Tema 5. CemanTH4ecKuii aHaIu3
5.1. OcnosHnble hpyHKyUU CeManRmMUUeCcKo20 anau3a

daza ceMaHTHYECKOTO aHajIu3a MpeAHa3HaueHa AJsl IPOBEPKU MCXOTHON TPaHCIUPYyEeMOH MPOrpaMMbI Ha CO-
OTBETCTBHE CEMAHTUYECKUM corjamieHusM. Takas mpoBepKa HasbIBaeTCs cmamuueckoli (CYIECTBYeT TaKkkKe Ou-
Hamuveckas TPOBEpKa, KOTOpas BBIOIHSAETCS B MPOLECCE BBIMOIHEHUS CKOMITMIIMPOBAHHOW 1LIEIE€BOI Mporpam-
MBI).

TUnuuHbI epeYeHb CEMaHTHYECKUX COTIAIICHHUHN Il MHOTHX SI3bIKOB MporpammupoBanust [3; 4]:

1. Hukakoii unenrudukatop oobekTa (epeMeHHas U T.11.) B IPOrpaMMHOM OJIOKE HE JIOJKEH ObITh OOBSIBIICH
Ooree 0HOTO pa3a.

2. OnpeieNsIoImuM BXOKICHUSIM UICHTU(PHKATOPA JOJDKHBI COOTBETCTBOBATH MX HCIIOJIB3YIOIINE BXOXKICHUS.
3neck MO onpedenawum BXOKICHAEM MOHUMACTCS BXOXKJICHUE HACHTH(PHUKATOPA B KOHCTPYKIHIO, OOBSBIISIO-
IIYO 3TOT HICHTU(DUKATOP, a UCNOIb3YIOWUM — OCTAIbHBIE BXOXKIeHMs. Hanpumep, 11 JII000r0 HCIIONIB3yIOMIEro
BXOJK/ICHHS JOJDKHO OBITH ONpEIEeNsIoNiee BXOXK/JCHUEe, IPHYeM HICHTU(PHUKATOP TOJDKEH OBITh OOBSIBICH 10 €ro
UCIIOJIb30BaHusl. Ecium Ui onpenensonero BXoX/ICH!sT HET UCTIONB3YIOIIEr0 BXOXKICHUS (HE SBISETCS CEMaHTH-
94eCKOW OIMMOKOI1), TO BIIOJIHE €CTECTBEHHO CPOPMHUPOBATH COOTBETCTBYIOIIEE TIPEIYIPEKICHHE.

3. CornanieHue 0 COOTBETCTBHU THUIIOB OOBEKTOB, BXOJISIIMX B CHHTAKCHUECKYIO KOHCTPYKIIMIO SI3bIKA IPO-
rpaMMHPOBaHUs, HAIPUMEP COBMECTUMOCTH THIIOB OIEPaH/IOB OIEpalid, COOTBETCTBUU TUNOB (POPMANBHBIX U
(aKTUYECKUX MapaMeTPOB MPOLEIYP.

4. CornamieHusi, OnpeesIioNnIre pa3InyHble KOJTHYECTBEHHbIE OTPaHUUCHHS, HAIPUMED TIYOHHY BIIOYKEHHO-
CTH OJIOKOB, OTPAHUYEHHOCTH PA3MEPHOCTH MAaCcCHBOB.

[NepBbie TpW BHJIa CEMAHTUYECKUX COTIIAIIEHHUH CBSI3aHBI C NPOBEPKOLL MUNOB.



KpoMme mpoBepkr CeMaHTHUYECKHX COTJIANICHUN B (QYHKIIMHM CEMaHTHYECKOTO aHAllu3a BKIIOYAIOT TaKKe pac-
npedenenue namsmuy JUIS pa3MEIICHUS OOBSBICHHBIX OOBEKTOB (ITPOCTHIX TEPEMEHHBIX, MACCHBOB U JPYTHX
CTPYKTYyp HaHHBIX). [lo Ty 00beKkTa MOXKHO OIPENeNnuTh 00bEeM MaMsATH, HEOOXOAMUMBIN IS ero XpaHeHus. Bo
BpeMsl TPAHCISIIAU OTH BEITUYWHBI MOTYT HMCIOJB30BAThHCS JJIsl HA3HAUCHHS KAXKJIOMY OOBEKTY OTHOCHUTEIHHOTO
anpeca. THIT 1 OTHOCUTENBHBIA apec 3aHOCATCS B 3aMUCh TaOIUIBI CHMBOJIOB, COOTBETCTBYIOIIYI0 00beKTY. JlaH-
HBIC TIEPEMEHHON JUTUHBI, TAKKE KaK CTPOKHU, WIH JAHHBIC, pa3Mep KOTOPBIX HEBO3MOXKHO ONPEICTHTh JI0 Hadaa
paboThI porpaMMBbl (HApUMep, THHAMHYECKHAE MACCHBBI), 00pabaThIBAIOTCS ITyTEM PE3ePBUPOBAHHS M3BECTHOTO
(ukcupoBaHHOTO 00BEMa MaMSITH JIsl yKas3arens Ha JanHbie. [Ipu pa3menieHn 0ObEeKTOB B TaMSTH CIIEIyeT yUu-
ThIBAaTh TaK¥XKE€ HCO6XOI[I/IMOCTL BbIpaBHHUBAaHUA aApPCCOB. HaHpI/IMep, KOMaH/[a CJIOKCHHA LEJIbIX YUCCII MOXKCET TpEC-
00BaTh, 4TOOBI YKCIIA OBUIN Pa3MEIIEHBI B ONPEICIICHHBIX TO3UIIUAX TAMSATH, HAPUMEP 10 aJipecy, KpaTHOMY 4.



5.2. Bwipascenusn muna

TUIBI UMEIOT CTPYKTYPY, KOTOPYIO MOKHO TIPEJICTABUTH C HCIIOJIB30BAHUEM BBIPAKCHUN TUIIOB. Buipajicerue
muna MpeAcTaBIseT codoi b0 GpyHIaMeHTanbHbIN (0a30BbIi) THTI, THOO0 00pa3yeTcs MyTeM MPUMEHEHHs omepa-
TOpa, HA3BIBAIOMIETOCS KOHCMPYKMOPOM Mund, K BBIPAKCHHUIO TUMA. MHOXECTBO ()yHIAMEHTAIBHBIX THIIOB U
KOHCTPYKTOPOB 3aBHCUT OT KOHKPETHOTO s3bIKa. BocCmoyib3yeMcsl CeyIONIMM OTIPE/ICIICHUEM BBIPAKCHHUS THIIA
[1]:

a) hyHIAMEHTAIBHBIN THIT SIBISCTCS BBIPAKCHUEM THUIA; THITUYHbIC (YHIAMEHTAIBHBIC THUIIBI S3bIKA BKITIOYA-
10T MpeJoNpeIeicHHbIC TUITBI (Hampumep, integer, real, Boolean, char) u, npu He0OX0AUMOCTH, CIICIUATBHBINA THIT
V0id, o3HaYaroIIHil OTCYTCTBHE THIIA;

0) UMs THIIA SABJSCTCS BRIPAXKECHUEM THUIIA,

B) BBIPQKCHUE THITA MOXKET ObITh 00pPa30BaHO IIyTEM NMPUMEHEHUS KOHCTPYKTOPA TUIA K BHIPAKEHUIO THIIA;

I') BEIPQXKCHHUE TUIIA MOXKET COJCPKATh IEPEMEHHBIC, 3HAUCHUSIMHU KOTOPBIX ABJSIOTCS BHIPAKCHUS THIIOB.

Pasnuunble moATHIBI (YHAAMEHTAIBHBIX THUIIOB MOXKHO pPacCMaTpUBaTh TaKKe Kak (yHIaMEHTAJbHbIC,
HarmpuMmep Tum auanazoH Buaa 1..100 sBiaseTcss orpaHHYEHHBIM TOITUIIOM 11esIoro Tumna. OHaKo HUYTO HE MEIIaeT
WCIIOJIb30BaTh JUISI 3TOTO CHEIMATbHBIA KOHCTPYKTOD THIIA, OTHECS €r0 K CO3/IaBACMbIM THITaM.

KoncTpykTop THIIA TipeHa3HAYEH IS CO3/IaHUs HOBOTO THIIA HA OCHOBE ()YHJIaMEHTAILHOIO WX APYroro co-
3maBaeMoro tuma. [Ipumepsr koncTpykTopoB tuna (T, Ty, T, — BeIpaskeHus THIIA):

a) array (I, T) — onpenensier MacCUB 3JIEMEHTOB THIIA T U MHOYKECTBO MHIEKCOB |, OOBIYHO MPEACTABISIONIMX
€000 IMana3oH UEIbIX YUCET,

6) pointer (T) — onpesensieT yka3aresib Ha 00BEKT THIA T,

B) T; x T, — IekapToBO MPOU3BENCHUE TUIIOB 11 U T, (CUMTAETCS JI€BOACCOIMATUBHBIM); OOBIYHO HCITOJIB3YIOT-
Cs1 TSl IPEICTABJICHUS CITUCKA TUIIOB, HAIIPUMEP MapaMeTPOB MPOLEAYP U PYHKIHIA;

r) record ((fy x Ty) x (f, x T,)) — onpenenser 3anuck U3 ABYX MoJyiei: mojst ¢ umeHeM f; Tuna T; u mons ¢ ume-
uem f, Tuma T,. Onucanve mojiel M UX THIIOB MOXKHO XPaHWUTH B OT/IEIbHON TabjwIle CHMBOJIOB. Torma 3TOT KOH-

5



cTpyKTOp OymeT umeth Gosee mpoctyto dhopmy: record (t), rae t —tabmuia ciMBOJIOB ¢ HHMDOPMAITKEH O TTOJIAX 3TO-
r'0 THIIA 3aIUCH (IO CYTH 3TO YKazaTellb Ha TaONIuIy);

o) Ty x T, > T — onpenenser QyHKIUIO C BXOAHBIMU HapamMeTpaMu THIOB T; U T, (00IacTb ompeaeneHust),
BO3BpAIIAOLIYIO 3HaueHue Tuma 1 (o0sacTb 3HaueHwit). [lo aHaIOruu ¢ KOHCTPYKTOPOM 3alKcy MHGOPMAILHIO O
BXOJHBIX MTapaMeTpax (GYHKIMU MOKHO XPaHHUTh B OTJACIBHOM Tabnniie cuMBOJIOB. Toraa o61acThio OnpeeneHns
Oynet sta Tabnuna cuMBoJIoB: t — T.

HaGop mogoOHBIX KOHCTPYKTOPOB THIA (HYOPMHPYETCS I BCEX BO3MOXKHBIX THIIOB SI3bIKa MPOTPaMMHUPOBa-
HUs. MHOKECTBO MpaBWJI Ha3HAYCHHUSI BBIPAKCHUN THUIIOB PA3JIMYHBIM KOHCTPYKIHSIM sI3bIKa MPOTPaMMUPOBAHHUS
Ha3bIBACTCS CUCMEMOU MUn0g JTAaHHOTO SI3bIKA.

OmHHUM U3 CIIOCOOOB MPEICTABICHHS BRIPAKECHUH THITOB SBJISIETCS UCIIOJIb30BaHKE TPa)oB, B YACTHOCTH Aepe-
BbCB WJIM OPHEHTHUPOBAHHBIX anukindeckux rpados — mgaros (Directed Acyclic Graph), B KOTOpbIX BHYTpEHHUM
BEpPLIMHAM COOTBETCTBYIOT KOHCTPYKTOPHI THIIA, a JIUCTHhSIM — (pyHAaMeHTalIbHbIe TUITBL. Hanpumep, Tun aBymep-
HOTO MacCHBa, MPEACTABISIIONIETO KBAIPATHYIO MaTPUIly BEIIECTBEHHBIX uncel pasmepoM 10 x 10, onpenemnsiercs
Beipaxkenuem array(1..10, array(1..10, real)). lepeBo (@) u aar (6) 1Jist 3TOTo THIA MPEACTABICHBI Ha pUC. 7.

array array
PN N
1..10 array array
v\ v N\
1..10 real 1..10 real
a 0

Puc. 7. Tlpencrasienus BeipaxkeHus tuma array (1..10, array (1..10, real)):
a — iepeBo; 6 — 1ar



Hcnonp3oBaHue [aroB MOXKET OKa3zaTbcsa OoJiee MPEAOYTUTENbHBIM, IIOCKOJIBKY B 3TOM Cllydae BO3MOXKHA
9KOHOMHS NaMATH (BMECTO CaMOT'0 THIIA B 3TOM CIIy4ae XPaHUTCSI CChUIKA Ha HETO).

Psan cTpykTyp IaHHBIX, TaKUX, KaK CBS3aHHBIC CIIMCKH, MOTYT ONPEAEIATHCSA peKypcuBHO. I'padel, npencras-
JSIFOILME TAaKUE TUIIBI, MOTYT COAEPIKATh LIUKIIbI.

B HEKOTOpBIX cydasx i BRIpaKEHHUH THIIOB MOXKHO HAHTH OoJiee KOMITAKTHYIO 110 CPAaBHEHHUIO ¢ rpadoMm 3a-
nuck. Hanpumep, nadopmannio o BEIpaKeHHH TUIA MOXKHO 3aKOJMPOBAThH MOCIEA0BATENLHOCTHIO IBOMYHBIX pa3-
PSLIOB WJIM B BUAE HEKOTOPOH CTPOKM cUMBOJIOB. Ilpu 3TOM ciiegyet mpoxymaTth CUCTEMY KOAMPOBAHUS TaK, YTOOBI
pas3JIn4HbIE THIBI HE MOTJIIM UMETh OJUHAKOBBINA KOI. TaKyro 3a1uch BHIPAXKEHUH TUIIOB MOKHO HA3BaTh JIMHEHHBIM
NpEeACTaBICHUEM THIIOB, KOTOPbIE MOXXHO XPaHUTh B CIICUATBLHON TaOIUIIe THIIOB.

OmnpenenuB NpencTaBIeHNUE THUIIOB, MOXKHO B TaOJIHMIIE CUMBOJIOB B KAUE€CTBE 3HAUYEHHS MO TUIIA UAEHTH(U-
KaTopa MCI0JIb30BaTh yKa3aTeslb Ha JEPEBO WM JIar, THOO CCBUIKY Ha CTPOKY TaOJMLBI TUIIOB, XPaHSIIYIO JTHHEH-
HOE IpeJICTaBIEHUE THUIIOB.



5.3. Dxeusanenmuocmo u npeodpazosanue munos

[Ipu poBepKe THUIOB BOZHUKAET HEOOXOAUMOCTH OIPEIEICHUS SKBUBAIIEHTHOCTH THUIIOB. Brimensror nBa me-
TO/Ia OTIPE/IETICHHUS YKBUBAJICHTHOCTH THUIIOB:

1. Cmpyxmypuas skeusanenmuocms. JlBa THIIA CTPYKTYPHO SKBHUBAJICHTHBI, €CJIM OHU MMEIOT OJWHAKOBYIO
CTPYKTYpY, T.€. OHH JTUOO TPEACTABIISIOT COOOH OIUH M TOT K€ (QyHAAMEHTAIBHBIN TUII, THOO 00pa30BaHbl IyTeM
MIPUMEHEHUS OJTHOTO U TOTO K€ KOHCTPYKTOPA K CTPYKTYPHO SKBHBAJICHTHBIM THIIAM.

2. Umennas sxeugaieHmHocms. J|pa TUNa SKBUBAJIICHTHBI, €CIIH OHA OOBSBICHBI C TIOMOIIBIO OJHOTO W TOTO
Ke UMEeHH Thra. VIMeHHas SKBUBaICHTHOCTh SIBJISETCS 0oJiee OrpaHHYMBAONIEeH (OPMON TUIHM3ALNHU, YEM CTPYK-
TypHasi, 1 00BIYHO UCIIONB3YETCA B CTPOTO THITM3UPOBAHHBIX SI3BIKAX.

PaccmoTtpum cienyromiee o0ObsABICHNE THITOB B CHHTaKCHCE si3biKa [lackans:

type
TSpeed = real;
TSize = real;
var
Speed : TSpeed;
Size : TSize;

ITepemennbie Speed u Size cTPYKTYpHO SKBHBAJICHTHBI, OCKOJIBKY MPEICTABISIOT OJUH U TOT ke (QyHIaMeH-
TaJbHBII THI Feal, HO He SKBUBAJICHTHBI 110 KPUTEPHUSIM HMEHHOM SKBUBAJICHTHOCTH.

Ecnu BbIpakeHUsl THIIA COJICPIKAT IIEPEMEHHBIE, TO MPH ONPECICHUN SKBUBAJICHTHOCTH BBIPAKEHUH BO3HUKACT
3a/1a4a MOJACTAHOBKH BBIPAKEHUI THIIAa BMECTO 3THX NEpEMEHHbIX. Takas 3a/aua U3BECTHA KaK yHUuKayus BIpa-
KEHHH. AJTOpPUTM yHU(UKAIUK BBIPOKCHUI THIIA U TPUMEPBI €ro IPUMEHEHUS JIIs IPOBEPKU CTPYKTYPHOU SKBH-
BAJICHTHOCTH THITOB MOJJPOOHO paccMOTpeHbI B padorax [1; 2].

Korza B TeX WM MHBIX ONEPAIMSX WIH OMepaTopax MPHUCYTCTBYIOT JAHHBIC, OTHOCSIIMECS K Pa3IMYHBIM THIIAM,
BO3ZHHMKAET BOIPOC O COBMECTUMOCTH U IPeoOpa3oBaHny THIIOB. COBMECTHMOCTh THIIOB O3HAYAET, YTO VISl 00BEKTOB
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pa3HBIX THIIOB BO3MOXKHO TPHUBENEHHE THIA 00beKTa K JIpyromy tumy. l[IpeoOpazoBaHue OmHOTO THIA B IPYTOM
Ha3bIBAETCA HEsAG8HbIM, €CIIA OHO JOJKHO BBINOJIHATHCS KOMITWIATOPOM aBTOMAaTH4ECKHU. JJig 3TOro B CEMaHTUYECKUX
JIEHCTBUSIX CXEMBI TPAHCIALWH JOJDKHBI OBITH MPEIyCMOTPEHBI COOTBETCTBYIOIINE ONEpaIny Mo Mpeodpa3oBaHUIO
TunoB. [Ipeobpa3oBanie Ha3BIBACTCS A6HLLM, €CITH B MIPOTPAMME CIIEIIATIFHO YKa3bIBA€TCS HEOOXOAUMOCTh MPE0d-
pasoBaHus. J{i1st 3TOTO S3BIK JOJDKEH HMETh CIICIIUATIBHBIC CPEICTBA (OOBIYHO OHM BBITJISIIAT KaK MPUMEHEHUE (yHK-
UK WK TIPOIETyPhI) JUIs peaiu3aliuy mogo0HbIX mpeoOpa3oBanuil. SIBHOE peoOpa3oBaHKUE THUIIOB BBIOJIHSICTCS B
MIPOLIECCE BBINOIHEHUS MPOrpaMMBL, & HE B MPOLIECCE KOMIWIISIUY, TO3TOMY, €CIH SA3bIK MPEIyCMATPUBAET TOJIBKO
SIBHBIE TIpeoOpa3oBaHus (XapaKTEepHO IJISi CTPOTO THITM3UPOBAHHBIX S3BIKOB), B CXEMaX TPAHCIIIUH OTCYTCTBYIOT
JICHCTBUS, CB3aHHBIC C MPEOOPA30BAHUEM THIIOB.

Ecnu mpu mpeoOpazoBaHNy THITOB HET MOTEPH WH(GOPMAINH, TaAKOE TTPeoOpa30BaHUE HAZBIBACTCS pACUUUPSIO-
wum, HapUMep MpeoOpa3oBaHKe [ENOT0 THUTIA B BEIIECTBEHHBIN THIL. [IpeoOpa3oBaHue THIIOB HA3BIBACTCS CYHca-
FOuUM, €CIIM OHO MOXKET MPUBECTU K MOTepe MHPOPMAIIMU, HAITPUMEP MPH MPeoOPa30BaHUN BEIICCTBCHHOTO THIIA
B LI€JIBIM THII.



5.4. CYO onsa nposepku munos

[Iponecc moctpoenust L-atpubyrnoro CYO 11 mpoBEpKH THIIOB PACCMOTPUM OTIACIBHBIMU ()parMeHTaMu:
CHavaJyia 0OBSBICHUS TUIIOB, 3aTEM MPOBEPKY THITOB B BBIPAKCHHSAX U ONIEPATOPAX S3BIKA.

OOBbsBNIEHNS TUTIOB PA3IMYHBIX 00BEKTOB (IEPEMEHHBIX, (PYHKIMH U T.11.) OOBIYHO CTPYNIHPOBAHBI B JIEKIIa-
PaTUBHOMW YaCTH TPAHCIUPYEMOH MPOTPaMMBL. B psijie S36IKOB MPOrpaMMHUPOBAHUS MOTYT OBITh M IPYTHE CITOCOOBI
0OBsIBIICHHS THIIOB (HAaIIpUMep, OOBSBICHUS THUIIOB pacCpeJOTOYECHBI B Tpeenax UCXOJHON MPOrpaMMBl), BIUIOTh
JI0 OTIpeieNiCHHs THITa 00bEKTa [0 YMOIYAaHUIO (T.€. THIT 00bEKTa SIBHO HE OOBSBISIETCS).

O‘ICBI/IILHaSI rpaMMaTuKa JJis 06’L$1BHGHI/I$1 TUIIA JJIA HEKOTOPOr'o CIHCKa IMEPEMCHHBIX — 3TO I'paMMaTUKa CO
CJICYIOIIMMU MPOAYKIHSIMH:

D->L:T;

L—id|L,id.

Hecmotps Ha TO uTO 3TO0 LR-TpamMMmaTiKa, Ha ee ocHOBE Henb3s ModyduTh L-atprbytHOoe CY O, IOCKONBKY UIIeH-
TU(PHUKATOPBI TTOPOXKIAIOTCS HETEPMHUHAIOM L, HO THIT KaKk CHHTE3UpyeMbIii aTpuOyT HeTepMuHaia 1 B momaepese L ne-
peBa pa3bopa eliie He U3BECTeH. JTa ImpodieMa PeIiaeTcsi COOTBETCTRYIOIIMM ITPe00pa3oBaHUEM IPaMMAaTHKU:

D—-idL;

L—,idL]|:T.
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Tenepb THIT paccMaTpUBaeTCs Kak CHHTE3UpyeMbIid aTpuOyT type HerepmuHanoB L u T, KOTOpBIH MOXKHO BHE-
CTH B TaOJIMIy CHMBOJIOB K2XIOT0 WACHTH(PHKaTOpa, mopoxkaaemoro L, kak 3to nokazano B CYO B Tabn. 6.

L-arpubytHOoe CYO 1 00BsBICHHS TUTIA

IIponyxuus

CemaHTHYECKHE TIPaBUIIA

D—idlL;

AddType (id.ns, L.type)

L—),idLl

AddType (id.ns, L;.type);
L.type := L;.type

L—>:T

L.type :=T.type

Tabnuma 6

B nannom CYO nporenypa AddType (id.ns, L.type) coxpansier tun L.type mis unentudukaropa id B 3amucu tad-
JIMIBI CAMBOJIOB, Ha KOTOPYIO yKa3biBaeT aTpuOyT TepmuHana id.ns (NS — atpuOyT TokeHa id, mperocTaBIsieMblii JIeK-
cudeckiM aHam3atopom). CYO JIerko MOKHO JIOMOJHUTH CEMaHTHYECKUMU TIPABUIIAMH TSI COXPAHEHHS B TaOIHULe
CHMBOJIOB pa3Mepa THIIa, Ualia30Ha 3HAYCHHIA, ajpeca BbIJICICHHON MaMsITH, YUCiIa H3MEPEHHIT 1l MACCUBOB H TOMY
10/100HOT0, TOTIOJIHUB CUMBOJIBI TPAMMATHKH COOTBETCTBYIOIIMMH aTpUOYTaMH.

[IpuBeaeHHBIN TpUMEP HILTIOCTPUPYET TO, YTO B mpoliecce paspaborku CYO (maxe eciu ero 0OCHOBOH SIBIISIET-
sl TPaMMaTHKa COOTBETCTBYIOIIETO KJIacca) MOTYT HOTPEeOOBATHCS AOMOIHUTENIbHBIE TPEOOpa30BaHuUs TPaMMAaTH-

ku, uT00b1 CYO crano L-arpuOyTHBIM.
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B kauecTBe nmpyroro npuMepa pacCMOTPUM IPOITYKITHH, HCTIONB3yeMbIe ISl OObSIBICHUS MacCHBa:

ArrType — arr [ Lstind ] of Type

Lstind — SmpType | SmpType , Lstind

SmpType — id | num rng num

DT MPOAYKIUH HE MOAXOMAT JJISI PUMEHEHHs KoHcTpykTopa tuma array(l, T), onpenensromnero Maccus ¢
SJIEMEHTAMU THIIA | U MHOXECTBOM HUHICKCOB |, npeaACTaBIAIOIINM cobOoit JHaIia3oH MIEJIbIX YHUCCII, a TAKXKC IJIA
BBIYHMCIICHHSI pa3Mepa MaccuBa (IIyTeM YMHOKCHHUS pa3Mepa dJIEMEHTa Ha KOJIMYECTBO AJIEMEHTOB) M YMCIIA U3Me-
penwii. [Ipobnema pemraercs, eciy MpeCcTaBUTh YKa3aHHbIC IPOAYKIIUHN CIEAYIOIIIM 00pa3oMm:

ArrType — arr [ Lstind

Lstind — SmpType ] of Type | SmpType , Lstind

SmpType — id | num rng num
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Teneps MoxkHO moctpouTh CYO, KOTOpOe I MaccuBa ompenenser tum (type), pasmep tuma (Width), gucmo

u3Mepenuii (Ndim) kak CHHTE3UpyeMbIe aTPHOYThl HETEPMHUHAJIOB!

IIponyxuust

CeMaHTHUYECKHE TPaBHIa

ArrType — arr [ Lstind

ArrType.type := Lstind.type;
ArrType.width := Lstind.width;
ArrType.ndim := Lstind.ndim

Lstind — SmpType ] of Type

m := SmpType.low; n := SmpType.high;
Lstind.type := array(m..n, Type.type);
Lstind.width := (n —m + 1) * Type. width;
Lstind.ndim := 1

Lstind — SmpType , Lstind,

m := SmpType.low; n := SmpType.high;
Lstind.type := array(m..n, Lstind,.type);
Lstind.width := (h —m + 1) * LstInd,.width;
Lstind.ndim := Lstind;.ndim + 1

SmpType — id

if GetType(id.ns) # nuanazon then type_error;
SmpType.low := GetLow(id.ns);
SmpType.high := GetHigh(id.ns)

SmpType — num; rng num,

if numy.type = integer or num,.type = integer
then type_error;

if numy.val > num,.val then type_error;

SmpType.low := num,.val,

SmpType.high := num,.val

B mpusenennom CYO mpemmoiraraercs,
YTO BBINOJHEHWE JielicTBus  type_error
(ommOKa THMA) MPUBOAUT K (POPMHUPOBAHHIO
COOTBETCTBYIOIIETO COOOLICHHUS 00 OIIHOKE
W HEMCIJICHHOMY MPEKPAIICHUIO BBITIOJIHE-
HUSI BCEX OCTAIBHBIX CEMAaHTHUECKUX Mpa-
Bui. Cunresupyembie atpuOytsl low u high
HeTepMuHaa SMPTYPe mpeaHa3HaueHBI IS
XpaHEHUsI COOTBETCTBEHHO HW)KHEH M BepX-
Hell rpanun auanazoHa. Oynkuum GetType,
GetLow u GetHigh mpemocrasnstor cooTBeT-
CTBEHHO 3HAUCHHSI THIA, HWKHEH U BepXHEil
TPaHMI] JUATla30Ha U3 3aMUCH TaOIUIBI CUM-
BOJIOB, Ha KOTOpyrO ykaspiBaeT id.ns. Tep-
MUHAT NUM MMEET CHHTE3UpYyeMbIe aTpuoy-
ToI type u val, npencrassitomue coboit co-
OTBETCTBEHHO THII M 3HAUYE€HHUE YHCIOBOM
KOHCTaHTBI (IOCTYNl K THIY W 3HAYCHHIO

KOHCTaHThI 00€CIIeYMBAETCS 110 3HAYEHHIO anI/I6YTa TOKCHA, YKAa3bIBAIOLICT'O HA COOTBETCTBYIOLIYIO 3allUCh B Ta0-

JIUTIE CUMBOJIOB).

Bapuanter CYO u CVYT, obecrieunBaromux MpoBEPKy THUIIOB, PACIIPEIEICHNE MTaMsITH U T€HEepaIio mpo-
MEKYTOYHOT'O KO/, /Il OCHOBHBIX THITOB JJaHHBIX M OIIEPATOPOB SI36IKOB IIPOrPAMMHPOBAHHUS MOKHO HaiiTu B [1].

13



CYO st mpoBepKH THITOB apu(hPMETHIECKUX BRIPAXKEHUH OyIeM pacCcMaTpUBATh B MPEAIIOIOKEHNH, UYTO A3BIK
SIBJIICTCS. CTPOTO THITM3MPOBAHHBIM, M HET HUKAKUX HESBHBIX NpPe0oOpa3oBaHUN THIIOB, T.€. NPU BBITOIHECHUH
apu(METHYECKHUX OMEPAIUii COBMECTHMBI TOJILKO BBIPXKEHHUSI, IMEIOIINE OJIMH U TOT K€ THIl. TOr/a T0OCTATOYHO
npocto noctpoutsh CYO, mpeacraBieHHOE B Ta0I. 7.

Tabnuma 7
CYO 1 1poBEpKHU TUNIOB apU(PMETHUESCKUX BhIpOKEHUN
[ponykuus CeMaHTHYECKHUE MPAaBUIIA
S—>EL
E—>E+T if E;.type = T.type then E.type := E;.type else type_error
E-T E.type = T.type
To>T,*F if T1.type = F.type then T.type := Ty.type else type_error

T— T, mod F |if Ty.type = integer and F.type = integer
then T.type := integer else type_error

To>F T.type := F.type

F— (E) F.type := E.type

F — num F.type := GetType (num.ns)
F—id F.type := GetType (id.ns)

Ecau JUIA KaKHX-TH00 onepaum‘/'l J0NYCTUMBI TOJIBKO BBIPAXKCHUA OIPCACIICHHBIX THUIIOB, TO CCMAHTUYCCKUC
npaBuJia HCO6XOZ[I/IMO JOIIOJIHUTD HpOBepKOfI O9THUX OrpaHH‘leHHﬁ, KakK 3TO CACJIaHO, HAIIpUMEP, B IPOAYKIIUN IJId
ornepanun mod (BBI‘II/ICJ'IGHI/IG OCTaTKa OT HCJIOYHUCJICHHOI'O ,Z[eJ'IeHI/ISI).

14



[TpoBepka THIOB B JOrUuecKuX (OyJIEBBIX) BBIPKEHUSIX 3aBUCUT OT MECTa MX HCIOJIb30BaHUS (CHHTaKCcHYe-
CKOT'O KOHTEKCTA).

Ecnu norudeckoe BbIpaKEHHE HCIOJIB3YETCs B IPABOM YacTH OIepaTopa MPHCBAUBAHHS, TO BBIYHCISETCS €r0
3HaueHHEe. B 3TOM ciydae BBIYMCIICHHE JIOTHYECKOTO BBIPAKECHHUS MOYKHO pPEaM30BaTh MOJAOOHO BBIYHCICHHIO
apudmeTryeckoro BoipakeHus 1 CYO A MpoBEpPKH THIIOB OyIET MOX0XKE HA MPHUBEICHHOE BbIlIe. MOXHO TaKkKe
BMECTO BBIYMCIICHHSI 3HAYCHUSI UCTIOIb30BaTh KOMaH/Ibl IEPEXO00B, KOT/Ia 3HAYCHUE BBIPAKCHUS YCTAaHABIMBACTCS
B 3aBUCHMOCTH OT JIOCTUTHYTOH IPOrPaMMOM TTO3HIIUH.

Ecnu xe orudeckoe BbIpaKEHHE MCHONIB3YeTCs B Ka4eCTBE YCJIOBHUS B yrpaBistonux oneparopax (if, while
U T.IL) JUIS YIPABJICHUS XOJOM BBITIOJHCHUS MPOrPAaMMBbl, TO BMECTO BBIYHMCIICHHS €r0 3HAYCHHUS HCIOJIb3YHOTCS
KOMaH]Ibl YCJIOBHBIX M 0€3yCIIOBHBIX MEPEX0JI0B, KOTOPHIC B 3aBUCHMOCTH OT 3HAYCHHS JIOTHYECKOTO BBIPAYKCHHUS
HepealoT yIpaBieHHEe B Ty WM HHYIO TIO3HIHIO KOJa. DTO BCE pean3yeTcs B MPOLECCe TeHEepaluy IPOMEKYTOY-
HOTO KOJa W, CJICIOBATENIbHO, HEe TPeOyeT CrennaabHON MPOBEPKU TUIIOB ISl IOTUUECKUX BBIPAKCHHI, KaK 3TO
JenaeTcst At apu(METHIECKUX BBIpaXKeHHH. J{JIsl ompeieieHusi CHHTaKCHYECKOTr0 KOHTEKCTa MCIOJIb30BaHUS JIO-
TMYECKHX BBIPOKCHUI MOYKHO HCIIONB30BaTh pasHblie MpUeMsl [1]: mpuMeHeHHe pa3HbIX HETEPMHHAIOB ISl 000-
3HAYCHHS JIOTHYECKUX U apU(PMETHUSCKUX BBIPAKEHUH, TOOABICHHE CHICHUATBHBIX HACIEAYEMbIX aTPUOYTOB MU
YCTaHOBKA COOTBETCTBYIOLIETO (hiara B MPOIIECCe CHHTAKCHYECKOT0 aHAIIN3a.
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[IpoBepka THITOB ISl ONIEPATOPOB S3BIKOB MPOTPAMMHUPOBAHUS 3aTPAaruBaeT B OCHOBHOM TOJIBKO T€ OTIEpaTo-
PBL, B KOTOPBIX €CTh OTPaHMYEHUS HA THIIBI UCMOIB3YEMBIX BBIPAKCHHUHN, TPHYEM ATH OTPaHUICHUS HE pealn30Ba-
HBI CHHTaKCHYECKH. JTO Hallle BCEro YIPAaBISIOIINE OMEPaTOPhl, Te 0OBIYHO MCIIONh3yeMbIe B KA4eCTBE YCIOBHIA
BBIP@XXEHHS JOJDKHBI UMeTh TUll Boolean. OnepaTop npucBanBaHus Takke TpeOyeT COBMECTUMOCTH HITH COBIIAJIe-
HUS TUIIOB JIE€BOM M NpaBoi yacTed. B kauecTBe mpumMepa Uil TAKUX ONEPaTOPOB MOKHO NMPEACTABUTH CIEIYIOLIEE
CVYO (mpu yclIOBUH, YTO HET CHHTAKCHYECKUX OIPaHUYCHHUI Ha THI BhipakeHus E) (Tadu. 8).

Tabmuia 8
CYO a5 npoBepKH TUIIOB YIPABJISIONIMX OMEPATOPOB
IIponyxuus CeMaHTHYECKHUE NpaBUIIA
S—id:=E if GetType (id.ns) # E.type then type_error

S—ifEthenS if E.type # Boolean then type_error
E > while Edo S |if E.type # Boolean then type_error
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