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1 Hasuadenue 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.



1.1 Texuogoruag UniTESK

KonTponp kayecTBa sIBISIETCS BaXKHOM MpoOIEeMoOid, crosmield mepen  pa3paboTyuKaMu
nmporpaMmMHOTO oOecriedeHusi. TecTupoBaHue SBIAETCS HauWOoJiee W3BECTHBIM W IIMPOKO
UCIIONB3YEMBIM CIIOCOOOM OIICHKH M TOBBIIMIEHUSI KadecTBa. DYyHKIMOHATBHOCTh U CIOKHOCTh
COBPEMEHHOTO MPOTrPaMMHOTO 0OecTeueHnuss pacTéT OYEeHb OBICTPO, a €ro >KU3HEHHBIM ITHUKII
YBEIMYMBAETCA. B 3TUX yCIOBUSX TPYIOEMKOCTh NPUMEHEHUS TPATUIUOHHBIX TIOJIXOJI0B K
TeCTUpoBaHUIO pactér, a »sddextuBHOCT, mamaer. Mcmnonp3oBanue texHomoruu UniTESK
MOMOTaeT MPEOJONETh 3TH MPOOIEMBI.

OcHosnble xapakTepuctuku TexHoiaoru UniTESK TakoBbl:

e Jlna uérkoro ompexneneHus QyHkuumoHanbHoctH 11O co3pmarorcs  gopmanvhuie
cneyughuxayuu. IT0 MOXKET OBITH CACIIAHO KaK JJIA BHOBb pa3padareiBaeMoro [10, naxe no
3aBepILEHUs peaju3alMy, Tak U A yKe cylecTBytomero. TakuMm oOpa3oM, TEXHOJIOTHUS
MO’KET IPUMEHATHCS B 3aJja4ax NpsMoi 1 oOpatHoil unxeHepuu I10.

e Tecthl pa3pabaThIBAIOTCS Ha OCHOBE (hOpMabHBIX CHelH(HUKAIUI, a He peaTu3aluu. ITo
MO3BOJISIET MPOBEPATH COOTBETCTBHE MoBeneHus [10 npenbsBisemMspiM TpeOboBanusMm. Takoe
TECTUPOBAHUE HA3bIBAIOT METOAOM “‘d€pHOro smmka’. OHO MO3BOJISET CO3AaTh HAOOP
TECTOB, HE YUYUTHIBAIOIINN OCOOEHHOCTH KOHKPETHOM peanu3aiui.

e Kpumepuu mecmogoeo nOKpulmus TaKXKe CTPOSATCS Ha OCHOBE (DOpMalIbHBIX
cnenuuKanuil. OTH KpUTEPUU MO3BOJISIIOT OLEHUTb, HACKOJIBKO IIOJIHO IPOBEPEHO
cootBercTBUE noBeneHus [10 3agaHHbIM TpeOOBaHUSM.

e Jlus BHIOpaHHOrO KPUTEpPHUS TECTOBOTO IOKPBITUS CTPOUTCA CYEHApuil mecmuposaHus,
KOTOPBIH HalleJIeH Ha TOCTH)KEHHUE MAaKCUMAaJIbHOTO MOKPBITUS 110 BHIOPAHHOMY KPHUTEPHIO.
AHaJ0roM ClieHapHUeB TECTUPOBAHUS SABJISIOTCS IMIMPOKO HUCIOJIb3YEMbIE TECTOBBIE CKPHUIITHI.
Opnnako cuenapuu TectupoBanusd UniTESK no3BosisiioT 3HaYMTENBHO YIYyYLIMTh KayeCTBO
TECTUPOBAHUS PU TEX KE YCWINUAX Ha pa3paboTKy.

e @opmanbHble crienUPUKAIME U CUHEHAPUU TECTHPOBAHUS MOTYT OBITh HCIHOJB30BAHBI B
HCU3MCHHOM BUAC I TECTUPOBAHHA Pa3JINYHBIX peanmauuifl, JaXKE €CJIN Uux HHTep(l)eﬁCBI
ornuuaoTcs. CompspkeHHe peanu3alid U TEeCTOB  OCYIIECTBISETCS C  TOMOIIBIO
CHEIMANTBHBIX KOMIIOHEHTOB TECTOBON CHUCTEMBI — Meduamopog. Takou MoIX0;1 TI03BOJISET
YBEJIMYUTH CTENEHb IEPEHCIIONb30BAHMSI KOMIIOHEHTOB TECTOBOW CHCTEMBbI, oOjerdas
pa3paboTKy M CONMPOBOXKICHNE HAa0Opa TECTOB.

e Jlng 3amucu BceX KOMIIOHEHTOB TECTOBOW CHCTEeMBl ((opMalbHBIX crHenuduKanui,
MEAMATOPOB M TECTOBBIX CLEHApUEB) MCIIOJIb3YETCs CHELM(PUKALMOHHOE pacIlupeHHe
sI3bIKa MPOrPAaMMHPOBAHUS, KOTOPBIM Hcmonb3yercs Uit pazpabotku tectupyemoro I10.
OTO 3HAUMTENbHO OOJEr4yaer OCBOCHME TEXHOJOIMM W IOHMMAaHHE CBS3M TecTa C
TECTUPYEMOU CUCTEMOM.

JleiicTBUsI, KOTOpble HEOOXOAMMO BBINOJIHUTH i pa3paboTku Tecta mo texHoioruun UniTESK,
OIMCaHbI B CIEAYyOIeH Tabnuie:



[Ipoananusuposas
(GyHKIMOHATBHBIE TPeOOBaHUS K

TpeGoBanmst
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 TCCTHI, HYXHO TecTOBEIE creHapuu

OTTPAHCIUPOBATH CeHU(PHUKAIIH,

MEIMATOP5l M CIEHApUH  C / \
aCIIUPEHUS SI3bIKA

P P Crneundukanuu Menunaropst

MPOrPaMMHUPOBAHUS B IEIIOCTHYIO

TECTOBYIO CHUCTCMY Ha CaMOM

3TOM A3BIKE.
ABTOMaTUIUKafd Tre€HEpanus

\ 4
Fectopasi-cucténa - |—— Lenesoe [10

6. Ilocne TpaHCHALMU CTAHOBUTCA
BO3MOJKHBIM BBIIIOJTHEHHE TSCTOB.
[Ipy BBIMOJHEHUH TECTOB MOTYT
OBITh BBISBICHBI HECOOTBETCTBHS
MEXIy TECTOBOM CHCTEMOH H

LleneBoe I1O

uenessM [10. CriegyeT BBIACHUTS, OTieIon
yem BBI3BAHO KaXK70e

HECOOTBETCTBHE — OLIMOKOH 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,
9TOOBI ONpPEICIUTh, Kakue TecTOBbLIC OTYETHI
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.



1.2 Peanu3anuga UniTESK B CTESK

CTESK peanuzyer UniTESK Ha nnatdopme si3bika nporpammupoBanus C.

B CTESK mms pa3paboTkui TECTOB HCHOJB3yeTcs s3Ik SeC — chenuanbHO pa3paboTaHHOE
cneun(pUKalMOHHOE paciuupenue s3bika nporpammupoBanus C (Specification Extension of C).
SeC pacmmpsier 361k C crielManbHBIMA KOHCTPYKLUSMHU, KOTOPBIC IMO3BOJISIIOT KOMITAKTHBIM H
y1oOHBIM 00pa3oM ONHUCHIBaTh TPEOOBAHUS K TECTHUPYEMOM CHUCTeME M Jpyrue KOMIIOHEHTHI
TECTOBOM CHCTEMBI. JTO JellaeT pa3paboTKy TECTOB MAaKCHUMAaJbHO yIOOHOH, a Takke MO3BOJISET
COKpAaTHUTh 3aTpaThl Ha 00yueHHE CIELUAINCTOB, YK€ 3HAKOMBIX C S3bIKOM IporpammupoBanus C.
Taxoke SeC MO3BOJSET ONMPEACTATH MOJHOCTHIO HE3aBHUCHMBIE OT pean3alliil CreHUPUKAINA U
CLIEHAapHH, YTO JAaeT BO3MOXHOCTb UX MOBTOPHOTO UCIOJIb30BAHHUS.

Ha6op wmnctpymentoB CTESK Brmouaer tpancmstop u3 SeC B C, OMONMHOTEKY MOAAECPKKA
TECTOBOM CUCTEMBI, OUOIHMOTEKY criel(UKAIIMOHHBIX THIIOB U TEHEPATOPHI TECTOBBIX OTYETOB.

Tpancasmop uz SeC ¢ C TO3BOJSIET TEHEPUPOBATh KOMIIOHEHTHI TECTOB M3 CHEIUUKAIUH,
MEANATOPOB U TECTOBBIX CIICHAPHUEB.

bubnuomexa noodepoicku mecmosotl cucmemsl MPETOCTABISET 00X00UUK — PEATTU3AIMIO Ha S3BIKE
C anropuTMoB MOCTPOCHHSI TECTOBOM MOCIEAOBATEIBHOCTH — U 00eCredYnBaeT TPACCHPOBKY
BBITIOJTHCHHSI TECTOB.

Bubnuomexa cneuu¢ui<az4u0HHblx munoe MNOAACPIKUBACT  THIIBI, HHTCIPUPOBAHHBIC (¢10)
CTaHAApPTHBIMU (bYHKHI/ISIMI/I CO3aaHus, KOIIMPOBAHUA, CPABHCHUSA W YHUUTOXCHUSA 3HAYCHUI 3THX
TUIIOB, U COACPKUT Ha60p YK€ OIIPCACIICHHBIX CHGHI/I(I)I/IKB.I_II/IOHHBIX THUIIOB.

FeHepamopbz meKcmoebvlx u zpagbuqecmtx mecmoevlix omuyemos AT BO3MOXHOCTb I'CHCpalun
YI[O6HBIX JJIs1 aHaJIru3a HpeZ[CTaBJ'ICHI/Iﬁ TPACChI BBITIOJIHCHUS TECTA.



2 PykoBOICTBO M0JIL30BATEIA

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

e B pasgene «Qowue ceedenus» mnpuBomarcs oramuns SeC ot C, ONUCHIBAIOTCS
pacmmpsitonive C NOHATUS U KOHCTPYKLIUU.

e B pazmene «Cneyugurxayuuy paccmarpuBaercss cmnocod (HopMambHOTO — OMHCAHUS
TpeOOBaHUI K TECTHPYEMOUW CHCTEME B BHJIE NpedyClo8Ull, NOCMYCI08Ull N 0CPAHUYEHULL
oocmyna B cneyuhuKayuoHHuIX OYHKYUax 1 omaodceHuvix peakyusx. ONUCHIBAETCs COCO0
3aJjaHus Pa3IMYHBIX Kpumepues nokpvimus. Takke BBOIUTCS KOHUEHIUS OONYCMUMbBIX U
cneyuuKayUoOHHbIX MUnog, B ACTANAX paccMaTpUBaeTCa paboTa C CyHIECTBYIOIIMMHU
cHenu(pUKAIMOHHBIMU THUIIAMH M TpPaBUJIa CO3/IaHUSI HOBBIX TUIOB JaHHBIX. OMUCHIBaeTCS
MEXaHU3M UHBAPUAHMOE, HAKJIA/IBIBAEMbIX Ha THUIIbI JaHHBIX U IEPEMEHHBIE.

e B pazgene «Meduamopwvly OOBSCHACTCS MEXaHHM3M CBS3bIBAaHUSA CHEHU(PUKAIMN C
peaNM3anueil TeCTUPYEeMOU CHUCTEMBI B BHIIE MeOUAMOPHLIX (PYHKYUll, OCYIIECTBISIFOIINX
6030elicmaue U CUHXPOHUZAYUIO COCMOSIHUIL.

e B paznene «Zecmosvie cyenapuu» ONMCAHO IIOCTPOECHUE MeCmO8020  CYEHaApus,
00BEAMHAIOMIETO HA0Op cyeHapHulx Gyukyuti A7 UTEpallud MapaMeTpoB, MEXaHU3M
NOCTPOCHUS  TecTa, (YHKIUIO  BBIYMCICHUS  CYEHAPHO20  COCMOAHUA,  CHOCO0
VMHUIMAIM3AlUY U 3aBEepIICHUs pabOThl TECTOBOM M TECTUPYEMOM CHUCTEM.




3 OO0mmue cBeneHUus

SeC nmomrocthio moazaepkuBaet ANSI C. JIonmoJHUTETEHO BBOASATCS CHeyu@DUKAyUOHHble MUunbl,
Munvl U nepeMeHHble ¢ UHBAPUAHMAMU, NOKPbIMUsL Y 9eThIpe BUa GYHKIUN: cneyugurkayuonmbie,
peakyuu, mMeOuamopHvle U CyeHapHvle. DTH THIBI, WHBAPUAHTHI W (DYHKIMH ONPEICISIOTCS B
cnenuuKanuoHHbIX (aitnax ¢ pacmupenneM sec. CrnenupuKanMOHHBIC 3aroJIOBOYHBIC (DAIIBI,
coJiepKaIue JeKiaparuu Crenu(pUKaIHOHHBIX TUTIOB M (DYHKIIMIA JOJKHBI HAXOIUTCS B (paitmax ¢
pacumMpeHueM seh.

Creun¢ukalMOHHbIE 3aroJIoOBOYHbIE (ailyibl BKIIOYAIOTCS B creuu(UKalMOHHbIe (ailnbl mpu
nomomu AupekTussl npenpoueccopa C #include. CnenudukanoHHsle (Gailiibl MOTYT COAEpkKaTh
u oOblynble QyHkuuu C, Tpedyemble Uil pa3MYHBIX BcroMmoraTenbHbIX 1eneil. [lpu
HEOOXOJMMOCTH HUCHOJb30BAHUS THUIOB JIaHHBIX, KOHCTAHT, IE€PEMEHHBIX WIN (QYHKIHUHA
BKJIIOUYAIOTCSl OObIUHBIE 3ar0JIOBOYHbIE (ailibl sa3bika C.

Jns ynoOcTBa 3amMcy M YTEHUS JIOTMYECKHX BbIpakeHUH B s13bIK SeC JOIMOIHUTENBHO BBEICH
OTIepaToOp HWMIUTMKAIIMK =>, SIBISIOMIMICS OWHAPHBIM HWH(PHUKCHBIM OIEpPaTOpOM, MPUOPUTET
KOTOPOTO MEHBIIIE MPUOPUTETA OMepaTopa AU3BIOHKIUU | |, HO OOJbIlEe MPUOPUTETA YCIOBHOTO
omepaTtopa ?:. BbIpaxkeHne x => y DOSKBHBAJEHTHO BBIPAXEHUIO !x || y, WU NOpPH €ro
BBIYMCIICHUH, TAKKE KaK IPHU BBIUKUCICHUU IPYIUX JIOTMYECKUX OIEpPATOPOB, JEHCTBYIOT MpaBHIIa
KOpPOTKOM Jioruku. OmnepaTop UMIUIMKALUA ACCOIMATUBEH CJIEBa HAMPAaBO, TO €CTh BBIPAXKEHUE
X => y => z 3KBHUBAJICHTHO BBIPAXXCHUIO (X => y) => =z.



4 Choneuupurkanuu

Crneuundukanus mnpeacraBisieT coboi ¢dopMmanbHOE oOnucaHue TPeOOBaHUN K TECTUPYEMOM
cucreme. B Ttectupyemoii cucteme BBIIENAIOTCA UHTEpQeiicHple (YHKIMM W JaHHBIEC,
ONPENEIAIOIINE COCTOSIHUE 3TOU CUCTEMBI.

B cnemudukanum mnoBeneHne WHTEPPEHCHBIX (YHKIMHA OMUCHIBACTCS CHEUU(UKAMOHHBIMU
(GYHKIUSAMHU, a COCTOSHHE CHCTEMBl MOJCIHPYETCS TI00ATbHBIMA TEPEMEHHBIMH COCTOSHHSL.
TpeboBanust K TecTHUpyeMOW cucteMe (QOPMYIUPYIOTCS KaK OrpaHMYCHHS Ha IIOBEICHUE
uHTepercHbIX GYHKINUN (B BUE MPEAYCIOBUN U MOCTYCIOBHMA B CIIEIIM(PUKAIIMOHHBIX (QYHKIIHASIX)
Y Ha 3HAUYEHUS JaHHBIX (B BU/I€ MHBAPUAHTOB TUIIOB U IEPEMEHHBIX COCTOSIHUS).

[TpuBsizka cnenUPUKAIUOHHBIX (YHKIUHA W MOJIENbHBIX JaHHBIX K (QYHKIUSM M JaHHBIM
peanu3alny TECTUPYEMOM CUCTEMbI OCYIIECTBIISIETCS MPU MTOMOIIUA MEIUATOPOB.

Kpome Toro, crneuudukanuu MOryT coiepiaTb KPUTEPUU TOKPBITHS, MO3BOJISIONIME OLIEHUTh
MOJIHOTY TECTUPOBAHUS.

B cnyyae TecTupoBaHMsS CHCTEM C OTJIO)KCHHBIMH DPEaKIMSIMH, MX IOBEJEHHWE MpPHU OTBETE Ha
BHCIIHUC BO3I[€I\/JICTBI/I}I COCTOUT M3 HCHIOCPCACTBCHHBIX MW OTJIOKCHHBIX peaKuHﬁ. HepBBIe
OTMMCHIBAIOTCSA OOBIUHBIMH CHENU(PUKALIUOHHBIMUA (YHKIUSAMHU, a U1 OMNHCAHUS MOCIEAHHUX B
cneun(uKanuio 100aBIAIOTCA OTJIOKEHHbIE peakuuu. [IpuBs3Ka OTIOXKEHHBIX peakiuid K
TECTUPYEMOW CHUCTEME OCYIIECTBIACTCS C IOMOIIBIO MEIUATOPOB W COOPIIMKOB peakiuidi. B
OTJIMYHE OT CHEUUPHUKAIMOHHBIX (DYHKIMHA, /UIS OTIOXKEHHBIX PEaKUUid He MOTYT OBITh 3aJaHBI
KPUTEPUU TTOKPBITHSL.



4.1 ChneundpukaumoHHbie PYHKIUU

CrneuundukanoHHble (YHKIUH CIYXaT JIJs OMHCAHUSA TOBEIEHUS HMHTEP(EHCHBIX (YHKIIHIA
TECTUPyeMOW cHUCTeMbl. B o0mem ciydae crnenudukanuonHas QyHKIUAS —ONpPEaesieT
MOBEJECHUE TECTUPYEMOM CHCTEMBI IIPU ONPEAEIEHHOM BO3JEHCTBUU HA HEE Yepe3 HEKOTOPYIO
4yacTh uHTEpdeiica.

CrienudukanoHHble QYHKIIMU OMUCHIBAIOT MOBEACHNE B (pOpMe OrpaHUYEHUH TOCTYyIa K TaHHBIM,
MIPEeAYCIOBUH, JIOKAIBHBIX KPUTEPUEB MOKPBITUS U TOCTYCIOBUH.

Hexnaparust crieuuKanuoOHHOW (QYHKIIMM COCTOUT W3 KIIFOYEBOTO ClioBa specification,
CUTHATYpbI QYHKIUH (B 0OBIYHOM CMBICIIE si3biKa C) ¥, BO3MOYKHO, OTPaHMYEHHIA JIOCTYIIA.

specification double sqgrt spec (double x);

SeC nmnpenycMmarpuBaeT TpU KOHCTPYKLUM, T[pelHa3HAuYEHHbIE JJIs BKJIIOYEHUS B TEJO
crien(pUKAMOHHON (PYHKITUU: TIPEIYCIOBHE, MTOCTYCIOBUE U JIOKAJTBLHOE OMPEACIICHUE TTOKPBITUS.
[IpenycinoBue W KpPUTEPUHM TOKPHITUS MOTYT OTCYTCTBOBAaTh, TOTJa KaK ITOCTYCJIOBHE JOJDKHO
IPUCYTCTBOBATH 00SI3aTEIBHO.

[IpenycnoBue mnpoBepsieT NPUMEHUMOCTh (YHKLIUU K JaHHOMY HaOOpy 3HAaueHUIl MapameTpoB U
IIEPEMEHHBIX  COCTOSIHUA. JIOKanpHbIE TOKPBITHS, KOTOpPBIE MOTYT  HCIIOIb30BaThbCs B
creun(UKaMOHHOW (YHKUMU Hapsagy C TJI00albHBIMH, DPa30MBAIOT IOBEIEHHE CHCTEMBI,
ONMCAaHHOE NTaHHOHW CIeMU(pUKAIMOHHON, Ha BETBU (PyHKIHMOHAIBHOCTH. M KOx mpemycioBus, H
KO (YHKIMH BBIYUCICHHS JIOKAJbHBIX MOKPBITUH BBIMOJHSAETCS B MPE-COCTOSHHUM, T. €. [0
B3aMMOJEHCTBUSI C TECTUPYEMOI cUCTeMON. 3HaUEHUs BHIPA)KEHUN M NIEPEMEHHBIX B 3TOT MOMEHT
Ha3bIBAIOTCS NIPE-3HAYCHUSAMMU.

[Iepen BeIUMCIEHNEM MTOCTYCIOBUS OCYIIECTBISECTCS B3aUMOICHCTBUE C TECTUPYEMON CUCTEMOM C
IOMOIIBIO BbI30Ba Menuaropa. [locTycioBue mpoBepseT COOTBETCTBHE MOJIYYEHHOIO pe3ysbTara
oxkuiaeMoMy. OHO BBITOIHAETCS B IOCT-COCTOSIHUY, T. €. I10CJIE€ B3aUMOJAEUCTBHS, U UIMEET JEIIO0 C
HOCT-3HAYCHHUSIMHU BBIPA)KEHUI.

specification double sgrt spec(double x) {

pre { ... }
coverage C { ... }
post { ... }

}

B oOmiem ciiyyae Mexy OMMCAaHHBIMU OJIOKaMU MOXKET HMCIOJIb30BATHCS JOMOTHUTEIBHBIA KOJI.
JIOTIOTHUTENBHBIA KOJI HE TOJDKEH UMETh TOOOYHBIX 3()(EeKTOB: HE JOIKHBI H3MEHSATHCS BUIMMEBIC
CHApyXH JaHHbIE; JMHAMUYECKas MaMsATh, BbIIEJICHHAs BHYTpU OJOKa KojAa, JOJDKHA
0CBOOOXKIATHCS JIMOO B HEM XK€, TMOO B MApHOM eMy OJIoKe. DTOT KOl OOBIYHO MCTIOJB3YeTCs IS
OTIpeNie/IeHUs] TEPEMEHHBIX, OOIMX Uil MpeayCcioBUs, MOKPBITUM M moctyciaoBus. IlomHoe
OIMCaHUE B CEMAHTUYECKUX TPEOOBAHUAX K CHEIU(PUKALUOHHBIM (YHKIUSIM.

CrneundukanronHble (QYHKIMK BBI3BIBAIOTCS, KaK MPaBUIO, B CIEHApHBIX (PyHKUUAX. Bbi3oB
CHCIM(PUKAMUOHHON (QYHKIIMM COCTOUT B TIPOBEPKE WHBAPUAHTOB B COOTBETCTBUU C
OTPaHUYEHUSMU JOCTYIIA, IPOBEPKE MPEYCIOBHS, BHIYMCICHUH MOKPBITHIX BETBEH B COOTBETCTBUU
C KPUTEPUSMH TTOKPBITHS, OCYIICCTBIICHUH TECTOBOT'O BO3JICHCTBUS U CHHXPOHU3AIIUU MOJICIHLHOTO
U peaTu3aliOHHOTO COCTOSHUN B MeIUaTope, BTOPUYHOW MPOBEPKE HHBAPUAHTOB U MPOBEPKE
noctycioBus. CrienupukannoHHass (YHKIHS BO3BpANIacT 3HAYCHUE, BBIYUCICHHOS B MEIUATOPE
(ecu oHa He OOBSIBIICHA KaK void).



4.2 OT/I0/KeHHbIE PeaKIUH

OT/IOKEHHBIE pEaKLUUU CIyXKaT Ui ONMCAHMUs IIOBEIECHUS TECTUPYEMOM CHUCTEMBI IIpU
OTJIO)KEHHOM pEarupoBaHWM Ha BHEIIHUE BO3JAeHCTBUA. OTIOKEHHBIE PEAKIMH ONUCHIBAIOT
noBeJieHHe B (opMe OrpaHMUYEHHMH J0CTyna K JaHHBIM, NPEIyCcIOBHH M IMOCTyCIOBHH. B

OTJIMYME OT CHENM(PUKANMOHHBIX (YHKIMKA, B OTIOXKEHHBIX PEAKIHUSAX HE MCIIOJIb3YIOTCS
KPUTEPUU MOKPBITHUS.

Jlexnapanusi OTJIOKEHHOM pEeakIMM COCTOMT M3 KIIOYEBOIO CJIOBa reaction, CHrHATYphl
¢yHK1MM (B 00bIYHOM cMbIcie si3bIka C) U, BO3MOKHO, OTPaHUYEHUN JOCTYIA.

reaction String* recv_spec(void);
OTn0oXEeHHas peaKius:

* HUKOIJA HE MMEET [1apaMeTpoB,

s JIOJDKHA BO3BpAIATh CIIENU(PUKAIMOHHYIO CCHUIKY.

Teno OTNOXEHHOH peakIMM COCTOMT M3 JIBYX YacTei: MmpemycioBHUs (MOXET OBITh OIYIIEHO) U
MOCTYCI0BUS (00s3aTENHHO OJHO).

IIpenycnoBue 1poBepseT BO3MOKHOCTb BO3HUKHOBEHHUS pEAKLIUU B JAHHOM COCTOSIHHMM.
[IpenycimoBue BBINOJIHAETCS B IPE-COCTOSSHUM M HMMEET JOCTYI TOJBKO K IIPE-3HAYCHUSIM
BBIPAKCHUM.

[ToctycrioBue mpoBepsieT COOTBETCTBUE pPe3yNibTaTa, MOJYYEHHOTO MPH BO3HUKHOBEHUU PEaKIUH,
oxkuiaeMoMy. OHO BBITIOJTHSIETCS] B IOCT-COCTOSTHUY TOCJIE€ BOSHUKHOBEHUS PEAKIIMU U UMEET JIEJI0
C TIOCT-3HAYEHUSMHU BBIPAKEHUH.

reaction String* recv spec (void) {
pre { ... }

post { ... }

1

B obmiem cimydyae MexIy OIMCAHHBIMH OJIOKaMH MOXKET HMCHOJIB30BAThCS TOMOJHHUTEIBHBIN KOJI.
JIOTIOTTHUTENBHBIN KOl HEe JOJDKEH UMETh MOOOYHBIX 3()(EKTOB: HE JOIKHBI U3MEHSATHCS BUIMMBbIC
CHAapy)KH JaHHbIe; JMHAMHYECKas NaMATh, BBIJICICHHAS BHYTPH OJIOKa KOJAa, JOJDKHA
0CBOOOXKIAThCA JTMOO B HEM XKe, JTMOO B MapHOM eMy OJ0Ke. DTOT KO OOBIYHO MCIIOIB3YETCS IS
OTIpEZIeTICHUs] TIEPEMEHHBIX, OOMMX I MpeaycloBus M mocTycioBus. llomHoe ommcanne
HAXOJUTCS B CEMAHTUYECKOM TPEOOBAHUU K OTIOKEHHBIM PEAKLIUSIM.

OTi0)XeHHAsT peakiisl HUKOT/a HE BBI3BIBACTCS SIBHO, MOCKOJBKY WHHUIUHUPYETCS TECTHPYEMOM
CUCTEMOM.



4.3 OrpaHuveHus 10CTyNA

OrpaHuveHus IOCTyHa yKa3bIBAIOT CIOCOO HUCIOJIb30BAaHUS B CHEUU(UKAIMOHHBIX (QYHKIUSX U
OTJIOKCHHBIX PCaKIUAX [JI00aJIBHBIX INEPEMCHHBIX W IMapaMETPOB, a TaK KC BBIpa)KeHHfI C HUMMH.
[MognepxuBarOTCsT TpU BHUAA OTPAHUYEHHUI JOCTyma: uYreHue (reads), 3amuch (writes) U
n3MeHeHue (updates).

Ol"paHI/I‘leHI/IH 3aIlIMCBIBAOTC IMOCJIC CUTHATYPhbI CHCHH(bI/IKEIHI/IOHHOﬁ (I)YHKLII/II/I WA OTJI0KEHHOH
peaKuUu B BUJIE CHUCKA BBIPAXKEHHUM Yepe3 3alsTyr0, MOMEYEHHOTO OJHUM M3 KIIFOYEBBIX CIIOB
reads, writes WU updates:

specification void root spec/(
double a,
double b,
double ¢,
double *x1I,
double *x2)
reads a, b, c
writes *x1, *x2;

OrpannyeHue Jo0CTyna reads Ui HEKOTOPOTO BBIPAKEHHUS O3HAYAaeT, YTO 3HAUYEHHE 3TOTO
BBIPOKCHUSI HE U3MEHSICTCS B PE3yJIbTaTe B3aMMOJACHCTBUS, T. €. NPe-3HAUCHHE STOTO BBIPAKECHUS
COBMAJIAeT C MOCT-3HaUYeHUEM. {15 TaKMX BBIPAKEHUIH aBTOMATHYECKH MPOBEPSIOTCS WHBAPUAHTHI
nepesi MPOBEPKOW TMPEIyCIOBHs, a Tepe MPOBEPKOW MOCTYCIOBHS TPOBEPSETCS, YTO 3HAUYCHUE
BBIPXXEHUS HE U3MEHUJIOCh.

OrpanndeHne oCTyna writes JUIs HEKOTOPOTO BBIPAXKCHHs O3HAYACT, YTO IPE-3HAYCHUE HE
UCTIONIb3YeTCS B CHEIM(PUKAIIMOHHON (YHKIIMH M MOXET ObITh HE ONpEAETIeHO, a MOCT-3HaueHHe
BbI-pabaTbIBaeTCsl B pe3y/lbTaTe B3aUMOJCIHCTBUS C TecTUpyeMoil cucrtemoil. BrIpakeHus c
JIOCTYIIOM writes HeJb3s MCIOJIb30BaTh B ONEpaTOpe B3ATHs Npe-3HaueHus @ (cM. IloctycnoBue).
Jnsa  Takux BBIpAXKEHMM aBTOMATHUYECKM IPOBEPSIIOTCS HMHBApPUAHTBI II€pe]] IPOBEPKOU
IIOCTYCJIOBUSL.

OrpanuueHnue A0cTyna updates JUIsl HEKOTOPOTO BBIPAXKEHUS O3HAYAET, YTO IMpe-3HAUYEHUE 3TOT0
BBIPXKEHUS SBJISETCS] BXOJHBIM MapaMeTpOM, OT KOTOPOTO MOKET 3aBUCETh MOBEACHNUE CUCTEMBI, a
MOCT-3HAYCHUE TOJYy4YaeTCs B PE3yJbTaTe B3aUMOJCHCTBUS M MOXET HE COBIMAAaTh C Tpe-
3HaueHueM. [ Takux BhIpaKEHHWI aBTOMATHUYECKU MPOBEPSIOTCS WHBAPHUAHTHI MEpe] MPOBEPKOI
KaK TIPEIyCIIOBHS, TaK U TTOCTYCIOBUSI.

Bpra)KeHI/IHM B OI'paHUYCHHAX HOOCTYIlda MOXHO IIPUCBAUBATH I/I,I[GHTI/I(I)I/IKH.TOp, Ha3bIBaEMbIN
IICeBAOHNMOM. B I[aJIBHGfIHICM INCCBAOHHUM MOXHO HCIIOJb30BATh IJId OOCTYIIA K 3HAYCHUIO
BBIPpAXKCHUSA, B TOM YUCJIC K IICCBAOHUMY MOXHO IIPUMCHSATDH OLICPATOP @:

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

reads sum

updates balance = acct->balance
{

post {

return balance == (@balance + sum;



4.4 IlpenycioBue

[Ipu  B3auMOAEWCTBUHU, ONUCHIBAEMOM  CHeUPUKAIMOHHOW  (YHKIUEH, [MOBeIcHHE
TECTUPYEMOU CHUCTEMBI B HEKOTOPBIX CUTYAIMSIX MOXKET OBITh HE orpeaesieHo. s BeiaeneHus
TaKUX CUTYyallMil U CIy>KUT NpeayciaoBue. Bo Bpemsi TeCTUpOBaHUs MPEIYCIOBUE MTPOBEPSIETCS
KOKIbIM pa3 mpu oOpameHnn K crnenuduxanuoHHor ¢yHkuuu. Hapymenue mpemycioBus
03HAYaeT, UTO TECT COCTABIIEH HEKOPPEKTHO.

B ciydae OTIOXXEHHOM peakuuu, MPEayClOBHE OIPEAENSIET, BO3MOKHO JIM BO3HUKHOBEHHE
TAaKOM peakUuu B JAHHOM COCTOSIHUM. Bo Bpems TecTUpOBaHUS NPEIYyCIOBHE IPOBEPSETCS
KaXAbIH pa3 MpH BO3HUKHOBEHWH peakuuu. [lpu HapymieHuu mnpemycioBusi (uxcupyercs
HECOOTBETCTBHE MEXK/Y ITOBEICHNEM LIEJIEBOM CUCTEMBI U €€ CHelU(pUKaluei.

[IpenycnoBue 3amuchiBaeTCs B BHUIE HMHCTPYKIMM, 3aKIIOYEHHBIX B (UIypHBIE CKOOKH U
MIOMEYEHHBIX KIIOYEBBIM CJIIOBOM pre. JTH WHCTPYKLHUHU TPEICTABISAIOT cO00i Tenmo ¢yHKuuH,
UMEIOUIe Te ke MmapaMeTpbl, YTo U crenuduKanroHHas (YHKIHS WIM OTIOKEHHAs peakuus, U
BO3BpAIAIOIIEN pe3ysbTaT TUIIA bool, IOKAa3bIBAOIINM, BBITIOJIHEHO JIM IIPELYCIOBUE.

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

}

Ecnu noBeneHne cUCTEMBI ONPENeNeHO MPH JTIOO0BIX 3HAUEHUAX BXOJHBIX MapaMETPOB U B JIIOOOM
MOJICJIBHOM COCTOSIHMM (WJIU TOSIBJICHHE PEAKIMH JIOIMYCTUMO B JIIOOOM COCTOSIHUM), MPETyCIIOBUE
MO>KHO OITyCTHUTb.

[IpenycioBue BBIYUCIAETCS 10 B3aUMOJICHCTBUS C TECTUPYEMOM CUCTEMOW. 3HaUEHMsI BBIPAKEHUIN
B 9TOT MOMEHT Ha3bIBAIOTCS Npe-3HAYEHUAMU.

Ilepen mnpoBepkoM MNpenycCaOBUs ABTOMATHUYECKH MPOBEPSAIOTCS HMHBAPUAHTHI MapameTpoB
crien(pUKAMOHHON (QYHKIIMY W BBIPAKCHUM, OMTMCAHHBIX B OTPAHUYCHUSAX JIOCTYNA Kak reads H
updates.

[IpenycnoBue He TOJKHO UMETh MOOOUHBIX A((HEKTOB: HE JOKHBI U3MEHATHCS BUANMbIE CHAPYKU
JaHHbBIC; TMHAMHUYECKAs MTaMSITh, BBIJICIICHHAS BHYTPH NIPEIYCIOBHS, TOJDKHA OCBOOOKIATHCS B HEM
xKe.

[IpenycnoBue crneunpuKaMoHHOW (QYHKIMM MOKET OBbITh SIBHO BBIYHCICHO C TOMOIIBIO
KOHCTPYKUMHU pre (UCIOJIb3yeTCs, KaK MPaBWIIO, B CLEHAPHBIX (DYHKIMSX Uil TOrO, YTOOBI HE
BBI3BIBATh CTIEHU(PHUKAIIMOHHYIO (DYHKIIMIO C HEKOPPEKTHBIMU MapaMeTpaMu):

if (pre sgrt spec(-1.0))



4.5 IlocrtyciioBue

[ToctycnoBue cnenupuKanuoHHON (YHKIIMU CIY>KUT AJI OMHMCAHUS OTPAaHHYEHUH, KOTOPHIM
JIOJDKHBI  YIOBJIETBOPSITH PE3YJbTAThl pa0OThl TECTHPYEMON CHCTEMBI IIPH B3aUMOJCHCTBUH,
OMHCHIBaEMOM  crielupuKanuoHHoW (QyHKuMeld. Bo BpeMs TecTHpOBaHHS TMOCTYCIOBHE
MPOBEPSICTCST KaXABIA pa3 TOcChe OCYIIECTBICHUS B3ammojencTBus. Ecaum mocrtycioBue
OKa3bIBACTCSI HAPYIICHHBIM, (PUKCHUPYETCS HECOOTBETCTBUE MOBEJICHUS LIEJICBOM CHCTEMBI €€
crienuuKaIum.

[locTycnoBue OTJIOKEHHOM peakUUd ONMCHIBAET OrPAaHUYEHUS, KOTOPBIM  JOJKHBI
YJIOBJIETBOPATh ~ PE3yJIbTaThl B3aMMOJAEHCTBHMS TIOCIE€ BO3HUKHOBEHMs peakuuu. Ecnu
IIOCTYCJIOBUE OKAa3bIBAETCS HAPYLIEHHBIM, (PUKCUPYETCS HECOOTBETCTBUE MOBEJICHUS LIEJIEBOU
CHCTEMBI €€ cliel(pUKaLNN.

[loctycnoBue 3amuchIBacTCs B BUAEC WHCTPYKLUMH, 3aKIIOUEHHBIX B (UTYpHBIE CKOOKH U
IIOMEYEHHBIX KJIIOUEBBIM CIIOBOM post. DT MHCTPYKLHH IPEICTABISAIOT COOOH Teno (pyHKLUH,
UMEIOILEH Te K€ MapaMeTpbl, 4To U creur(uKanuonHas (YHKIH, U BO3BpAIIAIOUICH pe3ylbTaT
Tuna bool. 3HaUY€HUE true IOKA3bIBAET, YTO MOBEIECHUE TECTUPYEMOM CHUCTEMBI COOTBETCTBYET
OKUJAEMOMY (TIOCTYCJIOBHE BBINOJIHEHO), a 3HA4€HHE false IIOKA3bIBAET, YTO IIOBEJIECHUE
OTJINYAETCS OT OKUIAEMOTO.

B cnenudukanonHoi (yHKIMH M OTJIOKEHHOM peakLuu Bcerja JODKHO OBITh POBHO OIHO
HIOCTYCJIOBHE.

Jns  nmoctynma K 3HAU€HHMIO, BO3BPALICHHOMY MEIUATOPOM CHEUHU(UKAIUOHHOW (YHKLHUH,
UCIOJb3YeTCsl uASHTU(DUKATOP creUpUKAInOHHON PYHKIMHU (€cau cneupuKaiuoHHast QyHKIUSA
He OObsIBJIEHa KaK void). AHAJOTUYHO, JUIS IOCTYNA K 3HAYEHUIO peakiHH, 3a(pUKCUPOBAHHOMY
IPU PETUCTPALIUU, UCTIOIB3YETCSI UIECHTU(PUKATOP OTIOKEHHON peakuy.

specification double sqgrt spec (double x) {

post {

if (x == 0.0) return (sqgrt spec == 0.0);
return sqrt spec >= 0.0

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

}

HOCTyCHOBI/Ie BBIYUCITACTCA IIOCIIC B3aI/IMO,I[CI‘/JICTBI/I$I C TeCTpreMOﬁ CHCTEMOH. 3HadeHHS
BI)Ipa)KeHI/II\/JI IIOCJIC BOSI[CﬁCTBI/I?[ Ha3bIBAKOTCA ITOCT-3HAYCHUSIMH.

[lepen npoBEpKOMl MOCTYCIOBHSI ABTOMAaTUYECKH IPOBEPSIOTCS HMHBAPUAHTBI [1apaMeTpPOB
cnenn(pUKauoHHONW (DYHKITMH U BBIPAXCHUH, ONMCAHHBIX B OTPAHUYCHUAX JIOCTYIA KaK writes U
updates, a TaK)Ke MHBAPUAHT BO3BPAIAEMOT0 3HAUECHUS.

Jns poctymna U3 moCTYCJIOBHS K IIPE-3HAYEHUSAM HCIIOJb3YETCSl YHAPHBIN oneparop @. Beipaxenue
MOoJ OTHUM OIEPaTOPOM JIOJDKHO WMMETh JIONYCTHMBIA _THO € JOJDKHO OBITh BBIYUCIHMO
HETIOCPEICTBEHHO TMepe/ KIIOYEBBIM CJIOBOM poOst (IMOCKONBKY 3HAYCHHS TaKWUX BBIPAKEHUN
ABTOMATHUYECKH COXPAHSIOTCS HEMOCPEICTBEHHO TMEPE] OCYIIECTBICHUEM B3aWMOJICUCTBUSA C
TECTUPYEMOU CHUCTEMOM). 3ampelieHo HUCIOoJIb30BaTh ONepaTop @ ISl BBIPpAXKEHUHM, MMEIOIINX
JOCTYIl writes.

/* List — OUOIMOTEUHH CHeUMOUKALMOHHEI TuUm*/
specification void f( List* 1 ) {
int 3j;

post {



int 1i;

Object* pre item;

for( i =0, 3 =20
; 1 < @size List(l) /* momnyctmmo */
;oi+t, g+t
)

/* HemomycTrMO: 1 He omnpelejieHa BHE [NOCTyCJioBua */
pre item = @get List(l, 1i);
/* HEemomyCTMMO: j MMEeT eIMHCTBEHHOE HEV3BECTHOE 3HaUeHNe
BHE IMOCTYCJIOBUA */
pre item = @get List(l, 3J);
pre item = get List(@l, j); /* momycTumo*/
if(equals(get List(l, 1), pre item))
return false;

}

return true;

}

Ecnu tpebyercst obecreunTh AOCTYN K MpPe-3HAYCHUIO BBIPAKEHHUS, TUI KOTOPOTO HE SIBISETCS
JOTTYCTUMBIM, CJIEAyEeT BPYYHYIO COXPAaHUTh 3HAYCHHE OTOTO BBIPAKEHUS B JIOKAIHHOU
NepeMeHHON 10 Oynoka post (BO3MOXHO, JIydlllee pEIIEHHE COCTOMT B HCIHOJIb30BAaHUU
MOIXO/ISIIETO 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/IC HE JOJDKHO MMETH MOOOYHBIX 3(1)(1)6KTOBZ B HEM HC OOJIKHBI U3MCHATHCA BHUAUMBIC
CHApy K1 JaHHbIC, AWHAMMWYCCKad IIaMATb, BbIACJICHHAA BHYTPU IOCTYCJIOBHUA, JOJIKHA
OCBO60)K,Z[&TBC$I TaM XKe€.



4.6 Tunol TaHHBLIX

S3bik SeC MOJIHOCTBIO MOJACPKUBAET TUIIBI JaHHBIX si3bika C. Kpome Toro, B si3bik SeC BBEIIEHBI
JIOIIOJIHUTEIBHBIE THIILI U UX BUIBL:

1. byneBckuil T bool Ui NMPEACTABIECHUS JIOTUYECKUX 3HAYEHUW M KOHCTAaHTHl true W
false.

2. CnenuduKaMOHHBIE THIBI, OOBbeAWHSIONME THUMBI si3blka C ¢ 0a30BBIMH ONEPAMSIMHU
paboThI ¢ JAHHBIMH STUX TUIIOB: CO3JaHUE, KOMMPOBAHNUE, CPABHEHHE, YHUUTOXKEHUE.

3. Tumwl ¢ HHBApUAHTAaMU WJIM IMOATHIIbI — THIIBI JAHHBIX, MHOXCCTBA 3HaYCHHUH KOTOPbIX
SABIAKOTCA IOAMHOXKCCTBAMH 3HAYCHMI APYTrux TUIIOB JAaHHBIX, KOTOPBIC ABJIAIOTCA OJId HUX
HaATHUIIaMH. HOI[MHO)K@CTBO 3HAYCHHI INOoATHIIA 3a4aCTCA IMPHU ITOMOIIKU OrpaHquHHﬁ,
OINMMCAHHBIX B MHBAPUAHTC THUIIA.

Tumnel, KOTOpBIE JOMYCKAIOTCA Ul apryMEHTOB M BO3BpAIla€MbIX 3HAUYEHUH crenupUKaMOHHBIX
(GyHKINH, OTIOKEHHBIX PEaKIMid M MEeIUATOPHBIX (YHKIUH, AT WTEpAllMOHHBIX TEPEMEHHBIX U
IEPEMEHHBIX CLEHAPHOIO COCTOSHMS CIEHapHbIX (YHKIHMH, a Tak ke I TIJ00aJIbHBIX
NEPEMEHHBIX, HCIOJb3YyEeMBIX B BBIIICTICPEYUCICHHBIX (DYHKIHMSIX, HA3BIBAIOTCA OONYCHUMbBIMU
munamu.

K nomycTuMbIM THIIaM TPEIBABISIOTCS TPeOOBaHUS, KOTOPHIE HE OOECTCUMBAIOTCS MHOTUMU
tunamu  si3bika C. Hampumep, HEBO3MOXXKHO aBTOMATHYECKH BBIYHCIHUTH pa3Mep MacCHBa II0
yKa3aTell0 Ha HEro, COOTBETCTBEHHO, HEBO3MOXHO CKONHMPOBAaTh 3HaueHWe Tuma. Jlus
NpPEOJIOJICHUsSI  OTUX  OTPaHMYCHUH W CIOyXaTr  cneyugurayuouuwvle  munvl. Takke
CHeM(PUKAIMOHHBIE TUITBI HEOOXOIUMBI TIPU UCTIOIH30BAHUM OUOIMOTEKH TMOMJICPKKH TECTOBOM
cucrembl CTESK (cm. bubnuoreka noanepxku tecroBoii cucremel CTESK)




4.7 JdomycTUMBbIe THIIbI

I[J'IH APTYMCHTOB UM BO3BpalldCMbIX 3HAYCHUHN CHCI_H/I(I)I/IKaL[I/IOHHLIX (I)yHKI_[Plﬁ, OTIOXCHHBIX
peaKuHﬁ U MCIUATOPHBIX Q)YHKHHI\/'I, AJId UTCPAIMOHHBIX TEPEMEHHBIX U IEPEMCHHBIX CLHCHAPHOI'O
COCTOsIHHA CLCHAPHBIX (I)YHKI_[I/II‘/’I, a TaK XKC A r100aIbHBIX NEPEMCHHBIX, HCIIOJIb3YCMLBIX B
BBIICTICPCYNCIICHHBIX q)YHKHI/IS{X, AOIMYCKAIOTCA TOJIBKO CICAYIONINUE TUIIBI:

l.
2.

7.

Apudmernueckue Tumsl (int, char, double...).

[lepeuncnumble TUNBl (enum), MHOXECTBO 3HAUYE€HUN KOTOpBIX, B oriauuue oT C,
OTPaHUYEHO HX KOHCTAaHTAMHU M HE MOXKET COJAEp)KaThb IMPOU3BOJIBHOE LEIOYUCIEHHOE
3Ha4YeHUe.

Tunu3upoBaHHBIM yKa3aTenb. YKazaTelb Ha J000H mgomycTuMblidi Tum. [lpm 3TOM
IpEeIoaraeTcs, 4ro yKasareiab JIMOO HyJeBOH, J1M00 yKa3blBaeT Ha OJHO €IMHCTBEHHOE
3HaYEHHUE COOTBETCTBYMOIIEro Tumna. CTpyKTypa yKaszaresiei JokHa ObITh APEBOBUAHOM, T.
€. He JIOJDKHO OBITh HEOPUEHTUPOBAHHBIX IIUKIIOB IO YKa3aTEesIM.

HerunusupoBanHelii ykazatenb (void*). 3Hau€HUs TaKOrO THUIA HUHTEPIPETUPYIOTCS
MIPOCTO KaK aJpec HEKOTOPOU STYEHKHU NTaMSITH.

OyHKIIMOHANBHBIM yKa3aTeldb. 3HAYCHUsT TAKOTO THUIIA HHTEPIPETUPYIOTCS IMPOCTO Kak
aZipec HEKOTOPOH (yHKITUH.

Crpykrypubiit Tun. CTpykTypa AODKHA UMETh 3aBEPILEHHBIM THII, TO €CTh OIUCAaHHUE €€
TeNa JOJDKHO OBITh BHJIHO B MECTE €€ MCNoib3oBaHMs. [loss CTpyKTyphl JOJIKHBI UMETH
JOTTYCTUMBbIE THIIHI.

MaccuB (pUKCHUPOBAHHOM JITUHBL. THIT 3JIEMEHTOB MacCHBa JIOJDKEH OBITh IOTTYCTHM.

Te xe OIrpaHUYCHN HaAKIaAbIBAIOTCA Ha TUIIBI, KOTOPBIC ABJIAIOTCA 0a30BBIMH B OIIPEACIICHUAX
TUIIOB C MHBAPUAHTAMH, U HA TUIIbI IICPCMCHHBIX C MHBApHUAHTaAMMU. Ot OrpaHUYCHUA MMO3BOJIAKOT
TECTOBOM CHUCTEME aBTOMATHUECKH YIIpaBJIATh JaHHBIMHU TaKHWX THUIIOB: pasMElliaTb U OCBO60)KI[3TB
naMsTb, KOMUPOBATb U CPAaBHUBATL 3HAYCHUS.

Jlajiee TUIBI, JOIYCTHMBIC B BBIIICIICPCUNCIICHHBIX CIydasx, OyayT Ha3bIBaTbCS O0MYCMUMBIMU
munamu SeC.



4.8 ChnenudpukamuOHHbIC THIIbI

K nomycTuMbIM THIIaM NpenbsABIAIOTCA TpeOOBaHUS, KOTOpbIE HE 00ECIEeYMBAIOTCS MHOTMMU
tunamu si3bika C. Hampumep, HEBO3MOXXKHO aBTOMAaTUYECKU BBIYMCIUTH Pa3Mep MaccuBa IO
yKa3zaTeJIl Ha HEro, COOTBETCTBEHHO, HEBO3MOXXKHO CKOIIMPOBaThb 3HaueHue tumna. Jlnd
IPEOJIOJICHUsT ATUX OTPaHMYEHUH M CIyXKaT cneyuguxayuonnvle munvi. Takxke
creun(UKaUOHHbIE TUIBl HEOOXOAWMBI TPH HCIOJIB30BAaHUM OUOIMOTEKH MOJACPKKH
tectoBoM cuctemMbl CTESK (cM. bubnuoreka noanepxku tectoBoit cucrembl CTESK).

CrienuKaiMOHHBIN THIT 00beuHAeT THH si3bika C ¢ 6a30BBIMU OneparisiMyi padboTHl ¢ TaHHBIMH
3TOTO THIIA: CO3J[aHUEe, KOIMPOBAHNE, CPABHEHNE, YHUUTOKECHUE.

3HaueHus crenu(pUKalMOHHBIX THUIIOB BCETJa Pa3MEIIaoTCsa B JUHAMHUYECKON MaMsATH U JOCTYIIHbI
TOJIbKO uepe3 CHNEeUU(PUKAIMOHHBIE CCBUIKM — YKa3aTeld COOTBETCTBYIOIIMX THIIOB, KOTOpBIE
JOJDKHBI OBITh JINOO HYJEBBIMH, JMOO yKa3blBaThb HA BBIJCIECHHYIO M HMHULUAIM3UPOBAHHYIO
namsaTb. TO ecTb HE JIOMYyCKalTCs OOBSABICHUS IEPEMEHHBIX U MapaMeTpoB CaMMX
CHEIU(PUKALMOHHBIX TUIIOB (HE CCHUIOK Ha HHUX), a TAaKK€ HENOCPEACTBEHHOE HCIOJIb30BaHUE
creun(pUKAIMOHHBIX TUIIOB IIPH ONPEIETIEHUHU CTPYKTYpP, OObEAMHEHUI U MacCHUBOB.

Ecmu  cneun¢ukanmonHas CCbUIKa IpH  OOBSBICHWM HE WHUIMAIU3UPYETCS SBHO, TO €W
aBTOMAaTUYECKU IPUCBAUBACTCS HYJIEBOE 3HAUYCHHUE.

CrienpuKaiMOHHbBIE CCHUTKM Pa3bIMEHOBBIBAIOTCS TaK kK€ Kak ykazatenu B C — TIpu MOMOIIH
OTIepaTopoOB pa3bIMEHOBaHUS * U —>. Pe3ynbTaTom pasbIMEHOBAaHUS CCBHUIKHU siBisieTcd l-value, Tun
KOTOPOTO COBIIQ/Ia€T C TUIIOM, HA OCHOBE KOTOPOTO ONpeAeseH CreM(PUKAIMOHHBIN TUT (TO €CTh C
0a30BbIM THUIIOM B  OMpeIeiIeHUH  CHeHU(UKALMOHHOTO  THMA), MWJIA THIIOM  TOJS
creun(pUKauoOHHON CTPYKTYpHI. (cM. Co3NiaHne HOBBIX CIeNM(BUKAITMOHHBIX TUIIOB).

He nonyckaercs pa3pIMeHOBaHUE HYJIEBBIX CCHUIOK (MIPUBOJIUT K OIIMOKE BO BpEeMs MCIIOTHEHHUS).

He pomyckaercss pa3bIMEHOBaHHE CHEUM(UKAIMOHHBIX CCBHUIOK, BO3BPAILICHHBIX BBI30BOM
byHKIM, 6e3 MpucBaMBaHUs BO3BPAIICHHBIX CCHUJIOK B MEPEMEHHbIE (IPUBOJUT K YTEUKE MaMSITH
WIN OIHOKE BO BPEMsI BBITIOJTHEHUS ).

/* List — OMOIMOTEUHHM CHeUUMOMKALMOHHEI Tul */
List* 1 = create List (&type Integer);

/* Integer —'6M6EMOTequﬁ CHeMM@MKaMMOHHMﬁ Tun */
Integer* spec 1ij;

int 1i;

append List (l,create Integer(l));

i = *get List(1,0); /* He monycTumo */
spec i = get List(1,0);
i = *spec i; /* 1 paBrO 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 momnycTmmo */

ai = ip->a; /* ai pasuo 1 */
He nomyckaetcs anpecHast apuMeTHKa Ha/l CChUTKAMH U UX WHICKCUPOBAHUE.

JlomyckaeTcsi cpaBHEHHE a/IpeECOB B CChUIKAX MPH MOMOIIHU onepatopoB C ==u !=.



He nomyckaercss cpaBHEHHE aJpECOB B CCHUIKaX, BO3BPAIICHHBIX BBI30BOM (yHKIUU, 0e3
MPUCBAaWBAHMS BO3BPAIIEHHOTO PE3yJIbTaTa MEPEMEHHON (IPUBOINUT K YTEUKE MTAMSITH).

List* 1 = create List (&type Integer);

Integer* spec i

int i;

append List (l,create Integer(l));
spec i = get List(1,0);

if (get List(1,0)!= NULL) /* me monycTtumo */
if (spec i != NULL)
i = *spec i; /* 1 paBmO 1 */

B SeC onpenenen BCTpOSHHBIN crieMU(pHUKAIIMOHHBIN TUIT Object, KOTOPBIN SBISIETCS HETIOJHBIM
cnenuguKaiuoHHbIM TUIIOM (incomplete specification type). OH siBasieTcsl aOCTpaKTHBIM 0a30BbIM
THUIIOM JUIs BCEX CIHEM(PUKAIMOHHBIX TUIIOB. THIT CCBUTKM Object™ MCMOMB3yeTCs MO0 aHAJIOTUH C
void*. Ccbulka Ha JHO00W CHENU(pUKAIUOHHBIN TUII MOXXET ObITh MpeoOpa3oBaHa K CChUIKE Ha
Object u HaobopoT. Ecimu mpu oOpaTHOM mnpeoOpa3oBaHUM THIl 3HAYEHHUS IO CCBUIKE HE
COBMECTHM C THIIOM, K KOTOPOMY OCYILIECTBIIIETCSI MPeoOpa3oBaHue, TO TMOBEJACHUE CHUCTEMBI HE
OTIPEJIEJIEHO.

Jist crienuUKaMOHHBIX CCBHUIOK JOMYCKAeTCsl MPUBEJCHUE WX THUIIOB TOJBKO K yKa3aTelsM Ha
TAMIBI void W Object, a Takke K CHEIU(DHUKAIMOHHBIM CChUIKAM  COBMECTHUMBIX
CHenUPUKAUOHHBIX TUITOB. COBMECTUMBIMU SIBIISIOTCS CIEIU(UKAIIMOHHBIC TUIBI — TTOATHITHI
OJIHOTO U TOTO K€ CHeU(PUKAIIMOHHOTO TUIIA (0 MOATUIIAX cM. MIHBapHaHT THMA).

YrpaBiieHue TaMAThiO, HA KOTOPYIO CCBUTAIOTCS CIeU(UKAIMOHHBIC CCHIIKU, aBTOMAaTU3UPOBAHO
IpU TOMOIIM MEXaHW3Ma IOJICYETa CChUIOK C OTCIEKHBAHHEM IHUKIMYECKUX 3aBUcUMocTel. [Ipu
UCTIONB30BAaHUU CHEIM(PUKAIMOHHBIX CCHUIOK B OIepaTopax MPUCBAUBAHUS, Tepefade CChUIOK B
KayecTBE apryMEHTOB (PYHKIIMi{, BO3BPAIICHUN CCHUIKM U3 (PYHKIIMHU, BBIXOJE CCBUIKU U3 00JACTH
BUJIMMOCTH, CYETUUKHU CCHUIOK U3MEHSIIOTCS aBTOMAaTHueCKH. [laMaTh, BbIJIeJICHHAs O] 3HAYEHUE
CHenU(pUKAIUOHHOTO THIIa, aBTOMAaTUYECKU OCBOOOXKIaeTCsl MpU OOHYJIECHUHM CUETUMKA CCHUIOK Ha
9TO 3HAYEHHUE.

Hcnons3oBanne y1(a3aTeJ'I€I\/'I Ha CHCI_[I/I(bI/IKaHI/IOHHBIe CCBIJIKM M COCTaBHBIX THIIOB s3bIKa C,
COACPpIKaIINX CHCI_[I/I(i)I/IKaLH/IOHHLIe CCbUIKH, HC PCKOMCHAYCTCA, TAK KAK B TAKHUX CJlIydadx HC
MoAACPKUBACTCA aBTOMATUYCCKOC N3MCHCHHUE CUCTYHUKOB CCBLIIOK.

OyHKIMK, peanu3ylonue O0a30BbIE ONMepaluy HaJl 3HAYCHUSMH CHEIH(PUKAIMOHHBIX THUIIOB,
HaxomATcs B OwbOnmuorexke  crnenudurkamuonHbix  tHnoB  CTESK  (cm.  «bubmmoteka

CHG[]H!]!I/IK&[]I/IOHHI)IX TI/IHOB»).

4.8.1 Co3nanne 3HaYeHHS cIeNU(PUKANMOHHOTO THIIA

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

B kauectBe mepBoro mapamerpa (QYHKIMS ~MOJTy4YaeT yKa3aTelb Ha  JIECKPUIITOP
cnenuduKanuoHHoro tumna. Jleckpuntop crnenupUKalMOHHOIO THUMA — 3TO KOHCTaHTa, MM
KOTOPOI COCTOUT U3 UMEHU TUMA C MPEPUKCOM type :

const Type type uma cneuMdrKaLMOHHOT'O TUIIA;

OcranpHbple TapaMeTpbl SIBIAIOTCS MapaMeTpaMu WHULManu3auuu Tuna. OHU OTIMYATCS IS
pasHbIX THUIIOB M MEpelalTcd B CHHCKE THNA va list* B (YHKIUIO WHUANMATW3AIUN

Ccrenu(UKANMOHHOr0 THIIA.

OyHKIUSA BBIIENAET NaMsTh Ul 3HAYCHUS CIEIU(PHUKAIMOHHOTO THIA, OOHYJSET €€, BBI3BIBACT
(GYHKIMIO MTHULMAIN3ALUU TUIIA, TIepeaBas eil B CIIUCKE THUIA va list* MOJIydeHHbIC 3HAYCHUS



napamMeTpoB HWHHUIHAaJIN3allnn THIIA, n BO3BpaliacT YKa3aTelib Ha BBIJACJIICHHYIO )51
WHULIUATIU3UPOBAHHYIO ITaMATh.

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

B npuBeneHHOM BbIIE KOJE CO3JAIOTCS W WHULUAIM3UPYIOTCS CCBUIKM OHOIMOTEUYHBIX
cnenu(UKAaUOHHBIX TUIMOB Integer W String — CHENU(HUKANMOHHOTO TPEICTABICHUS
BCTPOEHHOro Tuna si3plka C int M CTPOKOBOrO CHEHM(PUKALMOHHOIO THUIIA COOTBETCTBEHHO. [Ipn
CO3JIaHMM CCBUIKM TUNAa Integer* (YHKUUU create JOJDKHO TEpeNaBaThCs ILEJIOYHCICHHOE
3HaYeHHUE, KOTopoe OyJeT XpaHUTbcs Mo cchlike. [Ipu co3nanum cChUIKM THMNA String* JOKHA
ObITH NepesaHa oObIuHast cTpoka si3bika C.

IIpy  ucnonb3oBaHMM (YHKIMH create BO3MOXHBI  OIIMOKM  H3-32  HCIIOJIb30BaHMS
HETUITU3UPOBAHHOIO CIIMCKA apTyMEHTOB . ... JlJI1 MCKIIIOYEHHUS TaKUX OLIMOOK PEKOMEHIYeTCs
JUTS KaXKJI0ro Creu(pUKAIMOHHOTO THUIIA cO31aBaTh byHKIHIO
create mmsa crneumpuKaLMOHHOTO TuIla U BbI3bIBATh Create U3 HEE, HAIPUMED:

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

IntPair* create IntPair(int a, int b)

{

return create(&type IntPair, a, b);

}

[Tpu ucnonp30BaHUM create BHE (PYHKIUH, UM KOTOPOH nMeeT npeukc create , TPAHCIATOP
BBIJIACT MPEIYNPEKICHUE:

warning: call create() out of create ... function

4.8.2 KonupoBaHnue 3HAYeHUSA CTIeNN(PUKANMOHHOTO THIIA

void copy (Object* src, Object* dst)

OyHKIHS KOMMUPYET JaHHBIC, HAXOASIIUECS MO CChUIKE src, HA MECTO JIAaHHBIX, HAXOMASIIUXCS 10

ccplike dst. CChUIKM JTOJDKHBI OBITh HEHYJIEBBIMH M OJHOTO THIIA, TO €CTh OHU JIOJDKHBI UMETh

OJIMHAKOBBIE JECKPUIITOPHI TUMOB. ECIIM 3TH yCIOBHSI HE BBITIONHSIOTCS, TO BO BPEMS BBHITIOTHEHUS

MPOUCXOJNT 3aBEPIICHHE TPOrpaMMbl ¢ coobmenuem 00 ommoOke. Ilepeq BBI3OBOM

MOJIE30BaTENbCKONM (PYHKIIMU KOMUPOBAHUS QYHKIUS copy YHUUYTOXKAET 3HAUCHUE TI0 CChUIKE dst.
SpecificationType* refl = create(...);

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

B npuBeneHHOM BblIllIEe IpUMEpPE CCBUIKU refl W refZ2 NOCIE WHULMAIU3ALMUU CCBUIAKOTCS Ha
pasHble 3HaueHUs crnenudukanronHoro tuna SpecificationType. [locne BbI3oBa QyHKIMH
copy () 3HAYEHME IO CCHUIKE ref2 CTAHOBUTCS PABHBIM 3HAYEHUIO IO CCBUIKE refl.

4.8.3 KioHupoBaHHe 3HAYCHUSA CHIENU(PUKAIUOHHOIO THIIA

Object* clone(Object* ref)

q)yHKHI/IS{ BBIACIIACT IIaMATh OJIA 3HAYCHHA THIIA, HA KOTOpI:Iﬁ CChIIaCTCAd ref, WHULUAJIU3UPYET
BBIJICJICHHYKO IIaMATb 3HAUCHUCM, DKBHBAJICHTHBIM 3HAYCHHIO IIO CCBLIIKE ref, u BO3BpamacT
YKa3aTeCJib Ha BBIACJICHHYIO 1 MHUIIHAJIM3UPOBAHHYIO TaMATh.

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

3Ha4YeHHUs IO CChUIKAM refl U ref2 CTAaHOBATCS PaBHBIMHU IIOCJE BBI30BA clone.



4.8.4 CpaBHeHHe 3HaAYeHM crieU(PUKANMOHHBIX TUIIOB

int compare (Object* left, Object* right)

B cnyuae paBeHcTBa 3HaUeHUI MO NEpeJaHHBIM CChUTIKaM (DYHKIMS BO3BpAIlaeT HYJE€BOE 3HAUECHHUE.
Ecnu 3HaueHuss He paBHBL, (YHKIMS BO3BpalllaeT HEHYJIEBOE 3HAu€HHE, KOTOPOE MOXKET
MHTEPIPETUPOBAThCSI B 3aBHCHUMOCTH OT THIAa CpaBHHMBAaeMbIX 3HaueHud. Hanmpumep, nms
OMOIMOTEYHOrO THMA String pe3yapTaT OyJIeT TakUM K€, Kak y QYHKIMU strcmp () JUIS THUMA
a3plka C char*. Ecim mapamMeTpbl HMMEIOT HECPaBHHMbIE THIIBI, TO €CThb THIIBI CCBUIOK
HEOJMHAKOBbIE, HE SBJSIIOTCA MNOATUIIAMH OJHOTO THUMA, M TUI OJHOM CCBUIKM HE SIBISETCS
NOATHIIOM Apyrod (cM. MHBapwaHT Tumna), To (GyHKIHS BO3BpallaeT HEHYJeBOe 3HaueHHe. Ecim
OJIHA U3 CCBIJIOK HyJIeBas, a Jpyras HET, TO BO3BpALIAeTCsl HeHyleBoe 3HaueHue. Eciau o6e cebuiku
HYJIEBBIE, TO BO3BPALLAECTCS HOJIb.

/* cosmaHre IOBYyxX CCHJIOK Tumna SpecificationType* */
SpecificationType* refl = create(&type SpecificationType);
SpecificationType* ref?2 create (&type SpecificationType);

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

}

else {/* 3HaueHUd HEe SKBUBAJIEHTHH */

4.8.5 CpaBHeHHe 3HaA4YeHHMI clIeU(PUKANUOHHBIX THIIOB HA PABEHCTBO

bool equals (Object* self, Object* ref)

OyHKIMA BO3BpALACT 3HAYEHUE true, €CIU 3HAYEHUs 110 IepeJaHHbIM CChUIKaM DKBUBAJICHTHBI, U
false B IpOTUBHOM ciy4ae. Eciau mapameTpsl UMEIOT pa3ivuHbIM TUI, TO (PyHKLHMS BO3BpaIlacT
false. Ecnu ofHa U3 cchbUIOK HyJeBas, a Apyras HeT, TO Bo3Bpaujaercs false. Ecnu 06e cebuiku
HYJIEBBIE, TO BO3BPALIACTCA true.

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

if (equals(refl,ref2)) {/* 3HaueHud OKBUBAJIEHTHH */

} else {/* 3HaueHMsa He SKBUBAJIEHTHH */

4.8.6 CrpokoBoe npejacTaBjeHne 3HAYEHUS CIeNU(PUKANMOHHOT0 THIIA

String* toString (Object* ref)

OyHKIMS BO3BpAIAET CCHUIKY HA 3HAYEHHUE THMA String — CHENU(PUKAIMOHHOE TPEICTABIICHNE
CTPOKOBOT'O THIIA.

SpecificationType* ref = create(&type SpecificationType);
String* str;

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



B  npuBesenHHoM  Bbllle  (QparMeHTe  KoJa  UCHOJNb3yeTcss  OuOnuoTeyHas  QyHKUUS
toCharArray String, BO3Bpalllalollas COAEPKUMOE CTPOKM B BHJE MaccuBa THMNA char,
3aKaHYMBAIOILErOCsl HYJEBbIM 3HaueHHMeM — '\0'. Ota (yHKUMS BO3BpAIlaeT yKa3aTelb Ha
BHYTPEHHHUE JlaHHBIE, JOCTYIIHbIE Yepe3 IepelaHHyl0 CCbUIKY Tuna String*. Ilostomy, Bo-
NIEPBBIX, JUIS BO3BPAIlAEMOr0 YKa3aTellsl HElb3s BbI3BIBATh free; BO-BTOPBIX, 3TUM YKa3aTeJIeM
HEJb3$ M0JIb30BAThCS MIOCIIE YHUUTOKEHHS 3HAUEHUS 110 NIEPEIaHHON CChUIKE.

4.8.7 Ilocrpoenue XML-npeacTaBjieHus 3HaYeHUs CIeNU(PUKAIUOHHOTO
THIIA

String *to XML MyType( Object *ref )

OyHKIMA BO3BpAlIaeT CHEHU(PUKAIMOHHYI0 CTPOKYy, conepkamylo XML-npencraBienne
napameTpa ref.

4.8.8 Co3panne HOBBIX cienU(PUKANUOHHBIX TUIIOB

Crienin(hUKaIMOHHBIC THUIBI BBOISTCS C TIOMOIIBIO OOBIYHON KOHCTpYKImH si3bika C typedef,
IMOMEUEHHOM KII04YeBBIM c10BOM SeC specification.

Paznuuarorcst 00bsBICHHE CIEUU(UKAITTOHHOTO THIIA
specification typedef ©as30BEIL TWUI HOBBII THII;
" €ro ONpCACIICHUEC, B KOTOPOM HOJIKCH IMPUCYTCTBOBATH MHHUIIUATIU3ATOP

specification typedef ©as30BBII TUN HOBBI Tum = {

.init = yKasaTenb_Ha_@yHKumm_MHmumanmsauMM
;, .COpy = yKasaTeJib Ha QYHKLUMIO KONMPOBAHUA
, .Ccompare = yKasaTeJlb Ha (QYyHKUUIO CPaBHEHUA

, .to string = ykasaTeJjlb_Ha QYHKUMIO NpeobpasoBaHUA B _CTPOKY

, -to XML = ykasaTesb Ha QyHKUUK npeobpasoBaHusa B XML

; .enumerate = ykaszaTeJib Ha QYHKUMO IE€PEUMUCIIEHUS CCHUIOK
.destroy = ykasaTeJlb_Ha QYHKLUMIO OCBOOOXIAKIYIH PEeCypPCH

’

B xaxmoit equHuIle TPAHCISIUU A0 MCHOJIB30BaHUS CIENU(BUKAIMOHHOTO THUIA OH JOJDKEH OBITh
OOBSBIICH WIN OTPE/ICIICH.

Omnpenenenue crenupUKaMOHHOTO TUTIA JOKHO BCTPEYAThCsl POBHO OJMH pa3 TOJIBKO B OJTHOM M3
€IMHUI] TPAHCIIALIMU, KOTOPbIE COOMPAIOTCS B €AMHYIO CUCTEMY.

B OIPECACIICHUU CHCI_II/I(l)I/IKaI_II/IOHHOFO THIIA B KaUeCTBE 0A30BOI0 THIIA 3aIpemacTcs UCII0JIb30BATh:

« crneuu(UKaIMOHHBIE TUIIBI, HEJOOIPEIEICHHbIE CTPYKTYPhl U MAaCCHUBBI HEOIpENEICHHON
JUTVHBI;

s CTPYKTYpHI, OOBEAWHECHHUS W MACCHUBBI OIPEACICHHON JJIMHBI, COJACPIKAIIUEC DIIEMEHTHI
THIIOB, YKa3aHHBIX BBIIIIE;

. YKa3aTeCJii Ha BCC BBILICIICPCUNCIICHHBIC TUIIBI, KPOMC CHCHH(bHKaHHOHHBIX CCBIJIOK.

I[OHYCKaCTCH HCIOJIb30BAHUC HEOOOIIPECACIICHHBIX CTPYKTYP B O0OBABIEHUAX CHGI_II/I(I)I/IKB.I_[I/IOHHBIX
THIIOB.

WMHnnpanu3atop B ONpeAereHnd CrelupHUKalMOHHOIO TUIa ONpeaesseT, Kakue QyHKIMU OynyT
HCTIOJIB30BaThCs TSl 0a30BBIX ONEpanyii HaJl JaHHBIMU CTICIU(PUKAIIMOHHOTO THIIA.

Ilone init uMmeeT TAII Init:

typedef void (*Init) (void*, wva list*);



ITo sTomy ykazaremo u3 OMOMMOTEUHOM (PYHKIMH create NMPH CO3JAHUU CCBUIKH BBI3BIBACTCS
GyHKIMS MHULIMATU3alMK  JaHHOTO crenuuKalMoHHOro Tuma. B mepBoM mapamerpe eit
nepefaeTcss  ykasaTelb Ha  BBIJCNCHHYIO O0JacThb IaMsATH, KOTOpas JOJDKHA  OBITh
MHUIManu3upoBaHa. Bo BTopom apryMeHTe nepenaercs CUCOK MapaMeTpoB, HA OCHOBE KOTOPBIX
MHHULMAIM3UPYIOTCS JJaHHble crenupUKaiMoHHOro Tuna. CIHCOK MapamMeTpoB CTPOUTCS U3
napaMeTpoB (PyHKUMU create, CIEQYIOIIUX 3a MEPBBIM MapaMeTpOM — JECKPUIITOPOM THIIA.
[TosToMy mapameTpsl QyHKIMU create JOJKHBI 110 TUIAM U MOPSIKY COOTBETCTBOBATh THUMAM U
HOPSIZIKY, O)KUJAeMbIM B ()YHKIMU MHUIHATU3AINH ClenIn()UKAMOHHOT0 THIA. Jleckpuntop tuna
— m1o0anbHas KOHCTAHTa TUIA Type — HESIBHO OOBSIBIISCTCS MIIU ONpeesieTcs NpH 00bIBICHUN
WIN OTIPENIeICHUH CTICHU(PUKAIIMOHHOTO THIIA COOTBETCTBEHHO, M IMEET MMsI, COCTOAIIEE U3 UMEHU
TUNA U IpepuKca type : type mMma Twura.

Ilone copy umeeTt Tun Copy:
typedef void (*Copy) (void*,void¥*);

[To »TOoMy ykazaremo U3 OMOJMOTEYHBIX (YHKIMH copy M clone BBI3BIBaCTCA (PYHKITUS
KONUPOBAaHUS 3HAYEHWH JAHHOTO CHEHU(PUKANMOHHOTO Tuma. DYHKIHUSA  KOMHUPOBAHHS
CHGHI/I(l)I/IKaHI/IOHHOFO THUIIA BBI3BIBACTCA, €CJIU CCBIIIKU, IIEPCAAHHBIC B (bYHKHI/IIO Copy WiIn clone,
HeHyJeBble. [lepBhIil mapamMeTp — 3TO CChUIKA, 3HAYEHHE TI0 KOTOPOM JTOMKHO OBITH CKOMTUPOBAHO
B 00JIACTh MaMSTH T10 CCHIIKE, KOTOpas MepPelaeTcs BO BTOPOM MapaMeTpe.

Ilone compare uMmeer TN Compare:
typedef int (*Compare) (void*,void*);

ITo sToMy yKasaremo u3 OMOIMOTEYHBIX (PYHKIHMI compare M equals BBI3BIBAETCS (DYHKIHS
CpPaBHCHHS 3HAYCHUH JAHHOTO CHEIU(PUKAMUOHHOTO THIA. (DYHKIHS CpaBHCHHS 3HAYCHUN
CHCHI/I(I)I/IKaHI/IOHHOFO TUIIa BBI3bIBACTCHA, €CJIM CCBUIKHU, NNCPCHAaHHBIC B (I)yHKHI/H'O compare HIHA
equals, HEHYJICBBIC U THUIIBI CCHUIOK JTHOO OJTMHAKOBBIC, TUOO SBISIOTCS IMOATHIIAMHU OJHOTO THUIIA,
nubO TUN OJHOM CCHIIKM SBJISETCS HOATHIOM JApyroi (cm. Umpeapuwant Ttwna). B kauecTse
napaMeTpoB (QYHKIIMU TIEPEAAOTCSI CCHUIKH B TOM K€ MOPSIKe, B KOTOPOM OHU ObUTH TIepeaHbl B
(GYHKIHMIO compare WU equals.

Ilone to string umeer T ToString:
typedef String* (*ToString) (void¥*);

ITo sToMy ykazaTento u3 OMONMMOTEYHOW (HYHKIMHM toString BBI3BIBACTCS (QYHKIHS MOCTPOSHUS
CTPOKOBOTO TMPEICTaBICHHUS JAHHOTO chenupuKanuoHHOro THma. @OYHKIUS TOCTPOSHUS
CTPOKOBOTO TIPEICTABICHUS CHEIU(UKAIMOHHOTO THIA BBI3BIBACTCS, €CIIM CCHUIKA, NIEPETaHHAs B
toString, HEHyneBas.

[lone enumerate uMeeT TAII Enumerate:
typedef void (*Enumerate) (void*,void(*callback) (void*,void*),void¥*);

[To sTOMy yKka3zaTento BBI3BIBACTCS (PYHKITUS TIEPEUUCICHUS CCHUIOK CIEIM(PUKAIMOHHBIX THIIOB,
COJIEpIKAINXCS B 3HAUYCHUH JAHHOTO crenudukanonHoro tumna. J[anHas QyHKIUS UCTIONb3YeTCs
JUISL pa3penieHuss IUKIOB MO0 CHEUu(UKAIMOHHBIM CCHUIKaM TPH aBTOMAaTHYECKOM YIPaBICHUH
IUHAMUYECKOHU ITaMATBIO.

Ilone destroy uMeeT THII Destroy:
typedef void (*Destroy) (void¥*);

IIo »TOMy yKa3aTenr0 aBTOMATUYECKH BBI3BIBACTCS (DYHKIMS OCBOOOXAECHHUS PECYpCOB IIpU
OOHYJIEHWHU CUETYMKA CChUIOK Ha 3HaYE€HUE JJaHHOIO CHEelU(PUKAMOHHOTO THUIA.

ECJII/I B onpe;[eneHI/m CHGI_[I/I(bI/IKaLII/IOHHOFO THUIIA 6330BLII>1 THUITI ABJIACTCA QOHYCTI/IMBIM THUIIOM
s3pika  SeC, TO WHHUIMAIM3AIUA JIFOOOTO TIOJIsI MOXKET ObITh omymieHa. [lpu 3ToM mis



COOTBETCTBYIOIIEH 0a30BOH omepanu HaJl JaHHBIMU CHEIU(PHUKALMOHHOTO THUIA HCIOJIb3YeTCs
¢byHkus no ymonyanuto. Ecnu QyHKIMM 1o yMomuaHutio Juist Bcex 0a30BbIX ONEpaluil pean3yoT
HEOOX0UMYI0 (DYHKIIMOHAJIBHOCTh, B ONPEAETICHUU CHEeUU(UKAUOHHOTO THIA HCIOIb3YyeTCs
MyCTON MHULIMAIN3ATOP.

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

B nmnpuBeneHHOM BhIIE TMpUMepe CHENMU(PUKANUOHHBIA THI Point CO3MaeTci Ha OCHOBE
CTPYKTYpBI, COJEp Kallled JBa MOJsA TUMA int. B omnpeneneHnM THIAa HCHONB3YETCS ITyCTOMU
uHuManu3arop. Ilosromy s peanuszanuu 0a30BBIX ONEpalMid HajJ JaHHBIMM S3TOrO THUIMA
UCTIONB3YIOTCS (QYHKIMH IO yModaHuto. [Ipu co3maHwu CChUTKM THNA Point* B (DYHKIHIO
create HaAO0 TNepedaBaThb 3HAUCHUs I WHHUIMAIM3aUMK Tojiell 0a30BOM CTPYKTYpHI (CM.
DYHKIMA WHALKUATW3AIMY 10 yMon4yaHuio). [lociie co3nanust cChUIKM TUMA Point* ¢ HEH MOXHO
paboTarth Kak ¢ yKazaTesnem Ha 0a30BYIO CTPYKTYDPY.

Jlig co3maHus CTPYKTYp JAHHBIX CO CJIOKHOM TOIIOJIOTMEH, HalpuMep IIpU ONpEAcIICHUU
PEKYpPCUBHBIX CTPYKTYP, PEKOMEH]IyEeTCS UCII0JIb30BATh TOJBKO CHEIU(PUKALMOHHBIE CCHUIKH.

struct link;
specification typedef struct link Link;
struct link

{

Link* next;

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

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

1ll1->next = 12;

B mpexncraBneHHoM BbINIe (parMeHTe KoAa OmpenessieTcs CrenupUKanuoOHHBIA THI Link,
peanu3yroumil OJHOCBSA3HBIA chucoK. IIpu mpucBavBaHUM MO0 next CCHUIKA 11 3HAYEHUS
CCBUIKHA 12 MPOUCXOAUT aBTOMATUYECKOE YBEIMYEHHE CYETUYMKA CCBHLIOK HA 3HAYECHUE 110 CCBUIKE
12. lloaTOMy mOCJ€ YHHYTOKEHUM CCBUIKM 12 3HAY€HHWE, Ha KOTOPOE OHA CChLIAETCS, HE
YHUYTOXKAETCS.

[Ipn wncnonb3oBaHWM B ONpEAEIEHMM TUNA Link pPEKYpCHBHOW CTPYKTYpBI, COJEp Kallui
Hecrienu(pUKAlMOHHbIN yKa3zaTesllb Ha camy ceOs, NpaBWIbHOE YIPABICHHE JIMHAMHYECKOM
NaMATHIO 0oJIee TPYAOEMKO.
specification typedef struct link {
struct link* next;
int item
} Link = {};

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

free(s);
B npuBesnenHoM BbIlIe (pparmMeHTe Koja Mocie BbI30Ba free JUIA yKazaTels s, MOJI€ next CChUIKU
1 OyzeT yka3bIBaTh Ha OCBOOOXKIACHHYIO NaMATh. B 3TOM cityuae, 4ToObl n30exkaTh TaKUX MpoosieM,

HEO0OX0UMO OINPENEINUTEL CHEUAIbHEIE (1)yHI<uI/II/I WHULAAJIN3ALUA U OCBOOOKICHUS pecypcoB ais
THUna Link.

Ecnu dyHKIIUS 10 yMOTYaHHIO HEKOTOPOI 0a30BOM omepalyu He peanusyeT (yHKIIHOHATbHOCTS,
HEOOXOJUMYIO JIJISi  ONPEAENSAEeMOro CHenu(PUKAIIMOHHOTO THIA, TO JJs JTOW OIeparuu



OIIPCACIIACTCA cricnyajibHasa (byHKI_[I/I}I, YKazaTeiieM Ha KOTOPYIO HWHULUATIU3UPYCTCA
COOTBETCTBYIOIICC IMOJIC B MHUIUAIN3AaTOPE OMMPCACIICHHUA THUIIA. Yamie Bcero Takas H€06XO}II/IMOCTL
BO3HHUKACT, KOraa 0a30BbIM THUII B ONpCACIICHUN CHCL[I/I(I)I/IKaI_II/IOHHOFO TUIIA ABJISICTCSA YKa3aTCJICM
Ha Hemeﬁ OJICMCHT AWHaAMHYCCKOIro MacCCHBa, O6’BG}II/IH6HI/IGM, YKa3aTejIeM Ha OAWH M3 TaKHUX
THIIOB, CTPYKTypOﬁ niIn MaCCUBOM (bHKCHpOBaHHLIﬁ JJINHBI, COACPIKAIIHUX  BJICMCHTBI
MEPCUNCICHHBIX TUIIOB.

4.8.9 Peanusanus 0a30BbIX onepanuii cneMGUKANMOHHBIX THIIOB 110
YMOJYAHUIO

Ecnn B onpeneneHun crneuu(UKaMOHHOIO THUMA 0a30BbI THUI SIBISETCS IOMYCTUMBIM THUIIOM
s3pika  SeC, TO WHUIMAIM3AIMs JIIOOOTO TOJsl MOXeT ObITh omymeHa. [lpy 3tom st
COOTBETCTBYIOLIEH 0a30BOM omepanyy HaJl JaHHBIMU CHEIU(PHUKALMOHHOTO THUIA HCIOJIb3YEeTCs
GyHKIMSA 10 yMoT4aHuio. Eciau GyHKINN 10 yMOITYaHHIO ISl BCeX 0a30BBIX ONEpauii peaan3yoT
HE0O0X0UMYI0 (DYHKIIMOHAIBHOCTh, B ONPEAETICHUU CHEeUU(UKAUOHHOIO THUIMA HCIOIb3YeTCs
IIyCTOW MHULMAIIA3ATOP.

4.8.10 PyHKUUA THULIHATU3AUMH 10 YMOJIYAHHUIO

OYHKIMA WHUNHAATU3AMAKA 110 YMOJYAHUIO IS BCEX CHENU(DPUKAIMOHHBIX THIIOB, OMpPEIeIECHHBIX
Ha OCHOBE MPOCTBIX TUIOB (HE COCTaBHBIX), UMEET €AMHCTBEHHBIN JOMOJHUTEIBHBIMN MapameTp
6azoBoro Ttuma. OHa WHUIMAIM3UPYET 3HAYEHHE CHENU(PUKAIMMOHHOTO THIMA IOCPEICTBOM
IyOOKOTO KOMMPOBAHHS ATOTO TMapaMeTpa, ¢ YYETOM BO3MOXKHBIX ILHKIOB IO yKa3aTelsiM H
crienu(pUKAIMOHHBIM CChITKAM.

OYHKIWST WHULNUAATH3AIUN CTPYKTYPHBIX CHENU(DUKAIIMOHHBIX TUIOB HMMEET JOIMOJHUTEIbHEBIE
napaMeTpbl, THMBl U TOPSAIOK KOTOPHIX COBMAJAIOT C TUIAMU W TOPSAIKOM Mojeil 0a3oBoit
cTpykrypbl. [lonis 1o mepesaHHOW CChUIKE HWHHULHMAIU3ZUPYIOTCS TOCPEIACTBOM TIIyOOKOTO
KOIMPOBAHUS MEPEAAHHBIX TAPAMETPOB.

OyHKIMS WHULNHAATU3AIUN  CHeIU(UKAIMOHHBIX THUIIOB, OIpPENEJICHHBIX Ha 0a3e MaccuBa
(UKCHPOBAHHON NIUHBI, UMEET OJUH JOIOJHUTENIbHBIN MapamMeTp, SBJSIONIMICS yKazaTeleM Ha
HaOOp 3HAYCHWI THUMNA SJIEMEHTOB MAacCHBa B KOJIMYECTBE, COBMAJAIONIEM C Pa3MEPHOCTHIO
MaccuBa. MaccuB 1O TMepedaHHON CChUIKE WHUIUAIU3UPYETCS MOCPEACTBOM TIITyOOKOTO
KOIMMUPOBAHUSI KAXKJIOTO 3HAYEHUS IO MOJYYEHHOMY YKa3aTel0 B COOTBETCTBYIOLIUN €My 3JIEMEHT
MaccuBa.

MexaHu3M KONHUPOBAHUS, UCIIOIb3YyEeMbI B (DYHKIIMM MHUIMAIU3AIMH, COBIAAET C MEXaHU3MOM
KOIMMPOBAHUS, UCIIOJIb3YEMbIM B (DYHKIIMHM KOIIMPOBAHUS 110 YMOJIYAHHUIO.

4.8.11 POyHKIUA KONHUPOBAHUSA 10 YMOJIYAHHUIO

OyHKIUS KOMUPOBAaHMUS M0 YMOJYaHHUIO OOecreuuBaeT TINIyOOKOe KOMHMPOBAaHUE C YYETOM
BO3MOXXHBIX IIMKJIOB II0 YKa3aTelasiM M CHeUU(UKALUOHHBIM CCBUIKAM, COAEpKaIlUXCs I10
KOMHUPYEMOM CCBLIKE:

e 3HAYEHHA JONMYCTUMBIX MPOCTHIX THUMOB s3blka C, 3a HCKIIOYEHHEM THUIH3UPOBAHHBIX
yKaszaTesei, KonupyoTcs nodaiTHo;

s crenu(UKAUOHHBIE CCBUIKM KOIHUPYIOTCS C TOMOUIbI0  (YHKIWH  KOIHPOBAHUS
COOTBETCTBYIOIIETO CIIEU(PHUKAIIMOHHOIO THIIA;

* TUIMU3HUPOBAHHBIC YKA3aTCJIN paCcCMATPHUBAIOTCA KAK YKA3aTCJIM HAa OAMHOYHOC 3HAYCHUC, HC
3aBUCAIICC OT MCCTOPACIIONOKCHUA B IIaMATH, IMO3TOMY KOIHPYETCAd CAMHCTBCHHOC



3HAYCHHUE TI0 HEHYJICBOMY YKAa3aTelll0 COTJIACHO MpaBHWJIaM, MEPEYMCICHHBIM B JaHHOM
CIIHCKE;

S3HAYCHHA COCTAaBHBIX THUIIOB KOIIMPYIOTCA TIOCPECACTBOM MNPHMCHCHUS TMCPCUNUCICHHBIX
IMPaBUJI K KQ&XKXAOMY COCTABJIAIOIIEMY 3JICMCHTY.

4.8.12 @DyHKUUA CPABHEHHS 110 YMOJTYAHUIO

(DYHKI_II/IH CpaBHCHMUA 110 YMOJIYaHHIO CPABHUBACT 3HAYCHHA 0a30BOro TUIA CJICAYHOIIUM 06p830MZ

apupMeTHYeCKre THIbI, (PYHKIMOHAJIBHBIE YKa3aTeld W HETHIM3WPOBAaHHBIC yKa3aTelH
CpaBHUBAIOTCS MOOANTHO;

TUIIU3MPOBAHHBIE YKA3aTEJIN pacCMaTPUBAIOTCS KaK yKa3aTelld Ha OAMHOYHOE 3HaUCHHE, HE
3aBUCAIIEE OT MECTOpAcClOJIOKEHUS] B MaMSATH, TO €CTh HyJEBble YyKa3aTelau Bcerja
CUMTAIOTCA PABHBIMHU, HYJIEBOM YyKa3aTelb M HEHYJEBOM yKa3aTelb BCEr/la HE paBHBI, a
HEHYJIEBbIE yKa3aTelld PaBHbI TOTAA U TOJBKO TOT/A, KOTJA paBHbI 3HAUYEHUs, Ha KOTOpbIE
OHM YKa3bIBAIOT, NPHUYEM 3HAUYEHHUS IO YKa3aTejasM CPaBHMBAIOTCS COIJIACHO IpaBUJIAM
JTAHHOTO CITUCKa;

cnenn(UKaUOHHBIE CCBUIKM CPaBHHUBAIOTCS C TOMOMIBIO OMOIHOTEYHOW (YHKIUU
CpaBHEHMs compare;

COCTaBHBIC THUIIbI CPAaBHUBAIOTCA IMOCPCACTBOM NPHUMCHCHUSA HAHHBIX IPAaBUJI CPABHCHUA K
KaXXA0MY COCTaBIAIOIIEMY 3JICMEHTY.

4.8.13 ®OyHKUMSA NOCTPOCHUSA CTPOKOBOIO NMPEACTABJIEHHUS M0 YMOJTYAHUIO

CDYHKI_II/IH MMOCTPOCHUA CTPOKOBOIO MPCACTABJICHUA 110 YMOJYAHUIO BO3BpAlIA€T CTPOKOBOC
MMpEaACTABIICHHUE 3HAUCHUA 0a30BOro THUIA:

JUIs1 apu(METUYECKUX THIIOB — YHUCIOBOE MPE/ICTaBIICHUE;
JUISL HETUITU3UPOBAHHBIX U (DYHKIMOHAJIBHBIX yKa3aTellel — ajipec;

AJId  TUIIU3UPOBAHHBIX YKaSaTCHCﬁ — 1mbo NULL, 0o CTPOKOBOC MPCACTABJICHUC
SHAYCHHA, JICKAIICTO M0 HCHYJIICBOMY YKa3aTCJ/I10, IIOMCUCHHOC €TI0 aIpCCOM;

Ui ceU(UKAIMOHHBIX CCBUIOK — PE3yJbTaT BBI30BA OHMOMMOTEYHOH (QyHKIMU
npeoOpa3oBaHus B CTPOKY toString;

JUIs. CTPYKTYPHBIX THIIOB — KOHKAaTEHAIIMsSl CTPOKOBBIX MPEICTABICHUHN TMOJEH CTPYKTYPHI,
Pa3aCiICHHBIX 3aIllsIThIMU, O6paMJI€HHa$I (bHrypHLIMI/I CKOOKaMu U npeaBapCHHas CJIIOBOM
struct;

i1 MacCCHBa (bHKCHpOBaHHOﬁ OJIMHBI — KOHKAaTCHalusd CTPOKOBBIX HpCI[CTaBJICHI/Iﬁ
OJIEMCHTOB MacCCHBa, Pa3aCJICHHBIX 3aIIsATbIMU, O6paMJ'I€HHa${ KBaJApaTHbBIMHA CKOOKaMHU.

4.8.14 Pynxkuus nocrpoennst XML-npeacrasieHust 1o yMoaI4aHUIO

Oyukuua noctpoeHuss XML-npencrasnenus nmo ymon4aHuro Bosspamaer XML-npencrasieHue
3Ha4eHus1 6a30BOro TUIA.



4.8.15 ®@OyHknug nepeyncjieHus BHYTPEHHUX creM(PUKANMOHHBIX CCHLIOK 1O
YMOJTYAHHU IO

OYHKIMS TEePEUnCIeHHs] BHYTPEHHUX CHEUU(PUKAIIMOHHBIX CCBUJIOK MO YMOJIYaHUIO HHYEro He
JienaeT, eciay 0a30BbIi TUM SBISETCS MPOCTHIM HecTIeU(pHUKAIMOHHBIM TUIIOM. Eciu 6a30BbIid THIT
ABIISIETCS CNEeUN(UKAIIMOHHON CCBIJIKOM, BbI3bIBaeTCS (YHKIUS MO TNEepeJaHHOMY YyKa3aTewro
callback, KOTOpOW B KauecTBe IapaMeTpOB MepelaroTcs chenu(UKaluOHHAs CChUIKA U
BCIIOMOTaTeNbHBIM MapaMeTp par, MepeAaHHble B (PYHKLHIO MEPEUHCIeHHs crienu(UKalMOHHBIX
ccbuloK. Ecnu 6a30BbIil THI SIBJISIETCSI COCTaBHBIM, JaHHBIE MpaBHJa MPUMEHSIOTCS A KaxXI0ro
COCTaBIIAIOLIETO HJIEMEHTA.

4.8.16 PDyHKUUA OCBOOOKACHHS PECypPCOB 110 YMOJIYAHUIO

DyHKIHS 0CBOOOKIEHUS PECYPCOB TTO YMOITYAHHUIO BEJIET CEOsI CICTYIONTUM 00pa3oM:

¢ HHUYEro He JeNlaeT, eciii 0a30BBIN TUIl SBJIAETCS apu(PMETHUIECKUM, (PYHKIIMOHAIBHBIM WIIN
HETUIIM3UPOBAHHBIM YKa3aTEIIEM;

« ecnu 0a30BbIM TUN SABIAETCS CHEUU(PUKAIIMOHHON CCBUIKOM, CYETYHK CCHUIOK Ha 3HAYCHHE
10 HEHl YMEHBIIACTCS HA €MHHUILY;

« ecnu 0a30BBIM THII SIBJISIETCS TUIIM3UPOBAHHBIM yKa3aTeJeM, TO 3Hau€HHE 10 HEHYJIEBOMY
yKa3zaTeso 00padaThIBaeTCs COITIaCHO NEPEUUCIISIEMbIM MPaBUIIaM, TOCJIE YETO BbI3BIBACTCS
¢yHKIUS free U CaMOTO yKa3aTes;

. ecJii 0a30BBIM THIT SBIAETCS COCTaBHBIM, TO NCPCUYHUCIICHHBIC IIpaBUWJia MPUMCEHAIOTCA JIA
KaXXJ0T0 COCTAaBJIAIOIICTO 2JICMCHTA.

4.8.17 Onpenesenne cOOCTBEHHbIX (PYHKIUI /151 0230BbIX ONepanui
crnenu(PuKANMOHHBIX TUIIOB

Ecim nns Hekotopoit 0a3oBoM  omepanuu  QyHKIHS 10 YMOJNYAHUIO HE pealu3yer
(GYHKIIMOHATBHOCTh, HEOOXOAUMYIO TSl OTPEACNIAEMOro CHeU(PUKAIMOHHOTO TUMA, TO AJI STOU
oTiepaIyl OMPEACIISACTCS CIeUaNIbHAs (YHKIHS, yKa3aTelieM Ha KOTOPYIO HHHIIHATHU3UPYETCS
COOTBETCTBYIOIIIEE T10JI€ B MHUIIMAIN3ATOPE OMpeeieHus Tuma. Yarie Bcero Takas HEOOXOAUMOCTh
BO3HHUKACT, KOorjga 0a30BLIl THUI B ONpCaACIICHUU CHGIII/ICpI/IKaIII/IOHHOFO TUIIA ABJIACTCA yKa3aTCJICM
Ha TEPBBIM AIIEMEHT JUHAMHYECKOrO MaccuBa, OOBEAMHEHHEM, yKa3aTeleM Ha OJUH U3 TaKuxX
TUMOB, CTPYKTYpOH WJIM MAacCMBOM (D)UKCUPOBAHHBIM JUIMHBI, COJEPXKAIIUX  SJIEMEHTHI
MEPEYUCIICHHBIX TUIIOB.

4.8.18 @OyHKUMA MHUIHAIUZANMA CTIeNUPUKAIMOHHOTO THIIA

void mMAa QyHKUMM MHMUMamm3auun (void* p, va list* arg list)

OyHKOMST HE HWMEET BO3BPAIIAEMOro 3HAYCHHA. B TiepBOM aprymeHte QYHKIHS TOTydaeT
yKazareiab THIA void* Ha OOHYJIEHHYIO O0JIAaCTh MaMSTH, BBIICICHHYIO JUISI XpPaHEHUS JaHHBIX
CHeNU(PUKAMOHHOTO TUIA ¥ HHUIIUAIU3UPYET 3Ty 00JIACTh 3HAYCHHUSIMH, ITePEIaHHBIMH BO BTOPOM
aprymeHTe B coMcke Ttuna va list*. Ilpum HeoOxoauMocTH B (YHKLUMH BBIIENSETCS
JIOTIOJTHUTENbHAS TAMATh JIJIs1 XpAaHEHEHUSI TaHHbIX.

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

}s



void init IntegerSeq(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 seqg IntegerSeq = {
.init = init IntegerSeq,

}s

B npuBegeHHoM BhIle IpUMeEpe co3JlaeTcsd  CHeUM(UKALMOHHBIA TUN IntegerSeq,
IpeJHa3HAaYeHHbIH JUIsl XpaHEHMs II0CJIEIOBAaTEIbHOCTH 3apaHee HE M3BECTHOW  JUIMHBI,
colepXkale  cChUIKM TUINA Integer* — CCBUIKM Ha 3HA4eHUs  OMOJIMOTEYHOTO
cneun(UKaMOHHOTO TUNA Integer, KOTOPBIM SIBISETCS CHEHU(PHUKAIMOHHBIM IMPEICTaBICHUEM
BcTpoeHHoro Tuma s3plka C int. Tunm IntegerSeq ompeaensercss Ha OCHOBE CTPYKTYpbI
integer seq c AByMs IIOJISIMHU: JJIMHA NOCIEA0BATENbHOCTH — length U yKa3aTelb Ha MAaCCUB,
coJIepKalliil caMy MOCe10BaTeIbHOCTh,— 1 tems.

bubnuoreunas ¢QyHKUMS create BBIIENSET MaMATh TOJNBKO MJI XpaHEHUS 3HAYEHHUS CaMOil
CTPYKTYpHl integer seq. OYHKINA WHUIMATU3ANUU 110 YMOIYAHUIO JJIs TAKOTO CTPYKTYPHOIO
cHenu(pUKaMOHHOIO TUIIa UMEET JiBa MapaMeTpa MHUIMAIM3AlUU: IEPBbIM MapaMeTp TUIAa int U
BTOpOil TuNa Integer**. [Ipudyem BTOpoOl mapaMeTp B GYHKIIMH WHUIIMAIU3ANUNA TI0 YMOITYaHHUIO
WHTEPIPETUPYETCST KaK yKa3zaTelb Ha eJWHCTBEHHOEe 3HaudeHue. [loatomy B ¢dyHKIHH 1O
YMOJUYaHUIO MOJE 1tems MHULIHUAIU3UPYETCS YKa3aTEIEM Ha CCBbUIKY, KOTOpast COLAEPIKUT KOIIUIO
3Ha4YCHMsI 10 CCBUIKE, IIEPEJAHHOW Yepe3 yKasarelb. B paccmaTpuBaeMOM cCilydae Takas
GyHKIIMOHATBHOCTH Hempuemiema. [103ToMmy HE00X0AMMO MCIONB30BaTh CHENHUATIBHYI0 (PYHKIIUIO
MHUAIMAIN3ALUN init IntegerSeq, pean3yONIyI0 HEOOXOANMYIO (YHKIIMOHAIBHOCTb.

(DyHKI_II/IH init IntegerSeq OXMJACT, YTO B CHUCKE THUMAa va list* meperacTcs
€IMHCTBEHHBIM MapaMeTp MHULMAIIM3ALMHU TUIIA IntegerSeq — JJIMHA MTOCIEA0BATENLHOCTH. Ero
3HQYCHUEM HWHULHAIM3UPYETCA ToJIe length MO HHUIMAIM3UPYEMOM ccbuike. Btopoe mnose
1tems MHULIHUAIU3UPYETCSA yKa3aTelIEM Ha OUHAMHUYECKU BBIACICHHYIO U WHUIIUAIU3UPOBAHHYIO
HYJISAMH O00JIaCTh TaMSTH, JOCTATOYHYIO [UJISI XPAHEHHS IOCJIEI0BATEIBHOCTH CCHUIOK HY)KHOU
JJIAHEIL.

VYkazaresneM Ha (QyHKUUIO MHULMAIA3ALMU init IntegerSeq MHULUAIU3UPYETCS MOJIE init B
OINpENICICHNUH THIIA IntegerSeq.

4.8.19 ®OyHkuus KONMPOBAHMSA CHIeUPUKAIUOHHOIO THUIIA

void mMA QYyHKLMM KONMpOBaHMA (vold* src, volid* dst)

OyHKIMA HE UMeeT BO3BpalaeMoro 3HauyeHus. Mmeer nBa mapamerpa tuma void*. DyHKUus
JIOJDKHA KOMMHMPOBATh HA HEOOXOIMMYIO TIyOWHY 3HAUCHHUS JAHHBIX IO TEPEaHHOMY B MEPBOM
mapaMeTpe yKaszaTtenlo src B OOHYNEHHYI O0JacTh MaMsITH IO TEepeJaHHOMY BO BTOPOM
rnapameTpe ykKasaTeso dst.
void copy IntegerSeq (void *src, void *dst) {
struct integer seq *is src = (struct integer seqg *)src
, *ls dst = (struct integer seq *)dst;

int 1i;
is dst->length = is src->length;

is dst->items calloc(is src->length, sizeof(Integer*));
for (i = 0; 1 < is_src->length; i++)



is dst->items[i] = clone(is src—->items[i]);

}

specification typedef struct integer seq IntegerSeq = {
.init = init IntegerSegq,
. Copy = copy_ IntegerSeq,

.destroy
}i

destroy IntegerSeq

B mpuBeneHHOM BbIIE TpuMepe ompenensercss (QYHKIMS KOMUPOBaHHWS 3HAYCHUH THIIA
IntegerSeq. Ompenenenue 3Tod (YHKUUM HEOOXOAMMO, TaK Kak (YHKIHS KONMHMPOBAHUS I10
YMOJIYaHUIO HHTEPIPETUPYET MOJIE€ Items KaK yKa3aTelb HAa E€JUHCTBCHHOE 3HAYEHUE TUIIA
Integer*, TO €CTb KONMPYETCSA TOJIBKO IIEPBOE 3HAYECHHE IO CCBUIKE IIEPBOrO DJIEMEHTa
HIOCJIEI0BATENIbHOCTH src. DyHKIuUs copy IntegerSeq oOecneunBaeT IIyOOKOE KOMMPOBaHUE
BCEH TMOCNEAOBATEIbHOCTH TPU MOMOUIM OHUONIMOTEeYHON (YHKIMH KONMUPOBaHMS clone.
Wuunuanuzanus HyJIsSMH NAMSTH, BbIIEISIEMOM a8 is dst->items HeoOXoauma Ajsi TOrO,
9qT0OBI TIPY MPUCBAMBAaHMM B NUKJIE is dst->items[i] = clone(is src->items[i]) He
IIPOUCXOAMIIO TIOMBITKM YMEHBIICHUSA CYETYMKA CCBUIOK Ha HECYILECTBYIOLIEE 3HAUECHUE 110 CCBUIKE
is dst->items[i].

VYkazatenem Ha (YHKIHMIO KONHUPOBAHUS HWHHUIMAIM3UPYETCS TOJE copy B ONPENCICHUU THUIIA
IntegerSeq.

4.8.20 PDyHkuuA cpaBHeHHS crenM(PUKANMOHHOIO THIIA

int mMa OyHKUMM cpaBHeHuA (void* left, void* right)

CDYHKI_II/ISI HMECT BO3BpAIlaCMOC 3HAYCHHUC THIIA int U nOBa InapamMeTpa THUIId void*. q)yHKL[I/IH
CpaBHHUBACT 3HAUCHUA 110 ICPCAAHHBLIM YKa3aTCJsIM W BO3BpamlacT HOJIb, CCJIX 3HAYCHUA
OKBHUBAJICHTHBI, U OTJIMYHOC OT HYJIA 3HAUYCHUC B O6paTHOM cJIydace. HCHYJICBOG 3HAa4YCHUC MOXKCT
3aBHCETh OT OTHOIICHHUS 3HAYCHUM 110 NEpCAaHHbIM CChLIKAM.

int compare IntegerSeqg(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 O;

}

specification typedef struct integer seq IntegerSeq = {
.init = init IntegersSeq,
. Copy = copy_ IntegerSeq,
.compare = compare IntegersSeq,

.destroy
bi

destroy IntegerSeq

B npuBeneHHOM BblIIIE IpUMEpPE onpeenserca QyHKIMs CpaBHEHUS 3HaUeHUI THMa IntegersSeq.

Onpenenenne 3ToM (YHKIIMM HEOOXOAUMO, TaK Kak (YHKIIUS CpPaBHEHHS 10 YMOJIYAHWIO

WHTEPIPETUPYET MOJIE 1 tems KAK YKa3aTellb HA €NHCTBEHHOE 3HAYEHHUE TUIA Integer*, TO €CTh
CpaBHHUBAKOTCA TOJIBKO 3HAYCHHUA IO CCBhUIKAM ICPBLIX DJICMCHTOB HOCHCHOB&TCHLHOCTCﬁ leftn
right.



@yHKuMsA CcpaBHEHUS compare IntegerSeq o0OecnedMBaeT CpaBHEHHUE I1OCIEIOBAaTEIbLHOCTEN
IO2JIEMEHTHO. Ecin nocienoBaTenbHOCTH UMEIOT PA3HYIO JUIMHY, TO BO3BPAIACTCA Pa3HOCTh JJIUH
[IOCJIEIOBATEIbHOCTEM 110 IEPENaHHBIM CChUIKAM left W right. Ecium mocinenoBaTebHOCTH
OJIMHAKOBOH JIJIMHBI, TO OHU CPAaBHUBAIOTCS ITOAJIEMEHTHO IPH ITOMOUIH OMOIUOTEUHONW (PYHKITHH
compare. B 3TOM cilydae, eciau BCe BJIEMEHTHI IIOCIEI0BATEIBHOCTEM COBIANAIOT, PE3YyIbTaTOM
ABJISIETCSL  HOJb, B IPOTHMBHOM CIlydae BO3BpALlAE€TCA pPE3yJbTAaT CPaBHEHUS IEPBBIX
HECOBIIAJAIOLIUX 3JIEMEHTOB.

VYkazareneM Ha @yHKHHK)CpaBHeHHﬁ MHUIAAIU3UPYETCA IOJIC compare B ONPEACICHUM THIIA
IntegerSeq.

4.8.21 @POyHKIUA NOCTPOCHHUS CTPOKOBOIO NPEACTABICHUSA
cnequ(pUuKAUMOHHOI0 THIIA

String* mma QYHKUMM IOCTPOEHMA CTPOKOBOTO MNpeAcTaBjeHuA (void* p)

OyHKIUMS MMEeT BO3BpalllaeMOe 3HaueHWe THMa String* M mapamerp Tuma void*. DyHKIUSA
BO3BpAIAeT CCHUIKY Ha CHENM(UKAMOHHBIA THII String, MO KOTOPOW JOJIDKHO COAEPIKATHCS
CTPOKOBOE TPEJCTABJICHNE 3HAUCHHS CIEHU(PHUKAIUOHHOTO THUIA, IEPEJaHHOTO B €IMHCTBEHHOM
napamerpe QyHKITUH.

String* to_ string IntegerSeqg(void *ref) {

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

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

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

String *res = start;

if (is->length > 0) {

int 1i;
for (i = 0; 1 < 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,
.Copy = copy IntegerSeq,
.compare = compare IntegersSeq,
.to _string = to string IntSeq,
.destroy = destroy IntegerSeq

}

B npuBeicHHOM BBIIIE IPUMEPE OTPENEsIeTCs] PYHKIUS MOCTPOSHUSI CTPOKOBOTO TPEICTABICHUS
to_string IntegerSeq i THna IntegerSeq. OmnpeaencHue 3ToN (yHKIHMHM HEOOXOAUMO,
TaKk Kak (DYHKIIMS TOCTPOCHUS CTPOKOBOIO MPEJICTABICHHS 110 YMOJIYAHUIO UHTEPIPETHPYET TOJIe
items Kak yKaszarellb Ha €IMHCTBEHHOC 3HAUYCHHWE THINA Integer* W CO3JAaET CTPOKY,
COJIepKallyl0 B (UI'YPHBIX CKOOKax depe3 3alsaTyl0 3HAa4YeHHWE IoJii length W CTPOKOBOE
HpeﬂCTaBHeHHC 3HAUYCHUSA 110 CCBIJIKE HepBOI‘O 3JICMCHTA ITOCJICA0BATCIIBHOCTH.

@yHKIMA to string IntSeq BO3BpAllaeT CCBUIKY THNA String*, COAEPXKALLYI CTPOKY, B
KOTOPOM B YTJIOBBIX CKOOKaX MEPEUUCIISIFOTCS Yepe3 3amiaTy0 CTPOKOBBIE MPEACTaBICHUS 3HAYCHHA



M0 CCHUIKAM BCEX DJIEMEHTOB IOCJIEI0OBATEILHOCTH C COXpaHEHHWEM HUX Mmopsiaka. B ¢dyHKum
to_string IntSeq HCHONB3YIOTCA QYHKIMU create String M create String

VYkazarenem Ha (QYHKIIHIO to string IntSeq MWHHMIMAIM3UPYETCSA MOJEe to string B
OIIPEACIICHNH THIIA IntegerSedq.

4.8.22 ®@ynknusa nocrpoennss XML-npencrasienns cnenuGuKaAnuoOHHOT 0
THIA

String* mma dyHkuMM nocTpoeHma XML mpepcrTabBiieHus (void* p)

@yHKIMS MMEET BO3BpallaeMOE€ 3HAY€HUE THUNA String* W mapaMmerp tuna void*. OyHKIUA
BO3BpAIIAET CCBUIKY Ha CIEHU(PHUKAIMOHHBIN THI String, KOTOpas JOJDKHA coaepkaTth XML-
NPEJICTaBICHUE 3HAYEHHs CleUU(PUKAIIMOHHOTO THUIIA, MEPEAAHHOTO B €IMHCTBEHHOM IapameTpe

byHKINY.

Ecnu tun He mmeeT mHTepecyolleld Hac BHYTPEHHEH CTPYKTYphl, TO QYHKIHIO NMPeoOpa3oBaHUs
PEKOMEHyETCs IUCATh 110 aHAJIOTUK ¢ to XML Integer ():

String *to XML MyType ( MyType *mt )
{

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

Ecnu BHyTpeHHsIsI CTpyKTypa THUIIA BaKHA, (QYHKIUIO NpeoOpa3oBaHHs MOXKHO HaIHUCaTh,
HaIpUMep, 10 aHAJIOTUHU ¢ PYHKIHMEH OMOINOTeYHOro TUMa Set (MHOXKECTBO):

String *to XML MyType ( MyType *mt )
{
String *res = format String("<object kind=\"spec\" type=\"MyType\"
text=\"3aromoeox\">\n" [, ...]);
foreach (Object obj: BJoOxeHHEE OOBEKTH, HacJenmymoume Object)
{
res = concat String( res, toXML( r(obj) ) );
}
foreach (data: BJjoxenHHrle 0OBexkTH 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;

}
Wi OubnmoTeyHoro Tumna Map (otoOpaxkeHue):

String *to XML MyType ( MyType *mt )
{
String *res
= format String
( "<object kind=\"spec\" type=\"MyType\" text=\"3aromosok\">\n
(r -1
) ;

foreach( Object obj: BioOxeHHBIEe OOBEKTH, HacJjenymomme Object )
{
res = concat String
( res
, format String
( "<object kind=\"spec\" "



"type=\" MyElement\" "
"text=\"zarosmoBok sjemeHTa\">"

lroon]

) 7
res = concat String( res, toXML( r(obj) ) );
res = concat String( res, create String("</object>\n"));

}

foreach( data: BrnoxenHele obwekTh ¢ kind = Simple, Struct, Pointer,

Array )
{
res = concat String( res
, format String
( "<object kind=\"simple\" "
"type=\" MyType.Element\" "
"text=\"smgemeHnT\"/>"
[, ...]
)
}
res = concat String(res, create_String("</object>\n"));

return res;

}

KoMOunupyst 1m1abioHbl TeHepaluuu W3 BBIILIEOPUBEIEHHBIX NPHUMEPOB, MOXXHO CO3/1aBaTh
IPOU3BOJILHYIO APEBOBHUIHYIO CTPYKTYPY OOBEKTOB.

4.8.23 @yHKHUA NepeyrcIeHUs BHYTPEHHUX creM(PUKAIMOHHBIX CCHLIIOK
cnenqu(pUuKANMOHHOI0 THIIA

void mMA QYHKLMM IepPeuMCIJIeHUS CHeUUPMKaLMOHHEX CCEJIOK (*Enumerate)
(void* p, void (*callback) (void*,void*), void* par)

OyHKIUSA TMEpeyucieHHs] CChIJIOK JIOJDKHA JUISL KaXJ0M CCBUIKM CIeNU(HUKAIMOHHOIO THUIIA,
JIOCTYIIHOM 4Yepe3 MepelaHHyl0 B MEPBOM apryMEHTE CCBUIKY, BbI3BAaTh (DYHKLMIO, yKa3aTelb Ha
KOTOPYIO IepesaeTcs el Bo BTopoM aprymeHnTe. Bo Bcex BbI30Bax 3TOH (QYHKIUM NepedHcisieMble
CCBUJIKU IEpeNaloTcs B MEPBOM apryMEHTE, BO BTOPOM apryMEHTE NEpeNaroTCsl MapaMeTphl uepes
yKaszaTelb par, epeJaHHbli B TPETheM apryMeHTe (QYHKIUH ePEUUCICHHSL.

void enumerate IntegerSeqg( void* p
, void (*callback) (void*,void¥*)
, void* par

) A

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

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

}

specification typedef struct integer seq IntegerSeq = {
.init = init IntegerSeq,
.Copy = copy_ IntegerSeq,
.compare = compare IntegersSeq,
.enumerate = enumerate IntegerSeq,
.destroy = destroy IntegerSeq

}s

B  mpuBeneHHoM  BeIllle  OpUMeEpe  ONpenenseTcss  (PYHKIUsS  TNEPEUUCICHUsT  CChUIOK
enumerate IntegerSeq A THHNAa IntegerSed. CH@WﬂeHeHHe crnenuagbHOU @yHKHHH



NEPCUUCIICHUA CCBUIOK HCO6XOJ]I/IMO, TaK KakK HKIIWA TIEPEUYNCJICHHUA CCHIJIOK MO YMOJYaHHIO HE
obecreynBaeT NEPCUUCTICHUC CCBIJIOK, TOCTYITHBIX Y€PE3 YKA3aTCJIb Ha MAaCCUB 3JICMCHTOB.

B ¢dyHKIIMN enume rate IntegerSeq I BCEX CChUIOK IIOCICAOBATECIbHOCTH, JOCTYIHBIX Y€pPE3
noJie items TUMNA Integer**, BhI3bIBACTCA (PYHKIUS Yepe3 yKazaTesb, EPeIaHHbId B (DYHKIHIO
NIEPEUUCIICHUs enumerate IntegerSeq BO BTOPOM mapaMmerpe. B mepBoM napamerpe npu 3Tux
BBI30BaX IEPEHAIOTCS TEPEUHCIsieMble CIeNU(DUKAIMOHHBIE CCBHUIKH, BO BTOPOM Iapamerpe
nepeaaeTcsl  yKazaTenb, IepeldaHHbld B TPETheM IMapaMeTpe B (PYHKIUIO TEPEUHCICHUS
enumerate IntegerSedq.

VYkazarenem Ha (byHKLHIO OCBOOOXKICHUS pecypcoB enumerate IntegerSeg
HMHUIMATIU3UPYCTCA II0JIC enumerate B ONPCACICHUN TUIIA IntegerSed.

4.8.24 @yHKIUA 0CBOOOKACHUS PecypcoB crniennPpUKANNOHHOIO THIIA

void mmMa QyHKLMM OCBOOOXIEHUA pecypcos (void* p)

DyHKIMSA HE UMEET BO3BpAIIa€MOro 3HaueHus. MiMeeT oauH mapaMerp Tuma void* — yKa3aTelb
Ha oO0NacTh MaMATH, XpaHSIIIYI0 JaHHble crenuukanuoHHoro Tuma. OYHKIMS J0JDKHA
OCBOOOJIUTH TOJIBKO JOTIOJHUTENBHYIO MMaMsITh, BBIICIICHHYIO B (PYHKIIMM MHUIIMAIA3AIMN TAHHOTO
CHenU(pUKAIUOHHOTO THIA.

void destroy IntegerSeq (void *ref) {

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

is->items[i] = NULL;

free (is->items);

}

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

bi

B npuBeneHHOM BBl TpUMEpe  ompeaensercs (QYHKIUS  OCBOOOXKIEHHS  PECcypcoB
destroy IntegerSeq i CHeLII/I(bI/IKaL[I/IOHHOFO THIIA IntegerSeq. OHpeI[eJIeHI/Ie 3TOH
GyHKIIMM HEOOXOIMMO, TaK Kak QYHKIIHS 0CBOOOXKJICHHS PECYPCOB TI0 YMOITYAHUIO JUTsI COCTaBHBIX
TUIIOB MHTEPHIPETUPYET II0JIC i tems KaK yKa3zaTellb Ha €AUHCTBECHHOC 3HAUCHUE TUNA Integer*,
MOATOMY CUETUHMK CCBUIOK YMEHBIIIAETCS TOJIBKO JJIsI MEPBOM CCHUIKU MOCIEA0BATEIbHOCTH, MOCIIE
4eT0 BBI3BIBACTCA free AJd yKa3aTelsl items.

OyHkiusa destroy IntegerSeq YMEHBIIAET CYETYMK CCBUIOK HA EOMHULYY Ul Ka)J0ro
9JIeMEHTa TOCTEI0BATENBHOCTH MO TEepPeJaHHON CCBUIKE, MOCIE YEero OCBOOOXKAaeT MamsTh IO
yKazaTento items. CYETYMKHU CCHUIOK YMEHBIIAIOTCS MPUCBAaMBAHUEM CChUTKaM NULL.

VYkazareneM Ha (YHKIHIO OCBOOOXKIEHHs pecypcoB destroy IntegerSeq HHUIMAIU3UPYETCS
oJIe destroy B OIIPEACIICHUM THUIIA IntegerSedq.



4.9 HWNuBapuaHTbI

B cneuudukanumu ¢GopmynupyroTcss TpeOOBaHUS K TECTHPYEeMOHl cucTeMe, B TOM 4YHCIE
TpeOoBaHUS K JaHHbIM. Takue TpeOOBaHUS 3aKIIOYAIOTCd B OrPAaHUYEHHUU JUarna3oHa
JIOMYCTUMBIX 3HAUYEHUM M MOTYT HAKJIAJbIBAaTbCS KaK Ha HEKOTOPBIA TUIN JAaHHBIX B IEJIOM (C
MOMOIIbI0 MHBAPHAHTOB THUIIOB), TaK U Ha 3HAUEHUS OTHAEIbHBIX IJI00ANbHBIX MEPEMEHHBIX (C
HOMOIIBI0 HTHBAPUAHTOB MIEPEMEHHBIX ).

WMHuBapnaHThl MOTYT paccMaTpuBaThCsi M Kak o0IIas dYacTb NPEIyCcIOBHIl M TOCTYCIOBUI
CHeM(PUKAITMOHHBIX (PYHKIIUN, KOTOPHIE UCTIONB3YIOT JIAHHBIE COOTBETCTBYIOIIMX THIIOB.

HMuBapraHThl aBTOMaTHYECKH MPOBEPAIOTCS B CHEUU(DUKAIMOHHBIX (YHKIUSAX TMepes MPOBEpKOit
IpeyCIOBUS:

e Ul napaMeTpoB (DYHKIIUH;
e JUIS BBIPQXXEHUH, ONMCAHHBIX B OTPAHUYECHUS JOCTyNAa reads U updates.
U Tiepe]] MPOBEPKOM NOCTYCIOBUS:
s U apaMeTpoB (DYHKIIHH;
*  JIs BBIPAQXKCHMM, ONIMCAHHBIX B OTPAHUYEHUAX JOCTyNA writes U updates.
* ]I BO3BpAIa€MOro 3HaYCHU

Taxxke mnpeaycMOTpeH Ccrocod sBHOW MPOBEPKM WHBApUAHTa, CM. MPUMEpPHl B OIMNUCAHUU
WHBAPUAHTOB THUIIA U TEPEMEHHBIX.

[Ipy mnpoBepke MHBAPUAHTOB COCTABHBIX THUIIOB ABTOMATUYECKH MPOUCXOJUT MPOBEpKa
WHBAPUAHTOB U JUISI BCEX €T0 COCTABIIAIONINX 3JI€MEHTOB.

4.9.1 HuBapuaHT THNA

MHBapuaHT THIIa BBOAUT OIPAaHUYEHUS HAa IMAIla30H 3HAYEHUU HEKoToporo tuna. Ilomygaromuiics
HOBBII THI, MHOKECTBO 3HAYEHUH KOTOPOTO SIBJISETCS MOJAMHOKECTBOM 3HAYEHHUH 0a30BOro THIIA,
HaspiBaeTcsl mnoaTturnoM. Ha 06a30BbIi THN HaJIOXKEHO OrpaHUYEHUE: OH JOJDKEH SBISATHCS
JOIYCTUMBIM THUIIOM.

Tun ¢ UHBapUAHTOM ONMPENENSAETCS C MOMOILBI KOHCTPYKIUU typedef, MOMEYEHHON KIFOUEBBIM
CJIOBOM invariant:

invariant typedef int Nat;

B nannoMm cnyyae int siBisieTcst 6a30BBIM THIIOM, a Nat — omnpeaenseMbiM noatumnom. [Ipu atom B
OTJINYUE OT OOBIYHOM KOHCTPYKIMU typedef sizbika C, KOTOpas JUIIL BBOJUT HOBOE UM JJIS
CTaporo THIIA, B JAHHOM ClIydae ONpeesisieTcsi HOBBIN THII ¢ COOCTBEHHBIM MHO>KECTBOM 3HAYECHUI.

OrpaHuueHus Ha MHOXXECTBO 3HAYEHMM MOATHIA OIPENEISIIOTCS B KOHCTPYKLUMHM invariant,
CXOXKEH ¢ ompeleseHueM (YHKIMHM C OJHUM IapaMeTpoM ompexenseMoro noxaruna. dyHkus
BO3BpPAIla€T JIOTMYECKOE 3HAYEHHME: true, €CIM IEPEJaHHOE 3HAYCHUE YAOBJIETBOPSET
OrpaHMYEHUSIM (MHBApUAHT BBINIOJHEH), WIM false, €CIUM HE YJOBIETBOPSET (MHBapUAHT
HapyuieH). [lockonbKy THIT BO3BpaIiaeMoro 3Ha4eHus: (PMKCUPOBaH, OH HE YKA3bIBA€TCS SBHO:

invariant (Nat n) {
return n > 0;



Ecnu B kauecTBe 6a30BOT0 THIA UCHOJIB3YETCS CIEUU(PUKAIIMOHHBIN TUI, TO MapaMeTp (yHKIUU-
MHBapuaHta OyleT HMMEeTh THUIl COOTBETCTBYIOUIEH CHEU(PUKAIUOHHON CCHUIKH, MOCKOJIbKY
3HA4YeHHUs CHEeUU(UKAUOHHBIX TUIIOB TOCTYITHBI TOJIBKO Yepe3 yKa3aTeib:

invariant typedef Integer Natural;
invariant (Natural* n) {
return value Integer(n) > 0;

}
[Tpu 5TOM QyHKIIUU pabOTHI C MOATUIIOM OyIyT B3STHI U3 ONpeaeaeHns 6a30BOro TUma.

q)yHKHI/Iﬂ-I/IHBapI/IaHT HE O0JI’KHA MMCETH HO60‘—IHBIX 3(1)(1)6KTOB3 HC OOJI’KHBI UBMCHATBHCS BUIUMBIC
CHApY)XH JIaHHbIC;, TUHAMUYECKAs MMaMSTh, BbIJICIICHHAS! BHYTPU (YHKIIHH, TOJDKHA OCBOOOKIATHCS
B HEH XKe.

I[OHyCKaIOTCﬂ OMPEACIICHUS HOBBIX CHCLII/I(I)I/IKaI_II/IOHHBIX TUIIOB C YKa3aHHNEM MHBApHUaHTa:

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

}
B atom CJIy4dac noATuIl 1 0a30BbIH THII 6YIIYT coBIIagaThb.

OTmeTHM, 4YTO HeNlb3s ONpeneisaTh Cleuu(UKAIMOHHBIA THUO HAa OCHOBE JApPYroro
creun(pUKaMOHHOTO TUIA, OJJTHAKO MOYKHO CO3/1aBaTh IMOATHUIIBI CIeHU(UKAIIMOHHBIX TUIIOB. boree
TOT0, MOXKHO OIpeNesTh MOATUIIBI MOATUIIOB, CO3/aBas TakuM OOpa3oM Hepapxuio TUIoB. B
TaKOM Cllyyae JJisi 3HaYeHMs MOATUIA OYAYyT MPOBEPSTHCA U MHBAPHAHTHI BCEX «POAUTEIBCKUX)
IIOJATHIIOB HA ITyTH K BEPIINHE HEPAPXUN.

WMHBapuaHT mepeMeHHON COOTBETCTBYIOIIETO THUIIA MOXKHO SIBHO MPOBEPUTH C MOMOIIBI0 (DYHKITUU
invariant:

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

HOI[TI/IH MOKHO IIPUBOAUTD K 6330BOMy TUILy, boiee TOro, Takoc npeoGpaaoBaHI/Ie OCYHICCTBIIACTCA
HESIBHO. Ba30BEIi THIT TaK)KE MOXKHO IMPUBCCTU K IIOATHUITY. OI[HaKO, IMOCKOJIBKY 3HAaYCHUS IMMOATHIIA
ABJIAKOTCA IIOAMHOXKCCTBOM 3HaYeHUH 0a30BOIO THIIA, TaKOC Hp606p8.30BaHI/Ie HYXXHO 3aIllMChIBATb
SBHO:

invariant typedef int Nat;
int 1i;

Nat n;

i = n;

n = (Nat)i;

WHBapuaHT THNA NPH NPUBEICHUU MOXKET OBITh HApyILIEH, OTOMY MOCJE MPHUBEICHUS CIEIYEeT
IIPOBEPATH €T0 SABHO.

4.9.2 HuHBapuaHT nepeMeHHOU

VHBapuaHT NEepeMEHHON IO3BOJSET BBECTH OrPAaHMYEHHUS HA AMANA30H 3HAYCHUHM OTIENbHOMN
r100aTbHOM MTepeMeHHOH, MMEIOIIEH JOMYCTUMBIHN THII.

[IepemeHHast ¢ MHBapUAHTOM ONPEACISIETCSA C TTOMOIIBIO 0OBIYHON JeKIapalnuy Ui ONpeneiIeHu,
C KJIIOYEBBIM CJIOBOM invariant:

invariant int Qty;



OrpaHu4eHHs Ha MHOYKECTBO 3HAUYEHUMN NEPEMEHHOW ONPENENAIOTCS B KOHCTPYKIIMU invariant,
cxoxei ¢ onpeznenenueM pyHkuuu 0e3 napamerpoB. DyHKIUS BO3BPALLAET JIOIMUECKOE 3HAYEHUE:!
true, €CIM 3HAu€HHE IJIOOANbHOM IEepPEeMEHHOM YAOBJIETBOPAET OrPAaHUUYCHHUSIM (MHBapUaHT
BBINIOJIHEH), WM false, €CIM HE YAOBJIETBOpseT (MHBapuaHT HapyieH). [lockonmpky TUI
BO3BPALAEMOro 3Ha4eHUs (UKCUPOBAH, OH HE YKa3bIBaeTcs sBHO. B ckoOKaxX yka3bIBaeTCs UMs
IIEPEMEHHOM, 111 KOTOPOM ONPEIEsAeTC UHBAPUAHT:

invariant (Qty) {

return Qty >= 0;
}

OpHako nepeMeHHas He fABISEeTCA MapaMeTpoM (QYyHKUMU-MHBapHaHTa. DyHKIMS OCYLIECTBISAET
JOCTYI HETIOCPEACTBEHHO K 3HAYEHUIO I00anbHON nepeMeHHo. [Ipu aToM QyHKIUS HEe AODKHA
UMETh NOOOYHBIX APPEKTOB: HE JOJDKHBI M3MEHATHCA BUIAMMBIE CHApYXKU JaHHbIE; TUHAMHUYECKAs]
NaMsITh, BBIJICNICHHAS BHYTPH (DYHKIMH, JOJKHA OCBOOOXKAATHCS B HEH Ke.

WuBapuaHT epeMeHHOI MOYKHO SIBHO IPOBEPUTH C MOMOUIbI0 QYHKIIMHU invariant:

invariant int Qty;

if ( invariant (Qty) )

Ecimm INEpEMCHHAsds C MHBAPHWAHTOM HUMCCT THUII, JJIA KOTOPOTO ONPCACIICH HWHBAPHAHT THUIIA, TO
CHa4dajia 6YJICT MIPOBEPCH MHBAPHUAHT THIIA, 4 3aTCM MHBAPUAHT nepeMeHHoﬁ.



S IlokpsiTUS

KpI/ITepI/II/I IMOKPBITUA NIPUMECHAIOTCA IJIA OLUCHKH HOCTHFHYTOﬁ IIOJIHOTBI TECTUPOBAHMA.

Ilonnoe mecmuposanue TPOrpaMMbl TpeOyeT MPOBEPKU NPABUIBHOCTH €€ TMOBEACHUS BO BCEX
curyanusax. OO1ee KOJINYECTBO CUTYAL[M OOBIYHO CIMIIKOM BEJIMKO Ul IPOBEACHUS IOJIHOTIO
TeCcTUpoBaHUs. /I yMEHBIIEHHS KOJIMYECTBA TECTOBBIX CHUTYalldii BBIOMPAIOT KpUTEPUI
HIOKPBITHS], COITIACHO KOTOPOMY BCE€ TECTOBBIE CUTYallMU Pa30MBAIOTCS HA KJIACChl, Ha3bIBACMblE
9N1eMEeHMamMu NOKPLIMUAL.

BoiaBuraercs eunomeza mecmuposanus O TOM, 4TO JtoOasi omuOKa B Mporpamme, KOTOpas
NPOSIBJIETCS. B CUTYallud, OTHECEHHON K ONpEAEJICHHOMY KIJIAcCy, MPOSABISETCS M Ha JIHOOOH
JpYrol CUTyallud M3 3TOro kiacca. To ecTb, €Clii NPUHATH TMIOTE3y TECTHUPOBAHUSA, IS
IIOJIHOTO TECTUPOBAHMUS [IOCTATOYHO IPOBEPUTH NPABUIBHOCTH IIOBEJIEHUS NpPOrpamMMbl Ha
OJIHOM cHUTyalluu M3 KaxkJgoro kjacca. Ecnum kpurepuil MOKpBITHS BBIOpaH aaeKBAaTHO, TO
THIIOTE3a TECTUPOBAHMS BEpHA JUIA BCeX OMIMOOK. B 3TOM ciydae NOCTUTHYTas CTENEHb
MOJIHOTBl TECTHUPOBAHUSA COOTBETCTBYET IPOLIEHTY IOKPBITBIX 3JIEMEHTOB IOKPBITUS IS
3aJJaHHOTO KPUTEPHSI TIOKPBITHUS.

B unnycrpun paszpabotku 110 npumeHsIOTCS KpUTEPUN MOKPHITHSI, OCHOBAHHBIE HA CTPYKTYpe
MCXOJHOT0 KO/ MPOrpaMMBbl, B YaCTHOCTH:

*  TOKpBITHE ONIEpaTOpOB;
+ IIOKpBITHE BeTBeH rpada MoToka yrnpasieHUs;
+ IOKpBITHE MyTei rpaga MoToKa yrnpaBlieHUs;
e  TOKpBITHE YCIOBHIA.

[Ipn TecTupoBaHMM METOJOM YEPHOTO SIIMKA HCXOAHBIH KOJ TPOTrpaMMbl MOXET OBIThH
HEJOCTyIIeH. B 5TOM city4ae IpUMEHSI0TCS aHAJIOTUYHBIE KPUTEPUH TIOKPBITUSL, OCHOBAHHBIE HA

CTPYKTYype crerupuKanui.

[Ipn TecTupoBaHUU NpPOrpaMMbl Ha COOTBETCTBHUE 3aJlaHHOMY HaOOpy TpeOOBaHUN KpUTEpHUIl
HOKPBITUSL MOKET ObITh OCHOBAH Ha ONpPENEICHUAX CUTYalUi, UCIIOJIb3YeMbIX B TPEOOBaHMSIX.
To ects, ma TpebGoBaHus "eciau BbIMONHEHO YycjoBue C, TO OMHKHO OBITH BBITIOJIHEHO
TpedoBanue R", yesoBue C onpenensier 3J€MEHT HOKPBITHS.

Takoe MOKpHITHE MOXKET OKa3aThCs OCTATOYHO IpyObiM — TpedoBaHue R nocratouHo Oynet
IPOBEPUTh JIMIIb pa3 B CHUTyallud, KOTOpas yaosieTBopseT ycaoBuio C. Ecimm asrtoro
HEJIOCTaTOYHO, DJIEMEHTHI TOKPHITHS MOTYT OBITH JOMOJHUTEIBHO pPa3OuUTHl U TpebOoBaHUE
CUMTAETCSI NOJHOCTBIO NPOTECTUPOBAHHBIM TOJIBKO B CIIy4ae €ro MPOBEPKU IPU KAKIOM H3
YTOYHEHHBIX YCJIIOBUH.

[MokpeiTust B SeC peanusyrorcs B BUJAE COBOKYIMHOCTU DJIEMEHTOB, aTpHOYTHl KOTOPBIX — UM U
ONIMOHAJILHOE TEKCTOBOE onucaHue. Kaxkplii 3JIEMEHT MOKPBITUS COOTBETCTBYET ONPEACIEHHOMY
COCTOSIHUIO TECTOBOU CHCTEMBI.

[ToxpbITHS 337aI0TCS C TOMOILBIO KOHCTPYKIMH SeC, B KOTOPBIX COCPE0TauYuBaeTCsl HHPOpMaIus,
HeoOXxouMast UIsl UICHTU(UKALIIK TTIOKPBITHIA U pabOThl C HUMHU U UX 3JeMeHTaMH. SeC mo3BoIseT



CO3/1aBaTh TOKPBHITHS PA3IUYHBIX BUIOB, W TpeOYyeT COOMIOACHUS OMpeAeNEHHBIX MPaBWI IS
3a7aHus MOKPBITHI KaKI0T0 BUA.

ba3zoBble onepanuy B3auMOACUCTBUSA € HIIEMEHTAMU ITOKPBITUNA TaKOBBI:
e JIOCTYI K 3JIEMEHTY MOKPBITHS (HampuMep, BIYUCIEHUE IOCTUTHYTOTO AJIEMEHTA);
* CpaBHEHHE €ro C IPYTMMHU dJIEMEHTaMH (HalpuMep, TOCTUTHYTOTO — C OXKHUJIaEMbIM);

+ 3aHeceHHe MH(OpPMALUU O TOCTHKEHUH DJIEMEHTA MOKPBITUS B TPACCY.



5.1 Pa3iau4Hbie BUAbI NOKPBITHI

[oxpeiTue B s3b1ke SeC onpenensercs UMeHeM, HA0OPOM 3JIEMEHTOB MOKPBITUS U HEOOs3aTeIbHON
@yukyuel eviuucienus TEKYLEro JI€MEHTa. DJIEMEHT HNOKPBITUS MOXKET UMETh HUICHTU(DUKATOD
WIM TEKCTOBOE MPEACTABIEHUE, WIM U TO, U Jpyroe. DyHKIUSA BBIYUCIEHUS IO COCTOSIHHUIO
CUCTEMBI, 3aJJaHHON MapaMeTpamu U IJ100aibHbIMU IEPEMEHHBIMH, BBIYUCIISET IEMEHT MOKPBITHS,
K KOTOPOMY 3TO COCTOSIHHE€ OTHOCHTCSI.

[ToxpbITHS 337aI0TCS C TOMOILBIO KOHCTPYKIMH SeC, B KOTOPBIX COCPEI0TauYuBaeTCsl HHPOpMaIus,
HeoOXxouMast ISl UICHTU(UKALIIK TIOKPBITHIA U pabOThl C HUMHU U UX 3JeMeHTaMH. SeC mo3BoseT
CO3/1aBaTh TOKPBITUS Pa3IWYHBIX BUIOB, U TpeOyeT COOIIOACHUS ONpeAeNEHHBIX MpaBWIl IS
3alaHKs TIOKPBITUN Ka)KI0T0 BUJIA.

Bunbl nokpeITHil pa3inyaroTcs cleayomuM o0pa3om:

° IIo NMPUHAJICKHOCTH K CHeI_II/I(I)I/IKaI_II/IOHHBIM (byHKI_II/ISIMZ

o

J100aNbHOE  MOKPBITHE HE TMPUBA3AHO K  crHeuu(UKanuoHHON — QyHKIUH,
OIIpeIeNIAETCsl U OOBABISIETCS HA YPOBHE MOTYJIsl KOMITWIIALIUY;

JIOKaJbHOE MOKPHITHE MPUBA3AHO K ONpPENeNEHHON CrenU(pUKAIMOHHON (YHKIUH.
OO0bsiBIIEHNS U ONpeAENIEeHUS JOKAJIbHBIX OKPBITUNA COIEPKATCS, COOTBETCTBEHHO, B
HPOTOTHIIE U ONPEACTICHUN ITOH CrIeU(PUKAIIMOHHON (YHKIIUH.

. IIo CHOCO6y 3alaHus 3JICMCHTOB U MCTOAY BBIYHCIICHHUA JOCTUTHYTOI'O 3JICMCHTA!

(@]

Ecmu aBTOp TCCTa 3aJaéT COBOKYITHOCTb SJICMCHTOB JJIA IMOKPBITUA
HCIIOCPCACTBCHHO U OTMECYACT HOCTUT HYTLIﬁ QJICMCHT CaMOCTOATCIBbHO, TO TaKOC
IMOKPBITUC HA3BIBACTCS nepeyucCiumMbiM.

Eciu  aBrop Tecra 3ama€T  COBOKYIHOCTb  3JIEMEHTOB  JJI  IIOKPBITHUSA
HETIOCPEACTBEHHO M 3a1aéT HEKOTOPYI0 (YHKUMIO BBIYMCICHHUS JOCTHTHYTOTO
9JIEMEHTA, TO TAKOE MOKPBITHE HA3BIBACTCS 6biyucaumMbiM. DyHKIUSA BBIYMCICHUS —
HEOTHEMJIEMAsl 4aCTh TAKOT'O MOKPBITHS.

Ecmu aBTOp TECTa 3a1a€T B KayecTBE COBOKYITHOCTH DOJJICMCHTOB ITOKPBITUA
HCKOTOpHﬁ cnum-TuIi, TO (bYHKI_II/IH BBIYHCIICHHA TI'CHCPHUPYCTCA Ha OCHOBC
CTPYKTYPBI 3TOr'0O TUIIA, 4 TIOKPBITUC HA3BACTCA enum-noKpobimuem.

. ITo mooskeHuio B HepapxXru:

O

NEPBUYHOE MOKPBITHE, HAOOpP 3JIEMEHTOB KOTOPOIO CO3/1aBajlCsd HE3aBUCHUMO OT
JIPYIUX HOKPBITUH;

MPOU3BOJHOE TMOKPHITUE, HAOOp AJIEMEHTOB KOTOPOTO SBISETCS KOMOHWHAaLMEH
AJIEMEHTOB JPYTUX MOKPBITUN. [TOKPBITHS, 2IEMEHTHI KOTOPBIX OBLIH HCIIOIH30BAHBI
IpU CO3JaHUU MPOU3BOJHOTO MOKPBITUS, HA3bIBAIOTCS 0a30BBIMH 110 OTHOLIEHUIO K
HEMY.

I'moGanbHbBIE IMOKPBITUA MOT'YT OBITh NEpCUYUCIUMBIMHA, BBIYHUCIMMBIMU H ENUM-IIOKPBITUAMH.
JIokanbHbBIE IMMOKPLITHUSA BCCrAa BEIYUCIIUMBIC.

5.1.1 IlepeunciimmMoe NOKPbITHE

Ilepeuucnumoe TIOKPBITHE — TOKPBITHE, HE UMEIOIIECEe (PYHKIIMH BBIYUCIICHUS JIECMEHTOB. TakuM
00pa3oM, OCTHKUMOCTh DJIEMEHTOB MEPEUUCIUMOTO MOKPBITHSI OMUCHIBACTCS HEMOCPEICTBEHHO
aBTOPOM TecTa. 3alaeTcs MEPEUUCIUMOE TMOKPBITHE TOJIBKO HA0OpOM 3JIEMEHTOB, 00JIaal0IINX
UMEHaMU ¥ HE00A3aTeIbHBIMU CTPOKOBBIMU OITMCAHHUSIMHU.



// oBBbaBJieHME MEepPeurcCIVIMOTO MNOKPHTUS
extern coverage ConstCovD =

{

Cl = "First",
C2, // cTpokoBOe OMNMCAHME B3TOTO BJIEMEHTa IO yMojiyaumio: "C2"
C3 = "Last"

}i
// ompemneyeHre OOBABJIEHHOTO BHIIE TOKPHTUSA

coverage ConstCovD;

// omnpemnejyieHre paHee He OOBABJIEHHOTO MMOKPHBITUSA
coverage ConstCovND =

{

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

}s

[lomyunTe BIEMEHT MNEPEYUCIMMOrO TMOKPBITHS MOXKHO TOJIBKO SIBHO YKa3aB 3TOT JJIEMEHT,
WCITIOJIB3YSI UM TIOKPBITHS B UM dJIeMeHTa (BO3MOXHO, COCTABHOE — y TIPOM3BOIHBIX TTOKPBITHH),
pa3ies€HHbIE TOUKOM.

Aenoe ykasanue snemenma nokpvimus. CylecTBYeT BO3MOXHOCTb B JIHOOOW MOMEHT TOYHO
yKa3aTh HYXXHBIH AJIEMEHT IMOKPBITHS, MCIOIb3ys HUMs MOKPBITUS M UMS 3JIeMeHTa (BO3MOXKHO,
COCTaBHOE - y MPOU3BOIHBIX MOKPBITHIT), pa3aenéHHbIE TOUKOM.

// cbpoc B Tpaccy yKa3aHHOTO 3JIEMEHTa [ePeUYUuCIIMMOTO MMOKPEITVS
trace ( Cov.Cl );

// cBpoc B TpacCy yKa3aHHOTO BJIEMEHTA [NOKPHTUA-NIPOU3BENeHUS
trace ( ProdCov.Cl.C2 );

5.1.2 BpblunciauMoe NOKpbITHE

Brrunciaumoe MOKPLITUC HCIIOJB3YCTCA JIA pCain3allun OHpeﬂeHéHHOFO AJIropuTMa BBIYHCIICHUA
AOCTUTHYTOTI'O 3JIEMCHTA MOKPLITUSA B 3daBUCUMOCTH OT HECKOTOPLBIX MTapaMETPOB.

Brrunciaumoe IMOKPBITUC — TOKPBITUC, OOCTHKHUMOCTHL JJICMCHTOB KOTOPOTO MOXKCT OBITH
BBIUHCJICHA 11O AJITOPUTMY, OHpe,Z[CJ'IéHHOMy dBTOPOM TECTA.

Bbruncniumoe MOKpeITHE, KpOME OOIIMX JJIi BCEX HOKPBITHM aTpuOyTOB — HUMEHM M Habopa
3JIEMEHTOB, O0JIaZlaeT SBHO 3a/JlaHHON (DYHKIMEN BBIUMCIIEHUS 3JeMEeHTOB. DyHKINS BBIYHUCIECHUS
BO3BpAIla€T 3JIEMEHT IMOKPBITUS, OJyyass B Ka4eCTBE apryMEHTOB IapaMeTpbl, KOTOPbIE€ MOTYT
XapaKTepu30BaTh COCTOSIHUE TECTUPYEMOI CUCTEMbI MM 0003HAa4YaTh BETBb (DYHKIIMOHAIBHOCTH.

// omnpemesieHre He OOBABJIEHHOT'O PaHEe BHEUMCIIMMOI'O IOKPBITUSI
coverage AuxCoverage ( int i )
{
/*
* yYMS BJIeEMeHTa MOXeT OTCYTCTBOBATH,
* ecnu k HeMmy He TpebyeTcs IOCTyN M3 NPOTPaMMbl —
* B Tpaccy COpPAacCHBAlTCsS UMCJIOBHIE BHAUEHUI UM ONMCAHUA.
*/
if (1 <= 0 ) return { "Incomprehensible number" };
if (1 > 3 ) return { MNOGO, "Very large number" };

/*
* ONMCaHMEe SJIEMEHTa TOXe MOXET OTCYyTCTBOBATH,
* B ©TOM CJlydae OHO COBIalaeT C MMEHEM

*/



return { MALO };
}

[Tony4uTh 351€MEHT BBIUMCIMMOTIO HMOKPBITUS MOXHO JIMOO SIBHO YKa3aB HYKHBIH 3JIEMEHT (TOYHO
TaK ke, Kak JJIs NePEYUCINMBIX TOKPBITHIT), 1100 BBIYMCINB JOCTUTHYTHIN JIEMEHT.

1. Aemnoe ykazanue snemenma noxpvimus. CymecTByeT BO3MOKHOCTh B JTIO00H MOMEHT TOYHO
yKa3aTh HYXHBIM JJIEMEHT TOKPBITHUS, HCIHOJB3ysd HWMS TOKPBITUS M HUMS DJIEMEHTa
(BO3MOKHO, COCTaBHOE — Yy MTPOU3BOIHBIX MOKPBITHIA), pa3ieiEHHbIE TOYKOM.

// cbpoc B Tpaccy YKa3aHHOTO 3JIEMEHTAa [NePeuYMCIIMMOIO [MOKPEITMS
trace ( Cov.Cl );

// cbpoc B Tpaccy yKa3aHHOTO 3JIEMEHTAa [NOKPHETUS-TIPOU3BEOSeHNI
trace ( ProdCov.Cl.C2 );

2. Buvluucnenue oOocmucHymozo s1emeHma noxkpuimus. BplUncIeHHe »lIeMeHTa TMOKPBITUS
BO3MOHO TOJIBKO JJISI BBIYUCIUMBIX MOKPBITHIA.

// npOBepKa JOCTUTHYTOIT'O 3JIEeMeHTa BBIYMCIIMMOTI'O HOKpMTMH
if ( CalcCov.POZ == CalcCov (i) );
{ ...}

5.1.3 Enum-nokpsiTHe

Enum-HOKpI)ITI/ISI CJIy’KaT IJ1d YI[06HOFO CO31aHusA HOKpI:ITHfI Ha OCHOBC NICPCUYHCIMMBIX TUIIOB.

HOKprTI/IC MOJKET OBITH OMMpCACIICHO Ha OCHOBC IMEPCUUCIIUMOIO THIIA (enum). OneMEeHTHI TaKoTro
IMOKPLITUA COOTBCTCTBYKOT KOHCTAHTaM IMCPEUYHUCIMMOro TUIld, a (1)YHKIII/I$I BBIYHCIICHUA
OIIpCACIIACTCA aBTOMATHUYCCKU. Ota (bYHKI_[I/IH HUMECT eI[I/IHCTBeHHHﬁ napamMeTp HUCIIOJIb3YyEMOI'O
NnNepeuUncCiInumMoro  Twuiia, JJIA KaXJa01ro 3HA4YCHHUA NepeInCINMOIO TUIIA  BO3BpPAIIACTCA
COOTBGTCTBYIOH_[I/Iﬁ QJICMCHT ITOKPBITHUA.

typedef enum { RED, GREEN, BLUE } Color;
/*

* 0O0BABJIEHUE HOKpHTMH Ha OCHOBe nepeqmcnmmoro TUIIa,
* ¢ QYyHKLUMEM BBUMCIJIEHMS 10 YMOJIYaHMIO

*/

extern coverage enum ColorCoverage( Color color );
/*

* omnpemnesyieHMe MNPpeaBapUTEsSIbHO OOBABJIEHHOTO ITOKPHEITHUA
* Ha OCHOBE IIEPeuMCJIMMOI'O TMIla

*/

coverage ColorCoverage;

5.1.4 Ilpou3sBoaHOe NOKPbITHE

[IpousBo/HbIE MOKPBHITUA MCIONB3YIOTCS TPU HEOOXOIMMOCTH TOBTOPHOTO HCIOJB30BaHUS
3JIEMEHTOB ¥ (DYHKIMI BHIYMCIIEHUS TOKPBITHIA.

HOKpBITI/ISI, JJIEMCHTHI 1 (bYHKHI/II/I BBIYUCJICHUA KOTOPBIX 3aJal0TCA HETIOCPCACTBCHHO, HA3bIBAKOTCA
nepeUYHbIMU.

1Ipou3600HbIMu HA3BIBAIOTCS MOKPHITUS, TOCTPOCHHBIE HA OCHOBE JIPYIMX MOKPBITUH, KOTOpPHIE B
3TOM KOHTEKCTE SBISIIOTCS 6azoebimu. OnpeeneHre Nporu3BOAHOTO MOKPBITHS TOJKHO OIUCHIBATh
CHoco0 ero MmocTpOeHUs Ha OCHOBE 0Aa30BBIX MOKPHITUI; 0a30BbIM IOKPBITUEM MOXET OBITH Kak
IIEPBUYHOE MMOKPBITUE, TAK U IPOU3BOIHOE.



HOp}Z()KOM NOoKpvimus HA3bIBACTCA KOJIMYCCTBO IMEPBUYIHBIX HOKpBITHﬁ, KOM6I/IHaI_II/II/I JJICMCHTOB
KOTOPBIX ABJIAIOTCA JJICMCHTAMH JAaHHOT'O ITOKPBITHSA. HOpS[]IOK JIF000T0 NEPBUYHOTO IOKPBITHUA
paBCH 1. HOpﬂI{OK TIPOU3BOAHOTO IMMOKPLITUA PABECH CYMME IMOPAAKOB BCCX €TI0 0a30BbIX HOKpBITHfI.

Jns mo00ro MOKPBITUS MOXHO IOCTPOMTH CIIHCOK MEPBUYHBIX TOKPBITUH, HA KOTOPBIX
IIPOU3BOAHOE IIOKPBITHE B KOHEYHOM CUETE€ OCHOBAHO. JlIMHA 3TOro CHUCKA paBHA IOPAIKY
HOKPBITHS.. DTOT CHUCOK (OpMHUpYyeTCs U3 CIHCKA, COAEPHKAILEro TOJNbKO JaHHOE IOKPBITHE,
CIIEAYIOIIMM 00pa3oM: IMKIMYECKH IMPOXOJs OT Hayaja CIHCKAa K KOHIy, BMECTO IOKPBITHIi
MOJICTaB/IsieM UX 0a30Bble MOKPBITUS (MPOU3BEACHUS CTAHOBATCSA IIOCJIEI0BATEIbLHOCTSIMU
YMHOXaE€MBIX MOKPBITHI). B KOHIIE KOHIIOB B CIIMCKE OCTAHYTCS TOJIBKO NEPBUYHBIE MOKPBITHS,
KOJIMYECTBO KOTOPBIX OYJET paBHO MOPSIIKY UCXOAHOTO.

I[J'IH CO3JaHuA MPONU3BOAHBIX HOKpBITI/Iﬁ npeayCcCMOTpCHO ABa criocoba:

e W3MEHEHHe JOMEeHa TMOKpHITHS (HaciegoBaHWe Habopa »JJIEMEHTOB U  (pyHKUUH
BBIYHCIICHHUS);

e TMpOU3BEJCHHE MOKPHITHH (KOMOMHAIMS 3JIEMEHTOB 0a30BBIX MOKPBHITUH U (QyHKUUN
BBIYUCIICHHS ).

HOCTYH K 3JIEMCHTaM IIPONU3BOJHOT'O IOKPBITUA 3aBUCHUT OT €ro BUAA.

B PE3YIbTATC USMCHCHUSA JOMCHA IMOKPLITUSA U ITPOU3BCACHUA BbIYHUCINMBIX HOKpLITI/Iﬁ MoJIy4acTCd
BBIYUCIIUMOC ITOKPBITHEC. HOJ’Iy‘II/ITI) QJICMCHT, BXO}IHHH/If/i B €ro CoCTtaB, MOXXHO YyKasaB Hy>1(HI:II7[
QJICMCHT SBHO, 1100 BBIYUCIIUB I[OCTHFHyTBIﬁ OJICMCHT, IICpcaaB IapaMCTpPhbI (I)YHKLII/II/I
BBIYMCIICHUS. HpOI/ISBe)IeHI/IC MNEPECUUCIUMOTIO IOKPBITHUSA Ha NEPECUUCINMOC ABIACTCA
MNEPCUUCIUMBIM TMOKPLITUCM. HOJ'Iy‘II/ITB OJICMCHT TAKOI'0 IOKPBITUA MOKHO TOJIBKO SIBHO YKa3aB
9TOT dJIeMeHT. Takum O6p2130M, MPUHOUITHAJIBHO AOCTYII K 3JIEMCHTAM IIPOU3BOJHOT'O IMOKPBITUSA HE
OTJIIMYACTCA OT AOCTYyIIA K 3JICMCHTAM IICPBUIHOTO IMOKPBITUA.

Crneunduyeckoil ke AJi1 MPOU3BOAHBIX MOKPBITUN Omepanuel sBIseTcs MOJydeHHE AJIEMEHTOB
0a30BbIX MOKPHITUH — oOIepanus MOJy4YeHHs KOMIIOHEHTa 3JIEMEHTa MOKPBITUS. DTa omneparus
JIOCTYITHA JUJI TOKPBITUM MOPSAJKA BBIIIE MEPBOTO — TO €CTh JJII NOKPBITUH-ITPOU3BEICHUN WIH
IPOM3BOJHBIX OT HUX: TOTJAa DJEMEHT JAaHHOTO TOKPBITHS SBISETCS KOMOMWHAIMEW >JIEMEHTOB
JpPYrUX IOKPBITHA M MOXHO IIOJYYHTh €ro KOMIIOHEHT. KOMIIOHEHTBI 3JIEMEHTOB JpPYIHX
MIOKPBITUH ITOTy4YaTh 3alPELICHO.

5.1.5 IloxkpsiTHe-IpOU3BEICHHE

[TokpbITUSA-IPOU3BEIEHUST  UCHOJIB3YIOTCS NPU  HEOOXOJUMOCTH KOMOMHHMpPOBaTh  HaOOpPbI
9JIEMEHTOB HECKOJIBKUX MOKPBITHI.

DneMeHTaMu IMPOU3BCACHUA HOKpI:ITPIfI SIBJIAIOTCS COUETAHHS DJIEMEHTOB 0a30BBIX HOKpI:ITI/If/'I,
Ka)K,Z[BIfI N3 KOTOPLIX HA3bIBACTCA KOMIIOHCHTOM 3J3JICMCHTA IIPOHU3BCACHUSA HOKpBITHﬁ. OneMeHT
MMPOU3BCACHU A HOKpI)ITI/Iﬁ CUUTACTCA AOCTUTHYTBIM, C€CJIIM OJHOBPECMCHHO JOCTUTIHYTBI BCC €TI0
KOMITOHCHTBEI.

// omnpemesyieHMe NOKPHTUA-NIPOU3BEICHUS [JIS [IePEUUCIIMMEIX ITOKPHTHUMA
coverage ProdCovNF = ConstCovND * ConstCovD;

// ornpeneJsieHre IOKPHTUMA-ITIPOM3IBEOEHMA IIJIA BBIUYMCIIVIMBIX HOKprTMIZ
coverage ProdCovF (Color color, char ch, int in)

= AlphaCoverage ( ch ) * ColorCoverage (color) * AuxCoverage ( in );

I[J'IH HOKpLITI/Iﬁ MOopsiKa BBIIIC IIEPBOr0 AOCTYIIHA OIICpalusd IMOJYUYCHUS KOMIIOHCHTA 3JICMCHTA
IMOKPLITUA - TO €CTb IJIA HOKpLITHﬁ-HpOHSBC[[CHHﬁ WM MPOU3BOJAHBIX OT HUX! TOrJa 3JCMCHT
JAaHHOTO IIOKPBITHA ABJIACTCSA KOM6I/IHaHI/ICI71 QJICMCHTOB APYIUX HOKpBITPIfI 1 MOKHO IOJIYYHUTb €TO
KOMIIOHEHT. KOMITOHEHTBI 2JI€MEHTOB Apyrux HOKpHTI/Iﬁ IMOJIy4aTh 3aIllpCiicHO.



HOJ'Iy'-leHI/Ie KOMIIOHECHTA 3JJEMEHTA NOKPbLITUSA
// AlphaCoverage m AuxCoverage - BBIUMCIIMMEIE [TOKPBITUSA
// ColorCoverage - enum-IOKpHETUE OCHOBaHHOe Ha Tumne Color

// omnpemnesyieHre MNOKPHTUA-NIPOM3BEIEHUS BBEUMCIIMMEIX [1OKPBITUMA
coverage ProdCovF (Color color, char ch, int in)
= ColorCoverage (color) * AlphaCoverage ( ch ) * AuxCoverage ( in );

// cBpoc B Tpaccy KOMIIOHEHTAa 3JIEMEHTAa I[IOKPHEITUSA
trace ( ProdCovF( i, (char) i, i )I[1] );

5.1.6 H3MeHeHMe 1OMEHA MOKPLITHS

M3MeHeHne OMEHAa MOKPBITHS MO3BOJIET HCIOJIb30BAaTh (DYHKIMIO BBIYHCIEHUS 0a30BOro
MOKPBITHSI B MPOHM3BOJHOM, YKa3aB TOJBKO TMEPEMEHHYI0, KOTOpas OyJeT mapaMeTpoM STOu

byHKIIIN.

HN3menenue AOMCHAa NPUMCHUMO TOJILKO K BBIYHCIIMMBIM IMOKPBITUAM,; IOJYYAE€MOC IPOU3BOJHOC
IMOKPBITUC TAKXKE ABJIACTCA BBIYHCIIMMBIM. Takoe IPONU3BOAHOC IOKPBITHE HCIIOJIB3YET (I)yHKIII/II-O
BBIUHCIICHHS 0a30BOI0O IMOKPLITHUSA, 3aAaBasd BbIPAXKCHUA, UCIIOJIB3YyEMbIC B KaUCCTBC (I)aKTI/I‘{CCKI/IX
napamMeETpoOB. B stmx BBIPAXKCHUAX MOT'YT HMCIIOJB30BATHECA IMApaMETPhl IMPOU3BOAHOI'O IMOKPBITHUA U
BUJAUMBIC EMY IICPCMCHHBIC.

// ©a30BOE BHUMCIVMOE I[IOKPHITHE
coverage AlphaCoverage( char c )

{

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

* eCcJIM MOTOK BHIIOJIHEHUS IOXOIUT IO DTOMU TOUYKIM,
e} IIOKPEITME HEe ABJIA€TCHA I1OJIHBIM
*/

}

// TnepeMeHHas, KoOTopas OyIeT NapaMeTPOM HOBOI'O OKPBITUSI
extern char charState;

// ( void ) ToBOPUT O HaIMuuM QYHKUUM BEUMCIIEHMS IJIS STOTO MNOKPHTUS
extern coverage StateCoverage ( void ) = AlphaCoverage( charState );
coverage StateCoverage;

5.1.7 JlokajibHOE OKPbITHE

[TokpbITHE WMEET CMBICI ONPEICIIUTh KaK JIOKAIbHOE, ©CIM €ro HCIOJb3YeT CIUHCTBCHHAS
crienuQpuKanuoHHas GpyHKIHS.

Korma cocTosHUS TeCTUpPYeMOH CHCTEMBI, KOTOpbIE WACHTH(PHUIHUPYIOT SJIEMEHTH MOKPBITHS,
JOCTUTAlOTCSl B paMKax OJHOM cnenu(uKanmoHHOW (YyHKIMH, YAOOHO chenaTh 3TO TOKPBITHE
JIoKanbHbiM. JIOKAIBHOE TTOKPBITHE — TaKOe MOKPBITHE, KOTOPOE OMPEACTICHO BHYTPU HEKOTOPOM
crienupUKAMOHHON (YHKIIUHN; OHA HA3bIBACTCS OOBEMITIONICH 110 OTHOIIEHUIO K 3TOMY TOKPBITHIO.

[ToxpbiTHs, onpenenéHHble BHYTpU CleHU(UKAIMOHHOW (QYHKIIMU, HA3bIBAIOTCS JIOKAIBHBIMH, B
MPOTUBOIOIOXKHOCTh TMOKPBITUSM, OOBSBIIEMbIM Ha TI00aThbHOM ypoBHE. B cocraB mporoTHma
crenu(pUKaIuOHHON (DYHKUIMU BKIIOYAIOT OOBSABICHHS JIOKAJIbHBIX MOKPBITHH, MpUHAMJIEKAIINX
ell, a B ee Temo — OmpeAelieHus ITHMX NOKpbITHid. CopepkarenbHash YacTh OOBSIBICHHS
JIOKaJIbHOT'O TOKPBITUS — UMl IOKPBITHS.



JlokanbHble  TOKPBITUS  JOJDKHBI  OBITh  BBIYMCIMMBIMH, TO  €CTh, MOTYT  OBITh
NPOMHUIMAIN3UPOBaHbl (QyHKIMEH BBIUKMCICHUS WM Tpou3BeleHueM HokpbeiThil. Habop
napamMeTpoB (DYHKIIMM BBIUMCIIEHUS JIOKAJBHOTO TOKPBITUS COBMAJaeT ¢ HabOpOM MapaMeTpoB
crenupUKaiuoOHHON (YHKIUH.

OO6nacThb BUIHUMOCTH JIOKAJIbHBIX HOKpLITHfI — 6.]'[01(, conepmamﬂﬁ HUX OIIpCACIICHHA. HMmena
JIOKAJIbHBIX HOKpBITI/Iﬁ HEC JOJDKHBI COBIIagaTb C HMMCHaMU AapTryMCHTOB CHCHI/ICI)I/IKaHI/IOHHOI\/'I
(I)YHKI_II/II/I ueé HMCHEM, a TAKXKC C UMCHaAMHU APYTHUX JIOKAJIbHBIX HOKpBITHﬁ.

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

coverage aCov
{
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 { ... }
}

JlocTynn K 31€MEHTaM JIOKaJIbHOTO IMOKPBITHS MOKHO IOJYYUTh KaK M3 IIOCTYCIIOBUS, TaK M W3
(GYHKIMI BBIYMCICHUS JIOKAJIbHBIX TMOKPBITUH, OIpeneiaéHHbIX mocie aaHHoro. Jlias srtoro
JIOCTAaTOYHO yKa3aTh MMsI TOKPBITUS: OHO OyZeT 00O3Ha4yaTh 3JEMEHT, JOCTHTHYTBHIH B Ipoliecce
BBITIOJTHEHUSI TecTUpyeMol (yHKuuu. Takke [Uisi JOKaJbHOTO MOKPBITHS JOCTYIHA OIeparus
IIOJTyYEHUS DJIEMEHTA MOKPBITHS, HO BBIYMCIEHUE 3JIEMEHTA ITOKPBITUS 3aIlIPEILEHO.

coverage CharCmd (char c)
{

if (¢ == 'e")

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



(aCov != aCov.a null proof)

/)l )



5.2 Omnepauuu HaJX 3JIEeMEHTAMM NOKPbLITHH.

Onepaupm Haa S5JICEMCHTaMHU HOKpLITI/Iﬁ pCaAIN3yOT 0a30BbIe BO3MOKHOCTHU YIIpaBJICHHUA XOOOM
TCCTUPOBAHHA U OTPAKCHUS €0 PE3YyJIbTATOB B oTuéTe.

ba3zoBble onepanuy B3auMOACUCTBUSA € HIIEMEHTAMU IIOKPBITUN TaKOBBI:
1. momydeHue 31eMeHTa NOKPHITHS (HallpUMep, BBIYUCIEHUE JOCTUTHYTOIO 3JIEMEHTA);

2. CpaBHEHHE €ro C JPYTHUMHU DJJIEMEHTaMHu (HampuMep, JOCTUTHYTOrO 3JEMEHTa — C
OKUJIaeMbIM);

3. 3aHCCeHHE I/IH(I)OpMaI_II/II/I O JOCTUKCHHU IJICMCHTA IIOKPBITUA B OTUYET.

KOM6I/IHI/Ipy51 9TH OI€palrv, MOKXHO YIPaBJIATH XOJAO0M TECTa B 3aBUCUMOCTH OT AOCTHIKCHUA TCX
HJIN UHBIX 3JICMCHTOB HOKpLITI/Iﬁ " 3aHOCUTDb JAHHBIC O JOCTUTHYTBIX 2JICMCHTAX B OTUYET.

CnenyeT 3aMeTHUTh, YTO OT MPU3HAKOB BHUAA TOKPBHITUS (HaMUuus (QYHKIUU BBIYUCIICHMUS,
HNPUHAICKHOCTH K crieuu(puanMoHHON (DyHKIMK) 3aBUCUT TOJBKO IepBasi omepanus U3 CIHCKa:
MOJIy4Y€HUE, BBIYMCIEHUE 3JeMEHTa NOKpbITHs. Omnepanuyd CpaBHEHHUS U TPACCHUPOBKU TPEOYIOT
TOJIBKO IIPABUJIBHO ITOJIYYEHHBIX 3JIEMEHTOB IIOKPBITHS B KAYECTBE apI'yMEHTOB U HUKAK HE 3aBUCAT
OT 0OBSBIICHUN U ONPEEICHUN TOKPBITHIA.

EnuncrBennas ocobo mpexycmorpenHas SeC komOuHanus 0a30BbIX oONepaluil — omneparus
UTepallMy 10 3JIEMEHTaM IOKPBITHSA, KOTOpas obJierdaeT peaiau3aluio o0XoJa BCEX HYXKHBIX
COCTOSIHMI TECTOBOW CUCTEMBI — TO €CTh, JIEMEHTOB HEKOTOPOI'O MOKPBITHS.

5.2.1 Iloay4eHue 31eMeHTA MOKPHITHUSI

I[OCTyH K 3JICMCHTaM IIOKPBLITUSA NPUMCHACTCA IJId 3aHCCCHHA B OTYET O TecTe I/IH(bOpMaI_H/II/I 0
JOCTUTHYTOM 3JIEMCHTE U JJIs1 CPAaBHCHUSA 3JICMEHTOB MCXKY co00Ii.

JUis pa3iu4HbIX BHIOB IIIOOATBHBIX MOKPHITHHA MPEIyCMOTPEHBI Pa3In4Hble (OPMBI JOCTyNa K
3JIEMEHTaM.

1. Aenoe ykazanue snemenma nokpvimus. CylieCTByeT BO3MOXKHOCTb B JIF000M MOMEHT TOYHO
yKa3aTb HY)KHBIH JJIEMEHT IIOKPBITUS, HCIOJB3YySl HMMs IIOKPBITHA M HMs DJIEMEHTa
(BO3MOYHO, COCTaBHOE - y IPOU3BO/IHBIX ITOKPBITHIT), pa3aeaéHHbIe TOUKOM.

// cBpocC B TpacCy yKa3aHHOTO BDJIEMEHTA [IePEeUMCIIUMOTO [MOKPHITUSA
trace ( Cov.Cl );

// cBpoc B Tpaccy YKaB3aHHOTO B3JIEMEHTAa I[MOKPHTUA-TIPOU3BEIeHNI
trace ( ProdCov.Cl.C2 );

2. Bwiuucnenue Oocmueyymoeo oJlemMenna noKpbulmus. Brrunciaenue sneMeHTa TIOKPBITUA
BO3MOKHO TOJIBKO 1JIs1 BBIYHCIIMMBIX HOKpBITHﬁ.

// TnpoBepka OOCTUTHYTOTO 3JIEMEHTA BHEUUCIIMMOTO MOKPHTMS
if ( CalcCov.POZ == CalcCov (i) )

JlocTynn K 31€MEHTaM JIOKAJIbHOTO IOKPBITHS MOXHO IIOJNYyYHUTh KaK U3 IOCTYCJIOBHS, TaK U U3
(GYHKIMI BBIYMCICHUS JIOKAJIbHBIX TMOKPBITUH, OIpeneia€HHbIX mociae naHHoro. Jlias srtoro
JIOCTAaTOYHO yKa3aTh MMsI HMOKPBITUS: OHO OyaeT 00O3Ha4yaTh 3JEMEHT, JOCTUTHYTHIH B Ipolecce
BBINIOJIHEHUSI TecTUpyeMor (yHKuuu. Takke JUIsl JOKAJbHOTO MOKPBITHS JOCTYIHA OIeparus
IIOJIYYECHUS DJIEMEHTA IOKPBITUS, HO BBIYUCIICHUE 3JIEMEHTA ITIOKPBITUSA 3alIPELICHO.



coverage CharCmd (char c)

{

if (¢ == 'e'")

return {exit, "exit command entered"};
else if (¢ == '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 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."};

if (aCov != aCov.a null proof)

/...

5.2.2 Hrepanus no 3jeMeHTaM MOKPbITUHSA

WUrepauysa 1o »sneMEHTaM NOKPBITHS — KOHCTPYKILMS, IIOMOTrarom@as oOOOWTH Bce BETBU
(YHKLIMOHAJIBHOCTH, ONMChIBaeéMble NOKpbITHEM. IlapamerpamMu wuTepaluu SBISIOTCS MM
BBI3bIBAEMON CHENM(DUKAMOHHOW (DYHKIIMM W WUMS TIOKPBITHS. DJIEMEHTHI TOKPHITHA, 00XOH
KOTOPBIX IO KAKUM-TO MIPUYMHAM HEXeJaTeIeH, MOYKHO OTCESTh C TOMOLIbIO (PHIBTPA.

OrnepaTop uTepaluu IO DJIEMEHTaM TMOKPBITUSI iterate coverage CXOJEH C OMNEPATOPOM
UTEpalMl iterate: 3HAYCHHE WTEPAIMOHHOW IEPEMEHHON TJIOOAJIBHO IO OTHOIICHHUIO K
CLIEHAPHIO, COJIepKAIIEMY OIlepaTop.
iterate coverage
( £f.PointCoverage : f.PointCoverage[0] !'= IntCoverage.ZERO )

{
/] ...

}

B otmnuume ot omeparopa iterate OTCYTCTBYIOT KOHCTPYKLIMH YIPABJICHHUS HWTEPAlMOHHOU
NEPEMEHHOM: B WTEpallud 1O TMOKPBITUSAIM y4eT O0OpabOTaHHBIX AJIIEMEHTOB MOKPBITHS
OCYILIECTBIISIETCS] TECTOBOM CUCTEMOM.



5.2.3 3anecenue uHpopManuu 00 3j1eMeHTE NMOKPHITHSI B OTYET

Onepanuu HajJ dJIEMEHTAMU TOKPBITHUM PEan3yioT 0a30BbIe BO3MOXKHOCTH YIPABICHUS XOJOM
TECTUPOBAHUS U OTPAKEHHUS €r0 pPe3yJIbTaTOB B OTYETE.

[Tapamerpom mnpenonpeneneHHOW QYHKIMM trace, KOTOpas CIYKUT HHCTpyMEHTOM cOopa
UHPOpPMALUU 00 3JIEMEHTaxX MOKPHITHS, JOJKEH ObITh COOCTBEHHO 3JIEMEHT MOKPBITHS, 33aJaHHbIH
JTFOOBIM CITOCOOOM:

e SBHO YKa3aHHBIN I10Jb30BATEIIEM;
+ TIOJyYCHHBIH B KAU4ECTBE pe3yiibTaTa padoThl (YHKIIUU BBIYMCICHUS TOKPBITHUS;

. HOJ'Iy‘IeHHHﬁ B Ka4YC€CTBC pPE3yJibTaTa pa6OTbI Oorepanuu MoJIy4CHHUSI KOMIIOHCHTA JJICMCHTA
IMOKPBITHUA.

// cbpoc B Tpaccy yKas3aHHOTO 3JIeMeHTa [NepPeuYMuCIIMMOTO MMOKPBITVS
trace ( Cov.Cl );

// cBpocC B TpacCy yKa3aHHOT'O BDJIEMEHTA [IOKPHTUA-NIPOU3BENeHUS
trace ( ProdCov.Cl.C2 );

5.2.4 XpaHeHHe 3JIeMEHTOB NMOKPHITHS B IEPEMEHHBIX THIIA CoverageElement

SeC mo3BONsIET XpAaHUTh JJIEMEHTHl TOKPHITHM B TMEPEMEHHBIX CHCIHAIBHOTO  THIIA
CoverageElement.

O0bsiBIeHHE IePEeMEeHHOIi-3J1eMEeHTa NOKPbITHSA

coverage IntCoverage zero = IntCoverage( 0 );
[Tocne kir0o4eBOro ciioBa coverage yKa3bIBaeTCs HMMs IOKPBITHS, 3JIEMEHTBl KOTOPOro MOMKET
coJiepkaTh OOBSBICHHAas TakuM oOpa3oM mepeMmeHHas. OObsBIEHHUE NEPEMEHHON-IIEMEHTa

IMMOKPBITUA MOKCT COACPKATH MHUIHUAINU3ATOP: BBIPAKCHUC, BO3BPAIAIOIICE DJICMCHT YKA3aHHOI'O
IMOKPBITHUA.

B ocransHOM Takue IMEPEMCHHBIC TIOAUYUHAOTCA ITPpaBUIaM y1'IOTp66JIeHI/IH INEPEMCHHBIX SA3bIKa C.



6 MeauaTopsbl

Menuatopsl npenHa3HaueHbl JJI CBS3bIBAHUA CHELMUKAMKM C peanus3alnueil TecTUpyeMou
CHCTEMBI WX CO Cenn(UKAUeH JPyroro ypoBHs aOCTPaKTHOCTH.

MenuaTopsl pemaroT 3a7ady CUHXPOHM3ALUU COCTOSIHUS CHEUU(PHUKALMOHHON MOJENH JaHHBIX C
COCTOSTHUEM TECTUPYEMOU CUCTEMBI.

3az[aqa Hp606p830BaHI/IH MOACIBbHOI'0 NpEACTaBJICHUA TCCTOBOI'O BO3,HCﬁCTBI/I$[ B p€aIn3alluOHHOC
MNpEeaACTaBJIICHUEC U PCATU3ALUMOHHOIO0 — B MOJACJIBHOC MMCCT 3HAYCHUEC TOJIBKO JIA MCAUATOPOB
CTUMYJIOB.

B SeC Meanatopsl peanu3yroTcs Kak MeIUaTOpHbIe (PYHKIIMH ¥ COOPUIMKH OTIOKEHHBIX PEAKIIUH.
B MeanaTopHBIX (GYHKIHSIX CHEIUATBHO BBIICICHBI OJOKH KOAA, OTBEYAIOIINE 32 CHHXPOHHU3ALIUIO
COCTOSIHMI U MpeoOpa3oBaHUE MOIECTbHBIX-PEATN3aAMOHHBIX BO3/ICUCTBUI.



6.1 MeauaropHas QyHKUUA

MenuaTtopHble (yHKIUM TpelHa3HaueHbl Uil peanu3auuud MmenuatopoB. Kaxngas menuaropHas
(GyHKIUS CBSI3bIBAET CHNEUU(UKALMOHHYIO (QYHKIMIO WM OTJIOXKEHHYIO PEaKUUI0 C YacThIO
peanu3aluy TECTUPYEeMOM CUCTEMBI WU ee CrielU(UKALUKU IPYToro YpOBHS aOCTPAaKTHOCTH.

Menauaropuble GYHKIUM TOMe4aroTcsl KitoueBbIMH cioBamMu SeC mediator for, MexAy
KOTOPBIMH JIOJDKEH COJEP’KaTbCsl YHUKAJIbHBIA MIEHTU(UKATOP — UM MEIUATOPHOW (YHKLHUU.
Kaxmass menmatopHas (pyHKIHS COOTBETCTBYET HEKOTOPOH CIEIU(PHUKAIMOHHON (YHKINU WU
OTJIO)KEHHOM pEaKLMM, CUTHaTypa M OTIPaHUYEHHUs JIOCTyla KOTOPOH IOJDKHBI YKa3bIBaThCSl B
IpEIBapUTEIbHBIX ACKJIapalUsIX U ONpeAeICHUN MEIUAaTOPHONU (PyHKIUY.

MenunaTtopHas (yHKIMS MOKET COEPIKaTh:

1. brnox Bo3neiicTBusa. B Oioke BO3AEHCTBUSA OCYIIECTBISETCS TECTOBOE BO3JIEHCTBHE C
npeoOpa3oBaHUEM JIaHHBIX U3 MOJIEIBHOTO MPEICTABICHUS B pealn3allMOHHOE U 0OPaTHO.
brnok Bo3meHCTBHS 00s3aTeNieH Ui MEIUATOpOB  CIEHU(HUKAIMOHHBIX (YHKIUH W
OTCYTCTBYET B MEAMATOpax OTJIOKEHHBIX peakuuil (B ciaydyae OTJIOKEHHBIX pEaKLui
BO3/ICIICTBHE MHULIMUPYETCS] TECTUPYEMOI CUCTEMOI).

2. bnokx cunxpoHuzauuu. [IpuBOAUT MOAENBHOE COCTOSIHUE B COOTBETCTBUE C COCTOSTHUEM
pealu3alul TECTUPYEMOW CHCTEMBI. bBJIOK CHHXpOHW3AlMM MOXET OTCYTCTBOBATH B
MeANaToOpax CHenu(PUKAIMOHHBIX (QYHKIUN U 00sS3aTeNeH Uisi MEIUaTOPOB OTJIOKEHHBIX
peaKuui.

3. JIOmOJMHMTENbHBIM KO TMepel NepBbIM CHENHUAIbHBIM OJOKOM M IOCIE€ BTOPOTO.
JIOTIOTHUTENBHBIA KO HE JTOJHKEH MMETh MOOOYHBIX 3(PQEKTOB: HE TOKHBI U3MEHSTHCS
BUJMMBIE CHApy)XW [aHHbIC, JAWHAMHUYECKas NaMsTh, BbIJEIECHHAass BHYTpHU OJOKa KOAa,
JIOJKHA 0CBOOOXKIAThCs JINOO B HEM XKe, THOO0 B TAPHOM eMy OJIOKe.

MenmuaropHas (QyHKIHS CBA3BIBAETCS CO CNeUUM(MKAIUMOHHON (QyHKIUEH (MM OTIOKEHHOM
peaknuel) ¢ NOMOIIbI0 (QYHKIMU set mediator mMsa crneundrralVOHHOM OyHKUyy (WIH
set mediator mMmsa oTJOXeHHOV peakiym), NPUHUMAIOIIEH YyKa3aTelb HA MEIUATOPHYIO
¢dyHku0. OOBIYHO CBSI3BIBAHUE OCYIIECTBISICTCS B (PYHKIIMY WHUITMAIN3AINN CIICHAPHUS:

set mediator push spec(push media);
6.1.1 bJok Bo3aeiicTBUA MeAMATOPHON QyHKIIUN

brioku Bo3mecTBUS MEIUATOPOB CHEIU(DUKAITMOHHBIX (QYHKIMN MpeTHa3HAUYCHBI IS peaTn3aluu
MOBEJICHUS, OIMHUCAHHOTO B OJTHX CHEHU(PUKAIMOHHBIX (QYHKIHUSAX, TOCPEACTBOM OKa3aHHS
BO3/ICHCTBHI HA TECTUPYEMYIO CUCTEMY.

B Omoxke BO3ACHUCTBUSI OCYHICCTBJIIACTCA TCCTOBOC BO3JCHUCTBHUE C HpCO6pa30BaHI/IeM JaHHBbIX M3
MOZCIIBHOTO IMPEACTABIICHUSA B PCAIM3alITMOHHOC U O6paTHO.

brioku BO3EHCTBUS MCHONB3YIOTCS TOJIBKO B MEAMATOpax CHEIU(PUKAIMOHHBIX (YHKIHA. B HEM
BBITIOJIHAIOTCA CJICIYIOIINE AEHCTBUS:

e mapaMeTpel  crnenu@UKanMOHHOM  (QyHKIMM — mpeoOpa3yloTcs B pealin3allMOHHOE
MPEJICTaBICHUE;

+  BbI3bIBaeTCs MHTEpdericHas PyHKIMS (MM HECKOIBKO (PYHKIIHIT) TECTUPYEMOI CUCTEMBI;

e pe3ynbTar BbI30Ba MHTepdeicHOW (yHKIMU U BBIXOJHBIE MapaMeTpbl MpeoOpaszyroTcs U3
pea-JIM3aMOHHOIO MPEICTABIEHUS B MOJEIBHOE;

+  MOJEJIbHOE MPEJCTaBIIEHUE pe3yibTaTa BO3BpallaeTcs U3 0J10Ka BO3IEHCTBUS



brok Bo3neiicTBHs 3amuchIBaeTCsl B BUAE MHCTPYKLUH, 3aKIIOUEHHBIX B (PUIypHBIE CKOOKH M
MIOMEUYEHHBIX KJIIOYEBBIM CIOBOM call. DTH MHCTPYKLIMH MPEACTaBISAIOT cO00M Teno (yHKIUH,
UMEIOUIEN Te € IapaMeTpsl M THUIl BO3BpAIla€MOI0 pe3ysibTaTa, 4TO M COOTBETCTBYIOLIAs
cnenupuKanuoHHas QpyHKIUS.

Menunarop anist yHKIIUN BHIOOPKH 3JIeMEHTa 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));

}
/..

6.1.2 bBJIOK CHHXPOHM3AaLMU MeAUATOPHON PyHKIMH

biiok cMHXpOHM3ALMU IPUBOAUT MOJIEIIBHOE COCTOSIHHE B COOTBETCTBUE C COCTOSIHUEM pealln3aliun
TECTUPYEMOU CUCTEMBI.

B0k cHHXpOHU3AIMK PUBOIUT MOJIEIBHOE COCTOSTHIE B COOTBETCTBHUE C COCTOSIHUEM pealln3aIliu
TECTUPYEMOU CHUCTEMBI TIOCJIE€ OCYIIECTBICHHS BO3JCHCTBHS WM BO3HHUKHOBEHHUS OTIOXCHHOMN
peakinuu. BIIOK CHHXpOHM3allMU 3alMChIBACTCS B BHUJIE MHCTPYKIMH, 3aKIFOYCHHBIX B (pUTYpHBIC
CKOOKM M TIOMEUEHHBIX KIIFOYEBBIM CIOBOM state. OTH MHCTPYKIUH HPEACTABISIFOT COOOM Teno
¢GyHkuu 6e3 BO3BpAIaeMOro pe3ysibTaTa, UMEIOIIEH Te JK€ IMapaMeTphl, YTO U COOTBETCTBYIOIIAS
cnenuuKanuonHas  (QyHKIMS  WIM  OTJIOXKEHHas  peakuus. Ecou  cooTBEeTCTBYROIIAs
cnenupuKanuonHas (QYHKIWS WM OTJIOKEHHAs PEaKIys MMEET THII BO3BPAIaeMOro 3HAYCHUS,
OTIIUYHBIN OT void, TO HOCTYI K 3TOMY 3HAYEHHUIO MOKHO IOJIYYHUTh Yepe3 UACHTU(DUKATOP ITOU
byHKIMH (pEaKinm).

HpI/I TCCTUPOBAHUU CUCTCM C OTKPBITBIM COCTOSAHUCM, KOIla TCCTOBAsA CHUCTCMaA UMCCT HNOCTYIl K
BHYTPCHHHUM JOaHHBIM pCain3aluu, 010K CUHXPOHHU3AIUU OJOJIKEH MPHUBECTH MOACIIBHOC COCTOSAHUEC
B COOTBCTCTBUC C PCATIU3ALIUOHHBIM:

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
{
state {
int k;
clear List (stack model);
for( k = stack impl->size;
k > 0;
append List ( stack model
, create Integer (stack impl->elems[--k])



}

[TockonpKy KOA NOCTPOEHUS MOJEIBHOTIO COCTOSIHUS IO BHYTPEHHEMY COCTOSHHMIO peanu3aliy
OyneT OAMHAKOB JUId BCEeX CHEIM(PHUKAIMOHHBIX (YHKLUI, €ro yJo0HO BBIHECTH B OTJENIBbHYIO
GyHKIHIO

HpI/I TCCTUPOBAHUU CUCTCM CO CKPBITBIM COCTOAHUCM, KOTAa TCCTUPYIOINAd CHUCTCMAa HE HUMCCT
A0CTyIIa K BHYTPCHHUM JOaHHBIM pcain3alnu, 010K CUHXPOHU3AIUN JOJIKCH )ICfICTBOB&TB B
MMPECATIOIIOKCHNH, UTO pCaIn3alua OTpa6OTaJ'Ia 0e3 OIIMOOK B COOTBETCTBHH CO cneumbmcauneﬁ, n
MMPUBECTHU MOJCIBHOC COCTOSIHUC B BU, KOTOpI;IfI OXHMIACTCA MOJYYHUTDH ITOCIIC BOS)ICfICTBI/IS[Z

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));
}

brnok cuHXpoHM3auMK ~CHENU(PUKANMOHHBIX (DYHKIMA BBIIOJHSAETCS TECTOBOM CHCTEMOMN
HEMOCPEACTBEHHO  Mocie  Oyioka  BO3JMEHCTBHA  Iepel  NPOBEPKOHW  IOCTYCIOBUS B
CHeM(PUKATUOHHON (YHKITUH.

brok cuHXpOHM3AIMK OTJIOKEHHBIX PEAKIUil BBHIMOJIHICTCS TOCIe BO3HUKHOBEHUS OTJIOKEHHOM
peaKkIu nepesi MPoBEPKOIl MOCTYCIOBHS.



6.2 CoOopuuk peakumi

C60pH_II/IK peaKI_II/Iﬁ CIIYKUT IUIA TOJIYUCHHUA PE3YJIbTaTa OTIOXKCHHBIX peaKI.IHfI.

COOpIIMKN peakuii SBJISIFOTCS peaM3allMOHHO-3aBUCUMBIMUA KOMIIOHEeHTaMHu. VX 3amada cocTouT
B TOM, YTOOBI cOOpaTh BCE OTJIOKEHHBIC PEAKIMH IIENIEBOM CHCTEMBbI M 3aperUCTPUPOBATH UX B
PErUCTPATOPE B3AMMOJIENCTBUHN.




7 TecrToBble cClieHAPUU

TecToBbIe cLeHapUU ONPENEIAIOT MCXOIHBIE JAHHBIE Ul MOCTPOCHHUS TeCTOB. Kakaplil TecT
npeacTaBiIsieT co00i IMOCIea0BaTeNbHOCTh TECTOBBIX BO3JCHCTBUM, BBIOJHEHHE KOTOPOMH
o0ecreuynBaeT pelieHne HEKOTOpOH 3ajjauu TecTupoBaHusa. OObIUHO B KayecTBE TakoW 3ajauu
BBICTYIIA€T TECTUPOBAHUE ITOBEJACHUS CHUCTEMBI IIPU BO3JCUCTBUAX HA HEE 4YEPE3 HEKOTOPBIN
Ha0Op uMHTEepPeHCHBIX QYHKUMN peaau3alyu 10 JOCTHKEHHsI 3alaHHOIO YPOBHS NOKPBITHS B
COOTBETCTBUH C KPUTEPUSIMHU HOKPBITUS CTICIUPUKAIIH.

OObIuHas 3a/1aya TECTUPOBAHUS COCTOUT B MPOBEPKE MOBEICHUS CHUCTEMBI TIPH BO3JCUCTBHUSIX Ha
Hee uepe3 HaOop uHTep(hEHCHBIX (QYHKIMI 10 JOCTHXKEHHS 3aJaHHOTO YPOBHS TOKPBITHSI.
[TocnenoBaTenbHOCTh TECTOBBIX BO3IECUCTBUN JI PELICHUS TAaKOW 3a7ja4M HA3bIBAETCA TECTOM.

BbI30BBl  OZJHOM MM HECKONBKUX CHENM(PUKAIMOHHBIX (YHKUMH u cnoco0d mepebopa HX
napaMeTpoB 3aJaroTcs B creHapHoW ¢(yHkumu. Bo Bpems TecTHpOBaHHMS TeCTOBas cHUCTEMa
HAXOJIUTCS B OJHOM M3 COCTOSIHMM, Ha3bIBAEMBIX CLIEHAPHBIMU COCTOSHUSAMH. Kaxkaplii BBI3OB
CIIGHapHOH (YHKIMHM TEPEBOAWT TECTOBYIO CHUCTEMY U3 OJHOTO COCTOSHHUS B Jpyroe.
ABTOMaTHuecku obecrieyuBaeTcs rnepedop BCexX MapaMeTpoB B KaXIOM JOCTUTHYTOM CIIEHAPHOM
COCTOSIHHH.

TecroBblil creHapuil 0O0BENMHSIET HECKOJBKO CIICHAPHBIX (YHKIMH, YKa3bIBaeT MEXaHHU3M
IIOCTPOEHUS TeCTa, 3aJaeT (PYHKIMIO MOCTPOCHMs CLEHAPHOI'O COCTOSHHS, ONpENeNseT CIocoo
MHHLIMAINA3ALMY U 3aBEepIICHUS paOOTHl TECTOBOM M TECTUPYEMON CHCTEM.

Ha ocHOBaHuM JaHHBIX, COJEPXKAUIMXCA B TECTOBOM CIEHAPUHM, COOTBETCTBYIOIIMM TECT
TEHEPUPYETCSl aBTOMATUYECKH.



7.1 Co3xaHue TeCTOBOIO0 CUCHAPUS U MMapaMeTPhl ero
BbI30BA

TecToBbIl ClIeHApH TPEAOCTABISAET BCIO MH(OPMAIHIO, HEOOXOIUMYIO JIJIsl aBTOMAaTHYECKOTO TI0-
cTpoeHust Tecta. OH COOTBETCTBYET IEPEMEHHOM CIELMAIBHOIO CTPYKTYPHOrO THNA dfsm HIU
ndf sm, MOMEYEHHON MOIU(UKATOPOM scenario:

scenario dfsm testScenario;

B kadecTBe mMeHH THIIA BBICTYIIA€CT HA3BAHUC O6XO,Z[‘II/IKa, OIMPECACIIAIOIICTO MEXAaHNU3M ITOCTPOCHUSA
TECTA:

« dfsm— Deterministic Finite State Machine (meTepMiuHUpOBaHHBINM KOHEUHBIN aBTOMAT);

+ ndfsm — Nondeterministic Finite State Machine (HegeTepMHUHUPOBAHHbBIN KOHEUHBIN
aBTOMAT).

Bo BpeMsl TECTHMpPOBaHMA dfsm HNPUMEHICT TECTOBHIC BO3ﬂCﬁCTBHﬂ, KOTOPBIC MOI'YT HU3MCHATH
COCTOsIHMC CLICHapusA. dfsm aBTOMAaTUYCCKHU OTCJICIKHMBACT BCC HM3MCHCHUS COCTOSIHMS U CTPOHUT
KOHEYHBIN aBTOMArT, COOTBGTCTBYIOH_[I/Iﬁ mpouecCcy TCCTUPOBAHMA. CocTosgHHSIMH aBTOMAaTa
SABJIAIOTCA BCC JOCTUKHUMBIC COCTOAHUA CLHCHAPUs, a MEPCXO0Abl aBTOMATA MOMEYAIOTCA TCCTOBBIMU
BOSI[GﬁCTBHFIMH, KOTOPBIC NX MHHUIUHUPOBAJIU. TeCTI/IpOBaHI/Ie 3aKaH4YMBacTCA TOJIBKO TOI'Jd, KOraa
O6XOII‘-II/IK nmogacT BCC ONPCACIICHHBIC MMOJIB30BATCIIEM TCCTOBBLIC BO3JICHCTBHS BO BCEX COCTOSHHSX
COCHApUA JOCTHMIKUMBbBIX U3 HAYaJIbHOIO.

Uro0bI JOCTHKEHUE ITOU 1eNTn ObLII0 BO3MOXKHO, HEOOXOIMMO BBITTOJHEHHUE CIEAYIONINX YCIOBHIL:

+ Koneuynocrs. Yucino coCTOSSHUM, OOCTHKUMBIX U3 HAYaJIbHOTO IIyTEM NPUMEHEHUS
TECTOBBIX BO3/ICMCTBUI U3 3aJaHHOTO HA0OPa, TIOJKHO OBITh KOHEUHBIM.

. I[eTepMI/[HI/IPOBaHHOCTb. ZL]'IH JIF00OI'0 COCTOSIHUS CHCTEMBI IMPUMCHCHUC OIHOI'O U TOI'O K€
TECTOBOI'0 BO3/ICHCTBHS BCETAa JOIKHO NEPCBOJAUTHL CUCTEMY B OAHO U TOKEC COCTOSITHHC.

. CuubHasi cBsi3HOCTB. M3 1000r0 COCTOSHUSA COCHApUA HOOCTHUXXUMO Jr00o0e Apyroe
COCTOSIHHEC CLICHApUA MMYTEM MPHUMCEHCHUA MTOCICA0OBATCIIBHOCTHU TCCTOBBIX BOSﬂGﬁCTBHﬁ.

O6xomunk ndfsm mo cpaBHeHHio ¢ dfsm mo3BOIsSET KOppeKTHO paboTaTh Ha OoJee MHUPOKOM
KJIacCe aBTOMATOB, a WMEHHO Ha KOHEYHBIX aroMarax, HMEKIIUX JeTePMUHUPOBAHHBIN
CUJIBHOCBSI3HBIN TOJIHBIM OCTOBHBIN MO1aBTOMAT.

. OcToBHBII1 nmoagaBToMar. OcCTOBHBIN nogaBToMaT COJACPKHUT BCC COCTOSAHHA CHCHApPUA,
JOCTHUIXUMBIC B IIPOLECCC TCCTUPOBAHUA.

o Iloanbii momaBTOMAT. JIJIsi KaKIOrO COCTOSIHUS CHEHapus M JOMYCTUMOTO B HEM
TECTOBOTO BO3JIEHCTBHUS MOJAaBOMAT JIMOO COAEPXKUT BCE MEPEXOJbl M3 ATOTO COCTOSHUS,
MMOMEYEHHBIE STUM TECTOBBIM BO3EHCTBUEM, JTUOO HE COACPKUT TAKUX MIEPEXOJ0B BOBCE.

O6XOI[‘II/IK ndfsm He OpeAHa3HA4YCH AJIs1 TECTUPOBAHMUS CUCTEM C OTIO0KCHHBIMHU PEAKIIUSIMHU.

Onpez[eﬂeHHe TCCTOBOI'O CCHApUA JOJIKHO COACPKATh MHUIUATIU3ATOP CICAYIOICTO BU/A:

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

NULL
I



.finish = finish

}s

B none init 3amaercs (GyHKIMS WMHULIMANM3ALUU. OTO IO0JIE MOXET OBITh OMNYIIEHO, OJHAKO
00BIYHO (PYHKIMS MHULUAIN3ALUUHI IPUCYTCTBYET KAK MUHUMYM JIJIsl yCTAaHOBKH MEIUATOPOB.

B mnone getState 3aJacTcsa !lQYHK!!I/IH MOCTPOCHHUA CIHECHAPHOI'O COCTOAHUA. Ecmu 310 mone

OMmymCeHO, TO TCCTUPOBAHUC BCACTCA B OJHOM COCTOSAHUMU.

B mnone actions 3amaeTcsd CHUCOK CIIEHApHBIX (YHKIWK, BKIIOYEHHBIX B JAaHHBLIA TECT,
3aBepIUICHHBIN 3HaYeHHEeM NULL. DTO TOJE SIBISIETCS 00sI3aTeNbHBIM.

B none f£inish3anaerca QyHKIMS 3aBEpIICHUs. DTO MOJIE MOXKET OBITH OMYIIEHO.

TectoBblil clieHapuil BbI3bIBaeTCs Kak (QYHKLIMS C HICHTU(PHUKATOPOM TECTOBOIO ClieHapus,
NPUHUMAOIAs J[Ba MapaMeTpa, aHAJIOTHYHBIX MapaMeTpaMm main, 6e3 BO3BpalIaeMOro 3HAYCHHUSI.
OOBIYHO BBI30B NMPOU3BOANUTCS B PYHKIUH main:

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

}

[Tpu BBI30BE TECTOBOTO CIIEHApHUS MPOUCXOAMUT pa3zdop MepeAaHHbIX eMy mapameTpoB. TecroBas
cucreMa 00pabaThIBaeT CIEAYIOIINE CTaHAAPTHBIE TapaMEeTPHhI:

-tc
Hamnpasuts TpacCupoBKY Ha KOHCOJIb.
-tt

HaHpaBI/ITB TPAaCCUPOBKY B (1)2117[.]1 C YHUKAJIBHBIM UMCHEM, COCTABJICHHBIM U3 UMCHU CHCHAPUA U
TCKYHIIEro BPpEMCHHU.

3amyck Tecta 0e3 yKa3aHHBIX IAapaMeTPOB KOMAHAHOM CTPOKM SKBHBAJICHTEH 3aIyCKy C
mapamMeTpom -tt.

-t mmsa_ Qariia

Hampasutb TpaccupoBKy B (ailsl ¢ yka3aHHbIM UMEHEM.
-nt

BBIKIIIOUUTH TPACCUPOBKY.

-—trace-accidental

Bx1r04HTh TPacCUPOBKY HETOCTOBEPHBIX MEPEXO/I0B.
—uerr

BEITIONTHATE TECTUPOBAHKE IO BOSHUKHOBEHHUS ITEPBOM OMIMOKH (TI0 YMOJTYAHUIO).
—uerr=yrcijio

BrBIMOTHATE TECTUPOBAHMS 10 BOSHUKHOBEHUS Y1C/10 OMHUOO0K (ToIbKO it ndfsm).
-uend

BrInONHATE TECTUPOBAHKE IO KOHIIA, HECMOTPS Ha OIIUOKH.
--find-first-series-only, -ffso

HaxoauTh TONBKO MEPBYIO YCHEIIHYIO CEPHIO.

-—trace-format

®opmat cOpoca JaHHBIX B TPACCy.



--disabled-actions
CnucoK UTHOPUPYEMBIX CLIEHAPHBIX (PYHKIINM.

O6pa60TaHHBIC CTAaHAAPTHBIC IMapaMETpbl YAAIAKOTCA H3 CIIMCKA IMapaMCTpOB, U W3MEHEHHBIN
CIIMCOK MEPeaacTCs (bYHKHI/II/I HWHULIUAJIU3alluu COUCHApUs.

JlonyckaeTcsi HECKOJIBKO BBI30BOB CLIEHApUEB M3 OJHOW Mporpammbl. CiaeayeT 3aMeTUTh, YTO €CIIU
napameTpbl, MepeaHHbIe HCIMONHsIeMoMY ¢aiily TecTa W3 KOMaHIHOW CTPOKH, OyIyT MPOCTO
nepesaHbl BO BCE BBI3bIBAEMbIC CIICHApWHU, TO MPHU HAIMPABICHUHU TPAcCUPOBKH B (aiim Tpacca
OYepEeHOTO CIICHApHs Tepe3anmuiieTcss B TOT ke (aily, 94To U Tpacca mpenbiaymiero. st Toro,
4TOOBI B OJTHOM (haiiie OKa3aauch TPACCHI BCEX CIIEHAPUEB, CIEAYET BOCIOIB30BATHCA (PYHKIMSIMHU
addTraceToFile M removeTraceToFile.

int main(int argc, char **argv) {
addTraceToFile ("trace.utt");
testScenariol (argc,argv) ;
testScenario2 (argc,argv);
removeTraceToFile ("trace.utt");
return 0;

}

B cnydae TecTUpOBaHUS CHCTEM C OTJIOKEHHBIMU PEAKIUSIMH, B ONPECICHHHA TECTOBOTO CLICHAPUS
TpedyeTcs 3a1aTh OOJIBIIEE YUCIIO MOJICH:

scenario dfsm testScenario = {
.init = init,
.getState = getState,
.1sStationaryState = isStationaryState,
.saveModelState = saveModelState,
. restoreModelState = restoreModelState,
.actions = {
f scen,
g scen,
NULL
b
.finish = finish

}s

Tpu [OMONHUTENBHBIX TMOJS JUISL  CICHAPHUEB C OTJIOKCHHBIMU  PEAKIUSAMH  SIBIISTHOTCSI
00s13aTENbHBIMU.

° B moxne isStationaryState 3agaercd QJYHKQI/IH ONPEACJICHUA CTAINMMOHAPHOCTH

COCTOSAHHUA.

. B nonne saveModelState 3aaaCTCA (YHKIMS COXpaHEHHS MOIACITHHOTO COCTOSHHS.

« B nmnone restoreModelState 3amaercda GYHKUMS BOCCTAHOBJIEHUS MOIEIBLHOIO
COCTOSHUS.

7.1.1 ®OyHKUMA MHUIHAATUZANUA

CDYHKI_II/IH WHULIMATIN3alu MIpCJAHA3HAUYCHA [JIsI BBIIIOJIHCHHA HOATOTOBUTCIIBHBIX pa60T rnepen
MMPOBCACHHUEM TCCTUPOBAHUS.

@OyHKIUSA MPUHUMAET J1Ba MapaMeTpa, aHAIOTHYHBIX MapaMeTpaM (YyHKIMH main, a BO3BpAIlaeT
JOTMYECKOE 3HAUEHUE, TOKA3BIBAIOLIEE, YCIEIIHO JIU IPOBEJCHA NHULINATU3ALIUS:

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

OO6b1uHO GHYHKIMS HHUITMAIM3AIAN BBITIOHSIET CICTYIONINE CHCTBUS:



*  HMHULMAIU3aLHUs TECTUPYEMOU CUCTEMBI;
e WHUIMATU3ANNS CHEIU(UKAITMOHHON MOJIETH TaHHBIX;
*  HMHUOMAIU3alus JaHHBIX CLICHAPUS;

e YCTaHOBKa MEIHUATOpPOB AJsl CHeUU(PUKAIMOHHBIX (QYHKIUN M peakiuil, UCIOJIb3yeMbIX B
JJAHHOM TECTOBOM CLICHApUU.

[Tpu HeoOxoaMMOCTH, (PYHKITUS HHUIIMAIIA3AIMNA MOXKET UCIIOJIH30BATh MEepPEJaHHbIe € TapaMeTphl
3amycka.
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);
}

B cIydya€ TCCTHPOBAHUA CHCTCMbI C OTJIOXKCHHBIMU PCAKIUAMU (1)yHKIII/ISI HMHHUIIMAJIN3allun
JOIOJHHUTCIIBKO UCITIOJIb3YCTCA JIA:

. YCTAaHOBKHU BPEMCHHU OXKUAAHUA OTJIOKCHHBIX peaKIII/If/'I

ChannelID chid;

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

7.1.2 @OyHKIUA NOCTPOEHHS CIIEHAPHOIO COCTOSIHUA

BO BperI pa6OTI)I TECTOBAA CUCTEMA HAXOIUTCA B OOIHOM U3 COCTOHHHﬁ. CDYHKHI/H[ HOCTpOGHI/ISI
CIICHAPHOTO COCTOSIHHSI OOBIYHO BBIYKCISCT 3TO COCTOSHUE HA OCHOBE 3HAUCHHH TEPEMCHHBIX,
OTIPENIETIAIONNX MoAeNbHOe cocTostHue. ClIeHapHOE COCTOSIHME YacTO SIBIAETCS O0000IIeHHEeM
MOJIEIBLHOIO0 COCTOSIHHS, OJJHAKO OHO MOXET M COBIIAJATh C MOAEILHBIM, @ MOKET OBITH BOOOIIE C
HHUM HC CBA3AHO.

@DyHKIUS BBIYMCICHUS COCTOSHHUS CLIEHapusi HE HMeeT IapaMeTpoB M BO3BpAIlaeT OOBEKT
cnenn(pUKaIMOHHOTO THIIA.

typedef Object* (*PtrGetState) ( void );
[Tpumep dyHkIuM, 06001Iar0IIEH MOIETFHOE COCTOSIHUE, TIPECTaBIIAOIIee OO0l CIHCOK, KaK ero
JUIAHY:

List* 1;

Object* getState(void) {

return create Integer(size List(l));

}



7.1.3 @yHKIUA 3aBepLICHUSA CLEHAPUS

OyHKIMS 3aBEpIICHUs MpeAHAa3HAuY€Ha JUIsl BBINOJIHEHUS 3aKIIOYUTEIBHBIX paboT mocie
poBeneHNs TecTupoBanus. DyHKIMA HE UMEET IapaMeTPOB U BO3BPALLAEMOI0 3HAYCHMUS.

typedef void (*PtrFinish) ( void );

Kak mpaBuio, ¢GyHKIUS 3aBeplieHUs] OCBOOOXKIAET pecypcehbl, BbLAENEHHbIE B (YHKIUU
MHULAAIU3AIAY.
char *impl data;
String* model data;
void finish( void ) {
free (impl data);
model data = NULL;
releaseChannelID(chid) ;

7.1.4 ®OyHKIHSA ONPeAeIeHUSA CTAIMOHAPHOCTH COCTOSHUS

OyHKIUA ONPENCIICHUs] CTAalMOHAPHOCTU COCTOSIHUSL MCIIOJB3YETCS TOJIBKO IPU TECTUPOBAHUU
CUCTEM C OTJIOXKCHHBIMU PEAKIUAMU.

(DYHKL[I/ISI HC UMCCT MapaMCTPOB U BO3BPALIACT JIOTHUYCCKOC 3HAYCHHUC, ITOKA3bIBAIOIICEC, SABJIACTCA
JU TEKyme€ MOICIBbHOE COCTOAHHME CTAalMOHAPHBIM (CTaI_[I/IOHapHBIM Ha3bIBA€TCA COCTOSHHC, B
KOTOPOM HEC OKHUAACTCSA BOSHUKHOBCHUSA OTJIOKCHHBIX peaKum”I).

typedef bool (*PtrIsStationaryState) (void);

Ecnun MonenbHOe cOCTOSIHME MIPEACTAaBICHO MEPEMEHHON HecTeHU(pUKAIMOHHOIO THUMA WIIH
HECKOJIbKUMH TI€PEMEHHBIMHU, TOTpeOyeTCs ONpeAeTnTh HOBBIM CrHEeNU(pUKAIMOHHBIN THII,
BKJIIOYAOLIH B ce0sl Bce HEOOXOJUMBbIE JTaHHBIE.

List* expectedReactions;

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

}

7.1.5 ®OyHKIHSA COXPAHEHUS MO/IEJILHOI0 COCTOSTHUSA

OyHKIUA ONPENCIICHUS] CTAalMOHAPHOCTH COCTOSIHUSL MCIIOJB3YETCS TOJIBKO IPU TECTUPOBAHUU
CUCTEM C OTJIOXKCHHBIMU PEAKIUAMU.

(DYHKL[I/ISI HC UMCCT MapaMCTPOB U BO3BPALIACT JIOTUYCCKOC 3HAYCHHUC, ITOKA3bIBAIOIICC, SABJIACTCA
JU TEKyme€ MOIACIBbHOEC COCTOAHHUEC CTalMOHAPHBIM (cmauuonapﬂbm Ha3bIBA€TCsA COCTOSHHUC, B
KOTOPOM HEC OKHUAACTCSA BOSHUKHOBCHUSA OTJIOKCHHBIX peaKum”I).

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

List* modelList;

int modelInt;

specification typedef struct {
List* a;
int b;

} ModelState = {};

Object* saveModelState () {



return create(&type ModelState, clone(modellist), modellInt);
}

7.1.6 @OyHKIUA BOCCTAHOBJIECHUA MOAEIbHOI0 COCTOSIHUSA

q)yHKHI/Ifl OMpPEACICHUA CTAOUMOHAPHOCTU COCTOSAHHUA HCIOJB3YETCA TOJBKO IIPU TCCTUPOBAHUU
CUCTCM C OTJIOKCHHBIMHA PCAKIUAMMU.

@OyHKIMS IPUHUMAET OJMH MapaMeTp — CChUIKY Ha 3HaYeHHe crielu(UKAIlMOHHOTO TUTIA!

typedef void (*PtrRestoreModelState) ( Object* );

Ha Bx0on (QyHKIHMHM BOCCTaHOBJICHHS MOJEIHHOTO COCTOSHUS TOJAETCS 3HAYCHHE, BO3BPAIICHHOE
byHKIMEH coxpaHeHUs] MOJIEIbHOTO COCTOSAHUSA. 3a1ada GyHKIIMH COCTOUT B TOM, YTOOBI IPUBECTU
TEKyIIee MOJCIIBHOE COCTOSIHHE CUCTEMbI B COOTBETCTBUE C ’TUM 3HAUYCHUEM.

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;



7.2 CuenapHbie pyHKUMH

CuenapHble QyHKIUH IIPEJHA3HAYCHBI I OMUCAHUs HAOOPOB TECTOBBIX BO3/AeHCTBUM. [l 3TOro0
cueHapHasi QyHKIUS OIpesessieT BO3IeHCTBUS (BBI30BbI CclielU(UKAIIMOHHBIX (PYHKIMI) U cr1oco0
nepebopa ux mnapamerpoB. Bce BozaeiicTBus OyqyT aBTOMAaTHYECKU BBIIOJIHEHBI B KaXJIOM
CLIEHAPHOM COCTOSIHHH, IOCTUTHYTOM BO BpeMs TeCTHpoBaHUs. Taxke clieHapHble (PYHKLIUU MOTYT
POM3BOJIUTH JOMOJHUTEIbHYIO IPOBEPKY KOPPEKTHOCTH ITOBEACHUS BbI3bIBAEMBIX (DYHKIIMH.

CuenapHas QyHKIHS ONMUCHIBAETCS Kak (QyHKIMs 0€3 mapaMeTpoB, BO3BpaIlaronias 3Ha4YeHUE TUTIA
bool ¥ NOMEUEHHas KJIHOYEBbIM CIIOBOM scenario:

scenario bool f scen();

B npocredimem cnydae Kaxmas —creHapHas (QYHKIIMS  COOTBETCTBYET POBHO  OJHOM
cneunpukanuonHon pyuknuu. Ecnu cneungukanuontas GyHKIKS HE UMEET apryMEHTOB, TO TEJIO
CLEHapHON (YHKUMU MOXET COJep)KaTh €IWHCTBEHHBIM BbBI30B OSTOM CHEHMPUKAUOHHON
¢ynkuuu. Ilepebop 3HaYeHUN apryMEHTOB ClIEHU(PUKAIIMOHHON (QYHKIIMU YIOOHO OCYLIECTBIATH C

IMOMOIIBIO OIIEPATOPA UTCPALTHHN.

Cuenapnast GyHKIIHS JOKHA BO3BPATUTh false, €CIH MOBEIECHHE CUCTEMbl HEKOPPEKTHO, U true
B HOpMaJbHOM cUTyanuu. [Ipy 3TOM HYKHO y4ecTb, YTO MPOBEPKA IMOCTYCIOBUN BBI3BIBAEMBIX
CHeU(pUKATMOHHBIX (YHKIIUN MPOUCXOTUT aBTOMATHUYECKU U €€ Pe3yNbTaThl YUUTHIBATh HE HAJO,
TO €CTh, IPOBEPKA B CIICHAPHOU (DYHKIIMU HOCHUT JOTOJHUTEIIBHBIX XapaKTep.
specification int f spec(void);
scenario bool f scen () {
f_spec(); B
rgturn true;

7.2.1 Onepartop urepanuu

Omnepatop uWTepalM HCHOJB3YeTCS TOJIBKO B CIEHApHOM (YyHKIMM W CIYXHUT Ul
napaMeTpU30BaHHOTO (HampuMep, apryMeHTamMu crnenudukanuoHHoi ¢yHkmu) mnepedopa
TECTOBBIX BO3ICHCTBUIA.

CHHTaKCHYECKH ONepaTop UTEPAIMM CXOXK C LIUKIJIOM for:

iterate (mexsyapauma; yCJ NPOOOJKEHMA; MHKPEMEHT; YCJI OMIbTpalmn)
TeJIo;

Hexnapanusi sBisieTrcss o0s3aTeIbHBIM BBIPAKEHHEM U NPEACTAaBISET COOOM JeKiIapaiuro
UTEPAllMOHHON MepeMEeHHOW M ee MHUIManu3auuioo (B omimuue oT s3bika C, rie nepeMeHHas
JeKIapupyeTcsl BHe 1uKia). tepannonnas nepeMeHHas JoJHa ObITh JOIMYCTUMOIO TUIA.

Tak kak BbI30B cLieHApHOW (DYHKIMU MPOU3BOAUTCS B KaKJIOM HOBOM MOJIEIBHOM COCTOSIHUH, TO
BpeMs JKU3HU UTEPAIIMOHHON MEPEMEHHON BBIXOIUT 32 PAMKH BPEMEHH BBINIOJIHEHHS CIICHAPHOM
¢GyHKLIMU, B KOTOpOil OHa Obula 0OBsBJIEHA: YTOObI oOecrneunTh 3()(HEKTUBHOCTH MHKPEMEHTa
KaXJIOMY MOJICIBHOMY COCTOSIHUIO CHCTEMBI JIOJDKEH COOTBETCTBOBATH CBOM  DK3EMILISP
UTepallMOHHON mnepeMeHHOW. Ilpu BbI30BE CleHApHON (GYHKUHMUM B HEKOTOPOM COCTOSIHUH, B
KayecTBE 3HAYCHHS HTEPALMOHHOW TIEPEMEHHOW WCIONB3yeTcs TO 3HA4YeHHE, KOTOpOe JTa
HepeMeHHas MOJIy4MsIa B PeIbl YN BEI30B B TOM e COCTOSIHUU.

VYcioBue npomoKEHNUsT 1 MHKPEMEHT JNEHUCTBYIOT TaK K€, KaK aHAJIOTMYHbIC BBIPAKEHUS ILIMKJIA
for.



VYcnoBue puiabTpanmu npeacTasisier co0oil Joruyeckoe BelpaxkeHue. Eciim oHO paBHO false, TO
IIPOUCXOJNUT IE€PEXO] K CIEAYIOIIEMY 3HAYEHUIO WTEPAMOHHOW IIEPEMEHHOH. Y CIIOBHE
(GUIBTpalii MOYKHO OIYCTHTb, B TAKOM CIIydae OHO Oy/eT SKBMBAJEHTHO BBIPAKEHHIO true, T. €.
HU OJIHO 3HaYEHUE UTEPAIMOHHON MEPEMEHHON HEe OyJeT OTOPOIIEHO.
Taxum oOpa3oM, creayromas KOHCTPYKLUS:

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

B HCKOTOPOM CMBICJIC aHAJIOTMYHA [UKITY for:

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

}

Taxoit cxeMoil MOKHO TOJIb30BaThCs, YTOOBI MPECTABUTH MOCIIEI0BATEIHHOCTH BEI30BOB, KOTOpas
OyIeT creHepupoBaHa B TpelesaXx OJHOTO CIEHApHOTO cocTosHus. OJHAKO cleayeT TMOHMMAaTh
pasHULly MEXKJIy OIEpaTOpOM MTEPAUMU M LUKIOM. BoO-NEpBBIX, 3HAYECHHE HUTEPALUOHHOU
MEPEMEHHON 3aBUCUT OT CIICHAPHOTO COCTOSIHWA, @ 3HAYEHHE NMEPEMEHHOW LHKIa — HeT. Bo-
BTOPBIX, TP OJHOM BBI30BE CIICHAPHOW (YHKIIMM BBIMOJHAETCS TOJIBKO OJIHA WTEpalvs; OHa
ONpeAesieT MePeXo U3 OJHOTO CIEHAPHOTO COCTOSIHUA B JApyroe. Eciu ke BHYTpH CIEHapHOH
GbyHKIIMM OyJIeT HCIONb30BaH OOBIYHBINA IMKJI, B paMKaX OJHOTO M TOTO XKe Iepexoaa OymyT
MIPOU3BEICHBI BCE BBI30BHI, MEPEONPACMBIC IIMKIIOM.

I[OHyCKaIOTCﬂ BJIOJKCHHBIC OICPATOPBI UTCpaAllHU. O,[[HaKO MOCJICAOBATCIIbHBIC OINCPATOPhI
HUTCpalli UCII0JIb30BATh HEJIb34.

CHCL[I/IaJ'H:HO JJIsA nepeGopa BCEX DJIEMEHTOB KaKOI'0-IH0O0 IMOKPLITUA TPCAHA3HAYCH OIICpATOP
HUTEpaAlIY 110 ITOKPBITUAM.

[Ipu TectupoBaHuM 0€3 OTIOKEHHBIX PEAKLHUI CLEHApPHOE COCTOSHHE H3MEHSEeTCs B Ipoliecce
TECTOBOI'O BO3JIEUCTBUS, IPOUCXOISIIETO B MOMEHT BbI30Ba crieliMPpUKaMoHHON QyHKIuU. Takum
o0pa3om, eciau B pe3yibTare padoThl CHeUU(UKAUOHHOW (DYHKIMHM H3MEHSIOTCS TII00aIbHbIE
NIEpEeMEHHbIE, TI0CJIE €€ BbI30Ba B CLEHAapHON (YHKIUM OYyAYT IOCTYNHBI YK€ H3MEHEHHBIE
3HaueHus. OHaKO NMEPEMEHHBIE COCTOSIHMSI M UTEPALMOHHBIE NEPEMEHHBIE COXPAHST 3HAYEHUS,
COOTBETCTBYIOIIHE MIPEKHEMY CLIEHAPHOMY COCTOSIHUIO, 1O KOHIIA pa0OThI ClIeHapHOW (DYHKIUH.

[Ipu TecTupoBaHUU C OTJIOKEHHBIMH PEAKUUSMH CLEHAPHOE COCTOSHUE HE M3MEHSETCS B XOJIe
pabotel crieHapHOW GyHKIMUA. V3MEHEeHHE MPOMCXOIUT B KOHIIE PabOTHI ClieHapHOW (DYyHKIUH,
MocIie TOro, Kak OyyT coOpaHbl BCE OTIIOKEHHBIE PEaKIUU.

7.2.2 IlepeMeHHBIE CLIEHAPHOIO COCTOSIHUSA

IIoMrMMO HTEpaMOHHBIX IEPEMEHHBIX, CYIIECTBYET W JAPYrOM BHUJ IMEPEMEHHBIX, 3HAYCHUE
KOTOPBIX 3aBHUCHUT OT CIEHAPHOTO COCTOSIHUSI — TIEPEMEHHBIE CIIEHapHOTO cocTosiHuA. s
KaXJIOT0 CIEHAPHOTO COCTOSIHUS HMMEETCS CBOM JK3EMIUISIP TaKOM MEPEMEHHOW CO CBOUM
3HaueHHeM. [Ipu BBI30BE CIIEHApHOW (PYHKIIMM B HEKOTOPOM COCTOSIHMHM, B KaueCTBE 3HAYCHUS
MEPEMEHHOM HCIIONB3YETCS TO 3HAYEHUE, KOTOPOE ATa IMEPEMEHHas MOJydwia B MPEAbIIYIIHI
BBI3OB B TOM K€ COCTOSIHHH.

Jlexmaparusi IepeMeHHBIX CIIEHAPHOTO COCTOSIHHSI HAYMHAeTCs ¢ MoudukaTopa stable U JOHKHA
coJlep)kaTh MHHUIMamu3anuio. [lepeMeHHble CleHaApHOTO COCTOSIHUSA JOJDKHBI UMETh JOMYCTHMBbIN
THUI.

stable int 1 = 0;



TO, B KAKOM MECCTC cueHapHoﬁ (1JYHKI_[I/II/I OOBSBIICHBI TAKUE NEPCMCHHBIC, BIIUACT JIUIIb HA 00J1acTh
UX BUIUMOCTH, HO HC Ha CbYHKI_[I/IOHaJ'IBHOCTI).



8 JlomosHMTEAbHBIE BO3MOKHOCTH



8.1 Crtpoxosoe u XML npeacrasjieHus
Hecneun(PpUKANMOHHBIX TUIIOB

Wuctpyment CTESK mo3Bonsier ompenenars Moyb30BaTeNbckue (QyHKIUH (HOPMHUPOBAHUS
CTpoKOBBIX 1 XML- npeacTaBieHuil He TOIBKO [T CrieNU(UKALMOHHBIX TUIIOB, HO U JUIS JTFOOBIX
TUNOB s3blka C, MOCTPOEHHBIX IPH IMOMOILIM KOHCTPYKIMHM typedef, a Tak XK€ AJs TUIOB C
unBapuantamu. @opmart u npaBmia GopmupoBanus XML npencraBiieHusi 3Ha4eHUN TOYHO TaKue
e, 4TO U JJIs Cenn(UKAITMOHHBIX TUIIOB.

[Tonp3oBarenbckue GyHKIMU (hopmupoBaHus ctpokoBoro 1 XML mpencraBieHus THIA 3a0al0TCs
CIIETYIOIIUM 00pazoMm.

HYCTB €CThb ACKIapanus HMCHOBAHHOI'O TUIIA T
typedef struct { int x; int y } T;

Jns  mepeomnpenenieHrss CTaHIAPTHOTO crmoco0a TMOCTPOSHHUS CTPOKOBOTO — MPEICTABIICHUS
HEO0OXOAMMO ONPEAETUTh (DYHKITHIO

String* to String T( T* );
Jns mepeonpezneneHust CTaHAApTHOrO crocoba moctpoeHus XML npezacraBieHuss HEOOXOIUMO
OTIpeNIeNIUTh (PYHKITUIO

String* to XML T( T* );

BaxxHo umeTh BBHy, 4TO 3aJaHHbIe PYHKINUU OyIyT MCHOIB30BATHCS ISl TPACCUPOBKH HE TOIBKO
00BEKTOB THIIA T, HO U:

e O0OBCKTOB THIA “yKa3zaTeslb Ha T~ (JIF000TO YPOBHS):
specification void f£( T *t );

® MAaCCHBOB, DJIEMEHTOM KOTOPBIX SABJIAETCA T WIM yKa3aTenab Ha T:
specification void f£( T t[10] );

® O0O0OBEKTOB TUIIOB-UHBAPUAHTOB, TOCTPOCHHBIX HA OCHOBE THIIA T:
invariant typedef T InvT;
specification void f( InvT *it );

Kpome Ttoro, monb3oBaTenbckue (yHKIUUA TPEACTABICHHUS HECTICIM(PUKAIMOHHBIX THUIIOB OYIyT
BBI3BIBATHCSI IPU TPACCUPOBKE 3HAUCHUH TOJIEH TUITOB, 6a30BBIX IS CIICIU(UKAIIMOHHBIX
specification typedef struct { String *str; T t; } S;

specification void f( S *s );

Ho monb3oBarensckue QyKHIMH He OyAyT BBI3BIBATHCA IS HE-WHBAPHAHTHBIX THIIOB,
MOCTPOCHHBIX MPU MOMOIIM KOHCTPYKUUHU typedef “Haj’ TUNAMH, JUISI KOTOPBIX 3TU (YHKIIMH
OIpE/ICIICHBI:

typedef T T2;
specification void f£( T2 *t2 );

ITpu TpaccupoBke 3HaueHUs t2 QYHKIMU to string T M to XML T HCIOJIB30BaThCs He OYAyT.



9 CemaHnTuka a3bIKka 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),
WHBApUAHTHl TUIOB JAaHHBIX U TJIOOATBHBIX MEPEMEHHBIX, TECTOBBIE cleHapuu (cM. Tecmosvle
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 ¢ pacmmpenneM sec. CrnenuduKanoOHHBIE 3arojloBOYHbIE (ailiibl, coaepKalue
JIeKiIapanuu  crenuUKalUMOHHBIX TUNOB W (QYHKUWH, TOKHBI HaxOOUThcsl B (Qailnax ¢
pacmmpenueM  seh.  CrnenuukanmuoOHHBIE — 3arojOBOYHBIE  (ailibl  BKIIOYAIOTCS B
crenuKanmoHHbie  aliapl MpU  TOMOIMUA JIUPEKTUBBI mpernporeccopa C  #include.
Crenudukanvonsusle ¢ailnpl MOryr coaepxatb U oObuHble ¢GyHKuMH C, TpeOyemble A
Pa3IMYHBIX BCTIOMOTATENBHBIX Telei. [Ipr HeoOX0MMOCTH NCTIOIB30BAHMUS CIICIIHATBHBIX JTaHHBIX
Wi QYHKIUA HCTHOJIB3YyeTCS BKIIOYEHHE COOTBETCTBYIOIIUX OOBIUHBIX 3aroJIOBOYHBIX (ailnoB
s3pika C mpu oMoty JupeKTuBbl npenporeccopa C #include.

Jns ynobcTBa 3ammMcy W YTEHUS JIOTMYECKUX BBIpaXKEHUU B s3bIK  SeC TOTMOIHHUTETHHO BBEICH
orepaTop HWMIUIMKAIUK =>, SIBJISIOIIUANCS OWHApHBIM WH(MUKCHBIM OINEPaTOpOM, TPHUOPUTET
KOTOPOTO MEHBIIIE MPUOPUTETA OMepaTopa AU3BIOHKIUU | |, HO OOJbIlle IPUOPUTETA YCIOBHOTO
omepaTtopa ?:. BpIpaxeHue x => y OKBHUBAJCHTHO BBIPAKEHUIO !x || y, W TMpU €ro
BBIYMCIICHUH, TAKKE KaK IPHU BBIUKUCICHUU IPYIHX JIOTMYECKUX ONEpPaTOPOB, NEHCTBYIOT MpaBUIIa
KOpPOTKOM Jioruku. OmnepaTop UMIUIMKALUKA ACCOIMATUBEH CJIEBa HAMPaBO, TO €CTh BBIPAXKEHUE
X => y => z 3KBHUBAJICHTHO BBIPAXCHUIO (X => y) => =z.



9.1 Crneuuduxkauuu

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.

9.1.1 ChneunpuxkanroHHbie PyHKIMHU

CnenudukaionHple  (PYHKIIMU TpeAHA3HAYEHBI I CHCHU(PUKAIMK TOBEACHUS TECTUPYEMOU
CUCTeMBl TpPH BHEIIHEM BO3JCHCTBMM Ha HEe 4dYepe3 HEKOTOpYI YacTh uHTepderica.
CnenudukarmonHas GyHKINS OMPEACIISCT:

e OTpaHMYECHUSA JOCTYIA K JaHHBIM;
*  TPENyCJIOBHE;
e JIOKQJIbHBIE KPUTEPUU IIOKPBITHS,
*  TIOCTYCIIOBHE.

CrenduxanoHHble GYHKIUU ASKIAPUPYIOTCS U ONPECIIIOTCS B CelM(UKAIMOHHBIX (hailnax u
noMeyaroTcsi KIo4eBbIM cloBoM SeC specification. OHH MOTYT COAEp)KaTh CIEIYIOIINe
HJIEMEHTBI:

« OnwucaHue OrpaHMYEHUN JAOCTyNa JaHHOW (YHKUMU K TJIOOAJbHBIM TEPEMEHHBIM U
napaMeTpam.

«  OnucaHue JOKaIbHBIX MOKPBITHH (TOJTHKO B TPOTOTHUIAX (PYHKITHH).

° H[!CQ YCJIOBHUC, OIMUCBIBAIOIICC CUTYyAllUH, B KOTOPLIX OMNPCACICHO MOBCACHUC TeCTI/IpyeMOfI
CHCTCMBI.

+ JlokanbHbIC KPUTEPHH TOKPBITUS, ONMCHIBAIONINE pa30MeHNE Ha BETBU (PYHKIIMOHAIBHOCTH
MOBEJICHUSI TECTUPYEMOM CHCTEMBI MPU B3aUMOJICHCTBUM C HEW Yepe3 4acTh MHTepderica,
OTIMCBHIBAEMOT0 JJAHHOM criel(pUKAMOHHON (PyHKITHEH.

 IlocTycnoBue, ONMCHIBAIOIIEE OTPAaHUYECHUS, KOTOPHIM JOJDKHBI YIOBJICTBOPSATH PE3yIbTAThI
paboThI TECTHPYEMOM CUCTEMBI, OIMCHIBAEMOM JaHHOM crielM(PUKAMOHHON (PyHKITHEH.

o JlomomHuTenpHbii koA Ha SeC MOMUMO MPETYCIOBUS, ONPEICTCHUS JTOKAIbHBIX KPUTEPUEB
IMOKPLITUA U IMOCTYCJIOBUA.

CrnenudukaonHpie (PYHKIIUN BBI3BIBAIOTCS TaK )K€ Kak oObryHbIe PyHKIMHU. [Ipu TecTupoBanuu B
TOYKE BBI30BA CHEMU(PUKANMOHHONW (YHKIIMM TPOUCXOJUT MPOBEpKa WHBAPUAHTOB THUIIOB
BBIPAKEHUI C JOCTYNIOM reads M updates, IPOBEpKa WHBAPUAHTOB TEPEMEHHBIX C TOCTYIIOM
reads M updates, MPOBEpKa 3HAYCHUI MEpPEJaHHBIX apPTYMEHTOB Ha BBITIONHEHUE TPEAYCIOBHS,
BBIYHCJICHHE JJICMCHTOB MOKPBITHH JUIsl 3HAYCHUH TMepeJaHHBIX apryMEHTOB, OOpalicHHe K
MEANATOpPY, YCTAHOBJICHHOMY JJsi BBI3bIBAEMOW creuu(UKAIMOHHOW (YHKIMH, TPOBEpKa
HEU3MEHHOCTH BBIPOKEHUH C JIOCTYIIOM reads, NMPOBEPKAa WHBAPHAHTOB THUIIOB BBIPAKECHUH C
JOCTYNIOM writes M updates, IpOBEpKa WHBAPUAHTOB MEPEMEHHBIX C JOCTYIIOM writes U
updates, MPOBEPKA BHITIOJTHEHUS TIOCTYCIIOBHSL.



CuHTakcuc

( declaration specifiers )7
"specification"

( declaration specifiers )?
declarator

( declaration )*
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CemaHTHYeCKHE PaBHJIA

1.

10.

11.

Nmena cnenudukanvoHHBIX (YHKIHH BXOAAT B TO K€ MPOCTPAHCTBO HMMEH, YTO M HMEHa
0OBIYHBIX (yHKIHH si3b1ka C.

CrennduxannonHas GyHKIUS TOJHKHA OBITH ONpesesieHa POBHO OJIMH pa3 CPeAU BCEX €IMHMUIL
TpaHCJIALUM (translation unit), cOOMpaeMBbIX B OAHY CUCTEMY.

B o0bsBiIeHNN WK OTMpeieNieHnH CrielupUKaMOHHON (PYHKIIUU 3ampeniaeTcs BBOAUTh TO0ObIE
CYIIIHOCTH C UMEHAMH, COBIAAIONIMMHU C UMEHEM 3TOH CreruUKAIMOHHON (PYHKITUH.

Jlis Bcex ro0aibHBIX MEPEMEHHBIX M MapaMeTpoB (MM HUX COCTaBHBIX dHacTeil), KOTOphle
UCIIOJIB3YIOTCS B crenu(UKAIMOHHON (YHKIIMHM, BO BCEX IMPEABAPUTENIBHBIX JAEKJIapalusx U
JeKiaparope onpejaeiaeHus (QYHKIUM JOJKHBI OBITh YKa3aHbl OrPAHUYEHUS JIOCTyIa

(se_access description).

Bo Bcex OpEABAPUTCIIbHBIX ACKIIApallUiaAX U ACKIIApaTOpC OIMPCACIICHUS (I)YHKI_II/II/I OIrpaHUYCHUA
A0CTYyIIa JOJIPKHBI OBITh OJJMHAKOBBI.

B coctaBHOM omnepaTtope crenu(pUKauoHHON (yHKINU JOKHO HPUCYTCTBOBATH POBHO OJIHO
nocrycinoBue (se post block statement) mocie OJOKOB KPUTEPUEB MOKPBITHA MU
IpeIyCIOBUS, €CIIH OHU NPUCYTCTBYIOT.

B cocraBHOM omepaTtope crienupUKaMOHHON (YHKIIMA MOXKET MPUCYTCTBOBATH HE OOJIbIIE
OJTHOTO MpenyciioBusl (se pre block statement) A0 OJOKOB KPUTEPHEB MOKPBITHS, €CIH
OHHU HPUCYTCTBYIOT, U O OJIOKAa IMOCTYCJIOBUS, IOCIE MPEAYCIOBUS JOIDKEH CIeJ0BaTh JNOO
COCTaBHOH OIepaTop, MO0 MEepBbI KPUTEPHI TOKPHITHS, THOO MOCTYCIOBHE.

B cocraBHOM omeparope crenn(puKaMoHHOW (DYHKIIMM MOTYT HPUCYTCTBOBATH HECKOJIBKO
JOKaJbHBIX KPUTEPHEB TMOKPHITHS (se coverage statement, C HHHUIHMAIU3ATOPOM
se coverage derivation initializer

100 se coverage function initializer), cleqyloUMX APYr 3a APYroM mocie Ojoka
IpEeycIOBUS, €CIIM OH NMPUCYTCTBYET, U 10 Osioka noctyciosus. [locie mocnennero kpurepus
HOKPBITHUS JIOJIKEH CIIEJ0BATh JINOO COCTaBHOI onepaTop, IM00 MOCTYCIOBHUE.

Mexny KOHCTPYKIUSIMHA se coverage statement HEC TOJKHO OBITh JPYTUX KOHCTPYKIHUU.

Koncrpyknun se pre block statement, se coverage statement u
se post block statement MOryT OBITb BIJIOKEHBI TOJIBKO B CHHTAKCUYECKUE Y3IIbI
block item (0JI0KM KOJIa, OTpaHUYECHHBIE (PUTYPHBIMU CKOOKaMHu).

C Y4€TOM BO3MOKHOI'O JOIMMOJIHUTCJIBHOI'O KOJ4, TCIIO CHeI_II/I(I)I/IKaLII/IOHHOI>'I (I)YHKI_II/II/I JOJIDKHO
HUMCETH CIICAYIOIIYIO CTPYKTYPY:
{
OOMOJIHUTENbHEM kom 1 1
pre { ... }
{
OOMNOJIHUTEJBHEM Kon 2 1
coverage mMma 1 { ... }



coverage mMma n { ... }

{
OOIOJIHUTENbHEN kom 3 1
post { ... }
OOMNOJIHUTEJBHEM Kon 3 2

}

OONOJIHUTEJIbHEN Koh 2 2

}

OOIOJIHUTEJNBHEN Kom 1 2

}
12. JIro60ii u3 O6JI0KOB JOTMOTHUTEIHHOTO KOJA MOXKET OTCYTCTBOBATD.

13. Ecnu kakas-nmubo m3 IMap OONMOJIHMTEJIEHEM KOH 2 1 W OOMNOJIHUTEJIBHEN KOI 2 2 HWIH
OOIOJIHUTEJNIbHEN KOoZ 3 1 W IOONOJHUTEJIbHBM Kon 3 2 OTCYTCTBYET, TO pa3peiiacTcs
He THcaTh (UIypHBIE CKOOKHM, HEMOCPEACTBEHHO COJEpKAaIlMe OTCYTCTBYIOUIYIO Tapy
JOIIOJIHUTEILHOIO KOJIa.

14. CneunudukanuonHast pyHKIHU 10HKHA ObITh 0€3 BUIUMBIX CHAPYKU MOOOYHBIX 3P (PEKTOB:

14.1.3Hauenus ri00aJbHBIX NEPEMEHHBIX U 3HAUYCHUSA JAHHBIX, ICPEAaBaCMbIX I10 YKa3aTCJIAM,
HC JOJI?)KHBI U3BMCHSATHCA,

14.2. nuHamMuyuecKkas MmMaMmsiTh, BbIACHsAeMas B CHEHUPUKAIMOHHOW (QYHKIIUH, TOJDKHA
OCBOOOKIAThCSI, MPUYEM Ha TOM JK€ YPOBHE BIIOKEHHOCTH (B TOM JK€ COCTaBHOM
oTIepaTope), Ha KOTOPOM OHa BBIIEIISIIACK:

14.2.1.ecnu mamsTh BBIAENAETCS B NPENYCIOBUU, KPUTEPUN TOKPBHITHS WIH MOCTYCIOBHH,
OHAa JTOJDKHA OCBOOOXKIAThCSA B TOM JKe OJIOKE;

14.2.2.ecnu maMATh BBIIENACTCS B Hayale CHeUU(UKAUOHHOW (DYHKIMH, OHA JOJDKHA
0CBOOOXKJaThCA B KOHILIE MOCIIE MPEAYCIOBHs, KPUTEPUEB MOKPBITUS, OCTYCIOBUS U
OKOHYAHHUSl COCTAaBHBIX OINEPATOPOB, COJAEP)KAIIMX KPUTEPUU MOKPBITUS U
HIOCTYCJIOBUE;

14.2.3.ecnmu namsATh BBIAEIAETCS B COCTABHOM OIEpaToOpe IMOCJIE MPEAyCIOBHs, TO OHa
JIOJDKHA OCBOOOXKJAThCA B KOHLIE ATOIO COCTAaBHOIO OIeparopa Iocie KpUTEpUeB
MOKPBITHS, TOCTYCIOBMSI M OKOHYAaHMsI COCTAaBHOIO OIepaTopa, COAEpIKallero
HIOCTYCJIOBUE;

14.2.4.ecnu nmaMATh BBIIEISIETCS B COCTAaBHOM OIEpAaTOpE IMEpEA IOCTYCIOBUEM, TO OHA
JIOJKHA OCBOOOKIATHCS B €0 KOHIIE MOCTIE MOCTYCIOBHS.

9.1.2 OrJI0:)KeHHbIE peaKUHH

OTOXKEHHBIE peaKlUd OOBABISAIOTCA U OMPEACNAIOTCS B creuu(UKAIMOHHBIX (ailiax B BUIE
dbyHKIMI 0e3 mapamMeTpoB, MOMEYCHHBIX KIIFOUeBBIM clIOBOM SeC reaction M BO3BpAIIAFOIIAX
yKa3aTelu Ha crenu(uKauoHHbIie THITBI. OHU MOTYT COJIEPKaTh CIICIYIONIUE SJIEMEHTHI:

« OrnucaHue OrpaHUYEHUH JOCTYIA JaHHON PEeaKIUH K TI100aJIbHBIM ePEMEHHBIM.

« IpemycioBue, ONMUCHIBAKOIIEE CHUTYallMH, B KOTOPBIX BO3MOXXHO BO3HUKHOBECHHE JTaHHOM
peaKium.

. HOCTYCJ’IOBI/IC, OIIMCBhIBAOIICC OI'PAHUYCHUSA Ha 3HAYCHUSA rI00aabHBIX ICPEMCHHBIX,
KOTOPBIC NOJIKHBI BBIITOJIHATHECA B CITy4a€ BO3SHUKHOBCHUA HaHHOﬁ peaKknuuu.

e JlonmomnutensHbii ko Ha SeC BHE MPeyCI0oBUS U TTOCTYCIOBHS.



CuHTakcuc

( declaration specifiers )7
"reaction"

( declaration specifiers )?
declarator

( declaration )*

compound statement

I4

CemaHTHYeCKHE PaBHJIA

1.

10.
1.

12.

NMeHa OTIOXKEHHBIX pEaKIMi BXOISAT B TO K€ MPOCTPAHCTBO UMEH, YTO U MMEHA OOBIYHBIX
byakumii s3pika C.

OTnoxeHHass peakiysl JOJDKHA OBITH ONpeAesieHa POBHO OJIWH pa3 CpPeld BCEX EIMHHIL
TpaHCJIALUM (translation unit), cOOMpaeMBbIX B OAHY CUCTEMY.

VY OTNOXEHHBIX peakiuii He MOXeT ObITh MapaMeTpoB, TUIIOM BO3BPAIAEMOT0 3HAYCHUS
OTJIO’)KEHHOM peakiuu MOKeT ObITh TOJIBKO yKa3aTelb Ha ClieHU(UKAMOHHBIN THII.

B o00bsiBIeHMM WM ONpPENENCHUH OTIOKEHHOW peaklMy 3alpellaeTcsi BBOAHWTH IOOBIE
CYIIHOCTH C UMEHaMH, COBMAIAIOIIMMH C UMEHEM 3TOU OTIIOKEHHON PEAKIUU.

I[J'I)I BCEX T100alIbHBIX NEPpCMCHHBIX W TTapaMETpPOB (I/IJ'II/I HnX COCTaBHBIX qaCTCI‘;I), KOTOPBIC
HCIIOJIB3YIOTCA B PpC€aKOouu, BO BCEX MPCABAPUTCIBHBIX ACKIApallUigAX W JCKIIapaTope
OIPCACIICHUA pcaknuu JOJIZKHBI OBITE YKa3aHbl OI'paHUYCHUA JOCTVyIIa

(se_access description).

Bo Bcex NpEABAPUTCIIbHBIX ACKIIApAlIUAX U ACKIApaTOPC ONPCACIICHUA PCAKIIMHU OIpaHUYCHUSA
A0CTYyIIa JOJIPKHBI OBITh OJJNMHAKOBBI.

B cocraBHOM omepaTtope OTIOXKEHHOH peakiuu OJDKHO MPHCYTCTBOBAaTh POBHO OJHO
IOCTYCNIOBUE (se post block statement) mocie NpeayciioBus, €CJIM OHO IPUCYTCTBYET.

B cocraBHOM omepaTope OTIOKEHHOW peakldu MOXKET MPUCYTCTBOBATH HE OOJbIIE OJHOTO
npenycioBus (se pre block statement) 10 HOCTYCIOBUS, IOCIE NPEAYCIOBHS JOJIKECH
cleoBaTh MO0 COCTABHOM omeparop, 100 MOCTYCIOBHE.

C YUYCTOM BO3MOKHOI'O AOIMOJHUTCIBHOI'O KOJ4, TCJIO OTJI0KEHHOM pCakiunu OOJIKHO HMMCTb
CIIEIYIOIIYIO CTPYKTYPY:
{
OOIOJIHUTENbHEN kom 1 1
pre { ... }
{
OOTMOJIHUTEJIbHEM Kon 2 1
post { ... }
OOMOJIHUTEJBHEN KOO 2 2

}

OOMOJIHUTEJNBHEN Kon 1 2

}
JIr00o0ii u3 610KOB JOMOJHUTEIBHOI'O KOJIa MOKET OTCYTCTBOBATh.

Eciu mapa monmosuuTenbuent xom 2 1 W OONOJIHMTEJILHEDI KON 2 2 OTCYTCTBVET, TO
_ _L_ _ L YTCTBYET,
paszpeiaeTcs He nMucaTh GUTrypHbIE CKOOKH, HEMOCPEACTBEHHO €€ CoiepiKaIlue.

OTr0XeHHas peakiys A0 KHa ObITh 0€3 BUIUMBIX CHAPY>KH TTOOOYHBIX 2(P(HEKTOB:

12.1.3Ha4enus ri00aIbHBIX MEPEMCHHBIX HC NOJDKHBI U3MCHATBHCA,



12.2. niuHaMuyeckas mamsTh, BeIIEIsIeMasi B peakiuu, TOJKHA OCBOOOKIATHCS, IPUYEM HA TOM
7K€ YPOBHE BIIO’)KEHHOCTH (B TOM € COCTAaBHOM OIlepaTope), Ha KOTOPOM OHa BBIJEIAIACH:!

12.2.1.ecnu maMATh BBIIEISIETCS B TPEAYCIOBHH WM TMOCTYCIIOBUH, OHAa JOJKHA
0CBOOOKIATHLCSA B TOM K€ OJIOKE;

12.2.2.ecnmu mamsTh BBIACIIEICTCA B HAYAJIC PCAKIIUH, OHA NOJIKHA OCBO60)K,Z[8.TLC$I B KOHIIC
ITIOCJIC npeayciioBus, MMOCTYCJIOBUA n OKOHYaHUs COCTaBHOTI'O oneparopa,
COACPKAIICTO MTOCTYCIIOBUC,

12.2.3.ecnu maMATh BBIACIAETCS B COCTaBHOM OIEpaTOpE MOCIE MPENyCIOBHsA, TO OHA
JIOJKHA OCBOOOJKIATHCS B KOHILIE 3TOTO COCTAaBHOTO OIepaTopa Mocie NOCTYCIOBUS;

9.1.3 OrpannyeHus AocTyna

OrpanuyeHus JOCTyMa OIMCHIBAIOTCS TOCIE CUTHATYPbl (YHKIMU WK peakuuu. s ykazaHus
JIOCTyIa Ha YTEHUE UCHOJb3YeTCs] MOAN(DUKATOP reads, HA 3alUCh — writes, HA U3MEHEHUE —
updates. JlelicTBHe MOIU(HUKATOPA JAOCTYNA PACIPOCTPAHIECTCS HAa BCE MEPEUYHCICHHBIC BCIIE] 3a
HHUM 4epe3 3alTy0 UICHTU(UKATOPBI JO CIEIYIOIEro MoJupuKaTopa Wik Hadaua Tena (pyHKIun
WIN peakiuu. B orpaHnyeHusx J0CTyna MOKHO OOBSIBIIATh [ICEBIOHUMBI BRIPXKEHUH, Ha KOTOPBIE
OINMCHIBAIOTCS OTPAaHUYEHUS JOCTYIIA.

Ecnu nans BeIpakeHUs yKa3aHO OTpaHUYEHHUE JOCTyNa Ha U3MEeHeHue (MoauukaTop updates), TO
BHYTpU (PYHKIIMH WJIHM PEaKLMU JI0 KIIOYEBOTO CJIOBAa post BhIpAKEHHE MMEET Ipe-3HaueHHe —
3HAUEHUE 10 B3aUMOJEHCTBUSA C  TECTUPYEMOW  CHUCTEMOM, OIKCHIBAEMOIO  JaHHOM
cnenupuKanuoHHON (yHKUMEH, WiIM 3HA4Y€HHE [0 BO3HUKHOBEHHMsS JaHHOM peakuuu. Ilocne
KJIIOYEBOI'O CJI0BA pOSt BBIPAXKEHUE UMEET NOCT-3HAUYEHUE — 3HAYEHUE I10CJIE B3aUMOAEHUCTBHUS C
TECTUPYEMOW CHCTEMOM WJIM MOCJIE€ BO3HUKHOBEHUS PEaKLUH, Npe-3HAYCHHE BBIPAXKEHHS IOCIe
KJIFOYEBOTO CJIOBA post JOCTYNMHO uepe3 oneparop SeC @.

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

CeMaHTHYeCKHE NPaBHJIA

1. B mpenenax OAHOro OMUCAHUS HE JOJDKHO OBITH JABYX OrpaHMYEHHH JOCTYyINa, MMEIOIIHX
pasHble MOAM(UKATOPHI JTOCTYNa W OJHO M TO K€ BBIPAXKEHUE, K KOTOPOMY YKa3bIBAETCS
JOCTYIIL.

2. Ecnu ans BeIpaXeHUsS YKa3aHO OrpaHMYEHHE JOCTYIa Ha 3amuch (Moaudukarop writes), TO

BHYTpYM (QYHKIUM WM pPEAKIMM HE JOIMYCKAeTCsl MCIOIb30BAaHUE STOr0 BBIPAXKEHUS 0
KJIFOUEBOI0 CJIOBA post.

3. TlapameTpbl (QyHKIMM HE MOTYT WCIIONH30BAThCSI B KAUECTBE BBIPAKCHHUN C OTpaHUYCHHEM
JIOCTYTIA Ha 3aMuCh (MOaudUKATOp writes).

4. Ecmu nns BBIpaKEHHUs YKa3aHO OTpaHMYCHHUE JOCTyMa Ha uTeHHe (MoaupuKaTtop reads), TO
BHYTpHU (QYHKIIUH WM PEaKIMU €ro 3HaYeHHe TOCTYIHO BE3/I€ U HE MEHSETCH.



9.1.4 IlceBIOHHUMBI

[IceBnOHMMBI OOBSABISAIOTCS MPOCTHIM IMPUCBAMBAHUEM B OrPAaHUYEHUSX JOCTyma. BHyTpu
(GYHKLIMU WU peaKkMK [ICEBAOHUMbI HCIIOIb3YIOTCS aHAIOTUYHO JIOKAJIbHBIM IIEPEMEHHBIM.

Cunrakcuc

se access alias ::= <ID> "=" ;

CeMaHTHUYECKHE npaBuJjia

1. Wnentudukatop IMCEBIOHMMA HE MOJDKEH COBIANATh C HMICHTU(HUKATOpaMH TapameTpoB, C
MMEHAMH JIOKAJbHBIX TMOKPBITUA M JOJDKEH OBbITh YHHMKAJIBHBIM B TpElenax OrpaHu4YeHUN
JOCTyTa crienn(PUKauOHHON QYHKIIUU UK OTIIOKCHHOU PEaKIIUH.

9.1.5 [IIpenycioBue

[IpeaycnoBue OTIOKEHHOM pPEAKUMU  ONHCHIBAET YCIOBUSA, IPU KOTOPBIX  BO3MOXHO
BO3HMKHOBEHHE JAHHOM peakiuu. Bo BpeMs TeCTUpOBaHUsA NPEAYCIOBHE PEAKLIMU IPOBEPSETCS
BCSKUI pa3, KOI/la OHa BO3HHMKaeT. Eciu mpenycinoBrue HapylaeTcsi, 3TO 3HA4YMUT, YTO IOBEJICHUE
CUCTEMBI HE COOTBETCTBYET CIeIU(DUKAIIHH.

[IpenycnoBue Ha s3bike SeC — 3TO HAOOP UHCTPYKIUN, KOTOPBIA CHHTAKCUYECKA U CEMaHTHYECKU
OKBHUBAJICHTECH TeNy (DYHKIINU, UMEIOIICH T€ ke MmapaMeTphl, YTO U crenuduKanuonnas GyHkuus (y
peaxiuii mapaMeTpsl Bcerja OTCYTCTBYIOT) M BO3Bpallalolleld pe3yapTaT THIAa bool. ITOT Habop
WHCTPYKIUH 3aKITI0YaeTCsl B QUTYpHBIE CKOOKH U TIOMEUYAETCsI KITFOUEBBIM CIIOBOM pre.

CuHTaKcuc

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

CemaHTHYeCKHE NPaBUHJIA

1. B cnenudukanioHHONH (YHKIMHM MM OTIOKEHHOW peakiMh MOXKET ObITh He OOJIbIIEe OIHOTO
IpeyCIOBUS, KOTOPOE JOJDKHO OBITH OINPEIETICHO 0 JIOKAJIBHBIX KPUTEPHEB MOKPHITUS (eCiIu
OHH OTIPEIEIIAIOTCS B QYHKIIUH) U TIOCTYCIIOBHSL.

2. llpenyciaoBue MOXET OBITH OIMYIIEHO, OTCYTCTBHE MPEIYCIOBHSI SKBUBAJIEHTHO HAIUYHIO
IIPEyCI0BUS, BCETJa BO3BPAILAIOLIETO true.

3. IlpenycnoBue HE IOMKHO WMETh MOOOYHBIX 3(P(HEKTOB, TO €CTh OHO HE JIOHKHO H3MEHSTh
3HAYEHUS TTI00ATBHBIX MIEPEMEHHBIX U JTAHHBIX, IEPEIaHHBIX Yepe3 yKa3aTelH.

4. HaGop WHCTPYKUMH B TMpPEAyCIOBUU JODKEH OBITh CHHTAKCMUECKH W CEMaHTHYECKU
SKBHUBAJICHTHO TeNy (YHKUUH, UMEIOIEH Ty JK€ CHUTHATypy, UYTO M CHeuu(pUKaIOHHAas
GYHKIUS WM OTJOKEHHAs peaklus, YacTbl0 OMNpENENIeHHs KOTOPOH OHO SIBJISETCS, U
BO3BPAILAOILEH pe3ynbTaT TUIa bool.

5. B IpeaAyCIOBUAX HEJIb3s HMCIIOJB30BATh BBIPAXKCHHUA C OIpaHMYCHHUEM OOCTYIIA HA 3alluCb, TO
CCTb OIMMCAHHBIC B OTPAHUYCHHUAX NOCTYIIA C MOI[I/I(bI/IKaTOpOM writes.

9.1.6 IlocrycioBue

IMoctycnoBue cnenmuUKAMOHHON (QYHKUMU CIYKUT IJIs ONUCAHHWS OTPAaHHYEHHH, KOTOPBIM
JIOJKHBI YAOBJIETBOPATh Pe3yJbTaThl paOOThl TECTUPYEMOM CUCTEMBI ITPU B3aUMOJECHCTBUAX C HEH
yepe3 dYacThb UHTepdeiica, ONMUCHIBAEMOro JaHHOW (QyHKIMei. Bo Bpems TecTHpoBaHUS
IIOCTYCJIOBUE  TPOBEpsSIETCs  BCSAKUM pa3 1ocie paboThl  TECTUPYEMOH  CHUCTEMBbI  IpH



COOTBCTCTBYIOIIHUX BBaHMOHeﬁCTBHHX, H, €CJIU TIOCTYCJIOBUC HAPYIICHO, 3HAYUT IIOBCACHHC
CHUCTEMBI HE COOTBECTCTBYECT CHCHI/ICI)I/IKaHI/II/I.

HOCTyCHOBI/IC OTJIOXKEHHOM pCaKkiun OIHCBIBACT OIPAHUYCHHSA, KOTOPLIM JOJIZKHBI YAOBJICTBOPATH
3HAYCHHUS CaMOM p€akuun " r7100aJbHBIX MNEPEMEHHBIX ITOCJIC BO3HHUKHOBCHHA JIaHHOﬁ pCaKknuu.
Eciu Bo BpEMA TCECTUPOBAHUA IIOCJIC BO3HUKHOBCHHA PCAKIUHU U pa6OTBI € McauaTropa
IMMOCTYCJIOBUC HAPYUICHO, 3HAYUT MOBCACHNEC CUCTEMBI HE COOTBETCTBYECT cneumbm(amxm.

[ToctycnoBue Ha si3pike SeC — 3TO HAOOp MHCTPYKUMHN, KOTOPbI CHHTAKCHYECKU U CEMaHTUYECKU
SKBHUBAJICHTEH TeNy (QYHKIMH, UMEIOLIEH Te K€ mapaMeTpbl, 4To U crienupukannonHas GyHkus (y
peaknuii mapaMeTpsl BCerja OTCYTCTBYIOT) M BO3BpalllaloIel pe3ynbTaT THIa bool. ITOT Habop
MHCTPYKIUH 3aKIII0YaeTcsl B PUIypHble CKOOKU U IOMEYAETCSI KIIFOUEBBIM CIIOBOM poSt.

CuHTakKcuc

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

CemMaHTHYeCKHE IPaBHJIA

1. B cnenudukannoHHoi GYyHKIIUN WIN OTIO0KEHHON peakIuy BCerAa JOKHO OBITh POBHO OJIHO
MOCTYCJIOBHE.

2. TloctycnoBue ompezenseTcs MOcie MperycaoBUs (€CIM OHO HE OMYILEHO) U MOCIIe MOCIEeIHETO
JIOKQJIbHOTO KPUTEPUS TIOKPBITHSI (€CIIM OHH OIPENIEISIFOTCS ).

3. HabGop wuHCTpyKIMif B TMOCTYCIOBHE JOJKEH OBITh CHHTAKCHUYECKH U CEMaHTHYECKU
SKBUBAJICHTEH Teny (YHKIMH, WUMEIOIIEeH Te >X€ MapaMeTphbl, YTO M cCheuu]uKannoHHas
byHKIMS WK peakius (y peakiuii mapameTpsl BCerJa OTCYTCTBYIOT), YacThIO OMpeAeNeHUs
KOTOPOM OHO SIBJISIETCS, M BO3BPAIIAIOLICH pe3yJIbTaT TUIAa bool.

4, HOCTYCJ'IOBI/IC HEC AOO0JI’KHO HMCTH MOOOYHBIX B(b(beKTOB, TO €CTh OHO H€ JOJDKHO H3MCHATH
3HAYCHUS TJI00aTbHBIX NEPEMCHHBIX U JaHHbIX, ICPCAAaHHBIX YCPE3 YKA3aTCIIN.

5. B IMOCTYCJIOBHH U ITIOCJIC HCTO B KOAC (bYHKI_II/II/I HIJIN PCAKIIMU MOYKHO HMCITIOJBb30BATH CICAYIOIIUC
JOMOJIHUTECIIbHBIC KOHCTPYKIHUH:

5.1. IIpeBbIpaxeHust C onepaTopom Q.

5.2. Unentudukarop,  COBMAJAIONIMM C  HMEHEM  OTJIOXCEHHOW  peakuud WU
crienmuKanMoOHHON (GYHKIMM (TONBKO IS (YHKIUHA M PEaKIui, HMEIOUUX THI
pe3ynbrara He void), 4epe3 KOTOPBId MOKHO MOJYyYUTh JAOCTYI K 3HAYCHHUIO BO3HUKIICH
OTJIO)KECHHOM peaKIMUK I pe3yiibTaTa, BO3BpAIaeMOro CreruuKamoHHON PyHKITUEH.

5.3. OGpaiieHusi K paHee BBIYMCICHHBIM 3JEMEHTAaM JIOKAIBHBIX MOKPBITUI (€CIH JIOKaJIbHBIE
MIOKPBITHSI OTIPECIICHBI B CIIeNU(DUKAIIMOHHON (QYHKITNN).

5.4. IlceBnonepeMeHHass timestamp, UMeOWAs TUN TimeInterval, KOTOpas COJEPKUT
BpEMEHHbIE METKH Hayajla U KOHLIA UCIIOJIHEHUS! BbI30BA pealli3alliid MeauaTopa JaHHOMN
cneurn(pUKaMOHHOW (QYHKIIMM WJIM BpPEMEHHBIE METKU YKa3aHHbIE IPU PErUCTpPaLlUH
JTAHHOM OTJIOKEHHOW PEaKIINH.

9.1.7 IlpeBbIpakeHust
HpeBBIpa)KeHI/IH HUCIIOJIB3YIOTCA IIPH CHCI_[I/I(bI/IKaHI/II/I COBMCCTHBIX OrpaHI/I‘IeHI/Iﬁ Ha COCTOAHUA

TCCTpreMOfI CHUCTEMBI OO0 MW IIOCIC TECTOBOI'O BO3£[€fICTBPI$I WiIn J0 M IIOCJIC BO3HHUKHOBCHHA
OTJIOKEHHOM PCaKIuu.



CuHTakcuc

"@" cast expr ;

unary expr ::= postfix expr
"++" unary expr

1] 1]

|
| "--" unary expr
| unary operator cast expr
| "sizeof" unary expr
| "sizeof" " (" type name ")"
| gcc extension specifier cast expr
7

unary operator ::= "&" | "x" | "Moo |ov-_" B B R N G
cast _expr ::= unary expr

| "(" type name ")" cast expr

’

CeMaHanecKnenpaBnﬂa

1. OmnepaTop @ MOMET HCIOJB30BAaTbCSA TOJBKO IIOCIE KIIOYEBOIO CJIOBA post IO IHMOTOKY
yIpaBiIeHUsI.

2. TlpeBbIpaXkeHHE JOIKHO OBITH BBIYUCIMMO JI0 MIOCTYCIOBHS 10 MIOTOKY YIPABJICHHUS, B KOTOPOM
OHO HCIIOIb3YETCH.

3. TlpeBbIpaxkeHus: HE JOIDKHBI OBITH BIOKEHBI APYT B IpyTa.



9.2 Chneuu(pukaumoOHHbIE THIIBI

CrienuKallMOHHbIE THUIMBI BBOJATCA C MOMOINBIO OOBIYHON KOHCTpyKuuu si3pika C typedef,
IIOMEUYEHHOW KJtoueBbIM cioBOM SeC specification. B JaHHON KOHCTPYKIIMM MOKET
BCTPEYAThCSl HECKOJIBKO JeKiIapaluil ¢ HHuIManu3atopamu. Kaxnas W3 HUX BBOAWUT HOBBIM
cHenU(pUKaMOHHBIN TUII CO CBOMM MMeHeM. Eciu B Jekinapanny MHULUAIU3aTOp OTCYTCTBYET, TO
9TO TpeABapUTENbHAs JeKiapauus Cheuu(UKAUOHHOIO THIA, B MPOTUBHOM Cllyyae — 3TO
OIIpeIeJIEHUE CIIeHU(PUKALIMOHHOTO THIIA.

3HadyeHHA CHeHI/I(bI/IKaHI/IOHHLIX THUIIOB PasMCIIAarOTCA B ,I[I/IHaMH‘IeCKOﬁ maMATH, YIHIPaBJICHUC
NaMsATbIO aBTOMATHU3UPOBAHO — IIPU HU3MCHCHUH KOJHUYCCTBA CCBIJIOK Ha 3HAUCHHUEC, CUCTUUK
CCBIJIOK Ha OAHHOC 3HAYCHHUC AaBTOMATHYCCKHW H3MCHACTCA, 3HAUYCHUC YAAISCTCA aBTOMATHYCCKHU
MMOCJIC YHUUTOXKCHUA MOCIEIHEN CCHIJIKH.

B cnenudukannonHoM pacimpeHuu si3bika C CyIecTBYeT BCTPOSHHBIN Crieu(UKalMOHHBIA THIT
Object, KOTOPBIH SIBISETCS HEMOJHBIM CIEMU(pHUKAIMOHHBIM THIIOM (incomplete specification
type). OH sBiseTcss 0a30BbIM I BCeX CEUU(UKAIIMOHHBIX TUIIOB, HO OOBEKTOB ATOrO THUIA OBITH
HE MOKeT. Tul CChUTKM Ha crielU(UKAIIMOHHBIN THIT Object, TO €CTh Object™®, HCIOIB3yeTCs 10
aHajoruu ¢ void*. Jlrobas ccplika Ha crienu(DUKAIMOHHBIN TUIT MOXET ObITh TpeoOpa3oBaHa K
CCBUIKE Ha Object U Ha000poT. Eciin mpu o6paTHOM npeoOpa30BaHUM THUIT OOBEKTA O CCBIJIKE HE
COBMECTUM C TUIIOM, K KOTOPOMY OCYHIECTBIII€TCS MpeoOpa3oBaHUE, TO MOBEIECHUE CUCTEMBI HE
OIIpEAEIIEHO.

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

( declaration specifiers )?

)
| (( declaration specifiers )?

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

)

)

( init declarator ( "," init declarator )* )7

we.mn
’

CemaHTHUYeCKHe PaBUJIA
1. CnenudukalmoHHbIE TUITHI HE MOTYT OBITh JIOKAJIbHBIMHU.

2. HNwmena crienpUKaMOHHBIX THIIOB BXOJAT B TO K€ MPOCTPAHCTBO UMEH, 4TO U typedef-nmena.

3. OmnpeneneHne  crnenuUKAIMOHHOTO THMA C  JaHHBIM  WMEHeM  (IeKiaparop ¢
WHUIHAIN3aTOPOM) MOXKET BCTPEYATHhCS TOJIBKO OJWH Pa3 BO BCEX CIUHHUIAX TPAHCISAIUU
(translation unit), coOMpaeMbIX B €IUHYIO CUCTEMY.

4. VHunmanu3aTop B OIpPENCNICHUH CIEHU(PHUKAIMOHHOTO THIA JODKEH HMETh BUA: =  {
.<field(l)> = <expr>, .<field(2)> = <expr>, ... }, I/iec MEXIy (QUrypHBIMH
CKOOKaMU HaxoJHUTCsA (BO3MOXKHO MYCTOH) HabOp KOHCTPYKUMH BHma .<field(i)> =
<expr>, pa3leleHHBIX 3alATBIMU. <field(i)> MOXKET HNPUHHUMATL OJHO H3 CIECOYIOIIUX



3HaYeHuN: init, copy, compare, to_string, to XML, enumerate WIH destroy. <expr>
JIOJ>KHO UMETh THII, COOTBETCTBYIOIINI YKa3aHHOMY ITOJIIO:

/* Tun QYHKUMM, MHULMAJIUIUPYIENH O0O0BEeKT
(MHMLUMaIM3upPyeT O0O0BeKT Mo ykaszsarejo 'ref') */
typedef void (*Init) ( void* ref, va list* arg list );

/* Tun QYyHKLUMM, KONMUPYIENH OOBEeKT
(konupyeT comepxmumoe obbekTa 0 ykasarejywo 'src' B 'dst') */
typedef void (*Copy) ( void* src, void* dst );

/* Tun QYHKLUMM, CpaBHUBAKIEN OOBEKTEH

(cpaBHMBaeT OOBEKTH MO ykaszaTenaMm left m right) */
typedef int (*Compare) ( void* left, void* right );
/* Tun byHrumm, npeobpasynmert 06BeKT B CTPOKY

(CTPOUT CTPOKOBOE IMpPeICTaBJIeHMEe IaHHOTO oObekTa */
typedef String* (*ToString) ( void* obj );

/* Tun oéyurumm, obopmupyomer XML OpencTaBJieHME BaIaHHOTO obbekTa */
typedef String* (*to XML) ( void* ref );

/* Tun byHrumm, nepedbupanimer Mogo0BeKTh
(BEIBEIBAET BamaHHyW OyHKUMIO callback mia kaxmoro obwexkTa,
npuUHamjiexamero maHHOMYy) */
typedef void (*Enumerate)
( void* obj, wvoid (*callback) ( void* ref, void* par ),
void* par
)
/* Tun QYHKLUMM, YHMUTOXAWLIEN OOBLEeKT
(ocBOBOXImaeT pecypcCh, S3axBAaUeHHBIM IaHHBEIM OOBEeKTOM) */
typedef void (*Destroy) ( void* obj );

[Monpobuyro wuHpopMamuio o0 (QYHKUMAX, YKa3aTelsMU Ha KOTOpbIE JIOJDKHBI  OBITh
VMHUIMATIM3UPOBAHbl TOJI MPU ONPEEICHUN CHeU(PUKALMOHHOIO TUIA, MOXKHO HAWTH B IrjaBe
«bubnnoTeka crnenuUKaMOHHBIX THIIOB.

5. Ecnau uwHMIManuzauus MOJds B ONPENENICHUU ClNEeUU(UKAIIMOHHOTO THMAa OTCYTCTBYET, TO
UCTIONb3YeTCs (PYHKIHS 110 YMOTYAHUIO.

B ¢yskumsax mno ymonyaHMIO yKasaTead Ha BCE THUIBI KpoMme creuu(UKalMOHHBIX,
(GYHKUIMOHANBHBIX M void MHTEPIPETUPYIOTCS KaK yKa3aTeldd Ha €IMHCTBEHHOE 3HAu€HHE 3TOro
tuna. To ecTb, B TOM cilydae, Korja 0a3oBbIi TUII SIBISETCS yKa3aTelIeM Ha HECKOJIbKO 3Hau€HUI
(cTpoka, MaccuB), B OINpENEIEHUH CIEeUU(PUKAIIMOHHOIO THMA JOJDKHBI ObITh WHUIMATU3UPOBAHBI
BCE TOJIA.

6. B xaudectBe 0a3oBOro THIA npu  OonpeacJICHUN Cl'IeI_II/Iq)I/IKaLII/IOHHOl"O TUIIA 3alpeiacTcs
HCIIOJBb30BAaTh:

6.1. CHCLII/Iq)I/IKaI_II/IOHHBIC, (I)YHI(I_II/IOHaHLHBIe N HCIIOJIHBIC THUIIBI,
6.2. 06’I)CZ[I/IH6HI/IH, MAaCCHBBbI, U CTPYKTYPbI, COACPKAINEC BhIIICTICPCUNUCIICHHBIC TUIIBI.

Ecau B OIIpCACIICHUU CHCI_[I/I(i)I/IKaHI/IOHHOFO TUIIA OTCYTCTBYCT MHUIHAIIH3ALUA XOTS OBI OOHOTIO
I10JIA, TO UCITIOJIB30BaTh B KAYCCTBEC 0a30BOro THUIIA TAKXKE 3arpeuracTCA:

6.3. 00beIMHEHUS U MacCHUBBI IEPEMEHHOM JITHHBI,
6.4. CTpYKTYPBI U1 MaCCHUBBI, COJEPKAIINE BCE BBILIETIEPEUUCIICHHBIE THIIBI,
6.5. ykazaTenu Ha J1to0ble 00beTUHEHHSI, MACCUBBI B CTPYKTYPHI.

7. Ecmm B peknmapanuu crenn(UKaMOHHOTO THIA MPHUCYTCTBYET KIFOYEBOE CIOBO invariant,
TO JIOJKEH OBITh OIpeJiesIeH MHBAPUAHT THUIIA, OTPAaHMYUBAIOIIMNA MHOXKECTBO €r0 3HAaYeHU I




8. Bce 0a3oBble THIBI, YKa3aHHBIC B JIEKIApalUAX W OMpEACNCHUH CHEIH(PUKAIMOHHOTO THUIIA,
JIOJDKHBI OBITH COBMECTUMBI MEXIY COOOM.

9. Ecmu B XoTa ObI B OJIHOM JACKJIapannunu CHCI_II/I(I)I/IKaLII/IOHHOI‘O TUIA MMPUCYTCTBYCT KIIHOUCBOC
CJIOBO invariant, TO OHO JOJDKHO IMPUCYTCTBOBATh BO BCEX JCKIapanusax, a TaKXKE B
ONPCACIICHUU JAaHHOI'O TUIIA.

10. CHGHI/I(l)I/IKaIII/IOHHI)IG THIIBI, aHAJIOTUYHO HCIIOJIHBIM THIIaM s3bIKa C, MOTYT HUCIIOJIbB30BAaTbCA
TOJIBKO 49€PEC3 yKa3aTCJI. To €CThb, HC NOITYCKArOTCs:

10.1.00bsBNIE€HUS IEpEMEHHBIX CIELU(PUKAIIMOHHBIX TUIIOB;

10.2.onpenenenust oObEAUHEHUH, CTPYKTYp M MAaCCHBOB, COICP)KALIMX IOJS U 3JIEMEHTHI
cHeU(pUKAIUOHHBIX TUIIOB U T. 1.



9.3 HHBapuaHT THIA

Jis nexnapanyy MHBapUaHTOB TUIIOB MCHOJb3YyeTCsl 0ObIuHAs KOHCTpYKuMA sizbika C typedef,
noMeuyeHHasi KiIo4eBbIM cl1oBoM SeC invariant. JlaHHas KOHCTPYKIMS, TaKKe KaK U OOBIYHBIN
typedef, BBOAMT HOBoe UM THna. OCHOBHOE €€ OTJIMYHE COCTOMT B TOM, YTO MHOXKECTBO
3HaYCHUN OIpPEJENIIeMOr0 THIIAa HE COBIAJACT CO MHOXECTBOM 3HAYCHHMH 0a30BOro TuUIa, a
ABJISIETCA €ro IOAMHOXKECTBOM. Takum oOpa3oM, OIpelesseTcss He CHHOHMM s 0a30BOro
TUIOBOTO BBIPAXKECHHUS, & HOBBIN THIT C COOCTBEHHBIM MHOKECTBOM 3HAUYCHUIA.

OrpaHuyeHHss HA MHOXKECTBO 3HAUCHHI 0a30BOTO THIIA ONMKCHIBAIOTCS B COCTABHOM OIEpaTOpe
(compound statement), KOTOpPBIH CHHTAKCUYECKM U CEMAaHTHYECKH OKBHBAJICHTECH TEIy
byakuun 6e3 1oO0YHBIX A(PQeKToB, BO3BpamaroNmell 3HaYeHWE OYJIEBCKOTO THUIA, C OJHHM
napaMeTpoM, KOTOPBIH JOKEH OBITh:

. OonpeacsIEMOro nmoATuIa, €Ciu 0a30BBIH THUII IBJISAETCA OOBIYHBIM THUIIOM S3BIKA C,

e yKazaTelleM Ha ONpeNeNIeMbI TOATUN CHEIH(PUKAIMOHHOTO THUMA, €CIU 0a30BBIA THII
SBJISICTCS CHICIIU(UKAITMOHHBIM THUTIOM.

CocrtaBHOIi orepaTtop MHBapHaHTa MOMEYAeTCs] MOAM(PUKATOPOM invariant, MOCIE KOTOPOTO B
CKOOKax yka3bplBaeTcsi (OpMajbHBIM TapaMeTp COOTBETCTBYIoLIero Tuma. I[locKonbKy THI
BO3BPAIIAEMOro 3HaYeHHs (PUKCUPOBAH, OH HE YKa3bIBACTCH.

WNHBapuaHT Tuma MoKeT ObITh BBI3BAH Ui BBIPaXXEHHs] COOTBETCTBYIOIIETO TUNA. BuIpakeHue
BbI30Ba MHBApHAHTA TUIA COCTOMT W3 KIIOYEBOTO CJIOBa invariant, 3a KOTOPHIM B CKOOKax
CJIelyeT BbIpa)KE€HHE, JUIsl 3HAUYEHUS] KOTOPOrO MPOBEPSIETCS BBIIIOJHEHNE MHBapUaHTa. 3HAUEHUEM
JJAHHOTO BBIPAYKEHUs BBI30BA WHBApUAHTA THUIIA SABJIICTCS true, €CIIM 3HAYEHUE IIPOBEPSIEMOIO
BBIPAYKEHUS B TOUKE BbI30Ba yJIOBJIETBOPSIET OTPAaHUUEHUSIM MHBapUaHTa, U false — B 0OpaTHOM
ciyyae.

CuHTaKCcHC
declaration ::= (( declaration specifiers )7
"invariant"
( declaration specifiers )?
"typedef"
( declaration specifiers )?
)
| (( declaration specifiers )7
"typedef"
( declaration specifiers )7
"invariant"
( declaration specifiers )7
)
( init declarator ( "," init declarator )* )°?
’
"invariant" " (" parameter declaration ")" compound statement
"invariant" " (" assignment expr ")"

CemaHTHYeCKHE IPaBHJIA
1. VuBapuaHT TUIA HE MOXET OBITh ONpPEAEIICH Ul JOKaIbHOTO TUIIA.

2. I[O TOYKHU OIIPCACIICHHA HJIM BbI30BA MHBApUaHTa THUII JOJIKCH OBITE OOBSBJICH IIpu oMo
KOHCTPYKLIUHU type def, npuiyeM Cpcau  CIIMCKa CHeLII/I(I)I/IKaTOpOB €ro JAcKJjapanuu



(declaration specifiers) JOJKEH BCTpeYaThbCs cneruQuKaTop SeC
(se_declaration specifier)invariant.

3. Ecnu B oHOW M3 eAMHUI] TpaHCIAMM (translation unit) HOpU ONpeNeNeHUH THUIA CPEAU
cneun(uKkaTopoB Jeknapanuu (declaration specifiers) BCTpedaeTcs creHUPHKATOP
SeC (se declaration specifier) invariant, TO OH JOJDKEH BCTpeuaTbCsl B
OOBSBICHUSIX ITOTO TUIA BO BCEX €AMHMIAX TPAHCIAIMU (translation unit), coOMpaeMbIx
B €/IMHYIO CUCTEMY.

4. Ormpenenenue HHBApHAHTa 3TOTO TUMA JIOJHKHO BCTPEUaThCcs POBHO OMH Pa3 BO BCEX €AMHUIIAX
TpaHCJIALUU (translation unit), COOMPAEMBIX B €IUHYIO CUCTEMY.

5. B kauecTBe 6a30BOro THIIA MPHU ONPECICHUH TUIA C MHBAPUAHTOM 3alpelaeTcs UCIOoIb30BaTh
(GyHKIIMOHAIbHBIE TUIBI U vOid.

Ecnu 6a30Bblii TN B ONpeIe/IEHUH THUIIA C MHBAPHUAHTOM SIBJISICTCS CTIEU(PUKAIIMOHHBIM TUIIOM, TO
B OIIPEJICJICHUH MHBapHUaHTa MapaMeTp JeKIapupyeTcsl Kak yKazaTeiab Ha onpenensembsli Tum. [Ipu
3TOM I0JIb30BaTeb MOXKET OBITh YBEpPEH, UTO B TeJe MHBAPHAHTA 3Ta CChUIKA UMEET HEHYJIEeBOE
3HaueHue. Ilpu ompeneneHuM WHBAPUAHTOB OCTAJIBHBIX THUIIOB (B TOM 4YHCIE YyKaszaTeias Ha
creun(pUKaUOHHBIN THIT), TApAMETP JAEKJIAPUPYETCsl C ONPEEISIEMbIM THUIIOM.

6. Ecmu B kauectBe 0a30BOTO THIA HMHBAPHAHTA HCIIONB3YETCS CIEHU(PUKAIMOHHBINA THI, TO
napamMeTp B BBIPAKCHUM BbI30BA HHBAPUAHTA [JOJDKEH HMMEThb THUII COOTBETCTBYIOLICH
cnenn(UKaMOHHONW CChUIKH. Haue B BBIpa)KEHWW BBI30BAa WHBAapHaHTa THIA B CKOOKax
JOJDKHO COJEP’KAThCs BBIPAKEHUE TUIIA, UHBAPUAHT KOTOPOIO NMPOBEPSETCS.

7. B BbIpaXeHHWW BBI30BA HMHBApHWAHTa THIA B CKOOKAaX JIOJDKHO COJIEPIKATHCS BBIPAXKCHUE,
sasisromeecd l-value.



9.4 HHBapuaHT nepeMeHHOU

Ecnu rinobanpHas mepeMeHHas HE MOXET IPUHUMATh BCE BO3MOJKHBIE 3HAUEHHUSI CBOETO TUIA, TO
HCO6XOI[I/IMO OrpaHU4YUTb MHOXCCTBO €€ OOIIYCTUMBIX 3HAUCHUN C IMOMOIIIbIO HWHBApHAHTa
nepeMeHHOM. [[ng 3TOro BO Bcex JAeKiapalusX MEePeMEHHOW B €€ ONpE/ElCHUU YKa3bIBaeTCs
KkioyeBoe cinoBo SeC invariant. DTO CIIOBO TOBOPUT O TOM, YTO BCE MEPEMEHHbIE BBOAMMBIE
JTAHHOM JIeKIapayell MMEIOT OTpaHuueHIe Ha MHOYKECTBO JIOMTYCTHMBIX 3HAYCHUH.

OrpannyeHHuss HA MHOXXECTBO 3HAYCHWH IIEPEMEHHOW OIMCHIBAIOTCS B COCTAaBHOM OIEpaTOpe
(compound statement), KOTOpPBIH CHHTAKCMYECKH M CEMAaHTMYECKH SKBHUBAJIEHTEH Tey
¢ynkunu 6e3 moOouyHbIX 3(dexToB, 6e3 mapameTpoB, W BO3BpAINAOUICH 3HaueHHE OyIEBCKOTO
THIIA.

CocTaBHOM omnepaTop MHBapHaHTAa MOMEYAETCS] MOAM(PHUKATOPOM invariant, MOcie KOTOPOro B
cKOOKax yKa3bIBaeTcs MICHTU(UKATOp nepeMeHHOH. [lockoiabKy THUI BO3BpALIa€MOro0 3HA4YEHUS
(UKCHpOBaH, OH HE YKa3bIBACTCS.

WuBapuaHT nepeMeHHOI MOXET OBbITh BBI3BAH IS MPOBEPKU €ro BBINONHEHUsA. Eciu nepeMeHHas
UMEET THII, JUIsi KOTOPOTO ONpEeNeNi€H WHBAPUAHT, WHBAPUAHT THIA OyIeT MPOBEpPEH Nepen
IIPOBEPKOM MHBAPUAHTA [IEPEMEHHOM.

BripakeHne BbI30Ba MHBAPHAHTA MIEPEMEHHON COCTOUT M3 KIFOYEBOTO CIIOBA invariant, 32 KOTOPBIM
clenyeT UMsl MepeMeHHONW B CKOOKax. 3HaueHHEeM pe3ysbTaTa BBIYMCICHUS BBIPAYKEHUS BbI30Ba
VHBapUaHTa SBJSETCS true, €CIM 3HAYCHHE IIEPEMEHHOM B TOYKE BBI30BA YAOBJIETBOPSET
OTpaHWYCHUSM WHBApUaHTa, U false — B 0OpaTHOM CiTydJae.

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

CemMaHTHYeCKHE IPABHIIA

1. I/IHBapI/IaHTI)I NMEPEMEHHBIX ONPEACTIAIOTCA TOJIBKO JJIA rI100aIbHBIX MEPEMCHHBIX.

2. Jlo ToukM oOmpeeNeHHs WIM BbI30Ba HHBApHAHTA IE€pPEeMEHHas YyxXe JO0JKHA ObITh
JNeKJIapupoBaHa, IpUYEM  CpeAd  COHMCKa  CHeHU(PHUKATOpOB €€  JeKiIapaluu
(declaration specifiers) JIOJKCH BCTpEYaThCS crienupuKaTop SeC
(se_declaration specifier)invariant.

3. Ecniu B ompenmeneHur WM B OJHOH W3 JEKIApaliii MEPEeMEHHOW Cpelau CIUCKa
cneunpukatopoB  ee  Aeknapanuu  (declaration specifiers)  BcTpedaercs
cneungpukarop SeC (se declaration specifier) invariant, TO OH JIOJDKEH
BCTPEYAThCS B JIEKIApAalMAX M OINpPENEJICHUH OSTOW TEPEeMEHHOW, M ONpeaeeHue
WHBApUAHTa 3TOM MEPEMEHHOH JTOJDKHO BCTPEYATHCS POBHO OJHMH pa3 BO BCEX CIAMHUIIAX
TpaHCyALuU (translation unit), COOMpPAaeMBIX B €IUHYIO CUCTEMY.

4. B ompeneneHuM MHBapUaHTAa U BBIPAKEHUM BBI30BAa MHBAapHaHTAa NEPEMEHHON B CKOOKax
COJICPKHUTCS €AMHCTBEHHBIN HIEHTU()UKATOP — UMl TIEPEMEHHOM, 111 KOTOPOH oIpeaesieH
WIH NIPOJEKIApUPOBAH NHBAPHUAHT.

5. Teno wHBapWaHTa MOKHO OBITh CHHTAKCUYECKHM M CEMAHTHUYECKH SKBHBAICHTEHO TEIIY
byakuun 6e3 moO0YHBIX 3(P¢deKToB, 0e3 mapamMeTpoB, W BO3BpalIAlONICH 3HAYCHUE
OyJIEeBCKOTO THIIA.



9.5 TecroBble cueHApUU

B sspike SeC ompeneneHue TECTOBOTO CIICHAPUS AHAIOTMYHO OMNPEIEICHUI0 TII00albHOMN
MEePEMEHHOM, Crenu(pUIMPOBaHHONW KJIIOYEBBIM CIIOBOM scenario. Tum TecToBOro cCleHapus
3a/1aeTcs UACHTU(DUKATOPOM, OMPECIIEHHBIM C MOMOIIBI0 KOHCTPYKIMH typedef, U ONMpeaenseT
MEXaHM3M MOCTPOEHHUs TecTa. Kaxk1oMy MEXaHU3MY MOCTPOEHHUS TECTA COOTBETCTBYET:

e TWUN JaHHBIX, HEOOXOIMMBIX MJI MOCTPOCHHSI TeCTa C IMOMOIIBI0 JAHHOTO MEXaHU3Ma,
KOTOpPBI  sIBIsieTCST ©0a30BBIM THUIIOM B KOHCTPYKIMH typedef, ONpeAEISIONICH
UACHTU(UKATOP THUIIA CLIEHAPUS;

(yHKIUS 3aITycKa TECTa, HIOCTPOSHHOTO € IOMOIIBIO TAHHOTO MEXaHU3Ma.

[Tpu ompeneneHuu TECTOBBIM CliEHAPUH WHHUIMAIN3UPYETCS 3HAUYCHHEM THIIa, COOTBETCTBYIOIIETO
JAHHOMY MEXaHU3My TIOCTpOeHHusi Tecta. Jlims 3amycka TECTOBOTO CIIEHApHs HCIOIb3YeTCs
KOHCTPYKITUS BBI30Ba (DYHKIIMH, B KOTOPOW BMECTO MMEHHU (DYHKIIMH HCIIOJB3YETCS HMSI TECTOBOTO
CIICHapHs, a MapaMeTphl aHAJIOTUYHBI MO0 CBOEH CEeMaHTHKE MapamMeTpaM CTaHIapTHOW (YHKIIUU
main (int argc, char** argv). KOHCTpyKIus BBI30Ba TECTOBOTO CIICHAPHS BO3pallaeT
3HAYeHHWE THUMA bool, paBHOE true, €CIM TECT OTPabOTal KOPPEKTHO M B XOAE TECTHPOBAHUS
HUKAKUX OIMMOOK 0OHAPYKEHO He ObLI0, U false — B MPOTUBHOM Cydae.

CuHTakcuc

( decl specifiers )?
"scenario"
( decl specifiers )?
( init declarator ( "," init declarator )* )72 ";"
i
CemMaHTHYeCKHE IPABHIIA
1. I/IMeHa TECCTOBBIX CHeHapI/IeB BXOOAT B TO XK€ HpOCTpaHCTBO HUMCH, YTO MW HUMCHaA
FHO63.JIBHLIX NEPCMCHHBIX A3bIKa C

2. TecroBplii cueHapuil JOHKEH OBITH OIpENeseH POBHO OJIWH pa3 CpPeAd BCEX €IUHUIL
TpaHCIAUMU (translation unit), COOMPAEMBIX B OHY CHCTEMY.

He MoxeT ObITh OIPECACIICHO JIOKAJIbHBIX TCCTOBBIX CLICHAPUCB.

4. Tum TEecTOBOro CIEHApUsi MOJKCH 3aJaBaThCsl HACHTU(MUKATOPOM, OMPEACNECHHBIM C
IIOMOIIBIO KOHCTPYKIIMH typedef.

5. I/IIICHTI/I(l)I/IKaTop TUIIA TECTOBOT'O CHCHApHA ABJIACTCI HMMCHCM MCEXaHHU3Ma IIOCTPOCHUA
TECTA.

6. Tun HWHUIIMAJIN3aTopa JOJIKCH OBITH COBMECTUM C THUIIOM TECTOBOTO CHCHapu:l.

7. Ecnm Tum TECTOBOro CUEHapus SBISETCS CTPYKTYpOM, TO B WHULHAIM3ATOPE JOJIKEH
WCIIOJI30BAaThCA CHHTAKCUC pa3bIMeHoBaTeneil cranmapra C99, He3zaBucuMO OT
UCIOJIB3yeMOro cranaapTa sizbika C.

8. BbI30B TecTOBOrO ClieHapusl aHAJIOTUYEH BbI30BY (YHKIIMH C IBYMS IMapaMeTpaMu: MEPBbIii
TUTMA int W BTOpOM TuUma char**. [Ipm 3TOM BTOpOW mapaMeTp MOJDKEH YKa3bIBaTh Ha
MacCUB CTPOK, OKAHYMBAIOLIMXCS HYJEM, MOCIECOHUNM U TOJBKO TMOCIEIHUN 3JIEMEHT
MaccuBa JIOJDKEH OBITh HYJIEBBIM yKa3aTeJeM, a 3HaueHHE MMEPBOTO IMapaMeTpa JOJHKHO
PaBHATHCS JAJTUHE MaccuBa 03 MOCIEAHEro AJIeMEHTa.

9. BBI30B TECTOBOTO CLIEHAapHs BO3BPALIAET 3HAUEHUE THUIA bool.



10. I[J'IH IMMOJIHOT'O ONpCACIICHHUA MCEXaHU3Ma IIOCTPOCHHUA TECTa HCO6XOI[I/IMO, yTOOBI OBLIa
OomnpeacicHa q)YHKHI/IH 3allyCKa TE€CTa, MOCTPOCHHOTO Ha OCHOBC JAaHHOI'0O MEXaHHU3Ma, CO
MMOKa3aHHOU B npumMepe CPIFHaTyPOP'I.

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

)



9.6 Cuenapsbie pyHKUMH

B s3b1ke SeC cuenapHast GyHKUUS OpeAcTaBiseTcs Kak pyHKIus 6e3 mapaMeTpoB, BO3BpaIlaoLas
OyJleBCKUI pe3ysibTaT, IOMEYEHHasl KJII0YEBbIM CIOBOM scenario. CueHapHble (QYHKIUU MOTYT
coJepkaTh MPOBEPKH KOPPEKTHOCTU TOBEACHUS TECTUPYEMOM CHCTEMBbI, OCHOBAHHBIE Ha
pe3yibpTaTtax BEHIONHEHUS ee ¢yHKuui. Ecim mpoBepka MOKasbIBaeT, 4TO TeCTUpyeMmas CUCTeMa
BeZIeT ce0sl KOPPEKTHO, ClIeHapHash (pyHKIUS JOJKHA BO3BPATUTh true, HHaue — false. Tak kak
pe3yabTaThl  MPOBEPOK TOCTYCIOBHH  BBI3BIBAEMBIX  CHENM(DUKANMOHHBIX  (QYHKIUH  win
BO3HHMKAIOIIUX OTJIOKEHHBIX pPEaKUUH aBTOMATUYECKH YUUTBIBAIOTCS TECTOBOM CHCTEMOM, B
BO3BpAIllA€MOM pe3yJbTaTe CLEHAPHON (PYHKINH HE TpeOyeTCs UX YUUTHIBATh.

CuHTakKcuc

( decl specifiers )7
"scenario"

( decl specifiers )?
declarator

( declaration )*
compound statement ;

CemaHTHYeCKHE IPaBHJIA

1. Vmena cueHapHbIX (GYHKUMH BXOAAT B TO K€ MPOCTPAHCTBO MMEH, YTO U MMEHA OOBIYHBIX
¢byHkumii s3pika C.

2. CuenapHas GyHKIUS AODKHA OBITH OIpeielieHa POBHO OJWH pa3 CpPeAd BCEX EIUHUIL
TpaHC/ALUM (translation unit), cOOMpAaeMBbIX B OJHY CUCTEMY.

3. CueHapHLIe (1)yHKLII/II/I He JOJDKHBI UMETh ITapaMeTpOB U JOJDKHBI BO3BpalllaTh pe3yJIbTaT THUIIA
bool.

4. Cuenapsble GyHKIIMH HETb3S BHI3BIBATH.

5. B cueHapHbIX (QYyHKIUSIX IOMYCKAaeTCsl HCIOJIB30BAaHHE ONEpPaTOpOB HUTEPAlMH, ONEPaTOPOB
UTEpalUY 10 TOKPBITUSAM U IEPEMEHHBIX COCTOSHUS.

9.6.1 Omnepartop urepanumn
B CIICHAPHBIX (bYHKLII/I}IX MOTYT HCIIOJIB30BATbCA OBa BHUAA OIICPATOPOB HUTCpALIUH: OOBLIYHBIH

HUTCpATOP N UTEPATOP IO SJIEMEHTAM MOKPBLITHSA. Omnuncanue OCICAHEr0 AOBOJIBHO CUJIBHO CBA3aHO
C TCpMHHOJ’IOl’HCfI HOKpLITHfI, MIO3TOMY OTHCCCHO B COOTBCTCTByIOH_II/Iﬁ pasacl.

WTteparop HauMHAETCs ¢ KIFOUEBOTO CJIOBAa iterate, MOCIE KOTOPOrO B CKOOKaxX 4epe3 TOUKY C
3aIATON yKa3aHbl:

e JeKJapanys ¥ MHULUAIN3alHs UTEPAlMOHHON IEPEMEHHON;
e YCIIOBHE IIPOJOJIKCHUS UTEPALIUH;

« cnoco0 uTepanuy;

« ycnoBue (QUIbTpaLUU;

Bce ykazaHHble yacTd, 3a UCKIIOYEHHEM IEPBOM, SIBISIOTCS HEOOS3aTENbHBIMM U MOTYT OBITh
onyueHsl. [Ipu 3ToM cienyer yuyuThIBaTh, YTO NpU Haluuue (UIBTPALUN U OTCYTCTBUHU CIIOCO0a
UTepaluy MOXKET MPOU30MTH 3allMKIIMBaHue. JleKkiiapalys 3aKkaHYMBaeTCs T€JI0M UTepaTopa.

Takum 06pa30M, clIeayromas KOHCTPYKIUA:



iterate

(int 1=0;

it++;161==0)

B HCKOTOPOM CMBICJIC aHAJIOTUYHA [TUKITY for:

int 1i;

for

}

(1i=0; 1i<10;

(! (1&1==0))

continue;

{ ...}

HTepallioHHBIE TEpEMEHHBIC HE SBISIOTCS JOKAJIBHBIMH, OHHM SIBIISIOTCS YaCcTHBIM Clydaem
MEPEMEHHBIX COCTOSIHUS. VX 3HAUEHUSI XPAHATCA B CHNELUAIBHON CTPYKTYpE JAaHHBIX, CBA3aHHOMU C
TEKYIIUM OOOOMICHHBIM COCTOSIHHEM MOJIEIH. JTH 3HAYCHHUs HCIOJb3YIOTCS KakK TOJIBKO MOJEh
CHOBA OKa)ETCSl B COOTBETCTBYIOIIEM 00OOIIEHHOM COCTOSTHUU.

CuHTakKcuc

se iteration statement

CemaHTH4YeCKHe PaBUJIA

"iterate"

" ("
declaration
( expression

"wemn
’

( expression

we.n
’

( expression
") "

statement

1. HrepaTopbl MOTYT UCIIOJIB30BATHCA TOJBKO B CIIEHAPHBIX (YHKIUIX.

2. Beipaxenwus, 3aJar0IHe YCIOBUS TPOJOJDKEHUS WTEPAMHA WM YCIOBUS (PUIBTpAIMH, €CIU
OHM IPUCYTCTBYIOT B UTEPATOPE, JOJIKHBI UMETh TUI bool.

3. B crapToBO#l nekmapanMum HUTEpaTopa MOXKET ObITh OOBSBICHA OJHA W TOJIBKO OJHA

UTEepallMOHHAs IEpEMEHHasL.

4. TlepemeHHasi, 0OOBSIBICHHAs B CTAPTOBOH JEKJIapaliyd UTEpaTopa, He JOJDKHA OBITh HEMOJIHOTO
WIN JIOKAJIBHOTO TUIIA, U T0JIKHA OBITh MHUIMATM3UPOBAHA.

9.6.2 IlepeMeHHBIE COCTOSHUA

HepeMeHHHe COCTOSIHHA MNPCAHA3HAYUCHBI JISI XPAHCHUA MOAHHBIX, CBA3AHHBIX C O606H.I€HHLIM
COCTOSIHHUEM MOJICIIN. 3HaYeHUS TaKHX NEPCMCHHBIX CTAHOBATCA JOCTYINHBIMHU, KaK TOJIBKO MOJCIIb

OKa3bIBACTCs B OTOM O606H_[6HHOM COCTOSHHNH CHOBA.

Jlexmaparust IepeMeHHBIX COCTOSTHUS HaunHaeTcs ¢ MoaudukaTopa stable. Kox Buna:

operator 1;

stable int i =

operator 2;

HKBUBAJICHTEH CIEAYIOLIEMY:

operator 1;

iterate (int 1

{

operator 2;

;)



CuHTakcuc

( declaration specifiers )?

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

CemaHTH4YeCKHe PaBUJIA
1. TlepemeHHBIE COCTOSTHUS MOTYT UCIOJIB30BATHCS TOJIBKO B CIICHAPHBIX (YHKITHSIX.

2. HepeMeHHHe COCTOSIHHA HE JOJI?KHBI OBITh HEIOJIHOTO HMJIM JIOKAJIBLHOTO THIIA, 1 JOJIDKHBI OBITh
HHUIHUAJIU3UPOBAHLBI ITPU 00BSABICHUH.



9.7

IHoxkpbiTHSH

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 nokpeITus.
ONeMEHTHI OKPBITHSIL.

I[J'IH BBIYMCIIMMBIX HOKpBITHfI — (byHI(I_II/ISI BbIYUCIICHUS 3JICMCHTA ITIOKPBITHA.

3alaHue ATUX XapaKTEPUCTHUK MOKPBITUS MOXKET MPOUCXOUTH COTIACHO ONPECIIEHHBIM IpaBUiiaM
Ha TPOTSHKEHUH BCETO MOJYJIS KOMIMISLMH: C TIOMOLIBIO ONpe/ieleHUuil U O0BSIBICHUN pa3IHuHbIX
BUJOB. B mpenenax Monyns KOMOWIALMKA O KaKJOM HOKPBITHM JOJDKHA OBITH IpElOCTaBlieHa
nojHasg WHpOpMauus JUIsl KOPPEKTHOH paloThl omepauuii oOpalleHus: K MOKPBITUIO M €ro
JJIEMEHTAM.

Kaxxnoe mokpeiTHe MOXKET MpUHAICKATH ONPEAeIEHHON crienn(PUKAITMOHHON (HYHKIIUN WIH OBITh
HEe3aBUCUMBIM. TakuM 00pa3oM, MOKPHITHS JACIATCA Ha JTOKAIbHBIC U TI100aTbHBIC:

['moGanpHble TOKPBHITUS HE TMPUBSA3aHBI K crnenuukanuoHHeiM GyHKIUIM. Hwmeror
00JacThI0 BUIAMMOCTH MOJYJb KOMIWISIIMHA, OOBSBISIOTCS W ONPEACIAIOTCS Ha
rJ100aTbHOM YPOBHE.

Kaxxnoe jiokanbHOE MOKPHITHE NPUBSI3aHO K ONpeAEaEHHON crielpUKaMOHHON PyHKINN;
OHHU CUMUTAIOTCSI ONPEeIEHHBIMU HAa YPOBHE 3TOW (PYHKIIMM U UMEIOT 00JIACTHIO BUAUMOCTH
MPOMEKYTOK OT COOCTBEHHOTO OMpeeieHuss A0 KoHna Tena (QyHKIuu.OObsSBICHUS U
ONpEACIEHUS] JIOKAJIbHBIX IOKPBITUH COJIEP)KATCSA, COOTBETCTBEHHO, B IPOTOTUIE W
orpesiesIeHUu! Creln(PUKAMOHHON (PYHKINH;

HOKpBITI/Iﬂ TAKXKC PpasACIAOTCA 110 CHOCO6y 3alaHud  3JICMCHTOB W MCTOAY BbIYHCIICHUSA
AOCTUTHYTOI'O 3JICMCHTA!

Eciu aBTOp TCCTa 33.I[EléT COBOKYIIHOCTb 3JICMCHTOB JUISA HOKPBITHA HCIIOCPCACTBCHHO U
OTMEYacT HOCTHFHYTLIﬁ QJICMCHT CaMOCTOATCIBbHO, TO TaKO€ IIOKPBITUC HAa3bIBACTCA
nepevyuciumsvim.

Ecimm aBTOp TECTa 3a1aéT COBOKYITHOCTH 3JIEMCHTOB MJIA HOKPBITHA HEIMOCPCACTBCHHO U
3a1a€T HCKOTOPYIO (bYHKI_[I/IIO BBIYUCIICHUSA OOCTUTHYTOI'O 3JICMCHTA, TO TAKOC ITOKPBLITHUC
Ha3bIBACTCA 8bIYUCTUMBIM. q)YHKHI/Ifl BBIYUCIICHUSA - HCOTBbEMIIEMAA YaCTh TaAKOI'O IIOKPBLITHA.

Eciu aBTOp TECTa 3anaéT B KauCCTBC COBOKYIIHOCTHU 3JICMCHTOB ITOKPBITHUA HeKOTOpLIﬁ
€num-THII, TO q)yHKHI/IS{ BBIYUCJICHUA T'CHEPHUPYCTCA HAa OCHOBC CTPYKTYPBI 3TOr'o THUIIA, a
IMOKPLITUC HA3BACTCA enunt-noKpvlmuem.

C momoIpio ornepanuil HajJ AJIEeMEHTaMHU TOKPBITUN PeaTu3yIoTCsl BO3MOKHOCTH HCIOJb30BaHUS
uHbopMaimu 00 dJIEMEHTaX MOKPBITUH Mg YNpPaBICHUS XOAOM TECTHPOBAHHUS M 3aHECCHHS
MaHHBIX B OTYET.



9.8 OO0bsiBJICHUE U OnIpeeIeHHEe MOKPBITUI

Cyl1iecTByeT MmsITh BUIOB OOBSIBICHUS U OTPEACTIECHUS TOKPBITHIA:
1. ykopodyeHHOE OOBSIBICHUE;
2. TOIHOE OOBLABJICHHE;
3. 0OBsBIICHHE ICPBHYHBIX BBIYUCITMMBIX TOKPBITHH;
4. ompenencHUE MEPBUYHBIX BHIYUCIUMBIX TOKPBITHIA,
5. YKOpPOUYEHHOE ONpEeICIICHHE.
OmnpeneneHreM MOKPHITUH SBISIFOTCS CIEAYIONUE BUABI KOHCTPYKITHI:
« TOJHOE OOBSABIICHHE, HE COJIEpIKaIIee extern;
s OlpenesieHHe MEePBUYHBIX BHIYHCIUMBIX TOKPBITHIA,
s YKOPOYCHHOE OIpeJIeiiCHHE.

Bce octanpHble BHIBI KOHCTPYKUMH SIBISIOTCS OOBSBICHUSAMHU MOKPHITHUHA. OObBsBIECHUS U
ONpENETICHUsT OAHOTO W TOrO K€ IOKPBITHS B PaMKaxX OIHOTO MOJYJS KOMITWJISILUWA JIOJKHBI
clIeZIoBaTh JAPYr 3a JIPYroM TaK, YTOOBbl KOJIMYECTBO MH(OPMALMU H3BECTHOM O MOKPBITHH C
KaXIbIM OOBSBIEHUEM CTPOro BO3pacTayio (OmpeAeNieHuEe y KaXJO0ro IOKPBITUS MOXKET ObITh
TOJIBKO 0AHO). CCBUIKM Ha CEMaHTHUYECKHE IIpaBUJIa DPACIOJIOKEHMS JJIs KOHKPETHOI'O BHA
OOBSBICHUN U oNpeaesNeHUil MOKPHITUI MOKHO HAalTH B KOHIIE JAHHOrO HaOopa MpaBuil, OOIIKX
JUIs BceX OOBSIBICHUI U ONIpeieeHui.

CHHTaKCHC
se coverage declaration ::= ( "extern" )? "coverage" ( "enum" )? <ID>
( "(" ( parameter type list )72 ")" )?
( se coverage initializer
I "woen
;
7
se coverage initializer ::= se coverage elements initializer
| se coverage derivation initializer
| se coverage function initializer
7
statement =
| se coverage statement
7
se coverage statement ::= se coverage declaration ;

CemaHTHYeCKHe IPaBHJIA
1. OO6mue TpeboBaHusl K OOBSIBICHUSIM U ONIPEICICHUSM TOKPHITHIA.

1.1. MmenHa rino0anbHBIX MOKPHITHH BXOIAT B (DailyioByr0 00J1aCTh BUIUMOCTH.

1.2. Imena  J1OKajbHBIX  HOKPBITUM  HMMEIOT 00JacTh  BUJIMMOCTH, OIPAaHUYEHHYIO
crneun(UKaMOHHOW (yHKIMEH, aHaJOrMYHO TOMY, KakK 00JacTb BUAMMOCTU HOJeH
CTPYKTYpbl OTPaHUYEHA CAMOM CTPYKTYpOH.

1.3. JIns kax10ro MOKPHITUS B MpeJiesiax OJHOro translation unit MOXeT ObITh He Oojee
OJIHOTO OOBSBIICHUS WM OMPEISICHUS KaXIO0ro BUAa (Hampumep, He MOXKET OBITh JABYX
MOJIHBIX OOBABICHUNA OJTHOTO U TOTO )K€ MOKPBITHS).



1.4. ImeHa 37€MEHTOB MOKPHITUS BCETJa MMEIOT 00JaTh BUAMMOCTH, OTPAaHHMUYEHHYIO CaMHUM
MOKPBITHEM, aHAJIOTMYHO TOMY, KaK O0JIaCTh BUJUMOCTU MOJIEH CTPYKTYpbl OTpaHHuYEHa
CaMOM CTPYKTYPOM.

1.5. B cOBOKYITHOCTH BCEX MCXOIHBIX (paillioB, COCTABISAIONIMX OJHY MPOTrpamMmy, JOJKHO ObITh
POBHO OJIHO ONpeeIeHUE IS KaKI0ro OObSIBIECHHOTO TOKPBITHSL.

2. TpeboBaHus KO BceM se coverage declaration.

2.1. IlepBblii MAEGHTHU(PUKATOP KOHCTPYKLUH se coverage declaration 3amgaéT UM
MOKPBITHS.

2.2. KoHcTpykuus se_coverage declaration MOXET ObITh HEHOCPEACTBEHHO BIOXKEHA B:
2.2.1.translation unit;
2.2.2.se coverage statement.
3. TpeboBanus k se _coverage declaration INI0OAIbHBIX TOKPBITHHA:

3.1. Ecim HeT extern, TO se coverage declaration BCEraa SBIETCA ONPEIACICHUEM
HOKPBITHS.

3.2. Ecnu B OOBSIBIIEHUU WU OIpPENEICHUU TJI00aJIbHOTO MOKPHITHS MPUCYTCTBYIOT KPYIJIbIE
CKOOKH, TO UM 33Ja€TCsl BBIYUCIUMOE TTOKPBITHE WM €NUM-IOKPBITHE.

3.3. Eciiu B se_coverage declaration, 3aJal0leM 00aIbHOE MOKPBITUE, IPUCYTCTBYET
enum, TO 33Ja€TCs eNUM-TIOKPBITHE.

4. TpeboBaHus k se_coverage declaration JIOKalIbHBIX ITOKPBITHIA:

4.1. KoHcTpykuuss se coverage statement MOMXKET IIPUCYTCTBOBAaTb TOJIBKO B Tele
oTpeieNIeHus] CTIeHU(PUKAIIMOHHON (YKHIMU MEXKAY MPEJI- U MOCTYCIOBUEM.

4.2. 3amnpenieH cnenuukaTop extern.
4.3. 3anpeméH enum (JOKAJIBHBIX €NUM-TIOKPBITUN HE MOXET OBITH).

4.4. 3anpenieHsl Kpyrible CKOOKM (UIsl JIOKaJdbHBIX IOKPBITUM CHUCOK IapaMeTpoB
npenonpeaenéH oobeMITomen cenupuKauoOHHON (yHKITHEH).

4.5. PaperieHbl TOJNBKO MHMLAIM3ATOPBl BUAA se coverage derivation initializer
WM se_coverage function initializer.

4.6. se coverage declaration, BIOXCHHOC B se coverage statement, Bcerga
JIOJDKHO OBITH OTIPEICTICHUEM TTOKPBITHS.

5. OOmue TpeboBaHus K se_local coverage description.

Cunrakcuc

direct declarator ::= /] ...
| direct declarator
H(H
parameter type 1list
H)H
( se access description )*
( se local coverage description )¥*
| direct declarator
H(H
( <ID> ( "," <ID> )* )?
H)H

( se access description )*



( se local coverage description )*
;

se local coverage description ::= "coverage"
se local coverage

(

won
4

se local coverage
) *

se local coverage ::= <ID>
( se coverage elements initializer
| se coverage derivation initializer
) ?

5.1. Unentudukatop B se local coverage 3aJa€T UM JOKAJILHOT'O TOKPBITHSL.

5.2. Konctpykuusa se local coverage description MOXET HPHUCYTCTBOBATH TOJBKO B
external declaration, npu 3TOM TOJIBKO eclIu 00BEMITIOLIINI
external declaration ABISETCS NPOTOTUIIOM CIEHU(DUKAUMOHHOMN QyHKIUN.

53.Ecim B translation unit €CTh HECKOJIBKO TNPOTOTHUIIOB OIZHOM M TOH K€

CHCLIH(I)HKB.I.IHOHHOIZ (I)yHKI_II/II/I, TO TOJIBKO OJWH H3 HHUX MOXKET COACP)KATH ONHNCAaHUA
JIOKaAJIBbHBIX HOKpBITPIfI.

5.4. se local coverage BCerjia sBiseTcs 0ObsSBICHUEM OKPBITHSL.
OO6mme TpeGoBaHuUs K TI00ATFHBIM BEIYMCIUMBIM ITOKPBITHAM (BKJIIOYAst €NUM-TIOKPBITHS).

6.1. Tunel 1 UMeHa napaMeTpOB NOKPBITHA HOJIUKHBI YAOBJIICTBOPATDH TpC6OBaHI/I$[M K THUIIaM H
HMCHaM IapaMCTpOB OOBSBJICHUS HIIH OIpCaACIICHUA C-(l)YHKIII/II/I B 3aBUCHUMOCTH OT TOTIO,
ABIIACTCA JIHU se_coverage_declaration 0OBSABIIEHUEM HIIH OIIPEACIICHUCM ITOKPBITHA.

6.2. Umena mnapamMeTpoB HE JOJKHBI COBIAJAaTh C HMMEHEM CaMOro OOBSBISIEMOTrO WU
OTIPENIEIIIEMOTO TTOKPBITHSI.

6.3. B pamkax translation unit CHMCKM IapaMeTpOB BceX OOBSABICHUM U OINpeAeTICHUi
OJJHOTO M TOTO K€ IJIOOATBHOTO BBIYMCIMUMOTO IMOKPBHITHS (BKIIOYAs €NUM-TIOKPHITHS)
JIOJKHBI OBITH OIMHAKOBBIMU. TO €CTh, JOJKHBI COBIAAATH!

6.3.1.xonmyecTBa mapaMeTpoB;
6.3.2.TUIBI TAPaMETPOB;
6.3.3.uMeHa napameTpoB.
OO6u1re TpeOOBaHUS K JIOKAIBHBIM HOKPBITHSIM.

7.1. JlokanbHOE MOKPHITHE SABJSETCS MOKPHITHEM C (DYHKIIMEH BbIYMCICHUS deMeHToB. Habop
[apaMeTpoB  MOKPBITUS  COBMNAJaeT ¢  HAOOpOM  mapaMeTpoB  OoOBeMIIIOILEH
crienu(pUKaAMOHHON (QYHKITHH.

7.2. mMeHna BceX JIOKAJIbHBIX TOKPBITHA OOBSBICHHBIX U ONPEACIEHHBIX [UIsl OIHOU
crien(UKATMOHHON (PYHKIIUN JOJIKHBI OBITh Pa3JIMYHBI.

7.3. ImeHa JIOKaJIbHBIX MOKPBITUN HE JOHKHBI COBIAJATH C ...
7.3.1.umMeHeM oOBeMITIONIEH crieru(UKAITMOHHON (PYHKITUH;
7.3.2.umeHaMu €€ apaMeTpoB;

7.3.3.uMeHaMU TICEBJOHMMOB U3 OTPAaHUYECHUH JOCTYIIA.



7.4. YTOUHEHHE BBIIICH3IOKEHHOTO TPEOOBAaHUS: CUUTAETCA, YTO B paMKax OMpEIeIICHUs
crienm(pUKAMOHHON (DYHKIIMU JIOKAJbHBIE TOKPBITHS BXOJAT B 00JIACTH BHJIUMOCTH,
COOTBETCTBYIOIIYIO OJIOKY, COAEpIKAIIEMY OMPEITCHUS TOKPBITHH.

7.5. sl KaKI0TO JIOKAJIBHOTO MOKPHITHSI, OOBSBICHHOTO B OMUCAHUHU JIOKAJTBHBIX MOKPHITHH,
ompezeNieHue TOW ke crnenupUuKaoHHOW (QYHKIMH JIOIDKHO COJAEPKATh OMNpeesieHHe
MOKPBITHSI C TEM K€ UMEHEM.

7.6. B ompenenennu crequpUKaMOHHON (YHKIMU JIOKAIbHbIE TMOKPHITHS JIOJKHBI OBITH
oTpesiesieHbl B TOM K€ MOpSIKE, B KOTOPOM OHU ObLITM OOBSIBICHBI B OMUCAHUH JIOKAJIbHBIX
HOKPBITUI MPOTOTHUIIA 3TON crelU(PUKAMOHHON (DYHKIHH.

9.8.1 YkopodeHHoe 00bSBICHIE

yKOpO‘-IeHHOG IMOKPBITUC TTO3BOJIACT O0OBSBUTH IMOKPBITUC, 3a/1aB TOJILKO €ro UMs.

YKOpOUEHHOE OTpeIeIeHNE TII00ATBHBIX TOKPBITUI UCTIONB3YETCS JIJISl TOTO, YTOOBI MCIIOJIb30BaTh
B OJHOM (haiiie MOIy/Isi KOMIWIALUN ONpeeNieHHe MOKPHITHS, HaXOJAIIeecss B Ipyrom daiime.
YKOpOUEHHBIE ONpEACTICHHs JOKAJIbHBIX TOKPBITHH JIOJDKHBI BXOJUTh B COCTaB IMPOTOTHIA
oObeMIoNIel crierpuKannoHHoOl (yHKIKUU. B yKopoueHHOM OOBSBICHUH MOKPBITUE HE MOXKET
OBITH OMpeIesIeHO (HEIOMyCTHM HHHUITHATN3ATOD ).

Jist  T700aNbHBIX TOKPBHITUIl, aHAJOTMYHO MOJOOHBIM OOBSIBICHHSAM THepeMeHHbIX B C,
YKOpPOUEHHOE OOBSBICHUE CHELUGHULIUPYETCS KIIOYEBBIM CIOBOM extern; TaKke Ul
IJI00AJIBHBIX MOKPBITUH HEAOMYCTHMO KIIOYEBOE CI0BO enum. [l JIOKAIbHBIX MOKPBITHH 3TH
OrpaHUYCHUS €CTCCTBCHHBIM obpazomM 3aJ]al0TCS TpeOOBaHUAMU K
se local coverage description.

YxopoueHHOe 00bsIBJICHHE I1002IbHOT0 OKPBITHS.

extern coverage C( int x, int y );

YkopoyeHHoe 00bsIBJIEHUE JTOKAJIbHOI0 MOKPHITHS.

specification void f( int x ) coverage C;

CemaHTHUYeCKHe PaBUJIA

1. YKOpO‘IeHHOMy 00BABICHHIO MOKPBITHUA HC NOJDKHO MPCAIICCTBOBATL HU OAHO 00BsABICHHE WU
OMPECACIICHUC TOI'O K€ IMMOKPBITHS.

2. VkopoueHHOE OOBSBICHHE TOKPBITHS MOXET MPEAMeCTBOBATh JHO00H Jpyroi ¢opme
OOBSIBIICHUSI WM ONPEJCIICHUS TOTO JK€ TIOKPBHITHS, 32 WCKIIOUEHUEM YKOPOYCHHOTO
0OBABIICHUS.

9.8.2 IloaHoe 00BLABJICHUE

ITonmHoe 0OBsABICHUE NpeaHa3sHA4YCHO JI 3aJlaHUuA BCeM HCO6XO,Z[I/IMOI>'I I/IH(I)OpMaI_[I/II/I O IMOKPBITUH
— UMCHH, DJICMCHTOB H, BO3MOXXHO, (bYHKHI/II/I BBIYHCIICHUS.

[TonmHOE O0BSBICHHE — ATO CHHTAKCHYECKasl CTPYKTYpa, MPEAOCTABIAIONIAs BCIO HEOOXOAUMYIO
uHpopMaInio 00 OMKUCHIBAEMOM €10 MOKPBITUH.

1. Ecau B mONHOM OOBSBICHUH T100AIBHOTO IMOKPLITUA OITYHICH CHCHH(bHKaTOp extern, TO
MOJIHOE OOBABJICHUE SIBIISIETCS OIMPECACIICHUEM ITOKPBITHUA.

2. Ecnu momHOe OOBSBIEHHE JIOKAIBHOTO TOKPBITHS HAXOAWTCS B  OMNpPEIEICHUU
CHCTIM(PUKATMOHHON (YHKIIMH, OHO SBJISCTCS ONPEICIICHUEM; €CIM B TPOTOTHIIE —
0OBSBIICHUEM.



[TonHble 0OBABICHUS JOIMYCTUMBI IUIs CIICAYIOIINX BUIOB HOKpLITPIfII
1. MEPECUUCIUMBIC ITOKPBITUA,
2. IMPO3BOJHBIC ITOKPBITUA,

3. enum-mOKpBITHSI.

CemaHTHYeCKHE PaBUJIA

1. o momHOro oOBSIBICHMS MOKPBITHS TEKCT translation unit MOXKET cOAEpXKATh TOJIBKO
YKOPOUYEHHOE OOBSBICHHUE TOTO K€ MOKPHITHSI.

2. Eciu B moiaHOM OOBSBICHUU TJIOOAIBLHOIO IIOKPBITUA OTCYTCTBYET extern, TO IIOJHOC
O0OBSBJICHHE SABISCTCS U OIPCACIICHUECM ITOKPBLITHA.

9.8.3 IlouHOe 00BSIBJICHHUE NTEPEYHCTUMOIO NOKPBITHUS

IToHOE 00OBABICHHE MEPECUUCIUMOIO MOKPBITUA 3a7aéT ero HMs, a TaK)K€ UMCHA U TEKCTOBBIC
OIIMCaHusA €10 3JICMCHTOB.

[TomHOE OOBSBICHNE TOKPHITUS TOMUYUHSACTCS CUHTAKCHCY OOBSBICHUN M ompeneneHuid. Tak Kak
NEPEYUCIIUMBIE TOKPBITUS MOTYT OBITh TOJNBKO TJOOATBHBIMH, TO TIIOJIHOE OOBSBICHUE
MIEPEUYHUCINMOI0 MTOKPBITHS 3aaéres TOJIBKO c MOMOILIBIO KOHCTPYKLUHU
se coverage declaration.

KoHcTpyknnst se coverage declaration SBISETCS IOJNHBIM OOBABICHUEM IEPEYHUCINMOIO
NOKPBITUS, €CTIN:

1. HET enum;
2. HET KPYIJIBIX CKOOOK;

3. TpHUCYTCTBYET MHHLIMAIN3ATOpP B POpME se coverage elements initializer.

IHoaHoe 00bsIBJIEHNE TTEPEYHCTMMOTO0 MOKPbITUS

extern coverage C
= { Cl = "first element", C2, C3 = "third element" };

CuHTakKcuc

se coverage elements initializer ::= "="
" { "
se coverage element declaration
( non
4
se coverage element declaration )*

H}H
ween
’

se coverage element declaration ::= <ID>
( "=" <STRING_LITERAL> )?

’

OHI_II/IOHa.HBHLIC CTPOKOBBIC JIMTCpAJIbl 3aAat0T TCKCTOBLIC TMPCACTABICHUSA COOTBCTCTBYIOIIUX
OJICMCHTOB. HpI/I OTCYTCTBHH CTPOKOBOI'0 JIMUTEpajla B KAUCCTBE TCKCTOBOI'O IPEACTABICHUA
OJICMCHTA MOKPLITUSA UCIIOJIB3YCTCA €TO I/I,Z[CHTI/I(I)I/IKaTOp.

CemMaHTHYeCKHE IPABHIIA

1. Hnentndpuxaropel B se coverage element declaration 3aJaloT HMEHA DIEMEHTOB
HOKPBITHUS.



2. HmMeHa >IIeMEHTOB TIOKPBITUA JOJIZKHBL OBITh Pa3JINYHEL.

9.8.4 IlosHoe 00bsIBICHHE eNUM-TIOKPBITHS

Ilonnoe o0OBsABICHUE CNUM-IOKPBITHUA 3a1a€T IEPBUYHOC IMOKPBITUC, TTOCTPOCHHOC HA OCHOBC
MNepeUnCINMOro Tuiia, € (bYHKHHCﬁ BBIYHCJICHHA 110 YMOJIYAaHHIO.

KoHcTpykuus se coverage declaration sBIS€TCS IHOJHBIM OOBABICHHEM €NUM-NOKPBITHS,
€CIIH:

1. ecTh enum;
2. ecCTb KpyTibie CKOOKH;

3. HEeT MHUIAIN3aTopa.

IHoaHoe 00bsIBJIEHNE eNUM-TIOKPBITHS

extern coverage enum ColorsCoverage( enum Colors col );

CeMaHTHUYECKHE npaBuJjia

1. TlokpeiTHE OJIKHO UMETH POBHO OJMH IapaMeTp, TUIl KOTOPOTo JAODKEH ObITh MEPEUHCIUMBbIM
THUIIOM.

2. HmMeHa 3]IeMEHTOB IIOKPBITUA COBIIAAAOT C MUMCHAMU KOHCTAHT 3TOr0 NCpCYUCINMOr'0 TUIIA.

9.8.5 IloaHoe 00bsIBIeHHE TIPOU3BOJHOI0 MOKPHITHS

IToHBIE OOBABICHUS IIPOU3BOJHBIX HOKpI)ITI/IfI 3a4al0T IMPOU3BOJHBIC TICPCUUCIUMEBIC U
BBIYUCJIMMBIC IIOKPBITUA.

KoHcTpyknmsi se coverage declaration SBIS€TCA TIOJHBIM OOBSBIECHHEM IJIOOAIBHOIO
IPOU3BOJHOIO MOKPBITHS, ECITH:

1. HeT enum;

2. ecTb HHULMAJINA3ATOP B BUJIE se coverage derivation initializer.

IToaHoe 00bsIBJIEHNE ITI00AJIBHOIO MOKPBLITUA-TIPOU3BECACHUSA

extern coverage PointCoverage( int x, int y )
= IntCoverage( x ) * IntCoverage( vy );

Konctpyknun se local coverage WIH se coverage statement SBISETCA IIOJHBIM
OOBSIBICHHEM JIOKAIILHOTO TPOM3BOJHOTO TOKPBITHS, €CIM €CThb WHUIMAINW3aTOp B BHUIE
se coverage derivation initializer.

IHostHOE 00BsABJICHHE JIOKAJIBHOI0 MOKPBHITUSI HHCTPYKIMEI se_coverage statement
// oOGbaBieHUue
specification void f£( int x, int y )

coverage PointCoverage = IntCoverage( x ) * IntCoverage( y );

IHoaHoe 00bsiBJIEHNE JIOKAJILHOTO MOKPBLITUS HHCTPYKIMei se _local coverage

specification void f( int x, int y )
{
pre{ ... };
coverage PointCoverage( int x, int y )
= IntCoverage( x ) * IntCoverage( y );



post{ ... };

CuHTakKcuc

se coverage derivation initializer ::=
se base coverage
( "*" se base coverage )*
( se coverage filter )7

.
14

se base coverage ::= se_coverage name
( H(H
( assignment expr ( "," assignment expr )* )7
H)H
)2
7
se coverage filter ::= ":" expression ;

Bce mnokpeiTHs, ynoMmsHyTble B se base coverage, Ha3blBalOTCAd 0a30BBIMM MOKPBITUAMHU
JAHHOTO OOBSABISAEMOTO (OMPEIENIeMOro) MOKPBITUS. MHUIIManu3aTop JAHHOTO BUAA ONpPEIEIseT,
KaK UMEHHO CTPOUTCS DJIEMEHT OOBSIBISIEMOTO (OMPEesieMOro) MOKPHITHS HA OCHOBE DJIEMEHTOB
0a30BBIX MOKPBHITHH.

CemMaHTHYeCKHE IPABHIIA

1.

Ecnu mokpeiTue sBiseTcs MOKPHITHEM C (YHKIMEW BBIUYMCICHUS DJIEMEHTOB, TO MOKPBITHS,
yKa3aHHBIE B CIIUCKE se base coverage JOKHBI TaKKE OBITh MOKPBITUSMU C (QyHKIMEH
BbluncieHus. (B mpoTuBHOM ciiyuae 00bsBiIsIEMOE OKPHITHE Oy/1€T HEBBIYUCIUMBIM).

HMuave HUH OJHO U3 HOKpLITI/Iﬁ YKa3aHHBIX B CIIMCKC se_base_coverage HEC OOJIDKHO OBITh
BBIYUCJIMMBIM IIOKPBITHEM.

se base coverage HE JOJDKHO yKa3blBaTb HA IOKPBITUE, O KOTOPOM H3BECTHO TOJIBKO €I0
UMs (BBIIIE IO TEKCTY MOAYJISl KOMITWJISAIIMA HET HUYETr0, KpOME YKOPOUEHHOTO OTPEICIICHHS).

Ecnmn se coverage derivation initializer HaxoguTcs B  OOBSBICHHUM  WIIH
ONPENEJICHUU  JIOKAJIbHOIO IOKPBITHA, M sSe coverage name B  HEKOTOPOM U3
se base coverage yKa3blBaeT Ha JIOKAJIBHOE MOKPBHITHE, OTHOCSAIIEECS K TOW ke (yHKLUH,
4ro U 0O0bsABIsieMOe (ONpeneNsieMoe) IOKPhITUE, TO se base coverage HE JOJIKHO
colepXkaTb KpPYIJbIX CKOOOK. (se coverage name 3[€Chb TpPaKTyeTCsl KaK JJIEMEHT
COOTBETCTBYIOILETO JIOKAJIBHOIO MOKPBITHS, BBIYMCICHHBIM HA TEX )K€ 3HAUYEHUSAX IapaMeTpoB
cnenn(pUKaMOHHON (QYHKIINN).

WNnauve, ecim se coverage name B HEKOTOPOM se base coverage YKa3blBaeT Ha
BBIUUCIIIMOE TIOKPBITUE, TO

5.1. se_base_coverage HOJIKCH UMCTb apIr'YMCHTBI BbI30OBa

5.2. se base coverage IOJYMHAETCS IpaBMIaM OICPALMH  BBIYUCIECHHSA DJIEMEHTA
HOKPBITHS.

se coverage name B se base coverage HE JO/DKHO YKa3blBaTb Ha OOBSABISIEMOE
(onpenensiemoe) mokpeiTHe. (TeM cambIM 3amperieHa CUTyaIusi, KOra MOKPBITHE 3aBUCHT OT
camoro ce0sl.)

Ecmmn se coverage derivation initializer COJZICPIKUT pOBHO OZTHO
se _base coverage, U B3TOM se_base coverage HCINOJb3yCTCs NEPBUYHOE TTOKPBITHE, TO
CUHTACTCS, YTO MPOMU3BOJHOC IOKPHLITUC HMMECT TC K€ CaMbIC DJIEMEHTBI, YTO U IIEPBUYHOC
0a30BO€ MOKPBITHUE.



9.8.6 OObsiBJIeHHE MEPBUYHBIX BBIYMCIMMBIX NOKPBITHI

OO0bsiBIIEHNE IEPBUYHOTO BBIYUCIUMOTO MOKPBITHS 3a/1aET:
1. WM MOKpBITHUS;
2. TWIBI U UMEHA apaMeTpOB (PYHKIMU BbIUKCICHHUS;
3. MMEHa U TEKCTOBbIE IPEJCTABIICHUS YIEMEHTOB.

I'moGanbHbBle TNOKPBITUS: se coverage declaration SABIAETCA OOBSBICHUEM IJIOOAIBHOIO
IEPBUYHOTO BBIYMCIMMOTO MOKPBITHS, €CITN

1. ecTb extern;
2. eCTb KpYyIJIblE CKOOKH;

3. ecTh MHHUIIMAJIN3ATOP B BUJIE se _coverage elements initializer.

O0bsB/IeHHE 1J1002JILHOTO NEPBUYHOI0 BHIYMCINMOIO MOKPLITHSA

extern coverage IntCoverage( int x )

= { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

;
JlokanpHble MOKPBITUS: se local coverage SBISETCS OOBSBICHHEM IEPBUYHOIO JOKAIBHOIO
IOKPBITHA €CTh MHUIMAIIN3ATOP B BUJC se coverage elements initializer.

O0baABIEeHNE JOKAJIbHOIO MNEPBUYHOI0 BIYUC/INMMOIO MOKPBLITUHA

specification void f( int x )

coverage ArgCoverage = { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

CeMaHTHUYECKHE npaBuJjia

1. o oObBsBIEHUS TEPBUYHOTO BBIYMCIMMOTO TOKPBITHA TEKCT translation unit moxer
COJIepKAaTh TOJIBKO YKOPOUEHHOE OOBSABICHUE TOTO K€ MOKPBITHSL.

2. JlomKHBI BBINOJHATBCS BCE paHee M3JIOKEHHbIE TpeOOBAaHUSA, OTHOCSIIUECS K
se coverage elements initializer

9.8.7 Omnpenesienne NEPBUYHbIX BIYMCINMbIX NOKPBITHH

Omnpenenenne NEPBUYHOTO BBIUYMCIUMOIO TIOKPBHITHS 3a1aET
1. wmms nokpeiTHs;
2. VMMEHA U TEKCTOBBIE IIPEJICTABICHUS JJIEMEHTOB;

3. AJITOPUTM BBIYUCIICHUA 3JICMCHTOB.

Orlpe;[e.ne}me rJ100aJ1bHOT0 NEPBUYHOI0 BHIMHMC/IUMOI'0 MOKPLITHUA

coverage IntCoverage( int x )
{
if( x < 0)
return { NEGATIVE, "negative" };
else



return { ZERO, "zero" };
else
return { POSITIVE, "positive" };
1

JlokanbHbIE IOKPBITUSA: se coverage declaration SBIAETCA ONPEACICHUEM JIOKATBHOIO
MEPBUYHOIO MTOKPBITHUSL, €CIIN €CTh NHUITAATU3ATOP B BUAE
se coverage function initializer.

Orlpez[ene}me JIOKAJbHOI0 MEPBUYHOI0 BLIMHC/INMOI0 MOKPLITHUSA

specification void sqgrt( int x )
{

pre{ ... }

coverage ArgCoverage

{
if( x < 0 )
return;
else
1if( x == 0 )
return { ZERO, "zero" };
else
return { POSITIVE, "positive" };

}
post{ ... }

CeMaHTHUYECKHE nmpaBuJjia

1. TI'moGasbHbIE MOKPBITHA: se coverage declaration SBISETCSA ONPEAEICHUEM INIOOATBHOIO
MIEPBUYHOTO BBIYUCIUMOTO MTOKPBITHSI, €CITH:

1.1. HET extern;

1.2. HET enum;

1.3. ecTb KpyTJble CKOOKH;

1.4. ecTb MHMLIMANMU3ATOP B BUAE se coverage function initializer.

2. Jlo ompeneneHus NEPBUYHOTO BBIYMCIMMOTO MOKPHITUS TEKCT translation unit MOXeT
COJICPXKATh:

2.1. oOBsiBIECHUE IEPBUYHOTO BEIYUCIUMOTO MTOKPHITHSI.
2.2. yKOpoUueHHOE OOBSBIICHUE STOTO TOKPHITHSA.

3. Muunmanuszatop se coverage function initializer.

Cunrakcuc
se coverage function initializer ::= compound statement ;
se return expression ::= expression

| se coverage element return expression
;
se coverage element return expression
si= vy
( <ID> ( "," <STRING LITERAL> )°?
| <STRING LITERAL>



"}"
3.1. B compound statement JONYCTHMMBI TOJIBKO CIEAylOIUE (GOPMBI KOHCTPYKIIHU
return:

3.1.1.BeIpaxkeHre OTCYTCTBYET. DTO O3HayaeT, 4TO JaHHas BETBb yINpaBieHUs (PyHKUUU
BBIUHCJICHUSI 2JIEMEHTA HE ONPEAEIAET HUKAKOTO 3JIEMEHTA.

3.1.2.se _return expression UMEET BUJ
se coverage element return expression.

3.2. Buytpu compound statement JOIKHA OBITH XOTS Obl OfHA "HE MycTas" KOHCTPYKIIHS
return.

3.3. Ecnu paHee 1o TekcTy translation unit ObUIO OOBABIEHUE JAHHOTO IMOKPBITUS, TO:

3.3.1.se _coverage element return expression HNOJDKHO COAEPXKATb  TOJIBKO

UICHTH(QUKATOp 3JEeMEHTa (TeM CaMbIM 3alpeIlaeTcsl MEepeonpeseniTh CTPOKOBBIE
IPEJICTaBICHUS 3JIEMEHTOB);

3.3.2.3T0T UneHTU(UKATOP 3aAAET UMSI FTIEMEHTA MTOKPBITUS;

3.3.3.1m8 Kaxxaoro OOBSABICHMSI 3JIEMEHTa MOKPBITHS OINpeesieHHue IODKHO COJAEPKaTh
se coverage element return expression, ONPEIEISIIOIIMNA 3JIEMEHT C TAaKUM
K€ UMEHEM;

3.3.4.0na KaXKJ0ro ONPEJIETICHHOTO uaeHtudukaTopa n3
se coverage element return expression OOBSBIEHUE [JODKHO COJEPKaTh
3JIEMEHT MOKPBITHS C TAKUM K€ UMEHEM.

3.4. Inaue, ecnau NEpBBIM JJIEMEHTOM se coverage element return expression
SIBIISIETCS:

3.4.1.unentudukarop, To:

3.4.1.1.08 3ama€t uMs deMeHTa MNOKpHITHI. Ecnm 3a WACHTH(PUKATOPOM CIEayeT
CTOPOKOBOM JIUTEpaJl, TO OH 3a/1a€T TEKCTOBOE IPECTABIEHUE ITOIO DJIEMEHTA.

3.4.1.2.cpenu Bcex se_coverage element return expression JaHHOIO
compound_s tatement, OIIPCACIIAOIIUX OJUH U TOT XKC DJICMCHT NOKPBITHUA,
TOJBKO OJHO se_coverage_element_re turn express ion MOXET
COZICpKaTb TEKCTOBOEC MPEICTABJIICHUE DTOI'0 JIEMEHTA,

34.13.ecntu HU B OJHOM M3 se coverage element return expression,
OIPELEIAOIIMNX OIUH U TOT XK€ 3JEMEHT NOKPBITHs, HET CTPOKOBOI'O JIUTEPAa,
TO TEKCTOBOE MPEACTABJICHUE OTOTO DJJIEMEHTA IIOKPBITUSA COBIANAET C €ro
HMEHEM.

3.4.2.cTpOKOBOI IUTEpal, TO 3a1a€TCa OC3bIMSHHBIN JIEMEHT MOKPHITHs. Bee Oe3bImMsiHHbIE
9JIEMEHTHI TIOKPBITUS CUUTAIOTCS PA3IMYHBIMH BHE 3aBHCUMOCTH OT COBIIAJICHUS WIJIH
HECOBMAJEHUsI HMX omnucanuil. K Takomy »3JIeMEHTY HEBO3MOXKHO OOpaTHUTBCS C

IMOMOIIbIO OIICPANMH HOJYYCHHUSA JJICMCHTA IOKPBLITHA. CTpOKOBOﬁ JaTepall 3a7aéT
TCKCTOBOC MPCACTABJICHHUEC 3TOI'O OE3BIMSIHHOTO DJIEMEHTA IMOKPLBITHUA.

9.8.8 YkopoueHHOe onpeneeHue

KoHcTpykiust se coverage declaration SIBISIETCS YKOPOUEHHBIM OINPENEIEHUEM MOKPBITHS,
€CJIN:

1. HeT extern;



2. HET enum;

3. HET KPYIJIBIX CKOOOK;

4. Her HHHULIMAJIN3aTopa.

YKopoueHHOe omnpesiesieHHe T106aIbHOT0 MOKPBHITHSI

extern coverage enum C( enum E e );

coverage C; // yKOPOUEHHOE OIpeleJieHue

YKopoueHHOe onpe/eieHHe JJOKAJIBLHOT0 MOKPbITHS

specification void f( int x, int y )

//

coverage PointCoverage = IntCoverage( x ) * IntCoverage( y );

specification void f( int x, int y )

{

pre{ ... }
coverage PointCoverage; // yKOpOUeHHOE OIlpenejieHre
post{ ... }

CemMaHTHYeCKHE IPAaBHJIA

I[O YKOPOYCHHOTI'0O OIIPEACICHUS TEKCT translati on_un i1t MOXET conepKaTh:

1. momHOE OOBSBIIEHHE;

2. yKOpPOYEHHOE 0OBSBJICHUE.

9.8.9 OOmue npaBuJa o0pamieHUus1 K MOKPLITHUAM

OO0parerre K TI0OATFHOMY TMOKPBITHIO OCYIIECTBISIETCS TOCTE TEPBOTO €ro OOBSIBICHUS T10
UMEHH (CM. OPHUMEPBI MOJHBIX 00BIBICHUHA MPOU3BOJIHBIX TOKPBITHIA).

ObparieHne K JOKaJIbHBIM MOKPBITHAM JOMYCKAeT TPH Pa3IMYHBIX KOHTEKCTA.

1.

Bue mpororuna wian ompeneneHus (QyHKUIMM OOpalleHHe K JIOKAIbHOMY IOKPBITHIO
MIPOU3BOJAUTCS IIOCPEACTBOM IOCICAOBATCIbHOCTH TEPMHUHAJIOB <mma QyHKUumm> "."
<yMsa TOKpPETMA>. Takoe oOpalleHne K JOKaIbHOMY TOKPBITHIO Ha3bIBAE€TCS OOpaIleHHEM
yepe3 KBATU()UIIUPOBAHHOE UM TIOKPBITHUS.

Buytpu nporotuna cneurduxanoHHON (YHKIMH, K JOKAJIbHOMY MOKPBITHIO TOH e
(GYHKLIHUU MOXKHO 00OpaTUTHCS KaK MPOCTO MO0 UMEHHU, TaK U 4yepe3 KBaTU()UIUPOBAaHHOE UMS
HOKPBITHS.

Buytpu ompenenenus crneun(uKaMoHHOW (YHKIMM B ONpPEIENCHHUSX JIOKaIbHBIX
NOKPBITUH  OOpamieHusi K paHee ONpenesi€HHBIM MOKPBITUSAM TOH ke  (YHKIHA
HPOM3BOJIATCS TaK e JIMOO M0 UMEHH, JINOO MO KBATU(PHUIUPOBAHHOMY UMEHH, TaK KaK UMs
JOKaJbHOTO  TOKPBITUST ~ MMeeT  00JacTh  BHAUMOCTH, OTPAHUYCHHYIO  TEJIOM
creun(pUKaMOHHON (QYHKINU.

OO0paienne K JJOKaJIbHOMY NOKPBITHIO BHE MPOTOTHUIIA WIH olnpe/iesieHUus: GyHKIMU

coverage C( int x, int y ) = f.ArgCoverage( x ) * f.ArgCoverage( y );



O0paieHne K J10KaJIbHOMY MOKPBHITHIO BHYTPH NPOTOTHIIA GYHKIHH

specification void f( int x, int y )
coverage X Coverage
coverage Y Coverage
coverage MutualCoverage = X Coverage * f£.Y Coverage

OOpamenne K JOKaTbHOMY NOKPBITHIO BHYTPH onpeeseHust GyHKuuu

specification void f( int x, int vy )

{

coverage X Coverage ... ;

coverage Y Coverage ... ;

coverage MutualCoverage = f.X Coverage * f.Y Coverage
post{ ... }

CemMaHTHYeCKHE IPABHIIA

1. KoHcTpykuus se coverage name, COCTOAIIAs M3 OJHOIO HMIEHTU(HUKATOPA, yKa3blBaeT Ha
MOKPBITHUE, €CIIN MPOIIECC Pa3bIMEHOBAHUS 110 MpaBuiaM sa3bika C 1a€T HAM MOKPBITHUE C TEM K€

HNMCHEM.

2. KoHcTpykuusi se coverage name BHAa <ID> "." <ID> yKa3blBaeT Ha JIOKAJIbHOE

MIOKPBITHE, ECIIU:

2.1. nepBbIi UAEHTU(UKATOP pa3peraeTcs B UM HEKOTOPOH crienu(pUKaMOHHON QYHKINY;

2.2. 1t 9TOM (YHKIMM K MOMEHTY IOSIBJIEHUS PacCMaTpUBAaEMOr0 se coverage name B
KoJie translation unit 0OBABICHO (ONPEAEIIEHO) MOKPHITHE, UMl KOTOPOTO COBNAIAET

CO BTOPBIM HJICHTH(PHUKATOPOM.



9.9 IlpaBuwia npoBeAeHUs ONEPALUI HAJ JJIEMEHTAMU
NOKPBITHIA

MHorooOpa3ue BUI0B MOKPHITUH TpeOyeT MpelyCMOTPEHHS Pa3IUYHBIX KOHTEKCTOB MPOBEACHUS
onepauui Haj 31eMeHTaMu HOKpbITUH. IlosToMy mis (GopMynuMpOBKM IpaBuUi OOpaleHus K
AJIEMEHTAaM IOKPBITUN BBEAEM HECKOJIBKO OIPEICIICHUMN.

HOKpBITI/IH, 9JICMCHTBI U (1)YHKI_II/II/I BBIYHUCJICHUA KOTOPBIX 3aal0TCA HETIOCPEACTBEHHO, HA3bIBAKOTCSA
nePBUUYHbIMU.

Hp0u3600HblMu HAa3bIBAKOTCA IMOKPBITUA, IIOCTPOCHHBIE HA OCHOBC APYIUX HOKpBITPIfI, KOTOPBIC B
TOM KOHTEKCTE SIBIISIIOTCS OA308bIMU. OHpCI[GJICHI/Ie IIPOU3BOAHOI'O MOKPLITUA JOJIZKHO OIMUCBIBATH
crocod ero IIOCTPOCHUA Ha OCHOBE 0a30BBIX HOKpBITHfI; 0a30BEIM IOKPBITUEM MOXKET OBITH KakK
MEPBUYIHOC ITOKPBITHUEC, TAK U IIPOU3BOJHOC.

Ilopsokom noxpvlmus Ha3bIBACTCA KOJUYECTBO MEPBUYHBIX MOKPHITHI, KOMOWHAIIMM 3JIEMEHTOB
KOTOPBIX SIBIISIIOTCS DJIEMEHTAMH JAHHOTO MOKPBITUSA. [1Opsiok T000Tr0 MEpBHYHOTO MOKPBITHS
paBeH 1. [lopsaok Mpou3BOIHOTO MOKPHITUS PABEH CyMME MOPSAKOB BCEX €ro 0a30BbIX MOKPHITUH.

Jnsg  mo00ro MOKPBHITHS MOXHO IOCTPOMTH CIIMUCOK IE€PBUYHBIX IOKPBITUH, HA KOTOPBIX
IIPOM3BOJHOE TIOKPBITHE B KOHEYHOM CHYETE€ OCHOBAaHO. [[IMHa 3TOro cmnmcka paBHa HOPSAIKY
HOKPBITUSI. DTOT CINUCOK (HOPMUPYETCS M3 CHHCKA, COAEPIKALIET0 TOJBKO JAaHHOE IOKPBITHE,
CIIEAYIOUIMM 00pa3oM: IMKJIMYECKH IMPOXOZs OT Hayaja CIHMCKAa K KOHIly, BMECTO IOKPBITHI
NOJICTaBIsIEM UX 0a30Bble MOKPBITUSA (MIPOU3BEACHUS CTAHOBATCSA IIOCJIEN0BATEIbLHOCTSIMU
YMHO)Ka€MbIX IMOKpBITUI). B KOHIle KOHIIOB B CIIUCKE OCTaHYTCS TOJBKO IEPBUYHBIE MOKPBITHUS,
KOJINYECTBO KOTOPBIX OYAET PaBHO MOPAIKY UCXOIHOTO.

O4eBUAHO, YTO N0 3TOMY aJITOPUTMYy OJMHAKOBBIE CIHUCKM MOXKHO TMOJYYHMTh IS DPa3HBIX
NOKpeITUd. CpasHumbviMy HA3BIBAIOT TOKPBITHUS, Ui KOTOPBIX COBMAAAET CIHUCOK IMEPBUYHBIX
0a30BBIX MOKPBHITUH.

C CUHTaKCHMYECKOW TOYKM 3pEHMsI ONEpaldy HajJ 3JIEMEHTaMHU IOKPBITUH IPOU3BOASATCS HaJ
00BEKTaMHU CIIEUUAIBHOIO THIA — CoverageElement. B oTianume OoT OOBIYHBIX BBIpaKEHHM
s3plka C, U1 KOTOPBIX OTCIIEKHMBAETCS TOJIBKO THUII MX pe3yjbTaTa, I OINEpalyi, NaroLuX
9JIEMEHT MOKPBITUS, OTCIEXKHUBAETCS TPHHAUICKHOCTh IOKPBITHIO 00pabaThlBaéMbIX WIN
BO3BPAILAEMBIX 3JIEMEHTOB.

9.9.1 IlosyyeHNe KOHCTAHTHOIO 3JIEMEHTA MOKPbITHS

Cunrakcuc
3TO BI)Ipa)KCHI/Ie CHHTAKCHUYCCKHU BbIIVIAAUT TaK XKE€, KaK H ILOCTYH K C-)J'ICMCHTy 06’I>CKTa
CTPYKTYpHOTO Tuna B si3bike C.

postfix-expression ::= //
| postfix—-expression

identifier
| //
7
aﬂeMCHTLI HepBI/ILIHBIX HOKpBITHI)’I OJHO3HAYHO HYMCPYIOTCH Ucxoass us O6’I)$[BJ'I€HI/I$[ HOKpBITI/I?I.
OI[HO3HE[LIHa$I HyMepalus IO3BOJEICT HCIIOJIb30BATb BBIPAKCHHUA HX IMOJYUYCHHUS BCHOAY, TAC
TpeOyeTcss KOHCTAHTHOE BbIpaKE€HHUE, HAIPUMEpP B case-MeTKax.

I[J'ISI MOJIYYCHUS DJICMCHTA IMOKPBITUA HYKHO UCIIOJIB30BATh crnenuaabHBIM BUJI TAKOTO BbIPAKCHHUA.



identifier ( "." identifier )+

Ecan OeIIo4YKa PII[CHTI/I(I)I/IKaTOpOB Ha4YMHACTCIA C sSe coverage name, YKas3bIBAIOMICTO Ha
HEKOTOPOC IIOKPBITHUEC, TO BCA LCIIOYKaA I/I}IGHTI/ICI)I/IKaTOPOB paccMaTpruBacTCsad KaK BBIPAXKCHHE
MOJIYyYCHHA 3JICMCHTA IMOKPBITUS. 3HadeHUEe 3TOTO BBIpAXKCHUSI UMEET THUII Cove rageElement.

IHonyyeHre KOHCTAHTHOIO 3JIEMEHTA MEPBUYHOIO MOKPHITUS
IntCoverage.POSITIVE

AHaJOTMYHOE BBIpAXEHHE MAJIs 3JEMEHTa IMPOU3BOJHOTO MOKPHITUS CTPOUTCS C Y4ETOM €ro
MOPSIKA U CTIHCKA MIEPBUYHBIX MTOKPBITUH.

Ilopsiokom nokpeimus Ha3bIBAE€TCS KOJIMYECTBO MEPBUYHBIX MOKPBITHHA, KOMOMHAIIMM 3JIEMEHTOB
KOTOPBIX SIBIISIIOTCS DJIEMEHTAMH JAHHOTO MOKPBITUS. [lOpsiiok T000r0 MEepBHYHOTO MOKPHITHS
paBeH 1. [Topsnok mpou3BOAHOTO HOKPHITHS paBEH CYMMeE MOPSAIKOB BCEX €ro 0a30BBIX MOKPHITHH.

Jns  m000ro TMOKPBITHS MOMKHO IOCTPOUTH CIUCOK TIEPBHUYHBIX TOKPBITHHA, Ha KOTOPBIX
IIPOU3BOAHOE IOKPBITHE B KOHEYHOM CYETE OCHOBAaHO. J[IMHA 3TOro CHUCKa paBHA MOPSAIKY
HOKPBITUSI. DTOT CINUCOK (HOPMUPYETCS M3 CIHHCKA, COAEPIKALIETO0 TOJBKO JAaHHOE IMOKPBITHE,
CIEIyIOIUM O0pa3oM: IUKIMYECKH MPOXOAs OT Hayala CHUCKAa K KOHIy, BMECTO IOKPBITUI
NOJCTaBIsieM MX 0a30Bble MOKPBITUS (TIPOM3BENEHHS] CTAHOBSTCA TOCIIEAOBATEILHOCTIMHU
YMHOXaEeMbIX MOKPBHITHH). B KOHIlE KOHIIOB B CIIMCKE OCTAHYTCSl TOJIBKO MEPBUYHBIE MOKPHITHUS,
KOJINYECTBO KOTOPBIX OYAET PaBHO MOPAIKY UCXOTHOTO.

Tak kak B COCTaB JIIOOOTO 3JIEMEHTA IMPOU3BOAHOTO IMOKPBITUA BXOAHUT POBHO OJUH JJIEMCHT
KaKIa0Tro IMOKPBITUA U3 3TOTO CIIMCKA, U NOPAAOK CICAOBAHUA HOKpLITI/Iﬁ B CIIMCKC OAHO3HA4YCH, TO
IMOJIY4YCHHUE KOHCTAHTHOI'O 3JIEMCHTA IIPOU3BOJHOT'O IMTOKPBITUSA — KOHCTAHTHOC BBIPAXKCHUC.

Honyqeﬂne KOHCTAHTHOI'O 3JIEMECHTA NMOKPBLITUA BTOPOI0 MOpPsaAKa

f.PointCoverage.ZERO.ZERO

CemaHTH4YeCKHe PaBUJIA

[lyctb se coverage name yKa3piBaeT Ha NOKpbITHE Cov (HE BaXKHO, MMEIOIIEE WM HET
(YHKLNIO BEIYUCICHHS 3JIEMEHTOB).

1. BrlpaxkeHHE MOJIy4EHUS JIEMEHTA IOKPBITHS IOJDKHO PaCCMATPUBATBCS KaK LIEJIOYUCICHHOE
KOHCTaHTHOe BhIpaxkeHue (Integer constant expression).

2. Ecau Cov sBIsSIETCS IEPBUYHBIM TOKPBITUEM, TO:
2.1. mocne se_coverage name TOYKU JOJDKEH IPUCYTCTBOBATh POBHO OJIMH MJICHTU(PHUKATOP;
2.2. 3TOT UACHTU(PHUKATOP JODKEH COBNAIATh C UMEHEM HEKOTOPOTO AyieMeHTa MOKphIThst Cov.

3. HWnaue nokpeitre Cov SIBISETCS POU3BOIHBIM MOKPBITHEM MOpsiaka N. JI0JKHO BBITOTHATHCS
() (S13% 011 (SH

3.1. KonnuecTBo AEHTU(UKATOPOB MOCIE se coverage name JO0JKHO ObITh paBHO N.

3.2. Kaxngpiit 1-p1ii (1 <=1<=N ) uneHTH(]UKATOp, CTOSAMMHI IOCIE se coverage name,
JIOJDKEH COBINAJaTh C HEKOTOPHIM 3JIEMEHTOM 1-I0 MEPBUYHOIO MOKPBITHUS W3 CIIHCKA,
MOCTPOEHHOTO YKa3aHHBIM BBIIIIE CITIOCOOOM.

4. Pe3ynbTar BCEro BHIPAKEHUS ETUKOM:
4.1. umeeT UM CoverageElement;

4.2. aBisieTcs dIeMeHTOM NOoKpbITus Cov.



9.9.2 IlosryyeHne KOMIIOHEHTA 3JIEMEHTA IPOU3BOHOT0 MOKPHITHS

I[J'If[ OJICMCHTAa IPOU3BOJHOI'O0 IIOKPBITUA IOPsAKa OoubIe CAVMHUIBI MOXHO IIOJTYYUTDH
C(I)OpMI/IpOBaBI_HI/Iﬁ €ro 3JIEMEHT JIF000ro 0a30BOro NEPBUYHOI'O ITOKPBITHUS.

Ilopsiokom noxpvimus Ha3bIBA€TCS KOJIUYECTBO NEPBUYHBIX MOKPHITHI, KOMOWHAIIUM 3JIEMEHTOB
KOTOPBIX SBIISIOTCSL 3JIEMEHTAaMHU JAHHOTO MOKPHITHS. [lopsaok J1t0o00ro mepBHYHOIO MOKPHITHS
paBeH 1. [lopsok mpou3BOAHOIO HOKPHITHS pAaBEH CYMME MOPSAIKOB BCEX €ro 0a30BbIX MOKPBITHH.

Jns  1:000ro MOKPBITHS MOMKHO IOCTPOUTH CIUCOK IEPBUYHBIX IOKPBITHHA, Ha KOTOPBIX
IIPOU3BOJAHOE ITOKPBITHE B KOHEYHOM CYETE OCHOBAaHO. J[IMHA 3TOro CHUCKAa paBHA MOPSAIKY
HOKPBITUS. DTOT CIUCOK (DOPMHUPYETCS M3 CIHHMCKA, COAEPIKALIEr0 TOJBKO JAaHHOE IOKPBITHE,
CIEIyIOIUM O0pa3oM: IUKIMYECKU MPOXOAs OT Hayajda CHUCKAa K KOHIYy, BMECTO IOKPBITUI
HOJCTaBIsieM MX 0a30Bble MOKPBITUS (MPOM3BENEHHUs] CTAHOBATCA IOCJIEAOBATEILHOCTIMHU
YMHOXaE€MbIX MOKPBHITHI). B KOHIlE KOHIIOB B CIIMCKE OCTAHYTCSI TOJIBKO MEPBUYHBIE MOKPHITHS,
KOJINYECTBO KOTOPBIX OYAET PaBHO MOPAIKY UCXOIAHOTO.

Cunrakcuc

I[J'ISI IOJIYYCHHS KOMIIOHCHTA OJJICMCHTA IIPOU3BOAHOIO0 IMOKPBITUA MCIIOJIB3YCTCA BBIPAXKCHUC,
CUHTAKCUYCCKU COBIIAAOMICC C BBIPAKCHUCM MMOJTYYCHHA 3JICMCHTA MaCCHUBaA.

postfix-expression "[" expression "]1"

Ecnu cinesa ot OTKpBIBaIOH_Ieﬁ KBaﬂpaTHOﬁ CKOOKH CTOHUT BBIpAXKCHUE THUIIA Cove rageElement, TO
BCE BBIPAXKCHUC LCIWMKOM paCCMAaTpUBACTCA KaK BBIPAXKCHUC IMOJYYCHHSA KOMIIOHCHTA 3JICMCHTA
IMPOU3BOAHOT'O IIOKPBITHUAA.

Ho.ﬂyqelme KOMIIOHEHTA 3JICMECHTA NOKPLITHUSA

coverage IntCoverage neg = f.PointCoverage.ZERO[O0];

CemMaHTHYeCKHE IPABHIIA

[TycTh pe3ynbTaT JIEBOM YaCTH BhIPAKEHHUS SIBJISETCS 2JIEMEHTOM NMOKPBITUS Covy.
1. Toxpsrtue Cov NOMKHO OBITH MPOU3BOAHBIM MOKPHITHEM MOPSIIKA OONbIIE €MHULIBL.
2. BelpaxeHue B KBaApaTHBIX CKOOKAX JOKHO OBITh LIETIOYUCIEHHON KOHCTaHTOM.

3. 3HayeHue STOH KOHCTAHTHI JIOJDKHO OBITH OOJIBIIE MM PAaBHO HYNIO M MEHbIIE MOpPsIKa
nokpsitust Cov.

4. Pe3ynbTar BCEro BhIPAKEHUS LIETTUKOM:
4.1. umeeT UM CoverageElement;

4.2. sBnseTCcs DIEMEHTOM K-ro IMOKPLITHUSA B CIIMCKE IICPBUIHBIX 0a30BbIX HOKpBITHfI.

9.9.3 BpluncieHue 3J1eMeHTA NOKPHITHS

CHuHTaKCHC
3TO BBIPAKCHUC CUHTAKCUYCCKHU BBITTIAJAUT TAK KC, KaK U BBI3OB q)yHKI_II/II/I B C
postfix expression " (" ( argument expression-list )? ")"
I[JISI BBIYUCJICHUA OJJICMCHTA [IOKPLITUA HYXHO HCIOJIbB30BATh CHGHHaJIBHLIﬁ BHJ TakKoIro
BBIPAXCHUA:

( identifier "." )? identifier " (" ( argument expression list )? ")"



Ecau neBas yacThb BBIPAKCHUS BbBI3OBA (I)YHKI_II/II/I SABIBICTCA se coverage name, YKa3bIBalOIIUM
Ha HCEKOTOPOC IIOKPBITUEC, TO BCE BBIPAXKCHUC MCIIMKOM SABJISICTCA BBIPAXXCHUCM BBIYHCICHUA
OJICMCHTA IMOKPLITHUS.

Beruunciienue 3j1eMeHTa IJ100aJ1bHOT0 MOKPLITUHA

IntCoverage( 10 )

BoluncieHne 3j1eMeHTa JOKAJIbHOI0 MOKPLITHUSA

f.PointCoverage( -1, 1 )

CeMaHTHUYECKHE nmpaBuJjia
1. Se_ coverage name JOJDKHO yYKa3bIBaTb HAa BBIYHCIINMOC IIOKPBITHC.

2. Tumbl BbIpa)XKeHUN-apTyMEHTOB JOJDKHBI OBITH COIJIACOBaHbl C THUIAMH IapaMeTpoB B
OOBSIBIIGHUH TOKPBITUS 10 TEM K€ MpaBHJIaM, YTO U TUIIBI apTyMEHTOB BbI30Ba (PYHKIIUH U
THUIIBI TAPAMETPOB U3 €€ 0O BSIBICHUS.

3. Pe3ynbTaT BCEro BbIpAKEHUS LEITUKOM:
1. mmeer THn CoverageElement;

2. SBISETCS DIEMCHTOM IIOKPBITHUA, HA KOTOPOC YKA3bIBACT se€ coverage name.

9.9.4 BpipaxkeHue TPACCHPOBKH 3JI€MEHTA MOKPBITHS

BeIpaxxenue TpacCUPOBKH IEMEHTA MOKPBITUS NIPEAHA3aYEHO I OTPAKEHUS B OTUETE TOTO, 4TO B
IIPOLIECCE TECTUPOBAHUSA JOCTUTHYT HEKOTOPBIN 3JIEMEHT MOKPBITHS.

Cunrakcuc

se primary expr ::=
| se trace expression
’

se trace expression ::= '"trace"
n ("
assignment expr

H) "

TpaccupoBKka 371eMeHTa NOKPBITHSA

trace( f.PointCoverage( -10, 10 ) );

CeMaHTquCKMeraBMHa
1. ApryMeHT HOJKEH UMETh TUIl CoverageElement.

2. Pesynprar Bcero BeIpaKE€HUs LETUKOM UMEET TUIl void.

9.9.5 Tun CoverageElement

Tun CoverageElement TNpenHa3Ha4YeH IS XpaHeHUs WHPOpMAuK 00 OTACIBHBIX AJIEMEHTaX
nokpeITUii. C KaXXIpIM BbIpaXXEHHEM TuNa CoverageElement CBA3BIBAETCS M TOKPBITHE,
3JIEMEHTOM KOTOPOTO SIBIISIETCS PE3yIbTaT 3TOTO BBIPAKECHUSI.



CemaHTHYeCKHE NPaBUJIA

1.

OO0bexThl THMA CoverageElement MOXKHO HUCIIONB30BaTh B CIECIYIOMINX KOHTEKCTAX:
1.1. B xagecTBe ynpasistoriero (controlling) BeipakeHus B oniepaTope switch.

1.2. B kauecTBe BBIpaXKEHUS case-METKH B oneparope switch.

1.3. B xauecTBe mapameTpa BHYTPH KPYTIbIX CKOOOK t race-BhIPaKCHHUS.

1.4. B neBoii 1 mpaBoi 4acTsAX CpaBHEHUSI HA PaBEHCTBO.

Tun CoverageElement He mpuBoauTcs (is not compatible) HU K OJHOMY APYTOMY THITY.

Ecnu B oneparope switch HCHOJB3YeTCs BhIpaKEHUE TUIA CoverageElement nokpeitus C/,
TO AN IJOO0OM case-METKH, OTHOCSIICHCS K JaHHOMY OIEpaTropy switch TOMKHO
BBIITOJIHATBECA CICAYIOLICC.

3.1. BelpaxkeHue B case-METKE JOJDKHO ObITh KOHCTAaHTHBIM  BBIPDOKCHMEM  THIIA
CoverageElement. ENUHCTBEHHBIN BUJ TAKMX BBIPAKEHUN - 3TO BBIPAXKEHUS MOJTYyYEHHUS
KOHCTAHTHOTO 3JIeMeHTa MOKphITHsA. [TycTh BbIpaskeHue naét smemeHT nokpeitusa C2.

3.2. Iokpertust C1 u C2 10MKHBI OBITh CPaBHUMBI MEXK1Y COOOM.

3.3. Jlna mro0bIX IBYX case-MEeTOK, BBIPaXKEHUsI KOTOPBIX UMEIOT THIl CoverageElement, 3TH
BBIPQKEHUS JOJKHBI J1aBaTh pa3HblE 3JEMEHTHI NMOKPbITUA. (TO €CThb HE JOJKHO OBbITh
OJIMHAKOBOH NOCJIEI0BATEIBHOCTUH UCHTU(UKATOPOB MOCIIE NIEPBOM TOUKU B BBIPAKEHUAX
IIOJIyYEHUS DJIEMEHTA MOKPBITHSA).

(Pacmpenue TpeboBanmii U3 6.5.9 crangapra c99) Ecnu oquH U3 onepaHaoB omeparopa ==
(unmu ! =) uMeeT THI CoverageElement U NPUHAMICKUT MOKpbITUIO Cl, TO:

4.1. [Ipyroii onepaH/ Takxe J0JKEH ObITh TUIA CoverageElement.

4.2. Ecnu apyroii onepanja npuHauiexuT Nokpeituto C2, nokpeituss CI u C2 10IKHBI OBITh
CPaBHUMBI MEX]Ty COOOM.

9.9.6 Hrepauus 1o 3j1eMeHTaAM INOKPbITUA

Wtepanysa no »sieMEHTaM IMOKPBITUS — KOHCTPYKLHMSA, IOMOrarouas OOOWTH BCE BETBH
(YHKIMOHATBHOCTH, 3aJaHHBIC MOKPHITHEM. SIBiseTcs crnenu(pruecKuM YCOBEPIIEHCTBOBAHUEM

IIPOCTOr0 OIEPATOPA UTEPALINH.
[MapameTpamMu uTepalyu SBIAIOTCS HMMS BBI3BIBAEMOH CHEUM(UKANUOHHOW (YHKIMU U HUMS

HOKPBITHS. DJIEMEHTBI MOKPBITHS, 00X0J] KOTOPBIX MO KaKUM-TO MPUYMHAM HEXEeTaTesIeH, MOYXKHO
OTCEATh C TIOMOIIBIO PUIILTPA.

Cunrakcuc

se iterate coverage statement ::= "iterate"
"coverage"
( " (H
se coverage name
( se coverage filter )7
") n
| se coverage name
Statement

4

KoHcTpykiusi se coverage name B 3aroJIOBKE HUTEpallUd YKa3blBAE€T IOKPBITHE, SJIEMEHTHI
KOTOpOro OyayT mepeOupaThes B Ka4eCTBE 3HAUCHUH UTEPAllMOHHON MepeMeHHON. ONIHOHaNbHBIN



(I)I/IJ'IBTp MO3BOJICT OTCCUBATH HCUTCPCCHBIC IO TEM WJIM HHBIM IMPUYWMHAM 3HAYCHHA 3JICMCHTOB
IMOKPBITHUA.

Hrepanus no 10KaabHOMY NOKPBLITHIO ¢ PUIbTPALHEH

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

CemaHTHUYeCKHe PaBUJIA

1. KoHcTpykumsi se iterate coverage statement MOXKET HaXOAWUTBCA TOJNBKO BHYTPH
OIpCACICHUA CHCHAPHOI'0O METOJA.

2. He pomxkHO OBITh BIOXEHHBIX se iterate coverage statement, HTEPUPYIOIIUX
BJIEMECHTBI OJHOT'O W TOT'O K€ IIOKPBITHS.

3. Jlnsa se coverage filter JOJDKHBI BBINIOJHATHCS BCE BBINICU3IIOKCHHBIC TPEOOBAHUS (CM.
Koncrpykuus se _coverage filter).

Koncrpykuusi puibTpa 371eMEeHTOB NOKPbITHIA

BolpakeHue-GunbTp MO3BOJSET OTCEMBaTh T€ KOMOMHAIMM 3JEMEHTOB 0a30BBbIX IOKPBITUH,
KOTOpbIE HE BXOISAT B PE3YIbTHUPYIOIIEE MPOU3BOAHOE MOKphITHE. DUIBTP MpencTaBiseT coboit
IIpeIUKaT OT DJJIEMEHTA MOKpPBITUA. ECIM Ha HEKOTOPOM KOHKPETHOM 3JJIEMEHTE IMOKPBITUS
BbIpa)XeHUE-(QUIBTP BO3BpallaeT 3HadeHWe 0, TO OTOT JJIEMEHT OTceuBaeTca. B  ciyuae
UCIONB30BaHUsI se coverage filter B  HHUIUUAINA3ATOPE  INPOMU3BOAHBIX  IOKPBITUH
OTCEMBAIOTCS AJIEMEHTHI PE3yJIbTUPYIOLIETO IMOKPBITHSA, a B CIy4yae HCIOJIb30BAHUS (QUIBTPA B_
HATEPAIINH T10 DIEMEHTAM IOKPBITUS — 3JIEMCEHTEI IIOKPBITHS, ITI0 KOTOPOMY IIPOBOJUTCS UTEPAIIHSI.

coverage NoZeroCoverage = IntCoverage( x )
NoZeroCoverage != IntCoverage.ZERO

JlononHuTENbHBIE NTPaBUIIa HAMCAHUS BhIpAXKEHUNH-(QUIBTPOB U3JI0KEHBI B pasnerne OOpaleHue K
paHee BRIYMCICHHOMY DJIEMEHTY IMOKPBITHUS.

CemMaHTHYeCKHE IPABHIIA

1. Ecimm mpucyTCTBYeT BBIpaKEHHE-(PWIBTP TOKPBITUS, TO €ro pe3yibTaT [OJDKEH OBITh
cKajsipHOTro THMa (scalar type).

2. BayTpu BeIpakeHUS-PUIBTPA Pa3pelIeHbl TOJKO CIEAYIOIINE OTepaIiu:
2.1. oOpaiieHue K paHee BEIYUCICHHOMY 3JIEMEHTY TOKPBITHS;
2.2. moJy4eHHEe KOHCTAHTHOTO AJIEMEHTA MOKPBITHS;

2.3. noslyueHUEe KOMIIOHEHTAa JJIEMEHTa IIOKPBITUS, T[JE€ B KadecBE JIEBOM 4YacTU CTOAT
BBIPA)KCHMS U3 TOAITYHKTOB 2.1 1 2.2;

2.4. cpaBHEHEHHE BBIpAKEHUI TUIIA CoverageElement;

2.5. noruueckue BbipaxkeHus si3bika C.



9.9.7 OOpanieHne K paHee BBIYMCJIEHHOMY 3JI€MEHTY MOKPbITUSA

B omnpenenéHHBIX KOHTEKCTax ONPEIENEH paHee BBIYMCICHHBIM JIEMEHT HEKOTOPOro MOKPBITHS.
Ha Taxkoil »1€MEHT MOXHO COCIATbCs € IMOMOLIBIO JIMOO name expr, JNuO0 field expr
DKBUBAJIEHTHBIX Se coverage name U YKa3bIBalOIIUX HA COOTBETCTBYIOLIEE OKPHITHE.

TakuM1 KOHTEKCTaMH SIBIISIOTCSA:
+  BBIp@XEHHE-PUIBTP B MHULAIU3ATOPE TPOU3BOJHOTO TTOKPBITHS,
¢ BBIpaXeHHE-(QUIBTP B UTEPALIMU TI0 AIEMEHTaM TOKPBITHS,
¢ TEJIO UTEPALMHU IO BJIEMEHTAM MOKPBITHS;
¢ TOCT-yCJIOBHE crienu(UKAINOHHON (QYHKIUH.

Buytpr se iterate coverage statement H3BECTCH TEKyIIUH DIEMEHT HWTEPUPYEMOTO
MOKPBITHS (TEKylllee 3HAYeHHE WTEPAllMOHHOW IepeMEeHHOI). BHYTpH MOCTYCIOBHUS H3BECTHBI
AOCTUTHYTBIC Ha TCKYHIIUX IMMapaMETpax 3JICMCHTBI BCCX JIOKAJIbHBIX HOKprTI/Iﬁ O6’b€MJ’IIOH.[Cﬁ

byHKIIHH.

Hcnoan3oBanue pPaHee BLIYMUCJICHHOI0 3JIEMEHTA MMOKPLITUA B TE€JI€C HTEPAUHU 110 NIOKPLITUAM

iterate coverage IntCoverage

{

if( IntCoverage == IntCoverage.ZERO )
£C0 )

else

if ( IntCoverage == IntCoverage.POSITIVE )
£( 10 );

else
£f( -10 );

I/ITepauml mo FJIOﬁa.TIbHOMy MNOKPBITUIO (B KOMMCECHTApPUAX JaHa TPAKTOBKA name_expr C).

iterate coverage ( C
C // BreMeHT
!= C.Cl // moxpeITHE
)
{
trace( C ); // >zneMeHT

HNrepauus no JiokajbHOMY NOKPBITHIO (B KOMMeHTapusx AaHa TpakToBka field_expr f.C).

iterate coverage ( f.C
: f.C // BJeMeHT
!= £.C.C2 // noxperTue

if( £.C( 4 ) // nokpeTue
== f.C // BIiIeMeHT

CemaHTHUYeCKHe PaBUJIA

1. B HEKOTOpBIX KOHTEKCTaX name expr U field expr, SKBUBAJCHTBIE se coverage name U
YKa3bIBalOIUC HA onpe,uenéﬂﬂoe IOKPLITHUC, 0003HAYAIOT 3JIEMEHT 3TOTO TIOKPBITUA:



1.1. OObsiBsieMoe  (ompezensieMoe) TMOKPHITHE B BBIPAKEHUH-(QUIBTPE HHUIMATIH3ATOpPA
MPOU3BOTHOTO MTOKPBITHSI.

1.2. I/ITeppreMoe INOKPLITUC B BBIpa)KCHI/II/I-(I)I/IHBTpC 3aroJIOBKa HTCpalvn I10 3JICMCHTaM
IMOKPBITHUA.

1.3. UtepupyemMoe MOKPBITHE B TEJIE UTEPALIMH T10 HIIEMEHTAM HOKPBITHSL.
1.4. JlokanbHOE MOKPHITHE B MOCTYCIOBUH 00bEMITIONIEH crienupUuKalnOHHONW (DYHKIUH.

2. HpI/I 9TOM H3 PACCMOTPCHHSI HCKIIOYAKOTCA CHUTyallMM, B KOTOPbIX Se coverage name
ABJIACTCA UMCHEM IMOKPBITUA B:

2.1. BBIPAKCHUHN BBIYHCIICHUA 3JICMCHTA IIOKPBITUS,

2.2. BBIPAXKCHUU MMOJTYUCHUSA KOHCTAHTHOI'O 3JIECMCHTA ITOKPBITHA.

9.9.8 OO0ObsiB/IcHHE TEPEMEHHOM-2JIEMEHTA MOKPbITHSH

BbruuciieHHble B HEKOTOPBI MOMEHT pabOThl TeCcTa 3JIEMEHT IOKPBITUS MOYKHO COXPaHUTh B
NEpPEMEHHOM, Meromield THII CoverageElement. Takue nepeMeHHbIE OOBSBISIOTCS C MOMOIIBIO
CHELMAIBHOTO clienuduKaropa THIIAa — se_coverage type specifier.

se coverage type specificer ::= '"coverage' se coverage name ;

O0bsiBIeHHE IEPEeMEHHOIi-3J1eMEeHTA NOKPbITHSA

coverage IntCoverage zero = IntCoverage( 0 );

CeMaHTHUYECKHE nmpaBuJjia

1. OObsaBIEHHBIE TAKUM 00pa30M MEepeMEHHBIE UMEIOT THII CoverageElement.

2. 3HaYeHHSIMU HTUX I[EPEMEHHBIX  SIBJISIIOTCS  AJIEMEHTBbl  MOKPBITHS, YKA3aHHOTO B
se coverage type specifier

3. Ecim  oOwsiBieHue  (OmpeAesieHHe)  MEePEeMEHHOW-IJIeMEHTa  TMOKPBITHS  COACPIKUT
WHUIIAIN3aTOpP, TO:

3.1. oH HOMKEH MPECTABIATH COOON OAMHOYHOE BhIpaKEHUE TUIIA CoverageElement;

3.2. PE3yJIbTATOM HMHHIHUAIUSUPYIOIICTO BbIPAKCHUSA TOJIKCH OBITh DJIEMEHT TIOKPbITHA,
CPaBHUMOTO C IIOKPBITHEM, YKAa3aHHBIM B S€ Ccoverage name.

4. B ocranbHOM NEPEMEHHBIE-3JIEMEHTHI MOKPBITUS MOJYHHSIOTCS BCEM IpaBUJIaM CEMaHTHKU
s3pika C.



9.10 MenuaropHas GyHKUUA

MenuaTtopable (QyHKIUHM IOMevaroTcs KitoueBbIMH cioBaMu SeC mediator for, Mexay
KOTOPBIMH JIOJDKEH COJEPKaThCs YHUKAIBHBIA HICHTU(OUKATOP — WUMS MEIUATOPHOW (YHKIIWH.
Kaxnas menuatopHas (yHKIHS COOTBETCTBYET HEKOTOPOM crenM(pUKALMOHHOM (QYHKIUHM HIH
OTJIO)KEHHOM pEaKIMM, CUTHATypa W OTrPaHUYEHHUs JIOCTyHa KOTOPOH JOJKHBI YKa3bIBaThCSl B
npeaBapUTEIbHBIX JEKIapalusiX U ONpelelIeHu! MEIUaTOPHON (PyHKIIHU.

MenuaTtopHas QyHKIIHS MOKET CO/ICPIKaTh:

1. brnok Bo3melicTBUA, MOMEYEHHBI KIIOYEBBIM CIIOBOM call, B KOTOPOM peatu3yeTcs
NIOBEJICHNE, ONMCAaHHOE B COOTBETCTBYIOUIEH CIEU(PUKAIMOHHON (YHKINHU, TTOCPEICTBOM
OKa3aHUs BO3/CICTBHI Ha TECTUPYEMYIO CUCTEMY.

2. brok cuHXpOHU3AIMH, TOMEUEHHBIN KIIOYEBBIM CIIOBOM state, B KOTOPOM peaTu3yeTcs
CUHXPOHM3ALMSI COCTOSHUA CHEeUU(PUKALMOHHOW MOJEIN JaHHBIX C COCTOSHUEM
TECTUPYEMOW CHUCTEMBI NOCJIE OKA3aHHOTO BO3JAEHMCTBUS WJIM BO3HUKHOBEHHUS OTJIOKEHHOMN
pEeaKLMH.

3. JlomonmHHUTENBHBINA KO MEePE/I MEePBhIM CIIECIUATBHBIM OJIOKOM U TIOCIIE BTOPOTO.

( declaration specifiers )?
"mediator" <ID> "for"

( declaration specifiers )?
declarator

( declaration )*

compound statement

’

CemMaHTHYeCKHE IPaBHJIA

1. Vmena meauatopHbIX (YHKUUH BXOAAT B TO K€ IMPOCTPAHCTBO MMEH, YTO U MMEHA OOBIUHBIX
¢byHkumii s3pika C.

2. MenuatopHas (QyHKUMS JODKHA OBITH OMNpENelieHa POBHO OJIMH pa3 CPeau BCEX EIUHUIL
TpaHCJALUY (translation unit), cOOMpaeMBbIX B OJHY CUCTEMY.

3. CnenudukanuonHas QYHKIUS WIA OTIOXKEHHAs peakius, Al KOTOpOH orpenensiercs
MeauaTopHas (QYHKIUS, JODKHA OBITh JEKIapUpoBaHa A0 ONpPENETCHUs WM JeKJIapaluu
MEANATOPHOMN (YHKIIHH.

4. CurHatypa v OrpaHHYCHHS JIOCTYIA CTICHU(PUKAIMOHHON (YHKIINN WM OTJIOKEHHON PEeaKIlvy,
JUIE KOTOPOW OIMCHIBACTCS MEIAHMATOp, JOJDKHBI MPHCYTCTBOBAThH Cpelu CHElH(UKaTopoB
(declaration specifiers) u B Jneknaparope (declarator) BCeX MNpeABAPUTENBHBIX
JICKJIapalusX U ONPEICICHUN MEMaTOPHON (QYHKIINH.

5. Teno memmatopa crnenudukanuoHHON (yHKIMU (compound statement) IODKHO HMETh
[ (1 3% {01107 058:3701 &

® JOIOIHUTEILHBIN C-KOJI;

e OJI0K BO3JIENCTBU,

e OJIOK CHHXpPOHHU3ALMH (ONIIMOHAIBHO);
® JIOIOJHUTEILHEIN C-KOJI.

6. Temo menuaTopa OTIOKEHHOU peakuuu (compound statement) HOJKHO UMETh CIIETYIOLINN
BUJI:

e JIonodaHHUTEIbHBIH C-KOg;



e 0OI0K CHUHXPOHU3AIIUU,

e JononHUATENLHBIN C-KOI.



9.11 CemanTHKa 0JI0KA BO3AeHCTBUSA MEeIUATOPHOU
GyHKkuMu

brox Bo3zelicTBus Ha s3pike SeC — 3TO HAOOp WMHCTPYKIMH CHHTAKCHMYECKH M CEMAaHTHUYECKU
9KBUBAJIEHTHBIN Teldy (YHKLNHU, UMEIOIIEeH B TOUHOCTH Ty XK€ CUTHATYypYy (MOPAJOK MapaMeTpoB U
UX THUIBI, TUIl BO3BPAIAEMOTO pe3yJibTaTa), 4To M cnenudukannonHas (QyHKIHS, Ui KOTOPOH
onpeneniercss Meauarop. OTOT HabOp HHCTPYKUMH 3akirodaercss B (UIypHble CKOOKM U
IIOMEYACTCs KIHOUYCBbIM CJIOBOM call.

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

Menuatop Ajis1 QyHKIIUU BHIOOPKH 3JIeMEHTA 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 1 updates
stack model
{

call {

return (bool)push(stack impl, value Integer(i));
}
/...

CeMaHTHUYECKHE nmpaBuJjia

l.

brnox Bo3zmelcTBUs SABISETCS 00s3aTENbHBIM  OJOKOM MEAMATOpPOB  ClEeUU(DUKAIIMOHHBIX
GbyHKITHIA.

B MeamaTopax OTIOKEHHBIX pEaKIfid OJIOK BO3IEHCTBHS HE JIOITYCKACTCS.

HabGop wuHCTpykumii B OJoKe BO3JEHCTBHSA JOKEH ObITh CHHTAKCHMYECKHM M CEMaHTUYECKU
HKBUBAJICHTEH TNy (PYHKIIH, UMEIOIIEH B TOYHOCTH TY K€ CHTHATYpPY — MOPSIOK TapaMeTpPOB

¥ WX THOBl U THI BO3BPAIIa€MOTo pe3ysibTaTra, — 4YTO W crenuuKanroHHas (QyHKIUS, IS
KOTOPOMH OIPEeNIeNIIeTCS] MeTUaTop.

B Goke Bo3neicTBuS 3ampeliaeTcs BBI3bIBATH ClCU(BUKAINOHHBIEC (YHKIIUN U PEaKIUu.



9.12 bBJ0K CHHXPOHU3AUMUA MEAUATOPHOU PYyHKIIMH

bnox cunxponuzanuu Ha s3bike SeC — 3T0 HAOOP MHCTPYKUUN CHHTAKCUYECKH U CEMAaHTHUYECKU
SKBUBAJICHTHBIA Teny (yHKUMM 0Oe3 BO3BpallaeMoro pes3yjbTaTa, CUTHATypa KOTOPOMl B 4YacTu
apaMeTpPOB COBIAJAET C CUTHATYpPOU crenu(pHUKAIMOHHON (PYHKIMM WINM OTJIOKEHHON peakuuu,
JUISL KOTOPOH oIpeAensieTcss MeauaTop. DTOT HabOp UHCTPYKLMMA 3aKiItoyaeTcs B GUTypHbIE CKOOKU
Y TIOMEYaeTcs KIIIOUEBBIM CIIOBOM state.

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

Me)maTop AJIsA q)yHKllI/II/I )IOﬁaB.]'leHl/Iﬂ 3JJEMEHTA B CTECK

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

VA
state {
int k;
clear List (stack model);
for( k = stack impl->size;
k > 0;
append List ( stack model
, create Integer(stack impl->elems[--k]))

) 7

CeMaHTHUYECKHE nmpaBuJjia

1. Habop wHCTpyKImiA B OJOKE CHHXPOHHM3AIWMH JODKCH OBITh CHHTAKCUYECKH U CEMaHTHUYCCKH
9KBUBAJIEHTEH Tely (yHKIMH Oe3 BO3BpalllaeMoOro pe3yibTaTa, CUTHaTypa KOTOpOil B 4YacTH
apaMeTpoB COBMAJAET C CHTHATYpOW CHENM(UKAUOHHOW (QYHKIUU WIH OTIOKEHHOU
peaxkuuu, JUisi KOTOpOH ONpeneseTcsl MeIuaTop.

2. B 06noke CHHXpOHHM3alMU MEAMATOPa PEakIuy WIN (PyHKIHUU C THUIIOM PE3YJIbTaTa, OTINYHBIM
OT void, MOJHO IIOIy4aTh JOCTYIl K 3HA4YECHUIO BO3HMKINEH OTJIOKEHHOM pEaKUWH WIN
pesynbTara, BO3BpAIlacMOro OJOKOM BO3AEHCTBHSA TOrO € CaMOro Meauaropa, uepes
UIeHTU(DHUKATOP, COBMNAJAIOUIMM C MMEHEM OTJIOKEHHOW peaklMM HIM CHeHU(pHKALUOHHON
byHKINN.

3. B Onoke CHHXpOHM3AalMM JONYCKAeTCsl HCIOJIb30BATH IICEBJONEPEMEHHYIO timestamp,
UMEIOUIYI0 TUI TimeInterval, KOTOpas COJAEPKUT BPEMEHHbIE METKM Hayajla M KOHIA
UCIIOJIHEHUsT OJI0Ka BO3JEMCTBUSA TOrO € €aMOro MEQUaropa WJIM BPEMEHHBIE METKH,
YKa3aHHBIE NIPU PETUCTPALIUH OTJIOXKEHHON PEAKIIUH.




9.13 Ctpoxoroe u XML- npeacraBjieHus
HecnenM(PUKANMOHHBIX TUIIOB

B nanHOM pasnene omnMcaHbl NPEXyNpEeXACHUS, BbIJABa€Mble TPaHCIATOPOM s3bika SeC mpu
NPOBEpPKE TOJIb30BATEIBCKUX (DYHKIMI (GopmupoBaHus cTpokoBoro m XML- mpencraBieHus
HecrienU(pUKAIIMOHHBIX TUIIOB.

[Ipu 06paboTke AeKIapalyl WU OnpeneneHus GyHKIMU, UM KOTOPO HauyMHAeTCs ¢ mpedukca
to string WM to XML , TPAHCIATOP MOCTYIAET CIAeIyIOIUM 00pa3oM:

l.
2.

Beruncnsiercs cypduke <vmsa Tuna> — ocTaBIIascs 4acTb UMEHU (DyHKINU

Ecim <mms Tmna> COBNAJAeT ¢ OJHOM U3 CTPOK spec, Default, Subtype, TO Takas
(GyHKLUS UITHOPUPYETCS, TaK KaK 3TO CIIy>KeOHble (PYHKIMH U3 OMOIMOTEKH.

Tak ke  (QyHKUuS  UTHOpUpYeTCA, €CIM  <uMmsa Tuna>  SBISAETCS  UMEHEM
CHEeNU(PUKAUOHHOTO THIIA.

Ecnu tunm Bo3BpamaeMoro 3HadeHHsI HE paBeH String*, TO (QYHKIMS UTHOPUPYETCS U
BBIIAETCS IPENYIIPEKICHUE BUAA:

return type of '<nomxHoe mmMsa obyHkumMm>' is not 'String *'

Ecnm xonmmuecTtBO mapamMeTpoB HE paBHO 1, TO Takas (YHKIUS WTHOPUPYETCS C
MPENYNPEKICHUEM BUIA:

size of parameters list in '<mosHoe uMa byHKUMM>' 1S not one

Ecim tun mnapamerpa He <wmms Tuna>*, TO Takas (yHKUUS HrHOpHpYeTcs C
IIPENyNpeXICHUEM BUA:

parameter of '<mosHoe mma QyHKUMM>' 1s not '<uma Tuna> *!'

Eciu paccmatpuBaeMasi GyHKIMS HE Obllla MPOWTPOPUPOBAHA IO OJHON W3 BBIMICHU3TIOKEHHBIX
OPUYMH, TO CYMTAETCs, 4YTO Ui THUNA <yMsa Tuna> 3aJaHa I0Jb30BaTelbCcKass (QyHKIMS
dbopMupoBaHus CTPOKOBOTO M XML- mpencraBieHus (B 3aBUCUMOCTH OT Tipedukca).



10 bubamnorexa nmoaaep:KKu TeCTOBOM
cucrembl 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.



10.1 ba3oBble cepBHCHI TECTOBOM CHCTEMBI

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.

10.1.1 Cucremnblie yHKIMH

CuctemHbIMH (QYHKIHAMU si3bIKa SeC SABISIOTCS CIeyromue QyHKIUH:

e setBadVerdict
@yHKIUSA setBadVerdict yCTaHABIMBAET OTPUIIATENBHBIA BEPAMKT TEKYIIETO BBI30BA
Meauaropa.

e assertion
OyHKIUA assertion NPOBEPSAET BBINOJHEHUE IPEAINOIAracMOro0 OrpPaHUYEHUS U, €CIIU
OHO HE€ BBINOJIHEHO, TO 3aBEpIIacT pa60Ty IPUIOKECHHUS.

setBadVerdict
Oynkius setBadVerdict ycTanaBmMBaeT OTPUIIATENBHBIA BEPIUKT TEKYIIETO BEI30Ba MEINATOPA.

void setBadVerdict ( const char* msg );

MapameTpbl
msg
KommeHnTapuii, MOSCHAIOMMM NPUYUHBI OTPULATENBHOIO BEPAMKTa MeAuaropa. ITOT

KOMMEHTApUi TMonajgaeT B TpacCy W HCIOJNb3YEeTCS TOJBKO JJIsi YIPOIICHUS aHadu3a
pe3yIbTaTOB TECTUPOBAHMSI.

[TapameTp MOXeET NMPUHUMATh HYJEBOE 3HaueHHE. B 3TOM cilyuae HMKakoW KOMMEHTapuil B
Tpaccy He MomaJer.

JononHutenbHasa nHcpopmauma

OyHKIMA setBadVerdict YCTAHaBIMBA€T OTPULATENBHBIA BEPAUKT TEKYIIETO BbI30BA
MEANATOpa, €CIH MEIUATOpP MO KaKUM-THMO0 MpUYMHAM HE MOKET BBIMOIHHUTH CBOIO 33/1auy. Takum
00pazoM MenuaTop coodiaeT 06 3TOM TECTOBOW CHCTEME.

OyHkius setBadVerdict MOXeT ObITh BbI3BaHa HECKOJBKO pa3 B TeUeHHHM pabOThI OIHOTO
MeIuaTopa.

Ecnmu ¢yHkuus setBadVerdict Obula BbI3BaHa BHE BBI30BA MEIUATOpa, TO KOMMEHTapHid
MOMaJaeT B TpPacCy B KadyeCTBE IOJIb30BATEIBCKOTO COOOIIEHHs 0e3 KaKoro-imbo JIpyroro
no6o4yHoro 3¢ dekra.

3aronoBouHbii daiin: ts/ts.h

assertion

@yHKIMS assertion NMPOBEPSET BBINOIHEHHE IPEANOIAraéMOr0 OIpaHUYEHHUS U, €CJIM OHO He
BBINOJIHEHO, TO 3aBeplIaeT paboTy NPUI0KEHUS.

void assertion( int expr, const char* format, ... );



MapameTpsbl

expr
BBIpa)KCHI/Ie, 3HAYCHUC KOTOPOTO IIPpEATIoIaracTcd OTIMYHBIM OT 0. Eciu »To0 MPCAIIOJIOKCHUC
HAPYIIEHO, TO PaboTa MPHUIIOKCHHUS 3aBEPIIACTCSL.

format

Crpoka, ompenenstomniast Gopmar cOOOLIEHUS O HapylleHMH mpennoioxenus. CooOlieHue
dopMHpyeTCsl Ha OCHOBAaHMH CTPOKH (hopMaTa M JOMOJHHUTEIBHBIX MapaMeTpOB, CEMaHTHKA
KOTOPBIX COBIAJAET C CeMaHTUKOM QpyHKIMH printf u3 ctannaptHoi 6ubnuoTeku s3bika C.

JononHutenbHasa nHcpopmauma

@yHKIMS assertion NPOBEPSIET, YTO BBINOJHAETCS IpeAnonaraeMoe orpanuueHue. Ecim 3to
OTrpaHUYEHUE HE BBINIOJHEHO, TO paboTa MPUIIOKEHUS 3aBEPILIACTCS.

[Ipu 3ToM popmupyetcs cooOlieHne 0 HapyIIEHUH MPEINOoNI0KEeHUs, KOTOpoe oMeIaeTcs JInbo B
Tpaccy, €cii IPOBEpKa IMPOUCXOIUT BO BpeMsl pabOTHI TECTOBOTO CIEHAapHs, JMOO B stderr, B
IOPOTUBHOM Cilydae. 3aTeM Tpacca KOPPEKTHO 3aKpbIBAeTCsl U TNPHIIOKEHHE 3aBEpLIAeT CBOIO
paboTy MOCpeaCTBOM BBHI30BA CUCTEMHOM (PYHKINH exit ¢ mapamerpoMm 1.

JIro6oe aBapHﬁHOC 3aBCPIICHUC pa6OTBI TECTOBOI'0 CHCHAPHA HOJI’KHO BBIIIOJIIHATBHCA IMOCPCIACTBOM

BbI30Ba ()YHKIIMHU assertion. B MPOTHBHOM cilyyae EIOCTHOCTh TPACChl MOXKET OBITh HapyIICHA.

3aronosouHbii pann: utils/assertion.h

10.1.2 Mopgesab BpeMeHH

Tecropas cuctema CTESK nonaep:xuBaeTr Tpu pexuma paboThl CO BpeMEHEM:
« 0e3 yuera BpeMeHHU;
« JHMHEWHas MOJEIb BPEMEHH;
+  pacmpenesneHHas MOJEIb BPEMEHH.

Jns xapakrepu3auuu MOMEHTOB BPEMEHU B TECTOBOM CUCTEME HMCIOJIb3YIOTCS 8pEeMEHHble MEeMKU.
Bpemennas meTka siBiseTcss aOCTpPaKTHOW BEIMYMHOM, KOTOpas IO BOJU Pa3pabOTUMKa MOXKET
OBITh MPUBS3aHA K PEATBHOMY BPEMEHH, a MOXET MCIOJIB30BATHCS TOJIBKO JAJSl YIOPSAOYHBAHUS
ONPEACICHHBIX MOMEHTOB BPEMEHH.

Kaxxnas BpemMeHHast METKa MPUHAICKUT HEKOTOPOU cucmeme omcuema epemeHu. Bece BpeMeHHbIE
METKH TMPUHAICKAIINE OJTHON CHCTEME OTCYETa JIMHEHHO YHOpSAI0YCHBI Mexay cobOoi. OmHako
MOPSIIOK MEKTy BPEMEHHBIMU METKaMH PA3JIMYHBIX CUCTEM OTCUETA HE OIPEIEIICH.

[Ipu pabGote B pexuMe JIMHEWHON MOJENN BPEMEHM CUMTAETCS, YTO BCE BPEMEHHbIE METKHU
IIPUHAJIEKAT OJHOW €AMHCTBEHHOM cucTeMe orcdyera BpeMeHH. [IoaTomy Bce BpeMEHHbBIE METKU
ABJISIFOTCS IMHEHHO YIOPSIIOYEHHBIMHU.

HpI/I pa60Te B PCIKUMC pacnpeﬂeHeHHoﬁ MOZCIIN BpECMCHHU BPEMCHHBIC MCTKU MOT'YT IIPUHAJICKATH
Pa3IMYHBIM CUCTEMAaM OTCYCTA. OTO0T PEXKUM ABJIACTCA HauoOoJee 06IIII/IM, OJHAKO aJIrOpUuTMbI
pa6OTBI TECTOBOM CHUCTEMBI C pacnpeacicHHbIMA BpEMCHHBIMHA MCTKAMH HAUMCHEC B(I)(I)CKTI/IBHBI.

VYuopasinenue wmonensto BpemeHnu TtectoBoi cuctembl CTESK ocymectsisercs mnocpeactsoM
CJIEAYIOMMX (QYHKIUI:

e setTSTimeModel

e getTSTimeModel

BpeMCHHHC MCTKHU OIIPEACIIAOTCA C IIOMOIIBIO CIICAYIOIINX THIIOB JaHHBIX, KOHCTAHT U (bYHKHI/Iﬁ



Twurmer:

e LinearTimeMark

e TimeFrameOfReferencelID

¢« TimeMark

e TimeInterval

KoucrauTstr:

. systemTimeFrameOfReferencelD

e minTimeMark

e maxTimeMark

DyHKIUU:

e getTimeFrameOfReferencelD

e setSystemTimeFrameOfReferenceName

e createTimeMark

e createDistributedTimeMark

e createTimeInterval

e getCurrentTimeMark

e setDefaultCurrentTimeMarkFunction

setTSTimeModel
Oynkius setTSTimeModel u3menser pexum padoTel co BpemeHeM TectoBoi cuctembl CTESK.
TSTimeModel setTSTimeModel( TSTimeModel time model );

MapameTpsbl

time model

HoBblit pexxuM paboThl CO BpeMeHeEM, B KOTOpOM OyJieT paboTaTh TeCTOBast CUCTEMA.

BoaBpalwaemoe 3Ha4yeHue

[penpiaymmii peskum paboThl cO BpeMEHEM TECTOBON CHCTEMBI.

HdononHutenbHasa uHcgpopmauums

HpI/I HCIOJIb30BAHUHU MCXaHU3Ma TCCTUPOBAHUA deI’l’l, TECTOBAAd CUCTEMA 10 YMOJIYAHUTIO pa60TaeT:

e« B pexume 0e3 ydera BpeMEHHM, €cClIM XOTS Obl OJHO M3 TMoJed saveModelState,
restoreModelState WIM isStationaryState TECTOBOIO CICHApHS HE ONPEIACICHO
WJIM MHULUAIIM3UPOBAHO HYJIEBBIM YKa3aTeJeM;

e B PEXKHMME JIMHEWHOIO BPEMEHH, €CIM MO saveModelState, restoreModelState U
isStationaryState  TECTOBOTO CIlcHapusd  WHUIIMAIW3UPOBAHBI  HCHYJICBBIMH
YKa3aTesIMH.

Pexum paboThl cO BpeMEHEM MOXKET ObITh U3MEHEH B (DYHKIIUM UHUIMATH3AINH CLICHAPHSL.

3aronoBou4HbIN ¢hann: ts/timemark.h

getTSTimeModel
@OyHKIMS BO3BPALLAET TEKYIIHUM pexuM padboThl co BpeMeHeM TecToBoil cuctembl CTESK.



TSTimeModel getTSTimeModel ( void );

Bo3Bpawaemoe 3Ha4yeHue

Texymuit pesxxum padoThl co BpemeHeM TecToBoit cuctembl CTESK.

3aronoBou4HbIN hann: ts/timemark

LinearTimeMark

Tun ucnone3yercsa A8 HACHTU(UKALUU BPEMEHHBIX METOK BHYTPH ONPEAEICHHOM CHUCTEMBI
0TCYeTa BPEMEHHU.

typedef unsigned long LinearTimeMark;

JononHutenbHasa nHcpopmauma

3HayeHUs] 3TOr0 TUIA MOTYT OTpa)kaTh JIOObIE XapaKTEPUCTUKHM MOMEHTOB BPEMEHU BHYTPHU
OTIpeNIelIEeHHOW CHUCTeMBl OTcyeTa BpeMmeHH. Hampumep, umcino cekyHA (WM MHUIMCEKYH])
MPOIIEIINX C ONPEIEICHHOTO MOMEHTA BPEMEHH.

Ecnu onno 3HaueHue tumna LinearTimeMark OOJbIIe APYroro 3HA4EHUs, TO CUATAETCS, YTO OHO
COOTBETCTBYET MOMEHTY BpPEMEHHU TapaHTHpOBaHO Ooisiee mMmo3gHeMmy, 4dem japyroe. Eciau nBa
3HAYEHUS PaBHBI, TO CUUTAETCS, YTO O B3AUMHOM PACIIONIOKEHUH COOTBETCTBYIOIIUX UM MOMEHTOB
BPEMEHU HUYETO He M3BecTHO. OHM MOTYT COBIAJIaTh, @ MOTYT U OBITh PA3TMUYHBIMHU.

3aronoBou4HbIN ¢hann: ts/timemark.h

TimeFrameOfReferencelD
Tun onpenensier H)]eHTI/I(i)I/IKaTopH CHUCTEM OTCUETA BPEMEHHU.

typedef int TimeFrameOfReferencelD;

JononHutenbHasa nHcopmauma

TectoBast cucrema paboTaeT B BBIJACICHHOW CHCTEME OTCUETa BPEMEHH, KOTOpas HWMeEeT
npenonpeaeIeHHbI HIeHTUPUKATOP systemTimeFrameOfReferencelID. B pexxume TuHEHHOTO
BPEMCHH Pa3peiacTCsa UCIOJb30BaATh TOJIBKO 3TOT I/II[GHTI/I(bI/IKaTop CHUCTEMBI OTCUECTA.

Hpyrue WACHTUDUKATOPBI CTPOSATCS B  PEXHME pPACHpPEleNICHHOTO BpeMeHM (yHKUIueH
getTimeFrameOfReferenceID. OTa (QyHKUMS HO MMEHHM CHCTEMBI OTCUETa BO3BpALIACT €€
unentudukarop. [Ipu nByx obpamieHusX K QyHKIUM C OAHUM M TE€M K€ UMEHEM OyJeT MoJyyeH
OJIMH | TOT k¢ uaeHTtuukatop. Eciim BMecTo MMEHN niepenaTh HyJIeBOH ykaszarenb, TO (DYHKIHS
BEPHET YHUKAJIbHBIA HICHTU(GUKATOP CUCTEMBl OTCUETa, KOTOPBIM TapaHTUPOBAHHO He OyJer
UCIIOJIB30BaH €10 JIBAXIbI.

3aronoBou4HbIN ¢hann: ts/timemark.h

TimeMark
CrpykTypa onpeaenser TUIl BPEMEHHON METKH, HCIIOIb3YEMOM B TECTOBOM CHCTEME.
typedef struct TimeMark TimeMark;

struct TimeMark {
TimeFrameOfReferenceID frame;
LinearTimeMark timemark;

}s



HononHutenbHasa uHcgpopmauums

Bpemennas Merka xapakTepusyeTcsl WIASHTU()UKATOPOM CHCTEMBI OTCUYETa BPEMEHU U 3HAUYECHUEM
UICHTH(QUIHPYIOIIMM MOMEHT BPEMEHH BHYTPH JTAHHOH CUCTEMBI OTCUETA.

Cuuraercs, 4TO OJlHa BPEMEHHAsi METKa MEHBIIIE JAPYrod TOJBKO B TOM CiIydae, KOT/a 00e METKH
NpUHAUIe)KAT OJHOM CHCTeMe OTcueTa W 3HaueHHe Mol timemark mnepBOid METKH MEHBIIEe
3HAYEHUS 3TOTO MOJISI IPYTOM.

3aronoBo4HbIn haun: ts/timemark.h

TimeInterval
Tum onpenenser UHTEPBa BPEMEHU MEXy ABYMSI BPEMEHHBIMH METKAMMU.
typedef struct TimelInterval Timelnterval;

struct TimeInterval { TimeMark minMark; TimeMark maxMark; };

HdononHutenbHasa uHcgopmMauums

Tun TimeInterval ONpENENs€T HHTEPBAI BPEMEHU MEXAY JBYMS BPEMEHHBIMH METKaMH
minMark M maxMark. Ilpu aTom TpeOyercsi, YTOOBI 3TH METKHM MPUHAIIESKAIH OJHOW CHUCTEME
0TCYeTa BPEMEHHU U 3Ha4eHUe NepBoil He ObLI0 OO0JIbIIE 3HAYCHUs BTOPOH. I paHnUHbBIE BpeMEHHbIE
METKHU BKJIIOUAIOTCSl BHYTPb MHTEPBAJIA.

Jns o0o3HaUYeHUST MUHHMAIbHO M MaKCHMAaJIbHO BO3MOXKHBIX BPEMEHHBIX METOK Heo0X0auMO
HCIIOJIB30BATh CIIEIHAJIBHBIC KOHCTAHTHI minTimeMark U maxTimeMark COOTBETCTBEHHO.

3aronoBoy4HbIn haun: ts/timemark.h

systemTimeFrameOfReferenceID

KoncranTa onpenenser uaeHTU(HUKATOP CUCTEMBI OTCYETa BPEMEHH, B KOTOPOH paboTaeT TecToBast
cucrema.

extern const TimeFrameOfReferencelID systemTimeFrameOfReferencelD;

HononHutenbHasa uHcgpopmMauums

Unentudukatopy cucTeMbl OTCYETa BPEMEHHM, B KOTOpPOW paboTaeT TecToBas CHCTEMa,
systemTimeFrameOfReferenceID MOXHO IIPUCBOUTH CHMBOJMYECKOEC HMSA C IOMOIILIO
byHKIIMM setSystemTimeFrameOfReferenceName. B 3ToM ciydae mo000i BBI30B (PYHKITUH
getTimeFrameOfReferenceID € OJTUM CHMBOJHMYECKMM HMMEHEM OyIeT BO3BpalaTh
systemTimeFrameOfReferencelD.

3aronoBou4HbIN ¢hann: ts/timemark.h

minTimeMark

KoHcTaHTa paBHsETCS BPEMEHHOW METKE TapaHTHPOBAHO MEHBIIEH JF000W IpYyro BpEeMEHHOU
METKH U3 JTF000W CUCTEMBI OTCUETA.

extern const TimeMark minTimeMark;

JononHutenbHas nHcpopmauma

Koncranta minTimeMark SBAS€TCS BBIACICHHBIM 3HAYE€HHEM TUNA TimeMark, KOTOpPOE
rapaHTUPOBAHHO MEHbINE JIFOOOr0 APYroro 3HA4YeHHsI 3TOr0 TUIA HE3aBHCHUMO OT €ro CHUCTEMbI
orcuera. KoHcTanra minTimeMark paBHIETCS TOJIBKO cebe caMmoil.



3aronoBo4HbIn haun: ts/timemark.h

maxTimeMark

KoHcranTa paBHseTCss BpeMEHHOH METKE TapaHTHPOBAHO Oouibliel Jt000i Apyroid BpeMEHHOMH
METKH U3 JTH000H CUCTEMBI OTCUETA.

extern const TimeMark maxTimeMark;

HdononHutenbHasa uHcgopmMauums

Koncranta maxTimeMark SBIAETCA BBIACICHHBIM 3HAa4eHUEM THNA TimeMark, KOTOpOE
rapaHTUPOBAHHO OOJIbIlE JIFOOOT0 APYroro 3HAYEHUS STOrO THIA HE3aBUCHUMO OT €ro CHUCTEMBI
orcuera. KoHcTanta maxTimeMark paBHIETCS TOJBKO cebe caMoil.

3aronoBou4HbIN ¢hann: ts/timemark.h

getTimeFrameOfReferencelD
DyHKIIMS BO3BpaIlaeT HACHTU(PUKATOP CUCTEMBI OTCUETa, COOTBETCTBYIOIIMKN YKa3aHHOMY UMEHHU.

TimeFrameOfReferencelID getTimeFrameOfReferenceID( const char* name );

MapameTphbl

name
HNwms cucteMsl oTcuera.

[TapameTp MoOxeT OBITH HYJEBBIM yKa3aTelleM. B 3ToM ciydae BO3BpallaeTcsi yHUKaJIbHBIN
UIEHTH(HUKATOP CHCTEMBl OTCU€Ta, KOTOPBIM TIapaHTUPOBaHO He OyleT BO3BpallleH JaHHOM
(GyHKIMEN TBaXKIbl.

Bo3Bpawaemoe 3Ha4yeHue

NnentudukaTop cHCTEMBbI OTCUYETA C YKa3aHHBIM HMEeHeM. DYHKINS TapaHTHPOBAHHO BO3BpAIACT
OIMH M TOT >X€ HACHTU(PUKATOpP Ui JIOOO0r0 4YHcia 3ampoCcoB C 33aJaHHBIM UMEHEM CHCTEMBI
OTCUeTa.

JononHutenbHasa nHcpopmauma

CDyHKuI/Iﬂ getTimeFrameOfReferenceID BO3BpallaeT I/II[eHTI/I(bI/IKaTop CHUCTEMBI OTCUETA 10 €€
uMeHd. [Ipu nByx oOpaieHusx K GyHKIMHA C OJHUM U TeM K€ UMeHeM Oy/eT TOJy4eH OJIUH M TOT
xke waeHtudukarop. Eciam BMECTo MMeEHW miepenaTh HYJIEBOW yKaszaTellb, TO (YHKIHS BEPHET
YHUKAJIbHBIN UACHTU(PUKATOP CUCTEMBI OTCUETA.

OyHKINIO getTimeFrameOfReferenceID JONYCKaeTCs HCIOIb30BATh TOJIBKO B PEKUME
paboThI ¢ pacHpeeICHHBIM BPEMEHEM.

OOBIYHO KaXXOMY KOMITBIOTEPY COOTBETCTBYET COOCTBEHHAsi CHCTEMa OTCUeTa BpeMeHH. B 3Tom
cllyyae, CUCTEMbl OTCYETa MOXHO HMJIEHTHU()ULUPOBATh CETEBBIM MMEHEM COOTBETCTBYIOILEIO MM
KOMIIBIOTEpA.

Jns enuHooOpasusi paboOThl ¢ HMASCHTU(GUKATOPAMU CHUCTEM OTCYETa, MICHTU(PHKATOPY CHUCTEMBI
oTCc4ycTa, B KOTOpOfI pa60TaeT TCCTOBAs CUCTEMA, TAKKC MOXHO INPUCBOUTH CUMBOJMYCCKOC UMS C
NOMOUIbIO QYHKINH setSystemTimeFrameOfReferenceName.

Ecnu cucteme oTcuera, B KOTOpOH paboTaeT TecToBas cUcTeMa, ObUIO MPHUCBOEHO MMs, TO JTFOO0H
BBI30OB byHKIUN getTimeFrameOfReferencelD c 3TUM HNMEHEM BEPHET
systemTimeFrameOfReferencelD.




3aronoBo4HbIn haun: ts/timemark.h

setSystemTimeFrameOfReferenceName
OyHKIHS YCTAaHABIUBAET UMl CUCTEMBI OTCYETa, B KOTOPOil paboTaeT TecToBasi CUCTEMA.

bool setSystemTimeFrameOfReferenceName ( const char* name );

MapameTpbl

name
WM cucreMbl oTcueTta, B KOTOpoil paboTaer TectoBas cucreMa. [lapamerp He noikeH OBITH
HYJIEBBIM YKa3aTeJleM.

BosBpamaemoe 3Ha4YeHue

OyHKIMsS BO3Bpamiaer false, €ClAM JaHHOE UMS YK€ HCIOJNb30BAIOCH ISl UISCHTH(PUKALUU
CHCTEMBI OTCUETA OTIMYHOM OT CUCTEMHOM, U true B IPOTUBHOM CIIy4ae.

JononHutenbHaa uHgopmauusa

OyHKIMA setSystemTimeFrameOfReferenceName yCTaHaBJIMBAaE€T UMsI CHCTEMBI OTCYETa, B
KOTOpoi  pabotaer TectoBass  cucrema. Ilocie  3Toro 000 BBI3OB  (YHKIUH
getTimeFrameOfReferencelID C JaHHBIM HNMCHCM BCPHET
systemTimeFrameOfReferencelD.

Cucrema oTcueTa, B KOTOpPOHM pabOTaeT TECTOBas CUCTEMa, MOXET HMMETh HECKOJIBKO HMMEH
OJTHOBPEMEHHO.

3aronoBou4HbIN hann: ts/timemark.h

createTimeMark

OyHKIMS createTimeMark cO37aeT BPEMEHHYIO METKY B CUCTEME OTCYETa, B KOTOPOil paboTaeT
TECTOBAsI CUCTEMA.

TimeMark createTimeMark( LinearTimeMark timemark );

MapameTpbl

timemark
MGTKa, I/I,Z[GHTI/I(I)I/ILII/IPYIOI_LIaSI MOMCHT BpCMCHU BHYTPU CUCTCMbI OTCUCTA, B KOTOpOﬁ pa60TaeT
TECTOBAs CHUCTEMA.
Bo3Bpawaemoe 3Ha4yeHune
DyHKIUS BO3BPAIIACT BPEMEHHYIO METKY, ITPUHAIIEKAITYI0 CUCTEME OTCUETa BPEMEHH, B KOTOPOU
paboTaeT TecToBasi CUCTEMa, U COOTBETCTBYIOIYIO BHYTPEHHEH METKe timemark.
JononHutenbHasa nHcopmauma

QYHKHI/IH createTimeMark co3maer BPEMCHHYIO MCTKY C I/IJICHTI/I(I)I/IKaTOpOM CHUCTEMBI OTCUCTA
systemTimeFrameOfReferencelD W BHYTPEHHEN METKOU timemark.

3aronoBo4HbIn haun: ts/timemark.h

createDistributedTimeMark

CDYHKI_II/ISI CO31acT BPEMCHHYIO MCTKY B YKa3aHHOI>'I CHUCTEMC OTCUCTA.



TimeMark createDistributedTimeMark
( TimeFrameOfReferencelID frame, LinearTimeMark timemark );

MapameTphbl

frame

I/I,HGHTI/I(l)I/IKaTOp CHUCTCMBI OTCUCTA, KOTOpOﬁ IPHUHAIJIC)KUT CO3aaBacMasi BpPCMCHHAsA MCTKaA.

timemark

Mertka naeHTUGUIHIPYIONIasi MOMEHT BPEMEHHU BHYTPH CHCTEMBI OTCUETa frame.

BosBpau.laemoe 3Ha4YeHue

OyHKIMST BO3BpaIlaeT BPEMEHHYI) METKY C HISHTH(PHUKATOPOM CHUCTEMBI OTCcUeTa frame U
BHYTPEHHEH METKOU timemark.

HdononHutenbHasa uHcgopmauums

3aronoBou4HbIN ¢hann: ts/timemark.h

createTimeInterval

CDyHKLIMFl co3pgaeTr BpeMEHHOﬁ MHTepBan C yKka3aHHbIMU rpaHulamMmun.

TimeInterval createTimelInterval ( TimeMark minMark
, TimeMark maxMark
) ;

MapameTpbl

minMark

Bpemennas meTka HHYKHEH IPAHULIBI MHTEPBaa.

maxMark

Bpemennas meTka BepxHEil rpaHHIIbI HHTEpPBAIA.

BoaBpalwaemoe 3Ha4yeHue

(DYHKHI/IH BO3BpalaacT BpeMeHHOﬁ HHTCPBAJI C YKa3aHHBIMU I'PaHUIIaMH.

OononHutenbHaa uHgopmauusa

OyHKIMA createTimeInterval CO31a€T HWHTEPBAal BPEMEHM MEXKIY [BYMs BPEMECHHBIMU
METKaMHU minMark U maxMark. Ilpu 3Tom TpeOyercs, 4TOOBI 3TH METKU MPUHAIICKATU OIHOM
CHUCTEME OTCcueTa BpEMEHHU M 3HayeHHE MepBOW He ObLIo OOoJbllle 3HadeHHs] BTOpoi. ['paHuuHbIe
BPEMEHHBIE METKH BKJIIOYAIOTCS BHYTPb HHTEPBAJa.

21.]'[5[ 0003HaYeHNs] MUHHMMAJBbHO M MAaKCHMAaJbHO BO3MOKHBIX BPEMCHHBIX METOK HeO6XO)II/IMO
HUCIIOJIB30BaTh COEUAIbHBIE KOHCTAHTEI minTimeMark U maxTimeMark COOTBETCTBEHHO.

3aronoBou4HbIN ¢hann: ts/timemark.h

getCurrentTimeMark

OyHKIMA BO3BPAIIAET BPEMEHHYK) METKY, COOTBETCTBYIOIIYIO TEKYIIEMY MOMEHTY BpPEMEHH
BHYTPH JaHHOIO IIpoLecca.

TimeMark getCurrentTimeMark( void );



BosBpamaeMoe 3Ha4YeHune

OyHKIMA BO3BPAIIAET BPEMEHHYK) METKY, COOTBETCTBYIOIIYIO TEKYIIEMY MOMEHTY BpPEMEHH
BHYTPH JaHHOIO IIpoLeCCa.

JononHutenbHasa nHcpopmauma

@yHKIMS BO3BpAlla€T BPEMEHHYIO METKY, COOTBETCTBYIOLIYIO TEKYIIEMY MOMEHTY BpPEMEHU
BHYTpUM JaHHOro rmpouecca. JlaHHasg (QYHKUIHUS HCIONb3YyeTCs TECTOBOW CHUCTEMOW  JUIs
aBTOMATUYECKOTO ONPEJEIECHU BPEMEHHOIO HHTEpBajga, B KOTOPOM BBINOJHSIETCS BBI30B
crenupUKaIuoOHHON (YHKIUH.

[To ymomyaHuto, TeKyIas BpeMeHHas METKa MPUHAAJICKUT CUCTEME OTCueTa, B KOTOpoi paboTaer
TeCTOBas cucTeMa. MeTKa BHYTPH CHCTEMBI OTCYETa BBIYMCIIACTCS KaK YHCIO CEKYH/I TPOIIEIIIIX
¢ noxyHouu (00:00:00) 1 suBapst 1970 rona, monyueHHOE MyTEM BbI30Ba CUCTEMHOW (DYyHKIMH
time.

IloBenenue (pyHKupm MOXET OBITh IEPEONPEAEIECHO MOIb30BATEIEM C IOMOIIBIO (byHKL[I/H/I
setDefaultCurrentTimeMarkFunction.

3aronoBo4HbIn haun: ts/timemark.h

setDefaultCurrentTimeMarkFunction

VYcTaHaBIMBaET MOJIb30BATENBCKYIO (DYHKIIMIO BBIYMCICHUS BPEMEHHON METKH, COOTBETCTBYIOILEH
TEKYLIEMY MOMEHTY BPEMEHH BHYTPHU JAHHOT'O IIpoLecca.

GetCurrentTimeMarkFuncType
setDefaultCurrentTimeMarkFunction
( GetCurrentTimeMarkFuncType new func );

MapameTpbl
new func
VYkazarens Ha QYHKIIHIO, KOTOpas OyJIeT UCIOJIb30BATHCS JIJIsl BBIYMCICHUS BPEMEHHOW METKH,

COOTBETCTBYIOILIEH TEKyIlleMy MOMEHTY BpPEMEHM BHYTpU JaHHOro mnporecca. Ilapamerp He
JOJIKEH OBITh HYJIEBBIM YKa3aTeJeM.

Bo3Bpawaemoe 3Ha4yeHue
OyHKIMA BO3BpAIlaeT YKa3aTeldb HAa MPEAbIAYIyI0 (YHKIHUIO, BBIYUCISIBIIYIO TEKYIIYIO
BpPEMEHHYIO METKY.

HdononHutenbHasa uHcgpopmauums

Oyukuua  setDefaultCurrentTimeMarkFunction — yCTaHABIMBA€T  IOJIB30BATEIILCKYIO
(YHKUIMIO BBIYMCICHUS BPEMEHHOM METKH, COOTBETCTBYIOIIEH TEKyIIeMy MOMEHTY BpEMEHH
BHYTPH aKTHBHOTO Tiporiecca. [locme 3toro gpyHkims getCurrentTimeMark OyJeT BO3BpaIlaTh
BPEMEHHYIO METKY, IIOJTYYEHHYIO ITyTeM BbI30Ba JAHHOW MOJIb30BATEIbCKON (PYHKIINH.

Taxum 06p330M, I10JIB30BATCIIbCKAasd (bYHKI_II/Iﬂ 6YI[CT HUCIIOJB30BAThCA OJId aBTOMATHYECKOI'O
BBIUUCJICHUA HHTCpBajla BPCMCHH, COOTBCTCTBYIOILICTO BBI3OBY Ka)KHOﬁ CHGHHq)HKaHHOHHOﬁ

byHKIIHH.

3aronoBo4HbIn dhaun: ts/timemark.h



11 CrangapTHble MeXaHU3MbI IOCTPOEHUS
TeCTOB

B CTESK 2.8 Bkito4€HbI 1Ba MEXaHU3Ma IIOCTPOEHUS TECTOB (MHAYE HA3BIBAEMBIX «OOXOIUMKI)
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.



11.1 dfsm

Mexanu3m moctpoeHuss TectoB dfsm OCHOBBIBaeTCS Ha MOHSATHH 00X0la ETEPMUHHUPOBAHHOTO
KOHEYHOro aBToMara. KOHEUHbI aBTOMAT, MCIOJIb3YyEMbI Uil MOCTPOCHUS TECTa, 3aJaeTCs B
HesiBHOM Bujie. [lonb3oBarens onpenenser GyHKIMIO BBIYUCICHUS TEKYIIETO COCTOSHUS CIIEHAPHS
1 HaOOp TECTOBBIX BO3/ICHCTBHIA.

Bo BpEMA TECTUPOBAHUA dfsm NINPUMCHSACT TCECTOBBLIC BO3)1€I\/’ICTBI/IH, KOTOPBIC MOI'YT HU3MCHSITH
COCTOSIHHEC CLCHapus. dfsm aBTOMaTHYECKH OTCJIEKHMBACT BCE H3MEHEHUS COCTOSHUSI H CTPOUT
KOHEYHBIH aBTOMar, COOTBGTCTBYIOH_II/Iﬁ nponeccy TECTUPOBAHMUA. CocTossHMSIMH aBTOMaTa
SABJIAIOTCA BCC JOCTUIKHUMBIC COCTOAHUA CLHCHAPUA, a NMMEPCXO0Abl aBTOMATA IMOMEYAIOTCA TCCTOBBIMU
BOBHCﬁCTBHHMH, KOTOPBIC UX HHUIUUPOBAJIN.

Mexanuzm TECTUPOBAHUA dfsm 3akaHumBaeT TCCTUPOBAHUEC TOJBKO TOrJa, Korga IoJacT BCE
OMPCACIICHHBIC IIOJIB30BATCJICM  TCCTOBLIC BO3JIEHCTBHS BO BCEX COCTOSHHUAX aBTOMara
JOCTHXKHMMBIX U3 HAa4YaJIbHOTO.

YT00BI JOCTIDKEHHE 3TOM LIenu OBLIO BO3MOXHO, HCO6XOJII/IMO BBIITIOJIHCHUC CJICAYIOIINUX yCJlOBHf/'Il

. Koneunoctb. Ymcio COCTOﬂHHﬁ, AOCTHXKUMBIX M3 HAYaJIbHOr'o IIYyTEM IIPHMCHCHUA
TCCTOBBIX BO3I[€I7ICTBI/II‘/JI n3 3aJaHHOI'O Ha6opa, JOJIXKHO OBITh KOHEUHBIM.

. I[eTepMHHI/IPOBaHHOCTL. I[J'ISI JIFOOOT'0 COCTOSIHUS CUCTEMBI IPUMEHCHUEC OJHOTO U TOI'O KC
TECCTOBOI'O BO3ﬂCﬁCTBHH BCCrJa JOJIZKHO IEPEBOAUTL CUCTEMY B OAHO U TOKC COCTOSHUC.

« CuabHasg cBsI3HOCTH. M3 11000r0 COCTOSHUS CIIEHApusi JOCTIXKUMO J0o0oe Jipyroe
COCTOSIHME CLICHApUs IIyTEM IPUMEHEHUS M1OCIEe10BATEIbHOCTH TECTOBBIX BO3ICHCTBUM.

Habop TecToBbIX BO3ACHCTBUI OMPEIEseTCsl C TOMOIIBIO CIICHAPHBIX (DYHKITUH.

Tun onucanust TecToBOro cueHapus dfsm ncnonp3yercs: Npu MHUIUATU3AMHY TECTOBOTO CLIEHAPHS,
IIOCTPOEHHOTO Ha ocHoBe MexaHu3Ma dfsm. [Tosnst aToro Tuma onucansl Ha cTpanuue «llossd THOB

Ol CaHUA TECTOBOI'O CIICHAPUI).

I[OHOHHI/ITGHI)HBI@ nmapaMeTpbl MEXaHHM3Ma TECTUPOBAHHA MOTYT ObLITH HAaCTpOCHbBI C ITOMOIIBIO
CJICAYIOMIMX (QYHKIUI:

e gsetFinishMode

e setDeferredReactionsMode

e setWTime

e setFindFirstSeriesOnly

e setFindFirstSeriesOnlyBound

Bce (I)YHKHI/II/I, NpeaAHa3HA4YCHHBIC YCTAHABJIMBATL WM BO3BpaAlldTbh IMIApaMETpbl MCXdHHU3Ma
TCCTUPOBAHHUA, NICPCUNUCIICHBI HA CTPAHULIC «CepBHCHEIE KWK MEXaHM3Ma TCCTHUPOBAHM

[Tpu 3amycke TeCTOBOTO CLEHApUs €My NepeJaeTcs CIIMCOK MapaMeTpoB. MeXaHU3M TeCTUPOBAHMUS
UMEEeT CTaHJapTHBIE TTapaMeTpPhl, KOTOPhIE HACTPAMBAIOT €ro paboTy. Bee cranaapTHBIE mapaMeTpsl
JIOJDKHBI CIIEI0BATh 10 IOJIb30BATEIBCKUX MapaMeTpoB. MexaHu3M TeCTHpOBaHUs 00pabaThIBaeT
UX U TepelacT OCTaBIINECs B ()YHKINIO WHUIMAIH3AIUN TECTOBOTO CIICHAPHSI.



11.2 ndfsm

O6xomuuk ndfsm mo cpaBuenuto ¢ dfsm mo3BosisieT KOppekTHO paboTaTh Ha Oojee HMIMPOKOM
KJIacCe aBTOMATOB, a KMMCHHO Ha KOHEYHBIX aroMarax, HMMCIOIINX JeTCPMUHUPOBAHHBIN
CUJIBHOCBSI3HBIN NOJIHBIM OCTOBHBIN O1aBTOMAT.

e OcroBHbIiT nmogaBToMaT. OCTOBHBIA IOJaBTOMAT COJEPKUT BCE COCTOSHUS CLEHapus,
JOCTUKUMBIE B IIPOLIECCE TECTUPOBAHMUS.

e Iloanbii momaBTOMAT. JIJIsi KaKIOrO COCTOSIHUS CHEHapus M JOMYCTUMOTO B HEM
TECTOBOTO BO3JICHUCTBHUS MOAABOMAT JTUOO COAEPKHUT BCE MEPEXOJbl M3 ITHM COCTOSHUS,
MMOMEYCHHBIC STUM TECTOBBIM BO3ICHCTBHEM, JTUOO HE COACPKUT TAKUX MIEPEXOJI0B BOBCE.

Ha60p TECTOBBIX BO3ACHCTBUI OIPEACIIACTCA C IOMOUIBIO CHHCHAPHBIX glzyHKguﬁ.

Tunm omnmcaHus TECTOBOTO CCHapus ndfsm HCIIOJIB3YCTCA IIpU HWHUIOHAIN3alOWKU TCCTOBOI'O
CleHapus, NOCTPOCHHOI'0O Ha OCHOBC MCXAaHU3Ma ndfsm. [Toas 3TOro THa omucaHbl HA CTpaHHUIIC

«llons TUIIOB OMKMCAHUS TECTOBOTO CIICHAPUA .

JlomonHUTENbHBIE TIApaMeTPhl MEXaHW3Ma TECTUPOBAHMSI MOTYT OBITh HACTPOEHBI C IMOMOIIBIO
cleayromux (yHKIIMMA:

e setFinishMode

J setDeferredReactionsMode

J setWTime

e setFindFirstSeriesOnly

e gsetFindFirstSeriesOnlyBound

Bce (bYHKIII/II/I, NpCaAHAa3HAYCHHBIC YCTaHABJIMBATh MM BO3BpallaTh IM[MapaMCTPbl MCEXaHU3Ma
TECCTUPOBAHUA, IICPCUHUCIICHBI HA CTPAHHUILIC «CepBUCHEIE KIIMHW MCXAaHHM3Mad TCCTUPOBAHUA

[Ipu 3amycke TeCTOBOTO CIiEHapHsi eMy MepeaeTcsl CIUCOK MmapaMeTpoB. MexaHu3M TeCTHPOBaHUS
UMEET CTaHJapTHBIEC MapaMeTphl, KOTOPbIE HACTPAUBAIOT €ro paboTy. Bece cranmapTHRIE MapaMeTpsl
JIOJKHBI CIIEZIOBAThH JIO TOJIH30BATEILCKUX IMapaMeTpoB. MexaHW3M TEeCTUPOBaHUs oOpabaThiBaeT
UX U TIepelaeT OCTaBIIMecs B (PYHKIHMIO MHULIMATU3AIMH TECTOBOTO CLIEHAPHS.



11.3

IToJiss THIOB ONMMCAHUSA TECTOBOI'O cucHapus

Tun onucaHus TECTOBOIO ClICHApHA dfsm HCIIOJIB3YCTCA IPpHU MHUIIUAJIN3alluU TCCTOBOTO CLICHApUs,
IMOCTPOCHHOT'O Ha OCHOBC MCXaHU3Ma dfsm. COOTBGTCTBGHHO, THUIT OIMMCaHHsA TCCTOBOT'O CHCHApPUA

ndfsm

HCIIOJIB3YCTCA IMIPU HWHUIHUATIMU3AIUK TECTOBOI'O0 CHCHApUA, IMOCTPOCHHOIO HAa OCHOBC

Mmexann3Ma ndfsm.

OTH TUIIBI ABJISIOTCS CTPYKTYpaMM; MHOXKECTBO mojei dfsm BkirodyaeT MHOXKecTBO mojeit ndfsm.
DT 1OJIS IPUCYTCTBYIOT B 00€UX CTPYKTYpaX:

init (TMO Ptrinit)

finish (TAN PtrInit)

getState (THN PtrGetState)

actions

OO0s3aTeNbHBIM IS MHUITHAIU3AINH SBISETCS TOJIBKO TOJE actions, KOTOPOE COACPKHUT MACCHB
CIIEHAPHBIX (DYHKIIHH, ONIPEACIISIONINX TECTOBbIC BO3CHCTBUA.

Crtpykrypa dfsm Brirouaer B ceOst TOMOTHUTEIbHBIC OIS

saveModelState (TUll PtrSaveModelState)

restoreModelState (THIl PtrRestoreModelState)

isStationaryState (TMN PtrIsStationaryState)

observeState (THIl PtrObserveState)

init

ITone init comepk’uT yKa3aTeiab Ha (1)YHKIII/IIO WHUIATIN3aMU TECTOBOI'O CIICHAPUSI.
finish

[lone finish COAEPKUT yKazaTesb Ha (byHKuI/IIO 3aBEPIICHUS TECTOBOI'O CLIEHAPHUS.

getState
[lone getState CONEPKUT yKazaTesb HA (byHKuI/IIO, BEIYHCIIAIONIYIO TEKYIIEE COCTOSHUE

TCCTOBOT'O CLICHApU:I.

actions
[lone actions COAEPKUT MACCHB CIICHAPHBIX (YHKIWH, 3aBEPIIAIOIINNCS HYJIEBBIM
yKa3aTeJeM.

saveModelState
[Tone saveModelState CONEPXHUT yKazaTelnb Ha (DYHKIIMIO, BO3BPALIAIONIYI0 COCTOSHHE
cneuI/@HKauHOHHOI‘/’I MOJICIIN JAaHHBIX.

restoreModelState
[lone restoreModelState COACPKUT yKa3aTelb Ha (PYHKIMIO, BOCCTAaHABIMBAIOIIYIO
COCTOSIHUE cneuI/I(bI/IKauI/IOHHoﬁ MOJEJIN JAaHHBIX.

isStationaryState
ITone isStationaryState COIEPKUT  yKasarelb Ha  (QyHKIHIO IIPOBEPKHA
CTAIMOHAPHOCTUA MOJEILHOTO COCTOSIHUS.

observeState
[lone observeState CcOHEpX UT yKazaTredb Ha (QYHKIHUIO, CHHXPOHU3UPYIOUIYIO
MOJIEJIbHOE COCTOSIHUE C COCTOSIHUEM TECTHMPYEMOM CHCTEMBI II0 HCTEUYEHUU BPEMEHH
cTaOMIN3auu.



init
[Tone init comepKUT yKazaTelb Ha (PYHKITMIO HHALUATU3AINH TECTOBOTO CIICHAPHS.

PtrInit init;

JononHutenbHasa nHcpopmauma

@YHKIMS MTHULMAIU3ALUY [10JIy4aeT Ha BXOJl MACCUB I1apaMETPOB, COTVIACHO CEMAHTHUKE ITPUHSITON
JUIsL TIapaMeTpoB argc, argv CTaHAApTHOM (yHKIMM main. OHa MOXET HCHOIb30BaTh 3TU
napaMeTpsl AJ11 HACTPOMKHU TECTOBOT'O CLICHAPHSI.

OO6bIyHO GHYHKIMS HHUITHAIM3AIIAN BBITIOHSECT CIICTYIOIINE CHCTBUS:
e WHULHMAJIU3ALMS TECTUPYEMOI CUCTEMBI;
s WHUIMATU3ANMS CHEIU(UKAITMOHHOW MOJIEITH TaHHBIX;
e WHUUHUATIU3ALM JAHHBIX CIICHAPHUS;

e YCTaHOBKa MEIHWATOpPOB AJsl CeUU(PUKAIMOHHBIX (QYHKIUN U peakiuil, UCIOJIb3yeMbIX B
JTAHHOM TECTOBOM CLICHAPUHU.

B ciydya€ TECTUPOBaHHUA CHUCTEM C OTIOXCHHBIMHU PCaKIUAIMU, q)YHKI_[I/Iﬂ nHUOuaJm3annuu
JOMOJIHUTCIIBHO UCIIOJIB3YCTCA IJIA:

* YCTAaHOBKH BPEMCHHU OXHJAHUA OTIIOKCHHBIX pCaKHHﬁ;

e IpH HEOOXOOUMOCTH, UIsI pacHpeiesieHUs KaHaJoB OOpa0OTKM HENOCPEICTBEHHBIX U
OTJIO’KEHHBIX PEAKIUH.

OyHKIUS MHUIMAIU3AIMA  BO3BpallaeT OyJIeBCKYIO BEIHYMHY, KOTOpas JIOJDKHA INPHUHUMATh
3HaUCHHE true, €CIIM MHAIMAIM3ALUS 3aBEpIIMIIACH YCIICIIHO, U false — B IPOTUBHOM ciydae. B
HocjeIHeM ciiydae paboTa TECTOBOTO CIEHApHs Ha 3TOM 3aBEpIIUTCS, (YHKLUS 3aBEepIICHUS
ClLIeHapus BbI3BaHa He OyjeT.

OyHKIMS ~WHULNHAATU3AIUS  MOXKET COJep)KaTh  BBI3OBHI  CHENU(DUKAIMOHHBIX  (DYHKIUH,
OCYIIECTBISIOMNX WHUITHATH3AINUIO TECTUPYEMON CHCTEMBI, CTICITU(UKAITMOHHON MOJEIIH JaHHBIX
WIH TaHHBIX crieHapus. [Ipu paboTe B pexume ¢ OTI0KEHHBIMU PEAKITUSIMHU MEXaHU3M MMOCTPOCHHS
TECTOB OCYIIECTBISIET CEPUANHM3AIIMI0 BCEX IMOJAHHBIX TPH BbI30BE (YHKIUNA WHHUITHATH3AINAN
CTUMYJIOB U BCEX MOJIYYEHHBIX PEAKIIU.

[Tone init MOXeT ObITh MHUIMAIU3UPOBAHO HYJIEBBIM yKazaTeleM WM He MHULUAIU3UPOBAHO
BOBCE. DJTO OyleT JKBUBAJICHTHO HWHHUIMATIU3AIUU TMONS init (PYHKIHMEW, HE BBIMOIHSIOMIECH
HUKAKHUX JIEVCTBUN M BO3BPAIAOIIEH true.

3aronoBo4HbIn daun: ts/dfsm.h, ts/ndfsm.h
finish
[Tone finish COOEPXKUT yKa3aTedb Ha (DYHKIMIO 3aBEPIIECHUS TECTOBOTO CLIEHAPUSI.

PtrFinish finish;

HdononHutenbHasa uHcgpopmauums

OyHKIMS 3aBEpIICHUs [peAHAa3HauY€Ha JUIsl BBIMOJIHEHUS 3aKIIOYUTEIBHBIX paboT mocie
poBeneHNs TecTUpoBanus. OyHKIMA HE UMEET IapaMeTPOB U BO3BPALLAEMOI0 3HAYCHMUS.

OO6b1uHO (YHKIMS 3aBEPIICHUS CIIEHAPHS BBITIOJIHSET CISAYIOIINE ICHCTBUS:

¢ OCBOOOXJIEHHE DPECYpPCOB TECTUPYEMOIl CHCTEMBbI, 3aHATBIX BO BpeMs pabOThI TECTOBOTO
CLICHapus;

¢ OCBOOOXJEHHE PeCypcoB CrielU(pUKAINOHHON MOJIETH TaHHBIX;



° OCBO60)KI[CHI/IC PECYpPCOB TECCTOBOTO CLICHAPU:L.

OYHKIMS 3aBEpUICHUs CIEHApUsi MOXET COJIEPKaTh BBI3OBHI CHENU(UKANUOHHBIX (DYHKIUH,
OCYILECTBIIAIOLIUX 0CBOOOXKIEHHE pecypcoB TECTUPYEMOU CUCTEMBI, pecypcoB
CHelU(pUKAIMOHHON MOJENN MJAaHHBIX WM pecypcoB cueHapus. I[Ipu pabGore B pexume ¢
OTJIOXKCHHBIMM PEAKLMAMU MEXAHU3M IIOCTPOCHUS TECTOB OCYIIECTBIIAECT CEPUAIM3ALUI0 BCEX
MOJIAHHBIX TPU BbI30BE (PYHKIIMH 3aBEPILICHUS CLIEHAPUSI CTUMYJIOB U BCEX MOIYYEHHBIX peaKiuil.

Ilone finish MOXET OBITh HHULIUATIU3UPOBAHO HYJICBBIM YKA3aTCJICM WJIM HC MHUITUAJIU3UPOBAHO

BOBce. B 3ToM cityuae, HUKaKuX I€WCTBUIN 1O 3aBEPUICHUIO CLICHAPUS BBIMOIHIATHCS HE OYIeT.

3aronoBo4HbIin dhaun: ts/dfsm.h, ts/ndfsm.h

getState

IIone getState COICPKUT YKa3zaTrelib Ha (I)YHKI_II/IIO, BBIUMUCIIAIOMYIO TCKYyIIEC COCTOAHUC
TECTOBOT'O COCHApPU.

PtrGetState getState;

JononHutenbHasa nHcopmauma

OyHKIMST BBIYUCICHUS COCTOSIHHS CIICHApUsi HE HMMEeT NapaMeTpoB W BO3BpallaeT OOBEKT
crienu(pUKAIMOHHOTO THUIIA.

[Ipu ompeneneHUH COCTOSHHS CLIEHApUs BAXKHO YYUTHIBATh TPeOOBaHUE JETCPMUHHPOBAHHOCTU
MEXaHU3Ma IOCTpOoeHus TecToB dfsm wnM Hajauuue AETEPMUHHPOBAHHOIO CHIIBHOCBSA3HOTO
MIOJTHOTO OCTOBHOTO ITOJIaBTOMATa [yl MEXaHU3Ma IOCTpoeHus TectoB ndfsm.

ITone getState MOXKET OBITE WHUIIMATIU3UPOBAHO HYJICBBIM  yKas3aTcJieM HWJIUM  HC
WHULIUATIU3UPOBAHO BOBCC. B sTom CIydyac MCXaHU3M TCCTHPOBAHUS dfsm 6y;[eT cyuTaTrb, 4TO
COCTOSIHME CLIE€HApHA BCCrja OAHO U TOXKE.

3aronoBoy4HbIn dhaun: ts/dfsm.h, ts/ndfsm.h

actions
[lone actions COOEPHKUT MACCUB CLIEHAPHBIX (byHKuI/H‘/'I, 3aBEPIIAIOIIUICS HYJEBBIM YKA3aTEIEM.

ScenarioFunctionID actions|[];

JononHutenbHaa uHgopmauusa
Ilone actions COACPIKHUT MACCUB CIICHAPHBIX {hyaK[!HfI, 3aBepma}0mHﬁc;1 HYJICBBIM YKa3aTCJICM.
Ilone actions sgBngercs O6$I3aTeHI:HI>IM JJIs1 UHULUaJIn3aluun. HOCJIC,Z[HCG 3HAUYCHHUEC MacCCHBa

JOJIXKHO OBITE HYJICBBIM YKa3aTCJICM.

3aronoBo4HbIn dhaun: ts/dfsm.h, ts/ndfsm.h

saveModelState

[lone saveModelState COIOEPXKHUT YyKa3zaTellb Ha (YHKIMIO, BO3BPAINAIOUIYI0 COCTOSIHHE
cHenU(pUKAIUOHHON MOJENH JaHHbBIX.

PtrSaveModelState saveModelState;

JononHutenbHasa nHcpopmauma

(DYHKL[I/ISI COXpPAaHCHUA COCTOAHUA CHGLIH(l)I/IKaL[I/IOHHOfI MOZACIIM NAHHBIX HC MMCECT MapaMCTpOB H
BO3BpalacT 00BEKT CHCI_II/I(bI/IKaHI/IOHHOFO THIIA. DTOT 00BEKT OOJKEH COACPKATh BCE COCTOSAHUC



CHGHH(I)HK&HHOHHOﬁ MOACIN JaHHBbIX, YTOOBI HKITHA BOCCTAHOBJICHHA COCTOAHUA
CHGHH(l)I/IKaHI/IOHHOfI MOJCIIN JAaHHBIX MOI'JIa ITOJJHOCTBIO €0 BOCCTAHOBUTE 110 JaHHOMY 06T)eKTy.

[lone saveModelState MOXKET OBITh HHULIUATIM3UPOBAHO HYJICBBIM YKa3aTCJICM WM HE
WHULUAITIU3UPOBAHO BOBCC. B stom cj1ydya€ TCCTHPOBAHUC CHUCTEM C OTIOXKCHHBIMU PCAKOHUAMU C
IMOMOUIBIO JAaHHOI'O TCCTOBOT'O CLICHAPUA 6y,HeT HCBO3MOXHO.

3aronoBou4HbIn hann: ts/dfsm.h, ts/ndfsm.h

restoreModelState

[Tone restoreModelState COAEPKUT yKa3aTellb Ha (PYHKIIMIO, BOCCTAHABIMBAIOIIYIO COCTOSTHUE
CHeU(pUKATUOHHON MOJIEIH JaHHbBIX.

PtrRestoreModelState restoreModelState;

HdononHutenbHasa uHcgpopmauums

OyYHKIAA BOCCTAHOBJICHHSI COCTOSIHHS CIICIIM(UKAIMOHHON MOJIEIN JTaHHBIX TOJy4aeT OOBEKT
CHeNU(pUKAIMOHHOTO THUIIA ¥ BOCCTAHABIMBACT MO HEMY COCTOSIHHE CHEIHM(PUKAIMOHHON MOJETU
naHHbIX. [Tomydaembrii 00BbEKT 3aBe1OMO OBLT IMMOCTPOEH paHee ¢ MOMOIIbI0 MYHKIIUMKA COXPAaHEHUS
COCTOSIHUS cTienU(DUKAIIMOHHON MOAENH NaHHBIX. DYHKIMS BOCCTAHOBJICHUS COCTOSHUS HE UMEET
BO3BPAIaeMOr0 3HAYCHHUS.

Ilone restoreModelState MOXeT ObITh WHHLIMAIM3MPOBAHO HYJIEBBIM YKazaTeleM HIU He
VMHULAAJIU3UPOBAHO BOBCE. B 3TOM ciydae TECTMpOBAaHHME CHUCTEM C OTJIOKEHHBIMH PEAKIMIMU C
MIOMOIIBIO JJAHHOTO TECTOBOTO CIIEHapHs OyJeT HEBO3MOXKHO.

3aronoBo4HbIn pann: ts/dfsm.h, ts/ndfsm.h

isStationaryState

[lone isStationaryState COIOEPKUT yKazaTredb Ha (QYHKIHUIO MPOBEPKH CTAIlHIOHAPHOCTHU
MOJIEJIBHOT'O COCTOSIHUSI.

PtrIsStationaryState isStationaryState;

JononHutenbHaa uHgopmauusa

(DyHKHI/IH IMPOBEPKH CTAHMOHAPHOCTHU MOACIIBHOTO COCTOAHKA HE NMECT IIapaMCTPOB U BO3BpallacT
true, €CJIM TEKYyLIcCe MOACIbHOC COCTOSIHUE SABISICTCSA CTalMOHAPHBIM, U false — HHAYe.

MOI[@J'IBHOG COCTOsIHMEC HAa3bIBACTCA CTAlIlMOHAPHBIM, €CJIM B 3TOM COCTOSHHH LCJIE€BAaA CUCTEMA,
YAOBJICTBOPAROIIAA JTaHHOM MOJCIIN, HC MOXCT HHUIIUUPOBATH B3aHMOJICHCTBHE.

[lone isStationaryState MOXET ObITh HHHMIMAIM3UPOBAHO HYJIEBBIM YyKa3aTelleM WIM He
WHUIMAIM3UPOBAHO BOBCE. B 3TOM cllydae TecTUpOBaHUE CHUCTEM C AaCHHXPOHHBIM MHTEp(eicoM ¢
MOMOIIbIO TAHHOTO TECTOBOTO ClIEHapHsi Oy/IeT HEBO3MOKHO.

3aronoBoy4HbIn dhaun: ts/dfsm.h, ts/ndfsm.h

observeState

Ilone observeState CONEPXKUT yKa3aredb Ha (YHKIHIO, CHUHXPOHU3UPYIOIIYI0 MOJAEIHHOE
COCTOSIHHE C COCTOSIHUEM TECTUPYEMOI CHCTEMBI 110 UCTEUEHUHN BPEMEHHU CTaOMIH3aIiH.

PtrObserveState observeState;

JononHutenbHasa nHcpopmauma

(DYHKLII/ISI CUHXPOHU3AIIUKU MOJCIBHOIO COCTOAHHMA HC HMCCT IMApaMCTPOB W BO3BpalIacMOIo
3HaueHns. OHa BBI3BIBACTCA IIOCJIE TOI'O0 KaK TECTOBas CHCTEMa mogaCTt O4Y€peaHOE 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 MOXeT OBITh WHUIHMAIU3UPOBAHO HYJEBBIM YKa3zaTeleM WIH He
WHULWAJTIU3UPOBAHO BOBCE. B sTom ciiydac HUKaKO# CHUHXPOHU3AIUKU B CTAHUOHAPHOM COCTOSAHHU
OPOBOJIUTHCA HE OyJIeT.

3aronoBou4HbIn hann: ts/dfsm.h, ts/ndfsm.h



11.4 Tunbl TaHHBIX, UCIO0JIb3yEeMbIe MEXaHU3MOM
TeCTUPOBAHMS

Turbl JaHHBIX B MPUBEACHHOM CIIMCKE NPEAHA3HAYEHBI ISl XPAHEHUS! 3HAYEHUH TOJIEW TECTOBOIO
CLIEHApUs U CChUIOK Ha MOJIb30BaTEIbCKUE (QYHKIIMHU 0OCITY>KUBAHUS.
e FinishMode
[Mepeuncnumplit THI FinishMode ompeaensieT BO3MOXKHBIE PEXUMBI 3aBEpPIICHHS] paOOThHI
MEXaHU3Ma TECTUPOBaHUA dfsm.

e PtrFinish
Tun PtrFinish onpenenseT TUI GYHKIUHU 3aBEPUICHUS TECTOBOTO CIICHAPHSI.

» PtrGetState
Tun PtrGetState omnpenenser TUN (GYHKIUH, BBIYUCIAIOMIEH TEKYIIee COCTOSHHUE
TECTOBOI'O CLEHAPUS.

e PtrlInit
Tun PtrInit onpenenser TUI (I)yHKuI/II/I WHUIAATIN3AUHA TECTOBOTO CLIEHAPHS.

e PtrIsStationaryState
Tun PtrIsStationaryState ONpEnensieT THII (I)yHKL[I/H/I IPOBEPKU CTAllMOHAPHOCTHU
MOJICIIBHOT'O COCTOSTHUS.

¢« PtrIsStationaryState
Tun PtrObserveState ompenenseT TN (YHKIWHA, CHHXPOHH3UPYIOIIEH MOJACIBHOE
COCTOSIHHE C COCTOSIHUEM TECTUPYEMOU CUCTEMBI 110 UCTEUYEHUH BPEMEHU cTaduiIn3aluy.

» PtrRestoreModelState
Tun PtrRestoreModelState ompenenser THN (QYHKIWH, BOCCTAHABIMBAIOIICH
COCTOsIHHE cTieln(UKAIIMOHHOW MOJIETU TaHHBIX.

» PtrSaveModelState
Tun PtrSaveModelState ompenenseT TN GYHKIAA, BO3BPAIIAONMIEH COCTOSHUE
CHeU(pUKAIUOHHON MOJIEH JaHHbBIX.

FinishMode

[lepeuncnumblii TUn FinishMode ompenenseT BO3MOXHBIE PEXUMBI 3aBEpUICHUs PaOOTHI
MexaHu3Ma tectupoBanus dfsm.

typedef enum { UNTIL ERROR, UNTIL END } FinishMode;

JononHutenbHasa nHcopmauma

[lepeuncnumblii TUn FinishMode ompenenseT BO3MOXHBIE PEKUMBI 3aBEPUICHUS PaOOTHI
MexaHu3Ma TectupoBanus dfsm.

IlepBelif pexuM — UNTIL ERROR O3HAuaeT, YTO TECTUPOBAHHUE 3aBEpIIAETCS cpasy Mocie
0OHApYKEHUS TIEPBOM OITHOKH.

BTOpOﬁ pexXruM — UNTIL END O3HA4yae€T, YTO TECTHUPOBAHHE IIOCJIC O6Hapy)KeHI/IH HC KpHTH‘-IHOfI
OIINOKHU 6y,I[eT MMPOAOJIDKCHO MW 3aBCPIIMTCA TOJIBKO ITOCJIC AJOCTUIKCHHA CTAHAAPTHOTO YCIOBUA
3aBCPUICHUA TCCTUPOBAHMUA.

[To ymonuanuto, MEXaHU3M TECTHPOBaHUS dfsm pabOTAET B peKUME 0 NEPBON OLIUOKH.



3aronoBo4HbIN haun: ts/engine.h

PtrFinish
THHthrFinisklonpeneﬂﬁerTHH(byHKuHH3anmneHHﬂIBCTOB0r0CueHapHﬁ.

typedef void (*PtrFinish) ( void );

JononHutenbHaa uHgopmauusa

OyHKIUS 3aBepIICHUs] CIEHApUsT HE KMMEET IapaMeTpOB M BO3BpaliaeMoro 3HavyeHus. OHa
npeHa3HaYeHa JIJIsl OCBOOOKICHUS PECYPCOB TIOCIIE 3aBEPILICHUS paOOThI CIICHAPUSL.

3aronoBou4Hbin ¢hann: ts/engine.h

PtrGetState

Tun PtrGetState omnpemenseT THN (QYHKIHMH, BBHIYUCISIONIEH TEKYIIEe COCTOSHHE TECTOBOTO
CLIEHapHsI.

typedef Object* (*PtrGetState) ( void );

JononHutenbHas nHcpopmauma

CDYHKI_II/IH BBIUHUCJICHUA COCTOSHHA CLHCHApUd HE HMECT IIapaMCTPOB W BO3BPAILIACT 00BEKT
CHGHI/I(l)I/IKaHI/IOHHOFO THIIA.

3aronoBo4HbIn hann: ts/engine.h

PtrInit
Tun PtrInit onpenenser TUI (I)yHI(uI/II/I MHUIATIU3alud TECTOBOI'O CLICHAPUSL.

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

HononHutenbHasa uHcgpopmauums

OYHKIMS THUIMATU3ALUHU [T0JIy4aeT Ha BXOJl MACCHB MMapaMETPOB, COTJIACHO CEMaHTHUKE MPUHSITON
JUIS TApaMeTpPoOB argc, argv CTaHAAPTHOM (YHKIMHM main, ¥ BO3BpaIaeT OyJIeBCKYIO BEITHYUHY,
KOTOpasi JOJDKHA NPUHUMATh 3HAYCHHE true, eclM MHULMAIM3alUs 3aBepUINIach YCHEIIHO, U
false — B IPOTUBHOM CIIy4ae.

3aronoBou4HbIn ¢hpaunn: ts/engine.h

PtrIsStationaryState

Tun PtrIsStationaryState omnpeaenser Tun (YHKIUA TPOBEPKH  CTAlMOHAPHOCTH
MOJIEJIbHOTO COCTOSTHUSI.

typedef bool (*PtrIsStationaryState) (void);

HononHutenbHasa uHcgpopmauums

DyHKIUSA MPOBEPKU CTAITMOHAPHOCTU MOJIETILHOTO COCTOSIHUSA HE UMEET NapaMeTPOB M BO3BpAIAET
3HA4YCHHUE TUIIa bool.

3aronoBou4HbIN ¢hpaunn: ts/engine.h

PtrObserveState

Tun PtrObserveState onpenenser TN (yHKIMH, CHHXPOHU3UPYIOILEH MOJEIBHOE COCTOSHUE C
COCTOSIHUEM TECTHUPYEMOW CUCTEMBI 10 HCTEUYCHUH BPEMEHHU CTAOMIN3ALUH.

typedef void (*PtrObserveState) ( void );



HononHutenbHasa uHcgpopmauums
q)yHKIII/Iﬂ CUHXPOHHU3AIIUU MOJCIBHOTO COCTOAHHA HE HMECT IMapaMETpOB W BO3BpaliacMoro

3HaA4YCHUA.

3aronoBo4HbIN hann: ts/engine.h

PtrRestoreModelState

Tun PtrRestoreModelState ompenenser TN (YHKIUH, BOCCTAaHABJIMBAIOMIEH COCTOSHUE
CHeU(PUKAMOHHON MOJIEH JaHHBIX.

typedef void (*PtrSaveModelState) ( Object* );

JononHutenbHaa uHgopmauusa
(DyHKHI/IH IIoJIy4acTt 00BEKT CHCI_II/I(l)I/IKaI_II/IOHHOFO TUIIAa XU BOCCTAHABJIIMBACT II0 HEMY COCTOSHUC

CHGLIH(i)HKaL[I/IOHHOfI MOACIN JAaHHBIX. CDYHKI_II/ISI HC UMCCT BO3BpAIIACMOI'0 3HAYCHMUS.

3aronoBou4HbIN ¢pann: ts/engine.h

PtrSaveModelState

Tun PtrSaveModelState omnpenenser Tun  (QYHKIMH, BO3BpALIAlONIed  COCTOSHUE
CHeM(PUKATMOHHON MOJIETH JaHHBIX.

typedef Object* (*PtrSaveModelState) ( void );

JononHutenbHas uHcpopmauma

@DyHKIUSA COXPAHEHHsI COCTOSHUS CHEelU(UKAIMOHHON MOJIeNN JaHHBIX HE MMEeT MapaMeTpoB U
BO3BpaIlaeT 00beKT CHEU(PUKAMOHHOTO THIIA.

3aronoBo4HbIn haun: ts/engine.h



11.5 CepBucHble QYHKIUU MEXaHU3MA TECTUPOBAHMS

Mexanu3zMom TCCTUPOBAHUA MOKHO YIIPABJIATH C IOMOIIBIO (I)YHKI_II/Iﬁ N3 IIPUBCACHHOT'O HUKC
CITMCKa.

» areDeferredReactionsEnabled
®yHKIUA areDeferredReactionsEnabled BO3BpAIACT TEKYIIUN PEKUM MOIJICPHKKHI
OTJIOKCHHBIX PEAKLIUN.

e getFindFirstSeriesOnlyBound
OyHKIMA getFindFirstSeriesOnlyBound BO3BPALIAET TEKYLIEE 3HAUEHUE CBOMCTBA
FindFirstSeriesOnlyBound.

e getFinishMode
OyHKIUA getFinishMode BO3BpaIaeT TEKYIIUH PEXXUM 3aBEPIICHUST PaOOTHI TECTOBOTO
cLeHapus.

e getWTime
DyHKIUA getWT ime BO3BpALIAET BPEMS 0KUIAHUS CTAaOWINU3AlIUHY 1IEJIEBOU CUCTEMBI.

e isFindFirstSeriesOnly
OyHKIMA isFindFirstSeriesOnly BO3BPAIAECT TEKYIIEE 3HAUYEHUE CBOMCTBA
FindFirstSeriesOnly.

» setDeferredReactionsMode
OyHKIUA setDeferredReactionsMode YCTaHABIMBACT PEKUM MOAJACPKKU
OTJIO’KEHHBIX PEaKIUH.

e setFindFirstSeriesOnly
@yHKIUA setFindFirstSeriesOnly yCTaHaBIMBAET CBOKWCTBO
FindFirstSeriesOnly.

e setFindFirstSeriesOnlyBound
OyHKIUA setFindFirstSeriesOnlyBound yCTaHaBIMBAET CBOMCTBO

FindFirstSeriesOnlyBound.

* setFinishMode
OyHKIuUA setFinishMode ycTaHaBIMBAET 3HAUCHHE PEKUMA 3aBEPIICHUS paOOTHI
TECTOBOI'O CIICHAPH.

e setWTime
DyHKIUSA setWTime yCTAaHABIMBAET BPEMS OKUIAHUS CcTaOWIN3alNH 1IEJIEBOA CUCTEMBI.

areDeferredReactionsEnabled

DyHKIUS BO3BPAILAET TEKYIIUN PEXKUM MOIIEPKKH OTI0KEHHBIX PEaKIIHil.
bool areDeferredReactionsEnabled( void );

finish mode

HoBplit pexxuM 3aBepiieHus paboThl TECTOBOTO CLIEHAPHSL.

Bo3Bpawaemoe 3Ha4yeHue

Texkymui pesxuM MOAACPKKU OTIOKEHHBIX PEAKIUM.



HononHutenbHasa uHcgpopmauums

s W3MeHeHMsT pexuMa TOMJIEPKKH OTJIOKEHHBIX pEaKuuid MpelTHa3HauYeHa Q)yHKHI/ISI
setDeferredReactionsMode.

3aronoBou4HbIN ¢hpaunn: ts/engine.h

getFindFirstSeriesOnlyBound
@yHKIMA BO3BpAIIAET TEKYIee 3HAYEHHE CBOWCTBA FindFirstSeriesOnlyBound.

int getFindFirstSeriesOnlyBound( void );

Bo3Bpawaemoe 3Ha4yeHue

Tekyiee 3HayeHue CBOMCTBA FindFirstSeriesOnlyBound.

JononHutenbHasa nHcpopmauma

JIns yCTaHOBKHM TEKYILETO 3HAa4YeHUsi CBOMCTBA FindFirstSeriesOnlyBound NpelHa3HauYeHA
byHKIMS setFindFirstSeriesOnlyBound.

3aronoBo4HbIn haun: ts/engine.h

getFinishMode
OyHKIHS BO3BPAIIAET TEKYIIHH PEXKUM 3aBEPIICHUS paOOTHI TECTOBOTO CLICHAPHSL.

FinishMode getFinishMode ( void );

BoaBpalwaemoe 3Ha4yeHue

Texymuit pesxxum 3aBepIieHus: pabOThI TECTOBOTO CIICHAPHSI.

HdononHutenbHasa uHcgpopmauums

OyHKIUA getFinishMode BO3BpallaeT TEKYIIUA PEXKUAM 3aBEpIICHHs PAOOThI TECTOBOTO
cueHapus. [l M3MEHEHMS TEKYLIEro peKUma 3aBEpIICHUS pa6OTLI npeaHasHaueHa (I)yHKuI/I;I
setFinishMode.

3aronoBo4HbIn haun: ts/engine.h

getWTime
OyHKIHS BO3BPAIIAET BpeMs 0KUIAHUS CTAOMIH3AINH [IETIEBON CUCTEMBI.

time t getWTime ( void );

Bo3aBpalwaemoe 3Ha4yeHue

BpeMst oxxuanust cTaOMIIM3aIiy 11EeJIEBON CUCTEMBI.

OononHutenbHaa uHgopmauusa

OyHKIUA getWTime BO3BpAIIAeT BpeMs OXHIAHHMS CTAaOWIW3AlMM IIeJIeBOM cucTteMbl. Jlis
U3MCHCHUS BPEMEHHU OXUIAHUS cTadWIM3alUy LEJIEBOIl CUCTEMBI npegHa3sHauYCHa (byHKuH;I
setWTime.

3aronoBo4HbIn haun: ts/engine.h

isFindFirstSeriesOnly

@yHKIMA BO3BpAIIAET TEKyIee 3HAYEHHE CBOWCTBA FindFirstSeriesOnly.



bool setFindFirstSeriesOnly( void );

Bo3Bpawaemoe 3Ha4yeHue

Tekyliee 3HaueHe CBOMCTBA FindFirstSeriesOnly.

JononHutenbHasa nHcpopmauma

Jlns wW3MeHeHusT 3HaueHWs CBOWCTBA FindFirstSeriesOnly
setFindFirstSeriesOnly.

3aronoBo4HbIn haun: ts/engine.h

setDeferredReactionsMode
DyHKIUSA YCTAHABIUBAET PEKUM MOAJECPKKU OTIOKEHHBIX PEAKIUH.

bool setDeferredReactionsMode ( bool enable );

MapameTpbl

enable

npenHa3HayeHa (QYHKIHUS

3HaueHue napaMmerpa true COOTBETCTBYET BKIIIOUEHHOMY PEXHUMY MOIAEPKKU OTJIOKEHHBIX

peakuuii, 3Ha4YeHUe false — BBIKIIIOYEHHOMY.

BosBpamaeMoe 3Ha4YeHune

q)yHKHI/Iﬂ BO3BpallacT NpeAbIAYIICC 3HAYCHUC PEXUMA ITOAACPIKKH OTIIOKCHHBIX peaKuHﬁ.

HononHutenbHasa uHcgopmauums

d)yHKuI/m setDeferredReactionsMode YCTaHaBIUBACT PEKUM IOINEPKKH OTIOXKEHHBIX
peakiuii. PexxuM moaiep KKu OTI0KEHHBIX PEAKIN He MOXKET ObITh BKIIFOUEH, €CITU XOTS OBl OHO
N3 Tolen saveModelState, restoreModelState WIN isStationaryState TEeCTOBOTO

COCHApHA HE ONPCACIICHO WM WHULUAIIN3UPOBAHO HYJICBBIM YKAa3aTCJICM. Ecau xe Bce 3TH moms
WHULAATIU3UPOBAHBI HCHYJICBBIMU YKaA3aTCIsAMH, TO PCEKUM HOAACPIKKHU OTJIOKCHHBIX peaKuHﬁ

«BKIIFOYCH» 110 YMOJIYaHHIO.

W3MeHsATh peXuM TONICPKKH OTJIOKEHHBIX PpEaKIMil pa3pemaercs TONbKO B (YHKIUU

HWHHUIIMATIU3aluu TECTOBOI'O CLICHAPHH.

Jns goctyna K TEKylIeMy 3HAYEHHUIO PEeXHUMa MOIACPKKH OTIOKECHHBIX PEAKLUN MpeJHAa3HAYCHA

¢byHKIMS areDeferredReactionsEnabled.

3aronoBou4HbIN ¢pann: ts/engine.h

setFindFirstSeriesOnly
@DyHKIMA yCTaHABIMBAET CBOUCTBO FindFirstSeriesOnly.

bool setFindFirstSeriesOnly( bool new value );

MapameTpbl

new value

YcranapiauBaeMoe 3HaUCHUE CBOMCTBA FindFirstSeriesOnly.

Bo3Bpawaemoe 3Ha4yeHue

@yHKIMS BO3BpAIAET MPEABIAYIIEE 3HAYEHUE CBOMCTBA FindFirstSeriesOnlyBound.



HononHutenbHasa uHcgpopmauums

OyHKIUA setFindFirstSeriesOnly yCTaHaBIMBAET CBOMCTBO FindFirstSeriesOnly. Ecin
CBOMCTBO NPUHUMAET 3HaYeHUE false, TO BO BpEeMs CEpUAIM3ALMUUA B3aUMOJCUCTBUN C LEIEBOU
CHCTEMOM, TECTOBBIM MEXaHU3M CTPOMUT BCE JIOMYCTUMBIE MOCIEA0BATEIbHOCTH B3aUMOICUCTBUNA U
MIPOBEPSIET, YTO BCE OHU MPOBOASAT B OHO U TOXKE COCTOSHUE CHEIU(PUKAIMOHHON MOJIEH JaHHbBIX.
To ecTh nmpoBepAETCS AETEPMUHUPOBAHHOCTh MOJIENU. ECIM U3 NOMOTHUTENBHBIX 3HAHUNA O MOJETU
M3BECTHO, 4YTO BCE JOIYCTUMbIC LEMOYKH BCErJa MNPUBOAAT B OAHO M TOXE CTAlMOHAPHOE
COCTOSIHHE, TO JOIYCKAeTCs YCTAaHOBUTh 3HAYEHUE CBOMCTBA FindFirstSeriesOnly B true W,
TakuM 00pa3oM, ONTHMHU3MPOBATH padOTy TECTOBOW cHCTeMbl. Hampumep, eciaum B Mozenu
OTIPE/ICNICHO OJHO-CIMHCTBEHHOE CTAI[MOHAPHOE COCTOSHUE CIEeNU(UKAIIMOHHOW MOJIECTH TaHHBIX,
TO BBIIICYKAa3aHHOE YCJIOBHE 3aBEJOMO BBINOJIHAECTCS M CBOMCTBY FindFirstSeriesOnly
JIOITYCKAETCS PUCBOUTH 3HAYECHUE true.

[To ymosiuanuio 3Ha4Y€HUE CBOMCTBA paBHO false.

3MeHaTh CBONCTBO FindFirstSeriesOnly pa3pemacTCsa TOJBKO BO BpPECMs pa6OTLI TECTOBOI'O
COCHapus, B TOM 4YHUCJIC B {hYHK[!I/II/I HWHUIIKMATIU3aluK TECTOBOI'0 CUCHApPUA. Bce m3menenns 3Toro
CBOMCTBaA J0 HaydaJia pa60TBI TECTOBOI'O CICHApPUA Ha €T0 pa60Ty HEC ITOBJIMAIOT.

Jlis momydeHus TeKyILero 3HaueHusl CBOMCTBA FindFirstSeriesOnly NnpeaHa3HaueHa QyHKIUSA
isFindFirstSeriesOnly

3aronoBou4HbIn ¢hpaun: ts/engine.h

setFindFirstSeriesOnlyBound
@DyHKIMA YCTaHABIMBAET CBOUCTBO FindFirstSeriesOnlyBound.

int setFindFirstSeriesOnlyBound( int bound );

MapameTpbl
bound

YcranapianBaeMoe 3HAUCHUE CBOMCTBA FindFirstSeriesOnlyBound.

Bo3Bpawaemoe 3Ha4yeHue

@yHKIMA BO3BpAILAET MPEABIAYIIEE 3HAYCHUE CBOMCTBA FindFirstSeriesOnlyBound.

JononHutenbHas uHcpopmauma

Econ 3HaueHme cBoiicTBa FindFirstSeriesOnlyBound paBHO HYJIIO, TO BO BpeMs
cepualin3alii B3aUMOJEHCTBUI C I€JI€BOM CHUCTEMOM, TECTOBBIM MeXaHHU3M OyIeT CTPOUTb BCE
JIOITyCTUMBIE ITOCJIEI0BATEIBHOCTH B3aUMOACUCTBUI U IIPOBEPATH, YTO BCE OHM IPOBOIAT B OJHO U
TOKE COCTOSTHHE CHEeNM(DPUKALMOHHON MOJIENH JAHHBIX.

Ecnu 3HaueHuwe cBoicTBa FindFirstSeriesOnlyBound IIOJIOXKHUTEIBHO, TO BO BpeMs
cepHaM3aIliy B3aMMOJICHCTBHIA C IICJIEBOM CHUCTEMOM, TECTOBBIM MEXaHWU3M Oy/IeT TOJbKO B TOM
cly4yae CTPOUTh BCE JOMYCTUMBIE TIOCJIEIOBATEIbHOCTH B3aUMOACHCTBUM, €CIM YHUCIO
B3aMMOJICUCTBUI MEHbIIIE 3HAYEHUs CBOWCTBA FindFirstSeriesOnlyBound, B MNPOTUBHOM
Clly4ae, TECTOBBIM MEXaHHU3M PACCMOTPUM €IMHCTBEHHYIO JOMYCTUMYIO MOCJIEI0BAaTEIbHOCTh. 110
YMOJTYaHHUIO 3HAYCHHE CBOIMCTBA PaBHO 0.

Bp130B setFindFirstSeriesOnlyBound (0) S3KBHUBAJIEHTEH BbI3OBY
setFindFirstSeriesOnly (false).BnI30B setFindFirstSeriesOnlyBound (1)
9KBHUBAJICHTEH BBI30BY setFindFirstSeriesOnly (true).



W3meHsaTh CBOMCTBO FindFirstSeriesOnlyBound paspemaercs TOJIbKO BO BpeMsi pabOThI
TECTOBOIO CIIEHapus, B TOM uucie B (YHKIMK HHUNMAIMW3ALUA TECTOBOrO clLeHapus. Bce
U3MEHEHHUs ATOr0 CBOMCTBA JI0 Hayasa paboThl TECTOBOIO CILIEHApHs Ha ero paboTy HE MOBIUSIIOT.

Jns monydyeHus TEKyIIero 3HAa4eHUsl CBOMCTBA FindFirstSeriesOnlyBound HIpeIHa3Ha4YeHa
byHKIMSA getFindFirstSeriesOnlyBound.

3aronoBou4HbIN ¢pann: ts/engine.h

setFinishMode
DyHKIMS YCTAHABIMBAET 3HAYCHHUE PEKUMA 3aBEPLICHUS pa60TbI TECTOBOTO CIIEHAPUS.

FinishMode setFinishMode ( FinishMode finish mode ) ;

MapameTpbl

finish mode

Hosgglif pexxum 3aBepiiieHust paboThl TECTOBOTO CLIEHAPHUS.

Bo3Bpawaemoe 3Ha4yeHue

[Tpenpinymuii pesxuM 3aBepIieHust paboThl TECTOTOBO CLEHAPUSI.

JononHutenbHasa nHcpopmauma

OyHKIUSA setFinishMode ycTaHaBIMBaeT 3HAYCHHE PEKUMaA 3aBEpUICHUs pabOTHl MeXaHU3Ma
tectupoBanus dfsm. Ilo ymomuanusi, MexaHU3MBbl TECTHpPOBaHUS dfsm M ndfsm paboTalOT B
pEeXUME JI0 TIEPBOM OIITHOKH.

W3MeHATh pexxuM paboThl pasperraercss B 11000 MOMEHT paboThl TeCTOBOM cuctemsl. [lpu 3Tom
U3MEHEHHE PEeKUMa 3aBEpIICHUS] Pa0OTHI MOBIUSET TOJIBKO HA BHOBb OOHApYKUBAaEMbI€ OINOKH, U
HHUKaK He CKaXeTcs Ha 0OHapy>KEHHBIX paHee.

Jis mocTyma K 3HAYEHHIO TEKYIIEro pEeKrMMa 3aBepIIeHHst paldoThl TpeJHa3HA4YeHa (DYyHKIHS
getFinishMode.

3aronoBo4HbIn hann: ts/engine.h

setWTime
DyHKIUSA YCTAHABIMBAET BPEMS OXKUIAHUS cTaOWIN3alluHY LIEJIEBOA CUCTEMBI.

time t setWTime (time t secs);

MapameTpbl

secs
Bpewmst oxuanus cTabMiIN3aliy 1eJIeBOi CUCTEMBI B CEKYHAaxX. 3HAUEHUE TapameTpa J0JIKHO
6I>ITB HEOTPpULATCIIBHBIM LEJIBIM YHUCIIOM.
Bo3Bpawaemoe 3Ha4yeHue
OyHKIMA BO3BpAIIACT TPEAbIyIICe 3HAYCHHE BPEMEHHM OKHMJIAHUS CTAOWIM3AIlMU  IICJICBOU
CUCTCMBI.
JononHutenbHasa nHcopmauma

OyHKIUSA setWTime YCTaHABIMBAECT BpeMsl OXHMIAHHMA CTAOWIM3AlMU LEJIEBOM CHUCTEMBI. DTO
BpeMs, KOTOpPOE€ >KJIET MEXaHW3M TECTHPOBAHHUS IIOCJIE OCYIIECTBICHHUS KaXJO0ro TECTOBOIO



BO3,[[€fICTBPIH, JJIA TOTO, 4TOOBI BCS I/IH(I)OpMaI_[I/IH 0 peakuugax ObL1a co6paHa n 1nejacBasd CUCTEMa
nepenuia B CTailnoOHApHOE COCTOSAHUC.

IIo YMOJIYAaHUIO 3HAUCHUEC BPEMCHU OXKUIAHUA PABHO 0.

W3MeHATh BpeMsl O)KMJAaHUSI CTaOMIM3aluU LEJIEBOM CHUCTEMbl pa3peliaeTcsl TOJIbKO B KLU
MHUIAATU3ALUNA TECTOBOIO CLICHAPUS.
Jl1s mostydeHus TeKyIero 3HaueHusl BpeMEeHH 0)KMJIaHUs IpefHa3HaueHa PyHKUIUA getWTime.

3aronoBo4HbIn haun: ts/engine.h



11.6 CrangapTHbie HapaMeTpbl TECTOBOI0 CLIECHAPUS

[Ipu 3ammycke TeCTOBOIrO CLIEHAapHs €My IEPENacTCsl CIMCOK TapaMeTpoB. MexaHu3M TECTUPOBAaHUS
MMEET CTaHJapTHBIEC TapaMeTphl, KOTOPbIE HACTPAUBAIOT €ro padoty. Bee crangapTHbIE mapamMeTpsl
JIOJDKHBI CIIE0BATh JI0 IOJIb30BATEIBCKUX MapaMeTpoB. MexaHu3M TeCTHpOBaHUs 00pabaThiBaeT
UX U NEpeaeT OCTaBIIMecs B (PYHKINIO MHULIMAIU3AI[MH TECTOBOTO CLIEHAPHUSL.

B CTESK 2.8 MexaHu3M TeCTUpOBaHUS MOJAEPKUBAECT CTAHIAPTHHIE ITapaMETPhl, IIPUBEICHHBIE B
CIIMCKE.

e« -—--ffso
-—-find-first-series-only
VYKa3bIBa€T HAXOAUTh TOJBKO MEPBYIO YCIEHIHYIO CEPUIO.

o -nt
——no—-trace
BreikirouaeT TpaccupoBky.
« -t
HarmpasnsieT TpacCHpOBKY B (haiiy ¢ yKka3aHHBIM UMEHEM.
e -—-tc
Hanpasnsier TpaccupoBKYy Ha KOHCOJIb.
e --trace-accidental
BxuroyaeTt TpacCUpOBKY HEAOCTOBEPHBIX IEPEXOIOB.
e -ttt
Hanpasnsier tpaccupoBky B (bai/'m C YHHUKAJIbHBIM HMEHEM, COCTaBIIEHHBIM H3 HMEHU
CLICHApHA U TEKYILErO0 BPpEMEHU.

e -uend
Yka3bIBaeT BBITIOJHIATH TECTHPOBAHUE /IO KOHIA, HECMOTPS Ha OIIMOKH.

e -—uerr
VYKa3pIBa€T BBINOJHATH TECTUPOBAHHE JIO BO3HUKHOBEHHUS TIEPBOM OMMOKK  (TI0
YMOJIYaHHUIO).

e -—--trace-format

VkaszbpiBaer hopmaT cOpoca TaHHBIX B Tpaccy.

e --disabled-actions
Vka3biBaeT ums (¢aiiia co CIUCKOM CLEHApHBIX (QYHKIUH, KOTOpbIe HE OYIyT BBI3bIBATHCSI.

--find-first-series-only
-ffso

VYka3bIBaeT HaXOAUTh TOJIBKO IIEPBYIO YCIEIIHYIO CEPHUIO.

JononHutenbHasa nHcpopmauma

CranpmaptHelii mapamerp --find-first-series-only (B cokpamieHHoi ¢opme -ffso)
YCTaHABJIMBAET 3HAYCHHUE CBOMCTBA FindFirstSeriesOnly B true. ITO 03HAYAET, YTO BO BpPEMS
cepuaIn3alui B3auMOJICHCTBUH C IEIEBOM CHCTEMOM, TECTOBBII MEXaHU3M HE OYyAEeT CTPOUTH BCE
JIOITYCTUMBIE MOCJIEIOBATEIbHOCTH B3aMMOICCTBUI U MPOBEPATH, YTO BCE OHU MPOBOJST B OJTHO U
TOKE COCTOSIHUE CIeNU(UKANMOHHON MOJENU JaHHBIX, & pACCMOTPUT TOJIBKO OJHY JOMYCTUMYIO
MOCJIENOBATEIILHOCTE B3aUMOICUCTHIA.



3HaueHne CBOWCTBA FindFirstSeriesOnly MOXET OBITh W3MEHEHO C MOMOIIBIO (YHKITMH
setFindFirstSeriesOnly BO BpPeMs WHUIMAIU3AIMK TECTOBOTO CIICHAPHS WM JaJIbHEHUIICH
ero pa6otsl. [To ymonuaHuto, 3Ha4eHHE CBOMCTBA paBHO false.

-nt
--no-trace

BrikimrouaeT TpaccupoBKy.

HdononHutenbHasa uHcgopmauums

CrangapTHblii mapameTp --no-trace (B COKpalleHHOW (opme -nt) BBIKIIOYAET TPACCHUPOBKY.
OTOT napameTp HEJb3s UCIOJIb30BaTh BMECTE CO CTaHAAPTHBIMU IapamMeTpaMu -t, —tt WIN -tc.

-t

Hampasinsier TpaccupoBKy B (paii1 ¢ yKa3aHHBIM UMEHEM.

HdononHutenbHasa uHcgopmMauums

CraHgapTHBI mapamerp -t umsa darna Ao00aBisgeT ¢aiii, yka3aHHBIH B CICIYIOUIMM 33 HUM
napameTpe, B Ha0Op yCTpONCTB AJIsi COXpaHeHUs Tpacchl. Eciu cienyromuii napaMeTp OTCYyTCTBYET
win Qaiii ¢ yka3aHHBIM B HEM MMEHEM HEBO3MOXHO OTKPBITh Ha 3aIlUCh, TO paboOTa TECTOBOTO
CLICHApUs aBapUIHO 3aBEPIIACTCA.

-tc

HanpasrnsieT TpaccupoBKy Ha KOHCOJIb.

HdononHutenbHasa uHcgpopmMauums

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

Bxirodaer TpaccupoBKY HEZOCTOBEPHBIX NEPEXOJIOB.

HdononHutenbHasa uHcgopmMauums

CrangapTHeli mapameTp --trace-accidental BKJIIOYAaeT TPAacCUPOBKY HHQOpManuu o
HECYIIECTBEHHBIX MEPEXO0IaX.

TpaccupoBka MHPOPMALIMK O HECYHIECTBEHHBIX MEPEX0/aX MOXKET ObITh BKIIOUYEHA/OTKIIIOUEHA C
HOMOIIBIO0 GYHKIUHU setTraceAccidental BO BpeMs MHUIMAIM3ALMUA TECTOBOTO CLIEHApUs WU
nanpHelmet ero pabotel. Ilo ymomyanuio TpaccupoBka HMHGOPMAIMM O HECYIIECTBEHHBIX
nepexoax OTKII0YeHa.

-tt

HaHpaBHerT TPaCCUPOBKY B (bap“m C YHUKAJIbHBIM MUMCHCM, COCTABJICHHBIM M3 MMCHH CLCHAPUA U
TCKYIEro BPEMCHHU.

JononHutenbHas uHcpopmauma

CranpmapTHelii  mapamerp -tt  goOaBmseT  (aiim  co  CreHepUPOBAaHHBIM  HMEHEM
<scenario name>-YYYY-MM-DD--HH-MM-SS.utt B Ha0Op YCTpOHCTB [yId COXpaHEHHs
Tpaccel. Ecnu Qaiia ¢ TakuM MMEHEM HEBO3MOXKHO OTKPHITh Ha 3allUCh, TO padoTa TECTOBOTO
CLIEHapHs aBapUiHO 3aBEPILACTCS.



[Tapametp -tt sBIsSETCS MapaMeTpPOM MO YMOTYAHUIO: 3aIMyCK TecTa 0e3 mapaMeTpoB KOMaHIHON
CTPOKHU SKBUBAJIEHTEH 3aIlyCKY C IIapaMeTpoM —tt.

-uend

Yka3bpIBaeT BEHIMIOIHATD TCCTUPOBAHUC 10 KOHIA, HCCMOTPA Ha OIIUOKH.

JononHutenbHasa nHcpopmauma

CrangapTHbIil TapaMeTp —uend YCTaHABIMBAET 3HAUECHUE PEKHUMa 3aBeplIeHUs paboThl. 3HaUECHUE
peKuMa 3aBEpILEHUs] MOXKET OBbITh MEPEOIpPEeeseHO C MOMOIIbI0 (PYHKIMU setFinishMode BO
BpEMsI HHULIMAJIN3AllMU TECTOBOI'O CLIEHApHs WK AajbHEHIIEN ero padoThl.

Ecniu cpenu mapameTpoB clieHapus TMPUCYTCTBYET HECKOJIBKO CTaHAAPTHBIX MapaMeTpoB
YCTaHABIMBAIOMINX PEXUM 3aBEPIICHUS padOThl, TO MEXaHWU3M TECTUPOBAHUS HCIIOJIB3YET
3HAYEHHUE MOCIEIHEr0 U3 HUX.

-uerr

YKka3bIBaeT BHITIOJHIATH TECTUPOBAHUE /10 BOZHUKHOBEHHS MIEPBOM OMIUOKH (10 YMOJTUYAHHUIO).

HdononHutenbHasa uHcgpopmauums

CrangapTHBIN apaMeTp -uerr YCTaHABIMBACT 3HAUEHUE PEKHUMA 3aBEpIICHUs paOOThl. 3HaUECHUE
peKuMa 3aBEpIEHUs] MOXKET OBbITh MEPEOIpeesieH0 C MOMOIIbI0 (PYHKIMHU setFinishMode BO
BpEMsI HHUIIMAJIN3AllMU TECTOBOI'O CLIEHApHs WK AajIbHEHIIEN ero padoThl.

Ecniu cpenu mapameTpoB clieHapus TMPUCYTCTBYET HECKOJIBKO CTaHAAPTHBIX MapaMeTpoB
YCTaHABIMBAIOMINX PEXUM 3aBEPIICHUS padOThl, TO MEXaHW3M TECTUPOBAHUS HCIIOJIB3YET
3HAYEHHUE MOCIEIHEr0 U3 HUX.

Jlis MexaHW3Ma MOCTPOCHHS TECTOB ndfsm y CTAHAAPTHOTO MapamMeTpa —uerr MOXHO YKa3aTh
3HAYCHHE — YHCJIO OIIMOOK, MOC/IC BOSHUKHOBEHHSI KOTOPOTO TECTUPOBaHUE Mpekparaercs. s
3TOrO UCTIOJIb3yeTcs (POPMAT —uerr=uncio_ounboK.

--trace-format

VYka3biBaeT hopmar cOpoca TaHHBIX B TPACCYy.

JononHutenbHasa nHcpopmauma

CrannapTHeIii apaMeTp --trace-format ycraHaBiIMBaeT ¢opmar, B KOTOPOM COpachIBAIOTCS B
Tpaccy IaHHBIE CJIOXKHBIX THIIOB. DTOT IapaMeTp BIHSET Ha TO, B KAKOM BHJIE MOIAJAIOT B TPAcCy
(a B mampHedmIeM W B OTYETHI) 3HAUCHUS WUTEPANMOHHBIX TMEPEMEHHBIX CIEHAPHS, COCTOSHHUS
CLIEHapWsl, 3HAUCHUS TApaMETPOB BHI30Ba METOJIOB ¥ BO3BPAI[AEMbIX STHMHU METOJAMH 3HAUCHHUI.

JonycTuMbl 1Ba 3Hauy€HUs MapaMeTpa: --trace-format=xml (IO YMOJYaHHMIO) U --trace-
format=string. B mepBoM ciyyae nomydaercs Tpacca, COXpaHsomas HHPOPMALIHIO O CI0XKHBIX
CTPYKTypax JaHHbBIX (€CIM TaKOBbIE HCIOJIB30BAIMCH NpPU PabOTE clieHapusi), KOTOpbIE IO3XKe
npeoOpa3yloTcss B OT4YETaX B pacKpblBaeMoe JepeBo. Bo BTOpOM ciydae moiydaercsl Tpacca
MEHbLIEro 00b&Ma, TpeOyrolIasi MEHbIIIE PECYpPCOB I TeHEpaLlu OTUETA.

--disabled-actions

VYka3biBaeT uMms ¢aiina co CIUCKOM CHEHAPHBIX METOJI0B, KOTOpPbIE HE OYIYT BBI3bIBATHCSI.

HdononHutenbHasa uHcgpopmMauums

3HayeHue CTaHAapTHOro napamerpa --disabled-actions=mma odaitna 334a€T UM Qailna co
CIIUCKOM WMMEH CLIEHApHBIX (YHKIUI, KOTOpbIe HE OYAYT BBI3BIBATHCS 00X0auukoM. Dailnl nomkeH
CYILIECTBOBATh U COJIEPKATh CIIMCOK UMEH CLIEHAPHBIX (PYHKUNN, pa3IeIEHHBIX IEPEBOIOM CTPOKH.



12 CepBuchbl TpacCUPOBKH

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.



12.1 YupasieHue TpacCUPOBKOM

OYHKIMK YIPABJICHUS TPACCUPOBKOM JENATCS HA JIBa Kiacca: GYHKIIMH YIPABICHUS COXpaHEHUEM
Tpacchl U PYHKIIUHU YIIPABICHUS COACP>KaHUEM TPACCHI.

OyHKIIUM yIpaBICHUs COXpPaHEHUEM TPAcChl, pabOTaroOT 10 clenyromuM npuHimnam. Tpacca Tecta
MOJKET OJIHOBPEMEHHO coxpaHsercsi Ha Heckoibkux ycTtpoiictBax. CTESK 2.8 monnepxuBaetcs
JIBa BUJIa YCTPOMCTB: KOHCONb U (aiin. [loa KOHCONbIO MOHMMAETCSl CTaHAAPTHBIM MOTOK BBIBOJA
npoiiecca, B KOTOPOM pabOTaeT TECTOBAasi CUCTEMA.

TpaccupoBIIMK COXpaHSET TPAcCy HA YCTPOMCTBAX, BXOAIIUX B HAOOP YCTPOMCTB JUIsl COXpaHEHUS
Tpaccbl. UToOBl 100aBUTH YCTPONCTBO B 3TOT HAOOp HCIHOJB3YIOTCA (YHKUMU U3 TPYIIIbI
addTraceTo.. Ecmum pobaBnsemoe yCTpOHCTBO YK€ NPUHAAICKUT HAOOpPy, TO CUETUUK
BXOJKJICHHSI 3TOT0 YCTPOICTBAa B HAOOp yBEIUYUBACTCS.

YroObl ynanuTh YCTPOWCTBO M3 HaboOpa YCTPOMCTB Ui COXPAHEHHUs] TPAcChl HCIOJIb3YIOTCS
¢ynkuuu u3 rpynmnsl removeTraceTo... Ecnm ynansemoe ycTpoiicTBo ObUIO 100aBI€HO B HAOOP
HECKOJIBKO pa3, TO (PYHKIMS YAaJeHHs TOJIbKO YMEHBIIACT CUETYUK BXOXKJEHHS 3TOTO YCTPOHCTBA
B Habop. PeanpHOE ymaneHue ycTpoicTBa M3 HaOOpa MPOUCXOJUT TOJIBKO TOTAA, KOTJA CUCTUHK
BXOX/IEHUS] OOHYJIAETCSL.

N3mensTh coctaB HAbOpa YCTPOUCTB TSl COXPAHEHHUST TPACCHI pa3pelraeTcsi TOJIBKO TOT/Ia, KOoraa B
TECTOBOM CHCTeME He 3amylleH HHM OJWH TEeCTOBBbIM cleHapuil. B dyactHocTH, B (QyHKIIUU
WHUIIMATTU3AINHI TECTOBOTO CIICHAPHUS U3MEHSTH STOT HA0OP HE JTIOMYCKAETCHI.

ODyYHKIIUY yIPaBICHUS COXPAaHEHUEM TPACChI:

¢ addTraceToConsole

e removeTraceToConsole

e addTraceToFile

e removeTraceToFile

OyHKIMM yOpaBIEHUs COJIEPKAHUEM TpPacChl ONpEAeIAIoT Habop u  (opmar COOOIICHHI
tpaccupoBiminka. B CTESK 2.8 poctynHbl cineayromue (yHKIUM YOPaBIEHUS COJAEP’KaHUEM
TPAaCCHI:

e setTraceAccidental

. setTraceUserkEnv

OYHKIMS YCTAaHOBKH KOJUPOBKHU TPACCHI:

e setTraceEncoding

addTraceToConsole
DOyHKIUA 1100aBJIsIeT KOHCOJb B Ha6op YCTPOMCTB [JIs1 COXPAHEHUS TPACCHIL.

void addTraceToConsole( void );

JononHutenbHasa nHcpopmauma

OyHknus addTraceToConsole 100aBIIsIeT KOHCOJb B HA0OP YCTPOMCTB JIJIsi COXPAHEHUS TPACCHI.
Ecnu koHconb yxXe MPHUHAIUICKUT 3TOMY Ha0Opy, TO CYUETUYHMK BXOXACHHUS KOHCOJH B Habop
yBenuunBaercsd. [[o KOHCOJIbIO MOHUMAETCSl CTaHAAPTHBIM MOTOK BBIBOJIA IIPOLIECCA, B KOTOPOM
paboTaeT TecToBasi cUcTEMa.

CDyHKLII/IH addTraceToConsole MOXET OBITH BBI3BAHA TOJILKO TOT/Ja, KOTJa B TECTOBOM CHCTEME
HE 3ayIlleH HU OJUH T€CTOBBIN CIIECHAPUH.



3aronoBou4HbIN haunn: ts/c_tracer.h

removeTraceToConsole
DyHKIMSA yAaIseT KOHCOJIb U3 Ha60pa YCTPOMCTB JIJI1 COXPAHEHUS TPACCHI.

void removeTraceToConsole( void );

JononHutenbHasa nHcpopmauma

OyHkMs removeTraceToConsole yaajseT KOHCOJNb W3 Habopa YCTPOMCTB ISl COXpaHEHHS
Tpacchl. EcM cYeTuynmK BXOXKICHUS KOHCOJNIM B AITOT HAOOp OOJbINEe EIUHUIBI, TO CYCTUHK
YMEHBILIAETCS, a PEaJbHOIr0 yJaJeHHs KOHCOJIM W3 Habopa He mnpoucxomuT. [log KoHCONbIO
MOHUMAETCS CTAH/IAPTHBIN TIOTOK BBIBOJIA TIPOIIECCa, B KOTOPOM pabOTaeT TeCTOBas CHCTEMA.

(DYHKHI/UI removeTraceToConsole MOXET OBITh BBI3BaHA TOJIHLKO TOorga, Koraza B TECTOBOM

CHCTEME HE 3aIyIIEeH HU OJUH TECTOBBIN CLICHAPHI.

3aronoBo4HbIn hann: ts/c_tracer.h

addTraceToFile
DyHKIUA no0aBJisieT yYKa3aHHbIN (bafm B Ha60p YCTPOMCTB 111 COXPaHEHUS TPACCHI.

bool addTraceToFile( const char* name );

MapameTphbl

name
Nwms daiina, nobaBnsemoro B HabOp yCTpOICTB AJsi coOXpaHeHUs Tpacchl. [lapameTp He nomkeH
OBITH HYJIEBBIM YKa3aTEJIEM.

Bo3Bpawaemoe 3Ha4yeHue

OyHKIMSA BO3BpalaeT true, eciau (ain OblT 100aBICH yCHENHO, U false, €CIU 3Ty ONEPAIHIO
NpoBeCcTH He yaanoch. [IpuunHOM Heynmauu, HampuMmep, MOXKET OBITh HEBO3MOXKHOCTH OTKPBIThH
Gaiir ¢ JaHHBIM UMEHEM JTSI 3aITHCH.

JononHutenbHas nHcpopmauma

OyHkius addTraceToFile no0aBisieT yka3aHHBIN (aitm B HaOOp YCTPOMCTB IS COXpaHEHUs
Tpaccel. Ecin 3T0T (aiin yxke npuHamiIeKUT HaAObOpy, TO CUETUYMK BXOXKIEHUs (Qaila B HaboOp
YBEJIUYUBACTCSI.

OyHKIUA addTraceToFile MOXeT OBITh BbI3BaHA TOJIBKO TOTJA, KOT/Ia B TECTOBOM CHUCTEME HE

3ayIlIeH HA OJUH TECTOBBIN CLIEHAPUH.

3aronoBou4HbIn dhaun: ts/c_tracer.h

removeTraceToFile
OyHKIWS yaanseT ykazaHHbIN (aiin u3 Habopa yCTPOUCTB JUIsl COXPAaHEHHSI TPACCHI.

bool removeTraceToFile( const char* name );

MapameTpbl

name

Nwms daiina, ynansemoro u3 Habop yCTpOMCTB AJis cOXpaHeHus Tpacchl. [lapameTp He AOMKEH
OBITH HYJICBBIM yKa3aTEJIEeM.



BosBpau.laeMoe 3Ha4YeHune

OyHKIMS BO3BpallaeT false, ecinu (ailyl ¢ JaHHBIM UMEHEM He MPHUHAJICKUT Habopy yCTPOUCTB
JUIS COXpAHEHUS TPACCHI, M true B Cllyyae YCIEUIHOro yaaneHus Qaiina.

JononHutenbHas nHcpopmauma

OyHKIMs removeTraceToFile yaanseT yKa3aHHbIN (ailn u3 Habopa YCTPONCTB Ul COXpaHEHUS
Tpacchl. Ecnm cyetumk BxOXIeHHsI dToro (aiima B HaOop OOJbIIEe EIUHUIBI, TO CUYCTUHK
YMEHBILIAETCs, a pealibHOTO yaaneHus (aiina u3 Habopa HE MPOUCXOIUT.

OyHKIUA removeTraceToFile MOXET ObITh BbI3BaHA TOJIBKO TOT/Ia, KOTJa B TECTOBOW CHCTEME
HE 3aMyIleH HU OJUH TECTOBBIN CIICHAPHUH.

3aronoBou4HbIn dhaun: ts/c_tracer.h

setTraceAccidental

OyHKIUS BKIIOYACT/OTKIIIOYAET TPACCHPOBKY MH(OPMAILUN O HecyujecmseeHHulx nepexooax. Ilon
HECYLIECTBEHHBIMU MEPEXOAAMH TOHUMAIOTCS NEPEXO0/Ibl, COOTBETCTBYIOIUE BBI30BAM CLICHAPHBIX
(GyHKIMH, B TEYEHUN KOTOPBIX HE TIPOUCXOANT BbI30Ba HU OJHOM crieliM(pUKAMOHHON (DYyHKITHH.

bool setTraceAccidental ( bool enable);

MapameTpbl

enable

Ecnu 3HaueHue mapameTpa — true, TO (QYHKIMS BKJIIOYAaET TPACCHUPOBKY HMHGMOpMALUU O
HECYILIECTBEHHBIX NIEPeX0/1ax, NHaue — OTKIIIOYaeT.

BosBpau.laemoe 3Ha4YeHue
OyHKIUSA BO3BpallaeT MpeAblayllee 3HAaYeHHE CBOWCTBA COXpaHEHHs HHGPOpMALMU O
HECYIIECTBEHHBIX NEPEX0AX.

JononHutenbHasa nHcpopmauma

[To ymMon4aHuIO TpPACCUPOBUIMK HE COXPAHSAET I/IH(bOpMaHI/Ho O HECYIIECTBEHHBIX IIEPEXOaxX,
[I0ATOMY TPU BO3HUKHOBEHUM TaKOU HEe00X0UMOCTH HY)>KHO HCIIOJIb30BaTh (1)YHKI_[I/IIO
setTraceAccidental.

@yHkuus setTraceAccidental He MOXET ObITh BbI3BaHA BO BpeMs pPabOTHI CIIEHApHOMN
GyHKIIH.

3aronoBo4HbIN hann: ts/c_tracer.h

setTraceUserEnv

Oynkius setTraceUserEnv ycTaHaBIMBaeT 3HAaUEHUS MOJIb30BATENIBCKUX IEPEMEHHBIX OKPYKEHUSI.
3HaueHMs TUX MIepEMEHHBIX cOPachIBAIOTCS B Hayalle TPacChl BMeCTe ¢ HHGOpMaIueil 0 CUCTEMe.

void setTraceUserEnv( const char* name, const char* value);

MapameTpsbl

name

Hms nonp30BaTENBCKON NEPEMEHHON OKPYKEHUS.

value

3HaueHHEe EePEMEHHOM.



HononHutenbHasa uHcgpopmauums

YcranaBnuBaeMbie (yHKIHMEW setTraceUserEnv 3HAUYEHHUS TEPEMEHHBIX MOTYT ONKCHIBATH,
HalpuMep mapamMeTpbl yJaJEHHBIX CHUCTEM, KOTOpbIe HE MOTYT OBITh OIpEJeNieHbl TECTOM
aBToMaTHueckd. OHM BUJHBI B OTYETE, a TAK)K€ MOTYT HCIIOJIB30BAThCS UISI MICHTU(UKAIIIH
oOHapyKeHHbIX OIMO0K B b/l N3BECTHBIX OIMINOOK.

OyHKIMA T0JDKHA OBITH BRI3BAHA JI0 Havaja paOOThI ClIEHAPHSI.

3aronoBo4HbIN haun: ts/c_tracer.h

setTraceEncoding
@yHKIMA setTraceEncoding YCTAaHABIMBAET KOJUPOBKY TPACCHI.

void setTraceAccidental ( const char* encoding);

MapameTpbl

encoding

WnentudukaTop KOJUPOBKHU TPACCHI.

JononHutenbHaa uHgopmauusa

@yHKIMS setTraceEncoding yCTaHaBIMBAET KOJUPOBKY Tpacchl. [1o yMouaHUIO NCIIONIB3YETCS
kogupoBka UTF-8.

YcraHnoBka KOIUPOKU TpPaCChL HCO6XO,Z[I/IM3., B 4YaCTHOCTH, OJId TOI'O YTOOBI JIOKAJIM30BAHHbBIC
CTPOKH, HUCIIOJB3YCMBIC B KAa4YC€CTBEC MUMCH BETBEH (bYHKHI/IOHaHBHOCTI/I, Ha3BaHU INOACHUCTEM HIIU
MOJIB30BATCIBbCKUX COO6H.ICHPII>1, KOPPCKTHO 0T06pa>i<am/1c5 B OTYCTaXx O MPOBCACHHOM
TECTUPOBAHUU.

(I)YHKI_II/ISI JOJI2KHa OBITH BhI3BaHA J0 HayaJia pa6OTLI CcHapus.

3aronoBou4HbIN haun: ts/c_tracer.h



12.2 TpaccupoBKa co001EeHUT

B CTESK 2.8 cymectByeT TOJBKO OAMH BHUJ COOOIIEHHH TPAaCCUPOBIUMKA IOCTYHMHBINA IS
MOJIB30BATENs. DTH COOOIIEHHS TaK W HA3bIBAIOTCS: COOOIIEHMs mMmojb3oBareniss. OHU HrparoT
BCIIOMOTATENbHYI0 POJIb M HCHONB3YIOTCS B OCHOBHOM JJisi Py4YyHOro aHanmm3a Tpaccel. Ho B
HEKOTOPBIX OTueTax 00 OMMOKaX MOJb30BATEIBCKUE COOOIIEHUS OTOOPAXKAIOTCS I OOJIeTYCHUS
aHaJIM3a OMMOOYHBIX CUTYAIUH.

Jl1st TpaccupOBKHU COOOIIEHUH MOIb30BATENS UCIOIB3YIOTCS (QYHKIUU:

e traceUserInfo

e traceFormattedUserInfo

traceUserInfo
@yHKIUA traceUserInfo 3aMKUCHIBAET B TPACCY COOOIIIEHNE TOJIB30BATEIIA.

vold addTraceToConsole( const char* info );

MapameTpsbl
info

VYkazarenp Ha CTPOKY, 3aBCPHIAOIIYIKOCA HYJIICBBIM CHMBOJIOM, KOTOpasd COACPKUT
IIOJIB30BATCIBCKOC COO6HIGHI/I€.

JononHutenbHasa nHcpopmauma

Oyukmmst  traceUserInfo  3amuceiBaer cooOmieHue mosb3oBarenss B Tpaccy. CooOmeHus
TI0JIH30BATEIISI UTPAIOT BCIIOMOTATEIBHYIO POJIb U HCIIOJIB3YIOTCSI B OCHOBHOM JIJIsi PYYHOTO aHAJIN3a
Tpaccel. HO B HEKOTOPBIX OoT4eTax 00 OMMOKaX IMOJIb30BATEILCKUE COOOIICHUST OTOOPAKAIOTCS IS
o0JIerdyeHus aHaIM3a OIMOOYHBIX CUTYallUH.

3aronoBou4HbIN haun: ts/c_tracer.h

traceFormattedUserInfo
DyHKIUSA 3a1IMCBIBAET B TPACCY (bopMaTHpOBaHHoe COO0O0ILIEHHE TTOJIB30BATEN.

void addTraceToConsole( const char* format, ... );

MapameTpbl

format

VYkazatenb Ha CTPOKY, 3aBEPIIAIOIIYIOCS HYJIEBBIM CHUMBOJIOM, KOTOpas COAEPKUT (opmar
MOJIb30BATENIbCKOTO  coolmieHusa. B cTpoke  jomyckaioTcs  Bce  CHEHM(PHUKATOPHI
npeoOpa3oBaHuii, JOMyCTUMBIE B  CTaHAApPTHOM  (QyHKIMM printf, a  Takke
crenudukaTop S (obj) AIA TpeoOpa3oBaHMs B CTPOKY CIENU(PUKAIMOHHOTO OOBEKTA.
Crnenudukaropsl $ (obj) HMOMKHBI pacnojiaratbes Mepel crneurpukaTopamu  (QyHKIUH
printf.

HdononHutenbHasa uHcgpopmMauums

@yHKIMS traceFormattedUserInfo (opMaTUpyeT U 3alIUCHIBAET COOOIIEHUE MOJIb30BATENS B
Tpaccy. CooOmIeHus MOIb30BATENsI UTPAIOT BCIIOMOTATENbHYIO POJIb U UCTIONB3YIOTCS B OCHOBHOM
JUIL Py4HOro aHaim3a Tpacchl. Ho B HEKOTOpHIX oT4eTax 00 OmMOKax MOJIb30BaTEIbCKUE
COOOIIEHHsT 0TOOPAXKAIOTCS ISl 0OJIETYEHHS aHAIM3a OIIMOOYHBIX CUTYaIUH.



3aronoBou4HbIN haunn: ts/c_tracer.h



13 CepBucobl perucTpanuu O0TJI0KEHHbBIX
peakuum

TecroBas cucrema CTESK mnonanepkuBaeT TECTUPOBAHUE CUCTEM C OTJIOKEHHBIMHU PEAKIUSMHU.
CucteMaMu C OTJIOKEHHBIMM PEAKLIMSMU HAa3bIBAIOTCS TaKUE CHCTEMBI, KOTOpPBIE MOTYT
y4acTBOBaTh B HECKOJBKHUX B3aMMOJEMCTBHUSX OJHOBPEMEHHO MWJIM KOTOpPBIE MOIYT CaMu
UHHULIMUPOBATh B3aUMOIEHUCTBHSI C OKPYKEHHEM.

OnHoil M3 BaXHEHIIMX 3a/lady MPU TECTUPOBAHUU CUCTEM C OTJIOKEHHBIMU PEAKUUSIMH SIBIISIETCS
MOJIyYeHUE BCEH HEOOXOauMON HMH(pOpMAIMK O B3aUMOJICHCTBUAX C IIEJIEBOH CHCTEMOW. JTa
uHpopMmanus TpeOyerca TtectoBoi cucteme CTESK g mpoBepku COOTBETCTBUS pEaJIbHOTO
MOBEJICHUS IICJICBOM CHUCTEMBI TPEOOBAHUSAM, ONHMCAHHBIM B CHCIU(PUKAIMAK, TTOCKOJIBKY UMEHHO
9TH B3aUMOJICHCTBHS M OTPAXKAIOT MOBEJACHHUE IIEJIEBOM CUCTEMBI C OTJIOKEHHBIMH PEAKIIUSIMHU.

TecroBas cucTeMa aBTOMATHYECKH PETUCTPUPYET BCE B3aUMOJIECUCTBUS, KOTOPbIE MHUIIUUPYIOTCS
MOCPEJICTBOM BBI30Ba CIEIU(PUKANMOHHONW (YHKIIMA BHYTPH TPOIECCa TECTOBOWM CHCTEMBI. Bce
OCTAJIbHBIE B3aMMOJICUCTBHUS JIOJDKHBI OBITh 3apErMCTPUPOBAHBI  pa3pabOTUMKOM TecTa B
CHeIIMaIbHOM KOMIIOHEHTE TECTOBOM CHCTEMBI — PETHUCTPATOPE B3aMMOJICHCTBUM.

Kaxknoe B3auMOIEHCTBHE C LEIEBOM CHUCTEMOM XapaKTEpU3yeTCs KaHalIOM, B KOTOPOM OHO
npousouuto. s uaeHTuUKauy KaHaIOB B TECTOBOW CUCTEME HCIOIB3YIOTCA UACHTH(PHKATOPHI
KAaHAJIOB B3aUMOJICHCTBUS.

JlomoTHUTENBHO, JUIS yIOOCTBAa PErHCTPAllMU OTIOKEHHBIX B3aUMOCHCTBUI, TECTOBas cCUCTEMa
IIPEOCTABIISAET CEPBUC PETUCTPALIAN KINN-COOPIIMKOB PEAKIUH.



13.1 Kanauasl B3auMoaeiicTBUA

Kaxnoe B3zaumojeiicTBUe C IEJIEBOM CHCTEMOM XapaKTepU3yeTcsi KaHalioM, B KOTOPOM OHO
npou3onuto. Bce B3amMOACHCTBHSI BHYTPH OJHOTO KaHAla JIMHEWHO yropsnodeHsl. [lostomy
TECTOBasi CUCTEMA CUMTAET, YTO, €CJIM JIBA B3aUMOJICHCTBUS XapaKTEPU3YIOTCS OJHUM KaHAJIOM, TO
NepBOE 3apETUCTPUPOBAHHOE B HE MPOU30ILIO PAHBIIE BTOPOTO.

WNnentudukatopsl KaHAJIOB B3aMMOJCHCTBHSI, UCTIOIB3YIOMIMECS Ui UX WACHTU(UKALMU BHYTPU
TECTOBOM CHCTEMBI, UMEIOT THII ChannelID.

CYH_IGCTByeT ABC TIPEAONPEACIICHHBIC KOHCTAHTBI 3TOI'O THUIIA:

e WrongChannel
e UniqueChannel

Jns momydeHus: cBOOOTHOTO WAEGHTH(HKATOpa KaHala M IOCIEAYIOIIEr0 €ro OCBOOOMKICHUS
npeaHa3HadeHbl QyHKIUH:

e getChannellID

e releaseChannellID

ChannellD

Tun ChannelID HCHONB3yeTCs I UICHTU(DUKALMN KaHAJIOB B3aMMOCHCTBHSI BHYTPH TE€CTOBOM
CUCTEMBI.

typedef long ChannellID;

JononHutenbHaa nHcpopmauma

Tun ChannellD ucnons3yercst i HUISHTU(OUKALUN KaHAIOB B3aUMOICWCTBUS BHYTPH TECTOBOM
cucteMbl. CylecTByeT JBe KOHCTAHTHI 3TOT0 TUINIA WrongChannel U UnigueChannel.

OyHKIMsA getChannellID BO3BpamlaeT CBOOOIHBIM uAeHTUUKATOp KaHanma. I[lociae Toro kak
UACHTU(UKATOP KaHajla CTAHOBUTCS HEHYXHBIM, €r0 MOXHO OCBOOOJUTH C MOMOIIBI0 (DYHKIIUU
releaseChannelID.

KoppekTHbIiMH HJIeHTU(PUKATOpAaMU KaHAJIOB CYHMTAIOTCSI KOHCTAaHTa UniqueChannel U BCe
UICHTH(QUKATOPbI, MOJIYYEHHBIE C MOMOILBIO (YHKUMH getChannelID U OTJIUYHBIE OT
WrongChannel.

3aronoBou4Hbin ¢hann: ts/register.h

WrongChannel
KoHcraHnTa WrongChannel 0003Ha4aeT HEKOPPEKTHBIM HICHTU(PUKATOP KaHAIa B3aUMOJICHCTBHUS.

extern const ChannelID WrongChannel;

HdononHutenbHasa uHcgpopmMauums

Koncranta WwrongChannel 00603Ha4aeT HEKOPPEKTHBIM MICHTH(PHUKATOP KaHaIa B3aUMOJICHCTBHS.
OTa KOHCTaHTa UCIOJIb3YyeTCs AJs BCloMoraTeabHbIX Leneld. Hanpumep, pyHKus getChannelID
BO3BPAIIAET ATY KOHCTAHTY, €CJIM HE MOKET BBIACTUTH CBOOOIHBIN UACHTH(PHUKATOP KaHAIA.




3aronoBo4HbIn haunn: ts/register.h

UniqueChannel

KoHcTranTa UniqueChannel UCTIONB3yeTCs A UACHTU(DUKAIINY YHUKATFHOTO KaHANIa, B KOTOPOM
MPOMU30IILIO OJTHO B3aUMOJICUCTBUE U IPYTHX B3AUMOAECHCTBHI MPOU30MTH HE MOKET B IIPUHIIMIIE.

extern const ChannelID UniqueChannel;

JononHutenbHasa nHcpopmauma

KoncranTa UniqueChannel UCTIONB3YETCS Ul MACHTU(PHUKAIIMA YHUKAJIBHOTO KaHANa, B KOTOPOM
MPOU30LLIO OJHO B3aMMOACHCTBHE M IPYTUX B3aUMOJCUCTBUUA MPOU30UTH HE MOXKET B MPUHILIMIIE.
3Ta KOHCTAHTA 4acCTO I/ICHOJII:ByeTCSI, KOoraa InOHsITUC KaHaJIOB BSaHMOﬂeﬁCTBHH HEC HpI/IMeHHeTCSI
MIPU MOJICTTUPOBAHUH IIEJICBOM CHCTEMBI.

3aronoBo4HbIn haunn: ts/register.h

getChannellID
OyHKIUA getChannelID BO3BpaIaeT CBOOOIHBIN HACHTU(PHUKATOP KaHAIA B3aUMOICHCTBHS.

ChannellID getChannelID( void );

Bo3Bpawaemoe 3Ha4yeHue

@DyHKIUSA BO3BpAIlaeT CBOOOAHBIN HIAEHTU(GUKATOP KaHala B3aMMOJEHCTBMS, €CIIM TaKOBOM
CYLIECTBYET, U WrongChannel — B IPOTUBHOM CJIy4dae.

JononHutenbHasa nHcpopmauma

Eciu upentudukatop kaHalla CTAHOBHUTCS HEHYXXHBIM, €r0 MOXKHO OCBOOOIHWTH C TOMOIIBIO
byHKIMKA releaseChannelID.

3aronoBo4HbIn haun: ts/register.h

releaseChannelID

DOyHKIUA releaseChannelID  OCBOOOXKIAeT  yKa3aHHBIA  WIACHTHPHUKATOP  KaHaia
B3aUMOJICHCTBUSL.

void getChannelID( ChannelID chid );

MapameTphbl
chid

OcBoOOxaeMbIii  HWIeHTU(HUKATOp  KaHajga  B3auMojeicTBusa.  [lapamerp  momkeH
UICHTU(UKATOPOM KaHaja, MOJYICHHBIN paHee ¢ MOMOIIbI0 QYHKINU getChannelID.

JononHutenbHasa nHcpopmauma

3aronoBo4HbIn haunn: ts/register.h



13.2 Perucrpatrop B3aumMoaeicTBui

TecToBas cucremMa aBTOMAaTUYECKU PETUCTPUPYET BCE B3aUMOICHCTBUS, KOTOPHIE MHULIMUPYHOTCS
MIOCPEACTBOM BbI30Ba CHELM(PHUKAMOHHON (YHKIMM BHYTPH Ipoliecca TECTOBOM cucteMbl. [lpu
3TOM CUYHUTAETCs, YTO B3aHUMOJAEHUCTBHE MPOUCXOIUT B KaHAJIE C HACHTU(PHUKATOPOM, 3aJaHHBIM
CBOMCTBOM StimulusChannel. [lys ynpaBiaeHus: 3TUM CBONCTBOM Ipe/iHa3HAYEHbl (DYHKIUU:

e setStimulusChannel

e getStimulusChannel

ITo ymon4anuto, 3T0 CBOMCTBO NIPUHUMAET 3HAYCHUE UniqueChannel.

Bce ocranbHble B3aMMOAEWCTBUS JOJIKHBI OBITH 3apErHMCTPUPOBAHBI pa3pabOTUUKOM TecTa B
perucrparope B3auMoJieiicTBUN. J{iIst TOro npeaHa3HavyeHbl caelylomue QyHKIUH:

e registerReaction

e registerReactionWithTimeMark

e registerReactionWithTimeInterval

e registerWrongReaction

e registerStimulusWithTimeInterval

setStimulusChannel

OyHkUA setStimulusChannel yCTaHaBIUBAET 3HAYEHHUE CBOMCTBA StimulusChannel.

ChannelID setChannelID( ChannelID chid );

MapameTpbl
chid
WNnentudpukatop KaHajga B3aUMOACUCTBHS, KOTOPBHIH OyHeT MCIONb30BaThCsl TECTOBOM

CHUCTEMON TIPH aBTOMATHYECKOW PETUCTpaIlMy B3auMojeucTBuil. [lapameTp momkeH OBITH
KOPPEKTHBIM HJICHTU(PUKATOPOM KaHAJIA.

Bo3Bpawaemoe 3Ha4yeHue

@DyHKIMA BO3BpAILACT PEABbIAYIIEE 3HAYCHUE CBOMCTBA StimulusChannel.

JononHutenbHasa nHcopmauma

CpoiictBo StimulusChannel COIEPKUT HACHTUPUKATOP KaHala, HCIOJIb3YEeMBbIH TECTOBOM
CUCTEeMOM Ul MJIEHTU(QUKAUMKW KaHajla, B KOTOPOM IPOHUCXOJAAT  B3aUMOJICHCTBUS,
MHHULIMUPOBAHHbIE MIOCPEACTBOM BbI30Ba CHEIM(PUKAIIMOHHON (QYHKIIMN BHYTPH Ipoliecca TeCTOBOM
cucteMsl. [1o ymomuanuto, 3T0 CBOMCTBO MPUHUMAET 3HAYE€HHUE UnigueChannel.

Jns nmoctynma K TeKyllemMy 3HAYEHUIO CBOMCTBA StimulusChannel IpeIHAa3HaYeHA (I)yHKLu/I}I
getStimulusChannel.

3aronoBou4Hbin ¢hann: ts/register.h

getStimulusChannel
DyHKIUA getStimulusChannel BO3BpaIlla€T 3HAaY€HHE CBOMCTBA St imulusChannel.

ChannellID getChannelID( void );



BosBpamaeMoe 3Ha4YeHune

@yHKIMA BO3BpAIIAET MPEABIIYIIEe 3HAYEHUE CBOMCTBA StimulusChannel.

HononHutenbHasa uHcgpopmMauums

CBolicTBO StimulusChannel COIEPXKUT HUACHTU(DUKATOP KaHalla, HCMOJIb3YEMbIH TECTOBOM
CUCTeMOM Ui HJISHTU(PUKAUMKW KaHala, B KOTOPOM TPOHCXOAAT  B3aUMOJICHCTBUS,
WHHUIIMUPOBAHHBIE TIOCPEACTBOM BBI30Ba CIEIM(PUKAIMOHHON (QYHKIIMH BHYTPH MPOIIECCa TECTOBOM
cucremsl. [1o yMonyaHuto, 3T0 CBOMCTBO NMPUHUMAET 3HAUEHUE UniqueChannel.

Jis  w3MeHeHWsl 3HA4YCHHWsS CBOWCTBAa StimulusChannel — mpenHa3HadeHa  (QYHKIUS
setStimulusChannel

3aronoBo4HbIn haunn: ts/register.h

registerReaction

@yHKIMSA registerReaction NpegHa3HaY€Ha ISl PErMCTpAalMHd DPEAKUUM, MOJYYEHHBIX OT
LIEJIEBON CUCTEMEIL.

void registerReaction( ChannellID chid, const char* name,
SpecificationID reactionID, Object* data );

MapameTpbl
chid
Wnentudukatop KaHajma B3aUMOACHMCTBUS, KOTOpPbI OyAeT HCIONb30BaThCSI TECTOBOM

CHUCTEMOW NpU aBTOMATUYECKOM perucrpauuu B3aumoaeucTBuil. I[lapamerp nomxeH ObITH
KOPPEKTHBIM UJIEHTU(PUKATOPOM KaHaJIa.

name
Nms peaknuu, UCHoOIb3yeMoOe TOJIBKO ISl TpaccupoBku. [lapameTp MoeT OBITH HYJIEBBIM

yKaszaresneM. B aTom ciy4ae, CUMTAeTCs, 4TO HMMs JAHHOIO B3aMMOJEHUCTBHS COBIALACT C
AMEHEM peaKInu reactionID.

reactionID

I/LHGHTI/I(I)I/IKaTOp pCaKkiun, KOTOPOMY COOTBCTCTBYCT PCTUCTPUPYEMOC B3aHMOJICICTBUE.

data

I[aHHLIe, INOJIYYCHHBIC OT LICJICBOM CHCTEMBI B MOACIBHOM MMpEACTaBJICHUU. Tun napameTpa
JOJDKCH COBIIAZIAThL C TUIIOM BO3BpAIIa€MOro 3Ha4CHUA pCaKIUU reactionID.

JononHutenbHasa nHcpopmauma

OCHOBHBIMH CBOICTBaMH BSaHMOI[eﬁCTBHH ABJIAIOTCA UM PCaKIIUU reactionID W JaHHbIE data,
IMOJIYYCHHBIC BO BPCMA B3aHMOHeﬁCTBHH. Tun MMOJYYCHHBIX NaHHBIX JOJDKCH COBIIaaTb C THUIIOM
BO3BpalacMoro 3Ha4C€HuA pCaKIu.

BpemeHHble METKM M MHTEpBajbl, a TAKXKE KaHAJIbl B3aUMOJEWUCTBUN HCIOJIB3YIOTCS TECTOBOH
CUCTEMOM JIsl YIIOPSIIOYMBAHUS BCEX 3aPETUCTPUPOBAHHBIX B3aUMOJICHCTBUI MEXKTY COOOM.

Ecnu naHHble, monmydyeHHBIE OT IEJIEBOM CHCTEMBI, HE YAaeTcs MpeoOpa3oBaTh B MOJEIBbHOE
MPE/ICTABIICHHE, TO HEOOXOIUMO YBEJOMHUTH TECTOBYIO CHUCTEMY O TOJYYEHHH HEKOPPEKTHOM
PEaKIMK C MIOMOIIBI0 QYHKIMHU registerWrongReaction.




3aronoBo4HbIn haunn: ts/register.h

registerReactionWithTimeMark

OyHKIUA registerReactionWithTimeMark TmpegHa3HaueHa ISl PErUCTpPAlUU PEAKIIUH,
MOJTYYEHHBIX OT LEJIEBOM CUCTEMBI, C YKa3aHUEM BPEMEHHOW METKH MOMEHTA MOJTy4YECHUSI.

void registerReactionWithTimeMark ( ChannelID chid, const char* name,
SpecificationID reactionID, Object* data, TimeMark mark );

MapameTpbl
chid
WNnentudukatop KaHajga B3aMMOACUCTBHS, KOTOPBIH OyAET MCIIONB30BaThCSI TECTOBOM

CHUCTEMOH NpU aBTOMAaTHYEeCKOM perucrpauuu B3aumopaewcTBuil. Ilapamerp nomxeH ObITH
KOPPEKTHBIM UJIEHTU(PUKATOPOM KaHaJIa.

name

WNms peaknuu, UCHOIb3yeMOE TOJIBKO JUIsl TpaccupoBku. [lapameTp MoeT OBITh HYJIEBBIM
yKaszareineM. B aTom ciy4ae, cUMTAaeTCs, 4TO MMs JAHHOIO B3aMMOJEHUCTBHS COBIALACT C
MMEHEM peakInu reactionID.

reactionID

WNnentudukatop peakuuu, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE B3aUMOICHCTBUE.
data

I[aHHHC, IMNOJIYYCHHBIC OT LeJIEBOM CHUCTEMbI B MOJICIbHOM MMpEaACTaBJICHNUU. Tun napameTpa
AOJDKCH COBIIAZIAThL C TUIIOM BO3BpAlIa€MOro 3HaUCHUA pCaKIUU reactionID.

mark

BpeMeHHaH MeTKa MOMEHTA B3aHUMO/ICHCTBUSL.

JononHutenbHas nHcpopmauma

OCHOBHBIMH CBOMCTBaMH B3aHMOHCﬁCTBHH SABJIIFOTCA UM pCaKIUU reactionID W JaHHbIE data,
MOJIYy4YCHHBIC BO BPCMs BSaI/IMOIIef/'ICTBI/IH. Tun MOJIYYCHHBIX OAHHBIX OOJDKCH COBIAAATbh C THIIOM
BO3Bpala€MOro 3Ha4YCHUA PCAKIUHU.

BpemenHsle METKM M MHTEpBajbl, a TAaKKE KaHAJIbl B3aWUMOJCHCTBUM MCIIOJIB3YIOTCS TECTOBOU
CHCTEMOM ISl YIOPSAA0UMBAHUS BCEX 3apPErMCTPUPOBAHHBIX B3aUMOACHCTBUI Mex 1y co0oil.

Ecmm nmannwbie, MOJIYYEHHBIC OT IIeJIEBONl CHUCTEMBI, HE yaaeTcs Hpeo6pa30BaTL B MOJECIBLHOE
nOpeACcTaBICHHUE, TO Heo0X0aUMO YBEAOMHUTH TECTOBYIO CHCTEMY O IOJIYyYCHHH HeKoppeKTHoﬁ
peaKuHH(:HOMOHmK)®yHKHHHreqisterWroaneaction.

3aronoBou4Hbin ¢hann: ts/register.h

registerReactionWithTimeInterval

(DyHKI_II/IH registerReactionWithTimeInterval TpeaHa3HAYEHA JJI PETUCTPAIIUN PEAKIINM,
MOJYYECHHBIX OT ILEJIEBOM CHUCTEMBI, C YKa3aHHEM BPEMEHHOIO HWHTEpPBAIA, B KOTOPOM OHO
IIPOUCXOIUITIO.

void registerReactionWithTimeInterval
( ChannelID chid
, const char* name
, SpecificationID reactionID
, Object* data
, TimeInterval interval



MapameTpsbl
chid
Wnentudpukatop KaHajga B3aUMOACUCTBHS, KOTOPBIH OyleT UCIONb30BaThCSl TECTOBOM

CHUCTEeMON NpHU aBTOMATHYECKOH perucrpanuu B3aumojneicTBuil. Ilapamerp nomkeH OBITH
KOPPEKTHBIM UJCHTU(UKATOPOM KaHaa.

name
Wmst peakuuu, HCMONb3yeMOe TOJNBKO Ui TpaccupoBkH. [lapamerp MoxkeT OBITH HyJIEBBIM

yKazareneM. B 3ToMm ciydae, CUMTaeTcs, 4TO MMS JaHHOIO B3aMMOJEMCTBHS COBMNAJAET C
HMEHEM peaKlUuu reactionID.

reactionID

WNnentudukatop peakuuu, KOTOPOMY COOTBETCTBYET PETUCTPUPYEMOE B3aUMOIEHCTBUE.
data
JlaHHBIC, MOJTYYEHHBIE OT LIEJIEBOM CHUCTEMBI B MOJEJIBHOM IIPEICTaBICHUU. THUIl mmapamerpa
JOJDKEH COBIAAATh C TUIIOM BO3BPAIlA€MOI0 3HAYEHUS PEAKUUU reactionID.
interval
BpemenHoli nHTEpBaj, B KOTOPOM IIPOUCXOAMIIO B3aumojerncTeue. [Ipu sTom nmeercs: BBULY,

YTO B3aUMO/JICHCTBHUE NPOUCXOOWIJIO TAC-TO BHYTPU MHTCpPBAJld, 4 HC 3aHUMAJIO BCCh MHTCPBAJI
TECJIIMKOM.

JononHutenbHasa nHcopmauma

OCHOBHBIMU CBOMCTBaMU B3aUMOJEHUCTBUS SIBJIAIOTCS UMSI PEAKIMU reactionID W JaHHbIE data,
IIOJIyYE€HHBIE BO BPEMs B3aUMOJCUCTBUA. THUIl MOJYYEHHBIX JAaHHBIX JIOJDKEH COBIIAJAATh C TUIIOM
BO3BPALIa€MOIr0 3HAYCHUS PEAKIIUU.

BpeMmennble METKM M MHTEpBajbl, a TAKKE KaHajabl B3aMMOJECHCTBUU MCIIOIB3YIOTCS TECTOBOU
CUCTEMOM JJIsl YIIOPSIIOYUBAHUS BCEX 3aPETUCTPUPOBAHHBIX B3aUMOJICHCTBUI MEXKTY COOOM.

Ecnu nanHble, moiydeHHbIE OT LEJIEBOM CUCTEMBI, HE YAAeTcsl Mpeodpa3oBaTh B MOJAEIbHOE
IpEJICTaBICHUE, TO HEOOXOJMMO YBEAOMUTH TECTOBYIO CHUCTEMY O IOJYyYEHUM HEKOPPEKTHOM
pEaKIMuU C MOMOIIbI0 PYHKIMM registeriirongReaction.

3aronoBo4HbIN haunn: ts/register.h

registerWrongReaction

@yHKIMS registerWrongReaction NpeAHa3Hau€Ha A YBEIOMIIEHUS TECTOBOM CHCTEMBI O
MOJIyY€HUU HEKOPPEKTHOM peakluu, KOTOPYI0 HEBO3MOXKHO IpeoOpa3oBaTb B MOJEJIBbHOE
npencTaBieHue. Peakuyeil Ha3pIBaeTCs B3aUMOIEHCTBUE, MHULIMMPOBAHHOE 1IEJIEBOM CUCTEMOIA.

void registerWrongReaction( const char* info );

MapameTpbl
info

OnucaHne HEKOPPEKTHOM peakIUM, UCIOJIb3YEMOE NPU aHAIN3€ PE3YyJIbTaTOB TECTUPOBAHMSL.
[TapameTp MOXKET ObITh HYJIEBBIM YKa3aTEJIEM.

HdononHutenbHasa uHcgpopmauums

(DyHKHI/ISI registerWrongReaction nOpeaHasHayeHa UIA YBECIOMIICHUSI TECTOBOH CHUCTEMBI O
MONyYEHUU HEKOPPEKTHON peakiuu, KOTOPYH HEBO3MOXXHO MpeoOpa3oBaTh B MOJEIBHOE
npeacTaBiieHue. Peakiyeil Ha3pIBaeTCs B3aMMO/ICHCTBHE, MHUIIMUPOBAHHOE IEJIEBOM CUCTEMOIA.



ITocne perucTpanmuun HCKOppCKTHOﬁ pCakiiu TECTOBAA CHCTCMaA 3aBCPIIUT aHAJINW3 TCKYLICTO
TECTOBOI'O BOSJI@I\/’ICTBI/ISI C OTpHULATCIbHBIM BEPAUKTOM.

3aronoBo4HbIn haunn: ts/register.h

registerStimulusWithTimeInterval

OyHkIUA registerStimulusWithTimeInterval NpeAHa3HAY€Ha JJI PErUCTPALMUA CTUMYJIA,
HE 3aperuCTPUPOBAHHOTO TECTOBOM CHUCTEMOM aBTOMaTWyecku. CTHUMYJIOM Ha3bIBaeTCs
B3aMMO/JICUCTBHUE C LIEJIEBOM CUCTEMON, THULIUUPOBAHHOE TECTOM.
void registerReactionWithTimeInterval
( ChannelID chid
, const char* name

, SpecificationID stimulusID
, TimeInterval interval

14

) ;

MapameTpbl
chid
Wnentudukatop KaHajga B3aUMOACHMCTBUS, KOTOpPbI OyAeT HCIONb30BAaThCSI TECTOBOM

CHUCTEMOW NpU aBTOMATHYECKOM perucrpauuu B3aumoaeucTBuil. Ilapamerp nomxkeH ObITH
KOPPEKTHBIM UJIEHTU(PUKATOPOM KaHaJIa.

name
4080 pCaKknuu, HUCIIOJIB3YEMOC TOJIBKO IJId TPACCUPOBKU. HapaMeTp MOJET OBITh HYJICBBIM

YKa3aTcCJICM. B stom ciiydac, CYHUTACTCA, 4YTO MM IOaHHOI'O B3aMMOJICMCTBUS COBMAJacT C
MMEHEM peaKIUu reactionID.

stimulusID
WNnentudukatop cnenudukanmoHHON (QYHKIHHA, KOTOPOMY COOTBETCTBYET PETHCTPUPYEMOE
B3aUMOJCHCTBHE.

interval
BpemeHHoOl HHTEPBAJ, B KOTOPOM IIPOUCXOAWIIO B3aumojencteue. [Ipu 3ToM nmeercs BBULY,

qTO B3aHMO)IeI>'ICTBHe IMPOUCXOOUIJIO TAC-TO BHYTPU MHTCpPBAJIA, a HC 3aHMMAJIO BECb MHTEPBAJI
OECIINKOM.

arguments

JlononHuTENbHBIE APIYMEHTHI, KOTOPBIE JOJKHBI IIEPEAABaThC CTPOro B CIEAYIOLIEM MOPSIKE:
1. Choucok 3HaueHUH napaMeTpoB crienupUKalnOHHON (PYHKIIUH /10 €€ BbI30BA.
2. Cnucok 3HauYeHHH MapaMeTpoB CreHUPUKAIIMOHHON (QYHKIIUH MOCIIE €€ BbI30BA.

3. 3HadeHue, KOTOpPOE BEpHYJa JlaHHas creluuKauonHas GyHKuus (€ciu T
BO3BPAIIAEMOr0 3HaYSHUs OTINYEH OT void).

HononHutenbHasa uHcgpopmauums

OyHkuUA registerStimulusWithTimeInterval NpeAHa3HAY€Ha I PErUCTPALMU CTUMYJIA,
HE 3apErMCTPUPOBAHHOIO TECTOBOM CHCTEMOM aBTOMATHYECKU. Tak Kak BCE CTUMYJIbI, KOTOPBIE
UHULUUPYIOTCS. IOCPECTBOM BBI30Ba CHENM(DUKALMOHHON (YHKLIMH BHYTPH Ipoliecca TeCTOBOM
CUCTEMBI, PETHCTPUPYIOTCS AaBTOMAaTHYECKH, TO PETUCTPUPOBATH BPYUHYIO HEOOXOJIUMO TOJIBKO T€
CTUMYJIbl, KOTOpbIE HMHULUHUPYIOTCA JUOO M3BHE Ipolecca TECTOBOM CHUCTEMbI, JHMOO He
MIOCPEICTBOM BBI30Ba CIIEUM(UKAITMOHHON (DYyHKIINH.



OCHOBHBIMU ~ CBOICTBaMHU B3aMMOJEHCTBHS SBJISIIOTCA HMMS  CHEUU(PHUKAIMOHHON  (QyHKIMH
stimulusID W JaHHBIE, IEpEJaBAEMbIC YePE3 AOMOIHUTEIBHBIE APTYMEHTHI.

BpeMmennble METKM M HMHTEpBajbl, a TAaKKE KaHajabl B3aMMOJECHCTBUN MCIIOIB3YIOTCS TECTOBOU
CUCTEMOM JJIsl YIIOPSIIOYUBAHUS BCEX 3aPETUCTPUPOBAHHBIX B3aUMOJICHCTBUI MEXKTy COOOM.

Ecnu nanHble, mOny4YyeHHbIE BO BpEMsS B3aWMOJEHUCTBUA OT LEJIEBOW CHCTEMBI, HE YyIaeTcs
npeoOpazoBaTh B MOJEIBHOE IMPEACTABIECHUE, TO HEOOXOIUMO YBEAOMUTH TECTOBYIO CHUCTEMY O
HEKOPPEKTHOM TIOBEJICHUU I1IEJIEBOM CHUCTEMBI BO BpeMs B3aWMOJICHUCTBHUS, BBI3BAaB (DYHKIHIO
registerWrongReaction B OCHOBHOM MPOLIECCE TECTOBOM CHUCTEMBI.

3aronoBo4HbIn dhaunn: ts/register.h



13.3 Cepsuc perucrpanuu QyHKIHA-COOPIIMKOB PeaKIM i

Jns ynoOcTBa perucTpaiyl OTIOKEHHBIX B3aUMOJICHCTBUI TECTOBas CUCTEMa MPEIOCTaBIsET
CepBUC peructpanuu (QyHKIuA-cOOpmMKOB peakuuii. CepBUC yCTPOECH CieayromuM oopa3zom. B
TECTOBOM CHUCTEME PETUCTPUPYIOTCS (PYHKIIHMU, KOTOPHIC BBI3BIBAIOTCS €i MO MCTECUYEHUU BPEMEHHU
CTaOMIIN3AIIUH TTOCTIe KaXKIOTO TECTOBOTO BO3JCHCTBHUS. 3a BpeMsl CTAOMIIM3AINHU 1IeJIeBas CHCTeMa
JOJI’KHA BBIJATh BCE OXKHUIaeMble OT Hee peakiliu U MepeiTH B CTallMOHApHOE cocTosiHne. Bo Bpems
BbI30Ba (DYHKIUU-COOPLIMKU JIOJDKHBI COOpaTh BCE [JaHHbIE O IOJYYEHHBIX peakuusix u

3apEeTUCTPUPOBATH UX B PETUCTPATOPE B3AUMOJICHCTBUMN.
Jnst peructpanuu GyHKINUNH-COOPIIUKOB MPETyCMOTPEHBI ClIeyronue (yHKIINH:

e registerReactionCatcher

e unregisterReactionCatcher

e unregisterReactionCatchers

[TapameTpom KaxaoW H3 ITUX (I)yHKI_[I/II‘/'I SABIIIETCS (byHKL[I/I;I-CGOme/IK, TUII 3THUX (I)yHKuI/Iﬁ
ReactionCatcherFuncType.

ReactionCatcherFuncType

Tun ReactionCatcherFuncType HCHOONB3YeTCS [UIsl perucrpanuu  (HyHKIUH-COOPITUKOB
peaKkuuii B TECTOBOM CHCTEME.

typedef bool (*ReactionCatcherFuncType) (void*);
JononHutenbHasa nHcpopmauma

3aronoBoy4HbIn haun: ts/timemark.h

registerReactionCatcher

OyHKIHS registerReactionCatcher PEeruCTPUPYET B TECTOBOW cucTeMe (DYHKIIUIO-COOPIIHK
peaklMii 1 e BCIOMOTraTeJIbHbIE JAHHBIE.

void registerReactionCatcher (
ReactionCatcherFuncType catcher,
void* par

) 7

MapameTphbl

catcher
VYka3zarenb Ha QYHKIHUIO-COOPIIUK PEaKITUi.

[TapameTp He 10J1KEH OBITH HYJIEBBIM YKa3aTEJIEM.

par
BcnomoratenbHble TaHHBIE PETUCTPUPYEMON (DYHKITUH.

[TapameTp MOXkeT ObITh HYJIEBBIM yKa3aTEJIEM.

OononHutenbHasa uHcgopmMauums

OyHKHs registerReactionCatcher PEeruCTPUPYET B TECTOBOW cucTeMe (DYHKIIMIO-COOPIIIHK
peaklMii U ee BCIOMOTraTeJIbHbIE JaHHBIE.

Korma TecroBasi cuicreMa BBI3bIBaC€T (DYHKIIMIO-COOPIIUK, TO MEpPEAaeT €l B KayecTBe Mapamerpa
BCIIOMOTaTeNIbHbIE TaHHBIE.



MoxxHo 3apCrucTpupoOBaThH B TECTOBOM CHCTEME (010:0% (I)yHKI.[PIIO-CGOpH_II/IK peaKL[I/Iﬁ HECKOJIBKO pa3
C PAa3IMYHBIMU BCIIOMOTraTCJIbHBIMU JTaHHBIMHU. HpI/I 9TOM q)yHKHI/IS[ 6y11€T BbI3bIBATHCA
COOTBCTCTBYIOIICC YUCIIO pa3 C pa3JIMYHBIMU 3HAYCHUAMU IIapaMeTpa.

3aronoBo4HbIn hann: ts/register.h

unregisterReactionCatcher

@yHKIUSA unregisterReactionCatcher ynanseT U3 TECTOBOM CHCTEMBI PETUCTPALMOHHYIO
3amuch O JaHHOW (PYHKIMU-COOPIIMKE peakiui, 3aperUCTPUPOBAHHON C  yKa3aHHBIMU
BCIOMOTaTCIbHBIMM JAHHBIMU.

bool unregisterReactionCatcher (
ReactionCatcherFuncType catcher,
voidx* par

) ;

MapameTpbl

catcher
VYkazartensb Ha (PyHKIHIO-COOPIIUK PEAKIIUH.

[TapameTp He NOMKEH OBITH HYJIEBBIM YKa3aTeaeM.

par

BcenomorarenbHble aHHbIe, IEpeJaHHbIE IPU PETUCTPALIUN ATON (DYHKIUH.

Bo3Bpawaemoe 3Ha4yeHue

OyHKIMA BO3BpaliaeT false, €cly JaHHAS QYHKIHS C JAHHBIMA BCTIOMOTATEIbHBIMU JIAaHHBIMU HE
ObLIa paHee 3aperucTpUpoBaHa, U true — HMHaYe.

DononHutenbHas MHcpopmauus

OyHKIUA unregisterReactionCatcher ynanseT U3 TECTOBOM CUCTEMBI PETHCTPALMOHHYIO
3aUCh O JAHHOH (PYHKIMH-COOPIIUKE peakIuii, 3aperuCTPUPOBAHHOW C  YKa3aHHBIMHU
BCIIOMOTaTEJIbHBIMH JAHHBIMH.

Jis OTHOBPEMEHHOTO YAAJICHHUS BCEX PETHCTPALMOHHBIX 3alMCe O JaHHOW (PYHKIIMH-COOPIIUKE
peakiuii ucnonb3yercs PyHKIUsA unregisterReactionCatchers.

3aronoBo4HbIn dhaunn: ts/register.h

unregisterReactionCatchers

CDyHKLII/IH unregisterReactionCatchers yAajnseT us3 TECTOBOH CUCTEMBI BCE
pETUCTPALIMOHHBIE 3aIUCH O TAHHOMN q)YHKHI/II/I-C60pHII/IK€ pEaKUud.

bool unregisterReactionCatchers( ReactionCatcherFuncType catcher );

MapameTpbl

catcher
VYka3zarens Ha QYHKIIUIO-COOPIIUK PEaKITU.

[TapameTp He TOKEH OBITh HYJIEBBIM YKa3aTEJIEM.

Bo3Bpawaemoe 3Ha4yeHue

OyHKIMSA BO3BpalaeT false, ecliu JaHHas (QYHKIMA-COOPIIMK He OblIa paHee 3aperucTpUpPOBaHa,
U true — HHaue.



HononHutenbHasa uHcgpopmauums

q)yHKHI/IS{ unregisterReactionCatchers yaaiasieT u3 TECTOBOH CHCTEMBI BCE
PErucTpalvOHHbIE 3aIIMCH O JaHHOU q)yHKuHI/I-c6op1uHKe peaKuui.

Jnst ynanmeHus TOJIBKO OJHOM PETUCTPAIMOHHOM 3aliCu O JaHHOW (PYHKIUU-COOPIINKE C
KOHKPETHBIMU BCIIOMOTaTeJIbHBIMU JTAHHBIMU HCIIOJIb3YETCS byHKIISA
unregisterReactionCatcher.

3aronoBo4HbIn dann: ts/register.h



14 buOauoreka cnenM(PpUKAMUOHHBIX 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).



14.1 CrangapTHbie QyHKUMH

CrannapTHele (YHKLIMH MOTYT HCIOJIB30BaThCS C JIIOOBIMH CHENM(DPUKALMOHHBIMU CCBUIKAMHU.
Pesynbrar BblonHEeHUS GYHKOUM OyAeT 3aBUCETh OT THUIMA CHEHU(PUKALMOHHBIX CCHUIOK.
Hanpumep, ecnu cpaBHUBAIOTCS JBE CHEUM(UKALMOHHBIE CCHUIKM pa3HbIX TUIIOB, TO PE3Yy/bTaT
Bcerza OyZeT OTpULATeNIbHbIM, a €ClIi CChUIKM UMEIOT OAMHAKOBBIN THII, TO PE3yJbTaT CPaBHEHUS

Oyznet onpenensTbes PyHKIMEH, 3aJaHHON IPU OMIMCAHUU TOTO THUIIA.

Tun ciennpUKaIMOHHBIX CCHUIOK OMPEIEISICTCS yKa3aTeieM Ha JIECKPUIITOP CIEU(DUKAITMOHHOTO
tuna. KoHcTaHTa TeCKpUNTOp BCEra UMEeT UMsl, COCTOSIIEE U3 UMEHHU CHEIU(PUKAIMOHHOTO TUTIA

C IpepUKCOM type :

const Type type mMa cneurdMKaUMOHHOTO TMIA;

DYyHKIMSA CO3AAHUS CCHLIOK
OyHKIUA cO3/1aeT 00BEKT MEPEIAaHHOTO TUIIA U BO3BPAIAET CCHUIKY Ha HETO.

DYHKIUA HO0AYYCHUA TUNIA CCHUIKH
OyHKUMS OnpeeNsieT TUIl CIeU(PUKAIIMOHHON CChUIKM M BO3BpALIAeT JECKPUIITOP 3TOTO
TUIIA.

DYHKIUSA KONMPOBAHUA 3HAYEHUI 110 CCHLIKAM
OYHKIHS KOTIUPYET COJEPKUMOE 00BEKTa, HAXOSIIETOCs M0 CChUIKE Src, B COACPKUMOE

00BbeKTa, HAXOIAIIETOCS IO CChUIKE dst.

DyHKINSA KIOHUPOBAHUS 00bEKTA
OyYHKIMS TOMOTAET MOJTYYUTh HOBBIN OOBEKT C TEM KE COJIEPKUMBIM — KJIOHHUPOBAThH
0OBEKT.

DyHKIMA CPABHEHUS] 3HAYEHUI 110 CChLIKAM
@DyHKIUSA cpaBHUBAET 00BEKTHI, IEpeJaHHbIe el M0 Crelu(pUKAMOHHBIM CChUIKAM,
BO3BpAllasl LIEJT0YUCICHHBIA PE3yNbTaT.

DyHKUMA ONpeaeJeHNs IKBUBAJCHTHOCTH 3HAYCHWI 110 CChLIKAM.
OyHKIUS CpaBHUBAET O0BEKTHI, IEPEJaHHbIe el 0 CTIeNn(UKAITHOHHBIM CCHUIKAM,
BO3BpAalllas JJOTHYECKOE 3HAYCHHUE.

DyHKIUS NOCTPOCHNS CTPOKOBOIO NMPeICTABICHNS 3HAYEHNUS 110 CChLIKe
@dyHKIMS BO3BpAIIaeT CCHUIKY Ha 3HaYEHHE THIA String — CTPOKOBOE MPE/ICTaBICHUE
cneur(pUKaMOHHOTO THIIA.

DOyuknuus nocrpoenusi XML npeacraBjieHus 3HAYEHU 110 CChLIKE
@yHKIMA BO3BPAIAET CChUIKY Ha 3HadeHue tuna String — XML npencrasienue
crenn(pUKaMOHHOTO THIIA.

14.1.1 ®OyHKuMsA CO3AAHUSA CCHLIOK

CDYHKI_II/IH co3JacT 00BEKT MEPpCAAHHOTO THUIIA X1 BO3BPAIIACT CCBUIKY Ha HCTO.

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

MapameTpsbl

type

VkazaTenp Ha ACCKPUIITOP CHCI_[I/I(bI/IKaI_II/IOHHOFO THIIA.
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[TapameTppl HHULIMATTA3AIIUY TUIIA.

Bo3Bpawaemoe 3Ha4yeHue

@OyHKIMS BO3BPAILIAET Crieln(PUKAIIMOHHYIO CChUIKY Ha CO3/IaHHBIM OOBEKT.

JononHutenbHasa nHcpopmauma

HapaMeTpLI WHUIIHaJIM3alluu JOJIKHBI COOTBETCTBOBATDH TUITY: JJI BCEX MPEAOIPCACICHHBIX TUIIOB
napaMeTphbl OIMKMCaHbl B  COOTBCTCTBYHOIIHX  pasiciiax, a [apaMeTpbl HHHUIHUAIU3AlUN
IIOJIB30BaATCIBbCKUX CHGHI/I(i)I/IKaI_[I/IOHHI)IX THUIIOB 3a1al0TCA IIPHU ONMMCAHNU 3THUX THUIIOB.

Integer* ref = create(&type Integer, 28); // ref - 28

B IIPUBCACHHOM BBIIIC IHPpHUMEPE CO3MACTCA W HMHHOHUAIMUSUPYCTCA CChLIKA OMOJIMOTEYHOT O
CHGI_II/I(i)I/IKaLII/IOHHOI‘O THUIIA Integer — CHGLII/I(bI/IKaI_II/IOHHOI‘O aHajiora TvIa int.

[Ipu wucnonb3oBaHMM  (PYHKIMHM create BO3MOXKHBI OHIMOKM  H3-32  HMCIOJIb30BaHUS
HETUIHU3UPOBAHHOTO CIIMCKA apTyMEHTOB . . .. ISl UCKIIIOYEHHS TaKUX OMIMOOK PEKOMEHIYETCS
TUTSt KaXXJI0TO crienuUKAIMOHHOTO THUIIA cO3/71aBaTh GYHKIINIO
Create_MMH_CHeHM(bMKaLLMOHHOI‘O_TMHa U BBI3BIBATh create U3 HEC, HaHpHMep:

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

IntPair* create IntPair(int a, int b)

{

return create(&type IntPair, a, b);

}

[Ipu ucnonb30BaHNM create BHE (PYHKLUHU, UM KOTOPOH MMeeT NmpeduKc create , TPAHCIATOP
BBIIACT IPEIYNPEXKICHHUE!

warning: call create() out of create ... function

14.1.2 ®DOyHKuMs MOJYyYeHUS] THIA CCHIJIKH

OyHKIUS ONpeeNnseT TUI CTIEHU(PUKAIIMOHHON CCHUIKHA U BO3BPAIIAET IECKPUIITOP 3TOTO THIIA.

const Type *type( Object* ref )

MapameTpbl

ref

Creun¢ukanoHHas CChUIKa Ha OOBEKT crielu(PUKAIMOHHOTO TUIIA.

BosBpamaeMoe 3Ha4YeHue

q)yHKHI/ISI BO3BpallacT YKa3aTcjib Ha KOHCTAHTY-ACCKPHIITOP Cl'IeIII/I(bI/IKaHI/IOHHOFO THUIIa, Ha
3HAYCHUC KOTOPOI'O CChUIACTCA YKA3aTCllb ef.

Integer* ref = create(&type Integer, 28);
if (type(ref) == &type Integer) // MCTUHHO

14.1.3 ®DyHKuMA KONUPOBAHHMSA 3HAYCHMH 0 CCHLIIKAM

OYHKIMS KOMUPYET COAEPKHMOE OOBEKTa, HAXOMAILIEroCs MO CChUIKE Src, B COIEPKUMOE
00BEKTa, HAXOAIIETOCS 10 CChUTKE dst.

void copy( Object* src, Object* dst )



MapameTpsbl

src

CCLIJ'II(a Ha O6’beKT, HpCI[HaSHa‘-IeHHHﬁ IJI KOITMPOBAHMUA.
dst

Ccbuika Ha 00BEKT, B KOTOPBIN OyA€T MPOU3BEAECHO KOMTMPOBAHHUE.

HdononHutenbHasa uHcgpopmauums

CchUTKM TOJKHBI OBITH HEHYJEBBIMH M OJHOTO THIIA, TO €CTh OHH JOJDKHBI UMETh OJMHAKOBBIC
ACCKPHUIITOPHI THUIIOB. Ecnu >t YCJIO0BUA HE BBIMMOJIHAIOTCSA, TO BO BPCMs BBITIOJIHCHUS TPOUCXOJUT
3aBEpIICHUE MPOTPAMMBI C COOOIIEHHEM 00 OmunoKe.

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 BblllIe IPUMEpPE CCBUIKU refl U refZ2 MOCIE WHULMAIU3ALMU CCBUIAKOTCS Ha
pa3Hble 3HAYCHHS CHCIU(PUKAMMOHHOTO Thma Integer. [locie BBI3OBAa (QYHKIHH copy ()
3HAYEHHE MO CChUIKE ref2 CTAHOBUTCA YKBUBAJICHTHBIM 3HAUEHHUIO MO CCBUIKE refl.

14.1.4 ®OyHkuMsa KIOHMPOBAHUS 00bEKTA

DyHKIUSA IOMOTAET MOJYyYUTh HOBBIM 00BEKT C TEM XK€ COAEPKUMBIM — KIIOHUPOBATh 0OBEKT.
Object* clone( Object* ref )

MapameTpbl

ref

Ccpika Ha 00BEKT, MPeJHA3HAYCHHBIH [T KITOHUPOBAHHUSL.

JononHutenbHaa uHgopmauusa

CDYHKLII/ISI BBIACIACT IaMATh AJId 3HAYCHMA THIIA, HaA KOTOprﬁ CCBUIAETCA ref, HWHULIUATIU3UPYCT
BBIJICJICHHYIO IIaMATb 3HAUYCHUCM, OKBHBAJICHTHBIM 3HAYCHHUIO IIO CCBIIKE ref, u BO3BpaliacT
YKa3aTeCJib Ha BBIACJICHHYO U HHUIIUAJIM3UPOBAHHYIO ITaMATh.

Integer* refl = create(&type Integer, 28);

String* ref2 = clone(refl);

refl UHUIMAIU3UPOBaHa 3HaueHueM 2 8. [locie BbI30Ba clone () 3HAYEHUS IO CChUIKAM refl U
ref2 CTaHOBSTCS DKBUBAJICHTHBIMU.

14.1.5 ®@yHKuus CpPABHEHUS 3HAYEHUI MO CCHLIIKAM

@DyHKIUSA CpaBHUBAET OOBEKTHI, MepellaHHble €l Mo crenu(UKALMOHHBIM CChUIKaM, BO3Bpallas
LIEJIOYMCIICHHBIN pe3ysbTarT.

int compare (Object* left, Object* right)

MapameTpbl
left

CreungukanoHHas CCbUIKA Ha MEPBBIM CpaBHUBAEMbIN OOBEKT.



right

CreungukaloHHas CChIIIKA Ha BTOPON CpaBHUBAEMbIH OOBEKT.

Bo3Bpawaemoe 3Ha4yeHue

. B cJiyda€ SKBHUBAJICHTHOCTHU 3HAYCHUH 10 NEPCAAaHHBIM CCBLIIKaM (1)yHKHI/I${ BO3BpalacT
HYJICBOC 3HAUYCHUC.

« Ecnu 3HayeHus] He 3KBUBAJICHTHBI, (YHKIMS BO3BpAlllaeT HEHYJIEBOE 3HAu€HHUE, KOTOPOe
MO’KET HHTEPIIPETUPOBATHCS B 3aBUCMMOCTH OT THUIIa CpaBHUBaeMbIX 3HaueHuil. Hanpumep,
JUIst OMOIMOTEYHOT0 THMA String pe3yabTaT OyIeT TaKUM e, KaK Y QYHKIHMH strcmp ()
quis Tina si3pika C char™®.

« Ecnu napameTpbl UMEIOT HECPaBHUMBIE THUIIBI, TO €CTh THIIBI CChUIOK HEOJMHAKOBBIE, HE
SBJISIIOTCSI TTOATUIIAMU OJTHOTO THIA, M TUI OJAHOM CCBUIKU HE SBISETCS MOJITHIIOM JIPYroi
(cM. IlHBapMaHTBI TUMOB), TO (PYHKIIHS BO3BpAIAET HEHYJIEBOE 3HAUCHHE.

. Ecau oxgna u3 cchlIok HYyJICBadA, a Apyras HCT, TO BO3BPAIIACTCA HCHYJICBOC 3HAYCHUC.

* Ecin 006e cehliku HYJICBLIC, TO BO3BPAIIACTCA HOJIb.

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

}

else {/* 3HaueHUd HEe SKBUBAJIEHTHH */

14.1.6 ®DyHkuMs onpeaeIeHUus1 IKBUBAJICHTHOCTH 3HAYEHHU I 10 CCHLIIKAM.

CDYHKI_II/IH CpaBHHBACT 06’beKTBI, MNepeAaHHbIC eu 1o CHCHI/I(I)I/IKB.I_II/IOHHBIM CCbUIKAaM, BO3Bpaliasa
JJOTHUYCCKOC 3HAUCHUC.

bool equals (Object* self, Object* ref)

MapameTpbl
self

CrneungukanoHHas CCbUIKa Ha MEPBBIM CpaBHUBAEMBIN O0OBEKT.

ref

CriendukanoHHas CChUIKA HA BTOPOH CPaBHUBAEMBI OOBEKT.

Bo3Bpawaemoe 3Ha4yeHue

 OyHKUMA BO3BpallacT 3HAYCHHE true, €CIM 3HAYEHUS 1O I[EPEJAHHBIM CCBUIKAM
9KBHUBAJICHTHBI, U false B IPOTUBHOM CIIy4ac.

« Ecnu mapameTpbl UIMEIOT pa3IUYHbIN THII, TO (PYHKIUS BO3BpaIaeT false.
« Ecnu ogHa U3 CChUIOK HYJIEBasd, a Ipyrasi HET, TO BO3BpalaeTcs false.

. Ecin 00e ceblaku HYJIEBBIC, TO BO3BpAIlAa€TCA true.

if (equals(refl,ref2)) {/* 3HaueHud OKBUBAJIEHTHH */

}

else {/* 3HaueHUd He SKBUBAJIEHTHH */



14.1.7 ®OyHKuUMSA MOCTPOECHUSA CTPOKOBOIO NMPeIACTABJICHUS 3HAYEHUS 110
CChLIKE

OyHKIMS BO3BpallaeT CChUIKY Ha 3HaYeHHE THMa String — CTPOKOBOE TPEACTaBIICHUE
creun(pUKaUOHHOTO THIIA.

String* toString (Object* ref)
MapameTpbl
ref

VYkazartenb Ha 0OBEKT CIeU(PUKAIIMOHHOTO THIIA.

Bo3Bpawaemoe 3Ha4yeHue

OyHKIMS BO3BpalllaeT CChUIKY Ha OOBEKT THUIMA String, B KOTOPOM COAEPIKUTCS CTPOKOBOE
MpeJICTaBICHHE MTEPEeJaHHOTO (PYHKIIMHA 00BEKTA.

Integer* ref = create(&type Integer, 28); // ref - 28
String* str = toString(ref); // str — "28"
printf ("*ref == '%s'\n", toCharArray String(str));

14.1.8 @yuxkuus nocrpoenust XML npeacraBjieHus 3Ha4YeHUS 110 CChLIKE

@yHKIMSA BO3BpallaeT CChUIKY Ha 3HadeHWe Tuna String — XML mnpexacraBienue
CHeNU(pUKAUOHHOTO THIIA.

String* toXML (Object* ref)

MapameTpbl

ref

VYkazartenb Ha 00BEKT CIeHU(PUKAIIIOHHOTO THIIA.

Bo3Bpawaemoe 3Ha4yeHue

OyHKIUS BO3BpAIAeT CCBUIKY Ha OOBEKT THMAa String, B KOTOpoM conepxurcs XML
MIPEICTABJICHHE MePEIaHHOTO (QYHKIIMH 00BEKTA.

Integer* ref = create(&type Integer, 28); // ref - 28
String* str = toXML (ref);

// str - "<object kind=\"spec\" type=\"Integer\" text=\"28\"/>"
printf ("*ref == '$s'\n", toCharArray String(str));



14.2 IlpenonpenesieHHbIe cieU(PUKANMOHHbIE THIIbI

[IpenonpeneneHHbIMU  TUDAMH  yJOOHO TOJB30BAThCS B cHeuupuKauusax (Hampumep, A
MOJIEJTMPOBAHUS PEANHU3ALIOHHOTO COCTOSIHUS), MOCKOJIbKY OHU NPEJOCTaBISIOT YXE TOTOBYIO,
YHUBEPCAJIbHYIO, TAPAHTUPOBAHHO 0€30IIMO0YHYI0 (PYHKIIMOHAIBHOCTb.



14.2.1 Char

Tun Char sBasgeTcs CHGI_II/I(bI/IKaI_[I/IOHHLIM dHaJIOTOM BCTPOCHHOT'O THUIIA A3bIKa C char.

JonosHuTtenbHass nHopManus
@yYHKIMH, ONPEEIICHHBIE ISl TUIIA Char:

° CO31aHUC CHGHHd)I/IKElHI/IOHHOﬁ CCBIJIIKH

° U3BJICYEHUE 3HAYECHUS TUIA char.

3aronoBo4HbIn pann: atl/char.h

create_ Char
DyHKIUA co3/1aeT Crenu(PUKAIMOHHYIO CChUIKY THIA Char.

Char* create Char( char c¢ )

MapameTphbl

C

Nannuanu3anmoHHOE 3HAYCHHE.

BosBpau.laemoe 3Ha4YeHue

CrnenudukaoHHas CChIJIKA TUIA Char HA CO3JJaHHBIN OOBEKT.

JononHutenbHasa nHcpopmauma

Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOW (QYHKIIUN create.
Char* chl = create(&type Char, 'a');
Char* ch2 = create Char('a'");

JIBa TIOKa3aHHBIX CHIOco0a CO3MaHMsI CIIeU(PUKAITMOHHON CChIIKU ()YHKIIMOHAILHO YKBUBAJICHTHBI,
OJIHAKO WCTOJBh30BAHUE create HE SIBISCTCS THUMOOE30TACHBIM M BBI3BIBACT MPEAYIPEIKICHUE
TpaHcisITopa (CM. onMcanue PyHKIUU create).

value Char
OyHKIMA MOTy4YaeT 3HauUeHUue char, cojiepkalieecs B cenupuKamoHHOM THIIE.

char value Char( Char* c )

MapameTpbl

c

Crneun¢ukanoHHas CChUIKa 3a 3HaYeHHe Tumna Char.

BosBpau.laemoe 3Ha4YeHue

CuMBOJI, SIBJISIFOIIUIICS 3HAYEHUEM CTIEIIM(PUKAIIMOHHOMN CCHUIKH C.

JononHutenbHasa nHcpopmauma

K sToMy 3HaueHMIO TaKke MOKHO OOpATUTHCS C TOMOLIBIO PAa3bIMEHOBAHHS CIICHU(PHKAIIMOHHON
CCBUIKH:

Char* ch = create Char('a');



char wval = *ch;

@yskuus value Char () oOecrneuuBaeT KOHTPOJIb THIIOB BO BPEMsl UCIIOJIHEHUS U € MOXKHO
nepeaaBaTh ykazarelb Object* 0e3 mpeIBapUuTeIbHOTO TPUBEICHUS:

List* 1;

char wval;

val = value Char(get List(1,0)); // Object* get List(List*,int)

OmHako eciau HET YBEPEHHOCTH B TOM, YTO TEPEHaHHAs CChUIKA MMEET HYXHBIM THI, MOXET
HOTpe6OBaTbCH SIBHAsI IPOBEPKA € MOMOLLIBIO CTAHJAPTHOM (I)yHKuI/H/I type ():
Object* o = get List(1,0));

if (type (o) == &type Char) {
val = value Char (o) ;



14.2.2 1Integer M Ulnteger

Tunsl Integer U Ulnteger SBISIOTCS CHENU(DUKAIIMOHHBIMH aHAIOTAaMH BCTPOSHHBIX THUIIOB
s3pika C int M unsigned int.

JdonmonHureabHass HHpoOpMaLUsA
OyHKIMHU, ONPEEICHHBIE Ul TUIIOB Integer U Ulnteger:

e co3naHue cruenu@UKaIMOHHON CChUIKH;

e  M3BJICYECHHE 3HAUYCHHUS THUIIA int MIW unsigned int.

3aronoBoYHbIN pann: atl/Integer.h

create_ Integer, create_UInteger
OyHKIHMH cO37aeT crelu(pUKalMOHHbIe CChUTKYA TUMOB Integer U UInteger.
Integer* create Integer( int 1 )

UInteger* create UlInteger( unsigned int 1 )

MapameTphbl

1

I/IHI/II_[I/IaJ'II/I3aHI/IOHHOC 3HA4YCHHC.

BoaBpalwaemoe 3Ha4yeHue

CnenudukaoHHas CChlJIKa TUIA Integer (UInteger) Ha CO3JaHHBIA OOBEKT.

HdononHutenbHasa uHcgopmauums

Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOW (QYHKIUN create.

Integer* il create (&type Integer, -28);

Integer* i2 = create Integer(-28);

UInteger* il create (&type Ulnteger, 28);
UInteger* i2 = create Ulnteger(28);

JIBa Mmoka3aHHBIX crtoco0a co3MaHusl CrIeU(UKAIMOHHON CChIIKM (YHKIIMOHATBHO SKBUBAJICHTHBI,
OIHAKO MHCIIOJIb30BAHUEC Ccreate HE SBJSICTCS TUIIOOE30IaCHBIM U BEI3BIBAET npeaynpexKIaCHucC
TpaHcasTopa (cM. onucanue QyHKIUU create).

value Integer,value Ulnteger
OyHKIMS MOTyYaeT 3HaUYeHUe int, coAepkKalieecs B CIEUPUKAIMOHHOM THIIE.
int value Integer ( Integer* 1 )

unsigned int value Ulnteger ( Ulnteger* i )

MapameTphbl

1

CrnenudukanroHHas CChIJIKA 3a 3HAYCHUE THNA Integer WM Ulnteger.



HononHutenbHasa uHcgpopmauums

K »TOoMy 3Ha4YeHHMIO TaKXKe MOXHO OOPATUTHCSI C TMTOMOIIBIO PAa3bIMEHOBAHUS CHEIU(UKAITHOHHON
CCBIJIKH:

Integer* i = create Integer (-28);

int wval = *i;
@yHkus value Integer () 00ecrnedYnBAET KOHTPOJIb THUIIOB BO BPEMs UCIIOIHEHUS U €l MOKHO
nepeaBaTh yKaszareib Object* 06e3 NpeBapUTEIbHOIO PUBEICHHSL:

List* 1;

int wval;

val = value Integer(get List(1,0)); // Object* get List(List*,int)
OIHaKO €cCiau HET YBEpPEHHOCTHM B TOM, UTO MEpElaHHas CChIJIKA MMEET HY>KHBIA THI, MOXKET
noTpebOBaThLCS SIBHAS MTPOBEPKA C TIOMOIIBIO CTAHIAPTHOW PYHKIMU type () :

Object* o = get List(1,0));

if (type (o) == &type Integer) ({
val = value Integer (0);

}



14.2.3 Short M UShort

Tunsl Short u UShort SBASIOTCS cieNU(DUKAIIMOHHBIMHA aHAJIOTaMU BCTPOSHHBIX TUMOB si3bika C
short M unsigned short.

JdonmonHureabHass HHpoOpMaLUsA
DyHKUNHU, OIIPEIEICHHBIC I TUIIOB Short U UShort:

e co3naHue cruenu@UKaIMOHHON CChUIKH;

. HM3BJCYECHUE 3HAUYCHUA TUNA short WIM unsigned short.

3aronoBoYHbIN pann: atl/short.h

create_Short, create UShort
@OyHKIMK CO3/1a10T ceNU(UKALMOHHbIE CCBUIKM TUIIOB Short U UShort.
Short* create Short ( short 1)

UShort* create UShort ( unsigned short i )

MapameTphbl

1

I/IHI/II_[I/IaJ'II/I3aHI/IOHHOC 3HA4YCHHC.

BoaBpalwaemoe 3Ha4yeHue

CrnenudukaoHHas CChlIKa TUIA Short (UShort) Ha CO3JaHHBIA OOBEKT.

HdononHutenbHaa nHdopmaumsa
Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOW (QYHKIUN create.
Short* il = create(&type Short, -28);
Short* 12 = create Short(-28);
UShort* il = create (&type UShort, 28);
UShort* 12 = create UShort (28);

JIBa mokazaHHBIX crioco0a co3AaHus CeNU(PUKAIMOHHON CChIIKM (PYHKIIMOHAIBHO SKBUBAJICHTHBI,
OJTHAKO HCIOJIb30BaHUE create HE SBISETCS TUIIOOE30MACHBIM M BBI3BIBACT MpEAYNpEKICHUE
TpaHcasTopa (cM. onucanue QyHKIUU create).

value_Short, value UShort
DyHKIUA MMOTyYaeT 3HaUeHHEe short, coepxarieecs B CrienuUKanOHHOM THIIE.
short value Short ( Short* i )

unsigned short value UShort ( UShort* i )

MapameTpsbl
i

CHGI_II/I(I)I/IKEU_II/IOHHEUI CCBhIJIKA 3a 3HaUeHue TUna Short win UShort.



HdononHutenbHas nHdopmaums
K »TOoMy 3Ha4YeHHMIO TaKXKe MOXHO OOPATUTHCSI C TMTOMOIIBIO PAa3bIMEHOBAHUS CHEIU(UKAITHOHHON

CCBLIIKU:
Short* i = create Short (-28);

short wval = *i;
@yHkuusa value Short () obecrneyrBaeT KOHTPOJIb THIIOB BO BPEMs HCIIOJHEHHS U €d MOXKHO
nepeaBaTh yKaszareib Object* 06e3 NpeBapUTEIbHOIO PUBEICHHSL:

List* 1;
short val;

val = value Short(get List(1,0)); // Object* get List (List*,int)
OIHaKO €cCiau HET YBEpPEHHOCTHM B TOM, UTO MEpElaHHas CChIJIKA MMEET HY>KHBIA THI, MOXKET
noTpebOBaThLCS SIBHAS MTPOBEPKA C TIOMOIIBIO CTAHIAPTHOW PYHKIMU type () :

Object* o = get List(1,0));

if (type (o) == &type Short) {
val = value Short (o) ;

}



14.2.4 Long M ULong

Tun Long M ULong ABJIAKOTCA CHCI_[I/I(pI/IKaHI/IOHHLIMI/I aHaJIoOraMU BCTPOCHHBLIX THUIIOB SA3bIKa C
long int M unsigned long int.

JdonmonHureabHass HHpoOpMaLUsA
OyHKIMHU, ONPEAEICHHBIC I TUIA Long:

e co3naHue cruenu@UKaIMOHHON CChUIKH;

e HW3BJICYCHHWE 3HAYEHUA THIA long int WK unsigned long int.

3aronoBoYHbIN hann: atl/long.h

create_Long, create_ULong
OYHKIMH CO3JAI0T CHeM(PHUKAIIMOHHBIE CCHUIKH TUIIOB Long U ULong.
Long* create Long( long i )

ULong* create ULong ( unsigned long 1 )
MapameTphbl
1

I/IHI/II_[I/IaJ'II/I3aHI/IOHHOC 3HA4YCHHC.

BoaBpalwaemoe 3Ha4yeHue

CrnenudukaoHHas CChlIKa TUIA Long (ULong) Ha CO3IaHHBIA OOBEKT.

HdononHutenbHaa nHdopmaumsa

Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOW (QYHKIUN create.
Long* il = create(&type Long, -28);
Long* i2 = create Long(-28);
ULong* il = create(&type ULong, 28);

ULong* 12 create ULong (28);

JIBa mokazaHHBIX crioco0a co3AaHus CeNU(PUKAIMOHHON CChIIKM (PYHKIIMOHAIBHO SKBUBAJICHTHBI,
OJTHAKO HCIOJIb30BaHUE create HE SBISETCS TUIIOOE30MACHBIM M BBI3BIBACT MpEAYNpEKICHUE
TpaHcasTopa (cM. onucanue QyHKIUU create).

value_Long, value ULong
(DYHKI_II/IH IIOoJIy4acT 3HAYCHHC long, COACPIKAIICCC B CHeHI/I(i)I/IKaHI/IOHHOM THUIIC.
long value Long ( Long* 1 )

unsigned long value ULong ( ULong* 1 )

MapameTpsbl
i

CHGI_II/I(I)I/IKaLII/IOHHaH CCBIJIKA 3a 3HAaYCHHEC THUIIa Long WK ULong.



HononHutenbHasa uHcgpopmauums

K »TOoMy 3Ha4YeHHMIO TaKXKe MOXHO OOPATUTHCSI C TMTOMOIIBIO PAa3bIMEHOBAHUS CHEIU(UKAITHOHHON
CCBIJIKH:

Long* i = create Long(-28);

long wval = *i;
@yHkius value Long () 00ecreyuMBaeT KOHTPOJIb TUIIOB BO BpEMs MCIIOJHEHHMS M € MOXKHO
nepeaaBaTh ykazarelb Object* 0€3 mpeIBapuTeIbHOTO TPUBEICHUS:

List* 1;

long val;

val = value Long(get List(1,0)); // Object* get List(List*,int)

OIHaKO €cCiau HET YBEpPEHHOCTHM B TOM, UTO MEpElaHHas CChIJIKA MMEET HY>KHBIA THI, MOXKET
HOTpe6OBaTBC$I SIBHAsI IPOBEPKA € MOMOIIBIO CTAHIAPTHOM (I)yHKuI/H/I type ():
Object* o = get List(1,0));

if (type (o) == &type Long) {
val = value Long (o) ;



14.2.5 Float

Tun Float sgBugeTcs CHCLII/I(I)I/IKaI_II/IOHHBIM AHAJIOTOM BCTPOCHHOI'O THIIA A3bIKA C float.

JononHuTebHAs HH(OpManus
OyHKkuMH, onpeaeneHHble it Tuna Float:

. CO31aHUE CIICI mg]zm(a! !I/IOHHOﬁ CCBLJIKH,

e  W3BJICYCHME 3HAUCHUS TUNA float.

3aronoBoYHbIN paunn: atl/float.h

create Float
OyHKIMS cO3aeT crenn(UKAIMOHHYIO CChUIKY TUMa Float.

Float* create Float( float £ )

MapameTphbl
£

I/IHI/IHI/IaHI/ISaHI/IOHHOC 3HA4YCHHUC.

Bosspamaemoe 3Ha4YeHune

CrenudukaMoHHas CChIJIKA TUTIA F1loat Ha CO3/IaHHBIN OOBEKT.

HdononHutenbHas nHdopmauma

Ota QyHKIUS onpeiesieHa HapsIy CO CTaHIapTHOW PYHKIIUN create.
Float* fl = create(&type Float, 3.14);
Float* f2 = create Float(3.14);

JIBa TOKa3aHHBIX CrIOco0a CO3MaHMsl CIeU(PUKAITMOHHON CChIIKU ()YHKIIMOHAIBHO SKBUBAJICHTHBI,
OJIHAKO WCITOJBh30BAHUEC create HE SIBISICTCS THUIMOOC30TACHBIM M BBI3BIBACT MPEAYIPEIKICHUC
TpaHcisITOpa (CM. onMcanne PyHKIUU create).

value Float
DyHKIMSA MOTy4YaeT 3HaueHue float, coaepkanieecs B cneumbI/IKauI/IOHHOM THUIIC.

float value Float( Float* £ )

MapameTpbl
£

Creun¢ukanoHHas CChUIKa 3a 3HaU€HME Tuna Float.

HdononHutenbHasa uHcgopmMauums

K OTOMY 3HAYCHHUIO TAKIKC MOKHO O6paTI/ITI)C$I C MIOMOIIIBIO PA3bIMCHOBAHHUA CHGIII/I(l)I/IKaIII/IOHHOI\/'I
CCBIJIKH:

Float* f = create Float (3.14);
float wval = *f;

@yskuusa value Float () obecrneynBaeT KOHTPOJIb TUIOB BO BPEMs MCIOIHEHUS U €l MOXKHO
nepeaaBaTh ykazarelb Object* 0€3 mpeIBapuTeIbHOTO TPUBEICHUS:



List* 1;

float wval;

val = value Float(get List(1,0)); // Object* get List (List*,int)

OIHaKO €Ciau HET YBEPEHHOCTHM B TOM, YTO IEpElaHHas CChUIKAa UMEET HYXKHBIM THUI, MOXET
HOTpGGOBaTLCﬂ SIBHAsI IPOBEPKA € MOMOLIBIO CTAHIAPTHOM (I)yHI(uI/H/I type ():
Object* o = get List(1,0));

if (type (o) == &type Float) {
val = value Float (o)



14.2.6 Double

Tun Double sABISETCS CHCI_II/I(bI/IKaI_[I/IOHHLIM AHAJIOT'OM BCTPOCHHOTO THUIIA A3bIKa C double.

JonosiHuTeIbHASE HH(POPMALIHSA
DyHKINH, ONPEIETICHHBIE I TUIIA Double:

. CO31aHUE CIICI !I/I!hI/IKa! [MOHHOM CCBIJIKH,

e  HW3BJCYCHME 3HAUCHUS TUIIA double.

3aronoBoYHbIN paun: atl/double.h

create_Double
DyHKIMA co3/1aeT Crenu(pUKaIMOHHYI0 CCBUIKY THIIAa Double.

Double* create Double( double d )

MapameTphbl
d

Muannuyanu3anuoHHoe 3HaYeHHE.

Bo3Bpawaemoe 3Ha4yeHue

CreunukaoHHas CChUIKa THIA Double Ha CO3JaHHBINA OOBEKT.

JononHutenbHasa nHcpopmauma

Ota QyHKIUSA onpeiesieHa HapsIy CO CTaHIapTHOW QYHKIIUN create.
Double* dl = create(&type Double, 3.14);
Double* d2 = create Double(3.14);

JlBa moka3aHHBIX crioco0a co3/aHus crelu(UKAMOHHON CChIIKM ()YHKIIMOHAIBHO SKBUBAJICHTHBI,
OJTHAKO WCIIONIb30BaHUE create HE SBISETCS THIIOOE30TACHBIM W BBI3BIBACT MPEAYIPEKICHUC
TpaHcasTopa (cM. onrcanue QYHKIUU create).

value Double
DyHKIMSA N0JIy4YaeT 3HaUeHue double, coneprkalieecs B CHCHI/I(i)I/IKaLII/IOHHOM THUIIE.

double value Double( Double* d )

MapameTpsbl
d

CHGI_II/I(I)I/IKaLII/IOHHaH CCBhIJIKA 3a 3HaUeHUeE TUla Double.

HdononHutenbHasa uHcgpopmauums

K 9TOMY 3HAYCHUIO TAKIKEC MOXKHO 06paTI/ITbC$I C NIOMOIIBIO PAa3bIMCHOBAHUA CHGHHQ)I/IKEILII/IOHHOI}’I
CCBIJIKH:

Double* d
double *p = (double*)d;

create Double (3.14);

OyHK1usA value Double () obecrneduBaeT KOHTPOJIb TUIIOB BO BPEMs UCIOIHEHUS U €l MOXKHO
nepeaaBaTh yka3aTellb Object* 06e3 mpeABapUTEIHHOTO MIPUBEICHUS:



List* 1;
double wval;

val = value Double(get List(1,0)); // Object* get List(List*,int)

OIHaKO €Ciau HET YBEPEHHOCTHM B TOM, YTO IEpElaHHas CChUIKAa UMEET HYXKHBIM THUI, MOXET
HOTpGGOBaTLCﬂ SIBHAsI IPOBEPKA € MOMOLIBIO CTAHIAPTHOM (I)yHKuI/II/I type ():
Object* o = get List(1,0));

if (type (o) == &type Double) {
val = value Double (0);



14.2.7 voidast

Tun VoidAst saBaseTcs CHGI_II/I(I)I/IKaI_II/IOHHBIM AHAJIOTOM BCTPOCHHOI'O THIIA A3bIKA C void.

JononHuTebHAs HH(OpManus
OyHKIMH, OoNpeiesIeHHbIe Ul TUla VoidAst:

. CO31aHUE CIICI !I/I!hI/IKa! [MOHHOM CCBIJIKH,

e  M3BJICYECHHE 3HAYCHMS THUIIA void*.

3aronoBoYHbIN paun: atl/voidast.h

create_VoidAst
DyHKIUA co3/1aeT Crenu(pUKaIMOHHYI0 CChUIKY THTIA VoidAst.

VoidAst* create VoidAst( void* v )

MapameTphbl

v

Muannuyanu3anuoHHoe 3HaYeHHE.

Bo3Bpawaemoe 3Ha4yeHue

CreunukanoHHas CChUIKA THMA VoidAst Ha CO3JaHHBIA OOBEKT.

JononHutenbHasa nHcpopmauma
Ota QyHKIUSA onpeiesieHa HapsIy CO CTaHIapTHOW QYHKIIUN create.
VoidAst* vl = create(&type VoidAst, NULL);

VoidAst* v2 = create VoidAst (NULL) ;

JlBa moka3aHHBIX crioco0a co3/aHus crelu(UKAMOHHON CChIIKM ()YHKIIMOHAIBHO SKBUBAJICHTHBI,
OJTHAKO WCIIONIb30BaHUE create HE SBISETCS THIIOOE30TACHBIM W BBI3BIBACT MPEAYIPEKICHUC
TpaHcasTopa (cM. onrcanue QYHKIUU create).

value VoidAst
DyHKIMSA [10Jy4aeT 3HAYCHUE void¥, cojepikaleecs B CHCHI/I(i)I/IKaLII/IOHHOM THIIE.

void* value VoidAst ( VoidAst* v )

MapameTpsbl

v

CHGI_II/I(I)I/IKEU_II/IOHHEUI CCBUIKA 3a 3HAa4YCHUE TUIA VoidAst.

HdononHutenbHasa uHcgpopmauums

K 9TOMY 3HAYCHUIO TAKIKEC MOXKHO 06paTI/ITbC$I C NIOMOIIBIO PAa3bIMCHOBAHUA CHGHHQ)I/IKEILII/IOHHOI}’I
CCBIJIKH:

VoidAst* v = create VoidAst (NULL);

voildast wval = *v;

OyHKIuA value VoidAst o0ecrneyrBaeT KOHTPOJIb THIIOB BO BPEMs HCIIOJHEHHS U €d MOXKHO
nepeaaBaTh ykazaTellb Object* 0e3 mpeaBapUTeIbHOTO MPUBEICHHUS:



List* 1;

void* wval;

val = value VoidAst(get List(1,0)); // Object* get List (List*,int)

OIHaKO €Ciau HET YBEPEHHOCTHM B TOM, YTO IEpElaHHas CChUIKAa UMEET HYXKHBIM THUI, MOXET
HOTpGGOBaTLCﬂ SIBHAsI IPOBEPKA € MOMOLIBIO CTAHIAPTHOM (I)yHI(uI/H/I type:
Object* o = get List(1,0));

if (type (o) == &type VoidAst) ({
val = value VoidAst (o) ;



14.2.8 Unit

Tun Unit sBISIETCS TUIIOM C €IMHCTBEHHBIM 3HAYEHHEM: JBE HEHYJEBBbIC CHEIH(HUKAIIMOHHBIC
CCBUIKH THMA Unit BCEra CUUTAKOTCS PABHBIMU JIPYT IPYTY.

JdonmonHureabHass HHpoOpMaLUsA
OyHKIMHU, ONPEAEICHHBIC I TUIA Unit:

e co31aHue crnenu@UKAIMOHHON CChUIKU
3aronoBoy4HbIn ¢haun: atl/unit.h

create Unit
DyHKIUA CO3aET cneuI/Iq)HKauI/IOHHy}o CCBIIKY THNA Unit.

Unit* create Unit (void)

Bo3Bpamaemoe 3HaueHue
CreuunpukanoHHas CChIIKa THMA Unit HAa CO3JaHHBINA OOBEKT.

JonojHuTeIbHASE HHpOPMALUS
Ota QyHKIUS onpeenieHa Hapsy CO CTaHIapTHOW (YHKIHU create.

Unit* ul = create(&type Unit);

Unit* u2 create Unit();

JIBa mokazaHHBIX crioco0a co3AaHus CeNU(PUKAIMOHHON CChIIKM (PYHKIIMOHAIBHO SKBUBAJICHTHBI,
OJTHAKO HCIOJIb30BaHUE create HE SBISETCS TUIIOOE30MACHBIM M BBI3BIBACT MpEAYNpEKICHUE
TpaHcasTopa (cM. onucanue QyHKIUU create).



14.2.9 BigInteger

Tun BigInteger CIIYKUT IJId NpCACTABJICHUSA LECJIBIX YHUCCII IMTPOU3BOJILHOTO pa3Mepa.

3aronoBoYHbIN (hann: atl/bigint.h

add BigInteger
DyHKIMS BO3BpAIllaeT pe3yJbTaT CIOKEHUS JBYX YMCEN TUIA BigInteger.

create BiglInteger
DyHKIIMU CO31aeT cneuI/I(bI/IKaLU/IOHHyIO CCBIIKY THUIA BigInteger, NPEACTaBIAIOLIYIO

JaHHOC€ LICJI0€ YHUCJIO.

divide BigInteger
DyHKIMS BO3BPAILAET PE3yJIbTAT ACICHUS JBYX YUCEN TUIA BigInteger.

intValue_Binnteqer
DyHKIMS BO3BpAIACT 3HAYEHUE int, coAepKamieecs B cneuH(bHKauI/IOHHOM THUIIE (eCJ'II/I
3TO 3HAYEHHUE ITOMEILAETCS B int).

longValue BigInteger
DyHKIMA BO3BpallaeT 3HAYCHHE 1ong, CoJepKaiieecs B CIEU(PUKAIIMOHHOM THIIE (€Cin
ATO 3HAYCHHE TTOMENIAeTCs B 1ong).

multiplv_Binnteqer
DyHKIMS BO3BpAILAET PE3yJIbTaT YMHOKEHUS JIBYX YMCEN TUIIA BigInteger.

negate BigInteger
DyHKIMSA BO3BpAIllaeT OTPULIAHUE YUCIa TUIIA BigInteger.

power_Binnteger
@yHKIIMS BO3BpAIlAET pe3yJbTaT BO3BEJACHHUS YHCIIa TUNA BigInteger B IENYIO CTEICHb.

remainder_Binnteqer
DyHKIMS BO3BPAILAET OCTATOK OT JEJICHUS ABYX YMCEN TMNA BigInteger.

subtract BigInteger
DyHKIUS BO3BpAIlAET pe3yJIbTaT BHIYUTAHUS ABYX UHCEI TUNA BigInteger.

valueOf BigInteger
OYHKIIUKA CO3/1aeT CHeUu(UKAIMOHHYI0 CCBUIKY THNA BigInteger, MPEACTaBISIONIYIO
LIeJI0€ 3Ha4YEHNE B JaHHOM CTPOKOBOM BHJIE.

add BigInteger

CDYHKI_II/ISI BO3BpAlIaCT PE3yJIbTAT CJIOKCHHUA ABYX YHUCCI TUIIA BigInteger.

BigInteger* add BiglInteger ( BiglInteger* nl, BigInteger* n2 )

MapameTpsbl

nl

IIepBoe cnaraemoe.

n2

Bropoe cnaraemoe.

BoaBpalwaemoe 3Ha4yeHue

CrneunukanoHHas CChUIKa THMA BigInteger HA HOBBIH OOBEKT — CyMMY.



create BigInteger

OyYHKIUA CO3JaeT CMEeNMM(PUKANMOHHYIO CCBUIKY THIA BigInteger, MPEACTABISIONIYIO JaHHOE
LIEJI0E YHCIIO.

BigInteger* create BigInteger( int 1 )

MapameTpbl
i

Nuunuann3annoHHoe 3HaUYEHUE.

Bo3Bpawaemoe 3Ha4yeHue

CriennukanoHHas CChIJIKa THMA BigInteger Ha CO3aHHBIN OOBEKT.

JononHutenbHaa uHgopmauusa
Ota QyHKIUS onpeseneHa HapsIy co CTaHIapTHOW (QYyHKIUN create.
BigInteger* 1l = create(&type BigInteger, -28);
BigInteger* 12 = create BigInteger (-28);
JIBa TIOKa3aHHBIX CHIOcO0a CO3/aHMs CTIeNM(PUKAITMOHHON CCBIIKM ()YHKIIMOHAJIBHO SKBUBAJICHTHBI,
OJIHAKO HCMOJb30BaHUE create HE SIBISETCS THUMOOE30MACHBIM M BBI3BIBAET MPEAYINPEKICHUE
TpaHchsTopa (cM. onrcanue QYHKIUU create).
divide BigInteger
@yHKIMA BO3BpAIIAET pe3yibTaT ACJICHUS JIBYX YUCEN TUNAa BigInteger.

BigInteger* divide BigInteger( BigInteger* nl, BiglInteger* n2 )
MapameTphbl
nl

Jlenumoe.
n2

Jlenurtens.

BosBpamaeMoe 3Ha4YeHune

CHGI_II/ICI)I/IKEIL[I/IOHHBJI CCBhIJIKa TUIA BigInteger Ha HOBBII 00BEKT — YaCTHOE.

intValue BigInteger

@OyHKIMS BO3BpallaeT 3HAUCHHE int, cojepkalleecss B CHEHM(PHUKAUOHHOM TuIE (€CIU 3TO
3HAa4YEeHUE TIOMEIAeTCs B int).

int intValue BigInteger ( BigInteger* 1 )
MapameTpsbl
1

CHCI_II/I(I)I/IKaLII/IOHHaH CCBhIJIKA 3a 3HAUCHHWE TUNA Bi glnteger.

JononHutenbHas nHcpopmauma

Ecnu 3HaueHne BigInteger He NMOMENIAETCS B int, BBIOJHEHHE MPOrpaMMbI MIPEKpAILACTCs C
NOMOIIBI0 QYHKIIMU assertion.



longValue BigInteger

OyHKIMA BO3BpaIlaeT 3HA4YCHHE long, coAepiKamieecs B CreNU(PUKAIMOHHOM THME (€CIU 3TO
3HAYCHHE MOMEIIAETCSA B 1ong).

long value BigInteger ( BiglInteger* i )
MapameTpbl
i

CriennukanmoHHas CChUIKA Ha 3HAUEHUE THIA BigInteger.

HdononHutenbHasa uHcgopmauums

Ecnu 3HaueHne BigInteger He MOMEMIAETCS B int, BHIIMOJHEHHE MPOTrPaMMBbl MPEKpaIaeTcs ¢
MoMOIIbI0 QYHKINK assertion.

multiply BigInteger
DyHKIMSA BO3BpAILAET PE3yJIbTaT YMHOKEHUS JIBYX YMCEJl TUIIA BigInteger.

BigInteger* multiply BiglInteger ( BiglInteger* nl, BiglInteger* nZz )
MapameTpbl
nl

IIepBblil MHOKUTEIIB.
nz

Bropoit MHOKHTEI.

BoaBpalwaemoe 3Ha4yeHue

Cneun(bHKauHOHHasI CCBLIKA THIA BigInteger HAa HOBBIM OOBEKT — IIPOU3BECACHHUE.
negate_BigInteger

DyHKIMS BO3BpalllaeT OTPUIIAHKUE YKCiIa TUIIA BigInteger.

BigInteger* negate BiglInteger ( BigInteger* n )
MapameTphbl
n

ApPryMeHT OTpULIAHUSI.

Bo3Bpawaemoe 3Ha4yeHue
CrnenuduKkaMoHHas CChIJIKA TUIIA BigInteger Ha HOBBIH 00BEKT — OTpHUIIAHUE.
power BigInteger

(DYHKI_II/IH BO3BpalllaeT pe3yibTaT BO3BEACHHUS YUCIIa TUIIA BigInteger B [EIYIO CTEICHbD.

BigInteger* divide BigInteger ( BigInteger* nl, int n2 )
MapameTphbl
nl

OCHOBaHI/Ie CTCIICHU.
n2

Tloka3arenpb cTEIEHN.



BosBpamaeMoe 3Ha4YeHune

Crneun¢ukaloHHas CChIJIKa THUNA BigInteger HAa HOBBIM OOBEKT — pe3ysbTaT BO3BEICHUS B
CTEIEHb.

remainder BigInteger
DyHKIMS BO3BpAILIAET OCTATOK OT JEJICHUS JBYX YMCEN THUNA BigInteger.

BigInteger* remainder BigInteger( BigInteger* nl, BigInteger* nZ2 )
MapameTpbl
nl

Jlenumoe.
n2

Jenutens.

BoaBpalwaemoe 3Ha4yeHue
CrnenudukaoHHas CChIIIKA THIA BigInteger Ha HOBBI OOBEKT — OCTATOK.
subtract BigInteger

(DyHKHI/Iﬂ BO3BpalacT pE€3yjabTaT BbIYUTAHUA ABYX YHUCCII TUIIA BigInteger.

BigInteger* subtract BiglInteger ( BiglInteger* nl, BiglInteger* n2 )
MapameTphbl

nl

VYMmenblaeMoe.
n2

Brrauraemoe.

Bosspamaemoe 3Ha4YeHune

Crienn(ukamoHHas CChIIKA THIA BigInteger HAa HOBBIA OOBEKT — PAa3HOCTD.

valueOf BigInteger

@yHKIMS CO3/aeT crneuu(UKAMOHHYI0 CCBUIKY THUNAa BigInteger, MPEACTaBISIOUIYIO LEJI0€
3Ha4YeHUE B IaHHOM CTPOKOBOM BHJIE.

BigInteger* valueOf BigInteger( String* str )

MapameTpsbl

str

CTpOKOBLII‘;I BUJ 3HAUYCHU YHUCJIa.

BosBpamaeMoe 3Ha4YeHune

CreuunukanoHHas CChIIKa THMA BigInteger HA CO3aHHBIN OOBEKT.



14.2.10 Complex

Tun Complex COYXHT JJIA NPEACTaBICHU KOMIUICKCHBIX YHUCEI.

JononHutenbHasa nHcpopmauma

Jns cnenugpuKaluoOHHBIX CCHUIOK Ha TUN Complex ACMCTBYIOT OOBIYHBIC MpPaBHJIA CPAaBHEHUS
( (rey, im) = (rey, imy) <> re; = re,, im; = im, ). CTpOKOBOE MPEACTABICHUE UMeET BU ( re + im™*i ).

ba3oBbIM THIIOM 11 TUIIA Complex CIY’KUT CTPYKTYypa:
struct {
double re;
double im;
i

Jns mosrydeHus: NEeWCTBUTENLHOW M MHUMOM 4YacTedl He OIpeaesieHO CIeNUaIbHbIX (YHKIINM;
CJIETyeT MOJIb30BAThCS PAa3bIMEHOBAHUEM CIICTIH(PUKAITMOHHON CCHUTKU:

Complex* ¢ = create Complex(1.4, -0.6);
double re = c->re;
double im = c->im;

DyHKIMY, ONPEACIICHHBIE 11l TUNA Complex:
s co3laHue cnenu(UKAIMOHHON CCBUIKH;
3aronoBoYHbIN hann: atl/complex.h

create Complex
OYHKIUA CO3/1aeT CrenU(PUKAIMOHHYIO CCBUIKY THTAa Complex.

Complex* create Complex ( double re, double im )

MapameTphbl

re

BemecTBenHas 4acTh KOMIDIEKCHOT'O YHUCIIA.
im

MunMmas gacTh KOMIUIEKCHOI'O YHCIIA.
Bo3Bpawaemoe 3Ha4yeHue

Crienn(ukanoHHas CChIIKA THIA Comp lex Ha CO3JJaHHBIA 00OBEKT.

JononHutenbHasa nHcopmauma

Ota QyHKIUSA onpeseneHa Hapsy Co CTaHIapTHOW (QYyHKIUN create.

Complex* cl create (&type Complex, 1.4, -0.6);

Complex* c2 = create Complex (1.4, -0.6);

JIBa TOKa3aHHBIX crIOco0a CO3/aHMs CTIeNM(PUKAITMOHHON CChIIKM ()YHKIIMOHAJIBHO SKBUBAJICHTHBI,
OJTHAKO HCIIOJIb30BaHHE create HE SBISIETCS THIIOOE30NACHBIM M BBI3BIBACT IPEAYNPEKICHNE
TpaHchsTopa (cM. onrcanue QYHKIUU create).



14.2.11 String

Tum Str ing CIIYKUT UId NpCACTABJICHUA CTPOK.

JononHutenbHasa nHcpopmauma

[IpunsTeiii B si3p1ke C criocod mpeacTaBieHUs CTPOK B BUJIE MacCHBa THMA char HE YKIAJbIBACTCS
B paMKu jgomyctumoro tuma. llostomy Be3ne, e TpeOyeTcss AOMYyCTUMBIM THI, YAOOHO
MPEJCTABISITh CTPOKH TAHHBIM CHIEIU(PUKAIMOHHBIM THUIIOM.

Jliist crienn(UKAIMOHHBIX CCHUIOK HAa THIT String JEHCTBYIOT OOBIYHBIC MTPABUIIA CPABHEHUS CTPOK
(kak B QyHKIIMU strcmp). [To3uniuu cMMBOJIOB HYyMEPYIOTCS OT O.

Co crienpUKaIMOHHBIME CTPOKAMHU MO>KHO paboTaTh Kak ¢ 00bIYHbIMH C-CTpOKaMHu, IPUHUMAsS BO
BHHMaHHE, YTO 3HAUYCHHME ITOW CTPOKHM HE JNOJDKHO M3MEHAThcs. [ momydenus poctyma k C-
CTPOKE HCHoJIb3yeTcst GYyHKIUsS toCharArray String, BO3Bpallarolias yKa3aTelb Ha MacCUB
BHYTPH CIICIIM(DUKAITMOHHOTO THIIA.

B To xe Bpems ompeneneHO OOJbIIOE KOJIMYECTBO (PYHKIMH M I CaMUX CHEIU(pHUKAIMOHHBIX
cTpok. Bo Bcex 3Tux QyHKIMAX crenuduKaoHHbIe CCBUIKM HAa THUN String HE JOJDKHBI OBITh
HYJIEBBIMHU.

3aronoBoYHbIN (hann: atl/string.h

J create_String
DyYHKIUSA CO3/1a€T Cl'IeI_II/Iq)I/IKaI_II/IOHHy}O CCBUIKY THIA String.

» charAt String
@yHKIMSA BO3BpAIA€T CUMBOJI B JAHHOW MO3ULUH 1ndex.

J concat_Strinq
DyHKIMSA BO3BpaLACT cneuI/Iq)HKauI/IOHHy}o CCBUIKY THINA String Ha KOHKaTCHALIMIO ABYX
3aJJaHHBIX CTPOK.

» startsWith String
DyHKIUS POBEPSIET, HAUMHAETCS JIM CTPOKA self CTPOKOU suffix.

» startsWithOffset String
OyHKIYA IPOBEPSET HAIMUYNE MTOACTPOKH f1x B CTPOKE self Ha 3aJJaHHOU MTO3UIIHH.

* endsWith String
DyHKIUS POBEPSET, 3aKAaHUYUBACTCS JIU CTPOKA self CTPOKOU suffix.

* indexOfChar String
Nier 3aganHbIii CHMBOJ B CTPOKE U BO3BpAILA€T HOMEP MEPBOM HAWCHHOW MO3UIIHH.

* indexOfCharFrom String
Nier 3a1aHHBIi CUMBOJ B CTPOKE, HAUYMHAS C NMO3ULUMU fromIndex, U BO3BPALLIAET HOMEP
MEPBOW HANJAECHHOM MTO3HIIUU.

* indexOfString String
Nier 3a1aHHy10 OACTPOKY B CTPOKE M BO3BPALAET HOMED NIEPBOM HAUJCHHOW MO3ULIUH.

* indexOfStringFrom String
WNmer 3amaHHyr0 NOJACTPOKY B CTPOKE, HAUMHAsA C MO3WLIHMH fromIndex, U BO3BPAILAET
HOMED [EpBOY HAUJECHHOM MO3ULUU.




lastIndexOfChar String
Hiuer 3a1aHHbIil CUMBOJI B CTPOKE CIIPaBa HAJIEBO U BO3BPAILAET HOMEDP NEPBOM HANUIECHHOU
TMO3UIIMH.

lastIndexOfCharFrom String
Himer 3amanHHbIil CUMBOJI B CTPOKE CIpaBa HaJeBO, HauyWHAas C TO3UIMU M BO3BpAIlaeT
HOMEp MepPBOM HAJAECHHOMN MO3UIUH.

lastIndexOfString String
Nmer 3amaHHyl0 MTOJICTPOKY B CTPOKE CIpaBa HAJIeBO M BO3BpAILAET HOMEP MEpPBOM
HaWJIEeHHON NO3UIINH.

lastIndexOfStringFrom String
Ner 3a1aHHyI0 MOACTPOKY B CTPOKE CIIpaBa HAJIEBO, HAUYMHASA C MO3UIMM fromIndex, U
BO3BpAILaeT HOMEP NEPBOU HAWIEHHOHN MO3ULIUU.

length String
@DyHKIUS BO3BPAIIAET JUIMHY CTPOKHU.

regionMatches String, regionMatchesCase String

[IpoBepsieT coBmaieHue pparMeHTa CTPOKH self ¢ PparMeHTOM CTPOKU other. DYHKIHS
regionMatchesCase String yY4UTBIBAET PETUCTP CUMBOJIOB, QYHKIUS
regionMatches String MMeEET JONOJHUTEIBHBIN apaMeTp ignoreCase,
MO3BOJISIOIINNA UTHOPUPOBATH PETUCTP OYKB MIIM YIUTHIBATh €TO.

replace String
3ameHseT B JaHHOM CTPOKE BCE CUMBOJIBI 01dChar Ha CUMBOJIBI newChar.

substringFrom String
DyHKIMS BO3BpAIIAECT MOACTPOKY, BKIIOYAIOIIYIO CHUMBOJIBI C MO3UIIMH beginIndex IO
KOHIIA.

substring String
CDYHKI_II/ISI BO3BpalllacT IIOACTPOKY, BKIIIOYAIOIIYI0 CHUMBOJIbI C IO3ULUUH beginlIndex IO
endIndex - 1 BKIIOYHUTEIBHO.

tolowerCase String
DyHKIUS IEPEBOIUT OYKBBI CTPOKU B HIDKHUM PETHCTP.

toUpperCase String
OyHKIMS TIEPEBOIUT OYKBBI CTPOKH B BEPXHUN PETUCTP.

toCharArray String
®ynkuusa Bo3Bpamaer C-CTpOKy, COOTBETCTBYIOIIYIO JAHHOU cneuI/Iq)I/IKauI/IOHHoﬁ CTpPOKE.

trim_Strinq
DyHKIUSA BO3Bpallae€T CTPOKY, MOJIYyYCHHYH) U3 self 0T6paCBIBaHI/IeM Hp06eJ'IBHBIX
CHMBOJIOB B Ha4aj€ U KOHIIE CTPOKHU.

format String
OyHKIMSA BO3BpAIaeT CHeU(PUKAIIMOHHYI0 CTPOKY, COOTBETCTBYIOIIYIO BBIBOY (YHKIIUH
printf ¢ TEMH K€ MapaMeTpaMHU.

vformat String
OyHKIMS BO3BpAILAECT CTIEUU(DUKAIMOHHYIO CTPOKY, COOTBETCTBYIOIIYIO BBHIBOY (PYHKIIHH
vprintf ¢ TEMH K€ HapaMeTpaMu.

valueOfBool String
DyHKIUS BO3BpAIIAET CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIIA bool.




* valueOfChar String
@DyHKIMSA BO3BpAILAeT CTPOKOBOE NIPEACTABICHUE 3HAUYCHUS TUIIA char.

» valueOfShort String
DyHKIMS BO3BPAILIAET CTPOKOBOE MPEACTABICHUE 3HAUCHUS TUIIA short.

* valueOfUShort String
DyHKIMSA BO3BpAILLAET CTPOKOBOE IIPEACTABICHUE 3HAUYCHHS TUIIA unsigned short.

*» valueOfInt String
DyHKIUS BO3BpAIIAET CTPOKOBOE MPEACTABICHUE 3HAUCHUS TUIA int.

* valueOfUInt String
@yHKIMS BO3BPAILAET CTPOKOBOE MPEACTABICHUE 3HAUYCHUS TUIIA unsigned int.

* valueOflong String
@DyHKIMSA BO3BpAIAeT CTPOKOBOE NIPEACTABICHUE 3HAUYCHUS TUIIA long.

* valueOfULong String
@yHKIMS BO3BPAILIAET CTPOKOBOE MIPEACTABICHUE 3HAYECHUS TUIIA unsigned long.

» valueOfFloat String
@DyHKIMS BO3BPAILAET CTPOKOBOE IIPEACTABICHUE 3HAUYCHUS TUIA float.

* valueOfDouble String
@yHKIMA BO3BPAIIAECT CTPOKOBOE IPEICTABICHNE 3HAYECHHs TUIIA double.

* valueOfPtr String
@DyHKIMS BO3BPAILLAET CTPOKOBOE NIPEACTABICHUE 3HAYECHUS TUIIA void*.

* valueOfObject String
DyHKIMS BO3BPAILAET CTPOKOBOE MPEACTABICHUE 3HAYCHUS CHeuH(bI/IKauI/IOHHOFO THUIIA.

* valueOfBytes String
O®OyHkuusa Bo3Bpalaer CTpoOKOBOE MIECTHAALATEPUYHOE MPEICTABIEHUE MAacCUBa 0alToOB p
IUIAHEBIL 1.

create_ String
OyHKIUA co3/1aeT Crenu(pUKaMOHHYI0 CChUIKY THTA String.

String* create String ( const char *cstr )
MapameTphbl
cstr

IIHHHHaHH3aHHOHHOC3HaquHe.

BosBpau.laemoe 3Ha4YeHue

CrnenudukaoHHas CChIJIKA TUTA String HAa CO3/IaHHBIN OOBEKT.

JononHutenbHaa nHcpopmauma

Ota QyHKIMS onpeiesieHa HapsiIy CO CTaHIapTHOW QYHKIIUN create.

String* sl = create(&type String, "a string");

String* s2 create String("a string");

JIBa TIOKa3aHHBIX CrIoco0a CO3MaHMsI CIIeU(PUKAITMOHHON CChIIKU ()YHKIIMOHAIBHO SKBHBAJICHTHBI,
OJIHAKO WCITOJBh30BAHUE create HE SIBISICTCS THUMOOE30TIACHBIM M BBI3BIBACT MPEAYIPEIKICHUE
TpaHcisITopa (CM. onMcanue PyHKIUU create).



charAt String
DyHKIMS BO3BpAIla€T CUMBOJI B JAHHOW MO3UIUH 1ndex.

char charAt String( String* self, int index )

MapameTphbl
self

Ctpoka, CHMBOJI KOTOPOi TpeOyeTcsl ONpeIeanTh.

index

Homep nosunum BHyTpH CTPOKH.

BosBpau.laemoe 3Ha4YeHue

CuMBOJI, HaliJICHHBIN B CTPOKE self Ha MO3MLNHU index.

JononHutenbHasa uHcpopmauma

Howmep no3uumu noipkeH HaxOAUThCA B npenenax crpokd. Hymepanus HaumHaercs ¢ 0; MO3ULUSA
IOCJIECJHETO 3HAYMMOIO CHMBOJIA BBIYHCIICTCA C IIOMOIIBIO (byHKLU/H/I length String Kak
length String(self) - 1.

String* s = create String("abracadabra");

printf ("%c\n", charAt String(s,5));

E |

concat_String

OyHKIUS BO3BpaIaeT CHENMU(PHUKANMOHHYIO CCBUIKY THMNA String HAa KOHKATEHAIMIO JBYX
3aIaHHBIX CTPOK.

String *concat String( String* strl, String* str2 )

MapameTpsbl
strl

HepBaﬁ HJaCTb KOHKAaTCHaIlnH.
str2

BTOpa}I 4aCThb KOHKAaTCHAIIUHU.

BosBpamaeMoe 3Ha4YeHune

CHeLIH(bHKaI_II/IOHHaH CTPOKa, MOJIyUYCHHAas KOHKaTeHalluen CTpOK striu str2.

HdononHutenbHasa uHcgpopmauums

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 IPYTOM.
bool startsWith String( String *self, String *prefix )



MapameTpsbl
self

Crpoxka, Hayajo KOTOpoit TpedyeTcsi IpOBEpUTb.

prefix

HckomMoe Hayano CTpOKH.

BoaBpalwaemoe 3Ha4yeHue

true, €CIIM CTPOKA self HAYMHAETCS MOJACTPOKON prefix. false B IIOOOM IPYyrom ciydae.

HdononHutenbHasa uHcgpopmauums

Ecnu ctpoka prefix mycta, Bo3BpamaeT true. Ecnu jymmHa CTPOKM prefix OoOJbIe, 4eM JJIMHA
self, BO3BpalllaeT false.

String* s = create String("abracadabra");

String* sl = create String("abra");

String* s2
printf ("1) %d\n2) %d\n ",

create String("cadabra");

startsWith String(s,sl),
startsWith String(s,s2)
) ;
1) 1
2) 0

startsWithOffset String
DyHKIUS POBEPSET HATUYUE NTOACTPOKU f1x B CTPOKE self Ha 3aaHHOM ITO3ULUU.
bool startsWithOffset String
( String *self, String *fix, int toffset )

MapameTpbl
self

Crpoka, B KOTOpO# TpedyeTcsi UCKATh MOJICTPOKY.
fix

Hckomas IIOACTPOKaA.

toffset

[To3unus B 3aJJaHHOM CTPOKE.

BosBpau.laemoe 3Ha4YeHue

true, €CIM B CTPOKE self Ha NO3ULUUU toffset HAYMHACTCSI MOACTPOKA prefix. false B
JT1000M IPyroM ciydae.

OononHutenbHaa uHgopmauusa

Ecnu nmo3unus oTpULiaTeNbHA WIM IIPEBOCXOAUT JUIMHY CTPOKH self, Bo3BpamaeT false. Ecin
CTpOKa prefix IycTa, BO3BpamaeT true. Eciau aymmHa cTpoku prefix 0oJblie, YeM JJIMHA sel £,
BO3BpalllaeT 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)

) ;

1) 1

2) 0

endsWith String
DyHKIUS IPOBEPSET, 3aKAaHYMBACTCS JIU CTPOKA self CTPOKOU suffix.

bool endsWith String( String *self, String *suffix )

MapameTpsbl
self

Crpoka, B OKOHYaHHE KOTOPOH TpeOyeTcsi MPOBEPUTb.

suffix

Hckomoe okoHUaHHEe CTPOKH.

Bo3Bpau4aeMoe 3Ha4YeHune

true, €CJIM CTPOKA self 3aKaHYUBACTCS HO,[[CTpOKOﬁ suffix. false B I000M APYTroM ciiy4dac.

HdononHutenbHasa uHcgopmauums

Ecnmu ctpoka suffix mycta, ¢pyHkuus Bo3Bpamaer true. Ecnu amuHa cTpoku suffix Gonblie, yem
JuiHa self, GyHKIMs Bo3Bpamaer 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)
);

1) 0
2) 1

indexOfChar_ String
Nier 3a1aHHbBIA CUMBOJ B CTPOKE M BO3BPAILlAeT HOMEP IEPBOU HANMICHHOHN MTO3ULIUN.

int indexOfChar String( String* self, int ch )

MapameTpbl
self

Ctpoka, B KOTOpOi TpeOyeTcst ucKaTb CUMBOJI.
ch

M ckOMBIIT CHMBOIL.



Bo3Bpau4aeMoe 3Ha4YeHune

Homep mepBoro cumBosia ch B cTpoke self. Ecaum cumBon He HalijeH, Bo3Bpamjaercs -1. Jd
CHUMBOJIA ¢ KOJIOM O ()yHKIIMSI BCerja Bo3Bpaluaer —1.

JononHutenbHas nHcpopmauma
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

Nier 3a1aHHbIi CUMBOJI B CTPOKE, HAYMHAS C MO3UIUU fromIndex, U BO3BpAIIaeT HOMEp NEPBOM
HalJeHHOH ITO3ULIUH.

int indexOfCharFrom String( String* self, int ch, int fromIndex )

MapameTpbl
self

Crpoxka, B KOTOpOH TpedyeTcs HCKaTh CUMBOJL.
ch

M ckoMBIiT CHMBOII.

fromIndex

ITo3umus Hayanza moucka.

Bo3Bpawaemoe 3Ha4yeHue

HOMep MepBOTO CUMBOJIA ch B CTPOKE self, HaUMHaAA C MO3ULUU fromIndex. Ecimu MO3UI U
fromIndex MPEBOCXOOUT JIHUHY CTPOKH self, T. €. fromIndex > length String(self),
Bo3Bpamaer —1. Ecinu cuMBOa He HaiineH, Bo3BpamiaeTcs —1. [l cumBoma ¢ kojgoM O (QyHKIUS
BCErja BO3BpalaeT —1.

JononHutenbHasa nHcpopmauma
Ecmu fromIndex < 0, TO 3a HO3ULHMIO Hayasa IOMCKAa IPUHUMAETCS 0.
String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"
, indexOfCharFrom String(s,'b',5)
, indexOfCharFrom String(s, 'b',9)
) ;

1) 8
2) -1

indexOfString String
Nier 3a1aHHy10 MOACTPOKY B CTPOKE M BO3BPAIAET HOMEP NEPBOM HAUJICHHOW MO3ULUH.

int indexOfString String( String* self, String* str )



MapameTpsbl
self

Crpoka, B KOTOpO# TpedyeTcst UCKaTh MOJICTPOKY.

Str

Nckomas nmoactpoxa.

BoaBpalwaemoe 3Ha4yeHue

Ecnu moactpoka str HaljeHa B CTpPOKE self, TO BO3BpAlIAETCs MO3ULHUS B CTPOKE self, C
KOTOpOM HaunHaeTcs str. Eciau nojactpoka He HalifieHa, Bo3Bpamiaercs -1.

JononHutenbHasa nHcpopmauma

Ecnu nmoacTpoka mycra, OHa CUMTAETCS BXOIALUEH B n106y10 CTPOKY (B TOM umcCIE B nyCTy}o) C
mo3unuu 0.

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)
, 1indexOfString String(s,s2)
)

1) O
2) -1

indexOfStringFrom String

Nier 3aaHHyl0 MOJACTPOKY B CTPOKE, HAUMHAA C MO3UUUMU fromIndex, WU BO3BpPAIIACT HOMEP
IIEPBOY HAMZAECHHOM MTO3ULIUU.

int indexOfStringFrom String
( String* self, String* str, int fromIndex )

MapameTpbl
self

3aaHHas CTPOKaA.
str

Hckomast moacTpoka.

fromIndex

HOSI/IHI/IH Hadajia IOHUCKa.

BosBpau.laemoe 3Ha4YeHue

Ecnu MOACTPOKaA str HailiieHa B CTPOKE self, HAUMHAA C NNO3ULIMU fromIndex, TO BO3BpaIlacTCs
MO3UIMUSL B CTPOKE self, ¢ KOTOPOW HaumHaeTcs str. Ecnu mo3uuus fromIndex NMPEBOCXOAUT
JUINHY CTPOKU self, T. €. fromIndex > length String(self), QyHKIHs BO3Bpamaer —1.
Ecnu nmoacrpoka He HaileHa, Bo3Bpauaercs — 1.



HononHutenbHasa uHcgpopmauums

Ecmu fromIndex < 0, TO fromIndex monaraercs paBHbIM 0. Ecim moacTpoka mycra, OoHa
CUMTAETCs BXOJSIICH B THO0YI0 CTPOKY (B TOM YHCIIE B MYCTYIO) C MO3UIUH fromIndex.

String* s = create String("abracadabra");

String* sl
printf( "1) %d\n2) %d\n"
, indexOfString String(s,sl,5)
, indexOfString String(s,sl,8)
) 7

create String("abra");

1) 7
2) -1

lastIndexOfChar_ String

Nmer 3agaHHbId CUMBOJI B CTPOKE CIIpaBa HAJIEBO M BO3BpALlacT HOMEDP NEPBOM HaWJACHHOU
MO3ULUH.

int lastIndexOfChar String( String* self, int ch )

MapameTpsbl
self

3az[aHHa$1 CTpPOKa.
ch

M ckoMBIil CHMBOIT.

Bo3Bpau4aeMoe 3Ha4YeHune

[To3unusa mociegHero cMMBojia ch B CTpOke self. EciM CMMBOJ HE HaiiieH, BO3Bpalaercs —1.
Jnst cumBoa ¢ kojioM 0 Bcerga BO3BpalaeTcs —1.

JononHutenbHas nHcpopmauma
String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"
, lastIndexOfChar String(s, 'b'")
, lastIndexOfChar String(s,'z"')
)7

1) 8
2) -1

lastIndexOfCharFrom String

HNmer cuMBOJI B CTPOKE CIpaBa HaJ€BO, HauMHAs C 3aJaHHOW IMO3WLHH, U BO3BpAIIAET HOMED
MEPBOM HANJAEHHOM MTO3HIIUU.

int lastIndexOfCharFrom String( String* self, int ch, int fromIndex )

MapameTpbl
self

3amaHHas CTpoKa.
ch

M ckoMBIil CHMBOII.



fromIndex

TTo3umust Havanza ImouCKa.

Bo3Bpawaemoe 3Ha4yeHue

[To3unusa cumBona ch B cTpoke self. Ecimu fromIndex < 0, Bo3BpamiaeT —1. Eciu cumBos He
HaiiieH, (yHKIUs Bo3BpamaeT —1. J[sg cuMmBona ¢ kojgoM O (yHKIMS BCer/a BO3BpaIaer —1.

HdononHuTtenbHasa uHcgpopmauums

Ecimu fromIndex peBOCXOAUT JIUHY CTPOKH self, T. €.
fromIndex > length String(self), TO 3a IO3ULMIO Hadyajla IIOMCKAa MPHHUMACTCS ITO3UIIMA
IIOCJICIHETO CUMBOJIAa CTPOKH.

String* s = create String("abracadabra");

printf( "1) %d\n2) %d\n"
, lastIndexOfCharFrom String(s, 'b',5)
, lastIndexOfCharFrom String(s, 'b',0)
)7

1) 1
2) -1

lastIndexOfString String

Her 3amaHHyr0 TOACTPOKY B CTPOKE CIpaBa HAJEBO M BO3BpALlacT HOMEP IEPBOM HAMIAECHHOMU
TIO3UIINH.

int lastIndexOfString String( String* self, String* str )

MapameTphbl
self

3agaHHas CTpoKa.

sStr

Hckomas noacrpoka.

BosBpau.laemoe 3Ha4YeHue

Ecnm moncrpoka He HaliieHa, BO3Bpamaer —1.

JononHutenbHasa nHcpopmauma

Ecnu nmoacTpoka mycra, OHa CUMTAETCS BXOISALIEH B JII06yI0 CTPOKY (B TOM 4YHCIJIE€ B IMYCTYIO) C
HO3MIMM 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)




lastIndexOfStringFrom String

WNmer 3amaHHy0O NOACTPOKY B CTPOKE CIpaBa HAJIEBO, HA4WHAas C MO3MLUU fromIndex, U
BO3BpAILaeT HOMEP MEPBOU HAWIEHHOHN MO3ULIUU.

int lastIndexOfStringFrom String( String* self,
String* str,
int fromIndex

MapameTphbl
self

3agaHHas CTpoOKa.

Str

Nckomas nmoactpoxa.

fromIndex

Ilo3uimsg Havasa noucka.

Bo3Bpawaemoe 3Ha4yeHue

[To3uums noacTpoku str B cTpoke self. Ecim fromIndex < 0, BO3Bpamaer —1.

JononHutenbHasa nHcpopmauma

Ecimu fromIndex OpEeBOCXOAUT JAIARY CTPOKH self, T. e.
fromIndex > length String(self), TO 3a TIO3UIHIO HaJaJa TIIOMCKAa TIPUHHUMACTCA
length String(self). Eciu noacrpoka mycra, OHa CUMTAeTCs BXOAAIIEH B JII00YIO CTPOKY
(B TOM 4HCIIE B MyCTYIO) € TMMO3ULIUK 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)
)

length_String
DyHKIMSA BO3BPALLAET JIMHY CTPOKH.

int length String( String* self )

MapameTpbl
self

Crpoka, [UTMHY KOTOpO TpedyeTcs HalTH.

BoaBpalwaemoe 3Ha4yeHue

To4yHOE KOTMYECTBO CUMBOJIOB B CTPOKE self.

HdononHutenbHasa uHcgpopmMauums

Ota QyHKIUSA onpeseneHa Hapsly co CTaHIapTHOU (QyHKIMU create.



String* s = create String("abracadabra");

printf ( "%d\n", length String(s) );

[11 |

regionMatches String, regionMatchesCase_String

[TpoBepsier coBmageHue ¢parMeHra CTpPOKHM self ¢ (ParMEHTOM CTPOKU other. DyHKIUSA
regionMatchesCase String YYHUTHIBACT peructp CHMBOIJIOB, byHKIMSA
regionMatches String HMeeT IONOJIHMUTEIBHBIA IIApaMETp ignoreCase, IO3BOISIONIMN
UTHOPUPOBATh PETUCTP OYKB WIIM YUUTHIBATD €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)

MapameTphbl
self

IlepBas cTpoka.
toffset

[o3unus pparmeHTa B epBOii CTPOKE.
other

Bropas crpoxka.
ooffset

[To3unus ¢pparmeHTa BO BTOPOil CTPOKE.
len

JlnuHa cpaBHUBaeMbIX (PparMeHTOB.

ignoreCase

Ecnun mapamertp paBeH true, TO PETUCTP UTHOPUPYETCS, €C false, TO yUUTHIBACTCS.

BosBpau.laemoe 3Ha4YeHue

true, €CIIU YKa3aHHbIE CETMEHTBI CTPOK COBIAJAIOT U false B JIFOOOM JIpyroM ciydae.

JononHutenbHasa uHcpopmauma
JmuHa ¢parMeHTOB [o/DKHA OBITh  HEOTpHHATENbHOW (len = 0). Ecim  ¢parMmeHTsl,
onpeaessieMble MO3UIUEN U ITTMHOM, BBIXOAAT 32 TPAHULIbI CTPOKH, BO3BpaIllaeT 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)

printf ( "bl) %d\nb2) %d\n"
, regionMatches String(sl,false,0,s2,3,4)
, regionMatches String(sl,true,0,s2,3,4)



al)
az)
bl)
b2)

R O = O

replace String
3amMeHsIeT B JaHHOM CTPOKE BCE CUMBOJIBI 01dChar Ha CUMBOJIBI newChar.

String* replace String( String* self, char oldChar, char newChar )

MapameTpbl
self

3amaHHas CTpoKa.
oldChar

CI/IMBOJ'I, MMOAJICKAITUN 3aMEeHE.

newChar

CHUMBOJI, KOTOPBIM 3aMEHSIOTCS BXOXKIAEHUS oldChar.

Bo3Bpawaemoe 3Ha4yeHue

CrneungukaoHHas CTpOKa, NOJIy4YeHHast U3 self 3aMEHOM CUMBOJIOB oldChar Ha newChar.

JononHutenbHasa nHcpopmauma

CuMBOJIBI HE TOKHBI UMETh HYJIEBOU KOJI.
String* s = create String("abracadabra");
String* res = replace String(s,'a',"' ");

printf( "%s\n", toCharArray(res) );

| br_c d br_

substringFrom String
@yHKIMS BO3BPAILAET MOJICTPOKY, BKIFOYAOIILYIO CUMBOJIbI C NO3ULIHMHN beginIndex 10 KOHLA.

String* substringFrom String( String* self, int beginIndex )

MapameTpbl
self

3agaHHas CTpoOKa.

beginIndex

[To3unusa Hayasia ICKOMOM MOJCTPOKH.

Bo3Bpawaemoe 3Ha4yeHue

CrneundukanMoHHas CTpOKa, SBJISIOLIAsCS MOJACTPOKOM self, W3BIEYEHHON IO YKa3aHHbBIM
IIpaBUjIaM.

HDononHutenbHaa nHdopmaumsa

[lo3uuus beginIndex HE NOJKHA BBIXOJUTH HA MIPEAEIBI CTPOKHU:
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

B03BpamaeT MNOoACTPOKY, BKIHOYAKOIIYIO CHUMBOJIBI C MO3UIUN beginIndex mo endIndex - 1
BKIIOYHUTCIIBHO.

String* substring String
( String* self, int beginiIndex, int endIndex )

MapameTpbl
self

3amaHHas CTpoOKa.

beginIndex

[To3uuusa Hayaia ICKOMOM MOJCTPOKH.

endIndex

ITo3urus KoHIIa ICKOMOM MNOoACTPOKH, YBCIIMUCHHAA HA CAUHUILLY.

Bo3Bpawaemoe 3Ha4yeHue

CHGHI/I(I)I/IKaLII/IOHHa}I CTpOKa, SBJIAKOIIAACAH HO,Z[CTpOKOﬁ Self, U3BIECYEHHON TI0 YKa3aHHbIM
HpaBUIaM.

JononHutenbHasa MHcpopmauma

[Mo3utms beginIndex He AOMKHA OBITH OTPULIATEIBLHOMN U HE JIOJKHA MPEBOCXOJIUTh endIndex,
a no3unusa endIndex HE JOJDKHA IIPEBOCXOAUTH JUIMHY CTPOKMU:
0 < beginIndex < endIndex < length String(self).

Ecnu HauanpHas 1 KOHEYHAs TTO3UIIMH COBITA/IAl0T, BO3BPAIIAET IYCTYIO CTPOKY.

String* s = create String("abracadabra");
String* res = substring String(s,4,7);
printf( "%$s\n", toCharArray String(res) );
‘cad

toLowerCase_String
OyHKIHS TIEPEBOIUT OYKBBI CTPOKU B HIDKHUN PETUCT.

String* toLowerCase String( String* self )

MapameTpbl
self

Crtpoka, KOTOpyto TpeOyeTCsl IEPEBECTU B HIXKHUN PETUCTP.

BosBpawaemoe 3Ha4yeHue

CriendukanoHHass CTPOKa, MOJyYeHHasl U3 sel f MepeBe/IecHUEeM B HIDKHUIM PETUCT.



HononHutenbHasa uHcgpopmauums

String* s = create String("aBrAcAdAbRa");
String* res = toLowerCase String(s);
printf ( "$s\n", toCharArray String(res) );
‘abracadabra

toUpperCase_String
OyHKIMS TEPEBOIUT OYKBBI CTPOKU B BEPXHUN PETUCTP.

String* toUpperCase String( String* self )

MapameTphbl
self

Ctpoka, KOTOpyIo TpeOyeTcsl IEPEeBECTH B BEPXHUN PETUCTP.

BosBpau.laemoe 3Ha4YeHue

CrneuunukaoHHas CTPOKa, MOIYYeHHAs U3 self NepeBeICHUEM B BEpXHHI peructp.

JononHutenbHaa nHcpopmauma

String* s = create String("aBrAcAdAbRa") ;
String* res = toLowerCase String(s);
printf( "%$s\n", toCharArray String(res) );
| ABRACADABRA

toCharArray String

Oynkuus Bo3BpamaeT C-cTpoKy, COOTBETCTBYIOIIYIO JaHHOM CielU(PUKAIIMIOHHOM CTPOKe.

const char* toCharArray String( String* self )

MapameTphbl
self

Jannas crienupuKaMoHHas CChUIKA THIA String.

Bo3Bpawaemoe 3Ha4yeHue

Maccus CHMBOJIOB, COOTBGTCTBYI-OH_II/Iﬁ CHGHH(l)I/IKaHHOHHOﬁ CTpPOKE self.

JononHutenbHaa uHgpopmauusa
String* s = create String("abracadabra");

printf( "%$s\n", toCharArray String(s) );

‘abracadabra

trim String
OyHKIMA BO3BpAIIaeT CTPOKY, MOJYYEHHYIO M3 self OTOpachIBAHMEM MPOOCIBHBIX CHMBOJIOB
(whitespace) B Hayasie ¥ KOHIIE CTPOKH.

String* trim String( String* self )



MapameTpsbl
self

CTpOKa, nus3 KOTOpOﬁ HYXHO UCKIIIOYNUTH HAYaJIbHBIC 1 KOHCYHBIC HpO6CJIBHBIe CHMBOJIbI.

BosBpaliaemoe 3Ha4yeHue

CHCI_II/I(I)I/IKaLII/IOHHa}I CChIJIKA THIIA String Ha CTPOKY, MNOJYUYCHHYIO HU3 self 0T6paCLIBaHI/IeM
Ha4YaJIbHBIX U KOHCYHBIX Hp066J'IBHI>IX CHUMBOJIOB.

JononHutenbHasa nHcpopmauma

[IpoOenpHBIMU CUMBOJIAMU CUUTAIOTCS TPOOEIIBI, TAOYISIIUN U TIEPEBOIBI CTPOK.

String* s create String(" \tabracadabra \n");

String* res trim String(s);

printf( "'%s'\n", toCharArray String(res) );

'abracadabra'

format String

@OyHKIMS BO3BPALIAET CrIeUN()UKAIIMOHHYIO CTPOKY, COOTBETCTBYIOIIYIO BHIBOAY (PYHKIMH printf
C TEMHU K€ IapaMeTpaMHU.

String* format String(const char *format, ...)

MapameTpbl

format

Crpoka, 3anaronias (opMaTHPOBAHHUE 110 MpaBWIaM PYHKUIUHU printf.

Bo3Bpawaemoe 3Ha4yeHue

CrenudukanvoHHas CChUJIKA THNA String, COOTBETCTBYIOLIAs BBIBOAY (QYHKUMH printf c
napameTpaMu format.

HononHutenbHaa nHcopmaumsa
char s[12];
String* str;
sprintf (s, "abra%s", "cadabra") ;
str = create String(s);

String* str = format String("abra%s","cadabra");

I[Ba IMOKa3aHHBIX CII0CcO0a CO31aHHus CTPOKU SKBHUBAJICHTHBI.

vformat String

OyHKIUA JenaeT TOXe caMoe, 4To W format String, HO B OTIMYME OT HeE€ NPUHUMAET B
Ka4yeCTBe IapamMeTpa He IPOU3BOIBHOE YUCIIO apTyMEHTOB, a 3HAYEHHWE TUNA va_list.

String* vformat String(const char *format, va list args )

MapameTpbl

format

Crpoka, 3anaronias (opMaTHPOBAHUE 110 MpaBWIaM PYHKUIUHU printf.



args

AprymeHTsl, niepearomuecs oJaHoi u3 GyHKIUI cemelicTBa print £

Bo3Bpawaemoe 3Ha4yeHue

Creun¢ukalnoHHas cChbUIKa THMA String, COOTBETCTBYIOLIAS BBIBOAY (PYHKIMHM vprintf C
napaMeTpamu format.

HononHutenbHaa nHdopmaumsa
char s[12];
String* str;
vsprintf (s, "abra%s", "cadabra") ;
str = create String(s);

String* str = vformat String("abra%s","cadabra");

I[Ba IMOKa3aHHBIX CII0CcO0a CO3aHH CTPOKU SKBHUBAJICHTHBI.

valueOfBool String
DyHKIMS BO3BpAILIAET CTPOKOBOE NPEACTABICHUE 3HAUYCHHS TUIIA bool.

String* valueOfBool String( bool b )

MapameTpbl
b

3HaucHUE THIIA bool, njisa KOTOPOIro CTPOUTCA CTPOKOBOC NPCACTABJICHUC.

BoaBpalwaemoe 3Ha4yeHue

CHCLII/I(I)I/IKaLII/IOHHa}I CCBUIKA THNA String Ha CTPOKOBOC NPCACTABJICHUC 3HAYCHUSA b.

HononHutenbHaa nHdopmaumsa
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
DyHKIMS BO3BPAILIAET CTPOKOBOE NPEACTABICHUE 3HAUYCHHS TUIIA char.

String* valueOfChar String( char c )

MapameTpbl

c

3HaueHHe THIIA char, U KOTOPOTO CTPOUTCS CTPOKOBOE MPE/ICTABIICHUE.

Bo3Bpawaemoe 3Ha4yeHue

CriendukanoHHas CChUIKA TUNA String HAa CTPOKOBOE MPECTABICHUE 3HAUYCHUS C.



HdononHutenbHaa nHdopmaumsa
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 )
IHapameTtpbl
1
3HayeHue Thna short, Ijs KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABICHHUE.

BosBpamaeMoe 3Ha4YeHue

CreunukalnMoHHas CChUIKA TUIA String Ha CTPOKOBOE MPE/CTABICHUE 3HAYCHUS 1.

HononHutenbHaa nHdopmaumsa
String* s = valueOfShort String (-28);
printf ( "%$s\n", toCharArray String(s) );

| -28

valueOfUShort_ String
DyHKIMS BO3BPAILIAET CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIA unsigned short.

String* valueOfUShort String( unsigned short i )
MapameTpbl
1
3HadeHue Tuna unsigned short, g KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABJICHHE.

BosBpau.laemoe 3Ha4YeHue

CrienduKanMoHHass CChUIKA TUTA String HA CTPOKOBOE MPECTABICHNUE 3HAUYCHUS 1.

JononHutenbHasa nHcpopmauma
String* s = valueOfUShort String(47);
printf ( "%$s\n", toCharArray String(s) );

| 47

valueOfInt_ String
@yHKIMS BO3BPAILAET CTPOKOBOE NIPEACTABICHUE 3HAYCHUS TUIA int.

String* valueOfInt String( int 1 )

MapameTpbl
i

3HaueHHe THIIA int, Ui KOTOPOTO CTPOMTCS] CTPOKOBOE MPEACTABIICHHE.



BosBpau.laeMoe 3Ha4YeHune

Crieun¢ukaoHHas CChUIKA TUIMA String Ha CTPOKOBOE MPECTABIEHUE 3HAUCHUS 1.

HononHutenbHaa nHdopmaumsa
String* s = valueOfInt String(-28);

printf ( "%s\n", toCharArray String(s) );

| -28

valueOfUInt String
DyHKIMS BO3BPAILIAET CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIA unsigned int.

String* valueOfUInt String( unsigned int 1 )

MapameTpbl
i

3HadeHHne TUIA unsigned int, IJIs1 KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABIICHNUE.

Bosspamaemoe 3Ha4YeHue

CriennduKaniMOHHAs CChUIKA THUTA String HA CTPOKOBOE MPEICTABICHNE 3HAUYCHUS 1.

HononHutenbHaa nHcopmaumsa
String* s = valueOfUInt String(47);

printf ( "%$s\n", toCharArray String(s) );

| 47

valueOfLong String
DyHKIMSA BO3BPAILAET CTPOKOBOE NPEACTABICHUE 3HAUYCHUS TUIIA 1ong.

String* valueOfLong String( long 1 )

MapameTpbl
i

3HaueHue Tumna long, 111 KOTOPOTO CTPOUTCSI CTPOKOBOE NPEACTABICHHE.

Bo3Bpawaemoe 3Ha4yeHue

CriendukanMoHHas CChUIKA TUNA String HA CTPOKOBOE MPEICTABICHNUE 3HAUYCHUS 1.

JononHutenbHasa nHcopmauma
String* s = valueOfLong String(-28);
printf( "%$s\n", toCharArray String(s) );

| -28

valueOfULong String
@yHKIMS BO3BPAILIAET CTPOKOBOE NIPEACTABIICHUE 3HAYECHUS TUIIA unsigned long.

String* valueOfULong String( unsigned long 1 )



MapameTpsbl
i

3HaucHUE THIIA unsigned long, ajad KOTOPOIr'0 CTPOUTCA CTPOKOBOC NNPCACTABIICHUC.

Bo3Bpau4aeMoe 3Ha4YeHune

CHGLII/I(I)I/IKaLII/IOHHaﬂ CCBUIKA THNA String Ha CTPOKOBOC NPCACTABJICHUC 3HAYCHUSA I

[dononHutenbHaa nHdopmaumsa
String* s = valueOfULong String(47);
printf( "%s\n", toCharArray String(s) );

\47

valueOfFloat String
DyHKIMS BO3BpAIlAa€T CTPOKOBOE MPEACTABICHUE 3HAUCHUS TUIA float.

String* valueOfFloat String( float f )

MapameTphbl
f

3HauecHUE THIIA float, OJIs1 KOTOPOI'O CTPOUTCS CTPOKOBOC IIPEACTABICHHUE.

BosBpamaemoe 3Ha4YeHune

CHGHI/I(bI/IKaI_II/IOHHaH CCBIJIKA THUIIA String Ha CTPOKOBOE IIPEACTaBICHNE 3HAUCHUS £.

HononHutenbHaa nHcpopmauma
String* s = valueOfFloat String(3.14);

printf( "%$s\n", toCharArray String(s) );

| 3.140000

valueOfDouble String
DyHKIIMS BO3BpAIIAET CTPOKOBOE MPEACTABICHUE 3HAUYCHHS TUIIa double.

String* valueOfDouble String( double d )

MapameTphbl
d

3naueHue Tumna double, Uit KOTOPOTO CTPOUTCS CTPOKOBOE MPEICTABICHHE.

Bo3Bpawaemoe 3Ha4yeHue

CrnenudukaoHHas CChIJIKA TUTIA String Ha CTPOKOBOE MPEICTABIICHNE 3HAUYCHUS d.

JononHutenbHasa nHcopmauma
String* s = valueOfDouble String(3.14);
printf ( "$s\n", toCharArray String(s) );

3.140000




valueOfPtr String
DyHKIUS BO3BPAIIAET CTPOKOBOE MPEACTABICHUE 3HAYCHUS THIA void™*.

String* valueOfPtr String( void *p )

MapameTphbl
p

3HadyeHHe TUIIA void*, misa KOTOPOI'0 CTPOUTCA CTPOKOBOC ITPECACTABICHHUC.

Bo3Bpawaemoe 3Ha4yeHue

CrneundukaloHHas CChUIKAa THMAa String HA CTPOKOBOE MPEJCTaBICHHE HETHUMH3UPOBAHHOTO
yKazaTess p.

HdononHutenbHaa nHdopmaumsa
int 1i;
String* s = valueOfPtr String((void*)é&i);
printf( "%$s\n", toCharArray String(s) );

| 0012FF6C

valueOfObject String
DyHKIMS BO3BpAIIAeT CTPOKOBOE MPEICTABIICHUE 3HAYCHHSI CIICITU(UKAITMOHHOTO THIIA.

String* valueOfObject String( Object* ref )

MapameTphbl

ref

3HaueHHne CHeI_[I/I(bI/IKaI_II/IOHHOFO TUIIa, OJIs1 KOTOPOro CTPOUTCA CTPOKOBOC MPCACTABICHUC.

BosBpawaemoe 3Ha4yeHue

CHeLII/I(bI/IKaI_II/IOHHa}I CCBIJIKa THIIA Strin g Ha CTPOKOBOC npeaCTaBJICHUC 3HAUCHUA
CHEIM(PUKAMOHHOTO THIIA p.

JononHutenbHasa nHcopmauma

PesynbTar coBmagaeTr ¢ BO3BpallaeMbIM 3HAUEHHUEM CTaHIAPTHON QYHKIMH toString:
Object* ref;
String* s = valueOfObject String(ref);

String* s toString (ref);

valueOfBytes String

Oyukuust Bo3Bpamaer CTpOKOBOE IIECTHAALIATEPUYHOE TMpEACTaBIEHHE MaccuBa OalToOB
ONPEACIICHHOM JUITUHBI.

String* valueOfBytes String( const char* p, int 1)

MapameTpbl
p

MaccuB 6aiiToB, /115l KOTOPOTO CTPOUTCSI CTPOKOBOE MPEJICTABIICHHE.



JnuHa MaccuBa 6aiiToOB p.

Bo3Bpawaemoe 3Ha4yeHue

CrnenuduKkaoHHas CChIJIKA TUTA String HA CTPOKOBOE MPEICTABIIEHHE MacCuBa OANTOB p.

JononHutenbHasa nHcpopmauma
{ 0x00, 0x33, 0x66, 0x99, 0xCC, OxFF };

char a[6]

String* s = valueOfBytes String(a,6);

printf( "%$s\n", toCharArray String(s) );

[00 33 66 99 CC FF]




14.2.12 1rist

Tun List sBaseTcs KOHTeﬁHCpHLIM TUIIOM, PCAJIN3YIOIIUM yHOpH,Z[O‘lCHHLIﬁ CITMCOK 3JICMCHTOB.

DOneMeHTaMH CHHCKa MOTYT ObITh JtOOble crnenudukanuoHHble cchUiku. [Ipu co3manuu crmcka
MOKHO OIPaHMYMTHb THUIl €ro 3JIEMEHTOB. Takol CIHCOK Ha3blBacTCs TUIIM3UPOBAHHBIM, a BCE
¢dyHKIMKM, padoTaliMe ¢ HUIM U MMEIIIKE MapaMeTp THma Object*, OyAYyT HpPOBEPSTH, YTOObI
THII 3TOT'0 ITapaMeTpa COBIAall ¢ TUIIOM 3JIEMEHTOB CIMCKA.

JIBa criucka CUMTAIOTCS PABHBIMU, €CJIM OHU UMEIOT OJIMHAKOBYIO JUIMHY M UX JIEMEHTHI MOIMApPHO
paBHBI ApyT Apyry. [lpu 3TOM He yYUTHIBaeTCS TUMH3ALMS CIUCKOB, B YACTHOCTH, MYCThIE CIIHCKU
BCET/Ia PaBHBI.

DJeMEeHTBI CIIUCKAa HyMEPYIOTCS ¢ HYJISL.

3aronoBo4HbIN hann: atl/list.h
* add List
(DyHKHI/ISI BCTaBJIACT 3JICMCHT Ha 3aJIaHHYIO IMO3UIIUIO B CITUCKE.
+ addAll List

JloGaBisieT B OJJUH CIIMCOK BCE 3JIEMEHTHI IPYrOro CIHCKA, BCTABJISASA UX B TOM K€ MOPSIKE
C 3aJJaHHOM TTO3ULIMH.

* append List
@yHK1Ms 100aBIsSET NepeJaHHbIN JIEMEHT B KOHEIL CITUCKA.

. appendAll_List
JloGaBisieT KOHEIl OJHOTO CITMCKA BCE DJIEMEHTHI JpYroro CIucka.

* clear List
QyHKIMSA YAAISIET U3 CIIMCKA BCE DJIEMEHTHI.

* contains List
DyHKIUSA IPOBEPSET, COACPKUTCA JIM B CIIUCKE DIIEMEHT, PABHBIN TAHHOMY.

*» create List
@OyHKIMA CO3aET CNUCOK M BO3BPAIIAET CrelM(PUKAMOHHYIO CChIIKY Tuna List.

* elemType List
@yHKIMS BO3BpALACT yKas3aTelb HAa KOHCTAHTY-JECKPHUIITOD CHeL{I/I(bI/IKaL[I/IOHHOFO THIIA,
KOTOPBIM OI'paHUYECHEI 3JIEMEHTHI JAaHHOI'O CIIKCKA.

» get List
@OyHKIUA BO3BpAIaeT CEHU(PUKAIIMOHHYIO CChUIKY Ha 3JIEMEHT B 3aJJaHHOH MO3ULIHH.
* indexOf List
OyHKIMA BO3BpALIACT HOMEP MO3ULIMU IIEPBOrO dJIEMEHTa B CIIMCKE, UMEIOLLEro 3aJaHHOE
3Ha4YCHHE.
* isEmpty List
@yHKIUA IPOBEPSIET, MYCT JIU TaHHBIN CIIUCOK.
* lastIndexOf List

(DyHKHI/Iﬂ BO3Bpallla€T HOMEP MO3HMIHUHU IIOCICAHEro JJICMCHTAa B CIHCKE, HMMCIOLICTO
3aaHHOC 3HAYCHUC.

* remove List
OyHKIUA yAAIAET 2JIEMEHT € 3aJaHHOM NO3ULUU B CIIUCKE.



+ set List

@OyHKIMA 3aMEHSET NepelaHHbIM 00BEKTOM 3JIEMEHT Ha 33/1aHHOMU TO3HMIUH.
» size List

DyHKIMSA BO3BpALIAET JJIMHY CIHCKA.

* sublist List
BosBpaiaer B BUAE HOBOI'O CIMCKA JJIEMEHTHI JAHHOI'O CIMCKA, 3aKJIKOYEHHbBIE MEXIY
YKa3aHHBIMU NO3UIIUIMU.

* toSet List
DyHKIMA BO3BpaIIaeT MHOXKECTBO (Set), COCTOSIIEE U3 YHUKAIBHBIX JJIEMEHTOB JTAaHHOTO
CIIMCKa.
add _List
(Dy'HKI_II/IH BCTABJIACT 3JICMCHT HaA 3aJIaHHYTO IMO3UIIUIO B CIIUCKCE.
void add List( List* self, int index, Object* ref )

MapameTpbl
self

Cnucok, B KOTOPBIH OCYILECTBISAETCS BCTaBKa.
index

HO3I/II_[I/I$I B CIIMCKC, HA KOTOPYIO ITIOMCHIACTCA 3HAUCHHUC re f.
ref

3HadyeHne CHCI_[I/I(i)I/IKaI_[I/IOHHOFO THIIA, BCTaBJIISIEMOC B CITMCOK.

HdononHutenbHasa uHcgopmMauums

Ecin crincok TUIU3HUPOBAH, TO THUII JIEMEHTa ref JTOJDKEH COBIAAATh C THUIIOM JIEMEHTOB CIIUCKA.
HomMmep nmos3unmu 10JDKEH HaXOAUTHCSA B MHTEpBAJE OT O 10 JUIMHBI CIIMCKA BKJIFOYUTEIBHO, T. €.
0 < index < size List(self). Ecim HOMEp MO3MIUU PABEH NIUHE CIHCKA, TO DIIEMEHT
BCTABJIAETCS B KOHEL| 3TOTO CIIMCKA.

List* 1 = create List (&type Integer);
add List(1l,0,create Integer(28));
add List (1,0, create Integer(47));
add List(l,1,create Integer(63));
Cnucok 1 MeHsIeTCs 110 MEPEe BBIMOJIHEHUS 3TOT0 KOAa TaK:
1. < 28 >
2. < 47, 28 >
3. < 47, 63, 28 >

addall List

JloGaByisieT B OJMH CIUCOK BCE DJIEMEHTHI APYTrOro CIUCKA, BCTABJSAA MX B TOM K€ TMOPSAKE C
32JITAaHHOU MO3UIIHUH.

void addAll List (List* self, int index, List* other)



MapameTpsbl
self

CHI/ICOK, B KOTOpBIﬁ BCTaBJIAKOTCA HOBBIC 3JICMCHTEI.

index

HOSI/IHI/IH, C KOTOpOI\/'I Ha4YMHACTCA BCTaBKa HOBBIX 3JICMCHTOB.

other

CmcoK, YbH 3JIEMEHTHI BCTABIISIIOTCS B CITHCOK self.

JononHutenbHasa nHcpopmauma

Ecnu cnucok self THNU3UPOBAH, TO THIBI BCEX AJEMEHTOB CIUCKA other HOJKHBI COBHAAATh C
TUTIOM 3JIEMEHTOB CIIUCKa self (IIPH 3TOM CaM CIIUCOK other He 00513aH OBITh TUIM3UPOBAHHBIM).
Howmep no3unmu 1omKeH HaxXoAUThCA B HHTEpBaiie OT 0 A0 JJIMHBI CIUCKA self BKIKOYUTEIBHO, T.
e. 0 £ index < size List(self). Ecam HOMep NO3MLMM paBeH UIMHE CIUCKA self, TO
DJIEMEHTHI BCTABIISECTCA B KOHEI[ 3TOr'0 CIIMCKA.

List* 11 = create List(&type Integer);
List* 12 = create List (NULL);
append List (ll,create Integer(28));
append List (11l,create Integer(47));
append List (l2,create Integer(63));
append List (l2,create Integer(85));
addAll List(11,1,12);
Choucok 11 o BEI3OBa (byHKuI/H/I addAll List COHCPKHUT TaKHWe DJIEMEHTHI: < 28, 47 >.

Coucok 12 — takue: < 63, 85 >.Ilocne BbI30Ba addAl 1 List CHMCOK 11 COACPXKMT TaKXKE U
3JIEMEHTHI 12: < 28, 63, 85, 47 >.

append List
@OyHKuMs 100aBsSET NepeJaHHbIi JIEMEHT B KOHEIl CITUCKA.

void append List( List* self, Object* ref )

MapameTphbl
self

Cnucok, B KOTOPBI OCYIIECTBIISIETCSI BCTaBKa.
ref

3HauecHUE CHCI_[I/I(bI/IKaLII/IOHHOI‘O THIIA, BCTaBJIAICMOC B CITMCOK.

Bo3Bpawaemoe 3Ha4yeHue

Ecnu cnucok He TunmuzupoBaH (IpU CO3JAaHMM HE OBUIO HAJIOXKEHO OTPAHWYCHUN HA THIIbI
3JIEMEHTOR), PYHKIMS BO3BpaIaeT NULL.

HdononHutenbHaa nHdopmaumsa
List* 1 = create List (&type Integer);
append List (l,create Integer (28));
append List (l,create Integer (47));
append List (l,create Integer (63));



Cnucok 1 MeHsIeTCs 110 MEpEe BBIMOJIHEHUS 3TOT0 KOJAa TaK:
1. < 28 >
2. < 28, 47 >
3. < 28, 47, 63 >

appendAll List
JloGaBisieT KOHEll OJTHOTO CIHMCKA BCE AJIEMEHTHI IPYroro CIMCKA.

void appendAll List (List* self, List* other)

MapameTpbl
self

CHI/ICOK, B KOTOpLIﬁ BCTAaBJIAAIKOTCA HOBBIC DJICMCHTHI.

other

CIHCOK, YbH 3JICMEHTHI BCTABIIIIOTCS B CIINCOK self.

HdononHutenbHasa uHcgpopmauums

Ecnn cnucok self TUNM3UPOBAH, TO THIBI BCEX 3JIEMEHTOB CIUCKA other NOJKHBI COBIAAAThH C
TUIIOM 3JIEMEHTOB CIIMCKA self (IpU 3TOM caM CIIUCOK other HE 00s3aH ObITh TUITU3UPOBAHHBIM).

List* 11 = create List (&type Integer);

List* 12 = create List (NULL);

append List (11l,create Integer(28));

append List (11,create Integer(47));

append List (l2,create Integer(63));

append List (l2,create Integer(85));

appendAll List(11,12);
Coucok 11 OO BBI3OBa (byHKuI/II/I addAll List COACPXKHUT TaKUE DIJIIEMEHTHI: < 28, 47 >,
Cmucok 12 — Takue: < 63, 85 >. Ilocae BbI3oBa appendAll List CHHUCOK 11 COAEPKUT
TaKXe U DJIEMEHTHI 12: < 28, 47, 63, 85 >.
clear List
DyHKIUSA yAaIseT U3 CIIMCKA BCE DJIEMEHTHI.

void clear List( List* self )

MapameTphbl
self

Cnucok, KOTOpbId TpeOyeTCcsi OUUCTHUTb.

JononHutenbHasa uHcpopmauus
List* 1 = create List (&type Integer);
append List (l,create Integer (28));
append List (1, create Integer (47));
clear List(1l);

Crucox 1 MEHSETCS 110 MCPE BBIMIOJIHCHUA 3TOI'0 KOJa TaK:



1. < 28 >
2. < 28, 47 >
3. <>

Tort xe PE3YyIbTAaT MOXHO MMOJIYYHUTDh, IIEPECO3J1aB CIIUCOK:

List* 1 = create List (&type Integer);

1 = create List (elemType List(l));

Ho Taxoii cnoco6 meHee 3(peKTuBeH, ueM BbI30B PYHKIUU clear List.

contains List
DyHKIUS IPOBEPSET, COACPKUTCA JIM B CIIUCKE DIIEMEHT, PABHBIN TAHHOMY.

bool contains List( List* self, Object* ref )

MapameTpbl
self

[IpoBepsiemMbIil CIUCOK.

ref

3HaueHue CHCHH(bHKaHHOHHOFO THUIIA, TIOUCK KOTOPOI'0 MPOUCXOAUT B CITMCKE.

BosBpawaemoe 3Ha4yeHue

true, €CIIU ref COACPKUTCA B self. false B JIIOOOM IPYyrom ciydae.

JononHutenbHas nHcpopmauma
Ecnu cicok TUMM3KUPOBAH, TO THUII 3JIEMEHTA ref JOJIKEH COBNAJATh C TUIIOM 3JIEMEHTOB CIIMCKA.
bool contains;
List* 1 = create List (&type Integer);
append List (l,create Integer (28));
append List (1, create Integer (47));
contains = contains List (l,create Integer(28));
Cnucok / MeHsIeTCsl TI0 MEPE BBITIOJIHEHUS ATOTO KOJ/IA TaK:
I. < 28 >
2. < 47, 28 >

3HaueHue nepeMeHHoN contains MOCye BHIMOJIHEHUS KoAa OyIeT paBHO true.

create List
DYHKIMA CO3/1aeT CIUCOK U BO3BpAIIAET CIIeIM(PUKAIIMOHHYIO CCBUIKY THMA List.

List* create List( const Type *elem type )

MapameTphbl
elem type

Vka3arenp Ha KOHCTAHTY-ACCKPUIITOP THUIIA 3JIEMCHTOB CIIMCKa.



BosBpamaeMoe 3Ha4YeHune

CnenudukaoHHas CCIIBIKA THTIA List HA CO3JaHHBIA CITHCOK.

HononHutenbHaa nHdopmaumsa

Ecnu mapametp elem type HyJI€BOMH, TO THUITHI 2JIEMEHTOB CIIHCKA HE OTPAHUYCHBI.
List* 11 = create List (NULL);
List* 12 = create List (&type Integer);

HepBBIM BBI3OBOM create_List CO3J1aH CIIMCOK, B KOTOpBIﬁ MO>KHO BKJIIOYATh JIIOOBIE DJIEMEHTHI.
CHI/ICOK, COBI[EIHHI:II’I BTOPBIM BBI3OBOM, MOXET COACPKATh TOJIBKO 3JICMCHTEHI TUIIA Integer.

OyHKIUA create List omnpezaeneHa Hapsdy CO CTAHAAPTHOM QYHKUUH create.
List* 11 = create(&type List, NULL);
List* 12 = create List (NULL);

JIBa TIOKa3aHHBIX CrIOcO0a CO3MaHMsI CIIeNU(PUKAIMOHHON CChIIKU ()YHKIIMOHAJIBHO SKBHBAJICHTHBI,
OJIHAKO WCTOJBh30BAHUE create HE SIBISCTCS TUMOOE30TACHBIM M BBI3BIBACT MPEAYIPEIKICHUE
TpaHcisITopa (CM. onucanne PyHKIUU create).

elemType List

@OyHKIMS BO3BpalIaeT yKa3aTellb Ha KOHCTAHTY-JAECKPUIITOP CHEIM(PUKAITUOHHOTO TUIIA, KOTOPHIM
OTPaHUYEHBI SJIEMEHTHI IAaHHOTO CIIHCKA.

Type *elemType List (List* self)

MapameTpbl
self

Crnucok, orpaHn4eHtst KOTOPOro JA0JKHA BEPHYTh (DYHKIIHS.

Bo3Bpawaemoe 3Ha4yeHue

Vkazarens Ha KOHCTAHTY-ACCKPUIITOP CHGHI/I(l)I/IKaIII/IOHHOFO TUIIA, KOTOPBIM OI'PaAHUYCHBI 3HAUYCHU A
JaHHOT'O CITMCKaA.

Ecou cniucox He THnmM3upoBaH (NpH CO3JaHUU HE OBbUIO HAJOKEHO OrPpaHUYEHUN Ha THIIBI

2JIEMEHTOR), PYHKITHS BO3BpaIaeT NULL.

JononHutenbHasa uHcpopmauusa
List* 1 = create List(&type Integer);
Type *t = elemType List(1l);
[lepemennas t npuoOpeTeT 3HaYeHUE &type Integer.
get List
OyHKIUS BO3BpAIIAET CTICHU(PUKAIIMOHHYIO CCBUIKY Ha 3JIEMEHT B 3aJJaHHOM MO3UIIHH.

Object* get List( List* self, int index )

MapameTpbl
self

Crmcok, coaeprKammii HeOOXOIUMBIIA IEMEHT.



index

[To3unus smeMeHTa, KOTOPBIH T0JIKHA BEPHYTh (PYHKIIHS.

Bo3Bpawaemoe 3Ha4yeHue

Cchlka Ha 3JEMEHT ¢ MHIeKcoM index umu NULL, ecan index Menbmie 0 miam Oobiie, JTHOO
paBeH AJIMHE CIIHCKA..

JononHutenbHasa nHcpopmauma

Homep no3uimu 10KeH HaXOAUTHCA B UHTEpBAJIE OT 0 10 JUIMHBI CIIMCKA, YMEHBIIEHHON Ha 1, T.
€. 0 < index < size List(self).

List* 1 = create List (&type Integer);
Object* o;
append List (l,create Integer (28));
append List (l,create Integer (47));
append List (1,create Integer (63));
o = get List(l,1);

Cnucok 1 MEHsIeTCs 110 MEPE BBIMOTHEHUS 3TOTO KOJa TaK:
1. < 28 >
2. < 28, 47 >
3. < 28, 47, 63 >

3HayeHue 00beKTa o Mociie BhI30Ba get List Oyner paBHO 47.

indexOf List

@OyHKIMS BO3BpallaeT HOMEp MO3ULMK TEepBOro 3JEeMEHTa B CHHCKE, HWMEIOLIEro 3aJaHHOe
3HAUYEHHUE.

int indexOf List( List* self, Object* ref )

MapameTpbl
self

Crmcok, coaeprKamuii HeOOXOIUMBIIA IEMEHT.
ref

CHGL[I/I(l)I/IKaL[I/IOHHaSI CChIJIKa, CO 3HAYCHHUECM KOTOpOfI CpaBHHUBAKOTCA 3JICMCHTEI CITMCKA.

Bo3Bpawaemoe 3Ha4yeHue

[To3uuus, Ha KOTOPOMl B CHMCKE HAXOAMUTCS 3HAUEHUE ref. ECIIM B CINIHCKE TAKOIO 3HAYEHHS HET,
BO3Bpalla€MO€ 3HAYEHHUE PABHO —1.

JononHutenbHasa nHcopmauma

Ecnu crimcok TUIIU3HUPOBAH, TO THII 2JICMCHTA ref DOJDKEH COBITAJATh C TUIIOM DJIEMEHTOB CITUCKA.
Ecnu cnucok He COACPIKUT YKAa3aHHOTI'O 3JICMCHTA, (I)yHKI_II/IH 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));
Crnucok 1 MEHSETCs TI0 Mepe BBIIMOJTHEHUS 3TOTO KOJIa TaK:

1. < 28 >

2. < 28, 47 >

3. < 28, 47, 28 >
3Ha4yeHue MepeMEHHON pos TOCIe BbI30Ba get List OyneT paBHO O.
isEmpty List
DyHKIUS IPOBEPSIET, MYCT JIM TAHHBIN CITUCOK.

bool isEmpty List( List* self )

MapameTphbl
self

Cnucok, coaepkamuii HeOOXOAUMBIN SJIEMEHT.

Bo3Bpawaemoe 3Ha4yeHue

true, €CIIU B CIHUCKE HET HU OJTHOTO 3JIeMEeHTa. false B JIOOOM JPYTroM ciiydae.

JononHutenbHasa nHcopmauma

Ecnu crimcok TUIIU3HUPOBAH, TO THII 2JICMCHTA ref DOJDKEH COBITAAATh C TUIIOM DJIEMEHTOB CITUCKA.
Ecnu cnucok He COACPIKUT YKAa3aHHOTI'O 3JICMCHTA, (I)yHKI_II/IH BO3BpalacT -1.

bool empty;

List* 1 = create List (&type Integer);

empty = isEmpty List(1l);

append List (l,create Integer (28));

empty = isEmpty List(1l);
3Ha4yeHue epeMEeHHON empty MOCie NEPBOro BbI30Ba isEmpty List OyaeT paBHO true, a Mocie
BTOPOTO (KOT/Ia B CITUCOK OyAeT J00aBIeHO YKucio 28) — false.
lastIndexOf List

CDYHKI_II/ISI BO3Bpalia€T HOMCEP IMMO3HULHUU IOCJICAHCIO 3JICMCHTA B CIHHCKEC, MMCIOLICTO 3aJJaHHOC
3HA4YCHUC.

int lastIndexOf List( List* self, Object* ref )

MapameTphbl
self

Cnucok, coaepkamuii HeOOXOAUMBIN SJIEMEHT.

ref

CHGL[I/I(l)I/IKaL[I/IOHHaSI CChlJIKa, CO 3HAYCHHUECM KOTOpOfI CpaBHHUBAKOTCA 3JICMCHTLI CITMCKA.

Bo3Bpawaemoe 3Ha4yeHue

[To3uuus, Ha KOTOPOMl B CHMCKE HAXOAMUTCS 3HAUEHUE ref. ECIIM B CIIHCKE TAKOIO 3HAYEHHS HET,
BO3Bpalla€MO€ 3HAYEHHUE PABHO —1.



HononHutenbHasa uHcgpopmauums

Ecnu crimcok TUIIU3HUPOBAH, TO THII 2JICMCHTA ref DOJDKEH COBITAJATh C TUIIOM DJIEMEHTOB CITUCKA.
Ecnu cnucok He COACPIKUT YKAa3aHHOTI'O 3JICMCHTA, (I)yHKI_II/IH BO3BpalacTt -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));
Cnucok 1 MeHsIeTCs 110 MEPE BBIMOJIHEHUS 3TOT0 KOAa TaK:

1. < 28 >

2. < 28, 47 >

3. < 28, 47, 28 >

3HayeHue NepeMEHHON pos MOCe BbI30Ba get List OyneT paBHO 2.

remove_ List
DyHKIUA yAAIAET 2JIEMEHT € 3aJaHHOM IIO3ULMU B CIIACKE.

void remove List( List* self, int index )

MapameTpbl
self

Crnucok, B KOTOPBIN OCYILECTBISETCS BCTaBKa.

index

[To3umumst B ciucke, ¢ KOTOPOM ynasieTcs SJIEMEHT.

JononHutenbHasa nHcpopmauma

Howmep no3uiuum A0KEH HaxXOAUTHCA B MHTEpBayie OT O A0 JJIMHBI CIIHCKA BKJIKOYUTEIBHO, 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 (l,create Integer (63));
remove List(1l,1);

Cnucok 1 MEHSIETCs 110 MEPE BBIMIOTHEHUS 3TOTO KOJa TaK:
I. < 28 >
2. < 28, 47 >
3. < 28, 47, 63 >
4. < 28, 63 >

set List

(I)YHKI_II/IH 3aMCHSCT MICPCAAHHBIM 00BEKTOM DJIEMEHT Ha 3aJIaHHOM MO3UITHH.

void set List( List* self, int index, Object* ref )



MapameTpsbl
self

CHI/ICOK, B KOTOPOM OCYIICCTBIISICTCA 3aMCHA.
index

[To3umus B ciucke, B KOTOPYIO MOMEIIAETCS 3HAYEHUE ref.
ref

3HadueHMNe CHCHI/I(bI/IKaHI/IOHHOFO THIIA, BCTaBJIIEMOC B CITMCOK.

JononHutenbHasa nHcpopmauma

Ecnu cniucok THNMHU3UPOBaH, TO TUI MIEMEHTA ref JOJKEH COBIAJaTh C TUIIOM 3JIEMEHTOB CIIMCKA.
HomMmep nmo3uumu 10JDKEH HaXOAUTBHCSA B MHTEpBale OT O 10 UIMHBI CIIMCKA BKJIFOYUTEIBHO, T. €.
0 < index £ size List(self). Ecim HOMEp MO3MIUU PABCH NIUHE CIHMCKA, TO DJIEMEHT
BCTAaBJIAECTCS B KOHEL| 3TOr'0 CIIHCKA.

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));

Crnucok 1 MEHSETCs TI0 Mepe BBIIMOJTHEHUS 3TOTO KOJIa TaK:
1. < 28 >
2. < 28, 47 >
3. < 28, 63 >

size List

@yHKIMS BO3BPAILAET IJIUHY CIHCKA.

int size List( List* self )

MapameTphbl
self

Crnucok, ATUHY KOTOPOTO JTOJKHA BEPHYTh (PYHKIIHSL.

Bo3Bpawaemoe 3Ha4yeHue

TouHOE KOIUYECTBO 3JIEMEHTOB B CITHCKE self.

OononHutenbHaa uHgopmauusa
int size;
List* 1 = create List (&type Integer);
size = size List(l);
append List (l1,create Integer (28));
size = size List(l);

ITocie nmepBoOro BeI30Ba size List NEpEeMEHHAs size CTAHOBUTCS paBHOU Hymo. ITocie Broporo
BbI30BA size List MepeMEHHas paBHa 1: B CHMCOK ObUIO 100aBJIEHO OJHO 3HAYCHHUE.



subList List

BOSBp&H_[aCT B BHJC HOBOI'0 CIHCKa DOJJEMCHTHI JaHHOI'0 CIIMCKA, 3aKJIIOYCHHBIC MCEKIAY
YKa3aHHbIMU IMO3ULIUSAMMU.

List* subList List( List* self, int fromIndex, int tolIndex )

MapameTpbl
self

W cxXonHbIi CIIUCOK.
fromIndex

[To3unuusa nepBoro 3aeMeHTa HOBOI'O CIIMCKA.
toIndex

qI/ICJ'IO, Ha CANHULY OoublIee IIO3UIIMH ITOCIICAHCIO 3JICMCHTA HOBOT'O CIIMCKA.

BosBpamaeMoe 3Ha4YeHune

CHeI_II/ICI)I/IKaI_II/IOHHaH CCBhIJIKA THUIA List, HOACHHUCOK CIUCKa self.

HdononHutenbHasa uHcgpopmMauums

[To3umusa nepBoro 3jaeMeHTa HOBOTO CIHUCKA — fromIndex; MO3UIUSA MOCIEIHEr0 dJIEeMEeHTa —
toIndex-1. Ilo3unus fromIndex He JOJKHA OBITH OTPULATEILHONW U HE JIOJKHA MPEBOCXOAUTH
toIndex, a TIO3HITHSA toIndex HE JOOJIKHA IIPEBOCXOJUTH JJINHY CIIUCKA:
0 £ fromIndex < toIndex < size List (self). Ecin HayanbpHas M KOHEUHAs IIO3UIIUU

COBITIaAar0T, BO3BpaAlIacT HYCTOI‘/'I CIIMCOK.
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);

Cnucok 1 MEHSETCs B Pe3yJIbTaTe COACPKUT TaKue dJIEMEHTh: < 28, 47, 63 >. Cnucok 12
MOCJIC BHI30BA (DYHKITUH subList List COACPIKMT JIBa dJIEMEHTA: < 47, 63 >.

toSet List
@yHKIHKA BO3BpAIAET MHOKECTBO (Set), COCTOAIIEE U3 YHUKAIBHBIX JJIEMEHTOB JAHHOIO CIIUCKA.

Set* toSet List (List* self)

MapameTpbl
self

Crucok, MHOXECTBO JIEMEHTOB KOTOPOTO TpeOyeTcsl OITy4HUTh.

BosBpau.laemoe 3Ha4YeHue

CrienduKanMoHHasE CChUIKA TUTIA Set, MHOXKECTBO JIEMEHTOB CIHCKA self.

JononHutenbHasa nHcpopmauma

B03BpamaeMoe MHOXCCTBO COXPAHACT THIHU3ALUIO CIIMCKA: C€CJIW JBJICMCHTBI CIIMCKa ObLIU
OI'paHUYCHBL KaKHUM-JIN0O THIIOM, TO U 3JICMCHTBI MHOXKECTBA 6y,Z[YT OI'paHUYCHBI TEM KE€ 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 (1, create Integer (28));

s toSet List(1l);

t = elemType Set(s);
Cnucok 1 MeHsIeTCs 110 MepEe BBIMOJIHEHUS 3TOT0 KOAa TaK:
1. < 28 >
2. < 28, 47 >
3. < 28, 47, 28 >

MHoxecTBO s, BO3BpallleHHOe (DyHKIMEH toSet List, COOEPKHUT DJEMEHTHL: < 28, 47 >.
BbBOBelemType_Set(s)IMBBpmHaer&type_IntegeL



14.2.13  set

Tun Set gBusgeTcs KOHTCﬁHCpHHM TUIIOM, PCAIM3YIOIIHUM MHOKCCTBO 3JICMCHTOB.

DOneMeHTaMH MHOKECTBa MOTyT ObITh Jit0Oble crenupuKaluoHHble CChUIKU. [lpu cozmanuu
MHOJKECTBA MOJKHO OIPaHMYUTb THUI €ro 3JIEMEHTOB. Takoe MHOXECTBO Ha3bIBAETCS
TUIU3UPOBAHHBIM, a Bce (YHKIUH, paboTaroniye ¢ HUM M HUMEIOLUE MapaMeTp THma Object*,
OyayT MpoBepsITh, YTOOBI TUI 3TOIO TapaMeTpa COBMAJIall C TUIIOM JIEMEHTOB MHOXKECTBA.

I[Ba MHOXCCTBAa CUHUTAIOTCA paBHBIMU, C€CJIIM OHHU HMCIOT OJHWHAKOBBLIC 3JICMCHTHI. HpI/I 9TOM HC
YUYUTBIBACTCA TUIIN3alIUd MHOXKECTB, B HaCTHOCTH, ITYCTbIC MHOXKCCTBA BCCI'/Id PABHBI.

3aronoBo4HbIN hann: atl/set.h

add Set
DyHKIMSA BCTABISET 3aJaHHBIN 3JIEMEHT B MHOXKECTBO.

addAll Set

OObenuHsET 1Ba MHOKECTBA: JOOABIISET 2JIEMEHTBI OTHOI'O MHOKECTBA B JIPYTO€.
clear Set

OyHKIUA yAAIAET U3 MHOXKECTBA BCE DJIEMEHTHI.

contains Set
DyHKIUS IPOBEPSET, COIACPIKUTCS I B MHOKECTBE JIEMEHT, PABHbBIN TAHHOMY.

containsAll Set
OHpCI[eJIHeT, SIBJISETCSI JIX OJHO MHOXKECTBO IIOAMHOXKECTBOM APYroro, TO €CThb, COACPKUT
JIX IEPBOE MHOXKECTBO BCE DJIIEMEHTEI BTOPOTO.

create Set
CDy'HKI_II/IH C0371a€T MHOXKECTBO M BO3BpalllacT CHGLH/I(I)I/II(&L[I/IOHHyI-O CCBIIIKY THIIA Set.

elemType Set
@yHKIMA BO3BpAILAET yKa3zaTelb Ha KOHCTaHTY-JECKPHITOP CHENU(DHUKAIMOHHOIO THUIIA,

KOTOPBIM OI'paHUYCHBI 3JICMCHTBI JAHHOI'0O MHOKCCTBA.

get Set
@yHKIMA BO3BpAINACT CNENM(PUKANMOHHYIO CCBUIKY HA DJIEMEHT C 3aJaHHBIM HOMEPOM;
3JIECMEHTBI MHOKECTBA IMPHU 3TOM HYMEPYIOTCSI MPOU3BOJIBHO.

isEmpty_Set

DyHKIUS IPOBEPSIET, IYCTO JI JAHHOE MHOKECTBO.
remove Set

DyHKIUSA yAAISET 3JIEMEHT U3 MHOKECTBA.

removeAll Set
BpruntaeT 0AHO MHOXKECTBO M3 APYroro: yIajseT U3 MEPBOTO MHOYKECTBA T€ SJIEMEHTHI,
KOTOPBIE €CTh BO BTOPOM.

retainAll Set
Brruncisier nepecedyeHre MHOXKECTB: OCTABIISIET B IIEPBOM MHOXECTBE TOJIBKO T€ 3JIEMEHTBHI,
KOTOPBIE €CTh BO BTOPOM.

size_Set
DyHKIUS BO3BPAIAECT KOJIMYECTBO AJIEMEHTOB MHOXKECTBA.

tolist Set
@yHKIMA BO3BPAIIAET CNUCOK (List), COCTOAMMMI U3 BCEX DJIEMEHTOB JJaHHOTO MHOXKECTBA.




add_Set
DyYHKIUS BCTABIAET 3aJJaHHBINA 3JIEMEHT B MHOKECTBO.
bool add Set( Set* self, Object* ref )

MapameTphbl
self

MHO)KGCTBO, B KOTOPOC OCYHICCTBJIACTCA BCTAaBKaA.

ref

3HaueHue CHCHI/I(bI/IKaHI/IOHHOFO THIIA, BCTaBJIIEMOC B MHOKCCTBO.

Bosspamaemoe 3Ha4YeHue

true, €M BCTaBKa ObLIa ycremHoi. B mobom npyrom ciiyyae — false.

HOononHutenbHasa uHcgopmMauums

Eciu muoXecTBO TUIMU3UPOBAHO, TO THII JJICMCHTA ref JIOJHKEH COBIAJATh C TUIIOM DJIEMEHTOB
MHOXECTBA.

Set* s = create Set (&type Integer);
add Set (s, create Integer(28));
add Set (s, create Integer(47));
add Set (s, create Integer (28));

MHOKECTBO § MEHAETCS 110 MEPE BBIIIOJIHEHUA 3TOI'0 KOJa TaK:
. { 28}

2. { 28, 47 }
3. { 28, 47 }

addAll_set
O6’LC,Z[I/IH$ICT JABa MHOX>KXECTBA. I[O68.B.II$I€T OJICMCHTLI OJTHOTO MHOKECTBA B IPYTroc€.
bool addAll Set( Set* self, Set* set )

MapameTpbl
self

MHOXECTBO, B KOTOPOE 100ABIISIOTCS JJIEMEHTHI.

set

MHO)KGCTBO, QJIEMCHTBI KOTOPOTI'O I[O63BJ'I$II-OTCH B self.

BoaBpalwaemoe 3Ha4yeHue

Ecnu B pesynbpraTte 0ObeIMHEHUS B MHOXKECTBO self ObUT A00aBieH XOTS Obl OJWMH DJIEMEHT,
¢yHkuus Bo3Bpamaer true. B mobom npyrom cinydae — false.

JononHutenbHasa nHcpopmauma

Ecnmu MHOXECTBO self THUNU3UPOBAHO, TO THUIIBI BCEX DJJEMEHTOB MHOXECTBA set JOJKHBI
COBIMAJIaTh C THUIIOM 3JICMCHTOB MHOXKECTBA self (MPU 3TOM CaMO MHOXECTBO set He 00s3aHO
OBITH TUITM3UPOBAHHBIM).

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 s1 MEHSIETCS TaKUM 00pa3zoMm:

I. { 28}

2. { 28, 47 }

3. { 28, 47, 63}

MHOXeCTBO s2 MEHAETCS TaK:
. { 28}

2. { 28, 47 }

[Tocne BbI30Ba addAll Set B MHOXECTBO s1 JOOABIISIETCS 3JEMEHT 63, a epeMeHHas changed
CTAaHOBUTCS PaBHOM true.

clear Set
DyHKIUS yAAISET U3 MHOKECTBA BCE AJIEMEHTBHI.
void clear Set( Set* self )

MapameTpbl
self

OuuiraeMoe MHOKECTBO.

JononHutenbHasa nHcpopmauma
Set* s = create Set (&type Integer);
add Set (s,create Integer (28));
add Set (s,create Integer (47));

clear Set(s);

MHOXECTBO s MEHSETCS 10 MEPE BBINOJIHEHUS HTOr0 KOJA TaK:
1. { 28}

2. { 28, 47 }
3. {}

Tort xe PE3YJIbTAT MOXKHO IMOJIYYHUTDh, IIEPCCO3JaB MHOKCCTBO:

Set* s = create Set (&type Integer);

S = create Set (elemType Set(s));



Ho Takoii cnoco6 MeHee 3pekTuBeH, ueM BbI30B QYHKINU clear Set.

contains Set
DyHKIUS POBEPSET, COIECPIKUTCS JIM B MHOKECTBE JIEMEHT, PABHBIN TAHHOMY.
bool contains Set ( Set* self, Object* ref )

MapameTpbl
self

[IpoBepsiemoe MHOXKECTBO.

ref

3HaueHHne CHCI_II/I(I)I/IKaL[I/IOHHOI‘O TUIIA, IOUCK KOTOPOT'O IMMPOUCXOAUT B MHOKCCTBC.

Bo3Bpawaemoe 3Ha4yeHue

true, €CIIM BCE AIEMEHT ref COJACPKHUTCSA B MHOXKECTBE self. false B 0OpaTHOM cllyyae.

JononHutenbHasa nHcpopmauma

Ecnu MHOXECTBO TUIIM3UMPOBAHO, TO THUII 3JIEMEHTA ref JOJDKEH COBIIAJaTh C TUIIOM JJIEMEHTOB
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 s MEHSETCS [0 MEPE BBINOJIHEHUS ITOTO KOJIA TaK:
1. { 28}

2. { 47, 28 }
3HayeHue MePEeMEHHON contains MOCHE BbhI30Ba contains Set OyZeT paBHO true.

containsAll Set

Onpenens[eT, ABJACTCA JIM OAHO MHOXCECTBO IMOJMHOXCECTBOM Jpyroro, To €CTb, COACPKUT JIU
IEPBOC MHOXKECTBO BCC 3JICMCHTEI BTOPOTI'O.

bool containsAll Set( Set* self, Set* set )

MapameTpsbl
self

MHO)KGCTBO, KOTOPOEC HYKHO IIPOBCPUTH HA COACP!KAHUE 3JICMCHTOB MHOXKECTBA set.

set

Hpennono;anenLHoe IMOAMHOKECTBO self.

BosBpamaeMoe 3Ha4YeHue

true, €CIM BCE JJIEMEHTHl MHOXECTBA set COJEpXKaTcsd B MHOXECTBE self. false B J1I000M
JpYroM CiIydae.



HdononHutenbHasa MHcpopmauus
bool contains;
Set* sl = create Set(&type Integer);
Set* 52 = 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));

MHOX€ECTBO s1 MEHSAETCS TaKUM 00pa3oM:
1. { 28}

2. { 28, 47 }

MHuoXkecTBO s2 MEHsSETCS TaK:
1. { 28 }

2. { 28, "a" }
3. {28, "a", 47 }
ITocie mepBoro BeI30Ba containsAll Set mEpPEMEHHas contains CTAHOBUTCS PaBHOM false, a

IIOCJIC BTOPOI'O BBI30OBA — true.

create_Set
(DyHKHI/ISI C031a€T MHOKECTBO U BO3BpalllacT CneuI/I(pI/IKauI/IOHHy}O CCBIIKY THUIIA Set.

Set* create Set( const Type *elem type )

MapameTphbl
elem type

Vkazarenp Ha KOHCTaHTY-ACCKPHUIITOP THUIIA 3JIEMCHTOB MHOKCCTBA.

BosBpau.laemoe 3Ha4YeHue

VYka3zaTenb Ha KOHCTaHTY-JACCKPUITOP CHEeNU(DUKAIMOHHOTO TUITA, KOTOPBIM OIpPaHHYCHBI 3HAUCHHMSI
JAHHOT'O MHOKECTBA.

Ecnu MHOXXECTBO HE THUNHM3HPOBAHO (IIPH CO3JIaHMHM HE OBLIO HAJIOKEHO OTPAHUYCHUI Ha THIIBI
AJIEMEHTOB), (DYHKIMS BO3BpamiaeT NULL.

OononHutenbHaa MHgopmauusa

Ecin napamerp elem type HylI€BOH, TO THUIIBI 3JIEMEHTOB MHOKECTBA HE OTPAHUYCHBI.
Set* sl = create Set (NULL);
Set* s2 = create Set(&type Integer);

HepBBIM BBI3OBOM create_Set CO3JaHO MHOKECTBO, B KOTOPOC MOXHO BKIIIOYATh JII00BIE
3JIEMEHTBhl. MHOXECTBO, CO3/IaHHOE BTOPBHIM BBI30BOM, MOXKET COAEPKATh TOJIBKO JIEMEHTHI THUIIA
Integer.



QyHKIUA create Set ompenelieHa Hapsay cO CTAaHAAPTHOU QYHKIMI create.

Set* sl

create (&type Set, NULL);
Set* s2 = create Set (NULL);

JIBa mOKa3aHHBIX croco0a CO3aHMs CIeUU(pUKATMOHHON CChIIKM ()YHKIIMOHAJIBHO SKBUBAJICHTHBI,
OJTHAKO HCIOJIb30BaHHE create HE SBISIETCS THIIOOE30IIACHBIM M BBI3BIBACT INPEIYNPEKICHUE
TpaHchsTopa (cM. onrcanue QYHKIUU create).

elemType_ Set

ODyHKIUS BO3BpAILACT yKa3aTeidb HA KOHCTAHTY-AECKPUIITOP CIEHU(PUKAIIMOHHOTO TUIA, KOTOPHIM
OTpaHUYEHBI DJIEMEHTBI JTaHHOIO MHOXECTBA.

Type *elemType Set (Set* self)

MapameTphbl
self

MHO03€ecTBO, OTpaHUYEHHUSI KOTOPOTO JIOJKHA BEPHYTH (DYHKIIHSL.

Bosspamaemoe 3Ha4YeHue

VYkazatellb Ha KOHCTaHTY-JECKPUNITOP CHEIM(PHUKAIIMOHHOTO THTIA, KOTOPHIM OIpaHUYEHBI 3HAYCHUS
JTAHHOT'O MHOKECTBA.

Ecnu MHOXXECTBO HE TUNHM3MPOBAHO (IIPH CO3JIaHMHM HE OBLIO HAJIIOKEHO OTPAHUYCHUI Ha THIIBI
AJIEMEHTOB), (DYHKIIUS BO3BpalaeT NULL.

JononHutenbHasa nHcpopmauma
Set* s = create Set (&type Integer);
Type *t = elemType Set(s);

Ilepemennas t npuoOpeTeT 3HaUeHHUE &type Integer.

get_Set

@DyHKIMSA BO3BpAIIACT CIeUU(UKAIIMOHHYIO CCBUIKY HA 3JIEMEHT C 33JJaHHBIM HOMEPOM; HJIEMEHTHI
MHOKECTBA IIPU 3TOM HyMEPYIOTCS IIPOU3BOJILHO.

Object* get Set( Set* self, int index )

MapameTphbl
self

MHOX€eCTBO, 3JIEMEHT KOTOPOT'O 0JIKHA BEPHYTh (DYHKIIHSL.

index

Howmep anemenTa, KOTOPBIHM JOKHA BEpHYTh (YHKLHUS.

Bo3Bpamaemoe 3HaUeHHe
CrienuuKaiMoOHHAas CChUIKA THUMA Object.

JononHutenbHas nHcpopmauma

Ora QyHKOUS CIYXKUT JUIsI Tiepedopa BCEX JJIEMEHTOB MHOXKecTBa. [IOCKONBKY MHOKECTBO
HEYMOPSI0YCHO, AJIEMEHThI HYMEPYIOTCS HEKOTOPBIM MPOU3BOJBHBIM 00pa3zoM. Homep mozunmm
JOJDKEH HaxXOAUThCs B  HMHTEpBaie oT O 110 pa3Mepa MHoxkectBa — 1, T. e.
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; i < size Set(sl); i++)

add Set(s2, get Set(sl,i));

equ = equals(sl,s2);
MHOKeCTBO s1 MEHSIETCS MO0 MEPE BBITTOJIHEHUS 3TOT0 KOJa TaK:

I. { 28}

2. { 28, 47 }

3. { 28, 47, 63 }
[Topsimok moGaBieHUsT HIEMEHTOB B MHOXKECTBO sZ2 HEOIPEACIICH, OJHAKO B TOCIE BBITIOJHEHUS
IIUKJIa BCE AJIEMEHTHl s1 OyAyT no0aBleHBbl B s2 W 3HAYCHHE MEPEMEHHOW equ TOCIE BHI30Ba
equals OyIeT paBHO true.
isEmpty Set
DyHKIUS POBEPSIET, MYCTO JI JAHHOE MHOKECTBO.

bool isEmpty Set( Set* self )

MapameTpbl
self

[IpoBepsieMoe MHOKECTBO.

Bo3Bpawaemoe 3Ha4yeHue

true, €CJIM B MHOYKECTBE HET HU OJITHOTO 3JIEMEHTa U false B 0OpaTHOM cCiydae.

JononHutenbHasa nHcpopmauma
bool empty;
Set* s = create Set (&type Integer);
empty = isEmpty Set(s);
add Set (s,create Integer (28));
empty = isEmpty Set(s);
3Ha4yeHue NepeMeHHON empty MOCIe EPBOTO BbI30BA 1sEmpty Set OyIeT paBHO true, a MOCIe
BTOPOTro (KOI/1a B MHOXKECTBO OyzeT 1o0aBiieHo uncio 28) — false.
remove_ Set
DyHKIUSA yAaIseT 3JIEMEHT U3 MHOYKECTBA.

void remove Set( Set* self, Object* ref )



MapameTpsbl
self

MHO)KCCTBO, B KOTOPOC OCYHICCTBJIACTCA BCTABKaA.
ref

VnanseMbIld 13 MHOYKECTBA DJIICMEHT.

HdononHutenbHasa uHcgpopmauums

Ecnu MHOMXECTBO TUIIM3UPOBAHO, TO THUII DJIEMEHTA ref NOJDKEH COBIIAJATh C TUIIOM JJIEMEHTOB
MHOXKCCTBA.

Set* s = create Set (&type Integer);
add Set (s,create Integer (28));
add_Set (s, create Integer(47));
remove Set (s,create Integer (28));
MHOK€eCTBO s MEHSIETCA 10 MEPE BBINIOJIHEHUS ATOI0 KOJA TakK:
1. { 28}
2. { 28, 47 }
3. { 47 }

removeAll Set

Brrunraer OIHO MHOXECTBO U3 APYTOTO: YAAIACT U3 NCPBOIr0 MHOKCCTBA TC 3JICMCHTBI, KOTOPLIC
€CTb BO BTOPOM.

bool removeAll Set( Set* self, Set* set )

MapameTpsbl
self

MHO)KGCTBO, N3 KOTOPOT'O YAAJIAIOTCA JIEMECHTHI.
set

MHOK€eCTBO, 3JIEMEHTHI KOTOPOTO yIAJISIOTCS U3 self.

BosBpamaemoe 3Ha4YeHue

Ecnu B pe3ynbrare BEIUUTAHUS U3 MHOXKECTBA self ObUI yJaieH XOTs Obl OJIUH AJIEMEHT, QYHKIIHUS
BO3Bpallaer true. B mobom npyrom cnyyae — false.

JononHutenbHasa nHcpopmauma
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);
MHOXeCTBO s1 MEHSAETCA TAKUM 00pa3oM:
1. { 28}
2. { 28, 47}
3. { 28, 47, 63}
MHOXK€eCTBO s2 MEHSETCS TaK:
1. { 28}
2. { 28, 47}
ITocne BbI30Ba removeAll Set B MHOXKECTBE s1 OCTA€TCs JJIEMEHT 63, a nepeMeHHas changed

CTAaHOBUTCS PaBHOM true.

retainAll Set

Brerunciser MEPECCYCHUEC MHOXKCCTB: OCTABJILCT B HCPBOM MHOXKCCTBC TOJIBKO TC 3JICMCHTHI,
KOTOPBIC €CTh BO BTOPOM.

bool retainAll Set( Set* self, Set* set )

MapameTphbl
self

[lepBblii apryMeHT IepeceueHusi MHOXECTB. DTO MHOXXECTBO OyleT XpaHWUTb pe3yJbTaT
HEPECEUECHMUS.

set

BTopoii apryMeHT nepeceyeHuss MHOKECTB.

BosBpawaemoe 3Ha4yeHue

true, €CIIM B TIEPECEUCHUH MHOKECTB 3JICMEHTOB IOJIYUYMUIIOCh MEHBIIIE, 4eM B MHOXKECTBE self. B
T000M ApyroM ciydae — false.

JononHutenbHasa nHcopmauma
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 s1 MEHSIETCS TaKUM 00pa3zoMm:
I. { 28}
2. { 28, 47 }
3. { 28, 47, 63}



MHOXECTBO s2 MEHSIETCA TaK:
1. { 28}
2. { 28, 47 }
Ilocne BbI30Ba retainAll Set B MHOXKECTBE s OCTAaIOTCA 3eMEHTHl 28 U 47, a nepeMeHHas
changed CTAHOBUTCS paBHOM true.
size_Set
@yHKIMA BO3BPAIIAECT KOJIMYECTBO HJIEMEHTOB MHOKECTBA.
int size Set( Set* self )

MapameTphbl
self

MHOX€eCTBO, MOIITHOCTh KOTOPOTO JAOJKHA BEPHYTh (PYHKIIHSL.

BosBpamaeMoe 3Ha4YeHue

TouyHOE KOITMYECTBO PIIEMEHTOB B MHOXKECTBE sel f.

JononHutenbHasa uHcpopmauus
int size;
Set* s = create Set (&type Integer);
size = size Set(s);
add Set (s,create Integer (28));
size = size Set(s);
[Tocne nepBoro BeI30Ba size Set NEpeMEHHas size CTAHOBUTCA paBHOM Hyio. Ilocie BTOporo
BBI30BA size Set MEPEMEHHAas paBHA 1: B MHOXKECTBO ObLI JOOABICH OJUH JIEMEHT.
toList Set
DyHKIMS BO3BpAIIACT CMHUCOK (List), COCTOSIIUN U3 BCEX IJIEMEHTOB JAHHOTO MHOXKECTBA.

List* toList Set( Set* self )

MapameTpbl
self

JlaHHO€ MHOKECTBO.

Bo3Bpawaemoe 3Ha4yeHue

CrneuungukaoHHas cchlIka THMa List.

JononHutenbHasa nHcpopmauma

HOprI[OK OJICMCHTOB B CIIMCKC HEC OIPCACIICH. BosBpamaeMHﬁ CIIMCOK COXPpAaHsACT TUIIHU3ALUIO
MHOKECTBA: €CJIM DJIEMEHTHI MHOKECTBA OBLIH OIr'paHUYCHBI KaKHUM-JIH0O THUIIOM, TO U 3JICMCHTbBI
CITMCKa 6YJIYT OrpaHUYCHBI TEM KC THUIIOM.

Set* s = create Set (&type Integer);
List* 1I;

Type *t;



add Set (s,create Integer (28));
add Set (s,create Integer (47));
1 = tolList Set(s);
t = elemType Set(1l);
MHOK€eCTBO s MEHSIETCA 10 MEPE BBINIOJIHEHUS ATOr0 KOJIa TakK:
I. { 28}
2. { 28, 47 }

Crucok 1, BO3BpallleHHbIH (QyHKIMEH tolList Set, COAEPKUT 3MMEMEHTB: { 28, 47 }; OHHU
MOTYT pacrmosaratbcd B JT000M mopsake. Bbi3oB  elemType Set (1)  BO3Bpamaer
&type Integer.



14.2.14 wMap

Tun Map gBIAETCS KOHTEHWHEPHBIM THIIOM, PEATH3YIOIIMM OTOOpa)KeHHE HJIIEMEHTOB M3 00JIacTH
ompeseseHus B 00J1acTh 3HAYCHHUI. DJIEMEHT M3 00JIACTU OMNpPECIICHHUs] HA3bIBACTCS KIIOUOM, a
COOTBETCTBYIOIIMK AJIEMEHT U3 00JacTH 3Haue€HUN — MPOCTO 3HayeHweM. [Ipu 3TOM ogHOMY
KJIIOYy COOTBETCTBYET POBHO OJTHO 3HAUCHUE.

DneMeHTaMu OTOOpakKeHHs MOTYT ObITh JI0ObIe crenuuKaluoOHHbIe cChUlkHM. [lpu cozmanum
OTOOpaXCHHSI MO’KHO OTPAaHUYUTH THIT €r0 JIEMEHTOB, MPUIEM OTICIIBHO JUISI SJICMEHTOB O0JIaCTH
ompeAeNeHuss W Ui DIEeMEHTOB oOmactu 3HaueHWil. Takoe oToOpakeHHWE Ha3bIBAETCS
TUITU3UPOBAHHEIM, a Bce (DYHKIMH, pabOTaronye ¢ HUM M WMEIONIUE MapaMeTp THma Object*,
OyayT MpoBepsTh, YTOOBI TUI ATOTO MapamMeTpa COBMAIaJ C TUIIOM JJIEMEHTOB COOTBETCTBYIOLICH
00acTH.

JIBa 0oTOOpa)KeHHsI CUMTAIOTCS PaBHBIMU, €CIIM OHU UMEIOT OJIMHAKOBBIE MHOXECTBA KIIOYEH, U
KOKJIOMY KJIIOYYy B 000MX OTOOpa)XEHUSX COOTBETCTBYIOT OJIMHAKOBBIC 3HaueHHs. [Ipu 3TOoM He
YUUTBIBACTCS TUIU3ALINSA OTOOpaKEHH, B YACTHOCTH, IyCThIe OTOOpaKEHUS BCETa PABHBI.

3aronoBo4HbIN hann: atl/map.h

* clear Map
@OyHKIMA yAansgeT u3 0TOOPaKEHHs BCE DJIEMEHTBI.

*» containsKey Map
DyHKIUSA IPOBEPSET, COACPKUT JIU 0T06pa)KeHI/Ie KJIFOY, PABHBIM JaHHOMY.

*» containsValue Map
DyHKIUSA IPOBEPSET, COACPKUT JIU 0T06pa)KeHI/Ie KJIFOY, PABHBIM JaHHOMY.

* create Map
(DYHKLII/ISI CO3J1a€T 0T06pa>1<eHHe M BO3BpallacT cneuI/I(bHKauHOHHyIO CCBIIKY THIA Map.

« get Map
d)yHKLII/IH BO3BpaIacT cr[euI/I(bI/IKauI/IOHHyIO CCBhIJIKY Ha 3HayeHHEe, COOTBETCTBYIOIICEC
KITI04Yy.

* getKey Map
q)yHKI_II/IH BO3BpalacT cneuI/IQ)I/IKauI/IOHHon CCBUIKY Ha KaKoﬁ—HI/I6y,uL KJIF04Y, KOTOPOMY
COOTBETCTBYCT JaHHOC 3HAUCHUE.

* isEmpty Map
DyHKIUS POBEPAET, MMYCTO JIU JAHHOE 0T06pa>1<eHHe.
* key Map
DyHKIUS BO3BPAIAET KIIOY OT06pa)KeHI/I${ B YKa3aHHOW MO3UIIUH.
* keyType Map
DyHKIMS BO3BpaAlla€T yKa3aTelb Ha KOHCTAHTY-JECKPHUIITOD CHeHI/I(l)I/IKaHI/IOHHOFO THIA,
KOTOPBIM OI'paHUYCHBI KIIIOYU JAaHHOTO 0T06pa>i<eHH51.

e put Map
@yHK1Ms 100aBIsSeT B 0TOOpaKEHUE Napy «KIJIIOU-3HAUCHHUEY.

* putAll Map
JloGaBnser B nepBoe OTO6pa)K€HI/I€ BC€ Maphl «KIII0Y—3HaYECHHUE» U3 BTOPOI0 OT06pa)KeHI/I$I.

* remove Map
CDyHKuI/Iﬂ yaaiasieT u3 OTO6pa>KeHI/I$I napy «KJIro4-3Ha4CHUE» I JAaHHOT'O KIIIo4a.



» size Map
@yHKIMA BO3BPALIAET Pa3zMep OTOOPaKEHHUSI.

o valueTyp_e_Map
DyHKIMS BO3BpalllaeT yKa3aTelb Ha KOHCTAHTY-JECKPHUIITOP Cl'IeI_II/I(bI/IKaHI/IOHHOFO THIIA,
KOTOPBIM OI'paHUYCHEI 3HAYCHUSA JaHHOI'O 0T06pa>1<eHH51.

clear Map
OyHKIHS yAaIsSeT U3 0TOOPaKCHHS BCE AJICMEHTHI.

void clear Map( Set* self )

MapameTpbl
self

Ounnraemoe oToOpakxeHHeE.
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) ;

OtobpakeHne m MEHSIETCSI TI0O MEpE BBITIOJIHEHUSI 3TOTO KOJa TaK:
I. { 28 - "a" }
2. { 28 5 "a", 47 - "b" }
3. {})

Tort ke pe3yabTaT MOKHO MOJIY4YHUTh, IEPECO31aB MHOKECTBO:

Map* m;

m = create Map (keyType Map (m), valueType Map (m));
Ho Takoii cnoco6 MeHee 3pdekTuBeH, ueM BbI30B QYHKIUU clear Map.
containsKey Map

OyHKIUS TPOBEPSIET, COACPKUT JIM OTOOpaKEHHE KITIOY, PABHBIM JaHHOMY.

bool containsKey Map( Map* self, Object* key )

MapameTpbl
self

ITpoBepsiemoe oTOOpaxKeHHe.

key

KJ'IIO‘-I, IIOUCK KOTOPOTO ITPOUCXOAUT B OTO6pa)KCHI/II/I.

Bo3Bpawaemoe 3Ha4yeHue

true, €CJIM K04 key COACPKUTCI B self. false B O6p8.THOM ciIy4ac.

JononHutenbHasa nHcpopmauma

Ecnu obGnacth ompeneneHus TUNU3UPOBAaHA, TO TUM DJIEMEHTa key JOJDKEH COBMAJaTh C THUIIOM
KJIIOUei 0TOOpaxKeHUsI.



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);
OtobOpakeHne m MEHSIETCSI TI0O MEpe BBITIOJIHEHUSI 3TOTO KOJa TaK:

I. { 28 - "a" }

2. {28 5 "a", 47 - "b" }

3HaueHHEe MEPEMEHHON contains MOCIe BBI30BA containsKey Map 6y,[[eT PaBHO true.

containsValue Map
OyHKIUS TPOBEPSIET, COAEPIKUT JI OTOOPAKEHHUE KITFOY, PAaBHBIN JaHHOMY.

bool containsValue Map ( Map* self, Object* value )

MapameTphbl
self

[TpoBepsiemoe oToOpakeHHE.

value

3HaueHue, MOMCK KOTOPOro MPOUCXOTUT B OTOOPaKEHUH.

Bo3Bpawaemoe 3Ha4yeHue

true, €CJIM 3HAYCHUE value CONEPKUTCS B self. false B 0OpaTHOM cllydae.

JononHutenbHasa nHcopmauma

Ecnu obnacTe 3HaYeHWI TUMHU3UPOBAaHA, TO THUIM AJIEMEHTa value JOHKEH COBIAJaTh C THIIOM
3HaYeHUI 0TOOpaKEeHUSI.

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"));
OtobpakeHrne m MEHSIETCSI TI0O MEpe BBITIOJIHEHUSI 3TOTO KOJa TaK:

I. { 28 - "a" }

2. {28 5 "a", 47 - "b" }
3HaueHUe NEPEMEHHON contains MOCHE BbI30Ba containsValue Map OyzeT paBHO true.
create Map

CDYHKI_II/IH co3JacT 0T06pa)KeHI/Ie H BO3BpaInacT CHCLII/Iq)I/IKaI_II/IOHHYIO CCBLIKY THIIA Map.

Map* create Map( const Type *key type, const Type *val type )



MapameTpsbl
key type

VYkazarteap Ha KOHCTAHTY-ACCKPUIITOP THUIIA KJIrouen 0T06pa)KCHI/I$I.
val type

VYkazarenb Ha KOHCTAHTY-JECKPUIITOP TUIA 3HAUCHUN OTOOpaxeHHs.

BoaBpalwaemoe 3Ha4yeHue

CrnenudukaoHHas CChIJIKA TUTIA Map.

HdononHutenbHasa uHcgpopmauums

Ecnu mapamerp key type HyleBOH, TO THIIBI 3JIEMEHTOB O0JACTH ONPEEICHHUS HE OrpaHUUYCHBI.
B npoTuBHOM ciyuyae nmapameTp JIOJKEH ABJISITHCS yKa3aTeleM Ha KOHCTAHTY-AECKPUITOP TUIA AJis
KJII04ell 0ToOpakeHHs. AHAJIOIM4HO, €CIM MapaMmerp val type HYJNEBOH, TO THIIbI 3JEMEHTOB
obnacTu 3HaUeHUH He orpaHuyeHbl. IHaye mapameTp JOJKEH SBISIThCS yKa3aTeleM Ha KOHCTaHTY-
JECKPHITTOP THUTIA IS 3HAYCHUA OTOOPaKEHUSI.

HepBa;I CTpOKa IpuMEpa CO34acT OTO6pa)I(eHI/IC oe3 TUIIN3alluU; BTOpPaAsaA CTPOKa CO34acT
0T06pa)K€HI/IC C KIIrouaMu TUIla Integer, TPEThA CTPOKA CO34ACT OT06pa)K€HI/I€ U3 Integer B
String.

Map* ml create Map (NULL, NULL);

Map* mZ2 = create Map(&type Integer, NULL);
Map* m3 = create Map (&type Integer, &type String);
@yHKIUA create Map ONpelelieHa Hapsay cO CTaHAApTHOU GYHKIMI create.

Map* ml = create(&type Set, NULL, NULL);

Map* m2 create Map (NULL, NULL);

JIBa mOKa3aHHBIX crloco0a CO3aHMs CIeUU(pUKATMOHHON CChUIKM (DYHKIIMOHAJIBHO SKBUBAJICHTHBI,
OJIHAKO HCIIOJIb30BAaHUE create HE ABISAETCA TUIIOOE30MACHBIM M BbI3BIBAECT IPEAYNPEXKICHHUE
TpaHchsTopa (cM. onrcanue QYHKIUU create).

get Map

@DyHKIMSA BO3BpAIIaeT CleHU(pUKALIMOHHYIO CChUIKY Ha 3HAYEHHE, COOTBETCTBYIOLIEE KIIOUY.

Object* get Map( Map* self, Object* key )
MapameTphbl
self

OTtobOpaxkeHue, 3EMEHT KOTOPOTo A0JKHA BEPHYTh (DYHKIIHSL.

key

KJ'IIO‘-I, COOTBGTCTBYIOH_II/Iﬁ HY>XHOMY 3HA4YCHUIO.

Bo3Bpaliaemoe 3Ha4yeHue

B03BpamaeTC$[ 3HAYCHUEC, COOTBCTCTBYIOIICC IICPECAAHHOMY KIIIOYY. Ecmu OTO6pa)KeHI/Ie HE
COZCPKUT JAaHHOI'O KJIr04Ya, BO3BpamacT NULL.

JononHutenbHas nHcpopmauma

Ecnu obOnacte ompeneneHus THMU3UPOBAHA, TO THUI DJIEMEHTa key JOJKEH COBHAAATh C THIIOM
KITIF04Yeil 0TOOpakeHusI.



Map* m = create Map(&type Integer, &type String);
Object* wval;
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));

OtobOpakeHne m MEHSIETCSI TI0O MEpe BBITIOJIHEHUSI 3TOTO KOJa TaK:
I. { 28 - "a" }
2. {28 5 "a", 47 - "b" }

3HayeHue NepeMEeHHON val Mocie BbI30Ba get Map OyneT paBHO "a".

getKey Map

OyHKUMS BO3BpallaeT CHeUU(UKAIMOHHYIO CChUIKY Ha KakoH-HMOyIb KIIHOY,
COOTBETCTBYET JTaHHOE 3HAYECHUE.

Object* getKey Map( Map* self, Object* value )
MapameTpbl
self

OTto0OpakeHue, MEMEHT KOTOPOTO J0JDKHA BEPHYTh (PYHKITHSL.

value

3HaueHHe, COOTBETCTBYIOUIEE HY>)KHOMY KITIOUY.

BoaBpalwaemoe 3Ha4yeHue

KOTOpOMY

BosBpamaercs oaMH U3 KIIIOYEH, COOTBETCTBYIOIIMX JaHHOMY 3HaueHHIo. Eciau otoOpaxeHnue He
COJIEP’KUT HU OJJHOTO KIII0Ya, KOTOPOMY COOTBETCTBYET JaHHOE 3HaYCHHE, BO3BpanaeT NULL.

JononHutenbHasa nHcopmauma

Ecnu obnacTe 3HaYeHWI TUMHU3UPOBAaHA, TO THUIM JAJIEMEHTa value JOHKEH COBMAJaTh C THIIOM

3HaYeHUI 0TOOpaKEeHUSI.
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);
OTtoOpaskeHre m MEHSIETCS IO Mepe BBIMIOTHEHUS STOTO KOJIa TaK:

I. { 28 - "a" }

2. { 28 - "a", 47 - "a" }

3Ha4yeHue crenu(puKalioOHHON CCBIIKU key MOCIE BbI30Ba getKey Map OyleT paBHO 28 wiu 47.

3HadyeHne HCpCMCHHOfI equ MIOCJIC BBI30BA equals paBHO true.



isEmpty Map
DyHKIUS POBEPSET, MYCTO JIK TAHHOE OTOOPaKECHHE.

bool isEmpty Map( Map* self )

MapameTphbl
self

[TpoBepsiemoe 0TOOpaKeHHeE.

Bosspamaemoe 3Ha4YeHue

BosBpamaer true, ecim OTOOpaXkeHHE HE COAEPXKUT HU OJHOM Mapbl «KIIOY—3HAUCHHE»; B
IPOTHBHOM Clly4dac BO3BpallacT false.

JononHutenbHaa uHgopmauusa
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);

3HaueHHe NMEePEMEHHON empty IMOCIE NEPBOro BbI30BAa 1sEmpty Map OyJeT paBHO true, a HOCHE
BTOpOro (Korja B oToOpakeHue Oyner mobapieHa mapa 28 — "a") — false.

key Map
DyHKIMS BO3BpAIIAET KIFOY OTOOpaXEHHUS B YKa3aHHOM MO3HUITUH.

Object* key Map( Map* self, int index )

MapameTphbl
self

OTtob6pakeHue, KI04Y KOTOPOT'o J0JKHA BEPHYTh (DYHKIIHSL.
index

Howmep kitoua, KOTOpBIi 10JKHA BEPHYTH (DYHKIIHSL.

BosBpamaeMoe 3Ha4YeHue

CrneungukaoHHas CChUIKA Ha KJIIOY OTOOpa)KeHUs B MO3ULUU index.

HdononHutenbHasa uHcgopmMauums

Ota (GyHKIHS CIy)KUT IS iepedopa Beex Kiroueii otoopakeHus. [10CKoIbKy MHOKECTBO KITFOUEH
HEYIOPSA0YEHO, 3JIEMEHTHl HYMEpPYIOTCS HEKOTOPBIM IPOW3BOJIBHBEIM 00pazom. Homep mozummmn
JOJDKEH HAaXOOUThcs B HMHTepBaje oOT O 0 pasMepa MHOXectBa — 1, T. e.
0 £ index < size Map (self).

Map* ml = create Map(&type Integer, &type String);
Map* m2 = create Map (&type Integer, &type String);
int i;

bool equ;

put Map (ml,create Integer(28),create String("a"));



put Map (ml,create Integer(47),create String("b"));
for (i = 0; i < size Map(ml); i++) {

Object* key = key Map(ml,1i);

Object* wval

get Map (ml, key) ;
put Map (m2, key,val);
}
equ = equals (ml,m2);
OtobpaxkeHne m1 MEHSIETCS TI0O MEPE BBITIOJIHEHHSI 3TOTO KOJIa TaK:
I. { 28 - "a" }
2. { 28 - "a", 47 - "b" }

AHaJOTMYHO U3MEHSETCS 0TOOpakeHHe m2, HO U3-3a HEYNOPSIOUEHHOCTH KIII0Uel B 0TOOpaKeHUU
MOPSAZIOK MOOABICHHS Tap «KITI0Y-3HAYSHHE» OJHO3HAYHO OMKCATh HElb3sl. 3HaUeHUE MePEeMEHHOMN
equ TIOCIIe BBhI30Ba equals OyAeT paBHO true.

keyType Map

@DyHKIMSA BO3BpAILAET yKa3aTeidb HA KOHCTAHTY-AECKPUITOP CIEHU(PUKAIIMOHHOTO TUIIA, KOTOPHIM
OrpaHUYEHBI KIIFOYH JAHHOTO OTOOpaKeHUsL.

Type *keyType Map( Map* self )

MapameTphbl
self

CHGHI/I(bI/IKaHI/IOHHaH CCBIJIKa Ha JAaHHOC 0T06pa)KeHI/IC.

Bo3Bpawaemoe 3Ha4yeHue
OyHKIMS BO3BpalIaeT yKa3aTellb Ha KOHCTAHTY-JAECKPUIITOP CHEIM(PUKAITMOHHOTO THUIIA, KOTOPHIM
OTPaHUYCHBI KJIIFOYH JIAHHOTO OTOOpakKeHHUSI.
JononHutenbHasa uHcopmauusa
Ecnu oGnacTe onpeneneHus oToOpakeHust He TUITU3UPOBaHa, Bo3BpamiaeT NULL.
Map* m = create Map (&type Integer, &type String);
Type *t = keyType Map (m);
3HayeHue CHeuu(UKAIMOHHON CCBUIKM t IOCIE BbI30Ba (PYHKIMHM keyType Map OylneT paBHO
&type Integer.
put_Map
OyHkuus 100aBIsSeT B 0TOOpaKEHUE MApy «KIIIOU-3HAYCHHEY.

Object* put Map( Map* self, Object* key, Object* value )
MapameTpsbl
self

OTOGpa)KCHI/IC, B KOTOPOC I[O63BJ'I$ICTC$I napa «KJIr049-3HaUCHUCH .

key

Kitou no6aBiisiemoii B 0TOOpakeHue Maphl.



value

3HaueHue 100aBisieMoil B 0TOOpaskeHue maphbl.

Bo3Bpawaemoe 3Ha4yeHue

Ecnu otobOpakeHne He CONEPKUT KItoua key, PyHKIUs Bo3BpamiaeT NULL. Eciu ke oTroOpakenue
YK€ COJIEPIKUT KITF0U key, TO GYHKIIHS BO3BPAIIAET COOTBETCTBYIOIIEE €My CTapoe 3HAUCHUE.

HdononHuTtenbHasa uHcgpopmauums

Ecnu obnacth onpeneneHus TMIIM3UPOBaHA, TO TUIM 3JIEMEHTAa key JOJKEH COBHANaTh C THUIIOM
Kiroueit oroOpaxkenus. Ecnu o6nacTh 3Ha4eHU THIU3MPOBaHA, TO TUM 3JEMEHTa value JOJKEH
COBIAJATh C TUIIOM 3HAYEHUI OTOOpaKeHUsI.

Eciu oroOpaxeHre HE CONEPKHUT KIo4a key, TO B OTOOpa)keHHWE M00aBIsSETCS KUY key U
COOTBETCTBYIOIIleE €My 3HaueHue value. Eciu ke O0TOOpa)keHHE yKe COIEPKHT K4 key, TO
(GYHKIMS BO3BpAIlaeT COOTBETCTBYIOIEE €My CTapoe 3HAueHHEe, a B OTOOPaKEHUU CTapoe
3HAYCHHE 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"));
OTtoOpaskeHre m MEHSIETCS 110 Mepe BBIMIOTHEHUS STOTO KOJIa TaK:
I. { 28 - "a" }
2. { 28 5 "a", 47 - "b" }
3. { 28 - "c", 47 - "b" }
3HaueHue val MOocie KaXJ0ro M3 MEPBBIX ABYX BBI30BOB put Map paBHO NULL; IOCIE TPETHETO

BbI30BA OHO CTAHOBUTCS paBHBIM "a'.

putAll Map
JloGaBisieT B mepBOe OTOOPAKEHUE BCE MAPBI «KIIOY—3HAYCHUE» U3 BTOPOTO OTOOPAKCHHUS.

void putAll Map( Map* self, Map* t )

MapameTpbl
self

Otobpaxkenue, B KOTOpoe J0OaBIISIOTCS JJIEMEHTHI.

OTO6pa)KCHI/Ie, QJICMCHTBI KOTOPOT'0 I[O6aBJ'IHIOTCSI B self.

JononHutenbHas nHcpopmauma

Ecnmu obnacte ompeneneHuss oToOpakeHUs self THUNH3UPOBAHA, TO THUIBI BCEX KIIOYEH
oTOOpaKeHHs t JOJDKHBI COBMAJATh C TUIOM KIIOUYEH OTOOpaxeHHs self. AHAIOTUYHO, €CITU
001acTh 3HaYCHUH OTOOpPAKEHUSI self THIHU3UPOBAHA, TO THUITBI BCEX 3HAYCHHH OTOOPAXCHHS t
JOJKHBI COBIAJATh C TUIIOM 3HAueHUN oroOpaxkenus self. [Ipum 3TomM HE Tpebyercs, YTOOBI
o0JacTu omnpesieNieHus: U 3HaUeHUH 0TOOpaXkeHUs t ObUIM TUMH3UPOBAHBI.



Ecnmu  orobpaxenue

COOTBCTCTBYIOIICC €EMY 3HAUCHUEC 3aMCHACTCS Ha HOBOC.

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);

OTtoOpaykeHue m1 MEHSIETCsSl TAKUM 00pazoM:

I. { 28 - "a" }

2' { 28 uau, 63  "b" }

OtobpaxkeHne m2 MEHSIETCS TaK:

I. { 28 - "c" }

2' { 28 "C", 47 - "gn }

self YyXe COIEPXKHUT HEKOTOPBIH KIIOY U3 OTOOpaxeHus

[

TO

[Tocne BbI30Ba putAll Map B OTOOpakeHue ml JoOaBisercs mapa 47 — "d" M 3HA4YEHHUE IO
K04y 28 MEHACTCS Ha "c':

3. { 28 _, "C", 47 "d", 63 _ "p" }

remove Map

OyHKIUS yAATSET U3 OTOOpaKEHUs Mapy «KI0Y-3HAYCHHUE) IS JAHHOTO KITFoYa.

Object* remove Map (Map* self, Object* key);

MapameTpbl
self

key

OtobOpaxeHue, 3 KOTOPOTro YAAISIETCS DJIEMEHT.

Kirou ynansemMoi nmapsl «KJIF04-3HAa4CHHUE).

Bo3Bpawaemoe 3Ha4yeHue

Bo3sBpaijaer 3HaueHne, KOTOPOE COOTBETCTBOBAIO KIIIOUY key B OTOOpaK€HUU self, WU NULL,
€CJIM TAaKOT'0 3HaueHUsI He ObLIO.

HdononHutenbHasa uHcgpopmMauums

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));

IlepBelif BBI30B (GYHKIMM remove Map BO3BpAaIlaeT CTPOKOBOE 3HAYEHUE, COOTBETCTBYIOIIEE
K04y 28: "a". Bropoii BbI30B Bo3BpalaeT NULL, Tak Kak [apa ¢ KJII0UOM 28 yxe Obljia yJajieHa.



size Map
DyHKIMS BO3BpAIIAET pa3Mep OTOOpaKeHHUS.

int size Map( Map* self )

MapameTphbl
self

OTtoOpakeHue, pazMep KOTOPOro A0HKHA BEPHYTh (DYHKITHUS.

Bosspamaemoe 3Ha4YeHue

(DYHKI_II/IH B3BpallacT TOYHOC KOJIMYCCTBO 11ap B 0T06pa)KeHI/II/I.

dononHutenbHasa uHcpopmauus
Pa3zmepoM cunTaeTcss KOJTUYECTBO Map «KIY—3HAYCHUE, COACPIKALIUXCI 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 CTAHOBHUTCA paBHOU Hyio. Ilocie BToporo
BbI30BA size Map MepeMEHHas paBHa 1, TaK KaK B 0OTOOpa)keHHue ObUT 100aBICH O/UH 3JIEMEHT.

valueType Map

CDYHKI_II/IH BO3Bpalla€T yKa3aTeCJib Ha KOHCTAHTY-ACCKPUIITOP CHCI_[I/I(l)I/IKaI_[I/IOHHOFO TUIIA, KOTOPbIM
OrpaHNYCHbI 3HAYCHUA JaHHOT'O OTO6pa)KCHI/Iﬂ.

Type *valueType Map( Map* self )

MapameTpbl
self

CrnenudukanroHHas CChIJIKA HAa JAHHOE OTOOpayKeHNe.

Bo3Bpawaemoe 3Ha4yeHue
OyHKIMS BO3BpAIAET yKa3aTelb HA KOHCTAHTY-JIECKPUIITOP CIEeNU(DUKAIMOHHOTO THIA, KOTOPHIM
OTpaHWYEHBI 3HAYEHUS TAHHOTO OTOOpaKEeHUSI.
[dononHutenbHasa uHcpopmauus
Ecnu o6nacth onpeenenrs 0ToOpaxxeHusl He TUITU3UPOBaHa, BO3BpamiaeT NULL.
Map* m = create Map(&type Integer, &type String);
Type *t = valueType Map (m);

3HaueHHe CeHU(PUKANOHHON CCBUIKM t MOCIE BbI30Ba QYHKIMU valueType Map OyaeT paBHO
&type String.



14.2.15 Multiset

Tun MultiSet sBisieTcs KOHTEHHEPHBIM THUIIOM, PEAIU3YIOIIMM MYJIbTHMHOXXECTBO 3JIEMEHTOB
(T.€. MHOXECTBO, AJIEMEHTBI KOTOPOTO MOT'YT IIOBTOPSITHCS).

DneMeHTaMH MYJIBTHMHOXCCTBA MOT'YT OBITh JIIOOBIE CHCI_[I/I(bI/IKaLII/IOHHBIC CCBIJIIKH. HpI/I CO3aaHnun
MYJIIbTUMHOKCCTBA MOXHO OI'paHUYUTE THUII €0 3JICMCHTOB. Takoe MYJIbTUMHOKCCTBO HA3bIBACTCA
TUIIU3UPOBAHHBIM, a4 BCC (l)yHKI_II/II/I, pa6OTaIOH_[I/IC C HUM U UMCHOINHC MapaMCTp THUIIA Object*,
6YJIYT IMPOBEPATD, YTOOKI THI 3TOTO napamMeTpa CoBraaajl ¢ TUIIOM 3JICMCHTOB MYJIbTUMHOXKCCTBA.

I[Ba MYJIbTHUMHOXKCCTBA CUUTAOTCA PAaBHBIMU, €CJIIM OHU UMCHOT OJAUHAKOBBIC 3JICMCHTDBI (C yueToM
KpaTHOCTI/I). HpPI OTOM HC YUYHUTBLIBACTCA THUIIU3ALUA MYJIBTUMHOXCECTB, B YaCTHOCTHU, ITYCTBLIC
MYJIbTUMHOKCCTBA BCCTIAa paABHBI.

3aronoBo4HbIN hann: atl/multiset.h

add MultiSet
DyHKIMSA BCTABIAET 3aJaHHBIN 3JIEMEHT B MYJIbTUMHOXKECTBO.

addAll MultiSet
JloGaBiisieT 3J1eMEHThI OJTHOTO MyJIbTUMHOXECTBA B APYroe.

clear MultiSet
DyHKIUSA yAanseT u3 MyJIbTUMHOXKECTBA BCE DJIEMEHTHI.

contains MultiSet
DyHKIMSA BO3BPAIIAET KPAaTHOCTh BXOXKJICHUS B MYJbTHUMHOKECTBO 3JIEMEHTA, PaBHOTO
JAHHOMY.

containsAll MultiSet

Omnpenensier, sSIBASETCS JIU OJHO MYJIbTHUMHOXXECTBO MOJIMYJIbTUMHOKECTBOM JIPYroro, TO
€CTh, COJEPXKHUT JM TEpBOE MYJIbTHUMHOXECTBO BCE D3JIEMEHTHI BTOPOTO (C ydeToM
KpPaTHOCTH).

create MultiSet

OyHKIUSA CcOo3MaeT MYJIbTUMHOKECTBO W BO3BpAIllacT CHEHU(UKAIMOHHYIO CChUIKY THIIA
MultiSet.

elemType MultiSet
OyHKIIMA BO3BpAIaeT yKa3aTelb Ha KOHCTAHTY-IACCKPUNTOP CHEIU(UKAIMOHHOTO THUIIA,
KOTOPBIM OI'PaHUYEHBI JJIEMEHTHI JaHHOI'O MYJIbTUMHOYKECTBA.

get MultiSet
@yHKIMSA BO3BpaLIACT CHeL[I/I(bHKaL[I/IOHHyIO CCBUIKY Ha 3JIEMEHT C 3aJaHHBIM HOMEpPOM,;
3JIEMEHTHI MYJIbTUMHOYKECTBA IIPU dTOM HYMEPYIOTCSI IPOU3BOJILHO.

isEmpty MultiSet
DyHKIUS POBEPSIET, MYCTO JIU JAHHOE MYJIbTUMHOXKECTBO.

remove MultiSet
DyHKIMUSA ONHOKPATHO YAAISAET AIEMEHT U3 MYJIbTUMHOKECTBA (T.e. KPaTHOCTb BXOXKJIEHUSI
ATOTO JIEMEHTA B MYJbTUMHOKECTBO YMEHbINIaeTcs Ha 1).

removeAll_MultiSet
Bpruntaer 0qHO MyJIBTUMHOKECTBO U3 IPYTOro: YAAISET U3 MEPBOTO MYJIBTUMHOXKECTBA TE€
3JIEMEHTHI, KOTOPBIE €CTh BO BTOPOM (c YUETOM KpaTHOCTH).



removeCount MultiSet
DyHKIUSA YyMEHBIIAET KPATHOCTh BXOXKICHHUS JTAHHOT'O JIEMEHTAa B MYJIbTHUMHOKECTBO Ha
YKa3aHHYIO BEIUYUHY.

removeFull MultiSet
@yYHKIUS MOJTHOCTHIO YAAISIET AJIEMEHT U3 MYJIbTHUMHOKECTBA (T.e. KpPaTHOCTh BXOXKJICHUS
3TOr0 DJIEMEHTA B MYJILTUMHOKECTBO CTAHOBUTCS pPaBHA O).

retainAll MultiSet
Brerunciser NEepeCCUCHUC MYJIIbTUMHOKCCTB: OCTaBJIKICT B IICPBOM MYJIBTHUMHOXKCCTBC
TOJIBKO T€ 3JIEMEHTBI, KOTOPBIEC €CTH BO BTOPOM (c Y4E€TOM KpaTHOCTI/I).

size MultiSet
DyHKIMSA BO3BPAILAET KOJIMYECTBO AJIEMEHTOB MYJbTUMHOKECTBA.

tolist MultiSet
DyHKIMA BO3BpamiaeT CHucok (List), COCTOSIIMH W3 BCEX DJJIEMEHTOB JIaHHOTO
MYyJIbTUMHOXECTBA.

toSet MultiSet
@yHKIMSA BO3BpAIla€T MHOYKECTBO (set), coAeprKallee BCEe DJIEMEHTBI JaHHOTO
MYJIbTUMHOXKECTBA.

add MultiSet
DyHKIUS BCTABIAET 3aJJaHHBIA 3JIEMEHT B MYJIbTUMHOKECTBO.
bool add MultiSet ( MultiSet* self, Object* ref )

MapameTphbl

self

MYJIBTHUMHOKCCTBO, B KOTOPOC OCYHICCTBJISACTCA BCTAaBKaA.

ref

3HaueHue CHCHI/I(bI/IKaHI/IOHHOFO TUIIA, BCTABJIICMOC B MYJIbTUMHOKCCTBO.

BosBpamaemoe 3Ha4YeHue

true, ecM BCTaBKa ObLIa ycremHoi. B mob6om npyrom ciyyae — false.

OononHutenbHasa uHcgopmMauums

Ecau MYJIBTUMHOKCCTBO THUIIM3UPOBAHO, TO THII 3JICMCHTA ref JIOJDKEH COBHAJaTh C TUIIOM
OJIEMCHTOB MYJIbTUMHOXXECCTBA.

MultiSet* s = create MultiSet (&type Integer);

add MultiSet (s, create Integer (28));

add MultiSet (s, create Integer (47));

add MultiSet (s, create Integer (28));

MYJIBTUMHOXKCCTBO s MCHACTCA IO MCPE BBINIOJIHEHUA 5TOI'0 KOJia TaK:

l.
2.
3.

{ 28}
{ 28, 47 }
{ 28, 47, 28 }

addAll MultiSet

I[06aBJI${eT OJICMCHTBI OJHOT'O MYJIbTUMHOXKCECTBA B APYrocC.



bool addAll MultiSet( MultiSet* self, MultiSet* set )

MapameTphbl
self

MYJIBTUMHOXCCTBO, B KOTOPOEC I[O6&BJ'I$IIOTC$I OJICMCHTBI.

set

MYJIBTUMHOXCCTBO, DJIECMCHTEI KOTOPOI'O ,Z[O6aBJ'I$IIOTC${ B self.

Bo3Bpawaemoe 3Ha4yeHue

Ecnm B pesynbrare 0ObeIWHEHHS B MYJBTHMHOXKECTBO self ObuT J00aBlieH XOTsS OBl OJUH
aMeMeHT, GYHKIIHUS Bo3BpalaeT true. B mobom apyrom cnyyae — false.

HononHutenbHasa uHcgpopmauums

Ecnu MyJIbTUMHOXECTBO self TUIHU3UPOBAHO, TO TUIIBI BCEX JJIEMEHTOB MYJIbTUMHOXECTBA set
JOJDKHBI ~ COBIAZAaThb C TUIOM JJIEMEHTOB MYJbTUMHOXECTBA self (IpU 3TOM CaMo
MYJIbTUMHOKECTBO set He 0053aHO OBbITh TUITU3UPOBAHHBIM).

bool changed;
MultiSet* sl = create MultiSet (&type Integer);
MultiSet* s2 = create MultiSet (NULL);
add MultiSet (sl,create Integer (28));
add MultiSet (sl,create Integer(47));
add MultiSet (s2,create Integer (28));
add MultiSet (s2,create Integer (47));
add MultiSet (s2,create Integer(63));
changed = addAll MultiSet (sl,s2);
MYJTBTUMHOKECTBO s1 MEHSIETCS TaKUM 00pa3zoMm:
. { 28}
2. { 28, 47 }
MYJIbTUMHOXECTBO s2 MEHAETCS TaK:
3. { 28}
4. { 28, 47 }
5. { 28, 47, 63}

[Tocne BeI30Ba addAll MultiSet MyJIBTUMHOXECTBO s1 MEHSETCS TaK:
6. { 28, 47, 28, 47, 63}

a repeMeHHasi changed CTAHOBUTCS pPaBHOM true.
clear MultiSet

DyHKIUSA yAAISET U3 MYJIbTUMHOXKECTBA BCE DJIEMEHTHI.
void clear MultiSet ( MultiSet* self )



MapameTpsbl
self

O‘-II/II_I_IaCMOC MYJIIbTUMHOKCCTBO.

[dononHutenbHaa nHdopmaumsa
MultiSet* s = create MultiSet (&type Integer);
add MultiSet (s,create Integer(28));
add MultiSet (s,create Integer(47));
clear MultiSet(s);
MYJIBTHUMHOYXECTBO S MEHSIETCS 10 MEPE BHIIIOJIHEHUS 3TOTO KOJa TaK:
I. { 28 }
2. { 28, 47 }
3. {})

Tort xe PE3YIbTAT MOXXHO IMOJIYYHUTDh, IIEPECO3J1aB MYJIbTUMHOXECTBO!:

MultiSet* s = create MultiSet (&type Integer);

s = create MultiSet (elemType MultiSet(s));

Ho Taxoii cioco6 menee 3(ppeKTuBeH, ueM BbI30B PYHKIUHU clear MultiSet.

contains MultiSet
DyHKIUS BO3BpAIlAa€T KPATHOCTh BXOXK/ICHHS B MYJIbTUMHOKECTBO 3JIEMEHTA, PABHOTO JJAHHOMY.
int contains MultiSet( MultiSet* self, Object* ref )

MapameTpsbl
self

IIpoBepsieMoe MyJIBTUMHOXKECTBO.
ref

3HadueHMNe CHCHI/I(l)I/IKaHI/IOHHOFO THUIIA, TIOUCK KOTOPOT'0 MPOUCXOAUT B MYJIbTUMHOXKCCTBE.

Bo3Bpau4aeMoe 3Ha4YeHune

KpaTHOCTh BXOKJIEHNS B MYJIBTUMHOXECTBO Self 3JIEMEHTa ref.

HononHutenbHasa uHcgpopmMauums

Ecmm MYJIBbTUMHOKCCTBO THUIIM3UPOBAHO, TO THII 3JICMCHTA ref JIOJDKEH COBHAJAaTh C TUIIOM
QJIECMCHTOB MYJIbTUMHOXKECTBA.

int contains;

MultiSet* s = create MultiSet (&type Integer);
add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(47));

add MultiSet (s,create Integer(28));

contains = contains MultiSet (s,create Integer (28));



MYJIbTUMHOXECTBO S MEHSCTCS IO MEPE BBIIIOJIHECHUA 3TOT0 KO TaK:
1. { 28}
2. { 28, 47}
3. { 28, 47, 28}

3HayeHue NepeMEeHHON contains MOCHE BbI30Ba contains MultiSet OyneT paBHO 2.

containsAll MultiSet

OHpCI[CJ'IS[CT, ABJICTCA JIM OAHO MYJIBTHMHOXKCCTBO IHOAMYJIBTUMHOXECTBOM JApPYroro, To €CTb,
COJACPIKHUT JIU IICPBOC MYJIbTUMHOKCCTBO BCC 3JICMCHTBI BTOPOTI'O.

bool containsAll MultiSet ( MultiSet* self, MultiSet* set )

MapameTpbl
self

MynbTUMHOXKECTBO,  KOTOPO€  HY)KHO  IPOBEpPUTH  HA  COAEpNKAHME  DJIEMEHTOB
MYJIbTUMHOXECTBA set.

set

[IpennonoxuTenbHOe MOAMYIBTUMHOKECTBO self.

BosBpau.laemoe 3Ha4YeHue

true, €CIH BCC 3JICMCHThI MYJIbTUMHOXECTBA set COACPKATCA B MYJIbTUMHOXKECTBE self. false
B JII00OM JIpyroM Cilyyae.

OononHutenbHaa MHgopmauusa
bool contains;

MultiSet* sl = create MultiSet (&type Integer);

MultiSet* s2 = create MultiSet (NULL);
add MultiSet (sl,create Integer (28));
add MultiSet (sl,create Integer(47));
add MultiSet (s2,create Integer (28));
add MultiSet (s2,create String("a"));
add MultiSet (s2,create Integer (47));

contains containsAll MultiSet (sl,s2));

contains = containsAll MultiSet (s2,sl1));

MYJBTUMHOKECTBO s1 MEHSIETCA TaKUM 00pa3zoMm:
I. { 28}
2. { 28, 47 }

MYJIbTUMHOKECTBO s2 MEHAETCS TaK:
3. { 28}

4. { 28, a }
5. { 28, a, 47 }



ITociie mepBoro BbI30Ba containsAll MultiSet mepeMeHHas contains CTAHOBUTCS PAaBHOM
false, a IOCJIE BTOPOTO BhI30OBA — true.

create MultiSet

OyHKIUA CO3JaeT MYJITUMHOXECTBO U BO3BpaIllaeT CHCIU(PUKAIMOHHYIO CCBUIKY THIIA
MultiSet.

MultiSet* create MultiSet( const Type *elem type )

MapameTpsbl
elem type

VkazaTenp Ha KOHCTAHTY-JACCKPUIITOP THUIIA 3JICMCHTOB MYJIbTUMHOXKCECTBA.

BoaBpalwaemoe 3Ha4yeHue

CHCL[I/I(I)I/IKaLII/IOHHa}I CCBhUIKA THUNA MultiSet HAa BHOBb CO3JaHHOE MYJIBTHMHOXKCCTBO.

HdononHutenbHaa nHdopmaumsa
Ecnu mapamerp elem type HyI€BOH, TO TUIIBI JJIEMEHTOB MYJIbTUMHOKECTBA HE OTPAaHUYCHBI.
MultiSet* sl = create MultiSet (NULL);

MultiSet* s2 = create MultiSet (&type Integer);

IlepBBIM BBI30BOM create MultiSet CO34aHO MYJIbTUMHOXECTBO, B KOTOPOE MOXKHO BKJIIOYATh
It00bIe 3JIeMEHTBl. MyJIbTUMHOXKECTBO, CO3JJaHHOE BTOPBIM BBI30BOM, MOXET COJAEPKAaTh TOJBKO
JJIEMEHTBI THUIIA Integer.

OyHKIUA create MultiSet omnpezaeneHa Hapsdy CO CTAHAAPTHOM QYHKUUH create.
MultiSet* sl = create(&type MultiSet, NULL);
MultiSet* s2 = create MultiSet (NULL);

JIBa MmoKa3aHHBIX cIIoco0a co3MaHus CrIeU(UKAIMOHHON CChIIKH (QYHKIIMOHATBHO SKBUBAJICHTHBI,
OIHAKO MHCIIOJIb30BAHUEC Ccreate HE SBJSICTCS TUIIOOE30IaCHBIM U BBI3BIBAET npeaynpexKIaCHucC
TpaHcasTopa (cM. onMcanre QyHKIUU create).

elemType MultiSet

@DyHKIMSA BO3BpAILAET yKa3aTeidb HA KOHCTAHTY-AECKPUITOP CIEHU(PUKAIIMOHHOTO THUIA, KOTOPHIM
OTPaHUYEHBI DJIEMEHTHI JaHHOI'O MYJIbTUMHOKECTBA.

Type *elemType MultiSet (MultiSet* self)

MapameTphbl
self

MYJIBTHUMHOXCCTBO, OI'PaHUYCHUS KOTOPOI0 JOJIKHA BEPHYTH (byHKI_[I/IH.

Bo3Bpawaemoe 3Ha4yeHue

Vxkazarens Ha KOHCTAHTY-ACCKPUIITOP CHeHI/I(l)I/IKaI_[I/IOHHOFO THUIIA, KOTOPBIM OI'paHUYCHbI 3HAYCHUA
JaHHOT'O MYJIbTUMHOKCCTBA.

Ecnu MyiabTUMHOXECTBO HE THUIM3MPOBAHO (TMPH CO3/aHMM HE OBbLIO HAJO0XKEHO OTPaHUYEHHUI Ha
THIIBI JIEMEHTOB), QYHKIIUS BO3BpaIiaeT NULL.

JononHutenbHasa nHcpopmauma
MultiSet* s = create MultiSet (&type Integer);



Type *t = elemType MultiSet(s);
[lepemennas t nmpuoOpereT 3HaUeHHUE &type Integer.

get MultiSet

OyHKIUSA BO3BpAIIAET CIEHU(UKAIIMOHHYIO CCBUIKY Ha AJIEMEHT C 3aJJaHHBIM HOMEPOM; DJIEMEHTHI
MYJIbTUMHOKECTBA IIPU 3TOM HYMEPYIOTCS IIPOU3BOJIBLHO.

Object* get MultiSet( MultiSet* self, int index )

MapameTpsbl
self

MYJIIbTUMHOKCCTBO, 9JICMCHT KOTOPOT'O AOJI’KHA BEPHYTH (bYHKI_II/IH.

index

Howmep anemenTa, KOTOpBIH JOKHA BEpHYTh (DYHKIIHUS.

BoaBpalwaemoe 3Ha4yeHue

CrenunukanoHHas CChUIKa THITA Object.

HononHutenbHasa uHcgopmauums

Orta GyHKIOUS CIOYyKUT [Ans mepedopa  BceX DJIEMEHTOB MYyJIbTUMHOXecTBa. llockoibKy
MYJIbTUMHOKE€CTBO HEYIOPSIA0UYEHO, DIEMEHTHl HYMEPYIOTCS HEKOTOPBIM MTPOU3BOIBHBIM 00pa30M.
Homep no3unuum noiKeH HaXOAUThCsl B MUHTEPBAIE OT 0 10 pa3Mepa MYJIbTUMHOXKECTBA — 1, T. €.
0 £ index < size MultiSet (self).

MultiSet* sl = create MultiSet (&type Integer);
MultiSet* s2

create MultiSet (&type Integer);

int i,

bool equ;

add MultiSet (sl,create Integer (28));

add MultiSet (sl,create Integer (47));

add MultiSet (sl,create Integer (63));

for(i=0; i < size MultiSet(sl); i++)

add MultiSet (s2, get MultiSet(sl,i));

equ = equals(sl,s2);
MYJIBTHUMHOXECTBO s1 MEHSETCS 10 MEPE BBIIIOJIHEHUSA 3TOT0 KOJa TaK:

I. { 28}

2. { 28, 47 }

3. { 28, 47, 63}
3HaueHne MEePEeMEHHON equ TOCTE BBI30BA equals OylIeT paBHO true, MOCKOJIBKY B IMKIIC BCE
3JIEMEHTHI s1 OyAyT M0OABJICHBI B 52, TO €CTh MYJbTUMHOXECTBA OyIyT PaBHBI.
isEmpty MultiSet
DyHKIUS IPOBEPSET, MYCTO JIM JAHHOE MYJIbTUMHOKECTBO.

bool isEmpty MultiSet( MultiSet* self )



MapameTpsbl
self

[IpoBepsieMoe MyJIBTUMHOKECTBO.

BoaBpalwaemoe 3Ha4yeHue

true, €CJIM B MYJIbTUMHOXXECTBE HET HM OJHOIO dJIeMCHTa U false B 06paTHOM cJydac.

HdononHutenbHasa MHcpopmauus

bool empty;

MultiSet* s = create MultiSet (&type Integer);

empty = isEmpty MultiSet(s);

add MultiSet (s,create Integer(28));

empty = isEmpty MultiSet (s);
3HaueHHe NEPEMEHHON empty MOCIHE NMEPBOro BbI30BA isEmpty MultiSet OymeT paBHO true, a
rocyie BTOporo (Korjaa B MyJbTUMHOKECTBO Oy/ieT 100aBiIeHo uncio 28) — false.

remove MultiSet

q)yHKHI/Iﬂ OAHOKPATHO YAAJIACT J3JICMCHT U3 MYJIbTUMHOKCCTBA (T.e. KpaTHOCTE BXOXICHHSA O3TOI'0
QJICMCHTA B MYJIbTUMHOKXCCTBO YMCHbIIACTCA HA 1).

bool remove MultiSet( MultiSet* self, Object* ref )

MapameTpbl
self

MYJIIbTUMHOKCCTBO, U3 KOTOPOI'0 YAAIACTCA SJICMCHT.

ref

Y,HaHHeMHﬁ N3 MYJIbBTUMHO>KCCTBA 3JICMCHT.

Bo3aBpalwaemoe 3Ha4yeHue

Ecnu B pesynbTare BHIYUTAHUS M3 MYJIBTUMHOXKECTBA self OBbUI yJaleH XOTS Obl OMH JIEMEHT,
¢yHkuus Bo3Bpamaer true. B mobom npyrom cinydae — false.

JononHutenbHasa nHcopmauma

Ecimu MYJIbTUMHOXXECTBO THIHU3HUPOBAHO, TO THI 3JEMEHTA ref JOJDKCH COBIaAaTb C THIIOM
OJICMCHTOB MYJIbTUMHOXCCTBA.

bool changed;

MultiSet* s = create MultiSet (&type Integer);
add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(47));

add MultiSet (s,create Integer(28));

changed = remove MultiSet (s,create Integer (28));

changed = remove MultiSet (s,create Integer (63));
MYJIBTUMHOXECTBO s MEHSIETCS 110 MEPE BBIIMOIHEHUA ITOT0 KOJa TaK:

I. { 28}



2. { 28, 47 }
3. { 28, 47, 28 }
4. { 47, 28 }
3Ha4yeHue NepeMEeHHON changed NOCIE NEPBOTo BbI30Ba remove MultiSet Oyder paBHO true, a

Iocje BTOporo — false.

removeAll MultiSet

Brrauraer OAHO MYJIBTHMHOXCCTBO M3 APYIoro: yaajld€T K3 HNEPBOTO MYJIBTHMHOXECTBA TC
9JICMCHTEI, KOTOPBIC €CTh BO BTOPOM.

bool removeAll MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

MYJIbTUMHOKCCTBO, U3 KOTOPOI'0 YAAIAKOTCA 3JICMCHTEL.

set

MYJIbTUMHO>XECTBO, 3JICMCHTBI KOTOPOT'O YAAIAOTCS U3 self.

Bo3Bpawaemoe 3Ha4yeHue

Ecnu B pe3ynbTare BbIUMTAHUS U3 MYJIBTHUMHOXECTBA self ObUI yJaleH XOTs Obl OJUH 3JIEMEHT,
¢yHKuuMs Bo3BpamaeT true. B mobom npyrom cinydae — false.

JononHutenbHasa nHcpopmauma
bool changed;
MultiSet* sl = create MultiSet (&type Integer);
MultiSet* s2 = create MultiSet (NULL);
add MultiSet (sl,create Integer (28));
add MultiSet (sl,create Integer (47));
add MultiSet (sl,create Integer (28));
add MultiSet (sl,create Integer (63));
add MultiSet (s2,create Integer (28));
add MultiSet (s2,create Integer(47));
changed = removeAll MultiSet (sl,s2);

MYJIbTUMHOKECTBO s MEHSETCSI TAKUM 00pa3oM:
1. { 28}

2. { 28, 47 }
3. { 28, 47, 28 }
4. { 28, 47, 28, 63 }

MYIbTUMHOKECTBO s2 MCHACTCS TaK:
5. { 28}

6. { 28, 47 }

Ilociie BbBI3OBa removeAll MultiSet B MYJBTHMHOXECTBE sI OCTAKOTCS DIEMEHTHl 28
(0THOKpaTHO) U 63, a MepeMeHHasl changed CTAHOBUTCS PaBHOM true.



removeCount MultiSet

OyHKIMS yMEHBINAECT KPAaTHOCTb BXOXACHUSA JAHHOIO DJJIEMEHTa B MYJIBTHMHOXECTBO Ha
YKa3aHHYIO BEJINYUHY.

int removeCount MultiSet( MultiSet* self, Object* ref, int count )

MapameTpbl
self

MYJIIbTUMHOKCCTBO, U3 KOTOPOI'0 YAAIACTCA SJICMCHT.
ref
YI[aJ'IHCMHﬁ N3 MYJIbTUMHOKCCTBA 3JICMCHT.

count

Ha ckonbko Tpe6yeT051 YMCHBIIUTH KPATHOCTDb BXOXKACHHUA 3JICMCHTA B MYJIbTUMHOKCCTBO.

BosBpamaemoe 3Ha4YeHune

KommuectBo PCAIBbHO YAAJIICHHBIX BXOXKICHUM dJIEMEHTa ref B MYJIbTUMHOXECTBO self.

HdononHutenbHasa uHcgpopmMauums

Ecmu MYJIbTUMHOKECTBO THUIIHU3UPOBAHO, TO THUI JJIEMEHTAa ref HOOJDKCH COBOAaAaTh C THIOM
9JICMCHTOB MYJIbTUMHOXCCTBA.

int changed;

MultiSet* s = create MultiSet (&type Integer);
add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(47));

add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(28));

changed removeCount MultiSet (s,create Integer (28),2);

changed removeCount MultiSet (s,create Integer (28),2);

MYJIBTUMHOXKCCTBO s MCHACTCS IO MCPE BBINIOJIHEHUA 5TOI'0 KOJia TaK:

. { 28}

2. { 28 47 }

3. { 28 47 28 }

4. { 28 47 28 28 }
5. { 47 28 }

6. { 47}

[Tocne nepBoro BbI30Ba removeCount MultiSet nepeMeHHas changed CTAaHOBUTCS PABHOM 2, a
rocje BToporo — 1.

removeFull MultiSet

(DYHKHI/Iﬂ IMOJIHOCTBIO YAAJISACT 3JIEMCHT M3 MYJIBTHUMHOXCECTBA (T.e. KpaTHOCTb BXOXIACHHA 3TOT'O
9JICMCHTA B MYJIbTUMHOKCCTBO CTAHOBUTCS paBHA O).

int removeFull MultiSet( MultiSet* self, Object* ref )



MapameTpsbl
self

MYJIIbTUMHOKCCTBO, U3 KOTOPOI'0 YAAIACTCA SJICMCHT.

ref

VYV nangemsiil U3 MyJIbTUMHOKECTBA DJIEMEHT.

BoaBpalwaemoe 3Ha4yeHue

KonnuecTBo peasibHO yJaJI€HHBIX BXOKIACHUN dJIEMEHTa ref B MyJIbTUMHOKECTBO self.

HdononHutenbHasa uHcgpopmauums

Ecimm MYJIbBTUMHOXCECTBO THIIM3WUPOBAHO, TO THUIT 3JICMCHTA ref JIOJDKEH COBHAJaTh C TUIIOM
QJICMCHTOB MYJIbTUMHOKCCTBA.

int changed;

MultiSet* s = create MultiSet (&type Integer);

add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(47));

add MultiSet (s,create Integer(28));

changed = removeFull MultiSet (s,create Integer(28));
MYJIbTUMHO>XXECTBO s MEHAETCS I10 MEPE BBIIIOJIHEHUS 3TOT0 KOJia TaK:

I. { 28 }

2. { 28, 47 }

3. { 28, 47, 28 }

4, { 47 }

[Tocne BbI30Ba removeFull MultiSet nepeMeHHas changed CTAaHOBUTCS PaBHOM 2.

retainAll_MultiSet

Beruucnser nepeceueHre MyJbTUMHOMKECTB: OCTaBJIIET B IEPBOM MYJIBTUMHOXXECTBE TOJBKO TE
AJIEMEHTBI, KOTOPBIE €CTh BO BTOPOM (C yUE€TOM KPAaTHOCTH).

bool retainAll MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

[lepBrlii apryMeHT nepeceueHusi MyJIbTHUMHOXKECTB. DTO MYJIbTUMHOXECTBO OYAET XpaHUTb
pE3yJIbTAT EPECECYECHUS.

set

BTopoii aprymMeHT nepeceueHus MyJIbTUMHOKECTB.

Bo3Bpau4aeMoe 3Ha4YeHune

true, €CIM B IIEPECCYCHHUU MYJILTUMHOXKECTB DJJIEMEHTOB IIOJIYYMJIOCH MEHBIIE, YE€EM B
MyJIBTUMHOXKECTBE self. B mob6oMm apyrom cnydae — false.

JononHutenbHas uHcpopmauma
bool changed;



MultiSet* sl = create MultiSet (&type Integer);
MultiSet* s2 = create MultiSet (NULL);

add MultiSet (sl,create Integer (28));

add MultiSet (sl,create Integer (47));

add MultiSet (sl,create Integer (28));

add MultiSet (sl,create Integer(63));

add MultiSet (s2,create Integer (28));

add MultiSet (s2,create Integer (47));

changed = retainAll MultiSet (sl,s2);

MYJIBTUMHOKECTBO S MEHSETCSI TAKUM 00pa3oM:
I. { 28}
2. { 28, 47 }
3. { 28, 47, 28 }
4. { 28, 47, 28, 63 }
MYJIbTUMHOKECTBO 52 MEHSETCS TaK:

5. { 28}
6. { 28, 47 }

ITocie BbI30Ba retainAll MultiSet B MyJBTHMHOXECTBE sI OCTAIOTCA DJIEMEHTHI 28 U 47, a
NEpPEMEHHasl changed CTAaHOBUTCS PaBHOM true.

size MultiSet

DyHKIMA BO3BPALLAET KOJUYECTBO JJIEMEHTOB MYJIbTUMHOKECTBA.

int size MultiSet ( MultiSet* self )

MapameTpbl
self

MYJTBTUMHOKECTBO, MOIIIHOCTh KOTOPOTO JOJKHA BEPHYThH (DYHKITHSI.

BosBpau.laemoe 3Ha4YeHue

To4yHOE KOTMYECTBO 3JIEMEHTOB B MYJIbTUMHOKECTBE self.

JononHutenbHasa uHcopmauusa
int size;
MultiSet* s = create MultiSet (&type Integer);
size = size MultiSet (s);
add MultiSet (s,create Integer(28));
add MultiSet (s,create Integer(28));
size = size MultiSet (s);
[Tocie mepBoro BbI30Ba size MultiSet mepeMeHHas size CTAaHOBHUTCA paBHOM Hymwo. llocie

BTOPOI'O BBI30BA size MultiSet HepeMeHHas paBHAa 2: B MYJbTUMHOXECTBO ObLIO 100aBJIEHO
NBa (paBHBIX) 3JIEMEHTA.



toList MultiSet

OyHKIMS ~ BO3BpallaeT COUCOK (List), COCTOALIMII W3 BCEX DJIEMEHTOB JaHHOTO
MYyJTbTUMHOXKECTBA.

List* toList MultiSet( MultiSet* self )

MapameTpbl
self

JlaHHOE€ MYJIBTUMHOXKECTBO.

Bo3Bpawaemoe 3Ha4yeHue

CrennukanoHHas CChlIKa THMA List.

JononHutenbHaa uHgopmauusa

[lopsimok 3JIEMEHTOB B CIMCKE HE omnpeneieH. Bo3BpalnaeMslll CIHCOK COXPAHSET TUIM3ALHUIO
MYJIbTUMHOKECTBA: €CJIU IEMEHThI MYJIbTUMHOKECTBA ObUIN OIpaHUYEHBI KAKMUM-JIHOO TUIIOM, TO
U 3JIEMEHTHI CIIMCKA OYAYyT OrpaHHUYEHBI TEM K€ THUIIOM.

MultiSet* s = create MultiSet (&type Integer);

List* 1;

Type *t;

add MultiSet (s,create Integer(28));

add MultiSet (s,create Integer(47));

add MultiSet (s,create Integer(28));

1 = toList MultiSet(s);

t = elemType MultiSet (1l);
MYJIbTUMHOXXECTBO s MEHAETCS 110 MEPE BBIIIOJIHEHUS 3TOT0 KOJIa TaK:

I. { 28}

2. { 28, 47 }

3. { 28, 47, 28 }
Crmcok 1, BO3BpAalICHHBIH  (YHKITHEH toList MultiSet, COHEPKHMT  DIEMEHTHI:
< 28, 47, 28 >; OHU MOT'YT pacnoyaraTbcs B mo00oM nopsiake. Bri3oB
elemType MultiSet (1) BO3BpamaeT &type Integer.
toSet MultiSet
DyHKIIMS BO3BpaIlaeT MHOXKECTBO (Set), comepkaliee BCe JIEMEHTHI JAHHOTO MYJIbTUMHOKECTBA.

Set* toSet MultiSet( MultiSet* self )

MapameTphbl
self

I[aHHOG MYJIBbTHUMHOKCCTBO.

BosBpawaemoe 3Ha4yeHue

CrnenuduKkaoHHas CChIJIKA THTIA Set.



HononHutenbHasa uHcgpopmauums

BOSBpamaeMoe MHOXCECTBO COXpaHACT THIHU3AOUIO MYJIBTHMHOXCCTBA: CCJIIM  3JICMCHTHI
MYJIbTUMHOKCCTBA ObLIH OrpaHUYCHBI KaKHM-JIH00 THUIIOM, TO KW 9JICMCHTBI MHO>XCCTBa 6yIIy'T
OIrpaHUYCHBI TEM K€ THUIIOM.

MultiSet* ms = create MultiSet (&type Integer);
Set* s;

Type *t;

add MultiSet (ms,create Integer (28));

add MultiSet (ms,create Integer (47));

add MultiSet (ms,create Integer (28));

s = toSet MultiSet (ms);

t

elemType MultiSet(s);
MYIbTUMHOXECTBO ms MEHSAETCS 10 MEPE BBIMMOIHEHUSA 3TOT0 KOJa TaK:
1. { 28

2. { 28, 47 }
3. { 28, 47, 28}

MHOXXeCTBO s, BO3BpalleHHOE GYHKIMEH toSet MultiSet, COEEPIKHUT MIEMEHTHI: { 28, 47 }.
BBBOBelemType_MultiSet(s)Bomﬂmnch&type_IntegeL
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