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1 Bseaenue

SI3pIK peaukaTHOro nporpammupoBanus P (Predicate programming language) opuenTupoBaH riiaBHeIM 00pa3om Ha
pa3paboTKy MPOrpamMM MOBBIIICHHON HAJIGKHOCTH C IPUMEHEHHEM JICyKTUBHOU Bepudukanun. S3pik P sBisercs
YHHBEPCAIbHBIM M MOJKET HCIIOIb30BAThCS IS MOCTPOCHHS IIMPOKOro Kiacca mporpamm-pyskiwii [8]. B mepsyto
0Yepe/ib, ATO MPOTPAMMBI TS 33184 AUCKPETHOM M BBIYMCIUTENILHOM MaTeMaTHKU. SI3bik P Taoke moaaepxuBaet

aBTOMATHOE MporpaMmmupoBanue [5, 6, 10] st peanusaiiui peakTHBHBIX CUCTEM — MMPOrPaMM U3 Ki1acca MporpaMM-

nporieccos [8].



[IpeaukartHas mporpaMMa — 3To NpeAMKar (Jorudeckas GopmyIia) B BUAE BEIYHCIMMOTO OIepaTopa.
Hcnomnp3yercsa cunTakcuc A3b1koB THNa C. JlomyckaroTes nMnepaTuBHble KOHCTpYKIMK. [Ipn aTOM nporpamma
BCETJa MIPUBOIMMA K MPAaBWIILHOMY MpeauKary. Takol cTUIIb OTIIMYEH OT MOHA]l B (PYHKIIMOHATIBHBIX S3bIKAX.

Cuctema THIIOB s13bIKa P BKIIIOYaeT: MacCUBHI, ajiredpandeckue THITbI (CIIMCKH, AEPEBbS U JIp. ), MPEAUKATHBIC
THUIIBI, TOATHUIBI (MHOKECTBO HCTUHHOCTH IIpeINKaTa), HapaMeTpUIECKUE TUIIBI.

3anperieHsl LUKIIbI U yKa3aTean. BMecTo IMKIIOB HCIONIB3YIOTCS pEKYPCHUBHBIE TPOIPaMMBI, 8 BMECTO
ykazarenel — 00beKThl JIreOpanvdecKuX THIIOB.

O¢deKTUBHOCTD MPEAUKATHBIX IPOTrPaMM JTOCTUTACTCsl IPUMEHEHHEM CIICAYIOIINX ONTHMUZHPYIOIINX

TpaHchopMaluii, NepeBOSIINX IPOrpaMMy Ha UMIIEPATUBHOE pacIIMpPEHHE s3bIKa P:

3aMEHa XBOCTOBOM PEKYPCHU IIUKIIOM;
e  OTKpHITas MOJCTAaHOBKA TE€Ja MPOrpaMMBbl Ha MECTO €r0 BBI30BA;

e CKJICMBaHHE NMEPEMEHHBIX. 3aMEHA BCEX BXOXKJCHUHN OJTHON MepeMEHHOM Ha IPYTYI0 MEPEMEHHYIO;

KOJWPOBaHHE alTeOpanuecKiX TUTOB (CIIMCKOB U IEPEBLEB) C TIOMOIIBIO MACCUBOB U yKa3aTeseH.

C noMouipio TpaHcHOpPMALIU MOKHO TOIYYUTh MTPOTPaMMy NpeAeabHOM (G (EKTHBHOCTH.

S3BIK IpearKaTHOrO MporpaMmmupoBanust P BnepBeie peacrasneH B padorte [1]. [TonHoe onucanue si3bika P
nosIBWIIOCH B mipenpunTe [2]. [locneayiomume MoanuKanuy 1 paciiupeHus si3blka MHAIUAPOBAHBI HCIIOE30BAHUEM
SI3BIKA JUTSI OTIMCAHMS Pa3IMYHBIX aITOpUTMOB [3, 4]. BBeneHsl cpeicTBa crenuuKaiy IpeAUKaTHBIX TPOTPaMM B
BUJIEe TIPEAYCIOBHI 1 MOCTYCIOBUA. SI3bIK P pacimpen ams cnenudukaniy U pearu3aluy peakTHBHBIX CHCTEM,
OTIpEJICNIIEMBIX B BUJIE COBOKYITHOCTH B3aMMO/ICHCTBYIOIINX MPOIIECCOB
[5, 6, 10].

ITepBoie Bepcuu s3bika P o cTuiiro ObiH OJ1rKe K st3pikam ITackans u Mojyma-2. Bepeus 0.6 [11] o
CHHTAaKCHUCY, Habopy OmepaTopoB U Olepaluii 1 Jp. 0COOEHHOCTIM CYIIECTBEHHO MPHOJIMKEHA K CTUITIO SI3bIKOB
tuna C. OnpeneseHHOE BIMSHUE Ha A3bIK P okazai s3bik cienudukanuii PVS [7]. BBeneHs! areOpanuecKue THITBI.

HOCHeI[OBaTeHBHOCTI/I 3aMCHCHBI CIIMCKaMMU.

CuHTakcuc si3bika P onuchiBaeTCs Ha paciipeHHOM si3bike BakycoBckux HopMaibHbIX Gopm (BHD) co

CIIEIYFOIIUMHU OCOOEHHOCTSIMHU:
o TEPMUHAJIBHBIC CUMBOJIbI BBIACJICHBI )KUPHBIM I]_[pI/I(l)TOM

e | d)pa rMEHT ] - o3HaYaeT BO3MOKHOE OTCYTCTBHE B CHHTAKCHYECKOM ITPAaBUIIE 3aKIIOUEHHOTO B KBapATHEIE
CKOOKHM (pparmMenTa; ¢pparMeHT OMpeeIsieT MOCIEeI0BATENHFHOCTh TEPMUHANBHBIX M HETEPMUHATHHBIX

CHMBOJIOB

e ((parMeHT )* - onpenenser noBTopeHue GparMenTa HyJb WIK 00JIee pa3; KPYIible CKOOKH MOTYT ObITh

OITYIIEHbI, €CITU ()ParMEeHT COCTOUT U3 OJHOTO CHMBOJIA
e ((parMeHT )+ - onpenenser noBropeHre (parMeHTa OJUH WK Oojee pa3

e 3anuck Buja [:CLASS:] 0603HauaeT CHMBOJI YKa3aHHOTO KJIACCA; UCTIOIB3YIOTCS CIIEAYIOIIUE KIAaCChl

CHMBOJIOB:



alpha BykBeHHBII CUMBOI, PUHAUICKALINN JIATHHCKOMY MJIH PYCCKOMY ani(haBUTY; pa3peraioTcs

3arjlaBHbIC U CTPOYHLIC 6YKBBI

digit udpa (0, 1,2,3,4,5,6,7, 8 uiu 9)

alnum CumBod, npuHaiexamuii alpha nm digit

blank [Tpo6ern wir CHMBOI TaOyIISAIUH

xdigit ecrrnaguarepuunas uudpa (digit nubo 3arnaBHas uiam cTpouHas Oyksa oT A 10 F)

print CuMBOI, IJTs1 KOTOPOT'O OIPE/IENICHO HaYepTaHue (T.e., CMMBOJI U3 alnum, blank mubo kakoi-mubo

JPYTOil CUMBOJI, KOTOPBIH MOXHO 0TOOPa3UTh)
2 JlekceMbl

TekcT nporpaMmbl IPEACTAaBIICH B BUAE MOCJIEAOBATEIBHOCTH CTPOK CUMBOJIOB. [lepexon Ha HOBYIO CTPOKY
SKBUBAJICHTEH CUMBOIY “mipobern’. [IporpaMma MoxeT coep:kaTh KOMMEHTapUH, TEKCT KOTOPBIX CUUTACTCS HE
NPUHAISKAIIMM TEKCTY porpaMMbl. KOMMeHTapuii HaUMHACTCS MApOi CUMBOJIOB /* 1 3aBepIIaeTCs Mapoi
cuMBOJIOB */. BTOpO#i BUI KOMMEHTApHUEB HAYNHACTCS C MTApbl CHMBOJIOB // M IPOJOIKACTCSI 10 KOHI[A TEKYIIeH

CTPOKHU TEKCTA. Tekct IIporpaMMbl COCTABIIACTCA U3 JICKCEM CICAYIOIIETO BUAA:

NIEKCEMA ::=
WAEHTU®UKATOP | KIIKOYEBOE-C/TOBO | KOHCTAHTA |
OMEPALMSI | PA3LESIUTESb| METKA
WOEHTUOUKATOP ::= HAYANO-UAEHTUGUKATOPA CUMBON-UAEHTUDUKATOPA*
HAYASIO-UIEHTUDOUKATOPA ::= _ | [:alpha:]
CUMBON-MAEHTUOUKATOPA ::= _ | [:alnum:]

I/I,I[GHTI/I(l)I/IKaTOp HCIOJIB3YETCA AJII UMCHOBAHUS IPEANKATOB, ICPEMEHHBIX, TUTIOB U APYTUX OOBEKTOB.

[T 2]

Hcnonp3oBanue CIICIaJIbHOTO UMCHHU B Ka4C€CTBC p€3yJIBTI/IPYIOHIeI>'I HepeMeHHOﬁ BbI30OBa IIpCJAUKaTa (CM. pasna.

[T 2]

3.3) o603HavaeT MycTol pe3yabTaT, HEUCIONb3YeMbli B AajbHENIIEeM BbIYUCIeHUH. Ms 3ape3epBUPOBAHO B

si3pIKe P - ero Helb3s UCIIoIb30BaTh JJIsI UMCHOBAHUA 00BEKTOB nporpaMmal. I[pyrne I/I,I[GHTI/I(I)I/IKaTopBI,

@ 9

HAaYMHAIOIIMECs ¢, CYUTAOTCS OOBIYHBIMHU U MOTYT HCIIOJIb30BATHCS B ONMCAHUSX MTPOTPAMMBI.
METKA ::= CUMBON-UWAEHTUOUKATOPA*

KJTKOYEBOE-CJI0BO ::=
after | array | as | axiom | bool | break | case | char | class | context
|else |elsif | enum | exists | extends | default | false | for | forall | formula
| if | in | inf | int | invariant | import | lemma | message | measure
| module | nan | nat | new | nil | or | post | pre | process | predicate
| real | receive | send | set | spawn|string | struct | subtype | switch
| time |theorem | theory |type | true | union | var | while | with | xor

OMEPALMUA ::=
-1 *1 /%[N <<[>>|~]|&]|][?2]=]<|>]|<=
[ >=]I=|=>] <=>
PASOENUTEND = (1) LI, 1711 |[:blank:]
KOHCTAHTA ::=

LIENAA-KOHCTAHTA
| BELLUECTBEHHASA-KOHCTAHTA



| CUMBOJIbHAA-KOHCTAHTA
| CTPOKOBAA-KOHCTAHTA

| NTOTMYECKAA-KOHCTAHTA
| KOHCTAHTA-IYCTO

LENASA-KOHCTAHTA ::= UENOE-YMNCNO
LIENOE-YNCIIO0 ::= [3HAK] UA®PBI | Ox LUECTHAOUATEPUYHBIE-LN®PDBI
3HAK =4

| -
LIN®OPDBI ;= UNDOPA+
LMDOPA 1= [digit:]

WECTHAOLUATEPUYHDBIE-LIN®PHI ::= LUECTHAOUATEPUYHAA-LINOPA+
LWECTHAOUATEPUYHASA-LINDPA ::= [:xdigit:]
BELLLECTBEHHASA-KOHCTAHTA ::=
[BHAK] UN®PBI [. LM®PLI] [MOPAAOK]
| [BHAK] inf
| nan
MNOPAAOK ::= (e | E) [3HAK] LN®PbI

JIi1s1 BEIECTBEHHBIX TUIIOB (CM. pasjl. 7) onpeeNeHsl crenuaibabpie 3navenns: iNf (6eckoneunocts) n NaN (ue

yKcio). 3HaueHrue NAaN BO3HUKAET B MPOLIECCE BBIYMCICHUS KaK Pe3ysIbTaT B3STUS KBaAPAaTHOTO KOPHS U3

OTPUNLATEIILHOIO YHCJia, ACJICHUA HOJIAL Ha HOJIb, YMHOXKCHUA HOJIA Ha OCCKOHEUHOCTh U APyrux onepaunﬁ Hanxg

BCHICCTBEHHBIMHU YU CJIaMH, KOTJa PE3YJIbTAaT HE MOXKCT OBITh OHpQI{GJ’IéH.

CMMBOJ1IbHAA-KOHCTAHTA : := ' CUMBON ’
CUMBO/ : := OBbIYHbIA-CMMBON | CNELWABbHBIA-CUMBOIT |
LUECTHAALATEPWUYHbIN-KOA-CUMBOSA
OBbIYHbIN-CUMBON ::= nmoboi cumeon m3 [:print:], kpome "n "
CNEUMANBbHBIN-CUMBON = \" | \" | \\ | \O | \n | \r| \t
LLECTHAALATEPUYHbIN-KOA-CUMBOJIA ::=
\x LUECTHAAUATEPUYHAA-LINDOPA
[LUECTHAOUATEPUYHASA-UNOPA [LLECTHAOUATEPUYHASA-LINOPA
[LWWECTHAOUATEPUYHASA-LIMDOPAT]]

KoncranTa Trmna char (cm. pasj. 7) MOKeT ObITh JIHOO CHMBOJIOM Kiiacca Print (cm. pasa. 1), mubo crenuanbHoi

KOM6HHaL{HCﬁ CHUMBOJIOB, 3aKJIFOYEHHOH B ONHAPHBIC KABBIYKU. CHGLII/IaJ'II)HLIe KOM6I/IHaLIPII/I CHUMBOJIOB MOT'YT

TAKXXC BCTPCHUATHCA B COCTABE CTPOKOBBIX KOHCTAHT.

\” JIBOMHBIE KaBBIYKU
\’ OnrHapHBIE KABBIYKH
\\ O6parHas Kocast 4epTa
\0 Cumson ¢ kogom 0
\n IMepeBos crpoku (kox 10)
\r Bosspar kapetku (kox 13)
\t CHuMBOJI TaOyJISIIIUH
\XNNNN | CumBou ¢ mectHaanarepuanbiv Kogom NNNN, cocTosimM He 60iiee ueM U3 YEThIPEX
p.
Tadmuna 1 ChnennanbHble KOMOMHAIIUM CUMBOJIOB
CTPOKOBAA-KOHCTAHTA ::=" CMMBO * "

JIOTNYECKASA-KOHCTAHTA ::= true | false
KOHCTAHTA-IYCTO = nil



3 IlpeaukaTHble NPOrpaMMBbI
ITonHas mpeaukaTHas MporpaMMa COCTOUT u3 Habopa MpeauKaTHRIX IMTPOrpaMM B BHAC ONPEAEIICHUI TIPEeIUKATOB.

3.1 OmnpeneneHue npegukara

OMPEAENIEHME-NPEANKATA ::= UMSA-NPEANKATA ONMUCAHUE-NPEONKATA
NMA-MPEOAUKATA ::= WAEHTUOUKATOP

3nauenuem OIIMCAHUSA-TIPEANKATA sBnsercs npenukaT, 0003Ha4aeMblii IMEHEM MPEIUKAaTa.

ONMUCAHUE-TTIPEAMKATA ::= OMNMUCAHUE-MPEANKATA-OYHKLINN |
OMUCAHME-MPEAUKATA-TUMEPOYHKLNN
OMUCAHUE-MPEANKATA-OYHKLNA ::=
3ATOJIOBOK-MNMPEANKATA [pre NMPEAYCIOBUE] [post MOCTYC/1IOBUE]
[measure BbIPAXXEHVE] TENO-MPEANKATA
3AIOJIOBOK-TPEAUKATA ::=
[OMNCAHUA-BHELLHUX-APIYMEHTOB] ( [ONMUCAHUA-APTYMEHTOB]: ONMUCAHUA-

PE3YJIbTATOB )
TENO-NPEAUKATA ::= BJIOK
MNPEAYCNIOBUE  ::= ®OPMYJIA
MOCTYC/IOBUE  ::= ®OPMYIJIA

3HaueHHs apryMeHTOB MpeArKaTa JOLKHbI YAOBIETBOPSTH MpenyciaoBuio. [1o 3aBepiienny UCTIONHEHUs Tena
npearKaTa TOJHKHO OBITh HCTHHHBIM ITOCTYCIIOBHE, CBA3BIBAOIIEE 3HAUCHUS apTyMEHTOB M Pe3ylbTaToB. Mepa
UCTIONIb3YETCS TSl ISlyKTUBHOW BeprU(UKAIIMN PEKYPCHBHOTO MTPEIUKATa.

OMUCAHUS-PE3Y/ITATOB ::=
U30BPAXXEHVE-TUMA UMSI-PE3YJIbTATA (, UMS-PE3Y/IbTATA)*
[, ONMNCAHWS-PE3Y/IbTATOB]

UMS-PE3Y/IBTATA  ::= UAEHTUOUKATOP | WAEHTUOUKATOP

Wmst BUIa UMsI’ UCTIONB3YETCS 1T MMEHOBAHUS PE3yIBTUPYIONIETO MapaMeTpa, IIPH YCIOBUH, YTO UMS OITUCAHO B
KaueCTBE OJIHOT'O M3 apIyMEHTOB C TEM e TUIIOM. B uMriepaTUBHON nporpamMme, ojy4aeMoi TpaHchopmalmeit
MIPEIMKATHOU MPOTPAMMBI, PE3yJIbTAT C UMEHEM UMSI~ CKIICUBAETCS C COOTBETCTBYIOITUM apryMeHToM nMs. Ecim
THII apTyMEHTa UMS TTapaMeTPU30BaH (CM. pas. 7), TO 3HAUYCHUE MapamMeTpa JUIsl TUTIA Pe3yIbTaTa UM MOXKET
OTJIMYATHCHL.
OMUCAHUA-TPYIMNbI-APTYMEHTOB ::=
N30BPAXXEHNE-TUMNA UMSA-APTYMEHTA (, UMSA-APTYMEHTA)* |
N30BPAXXEHUE-TUIMA-KAK-MAPAMETPA
OMUCAHUA-APTYMEHTOB ::=

ONNCAHUSA-TPYTNIMbI-APITYMEHTOB [, ONMMCAHUA-APTYMEHTOB]
NMA-APTYMEHTA ::= WOAEHTU®UKATOP

assign (int from : int to) { to = from }
main (list (string) argv : int ret_code) { ret_code = 0 }
power (real x, intp : real X) { X' =x"p }

IIpumeps! onpenesieHnii NpegUKaTOB

OMUCHUE-TTPEAUKATA-TUMEPOYHKUWW ::=
3ArOJI0BOK-NMPEAVNKATA-TUNEPOYHKLUWW [MPEAYCITIOBUSA-TUMEPOYHKLINN]



[MOCTYC/IOBUSA-BETBEN] TENO-MPEANKATA
3ArOJIOBOK-TMPEANKATA-TUMEPOYHKUNN  ::=

[ONMNCAHNA-BHELLUHWUX-APT'YMEHTOB]

( [OMNCAHNA-APTYMEHTOB] : ONNCAHUA-PE3YJIbTATOB-ITMMNEPO®YHKLINAN )
OMUCAHUA-PE3YJIbTATOB-TUMEPOYHKLUNWN ::=

[OMNCAHNA-PE3YJIbTATOB-BETBW] [# METKA-BETBU]

(: [OMNMUCAHNA-PE3YJIbTATOB-BETBW] [# METKA-BETBU])+
OMNCAHNA-PE3YJIbTATOB-BETBU ::= OMNMUCAHUNA-PE3YJIbTATOB
METKA-BETBW ::= METKA

[Tocne nBOETOUMS OMUCHIBAIOTCS apaMeTPhI-Pe3yNbTaThl OUepPEeJHON BETBY rUnepPyHKINH. BeTBu runepdyHKkunn
UMEHYI0TCS MeTKaMu. [Ipu oTCyTCTBMM METKHM NpHU ONMCAHUU PE3YJIbTAaTOB BETBU, BETBb NMEHYETCS IIEIBIM -
MOPSIKOBBIM HOMEPOM BeTBU HaumHas ¢ 1. Vicnonnenne runepdyHKINH 3aBepliacTcs BEBIOOPOM OJHOM U3 BETBEH U
BBIUMCIICHHEM 3HAUEHUH pe3ysbTaToB 3ToN BeTBU. [IpH 3TOM pe3ynbpTaThl Ipyrux BETBEH He onpeneneHsl. Oneparop

nepexoa #uMsaBeTBH B TeJe peaArKaTa 3aBepIlacT UCTIOIHEHHE TUIIEpQYHKIIMU BETBBIO C UMEHEM UMsIBeTBu.

NPEAYCNOBUA-TUNEPOYHKUWNN ::=

[OBLLEE-NPEAYCNTOBUE] (NPEAYCIIOBUE-BETBU)+
OBLLEE-TPEAYCJIOBUE ::= pre MNMPEAYCJIOBUE
MNPEAYC/IOBME-BETBW ::= pre METKA-BETBW : MNPEAYC/IOBUE

OtcyTtcTBHE 001IET0 IpeayCIOBUs ONpPEAesieT JOMYCTUMOCTh IPON3BOIBHBIX 3HAUEHUH apIyMEHTOB B
COOTBETCTBHH C UX TUnamu. [IpenycioBue BeTBH onpenesseT J0MOJHUTENBHOE YCIOBHE Ha 3HAUCHUS apTyMEHTOB,
Py KOTOPOM HCTIOJTHEHUE TUIEPQYHKINH 3aBepLIaeTcsi BHIOOpoM 3Toi BeTBH. IIpu 3TOM 3HaUCHMS apryMEeHTOB
JOJDKHBI YIOBJIETBOPATH 001eMy npeaycinosuto. IlpenycioBue nocnenHei BeTBH 0OBIYHO HE yKa3bIBaeTCs,

MIOCKOJIBKY OHO I10JTy4aeTcsl IOTIOJIHEHHEM MPEyCIOBUM NPEAbIAYILIUX BETBEH.

MOCTYC/IOBUS-BETBEM  ::= (MOCTYC/TOBME-BETBW)+
MNOCTYC/IOBME-BETBM  ::= post METKA-BETBW : NOCTYC/1OBUE

[ocTycnoBue BeTBU CBSA3BIBACT 3HAUCHHS apTYMEHTOB U PE3yJIbTaTOB BeTBU. BeTBb 0€3 pe3yNbTaToB MOCTYCIOBUS
HE UMeEeT.

OMUCAHUSA-BHELLHUX-APTYMEHTOB ::= ( ONTMCAHUA-APIT'YMEHTOB )
BHeniHne apryMeHTHI SBISIOTCS Ha4aldbHOW YacThIO CIMCKA apTyMEHTOB IPOrpaMMbl. MeXaHN3M BHEITHHUX
apryMEHTOB B CTHJIE KAPPUPOBAHHMS CIIOCOOCTBYET YIYUIICHUIO BOCIIPUATHS TPOrpaMMBL. BBI30B porpamMMsl
NP HAJTMYUH BHEIIHUX apryMEHTOB onpeiesieH B pa3a. 3.3. OrpaHnyeHne: BHEITHUE apTyMEHThI HeJIOIYCTHMBI

I IporpaMmbl, €AMHCTBCHHBIM pe3y.IILTaTOM KOTOpOﬁ SABJIACTCA NICPEMCHHAA MTPCIUKATHOI'O THUIIA.
3.2 Chneuudpukamnus npeauKara

[Ipenukar, ucronb3yeMslil B mporpamMme, JODKEH UMETh ONpeiesieHUe Npeankara. Eciu nmpenukar onpenensercs B
JPyroM MOJyJe IpOrpaMMBbl, TO IPEAUKAT MOXKET OBITh MPEICTABIICH CBOCH crienu(uKanuei.

CNEUNOUKALNA-NIPEOANKATA ::=
NMA-MPEAVUKATA  OMUCAHUE-CMELNOUKALIUU-TIPEANKATA

WM npeaukata 0003HaYaeT NPEIUKAT, IPEICTABICHHBIN OMMCaHUEM Crieln(UKAIIUH MPeIuKaTa.

OMUCAHME-CNMELUNOUKALIUN-NPEONKATA ::=
ONMUNCAHME-CNELUNOUKALNN-NTPEANKATA-OYHKLNN |
OMUCAHME-CINMELNOUKALINN-NPEANKATA-TUNEPOYHKLIAN

OMUCAHME-CNELNOUKALNN-NPEANKATA-OYHKLNN 2=
3ArOJIOBOK-MNPEAVKATA [pre NPEAYC/IOBUE][post NMOCTYC/I0OBUE]



ONMUCAHUE-CMELUNPUKALIMN-MPEANKATA-TUNEP®YHKLNN ::=
3ArONNOBOK-MPEANKATA-TUMEPOYHKLINW [MPEAYCITOBUSA-TUMEPOYHKLINN]
[MOCTYCNOBUA-BETBEWN]

3.3 BbI30B npeaukara

BHGMCHTapHI)IM OICPATOPOM IPOTrpaMMBbI ABJIACTCA BbBI3OB IIPCIUKATA.

BbI3OB-MPEAMKATA ::=
BbI3OB-MPEAVKATA-OYHKLIMN | BbI3OB-MPEAVKATA-TUMEPGYHKLIMN
BbI30OB-MPEAVNKATA-OYHKLINN ::=
VAEHTUOUKALMS-NPEAVKATA [BHELLHWE-APIYMEHTbI]
( [APTYMEHTBbI] : PE3YJIbTATbI )
VOEHTUOUKALMS-NPEOVKATA ::=
[MMS-MOAYNS .] UMS-MPEAVKATA | [OBBEKT-KJTACCA .] UMSI-MPEAVKATA |
MEPBUYHOE-BbIPAXEHVIE

MNEPBUYHOE-BbIPAXXEHWUE nomkHO ObITH MPEAUKATHOTO THIIA; €r0 3HAUYCHUEM SIBIISICTCS MTPEAMKAT, 3aITyCKaeMBbIit

Ha MCIOJIHEHHE JAHHBIM BBI30BOM.
OBbEKT-KNACCA ::= NMEPBUYHOE-BbIPAXXEHWNE

JocTyn k npeaukary, SBISIOIIEMYCS] METOAOM KJlacca, peaqu3yeTcs yepe3 0ObeKT Kiacca.

APTYMEHTDI ::= CﬂMgOK-BbIPA)KEHMVI .
CMNMUCOK-BbIPAXXEHWW ::= BbIPAXXEHWE [, CNNCOK-BbIPAXXEHNI]

Turmbl apryMeHTOB BbI30Ba JOJDKHBI OBITH COBMECTUMBI (CM. pa3fl. 7) C THIIAMU COOTBETCTBYIOLINX apIyMEHTOB

ompeaeneHus (WK crieln(UKaIK) BRI3HIBAEMOTO MTPEIUKAaTA.

PE3YJIbTATbI ::= MNEPEMEHHASA [, PE3YJIbTATHI] |
PE3YJIbTAT-IOKAJT [, PE3YJIbTATbI]
PE3YJIbTAT-IOKAJT ::= OIMNUCAHUE-NEPEMEHHOW

OMUCAHUE-NEPEMEHHON ::=

N30BPAXEHWE-TUMNA-NEPEMEHHOW  WOEHTU®UKATOP
N30BPAXXEHNE-TUMA-NMEPEMEHHON ::=

N30BPAXXEHME-TUNA [:blank:]| var [:blank:]

Hcnonp3oBanue Var Bo3moxuo BMecto cootBerctByromiero M30BPAXXEHWUE-TUNA, nockonbky THIT pe3yibraTa-
JIoKaja B OOJIBIIMHCTBE CIIy4yaeB MOKHO BOCCTAHOBHTH 110 ONPE/IEICHHUIO BbI3bIBaEMOro npeaukata. Onucarens var
TaKXXe MOXET UCIIOJIb30BATHCS MIPH ONMCAaHMUU JIOKAJIbHOM IIEpEMEHHOM B Clly4ae, KOT/Aa THII 3TOH IEpEMEHHOH JIETKO
orpeJiesiseTcs N3 KOHTEKCTa AajbHEHIIEro HCI0Ib30BaHHs IEPEMEHHOM (cM. pa3a. 4, 5).

Tumbl pe3ynbTaToB BEI30Ba JOJKHBI COBIAAATh C TUIIAMU COOTBETCTBYIOIIUX PE3YJIHTATOB B ONPEIEICHUH
BBI3BIBAEMOTO NpeauKara. [lepeMeHHas, mpencTaBaeHHas ONUCAHIEM pe3yJbTaTa-JIoKaja, OolpenesieTcs Kak
JIOKaJbHas B TeJe NpeArKaTa, COACpKalleM JaHHbIH BbI30B. ONucanue JTOKaJIbHON Pe3yIbTUPYIOLIEH epeMeHHON
BHYTpPY BBI30Ba SKBUBAJICHTHO ONMMCAHHUIO 3TOW IIEPEMEHHOM Mepe]] BEI30BOM.

Hcnonp3oBanue cienuagbHOro MMEHH “ B KaUueCTBE Pe3yJbTHPYIOLIeH IepeMeHHON 0003HadaeT myCcTon
pe3ybTaT: pe3yabTaT 110 3TOH MO3ULHH, TOJTyYaeMblil IPU 3aBEpPIICHUH NCTIOIHEHHS BBI30Ba MPEIUKaTa, He

« »

HCIIOJIB3YCTCA B I[aJ'IBHef/iH_ICM ucnoiaHeHuu. ms __3ape3CpBUPOBAHO B A3LIKC P - ero Henb3s MCHONB30BAThH JJIs

MMEHOBAHUS 00BEKTOB mporpaMmal.

BbI3OB-MNMPEANKATA-TUNEPOYHKLUWN ::=
NAEHTUOUKALUMA-NPEANKATA [BHELLUHUE-APITYMEHTbI]



( [APTYMEHTbI] (: PE3Y/IbTATbI-BETBM)+ )
PE3Y/IbTATBI-BETBU ::= [PE3Y/IbTATbI] [ONEPATOP-MEPEXO/A]
OMEPATOP-TIEPEXOJA ::= # METKA

B kauecTBe METKH B OTIepaTope yKa3bIBaeTCs TMOO0 METKa BETBH MPEUKATA, B TEJIe KOTOPOrO HAXOMAUTCS JAHHBIH
BBI30B, JTM00 METKa BeTBU 00pa0boTUMKa; MoApoOHEe CM. B pa3. 5.

VcnonHeHre BbI30Ba MPEIHUKATa PEATU3yeTCs CIASIYIONHM 00pa3oM. Pe3yabTaToM UCITOMHEHUS apTyMEHTOB
BBI30BA SIBIIICTCS HAOOp 3HAUCHUI. BBIUKCIIEHHE KA/ I0T0 apryMEHTa BbI30Ba PEATN3yeTCs] HE3aBUCHMO OT
BBIYHCIICHHS APYTHX, T.€. MapauienbHo. [TonyueHHbIH HaOoOp 3HAUCHHH apIyMEHTOB MTPUCBAUBACTCS
COOTBETCTBYIOIINM BXOIHBIM IMapaMeTpaM OMpeIeIeHHsI BEI3BIBAEMOT0 MpeauKara. J{anee HCIOMHIETCS TEO0
OTIpe/IeNIeHIsI BRI3BIBAEMOTO MpeIrKaTa. B mporiecce HCIOTHEHUS Tella ONPEASseTCs HTOTOBask BETBb MPEAUKATa U
BBIYHCIISIOTCS 3HAUCHUS PE3YIbTUPYIONIUX MIEPEMEHHBIX MO 3TOM BeTBH. HakoHell, momyueHHbIC 3HAYCHHUS
PE3YABTUPYIOIINX MTEPEMEHHBIX MPUCBANBAIOTCS COOTBETCTBYIOIIUM PE3YIBTHPYIOIINM ITEPEMEHHBIM BbI30Ba
npearukKara, 1 UCIIOJIHCHHUEC BbI30BA 3aBCPUIACTCA 110 3TOM BETBU BBI30Ba. Eciiu B ﬂaHHOﬁ BCTBHU BbI30OBA yKa3aH
orepaTop mnepexo/a, To JM00 MPOUCXOAUT MEPEX0J] Ha JIOKATbHYIO METKY, MO0 3aBEpILIACTCS TEIIO MPEIUKaTa,
COZIepIKaIero BbI30B, TOW BETBbIO, KOTOPAsl yKa3zaHa B onepaTope nepexoaa. OTMETUM, YTO MMOJCTaHOBKA

apryMeHTOB U pe3yJIbTaTOB MpeaUKaTa peau3yercs Mo 3Ha4YeHHIO.

BbI30OB-OYHKUNN ::=
NOEHTUOUKALUNA-MPEONKATA [BHELLUHWE-APTYMEHTDI] ( [APTYMEHTDI] )
Br130B npenukara-QyHKIMA MOXKET UMETh BH/] BbI30Ba (DYHKIMHK. Pe3ylbTaTOM UCTIONHEHHS SBIISIETCS HA00p
3HAYEHUN Pe3yJbTUPYIOIIMX IEPEMEHHBIX UCIIOJHEHHOTO OIIPENEICHUS IPEAUKATa.
real r;

sqrt (2 : r);
real q = sqrt (3);

Comp (list(int) s: : int d, list (int) r) // cneundukanus runepdyuxmmun Comp

pre 1:s = nil

post 2: s = cons(d, r) ;

/* ecnu cnucok S - myct, peau3yercs nepsas BETBb TUNEPYHKIINM, HHAYE PEATU3YETCA
BTOpas BETBb C pe3ysibraramu: d - mepBbIii SJIEMEHT, I - XBOCT criucka */

elemTwo (list(int) s: int e #value : #empty)
pre empty: s = nil or s.cdr = nil
post value: e = (s.cdr).car;
{ Comp (s : #empty : int el, list(int) s1 #ok)
case ok: Comp (sl : #empty : e, list(int) s2 #value);
by

/* runepdynkuus €lemTwOo usBiaekaeT BTOPOii 3JIEMEHT CITUCKA, ECIIM DJIEMEHT CylIecTByeT */

IIpumepsb! BbI30Ba NMPEeANKATOB, ONpeiesieHus, cneu(puKanuu U BbI30Ba runepgyHKumii

B npuBeieHHOM BbIlIIE ONpe/IeNicHIH npequkara elemTwo nepexos o sokanbHO# MeTke OK siBisieTcst
w3nuiraaM. Kpome Toro, pesysbrarel €1 u S2 nanee Hurae He ucnons3yrores. Onpesenenue npeaukara elemTwo,
MNpeACTABJIICHHOC HMKC, UCTIPABIACT OTMCUCHHBIC HCJOCTATKU:

elemTwo (list(int) s: int e #value : #empty)

pre 1: s = nil or s.cdr = nil
post value: e = s.cdr.car;



{ Comp (s : #empty : _, list(int) s1);
Comp (s1: #empty : e, _ #value);
by

BHELUHWE-API'YMEHTDI ::= APTYMEHTbI

Bbi30B niporpamMmel H ¢ HaGopoM BHELIHUX apryMEHTOB X , HAOOPOM apryMeHTOB Y U HAOOpOM pPe3yJIbTaToOB Z
sanuckiBaercs B Bue H(X)(y: z). BoizoB moxkeT ObiTh 3anucan B Buae H(y: z), eciiu nepemennbie Habopa X ObuU1u
ykaszansl B coctaBe O[TMCAHNA-KOHTEKCTA (cM. pasa. 4). BHelHuie apryMeHThI SIBISIIOTCS HAYaIbHON YaCThIO

CIIMCKA apIryMEHTOB IIPOIPAMMBI.

Hcnonuenue BoizoBa H(X)(Y: Z) naunnaeTcs ¢ BHIYMCIIEHUS 3HAYEHUH BHELTHUX apIyMEHTOB X, 3aTEM
aprymenToB Y. JlanbHelilee HCIIOMHEHNE PEATM3YETCS TAKKE KaK Ul BbI30Ba 0€3 BHENIHMX apI'yMEHTOB.

Brruncienne apryMeHTOB B [TOJIHOM Ha0ope X U Y MOXKET IPOBOIUTHCS HE3aBUCUMO, T.€. apajlIeIbHO.
4 IIporpamma

IIporpamma cOCTOUT U3 OAHOTO MJIM HECKOJBKUX MoAyJiel. Moaynp onpeaenseT He3aBUCHMYIO YacTh MPOTPaMMBI.

ONMUCAHUE-MOAYNA ::= [3ArOJIOBOK-MOAYJIA] ONMUCAHNA-MOAY A
3ArO/10BOK-MOAYNA ::= module UMA-MOAYIIA [ ( ONUCAHUA-APTYMEHTOB ) ];
NMA-MOavA ::= MAEHTUDOUKATOP

ApPryMeHTHI, OIIMCAHHBIC B KPYIJIBIX CKOOKaX, ABJSIFOTCS (DOpMabHBIMU MapameTpamMu Moayiis. CTpykTypa
OMUCAHWNIN-APTYMEHTOB onpenenena B pasz. 3.1.

ONMUCAHUA-MOAYNIA ::= ONMUCAHME-MOAYNIA [ ; ONUCAHUA-MOAYNA ]
ONMUCAHUE-MOAYNA ::= UMMOPT-MOAYNA | ONMNCAHUE
OMUCAHUE ::=
ONMUCAHUE-TUNA |
OMNUCAHUE-NEPEMEHHbIX |
ONPEAEJIEHNE-NPEAMNKATA |
CNEUNOUKALNA-MPEANKATA |
OMNCAHME-KOHTEKCTA |
OMUCAHUE-®OPMYJbI |
—YBEPXKAEHWAEH
OMNNCAHUE-TEOPUMN |
ONPEAEJTIEHNE-KJTACCA |
ONUCAHME-COOBLLUEHNS |
OrMPEAENEHNE-NPOLIECCA

OMNCAHUE-OOPMYIJIbI (cm. pa3a. 9) onpeaernsier GpyHKIHMIO WK MPEANKAT; OHU BCTPEUAIOTCS B MPEIAYCIIOBHUSIX,
nocrycnousx u popmynax. ONMMCAHUE-TEOPUW ompenensier HaGop siemm (Teopem) 1 akcuom (M. pasi. 9).
OMPEAENEHUNE-KIIACCA omicano B pa3n.6.5. [Ise mocnennux ansrepratuBbl O[TMCAHUS ucnons3yrores mis
3a/IaHMsI MPOLIECCOB; cM. pazf. 10.

NMMOPT-MOAYNA ::=
import MA-MOAYNA [ ( APTYMEHTHI )] [ as JIOKAJIbHOE-UMA-MOAYJIA ]
JIOKAJIbHOE-UMA-MOAYNA ::= UWOEHTU®UKATOP

WmeHa MOy e, BCTPEUAIOIIHECs B OMMCAHKUAX TAHHOTO MOJIYJISI, OJDKHBI OBITH OIPEICNICHBI KOHCTPYKIIAEH
NMMOPT-MOAYNSA. Ecnu uMmniopTupyeMblii MOYITb UMEET (hOpMalbHbIC ITapaMETpPhI, TO B KPYIJIBIX CKOOKaX

3a/1aeTCsl COOTBETCTBYOLIMIT Ha00p (akTrueckux mapamerpoB. Koncrpykims APITYMEHTbI onpenenena B pass.



3.3. IIpaBuia moaCTaHOBKY (haKTHYECKUX TAapaMeTPOB Ha MECTO (POPMAIbHBIX TE )KE CaMble, YTO M IS BEI30BA
npeaukata. JIOKAJIbBHOE-UMA-MOAY /A ucnonb3yercs B Tee MOMYIIs KaK SKBUBAJICHT
NMA-MOaYNA ( APTYMEHTHI ).

Onmcannst nepemMennsIx kak acts ONMUCAHUA-MOAYNS onpenensior rio6anbHeIe MepeMeHHbIE,
SIBJIAIONINECS BHEUTHUMH TTapaMeTpaMy 3a1a4un. B ompeeneHusx npeiuKaToB 3T IIEPEMEHHBIC CUUTAIOTCS

aprymMeHTaMu. Onu HCIIOJIB3YIOTCA B TCJIC MPEANKATA, HO HEC YIIOMHUHAIOTCA B 3aroJIOBKE.

OMUCAHUE-NEPEMEHHBIX ::=
N30BPAXKEHUE-TUMA-NEPEMEHHOW
NMS-NEPEMEHHOW (, UMS-NMEPEMEHHOMN)*
OMUCAHME-NEPEMEHHbIX-C-MHULMANIU3ALIMENA ::=
N30BPAXKEHNE-TUMA-NEPEMEHHOW
OMPEAESIEHVE-NEPEMEHHOW (, ONPEAE/EHNE-NEPEMEHHON )*
OMPEAENEHVE-NEPEMEHHON ::=
NMS-NMEPEMEHHOW = BbIPAXXEHWE | UMS-NMEPEMEHHOM

Tun BeIpaskeHUsI TOJDKSH OBITH COBMECTHM C THUIIOM TIEPEMEHOM, KOTOPOi IIPUCBAUBACTCS 3HAUCHHUE TIEPEMEHHOM.
OMUCAHME-KOHTEKCTA ::= context ONMNCAHUA-API'YMEHTOB

OMNCAHUE-KOHTEKCTA neksapupyer, 94To B MOCIEIYIONIMX OMUCAHUSIX TEKYIETO MOYJISI IEPEUHCICHHBIC

TIepEMEHHBIEC MOT'YT OBITh OIMYIICHBI IPU UCTIOIb30BAHUU UX B KAUYECTBE IIAPAMETPOB THUIIOB, & TAK)KE B BHI30BAX

nporpaMM 1 (opMyIt JUisl BHEITHUX apryMEHTOB. DTO CIIOCOOCTBYET YIYUIICHUIO BOCIIPUSTHSI TPOTPAMMBI.

Moyinb onpenessier COBOKYITHOCTh HMEH U 0003HaYaeMbIX HMU OOBEKTOB: MPEIUKATOB, TUIIOB,
MIEPEMEHHBIX, MOJICH CTPYKTYP, KOHCTPYKTOPOB U paclo3HaBaresicii 00beAMHEHUH, MPOLIECCOB, KJIACCOB U
coo01eHuit. OOBEKTHI, IPEICTABICHHBIC OMMCAHUAMU MOIYJIS, OTIPEACIISAIOT 00IacTh TiI00aNbHBIX UMeH. Kaxtoe
OINKCaHUE MPEAUKATa ONPEAC/CT ABTOHOMHYIO CUCTEMY JIOKAIM3al[Mi UMEH: TIapaMeTPOB, METOK U JIOKAJIbHBIX
NIEPEMCHHBIX. B onmncannu npeaukKara OJHO UM HE MOXKET UCIIOJIB30BaTHCA NJIA ABYX pa3HbIX O6’beKTOB. Ecmm
JI00AJIbHOE UM HCIIOJIB3YETCS B ONPE/ICIICHUH MPEAUKATA, TO 3TO UMSI HE MOXKET ONPECIIATLCS B KAUeCTBE UMCHU
METKH, JIOKAJILHOW MePEeMEHHON WK TTapaMeTpa.

Cremyrorieit 00J1acThIO TIOKATU3AIIUHY SBIISIOTCS] KOHCTPYKITUHU: N300paKeHNE TIOJITUTIA, OTIPEIeTICHNE
MacCHBa, JIEMEHT arperara Buja “mrepanus BeipakeHuid”’. [lepeMeHHbIe, OpeIeICHHBIE B KaXKIOW U3 3TUX
KOHCTPYKIIH#, JIOKaJTU30BaHbI B KOHCTPYKIIMU U HEJOCTYITHBI BHE Hee. Kiace taxke onpeseliserT He3aBUCUMYIO
o0macTth jokanu3anuu. [loss kiacca gocTymnHbl npedukcamnueii oo0bekTa Kiacca (CM. pasi. 6).

HcnonHeHue mporpaMMbl HAUMHASTCS HCIIOIHEHHEM TIpeIiKaTa ¢ iMeHeM Main. PekoMeH10BaH mpenKkaT co
cnexyromumu napamerpamu: Main (list(string) argv : int ret_code). Ilapamerp argv nocrasnser Maccus
BXOJIHBIX apT'YMEHTOB NP UCIOJIHEHUH ITporpaMmel. IlapameTpy ret_code npucsanBaercs 3HaueHHE KOJA BBIXOA.

Jlnst BBIBOIa MH(OPMAIIUHU UCTIONB3YETCs oriepatop Print, apryMeHTsl KOTOPOTO — BBIPAXKEHHSI K MACCHUBHI.

5 Omneparopbl

BIOK  ::= { OMEPATOP }

OMEPATOP ::= [OMUCAHVE-NEPEMEHHbIX ;] 3AMKHYTbIA-OMNEPATOP |
[OMUCAHVE-NMEPEMEHHBIX ;] MAPAJITE/NbHbINA-OMEPATOP |
[OMUCAHVE-NEPEMEHHBIX ;] ONEPATOP-CYMEPTIO3ULMN



OrnucaHHbIC IEPEMEHHBIC CUYMTAIOTCS JIOKATHHBIMU B TEJIC MPenuKaTa. THUIl JIOKATBHOHN MEPEMEHHON MOXKET OBITh
TaKKe OIpeieieH onrcareneM var (cM. pas3a. 3.3) B ciiydae, Kora THII JIETKO ONpeIeseTcs] U3 KOHTEKCTa

nanbﬂeﬁmero HCIIOJIb30BaHHUA HCpeMCHHOI\/'I.

3AMKHYTbIN-OMNEPATOP ::=
OMEPATOP-TMPUCBAMBAHNS |
OMEPATOP-MY/IbTU-MPUCBAVBAHUS |
BbI30OB-TMPEANKATA-OYHKLNN |
BbI30B-MPEANKATA-TUNEPOYHKLIMM [OMNEPATOP-OBPABOTKW-BETBEN] |
YC/TIOBHbIA-OMEPATOP |
BJTOK [ONEPATOP-OEPABOTKWN-BETBEN] |
OMEPATOP-BbIBOPA |
ONPEE/IEHNE-NTIOKAJIbHOMO-MPEANKATA
OMEPATOP-NPUCBAVBAHUS ::= NMEPEMEHHAS! = BbIPAXXEHUE

B pesynbraTe ucnonHeHus onepaTopa NpUcBauBaHUs IEPEMEHHOM TPUCBANBAETCS 3HAUCHUE BBIPKEHUS. THITBI

BBIPaXCHHS U TIEpEMEHHOHN JTOJDKHBI OBITH COBMECTHMEI (CM. pasf. 7).

OIMEPATOP-MYNbTU-NMPUCBANBAHUA ::=
MYJTIbTU-NEPEMEHHASA = MYJ1IbTU-BbIPAXXEHUE
MYNIbTU-NEPEMEHHASA ::= | CMUCOK-MEPEMEHHbIX | |
CMMUCOK-NEPEMEHHbIX
CMNCOK-NEPEMEHHDBIX ::= NEPEMEHHAA [, CMTMCOK-MNEPEMEHHbIX ]

JBa pa3HbIX ciocoba mpeAcTaBIeHHs MyJIbTH-TIEPEMEHHON CUYMTAIOTCS PABHOIICHHBIMH.
MynbTU-TIepeMeHHast OTIpeIeIIeT YIOPAOYCHHBIH Ha0Op MepeMEHHBIX. UNCIIO IepEMEHHBIX B HAOOpe TOKHO

OBITH OObIIE 1.

MYJIbTU-BbIPAXEHWUE ::= | CI'IVICOK-BbIPA)KEHul/lm | |
CrMNCOK-BbIPAXXEHNIA

3HadueHuEeM MYJIbTU-BBIPAKCHUS ABJIACTCA Ha60p 3Ha‘leHHﬁ, MOJTy4aroniuxcsd B pe3yJIbTaTC BbIYUCIICHU A
MEPCUYNCICHHBIX BBIpa)KeHHﬁ. BLIpa)KeHI/IH BBIYUCIAKOTCA HE3aBUCUMO, T.C. IapaJJICIIBHO. HOHy‘{eHHHﬁ Ha6op
3HAYCHUH OIHOBPEMCHHO (CPIHXpOHHO) MIPUCBANBACTCs COOTBETCTBYIOLIUM IICPEMCHHBIM. Tuner NEpEMCHHBIX B

My.HLTH-HCpeMeHHOfI JOJIKHBI OBITH COBMECTHMBI C TUITAMU COOTBCTCTBYHOIIINX BBIpa)KCHI/Iﬁ 13 MYJIbTU-BBIPAKCHUS.

OMEPATOP-EC/IN ::=
if ( BbIPAXXEHUE ) 3AMKHYTbIA-OMEPATOP [OMEPATOP-NEPEXO/A]
YC/TOBHbIN-OMEPATOP ::=
OMEPATOP-EC/A
( elsif ( BbIPAXXEHWE ) 3AMKHYTbIN-OMEPATOP [OMEPATOP-MEPEXOA] )*
else 3AMKHYTbIN-OMEPATOP [OMEPATOP-MEPEXO/A]

B oneparope nNepexo/ia yKa3blBacTCs 100 METKa BETBU FI/II'Iep(l)yHKLII/II/I, MO0 METKa BETBU 06p3.60T‘lI/IKa,
CJICAYIOMIETO 3a OJIOKOM, COJIepKalleM JaHHBIH YCIIOBHBIN omeparop.
if(x>0)s=1

elsif(x < 0)s=-1
else s=0

IIpumep ncmob30BaHUS YCJIOBHOTO ONepaTopa

ﬂAPAJ'IﬂEJ'IbeIIZ-QI'IEPATOP n= .
3AMKHYTbIN-OMEPATOP (| | 3AMKHYTbIN-OMNEPATOP)+



OHCpaTOpI:I, 06pa3y10nme HapaJ'IHeHLHI:IfI Ooneparop, JOJKHBI UMETh HCIICPCCCKAIOIINUCCA Ha60pI>I
PE3YIbTUPYIOIINUX IEPEMCHHBIX. Hcnonnenue napajlyiIeJIbHOI'O Oo1i€paTopa Cjarac€Tcs nu3 UCIOJHCHNA BXOAAIUX B

Hero oneparopoB. OnepaTopsl BHIMOIHIIOTCS HE3aBHCHMO IPYT OT APYyra; OHU MOTYT MCTIOIHSATHCS MapaieIbHO.
OIEPATOP-CYTMEPMO3MUNA ::= OIEPATOP (; ONEPATOP)+

B nenouke onepaTtopoB, COCTABIAIONINX ONEPATOP CYNEPIIO3ULINN, KaXKIBIH CISAYIOUIUN ONIepaToOp UCIIONb3YEeT
3HAQUCHHUS TIOKAJBHBIX TIEPEMEHHBIX, IPUCBOCHHBIX MPEIbIAYIIUME onepaTopamu. Kaxmas mapa cocemHux
OIIepaTOPOB B IEMOYKE JIOJKHA OBITH CBSA3aHA XOTS ObI OJTHOM JIOKATLHOM MEPEMEHHOM; €CJIM TAaKOU CBS3H HET, UX

KOMIIO3UIIMSA OOJI2KHaA OBITH O(l)OpMHCHa napauICJIbHBIM OIICPATOPOM.

3ArO/TOBOK-OMEPATOPA-BbIBOPA ::= switch ( BbIPAXXEHWE )
OMEPATOP-BbIBOPA ::=
3ArO/IOBOK-OMEPATOPA-BbIBOPA
{ OMEPATOP-A/IbTEPHATMBbI+
[default : ONEPATOP [OMNEPATOP-MEPEXO/A]]

h
OlNEPATOP-AJIbTEPHATUBDI ::=

case AJIbTEPHATWBA (, AJIbTEPHATUBA)* : OMNEPATOP
[OMEPATOP-TNEPEXOA]
AJTIbTEPHATWBA  ::= BbIPAXXEHWE | ONPEAEJTIEHNE-KOHCTPYKTOPA

BBIMOSTHSIETCST TOT OTIepaTop anbTepHaTHBBI, 171t KoToporo 3Hauexue AJIbTEPHATUBDI coBnanaer co 3nauennem
BBIP@XKEHUSI B 3ar0JIOBKe orieparopa Beioopa. Omeparop nocie default Beimonusiercs B ciydae, Koraa Het
OMNEPATOPA-AJIbTEPHATWBDI ¢ tpebyembim 3uauenrem AJIbTEPHATUBDI. TpakroBka onepatopos mepexoja ta
e, 9TO U JIJIS YCIIOBHOTO OMEepaTopa.

Ecii B o3uIu BeIpaXKeHHUsI B 3ar0JI0BKE ONepaTopa BEI0Opa HAXOAUTCS TIEPEMEHHAst TUTIA 00bEeIMHEHHUS, TO
B kauectBe AJ/IbTEPHATWBbI ykaseiBaetest ONMPEAESTEHNE-KOHCTPYKTOPA. OcoGeHHOCTH BBITIONHEHHS
OMNEPATOPA-AJIbTEPHATUBDI onpenesenst B pasa. 7.

OMEPATOP-OBPABOTKW-BETBEN ::=
(case [METKA-BETBN-OBPABOTHMKA :] OMNMEPATOP)+
METKA-BETBN-OBPABOTHUKA ::= METKA

Omneparop 00pabOTKH BETBEH CIEAyeT 3a BEI30BOM I'HnepyHKINH J100 32 OJIOKOM, COAEPIKAIINM OIepaToOph
nepexona. Eciu npensiaymuii onepaTop HOpMaibHO 3aBEPILIAETCS, TO ONepaTop 00pabOTKU BETBEH UTHOPUPYETCS.
HopmanbsHoe 3aBepiueHre BO3MOXKHO U /17151 BbI30Ba TUNepyHKLUH, KOTJa Ha OJHON U3 BeTBEH runepdyHKINH
OIyILIEHAa METKa Mepexo0/ia, YTO 03HAYACT CYNEPIO3ULHUIO (MM NapaJuIeIbHYI0 KOMIIO3UIHUIO) C ITOCIEIYIOIINM
OIIepaTopoM, a Ha APYrod BETBU UMEETCS IEPEX0/1 Ha METKY BETBU 00pabOTUMKa UM HA METKY BETBH
runepPyHKIUH, B TeJIe KOTOPOH HAXOIUTCS TaHHBIA orepartop.

Hcnonnenue onepatopa 00pabOTKH BETBEH HHULIMUPYETCS ONEPATOPOM IMEPEX0/1a, HaXOASAIIEMCS B
npeaplynem oneparope. [Ipu aToM nCnomHsAETCs ONepaTop, MOMEUEHHBINH COOTBETCTBYIOIIEH METKOM, TIOCJIE YETO
UCIIOJIHEHHE OTlepaTopa 00pabOTKH BETBEH 1 MPEABIIYIIEro ONepaTopa CYUTACTCS 3aBEPILINBIINMCS.

B BbI130Be runepdyHKIMN MOTYT OBITH OMYLICHBI IEPEXO0/IBL, a B IOCIEAYIOIIEM ofiepaTope 00paboTKH BETBEH
- METKH BeTBel 00paboTunka. B 3ToM ciydae mopsaok BeTBei 00padoTYMKa COOTBETCTBYET MOPSAIKY BETBEH BBI30BA

rUNepPyHKIHH.

A(i: y #1: #2)
case 1: B(y, i: u)



case 2: D(i: u);

IIpumep BbI30Ba rUNepPYHKINH ¢ 00padOTYUKOM BeTBeil

ONPEAENEHNE-NTOKAJTIbHOIO-MNPEANKATA ::= ONPEAENEHUE-MTPEANKATA

OHpeIleJ'ICHI/IC JIOKAJIBHOTI'O IMpe€auKaTa JOITYCKACT UCIIOJIB30BAHUC MMAPAMETPOB U JIOKAJIbHBIX IIEPEMECHHBIX
npearkara, B TCJIC KOTOPOro 3TO OMPEACIICHUEC HaAXOJUTCA. JlokanpHbBIN npeaukKar JOCTYIICH JIMIIb B TCJIC

MpeuKaTa, BHyTpU KOTOPOTO OH OIHCaH.

6 Bbipaxkenusi

MEPBUYHOE-BbIPAXEHVE ::=
MEPEMEHHAS |
BbI3OB-OYHKLWM |
( BBIPAXKEHUE ) |
NOJE-OBbEANHEHNS

BTOPUYHOE-BbIPAXKEHWE ::=
MEPBUYHOE-BbIPAXEHVE |
KOHCTAHTA |
ATPETAT |
UMS-NPEONKATA |
FEHEPATOP-MPEVKATA |
UMS-TUNA |
MOINOUKALIMS |
SEMEHT-CMUCKA |
OMPEAENEHVE-MACCUBA |
METO/ |
COOBLLEHVE |
KOHCTPYKTOP |
PACMO3HABATE/Tb |
BbIPE3KA-CICKA

Wmst Tia MOXeT OBbITh apIyMEHTOM BbI30Ba Tpeaukara u u3oopaxenus tuna. JJIEMEHT-CIMNCKA u BbIPE3KA-
CIMNCKA ompenenenst B paza. 7. Oneparust ONMPEAEJIEHVE-MACCUBA ormicsiBaetcs B pasa. 8.3.
KOHCTPYKTOP, PACIMO3HABATEJIb u MNOJIE-OBbEANHEHWNS otHOCsTCS K 00BEKTaM THIIA 00BEJUHEHUS U
onmcansl B pasa. 7. Ucnons3oBanne COOBLLUEHWNS B kauecTBe 3HaUeHMS IEPBUYHOTO BBIPAKEHUSI OMPEIEIICHO B

pazn.10.

MEPEMEHHAS ::= WUMS-TEPEMEHHOM |
SIEMEHT-MACCHBA |
MOJIE-CTPYKTYPbHI |
MEPEMEHHAS-KJTACCA |
BbIPE3KA-MACCHBA

BbIPE3KA-MACCUBA onpenenena B pasz. 8.2.
NMS-NEPEMEHHOWN ::= [UMA-MOAYNA .] UAEHTUOUKATOP [']

IlepemenHas Buaa UMs’ MCIIONIB3YETCS JUIsl MIMEHOBAaHHA pe3yibTaTa npeaukaTa. [lepeMeHHas ums’ ckienBaeTcs ¢
NePEMEHHON UM, SIBIAIOLICHCS apTyMEHTOM npenukara (cM. pasa. 3.1).

SJIEMEHT-MACCHUBA ::= NEPBMYHOE-BbIPAXXEHWUE [ NHAEKCbI-MACCUBA ]



WNHAEKCbI-MACCUBA ::= CTMTUCOK-BbIPAXXEHUI
3nauennem [NEPBUYHOIO-BbIPAXKEHUSA siBnsieTcs mepemennas tTuna “maccuB”. 3HaueHHs

NHOEKCOB-MACCUBA oimkHBI TIpHHAIIEKATH THITAM HHIEKCOB COOTBETCTBYIOIIETO THITA MACCHBA.
MONE-CTPYKTYPbI ::= NMEPBUYHOE-BbIPAXXEHUE . UMA-MNONA

3uauyenrem [NEPBUYHOIO-BbIPAXKEHWUA sisisiercst nepemennas tuma “crpykrypa’.

nMa-nong  ::= WAEHTUOUKATOP
MEPEMEHHAS-KACCA ::= NEPBUYHOE-BbIPAXXEHWE . UMA-MOJIA

3uayenuem [NEPBUYHOIO-BbIPAXXEHWUS siBsiercst nepemennas tuma “xmacc”.

ArPETAT ::= AIPErAT-CTPYKTYPA | ArPEFAT-MACCKB | ArPEFAT-MHOXECTBO |
ArPEFAT-CMNUCOK

Arperat onpezenseT 3HaueHue CTPYKTYPHOTO TUMA. ATrperar-MacCcuB ONpeAeisieT MaCCUB, arperaT-MHOXKeCTBO -
MOJJMHO>KECTBO HEKOTOPOTO MHOKECTBA - 3HaueHue Tumna Set (cM. pasz. 7), arperaT-cCTpyKTypa - CTpYKTypy (Kak
Ha0op moeit), arperar-crucoK - CUCOK, 3alaHHBIHA MOCIeJ0BATEILHOCTHIO AIIEMEHTOB.

ArPEFAT-CTPYKTYPA ::= [U3OBPAXEHME-TUMA] ( SNIEMEHTbI-ATPEFATA )
ArPErAT-MACCKB [M30BPAXKEHME-TUMA] [ [9NEMEHTbI-ATPErATA] ]
ArPEFAT-MHOXECTBO ::= [MU30BPAXXEHUE-TUMA] { [S/IEMEHTbI-ATPEFATA] }
ArPEFAT-CMMCOK  ::= [U3OBPAXEHWME-TUMA] [[ 9/TEMEHTbI-AIPErATA 1]

Arperar [ ] o603Hauaet mycToii MaccuB (Kora BEpXHsisi TpaHHIA WHICKCOB MEHbIIIE HIKHEi). Arperar { }

OIIpe/IeNIsIeT MyCTOe MHOXKeCcTBO. Eciu mapa cko6ok [[ miu |] Betpeuarotes psimom nipu u3oopaxenun AIPEFAT-

MACCUBA, To cocetre CKOOKH JOJKHBI OBITh Pa3/ieieHbl IPOOETIOM.
DJIEMEHTbI-AFPEFATA ::= 2JJIEMEHT-AIPEFATA [, 9JIEMEHTbI-AIPErATA]

3HadyeHHeM arperara sSBJIsIeTCs Habop 3HAUEHHI DIIEMEHTOB arperara, epeYrcaeHHBIX B CKOOKaX. Arperat MoKeT
UMETh HEPAPXUUIECKYIO CTPYKTYPY, TOCKOJIBKY 2JIEMEHTOM arperata MoXeT ObITh arperar. THIr arperata

OTIPEICIIIETCS THITOM MTO3MITHH, B KOTOPOW HAXOIMTCS arperat. 3HadeHne arperarta JODKHO COOTBETCTBOBATD THITY
nosunuu. Tum arperara Mmoxket ObITh ykazan ssBHo UI3OBPAXKEHUEM-TUNA - sto He siBisieTcst HEOOXOAMMBIM, HO

MOXET YJIy4YIIUTb BOCIIPUATHUEC IIPOT'PaMMBI.

SIEMEHT-ATPETATA  ::= [WHAEKC-2/IEMEHTA-ATPElTATA :] BbIPAXXEHUE
WHAEKC-2JTIEMEHTA-ATPETATA ::= BbIPAXXEHWE | MA-NONA

I/IHILGKCBI 3JICMCHTOB, €CJIU IPUCYTCTBYIOT, NOJIPKHBI COOTBETCTBOBATH MH/ICKCAM 3JIEMCHTOB MaCCHBa UJIM UMCHaM

MOJIEN CTPYKTYPHI.

type Ar4 = array (real, 1..4);
Ardx=1[0,1, 2, 3];

IIpumep 3apaHus arperara

FEHEPATOP-TIPEANKATA ::= predicate OMNMNCAHME-NPEONKATA

HcrionHeHre reHepaTopa mpearuKara co3/IaeT HOBbIM IPEIUKAT, OTlepaToOpHast YaCcTh KOTOPOTO ONPEAESIETCS TEIOM
npenukara, Haxozsierocst B cocrase ONMMCAHUSA-TTPEAUKATA; cm. pasa. 3.1. HoBblil ipeinkaT CTaHOBUTCS
3HAYEHHWEM T'eHepaTopa MpeIruKara.

METOA  ::= NEPBUYHOE-BbIPAXXEHWUE . UMA-METOJA
NMA-METOOA ::= WAEHTUOUKATOP



3uauenuem [NEPBUYHOIO-BbIPAXXEHWUS sisiercst nepemennas tuma “xmacc”.

YHAPHOE-BbIPAXXEHWE ::= YHAPHASA-OMNEPALNSA BTOPUYHOE-BbIPAXXEHUE
YHAPHAA-OMEPALUNA =+ |- ||~
BUHAPHOE-BbIPAXXEHUE ::= BbIPAXXEHME BUHAPHASA-OMEPALINA BbIPAXXEHUE
BUHAPHAA-OMEPALINA  ::=
[ % |+ |-|<<[>>]in|[<[>|<=|>=|=]!I=]
&|~|or| xor|=>|<=>

CemaHTHKA onepauﬂﬁ " UX IMIPUOPUTETHI ONPCACIICHBI HUXXC B Ta6JII/IIIe. Tunel ApryMCHTOB KaXXa0u1 ornepanun

JOJDKHBI COOTBETCTBOBATH onepanuu. Onepanus “+” 11t 00beIMHEHNs] MaCCHBOB OIMKCaHa B pa3a. 8.4.

MOANDOUKALMA ::= MOANPUKALMA-CTPYKTYPbI | MOOANOUKALINA-MACCUBA
MOANOUKALNA-CTPYKTYPhI ::= BbIPAXXEHME with AIPErAT
MOANOUKALINA-MACCUBA  ::=

BbIPAXKEHUE with AFPETAT |

BbIPAXXEHME with OMPEAE/IEHVE-MACCHUBA-TO-YACTSAM

B cTpyKTYpHOM 3HAaYEHHUH BBIPAKCHHUSI, 0003HAYAOIIIETO MACCHB HITH CTPYKTYPY, MEHSIOTCS KOMITOHEHTBI,
npencrasiaeHasie ATPEFTATOM wmu OMPEAETEHNMEM-MACCUBA-NO-YACTAM (cwm. pasna. 8.3 ). 3nauenuem

orepaIiy sSBISETCS OOHOBJICHHBIN MacCUB W CTPYKTYpa.

type ar0_4 = array (int, 0..4);
ar0_4ones=[1,1,1,2,17;

ar0_4onesl =ones[3:1];//[1,1,1,1,1]
type Vec(nat n) = array (real, 1..n);
perm(nat n, Vec(n) b, nat m, k : Vec(n) b")

{ b’ = b with [k: b [m], m: b [k]] };

IIpumepsl MOAU(PUKALMH MACCHBOB

YCJTIOBHOE-BbIPAXXEHWUE ::= BbIPAXXEHWE ? BbIPAXXEHWUE : BbIPAXXEHWE

I[TepBoe Boipaxkenue umeet Tum “norudeckuii”. Eciau nepsoe BbIPAXXEHWE 3asepiaercs naentudukaropom, To

UICHTH(OUKATOP U TTOCIIEAYIOIINIA CUMBOI “?” MOIKHBI OBITH Pa3/eieHbI IIPOOEIOM.

BbIPAXKEHWUE ::= BTOPUYHOE-BbIPAXXEHUE |
YHAPHOE-BbIPAXXEHUE |
BUHAPHOE-BbIPAXXEHUE |
YCJIOBHOE-BbIPAXXEHUE

N Bo3Benenue B cTenieHn

+, = !, ~N YHaprle IIJIFOC 1 MUHYC, JIOTHYCCKOC OTPULIAHUEC U ITO3JICMCHTHOC
JOIIOJIHCHHUE OJIs1 MHOXKECTB, MMOOUTOBOE JOIIOJTHCHHUEC JJIsA
OTPaHNYCHHBIX IEJIBIX

* [, % ApudpmMeTHIeCKOe YMHOXKECHHE, ICJICHHE U OCTATOK OT
LEJTOYNCICHHOTO JICTICHHS
+, - ApudmeTruecKoe CI0KEeHNUE U BBIYUTAHUE; 00bETUHCHHE U

BBIYMTAHHUEC MHOXXCCTB, KOHKAaTCHAIIUs CITMCKOB, O6’b€)II/IHeHI/Ie
MAaCCHBOB C HCIICPCCCKAIINMUCS TUIIAMU MHACKCOB

<<L, >> [To6GuTOBBIH (1TO3IEMEHTHBIN) CABHT BICBO U BIIPABO JUIS LEJBIX
in ITpoBepka BXOXK/IEHHS 3JIEMEHTa B MHOKECTBO

<, >, <= >= Onepanyu apu(pMETHISCKOTO CPAaBHEHUS

=, 1= ITpoBepka Ha PaBEHCTBO M HEPABEHCTBO

& [Tepecedyenre MHOXKECTB, JIOTHUECKAst KOHBIOHKITHS, TTOOUTOBOE U

JJI OrPaHUYCHHBIX HEJIbIX




xor CummeTpuyeckasi pa3HOCTh AJI1 MHOXKECTB, UCKiounTensnoe MJIN
IS JIOTHYIECKUX BRIPAKCHUN W OTPAaHNYCHHBIX IEJBIX (TIOOHTOBOE)
or OO0bearHEHNE MHOXKECTB, JIOTHUECKAs JU3BbIOHKIMS, IOOUTOBOE
WNJIN nnst orpaHUYEeHHBIX UETBIX

Nmnnukarys

> Jlormueckoe TOXKIECTBO

TpéxmecTHas ycIOBHAS OTIEpAIHs

v

NIA (N

Tabiuua 2 Onepanuu B NOpsi/iKe YMeHbIIEHUs] IPUOPUTETA

{ Tunsl

Bcesikas nepemeHHas UMeeT HEKOTOPBIH THT. Tum MoxeT ObITh aTprHOyTOM S3BIKOBOM KOHCTPYKIMH. CeMaHTHKa
KOHCTPYKLUH HAJIaraceT OIPENEICHHbIE OTPAHUYCHUS HAa 3HAYCHMSI TUIIOB. I KaK10M OAKOHCTPYKLIMA HEKOTOPO
KOHCTPYKIIUH ONPEEIAETCS no3uyLs €€ BXOXKIESHUS BHYTPU KOHCTPYKIIUH. DTO, HAIIpUMeEp, MO3UIIH ONIEpaH/I0B
oriepaluii, MO3UIUK MPaBOH U JIEBOW YacTel B oniepaTrope MpUCBauBaHMs, MMO3UIHS (PaKTHUECKOTO MapaMeTpa B
BBI30BE MpenukaTa u ap. [Ipu Hanuyuy B KOHCTPYKIMH JIBYX MO3UIMK THUITBI 3TUX MO3HULUHI JOKHBI OBITH
coznacogansl. YaCTHBIM CIIy4aeM COIIACOBAHHOCTH SBISICTCS COEMECTNUMOCMb TUIIOB. Harpumep, THIT BEIpaKeHUs
MIpaBOi YacTH OINepaTopa NPUCBAaUBaHU JOJKEH OBITh COBMECTHM C THUIIOM IIEpEMEHHOM JIEBOH yacTu omneparopa
IPUCBAaUBAHUs, HO HE HA000poT. Peanusyercs HesiBHOE TpeoOpa3oBaHue (Ha3bIBAEMOE npugeoeHuem) 3HaUCHN
COBMECTHMOTO THIIA K THITY, TpeOyeMOMY MO3HUIIUEH.

OMUCAHVE-TUMNA ::=
type UMS-TUMA [( MTAPAMETPbI-TUMA )] = U30BPAXEHME-TUMA |
MPEAOMUCAHVE-TUMA
UMS-TUNA  ::= WOEHTUOUKATOP
MAPAMETPbI-TUNA ::=
W30BPAXKEHVE-TUNMA [:blank:] UAEHTUOUKATOP (, UAEHTUOUKATOP)*
[, TAPAMETPbI-TUMA]

Omnucanue THIa CBSA3bIBAECT UMS THIIA C €0 I/I306pa)KeHI/IeM. Twun MoXeT OLITE napaMeTpusoBaH, T.€. 3aBUCCTH OT

Habopa 3HAYSHHH NMEPEMEHHBIX U TUIIOB, yKa3aHHBIX B KAUECTBE NMapaMeTpOB.
NPEAOMNUCAHUE-TUNA ::= type UMA-TUMA

Ecnu nmsa tuma HCIIOJIB3YETCA N0 €T0 OMMMCaHus, YTO BO3MOXXHO JIsI pEKYPCUBHBIX OHpeZ[eHeHI/Iﬁ THUIIOB, TO IIEPEN

IEPBBIM BXOKACHUEM UMEHU OHO JOJIKHO OBITH ACKJIapUPOBAHO € MIOMOUIBIO MTPEAOIIUCAHUSA.

N30BPAXEHUE-TUMNA ::=
N30BPAXXEHUE-NPUMUTUBHOIO-TUMA |
N30BPAXXEHUE-TUMA-MNO-UMEHN |
N30BPAXXEHNE-TUMNA-MPEANKATA |
N30BPAXXEHUE-NOATUNMA |
N30BPAXXEHUE-MNMEPEYNCIIEHUA |
N30BPAXEHNE-CTPYKTYPHOIO-TUNA |
N30BPAXXEHME-K/TACCA

N30BPAXXEHUE-NTPUMUTUBHOIO-TUNA ::=
nat [(PA3PAAHOCTb-LESbIX)]

| int [(PASPSIAHOCTb-LIESIbIX)]

| real [(PA3PAAHOCTb-BELLECTBEHHbIX)]
| bool

| char



Tun nat sensercs MoAMHOKECTBOM HEOTpUILIATENLHBIX yncen Tuna int, char — MmuokecTBO CMBOIJIOB HEKOTOPOTO
andasuta. KoHKpeTHBIC TIPECTABICHUS IPUMHUTHBHBIX TUTIOB JAIOTCS B UMIICPATUBHOM PAaCIIUPEHUU S3bIKa (CM.
pasa. 11).
PazpsgHOCTh Onpenensier MaKCUMAIBHOE YUCIIO OUTOB B TIPECTABICHUN 3HAUYCHUH THIIA. Y Ka3aHUES
Pa3psAAHOCTH B U300paKCHUU IPUMUTHBHOTO TUIIA SIBJISETCS YAaCThIO HMIICPATHBHOTO PACIIUPEHHUS S3bIKA.
3nauenus tuna hat cosmectumel ¢ tunom int, a int - ¢ Tunom real. 3navenus Tuna MeHbIIEH paspsAIHOCTH

COBMECTHUMEI C aHAJOTUYHEIMU TUIIAMH OOJIBIIEH Pa3pAaHOCTH.

V30BPAXXEHVE-TUMA-NO-UMEHU ::=
[UMS-MOAYNS .] UMS-TUMNA [( APFYMEHTbI )]

Panee onpeneneHHBIN TUIT MOXKET OBITH TIPEICTABICH CBOUM UMEHEM. M300pakeHre nmapaMeTpru30BaHHOrO THIIA
npencTaBisieTcs ¢ KoHKpeTHbIMH apamerpamu. APIYMEHTDI, npencrasnennsie crickoM nepeMeHHbIX, MOTYT

ObITh OMyIIeHBI, eciii Bee 9TH nepemernbie nepeunciaeHsl B ONMMCAHUN-KOHTEKCTA (pasn. 4).
N30BPAXXEHNE-TUMA-KAK-TTAPAMETPA ::= type UMA-TUMA

OO0bsBreHre TUIIA B KAUE€CTBE ITapaMeTpa OMMCaHUs THUIIA WU OIIPEIeNIeHUs IpeuKaTa peau3yeTcs onucaTesieM
type. B kauectBe 0003HaUCHUSI TUIIA MOXKET UCIIOJIL30BATHCS BhIpakeHue Tula type, KoTopbiM, HanmpuMep, MOXKET
SIBJIATBCS IApaMeTp MpeauKaTa Wik napaMeTpu3oBaHHoro tuna. Hanpumep:

type Point (type T) = struct (T x, y);
type Polyline (type T) = list (Point (T));

decimate (type T, list (T) data : list (T) data”) {
data’ = (data = nil) ?
nil :
data.car + (len(data) < 3 ? nil : decimate(T, data.cdr.cdr))

+

reverse (type T, list (T) data : list (T) data”) {
data’ = (data = nil) ? nil : reverse (T, data.cdr) + data.car

i

Polyline (real) line = [[ (0.0, 0.0), (0.1, 0.2), (0.2, 0.5),
(0.3, 0.6), (0.4, 0.3), (0.5, 0.0) 1I;

Polyline (real) linel = reverse (decimate (real, line));
/1[I (0.4, 0.3), (0.2, 0.5), (0.0, 0.0) ]]

l'[pnMep HCIOJIb30BAHHUA TUIIOB B Ka4Y€CTBE NMapaMeTpoB

B npumepe Bbiiie uaeHTHGUKATOP T UCHOIB30BaH B KAUECTBE THUIa-IapamMeTpa, a Tun real — kax

(haKTUYECKHIT ITapaMeTp.
squareVec (type T, list (T) data : list (T) data’) {
data’ = (data = nil) ? nil : data.car ~ 2 + squareVec (T, data.cdr)

Y
list (int) squares = squareVec (int, [[0,1,2,3,41]1);//1[0,1,4,9, 16 1]

Brime IMPUBEACH €IS OJIUH ITPUMEP HUCIIOJIB30BaAHUA THUIIA T B xauecTBe mapamMeTpa npeamKara.

N30BPAXKEHUE-TUNA-TTIPEAUNKATA ::=
predicate ONNCAHNE-CINELNOUKALIMN-TIPEANKATA



IIpu onucanuu napaMeTpoB IIpearuKaTa JOCTATOYHO yKa3aTh TOJIbKO THUIIBI IapaMeTpoB. Mimena napamMeTpoB MOryT

OBIThH OITYIICHBI. I/I306pa)KGHI/Ie TUIIa NPpCAUKaTa UCIIOJIb3YCTCA AJId OIMMCaHUA HCpeMCHHOﬁ MMpEeAUKATHOI'O THUIIA.

type int_list = list (int);
map_list (int_list src, predicate (int : int) func : int_list dest) {
dest = (src = nil) ? nil : func (src.car) + map_list (src.cdr, func))
¥
int_list numbers =[[ 0, 1, 2, 3,4,51]];
int_list squares = map_list (numbers, predicate (inta:intb){b=a * a; });
// squares =[[ 0, 1, 4,9, 16, 25 ]]

IIpumep ncnob30BaHMS NPEIUKATHOTO THIA

N30BPAXEHUE-MOATUNA ::= 5
subtype ( ONMNCAHUE-NEPEMEHHOW : ®OPMYJIA') |
N30BPAXXEHWNE-ANATNA3OHA

Koncrpykuus subtype(T x: dhopMyna) onpenensier moaMHokecTBo Tria 1. Onucanue nepeMeHHOM X IeHCTBYET B
npeenax 3Toi KOHCTPYKIUH. MHOXeCTBO 3HaYeHHI nepeMeHHo# X, 171t kotopbix POPMYJIA uctuna, siBisiercst
omnpeaensembim noarurom tuma 1. Eciu ®OPMYJIA coaepkut apyrue nepeMeHHbIE, TO BCE OHH SBIISIOTCS

nmapamerpamu u3obpakaemoro tuma. Koucrpykuus ONUCAHUE-TIEPEMEHHOW ompenenena B pasa. 3.3.
N30BPAXKEHNE-ANAMA3OHA ::= BbIPAXXEHUE .. BbIPAXXEHUE

H300paxkenune quana3ona sBiseTcs nmoagMHokectsoM tuma int, enum, wiu char. Mzobpaxenune tTrumna

subtype(int i: i>=1 & i<=n+1) skBuBanenTHO M300pakeHuIO auanasona: 1..n+1

type Odd = subtype (intn: n % 2 = 1);
type diap10_20 = 10..20;

N30BPAXXEHUE-CTPYKTYPHOIO-TUMA ::=
N30BPAXEHWNE-TUMNA-CTPYKTYPHI |
N30BPAXXEHWNE-TUMNA-OEbEAVHEHNS |
N30BPAXXEHNE-TUMA-CINCKA |
N30BPAXXEHNE-TUMA-MHOXECTBA |
N30BPAXXEHUE-TUMA-MACCUBA

N30BPAXXEHNE-TUMA-CTPYKTYPbI ::= struct ( ONMCAHME-MNOJEN )

OMUCAHUE-NONEN ::=
N30BPAXEHWE-TUMA CMIMCOK-UMEH-MOJMEN [, ONMUCAHUE-NOMEN]

CMUCOK-UMEH-NOMENA ::= UMS-MONS [, CMMCOK-UMEH-MOJIEN]

3HaueHUE TUIIA CTPYKTYPhI COCTOUT M3 COBOKYITHOCTH 3HAYCHUH TOJIeH cTPyKTyphl. FiMeHa moseli 10/KHBI ObITh

pasnugHBL. YKCII0 MoJIel JOKHO OBITh HE MEHEe JABYX.

type Point = struct (intx, y);
Point pt = (10, 20);

IIpumep onpeaeneHusi CTPYKTYPbI

7.1 Tun o0beauHeHUS

N30BPAXEHWNE-TUMNA-OBbEANHEHNS ::= union ( ONMTMCAHNA-KOHCTPYKTOPOB )
OMUCAHNA-KOHCTPYKTOPOB ::=
OMUNCAHME-KOHCTPYKTOPA (, ONMNCAHME-KOHCTPYKTOPA)*



3HauYeHUEM THUIIA 06’LC}_II/IHCHI/I}I ABJIACTCA 3HAUCHUC OJHOTO U3 KOHCTPYKTOPOB, ICPCUNUCICHHBIX B CITUCKC OIMCaHUMI

KOHCTPYKTOPOB. Yucio KOHCTPYKTOPOB JOJI’KHO OBITH HE MEHBIIIE ABYX.

OMNCAHWE-KOHCTPYKTOPA ::= UMS-KOHCTPYKTOPA [ ( ONMCAHME-TIONEN ) ]
NMA-KOHCTPYKTOPA ::= WAEHTU®UNKATOP

[Tosns, onpenensieMpie B KPYTIbIX CKOOKaX, SBISIOTCS MOJISIMA OOBEIMHECHUS. 3HAUCHUS 3TUX TMOJICH UCTIONB3YIOTCS B
KaueCTBE apryMEHTOB KOHCTPYKTOpa. MIMeHa nosieit 00beMHEHNUS 110 BCEM KOHCTPYKTOPaM JIOJKHBI OBITh
pa3IUYHBL.

Pabora ¢ o0bekTaMu THITA O0BEAMHEHUS PEATU3YETCS C MMOMOIIBIO CICAYIONINX KOHCTPYKIIUN: KOHCTPYKTOD,

pacrno3HaBarelns 1 noisie oobeaunenus. Bee onn seistorest [TEPBUYHBIMU-BbIPAXXEHUAMMW (cm. pasn. 6).
KOHCTPYKTOP ::= WUMS-KOHCTPYKTOPA [ ( CMUCOK-BbIPAXXEHUN ) ]

Beipaxenusi, moacrasisiembie B kauectBe aprymenToB KOHCTPYKTOPA, o ux 4nciy v TUIaM JOJKHBL
coorsercraoats ONMNCAHUAM-TNOJEN & coorsercrayromem OMUCAHNN-KOHCTPYKTOPA. Ipasiina
COOTBETCTBHS TaKHeE e, KaK Juisl Bbi3oBa npeaukara. 3HadeHuem Kouctpykin KOHCTPYKTOP ssrsiercst umst

KOHCTPYKTOpA BMECTC CO 3HAYCHHUAMH €TI0 apryMEHTOB, €CJIM apIr'yYMCHTLI IPUCYTCTBYIOT.

PACMNO3HABATEJIb ::= UMSA-PACIMO3HABATESIA ( BbIPAXXEHUE )
NMA-PACTO3HABATESIA ::= UMA-KOHCTPYKTOPA ?

CuMBoI “?” SIBISICTCS YaCThIO UMEHH PACIIO3HABATEJIS M ITHIIIECS CJIMTHO ¢ HIMEHEM KOHCTPYKTOpa, 6e3 mpoberna.
BbIPAXXEHUE nmeer T 06benunenust. Pacniosznasatens siBisiercst pynkipeii Tuna bool. 3nauenene
PACIMO3HABATEJS uctunno, eciu 3uavernem BbIPAXXEHWS sersercst korctpykrop ¢ umenem MMS-
KOHCTPYKTOPA.

MNONE-OBbEANHEHUA  ::= NEPBUYHOE-BbIPAXXEHUE . UMA-NOJIA

3uauernem [NEPBUYHOI O-BbIPAXKEHUS siensiercs mepemennas tuna “oowenunenue”. 3uauenuem [10J14-
OBbEANHEHWNA siBnsiercst 3nauenue noms ¢ umenem MMSA-TOJIA B crpykrype nepemenHoit tumna “odbeanHeHne”.
Hcnone3oBanue kouctpykuun NOJIE-OBbEANHEHWUA koppekTHO suib B ciyyae HCTIHHOCTH pacio3HaBaTels
NMA-KOHCTPYKTOPA?( MEPBUYHOE-BbIPAXXEHWUE ) mist korCTpYyKTOpa, K KOTOPOMY OTHOCHTCSI TIOJIE C
umerem MIMA-TOJS, B npoTuBHOM citydae UCTIOTHEHHE KOHCTPYKIIUH HE OTPEICIICHO.

Hmena KOHCTPYKTOPOB U pacn03HaBaTeneﬁ SIBJISTFOTCS TII00AIbHO OIIPEACIICHHBIMU B TCJIC MOYJIs,

coxnepxaniero N30OBPAXXEHNE-TUNA-OBbEANHEHNA.

OMPEAEJIEHME-KOHCTPYKTOPA ::=
NMS-KOHCTPYKTOPA [ ( ONPEAENEHME-NONEN-KOHCTPYKTOPA ) ]
OMPEAENEHWE-NONEN-KOHCTPYKTOPA ::=
OMPEAENEHUE-NONA-KOHCTPYKTOPA
[, ONPEAENEHWNE-NOJIEN-KOHCTPYKTOPA]
OMPEAEJIEHME-NONA-KOHCTPYKTOPA ::=
[M30BPAXXEHME-TUMA-NEPEMEHHOW] WAEHTU®UKATOP

Koucrpyxkuust ONMPEAENEHNE-KOHCTPYKTOPA ucnosns3syercs B kadectse A/IbTEPHATUBbI mociie case B
oreparope Bbibopa (cM. pasm. 5) as Beipaxkenus Tuna oobequnenus. 3uadennem AJIbTEPHATUBDI sieisteTcs
kouctpykrop ¢ umereM MMA-KOHCTPYKTOPA u naGopom nepeMeHHBIX, 0003HAYAIOIHX TIOJIS TAHHOTO
KOHCTPYKTOpa. DTH 1epeMentbie sisirorest tokansHbiMu B ONTEPATOPE-AJIbTEPHATWUBBI, ucrionusiemom st

nauHoit AJIbTEPHATWBDI. Tumnsr nepeMeHHBIX MOTYT HE YKa3bIBaThCsl, TOCKOJIBKY OHU OIPEIEIISIOTCS U3
N30BPAXKEHNA-TUMNA-OEbEANHEHUA.



type int_tree = union (
leaf (int val),
node (int_tree lhs, int v, int_tree rhs)

)
int_tree foo;

/...

switch (foo) {
case leaf(v0): print("leaf", v0)
case node(l, v1, r): print("node with ", v1)

I

int_tree one_leaf = leaf(42);

int_tree small_tree = node(leaf(1), 2, node(leaf(3), 4, leaf(5)));
// small_tree 3amaér cienyromee aepeso:

/I 2

/I 1\

/[ 1 4

/Il 1\

/I 35

IIpumep ucno/ib30BaHNs 00beIHUHEHNIA

V30BPAXXEHME-NEPEYNCTIEHUS =
enum ( UAEHTUOUKATOP (, UAEHTUOUKATOP)* )

Tun nepednciieHus SBISIETCS] YaCTHBIM CIIydaeM THIa 00beINHEHUs C KOHCTpYKTOpaMu 0e3 aprymenToB. Onucarenb

€NUM TpakTyeTcst Kak SKBHUBAJICHT UNION.

type fruit = enum (apple, orange, banana);

Ipumep nepeunciaieHus

7.2 Tum cnucka

CrpykTypa BuAa “CIUCOK’ MPECTaBISIeTCs KaK YIOPsI0UeHHAs! COBOKYITHOCTh OJTHOPO/JHBIX 3JIEMEHTOB.
Tum criucka 13 SJIEMEHTOB THIA | OMPEIeIISSTCS CIEAYIOUIMM OITMCAHUEM:
type list (type T) = union (
nil,
cons (T car, list(T) cdr)
)i
OmnpenesieHue cnuckKa
Tum list cuntaercs onpenenennsim B s3bike P 1 He TpeGyer omucanus B mporpamme. Mmena list, nil u cons
rJ100aJIBHO OTIpe/ieNieHbl B IPEIUKATHOW MpOrpaMmMe.
Konctpykrop nil onpexensier mycroi cniucok, He conepxaiuii anementoB. Octanbhble 3Hauenus tumna list
IPEICTABISIIOTCS KOHCTPYKTOPOM CONS(X, S), TJie SIIEMEHT X eCTh IIEPBbIii SJIEMEHT CITHCKA - TOJIOBA CITUCKA, a S
€CTh OCTABIIASICS YaCTh CIIMCKA - XBOCT cricka. Dyukims |en(S) omnpenersier yrciio seMeHToB crrcka S. Onepariust

KOHKaTeHaruu S1 + S2 onpesessieT CMCOK, COCTOSIINI U3 3JIEMEHTOB CIUCKa S1, 3a KOTOPBIMH CIIETYIOT



9IIEMEHTBI CIIUCKa S2. APryMEHTaMH KOHKATEHAI[MU MOTYT OBITh TakxKe JIeMeHThI criicka. Oynkiuust last(s)
omnpeJesnsieT NOCIEeHUH JIEMEHT HEeIyCTOro CIIMCKA S; GYHKLUS Prec(S) - ocTaBIIyIoCs YacTh CUCKa 0e3

MMOCJICAHECTO 3JICMEHTA.

SJIEMEHT-CIUCKA ::= TMEPBUYHOE-BbIPAXXEHUE [ MHAEKC-2/IEMEHTA ]

JlaHHast KOHCTPYKIIHS ONPEIEIIAET 3HAYEHHE DJIEMEHTA ¢ YKa3aHHBIM MHIEKCOM B CIHCKE. 3HAUYCHUEM
MEPBUYHOI O-BbIPAXKEHWNS sBnsercs criucok.

WHAEKC-2JTIEMEHTA ::= BbIPAXXEHUE

Lukas for u while yacro ucnons3yercs a5 npencTaBiIeHns HUKIOB, PEATM3YEMBIX ¢ IIOMOIILIO OMEPATOPOB
HepeXo/a, B LEIAX YIy4YIIEHHs CTPYKTYPbI IIPOrPAMMBI.
Jlis criicka S KOHCTpyKIms S[i] onpenenser i-biit aneMenT. J[0nyCTUMBIME ABJISIOTCS 3HAYEHUS HHIEKCA | OT
0 no len(s)-1.
BbIPE3KA-CIMUCKA ::=
TEPM TUMA CIMUCOK [U30BPAXEHME-ANAMNA3SOHA] |

TEPM TUNA CIMNCOK [BbIPAXXEHVE ..]
TEPM TUMA CIMNUCOK ::=NEPBNYHOE-BbIPAXXEHVE

3HayeHHEM BBIPE3KH BHIa S[M..N] SBJISETCS CIUCOK, HAYMHAMOUIMACA DIIEMEHTOM C HOMEPOM M H
3aKaHYMBAIOIIUIICS 3JIEMEHTOM C HOMEPOM N. DIeMEHTHI CITUCKA HYMEPYIOTCS C HyJIsl. 3HAaUeHUEM BBIPE3KH OyIeT
nyctoit crmcok (3uauenue Nil), ecam M Gosbie HOMepa MOCIETHErO dIIEMEHTa, MO0 eciar N < M. 3HaueHHEM
BBIPE3KH BUIA S[M..] SBJIAETCS CIIMCOK, HAYMHAIOIIMIACS JIEMEHTOM C HOMEPOM M U BKJIFOYAIOIIMIA BCE DJIEMEHTHI

J10 KOHIIA CITMCKa.

type int_list = list (int);
int_list s =[1123528]];
int s_car = s.car; /] s _car=1

int_list s_cdr = s.cdr; //s_cdr=[1,2,3,5 8]

int_list ss =s+[[13,211]]; //ss=1[1,1,2,3,5,8,13,21]
int count = len (s); // count = 6

int e = s[3]; //e=3

IIpumepsl onepauuii co CHUCKOM

OCHOBHBIM CIIOCOOOM TpE/ICTaBIEHUEM CIHCKa SBJsETCs MaccuB. B KkadecTBe BO3MOXKHBIX
QIbTEPHATHB PACCMATPUBAIOTCA JIpyrHe CHocoObl B BHJE: OJHOCBA3HOIO CIMCKA, JBYHAIPABICHHOTO
CIMCKa, KOJBIEBOro cmnucka. IlpencraBieHue B BuAE KOJbLEBOro Oydepa cleayer CcuMUTaTh
Mou(UKaIeN IpeACTaBICHUS B BHJIE MACCUBA.

Jlanee paccMaTpuBaeTCs JIHIIb MTPECTaBICHHE CIIMCKA B BUie MaccuBa [9].

Jist n300paXkeHus THIA CITUCKA AOMYCKAETCS UCIIOJIb30BAHHUE CIIEIYIOIIUX THIIOBBIX TEPMOB:
list(T)
list(T, L)
3nech T — THI 3yieMeHTa Crlmcka, L — MakcuMalibHas JITMHA CHKcKa. PasMep mamsiTv, OTBOJMMOMW ISt
nepemennoi tuma list(T, L), Gymer mocratounsiM uist pasmenierus L snemMenToB crimncka.
JlomycTuM, OTBEJCHHAs ISl CIIUCKOBOM IMEPEMEHHOW IMaMsATh €CTh MaccuB A ¢ WHAEKCaMu B

nuanasore 0..N. Torna 3HaveHne CIUCKOBOM MEPEMEHHON MOXHO MPEICTaBUTh BhIpe3koit A[M..Nn], rie



0 <m < n £ N, oxgHako B ciaydae mycToro circka M > N. B GonpimHcTBe cnyyaeB M = 0 u cBoGoaHOE
MECTO B NAMSATH ocTaercs ciesa B auanazone M+1..N. Oxnako ObIBarOT ciydau, Korjaa cBOOOIHYIO Y4acTh
NaMATH HAJ0 OCTABUThL CIIpaBa JUIA TOro, 4TOOBI peajn30BaTh NPUCBAMBAaHWE BHIa S =Y + S, Kak,
Hanpumep, B pabore [4], rae wucmonbsyercs mnpucauBanue buf = stf + buf. {ns dopmuposanus

HECTaHJIaPTHOI'O Pa3MEILEHUs 3HAUEHUSI CIIMCKA UCITI0JIb3YETCs CIIELIMAIIbHBIN KOHCTPYKTOP.
CMEUMANIbHBIN-KOHCTPYKTOP-CIUCKA ::=
consLeft ( BbIPAXXEHME-TUIMA-CIMACOK , BbIPAXXEHUE ) |
consRight (BbIPAXXEHWE-TUMA-CIMACOK ) |
consRight (BbIPAXXEHUE-TUIMA-CIMACOK , BbIPAXXEHUE )
BbIPAXXEHME-TUTMA-CMUCOK ::= BbIPAXXEHWE

KoncTpykrop BHIa consLeft(y, m), rjae M — HoMep diieMeHTa, GOPMUPYET MPEICTABICHUE CIIHCKA Y
B MacCHBE, CIBUHYTOE Ha M 3JEMEHTOB OTHOCHUTEIBHO Havyaaa MaccuBa. Koncrpykrop Buma consRight(y)
(GopMHpyeT IpeICTaBIeHHe CIKMCKa Y B MacCUBE IprKaThiM Bipaso. Koncrpykrop Buga consRight(y, L)
GopMHpyeT INpeicTaBICHUE CHOMCKA Y B MaccuBe MIMHBI L mprkareiM BrpaBo. Ilpu HMCIONHEHUH
oneparopa S = consRight(y, L) orsoaurcs HOBas mamsarh A CTPOKOBOM IEPEMEHHON S; €CIU 0
NpUCBAaMBaHKs IEPEMEHHAs S YK€ HMeIa HEKOTOPOE 3HAYeHhe, TO TPAaHCIATOp ¢ sA3bika P moiken
o0ecneunTh BO3BpAT CTAPON MaMATH IEPEMEHHOM S.

B s3pike P Her omeparopoB OTBeAEHHMS W OCBOOOKIECHHME IAMSTH JJIs CIUCKOBBIX IEPEMEHHBIX.
BcraBka B KO COOTBETCTBYIOIIMX JEHCTBHUA peanusyercs TpaHcasTopoMm. OTBeleHHE NaMATH
peanusyeTcss IpPH I[EPBOM IPHCBAMBAHMU IIEPEMEHHON. PasMep mamsaTv Ompenensercs M0 3HAYEHUIO
IPaBOii YaCTH OIepaToOpa MPUCBAUBAHUS, ECJIM OH IBHO HE YKa3aH OIMCAHHMEM THIIA.

Jlnst 3Ha4YeHusl CIMCKOBOM IEPEMEHHOW HE JOIyCKAeTCs BLIXOJ 3HAYEHHs 3a IPAHUIILI ITaMSTH,
OTBEJCHHOU IiJisi TepeMeHHOoM. COOTBETCTBYIONINI KOHTPOJIb BO3JIaraeTcsi Ha mporpammucta. [[ns stou

LIEJTIN IIPELYCMOTPEHBI CIIEAYIOINE KOHCTPYKIIAH.

max_len(s)

store(s)

left_store(s)

resize(s, n)
3I[CCL S — NEepeMCHHas TUlla CIIMCOK. 3HaueHHEM (pYHKLII/II/I maX_Ien(s) ABJIACTCA MAaKCHUMAJIbHOEC YHCIIO
DJICMCHTOB CIIMCKa, KOTOPOC MOKHO PA3MECTUTL B MACCUBC I nepeMeHHoﬁ S. CDYHKI_[I/I}I store(s)
ONpeaACEICT YUCIIO 3JICMEHTOB, KOTOPOC MOKHO Pa3sMECTUTH CIIpaBa OT 3HAYUCHUS SB CBO60)1HOI7I qacTu
HaMsTH. CDYHKLII/I}I Ieft_store(s) OMpEACIICT YUCIIO DJIECMEHTOB, KOTOPOC MOXHO PA3MECTUTH CJIEBa OT
3HayeHus S B mamstu. Omeparop resize(S, N) OTBOAMT HOBYIO MaMsTh pa3Mepa N 3JIEMEHTOB,

NEepeHrChIBACT TyAd 3HAYCHUC HCpGMCHHOﬁ S, oc3060>1<;[a51 CTapyro naMsThb.

7.3 CTpOKOBBIH THII

CTPOKOBbIN-TUM ::= string

CrpoxkoBerit Tum String sieiseTcs npegonpeaeaeHusM B s3bike P. Ero onpenenenne nmeer By
type string = list(char);
Ha6op CpeACTB, OIPECACICHHBIX B pa3ciic 7.2 AJIs1 CITUCKOB, IPUMCEHUM TAKXKE IJI CTPOK C HCKOTOPBIMU

OrpaHUYCHUSIMU. B JOINIOJIHCHUH K 3TOMY B SA3BIKEC P OIpeaCJICHbI CTPOKOBBIC KOHCTAHTHI (CM. pas3a. 2)



OCHOBHBIM TIPE/ICTABIICHUEM CTPOKOBOT'O OOBEKTA SIBIISICTCSI MACCHB JIUTEP, 3aBEPIIAFOIIUNCS HYJIEM, IPUIEM
HYJIb HE BXOJUT B 3HaueHHE CTpOKH. Haye roBops, sl CTPOKOBOIO THMA (PAaKTUUECKH NEHCTBYET ClieAyrolee
oTpeJiesieHHe:

type string = subtype(list(char) s: s != nil & last(s) = 0');

[IpoBepka CTPOKH S Ha IyCTOTY peanusyercs omepanueii S.car = 0, a we S = nil. B npunnune, Bo3MoxHa
peanusaiys, B KOTopoit KoHctpykrop Nil xoaupyercs 3HadeHneM W3 eIMHCTBEHHOTO HYJICBOTO JJIEMEHTA, OIHAKO
TaKoe pelleHre npuBeaeT K norepe 3¢ dexkruBHocTr. B urore, tumsr list u string HecoBMecTHMBI: €O CTPOKOBBIM
00BEKTOM HeNb3sl padoTaTh KaK CO CIHCKOM, B YAaCTHOCTH, HENb3sI TIOJCTABIISATh CTPOKOBBIA OOBEKT MapaMeTpoM
tuma list. Kax ciencrsue, 6MOIMOTEKH IS CIMCKOB HEMPUMEHHMMBI [ISI CTPOKOBBIX 0OBHEKTOB.

CrnemyeT COXpaHUTh BO3MOXKHOCTh YKa3aHHs pa3Mepa IMaMsATH I CTPOKOBBIX OOBEKTOB. B KkauecTBe
aIbTEPHATHBHOTO crocoba M300paskeHuss CTPOKOBOIO THIIA MpeiaraeTcs ucmoib3oBath String(L): mamsTe mist

snauyenus tuna String(L) Bmemmaer posro L surep. [Tone3Hbl TakKe KOHCTPYKIUH, BBEICHHBIE TSI CIIUCKOB:
max_len(s)
store(s)
resize(s, n)

VCKIII09aeTest BO3MOXKHOCTD CIIBUTA BIPABO 3HAYEHUS CTPOKU OTHOCHTENBHO HAyaja TMAMSTH, T.€ 3HAYEHHE CTPOKH
BCET/Ia PA3MEIAETCs ¢ HAYaa aMsITH.

[lenecoobpa3Ho HCMONB30BATh [BA BUAA OOBEKTOB CKAHUPOBAHWS: OIMH — JUIi CKAHUPOBAHWs C Hayaia
CTPOKH, BTOPOM — C KOHIa. B mepBoM citydyae oOBEKT CKAHMPOBAHHS MOXET ObITh MPEICTABICH yKasaTelleM Ha
HAYaJIbHBI DJIEMEHT CTPOKH, BO BTOPOM — JIONOJHHTENBHO TPeOYeTCsl IJIMHA CTPOKH, TPU ITOM CTPOKa,
IpeJICTaBIeHHAss 0OBEKTOM CKAHUPOBAHUSI, HYJIEM HE 3aBEPIIAETCH.

BBOJISATCS IOTOJHUTEbHBIE KOHCTPYKIMK Il CTPOKOBBIX OOBEKTOB. J[Jisi ONpEEseH s YUCia dJIEMEHTOB
crpoku S BMecto Qynkuuu len(s) ucrnonssyercs length(s). Koncrpykrop nil, pacnosnasarens nil?(s), a raxxke
otHomenuss S = Nil u S != nil He wucnonb3yrTCs WA CTPOKOBBIX OO0BEKTOB. B KayecTBe MyCTON CTPOKU

HCIIOJIB3YCTCSA KOHCTPYKTOP em pty, 3HAYCHUECM KOTOPOTI'O ABJISACTCA CTPOKA U3 €AUHCTBCHHOT'O HYJICBOT'O 3JICMCHTA.

7.4 Tuno MHOKeCcTBA

N30BPAXXEHNE-TUMA-MHOXECTBA ::=
set ( ISOBPAXXEHNE-BA30BOIO-TUMA )
N30BPAXKEHNE-BA3OBOIO-TUMNA ::= N3OBPAXXEHWUNE-TUMA

T MHOKECTBA €CTh MHOKECTBO BCEX MOJMHOMKECTB HEKOTOPOTO KOHEYHOTro 6a30B0ro tumna. MiMeercs yHapHas
oreparyst ~ JONOIHEHUs: MHOKecTBa. OnpeieneHsl: onepanust '+ 00beIHHEHUS] MHOXECTB , OlIeparus ' =
Pa3HOCTH MHOKECTB, & TAK)KE BBIYMTAHHS DJICMEHTA U3 MHOXECTBA, Orepalys & mepeceyeHnsi MHOXKECTB, OTleparus
OF 0ObeIMHEHNSI MHOXKECTB, OIlepalyst iN MPUHAIEKHOCTH SIIEMEHTa MHOKECTBY (CM. pasi. 6). UHCIIo 31eMeHTOB B
MHOKECTBE peanu3yercst pyHkiumei len.

Onepanus Mmask npeoGpaszyer MHOKeCTBO B Leloe 3Hauenure. Onepanus bits peanusyer o6parayro

Ornepanuro npeo6pa30BaHI/m OCJIOro B MHOXKECTBO.

type int_set_t = set (1..1000);
int_set_t pow_2 ={0,2,4,8,16,32 %},
bool is_pow_2 =4 in pow_2; // is_pow_2 = true

' B onepauuu cpaBHeHws npegnonaraetca HeasHoe npuseaeHue last(s) k uny int.



int_set_t more_pow_2 = pow_2 + { 64, 128 };

IIpumep McmoNB30BAHMSA MHOKECTB

7.5 Tunm kiaacca

N30BPAXXEHME-KJTACCA ::=
class [extends MA-CYTNEPKJTACCA]{ OMNCAHUNA-KITACCA }
ONPEAENEHUE-KIIACCA ::=
class NMA-KJTACCA [( MAPAMETPbI-TUMA )]
[extends NMA-CYNEPKJTACCAJ{ OMNMUCAHNA-KNACCA }
NMA-KNACCA ::= UMA-TUTA
NMA-CYNEPKJTACCA ::= UMA-TUTA

OMPEAENEHNE-KTACCA >kBUBaNICHTHO CIEAYIOIIEMY OMHCAHUIO THIIA:
type UMA-KJTACCA [( MAPAMETPbI-TUMA )] = N30BPAXKEHUE-KJTACCA

Kitacc npesicraBiisieT He3aBUCHMYHO 00J1acTh JoKanu3anuu umeH, onpezneisembsix ONMNCAHUAMU-KITACCA.

ONMUCAHNA-KNACCA ::= OMNMUCAHUE-KJTACCA [ ; OMNMUCAHUA-KNACCA ]
OMUCAHWE-KJTACCA ::= ONNCAHUE | ONMNCAHNE-KOHCTPYKTOPA-K/TIACCA

DIeMeHTBI Ki1acca - OISl M MeTo bl Kiacca. [1oiist Kiacca mpeicTaBiieHbl IIePEeMEHHBIMHI, OPEICIIEMbIMH
onmcannsivu nepemensbix BHytpr OMUCAHUN-KITACCA. MeTobl Kacca - IpeiMKaThL, IPEICTABICHHbIC
OIpeICICHUSIMH U CcrielupUKAIUsIMHU peaukaToB BHyTpu Ol MCAHUN-KNACCA. MeTonaMu Kiiacca SIBISIFOTCS
TaKKe OIPE/IeICHHbIE B KJIACCE MTPOLECCHI.

[Ipu HaTMYMK MOAKOHCTPYKIMK eXtends B omucaHun Kiiacca SJIEMEHTHI Kilacca OIPEeIENsIOTCs KakK
IPOJIOJKEHHUE IIEMEHTOB CyIepKIIacca.

OOBeKT Ki1acca - 3HaYCHHE MEPEeMEHHOM THIIa Kilacca. 3HaueHHeM 00beKTa sBIsieTCsl Habop mosieil Kiacca
AHAJIOTHYHO 3HAYEHHIO CTPYKTYPHOTO THIIA.

JIOCTYII K 3JIEMEHTY KJIacca peain3yeTcs 4epe3 00bEeKT KIlacca ¢ IIOMOIIBI0 KOHCTPYKIHH
MEPBNYHOE-BbIPAXXEHUE.NMA-3n1eMeHTa, rae o0bEKT ABISETCA 3HAYEHUEM
MNMEPBUYHOI O-BbIPAXXEHUS. Toctyn k a1eMeHTy Kitacca BHYTPH Kilacca OCYIIECTBISIETCS HEMOCPEACTBEHHO 110

HMCHH JJICMCHTA. I[J'IH 0003HaYCHUS 06’BCKTa, ornpeaeIeMoro 1aHHbIM KJIIACCOM, UCTIOJIB3YCTCS UM thiS

OMUCAHME-KOHCTPYKTOPA-KNACCA ::=
NMA-KNACCA ([OINMUCAHUA-APTYMEHTOB]) { TEJIO-KOHCTPYKTOPA }
TE/IO-KOHCTPYKTOPA ::= [ OMNEPATOP ]

Co3nanne HOBOTO 00BEKTA KJIACCa Peal3yeTCst Yepe3 BhI30B KOHCTPYKTOPA, 3HAYEHHEM KOTOPOTO SIBJISIETCSI
CO3/IaHHBII 00bEKT. 3HAUCHUS MMOJIeH Kilacca GOPMHUPYIOTCS B TeJle KOHCTPYKTOPA, a TaK)Ke HaYaaIbHOU
UHUIMaIu3anuei nosei npu ux onucanuu. Eciu mis asizoBa UMA-KJTACCA( ) HeT COOTBETCTBYIOIIETO
KOHCTPYKTOpPA C MYCThIM CIIUCKOM apryMEHTOB, TO TAKOW KOHCTPYKTOP CUMTAETCS ONPEAETEHHBIM U €ro TEJO IyCTO.
B pesysbrarte paboThl KOHCTPYKTOPA BCE MOJIS JOJDKHBI ObITH chopMupoBaHbl. KOHCTPYKTOP Ki1acca COAEPKHUT

SIBHBIM WJIM HESIBHBIM BEI30B COOTBCTCTBYIOIICTO KOHCTPYKTOpPA JIs CYIICpKIIacca.

8 MaccuBbl

8.1 Onucanue TMIIA MACCHUBA



N30BPAXXEHUE-TUMNA-MACCUBA ::=

array ( U3OBPAXKEHME-TUMA-3JTIEMEHTA , USMEPEHUA-MACCUBA )
N30BPAXEHNE-TUNA-3JTIEMEHTA ::= U30BPAXXEHME-TUMA
N3MEPEHUA-MACCUBA ::=

N30BPAXXEHUE-TUNA-UHAEKCA [, UBMEPEHUNA-MACCUBA]
N30BPAXEHUE-TUNA-UHAEKCA ::= U3OBPAXEHUE-TUMA

3HaYeHNEe MAaCCHBA COCTOUT U3 COBOKYITHOCTH 3JIeMEHTOB. Kask/IpIii 211eMEHT JOCTYIIEeH 0 HabOpy MHACKCOB B
MaccuBe: 17 MaccuBa A aeMeHT ¢ HabopoM uHIEKCOB M ecth A[M]. YKo MHIEKCOB COBNAIAET C YUCIOM
U3MepeHnH MaccuBa. THI KaKJ0ro HHAEKCA ONPEAEIAeT COBOKYITHOCTh JOIYCTUMBIX 3HAUEHUHN MHJEKCA U JOJDKEH
OBITH KOHEYHBIM.

Nwmeetcst onepanust '+ 11t 00beJMHEHHS IBYX MaCCHBOB-ONEPAH/IOB B OJIMH MACCUB MPH YCIIOBUH, YTO
THUIIBI 3JIEMEHTOB COBIAJIAIOT, @ MHOYKECTBa HAOOPOB HHICKCOB OIEPAaH/IOB COBMECTHMBI MO THIIaM H HeE
MIEPECEKAI0TCA.

type int_vec = array (int, 1..5);
type int_mtx = array (int, 1..2, 1..3);

int.vecv=1[3,1,415];
int_vec w = for (x) x*x;
intv2=v[2];//v.2=1

intmtxm=[[1,2,3],[104,5,6]1];
inte=m[2,3];//e=6

IIpumep onucaHuii MACCUBOB U MX MHUIUAJIN3ALUHU

8.2 BbIpe3ka MmaccuBa

BbIPE3KA-MACCUBA ::=

BbIPAXXEHME-MACCWUB [ CY)KEHHbIA-HABOP-TUMOB-UHAEKCOB ]
BbIPAXXEHWUE-MACCKB ::= BbIPAXEHUE
CY>XEHHbIN-HABOP-TUMOB-NUHAEKCOB ::= HABOP-WUHJEKCOB
HABOP-MHAEKCOB ::= 3/IEMEHT-HABOPA-MHAEKCOB [, HABOP-MHAEKCOB]
SJIEMEHT-HABOPA-UHAEKCOB ::=

3HAYEHME-MHAEKCA | USOBPAXXEHUE-ANATA30HA
3HAYEHUE-MHAEKCA ::= BbIPAXXEHWE

Bripeska MaccrBa ornpenesisieT MacCHB Kak 4acTh HEKOTOPOTO MacCHBa 3aJaHHEM IOJMHOXKECTBa HAOOPOB
UHJEKCOB. J0CTaTOUHO 3a7aTh CYKEHHUE XOTS OBl IO OTHOMY H3MEPEHHUIO MAacCUBa. B 4aCTHOCTH, TOMTyCTHMO
CYy)KEHHE K €IMHCTBEHHOMY 3Ha4eHHIO WHAeKca. OTHAKO BRIPE3Ka MacCHBA HE MOXKET MPEBPATUTHLCS B
SIMHCTBEHHBIN 3JIEMEHT MacCHBa. Pe3yIbTaToM UCTIOTHEHUS BEIPE3KH MAaCCHBA SBIISICTCS IIEpEMEHHAsT THTIA

“maccuB”’. HoBOro MaccuBa Impu 3TOM HE CO3/1aeTCHI.

8.3 OmnpeaeneHue MaccuBa

OMPEAEJIEHME-MACCUBA ::=
ONPEAENTEHNE-MHAEKCOB OMPEAENEHNE-2JIEMEHTA-MACCUBA |
ArPEFAT-MACCHKB |
OMPEAENEHNE-MACCUBA-TO-HYACTAM
OMPEAEJIEHNE-MACCUBA-NO-HYACTAM ::=
OMPEAENIEHVE-MHAEKCOB  OMPEAEJIEHUE-YACTEN-MACCUBA



Pesynprarom Berancnerns OMPEAENIEHUA-MACCUBA sisrisieTcst 3HaueHne MaccuBa. BbIurcIeHHE pealn3yeTcst
uTeparyei mo BCeBO3MOKHBIM 3HAUCHUAM Habopa HHIEKCOB MaccuBa. [IJist KaXK10ro Habop MHAEKCOB BHIYUCIISETCS
COOTBETCTBYIOIHIA JIEMEHT MacCHBa. BbrurciieHre 3HaYeHHUI PA3HBIX 3JIEMEHTOB MOYKET IIPOBOIUTHCS

napauIeiabHO.
OMPEAENIEHMNE-2NEMEHTA-MACCUBA ::= BbIPAXXEHWUE

BbIPAXXEHWE mist anemenTta MaccuBa 3aBUCHT OT MHAEKCOB, ykaszanusix B OMPEAENTEHUN-MHOEKCOB.

OMPEAENEHVE-VHAEKCOB ::= for ( 3ALAHVE-MHIEKCOB )
3AIAHVE-UHAEKCOB ::= OMNPEAENEHVE-MHAEKCA [ , 3ALAHVE-VHEKCOB]
OMPEAENEHVE-MHAEKCA ::= [M30BPAXXEHVE-TUMA-NEPEMEHHOW] MHAEKC
WHAEKC ::= WOEHTU®OUKATOP

Iepemennsie, o6o3nauaromue uuaekcol, tokansusl B OMPEAEJITEHUN-MACCUBA. Tpu onpeneneHun nHaeKca
00BIYHO HUCIONB3YeTCs onrcarenb Var (cM. pasn. 4). Yka3anue THIIA WHAEKca TpeOyeTcs B peIKUX CIydasix, Koraa
THUI MaccuBa (B TOM YHCJIC ¥ THITBI HHACKCOB MACCHBA) TPYAHO OMPEACIHUTh U3 MO3UIIUU, B KOTOPOH HAXOTUTCS
OMNPEAENEHUE-MACCUBA. Otmetum, uto B OMNMPEAENIEHNN-MHAEKCA tumn unnekca, eciiv oH 3a1aH SBHO,
JIOJKEH TOYHO MOKPBIBATH MHOKECTBO 3HAUEHHUI MHJIEKCA; OOBIYHO, 3TO auanasoH Tumna int.

type ar1_5 = array (int, 1..5);

arl_5 squ;

squ = for (var i) i*i;
arl_5r = for (vari) 100 - i;

IIpumepsl onpeaeneHust MAaCCHBOB

OMPELESEHUE-YACTEA-MACCUBA ::=

{ (OMPELENEHVE-YACTU-MACCUBA)+

[default : ONMPEESEHVE-3NIEMEHTA-MACCMBA ] }

OMPEAENEHVE-YACTU-MACCHBA ::=

case NHAEKCHI-YACTY : OMPEAENEHUE-3/TEMEHTA-MACCUBA
WHOEKCHI-YACTU =

SJEMEHT-HABOPA-VH/EKCOB |

( HABOP-MHJEKCOB ) |

( SEMEHT-HABOPA-MHAEKCOB [, UHAEKCHI-YACTU] ) |

( ( HABOP-MHIEKCOB ) [, UHAEKCbHI-YACTU] )

NHAEKCbI-HACTW onpenessitor HEKOTOPOE MOAMHOXKECTBO Ha TPOM3BEACHUH TUIIOB HHIEKCOB. DTH
HOJIMHOYKECTBA HE JIOJDKHBI IepecekaThest st pasHbix Ol PE,U,EJ’IEHMVI-‘-JACT EN-MACCHBA. Omnpenenenue
3JIEMEHTOB MAacCHBa JIsl HAOOPOB MHJIEKCOB, HE MPUHAUIEKAIMX HH OJHOM U3 yKa3aHHBIX YyacTel MacCuBa,
peamzyercst yacteio default. ITpu orcyrereun vactu default o6beunenne noqMHOKeCTB HAGOPOB HHIEKCOB
JUTSL pa3HbIX YacTeil JODKHO COBIAAATh C MOJHBIM MHOKECTBOM HaOOPOB MHICKCOB. BhIYHCIICHHUE 37IEMEHTOB
MacCHBa MO KaKIOH U3 4acTeil MaccuBa MPOBOAUTCS HE3aBUCUMO, BO3MOXKHO MapajiiebHo.

Ecin ONMPEAENEHNE-YACTEN-MACCUBA ncrione3yercs B onepariy MoAi(UKALN MACCHBA (CM. pasyL.
6), To yacts default orcyrcrayer.

type Ar(nat k) = array (real, 1..k);

F (nat n, Ar(n) x: Ar(n+1) x")
{x =for(varj){casel.n:x[j]+1casen+1:0}}

HpuMep onmpeaeJieHuss MaCcCMBa 10 4acTaM



type MATR(nat k) = array(real, 1..k, 1..kK);
perm_lines(nat n, MATR(n) a, nat k, m : MATR(n) a’)
pre 1<=k<m<=n
{ a’'=a withfor (vari,j){

case (k, 1..n): a[m, j]

case (m, 1..n): a[k, j]

by

by

IIpumep nepecTaHOBKH ABYX CTPOK MATPHIIbI

B marpurie a nepecTapisitoTcst MectaMu cTpoku ¢ Homepamu K u m. IlepecranoBka peanu3syercs
NPUMEHEHUEM Orepanuy Moau(pUKanuu (cM. pasfl. 6) IBYX CTPOK B MACCUBE &; OCTAJIbHbIC CTPOKH OCTAIOTCSI
HEU3MEHHBIMH. 3a/[aHKe HOBOTO 3HAYCHHUS JIByX CTPOK MaTpHIibl peanusyercsi koucrpykuueir ONMPEAESIEHUE-

YACTEW-MACCUBA.

8.4 O0beauHEeHHE MACCHUBOB

Onepangamu onepaiuu “+” 00beIUHESHUS MaCCHUBOB:
BbIPAXXEHUNE-MACCWB + BbIPAXXEHNE-MACCIKB

SIBJIIFOTCS. BRIPAKCHUS, 3HAYCHUSMHU KOTOPBIX SBJSIOTCS MacCUBbl. OOBbEIUHICMbIC MACCUBBI JJOJKHBI HMETh
COBIIA/IAIOLIME THUIIBI JJIEMEHTOB U HEMEPECEKAIOIINECS TUITBI MHAEKCOB, IPUYEM THUIIbI UHIEKCOB JOJKHbI
MIPUHAJUICKATh HEKOTOPOMY 00IIeMy THITy. Pe3yapTaToMm ornepanuu sSBJseTcss MacCHB. THI HHIICKCOB
PE3YJITUPYIOIETO MaCCHBa €CTh 00BEIMHEHUE TUITOB HHICKCOB ONICPAHJIOB, a THUI 3JICMEHTOB TOT XK€, UTO U Y
orepanioB. [Ipon3BONBHEIN JIEMEHT PE3yIbTHPYIOLIETO MacCUBa €CTh K00 AIIEMEHT IEPBOT0 MaCcCHBA-OMEPaH/Ia,

700 JIEMEHT BTOPOTO.
9 ®opmyasl

DopMyITBL, KCITONB3yEMBbIE B KAUECTBE TIPETYCIOBUI U TIOCTYCIIOBHI TIPEUKATOB, €CTh (POPMYJIIBI TUITU3UPOBAHHOTO
WCUYUCIIEHHS IPEANKATOB BhICIINX MOPsAKOB. [Tondopmyrna, BXoisas B MpelyCiIoBUE WA TIOCTYCIIOBHE, MOKET

OBITh OIIpEJICIICHA OTICIIBHO B BH/IC ONUCAHUsI (DOPMYJIBI.

OMNCAHUE-®OPMYIJIbI ::=
formula MA-OOPMYJIbl [OMNMUCAHNA-BHELLIHNX-APTYMEHTOB]
( OMUCAHUA-APTYMEHTOB [: TUM-PE3YJIbTATA] ) = ®OPMYNA
[measure BblPAXXEHUE]

NMA-OOPMYJIbl  ::= WOEHTUOUKATOP

TUN-PE3YJIbTATA ::= U3OBPAXEHUE-TUMA

OMUCAHUE-®OPMY/Tbl BBoaHT MMst hOpMyIIb f1si 0G03HAYSHHS KOHCTPYKILHH, npencTaBiernoii QOPMYJION.
Iepemennsie, Bxoasume B QOPMYJ1Y, noimkHsl ObITh yKa3aHbl B

OMNCAHUAX-APTYMEHTOB; cm. pasa. 3.1. Omrcanue popMyIibl MOMENIACTCS CPEIH OMMCAHMNA MOTYJIS
nporpammsl; cM. pasi. 4. QOPMYJIA sensercs Boipakennem tuna TUMN-PE3YJIBTATA. Eciu
TUM-PE3YJIbTATA ne ykazan, to ®OPMYJIA umeer tun bool. Mepa noimkna ObITh 3a1aHa 1Sl PEKYPCUBHO
omnpeessieMbIx GOpMyIT B Cilydae, KOr/ia peaan3yeTcs JeIyKTHBHAs BepU(UKALUs TIPEIUKATHON POrPaMMBI C

ucnosb3oBanueM cuctemsr PVS [7].



Hcnone3oBaunue popmyisl, onpeaeneaHoit ONMMCAHUEM-OOPMYJIbI, B apyrux dopmysax peanusyercs

4epe3 BBI30B (DOpMYJIbI.

BbI3OB-®OPMYJbI ::=
NMSA-OOPMY/bl [BHELLHWE-APTYMEHTBI] ( CMIUCOK-BBIPAXXEHWN )
Omnucanue hopmyiisl MokeT ObITh pekypcuBHbIM: DOPMYJIA B nipaBoii yacTu OnmcaHust MOKET COIEPKATh
PEKYPCHUBHBIN BBI30B 3T0MH (hopMmysibl. He omyckaeTcst B3aMMHOM PEKYPCHH B OMTMCAHMAX JBYX PasHbIX (GOpMyII.
Jlpyroe TpeboBaHKe: pEKYPCUBHBIN BBI30B JI0JDKEH HAXOAUThCS B nosumuernoi nozuyuu @OPMYJIbI. Tloustus

MMO3UTHUBHOM M HETaTUBHOM MO3ULIMH OIIPECACIICHBI HHUKE.

BHELUHWE-APTYMEHTDI siBnsirorcst HadanbHO#M YacThio apryMeHTOB (opMyiibl. OHU MOTYT OBITh OIYLICHBI
B cityyae ykaszanus ux B cocrase ONMMCAHUA-KOHTEKCTA (cm. pasa. 4).

®OPMYJIA ::= BbIPAXEHVE |
( POPMYJIA ) |
BbI30B-GOPMY/bl |
1 OPMYJIA |
®OPMYJIA & GOPMYJIA |
®OPMYJIA or GOPMYJIA |
®OPMYJIA => GOPMYJIA |
®OPMYJIA <=> GOPMY/IA |
KBAHTOPHAS-YACTb  ®OPMYJIA

Bce anbTepHaTHBBI IPUBEIEHHOTO MPAaBHJIA, KPOME MEPBBIX TPEX, onpenersior Gopmyis tuna bool, T.e.
npeaukatel. Onepanun 17, “&” u “OF” UMEIOT TOT 3K CMBICII, YTO M JUIS JIOTHYECKUX BhIpaxkeHuit. Oneparus

“=>" 0603HaYaET UMILUIUKALIUIO, | <=>>" - JOrHYECKOE TOMKIECTRO.

KBAHTOPHASA-HYACTD ::=
KBAHTOP CIrMCOK-NOAKBAHTOPHbIX-MEPEMEHHbIX .
[KBAHTOPHASA-YACTb]
KBAHTOP ::= KBAHTOP-BCEOBLLHOCTW | KBAHTOP-CYLLECTBOBAHWA
KBAHTOP-BCEOBLLUHOCTH ::= forall
KBAHTOP-CYLLECTBOBAHWNA ::= exists
CrMUCOK-NOAKBAHTOPHbIX-MEPEMEHHbIX ::=
N3O0BPAXXEHNE-TUMA TMOAKBAHTOPHAA-NEPEMEHHAA
(, NOOKBAHTOPHASA-NMEPEMEHHASA)*
[, CMMNCOK-MNOAKBAHTOPHbIX-MEPEMEHHbIX ]
MNOAKBAHTOPHAA-MEPEMEHHASA  ::= WAEHTUOWUKATOP

[propuTETHI TOTHYECKHX CBSI30K B MOpsijike yobiBanus cieayromnme: 1, &, =>, <=>, ksanrops! forall u exists.
Orpeie/TiM MOHATHE TO3HIIMH, TO3UTUBHON MIIK HETATHBHOM, JUTS IIPOM3BOJIBHOTO BXOXKICHUS TIOA(DOPMYIIBL.

IMozunust POPMVYJ1bl 8 kauectse npasoii yactu OMTMCAHUA-OOPMYJIbI siBnsiercs mo3utuBHOi. JomycTtim,

¢dopmyna X ects oHa u3 cieayromux Gopmyn: A & B, Aor B, IC,C => A,

forall y. A, exists y. A. /lnst nepeuncnennsix ciyvaes mozgopmyist A u B umeror Tyxe nosuipmio, ato popmysia

X, a moadopmyna C MeHsIeT MO3MIIMIO Ha IPOTUBOIIOIOKHYH0. Bee octanbHbie MO3uImy Mo AGpopMyIT CIUTAIOTCSE

HCHU3BCCTHBIMU.

OMUCAHVE-TEOPUMN ::=
theory UMS-TEOPUM [ ( ONUCAHUS-APTYMEHTOB ) ] = { TEJIO-TEOPUW }
TENIO-TEOPUM ::= YTBEPXZIEHWE (;YTBEP)KIEHVE)*
VM$- TEOPUM ::= UOEHTUOUKATOP
YTBEPXKIAEHVE ::=



[MMA-YTBEXXKOAEHUS :] ONNCATE/b-YTBEPXKAEHNA ®OPMY/A
NMA-YTBEXKAEHNA ::= WOEHTUOUKATOP
OMUCATENDb-YTBEPXAEHNA ::= axiom | lemma |theorem

OMUCAHUE-TEOPUW onpenensier HaGop jeMM (TEOpeM), HCIIOIb3YEMbIX MPU JOKA3aTeIbCTBE GopMyT
KOppeKTHOCTH nporpamMsl ipuMenenrem SMT-pemarens. UMA-YTBEXAEHWUSA ucnions3yercs B cucreme
ABTOMAaTHYECKOTO JI0Ka3aTeIbCTBA ISl MACHTU(UKALUK YTBEPXKIACHUS. Y TBEP)KICHHS C omucaresieM axiom
CUHMTAIOTCS APUOPH UCTUHHBIMHU. Y TBEPXKICHUs ¢ omucarenem lemma uu theorem mosmkHs! ObITH T0Ka3aHBI B

CHUCTEMC aBTOMATHUYCCKOI'O JOKAa3aTCJIbCTBA.
10 IIpoueccnl

[penukaTHBIC IPOrPaMMBI COOTBETCTBYIOT KJIaccy mporpamMm-GyHKuuii [8] mis 3amau nuckpeTHoi u
BBIYMCIIUTEIBHON MaTeMaTHKU. [IporpaMMbI-IIpo1iecChl BO3SHUKAIOT BO MHOTHX NPUJIOKEHUIX, B YACTHOCTH, TIPU
CO3JIaHMHM CHCTEM YIpaBieHHUs, [I€ IporpaMma IpeacTaBiIeHa B Bue Habopa napauiesibHbIX B3aUMOJCHCTBYIOLINX
npoueccos. IIpumepamu Takux porpaMm SIBJISIIOTCS IPOTOKOJBI U TEJICKOMMYHHUKAIIMOHHBIE CHCTEMBI. B menmsix
crneunpuKaluy 1 peaJu3auni JaHHOTO Kilacca MporpamMM s3bIK P pacimpen cpeacTBamu A1 ONMCAaHUS IPOLIECCOB,

riepesaun COOOIEHNH U TIOPOXKACHHUS TIPOIIECCOB, pA0OTAIOIINX MAPAILIEIEHO C MPOIECCOM-POIUTEIEM.

OMPEAENEHVE-MPOLIECCA ::=
process VIMSA-MPOLIECCA [( [ONMUCAHUS-APIYMEHTOB] :
OMUCAHWS-PE3YIbTATOB-TUMEPOYHKLIN )]
{ COCTOSIHVE-MPOLIECCA TENO-MPOLIECCA }
VMS-MPOLIECCA ::= WOEHTU®UKATOP

IIpouecc MoskeT ObITh OeckoHeuHbIM. Eciu mporiecc MOXKeT 3aBepIIUThCS, TO 3aBEpIICHUE PEaTU3yeTCsl 0 OTHOMY
WIN HECKOJIBKUM Pa3HbIM BBIX0J1aM Iporecca. Pe3ysibTaTbl BO3ZMOXKHO 3aBEPILAIOIIErOCs IIPOLiecca OIPEAEIII0TCS

TaK k€ KaK y TUIepQyHKIINH.

COCTOAHME-TPOLIECCA ::= [ONMUCAHUE-NEPEMEHHDIX ;]
CocTosiHUE TpoIiecca OnpeesieTcss HabopOM MEePEMEHHBIX, MOAU(PUIIMPYEMBIX PH HUCIIOJIHEHUH MPOIIeCCa.

TENNO-MPOLECCA ::= ABTOMATHASA-TNPOIrPAMMA |

MNAPAJIIENIbHAA-KOMMNO3MLU KA
MNAPANENBbHAA-KOMMNO3NLNA ::=
BbI3OB-MPOLECCA [ || MTAPANTENBbHASA-KOMNO3ULNA ]

B o0riem ciydae npoiiecc onpeieiieH B BUC MapaiebHON KOMIO3UITUY MTOCIEI0BATEbHBIX MPOIIECCOB,

onpenensiemsix B Bige ABTOMATHOW-TMPOrPAMMB. [epemerHas n3 cOCTOSIHUS IPOLECCa SBISETCS

pas3zaenseMoii, ecii OHa AOCTYIHA B Pa3IMYHBIX MpOLEccax MapaieqbHONH KOMIO3UIIH.
ABTOMATHASA-TIPOrPAMMA ::= CETMEHT [ ABTOMATHAS-NPOIrPAMMA ]

ABTOMaTHas nporpaMma 4BJIACTCSA aBTOMATOM (MaH.IPIHOﬁ KOHCYHBIX COCTOHHI/Iﬁ) " NIPpEACTaBJICHA Ha60p0M
CETMCHTOB KOJa. BCpIIII/IHa aBTOMaTa - HavdaJjio CCrMCHTa, rurepayra aBToMmara - CCrmMeHT. Hcnonnenue cermenTa
KOJa 3aBCpIIACTCA nepe;[aqeﬁ YIpaBJICHUC HA HAYaJIO APYTOTro CErMEHTA. HepCMeHHLIC, IMPpUCBANBACMBbIC B OJTHOM

CCIMCHTC M MCIIOJIB3YEMBIC B IPYTOM, JOJDKHBI IIPUHAMJICIKATh COCTOSAHUIO IMMPOLICCCA.

CErMEHT ::= METKA : [ invariant IHBAPVUAHT-CEMEHTA ] TEJIO-CETMEHTA
NHBAPUAHT-CEITMEHTA ::= ®OPMYJIA



Korma ucnontenue mporecca JocTuraeT Hadana cermenta, coorsercrByronmii UHBAPUAHT-CEMMEHTA, eciu on
UMEETCs, JODKEH OBITh HCTUHHBIM.

TENO-CEFMEHTA ::= KOMIMOHEHT-CEFMEHTA [ | TENNO-CEIMEHTA ]
KOMIMOHEHT-CEITMEHTA ::= OINEPATOP | BbI3OB-IPOLIECCA

B o0r111eM ciiydae cerMeHT OnpeesicH B BUJIE HEACTEPMHUHUPOBAHHON KOMIIO3HUITUH KOMITOHEHTOB. Pe3ynbraToM
UCTIOJTHEHHSI KOMITO3UIIMH SIBIIACTCS UCTIOJIHEHHUE OJJHOTO U3 KOMIIOHEHTOB, BHIOMPAEMOT0 HEIeTEPMUHUPOBAHO.
HUcnonuenne ONEPATOPA Bcera 3aBepiiaetcs 1u60 Iepexo0M Ha Havyaja APYroro CErMeHTa, TM00 OJHUM M3

BBIXOZOB OIPCALIACMOro mmpouecca.

BbI3OB-MPOLIECCA ::=
WAEHTUOUKALINA-MPOLECCA ( [APTYMEHTbI] (= PE3YJIbTATbBI-BETBU)* )
PE3YNIbTATbI-BETBW ::= [PE3YJIbTATbI] [ONMEPATOP-MEPEXOAA]

Ipouecce, 3anmyckaemsrii Ha ucronHnenne BbI3OBOM-MNPOLIECCA, nomkeH UMeTh COOTBETCTBYIOIIEE OIPEIEIICHUE
nporecca. Orcyrcreue ONEPATOPA-NEPEXOA mo oaHoii 3 BeTBel 03HAYaeT, YTO UCIIOIHEHHE 110 JaHHOM

BC€TBU 6YIICT IMPOJOJDKCHO C Ha4aJ1a CJICAYIOIIETO CETMCHTA.

OMEPATOP-TEPEXOJA ::= # METKA
VAEHTUOUKALIMS-NPOLIECCA ::=
[UMS-MOAYNS .] UMSI-NPOLIECCA |
[ OBbEKT-KNACCA . ] UIMSI-MPOLIECCA |
NEPBYYHOE-BbIPAXEHVE

MNEPBUYHOE-BbIPAXXEHWUE nomkHO BRIYUCIATE UMs TIporiecca. ECiii BbI3bIBAEMbI MTPOIIECC ABIACTCS METOIOM
HEKOTOPOIo KJlacca, TO BbI30B mporiecca peanusyetcs yepe3 OBbEKT-KJ/TACCA.
B Tene mporiecca Hapsiy ¢ ONEepaTopamMu, pa3pelieHHbIME B OTPEICIICHHH MIPE/INKATA, HCTIONB3YOTCS
JIOTIOJTHUTENBHBIC OIEPATOPBI.
OMEPATOP-PABOTbI-C-NPOLUECCAMU ::=

3ANYCK-HE3ABUCHUMOI O-MPOLIECCA |

PEAKLNA-HA-COOBLLEHNA |

MOCbIJIKA-COOBLLEHNSA |

3AMYCK-MAPAJIIESIbHOI O-MPOLIECCA |
SALLUNLLEEHHBIN-OIMNEPATOP

BBaHMOﬂeﬁCTBHC MCKAY IMpoHecCaMu peajin3yeTCs NOCpCACTBOM IIpHUEMa U ICpeaadn COO6m€HHﬁ.

OMUCAHVE-COOBLLEHNS ::=

message VIMS-COOBLLEHVS [( CICOK-TUMOB )]
VMS-COOBLLUEHUA  ::= WIEHTUOUKATOP
CMUCOK-TUMOB  ::= W30BPAXEHWE-TUMA [, CTIMCOK-TUTMOB]

CoobuieHne coaepxuT (BO3MOXKHO, IyCTOi) HaOOp 3HaYEHUH, THIIBI KOTOPBIX YKa3bIBAIOTCS B IapaMeTpax

OIMCAHUS COOOIIEHMUS.

MOCbIJIKA-COOBLLEHNA ::= .
send IMA-COOBLLEHNA [( CMTUMCOK-BbIPAXXEHUN )]

OrmepaTop mockUIaeT coodIIeHre ¢ HabOpPOM 3HauYeHHi, BbruucaeHHbIX Cl1 NCKOM-BbIPAXKEHWIA.

PEAKUMNA-HA-COOBLLUEHNA ::=

receive COOBLLEHME OIMEPATOP |

receive COOBLLEHME { OMNEPATOP } else[ PEAKLINA-HA-COOBLLEHNA ]
COOBLUEHME ::= WMA-COOBLLEHWA [( CNTNCOK-NEPEMEHHbBIX )]



Jlnst BTOporo BapuaHTa NMpaBHiIa IPH OTCYTCTBUH IIEPBOTO COOOILCHHUS B KaHAJIe IPOBEPSIOTCS APYTUe COOOIICHUS
u3 else-yactu oneparopa. OnepaTop peakuuy Ha COOOIICHUS HCIIOHACTCSI MHOTOKPATHO JI0 TEX MOp, TIOKa B KaHae
HE TOSIBUTCS OJTHO M3 COOOIICHUI, MPHHUMAEMBbIX OIIEPaTOPOM Peakiuu Ha coolrieHus. [locie momydenus
cooburenus nepemennbie, ykazanusie CTTIMCKOM-TEPEMEHHbIX, nony4aror 3HaueHust mapameTpoB COOOIICHUSI, 1
Beinonasercs coorBercrByronmii OMTEPATOP.

Koncrpyxkiss COOBLUEHWUE B nr060it mo3umuim 10ruueckoro BEIpaKeHHs TPAKTYETCs KaK HEOIOKHPYHOLIHit
npueM cooOLIeHMI. MCroTHeHne KOHCTPYKIIMH OCYIIECTBISCTCS CleayomuM o0pazoM. B ouepenu npuieammx
COOOIIEHHI UCTIONHAEMOTr0 TPOIIECCa UIETCS COO0IIeHHe ¢ UMeHeM, ykazaHHbIM B KoHCTpykinin COOBLLEHUE.
Ecnu coobuienne oOHapyKeHO, OHO BhIYEpKUBAETCs U3 ouepeau. [Ipu 3ToM 3HaUeHHMs MapaMeTpOB MPUCBAUBAKOTCS
COOTBETCTBYIOIUM IIEPEMEHHBIM, ICPSYHCIICHHBIM B KPYTJIBIX CKOOKaX. Pe3ylibTaToM HCIIOIHEHUS! KOHCTPYKIIUH
COOBLUEHME siBnsiercst 3nauenue true. Ecnu tpebyemoe coobiieHne He 00HAPYKEHO B OUepE/IH, UCTIONHCHHE

xoucTpykuuu COOBLLUEHUE 3asepmiaercs snauenuem false.
3AMNYCK-MNAPAJIIEJTIbHOIO-MPOLECCA  ::= spawn BbI30OB-IPOLECCA

Peanusyercs 3amyck nporiecca, onpeaensiemoro BbI3OBOM-MPOLECCA, napaiensHo ¢ mporieccom,
BBITIOJTHSAOIINM JTAHHBIN OniepaTop.

3ALLMLLEHHBIA-OMEPATOP  ::=
with ( CMTMCOK-PA3AENAEMbIX-MEPEMEHHbIX ) OMNMEPATOP
CMNCOK-PA3AENAEMBIX-TTIEPEMEHHBIX ::= CMNCOK-MEPEMEHHbIX

BzaumoseiicTBrIe MKy MapajieIbHBIMU MPOLIECCAMH BOBMOXKHO Yepe3 pas/eisieMble TepeMEHHbIC, TOCTYITHbIC
JUTSL HECKOJIBKUX MPOLIECCOB U SIBIISOIIHECS TTI00ATIBHBIMHE 110 OTHOIIEHHIO K HUM. JIOCTYII K pa3aessieMbIM
HepeMEHHBIM pa3peleH TOJIBKO BHYTpH 3ainuineHHoro omneparopa. [pu ucnonnenun ONEPATOPA nocrym x
TIEPEUNCIICHHBIM Pa3/IessieMbIM IEPEMEHHBIM B IPYTUX Mpoleccax OJOKUpyeTcst. BIOKUpOBKa CHUMACTCSI TIPH
sagepiuennu ucrnonnenuss ONEPATOPA. Eciu nipu NONBITKE HCIIOJIHUTD 3ALLMLLIEHHBIA-OMNEPATOP onna u3
pasnesieMbIX ePEeMEHHbIX OKa3aiach OJIOKMPOBaHa IPYTrHM MPOIECCOM, HCTIOTHEHHE TEKYIIEro Mpolecca,
ucnonssomero SALLLLEHHBIN-OMEPATOP, nprioctaHaBinBaeTcst 10 MOMEHTA CHSTHS GIIOKHPOBKH C
pasznenseMoi IEpeMEHHOM.

Tun time ucnone3yercs 11t IEPEMEHHBIX ¥ KOHCTAHT, 3HAUYEHHSMU KOTOPBIX SIBJISOTCS TIOKA3aHUs
spemenn. Oneparop set t, sxsusanentusiii onepatopy time t = 0, peanusyer ycranosky Taiimepa, nepemenHoii t.
Ee u3aMeHeHHE TPOM3BOIUTCS HEMPEPHIBHO HEKOTOPHIM MEXaHH3MOM, HE 3aBUCSIIIUM OT aBTOMATHOM MPOrPAMMBI.
Onepatop delay T peanusyer 3a/1epKKy UCIIOIHEHUS IPOTPAMMBI Ha BpeMsi T; 110 HCTEYEHHUIO 3TOTO BPEMEHU

mporpamMma MpoJI0JHKUT PadoTy CO CIASAYIOIIEro orepaTopa.
11 HmneparuBHOe pacuIupeHHe

NMnepatruBHOE paciimpeHue s3plka P onpenenser 1oNO0IHUTENbHBIE SI3BIKOBbIE KOHCTPYKIIH, BOZHUKAIOIIUE B
nporpaMMe B pe3ynbTaTe NpoBeaeHHs TpaHc(hopMalMid MpeInKaTHOM porpaMMsl; cM. BBeZieHue. Vcnonb3oBanne
3TUX KOHCTPYKIMH B UCXOAHOM MPOrpaMMe HETOIMYCTUMO.

3ArOJTIOBOK-MPEANKATA ::=

( [OMNCAHNA-APTYMEHTOB] [: ONMNCAHUA-PE3YJIBTATOB] )
BbI3OB-MNMPEANKATA-GYHKLINN ::=

WOEHTUOUKALNA-NPEANKATA ( [APTYMEHTbI] [: PE3YJIBTATHI] )



B HUMIICPATUBHOM pAaCHIMPCHUUN AJIA HpeZ[I/IKaTa-(l)y'HKLII/II/I A0IyCKaACTCA OTCYTCTBUC PC3YyJIbTATOB. T0 OTpPa’XCHO B
MMPUBEACHHBIX OIPCACICHUAX, pACHIUPAIOIINEC OIIPCACIICHUA, JAaHHBIC B Pa3a. 3.1. OTcyTCTBI/IC PE3YJIbTAaTOB
BO3MOKHO, HAIPUMEP, IMOCJIC CKIICHUBAaHNA PE3YJIbTATOB C r100aIbHBIMU NEPEMCHHBIMU.

OHpeI{CHI/IM AOIIOJIHUTCIIbHBIC OIICPATOPHI UMIICPATUBHOT'O pACHINPCHUS.

ONEPATOP-MMMEPATUBHOIO-PACLUNPEHUS ::=
break |
ONEPATOP-FOR |
ONEPATOP-EC/TU

B nmMmiepatuBHOI mporpaMMe, MOTYYEHHON B pe3yabTare TpaHc(HopMaIui, B MTO3UIIH OTIepaTopa HCXOHOU
MPEeIUKATHOW IPOTPAMMBI MOXKET TAKXKEe HAXOIUTHCS ONepaTop UMIIEPATHBHOTO pacimpernst. OTMETHM, 9TO
TPYIIIOBOM onepaTop MprCBaNBaHU, BOZHUKAIONINH MPH ITOACTAaHOBKE TeJa MPeInKaTa Ha MeCTO BEI30Ba
MIpeInKaTa, SBISETCS YaCTHBIM CITydaeM OllepaTopa MPUCBAaUBaHUsI, KOTIa B JIEBOI YacTH - MyJIbTUIIEPEMEHHAs, a B
MPaBOH - MyJTETUBBIPAKECHHE.
OMNEPATOP-FOR ::=
for ( 3AFO/NOBOK-LIMKIIA ) { OMEPATOP ( ; OMEPATOP )* }
3ArOJIOBOK-UUKNA ::=
[[M3OBPAXXEHUE-TUIMA] NMAPAMETP-LIMKJIA = BbIPAXXEHUE] ;
[YCNTOBME-3ABEPLLEHNA] ;
[MEPECHET-NMAPAMETPA]
MNAPAMETP-UMKJTIA  ::= WOEHTUOUKATOP

YCJTOBUE-3ABEPLLEHWNSA ::= BbIPAXXEHWE
MNMEPECHET-NAPAMETPA ::= OINEPATOP

B umneparuBHOM pacIIMpeHNH UCIIOJIB3YIOTCS TaKKE ONEepaTOphl IIEpexoaa U oMevyeHHbIe onepaTopsl. CHHTAKCHUC
Y CEMaHTHUKa OIpeneseHsbl B pa3a. 10.
Cemanruka nukia for coorsercrayer s3piky C++. Breixos u3 nukina fOr moxer taxkxke ObITh peaan3oBaH

oneparopom break us tena nukia.
LUMKN-WHILE ::= while ( BbIPAXXEHUE ) ONEPATOP

Teno OUKJIa While HCIOJIHACTCS ITOKa JIOTUYCCKOC BBIPAXKCHUEC B €T0 3ar0JIOBKE HCTUHHO.

sum (list (int) a : intr) {
if (len (a) > 0) {
r=a[0];
inti =1;
while (i < len (a)) {
r=r+alil;
i=i+1;
}
}else{
r=0,
}
}

ITpumep ucnosib3oBanus nukiaa While

Jannas mporpaMma MOKET IOJIyYUThCS B pe3yJIbTaTe MPUMEHEHHUS IEPBBIX TPEX TPaHCPOPMAIIHIA:
CKJICMBaHMsI IEPEMEHHBIX, 3aMEHBI XBOCTOBOM PEKYpPCHH LIUKIIOM U IIOJCTAHOBKH ONPEAEIEHUS ITPEINKaTa Ha MECTO

BEI3BOBA.



[ukas for u while yacro wcnonssyercs a1 npeacTaBiaeHus HUKIOB, PEATH3YEMBIX ¢ TIOMOIILIO

OIIEPATOPOB NEPEXOA, B LIEIAX YIYULIECHUS CTPYKTYPbI IIPOIPAMMBI.
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Ipuioxenune A

bubamnorexka nporpamMmm i CTPOKOBbIX 00bEKTOB
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Jlns 06bexToB THMa String He ompeaencHo OTHOMICHHE PaBeHCTBA «==y. J[i1s1 TekcukorpadguuecKoro
CpaBHEHUS CTPOK mcronb3yercs Gpyrkmus Compare ¢ pesynbpratom 0 pH COBHAICHHU CTPOK, -1 — eciu
nepBasi CTpOKa MEHbIIIE BTOPOH U 1 — eciu repBast CTpoka 00JIbIie BTOPOH.

Compare(string s, t: int ) {
char c = s.car, d = t.car;
if (c==d){
if (c == 0) return 0 else return Compare(s.cdr, t.cdr)
} elsereturnc-d
by

[Tporpamma SubString samenser cTpoky S ee BHIpE3KOH JUIMHBI N HAYKMHAS C DJIEMEHTA 110 HOMEPY P,
T.e. BBIpe3Koi S[pP..p + N]. IIpx 3TOM UTOroBas BHIPE3KA HE MOXKET BBHIXOJWThH 3a IPAHUILY HCXOIHOM
CTPOKH S.

SubString(string s, nat p, n: string s"){

if (p >= length(s)) s’ = empty

else s’ = s[p..min(p + n, length(s) - 1)];
by
HpI/I p=#0 HUTOTOBOC 3HAUYCHUC S’ MoJIydacTCsd CABHUI'OM HCXOJHOI'0 3HAYCHUA S B nmamgatu. He CJICOAYCT
UCIIONIL30BATh JaHHYIO IIPOrpaMMYy B Cllydae, KOTa 3HaYeHue IIEPEMEHHOM S’ nanee He MOAUDHULIIPYETCS.
[IpeanoururensHeld WCHOJB30BATh OINEpAllMA BBIPE3KH, KOTOpas OyAeT peainn3oBaHa dYepe3 OOBEKT
CKaHHUPOBAaHUA.

[Tporpamma Insert BcraBisier cTpoky t BHYTpS CTPOKH S HAYMHAS C TIO3UIMH P.

Insert(string s, t, nat p: string s'){

if (p > length(s) or t == empty) return;

nat L = length(s) + length(t);

if (L > max_len(s)) resize(s, L);

if(p=0){s"=t+s; return };

s' =s[0..p-1] + t + s[p..]
by

Dddexrusnas peanusanus omneparopa S’ = S[0..p-1] + t + S[p..] B umnepaTuBHOM paciIMpeHUr

066CHC‘{I/IBaeTCH nap0171 BBI3OBOB IIPpOT'paMM U3 BHYTpeHHeﬁ 6I/I6J'II/IOT6KI/IZ

right(s, p, length(s), p + length(t));

copy(s, t, p)
Beizos right casuraer Bripesky S[p..] Bupaso (BmecTe ¢ 3aBepmiaromuM HysiaeM) Ha length(t) mosmipmii.
Bri30B COPY nepenuchiBacT 3HaUEHUE CTPOKH ts CTPOKY S HauMHas C MO3ULUHU P.

HporpaMMa Replace 3aMCHACT YaCTb CTPOKH, COOTBCTCTBYI-OH.ICIZ BBIPC3KC S[pp + n], Ha CTPOKY t.
Ecmn p + N BBIXOJHT 3a I'paHULIBI CTPOKH S, 3aMCHACMas BbIPE3Ka OIrpaHNYCHA KOHIIOM CTPOKH.
Replace(string s, t, nat p, n: string s){

if (p > length(s)) return;

if (p = length(s)) { s’ = s + t; return };

nat m = (p + n >= length(s))? length(s) =1 :p + n;
nat L = length(s) + length(t) - m + p—-1;

if (L > max_len(s)) resize(s, L);

s'=5[0..p-1] + t + s[m+1..]

}
®dynxuus StartsWith nposepster, sBstercs m crpoka t HauaabHOM YacTBIO CTPOKH S.
StartsWith(string s, t: bool ) post 3 stringu. s =t + u{
if (t.car == 0) return true;
if (s.car != t.car) return false;
return StartsWith(s.cdr, t.cdr)

o



OyHKIUA EndsWith MIPOBEPSIET, ABISAETCA JIM CTPOKa T KOHEUHON 4acThIO CTPOKH S.
EndsWith(string s, t: bool ) {
return EndsWith(string s, t, length(s), length(t));
ypostistringu.s=u+t;

EndsWith(string s, t, nat js, jt: bool ) {

if (s[js] !'= t[jt]) return false;

if (jt == 0) return true;

if (js == 0) return false;

return StartsWith(s, t, js- 1, jt - 1)
)i

Tunepdyukius Index onpenenser nepByro mo3uLui 31eMeHTa C B CTPOKE S HAUMHAS C O3HIIUH P.

Pesynbrar — no3unus q. IIpu oTcyrcTBHM 31eMeHTa C peaau3yeTcs BTopas BeTBb #Nnoel.
Index(string s, char c, nat p: nat q #yes : #noel){

if (p >= length(s)) #noel;

Index1(s, ¢, p: q #yes : #noel)
¥

Index1(string s, char ¢, nat g: nat q’ #yes: #noel){

if (s[q] == ¢){q’ = q; #yes };

if (s[q] == 0) #noel;

Index1(s, ¢, g+1: q’ #yes : #noel)
b

T'unepdynkius RINdex onpenensier mocneqHio MO3MIMIO djleMeHTa C B CTPOKE S HE

IMPCBBIMIAIOINYIO ITO3HUIIUH p PGSYJ'ILTEIT — O3unus q HpI/I OTCYTCTBHHU 3JICMCHTA C pCaIN3yCTCsA BTOPAsL
BeTBb runepdyHkuun #noel.
RIndex(string s, char ¢, nat p: nat q #yes: #noel){

if (p>= length(s)) p = length(s) — 1;

RIndex1(s, ¢, p: q #yes: #noel)
¥

RIndex1(string s, char ¢, nat g: nat q’ #yes : #noel){
if (slq] == ¢){q" = q; #yes };
if (g == 0) #noel;
RIndex1(s, ¢, g — 1: q’ #yes : #noel)

['unepdyHkIms Index OTIpE/IeIISIeT TIO3HUIIMIO MIEPBOTO BXOXKIEHHs CTpOKK t B cTpoke S HaumHas
no3unuu P. Pesymprar — mosumus . [Ipu oTCyTCTBHM BXOXACHWH, a TakKe B clydae IMycToil cTpoku t
peanm3yercsi BTopasi BeTBb runeppyHKimu #NOStr.

Index(string s, t, nat p: nat q #yes: #nostr){

if (t == empty) #nostr;

Index1(s, t, p, length(s) — length(t) : q #yes : #nostr)
}
Index1(string s, t, nat p, Lts: nat q #yes : #nostr){

if (p > Lts) #nostr;

Index2(s, t, p, 0 : q #yes &)

Index1(s, t, p+1, Lts: q #yes : #nostr)



Index2(string s, t, nat p, j: nat q #yes : #no){
if (t[j] == 0) {q = p; #yes};
if (t[j] '= s[p+j]) #no;
Index2(s, t, p, j+1: q #yes : #no)
¥
ITocne TpaHC(bopMaI_II/Iﬁ 3aMCHBI pCKYPCHHU HUKIOM U IIOACTAHOBKH TEJI IIPpOTpaMM Ha MECTO BbISOBOB
nporpamma Index npuBoauTCs K clieayromeMy BUIy:

Index(string s, t, nat p: nat q #yes: #nostr){
if (t == empty) #nostr;
nat Lts = length(s) — length(t);
for (; ; p=p+1){
if (p > Lts) #nostr;
for (j=0; ; j = j+1){
if (t[j] == 0) {q = p; #yes};
if (t[j] '= s[p+j]) break;

Tunepdyukius RINdex ompenenser mo3uuuio mocieaHero BXOXKAeHHs CTpoku t B cTpoke S He
IMPCBBINIAIOINYIO ITO3UINH p PGSYJ'ILTEIT — IIO3UIUA q HpI/I OTCYTCTBUU BXO)KI[GHI/IFI, a TAaKXC B Cliy4dac
nycToit ctpoku t peanusyercs Bropas BeTBb runepyHkuun #NOstr.

RIndex(string s, t, nat p: nat q #yes : #nostr){
if (t == empty) #nostr;
if (p>= length(s)) p = length(s) — 1;
RIndex1(s, t, p, length(t) — 1: q #yes : #nostr)
by

RIndex1(string s, t, nat p, Lt1: nat g #yes : #nostr){
if (Lt1 > p) #nostr;
RIndex2(s, t, p, Lt1 : q #yes &)
RIndex1(s, t, p — 1, Ltl: q #yes: #nostr)

by

RIndex2(string s, t, nat q, j: nat q’ #yes : #no){
if (t[j] != s[ql) #no;
if  ==0){q" = q; #yes};
RIndex2(s, t, q—1,j—1: q' #yes : #no)

Tunepdynkius FirstOf onpenensier mosurmio nepBoro BXoxIeHust JFOOOro 3iemMeHTa CTpokd t B
CTpOKE S HauMHas ¢ no3uuuu pP. Pesynprar — nosunus q. [Ipu oTcyTcTBUN BXOXKIEHUH, @ TAK)KE B ClIydae
myctoit crpoku t peanusyercst BTopast BeTBb runepyskiuu #noel.

FirstOf(string s, t, nat p: nat q #yes: #noel) {
if (t == empty) #noel;
FirstOf1(s, t, p, length(s) : q #yes : #noel)



FirstOf1(string s, t, nat p, Ls: nat q #yes : #nostr){
if (p >= Ls) #nostr;
FirstOf2(s, t, p, 0 : q #yes &)
FirstOf1(s, t, p+1, Ls: q #yes : #nostr)

by

FirstOf2(string s, t, nat p, j: nat g #yes : #no){
if (t[] = s[p]) {q = p; #yes};
if (t[j] == 0) #no;
FirstOf2(s, t, p, j+1: q #yes : #no)

12 JlomoJiHeHUA K A3BIKY P

12.1 JIupeKTHMBBI KOMIIMJIATOPA

OVPEKTVIBbI-KOMIUNSTOPA ::=

pragma [IVPEKTVBA-KOMMUJISTOPA (, ANPEKTUBA-KOMMUISTOPA)* [BJTOK]
OVPEKTVIBA-KOMMUMSITOPA 1=

VMS-AUPEKTVBbI [( TAPAMETPbI-ANPEKTUBBI-KOMMUISTOPA )]
MAPAMETPbI-AVNPEKTUBbI-KOMIMUMSTOPA ::=

MAPAMETP-AVPEKTVBbI-KOMMUASTOPA

(, MAPAMETP-ZMPEKTUBbI-KOMIMUISITOPA)*

MAPAMETP-AVPEKTVBbI-KOMMUNATOPA ::=

K/IIOYEBOE-C/0BO |

WAEHTUOUKATORP |

KOHCTAHTA |

METKA

JMpeKTHBBI MOTYT OTHOCUTBCS KO BCeMY (aiiity, B KOTOPOM OOBSIBIICHBI, K €r0 YacTH, THO0 K HEKOTOPOU YacTu
HCXOJIHOTO KOJIa BHYTPH IIPEAUKATa.

JVpEeKTHBEI MOTYT OOBSBISTHCS BHE MPEAUKATOB MO0 BHYTPH MPENIUKATOB. Eciin IUpEeKTUBEI 00BSIBICHBI
BHE KaKOTo MpeluKaTa, uX JIeHCTBHE pacpoCTPaHIETCs ¢ MeCcTa OMNpeAesICHHUs 10 MecTa TiepeonpeaesieHus 1o 0
KOHIa (paiiya, eciu OHM He nepeonpeaensores, npu 3ToM BJIOK 3a ux onpeerneHueM JI0IKEeH OTCYTCTBOBATh.
Ecnu nupexTiBBI 00BSBICHBI BHYTPH MpeInKaTa, B UX ONpeAeiIeHnuH JobKeH npucytctBoBarh bJIOK, Ha koTOpEIit
pacupocTpaHaeTcs ux JIEUCTBUE.

OmnpenenuM crepyronye JupekTrBbl komnuistopa: int_bitness (PASPAJAHOCTb-IEJIBIX), real bitness
(PA3PAIHOCTbB-BELHIECTBEHHbBIX), int_overflow (IIEPEITOJIHEHUE-LIEJIIX) u real overflow
(ITEPEINIOJIHEHUE-BEILIECTBEHHBIX).

NMSA-OUPEKTUBBI ;= int_bitness | real_bitness | int_overflow | real_overflow
PA3PAAHOCTb-LENbIX n=1]2]...] 64| native | unbounded
PA3PSIIHOCTb-BELLIECTBEHHbIX ::= 32 | 64 | 128 | unbounded
NEPENOJTHEHWE-LIENbIX ::= wrap | strict | fail | # METKA

MEPEMOJIHEHUE-BELLECTBEHHDIX ::= safe | strict | fail | # METKA
B nmanpHetiem normyckaeTcs J0OaBICHUS APYTUX TUPEKTUB.
BUTHOCTH LIENBIX M BEIIECTBEHHBIX OTHOCATCA K TraM int, nat u real, oosaBnennbiM 6e3 napamerpos. I1o

YMOJIYaHHUKO OHU HC OIrpaHUYCHBI.



int_overflow u real_overflow ynpasnsitor nosenennem B ciyuae nepenonserus. OHE MOTYT UMETh

CIITyOLIHE MAapaMETPBI:

strict wucnonssyercs s Cemantuka nukna for coorsercrayer si3piky C++. Boixon us nukia for mosker takxe
ObITh peanu3oBan orneparopom break us tena nukna. o3HauaeT NPOBEPKY Ha MEPETIOIHEHHUE HA 3TAIE KOMITHIISIINH,
€CIli He YAa€TCsl ONPEACINTh, BO3MOXHO JIU MEPENOTHEHHUE, TN00 YCTAaHOBIECH (DaKT BOBMOKHOCTH MEPENOTHEHHS,

TO BO3HHKAET OIINOKA KOMITWJIAIIUHA.

fa“ BBI3BIBACT ITPOBCPKY BPEMEHU UCIIOJIHCHUSA, IIPU 3TOM, €CJIHU MPOUCXOIUT NEPCTIOJIHCHUC, UCIIOJTHCHUEC
OCTAaHaBJIMBACTC U II€YATACTCA OTJIag0YHasa I/IH(i)OpMaIII/ISI, KOTOpasd MOXCT IOMOYb IIPOIrpaMMUCTY BBISIBUTH U

UCTIPaBUTh OUIHOKY B IPOTpamMMe.

Wrap o03HayaeT UCIOJIb30BaHUE CICIIMATBHBIX apPUPMETUICCKUX OTEparlyid IS ISJIbIX YHUCEIT, HalpuMep,
CII0’)KEHUE MOYKHO OIPEETUTh MPEIUKATOM, S3KBUBAJIEHTHBIM CIEAYIOLIEMY:

addition (typet,ta, tb:tr){
r=(a+b-low (t)) % (high (t) - low (t)) + low (t);
by

rae Ha mecto high (t) u low (t) Bo Bpemst KoMIMIISIIMHK TOACTABIIAIOTCS MUHUMAIBHOE  MAKCHMAJIbHOE 3HAYEHHE
tuna t (Oyaem cuuTarh, 11 ONPEAeaEHHOCTH, YTO BHYTPH STOM ONEPAIMU BBIYMCIIEHHUS BBIOJIHSIIOTCS C

MPOU3BOJIBHOM TOYHOCTHIO U NIEPENOTHEHHUS HE IPOUCXOIUT).

safe Tax e 03HAUaET MCHIONB30BAHKE AJILTEPHATHBHBIX OMEPAIIMIA: ECITH PE3YIIBTAT OMEPALIUHU JIEKUT MEKITY
MHUHMMAJIBHBIM 1 MAaKCUMaJIbHBIM 3HAaY€HHEM BEILECTBEHHOI'O THIIA, OH IPUBOIUTCS K OIKaiieMy 3Ha4eHUIO,
NPEACTaBUMOMY C 3aJJaHHOW TOYHOCTBIO; €CIIM PE3YJIbTaT 0OJIbIlIe MAKCUMAJIBLHOTO 3HAYCHUS, OyJIeM CUUTATh ero
paBubIM iNf (GeCKOHEYHOCTH); €Cin Ke pe3yibTaT MEHbIIE MHHUMAIIBHO JOITyCTUMOTO 3HAYEHUsI, OyIeM CUUTATh

ero paBHbIM -inf.

Ipu nokaabHOM OOBsBICHHH (T.€., BHYTPH MpeIUKaTa) TUpeKTHBb Kommmmisitopa int_overflow wim real_overflow
JIOIYCKAETCs MCTIONB30BAHKE B KAUECTBE TIApaMeTpa METKHM BETBH TIpeMKara. B 9T0M ciydae 1py nepenoiHeHuu
MCIIOJIHEHHUE TIPEINKATA 3aBEPIIAETCS CO CpabaThIBAHUEM COOTBETCTBYIOIIEH BeTBU. Hampumep:

safe_sum (int (32) a, int (32) b : int (32) result #ok: #err) {
pragma int_overflow (#err) { result = a + b; };
by

// ...
safe_sum (a, b : int (32) r #ok: #err)
case ok: print("fa+b=",7r)
case err: print ("lNpown3oLwwno nepenonHeHune!");

Hpe,Z[HO)KeHHLIfI BBIIIC MOAXOJ MO3BOJIAACT HC BAABATHCA B IC€TAJIU pCAJIM3allUU TaM, TAC 3TOTO HE Tpe6yeTc;1, U 1ipu

9TOM COXpPAaHUTb IIOJIHBIN KOHTPOJIb HaJl MAllIMHHBIM IPEACTABJICHUECM YUCCII B CIIy4UadX, KOraa 3TO H606XOI[I/IMO.

12.2 Hcnoab3oBaHue * MPH ONMCAHNM APAMETPOB onpeaeeHusl
npeauKara



ONMUCAHUA-TPYTMbI-APTYMEHTOB ::=

N30BPAXXEHUE-TUNA UMA-APTYMEHTA (, UMS-APTYMEHTA)* |

N30BPAXXEHUE-TUMA-KAK-TNTAPAMETPA
OMNUCAHUA-APTYMEHTOB  ::=

ONNCAHUA-TPYNMbI-APITYMEHTOB [, ONMMCAHUA-APITYMEHTOB]
UMA-APTYMEHTA  ::= WAEHTUOUKATOP | WAEHTUOUKATOP *

Hcnonp3oBaHKe apryMeHTa BUIa UM * ONpe/iesisieT apryMeHT UMs U pe3yiabTaT ums . [Ipu aToMm pesynbrat ums’ He
JIOJDKEH BCTPEYAThCsl B ONMCAHMM PE3yJIbTaToB Npeaukara. [lepeMeHHas M’ CUMTASTCSl HAXOAILCHCS B HAaYase
CIIMCKA Pe3yJbTAaTOB MpeauKaTta. Ecim uMeeTcst HECKOJIbKO apryMEeHTOB, CHA0)KEHHBIX 3BE3I0YKOH *, TO MOPSIIOK
COOTBETCTBYIOILUX PE3YJIbTHPYIOIIMX MEPEMEHHBIX CO IITPUXOM * B CIIUCKE PE3yJIbTaTOB COOTBETCTBYET MOPSIKY
apTyMEHTOB CO 3BE3/J0YKOM.

assign (int from : int to) { to = from }
main (seq (string) argv : int ret_code) { ret_code = 0 }
power (real x*, intp:) {x" =x"p; }

IIpumeps! onpenesieHnii NpegUKaATOB

OMPEAENTIEHME-NPEANKATA-TUMEP®YHKUNN ::=
3ArOJI0BOK-NMPEANKATA-TUNEPOYHKLUWW [NMPEAYCITOBUSA-TUMEPOYHKLINN]
TENO-MPEAVKATA [MOCTYCNOBWSA-BETBEN]
3ArOJIOBOK-MPEANKATA-TUMEPOYHKUNN  ::=
NMA-NPEAUKATA ( [ONMNCAHNA-APTYMEHTOB] :
ONNCAHUA-PE3YNIbTATOB-TUMEPOYHKLIN )

B ONMNCAHNN-APTYMEHTOB npenukara-runepdyHKIMA HE TOMYCKAETCs 3B€3/109Ka * B KOHIIE HIMCHH MapameTpa-

apryMeHTa.
12.3 IIpeamkar KOMOMHUPOBAHUSA

J71s1 CTPYKTYpPHBIX BBIpQXKCHHM OTIPEEeNEH MPeIuKaT KOMOMHUPOBAHMUSI, C TIOMOIIBI0 KOTOPOH MOKHO COTIOCTAaBIISTh
3HAYEHUE CTPYKTYPhl HEKOTOPOMY NIPOM3BOIBHOMY 3HAYEHHUIO OIpeiei€HHbIM 00pazom. Hanboee
pacnupocTpaHEHHBIM MPUMEPOM STOMY MOXKET CIIY)KHTh ()OPMATHPOBAHKUE CTPOK, OTOOPAKAIOIIEE CTPOKY, B KOTOPO

3agaétcst popMar, U KOPTex B OTHOPMATHPOBAHHYIO 3aJaHHBIM 00pa3oM CTPOKY. PaccMoTpuM npumep:

type format_value_t = union (int d, real f, string s);

fmtPart (format_value_t v, string fmt, string s, unsigned int fieldNum : s') {

/] v: 3HayeHue, B Bnae obbeanHeHns NoAAEPXKMBAEMBIX TUMOB,
// fmt: CTpoka popMaTMpoBaHus,
/] s: yxe 0TchopMaTMPOBaHHAsA YacTb CTPOKM,
// fieldNum: nopsiakoBbI HoMep 06pabaTbiBaeMOro noss CTPYKTypbl (MO 3TOMY HOMEpY
// nosny4yaem npasuna hopMaTUPOBaHNS AN AAHHOIO 3Ha4YeHus)
by

format (string fmt, type structType, structType a : string s)
{ combine (a, fmt, "", fmtPart : s); }

string date = format ("%02d.%02d.%d", struct (int, int, int), (26, 2, 2008));
// date = "26.02.2008"

Ipumep ucnonb3oBanus combine



B o6iiem ciiyuae, nepBsiM mmapamMeTpoM COMbine mMoker GbITh MPOM3BOJIBHAS CTPYKTYPaA, BTOPHIM —
BBIpa)KEHHE NIPOU3BOJIBHOTO TUIA, TUIIBI BEIXOJHOTO U TPETHEr0 BXOAHOI0 MMapaMeTpa JI0JIKHBI COBNAaTh, a

IlCTBépTI:.IM BXOAHBIM JOJIKCH OBITH npeaukKar, Co CJICAYIIUMMHA OI'paHNYCHUAMU HA MMapaMCTPbI:

° HCpBLIfI napameTp — 06’beHI/IHeHI/IC, TAKOC YTO JJId KAXKA0Ir0o TUIld, yH4aCTBYIOLICT'O B KOPTCIKE, ABJIAIONIUMCH
IMEPBBIM MIapaMETPOM combine, B HEM CYIICCTBYCT CAMHCTBCHHAA AJIbTCPHATHUBA C TAKUM THUIIOM. HpI/I O9TOM
MCTKa aJIbTCPHATHUBBI MOXKCT OBITH HpOHSBOJ’IBHOﬁ, KOMITWIATOP BLI6CpCT AIBTCPHATHBY, OCHOBBIBAACH Ha

YHUKAJIbHOCTH TUIIOB, @ HC Ha MCTKC.

e Bropoii mapamerp 3T0 B TOUHOCTH BTOPOit Tapametp combine. Jlio6oe 3navyeHue, nepeaannoe 8 Combine,

OyzeT mepeaHo u B 3TOT MPEIUKAT.

e Tun TpeThero nmapameTpa JOJKEH COBIAIAThH C THIIOM TPETHETO mapameTpa COMbINe, a Tak e BBIXOIAHBIX
napameTpoB cCOmMbine u storo npeaukara. [Ipu MepBOM BBI30BE 3TOTO MPEIUKATA 3HAYECHUE JAHHOTO
mapameTpa paBHO 3HAYEHHIO COOTBETCTBYIOIIETO IapamMeTpa combine. IIpu mocieyromux BeI30Bax OHO

paBHO pe3yJbTaTy MPEeABIAYIIEro BbI30Ba 3TOTO MPeIUKaTa.

e  UYeTBEpPTHIM MapaMeTpoM MepenaéTcs MOPsIKOBbIM HOMep BbI30Ba NpeauKkaTa (cunutas ¢ Hyns). [Ipeaukat
BBI3BIBACTCS [TOCJIEIOBATENIBHO )T KAKJIOTO TI0JIS1 BXOJHOM CTPYKTYphl. Pe3ysbTar nocieHero BeI30Ba

BO3BpalllaeTcs Kak pesyssrar combine.

KOHC‘IHO, nmpeaukKar KOM6I/IHI/IpOBaHI/IH BBOJUTCS NPEKAC BCETO UMCHHO YTOOBI 00ECIIEUYNTE BO3MOKHOCTH

peanrsann (I)OpMaTHpOBaHI/IH CTPOK, HO TaKIX€ OYEBUIHO, YTO AJIA HETO0 CYHICCTBYIOT U APYTUC NIPUMCHCHU.
12.4 ChnenuajbHasi CEMAHTHKA MOJIeil THNIA CTPYKTYPbI

[Ipu onpeneneHny noiel CTPyKTYpbl HACHTU(PHUKATOP MOXKET HE YKa3bIBATHCS, B 3TOM CIIydae JIOCTYII K 3TOMY IOJIIO
IPOM3BOIUTCS 110 UHJIEKCY MM C OMOLILI0 OasucHbix npeaukatos head u tail. Eciu nBa onpenenenus crpykryp
OTJINYAKTCA TOJIBKO I/IJleHTI/I(l)I/IKaTOpaMI/I HOJ’IeI‘/'I, TO OHHU ONPCACTIAOT OAWH U TOT JKC THUII.
type person_t = struct (
string familyName,
string givenName,
nat age

)i

person_t somePerson = ("Smith", "John", 21);
person_t someOtherPerson = (givenName: "Jane", familyName: "Doe", age: 18);

nat n = somePerson.age;

IIpumep ncnoab30BaHus NOJEH CTPYKTYP

Ecmm Ipu OMnpeACJICHUN KOHCTAHTBI CTPYKTYPHOI'O THUIIA UCIIOJIB3YIOTCH I/I}_ICHTI/I(i)I/IKaTOpBI IoJIcH (CM. CTPOKY
6 anMepa), TO TaKasgd KOHCTAHTa COBMCCTHMA TAKKC U C TEMU CTPYKTYypaMH, Y KOTOPBIX COBIIAAAOT THUIIbI U

I/I}_ICHTI/I(bI/IKaTOPBI noneﬁ, T.C., THUUAJIN3al1sl B CTPOKE 7 npuMepa KOppCKTHaA.



12.5 ba3ucHble NpeaAuKaThl ¢ pACHIUPEHHOH
(PyHKIHOHAIBHOCTHIO

Tabmuma 3  ba3ucHbIe IpeIUKaTHI

Omnucanue array list map seq set struct
len KonudecTBo 35eMeHTOB + + + + + +
empty IIpoBepka Ha IMycTOTY + + + + + +
head I[TepBblit SeMeHT + + = + - +
tail DJIeMEHTHI, CIIEYOIIHE 32 TIEPBBIM + + = + - +
keys MHOK€eCTBO KJIFOUEH acCOIMaTUBHOT'O MacCHUBa - - + - = =
dim Yuciio u3amepennit maccusa (0, 1 wmm 2) + = = + - -
combine KomOuHMpOBaHHe MONEH CTPYKTYpPbI - - - - - +

12.6 JlomoJHUTEJIbHAs CEMAaHTHKA MAaCCHUBOB

MaccusBsl OIMHAKOBOTI'O pasMepa U OJMHAKOBBIM THUIIOM 3JICMEHTOB COBMECTUMBI, T.€. BBIPAXKCHUA OAHOI'O U3 3TUX
TUIIOB MOT'YT HEABHO IIPUBOJUTHCA KOMITUIIATOPOM K IPYromMy M3 3TUX THUIIOB (I/IHaqe OI€paTopsl, BPOAC
oTpeieTICHNS TIEPEMEHHOHN B CTPOKE 4 TIpuMepa HIDKE, BBITIIAIETH Obl HEIOTHYHO M3-3a BO3MOYKHOTO HECOBITAICHHUS
THIIOB).

JIOIyCTUMO UCTIONBE30BaHHME CUMBOJIOB ...” BMECTO ONMCAHUs DIEMEHTOB MaccuBa. B oToM ciyuae,
KOHKPETHasl pa3MEePHOCTh MacCHBa MPHUBS3bIBACTCA K IEPEMEHHON TAKOTO THTIA MPH HHUITHAIN3ANNH (CM. CTPOKY 1
HpHMepa). 3T0 IMMO3BOJISACT UCIIOJIB30BATh OAHU U TC XKE NPCAUKATHI IJId pa6OTBI C MaCcCUBaMHU ITPOU3BOJIbHOI'O
pasmepa.

type int_mtx_t = array (int, ..., ...);
intmtx_tm=[[1,2 3],



[4,56]]
intsize =len(m); //size=6
intdim =dim (m); //dim =2
inte=mJ1,2];//e=6

IIpumMep onepaunii Hax MaccuBaMu
C MaccuBaMM MOYKHO MCIIONIB30BaTh MPEAUKAT |en, Bo3Bpaiaronuii Koau4ecTBo 31eMenToB, u dim,
BO3BpAIAONINI KOJMUECTBO U3MepeHuid. Takxke s HUX OIpeielieHa onepaius +, BO3Bpalaroias 00beIMHEHUES
MAacCCHBOB-OIIEPaH/IOB (B CIyYae, €CJIM UX TUIIBI 3JIEMCHTOB COBIIAAIOT, 8 MHOXKECTBA UHICKCOB SBIISIOTCS
HOATUITAMH OJJHOTO THIIA U HE MEPECEKAIOTCS) U JIOTHYeCKast orepariys iN, BO3BpaIlarolias HCTHHY, €CIH €€ JICBBIH

onepana ABJIACTCA 3JICMCHTOM MaCCUBa (HpaBLIfI onepaHz[), 1 JIOKXBb MHA4eC.

12.7 AcconuaTuBHbIC MACCHUBBI

OMPEAENEHVE-ACCOLIMATUBHOMO-MACCUBA ::=
map ( V30BPAXXEHVE-TUMA , U3OBPAXKEHVE-TUMA )
KOHCTPYKTOP-ACCOLIMATUBHOIO-MACCHBA ::=
[{ ( BBIPAXXEHME : BbIPAXKEHUE )* }]

type string_map_t = map (string, string);
string_map_tm = [{ "qwerty" : "asdf", "foo" : "bar" }];
string s = m ["foo"]; // s = "bar"

set (string) k = keys (m); // k = { "qwerty", "foo" }

HpnMep HCIIOJb30BAHUA AaCCONMATUBHOI0 MacCuBa

AccolnaTUBHBIE MAaCCUBBI ITO3BOJISIOT CTABUTH B COOTBETCTBUE 3HAUCHUS MPOU3BOIBHBIX THUIIOB.
AHaJIOTUYHO IIpOYMM MaccuBaM, AJIs1 aCCOLIMaTUBHBIX MAaCCUBOB OIIPEICIICHbI ONepalu Ien, in, +, c ToH
pasHuIEel, 4TO iN MPOBEPSET HAIMYKE MHJIEKCA, & HE HAIMYKE deMeHTa. Takxke onpenesén npeaukar keys,

BO3BPAIIAIONINNA MHOKECTBO HHIEKCOB.
N3menenus sBepeuu (.12

3 nexadps 2013r.

1. W3meHeHsl onucanus kiaaccoB. Ternepb oHU B KoHIle pa3f. 6. [Tepepaboran pasz. 10, onpenensromnit

OIMCaHUs NPOLECCOB. Bce M3MEHEHNs OTMEYEHBI TPEMsI IUTF0CaMu +++

2. Pasn. 4. AkcuoMsl, IeMMbI B TeopeMbl onpeaessitoTes koucrpykimeit Y TBEPXKAEHWUE, oxnoii u3
ansrepraTus ONMNCAHUA.

3. Pasa. 3.3. B nosunuu Bei3oBa npeaukara 10kHo 661th [TEPBUYHOE-BBIPAXKEHUE, a ne BbIPAXXEHUE

4. Pa3n.6. Beeneno BTOPUYHOE-BbIPAXXEHWE B uensx orpannunts MEPBUYHOE-BbIPAXXEHUE B

KOHCTPYKIMAX THIA “TOJIE CTPYKTYPHI .

N3menenust Bepcuu .11



10.

Pa3za. 10. AKcHOMBI, JIeMMbI U TeopeMbl onpeneisitores konerpykuueit Y TBEPXXAEHUE, onwoit u3
ansTepaatus OMNCAHUSA.

Pa3zn. 10. Beenena konctpykuust TEOPUS. Ona MoxeT BeTpedaThest B COCTaBE OMMCAHUN MOYJISt
nporpammsl. Y TBEPXKAEHWUA, nomkubr Bxomuts B cocta HekoTopoit TEOPUW, 1 He MOkeT BCTpeyathest B

nporpamme Bae TEOPUN.

Pasn. 10. Otkar Ha3an Ha oaud miar. Koucrpykuust TEOPUS yerpansiercst u3 si3bika. KoHcTpyKitus
YTBEPXAEHWE siBnsiercs oanoii u3 ansrepaatus ONMCAHUS.

N3menenus Bepcuu 0.10

Pasn. 4. 9. ONMMUCAHUNE-NMPEANKATA-CNELUNOUKALUNWN 3ameneno na ONMMCAHUE-OOPMYIIbI. Panee
¢dopmyna ompenensia npeaukar. Ceiddac - GyHKINIO, THIT KOTOPOU yKa3bIBA€TCS MOCKE ABoeTouns. Ecim

tHI - bool, To hopmyrna onpesensiet mpeaukar.

Pazn. 5. U3 npasmwia ONPEAESIEHUE-JTOKAJIBHOI O-MPEANKATA usssro (yaaneno) ONPEAESIEHNE-
CY>KEHHOTIO-NMPEANKATA. Dta dhopma okazanack H30BITOUHOM.

Pasj. 6. B koncrpykuuro MOANPOUKAUNSA noGasnen pasnenurens With.

Pazn. 4. BBenensl popmanbHbIe TapaMeTphl MOAYJIEH U (aKTHIeCKHE TapaMeTpPhl PU UMITOPTE MOTYJIEH.

HMHOpT MOXKET OKa3aTbCA HE B HAYaJI€ MOIYJIA.
U3 arperaToB UCKJIHOYCHDBI 06’56,I[I/IH6HI/I${.

Pasn. 7. Tun o6beanHeHus: UNION Tereps HMEET CTPYKTYPY auredpandeckoro Tuma. AJbTepHaTHBA
00BbETUHEHUS - KOHCTPYKTOP C apryMEHTaMH, Ha3bIBa€MBIMH MOJISIMH 00beIUHEHU. THII IepeuncieHus

OIIPEACIICH KaK YaCTHBIN cnyqaﬁ THIIA OGLCI[I/IHeHI/ISI.

TepMuH “NOCIEN0BaTENBHOCTS BE3JIE 3aMEHsIETCA Ha “criucok”. Onmcarens Seq 3amensercs Ha list.
Bwmecro ¢yukumii head u tall ucnons3yrores monst car u cdr. Martepuai u3 JIOMOIHEHHI K A3BIKY, pasl.
12.7, onpeenstommiunii CrMCKH, YaCTUIHO TIEPEHOCUTCS B pasi. 6 u 7. Boautcs kouctpkyims AIPEFAT-

CMUCOK. Iycroii arperat Temneps He mpeacTaBisiercs KoHctauToi Nil.
Pasn. 7. Y naneno U30BPAXXEHUE-TUMA-C-MYCTbIM-3HAYEHUEM.

Pasn. 6. [pedukcom st SIeMEHTa MacCUBa, OISt CTPYKTYPHI | 1oiist Kinacca siisiercst [TEPBUYHOE-
BbIPAXKEHUE, a e BbIPAXXEHUE

Pa3n. 5. Ynaneno npeanoxenue: Oneparop BEIOOpA TOJDKEH OBITH MOMHBIM: TIpH oTCyTcTBHM yactu default
Ha0Op 3HaUEHHUH KOJOB JOJDKEH MOKPHIBATH HA0OP BO3MOXKHBIX 3HAYCHUH BBIPAKEHUS B 3ar0JIOBKE. — €CTh

ClIyuau, Koraa OHO MOKET HE BBIIIOJIHATHCA



11.

12.

13.

14.

15.

16.

17.

18.

19.

Pazn. 7. VicipaBieHsl mpuMephl IporpaMm co cnvickamu (iuctunru 7, 8, 10, 13)
Paszn. 7. Y paneno N3SOBPAXEHNE-TUNA-C-MYCTbIM-3HAYEHVNEM

Pazn. 11. [Togpaznen “JlepeKTHBBI KOMIUISTOPA™ MOKA NIEpeMeIleH B JIOMOTHEHHS K S3bIKY. JTa 4acThb

TpeOyeT cepbe3Hoii JOpabdOTKH, U ceifiuac B MyOIMKaLlUK €€ Ty4dIle He TTOKa3bIBATh.
IlepecraBnens! pazaenst 9 u 10.

Pazn. 11. Vaanen onucarens mutable, nockosnbky mons3oBarens He MOKET IPOrpaMMUPOBATH

HEMOCPEICTBEHHO HA UMIIEPATHBHOM PACUIUPCHHUH.
Pasn. 4. Usmenen cunrakcuc kinactpykivm UMMNOPT-MOAYNA

Pazn. 5. M3menen cunTtakcuc. Onmucanus epeMeHHbBIX MOTYT HAXOIUThCS TIEpel JIIOOBIM OIIEpaTOPOM.

CrenaHbl yTOUHEHUs] CHHTaKCHCa YCIOBHOIO U MapauIeIbHOTO ONIepaTopOB.
Pazn. 4. Bmecto printf sizpika C++ ucmosib3yeTcs coOCTBEHHBIN omepatop print

Pazn. 7, 8.3. Tunm MokeT OTCYTCTBOBATh IIPU ONHMCAHUE NTEPEMEHHBIX-TI0JIeH KOHCTPYKTOpa B aJbTepHATHBE

case oneparopa SWitch u nepemennsix - unnexcos Maccua B oneparope for.

N3menenus Bepcuu 0.9

Bwmecro onepatopa KOHCTPYKTOP-MACCHBA teneps ucnons3yercs onepanus OIIPE/IEJIEHUE-
MACCHUBA.

Bwmecro lambda ucnionssyercs predicate.
Pazn. 8.4. Onucana cemaHTHKa onepaliu 00 beIMHEHUS] MAaCHBOB.

Pa3n. 6. Yopomena konctpykuust ATPEI'ATA. Bmecto ITPUCOE/JMHHOI'O-AI'PEI'ATA ucnomns3yercs
onepauust MOJUOUKATINA.

Brenenst konctpykuuu OIIMCAHUE-TIPEJJUKATA u OIIMCAHUE-CITELITUOUKATIU-

NPEJUKATA. Ympowaercs onpefeneHie reHpaTopa npeankaTa i 1300pakeHusl MPEeJUKaTHOrO THIIA.

Pazn. 9. 3menenus B onpenenenun ®OPMYVYJIbIL. Beeneno onucanue npeankara cneruduranyi. BeeaeHs

HUMIITIMKaIMUA 1 JIOTHYCCKOEC TOXKICCTBO.

Pazn. 9. Jlo6aBnen orpanuuntens formula npu onucanuu npeaukara crnerudukanui. Bmecro <=>

HCIIOJIB3YCTCS IPOCTO =
P as3]l. 5.B OHHOﬁ AJIbTCPHATHUBC OIiepaTopa BI)I60pa JA0IYCKACTCs HECKOJIbKO KOAOB aJIbTCPHATHUB.

Pazn. 8.2, 8.3. Ucnpasnen cuntakcuc UHJIEKCA-HYACTU u np. cBSI3aHHBIX MOHATHI



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pazn. 9. O6omieno moustue CIIMCOK-ITOJAKBAHTOPHBIX-ITEPEMEHHBIX
Pa3n. 10. B 3amuiienHom onepaTope U3MEHEH CHHTAKCHUC

Pa3n. 11. B uMnepaTuBHOM paciIMpeHHH yJalleH TPYIOBON OonepaTop MPUCBaNBaHMUs, IIOCKOJIBKY 3TO

YaCTHBIN CIy4aid oriepaTopa MpUCBanBaHUS.

Pazn. 7. YTouHEHME CEeMaHTHKH: H300pakeHHe TUana3oHa sBIISETCS MOJMHOKECTBOM THIa iNnt
Pasn. 7. Beenens! onepanuu last u pred ams mociemoBarenbHOCTEH.

Pazn. 4, 8.3. [Ins onucanus nepeMeHHOM BO3MOXKHO HCTIOIB30BaHKE onucaress var.

Pazn. 9. KBantopsl MOryT Takxke uzobpaxkarbes orpannunrensvu forall u exists.

”

Pazn. 6. {nst MynbTHIIEpEMEHHOM U MYJIBTHBBIPAYKESHHUS JIOMTYyCKAETCS OYCKaTh CKOOKH

Pazg. 3.3. Onucarenb THIIA JOKaia B MO3ULIMH pE3YyJIbTaTa BbI30BA OTHOCUTCA TOJIBKO K 3TOMY JIOKATTy U HE

pacnpocTpaHseTCs: Ha MOCICAYIOIINE Pe3yIbTaThl.

Pa3n. 5. B onepaTopHO# MO3UIIMKM MOXKET HAXOAUTHCS OIIPENEIIEHUE JIOKAJIBHOTO IpeauKara. YacTHbIM

CIIy4aeM SIBIISIETCS CY)KCHHBIN IPEIUKAT.
Pa3n. 7. Bmecto pred tenepsb ucnosb3yercs Prec.

Pa3z. 7. Ba3suCHBIME TUTIAMH [IPK M300paKEHUH TUanasona MoryT ObiTh int, enum, wi char



