OT CTATYCA OOBITHBIX
3HaveHnit. B 9acTHOCTH, WHKATICYIMPOBAHHOE OOhLSIBJIEHWE HEJB3s MPOCTO
HaMCaTh HA BEPXHEM YPOBHE JIHAJIOTA - KaK, HAIIPUMEDP, MOXKHO HANUCATH
apudmerndeckoe Boipaykenne. OIHAKO K HEMY MOYKHO MPUBA3ATH WJEHTH-
durarop — HO 1 3Ta hopMa 00bIABIEHUS, HA3BIBAEMAas NPUSA3KOT K CINPYK-
mype, MOXKET TOABUTHCA TOJBKO JUOO HA BEPXHEM YPOBHE IHAJIOra, Jnbo
BHYTPH HHKAICYJIUPOBAHHOTO 00bsiBiieHusi. Ha BpeMs Mbl OrpaHUYUM HAIIle
BHUMAHNE TOJBKO MPUBI3KAME K CTPYKTYPaM Ha BEPXHEM YPOBHE, a IPUBA3-
KU BHYTPHU UHKAIICYJINPOBAHHOIO O0ObSBIEHUS] pACCMOTpUM 11032Ke. K mipuBe-
JIEHHOMY BBIITIE WHKAICYJIUPOBAHHOMY OOBSBJICHUIO MOXKET ObITh [PUBSI3aH
UJIEHTU(UKATOD CJIEIYIONTUM CIIOCOOOM:

- 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
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type t = int

val £ = fn : int -> int
val x = 3 : int
end

ObparuTe BHUMaHUE HA TO, YTO PE3YJIBTAT MPUBA3KH K CTPYKTYDPe ABJISeT-
cst cpezoit'. ML neuaraer cpesy, HOJIYYaIONIyIOCs B PE3Y/ILTATE BBIIOIHEHUS
obObsiByIeHmi MeKTy struct u end MOYTH B TOM K€ POpMe, B KAKOM BHIBOISIT-
¢t cooDIIeHns ocie 0ObsIBIeHU Ha BepxHeM ypoBHe. KoHeuHO, ¢cTpyKTypa
3a/1aeT HE3ABUCHUMYIO CPey B TOM CMBICE, YTO OOLSIBJICHUS, TOSBUBIIIE-
Cs BHYTPH UHKATICYJTUPOBAHHOTO OOBSB/ICHNUs, HUKAK HE BJIUSIOT HA JIPYTHUE
0o0bsIB/IEHN S, BBITIOIHEHHBIE HA BepxHeM ypoBHe. Tax, Hanmpumep, moc/Ie mpu-
BEJIEHHOT'O BBIIIE IIPUMeEpa HU t, HU f HEJOCTYIIHBI HA BEPXHEM YPOBHE.

Onnako K uiaeHTHdUKATOPAM, 00bIBIEHHBIM BHYTPH CTPYKTYPbBI, MOXKET
OBITH MOJIYYeH JIOCTYI ¢ TIOMOIILIO cocmashut (qualified) umen. Cocrasroe
UM COCTOUT U3 nymu docmyna & Cmpykmype, TOYKA U CAMOr0 ujieHTuhu-
karopa. B Hacrogiimii MOMEHT IIyTh JOCTYIA K CIPYKTYpPe Oy/ier cocrodrh
MPOCTO U3 UACHTU(PUKATOPA CTPYKTYPHI; TTO32Ke HAM TPUIETCT 0000IUTE T10-
HSITHE MYTH 0 TOCAEI0BATEIBHOCTH UACHTH(DUKATOPOB CTPYKTYP. MbI MO-
KeM UCTOJIb30BATh KOMIIOHEHTBHI CTPYKTYPbBI Sc IIOMOIIIBIO COCTABHLIX MMCH
caenyrommuM 06pazom:

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

\4
W n o nn w

Boipaxkenue S.x gB/isiercsa COCTaBHBIM MMEHEM, KOTOPOE€ CChLIAETCA Ha 3HA-
4JeHue, K KOTOPOMY IPUBA3aH UIAHTU(MUKATOP X B CTPYKTYpe S. 3HauUeHUe
BBIPAYKEHUS 3. X, KAK BbI M MOXKETe [PE/IMTOJI0KUT, ecTh 3. Anasoruuuo, S.f
obozrauaer GyHKIUO £, 00bABICHAYIO B CTPYKTYpe S (DYHKINIO BHIYUCTE-
Hus akropuana). Korna ona npumensierca k S.x (T.e. K 3), pe3yabrarom
oyner 6. Ucnonn3oBanue uaeHTHMUKATOPOB, 00bLIBICHHBIX B S, HE OTPAHU-

1I_IO TEXHUYECKUM NPUYUHAM HEKOTODbIC DEaIN3aIlTtuu ML nepeyrnopaa0oImnBaOT KOM-
IIOHEHTHI CPpeabl II€pea BbIBOJAOM Ha 3KPaH.
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YNBACTCA SHAYCHMAMIM: HOC.He,Z[HI/Iﬁ IpuMep ITOKA3bIBACT BO3MOXKHOCTH HC-
[I0JIb30BaHUs HiaeHTuGUKaTOpa TUA S.t, 00bIBJIEHHOTO B S Kak int.

ECHI/I B KaKOM-TO 9acTu IPOTrPpaMMbl YIIOMUHANOTCA HECKOJIBKO KOMITOHEHT
OJTHO U TO¥ K€ CTPYKTYPhI, BHIIUCHIBAHUE COCTABHBIX NMEH IIPEBPAIIAETCS
B yroMmuresbHoe 3anATHe. Irobsl obsieryurs Ku3Hb B Takux curyanuax, ML
[IPEIOCTABIIAET BOBMOXKHOCTD ‘OTKPBITL CTPYKTYPY C T€M, ITOOBI K OIIpeie-
JIEHHBIM BHYTDHU Hee MIeHTU(PUKATOPAM CTaj BO3MOXKEH HETOCPeICTBEHHBIN
JIOCTYTL.

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

B nepBom mpumepe Mbl JIOKAJIBbHO OTKPBIBAEM CTPYKTYPY S BHYTPU BbIpa-
KeHmst let, aro mo3BossieT ucath £ (x) BMecTo rpomosakoro S.£(S.x). Bo
BTOPOM IIPHUMEPE MbI OTKPBIBAEM CTPYKTYPY S Ha BEpPXHEM YpPOBHE, U TEM
caMbIM [00aBIgeM K Cpejie BEPXHEro yPOBHS HOBBIE TPUBI3KU UACHTH(DUKA-
TOPOB — KaK 3T0 W BHJHO U3 BbIgaun ML.

YacTo ObIBAET TOE3HO PACCMATPUBATE CTPYKTYPHI KaK 3HAUEHUST HEKO-
TOPOTO 0CODOr0 POIa, MOCKOILKY, BO-IIEPBBIX, 3TO COOTBETCTBYET IPEICTaB-
JIGHWIO O CPeJie KAaK O HEKOTOPOM 00BEKTE, &, BO-BTOPHIX, IMEETCI HEKOTOPDIH
Habop omeparnii HaJ CTpYKTypaMu. B siape a3pika Kakaoe 3Ha9eHNne NMEeeT
THI; AHAJOTUIHO, CTPYKTYPBI TAK¥Ke UMEIT TUIBL: 3TO CUrHATYpbl. CurHa-
TYPBI XapaKTEPU3YIOT CTPYKTYPhI BO MHOI'OM ITOZOOHO TOMY, KaK OOLIYHBIE
THUIBI XaPAKTEPU3YIOT OObIUHbIE 3HAYEHUS, OMUCHIBAS CIOCOOBI, KOTOPBIMU
3HAYEHHEe MOXKET OBITh MCIIOJIL30BAHO B IIPOIECCE BLIYUCIEHMM. XOTd, CTPO-
'O TOBOPs, CUTHATYPBI HE FBJIAIOTCS TUIAMHU, HO, TEM HE MEHEE, aHAJIOIHs
MEXK/Iy CUTHATYPAMU ¥ TUIIAMHU JOJZKHA IOMOYDb BaM IOHATD, I Yero Hy K-
Hbl CUTHATYPHI.

Ecan mb1 pacemorpum Beigady ML B IpuBeaeHHBIX BLIIIE IPUMEpPax, TO
YBUINM HEKOTOPBIE PA3ANYNA MEXKIY BBIZAUEH B CAydae OOBITHON TPUBI3-
KI K 3HAYEHHIO U B CIyYae HPUBA3KHA K CTPYKType. A MMEHHO, IpH OObIU-
HOI npuBsi3ke K 3HadeHuto, ML B oTBer medaraer m 3HAYEHWE, U €r0 THIIL.
B ciydae xe mpuBA3KM K CTPYKType MeUATAETCA TOJIHKO 3HaveHne. Jlapaii-
Te PacCMOTPUM, UTO ObI TPOM3O0ILIO, ecan 06l ML TBepao mpuaep:KuBAICT
OPWHITAIOB PAOOTHI C OOBITHBIMY 3HAYCHUIMA U B CJIYIae CTPYKTYPHBIX 3HA-
YeHUN:
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- structure S =
struct
val x = 2+2;
val b = (x=4)
end;
> structure S =
struct
val x = 4
val b
end

true

sig
val x : int
val b : bool
end

B srom npuuymsmBom npumepe madoOpMariusg O THUMAX TEPEMEHHBIX IIOSIB-
JIFETCA BHYTPHU CUTHATYPBI, B TO BPEMs KaK 3HAUEHUs MMOSIBIAIOTC BHYTPU
CTPYKTYPHI. DTO COOTBETCTBYET HAIIEMY UHTYUTUBHOMY MTOHUMAHWIO CUTHA-
TypPbI KAK XapPaKTEePUCTUKU 3HAYEHUsT (MMEHHO, CTPYKTYDbI). fCHO, 9To ec-
Jin OBl PE3YJIBTAT TPUBA3KU K TAKUM “TOJCTBIM’ 06bEKTaM KaK CTPYKTYPbI
eYaTascd B TOM 2Ke BHUE, KaK U PEe3yIbTaT MPUBA3KU K OOBIYHBIM 3HATE-
HUSIM, PE3YJIBTAT [M€YaATH MOJIYIAJICHd Obl CJIMINKOM TDPOMO3JIKUM, U MOITOMY
ML-cucrembl mevaTaroT Pe3y/IbTAT MPUBA3KKA K CTPYKTYPE KaK HEKOTOPYIO
“cMech” M3 CTPYKTYPHI U €€ CUTHATYPBHI.

Breipakenne, zakitouenrHoe B CKOOkn sig u end B NpUBEIEHHOM BbIIIE
puMepe, HA3BIBACTCH Cu2Hamypoti; ero Teja0 Ha3blBaeTCs cneyudurayued.
Cuenudukaliug BO MHOIOM 11000Ha 00bIABJIEHIIO, C TEM OTJAUYKUEM, YTO OHa
TOJIBKO OINKCHIBAET WIEHTU(MUKATOD, CBA3bIBAs C HUM THUI, & HE HPUJIAET
upenTubuKaTOPY 3HAUEHNE (M3 KOTOPOTrO B Cydae OOBIYHOrO 00bABJICHUS
BeIBOsIUTCs TH). Iloka 910 MBI paccMorpenu TOIBKO val-crerudukanuy,
[I03/IHEE Mbl PACCMOTPUM U Apyrue. B npUBEIEHHOM BbIIIE IIPUMEPE YKA3bI-
BaeTCA, UYTO X UMeeT Tnhn int, a b mmeer T bool.

Curnarypsl He TOJBKO BbiBoAaTca ML-kommuasgropom. OHu urparor
BaKHYO POJIb B UCIIOJB30BAHUU MOJIYJIBHOM CUCTEMBI, B YACTHOCTHU, TIPU 00'b-
siBjeHUN (DYHKTOPOB, ¥ IOITOMY OHM YaCTO HUIILYTCH HoJib3oBareseM. U nen-
TuhUKATOP MOXKET ObIThH MPUBA3AH K CUTHATYPE MYyTEM NPUBAIKU K CUHG-
mype — To00HO mpuBsA3Kke K Tuny. [IpuBa3ka K curHarype obozHaUaETCHA
KJIIOYEBBIM CJIOBOM signature, W MOYKeT MOSBAATHCH TOJIHKO HA BEPXHEM
YPOBHE.
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- signature SIG =

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

[Mockombky nadopMmalus Boiaaaemas ML B oTBeT Ha 00baBIEHIE CUTHATY-
PBI HEe COIEPKUT HUUEr0 MHTEPECHOTO0, B MOCIEAYIONNX IPHMEpaxX OHa bymzer
OIIYCKAThCSI.

OcHoBHAS I0Ib3a CUTHATYP 3aK/AI0YAETCA B TOM, 9TO CTPYKTYPBI MOTYT
CONOCMABAAMBCA ¢ cuznamypamu. CTPYKTYpa HA3BIBAETCS COMOCTABUMON C
CUTHATYPOil, eciin, rpydo roBopsi, CTPYKTYypa COOTBETCTBYET CIEIU(UKAIIN-
sim curHaTypol. [lockosbKy crermdukaimu n0g00Hbl TUIIAM, e COTIOCTAB-
JIEHWs C CUTHATYPOil OJiM3Ka TMPOBEPKE COOTBETCTBUS TUIIOB B A1Pe SI3BIKA,
XOTS HEKOTOPBIE JeTall 371eCh TOBOJILHO CA0KHBI. OIMH M3 CI0oCOOOB KC-
MTOJIL30BAHNS CUTHATYPHI COCTOUT B YKA3AHUU €€ MOCTe UMEHU CTPYKTYPHI
[PU IPUBs3KE UACHTH(MUKATOPA K CTPYKTYPe (UTO OU€Hb TOX0XKe HA YKa3a-
HUE THTIA TP TIPUBA3KE UIEHTUMDUKATOPA K OOBIYHOMY 3HAUEHUIO) C TIE/THIO
obecrevenns JTOTMOJTHATEIbHON TPOBEPKU B ITEPHOT KOMITHISIIAN:

- structure S : SIG =
struct
val x
val b
end;
> structure S =
struct
val x
val b
end

2+1
(x=7)

3 : int
false : bool

“:8IG" MOKa3BIBAET, YTO MHKAICYJIUPOBAHHOE OODBSIBICHNAE CIPaBa OT 3HAKA
PaBEHCTBA JI0JIZKHO OBITH COIIOCTABUMO C curHarypoii SIG.

TTockombky, mo muenuto ML, npuBesentoe Boimie 06bLABACHNE SABISIETCS
IpUEMJIEMBIM, YKa3aHHAS CTPYKTYPa COMOCTABUMA, C YKA3AHHON CUTHATY POI.
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[Mouemy 1o Tak? JanHas cTpyKTypa cOmoOCTaBuMa, ¢ CUTHATYPOi SIG, mo-
CKOJIBKY':

1. S.x nmpuBg3aH K 3, 9TO UMeET THUII int, Kak u Tpedyer curHarypa SIG.

2. S.b npuBgasan kK false, 9To mMeeT TUI bool, Kak 1 TpebyeT CUTHATYPA
SIG.

Kopoue roBops, ecsiu B curnarype [Jid MEPEMEHHON X YKa3aH THI T, TO B
CTPYKTYpE UIEHTUMUKATOD X JIOJKEH IPUBA3LIBATHCS K 3HAUYEHUIO TUIIA, T.

Curaarypa MOKeT OIMCHIBATH MEHBITE UACHTH(OUKATOPOB, YeM UX TP
cTaBJIeHo B cTpyKType. Hampumep:

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

3 : int
false : bool

val x
val b
end

37ech B CTPYKTYpe S 00BABIISIOTCS TEPEMEHHBIE X, b 1 §, B TO BpEMsT KaK CHT-
HaTypa SIG omMCBHIBAeT TOJLKO IIEpeMeHHbIE X U b. B pesyabprare He TOIBLKO
THUI TIEPEMEHHON § ABJISIETCH HECYIIECTBEHHBIM, HO U BCSA TEPEMEHHAST Y04~
emcA N3 CTPYKTYPHI B IIPOLIECCE COMMOCTABICHHUS ¢ CUMHATYPOit. CMBICT 3TOr0
cocTouT B TOM, uTO curHarypa SIG onpemenser npoexuyuto (View) CTpyKTY-
PBI, T.€. TO, 9TO IOJIZKHO OBITH BUIHO B CTPYKTYPE; HMEHHO, OHA TOBOPUT, 9TO
JTOJIZKHBI OBITH BUIHBI TOJIBKO I€peMeHHbie X u b. JIpyrue curHarypbl MOTyT
OBITH MCIOIB30BAHBI IS IIOJYYeHNs IPYTUX IIPOEKIHA TOM Ke CTPYKTYPEIL.
Hanpuwmep:

- structure S =

struct
val x = 2+1
val b = false
val s = "String"
end;

> structure S =
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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

Yupaxkuenue 3.2.1 Cuznamypa das cmpyxmyp, KOmopvie codepicam npe-
duram ynopadoweHus OA% HEKOMOPO20 TUNG, MOJCEM DbiMb 3aNUCAHG MaK:

signature ORD =

sig

type t

val le : t*t -> bool
end

Cosdatime conocmasumbie ¢ IMOT CueHaMyPOl CMPYKMYPLL, KOMOPLIE CO-
deporcam npeduram ynopadouenus OAs munoe int u real*string.

Ecnu 3nagenne B cTpykType uMeer noauMopHBIN THTL, TO OHO OymeT ymao-
BJIETBOPATH J11060# criennduKamm, KoTopas 3aJaeT YacTHBIH CIydail 3ToT0
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nosumopduoro Tuma. Tak, HAmpuMep, €cjn X TPUBA3AHO B CTPYKTYPE K
nil, To x Oyjer umers Tun ’a list, u mosromy OyJET y/IOBJIETBOPATDH CIie-
nudpuxarusam, Hanpumep, int list u bool list list. Ho uro byaer, eciu
crerucpmkanust cogepKuT noauMmopdueiit Tun? [lycts, HanpuMep, B crenu-
dukanmu ykazaHo, 4o maeHtudukarop £ mokeH nMvers Tum ’a list ->
’a list. YTo6bI COOTBETCTBOBATHL TAKOM CIIeNnMUKAIINN, B CTPYKTYPe UIeH-
tucukarop £ 101KeH ObITH TPUBs3aH K (PYHKIINU, Oy YAOINIEN B KAUECTBE
apryMeHTa CIHUCOK JI0O0r0 TWIA W BO3BPAIAIONIEH B KA9eCTBE PE3y/IbTaTa
crucok Toro ke tuia. Hemocrarouno, arober £ umesa THIl, cKa)kem, int
list -> int list, mockosabKy cruerudukanusg Tpedyer, aurobbr £ OblIa Tpu-
MeHUMa K bool 1list u .. OOmInii IPUHIIUI COCTOUT B TOM, UTO CTPYKTYPa
OJIZKHA, OBITH NO Kpatineld mepe cmoav oice obwieli, CKOJIb ODIeit ABJIsIeTCs
curarypa. Takum o6pa3oM, ecjii B HEKOTOPO# CTpyKType uMs f npus3a-
HO K TOXJI€CTBEHHON (pyHKIMH, KOTOpasg uMeer Tuil ’a->’a, 1o f ynosse-
TBOpseT crenndukamu, Tpebytomeit pyukimn Tuna ’a list -> ’a list.
[Ipuuuna cocTouT B TOM, UYTO £ MOXKET TOJYINTH APTYMEHT JIIOOOTO U TUTIA
¥ BBIPADOTATH PE3YAbTAT TOTO KE THUMA, U mem bosee £ MOXKET MOTYyIUTH
CITHCOK HEKOTOPOT'O THUMA ¥ BRIPAbOTATH B PE3YIBTATE CIUCOK TOTO YKE TUIIA.
Bot meckombko mpumepos

- 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 f(x) = x (% : ?a->’a %)
end

Yupaxkueaue 3.2.2 Ymo Henpasuivhozo 6 caedyruem 006a6AeHut?

structure S : SIG =

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

end
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ITpuBsaska nperTrUKATOPOB K UCKIIOUEHUSIM B CTPYKTYPAX IMOIINHEHA
TEeM K€ OUDAHWYEHUAM, UYTO U B AAPE A3BIKa: OHU JIOJI?KHBI NCIIOJIB30BATH
TOJIBKO MOHOMOpdHbIe Tubl. Crenudukaius UCKIFOUEHUS 33/1aeT TOJIBKO
ero Tur. IIpaBuia cOMoOCTaB/IEHNA C CUTHATYPOH TaKWe XKe, KaK U B CJIyIae
MEePEMEHHBIX (32 MCKJIIOYEHUEM TOTO, 9TO CJIOXKHOCTEH, CBSI3aHHBIX C TOJIN-
MOPGMHBIME 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 f = fn : int->int
end
- S.f(0);
Failure: Barf
- S.f(4);
> 7 : int

Hexoropbie wHTEpECHBIE MOMOTHATEIBHBIE BOTPOCH BO3HUKAIOT B CBA3H C
00bABICHUSMU U CIHEIUPUKAIMAME TUIIOB. Bo-TIepBBIX, paccMOTpUM IIPO-
3pagHOoe 00bABJIEHNE TUIA B CTPYKTYPE — KaK, HAIIPUME]D, B IEPBOM IIPUME-
pe 9ToT0 pazjena, rjie uaenTudukarop t npussg3biBaJics K Tuny int. Kakosa
Oymer curHaTypa 9T0# crpyKTyphi? JlaBaiiTe paccMOTpUM, UTO Oy YUIOCH
OBl IIPU TUMIOTETUYECKOM PEKUME TIe9aTh, YIOMUHABIIEMCS 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
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type t = int

val £ = fn
val x = 3
end
sig
type t

val f : int->int
val x : int
end

Crenudukarust 11 uIeHTHOGUKATOPA t B CTPYKTYPe, K KOTOPOW TPUBA3AH
S, ecTh MPOCTO type t, YTO TOBOPUT O TOM. YTO ‘BHAaUEHWEM t SIBISETCS
THII.

Ecan tum nmeer mapamerp, ero creruduKAINSa TaK»Ke OUEeBUIHA:

- 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 BHUMaHME HA GOPMY CIEUPUKAIUN I .

O6e mpuBeJieHHBIE BBIIIE CHEMU(DUKAINN JONYCTUMBI IPYU 3AIICA CUTHA-
Typbl. Ho uT0 mpousoiiger mpu coOmocTaBjaeHun ¢ Takoi curaarypoii? Pac-
CMOTPHUM CJICAYIOIUNA IpUMep:

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

CrpykTypa, K KOTOPOl NPUBA3BIBACTCS S, COMOCTaBUMA ¢ CUTHATYpPOii SIG,
MOCKOJIBKY S.t eCTb yHApHBIi (T.€. IMEOIHil OJWH apTyMEHT) KOHCTPYKTOD
THUTA — KaK 9TOT0 u Tpedyer SIG.

Ecrm curmarypa 3a7jaeT HEKOTOPLIN KOHCTPYKTOP THUIA, TO 3TOT KOH-
CTPYKTOP MOKE€T KCIIOJIb30BATHC faJiee B curnarype. Hanpumep:

- signature SIG =

sig

type ’a t

val x : int t
end;

DTa CUTHATYPA OTPEEJSeT KIACC CTPYKTYP, KOTOPbIe 00bSIBISIOT YHAPHBIHI
KOHCTPYKTOD THUNA t W IMEePEMEHHYIO THUNA int t (;LJH{ 3TOI0 KOHCTPYKTOPA
t).

Temeps gaBaiiTe BepHEMCH K MPUBEIEHHON BBIIE CTPYKTYPE S 1 PaCCMOT-
PUM BOTIPOC, COMOCTABUMA OHA WM HeT ¢ cUTHATypoit SIG. B coorBeTcTBUHI
¢ meopmMabubIM omucanueM SIG, KOTOPOe MbI TOJBKO UTO HaJin, OHA OymeT
conocraBumoii. Bojiee crporo, S 6yner conocraBuma ¢ SIG, MOTOMY YTO:

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

2. Tum S.x ecTb int*bool. IlockoabKy, IO onpenesennio S.t, int t pae-
HO int*bool, S.x coorBercTByer crenuduKanuy int t.

Baxxno ocosnaBarh, 9TO B MPOIECCE COMOCTABJIEHWS C CUTHATYPOI BCE
HIeHTH(UKATOPHI THUMA B CHUTHATYPE 3aMEHSIOTCS Ha COOTBETCTBYIOIINE
uIeHTU(PUKATOPHI U3 CTPYKTYPHI, U MTOITOMY creruduKanyg int t npespa-
maercd B int S.t.
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Yupaxkuenue 3.2.3 Kakaa cusnamypa moosicem Obimv CONOCMABAEHG CO
caedyrouseti cmpykmypot?

structure S =

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

[Ipu pazpaboTke IpOrpaMM MOJE3HO MPUIEPKUBATHCT NPAGUAG 3AMEHY-
MOCMU CU2HAIMYPbE, KOTOPOE TpedyeT, ITOOLI CBOOOTHBLIMA UACHTAMUKATOPA-
Mu? B curHaType GBLIH TOMBKO MIEHTH(PUKATOPSI IPYIUX CUTHATYD U UI€H-

TIUKATOPH BCTPOEHHLIX (DYHKIHIT (Takme, Kak + mind : :)5.

Yupaxkuenue 3.2.4 [lycmov darve cmpyxmypo:

structure A = struct datatype ’a D = d of ’a end
structure B =
struct
type t = int A.D
fun f(A.d(x)) = A.d(x+1)
end

C kaxumu us credyrowur cuenamyp 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

Ucnonp3oBanme peKypCUBHBIX OTpeIe/IeHUil THTIOB B CTPYKTYPaxX He BLI-
BBIBAET OCOOBIX TPymHOCTEH. PaccMOTpuM Cieayionumii mpuMep:

- signature SIG =
sig
type ’a List
val Append : ’a List * ’a List -> ’a List

2 C60600mvim HA3BIBACTCS HACHTH(DUKATOP, KOTOPHII He 00bsAB/IeH B curHarype. (IIpum.
nepes.)

3TlomuepKieM, YTO IPABHIIO 3AMKHYTOCTH CHTHATYDPBI SBJILETCS He (DOPMAIBHBIM TPe-
GoBaHMEM SI3BIKA, a PEKOMEHAIWel, CIeIOBaHNe KOTOPOH 00JIerdaeT MOCTPOEHUE CJI0¥K-
HBbIX mporpamm. (IIpum. nepes.)
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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 Append = fn : ’a List * ’a List -> ’a List
end

B kauectBe ynpaxuenusi ybeaurech, UTO CTPYKTypa S JelCTBUTENBHO CO-
nocraBuMa ¢ curaarypoit SIG (ciaemyiiTe TeM ke MyTeM, KAKWUM Mbl IILTH B
PUBOIMMBIX paHee MPUMEPax).

B npusegernnom Boite npuMepe curaarypa SIG, mpunucannas CTPyKType
S, HE COJEPKUT YIOMUHAHUI O KOHCTPYKTOpax 3HadeHuit tnna List. Mme-
eTcd IBa Crocoda BKIIOUUTH 9TH KOHCTPYKTOPB! B curHaTypy. OuH U3 HUX
COCTOUT B TOM, YTO KOHCTPYKTODPBI TPAKTYIOTCH KaK OObIYHBIE 3HAUEHNUS, KAK
MOKa3bIBaeT CIACAYIOINNA IpUMep:

- 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
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end

Obparure BHUMaHUE HA TO, 9T0 ’a List OoJbIle HE SIBJISETCS PEKYPCUB-
HbIM TuioM, u 410 Nil u Cons dBJIAOTCA OOBIYHBIMHU [IEPEMEHHBIMU, & HE
KOHCTPYKTOPaMH 3HAUECHNU.

Jpyroit cmocobd coCTOUT B TOM, YTOOBI OOBIABUTH KOHCTPYKTOPHI KOH-
CTPYKTOPaM®, U TeM CaMBIM CIeJaTh BUAUMBIM ycTpolicTBo Tnuma. Popma
crermuUKAIIH, KOTOPAs MO3BOJISIET 3TO CAE/JTaTh, CHHTAKCUIECKN WACHTHYI-
Ha OOBSBIEHUIO PEKYPCUBHOTO THUITA!

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

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

[TomesnocTs 5TOrO MOAX0/IA, TPU KOTOPOM MBI CHEITU(PUITNPYEM KOHCTPYKTO-
pbl, OyJleT posiCHEHA TI03Ke, KOT/Ia MBI BBejieM (DYyHKTODHI.

O0bsiBienns abCTPAKTHBIX TUIIOB JAHHBIX B CTPYKTYPax HE TPUBHOCST
HUYEro HOBOT'O B COMOCTABJIEHUE C CUTHATYPO#, IOCKOJIBKY TaKoe 00bsB/IEHIE
BBOJIUT TOJIBKO HOBBIN THUII 1 HEKOTOPHIE CBI3aHHbBIE C HUM UI€HTU(MDUKATOPDI.
Crenudukannn abCTPAaKTHBIX THIIOB HE HWCTOJAB3YIOTCS, MOTOMY €TO, KaK
MbI VBUJIUM JaJjiee, UMEeTCsl JIPYTroe CPEeJCTBO abCTparmpoBaHUs THIIOB, W
MTO9TOMY B TAKUX CHEIU(PUKAIAAX HET HYZKJIHI.

Yupaxkuenue 3.2.5 Peoausytime cmex, ucnosb3ys Cmpysmypvs U cuzHa-
mypot.

Ha npakTuke cTpyKTYpbl OOBIYHO CTPOSITCA HA OCHOBE JPYTHX CTPYKTYP
B COOTBETCTBUM C IIPUHIIUIIAMHE, ONPEICAIEMbIMU PEITaeMoit 3aaqeii. Ecin
CTPYKTypa S MOCTpOeHa Ha OCHOBE JIPYTOM CTPYKTYpHI T, TO TOBOPAT, UTO
S sasucum om T. Mak-Keun paccmarpuBast JBe KJIacCH(PUKAIIAY 3aBUCAMO-
ctu. Bo-iepBoix, 3aBucuMocTb S 0T T MoKeT ObITh cyuecmeenHot WIn Hecy-
wecmeennot. CyliecTBeHHas 3aBUCUMOCTb UMEET MECTO TOrJa, Koraa S He
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MOKeT ObITh MCI0JIb30BaHa 6e3 T — CBA3b MEXK/Iy CTPYKTYPaMu HACTOJIBLKO
TecHad, YTO pa3fe]bHoe UX UCIOIb30BAHNE sIBJISETCS 0€CCMBICAEHHBIM. JI1o-
6ble Apyrue GOPMbl 3aBUCHMOCTH ABJILAIOTCH HECYIIeCTBeHHbIMU. Bo-BTODBIX,
BaBUCAMOCTH S OT T MOXKeT ObITH AGHOU WIH HeA6HOU. 3aBUCUMOCTE S oT T
OyzleT sIBHOI, €CJIM CUTHATYpa S MOXKET ObITh 3aIlicaHa TOJBKO CO CCBLIKA-
MU Ha CATHATYpPYy T; B IPOTHUBHOM CJIy4ae 3aBUCUMOCTL ABJIACTCS HEABHOM.
3aMeTbTe, 9TO sABHAs 3aBUCHMOCTH BCEIIa sIBJISIETCS CYIIECTBEHHOM.
IIpocreitimuii ciyvaii HECYIIECTBEHHO 3aBUCUMOCTH BO3HUKAET, €CIN S
AMIIOPTUPYET HEKOTODLIE 3HaYeHNda 13 T, KaK B CIEAYIOIIEM IIPUMeEpeE:

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

Il
~

Il
~

int

1]
—
<]
+
N

val y
end;
> structure S =
struct

1]
o]

val y int

end

fcHo, uro S MoXKeT OBITH UCIOJIB30BaHA He3aBucUMO 0T T, X0Ts S U ornpe/ie-
JIEHA C TIOMOIIBIO CCHLIKE Ha, T. DTa (hopMa 3aBUCUMOCTH HHOT/IA HA3BIBAETCS
3a6UCUMOCTNDIO NO NOCTNPOEHUI.

CyrmecTBeHHAS 3aBUCHMOCTD SIBJIIETCA TOpa3no 6osee Baxkuoi. OqHa n3
dopM CYIIEeCTBEHHOM 3aBUCUMOCTH BO3HUKAET TOT/A, Korma T o6 baBIseT uc-
KJIIOYEHUS, KOTOPBIE MOTI'YT BO30Y2KIATHCS (DYHKIIASME, IIPUHAIJIEAKAITIMA
S. Hanpumep:

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

[TockonbKy Borumciaenue S.g(0) Bo30y:KIaeT UCKIIOUeHNe Barf, MCIOIB30-
BaHKE S BO3MOXKHO TOJBKO B TOM KOHTEKCTE, B KOTOPOM JIOCTYIIHA T — nunaue
WCKJIIOUEHnEe He CMOXKeT ObhITh obpaborano. [losromy S cyiiecTBeHHO 3aBH-
cut ot T, ¥ JOJIKHA UCIIOIB30BATHCA TOJIBKO BMecTe ¢ T. 3aMeTbTe, 0IHAKO,
YTO 3aBUCHUMOCTD ABJIAE€TCA Hef{BHOI‘/'I7 TTOCKOJIBKY CUTHATYPa S me COoECPKUT
CCBUIOK Ha T.

CyH_[eCTBeHHaH 1 ABHad 3aBUCUMOCTH BOSHUKACT TOTdd, KOT'Jda S OTKPBITO
HUCIIOJIB3YET PEKYPCUBHBIN THUI, OIpEAeJeHHbIN B T, KaK HalpuMep:

- structure T =
struct
datatype ’a List = Nil | Comns of ’a * ’a List
fun len(Nil) = O
| len(Cons(h,t)) = 1 + len(t)
end;
> 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

BaMerbTe, UTO CHTHATYPa CTPYKTYPBI S COAEPMKUT CCHIIKY Ha CTPYK-
Typy T, orpaxasi ToT akKT, UTO len MONKET ObITH MPUMEHEHA TOJBKO K
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3HAYEHUSIM THIA, OmpeneseHHoro B T. 3aMerpre, 9TO MPABUIO 3aMKHYTO-
CTU CUTHATYDBI HE IO3BOJISET B IIPUBEJEHHOM BBINIE [PUMEDE MPUIUCATD
CTPYKTYpPe S KaKyi0-imb0 HETPUBHAJIBHYIO CUTHATYPY, HOCKOJIBKY CUTHATY-
pa He MOXKET COAePKaTh CBOOOMHBIN UAeHTHGUKATOP CTPYKTYphl T. D10 Ha
TTEPBBIN B3IVISAT MOXKET TTOKA3aThCA HEOTPABIAHHLIM OTPDAHUIYEHUEM; OJTHAKO
9TOM TIO3BOJISET MPUBJEYh BHUMAHUE K TOMY (pakTy, uT0 S u T TeCHO CBdA-
3aHBI MEXKY CO00Ii, U MOITOMY JIOKHBI OBITH 00'bEIUHEHBI B OJUH MOJIYJIb.
Takoe obbeauHeHe MOXKET OBITH BBITIOJHEHO MTyTEeM BKIIOUEHUA CTPYKTYPHI
T B CTPYKTYPY S B KAUECTBE NOJCIMPYKMyps; NOCIEIHEE JOCTUTAETCS C TOMO-
IIbI0 BKJIIOUeHns 00baBaennd T B HAOOP MHKANCYINPOBAHHBIX 00bABICHUN
S, KaK 9TO0 MIOKa3aHO B CJEYIOIIEM IIPUMEpE

- 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 = T.len
end
> structure S =
struct
structure T =
struct
type ’a List
con Nil : ’a List
con Cons : ’a * ’a List -> ’a List
val len = fn : ’a List -> int
end
val len = fn : ’a T.List -> int
end

Taxwum TyTeM MOXKHO HEPAPXUIECKN OPTAHN30BATH B3ANMOCBA3AHHbBIE CTPYK-
TYPBI, U 0ObEUHUTEL HAOOP CBA3AHHBIX CTPYKTYP B MOJIYJIb.

IlosBienne nmogcTpykTyp Tpebyer 00OOINEHUST BBEIEHHOTO PAHEE ITOHS-
THUS TYTH TOCTYIa K CTPYKType. B obieM cirydae myTh JOCTYTa K CTPYKTYpe
3aMUCBIBAETCS KaK pa3/leleHHas TOUYKAMHI NOCIeT0BATEIBHOCTh UMEH CTPYK-
TYpP, B KOTOPO# KaXKJad MOCJIEAYIOMAs CTPYKTypa ABJIAETCA IMOJCTPYKTY-
poii peabaymeit. Hanpumep, S.T gBigeTcs myTeM JOCTYTa K CTPYKTYPE,
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a S.T.len gB/sieTCsd COCTABHBIM MMEHEM, KOTOPOE BhiOMpaerT pyHKIMIO len
NOACTPYKTYPHI T CTPYKTYPHI S.

Ecmu T amnsiercss moacTpyKTypoit CTPYKTYPBI S, TO curHarypa S Oymer
BBITVIAAETD CJIEAYIOMIIM 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 BHUMaHWE Ha crermudukammio B SIGS, KoTopast yKa3bIBAET, 4TO
moncTpykTypa T mokHA OBITH COMOCTAaBUMA ¢ curHarypoit SIGT. 3amerbre
Tak»Ke TO, uTO crernudnkanmns aas len B SIGS comepxkur T.List; T.List
SIBJIAETCs JTIOKAJbHBIM B SIGS 6iaromaps Tomy, uto T ecTh MOACTPYKTYpa S.

Yupaxkuenue 3.2.6 Onpedeaume cmpyxmypy Exp, womopas peasusyem
HEKOMOPDIT PERYPCUBHBLT TUN 8BPANHCEHUT U HADOP CAZGHHBIT C HUMU ONe-
payudi. Ima cmpyxmypa doasicna Goimos conocmasumol ¢ cueHamypot

signature EXP =
sig
datatype id = Id of string
datatype exp = Var of id
| App of id * (exp list)
end

Onpedeaume dpyeyro cuenamypy SUBST w cmpyxmypy Subst, xomopaa pe-
GAUSYEM, ONEPAUUIO NOOCTNAHOBKYU OAA IMUL 6bipadicenut (m. e. onpedesu-
me mun Subst xax cnucox nap “‘udenmuduramop/svpasicenue”, u GyHKYUIO
NoOJCMAHOEKY, KOMOPGA NO BHPANACERUIO U NOICMAHOBKE (3HANEHUIO TMUNG
subst) cmpoum ewpascenue, NOAYHAIOWEECA U3 UCTOOH020 NYMEM 3AMEHbL
ONUCAHHBIZ 8 NOJCMAN08Ke UIeHMUPUKAGMOPOS HA COOMBEMCMBEYIOULUE Gbi-
PAAHCENUS,).
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3.3 Aocrpakius

Panee Mbl orMeTmiin, 9TO HPOIECC COMOCTABJIEHUS] CTPYKTYPbI C CUT'HA-
Typoit “obpe3aer” CTPYKTYPy Tak, 9TO B Hell OCTAIOTCS TOJIFKO KOMIOHEH-
TBI, TPUCYTCTBYOMNE B curHarype. [lpunuceiBanne CUTHATYPBI CTPYKTYPE
CO3/IaeT HEKOTOPYIO “MPOEKITNI0” 9TOW CTPYKTYPBI, M, TAKUM 0OPA3OM, CO-
[IOCTaBJIEHNE C CUTHATYPOH 0beciiednBaeT HEKOTOPBIN OIrPaHUYEHHBIN cl10cO0
“coxprITrg WHAGOPMAIWH ', OTPAHUYWBAL JTOCTYII K CTPYKTYPE TOJHKO TEMU
KOMIIOHEHTAMU, KOTOpPbIE UMeTCs B curHaType. OnHa u3 npudws GhopMu-
POBaHUA TAKMUX OI‘paHI/ILIeHI/IfI COCTOHUT B TOM, YTO IIPU IMOCTPOCHUU CJIOZKHBIX
IPOTPAMMHBIX CHCTEM TOJIE3HO UMETHh BO3MOXKHOCTH TOYHOT'O OIIMCAHWUS WH-
Tepdeiica KaXk 1010 IPOrPaMMHOTO MOy, 10 2Ke camoe MOXKeT ObITh yKa3a-
HO KaK OJIHA W3 NPUYWH UCIIOJIb30BaHUs abCTPAKTHBIX THIIOB JAHHBIX B si/Ipe
SI3BIKA: 9TO MO3BOJISIET CAEIATH BCEX MOJIB30BATENEH TaHHON0 abCTPAKTHOTO
THITA JAHHBIX HE3ABUCUMBIME OT ferajel ero peanmsdarnuu. ComocTaBIeHne
C CUTHATYPOIl MOXKET 00eCevunTh HEKOTOPHIE U3 BO3MOYKHOCTEl, TPET0CTaB-
JIAEMBIX a6CTpaKTHbIMI/I TUTTaMU JAHHBIX, TIOCKOJIBKY C TTOMOIIBIO HETO BO3-
MOXKHO “yOpaTh’ KOHCTPYKTOPHI PEKYPCHBHBIX THIIOB, M, TaKHM 0OPa30M,
CIIpATAaTh BHYTPEHHEE TIIPEACTAaBJICHUE. HO ITO ABJIACTCA OJHUM U3 YaCTHBLIX
caydaes 6osiee 0b61Iero criocoba cokpoiTusi nadopmaru 8 ML, HazsiBaemoro
abcmparyued.

OynpaMeHTa bHAS W€ COCTOUT B TOM, 9TO IIPU HEKOTOPBIX 00CTOS-
TEeJILCTBAX HAM XOTEI0CH OBl OTPAHUYUTH TO, UTO BUIHO W3 CTPYKTYPHI, B
TOYHOCTH TEM, YTO YKA3aHO B CHUTHATYpPE. DTO MOMKET OBITH MPOUIIOCTPH-
POBAHO CJIEIVIONIUM TTPUMEDPOM:

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

ObparuTe BHUMaHNE HA TO, 9TO S.t ecTh int, xora curnarypa SIG HE 0 ueM
TAKOM HE€ TOBODHT.

ITens abcrpakmum COCTOMT B TOM, 9TODBI CKPBITH BCIO HMH(OPMAIIAIO O
CTPYKTYPE, KOTOpasg He YIOMUHAETCH ABHO B CUTHATYPE

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

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

Type error in: $5.x(3) : S.t
Looking for a: int
I have found a: S.t

DdderT 0bbaBIeHNsT ADCTPAKIINN COCTOUT B OTPAHUYEHUN BCEH JOCTYITHOM
06 S wadopManuu ToIbKO TON wHpopMalueit, KoTopasi ykazaHa B SIG.

Wnmeercst TecHas CBA3b MeXAy abCTpakiumeil u aDCTPAKTHBIMU THIAMEI
nanabiX. PaccMoTpuM ciaeyroninit abCcTpaKTHBIN THIL:

- abstype ’a set = set of ’a list
with
val empty_set = set([])
fun union(set(11),set(12)) = set(11€12)

end;
> type ’a set

val empty_set = - : ’a set

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

D10 06BIBICHNE OTIPEIEISIET TUIT *a set ¢ omepannamu empty_set u union.
KoncrpykTop set cupsaran st TOro, YTodbl MOYKHO OBLIO PyYaThCsl, 9TO THI
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ABIAETCH aDCTPAKTHBIM (T.€. UTO HM OJIHA MPOTPAMMA, UCIO/IB3YOMIAT ITOT
TUI, He OKAYKETCs 3aBUCUMOIT OT €r0 MIPeICTABICHNS ).

B obiem ciiyvae obbsiBienune abstype oupejessier Tuil 1 Habop ouepa-
Wi HaJ JAHHBIMU TOTO THIA, CKPBIBAs MPU 3TOM THUI peajusaruu. Ab-
CTPAKIINS TpeIIaraeT Apyroil MyTh PEIIeHnd STOH Ke 3aJa49r, ITO MOKHO
VBUJETH U3 CJIEYIOMIEr0 MpuMepa,

- 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(11),set(12)) = set(11€12)

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

Yupaxkuenue 3.3.1 Onpedeaume abcmparuyuto 0ad KOMNACKCHBEL “YUCER,
UCNOABIYA CACOYIOWYIO 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
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Hodckaska: ucnosvsylme caedyrousue Gopmysvt OAf PEAAUAUUY ONEPaULT
HA0 KOMNACKCHBMU SUCAAMU:

(a+ib) + (c+id) = (a+c) +i(b+ d)
(a+1ib) — (c+id) = (a—c¢) +i(b—d)

(a+1ib) x (¢ +1id) = (ac — bd) + i(ad + be)

(ac + bd) + i(bc — ad)
c +d?

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

AbcTpakius sBasercs 60Jee THOKOI 0 CpaBHEHHUIO ¢ aDCTPAKTHBIMHA TH-
maMu JaHHBIX B OJHUX CAyYasX W MeHee rwOKoil B npyrux. Bosbiras rub-
KOCTH TIPOUCTEKAET W3 TOTO, UTO abCTpaKIus He 00s3aHa OBITEH “TUIIOM JaH-
HBIX C OIEpPANnusaMHU’, KaK 9TO BLITEKAET U3 caMoil (popMbl abCTPaKTHBIX TH-
moB. Hampumep, MoxkeT ObITh He OOBABIEHO HU OHOTO TUIIA BOODIIE, & 00b-
SIBJIEHHBIE THIIBI HE 00s13aHBI OBITH PEKYPCUBHBIMHU THIAMH. AGCTpakTHBIE
THUIILI JaHHbIX HECKOJILKO 60J1ee FI/I6KI/I IIOTOMY, 9TO OHU, ABJIAACH O6quHOfI
dopMoit 06bsIBIEHUS, MOTYT MOSIBJASTHCS BE3JI€, [J€ MOTYT HOSBJIATHCS 00b-
ABJICEHUA, — B TO BPpEeMA KaK a6CTpaK]_[I/H/I MOT'YT TOABJIATHCA JIMIIb TaM, TJe
MOTYT TOSIBJIATHCS CTPYKTYPBI: Ha, BEPXHEM YPOBHE WJIM B MHKAIICYJINPOBAH-
HbIX O6’bHB.HeHI/IHX. 9TO OI'DaHUYEHNE HE KaKeTCd CYIIIECTBEHHbIM, ITOCKOJIb-

Ky OGBIYHO THIIBI ONPE/IE/SIOTCS Ha BEPXHEM ypoBHe:.

3.4 @OYHKTOPBHI

ML-nporpaMma sgBJIsieTcs HEpPapXUIecKyd OPTaHW30BAHHBIM cODpaHueM
B3aMMOCBSI3aHHBIX CTPYKTYP. PyHKTODBI (KOTOpPBIE ABAAIOTCA (DYHKIMAMU
HAJ| CTPYKTYPAMU) UCIOIb3YIOTCA JTs YIOPSAI09eHrs TIPOTEcca pa3paboTku
nporpaMM. B HEKOTOpOM cMBICIE POJIb (DYHKTOPOB aHAJIOTHIHA POJIN CBS3bI-
BAIOIEro 3arpy3dnka B APYTUX dA3bIKAX TPOTPAMMHUPOBAHUA: OHU SIBJISAIOT-
Cd MHCTPYMEHTOM, TIO3BOJISIONINM U3 OTIEIbHBIX dacTell cobpaTh MOTOBYIO
mporpaMMy. DyHKTOPH OMPEAETSIOTCA TyTeM NPUSA3kY K HYHEMOpam; 3Ta
KOHCTPYKIIMS MOXKeT TOSBJISATHCA TOJBKO Ha BepxHeM ypoBHe. CHHTaKCHC
OpUBA3KY K (PYyHKTOPY MOXO0XK HA MPUBA3KY K (DYHKIWHU B gape a3bika. [1pu-
BeJIEM IIPUMED:

4Mb1 pexomen yem upu porpammuposanuu Ha ML uzberars abCrpaKTHbIX TULIOB J1aH-
HBIX, TIOCKOJIbKY B JaJIbHEANIEM OHU MOTYT OBITh YCTPAHEHBI U3 A3bIKa (Tak Kak abcTpak-
IUsl TOCTATOYTHA /I WX 3aMEHBI).
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- 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)
end;
> functor F( P : SIG ) : SIG

Curnarypa SIG ompenessier Tun t u 6unapHoe orHoiieHue eq. Pyukrop F
oupeneasger hbyHKIUIO, KOTOPAs, TMOJIY9IUB CTPYKTYPY, COITOCTABUMYIO C CHUT-
HaTypoit SIG, BeIpabaTbIBAET JAPYTYI0 CTPYKTYPY (KOTOpas B JaHHOM IIPU-
Mepe TaKKe JI0JIKHA, ObITh comocraBuMa ¢ curHatypoii SIG — ogmako, pa-
3yMEETCs, B JIDYIUX CAYYIaAX CUTHATYpPaA CTPYKTYPLI-Pe3yJIbTaTa He 00g3aHa
COBTIAJIATH C CUTHATYPOil CTPYKTYPHI-IApaAMeTpa).

OyHKTOPHl TPUMEHAIOTCI K CTPYKTypaM u BBIPAOATHIBAIOT IPYTHE

CTPYKTYDHI.

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

31ech MBI CO3JAMN CTPYKTYPY S, COMOCTABUMYIO ¢ curHATYpoit SIG. PyHK-
Top F, mpuMendaeMsblil K CTPYKType S, CTPOUT HOBYIO CTPYKTYPY C TOH Ke
CATHATYPOI — HO B KOTOPOH t yxKe ABJIAETCA THUIIOM YIOPAJOYEHHBIX I1ap
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[EJIBIX Ynces, a (PYHKIUS PABEHCTBA, ONpesesieHa Ha yrux napax. Obparure
BHUMaHIE Ha TO, KaK SS CTPOUTCI U3 S C IIOMOILI0 byHKTOpa F

@ yHKTOPBI B BBICOKO# crerenn 06/1a1a10T moauMopdu3MoM, 910 00bsic-
HSIETCS TEM, 9YTO COTIOCTABJISIEMAsi C CUTHATYPOH CTPYKTYypa MOXKET COjep-
KaTh OosbINe nHMOpPMAIN, 9eM 3Toro Tpebyer curuarypa. Hanpumep:

structure T : SIG =
struct
type t = string * int
val eq : t*t->bool = op =
fun f(x:t) = (x,%)
end;
> structure T =
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 UMeeTcsl OrpaHuveHne, 4To PYHKTOP JOJKEH UMETh POBHO OJIMH ap-
TYMEHT, OHO HE€ dABJIACTCA CYIIECCTBCHHBIM: IIDU HeO6XO/:LI/IMOCTI/I HECKOJIBKO
CTPYKTYD MOTyT 6bITb BKJIIOUEHBI B OAHY KaK MOACTPYKTYPbI, 1 3aTE€M 3Ta
CTPYKTypa MoxkeT ObITh mepenana (pyukTopy. Ha mpaxTrke 970 00BIYHO He
CO3JaeT HUKaKUX HeyﬂO6CTB, TMOCKOJIBKY B TeX CJay4dadX, KOorjga HECKOJIBKO
CTPYKTYD [OJKHBI OBITH TIEpeTaHbl B KAUECTBE apryMeHTa (DyHKTOPY, OHH,
KaK TPABUI0, HACTOJIHKO TECHO CBA3AHBI MEXKIY CODOM, 9TO MMEeTCS MHOTO
IPYTHUX TPUYWH, TI0 KOTOPBIM UX PA3YMHO O00BLETUHUTEL B OTHY CTPYKTYDY.
q)yHKTOpr JOJIZKHBI IIOAYUHATHCA TOMY 2KE (peKOMeH,ZLaTe.HbHOMy) IpaBu-
JIy 3aMKHYTOCTH, YTO U CUTHATYDPBI: OHU HE JIOJIZKHBI COJIEP2KATH OTKPBITHIX
CCBIJIOK Ha 3HaY€HUA, TUIIBI U NCKJIIOYeHUA BO BHeIIHEeHR cpene (3a HNCKJIIO4YE-
HIEM [PEJONPeIeeHHBIX CHCTeMHBIX TpUMUTHBOB). B Tene dbynkTOopa 63
BCAKUX OI‘paHI/ILIeHI/IIU/I MOTr'yT HCIIOJIb30BATbHCsl CCBLJIKM Ha IIapaMeTp U €ro
KOMITOHEHTHI (C UCTTOJIB30BaHUEM YTOYHATOIIINX I/IMeH)7 Ha JIOKaJIbHBIC UJICH-
TH(UKATOPHI U HA paHee OMpeIeleHHble (DYHKTOPBI U CUTHATYPHI.

Teso dyukTOpa HE 06g3aHO TPEACTABAATL U3 b MHKAICYIUPOBAHHDIE
0ObsiBIIeHNs (XOTsI, BEPOSITHO, 9TO HAWOOJIee PACIPOCTPAHEHHBIH CIydaii).
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B Tene dpynrTopa MoryT CBOHBOIHO MCIIOIB30BATHLCI COCTABHBIC NMEHA U all-
mwKanuu GpyHKTOPOB (OHAKO BazKHBIM MOMEHT: (DYHKTOD He Motcem OBITH
pexypcuBubiv!). TIpusenem npumepst:

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

> functor I( P : SIG ) : SIG

Hy»xm0 ormeTnTsh, 910 HGYHKTOP I HE ABIACTCS TOXKICCTBEHHBIM: €CTH S €CTh
CTPYKTYpPa, COIOCTABUMAas C CUI'HATYpOil SIG, HO ¢ OOJILIINM KOJIUIECTBOM
KOMIIOHEHT, 4Y€M YIOMAHYTO B curHarype, 1o F(S) Oyuer “ypezannoil” 1o
cpaBHeHHUIO ¢ S. Hanmpumep:

structure S =
struct
type t = int
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(8);
> structure S’

struct

type t = int

val eq = fn : int*int -> bool
end

ObparuTe BHUMAHUE HA TO, 9TO KOMIIOHEHTA £ CTPYKTYPBI S OTCYTCTBYET B
I(S).

Yupaxkuenue 3.4.1 Ilpeobpasytime 60wy PEGAUIAUUIO MHOHCECTNE HA OC-
HOGE YNOPAJOUEHHDBLL CNUCKOE 6 (PopMy, 6 KOmMopol GYHKUUYU PABEHCEa
U NOPAdKG NEPedarmecs 6 KA%eCmee ap2yMeHmos GyYHKmMopy, CmposuLemy
CmPYKMYPY 0AA PabOMBL C MHOHCECTNEAMU.
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DTUM 3aBepIIAeTCS HAIlle BBegeHnne B MomyabHyio cuctemy ML, Ham
0CTaj0Ch OOCYIUTh OJHY BAXKHYIO HJIEI0 — COUCIIOJIb30BAHUE. DTO MbI 00-
CyZMM HECKOJIBKO MO37Ke, TIOCIEe TOr0, KAK PACCMOTPHUM ITPUMEPHI UCIIOTH30-
BaHUs MOTY/IEH B TPOrPAMMUPOBAHNH.

3.5 MoaynabHada cucTeMa B pPeaJibHOI MMpaKTUKe

B sToM paszmene MBI TPOWLIIOCTPUPYEM BO3MOKHOCTU HCTOIH30OBAHM
MOJIYJTbHO CHCTeMBI /I TOCTpOeHusi mporpaMM. Mer pacemorpum (B 06-
muX 4eprax) pazpaboTKy CMHTAKCHIECKOTO aHATM3ATOPA, MPeodpasyoIIero
BXOJHYIO CTPOKY B abCTPaKTHOE JIEPEBO CHHTAKCUIECKOTO pazbopa W 3aHO-
CATTEro HEKOTOPYIO WHPOPMAITUIO O CHMBOJIAX BO BXOJHON CTPOKE B TAOJIAILY
cumBosioB. llporpamma 6yjier cocTosiTh U3 YeThIpex MOyJei: ojuH Oyuer
COZIEPKATH COOCTBEHHO CHHTAKCUUIECKWH aHATN3ATOD, BTOPOH — TPOIE Ty PhI
PaboThI C AePEeBOM CHHTAKCHIECKOTO pas3bopa, TpeTuit — mporeaypobl paboTh
¢ Tabaureil CMMBOJIOB M YeTBEPTHI — CcKaHep. BoT curHaTypbl 3TUX MOAY-
JICHU:

signature SYMBOL =
sig
type symbol
val mksymbol : string -> symbol
val egsymbol : 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
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structure SimbolTable : SYMBOLTABLE

val symtable : Symboltable.table

val parse : string -> AbstSyntax.term
end;

Pazymeercs, 31u curHaTyphl n1eaan3uPOBAHDBI U TPEIEIbHO COKPAIIEHBI, HO
BC€ K€ OHU JIOCTATOYHO [IPABJIONOI00HBI, YTOOBI CJIYKUThH B KauecTBe ybe -
TEeJILHOTO U WH(POPMATUBHOrO npumMepa. QO0parure BHUMAHNE HA HepapXude-
CKYI0 OPTaHU3aIUI0 3TUX CTPYKTYP. [lockobKy COBCTBEHHO CHHTAKCUYECK UL
AHAJIU3ATOP CYIECTBEHHO UCIOJB3YeT (DYyHKIUH paboThl U C JEPEBOM CHH-
TAKCUIECKOT0 Pasbopa, u ¢ Tab/nIieit CMMBOJIOB, COOTBETCTBYIOIHE CTPYKTY-
PBI JOJIKHBI OBITH SIBHO BKJIIOYEHBI B HETO KaK MOACTPYKTYPhl. AHATOTHIHO,
¥ MOJYJIh PAbOTHI C JIEPEBOM CHHTAKCHYECKOTO Pasbopa, U MOAY/Ib J0CTYTIa
K TabJule CUMBOJIOB UCIIOJIB3YIOT CKAHED KaK IOJACTPYKTYPY.

Teneps gaBaiiTe MOCMOTPHUM, KaK HA OCHOBE 3TOTO MBI MOYXKEM TTOCTPOUTH
cUHTaKcu4YecKuit anasm3arop. OTJI0KUB Ha BPEMsi BOIIPOCHI BBIOOpA aJjro-
puTMa 1 IpeACTABICHNA, Mbl MOXKEM HANIUCATH CJACAYIOIMNE CTPYKTYPBbI:

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
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
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structure SymbolTable : SYMBOLTABLE = SymbolTable
val symtable = SymbolTable.mktable();
fun parse(str) =
SymbolTable.lookup(AbstSyntax.idname(t),symtable)...
end;

ObparuTe BHUMAHUE HA TO, YTO B IIOCJIE/IHEN CTPOKE CTPYKTYPHI Parser Mol
zanuca/u rpuMenenue gpyHkiun SymbolTable.lookup K pe3yibrary dyHK-
nuu AbstSyntax.idname. D10 npuMeHeHUE KOPPEKTHO C TOYKU 3PEHUS CO-
TJIACOBAHUST THUIOB TOJBKO OJ1aromapst TOMY, UTO CTPYKTYpbI AbstSyntax u
SymbolTable BKIOYAOT odHy 4 My dice CTPYKTypy Symbol. Ecim 651 GbI-
JIO JIB€ CTPYKTYPHBI, CONIOCTaBUMBIe ¢ CcHTrHaTypoii SYMBOL, m oJHa W3 HHUX
bbljIa MCIIOIB30BaHA B CTPYKType SymbolTable, a jpyrasg — B CTPYKType
AbstSyntax, B yIoMsiHyTOH CTPOKE BO3HUKJIA Obl OIIMOKA HECOOTBETCTBHUS
TtunoB. VMmeiiTe 310 B BUjy IpU 4TEHUH JIaJIbHENIIIErO.

OpraHuzaiyst HAIIEro CHHTAKCUYECKOTO aHAJM3aTopa I0Ka KaXKeTCs
BIOJIHE YJIOBJIETBOPUTEJAbHON — 10 KpaliHedl mepe A0 TexX IIOpP, LIOKa Mbl
paccMaTpUBaeM CTATHIECKYIO CTPYKTYpY IporpaMmbl. Ho ecan MBI mpemmo-
JIOZKUM, YTO MMECHOTCsA €le MHOTOYUC/ICHHBIE CTPYKTYPbBI, U KazKAadd U3 HUX
CONEPKUT HECKOJIBKO THICAY CTPOK KO/, TO TOIJa IIPEJJIOZKCHHAA CTPYKTY-
pa okaxkeTcs He coBceM ynobuoi. Ilpeamonokum, HAIPUMED, ITO MbI HAILIN
ommbKy B CTpyKType SymbolTable n wucnpasusn ee. Terneph Ham HYKHO
cobpaTh CUHTAKCUYECKNIT aHAJIN3ATOP 3aHOBO. ITO MOTpebHYeT MEePEeKOMITH-
JIANAN BCEX TTPUBEACHHBIX BBLITIIEC CTPYKTYD (a TaKXXe, BOBMOXKHO, 1 APYTUX
CBST3aHHBIX ¢ HUMMU). ZICHO, 9TO HYKHA KaKasg-TO BO3MOKHOCTH Pa3IeIbHOl
KOMIWJIAIINN ¥ TTOCJIEAYIOIIETO CBA3BIBAHNA CKOMIINJINPDOBAHHBIX MO,Z[y.)'[eI‘/JI.
To, ¥To HAM HYKHO — 3TO BO3MOYKHOCTL OTJEIBHO CKOMIUINPOBATL OJIWH
MOJIYJIb M 3aTEM CBSI3aTh MOJIYJIA B €IUHYIO TPOrpaMMy. JTa Uied, pasyMe-
€TCsI, He HOBA; HOBBIM, OJIHAKO, sIBJISETCH TO, KAK 3Ta Mpo0/eMa PEItaeTcs B
ML.

Knrouesas ujnes cocrout B TOM, 4TOOBI HUKOIJIA, HE 3AMKUCHIBATH CCHIJIKU
Ha CTPYKTYPHI sIBHO, & BMECTO 3TOTO OPraHMW3OBBIBATH IIPOTPAMMY B BHIE
nabopa PyHKTOPOB, KAKIBIA U3 KOTOPHIX MOJIYIAET B KA9ECTBE apryMeHTa
CTPYKTYDBI, OT KOTOPBIX OH 3aBUCHT (HJIM HUYETO, €Cau (PYHKTOD HU OT Yero
He 3asucut). [locse 3TOro pelakTHpOBaHNE CBsA3€i OYIET COCTOATH B TIPUMe-
HeHuu GyHKTOpPOB. B HameMm ciaydae (hpyHKTOPBI MOTYT BBITUISIETH CJEIYIO-
M 0bpazoMm:

functor SymbolFun() : SYMBOL =
struct
datatype symbol = symbol of string *



3.5. MOIYJIbHASI CUCTEMA B PEAJIbHOI IIPAKTHKE 87

fun mksymbol(s) = symbol(s,...)
fun egsymbol(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 coJiep2KHUT JIB€ KOMIIOHEHTBI, OT KOTOPBIX 3aBH-
CUT CUHTAKCUIECKUII aHAIU3ATOP, — TabJUIY CHMBOJIOB U JEPEBO CHHTAK-
cuyeckoro pasbopa. @ynkrop ParserFun ncroan3yer 9Ty mnapy Ajs MoCTpo-
eHnsl CUHTaKcHmdIecKoro anaamsaropa. @yakTop SymbolFun He mMmeeT apry-
MEHTOB, IMOCKOJIbLKY OH HE€ 3aBHUCHUT HU OT HE€TrO.

[IporpaMmma crpourcs u3 3mux (HYHKTOPOB C HOMOIIBIO CJEIYIOIIEH 110-
CJIETOBATEIBHOCTH O0bABICHUI. Y 0eIuTeCh, ITO PE3yabTaT OyIAeT TeM Ke
9TO U paHee.

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

Opanako MBI yMoggajn o mpobjemve ¢ ParserFun. Hamomuum, urto yHK-
g parse, ompejsieieHHas B Parser, gaBigeTcd KOPPEKTHOUW C TOYKH 3pe-
HHUs COTVIACOBAHHOCTH THUIIOB TOJIBKO IIOTOMY, UTO CTPYKTYpPBbl SymbolTable
n AbstSyntax BKJIIOYAIOT OJHY U Ty Ke HOJACTPYKTYPY Symbol, u 6srarogaps
9TOMY HUCIOJB3YIOT OUH W TOT Ke THUI cuMBOJoB. Ho Temept B ParserFun
dyHKIM parse 3HaAET TOJIBKO CUTHATYPBI 9TUX JIBYX CTPYKTYD, U HUYEro He
3HaeT 0 TOM, KaK OHUW peajn3oBanbl. llosromy ML-KoMmmiaaTop ykaxer Ha
ommbky B ParserFun, — u marmma ujiea ucnoib30Banus (GyHKTOPOB [ijid 00ec-
TeveHnsT MOIYJILHOTO CTUJIST TPOTPAMMUPOBAHNS OKA3BIBAETCH MO, YTPO30H.

CracTu fe10 TOMOTAIOT Cneyudurauuy coucnoabdosanus. Uaes cocront
B TOM, 4TOObI BKJIFOUUTb B curHarypy PARSER_PIECES nabop paBeHCTB, ra-
paHTUPYOIUX TOT HAKT, 9TO TOJIBKO [1apa COBMECTUMBIX BADUAHTOB CTPYK-
Typ (mast paBoTel ¢ TabsuIell CMMBOJIOB U st PAbOTHI ¢ JePEBOM CHHTAK-
cuvyeckoro pazbopa) mMoxker GuITh mepenana dbyHKTOpy ParserFun. Hoserii
BapuanT curaarypbl PARSER_PIECES 6yaer BBITISIETH CJAEAYIOIMM 00pa-
30M:

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

®pasza sharing rapanTUPyeT TO, 9TO MOXKET OBITH UCITOIB30BAHA TOJTHKO COB-
MecTuMas mapa ¢cTpykTyp SymboiTable u AbstSyntax (rme “coBmectmMast”
O3HAYAET “UCIOJB3YIOMAs OJHY U Ty XKe cTpyKTypy Symbol”). Eciu Teneps
MBI UCIIOJIB3YEM 3Ty MOAUMUIMPOBAHHYIO CUTHATYDPY, TO 00bsBieHue DyHK-
Topa ParserFun cranoBuUTCA AONYCTUMBIM.

B ofiem ciyuae umeercs jape hopMbl crienuduKalny COUCIOIb30BAHUST
— OJHA JIIsi TUIIOB, & Jpyras Jjs CTPYKTyp. B mocaeamem mpumepe Mbl
MCTIOTB30BATN POPMY I CTPYKTYP — ¥ 0OECTednIn ¢ TTOMOIIBIO Hee TO,
uT0 06€ KOMITOHEHTHI TapaMeTpa HCIOJB3YIOT paBHBIE TOJICTPYKTYPHI. JIBe
CTPYKTYPBI PaBHBI TOTA M TOJBKO TOTJA, KOTJIA OHU MMOJYYEHBI B Pe3yJbTa-
Te BBIYUCACHUS OJHOTO TOTO 2Ke OObABJIEHUs] CTPYKTYPHI WM TPUMEHEHUST
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OJTHOTO W TOTO 2Ke (PYHKTOPA K PABHBIM aprymenTam. Hampumep, ciemyro-
as MOIbITKa COPMUPOBATH apryMeHTHI Jjid dpyHkTopa ParserFun Oyrier
OTBEPIHYTa, IIOCKOJIbKY OHA HE yjl0BJieTBOpser cienndukanun sharing:

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

IIprunna 3/1€ech B TOM, 9TO KaxKjgo0e mpuMerHerre SymbolFun co3iaer HOBYIO
CTPYKTYDY, OTJIMYHYIO OT BCEX APYTHX.

Jpyraa dopma crenmdrkamy CONCIONB30BAHNA UMEET [e/I0 C THIAMHU.
Hanpuwmep, caenytornast Bepcust PARSER_PIECES 6yzier BIOJIHE TIOIXOISIIER,
€CJIN ¢IWHCTBCHHOE, B 4eM JOJIKHBI COBHAJATH CTPYKTYDPHI SymboiTable m
AbstSyntax — 3TO HCIOJB3yeMBIil UMW THN Symbol:

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

PapencTBo THIOB 110/100HO PABEHCTBY CTPYKTYD: /IBa TUIIA PABHBI, €CJIU OHU
MOJIyI€HbI B PE3Y/ILTATE BBIYUCJIEHUS OJIHOIO W TOrO ke 0Obsapjenus. Tak,
HaIPUMED, eCJIU JIBA THUIIA 33JaHbl UIEHTUIHbIMU 0ObsBeHusMu datatype,
ouu Oy/yT Pa3/IMIHBIMHU.

Bossparmmasics k Hamemy npuMepy, IOCMOTPUM, 9YTO TTPOUBOHIET, ECJU MbI
HAIIJIK W UCTIpaBUIN OMMHUOKY B (hyHKTOpe SymbolFun. UTo MBI HOXKHBI Clie-
JiaTh mocie 3roro? Bo-mepBeix, KOHEUHO, HEOOXOMMMO TEPEKOMITHINPOBATE
SymbolFun. A 3aTeM JOCTATOYHO MOBTOPUTH MPHUBEJIEHHYIO BBIIIE MOCTET0-
BaTEIbHOCTEL MpuMeHeHu# (HYHKTOPOB — HO TIOBTOPHON KOMIIWISIIUNA BCEX
Ipyrux PyHKTOPOB He Tpebyercs.
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I'maBa 4

BBoa-BbiBoa

ML obecmeamBaeT TOJHKO HEDOJBITIOE KOJMIECTBO MPUMUTHBOB BBOIA-
BBIBOA, BBIMOJIHSIONINX TOCHMBOJIBHBIN 00OMEH ¢ TEpMUHAJIOM X QaitTaMu.
DyumaMeHTaIbHBIM IOHATHEM B CHCTEME BBOAA-BhIBOAA ML siBaserca nomox
AumMeEp — KOHeIHad Wan OeCKOHETHas IOCIeI0BATEIbHOCTD auTep. Mmeer-
Csl ABa MOTOKOBBIX THUIA: instream — AJigd IMOTOKOB BBOJA, U outstream —
JIJIsd TIOTOKOB BBIBOJA. IIoTOK BBOJA IOJIyYaeT CBOHM JIUTEPBI OT UCMOYHU-
xa (0OBIMHO 9TO TEPMUHAJ MU JUCKOBBIN (baiia), a MOTOK BBIBOAA MOCHLIA-
eT CBOW JIUTEPHI noaywamento (Takzxke OOBITHO TEPMUHAY WA THCKOBOMY
daiiny). TIoTOK MHUTMATU3UPYETCS MyTEM MOJKIIOUEHUs €ro K MCTOUHUKY
WJTA TIOJTy9aTe 0. BXOMHONW TTOTOK MOXKET UMETh W HE UMETh KOHEI; B TOM
caydae, Korga komHerl mMeercd, ML obecnednBaer BO3MOXKHOCTH IIPOBEPKHI
YCJOBUA JOCTHXKEHUS KOHI[Q BXOJHOTO TOTOKA.

OcHOBHBIE IPUMUTHBBI BBOJIA-BBIBO/IA HAXOJATCHA B CTPYKTYpe BasicIO;
ee curaatypa BASICIO mMeeT cruemylommuil BAI:

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 *)
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val open_in : string -> instream
val open_out: string -> outstream

(x Operations on input streams *)
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 BasicI0 aBTOMaTHUYECKH OTKpPBIBaeTCs npu 3amycke ML-cucre-
MBI, [T03TOMY BCE YIOMSIHYTBIE HUIACHTU(MDUKATOPH MOTYT UCIIOJb30BATHCS B
mporpamMme 06e3 yIoOMUHAHUS UMEHU CTPYKTYPHI.

Tunbl instream u outstream SB/ISIOTCS THIIAMU COOTBETCTBEHHO BXO/I-
HBIX ¥ BBIXOIHBIX TTOTOKOB. Vckmouenne io_failure ucmonb3yerca A/ WH-
dopMHEPOBAHII TPOTPAMMBI 0 JIOOBIX OMMHOKAX, BOSHAKIINX B IIPOIIECCE BBO-
Ma-BBIBO/IA. JHAUEHWE TUTTA String, CBABAHHOE C 9TUM WCKIIOYEHTEM, COIep-
KUT UHOOPMAIIUIO O BO3HUKIIEH omubKe (06braHO B hopme coobienust 06
ommnobKe).

IToroku std_in m std_out aBTOMATUYIECKH CBS3BIBAIOTCS C TEPMUHAJIOM
(1 HE JOMKHBI OTKPBIBATLCS UM 3aKPBIBATHCSA TIPUKJIAIHON TPOTPAMMOIi).

1

IIpumuTyBbl Oopen_in u open_out UCHOJIBLIYIOTCH Jijlst CBA3bIBAHMS 110TO-
Ka ¢ AUCKOBBIM (aiiyiom. B pesynbrare Boraucienust Boipazkenus open_in (s)
COBIAETCsT HOBBIN BXOJHOW TOTOK, YbUM UCTOUHUKOM SIBJISIETCs (DAL ¢ UMe-
HEM S, 1 3TOT MMOTOK ABJIAETCA PE3YJIHTATOM I3TOT'O BBIPDAZKECHUA. ECJ’[I/I cbafma
C WMEeHEeM S He CYIIECTBYeT, TO BO30y:KaaeTcs WCKadenne io_failure, a

"~s. AHAJIOTUYIHO, BBIPA-

napaMeTpoM ee CTAHOBHATCA CTPOKa '"Cannot open
keHue open_out(8) cO3/aeT HOBBIH BBIXOJHON TIOTOK, YbUM IOJIYYATETIEM
sByigercd aiia ¢ UMeHeM S, U BO3BPAIIAET TOT IIOTOK B KaYECTBE PE3YJib-
TaTa.

[IpumuTrB BBOJIA input MCHOIB3YETCH Ui YTEHUS [10CJIE/I0BATETLHOCTH
JINTEp W3 BXOJIHOTO TIOTOKA. B pesynbrare BoiunciaeHus input (s,n), n jurep

VIATAIOTCI U3 BXOIHOTO TIOTOKA, 1 COOPMUPOBAHHAS W3 HUX CTPOKA BO3BPA-

!B ouepammonnoii cucreme UNIX 91y HOTOKK CBS3bIBAIOTCS ¢ (DAIAMU CTAHAPTHOIO
BBOJIa W BBIBO/A, KOTOPBIE MOTYT OBITH MOJK/IIOYEHBI JIU00 K TEPMUHAJIY, JIH00 eme KyIa-
TO.



93

[AETCST B KAUECTBE pe3ysbrara. Kejm B JaHHBIH MOMEHT B TIOTOKE JJOCTYITHO
MeHee I JIUTEP, TO IIPOrpaMMa OKHU/IAET, TOKA BCe HEOOXOUMbIE JINTEPHI He
cranyT gocryiHbMu?. EC/u B IPOLECCe BBOA JIOCTUIACTCH KOHEL! IIOTOKA, TO
BO3BpaIaeMas CTPOKA MOXKET COCTOSIThL MeHee deM u3 1 jiurep. B gactHocTn,
PE3yABTATOM YTEHHSA U3 3aKPBLITOTO MOTOKA OymeT mycrasd cTpoka. PyHKIs
lookahead (s) Bo3Bparmaer oYepeIHYIO JUTEPY BXOAHOTO MOTOKA S 6e3 yma-
JIEHHS €€ U3 MOTOKa. PaboTa ¢ BXOAHLIM IIOTOKOM 3aBEPIINAETCS ¢ IMOMOIIBIO
dyukimn close_in. OBBIYHO HET HEODXOIUMOCTH 3aKPBIBATH BXOIHBIE TIOTO-
KH, OJHAKO PEKOMEHIYETCsl BCe-TaKH 3aKPBIBATH BXOIHOM OTOK IIOCJE TOTO,
KaK YTEHWE U3 HErO 3aBEPIIEHO — WHAYE MOTYT BO3HUKHYTH HEIPUSITHOCTH,
CBA3aHHDIE C OEPAINOHHON cucTeMoit. KoHelr BX0IHOro MOTOKa MOXKET OBITh
OmpeseeH C MOMOIBLIO npeaukara end_of _stream, KOTOPHIH OMMCaH Kak:

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

[IpuMuTHB output MCHOJB3YETCS JJId 3alUCH JUTEP B TOTOK (MMEHHO,
3aMMUCBIBAIOTCS JIMTEPBI U3 CTPOKu-aprymenta). @ynknms close_out 3asep-
maer BuIBOA. llocie TOro, Kak BBIXOJHOI [MOTOK 3aKPBIT, JiF00as IOIBITKA
BBIBECTH B HEI'O 4TO-TO BO30yxk/IaeT nckstoderHue io_failure ¢ napamerpom
"Output stream is closed".

B gononrenne k 6azucHoMmy HaboOpy NPUMHUTHBOB BBOAA-BbIBOIa ML Tak-
e 0DecrmeunBaeT HECKOJIBKO JOTOMHUTENbHBIX QyaKkumit. OgHa U3 HUX —
input_line (Twma instream -> string) — BBINOJIHSIET YTEHWE CTPOKH W3
BxOAHOTO TOTOKA. CTPOKa OMpenenseTcs Kak MOCIeTOBATELHOCTE JTUTED,
3aBePIIAIIAsICT TPU3HAKOM KOHIA cTpoku \n. Jpyras — dyHKIUsS use Tu-
na string list -> unit — mosy4aeT B Ka4eCTBe apryMeHTa CIUCOK MMEH
daiisioB; B pe3ysIbTaTe ee BEIUUCIEHUS COMEPKUMOe YKa3aHHBIX (hailjioB mpo-
anTbiBaeTcad ML-cucremoii Tak, kak 6yaro Ob1 0HO OBLIO BBEIEHO HA, BEPXHEM
YPOBHEe Amajiora. JacTo 3TOT IPUMHUTHB UCIOJIL3YETCd IIPU MHTEPAKTUBHOMN
pabore jist 3arPy3KM YK€ TOTOBOM 4acTu IPOrPAMMBbI.

Yupaxkuenue 4.0.1 Moduduyupyiime sawy npozpammy pewenus 3a0a4u
¢ TAHOTUCKUMY DAWHAMY K, YN0 0HA 8bI800UAG HATIEHHYIO NOCACI06a-
MEABHOCTND L0008 HA MEPMUHAN.

Yupaxkuenue 4.0.2 Hanuwume GyHKuu0, nevamarouyro pewerue 360a-
wu 0 epsar 6 dopme warmamrot Jocku.

2Tounslil CMBICI CI0BA “I0CTYIHBIE” 3aBHCAT OT peanusanuu. Hanpumep, omeparm-
OHHAsA cucTeMa OObIYHO Oydepusyer BBOJ C TEPMUHAIA, U IIEPEJAET IIPOrPAMME CTPOKY
[IEJINKOM: B 9TOM CJIy4ae JIUTEPHI CTAHOBATCS “ITOCTYIMHBIMI® TTPOTPAMMe MMOCJIe HAYKATHUS
KJIABUIIHA KOHIA CTPOKHU.
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JIUTEPATYPA



ITpnnoxenune A

OTBeTnI

Otrser 2.3.1:

1. Unbound value identifier: x

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

3. > 3:int

OrBer 2.4.1:

ML-cucrema 6ymaeT mbITaThCa COMOCTABUTHL hd::tl::nil c
"Eat"::"the"::"walnut"::nil. [ocko/ibKy 9TU CINCKH UMEIOT
pPa3HyIo AJINHY, COTIOCTABJEHNE TTOTEPINT HEYIATY.

Otser 2.4.2:

1. { b=x, ...}

2. _ti_vixe:_ owm [, _, x, _, _]
3. [, (x, ]
OrBer 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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Otrser 2.5.2:
fun abs x = if x < 0.0 then -x else x

Otrser 2.5.3:

Hns Berauciaenus fact(n) norpebyercss BBIYUCIUTL BbIpazKe-
ume new_if (n=0,1,fact(n-1)). AprymenTsl (QYHKIINHA BBITAC-
JISIOTCS JI0 BBIYHCJIEHUd caMoit (bYHKINU; [O9TOMY IOTpeDy-
ercsa porancanth fact(n-1) (maxe xorma n = 0!); BeUHCTE-

are fact(n-1) mo Tem ke mpuUMHAM TOTPEDYET BLIYUCIEHUS
fact(n-2) — ¥ T.1.; BOBHUKHET OECKOHEUHBIA UK.

Otrser 2.5.5:

Ota dyrkims HeIPDEKTUBHBIM CIOCOOOM BBITTOTHSIET MTEPECcTa-
HOBKY 3JIEMEHTOB CIIUCKA, B 06PATHOM TOPSIIKE.

OrBer 2.5.6:

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

Otrser 2.5.7:

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

Otrser 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, coing);



Otrser 2.5.9:

fun nth(0,1st) = 1st
| nth(n,h::t) = nth(n-1,t);
fun count_change coins sum =
let fun initial_table [] = [[0]]
| initial_table (h::t) = [] :: (initial_table t)
fun count (amount,table) =
let fun count_using([],1st) = 1st
| 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

OrBer 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

AJTbTepHATHBHOE PEIIeHre, KOTOPOEe SIBHO MOJEIUPYeT JUCKU W
OpOBEPSIET JOIIYCTUMOCTL XOJ0B, MOKET OLIThL 3aIllHCAHO CIIEIY-
FOTIIAM 00PA3OM:

local
fun incl(m,n) = if m>n then 0 else m::incl(m+1,n)
fun move_disk((f,fh::f1), (t,[]), spare) =

99



100 IIPUJIO?2KEHUE A. OTBETHI

((£,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::tl), spare)
fun transfer(from, to, spare, 1) =
move_disk(from, to, spare)
| transfer(from, to, spare, n) =
let val (f1,s1,t1l) = transfer(from,spare,to,n-1)
val (£2,t2,s2) move_disk(f1,t1,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(i,n)), ("B", [1), (Cc", [1), n)
end

Otrser 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,t1), node(leaf y,t2)) =
x=y andalso samefrontier(tl,t2)
| samefrontier(tl as node _, t2 as node _) =
samefrontier(adjust tl, 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 spyroe perieHue, UCHOJB3YIONIEE UCKIOUYEHNS (CM.
pazzaen 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
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| 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)
| check(l as leaf(el),tree2) =
check_el(1l, hd tree2, tl tree2)
| check(node(t1,t2),tree2) =
check(t2, check(tl,tree2))
in
null (check(treel,[tree2])) handle samefringe => false
end

Otrser 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

OtrBer 2.7.3:

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

OrBer 2.8.1:

1. Ucknmouenne, npuBazanunoe kK Exn Brue let, oruuaerca oT
npuBsizanHoro K Exn BayTpu let. llostomy wuckitodenue,
BOZHMKAOIIEe B mporecce Bbrancyienust £ (200) (umeroree
HeJ0IUCTeHHbI TapaMerp 200), MoxkeT GbITh 00paboTaHO
TOJIbKO 06paboTunKOM UCKJIIOUeHUH BHYyTpH let — u He MO-
x)eT ObpITh 06paboTano BHEMHUM 06paboTunKOM (KOTODBIH,
K TOMY ¥Ke, OKHJIaeT mapamerpa Turma bool). B pesyasrare
COODIIEeHNe 0 BO3HWKHOBEHHUW HEOOPabOTAHHOTO WMCKJIIOYE-
Hust OyIeT BBIIAHO HA BEPXHEM ypoBHE juasiora. Curyanus
HE U3MEHUTCS U B TOM CJIy4ae, €CJAU BHEITHEe MCKIIOUeHUE
Oyaer oObABIEHO KaK MOJIyJaollee mapaMerp Tuma int —
002 UCKJTIOUEHUS MTO-TIPEXKHEMY OCTAHYTCS PA3THIHBIMH.

2. Ecnm npu Berunciaenun f(v) oxaxkercs, uro p(v) JIOKHO, a
q(v) mcTtuHHO, TO OYJET PEeKYPCUBHO BhI3BaHA (QyHKINs f
¢ mapamerpom b(v). anee, ecoim p(b(v)) um q(b(v)) oxka-
KYTCs JIOKHBIME, OyeT BeipaboTano nckitwodenue Exn. Ho
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9TO uckJoYeHue He Oyaer 06paboTaHo NPUBEIEHHBIM B IIPU-
Mepe 06paboTUNKOM, [MOCKOJIbKY yKA3aHHOE B HEM WCKJIIO-
geHne Exn ecTh KOHCTPYKTOP, CO3AHHBIN 1IPU BHIYUCJIEHUN
f(v) — a soipaboramroe Exn ecTh KOHCTPYKTOP, CO3IaH-
ubiil ipu BeruucaeHun £ (b(v)) — u 3T0 nBE pa3HbIe BEIIH.
(Eme pas obpainaeM BHUMAaHWE HA TO, 9TO BCE 00ObLsIBIIE-
HUsi BHYTpU 0ObsiBeHns (DYHKIUU UCTIOJHSIOTCS KaXKThIit
pa3 mpu PEeKYPCUBHOM BBI3OBE, W IMPU ITOM BBITOTHSIETCH
HOBAasl TIPUBSI3KA, UICHTH(DUKATOPOB).

OrBer 2.8.2:

fun threat((x::int,y), (x’,y?)) =
(x=x7)
orelse (y=y’)
orelse (x+y=x’+y’)
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)
OTtser 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)
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then raise Conflict(({(i,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

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

Otrser 2.9.2:

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

ITpuBemem gapyroe pemrenne — Hoiee MHOTOCTIOBHOE, HO, BOZMOK-
HO, boJiee MOHATHOE:

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

| next ( stream (ref(eval(r)))) =r
fun mkstream f = stream(ref(uneval f))
end

OrBer 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 = (1f)()
in (f := fn () => res; res)
end
fun mkstream f = stream (ref f)
fun emptystream() =

stream(ref (fn () => raise End0fStream))

fun endofstream(s) =

(next s; false) handle endofstream => true

end
end
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 < s82)) end

Otrser 3.2.2:

Curnarypa yKa3bIBa€T, ITO TUI N €CTh ’a 1ist; oTcioga, B 4acT-
HOCTW, CJIeIyeT, 9TO eCJ CTPYKTypa T COTIOCTAaBUMa C CHTHATY-
poit SIG, To BbipaxKenwue true::(T,n) JOMKHO OBITH JOTYCTH-
MBIM. 3TO YCI0BUE He OYyAeT BBITOJHEHO B HAIEM TPUMEpE, TT0-
CKOJIBKY 1 uMeeT OoJiee KOHKPETHBII THI, a UMeHHO int list.
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ITosTomy jlanHOE OnpejeseHre KOMIIMIATOD IpUu3HaeT omuboy-
HBIM.

Otser 3.2.3:

sig type ’a t val x : bool*int end
n

sig type ’a t vai x : bool t end

OrBer 3.2.4:

Toabko curnarypa B ymosierBopger npaBuiy 3aMKHYTOCTH CHUT-
HATYPHI (BCE OCTAJIbHBIE COIEPYKAT OTKPBITHIE CCHUIKU Ha CTPYK-
Typy A).

Otrser 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

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 realx*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
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else rect ((axc+bxd)/cd2, (b*c-a*xd)/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
Otser 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 : (O.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 0O.elem list
structure 0 = 0
val emptyset = set []
fun singleton e = set [e]
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
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| merge(1,[]) =1
| merge(ll 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(t1,12)
else h2::merge(11,t2)
in set(merge(1l,1’)) end
fun intersect(set 1, set 1’) =
let fun inter([],1) = []
| inter(1, [1) = [
| inter(11 as (hil::t1), 12 as (h2::t2)) =
if 0.eq(h1,h2) then hl::inter(tl,t2)
else if 0.1t (h1,h2) then inter(t1,12)
else inter(11,t2))
in set(inter(1,1’)) end
end

Otrser 4.0.1:

local
fun incl(m,n) = if m>n then [] else m::incl(m+1,n)
fun move_disk ((f, fh::fl), (t, 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::t1l), 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,s2) move_disk(f1, t1, si)
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
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Otrser 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 ()
else ( output (s, if present((i,j),place)
then " Q "
else " . ");
printcolumn(i,j+1) )
fun printrow(i) =
if i>n then ()
else ( printcolumn(ij);
output(s,"\n");
printfow(i+1) )
in ( printrow(1l); output(s,"\n") )
end



