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IIpeaucinosue

Meroanyeckre yKa3aHus IpeaHa3HadeHbl A CTYIEHTOB 4 Kypca
dakyabreTa nHGOPMATUKA U BBITUCIUTETLHON Texuuku Apl'Y, oby-
qaroruxcsa no cueruaabaoct 010503 Maremarndeckoe obecreueHme
1 aJIMUHACTPUPOBaHNE MHPOPMAIIMOHHBIX CHCTEM.

B Merommdecknx ykKasaHUsIX H3JIAraloTCsi OCHOBBI IIPOIPaMMEIPO-
Banust Ha s3bke SML/NJ (Standard ML of New Jersey). 9ot nuanekt
a3blka Standard ML gBiigeTcd OMHUM U3 CAMBIX MHOIYJIAPHBIX COBPE-
MEHHBIX SI3BIKOB (DYHKIIMOHAJIBHOTO ITPOTPAMMHUPOBAHMSI.

B mepBoM pasnese mpuBOasATCs 00IIME CBEIEHUSA O (DYHKIIMOHAIb-
HOM CTWJIe MPOIPDAMMUPOBAHUS, & TAKYKe OIMCBHIBAIOTCS HEKOTOPBIE
ocobenHocTn paboTs! B cucreme SML/NJ.

Bo BTOpoM paszzesie BBOIASITCsI OCHOBHbBIE ITOHSITHSA SI3bIKA, IEPEUHC-
JIAIOTCS 6a30BbIe THUIILI JAHHBIX U CTAHJIAPTHBIE OIEPATOPHI; PaCCKa-
3BIBAETCS O CIIOCODaX PabOTHI C KIIOYEBBIMI KOMIIOHEHTAMU (DYHKIIHO-
HAJILHOI TPOTrpaMMbl — (QYHKIIUSAMEI U JHHAMUAIECKUME CTPYKTYpaMU
JAHHBIX; IPUBOIATCA IIPUMEPHI BayKHEUIINX MPUEMOB IIPOrPaMMEIPO-
BaHUs: COMIOCTABJICHUS ¢ 00pa3IoM, nepefadn PyHKIINOHAILHOTO I1a-
paMerpa, a TaKyKe Pa3JIMIHbIX BHIOB PEKYPCUM.

B TpernheM pa3ziesie onuchiBaloOTCs AOMOTHUTEIbHBIE BOBMOYXKHOCTHU
sA3BIKA: TMapaMeTPUIecKuil moIuMopdu3M, paboTa ¢ THIAMU JTaHHBIX
(B TOM 4uCIIe PEKYPCUBHBIME ), 06pabOTKa UCKIIIOYEHUI, & TAKIKE MM-
IepaTUBHBIE oOpalenns K maMaT u (daitram. Kpome Toro, paccmar-
PHUBAIOTCSI METO/IBI MOJIYJILHOI'O IIPOrPAMMUPOBaHKs Ha SML ¢ HCIOJIb-
30BaHUEM CTPYKTYDP, CATHATYP U (DYHKTOPOB.

O6rmue csesennst 0 (PYHKIMOHAIBHOM CTHJIE IPOrPAMMUPOBAHMUS
MOKHO 10JTyunTh u3 KHur |2, 4]. Kpome roro, B ceru qocTynHO J10-
BOJIBHO MHOT'O aHIVIOSI3bIIHBIX SJIEKTPOHHBIX PYKOBOCTB 110 IIPOIPaM-
MEpoBaHuIo Ha si3biKe SML (Hanbosee mosmoe — [7]).



1. IIpenBapureibHbie CBeAEHUS

1.1. dyHKIMOHAJIBHOE ITPOrpaMMUPOBaHNIE

Korma nporpamMmmuct nummer mporpaMmy Ha KAKOM-HUOYIb “‘O0BId-
HOM” sI3bIKe MporpaMmupoBanust (Hampumep, C++ wjm Pascal), on
dbopmupyer (cnavasa B TOJI0Be, & MOTOM W B KOJE IMPOTPAMMBI) MO~
CJIe/I0BATE/IBHOCTh BBINIOJIHEHUS T€X WJIM UHBIX oreparuii Haj Habo-
pom nepemenHbix. QakTrveckn, KOMIIBIOTED HOIYYaeT YKaA3aGHUSA, ITO
7 KaK eMy JiejiaTh. Takoil CTUJIb MIpOrpaMMUPOBaHUS HA3BIBACTCH UM-
NEPAMUBHBIM, 8 PEAJTUBYIOIIIE €ro SI3bIKH — UMNEPAMUSHBLMU A3bi-
KaMU TPOPAMMUPOSAHUS.

OiHaKO 9TO He €IMHCTBEHHBIN BO3MOXKHBIN CIIOCOO YIIpaB/IEHUSI
KOMITbIOTepOM. CyIIecTBYIOT SI3bIKH M IIOIXOJIbI, PEAJM3YIONINE TaK
Ha3BIBAEMBII JeKAGPAMUBHBLT CMUAL NpoepamMmuposaHus. IIporpam-
MBI Ha TAKUX S3BIKAX IPEJICTABJISIIOT COOOM HE IM0C/Ie/I0BATEIbHOCTA
JlefiCTBU, a ucUyepnbIBaIOIIUE OIUCAHUS B3aMMOCBA3€EN Pe3yJbTaTOB
BBIYHUCJIEHUN U BXOJIHBIX JAHHDBIX.

OcCHOBHOE TPUHITUITHATIBLHOE PA3ININE UMIIEPATUBHOTO U JeKIapa-
THUBHOT'O CTUJIEH MPOrPAMMUPOBAHUS MOYKHO C(OPMYIMPOBATH CJie-
JyIomuM 00pa3oM: ec/ii B UMIIEPATUBHON IIpOrpamMMe YKa3aHO, Kak
desams, TO B JIEKJIAPATUBHON — 4mo deaams.

B jexsrapaTuBHOM TPOrpaMMUPOBAHUM TaK¥Ke €CTh CBOE pasie-
steane. OCHOBHBIMHU €I'0 BHUJAMU SIBJISTFOTCS JA02UMeCKoe W PYHKUUO-
HAALHOE TIPOrPaMMUpPOBaHue. Jlormdueckast mporpaMma pejicTaBIIser
coboit HabOP MPaBUJI, CBSI3BIBAIOIINX PA3IUIHbIE (DAKTHI IIPEIMETHON
obstactr. OyHKIIMOHAIbHAS IIPOTPaAMMa — 9TO HAOOpP (DyHKIHIA, CBsI-
3aHHBIX MEXK]Iy CODOI apryMeHTaMu, KOTOPBIE, B CBOIO OUepeih, TOXKE
MOTYT OBITH (DYHKIUSIME. ATOMAPHBIN AKT BBIYUCJIEHUN — 3TO MOJI-
TOTOBKA apryMEHTOB JJIsl UCIOJIB3YIONel ux (QyHKIUH. [ 0TOBHOCTH
apryMeHTOB TPAKTyeTCs KaK pa3pelleHne BbluncieHus OyHKITIH.

OyHKITMOHAIBHBIE KOHCTPYKIIUU MOYKHO HAWTH U B “OOBIYHBIX’
nporpammax. [Ipocreitmuii mpumep — BeIYUC/IeHTE apUEPMETHIECKOTO



BBIpaXKeHUsA & = a*xb+cxd. 31mech He yKa3aHO SIBHO, KAKOe U3 JIeHCTBHII
JIOJI?KHO OBITH BBIMIOJIHEHO TIEPBBIM — @ % b mwiin ¢ * d. Takum obpazom,
3aJlaH HE aJITOPUTM, a NPaBuUA0 BbrauciaeHns. KoHevHo, Ipu KOMITUJIsI-
MY IIPOrPAMMBI IOJIYYUTCSI KMEHHO IOCJIEI0BATEILHOCTh MAITHHHBIX
KOMaHJ1 (IIpryeM MOpsiJIOK JIeficTBUN BbIOepeT caM KOMIIUJISITOD), O/1-
HaKO Ha JTalle HAIIMCAHNUA TEKCTa IIPOrPaMMBbI IIPOrPAMMHUCTY YIAJI0Ch
YUTH OT CJIMIIKOM ITOIPOOHOM JIeTaIu3aIliN IIPOIECCa BhIUUCIEHUSI.

Oxa3sbIBaeTcs, epeifiTn 0T MOC/IeI0BATEILHOTO aJITOPUTMa K IIPa-
BHJIAM MIPeoOpa30BaHUsi apryMEHTOB MOXKHO HE TOJIBKO B TAKHUX IPO-
CTBIX CHTYyallndAX, Kak apudmerndeckue BbraucjaeHus. CyIecTByIOT
GYHKIIMOHAJIBHBIE CIIOCOOBI OIMUCAHUST ITUKJIOB, PEKYPCUN M BBIOOPA.
MareMaTmIecKuM JOKA3aTEIbCTBOM PEATH3YEMOCTH JIFOO0TO aJITOPUT-
Ma [IpU TOMOIIM OJHUX TOJBKO (PYHKIINN sBJIsieTCst (PyHIAMEHTA b=
Hbelii pe3ysiabrar Uépua 00 yHuUBepcaibHOCTH A-mcuncienus. PaxTu-
qeckd, A-pyHKIun Yépya MOSIBUINCH JaykKe paHbIle, YeM MAalllHbI
Trropunra, Tak 910 QYHKIINOHAILHOE TPOIPAMMUPOBAHUE TTOJIY TUJIO
MaTeMaTHIeckoe 0OOCHOBAHME PaHbIle UMIIEPATHBHOIO.

OcHOBHOI TPUHITUIT (DYHKITHOHAIBEHOTO ITPOTPAMMUPOBAHUST — 9TO
caM IIPUHITAT PYHKIINOHAJIHLHOCTH: IIPU BBI30BE OJIHON 1 TO 2Ke (DyHK-
A C OMHUMHU W TeMH YK€ 3HaYeHHSMH apryMeHTOB BCerja BO3Bpa-
IIAaeTCsT OAUH W TOT K€ Pe3yabTar. B “O0bIYHBIX” A3BIKaX MPOrpaM-
MUPOBaHUSI 9TOT MPUHIUI HAPYIIEH, TaK KakK TaM (PYHKIUS MOXKET
obpammaThbest K rIobaJIbHBIM IIEPEMEHHBIM MJIM OOITEel TaMsITH.

Bropoii BaxkHERIIUI NPUHIUIT — OTCYTCTBHE UCKYCCTBEHHOIO YII-
paBJieHHs IPOIecCOM Bbraucenuit. Kornedrno, eciium aprymenToM yH-
KIIWH SIBJIAETCA ApyTasi (pyHKIMsI, TO OHA OYyIeT BLIYUC/IECHA PAHbIIIE,
ueM BbI3BaBINas eé ¢yHkims. OIHAKO JIPYTUX CIIOCOOOB 3aIaHUS 10~
CJIeJIOBATE/ILHOCTH JIHiCTBUIT (HAIpUMED, IUKJIOB) B YUCTON (DYyHKIU-
OHAJIBHOI IIporpaMme OBITH HE MOYKET.

CreroBaHre 3TUM IPUHIIAIIAM IIPUBOJIUT K JTOBOJIBHO HHTEPECHBIM
pesyiabratam. Hampumep, B 9uCTBIX (DYHKIIMOHAJIBHBIX SI3bIKAX HET
MIOHSITHSI IEPEMEHHOM, CJIeI0BATE/IbHO, OTCYTCTBYET U OIEpaTop IpU-
cBamBaHus. HeT omepaTopHBIX CKOOOK, OTIEpaTOPOB MUKJIa, MEXAHU3-



MOB paboThI ¢ maMsIThio. CHHTAKCHC O9eHb Oe/1eH, OTHAKO, U IPOrPaM-
Ma, II0JIy9aeTcs, KaK IIPaBUjIo, bojiee KpacuBasi U KOMIIAKTHAS.
K mrocam (byHKITMOHAJIBHOTO MTOAX0a MOXKHO OTHECTH:

6/IM30CTh KOJIa TIpOrpaMMbl €€ crerudukanuu (1o cyTu jena
IporpamMma MpeICTaBIsieT cob6oi YTOTHEHHYIO CIIEIN(DIKAIIIO );

OTCYTCTBHE TODOYHBIX 3D MDEKTOB OT UCIOJIBL30BAHUS OIIEPATOPA
[IpUCBAWBaHUs U PADOTHI C MaAMATHIO;

OTCYTCTBHUE NIPUBSI3KYM K apXUTEKType (IporpaMma MaKCUMAaJlb-
HO abcTpakTHA, HO3TOMY €€ MOYKHO OTKOMIIUIUPOBATD JIJIsl JIIO-
6oit konkperHoit 9BM);

BO3MOXKHOCTH TaK HA3BIBAEMBIX ‘JIEHUBBIX (OTJIO?KEHHBIX) BBI-
YHUCJIEHUH, IIPU KOTOPBIX HEIIOCPEJICTBEHHO B XOJI€ BBIIIOIHEHUS
IPOrPaMMBbI OTCEKAIOTCsl N30BITOYHbBIE BBI3OBBI IIO/IIIPOIPAMM;

npocToTa paboThl ¢ JIMHAMUYECKUMU PEKYPCUBHBIMEU CTPYKTY-
paMu JIAHHBIX (CIIUCKAMU, JE€PEBbIMHU);

peanmM3alusl Tak HA3bIBAEMOIO IapaMeTpUIecKkoro (“mCTHHHO-
ro”) nmosumopdusmMa, Npu KOTOPOM OJ(Ha U Ta Ke (PYHKIHIsS MO-
2KeT paboTaTh ¢ apryMeHTaMH Pa3HBIX THUIIOB;

paboTa ¢ MOTEHITNAIBHO OECKOHETHBIMI TUIIAMU JTaHHBIX;

yI00CTBO aHAN3a TPOTPAMMBbI (POPMaTbHBIMIA MaTEMATHIECK-
MU MeToJaMu (Halpumep, npu eé BepuduKaIum).

Ectb 1 cBOM MuHyCHI:

HEBO3MOYKHO OPraHM30BATh MHTEPAKTUBHBIE MHTEP(MEHCHI;

Ipu HaIIMCAHNU KOJa IMIPOTrpaMMMACT HE MOZKET NCIIOJIB30BaTh 10-
IIOJIHUTEJIbHbIE€ BO3MO2KHOCTH KOHerTHOfI APXUTEKTYPhI.

Ha npakruke GOyHKIIMOHAIBHDBIE SI3BIKU JAIINE BCEI'O UCIOIL3YIOT-
Cs JUTsT HAYyIHDBIX U KPUTHUIECKN BarKHBIX BBIYUCIECHUN, TO €CTh TaM,
rJe HeoOX0IMMO Peau30BbIBAThL U BePU(UIINPOBATEH BECHMA CJIOXKHBIE
aJITOPUTMBI 0OPAbOTKU JAHHBIX 063 MHTEPAKTUBHBIX MHTEP(MENCOB.



IlepBbIM s13BIKOM DYHKIIMOHAJILHOTO IIPOIPAMMUPOBAHUS SIBJISET-
cs s3bIK LISP, coznmanubiii B 1960-e roanr Ixxornom Makkaptu. K mo-
cJeHeMY TOKOJIEHUIO (DYHKITMOHAJIBHBIX $S3BbIKOB IPUHAJJIEIKAT Ta-
Kue s13bIKi, Kak Standard ML (u SML/NJ — ero camblil mOIyJIsipHbIIL
nuajiekt), Haskell, Miranda, LISP/Scheme.

1.2. Pabora B cucreme Lucent SML/NJ

WNurepuperarop SML/NJ dpupmbr Lucent Technologies pacipocTpa-
HsI€TCs Ha yCJIOBUsX freeware u JOCTyIIEH /i CKAYUBAHUS 10 aJIPECY:
http://cm.bell-labs.com/cm/cs/what/smlnj/index.html.

3alyck cucTeMbl — KOMaH/a sml B KOMaH IHO#l cTpoke. Boixom u3
cucrtembl — Ctrl-Z. IIpepoiBanue Beruucsienust — Ctrl-C.

BazoBbiM asiemenTOM s3bIKa SML sIBJIsIeTCS HE OIEPATOP, & BhIPa-
JKeHre. BollosHenne mporpaMMbl COCTOUT B BBIYHCJICHUN (yIPOIIe-
HUM) BBEJGHHBIX IMOJIb30BaTeseM Bbipakenuii. Cucrema Bo3Bpalaer
BBIYHCJIEHHBIN Pe3y/IbTaT ¢ YKa3aHUEM THUIIA:

"Hello World";
val it = "Hello World" : string

3Jiech U jajiee B paMKy OOBEJICHBI IIPHMEDPBI JHaJIora II0JIb30BaTe-
J ¢ cucTeMoil. BBoauMele mosb3oBaTesieM KOMaHIbI — CTPOKH, Ha-
yuHaroImecs: ¢ cumposia “-” (npursamennst). OcTajgbHble CTPOKH —
oTBeTHI HHTepperaTopa. Ilocteamee BerancieHHOe BeIpazKeHIe MOTy-
JaeT UMs 110 yMOJIMaHuio it. MoxKHO gBHO yKa3aTb UMs BBEIEHHOI'O
BbIpazkeHnst (KOMaHia val) U HCHOJIB30BATh 9TO UM B JATBHEHIINX
BBIUUCJICHUAX:

- 3+4;

val it = 7 : int
- val x = 5x6;
val x = 30 : int
- x-it;

val it = 23 : int




BIK — nsitive. B nnenrudukaropax He IpuHATO HUC-
A3 SML — case sensitive. B une aTopax He 0 HUC
IIOJIb30BATh 3arjIaBHbIE OYKBHI.
BOJMMBIE II0JIL30BaTE/IEM BbIPAKEHUS OTACJISIIOTC I OT -
Bso € IIoJIb30BareJie axke OTIEJIAIOTC o]
ra (3akpbIBalOTCst) cuMBosioM ;7. Bo BTOpPOIi u moc/iemyomumux Hesa-
KPBITBIX CTPOKAX IPUIJIAIIEHNE ABTOMATHICCKN MEHSIeTCs Ha ‘="

-4+ 4+
=4;
val it = 12 : int

Omneparopsr if-then-else u case:

- val x = if Math.pi > 3.0 then 5 else O;
val x = 5 : int

- case X

= of 0 => "bad"

= | 5 => "good"

= | => n?u;

val it = "good" : string

CuMBOJI IO/TUEPKUBAHUS SIBJISIETCS YHUBEPCAJBHON MTOJICTAHOBKOM
(aHanor paznena default B oneparope switch si3bika C).
IIpumepsr coobienuii 06 ormmbKax:

- 22z,
stdIn:1.1-1.4 Error: unbound variable or constructor: zzz
- bt+true;

stdIn:1.1-2.2 Error: operator and operand don’t agree

B nepBom ciyuae ncrnosib3yercss HeKOPPEKTHBI (He CBA3aHHBIA HI C
OJIHUM BbIpazKeHUeM ) UJICHTUMUKATOD ZZZ, BO BTOPOM — THUII Ollepa-
Topa + (int) He coorBeTcTBYeT THUILy BTOpOro onepania (bool).
KomMenTapuu B Tekcre mporpaMMbl 0OOPMIISIIOTCST CJIELYIOIITUM
obpazom: (* sTo KoMMeHTapuit *). lIX paspereHo BCTaBJIATH TOJb-
KO B Te MeCTa IIPOIPaMMBbI, Ijie JOIyCKaeTcsl Hajaum4dne npobesa (Ha-
HpuMep, HeJlb3sl Pa3pblBaTh KOMMEHTapUeM HJIeHTUMHUKATOD).
Ornpeiesienne dyskimu B SML UMeET CJIe/IyIONINN CHHTAKCHUC:

fun <uma> <aprymeHT> = <BHpaxXeHUE>;



IIpumepsr:

- fun sqr x = x*x;

val sqr = fn : int -> int
- sqr 55;

val it = 3025 : int

CDyHKLLI/IIO C TeM K€ UMEHEM MO2KHO IIepeoIlIipeae/InThb:

- fun sqr x = x = "kBagzpat";
val sqr = fn : string -> bool
- sqr "zzz";

val it = false : bool
- sqr "kBagzpat";
val it = true : bool

Bce nmena Boipazkennit (1 yHKIWMIA), KOTOPbIe OBLIN BBEJIECHBI B
X07Ie JJAHHOTO ceaHca pabOThl ¢ CUCTEMOIT, COXPAHSIIOTCS 10 KOHIA Ce-
aHca (HO ecJiM UMsi OBLIO IEPEOIPEIEIIEHO, TO NCIOIb3YETCs TOCIIE]I-
Hee O6135{BJI€HHO€ BbIpazKeHHne C JaHHbIM I/HVIeHeNI) . TaK}Ke MO2KHO IIO/I-
IPy’KaTh COJAEPIKIMOE BHEITHUX (DAiJIOB PN TOMOINH KOMAH/IBI USe.

Conepzkumoe daita my . sml:

fun divide_by_2 x = x / 2.0; (* QyHKRUUS OeleHUs Ha 2 *)

Pabora ¢ dpyuknueit u3 daitia my . sml:

- use "my.sml";

[opening my.sml]

val divide_by_2 = fn : real -> real
val it = () : unit

- divide_by_2 1.0;

val it = 0.5 : real;

Knapumn ympapiennss KypcopoM { u ) mMO3BOISIOT mepebpaTh
PEIBLIY e 3HAUEHUST CTPOKHU BBOA. Takke MOXKHO paboTaTh B TEK-
croBoM pejlakTope (Hampumep, Notepad), a 3areM HepeHOCUTH Ha-
OpaHHBII TekcT yepe3 6ydep odbmena B okHo SML/NJ.
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2. BasoBbIil 93BIK

2.1. OcHOBHBIE 3JIEMEHTbI A3bIKA

ITpussizku. B byHKIMOHATLHBIX sI3bIKAX IPOIPAMMUPOBAHUS JIIO-
OOMY CHHTAKCUYECKU IPABUILHOMY BBIPAYKEHUIO MOXKHO COIIOCTABUTH
CUMBOJIbHOE 00O3HAaYEeHNE. DTO HA3BIBAETCH NPUBAZKOT UMEHU:

- val x = 3;
val x = 3 : int

B mamnom ciydae BhipakeHUo 3 OBLIO IIPUCBOEHO UM X. Ternepnb
9TO BbIPAYKEHUE SIBJISICTCS “KBATUPUIMPOBAHHBIM (MMEHOBAHHBIM) 1
K HEMY MOXKHO 0OpaIlaThbCs MO0 UMEHH X:

- xt5;
val it = 8 : int

Tlo cunTakcucy umMeHa BbIpayKeHUl HECKOJIBKO HATIOMUHAIOT TIepe-
MEHHBIC NMIIEPATUBHBIX A3BIKOB IIPOIPAMMUPOBAHNSA, OJHAKO NMEeT-
cst PYHIAMEHTAJIBHOE OTJIMYHE: BBIPAXKEHUIO He BCErjia COOTBETCTBY-
eT KaKoe-TO KOHKpeTHoe 3HadeHue. VImena B GyHKIMOHAIBHBIX SA3bI-
KaX MOTYT IPUCBaUBaThCs IPOU3BOJIbHBIM BbIPAKEHUSAM, B TOM YHCJIE
GYHKIUAM, 9aCTUIHO BBIYUCIEHHBIM BBIPAXKEHUSM U T.II. B ciemxyio-
IeM IIPUMEPE HOBOE UM TPUCBAMBAETCs (DYHKITUU CHHYCA!

- val sinus = Math.sin;
val sinus = fn : real -> real

Ecin ecTb BO3MOXKHOCTD, BBEIEHHOE BBIPpAarKEHIE YIIPOIIAETCSI CPa-
3y (kak B npumepe ¢ x+5). OJIHAKO 9TOT IPOLECC HE CJIeLyeT PACCMaT-
pHUBaTh Kak ‘“BBIUKCIEHNE’ — BBIPayKeHNE HEe BBITUCIISIETCSI, a8 MMEHHO
VIIPOIIAETCA B COOTBETCTBUHU CO CBOMCTBAMH BXOISIIUX B HErO IIOJI-
BBIDAKEHU.

Ewé omun BuJ NPUBASKU — IPUBA3KA MMEHH THUIA IIPU IIOMO-
11 KOMaH,1bl type. Mbl MOkeM Ha3HAYUTD [IPOU3BOJILHBI IICEBIOHUM
J060oMy 6a30BOMY TUIY JAHHBIX: type my_float = real. Temepsn Be-

11



IIECTBEHHBIE YHCJIa MOYXKHO 0D03Ha4YaTh Kak my_float.

O6tacrs sefictBust (061aCTh BUJAUMOCTH) PUBSA3KHA MOYKHO OT'Da-
HUYUTh. B BbIpaykeHnn — KOMaHI0i let, B Apyroil mpuBsi3ke — KO-
MaHgoi local:

let local

val a = 3+4 val x = 5.0

val b = 7*xa-9 val y = 10.2-x
in in

(a*b) -a val z = x*y
end; end;

Beiparkenust a 1 b JIOCTYIIHBI TOJIBKO B BbipaxkeHuu (a*b)-a; BbIpa-
JKEeHNS X Uy JOCTYIHBI TOJIBKO B IPUBSI3KE Z.

BasoBbie TuIlbl JaHHBIX U OllepaTopbl. JI10060e BhipakeHue uMe-
er Turl. B 60JbIMUHCTBE C/IydaeB KOMIIMJIATOP CaM CIIOCODEH OIpeie-
JINTh THII 110 CHHTAKCHUCY BbipakeHus. OIHAKO €CTh CIIOCOD yKa3aTh
THUITI BBEJICHHOT'O BbIPpazKEHHNA ABHO — Yepe3 JBOETOYHC.

- 5.0 : real;
val it = 5.0 : real

DT0 MOXKeT MOTPeOOBATHCS JIJIsi ONPAHUYEHUsT ODJIACTU OIPE Ie/IeHUST
apryMenTa (bYHKIUH WX B KAIECTBE JTOTOJTHUTEHHOTO KOHTPOJIS.
B rabjiutie mpuBejieHbI 6a30BbIE THUIIBI JAHHBIX s13bIKa SML:

Tun 3armuch Omneparuu OrHOoImEeHSsT

unit 0

bool true, false andalso, orelse, not | =, <>

int 5,0, 75 +, -, %, div, mod, ~ =, <, > <=
>=, <>

real | 3.14, 31416e74, | +, -, *, /,~ <, > <=, >=,

inf, nan <>

char #"z" #"\n" = <, >, <=,
>=, <>

string | "zzz", "1\n2\n3" | ° = < >, <=,
>= <>
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IIpocreiimuit Tum — unit. BeipakeHuns 9TOro Tuma MOTYT IPUHE-
MaThb TOJIBKO OJTHO 3HadeHne — ().

Jlormueckue BeIparkeHnst UMetoT TUil bool. /Ijist cBs130K andalso u
orelse (9KBUBAJICHTHBIX OOBIYHBIM and U OF) KOMIUJISATOD UCHOJIb3Y-
eT JleHuBoe (OTJIOXKeHHOe) Bbluncsienne. [IepBblil orepan)| BbIYUCIIs-
eTcsl BCera, BTOPOil — TOJIBKO IpHU HeobxoaumocTu. Hampumep, ecin
B BbIpaXKeHNM X andalso y BBIYUCJICHUE IIOJBBIPAKECHUA X JTaJIO pe-
3ysibTaT false, TO BhIpayKeHUE y BBIYUC/IATHCS yKe He OyJier.

B Turme int et neseHusi, eCTh TOJLKO JEJICHUE HAIEJO W OCTATOK.
JemuTh Ha HOJIb B IIEJIBIX YHCIaX HeIb3d. B cam a3bik SML He 3a/102Ke-
HO HUKaKHUX OI'DaHUYEHUII Ha pa3Mep IeJIOr0 YHcJia, OJHAKO CUCTEMa
SML/NJ OTBOAHUT MO IieJjible ducaa 31 OUT, TOSTOMY OHU MOTYT IIPHU-
HUMaTh 3HadYeHue oT ~1073741824 o 1073741823. Iist paboThl C
NPOU3BOJILHBIMHA II€JIBIMA MOXKHO MCHOJIB30BAaTh CTPYKTYpy IntInf.

YHapHbIl MuUHYC 0003HaYaETCS TUIBIOM: ~5.0, a He -5.0.

B peficTBUTEILHBIX YHCIaX UMEIOTCS 0COObLIe 3HAYEHHUsI — OECKO-
HeurocTh inf (infinity) u HeonpegenennocTs nan (not a number). e-
JINTh Ha HOJIb KOHEYHOE JIeICTBUTEIbHOE YUCJIO MOXKHO, Pe3yJIbTaTOM
oymer inf, npu gesenun inf/inf moJsydaercs nan.

OCoGEHHOCTRIO sI3BIKA, SIBJISIETCSI 3allpeT Ha CpaBHEHUE JIeiicTBU-
TeJIbHBIX YHCEJI TIPU MTOMOIIM OTHOIeHnsT paBeHcTBa (=). JIroboe BbI-
YUCJICHHOE JIEHCTBUTEILHOE UHUC/IO CUUTAETCH NpUbJIImKeHueM. Tod-
HbIE€ BBITUCJICHUST JOIYCTUMBI TOJIBKO C PAIMOHAJIBHBIMUI JTPOOSMIU.

OrcyrcTByeT HesiBHOe Tpeobpa3oBaHue TUloB. Hampumep, 3amuch
5/2 npuBeser K coobIIeHno 06 ommbKe, TaK KaK B int HET [IeJIeHns.
[IpaBusibHast 3anuce — 5.0/2.0 win 5 div 2.

st crpokoBoro Tuiia uMerorcst GyHKIUMI JJIMHBL CTPOKU (size)
U oJICTPOKK (Substring), a Tak»Ke olepaTop KOHKATEHAIUU ~:

- size("Hello" ~ " " =~ "World");
val it = 11 : int

- substring("Hello World", 6, 5);
val it = "World" : string
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B crmenyromeit Tabniie mpeacTaBIeHbl HAMOOIee BasKHBbIE BCTPO-

CHHBbIC beHKLLI/II/I HJIA pa6OTbI C JaHHBIMUA Pa3JIMIHBIX THUIIOB!:

Mogayins | @Oyuknus Curnarypa
Int abs int -> int
min (int * int) -> int
max (int * int) -> int
toString int -> string
fromString | string -> int option
Real abs real -> real
min (real * real) -> real
max (real * real) -> real
isFinite real -> bool
isNan real -> bool
toString real -> string
fromString | string -> real option
floor real -> Int.int
ceil real -> Int.int
Math sqrt real -> real
sin real -> real
cos real -> real
tan real -> real
asin real -> real
acos real -> real
atan real -> real
exp real -> real
pow (real * real) -> real
In real -> real
pi real
e real
Char ord char -> int
chr int -> char
succ char -> char
pred char -> char
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IIpu BoI30BE TI0O0I U3 TUX PYHKINNH HEOOXOTUMO YKA3BIBATH NMS
MOJIyJIsl, KOTOPOMY OHA MPUHAJJIEKUT (Yepe3 TOUKY):

- Math.sin 0.5;
val it = 0.479425538604 : real

CocraBHble THUIIBI JaHHBIX: HAOOpPHI u 3anucu. Habop (tuple)
OOBABIISIETCST B CKOOKAX, TP 9TOM HYepe3 3alATYIO TEePEeUnCITIOTCs
BCE €r'0 3JIeMEHTHI (110J151):

- val a = (1, 2, "apple");
val a = (1,2,"apple") : int * int * string

B cTpoke int * int * string, omuchIBaIONIedl THUI BBEJIEHHOI'O
BBIDAXKEHUS, CHMBOJI * 0003HAYAET JeKapTOBO mponsseenne. Orpa-
HUYEHUU Ha TUIIBI TIOJIell B HADOpe HeT.

Jlist m3B/IedYeHns 3HAYMEHUS (-TO SJEMEHTa HADOPa UCIIOIb3yeTCs
dyHaKITT #i:

- #3 a;
val it = "apple" : string

Habop n3 omHOro s1eMenTa S5KBUBAIEHTEH CAMOMY 9TOMY JJIEMEH-
Ty. HaGop u3 HyJIst 9/1eMEHTOB SKBUBaJIeHTEH 3HavueHno () Tuia JaH-
HBIX unit.

Bamuce (record) — 310 HAGOP, B KOTOPOM MOJIsI HE yIIOPSIIOYEHbI
(kak B 0ObIYHOM HABOPE), & UIMEHOBAHBI. 3AKUCH O0bABIAIOTCA B (hu-
I'YPHBIX CKOOKax, IPU 9TOM Yepe3 3aIATYIO HEePEUNC/ISIIOTCS IOJIs C
YKa3aHUEeM WX UMEH:

- val man = {Fam="Ivanov", Age=21};
val man = {Age=21,Fam="Ivanov"} : {Age:int, Fam:string}

3Bedyenne 3HaveHnsI MOJIS:

- #Age man;
val it = 21 : int
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2.2. OyHKNUNA

O0bsiBiienue pyuknuu. llepsas opma cuHTaKCHCA OOBSIBICHUS
dbyuknun (mpu momoru oneparopa fun):

- fun incr x = x + 1;
val incr = fn : int -> int

Bropast dopma cunTakcuca obbsiBieHust DYHKIUE (IPU TOMOIITH
npussi3ku val u oneparopa fn):

- val incr = fn x => x + 1;
val incr = fn : int -> int

Bropas dpopma mo3BosisieT onpeaeasaTh 6e3bIMAHHbIe (DYHKITAN:

- (fn x => x + 1) 6;
val it = 7 : int

IIpu 06 bstBIeHNN (DYHKITUN MOYKHO SIBHO YKA3bIBATH THII apI'yMeH-
Ta W TUIl BO3BPAIAEMOIr0 3HAYEHUSI:

- fun incr (x : int) : int = x + 1;
val incr = fn : int -> int

Bce dyukmuu B SML gaBistiioTcs PYHKIUSIMEA OT OJIHOIO apryMeH-
ta. OmHAKO CYIIEeCTBYeT W HEKWil aHAJor (PYHKIUU OT HECKOJbKHUX
apryMEHTOB:

- fun subtr (x:int) (y:int) = x - y;
val subtr = fn : int -> int -> int

- subtr 6 4;

val it = 2 : int

Twun Beipaxkerus: fn:int->int->int (SKBI/IBaJIeHTHaH 3alUCh TU-
na fn:int-> (int—>int)) COOTBETCTBYET (PYHKIUU, KOTOPAs OJIyIa-
eT B KadecTBe apryMeHTa IeJI0€ YHCI0 W BO3BpaliaeT (PYHKIUIO C
TuioM fn:int->int.

MoKHO yKa3blBaTh He BCe apryMEHTBI, TOIa Pe3yJIbTaToM OyiaeT
He KOHKDPETHOE 3HavueHue, a (PyHKINA C MEHBIITUM YUCJIOM apryMeH-
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ToB. PaccmoTprm B KadecTBe mpuMepa DYHKITHIO OT OJHOTO apryMeH-
Ta, MOJIyYeHHYIO [IPU MTOMOIIU YACTUIHOTO BBIYUCICHUS (DYHKITUH OT
JBYX apryMeHTOB:

- val subtr_from_10 = subtr 10;

val subtr_from_10 = fn : int -> int
- subtr_from_10 8;

val it = 2 : int

B BbIpazkeHnsIX CKOOKU BCETIa CTaBATCS JIEBOACCOIUATHBHO, IIOITOMY
subtr 6 4 ozHauaer (subtr 6) 4, a He subtr (6 4).

Emé omun ciocob nepemaun GyHKIMN Cpa3y HECKOJIbBKIX BXOTHBIX
3HavYeHMil (BbIparkKeHWii) — apryMeHT TUla HabOp MM 3aIHCh:

- fun foo (x:int, y:int, z:int) : int = x + y + z;
val foo = fn : int * int * int -> int

- foo (3, 4, 5);

val it = 12 : int

DyHKIMU, KOTOPbIE BO3BPAIAIOT HECKOJIBKO 3HAUEHUH OJHOBpE-
MEHHO (TOuYHee, OJIHO 3HAUYEHUe THIa HAOOP MJIM 3aIliCh):

- fun sum_prod (x : int, y : int) : int * int = (x+y, x*y);
val sum_prod = fn : int * int -> int * int

- sum_prod (3, 4);

val it = (7, 12) : int * int

B SML ecTbh BOBMOXKHOCTD OIpeiesieHnsi NHMUKCHBIX OLEPATOPOB.
Buavase npu momoru KJodeBoro cjoBa infix 3ajgaercs Tur HyHK-
WM, 3aT€M OOBIBJISIETCsT caMa (PYHKITHUS:

- infix conc;

infix conc

- fun (x:string) conc (y:string) = x ~ y;

val conc = fn : string * string -> string
n

one" conc "two";
val it = "onetwo" : string

[Tpu nomomM KJIr049eBoro cjioBa op K MHMUKCHBIM oriepaTopaM (B
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TOM YHCJIE CTAHIAPTHBIM) MOKHO OOPAIaThCsa KaK K (QyHKITHIM:

- (op +) (5, 6);
val it = 11 : int

ConocraBienne ¢ obpasnom (mabsonom). Ouun u3 Hanbosee
YaCcTO UCIHOJIb3yEeMBIX IIPUEMOB IIPU OIHCAHUN (DYHKIUNA — TaK Ha3bl-
BaeMoe corocrapjieHne ¢ obpasiom (pattern matching). Cunrakcuc
COIIOCTABJIEHUS [IOXOK Ha CHHTAKCHC OIlepaTopa case:

- fun int2str 1 = "One"

= | int2str 2 = "Two"

= | int2str 3 "Three"

= | int2str _ = "some number";
val int2str = fn : int -> string
- int2str 2;

val it = "Two" : string

- int2str 789;

val it = "some number" : string

Tesno dbyHKIMU 1eINTCST HA HECKOJIBKO dacTeil (BapHaHTOB), KaxK-
Jlasi U3 KOTOPBIX 3allyCKaeTCsl B TOM CJIydae, KOIJ[a 3HaYeHue apry-
MEHTa IIOJIXO/IUT COOTBETCTBYOIEMY Bapuanty. [lepebop BapumaHTOB
apryMeHTa IIPOM3BOJIUTCS CJIEBA HAIIPABO, II09TOMY YHUBEPCAJIBHYIO
[OJICTAHOBKY (CHMBOJI _) UMEET CMBICJI CTABUTH TOJBKO IIOC/IE/THEN.

OyuKIMs BeIYUCIeHns ynciaa Pubonayyu:

fun fib 0 = 0
| fib 1 1
| fib n = fib(n-1) + fib(n-2);

31ech M1abJI0H 12 COOTBETCTBYET IIPOM3BOJIBHOMY II€JIOMY apr'yMeH-
Ty (me pasaomy 0 m 1). CumBoIbHOE 0GO3HAYEHHE N CONOCMABAEHO
apryMeHTy, u BHyTpu (GyHKIMU (TOYHee, BHYTpHU pasjesa £ib n) Mbl
MOKEM 00pAIaThCs K HEMY 110 IMEHH.

B kadectBe BapuaHTOB (I1aOJIOHOB) MOTYT BBICTYIATH HE TOJIb-

_,HO U

KO 3HaYEeHUs, IEPEMEHHbBIE U YHUBEPCAJIbHAS T10JICTAHOBKA
JOCTATOYHO CJIOZKHBIE BBIPaKeHUsI, [I03BOJILIONINE CTPYKTYPUPOBATh
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aprymenT. B gacTHOCTH, HAOOPHI:

- val (x, y, z, ) = (1, {r1=5, r2=6}, "a", "b");
val x = 1 : int

val y = {r1=5, r2=6} : {ril:int, r2:int}

val z = "a" : string

IIpuBeneHHbII TPUMED TOKA3BIBAET, ITO MIADJIOHBI MOYKHO HCIIO b~
30BaTh U B MIPUBSI3KAX.

CorocrasiieHne ¢ 00pas3IioM IMO3BOJISIET CO3/IaBATH OYeHb KOMIIAKT-
Hble U 3JIETaHTHBIE BbIpaxkeHusi. Hampumep, oObsiBiaeHUE (QYHKIIAN
BBIYHUC/ICHUsT (DaKTOPHUAJIa MPAKTUIECKU HE OTJIUYIAETCS OT MaTeMa-
TUYIECKOT'O OIPEJIeJIEHNsT CaMOTO (phaKTopraa:

fun fact 0 = 1
| fact n = n * fact(n-1);

[Ta6sioHbl MOTYT HMOKPBIBATH HE BCE BapUAHTHI 3HAYEHUI apry-
MeHTa. JIOmyCcTUMBI HETIOTHBIE OIIPE/Ie/ICHUS:

- fun fz 0 = 0;
stdIn:164.1-164.13 Warning: match nonexhaustive
0 =>

val fz = fn : int -> int
- fz 0;

val it = 0 : int

- fz 1;

uncaught exception nonexhaustive match failure
raised at: stdIn:164.12

B mabmonax comocraBiaeHnst ¢ 0oOpasloM HeIb3sI HCIOJIb30BATH
3HaYEeHUsI U [IePEMEHHbIE TUIIOB, He JIOIYyCKAIOIINX CPaBHEHHE IIPHU 10~
MOIIY OTHOIIEHHsI PABEHCTBA (B YaCTHOCTH, THIA real).

DyHKINS KaK apryMeHT. B QyHKIMOHAIBHBIX SI3bIKAX JIEFKO Pe-
AM30BaTh TaK HA3bIBACMbIE BHICOKOYPOBHEBBIE QyHKIMN (DyHKIHMN-
11a0JIOHBI ), IOJIYYAIOIINe B KAYeCTBE apryMeHTOB JApyrue (DyHKIUU 1
BeIpaxkenus. [Ipumep dyuknum-mnrabdirona:

fun apply_predicate(x, y, f) = if f(x,y) then x else y;
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Tperuit apryment mabsiona — QyHKIINSA, BO3BPAIIAIONIAT UCTHHY
win J0Kb. Kcin e€ 3Havenne oT NepBhIX ABYX apr'yMEHTOB — MCTUHA,
TO BO3BPAIAETCs MMEePBLI aprymMenT. Ecan j10:XKb — BTOPOii.

Hampuwmep, cTpoku MOXKHO CpPaBHHBATH JIBYMs CIOCOOAMEH — TIO
JuHe U 1o coqepzkanuio. [Ipu momoru mabsiona yo0Ho ompeaenThb
COOTBETCTBYIOINE (DYHKITUN HAXOXKJICHUS] HANOOJIbIIIEH CTPOKM:

fun comp_len(x:string, y:string) = size(x) >= size(y);
fun comp_lex(x:string, y:string) = x >= y;

fun max_by_len(x, y) = apply_predicate(x, y, comp_len);
fun max_by_lex(x, y) = apply_predicate(x, y, comp_lex);

OrnpesienuTh (QyHKIUIO-APIyMEHT MOXKHO HEIOCPEJICTBEHHO B Me-
cre BbI30Ba (Ge3pIMsAHHAsT DYHKILHS):
fun max_by_len (x, y) =
apply_predicate (x, y, fn (x, y) => size(x) >= size(y));
st otpenenienust yHKIUN KAK KOMITO3UIIAN JIBYX APYTUX (DyHK-
Ui UCHOJIB3YETCH CIeIUAJIbHBIA OllepaTop o:
fun drop_negative x = if x < 0.0 then 0.0 else x;
val nonnegative_sin = drop_negative o Math.sin;
Boer3oB dyukinn nonnegative_sin(x) 9KBUBaJEHTEH BbI30BY BbI-
paxenus drop_negative(Math.sin(x)).

Pekypcusi. Ilpumep npocroit pekypcun — GYHKIHSA BBIUYUCIEHUS
CYMMBI TIEJIBIX guces oT O JI0 n.
fun sumUpTo O = O
| sumUpTo n = n + sumUpTo (n-1);
Kpowme obpranoii pekypcuu, B SML MOXKHO OPraH30BaTh B3AUMHYIO
PEKYPCHIO, IIPU KOTOPOI HECKOJIBKO (DYHKIUI BBIZBIBAIOT JIPYT JIPyTa:
fun even (n:int):bool =
if (n=0) then true else odd (n-1)
and odd (n:int):bool =
if (n=0) then false else even (n-1);
OTae pHOTO YIIOMUHAHUST 3aCTYKUBACT CITOCOO TOBBIMIEHUST (-
PEKTUBHOCTH PEKYPCUN — TaK Ha3bIBacMasl "XBOCTOBasl PEKYPCHSI.
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PacMoTpiM 1mocsie10BaTeIbHOCTD BBIYUC/ICHNsT (YIIPOIIEHNUST) BbI-
paxxkenns sumUpTo (3):

sumUpTo (3)

3 + sumUpTo (2))

3 + (2 + sumUpTo (1))

3+ (2 + (1 + sumUpTo (0)))
3+ 2+ (1 +0))

3+ (@2+1)

3+3

6

Beraucsienne BoinosiHseTcst 3a (2n + 2) maros, rjie n — apryMeHT
dyuknuu. Kpome toro, Jjigs XpaHeHUs ITPOMEXKYTOUHBIX 3HAYCHUN
Tpebyercst N siIeeK MaMsITH. DTO BecbMa HeahdekTuBHO. XOoporei
AJITEPHATUBON $IBJISETCs] UCIIOJIb30BAHIE TPOMEXKYTOYHOIO “XpaHU-
I’ 3HaYEHUsI MapaMeTrpa — TaK Ha3bIBAEMOTO AKKYMYAAMOPQ:

fun sumUpTo’ (n:int):int =
let
fun sumUpTolter (n:int, acc:int):int =
case n
of 0 => acc
| _ => sumUpToIter (n-1, acc+n)
in
sumUpToIter (n,0)
end;
IIporiecc BeIUUCICHUS TEIEPh BBITVISIUT CJICIYIONIIM 00PAa30M:
sumUpTo’ (3)
sumUpToIter (3,0)
sumUpToIter (2,3)
sumUpToIter (1,5)
sumUpToIter (0,6)
6
Beranciienne 3aBepiaercs 3a (n + 2) maros, Ipu 9TOM HCIIOJb-
3yIOTCA BCEro JIUIIh JIBE IEJIOUNCIEHHbIe SUefiKn maMaTu. Takyio pe-
KyPCHIO y2Ke BIOJIHE MOYKHO CUUTATh UTepaluei.
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Jlastee npuBeieH BapuaHT (hyHKIME BbIancIenus ducia Oubonat-
41 C XBOCTOBOU pEKypCHUeIt:

fun fib’ (n) =
let
fun fib_iter (0,a,b) b
| fib_iter (n,a,b) = fib_iter (n-1,atb,a)
in
fib_iter (n,1,0)
end;

2.3. Cauckn

Koucrpykropsl cimmckoB. CHHCOK — 3TO JIMHEHHO YIIOPSIOYEH-
Hasl I10CJIe/I0BATEIbHOCTDh OJHOTHUITHBIX 3JIeMeHTOB. llycroil crumcok
obozHadaercd Kak nil win []. Oupenesnenue cimcKa depes ero sJe-
MeHTHI: [element_1, element_2, ..., element_n]. IIpumep:

- [1:253];
val it = [1,2,3] : int list

It mpucoeTuHEHNS B HAYaJ/JI0 CIUCKA HOBOT'O 3JIEMEHTA HCIIOJIb-
3yercst oneparop :: (CIUCOK HAYMHAETCsI CJICBA):

- 1::[2,3];
val it = [1,2,3] : int list

Omneparop koukarenaiuu (Q) coeUHsIET JBA CIICKA:

- [1,2,3] @ [4,5];
val it = [1,2,3,4,5] : int list

IIpumepsr crmckos:

[(2,3), (2,2), (9,1)] : (int * int) list
[, [11, [1,2]11 : int list list
[Math.sin, Math.cos] : (real -> real) list
Omnepartop :: OZHO3HAYHO CTPYKTYPHPYET HEIIYCTOH CIMCOK, II0-

9TOMY €ro MOXKHO UCIIOJIb30BaThb B mrabJIoHe IIpU COIIOCTaBJICHUN:
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- val x::t = [1,2,3,4,5];
val x 1 : int
val t [2,3,4,5] : int list

IIpueMmbl mporpaMMupoOBaHUsI COUCKOB. IIpakTtuweckn srobast
dbyHukust, paborarlas co CIIUCKAMU, UMeeT JiBa mabjoHa (0bpasia)
apryMeHTa — IIyCTOil cnucok nil u BeIpazkenue h: :t (HmemycToil crm-
COK, COJIepZKAIil KaK MUHUMYM OJIuH 3jieMeHT h). Jlasee npuseieHbI
onpejesienns MYHKINUN HAXOXKICHUT JJIUHBI CIIUCKA, TPUCOEIMHEHUS
3JIEMEHTa K CIUCKY CIPaBa U MEPeBOPOTa CIIHCKA!
fun length nil = 0
| length (h::t) = 1 + length t;
fun append (nil, 1) = [1]
| append (h::t, 1) =h :: append (t, 1);
fun rev nil = nil
| rev (h::t) = rev t @ [h];
B s3bike SML mmeroTcst ABe clienmajibHble pyHKIMH — hd u tl,
BO3BPAIIAIOIINE TIEPBBI 3JIEMEHT U OCTATOK CIIUCKA COOTBETCTBEHHO:

- hd [1,2,3,4];

val it = 1 : int

- t1 [1,2,3,4];

val it = [2,3,4] : int list

st ynobeTBa paboThI CO CTPOKAMU OIIPEIESIeHbl (DYHKIIUY, TIPe-
obpasylolue CTPOKY B CIIHCOK CHMBOJIOB U Haobopor — explode u
implode:

- explode "abc";

val it = [#"a",#"b",#"c"] : char list
- implode [#"1",#"2"];

val it = "12" : string

(map) Dyskuus, npuMeHsiomas GyHKIUIO-aPIYMEHT K S1eMeHTaM
CIIMCKa-apryMeHTa:
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fun map f nil = nil

| map f (h::t) = (f h)::(map f t);
PaccmoTrpum citemyrorine HI3KOYypOBHEBbIE (DYHKIIAN:

fun doublist(nil) = nil

| doublist(h::t) = 2xh :: doublist(t);

fun inclist(nil) = nil

| inclist(h::t) = (h+1) :: inclist(t);

HepBaﬂ YABanuBa€T IJIEMEHTDBI, BTOPpad yBE/JINYNBACT UX Ha €JIUHUILY:

doublist [1,2,3,4] = [2,4,6,8]
inclist [1,2,3,4] [2,3,4,5]

Te xe dYHKIIUN MOYKHO IEPEOTPEIIETUTD IIPU TOMOIIH (DYHKITUN map:

val doublist = map (fn x=>2%x);
val inclist = map (fn x=> x+1);

(reduce) @ yHKINA, KOTOPas MOJIy4aeT B KA9eCTBE apryMEHTOB JIPy-
ryo $yHKINO, 6a30Boe 3HAUEHNE W CIUCOK 3HAUYEHU, a 3aTeM II0-
CJIeTOBATE/IHHO TPpUMeHSIeT (DYHKITMIO-aPTYMEHT K CIIUCKY, HATMHAS C
0azoBoro 3nadennd. CxeMa BbIYUC/ICHUL:

reduce f b [i1, i2, i3] = f(i1, f(i2, £(i3, b)))
Onpenenenne pynknuu reduce:

fun reduce £ b nil = b

| reduce f b (h::t) = f(h, reduce £ b t);
OyHKINE CYMMUPOBAHUSI CIIMCKa U IPeoOpa30BaHMs CINCKa CIIMCKOB
B OJINH CIHICOK:

fun sum(nil) = 0

| sum(h::t) = h + sum(t);

fun flatten(nil) = nil

| flatten(h::t) = h @ flatten(t);
[Tpumep:

sum [10, 20, 30] = 60

flatten [[1,2] 3 [3,4] > [5,6,7]] = [1’2;3:4:5’6,7]

Te ke dyukiun sum u flatten, peann3zoBaHHbIe IPU TOMOIK reduce:
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val sum = reduce (fn(a,b)=>a+b) 0;
val flatten = reduce (fn(a,b)=>a@b) nil;

(zip) Dyskuums, npuMeHsomas QYHKIMIO-aPIyMEHT K dJIeMeHTaM
JBYX CIIIICKOB:

fun zip f nil nil = nil

| zip £ (h::t) (d::uw) = £(h,i)::zip £ t u;
[Tpumep:

zip (op +) [1,2,3] [2,4,6] = [3,6,9]

(filter) @yukuusi, KOTOpas BO3BPAIIAET CIIUCOK JIEMEHTOB HCXOJI-
HOT'O CIIMCKA, YJIOBJIETBOPSIIOIIUX YCJIOBUIO (IIpE/UKATY ).
fun filter f nil = nil

| filter £ (h::t) =
(if f£f(h) then [h] else nil) @ (filter f t);

[Ipumep:

fun even n = (n mod 2 = 0);
filter even [1,2,3,4,5,6] = [2,4,6]

AkkymynupoBanue napameTrpos. llpocreiimiast dpyHKIIMS “Hiepe-
BOpoTa” CIHCKA:
fun rev nil = nil
| rev (h::t) = rev t @ [h];
Boraucienne dyukmum 3aifiMér 2n maroB, riae n — JJIAHA CIHACKA.
Omupenesienne ¢ “akKymyassTopom” (TPYI0EMKOCTb — 7 IArOB):
local
fun helper (nil, a) = a
| helper (h::t, a) = helper (t, h::a)
in
fun rev’ 1 = helper (1, nil)
end;
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3. JlonosiHuTeAbHBIE
BO3MOXKHOCTH

3.1. Pabora ¢ TunaMm JJaHHBIX

Ilepemennas Tuna. IToaumopdusm. Pacemorpum omnpenenerne
BBICOKOYPOBHEBOI (pyHKImu-mabgona £, Koropasl MoJydaeT B Kade-
CTBe IIePBOro apryMeHTa (DyHKINIO g, B Ka4eCTBE BTOPOI'O apI'yMeHTa,
— BBIpaXKeHUe X, U BO3BPAIAET PE3yIbTAT MPUMEHEHUST & K X:

- fun £ (g, x) = g(x);
val £ = fn : (Pa -> ’b) * ’a -> ’b

Turbr BbIparkeHU HUTIE HEe YKA3aHbI iBHO. KoMIIMIgTOp ompeie-
st curaTypy (tun) dyskinun kak fn @ (’a -> ’b) * ’a -> ’b.
Ucnonb3yembie 37ech obo3nadeHus *a u ’b — 3TO TaK HA3bIBAEMbIE
nepeMenHble Tuia. OHU MOKA3BIBAIOT, YTO COOTBETCTBYIOIINE BhIPayKe-
HUS MOTYT OBITH JiI0OOTO Tuna. KIuHCTBEHHOE OrpaHUYeHNE — THUIIBI
BBIDAyKEHUs X M apyMEeHTa BBIDAXKEHUsI g JOJKHBI COBIAJATh (T.K.
oHM 0003HAYEHBI OJIHOI 1 TOii JKe [IepeMeHHOil ’a).

[IpusnakoM niepeMeHHON TUIIA ABJISIETCS CUMBOJI altocTpoda 1epe/i
UMeHeM THuna. B KadecTBe MMEHU MOXKET BBICTYHATH JIIOOON MIEHTH-
dukaTop.

Oyukius £ U3 TPebIILYIIEro IpuMepa MOXKeT paboTaTh ¢ JTAHHBI-
MU JIFOOBIX TUIIOB U IIO3TOMY HA3BIBAETCSI NOAUMOPPHHOU. Takoil mosm-
MOpGU3M Ha3BIBAIOT TAKKe “MCTUHHBIM MTOJIUMOPGU3IMOM’, TaK Kak,
B OTJIMYME OT MOIUMOPGU3MA (PYHKIUN B UMIEPATUBHBIX S3BIKAX,
3/1€Ch KOMITHJIATOD JIEHCTBUTENBHO JJIT BCEX THUIIOB JAHHBIX UCIIOJIb-
3yeT OJHY U Ty 2Ke (DYHKIIIO, a He OJHOMMEHHbIe PYHKITNH.

[Tonumopdusm siBiisieTcst OJHUM U3 OCHOBHBIX NPUEMOB (DYHKIIH-
OHAJILHOTO TporpaMMmupoBanus. Hanpumep, Bce dyHKIUN PabOTHI CO
CIUCKAMU TOJUMOPQHDBI, TaK KaK JOJKHBI PAbOTATH C JIEMEHTAMHU
JIFOOOTO THIIA:
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- fun length nil = 0

= | length (_::t) = 1 + length t;
val length = fn : ’a list -> int

- length [1,2,3];

val it = 3 : int

- length [true,false];

val it = 2 : int

JBymst aroctpodamu 0603HAYAETCS TIEPEMEHHAs THUIA, KOTOpas
JOIIyCKaeT 3aMeHY TOJbKO TaKWMHU THUIAMU JIAHHBIX, JJIsI KOTOPBIX
paspelena oreparus CpABHEHUST IPH TIOMOIIY PABEHCTBA (TaK HA3BI-
Baemble equality types). Hanpumep, ouck BO3MOMXKEH TOJIBKO B CIIUC-
K€, 3JIEMEHTBI KOTOPOT'O MOXKHO CPABHUBATDH C 00pPa3IOM:

- fun find (1:’’a list, y:’’a):bool =

= case 1 of nil => false

= | x::xs => (x=y) orelse find(xs, y);
val find = fn : ’’a list * ’’a -> bool

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

val it = true : bool

- find ([1.0, 2.0, 3.0], 2.0);

stdIn:30.1-30.23 Error: [equality type required]

ITonb3oBaresibckue Tuiibl. O0bsBIIEHNE IICEBIOHUMA JIJIS Y2KE CY-
mecTByomero runa (type):

- type pair_of_ints = int * int;
type pair_of_ints = int * int

- val a = (3,3);

val a = (3,3) : int * int

- val a : pair_of_ints = (3,3);
val a = (3,3) : pair_of_ints

O6paTI/ITe BHUMaHHE: KOHTPOJIb TUIIOB HE OIIPEJAEJIACT aBTOMATUIECKN
BCe IIOAXOLAINNE BbIpazKeHUd KaK BbIPpazKeHUA JaHHOT'O THUIIA.
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O6bsiBienue HoBoro Tuita (datatype):

- datatype color = Red | Blue | Yellow;
datatype color = Blue | Red | Yellow

3nech Red, Blue, Yellow — KOHCTPYKTOPHBI. VIX IPUHSITO HA3BIBATH
¢ GouibIoit OykBbl. KOHCTPYKTOpPBI MOTYT 00J1a/1aTh [IapaMeTpPaMu:

- datatype int_or_real = I of int | R of real;
datatype int_or_real = I of int | R of real

- val p = (I(55), R(55.0));

val p = (I 55, R 55.0) : int_or_real * int_or_real

Tunsl, nogobuble int_or_real, MoryT norpeboBaThCs IJId JOIOI-
HUTEJIbHOT'O OI'PaHNYCHU I TUITa BhIPpazKEeHMN A (B,ZLGCI) 3allpeT Ha UCITIOJIb-
30BaHMEe BCEX THIIOB, KpoMe int u real).

PekypcuBHble TUnbl JaHHBIX. Ha ga3pike SML 10CTATOYHO IIPO-
CTO OPTaHU3YIOTCS JAaHHBbIe, MMEIOIINe PEKYPCUBHYIO CTPYKTYpPY. Pac-
CMOTPHUM B KadecTBe IIpUMEpa omnpejeeHne ONHaApHOTO JIepeBa, Kaxk-
JIBII y3€JI KOTOPOT'O MOXKET COJIEPKATH B KavuecTBe MH(MOPMAIIMOHHOM
COCTABJISIIONIEH 3HAYEHNE KAKOTO-TO TUIA ’a (YUCJI0, CTPOKY U T.II.):

1. ITycroe nepeBo Empty ecth OunapHoe jiepeBo Tuma ’a.

2. Eciiz treel u tree2 — OuHapHBIE JI€pEBbsi, val — 3HAYEHUE
Tuma ’a, o Node (treel,val,tree2) — OuHApPHOE JEpPEBO THUIIA ’a.

3. Jlpyrux nepeBbeB HeET.

CooTBeTcTBYyIOIIEE OIpeiesieHne Ha si3biKe SML:

datatype ’a tree = Empty | Node of ’a tree * ’a * ’a tree;
IIpumep 3amannss KOHKPETHOTO epeBa TUMA ’a tree:
val t = Node(Node(Empty, 5, Empty), 4, Empty);

Jliist paboThl ¢ PEKYPCUBHBIM THUIIOM OYEBHIHLIM 0OpPa30M OIIpe-
JICJISIOTCS. PEKYPCUBHBIE (DYHKITUN:

fun height (Empty) = 0
| height (Node(1ft, _, rht)) =
1 + Int.max(height(1ft), height(rht));
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fun size(Empty) = 0
| size(Node(1ft, _, rht)) =
1 + size(1lft) + size(rht);
fun inc(Empty) = Empty
| inc(Node(1ft, v, rht)) =
Node(inc(1ft), v + 1, inc(rht));
Oupenenenue TpoU3BOILHOIO JIEPEBa (He TOJIbKO 6I/IHapHOFo):

datatype ’a tree = Empty | Node of ’a * ’a tree list;

3Mech y KaxXKJI0TO y3ja He B TOTOMKA, & CIIMCOK TTOTOMKOB.

3.2. NmnepaTruBHOe mmporpaMmupoBanue B SML

A3pik SML He SIBJISETCS YUCTBIM (PYHKIIMOHAJILHBIM SI3BIKOM, TaK
KaK B HEM BCE K€ MMEIOTCI MEXaHW3MbI, CBONCTBEHHBIE UMIIEPATUB-
HBIM SI3bIKAM — PaboTa € MaMsIThIO M OPTaHU3AIHSI IIOC/Ie0BATEILHO-
cTH BerYuceHnii. VIcmob30BaHne 3TUX MEXaHU3MOB HE COOTBETCTBY-
er cTUIo PYHKIHOHAJIHHOTO IPOrPAMMUPOBAHNN, HO IIPU PEIIeHIH
HEKOTOPBIX TPUKJIAIHBIX 3a7a49 0e3 HUX He 0DOHUTHCH.

Auelikym nmamaru. [lamars npejcrabisier coboit HAOOP abCTPAKT-
HBIX sideeK. THl y staeiiku MOKeT ObITh JII0OBIM (I[eJ10€ UUCJI0, CIUCOK,
JIEPEBO U T.II.), OH ONPEJIEJISIeTCS] B MOMEHT BBIJICJICHUST TIAMSITH 10T
sueiiky. QyHKIuA BbljiesieHus g4eiiku ref nMeer Tun ’a ->’a ref.
Apryment dyHKImE — 3HAYEHHE, KOTOPOE 3alChIBAETCH B sUEHKY
riepBoHava/IbHO. [Ipy KazK/1oM BBI30BE CO3/1a€TCsl HOBasl SAYElKa.

- val r = ref O;
val r = ref O : int ref

st mostydeHust COIEpKUMOro stueiiku (XpaHMMOro TaM 3Hade-
HUs1) UCIIOJIb3yeTcst oneparop ! tuna ’a ref -> ’a:

- Ir;
val it = 0 : int
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JL1st n3MEHEeHUsI COMEPKUMOTr0 AIeHKN NCIIOJIb3YETCsI OIIEPaTOp :=
Tuna ’a ref * ’a -> unit:

-r :=1;
val it = () : unit

Oneparop npucBauBaHus He BO3BPAIAET HUKAKOI'O 3HAYECHHUSI, €10
BBI30B 39KBUBAJICHTEH BBIPAYKCHUIO:
val _ =1 := 1;
IIpumep mMmmepaTuBHON MOCAEIOBATEIHLHOCTH OIIEPATOPOB:

val r = ref O;
val s = ref 0;

val _ = r := 3;

val x = !s + !Ir;
val t = r;

val _ =t := b;

val y = !s + Ir;
val z = 1t + !r;

Pesynprar: x = 3, y = 5, z = 10.

OyuKIUy THIIA ’a -> unit Ha3BIBAIOTCH NPOUEIYPaMU, TaK Kak
OHU HUYEro He BO3BPAIIAIOT U BHI3BIBAIOTCS TOJIBKO PAJIU IPOU3BOIU-
MOro Ha nmaMsTh 3ddekTa. 3aMeTUM, 9TO MPOIEILYPbl HUKOUM 00pa-
30M HE MOT'YT 3aTPOHYTH CBOUM 3P PeKTOM “HeMMIIepaTUBHYIO  YacTh
nporpammbl (“npaBuabHbIT” SML).

CchLIKM JIONYCKAIOT MepenpucBanBanue (Co3IaHmne ajJnacos):

val r = ref O;
val s = ref 1;
val s = r;

Takoe mepenpucBamBanne — OIWH W3 BaXKHEUINX HNCTOYHUKOB
oIubOK B IPOrpamMMe, IMO3TOMY €ro cjieiayeT n3berarhb.

PaccmoTpuM citenmyroriee BeIpaKeHUe:

let

val _ = expl
in

exp2
end;
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3leck BbIpakeHHEe expl BBIUNCIISETCS JI0 BBIUUCIIEHHS! BbIparke-
uns exp2. B cymuocTu, nmonyuaercs nocaedosamenvroe BbIMUCICHUE
JIBYX BbIparkeHuil. I[71s1 TOro ke caMoro MOKHO HCIIOJIb30BaTh KpaT-
KyIO 3aluch: expl; exp2.

MmmepaTuBnbiit hakKTOPHUAIT:

fun imperative_fact (n:int) =
let
val result = ref 1
val i = ref O
fun loop O =
if 'i = n then ()
else (i:=!i+1; result:=!result*!i; loop ())
in
loop (); !result
end;

BBoxa/BbiBoj.  VIMuepaTuBHOE IIPOrpaMMUPOBAHKE UCIIOJIb3YETCsI B
SML/NJ tipu pabote ¢ (daitiamu, TaK KaK ¢ TOYKH 3PEHUS OIePAIInOH-
HOI cHCTeMBI HOCTYN K paflay Ha UTEeHUEe WM Ha 3alUCh ITPEJCTaAB-
JIsteT coboit He OHO, a HECKOJIBKO JeificTBHil.

B SML/NJ umeeTcss HECKOJIBKO CIIEMAJIBHBIX CTPYKTYP, COIEPIKa-
mux GYHKIMN BBOJA,/BBIBOJIA JJIsl PA3IMYHBIX THIIOB HHTEP(MENHCOB, B
qactHoctd, TextI0, StreamI0, BinI0. /laiee npuBe/ieHbI IPOCTEHIIITIE
bYHKIINN ITEHUS W 3aIUCUH TEKCTOBOrO daiiia:

fun fileToString fileName =
let

val stream = TextIO.openIn(fileName)
val str = TextIO.inputAll(stream)

val _ = TextIO.closeIn(stream)
in
str
end;
fun stringToFile(str, fileName) =
let

val stream = TextIO.openOut(fileName)
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val _ = TextIO.output(stream, str)
val _ = TextIO.closeOut(stream)

in
str

end;

B 6ubimorekax f3bIka UMEIOTCA U JPYTHE CTPYKTYPhI, B KOTOPBIX
cobpaHbl PYHKIME pabOThI C OIMEPAIMOHHON CUCTEMHOMN, HAIpUMeEp,
0S, Date u Time.

3.3. UckarouyeHud

CymectByer HabOp CTAHIAPTHBIX UCKJIIOUEHHUH, HanpuMep, 0ver-
flow u Dividebyzero, HO MOXXHO OObBSBJIATH U CBOU COOCTBEHHBIE.
CunTakcuc o0bsIBJIEHUS] UCKJIFOUEHNST U €r0 BhI30BA

exception <uMA HCKIOYEHUA>;
raise <uMs KCKINYEHHUS>;

Biok 06paboTKn NCKIIOUYEHN CTABUTCSI HEIIOCPEICTBEHHO B KOHIIE
TOrO BBIPAXKEHUsI, KOTOPOE MOYKET MX BbI3BaTh. CUHTAKCHUC:

<BHpaxXeHUne>
handle <mMa uckmoueHus 1> => <BhHpaxeHHe-obpaboTumk 1>

| <uMd HCKIYEeHHs N> => <BHpaXeHHe-06paboTUMK n>;

[Tpumep 06pabOTKU MCKIIFOUEHMIT IPU BBIYUCICHUU (DAKTOpUAJIA:

exception MyException;
local
fun fact O 1
| fact n = n * fact (n-1)

in
fun checked_factorial n = (
if n >= 0 then Int.toString(fact n)
else raise MyException)
handle MyException => "Qut of range"
| Overflow => "Integer overflow
end;

32



Nckmrouenusa ¢ ITIapaMeTpoM MOT'yT OBITH HCIIOJIE30BAHDI JJId TIe-
pegadn JaHHDBbIX. PacmupeHHmﬁ CHUHTaKCHC:

exception <mMa HCkInYeHHs> of <THI>;

raise <uMa HCKINYEHHS> <BHpaXeHHE COOTBETCTBYKHMEIO THIa>;

<prpaxeHue> handle <uMsa UCKINYEHHs> <apryMeHT> =>
<BHpaxeHHe-o6paboTUNK, HCIONb3yKIlee apryMeHT>;

IIpumep nckIIOUEHNS ¢ TTAPAMETPOM:

exception SyntaxError of string;
raise SyntaxError "Integer expected"
raise SyntaxError "Identifier expected"

handle SyntaxError msg => print "Syntax error: " ~ msg;

Emie onun muTEpecHbIil NIpUMep HUCIOJb30BAHUS HCKJIIOYEHUN B
SML — nojyiep2KKa 1epebopa ¢ BO3BpaToM. PaccMOTpuM B KadecTBe
npuMepa OYHKIUIO OIPEJIeIeHIs CIadYH:

exception Change;
fun change _ 0 = nil
| change nil _ = raise Change
| change (coin::coins) amt =
if coin > amt then
change coins amt
else

(coin :: change (coin::coins) (amt-coin))
handle Change => change coins amt;

JlaHbI CIIMCOK HOMHHAJIOB MOHET B KOIIIeJIbKe (II€PBBIi apryMeHT)
U CyMMa CIadM, KOTOPYIO HY2KHO HaOpaTb 3TUMU MOHeTamu. duciio
MOHeT Jiroboro HomuHaJa He orpanndeno. Oyukius change peannsy-
eT “YKaJIHBII’ aJICOPUTM U BCET/Ia CTPEMUTCA HAOPATh CYMMY CaMbIMHU
[IEPBBIMYE HOMUHAJIAMU MOHET W3 CIHUCKa. B ciiydae monajianus B Ty-
[IAK [IPOrpaMMa IOCPEJICTBOM 00pabOTKU UCKJIIOUEHUS] BO3BPAIIAETCS
K OymmkaiiieMy ‘KaHOMY  PEIIeHWIO W BBHIOMPAET aJbTepPHATUBHBII
nytb. OTBer He Beerja cymiecTByeT (Hampumep, Heb3si Habparb 11
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py6JIelt Py HAJIMYUN TOJIBKO MOHET 10 5 pybJieii u 1o 2 py6Jist), HO B
clydae HaJIM4us penrenns (pyHKIMsI BCerja ero Haiaer. B ciydae or-
CyTCTBUS perenns nckiaodenne Change OyeT BLIOPOITEHO HAPYXKY.

3.4. MoaynabHoe mporpaMMiupoBaHe

B s13b1ke SML mMeeTcst MeXaHU3M pa30MeHnsT NCXOTHOIO KOJIa Ha OT-
JeabHble 010K — Moayau. OyHKIIMOHAIBHO U JIayKe CHHTAKCUIECKU
OH HEMHOI'O HAIIOMHUHAET MEXaHU3M KJIACCOB B 0ObEKTHO-OPUEHTUPO-
BAHHBIX s3bIKax. VICIONB3YIOTCS TPHU BUIA JIEMEHTOB — CTPYKTYPHI,
CUTHATYPBI U PYHKTOPHI.

Crpykrypbl. CTpyKTypa — 3T0 HAOOp KOMIOHEHTOB (THIIOB, (DyHK-
Wi, 3HAYEHUH 1 T.]1.), CCPYIIUPOBAHHBIX B OTJEJIbHBIN MOyIib. [Tpu-
MepBI CTPYKTYP — MaTeMaTudecKnii moaysnb Math m monmyns 0S, co-
AepzKanmit naTepdeichbl CUCTEMHBIX (DYHKITHIA.

OrnpesiesiuM CTPYKTYPY, B KOTOPOI HHKAIICYJIUPOBAHBI BCE CPEJI-
cTBa JIJIs pabOTBI C TUIIOM JIAHHBIX “pEBEPCUBHBII cTeK” (CTEK ¢ BO3-
MOXKHOCTBIO “niepeBopora’):

structure RevStack = struct
type ’a stack = ’a list
exception Empty
val empty = []
fun isEmpty (s:’a stack):bool =
(case s of [] => true | => false)
fun top (s:’a stack):’a =
(case s of [] => raise Empty | x::xs => x)
fun pop (s:’a stack):’a stack =
(case s of [] => raise Empty | x::xs => xs)
fun push (s:’a stack,x:’a):’a stack = x::s
fun rev (s:’a stack):’a stack =
(case s of [] => [] | x::xs
end;

> rev (xs) @ [x])

3/ech 00bsIBIIEHBL: TUII JAHHBIX ’a stack, uckirodenue Empty (o6o-
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3HAYAIOIIEEe HEKOPPEKTHOE OOPAIIIEHNE K IIyCTOMY CTEKY ), BhIparkKeHHe
empty (KoHCTaHTa, 0003HAYAIONIAs IIYCTOH CTEK), & TaKyKe (DyHKIUH
[POBEPKH Ha I[yCTOTY, YTCHHsI BEPIIUHBI, CTHPAHIS BEPIINHBI, 3aIIUCH
B BEPIIUHY U [IEPEBOPOTA CTEKA.

[Tpu obpaineHnn K KOMIIOHEHTAM CTPYKTYPbl HYYKHO YKa3bIBATb
eé uMs (yepes TOUKY):

- val st = [1,2,3] : int RevStack.stack;
val st = [1,2,3] : int RevStack.stack

- RevStack.rev st;

val it = [3,2,1] : int RevStack.stack

B paccmoTpennoM mpuMepe HCIOJIb30BaJICS 0A30BbIN CUHTAKCUC
OO'bSBJIEHUS] CTPYKTYPBIL:
structure <uMa CTPYKType> = struct <KoMIOHeHTH> end;
FcTb emé oqun BapmaHnT cmHTaKCHCA!
structure <uMa CTPYKType> = <o06bABIEHHE CTPYKTYPH>;
B paznesne <o6baBIeHNE CTPYKTYPH> MOXKHO yKa3aTh UM APYTOM
CTPYKTYDPBI (HA3HAUEHUE IICEBJIOHUMA):
structure AlsoRevStack = RevStack;

BoJiee cioxuble BapHaHTBI CO3/[aHNsT CTPYKTYD (IIPH HOMOIIH CHT-
HATYD U (DYHKTOPOB) OyJIyT OIUCAHBI B CJIELYONUX Haparpadax.
BosmoxkHO 00bsiBICHIE BJIOKEHHBIX CTPYKTYD:

structure X struct
structure Y = struct
val z = 0
end
end;

Obpairrienne Kk KomnonenTy — X.Y.z.

Curuarypsbl. Curaatypy MOXKHO pACCMATPUBATEL KAK TUI CTPYKTY-
pot. Tounee, curaarypa — 310 HaOOP TUIIOB KOMIIOHEHTOB CTPYKTYPBHI.
CurnaTypbl IPUHSATO HA3bIBATH 3arJIaBHBIMU OyKBaMU:
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signature REV_STACK = sig
type ’a stack
exception Empty
val empty : ’a stack
val isEmpty : ’a stack -> bool

val push : ’a stack * ’a -> ’a stack
val pop : ’a stack -> ’a stack
val top : ’a stack -> ’a
val rev : ’a stack -> ’a stack
end;

Curaarypa — 3T0 crerudukanus narepdeiica HeKoeil abcTpakT-
HO#t cTpykTypbl. OJIHON CUTHATYPE MOXKET COOTBETCTBOBATH MHOYKE-
CTBO CTPYKTYD (Kak OxHOMY WHTepdeicy MOXKeT COOTBETCTBOBATH
MHOYKECTBO PeasTH3aIiii).

BaxkHo MOHATH, YTO CUTHATYPA MOYXKET CYIIECTBOBATL CaMa II0 Ce-
Oe u OBITh He CBSI3AHHOW HU C OAHOW cTpyKTypoil. Hampumep, mb
MOXKEM OObSIBUTH CUTHATYPY, OIUCHIBAIOINLYI0 HHTEPdENRC MOy pa-
0OTBI ¢ OOBIYHBIM CTEKOM:

signature STACK = sig
type ’a stack
exception Empty

val empty : ’a stack
val isEmpty : ’a stack -> bool
val push : ’a stack * ’a -> ’a stack
val pop : ’a stack -> ’a stack
val top : ’a stack -> ’a
end;

B ornuuwne ot curnarypsr REV_STACK, 351ech HET (PYHKIUHU Iiepe-
BopoTa. THUIBI BCEX OCTAJILHBIX KOMIIOHEHTOB COBITAIAIOT.

Curnarypa STACK oObsiBIeHa, OJHAKO €€ HaloJIHEHHE II0Ka YTO
OTCYTCTByeT. MBI MOXKEM 3aHOBO OIMCHLIBATEH BCe (PYHKIUHU, CO3IaBasI
C HyJ1el HOBYIO CTPYKTYPY, HO MOXKEM UCIIOJIb30BaTh CTPYKTYPBI C IIO/I-
XomsIuM nHTepdeiicom, HampuMep, RevStack:

structure Stack : STACK = RevStack
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Temepp npu obparreHnn K CTPyKType Stack MOCTYIHBI BCe KOM-
moHeHTHl RevStack, kpome (DYHKIMH Tev.

MexaHu3M BBITVISIIUT ITOXOXKHUM Ha HACTIEIOBAHIE B 00BEKTHO-OPH-
€HTUPOBAHHOM IIPOIPAMMUPOBAHNH, OJIHAKO 3TO CKOpee He HacCJell0-
BaHue, a OrpaHudYeHue JOCTyIla (BI/I)ZLI/IMOCTI/I). HoBsbix KOMIOHEHTOB
(TI/IHOB, byHKIUNE 1 T.,IL.) He co3JaeTcsl, Bce oObsiBaennst nu3 RevStack
OCTalOTCs B HEIIPUKOCHOBEHHOCTH, IIPOCTO UX HE BUJIHO 4yepe3 Stack.

PaccMoTrpum emié ojuH ImpuMep OrpaHnYeHns JIOCTYIIa ITPU TTOMO-
1 CUTHATYP:

structure A = struct
val a = ref (0)
val b true
end;
signature ONLY_A = sig
val a : int ref
end;
structure B : ONLY_A = A;

[TpucsauBanue B.a:=1 usmMeHuT u cojep:kumoe siueiiku A.a (1o
OJIHA U Ta XKe siuefika):

- B.a := 1;

val it = () : unit
- 1A.a;

val it = 1 int

dyakTopbl. DyHKTOP — 3TO MapaMeTpU30BaHHAs CTPYKTypa, 3a-
BUCSIIIAsE OT JIDYTOi CTPYKTYPBI (0 KOTOPOii HAM M3BECTHA TOJIBKO €€
CUIHATYpa, KOTOpasl W BBICTYIIAET B KAYECTBE IapaMeTpa).
Cunraxcuc obbstBieHus HyHKTOPA!
functor <mms> (X:<uMsg curHaType>) =
<mapaMeTpH30BaHHaA CTPykTypa (c mapamerpoM X)>

Ob6bsiBenne pyHKTOPA, PEAJMIYIONIET0 PADOTY C 0UEepPEIbIO:
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functor Queue(S:REV_STACK) = struct

type ’a queue = (’a S.stack * ’a S.stack)

val empty = (S.empty,S.empty)

fun isEmpty ((inS,outS):’a queue) :bool =
S.isEmpty (inS) andalso S.isEmpty (outS)

fun enqueue ((inS,outS):’a queue,x:’a):’a queue =
if (S.isEmpty (outS)) then (inS,S.push (outS,x))
else (S.push (inS,x),outS)

fun head ((inS,outS):’a queue):’a =
if (S.isEmpty (outS)) then raise Empty
else S.top (outS)

fun dequeue ((inS,outS):’a queue):’a queue =
if (S.isEmpty (outS)) then raise Empty

else let
val _ = S.top (outS)
val xs = S.pop (outS)
in

if (S.isEmpty (xs)) then (S.empty,S.rev (inS))
else (inS,xs)
end
end;

Baecs B KadecTBe 6a30BON CTPYKTYpHI (mapamerpa) HCIOJIL3Y-
ercs abcTpakTHasi cTpykTypa S ¢ curnarypoit REV_STACK. Ilocpesn-
CTBOM BBI30Ba (PyHKTOpa Queue OT KAKOro-TO aprymenTa (“KOHKpeT-
HOI” CTPYKTYDBI) Mbl CO3/1a6M HOBYIO “KOHKDETHYIO  CTPYKTYDPY JIJIst
paboTHI C OUYEPEIBIO:

structure QueueStru = Queue(RevStack) ;
structure QueueStru2 = Queue(RevStack2);

B crpykType QueueStru pabora ¢ JAHHBIME OCYIIECTBIISIETCS IIPU
noMomuy MeToloB u3 RevStack, B crpykrype QueueStru2 — kakum-
JiOO APYTUM CIIOCOOOM.
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