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Hazunauenune CTESK

Ha6op unctpymentoB CTESK npennasHaueH uisi aBTOMAaTU3UPOBAHHOW Pa3pabOTKH TECTOB IS
CHCTEM, TPEAOCTABISAIOMMX TNporpaMMHublii uHTEepdeiic Ha s3pike C. Tectupoanme I1O0 c
nomoipbio nHCTpyMeHTa CTESK ocHoBano Ha TexHosmorun UniTESK.

Texnosorusg UniTESK

Kontpons kadecTBa sBIsieTcss BaXHOM npoOieMoll, crosimieil mepen  pa3paboTUMKaMu
nporpaMMHOro obecriedeHus. TecTupoBaHue sBisieTcs Haubosiee M3BECTHBIM U HIMPOKO
UCTIOJIb3YEMBIM CIIOCOOOM OLIEHKM M TOBBIIIEHUS KauecTBa. (DYHKIMOHAIBHOCTH U CIOXHOCTb
COBPEMEHHOr0 MPOTrpaMMHOI0 obecredeHusl pacTeT OYEeHb OBICTPO, a €ro >KU3HEHHBIN UK
yBeIMUYUBaeTcs. B 3TuxX ycnoBUSX TPYAOEMKOCTh NPUMEHEHHUS TPAAMLIMOHHBIX IOAXOAOB K
TeCTUpoBaHUIO pactér, a »sddexktuBHOCT, mamaer. Mcnonb3oBanue texHosoruu UniTESK
MIOMOTAET MPEOA0JIETh 3TU MPOOIEMBI.

OcHoBHbIe xapaktepuctuku TexHojgoruu UniTESK TakoBbr:

e Jlns u€tkoro ompexaenenus ¢yHkuuoHaabHocTH [1O co3matorcs gopmanvhvie cneyuguxayuu.
OT0 MOXeET ObITh CAETAaHO KaK Ul BHOBb pa3zpabareiBaemoro [10, naxe 10 3aBepllieHus peaiu-
3aluy, TaK U JJIs yXKe CyLecTByroulero. Takum o0pa3oM, TEXHOJOTHS MOXKET HPUMEHSTHCS B
3amavax npsiMoit u ooparHoi urxenepuu I10.

e Tectsl pa3pabaThIBalOTCS HA OCHOBE ()OPMaTbHBIX CHEIU(PUKAIIUKN, a HE peaTu3aui. JTO M03-
BOJISIET TIPOBEPSITH COOTBETCTBUE MoBeAeHus 110 npenbsBiseMbiM TpeOoBaHusIM. Takoe TecTH-
pOBaHHE HA3BIBAIOT METOJOM “d€pHOro smmka’. OHO TMO3BOJSET CO3/1aTh HaOOp TECTOB, HE
YUUTBHIBAIOIINI OCOOEHHOCTH KOHKPETHOH peatn3ariii.

*  Kpumepuu mecmogoco nokpvlmusi TaKKe CTPOSATCS Ha OCHOBE (OpMalbHBIX cHelM(UKaLn.
OTH KpUTEpUH TO3BOJIIOT OLEHHUTh, HACKOJIBKO IOJHO NMPOBEPEHO COOTBETCTBHE MOBEICHMS
10O 3amanHBIM TPEOOBAHHSM.

e Jlns BBIOpaHHOTO KPUTEPUS TECTOBOTO IOKPBITHUSI CTPOUTCS CYeHapuii mecmuposaHusi, KOTOPbII
HAalleJIeH Ha JIOCTM)KEHHWE MAKCHMAJIbHOTO IMOKPHITHSA IO BBHIOPAHHOMY KpHUTEpHIO. AHAIOroM
CLICHAPUEB TECTHUPOBAHUS SBJISAIOTCS INHPOKO HCIOJIB3YEMBIE TECTOBbIE CKpUNTHL. OIHAKO
cuenapuu tectupoBanusi UniTESK mo3BoisioT 3HAYMTENBHO YIYYIIUTh Ka4eCTBO TECTHUPOBa-
HUSL TIPU TEX Ke YCUIIMSIX Ha pa3paboTKy.

e @dopmanbHbIe CIEM(PUKANNKA U CIICHAPUU TECTUPOBAHUS MOTYT OBITh MCIIOJIb30BAHBI B HEU3-
MEHHOM BUJIE UIsl TECTUPOBAHUS PA3IMYHBIX peau3alnii, Jaxke eCiu X UHTepderchl oTinya-
forcs. CompshkeHHe pean3aliid U TeCTOB OCYHIECTBISETCS C MOMOIIBIO CHEIUATBHBIX KOMIIO-
HEHTOB TECTOBOM CHCTEMBI — .Meduamopos. TakoW TOIXO0J TO3BOJISIET YBEIHUYUTH CTEIEHBb
MEPEUCIIONIb30BaHNS KOMIIOHEHTOB TECTOBOM CHUCTEMBI, o0yierdas pa3paOdOTKy M COIPOBOXKJIE-
HUE HabOopa TECTOB.

e JIns 3ammucu BCEX KOMITOHEHTOB TECTOBOW CUCTEMBI ((hOPMANTBbHBIX CHEIU(PUKAIINN, MEIUATOPOB
U TECTOBBIX CIICHAPUEB) UCIOIB3YETCs CIEMU(PUKAIMOHHOE PACIIUPEHHE S3bIKa MPOTPAMMHUPO-
BaHMsI, KOTOPBIM UCIIOJIb3yeTCs A pa3padoTku Tectupyemoro [10. DT1o 3HaunTensHO oberya-
€T OCBOCHHUEC TCXHOJIOTHH U IIOHMMAHUC CBA3U TCCTA C TeCTI/IpyeMOf/'I CUCTEMOH.

JleficTBUSI, KOTOpPBIE HEOOXOIUMO BBITIOJHUTH sl pa3paboTku Tecta mo TexHojmorun UniTESK,
OTIMCaHbI B CIEAYyIOIeH TabuuIe:



[Ipoananusuposas
(GyHKIMOHATBHBIE TPeOOBaHUS K

TpeboBanu
nenesomy IIO  Ha  ocHOBe S
UMEIOIINXCS ~ JOKYMEHTOB  HITH _
3HaHUM  Y4YaCTHHKOB  IIPOEKTA,
Ha/JI0 3amUcath WX B BHJC @
(hopManbHBIX crienu(UKaIHii.

Crneundukanuu
Ha OCHOBE MTOJTy4E€HHBIX
cnenudukanuii  chopMyIupoBaTh Crernuduranmu
TpeOoBaHUs K KA4eCTBY
TECTUPOBAHUSI — KaKOH YpOBEHb

MOKPBITHSL TIO KAaKOMY KpPHUTEPHIO
Oy/leT CUUTaThCs JIOCTATOYHBIM,
YTOOBI IPEKPATUTH TECTUPOBAHHUE.

1

Kpurepuit mokpsitus

Pazpaborate HabOp TECTOBBIX

CLICHAPHEB, obecrneunBaroIIni
JOCTUKEHHE HYKHOTO  YPOBHS
TIOKPBITHS. Cuenapuu

pa3zpabaThIBalOTCSI Ha  OCHOBE
cneun(uKauil ¥ He MPUBSI3aHbI K
KOHKPETHOM peanuzanuu
eJICBOrO 110 miyl ero
KOHKPETHOW BEPCUH.

Crnenudukannu Kpurepuii mokpsitus

W

TectoBbIe CliCHapuun

JUis  TpUBS3KK  TIOTYYCHHBIX
TECTOB K KOHKPETHOM peanu3aiiu
L[EJIEBOM CUCTEMBI HaJ0
pa3zpabotatb HaOOp MEIMATOPOB.
s 3TOro Hy»XHO 3HaTh TOYHBIN
uHTEpdEic BBIOpaHHOM
peanu3alyy, XOTsS cama OHa elle
MOXET ObITh HE TO0TOBa K
TECTHPOBAHHUIO.

Crneundukanuu HuTtepdeiic [10

W 7

Menuatopsl




5. Ins  Toro, dYTOOBI TONYYUTH

T'OTOBBIC TECTHI, HYXHO TecTOBEIE CclLeHapuu
OTTPAHCIMPOBATh cHelu(pUKaLuy,

MEIMATOpbl W CIEHApUH  C / \
PacIlMpCeHHA Asblia Crneundukanuu Menunaropst
MIPOrpaMMHUPOBAHUS B LEIOCTHYIO

TECTOBYIO CHUCTCMY Ha CaMOM

3TOM A3BIKE.
ABTOMaTUIUKafd Tre€HEpanus

TecroBas cuctrema —P» Llenesoe I10

6. Ilocne TpaHCHALMU CTAHOBUTCA
BO3MOJKHBIM BBIIIOJTHEHHE TSCTOB. TecToBas CHCTEMA F = P [[eresoe [10
[Ipy BBIMOJHEHUH TECTOB MOTYT
OBITh BBISBICHBI HECOOTBETCTBHS
MEXIy TECTOBOM CHCTEMOH H

ABTOMAaTHYECKO¢ BRIITOJHEHUE TECTOB

ueneBbiM [10. CnenyeT BBIICHUTD, HICHERCI S oTeton
yeMm BBI3BAHO KaXKJ10e

HECOOTBETCTBHE — OIINMOKON B TecToBBIE OTUETHI
ICICBOM  CHCTEME, WK B

KOMIIOHEHTaX TE€CTOBOW CHUCTEMBI.
ITocne ycrpanenus nedexToB B
cneuu(uKanusaX, CIEHApUAX H
MEJMaTopax HYKHO BBIIOJHUTD
BCE TECTHI “HAYUCTO” W IOJIYYUTh
UX pe3ylbTaThl B BHJIE OTYETOB
JUISl JAJIbHEHIIETO aHAIN3a.

7. IlpoBecTn aHamu3 pe3yJIbTATOB,
YTOOBI ONpPEICIUTh, KaKue TecTOBBIEC OTUCTEI
OImMOKK OOHAPY)KEHBI, TOCTUTHYT
JU HYXHBIA YPOBEHb MOKPBITHS

WK HaJ10 paspabaTbIBaTh Q &
JIOTOJHUTEIbHBIE CLIEHAPUH.

Oumoxn O11eHKa KauecTBa TECTOB

Oransl pa3pabOTKH TECTOBBIX CLIEHAPHEB U MEIUATOPOB HE 3aBUCAT JIPYT OT JApyra, MO3TOMY LIaru
3 ¥ 4 MOTYT BBIIIOJHATHCS B JIFOOOM MOPSIZIKE WM JAaXKe OJHOBPEMEHHO.

Peaauzamua UniTESK B CTESK

CTESK peanuzyer UniTESK na mnardgopme si3pika nporpammupoBanus C.

B CTESK nans pa3paboTku TecToB HcHoib3yeTcst s3blk SeC — cHenuaibHO pa3paboTaHHOE
cnenuguKauoHHOe paciuvpeHue si3bika nporpammupoBanus C (Specification Extension of C).



SeC pacmmpsier sa3bk C CHenMaIbHBIMU KOHCTPYKLIMSIMHM, KOTOPBIE MO3BOJIAIOT KOMIIAKTHBIM H
yI0OHBIM 00pa30oM ONKMCHIBaTH TPeOOBaHMS K TECTUPYEMOM cHUCTEME M JIpyrHe KOMIIOHEHTHI
TECTOBOW CHCTEMBI. DTO JieNaeT pa3paboTKy TECTOB MaKCHMMAaJbHO YIOOHOM, a Takke MO3BOJISIET
COKpAaTUTh 3aTpaThl HA 00y4YEHHE CMENHATINCTOB, YKe 3HAKOMBIX C S3bIKOM MporpammupoBanus C.
Taxoke SeC mo3BOJSET OMPEAETATh MOJHOCTHIO HE3aBUCHMBbIE OT pealu3aliyl crenupUKainud u
CLIEHApPHUH, YTO JAAE€T BO3MOKHOCTh NX ITOBTOPHOT'O UCIIOJIb30BAHUSI.

Ha6op unctpymentoB CTESK Briouaer Tpancistop u3z SeC B C, OMONMOTEKY NOAJNEPKKU
TECTOBOM CHUCTEMBbI, ONOINOTEKY crieln(UKAIIMOHHBIX TUIIOB U T€HEPATOPhl TECTOBBIX OTYETOB.

Tpanciamop u3z SeC ¢ C TO3BONSIET TE€HEPUPOBATH KOMIIOHEHTHI TECTOB W3 CHelU(UKAINiA,
MEMATOPOB U TECTOBBIX CIICHAPHEB.

bubnuomexa noodepoicku mecmogou cucmemsi IPEAOCTABISIET 0OX00YUK — PEATU3AIUIO Ha S3BIKE
C aJropuTMOB TOCTPOCHHS TECTOBOW MMOCIIEIOBATEIBHOCTH — U 00ECIEYMBAET TPACCHUPOBKY
BBITTOJIHEHUSI TECTOB.

bubnuomexa  cneyuguxkayuonnvix munos TOAAEPKUBAET THUIBI, WHTETPUPOBAHHBIE  CO
CTaHJAPTHBHIMU (YHKLUUSAMHU CO3JaHMs, KONMPOBAHUS, CPAaBHEHHUS M YHUUYTOXKEHHUS JAHHBIX ITHX
TUIIOB, U COJIEP’KUT HAOOP YK€ ONPEEIICHHBIX CIEU(PUKAINOHHBIX THUIIOB.

FeHepamopbl meKCcmoeblx u epagbuuecxux mecmoesblx omuyenmoe Nar0T BO3MOXHOCTL I'CHCpalun
y2106HBIX JJIs1 aHaJInu3a Hpe)ICTaB.]'IeHI/Iﬁ TPacCChl BBITIOJHCHUS TECTA.



PyKkoBOICTBO MOJIL30BATE/ISA

B aToii rnaBe cienan 0030p 0cOOEHHOCTEH MCTob30BaHus s3bika SeC.

B paznene «Qowue ceedenusa» npusoastea otindus SeC ot C, onMUChIBAIOTCS PACIIUPSIONINE
C noHATHA U KOHCTPYKIUH.

B paznene «Cneuugurayuuy paccMaTpuBaeTcs crmocod GopMalbHOTO OMHCaHUS TPEOOBAHHA K
TECTUPYEMOM CHUCTEME B BUJE NPedyCl08Ull, NOCIYCI08Ull N 02PAHUYeHUll 00CMyna B cneyugu-
KAYUOHHBIX (DYHKYUAX N OMJI0JCeHHbIX peakyusx. ONMUCHIBAETCS CHOCO0 3alaHus Pa3InIHbIX
Kpumepueg nokpvimus. Taxke BBOAUTCS KOHUEHIUA 0ONYCMUMbIX U CNEeYUPUKAYUOHHBIX MU-
nog, B NeTaJsIX paccMaTpuBaeTcsi paboTa ¢ CYNIECTBYIOIIUMU CHEIM(PUKAIIMOHHBIMHA THIIAMU U
MIpaBWJIa CO3JIAaHUS HOBBIX TUTIOB JaHHBIX. OTHICHIBACTCS MEXaHU3M UHBAPUAHMOG, HAKIIAbIBA-
€MbIX Ha TUITBI JAHHBIX U NIEPEMEHHEIE.

B paznene «Meduamopwr» 00BACHIETCS MEXaHU3M CBSI3bIBAHUSA CEHU(DUKAINK C pean3annen
TECTUPYEMON CHCTEMBI B BUJAE MEOUAMOPHLIX (DYHKYUL, OCYLIECTBISIOIIUX 6030elcmeue U
CUHXPOHUZAYUIO COCTNOSHULL.

B pasnene «Zecmosvie cuenapuuy onucaHo MOCTPOSHUE MeCmo8020 cyeHapus, 00beINHSIIOIIe-
ro HabOp cyeHapHviX hyHKyutl sl UTEPALIMK TapaMeTPOB, MEXaHU3M MTOCTPOCHUS TecTa, (PyHK-
LIUIO BBIYUCIICHUS CYEHAPHO20 COCMOANUA, CTIOCOO MHULIMAIN3ALUHI U 3aBepIICHUs] paboThI Te-
CTOBOM U TECTUPYEMOU CUCTEM.




OO01ue cBeaeHud

SeC nmomrocthio moazaepkuBaet ANSI C. JIonmoJHUTETEHO BBOASATCS CHeyu@DUKAyUOHHble MUunbl,
munvl 1 nepemeHHvle ¢ UHeapuaHmamu, U 9eTeipe Buna GyHKIUN: cneyugurayuonHvle, peakyuu,
MeouamopHvle W CYyeHapuvle. ITH THIBI, WHBAPUAHTBT MU (QYHKIUUA OMNPEACISIIOTCS B
cnenuuKauoHHbIX (ainax ¢ pacmmpenueM sec. CrienuuKanuOHHBIC 3aTr0JIOBOYHBIC (DaIbI,
coJiepKalue JeKiapauy CrenupUKaIMOHHBIX TUIIOB M (DYHKIIMHA JOJKHBI HAXOIUTCS B (ailmax ¢
pacumupenuem seh.

Crnenn¢ukanyoHHbBIE 3arojoBOYHbIC (Dailyibl BKIOYAIOTCS B CrHeNU(HUKAIUOHHbIE (ailbl mpu
MIOMOIIM TUpeKTUBHI npenponeccopa C #include. Cnenudukannonnbie (ailiibl MOTYT COAEPKAThH
u oObruHble ¢(yHkmum C, Tpebyemble Ui pa3IMYHBIX BCIIOMOTAaTeNbHBIX 1erei. [lpu
HEOOXOAMMOCTH HCIOJBb30BAaHHUS THUIOB JaHHBIX, KOHCTaHT, MEPEeMEHHbIX WIH (QyHKIUH
BKITIOYAIOTCSl OOBIYHBIE 3ar0J0BOYHBIC (aiinel si3bika C.

Jnis ynoOcTBa 3amUCH M YTEHHs JIOTHUECKUX BbIpaXKeHHUH B s13bIK SeC JONOJIHMUTENBHO BBEACH
OlepaTop HWMIUIMKALUWUU =>, SIBJSIOMIMACS OWHApPHBIM HWH(HUKCHBIM OIEPATOPOM, TPHOPHUTET
KOTOPOTO MEHBIIE MPUOPUTETA ONEPATOpa JU3BIOHKIMH | |, HO OOJIbIIE MPUOPUTETA YCIOBHOTO
oreparopa ?:. BelpakeHue x => y SKBHBAJIEHTHO BBIPAXKCHHIO !x || vy, U IIPH €r0 BBIYMCIICHUH,
TAaK)K€ KaK IPU BBIYMCIEHUHM JAPYIHMX JIOTUYECKHX OIEpaTOpOB, NEHCTBYIOT IpaBWiIa KOPOTKOH
noruku. OnepaTop UMIUIMKAIIMKM aCCOLMATUBEH CJI€Ba HAIPaBO, TO €CTh BBIPAXKEHUE x => y => z
SKBUBAJIEHTHO BBIPAKEHUIO (x => y) => z.



Crnenupuxanumu

TeopeTuyeckoe 060cHOBaHUe

Crendukanus mpencTaBiseT coOoil (opManbHOE ONKMCaHUE TPEOOBaHHW K TECTUPYEMOM
cucreMe. B Tectupyemoil cucreme BbLAEIAIOTCS HUHTEp(eEiiCHBIE (QYHKIMM W JIaHHBIEC,
OIIPEIEIISIONINE COCTOSHUE 3TOW CUCTEMBI.

B cnenudukanum mnosenenue MHTEPPEHCHBIX (GYHKIHMHA ONUCHIBACTCS CIEIHM(DUKAIMOHHBIMU
(GYHKUIMSAMH, a COCTOSHHE CHCTEMBl MOJEIHUPYETCS TI00aTbHBIMU NMEPEMEHHBIMH COCTOSHHUS.
TpeOoBanust K TecTHpyeMOl cucTeMe (OPMYIUPYIOTCS KaK OrpaHHYCHHS Ha IIOBEJICHHE
uHTEepeCHBIX (yHKIMK (B BUIE MPEITYCIOBUNA U MOCTYCIOBUN B CIICIU(PHUKAIIMOHHBIX (DYHKITHSX)
Y Ha 3HAYCHUS JJAaHHBIX (B BHJIC MHBAPUAHTOB THIIOB U IIEPEMEHHBIX COCTOSIHUS).

[MpuBsizka crenupUKanuOHHBIX (YHKIUHA MW MOJCIBHBIX JaHHBIX K (YHKIUSM © JaHHBIM
peanu3anuy TeCTUPYEMOUM CUCTEMBI OCYILIECTBIISAETCS IPU TOMOIIM MEIUATOPOB.

Kpome Toro, cremmduranum MOTyT COAEPKaTh KPUTEPUU IOKPHITHSA, IMO3BOJISIONINE OLCHUTH
IIOJIHOTY TECTUPOBAHHUS.

B cinyuae TecTHMpoBaHMS CUCTEM C OTJIOXKEHHBIMU PEAKIUSAMH, MX IOBEJACHHME TP OTBETE HA
BHEIIIHUE BO3JCHCTBUS COCTOMT M3 HENOCPEJCTBEHHBIX U OTJIOXKEHHbIX peakuuil. IlepBbie
OTMCHIBAIOTCS OOBIYHBIMH CHEUU(UKAUOHHBIMU (YHKIUSAMH, a JUIsi ONUCAHUS IOCIETHHX B
cneun(puKanuo 100aBIAIOTCA OTJIOKEHHbe peakuuu. [IpuBs3ka OTIOXKEHHBIX peakuui K
TECTUPYEMOW CHCTEME OCYIIECTBIISICTCSI C MOMOUIBI0 MEAMAaTOPOB M COOPIIMKOB peakuuid. B
OTJIIMYUE OT CHEeUUPUKALUOHHBIX (DYHKIMH, JUI1 OTIOXKEHHBIX PEeakUuid He MOTyT ObITh 3aaHBbI
KPUTEPUU TOKPBITHSL.



CrneundurkanmoHubie PyHKIUU

TeopeTMHECK0906OCHOBaHMe

CrneuundukanonHble (pyHKIUU CIyXKaT JJIs ONUCAHUS TOBeIeHUst MHTep(helcHbIX (QYyHKIUH
TECTUPYEeMOW CHUCTeMbl. B of0meMm ciydae crenupukanuoHHas QYHKIHS ONpeIeisieT
MOBE/ICHNE TECTUPYEMOW CHCTEMBbI MIPH OIpeIeJICHHOM BO3/IEHCTBUU Ha HEE Uuepe3 HEKOTOPYIO
4acTh HHTEpdeiica.

CrenuduxanoHHble QYHKIMHU OMUCHIBAIOT MOBEACHNUE B (pOopMe OrpaHUYEHUI 10CTyMa K 1aHHBIM,
IPEyCIOBUI, TOKAIBHBIX KPUTEPUEB MOKPBITUS U OCTYCIOBHIA.

Jexnapanus cneunpukauoHHON (PyHKIIMK COCTOUT U3 KJIFOUEBOTro cioBa specification, CUTHATYpbl
¢GyHKIMM (B 00bIYHOM cMbIce si3bIka C) U, BO3MOKHO, OTPaHUYEHUN JOCTYIA.

specification double sgrt spec(double x);

SeC mnpenycmaTpuBaeT TpU KOHCTPYKLUMH, NpPEIHA3HAUCHHbIC JJi1 BKIIOYEHHUS B TeEllO
CHeU(pUKAIMOHHON (DYHKLIMU: TPEIYCIOBHE, TIOCTYCIOBHE U  ONPEJCIIEHUE JIOKAIBHOIO
nokpsitus. [IpenycioBue U KpUTEpUU MOKPBITUS MOTYT OTCYTCTBOBaTh, TOTAAa KakK IOCTYCJIOBUE
JIOJIKHO IPUCYTCTBOBATH 00SI3aTENBHO.

[IpenycnoBue mpoBepsieT NPUMEHUMOCTh (DYHKIMH K JIaHHOMY HaOopy 3HaYeHHH MapameTpoB U
IIEPEMEHHBIX  COCTOSIHUA. JIOKanpHbBIE IOKPBITHS, KOTOpPBIE MOTYT  HCIIOIb30BaThCs B
crneun(UKauOHHOW (YHKUMU Hapagy C TJI00aJbHbIMH, DPa30MBAIOT IOBEIEHHE CHCTEMBI,
ONMCAaHHOE JIaHHOW crenu(UKalMOHHONW, Ha BeTBU (yHKIMOHaIbHOCTU. W Kox mpenyciioBus, u
KO (YHKIMH BBIYUCICHHS JIOKAJbHBIX MOKPBITUH BBIIOJHSAETCS B MPE-COCTOSHHUM, T. €. JI0
B3aMMOJEHCTBUSI C TECTUPYEMOI cucTeMON. 3HaUeHUs BHIPAKEHUN M MEPEMEHHBIX B 3TOT MOMEHT
Ha3bIBAOTCS IIPE-3HAYCHUSAMU.

Ilepen BpIUMCIEHUEM IOCTYCIOBHUS OCYLIECTBIISETCS B3aUMOJECHCTBUE C TECTUPYEMOUM CHCTEMOU €
IIOMOLIBIO BbI30Ba Meauatopa. IlocTycioBrue nmpoBepsieT COOTBETCTBHE IOJYYEHHOIO pE3yJbTaTa
okuiaeMoMy. OHO BBITOIHAETCS B IIOCT-COCTOSIHUY, T. €. I10CJI€ B3aUMOJAEHCTBHSI, U UIMEET JEIIO0 C
II0CT-3HaYEHUSIMU BBIPA)KEHU.

specification double sgrt spec (double x) {
pre { ... }
coverage C { ... }
post { ... }

}

B OGH.[GM cjiyqyaC MCXKAY OIMMCAHHBIMU 6HOKaMI/I MOKET HCIIOJIb30BATHCA I[OHO.HHI/ITG.HBHBII\/JI KOn.
JIOTIOTHUTEBHBIA KOl HEe TOJDKEH UMETh TOOOYHBIX 3()()EeKTOB: HE JOIKHBI H3MEHSTHCS BUIMMEBIC
CHApy K1 JaHHBbIC; JHHAMHUYCCKAsA IaMsATb, BbBIACICHHAA BHYTpPU 6HOKa Koga, JOJIKHa
0CBOOOXIAThCS THOO B HEM K€, TUOO B mMapHOM emy Osioke. [ToimHOe onmucaHue B CEMaHTUYECKHUX

TpeOOBaHUAX K CHEIU(DUKALMOHHBIM (DYHKIIUSM.

CrenudukanoHHble  (QYHKIIMM BBI3BIBAIOTCS, KaK TPABWIO, B CICHAPHBIX (YHKIHAX. BBI30B
cneun(UKauOHHOW (YHKIMHM COCTOMT B TPOBEPKE MHBAPHAHTOB B COOTBETCTBHU C
OTPaHUYCHUSIMH JIOCTYIIA, IIPOBEPKE MPEITYCIOBHS, BEIYUCICHHH MOKPHITHIX BETBEH B COOTBETCTBUH
C KPUTCPUSAMHU IMOKPBITUA, OCYIICCTBJICHUN TCCTOBOI'O BOSHGﬁCTBHH U CUHXPOHU3AIIUHU MOJACIIBHOTO
U peau3allMOHHOTO COCTOSHHI B MEIHAaTOpEe, BTOPUYHOW TPOBEPKE HHBAPHAHTOB U IPOBEPKE
noctycinoBus. CreunpukanuonHas (QyHKIUS BO3BpaIlaeT 3HAYCHHE, BBIYMCICHHOE B MEAMATOPE
(ecn oHa HE OOBSABIICHA KaK void).



OT/10:X€HHBIC PeaKIUU

TeopeTuyeckoe o60cHOBaHUe

OTOXEHHBIE pEeaKIMM CIYyXaT [ OIMCAaHWsS IOBEIACHUS TECTHUPYEMOM CHUCTEMBI IIPH
OTJIO)KEHHOM pPEarupoBaHUM HA BHEIIHUE BO3ACHCTBUA. OTIIOKEHHBIE PEAKIMM ONHCHIBAIOT
noBesieHue B (opMe OrpaHWYEHHH JOCTyNa K JaHHBIM, NMPEAYyCIOBUNH U MOCTycinoBuidl. B

OTIMYHE OT CHelM(UKANMOHHBIX (YHKIUH, B OTIOXKEHHBIX PEAKIHUsIX HE HCIOIb3YIOTCS
KPUTEPUU TOKPBITHS.

Jexmaparusi OTIOKEHHOM peaKIMi COCTOUT W3 KITFOUYEBOTO CJIOBa reaction, CUTHATYphI QYHKIUU (B
00b19HOM cMbIcTe si3bika C) ¥, BO3MOYKHO, OTPAaHUYCHHH JIOCTYTIA.

reaction String* recv_spec(void);

OTnoxeHHas peakus:

s HHUKOI/Ia HE UMEET MapaMeTpOB,
¢ JIOJDKHA BO3BpAILlaTh CHEIU(PUKAIMOHHYIO CCHUIKY.

Teno oTI0XXEeHHOH peakuy COCTOUT U3 ABYX YacTEH: MperyCcioBHs (MOXKET OBITh OITYIIEHO) U TO-
CTYCIJIOBUS (0053aTEIILHO O/IHO).

HpeIIYCHOBI/IC IMPOBEPACT BO3MOKHOCTb BOBHUKHOBCHUA PCAKIIUHU B JAHHOM COCTOSITHUU. Hpez[ycno-
BUC BBIIIOJHACTCA B IMIPE-COCTOAHUHN N UMCET NJOCTYII TOJIBKO K NPC-3HAYCHHUAM BBIp&)KGHPIfI.

[TocTycnoBue mpoBepseT COOTBETCTBUE PE3YNbTaTa, MOJYYEHHOTO MPU BOSHUKHOBEHHH PEaKIIUU,
oxxugaeMoMy. OHO BBITIOJIHAETCS B TIOCT-COCTOSTHUH TOCTIE BOBHUKHOBEHUS PEaKIIMU U UMEET JIEJI0
C IOCT-3HAYCHUSIMU BBIPAKECHUM.

reaction String* recv_spec (void) {
pre { ... }
post { ... }

B obmem cimydae MexIy OIMMCAaHHBIMH OJIOKaMH MOXKET HMCIHOJIB30BAThCS TOTOJHHUTEIBHBIN KOJI.
JIOTIOTTHUTENBHBIN KOl HEe JOJDKEH UMETh OOOYHBIX 3()()EKTOB: HE JOIKHBI U3MEHSATHCS BUIMMBbIC
CHapy’XKH JIaHHbIC; IMHAMHUYECKas IIaMATh, BbIJICJICHHAsI BHYTPH OJI0Ka KOJa, JOJKHA OCBOOOXKIaTh-
cs1 1100 B HEM ke, MO0 B mapHOM emy Oioke. [loHOe omnrcanue B CEMaHTUYECKOM TPEOOBAHUH K
OTJIO’KEHHBIM PEAKIIHSIM.

OTJ'IO)KGHHaSI peaKuI/m HUKOI'ZJa HE BBI3BIBACTCA SABHO, HOCKOJIBKy I/IHI/IIII/II/IpyeTCSI TCCTpreMOfI CH-
CTEMOM.

OrpanuyeHus 10CTyNA

OrpaHudeHus J0CTyla yKa3bIBalOT CIIOCOO HCIOJIb30BAaHUS B ClEUU(UKALMOHHBIX (QYHKIUAX U
OTJIOXKEHHBIX PEAKLHUAX TI00aTbHBIX NEPEMEHHBIX U MAapaMeTpPOB, a TAaK )K€ BBIPAXKEHUN C HUMM.
[Monnep:kuBaroTCst TPU BHIA OTPAaHWYCHUHN JOCTyma: yreHue (reads), 3amuch (writes) M H3MEHEHHE
(updates).



OFpaHI/I‘-ICHI/ISI 3aIlUCBIBAIOTCS IIOCJIC CUTHATYPbI CHCLII/I(I)HKaI_IHOHHOﬁ (bYHKLII/II/I WM OTJIOKEHHOU
p€akuun B BUIC CIIMCKa BI)Ipa)KeHPIfI 4Ucpe3 3aIsITyro, MOMEYCHHOI'0 OJHHUM M3 KIIFOYCBBIX CJIOB
reads, writes uiam updates:
specification void root spec(

double a,

double b,

double ¢,

double *xI1,

double *x2)

reads a, b, c

writes *x1, *x2;

Orpannuenue noctyma reads Uisi HEKOTOPOTO BBIPAKEHHUS O3HAYAeT, 4YTO 3HAYEHHE OTOTO
BBIPOKCHHSI HE U3MEHSIETCS B PE3YJIbTAaTe B3aUMOJICHCTBHUS, T. €. IPEe-3HAYCHUE ITOTO BHIPAKEHUS
COBMAJIaeT C MOCT-3HauUeHuEeM. {15 TakuX BBIpaKEHUI aBTOMATHYECKH MPOBEPSAIOTCS WHBAPHUAHTHI
nepea MPOBEPKOM MPETyClIOBUsI, a Tepe] MPOBEPKOM TMOCTYCIOBHS MPOBEPSIETCS, YTO 3HAUCHUE
BBIpQXEHHS HE U3MEHUIIOCh.

OrpannueHue aoctyma writes JUIi HEKOTOPOTO BBIPaKEHHMS O3HAYaeT, 4TO Mpe-3HAYCHUE He
UCIIOJIb3YeTCs B CHElU(PUKAIMOHHON (YHKIMHM M MOXET ObITh HE ONpEAETICHO, a MOCT-3HaueHHE
BbI-pabaTbIBaeTCsl B pE3y/IbTaTe€ B3aUMOJCHCTBUS C TeCcTUpyeMoM cucremoil. BoipakeHus c
JIOCTYIIOM Writes Helb3sl UCIOJIb30BaTh B ONEpaToOpe B3sATUA Mpe-3HaueHus @ (cM. IlocTycroBue).
Jnsa  TakMx BBIpAXKECHMM aBTOMATHMYECKM IPOBEPSIIOTCS HMHBApPUAHTBI I€pe] IIPOBEPKOU
IIOCTYCJIOBUS.

Orpannuenue aoctyna updates a1 HEKOTOPOTO BBIPAXKEHUS O3HAYAET, YTO IpE-3HAUYEHUE 3TOTO
BBIPXKEHUS SBJISETCS] BXOJHBIM IapaMeTpOM, OT KOTOPOTO MOKET 3aBUCETh MOBEACHNUE CUCTEMBI, a
MOCT-3HAYCHUE TOJYy4YaeTCs B PE3yJbTaTe B3aUMOJCHCTBUS M MOXET HE COBIMAAaTh C Tpe-
3HaueHueM. [ Takux BhIpaKEHHI aBTOMATHUYECKU MPOBEPSIOTCS WHBAPHAHTHI MEpe] MPOBEPKOi
KaK TIPEIyCIIOBHS, TaK U TTOCTYCJIOBHSI.

Bpra)KeHI/IHM B OI'paHUYCHHAX HOOCTYIlda MOXHO IIPUCBAUBATH HHGHTH(bHKaTOp, Ha3bIBaEMbIN
IICEBJOHUMOM. B I[aJIBHGfIHIGM INCCBAOHHUM MOXHO HCIIOJB30BAaTh IJId AOOCTYIIA K 3HAYCHUIO
BBIPpAXKCHUSA, B TOM YUCJIC K IICCBAOHUMY MOXHO IIPUMCHSATDH OLICPATOP @Z

specification void deposit spec (AccountModel *acct, int sum)

reads sum
updates balance = acct->balance

{
post {

return balance == @balance + sum;

}

}

IIpenyciaoBue

TeopeTnyeckoe 060cHOBaHue

[Ipu  B3aUMOJEHCTBUHM, ONMHCBIBAEMOM  CHCHU(PUKANMOHHOW  (YHKIHMEH, TOBEICHUE
TECTUPYEMOU CUCTEMBI B HEKOTOPBIX CHTYAIHSIX MOXET ObITh HE orpenenacHo. i BeIaeneHus
TaKUX CUTYallMi U CIIY>KHT TIpeayciaoBue. Bo BpeMs: TecTUpoBaHUS MPEAYCIOBUE MPOBEPSAETCS
KXl pa3 mpu oOpamieHuH K crenudukanroHHoil ¢ynkiuu. Hapymenue mnpemycioBus
03HAYaeT, YTO TECT COCTABIICH HEKOPPEKTHO.

B cnyuae oTnokeHHOW peakuuu, MPEyCclIOBHE OMPENENsieT, BO3MOXKHO JIM BO3HHUKHOBEHHUE
TaKOM peakiuy B JaHHOM COCTOSHHUU. BO Bpemsi TeCTHpOBaHUS IpeayclioBUE IMPOBEPSETCS



KKIBIA pa3 MpPU BO3HUKHOBEHWHU peakiuu. llpu HapylmieHUM mpenycioBus (GpUKCHUpyeTcs
HECOOTBETCTBUE MEXIY IMOBEICHUEM 11€JIEBON CUCTEMBI U €€ CrIen(PUKAINEH.

[IpenycnoBue 3anuceiBaeTcsl B BUJe MHCTPYKLMH, 3aKIIOYEHHBIX B (PUTYpHBbIE CKOOKH M MMOMEYEH-
HBIX KJIFOUEBBIM CJIOBOM pre. DTU MHCTPYKIMH MPEACTaBISAIOT cOO0M Teno GyHKIUN, UMEIOLIEeH Te
e TapameTpsl, 4To U crnenuduKannoHHas QyHKIUS WIK OTJIOKEHHAs peaklusi, 1 BO3Bpallaromei
pe3yabpTaT THIA bool, MOKA3BIBAOIINN, BBIITOJHEHO JIM PEYCIOBHE.

specification double sqgrt spec(double x) {
pre {
return x >= 0.0;

}

Ecnu noBeneHne cUCTEMBI ONPENEeHO MPH JIOO0BIX 3HAYEHUAX BXOJHBIX IMapaMETPOB U B JII0OOM
MOJICTTbHOM COCTOSIHUH (WJIH TIOSIBJICHUE PEAKIMH JOMYCTUMO B JIFOOOM COCTOSIHUU), TIPEIyCIOBUE
MOYHO OITyCTUTb.

[IpenyciioBue BBIUUCIAETCS 10 B3aUMOJICHCTBUS C TECTUPYEMOM CUCTEMOW. 3HaUEHMsI BBIPAKEHUN
B 9TOT MOMEHT Ha3bIBAIOTCS Npe-3HAYEHUAMU.

Ilepen npoBepkoW IpenycloBUs ABTOMATHYECKH IIPOBEPSAIOTCS HHBAPUAHTHI I1apaMETPOB
crieiupUKAUOHHON QYHKIMHM M BBIPAKCHHI, OMUCAHHBIX B OTPAaHMYCHHUAX IOCTyIa Kak reads u
updates.

HpCIIYCJ'IOBI/Ie HE OOJI’KHO UMETh MOOOYHBIX 3(1)(1)6KTOBZ HE JOJIPKHBI U3MCHATHECA BUAUMBIC CHAPYKU
JAaHHBIC; TUHAMUYCCKAaA aMATh, BBIACIICHHAA BHYTPU PCAYCIOBHA, JOJKHA OCBO60)KI[3,TLCSI B HCM
XKCE.

[IpenycnoBue crneunpuKaMoHHOW (QYHKIMM MOXKET OBITh SBHO BBIYHCICHO C IIOMOIIBIO
KOHCTPYKUMHU pre (MCHOJb3YeTCs, KaK IMPaBMUJIO, B CLEHAPHBIX (YHKLUHUAX IJI1 TOTO, 4TOOBI He
BBI3BIBATH CTICHU(PUKAIMOHHYIO (YHKIIMIO C HEKOPPEKTHBIMU MTapaMeTPaMu):

if (pre sgrt spec(-1.0))

IHocryciaoBue

TeopeTnyeckoe 060cHOBaHue

[ToctycnoBue crnennukanMOHHOW (QYHKIUHU CIYXHUT Ui ONUCAHUS OIPAaHUYEHUN, KOTOPHIM
JIOJDKHBI YIIOBJIETBOPATH PE3yNbTaThl PabOThl TECTUPYEMOW CHUCTEMBI MPH B3aMMOJACHCTBHH,
OTMHMCBHIBaEMOM  crienuPpuKanMoHHON (yHKIMeH. Bo BpeMs TecTHpoBaHUS TIOCTYCIOBHE
IIPOBEPSIECTCS KAXKIBIM pa3 I0OCIE OCYLIECTBIEHUs B3aumonencTsus. Ecim mocrycnoBue
OKa3bIBaeTCsl HAPYUICHHBIM, (PUKCUPYETCS HECOOTBETCTBHE IMOBEICHMSI 1I€JIEBOM CHUCTEMBI €€
crieruQpuKaIum.

[TocTycnoBue OTIOKEHHOM pEaKIUM ONKCHIBACT OTPAHWYCHHUS, KOTOPBIM  JOJDKHEI
YIIOBJIETBOPATH  pE3yJbTaThl B3aMMOACUCTBHUS TIOCIE€ BO3HUKHOBEHHMS peaknuu. Ecim
IIOCTYCJIOBHE OKa3bIBAETCS HAPYLICHHBIM, (PMKCHPYETCS] HECOOTBETCTBUE TTOBEICHHS IENICBON
CHCTEMBI €€ CIIeIH(PHUKALINN.

[ToctycrnioBue 3amuchiBaeTcsi B BHUAE WHCTPYKLUUH, 3aKIIOYEHHBIX B (UTYpHBbIE CKOOKH U
MIOMEUEHHBIX KIIIOYEBBIM CIOBOM pOst. DTH MHCTPYKLHUHU TPEJICTABIAIOT CO00M Teno (yHKUUH,
UMEIOIeH Te ke MapaMeTphl, yTo U cneruduKannoHHas (GYHKIUS, U BO3BpALIAIOUIeH pe3yabTaT



TUMna bool. 3HaUeHUE true MOKA3bIBAET, YTO MOBEAECHUE TECTHUPYEMOM CHCTEMBbI COOTBETCTBYET
oXXkuaeMoMy (TTOCTYCJIOBHE BBITIOJTHEHO), a 3HAUYe€HHE false TMIOKAa3bIBACT, 4YTO TIOBEICHHE
OTIIUYAETCS OT 0KHJIAEMOTO.

B cnemudukanonHoi (GyHKIMH M OTJIOKEHHOM pEaKIWW BCerjga JOJDKHO OBITh POBHO OIHO
IIOCTYCJIOBUE.

Jns  nmoctyma K 3HAUEHHWIO, BO3BPALICHHOMY MEIHATOPOM CHEeNH(UKAIUOHHOW (YHKIINH,
UCTIONB3yeTCs uAaeHTUu(UKaTOp crnenupuKannoHHON QyHKIUU (ecau crelupuKauoHHas QyHKIUSI
He O0BsIBIIEHa KaK void). AHAJIOTUYHO, U IOCTYNAa K 3HAYCHUIO PEaKIHH, 3a(UKCHPOBAHHOMY
IpU PETUCTPALUU, UCIIOTIB3YETCS MIEHTU()UKATOP OTI0KEHHON peaklnu.

specification double sgrt spec(double x) {

post |

if (x == 0.0) return (sqgrt spec == 0.0);
return sgrt_spec >= 0.0 &&

&& fabs( (sgrt spec*sqgrt spec - x) / x ) < EPS;

}

[TocTtycnoBue BBIYUCISAETCS TMOCIE B3aUMOJECUCTBUS C TecTUpyeMon cuctemoil. dakTtuuecku,
KJIFOUEBOE CJIOBO POSt TpaKTyeTcss KaK TECTOBOE BO3JCHCTBUE. 3HAUEHHUS BBIPAXXEHHUI TmoOCIe
BO3/ICIICTBHS Ha3bIBAIOTCS MOCT-3HAYECHUSIMHU.

Ilepen mpoBepkOM TOCTYCIOBUS ABTOMATUYECKM IPOBEPSIOTCS WHBApPUAHTHI I[apaMETPOB
crenu(pUKanuoOHHON (YHKIMU U BBIPAKEHHUM, OMUCAHHBIX B OTPAaHMYEHUSX NOCTyIa Kak writes u
updates, a Tak)ke HHBapHAHT BO3BPAIIAEMOT0 3HAYCHHUS.

Jlns noctyna u3 MOoCTYCIOBUS K MTPe-3HaYEHUSM UCIOIB3YeTCsl YHApHbBIN onepaTop (@. Boipakenue
nog 9STUM OIIepaTopoM OOJIKHO HMCTH HOHVCTHMBIﬁ THID W JOJIKHO GBITB BBIYUCIIMMO
HEMOCPEICTBEHHO TMepe/l KIIOYEBBIM CJIOBOM post (IIOCKOJbKY 3HAUEHHUS TaKUX BbIPAKEHUN
ABTOMATHYCCKU COXPAHAKOTCA HCIOCPCACTBCHHO IICPCa OCYIICCTBICHHUCM BSaHMOHeﬁCTBHH C
TECTUPYEMOU CHCTEMOM). 3ampelieHo HCIOIb30BaTh ONepaTop (@ ISl BBIPAKECHUM, MMEIOITUX
JOCTYT Writes.

/* List — OUOIMOTEUHHI CHeUUMOMKALMOHHEI TUII*/
specification void f£( List* 1 ) {
int j;
post {
int 1i;

Object* pre item;

for( 1 =0, j =20
; 1 < @size List(l) /* momyctmmo */
;i J++

)

/* HemomyCcTMMO: 1 He ompeIejieHa BHE I[OCTyCJioBua */
pre item = Q@get List(l, 1i);
/* HemonycTumo: j MMeeT eIMHCTBEHHOE HEeM3BEeCTHOEe 3HaueHue
BHE I[OCTYCJIOBUA */
pre item = @get List(l, 3J);
pre item = get List(Q@l, j); /* momycTumo*/
if (equals(get List(l, 1), pre_item))
return false;
}

return true;

}

Ecnu tpebyercst obecrieunTh AOCTYN K IMpe-3HAYEHHUIO BBIPAKEHUS, TUI KOTOPOTO HE SIBISETCS
JOIYCTUMBIM, CIIEAYyEeT BPYYHYIO COXPAaHUTb 3HAYEHUE OTOTO BBIPAXKECHUSA B JIOKAJIbHOU



MEPEeMEeHHON 0 Onoka post (BO3MOXHO, Jydlllee pEIIeHHe COCTOMT B HUCIOJIb30BAaHUU
MOIXO/ISIIIIETO WIIH ONIPEIeIIEHUH HOBOTO CIENU(DUKAITMOHHOTO THIIA):
{

char *s = "...", *pre_ s;

pre s = strdup(s);
post {
return !strcmp(s, pre_s);

}

free(pre_s);

}

HOCTYCJ'IOBI/IG HC OOJI’KHO HMCTb MOOOYHBIX S(I)CI)GKTOBZ B HCM HC AOJIXKHBI U3MCHATHCA BUIHUMBIC
CHApyKu JaHHbIC, AWHAMHWYCCKad IIaMATb, BbIACJICHHAA BHYTPU IOCTYCJIOBUA, JOJDKHA
OCBO60)K,Z[8.TBC$I TaM XKC.

TUunosl TaHHBLIX

S3bik SeC MOJIHOCTBIO MOJICPKUBAET TUITBI JaHHBIX si3bika C. Kpome Toro, B si3bik SeC BBEIIEHBI
JIOMOIHUATEIbHBIE TUIIBI U UX BUILL:

1. BbyneBckuil TMI bool sl NPEACTABICHUS JIOTUYECKUX 3HAYEHUW W KOHCTAaHTBl true W
false.

2. CneuudpuKaiMOHHBIE TUIIBI, 00BEIUHSIIONNE TUTIBI si3bIka C ¢ 6a30BBIMH OTEpaIusIMu padbo-
ThI C IaHHBIMU TUX TUIIOB: CO3/IaHHE, KOIUPOBAHUE, CPABHEHUE, YHUUTOKCHHE.

3. Twunsl ¢ ”HBapUaHTaMU WJIU TIOATUIIBI — THITBI JJAHHBIX, MHOXKECTBA 3HAYCHUI KOTOPHIX SIB-
JSIOTCST TOJIMHOKECTBAMM 3HAUEHUU JAPYTUX THUIIOB JAAHHBIX, KOTOPbHIE SIBISIOTCA JJI1 HUX
HagaTunamu. [logMHOXKECTBO 3HAYCHUH TTOATHIIA 33JA€TCs MPU MOMOIIM OTPAaHUYCHHH, OTTH-
CaHHBIX B MHBApUAHTE THIIA.

Tumnel, KOTOpBIE JOMYCKAIOTCA Ul apryMEHTOB M BO3BpAIlla€MbIX 3HAUYEHUH crenupUKalMOHHbIX
(GyHKINH, OTIOKEHHBIX PEaKIMid M MEeIUATOPHBIX (YHKIUH, A UTEpAllMOHHBIX TMEPEMEHHBIX U
HEPEMEHHBIX CLEHAPHOI'O COCTOSIHUSA CLIEHApHBIX (YHKLIMH, a Tak *ke JUIs TI00aJbHBIX MEepeMeH-
HBIX, HCIOJIb3YEMbIX B BBIIIETIEPEUUCICHHBIX (DYHKIUSIX, HA3bIBAIOTCSI OONYCIMUMbIMU MUNAMU.

YacTo orpaHuveHusi, HaKJaAbIBa€MbIe JOIYCTUMBIMU THUIIAMH, OKa3bIBAIOTCS CIUIIKOM CTPOTHMH.
Hanpumep, ykazaresnb B KaueCTBE CChIJIKM Ha MAaCCUB MJIM PEKYPCUBHBIE CTPYKTYPBI JaHHBIX C IUK-
JaMH TI0 yKa3aTelsiM He SIBJISIOTCS JOMYCTUMBIMH TUNIAMH. JIJIsl IPEoI0JICHHUS STUX OTPaHUYEHUH U
CIIy’)KaT cneyugurayuonuvie munsvl. Takxke crenupUKaLMOHHbIE TUIIBI HEOOXOAUMBI NIPU UCHOJIb-
30BaHMM OnbmuoTexn noaaepxku rectoBoil cucrembl CTESK (cM. bubnnoTteka moanep K Tecto-
Boii cucrembl CTESK)

Jonmycrumsbie THIIbI

Jliss apryMeHTOB M BO3BpalllaéMbIX 3HAYEHUH CHEeNM(PUKAIMOHHBIX (DYHKIMHA, OTIOXKEHHBIX peak-
Ui 1 MEeITUaTOPHBIX (YHKIUH, JUIsl UTEPAllMOHHBIX TIEPEMEHHBIX U MEePEMEHHBIX CIIEHapHOTO CO-
CTOSIHUSI CLIEHapHBIX (YHKLUH, a TakK ke Ui ITT00ANbHBIX EePEMEHHBIX, HUCIIOIb3YEMbIX B BbIIIE-
NEPEYUCIIEHHBIX (QYHKIUAX, JOMYCKAIOTCS TOJIBKO CIIEIYIOIINE THIIbL:

1. Apudmernyeckue tumnsl (int, char, double...).
2. TlepeuncnuMblie TUTBI (enum), MHOXKECTBO 3HAUCHHH KOTOPHIX, B oTinune ot C, orpaHuye-
HO UX KOHCTAaHTaMHU U HE MOXET COJIEP’KaTh MMPOU3BOJILHOE [IEIOUNCIIEHHOE 3HAUeHHE.



3. Tunu3upoBaHHBINA yKa3aTesb. YKa3arenb Ha Jt000i gomyctumsiit Tum. Ilpu sTom mpenmo-
Jaraercsi, 4To yKasareib JU00 HyJeBOil, 1100 yKa3bpIBaeT Ha OJIHO €MHCTBEHHOE 3HAYeHHE
cooTBeTcTBytoIero tuma. CTpyKkTypa ykaszarenei JOJDKHA ObITh JPEBOBHIHOW, T. €. HE
JTOJI’KHO OBITh HEOPHUEHTUPOBAHHBIX LIUKIIOB TI0 YKA3aTEISIM.

4. HerunusupoBaHHBIA ykazaTenb (void*). 3HaueHUs TaKOro THIAa WHTEPHPETHUPYIOTCS IMPO-
CTO KaK aJpec HEKOTOPOH SYEHKH MaMsITH.

5. DyHKUMOHANBHBIA yKa3aTejb. 3HAUEHUS TAKOTO TUIA MHTEPIPETUPYIOTCA MPOCTO KaK al-
pec HEKOTOPOH (YHKITHH.

6. CrpykrypHblii Tun. CTpykTypa JOJDKHA MMETh 3aBEPLICHHBINA THUI, TO €CTh ONMCAHHUE €€
TeNa JTOJKHO OBITh BUJIHO B MECTE €€ UCIO0JIb30BaHusA. [10J1g cTpyKTYpbl JOKHBI UMEThH J10-
IIyCTUMBIE THIIBI.

7. MaccuB pukcHpoBaHHOM IIUHBI. THIT 3JIEMEHTOB MacCHUBa JOJKEH OBITh JTOTTYCTHUM.

Te xe OrpaHNYCHUSA HAKIIAJAbIBAOTCSA HAa TUIIBI, KOTOPLIC ABJIAKOTCA 0a30BEIMU B OMPCACIICHUAX THU-
IIOB C MHBApHWaHTaMU, 1 Ha THIIbI IICPCMCHHLIX C MHBApUAHTAMMU. Ot OTpaHUYCHUA ITO3BOJIAIOT TC-
CTOBOM CHCTEME aBTOMAaTHUYCCKH YIpaBJIATL JAaHHBIMH TaKHUX THIIOB: pa3sMClIaTbh U OCBO60)KI[3.TI>
MaMATb, KOIIMPOBATH U CPAaBHHUBATb 3HAYCHU .

Jlayiee TUMBI, JOIYCTHMBIC B BBIIICTICPCUNCIICHHBIX CIydasxX, OyIyT Ha3bIBaTbCS OO0MYCMUMbIMU
munamu SeC.

CneundukanmoHHbIE THIIBI

HasHauyeHue

Yacto orpaHuyeHHs, HAKJIaJblBa€éMble JOMYCTUMBIMH THUIIAMH, OKA3bIBAIOTCS CIMILKOM
ctporuMu. Hampumep, ykas3aTellb B Ka4€CTBE CCBUIKM Ha MAaCCUB MIIM PEKYPCUBHBIE CTPYKTYPbI
JAHHBIX C LUKJIAMU I10 yKa3aTeslsiM He SBJIAIOTCA JONYCTUMBIMM THHAaMH. J{Jsi mpeoosieHust
9TUX OTPaHMYCHUH U CIIYy)XaT cneyugurayuonuvie munsl. Taioke crenupUKaOHHbIE TUIIBI
HEOOXOJUMBbI MPU HCIIOJIb30BaHUU OuOnIMoTeku nojaepkku tectoBoi cucrembl CTESK (cm.

bubanoreka noanep:xkku TectoBoit cucreMbl CTESK).

CrneunpukanMoHHBIA TUII 00BbeAUHAET THUII si3bIKa C ¢ 6a30BBIMU OlNlepalusiMi padOThI C TaHHBIMU
9TOTrO TUIIA: CO3/IaHUE, KOIMPOBAaHUE, CPAaBHEHUE, YHUUTOKEHUE.

3HayeHus crnenu(UKalMOHHBIX TUIOB BCEr/la pa3MelaloTcs B AMHAMHUYECKONW MaMATH U TOCTYIIHBI
TOJILKO Yepe3 CIEHU(PHUKAIMOHHBIE CCBUIKM — YKa3aTeld COOTBETCTBYIOIIMX THIIOB, KOTOpBIE
JIOJDKHBI OBITH MO0 HYJEBBIMH, JMOO yKa3blBaTh HA BBIJIEJIECHHYIO M MHUIMAIU3UPOBAHHYIO IMa-
MATh. TO ecTh He JOMYCKAlOTCsl OOBABICHHUS MEPEMEHHBIX U MapaMeTPOB CaMUX CHEUU(UKAIIIOH-
HBIX THIIOB (HE CCBUIOK Ha HHX), a TAKXK€ HEMOCPEJCTBEHHOE MCIIOJIb30BaHUE CTIEU(PUKAIIMOHHBIX
THUIOB TIPY OTIPEJEIIEHUH CTPYKTYpP, 0ObEAMHEHHI U MacCHUBOB.

Ecnu cnenudukanmonHas cchlika MpH 0ObSIBICHUH HE MHULIMAIU3UPYETCS SBHO, TO €l aBTOMAaTH -
YECKH IPUCBAUBAETCS HYJIEBOE 3HAYCHHUE.

CrenuduKaMoOHHbIE CCBUIKM PAa3bIMEHOBAHMS TaK K€ Kak ykazarenu B C — mpu MoMoIm onepa-
TOPOB Pa3bIMEHOBAHUS * U —>. Pe3ynpTaToM pa3bIMEHOBAHUS CCBUIKH siBIsieTcs l-value, Tum xoTo-
pOTO COBIaIaeT C TUIIOM, HA OCHOBE KOTOPOTO OMpeIesieH CriennpUKaIMOHHbBIN TUII (TO €CTh ¢ 0a-
30BBIM THIIOM B ONPEICICHUN CHEIU(PUKANMOHHOTO TUIIA), WM THIIOM TOJS CHEIMPUKAITUMOHHON
CTPYKTYpHIL. (cM. COo3/1aHNE HOBBIX CHECITU(MUKAITMOHHBIX THUIIOB).




He A0IMYCKACTCA pa3bIMCHOBAHUC HYJICBBIX CCBIIIOK (HpI/IBOI[I/IT K OIINOKE BO BpeMA I/ICHOJIHCHI/IH).

He nmomyckaeTcst pa3pIMEHOBaHUE CICIU(PUKAIIMOHHBIX CCHUIOK, BO3BPAICHHBIX BBI30BOM (DYHK-
i, 0e3 MpUCBaMBaHUS BO3BPAICHHBIX CCHIJIOK B TIEpEeMEHHBIC (IPUBOIUT K YTEUKE MAMSITH MU
OIIMOKE BO BpeMsl BHITIOJTHEHHUS).

/* List — OUOIMOTEUHEI CHeUUOMKALMOHHBI TUI */
List* 1 = create(type List, type Integer) ;

/* Integer — OUOIMOTEUHHIM CHEUVMOVMKALMOHHBI Tum */
Integer* spec i;

int 1i;

add _List (create (type Integer, 1));

i = *get List(0); /* He momyctmmo */

spec_1 = get List(0);

i = *spec_i; /* i pasuo 1 */

specification typedef struct {int a; int b;} IntPair ={};

IntPair* ip = create(type IntPair, 1, 1);
int ai = create(type IntPair, 1, 1)->a; /* He ponycTmmo */

ai = ip->a; /* ai pasuo 1 */
He nomyckaercs aapecnas apudMeTHKa HaJl CChUIKAaMH U UX WHIEKCUPOBAHHE.
I[OHyCKaCTCH CpaBHCHHEC aIp€COB B CChUIKAX IPH IMOMOIIX OIICPaTOPOB C==mu!=

He nomyckaetcst cpaBHEHHE aJpecoB B CChUIKAX, BO3BPAIIEHHBIX BBI30BOM (YHKLUI, Oe3 nmpucBau-
BaHUs BO3BPAIIEHHOTO pe3y/bTaTa IEPEMEHHOM (IPUBOIUT K yTEUKE aMSTH).

List* 1 = create(type List, type Integer)
Integer* spec i
int i;

add List (create (type Integer, 1));
spec_1 = get List(0);

if (get List(0)!= NULL) /* He momyctwmmo */
if (spec_ i != NULL)
i = *spec_i; /* i pasuo 1 */

B SeC onpenenen BCTpoeHHBIN crieqUpHUKAMOHHBIN THI Object, KOTOPBIN SABIISIETCS HETOJIHBIM
cnennpukanuoHHeIM TUIIOM (incomplete specification type). OH siBisieTcst 6a30BBIM IS BCEX CIIe-
[ (UKAIIMOHHBIX THITOB, HO 3HAYEHHUH 3TOTO THUMNA OBITH HE MOXeT. THI CCBUTKM Object™® ncnomnb-
3yercs 1o aHanoruu ¢ void*. Ccbuika Ha J1000# crienn(UKAMOHHBIA THII MOXET OBITh MPeod-
pa3oBaHa K CChUIKE Ha Object u HaoOopoT. Eciau mpu oOpatHOM mpeoOpa30BaHUU THIT 3HAUYCHUS
IO CCBUIKE HE COBMECTUM C THUIIOM, K KOTOPOMY OCYIIECTBIISIETCS MPeoOpa3oBaHKe, TO NMOBEICHUE
CHCTEMBI HE ONPEICIICHO.

Jlist crienuUKaMOHHBIX CCBUIOK JOIMYCKAeTCsl MPUBEICHUE WX THIIOB TOJBKO K yKa3aTelsM Ha
TUTBL void U Object, a Takke K CHEIU(PUKAMOHHBIM CCHUIKAM COBMECTUMBIX CHEeIH(PHUKAIIOH-
HBIX TUTIOB. COBMECTUMBIMHU SIBJISFOTCS CIICIIU()UKAIIMOHHBIC THITHI — TIOJITUIIBI OJJHOTO M TOTO K€
crienu(UKAIMOHHOTO THMA (O MOATHUIIAX ¢M. VIHBapuaHT TUMa).

VYmpapieHue namsaThio, HA KOTOPYIO CChUIAIOTCS crielu(UKAlMOHHbIE CChIIKH, aBTOMAaTU3UPOBAHO
IpY NOMOIIM MEXaHHU3Ma IMOJCUETa CChUIOK C OTCIICKMBAHUEM LUKIWYECKHX 3aBUcuMocTted. [Ipu



UCIIOJIb30BaHUM CIEIM(PHUKAIIMOHHBIX CCBUIOK B OINEpaTropax MpPHUCBAaUBaHM, Mepeaaye CChUIOK B
KayecTBE apryMEHTOB (DYHKIIMH, BO3BpPAIIEeHUH CCHUIKM U3 (PYHKIIMHU, BBIXOJE CCBUIKH U3 00JIaCTH
BUJIUMOCTH, CYETUYUKHU CCBUIOK U3MEHSIOTCS aBTOMATUYECKH. IlaMATh, BbIIEICHHAs 1107 3HAYEHUE
CHEeNU(pUKAIUOHHOTO THUIIA, aBTOMAaTUYECKU OCBOOOXKIaeTcsl Py OOHYJIEHUHM CUETUMKA CChUIOK Ha
9TO 3HAYEHHUE.

Hcnonp3oBaHue YKaSaTCJIeﬁ Ha CHCI_II/I(I)I/IKaI_II/IOHHBIC CCBIJIIKHM M COCTaBHBIX THIIOB A3bIKa C, CoAcp-
Kalux CHGHI/I(bI/IKaIII/IOHHI)Ie CCBbUIIKH, HEC PCKOMCHAYCTCA, TaK KaK B TaKHUX ClIydasAaX HC IMOAACPKHU-
BacTCsa aBTOMAaTUYCCKOC U3BMCHCHHNEC CYCTYMKOB CCBIIIOK.

OyHKIMH, peau3yromre 0a30BbIe ONEpalliy HaJl 3HAYCHUSAMH CIeIU(DHUKAIIMOHHBIX THIIOB, HAXO0-
nstest B onbnmoreke crienupukannoHHbix THIIOB CTESK (cM. «bubnnoreka crniennduKamoHHbIX
THUIIOBY ).

(I)yHKIIl/Iﬂ CO31aHUA CCBLJIOK IJ1H CHeIII/I(l)I/IKaIII/IOHHbIX THIIOB

Object* create(const Type *type, ...)

B  kauectBe nmepBoro mapamerpa (QYHKIHUS ~[OJy4aeT yKa3aTelb Ha  JIECKPUIITOP
cneurpukanuonHoro Tuna. KoHcranra qeckpunTop crnequuKaloHHOIO THIIAa BCET/1a UMEET UM,
COCTOSIIIIEE U3 UIMEHH THUIIA C IpeuKcoM type :

const Type type uMa CHeUMOMKALMOHHOTO THIIA;

OcTranbHbIC napaMeTpbl ABJIAAOTCA MapaMCTpaMUW HWHHULUAJIW3alUA THIIA. OHH OTIHYAIOTCS JJIA
pPa3HBIX THUIIOB MW IEPECAAOTCA B CIIMCKE THIIA va_list* B EIZYHK!!I/II-O HMHHUIIAJIN3allu
CHG!!I/I!I!I/IK&!!I/IOHHOFO THIIA.

OyHKIUSA BBIICIAET NaMsITh Ul 3HAYCHMS CHElU(PUKAIMOHHOTO THIA, OOHYJSET €€, BBI3bIBACT
(YHKIMIO MHUIMAIN3aUK TUIIA, TIEPeaBasi il B CIIUCKe THIA va 11 st * Noly4eHHbIC 3HAYCHUS
[apaMeTpoB  MHULMAIM3allMd TUIA, W  BO3BpAllaeT  yKa3aTelb Ha  BBIICICHHYI0 W
WHULAAJIU3UPOBAHHYIO ITAMSITh.

Integer* 1 = create(&type Integer, 10);
String* str = create(&type String, "a string");

B nmnpuBegeHHOM BbIllle KOJE CO3JAIOTCA W WHUIUAIU3UPYIOTCS CCBUIKM OMOIMOTEYHBIX
cneun(UKaUOHHBIX TUMOB Integer W String — cCHENU(PHUKALMOHHOTO TPEACTaBICHUSI
BCTpoeHHOro Tuma si3bika C int M CTPOKOBOTO crenupuKaluOHHOTO TUIA COOTBETCTBEHHO. [Ipn
CO3JIaHMM CCBUIKA TUNAa Integer* (YHKIUU create JOJDKHO TEPeNaBaThCS ILEJIOYHCICHHOE
3Ha4YeHHe, KOTopoe OyAeT XpaHUTbCA MO cchlike. [Ipu co3maHum CChUIKM TMNA String* JOKHA
OBITH Nepesana oObIuHast cTpoka si3bika C.

(I)YHKIII/IH KOIIHPOBAHUA 3HAYCHUSA 11O CCHLIIKE

void copy (Object* src, Object* dst)

(DYHKI_II/IH KOIMMPYET MAAaHHBIC, HAXOOAINIHUECCA I10 CCBIIKEC S7C, HAa MCCTO JAaHHBIX, HAXOJAINIUXCA I10

CCBIJIKC dSl. CCI)IJIKI/I JOJI?KHBI 6I)ITI> HCHYJICBBIMU W OJHOI'0 THIIA, TO €CTb OHM OOJIKHBI UMCTH

OJIMHAKOBBIC ACCKPUIITOPLI THUIIOB. Ecau >t YCJIIOBUS HC BBIIIOJIHAKOTCA, TO BO BPEM: BLIIIOJITHCHUA

MPOUCXOANWT 3aBEpIICHHWE TMPOrpaMMBl ¢ cooOmieHneM o0 omubOke. [lepen BBIZOBOM

MOJIB30BATEHCKON (DYHKIIMHM KOTTUPOBAHKS QYHKIIUS copy OOHYJISET MaMATh IO CChUIKE dst.
SpecificationType* refl = create(...);

SpecificationType* ref2 = create(...);
copy (refl, ref2);



B npuBenieHHOM BBIIIIE TIPUMEPE CCHUTKU 7ef] U ref2 Tocie NHUIHAIN3AIMH CChUTAIOTCS Ha pa3HbIe
3HaueHus crienudukanuonHoro tuma SpecificationType. [Tocie Be130Ba GpyHKIMN copy() 3HAUCHHE
0 CCBHUIKE 7'ef2 CTAHOBUTCS YKBUBAJICHTHBIM 3HAYEHHIO TIO CCBUIKE ref].

Object* clone(Object* ref)

(DyHKHI/ISI BBIACIIACT IIaMATh JIs1 3HAYCHHS THIIA, Ha KOTOpBIﬁ CChUIACTCA ref, MHHANHAJIHU3UPYCT
BBIJICTICHHYIO IIaMsTh 3HAQYCHUCM, J3KBHUBAJICHTHBIM 3HAYCHHMIO IIO CCBUIKE ref, W BO3BpamacT
YKa3aTeCJib Ha BBIACJICHHYO U HHUIIUAJIM3UPOBAHHYIO ITaMATh.

SpecificationType* refl = create(...);
SpecificationType* ref2 = clone(refl);

3HAaYCHHUS IO CChUIKAM refl U ref2 CTAHOBATCS YKBHBAJCHTHLIMHU II0OCJIE BBI30Ba clone.

DyHKIUA CPAaBHEHHUS 3HAYEHUM 110 CCHLIKAM

int compare (Object* left, Object* right)

B ciyuae 5KBHMBaJEHTHOCTH 3HAUYEHHUH IO MEpEeJaHHBIM CChUIKaM (DYHKIMS BO3BpallaeT HyJIEBOE
3HaueHue. Ecnu 3HaueHus! He HKBUBAJICHTHBI, (DYHKIUS BO3BpAIlaeT HEHYJIEBOE 3HAUYEHHUE, KOTOPOe
MOKET MHTEPIPETUPOBATHCA B 3aBUCHMOCTH OT THIIA CPAaBHHMBAE€MbIX 3HaueHWM. Hampumep, s
OMOIMOTEYHOrO TUMA String pe3yiabTaT OyAeT TakUM ke, Kak y ¢QyHKuuH strcmp() Ans Tuna
s3pika C char®. Ecnum mapaMeTpbl UMEIOT HECPaBHHMBIE THIBI, TO €CTh THIIBI CCBUIOK
HEOJIMHAKOBBIE, HE SBIISIFOTCS MOATUIIAMU OJHOTO THWIIA, M THUIl OJHOM CCBUIKM HE SBISETCS
HOATUIIOM Apyrod (cM. MHBapuaHT Tuna), To (yHKIMS BO3BpallaeT HEHYJeBoe 3HaueHue. Eciu
OJIHAa U3 CCBIJIOK HYJIEBas, a APyras HEeT, TO BO3BpaIlaeTcs HeHyJeBoe 3HaueHue. Eciu 06e cehliku
HYJIEBBIE, TO BO3BPAILAETCS HOJIb.

/* cos3manme IOBYX CCHUJIOK Tumna SpecificationType* */

SpecificationType* refl = create(&type SpecificationType);

SpecificationType* ref2 create (&type SpecificationType) ;

if (!compare (refl,ref2)) {/* 3HaueHUS SKBUBAJIEHTHH */

}

else {/* BHaueHMA He DKBMBAJICHTHH */

DyHKIUA NPOBEPKH IKBUBAJEHTHOCTH 3HAYECHUH 0 CCHLIIKAM

bool equals (Object* self, Object* ref)

DyHKIMS BO3BpAIIAET 3HAUEHUE true, €CIIM 3HAYEHUS 10 NePEAaHHbIM CChUJIKAM SKBHBAJICHTHBI, U
false B IpOTHUBHOM ciy4ae. Eciu mapameTpsl UMEIOT pa3ivyHbIM THI, TO (PYHKIMS BO3BpaIlaeT
false. Eciim oHa U3 CCBUTOK HyJIeBas, a Ipyrasi HET, TO Bo3BpamaeTcs false. Ecim 00e cchiikn
HYJIEBBIE, TO BO3BpAILla€TCA true.

SpecificationType* refl = create(&type SpecificationType);
SpecificationType* ref2 = create(&type SpecificationType);

if (equals(refl,ref2)) {/* 3HaueHUd SKBUBAJIEHTHH */

} else {/* 3HaueHUd HEe SKBUBAJIEHTHH */



DOyHKIHUSA NMOCTPOCHUSI CTPOKOBOI0 MpeaCTABJeHHUS Crenu(PUKANNOHHBIX CCbI-
JIOK

String* toString (Object* ref)
@DyHKIUSA BO3BpAILlACT CChUIKY HA 3HAUYEHHUE THMA String — CHeUU(UKALMOHHOE MPE/ICTaBICHUE
CTPOKOBOTO THIIA.

SpecificationType* ref = create(&type SpecificationType);

String* str;

/* npeobpaszoBanue *ref B CTPOKOBOE IpencTaBjieHue */
str = toString(ref);
printf ("*ref == %s/n", toCharArray String(str);

B  mpuBenmenHoM  BbIle  ¢dparMEeHTe  KOJa  HUCIOJB3yeTcss  OubOmuoTedHas  (QyHKIUA
toCharArray String, BO3Bpallalwllas COICPKHUMOE CTPOKM B BHJC MacCHBa THIIA char,
3aKaHYMBAIOMIETOCS HYJIEBBIM 3HaueHHWeM — '/0'. Dta (QyHKOHMS BO3BpallaeT yka3aTelb Ha
BHYTPEHHHUE JaHHBIC, JOCTYNHBIC 4epe3 MEepellaHHyl0 CChUIKY Tuma String*. IlosTomy, BO
NEPBBIX, JUISI BO3BPALAEMOr0 yKaszaTessl Hesb3sl BBI3bIBaTh free, BO BTOPBHIX, ITHUM YKazaTeJaem
HEJb3s MOJIb30BATHCS MOCIE YHUUTOXEHUS 3HAUYEHUS 110 TIEPEITaHHOMN CCBIIKE.

dyukuusa nocrpoennss XML-npeacraBienus cnequ(puKaAUOHHBIX CChIJIOK

String *to XML MyType( Object *ref )

OyHKOMST BO3BpallaeT CHEMUPUKANMOHHYIO CTPOKYy, coaepxkamyro XML-npeacraBnenue
napamMertpa ref.

Co3nanne HOBBIX cienU(PUKANUOHHBIX TUIIOB

Crienn(hUKaIMOHHBIC THITHI BBOJSTCS C MOMOIIBI0 OOBIYHON KOHCTpYKIHH si3bika C typedef, mome-
4yeHHOU KitoueBbIM ciioBoM SeC specification.

PaznuuaroTcs aexnapanus cnenuduKamoHHOro THITa

specification typedef Gas30BBII TWUI HOBEI THII;

" €T0 OIMpCACIICHHUE, B KOTOPOM HOJIKCH IMPUCYTCTBOBATH MHUIIUATIU3ATOP

specification typedef 6a30BHI THI HOBBI TUI = {

.init = ykaszaTenp Ha OYHKUMUIO MHMUMAIM3ALUM
;, -COpYy = yKasaTesb Ha QYHKUMO KONMPOBAHMA
, .Compare = yKasaTeJlb Ha QYHKLMO CPaBHEHUA

, .to _string = ykasarenr Ha QyHKUMO NpeobpasoBaHMUA B _CTPOKY
; .to xml = ykasarTesb Ha _OQyHKUMO npeobpaszoBaHusa B XML

, .enumerate = ykKasaTesib_Ha QYHKLUMIO MEPEUMCIIEHMA CCBIJIOK

, .destroy = ykazaTesib_Ha QYHKLMIO OCBOOOXIAKNIY PEeCYpPCEH

}i

B kaxmoii enuHuIe TPAHCIALIUYU J0 MCIIOJIB30BaHUS CIICIU(PUKAIIMOHHOTO THIIA OH JIOJDKCH OBITh
JICKJIAPUPOBAH WITU OTIPEJICIICH.

Omnpenenenue crienupUKaMOHHOTO TUTIA JOKHO BCTPEYAThCsl POBHO OJHMH pa3 TOJIBKO B OJIHOM H3
€IMHUI] TPAHCIIAIINH, KOTOPBIE COOMPAIOTCS B €AMHYIO CUCTEMY.



B OIPCACIICHUU CHCI_[I/I(bI/IKaI_II/IOHHOFO THIIA B KaueCcTBE 0a30BOT0 TUIIA 3arpemacTcsa UCII0JIb30BATh:

« crneuu(uKaIMOHHBIE TUIIBI, HEJOOMPEIEICHHbIE CTPYKTYPhl U MAaCCHUBBI HEOIpeneIeHHON
JUTUHEL,

s CTPYKTYpBHI, OObETUHEHHSI U MACCUBBI ONPEACTICHHON JUITMHBI, COJIEPKaIie AIIEMEHThI TH-
OB, YKa3aHHBIX BBIIIIE;

¢ yKa3zaTelld Ha BCE BBILICTICPEUUCICHHBIC TUIIBI, KpOME CHEIU(PUKAIMOHHBIX CCHLIOK.

I[OHYCKaeTCSI HCIIOJIB30BAHUEC HCOOOIPEACICHHBIX CTPYKTYP B ACKIapalusax CHCHI/I(bI/IKaI_[I/IOHHBIX
THIIOB.

WNuumanuzatop B ompeseleHuu crenu(UKAIMOHHOTO TUIA ONpenesseT, Kakue (GyHKIuu OymyT
HCITOJIB30BATHCS 711 0a30BBIX ONIEPAIMI HAl JAHHBIMHU CHEIU(UKAITMOHHOTO THIIA.

Ilone init umeeT TUT Init:
typedef void (*Init) (void*, va list*);

ITo aToMy ykazarenmto u3 OMONMOTEYHON (YHKIIMU create TPU CO3MAHUU CCHUIKH BBI3BIBACTCS
(GYHKIMST MTHUIMAIN3AIWHI TaHHOTO crienn(UKaIMOHHOTO TUIa. B epBom mapamerpe eit mepenaet-
Csl yKa3aTellb Ha BBIIEICHHYI0 00JacTh MaMsATH, KOTOpas AOJDKHA OBITh MHUIMATU3UpOBaHa. Bo
BTOPOM apryMeHTe TepelaeTcs CIIMCOK MapaMeTpoOB, HA OCHOBE KOTOPBIX MHUITUAIU3UPYIOTCS JaH-
Hble crienudukanonHoro Tuna. Cucok napaMmeTpoB CTPOUTCS M3 MapaMeTpoB QyHKIUU create,
CJIEAYIONIMX 3a TEPBBIM MapamMeTpoM — JecKpunTopoM Thma. [losToMmy mapameTpbl (QyHKITUH
create JIOJDKHBI 110 TUIIAM M MOPSAIKY COOTBETCTBOBATh TUIAM M IMOPSAKY OKUAAEMBIM B (DyHK-
MM WHUIMATU3AAA CTIeM(PUKAIIMOHHOTO Tuma. JleckpunTop Tuma — rio0anbHas KOHCTaHTa
THIA Type — HESIBHO ONPEACICTCS WM JISKIapUPYeTCcsl IPU ONPEICIICHUN WU JACKIapaluu Crie-
HI/I(l)I/IKaHI/IOHHOFO THUIIA COOTBETCTBECHHO, U HUMECT HM:A, COCTOAILCE M3 MMCHU THIIA U npe(bI/IKca
type :type mma Tuna

ITone copy nmeer tun Copy:

typedef void (*Copy) (void*,void¥*);

[To sToMy yka3zaTemnto u3 6MOMMOTeYHBIX (PYHKIMHA copy 1 clone BBI3bIBACTCS (DYHKIHMS KOHPOBa-
HUSI 3HAYCHUH JaHHOTO crenru(UKaMoHHOTO THITAa. DYHKIWS KOMUPOBaHHS CHENH(UKAIMOHHOTO
THUIA BBI3BIBAETCS, €CIM CCBUIKH, NepeJaHHble B (QYHKIUIO copy WU clone, HEHyNeBble. B mep-
BOM IIapaMeTpe €l Mepenaercsl CChUIKA, 3HAUY€HUE MO KOTOPOHl JO0IKHO ObITh CKOMMPOBAHO B 00-
JacTh NaMATH 1O CChUIKE, IIEpeIaHHOMN €if BO BTOPOM MapaMmeTpe.

Ilone compare nmeet T Compare:

typedef int (*Compare) (void*,void*);

[To sTomy ykazarento u3 OMOMMOTEYHBIX (PYHKUMH compare M eguals BbI3BIBaeTCS (DYHKIUS
CpPaBHCHHS 3HAYCHHWU JAHHOTO CIEIU(PUKANUOHHOTO THIA. DYHKIUS CpaBHEHHS CHEIUPUKAII-
OHHOT'O TUIIA BBI3BIBAETCS, €CIIH CCHUIKH, MEPEAaHHbIe B QYHKIUIO compare WU equal s, HEHyIe-
BBIC M TUITBI CCBUIOK JTUOO OJIMHAKOBBIC, TUOO SBISIOTCS MOJTUTIAMH OJTHOTO THIIA, JIMOO THIT OJTHON
CCBUJIKHU SIBIISIETCS] MOATHUIIOM Apyroil (cM. MHBapuaHT Tuna). B kauecTBe mapaMeTpoB el mepeaaroT-
Csl CCBUIKM B TOM JXK€ TIOPSIKE, B KOTOPOM OHHU OBbUTM TEpelaHbl B (YHKIHIO compare HIu
equals.

Ilone fo_string umeer Tun ToString:

typedef String* (*ToString) (void*);

[To »TomMy ykazaTento u3 OMONMMOTEYHOW (YHKIIMM toString BBI3BIBACTCS (QYHKIHS MOCTPOEHUS
CTPOKOBOTO MPEJCTABICHHUS JAHHOTO crielu(PUKAIMOHHOTO THa. DyHKIUSA MOCTPOCHUS CTPOKOBO-
IO TPEACTABICHUS CIEUU(DHUKAIMOHHOTO THIA BBI3BIBACTCS, €CIU CCHUIKA, IEpSJAaHHAS B
toString, HEHylIeBasdl.



Ilomne enumerate umeeT TAII Enumerate:

typedef void (*Enumerate) (void*,void(*callback) (void*,void*),void¥*);

[To »TOMY yKa3arento BbI3bIBAECTCS (DYHKIUS MEPEUUCICHUS CCHUIOK CEeUU(UKAMOHHBIX THUIIOB,
COJICPKAIMXCS B 3HAUCHUH JAHHOTO CIICHU(PHUKAIMOHHOTO THMa. [laHHas (QyHKIHS UCTIONB3YyeTCs
JUISL pa3pelIeHns] HUKIOB M0 CTIeHU(PHUKAIIMOHHBIM CChUIKaM MPH aBTOMATUYECKOM YIPaBJIEHUH JU-
HaMHUYECKOU MaMSTBIO.

[Tone destroy umeert tun Destroy:

typedef void (*Destroy) (void*);

[To sTOMy yKa3aTento aBTOMaTHYECKH BBI3BIBACTCS (DYHKIIMSI OCBOOOXKIECHHUS PECYPCOB MPU OOHYIIE-
HUM CUETYMKA CCHUIOK Ha 3HAYCHHE JAHHOTO CIeNU(UKAIMOHHOTO TUTIA.

Ecinu B onpesieniennn criennpUKaIMOHHOTO THITA Oa30BBIN THIT SBJSIETCS JOMYCTUMBIM TUIIOM SI3bI-
ka SeC, TO MHUITHATU3AIUS JTF0O0O0T0 TOJIST MOKET OBITh OmyIeHa. [Ipu 3TOM JJIsT COOTBETCTBYIOMICH
0a30BO# Omepanuy Hall JaHHBIMU CIEIM(UKAIIMOHHOTO THIA UCTIOIB3YeTCsl (DYHKIIUS MO0 yMOJIYa-
Huto. Ecnm QyHKIMM 1O yMoOuaHUWIO Ui BCeX 0a30BBIX ONEpaliil peann3yroT HEOoOXOTUMYIO
(GYHKIIMOHATIBHOCTD, B OMPEIe/ICHHN CIICIU(DUKAIIMOHHOTO TUTIA HUCIIOIb3YETCs MyCTOW MHUIMAIIN-
3aTop.

specification typedef struct {int x; int y;} Point = {};
Point *pt2, *ptl = create(&type Point, 1, 2);
/* B pesyabTaTe : ptl->x == 1, ptl->y == 2%/

B npuBeneHHoM BbllIe npuMepe crenupUKalnOHHBIA TUI Point CO3JAeTCsl HA OCHOBE CTPYKTY-
pBI, COACPIKALIECH ABa I0JIA TUIIA int. B onpeneneHuu Tuna UCnob3yercs IMyCTON HHULUATIU3aToP.
[Hoatomy muist peanuzanuu 06a30BbIX ONEpalMil HAJl JAHHBIMHM 3TOTO TUIA UCIIOJIB3YIOTCS (PYHKUIUU
1o ymomdanuto. [Ipu co3naHum ccbulkM THNA Point* B (YHKLHIO create HAJO MepeaaBaTh 3Ha-

YEeHMsI 1JIs1 MHUIMAIN3alK 11osiel 6a30Boi cTpyKTypbl (cM. DYHKIMSA MHULHANU3AIUY 10 yMOJI4a-
Huto). Ilocne co3manust cChlIKM THUNA Point* ¢ HEH MOXHO paboTaTh Kak ¢ yka3zaTesleM Ha 6a30-

BYIO CTPYKTYPY.

g co3naHusl CTPYKTYp JaHHBIX CO CJIOXKHOW TOIOJOTHEHN, HApUMEpP IIPHU ONPEACIECHUN PEKYp-
CUBHBIX CTPYKTYp, PEKOMEHAYETCS UCTIOIb30BaTh TOIBKO ClieNU(UKAIIMOHHBIE CCHUIKH.

struct link;
specification typedef struct link Link;
struct link
{

Link* next;

int item;
}i
specification typedef struct link Link =
Link* 11 = create(&type Link, NULL, 1)

, 12 = create(&type Link, NULL, 2);

1ll->next = 12;

{};

B npencraBieHHOM Bblle (pparMeHTe Koja onpeaensercs cneunGUKaiuoHHbId THI Link, peaiu-
3YIOIUN OJHOCBSI3HBIN CIUCOK. [Ipu mpucBauBaHWU TOJIO next CCHUIKU [/ 3HAYEHUS CCBUIKHU [2
MIPOUCXOAUT aBTOMATUYECKOE yBEJIIMYEHHE CUETUMKA CCHUIOK Ha 3HaueHue 1o ccouike /2. [lostomy
MOCTIe YHUUTOKCHUH CCHUIKH /2 3HAaYCHHE, HA KOTOPOE OHA CCHUIACTCS, HE YHUUYTOXKACTCS.

[Ipu ucnonp30BaHUM B ONPEIEIICHNN TUIIA Link peKypCUBHOW CTPYKTYPBI, COIEPKALINI HECTIELIN-
(UKAIMOHHBIN yKa3aTelb Ha caMmy ceOsl, IpaBWIbHOE YIPaBJICHUE TUHAMUYECKOH MamsThio Oolee
TPYILOEMKO.



specification typedef struct link {
struct link* next;
int item
} Link = {};

struct link* s = malloc(sizeof (struct 1link));
Link~* 1 = create(&type Link, s, 1);

free(s);

B npuBeneHHOM BHIIIe parMeHTe KOJa MOCIE BbI30Ba free I YKa3aTels S, MOJIe next CCHUIKH [
OyneT ykasplBaTh Ha OCBOOOXKICHHYIO MaMsATh. B 3ToM cirydae, 4ToOBI M30€KaTh TaKUX MPOOJIEM,
HEOOXOIMMO ONPEACTHUTD CleIHaIbHble (DYHKIIMU WHUIMATIU3AIMA U OCBOOOXKICHUS PECYpPCOB JUIS
THna Link.

Ecnu GyHKIUS O YMOTYaHUIO HEKOTOPOW 0a30BOM omepaiyy He peanusyer (pyHKIMOHAIBHOCTS,
HEOOXOIUMYIO ISl ONPEJEieMOro Creln(pUKAMOHHOIO TUIIA, TO Ul TOHM Oomepanuu onpeaesns-
eTcsl crelyaibHas (QyHKIMs, YKa3aTelleM Ha KOTOPYI0 MHUIIMAIU3UPYETCsl COOTBETCTBYIOIIEE T10JIe
B MHHUIIMAIM3ATOpE OnpesesieHus tuna. Yaiie Bcero takas He00X0AUMOCTh BO3HUKAET, Korjaa 6a3o-
BbIIl TUII B ONPEAEICHUH CIEUU(PUKALIMOHHOTO THIIA SIBJISIETCS yKa3aTeJeM Ha MEepBbIN AIEMEHT Iu-
HaMHMYECKOI'0 MaccuBa, OObEJUHEHUEM, yKa3aTeleM Ha OJUH U3 TAaKUX THUIIOB, CTPYKTYpOH WM
MacCUBOM (PUKCHUPOBAHHBIN JUIMHBI, COAEPIKAILUX 3JIEMEHTHI IEPEUUCICHHBIX TUIIOB.

Peannzaunﬂ 0a30BbIX onepaunﬁ CHelII/I(l)I/IKaIII/IOHHbIX THIIOB IO YMOJIYAaHUIO

Eciu B ompenenenuu cnenu@UKaMOHHOTO THMA O0a30BbIM THUI SBISETCS AONYCTUMBIM THUIIOM

s3pika  SeC, TO MHUIMANU3alus J000ro TMojii MOKeT ObITh omymeHa. Ilpu stoM  ams
COOTBETCTBYIOLIEH 0a30BOM omepanyy HaJl JaHHBIMU CHELU(PHUKALMOHHOTO THUIA HCIOJIb3YEeTCs
¢GyHKIMSA 0 yMoTuaHuio. Eciau pyHKIUMN 0 yMOIYaHUIO JUIsl BCeX 0a30BbIX ONepalnuii peaan3yoT
HEOOX0UMYI0 (DYHKIIMOHAJIBHOCTh, B ONPEAEICHUU CHEUU(UKAUOHHOIO THUIMA HCIOIb3YyeTCs
IIyCTOW MHULIMAIIA3ATOP.

(DyHKIII’IH HHAIHAJTU3ANUA 110 YMOJITIAHUTIO

OYHKIMA WHULNUATU3AMWKA 110 YMOJYAHUIO IS BCEX CHENU(DPUKAIMOHHBIX THIIOB, OMPEIEIEHHBIX
Ha OCHOBE MPOCTBHIX TUIOB (HE COCTaBHBIX), UMEET E€IUHCTBEHHBIN TOMOJHUTEIBHBIA Mapamerp
6azoBoro Ttuma. OHAa WHUIUATU3UPYET 3HAYCHUE CHECHU(PUKAIMMOHHOTO THMA TOCPEICTBOM
IyOOKOTO KOMHUPOBAHMSI ATOTO MapaMeTpa, ¢ YYETOM BO3MOXKHBIX LHMKIOB IO yKa3aTelsiM u
crienu(pUKAIMOHHBIM CChUIKAM.

OyHKIUS MHULIUATU3AIUM CTPYKTYPHBIX CHEUU(UKALUOHHBIX TUIOB HMEET JIONOJHHUTENbHbIC
napaMerTpbl, THIbl W TOPSAIOK KOTOPHIX COBMAJAIOT C THUIIAMU W MOPSAAKOM Mojeil 0a3oBoit
cTpyktypbl. [losnis 1o mepegaHHOM CChIIKE HWHULHMAIU3UPYIOTCS TOCPEIACTBOM TIIIyOOKOro
KOIIMPOBAHUS NEpEeJaHHbIX apaMeTPOB.

OyHKIUS HMHULOUATU3AIUN  CleU(UKAIMOHHBIX THIIOB, ONpEIeNeHHbIX Ha 0a3ze MaccuBa
(UKCHPOBAHHOMN JUIMHBI, UMEET OJUH JOMOJHUTENbHBIN MapamMeTp, sSB-JISIOLIUICS yKa3aTesleM Ha
HaOOp 3HAYEHMH THUIA 3JIEMEHTOB MacCHBa B KOJHMYECTBE, COBMAJAIOLUIEM C Pa3MEPHOCTHIO
MaccuBa. MaccuB 1O MEpeJaHHOM CChUIKE WHUIUAIU3HPYETCS MOCPEACTBOM TIITyOOKOTro
KOIIMPOBAHUS KaXJI0Tr0 3HAYECHHs IO IOJIyYEHHOMY YKa3aTell0 B COOTBETCTBYIOLIUI €My JIEMEHT
MacCHuBa.

MexaHu3M KONHUPOBaHUS, UCIOIb3yEMbI B (DYHKIIMM MHUIMAIU3AMH, COBMAZAET C MEXaHU3MOM
KOIIMPOBAHUS, UCTOIb3YEMbIM B (DYHKIIMU KOMMPOBAHUS 10 YMOIYAHUIO.



@OyHKIMS KONMUPOBAHUS N0 YMOJTYAHUIO

@OYHKIMS KOMUPOBAHUS M0 YMOJIYaHUIO 00ECIeUnBaeT rIy0OKOe KOMMPOBAHUE C YUETOM BO3MOXK-
HBIX IMKJIOB IO yKa3aTelsM U CHEeUU(UKAUOHHBIM CCBIJIKAM, COAEPXKAIIMXCS MO KOMMPYeMOM
CCBUIKE:

e 3HAUYEHHUS JIONMYCTUMBIX MPOCTHIX TUIOB s3bika C, 32 UCKIIOYEHUEM TUIU3UPOBAHHBIX YKa-
3aTelNeld, KOMUPYITCS MOOANTHO;

e crnenu(UKaIMOHHBIE CCBUIKM KOMUPYIOTCS C MOMOIIBIO (DYHKIIMH KOMUPOBAHHUS COOTBET-
CTBYIOIIETO CreU(UKAIIMOHHOTO TUTIA;

e TUNU3UPOBAHHBIE YKa3aTEeJIM pacCMaTPUBAIOTCA KaK yKazaTelld Ha OJIHO-SIMHCTBEHHOE 3Ha-
YeHHe, He 3aBUCAIIEE OT MECTOPACTIONIOKEHHS B MaMSTH, TIOITOMY KOIUPYETCS €IUHCTBEH-
HOE€ 3HA4Y€HHE 110 HEHYJEBOMY yKa3aTeNI0 COIJIACHO IpPaBHJIaM, NEPEUNCICHHBIM B JAHHOM
CITHCKE;

e 3HAUYEHHUS COCTaBHBIX TUIIOB KOMUPYIOTCS MOCPEACTBOM MPUMEHEHHS MEPEUUCICHHBIX Tpa-
BUJI K KQXKJIOMY COCTaBIIAIOIIEMY SJIEMEHTY.

DOyHKIHSA CPABHEHUS 10 YMOJTYAHUIO
(I)YHKI_II/IH CpaBHCHHUA 110 YMOJYAHUIO CPABHUBACT 3HAUCHU 0a30BOro THUIIA CJICAYHOIIUM 06pa30M:

« apudmeruyeckue TUMbI, (YHKIHOHAJbHBIE YyKa3aTelM M HETUIHM3UPOBAHHBIE YKa3aTelu
CPaBHMBAIOTCS IOOANTHO;

¢ TUNM3UPOBAHHBIC YKa3aTeJIM pacCMAaTPUBAIOTCS KaK yKa3aTelaW Ha OHO €AMHCTBEHHOE 3Ha-
YEHUE, HE 3aBUCSILIEE OT MECTOPACIOIOKEHUS B IAMATH, TO €CTh HYJIEBBIE YKA3aTelIUd BCe-
I7la CYUTAIOTCS PAaBHBIMU, HYJIEBOW yKa3aTelb U HEHYJIEBOM yKazaTeslb BCErla HE paBHBI, a
HEHYJIEBBIE YKa3aTeIu PaBHBI TOT/A U TOJIBKO TOTJA, KOTJAa PaBHbI 3HAUYEHUs, HA KOTOPbIE
OHH YKa3bIBaIOT, IPUYEM 3HAUEHUS 10 YKa3aTeIsIM CPAaBHUBAIOTCS COIVIACHO MpaBUIaM JlaH-
HOT'O CITHCKA;

+ crnenu(UKalMOHHbIE CCHUIKM CPAaBHUBAIOTCS € MOMOIIBIO OMOIMOTEYHON (PyHKIMM CpaBHe-
HUSA compare;

¢ COCTaBHBIE TUIIBI CPABHUBAIOTCS MOCPEJICTBOM IPUMEHEHMs JaHHBIX MPaBUJI CPABHEHUS K
KaXJIOMY COCTABJISIOLIEMY 2JIEMEHTY.

DOyHKIHSA OCTPOCHUS CTPOKOBOI0 MPeACTABJIEHUS 110 YMOJIYAHUIO

q)yHKHI/Iﬂ IIOCTPOCHUA CTPOKOBOI'o NpEACTaBJICHUA IO YMOJTYAHUIO BO3BpalIa€T CTPOKOBOC IMPCa-
CTaBJICHUE 3HAYECHHUS 0a30BOTO THUIIA:

e nns apu(PMETHIECKUX TUTIOB — YUCIIOBOE MPEACTABICHUE;

s I HCTHITM3WPOBAHHBIX M (PYHKIIMOHAIBHEIX yKa3aTelne — ajpec;

e 7S TUMH3UPOBAHHBIX yKazaTeneil — Iubo NULL, Tu00 CTPOKOBOE MPEACTaBICHUE 3HAYE-
HUSL, JIKAIIETo 110 HEHYJIEBOMY YKa3aTelto, TOMEYEHHOE €ro aJ[pecoM;

e IS cruerupUKAIIMOHHBIX CCBUIOK — PEe3yJbTaT BBI30Ba OMOIMOTEUHON (YHKIHMH TPeoo-
pa3oBaHHUs B CTPOKY toString;

e NS CTPYKTYPHBIX THIIOB — KOHKaTEHAIMs] CTPOKOBBIX MPEACTABICHUN MOJEH CTPYKTYpHI,
pa3IeNIeHHBIX 3amsAThIMH, OOpaMieHHas (UTYpHBIMU CKOOKaMH W TpeIBapeHHas CIOBOM
struct;

e nns MaccuBa (PUKCUPOBAHHOW JTMHBI — KOHKATEHAIMs CTPOKOBBIX MPEICTaBICHUN dJie-
MEHTOB MaCCHBa, Pa3/IeJICHHBIX 3aMATHIMU, OOpaMiIeHHas! KBaPATHBIMH CKOOKaMHU.



dyukuusa nocrpoennss XML-nipeacraBiieHuss 10 yMOJYAHHUIO

Oyuknua noctpoennss XML-npeacraBinennss no ymona4aHuiro Bo3Bpamaer XML-npencraBienne
3Ha4YeHus1 6a30BOro TUIMA.

@OyHKIMS nepeYyucaeHns] BHYyTPEHHHUX CeNU(PUKANMOHHBIX CCHIJIOK MO YMOJI-
YAHUIO

OYHKIWS TEPEUUCIICHHS] BHYTPEHHUX CHEIU(DUKAIMOHHBIX CCBIJIOK MO0 YMOJYaHWIO HHUYEro He
JIeNIaeT, ecii 0a30BbBIN TUII SBISETCS MPOCTHIM HECTICU(PUKAIIMOHHBIM TUTIOM. Ecin 06a30BbIi THIT
SIBIIIETCSl  CTIENU(DUKAIIMOHHOW CCBUTKOHM, BBI3BIBAaCTCS (YHKIMS TIO TIEPEJAaHHOMY YKa3aTero
callback, xoTopoii B KayecTBe TapaMeTPOB TEpPENalOTCs Crenu(UKaMOHHAsS CChUIKA U
BCIIOMOTATENILHBIA TapaMeTp par, NepeaHHble B (YHKIMIO TIEPEYUCIICHUS CIeNU(UKAITMOHHBIX
cchutoK. Eciin 6a30BbIil THIT SIBJISIETCSI COCTABHBIM, JaHHBIC MPaBHJIA MPUMEHSIOTCS JIJIS Ka)JI0TO
COCTABJISAIOIIETO JIEMEHTA.

@yHKIMSA 0CBO0OKICHUA PECYPCOB 10 YMOJIYAHHIO
OyHKIUS 0CBOOOKICHUS PECYpPCOB MO0 YMOTYAHUIO BEJIET Ce0s CICAYIONIIM 00pa3oM:

s HHUYETO HE JeNIaeT, eclii 0a30BBINA THII SBJIACTCS apu(PMETHICCKAM, (PYHKIIMOHAIBHBIM WA
HETUIHM3UPOBAHHBIM yKa3aTelleM;

« ecnu 0a30BBIN TUM SBIAETCS CIEHU(PUKAIIMOHHON CCBUIKOH, CYETYMK CCHUIOK Ha 3HAYCHHE
110 Hell YMEHBIIIAeTCs Ha ANHHUILY;

+ ecnu 0a30BBIM THII SIBIISICTCSI THITM3UPOBAHHBIM yKa3aTeJeM, TO 3HAaUCHHE 110 HEHYIECBOMY
yKazareno o0padaTeIBaeTCs COTJIACHO MEPEYHCISIEMBIM MIPABUIIAM, ITOCTIE YETO BBI3BIBACTCS
byHKUIMS free IS caMOTO yKa3aTes;

+ ecnu 0a30BBIN THIT SBJSIETCSI COCTaBHBIM, TO NMEPEUUCICHHBIC MPABMIIA MPUMEHSIOTCS IS
Ka)KJJOTO COCTaBJISIOIIETO 3JIEMEHTA.

Omnpenenenue coOCTBeHHBbIX PyHKUMH 1A 0a30BbIX omepanuil cnenudukanm-
OHHBIX THIIOB

Ecnu ¢yHKIMSA MO yMOTYaHUIO HEKOTOPOU 0a30BOM omeparuu He peain3yeT (PyHKIIMOHAIBHOCTb,
HCOGXOIII/IMyIO A1 onpeCAcCIACMOTO CHGL[I/I(bI/IKaI_II/IOHHOI‘O THUIIa, TO OJIA 3TOU oncpannuunu
ompeneNseTcss  ChenuagbHas  (QYHKIOWS, yKa3aTelleM Ha  KOTOPYI  MHHIUAIU3UPYETCS
COOTBCTCTBYIOIICC IOJIC B MHUIUAIN3ATOPC ONMPCACIICHHUA THUIIA. LIame BCETO Takas H€06XO,Z[I/IMOCTB
BO3HHKAET, KOrjga 0a30BBI THIT B ONPEICICHHH CIEIM(PHUKAIMOHHOTO THIIA SBJSICTCS yKa3aTelem
Ha HepBBIﬁ QJIEMCHT JUHAMHWYCCKOIO MacCCHBa, OGLGI{I/IHCHI/IGM, YKa3aTejICM Ha OAWH U3 TaKUX
TUMOB, CTPYKTYpOH WJIM MAacCMBOM (DMKCUPOBAHHBIM JUIMHBI, COJEPXKAIIUX  AJIEMEHTHI
MEPCUNUCICHHBIX TUIIOB.

DOYyHKIHUSA HHHIMATH3AMUM crielu(PUKAIMOHHOT0 THIIA

void mMa QyHKUMM MHMLUMaIM3aumu (void* p, va list* arg list)

@OyHKIMS HE MMeeT BO3BpallaeMoro 3HauyeHHd. B mepBoM aprymeHte (QyHKIMS IOJIydaeT
yKazareiab THNA void* Ha OOHYJEHHYIO OOJIacTh MaMSTH, BBIIEICHHYIO JUISI XpPaHEHUS JaHHBIX
creun(pUKaMOHHOTO TUMA U MHULUAIN3UPYET 3Ty 0071acTh 3HaUEHUSIMHU, IEPEAAHHBIMU BO BTOPOM
apryMeHTe B cCHUCKe Tuma va list*. Ilpu HeoOxoaumMocTH B (YHKIMU BBIIEISETCS
JIOTIOJIHUTENbHAS TIAMATH [UIsl XPAHCHEHUS JaHHbIX.



struct integer seq ({
int length;
Integer* *items;

}s

void init IntegerSeqg(void* ref, va list *arg list) {
struct integer seq *is = (struct integer seqg*)ref;

is->length va_arg(*arg list, int);
is->items = calloc(is->length, sizeof (Integer¥*));

specification typedef struct integer seq IntegerSeq = ({
.init = init IntegerSeq,

}i

B npuBeneHHOM BBIIE TNpUMEpPE CO3JAETCs  CrIeNM(PUKAIMOHHBIA THUN IntegerSegq,
MpeIHA3HAYEHHBIM JUIsI XpaHEHHsI TMOCIEIOBAaTEIbHOCTH 3apaHee HEe W3BECTHOM JIIMHBI,
ColepXallel CChUIKM THMa Integer* — CCBUIKM HAa 3HaYeHUs OHOIMOTEUHOTO
CHeNU(pUKAMOHHOTO TUNA Integer, KOTOPHIN SABJISETCS CreUU(DUKAIMOHHBIM MPEACTaBICHUEM
BcTpoeHHOro tuma si3plika C int. Tum IntegerSeq ompenenseTcss Ha OCHOBE CTPYKTYpBI
integer seg ¢ IByMd MOJISAIMHU: JJIMHA MOCJIEAOBAaTEILHOCTH — length U yka3aTelb Ha MacCHUB,
CoJIep XAl camy MOCIe10BaTeNIbHOCTh,— items.

bubnuoreunas ¢QyHKUMS create BBIIENSET MaMATh TOJBKO JI XpaHEHUS 3HAUCHHUS CaMOM
CTPYKTYpHl integer seq. OYHKINA WHUIMATU3ANUN 10 YMOIYAHUIO I TAKOTO CTPYKTYPHOI'O
crienu(pUKAIMOHHOTO THITA UMEET JBa MapaMeTpa HHUITHAIM3AIMN: TIEPBBIM MMapaMeTp TUIA int H
BTOpOil Tuna Integer**. [Ipuuem BTOpOil mapaMerp B GYHKIIMH WHUIIMAIU3AIUN TI0 YMOITYaHHUIO
UHTEPIIPETHPYETCS KaK yKa3arelhb Ha CIUHCTBEHHOE 3HadyeHHWe. [lodToMy B (QYHKIUH 110
YMOJIYaHUIO TI0JIE ifems WHULHAAIU3UPYETCA yKa3aTelIeM Ha CCBUIKY, KOTOpass CONEPKUT KOIHIO
3Ha4YCHMsI 10 CCBUIKE, IIEPEJAHHOW 4Yepe3 yKasarelb. B paccmarpuBaeMOM cCilydae Takas
(GyHKIIMOHATBHOCTH Hempuemiema. [103ToMy HE00X0AMMO MCIONB30BaTh CHENHUATIBHYIO (PYHKIIUIO
MHUIMAIN3ALUN init IntegerSeq, pean3yONIYI0 HEOOXOANMYIO (DYHKIIMOHAIBHOCTb.

OyHKIUMA init IntegerSeq 0XKMIAET, UTO B CIIUCKE THUIA va list* mepenaercs eJUHCTBEHHbIN
napameTp WHUIMAIU3allUd THNAa IntegerSeq — JJWHA MOCIeA0BAaTeNbHOCTU. Ero 3naueHuem
WHUIIMATU3UPYETCS ToJie length 1O WHUIMATM3UPYEMOM ccbuike. Btopoe mone ifems
UHUIMAM3UPYETCS yKa3aTeleM Ha JUHAMHYECKU BBIJCICHHYIO W WHUIMAIM3UPOBAHHYIO HYIISIMHU
00J1aCTh TaMATH, TOCTATOYHYIO ISl XPAaHEHUS TTOCIICIOBATEIFHOCTH CCHIJIOK HY)KHOM JUTHHBI.

VkazareneM Ha (yHKLIMIO MHMLUAIU3alMU init IntegerSeq WHULUAIU3UPYETCS IOJIE init B
OIPCACIICHUH THIIA IntegerSeq.

(I)yHKHl/IH KOIIUPOBaHUA cneumbmcauuounoro THIIA

void mMa_ QyHKUMM KomnmMpoBaHmMA (void* src, void* dst)

(DYHKI_II/IH HC HMMCCT BO3BpAIIaCMOI'0 3HAYCHUA. HNmeer JBa I1apaMeTpa THIIa void*. (DYHKI_II/IH
JIOJDKHA KOMHMPOBAaTh HA HEOOXOAMMYIO TIIyOWHY 3HAYCHHS JAHHBIX MO IMEPEJaHHOMY B IEPBOM
napameTpe yKa3aresro src B OOHYJICHHYIO 00JIacTh MaMsTH IO TIEPETaHHOMY BO BTOPOM IapameTpe
yKazaremto dst.

void copy IntegerSeq (void *src, void *dst) {

struct integer seq *is src = (struct integer seq *)src
, *is_dst (struct integer seqg *)dst;

int 1i;

is _dst->length is_src->length;
is dst->items = calloc(is_src->length, sizeof (Integer*));



for (1 = 0; 1 < is src->length; i++)

is _dst->items[i] = clone(is_src->items[i]);
}
specification typedef struct integer seq IntegerSeq = ({
.init = init IntegersSeq,
.Copy = copy IntegerSeq,

.destroy = destroy IntegerSeq
bi

B nmpuBeneHHOM BEINIE TIpUMeEpe omnpeaenseTcs (GYHKIMS KOMHPOBAHHWS 3HAYCHHWN THUIA
IntegerSeq. Onpenenenue 3Tod (GYHKIMH HEOOXOAWMO, TaK Kak (YHKIUS KONWPOBAHUS IO
YMOJIYAHUKO WHTEPIPETUPYET IIOJIE ifems KAK YKas3aTellb HAa €JUHCTBEHHOE 3HAYECHUE THIIA
Integer*, TO €CThb KOIMUPYETCA TOJBKO IIEPBOE 3HAUYEHUE II0 CCBUIKE IIEPBOrO 3JJIEMEHTA
HocJieoBaTeNIbHOCTH src. DyHKIU copy IntegerSeqg obOecrnednBaeT IIyOOKOe KOMHMPOBaHUE
BCEH TMOCIEAOBATEIIBHOCTH TMPH TOMOINM OWOIMOTeYHOM (GYHKIMHM KOMUpOBaHMs clone.
Waunmanusanus Hy/IsSMU HaMsATH, BbIIENseMON ais is dst->items HeoOXoauma AJsl TOTO,
YTOOBI NPH NMPHUCBAUBAHUM B IUKJIE is dst->items[i] = clone(is src->items[i]) He
MIPOUCXOWIIO IONBITKA YMEHBIIIECHUSA CYETYMKA CCHIJIOK Ha HECYIIECTBYIOIIEE 3HAYEHUE 110 CCHIIKE
is dst->items[i].

VYkazarenem Ha (QYHKIHMIO KOMUPOBAaHUS HMHULMATH3UPYETCS TMONIE copy B OMpPENEICHHUU THIIA
IntegerSeq.

DYyHKIUA CPABHEHUS CHICHU(PUKANUOHHOIO THIIA

int mma QyHKUMM cpaBHeHusa (void* left, void* right)

(DYHKHHH HMECT BO3BpAIlaCMOC 3HAYCHHUC THIIA int ® nOBa napamMeTpa TUIla VOid*.(DYHKHHH
CpaBHHUBACT 3HAUCHUA 110 ICPCAAHHBIM YKa3aTCJIsdM W BO3BpamacT HOJb, CCJIX 3HAYCHHUA
OKBHUBAJICHTHBI, U OTJIMYHOC OT HYJIA 3HAYCHUC B 06paTHONICquaC.I{CHYHCBOG 3HAYCHUEC MOKCET
3aBHUCETHh OT OTHOIIICHHUS 3HAYCHUM 110 NEpCAaHHBIM CChLIIKAM.

int compare IntegerSeq(void* left, void* right) {

struct integer seq *isl = (struct integer seq *)left

, *isr = (struct integer seq *)right;
if (isl->length != isr->length) return isl->length - isr->length;
else {

int 1, res;

for (i = 0; i < isl->length; i++) {
res = compare(isl->items[i], isr->items([i]);
if (res) return res;

}

return 0;

}

specification typedef struct integer seq IntegerSeq = {

.init = init IntegerSeq,
.Ccopy = copy_ IntegerSeq,
.compare = compare IntegerSeq,

.destroy = destroy IntegerSeq
bi

B npuBeieHHOM BBIIIIe IPUMEpE OmpeessieTcst QyHKIMs CpaBHEHHs 3HAYCHUI THIIA IntegerSeq.
Omnpenenenre 3TodM (QYHKIMH HEOOXOIMMO, TaK Kak (YHKIWS CPaBHEHHs [0 YMOIYAHHIO
UHTEPIPETHPYET MOJIE ifems KaK yKa3aTelb Ha CIMHCTBEHHOE 3HA4YCHHE TWHA Integer®, TO eCTh
CPaBHUBAIOTCS TOJBKO 3HAYECHUs 1O CCHUIKAM IEPBBIX DJICMEHTOB IOCIIENI0OBATEIbHOCTEN left u
right.



@yHKuMsA CcpaBHEHUS compare IntegerSeq o0OecnedMBaeT CpaBHEHHUE I1OCIEIOBAaTEIbLHOCTEN
IO2JIEMEHTHO. Ecin nocienoBaTenbHOCTH UMEIOT PA3HYIO JUIMHY, TO BO3BPAIACTCA Pa3HOCTh JJIUH
HOCJIEI0BATEILHOCTEH TI0 TepelaHHbIM ccbulkaM lefi u right. Ecnum mocienoBaTelbHOCTH
OJIMHAKOBOM JJIMHBI, TO OHU CPaBHUBAIOTCS MOBJIEMEHTHO MPH MOMOIIMU OUOIMOTEUYHON (YHKIIMU
compare. B 3TOM cilydae, €ciau BCe DJIEMEHTHI IIOCIIEI0BATEIbHOCTEM COBIANAIOT, PE3YyIbTaTOM
ABJISIETCS.  HOJb, B IPOTHMBHOM CIydae BO3BpALAETCA pPE3yJbTAaT CPaBHEHUS IEPBBIX
HECOBIIAJAIOLIUX 3JIEMEHTOB.

Vkazarenem Ha (YHKIHUIO CpaBHEHUS WHULUAIU3UPYETCS TOJIE compare B OINPEACICHUH THIIA
IntegerSeq.

DOyHKIHSA OCTPOCHUS CTPOKOBOIO MpeICTaBJIeHHus crenu(PuKaAnMOHHOr0 THIIA

String* mMa QyHKUMM NOCTPOEHMA CTPOKOBOI'O MNpeAcTakJieHu:A (void* p)

OyHKIMA MMEET BO3BpAIla€MOE 3HA4YEHHE THUIMA String* W mapaMmeTrp THna void*. PyHKUuA
BO3BpPALIAET CCHUIKY Ha CHEeUM(UKAIUOHHBIA TUN String, MO KOTOPOH JOKHO COAEPIKATHCS
CTPOKOBOE IPEJICTABICHHE 3HAYEHUs CHELU(UKAIUOHHOIO THUIA, NEPEJaHHOIO B €IMHCTBEHHOM
napamerpe QpyHKIIUH.

String* to_string IntegerSeqg(void *ref) {

struct integer seq *is = (struct integer seqg *)ref;
String *start = create String ("<");

String *end = create_ String (">");

String *sep = create String (", ");

String *res = start;

if (is->length > 0) {

int 1i;
for (1 = 0; i < is->length; i++) {
if (1 > 0) res = concat String(res, sep);
res = concat String(res, toString(is->items[i]));

}

return concat String (res, end);

}

specification typedef struct integer seq IntegerSeq = {

.init = init IntegerSeq,
.Ccopy = copy IntegerSeq,
.compare = compare IntegerSeq,
.to_string = to_string IntSegq,
.destroy = destroy IntegerSeq

}

B npuBeieHHOM BBIIIE TPUMEPE ONpeaeaseTcss GYHKIHS MOCTPOCHUS CTPOKOBOTO MPEIACTABICHUS
to string IntegerSeq i THHNa IntegerSeq. OmpeneneHue 3Toi (QyHKIUM HEOOXOIUMO,
TaKk Kak (YHKIIHS TOCTPOCHUS CTPOKOBOTO MPEJICTABICHHS 110 YMOJYAHUIO WHTEPIPETHPYET TOJIe
items Kak yKaszarejb Ha €JUHCTBEHHOE 3HAYEHHE THIA Integer* M CO3/aeT CTPOKY, COJEPIKAIIYIO
B (pUrypHBIX CKOOKaX 4yepe3 3aIsTy0 3HAaYCHUE OIS length v CTPOKOBOE TPECTABIICHUE 3HAYCHHUS
MO CCBHUIKE MEPBOTO JIEMEHTA MOCIEA0BATEIHHOCTH.

@yHKIMA to string IntSeq BO3BpAIaeT CCBUIKY THNA String*, COAEPXKALLYI0 CTPOKY, B
KOTOPOI B YTJIOBBIX CKOOKaX MEPEUUCIIIOTCS Yepe3 3alsaTyI0 CTPOKOBBIE MPEICTaBIECHUS 3HAUCHU
10 CCBUJIKAM BCEX JJIEMEHTOB IIOCJIEIOBATEIILHOCTH C COXpaHEHHWEM HX mopsaka. B QyHkmm
to string IntSeq HCHOJNB3YIOTCA QYHKIMU create String M concat String.

YkazareneMm Ha (byHKIII/IIO to_string IntSeq MHUIMAIU3UPYETCS MOJIE [0_SIring B ONPEIEICHUN
THINA IntegerSed.



dyukuusa nocrpoenusi XML-npeacraBiieHus crieun(pUKANUOHHOT0 THUIIA

String* mMa ¢yHkuMM nocTpoeHmua XML mnpezncrabieHmud (void* p)

DyHKIMSA MMEET BO3BpALIAEMOE 3HAYEHHE THUMNA String* W mapamerp thna void*. DyHKIUA
BO3BpAIla€T CCHUIKY Ha CHeIU(UKAIMOHHBIA TUll String, KOTOpas HODKHA coaepkarb XML-
MPEJICTABICHUE 3HAYCHHS CIeNU(DPUKAIMOHHOTO THUIIA, TIEPEAAHHOTO B €IMHCTBEHHOM IapameTpe

GYHKIIH.

Ecnu Tunm He MMeeT MHTepecylleld Hac BHYTPEHHEH CTPYKTYphI, TO (YHKIHIO MPeoOpa3oBaHUS
PEKOMEHTYCTCs MUCATh 10 aHaJloruu ¢ to XML Integer ():

String *to XML MyType ( MyType *mt )
{

return to XML spec ("MyType", to string MyType (mt));
}

Ecnu BHyTpeHHSSI CTpYKTypa THNA BaKHA JUISI OTYETOB, (DYHKIHMIO TNPEOOpa3OBaHHUS MOXKHO
HanucaTh, HapUMep, M0 aHAJIOTUU ¢ PYHKIMEH OUOIMOTEeUHOro THNA Set (MHOXECTBO):

String *to XML MyType ( MyType *mt )
{
String *res = format String("<object kind=\"spec\" type=\"MyType\"
text=\"3aromosor\">\n" [, ...1);
foreach (Object obj: BIOXeHHEIEe OOBEKTH, HacJenywoume Object)
{
res = concat String( res, toXML( r(obj) ) );
}
foreach (data: BJjoxeHHHe 00BekTH C kind = Simple, Struct, Pointer, Array)
{
res = concat String( res, ts to XML sectype (&typeDesc, &data) );
}
res = concat String(res, create String("</object>\n"));
return res;

}
. W OUOIMOTEYHOTO THNA Map (0TOOpaKeHHE):

String *to XML MyType ( MyType *mt )
{
String *res
= format String
( "<object kind=\"spec\" type=\"MyType\" text=\"3arososoxk\">\n
[, ...1]
)

foreach( Object obj: BioxeHHHEe OOBLEeKTH, HacJemyioume Object )
{
res = concat String
( res
, format String
( "<object kind=\"spec\" "
"type=\" MyElement\" "
"text=\"3aromnoBok sjemenTa\">"
rvo.]
)
) ;
res = concat_String( res, toXML( r(obj) ) );
res = concat_ String( res, create String("</object>\n"));



foreach( data: BJjoxenHHHEe 00BekTEl C kind = Simple, Struct, Pointer, Array )
{
res = concat String( res
, format String
( "<object kind=\"simple\"™ "
"type=\" MyType.Element\" "
"text=\"smemenr\"/>"
r ...1
)
}
res = concat String(res, create String("</object>\n"));
return res;

}

KomOunupyst ma0ioHbl reHepaliy U3 BBIIICTTPUBEAEHHBIX TPUMEPOB, MOYKHO CO3/1aBaTh B OTYETE
MIPOU3BOJIBHYIO IPEBOBHUIHYIO CTPYKTYPY OOBEKTOB.

q)yHKIIl/IH NMEPECUYNCIICHNA BHYTPECHHUX cneunq)mcaunonnmx CCBLIIOK cneun(lm-
KAallMOHHOI'0 THUIIA

void mMa QYyHKUMM NepeuMrclieHMs chneumdMKalMOHHEIX CCHUIOK (*Enumerate)
(void* p, void (*callback) (void*,void*), void* par)

q)yHKHI/ISI MNEPCUUCICHUA CCBUIOK JOJIDKHaA JIA Ka)I(ILOfI CCBIJIKH CHGHI/I(l)I/IKaHI/IOHHOFO THIIA,
I(OCTYHHOﬁ qepe3 IMCPCAaHHYIO B INEPBOM aprymMeHTC CCbUIKY, BbI3BATb (I)yHKI_II/IIO, YKa3aTciib Ha
KOTOPYIO TIepeAaeTcsi € BO BTOpOM aprymeHTe. Bo Bcex BbI30Bax 3TON (yHKIIMU TEPEUUCTIIEMbIE
CCBUIKH NEPCHA0TCA B IICPBOM apryMCHTC, BO BTOPOM apryMCHTC NEPCAANOTCS IapaMETpPhbl 4YCPC3
yKazareib par, IEpeAaHHbli B TPEThEM apryMeHTe (QYHKIMH IePEUUCICHHUSL.
void enumerate IntegerSeq( void* p
, void (*callback) (void*,void*)
, void* par

)

struct integer seqg *is = (struct integer seg*)p;
int 1i;
for (i = i < is->length; i++)

0;
callback(is->items[1i], par):

}

specification typedef struct integer seq IntegerSeq = {

.init = init IntegerSeq,
.Ccopy = copy IntegerSeq,
.compare = compare IntegerSeq,
.enumerate = enumerate IntegerSeq,

.destroy
}i

destroy IntegerSeq

B nmpuBeneHHoMm  Bbllle  IpuMepe — ompeaensercs  (QYHKIMS — NEPEYMCICHHMsS  CChUIOK
enumerate IntegerSeq and TUNa IntegerSeq. OnpeaencHue cHenUaIbHON ¢byHKINN

MEPECUUCICHUA CCBIIIOK HGO6XOJII/IMO, TaK KakK [hYHK[!I/IH NEPCUNCTICHUA CCHUIOK MO YMOJYAHUIO HE

obecnieuynBaeT NEPCUUCIICHUC CCBIJIOK, JOCTYITHBIX Y€PC3 YKa3aTCJIb Ha MACCHUB 3JICMCHTOB.

B pyskmmm enume rate IntegerSeq And BCEX CCBUIOK ITOCIEIOBATEIIBHOCTH, JOCTYIIHBIX Y€pPE3
noJie items TUNA Integer**, BhI3bIBACTCA (YHKIUS 4Yepe3 yKazaTelb, MepeJaHHbId B (PYHKIIHIO
IIEPEYUCIICHUs enumerate IntegerSeq BO BTOPOM IapaMerpe. B mepBoM mapamerpe mpu 3THX
BBI30BAaX IMEpPEAIOTCS TEpPEeUrcsieMble CIeln(PUKAIMOHHbIE CCHUIKHM, BO BTOPOM IIapameTpe
nepesaeTcesl  yKaszaTenb, TNEpeJaHHBId B TpPeTheM MmapamMeTpe B (YHKIUIO TEPEUHCICHUS
enumerate IntegerSeq

VYkazarenem Ha byHKIHIO 0CBOOOXKICHHS pecypcoB enumerate IntegerSeq
VHUIAATU3UPYETCS M0JIe enumerate B ONPECIICHIH THIIA IntegerSeq.



DOyHKIHSA 0CBOOOKICHUA PeCYPCOB cien(PUKANMOHHOTO THIIA

void mMa_ QyHKUMM OCBOOOXIEHMA pecypcos (void* p)

CDYHKI_II/ISI HC MMCCT BO3BpPAIIACMOI'0 3HAYCHUA. HmMmeer OIWH IIapaMCTp TUIIA void* — YKa3aTclib
Ha 001acTh naMsTH, XpaHsallyro OaHHBIC CHCIII/I(i)I/IKaIII/IOHHOFO THIIA. q)}IHKIII/IH JOJIDXKHA
OCBO6OI[I/ITB TOJIBKO JOMOJIHUTCIIbHYIO MMaMATh, BBIJACIICHHYIO B CI)YHKI_II/II/I HWHHUIHAJIW3allui JaHHOI'O
CHGIII/I(l)I/IKaHI/IOHHOFO THIIA.

void destroy IntegerSeq (void *ref) {

struct integer seqg* is = (struct integer seqg*)ref;
int 1i;
for (1 = 0; i < is->length; i++)

is->items[i] = NULL;

free (is->items);

}

specification typedef struct integer seq IntegerSeqg = {
.init = init IntegersSeq,
.destroy = destroy IntegerSeq
bi a
B mpuBeseHHoM  Bbllle mpuMmepe  ompeAensercs  (QYHKIHMS ~ OCBOOOXKIEHHUS  PECypcoB
destroy IntegerSeq Il cHEUU(PHUKAIMOHHOIO THNA IntegerSeq. OmpexneneHue 3TOi
(1)YHKI_II/II/I HGO6XOI[I/IMO, TaK KakK KLU OCBOOOXKJIEHUS PECYPCOB I10 OJIYaHUIO JJIs1 COCTaBHBIX
TUIIOB UHTEPIPETUPYET IOJIE ifems KAaK yKa3aTelab Ha €AUHCTBECHHOE 3HAYEHWE TUIA Integer*,
IMO3TOMY CUETUYHK CCBIIIOK YMCHBIIACTCA TOJBKO JIA HCpBOﬁ CCBUIKH ITOCJICAO0BATCIBHOCTH, ITOCJIC
Yero BBI3BIBACTCS free IS yKa3aTens items.

OyHKIMsA destroy IntegerSeq YMEHbIIAET CYETYMK CCBUIOK HA EAMHUIYYy Ul Ka)JI0ro
9JIeMEHTa TIOCTIEIOBATENBHOCTH IO TEepPeJaHHON CCBUIKE, MOCJIEe Yero OCBOOOXKIaeT MaMsTh II0
yKazaTento items. C4eTUNKHU CChIIOK YMEHBIIAIOTCS MPHUCBAMBAHUEM CChUIKaM NULL.

VYkazareneM Ha (YHKIHIO OCBOOOXKIEHHs pecypcoB destroy IntegerSeq WHUIMAIM3UPYETCS
noJie destroy B ONIPEACIICHUN TUIIA IntegerSed.

NuBapuaHnThbl

TeopeTuyeckoe 060cHOBaHUe

B cnemudukamuun GopmMynupyroTcss TpeOOBaHUS K TECTUPYEMOW CHCTEME, B TOM 4YHCIIE
TPCGOBaHI/DI K JaHHBIM. Takue Tpe6OBaHI/I$I 3aKIIIOYar0TCd B OIpaHUYCHUU JUalla3OHa
JOMTyCTUMBIX 3HAYCHHI W MOTYT HaKJIQJbIBAThCS KaK Ha HEKOTOPBIM THUM JaHHBIX B IIEJOM (C
NMOMOIIb0 MHBAPUAHTOB TI/IHOB), TaK U Ha 3HAYCHHUSA OTACIIBHBIX FHOG&HLHBIX NEPCMCHHBIX (C
TIOMOIIBI0 NHBAPUAHTOB TIEPEMECHHBIX ).

WHBapuaHTBl MOTYT pacCMaTPUBATHCS U KaK 00ILas 4acTh MPEIyCIOBUN U MOCTYCIOBUN crierudu-
KallMOHHBIX (PYHKIIMA, KOTOPBIE UCIONIB3YIOT JaHHBIE COOTBETCTBYIOLIUX TUIIOB.

NHBapuaHTBl aBTOMATUYECKU MPOBEPSIOTCA B CHEIU(MUKAIMOHHBIX (DYHKIHIX Tepe] MPOBEPKOM
IIPENYCIIOBUSL:

e Ul HapaMeTpoB (PyHKIUH
e JUIS BBIPAXXEHUH, ONMCAHHBIX B OTPAHUYECHUS JOCTyNA reads U updates

U nepea HpOBCpKOﬁ MOCTYCJIOBHA:



« U IapaMeTpoB (PYHKIUH
e JUIS BBIPQXXEHUH, ONIMCAHHBIX B OTPAHUYEHUSAX JIOCTYNA writes M updates
e JUIg BO3BPAIAE€MOr0 3HAYECHUS

Taxxke npeaycMOTpeH croco0 sIBHOW MPOBEPKH MHBAPHUAHTA, CM. IPUMEPHI B OMMCAHUN MHBapUaH-
TOB TUTIA U IEPEMEHHBIX.

[Ipu npoBepke MHBAPUAHTOB COCTAaBHBIX TUIIOB aBTOMATHUYECKH IPOUCXOAUT IPOBEpKA MHBApHUAH-
TOB U JUISL BCEX €0 COCTaBIIAIOIIUX JIEMEHTOB.

NuBapuaHT THIIA

I/IHBapI/IaHT TUIIA BBOOAUT OI'pAHUYCHUA HA JAUAITa30H 3HAYCHUM HCKOTOPOI'O THIIA. Honyqa}omnﬁc;l
HOBBIM THII, MHO>KCCTBO 3HAYCHHI KOTOPOIo ABJIACTCA ITOAMHOKCCTBOM 3HAYCHUH 0a30BOr0 THIIA,
Ha3eIBaeTCs moAaTuiiom. Ha 0a30BBIl THI HAJ0XKEHO OrpaHHUYCHUC. OH HOJDKCH SBJIATHCA OOITYCTH-
MBIM THUIIOM.

Tumn ¢ MHBapUAHTOM OIPENENSAETCS C MOMOILBI KOHCTPYKIUU typedef, IOMEYEHHON KIIFOUEBBIM
CJIOBOM invariant:

invariant typedef int Nat;

B nanHoMm cnyyae int siBisieTcst 6a30BbIM THIIOM, a Nat — omnpenaenseMbiM noarumnom. [Ipu stom B
OTIINYHE OT OOBIYHOM KOHCTPYKIIUU typedef A3bIKA C, KOTOpas JIMIIb BBOAUT HOBOC UM IJId CTa-
poro TuIa, B JaHHOM CJTy4ae OINpeAesieTcs] HOBbIM THUIl ¢ COOCTBEHHBIM MHOKECTBOM 3HAUECHUH.
OFpaHI/IquI/ISI Ha MHO>KECTBO 3HA4YeHUHU MoATHIIA OMIPCACIIAIIOTCA B KOHCTPYKIUN invariant, cXoken
¢ omnpesenieHreM (YHKITMHM C OJJHUM MapaMeTpoM OIpeaesisieMoro moarumna. OyHKIusS BO3BpamacT
JIOTUYECKOC 3HAYCHHE: true, €CIIN NEPCAAHHOC 3HAUCHUC YIOBJICTBOPSACT OTPAHNYCHUAM (I/IHBapI/I—
aHT BBITIOJHEH), WIN false, €CIIM HE YIOBJIETBOpsET (MHBapuaHT HapylieH). [lockonbky THI BO3-
BpamacMoro 3Ha4CHus (l)I/IKCI/IpOBaH, OH HC YKa3bIBACTCA ABHO:
invariant (Nat n) {

return n > 0;

}

Ecau B xauectBe 0a30BOro TUIla HCIOJIb3YCTCA CHeI_[I/I(l)I/IKaL[I/IOHHHﬁ THUIL, TO ITapaMeTp (I)YHKI_[I/II/I—
HHBapHuaHTa 6YI[CT HUMCTh THUIIL COOTBCTCTByIOIIICﬁ CHGIII/I(i)I/IKaIII/IOHHOI\/JI CCBLIKH, ITOCKOJIBKY 3HA4YC-
HUA Cl'IeI_II/ICI)I/IKaI_II/IOHHLIX THUIIOB JOCTYIIHBI TOJIBKO Y€PE3 YKA3aTCIIb:

invariant typedef Integer Natural;

invariant (Natural* n) {

return value Integer(n) > 0;

}

[Tpu 5ToM pyHKLIMK PaOOTHI C MOATUIIOM OYAYT B3SITHI U3 ONpeaeseHus: 6a30BOro THUMA.

CDyHKHI/Iﬂ-I/IHBapI/IaHT HC OOJIDKHA UMCTH H060qHBIX 3(1)(1)6KTOB: HC OOJIDKHBI UBMCHSTBHCA BUINUMBIC
CHApYXU JIaHHbIC; JMHAMUYECKas MMaMATh, BbIJICICHHAS! BHYTPU (YHKIIMH, TOJKHA OCBOOOKIATHCS
B HEH XKe.

I[OHyCKaIOTCSI OIPCACIICHUS HOBBIX CHCI_H/I(I)I/IKEIL[I/IOHHBIX TUIIOB C YKa3aHHWCM MHBAapHUaHTa:

invariant specification typedef int Natural = {};
invariant (Natural* n) {
return *n > 0;

}

B sTrom cnyyae moaTum u 6a30BbIi THI OyIyT COBMAAATH.



OTmeTuM, 4TO HEJb3s ONpPENeNATh CleHU(PHUKAIMOHHBIN TUI HAa OCHOBE APYroro creuupuKau-
OHHOT'O TUIIA, OJJHAKO MOYKHO CO3JaBaTh MOJTUIIBI clienu(UKAIIMOHHBIX TUIOB. bojee Toro, MoxxHO
OTIpPeIeNIATh MOATHUIIBI MTOJITUIIOB, CO3/1aBasi TAKUM 00pa3oM HepapXuio TUIOB. B TakoMm ciydae s
3HAYEHUS MOATUIIA OyIyT MPOBEPSATHCS U UHBAPUAHTHI BCEX «POJIUTENIbCKUX» MOATUIIOB HA MYTH K
BEPILNHE UEPAPXUH.

WHBapuaHT NEPEMEHHON COOTBETCTBYIOIIETO THIA MOXKHO SIBHO MPOBEPUTH C TIOMOIIBIO (PYHKITHH
invariant:

invariant typedef int Nat;
Nat n;
if ( invariant(n) )

[ToaTun MOXKHO MPUBOAUTE K 6a30BOMY THITY, O0OJiee TOro, Takoe MPeoOpa30BaHUE OCYILIECTBISAETCS
HesiBHO. ba30oBbIN THIT TakkKe MOKHO MPUBECTH K nmoATuny. OQHaKo, MOCKOJIbKY 3HAUEHHUS MOITUIIA
ABIIAIOTCS TOJAMHOKECTBOM 3HAaYeHHUI 0a30BOro THMa, TaKoe MpeoOpa3oBaHUE HYKHO 3alHCHIBATh
SIBHO:

invariant typedef int Nat;
int 1i;
Nat n;

i = n;
(Nat)i;

3
Il

WuBapuaHT THNA NPpU NPUBEICHUU MOXKET OBITh HApyILIEH, MOITOMY MOCJE NMPHUBEIEHUS CIEIYeT
IIPOBEPSTH €TO SIBHO.

NuBapuanT nepemMeHHOI

MHBapraHT NEPEMEHHOM MO3BOJISET BBECTH OTPAaHUYEHUS Ha [UANa3oOH 3HAYEHUN OTIEIIBHOM IJ0-
OabHO MepeMEHHOMN, UMEIOIIEN JOITyCTUMBIN THII.

HepeMeHHaH C I/IHBapI/IaHTOM OHpCILGJISIGTC?I C IMOMOIIIBIO OGBI‘-IHOﬁ ,Z[CKJ'IapaI_II/II/I NN OHpCI[eJIeHI/HI,
¢ KJIFOYEBBIM CJIIOBOM Invariant:

invariant int Qty;

OrpaHudeHus Ha MHOKECTBO 3HAUEHUN MTEPEMEHHO OIpeNeNsoTesl B KOHCTPYKIUY invariant, cXo-
xKel ¢ ompeneneHueM ¢(yHKuMU Oe3 mapamerpoB. DYHKIHUS BO3BpallaeT JIOTHUECKOE 3HAYCHHUE:
true, €cliM 3HAYEHHE II0OATBLHOM NMEPEeMEHHON YJOBJIETBOPSIET OrpaHHMYEHUSM (MHBApUAHT BbI-
HOJIHEH), WK false, €CIIU HE YJOBIETBOPsIET (MHBapuaHT HapyleH). IlockonbKy THII Bo3Bpaliae-
MOro0 3Ha4eHMs (PUKCUPOBaH, OH HE YKa3bIBAaeTCs SIBHO. B ckoOKkax ykas3bIBaeTcs UMs IEPEMEHHOM,
JUIsL KOTOPOM ONpENeNsIeTCs NHBAPUAHT:

invariant (Qty) {
return Qty >= 0;

OpHako mepeMeHHasi He SABJSETCs MapaMeTpoM (YyHKUIMU-MHBapHaHTa. DYHKIUS OCYLIECTBISET
JIOCTYIT HETIOCPEACTBEHHO K 3HAYEHUIO TI00ampHON nepemeHHou. [Ipu aTomM GyHKIMSA HE TOJDKHA
HUMCTh HOGO‘IHLIX 3(1)(1)CKTOBI HC JOJIKHBI UBMCHSATBHCS BUAWMBIC CHAPYIXU JAHHBIC, TUHAMUWYCCKAA
naMsTh, BbIJCJIIEHHAs BHYTPU (QYHKIUH, TOJIKHA OCBOOOXKIAThCS B HEH XKe.

WHBapuaHT epeMEeHHOI MOYKHO SIBHO IPOBEPUTH C MOMOUIbI0 QYHKIUMHU invariant:



invariant int Qty;

if ( invariant (Qty) )

Ecnu nepeMeHHas ¢ ”HBapUaHTOM MMEET THII, [l KOTOPOTO OINpEAesIeH MHBAPUAHT TUIA, TO CHA-
yasia OyZieT MpoBepeH MHBAPUAHT THIIA, a 3aT€M MHBAPUAHT NEPEMEHHO.



IokpbiTUSA

HasHauyeHue

Kpurepuu nokpeITvs IpUMEHSIOTCA U1 OLICHKU JOCTUTHYTOM ITOJIHOTHI TECTUPOBAHHUS.

TeopeTuyeckoe 060cHOBaHUe

Ilonnoe mecmuposanue nporpaMMbl TpeOyeT MPOBEPKU MPAaBUILHOCTH €€ MOBEACHUS BO BCEX
curyanusax. OOIee KOJIMYECTBO CHUTYyalluii OOBIYHO CIIMIIKOM BEJIMKO JJIsi TNPOBEICHUS
MOJTHOTO TeCcTUpOoBaHUA. JlJii yMEHbBIIEHUS KOJIMYECTBAa TECTOBBIX CHUTYalluil BbIOUpAIOT
KPUTEPU MOKPHITHSA, COTIIACHO KOTOPOMY BCE TECTOBBIE CHTYallUU pPa30OMBAIOTCS Ha KIIACCHI,
Ha3bIBAEMbIE J/1eMEeHMAaMU NOKPLIMUSL.

BeinBuraercs eunomesa mecmupoganus 0 TOM, 4TO Jro0ast omuOKa B IporpaMme, KOTopas
HPOSIBJIAETCS. B CUTYal[MM, OTHECEHHOW K OIPENIEIEHHOMY KJlaccy, MPOSIBISAETCS M Ha JII0OOH
JIpYro CHTyalluu U3 3TOro kimacca. To €CTh, €ClIM NPUHATH TMIIOTE3Y TECTUPOBAHMSA, IS
IIOJIHOTO TECTUPOBAHMSA JITOCTATOYHO IPOBEPUTH IPABWIBHOCTH IOBEACHHUS IIPOrpaMMBbl Ha
OJTHOW CHUTyalluM M3 KaXJoro kiacca. Ecnum kputepuil MOKpHITHS BBIOpaH aJeKBaTHO, TO
TUIIOTE3a TECTUPOBAHMS BEpHA JUIsl BCeX OWIMOOK. B 3TOM ciyuae AOCTHrHyTas CTENEHb
IIOJIHOTBl TECTUPOBAHUS COOTBETCTBYET IIPOLICHTY IOKPBITBIX 3JIEMEHTOB IIOKPBITHS IS
3aJaHHOTO KPUTEPHS IIOKPBITHUS.

B unnyctpun paspabotku I10 npumeHsIoTcss KpUTEpUH MOKPBITHS, OCHOBAHHBIEC HA CTPYKTYpe
UCXOJHOI0 KOJa IIPOrpaMMbl, B YaCTHOCTH:

s TOKPBITHE ONEPATOPOB;
« TOKpBITHE BeTBel rpada MOTOKA YIPaBICHUS;
+  TOKpBITHE MyTel rpada MoToKa yrnpaBieHHUs;
e TOKPBITHE YCIOBHIA.

[Ipu TecTUpOBaHHMM METOJIOM YEPHOrO SIIMKA MCXOJIHBIM KOJ IPOrpaMMbl MOXET ObITh
HeJoCTylleH. B 3TOM ciyyae NMPUMEHSAIOTCS aHAJIIOTMYHBIC KPUTEPUU IOKPBITHS, OCHOBAHHBIC
Ha CTPYKTYpe creunduxaruii.

[Ipu TecTupoBaHuM MpOrpamMMbl HA COOTBETCTBUE 33JlaHHOMY HA0Opy TpeOOBaHMIA KPUTEPHil
IMOKPBITUA MOXKCT OBITH OCHOBAaH Ha OIPCACIICHUAX CI/ITyaHHfl, HCIIOJIB3YCEMBIX B Tpe6OBaHI/I$IX.
To ectb, ans TpeboBaHus "eciau BbINOAHEHO ycjioBHe C, TO JOMKHO OBITH BBHIMOJTHEHO
TpedoBanue R", ycioBue C onpenensieT 3JIeMEHT MOKPBITHS.

Takoe MOKpBITHE MOXKET OKa3aThbCs JOCTAaTOYHO rpyObIM - TpedoBaHue R nocratouHo Oyxaer
OPOBEPUTHh JIUIIb pa3 B CHUTyallMd, KoTopas ynosierBopsier yeaoBurw C. Ecmu storo
HEJI0CTaTOYHO, 3JEMEHTHl IOKPBITUS MOTYT OBITh JOMOJHUTEIBHO Pa30uThl U TpeOoBaHUE
CUMTAETCS MOJHOCTHIO MPOTECTUPOBAHHBIM TOJBKO B CIy4ae €ro IMPOBEPKU MpPU KaXIOM M3
YTOYHEHHBIX YCIOBUH.



[MokpeiTust B SeC peanu3yroTcsi B BUIE€ COBOKYITHOCTH AJIEMEHTOB, aTPUOYThI KOTOPBIX - UMS H OII-
IAOHAJIBHOE TEKCTOBOE omucaHue. KaXablii 3JIEMEHT MOKPBITHS COOTBETCTBYET OINPEIACIEHHOMY
COCTOSIHUIO TECTOBOU CHCTEMBI.

[TokpeITus 338a10TCS C TOMOLIBIO KOHCTPYKIHMHI SeC, B KOTOPBIX cocpeioTauynBaeTcss HHPpopmaus,
HeoOxoaumast A1 UACHTU(UKALIMY TTIOKPBITUN U pabOThl C HUMHU U UX 31eMeHTaMu. SeC 1o3BoJIseT
CO3/1aBaTh MOKPBITUS PA3JIUYHBIX BUJOB, U TPEOYeT COOIIOICHHS ONpeAeNEHHbIX MPaBMIl JUI 3a1a-
HUS TIOKPBITUH Ka)KJJ0TO BUJA.

ba3oBble onepanuy B3auMOACUCTBUSA € AIIEMEHTAMU ITOKPBITUNA TaKOBBI:

¢ JIOCTYII K BJIEMEHTY MOKPBITHS (HApUMep, BBIYUCICHUE IOCTUTHYTOTO 2JIEMEHTA);
* CpaBHEHHE €ro C APYTMMH 3JeMEeHTaMU (HampuMmep, JOCTUTHYTOTO - C 0KUIAEMbIM);
+ 3aHeceHHe MHPOPMALUU O JOCTHKEHHUHU HJIEMEHTA OKPBITUS B Tpaccy.

Pa3ziunuHbie BUABI NOKPBITUI

[ToxpsiTHe B s13b1ke SeC onpeaenseTcss UMeHeM, HA0OPOM 3JIEMEHTOB MOKPBITUS U HEOOs13aTEIbHOM
@yukyuel eviuucienus TEKYLUIEro 3JeMEHTa. DJIEMEHT HMOKPBITUS MOXET UMETh HUICHTU(UKATOP
WIM TEKCTOBOE MPECTaBIEHUE, UIH U TO, U Apyroe. OyHKIKS BBIUUCICHUS IO COCTOSIHUIO CUCTE-
MBI, 33JJaHHOW MapaMeTpaMH U I100aJbHBIMH IEPEMEHHBIMU, BBIYUCIISIET SJIEMEHT MOKPBITHS, K KO-
TOPOMY 3TO COCTOSIHUE OTHOCHUTCA.

[ToxpbITHs 3a7a0TCS ¢ IOMOIIBIO0 KOHCTPYKIMI SeC, B KOTOPBIX cOCpeIoTaunBaeTCss MHPOpMaus,
HeoOXxouMast UIsl UICHTU(UKALUMK TOKPBITHIA U pabOThl C HUMHU U UX 31eMeHTaMH. SeC mo3BosserT
CO3/1aBaTh MOKPBITHS Pa3INYHbIX BUJOB, U TPeOYeT COOIIOCHHS ONpEeAEIEHHBIX TPaBMII JUIS 3aa-
HUS TIOKPBITUH Ka)KJOTO BUJA.

Bubl TOKPBITHN pa3IUvaroOTCs CASAYIOIMIMM 00pa3oMm:

« Ilo mpuHagIe)XHOCTH K crielU(PUKAIIMOHHBIM (DYHKLIMSAM:

o Tri00aNbHOE MOKPHITHE HE MPUBA3aHO K CHEIM(PUKALIMOHHON (QYHKIUH, ONpeenseT-
csl 1 OOBSBIIAETCS HA YPOBHE MOJYJISI KOMIHIISAIIUH;

o JIOKaJbHOE IMOKPBITHE NMPHUBSA3AHO K ONpPEACIEHHON clielU(pUKALMOHHON (QYyHKIHMH.
OOBbsBIEHUS U ONIPEEIICHHs IOKAIBHBIX MOKPBITHIA COEpkKaTcs, COOTBETCTBEHHO, B
NPOTOTHIIE ¥ ONPEACTICHUN YTOH CTICU(PUKAITMOHHON (YHKIIUH.

« [Ilo criocoOy 3aanust 3JIEMEHTOB U METO/lY BBIYHUCIIEHUS TOCTUTHYTOI'O 3JIEMEHTa!

o Ecinm aBTop TecTa 3a1a€T COBOKYITHOCTD 3JIEMEHTOB JUISl MIOKPBITUS HETIOCPEACTBEH-
HO M OTMEYAaeT JOCTUTHYTHIHA 3JIEMEHT CaMOCTOATEIBHO, TO TaKOE IOKPBITHE Ha3bl-
BAETCs NePeyUCTUMBIM.

o Ecin aBTop TecTta 3a1a€T COBOKYIIHOCTh 3JIEMEHTOB JUISl MIOKPHITUS HEMOCPEACTBEH-
HO U 33/1aéT HEKOTOPYI (YHKILHIO BBIUMCIIEHUS TOCTUTHYTOTO 3JEMEHTa, TO TaKoe
IIOKPBITUE HA3bIBACTCA 6biyucIUMbIM. DYHKIMS BBIYUCICHUS - HEOThEMIIEMAs 4acTh
TaKOTO IOKPBITHS.

o Ecnu aBTOp TecTa 3a1aéT B Ka4eCTBE COBOKYIHOCTH 3JIEMEHTOB MOKPBITHS HEKOTO-
pBIi enum-THM, TO (YHKIHS BBIYUCICHUS TEHEPUPYETCSI HA OCHOBE CTPYKTYPBI 3TO-
IO TUIIA, a TOKPBITUE HA3BAETCS enum-noKpulmuem.

« Ilo monoxeHuro B uepapxuu:

o NEepBUYHOE MOKPBITHE, HAOOP 3JIEMEHTOB KOTOPOT0 CO3JaBaJICsl HE3aBUCHMO OT JIpy-

TUX IOKPBITUH;



o TPOU3BOJIHOE MOKPBITHE, HAOOP AIIEMEHTOB KOTOPOTO SIBJIAETCS KOMOMHALUEH 3ie-
MEHTOB APYIHX MOKPHITUN. IIOKpBITHS, 37IEMEHTHI KOTOPBIX OBLIH HMCIIOJIb30BAHBI
IpU CO3JaHUU IPOM3BOJHOIO MOKPBITHUS, HA3bIBAIOTCA 0A30BBIMU IO OTHOLIEHHUIO K
HEMY.

I'moGanbHbIE IMOKPLITUSA MOTYT OBITh NEpCUNCINMBIMHA, BBIMUCIIMMBIMU U ENUM-IIOKPBITUAMMU. Jlo-
KaJIbHBIC ITOKPBITUA BCEraa BEIYUCIIUMBIC.

HepequcnnMoe IMOKPbITHE

Hepequmwwoe MMOKPBITUEC — IMOKPBITUC, HC MMCIOIICC (i)YHKI_II/II/I BBIYHCJICHHUS PJIEMEHTOB. TakuM
06pa30M, JOCTUIKUMOCTDE 3JICMCHTOB IMNEPCUUCIIUMOTO IMOKPBITUA OIIHMCBIBACTCA HAIIOCPCIACTBCHHO
ABTOpOM TCCTaA. 3aﬂaeTCﬂ NEPCUUCIINMOC MOKPBITUEC TOJIBKO Ha60pOM 3HeMeHTOB,06HaﬂaKHHHX
HMBH&MHIIHGO6H&H@HBHBHMICTpOKOBLmHIOHHCﬁHHHMH.

// OOBABJIEHME [E€PEUUCIIMMOTO MOKPLITUSI
extern coverage ConstCovD =

{

Cl = "First",
C2, // cCcTpokoBOe OMNMCAaHMEe 3TOTO 3JIEMEeHTa [0 yMojdaHmio: "C2"
C3 = "Last"

b

// omnpernesieHue OOBABJIEHHOTO BHIIE [TOKPHTUS

coverage ConstCovD;

// omnpemnesieHue paHee He OOBABIIEHHOTO IMOKPHTNUA
coverage ConstCovND =

{

Cl = "ND1",
c2 = "ND2",
c3

}i

[ToayyuTh 37E€MEHT MEPEUUCIUMOrO MOKPHITUS MOXKHO TOJBKO SIBHO YKa3aB 3TOT 3JE€MEHT, UCIIOJIb-
3ysl UMsI TIOKPBITUSL M MMsI AJIEMEHTa (BO3MOXHO, COCTAaBHOE - Y MPOM3BOAHBIX MOKPBITHI), pa3-

NENEHHBIE TOYKOI.

Asnoe ykazanue snemenma noxpoimus. CyliecTByeT BO3MOXHOCTb B JIF000M MOMEHT TOYHO YKa-
3aThb HY)XHBIH 3JI€MEHT MOKPBITUS, UCIIOJIb3YSl UMsI IOKPBITHUS U UM DJIEMEHTa (BO3MOKHO, COCTaB-
HOE - y TIPOU3BOHBIX OKPBITHI), pa3eEHHbIE TOUKOH.

// cBpoc B Tpaccy YKa3aHHOTO 3JIEMEHTA I[IEePeUMCIIMMOTO MNOKPHEITUS
trace ( Cov.Cl );

// cbpoc B TpaccCy YKAZ3aHHOTO 3JIEMEHTAa [IOKPHTUS-TIPOU3BEIeHU
trace ( ProdCov.Cl.C2

Boruuciaumoe MMOKPbLITHE

HasHa4yeHue

Brruncinumoe

IIOKPBITHE

) 7

HCIIOJIB3YCTCA I pcaiu3allun OHpeI[CJIéHHOI‘O aJiropurMma

BBIYHUCJICHHA JOCTUTHYTOI'O 3JICMCHTA ITOKPBLITUSA B 3aBUCHUMOCTH OT HCKOTOPBIX IIApaMETPOB.

Brruucianmoe mokpeITHE - TOKPBITUE, TOCTUAKUMOCTD SJIEMEHTOB KOTOPOTO MOKET OBITh BBHIYHCIIE-
Ha 110 AITOPUTMY, OTPEAeIEHHOMY aBTOPOM TECTa.



BrruncnumMoe nokpeITHe, KpoMe OOIMIMX /71l BCeX MOKPBITUI aTpUOyTOB - IMEHU U Habopa 3JieMeH-
TOB, 00J1a/1a€T SIBHO 3aJJaHHOM (DYHKIIMEW BBIUMCICHUS 3JIeMEeHTOB. DYHKIIMS BHIYMCICHHS BO3Bpa-
I1a€T JIEMEHT MOKPBITHSA, NI0Jy4yasi B KAUECTBE apryMEHTOB IIapaMeTpbl, KOTOPhIE MOTYT XapakTe-
pHU30BaTh COCTOSIHUE TECTUPYEMOU CUCTEMBI WM 0003HaYaTh BETBb (YHKIIMOHATBHOCTH.

// onpemneisienue He OOBABJIIEHHOTO pPAaHEEe BBUMCIIMMOTO MNOKPBEITUS
coverage AuxCoverage ( int i )

{

/*
* yMSa BJIEMEHTAa MOXEeT OTCYTCTBOBATH,
* ecnu K HeMy He TpebyeTcsa IOCTYyIl M3 IPOTPaMMbl —
* B TpaccCcy COpacCHBamnTCA YMCJIOBEIE 3HAYEHMSA M ONMCAHUA.
*/

if (i <= 0 ) return { "Incomprehensible number" };

if (i > 3 ) return { MNOGO, "Very large number" };

/%
* ONMCAaHMEe DJIEMEeHTAa TOXe MOXeT OTCYTCTBOBATH,
* B BTOM CJIydyae OHO COBIalaeT C MMeHEeM
*/
return { MALO };
}

[Tony4uTh 3M€MEHT BBIYUCIMMOIO MOKPHITUS MOXKHO JTUOO SIBHO yKa3aB HYXHBIHA 3JIEMEHT (TOYHO
TaK ke, KaK JJIs IEPeUNCIUMBIX TIOKPBITHIA), THOO BHIYUCIUB JOCTUTHYTHIA JIEMEHT.

1. Aenoe yxazanue snemenma nokpvimus. CylecTByeT BO3MOXHOCTb B J1I000 MOMEHT TOYHO
yKa3aTh HY>KHbIN JIEMEHT MOKPBITHS, UCTIOIb3YsI UMSI IOKPBITHS U UMS AJIEMEHTa (BO3MOXK-
HO, COCTaBHOE - Yy IPOM3BOJIHBIX MMOKPHITUI), pa3eaEHHbIE TOUKOM.

// cBpoc B TpacCy yKAa3aHHOTO 32JIEMEHTA [IE€PEUMCIIMMOTO MMOKPHITUI
trace ( Cov.Cl );

// cbpoc B TpaccCy YyKaZ3aHHOTO B3JIEMEHTA IOKPHTUS-NIPOU3BEIEHUSA
trace ( ProdCov.Cl.C2 );

2. Bwiuucnenue OocmueHymoeo Jjlemenna noKpsulmus. Brrunciaenue aneMeHTa TIOKPBITUSA BO3-
MOKHO TOJBKO IJIs1 BBIYHMCIIMMBIX HOKpBITPIfI.

// TpOBEpKa OOCTUTHYTOTO 3JIEMEHTA BHUMCIIMMOTO IMOKPLITUSI
if ( CalcCov.P0OZ == CalcCov (1) );
{ ...}

Enum-nokpsitue

HasHauyeHue

El’lum—HOKpBITI/IH CIIy’KaT I y,HO6HOl"O CO31aHusA HOKpLITI/Iﬁ Ha OCHOBC IICPCUUCIUMBIX
THIIOB.

HOKprTI/IC MOJKET OBITH OIIPCACIICHO HAa OCHOBEC MECPCUUCIIUMOIO THUIIA (enum). OeMEeHTHI TaKoTro
IMOKPBITUA COOTBETCTBYIOT KOHCTaHTaM IMEPCUUCIIUMOTO TUIIA, a (bYHKHI/ISI BBIYUCJIICHUA ONPEOCIA-
€TCS aBTOMATUYECKH. DTa (b}/HKL[I/I}I HNMECT CHHHCTBGHHLIﬁ nmapaMeTp HUCIIOJIB3YEMOI'o NEpCUUCIIN-
MOr'0 TUIla, JJIA KaXAO0TO 3HAUCHUA MECPCUHUCITINMOI0 TUIIA BO3BPAIIACTCA COOTBeTCTByIOH_[I/Iﬁ oJIC-
MCHT IIOKPBITHUA.

typedef enum { RED, GREEN, BLUE } Color;



/*
* OOBABJIEHUE IIOKPHEITVA Ha OCHOBE IIepeduMuCIJIMMOI'O THuIlla,
* ¢ QyHKUMEN BBUMUCJIEHUS MO YMOJIUYaHUI
*/
extern coverage enum ColorCoverage( Color color );
/*
* omnpeneJieHMe IIpelBapMUTeJIbHO OOBABJIEHHOI'O IIOKPBITUA
* Ha OCHOBE I[epeuMCJIMMOT'O THUIIA
*/

coverage ColorCoverage;

HpOl/I3BOIIHOC MOKPLITHE

HasHauyeHue

[Tpon3BoHBIE TOKPBITUS MCIOIB3YIOTCA HPU HEOOXOIUMOCTH IMOBTOPHOTO HCHOJIb30BAHUS
3JIEMEHTOB M (DYHKIIHIA BEIYMCIICHUS TTOKPBITHA.

HOKpI)ITI/IH, 9JICMCHTBI U (pYHKHI/II/I BBIYUCJICHUA KOTOPBIX 3aJal0TCA HETIOCPEACTBEHHO, HA3BIBAKOTCSA
nepBUUYHbIMU.

HpOuSGOdelMM HAa3bIBAOTCA IMOKPBITHUA, IIOCTPOCHHBIC HA OCHOBC APYIUX HOKpLITHfI, KOTOPBIC B
9TOM KOHTEKCTE SIBJIIOTCSA OA306bIMUL. OHpCI[@HeHI/IC IPOU3BOJHOTO IMOKPLITHA OOJIKHO OIIMCBIBATH
CIoco6 ero NOCTPOCHUSA HAa OCHOBC 0a30BBIX HOKpLITHfI; 0a30BbIM IMMOKPBITUCM MOIKET OBITH KakK
IMEPBUYIHOC ITOKPBITHE, TaK X IIPOU3BOJHOC.

Ilopsiokom noxpvlmus Ha3bIBAETCS KOJIUYECTBO NEPBUUYHBIX MOKPHITHH, KOMOWHAIIMM 3JIEMEHTOB
KOTOPBIX SABJISIOTCS 3JIEMEHTaMH JIaHHOTO MOKphITUs. [lopsiok 11000ro mepBUYHOrO MOKPHITHS pa-
BeH 1. [Topsok mpon3BOAHOIO MOKPHITHS pAaBEH CYMME MOPSAJIKOB BCEX €r0 0a30BBIX MOKPBITHH.

Jnist mo00ro MOKPHITHS MOXKHO MOCTPOUTH CIMCOK MEPBUYHBIX MOKPBITHH, HA KOTOPBIX MPOU3BO/I-
HOE IOKPBITHE B KOHEYHOM CUETE OCHOBAHO. /[MHa 3TOro cnmcka paBHA MOPSAKY MOKPBITUSA. DTOT
CIHCOK (POPMUPYETCS U3 CIUCKA, COJEPIKAIIETO TOIBKO JAHHOE TOKPBITHE, CIEAYIOIIUM 00pa3oM:
LUKJIXYECKH MPOXO/s OT Hayaia CIUCKa K KOHILY, BMECTO MOKPBITHH MO/ACTaBiIsgeM UX 0a30BbI€ MO-
KpBITHS (IIPOM3BEAEHUS CTAHOBATCS IOCIEN0BATENBHOCTIMU YMHOKa€MbIX MOKpPBITHII). B kKoHIe
KOHIIOB B CIICKE OCTAHYTCS TOJBKO MEPBUYHBIE MOKPBITHS, KOJIMYECTBO KOTOPBIX OyJIeT paBHO MO-
PAOKY UCXOJIHOTO.

I[J'IH CO3JaHu MPONU3BOAHBIX HOKpHTI/Iﬁ npeayCcCMOTpCHO ABa criocoba:

¢ HW3MEHEHHE [JIOMEHa TIOKpBITHS (HacieqoBaHWEe Habopa dJEMEHTOB U (QyHKIMH
BBIUHCIICHHUS);

¢ IPOU3BEJEHUE MOKPHITUH (KOMOMHALUS JIEMEHTOB 0Aa30BbIX MOKPHITUH U (GYHKLUH BBIUUC-
JICHMUS).

I[OCTyH K 3JICMCHTaM IPOU3BOJHOTO IMOKPLITUA 3aBUCUT OT €ro BUAA.

B PE3YIbTATC USMCHCHUA JOMCHA IOKPLITUSA U ITPOU3BCACHUA BbIYHUCIUMbBIX HOKpLITI/Iﬁ oJIy4acTCd
BBIYHUCJIMMOC ITOKPBITHE. HOJ’Iy‘-II/ITI) 9JICMCHT, BXOI[SIHII/IfI B €ro COCTaB, MOKHO YKa3aB HY)I(HBIﬁ 9JIC-
MEHT SIBHO JIMOO BBIYHCIIUB JOCTUI HyTLIfI 9JICMCHT, HEpcaaB IMapaMCTPbl (I)YHKI_II/H/I BBIYUCICHUA.
HpOI/I?;Be)IeHI/Ie NEPCUUCITIUMOIO MOKPLITHUA Ha NCPEUHUCINMOC ABJIACTCA IMEPCUUCITIUMBIM IMOKPBITHU-
CM. HOHy‘II/ITL QJICMCHT TAKOI'0 IMOKPBITUA MOKHO TOJIBKO SBHO YKa3aB 3TOT 3JICMCHT. Takum 00-



pa3oM, NPUHIUIIHAIBHO JOCTYII K 9JICMCHTAM MMPOU3BOJHOI'O IMMOKPBITUA HEC OTINYACTCA OT AOCTYIIa
K 3JIEMCHTaM INEPBUYHOI'O ITOKPBITHA.

Crienmprraeckoid e 711 IPOU3BOHBIX TIOKPBITHIA ONepaIifell SBIsSeTCs MOTydeHHe 3JIeMEHTOB 0a-
30BBIX ITOKPBITUH - ONIEpaLys MOJy4YEHUsI KOMIIOHEHTA 3JIEMEHTA MOKPBITHA. JTa olepanus J0CTyII-
Ha JUIs IOKPBITUI MOPSIIKA BBILIE MIEPBOTO - TO €CTh JJI OKPBITUN-ITPOU3BEICHUN WA MPOU3BOJI-
HBIX OT HUX: TOTJa 3JIEMEHT JJaHHOTO MOKPBITUSA SIBIIsSETCS KOMOMHALMEH 3JIEMEHTOB JPYTUX IO0-
KPBITHI M MOKHO IIOJIy4YHUTh €r0 KOMIIOHEHT. KOMIIOHEHTBI 2JIEMEHTOB IPYTUX MOKPBITUHN MTOIY4aTh
3aIpelIeHo.

IHoxkpeITHE-TIPOU3BEACHHE

HasHauyeHue

HOKpBITI/IH-HpOI/BBCIIeHI/IS{ HUCIOJIB3YIOTCA IIpU HCO6XO,Z[I/IMOCTI/I KOM6I/IHI/IpOBaTB Ha6op£,1
3JIEMECHTOB HECKOJIbKHX HOKpI)ITI/Iﬁ

DneMeHTaMH MMPOU3BCACHUA HOKpBITI/Iﬁ SIBJISIFOTCSL COUCTAHMS DJIEMEHTOB 0a30BBIX HOKpBITI/Iﬁ, Kax-
JIBIfI N3 KOTOPBIX HA3BIBACTCA KOMIIOHCHTOM JJICMCHTA IMPOU3BEACHU A HOKpI)ITI/II\/II. OIeMEeHT IIpoOHn3-
BCACHUA HOKpLITI/Iﬁ CYUHUTACTCA JOCTUTHYTBIM, €CJIIM OJHOBPCMCHHO NOCTUTHYTBHI BCC €TO KOMIIOHCH-
ThI.

// omnpernejyieHMe MNOKPHTUA-NIPOUIBEIEHUSI IJIs8 [IEePEUMCIIMMEX [TOKPHETUMN
coverage ProdCovNF = ConstCovND * ConstCovD;
// omnpenejyieHMe MNOKPHTUS-NPOU3BEISHUS OJIS BHUUCIVMBIX TOKPBITHWA
coverage ProdCovF (Color color, char ch, int in)
= AlphaCoverage ( ch ) * ColorCoverage (color) * AuxCoverage ( in );

I[J'IH HOKpLITI/II‘/’I MOopsJiKa BBIIIC IIEPBOr0 AOCTYIIHA OIICpalud MOJYUYCHUS KOMIIOHCHTA 3JICMCHTA
IMOKPBITUA - TO €CTh IJIA HOKpBITHﬁ-HpOHSBeHeHHﬁ HJIW IIPOU3BOJHBIX OT HUX: TOrJa DJICMCHT OaH-
HOI'O0 IIOKPBITUSA SABJIACTCA KOM6PIH3.LIPICI>1 9JICMCHTOB APYIux HOKpLITI/II‘/’I U MOXKHO IIOJYYUTH Cro
KOMIOHEHT. KOMITOHEHTHI 2JI€MEHTOB Apyrux HOKpI)ITI/Iﬁ IMOJIy4aTh 3aIllpCiicHO.

HOlequI/le KOMIIOHEHTA 3JI€EMECHTA IOKPLITHSA

// AlphaCoverage u AuxCoverage - BBEUMCIIUMEE [TOKPHTUS

// ColorCoverage - enum-IoKPHTVE OCHOBaHHOe Ha Tune Color

// ornpeneJsieHre IMNOKPEITUA—TIPOM3BEIOECHMA BBEYMCIIVMMBIX HOKprTI/H;[

coverage ProdCovF (Color color, char ch, int in) = ColorCoverage (color)
* AlphaCoverage ( ch )
* AuxCoverage ( in );

// cbpoc B TpaccCy KOMIIOHEHTa 3JIEMEHTAa I[MOKPHTUS

trace ( ProdCovF( i, (char) i, 1 )I[1]1 ):;

Il3B1€HfHIHe,HOBleHalHIH(pIJTWlﬂ

HasHa4yeHue

W3meneHne noMeHa TMOKPBITHSA TMO3BOJSET WCIONB30BATh (YHKIWIO BBIUYMCIECHHUS 0a30BOTO
HOKPBITUS B MPOM3BOJHOM, YKa3aB TOJBKO NEPEMEHHYIO, KOTOpas OyAeT mapaMeTpoM 3TOH

(GYHKIIH.



HN3menenue AOMCHAa NPUMCHUMO TOJILKO K BBIYHCIIMMBIM IMOKPBITUAM,; IOJYYAE€MOC IPOU3BOJHOC
IMOKPBITUC TAKXKE ABJIACTCA BBIYHCIIMMBIM. Takoe IPOHU3BOAHOC IOKPBITHE HCIIOJIB3YET ®YHKHHH)
BBIUHCIICHHS 0a30BOI0O IMOKPLITHUSA, 3aaaBasd BbIPAKCHUA, UCIIOJIB3YEMbIC B KaUCCTBC (I)aKTI/I‘-ICCKI/IX
nmapamMcETpoOB. B stux BBIPAXKCHUAX MOT'YT HMCIIOJB30BATHECA IMAapaMETPhl IMIPOU3BOAHOI'O IMOKPLITHUA U
BUJAUMBIC EMY IICPCMCHHBIC.

// 0as0BOE BHUMCIIMMOE IIOKPEITHE

coverage AlphaCoverage( char c )

{

if ( 'a' <= c¢c && ¢ <= 'z' ) return LOWER;
if ( '"A' <= ¢ && c <= 'Z' ) return UPPER;
/%

* eCJiM IOTOK BBIIOJIHEHUS IOOXOIMUT IO BTOM TOUKM,
* TO IOKPBITME HE SABJISETCS I1OJIHBEIM
*/

}

// mepemeHHas, kKoTopad OyIeT napaMeTpOM HOBOTO MMOKPHTNUI
extern char charState;

// ( void ) rToOBOPUT O HaIMUUM QYHKLUMM BBEUMCIIEHMS IJIS DTOTO TOKPHTUS
extern coverage StateCoverage ( void ) = AlphaCoverage( charState );
coverage StateCoverage;

JlokajibHOE OKpBITHE

HasHauyeHue

[TokpeiTHE WMEET CMBICT ONPEACITUTh KaK JIOKAJThHOE, €CIM €ro WCIOJIb3yeT CIWHCTBECHHAS
cneruQpuKauoHHas GpyHKIHUS.

Korma cocTostHHSI TECTUPYEMOW CHCTEMBI, KOTOPhIC UACHTU(DHUIUPYIOT DJIEMEHTBI TMOKPBITHS, JO-
CTHTal0TCA B paMKax OJHOU crenupuKaiuoHHONW (DYHKIUHU, YAOOHO CHENaTh 3TO MOKPBITHE JI0-
KanbHbiM. JIOKaIbHOE TOKPBITHE — TaKOE IMOKPBITHE, KOTOPOE OMPEAENIEHO BHYTPH HEKOTOPOH
cnenupuKauoHHON (QYHKIIUH; OHA Ha3bIBaeTCS OOBEMITIONICH 110 OTHOMIEHUIO K 3TOMY MOKPBITHIO.

[ToxpbiTHs, onpenenéHHble BHYTPU CleNU(UKAIUOHHOW (QYHKIIMU, HA3BIBAIOTCS JIOKAIBHBIMH, B
IMPOTHUBOIIOJIOXKHOCTb IOKPBITUAM, OOBSBIISIEMBIM Ha I‘JIOGaJIbHOM YPOBHE. B cocras MPpOTOTHUIIA
crenu(pUKaIuOHHON (DYHKUIMU BKIIOYAIOT OOBSABICHUS JIOKAJIbHBIX MOKPBITHH, MpUHAIJIEKAIINX
ei, a B ee TeJ0 — ompeaesieHus 3TuUX NokpbITuil. CoaepikaresbHas 4acTb OOBIABICHUS JTOKAIbHO-
T'O MOKPBITUS — UMSI IOKPBITHUS.

JlokanbHble MOKPBITUSL AOKHBI ObITh BHIYMCIUMBIMU, TO €CTh, MOTYT OBITh MPOMHUIIMATU3UPOBA-
Hbl (DYHKIIMEH BBIYUCICHHUS WIN MPOU3BEJCHUEM MOKpbITHA. Habop mapameTpoB (yHKIMU BBHIYKC-
JICHHSI JIOKAJIbHOTO TOKPBITHSI COBIAJaeT ¢ HAOOPOM MapaMeTpoB crienu(pUKaMOHHONW QYHKIUH.

O06nacTh BUIUMOCTH JIOKAJTBHBIX TOKPBITUNA — OJIOK, coaepxammii ux onpeneneHus. Mimena jo-
KaJbHBIX TOKPBITHI HE JOJKHBI COBMA/IaTh C UMEHAMHU apTyMEHTOB CreUn(DUKAIIMOHHOW (YHKITHH
1 e€ UMEHEeM, a TaK)Ke C UMEHAMHU JIPYTUX JIOKAJTbHBIX TIOKPBITHH.

specification foo (int a, int b, char h)
{
coverage aCov
{
if (a > 0)
return {a_poz, "a 1is pozitive"};
if ((a < 0) && (b > 0))
return {a_b oppoz, "a and b are oppozite"};



if ((a == 0) && (h > a))
return {a_null proof, "a is null, approved."};
}
post { ... }

JlocTynn K 37€MEHTaM JIOKaJIbHOTO IOKPBITHS MOXHO IIOJNYyYHUTh KaK U3 IOCTYCJIOBHS, TaK U U3
(GyHKIMI BBIUKCIEHUS JIOKAJIbHBIX MOKPBITHH, OoNpeaenéHHbIX nmocie gaHHoro. s storo pocra-
TOYHO yKa3aTh UMS MOKPBITHS: OHO OyneT 0003HayaTh 3JIEMEHT, JOCTUTHYTHIA B MPOIECCe BHIMOI-
HEHUs TecTUpyeMol GpyHkuuu. Taxoke A JTOKaIbHOTO MOKPBITUS IOCTYITHA ONepanus MOTy4eHUs
3JIEMEHTA MOKPBITUSA, HO BBIYUCIICHUE JIEMEHTA IOKPBITUS 3aIPEIIEHO.

coverage CharCmd (char c)

{

if (¢ == 'e'")

return {exit, "exit command entered"};
else 1f (¢ == 'h'")

return {help, "help command entered"};
else

return {nocmd, "no command or unknown"};

}
specification foo (int a, int b, char h)
{

coverage hCov = CharCmd (h);

coverage aCov

{

if (hCov == hCov.exit)

return {abort, "Program terminated"};
else if (hCov == hCov.help)

return {pause, "Program standby"};
else

{
if (a > 0)

return {a poz, "a is pozitive"};
if ((a < 0) && (b > 0))

return {a_b oppoz, "a and b are oppozite"};
if ((a == 0) && (h > a))

return {a null proof, "a is null, approved."};

}
post
{

if (aCov != aCov.a null proof)
{
/)0 }

Onepanuu HAX JJIEMEHTAMM MOKPBITHH.

Ha3HauyeHue

OHepaHI/II/I Haza 3JICEMCHTaAaMU HOKpBITI/Iﬁ PCAIN3YIOT 0a30BbIE BO3MOKHOCTH YIpaBJICHUSA XO0OO0M
TCCTUPOBAHHA U OTPAKCHUSA €0 PE3YyJILTATOB B OTUETe.

bazoBrie ornepanuun BSaI/IMOZIef/'ICTBI/ISI C JJICMCHTaAMH HOKpBITHfI TaKOBbI:



MOJTyYeHUE dJIEMEHTA MOKPBITUS (HApUMep, BEIYUCIECHUE IOCTUTHYTOTO JJIEMEHTA);
CpPaBHEHHE €ro C APYTUMHU dJeMEeHTaMU (HalpuMep, JOCTUTHYTOrO 3JIEMEHTa - C OKujae-
MBIM);

3. 3aHeceHHne MHPOPMAIUH O JOCTHIKEHUH AJIEMEHTA TIOKPBITHS B OTYET.

N =

KOM6I/IHI/Ipy91 9TH OoNcpanru, MOKHO YIPAaBJIATH XOJAO0M TCCTa B 3aBUCUMOCTH OT AOCTHIKCHUA TCX
HJIIN UHBIX 3JICMCHTOB HOKpLITI/Iﬁ 1 3aHOCUTDb JAHHBIC O JOCTUTHYTBIX 2JICMCHTAX B OTUET.

CrnenyeT 3aMeTHTb, YTO OT MPU3HAKOB BUAA MOKPHITUS (HaTU4Usa (DYHKUMU BBIUMCICHUS, TPUHA[-
JISKHOCTH K CIIelU(UAIMOHHON (YHKIIMH) 3aBHCUT TOJBKO IEepBas Omepalys U3 CIHUCKA: MoJIyde-
HUE, BBIUMCIICHHUE dJeMEHTa MOKpbITUs. Omnepanuy CpaBHEHHUS U TPACCUPOBKH TPeOYIOT TOJIBKO
MPaBUJIBLHO TOJYYEHHBIX 3JIEMEHTOB IMOKPBHITHS B Kaue€CTBE apryMEHTOB M HHUKAaK HE 3aBHUCST OT
OOBSIBIICHHUI M ONIPEACIICHUN TOKPBITHI.

EnuncrBenHas oco6o npenycMoTpenHas SeC komOuHanus 0a30BBIX ONEpaluid - onepanus urepa-
IIUM T10 AJIEMEHTaM TOKPBITHS, KOTOpast 00JeryaeT pealn3aiuio 00Xo/1a BCeX HY)KHBIX COCTOSHHIMA
TECTOBOM CHUCTEMBI - TO €CTh, JJIEMEHTOB HEKOTOPOT'O MOKPBITHUSI.

l'[o.IIyqune IJIEMEHTA MOKPLITUA

HasHauyeHue

JlocTyn K 35ieMeHTaM MOKPBITHS MPUMEHSIETCS AJIsl 3aHECEHUs B OTYET O TecTe MH(OpMAaLUU O
JOCTUTHYTOM 3JIEMEHTE U JIJIsi CPABHEHHUS SJIEMEHTOB MEXTy COOOM.

Jy1s pa3nuyuHbIX BUJOB IIOOATBHBIX OKPBITHI MPEAYCMOTPEHBI pa3inyHble (OPMBI JOCTYIIA K JJIe-
MEHTaM.

1. Aenoe yxazanue snemenma nokpvimus. CylmecTByeT BO3MOXHOCTb B JII000 MOMEHT TOYHO
yKa3aTh HY>KHbBIN AJIEMEHT MOKPBITHS, UCTIOIb3YsI UM TOKPBITHS ¥ UMS dJIeMEHTa (BO3MOXK-
HO, COCTaBHOE - Yy IPOM3BOJIHBIX MMOKPHITUI), pa3AeaéHHbIE TOUKOM.

// cOpoc B Tpaccy yKa3aHHOTO B3JIEMEHTA [IePeUYMCIIMMOTO OKPBITUS
trace ( Cov.Cl );

// cbpoc B TpaccCy YKAZ3aHHOTO 3JIEMEHTAa IOKPHTUS-TIPOU3BEIEHU
trace ( ProdCov.Cl.C2 );

2. Bwruucnenue docmueHymoeo oJlemMenna noKpoulmus. Brrunciaenue sneMeHTa IIOKPBITUSA BO3-
MOKHO TOJBKO AJIs BBIYHMCIIMMBbIX HOKprTPIfI.

// HpOBepKa IJOCTUTHYTOI'O BJIeMeHTa BBEUYMCIIMMOI'O HOKpHTMH
if ( CalcCov.POZ == CalcCov (i) )

JocTyn K 3ieMeHTaM JIOKAJIbHOTO MOKPBITHS MOKHO MOJYYUTh KaK W3 IMOCTYCJIOBHUS, TaK U W3
(GYHKIMI BBIYMCICHUS JIOKAJTBHBIX MOKPBITUH, ONpeAaenEéHHbIX moche AaHHoro. st aToro mocra-
TOYHO YKa3aTh UMS TOKPBITHS: OHO OyAeT 0003Ha4YaTh AJIEMEHT, JOCTUTHYTHIN B MPOIECCE BHIMOJ-
HEHUS TeCTUpyeMon QyHKun. Taxke AJisl TOKAIBHOTO MOKPBITHS TOCTYITHA ONEpaIis MOTYICHHS
3JIEMEHTA MOKPBITHUS, HO BBIYUCIICHUE 3JIEMEHTA MOKPBITHSA 3aMIPEIICHO.



coverage CharCmd (char c)

{

if (¢ == 'e'")

return {exit, "exit command entered"};
else 1if (¢ == 'h'")

return {help, "help command enterd"};
else

return {nocmd, "no command or unknown"};

}

specification foo (int a, int b, char h)
{
coverage hCov = CharCmd (h);
coverage aCov
{
if (hCov == hCov.exit)
return {abort, "Program terminated"};
else if (hCov == hCov.help)
return {pause, "Program standby"};

else
{
if (a > 0)
return {a_poz, "a 1is pozitive"};
if ((a < 0) && (b > 0))
return {a_b oppoz, "a and b are oppozite"};
if ((a == 0) && (h > a))
return {a_null proof, "a is null, approved."};
}
}
post
{
if (aCov != aCov.a null proof)
{
/...

}

I/ITepamm 10 3JIEMEHTaAM NMOKPbLITHSA

WUrepauysa mno »sneMeHTaM TMOKPBITUS - KOHCTPYKLHS, IoMmorarouiass oOOMTH Bce BETBU
(YHKLIMOHAIBHOCTH, ONMChIBaeéMble NOKpbITHEM. IlapameTrpamMu WTepaluy SBISIOTCS MM
BBI3bIBAEMON CHENU(DUKAMOHHOW (DYHKIIMM W WUMS TIOKPBITHS. DJIEMEHTHI TOKPHITHA, 00XOH
KOTOPBIX IO KAKUM-TO MIPUUMHAM HEXeJaTeIeH, MOYKHO OTCESTh C TOMOLIbIO (PHIBTPA.

Oneparop wuTepalMyd MO 3JIEMEHTAaM IOKPBITHS iterate coverage CXOJEH C ONEPATOPOM
uTepaluu iterate: 3HaUeHUE UTEPALMOHHON MEPEMEHHON II00aNbHO M0 OTHOIIEHUIO K CLEHAPHUIO,
coJieprKalleMy orepaTop.

iterate coverage
( f.PointCoverage : f.PointCoverage[ 0 ] != IntCoverage.ZERO )
{
/]

}

B ornumume ot omeparopa iterate OTCYTCTBYKOT KOHCTPYKIIMHM YIIPABJICHUS HWTEPALMOHHOW
NEPEeMEHHOM: B WTEpallud MO TMOKPBITUSM y4eT o0OpabOTaHHBIX AJIIEMEHTOB MOKPBITHS
OCYIIECTBIISIETCA TECTOBOM CUCTEMO.

3anecenue uHGopmManuu 00 jIeMeHTe MOKPBITHS B OTUYET



HasHauyeHue

Onepaupm Haa 3JIEMCHTaMU HOKpLITI/Iﬁ pCaAIU3yOT 0a30BbIe BOBMOXKHOCTH YIIpaBJICHUA XO010M
TCCTUPOBAHHA U OTPAKCHUS €0 PE3YyJIbTATOB B oTuéTe.

[TapameTpom omepaiuu trace, KOTOpast CIY>KUT HHCTPYMEHTOM cOopa nH(popManuu o0 3JIeMEH-
TaX MOKPBITHUS, TOJHDKEH ObITh COOCTBEHHO HY>KHBIW DJIEMEHT, 33IaHHBIN JIFOOBIM CIIOCOOOM:

* SIBHO YKa3aHHBIH N0OJIb30BATEIIEM;

¢ TOJIyYCHHBII B KaUueCTBE pe3yibTaTa padoThl (YHKIUU BBIYMCICHUS TOKPBITHUS;

¢ IIOJyYCHHBIH B KadecTBE pe3ysbTaTa pabOThl ONEPALUU MOJIy4YeHHs] KOMIIOHEHTA HJIEMEHTa
IIOKPBITHS.

// cBpoc B TpacCy yKAa3aHHOTO 3JIEMEHTA I[IePeuUMCIIMMOTO IMOKPHITUS
trace ( Cov.Cl );

// cBpoc B Tpaccy yKA3aHHOTO 3JIEMEHTA NOKPHTUA—IPOMU3BEICHUS
trace ( ProdCov.Cl.C2 );

XpaHeHue 3JIeMeHTOB NOKPbITUSA B nepeMeHHbIX TUNIAa CoverageElement

SeC mno3BOJsIET XpAaHUTh 3JIEMEHThl MOKPBITHM B MEPEMEHHBIX CHEIUAJIbHOTO  THIIA
CoverageElement.

OO0bsiBJIeHHE HGpEMGHHOﬁ-Z}J’IQMCHTﬂ MOKPLITUA

coverage IntCoverage zero = IntCoverage( 0 );

[Tocne kir0O4EeBOro CiIOBa coverage yKa3bIBAe€TCs MMSI MOKPBITHUS, 3JIEMEHThI KOTOPOrO0 MOXET CO-
nepkaTh 0ObsIBICHHAs] TaKUM o0Opa3oM mepeMeHHas. OObsaBIeHHE NEPEMEHHOM-3JIeMEeHTa MOKPhI-
THSL MOKET COJIEPKAaTh MHUIIMAIN3ATOP: BIPAKEHHE, BO3BPAIIAIOIEE FJIEMEHT YKAa3aHHOTO MOKPHI-
THSL.

B ocranpnoM Takue NEPEMECHHBIC ITOJYMHAKOTCA IIpaBHUIaM y1'IOTp€6J'ICHI/I$I INEPEMCHHBIX SA3bIKa C.



Meauaropsnl

HasHauyeHue

MenuaTopsl IpeAHa3HAaYeHbl JJIs CBSI3bIBAHUS CHENM(UKALUU C pealin3alieil TecTHpyeMOi
CUCTEMBI WU CO crienupuKanuen Jpyroro ypoBHs a0CTpakTHOCTH.

TeopeTnyeckoe 060CHOBaHue

Meauatopsl pemaroT 3a7a9y CHHXPOHU3AINUN COCTOSHUS CIICITU(PUKAITMOHHON MOJICTH JTaHHBIX
C COCTOSIHUEM TECTHUPYEMOU CUCTEMBI.

3a;laqa HpeO6p3_30BaHI/ISI MOACIBHOIO NpCaACTaBJICHUA TECTOBOI'O BO3CHCTBUSA B
PCATU3aAIMOHHOC MMPEACTABIICHUE U PCATTU3AI[MOHHOI'O - B MOJCJIIBHOC NMECT 3HAYCHHUE TOJIBKO
AJi1 MEANAaTOPOB CTUMYJIOB.

B SeC Menuartopsl peaqu3yloTcs Kak MeAHaTOpHbIe (YHKIIMH U COOPIIUKHU OTIOKEHHBIX PEaKIIUu.
B MCIUATOPHBIX (byHKI_[I/ISIX CIICIINAJIBHO BBIJACJIICHBI 6JIOKI/I KOIa, OTBCHAOIINEC 3a CUHXPOHU3AIHUIO
COCTOSIHMI M peoOpa3oBaHUE MOICTbHBIX-PEATN3aMOHHBIX BO3ICUCTBHI.

MenuaropHast pyHKUUA

HasHauyeHue

Menauaropsble GyHKIIUN peIHa3HAYeHbI I peanu3anuu Meauatopos. Kaxnas menuaTopHas
(GyHKLUS CBA3BIBACT CHNEUU(PUKAMOHHYIO (YHKIMIO WIM OTJIOKEHHYIO PEAKIMI0 C YacTbhIO
peanu3anyy TeCTUPYEMON CUCTEMBI WIIH €€ CHEeU(PUKALUU APYTroro YpOBHS aOCTPAaKTHOCTH.

MenuaTopHble QyHKIIMH TOMEYaroTcs Kito4eBbIMHU ciioBaMu SeC mediator for, MeXAy KOTOPHI-
MU JOJDKEH COAEpKaTbCsl YHUKAJIbHBIA UJIEHTU(PUKATOp — UMs MeauaTopHod pyHkumu. Kaxnas
MenuaTopHas (PyHKIMSA COOTBETCTBYET HEKOTOPOU crieliM(pUKamOHHON yHKIIMH WM OTIIOKEHHOM
peaKIuy, CUTHaTypa U OrPAHMYEHHUS JOCTYIIa KOTOPOM JTOJKHBI YKAa3bIBaThCS B IIPEABAPUTEIBHBIX
JIeKJIapalusaxX U ONpeeIeHUH MEMaTOPHON (YHKINH.

MenuaropHas QyHKIUS MOKET COJEPKATh:

1. bnox Bo3aeicTBus. B O10Ke BO3AEMCTBUS OCYIIECTBIIACTCS TECTOBOE BO3ACHCTBUE C MPE00-
pa3oBaHUEM JAHHBIX M3 MOJICIHHOTO IMPEACTABICHHS B pealin3allioHHOe U 00paTHO. biok
BO3JICUCTBHS 00s3aTeNIeH sl MEIUAaTOPOB CIeM(PUKAIMOHHBIX (DYHKIIMI B OTCYTCTBYET B
MEAMATOPax OTIOKEHHBIX PEaKUil (B Cilydyae OTVIOKEHHBIX PEAaKLIUi BO31EHCTBUE NHUIUH-
pyeTCsl TECTUPYEMOM CUCTEMOI ).

2. bnok cunxponuzauuu. [[puBoaUT MOJEIBLHOE COCTOSIHUE B COOTBETCTBUE C COCTOSIHUEM pe-
aJu3aluy TECTUPYEMOM CUCTEMBI. BJIOK CUHXpOHHM3alMM MOKET OTCYTCTBOBATh B MEAHATO-
pax crienupUKanuOHHBIX PYHKIHA 1 00s3aTeNIeH AT MEAMATOPOB OTIOKEHHBIX PEaKIIUM.

3. JlomoMHHUTENbHBINH KOJ TIEpe MEePBbIM CIEIUaIbHBIM OJIOKOM W TIOociie BTOporo. JlomoyHu-
TENBHBINA KOJ| HE JOJHKCH MMETh MOOOYHBIX 3(h(EKTOB: HE JOKHBI U3MEHSTHCS BUIUMBIC
CHapy>Xu JaHHBIC;, TUHAMUYECKAs MaMsITh, BBIJICJICHHAs BHYTPU OJIOKa KOja, TOJKHA OCBO-
00X maTbes TMO0 B HEM 3Ke, TN0O B TAPHOM eMy OJIOKe.



MenuaropHasi (GyHKIHSI CBS3BIBAETCS CO CIEHU(PUKANMOHHON (QyHKIMEH (MM OTIIOKEHHON peak-
muei) ¢ nomompblo  (QYHKIMM set mediator mma crneumduKauMOHHON QyHKUuM (WIH
set mediator mMsa OTJIOXEHHOV peakuwmy), NPUHUMAIOIICH yKa3aTelb HA MEJAHATOPHYIO
¢dyHKIII0. OOBIYHO CBSI3BIBAHUE OCYIIECTBIICTCS B (PYHKIIMY WHUITUATN3AINN CIICHAPHS:

set mediator push spec(push media);

bJiok Bo31eCcTBHSI MeTHATOPHON (PYHKIIMU

HasHauyeHue

brnoku Bo3deicTBHS MenMAaTOPOB CHEHM(PUKAUMOHHBIX (DYHKUMNA TMpeaHa3HAYeHBbl JUIS
pcam3anun MOBCACHUA, OMUCAHHOTO B 3THUX CHeLII/I(bI/IKaI_[I/IOHHBIX (bYHKI_[I/IHX, nocpcaCTBOM
OKa3aHUs BO3JICHCTBUI HA TECTUPYEMYIO CUCTEMY.

B G10ke BO3AEHCTBUS OCYILIECTBISETCS TECTOBOE BO3ICHCTBHE € TPEOOPa30BAHNUEM JAHHBIX U3 MO-
JIEIHOTO NIPEZICTABJICHUS B PeaIn3allMOHHOE U O0paTHO.

broku Bo37eicTBHS UCHOIB3YIOTCS TOJBKO B MeauaTopax crneuudukanuoHHbIX QyHKuuid. B Hem
BBIIIOJIHSAIOTCS CICAYIOIINE NEUCTBUS:

+ TapaMeTpsl crenuUKanrOHHON (QYHKIUH MPEoOpa3yroTCs B pealn3alliOHHOE TPE/ICTaBIIe-
HHE;

+  BbI3BIBaeTCs MHTEepdelicHas GyHKIMS (MM HECKOIBKO (QYHKIMH) TECTUPYEMOW CHCTEMBI,

s pe3yibTaT BhI30Ba MHTEp(elCHON (YHKIMU M BBIXOJHBIE IapaMeTphl MPeoOpa3yroTcs U3
pea-JIM3aMOHHOTO TIPE/ICTABICHUS B MOJICITBHOE;

«  MOJIETIBbHOE MPEACTAaBICHNE Pe3yIbTaTa BO3BpAIIaeTCs U3 OJI0Ka BO3AEHCTBUS

brok Bo3neiicTBHA 3anuChIBaETCs B BUAE WHCTPYKIMM, 3aKIIOYEHHBIX B (PUTYpHBIE CKOOKH U ITOMeE-
YEHHBIX KJIIOUEBBIM CIIOBOM call. OTH MHCTPYKLMH HPEICTABISAIOT cO00M Tesno (QyHKIMH, UMEI0-
el Te ke ImapamMeTphbl U TUIT BO3BPAIAeMOT0 pe3ysbTaTa, YTo M COOTBETCTBYIOIIAs CrielM(puKanu-
OHHas (PyHKUHS.

Meauatop st yHKIMH BbIOOPKH 3JIeMEHTA CTeKa

stack *stack impl;
List* stack model;

int push(stack*, int);
specification bool push spec(Integer* i) reads 1 updates stack model;

mediator push media for
specification bool push spec(Integer* i) reads i updates stack model
{
call {
return (bool)push(stack impl, value Integer(i));
}
/..

bJ1oKk CHHXpOHU3AIUMHA MeAUATOPHOU PyHKIMH

HasHa4yeHue

Bbiok CUHXPOHU3AIIMU MPUBOJAUT MOJACIBHOC COCTOAHHUEC B COOTBCTCTBUC C COCTOAIHHUEM
peain3annuu TeCTpreMOﬁ CHUCTCMBI.



Bbriok cuHXpOoHM3AIMH TPUBOAUT MOJAEITHFHOE COCTOSIHUE B COOTBETCTBUE C COCTOSTHUEM PeaTu3aliuu
TECTUPYEMOW CHUCTEMBI MOCJE OCYIIECTBICHUS BO3AEHCTBUS WM BO3HUKHOBEHUS OTJIOKEHHOU pe-
aKIuu. bJIOK CMHXpOHU3AIMU 3allUChIBACTCS B BHJIE MHCTPYKITUH, 3aKITIOYSHHBIX B QUTYpHBIE CKOO-
KH ¥ TIOMEUEHHBIX KIFOUEBBIM CJIOBOM state. DTH MHCTPYKIIMHU MPEACTABISAIOT coO0H Teno QyHK-
uu 0e3 BO3BpaIlaeMoro pe3yiabTaTa, UMEIOIICH Te K€ MapaMeTphl, 4YTO U COOTBETCTBYIOIIAS CIie-
nuuKkaunoHHass QyHKUIUS WIK OTJIOXKEeHHass peakuus. Eciu cooTBeTcTByIomas crneundukanios-
Hast QYHKIIUS WK OTIIOKEHHAs peakius UMeeT THIl BO3BPAI[aeMOro 3HaAYEHUS, OTIIMYHBINA OT void,
TO JJOCTYH K 3TOMY 3HAUYEHHUIO MOKHO TTOJIyUUTh Yepe3 WACHTUPHUKATOP STON PYHKIIUH (PEaKIIUN).

HpI/I TCCTUPOBAHUU CUCTCM C OTKPBLITBIM COCTOSAHUECM, KOrla TCCTOBAsA CHUCTCMA MMCCT HNOCTYIlI K
BHYTPCHHHUM JaHHBIM pCain3aluu, 0JI0K CUHXPOHHU3AIUU OJOJIKEH MMPHUBECTH MOACIIBPHOC COCTOSAHUEC
B COOTBCTCTBUC C pCATIN3ALIUOHHBIM:

stack *stack impl;

List* stack model;

int push(stack*, int);

specification bool push spec(Integer* i) reads 1 updates stack model;

mediator push media for

specification bool push spec(Integer* i) reads 1 updates stack model

{
state {
int k;
clear List(stack model);
for (k = stack impl-&size; k > 0;

append List (stack model, create Integer (impl stack-&elems[--k]))
) ;

[TockoabKy KO HOCTPOEHHS MOJICIIFHOTO COCTOSIHUS TI0 BHYTPEHHEMY COCTOSTHHIO pean3anuu 0y-
JIeT OJJMHAKOB JIJIsl BCEX CIeUM(UKAMOHHBIX (DYHKIHMNA, €r0 YI00HO BHIHECTH B OTACIBHYIO (DYHK-
18120%0)

[Ipu TecTUpOBaHUU CHCTEM CO CKPBITBIM COCTOSIHUEM, KOTJa TECTUPYIOIasi CHCTEMa He UMEET J10-
CTyNna K BHYTPEHHUM JAaHHBIM pealu3aliu, OJOK CHHXPOHMU3ALUU JOJDKEH NeCTBOBAaTh B MPEIIO-
JIO’)KEHUH, UYTO peanu3anusi oTpadorana 6e3 ommbOoK B COOTBETCTBHM CO crienudUKaIen, 1 nprse-
CTH MOJICJIbHOE COCTOSIHHE B BHJI, KOTOPBINA 0’KUIAETCS MOJyYUTh MOCIE BO3ICHCTBHUS:

mediator push media for

specification bool push spec(Integer* i) reads i updates stack model

{
state {
add List (stack model, 0, create Integer (push spec));
}

brok cunxpoHu3anuu cnennpuKauoOHHBIX (YHKIUH BBITOIHSACTCS TECTOBOM CUCTEMOM HEemocpe-
CTBEHHO I0cJIe OJI0Ka BO3JEHCTBUSA Iepes MPOBEPKON MOCTYCIOBUS B CHEeUU(UKAUOHHONW (DyHK-
LUH.

biiox cMHXpOHM3aMK OTJIOKEHHBIX PEAKIMI BBIITOJIHAETCS MOCIIE BOSHUKHOBEHMSI OTJIOKEHHOM pe-
aKLMU Nepe]] IPOBEPKON MOCTYCIIOBUSI.



Coopmuk peakuuii

HasHauyeHue

COOopIIMK peakIuil CIYKHUT TSl TIOTYyYeHUS pe3yibTaTa OTI0KCHHBIX PEAKITUH.

COopIuKy peakuuil sIBISIOTCS pealn3alMOHHO-3aBUCUMBIMU KOMIIOHeHTaMH. VX 3a/aua coCTOUT
B TOM, YTOOBI cOOpaTh BCE OTJIOKEHHBIE PEAKIMH IIeJIeBOl CHCTEMbI M 3aperucTpupoBaTh UX B

PErUuCTPaToOpe B3aUMOICHCTBUM.



TecToBbIC ClIEeHApPUH

TeopeTuyeckoe 060cHOBaHUe

TecToBble CUEHAPUH OMPEACIISIIOT UCXOIHBIE JAHHBIE JJISl MOCTPOEHUS T€CTOB. Kaxkablid TECT
IpescTaBisieT co00il MOCIenoBaTeNbHOCTh TECTOBBIX BO3JICHCTBUI, BBIIIOJHEHHE KOTOPOI
obecrieunBaeT perieHnue HEeKOTOPOi 3a1aun TecTupoBaHus. OOBIYHO B KA4ECTBE TaKOW 3a/lauv
BBICTYIIAET TECTUPOBAHUE MOBEJCHMS CUCTEMbI IPHU BO3JECHCTBHUIX HAa HEE 4epe3 HEKOTOPBII
HaOop uHTEpPEHCHBIX (PYHKIMN peanu3anuu A0 JOCTHKECHUS 3aJJaHHOTO YPOBHS MOKPBITHS B
COOTBETCTBUU C KPUTEPUSIMH MOKPBITUS CHEIIUPUKALIUY.

OObIyHas 33a7a4a TECTUPOBAHUS COCTOMUT B MPOBEPKE MOBEJCHHSI CUCTEMBI NMPHU BO3JACHCTBUIX HA
Hee dYepe3 Habop uHTEpPEHCHBIX (YHKIHMA 10 AOCTHIXKEHHUS 3aJaHHOTO YPOBHS TOKPBITHSA.
[TocnenoBaTebHOCTh TECTOBBIX BO3JACHCTBHM JJIsI PELICHUS TAKOW 3a/1a4M HAa3bIBACTCSI TECTOM.

BbI30BbI  OAHOW WJIM HECKOJBKMX CHeHU(pUKAIUOHHBIX (QYHKIMA U crnocod mepebopa ux
napaMeTpoB 3a/al0TCs B cleHapHOW (QyHKIuH. Bo Bpemsi TecTUpoBaHHS TeCcTOBas CHCTEMA
HaXOAMUTCA B OJHOM U3 COCTOSIHUM, HA3bIBAEMBIX CIICHAPHBIMU COCTOSHUSMU. Kakablii BBI30OB
CICHAapHOH (YHKIMU TEPEeBOJUT TECTOBYID CHUCTEMY M3 OJHOIO COCTOSIHAS B JIPyroe.
ABTOMaTHUECKH oOecrieuynBaeTcs nepedop BcexX MapamMeTpoB B KaKIOM JOCTUTHYTOM CLEHApPHOM
COCTOSIHUH.

TectoBblil creHapuil 00BEAUHSIET HECKOJIbKO CHEHApHBIX (YHKIMHA, YKa3bIBaeT MEXaHHU3M
MIOCTPOCHUS TeCTa, 3aJaeT (DYHKIMIO MOCTPOCHHS CIEHAPHOTO COCTOSHHS, OINpENeNsieT CIoco0
VMHUIMAIM3AlUY U 3aBEepIICHUs pabOThl TECTOBOM M TECTUPYEMOM CHUCTEM.

Ha ocHoBanuu JaHHBIX, COACPKAIIUXCA B TCECTOBOM CICHApPHUH, COOTBGTCTByIOH_[I/Iﬁ TCCT
TCHEPUPYCTCA aBTOMATUYCCKU.

Co31aHHe TeCTOBOIO ClIeHAPHS U MApaMeTPhbl €ro BbI30Ba

TecToBbIN ClIeHApHI MPEAOCTABISAET BCIO MH(OPMAIIHIO, HEOOXOIUMYIO JIIsl aBTOMAaTHYECKOTO TI0-
cTpoeHust Tecta. OH COOTBETCTBYET IEPEMEHHOM CIELMAIBHOTO CTPYKTYPHOrO THNA dfsm HIU
ndf sm, MOMEYEHHON MOIN(UKATOPOM scenario:

scenario dfsm testScenario;

B kadecTtBe nMeHH THIIa BBICTYIIACT HAa3BAHUC O6XO)1‘-II/IK3., OIPCACIIOIICTO MEXaHU3M IMOCTPOCHUS
TECTA:

+ dfsm— Deterministic Finite State Machine (neTrepMUHUPOBaHHBIN KOHEUHBIA aBTOMAT);
+ ndfsm— Nondeterministic Finite State Machine (HexeTepMUHUPOBAHHBIN KOHEYHBIH aBTO-
Mmar).

Bo BpeMs TeCTHpOBaHUA dfsm NPUMEHSIECT TECTOBBIC BO3)1€I\/’ICTBI/IH, KOTOPBIC MOT'YT U3MCHSATDH CO-
CTOSIHMC ClieHapusA. dfsm aBTOMAaTHYCCKH OTCJICKHUBACT BCE M3MCEHCHHUS COCTOSHUS M CTPOUT KO-
HEYHBIN aBTOMArT, COOTBCTCTBYI-OH_II/Iﬁ MpouecCy TCCTUPOBAHMA. CoCTOSHMSIMU aBTOMATa SIBISIOTCS
BCC OOCTHIKXUMBIC COCTOSAHUA CLCHApUs, a NMCPEXOJbl aBTOMATa MOMCYAKOTCA TCCTOBBIMU BO3JICH-
CTBUAMH, KOTOPBIC UX MHUITUHUPOBAJIH. TeCTI/IpOBaHI/Ie 3aKaH4YUBACTCA TOJIBKO TOIrJAa, KOoraa 06XOI[-
YUK IMOJACT BCC OMPECACIICHHBIC MOJIB30BATCIIEM TCCTOBLIC BO3JICHCTBHS BO BCEX COCTOSHUSAX CIICHA-
pusd AOCTUKUMBIX U3 HAYAJIbHOTI'O.



YToObI JOCTIDKEHHE dTOM 1LIenu OBLIO BO3MOXHO, HCO6XOI{I/IMO BBIITIOJIHCHUC CIICAYIOIIUX yCJlOBHf/'Ii

« Koneunocts. Uncio coCTOAHMM, TOCTHKUMBIX U3 HAYAJIbHOTO MyTEM MPUMEHEHHS TECTO-
BBIX BO3JICHCTBHI U3 33JaHHOTO HA0OPa, JOKHO OBITh KOHCYHBIM.

« JlerepmuHHpOBaHHOCTD. [1J1 TF0O0TO COCTOSHUSI CUCTEMBI IPUMEHEHHUE OJTHOTO U TOTO Ke
TECTOBOI'0 BO3JICHCTBHS BCETIa JOJKHO MEPEBOAUTH CUCTEMY B OJHO M TOXKE COCTOSIHHE.

« CuabHas cBA3HOCTD. V3 110060T0 COCTOSHUS ClIEHApHUs JOCTHKUMO JIF000€ IPYroe CoCTos-
HUE CLIEHApUs IyTEM NPUMEHEHHS NOCJIEA0BATEIbHOCTHA TECTOBBIX BO3AECHCTBUM.

O6xomuuk ndfsm o cpaBHeHHIO ¢ dfsSm MO3BOJISIET KOPPEKTHO paboTaTh Ha OOJIee MUPOKOM KIlac-
Ce aBTOMATOB, a8 UMCHHO Ha KOHEUHBIX aTOMAaTaX, UMEIOIINX JeTePMHUHUPOBAHHBIN CHIILHOCBSI3HBIH
MIOJIHBIM OCTOBHBIM MTOAABTOMAT.

° OcToBHBII1 nmoaaBTOMaAT. OcCTOBHBIN nmoaaBTOMAT COACPIKUT BCC COCTOSAHHA CLHCHApHA, 10-
CTHIKHMMBIC B IIPOIECCE TCCTUPOBAHUA.

. IToaHbIil MOAABTOMAT. I[J'I}I KaXZ0ro CoCTodHud CuCHapusa U JOIYCTUMOI'O B HCM TECTOBO-
To BO3JIGﬁCTBH5[ noaaBoMart 0o COJACPIKUT BCC MEPEXOABI U3 OTUM COCTOSAHUA, ITIOMCUCH-
HBIC 3TUM TCCTOBBIM BOBI[CI‘;ICTBI/ICM, 1100 He COJACPIKUT TAKUX IIEPEXOAOB BOBCC.

O6XOIL‘II/IK ndfsm HE NpeAHAa3HAYCH A1 TECTUPOBAHUA CUCTEM C OTJIOXKCHHBIMH PEAKLIMSIMMU.

OrnpezesieHne TeCTOBOTO CIIEHAPHS JTOJDKHO COJIEPKAaTh HHUIIMAIM3ATOP CISAYIONIETo BUAA:

scenario dfsm testScenario = {
.init = init,
.getState = getState,
.actions = {
f scen,
g_scen,
NULL

b
.finish = finish

b

B none init 3agaercs uMsa QYHKIUMU MHUNMATU3AMUU. DTO M0JIE€ MOXKET OBbITh OIYLIEHO, OJHAKO
00BIYHO (PYHKIMS MHULUAIN3ALUHI IPUCYTCTBYET KAK MUHUMYM JIJIsl YCTAaHOBKH MEIUATOPOB.

B none getState 3a4aCTCA UM ghyHKgI/II/I MNOCTPOCHUSA CIICHAPHOI'O COCTOSAHUA. Ecnu sto none omny-

HI€HO, TO TCCTUPOBAHUC BEACTCA B OJJTHOM COCTOSAHHUH.

B none actions 3amaercst Cnucok ClieHApHBIX (YHKIIMN, BKIIOYEHHBIX B JaHHBIM TECT, 3aBEPIICH-
HBIN 3HaYeHHEM NULL. DTO moJie SBIIeTCS 0053aTeIbHBIM.

B none finish 3apaetcs ums QyHKIIMKM 3aBeplIeHUS. DTO T0JIe MOXKET OBITh OITYIIIECHO.

TecToBblil crieHapuil BbI3bIBAETCS KaK (QYHKIUS ¢ UIEHTU(PUKATOPOM TECTOBOIO CLIEHAPHsl, IPUHU-
Marolnas JBa rnapaMerpa, aHaJOrMYHbIX IapaMeTpaM main, 0e3 Bo3BpaiaeMoro 3HaueHust. OObIYHO
BbI30B IPOM3BOAMUTCA B (PYHKLIMHU main:

int main (int argc, char **argv) ({
testScenario (argc,argv) ;
return 0;



[Ipu BBI30BE TECTOBOTO CLEHAPHS MPOUCXOAUT paz0op MepelaHHbIX eMy MapaMeTpoB. TecToBas cu-
cTemMa 00pabaTbIBaeT ClEAYIOIINEe CTaHIapTHBIE TapaMeTphI:

-tc
Hamnpaeuth TpaccupoBKy Ha KOHCOJIb.
-tt

HanpaBuTh TpaccupoBKy B (paiii ¢ yHUKaIbHBIM UMEHEM, COCTaBICHHBIM U3 UIMEHU CLIEHApUs U
TEKYLIErO0 BPEMEHH.

3amyck Tecta 0e3 yKa3aHHBIX MMapaMeTPOB KOMAHIHOW CTPOKH SKBUBAJICHTEH 3aIlyCKy C
rnapamMeTpom -tt.

-t mmsa_Qarina

HamnpaButh TpaccupoBKy B (haiisl ¢ yka3aHHBIM UMEHEM.
-nt

BBIKITIOUHUTHE TPACCUPOBKY.
--trace-accidental

Bxi1rounTh TpaCCUpPOBKY HEAOCTOBEPHBIX IEPEXOIOB.
—uerr

BoinonHsATe TECTUPOBaHKE TO BOSHUKHOBEHHUS MEPBOM OMIMOKHU (TI0 yMOTYAHUIO).

—uerr=4ymcJjio

BBIMOTHATE TECTUPOBAHMS 10 BOSHUKHOBEHUS 41C/10 OMUOO0K (ToJbKO i ndfsm).

-uend

BrmmmomaaTe TCCTUPOBAHHUEC JO KOHIIA, HCCMOTPS Ha OIIMOKHU.

--find-first-series-only, -ffso
HaxoauTth TOABKO NEPBYIO YCHEUIHYIO CEPUIO.

OO0paboTanHble CTaHIAPTHBIE MApaMeTPhl YAAISIOTCS U3 CIHCKA MapaMeTpoB, U U3MEHEHHBIN CIu-
COK mepeaaeTcs QyHKINY WHUIMATN3AINUN CIICHAPHS.

JlomyckaeTcsi HeCKOJIBKO BBI30BOB CIIEHAPHUEB W3 OJIHOW mporpammel. ClenyeT 3aMeTUTh, Y4TO €Clin
napaMeTphl, iepelaHHbIe HCIIOJIHIEMOMY (aily TecTa U3 KOMaHIHOW CTPOKH, OyayT IPOCTO Mepe-
JaHBI BO BCE BBI3bIBACMBIC CIIEHAPUH, TO MPHU HAMPABICHUH TPACCHPOBKH B (ailll Tpacca o4epeHo-
r'o CIICHApHs Mepe3aluiieTcs B TOT ke (aiil, 4To ¥ Tpacca npeaspiaymero. Jis toro, 4To0bl B 0/1-
HOM (pailyie oOKa3anWch Tpacchl BCEX CIICHAPUEB, CIIEAYeT BOCIOIb30BAThCS (YHKIUSIMU
addTraceToFile n removeTraceToFile.

int main(int argc, char **argv) ({
addTraceToFile ("trace.utt");
testScenariol (argc,argv) ;
testScenario?2 (argc,argv) ;
removeTraceToFile ("trace.utt");
return 0;

B ciydae TecTHpoOBaHUS CHCTEM C OTJIOKEHHBIMH PEaKIUsIMH, B OTIPE/ICIICHUN TECTOBOTO CIICHAPHS
TpeOyercs 3a1aTh OOJIBIIeE YUCIIO TOJICH:



scenario dfsm testScenario = {

.init = init,
.getState = getState,
.isStationaryState = isStationaryState,
.saveModelState = saveModelState,
.restoreModelState = restoreModelState,
.actions = {

f scen,

g_scen,

NULL
b
.finish = finish

}s

TpI/I JOIMOJIHUTCIIBHBIX MOJIA IJI CHCHAPUCB C OTJIOKCHHBIMU PCAKIUAMU SABJIIAIOTCA 00s13aTeNbHBI-
MH.

« B none isStationaryState 3anaercsa nMsa QYHKIMU ONpPEIENCHUs CTAIIMOHAPHOCTU COCTOS-
HUA.

» B none saveModelState 3anaercs umsi GyHKIIMN COXPAHEHUS MOJIEIBHOTO COCTOSHUS.

« B none restoreModelState 3anaercsa umst QyHKIMK BOCCTAHOBJIECHUS MOJIEIBHOIO COCTOS-

HHA.

@OyHKIUS HHAITHATU3ANUH

OyHKIMA MHUITHATH3AIAN TTPeAHa3HaueHa IS BHITIOJIHEHUS TIOJITOTOBUTEIILHBIX padOT Mepe mpo-
BEJICHUEM TECTUPOBAHUSI.

OyHKIMA TPUHUMAET J[Ba TapaMeTpa, aHAIOTHYHBIX MapamMerpaM (YHKIIMH main, a BO3BpaIlaeT
JIOTUYECKOE 3HAUEHHUE, NTOKA3bIBAIOIEE, YCIICIIHO JIU MPOBEACHA MHUIUAIN3AIUS:

typedef bool (*PtrInit) ( int, char** );

OObI9HO GHYHKIMS HHUITHAIM3AIIAN BBITIOHSET CICTYIONINE CHCTBUS:

s WHUIUAJIU3ALNS TECTUPYEMOU CUCTEMBI;

s MHHUIHAIU3AIUS CHCHUPUKAIMOHHON MOJICTH JaHHBIX;

s WHUIMAJU3ALN JaHHBIX CIICHAPHSI;

e YCTaHOBKa MEIHUATOPOB AJs CHeUU(PUKAIMOHHBIX (QYHKIUN M peakiuil, UCIOJIb3yeMbIX B
JTAHHOM T€CTOBOM CIICHAPHH.

[Tpu HeoOxoaMMOCTH, (DYHKINS WHUIMATH3AINNA MOKET MCIIOIb30BaTh IEepelaHHbIe ei mapaMeTphl
3aIycKa.

char *impl data;
String* model data;

specification void f spec(int a);
mediator f media for specification void f spec(int a);
bool init (int argc, char **argv) ({
impl data = (char*)malloc(SIZE);
model data = create String("");
set mediator f spec(f media);
return (impl date != NULL && model data != NULL);
}

OO6bIyHO GHYHKIMS HHUITHAIU3AIIAN BBITIOHSET CICTYIOIINE CHCTBUS:

e WHUIUATU3ALMS TECTUPYEMOU CUCTEMBI;
s MHHUIHAIU3AIUS CHCHU(PUKAIMOHHON MOJICTH JaHHBIX;



e MHULMAIU3aLMs JAaHHBIX CLICHAPUS;
e YCTaHOBKa MEIHWATOpPOB AJsl CHeUU(PUKAIMOHHBIX (QYHKIUN M peakiuil, UCIOJIb3yeMbIX B
JJAHHOM TECTOBOM CLICHApUU.

ChannelID chid;

bool init (int argc, char **argv) ({
chid = getChannellID();
setStimulusChannel (chid) ;
setWTime (1) ;

@OyHKIMS OCTPOEHHUS CLHEHAPHOIO COCTOSIHUS

Bo BpEMA pa6OTBI TECTOBas CHUCTEMa HAaXOJUTCS B OJHOM M3 COCTOSHHH. CDYHKI_II/ISI MMOCTPOCHUA
COCHApPHOI'0 COCTOSAHUA OOBIYHO BEBIYUCIISICT 3TO COCTOSHHE HA OCHOBE 3HAYCHUM MNEPEMCHHBIX,
ONPCACIIIOINX MOACIBHOC COCTOSHHUC. CI_ICHapHOC COCTOsAHHUE 4YacCTO MABIACTCA O606H_ICHI/IGM
MOACIBHOTO COCTOAHUA, OJHAKO OHO MOXCT W COBIIagaTb C MOACJIbHBIM, 4 MOXCT OBITH BOO6HIC C
HHUM HC CBA3aHO.

OyHKIUS BBIYMCICHUS COCTOSHHUS CIEHApUsi HE HWMEeT IapaMeTpoB W BO3BpAIIAeT OOBEKT
creun(pUKaUOHHOTO THIIA.
typedef Object* (*PtrGetState) ( void );
[Tpumep dyHkum, 06001Iar0IIel MOIETLHOE COCTOSIHUE, IIPECTaBIIA0IIEe OO0 CIHUCOK, KaK ero
JUIAHY:
List* 1;
Object* getState (void) {

return create Integer (size List(l));

@OyHKIMs 3aBeplIeHNs] ClIeHAPUSA

@yHKIMS 3aBEpIICHUs MpeAHAa3HauY€Ha [UIsl BBIMOJIHEHUS 3aKIIOYUTENBHBIX paboT mocie
poBeacHNs TeCTUpOoBaHus. DyHKIMA HE UMEET IapaMEeTPOB U BO3BPAILAEMOI0 3HAYCHMUS.

typedef void (*PtrFinish) ( void );
Kak mpaBuno, ¢GyHKIUS 3aBepiieHUs OCBOOOXKIAET pecypcehbl, BbIACNEHHBbIE B (YHKIUU
MHUIHUAJIN3allnn.

char *impl data;

String* model data;

void finish( void ) {
free (impl data);
model data = NULL;
releaseChannelID (chid) ;

DOYyHKIUA onpeaeeHnsi CTAIIMOHAPHOCTH COCTOSTHHSI

qDYHKHI/ISI OMpeaAcCICHUA CTAHUOHAPHOCTHU COCTOAHUSA UCIIOJB3YCTCA TOJIBKO IIPH TCCTUPOBAHUU CH-
CTEM C OTJIOKCHHBIMH PCAKIUAMU.



(Dy'HKI_II/IH HC UMCCT MMapaMCETPOB U BO3BPAIIACT JIOTUYCCKOC 3HAYCHHUC, ITOKA3bIBAOIICEC, SABJISACTCA
JI TEKyHeC MOACIBbHOEC COCTOSHNUE CTalMOHAPHBIM (CTaI_[I/IOHapHBIM Ha3bIBACTCA COCTOSIHHE, B KO-
TOPOM HC OKHUIACTCA BO3BHUKHOBCHUSA OTIJIOKCHHBIX pCaKHHﬁ).

typedef bool (*PtrIsStationaryState) (void);

Ecnmu MoaenbHOE COCTOSIHME MPEACTABICHO IEPEMEHHON HeCTeU(pUKAIIMOHHOTO THIA WU
HECKOJIbKUMH TTEPEMEHHBIMH, MOTPEOYETCs ONMPEICTUTh HOBBIN CIEUPUKAIMOHHBIN THII, BKITFOYA-
IOIMI B ce0s1 BCe HEOOXOIMMEBIE JAaHHBIE.

List* expectedReactions;

bool isStationaryState () {
return empty List (expectedReactions);

}
(I)yHKIII/IH COXpaHCHHUHA MOAC/ILHOI0 COCTOSTHUA

DyHKIUSA ONPEACIICHUSI CTALMOHAPHOCTH COCTOSIHUS MUCITOJIB3YETCS TOJIBKO MPU TECTUPOBAHUU CH-
CTEM C OTJIIOKEHHBIMU PEAKLIUASIMMU.

DyHKIMSA HE UMEET MapaMETPOB M BO3BPALIAET JIOTUYECKOE 3HAUYECHHE, IMOKA3bIBAIOIIEE, SBIISIETCS
JIM TeKyIlee MOJAEIBbHOE COCTOSIHUE CTAllMOHAPHBIM (CmayuoHapHulyM HAa3bIBAETCSl COCTOSTHUE, B KO-
TOPOM HE 0’KHMIa€TCS BOSHUKHOBEHHUS OTIIOKEHHBIX PEAKIU).

typedef Object* (*PtrSaveModelState) ( void );
[Tpuwmep:

List* modellist;

int modelInt;

specification typedef struct {
List* a;
int b;

} ModelState = {};

Object* saveModelState () {
return create (&type ModelState, clone(modelList), modellInt);
}

(I)yHKIIl/IH BOCCTAHOBJICHUA MOAECJIBHOI'O COCTOAHMUA

(I)YHKI_II/IH OIPCACIICHUS CTAIUOHAPHOCTHU COCTOAHUS UCIIOJB3YCTCH TOJIBKO MPHU TCCTUPOBAHUU CH-
CTEM C OTJIOKCHHBIMH PCAKIUAMMU.
(I)YHKI_II/IH NPUHHUMACT OJJUH MMAapaMCTpP — CCBUJIKY Ha 3HAUYCHUC CHeLII/I(I)I/II(aI_II/IOHHOFO THIIA:

typedef void (*PtrRestoreModelState) ( Object* );

Ha BXxoJ (yHKIIMM BOCCTAHOBJICHHMSI MOJICJIBHOTO COCTOSIHUS I10/Ia€TCsl 3HaUCHUE, BO3BPAILCHHOE
(byHKIMEN coXxpaHeHUs] MOJIEJIbHOTO COCTOSAHUSA. 3a/iada GyHKIIMH COCTOUT B TOM, YTOOBI IPUBECTU
TEKYILEE MOJIEIIbHOE COCTOSIHUE CUCTEMBI B COOTBETCTBHUE C ITUM 3HAUEHUEM.

List* modellist;
int modelInt;

specification typedef struct {
List* a;
int b;

} ModelState = {};



void restoreModelState (Object* modelState) {
ModelState* s = (ModelState*)modelState;
modelList = clone(s-&a);
modelInt = s-&b;

Cuenapnblie GyHKIIMHA

HasHauyeHue

Cuenapueie GYHKIUM TPEAHA3HAYEHBI JIJI OMHMCAaHMs HAOOPOB TECTOBBIX BO3AeHcTBUU. Jlis
3TOTO ClieHapHast QYHKIUS OTMpeAeIisieT BO3ISHCTBUS (BBI30BBI CrIeNU(UKAIIMOHHBIX (DYHKITHIA)
U crnocob mepebopa ux mapameTpoB. Bece Bo3aeicTBUsS OyayT aBTOMAaTHYECKH BBITIOJIHCHBI B
KaXKaoM CHCHApHOM COCTOSAHHUH, NOCTUIHYTOM BO BPEMS TCCTUPOBAHUS. Taxxke CHCHApPHBIC
GYHKIIMM MOTYT TPOU3BOIUTH JIOTOJHUTEIBHYIO TPOBEPKY KOPPEKTHOCTH TOBEICHUS
BBI3BIBAEMBIX (DYHKITHIA.

CueHapHaﬂ (pyHKuHﬂ OIIMCHIBACTCS KaK (byHKuI/I;I oe3 napaMeTpoB, BO3Bpalliaromnias 3HauCHUe THUIIa
bool U MIOMEYEHHAS KIOYEBBIM CIIOBOM scenario:

scenario bool f scen();

B mpocteiimem cinydae kaxaas cueHapHass (YHKLIUS COOTBETCTBYET POBHO OJHOW crenuduxanm-
oHHol ¢yHkuuu. Ecnu cnenudukannonHas GyHKIUS HE UMEET apryMEHTOB, TO TEJIO CLEHapHOMI
(GYHKLIMU JOIDKHO COJEp)KaTh €IUHCTBEHHBIH BbI30B creu(ukanvoHHON ¢yHkuuu. CreHapHas
(GyHKIMS JOTKHA BO3BPAaTUTh false, €CIIM MOBEAEHUE CUCTEMbl HEKOPPEKTHO, U true B HOpMaJlb-
HOH cutyanuu. IIpu 3TOM Hy)XHO y4ecTh, 4TO NMPOBEPKa MOCTYCIOBHH BBI3bIBAEMBIX CHELU(UKALU-
OHHBIX ()YHKIIMI MPOUCXOAUT aBTOMAaTUYECKU U €€ pe3ysbTaThl yYUTHIBATh HE HA/l0, TO €CTh, MPO-
BEpKa B CLIEHAPHON (YHKLUU HOCHUT JOMOJHUTEIBHBIX XapaKTep.

specification int f spec(void);
scenario bool f scen() {

£ _spec();

return true;

Onepartop urepanun

HasHauyeHue

Omneparop uTEepalM UCIOIB3YyeTCS TONBKO B CIEHAPHOH (QYHKIUM ¥ CIYXHUT UL
apaMeTPU30BaHHOTO (HANpUMep, apryMEHTaMH CHelu(pHUKaluOHHON (QyHKIMHN) mnepedopa
TECTOBBIX BO3ICHUCTBUIL.

CHHTaKCHYECKH ONEepaTOp UTEPALMM CXOXK C LIMKJIOM for:

iterate (mexsyapaums; YCJ NPONOJIKEHUA; MHKPEMEHT; YCJ_ (uibTpauumn) TeJo;

Jexnapanust siBisieTcst 0053aTeIbHBIM BBIPAKEHHEM M TIPECTABISIET COOO0H MEKITapamnnio UTeparm-
OHHOM MepeMeHHOH 1 ee MHULAIN3aluIo (B oTiInuue ot si3blka C, rie nepeMeHHas AeKiapupyeTcs
BHE 1IMK1Ia). TepaninonHas nepeMeHHast 10JIHa ObITh JOMYCTUMOIO TUMA.



file:///H:%5CCoding%5CCVS%5CCTesK%5Ctarget%5Cctesk-2.5.241-alpha-071220%5Cdocs%5Cconstructs%5Cspecification%5Cspecification_desc%5Cspec_type%5Cspec_allow_type.html#spec_type_allow_desc

Tak kak BBI30B CLieHApHOW (DYHKIIMU MPOU3BOAUTCS B KKJIOM HOBOM MOJIEIBHOM COCTOSIHUH, TO
BpeMs JKM3HU UTEPAIIMOHHON MEPEeMEHHON BBIXOIUT 32 PAMKH BPEMEHH BBHINIOJHEHHS CIICHAPHOM
¢yHKIMHU, B KOTOPOH OHa ObuIa 00BsABICHA: YTOOB! 0O0ecneunTh IP(HEKTUBHOCTh HHKPEMEHTA KaX-
JIOMY MOJIETTBHOMY COCTOSIHAIO CHCTEMBI JIOJKEH COOTBETCTBOBATH CBOM 3K3EMILISP UTEPAITHOHHON
nepeMeHHOM. [lpu BbI30Be clieHapHOW (YHKIMH B HEKOTOPOM COCTOSIHUHM, B KadeCTBE 3HAUCHHS
UTEPAIIOHHOM TEePEMEHHON HCIIONB3yeTCsl TO 3HaYCHHE, KOTOPOE 3Ta NMEepeMEeHHas MONyduia B
NpeAbIAYIINN BBI30B B TOM K€ COCTOSIHUM.

VYcioBue NpoNOKEHNsT U UHKPEMEHT JAEHUCTBYIOT TaK K€, KaK aHAJOIMYHbIE BBIPAXKECHUS LIMKJIIA
for.

YcnoBue punabTpanmu npeacTasisier co0oil Joruyeckoe BelpakeHue. Ecin oHO paBHO false, TO
MPOUCXOANT MEPEXOJ K CIAEAYIOUIEMY 3HAUYEHUIO0 UTEPAllMOHHON NepeMeHHON. YcioBue ¢uibTpa-
IIUM MOXKHO OITyCTUTh, B TAKOM CIIy4ae OHO OyJIeT 3KBHUBAJIEHTHO BBIPAXKEHHUIO true, T. €. HA OJHO
3HAYCHHE UTEPALIMOHHON TIEPEMEHHON HE Oy/1eT OTOPOIICHO.

Takum oOpa3om, cienyromas KOHCTPYKLIUS:

iterate (int i=0; i<10; i++;i&1==0) { ... }

B HCKOTOPOM CMBICJIC aHAJIOTMYHA [UKITY for:

int 1i;
for (i=0; i<10; i++) {
if (! (1&1==0)) continue;

Takoil cxeMoil MO>KHO I0JIb30BAThCS, YTOOBI IPEJCTABUTH IIOCIIEI0BATEIBHOCTh BEI30BOB, KOTOpast
OyZeT creHepupoBaHa B Mpejeniax OqHOTrO CIEHAPHOTO cocTostHUs. OTHAKO ClieyeT MOHUMATh pa3-
HUIYy MEXK/y ONIEpaTOpOM UTEpalu U IUKIOM. Bo-nepBbIX, 3HaU€HUE UTEPALlMOHHOMN [TEPEMEHHOMN
3aBUCUT OT CIIEHAPHOI'O COCTOSIHUS, @ 3HAUYECHHUE NMEPEMEHHON LIHUKJIAa — HeT. Bo-BTOphIX, Mpu 0J-
HOM BBI30BE CLIEHAPHON (PYHKLIMHU BBINOJIHSIETCS TOJIBKO OJHA UTEpALUsl; OHA ONPEIENSIET IePeXo]
U3 OJHOTO CLIEHAPHOTO COCTOsIHUSA B Apyroe. Eciu sxe BHYTpH clieHapHOW QyHKIHUU OyJIeT UCHOIb-
30BaH OOBIYHBIN LIMKJI, B paMKaX OJHOIO M TOTO K€ Iepexona OyayT IpPOU3BEJIEHBI BCE BHI3OBBI,
nepedupaeMble [UKIOM.

JlomyckatoTcsi BIOKE€HHBIE onepaTopsl utepauuu. OnHAKO MOCIeI0BaTENIbHBIE ONEPaTOPhl UTE-pa-
LIUU UCIIOJIb30BaTh HEJb3sl.

CHGLII/IaJ'ILHO JJIsA nepe60pa BCEX DJIEMEHTOB KaKOI'0-IH0O0 IOKPLITUA TIPECAHA3HAYCH OIICpATOP
HUTCpAalrU 110 HOKPBLITHUAM.

[Ipu TectupoBaHny O€3 OTIOKEHHBIX PEAKINUN CIEHAPHOE COCTOSIHUE M3MEHSETCS B IMPOIIECCE Te-
CTOBOTO BO3JICHCTBHSI, TIPOUCXOSIIETO B MOMEHT BbI30Ba crienuukannoHHoi (yHKuu. Takum
oOpa3om, ecnu B pe3yibTare paboOThl crenu(UKAIMMOHHOW (DYHKIIMA H3MEHSIOTCS TI00aTbhbHBIE
NIEpEMEHHBIE, TI0CJIEe €€ BBI30Ba B CIICHAPHON (QYHKIMH OYIyT JOCTYITHBI YK€ U3MEHECHHBIC 3HAYe-
HUsA. OIIHaKO NEPEMCHHBIC COCTOAHUA U UTCPALITMOHHBIC ICPEMCHHBIC COXPAHAT 3HAYCHHA, COOTBCT-
CTBYIOIIHE MTPEKHEMY CIIEHAPHOMY COCTOSHHIO, /IO KOHIIA Pa0OThI CIICHAPHON (YHKIINH.

HpI/I TECTUPOBAHHUHU C OTJIIOKCHHBIMHU PEAKIUAMH CHCHAPHOC COCTOAHMUEC HE U3MCHACTCA B XOJ€ pa-

00THI crieHapHOM (pyHKIMU. VI3MeHeHHe POUCXOAUT B KOHIIE pabOThl CLIEHAPHON (DYHKIMHU, MOCTe
TOTO, KaK OyAyT cOOpaHbl BCE OTJIOKEHHBIC PEaKITHH.

HepeMeHHble CHCHAPHOI'0 COCTOAHUSA



I[lomuMO HWTEpallMOHHBIX NEPEMEHHBIX, CYIIECTBYET W JPYrod BHUJ IEPEMEHHBIX, 3HAYCHUE
KOTOPBIX 3aBHUCHUT OT CHEHAPHOTO COCTOSIHHSI — TIEPEMEHHBIE CIIEHApHOTO CcocTosiHuA. s
Ka)XJIOr0 CIEHAPHOTO COCTOSIHHAS HMMEETCS CBOW JK3EMIULSIP TaKOM MEPEMEHHOW CO CBOUM
3HadueHneM. [Ipu BBI30BE CIIEHApHOW (PYHKIIMM B HEKOTOPOM COCTOSIHMHM, B KauyeCTBE 3HAYCHUS
MIEPEMEHHOM MCIIONB3YETCS TO 3HAYEHUE, KOTOPOE ATa IMEPEMEHHas MOJydwia B MPEAbIAYIIHI
BBI30B B TOM K€ COCTOSIHHH.

I[eKJlapaLH/ISI NEPEMCHHBIX CLICHAPHOI'O0 COCTOAHUS HAYUHACTCS C MO,Z[I/I(I)I/IKaTOpa stable u JOJDKHA

COACPIKATh MHUIUAIU3AlHIO. HepeMeHHBIG COCHApHOI'o COCTOAHUA HOJIKHBI MMCTH Z!OHyCTHMBII)’I
THII.

stable int i = 0;

TO, B KAKOM MECCTC CI.IGHE[pHOI’I (I)YHKI_[I/II/I OOBSBIICHBI TAKUE NEPCMCHHBIC, BIIUACT JIUILb HA 00J1acTh
X BUIMMOCTH, HO HC Ha (bYHKIII/IOHaJ'II)HOCTI).



CeMmaHnTuKka 13bI1Kka SeC

S3pik SeC sBnsieTcs paciiupeHueM si3bika porpaMmupoBanust C U npeHa3HaveH Ui pa3padoTKu
TECTOB Ha OCHOBE (OpMalbHBIX crenudukanuii. B Hem no0aBieHbl crieluanbHbIe KOHCTPYKIIHH,
KOTOpbIC TIO3BOJISIFOT KOMITAKTHBIM M YJOOHBIM 00pa3oM OMHUCHIBATh TPEOOBAHHS K TECTHPYEMOM
CUCTEME U JPyTrue KOMIIOHEHTHI TECTOBOW CHCTEMBI. JTO JENaeT Pa3paboTKy TECTOB MaKCHMAILHO
yIoOHOM, a TaKkKe MO3BOJISIET COKPATUTh 3aTPaThl HA OOyUEHHE CIICIUAIUCTOB, YK€ 3HAKOMBIX C
SI3BIKOM TIporpamMmupoBanusi C.

S3p1ik SeC MOMOJHUTENBHO BBOAUT crienuuKamuoHHble TUIBI (cM. Creyudurxauuonnvie munsl),
WHBApPHAHTHI TUIIOB JIAaHHBIX W TJIOOATBHBIX MEPEMEHHBIX, TECTOBBIE clieHapuu (cM. Tecmogvie_
cyenapuu) W Tpu Bujga GyHKOMHA: crnenudukanuonnsle (cM. Cneyugukayuonuvle @yHKuuU,
Omuooicentvle _peaxyuu), MeauatopHbie (cM. Meduamopnvle ¢yHkuuu) W CUEHApHBIE (CM.
Cuenapuvie gyukyuu). ITA TUTBI, UHBAPUAHTHI U (PYHKIIMH OMPEICINAIOTCA B CHeIM(PUKAIMOHHBIX
daitnax ¢ pacmumpenueM sec. Crneun(uUKalMOHHBIE 3aroJOBOYHBIC (ailsibl, coaepKalue
JeKIapaniuy  CreMu(UKAIMOHHBIX TUIOB W (DYHKIWH, ITOJDKHBI HaXOTUThCS B (Qaillax ¢
pacmupenneM  seh.  CnenudukalMOHHBIE  3aroJIOBOYHbIE  (ailmbl  BKIIOYAIOTCS B
cren(pUKAIMOHHBIE  (aiiibl MpU  TOMOIIM JUPeKTHBBl Tpernporeccopa C  #include.
Cnenudukaonnple ¢Gaiasl MOTYT coiepkatb W o0bruHble (QyHkiuu C, TpeOyemblie s
Pa3IUYHBIX BCTIOMOTATENbHBIX meliei. [Ipu HeoOX0IMMOCTH UCIIOJIb30BAHUS CTICIIHATBHBIX JAHHBIX
Wi (QYHKIMA HMCIOIB3yeTCs BKIIOYCHHUE COOTBETCTBYIOIIUX OOBIYHBIX 3aroJIOBOYHBIX (hailyioB
si3pika C npu nmomoIu JupekTuBbl npenpoueccopa C #include.

Jns ynoOcTBa 3amycy W YTCHHS JIOTHYECKUX BBIpaXKEHUN B s3bIK  SeC JIOTOJHUTENIHHO BBEJICH
orepaTop HUMIUIMKAIUK =>, SIBJISIOMIUNACS OWHAPHBIM HWH(MUKCHBIM OINEPaTOpOM, MPUOPUTET
KOTOPOTO MEHBIIIE MPUOPUTETA OmNepaTopa AUBIOHKIHUU ||, HO OOJIbIIE MPHUOPUTETA YCIOBHOTO
omepaTtopa ?:. BpIpaxkeHue x => y DOSKBHUBAJCHTHO BBIPAKEHUIO !x || y, W TpPU €ro
BBIYMCIICHUH, TAKKE€ KaK MPHU BBIUKUCICHUU JIPYTUX JIOTHYECKUX OMEpPATOPOB, NEHUCTBYIOT MpaBHIIa
KOpPOTKOW JIOTWKU. Omneparop MMIUIMKAIMA aCCOLMATUBEH ClieBa HAlpaBO, TO €CTh BBIPAKECHHE
X => y => z 3KBUBAJICHTHO BBIPAXKCHHUIO (X => y) => z.



Crneundpuxkanumn

Crenudukanuu MpencTaBissioT co0oil ¢GopmanbHOE oOnMcaHue TpeOOBaHUM K TeCTHPYEeMOi
cucteme B (hopMe MHBApUAHTOB JAAHHBIX U CclieUU(UKAIMY TIOBEIEHUS TECTUPYEeMON cucteMsl. J{is
onucaHus TpeOOBaHUHM cCHEeUU(PHUKAIMM MOTYT HCHOJb30BAaTh KaK HEMOCPEACTBEHHO [aHHbIC
TECTUPYEMON CUCTEMBI, TAK U COOCTBEHHYIO CHIEU(PUKALNOHHYIO MOJIEIb JAHHBIX.

CrneundukaumoHubie PyHKIUU

Crneuundukanronsbsie GyHKINUN MpeIHa3HAYCHBI Ui CrieUUKalUU MOBEICHUS TECTUPYEMON CHU-
CTEMBI ITPY BHEIITHEM BO3JICHCTBUU Ha HEe Yepe3 HEKOTOPYIo YacTh nHTepdeiica. CriennukanmoH-
Hasi QYHKIIHS OTIpeIessieT:

s OTpaHMYCHHUS JOCTYNA K IAHHBIM;
s IpeaycJIOoBHUE;
+  JIOKaJIbHBIC KPUTEPUU TIOKPHITHSI,
+  IOCTYCJIOBHE.

CrenndukanoHHble QYHKIMH ISKIAPUPYIOTCS U OMPEACIAIOTCS B CIEIU(PUKAIMOHHBIX (aiinax u
MMOMEYAIOTCSl KIIFOUEBBIM CJIOBOM SeC specification. OHE MOTYT colepkaTh CIEIYIOLIUE dJIe-
MEHTBI:

« OrnucaHue OrpaHUYEHUN JOCTYIA JAHHOM (YHKUMHU K II100aJbHBIM MEPEMEHHBIM U Iapa-
MeTpam.

« OnucaHue JOKaIbHBIX MOKPBITHH (TOJBKO B IPOTOTUIIAX (DYHKIIHIA).

« IlpenycnoBue, ONUCHIBAIOIIECE CUTyallud, B KOTOPBIX ONPEIEIEHO IOBEICHUE TECTUPYEMOM
CUCTEMBI.

+ JlokanbHBIE KPUTEPHH MOKPBITUS, OMMCHIBAIONINE pa30MeHNE Ha BETBU (PYHKIIMOHAIBHOCTH
HOBEJICHNUS TECTHUPYEMOM CHCTEMBbI IPHU B3aUMOIECHUCTBUM C HEH uepe3 yacTh MHTEpdeiica,
OTTMCHIBAEMOTO JIAHHOW CTIeIU(UKAIMOHHON (DYHKITHEH.

« IlocrycnoBue, ONUCHIBAIOIIEE OITPAHUYEHNUS, KOTOPBIM JIOJKHBI YIOBIETBOPATDH PE3YJIbTAThI
paboThI TECTHPYEMOM CHCTEMBI, OTIMCHIBAEMOW JaHHOU crielM(PUKAIMOHHON (PYHKITHEH.

« JlonomHutenpHel Ko Ha SeC MOMUMO NPEAYCIIOBUS, ONPEACIICHUS JIOKAIbHBIX KPUTEPUEB
IIOKPBITHSL U IIOCTYCJIOBHSI.

CrienudukanoHHble (QYHKIIUHU BBI3BIBAIOTCS TaK K€ Kak 0ObruHble GyHKIMU. [Ipu TecTupoBanuu B
TOYKE BbI30BA CHELU(UKAIUOHHOW (PYHKLIUHU MPOUCXOIUT NPOBEPKAa MHBAPHUAHTOB THIIOB BbIpaXe-
HUHU C JOCTYIIOM reads WM updates, NPOBEPKAa MHBAPUAHTOB IEPEMEHHBIX C JOCTYIIOM reads H
updates, IpOBEpKa 3HAUYECHUH MEepeJaHHbIX apTyMEHTOB Ha BBINIOJHEHHUE MPENyClIOBUS, BbIUHCIIE-
HHUE DJIEMEHTOB IMOKPBITUH JUIsl 3HAUYEHUI NEepeJaHHBIX apryMEHTOB, OOpallleHue K MeauaTopy,
YCTaHOBJICHHOMY JJIsl BbI3bIBa€MOM crienu(UKalnOHHON (PyHKIMHU, IPOBEPKAa HEM3MEHHOCTHU BbIpa-
KEHUH C JIOCTYNOM reads, NPOBEPKAa MHBAPUAHTOB THUIIOB BBIPAKEHHH C JOCTYNOM writes H
updates, NIPOBEpKa MHBAPUAHTOB NEPEMEHHBIX C JOCTYIIOM writes M updates, IPOBEpKa BbI-
MOJTHEHUS TIOCTYCIIOBUS.

CuHTakKcuc

( declaration specifiers )?
"specification"

( declaration specifiers )?
declarator

( declaration )*



compound statement

’

CeMaHTHYeCKHe PaBUJIA

—

Nmena cnenuuKamoHHbIX (QYHKIUH BXOJAT B TO K€ MPOCTPAHCTBO UMEH, YTO U UMEHA 0ObIU-
HBIX QyHKIMIA s1361Ka C.

CrneuundukanronHas GyHKIHS JOHKHA OBITH OMpEeleHa POBHO OJMH pa3 CpPelIr BCEX €IUHUIL
TpaHCIALUY (translation unit), cOOMpaeMBbIX B OAHY CUCTEMY.

3. B oObsiBIeHUH WK ONpPENENIeHUN crieln(pUKAIIMOHHON (PYHKIIMH 3aMpelacTcsl BBOAUTD JII0ObIe

CYIIHOCTH C IMEHAMH, COBITAJIAIOIIMMH C UMEHEM ITOH CrielMPpUKAIIMOHHON (PYHKITHH.

4. Jlns Bcex rnoOalbHBIX MEPEMEHHBIX W MapaMeTpoB (WM UX COCTaBHBIX YACTEl), KOTOPBIE HC-
MOJIB3YIOTCS B CTICHU(PHUKAIIMOHHON (DYHKIIMU, BO BCEX MPEIBAPUTENLHBIX JCKIapalusax U Je-
KJaparope omnpezeneHuss (YHKIUU JOJDKHBI  OBITh  yKa3aHbl OrPaHUYEHUS JIOCTyMa

o

(se_access description).

5. Bo Bcex npeaBapuUTENIbHBIX AEKIApalysIX U JeKIapaTope onpeaesieHust GyHKIMU OrpaHUYCHUS
JIOCTYTIA JIOJKHBI OBITH OJJUHAKOBBI.

6. B cocraBHOM omneparope crieln(pUKAUOHHON (PYHKIMU JOJKHO IMPUCYTCTBOBATH POBHO OJIHO
oCTyclnoBue (se post block statement) mocie OJ0KOB KPUTEPUEB HMOKPBHITUS WU IpENy-
CJIOBHS, €CJIA OHH IIPUCYTCTBYIOT.

7. B cocraBHOM omeparope crenn(puKanuoHHOW QYHKIIMA MOKET MPUCYTCTBOBATh HE OOJIbIIE O -
HOT'O IpeaycioBus (se pre block statement) 10 GJOKOB KPUTEPUEB MOKPBITUS, €CIIU OHU
HPUCYTCTBYIOT, M 10 OJIOKa MOCTYCIOBHS, TIOCIIE MPEIYCIOBUS I0JKEH CIIeJ0BATh JINOO COCTaB-
HOM omepatop, JINO0 MepBbId KpUTEPUN MOKPHITHS, TUOO MOCTYCIOBUE.

8. B coctaBHOM omeparope crenu(pUKalnOHHON GYHKIMU MOTYT MPUCYTCTBOBATh HECKOJIBKO JIO-
KalbHBIX KPUTEPHEB TOKPBITHS (se coverage statement, ¢ HHHUIHAIA3ATOPOM
se coverage derivation initializer 1100
se coverage function initializer), CIEAYIOIUX APYT 3a APYroM mocie OJI0Kka mpemy-
CJIOBUS, €CIIM OH NPHUCYTCTBYET, M 10 Oioka noctycioBus. Ilocne mocneanero kpurepus mo-
KPBITHSI TOJDKEH CIIEA0BATh MO0 COCTaBHOM OMepaTop, JIMOO MOCTYCIOBHE.

9. Mexy KOHCTPYKLUHUSIMHU se coverage statement He JOJKHO ObITh JPYTrUX KOHCTPYKLUH.

10. Koncrpykiuu se pre block statement, se_coverage statement u
se post block statement MOryT OBITh BIJIO)KE€HBI TOJIBKO B CHHTAaKCHUYECKHE Y3JIbI
block item (6J10KM KOJa, OTPaHUYEHHBIE (PUIYPHBIMU CKOOKAMHU).

11. C yueToM BO3MO>KHOT'O JOIMOJHUTEIBHOIO KOJA, TEJNO CHEeUU(PUKALIUOHHOW (PYHKIMH JOJKHO
UMETH CIEAYIOLYIO CTPYKTYpY:

OOMNOJIHUTEJNIbHEN kom 1 1
pre { ... }
{
OOTIOJIHUTEJIbHEN Kom 2 1
coverage mvMa 1 { ... }

coverage mMa n { ... }

{
nononHMTeanHﬁ_Kon_3_l
post { ... }
OOMOJIHUTEJIbHEN KOO 3 2

}

OOMNOJIHUTEJIBHENM KOom 2 2

}

OOIMOJIHUTEJIbHEN Kom 1 2

}

12. JIro60ii U3 0J0KOB JOMOIHUTEIHHOTO KOJa MOXKET OTCYTCTBOBATbD.



13. Ecin kakasg-nu0o us MMap OOMOJIHMTEJIEHEM KOO 2 1 W HONOJIHUTEJIBHEM KOI 2 2 HWIH

OOIOJIHUTEJNIbHED KOZ 3 1 W OONOJIHMUTEJIbHBM Kon 3 2 OTCYTCTBYET, TO pa3peiiacTcCs
He nHcaTh (UIypHbIE CKOOKH, HEMOCPEICTBEHHO COJEpIKAallie OTCYTCTBYIOIIYIO Mapy IOMOJ-
HHUTEJILHOTO KOJIa.

14. CnenudukanuonHas pyHKIHs 10KHA ObITh 0€3 BUIUMBIX CHAPYKU MOOOUYHBIX 3P (EKTOB:
14.1.35aueHus TI00ANTBHBIX TIEPEMEHHBIX M 3HAYEHUS JAHHBIX, IEPEeIaBaeMbIX MO yKa3aTelsiM,

HC OOJIZKHBI U3BMCHATHCA,

14.2. nuHamMudeckas maMsTh, BBIACIsAEMas B CIeNU(DUKAIMOHHOW (PYHKIMH, TOJDKHA OCBOOO-

KJIaThCsl, IPUYEM Ha TOM K€ YPOBHE BJIIO)KEHHOCTH (B TOM K€ COCTAaBHOM OIleparope), Ha

KOTOPOM OHa BBIJIEISIIACK:

14.2.1.ecniu mamsTh BBIACISACTCS B MPEIYCIOBUU, KPUTEPUU TOKPHITHS WM MOCTYCIOBHUH,
OHA JOIKHA OCBOOOKIATLCSI B TOM K€ OJIOKE;

14.2.2.ecnmu maMATh BBIIENSACTCS B Hayalle CreUU(UKAIMOHHOW (DYHKIMH, OHA JOJDKHA
OCBOOOKIAThCSI B KOHIIE ITOCJIC MPEAYCIIOBUS, KPUTEPHEB MOKPBITHS, TIOCTYCIOBUS U
OKOHYaHUSI COCTABHBIX ONEPATOPOB, COJEPIKAIIUX KPUTECPUU TOKPBITHS U MOCTYCIIO-
BHE;

14.2.3.ecnmu maMsATh BBLICISICTCS B COCTAaBHOM OIEpaTOpe IOCIE TPEAYCIIOBHUsS, TO OHA
JOJKHA OCBOOOXKIATHCSI B KOHIIE 3TOTO COCTABHOTO OIEpaTropa IOcCiie KPUTEPUEB I0-
KPBITHSI, TIOCTYCJIOBUSI © OKOHYAHUSI COCTAaBHOTO OIIEPaTopa, COJEPIKAIIETO MOCTYCIIO-
BHE;

14.2.4.ecmu mamsATh BBIIEISETCS B COCTABHOM OIEpaTope IMepe] MOCTYCIOBHEM, TO OHA
JIOJKHA OCBOOOKIATHCS B €T0 KOHIIE MOCIIE TIOCTYCIIOBUSL.

OT/105)KeHHBbIE peaKIUun

OTnoXeHHbIE PEeaKIUH JACKIAPUPYIOTCS U ONPENeNSIOTCS B cHenn(UKaNMOHHBIX (aiiax B BUIE
¢ynkuuit 6e3 mapaMeTpoB, MOMEUYEHHBIX KITIOUEBBIM CIOBOM SeC reaction M BO3BpaIIAOMIAX
yKa3aresiu Ha crenu(uKauoHHble TUIIBL. OHM MOTYT COJEPKaTh CIEAYIOIIUE JIEMEHTHI:

Ornrcanne OrpaHMYEHUN JIOCTYIIA TAHHOM PeaKIuu K II00aTbHBIM IIEPEMEHHBIM.
IIpenycnoBure, ONMUCHIBAKOIIEE CUTYallMH, B KOTOPBIX BO3MOXHO BO3HUKHOBEHHE JAaHHOM pe-
aKITNM.

[ocTycnoBre, ONMUCHIBAIOIIEE OTPAHUYCHHUSI HA 3HAYCHUS TIIOOATBHBIX EPEMEHHBIX, KOTO-
pbl€ JOJKHBI BBIMOJHITHCSA B CIIy4a€ BO3SHUKHOBEHHS JAHHOW PEAKIUU.

JononuuTtenbHbl ko1 Ha SeC BHE MPEAYCIOBUS U MOCTYCIOBUS.

CuHTakcuc

( declaration specifiers )?

"reaction"
( declaration specifiers )?
declarator

(

declaration )*

compound statement

’

CeMaHTHYeCKHe PaBUJIA

1. VimeHa OTNOKEHHBIX peaklMil BXOIAT B TO K€ MPOCTPAHCTBO MMEH, YTO U MMEHAa OOBIYHBIX
¢byHkmmii s3pika C.

2. OtnokeHHas peakiys JOJKHA OBITh ONpeieNieHa POBHO OJUH pa3 CPeAr BCEX €AMHUILL TPAHCTS-
MM (translation unit), COOMPaEMBIX B OJIHY CUCTEMY.

3. ¥V OTJIOXEHHBIX pPeaKifii He MOKET ObITh MapaMeTPOB, TUIIOM BO3BPAIIA€MOT0 3HAUEHUS OTJIO-
KEHHOM peakIMy MOXKET OBITh TOJIKO YKa3aTelb Ha CTIeU(PUKAIIMOHHBIN THII.



10.
11.

12.

B 00bsiBiIeHMN WK ONIPEJENICHU OTJIOKEHHONW PEaKLuy 3allpelaeTcsi BBOAUTh JTH00bIE CYIIHO-
CTH C IMEHAMH, COBIAIAIOIINMH C UIMEHEM 3TOH OTJIOKEHHON PeaKIHu.

JIst Bcex rio0anbHBIX MEPEMEHHBIX M apaMeTpoB (MM MX COCTABHBIX YacTel), KOTOpbIE HC-
HOJTB3YIOTCS B PEAKINH, BO BCEX MPEABAPUTEIBHBIX JEKIAPALMIX U ACKIapaTope ONpeaeIeHus
pEaKIUK JOJKHbI OBbITh YKa3aHbl OTPAaHUYEHNUS JI0cTyna (se access_description).

Bo Bcex mpenBapuTENbHBIX ACKIAPALUAX M JCKIapaTope ONPEAEIeHHs PEaKUH OTPaHHYCHUS
JOCTyMa JOJKHBI OBITH OJJUHAKOBBI.

B cocraBHOM omepaTope OTIOKEHHOM peaknuu JAOJDKHO MPHCYTCTBOBATH POBHO OJHO IIOCTY-
cioBre (se post block statement) Hocie NpeayCclOBHsl, €CIH OHO MIPUCYTCTBYET.

B cocraBHOM omeparope OTIOXKEHHON PEaKIMd MOXET HMPUCYTCTBOBATH HE OOJBIIE OIHOTO
npenycnoBus (se pre block statement) 0 HOCTYCIOBHS, TOCTE MPELYCIOBUS HOJDKEH
CJIeIOBaTh JIMOO COCTABHOM oreparop, 00 MOCTYCIOBHE.

C yueToM BO3MOXHOTO JIOMOJHHUTEIBHOTO KOJa, TEJNO OTJIOXKEHHOH peakIiMu TOKHO UMETh

CIETTYIOIIYIO CTPYKTYPY:

OOMOJIHUTEeJIbHEM kom 1 1

pre { ... }

{
OOMNOJIHUTENbHEM Kon 2 1
post { ... }
OOTMOJIHUTEJIbHEM KOO 2 2

}

OOMNOJIHUTENbHEM Kon 1 2

JIro60¥i n3 6JI0KOB AOMOJHUTENBHOTO KO/Ia MOKET OTCYTCTBOBATb.

Ecinu mapa nmonosnurensHent xom 2 1 M DOMOJIHUTEJBHBIM KO 2 2 OTCYTCTBYET, TO pa3-

perraercs He mUcaTh (GUTYpHBIE CKOOKH, HETIOCPEICTBEHHO €€ CoJiepIKaIlne.

OT0XeHHas peakiys J0KHa ObITh 0€3 BUIIUMBIX CHAPYKH TTOOOYHBIX 3P (HEKTOB:

12.1.3Ha4eHus TII00ATBHBIX IEPEMEHHBIX HE JOJKHBI H3MEHSTHCS;
12.2. niuHamMuyeckas namsTh, BeIIeIseMas B peakluy, TOJKHA OCBOOOKIATHCS, IPUYEM HA TOM
7K€ YPOBHE BJIO)KEHHOCTH (B TOM € COCTABHOM OIIEpaToOpe), Ha KOTOPOM OHa BBIJIEIIAJIACH:!
12.2.1.ecnu mamsTh BBIAENSETCS B MPEAYCIOBUU HIIM MOCTYCIOBHH, OHA JIOJKHA OCBOOO-
JKIATHCSA B TOM K€ OJIOKE;

12.2.2.ecnu mamsTh BBIJEISIETCA B Hayale peaklldu, OHA JTOJKHA OCBOOOXIATHCSA B KOHIIE
1ocjie MpeaycIoBUs, IOCTYCIOBUSI M OKOHYAHUSI COCTaBHOT'O OIEpaTopa, CojeprKallie-
T'O MOCTYCIIOBUE;

12.2.3.ecnmu mamsTh BBLAEISAETCS B COCTABHOM OIEpaTope IMOCie MPEayClIOBHs, TO OHa
JOJI’KHA 0CBOOOXKIaTHCSl B KOHIIE TOTO COCTABHOIO OIepaTopa Mocje MOCTYCIOBHS,

Orpanuyenus 10CTYNA

OrpaHuyeHus JOCTyIa OMUCHIBAIOTCS TOCIIE CUTHATYPHI QYHKIIMK WK peakuuu. [ ykazaHus 1o-
CTylla Ha 4YTE€HHE HUCIOJIb3yeTcsd MOAU(UKATOp reads, HA 3allUCh — writes, HA U3MEHEHHE —
updates. JlelicTBUe MOIU(UKATOPa AOCTYNA PACIPOCTPAHIETCS HAa BCE MEPEUYHCICHHBIE BCIE] 3a
HUM 4Yepe3 3aIITyI0 HACHTU(UKATOPHI IO CIeIYIOMEro MoIupUKaTOpa Wik Hadaia Tena (GpyHKII
WIN peakuuu. B orpaHnyeHusx 10CTymna MOXKHO OOBSIBIIATh [ICEBAOHUMBI BRIPQXKEHUH, Ha KOTOPbIE
OIMCHIBAIOTCS OTPaHUYEHUS JOCTYIIA.

Ecnu m1st BeIpakeHus yKa3zaHO OTpaHUYCHHE JOCTYIa Ha u3MeHeHne (MoaudukaTop updates), TO
BHYTpU (PYHKIIMU WIHM PEAKLMU 10 KIIOYEBOTO CJIOBAa post BBIpAKEHHE MMEET Ipe-3HaueHHe —
3HAYEHUE J0 B3aUMOJICHCTBUS C TECTUPYEMOI CUCTEMOM, OMMMCHIBAEMOT0 TAHHOM crieln(UKaIMOH-



HOM (pyHKIIMEH, UK 3HaYeHHE IO BOSHUKHOBEHUS JaHHOU peakiuu. [lociie Kio4yeBoro cioBa post
BBIPQKCHHE MMEET IMOCT-3HAYCHNE — 3HAYCHHUE TOCIIC B3aUMOJICHCTBHUS ¢ TECTHPYEMOH CHCTEMOI
WIH TIOCIIe BOSHUKHOBEHHSI PEAKIUU, NMPe-3HAU€HNE BBIPAKECHUS MOCIIE KIFYEBOrO CIOBa post JA0-
cTymHo yepe3 oneparop SeC @ .

Cunrakcuc
se access description ::= se access speclifier se _access
("," se access )*
2
se access specifier ::= "reads" | "writes" | "updates" ;
se access ::= ( se access alias )? assignment expr ;

CeMaHTHUECKHE npaBuJjia

1. B mpexnenax oIHOTO ONHMCAaHUS HE JODKHO OBITH JBYX OTPaHUYEHHH JOCTYIa, WMEIOMIMX
pasHble MOIUGPUKATOPHI JOCTYIA U OJHO M TO K€ BBIPAXKEHHE, K KOTOPOMY yKa3bIBaeTCs J0-
CTYII.

2. Ecnu ans BelpaXeHUsS YKa3aHO OrpaHMYEHHME JOCTYIa Ha 3amuch (MoaudukaTrop writes), TO
BHYTpH (D)YHKIIMH WM PEaKIH HE JIOMYCKAETCs MCIOJIb30BAaHUE YTOTO BBIPAKEHUS J0 KIIIOUe-
BOTO CJIOBa post.

3. Tlapametps! (yHKIHMU HE MOTYT MCIIOJIB30BAThCS B KAUECTBE BBIPAKEHUI C OrpaHHUYCHHEM J0-
CTyIIa Ha 3anuch (MOAU(PUKATOP writes).

4. Ecnu nns BbIpaXEHUS YKa3aHO OTpaHUYEHHUE JOCTyNa Ha yTeHue (MOIuQHUKaTop reads), TO
BHYTpHU (YHKIIUH WM PEAKIMU €ro 3HaYeHHEe TOCTYITHO BE3/1€ U HE MEHSIETCA.

IlceBnoHMMBI

[IceBIOHUMBI OOBSABISAIOTCA MPOCTHIM MPUCBAWBAHHWEM B OrpaHUYEHHUAX JTocTtyna. BHytpu ¢yHK-
[IUW WM PEAKIUU TICEBIOHUMBI UCTIOIB3YIOTCS] aHAJIOTHYHO JIOKATBHBIM MIEPEMEHHBIM.

CuHTaKcHuC

se_access_alias ::= <ZID> "=" ;

CeMaHTHYeCKHE MPaBUJIA

1. Wnentudukarop rnceBIOHUMA HE JOJDKEH COBMAaTh C HACHTU(HUKATOpaMHU MapaMeTpoB, C UMe-
HAMU JIOKATbHBIX MOKPBITUN U JIOJDKEH OBITh YHUKAJIBHBIM B Ipe/eiaX OrpaHHuYeHUi J0CTyma
crenupuKanuoHHON QYHKIIMN WU OTI0KEHHON PeaKIiH.

penycaosue

[IpenycnoBue OTIOKEHHOM pEeaKLUUU ONMUCHIBAET YCIOBHS, MPU KOTOPHIX BO3MOXKHO BO3HHKHOBE-
HUE JTaHHOM peakuuu. Bo BpeMs TeCTHpOBaHUS MPENyCIOBHE PEaKLUU MPOBEPSETCS BCAKUHU pas,
KOrJa oHa Bo3HMKaeT. Eciiu mpenycioBue Hapymaercs, 3TO 3HAYMT, YTO MOBEJICHHE CUCTEMbI He
COOTBETCTBYET CHEIM(PUKALIUY.

[IpenycnoBue Ha si3p1ke SeC — 3TO HAOOP MHCTPYKIIUI, KOTOPBIN CHHTAKCUYECKH i CEMaHTUICCKU
9KBUBAJICHTEH TeTy (QYHKIIMH, HMEIOIIECH Te jKe mapaMeTpsl, 4To U crenupukanuonHas GpyHkuus (y
peakiuii mapameTpbl BCerja OTCYTCTBYIOT) M BO3BpAIlAIONIC pe3yibTar TUna bool. ITOT HAOOP
WHCTPYKIUH 3aKITF09aeTcs B (PUTYPHBIE CKOOKH M TIOMEUYAETCS KITFOYEBBIM CIIOBOM pre.

CuHTaKCcHC

se pre block statement ::= "pre" compound statement ;



CeMaHTHUYECKHE npaBuJjia

1. B crnenudukanrioHHON (YHKIMHM WM OTIOKEHHOW pEeakMh MOXKET ObITh He OOJIbIIE OIHOTO
HPEAYCIIOBUS, KOTOPOE JOJIKHO OBITh ONPENENIEHO N0 JIOKAIbHBIX KPUTEPUEB TOKPBITUS (€CiIn
OHH OTIPEIENISIOTCS B QYHKIIUH) U TIOCTYCIIOBHSL.

2. IlpenycioBue MOKET OBITH OIYLIEHO, OTCYTCTBHE MPEAYCIOBHS SKBUBAJIEHTHO HAIUYMIO
IPEAyCIIOBHS, BCET/1a BO3BPALIAIOLIETO true.

3. IlpenycnoBue He JOKHO UMETh MOOOYHBIX 3((EKTOB, TO €CTh OHO HE JODKHO U3MEHSTh 3Ha-
YEHMsI II100aJIbHBIX IEPEMEHHBIX U JAHHBIX, IEPEJAHHBIX YE€PE3 YKA3aTEIIH.

4. Habop MHCTpYKUMH B HPEAYCIOBHM JODKEH OBITh CMHTAKCUYECKH U CEMaHTUYECKH SKBHBa-
JICHTHO Telly (DYHKIMH, UMEIOLIEH Ty K€ CHUTHATYPY, YTO U CHeuu(UKAUOHHAS (YHKIUS WIH
OTJIOJKEHHAsl peakUus, 4acThbIO ONPEICIICHUS KOTOPOM OHO SIBJISETCSA, M BO3BPALLAIOLICH pe-
3yabTaT TUIA bool.

5. B mpenycioBusix Henab3sd UCHOIb30BaTh BBIPAKEHUS C OTPAaHMYEHUEM JIOCTYIA HA 3aIUCh, TO
€CTb ONMCAHHBIC B OTPAHMYCHUAX JIOCTYIIA CO CHeNU(UKATOPOM writes.

IHocrtycaoBue

[ocrycnoBue cnenupUKanMOHHON (QYHKUIMU CIYKUT IJIs ONHCAHHWS OTPAaHUYEHHH, KOTOPBIM
JIOJKHBI YAOBJIETBOPATH Pe3yJbTaThl paOOThl TECTUPYEMOM CUCTEMBI ITPU B3aUMOJCHCTBUAX C HEH
yepe3 dYacTh UHTepdeiica, ONMUCHIBAEMOr0o JaHHOW (QyHKIMed. Bo Bpems TecTupoBaHUs
IIOCTYCJIOBUE  TpOBEpsieTCs  BCAKUH pa3 mocie paboThl  TECTUPYEMOH  CHUCTEMbI  IpH
COOTBETCTBYIOIIMX B3aUMOJEHUCTBUAX, M, €CIU IIOCTYCIOBHE HApYIICHO, 3HAYUT IIOBEJICHUE
CHCTEMBI HE COOTBETCTBYET CHelM(pUKaLINY.

ITocTyciioBre OTI0KEHHON pEaKklMK ONKUCHIBAET OIPAHMYEHHUs, KOTOPBIM JOJKHBI YAOBIETBOPSATH
3HA4YeHUsl CaMOll peakiMy U TII00aJbHBIX NEPEMEHHBIX IOCJE€ BO3HUKHOBEHHS JAaHHON peakIHH.
Ecniu BO Bpems TecTUpoBaHUS IOCIE€ BO3HUKHOBEHHUS peaklud M paboThl €e Meauaropa
MOCTYCJIOBUE HAPYIIEHO, 3HAYUT MOBECHUE CUCTEMBbl HE COOTBETCTBYET CHEM(pUKALINY.

[ToctycnoBue Ha si3p1ke SeC — 3T0 HAOOP MHCTPYKIUH, KOTOPBIA CHHTAKCUYECKA M CEMAaHTUUYECKH
HKBUBAJICHTEH TNy (PYHKLUH, UMEIOIICH Te K€ MapaMeTphl, YTO U crienupuKaoHHast GyHKus (y
peaKkIuii mapaMeTphbl BCErJa OTCYTCTBYIOT) M BO3BpAIIAIOIICH pe3yabTaT TUMA bool. ITOT HAbOP
WHCTPYKIUH 3aKITF0YaeTcsi B PUTypHbIE CKOOKH U TTIOMEUYAETCsI KITFOUEBBIM CIIOBOM post.

CuHTaKCcHC

se post block statement ::= "post" compound statement ;

CeMaHTHUYECKHE npaBuJjia

1. B cneundukanmoHHONW (YHKIIUN WIA OTJIOKEHHON PEakIMy BCETAa JO0JDKHO OBITH POBHO OJTHO
MOCTYCIIOBHE.

2. TloctycnoBue ornpeaenseTcs mocjie mpeayciaoBus (€Cau OHO HE OMYILEHO) U ToCie MOCIEIHETO
JIOKAJIbHOTO KPUTEPHS TOKPBITHS (€CIIH OHH OIPEIEISIOTCS).

3. HalGop UHCTPYKIU B MOCTYCJIOBUE JOJDKEH ObITh CHHTAKCUYECKU U CEMaHTHUUYECKU SKBUBAJICH-
TEH Tely (YHKIMH, UMEIOIIEH Te XK€ mapaMeTpbl, YTO U cHelu(puKauoHHas QyHKIUSI UIH pe-
akius (y peaxiuii mapaMmeTpbl BCerja OTCYTCTBYIOT), YaCThIO ONpEAETIeHUss KOTOPOW OHO SIB-
JSIeTCsI, ¥ BO3BpAIIAoIIel pe3yabTaT TUIa bool.

4. TloctycnoBue He AODKHO UMETh MOOOYHBIX 3()(EKTOB, TO €CTh OHO HE JIOHKHO M3MEHSTH 3Ha-
YeHHsI TI100aIbHBIX IEPEMEHHBIX U JaHHBIX, IEPEeJaHHbIX Yepe3 yKa3aTellH.

5. B mocrtycioBuu U mociie Hero B Kojie (yHKIUU WK PEaKIUU MOKHO MCIIONB30BaTh CIIEIYIOLINe
JIOTIOJTHUTEIbHbIE KOHCTPYKIIUH:

5.1. IIpeBbIpaXkeHHS C ONEPATOPOM (@).



5.2. Unentu¢ukaTop, COBNATAIONIUM C UMEHEM OTJIOXEHHOM peakuuu WM crnenu(uKauoH-
HOM (QYHKIMH (TONBKO A PYHKUMN U peakuuid, UMEIOIUX THUI pe3yibTara He void), de-
pE3 KOTOPBIA MOXKHO MOJYYHMTh JOCTYN K 3HAYEHWIO BO3HUKILEH OTJIOXEHHON pEaKLMHUU
WIN pe3yJibTaTa, BO3BPALIAEMOro crieupuKanuoHHOW QyHKIUEH.

5.3. OOpaiieHus K paHee BbIYMCICHHBIM 3JEMEHTaM JIOKAIbHBIX HOKPBITUI (€CaH JIOKaJIbHbIE
MOKPBITHS OIIPEIETeHbI B CEM(PUKATUOHHON (PYHKIINH).

5.4. llceBnonepeMeHHas fimestamp, umeroniasi Tl TimeInterval, KOTOpas COINEPKUT Bpe-
MEHHbIE METKHM Hayajla ¥ KOHIIa UCIIOJHEHUS BbI30Ba peaju3alluy MeauaTopa JaHHOM cIie-
U(PHUKAIMOHHON (YHKIMU WIM BpEMEHHbIE METKU yKa3aHHbIC IPU PETUCTPALUU JaHHOM
OTJIOKECHHOW PEaKIMH.

IIpeBbIpaxkeHus

[IpeBbIpaskeHHs] UCTIOJIB3YIOTCS MPHU CIIENU(PUKAIIMA COBMECTHBIX OIPaHUYEHUN HA COCTOSHUS Te-
CTprGMOfI CUCTEMBI 10 U IIOCJIE TECTOBOI'O BOBHCﬁCTBHH WX 40 U ITIOCJIE BOBHHUKHOBCHUS OTJIO-
JKEHHOM pEaKIIUH.

CuHTaKcHuC

"@" cast expr ;

unary expr ::= postfix expr

| "++" unary expr

| "--" unary expr

| unary operator cast expr

| "sizeof" unary expr

| "sizeof" " (" type name ")"

| gcc extension specifier cast expr

7

unary operator s = "&" | mwkn | "+" | nw_mn | n"w.omn | "!" | "@"
cast;gxpr = unary expr

| "(" type name ")" cast expr

’

CeMaHTHUYECKHE npaBuJjia

1. Omeparop (@ MOXET HUCIOJIB30BATHCS TOIBKO TOCIE KIFOUEBOIO CJIOBA POSt IO MOTOKY YHpaB-
JICHHUSL.

2. IlpeBbIpaskeHUE AOIKHO ObITh BBIYMCIUMO JI0 IIOCTYCIOBHS MO MOTOKY YIIPaBJIE€HUS, B KOTOPOM
OHO UCIOJIb3YETCH.

CneunpukanmoHHbIe THIIBI

Crienin(hUKaIIMOHHBIC TUITBI BBOJAATCS C IMMOMOIIBI0 OOBIYHOW KOHCTPYKIUH si3bika C typedef, mMo-
MEUEHHOM KJII0YEeBbIM CJIOBOM SeC specification. B 1aHHOW KOHCTPYKIIMHM MOXET BCTPEUYATHCS
HECKOJIbKO JIeKIapanuil ¢ HHunatn3aTopamMu. Kaxnas u3 HUX BBOJUT HOBBIN CHICTIM(UKAITMOHHBII
TUI cO cBouM uMeHeM. Ecnu B aeknapaiiiy MHULMAIU3aTOP OTCYTCTBYET, TO 3TO IPEIBapUTEIbHAS
JeKIapanus crnenu@UKamOHHOTO TUIA, B POTUBHOM CIy4ae — 3TO OMpeJelieHue CrienupuKaim-
OHHOT'O THIIA.

3HaueHus CHGHHq)HKaIII/IOHHBIX THUIIOB pa3MCHIAIOTCA B }IHHaMH‘ICCKOﬁ naMsTH, yIpaBJICHHUEC ITaMs-
ThIO aBTOMATHU3HUPOBAHO — IMPU U3MCHCHUU KOJIMYCCTBA CCHUIOK HA 3HAUYCHUC, CHCTUYUK CCBHUIOK Ha
JaHHOC 3HAYCHHUEC aBTOMATHUYCCKU HU3MCHACTCA, 3HAYCHUC YAAIACTCA aBTOMATUYCCKU IIOCIIC YHHU-
YTOXKXCHUA HOCHeﬂHCﬁ CCBLJIIKH.



B cnemmdukannonnom pacimupeHuu si3bika C CyliecTByeT BCTPOSHHBIN crielM(pUKAlMOHHBIN THIT
Object, KOTOpBIM SBISETCS HEMOJHBIM crhenupuKkanuoHHBIM TUIOM (incomplete specification
type). OH siBiisieTcst 6a30BbIM /ISl BCEX CIEU(PUKAIIMOHHBIX TUIIOB, HO 00BEKTOB 3TOr0 TUMA ObITH
HEe MOXeT. THIl CCBUIKH Ha CIIeIM(UKAIIMOHHBIN THIT Object, TO €cTh Object™®, UCIONB3yeTCs 10
aHanoruu ¢ void*. Jlrobas ccbulka Ha cnenM(UKALMOHHBIM THII MOXET ObITh MpeoOpa3oBaHa K
CCBUIKE Ha Object u HaoOopoT. Eciu mpu obpaTHOM mpeoOpa3oBaHUK THIT OOBEKTa MO CCHUIKE HE
COBMECTHM C THIIOM, K KOTOPOMY OCYILECTBJIAETCS IpeoOpa3oBaHue, TO MOBEAECHUE CUCTEMBI HE

ONPEAEIIECHO.

Cunrakcuc

declaration = (( declaration specifiers )?
"specification"
( declaration specifiers )?
"typedef"

( declaration specifiers )?

)

| (( declaration specifiers )?

"typedef"
( declaration specifiers )?
"specification"
( declaration specifiers )?

)

)

( init declarator ( "," init declarator )* )?

"woemn
’

r

CemaHTHYeCKHe MPaBUJIA

1.

CHGL[I/I(bI/IKaL[I/IOHHI:IC THUIIBI HC MOT'YT OBITD JIOKAJIBLHBIMU.

2. HNwmeHa crienuuKanMOHHBIX THIIOB BXOJAT B TO K€ MPOCTPAHCTBO UMEH, 4TO U typedef-nmena.
3. Ompenenenue crenuPpUKAIMOHHOTO TUMNA C JaHHBIM HUMEHEM (IEKIapaTop ¢ WHUIMAIN3aTO-

poOM) MOXET BCTpeYaTbCcs TOJBKO OJWH pa3 BO BCEX CAWHHUIAX  TPAHCISIHH
(translation unit), cOOMpaeMbIX B €IUHYIO CUCTEMY.

Nuannmanuzatop B ONpEACICHHH CHEeNU(PUKAIMOHHOTO THMA JOJDKEH UWMETh BHUI: =
{ .<field(l)> = <expr>, .<field(2)> = <expr>, ... },TJe MEKOY (bI/IprHBIMI/I
CKOOKaMU HaxOIHWTCA (BO3MOXKHO MYCTOH) HA0Op KOHCTPYKUWH BHma .<field(i)> =
<expr>, pa3deJICHHBIX 3alATBIMUA. <field (1) > MOXET NPUHUMATL OJHO U3 CIEAYIOLINX 3HA-
YeHMH: init, copy, compare, to string, to XML, enumerate WIM destroy. <expr>
JIOJ>KHO UMETh THII, COOTBETCTBYIOIINM YKa3aHHOMY TOJIIO:

/* Tun GYHKUMM, WHULMAJIM3UPYOIEH OO0BeKT
(MHMLManu3upyeT OOBEeKT MNO ykasareswo 'ref') */
typedef void (*Init) ( void* ref, va list* arg list );

/* Tun OyHKUUM, KONMPYKIEN OOBEeKT
(kommpyeT comepxrMoe o6BeKTa [0 yKazaTesio
typedef void (*Copy) ( void* src, void* dst );

'src' B 'dst') */

/* Tun OYHKUUM, CPaBHMBaOIEN OOBEKTH
(cpaBHMBaeT OOBEKTH MO ykaszsarenaMm left m right) */
typedef int (*Compare) ( void* left, void* right );

/* Tun byHkUMM, npeobpasywoueil 0O6BEKT B CTPOKY
(cTpOoUT CTPOKOBOE MNpPEeICTaBJIeHMEe IaHHOTO obbekTa */
typedef String* (*ToString) ( void* obj );

/* Tun byHkuuwm, obopmmpyomer XML nperncTaBjieHrMe 3aIaHHOTO obbekTa */
typedef String* (*to XML) ( void* ref );



5.

10.

/* Twun dbyuxkuum, nepebupanmeinl MoIoO0BEeKTH
(BeIBBIBAET 3amaHHyW OyHKUMIO callback nisa kaxmoro obwekTa,
NpUHanjexamero OaHHOMY) */
typedef void (*Enumerate)
( void* obj, void (*callback) ( void* ref, void* par ),
void* par
) ;
/* Tun OYHKUUM, YHUUTOXAWLIEN OOBeKT

(ocBODOXIaeT PEeCcypCh, SBaxBAUEHHBI OAHHBEIM OOBEKTOM) */
typedef void (*Destroy) ( void* obj );

[MoxpoOuyro mHPOpManHO 0 QYHKINAX, YKa3aTeIIMH Ha KOTOPBIE JTOJDKHBI OBITH MHUIHA-
JU3UPOBAHBI TOJS NPU ONpPENENIeHUN Crenu(UKaIMOHHOTO THIA, MOKHO HAMTH B TiaBe
«bubnunoreka cnenmbUKAIIMOHHBIX THIIOBY.

Ecnu wHUIManM3anus moyisi B ONPEISICHUN CHEIU(PUKAIMOHHOTO TUIA OTCYTCTBYET, TO HC-
MOJIb3YeTCs] PYHKIMS 110 YMOJTYaHUIO.

B Qynkumsx mo ymonyaHuio ykasaTeld Ha BCE THIBI KpOME Crielu(UKAIMOHHBIX, PYHKIIHO-
HaJbHBIX U vOoid MHTEPIPETUPYIOTCA KaK yKa3aTelld Ha €IMHCTBEHHOE 3HAYECHHUE DTOrO THIIA.
To ecTh, B TOM cily4ae, Korja 0a30BbIN THUII SBJISETCS yKa3aTeJIeM Ha HECKOJIbKO 3HAYEHHM
(cTpoka, MaccuB), B ONIPEIEIEHUH CIIEU(PHUKALIMOHHOTO TUIIA TOJKHBI ObITh MHULIMAIN3UPOBA-
HBbI BCE MOJIS.

B kauectBe 6a30BOr0 THIIA IIPU OIMPEACIICHUH CIICIU(PUKAIIMOHHOTO THUIIA 3aIPEIIAETCs UCIIOIb-
30BaTh:

6.1. cnenudukanronnble, (YHKIMOHATBHBIC  HENOJIHBIC TUIIBL;

6.2. 00beMHEHNS, MACCHUBBI, M CTPYKTYPBI, CO/ICPIKAIIIE BHIIICTICPEUNCICHHBIC THITBI.

Ecnu B OIpeaAcCICHUN CHGHI/I(i)I/IKaHI/IOHHOFO THUIIA OTCYTCTBYCT MHUIHAJIU3AallUA XOTs OBI OJHO-
T'0 IMOJIA, TO UCIIOJBb30BAaTh B KAYCCTBEC 0a30BOro THUIIA TAKXKE 3aIlpeacTcs:

6.3. 00beIMHEHMSI U MAaCCUBBI IEPEMEHHOM JIJTUHBI,

6.4. CTPYKTYPBI 1 MACCHUBBI, COJICPIKAIIIE BCE BBIIICTICPEUHCIICHHBIC THIIHI,

6.5. yka3aTenu Ha Jr0ble 00bEIMHCHHS, MACCUBBI U CTPYKTYPHI.

Ecin B nmexnapanuu crienu(UKAMOHHOTO THIIA MPUCYTCTBYET KIIIOYEBOE CIIOBO invariant, TO

JOJKEeH OBITh OTpe/IeNIeH HHBAPUAHT TUMA, OTPAHUYMBAIOIINNA MHOKECTBO €T0 3HAUCHUHN

Bce 0a3oBbie THIBI, YKa3aHHBIC B JICKIApANUSX W ONMPEACICHUN CHCIH(PUKAIMOHHOTO THIIA,

JIOJDKHBI OBITH COBMECTUMBI MEXKITYy COOOM.

Eciu B X0Ts OBI B O/THOH JIeKJIapanuy Crielu(pUKAIMOHHOTO THTIA IPUCYTCTBYET KITFOYSBOE CIIO-

BO invariant, TO OHO JOJDKHO MPUCYTCTBOBATH BO BCEX JACKJIapallusX, a TaKKe B OMpeserie-

HUU JIAaHHOTO THIIA.

CrienpKaIiMOHHBIC THUIIBI, aHAIOTUYHO HETOJIHBIM TUIaM si3bika C, MOTYT HCIOJIB30BAThCS

TOJILKO Yepe3 yKazateiu. To ecTb, He JOIyCKatoTCs:

10.1.00bsBNICHHS IEPEMEHHBIX CHIEIIM(DUKAIMOHHBIX THIIOB;

10.2.onpenenenuss 0ObeAMHEHUN, CTPYKTYP U MAacCHBOB, COJIEPKAIIUX ITOJISI U DJIEMEHTHI CIIe-
IU(PUKAITMOHHBIX THIIOB U T. JI.

NuBapuaHT THNA

Jis nexnapany MHBapUAHTOB TUIIOB MCHOJIB3YeTCsl 0ObIuHAs KOHCTpyKuuA sizbika C typedef,
MoOMeYeHHAas KI04eBbIM clIoBOM SeC invariant. JlaHHas KOHCTPYKIUA, TaKKe KaK U OOBIYHBIN
typedef, BBOAUT HOBOE UM Tumna. OCHOBHOE €€ OTJIMYME COCTOUT B TOM, YTO MHOXECTBO 3Haue-



130701 OMPEACIIACMOro THUIla HE COBNAAACT CO MHOXKCCTBOM 3HAYCHUN 0a30BOr0 THIIA, a ABJIACTCA €TO
IMOAMHOXECTBOM. Taxum o6pa30M, OonpeaAcsICTCA HE CMHOHUM JJIA 0a30BOr0 THIIOBOT'O BbIpaxe-
HUA, a HOBBIH THII ¢ COOCTBEHHBIM MHOKECTBOM 3HAUCHUM.

OrpaHuyeHuss Ha MHOXKECTBO 3HAu€HHMM 0a30BOro THIA ONMCHIBAIOTCS B COCTAaBHOM OIEpaTope
(compound_statement), KOTOPBI CHHTAaKCHYECKH M CEMAHTHYECKH SKBHBAJICHTEH TNy (yHK-
n 6e3 MoO0UHBIX (P PEKTOB, BO3BpAIIAIONIel 3HaUeHHE OYJIEBCKOTO TUIIA, C OJJHUM HapaMeTpoM,
KOTOPBIH OJKEH OBITH:

s OIpenessieMoro MOATHUIIA, €CITU OA30BBIN THI SIBJISETCS OOBIYHBIM THUIIOM si3bIKa C;
e yKasaTelieM Ha OMpeAeNIIeMbId MOATHI CHEIU(UKAITMOHHOTO THIA, €CJIM 0a30BBINA THUII SIB-
AseTCsl crenru(UKAIIMOHHBIM TUIIOM.

CocrtaBHOIi oneparop MHBapHaHTa MOMEYaeTCsl MOAM(PUKATOPOM invariant, MOCIE KOTOPOrO B
cKOOKax yKkasbIBaeTcs (DOpMaNbHBIA MapaMeTp COOTBETCTBYIOMIETO THIA. [[0CKOIBKY THIT BO3Bpa-
I11aeMOT0 3Ha4eHUs1 (PUKCUPOBAH, OH HE YKa3bIBAETCS.

WuBapuaHT THIIa MOXET OBITh BBI3BaH I BBIPAXKEHUS COOTBETCTBYIOILIETO TUMA. BripakeHue BbI-
30Ba MHBapUaHTa THUIA COCTOUT M3 KIIFOYEBOI'O CJIOBA invariant, 32 KOTOPBIM B CKOOKax cienyer
BBIPa)KECHHE, ISl 3HAUEHUSI KOTOPOI'O MPOBEPSIETCS BBINOJTHEHUE HHBAPUAHTA. 3HAYEHUEM JAHHOTO
BBIPQYKEHUS BbI30Ba NHBApUAHTA TUIIA SIBJISETCS true, €CIIM 3HAYEHHUE MPOBEPSIEMOI0 BBIPAXKEHUS B
TOUYKE BbI30Ba yJIOBJIETBOPSIET OTPAaHUYEHUSIM HHBApHAHTa, U false — B OOpPaTHOM cllyyae.

CuHTaKcuc
declaration ::= (( declaration specifiers )?
"invariant"
( declaration specifiers )?
"typedef"
( declaration specifiers )?
)
| (( declaration specifiers )?
"typedef"
( declaration specifiers )?
"invariant"
( declaration specifiers )?
)
( init declarator ( "," init declarator )* )?
"invariant" " (" parameter declaration ")'" compound statement
"invariant" " (" assignment expr ")"

CemaHTHYecKHe MPaBHJIA

1. VuBapuaHT TUIIAa HE MOXET OBITh ONPEACIICH IS JOKAIHHOTO TUIIA.

2. Jlo TOYKM OIpelesIeHUs] WIK BbI30BA MHBApHUAHTA THIl JOJDKEH ObITh OOBSIBIEH IPHU MOMOLIU
KOHCTPYKIIUU typedef, TpUYeM Cpeld CHHCKa CIenu(UKATOpPOB €ro JeKIapaiuu
(declaration specifiers) JTOJDKEH BCTpPEYATHCS crienuduKaTop SeC
(se declaration specifier) invariant.

3. Ecuu B oHOW M3 eAMHUI] TpaHCIAUMM (translation unit) IpU ONpPENENIEHUH THUIA CPEAU
cneun(puKkaTopoB Jeknapauuu (declaration specifiers) BCTpedaeTcsl creHU(pHUKATOP
SeC (se declaration specifier) invariant, TO OH JOJKEH BCTpEYaThCs B OOBSBICHU-
AX 3TOTO THUIAa BO BCEX €AMHUIAX TPAHCIALMU (translation unit), cOOMpaeMbIX B €AUHYIO
CUCTEMY.



4. OmnpeneneHrie THBapUaHTa 3TOrO THUIA JIOJKHO BCTPEYATHCSl POBHO OJMH pa3 BO BCEX €AMHMIIAX
TpaHCJALUU (translation unit), COOMPAaEMBIX B €IUHYIO CUCTEMY.

5. B xadectBe 0a30BOT0 THIIA MIPH OMPEIEICHUH TUTIA C HHBAPUAHTOM 3aMperiaeTcs UCIoIb30BaTh
(GyHKIMOHATBHBIE TUITHI U void.

Ecnu 6a30BbIi TUD B OMpEAEICHUN THIA C UHBAPUAHTOM SBISETCS CIEHU(PUKAIMOHHBIM TH-
II0OM, TO B OIPEIEICHUN UHBAPUAHTa NapaMeTp AEKIapUpyeTcs KaK yKa3aTellb Ha OoIpenese-
MbIi THIL [Ipu 3TOM MoOJIB30BaTENh MOXKET OBITH YBEpEH, YTO B TEJie MHBApPHAHTa 3Ta CCHUIKA
uMeeT HeHyseBoe 3HaueHue. [Ipu onpeneneHny MHBapHMAaHTOB OCTAJIbHBIX TUIIOB (B TOM 4YHCIIe
yKa3zaTens Ha cnenu()UKalMnOHHBINA THIT), TApaMETpP JSKIAPUPYETCs C ONPEAETSIEMbIM TUIIOM.

6. B BbIpa)keHMM BbI30Ba MHBapHaHTa THIA B CKOOKAax MOJDKHO COJEPXKATbCs BBIpAXKEHHE THUIIA,
MHBapHAHT KOTOPOTO MPOBEPSETCSI.

NuBapuaHT nepemMeHHOMI

Ecnu rnobanpHas mepeMeHHass He MOXET MPUHUMATh BCE BO3MOXKHBIE 3HAYEHHsI CBOETO THIIA, TO
HCO6XOI[I/IMO Ol"paHI/I‘-II/ITI) MHO>XKECTBO €€ I[OHYCTI/IMI)IX 3Ha‘~ICHI/II\/II C MOMOIIBKO I/IHBapI/IaHTa nepe-
MEHHOM. J[71s1 3TOro BO BCexX JeKIapanusx NEPEeMEHHON B ee ONpeAeNieHUN YKa3bIBAETCS KIIF0UEBOE
cinoBo SeC invariant. DTO CIOBO TOBOPHUT O TOM, YTO BCE MEPEMEHHBIC BBOJAMMBIC TAHHOU -
KJIapalyell UMEIOT OTPaHUYCHUE Ha MHOXKECTBO JIOMTYCTUMBIX 3HAUCHHIA.

OrpaHuyeHHss HAa MHOXXECTBO 3HAYCHUH IIEPEMECHHOW OIMCHIBAIOTCS B COCTAaBHOM OIEPaTOpe
(compound_statement), KOTOPBIi CUHTAaKCHYECKH M CEMAHTHYECKHU SKBUBAIECHTEH Telly (yHK-
1uu 6e3 mooouyHbIX A(h(PeKxToB, 6€3 mapamMeTpoB, U BO3BPAIIAOIICH 3HAUCHHE OYJICBCKOTO THUIIA.

CocTaBHOM omnepaTop MHBapHaHTa MOMEYAETCs] MOAM(PUKATOPOM invariant, Mociie KOTOPOro B
cKOOKax yKa3bIBaeTcs MICHTU(UKATOp nepeMeHHOH. [IocKoabKy THUI BO3BpAILla€MOTo 3HAUYEHUS
(GuKCHpOBaH, OH HE YKa3bIBACTCS.

WuBapuaHT nepeMeHHON MOXKET ObITh BbI3BaH Ul MPOBEPKU €ro BhINOIHEHUs. Eciin nepemenHas
UMEET THIl, /Ul KOTOPOro omnpeiesiéH MHBApUAHT, MHBAPHAHT THUMA OYyJET MPOBEpPEH IMepena Mpo-
BEPKOI MHBapUaHTA IEPEMEHHOM.

BripakeHne BbI30Ba HHBApPHAHTA MIEPEMEHHOIN COCTOHUT M3 KIIOYEBOTO CIIOBA invariant, 32 KOTOPbIM
clenyeT UM NMepeMEeHHON B CKOOKax. 3HaueHHEM pe3yJibTaTa BbIUMCIICHUS BbIPDAKEHUS BHI30BA UH-
BapHaHTa SBJSETCS true, €CIM 3HAYCHHE TIEPEMEHHON B TOYKE BBI30BA yJIOBJIETBOPSET OTpaHHue-
HUSIM UHBapHaHTa, U false — B 0OpAaTHOM cCiyvae.

Cunrakcuc
( declaration specifiers )? "invariant" ( declaration specifiers )?
( init declarator ( "," init declarator )* )2 ";"
7
"invariant" " (" <ID> ")" compound statement ;
"invariant" " (" <ID> ")"

CeMaHTHYeCKHE MPaBUJIA

1. VHBapuaHThI MEPEMEHHBIX OMPEENIAIOTCS TOJIBKO JUIS INI00ANbHBIX IEPEMEHHBIX.
2. Jlo TOYKHM OmpeaeNeHHs WIK BbI30Ba MHBapUAHTA IEPEeMEHHas y>Ke JOJDKHA OBITh JeKJIapH-
poBaHa, Ipu4eM cpenu CITMCKa cnenupuKaTopoB ee JeKI1apauu



(declaration specifiers) JOJDKEH BCTpeYaThCs creruduKaTop SeC
(se_declaration specifier)invariant.

Ecnu B onpeneneHun win B OAHON W3 JEKIIapaluii IepeMeHHOM cpea CIUcKa crenuduka-
TOPOB ee Jeknapanuu (declaration specifiers) Berpedaercs cneuupukarop SeC
(se declaration specifier) invariant, TO OH JOJKEH BCTPEYaThCs B JEKIapalUix
Y ONPEIEIICHUHU 3TOW NMEPEMEHHOM, U OINPEJCICHNE NHBAPUAHTA ATOM MEPEMEHHON JOJIKHO
BCTPEYATHCSl POBHO OJIMH pa3 BO BCEX €UHMULIAX TPAHCISILMY (translation unit), cobu-
paeMBbIX B €IMHYIO CUCTEMY.

B onpenenennu nHBapuaHTa U BHIPa)KEHUU BbI30Ba MHBapHUaHTa EPEMEHHOM B CKOOKax co-
JICPKUTCS €MHCTBEHHBIN HACHTU(PHUKATOP — UMs NEPEMEHHOM, A KOTOPOil onpenerneH
WJIY NIPOACKIIApUPOBAH UHBAPUAHT.

Teno wHBapuaHTa MOJKHO OBITh CHHTAKCHYECKH U CEMAaHTHYECKH SKBUBAICHTEHO Ty
byakuun 6e3 mobouHbIX 3(PdekToB, 6€3 mapaMeTpoB, U BO3BpalIalONIeH 3HAYCHHE OYJIeB-
CKOr'O THIIA.



TecroBbIE CLEHAPUM

B s3bike SeC omnpeneneHne TeCTOBOTO CIIEHApHs aHAJIOIMYHO ONpEAEICHHUIO I100aIbHON epeMeH-
HOM, cienn(UIMPOBAaHHOMN KIIFOUYEBBIM CJIOBOM scenario. THI TeCTOBOTO ClieHapHsl 3aJ1aeTcsl UIeH-
TU(PHUKATOPOM, ONPEAETICHHBIM C MOMOUIbIO KOHCTPYKIMU typedef, U ONpenenseT MEXaHU3M I10-
cTpoeHus Tecta. KaxkaoMy MexaHn3My NOCTPOEHHS TECTa COOTBETCTBYET:

s THII JJAHHBIX, HEOOXOAUMBIX ISl IOCTPOSHUS TECTA C MOMOIIBIO0 JAaHHOTO MEXaHW3Ma, KOTO-
pBIi siBiIsieTca 6a30BBIM THUIIOM B KOHCTPYKIUH typedef, onpenenistonei naeHTuduxkaTop
TUTIA CIICHAPHUS;

+  (yHKIMS 3aMycKa TecTa, IOCTPOSHHOTO ¢ TOMOIIbIO TaHHOTO MEXaHU3Ma.

[Ipu ompeneneHnuu TECTOBBIN ClieHApUH MHUIMAIN3UPYETCS 3HAUYCHHEM THIIa, COOTBETCTBYIOIIETO
JAHHOMY MEXaHU3My TIIOCTpoeHHusi Tecta. Jlius 3amycka TECTOBOIO CIIEHApHs HCIHOJIb3YeTCs
KOHCTPYKIUS BBI30Ba (DYHKIIMH, B KOTOPOH BMECTO MMEHHU (DYHKIIMH HCIIOJB3YETCS HMSI TECTOBOTO
CIIeHapHs, a MapaMeTpbl aHAJIOTWYHBI 10 CBOEH CeMaHTHKE MapaMeTpaM CTaHAApTHON (QyHKIUH
main(int argc, char** argv). KoHCTpykuus BbpI30Ba TECTOBOI'O CLIEHAPHS BO3pAILAET 3HA-
YeHHUE TUIA bool, paBHOE true, €CIH TECT OTPAOOTaT KOPPEKTHO U B XOJI€ TECTUPOBAHUS HUKAKUX
OImMOOK 0OHAPYKEHO HE OBbLIO, U false — B IPOTUBHOM Cydae.

CuHTaKcHuc

( decl specifiers )?
"scenario"
( decl specifiers )?
( init declarator ( "," init declarator )* )2 ";"

’

CemaHTHYeCKHe IPaBHJIA

1. VMeHa TeCTOBBIX CLIEHapHEB BXOJIAT B TO )K€ MPOCTPAHCTBO MMEH, YTO U MMEHA I1100ajb-
HBIX ITepeMeHHbIX s3bIka C.

2. TecToBblii clieHapuil JODKEH OBITH ONpPENEeH POBHO OJMH pa3 CpeIu BCeX eIMHHII TPaHC-

M (translation unit), cCOOMpaeMbIX B OJJHY CHCTEMY.

He moxet ObITh onpeieseHo JTOKATbHBIX TECTOBBIX CLIEHAPUEB.

4. Tun TeCcTOBOTO CIEHAPHS JOJDKEH 3a/1aBaThCsl UACHTU(PUKATOPOM, OTPEACICHHBIM C IIOMO-
b0 KOHCTPYKIUHU typedef.

5. WpeHTuduKaTop TUMA TECTOBOTO CIIEHApPUS SBISETCS UMEHEM MeXaHH3Ma IOCTPOCHUS Te-
cTa.

6. Tun nHUIMAIU3aTOpa JOJDKEH OBITH COBMECTHM C TUIIOM TECTOBOTO CIICHAPHSL.

7. Ecnm Tun TeCTOBOTO clieHapus SBISETCS CTPYKTYpOH, TO B MHUIMAIU3ATOPE JOJDKEH HC-
MOJIb30BAThCS CUHTAKCUC pa3biMeHoBaTenel ctanaapra C99, He3aBUCUMO OT MCIIOJIb3YyEeMO-
ro crangapTta s3bika C.

8. BBI30B TECTOBOTO CIIEHAPHS aHAJIOTUYEH BHI30BY (DYHKIIUH C JBYMS ITapaMeTpaMu: MepBBIid
TUMNA int ¥ BTOpo#l TMna char®*. Ilpu 3TOM BTOpO¥ MapaMeTp JOKEH yKa3blBaTh Ha Mac-
CUB CTPOK, OKaHUMBAIOLIUXCSI HYJEM, MOCIEAHUM U TOJBKO IOCIEIHUI JIEMEHT MacCuBa
JIOJDKEH OBITh HYJIEBBIM YKa3aTeleM, a 3HAu€HUE IIEPBOro NapaMeTpa JOJKHO PaBHITHCA
JUIMHE MaccuBa 0€3 MOCJIEIHEr0 MIEMEHTA.

Bb130B TecTOBOrO CrieHapHs BO3BpallaeT 3HauYeHUe THIa bool.

10. 511 mOTHOTO OTpeNIeCHUsI MeXaHu3Ma MOCTPOCHHUS TeCTa He00X0AUMO, YTOOBI ObLIa ompe-
JeneHa (pyHKIUs 3alycka TecTa, HOCTPOEHHOIO Ha OCHOBE JIaHHOI'O MEXaHU3Ma, CO IOKa-
3aHHOW B IIPUMEPE CUTHATYPOM.

(98]



bool start <test engine>( int argc
, Cchar** argv
, <test engine>* td

)

Cuenapusbie GyHKUUMN

B s3pike SeC cuenapHast GyHKLIUS OpeACTaBIseTCs Kak QyHKIUSA O6e3 mapaMeTpoB, BO3BpaIIaoLast
OyJIeBCKMI pe3ynbTaT, IOMEUCHHasl KIIOUEBBIM CIOBOM scenario. CueHapHble (QYHKIUM MOTYT
coJiepKaTh MPOBEPKH KOPPEKTHOCTH MOBECHUS TECTUPYEMON CUCTEMBI, OCHOBaHHbIE Ha Pe3yibTa-
TaxX BBIMIOJHEHUS ee QyHKIMi. Eciau mpoBepka mokasbiBaeT, YTO TECTHpyeMasi CUCTeMa BelleT celst
KOPPEKTHO, clieHapHas (yHKIHUS JODKHA BO3BPATUTh true, HHaue — false. Tak Kak pe3ynbTaThl
MPOBEPOK TMOCTYCIIOBUH BBI3BIBAEMBIX CIEIN(UKAITMOHHBIX (PYHKITHI MM BOZHUKAIOIINX OTIOXKEH-
HBIX pEaKUUil aBTOMaTMYECKH YYMTBHIBAIOTCS TECTOBOM CHCTEMOH, B BO3BpAIllacMOM pe3yibTaTe
CLEHApHOM QYHKINU HE TpeOyeTCsl UX YUUTHIBATh.

CuHTaKcuc

( decl specifiers )?
"scenario"

( decl specifiers )?
declarator

( declaration )*
compound_ statement ;

CeMaHTHYeCKHeE IPaBHJIA

1. Vmena cueHapHbIX (YHKIMII UMEHA BXOJSAT B TO YK€ MPOCTPAHCTBO UMEH, YTO U MMEHA OOBIU-
HBIX QyHKIMA s1361Ka C.

2. CuenapHas GyHKIHS JOKHA OBITH OMpezieNieHa POBHO OJMH pa3 Cpelu BCEX €IUHUI] TPAHCIs-
M (translation unit), COOMPAEMBIX B OJIHY CUCTEMY.

3. CuenapHble (pyHKLIMU HE JOJDKHBI UMETh ITApaMeTPOB U JOJKHBI BO3BPAIATh PE3ysbTaT THIA
bool.

4. Cuenapable QYHKIIMHM HEJIb35 BHI3BIBATD.

5. B cueHapHbIX (QYHKIUSIX IOMYCKAaeTCsl HMCIIOJIB30BAaHHE OINEpPaTOpOB HUTEpAllMH, ONEPaTOPOB
UTEPALMH IO MOKPBITUAM U IEPEMEHHBIX COCTOSIHHUSL.

Omnepartop urepauuu

B crenapHbIx QyHKIMSIX MOTYT MCIIOJIB30BaThCA JBa BUa ONEPATOPOB UTEpaLMU: OOBIYHBIN UTEpa-
TOP M UTEPATOP I10 DIEMEHTaM MOKPBITHs. ONMUCaHNE TIOCIEHETO JJOBOJIBHO CHIIBHO CBSI3aHO C TEp-
MHUHOJIOTHEH MOKPBITH, TOITOMY OTHECEHO B COOTBETCTBYIOIIMN pa3Jie.

WtepaTop HauMHAETCS C KIIIOYEBOTO CIIOBA iterate, MOCIE KOTOPOTO B CKOOKaX 4epe3 TOUKY C 3a-
ISATON YKa3aHBbI:

+  JeKJapanus ¥ MHULIHAIN3alNs UTEePAOHHON ITepeMEeHHOH;
*  YCIIOBHE MPOJOJDKCHUS UTEpPALUH;

e Ccroco0 uTeparuu;

+ ycnoBHe (QUIBTpALNU;

Bce ykazaHHbIe 4acTH, 3a UCKIIOUEHHEM MEPBOH, ABISIOTCA HEOO0A3aTeIbHBIMU U MOTYT OBITH OITy-
mienbl. [Ipy 3ToM ciienyer y4duThIBaTh, YTO IPU HaW4yue (QUIBTpALMU M OTCYTCTBHM CIIOcOOa
UTEpaLU MOXKET IPOU30MTH 3alUKIMBaHue. JleKnapanys 3aKaHYUBACTCS TEJIOM UTEpaTopa.



Takum o6pa30M, cIeayromas KOHCTPYKIUA:

iterate (int i=0; 1<10; 1i++;1i&1==0) { ... }

B HCKOTOPOM CMBICJIC aHAJIOTUYHA LUKITY for:

int 1i;
for (i=0; i<10; i++) {
if (! (i&1==0)) continue;

I/ITepaL[I/IOHHI:Ie HepeMeHHbIe HC ABJIAAIOTCA JTOKAJIBbHBIMHU, OHHM SABJIAIOTCA YaCTHBIM cnyqaeM Hepe-
MEHHBIX COCTOSIHHS. VX 3HAUCHHUS XPAHATCS B CHECIHAIBHON CTPYKTYpPE JTaHHBIX, CBA3aHHOM C TEKY-
M 0606H_IGHHBIM COCTOAHHUEM MOJICIIN. 3TI/I 3HAUYCHUSI I/ICHOJ'H:ByIOTCﬂ KaK TOJIBKO MOJCJIb CHOBa
OKa)KETCSl B COOTBETCTBYIOIIIEM 000OIIIEHHOM COCTOSIHUH.

CuHTaKcHuC

se iteration statement ::= "iterate"
- - " (l'
declaration
( expression )?

woen
’

( expression )?

"woen
’

( expression )?
") "

statement

CeMaHTHUYECKHE nmpaBuJjia

HTtepaTopsl MOTYT HCIIONIB30BAThCS TOIBKO B CIIEHAPHBIX (DYHKIIHUSX.

BeipakeHus, 3afaroniye yCIOBUS NPOJOJDKEHHS WTEpalldd WK YCIOBUSA (PUIbTpAIMM, €CIIU

OHHU NPHUCYTCTBYIOT B UTEPATOPE, NOIKHBI UMETh TUII bool.

3. B craproBoii Jeknapanuu uTepaTopa MOXeET ObITh 00BsIBIIEHA OJJHA M TOJIKO OJIHA UTEPALUOH-
Has IIEpeMCHHas.

4. TIlepemeHHas, 0OBbsIBIECHHAs B CTApPTOBOM JEKJIapalMd UTEpaTopa, He JAOJKHA OBbITh HEMOJIHOIO

WIN JIOKAJIBHOTO TUTIA, U IOJDKHA OBITh MHUIMATHU3UPOBAHA.

[\

IlepemeHHbIE COCTOSTHUA

HepeMeHHHe COCTOSAHUA Hpe)IHaSHaquBI JJIA XpaHeHI/Iﬂ JaHHBIX, CBA3aHHBIX C O606HI€HHI)IM CO-
CTOSIHUEM MOJIENH. 3HAYCHHs] TAaKUX MEePEMEHHBIX CTaHOBSTCA IOCTYMHBIMH, KaK TOJBKO MOJIENb
OKa3bIBAETCI B 3TOM 00OOIIIEHHOM COCTOSIHUM CHOBA.

Jlexmaparust IepeMeHHBIX COCTOSTHUS HaunHaeTcs ¢ MoaudukaTopa stable. Kox Buna:

operator 1;

stable int i = 1;

operator 2;
OKBHUBAJICHTCH CICAYIOLIEMY:

operator 1;

iterate(int 1 = 1; false ;;)

{



operator 2;

}

CuHTaKCHC

( declaration specifiers )?
"stable"

( declaration specifiers ) ?
( init declarator ( "," init declarator )* )2 ";" ;

CemaHTHYecKHe MPaBUJIA

1. TlepeMeHHBIE COCTOSHHS MOTYT UCIIOIB30BATHCS TOJIBKO B CIIEHAPHBIX (PYHKIUSX.

2. HCpCMeHHHC COCTOsIHHA HE NOJI?KHBI OBITH HEMNOJIHOTO MJIH JIOKAJILHOI'O TUIla, 1 JO0JI2KHBI OBITE
HWHULIMAJIM3UPOBAHBI ITPU 0O0BSBJICHHH.



HHoxkpbiTUSH

Ilonnas I/IH(I)OpMaI_II/Iﬂ O NOKPBITHH, KOTOpAad JOJIKHA OBITh AOCTYIIHA B paMKax TeECTa, p336I/IBaeTCH
Ha CJIICAYIOINHEC YaCTU:

l.
2.
3.

WMs nokpeITHS.
ONEeMEHTHI IOKPBITHS.
JU1st BBIMMCITUMBIX MTOKPBITUH - (DYHKIMS BBIYMCIICHUS 3JIEMEHTA MTOKPBITHS.

3ajaHne ITUX XapaKTEPUCTUK MOKPBITUS MOXKET MPOUCXOJIUTH COTJIACHO OINPEACIICHHBIM MPaBUIIaM
Ha MPOTSHKCHUU BCETO MOYJISl KOMITHIISIITUH: C TIOMOIIBIO OTPEIECTICHUN U OOBSIBICHUN Pa3IMIHBIX
BUJIOB. B mpenenax Moayssi KOMIWISIH O Ka)I0M MOKPBITUH JOHKHA OBITh IPEeIoCTaBlIeHa MOJ-
Hast nHOpMaIUs 11 KOPPEKTHOU pabOTHI orepalnii 00paiieHus K MOKPBITUIO U €T0 SJIEMEHTaM.
Kaxxnoe mokpeITHEe MOXET MPUHAICKATH OMPEACICHHON cieln(PUKAITMOHHON (HYHKITUN WUIH OBITh
He3aBUCUMBIM. TakuM 00pa3oM, MOKPHITHS ACIATCS Ha JTOKAJIbHBIC U TI100aTbHBIC:

['moOanbHbIe TOKPBHITHS HE MpPHBS3aHbl K crneun@ukanuoHHbIM (pyHkuusaM. Mmeror obna-
CTbIO BUAMMOCTH MOJAYJIb KOMIWIALMH, OOBSIBISIOTCS W ONPEAEISAIOTCS Ha TiI00aJbHOM
YpOBHE.

Kaxnoe nokaabHOE MOKPHITHE MPHUBSI3aHO K ONpeAeaEHHON crenn(uKauoHHOW (GyHKINY;
OHM CUUTAIOTCS ONpPEeIEHHBIMUA Ha YPOBHE 3TOM (YHKIIMU U UMEIOT 00JIACThIO BUAUMOCTH
IPOMEXKYTOK OT COOCTBEHHOTO OIpeesieHus 10 KoHUa Tena GyHKunu.OObsIBICHUS U olpe-
JIEJIEHUS JJOKAJIbHBIX MOKPBITHH cofiepKaTcs, COOTBETCTBEHHO, B IPOTOTHUIIE U OTIPEAEICHUU
cneun(pUKauoOHHON (DYHKIINH;

HOKpHTI/IH TAaKKE pasaciIAOTCA 110 CHOCO6y 3aJlaHrA 3JICMCHTOB U METOAY BBIYMCICHHA NOCTUTHY -
TOT'O 3JICMCHTA:

Ecnu aBTOp TecTa 3a1a€T COBOKYIHOCTD JIEMEHTOB I IIOKPBITHS HENIOCPEICTBEHHO U OT-
M€4YaeT JOCTUTHYTBIM 3JIEMEHT CaMOCTOSTENIBHO, TO TAaKOE IMOKPBITHE HA3BIBACTCA nepevuc-
JIUMBLM.

Ecin aBTOp TecTa 3a0a€T COBOKYITHOCTB 3JIEMEHTOB JJIS IIOKPBITUS HETIOCPEICTBEHHO U 3a-
AT HEKOTOPYIO (DYHKIIMIO BBIYMCIICHUS JIOCTUTHYTOTO 3JIEMEHTA, TO TaKOE MOKPBITUE Ha-
3BIBACTCS @bruucaumbiM. OyHKIUSA BBIYACICHHS - HEOTBEMIIEMAs YaCTh TAKOTO MOKPBITHSL.
Ecnu aBTop Tecta 3aJaéT B KAaueCTBE COBOKYIHOCTH JJIEMEHTOB IOKPBITUS HEKOTOPBIN
enum-THII, TO GYHKINS BEIYUCICHHS TEHEPUPYETCSl HA OCHOBE CTPYKTYpPBI 3TOTr0O THIIA, A IO-
KPBITUE HA3BAETCS enum-noKpblmuem.

C nomo1pio onepanuil Haja 3JI€MEHTaMU MOKPBITUN peaTu3yroTCsl BO3MOKHOCTU MCIOJb30BaHUS
uH(popMaIuu 00 d7IeMeHTaX MOKPBITUMA /IS YIPABIECHUS XOJO0M TECTUPOBAHUS U 3aHECEHHUS JaH-
HBIX B OTYET.

OO0bsBJICHNE U ONIPe/esieHUe IOKPBITHH

Cy1ecTByeT ITh BUI0B OOBSBICHUN U ONpeAeIeHUN MOKPBITHIA:

el e

YKOPOUYCHHBIC OOBSIBIICHUS;

TIOJTHBIE OOBSBIICHUS;

OOBSIBIICHHE MEPBUYHBIX BHIYMCIUMBIX TTOKPBITHIA;,
OTIpEJICIICHUE TIEPBUYHBIX BHIYUCITMMBIX TIOKPBITHIA,



5. YKOPOYCHHOC OIIPECACIICHUC.
OHpe,HGJ'IeHI/ISIMI/I HOKpBITI/II\/'I SABJIIFOTCA CJICAYROIIUC BHU/BL KOHCTPYKL[I/Iﬁl

« TIOJIHOE OOBSBIICHHE, HE COJIepIKaIlee extern;
s OmpeJeJeHUE NEPBUYHBIX BEIYUCIUMBIX OKPBITUH;
e YKOPOYEHHOE OIpeIeICHNE.

Bce ocranbHble BUIBI KOHCTPYKIUHN SBISIOTCS OOBSIBICHUAMU MOKPHITHI. OOBSIBICHUS U OIpeie-
JIEHUS OJHOTO M TOI'O K€ IOKPBITUSA B paMKaX OJHOIO MOJIYJIS KOMIIWISALIMKA JOJIKHBI CJIEI0BAThH
JpYyT 32 APYTrOM TakK, 4YTOOBI KOJIMYECTBO MH(DOPMALIMK U3BECTHON O MOKPHITUH C KaXKIbIM O0bsIBIIE-
HHEM CTPOTO BO3pacTalio (OMpeeieHne y KaXKI0ro MOKPHITHS MOKET ObITh TOJIBKO 0JHO). CCBUIKH
Ha CEMaHTHYECKHE IpaBHJIa PACHOJIOKEHUS JUIsl KOHKPETHOIO BUA OOBSBICHUN M ONpeaeseHuit
HOKPBITUIT MOKHO HaWTH B KOHILIE JAaHHOTO Habopa mpaBuil, OOIIMX Ul BCeX OOBSBICHUN U Ompe-
JICJICHUN.

CuHTakcuc
se coverage declaration ::= ( "extern" )? "coverage" ( "enum" )? <ID>
( "(" ( parameter type list )2 ")" )7
( se coverage initializer
| memn
;
)
7
se coverage initializer ::= se coverage elements initializer
| se coverage derivation initializer
| se coverage function initializer
7
sStatement = ..
| se coverage statement
7
se coverage statement ::= se coverage declaration ;

CemaHTHUYeCKHE TIPAaBUJIA

1. OO6mue TpeGoBaHUs K OOBSABIECHUSAM U ONPEEIEHUSIM TOKPBITHH.

1.1. ImeHna rino6anbHBIX MOKPHITUI BXOAAT B (hailyIoBYyI0 00JIACTh BUIUMOCTH.

1.2. ImeHa J0KaJIbHBIX MOKPBITHH UMEIOT 00JacTh BUAUMOCTH, OTPAHUYEHHYIO Crielu(UKaIu-
OHHOM (hYHKIMEH, aHAIIOTUYHO TOMY, KaK 00JIacTh BUAMMOCTH TIOJIEH CTPYKTYpBI OTPaHU-
YEHa CaMOU CTPYKTYpOH.

1.3. Jlnst Kax10ro MOKPBITUS B TpenesiaXx OJHOro translation unit MoOXeT ObITH HE Ooiee
OJTHOTO OOBSABICHUS WM ONPEAETICHUs KaKJOro BUJA (HalpuMep, HE MOXKET ObITh ABYX
HOJHBIX OOBSIBIECHUI OHOTO U TOTO K€ MOKPBITHUS).

1.4. ImeHa 37€MEHTOB IMOKPBITUS BCETJa MMEKT 00JaTh BUAMMOCTH, OIPAaHHMUYEHHYK CaMHUM
MOKPBITUEM, AHAJIOTUYHO TOMY, KaK O0JIaCThb BUJMMOCTH MOJEH CTPYKTYphl OrpaHHUuYeHa
CaMOM CTPYKTYpOH.

1.5. B COBOKYITHOCTH BCEX UCXOJHBIX (PaiijIOB, COCTABIIAIONINX OJIHY IIPOrPaMMy, TOJIKHO ObITh
POBHO OIHO ONIPEENCHHUE AJIs KaXKI0T0 00OBSIBIEHHOIO OKPBITHUS.

2. TpeOoBaHus KO BceM se_coverage declaration.

2.1. IlepBelii MaeHTH(UKATOP KOHCTPYKLUUHM se coverage declaration 3aga€r ums Io-
KPBITHUSL.

2.2. KoHcTpyknusi se coverage declaration MOKET OBITh HENOCPEICTBEHHO BIIOXKEHA
B ...
22.1.translation unit.
2.2.2.se coverage statement.



3. TpeboBanus k se_coverage declaration INI0OaTbHBIX IOKPHITUI

3.1.

3.2.

3.3.

Ecin HeT extern, T0 se_coverage declaration BCeraa sBISACTCA ONPEACICHUEM II0-
KPBITHSL.

Ecii B OOBSIBICHHH WJIH ONPEACICHUH TIOOATEHOTO MOKPBITHS TMPUCYTCTBYIOT KPYTJIBIE
CKOOKH, TO M 33/1aéTCsl BBIYUCIMUMOE TTOKPHITHE WU enum-TMOKpPBITHE.

Eciu B se coverage declaration, 3afaionieM II00a1bHOE MOKPBITHE, IPHCYTCTBYET
enum, TO 331a€TCA enuM-MOKPBITHE.

4. TpeboBaHus k se_coverage declaration JIOKaJbHBIX OKPHITUIL.

4.1,
42.
43.
4.4,
4.5,

4.6.

KoHcTpyknus se coverage statement MOXET IPUCYTCTBOBATh TOJIBKO B TEJIE ONPENE-
JeHusl crienn(GUKAIMOHHON (PYKHIIMY MEXKIY TPe/- U MTOCTYCIIOBUEM.

3anpereH crenudukaTop extern.

3anpenéH enum (JTOKATBHBIX €NUM-IIOKPBITUI HE MOXKET OBITH).

3anpelieHbl Kpyriable CKOOKH (U1 JTOKaIbHBIX MOKPBITHI CIHCOK MapamMeTpoOB MPEonpe-
nenéH o0beMITIoNIel CeupUKauOHHON (YHKITHEH).

Papemensl TONBKO MHHMLIANM3ATOPBl BHJA se coverage derivation initializer
WM se _coverage function initializer.

se coverage declaration, BIOXCHHOC B se coverage statement, Bcerma a0JDK-
HO OBITH OTPEIECTICHUEM TTOKPBITHS.

5. OOmue TpeboBaHus K se_local coverage description.

Cunrakcuc
direct declarator ::= //
| direct declarator
" ("
parameter type list
A\ ) A\
( se access description )*
( se local coverage description )*
| direct declarator
A\ ("
( <ID> ( "," <ID> )* )?
" ) "
( se access description )*
( se local coverage description )¥*
se local coverage description ::= '"coverage"
se local coverage
(
A\ , A\
se local coverage
) *
se local coverage ::= <ID>
( se coverage elements initializer
| se coverage derivation initializer
) ?

5.1. Unentudukarop B se_local coverage 3aJa€T UM JIOKAJIbHOTO OKPBITHSL.

5.2. Konctpykius se local coverage description MOKET IPHCYTCTBOBATH TOJBKO B
external declaration, npu 9TOM TOJIBKO eciu oObeMITIOINi
external declaration SIBJIS€TCS NPOTOTUIIOM CHEUU(PUKATUOHHON QYHKINU.

5.3. Ecnu B translation unit eCTh HECKOJBKO MPOTOTUIIOB OJHOM M TOM ke crenuduranm-
OHHOI (bYHKIII/II/I, TO TOJIBKO OAWH U3 HUX MOKCT COACPIKATh OIMMCAHUSA JIOKAJIbHBIX ITOKPBI-
THUH.

5.4. se_local coverage BCerja SBISETCS OObSBICHUEM IOKPBITHSL.



6. O6H_[I/IC TpeGOBaHI/ISI K TJI00aJIbHBIM BBIUUCIUMBIM IMMOKPLITUAM (BKJIIO‘-IaSI Cnum-HOKpBITI/I}I).

6.1. Tunbl ¥ UMeHa MapaMeTPOB MOKPBITUS JOJDKHBI yIOBJIETBOPATH TPEOOBAHUAM K THIAM M
UMEHaM IapaMeTpoB 0OBsBiICHUS WU onpeneneHust C-QyHKIMHM B 3aBUCUMOCTH OT TOTO,
ABIISIETCA JIU se_coverage declaration OOBSBIEHHEM WIH ONPENEIEHUEM NTOKPBITHS.

6.2. ImMeHa napaMeTpoB HE JOJDKHBI COBIAAATh C UMEHEM CaMOro OOBsIBIIIEMOTO MU ONpese-
JSIEMOTO MOKPBITHSI.

6.3. B pamkax translation unit CHHCKHM MapaMeTpoB BceX OOBSBICHUH M onpeaeiaeHUn
OJTHOTO W TOTO JK€ TJIO0AIBHOTO BBIYHMCIMMOTO TOKPHITHA (BKIIIOYAs €NuMm-MOKPHITHS)
JIOJKHBI OBITH OIMHAKOBBIMU. TO €CTbh, JOJKHBI COBIAAATH!
6.3.1.xonnyecTBa MapaMeTpoB;
6.3.2.TUIbI TAPAMETPOB;
6.3.3.uMeHa mapameTpoB.

OO6u1me TpeOOBaHUS K JIOKAIBHBIM HOKPBITUSIM.

7.1. JlokanbHOE MOKPBITHE SIBJIETCS MOKPHITHEM ¢ (DYHKIMEH BhIUMCIIEHUS 3yieMeHToB. Habop
apaMeTpoB MOKPBITHSI COBIAaeT ¢ HAOOPOM MapaMeTpoB 0ObEMITIOIIEH creln(UKAIIUOH-
HOU (pyHKLIHU.

7.2. ImeHa BcexX JIOKaTbHBIX MOKPHITUNA OOBSBICHHBIX M ONMPEICIEHHBIX IJI1 OJHOH crienudu-
KaIMOHHOW ()YHKIIMU JOJDKHBI OBITH Pa3JINYHEI.

7.3. ImeHa noKanbHbIX TOKPBITUN HE TOJKHBI COBIAAATH C ...
7.3.1.umeHeM oOBeMITIONICH crienn()UKATMOHHON (DYHKIIUH;
7.3.2.uMEeHaMH €€ MapaMeTpOB;
7.3.3.MMeHaMH1 NICEBJOHMMOB U3 OIPAaHUYEHUN JOCTYIIA.

7.4. YTOUHEHHE BBILIEU3IOKEHHOTO TPEOOBaHMSA: CUUTAETCS, UTO B PaMKax ONpeAeTIeHUs CIie-
UPUKAIMOHHON (DYHKIMH JIOKAIBHBIC TIOKPBITHS BXOAAT B 007aCTh BHIUMOCTH, COOTBET-
CTBYIOLIYIO OJIOKY, COZIep KalleMy OIpeesIeHHsI TOKPBITHH.

7.5. 7151 KaKI0TO JIOKAIBHOTO MOKPHITHSI, OOBSBICHHOTO B OMUCAHUU JIOKAJTBHBIX MOKPHITUH,
ofpeiesieHue TOU e creln(pUKAMOHHONW (PYHKIIMHN JOJKHO COAEpKaTh OINpeleIeHue Mo-
KPBITUS C TEM K€ UMEHEM.

7.6. B onpenenennu crieriupUKanOHHON (GYHKIUH JIOKAJIbHBIE TOKPHITUS JJOJKHBI OBITh OIpe-
JICJIEHBI B TOM JK€ MOPSIZIKE, B KOTOPOM OHU OBLIM OOBSBIEHBI B ONMCAHUU JIOKAJIbHBIX I10-
KPBITUH IPOTOTHUIIA ITON CIeNU(PUKAITIOHHON (YHKIIHH.

YkopoueHHOe 00bsIBJICHH e

yKOpO‘-IeHHOG MOKPLITUC TTO3BOJIACT OOBSIBHUTH NOKPBITUC, 3a4aB TOJBKO €ro UMs.

YKOpoueHHOE OIpeieNeHue T00AIbHBIX MOKPBITUI UCIONB3YETCs A TOrO, YTOOBI MCIIOJIb30BaTh
B OJIHOM (hailzie MOAYJsl KOMIWISALMU OINpeaesieHue MOKPBITHS, HaxoJsuieecs B JApyroMm (aiine.
YKOpOUEHHbIE ONpPENEICHUs JOKAIbHBIX MOKPBITHH JOIKHBI BXOJUTh B COCTaB MPOTOTUIA O0BEM-
arouied cnenupuKanuoHHON QYHKIMU. B yKOpOYEHHOM OOBSIBICHUU MOKPHITHE HE MOXKET ObITh

ompezeneHo (HeAOMyCTUM WHUITHAIIA3ATOD).

Jlns rnoGanbHbIX MOKPBITUHN, aHAIOTUYHO MOJO0OHBIM OOBSBICHUSIM MepeMeHHBIX B C, YKOpOYEH-
HOE OOBSIBIICHUE CIIEUU(PUIIUPYETCS KIIOYEBBIM CIIOBOM extern; TaKXe JJIS r100albHBIX MOKPHI-
TUH HEJOMYCTUMO KIIIOUYEBOE CIOBO enum. (I JIOKaNbHBIX NMOKPBITUA 3TH OTPAHUYEHUS €CTe-

CTBEHHBIM 00pa30M 3aJat0Tcsl TpeOOBaHUAMU K se local coverage description.

YxopodeHHOe 00bsIBJIeHHE ITI00AJbHOT0 MIOKPBITHS.

extern coverage C( int x, int y );

YkopoueHHoe 00bsIBJIEHUE JIOKAJBHOI0 NOKPHITHS.

specification void f( int x ) coverage C;



CeMaHTHUYECKHE npaBuJjia

1. YkopoueHHOMY OOBSBICHHIO MIOKPBITHS HE JOJDKHO MPEANISCTBOBATh HA OJTHO OOBSIBICHHUE WITH
OTIPEJICIICHUE TOTO JKE MOKPHITHSL.

2. VYkopoueHHOE OOBSBIICHHE TOKPBITHUS MOXKET MPEIIECTBOBATh 000 Apyroi popme oObsBIIE-
HUSI WJTH OTIPEJICIICHUS TOTO YK€ TIOKPBITHS, 32 UCKITFOUEHUEM YKOPOUYSHHOTO OOBSIBICHHUS.

IToJiHOE 00BSIBJICHHE

[TonHoe 0OBsABICHUE NpeaAHa3HAYCHO JIA 3alaHUs BCe HeO6XOHHMOﬁ I/IH(I)OpMaL[I/II/I O IMOKPBITUH -
HMCEHH, 3JICMCHTOB U, BO3MOKHO, q)YHKHI/II/I BBIYHUCIICHUA.

[TomHOE OOBSBIICHHUE - 3TO CHHTAKCHYECKAs! CTPYKTYpa, MPEJOCTABIISIONIAs BCIO HEOOXOIUMYIO HH-
dbopmaruio 00 OMHUCHIBAEMOM €10 MTOKPBITUH.

1. Ecnu B momHOM OOBSABIEHUH TJ00ATbHOIO MOKPBITHS OIYILIEH crenudukarop extern, To
MOJTHOE OOBSIBIICHUE SBJISICTCS ONPEICIICHUEM TTOKPBITHSL.

2. Ecnu nonHoe 0OBSIBIICEHHE JOKAIBHOTO MOKPBHITUS HAXOIUTCS B ONPEICIICHUU crieruduka-
[IUOHHON (PYHKIIMH, OHO SIBJISICTCSI OTIPEACIICHUEM; €CITH OHO HAXOIUTCS B MPOTOTHUIIE - SIB-
JsieTCsl OOBSBIICHUEM.

IToyHBIE OOBABIECHUS JOIMYCTHUMBI IJI CIICAYIOIINX BUI0B HOKpI)ITI/II\/’IZ

1. NEPCUUCIUMBIC IMTOKPBITUA,
2. TPO3BOJHBIC MOKPBITHS;
3. enum-IOKpBITHSL.

CemaHTHYeCKHe PaBHJIA

1. o momHOro oOBSIBICHUS MOKPBITHS TEKCT translation unit MOXKET cOAEpPXKATh TOIBKO
YKOPOUYEHHOE OOBSBICHHUE TOTO K€ MOKPHITHSI.

2. Ecnu B momHOM 0OBSBIECHUH TNI0OATBEHOTO MOKPHITUS OTCYTCTBYET extern, TO MOTHOE OOBSIB-
JICHUE SIBJISIETCS] U ONPEICIICHUEM MTOKPBITHS.

IlosHo€e 00BLsIBJICHHE MeEPEeYNCINMOro MOKPLITUA

ITostHOE 00OBsBIEHNUE NEPCUUCITIUMOIO MOKPBITHUA 3a1a€T ero HnMs, a TaK)K€C UMC€HA U TCKCTOBBIC OITH-
caHus €ro 59JIC€MCHTOB.

[TonmHOE 00BsABICHNE MOKPBITUS MMOJAYMHAETCS CUHTAKCUCY OOBsIBICHHH M omnpeneneHuil. Tak kak
NEPEYUCIIUMBIE MTOKPBITUS MOTYT OBbITh TOJIBKO INI00AIbHBIMU, TO TIOJHOE OOBSIBICHUE TIEPEUUCIIU-
MOT0 IOKPBITUS 33JaETCSI TOJIBKO ¢ IOMOLIbIO KOHCTPYKIMM se coverage declaration.

KoHcTpykiusi se coverage declaration fBIsS€TCA IOJHBIM OOBSBICHHEM MEPEUUCIMMOIO
MOKPBITHSL, €CITH:

1. HEeT enum,
2. HeT KpYIJIbIX CKOOOK,
3. mpUCYTCTBYET MHMLMAIN3ATOp B pOpMe se coverage elements initializer.



ITosHOE 00BSIBJICHHE NEPEeUYNCIUMOro NMOKPLITUSA

extern coverage C = { Cl = "first element", C2, C3 = "third element" };

CuHTaKcuc

se coverage elements initializer ::= "="
o o o "{"
se coverage element declaration

won
c"y

se coverage element declaration )*

wyn

ween
’

se coverage element declaration ::= <ID>
( "=" <STRING_LITERAL> )?

’

OHI_II/IOHaJ'IBHLIe CTPOKOBBIC JIUTCPAJIbI 3aJat0OT TCKCTOBBIC MPCACTABJIICHUA COOTBCTCTBYIOIIUX JJIC-
MCHTOB. HpI/I OTCYTCTBHHU CTPOKOBOI'O JIUTECpAa B KAYCCTBE TCKCTOBOI'O0 MPCACTABJICHUA 3JICMCHTA
IMOKPBITUA UCIIOJIB3YCTCSA €ro I/II[eHTI/I(bI/IKaTOp.

CeMaHTHUECKHE npaBuJjia

1. Wnentudukatopsl B se coverage element declaration 3aJal0T UMEHA JIEMEHTOB IIO-
KPBITHUS.
2. VmeHa 37€MEHTOB HOKPBITHSI IOJIKHBI OBITH PA3JIUYHBI.

IHo1HOe 00BbsABJICHHE eNUM-TIOKPBITUSA

ITostHOE 0OBABIEHHE CNuUM-IIOKPBITHA 3a7aéT NEPBUYHOC MMOKPBITHUE, IIOCTPOCHHOC HA OCHOBE IICPEC-
YUCJINMOI'O THIIA, C q)yHKLII/IGI‘/JI BBIYUCJICHUA 110 YMOJIYaHHUIO.

KOHCTPYKI.[I/IH Se_covera ge_de claration SBISCTCSA IOJHBIM OOBSBICHHEM CNUM-IOKPbITHA,
CCJIIN:

1. ecTh enum,
2. ecTb Kpyrjble CKOOKH,
3. HeT MHHUIAIU3aTOopA.

IHonHOe 00BbsIBIeHME eNUM-TIOKPBITHS

extern coverage enum ColorsCoverage( enum Colors col );
CeMaHTHYeCKHE PAaBUJIA
1. HOKprTI/IC AOJIDKHO UMCTh POBHO OJIMH IApaMETp, TUII KOTOPOI'0 OTOJIKCH 6I>ITB MEepCUUCINMbIM

THUIIOM.
2. Hmena sneMeHTOB MOKPBITHUS COBIIAAAOT C UMCHAMU KOHCTAHT 2TOI'0 NEPEYUCIINMOI'0O TUIIA.

ITostHOE 00BbSIBJIEHNE POU3BOAHOTO MOKPHITHSA

ITonHable 00BABIEHUS MIPOU3BOAHBIX HOKpLITI/If/’I 3aatl0T NPOU3BOJHBIC TICPCUHUCITIUMBIC U BBIYUCIIN -
MBIC ITIOKPBITHA.

Koncrpykunst se coverage declaration SBIS€TCA IIONHBIM OOBSBIEHHEM IJIOOAIBHOIO
IPOU3BOJHOTO MOKPBITHS, ECITH:



1. HEeT enum,
2. €CTh MHHITHAIN3ATOP B BUJIC se coverage derivation initializer.

IlostHOE 00BbsIB/IEHNE T1002IbHOT0 NOKPHITUS-TIPOU3BEAeHUS

extern coverage PointCoverage( int x, int y )
= IntCoverage( x ) * IntCoverage( vy );

Koncrpykuuu se local coverage WIHM se coverage statement SBISETCS MOJIHBIM OOBSIB-
JEHUEM JIOKAJIBHOIO IPOU3BOJHOIO MOKPBITUS, €CIM €CTh HMHULUAIU3aTOp B  BHJIE
se coverage derivation initializer.

IlostHOE 00BSIBJIEHHE JTIOKAJTBHOT0 MOKPBITHS HHCTPYKIHEi se_coverage statement
// obBbaBieHMne
specification void f( int x, int vy )
coverage PointCoverage = IntCoverage( x ) * IntCoverage( y );
IMonHoe 00bABIEHNE JTOKATBLHOTO NOKPLITUSI HHCTPYKUMeii se_local coverage

specification void f( int x, int vy )

{

pre{ ... };
coverage PointCoverage( int x, int y )
= IntCoverage( x ) * IntCoverage( y );
post{ ... };
}
CuHTaKCHC

se coverage derivation initializer ::= "="
se base coverage
( "*" se base coverage )*
( se coverage filter )?

seﬁbaseﬁcoverage Se coverage name

( mn ('l
( assignment expr ( "," assignment expr )* )?

H) "

)?
7
se coverage filter ::= ":" expression ;

Bce nokpeiTus, ynoMsiHyThIE B se_base coverage, Ha3bIBalOTCS 0A30BBIMU HOKPBITUAMH JJTAaHHO-
ro oOBsABIsEMOro (OMpENeNIeMOro) MOKpeITUs. MHuIManu3arop JaHHOTO BHJA OIpENeiseT, Kak
UMEHHO CTPOUTCS JIEMEHT OOBABIIEMOT0 (ONPeIeIIEMOro) OKPBITUS Ha OCHOBE 3JIEMEHTOB 06a30-
BBIX IIOKPBITHH.

CemaHTHYeCKHe IPaBHJIA

1. Eciu NoKpbITUE ABIAETCSA OKPHITHEM € (QYHKIIMEN BHIYMCIECHHS JIEMEHTOB, TO MOKPHITHUS, yKa-
3aHHBIE B CIIUCKE se_base coverage JOJDKHBI TAK/KE OBITh MOKPHITUAMH C (QyHKIIMEH BBIUHUC-
nenus. (B nmpoTuBHOM citydae 00bABISEMOE IOKPBITUE OYAET HEBBIUMCIUMBIM).

2. Mnaye HU OJHO W3 MOKPBITUH YKa3aHHBIX B CIIUCKE se _base coverage HE JOIKHO OBITh BbI-
YHCITUMBIM TIOKPBITHEM.

3. se base coverage He JOJDKHO YKa3blBaTh Ha IOKPBITHE, O KOTOPOM HM3BECTHO TOJBKO €rO0
UM (BBILIE TI0 TEKCTY MOJLyJIsl KOMIHJIALMHA HET HUYET0, KPOME YKOPOYEHHOT'O OIPEIEIICHHU).

4. Ecnmu se coverage derivation initializer HaxoAWTCSA B OOBSBICHHUU WIH ONpEAEie-
HHMH JIOKQJILHOTO IIOKPBITHSA, M se coverage name B HEKOTOPOM M3 se base coverage



yKa3bIBaeT Ha JIOKAJIbHOE MOKPBITHE, OTHOCAIIEECS K TOH ke (YHKIUM, YTO U OOBABISIEMOE
(onpezensieMoe) NOKPBITUE, TO se_base coverage HE JIOJDKHO COJEPkKaTh KPYIJIBIX CKOOOK.
(se _coverage name 31€Ch TPAKTYETCS KaK 3JIEMEHT COOTBETCTBYIOLIETO JIOKAIBHOIO MOKPBI-
THSI, BBIYMCIICHHBIM Ha TEX )K€ 3HAYCHUAX apaMeTpoB Cenn(UKAINOHHON (YHKIINN).

5. Hnaue, ecnu se_coverage name B HEKOTOPOM se base coverage YKa3blBaeT Ha BbIUMC-
JMMOE TIOKPBITHE, TO
5.1. se_base coverage JAOJIKEH UMETh apIyMEHTBI BbI30Ba
5.2. se_base coverage HNOAYMHAETCS NPABWJIAM OIEPALMM BBIYMCICHHUS JIEMEHTAa MOKPHI-

THSL.

6. se coverage name B se _base coverage He JIOJDKHO yKa3bIBaThb Ha 0OBsIBIIsIEMOE (OIpese-
asiemoe) mokpbiThe. (TeMm caMbIM 3ampelnieHa cUTyanus, KOr/ia MOKPBITHE 3aBUCUT OT CaMOT0O
ce0s1.)

7. Ecmm se coverage derivation initializer COJIEPIKUT POBHO OJTHO
se base coverage, U B 3TOM se_base coverage HCHOJIb3YETCs NEPBUYHOE MOKPBITHE, TO
CUUTAETCS, YTO MPOU3BOAHOE MOKPHITHE UMEET TE JK€ CaMble 3JIEMEHTBHI, YTO U IIEpBUYHOE 0a30-
BOE TOKPBITHUE.

OO0bsiBJIeHHE TEPBUYHBIX BbIYMCIUMbIX IOKPBITHH
OO0BbsBICHNE IEPBUYHOTO BHIYUCIMMOTO MTOKPHITHS 3aJaET:

1. WM MOKpBITHUS;
2. TWIIBI M UMEHA NapaMeTPOB (PYHKLIUU BHIYUCIICHMUS,
3. MMEHa U TEKCTOBbIE IPEJCTABIICHUS YIEMEHTOB.

I'moGanbHbBIE IIOKPBITUSA: se cover age_de claration ABAsSETCS 00OBIBICHHEM TNI00ATHLHOIO nep-
BHUYHOT'O BBIYUCIIMMOT'O ITOKPBITUA, €CIIN

1. ectb extern
2. ecCTb KpyTJble CKOOKH
3. eCTb MHUIIMAIM3ATOp B BUJE se coverage elements initializer

O0bsiBiIeHHE IJ1002JIbHOT0 MEPBUYHOI0 BHIYMCIUMOr0 NOKPbITHS

extern coverage IntCoverage( int x )

= { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

}i

JlokanpHble MOKPBITUS: se local coverage SABISIETCS OOBSBIECHHEM IEPBUYHOIO JIOKAIBHOI'O
IIOKPBITHA €CTh MHUIMAJIN3ATOP B BUJE se coverage elements initializer.

O0bsaBIEHHE JTOKAJIBLHOTO MNEPBUYHOIO BBIYMMCJIUMOIO NMOKPLITUSA

specification void f( int x )

coverage ArgCoverage = { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

CeMaHTHYeCKHE IPAaBUJIA

1. Jlo oOBsiBIEHHS IEPBUYHOTO BBIUMCIMMOIO MOKPBITUS TEKCT translation_unit MoXxeT coaep-
’KaTh TOJIbKO YKOPOUEHHOE OOBSBIICHHE TOTO K€ MOKPHITHS.



2. JloKHBI  BBITIOMHATBCS BCE paHee M3IIOKEHHbIE TpeOOBaHUS, OTHOCAIIUECS K
se coverage elements initializer.

Oﬂpeﬂeﬂeﬂl/le NMEPBUYHBIX BBIMUCINMBIX HOKprTI/Iﬁ
Onpe/:(eneHI/Ie IEPBUYHOI'O BBIYUCIIUMOTI'O ITOKPBITUA 3aJ1a€T

1. wmMs noKpeITHS;
2. VMEHa U TEKCTOBBIE NIPEJCTABIICHUS YIEMEHTOB.
3. aJIroOpUTM BBIYMCIIEHUS JIEMEHTOB,

Onpeuenelme rj100aJbLHOI0 MNEPBUYHOIO BBIMMCJINMOTIO MMOKPLITUSA

coverage IntCoverage( int x )

{

if(x < 0)
return { NEGATIVE, "negative" };
else
if( x == 0 )
return { ZERO, "zero" };
else

return { POSITIVE, "positive" };

JlokanbHBIE NOKPBITHA: se coverage declaration SBISIETCS ONPECIEHUEM JIOKAIBHOTO IEp-
BHYHOI'O MOKPBITHUS, €CINU €CTh MHUILIMAIN3ATOP B BUAC se coverage function initializer.

Onpe;[e.nemle JIOKQAJIBHOT0 MEPBUYHOI0 BLIYUCIUMOI'0 MOKPLITUSA

specification void sgrt( int x )
{

pre{ ... }

coverage ArgCoverage

{
if( x < 0)
return;
else
if( x == 0 )
return { ZERO, "zero" };
else
return { POSITIVE, "positive" };

}
post{ ... }

}

CeMaHTHYeCKHE MPaBUJIA

1. TI'moGasnbHble MOKPBITHA: se coverage declaration SBISETCS ONpEAETICHUEM INI00ATBHOTO
MEPBUYHOTO BBIUUCIUMOTO MTOKPBITHSL, €CITH:
1.1. HeT extern,
1.2. HET enum,
1.3. ecTb KpyTJble CKOOKH,
1.4. ecTb MHMIIMATIM3ATOP B BUJE se coverage function initializer.
2. Jlo onpexeneHus: NEPBUYHOIO BBIYUCINMOTO MOKPBITHS TEKCT translation unit MOXET CO-
JepKaTh:
2.1. oObsIBIECHUE IEPBUYHOTO BHIUUCITUMOTO TTOKPBITHSI.
2.2. yKOPOUEHHOE OOBABICHUE ITOTO MOKPBITHS.
3. Wuunmanusarop se coverage function initializer.



CunTakcuc
se coverage function initializer ::= compound statement ;

se return expression ::= expression
| se coverage element return expression
se coverage element return expression ::= "{"
( <ID> ( "," <STRING LITERAL> )?
| <STRING_LITERAL>
)
H}H

3.1. B compound statement AONYCTHMMBI TOJIBKO cleayromue (GOpMbl KOHCTPYKLIMHU
return:
3.1.1.BeIpaxkeHre OTCYTCTBYET. DTO O3HAYAET, YTO JaHHAsl BETBb yNpaBieHUs (PYHKIUU BbI-
YHCIIEHUS DJIEMEHTA HE ONPEEIIIeT HUKAKOIO AJIEMEHTA.
3.1.2.se _return expression UMEET BH/
se coverage element return expression.
3.2. Buytpu compound statement JOKHA OBITH XOTS ObI OJHA "HE MycTas" KOHCTPYKIIUS
return.
3.3. Ecnu panee 1o TekcTy translation unit ObUIO OOBSBICHUE JAHHOTO HOKPHITHS, TO. ..
3.3.1.se _coverage element return expression IOJDKHO COJEPKAaThb TOIBKO HJCH-
TU(PUKATOP dJEMEHTa (T€M CaMbIM 3alpeliaeTcs MepeonpeacsT CTPOKOBBIE IMpe.-
CTaBJICHUS AJIEMEHTOB);
3.3.2.3T0T UneHTH(UKATOP 3aAAET UM FTIEMEHTA MTOKPBITHS;
3.3.3.175 KaXXJ0ro 3JIeMEHTa MOKPBITHS U3 OOBSABICHUS ONpeesieHUue JOHKHO CONEpKaTh
se coverage element return expression, ONPEACISAIOIIUN JIEMEHT C TaAKUM
K€ UMEHEM;
3.3.4.u1 kaxaoro uIeHTU(UKATOpa U3 se coverage element return expression
onpezeyNeHus] OObBSIBICHHUE JOJDKHO COJEP)KaTh DJIEMEHT MOKPBITUS C TaKuM JKe
UMEHEM.
3.4. IHaue ecnu mepBBIM JJIEMEHTOM se coverage element return expression fB-
JsieTcs ...
3.4.1.unentudukarop, To ...
3.4.1.1.0H 3a1a€T UMs dIEMEHTa MOKPHITH. Eciin 3a HACHTUHUKATOPOM CIIETYET CTOPO-
KOBOI1 JIUTEpa, TO OH 3aa€T TEKCTOBOE MPEACTABICHUE 3TOTO 3JIEMEHTA.
34.12.cpemn  Bcex se coverage element return expression  JaHHOIO
compound_statement,OHpeﬂeHﬂKnuHX OMH M TOT ¢ JJICMCHT IIOKPBITHA,
TOJILKO OJHO se coverage element return expression MOXET COIEp-
’KaTh TEKCTOBOE MPECTABIEHUE 3TOTO JJIEMEHTA;
3.4.1.3.ecnmu HM B OTHOM U3 se_coverage element return expression, ompene-
JSAIOUIMX OJUH M TOT XK€ DJIEMEHT IOKPBITUS, HET CTPOKOBOTO JIUTEpaa, TO TEK-
CTOBOE IPEJCTABJICHNE ITOrO AIEMEHTA OKPBITHSI COBIAJAET C €r0 UMEHEM.
3.4.2.cTpoKOBO# JaHUTEpaA, TO 3a7aETCsl OE3BIMAHHBIN IEMEHT MOKPBITHs. Bee O6e3bIMsIHHbIe
3JIEMEHThI TIOKPBITUS CUMUTAIOTCS PAa3IMYHbIMU BHE 3aBUCUMOCTU OT COBIAJECHUS WIH
HecoBMa/eHus ux onucanuil. K Takomy 31eMeHTYy HEBO3MOKHO OOpaTUTHCS C IOMO-

IIHI0 OTNEPAIMH MTOTYICHUS MIEMEHTA MOKPBITHSA. CTPOKOBOM JUTEpA 3a7aET TEKCTO-
BOE MPEACTABICHUE 3TOTO OE3bIMSHHOTO 3JIEMEHTA MOKPHITHUSI.

YKopoueHHOe oTnpeaeeHne

Koncrpyknus se coverage declaration SBISETCS YKOPOYEHHBIM OIPEICIICHUEM IOKPBITHA,
eciu



A

HET extern;

HET enum;

HET KPYTJIBIX CKOOOK;
HET HHAIMAJIN3aTopa

YkopoueHHOe omnpe/esieHUe IJ100aJIbHOT0 MOKPBITHS

extern coverage enum C( enum E e );

coverage C; // ykKOpoueHHOe olpernejieHue

YkopoueHHoOe onpee/ieHUe JOKAJbLHOI0 NOKPHITHS

specification void f( int x, int y )

//

coverage PointCoverage = IntCoverage( x ) * IntCoverage( y );

specification void f( int x, int vy )

{

}

pre{ ... }
coverage PointCoverage; // ykopoueHHOe oOllpernejieHue
post{ ... }

CeMaHTHUECKHE npaBuJjia

I[O YKOPOYEHHOI'O ONPEACIICHHUS TEKCT translat i on_un it MOXeT COACPKAaTh:

1. momHOE O0OBABIIEHUE.
2. YKOpPOYEHHOE OOBSBJICHHUE.

OO0mue npaBuiia o0pamieHus K NOKPbITUAM

Obpartenne K r100aIbHOMY TMOKPBITHIO OCYIIECTBIISIETCS TTOCTIE TIEPBOTO €T0 OOBSIBICHUS IO MMe-
HU (CM. IPUMEPBI MOJHBIX 00BIBIACHHUA MPOU3BOIHBIX TOKPLITHIA).

O6pameHHe K JIJOKAJIbHBIM IOKPBITHAM AOIIYCKACT TPHU PA3JIMYHBIX KOHTCKCTA.

Bue nmportotumna wiu onpeaeneHuss GyHKIUK oOpallleHUe K JIOKAIbHOMY MOKPBITHIO TPOU3-
BOJUTCS TOCPEICTBOM IOCIEAOBATEIBHOCTH TEPMUHAIOB <mMs OyHkLpm> "." <umg
noxpeiTMa>. Takoe oOpalieHne K JOKATbHOMY MOKPBITUIO Ha3bIBACTCS OOpaIlleHUeM 4Yepe3
KBaJM(PHULHUPOBAHHOE UMSI TOKPBITHS.

Brytpn mpoTtoTnma crnenupuKanuoHHOW (QYHKIMH, K JIOKaJbHOMY MOKPBITHIO TOH JKe
(GYHKLIHUU MOKHO 0OpaTUTHCS KaK MPOCTO MO UMEHHM, TaK U Yyepe3 KBAIUBUIUPOBAHHOE UM
HOKPBITHSL.

Buytpu omnpenenenus cnequpuKanMoOHHON (YHKIUU B ONpPENEICHHUSX JOKAIbHBIX HOKPHI-
TUN oOpallleHus] K paHee OIpeeIEHHBIM MOKPBITHAM TOM K€ (YHKIMH NMPOU3BOJAATCS TaK
xe 1100 Mo MMEHHM, MO0 MO KBATU()UIMPOBAHHOMY MMEHH, TaK KaK UMs JIOKAJIBHOTO IO-
KPBITHSI UIMEET 0071aCTh BUANMOCTH, OTPAaHHUYCHHYIO TEJIOM CHeNn()UKAUOHHON (HYHKIIHH.

OO0pamenne K JIOKATbHOMY NOKPBITHIO BHE MPOTOTHIIA HJIH ONpee/ieHns (PyHKINH

coverage C( int x, int y ) = f.ArgCoverage( x ) * f.ArgCoverage( vy );

O0paineHue K JOKaJIbHOMY NOKPBITHIO BHYTPH NPOTOTUNA PYHKIUU

specification void f( int x, int vy )

coverage X Coverage
coverage Y Coverage



coverage MutualCoverage = X Coverage * f.Y Coverage
Oo0paiieHue K J0KaIbHOMY NOKPBITHIO BHYTPH OnpeesieHusi GyHKIHUA
specification void f( int x, int vy )
{
coverage X Coverage ... ;
coverage Y Coverage ... ;
coverage MutualCoverage = f.X Coverage * f.Y Coverage

post{ ... }
}

CeMaHTHYeCKHE MPaBUJIA

1. KoHcTpykuus se coverage name, COCTOAIIAs M3 OJHOIO HMIEHTU(UKATOPA, yKa3blBaeT Ha
MOKPBITHE, €CIIN MPOIIECC Pa3bIMEHOBAHUS 10 MpaBuiaM sa3bika C 1a€T HaM MOKPBITHUE C TEM K€
MMEHEM.

2. KoHcTpykuus se coverage name BuAa <ID> "." <ID> yKa3blBaeT Ha JIOKAJIIbHOE IIOKPBI-
THE, ECIH ...

2.1. mepBbId UACHTU(HUKATOP pa3pelIaeTcsi B UMSI HEKOTOPOH CHEM(PUKAITUOHHON (YHKIIHH;

2.2. 1t 9TOM (yHKIMM K MOMEHTY IOSIBJIEHUS pacCMaTpUBAaEMOI0 se coverage name B
KoJie translation unit 0OBABICHO (OMpPEAENIEHO) MOKPHITHE, UMsSI KOTOPOTO COBMAAAET
CO BTOPBIM HJICHTU(UKATOPOM.

IIpaBuJia npoBeeHUs onepanMu HAJl 3JIeMEHTAMHU NMOKPbITHI

Muoroo6pa3ue BHJI0OB HOKPBITUI TpeOyeT MpeayCMOTPEHUs pa3IMYHbIX KOHTEKCTOB IPOBEICHUS
onepauuii Haj dJeMeHTaMHu MOKpBITHH. IlosToMy s (GOpMynHpOBKHM MpaBuUi OOpameHus K
3JIEMEHTaM IOKPBITHI BBEAEM HECKOJIBKO OIIPEIEICHUN.

HOKprTI/ISI, QJIEMCHTHI U (I)YHKI_II/II/I BBIYUCJICHUA KOTOPLBIX 3a4al0TCA HETIOCPCACTBCHHO, HA3bIBAKOTCA
nepeuUvYHbIMU.

I1Ipou3600HbIMU HA3ZBIBAIOTCS TOKPBITHS, TIOCTPOCHHBIE HA OCHOBE APYTUX MOKPBITHHA, KOTOPHIE B
9TOM KOHTEKCTE SABISIIOTCA 6azoevimu. OnpeeneHre Nporu3BOAHOIO MOKPBITHS T0JKHO OIUCBIBATh
CHOCO0 €ro MOCTPOCHHUSI Ha OCHOBE 0a30BBIX MOKPHITHNA; 0a30BBIM MOKPBITUEM MOXET OBITh KaK
HEPBUYHOE MOKPHITHE, TAK U IIPOU3BOJHOE.

Ilopsiokom noxpvimus Ha3bIBAETCA KOJIUYECTBO NEPBUYHBIX MOKPHITHI, KOMOWHAIMU 3JIEMEHTOB
KOTOPBIX SIBJISIOTCS 3JIEMEHTAaMHU JAHHOTO MOKPbITHs. [lopsaok j10o00ro mepBUYHOIO MOKPHITHS
paBeH 1. [Topsinok mpou3BOAHOIO NOKPBITHS pAaBEH CYMME MOPSAIKOB BCEX €0 0a30BbIX MOKPBITHH.

Jis  m:000ro MOKPBITHS MOMKHO IIOCTPOUTH CIUCOK IE€PBUYHBIX IOKPBITHHA, Ha KOTOPBIX
IIPOU3BOAHOE IIOKPBITHE B KOHEYHOM CUYETE OCHOBAaHO. J[IMHA 3TOro CHUCKAa paBHA IOPSAIKY
HOKPBITUS. DTOT CIHUCOK (DOPMUPYETCS M3 CIHHMCKA, COAEP)KALIEro TOJNbKO JaHHOE IOKPBITHE,
CIIEAYIONIMM 00pa3oM: IMKJIMYECKH TMPOXOZs OT Hayaja CIHCKAa K KOHILY, BMECTO IOKPBITHI
HOJCTaBIsieM MX 0a30Bble MOKPBITUS (IPOM3BENEHHUS CTAHOBATCA IOCJIEAOBATEILHOCTIMU
YMHOXAE€MbIX MOKPBITHI). B KOHIIE KOHIIOB B CIIMCKE OCTAHYTCSI TOJIBKO NEPBUYHBIE MOKPBITHS,
KOJINYECTBO KOTOPBIX OYAET PaBHO MOPAJKY UCXOAHOTO.

O4eBHUIHO, YTO IO ATOMY AalNTOPUTMY OJMHAKOBBIE CIIMUCKA MOXKHO MOJYYHTh JJISI PasHbBIX
HOKpBITUH. Cpagnumbimu HA3BIBAIOT TOKPBITHS, JUIS KOTOPBIX COBIAJACT CIMCOK IEPBHYHBIX
0a30BBIX MOKPBITHH.

C CHHTaKCHYECKOM TOYKHM 3pEHHS ONEepaluy HaJ SJEMEHTaMHU MOKPBITUM MNpPOU3BOIATCS Hal
00BbEKTaMU CIIEUUATBHOTO TUIA - CoverageElement. B oTauune oT OOBIUHBIX BBIPAKEHUN SI3bIKA
C, W1 KOTOPBIX OTCIIEKHMBACTCS TOJBKO THI HUX pe3yJbTaTa, JUIsl ONepaluii, JAlOMMUX SJIEMEHT



IMOKPLBITHUA, OTCICKUBACTCA NMPUHAIICKHOCTH ITOKPBITHIO O6pa6aTLIBaCMBIX HJIM BO3BpallaCMbIX
OJICMCHTOB.

l'[o.llyqune KOHCTAHTHOI'0O 3JIECMEHTA MMOKPLITUHA

CuHTaKcHuc

OTO0 BBIpa)KEHHWE CUHTAKCHUYECKH BBITJISIUT TaK ke, KaK M JOCTYN K 3JIEMEHTY 00BEKTa CTPYKTYp-
Horo tuna B si3bike C.

postfix—expression ::= //
| postfix-expression

" "
identifier

| //

DONeMEeHTHl MEPBUYHBIX MOKPHITUI OJHO3HAUYHO HYMEPYIOTCS HUCXOJS W3 OOBSBICHUS MOKPHITHS.
OpnHo3HayHAs HyMepallus TO3BOJISIET UCIIOb30BaTh BRIPAXKCHUS MX TOJTYUYCHHS BCIOAY, Tl TpeOy-
€TCsl KOHCTAHTHOE BBIPA)KEHUE, HAIIPUMEDP B case-MeTKax.

I[J'IS[ IMOJIYYCHUA 2JICMCHTA IMOKPLITUA HYKHO UCIIOJIb30BATh CHGHI/I&J’II)HBH\/JI BUJ TAKOI'O BBIPAXKCHU.

identifier ( "." identifier )+

Ecnu nenouka uieHTH()UKATOPOB HAUMHAETCS C Se coverage name, YKa3blBAIOLIET0 HA HEKOTO-
pO€ MOKpBITHE, TO BCS LEMOYKAa WICHTHU(PHUKATOPOB paccMaTpUBAeTCAd KaK BbIPAKEHUE IMOJyYEHUS
3JIEMEHTA NOKPBITHS. 3HAYE€HUE ITOr0 BBIPAXEHUS UMEET TUI CoverageElement.

Ho.ny‘leHne KOHCTAHTHOI'O 3JIEMCHTA NEPBUYHOTI0 MOKPLITUSA

IntCoverage.POSITIVE

AHaJOrMYHOE BbIpAKEHHUE I 3JIEMEHTa IPOU3BOJHOIO MOKPBITHUS CTPOUTCS C YUETOM €ro Mopsii-
Ka U CIIMCKA NIEPBUYHBIX ITOKPBITUH.

HOp}ZaKOM nokpsimus HaA3bIBACTCA KOJIMYCCTBO IICPBHYHBIX HOKpBITHﬁ, KOM6I/IHaHI/II/I JJICMCHTOB
KOTOPBIX SABJIAIOTCA 3JICMCHTAMU NAHHOI'O IMMOKPLITHUSA. HOpSIZIOK JI000r0 NEPBHUYHOIO IMMOKPBITHUA pa-
BeH 1. HOpHI[OK IIPOU3BOJHOI'O IMOKPBITHUA paBC€H CYMMCE IIOPAJIKOB BCEX €TO 0a30BBIX HOKpBITHﬁ.

J1st 1:000T0 MOKPBITUS MOYXKHO TOCTPOUTH CIIUCOK MEPBUYHBIX MOKPHITHI, HA KOTOPBIX MPOU3BOI-
HOE MOKPBITHE B KOHEYHOM CYETE€ OCHOBAHO. [[JIlHa 3TOro cnucka paBHA MOPSAIKY MOKPBITHS. DTOT
CIHUCOK (hopMHpyeTcs U3 CHHCKA, CONEPKAIIET0 TOJBKO JAHHOE MOKPBITUE, CIEAYIOIIMM 00pa3oMm:
UKIIMYECKH TPOXO/sl OT Havajla CIUCKA K KOHITY, BMECTO MOKPBITUH MOJICTaBIsIeM UX 0a30BbIe MO-
KpBITUS (TIPOM3BEICHUSI CTAHOBSATCS MOCIEA0BATENBHOCTIMU YMHOXKAaeMbIX MOKpPBITHI). B KoHIE
KOHIIOB B CIICKE OCTAHYTCS TOJBKO TIEPBUYHBIC MMOKPBITHUS, KOJIMYECTBO KOTOPHIX OyJET PaBHO IMO-
PAIKY UCXOJIHOTO.

Tak kak B cocTaB JIFOOOT0 dJIEMEHTA IMPOU3BOAHOIO IMOKPLITUA BXOJUT POBHO OJWH JJICMCHT KaXK-
A0r0 IMOKPBITUA U3 3TOI'0 CIIMCKA, U MOPAJOK CICAOBAHUA HOKpLITI/Iﬁ B CIIMCKEC OJHO3HA4Y€CH, TO II0-
JIYYCHUC KOHCTAHTHOT'O 3JICMCHTA ITPOU3BOAHOI'O MOKPLITHA - KOHCTAHTHOC BBIPAXKCHUC.

Ho.nylle}me KOHCTAHTHOI'O 3JIEMCHTA MOKPBITHUA BTOPOIr0o MopsaaKa

f.PointCoverage.ZERO.ZERO



CeMaHTHUYECKHE npaBuJjia

Ilycte se coverage name ykasbiBaeT Ha MOKpbITHE Cov (HE BaKHO, UMEIOIEE WIN HET (PyHK-
IIMIO BBIYMCIICHUS 3JIEMEHTOB).

1. BeIpakeHHe MOJYyYEHHs DJIEMEHTA IMOKPBITHSA JOJKHO PacCMAaTPUBATHCS KaK IEJIOYMCIIEHHOE

KOHCTaHTHOE BhIpakeHue (Integer constant expression).

2. Ecmu Cov sgBnsieTcss NEPBUYHBIM IIOKPBITHEM, TO...
2.1. mocne se_coverage name TOYKH JOJDKEH MPUCYTCTBOBATh POBHO OJMH HJIECHTU(PHKATOP;
2.2. 3TOT UAEHTU(UKATOP JOJIKEH COBIAAATH C UMEHEM HEKOTOPOTO 3jieMeHTa MoKpeITus Cov.
3. HMnuaue nokpsitue Cov sABIAETCS MPOU3BOIHBIM NOKpbITHEM Nopsaaka N. J[0JKHO BBIIOIHATHCA
clenyroluee:

3.1. KonnuecTBo u1eHTU(UKATOPOB MOCIE se coverage name JOIDKHO ObITh paBHO N.

3.2. Kaxpplit i-b1it ( 1 <=1 <= N ) uneHtuduxarop, CTosAmuil nociae se _coverage name, J0J-
JKEH COBIAJaTh C HEKOTOPBIM AJIEMEHTOM 1-TO0 MEPBUYHOTO MOKPBHITUA W3 CIIMCKa, TO-
CTPOEHHOI'0 YKa3aHHBIM BBILIE CIIOCOOOM.

4. Pe3ynbTar BCEro BBIPAKEHUS LIEJIUKOM ...

4.1. umeeT Ul CoverageElement

4.2. aBnsieTcs deMeHTOM NOKpbITus Cov.

Ho.ﬂyqeﬂne KOMIIOHEHTA 3JIEMECHTA IPOU3BOAHOI'0 MMOKPLITHUSA

Jliist a7eMeHTa MPOM3BOIHOTO TOKPBITUS MOpsAKa OOJibIIe €AMHUIBI MOXKHO MOJYyYUTh CHOPMHUPO-
BaBILUI €ro 3JEMEHT JH000ro 6a30BOr0 MEPBUYHOIO MOKPHITHUSI.

Ilopsiokom noxpvlmus Ha3bIBAETCS KOJIUYECTBO NEPBUUYHBIX MOKPHITHH, KOMOWHAIIMM 3JIEMEHTOB
KOTOPBIX SABJISIOTCS 3JIEMEHTaMH JIaHHOTO MOKphITUs. [lopsiok 11000ro mepBUYHOrO MOKPHITHS pa-
BeH 1. [Topsok mpon3BOAHOIO MOKPHITHS pAaBEH CYMME MOPSAJIKOB BCEX €r0 0a30BBIX MOKPBITHH.

Jnist mo00ro MOKPHITHS MOXKHO MOCTPOUTH CIMCOK MEPBUYHBIX MOKPBITHH, HA KOTOPBIX MPOU3BO/I-
HOE IOKPBITHE B KOHEYHOM CUETE OCHOBAHO. /[MHa 3TOro cnmcka paBHA MOPSAKY MOKPBITUSA. DTOT
CIHCOK (POPMUPYETCS U3 CIUCKA, COJEPIKAIIETO TOIBKO JAHHOE TOKPBITHE, CIEAYIOIIUM 00pa3oM:
LUKJIXYECKH MPOXO/s OT Hayaia CIUCKa K KOHILY, BMECTO MOKPBITHH MO/ACTaBiIsgeM UX 0a30BbI€ MO-
KpBITHS (IIPOM3BEAEHUS CTAHOBATCS IOCIEN0BATENBHOCTIMU YMHOKa€MbIX MOKpPBITHII). B kKoHIe
KOHIIOB B CIICKE OCTAHYTCS TOJBKO MEPBUYHBIE MOKPBITHS, KOJIMYECTBO KOTOPBIX OyJIeT paBHO MO-
PAOKY UCXOJIHOTO.

CuHTaKcHuc

I[JISI MOJIYYCHHA KOMIIOHCHTA 3JICMCHTA NPOU3BOJHOI'O0 MOKPBITHA HCIIOJIB3YCTCA BBIPAKCHUC, CUH-
TAKCUYCCKH COBIIAJAaOIICC C BBIPAKCHUCM ITOJIYUCHHA 3JICMCHTA MAaCCHBA.

postfix-expression "[" expression "]1"

Ecnu cnesa ot OTKpBIBaIOIHGﬁ KBaHpaTHOﬁ CKOOKH CTOUT BbIpaXCHHE TUINIA CoverageElement, TO
BCE BBIPAKCHUC LCIUMKOM paCCMATPUBACTCA KAaK BBIPAXKCHUC IMOJYYCHHSA KOMIIOHCHTA 3JICMCHTA
IMPOU3BOJHOI'O ITOKPBLITHUA.

Ho.nylle}me KOMITOHEHTA 3JIEMEHTA MOKPbITUHA

coverage IntCoverage neg = f.PointCoverage.ZERO[ 0 ];

CeMaHTHYeCKHE PAaBUJIA

HYCTL pe3yibTaTt JIEBOM YacTu BBIPAKCHUS ABJIACTCS 3JICMCHTOM ITOKPBITHUSA Covy.



[ToxperTre Cov NOIKHO OBITH IPOU3BOAHBIM MTOKPHITHEM MOPSIIKA OONbIIE €MHULIBL.

BripaskeHue B KBaJIpaTHBIX CKOOKaX JOJIKHO OBITh I[EJIOUUCICHHON KOHCTAHTOM.

3. 3HayeHue ATON KOHCTAHTHI TOJHKHO ObITH OOJIbILIE MIIM PAaBHO HYJIO U MEHbIIE MOPSIKA TOKPHI-
tus Cov.

4. Pe3ynbTar BCEro BBIPAXKEHUSI LIETUKOM ...

4.1. mmeeT UM CoverageElement;

4.2. sBisieTcs 3JIEMEHTOM K-ro MOKPBITHS B CITUCKE NMEPBUUHBIX 0Aa30BBIX MOKPHITUH.

N —

Boruunciienue 3j1eMeHTa MOKPbITUA

CuHTaKCcHC

310 BBIPAKCHUC CUHTAKCUYCCKHU BBITTISIAUT TAK KC, KaK U BBI3OB (byHI(I_II/II/I B C.

postfix expression " (" ( argument expression-list )? ")"
21.]'[5[ BBIYUCIICHUA 3JIEMCHTA IMOKPBITUSA HYXHO HCIOJbB30BaTh CHeIII/Ia.]'H)HI:Jﬁ BHJ] TAKOI'O BBbIpa)XXc-
HUA.

( identifier "." )? identifier " (" ( argument expression list )? ")"
Ecnu n1eBas yacth BBIPA’KCHUS BBI3OBA (I)YHKI_II/II/I ABJISACTCA Se_coverage name, YKa3bIBarOIUM
Ha HCKOTOPOC IOKPBITUC, TO Bcé BBIPAXKCHUC LECIUKOM ABJIACTCSA BBIPAXKCHUCM BBIYUCJICHUA JJIC-
MCHTA IOKPBITHUS.
BrIuncieHne 3JeMeHTa IJ100aJILHOTr0 NMOKPbITUA

IntCoverage( 10 )

BpruncieHue 3jieMeHTa JIOKAJIbHOI0 NMOKPBITUA

f.PointCoverage( -1, 1 )

CeMaHTHUYECKHE npaBuJjia

l. se coverage name JOJKHO yKa3bIBaTh HAa BBIYUCIUMOE IIOKPBITHE.

2. Tumbl BeIpaXXeHUNH-apTyMEHTOB JOJKHBI ObITh COTJIACOBAHBI C TUIIAMHU MapaMeTPOB B 00b-
SIBJICHUH TIOKPBITUSI 10 TEM K€ MPaBWJIaM, YTO W THUIIBl apTyMEHTOB BbI30Ba (PYHKIIUU U
THUIIBI TAPAMETPOB U3 €€ 0O BSIBICHUS.

3. Pe3ynbTaT BCEro BHIPAKECHUS IETHKOM ...

1. umeer THN CoverageElement;
2. ABISETCA JIIEMEHTOM MOKPBITHS, HA KOTOPOE YKa3bIBAET se coverage name.

BoipakeHune TpacCMPOBKH 3JIEMEHTA MOKPBITHS

BrIpaxxeHnue TpacCUpOBKH AJIEMEHTA MOKPBITUS MPEAHA3aYEHO I OTPAKEHUS B OTUETE TOTO, YTO B
IIpoLIeCCE TECTUPOBAHUSA JOCTUTHYT HEKOTOPBIN 3JIEMEHT ITIOKPBITHS.

Cunrakcuc
se primary expr ::= ...
| se trace expression
7

se trace expression ::= "trace"
" ("
assignment expr
H) n -

TpaccupoBKa 3JieMeHTa NOKPBITHS

trace( f.PointCoverage( -10, 10 ) );



CeMaHTHUYECKHE npaBuJjia

1. ApryMeHT JA0JKE€H UMETh TUIl CoverageElement.
2. Pe3ynbraT Bcero BbIpaXXE€HUS LIETUKOM UMEET THIl void.

Tun CoverageElement

Tun CoverageElement NpeaAHa3HAYCH I XPAHCHUA I/IH(1)OpMaI_II/II/I 00 OTACJIBHBIX 3JICMCHTAX I10-
KpI:ITPIfI. C KaXXbIM BBIPpA)KCHHUEM THIIA Cove rageElement CBA3BIBACTCA U IOKPBITUC, DJIECMCHTOM
KOTOPOI'O ABJISICTCA PE3YIbTAT 3TOI'O BBIPAXKCHUA.

CeMaHTHUYECKHE npaBuJjia

1. OObekThl THMA CoverageElement MOKHO UCIOJIB30BATh B CIEAYIOMNUX KOHTEKCTAX.

1.1. B xauecTBe ynpasistoriero (controlling) BeIpakeHHs B omiepaTope switch.

1.2. B xayecTBe BBIpaXKECHHSI Case-METKH B OIEepaTope switch.

1.3. B xauecTBe mapameTpa BHYTPH KPYTIIBIX CKOOOK t race-BhIPaKCHHS.

1.4. B neBo¥i u npaBoi 4acTAX CpaBHEHUS Ha PAaBEHCTBO.

2. Tun CoverageElement He mpuBOAMTC (is not compatible) HU K OAHOMY JPYTOMY THITY.

3. Ecnu B omeparope switch ucmonb3yercs BoipakeHue Tuna CoverageElement mokpeitus Cl,
TO J171s1 1I000H case-MEeTKH, OTHOCSILENCS K JaHHOMY OIepaTopy switch JOKHO BBINOIHSITH-
csl clenyolee.

3.1. BelpaxxeHne B  case-METKE€ JOJDKHO ObITb  KOHCTAHTHBIM  BBIp@XEHUEM  THIIA
CoverageElement. EMUHCTBEHHBIN Bl TAKUX BBIPAKEHUH - 3TO BBIPAKEHUS MOTYUCHHUS
KOHCTaHTHOTO 3JieMeHTa NOKpbITUs. [1ycTh BhIpaskeHue Ma€t 3yieMeHT nokpeitTust C2.

3.2. [Tokpertus C1 u C2 n0mKHBI OBITH CPABHUMBI MKy COOOM.

3.3. Jlnsa mo0BIX IBYX case-METOK, BBIPAKEHHUS KOTOPBIX UMEIOT THUIl CoverageElement, 3TH
BBIPaXEHUS JOKHBI AaBaTh pa3HbIE JIeMEHThI MOKPHITUA. (To ecTh He JOMKHO OBITh OH-
HAKOBOW MOCJIEI0BATEILHOCTH UICHTU(HUKATOPOB MOCIIC IEPBOM TOYKU B BHIPAKEHUSIX TI0-
Jy4eHUs dJIEMEHTA MOKPBITHUS).

4. (Pacmumpenue TpeboBanuii u3 6.5.9 cranmapta c99) Eciu oquH U3 omnepaHmoB omeparopa ==
(wnn !=) umeet TN CoverageElement W MPUHAIICKUT OKpeITHIO C/, TO ...

4.1. [Ipyroii onepaH/1 TakxKe T0JKEH ObITh TUIA CoverageElement.

4.2. Ecniu apyro# omnepany npuHaIekuT MOoKpeiThio C2, mokpeitus C/ u C2 JOIKHBI OBITH
CPaBHUMBI MEXY COOOH.

HNrepanus nmo 3jieMeHTaAM NOKPBITUS

Wtepanust 1mo syeMeHTaM MOKPBITHS - KOHCTPYKLHMS, IOMOTaromas o00iTH Bce BETBU (PYHKIHO-
HAJIbHOCTH, OIMCHIBAEMbIC MOKPBITHEM. SIBiseTca crenu(UUecKUM YCOBEPILIEHCTBOBAHUEM IIPO-

CTOI'0 oeparopa UTCpaluu.

[TapameTpamu UTepaluy SBISIOTCS UM BBI3BIBAEMOH CrIeU(PUKAIIMOHHON (YHKIUU ¥ UM TOKPBI-
THS. DJIEMEHTHI IIOKPBITHA, O6XOJI KOTOPBIX IO KAKUM-TO IIpUYHMHaM HEXKEIATCIICH, MOXXHO OTCCATH
C MOMOUIbI0 (PUIIBTpA.



CuHTaKcuc

se iterate coverage statement ::= "iterate"
"coverage"
( " (H
se coverage name
( se coverage filter )?
ll) n
| se coverage name

)

statement
;
KoHcTpyknus se coverage name B 3arOJIOBKE UTE€PALMH YKa3bIBA€T MOKPBITUE, DJIEMEHTHI KOTO-
poro OynyT mepeOuparbCcsi B KaueCTBE 3HAUYCHHM HMTEPAMOHHON mnepeMeHHOW. ONIUOHATbHBIN
GuUIBTP MO3BOJISET OTCEUBATH HEUTEPECHBIE 110 TEM HIIM WHBIM MIPUYMHAM 3HAYEHUS 3JIEMEHTOB I10-
KpBITHS.

I/ITepauml 110 JIOKAJIbHOMY IMMOKPBITHIO C Q)nanpauHeﬁ

iterate coverage ( f.PointCoverage : f.PointCoverage[ 0 ]
!= IntCoverage.ZERO

}

CemaHTHYeCKHe MPaBUJIA

1. KoHcTpykuuss se iterate coverage statement MOXKET HaXOAWUTbCS TOJNBKO BHYTPHU
OIIpEeIeTICHUS CLIECHAPHOTO METO/1a.

2. ]ﬂeﬂonXGK)GHTLBnomeHHHX,se_iterate_coverage_statement,HTepprKnuHXBHeMeH-
TBI OZTHOTO M TOTO 7K€ TIOKPBITHSI.

3. Jlns se_coverage filter JOJKHBI BBIIONHATBCA BCE BBILIEU3I0XKEHHBIE TPEOOBAHUS (CM.
Koncrpyknus se_coverage filter).

KoHcTpykuust GpuibTpa 3J1eMeHTOB NOKPBITHH

BeipaxxeHue-guiabTp MO3BOJIAET OTCEMBAaTh T€ KOMOMHALIMM 3JIEMEHTOB 0a30BBIX MOKPBITUH,
KOTOpBIE HE BXOJAT B PE3YJbTUPYIOLIEE MPOU3BOAHOE NMOKpbITHE. PUIBTP NpPEICTaBISIET COOOM
OpeauKar OT 3JIEMEHTa MOKphITUA. EciM Ha HEKOTOPOM KOHKPETHOM 3JIEMEHTE IMOKPBITHS
BeIpakeHUe-QuiIbTp Bo3Bpamaer 3HaeHue 0, TO ITOT OJJIEMEHT oOTceuBaercs. B ciydae
UCMOJIb30BAaHUsI  se coverage filter B  MHULMAJINW3ATOPE  IPOU3BOAHBIX  MOKPBITHIM
OTCEMBAIOTCSA AJIEMEHTHI PE3yJIbTHPYIOUIETO IMOKPBITHSA, a B CIy4yae HCIOIb30BAHUS (QHUIBTPA B_
UTEPALUU 110 HJIEMEHTaM MOKPBITUSL — JIEMEHTHI IOKPHITHS, 10 KOTOPOMY IIPOBOJUTCS UTEpALIUAL.

coverage NoZeroCoverage = IntCoverage( x )
NoZeroCoverage != IntCoverage.ZERO

I[OHOJ'IHI/ITGHBHBIG IIpaBujia HAITUCAHUA BLIpa)KeHHﬁ-(bHHBTPOB H3JI0OKCHBI B pas3aciic O6[23!!!eHI/IC K
PaHEC BBIYUCICHHOMY 3JICMCHTY IMOKPBITHA.

CeMaHTHYeCKHE MPaBUJIA

1. Ecom npucyTcTBYeT BbIpakeHHEe-(QUIBTP MOKPBITUS, TO €ro pe3yjabTaT MAOKEH ObITh
cKanspHoro THMa (scalar type).
2. BuHyTpH BelpakeHUs-(PUIBTpa pa3pelieHbl TOJKO CIEAYIONINE OepaIiu:
2.1. obpaieHue K paHee BEIYUCIEHHOMY 3JIEMEHTY TOKPBITHS;
2.2. mOJy4eHUE KOHCTAHTHOTO AJIEMEHTA MOKPBITHS;
2.3. nojlyueHUEe KOMIIOHEHTAa 3JIEMEHTa IIOKPBITUS, T[JE€ B KadecBE JIEBOM 4YacTU CTOAT
BBIPAYKECHUS U3 MOJAMYHKTOB 2.1 1 2.2;



2.4. cpaBHEHEHHE BBIpAKEHUI TUIIA CoverageElement;
2.5. noruueckue BbipaxkeHus si3bika C.

Oﬁpameﬂue K paHe€€ BBIMTUCJICHHOMY JIEMECHTY NNOKPLITHUSA

B onpenenéHHbIX KOHTEKCTaX ONpPEETEH PaHEe BBIYMCICHHBIM 3JIEMEHT HEKOTOPOIO IMOKPBITHS.
Ha Takoii 5eMeHT MOKHO COCJIaThCsl C TIOMOMIBIO JIMOO name expr, TM00 field expr JKBUBA-
JEHTHBIX se coverage name W YKa3bIBAIOIIMX HAa COOTBETCTBYIOIIEE MOKPBITHE.

TakumMy KOHTEKCTAMH SBJISTIOTCS

+  BBIp@XCHUE-QWIBTP B MHULAIU3ATOPE MPOU3BOIHOTO MOKPBITHSL.
¢ BbIpaXeHHUE-(QUIBTP B UTEPALIUU 110 HJIIEMEHTaM MOKPBITHSL.

*  TEJIO UTEPALMHU I10 IJIEMEHTAM ITOKPBITHUSI.

¢ TMOCT-yCJIOBHE clienu(UKAIUOHHON (QYHKIUH.

BHyTpn se iterate coverage statement H3BECTEH TEKYIIUH JJIEMEHT UTEPUPYEMOTO IIO-
KPBITUS (TEKyIllee 3HAUCHUE UTEPALIMOHHON TIEpeMEHHOM). BHYTpH MOCTYCIOBUS U3BECTHBI IOCTUT -
HYTbI€ HAa TEKYILIHX MapaMeTpax 3JIEMEHThl BCEX JIOKAIbHBIX MOKPBITUI 00beMITIONIEH (QYHKIIUH.
Hcnoan3oBanne paHee BLIYUCJICHHOI'0 3JIEMEHTA MOKPLITUA B T€JI€ UTEPAIIUU 110 MOKPBITUAM

iterate coverage IntCoverage

{

if ( IntCoverage == IntCoverage.ZERO )
£(0 )

else

if( IntCoverage == IntCoverage.POSITIVE )
£f( 10 );

else
£f( -10 );

}

HTepanus no riio0ajJbHOMY NOKPBITHIO (B KOMMEHTApHAX JaHa TpakToBKka name_expr C).

iterate coverage ( C
C // >JyeMeHT
= C.Cl // nokpurure
)
{
trace( C ); // snemeHT

}
HTepanus no JIOKaJbHOMY HOKPBITHIO (B KOMMeHTapusx AaHa TpakToBKa field_expr f.C).

iterate coverage ( f.C
f.C // BJeMeHT
!= £.C.C2 // noxpuTue

if( £.C( 4 ) // nokpeTue
== f.C // BJeMeHT

CemaHTHUYeCKHE TIPAaBUJIA

1. B HEKOTOpBIX KOHTEKCTaX name expr U field expr, SKBUBAJCHTBIE se coverage name U
yKa3bIBaIOIUE Ha ONpPeeNIEHHOE OKPBITHE, 0003HAYAIOT JIEMEHT 3TOTO MOKPBITHSL:



1.1. OObsBIIEMOE (OTIpeIeNIIeMOe) MOKPHITHE B BEIPAXKEHUU-(PUIBTPE HHULIMAIN3ATOpA TIPOU3-
BOJIHOT'O TIOKPBITHSL.

1.2. Utepupyemoe MOKPHITHE B BbIPAXKEHUU-(PUIBTPE 3ar0JIOBKA UTEpAIMU IO 3JIEMEHTaM I10-
KPBITHUSL.

1.3. UtepupyemMoe MOKPBITUE B TEJIE UTEPALIMU TI0 HIIEMEHTAM HOKPBITHSL.

1.4. JlokanbHOE MOKPHITHE B MOCTYCIOBUH 00bEMITIONIEH crienu(UKalnOHHONW (QYHKIIUH.

2. Ilpu 5TOM U3 PACCMOTPEHUS UCKIIOYAKOTCA CUTYallMM, B KOTOPBIX se coverage name SB-

JSI€TCSI UMEHEM MOKPBITHS B ...

2.1. BbIpaK€HUM BBIYMCIICHUS DJIEMEHTA IIOKPBITHS;

2.2. BbIpaXEHUH MOIYYEHHUS KOHCTAHTHOTO JIEMEHTA HOKPBITHSIL.

OO0bsiB/ICHHE IEPEMEHHOM-31eMEHTA MOKPbITUA

BrruncneHHble B HEKOTOPBI MOMEHT pabOThI TECTa 3JIEMEHT MOKPBITHS MOYKHO COXPaHUTh B Mepe-
MEHHOH, umerolel Tul CoverageElement. Takue nepeMeHHbIe OOBABISIIOTCS C MOMOIIBIO CIIe-
OMaJIbHOI'O CICHMKATOpa TUIIA — se coverage type specifier.

se coverage type specificer ::= '"coverage" se coverage name ;

O0baB/I€eHUE TepeMEeHHOI-3JIeMEeHTA MOKPbITUSA

coverage IntCoverage zero = IntCoverage( 0 );

CemaHTHUYeCKHE TIPaBUJIa

1. OOsbsBIECHHBIE TAKUM 00pa30M MEPEMEHHbIE UMEIOT TUIl CoverageElement.

2. 3HAYECHMUSIMU OTUX TEPEMEHHBIX SIBJIAIOTCS  3JEMEHThl  MOKPBITUS, YKa3aHHOTO B
se coverage type specifier.

3. Ecam oObsBieHHe (ompesereHre) MepeMEeHHOW-2JIeMEeHTa MOKPBITUS COACPKUT MHUIIMATH3A-
TOD, TO ...
3.1. OH JOMKEH MPeCTaBIATh COOON OIMHOYHOE BBIpAXKEHUE THMA CoverageElement;
3.2. pe3ylbTaTOM WHUIMATU3UPYIOIIETO BBIPAXKEHUS TOJDKEH OBITh 3JIEMEHT MOKPBITHS, CPaB-

HUMOTO C IOKPBITUEM, YKA3aHHBIM B S€ coverage name.

4. B ocranbHOM TEpEeMEHHBIC-3JIEMEHThI MOKPBHITHS TOIYUHSIOTCS BCEM MpaBUIaM CEMaHTUKH

a3pika C.



MeauaropHas QyHKUIUSA

MenuaropHble QyHKIMU TOMEYal0TCs KitoueBbIMU ciioBaMu SeC mediator for, MeXay KOTOPBI-
MU JIOJDKEH COJIEp>KaThCs YHUKAIbHBIA MACHTH(PHUKATOp — WM MenuaTopHoil ¢pynkuuu. Kaxmas
MeAnaTopHas (PyHKIHS COOTBETCTBYET HEKOTOPO crieln(UKalMOHHON (PYHKIIMY WIH OTJIOKEHHON
peakLuy, CUrHaTypa U OIrPaHUYEHUs JOCTyNa KOTOPOW JOJKHBI YKa3bIBaThCS B IIPEIBAPUTEIIBHBIX
JeKIapalusx U ONpeeIeHnd MeAUaTOPHON (QYHKITUH.

MenaunaropHas QpyHKLIHS MOXKET COJEPKATh:

1. bnox BO3neHCTBUSI, TOMEUEHHBIN KIIFOYEBBIM CJIIOBOM call, B KOTOPOM pealiu3yeTcs MOBe-
JICHHEe, OMHCAHHOE B COOTBETCTBYIOLIEH CHEM(PUKAIIMOHHON (YHKIIMH, TOCPEACTBOM OKa-
3aHUS BO3JCUCTBUI HA TECTUPYEMYIO CHCTEMY.

2. DbIoK CHHXpOHHU3AIMH, IOMEUEHHBIN KIKOYEBBIM CIIOBOM state, B KOTOPOM peaau3yeTcs
CUHXPOHU3AIHS COCTOSIHUS CHEIM(PUKAIMOHHON MOJIENIA JaHHBIX C COCTOSTHUEM TECTHPYe-
MOM CUCTEMBI ITOCJIE OKa3aHHOT'O BO3/IEUCTBUS WM BOSHUKHOBEHUS OTIIOKEHHOW PEAKIIMH.

3. JlomonmHHUTENHHBINA KO MEepe/I MEePBhIM CIEIUAIBHBIM OJJOKOM U TIOCTIE BTOPOTO.

( declaration specifiers )?
"mediator" <ID> "for"

( declaration specifiers )?
declarator

( declaration )*

compound statement

’

CeMaHTHYeCKHe PAaBUJIA

1. VMmena menuaTopHbIX (YHKIHI BXOISIT B TO K€ MPOCTPAHCTBO MMEH, YTO M UMEHA OOBIYHBIX
¢byHkmii s3pika C.

2. MenuatopHas QyHKIUS TOJKHA OBITH OMpeeNieHa POBHO OJIMH pa3 CPelr BCEX €IUHUI] TPaHC-
muuu (translation unit), COOMpaeMbIX B OJJHY CHCTEMY.

3. CnenudukanuonHas QyHKINS WIN OTIOXKEHHAs] peaklus, AJi1 KOTOPOH ompenensercs Meaua-
TOopHast QYHKIHS, JOJDKHA OBITH JIEKJIapUpOBaHa J0 ONpPEeNICHHs WK JeKJIapallid MeIuaTop-
HOM (yHKITUH.

4. CurHarypa ¥ OTpaHHYEHUS JOCTYIA CHCIU(PUKAITMOHHON (YHKIIUU WM OTIOKEHHOW peakIny,
JUIsE KOTOPOW OIUCHIBACTCS MEAUATOp, MOJKHBI TMPUCYTCTBOBATh Cpelu Creuu(uKaTtopoB
(declaration specifiers) M B Jeknaparope (declarator) BceX HMPeJBapUTEIbHBIX JE-
KJIapalusax ¥ ONpeeIeHUH MeUaTOPHON (HyHKITUH.

5. B meamarope crnienupUKanuoOHHONW (YHKIIMH JTOJDKEH MPUCYTCTBOBATH OJIOK BO3ACHCTBHS, OJI0K
CUHXPOHU3AIMHU MOXET OTCYTCTBOBATb.

6. MenuaTop OTJIO)KEHHOH PEeaKLMU COCTOUT U3 0053aTeNIbHOTO OJI0KAa CHHXPOHHU3AIHNHU, OJIOK BO3-
NEICTBHUS B MeIuaTope peakiuu He Aomyckaercs. Eciu B MenuaTope ecTh U OJIOK BBI30Ba, U
OJIOK CHHXPOHHU3AIUH, TO OJIOK CHHXPOHU3ALMH JIOJIKEH CIIEZI0BATh cpa3y mocie 0JI0Ka BhI30BA.

7. JlomonHUTENBHBIA KO IOMYCKAeTCs Mepe/] IePBbIM CeMaIbHBIM OJIOKOM U 11OCJIE BTOPOTO.

CemanTuKa 0J10Ka BO3ACHCTBUS MEIUATOPHOU (PyHKIIMH

bnok Bo3zaeiicTBus Ha s3pike SeC — 3T0 HAOOpP MHCTPYKIMM CHHTAKCUYECKH U CEMAaHTHUYECKH JK-
BUBAJICHTHBIN TeNly ()YHKLUH, UMEIOLIEH B TOUHOCTH Ty € CUTHAaTypy (MOpSI0K MapaMeTpoB U MX
THUIBI, TUI BO3BPAILIAEMOT'0 pe3yabTara), YTo U creun(puKauonHas (GpyHKIHs, A1 KOTOPOH orpe-



JeJIsIeTCsT MeauaTop. IT10T Ha60p WHCTPYKIUM 3aKIIFOYAEeTCs B (I)HrypHLIe CKOOKM W IOMEYaeTcs
KJIFOYEBBIM CJIOBOM call.

se call block statement ::= "call" compound statement ;

Menuatop 11 GyHKIHN BHIOOPKU 3JI€MEHTA CTEKA
stack *stack impl;
List* stack model;
int push(stack*, int);
specification bool push spec(Integer* i) reads i updates stack model;

mediator push media for

specification bool push spec(Integer* i) reads i updates stack model
{

call {

return (bool)push(stack impl, value Integer(i));

}

/]
}

CemaHTHUYeCKHE TIPAaBUJIA

1. brox BO3ACHCTBUS SABISETCS 00s3aTCIBHBIM OJIOKOM MEIMATOPOB CIeNU(PUKAIMOHHBIX (YHK-
U,

2. B Mmenmaropax OTJIOKEHHBIX peakluid 0JI0K BO3JECHCTBUS HE TOMYCKAETCSI.

3. HaGop uHCTpyKIHii B 0JIOKE BO3CHCTBUS JTOJDKEH OBITh CHHTAKCHYECKH U CEMAaHTUYCCKH dKBHU-
BaJICHTEH TeNy (DYHKIMHU, UMEIONIEH B TOYHOCTH Ty JK€ CUTHATYpy — IOPSJIOK IMapaMeTpoB U
UX THITBI ¥ THIT BO3BPAI[AEMOT0 PE3yJIbTaTa, — YTO U CrieupUKanOHHAsT GYHKITHS, 115 KOTO-
POl ompeAeIsieTCs MeANAaTOP.

bJIoK CHHXPOHM3AaUU MEAUATOPHON (PYHKIMH

bnox cunxponuzanun Ha si3bike SeC — 3T0 HAOOp MHCTPYKUMN CHHTAKCUYECKH U CEMAaHTHUYECKU
SKBHUBAJICHTHBIN Teny GyHKIUU 0€3 BO3BPAIIaEMOro pe3ysibTaTa, CUTHaTypa KOTOpPOH B 4acTH mapa-
METPOB COBIAJAET C CHUTHATYPOH CHeun(UKAIUOHHOW (PYHKUIMHU WIM OTIOKECHHOW pEaKIuH, IS
KOTOPOHM OmpeaensieTcs MearuaTop. DTOT Ha0Op MHCTPYKIIMHA 3aKIII04aeTcsl B (PUTYpHBIE CKOOKH U
IIOMEYAETCs KIIF0UYEBBIM CIIOBOM state.

se state block statement ::= "state" compound statement ;

Menunatop 1t GyHKUMHU J00aBJIeHHS 3J1eMEHTAa B CTEK

stack *stack impl;
List* stack model;

int push(stack*, int);
specification bool push spec(Integer* i) reads i updates stack model;

mediator push media for
specification bool push spec(Integer* i) reads 1 updates stack model
{
/e
state {
int k;
clear List(stack model);
for (k = stack impl->size; k > 0;
append List (stack model, create Integer (impl stack->elems[--k]))
)



CeMaHTHUYECKHE npaBuJjia

1. Habop wHCTpyKImii B OJOKE CHHXPOHHM3AIWMH JOKEH OBITh CHHTAKCUYECKH U CEMaHTHUYECKH
SKBHUBAJICHTEH Telly (YHKIIMM Oe3 BO3BpaIllaeéMOoro pe3yabTaTa, CUTHaTypa KOTOPOM B YacTH Ma-
paMETpPOB COBIAJIAET C CUTHATYPOU crienn(UKAMOHHOW (DYHKIIMU WIH OTIIOKEHHOU PEeaKIui,
JUTs1 KOTOPOM OTpeensieTcss MeauaTop.

2. B Omoke CHMHXpOHM3AIMH MEIUATOpa PEakiUy Wi (QYHKIIHMH C TUTIOM PE3yJIbTaTa, OTIHYHBIM
OT void, MOXHO MOJYy4YaTh JOCTYIl K 3HAYEHUIO BO3HUKILIEH OTJIOKEHHOM PEaKUuu WU pe-
3yJIbTaTa, BO3BPANIAeMOro OJOKOM BO3JICHCTBHUS TOTO KE CAaMOT0 MeIuaTopa, 4epe3 uAeHTH(H-
KaTop, COBMAJIAIOLINM C UIMEHEM OTJI0KEHHOM peaKuu WK CHeU(PUKATUOHHON (YHKITHH.

3. B 0yi0ke CHHXpPOHHM3AIUH JOIMYCKAETCS UCIOIB30BaTh MCEBIONIEPEMEHHYIO timestamp, UMEI0-
Iyt TiI TimeInterval, KOTOpas COAEPKUT BPEMEHHBIE METKM Hayala U KOHLA UCIIOTHEHUS
0JI0Ka BO3JIEHUCTBUS TOTO K€ CAMOT0 MeIuaTopa WM BPEMEHHbIE METKH, YKa3aHHbBIC MPU PETH-
CTpalliy OTJIOKEHHON PEaKIUU.




buOauoTeka NnoAAEepPKKH TECTOBOM CHCTEMBbI
CTESK

Nuctpyment CTESK BrimrodaeT B ce0si OMONHMOTEKY MOMIEPKKH pa3padaThiBa€MbBIX TECTOB. JTa
OMOIMOTEeKa NPEAOCTABIISIET UHTEPQEHC IS OpraHU3alliy B3aMMOJICHCTBHSI C TECTOBOM CHCTEMOM,
a TaKKe Psji BCIIOMOTATENbLHBIX THIOB JAaHHBIX U (YHKIUH. 3aroyioBoYHbIe (ailiibl OMOIHOTEKH
pacnonaratorcs B karajore include quctpudyrua CTESK.

JaHHbIid  pasfen onmmchbiBaeT 4acTh HMHTepderica OMONMOTEKH, TNpenHa3HAUYEHHYIO IS
HEIOCPEICTBEHHOTO0 MCIOJIb30BaHUsl pa3padoTunkamMu TecToB. Jlpyras yacte uHTepdeiica,
ompejelieHHass B  3aroJIOBOYHBIX  (paiiaXx, mpeaHa3HadueHa TOJNBKO JUIS  WCTIOJIh30BAHUS
ABTOMAaTHUYECKH CT€HEPUPOBAHHBIMU KOMIIOHEHTaMu TecToBou cucteMbl CTESK.



ba3oBble cepBUCHI TECTOBOM CHCTEMBbI

OCHOBHBIE CEpPBUCHI, IPENOCTABIIAEMBbIE TECTOBOM CHCTEMOM, MHCIIOJIB3YIOTCSA C IOMOILBIO
KOHCTPYKIUI cHelM(PUKAIMOHHOTO pacuiupenus s3bika C.

bazoBeie cepBuchl TectoBoii cucreMbl CTESK, BkitoueHHbIe B OMOIMOTEKY MOIAEPIKKU, COCTOSAT
U3 Habopa THUIIOB JaHHBIX U (PYHKUUH, ONPEAESIOUMX MOJEIb BPEMEHHU TECTOBOM CUCTEMBbI, U
HEeOOJIBIIOT0 YUCia CUCTEMHBIX (QyHKIMH s13b1Ka SeC.

Cucremublie yHKUMH

CuctemHbIMH (QYHKIHAMU si3bIKa SeC SABISIOTCS CIeyromue QyHKIUH:

« setBadVerdict
Oyukuus setBadVerdict ycranaBnuBaeT oTpuIaTeNbHBIM BEPIMKT TEKYIIETO BbI30Ba Me-
Jaropa.

- assertion
OyHKIUA assertion MpoBepsieT BHINOJHEHHUE MTPEANO0IaraeMoro OrpaHMueH st U, €CIIH OHO He
BBITIOJIHEHO, TO 3aBEpIIaeT paboOTy MPUIIOKEHUSI.

setBadVerdict

Oynkius setBadVerdict ycTanaBmMBaeT oTpULIIATENbHBIA BEPIMKT TEKYILIETO BbI30Ba MEIUATOPA.
void setBadVerdict ( const char* msg );
ITapamMeTpbl

msg

KOMMeHTapI/Iﬁ, MOSICHSIOIIN N IIPUYUHBI OTPULATCIIBHOTO BCPpAUKTAa MEAUATOpA. 9TtoT
KOMMCHTapI/Iﬁ nonagact B TpacCy MW HMCIOJIb3YCTCA TOJBKO Jid YHPOUICHUA aHaln3a
PE3yJIbTATOB TECCTUPOBAHU.

[TapameTp MOXET NMpUHHUMATh HYJIEBOE 3HAYCHHE. B 3TOM cilydyae HMKaKOll KOMMEHTapui B
Tpaccy He Monajer.

JonosHuTe1bHAA HH(OPMALUA

Oynkius setBadVerdict ycranaBiuBaeT OTpUIATEIbHBINA BEPAMKT TEKYIIETO BBI30Ba MEIUATOPA,
€ClIM MeAMATOp MO KaKUM-TMO0 NPUYMHAM HE MOJKET BBIIIOJHHUTH CBOIO 3ajady. Takum oOpazom
MeInaTop coo0IIaeT 00 TOM TECTOBOM CUCTEME.

Oynkius setBadVerdict MoxkeT ObITH BbI3BaHA HECKOJIBKO pa3 B TEUEHUH pabOThI OJHOTO MEIUATO-
pa.

Ecmu ¢pynkuus setBadVerdict Obiia BI3BaHa BHE BBI30Ba MEAMATOPA, TO KOMMEHTAPHUH MTONAIaeT B
Tpaccy B Ka4eCTBE MOJIb30BATEIBCKOTO COOOIIEHHS 06€3 KaKOro-1ubo Apyroro nodouHoro 3ddexra.

3aronoBouHbii ¢aiin: ts/ts.h

assertion

OyHKIMs assertion MPOBEPSIET BBINOJIHEHUE MPEANOIaraeMoro OrpaHUYEeHHs U, €CJIM OHO HE BbI-
HOJIHEHO, TO 3aBepIIaeT padoTy MPHIOKEHHUS.

void assertion( int expr, const char* format, ... );



ITapameTpsl

expr

Bripakenne, 3HaUe€HHE KOTOPOTo npeamnonaraercs otanyubiM ot 0. Ecim 310 mpennonoxeHue
HapyIIEeHO, TO pad0Ta MPHIIOKEHHUS 3aBEPIIACTCSL.

format

Crpoxka, ompexaensomias (Gopmat cooOmieHHss O HapylmieHUH mpeamnoioxerus. CooOuieHne
(dopMHpyeTCsl Ha OCHOBAaHMM CTPOKU (hopMmaTa U JOMOJHHUTENbHBIX MapaMeTpoB, CEMaHTHKA
KOTOPBIX COBIMAJIa€T C CeMaHTUKOM QpyHkuuu printf u3 crangapTHoit 6ubnuoreku sizbika C.

JonosnHurtenbHass HHGpOpMaLUs

CDYHKI_II/IH assertion MMPOBEPACT, YTO BBIINIOJIHACTCA HPCAIIOJIaracMoc OIrpaHNUvYCHUC. Ecau st1o orpa-
HHUYCHUEC HC BBIIIOJIHECHO, TO pa60Ta MIPUITOKCHUA 3aBCPIIACTCA.

[Tpu 3ToM popmupyeTcs cooOIIeHne 0 HapyIIEHUH MPEANOI0KEHUS, KOTOpOe TOMEIaeTcs oo B
Tpaccy, eCiii IpoBepKa MPOUCXOIUT BO BpeMs pabOThl TECTOBOIO ClieHapHsl, 1100 B stderr, B Mpo-
TUBHOM Ciyd4ae. 3aTéM Tpacca KOPPEKTHO 3aKpbIBAETCSA M IPWIOKEHUE 3aBEPILAET CBOIO padoTy
MOCPEACTBOM BbI30Ba CUCTEMHOM (PYHKIIMHU exit ¢ mapameTpom 1.

Jlroboe aBapuiiHOE 3aBepileHUE pabOThl TECTOBOTO CIEHAPHUS JAOKHO BBIOJIHATHCS MOCPEACTBOM
BbI30Ba (PYHKIIMH assertion. B mpoTHBHOM CiTydae 11eJI0CTHOCTb TPAcChl MOXKET ObITh HapyIIIeHa.

3aronoBouHbI¥ ¢ann: utils/assertion.h

Mopeanb BpeMeHU
TecroBas cuctema CTESK nonaep:xuBaer Tpu pesxuma paboThl CO BpeMEHEM:

+ bes yuera BpeMeHH,
« JluneitHas MOAEINIb BPEMEHH,
- PacnpeznenenHas MoJienb BpEMEHHU.

Jns xapakTtepuzallii MOMEHTOB BPEMEHU B TECTOBOW CUCTEME UCHOJIB3YIOTCS 8peMEeHHble MEMKU.
Bpemennas meTka siBiseTcss aOCTpPAKTHOM BEIMYMHOM, KOTOpas MO BOJU pa3pabOTUMKA MOMKET
OBITH MPUBS3aHA K PEATbHOMY BPEMEHH, a MOXET MCIOJIB30BATHCS TOJIBKO JJISl YIOPSAOYHBAHUS
ONPEACICHHBIX MOMEHTOB BPEMEHH.

Kaxnast BpemeHHas MeTKa NMPUHAJJICKUT HEKOTOPOU cucmeme omcuema epemenu. Bece BpeMeHHbIE
METKH TPUHAJICKAINE OJTHON CHCTEME OTCYeTa JMHEHHO YHOpsAI0YeHBI Mexay cobOoi. OmHako
HOpH,Z[OK Mexc,uy BpeMeHHBIMI/I MCTKaMHn paSJII/I‘IHBIX CUCTEM OTCUCTA HE onpe,ueneH.

[Ipu pabGote B pesxume JTUHEHHON MOJIEIN BPEMEHU CUUTAETCS, YTO BCE BPEMEHHbIE METKU IpUHA/I-
JeKaT OJHOW eIMHCTBEHHOU cucTeMe oTcueTa BpeMeHu. [loaTomy Bce BpeMeHHbIe METKH SIBJISIOT-
Cs JIMHEHHO YIOPSAA0YEHHBIMHU.

[Tpu paboTe B pexxume pacnpeieIeHHON MOJIeI BpeMEHU BPEeMEHHbIE METKH MOTYT IIPUHAJJIeKATh
Pa3IMYHBIM CHCTEMaM OTcUeTa. DTOT PEXUM SBIsIETCd Hanbojee 00IIKM, OJTHAKO aJIfOPUTMBI pa-
OOTBI TECTOBON CUCTEMBI C pacIpeIeICHHBIMI BPEMEHHBIMU METKaMH HauMeHee Y((EKTUBHBI.

VYnpasnenue moaenbio Bpemenu tectoBoi cucteMbl CTESK ocyiecTBiseTcss mocpeacTBOM Cleay-
01X QYyHKIWHI:



o setTSTimeModel
o getTSTimeModel

BpeMeHHbIe METKH OTIPECIIIOTCS ¢ TIOMOIIBIO CIICTYIOIINX THIIOB JAHHBIX, KOHCTAHT U (DYHKITUH.
Turmer:

« LinearTimeMark

+ TimeFrameOfReferencelD
« TimeMark

+ Timelnterval

KoncTaHuThI:

o systemTimeFrameOfReferencelD
o minTimeMark
o maxTimeMark

DyHKIUU:

« getTimeFrameOfReferencelD

« setSystemTimeFrameOfReferenceName
« createTimeMark

« createDistributedTimeMark

« createTimelnterval

« getCurrentTimeMark

« setDefaultCurrentTimeMarkFunction

setTSTimeModel

Oynkius setTSTimeModel u3menser pexum padoTsl co BpemeneM TectoBoit cuctemsl CTESK.
TSTimeModel setTSTimeModel ( TSTimeModel time model );

ITapameTpsl

time model
HoBplil pesxuM paboThI CO BpeMeHEM, B KOTOpOM OyJieT paboTaTh TeCTOBast CUCTEMA.

Bo3sBpanaemoe 3HaueHmne

[penpiaymmii pesxum paboThl CO BpeMEHEM TECTOBON CHCTEMBI.

JdononnuTtenbHas uHpopManus

[Ipu ucnonp3oBaHuM MexaHu3Ma TecTupoBanus dfsm, TecToBas cucrema Mo yMOJ4aHUIO pabOTaeT:

« B pexume 0e3 ydera BpeMeHH, €ciaM XOTs Obl oxHO U3 moneil saveModelState,
restoreModelState v isStationaryState TeCTOBOTO CLIEHapHUsi HE ONPEICTCHO WM WHUIIHAA-
JU3UPOBAHO HYJIEBBIM yKa3aTelleM;

e B peXHUME JIMHEHHOro BpeMEHH, eciau nois saveModelState, restoreModelState n
isStationaryState TeCTOBOIO CLIEHapHsI HHUIMAIU3UPOBAHbI HEHYJIEBBIMU YKa3aTEISIMU.

Pexum pa60TI>I CO BPEMCHEM MOXKET OBITH H3MEHEH B Q)YHKHI/II/I HHUOHUAJIN3alhuU CLICHAPU.

3aronoBouHbIi ¢pann: ts/timemark.h



getTSTimeModel
@OyHKIMS BO3BPALLAET TEKYIIHH pexuM padboThl co BpeMeHeM TecToBoil cuctembl CTESK.
TSTimeModel getTSTimeModel ( void );
Bo3Bpamaemoe 3Ha4yeHne

Texymmii pexxum padoTsl co BpemeHeM TectoBoit cuctembl CTESK.
3aronoBouHbIN hann: ts/timemark

LinearTimeMark

Tun ucrons3yercs Uit UASHTH()UKALMN BPEMEHHBIX METOK BHYTPU OIPEICICHHON CHUCTEMBI OT-
cYyeTa BPEMEHU.

typedef unsigned long LinearTimeMark;

JlonoaHuTenbHasi HH(poOpMaLUs

3HayeHMs 3TOTO TUIA MOTYT OTPa)KaTh JHOObIE XapaKTEPUCTUKA MOMEHTOB BPEMEHHM BHYTPH OIpe-
JIeIEHHOHN CUCTEMBI OTcueTa BpeMeHH. Hampumep, yucio cexyHa (MM MUJUIMCEKYHT) TMPOIIEIINX
C OIIPENEICHHOTO MOMEHTA BPEMEHH.

Ecnu onHoO 3HaueHue tumna LinearTimeMark OOJbllIe APYroro 3Ha4€HUs, TO CUUTAETCS, YTO OHO
COOTBETCTBYET MOMEHTY BPEMEHH IapaHTHPOBaHO Ooiiee MMo3aHeMy, ueM apyroe. Ecnu nBa 3Haue-
HUS PABHBI, TO CYUTAECTCS, YTO O B3aHMHOM PACIOJI0KEHUH COOTBETCTBYIOIUX UM MOMEHTOB Bpe-
MEHM HUYEero He n3BectHo. OHM MOTYT COBIIA1aTh, @ MOTYT U OBITh Pa3IMYHBIMU.

3aronoBouYHbIN pann: ts/timemark.h

TimeFrameOfReferencelD
Tun onpenensier UASHTUPUKATOPBI CUCTEM OTCUETa BPEMEHH.
typedef int TimeFrameOfReferencelD;
JonosnHurtenbHass HHGpOpMaLUs

TecroBass cucrema paOoTaeT B BBIIEJICHHOM CHUCTEME OTCYETa BPEMEHH, KOTOpas HMeEeT
npenonpeneneHHbiil  uaeHtupukatop svstemlTimeFrameOfReferencelD. B pexume ITUHEHHOTO
BPEMEHH pa3pelacTcsi UCTIOIb30BaTh TOJIBKO 3TOT UACHTH(PHKATOP CUCTEMBI OTCYETA.

Hpyrue wuaeHTUDUKATOPBI CTPOSTCS B PEXKUME PACHPEICICHHOTO BpeMeHU (yHKIueH
getTimeFrameOfReferencelID. OTa (QYHKIUS 1O UMEHH CHUCTEMBI OTCYETa BO3BpAINACT €e
uneHTudukatop. IIpu aByx oOpameHusX K GYHKIHH C OJJHUM M TeM K€ UMEHeM OyJeT MoaydeH
OJIMH M TOT ke uaeHtudukatop. Eciim BMECTo MMEHHU niepeiaTh HyJIeBOH yKaszarenb, TO (DYHKIHS
BEpHET YHUKAIbHBIA HICHTU(UKATOP CUCTEMBI OTCYETa, KOTOPBIH TapaHTUPOBAaHHO HE OyIeT
HCIIOJIB30BAaH €O ABAXKBbI.

3aronoBouYHbIN pann: ts/timemark.h

TimeMark

CrpyKkTypa onpenensieTr TuIl BpeMEHHON METKH, UCII0JIb3YEMOM B TECTOBOM CUCTEME.
typedef struct TimeMark TimeMark;

struct TimeMark { TimeFrameOfReferenceID frame; LinearTimeMark timemark; };



JonoaHuTenbHasi HH(poOpMAIH

BpemenHas MeTka XapakrepusyeTcsl MIeHTH()UKATOPOM CHCTEMBI OTCYETAa BPEMEHU U 3HAUYEHUEM
UACHTU(DULHPYIOIIUM MOMEHT BPEMEHHU BHYTPH JAHHOW CUCTEMBI OTCUETA.

Cuunraercs, 4TO OJlHa BPEMEHHAsi METKa MEHbIIIE JPYrod TOJBKO B TOM CiIydae, KOTa 00e METKH
MPUHAUICKAT OJIHOM CHCTeMe OTcueTa W 3HaueHWe moJis timemark TepBOi METKH MEHBIIE
3HAYEHMsI 3TOTO TOJIS IPYTOH.

3aronoBouYHbIN pann: ts/timemark.h

Timelnterval

Tun onpenenser UHTEPBaAJI BPEMEHHU MEXKy ABYMsI BPEMEHHBIMU METKAMH.
typedef struct TimelInterval TimeInterval;
struct TimeInterval { TimeMark minMark; TimeMark maxMark; };
JonosHuTtenbHast HHpopManus

Tun TimeInterval ompenenseT WHTEPBAl BpPEMEHU MEXAY JBYMS BpPEMEHHBIMH METKaMHU
minMark w maxMark. Tlpu sTom TpeOyeTcsi, YTOOBI 3TH METKHA NPUHAJICKATIA OJHOW CHUCTEME
OTCYeTa BPEMEHH M 3HAYCHHE MEePBOIl HE ObLIO OOJbIIe 3HAYCHHs BTOPOHl. [ paHMYHBIE BpEeMEHHBIE
METKH BKITFOYAIOTCS BHYTPh HHTEpPBAJIA.

Jns o0o3HaueHUST MUHUMAIbHO W MaKCHUMAaJbHO BO3MOKHBIX BPEMEHHBIX METOK HEOOXOAMMO
HUCIOJIL30BATh CIIeMaAIbHbIE KOHCTAHTEI minTimeMark v maxTimeMark cooTBETCTBEHHO.

3aronoBouHbi pann: ts/timemark.h

systemTimeFrameOfReferencelD

KoncranTa OIPECACIICT I/I,[[eHTI/Iq)I/IKaTOp CHUCTCMBI OTCYETA BPEMCHH, B KOTOpOﬁ pa60TaeT TCCTOBAsA
cucrema.

extern const TimeFrameOfReferencelD systemTimeFrameOfReferencelD;

JonosHuTe1bHAA HH(OPMALUA

WNnentudukaTtopy CHCTEMBI OTCUeTa BPEMEHH, B KOTOpPOWM paboOTaeT TEeCToBas CHCTEMA,
systemTimeFrameOfReferencelD MOXHO TIPUCBOUTH CHMBOJUYECKOE MM C MOMOIIBIO (YHKIIUH
setSystemTimeFrameOfReferenceName. B »3ToM ciyuae 0m000if BBI3OB  (YHKUIUHU
getTimeFrameOfReferenceID ¢ J3THM CHMBOJIMYECKUM HMEHEM 6yz[eT BO3BpamaTh
systemTimeFrameOfReferencelD.

3aronoBouYHbIN pann: ts/timemark.h

minTimeMark

KoHcTanTa paBHSieTCSI BPEMEHHOM METKE I'apaHTHMPOBAaHO MEHbBIIEH JI000H JIpyrol BpEeMEHHOMN
METKH U3 JTF000H CUCTEMBI OTCUETA.

extern const TimeMark minTimeMark;

JlonoaHuTtenbHasi HH(popMaLUs

Kouncranra minTimeMark siBnsieTca BbIIENEHHBIM 3HadeHueM Tuna TimeMark, koTopoe rapantu-
POBaHHO MEHbIIe JI000ro APYroro 3HauY€HUs] ITOrO THUIA HE3aBUCHUMO OT €ro CHUCTEMBI OTCYeTa.
Koncranrta minTimeMark paBHA€TCS TOIBKO ceO€ CaMOI.

3aronoBouYHbIN ann: ts/timemark.h



maxTimeMark

KoHcTaHnTa paBHSieTCS] BpeMEHHOM METKe rapaHTUPOBAaHO OO0JIbIleH J1F000H Apyroil BpeMeHHOW MeT-
KU U3 JII00OH CHCTEMBbI OTCYETA.

extern const TimeMark maxTimeMark;

JononHurtenbHass uHGpOpMaLus

Kouncranra maxTimeMark siBnsieTcsi BbIIeJICHHBIM 3HaueHHeM Tumna TimeMark, koTopoe rapantu-
POBaHHO OoJblIE JIFOOOTO APYroro 3HAYEHHs ATOTO THUIA HE3aBHCHUMO OT €r0 CHCTEMbI OTCYUETaA.
Koucranra maxTimeMark paBHsieTcs TObKO cebe caMoil.

3aronoBouYHbIN pann: ts/timemark.h

getTimeFrameOfReferencelD

(I)YHKI_II/IH BO3BpalacT I/II[CHTI/I(I)I/IKaTOp CHUCTEMBI OTCUECTA, COOTBCTCTByIOH_II/Iﬁ YKa3aHHOMY MMCHHU.

TimeFrameOfReferencelID getTimeFrameOfReferenceID( const char* name );

IHapameTpsl

name
MM cucteMbl oTcueTa.

[TapameTp MOxeT OBITh HYJEBBIM yKa3aTeleM. B 3ToM ciydae BO3BpallaeTcsi yHUKaJIbHBIN
UIEHTU(HUKATOP CHCTEMBl OTCUETA, KOTOPBIM TIapaHTUPOBAHO HE OyleT BO3BpallleH JaHHOM
(byHKUIMEH TBaXIbI.

Bo3Bpamaemoe 3HaueHue

NnentudukaTop cHCTEMBI OTCYETA C YKa3aHHBIM UMEeHEeM. DYHKINS TapaHTHPOBAHHO BO3BpAIACT
OJIMH U TOT € UACHTU(UKATOP AT JTF0O0T0 YKciia 3apocoB ¢ 3aJaHHBIM UMEHEM CHUCTEMBI OTCUe-
Ta.

JlonoaHuTtenbHasi HHpopMaLUs

OyHKIUA getTimeFrameOfReferenceID BO3BpallaeT WACHTU(PHUKATOP CUCTEMBI OTCYETa IO ee
umenH. [lpu n1Byx oOpamieHusx K GyHKIUU C OJHUM U TE€M K€ UMEHEM OyJeT MOJyyeH OJUH U TOT
xe uaeHtugukarop. Eciu BMecTo MMeHM mepenaTth HyJIEBOW ykas3aTelb, TO (YHKLHUS BEpHET
YHHUKAJIbHBIN UIEHTU(DUKATOP CUCTEMBI OTCUETA.

OyHKIMIO getTimeFrameOfReferenceID [OMyCKaeTCs HCHOIB30BaTh TOIBKO B DPEKUME
paboThI ¢ pacTpeeIeHHBIM BPEMEHEM.

OOBIYHO Ka)KAOMY KOMIIBOTCPY COOTBCTCTBYCT coOCTBEHHas CHCTEMa OTCUETa BPCMCHH. B stoMm
ci1ydac, CUCTCMblI OTCUCTA MOXKHO HI[GHTHq)HHPIpOBaTI) CCTCBbBIM MMCHCM COOTBECTCTBYIOLICTO UM
KOMIIBIOTEPA.

Hns equHOOOpa3us paboOTHl ¢ HISHTU(UKATOPAMH CHCTEM OTCYETa, WACHTU(PUKATOPY CHUCTEMBI
0TCYEeTa, B KOTOPOM paboTaeT TecToBasi CUCTEMA, TAaKXKE€ MOYHO NMPUCBOUTH CUMBOJIMUYECKOE MUMsI C
NOMOIIBI0 QYHKINU setSystemTimeFrameOfReferenceName.

Ecnm cucreme orcuera, B KOTOpoi pabOTaeT TecToBask CHCTEMa, ObUIO MPUCBOEHO MMS, TO JIFOOOMN
BBI30B GyHKIMH getTimeFrameOfReferencelD c 3TUM UMEHEM BEpPHET
systemTimeFrameQOfReferencelD.

3aronoBouHbin pann: ts/timemark.h

setSystemTimeFrameOfReferenceName

@OyHKIMS YCTAaHABJIMBAET UMSI CUCTEMBI OTCUETa, B KOTOPOU paboTaeT TecToBasi cucTeMa.



bool setSystemTimeFrameOfReferenceName ( const char* name );
ITapameTpsl

name

Nwms cucteMbl oTcueTa, B KOTOpoil paboTaer TectoBas cucreMa. [lapamerp He nokeH OBITH
HYJIEBBIM YKa3aTeJIEM.

B03BpamaeM0e 3HAYCHUC

OyHKIMS BO3BpaIaeT false, €CIU JaHHOE UMS yXKE€ UCIOIB30BajIOCh IS MACHTU(UKALIUYA CUCTE-
MBI OTCYETAa OTJIMYHOW OT CUCTEMHOM, ¥ true B IPOTUBHOM CIIy4ae.

JonosHuTtensHast uH(popManus

OyHKIUSA setSystemTimeFrameOfReferenceName yCTaHaBIMBA€T UMsI CUCTEMBI OTCYETa, B
KOTOpoil ~ paboraer TectoBas  cucrema. Ilocme  3Toro  mo0OOW  BBI3OB  (DYHKIUH
getTimeFrameOfReferencelD ¢ JaHHBIM UMCHEM BepHeT system TimeFrameQOfReferencelD.

Cucrtema otcuera, B KOTOPOH pabOTaeT TECTOBas CUCTEMA, MOXKET MMEThb HECKOJIBKO MMEH O[-
HOBPEMEHHO.

3aronoBouHbin pann: ts/timemark.h

createTimeMark

Oynkuus createTimeMark co3naer BpeMeHHYI0 METKY B CUCTEME OTCUYETa, B KOTOpOi paboTaer Te-
CTOBasl CUCTEMA.

TimeMark createTimeMark( LinearTimeMark timemark );
ITapametpsl

timemark

Mertka, uaeHTUGUIHMPYIOIasi MOMEHT BPEMEHH BHYTPH CUCTEMBI OTCYETa, B KOTOPO paboTaeT
TECTOBAs CUCTEMA.

Bosspamaemoe 3Havenune

OyHKIMS BO3BpAILlaeT BPEMEHHYIO METKY, PUHAJIEKAIYI0 CUCTEME OTCUeTa BPEMEHH, B KOTOPOil
paboTaeT TecToBasi CCTEMa, U COOTBETCTBYIOIIYIO BHYTPEHHEH MeTKe timemark.

JdononnuTtenbHas uHpopManus

Oynknusa createTimeMark co3gaeT BpeMEHHYIO METKY C HMICHTH(DHKATOPOM CHCTEMBI OTCUETa
systemTimeFrameQOfReferencelD v BHYTpeHHEN METKOU timemark.

3aronoBouHbi pann: ts/timemark.h

createDistributedTimeMark

CDYHKI_II/IH CO30acT BPEMCHHYIO MCTKY B YKaSaHHOﬁ CHUCTEMC OTCUCTA.

TimeMark createDistributedTimeMark( TimeFrameOfReferenceID frame,
LinearTimeMark timemark );

ITapameTpsl

frame

I/IIIGHTI/I(I)I/IKaTOp CHUCTCMBI OTCUECTA, KOTOpOfI NPUHAJICKUT CO3JaBacMasd BpCMCHHAA MCTKaA.



timemark
Mertka uaeHTUQUITUPYIOIasi MOMEHT BPEMEHH BHYTPH CHCTEMBI OTCUETa frame.
Bo3Bpamaemoe 3HaueHue

OyHKIHS BO3BPAMIACT BPEMEHHYIO METKY C UICHTH()DUKATOPOM CUCTEMBI OTCUETA frame W BHYTPEH-
HEW METKOH timemark.

JonoaHuTenbHasi HHpOpMALUS

3aronoBouHbi pann: ts/timemark.h

createTimelnterval
CDYHKI_II/IH cO34a€T BpeMCHHOﬁ HHTCPBAJI C YKA3aHHBIMU I'PAHULIAMHU.
TimeInterval createTimeInterval( TimeMark minMark, TimeMark maxMark );
ITapamMeTpbl

minMark

BpemeHnHas MeTka HUYKHEW IpaHULIbl HHTEPBAJA.
maxMark
Bpemennas meTka BepXHEH I'paHULIBI HHTEPBAJIA.
BosBpamaemoe 3HaveHnune
@yHKIKA BO3BpAIIAET BPEMEHHOW UHTEPBAJI C YKa3aHHBIMU FPAHUIIAMM.
JonosHurtenbHass HHGpOpMaLUs

OyHKIUA createTimeInterval CO34ACT HMHTEPBA] BPEMEHU MEXKIY JABYMS BpPEMEHHBIMH
meTkaMu minMark n maxMark. Tlpn sToM TpeOyercs, 4ToObl 3T METKH NPHHAIJIEKAIN OJHOM
CHCTEME OTcuYeTa BPEMEHH M 3HAa4YCHHE TEepBOW HE ObUTO OOJble 3HAYeHUs BTOPOH. I'paHnvHbIE
BPEMEHHBIE METKHU BKIIIOYAIOTCSl BHYTPh UHTEpBaJa.

st 00o3HaueHUsT MUHUMAIBHO W MaKCHMAaJbHO BO3MOXKHBIX BPEMEHHBIX METOK HEOOXOIMMO
HCIIOJB30BaTh ClieUaIbHbIe KOHCTAHTHI minlimeMark n maxTimeMark coOTBETCTBEHHO.

3aronoBouHbin pann: ts/timemark.h

getCurrentTimeMark

OYHKIMS BO3BPAILAET BPEMEHHYIO METKY, COOTBETCTBYIOIIYIO TEKYIIEMY MOMEHTY BPEMEHH BHY-
TPU JAHHOTO MpOIEcca.

TimeMark getCurrentTimeMark( void );
Bo3Bpamaemoe 3HaueHHe

@yHKIMA BO3BPAIIAECT BPEMEHHYIO METKY, COOTBETCTBYIOIIYIO TEKYILIEMY MOMEHTY BPEMEHH BHY-
TPH JAHHOIO IIpoLecca.

JonoHuTtenbHas HH(pOpMALUA

@yHKIMs BO3BpAIlacT BPEMEHHYIO METKY, COOTBETCTBYIOIIYIO TEKYIIEMY MOMEHTY BpPEMEHU
BHYTpM JaHHOTO mpouecca. JlanHas (QyHKIMS HUCHONB3YeTCsl TECTOBOM CHCTEMOM s
AaBTOMATHYECKOTO OIPEIEICHUs BPEMEHHOIO HHTEpBajga, B KOTOPOM BBINOJHSIECTCA BBI30B
CHe(PpUKATUOHHON (YHKITUH.

[To ymon4aHutio, TeKyias BpeMEHHasi MeTKa NMPUHAAJICKUT CUCTEME OTCYETa, B KOTOpOi paboTaeT
TecToBasg cucreMa. MeTka BHYTPU CUCTCMEI OTCUCTA BBIYUCIIACTCA KAK YHUCJIO CCKYHI MPOMICANINX
¢ monyHour (00:00:00) 1 saBaps 1970 roma, MoOJydeHHOE MyTEM BBI30BAa CUCTEMHOW (DYHKITUU
time.



IloBenenue (byHKuI/H/I MOXET OBITh MEPEONPEAEIIEHO MOIb30BATEIEM C IMOMOIIBIO (I)yHKI_[I/II/I
setDefaultCurrentTimeMarkFunction.

3aronoBouYHbIN ann: ts/timemark.h

setDefaultCurrentTimeMarkFunction
VYcraHaBIUBaeT MOJIb30BATENBCKYIO (DYHKIIMIO BBIUYMCICHUS BPEMEHHON METKH, COOTBETCTBYIOIIEH
TEKYIIEMY MOMEHTY BPEMEHHU BHYTPHU JAHHOTO IpOILIECca.

GetCurrentTimeMarkFuncType
setDefaultCurrentTimeMarkFunction( GetCurrentTimeMarkFuncType new_func );

ITapamMeTpbl

new_func

VYkazatenb Ha QyHKIHMIO, KOTOpasi OyaeT UCIOJIb30BaThCs AJIsl BHIUMCIIEHUS] BPDEMEHHOW METKH,
COOTBETCTBYIOIIEH TEKYIIEMy MOMEHTY BPEMEHM BHYTPH IaHHOrO mpouecca. [lapamerp He
JIOJKEH OBITh HYJIEBBIM YKa3aTelleM.

BosBpamaemoe 3HaueHnune

OyHKIMS BO3BpalllaeT yKazaTeidb Ha MPEeAbIAYIIYI0 (YHKIUIO, BHIYUCISBUIYIO TEKYIIYI0 BpEeMEH-
HYIO METKY.

JonosHurtensHast uH(popManus

OyHKIUA setDefaultCurrentTimeMarkFunction yCTaHaBJIMBAET MOJIb30BATEIbCKYIO (DYHK-
LMIO BBIYHUCIICHUS] BDEMEHHOW METKH, COOTBETCTBYIOILEH TEKYIIEMY MOMEHTY BPEMEHHU BHYTPH aK-
TUBHOTO Mpoiiecca. [locne aToro pyHkus getCurrentTimeMark OyAeT BO3BpallaTh BPEMEHHYIO
METKY, MOJIY9CHHYIO ITyTEeM BBI30Ba JIAHHOU MMOJIH30BATEIBCKON (QYHKITHH.

Takum 00pa3oM, Mosib30BaTeNbCKas (YHKUUS OylIeT UCHOJIb30BATHCS JJIS aBTOMATUYECKOTO BbI-
YHUCJIEHUS! MHTEpBajla BPEMEHH, COOTBETCTBYIOIIETO BBI30OBY KAXKIOW crienu(pUKalMOHHONW (PyHK-
LUU.

3aronoBouHbin pann: ts/timemark.h



CTaHI[apTHI)Ie MCXAHU3MbI IIOCTPOCHHUNA TC-
CTOB

B CTESK 2.5 BxirodeHbl 1Ba MEXaHU3Ma IOCTPOEHUS TECTOB (MHAYE HA3BIBAEMBIX «OOXOIUMKN)
dfsm u ndfsm. bnarogaps cBoeil rHOKOCTH OHM HO3BOJISIFOT TECTUPOBATh OYEHb IIMPOKUH Kilacc
IPOrpaMMHOr0 OOECIIeUeHUs, HAaUMHasl C MPOCTBIX CUCTEM 0€3 BHYTPEHHErO COCTOSHUS U KOHYas
pacrpe/ieIeHHbIMU CUCTEMAMHU C ACHHXPOHHBIM HHTEp(eErcoM.

dfsm

Mexanu3m nocTpoeHust TecToB dfSm OCHOBBIBAaETCS Ha MOHATHH 00X0Ja IETEPMHUHHPOBAHHOTO KO-
HeYHOro aBToMaTa. KoHEUHBIH aBTOMAT, UCIOJIb3yeMbIH ISl TIOCTPOCHHS TECTa, 3aacTCs B HEsB-
HoM BHJIe. [lonp30oBaTens onpeenser (yHKIUIO BEIYUCICHHUS TEKYIIETO COCTOSIHUS CIICHAPUS U Ha-
OOp TECTOBBIX BO3JICHCTBHIA.

Bo Bpems tectupoBanusi dfsm npumeHsieT TeCTOBble BO3ACHCTBUS, KOTOPHIE MOTYT H3MEHSTH CO-
CTOsiHME clieHapus. dfsm aBTOMaTHYECKH OTCIIEKHMBAET BCE M3MEHEHUS COCTOSHUS M CTPOUT KOHEY-
HBIl aBTOMAT, COOTBETCTBYIOLIUI MPOLECCY TECTUPOBAHUS. COCTOSHUSAMH aBTOMATa SIBISIIOTCS BCE
JOCTUKMMBIE COCTOSIHMS CLICHApHs, a IEepeX0bl aBTOMATA [IOMEUYAIOTC TECTOBBIMU BO3JEHCTBHS-
MU, KOTOPbIE UX HHHIIMUPOBAJIH.

Mexanuzm TCCTUPOBAHUA dfsm 3akanuuBaeT TECTUPOBAHUC TOJILKO TOrjJa, Koraa nmoaacTt BCC OIpe-
JICJICHHBIC MOJb30BATEIIEM TECTOBBIE BO3ACHCTBUS BO BCEX COCTOSHHUSIX aBTOMAaTa JOCTHXKUMBIX M3
Ha4daJIbHOTO.

Uro0bl JOCTHKEHUE 3TOU 1eNU ObLII0 BO3MOXKHO, HEOOXOIMMO BBIITOJHEHHUE CIEAYIONINX YCIOBHIL:

« Koneunoctb. Uucio cocTosiHMiA, JOCTHKUMBIX U3 HAYAIBHOTO MyTeM MPUMEHEHHUS TECTO-
BBIX BO3JICHCTBHI M3 3aJJaHHOTO HA0OPa, JOKHO OBITh KOHCYHBIM.

« JlerepMuHHPOBAHHOCTH. [1J1 TFOOOTO COCTOSHUSI CUCTEMBI IPUMEHEHHUE OJTHOTO U TOTO JKe
TECTOBOTO BO3JICHCTBHS BCET/IA JIOJDKHO ITEPEBOIUTH CUCTEMY B OJTHO M TOXKE COCTOSTHHE.

« CuabHasl ¢BS3HOCTD. V3 1F000T0 COCTOSHUS CIIEHApUs JOCTHKUMO JIF000€ IPYroe COCTOsI-
HUE CIICHAPHS IyTeM IPUMEHEHUS TI0CIIeI0BATSIIBHOCTH TECTOBBIX BO3/ICHCTBUM.

Habop TecToBbIX BO3ACHCTBUI OMpEaEseTCsl C TOMOIIBIO CIICHAPHBIX (DYHKIIUH.

Tun onucanus TecToBOro creHapus dfsm ucmonb3yercs Mpu HHULUATH3AIUH TECTOBOTO CIICHAPHSI,
MIOCTPOEHHOTO Ha ocHOBe MexaHu3Ma dfsm. Ilosis aToro Tuna onucansl Ha crpanuile «Iloas Tumos

ONUCaHuA TECTOBOI'O CIICHAPUSY.

JlonoHUTENbHBIE TapaMeTpbl MEXaHU3Ma TECTUPOBAHHS MOTYT ObITh HACTPOEHBI C TIOMOIIBIO Clle-
TYIOIINX (PYHKIIHA:

« setFinishMode

« setDeferredReactionsMode

« setWTime

+ setFindFirstSeriesOnly

« setFindFirstSeriesOnlyBound




Bce (pYHKL[I/II/I, MMpECAHA3HAYCHHBIC YCTAHABJIMWBATL UK BO3BpAllATh MMApaMETPbl MCXaHU3Ma TCCTU-
POBaHUA, IIEPCUUCIICHBI HA CTPAHHUIIC «CepBUCHBIC KT ME€XaHHU3Ma TCCTHUPOBAHUI

[Ipu 3amycke TeCTOBOIO CLIEHapHs eMy IepeJaeTcsl CIMCOK apaMeTpoB. MexaHu3M TeCTUPOBAHUS
UMEEeT CTaHJapTHBIE MTapaMeTphbl, KOTOPbIE HACTPAUBAIOT €ro paboTy. Bee cranaapTHbIe napaMeTpsl
JIOJDKHBI CIIEZOBATh 0 TOJIb30BATEILCKUX MapamMeTpoB. MeXaHnu3M TEeCTHpPOBaHUs 00padaThIBaeT
UX U MepeslaeT ocTaBlIMecs B (YHKINIO HHUIMAIU3AIUN TECTOBOTO CLIEHAPHUSI.

ndfsm

O6xomuuk ndfsm o cpaBHeHHIO ¢ dfSm MO3BOJISIET KOPPEKTHO paboTaTh Ha OOJIee MUPOKOM KIlac-
Ce aBTOMATOB, a8 UMCHHO Ha KOHEUHBIX aTOMaTaX, UMEIOIIUX JETePMHUHUPOBAHHBIN CHIILHOCBSI3HBIH
TIOJTHBIM OCTOBHBIN MTOAABTOMAT.

« OctoBHbIIT mogaBToMaT. OCTOBHBIN MMOAABTOMAT COACPIKUT BCE COCTOSHUS CLEHAPHS, J10-
CTHKUMBIE B TIPOIIECCE TECTUPOBAHUA.

e Iloanbiii mogaBToMar. /[ KaXXA0ro COCTOSIHUS CLIEHAPUS U JOIYCTUMOTO B HEM TECTOBO-
r0 BO3ACHCTBUS MOJAaBOMAT JMOO COAEPKHUT BCE MEPEXOJbI U3 3TUM COCTOSIHHS, TTIOMECUCH-
HBIC TUM TECTOBBIM BO3JICHCTBUEM, TUOO HE COACPKHUT TAKUX NIEPEX0I0B BOBCE.

Ha60p TECTOBBIX BO3ACHCTBUI OIPEACIIACTCA C TIOMOUIBIO CIHCHAPHBIX glzyHKguﬁ.

Tun onucanust TectoBoro cueHapus ndfsm ucnonab3yercs nNpyu MHULHMAINM3ALUU TECTOBOTO CIIEHA-
pusi, TOCTPOCHHOTO Ha ocHOBe MexaHu3ma ndfsm. [Tomns aToro Tuma onucansl Ha ctpanuine «llons

TUIIOB OIMMCAHHWA TECTOBOI'O CLICHAPH).

JloTIOTHATETBHBIE TTapaMeTPhl MEXaHU3Ma TeCTUPOBAHUS MOTYT OBITh HACTPOCHBI C IIOMOIIBIO ClIe-
TYIOIIUX (PYHKITHIA:

« setFinishMode
« setDeferredReactionsMode
o setWTime

« setFindFirstSeriesOnly
« setFindFirstSeriesOnlyBound

Bce q)YHKHI/II/I, NpCAHAa3HAYCHHLIC YCTAHABJIMBATL WJIM BO3BPAlIATh IIapaMETPbl MCXaHH3Ma TCCTH-
POBaHuA, NICPCUUCIICHBI HA CTPAHUIIC «CepBHCHEIE KM MEXaHM3Ma TCCTHUPOBAHMA

[Ipu 3ammycke TeCTOBOIO CLIEHapHs €My NEPENacTCsl CIMCOK apaMeTpoB. MexaHu3M TECTUPOBAaHUS
UMeET CTaHJapTHBIE MapaMeTphbl, KOTOPbIE HACTPAUBAIOT €ro paboTy. Bee cranaapTHeIe napaMeTpsl
JIOJDKHBI CIIEZIOBATh 0 TOJIb30BATEIBCKUX MapamMeTpoB. MexaHu3M TEeCTHpPOBaHUs 00pabaThIBaeT
UX U MepeslaeT OCTaBlIMeCs B (YHKINIO HHUIMATU3ALUN TECTOBOTIO CLIEHAPHUS.

IToJiss THIOB ONMMCAHUSA TECTOBOI'O cucHapus

Tun onucaHus TecTOBOroO ciieHapus dfsm ucmonb3yercs Mpu MHULIMATH3AIUN TECTOBOTO CLICHAPHSI,
MOCTPOCHHOTO Ha OCHOBe MexaHm3Mma dfsm. COOTBETCTBEHHO, THIT ONMMCAHUS TECTOBOTO CIICHAPHS
ndfsm ucnonb3yeTcs Mpu WHUIMATW3AIUNA TECTOBOTO CIIEHApHsi, MOCTPOCHHOTO HAa OCHOBE MeXa-
au3Mma ndfsm.



OTH TUIIBI ABISIOTCS CTPYKTYpaMM; MHOXKECTBO mojei dfsm BkiIrouaeT MHOXKecTBO mojeit ndfsm.
DT NOJIS IPUCYTCTBYIOT B 00€UX CTPYKTYpaX:

init (Tun Ptrlnit)

finish (tun PtrFinish)
getState (Tun PtrGetState)
actions

OO0s3aTeNbHBIM /171 MTHULIMATIN3AUU SIBJSIETCS TOJIBKO TOJIE actions, KOTOPOE COAEPKUT MAacCHB
CIIEHAPHBIX (DYHKIUH, OMPEIEISIONINX TECTOBLIC BO3ICHCTBUS.
Ctpykrypa dfsm Brirouaer B ceOst TOMOIHUTEIbHBIE MOJIS:

init

saveModelState (Tun PtrSaveModelState)
restoreModelState (Tun PtrRestoreModelState)
isStationaryState (Tun PtrlsStationaryState)
observeState (Tun PtrObserveState)

init

[Torne init comepkuT yka3arenb Ha GYHKINIO HHUIUAIA3AUN TECTOBOTO CIIEHAPHSI.

finish

[Tone finish comepxuT ykazaTens Ha (HYHKIHIO 3aBEPIICHUS TECTOBOTO CLIEHAPHSI.

getState

[Toste getState copepkuUT yka3zaTeiab Ha (YHKIUIO, BEIYUCIISIONIIYIO TEKYIEE COCTOSIHHE Te-
CTOBOTO CIIEHAPHSI.

actions

[Tone actions COIEPKHUT MACCUB CLEHAPHBIX (YHKIIMH, 3aBEPIIAIOIIMNCS HYJIEBBIM yKa3a-
TEJIEM.

saveModelState

[Toste saveModelState comepkuT ykaszarenb Ha (YHKIHIO, BO3BPAIIAIOINIYIO COCTOSHUE CIie-
U(PUKAITMOHHON MOJICITU TaHHBIX.

restoreModelState

[Tone restoreModelState comepxuT yka3aTenb Ha (YHKIUIO, BOCCTAHABIMBAOILYIO COCTOSI-
HUE crienu()UKAITMOHHON MOJICITN JaHHBIX.

isStationaryState

[Tose isStationaryState copepXuT ykazareiab Ha (YHKIHIO TPOBEPKU CTAIIMOHAPHOCTH MO-
JICTHOTO COCTOSTHUSI.

observeState

[Tone observeState comepKUT ykaszaTeslb Ha (YHKIIHIO, CHHXPOHH3UPYIOIIYIO MOJCIBLHOE
COCTOSIHHE C COCTOSTHUEM TECTUPYEMOM CHCTEMBI 110 HCTEYCHUH BPEMEHH CTaOMIN3alNH.

[Tone init conep>KUT yKazatesb Ha (PYHKITUIO HHUIMATU3AIMH TECTOBOTO CIICHAPHS.

PtrInit init;

JlonoaHuTenbHasi HH(poOpMaLUs

OyHKIMS THULMATU3ALUHU [T0JIy4aeT Ha BXOJl MACCHB MapaMEeTPOB, COTJIACHO CEMaHTHUKE MPUHSITON
JUIs IApaMeTpoB argc, argv cTaHnapTHOW GyHKUIMU main. OHa MOXeT UCIOJIb30BaTh 3TH MapaMeT-
PBI UTsl HACTPOMKU TECTOBOT'O CLIEHAPUSI.

OOBIYHO (HYHKITUST WHUIHATN3AIWN BBITIOTHSIET CIEAYIONIUE TCHCTBUS:



e MHULUAIU3aLMs TECTUPYEMOM CUCTEMBI;

e MHHMIHAIU3aLUs CHEIUPUKAIUOHHON MOJIENH JaHHBIX;

e WHULMAIU3aLMs JaHHBIX CLICHAPUS;

e YCTaHOBKa MEIHUATOpPOB AJsl CHeUU(PUKAIMOHHBIX (QYHKIUN M peakiuil, UCIOJIb3yeMbIX B
JJAHHOM TECTOBOM CLICHApUU.

B ClIyuac TCCTUPOBAaHUA CUCTEM C OTJIOKCHHBIMU PCAKIUSAMU, q)YHKI_II/IH HWHHUIIHAJIM3alu JOIIOJIHH -
TCJIBHO UCIIOJIB3YCTCA AJIA:

e YCTAaHOBKHU BPEMEHH OXKUJAHUS OTIOKECHHBIX PEAKLUH;
¢ IIpU HEOOXOIUMOCTH, JUIs pacupeeseHus KaHaloB 00pabOTKN HENOCPEICTBEHHbBIX U OTJIO-
JKEHHBIX PEaKIUi.

OyHKIUSA MTHULIMAIN3ALUN BO3BpaIIaeT OyJIeBCKYIO BEIMUUHY, KOTOpas JOJDKHA MPUHUMATh 3Hade-
HHUE true, €CIM MHHUIMAIM3AINS 3aBEPIIMIIACH YCIIEITHO, U false — B MPOTHBHOM ciy4ae. B mo-
CJIeZIHEM cllyyae paboTa TECTOBOI'O CLIEHApHs Ha 3TOM 3aBEPLIMTCS, (PYHKLUS 3aBEPLICHUS CLIEHA-
pus BbI3BaHa He OyJeT.

OyHKIUS WHUIHATH3AIHUS MOXET COJEpKaTh BBI3OBHI CHENM(UKAMOHHBIX (YHKIHMHA, OCYyIIe-
CTBJIAIOLINX MHULHAIN3ALUI0 TECTUPYEMOM CHUCTEMBbI, CHeNM(UKALMOHHON MOJIENN JAaHHBIX WM
JMaHHBIX cieHapus. [Ipu pabote B pexxuMe ¢ OTIOKEHHBIMH PEaKLIUIMU MEXaHU3M MMOCTPOSHHS Te-
CTOB OCYILECTBJIIET CEpPUAIN3ALUIO BCEX MOJIAHHBIX MPH BbI30BE (DYHKIIMU WHUIMATU3ALNUN CTUMY-
JIOB M BCEX IOJTYYEHHBIX PEaKIH.

[Tone init MoxeT ObITh MHULIMATM3UPOBAHO HYJIEBBIM yKa3aTeJeM WM HE WHUIIUAIU3UPOBAHO BO-
Bce. DTO OyAeT APKBUBAJICHTHO WHUITMAIHM3AIWN TOJs init GyHKIMEH, HE BBHITIOTHSIOMICH HUKAKIX
JICUCTBUI U BO3BPAILAOLIEN true.

3aronoBouHbIi ann: ts/dfsm.h, ts/ndfsm.h
finish
[oune finish cogep uUT ykazatrenab Ha QYHKIIUIO 3aBEPILICHUS] TECTOBOTO CIICHAPUSI.

PtrFinish finish;

JonoHuTe1bHAA HH(POPMALUA

OyHKIMS 3aBepIICHUs MpeAHA3HAYEHA /ISl BHIIIOJIHEHUS 3aKIIOUUTENbHBIX paboT mocie mpoBee-
HUs TecTupoBaHusA. OYHKIMS HE NMEET ITapaMeTPOB M BO3BPAIIAEMOr0 3HAYEHUSI.

OOBIYHO (HYHKITUS 3aBEPIICHUS CIICHAPHS BBITIONHSACT CIICAYIONINE ICHCTBHS:

*  OCBOOOXJIECHHE PECypCOB TECTHPYEMOW CHCTEMBI, 3aHSATBIX BO BpeMs palbOThI TECTOBOTO
CLICHapusi;

+  OCBOOOXJIEHHE PECYPCOB CIIEUPUKAIIMOHHON MO TaHHbIX;

¢ 0CBOOOXJEHHE PECYPCOB TECTOBOIO CIEHAPUSI.

OyHKIMS 3aBEPILEHUs] CLIEHApUs MOXKET COAEpkKaTh BBI30BbI CHEIU(PUKAIUOHHBIX (YHKIHHA, OCY-
IIECTBIIAIONINX OCBOOOXJIEHUE PECYpPCOB TECTHPYEMOW CHUCTEMBI, PEeCypcoB CHEIM(PUKALMOHHON
MOJIeJIN JaHHBIX WK pecypcoB cieHapus. [Ipu paboTe B pexxuMe ¢ OTI0KEHHBIMU PEaKIUIMU Me-
XaHU3M TMOCTPOCHHSI TECTOB OCYILIECTBIISICT CEPHATU3AIMIO BCEX MOAAHHBIX NMPHU BBI30BE (PYHKLIUU
3aBEepLICHUS CLIEHAPHs CTUMYJIOB U BCEX MOJIYYEHHBIX PEAKIIHIA.



[Tone finish MoxeT ObITh MHUIMATU3UPOBAHO HYJIEBBIM yKa3aTeJleM WM He HHUIMAIU3UPOBAHO BO-
Bce. B 3TOM citydae, HUKaKkUX JA€WCTBUN MO 3aBEPIICHUIO CIIEHAPUS BIMOIHATHCS HE OYyeT.

3aronoBouHblit pann: ts/dfsm.h, ts/ndfsm.h

getState

[Tone getState comepKUT yKazaTeiab Ha (DYHKIHIO, BEIYUCISIONIYIO TEKYIIEEe COCTOSIHUE TECTOBOTO
CLEHapusl.

PtrGetState getState;

JonojHuTe1bHAA HH(POPMALUA

OyHKIUSA BBIYMCICHUSI COCTOSIHUS CIIEHAapHs HE MMEET MapaMeTpoB M BO3BpAIIaeT OOBEKT CHELH-
(UKalMOHHOIO THUIIA.

[Ipu ompeneneHUH COCTOSHHS CIIEHApUS BAXKHO YYUTHIBATh TPEeOOBaHUE JETEPMHUHHPOBAHHOCTU
MeXaHU3Ma MOCTPOeHUs TecToB dfsm uian Hamuuue AeTepMUHUPOBAHHOTO CHIIBHOCBS3HOTO MOJHO-
IO OCTOBHOTO [10IaBTOMATa JijIsl MEXaHN3Ma OCTpOeHUs TecToB ndfsm.

[lone getState MoxeT ObITh MHULIMAIU3UPOBAHO HYJEBBIM YKa3aTeJIEM WM HE MHULIMAIU3UPOBAHO
BOBce. B 3ToM ciyuae mexaHu3M TectupoBaHus dfsm OyneT cuMTaTh, YTO COCTOSHHE CLEHAPHS
BCEr1a OAHO M TOXKE.

3aronoBouHbIN pann: ts/dfsm.h, ts/ndfsm.h

actions

[Tone actions cogep>XUT MacCuB CLICHAPHBIX (YHKINH, 3aBEPLIAIONINICS HYJIEBbIM YKa3aTEIEM.

ScenarioFunctionID actions|[];

JonosHurtensHast uHpopManus
[Tone actions conep>KUT MacCUB ClIEHAPHbBIX (QYHKIINNA, 3aBEPIIAIOIINNACS HYJIEBbIM YKa3aTeleM.

[Tone actions sgBisieTcst 00A3aTEALHBIM IIsT MHULIMAIU3auu. [locnennee 3HaueHre MacCUBa TOJDK-
HO OBITh HYJIEBBIM YKa3aTeleM.

3aronoBouHbIii ann: ts/dfsm.h, ts/ndfsm.h

saveModelState
[Tone saveModelState conepkuT yka3aTenb Ha (yHKIIHIO, BO3BPAIIAIOIIYIO COCTOSHUE CIEITU(UKa-
IIUOHHOM MOJIENN JaHHbIX.
PtrSaveModelState saveModelState;

JdononnuTtenbHas uHpopManus

@OyHKIMSA COXpAaHEHUS COCTOSHHS CIENM(UKAIMOHHONW MOJENU JaHHBIX HE HMEET MapamMeTpoB U
BO3BpaIIaeT OOBEKT CIEeUU(UKAITMOHHOTO TUMA. DTOT 0OBEKT JAOJDKEH COAEP)KaTh BCE COCTOSHUE
crien(pUKAIMOHHONW MOJIENH JJaHHBIX, YTOOBI (DYHKIMA BOCCTAHOBIICHHS COCTOAHMA CIeHM(UKALH-
OHHOM MOJIEJIM JAHHBIX MOTJIa MOJIHOCTBIO €r0 BOCCTAHOBHUTD MO JJAHHOMY OOBEKTY.




[Tone saveModelState moxeT ObITH MHUIIMATTU3UPOBAHO HYJIEBBIM yKa3aTeJIeM WM HE MHULIUAIN3H-
poBaHO BoBce. B 3ToM cityuae TecTUpOBaHHE CUCTEM C OTJIOKEHHBIMU PEAKIMSIMH C TOMOUIbIO JaH-
HOT'O TECTOBOI'O CLieHapHs OyleT HEBO3MOXKHO.

3aronoBouHbIi ann: ts/dfsm.h, ts/ndfsm.h

restoreModelState

[Tone restoreModelState conep uT ykazaTellb Ha (YHKIIMIO, BOCCTAHABIMBAIOIIYIO COCTOSIHHE CIIe-
1 UKAIIMOHHOM MOJICITH JAHHbBIX.

PtrRestoreModelState restoreModelState;

JlonoaHuTtenbHasi HH(popMaLUs

DyYHKIMS BOCCTAHOBIICHUS COCTOSIHUSA CICIIM(UKAITMOHHON MOJIEH JTaHHBIX MOJIy9aeT OOBEKT CIie-
U(UKAIMOHHOTO THITA M BOCCTAHABIMBAET 10 HEMY COCTOSHUE CHEIU(PUKAIMOHHON MOAENTH JTaH-
HbIX. [lomydgaemslii 00BEKT 3aBEIOMO OB MIOCTPOCH paHEe C MOMOIIbI0 MYHKIIMA COXPAaHEHHUS CO-
CTOSHUA CTeNU(UKAIMOHHOW MOJAenu JaHHbIX. DYHKIMS BOCCTAHOBJICHHUS COCTOSHUS HE HMEET
BO3BpaIla€MOro 3HAYCHUSI.

[one restoreModelState MoxeT OBITh HHUIIMATM3UPOBAHO HYJICBBIM yKa3aTeJeM WM HE WHUIIHA-
JM3UPOBAHO BOBCE. B 3TOM cityuae TeCTUpOBaHUE CUCTEM C OTIIOKESHHBIMH PEAKLUSIMHU C TIOMOIIBIO
JTAHHOTO TECTOBOTO CLIEHApHsI OyIeT HEBO3MOXKHO.

3aronoBouHbIi ann: ts/dfsm.h, ts/ndfsm.h

isStationaryState

[Momne isStationaryState conepkut ykazarenb Ha (QYHKIHIO MPOBEPKH CTAIIMOHAPHOCTH MOJEIBHOTO
COCTOSIHUSI.

PtrIsStationaryState isStationaryState;

JonoaHuTenbHasi HHpoOpMALU

@DyHKIMSA NPOBEPKH CTALMOHAPHOCTH MOJEIBHOIO COCTOSIHUS HE UMEET MapaMeTPOB U BO3BPAILAET
true, €CIM TEKYILEE MOJEIBHOE COCTOSIHUE SABIIACTCS CTALIMOHAPHBIM, U false — MHAYE.

MOI[GJ'IBHOC COCTOsIHHME Ha3bIBACTCA CTAllMOHAPHBIM, €CJIM B 3TOM COCTOSHHH LCJIEBAA CUCTEMA,
YAOBJICTBOPAROIIAA HaHHOfI MOJCIIN, HC MOXCT HHUIIUUPOBATH B3aHMOI[efICTBHC.

[one isStationaryState MoxxeT ObITh HMHULIMATU3UPOBAHO HYJIEBBIM yKa3aTelleM WM He MHUILIMAIIU-
3UpOBaHO BOBce. B 3TOM cityuae TeCTHpoBaHUE CUCTEM C ACHHXPOHHBIM HHTEp(]ecoM ¢ TOMOIIbIO
JTAHHOT'O TECTOBOTO cLieHapusi Oy/1eT HEBO3MOKHO.

3aronoBouHbIi ¢ann: ts/dfsm.h, ts/ndfsm.h

observeState

Ilone observeState conepXuUT ykazaTelb Ha (YHKIMIO, CHHXPOHU3UPYIOUIYI0 MOJEIBHOE COCTOSI-
HHE C COCTOSIHUEM TECTUPYEMOW CUCTEMBI 110 UCTEUYCHUH BPEMEHHU CTAaOMIN3aLUH.

PtrObserveState observeState;
JononnuTtenbHas uHpopManus

(I)YHKI_II/ISI CUHXPOHU3AIUU MOJCIBHOIO COCTOAHHA HC HMCECT IMAapaMCTPOB W BO3BpAIa€MOI'0O
3HadeHnsa. OHa BBI3BIBACTCS IIOCIIE TOrO KaK TECTOBas CHCTEMa mogaCTt O4Y€peaHOC TECTOBOC



BO3/ICIICTBHE M TOJOXKIET B TEUCHHH BPEMEHU CTAOWIM3AlMM TOTO, YTOOBI IeJieBas CHUCTeMa
nepenuyia B CTAllMOHApHOE cocTosiHue. Bo Bpems BbI30Ba (YHKIWS CHHXPOHU3AIUH MOXKET
0o0paTUTbCA K OJHOM WM HECKOJBKUM CHEIU(PUKANUOHHBIM (DYHKIUSAM, UMEIOUIUM JOCTYI K
COCTOSTHUIO TECTUPYEMOM CHUCTEMbI, HO HE U3MEHSIONIME ero. B3anmoneicTBrs, THUIIMUPOBAHHBIE
u3 QYHKIIMM CUHXPOHH3AINH, OYIyT YYUTHIBATHCS BO BpEMs CEpUAIM3AIMM HApaBHE C JIPYTHMH
B3aMMO/JICUCTBUSMU MPEAIIECTBOBABIIETO €EMY TECTOBOI'O BO3JICHCTBUA.

[Mone observeState Moxer OBITh HMHUIMAIN3UPOBAHO HYJCBBIM  yKazaTelleM WM HE
WHULIUATIU3UPOBAHO BOBCE. B sTom ciiydac HUKaKO# CHUHXPOHU3AIIUHU B CTAHUOHAPHOM COCTOSAHHUUN
OPOBOJIUTHCA HE OyJIeT.

3aronoBouHblit pann: ts/dfsm.h, ts/ndfsm.h

Tunol AAHHbIX, HCITOJIb3YECMbIC MEXAHU3MOM TCCTHUPOBAHUS

Turer JaHHBIX B IPUBCACHHOM CIIMCKC MPCAHA3HAYCHBI JJI XpaHCHUA 3HAYCHMH II0JIEHl TECTOBOTO
COCHApHUA U CCHIIOK Ha ITOJIb30BATCIILCKUC (1)YHKLII/II/I O6CJ'Iy>KI/IBaHI/I$I.

« FinishMode
[Mepeuncnumplii THI FinishMode ompeaenseT BO3MOXKHBIE PEKUMBI 3aBEPIICHHS] paOOThHI
M€XaHN3Ma TeCTUPOBaHUA dfsm.

« PtrFinish
Tun PtrFinish onpenenser TN QYHKIMU 3aBEPLUICHUS] TECTOBOTO CLIEHAPHSL.

« PtrGetState
Tun PtrGetState ompeaenser TUN (DYHKIIMH, BBIYUCISIIONICH TEKYIee COCTOSHUE
TECTOBOI'O CLIEHAPHS.

« Ptrlnit
Tun PtrInit ompeaenseT TN PYHKIUN WHUIMAIN3AIUNA TECTOBOTO CIIEHAPUSI.

- PtrIsStationaryState
Tun PtrIsStationaryState ompenenser TUN (QYHKIMHA MPOBEPKU CTALIMOHAPHOCTH
MOJEIBHOIO COCTOSIHUSL.

« PtrObserveState
Tun PtrObserveState ompenenser TUN (YHKIUH, CHHXPOHU3UPYIOMIEH MOAEIHHOE
COCTOSIHHE C COCTOSTHUEM TECTUPYEMOM CHCTEMBI IO UCTEUYEHUH BPEMEHH CTaOMITN3alliH.

- PtrRestoreModelState
Tun PtrRestoreModelState ompeaenser TUN (QYHKIUH, BOCCTAHABIMBAIOIICH
COCTOSIHHE CTIeNU(UKAIIMOHHOM MOJIETU TaHHBIX.

- PtrSaveModelState
Tun PtrSaveModelState ompenenser TUN (QYHKIHUHU, BO3BPAILIAIONICH COCTOSHHE
crienn(UKAMOHHON MOJIETTH JTaHHBIX.

FinishMode

[lepeuncnuMelii THI FinishMode ompezessieT BO3MOXKHBIE PEKHMBI 3aBepIICHHs pabOThl Mexa-
HHU3Ma TecTupoBanus dfsm.

typedef enum { UNTIL ERROR, UNTIL END } FinishMode;

JonmoaHuTe1bHASI HH(OPMALHS

[lepeuncnumblil THII FinishMode ompenenseT BO3MOXKHBIE PEXKHUMBbI 3aBEpIICHUs pabOThl Mexa-
HHU3Ma TecTrpoBaHus dfsm.



[epsoiit pexxum — UNTIL ERROR o3HavaeT, 4TO TECTHPOBAHUE 3aBEpIIAeTCs cpasy mocie oOHa-
py>KeHus NepBOi OLIUOKH.

Bropoii pexum — UNTIL END o3HayaeT, 4To TECTUPOBAHUE MOCIIEe OOHAPYKEHUsI HE KPUTUUHON
oMOKK OyeT MPOAOIKEHO U 3aBEPUIMTCS TOJIBKO MOCIE JOCTHKEHHS CTAHAPTHOIO YCIIOBHS 3a-
BEpUICHUS TECTUPOBAHMSL.

[To ymomuanuio, MexaHu3M TECTUPOBaHUA dfsm pabOTaeT B PEKUME JJO IEPBOI OIIMOKH.

3aronoBouHbIi ¢ain: ts/engine.h

PtrFinish
Tun PtrFinish onpenenseT TAI GYHKIUHU 3aBEPUICHUS TECTOBOTO CIICHAPHSI.
typedef void (*PtrFinish) ( void );
JonoHuTe1bHAsA HH(POPMALUA

OyHKIMS 3aBEpLICHUs] CLIEHApHsT HE HUMEEeT IapaMeTpoB M BO3BpaliaeMoro 3HadeHus. OHa
npeHa3HaYeHa il 0OCBOOOXKICHUS PECYpPCOB MOCIE 3aBEPIICHUS paOOTHI CLICHAPHS.

3aronoBouHbIi pain: ts/engine.h

PtrGetState

Tun PtrGetState ompeznenseT TUN (YHKUUHU, BBIYUCISAIONIEH TEKYIIEe COCTOSHUE TECTOBOTO
CLEHapusl.

typedef Object* (*PtrGetState) ( void );

JononnuTtenbHas uHopManus

@OyHKUMS BBIYHUCIECHHUS COCTOSHHS CIEHApUs HE MMEET MapaMeTpOB M BO3BpAIIaeT OOBEKT CIEIH-
(pUKAIIMOHHOTO THIIA.

3aronoBouHbIi pain: ts/engine.h

Ptrinit
Tun PtrInit ompeaenseT THN GYHKIUNA WHUTUAIA3AMUNA TECTOBOTO CIICHAPHSI.
typedef bool (*PtrInit) ( int, char** );
JononHurtenbHass HH(pOpMaLUA

OyHKIMS MTHULMAIU3ALUUHU [T0JIy4aeT Ha BXOJ MACCUB I1ApaMETPOB, COIVIACHO CEMAHTHUKE ITPUHATON
JUIS TIapaMeTpoOB argc, argv CTaHAApTHON (YHKIMHM main, ¥ BO3BpallaeT OyJeBCKYIO BEIHUYUHY,
KOTOpas JOJDKHA NPUHHUMAaTh 3HAYCHHE true, €CIW HWHUIWAIM3allMsA 3aBEpIIMIACh YCICIIHO, U
false — B IPOTUBHOM ClIy4ae.

3aronoBouHbIi pain: ts/engine.h

PtrisStationaryState

Tun PtrIsStationaryState omnpeaenseT TUM GYHKIMHA TPOBEPKU CTAITMOHAPHOCTH MOJIEIBHO-
IO COCTOSIHUS.

typedef bool (*PtrIsStationaryState) (void);



JonoaHuTenbHasi HH(poOpMAIH

DYHKIUSA TPOBEPKU CTALIMOHAPHOCTH MOJIEIBHOIO COCTOSHHUS HE NMEET MMapaMeTPOB U BO3BpAIIlaeT
3Hauenue tuna bool.

3aronoBouHbli pann: ts/engine.h

PtrObserveState
Tun PtrObserveState onpeaenseT TUM PYHKIIUU, CHHXPOHU3HPYIOIIEH MOJCIHHOE COCTOSIHUE C
COCTOSTHUEM TECTUPYEMOU CHCTEMBI 110 HCTCYCHUH BPEMEHU CTAOMITH3AITIH.
typedef void (*PtrObserveState) ( void );
JonmoaHuTe1bHASI HH(OPMALHS

q)yHKHI/ISI CUHXPOHHU3AIUKU MOJCIBHOIO COCTOAHHA HE HMCECT IMapaMCTpPOB W BO3BpaliacMoro
3HaA4YCHMUA.

3aronoBoyYHbIN pann: ts/engine.h

PtrRestoreModelState

Tun PtrRestoreModelState omnpeaenser TN (yHKIIMHA, BOCCTAHABIMBAIOIIEH COCTOSIHHE CIie-
U(PUKANMOHHONW MOJICTH TAaHHBIX.

typedef void (*PtrSaveModelState) ( Object* );
JonoHuTe1bHAsA HH(POPMALUA

OYHKIMS MOTy4aeT 0ObEKT Crenu(pUKalMOHHOTO TUIAa M BOCCTAaHABIMBAET [0 HEMY COCTOSTHHE
cnenn(pUKauOHHON MOJIENIN JaHHBIX. DYHKIUSA HE HMEET BO3BPAIlaeMOI0 3HAUCHHS.

3aronoBouHbIi pain: ts/engine.h

PtrSaveModelState

Tun PtrSaveModelState ompeaenseT TN (YHKIIMHA, BO3BPAIAIONIECH COCTOSTHUE CTICIIM(PUKAIIH-
OHHOM MOJIENH JaHHBIX.

typedef Object* (*PtrSaveModelState) ( void );
JononnuTtenbHas uHopManus

(DYHKLII/ISI COXpPAaHCHUA COCTOAHUA CHGLII/I(i)I/IKaLII/IOHHOfI MOZCIIM OAHHBIX HC MUMCECT MapaMCTpOB U
BO3BpalacT 00BEKT CHeHI/I(l)I/IKaI_[I/IOHHOFO THIIA.

3aronoBouHbIN ¢ann: ts/engine.h

CepBucHbie QyHKIIMA MEXaHU3MA TECTUPOBAHUA

Mexanu3zMom TCCTUPOBAHHUA MOKHO YIPAaBJIATHL C MOMOIIBRO (I)yHKI.IHI:I U3 NPUBCACHHOI'O HHUIKC
CITMCKa.

« areDeferredReactionsEnabled
Oynknusa areDeferredReactionsEnabled Bo3Bpammaer Tekymui peXuM TMOMIEPKKHA OTIIO-
JKEHHBIX PEaKIHi.

» getFindFirstSeriesOnlyBound
Oynkius  getFindFirstSeriesOnlyBound  Bo3Bpamiaer Tekymiee 3Hau€HHE CBOWMCTBA
FindFirstSeriesOnlyBound.

« getFinishMode
Oynknusa getFinishMode Bo3Bpamaer TeKyIMi peXuM 3aBepIIeHUS PabOThI TECTOBOIO
CIICHApHSL.




« getWTime

Oyukuus getWTime Bo3BpalaeT BpeMst 0KHUIaHus CTAOMIN3aUH 11eJIEBOI CUCTEMBI.

« isFindFirstSeriesOnly
Oyukuust  isFindFirstSeriesOnly =~ Bo3Bpamiaer — Tekymiee  3Hau€HUE
FindFirstSeriesOnly.

« setDeferredReactionsMode

CBOMCTBA

Oynkius setDeferredReactionsMode ycraHaBinBaeT pexxuM MOJACPKKH OTJIOKEHHBIX pe-

aKIIUH.
o setFindFirstSeriesOnly

Oynkuus setFindFirstSeriesOnly yctanaBiuBaeT cBOHCTBO FindFirstSeriesOnly.

« setFindFirstSeriesOnlvBound
OyHKIUA setFindFirstSeriesOnlyBound yCTaHaBIUBAET
FindFirstSeriesOnlyBound.

« setFinishMode

CBOWCTBO

Oynkuus setFinishMode ycranaBnuBaeT 3HaueHHE pexuMa 3aBepIICHUs pabOThl TECTOBOTO

ClIeHapusl.
o« setWTime

Oynkius setWTime ycTaHaBIUBaeT BpeMst 0KUIaHUS CTAOMIN3AIH 1I€JIE€BOM CHUCTEMBI.

areDeferredReactionsEnabled

DyHKIMS BO3BPAIAET TEKYIIUN PEXKUM MOIIEPKKH OTI0KEHHBIX PEaKIIHil.
bool areDeferredReactionsEnabled( void );
finish mode
Hosgpglii pexxuM 3aBepiiieHust paboThl TECTOBOTO CLIEHAPUSI.
Bo3Bpaniaemoe 3HaueHne
Texkymui pesxuM MOAACPKKU OTI0KEHHBIX PEaKLIUM.
JonoHuTenbHas HH(pOpMALUA

s WU3MeHeHMsT pexuMa TOMJIECPKKH OTJIOKEHHBIX pEeakuuid MpelHa3HauyeHa
setDeferredReactionsMode.

3aronoBoyYHbIN pann: ts/engine.h

getFindFirstSeriesOnlyBound
OyHKIMA BO3BPAIIACT TEKYIee 3HAUEHHUE CBOWCTBA FindFirstSeriesOnlyBound.
int getFindFirstSeriesOnlyBound( void );
Bo3Bpaiaemoe 3HaueHue
Tekyiee 3HayeHue CBOMCTBA FindFirstSeriesOnlyBound.

JonosHuTe1bHAA HH(OPMALUA

byHKIUSA

s yCTaHOBKM TEKYILEro 3HAa4YeHUsl CBOMCTBA FindFirstSeriesOnlyBound IpeXHa3Ha4eHa

byHKIMS setFindFirstSeriesOnlyBound

3aronoBouHbit pann: ts/engine.h

getFinishMode

OyHKIMS BO3BPALIACT TEKYIIHH pexXUM 3aBepILIECHUS paOOThI TECTOBOTO CLIEHAPHSL.

FinishMode getFinishMode ( void );



Bo3Bpamaemoe 3HaueHue
Texymuuit pesxuM 3aBeplieHus padboThl TECTOBOTO CIIEHAPHSI.
JonmoaHuTenbHAsi HH(pOPMALHS

OyHKIUA getFinishMode BO3BpallaeT TEKYIIUA PEXKUAM 3aBEpIICHHs PAOOThI TECTOBOTO
cueHapus. [l M3MEHEHMS TEKYLIEro peXuma 3aBEepIICHUS pa60TbI IpeaHa3HaYeHa (1)yHKI_II/I}I
setFinishMode.

3aronoBouHbIi pain: ts/engine.h

getWTime
OyHKIHS BO3BPAIIACT BpEeMs 0KHIAHUS CTAOMITH3AINH [IETIEBON CUCTEMBI.
time t getWTime ( void );
Bo3Bpamaemoe 3HaueHHe
Bpewmst oxxunanus cTaOMiM3aIiy 1eJIeBON CUCTEMBI.
JdononnuTtenbHas uHopManus

OyHKIUS getWTime BO3BpalIaeT BpeMs OXHUIAHUA CTAOMIM3AIMM LEJNEeBOM cUcTeMbl. Jlis
U3MEHEHUS BPEMEHHM OXUAAaHWSA CTAOMJIM3allUM LEeJNeBOW CHUCTEMbl IpelHa3HayeHa (QYHKIHS
setWTime.

3aronoBoyYHbIN pann: ts/engine.h

isFindFirstSeriesOnly
DyHKIMS BO3BpaIllaeT TEKYyIIee 3HAaYeHUE CBOMCTBA FindFirstSeriesOnly.
bool setFindFirstSeriesOnly( void );
Bo3ppamaemoe 3Ha4YeHHe
Teky1iee 3HayeHue CBOMCTBA FindFirstSeriesOnly.

JonoHuTenbHas HH(pOpMaLUA

JUis  W3MEHEeHHsT 3HA4YeHUs CBOWCTBA FindFirstSeriesOnly mpenHa3HaueHa (YHKLIUSA
setFindFirstSeriesOnly.

3aronoBouHbi pann: ts/engine.h

setDeferredReactionsMode
q)yHKHI/Iﬂ YCTaHaBJIMBACT PECKUM IMOAACPIKKHU OTIOKCHHBIX peaKHHﬁ.
bool setDeferredReactionsMode ( bool enable );
ITapameTpsl

enable

3HaueHHe MapameTpa true COOTBETCTBYET BKIIIOUEHHOMY PEXUMY MOIACPKKH OTIOXKEHHBIX
peakuuii, 3Ha4YeHue false — BBIKIIIOYEHHOMY.

BosBpamaemoe 3Ha4eHue
@DyHKIMSA BO3BpALLACT NPEAbIAYILEE 3HAUCHUE PEXKUMA ITOJIEPKKHU OTIIOKEHHBIX PEAKLIUi.
JonoHuTe1bHAsA HH(POPMALUA

OyHkua setDeferredReactionsMode YCTAHaBIMBAET PEXUM MOJACPKKH OTJIOXKEHHBIX
peakuuii. PexxuM moaaep kK OTJIOKEHHBIX peakifii He MOKET ObITh BKIIOUYEH, €CJIU XOTs Obl OJJHO
u3 noinet saveModelState, restoreModelState wnu isStationaryState TECTOBOTO CLEHapus He
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ONPCACIICHO WM HWHHUOHUAIU3UPOBAHO HYJIICBBIM  YKa3aTCJICM. Ecou xe Bce »3TH mons
WHULIWATIU3UPOBAHBI HCHYJICBBIMU YKa3aTCIsAMH, TO PEXKUM HOAACPIKKH OTIIOKCHHBIX peaKHI/Iﬁ
«BKIIFOYCH» 110 YMOJIYaHHUIO.

W3MeHATh pexuM TONACPKKH OTJIOKEHHBIX peaklUid paspemaercss TOJNbKO B  (YHKIUU
WHULAATIU3alUY TECTOBOTO CLIEHAPUSI.

Jis nocTyna K TeKyliemy 3HA4eHHUIO PeKUMa TOAIEPKKH OTIOKEHHBIX peakiuil mpeHa3HavYeHa
¢yHkuus areDeferredReactionsEnabled.

3aronoBoyYHbIN pann: ts/engine.h

setFindFirstSeriesOnly

DyHKIUS YCTAaHABIMBAET CBOMCTBO FindFirstSeriesOnly.

bool setFindFirstSeriesOnly( bool new value );

ITapameTpsl

new value
YcranapiauBaeMoe 3HaUC€HHE CBOMCTBA FindFirstSeriesOnly.
Bo3Bpamaemoe 3HaueHHe
@yHKIMA BO3BpAIIAET MIPEABIIYIIEE 3HAYEHUE CBOMCTBA FindFirstSeriesOnlyBound.
JonosHuTtenbHass uHpopManus

OyHKIUA setFindFirstSeriesOnly yCTaHaBIUBAET CBOMCTBO FindFirstSeriesOnly. Ecin
CBOIWCTBO NMPUHUMAET 3Ha4€HUE false, TO BO BPEMs CEpUAIM3ALNUM B3aUMOJICUCTBUI C LEIEBOU
CHUCTEMOM, TECTOBBII MEXaHU3M CTPOUT BCE JIOMYCTHUMbIE MOCIIEI0BATEILHOCTH B3aUMOICUCTBUI U
MIPOBEPSIET, YTO BCE OHU MTPOBOAT B OHO M TOXKE COCTOSIHUE CHECIIU(PUKAITMOHHON MOJICITH JTAaHHBIX.
To ectb npoBepsieTCss AETEPMUHUPOBAHHOCTh MOJENH. Eciu U3 JONOJHUTENBHBIX 3HAHUM O MOAEIIN
M3BECTHO, YTO BCE JIOMYCTUMBIC LEMOYKH BCErJa MNPHUBOASAT B OAHO M TOXKE CTAIMOHAPHOE
COCTOSIHHE, TO JOIYCKAeTCs YCTAaHOBUTh 3HAYEHUE CBOWCTBA FindFirstSeriesOnly B true H,
TakuM 00pa3oM, ONTHUMH3UPOBAThH pPabOTy TECTOBOM cucTeMbl. Hampumep, eciu B Mojaenu
OTIpeIeNIEHO OJHO-EIMHCTBEHHOE CTAI[MOHAPHOE COCTOSIHUE Crenu(UKAIIMOHHOW MOJIETH TaHHBIX,
TO BBIIICYKAa3aHHOE YCJIOBUE 3aBEJOMO BBINIOJHAECTCS M CBOMCTBY FindFirstSeriesOnly
JIOIyCKaeTCsl IPUCBOUTH 3HAYEHUE true.

[Io ymon4aHuio 3Ha4eHHE CBOMCTBA PABHO false.

N3MeHATh cBOMCTBO FindFirstSeriesOnly pa3pemiaeTcsi TOJIbKO BO BpeMsl padOThl TECTOBOTO

ClleHapus, B TOM 4ucie B (QYHKIMHM WHULNUAIU3AIMY TECTOBOTO CIeHapus. Bce n3MeHeHus 3Toro
CBOIfCTBa 710 Hayaa paboThl TECTOBOT'O CIIEHAPHS Ha ero paboTy HE IOBIHSIOT.

s mosmydyeHus TEKyIEero 3Ha4yeHus CBOMCTBA FindFirstSeriesOnly NpeJHa3HaYEHA (I)yHKLII/Iﬁ
isFindFirstSeriesOnly.

3aronoBouHbIi pain: ts/engine.h

setFindFirstSeriesOnlyBound

@DyHKIMA YCTaHABIMBAET CBOUCTBO FindFirstSeriesOnlyBound.

int setFindFirstSeriesOnlyBound( int bound );

IHapameTpsl
bound

YcranapanBaeMoe 3HaUCHUE CBOMCTBA FindFirstSeriesOnlyBound.
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Bo3Bpamaemoe 3HaueHue
@yHKIMA BO3BpAIIAET MPEbIIyIIee 3HAUYEHNE CBOMCTBA FindFirstSeriesOnlyBound.
JononnurtenbHass HHpOpMaLUs

Ecnu 3Hauenme cBolictBa FindFirstSeriesOnlyBound paBHO HYNIK, TO BO BpeMms
cepualin3allii B3aUMOJEHCTBUI C I€IeBOM CHUCTEMOM, TECTOBBIM MeXaHHW3M OyJeT CTPOUTHb BCe
JIOITYCTUMBIE ITOCJIEI0BATEIBHOCTH B3aUMOACYCTBUI U NIPOBEPSTH, YTO BCE OHU MPOBOJAT B OJHO U
TO€E COCTOSTHHE CHEeNM(DUKALMOHHON MO/IENH JaHHBIX.

Ecnn  3Hauenuwe cBoicTBa FindFirstSeriesOnlyBound TOJIOKHUTENIBHO, TO BO BpeMs
cepHaIM3allii B3aMMOJICHCTBHIA C IICJIEBOM CHUCTEMOM, TECTOBBIM MEXaHWU3M OyJIeT TOJbKO B TOM
cly4ae CTPOUTh BCE€ JOMYCTHUMBIEC TIOCJIEIOBATEIBbHOCTH B3aUMOACHCTBUM, €CIM  YHUCIO
B3aMMO/JICUCTBUI MEHbIIIE 3HAYEHUs CBOWCTBA FindFirstSeriesOnlyBound, B MNPOTUBHOM
cily4ae, TECTOBBIM MEXaHU3M PACCMOTPUM €IMHCTBEHHYIO JOMYCTHUMYIO MOCJIEI0BATEIbHOCTh. 110
YMOJYAHUIO 3HaYE€HHE CBOKCTBA paBHO 0.

Bri3oB setFindFirstSeriesOnlyBound (0) SKBUBAJICHTEH BBI3OBY
setFindFirstSeriesOnly (false). BrizoB setFindFirstSeriesOnlyBound (1)
SKBHMBAJICHTCH BBI3OBY setFindFirstSeriesOnly (true).

W3mensTh cBOWCTBO FindFirstSeriesOnlyBound pa3peliaercsi TOJIbKO BO BpeMs paOoThl
TECTOBOIO CIIEHapus, B TOM uucie B (QYHKIMM MHUIMAIW3AIUU TECTOBOIO clieHapus. Bce
U3MEHEHHUs ATOT0 CBOMCTBA JIO0 Hauaya paboThl TECTOBOTO CLIEHAPHs HA €ro paboTy HE MOBIUSIIOT.

Jlns moydeHHs TEKyHIero 3HAa4eHUsl CBOWCTBA FindFirstSeriesOnlyBound mNpeaHa3HaueHa
¢yHkuus getFindFirstSeriesOnlyBound.

3aronoBouHbIi pain: ts/engine.h

setFinishMode

CDYHKI_II/ISI YCTAHABJIMBACT 3HAUYCHUC PCIKUMA 3aBCPIICHUA pa6OTLI TCCTOBOT'O CLUCHApUA.

FinishMode setFinishMode ( FinishMode finish mode );
IHapameTpsl
finish mode

Hosgglif pexxum 3aBepiiieHust paboThl TECTOBOTO CLIEHAPHUS.
Bo3Bpamaemoe 3Hauenue
[Tpenpinymuii pesxuM 3aBepIieHust paboThl TECTOTOBO CIIEHAPUSI.
JonmoaHuTe1bHASI HH(OPMALHS

OyHKIUSA setFinishMode ycTaHaBIMBaeT 3HAYCHHE PEKUMa 3aBEpUICHUS pabOTHl MeXaHH3Ma
tectupoBanus dfsm. Ilo ymom4aHusi, MexaHU3MBbl TECTHpPOBaHUS dfsm M ndfsm paboTalOT B
pEeXUME JI0 TIEPBOM OIIHOKH.

W3MeHATh pexxuM paboThl paszperiaercs B 000 MOMEHT padoThl TeCTOBOI cucteMbl. [lpu sTom
U3MEHEHUE PEeKMMA 3aBEPIICHHS pa0OThI MOBIHUSET TOJIHKO HA BHOBH OOHAPYKHBAEMbIE OIINOKH, U
HUKaK He CKa)XeTCsl Ha 0OHApYKEHHBIX paHee.

Jis mocTyma K 3HAYEHHIO TEKYIIEro peKrMMa 3aBepIieHHst paldoThl MpeaHa3HauyeHa (QyHKIHS
getFinishMode.

3aronoBouHbIN ¢ann: ts/engine.h

setWTime

OYHKIMS YCTaHABJIMBAET BPEMS OKUAAHUS CTAOMIIN3ALNN [IEJIEBON CUCTEMBI.
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time t setWTime (time t secs);
ITapameTpsl

secs

Bpewms oxxumanus ctabuin3aiuy 1ejeBoi CUCTEMBI B CEKyHaX. 3HaUe€HHEe MapaMeTpa JT0JKHO
OBITH HEOTPHIIATEIIHLHBIM LIETBIM YHCIIOM.

B03BpamaeM0e 3HAYCHUC

CDYHKI_II/IH BO3BpalacT NpCAbIAYHICC 3HAUCHUC BPCMCHU OXUJAHUA CTa6I/IJ'II/ISaI_II/II/I LIeJIEBOM cucTe-
MBI.

JonmoaHuTe1bHASI HH(OPMALHS

OyHKIMS setWTime YCTaHABIMBAECT BPEMs OXKHJAHUS CTAOMIM3alMU LEJIEBOW CHUCTEMBIL. DTO
BpEMs, KOTOpPOE KAET MEXAHW3M TECTUPOBAaHUS IIOCIE OCYHIECTBIECHUS KaXXIOrO0 TECTOBOTO
BO3/ICICTBUS, AJI1 TOrO, YTOOB! BCS MH(pOpMalUs O peakuusx Oblaa coOpaHa U LieneBas cuctema
NIEpEeIa B CTAlMOHAPHOE COCTOSTHUE.

[To ymonuanuto 3HaueHHe BpeMEHH OXuaaHus paBHo 0.

HN3MeHATh BpEMsl OXKUIOAHUS CT8.6I/IJII/I33.I_II/II/I LIEJIEBON CHCTEMBI pa3pemacTcsa TOJIBKO B ShYHK!!I/II/I
HWHUIIMATU3AIU TCCTOBOI'O CIICHAPWA.

I[J'IH MOJIYYCHU TCKYHICTO 3HAUCHUA BPECMCHU OKUJAHUS IIPCAHA3HAUCHA (bYHKHHH getWTime.

3aronoBouHbIi pain: ts/engine.h

CrangapTHble mapaMeTpbl TECTOBOI0 CIEHAPHUS

[Tpu 3amycke TECTOBOIO CLiEHapHsl eMy TepeaaeTcs CIUCOK napaMeTpoB. MexaHu3M TeCTUPOBAaHUS
UMEEeT CTaHJapTHHIE MTapaMeTphl, KOTOPbIE HACTPAMBAIOT €ro paboTy. Bee cranapTHbIe mapaMeTpsl
JOJIKHBI CIIEZIOBATh JO IMOJIb30BATENbCKUX MapaMeTpoB. MexaHu3M TeCTUpOBaHUs oOpalaThiBaeT
UX U MepeslacT OCTaBLINECs B (YHKINIO HHUIMAIU3AIHUN TECTOBOTO CIICHAPHUSI.

B CTESK 2.5 MexaHu3M TeCTUpOBaHUS MOJAEPKUBAECT CTAHIAPTHBIE NTapaMETPhl, IPUBEICHHBIE B
CIIMCKE.

o -find-first-series-only
Yka3bIBaeT HaXOAUTh TOJBKO MEPBYIO YCIEIIHYIO CEPHIO.

+ -nt
BrIkirouaeT TpacCUpOBKY.
-t
HarmpaBnsieT TpacCHpOBKY B (aiii ¢ yKka3aHHBIM UMEHEM.
+ -tc
HarmpasnsieT TpacCMpOBKY Ha KOHCOJIb.
+ --trace-accidental
BriroyaeT TpaccHpOBKY HEJIOCTOBEPHBIX IEPEX0JIOB.
o -ttt

Hanpasinsier TpaccupoBKy B (paiiil ¢ yHUKaJIbHBIM UMEHEM, COCTABJICHHBIM M3 UMEHU CLICHA-
pYs A TEKYLIETO BPEMEHH.

« -uend
YKaSI)IBaeT BBIITOJIHATH TCCTI/IpOBaHI/Ie J0 KOHIIa, HGCMOTpSI Ha OHII/I6KI/I.
e -uerr

VYka3plBaeT BBIMONHITH TECTHPOBAHHWE JO BO3HUKHOBEHHS IEPBOW OMMUOKK (IO
YMOJTYaHUIO).
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--find-first-series-only
VYka3bIBa€T HAXOAUTH TOJIBKO MEPBYIO YCIEHIHYIO CEPUIO.

JonoHuTenbHas HH(pOpMALUA

CrannaptHelii mapamerp --find-first-series-only (B cOKpauleHHOH ¢opme -ffso) ycra-
HAaBJIMBAET 3HAYEHUE CBOMCTBA FindFirstSeriesOnly B true. JTO 03HAYAET, YTO BO BpeMs Ce-
pHaIM3alMyi B3aUMOJICHCTBUI C 1IEJICBOM CUCTEMOM, TECTOBBIH MEXaHM3M He OyAeT CTPOUTh Bce
JIOITYCTUMBIE ITOCJIEI0BATEIBHOCTH B3aUMOACHCTBUI U IIPOBEPATH, YTO BCE OHM MPOBOJIAT B OJHO U
TOE COCTOSIHUE CIEeUM(UKAIIMOHHON MOJIENN JaHHBIX, @ PACCMOTPUT TOJBKO OJHY JOIMYCTUMYIO
MOCJIENOBATEIILHOCTE B3aUMOICUCTHIA.

3HayeHne CBOMCTBA FindFirstSeriesOnly MOXET OBITh WU3MEHEHO C TOMOILIBIO (DYHKITHH
setFindFirstSeriesOnly BO BpeMs HHHIHUAIN3AIMA TECTOBOI'O CLICHApUsA WIN NajJpHEeNIen
ero pa6otsl. [1o ymonuaHuio, 3Ha4YeHUE CBOWCTBA paBHO false.

-nt
BrikimrouaeT TpaccupoBKy.

JlonoaHuTtenbHasi HHpopMaLus

CranapTHBIN apaMeTp -nt BBIKIOYAET TPACCUPOBKY. DTOT NapaMeTp HENb3s UCIIOJIb30BaTh BMeE-
CTE CO CTaHJAapPTHBIMU IapaMeTpaMHu —t, —tt WIH -tc.

-t
Hampasinsier TpaccupoBKy B (paiil ¢ yKa3aHHBIM UMEHEM.

JononHurtenbHass uHpOpMaLus

CrannapTHelii napameTrp -t file name noOaBisieT ¢aiii, ykazaHHbIM B CIEAYIOIIMM 32 HUM Ia-
pameTpe, B HaOOp yCTPOWCTB JUIsl COXpaHEHUs Tpacchl. Eciu cienyromuid napamerp OTCyTCTBYET
win (Qaia ¢ yka3aHHbIM B HEM MMEHEM HEBO3MOXHO OTKpPBITh Ha 3aIllUCh, TO paboTa TECTOBOTO
CLIEHapusl aBapHiTHO 3aBepIIAETCS.

-tc

Hanpasnsier TpaccupoBKy Ha KOHCOJIb.

JonosHuTtensHast uHpopManus

CrangapTHbI mapameTp —-tc J00aBIsSeT KOHCOJIb B HA0Op YCTPOWCTB Ui COXpPaHEHHs TPAcCHI.
[Tox xOHCOJIBIO TOHMMAETCS CTaHAAPTHBIN MTOTOK BBIBOJA IPOLIECCA, B KOTOPOM paboTaeT TecToBast
cucTema.

--trace-accidental

Bkirouaer TPACCUPOBKY HEAOCTOBCPHLIX NEPCXOOOB.

JdononnuTtenbHas uHpopManus

CrangapTHbIi mapamMeTp —-trace-accidental BKJIIOYAET TPACCUPOBKY MHPOPMAIMK O HECYIIIEe-
CTBEHHBIX MEPEX0/Iax.

TpaccupoBka MHPOPMALIMK O HECYLIECTBEHHBIX MEPEX0/Jax MOXKET ObITh BKIIOUEHA/OTKIIIOUEHA C
MOMOIIBI0 PYHKINU setTraceAccidental BO BpeMs WHUIMAIH3AIMNA TECTOBOTO CIICHAPHUS WU
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nanpHeumel ero padotsl. [1o ymonuanuto TpaccupoBKka HH(GOPMAIMK O HECYIIECTBEHHBIX MEPEX0-
JlaX OTKJIFOYEHA.

-tt

HaHpaBHfICT TPACCUPOBKY B (1)2117[.]1 C YHUKAJIbHBIM UMCHEM, COCTABJICHHBIM N3 MMCHH CLHCHApUA U
TCKYHIEro BPEMCHH.

JonmoaHuTenbHAsE HH(OPMALHS

CrannapTHelii mapamerp -tt gobaBiser (aiiia co creHepupOBaHHBIM MMEHEM <scenario name>-
YYYY-MM-DD--HH-MM-SS.utt B Habop ycTpo#cTB i coxpaHeHus Tpacchl. Eciau daiin ¢ Ta-
KUM UMEHEM HEBO3MOXKHO OTKPBITh Ha 3aMUCh, TO pab0Ta TECTOBOT'O CLIEHApUs aBapuUifHO 3aBepIla-
eTcH.

[Mapamerp -tt sBISETCS MapaMeTPOM IO YMOJIYAHUIO: 3aIyCK TecTta 0e3 mapaMeTpoB KOMaHIHOW
CTPOKH SKBHBAJICHTEH 3aITyCKy C TapaMeTpOM —tt.

-uend

‘Yka3pIBaeT BBIIOJHATH TCCTUPOBAHUC 1O KOHIIA, HCCMOTPA Ha OIITHOKH.

JonoHuTe1bHAsA HH(POPMALUA

CrannapTHbI MapaMeTp -uend YCTaHABIMBAET 3HAYCHHE PEKMMA 3aBEpIICHUs paObOThl. 3HaUCHUE
peXHrMa 3aBepUICHUs] MOXET ObITh NEPEONpPEeIEHO C MOMOUIbI0 (QYHKIMU setFinishMode BO
BpeMs MHUILIMAIU3allU1 TECTOBOTO CLIEHApUs WK AajbHeHIIel ero paboTsl.

Ecnu cpenu mapaMmeTpoB clieHapHsi MPUCYTCTBYET HECKOJIbKO CTaHJAPTHBIX MapaMeTpoB yCTaHaB-
JUBAIOIIMX PEXKHUM 3aBEPIICHUS paOOThl, TO MEXaHW3M TECTUPOBAHUS HCIIONB3YET 3HAYEHUE IIO-
CJIETHETO U3 HUX.

=uerr

Vka3bIBaeT BEHIIOIHATH TCCTUPOBAHUC 1O BOBHUKHOBCHUSA HepBOﬁ OIIMOKHU (HO yMOH‘{aHI/IIO).

JdononnuTtesnbHas uHpopManus

CraHmapTHBIN MapaMeTp -uerr YCTAHABIMBACT 3HAYCHHE PEKUMA 3aBEPIICHUS paOOThl. 3HaUCHUE
peKHMMa 3aBEPIICHUS MOXKET OBITh MEepEeonpeAeNieH0 ¢ MOMOIIbI0 QYHKIMH setFinishMode BO
BpeMsl HHULIMAJIN3alMU TECTOBOIO CLICHApHs WK AajibHEHIIeN ero padoThl.

Ecnu cpenu mapaMeTpoB crieHapusi MPUCYTCTBYET HECKOJBKO CTaHJIAPTHBIX MapaMEeTPOB YCTaHAB-
JUBAIOUINX PEKUM 3aBEpILEHUsI paOOThI, TO MEXaHH3M TECTUPOBAHMS HCIONB3YET 3HAUYEHHUE TO-
CJIEJTHETO U3 HUX.

Jlig MexaHu3Ma MOCTPOEHMsI TeCTOB ndfsm y CTaHAAPTHOIO IapaMerpa -uerr MOXHO yKa3aTh
3HaYEHUE — YHUCJIO OLIMOOK, MOCcie BOZHUKHOBEHUSI KOTOPOro TECTHpOBaHUE Mpekpamaercs. Jls
9TOT0 UCMOJIB3YETCs POpMAT —uerr=umucio ounboxK.
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CepBuCHI TPACCHPOBKH

Tpaccuposiuk TecroBoii cucteMbl CTESK mpemocTaBisieT BO3MOXHOCTh COXpaHATh HH(DOPMAITHIO
0 IIPOLECCE TECTUPOBAHUS /IS €€ MOCIEAYIOLIEro aHaiau3a. [[jist 3Toro Bce KOMIIOHEHTHI TECTOBOM
CUCTeMbl aBTOMATHYECKU TPACCUPYIOT JaHHBIE O CBOel paboTe B crHenuaibHOM (opMmare.
BnocnencTtBum  Tpacca HCIOJIB3YETCSl TE€HEPATOpPOM OTYETOB Il  aHajiu3a pe3ysIbTaToB
TECTUPOBAHUS U MIOCTPOSHUS PA3INYHBIX OTYETOB.

st mosib30BaTeNs TPACCHPOBIIMK TPEJOCTaBISET HHTEPQEHC yIpaBlieHUsT TPAacCUPOBKOW U
uHTEpENC TPACCUPOBKU COOOIICHHIA.

YupasJjieHue TPACCUPOBKOM

OyHKIUM yIpaBIeHHUs TPACCUPOBKOM JENATCS Ha JIBa Kjacca: (PyHKIUH YIPABICHUS COXpaHEHUEM
Tpacchl U PYHKIUH YIPABJICHUS COAECPKAHUEM TPACCHI.

@OYHKIMM yOPaBIEHUS COXPAHEHUEM TPACChl, pabOTaIOT MO cleaAyrouM npuHinunam. Tpacca Tecta
MOKET OJIHOBPEMEHHO coxpaHseTcss Ha Heckonbkux ycrtpoictBax. CTESK 2.5 nopnepxusaercs
JIBa BUJAa YCTPOUCTB: KOHCOJIb U (ails. [1o KOHCONBIO MOHUMAETCsI CTaHJAPTHBIN MOTOK BHIBOJA
npoiiecca, B KOTOPOM pabOTaeT TECTOBasi CUCTEMA.

TpaccupoBIIMK COXpaHSIET Tpaccy Ha YCTPONCTBAX, BXOAAIIMX B HA0OP YCTPOMCTB ISt COXPaHEHUS
Tpaccel. YTOOBI M00aBUTH YCTPOHCTBO B O3TOT HAOOpP HCHONB3YIOTCA (GYHKIWHA W3 TPYIIBI
addTraceTo.. Ecmu nmobaBisiemoe ycTpOCTBO YK€ MPHUHAMICKUT HAOOPY, TO CYETUHK BXOXKIIE-
HUSI 9TOTO YCTPOICTBA B HAOOp YBEIMUUBACTCS.

UTo0B! yoanuTh yCTPOMCTBO U3 HAOOpa YCTPOMCTB ISl COXPAHEHHs TPACCHl UCTIONB3YIOTCS (yHK-
nmun u3 Tpynmnel removeTraceTo... Ecnam ymansemoe yctpoiicTBo ObUT0 m00aBieHO B Habop
HECKOIIBKO pa3, TO GYHKIHsS yIaJeHHs TOIbKO YMEHBIIIAET CUETYHK BXOXKJIEHUSI TOTO yCTPOMCTBA
B HaOop. PeanmpHOE ynaneHue ycTpoiicTBa W3 Habopa MPOMCXOTUT TOJBKO TOTJA, KOTJAa CUETIHK
BXOKJICHHSI OOHYIISIETCSL.

N3MeHsTh cocTaB Habopa yCTpONCTB AJIsl COXPAaHEHHsI TPACChl pa3peliaeTcsi TOJIbKO TOraa, KOoraa B
TECTOBOW CHCTEME HE 3aIlylleH HU OJIMH TECTOBBIN clieHapuil. B yacTHOCTH, B GyHKIIMN MHULIAAIIH -
3alMU TECTOBOTO CLIEHAPUs U3MEHSATh ATOT HAOOP HE JIOIyCKaeTcs.

OYHKIMY YIPABICHUS COXPAHEHUEM TPACCHI:

« addTraceToConsole

« removeTraceToConsole
» addTraceToFile

« removeTraceToFile

OyHKIUM YIpaBIEHUs COJEPKAHUEM TPacChl ONPEAEIAOT Habop U GopMar cooOLeHui Tpaccu-
posmuka. B CTESK 2.5 noctynHa ToibKO o/1Ha GYHKIMS YIPABIECHUS CONEPKAHUEM TPACCHI:

« setTraceAccidental

(DYHKI_II/IH YCTAHOBKHU KOAUPOBKU TPACCHI:
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« setTraceEncoding

addTraceToConsole
OyHKIUA T00ABISIET KOHCOJb B HA00p YCTPOUCTB JIJIsi COXPAHEHUS TPACCHI.
void addTraceToConsole( void );
JonosHuTe1bHAA HH(OPMALIUA

OyHkuust addTraceToConsole 100aBleT KOHCOJb B HA0OpP YCTPOMCTB /71l COXPAHEHUS TPACCHI.
Ecnu koHCONb yKe MPHUHAIICKUT STOMY HAaOOpY, TO CUYETYMK BXOXJIEHHUS KOHCOJM B HabOp
yBenuunBaeTcs. [lon KOHCONBIO MOHMMAETCsl CTaHAAPTHBIM MOTOK BBIBOZAA IpOIECCa, B KOTOPOM
paboTtaeT TecToBasi cucTeMa.

CDyHKuI/Iﬂ addTraceToConsole MOXET OBITh BBI3BaHA TOJILKO TOIZA, KOIJa B TECTOBOH CHCTEME
HE 3aIylleH HU OJUH TECTOBBIN CLIEHAPUH.

3aronoBouHbii pann: ts/c_tracer.h

removeTraceToConsole
OyHKIMS yAanseT KOHCOIb U3 Habopa yCTPOMCTB sl COXPAHEHHSI TPACCHI.
void removeTraceToConsole( void );
JononnuTtesnbHas uHopManus

OyHknust removeTraceToConsole yaalseT KOHCOJNb W3 Ha0opa YCTPOMCTB ISl COXpPaHEHHS
Tpacchl. Eciu cyeTuynmk BXOXKAEHHS KOHCOJNM B ATOT HaOOp OO0Jjbllle €IUHUIBI, TO CUETYHK
YMEHBIIIAETCS, a PEATbHOTO YyJAJICHHS KOHCOJIM W3 Habopa He mpoucxomuT. [log KOHCOIBIO
MOHMMAETCS CTAaHIaPTHBIN MOTOK BBIBOJIA MIPOIECCA, B KOTOPOM pabOTaeT TeCTOBas CUCTEMA.

OyHKIMsA removeTraceToConsole MOXKET OBITL BBI3BAaHA TOJLKO TOIOA, KOIMa B TECTOBOM
CHCTEME HE 3alyIleH HU OJWH TECTOBBIN CLICHAPHIl.

3aronoBouYHbIN pann: ts/c_tracer.h

addTraceToFile

OyHk1us 100aBiIseT yKa3aHHbIN (aiin B HaOOp yCTPONCTB I COXpaHEHUS TPACCHI.

bool addTraceToFile( const char* name );
IHapameTpsl

name

Wwms daiina, toGaBisieMoro B HAOOp yCTPOUCTB AJIsi COXpaHeHHUs Tpacchl. [lapamerp He noKeH
OBITH HYJIEBBIM YKa3aTeJeM.

Bo3Bpamaemoe 3HaueHue

OyHKIMSA BO3BpalIaeT true, eciau (ain OblT 100aBICH yCHEmHO, U false, €CIU 3Ty ONEPAIHIO
IpoBecTH He yaanoch. [IpuunmHON Heymauu, Hampumep, MOXKET ObITb HEBO3MOXKHOCTb OTKPBIThH
Gaiit ¢ JaHHBIM UMEHEM JJTsI 3aITHCH.

JonosHuTtenbHast uH(popManus

OyHkius addTraceToFile 100aBiseT yka3zaHHBIN (aitn B HaOOp yCTpOHCTB Ui COXpaHEHUS
Tpaccel. Ecin 3T0T (aiin yxke npuHamiIeKUT HaAObOpy, TO CUETUYMK BXOXKIEHUs (Qaila B HaboOp
YBEJIN4YMBACTCSI.

OyHKIUA addTraceToFile MOXeT OBITh BbI3BaHA TOJIBKO TOTJA, KOT/Ia B TECTOBOM CHUCTEME HE
3aMyIlIeH HA OJUH TECTOBBIN CLIEHAPUH.

3aronoBouHbI¥ ¢ann: ts/c_tracer.h
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removeTraceToFile
OyHKIUA yAISIET YKa3aHHbIN daia n3 Habopa yCTPONCTB ISl COXPAHEHHS TPACCHI.
bool removeTraceToFile( const char* name );
ITapameTpsl

name

Nwms daiina, ynansemoro u3 Habop yCTpOMCTB Ui cOXpaHeHus: Tpacchl. [lapameTp He JOmKeH
OBITH HYJIEBBIM yKa3aTeJIeM.

B03BpamaeM0e 3HAYCHUC

OyHKIUSA BO3BpalaeT false, eciu (Gaila ¢ JTaHHBIM UMEHEM HE NPUHAJUIEKUT HAOOpy yCTpOICTB
JUIS COXpAaHEHUS TPACCHI, M true B Cllydae YCIEUIHOTO yaaneHus Qaiina.

JonosHurtensHast uHpopManus

OyHKIuMs removeTraceToF1ile yaanseT yKa3aHHbINA (aiin u3 Habopa yCTPOMCTB Uil COXpaHEHHS
Tpacchl. Ecnm cyerumk BXOXKAeHHs 3Toro aina B HaOOp OoJbIlle €IMHUIBI, TO CYETYUK
YMEHBIIAETCS, a PEaTbHOTO yaajeHus (aitia u3 Habopa He TPOUCXOIHT.

@OyHKIUA removeTraceToFile MOXKET OBbITh BbI3BaHA TOJIBKO TOTJa, KOrJa B TECTOBOW cHCTEME
HE 3aIIyLICH HU OJIUH TECTOBBIM CLICHAPUMA.

3aronoBouHbI¥ ¢ann: ts/c_tracer.h

setTraceAccidental

OYHKIMS BKJIIOYAET/OTKIIIOYAET TPACCUPOBKY MHPOPMAIMH O HecyuecmeeHnvlx nepexodax. 1o
HECYUIECTBEHHBIMU MEPEXOJaMH TOHUMAIOTCS NEPEXO/Ibl, COOTBETCTBYIOLME BBI30BAM CLIEHAPHBIX
(GyHKIMH, B TEYEHUH KOTOPBIX HE MPOMCXOAUT BbI30Ba HU OJHOM crieln(PUKAIIMOHHON (PYHKIINH.

bool setTraceAccidental ( bool enable);
ITapameTpsl

enable

Ecnu 3nHaueHue mapameTpa — true, TO (QYHKIMS BKJIIOYAaET TPACCHUPOBKY HMHGOpPMALUU O
HECYIIECTBEHHBIX N1EPEX01AX, MHAYE — OTKJIIOYacT.

Bo3Bpamaemoe 3HaueHue

OyHKIMS BO3BpalllaeT Mpeblayliee 3HAUCHHE CBOMCTBA COXpaHeHUs WHGOpMallMu O Hecylle-
CTBEHHBIX MEPEX0/Iax.

JononnurtenbHass HHpOpMaLUs

[To ymMon4aHui0 TpPACCUPOBUIMK HE COXPAHSAET I/IH(bOpMaHI/Ho O HECYIIECTBEHHBIX IIEPEXOaX,
[I0ATOMY TPU BO3HUKHOBEHUM TaKOU HEe00X0UMOCTH HY)>KHO HCIIOJIb30BaTh (1)YHKI_[I/IIO
setTraceAccidental.

OyHKIUA setTraceAccidental HE MOXKET OBITh BbI3BaHA BO BpeMsl padOTHI CIIEHAPHOU
GyHKIIH.
3aronoBouHbin pann: ts/c_tracer.h

setTraceEncoding

Oynknus setTraceEncoding ycranaBimBaeT KOJUPOBKY TPACCHI.

void setTraceAccidental ( const char* encoding);



ITapameTpsl
encoding

WNnentudukatop KOAUPOBKU TPACCHI.
JonosHurtensHast uH(popManus

OyHKIMA setTraceEncoding YCTaHABIMBAET KOJUPOBKY Tpacchl. [10 yMOI4aHUIO UCTIONB3YETCS
konupoBka UTF-8.

YcTaHoBKa KOJUPOKH TPacchl HEOOXOIMMa, B YACTHOCTH, JUIS TOTO YTOOBI JIOKAJIW30BAaHHBIC
CTPOKH, MCIIOJIb3yEeMbl€ B KaueCTBE MMEH BeTBeH ()YHKIMOHAJIBHOCTH, Ha3BaHUN IOJCUCTEM WM
II0JIb30BATENbCKUX  COOOILIEHUIl, KOPPEKTHO OTOOpaXaJuch B OT4YETaX O IIPOBEICHHOM
TECTUPOBAHUM.

3aronoBouYHbIN pann: ts/c_tracer.h

TpaccupoBka cooOmeHun

B CTESK 2.5 cymecTByeT TOIBKO OUH BHUJT COOOIEHUN TPACCUPOBIIHMKA JTOCTYITHBIN IS TTOJIH30-
BaTeNst. JTH COOOINEHHUSI TaK U HA3BIBAIOTCA: COOOIIeHHs mob3oBarens. OHM UTpaOT BCIIOMOTa-
TEJBHYIO POJIb U UCIIOJIB3YIOTCS B OCHOBHOM JIJISl PYYHOTO aHajm3a Tpacchl. Ho B HEKOTOPBIX OTUe-
Tax 00 omMOKax MoJIb30BaTEIbCKUE COOOIIEHUSI 0TOOpAKAIOTCS sl 0OJIeryeHus aHalu3a OMMno0Y-
HBIX CUTYAaIlUH.

Jl1s TpaccupoBKHM COOOIIEHUH MOIb30BATENS UCIOIB3YIOTCS (QYHKIUU:

« traceUserlnfo
« traceFormattedUserInfo

traceUserinfo

Oynkuust traceUserInfo 3amuceiBaeT B Tpaccy cooOIeHne Moib30BaTesl.
void addTraceToConsole( const char* info );

IHapameTpsl

info
Vkazarenb Ha CTPOKY, 3aBEPILIAIOLIYIOCS HYJIEBBIM CHMBOJIOM, KOTOpas COIEPHKUT
I0JIB30BaTEILCKOE COOOIIEHNE.

JononnurtenbHass HHpOpMaLUs

Oyukmmst  traceUserInfo  3amuceiBaer cooOmieHue mosb3oBarenss B Tpaccy. CooOmeHus
TI0JIH30BATEIISI UTPAIOT BCIIOMOTATEIBHYIO POJIb U HCIIOJIB3YOTCSI B OCHOBHOM JIJIsi PYYHOTO aHAJIN3a
Tpaccel. HO B HEKOTOPBIX OoT4eTax 00 OMMOKaX IMOJIb30BaTEILCKUE COOOIICHUST OTOOPAKAIOTCS IS
o0JIerdeHus aHaIM3a OIMOOYHBIX CUTYaIlUH.

3aronoBouHbii pann: ts/c_tracer.h

traceFormattedUserinfo

OyHKIMS 3aIUCHIBACT B Tpaccy popMaTUpoBaHHOE COOOIEHUE MOIb30BATES.

void addTraceToConsole( const char* format, ... );
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ITapameTpsl

format

VYkazarenb Ha CTPOKY, 3aBEpIIAIOIIYIOCS HYJIEBBIM CHMBOJIOM, KOTOpas COIEPKUT Qopmar
MOJTb30BATEIBCKOTO  coOOmmeHus. B cTpoke  JomyckaroTcss Bce  CICIU(PHKATOPHI
npeoOpazoBaHui, JOMYyCTUMbIE B CTaHIAPTHON (DYHKIMU printf, a Takke crnenudukarop §
(obj) nns mpeoOpa3oBaHUs B CTPOKY crienudukanroHHoro oobekra. Crienudpukaropsl $(obj)
JOJKHBI pacrioyiaratbes mepe crnenupukaropaMu GyHKIUU print£.

JdononuurtesnbHas uHpopManus

OyHKIuUA traceFormattedUserInfo GopMaTUpyeT M 3alHCHIBACT COOOIICHHUE MOJIH30BATENS B
tpaccy. CooOmeHus MoIbp30BaTENsI UTPAIOT BCIIOMOTATENBHYIO POJIb U UCTIONIB3YIOTCS B OCHOBHOM
JUIs py4YyHOrO aHaju3a Tpacchl. HO B HEKOTOpPBIX OTYeTax 00 OIIMOKaxX I0JIb30BaTEIbCKUE
co00IIeHUsT 0TOOpaXaroTCs 7151 00JIETYeHNs aHaIN3a OIIMOOYHBIX CUTYalIUH.

3aronoBouYHbIN pann: ts/c_tracer.h



CepBuCHI perucTpanuy OTJI0KEHHbIX peaKIuu

TecroBas cuctema CTESK mnoanepxuBaer TeCTHpPOBAHUE CUCTEM C OTJIOKEHHBIMH PEAKIUSIMHU.
CucremMaMu C OTJIOKEHHBIMU PEAKIUSIMH HA3bIBAIOTCS TaKUE€ CHUCTEMbl, KOTOPBIE MOTYT
y4acTBOBaTh B HECKOJBKHX B3aMMOJICHCTBHSIX OJHOBPEMEHHO WJIM KOTOPBIE MOTYT CaMH
WHULUAPOBATH B3aUMOJICUCTBUS C OKPYKEHUEM.

OpnHol M3 BaKHEMIIUX 3a]ad MPH TECTUPOBAHUU CHCTEM C OTJIO)KCHHBIMHU PEaKLUSMU SBISETCS
NOJy4YeHHe Bcel HeoO0XoanMoi HH(OpManmuu O B3aUMOACHUCTBUSAX C IIENIEBOW CHUCTEMOH. Ota
uHdopmaruss Tpedyercs TectoBor cuctreme CTESK mns mpoBepkn COOTBETCTBHS PEaIbHOTO
MIOBEJICHUS 1IEJICBON CHUCTEMbI TPEOOBAaHUSAM, OIMUCAHHBIM B CHEIM(PUKALUAK, TTOCKOIBKY UMEHHO
9TH B3aUMOJICHCTBUS U OTPAXKAIOT MOBEACHUE LIEIEBON CUCTEMBI C OTIIOKEHHBIMU PEAKIIUSIMH.

TecroBasi cucreMa aBTOMaTHYECKH PETUCTPUPYET BCE B3aUMOJEUCTBUS, KOTOPbIE MHULIMUPYIOTCS
IOCPEJICTBOM BBI30Ba clielU(PUKAIIMOHHON (YHKLIMU BHYTPH Ipolecca TeCTOBOH cucremsl. Bee
OCTaJIbHBIE B3aUMOJCWCTBUS JOJDKHBI OBITh  3apETUCTPUPOBAHBI  Pa3padOTUMKOM TecTa B
CIEIMAIILHOM KOMIIOHEHTE TECTOBOW CUCTEMBI — PETrUCTPATOPE B3aUMOJICHCTBUN.

Kaxnoe B3anMMoOAEMCTBHE C LEIEBOM CHCTEMOM XapaKTEPU3YETCs KaHaloM, B KOTOPOM OHO
npousonuio. s uaeHTuduKkanuu KaHajaoB B TECTOBOM CHCTEME HCIONb3YIOTCS UIEHTU(PUKATOPHI

KaHaJI0B B3aUMOICHCTBH.

I[OHOJ'IHI/ITGJ'IBHO, JJIA y,Z[O6CTBa perucTpanuu OTIOXKCHHBIX BSaHMOHeﬁCTBHﬁ, TECTOBAsA CUCTEMaA

MPEIOCTABIISET CEPBHUC PETUCTPANY (DYHKIINH-COOPIINKOB PEAKITHIA.

Kanaasl B3auMoaencTrBus

Kaxnoe B3auMoaeiCcTBHUE C LIEIEBOM CUCTEMON XapaKTEPU3YETCsl KaHAJIOM, B KOTOPOM OHO TIPOM30-
nuio. Bee B3aumMonelcTBYUs BHYTPU OJHOIO KaHajla JUHEHHO ynopsgodeHsl. [loaToMy TecroBas cu-
CTEMa CUMTAET, YTO, €CJIM JIBA B3aUMOJACHCTBUS XapaKTEPU3YIOTCS OJHMM KaHAJIOM, TO IEpBOE 3a-
PETUCTPUPOBAHHOE B HEM NPOU3OILIIO PaHbIlI€ BTOPOTO.

Wnentudukatopsl KaHAJIOB B3aMMOJCHCTBHSI, UCTIOIB3YIOMIMECS Ui UX WACHTU(UKALMU BHYTPU
TECTOBOM cucTteMbl, nMeroT Tu ChannellD.

Cy1iecTByeT JBE NpeIonpeieIeHHbIE KOHCTAaHThI 3TOTO TUMA!

o WrongChannel
o UniqueChannel

Jlis moaydeHust cBOOOAHOIO UJIEHTU(UKATOpa KaHalla U MOCJIEIYIOIIEro €ro 0CBOOOXKACHUS IIpei-
Ha3HA4YeHbI (YHKIUU:

« getChannellD
» releaseChannellD

ChannellD

Tun ChannellD ucnonp3yercst mis uACHTH(GUKAIMN KaHAIOB B3aWMOJCHCTBUS BHYTPH TECTOBOM
CUCTCMBI.

typedef long ChannellID;
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JonoaHuTenbHasi HH(poOpMAIH

Tun ChannellD ucnons3yercst s UAeHTH()UKAINN KaHAJIOB B3aUMOJICHCTBUS BHYTPH TECTOBOM
cuctembl. CyiecTByeT 1Be KOHCTaHTHI 3Toro tuna WrongChannel u UniqueChannel.

Oynknusa getChannellD Bo3BpamaeT cBOOOIHBIN HACHTH(UKATOP KaHana. [locie Toro kak uaeHTH-
¢uKaTop KaHala CTAaHOBUTCA HEHYXXHBIM, €r0 MOXXHO OCBOOOJIUTH C TOMOIIBIO (DYHKIHH
releaseChannellD.

KoppektapiMu uieHTH(UKaTOpaMu KaHAJIOB CUMTAIOTCS KOHCTaHTa UniqueChannel u Bce MACHTH-
¢buxaTopsl, nosyyeHHsle ¢ nomouisio pynkunu getChannellD u otnuunslie ot WrongChannel.

3aronoBouHbli pann: ts/register.h

WrongChannel
Koncranta WrongChannel 0603Ha4aeT HEKOPPEKTHBIN UACHTU(GUKATOP KaHaJla B3aUMOICHCTBUSI.
extern const ChannelID WrongChannel;

JlonoaHuTenbHasi HH(popMaLUs

Koncranta WrongChannel o603Ha4aeT HEKOPPEKTHBIN HUISHTU(UKATOP KaHajda B3aUMOJCHCTBUSA.
DTa KOHCTaHTa WCIONB3YyeTCs sl BeromoraTenbHbix meneil. Hanpumep, dyakius getChannellD
BO3BpAIAeT 3Ty KOHCTAHTY, €CJIM HE MOXKET BBIJCIUTH CBOOOHBINA HASHTU(UKATOP KaHATIA.

3aronoBouHblin pann: ts/register.h

UniqueChannel

Koncranra UniqueChannel ucnonb3yetcst Aji1 UASHTU(PUKAIUN YHUKAJIBHOTO KaHalla, B KOTOPOM
MIPOU30LLIO OJTHO B3aUMOJICUCTBUE U IPYTUX B3AUMOAECHCTBUI IPOU30MTH HE MOKET B ITPUHLIMIIE.

extern const ChannelID UniqueChannel;

JonoHuTe1bHAsA HH(POPMALUA

Koucranta UniqueChannel vcnionb3yercs Juisi HASHTUGUKALMYA YHUKAIHHOTO KaHalla, B KOTOPOM
MPOU30IIO OJHO B3aMMOAECHCTBHE M IPYTUX B3aWMOJCUCTBUUA MPOU30UTH HE MOXKET B MPUHILIMIIE.
DTa KOHCTAHTa 4acTO HUCIOJIb3YETCs, KOTJa MOHITHE KaHAJIOB B3aWMOJCHCTBUSA HE NMPUMEHSETCS
MIPU MOJIETTUPOBAHUH 1IEJIEBON CUCTEMBI.

3aronoBouHbIi ann: ts/register.h

getChannellD
Oynkius getChannellD Bo3BpariaeT cBOOOIHBIN HACHTU(HUKATOP KaHaIa B3aHMOICHCTBHSL.
ChannelID getChannelID( void );
Bo3spamaemoe 3HaYeHHE

DyHKIMS BO3BpAIaeT CBOOOIHBIN HASHTU(HUKATOP KaHajla B3aMMOJICHCTBHSI, €CJIM TaKOBOM CyIIIe-
cTByeT, U WrongChannel — B IPOTUBHOM CITy4ae.

JononnuTtenbHas uHopManus

Ecin uieHTHUKATOp KaHalla CTAHOBUTCS HEHY)KHBIM, €r0 MOXKHO OCBOOOJIUTH C IMIOMOIIBIO (yHK-
uuu releaseChannellD.
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3aronoBouHbIi ann: ts/register.h

releaseChannellD

Oynknwus releaseChannellD ocBoOokIaeT yka3aHHBIN HISHTU(PUKATOP KaHATIa B3aUMOICHCTBUS.
void getChannelID( ChannelID chid );

ITapameTpsl

chid
OcBobOokaeMblii  uaeHTUGUKATOp  KaHalma  B3aumMmojeictBus.  [lapameTp  momxkeH
UACHTU(UKATOPOM KaHaja, OJIy4eHHbIN paHee ¢ nomolpio pyHkiuu getChannellD.

JonosHuTe1bHAA HH(OPMALUSA

3aronoBouHblin pann: ts/register.h

Perucrparop B3aumMoaencrBui

TecroBast cucTemMa aBTOMaTHYECKH PETHCTPUPYET BCE B3aMMOJIEHCTBHS, KOTOPbIE WHUIIMUPYIOTCS
MIOCPEJICTBOM BBI30Ba CHENU(UKAMOHHONW (DYHKIIMM BHYTPH IPOIEcca TECTOBOW cUcTeMBbI. [lpm
9TOM CYHUTAETCs, YTO B3aMMOJAEUCTBHE MPOUCXOIUT B KaHAJE C WACHTHU(PHUKATOPOM, 3aJaHHBIM
cBoiictBoM StimulusChannel. [Iy1g ynpaBieHust 3TUM CBOMCTBOM IpelHa3HAYeHb! (QYHKIUU:

o setStimulusChannel
« getStimulusChannel

[To yMon4anmio, 3TO CBOKMCTBO puHUMaeT 3HaueHue UniqueChannel.
Bce ocranpHBIC B3aUMOICHUCTBUS JOJDKHBI OBITH 3apEerUCTPUPOBAHBI Pa3pabOTUNKOM TE€CTa B PETH-
cTpaTope B3auMozeicTBuii. [ljig 3TOro mpenHa3HayeHsbl cienyromue GyHKIuu:

« registerReaction

« registerReactionWithTimeMark

« registerReactionWithTimelnterval
« registerWrongReaction

o registerStimulusWithTimelnterval

setStimulusChannel
Oynkius setStimulusChannel ycranaBnuBaet 3HaueHue cpoiictsa StimulusChannel.
ChannelID setChannelID( ChannellID chid );
ITapamMeTpbl
chid

Wnentudpukatop kKaHaza B3aUMOACWUCTBUS, KOTOpBIH OyAET HCHOIb30BATBCS TECTOBOM
CUCTEMOM NpHU aBTOMAaTHYECKOH perucrpanuu B3aumoneicTBuil. IlapameTp nomkeH OBITH
KOPPEKTHBIM UJEHTU(UKATOPOM KaHaa.

BosBpamaemoe 3HaueHnune
OyHKIIMS BO3BpaIlaeT npeapiayliee 3nadyeHue csoiictsa StimulusChannel.

JonoaHuTenbHasi HH(pOpMAIHS

CpoiictBo StimulusChannel conmepuT naeHTUPHUKATOP KaHala, HCIOIb3YEMbI TECTOBOW CHCTE-
MOH /ISl HiACHTH(UKAIMK KaHalla, B KOTOPOM MPOUCXOAST B3aUMOACHCTBHS, HHUIIMMPOBAHHBIE TIO-
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CPEICTBOM BBI30Ba CHEIM(PUKAIIMOHHON (DYHKIIMU BHYTPH Mpoliecca TecToBOM cucteMsl. [1o ymor-
YaHHIO, 3TO CBOWCTBO NMpUHUMaeT 3HaueHue UniqueChannel.

Jdns pocryma K TekymeMmy 3HadeHWio cBoiictBa StimulusChannel mnpennasznauena QyHKIus
getStimulusChannel.

3aronoBouHbIN hann: ts/register.h

getStimulusChannel
Oynkius getStimulusChannel Bo3Bparaer 3nauenue coiictsa StimulusChannel.
ChannelID getChannelID( void );
Bo3Bpamaemoe 3HaueHue
OyHKIMS BO3BpAIIaeT Mpeaplyiiee 3Hadenne cBorictBa StimulusChannel.

JlonoaHuTtenbHasi HH(poOpMaLUs

CgoiictBo StimulusChannel comepxut uaeHTHGUKATOP KaHala, UCIOJIb3yEeMbI TECTOBOW CHCTE-
MOM Uil HACHTU(DHUKAIIMM KaHala, B KOTOPOM MPOUCXOJIAT B3aUMOJCHCTBUS, MHULIMUPOBAHHbIE T10-
CPEJICTBOM BbI30Ba CHEIM(PUKAMOHHON (QYHKIIMU BHYTpHU Ipoliecca TecToBol cucteMsl. [lo ymorn-
YaHUIO, 3TO CBOMCTBO NMpUHUMaeT 3HaueHue UniqueChannel.

Jns  u3meHeHust  3HaueHuss  cBoiictBa  StimulusChannel — mpennasHaueHa — QyHKuus
setStimulusChannel.

3aronoBouHbI ¢pann: ts/register.h

registerReaction
Oyukuus registerReaction nmpegHazHaueHa Ui PETUCTPALlUM PEAKIMMA, MOMYyYEHHBIX OT IIeJIeBOM
CUCTEMBI.

void registerReaction( ChannelID chid, const char* name, SpecificationID
reactionID, Object* data );

IMapameTpsI
chid
WNnentudpukatop KaHajga B3aUMOACUCTBHS, KOTOPBIH OyHeT UCIONb30BaThCSl TECTOBOM

CHUCTEMON TIPH aBTOMATHYECKOW PETUCTpaIlMy B3auMojeucTBuil. [lapameTp momkeH OBITH
KOPPEKTHBIM HJICHTU(PUKATOPOM KaHAJIA.

name
Wmst peakuuu, HCIONb3yeMOE TOJNBKO Uis TpaccupoBkH. Ilapamerp MoxkeT OBITH HyJIEBBIM

yKazateieMm. B 3Tom ciydae, cUMTaeTcs, 4TO WMs JAHHOTO B3aMMOJICHCTBHS COBIAJACT C
MMEHEM peakiuu reactionlD.

reactionID

WNnentudukaTop peakyuu, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE B3aUMOJICHCTBHE.
data

I[aHHBIC MOJIYYCHHBIC OT HGHCBOﬁ CUCTCMbI B MOACJIBHOM MNPCICTABICHUU. Tun mapamMeTpa
JOJDKCH COBITaJlaTh C TUIIOM BO3BPAIACMOI'O 3HAUYCHUA pCaKINH reactionlD.
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JonoaHuTenbHasi HH(poOpMAIH

OCHOBHBIMHU CBOMCTBaMU B3aUMOJICHCTBUS SIBISIOTCS UMSI peaklnu reactionlD w nanuwie data, no-
Jy4eHHBIE BO BpeMs B3aUMOJICHCTBUS. THI MOTYyYeHHBIX JAHHBIX JOJKEH COBMAIaTh C TUIIOM BO3-
BpAaIllaéMOro 3HAYE€HHUs PEaKI1u.

BpeMeHHbIE METKM M MHTEPBAJIbI, & TAKKE KaHaJIbl B3aUMOJEHCTBUN HCMOJB3YIOTCS TECTOBOW CH-
CTEMOM /IS YIOPSIOYMBAHUS BCEX 3apETUCTPUPOBAHHBIX B3aMMOJICHCTBHI MEX Ty COOOM.

Ecnm nanHbIe, MOTydeHHBIE OT IETIEBOI CHCTEMBI, HE yAAaeTCsl MpeoO0pa3oBaTh B MOAEIBHOE Tpe-
CTaBJIEHHE, TO HEOOXOAUMO YBEJIOMHUTH TECTOBYIO CHCTEMY O MOJIyY€HHUH HEKOPPEKTHOM PEaKLUH C
nomouibio ¢pyHkiun registerWrongReaction.

3aronoBouHbIi hann: ts/register.h

registerReactionWithTimeMark
Oynkius registerReactionWithTimeMark npennasHauena miast permcTpanuy pPeakuui, MOTY4eH-
HBIX OT II€JIEBOM CHCTEMBI, C YKa3aHHEM BPEMEHHON METKH MOMEHTA MOTyYCHHUSI.

void registerReactionWithTimeMark ( ChannelID chid, const char* name,
SpecificationID reactionID, Object* data, TimeMark mark );

ITapameTpsl
chid
WUnentudukarop KaHama B3aUMOJEUCTBHUS, KOTOpBIM OyIeT HCMOIb30BaThCA TECTOBOU

CUCTEMOM IpHU aBTOMAaTHYECKOH perucrpanuu B3aumojencTBuil. IlapameTp nomkeH OBITH
KOPPEKTHBIM UJEHTU(UKATOPOM KaHaa.

name
Nms pC€aKuu, HCIOJIb3YEMOC TOJIBKO IJIs1 TPACCHPOBKHU. HapaMeTp MOJKET OBITH HYJICBBIM

yKazateineMm. B 3ToMm ciydae, cCUMTaeTCs, 4TO WMs JAHHOTO B3aMMOJICUCTBHS COBIAJAECT C
MMEHEM peakiuu reactionlD.

reactionID

Wnentudukatop peakun, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE B3aUMOJICHCTBHE.

data
I[aHHI)Ie HOJ'Iy‘IGHHI)Ie oT IIGJ'ICBOﬁ CUCTEMBbI B MOACJIIBHOM HpC[[CTaBJ'IeHI/II/I. TI/IH napaMeTpa
AOJIKCH COBIIAZIATh C TUIIOM BO3BPAIIa€MOI'0 3HAUCHUA PCAKIIUU reactionlD.

mark

BpemeHnHnas MeTka MOMEHTa B3aUMOJEHCTBUSL.

JonosHuTe1bHAA HH(POPMALUA

OCHOBHBIMHU CBOHCTBaMH B3aMMOJCHCTBHS SBJISIFOTCS UMS peakuu reactionlD v nanneie data, mo-
Jy4eHHbIEC BO BpeMs B3aUMOJEHCTBUS. THI MOTYyYEeHHBIX JAHHBIX JOJKEH COBMAAaTh C TUIIOM BO3-
BpAIllaéMOro 3HAYE€HUs PEaKI1H.

Bpemennble METKM U MHTEPBAJIbI, @ TAK)KE KaHAJIbl B3aUMOJCUCTBUI UCIOJIB3YHOTCS TECTOBOM CH-
CTEeMOH I YIOPSA0UMBAHUS BCEX 3aPETUCTPUPOBAHHBIX B3aUMOAECUCTBUN MEXTy COOOM.

Ecnu nanHbIe, MOTydeHHBIE OT IIEJIEBOI CHCTEMBI, HE yAAaeTCsl MpeoOpa3oBaTh B MOAEIBHOE Tpe-
CTaBJICHUE, TO HEOOXOAMMO YBEJOMHUTH TECTOBYIO CHCTEMY O TIOJIy4YCHUH HEKOPPEKTHOW PEaKIHH C
nomotsio ¢pyHknuu registerWrongReaction.
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3aronoBouHbIi ann: ts/register.h

registerReactionWithTimelnterval
Oynkius registerReactionWithTimelnterval npegrasHadena ans perucTpanuy peakinii, TOTyIeH-
HBIX OT LIEJIEBOI CUCTEMBI, C YKa3aHHEM BPEMEHHOI'0 HHTEpBajia, B KOTOPOM OHO IMPOMCXOIUIIO.

void registerReactionWithTimeInterval ( ChannelID chid, const char* name,
SpecificationID reactionID, Object* data, TimelInterval interval );

IHapameTpsl
chid
WNnentudukatop KaHama B3aUMOACHCTBUS, KOTOpPBI OyAeT WCIONb30BAThCS TECTOBOM

CUCTEeMOM IpHU aBTOMATHYECKOH perucrpanuu B3aumoneicTBuil. Ilapamerp noimkeH OBITH
KOPPEKTHBIM UJCHTU(UKATOPOM KaHaa.

name
Nms peaknuu, UCHOIb3yeMoOe TOJBKO ISl TpaccupoBkHU. [lapameTp MoeT OBITH HYJIEBBIM

yKazateineMm. B 3Tom ciydae, cUMTaeTcsi, 4TO HMMs JAHHOTO B3aUMOJEHUCTBHS COBHAJAET C
HMEHEM peakuuu reactionlD.

reactionID

Nnentudukarop peakimu, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE B3aUMO/ICHCTBYE.
data
JlaHHbIE TIOJIy4€HHBIE OT IIEJIEBOM CHUCTEMBI B MOJIEJIBHOM IMpEACTAaBICHUH. TUI mapamerpa
JIOJKEH COBIAJAaTh C TUIIOM BO3BPAIlAEMOT0 3HAYEHUS peakuuu reactionlD.
interval
BpemeHHol MHTEpBaj, B KOTOPOM MPOUCXOAWIIO B3aumojeictBue. [Ipu 3ToM nmeeTcs BBULY,

YTO B3aUMOJICHCTBUE MPOUCXOAMWIO T/Ie-TO BHYTPU MHTEpBaja, a HE 3aHUMAJIO BECh MHTEPBAI
LIEJTUKOM.

JonmoaHuTe1bHASI HH(OPMALHS

OCHOBHBIMH CBOMCTBaMH B3aHMOﬂeﬁCTBHH ABJISIFOTCA UM PCaKIIUU reactionlD n JaHHBIC data, I10-
JIYYCHHBIC BO BpEMA BSaHMOI[CfICTBI/IX. Tun MOJIYYCHHBIX JaHHBLIX JOJIKCH COBIIaAaThb C TUIIOM BO3-
BpamacMoro 3Ha4CHus pCaKkIu.

BpemeHHble METKH M MHTEpBabl, @ TAKKE KaHAJIBl B3aUMOJEHCTBUI MCIIONb3YIOTCSI TECTOBOU CH-
CTEMOM I YIOPSIA0UMBAHUS BCEX 3apETUCTPUPOBAHHBIX B3aUMOAEUCTBUN MEX1y COOOM.

Ecan JaHHBIC, TTOJYUYCHHBIC OT HeHeBOﬁ CUCTCMbI, HC YAACTCA HpeOGpa3OBaTB B MOJCJIBHOC MPC-
CTaBJICHHE, TO HEOOXOMMO YBEJIOMHUTH TECTOBYIO CHCTEMY O MOIYYCHHUH HEKOPPEKTHOH PEeaKIuu C
nomotsio ¢pyHkuuu registerWrongReaction.

3aronoBouHbIi ann: ts/register.h

registerWrongReaction

Oyuknwms registerWrongReaction npemHasHaueHa sl yBEJIOMIICHHS TECTOBOM CHCTEMBI O TIONTyde-
HUHU HEKOPPEKTHOM peakiny, KOTOPYI0 HEBO3MOKHO MPeoOpa3oBaTh B MOJEIBHOE MPECTAaBICHUE.
Peakuueit Ha3pIBaeTCsl B3aMMOJEHCTBUE, MHULIMMPOBAHHOE LIEJIEBOM CUCTEMOM.

void registerWrongReaction( const char* info );
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ITapameTpsl
info

OnucaHne HEKOPPEKTHOM peakIMH, UCIOJIb3YEMOE NPU aHAIN3€ PE3YyJIbTaTOB TECTUPOBAHMSL.
[TapameTp MoOXkeT ObITh HYJIEBBIM yKa3aTeJIEM.

JonoaHuTenbHasi HH(pOpMAIHS

Oynkius register WrongReaction npennazHadeHa /s yBEJOMIICHHUS! TECTOBOW CHCTEMBI O TOJIyde-
HUM HEKOPPEKTHON peakiy, KOTOPYI0 HEBO3MOXKHO MpeoOpa3oBaTh B MOJEIbHOE NPEACTABICHHUE.
Peaxnueit Ha3bIBaeTCs B3aMMOICHCTBYE, HHULIMMPOBAHHOE LIEJIEBOM CUCTEMOM.

[Tocne peructpanyuy HEKOPPEKTHOM peaklMK TECTOBAsI CHCTEMA 3aBEPIIMT aHAIN3 TEKYILErO TECTO-
BOT'0 BO3/JICMCTBUS C OTPULATEIBHBIM BEPAUKTOM.

3aronoBouHbIi ann: ts/register.h

registerStimulusWithTimelnterval

Oynkius registerStimulusWithTimelnterval nmpenHasHaueHa Ui perucTpanyl CTUMYNa, HE 3a-
PETUCTPUPOBAHHOTO TECTOBOM crcTeMol aBToMaTudecku. CTUMYIIOM Ha3bIBAETCsl B3auMO/JIeicTBUE
C LEJIEBOM CUCTEMOW, NHULIMUPOBAHHOE TECTOM.

void registerReactionWithTimeInterval ( ChannelID chid, const char* name,
SpecificationID stimulusID, TimelInterval interval, ... );

ITapamMeTpbl
chid
WnentudukaTop KaHajma B3aUMOACHMCTBUS, KOTOpPbI OyAeT HCIOIb30BaThCSI TECTOBOM

CHUCTEMOW NpU aBTOMATUYECKOM perucrpauuu B3aumoaeucTBuil. Ilapamerp nomkeH ObITH
KOPPEKTHBIM UJIEHTU(PUKATOPOM KaHaJIa.

name
WNms peaknuu, uCHoiab3yeMoe TOJIBKO JUIsl TpaccupoBku. IlapameTp MoeT OBITh HYJIEBBIM

yKazareneMm. B 3ToM ciydae, cuuTaercs, 4TO MMs JAHHOI'O B3aUMOJEHCTBHUS COBIIANAeT C
MMEHEM peakuuu reactionlD.

stimulusID
Wnentudukatop crnenudukannoHHON (QyHKIMHM, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE
B3aNMOJICHCTBHE.

interval
BpemenHoli nHTEpBaj, B KOTOPOM IIPOUCXOAMIIO B3aumojerncTeue. [Ipu sTom mmeercs: BBULY,

YTO B3aUMOJICHCTBHUE NPOUCXOOUIJIO TAC-TO BHYTPU MHTCpPBAJld, 4 HC 3aHUMAJIO BCCbh MHTCPBAJI
TECJIIMKOM.

arguments

I[OHOHHI/ITCHLHLIG apFYMCHTLI, KOTOpBIe JOJIXKHBI HepeHaBaTLCSI CTpOFO B cne;[ylomeM
HOPsIIKE:

Crnucok 3HaYeHUH mapamMeTpoB CHeU(PUKAITMOHHON (PYHKIIMU 10 €€ BbI30Ba.
Criucok 3Ha4eHU apamMeTpoB crelu(pUKaMOHHON (PYHKIMU [TOCTIe €€ BhI30Ba.

3. 3HaueHue, KOTOPOE BEpHYJa JaHHas crenuuKanuoHHass GyHKIUs (€CIM THI BO3-
BpaIllaéMOro 3Ha4€HUs OTINYEH OT void).

N —



JonoaHuTenbHasi HH(poOpMAIH

Oynkius registerStimulusWithTimelnterval nmpennasHaueHa Ui perucTpaldyl CTUMYNa, HE 3a-
PETHCTPUPOBAHHOTO TECTOBOW CHCTEMOH aBTOMAaTHUECKH. Tak Kak BCE CTUMYJIbI, KOTOPbIE MHHUIIUH-
PYIOTCSI TOCPEICTBOM BbI30Ba CHENM(PHUKAIIMOHHON (PYHKIUN BHYTPHU MPOIEcCca TECTOBOW CUCTEMBI,
PETHCTPUPYIOTCSI aBTOMAaTHYECKH, TO PETHCTPUPOBATH BPYYHYIO HEOOXOANMO TOJIBKO T€ CTHMYJIHI,
KOTOpPble MHULIMUPYIOTCS JINOO M3BHE MPOIIECCa TECTOBOW CHUCTEMBI, JINOO HE MOCPEICTBOM BBI30BA
crien(pUKaAIMOHHON (QYHKITHH.

OCHOBHBIMH CBOWCTBaMH B3aUMOJCHCTBHUS SBISIOTCS UMS CHENU(DHUKAITMOHHOW  (PYHKITUH
stimulusID v naHHbIe, IepeaBaeMble Yepe3 TOTOTHUTEIbHBIC aPTyMEHTHI.

Bpemennble METKU U UHTEPBaJIbI, a TAK)KE KaHAJIbl B3aUMOJCUCTBUI UCIOJIB3YHOTCS TECTOBOM CH-
CTEMOH IS YIOPSA0UMBAHUS BCEX 3aPETUCTPUPOBAHHBIX B3aUMOAECUCTBUN MEXKTy COOOM.

Ecnu nanHble, nomyyeHHbIE BO BpEMs B3aUMOJAECHCTBUS OT LIEJIEBOM CHUCTEMBI, HE yAaeTcs Mpeood-
pa3oBaTh B MOJIENbHOE MPEJICTAaBIEHHE, TO HEOOXOJUMO YBEJOMUTh TECTOBYIO CUCTEMY O HEKOp-
PEKTHOM TMOBEJACHUM II€JIEBOM CHCTEMBl BO BpeMs B3aUMOJEWUCTBHS, BBI3BAB (YHKIIHIO
registerWrongReaction B OCHOBHOM ITpoIiecce TECTOBOM CUCTEMBI.

3aros10BouHbIN ¢ain: ts/register.h

CepBuc perucrpauuu QyHKIUMH-COOPIIMKOB PeaKIMH

st ynoOCcTBa perucTpaiuy OTIOKEHHBIX B3aUMOICHCTBUN TECTOBAsl CUCTEMA MIPEOCTaBISET Cep-
BHC pErucTpanuu PyHKIUH-COOPIIMKOB peakunii. CepBUC yCTPOEH ciienyromuM oopasom. B tecto-
BOIl CUCTeME PerucTpUPYIOTCS (PYHKIIMU, KOTOPHIE BHI3BIBAIOTCS €i M0 UCTEUYEHUN BPEMEHH CTa0u-
JU3aIUH TI0CJIE KaXK10T0 TECTOBOrO BO3/AEUCTBUA. 3a BpeMs CTaOMIM3alluu 1LeeBasi cucTeMa JOJDK-
Ha BBIJIaTh BCE 0XKUAAEMbIE OT HEE PEaKLMU U MEPENTH B CTallMOHApHOE cocTosiHue. Bo Bpems BbI-
30Ba QYHKIIUU-COOPIITUKH JTOJDKHBI COOpATh BCE JIAaHHBIE O MOTYYEHHBIX PEAKIUSIX U 3aPETUCTPUPO-

BaTh UX B PECUCTPATOPE B3AUMOJICHCTBUN.
Jns peructpanyuu GyHKIUNH-COOPIIMKOB MPETyCMOTPEHBI ClIeIyIoNTue () yHKITUH:
« registerReactionCatcher

« unregisterReactionCatcher
« unregisterReactionCatchers

[TapamerpoM KaxkaoW u3 3TUX GYHKIUM sBisgercs (QYHKIUSA-COOPIIUK, THUI 3THX (YHKIUI
ReactionCatcherFuncType.

ReactionCatcherFuncType

Tun ReactionCatcherFuncType ucnonb3yercst [uist peructpaiuuu QpyHKIUI-COOPIIMKOB peaKkiyii B
TECTOBOM CUCTEME.

typedef bool (*ReactionCatcherFuncType) (void¥*);
JononnurtenbHas uHopmanusa

3aronoBouYHbIN pann: ts/timemark.h
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registerReactionCatcher
OyHKIUA registerReactionCatcher PErHCTPUPYET B TECTOBOM cHCTEME (DYHKIIHIO-COOPIIUK
peakuuii ¥ ee BCnoMoraTebHbIe TaHHbIE.

void registerReactionCatcher (
ReactionCatcherFuncType catcher,
void* par

)7
IHapameTpsl
catcher
VYkazarens Ha GYHKIUIO-COOPIIHUK PEaKITUH.
[TapameTp He TOKEH OBITH HYJIEBBIM YKa3aTEJICM.
prar
BcromorarenbHbie JaHHBIE PETHCTPUPYEMON (DYHKITUH.
[TapameTp MOXET ObITH HYJIEBBIM yKa3aTeJIEM.

JonmoaHuTe1bHASI HH(OPMALHS
OyHKIUA registerReactionCatcher PErHCTPUPYET B TECTOBOM CHCTEME (DYHKIIHIO-COOPIIUK
peaKuuii U €€ BCIIOMOTraTeIbHbIE JaHHbIE.

Korma tecroBasi cuctema BbI3bIBaeT (hYHKIIMIO-COOPIIHMK, TO TIEpelaeT €l B KadecTBE MapaMmeTpa
BCIIOMOTaTeJIbHbIE JaHHBIE.

MoOXHO 3aperucTpupoBaTh B TECTOBON CHCTEME OJHY (PYHKITNIO-COOPIIUK PEaKIIMi HECKOJIBKO pa3
C pa3IMYHBIMH BCIIOMOTATE€IbHBIMU JaHHBIMH. [Ilpu dSToM GyHKIUS OydeT BBI3BIBATHCS
COOTBETCTBYIOIIEE YHCIIO pa3 C Pa3INYHBIMU 3HAUEHUSIMHU MapameTpa.

3aros10BOYHbIN hann: ts/register.h

unregisterReactionCatcher

@yHKIMSA unregisterReactionCatcher ynalsgeT U3 TECTOBOM CHCTEMBI PETUCTPALUOHHYIO
3amuch O JIaHHOW  (PYHKUIMU-COOPIIMKE peakiuil, 3aperuCTPUPOBAHHON C  yKa3aHHBIMU
BCIIOMOT'aTCIILHBIMU JaHHBIMU.

bool unregisterReactionCatcher (
ReactionCatcherFuncType catcher,
void* par
)
IHapameTpsl

catcher
VYkazatenb Ha (PyHKIHIO-COOPILUK PEaKLIUH.
[TapameTp He TOKEH OBITH HYJIEBBIM YKa3aTCIIEM.
par
BcromorarenbHble JaHHBIE, IEpelaHHbIE IPH PETUCTPALIMH STON (PYHKLIUH.

Bo3Bpamaemoe 3HaueHue
OyHKIMA BO3BpallaeT false, €Cly JaHHAS QYHKIHS C JAHHBIMUA BCTIOMOTATEIbHBIMU JIAaHHBIMU HE
Obly1a paHee 3aperucTpUpoOBaHa, U true — UHAYe.

JonoHuTtenbHas HH(pOpMALUA
@yHKIMA unregisterReactionCatcher yganasieT W3 TECTOBOM CHUCTEMBI PETHCTPALMOHHYIO
3amuch O JIaHHOW  (PYHKIMU-COOPIIMKE peakiui, 3aperUCTPUPOBAHHON C  YKa3aHHBIMU
BCIIOMOT'aTeJIbHBIMU JaHHBIMU.



Jlisi 0OTHOBpEMEHHOTO YAAlleHHsI BCEX PETMCTPALMOHHBIX 3aluceil 0 TaHHOW (YHKIIMH-COOPIIHKE
peakmuii ucnonb3yercs Gpynkius unregisterReactionCatchers.

3aros10BOYHbIN hann: ts/register.h

unregisterReactionCatchers

@yHKIMA  unregisterReactionCatchers — ypamseT U3  TECTOBOM  CHUCTEMBI  BCE
PETHCTPAIMOHHBIC 3aITUCH O JAHHOU (PYHKITMH-COOPIIHMKE PEaKITU.

bool unregisterReactionCatchers( ReactionCatcherFuncType catcher );
ITapameTpbi

catcher
VYkazartens Ha PyHKIHIO-COOPIINK PEaKIINH.
[TapameTp He TOKEH OBITH HYJIEBBIM YKa3aTeIIeM.

Bo3Bpaiaemoe 3HaueHue
OyHKIHs BO3BpamaeT false, ecliu JaHHAS QYHKIHSI-COOPIIUK HE OblIa paHee 3aperucTPUpOBaHa,
U true — HHa4e.

JonmoaHuTe1bHASE HH(OPMALHS
@yHKIUSA  unregisterReactionCatchers  yaaisieT HW3  TECTOBOM  CHCTEMBI  BCE
PETUCTPALIMOHHBIE 3aMUCH O JaHHOU (QYHKIIUU-COOPIIUKE PEAKITHIA.

Jns ypameHuss TOJNBKO OJHOM pETHUCTPALlMOHHOM 3allMCU O JAaHHOM (QYHKIMH-COOpHIMKE C
KOHKPETHBIMHU BCIIOMOTaTeIbHBIMH JJAHHBIMU UCTIONb3yeTcs GpyHKIms unregisterReactionCatcher.

3aros10BoOYHbIN aiin: ts/register.h



bubOanorexka cnenupuKAMOHHBIX TUIIOB

bubnuoreka crenupUKAIMOHHBIX THIIOB COACPXKHUT CTaHAApTHBIC (YHKIUH JJIs paboOThl CO
CHeM(PUKAMOHHBIMU THIIAMU (CO3[IaHUE, KOMHWPOBAHHME, CPAaBHEHHUE, MOCTPOCHHE CTPOKOBOTO
IPEJICTABJICHHS ), & TAKXKE MPEAOIPEICICHHbBIC CIICIU(PUKAIMOHHBIC THIIBI JJI CTAaHAAPTHBIX THIIOB
s3eika C (char, short, int, long, float, double, void*, cTpoku char®), IS KOMIUIEKCHBIX
YUCeNl U THMA ¢ CIUHCTBCHHBIM 3HAYCHHEM, W JJII KOHTCHHEPHBIX THIOB (CITUCOK, MHOXECTBO,
oToOpakeHue).



CranaapTHbie QYHKIIMHU

CrannapTHble (YHKIIMM MOTYT MCHOJIB30BAThCS C JHOOBIMH CHElM(PUKALMOHHBIMU CChIIKaMu. Pe-
3y/bTaT BHIMOJIHEHUs (QYyHKIUU OylIeT 3aBUCETh OT TUIA crielu(UKalMOHHBIX ccbulok. Hampumep,
€CJIM CPaBHHUBAIOTCA JBE CIEHU(PHUKAIIMOHHBIE CCBUIKA Pa3HbIX THIIOB, TO pe3yibTaT Bcernaa Oyner
OTpHULATENbHBIN, a €CIIU CChUIKUM UMEIOT OMHAKOBBIN THUII, TO PE3yJbTaT CpaBHEHUs OyAeT onpene-
JAThCs (PYyHKIMEH, 3aJaHHOM MPU OMUCAHUY 3TOTO THIIA.

Tun CHGHH@)HK&HI/IOHHHX CCBUJIOK OIPCACIIACTCA YKA3aTCJIICM Ha ACCKPUIITOPD CHGHI/IQ)I/IKEIHI/IOHHOFO
tuma. Koncranra ACCKPHUIITOP BCCTAa UMECT UM, COCTOAIICC U3 UMCHU CHCIII/ICIJI/IKaIII/IOHHOFO THUIIA

¢ npedukcom type :
const Type type mMma CHeuMOMKALUMOHHOTO THIIA;

e  DYHKIHUA CO3JAHUS CCHLIOK
OYHKIMS CO3aeT OOBEKT MEPEAAHHOTO THUIIA U BO3BPAIIAET CChIIKY HA HETO.

 @DOYHKIWSA NOJVYEHHS TUHA CChLIKH
DyHKIUS ONpeAeIsaeT TUII CTIeNU(PUKAITMOHHON CCHIIKH M BO3BPAIIAET JIECKPUIITOP 3TOTO
THIIA.

o  MVYHKINA KONNPOBAHHS 3HAYEHMII 110 CCHLIKAM
OYHKIHS KOUPYET COJEPKUMOE 00BEKTa, HAXOSIIETOCS 10 CCHUIKE SIC, B COIEPKUMOE
00BbEKTa, HAXOAIIETOCS 10 CChIIKE dst.

«  DYHKINS KJIOHUPOBAHHUS 00HLEKTA
DyYHKIUS TOMOTAET MOJTYYUTh HOBBII OOBEKT C TEM KE COJIEPKUMBIM — KJIOHHPOBAThH
OOBEKT.

o  MVYHKINA CPABHEHHUS 3HAYEHHH 10 CChLIKAM
OyHKIHS CpaBHUBAET OOBEKTHI, IEpeJaHHbIC €i 0 CIEIM(PUKAIMOHHBIM CChIIIKAaM, BO3Bpa-
11asi LEeJIOYMCIICHHBINA Pe3yJbTar.

DyHKNNS onpeaeeHUs JKBUBAJEHTHOCTH 3HAYEHHH 110 CCHLIKAM.
DyHKIMS CpaBHUBAET OOBEKTHI, TIEPEIaHHbIE €H TI0 CIIeM(PUKAIIMOHHBIM CChIIKaM, BO3Bpa-
I1ast JIOrH4ecKoe 3HaUCHHE.

o«  DVyHKINS OCTPOEHUS CTPOKOBOI0 MPEJACTABJICHNS 3HAYEHNUS M0 CCLLIKE
OyHKIHS BO3BPAIIAET CCHUIKY HA 3HAYCHHE TUTA String — CHENH(PUKAIMOHHOE TIPE/I-
CTaBJICHUE CTPOKOBOTO THUIIA.

q)yHKIIl/IH CO31aHUA CCBLIOK

(DYHKI_II/IH cOo34a€T 00BEKT NEpEaAaHHOro TUIlla 1 BO3BPAIIACT CCBIJIKY Ha HETO.
Object* create(const Type *type, ...)

ITapameTpbi

type

Ykazarens Ha IeCKPUNITOP CHCIU(DUKAITIOHHOTO THIIA.

[TapameTpsl HHULIMATM3AWN THIIA.
Bo3Bpaniaemoe 3nauenne

@DyHKIUS BO3BPAIIAET CIICHU(PUKAIIMOHHYIO CCHUIKY Ha CO3AaHHBIA OOBEKT.
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JonoaHuTenbHasi HH(poOpMAIH

HapaMeTpLI HHUIAJIW3aluu JOJDKHBI COOTBECTCTBOBATL THUITY: AJIS BCCX MPCAOIPEACIICHHBIX TUIIOB
napaMeTphbl OMMMCAHBI B COOTBCTCTBYIOIIUX pa3[ciiax, a mapaMEeTpbl MHUIUATIU3AIUN T10JIb30BATCIIb-
CKHUX CHeI_[I/I(l)I/IKaHI/IOHHBIX THUIIOB 3a1ar0TCA ITPU OIIMCAHHUU 3THUX THUIIOB.

Integer* ref = create(&type Integer, 28); // ref - 28

B npuBeneHHOM BBIIIE IPUMEPE CO3/ACTCS M MHULUATM3UPYETCS CChUIKA OMOIMOTEYHOTO CIeIN-
¢uKarMoHHOTO THIA Integer — CHENU(UKAMMOHHOTO aHAJIOTA THIIA int.

(DyHKIII’IH IMOJY4€HHUS THUIIA CCBLIIKH

OyYHKIMA ONPEACIIAET TUII CTIEHU(PUKAIMOHHOMN CCHUIKH M BO3BPAIIACT IECKPUIITOP 3TOTO THUIIA.
const Type *type( Object* ref )

ITapameTpsl

ref
Crienn(huKaMoHHas CChIIKA HA OOBEKT CIe()UKAIIMOHHOTO THTIA.

Bo3Bpaniaemoe 3nauenme

(DYHKLII/ISI BO3BpPAlIaCT yKa3aTCJ/Ib HA KOHCTAHTY-ACCKPUIITOP CHeHHq)HKaHHOHHOFO THIIA, HA 3HA4YC-
HHUEC KOTOPOI'0 CChIIACTCA YKa3aTCiib ref.

Integer* ref = create(&type Integer, 28);

if (type(ref) == s&type Integer) // mcCTMHHO
DYyHKIUA KONUPOBAHUSA 3HAYEHUM 110 CCHLIIKAM

OYHKIMS KOMUPYET COAEPKUMOE 00BbEKTa, HAXOAIIETOCs MO CChUIKE S7C, B COAEP)KUMOE 00BEKTa,
HaXOJIAIIErocs O CChUIKE dst.

void copy( Object* src, Object* dst )
IHapameTpsl

src

CCLIJ'II(a Ha O6’beKT, HpCI[HaSHa‘-IeHHHﬁ IJI KOITMPOBAHMUA.
dst

Ccbuika Ha 00BEKT, B KOTOPBIN OyA€T MPOU3BEAECHO KOMMPOBAHHE.
JonoaHutebHast HH(popMaust

CchlIKd TOJIKHBI OBITh HEHYJEBBIMU M OJHOTO THIA, TO €CTh OHM JOJKHBI UMETh OJUHAKOBBIC
JeCKpUNTOPHI TUMOB. ECIIM 5TH yCI0BUS HE BBIIOIHSIOTCS, TO BO BPEMs BBIITOJHEHHUS TIPOUCXOINUT
3aBeplIeHHe MPOTrPaMMBI C cOOOIIeHHEeM 00 OIHoKe.

Integer* refl = create(&type Integer, 28); // refl - 28
Integer* ref2 = create(&type Integer, 47); // ref2 - 47
copy (refl,ref2); // refl - 28, ref2 - 28

B npuBeneHHOM BBIIIE TPUMEPE CCBUIKU ref] U ref2 mocie NHUIUAIN3aluy CChUIAIOTCS Ha pa3Hble
3Ha4YeHUs1 crneuu(uKauoHHoro tumna Integer. Ilocne BbeI3oBa ¢GyHKuMU copy() 3HAUYEHHUE IO

CCBIJIKC rejZ CTaAaHOBUTCA 3KBUBAJICHTHBIM 3HAYCHUIO ITO CCBIIIKC ref].

@OyHKIMS KIOHUPOBAHNS 00beKTA



(I)y'HKI_II/ISI IOMOracT MOJIYUUTh HOBBIA OOBEKT C TEM XKE COACPKUMBIM — KJIIOHUPOBATH 00BEKT.
Object* clone( Object* ref )

IHapameTpsl

ref
Cchlaka Ha O6’BCKT, HpCI[HaSHa‘-IeHHHﬁ AJI KIIOHUPOBAHUA.

JononnuTtesbHas uHpopManua

CDYHKI_II/IH BBIACIIACT IaMATh JJIA 3HAa4YCHUA THIIA, HA KOTOpLIﬁ CCBIIIACTCA 1 ef, HHULIUAJIM3UPYCT BbI-
ACJICHHYIO MMaMATb 3HAYCHUCM, DKBUBAJICHTHBIM 3HAYCHHIO IO CCBHIJIKE 7+ ef, M BO3BpAIIacT yKa3aTclib
Ha BBIACJICHHYIO U THUIIUAJIU3UPOBAHHYIO IIAMSATh.

Integer* refl create (&type Integer, 28);

String* ref2 clone (refl);

ref] nauManu3upoBana 3HaueHueM 28. Ilocie BbI3oBa clone() 3HaUeHUS MO CChUIKaM refl U ref2
CTaHOBSITCS SKBUBAJICHTHBIMHU.

DyHKIUA CPABHEHHUS 3HAYEHUM N0 CCHLIKAM

@DyHKIUSA CpaBHUBAECT 0OBEKTHI, IEpeAaHHbIe eif 0 crel(pUKAIMOHHBIM CChIIKaM, BO3Bpallas 11e-
JIOYNCIIEHHBIN pe3yJIbTar.

int compare (Object* left, Object* right)
ITapameTpsl
left

CrneungukanoHHas CCbUIKa Ha MEPBBIM CpaBHUBAEMBIN O0OBEKT.

right
CrienudukanoHHasl CChUIKa Ha TIEPBBI CPAaBHUBAEMBIN OOBEKT.

Bo3Bpamaemoe 3HaueHue

+ B ciyuae 5KBHBaJEHTHOCTH 3HAUEHHH IO MEPEAAHHBIM CCBUTKAM (DYHKIIHS BO3BpaIIaeT Hy-
JIeBOE 3HAUCHHE.

« Ecnu 3HaueHWs He SKBHBAJICHTHBI, (YHKIMS BO3BpAIIAeT HEHYJIEBOE 3HAYEHHE, KOTOPOE
MOYKET HHTEPIIPETUPOBATHCS B 3aBUCHMOCTH OT THIIA CPaBHUBAEMbIX 3HaueHHd. Hampumep,
JUIs OUOJIMOTEYHOT 0 TUIA String pe3yabTaT OyAeT TaKuM e, Kak y QyHKuuu stremp() s
tuna si3bika C char*.

« Ecnm mapamerpbl HIMEIOT HECPAaBHUMBIE THIIBI, TO €CTh THITBI CCHUIOK HEOJNHAKOBBIE, HE SB-
JSIFOTCS MTOJITUITAMU OJTHOTO THIIA, M TUI OHOM CCBUIKU HE SIBIISICTCS MOJTUIIOM JAPYTOi (CM.
VHBapuaHThI TUIIOB), TO (PYHKIUS BO3BpAIIaeT HEHYJIEBOE 3HAUEHUE.

« Ecnum ogHa 13 cChUIOK HyJeBasi, a Ipyras HET, TO BO3BpAIaeTCsl HEHYJIEBOE 3HAYCHHE.

« Ecnm 00e cchutku HyneBbIe, TO BO3BPAIIACTCS HOJb.

if (!compare (refl,ref2)) {/* 3HaueHUS DKBUBAJIEHTHH */

}

else {/* BHaueHMA He DKBUBAJICHTHH */

(I)yHKIIl/IH onpeacJacHusl JIKBUBAJCHTHOCTHA 3HAYEHHUH 10 CChLIIKAM.
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(Dy'HKI_II/IH CpaBHHBACT O6’beKTBI, MNEepCAaHHbIC el 1o CHCL[I/I(I)I/IKaI_II/IOHHBIM CCbUIKAaM, BO3Bpalias Jio-
THYCCKOC 3HAUYCHUC.

bool equals (Object* self, Object* ref)
ITapameTpsl
self

CrneungukanoHHas CCbUIKa Ha MEPBBIM CpaBHUBAEMBIN OOBEKT.
ref

CriendukanoHHasl CChUIKA Ha TIEPBBI CPAaBHUBAEMBIN OOBEKT.

Bo3Bpamaemoe 3HaueHue

« OyHKUUA BO3BpAILACT 3HAYCHUE true, €CIU 3HAYCHMS IO NEPEIAaHHBIM CCBUIKAM DKBUBA-
JICHTHBI, U false B IPOTUBHOM Cily4ae.

« Ecuun napamerpsl UMEIOT pa3InyHbIN TUII, TO (PYHKIMS BO3BpallaeT false.

« Ecnm ogHa U3 cCBUIOK HyJEBas, a Apyras HET, TO Bo3Bpalaercs false.

« Ecun o6e ccpuiku HyneBble, TO BO3BpalaeTcs true.

if (equals(refl,ref2)) {/* 3HaueHMd SKBUBAJIEHTHH */

}

else {/* BHaueHMA He DKBUBAJICHTHH */

q)yHKIIl/IH IMOCTPOCHUA CTPOKOBOI'0 MPEACTABJCHUSA 3HAYCHUHA 110 CCBLJIKE

@OyHKIMSA BO3BpAlIaeT CCHUIKY Ha 3HAUYEHHE THUNA String — CHENU(PHUKAUOHHOE MPEACTaBICHNE
CTPOKOBOTO THUIIA.

String* toString(Object* ref)
ITapameTpsl
ref

VYka3arelb Ha 00BLEKT CHCI_[I/I(I)I/IKaI_[I/IOHHOFO THUIIA.
B03BpamaeM0e 3HAYCHHUEC

OyHKIHS BO3BpAIIAET CChUIKY HA OOBEKT THMA String, B KOTOPOM COACPKHUTCS CTPOKOBOE TMpPE.I-
CTaBJICHUE TIEPEAAHHOTO (PYHKIIMU OOBEKTa.

Integer* ref = create(&type Integer, 28); // ref - 28

String* str toString (ref); // str — "28"

printf ("*ref == '$s'\n", toCharArray String(str));



IIpenonpenesieHHbie ciemu(PUKANMOHHBIEC THIIBI

[IpenonpeneneHHbIMU  TUDAMH  yJOOHO TOJB30BAThCS B cHeuupuKauusax (Hampumep, A
MOJIEJTMPOBAHUS PEANHU3ALIOHHOTO COCTOSIHUS), MOCKOJIbKY OHU NPEJOCTaBISIOT YXE TOTOBYIO,
YHUBEPCAJIbHYIO, TAPAHTUPOBAHHO 0€30IIMO0YHYI0 (PYHKIIMOHAIBHOCTb.



Char

Tun Char siBasieTcst criennGUKalMOHHBIM aHAJIOTOM BCTPOEGHHOTO THMa si3bika C char.
JonoaHuTenbHasi HH(pOpMAIHS

OyHK1MU, onpenenacHubie s tuna Char:

° CO31aHUC CHGHI/Id)I/IKElHI/IOHHOﬁ CCBIJIIKH
° M3BJIeYEHE 3HAYEHN TUIa char.

3aronoBouHblt pann: atl/char.h

create_Char

OyHKIMS co3aaeT crnennUKanoHHyo ccbUiky Tumna Char.
Char* create Char( char c )

ITapamMeTpbI

C
MunnmanuzaliioHHOE 3HAYCHUE.

BosBpamaemoe 3HaueHnune

CnenudukarnonHas ccbliika Turna Char Ha co3aHHBIN 00BEKT.

JononuurtenbHas uHopmanusa

Ota QyHKIMSA onpeiesieHa HapsIy CO CTaHIapTHOM (QyHKIIUN create.
Char* chl = create(&type Char, 'a');

Char* ch2 = create Char('a');
J1Ba moxa3aHHBIX crioco0a co3aaHus cuenu(UKanOHHOW CChIJIKM SKBHUBAJICHTHBI.

value_Char

OyHKIUA MOTy4YaeT 3HaUYeHHue char, coepkaiieecst B CenuuKamoHHOM THIIE.
char value Char( Char* c )

ITapameTpsl

C
CrenndukanonHas ccbiika 3a 3Hadenne tumna Char.

Bo3Bpamaemoe 3HaueHue

CHUMBOJI, SIBIISTFOIIUNCS 3HAYCHHEM CIICIIU()UKAIIMOHHON CCHUTKH C.

JonoaHuTenbHass HHpoOpMALU

K 9TOMY 3HAYCHHUIO TAKIKEC MOKHO O6paTI/ITBC$I C NIOMOIIIBKO PA3BIMCHOBAHUA CHGHH(I)HK&HHOHHOﬁ
CCBIJIIKH:

Char* ch = create Char('a');

char wval = *ch;
Oynkuus value Char() oOecnieunBaeT KOHTPOJIb TUIIOB BO BpeMs MCIIOJHEHUS M € MOKHO Tiepesa-
BaTh yKazaTellb Object™® 6e3 mpeBapUTEIbHOTO PUBEICHUS:

List* 1;



char wval;

val = value Char(get List(1,0)); // Object* get List (List*,int)
OpnHako ecu HeT YBEPEHHOCTH B TOM, YTO MEpelaHHas CChIIIKAa UMEET HYXKHBIW THII, MOXKET TOTpE-
OoBaThCs SIBHASI MPOBEPKA C MOMOIIBIO CTaHAAPTHON QyHKIMH type():

Object* o = get List(1,0));

if (type(o) == &type Char) ({
val = value Char (0);



Integer u Ulnteger

Tunel Integer u Ulnteger SBASIOTCA CHENMU(GUKAIMOHHBIMH aHAJIOTaMH BCTPOSHHBIX THIIOB
sa3plka C int M unsigned int.

JononnuTtenbHas uHopManus

DyHKIMYU, onpeAcseHHbIe sl TUNOB Integer U UInteger:

. CO31aHUE CIICI mg]zyu(a! !I/IOHHOﬁ CCBLJIKH,

e  W3BJICUCHHE 3HAUECHMS THIA int vian unsigned int.

3aronosouHbii chann: atl/Integer.h

create_Integer,
create_Ulnteger

DYHKIIUU CO371aeT Creu(UKAIIMOHHBIE CCHUIKU TUTIOB Integer n UInteger.
Integer* create Integer( int i )
UInteger* create Ulnteger( unsigned int i )
ITapametpsl
1
I/IHI/II_[I/IaJ'II/ISaI_II/IOHHOC 3HAYCHUC.
B03BpamaeM0e 3HAYCHHUEC
CreuundukanuronHas cepiika Tina Integer (UInteger) Ha CO3MaHHBIA OOBEKT.
JonoHuTenbHas HH(pOpMaLUA

Dta QyHKIMS onpeiesieHa Hapsiy CO CTaHIapTHOM (QyHKIIUN create.
Integer* il = create(&type Integer, -28);
Integer* i2 = create Integer(-28);
UlInteger* il = create(&type Ulnteger, 28);

UInteger* 12 = create Ulnteger(28);
JIBa mokazaHHBIX crtoco0a co3/laHus CreM(PUKAIIMOHHON CCHUIKH YKBUBAJICHTHBI.

value_Integer,
value_Ulnteger

OyHKIMA MMOTyYaeT 3HaUYeHHE 1nt, COAEpIKaIeecs B CeU(PUKAIIMOHHOM THIIE.
int value Integer ( Integer* i )
unsigned int value Ulnteger ( Ulnteger* i )
ITapamMeTpbl
i
CrnenudukanroHHas CChIIIKA 3a 3HaUeHUE THNa Integer i UInteger.
JonoHuTtenbHas HH(pOpMALUA

K sTomy 3HaueHUIO Takke MOXHO OOpaTUTHCS C MOMOIIBIO pPa3bIMEHOBAHHS CHEU(PUKAITHIOHHON
CCBUIKH:

Integer* i1 = create Integer (-28);



int wval = *i;
Oynkuus value Integer() obecrieunBaeT KOHTPOJb THIIOB BO BpeMsl MCHOJIHEHHUS U €l MOXKHO
nepeaaBath ykaszareib Object™® 0e3 nmpeaBapuTeIbHOIO IPUBEICHUS:

List* 1;

int val;

val = value Integer(get List(1,0)); // Object* get List(List*,int)
O}IHaKO €CJIM HCT yBepeHHOCTI/I B TOM, 4YTO Hepe)laHHaf[ CCBhIJIKa UMECT Hy)KHBH\/’I THUII, MOXET HOTpe-
O0BaThCs sIBHAS MPOBEPKA C MOMOIIBIO CTaHAapTHOU (yHKIHH type():

Object* o = get List(1,0));

if (type(o) == &type Integer) ({
val = value Integer (0);



Short u UShort

Tuner Short m UShort sBisiroTcst crienuUKaimOHHBIME aHAJIOTAMH BCTPOSHHBIX THIOB si3bika C
short M unsigned short.

JonosHurtensHast uH(popManus

Oynkium, onpenenennsie A Tunos Short u UShort:

s co3laHue cuenu(UKAITMOHHON CCBUIKH;

e W3BJIcUEHME 3HaueHus Tuna short wiam unsigned short.

3aronoBouHbIi ¢pann: atl/short.h

create_Short,
create_UShort

OyHKIMH CO3JaI0T crienudukaontsie ccbuiku TUoB Short u UShort.

Short* create Short ( short 1)
UShort* create UShort ( unsigned short i )
ITapameTpsl

1
I/IHI/IL[I/IaHI/IBaI_II/IOHHOC 3HA4YCHUC.
Bo3Bpaniaemoe 3nauenne
CrenndukanmonHnas cepiika tuma Short (UShort) Ha co3qaHHbIN 00BEKT.
JononnuTtesbHas uHpopManus
Ota QyHKIUSA onpeseneHa Hapsly co CTaHIapTHOW (yHKIMH create.
Short* il = create(&type Short, -28);
Short* i2 = create Short(-28);
UShort* il = create(&type UShort, 28);
UShort* i2 = create UShort (28);

I[Ba MMOKa3aHHBIX CII0CO0a CO3JaHuA CHCI_II/I(i)I/IKaI_II/IOHHOI\/’I CCBIJIKHM DKBHMBAJICHTHBI.

value_Short,
value_UShort
DyHKIUSA MMOTy4YaeT 3HaUeHUEe short, coaepxalieecs B CrienuGUKanOHHOM THIIE.
short value Short ( Short* i)
unsigned short value UShort ( UShort* i )
IMapameTpsI
i
CnenudukanroHHas cChlka 3a 3HadeHue Tuna Short niau UShort.
JomoaHuTeabHass MHGoOpMaHs

K 9TOMY 3HAYCHHUIO TAKIKEC MOKHO O6paTI/ITBC$I C NIOMOIIIBKO PA3BIMCHOBAHUA CHGHH(I)HK&HHOHHOﬁ
CCBIJIIKH:

Short* i = create Short (-28);



short wval = *i;
Oyukuus value Short() oOecnieurBaeT KOHTPOJIb THUIIOB BO BpeMsl UCIOJIHEHUS U €l MOXKHO Iepe-
JlaBaTh yKaszaTeiab Object™ 6e3 mpeaBapUTEeIbHOTO MTPUBEICHHS:

List* 1;

short wval;

val = value Short(get List(1,0)); // Object* get List(List*,int)
OpnHako eciy HeT YBEPEHHOCTH B TOM, YTO MEpe/laHHas CChIJIKa UMEET HYXHBINA TUII, MOXKET MOTpe-
0oBaThCs SIBHASI MPOBEPKA C TIOMOIIBIO CTAHAAPTHOHN QyHKIHH type():

Object* o = get List(1,0));

if (type(o) == &type Short) {
val = value Short(o);



Long u ULong

Tun LOIlg u ULOIlg SABJIAKOTCA Cl'IeI_II/I(l)I/IKaL[I/IOHHLIMI/I aHajioraMi BCTPOCHHBLIX THIIOB fA3bIKa C
long int M unsigned long int.

JonosHurtensHast uH(popManus

dyHKIMHU, OnpeiereHHble 1 Tuna Long:

s co3laHue cuenu(UKAITMOHHON CCBUIKH;

e uW3BJIeUeHHE 3HaueHus Tuna long int win unsigned long int.

3aronoBoYHbIi hann: atl/long.h

create_Long,
create_ULong

OyHKIMK cO37aI0T cenudukaontsie cebuiku TunoB Long u ULong.
Long* create Long( long 1 )
ULong* create ULong ( unsigned long 1 )
ITapameTpsl
1
MHnnuany3alinoHHOE 3HaYCHHE.
Bo3Bpaniaemoe 3nauenne
Crenundukanmonnas cepiika Tuma Long (ULong) Ha co31aHHBI 0OBEKT.
JlonosHUuTE IbHASI HH(OPMALIHS
Ota GyHKIUS olNpeesieHa Hapsay co CTaHAapTHOU (DyHKIUH create.
Long* il = create(&type Long, -28);
Long* 12 = create Long(-28);
ULong* il = create (&type ULong, 28);

ULong* 12 = create ULong(28);
I[Ba MMOKAa3aHHLIX CII0C00a CO3JaHus CHeI_II/I(i)I/IKaI_II/IOHHOI\/’I CCBIJIKKM OKBHUBAJICHTHBI.

value_Long,
value_ULong

OyHKIMS MTOTy4aeT 3HauYeHue 1long, cofepxalieecs B CreUpUKallMOHHOM THIIE.
long value Long ( Long* i )
unsigned long value ULong ( ULong* 1 )
IMapameTpsI
1
CnenudukanroHHas ccbliika 3a 3HadeHue Tuna Long win ULong.
JonoaHuTeIbHAST HH(pOpMAIHSsT

K 9TOMY 3HAYCHHUIO TAKIKEC MOKHO O6paTI/ITBC$I C NIOMOIIIBKO PA3BIMCHOBAHUA CHGHH(I)HK&HHOHHOﬁ
CCBIJIIKH:

Long* i = create Long(-28);



long wval = *i;

Oyukuus value Long() obecrieunBaeT KOHTPOJIb TUIIOB BO BPEMS MCIIOJIHEHUSI U € MOKHO Iepe-
JlaBaTh yKaszaTeiab Object™ 6e3 mpeaBapUTEeIbHOTO MTPUBEICHHS:

List* 1;
long val;
val = value Long(get List(1,0)); // Object* get List(List*,int)

OpHaKo eciii HeT YBEPEHHOCTH B TOM, YTO TepelaHHast CChUTKAa UMEET HYXXHBIN THIT, MOXKET MOTpPE -
0oBaThCs SIBHASI MPOBEPKA C TIOMOIIBIO CTAHAAPTHOHN QyHKIHH type():

Object* o = get List(1,0));

if (type(o) == &type Long) {
val = value Long (o) ;



Float

Tun Float siBnsieTcs cnenn@uKkamoHHBIM aHAJIOTOM BCTPOEHHOTO THMa s3bika C float.
JonoaHuTenbHasi HH(pOpMAIHS

dyHKIIKH, onpeiereHHbIe 1y Tuna Float:

° CO31aHUC CHGHI/Id)I/IKElHI/IOHHOﬁ CCBIJIIKH
° n3Bledenre 3uadenus Tumna float.

3aronoBouHbii pann: atl/float.h

create_Float

OyHKIMS cO3aeT creurnUKaMOHHY0 cChUIKY Tuma Float.
Float* create Float( float f )

ITapamMeTpbI

f
MunnmanuzaliioHHOE 3HAYCHUE.

BosBpamaemoe 3HaueHnune

Cnenudukarnonnas ccblika tumna Float Ha co3manHbIil 00BEKT.

JononuurtenbHas uHopmanusa

Ota QyHKIMSA onpeiesieHa HapsIy CO CTaHIapTHOM (QyHKIIUN create.
Float* fl = create(&type Float, 3.14);

Float* f2 = create Float(3.14);
J1Ba moxa3aHHBIX crioco0a co3aaHus cuenu(UKanOHHOW CChIJIKM SKBHUBAJICHTHBI.

value_Float
q)}IHKHI/Ifl IMoJIy4JacT 3HAaUCHUC £ loat, COZCpIKaIICECA B CHeHI/I(l)I/IKaI_[I/IOHHOM TUIIC.
float value Float( Float* f )

ITapameTpsl
£

CrenndukamoHHas ccblika 3a 3Hadenue tuna Float.

JonosHuTtenbHast uH(popManus

K sToMy 3HaueHMIO Takke MOKHO OOpATUTHCS C TIOMOIIBIO PAa3bIMEHOBAHHS CIICIU(PUKAITMOHHON
CCBUIKH:

Float* f = create Float(3.14);

float wval = *f;
Oynkuus value Float() obecrieunBaeT KOHTPOJIb TUIIOB BO BPEMS HCIIONHEHUS U €l MOXKHO Tepe-
JaBaTh yKazaTesb Object™® 0e3 mpeaBapuTeIbHOTO IPUBEACHUS:

List* 1;

float wval;



val = value Float(get List(1,0)); // Object* get List(List*,int)
OpHaKO €ClT HeT YBEPSHHOCTH B TOM, YTO MEpelaHHas CChIIIKA UMEET HYXKHBIA THII, MOXKET TIOTpPE-
O0BaThCs sIBHAS MPOBEPKA C MOMOIIBIO CTaHAaPTHOU (yHKIHH type():

Object* o = get List(1,0));

if (type(o) == &type Float) {
val = value Float(o);



Double

Tun Double siBnsieTcs cienndukaoHHBIM aHAJIOTOM BCTPOECHHOTO THMA s13bika C double.
JonoaHuTenbHasi HH(pOpMAIHS

dyHKIMU, onpeneaeHHbIe 11 Tuna Double:

e co3janue crnenudUKAIMOHHON CCBLIKH;
o wu3BJeuyeHue 3HauyeHud tuna double.

3aronoBouHblit pann: atl/double.h

create_Double

OyHKIMS co3aeT crenn(UKaMoOHHYI0 cchUIKy Tumna Double.
Double* create Double( double d )

ITapamMeTpbI

d
HHunnuyannu3aiioHHOE 3HAaUCHHUE.

BosBpamaemoe 3HaueHnune

Crnenmdukarnonnas ccpliika Turma Double Ha co3maHHbBIN 0OBEKT.

JlonosauTe/IbHAst HH(OpMAIHs

Ota QyHKIMSA onpeiesieHa HapsIy CO CTaHIapTHOM (QyHKIIUN create.
Double* dl = create(&type Double, 3.14);
Double* d2 = create Double(3.14);

J1Ba moxa3aHHBIX crioco0a co3aaHus cuenu(UKanOHHOW CChIJIKM SKBHUBAJICHTHBI.

value_Double

OyHKIMA MOTyYaeT 3HaueHne double, copepiKaieecs B Crielin(puKamoHHOM THIIE.
double value Double( Double* d )

ITapameTpsl
d

CrennukanmoHHas ccbUIKa 3a 3HaueHue tuna Double.
JonosHuTtenbHast uH(popManus

K sToMy 3HaueHMIO Takke MOKHO OOpATUTHCS C TIOMOIIBIO PAa3bIMEHOBAHHS CIICIU(PUKAITMOHHON
CCBUIKH:

Double* d = create Double(3.14);

double *p = (double*)d;
Oynkuus valueDouble() obecrieurBaeT KOHTPOJIb TUIIOB BO BpEMsl UCTIOTTHEHHSI U €l MOKHO Tepe-
JaBaTh yKazaTesb Object™® 0e3 mpeaBapuTeIbHOTO IPUBEACHUS:

List* 1;

double val;



val = value Double(get List(1,0)); // Object* get List (List*,int)
OpHaKO €ClT HeT YBEPSHHOCTH B TOM, YTO MEpelaHHas CChIIIKA UMEET HYXKHBIA THII, MOXKET TIOTpPE-
O0BaThCs sIBHAS MPOBEPKA C MOMOIIBIO CTaHAaPTHOU (yHKIHH type():

Object* o = get List(1,0));

if (type(o) == &type Double) {
val = value Double (0);



VoidAst

Tun VoidAst sBisieTcst cieniuuKaiimOHHBIM aHAJIOTOM BCTPOSHHOTO THMa si3bika C void.
JonoaHuTenbHasi HH(pOpMAIHS

DyHKIIMU, onpeieTIeHHbIe 11 Tuna VoidAst:

+ co3laHue crenubUKANMOHHON CChIIKH;
e  U3BJCYECHHE 3HAYECHUA TUOA void*.

3aronoBouHbli pann: atl/voidast.h

create_VoidAst

OYHKIMS cO3aeT creln(DUKAIIMOHHYIO CChUIKY THMA VoidAst.
VoidAst* create VoidAst ( void* v )

ITapameTpbi

v
Nunnmanu3aimonHoe 3Ha4eHue.

Bo3spamaemoe 3HaYeHHE

CrnenudukaoHHas CChIIIKA THTA VoidAst Ha CO3aHHBIA OOBEKT.

JonoHuTenbHas HH(pOpMaLUA

Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOM (QyHKIIUN create.
VoidAst* vl

create (&type VoidAst, NULL);

VoidAst* v2 = create VoidAst (NULL);
I[Ba ITOKA3aHHBbIX cnoco6a CO31aHusA CHGLII/I(I)I/IKaLII/IOHHOI\/'I CCBIJIKHK DKBHBAJICHTHBI.

value_VoidAst
OyHKIMA MOTy4YaeT 3HaUeHue void™®, comepikaineecs B cieliU(pUKAIIMOHHOM THIIE.
void* value VoidAst( VoidAst* v )
ITapamerpsl
v
CreuungukaMoHHas CChUIKA 32 3HAYeHHE TUMA VoidAst.
JonosHuTtenbHass uHpopManus

K 9TOMY 3HAYCHUIO TAKIKC MOKHO O6paTI/ITBC$I C NIOMOIIIBKO PA3BIMCHOBAHUA CHCHH(I)HK&HHOHHOﬁ
CCBIJIKH.

VoidAst* v = create VoidAst (NULL) ;

voidast wval = *v;
OyHK1uA value VoidAst o0ecrneyrBaeT KOHTPOJIb THIIOB BO BPEMs HCIIOJHEHHS U €d MOXKHO
NnepeaaBaTb yKa3aTeib Obj ect* 0e3 MNpEaABApUTCIILHOTO ITPUBCACHUA:

List* 1;

void* wval;



val = value VoidAst (get List(1,0)); // Object* get List (List*,int)
O}IHaKO €CJIN HCT yBepeHHOCTI/I B TOM, 4YTO Hepe)laHHafI CCBhIJIKa UMECT Hy)KHBH\/’I THUII, MOXET HOTpe-
60B3.TBC5I sIBHaAsA HpOBCpKa C ITIOMOIIIBIO CTaHI[apTHOﬁ (I)YHK]_II/H/I type:

Object* o = get List(1,0));

if (type(o) == &type VoidAst) {
val = value VoidAst (o) ;



Unit

Tun Unit sBiseTCS TUIIOM C €IMHCTBEHHBIM 3HAYEHHEM: JBE HEHYJEBbIE CHEeIHM(HUKAIIMOHHBIE
CCBUIKH THINA Unit BCETra CUUTAKOTCS PABHBIMHU JIPYT IPYTY.

JononnuTtenbHas uHopManus

@yHKIMHU, ONPEEICHHBIC Ul TUIA Unit:

. CO31aHUE CIICI mg]zm(a! !I/IOHHOﬁ CCBLJIIKH

3aronoBouHbi pann: atl/unit.h

create_Unit

DyHKIUA co3/1aeT Crenu(PUKAIMOHHYIO CChUIKY THIA Unit.
Unit* create Unit (void)

Bo3Bpa1uaeM0e 3JHAYCHHUC

CreunukanoHHas CChIIKa THMA Unit HAa CO3JaHHBINA OOBEKT.

JononnuTesbHasA uHpopMaua

Ota QyHKIUS onpeseneHa Hapsly co CTaHIapTHOU (QyHKIUN create.
Unit* ul = create(&type Unit);

Unit* u2

create Unit();

JIBa noka3aHHbIX crioco0a co3/1aHus CeNU(PUKALNOHHON CChIJIKA DKBUBAJICHTHBI.



Complex

Tun Complex CIYXHUT ISl IPEACTABICHUS KOMIUIEKCHBIX YHCET.
JonoHuTenbHAsA HH(POPMALUA
Jns cnenuguKalmoOHHBIX CCBUIOK Ha TUN Complex AEMCTBYIOT OOBIYHBIE MpaBHJa CPAaBHEHUS
( (re1, imy) = (rea, imy) <> rey = res, imy = im, ). CTpOKOBOE TIpecTaBICHUE uMeeT Buj ( re + im™*i).
bazoBbIM THIIOM 4715 THIA Complex CIYXKHUT CTPYKTYpa:
struct {
double re;
double im;
bi

Jlyist monmydeHust ISUCTBUTEIFHON M MHUMOM YacTel He ONPE/ENICHO CIeUalbHbIX (PyHKIN; cie-
IyeT MOJIb30BaThCs Pa3bIMEHOBAHUEM CTIEIU(PUKAIIMOHHOMN CCHUIKH:

Complex* c = create Complex(1.4, -0.6);

double re c->re;
double im = c->im;

CDYHKI_II/II/I, OIIpeACJICHHBIC AJI TUIIA Complex:

. CO31aHUE CIICI !I/IngI/IKa! !HOHHOI}’I CCBIJIIKH

3aronoBouHbI¥ ¢ain: atl/complex.h

create_Complex
OyHKIHS cO3aeT crenn(DUKAIIMOHHYIO CChUIKY THIA Complex.
Complex* create Complex ( double re, double im )
ITapameTpbi
re
BemecTBeHHas 4acTh KOMIIJIEKCHOT'O YHMCIIA.
im
MHuuMas 4acTh KOMIUIEKCHOTO YHCIIA.
Bo3Bpaniaemoe 3nauenme
Crienn(pukanmoHHas CChIIKA THIA Comp lex Ha CO3JaHHBIA 0OBEKT.
JononnuTtenbHas uHopManus

Ota QyHKIUS onpeseneHa Hapsly co CTaHIapTHOW (yHKIMH create.

Complex* cl create (&type Complex, 1.4, -0.6);

Complex* c2 = create Complex (1.4, -0.6);

JIBa mokazaHHBIX crtoco0a co3/1aHus CreM(PUKAIIMOHHON CCHUIKH YKBUBAJICHTHBI.



String

Tun String CIyXHUT ISl IPEICTABICHUS CTPOK.

JonoaHuTenbHasi HH(pOpMAIHS

[IpunsaTeiii B s3p1ke C criocod MpeacTaBlIeHNs CTPOK B BUJE MacCHBa THNA char HE YKJIaJbIBaeTCs
B paMKHu jgomyctuMoro tuma. [loatomy Besne, rae TpedyeTcst TOMyCTUMBINA THII, YA0OHO IpeacTaB-
JSITH CTPOKH TAaHHBIM CIICU(PUKAIIMOHHBIM TUIIOM.

Jlnis cnennUKaMOHHBIX CCBUIOK Ha THI String AEWCTBYIOT OOBIYHBIE MTPABUJIA CPABHEHHUS CTPOK
(xak B pyHKIMH strcmp). [lo3unuu cumBonoB Hymepyrores ot 0.

Co crienpUKaIMOHHBIME CTPOKAMHU MO>KHO paboTaTh Kak ¢ 00bIYHbIMH C-CTpOKaMHU, IPUHUMAsS BO
BHHMaHHE, YTO 3HAUCHHE 3TOW CTPOKU HE JOIDKHO M3MEHAThes. [ nomyuenus gocryna k C-ctpo-
Ke UCIoib3yeTca GpyHKnus toCharArray String, BO3Bpalllalolas yka3aTelb Ha MaCCUB BHYTPU
crenu(pHUKaMOHHOTO TUIIA.

B 10 xe Bpems ompeneneHo 00JbIIOE KOJWYECTBO (QYHKIUN M JUIsl CaMUX CHEeUU(PUKAIIMOHHBIX
cTpok. Bo Bcex 3Tux QpyHKIMAX crenn(puKaluOHHbIe CChUIKM Ha TUIT String HE TOJKHBI OBITh HY-
JIEBBIMHU.

3aronoBoYHbIN hann: atl/string.h

« create_ String
OyHKIMS CO3aeT crieln(PUKAIIMOHHYIO CChUIKY THIIA String.

« charAt_String
@yHKIMS BO3BPALLAET CUMBOJ B IaHHOM MMO3ULIUY index.

e concat_String
@yHKIMS BO3BpallaeT CHEHU(PUKAMOHHYIO CChUIKY TUIA String Ha KOHKATEHAIUIO JIBYX
3aJJaHHBIX CTPOK.
- startsWith String
@DyHKIUS POBEPSIET, HAUMHAETCS JIU CTPOKa self CTpOKon suffix.
- startsWithOffset String
@DyHKIUS NPOBEPSET HAINYME MOJCTPOKH fix B CTPOKE self Ha 3alaHHOM MO3UIUH.

- endsWith_String
OyHKIUS NPOBEPsIET, 3aKaHYUBACTCS JIU CTPOKA self CTpOKoil suffix.

« indexOfChar_String
Nier 3aganHbIii CUMBOJ B CTPOKE U BO3BpAIlla€T HOMEP MEPBOM HAWIEHHOW MO3UIIUH.

« indexOfCharFrom_String
Wiier 3agaHHbIil CUMBOJI B CTpPOKE, HauMHasl ¢ MO3UIUU fromlndex, n BO3BpaIiaeT HOMeEp
MEPBOM HANJAECHHOM MTO3HIIUY.

« indexOfString_String
Nier 3a1aHHyI0 MOACTPOKY B CTPOKE M BO3BPAIAET HOMEP NIEPBOM HAUJICHHOW MO3ULUH.

« indexOfStringFrom_String
Nimer 3a1aHHy 0 TIOJICTPOKY B CTPOKE, HAUMHAS C TIO3UIHH fromiIndex, M BO3BpaIaeT HoMep
MepBOM HANJACHHOMN MO3UIIUH.

« lastindexOfChar_String
WeT 3a1aHHbIi CHMBOJI B CTPOKE CIIpaBa HAJIEBO M BO3BpaIllaeT HOMEpP MepBOM HalIeHHOM
(0370005078




lastIndexOfCharFrom_String
I/IHIGT SaHaHHBIfI CHMBOJI B CTPOKEC CIIpaBa HaAJICBO, HAYWHAA C IMMO3WIKWHU WU BO3BpaAIIacT HO-

Mep IEPBOU HAWIEHHOHN NO3ULIUN.

lastIndexOfString_String

Hier 3a1aHHyI0 OACTPOKY B CTPOKE CIIpaBa HAJIEBO U BO3BPALLAET HOMED IEPBOU HaWICH-
HOM MO3ULUH.

lastIndexOfStringFrom_String

Nmer 3ananHyio MOACTPOKY B CTPOKE CIpaBa HAJIEBO, HAYMHAS C MO3ULUU fromlndex, n
BO3BpAILaeT HOMEP MEPBOU HAWIEHHOHN MO3ULIUU.

length String
@yHKIMSI BO3BPALLAET AJIUHY CTPOKH.

regionMatches_String, regionMatchesCase String

[IpoBepsieT coBnazeHue GpparMeHTa cTpoku self ¢ pparmeHToM cTpoku other. DyHKUUA
regionMatchesCase String yY4UTBIBAET PETUCTP CUMBOJIOB, QYHKIUSA

regionMatches String MMeeT JONOJHUTENbHBIN apaMeTp ignoreCase, MO3BOJISIOIINN
UTHOPUPOBATh PErucTp OyKB UM YUUTHIBATH €TO.

replace_String
3aMeHseT B JaHHOU CTpoKe Bce cUMBOJIBI 0/dChar Ha cumBoiibl newChar.

substringFrom_String

OyHKIHS BO3BpAIIAeT MOJCTPOKY, BKIIOUYAIOIIYI0 CUMBOIIBI C MO3UIUHU beginlndex mo kKoH-
1a.

substring_String

OyHKIUSA BO3BpallacT IMOACTPOKY, BKIFOYAIONIYI0 CHMBOJIBI C TO3UIMH beginlndex 1o
endIndex — 1 BKIIOUUTEIIBHO.

length String

OyHKIHST BO3BpalIaeT TMOJCTPOKY, BKIIOYAIONIYIO CHUMBOJIBI C TMO3UIUU beginlndex 1o
endIndex — 1 BKIIOYUTEIBHO.

toLowerCase_ String
OyHKIUS TIEPEBOIUT OYKBBI CTPOKH B HIDKHUE PETUCTP.

toUpperCase_String
OyHKIUS IEPEBOJUT OYKBBI CTPOKU B BEPXHHIA PETUCTP.

toCharArray_String

Oynk1us Bo3BpaiaeT C-cTpoKy, COOTBETCTBYIOILYIO TaHHOM crielU(pUKAIIMOHHON CTPOKE.
trim_String

@DyHKIUSA BO3BpAIaeT CTPOKY, MOJIyUYEHHYIO M3 self 0TOpachlBaHHEM MPOOETbHBIX CUMBO-
JIOB B HayaJle ¥ KOHIE CTPOKHU.

format_String

OyHKIUSA BO3BpAIIAET CICIUPUKAIMOHHYIO CTPOKY, COOTBETCTBYIOUIYIO BBIBOJY (DYHKIIHU
printf ¢ TEeMH e mapaMmeTpaMu.

valueOfBool_String
@DyHKIUS BO3BpAIIaeT CTPOKOBOE MPECTABICHNE 3HAUEHUs THIIA bool.

valueOfChar_String
@DyHKIUSA BO3BpAIaeT CTPOKOBOE MIPECTABICHNUE 3HAUEHUs THIIA char.

valueOfShort_String

@DyHKIUS BO3BpAIIAeT CTPOKOBOE MIPECTABICHUE 3HAUEHUS THUIIA short.
valueOfUShort_String

@OyHKIMS BO3BPAILLAET CTPOKOBOE MPECTABICHNE 3HaUeHHsI TUIA unsigned short.
valueOfInt_String

@yHKIMA BO3BPAIIAET CTPOKOBOE NPEICTABICHNAE 3HAYEHHSI TUIA int.
valueOfUlInt_String

@yHKIMSA BO3BPAIIAECT CTPOKOBOE NPEICTABICHNE 3HAYCHHs TUIIA unsigned int.




« valueOfLong String
@yHKIMA BO3BPAIIAET CTPOKOBOE NPEICTABICHNE 3HAYEHHsI TUNA long.

« valueOfULong_ String
@yHKIMA BO3BpAIIAET CTPOKOBOE IIPEICTABICHUE 3HAYEHMs THIA unsigned long.

« valueOfFloat_String
@yHKIMA BO3BpAIIAET CTPOKOBOE IPEICTABICHNE 3HAYCHHs ThIA float.
« valueOfDouble_String
@yHKIMS BO3BPAIIAET CTPOKOBOE IPEICTABICHNE 3HAY€HHs TUIIA double.
« valueOfPtr_String
OyHKIUS BO3BpAIIAeT CTPOKOBOE MPECTABICHNE 3HAUCHHs TUIa void™*.
« valueOfObject String
OyHKIUSA BO3BpAIIAET CTPOKOBOE MPECTABICHUE 3HAUCHUS CTICHU(PUKAIIIOHHOTO THIIA.
« valueOfBytes String
Oynkius Bo3Bpalaer cTpokoBOe HIECTHAALATEPUYHOE MPEICTaBICHHE MaccHBa 0ailToB p
JUTHHEI /.

create_String

OyHKIHS cO3aeT crenn(UKAIMOHHYIO CChUIKY THMA String.
String* create String ( const char *cstr )

ITapamMeTpbl

cstr
MunnmanvzaliioHHOE 3HAYCHUE.

BosBpamaemoe 3Hauenune

CrnenudukaoHHas CChIJIKA TUTA String HAa CO3/IaHHBIN OOBEKT.

JonosHuTe1bHAA HH(OPMALUA

Ota QyHKIMS onpeiesieHa HapsIy CO CTaHIapTHOW PYHKIIUN create.
String* sl = create(&type String, "a string");

String* s2 = create String("a string");
I[Ba IMOKA3aHHBIX CII0C00a CO3JaHusA CHGHH(bHKaHHOHHOﬁ CCBIJIKM 3KBUBAJICHTHBI.

charAt_String
@yHKIMS BO3BPALLAET CUMBOJ B IaHHOM MO3ULIUU index.
char charAt String( String* self, int index )
ITapameTpsl

self

Crpoka, CHMBOJI KOTOPOl TpeOyeTcst OnpeeuTh.
index

Homep nosunuu BHyTpH CTPOKHU.
BosnpamaeMoe SJHAYCHHUC

CumBoJI, HalIEHHBIN B cTpoke self Ha mo3uruu index.



JonoaHuTenbHasi HH(poOpMAIH

Homep mo3unumn A0KEH HaXOOUTHCS B mpenenax crpokd. Hymepanus HaunHaercs ¢ 0; mosumus
MOCJIETHET0 3HAYMMOTO CHMBOJIa BBIUMCIAETCS C ToMombio (yHkimun length String xax
length String(self) - 1.

String* s = create String("abracadabra");

printf ("$c\n", charAt String(s,5));

E |

concat_String

OyHKIMS BO3BpallaeT CHEU(PUKAIMOHHYIO CChUIKY THUMNA String Ha KOHKATEHAIMIO JBYX 3aJlaH-
HBIX CTPOK.

String *concat String( String* strl, String* str2 )
ITapamerpsl
strl
[IepBast yacTh KOHKaTEHAIUU.
str2
Bropas 4yacTh KOHKAaTE€HALIUH.
Bo3Bpaiaemoe 3HayeHue
CrienudukanoHHast CTPOKa, MOJMyYeHHAs: KOHKaTeHaIMen CTpok strl u str2.

JonoaHuTenbHasi HH(pOpMAIHS

String* sl = create String("abra");
String* s2 = create String("cadabra");
String* s = concat String(sl,s2);

printf ("$s\n", toCharArray String(s));

‘abracadabra

startsWith_String
DyHKIUS POBEPSIET, HAUMHAETCS JIM OJTHA CTPOKA APYTOM.
bool startsWith String( String *self, String *prefix )
ITapamerpsl
self
Ctpoka, Ha4asio KOTOpOi TpeOyeTcsi IPOBEPUTH.
prefix
HckoMoe Hayano CTpOKH.
Bo3Bpanaemoe 3HaueHmne
true, ecnu crpoka self HaunHaeTcst moacTpokoii prefix. false B JH0O0M JIpyrom ciydae.
JonosHuTtenbHast HHpopManus

Ecnu ctpoka prefix mycta, Bo3BpamaeT true. Eciu ummHa cTpoku prefix 6onblie, yeM JuinHa self,
BO3BpalIacT false.

String* s = create String("abracadabra");

String* sl = create String("abra");
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String* s2 = create String("cadabra");
printf ("1) %d\n2) %d\n ",
startsWith String(s,sl),
startsWith String(s,s2)
)7
1) 1
2) 0

startsWithOffset_String

OyHKIUS POBEPSET HAINYHNE TTOJCTPOKH fix B CTPOKE Self Ha 3alaHHOM TTO3UITUH.
bool startsWithOffset String( String *self, String *fix, int toffset )
ITapamerpsl
self
Crpoka, B KOTOpO# TpeOyeTcs: UCKaTh MOJICTPOKY.
fix
Hckomas MMOoACTpPOKaA.
toffset

[To3uuus B 3a1aHHOM CTPOKE.
BosBpamaemoe 3Hauenune

true, ecii B cTpoke self Ha mo3unmu toffset HaunHaeTcs moacTpoka prefix. false B IOOOM Ipy-
TOM CiIydJae.

JonoaHuTenbHasi HH(pOpMAIH

Ecnamn mosunmst oTpumarensHa WIM MPEBOCXOIUT JUIMHY CTPOKH self, Bo3Bpamaer false. Ecim
CTpOKa prefix mycra, Bo3BpamaeT true. Eciam mymmHa cTpoku prefix Oomnbliie, 4eM JUIMHA Self, BO3-
Bpamaer false.

String* s = create String("abracadabra");
String* sl = create String("abra");
printf("1) %d\n2) %d\n",
startsWithOffset String(s,sl,7),
startsWithOffset String(s,s2,8)
)7
1) 1
2) 0

endsWith_String

@yHKIMS IPOBEPSET, 3aKaHUMBaeTCs Jiu cTpoka self crpoxoii suffix.
bool endsWith String( String *self, String *suffix )

ITapameTpsl
self

Ctpoka, B OKOHUYaHUE KOTOPOU TpeOyeTcs MPOBEPUTH.



suffix
HckoMoe OKOHYaHHE CTPOKH.
Bo3Bpamaemoe 3HaueHue
true, eciu cTpoka self 3akanumBaeTcst moAcTpokoii suffix. false B TF0OOM APYyrom cirydae.
JonosnHurtenbHass HHGpOpMaLUs

Ecmu crpoka suffix mycra, GpyHKIIUS BO3BpamaeT true. Ecnu umHA CTPOKH suffix Oonbine, yem
JITHa self, GyHKIus Bo3BpamiaeT false.

String* s create String("abracadabra");

String* sl create String("abr");

String* s2 create String("cadabra");

printf( "1) %d\n2) %d\n "
, endsWith String(s,sl)
, endsWith String(s,s2)

indexOfChar_String

Nier 3aganHbIii CHMBOJ B CTPOKE U BO3BPAILIAET HOMEP MEPBOM HAWICHHOW MO3UIIHUH.
int indexOfChar String( String* self, int ch )

ITapamerpsl

self
Ctpoxka, B KOTOpOH TpeOyeTcsi nCKaTh CUMBOJI.

ch

M ckoMBIil CHMBOIL.

Bo3Bpamaemoe 3HaueHHe

Howmep nepBoro cumBoina ch B crpoke self. Eciiu cumBon He HaiineH, Bo3Bpaiiaercs -1. /st cumBo-
na ¢ konom 0 pyHKIMs Bceraa Bo3Bpamaer —1.

JonoHuTenbHas HH(POpMALUA
String* s = create String("abracadabra");
printf( "1) %d\n2) %d\n"
, indexOfChar String(s,'b'")
, indexOfChar String(s,'z'")
)7

1) 1

2) -1

indexOfCharFrom_String

WNimer 3agaHHbIil CHMBOJN B CTPOKE, HAUWHAS C MO3UIMH fromindex, u BO3BpaliaeT HOMep NEepBOi
HaWeHHON TO3UIINH.

int indexOfCharFrom String( String* self, int ch, int fromIndex )



ITapameTpsl
self

CTpOKa, B KOTOpOﬁ Tpe6yeTc>1 HCKAaTh CUMBOIJI.
ch

M ckOMBIIT CHMBOIL.

fromIndex
ITo3unusg Hayaja Moucka.
Bo3Bpamaemoe 3HaUYeHHE

Homep mepBoro cumBona ch B ctpoke self, Haumnas c¢ mosunmu fromlndex. Ecnu mosunus
JfromIndex npeBOCXOIUT JUIUHY CTPOKU self, T. . fromIndex > length String (self), Bo3Bpa-
maet —1. Ecnu cuMBon He HaiineH, Bo3Bpamaercs -1. [{nga cumBona ¢ kogom 0 ¢yHKIuS Beerna
BO3Bpamaer —1.

JononnuTtesnbHas uHopManus

Ecnu fromIndex < 0, To 3a mo3uiuio Havasa noucka npuHumaetcst 0.
String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"
, indexOfCharFrom String (s, 'b',5)
, indexOfCharFrom String(s, 'b',9)
)7

1) 8
2) -1

indexOfString_String

Hiuer 3agaHHy0 IOACTPOKY B CTPOKE U BO3BPALLAET HOMEDP NEPBOM HAWICHHOW MO3ULIMHU.
int indexOfString String( String* self, String* str )

IHapameTpsl

self
Crtpoxka, B KOTOpOH TpeOyeTcsi NCKaTh MOJICTPOKY.

Sstr
Hckomas noactpoka.

Bo3Bpamaemoe 3HaueHue

Ecnu monmcrpoka str HaliieHa B cTpoke self, To Bo3BpamaeTcst mo3uius B cTpoke self, ¢ koTopoii Ha-
ynHaetcd str. Ecnu monctpoka He HaiiieHa, Bo3BpamaeTcs -1.

JonoaHuTenbHass HHpoOpMALU

Ecnu moactpoka mycra, OHa CUATAETCs BXOJAIICH B THOO0YIO0 CTPOKY (B TOM YHMCIIE B MYCTYIO) C MO-
sunuu 0.

String* s = create String("abracadabra");

String* sl create String("abra");

String* s2
printf( "1) %d\n2) %d\n"
, indexOfString String(s,sl)
, indexOfString String(s,s2)
)

create String("cdbr");



1) O
2) -1

indexOfStringFrom_String

NieT 3amanHy0 MOACTPOKY B CTPOKE, HaUWHAs C TO3UIIUU fromIndex, n BO3BpamiaeT HOMep mep-
BOI HAWJIEHHOW MO3UIHU.

int indexOfStringFrom String( String* self, String* str, int fromIndex )
IMapameTpsI
self

3aaHHas CTPOKa.

Str

Nckomas noacrpoxa.
fromIndex

[To3unus Havasia moucka.
Bosspamaemoe 3Hauenune

Ecnm moactpoka str HaiizieHa B ctpoke self, HaunHas ¢ mo3uruu fromlndex, To Bo3Bpammaercs mo3u-
s B cTpoke self, ¢ koropoit HaunHaercs str. Ecnu nmosunus fromiIndex npeBOCXOAUT JUTHHY CTPO-
ku self, T. e. fromIndex > length String(self), pynkuusa Bo3pamaer —1. Eciu nogcrpoka
He HaljieHa, Bo3Bpamaercs -1.

JonosHurtensHast uH(popManus

Ecmu fromIndex < 0, To fromIndex monaraercst paBabiM 0. Eciu moacTpoka mycra, OHa CYUTAETCS
BXOJISIIIIEH B JIIOOYIO CTPOKY (B TOM YHCJIE B MYCTYIO) C TIO3UIUU fromindex.

String* s = create String("abracadabra");

String* sl create String("abra");

printf( "1) %d\n2) %d\n"
, indexOfString String(s,sl,5)
, indexOfString String(s,sl, 8)
) ;

1) 7
2) -1

lastindexOfChar_String

Nier 3amanHblil CUMBOJ B CTPOKE CIIpaBa HaJEBO M BO3BpAIA€T HOMEP MEPBOM HANIAEHHOMN MO3M-
oHun.

int lastIndexOfChar String( String* self, int ch )
IMapameTpsI
self
3agaHHas CTpoKa.
ch
HckoMbIii CHMBOIL.
Bosspamaemoe 3Havenune

[Toszummst mocneanero cumBoiia ch B ctpoke self. Ecnu cumBon He HaiineH, Bo3Bpamaercs —1. Jlns
cuMmBoIa ¢ kojaoM 0 Bcerna Bo3Bparniaercs —1.



JononuurtenbHas uHopmanusa
String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"

, lastIndexOfChar String(s, 'b"')
, lastIndexOfChar String(s,'z"')
)

1) 8
2) -1

lastindexOfCharFrom_String

Nier cuMBOJI B CTPOKE CIIpaBa HaJIEBO, HAYMHAS C 3aIaHHOM MO3UIIMM, U BO3BpAIaeT HOMEP Mep-
BOI HAWJIEHHOU MO3UILINU.

int lastIndexOfCharFrom String( String* self, int ch, int fromIndex )
ITapamerpsl
self

3amaHHas CTpoKa.
ch

HckoMBIiT CHMBOIL.

fromIndex

ITo3uiusa Hayana nmoucka.
BosBpamaemoe 3Hauenune

[Tozunmst cumBona ch B crpoke self. Ecnu fromindex < 0, Bo3Bpamiaet —1. Eciiu cuMBOJI HE HaliieH,
¢dbynkus Bo3Bpamaet —1. st cumBoia ¢ kogom 0 pyHKIMs Beeraa Bo3Bpariaer —1.

JonosHuTtensHast uHpopManus
Ecnu fromIndex mpeBocXoauT JUTHHY CTPOKH self, T. e. fromIndex > length String(self), 10
3a [MO3ULIMIO Hayaja IIOUCKA IPUHUMAETCS MO3ULIMA IIOCIEIHETO CUMBOJIA CTPOKU.

String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"

, lastIndexOfCharFrom String (s, 'b',5)
, lastIndexOfCharFrom String (s, 'b',0)
) ;

1) 1

2) -1

lastindexOfString_String

Hier 3a1anHy0 MOJACTPOKY B CTPOKE CIpaBa HAJIEBO UM BO3BpAILAET HOMEP NMEPBOM HAUJEHHOM MO-
3ULUH.

int lastIndexOfString String( String* self, String* str )

ITapameTpbi
self

3az[aHHa>1 CTpOKa.

str

Hckomas noacrpoka.



Bo3Bpamaemoe 3HaUYeHHE
Ecnu moacTpoka He HaileHa, Bo3BpamiaeT —1.
JonmoaHuTenbHAsi HH(pOPMALHS

Ecnu moacTpoka mycra, OHa CYUTAETCSl BXOIAIIEH B JIFOOYIO CTPOKY (B TOM YHUCIIE B MYCTYIO) C TO-
sunuu length String(self).

String* s = create String("abracadabra");

String* sl create String("abra");

String* s2 create String("cdbr");

printf( "1) %d\n2) %d\n"
, indexOfString String(s,sl)
, indexOfString String(s,s2)
) 7

1) 7
2) -1

lastindexOfStringFrom_String
Nmer 3agaHHyo MOACTPOKY B CTPOKE CIpaBa HajeBO, HAUMHASI C MO3ULIUU fromIndex, n Bo3Bpala-
€T HOMEp IIepBOU HANJECHHOM MO3ULUU.

int lastIndexOfStringFrom String( String* self,
String* str,
int fromIndex

ITapamerpsl
self

3agaHHas CTpoOKa.

str

Hckomas noacrpoka.

fromIndex
[To3unms Havana noucka.
Bo3sBpanaemoe 3HaueHmne
[o3unms noactpoku str B crpoke self. Ecnu fromIndex < 0, BozBpamaer —1
JdononnuTtenbHas uHpopManus

Ecnu fromIndex nmpeBOCXOIUT IUTMHY CTPOKH self, T. €. fromIndex > length String(self),
TO 3a MO3UIMIO0 Havalla MOMCKa MPUHUMAETCA length String (self). ECJ‘II/I;IOJICTpOKa IycTa,
OHA CYMTACTCS BXOJIAIICH B JIIOOYIO CTPOKY (B TOM YHCIIE B IYCTYIO) C MO3UIUH fromindex.
String* s = create String("abracadabra");
String* sl = create String("abra");

printf( "1) %d\n2) %d\n"
, lastIndexOfString String(s,sl, 3)
, lastIndexOfString String(s,sl,2)
)7

2) -1




length_String
@yHKIMS BO3BpAILAET JIMHY CTPOKH.
int length String( String* self )
ITapameTpsl
self
Crtpoka, IMHY KOTOpO# TpeOyeTcst HaluTH.
Bo3Bpamaemoe 3HaueHue
To4yHOE KOJTMYECTBO CHMBOJIOB B CTPOKE self.
JonoaHuTenbHAsE HH(OPMALHS
Ota QyHKIMS OlpeiesieHa HapsAay cO CTaHAApTHOW QyHKUUHN create.
String* s = create String("abracadabra");

printf( "%d\n", length String(s) );

|11

regionMatches_String,
regionMatchesCase_String

[IpoBepsier coBmazeHue ¢parMeHTa CTPOKH self ¢ (parMeHTOM CTpOKH other. DyHKuusA
regionMatchesCase String YYUTBIBACT peructp CHUMBOJIOB, byHKIHS
regionMatches String MMeeT NONOJHUTENbHBIN MapameTp ignoreCase, MO3BOJISIIOIIMNA UTHO-
pUpOBaTh PETUCTP OYKB WM YUUTHIBATH €TO.

bool regionMatches String( String* self, bool ignoreCase, int toffset,
String* other, int ooffset, int len)

bool regionMatchesCase String( String* self, int toffset, String* other, int
ooffset, int len)

ITapameTpsl
self

IIepBas cTpoka.
toffset

[o3unus pparmenTa B mepBOii CTPOKe.
other

Bropas cTpoxka.
ooffset

[To3unus ¢pparmMeHnTa BO BTOPOH CTPOKE.
len

JlnuHa cpaBHUBAaEMbIX (pparMeHTOB.
ignoreCase

Ecnu napamerp paBeH true, TO PETUCTP UTHOPUPYETCS, €CIU false, TO yYUTHIBACTCS.
Bo3Bpamaemoe 3HaueHHe

true, €CJIM YKa3aHHbIC CETMCHTBI CTPOK COBNAAal0T U false B JII000M APYroM ciiy4dac.



JonoaHuTenbHasi HH(poOpMAIH

JlnuHa dparMeHTOB IOJDKHA ObITh HeoTpunareabHoi (len > 0). Ecnm ¢pparMeHThI, onpeaensiemMbie
MO3UIMEN U JITTMHOM, BBIXOAAT 3 TPAHULIBI CTPOKH, BO3BpalIaeT false.

SString* sl = create String("aBrAcAdabra");
String* s2 = create String("cadabra");

printf( "al) %d\na2) %d\n"
, regionMatchesCase String(sl,0,s2,3,4)
, regionMatchesCase String(sl,7,s2,3,4)
)7
printf ( "bl) %d\nb2) %d\n"
, regionMatches String(sl, false,0,s2,3,4)

, regionMatches String(sl,true,0,s2,3,4)
) 7

al)
az)
bl)
b2)

= O = O

replace_String
3ameHseT B JaHHOU CTpoke Bce cuMBOJIBI 0ldChar Ha cumBodibl newChar.
String* replace String( String* self, char oldChar, char newChar )
ITapameTpbi
self
3amaHHas CTpoKa.
oldChar
CuMBOJ1, TTOJICKAIIMI 3aMEHE.
newChar
CHUMBOJI, KOTOPBIM 3aMEHSIOTCS BXOxaAeHus oldChar.
Bo3Bpaniaemoe 3nauenne
CrienudukanoHHas CTPOKa, MoJydeHHas U3 self 3aMeHoit cumBoioB oldChar na newChar.
JlonoJiHMTEIbHASE HHpOpMAUsT
CHUMBOJIBI HE TOJDKHBI UIMETh HYJIEBOM KOJI.
String* s = create_ String("abracadabra");
String* res = replace String(s,'a',' ');

printf ( "%s\n", toCharArray(res) );

|_br_c_d_br_

substringFrom_String

@OYHKIMS BO3BPALLAET MOACTPOKY, BKIIIOUAIOIIYIO CUMBOJIBI ¢ IO3UIMU beginlndex 1o koHIa.
String* substringFrom String( String* self, int beginIndex )
ITapameTpsl

self

3agaHHas CTpoOKa.



beginIndex
[To3unusa Hayasia ICKOMOM MOJCTPOKH.
Bo3Bpamaemoe 3HaueHue

CrienuKaniMoOHHAsT CTPOKA, SBISIFOIIASCS TOJACTPOKOH self, N3BJICUEHHON MO yKa3aHHBIM IPaBU-
JaM.

JonoaHuTenbHasi HHpOpMALUS

[osuuusa beginlndex He HOMKHA BBIXOAWTH Ha Mpenenbl CTpoku: 0 < beginIndex <
length String(self).

String* s = create String("abracadabra");
String* res = substringFrom String(s,4);

printf( "%$s\n", toCharArray String(res) );

‘cadabra

substring_String

Bo3sBpamiaer moAcTpoKy, BKIIOYAIOUIYI0 CUMBOJIBI € TMO3UIUHU beginlndex mo endIlndex — 1
BKJTFOUHTEITBHO.

String* substring String( String* self, int beginIndex, int endIndex )
ITapameTpsl
self
3az[aHHa${ CTpPOKa.
beginIndex
HOBI/II_II/DI Hayajga UICKOMOM MMOACTPOKH.
endIndex
[To3umus KoHIIa KICKOMOM TTOACTPOKH, YBEIMYEHHAs] HA €IUHUILY.
B03Bpa1uaeM0e 3HAYCHHUE

CrenudukanMoHHas CTPOKa, SBJISIIOILASCS MOJCTPOKOH self, N3BIEUEHHON MO yKa3aHHBIM IPaBU-
JaM.

JlonoaHuTtenbHasi HH(popMaLUs

[o3uuus beginlndex He nomKHA OBITH OTPUIIATENILHON U HE TOJIKHA NIPEBOCXOUTH endIndex, a mo-
3unus endIndex He MOMKHA MPEBOCXOJUTH JUIMHY CTPOKU: 0 < beginIndex < endIndex <
length String(self). Ecnu HavanbHas 1 KOHEYHAs MO3UIIMU COBIIAJAIOT, BO3BPAILAET MYCTYIO

CTPOKY.
String* s = create String("abracadabra");
String* res = substring String(s,4,7);

printf ( "%s\n", toCharArray String(res) );

‘cad

toLowerCase_String

OyHKIUS ePeBOJUT OYKBBI CTPOKU B HIKHUI PETUCTp.

String* tolLowerCase String( String* self )



ITapameTpsl
self
Crpoxka, KoTopyto TpeOyeTcs IepeBeCcTH B HKHHUIA PETHCTD.
Bo3Bpamaemoe 3HaueHue
CrienduKaioHHasE CTPOKa, MOJTyYeHHas U3 self iepeBeieHueM B HU)KHUN PEerucTp.
JononHuTeabHasa HHGopManus
String* s = create_ String("aBrAcAdAbRa");
String* res = toLowerCase String(s);

printf ( "%s\n", toCharArray String(res) );

‘abracadabra

toUpperCase_String
@yHKIMS IEPEBOIUT OYKBBI CTPOKH B BEPXHUN PETUCTP.
String* toUpperCase String( String* self )
ITapamerpsl
self
Crtpoka, KOTopyto TpeOyeTcsi NEPEBECTU B BEPXHUN PETUCTP.
Bo3Bpaiaemoe 3HaueHue
CrienudukanoHHas CTpOKa, MOJyYeHHas U3 self IepeBeleHueM B BEpXHHUM PerucTp.

JononnuTtenbHas uHopManus

String* s create String("aBrAcAdAbRa");
String* res = tolLowerCase String(s);

printf ( "%$s\n", toCharArray String(res) );

| ABRACADABRA

toCharArray_String
@ynkuus Bo3Bpamaer C-cTpoKy, COOTBETCTBYIOILYIO JAHHOM cielU(PUKAIIMIOHHON CTpPOKe.
const char* toCharArray String( String* self )
ITapameTpsl
self

Jannas crienurKanuoHHas CChUIKA THIA String.

Bo3Bpamaemoe 3HaueHue
MaccuB CUMBOJIOB, COOTBETCTBYIOIIHN CrieU(DUKAIIMOHHON CTPOKE self.
JonoaHuTenbHasi HHpOpMALUS

String* s = create_ String("abracadabra");

printf( "%$s\n", toCharArray String(s) );

‘abracadabra

trim_String

OyHKIOHST BO3BpAIIAET CTPOKY, MOJMyYEHHYIO M3 self oTOpachiBaHMEM NPOOEITBHBIX CUMBOJIOB
(whitespace) B Hadasie ¥ KOHIIE CTPOKH.



String* trim String( String* self )
ITapameTpsl
self

Ctpoxa, u3 KOTOpPOi HY>KHO UCKTFOUYUTh Ha4aJIbHbIE U KOHEYHBIEC MPOOETbHBIE CUMBOJIBI.
Bo3Bpamaemoe 3HaueHue

CriennduKaniMoOHHAsE CChUTIKA THUMA String Ha CTPOKY, MOJYyYEHHYIO H3 self oTOpachiBaHMEM Ha-
YaJIbHBIX U KOHEYHBIX IPOOETBHBIX CUMBOJIOB.

JonoaHuTenbHass HH(poOpMALUS

HpO6CHLHBIMI/I CHUMBOJIaMH CUHUTAKOTCsA Hp06eHBI, Ta6ynsm1/m " NIEpCBOJBI CTPOK.

String* s = create String(" \tabracadabra \n");
String* res = trim String(s);

printf( "'%s'\n", toCharArray String(res) );
"abracadabra'

format_String

@OyHKIMS BO3BpAIIAeT crieln(UKAIIMOHHYIO CTPOKY, COOTBETCTBYIOIIYIO BBIBOAY GyHKIMH printf ¢
TEMHU K€ ITapaMeTpamHu.

String* format String(const char *format, ...)
IHapameTpsl
format

Crpoxa, 3anaromas GopMaTupoBaHUE IO MpaBmiiaM (PYHKIIUU printf.
Bo3Bpauiaemoe 3HaYeHHEe

CrenudukannoHHasl CChUIKA THIIA String, COOTBETCTBYIOIIAS BBIBOLY (PYHKIMH printf ¢ mapa-
MeTpamH format.

JononnuTtesbHas uHpopManus
char s[12];
String* str;
sprintf (s, "abra%s", "cadabra") ;
str = create String(s);

String* str = format String("abra%s","cadabra");
I[Ba ITOKA3aHHBbIX cnoco6a CO3aHHA CTPOKU SKBHUBAJICHTHBI.

valueOfBool_String

@yHKIMS BO3BPALLAET CTPOKOBOE NPEICTaBICHNUE 3HAYEHHSI TUIAa bool.

String* valueOfBool String( bool b )

ITapamerpsl
b

3HayeHHe TUITA bool, oiga KOTOPOI'0 CTPOUTCA CTPOKOBOC NIPCACTABJIICHUC.
B03BpamaeM0e 3HAYCHHC

CHCLII/I(I)I/IKaLII/IOHHa}I CCBUIKA THNA String Ha CTPOKOBOC NPCACTABJICHUC 3HAYCHUSA b.



JononuurtenbHas uHopmanusa
String* sl = valueOfBool String(true);
String* s2 = valueOfBool String(false);

printf( "1) %s\n2) %s\n"
, toCharArray String(sl)
, toCharArray String(s2)
)

1) true
2) false

valueOfChar_String
CDYHKI_II/IH BO3BpAlIaCT CTPOKOBOC MPECACTABICHHUC 3HAUCHUA TUIIA char.

String* valueOfChar String( char c )
ITapamMeTpbl
C
3HadeHHue TUIA char, JJIsI KOTOPOTO CTPOUTCSI CTPOKOBOE MPEJICTaBICHHUE.
Bo3sBpamaemoe 3HaueHHne
CrnenuduKkaoHHas CChIJIKA TUTIA String HA CTPOKOBOE MPEICTABIICHNE 3HAYCHHUS C.

JononnuTtesnbHas uHopManus
String* s = valueOfChar String('a');

printf ( "%s\n", toCharArray String(s) );

E

valueOfShort_String

DyHKIMS BO3BPAILAET CTPOKOBOE MPEACTABICHUE 3HAYCHUS TUIA short.
String* valueOfShort String( short i )
ITapameTpsl
1
3HaueHue TUna short, st KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABICHHUE.
Bo3Bpaiaemoe 3HaueHue
CriennukanoHHas CChUIKA THIA String Ha CTPOKOBOE MPEICTABICHNE 3HAYCHHUS 1.

JonosHuTe1bHAA HH(OPMALUA
String* s = valueOfShort String (-28);
printf( "%$s\n", toCharArray String(s) );

\-28

valueOfUShort_String

CDYHKI_II/IH BO3BpAlIaCT CTPOKOBOC MPCACTABICHHUC 3HAUCHUA TUIIA uns igned short.
String* valueOfUShort String( unsigned short 1 )

ITapamMeTpbl

1

3HadeHue Tuna unsigned short, AT KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABJICHHE.



Bo3Bpamaemoe 3HaueHue
CreundukaoHHas CChIIKa THMA String Ha CTPOKOBOE MPECTaBICHNE 3HAYCHHUS 1.
JononnurtenbHass HHpOpMaLUs

String* s = valueOfUShort String(47);

printf ( "%s\n", toCharArray String(s) );

| 47

valueOfint_String
@yHKIMSA BO3BPAIIAET CTPOKOBOE NPEICTABICHUE 3HAYEHHSI TUMA int.
String* valueOfInt String( int 1 )
ITapameTpsl
1
3HadeHue TUMA int, A1 KOTOPOTO CTPOUTCSI CTPOKOBOE MPEICTABIICHUE.
Bo3Bpamaemoe 3HaueHue
Crienn(ukanmoHHas CChIIKA THIA String Ha CTPOKOBOE MPECTABICHNE 3HAYCHHUS 1.

JononnuTtesbHas uHpopManua
String* s = valueOfInt String(-28);

printf( "%$s\n", toCharArray String(s) );

\-28

valueOfUInt_String

@DyHKIMA BO3BPAILIAECT CTPOKOBOE IPEICTABICHNE 3HAYCHUs TUIIA unsigned int.
String* valueOfUInt String( unsigned int i )
IHapameTpsl
1
3HauyeHHEe TUMA unsigned int, I KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABICHNUE.
BosBpamaemoe 3nauyeHue
CreungukaoHHas CChUIKa THMA String Ha CTPOKOBOE MPECTaBICHNE 3HAYCHHUS 1.
JonosnHurtenbHass HHGpOpMaLUs
String* s = valueOfUInt String(47);

printf ( "%s\n", toCharArray String(s) );

| 47

valueOfLong_String
DyHKIMS BO3BpAIlA€T CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIIA 1ong.
String* valueOfLong String( long i )
ITapameTpsl
i

3HaucHUE THIIA long, oud KOTOPOIro CTPOUTCA CTPOKOBOC NPCACTABJICHUC.



BosBpamaeMoe 3HAYCHHUE
CHGI_II/I(bI/IKaI_II/IOHHaH CCBhIJIKA TUIA String Ha CTPOKOBOC MPCACTABJICHHUC 3HAUYCHUA i.
JononnurtenbHass HHpOpMaLUs

String* s = valueOfLong String(-28);

printf ( "%s\n", toCharArray String(s) );

| -28

valueOfULong_String

@yHKIKA BO3BpAIIAET CTPOKOBOE NIPEICTABICHUE 3HAYEHMS THINA unsigned long.
String* valueOfULong String( unsigned long 1 )

ITapameTpsl

1
3HadeHue Tuna unsigned long, A5 KOTOPOrO CTPOUTCS CTPOKOBOE MPEICTABIICHUE.

Bo3Bpamaemoe 3HaueHue

Crienn(ukanmoHHas CChIIKA THIA String Ha CTPOKOBOE MPECTABICHNE 3HAYCHHUS 1.

JononnuTtesbHas uHpopManua
String* s = valueOfULong String(47);

printf( "%$s\n", toCharArray String(s) );

\47

valueOfFloat_String
@DyHKIUA BO3BPAIIAECT CTPOKOBOE IIPEICTABICHNE 3HAYeHHs ThIIa float.
String* valueOfFloat String( float f )
IHapameTpsl
£
3Hauenue tana float, I KOTOPOTO CTPOUTCS CTPOKOBOE IPEICTABICHHE.
BosBpamaemoe 3nauyeHue
CrenudukanMoHHas CChUIKa TUIA String HA CTPOKOBOE MPECTABICHUE 3HAUEHUS f.

JonosnHurtenbHass HHGpOpMaLUs
String* s = valueOfFloat String(3.14);
printf ( "%s\n", toCharArray String(s) );

[ 3.140000

valueOfDouble_String
DyHKIUS BO3BpAIIAET CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIIa double.

String* valueOfDouble String( double d )

ITapameTpsl
d

3HadeHue Tuna double, Il KOTOPOTO CTPOUTCS CTPOKOBOE MPEJICTABIICHNUE.



BosnpamaeMoe 3HAYCHHUC
CHeLII/I(bI/IKaI_II/IOHHaH CCBhIJIKA TUIA String Ha CTPOKOBOC MPCACTABJICHHUC 3HAUYCHUA d.

JononnurtenbHass HHpOpMaLUs
String* s = valueOfDouble String(3.14);

printf ( "%s\n", toCharArray String(s) );

[ 3.140000

valueOfPtr_String
OyHKIMS BO3BPAILAET CTPOKOBOE MPECTABICHNE 3HAYSHHS TUIa void™.
String* valueOfPtr String( void *p )
ITapameTpsl
p
3HaueHue Tuma void*, s KOTOPOTro CTPOUTCS CTPOKOBOE MPEICTABIICHUE.
Bo3Bpamaemoe 3HaueHue

CrienudukanMoHHas CChUIKA TUNA String Ha CTPOKOBOE NPEACTABICHHE HETHUITM3HPOBAHHOTO
yKasaTes p.

JononHurtenbHass uH(poOpMaLus
int 1i;
String* s = valueOfPtr String((void*)é&i);

printf( "%$s\n", toCharArray String(s) );

\0012FF6C

valueOfObject_String
DyHKIMS BO3BpAIaeT CTPOKOBOE MPEICTABIICHUE 3HAYCHHSI CIICITU(UKAIMOHHOTO THIIA.
String* valueOfObject String( Object* ref )
ITapameTpsl
ref
3HadeHHnEe CIeU(PUKAIMOHHOTO TUIIA, ISl KOTOPOTO CTPOUTCS CTPOKOBOE MPEJICTaBICHHE.
Bosspamaemoe 3Hauenune

Crneun¢ukalMoHHas CChIJIKA TUNA String Ha CTPOKOBOE MPEICTABICHNE 3HAYEHUS CHeUPUKAIU-
OHHOTI'0 THIIA p.

JononnuTtenbHas uHpopManus
PC3yJILTaT COBIIAAACT C BO3BpAIla€MbIM 3HAYCHUEM CTaHHapTHOﬁ CPYHKI_[I/II/I toStr ing .
Object* ref;
String* s = valueOfObject String(ref);

String* s = toString(ref);

valueOfBytes_String

Oynknusa Bo3Bpammaer cTpokoBoe MeCTHAIIATEPUIHOE MPEICTAaBICHUE MacCHBa 0alTOB OIpee-
JICHHOH IJIWHBI.

String* valueOfBytes String( const char* p, int 1 )



ITapameTpsl
p

Maccug 6aﬁTOB, IJIL KOTOPOT'O CTPOUTCA CTPOKOBOC MPEACTABIICHHUC.

JlnuHa mMaccuBa 6alTOB p.
Bo3Bpamaemoe 3HaueHHe
CreunukaoHHas CChIIKA THMA String Ha CTPOKOBOE MpECTaBIeHNE MaccHBa OAalTOB p.

JonosHuTtenbLHast HH(popManus
char a[6] = { 0x00, 0x33, 0x66, 0x99, 0xCC, OxXFF };
String* s = valueOfBytes String(a,6);

printf( "%$s\n", toCharArray String(s) );

| [00 33 66 99 CC FF]




List
Tun List sBisieTcss KOHTEHHEPHBIM THITIOM, PEATU3YIOIINM YITOPSAA0UYEHHBIN CITUCOK JIEMEHTOB.

DJeMEHTaMH CIMCKa MOTYT OBITh JIIOOBIe crenu(UKalmoHHbIe cChUTKU. [Ipu co3maHmu crmcka
MOKHO OI'PaHUYUTD TUIT €TI0 3JICMCHTOB. Taxkoil ciuCOK Ha3BIBAcTCSI TUIMU3WPOBAHHBIM, a BCC q)YHK-
1M1, paboTaronye ¢ HUM U UMEIONTUE TTapaMeTp Tura Object™®, OyayT MPOBEPSITh, YTOOBI THIT ATO-
ro MapameTpa COBIAall ¢ TUIIOM DJIEMEHTOB CIIHCKA.

JIBa ciMcka CUMTArOTCsS paBHBIMU, €CJIM OHU UMEIOT OJMHAKOBYIO JUIMHY M MX 3JIEMEHTHI IOIAPHO
paBHBbI IpyT apyry. [Ipu 3TOM HE y4HTHIBAE€TCS TUMHU3ALMS CIUCKOB, B YACTHOCTH, MYCThIE CIIUCKH
BCET/1a PABHBI.

DJIEMEHTHI CITUCKA HYMEPYIOTCS C HYJISL.
3aronoBouHblit dann: atl/list.h

- add_List
@yHKIMSI BCTABIISAET 3JIEMEHT Ha 3a/laHHYIO TIO3UILIMIO B CIIUCKE.
« addAll_List
JloGaBisieT B OJJUH CIMCOK BCE 3JIEMEHTHI IPYroro CIMCKa, BCTABJISASA UX B TOM K€ MOPSJIKE
C 3aJJaHHOM TIO3ULIHH.
- append List
OyHKIusA 100aBIIsIET NepeaHHbIN IEMEHT B KOHEL[ CIIUCKA.
- appendAll List
JloGaBiisieT KOHel| OAHOTO CIIMCKA BCE JIEMEHTHI IPYTroro CIUCKA.
« clear List
DyHKIMS yAAIAET U3 CIIUCKA BCE DJIEMEHTBHI.
- contains List
@DyHKIMS IPOBEPAET, COACPIKUTCS JIU B CIIMCKE DJIEMEHT, PaBHBIM JaHHOMY.
- create List
DyHKIUSA CO3aeT CIMCOK M BO3BpAILACT ClEU(PUKALIMOHHYIO CChUIKY THIa List.
« elemType List
@OyHKIUSA BO3BpalllaeT yKa3arelb Ha KOHCTaHTY-JIECKPUIITOP CHENHU(UKALMOHHOIO THIIA,
KOTOPBIM OTPaHUYEHBI 3JIEMEHTHI IaHHOT'O CIIUCKA.
o get List
OyHKIUS BO3BpAIIAET CTICHU(PUKAIIMOHHYIO CCBUIKY Ha JIEMEHT B 3aJaHHOM MO3UIIHH.
« indexOf List
@yHKIMA BO3BpALIACT HOMEP MO3ULIMU IIEPBOrO JIEMEHTA B CIIMCKE, UMEIOIIEro 3aJaHHOe
3HA4YCHHUE.
- isEmpty List
@yHKIMS IPOBEPSET, IMYCT JIK JAHHBIN CIIHCOK.
« lastIndexOf List
@yHKIMs BO3BpAIIAeT HOMEP MO3ULUH MTOCIECIHETO IEMEHTa B CIIUCKE, UMEIOILIEro 3a1aH-
HOE 3HAa4YCHHUE.
e remove List
DyHKIUA yAAIAET 2JIEMEHT C 33JaHHOM IIO3ULUU B CIIUCKE.
- set_List
OyHKIUS 3aMEHSET NepelaHHbIM 00bEKTOM 3JIEMEHT Ha 33aJaHHOM MO3HIINH.
o size List
@DyHKIKA BO3BpALIACT JJIMHY CIMCKA.




- subList List
B03BpamaeT B BUJIC HOBOI'O CITMCKA 3JIEMCHTEI JaHHOI'O CIIMCKaA, 3aKJIIIOYCHHBIC MCKAY YKa-
3aHHBIMU TIO3ULIUSMH.

o toSet List
OyHKIUSA BO3BpaIlaeT MHOXecTBO (Set), cocrosiiiee U3 YHHUKAJIbHBIX 3JI€MEHTOB JTAHHOTO
CITUCKA.

add_List
CDYHKI_II/IH BCTABJIACT 3JICMCHT HaA 3a/IaHHYIO IMO3ULIUIO B CITUCKCE.
void add List( List* self, int index, Object* ref )
ITapamMeTpbI
self

CHI/ICOK, B KOTOprfI OCYHICCTBJIACTCA BCTAaBKa.

index

[To3unus B ciycke, Ha KOTOPYIO MOMENIAETCs 3HaUEHUE ref.

ref

3HadeHne cenu(pUKAIMOHHOTO TUIIA, BCTABJISIEMOE B CIHCOK.
JdononnuTtenbHas uHpopManus

ECJII/I CIIMCOK TI/IHI/ISI/IpOBaH, TO THUII JICMCHTA ref JOJIDKECH COBIIagaThb C THUIIOM J3JICMCHTOB CIIMCKA.
Homep mo3unmu 107KeH HaxoauThesl B MHTEpBajie oT 0 10 IJIMHBI CIIMCKA BKIIIOYUTENBHO, T. €. O
£ index < size List(self). Eciu HOMEp NMO3MIUHM pPaBEH JJIHMHE CIIMCKA, TO DJIEMEHT
BCTaBJISICTCSI B KOHEI] TOr'0 CITHCKA.

List* 1 = create List(&type Integer);
add List(1,0,create Integer(28));
add List(1,0,create Integer(47));

add_List(l,1,create Integer(63));

Crucok [ MmeHseTCs 110 MEPE BLINIOJTHEHUA 3TOI'O KOJa TaK:

1. 28

2. 4728

3. 476328
addAll_List

Jlo6aBJsieT B OJIMH CITUCOK BCE 3JIEMEHTHI JIPYTOT0 CIIMCKA, BCTABIISASA UX B TOM K€ IMOPSIKE C 3a/1aH-
HOW MO3UIINH.

void addAll List(List* self, int index, List* other)

ITapamerpsl
self

CHI/ICOK, B KOTOprfI BCTaBJIAKOTCA HOBBIC 3JICMCHTHEI.

index

HOSI/IHI/IH, C KOTOpOﬁ Ha4YMHACTCsA BCTaBKa HOBBIX 3JICMCHTOB.

other

CHI/ICOK, YbH OJICMCHTHI BCTABJIAKOTCA B CIITMCOK self.



JonoaHuTenbHasi HH(poOpMAIH

Ecnu cnmcok self TMmu3upoBaH, TO TUIBI BCEX AJIEMEHTOB CIHCKA other NOJKHBI COBNAAATh C TH-
TIOM DJIEMEHTOB CITMCKa self (IPU 3TOM caM CITUCOK other He 00s13aH ObITh TUMM3UPOBAHHBIM). Ho-
Mep MO3UIMH J0JKEH HaXOIUThCs B MHTepBasie ot 0 10 JUIMHBI CIIUCKA Self BKIIOYUTEIBHO, T. €. 0
< index < size List (self). Ecnu HOMep NO3ULUM paBEeH IJIMHE CIUCKA Self, TO JJIE€MEHTHI
BCTaBJISIETCS B KOHEL ATOIO CIIMCKA.

List* 11 = create List(&type Integer);
List* 12 = create List (NULL);

append List (l11l,create Integer(28));
append List (11,create Integer(47));
append List (12,create Integer(63));
append List (12,create Integer(85));
addAll List(11,1,12);

Crucoxk /1 no BezoBa pynkmuu addAll List conepxut takue snemeHTsl: 28, 47. Cnucok /2 — Tta-
kue: 63, 85. [Tocne BezoBa addAllList criucok // comep:kut Takxke u 3neMeHTsl [2: 28, 63, 85, 47.

append_List
@yHKuMs 100aBsSET NepeJaHHbIN JIEMEHT B KOHEI] CITUCKA.
void append List( List* self, Object* ref )
ITapameTpsl

self

Cnucok, B KOTOPBIN OCYIIECTBIISIETCS] BCTABKA.
ref

3HaueHue crenru(GUKAIMOHHOTO TUTIA, BCTABISIEMOE B CITHCOK.
Bo3Bpamaemoe 3HaueHue

Ecnu cnivicok He TUNMM3UPOBaH (MPU CO3AaHUH HE OBLIIO HAJIOKEHO OTPAHMUYCHUI HA THITHI DJIEMEH-
TOB), GYHKIIUS BO3BpamiaetT NULL.

JononHurtenbHass uH(poOpMaLus
List* 1 = create List(&type Integer);
append List (l,create Integer(28));
append List (1,create Integer(47));

append List (l,create Integer(63));

Crucok [ MmeHsieTCs 110 MEPE BLIINIOJIHECHHUA 3TOI'O KOJa TaK:

1. 28
2. 2847
3. 284763

appendAll_List

I[O6aBJ'I}IeT KOHCI OJHOT'O CIIMCKa BCC 3JICMCHTBI APYroro CIrirucka.
void appendAll List(List* self, List* other)



ITapameTpsl
self

CHI/ICOK, B KOTOpBIﬁ BCTaBJIAKOTCA HOBBIC 3JICMCHTEI.

other

CHucoK, YU AJIEMEHTHI BCTABIISIOTCS B CITUCOK self.
JonoaHuTenbHass HH(poOpMALUS

Ecnu cnmcok self TMmU3UpoBaH, TO TUIBI BCEX AJIEMEHTOB CIHCKA other NOJKHBI COBNAAATh C TH-
TIOM DJICMECHTOB CIHCKA self (TIpr 3TOM caM CIHCOK other He 00s3aH OBITh THITU3UPOBAHHEIM).

List* 11 = create List(&type Integer);
List* 12 = create List (NULL);

append List (11l,create Integer(28));
append List (1l1l,create Integer(47));
append List (12,create Integer(63));
append List (12,create Integer(85));
appendAll List(11,12);

Crucoxk /1 no BezoBa pynkmuu addAll List conepxut takue snemenTsl: 28, 47. Cnucok /2 — Tta-

kue: 63, 85. [Tocne Br3oBa appendAllList criucok // comepkuT Taxke u 3nemMeHTsl [2: 28, 47, 63,
85.

clear_List

(DYHKI_II/IH YAAACT U3 CIIMCKA BCC OJICMCHTHI.
void clear List( List* self )

ITapameTpbi
self

Crnucok, KOTOpbIi TpeOyeTcss OUUCTHUTb.
JonmoaHuTenbHASI HH(OPMALHS
List* 1 = create List(&type Integer);
append List (l,create Integer(28));
append List (1, create Integer (47));

clear List(l);

Crucox [ MmeHsieTCs 110 MCPC BLIIIOJHCHUS 3TOI'O KOJa TaK:

1. 28
2. 2847
3.

Tort xe PE3YIbTAaT MOXXHO IMOJIYYHUTDb, IIEPECO3J1aB CIIMCOK:

List* 1 = create List(&type Integer);

1 = create List(elemType List(1l));

Ho takoii cioco6 menee ¢ ekTuBeH, 4eM BbI30B (hyHKIHU clear List.



contains_List
DyHKIUA IPOBEPSIET, COAEPIKUTCS JIU B CIIMCKE JIEMEHT, PaBHBIN JaHHOMY.
bool contains List( List* self, Object* ref )
ITapameTpsl

self

[IpoBepsiembIil CIUCOK.
ref

3HayeHue crenupUKaIMOHHOTO THIIA, TIOUCK KOTOPOTO MPOUCXOIUT B CITUCKE.
Bo3Bpamaemoe 3HaueHue
true, eciu ref comepkutcs B self. false B IF0O0M ApyroM ciydae.
JonosHuTtenbHass HH(popManus

Ecnu criucox TUIIU3UPOBAH, TO TUII 3JICMCHTA I"efI[OJ'DKeH COBIIaAaTh C TUIIOM DJICMCHTOB CIIMCKA.
bool contains;

List* 1 = create List(&type Integer);

append List (1,create Integer (28));

append List (1,create Integer (47));

contains = contains List(1l,create Integer(28));

Cnucok [ MeHsIeTCs 110 MCPC BBINIOJIHCHUA 3TOI'0 KOAA TaK:

1. 28
2. 47128

3HavyeHne IepeMEeHHOM contains mocye BBITIOIHEHUS Koja OyIeT paBHO true.

create_List

OYHKIHS CO3/IaCT CIUCOK U BO3BpAIAeT CHCIH(PUKAIMOHHYIO CChIIKY THIa List.
List* create List( const Type *elem type )

ITapameTpsl

elem type
VYka3zarenb Ha KOHCTaHTY-JIECKPUIITOP THUIA 3JIEMEHTOB CITUCKA.

Bo3epamaemoe 3HaueHue

CrennukanonHas ccibika Tumna List Ha CO3AaHHBIN CIHCOK.

JonosHuTe1bHAA HH(OPMALUA

Ecnu mapametp elem type HyJ€BOMH, TO THITBI DJIEMEHTOB CIIHCKA HE OTPAaHUYCHBI.
List* 11 = create List (NULL);
List* 12 = create List(&type Integer);
HCpBBIM BBI3BOBOM create_List CO3JaH CIIMCOK, B KOTOpBIfI MOYKHO BKIJIFOUATH JIFOOBIE DJIEMEHTEI.

Cnucok, Co3/1aHHBIA BTOPBIM BBI30BOM, MOXET COJIEPKaTh TOJIBKO JIEMEHTHI TUIA Integer.
Oynknus create List onpenenena Hapsy co CTaHAApPTHOW (DYHKIIHI create.

List* 11 = create(&type List, NULL);

List* 12 = create List (NULL);

I[Ba IMOKAa3aHHBIX CII0CO0a CO3aaHuA CHGHH(I)I/IKaL[I/IOHHOfI CCBIJIKHM 3KBHUBAJICHTHBI.



elemType_List

OyHKIMS BO3BpAIAET yKa3aTelb HA KOHCTAHTY-JIECKPUIITOP CIEeNU(DPUKAIMOHHOTO THIA, KOTOPHIM
OIrpaHHUYCHELI 3JICMCHTLI IAHHOT'O CITMCKA.
Type *elemType List (List* self)
IHapameTpsl
self

Criucok, orpaHu4eHusi KOTOPOro J0JKHA BEPHYTh (PYHKLUS.
Bo3Bpamaemoe 3Ha4yeHne

Ykazarenp Ha KOHCTAaHTY-ACCKPUIITOP CHeLII/Iq)I/IKaI_[I/IOHHOFO TUIIA, KOTOPbIM OI'PAHUYCHBI 3HAYCHU A

JIAHHOTO CITHCKA.
Ecnu ciicok He TUMM3UPOBaH (MIPH CO3/IaHUU HE ObLIO HAJIO0XKEHO OTPaHWYCHHM Ha TUIBI dJIEMEH-

TOB), (QyHKIIMS BO3BpaIiaer NULL.

JonosnHurtenbHass HHGpOpMaLUs

List* 1 = create List(&type Integer);

Type *t = elemType List (1l);
Ilepemennas ¢ mpuoOpeTeT 3HaUeHHe &type Integer.

get_List
OyHKIHS BO3BPAIAET CTIeNU(DUKAIIMOHHYIO CCHUIKY Ha 3JIEMEHT B 33JaHHOU MO3HIIHH.
Object* get List( List* self, int index )
IHapameTpsl
self
Crmcok, coaepkamuii HeOOXOAUMBIN SJIEMEHT.

index
[To3unus sneMeHTa, KOTOPBI TOJIKHA BEPHYTh (PYHKIIHS.

Bo3Bpamaemoe 3HaueHue

[To3umus, Ha KOTOpO# B criMcke Haxoautcs 3HaueHue ref. Ecim B cnucke Takoro 3HayeHUs: HET,
BO3BpAIlla€MO€ 3HAYEHNE PaBHO -1.

JonoaHuTenbHasi HHpoOpMALU

Howmep no3unmu A0mKeH HaXOIUThCs B UHTepBalie oT 0 10 AMWHBI CIHCKA, YMEHbIIEHHOH Ha 1, T.
e.0<index<size List (self).

List* 1 = create List(&type Integer);
Object* o;

append List (l,create Integer(28));
append List (1, create Integer (47));
append List (l,create Integer(63));

o = get List(l,1);

Crucok [ MmeHsieTcs 110 MEPE BBIIIOJIHCHUSA 3TOI'O KOAA TaK:

1. 28
2. 2847
3. 284763



3naueHne 00beKTa 0 mocye Bei3oBa get List OymeT paBHo 47.

indexOf_List

(I)YHKI_II/IH BO3BpalIacT HOMCP IMO3UIUU IICPBOr0 3JICMCHTA B CIIMCKE, UMCIOIICTO 3a/IaHHOC 3HAYC-
HHUCE.

int indexOf List( List* self, Object* ref )
ITapameTpsl
self
Crucok, coaepkamuii He0OXOUMBIN SJIEMEHT.
ref
CriennukanmoHHas CChUIKA, CO 3HAYCHHEM KOTOPOU CPaAaBHUBAIOTCS DJIEMEHTHI CITUCKA.
Bo3Bpamaemoe 3HaueHue

[To3umus, Ha KOTOpO# B criMcke Haxoautcs 3HaueHue ref. Ecim B cnucke Takoro 3HayeHUs: HET,
BO3BpAIlla€MO€ 3HaYEHNE PaBHO -1.

JonoHuTenbHasd HH(POPMALUA

Ecmu cmcox TUIIM3UPOBAH, TO THUII 3JICMCHTA ref JOJIDKCH COBIIaJaTh C TUIIOM 3JICMEHTOB CITMCKAa.
Ecnu cnucok He COACPIKUT YKAa3aHHOTI'O 3JICMCHTA, (I)YHKI_II/I}I BO3BpalacT -1.

List* 1 = create List(&type Integer);
append List (l,create Integer(28));
append List (l,create Integer(47));
append List (l,create Integer(28));

int pos = indexOf List(l,create Integer(28));

Cnucoxk [ MeHseTCs 110 MCPC BBIIIOJIHCHUA 3TOI'0O KOAA TaK:

1. 28
2. 2847
3. 2847128

3HayeHue NepeMeHHOM pos nocie Bbi3oBa get List Oynet paBHo 0.

isEmpty_List
DyHKIUS IPOBEPSIET, MYCT JIM JaHHBIM CIIUCOK.
bool isEmpty List( List* self )
ITapamMeTpbl
self
Cnucok, coaepkamuii HeOOXOAUMBIN SJIEMEHT.
BosBpamaemoe 3HaveHnune
true, €CJIM B CITUCKE HET HA OJHOTO 3JIEMEHTA. false B JII0OOOM JIPyrom cirydae.
JonosHuTtensHast uHpopManus

Ecau cnincok TUIIU3UPOBAH, TO THUII 3JICMCHTA ref JOJDKCH COBIIaJaTh C TUIIOM 3JICMCHTOB CITMCKA.
Ecnu cniicoxk He COICPIKUT YKA3aHHOI'O 3JICMCHTA, (1)YHKI_II/IH BO3BpamacT -1.

bool empty;

List* 1 = create List(&type Integer);



empty = isEmpty List(1);
append List (l,create Integer(28));

empty = isEmpty List(1l);

3HadeHHe TEPEMEHHON empty Tocie TepBoro Bhi3oBa isEmpty List Oymer paBHO true, a mocie
BTOPOTO (KOT/Ia B CIIUCOK OyAeT qo0aBiaeHo yucio 28) — false.

lastindexOf List

OyHKIMS BO3BPAIAET HOMEP MO3UIIMH MOCIEIHET0 JIEMEHTa B CIUCKE, UMEIOLIETO 3aJaHHOE 3HA-
YeHHUE.

int lastIndexOf List( List* self, Object* ref )
ITapamerpsl
self

Crmcox, coaeprKaimii HeOOXOIUMBINA IIEMEHT.
ref

Crienn(pukanmoHHas CChUIKA, CO 3HAYCHUEM KOTOPOUW CPAaBHUBAIOTCS DJIEMEHTHI CITUCKA.
Bo3Bpaimaemoe 3HaueHune

HOSI/IL[I/ISI, Ha KOTOpOI71 B CIIMCKEC HaxOAUTCA 3HAYCHUC ref. Ecln B clmcke Takoro 3HayeHHS HECT,
BO3BpalaeMo€ 3HAYCHNEC paBHO -1.

JonojHuTenbHass HH(pOpMaLUA

Ecnu cnmcok TUNU3WPOBAH, TO TUIM 3JEMEHTa ref NOHKeH COBIAAaTh C TUIIOM 3JIEMEHTOB CITHCKA.
Ecnu cniucok He coep KUT yKa3aHHOTO 3JeMeHTa, (DYHKIUS BO3BpaIaer —1.

List* 1 = create List(&type Integer);
append List (l,create Integer(28));
append List (1, create Integer (47));
append List (l,create Integer(28));

int pos = lastIndexOf List(l,create Integer(28));

Crucok [ MmeHsieTCs 110 MEPE BBIIIOJIHCHUSA 3TOI'0O KOAA TaK:

1. 28
2. 2847
3. 284728

3HaueHne nepeMeHHoM pos nociie Bbi3oBa get List Oyzaer paBHO 2.

remove_List
DyHKIUA yAAIAET 2JIEMEHT € 3aJaHHON NO3ULNHU B CITHCKE.
void remove List( List* self, int index )
ITapameTpsl
self
Cnucok, B KOTOPBIN OCYILECTBIISIETCS BCTABKA.

index

ITo3unus B ciucke, ¢ KOTOPOM ynaseTcs dJIEMEHT.



JonoaHuTenbHasi HH(poOpMAIH

HOMep MO3UIUN OOJIZKCH HAXOJUTHCA B MHTCPBAJIC OT 0 J0 AJIMHBI CIIMCKAa BKIKOYHUTCIIBHO, T. €. 0
< index < size List (self).

List* 1 = create List(&type Integer);

append List (l,create Integer(28));

append List (l,create Integer(47));

append List (1, create Integer (63));

remove List(1,1);

Crucok / MeHsIeTCs TI0 MEPE BBITIOJIHEHUS ATOTO KOJ/IA TaK:

1. 28

2. 2847

3. 284763

4. 2863
set_List

(I)y'HKI_II/ISI 3aMCHSCT IICPCAAHHBIM 00BEKTOM DIIEMEHT Ha SaHaHHOﬁ IIO3UIUH.
void set List( List* self, int index, Object* ref )

IHapameTpsl

self

CHI/ICOK, B KOTOPOM OCYIICCTBIISICTCA 3aMCHA.

index

[To3unus B crmcke, B KOTOPYIO IOMENIAeTCs 3HaUEHUE ref.

ref

3HaueHue crneurn(UKalMOHHOTO TUIIA, BCTABIISIEMOE B CIIHCOK.
JonmoaHuTe1bHASI HH(OPMALHS

Ecim cnucok THMU3WPOBaH, TO THUI 3JIEMEHTA ref TOJDKSH COBIAIATh C THUIIOM JJICMCHTOB CITHCKA.
Howmep no3unuu nomxkeH HaXOAuThest B nHTepBaiie oT O 10 ATUHBI CIHCKA BKIIOYHUTEIBHO, T. €. 0
£ index < size List(self). Eciu HOMep MO3MLUM paBeH AJIHMHE CIIUCKA, TO DJIEMEHT
BCTaBJISIETCS B KOHEL] DTOTO CITHCKA.

List* 1 = create List(&type Integer);
append List (l,create Integer(28));
append List (l,create Integer(47));

set List(l,1,create Integer (63));

Cnucoxk [ MeHseTcs 110 MEPEC BBIIIOJIHCHUA 3TOI'O KOAA TaK:

1. 28

2. 2847

3. 2863
size_List

OyHKIUA BO3BpALIACT JJIUHY CIIHMCKA.

int size List( List* self )



ITapameTpsl
self

Crucok, ATMHY KOTOPOTo JOJDKHA BEPHYTH (DYHKIIUS.
Bo3Bpamaemoe 3HaueHue
To4YHOE KOJIMYECTBO JIEMEHTOB B criicke self.
JononnuTebHas uHpopManua

int size;

List* 1 = create List(&type Integer);

size = size List(1l);

append List (1, create Integer(28));

size = size List(l);

[Tocne mepBoro BbI30Ba size List mepeMeHHas size CTaHOBUTCSI paBHO#M Hyito. [locie BToporo BbI-
30Ba size List mepemeHHas paBHa 1: B CIIUCOK OBLIO J00ABIECHO OJTHO 3HAYCHHUE.

subList_List

B03BpamaeT B BUAC HOBOI'O CIIMCKA 3JICMCHTBI JAHHOI'O CIIMCKA, 3aKJIFOYCHHBIC MCKAY YKa3aHHBI-
MU ITO3HUITUAMMU.

List* subList List( List* self, int fromIndex, int toIndex )
ITapameTpsl
self

M cXoaHbIi CIIUCOK.

fromIndex

Ilo3unms NEPpBOro 3JICMCHTA HOBOI'O CITUCKaA.

toIndex

Uwucno, Ha eAMHUITY OOJIBIIIEE TTO3UIIUH TTOCIIETHETO 3JIEMEHTa HOBOT'O CITHCKA.
BosBpamaemoe 3HaYeHHe
CrneundukanuronHas ccpiika tumna List, moacnucok cnucka self.
JonoHuTe1bHAsA HH(POPMALUA

[To3umus mMepBOro 3JIeMEHTa HOBOTO CIUCKAa — fromlndex; TO3WIUSA TIOCIEIHETO 3JIeMEHTa —
toIndex-1. [lozunus fromlndex He noMKHA OBITH OTPUIATEIHLHOW M HE OJKHA MPEBOCXOAUTH
tolndex, a mo3unus tolndex He MoJDKHA MpeBOCXonuTh NuHYy cnucka: 0 < fromIndex < tolndex <
size List(self). Ecium HayanpbHasg ¥ KOHEYHAs NO3MIMUM COBIIAJAIOT, BO3BPALLAET ITyCTOM
CITMCOK.

List* 1 = create List(&type Integer);
List* 12;

append List (l,create Integer(28));
append List (l,create Integer(47));
append List (l,create Integer(63));

12 = subList List(1,1,3);

Crnucok / MeHsieTcsl B pe3yibTaTe COACPKUT Takue dneMeHThl: 28, 47, 63. Cnucok /2 nocine BbI30Ba
¢ynkuuu subList List conepxut aBa sanemenra: 47, 63.



toSet_List

OyHKIMS BO3BpaIIaeT MHOKECTBO (Set), cocTosiiee u3 yHUKATbHBIX 3JIEMEHTOB JaHHOTO CITHCKA.
Set* toSet List (List* self)

ITapameTpsl

self

Crnucok, MHOXECTBO 3JIEMEHTOB KOTOPOIrO TpeOyeTcs MOIYyUUTh.
Bo3Bpamaemoe 3HaueHue
CrienuuKaniMoOHHAsT CChUIKA TUTIA Set, MHOXKECTBO JIEMEHTOB crvcka self.
JonoaHuTenbHAsE HH(OPMALHS

B03BpamaeMoe MHOXCECTBO COXPAHACT THUIIU3ALUMIO CITUCKA: €CJIN 3JICMCHTHI CITMCKa ObLIN orpaHu-
YCHBI KAKUM-JIH00 THUIIOM, TO U 3JICMCHTBI MHOXKCCTBaA 6y,[[yT OIr'paHHUYCHBI TCM K€ THUIIOM.

List* 1 = create List(&type Integer);
Set* s;

Type *t;

append List (l,create Integer(28));
append List (l,create Integer(47));

append List (l,create Integer(28));

S toSet List(1l);
t = elemType Set(s);

Crucox [ MmeHsieTcs 110 MCPC BLIIIOJHCHUS 3TOI'O KOJa TaK:

1. 28
2. 2847
3. 2847128

MHuosxecTBO s, Bo3BpamleHHoe (yHkuuen toSet List, comepxkut snementsl: 28, 47. BrizoB
elemType Set (s) Bo3spamaer &type Integer.



Set
TI/IH Set ABIIIETCA KOHTCﬁHCpHHM THUIIOM, peanmy}omHM MHOXECTBO 2JICMCHTOB.

DJIleMEeHTaMH MHOKECTBA MOTYT OBITh JTI00BIE crielupUKAIIMOHABIe CChUTKHU. [Ipu co3gannm MHOXKe-
CTBA MOYXHO OTPAaHMYUTH THII €70 JIEMEHTOB. Takoe MHOKECTBO HA3bIBAETCS TUIIM3HPOBAHHBIM, a
Bce (DyHKIMH, paboTaloU[ie C HUM U UMEIOIINEe NapaMeTp Thna Object™®, OyayT NpoBepsATh, 4TOObI
THUII 3TOTO IIapaMeTpa COBNAAAJ C TUIIOM 3JIEMEHTOB MHO>KECTBA.

I[Ba MHOKECTBA CUYHUTAIOTCA paBHbBIMHU, €CJIIM OHH UMCIOT OANMHAKOBBIC 3JICMCHTBI. HpI/I 9TOM HC yUH-
ThIBACTCA TUIIU3alIUAd MHOXKCECTB, B HACTHOCTH, ITYCTHIC MHOXKXCCTBA BCCT/ida PABHBI.

3aronoBoYHbIi ¢pain: atl/set.h

« add_ Set
OyHKIMS BCTABISAET 3aJJaHHBIN JIEMEHT B MHOXECTBO.
- addAll Set
OObenuHseT 1Ba MHOXKECTBA: TOOABISET 3JIEMEHTHI OJTHOTO MHOKECTBA B IPYTOE.
« clear Set
OyHKIMS yAanseT U3 MHOKECTBA BCE DJIEMEHTHI.
- contains Set
OYHKIIHS IPOBEPSAET, COAEPIKUTCS JIM B MHOKECTBE AJIEMEHT, PaBHBIN JaHHOMY.
- containsAll Set
Omnpenensier, BISETCS I OJHO MHOXKECTBO MOJMHOXKECTBOM JIPYTOr0, TO €CTh, COAECPIKUT
JIM TIEPBOE MHOYKECTBO BCE 3JIEMEHTHI BTOPOTO.
« create_ Set
OyHKIUS CO3/]a€T MHOXKECTBO M BO3BpAIaeT Cenn(UKAIMOHHYIO CChUTKY THTa Set.
« elemType_ Set
@yHKIMS BO3BpallaeT yKa3aTellb Ha KOHCTaHTY-AECKPUITOp clelun(UKAlMOHHOIO THUIa,
KOTOPBIM OTPaHUUYEHBI SJIEMEHTHI IAaHHOTO MHOECTBA.
« get Set
OyHKIMS BO3BpaIlaeT CHenu(UKAIMOHHYIO CCBUIKY Ha DJIEMEHT C 3aJlaHHBIM HOMEPOM;
AJIEMEHTHI MHOXKECTBA IIPU 3TOM HYMEPYIOTCSI IPOU3BOJIBHO.
o isEmpty_Set
@yHKIMS IPOBEPSET, IYCTO JIU TaHHOE MHOXKECTBO.
e remove Set
@YHKIMS yAATAET 3JIEMEHT U3 MHOXKECTBA.
« removeAll Set
BolunTaer 01HO MHOKECTBO U3 JPYTOro: yAajaseT U3 MepBOro MHOYKECTBA TE 3JIEMEHTHI, KO-
TOpbIE €CTh BO BTOPOM.
« retainAll Set
Brruncnsier nepeceueHre MHOKECTB: OCTABIISIET B IEPBOM MHOXECTBE TOJIBKO T€ AJIEMEHTHI,
KOTOpBIE €CTh BO BTOPOM.
o size Set
@yHKIMS BO3BPALIAET KOJUYECTBO JIEMEHTOB MHOXKECTBA.
« toList Set
@yHKIMS BO3BPALIAET CIUCOK (List), COCTOSALINM U3 BCEX AIEMEHTOB JIaHHOTO MHOXKECTBA.

add_Set

DyHKIUS BCTABJIAET 3aJJaHHBIA 3JIEMEHT B MHOKECTBO.



bool add Set ( Set* self, Object* ref )
ITapameTpsl

self

MHOX€eCTBO, B KOTOPOE OCYIIECTBIISIETCS BCTABKA.
ref

3HaueHue crenu(GUKAIMOHHOTO THIIA, BCTABISIEMOE B MHOXKECTBO.
Bo3Bpamaemoe 3HaueHue
true, ecIM BCTaBKa ObLIa ycremHoil. B mobom npyrom ciyyae — false.
JonosHuTenbHast HH(popManus

Eciu MHOXeECTBO TUIIU3UPOBAHO, TO THUIT 3JICMCHTA ref JOJDKCH COBIIagaTb C THIIOM 3JICMCHTOB
MHOXXECTBA.

Set* s = create Set (&type Integer);
add_Set (s, create Integer(28));
add _Set (s, create Integer (47));
add_Set (s, create Integer(28));

MHOXECTBO § MEHSIETCS I10 MCPC BBIMIOJIHCHUA 3TOI'0 KOJa TaK:

1. 28

2. 2847

3. 2847
addAll_Set

OObenuHSET IBa MHOXKECTBA: TOOABISET SJIEMEHTHI OJTHOTO MHOKECTBA B JIPYTOE.
bool addAll Set( Set* self, Set* set )

ITapamerpsl

self

MHO0€ecTBO, B KOTOPO€E J100aBIISAIOTCS AIEMEHTHI.

set

MHO0€eCTBO, 3JIEMEHTBI KOTOPOTO A00aBIISIIOTCS B self.
Bo3Bpaiaemoe 3HaueHue

Ecnu B pesynbprate 00beJMHEHUSI B MHOXKECTBO self Obu1 100aBieH X0Ts Obl OJUH 3JIEMEHT, (PyHK-
1S BO3Bpalaer true. B m00om apyrom cinydae — false.

JononnuTtenbHas uHopManus

Ecnu MHOXECTBO self THITM3UPOBAHO, TO TUIIHI BCEX JIEMEHTOB MHOKECTBA Sef JOKHBI COBIAIaTh
C TUIIOM 3JIEMEHTOB MHOKECTBa self (IIpu 3TOM caMO MHOXECTBO Sef HE 0053aHO OBITh TUIH3UPO-
BAaHHBIM).

bool changed;

Set* sl = create Set(&type Integer);
Set* s2 = create_ Set (NULL);

add_Set (sl,create Integer(28));
add_Set (sl,create Integer(47));
add_Set (s2,create Integer(28));



add_Set (s2,create Integer(47));
add_Set (s2,create Integer(63));
changed = addAll Set(sl,s2);

MHOkeCTBO s/ MEHSETCS TAKUM 00pa3oM:

1. 28
2. 2847
3. 284763

MHO0XeCTBO 52 MEHIETCS TaK:

1. 28
2. 2847

[Tocne BbI30Ba addAll Set B MHOXECTBO s/ no0aBisercs sneMeHT 63, a mepeMmeHHas changed
CTAaHOBUTCS PaBHOM true.

clear_Set

OyHKIUA yAAIIET U3 MHOKECTBA BCE DIIEMEHTBI.
void clear Set( Set* self )

ITapamerpsl

self
O‘{I/IH_laeMOG MHOXCCTBO.

JdononnuTtenbHas uHpopManus
Set* s = create Set (&type Integer);
add_Set (s,create Integer(28));
add_Set (s,create Integer (47));

clear Set(s);

MHOXECTBO § MEHSICTCSI I10 MCPE BBINTOJIHCHUA 3TOI'0 KOJa TaK:

1. 28
2. 2847
3.

Tort ke pe3yabTaT MOKHO MOIY4YHTh, IEPECO3JaB MHOKECTBO:

Set* s = create_ Set (&type Integer);

s = create Set (elemType Set(s));

Ho Ttakoii cnoco0 MeHee 3 peKTUBEH, 4eM BbI30B GYHKLUU clear Set.

contains_Set

DyHKIUA IPOBEPSIET, COAEPIKUTCS JIM B MHOYKECTBE 3JIEMEHT, PABHBIA JAHHOMY.
bool contains Set( Set* self, Object* ref )



ITapameTpsl
self

[IpoBepsieMmoe MHOKECTBO.

ref

3HaueHue crenu(GUKAIMOHHOTO TUIIA, TIOUCK KOTOPOTO MPOUCXOAUT B MHOXKECTBE.
BosepamaeMoe 3HaUeHHE
true, ecnu Bce 3NeMeHT ref cogepKuTcs B MHOXKecTBe self. false B 0OpaTHOM ciyyae.
JonoaHuTenbHass HH(poOpMALUS

Ecau mHOXecTBO TUIMU3UPOBAHO, TO THUII JJICMCHTA ref JOJDKCH COBIIaaTb C THIIOM 3JICMCHTOB
MHOXXECTBA.

bool contains;

Set* s = create Set (&type Integer);
add_Set (s,create Integer(28));
add_Set (s,create Integer (47));

contains = contains_ Set (s,create Integer (28));

MHOXECTBO § MEHSIETCS I10 MCPC BBIMIOJIHCHUA 3TOI'0 KOJa TaK:

1. 28
2. 47128

3Ha4yeHue NepeMEeHHON contains TIOCIIE BbI30BAa contains Set OyneT paBHO true.

containsAll_Set
Ornpenensier, IBASETCS JIM OJJHO MHOXKECTBO MOJIMHOXECTBOM JIPYTOTo, TO €CTh, COAEPKUT JIU Tep-
BO€ MHOKECTBO BCEC 3JICMEHTEI BTOPOI'O.
bool containsAll Set ( Set* self, Set* set )
ITapameTpsl
self

MHO)KeCTBO, KOTOpPO€ HY>KHO IIPOBEPUTH HA COAEPIKaHUE DIIEMEHTOB MHOXKECTBA sef.

set

[IpenmonoxuTeTsHOE MOJMHOXKECTBO self.
Bosspamaemoe 3Havenune

true, €CJIM BCE AJIEMEHTHI MHOKECTBA Sef COJIEP/KaTCsl B MHOKECTBE self. false B J000M Ipyrom
clrydae.

JonoHuTenbHas HH(pOpMALUA
bool contains;
Set* sl = create Set(&type Integer);
Set* s2 = create_ Set (NULL);
add_Set (sl,create Integer(28));
add_Set (sl,create Integer(47));
add_Set (s2,create Integer(28));

add_Set (s2,create String("a")):;



add_Set (s2,create Integer(47));

contains = containsAll Set(sl,s2));

contains containsAll Set (s2,sl));

MHOkeCTBO s/ MEHSETCS TAKUM 00pa3oM:

1. 28
2. 2847

MHuoxkecTBO 52 MEHSIETCS TaK:

1. 28
2. 28a
3. 28a47

IIocne IIEPBOro BBI3OBA conta insAl l_S et IICpECMCHHAaA contains CTaHOBHUTCS paBHOﬁ false, a
IIOCJIC BTOPOI'O BhI30BA — true.

create_Set
OYHKIHS CO3/ITaT MHOKECTBO U BO3BpAIlaeT CICIH(PUKAITMOHHYIO CChUIKY THIa Set.
Set* create Set( const Type *elem type )
ITapamerpsl
elem type
Yka3arenb Ha KOHCTaHTY-JAECKPUIITOP TUIIA 2JIEMEHTOB MHOXECTBA.
Bo3Bpaiaemoe 3HaueHue

VYkazaTesb Ha KOHCTAHTY-JECKPUNTOP CHEIM(PHUKAIIMOHHOTO THIIA, KOTOPHIM OIpaHUYEHBI 3HAYCHUS
JTAHHOTO MHOJKECTBA.

Ecnu MHOXXECTBO HE TUTM3UPOBAHO (TIPH CO3AaHUU HE OBUIO HAJOKEHO OTPAaHUYCHUN Ha TUIIBI HJie-
MEHTOB), QYHKITHS BO3BpaIaeT NULL.

JononnuTtenbHas uHopManus

Ecnu mapametp elem_type HyneBOM, TO TUIIBI AJIEMEHTOB MHOXKECTBA HE OTPaHUYCHBI.
Set* sl = create Set (NULL);

Set* s2 = create Set(&type Integer);

IlepBBIM BBI30BOM create Set CO3JaHO MHOECTBO, B KOTOPOE€ MOXHO BKIJIIOUYAaTh JIIOOBIE de-
MEHTbl. MHOECTBO, CO3JaHHOE BTOPHIM BBI30BOM, MOXET COJIEP’KaTh TOJBKO 3JIEMEHTHI THUIA
Integer.

Oynkius create Set onpeaesieHa Hapsily cO cTaHIApTHOW (DyHKIMIA create.

Set* sl

create (&type Set, NULL);
Set* s2

create Set (NULL) ;
I[Ba MMOKa3aHHBIX criocoba CO3JaHuA CHCHH(bI/IK&HI/IOHHOfI CCBIJIKM SKBHBAJICHTHEI.

elemType_Set

(I)YHKI_II/IH BO3BpaliacT yKa3aTeCJib Ha KOHCTAHTY-ACCKPUIITOP CHCI_II/I(bI/IKaI_[I/IOHHOFO TUIIA, KOTOPbIM
OIrpaHUYCHBI DJICMCHTBI JAHHOTO MHOXKECTBA.



Type *elemType Set (Set* self)
ITapameTpsl
self

MHOX€ECTBO, OTPaHMYEHUS KOTOPOTO JIOJKHA BEPHYTH (DYHKITHS.
Bo3Bpamaemoe 3HaueHue

VYkazartenb Ha KOHCTaHTY-JECKPUNITOP CHEIH(PHUKAIIMOHHOTO THTIA, KOTOPHIM OTpaHHUYEHBI 3HAYCHUS
JTAHHOTO MHOJKECTBA.

Ecnu MHOXECTBO HE THITM3UPOBAHO (TIPH CO3aHUH HE OBUIO HAJOKEHO OTPAaHWYCHHUN Ha TUTIBI JIe-
MEHTOB), ()YHKIIMS BO3BpalaeT NULL.

JonosHuTtenbHass HH(popManus
Set* s = create_ Set (&type Integer);

Type *t = elemType Set(s);
Ilepemennas ¢ npuoOpereT 3HaueHue &type Integer.

get_Set
OyHKIMA BO3BpAIIACT CHEIUPUKAITMOHHYIO CCBUIKY Ha 3JIEMEHT C 3aJIaHHBIM HOMEPOM; DJIEMEHTHI
MHOYKECTBA IIPX 3TOM HYMEPYIOTCSI TPOU3BOJIBHO.
Object* get Set( Set* self, int index )
IHapameTpsl
self
MHOX€ECTBO, 3JIEMEHT KOTOPOTO JIOJKHA BEPHYTH (DYHKIIHS.

index

Howmep snemenTa, KOTOpBIi 10JKHA BEPHYTH (DYHKITHSL.
Bo3Bpamaemoe 3HaueHue
CrienuduKaiMmoHHAas CChUIKA THUMA Object.
JononHurtenbHass HHGpOpMaLus

Ota QyHKOUS CIyXHT 171 iepedopa BceX 3JIEMEHTOB MHOKECTBaA. [10CKOIIbKY MHOKECTBO HEYIIO-
PAAOYCHO, SJIEMCHTBI HYMEPYIOTCA HCKOTOPBIM ITPOU3BOJIBHBIM o6pa30M. HOMep IIO3UINNU JOJIZKCH
HaxoIuThcs B uHTepBase oT 0 g0 pasmepa MHOXkectBa — I, T. €. 0 < index <
size Set (self).

Set* sl = create Set(&type Integer);

Set* s2 = create_ Set(&type Integer);

int 1i;

bool equ;

add_Set (sl,create Integer(28));

add_Set (sl,create Integer (47));

add _Set (sl,create Integer(63));

for(i=0; 1 < size Set(sl); i++)
add_Set (s2, get Set(sl,i));

equ = equals(sl,s2);

MHOXECTBO § MEHSIETCS I10 MCPC BBIMMOJIHCHUA 3TOI'0 KOJa TaK:



1. 28
2. 2847
3. 284763

3HayeHue NepeMEeHHON equ TocCIe BbI30Ba equals OyJeT paBHO true.

isEmpty_Set
@yHKIUA IPOBEPSIET, MYCTO JIM JAHHOE MHOKECTBO.
bool isEmpty Set ( Set* self )
ITapameTpbi
self
[IpoBepsiemoe MHOXKECTBO.
Bo3Bpamaemoe 3HaueHHe
true, €CJIM B MHOXXECTBE HET HHM OJTHOTO JJIEMEHTA U false B OOpaTHOM ciydae.
JonmoaHuTe1bHASI HH(OPMALHS
bool empty;
Set* s = create Set (&type Integer);
empty = isEmpty Set (s);
add_Set (s,create Integer(28));

empty = isEmpty Set(s);

3HaueHue MEePEMEHHOM empty Mocie IEePBOro BbI30Ba isEmpty Set OyaeT paBHO true, a MOCIE
BTOPOTO (KOTJ[a B MHOXKECTBO OyzeT 100aBieHo yucio 28) — false.

remove_Set
CDYHKI_II/IH YAAISCT 3JICMCHT U3 MHOXKECTBA.
void remove Set( Set* self, Object* ref )
ITapamMeTpbl

self

MHO0K€eCTBO, B KOTOPOE OCYILIECTBIISIETCS BCTABKA.
ref

VY nansemelil 13 MHOKECTBA DJIEMEHT.
JonosHuTe1bHAA HH(OPMALUA

Ecnun MHOKeCTBO TUIIM3UPOBAHO, TO THII 3JIEMCHTA ref JOJDKEH CcoOBIIagaThb C THIIOM 3JIEMCHTOB
MHOXECTBA.

Set* s = create_ Set (&type Integer);
add Set (s,create Integer (28));
add_Set (s,create Integer(47));

remove_ Set (s,create Integer(28));

MHO0X€eCTBO § MEHSETCS 110 MEPE BBIINIOJIHCHUA 5TOI'0 KOJa TaK:

1. 28
2. 2847



3. 47

removeAll_Set
Brraurtaer OIHO MHOXXCECTBO U3 APYTOTO: YAAIACT U3 NCPBOIr0 MHOKCCTBA TC 3JICMCHTBI, KOTOPLIC
€CTb BO BTOPOM.
bool removeAll Set( Set* self, Set* set )
ITapamMeTpbl
self

MHO)KCCTBO, N3 KOTOPOI'0 YAAIAKOTCSA 3JICMCHTHI.

set
MHOX€ECTBO, JIEMEHTBI KOTOPOTO YIAJISIOTCS U3 self.
BosBpamaemoe 3HaueHnune

Ecnu B pe3ysnbTaTe BHIYMTAHUS U3 MHOXKECTBA self ObLI yAaneH XOTs Obl OUH 3JeMEHT, QyHKIIHIS
BO3Bpaliaer true. B moboM apyrom ciiydae — false.

JonosHurtensHast uHpopManus
bool changed;
Set* sl = create Set (&type Integer);
Set* s2 = create_ Set (NULL);
add_Set (sl,create Integer(28));
add_Set (sl,create Integer (47));
add Set (sl,create Integer(63));
add_Set (s2,create Integer(28));
add_Set (s2,create Integer(47));

changed = removeAll Set(sl,s2);

MHOkeCTBO s/ MEHSETCS TAKUM 00pa3oM:

1. 28
2. 2847
3. 284763

MHoOXecTBO 52 MEHSETCS TaK:

1. 28
2. 2847

ITocne BbI30Ba removeAll Set B MHOXECTBE s/ OCTaeTcs 31eMeHT 63, a mepeMeHHas changed
CTAaHOBUTCS PaBHOM true.

retainAll_Set

Breruamciser NEPECCUCHUEC MHOXKECTB: OCTABJIACT B IICPBOM MHOXKCECTBC TOJIBKO TC 3JICMCHTBI, KOTO-
pbI€ €CTb BO BTOPOM.

bool retainAll Set( Set* self, Set* set )



ITapameTpsl

self
[lepBBIii apryMeHT mepecedeHuss MHOXKECTB. DTO MHOXKECTBO OyleT XpaHWThb pe3yiabTaT
IepeCceyeHUs.

set
BTopoii aprymMeHT nepecedeHuss MHOXKECTB.
Bo3Bpamaemoe 3HaueHue

true, €CIM B MEPECEUYCHUN MHOXKECTB JIEMEHTOB TMOJIYYHJIOCH MEHBIIIE, YeM B MHOXECTBE self. B
J1000M Jpyrom ciiydyae — false.

JononnurtenbHas uHopmanusa
bool changed;
Set* sl = create Set(&type Integer);
Set* s2 = create_ Set (NULL);
add_Set (sl,create Integer(28));
add Set (sl,create Integer (47));
add_Set (sl,create Integer(63));
add_Set (s2,create Integer(28));
add Set (s2,create Integer (47));
changed = retainAll Set(sl,s2);

MHOXeCTBO s/ MEHSETCS TAKUM 00pa30M:

1. 28
2. 2847
3. 284763

MHOXecTBO 52 MEHSETCS TaK:

1. 28
2. 2847

Ilocne BbI30Ba retainAll Set B MHOMKECTBE s/ OCTAalOTCA IeMEHTHI 28 u 47, a nepeMeHHas
changed cTaHOBUTCS paBHOM true.

size_Set
DyHKIUS BO3BPAIAET KOJIMYECTBO AJIEMEHTOB MHOYKECTBA.
int size Set( Set* self )
ITapameTpsl
self
MHOX€eCTBO, MOIITHOCTh KOTOPOTO JO0JKHA BEPHYTh (PYHKITHSI.
Bo3Bpamaemoe 3HaueHue
TouHOE KOTMYECTBO JIEMEHTOB B MHOXKECTBE self.
JonmoaHuTe1bHASI HH(OPMALHS
int size;

Set* s = create Set (&type Integer);



size = size Set(s);
add_Set (s,create Integer(28));

size = size Set(s);

[Toce mepBOro BBI30BA size Set NIEpeMEHHas Size CTAHOBUTCA paBHOM Hymro. [locne BTOporo
BbI30BA size Set MepeMEHHas paBHa 1: B MHOXKECTBO ObLT JOOABIJIEH OJMH HJIEMEHT.

toList_Set

OyHKIHS BO3BPAIIACT CIIUCOK (List), COCTOSAIINI U3 BCEX AIEMEHTOB IaHHOTO MHOXKECTBA.
List* toList Set( Set* self )

IHapameTpsl

self
JlaHHOE MHOKECTRBO.

Bo3Bpamaemoe 3HaueHue

CreuunukanoHHas CChlIKa THMA List.

JonmoaHuTe1bHASE HH(OPMALHS

[Topsiiok 271eMEHTOB B CIIUCKE HE OmpezesieH. Bo3BpamiaemMblil CHUCOK COXpaHAET TUITH3AIUI0 MHO-
JKECTBA: €CJIM DJIEMEHThl MHOXXECTBa OBUIM OTPAaHUYEHBl KAKUM-THOO THUIIOM, TO U DSJIEMEHTHI
criucka OyayT OTpaHUYEHBI TEM K€ THUIIOM.

Set* s = create Set (&type Integer);
List* 1;

Type *t;

add_Set (s,create Integer (28));
add_Set (s,create Integer(47));

1 = tolList Set(s);

t = elemType Set(1l);

MHOXECTBO § MEHSETCS I10 MCPE BBIMMOJIHCHUA 3TOI'0 KOJa TaK:

1. 28
2. 2847

Crucok /, Bo3BpalleHHbIN (QyHKIMEH toList Set, COAEPKUT DIIEMEHTHI: 28, 47; OHU MOTYT pac-
noy1araTbcs B J1000M nopsiike. Bei3oB elemType Set (1) BO3Bpamlaer &type Integer.



Map

Tun Map SBISICTCA KOHTCﬁHGpHHM THUIIOM, PCAIUIYIOIIUM OTO6pa)K€HI/Ie 9JIEMEHTOB U3 00JIacTH
OIIPCACIICHUSA B 00J1acTh 3HAYCHUM. DIIEMEHT U3 00JIaCTH OMpCACIICHUSA HA3bIBACTCA KIIFOYOM, a CO-
OTBCTCTBYIOH_[I/Iﬁ 9JIEMEHT M3 00JIaCTH 3HAYECHUH — IIpOCTO 3HAYCHUEM. HpI/I 9TOM OJHOMY KIINOYY
COOTBCTCTBYCT POBHO OJJHO 3HAYCHHUC.

DneMeHTaMu 0TOOpaXKEHUS MOTYT OBITh JIFOObIe criennduKanoHHbIe cChUTKU. [Ipu co3nanmnu 0To6-
paXEHHS MOXXHO OTPAaHUYHMTH THUI €ro JJIEMEHTOB, NMPUYEM OTICIBHO JUIS 3JEMEHTOB 00JacTh
oTmpeeNieHus U IS DIEMEHTOB 00JacTH 3HaueHui. Takoe oToOpakeHre Ha3bIBACTCS THITU3UPOBAH-
HBIM, a Bce (YHKIIMH, paOOTaroNue ¢ HUM W MMEIOIIUE MapamMeTp Tuma Object™®, OymayT mpose-
PATH, YTOOBI TUI ATOTO TTApaMeTpa COBMAAAI C TUIIOM JIEMEHTOB COOTBETCTBYIOIICH 0OIACTH.

JIBa oTOOpa)keHHsI CUMTAIOTCS PaBHBIMU, €CIIM OHU UMEIOT OJIMHAKOBBIE MHOXECTBA KIIOYEH, U
KOKJIOMY K04y B 000MX OTOOpa)KE€HUSX COOTBETCTBYIOT OJIMHAKOBBIC 3HaueHus. [Ipu 3ToM He
YUUTBIBACTCS TUIU3AIINSA OTOOpaKEHHIl, B YACTHOCTH, ITyCThIe 0TOOpaKEHUSI BCETa PAaBHBI.

3aronoBouHbI¥ dain: atl/map.h

« clear_ Map
OyHKIHS yAaIsSeT U3 OTOOPAKCHHS BCE DJICMEHTHI.

- containsKey Map
@yHKIMSI IPOBEPSAET, COAEPHKUT JIM 0TOOpAKEHHE KITIOU, PaBHBIN TaHHOMY.
« containsValue Map
@OyHKIMSI IPOBEPAET, COAEPHKUT JIM OTOOpAKEHHE KIIOU, PaBHBIIN JaHHOMY.
« create Map
OyHKIHS cO3/1aeT OTOOpaKeHHE U BO3BpAIaeT crieln(hUKAIMOHHYIO CChUIKY ThIa Map.
. get Map
OyHKIHS BO3BpaNIaeT CHEUPUKAIMOHHYIO CChIIKY Ha 3HAYCHHE, COOTBETCTBYIOIIEE KITIO-

qy.
« getKey Map

OyHKIUSA BO3BpALIAET CHEU(PUKALMOHHYIO CChUIKY Ha KaKOH-HUOYAb KIII0Y, KOTOPOMY CO-
OTBETCTBYET JAHHOE 3HAYCHHUE.

« isEmpty Map
OyHKIUS TPOBEPSIET, MYCTO JIM JAHHOE OTOOpakeHHeE.

« key Map
@yHKIMS BO3BPALLAET KJIF0Y OTOOpaXEHUs B YKa3aHHOW MO3ULMH.

+ keyType Map
@yHKIMS BO3BpallaeT yKa3aTellb Ha KOHCTaHTY-AECKPUITOp cleUu(UKAIMOHHOIO THUIIa,
KOTOPBIM OTpaHUYEHbI KJIIOUHM JAaHHOTO OTOOpaXKEeHUsI.

- put_Map
OyHKIUsA 100aBIsIET B 0TOOpAKEHHUE Napy «KIIOU-3HAUCHUE».
« putAll Map

I[O6aBJ'I5ICT B IICPBOC OT06pa)K€HI/I€ BCC IIAPbI «KKIIHOY—3HAYCHUEC) U3 BTOPOIo OTO6pa)KCHI/IH.

« remove Map
OyHKIUSA yAaIsSeT U3 0TOOpakeHUs Mapy «KI0Y-3HaAYSHHUEe» JUIs JAaHHOTO KITFoYa.
* size Map
DyHKIUSA BO3BpAIIAET pa3Mep OTOOpaKeHUs.
« valueType Map
@OyHKIUS BO3BpalllaeT yKa3arelb Ha KOHCTaHTY-JIECKPUIITOP CHeNM(UKALMOHHOIO THIIA,
KOTOPBIM OTPaHUYEHBI 3HAUEHUS JAaHHOTO OTOOpaXKEHMS.



clear_Map

OyHKIMS yAanseT U3 0TOOpaKeHUs BCE SJIEMEHTHI.
void clear Map( Set* self )

ITapameTpsl

self
Ounnraemoe oToOpakeHHeE.
Map* m = create Map (&type Integer, &type String);
put Map (m,create Integer (28),create String("a"));
put Map (m,create Integer (47),create String("b"));

clear Map (m);

OTO6pa)KeHI/Ie m MCHACTCS IO MCPC BBIMMOJIHCHUA 3TOI'0 KOJa TaK:

1. 28— "a"
2. 28 —"a", 47 — "b"
3.

Tot ke PE3YJIbTAT MOXKHO IOJIYYHUTDb, [IEPECO3JaB MHOKCCTBO:

Map* m;

m = create Map (keyType Map (m), valueType Map (m));
Ho Taxoii cioco6 meHee 3¢pexTrBeH, yeM BbI30B PYHKIUHN clear Map.

containsKey_Map
OyHKIHS POBEPSAET, COACPIKUT JI1 0TOOpaKEHHE KITIOU, PaBHBII TaHHOMY.
bool containsKey Map( Map* self, Object* key )
IHapameTpsl
self
[IpoBepsieMoe oToOpaskeHue.
key
Kitrou, mouck KoToporo mpoucxoIuT B OTOOpaKeHUH.
Bo3Bpamaemoe 3Hauenne
true, €CIIU KIII0U key conepkuTcs B self. false B OOpaTHOM citydae.
JonosnHurtenbHass HHGpOpMaLUs

Ecnu oGnacts onpezeneHus THIM3UPOBAHA, TO TUII JIEMEHTA key TOKEH COBIAIaTh C TUIIOM KIIIO-
4eil oToOpaskeHusl.

bool contains;

Map* m = create Map (&type Integer, &type String);
put Map (m,create Integer (28),create String("a"));
put Map (m,create Integer (47),create String("b"));

contains = containsKey Map (m,create Integer(28);

OTO6pa)KCHI/IC m MCHACTCS IO MCPC BBINIOJIHCHUA 3TOI'0 KOJZa TaK:



1. 28— "a"
2. 28 —"a", 47 — "b"

3Ha4yeHue NepeMEHHON contains TOCIIE BbI30Ba containsKey Map OyleT paBHO true.

containsValue_Map
@yHKIMS IPOBEPSAET, COAEPHKUT JIM 0TOOpAKEHHE KIIOU, PaBHBII TaHHOMY.
bool containsValue Map( Map* self, Object* value )
ITapamerpsl

self

[IpoBepsieMoe oToOpaskeHue.
value

3HaueHue, MOUCK KOTOPOro MPOUCXOTUT B OTOOPaKEHUH.
Bo3Bpaiaemoe 3HaueHue
true, ecliu 3HaUeHHE value copepxutcs B self. false B 0OpaTHOM ciydae.
JonosHuTe1bHAA HH(OPMALUA

Ecnu oGnacTh 3HaueHMH THIU3UPOBAHA, TO THII 3JIEMEHTA value JOJKEH COBIAgaTh C TUIIOM 3Ha4e-
HUI 0TOOpaskeHUsI.

bool contains;

Map* m = create Map (&type Integer, &type String);
put Map (m,create Integer (28),create String("a"));
put Map (m,create Integer (47),create String("b"));

contains = containsValue Map (m,create String("b"));

OtobpaxkeHne m MEHSETCS 10 MepE BBITIOJHEHHUS STOTO KOJa TaK:

I 28— "a"
2. 28— "a",47 - "b"

3HavyeHue NepeMEeHHON contains TIOCHIE BbI30Ba containsValue Map OyJeT paBHO true.

create_Map
OyHKIMS co3aeT 0TOOpakeHUE U BO3BpalllaeT crielu(PUKaIMOHHYIO CChUIKY THIIA Map.
Map* create Map( const Type *key type, const Type *val type )
ITapameTpsl
key type
VYkazarenb Ha KOHCTAHTY-JECKPHUIITOP TUIA KIH0YeH 0TOOpaKeHUsI.
val type
VYkazarenb Ha KOHCTAHTY-JECKPHUIITOP TUIA 3HAYCHUN OTOOpaKEHHS.
Bo3Bpamaemoe 3HaYeHHE
CrneungukaoHHas CChUIKaA THIA Map.
JonoHuTenbHAsA HH(POPMALUA

Ecnu napametp key type Hysn€BOI, TO TUIBI AIIEMEHTOB OOJIACTH OMpEEIeHUs] He OTpaHu4YeHbl. B
MPOTUBHOM ClIy4ae MapameTp JOJDKEH SBISITHCS yKazaTelieM Ha KOHCTaHTY-JECKPUIITOP THMa JJis



KJIfoueil 0ToOpaskeHusl. AHaJIOTMYHO, €ClI NapaMeTp val type HyNEBOM, TO THUIIbI 3JIEMEHTOB 00JIa-
CTH 3Ha4eHWH He orpaHuyeHsl. VlHaue mapamMeTp JOJDKEH SBIATHCSA yKazaTeleM Ha KOHCTAaHTY-
JIECKpUNTOP TUIMA [yl 3HAY€HUI 0TOOpaKeHusI.

[TepBas cTpoka mpuMepa co3aaeT 0ToOpaxkeHne 6e3 THUIMHM3AINK; BTOpask CTPOKa CO37aeT OToOpake-
HUE C KIII0UYaMHU TUIa Integer; TPEThs CTPOKA CO3/Ia€T OTOOpakeHHe U3 Integer B String.

Map* ml = create Map (NULL, NULL);
Map* m2 = create Map (&type Integer, NULL);

Map* m3 = create Map(&type Integer, &type String);
OyHKIUA create Map OmnpezAereHa HapsAdy CO CTAHIAPTHOM (QYHKLUHN create.

Map* ml = create(&type Set, NULL, NULL);

Map* m2 = create Map (NULL, NULL);
JIBa moka3aHHBIX crioco0a co3/1aHus CreU(PUKAIMOHHON CChITKYA YKBUBAJICHTHBI.

get_Map

OyHKIMS BO3BpAILIAET crieln(PUKAIIMOHHYIO CChUIKY Ha 3HaY€HHE, COOTBETCTBYIOIIEE KITIOUY.
Object* get Map( Map* self, Object* key )

ITapameTpsl

self
OTo0OpakeHue, IMEMEHT KOTOPOTO J0JDKHA BEPHYTh (PYHKITHSL.

key
Kitou, cooTBeTCTBYIOIINI HY>)KHOMY 3HaYEHUIO.

Bosspamaemoe 3Ha4eHHe

Bo3sBpaiaercst 3HaueHUe, COOTBETCTBYIOIIEE MepeaHHoOMY Kitouy. Ecnu otobpaxkenue He coaep-
JKAT TAaHHOTO KJIF04a, BO3BpalaeT NULL.

JonmoaHuTe1bHASE HH(OPMALHS

Ecnm oGnacts onpezeneHns THIM3UPOBAHA, TO TUII JIEMEHTA key TOIKEH COBIAIaTh C TUIIOM KIIIO-
4ell 0TOOpaXKeHMUS.

Map* m = create Map (&type Integer, &type String);
Object* val;

put Map (m,create Integer (28),create String("a"));
put Map (m,create Integer (47),create String("b"));

val = get Map(m,create Integer(28));

OTO6pa}KeHI/IC m MCHACTCH I1I0 MEPE BBIIIOJIHCHUA 3TOI'0 KOJa TaK:

1. 28— "a"
2. 28 —"a", 47 — "b"

nn

3HayeHue nepeMeHHoN val mocie BbI3oBa get Map Oyzaer paBHo "a'.



getKey_Map

OyHKIMS BO3BpAIllaeT CHEIU(PUKAMOHHYIO CChUIKY Ha KaKOW-HUOYIb KIF0Y, KOTOPOMY COOTBET-
CTBYET JAHHOE 3HAYCHHUE.

Object* getKey Map( Map* self, Object* value )
IHapameTpsl
self

OTtobOpakeHue, MEMEHT KOTOPOTO J0JKHA BEPHYTh (PYHKITHSL.
value

3Ha4YeHue, COOTBETCTBYIOIIEE HY)KHOMY KITIOUY.
B03BpamaeM0e 3JHAYCHHUC

BO3BpaH_[aeTC$[ 000it KJIHO4, COOTBCTCTBYIOH_[I/Iﬁ AAaHHOMY 3HAUYCHHIO. Ecan OTO6pa)KCHI/Ie HEC CO-
JACP>XKUT HU OJHOIO KJIr04a, KOTOPOMY COOTBCTCTBYCT JAHHOC 3HAYCHME, BO3BpaIacT NULL.

JonoaHuTenbHasi HHpOpMALUS

Ecnu o6nacTh 3Ha4eHUi TUIIM3UPOBaHa, TO TUI 3JEMEHTa value NOJKEH COBNAlaTh C TUIIOM 3Haue-
HUI 0TOOpakeHHUS.

bool equ;

Map* m = create Map (&type Integer, &type String);
Object* key;

Object* val;

put Map (m,create Integer (28),create String("a"));
put Map (m,create Integer(47),create String("a"));

val = create String("a");

key = getKey Map (m,val);
equ = equals( get Map(m, key), val);

OT06pa)KeHI/Ie m MCHACTC 110 MEPC BBITIOJIHCHUA 9TOI'O KOJa Tak:

1. 28— "a"
2. 28— "a", 47 - "a"

3HayeHue creun(pUKaMOHHON CChUIKU key mocie BbI30Ba getKey Map OyneT paBHO 28 wiu 47.
3HaveHMEe IEPEMEHHOMN equ TOCIE BBI30BA equals paBHO true.

isEmpty_Map
OyHKIHSI POBEPSIET, IMYCTO JIU IAHHOE OTOOPaKEHUE.
bool isEmpty Map ( Map* self )
ITapamerpsl
self
[IpoBepsieMoe oToOpaskeHue.
Bo3Bpaiaemoe 3HaueHue

BosBpamaer true, ecnu 0T06pa)K€HI/Ie HE COJEPKUT HU OJHOM Mapbl «KIOUY—3HAUYECHUEN»; B MPO-
TUBHOM cCJIydae BO3BpamlaeT false.



JononuurtenbHas uHopmanusa
bool empty;
Map* m = create Map (&type Integer, &type String);
empty = isEmpty Map (m);
put Map (m,create Integer (28),create String("a"));

empty = isEmpty Map (m);

3HaueHHne TIEPEeMEHHOM empty TOCiIe TEPBOTO BBI30BAa isEmpty Map OyAeT paBHO true, a TOCIE
BTOPOTO (Kora B 0ToOpaxkeHue Oyaer qobaBienHa mapa 28 — "a") — false.

key_Map
@yHKIMSI BO3BPALLAET KJIF0Y OTOOpaXEHUs B YKa3aHHOW MO3ULUHU.
Object* key Map( Map* self, int index )
ITapameTpsl
self

OTtobOpakeHnue, KII04Y KOTOPOTO J0JDKHA BEPHYTH (DYHKITHSL.

index

Howmep kitoua, KOTOPBI 10KHA BEPHYTH (DYHKIIHSL.
Bo3sBpanaemoe 3HaueHmne

CrennukaoHHas CChIJIKA Ha KJIFOY OTOOpaKEHUS B TIO3HIIUU index.

JonosHuTe1bHAA HH(OPMALUA

Ota QyHKIMS CIYKUT IS Tiepedopa BcexX Kitouel otroopakenus. [10CkoabKy MHOKECTBO KiTtouei
HEYIIOPSIOYCHO, JIEMEHTHl HyMEpYIOTCS HEKOTOPBIM MPOM3BOJIBHBEIM oOpa3zoM. Homep mozuiuu
JIOJDKEH HaxXxoJauTbcs B MHTepBaje ot 0 g0 pasmepa mMHOkecTtBa — 1, T. €. 0 < index <
size Map (self).

Map* ml = create Map(&type Integer, &type String);
Map* m2 = create Map(&type Integer, &type String);
int 1i;
bool equ;
put Map (ml,create Integer(28),create String("a"));
put Map (ml,create Integer(47),create String("b"));
for (1 = 0; 1 < size Map(ml); i++) {

Object* key = key Map(ml,i);

Object* val = get Map(ml, key);

put Map (m2, key,val);
}

equ = equals(ml,m2);

OTO6pa)KCHI/IC ml MeHseTcs 1o MCPE BBIMMOJIHCHUA 3TOI'0 KOJa TaK:

1. 28— "a"
2. 28— "a",47 — "b"



AHAJIOTHYHO U3MEHSCTCS OTOOpaKEHHE M2, HO HM3-3a HEYIMOPSIOUCHHOCTH KJIFOUeH B OTOOpaxe-
HHUH TIOPSIOK JOOABICHHUS Map «KJIIOY-3HAYCHHE» OJHO3HAYHO OMKCATh HEJb3s. 3HAUCHHE Iepe-
MEHHOU equ TIOCIIe BBI30Ba equals OyleT paBHO true.

keyType_Map
OyHKIHS BO3BpalIaeT yKa3aTellb HA KOHCTAHTY-IECKPUIITOP CHEIU(PUKAIMOHHOTO THUIIA, KOTOPHIM
OTrpaHUYEHBI KJIIOUHU JJAHHOTO OTOOpaKEeHUS.
Type *keyType Map( Map* self )
ITapameTpsl
self
Crieun¢ukanoHHas CChUIKa Ha JaHHOE OTOOpa)KeHHeE.
Bo3Bpamaemoe 3HaueHue

OyHKIUSA BO3BpAIAeT yKa3aTedb HAa KOHCTAHTY-AECKPUITOP CIEIU(PUKAIIMOHHOTO THIA, KOTOPHIM
OTpaHUYEHBI KIIFOYH JAHHOTO OTOOpaKeHUs.

JonoaHuTtenbHasi HH(poOpMALU

Ecau o6macth OnpeaACICHUA OT06pa)KeHI/I}I HE TUIIM3UPOBAHA, BO3BpAIAacT NULL.
Ecim obfslacTe omnpenejsieHMsa OTOOpaXeHMA He TUNM3MPOBAaHA, Bo3BpamaeT NULL.

Map* m = create Map (&type Integer, &type String);

Type *t = keyType Map (m);

3HaueHHe crenu(UKAIMOHHON CCBUIKH / IOCIE BBI30Ba (YHKIMU keyType Map OyIeT paBHO
&type Integer.

put_Map
OyHKwst 100aBIsSET B 0TOOpaKEHUE TAPy «KIII0U-3HAYCHHEY.
Object* put Map( Map* self, Object* key, Object* value )
ITapametpsl
self
OTtoOpakeHue, B KOTOPOE JT00ABIISICTCS Napa «KIF0Y-3HAUYCHUEY.
key
Kitou mo6aBiisiemoii B 0TOOpaXkeHue Maphl.
value
3HadeHHne 100aBIAEMOI B OTOOPa)KEHHE TTaphI.
Bo3spamaemoe 3HaYeHHE

Ecnu oToOpakeHne He colep UT Kiroda key, GyHKIHS Bo3BpamaeT NULL. Eciu ke oroOpakenue
YK€ COJIEPIKUT KITtoY key, To (PyHKIIMS BO3BpaIaeT COOTBETCTBYIOIIEE EMYy CTapoe 3HaYCHHE.

JdononnuTtenbHas uHpopManus

Ecnu o6nacth onpezenenns TAMM3UPOBaHA, TO TUII AJIEeMEHTa key TOHKEH COBMAAaTh C TUIIOM KITHO-
4eil oroOpakenus. Ecnu 001acTs 3HaUSHUI TUMMH3UPOBAHA, TO TUII AJIEMEHTA value TOJKEH COBIa-
JIaTh C TUTIOM 3HAYCHUN OTOOPaKECHHUSI.

Ecnu otoOpakeHue He COAEPKUT Kiro4a key, TO B 0ToOpaxkeHue 100aBIIsieTCs K04 key U COOTBET-
CTByIOIIIee eMy 3HaueHue value. Eciu e oToOpakeHue yxe COACPKUT KoY key, TO (DYHKIUS BO3-



BpalllaeT COOTBETCTBYIOIIEE €My CTapoe 3Hau€HHE, a B OTOOPAaXEHUHU CTapoe 3HAYCHHUE 3aMEHSETCS
HOBBIM (value).

String *val;

Map* m = create Map (&type Integer, &type String);

val = put Map(m,create Integer (28),create String("a"));
val = put Map(m,create Integer (47),create String("b"));
val = put Map(m,create Integer(28),create String("c"));

OTo@paerV[e m MeHAeTCA II0 Mepe BLHIIOJIHEeHMA 3TOI'O KOIa TakK:

I 28— "a"
2. 28— "a", 47 - "b"
3. 28— "c", 47 — "b"

3HadyeHue val mocie Kaxaoro u3 MepBbIX ABYX BBI30BOB put Map paBHO NULL; MOCIE TPETHETO
BBI30Ba OHO CTAHOBUTCS PaBHBIM "a".

putAll_Map
I[O6aBJ'I$IeT B IIEPBOC OTO6pa)KeHI/Ie BCC Iapbl «KIHOY—3HAYCHHUC» U3 BTOPOTO OTO6pa)KeHI/IH.
void putAll Map( Map* self, Map* t )
ITapamMeTpbl

self

OTO6pa)KeHI/Ie, B KOTOPOC )10621BJ'I$[IOTC$I JJICMCHTHEI.

OTobOpaxkeHue, 3JIeMEHTB KOTOPOTO J00aBIISIOTCS B self.

JonosHuTe1bHAA HH(OPMALUA

Ecnu o6nacte onpenenenus: oroOpakeHus self THIM3HUPOBaHa, TO TUITBI BCEX KITIOYEH 0TOOpaskeHHs
{ ITOJHKHBI COBIAJAATh C TUIIOM KIIOYeil oToOpakeHus self. AHaJIOTMYHO, €Clid 00JIaCTh 3HAYCHH
oTOOpaKeHHs Self TUMHM3UPOBAHA, TO TUIBI BCEX 3HAUYEHUH OTOOpa)KeHMS ! JOJDKHBI COBHANATH C
TUTIOM 3Ha4YeHUH oToOpaxkeHus self. [Ipu 3ToM He TpedyeTcs, 4ToOBI 00IacTH OMpeIeICHUS U 3HA-
YeHUH 0TOOpa)keHus ¢ ObUIM TUIIU3UPOBAHBI.

Ecnu oroOpaxkeHue self y)xe coOAepKUT HEKOTOPBIN KITIOY U3 0TOOpa)KEeHHS /, TO COOTBETCTBYIOIIEE
€My 3Hau€HHUE 3aMEHSAETCS Ha HOBOE.

Map* ml = create Map (&type Integer, &type String);
Map* m2 = create Map (NULL, NULL);

put Map (ml,create Integer(28),create String("a"));
put Map (ml,create Integer (63),create String("b"));
put Map (m2,create Integer (28),create String("c"));
put Map (m2,create Integer(47),create String("d"));
putAll Map (ml,m2);

OTtobOpaxxenue m/ MEHSETCS TAKUM 00pazoM:

1. 28—"a"



2. 28 N HaH’ 63 N Hb"
3' 28 N "C", 47 N Hdﬂ, 63 N "b"

Otobpaxxenue m2 MEHSETCS TakK:

I 28— "c"
2. 28— "c", 47 - "d"

[Tocne BbI30Ba addAll Set B oToOpaskeHue ml nobasisercs napa 47 — "d" u 3HaueHUe MO KO-

qy 28 mensiercs Ha "c".

remove_Map

CDYHKI_II/IH YAQIACT U3 OTO6pa)KeHI/I5I napy «KJIr04-3Ha4CHUEC» IJId JaHHOI'O KJIr04a.
Object* remove Map (Map* self, Object* key);

IHapameTpsl

self
OTtobOpaxkeHue, u3 KOTOPOIo YAAIAETCS HJIEMEHT.

key
Kimrou yJIaHSIeMOfI Mnapel «KIHOY-3HAYCHUC)).

BosnpamaeMoe 3HAYCHHUE

BosBparaer 3HaueHne, KOTOPOE COOTBETCTBOBAJIO KIIIOUY key B 0TOOpaskeHuu self, uinu NULL, ecliu
TaKOTO 3HAYCHHSI HE OBLIO.

JononHurtenbHass uHpOpMaLus
Map* m = create Map (&type Integer, &type String);
put Map (m,create Integer (28),create String("a"));
remove Map (m, create Integer (28));

remove Map (m,create Integer (28));

IlepBelii BBI30B GYHKIMU remove Map BO3BpAIaeT CTPOKOBOE 3HAUEHHE, COOTBETCTBYIOLIEE KIIIO-
gy 28: "a". Bropoii BbI30B Bo3Bpaliaer NULL, TaK Kak Iapa ¢ KJItouoM 28 yxe Oblia yaalieHa.

size_Map
DyHKIMS BO3BpAIaeT pa3Mep 0TOOpaKeHHUS.
int size Map( Map* self )
ITapameTpsl
self
OtobpaxkeHue, pazmep KOTOPOTO J0JKHA BEPHYTh (PYHKITHSI.
Bosspamaemoe 3Hauenue
OyHKIMS B3BpAIIAET TOYHOE KOJMYECTBO Map B OTOOPKECHHH.
JononnurtenbHas uHopmanusa
Pa3zmepoM cunTaeTcss KOJTUYECTBO Map «KIOY—3HAYCHUE, COACPIKALTUXCI B OTOOPKCHHH.
int size;

Map* m = create Map (&type Integer, &type String);



size = size Map(m);
put Map (m,create Integer (28),create String("a"));

size = size Map(m);

[Tocie mepBOro BBI30BA size Map NEpEMEHHas Size CTAHOBUTCSA PaBHOM Hymro. [locne BTOporo
BBI30BA size Map NMepeMeHHas paBHa 1, Tak Kak B 0TOOpa)keHHe ObL1 J0OaBJIEH OJMH 3JIEMEHT.

valueType_Map

@DyHKIUS BO3BpAILAET yKa3aTeidb HA KOHCTAHTY-AECKPUITOP CIEHU(PUKAIIMOHHOTO TUIIA, KOTOPHIM
OrpaHUYEHBl 3HAYEHUS JAHHOTO OTOOpaKeHUsL.

Type *valueType Map( Map* self )
ITapamerpsl
self

Crienn(ukanMoHHas CChUIKA HAa TAHHOE OTOOpaKEHHE.
Bo3Bpamaemoe 3HaueHHe

@OyHKIMS BO3BpallaeT yKa3aTellb Ha KOHCTAHTY-IECKPUIITOP CHELM(PUKAITUMOHHOTO THUIIA, KOTOPHIM
OrpaHUYEHBI 3HAYCHUS JAHHOTO OTOOpa)KEeHUsL.

JonoHuTenbHas HH(pOpMALUA
Ecnu o6macth onpeaenennst oToOpa)keHusi He TUITM3UPOBaHa, BO3BpaaeT NULL.
Map* m = create Map (&type Integer, &type String);

Type *t = valueType Map (m);

3HayeHue cneuru(UKAMOHHON CCBUIKU f 1ociie BbI30Ba (PyHKIMM valueType Map OyneT paBHO
&type String.
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