CTESK 2.8:

JNoKymMeHTaIuA 1moJjib30BaTe s



CopepxaHue

1 HasHAUEHME CTESK ... ittt e e s e eeereet e e e e e s e e s aaareeeeeesseessnnsantaeesasassssasaseseaeeeseenennnnnes 7
1.1 TexHOMOTUS UNITESK .......uttiiiiiie ettt e e e e e e cvrer e e e e e s e aaarease e e e e e e nnnn i ennneaaaeas 7
1.2 Peamuzanivisi UNITESK B CTESK.......ooiiiiiiiiiciirteeee e eeeeerree e e e s e eeeenneeee e e s e s sseneeeees 9

2 PYKOBO/ICTBO TTO/TE3OBATES ceeeeeeeuuuuurrrrreeeeaeeaaanssssassessesseassssssssssessasssassssssssssssssensnssssssssssssssssassssssnes 11

3 OOIIIHE CBEIEHMSL. ... eeeuveereeereerseesseesseesseesseessseesseessssesssessssessssssssesssessssessessssssssssssssssssesssssssessnssees 12

@0 (015 (11) 71 111 1 O TR SRR SRR 13
4.1 CrieltuUKAIAOHHDBIE (DYHKIIHM. ... .veevrererernseersuersseessessseesssesssessssessseesssesssessssesssassssesssessssesssens 14
4.2 OT/I0KEHHBIE DEAKIIMH. ......uuvverreeeeeseeaanrrrrerseesaesaassssssssssessasasasssssssssssssssasssssssssssssssssssssssssssssssses 15
4.3 OTDAHUYEHUS JOCTYTIA.1eeeeeerereenenrereeeeessesaannssessessssssssssnssnsesssssessssssssessesssssssssssssssesssssssssnsssnnnns 15
4.4 TIDEIYCIIOBHE. ...cceeuuvreereeureeernsureeeessureeeesssseessssssseesssssseeesssssseesessssseesssssseeesssssseesssssseesssssssseseees 16
4.5 TIOCTYCIIOBHE. ...cceeeuurreereaurreereenrteeeesureeeesenreeesesasreesssnseeessssssaessassseeesssssseeesssnsseeessnnssssnseeeeeeeees 17
4.6 THUBI JIAHHDBIX. ... uuuvvvreeeeeeeeeeassrsesseseessaaaasssssssesssessasssssssssssssseasassssssssssssessasssssssssssssssasssssnnsnnnnnns 19
4.7 JTOTIYCTHMBIE THIIBL......e0eeeeeeeeesenrereeeeeesessassnssseeessssessssssssesssssssssssnsssssessssssssssssssssesssssssssnnssnnnns 19
4.8 CrielUGUKAITAOHHDBIE TUIIBL.......uvveeeeeeurreeeeessseeeesassseeeeasssssseeassssesssassssssessssssssessssssssesssssssssssssess 20

4.8.1 Co3nanue 3HaueHUs CIIEIUGBUKAIAOHHOTO THIIA......veeuveerseerreesseerseessseesssesseessssssessssseeens 22
4.8.2 KonupoBaHye 3HaUeHUs CIeUMUKAITUOHHOTO TUIIA. . .veeeeeeurrreeeerrreeeearsreeesensesessssssseeens 22
4.8.3 KnoHupoBaHye 3HaUeHUS CHEITUGMDUKAITUOHHOTO TUTITA. .. .uveeeeureeessreeessreeessseesssseeessseessseeens 23
4.8.4 CpaBHeHMe 3HaUeHUHN CIIEITUMUKAIIMOHHDBIX TUTIOB....cccccuvreeeeerreeeeeerrrrrereeeeeeeeeeeaanannnnnns 23
4.8.5 CpaBHeHUWe 3HaUeHNU CrielIU(UKAIIMOHHbBIX TUMIOB HA PABEHCTBO. ....veevrerureeveesversseennees 23
4.8.6 CTpoKOoBOe Mpe/cTaBaeHre 3HaueHUs CIIeHUPUKAITMOHHOTO TUTIA.....ceeervrreeeeesruvreeesennns 24
4.8.7 loctpoenre XML -ipeicTaB/IeHUS 3HAUEHUS CIELUGMUKAIIMOHHOTO THIIA.........ceeeennnn... 24
4.8.8 Co3/iaHre HOBBIX CIIEHA(DUKALIIMOHHBIX TUTIOB. .....eeeevveersrreeereeessseesssseessssessssessssesssaeesnns 24
4.8.9 Peanm3anus 6a30BbIX onepalyi crnenubUKAIIMOHHBIX TUIOB 110 YMOTYAHUIO............... 27
4.8.10 OVYHKIMA UHUITUATN3ALUHN T10 YMOTUAHUED. ....evvvrreeeeeeeeenrrrereeeseeeeasanssssssesessssassssssssseeeens 27
4.8.11 OYHKIIUA KONUPOBAHUS IO YMOTUAHHUED. ... .euueevrrreeeeeeeeaaasnnrereeeesesessssnsermeseesssssssssasssseees 28
4.8.12 OVHKIIMA CDABHEHUS 110 VMOJTUAHMED. ....eeveeeeeeeeeannrrereeeeesseeaasssssessesesssssssssssssssssssssssnnnnns 28
4.8.13 OyHKIMSA [TOCTPOEHUS CTPOKOBOIO IPeJCTABJIEHUS 110 YMOTUAHUIO...cceeeeereeeeaannnnnnnnnse 28
4.8.14 ®yHKIMd nocTpoeHUss XML -ipeICTaBAEHUS 110 VMOTUYAHUIO....ceeeeeeeeeennrennnnnnnnnnneeeenss 29

4.8.15 OVHKIMA [Iepeuyrc/Ie s BHYTPDeHHUX Crielu(MUKALMOHHBIX CChUIOK 110 VMOJIYaHUI)..29

4.8.16 OyHKIIMA 0CBOOOXKIEHUS PECYPCOB TI0 YMOTUAHUEO. .. veevveerrernreesseenseeeassseessssseesssseeens 29
4.8.17 Onpenenedvie cOOCTBEHHBIX (DYHKIIWH 711 0a30BbIX OMepaldi CrielubUKaITMOHHbBIX

1710 0) - TSR 29
4.8.18 OyHKIIMA UHUIUAINA3ALANA CIIEITUGDUKATTAOHHOTO THIIA.....eveevrernreereessressseesseessseesnssneens 30
4.8.19 OyHKIMS KONUPOBAHUS CHEIUGBDUKAITUOHHOTO TUITA.1eeuvveervreresveeeesreeeaserseesssssnseeesssnnns 31

4.8.20 OyHKLUA CDABHEOHUS CIIEUMOUKAITUOHHOTO THIIA....ceeeeeereeereeeeereeeeeeeeereeeeeeeeeeeeeeeeesessennes 31




4.8.21 ®VHKIMA II0CTPOEHUI CTDOKOBOI'0 [IPeICTaBJICHUS CHeLIM(MUKALIIMOHHOI0 TUIIA.......... 32

4.8.22 dynkimsa nocrpoenuss XML-nipe/icTaB/ieHHs CIELU(PUKAIIMOHHOTO THUIIA.............eves.. 33
4.8.23 DyHKIIMA Nlepeurc/ieHrs BHYTDEHHUX Clieli(HUKAIIMOHHBIX CChIIOK
QB (SR04 (00) 1 G 1017 (0) 205 (0) W01 11 (- VO 34
4.8.24 OyHKIMA 0CBOOOXK/IEHUS PeCYPCOB CHEIU(DUKAITUOHHOTO THIIA. .. .ccuveeeereeveenrveereenenens 35
4.9 VIHBADMAHTBL. ... uuvveeeeesurreereasureeesesssreesessseeessssssesesssssesesssssssessssssseesssssseessssssesessssseesssssssseesseees 36
4.9.1 VTHBADUAHT THIIA. ... .uvvveeeeeeeeeessnnrrreeeeeeseasssssnsseseesssssasssssssessessssssssssnssssesessssssssssnsssseessssssseees 36
4.9.2 IHBADUAHT TIEDEMEHHOM. .....vveeeuvrerrreersreerssseesssseesssseesssesssssssssssssssssesssssssssssesssssssssaeessnns 38
O TLOKDBITHS. ...uvveeeeuneeeeeeunreeeseurtteeeaueeeessesreeesesseeessasmsneessansseeesesnnseesssssseessesnsnsessssnsneesssssseeesssnnnnnnnee 39
5.1 Pa3/inyHbIe BUABI TIOKDBITH . ...uvveeessreersrreessseeessseessseesssesssseessssesssssessssesssssassssssesssssnssssessssssnn 40
5.1.1 I1ePEUYNC/IMOE TIOKDBITHE. ....ccceeeeuerrrreeeeeseesesanrrreeeessssassssseseeseessessssssnssssesesssssssssssssssssssnses 41
5.1.2 BBIYMCTUMOE TTOKDBITHE. ......uvveeeersurereessureeesssssneeesssseeesssssssesssssssesssssseesssssssesssssssssssssesees 41
5.1.3 ENUM-TIOKDBITHE. ....ccceeeeeeuurrreeeeeesesssnnereeeeessessssssssaseeesssssssssssssseessssesssssssssssesssessssssnssnsssnses 42
5.1.4 TIDOU3BOJTHOE TIOKDBITHIE. ......uuvveeerrurreeresssreeesssmseessssssseesssssseeesssssseessssssseesssssnssssssssseeeeeses 43
5.1.5 ITOKDBITHE-TIDOU3BEIEHUE. ....ccceeeereerrreeeseeseassnnrnreesesssessssnssssseeessssssssssssssesssssessssssessasasaesens 43
5.1.6 M3MeHeHNEe JOMEHA TTOKDBITH . .ccceuuvreeeerureeeresmreesensseeessssssseesssssseesssssaeessssssessssssseessssses 44
5.1.7 JIOKATTEHOE TIOKDBITHIE. .......cvvteeeeesreesannerrnreeesessassnssesseesssssssssssssssseessssssssssssssssssssssessesssnnnnes 45
5.2 Onepaluu HaZl 37€MEHTAMU TTOKDBITH . .....vveeruveerrveersveessreessuessssesssseessssaessssaesssssssseessssssnn 46
5.2.1 [ToiydeHUE 3JIEMEHTA TMOKDBITHS. ......uueuvvrreeeereessenenreneeeeessenssssseseeseesssssassssssssssssssssssssnnnnes 46
5.2.2 WTepaliysd 00 3/IEMEHTAM TOKDBITHS. . ceeeeuvreeeessureeesssssseeesssssseessssseeesssssseeesssnssssssseseeseees 48
5.2.3 3aHeceHre UHOOPMAIUK 00 37IEMEHTE HOKDPBITUS B OTUET........cceerveeerrreeenreeeereeeeeennnnennns 48
5.2.4 XpaHeHHe 3/1eMeHTOB MOKDLITUA B nepeMeHHbIX Thna CoverageElement...................... 48
6 MEIATODDL ... .evvveeeeeuureeereaieeeeeeeurrteeeesreeesaaneeeesaesreeesssnseeessssraeessansseeessssseeessssssseeeeesssssssssssssnnnnnes 49
6.1 MeaUATODHAA DYHKIIMS. ....cccveeerveersreersreessueeessseesssseesssseesssseessssssssssesssssssssssssssesssssssssseesssssnns 49
6.1.1 BJ10K BO3/1eHiCTBYS MEMATOPHON MYHKITH . ......ccveeeveeerreeereenseesseesseenseessseesseesssesseessaeens 50
6.1.2 BI0OK CHUHXDOHM3ALIUWA MeITUATOPHOU (DYHKITM . ....c..uveeerereersereeesreeessreesssseeesssssnnsseeessssnsnnes 50
6.2 COODIIUK DEAKIIHI. ..c.vvevrenveenrerseessessesseessessessesssesssessesssesssessesssesssessesssesssessesssessssessssessssessssees 51
7 T@CTOBBIE CLIEHADMH . .cceeeeeererunnerreeeeeeeesasaaureeteeeeessasanssseetsesesessesssseseeseessassassnsseeseessssssssnnsssssasassasesss 52
7.1 Co37aHrie TeCTOBOrO CLIEHAPUS Y TTADAMETDBL €10 BBISOBA...ccccuvrreeerurreersanmreeesssnmeeeeeeessesaannns 52
7.1.1 OYHKINSI UHALAATUSALIHM. «...eeererurrreeensrreeessssreesessseeesssssssessssssseessssssssesssssssssssssssssssssseees 55
7.1.2 OVYHKIYA ITOCTPOEHUS CLIEHAPDHOTO COCTOSTHMS.ouuvuvurrvrrnnnrnrnsnnnsnsesnsnsnnnnsessssssnnnesessssssnnnnns 56
7.1.3 OYHKUNS 3aBEPIIEHUS CLIEHADM . ce.uuvvreereurreeeensureeeessssseeesssnseeessssseeesssssseessssnsssssssssseseees 56
7.1.4 OyHKIMA onpeeneHUs CTAIUOHADHOCTH COCTOSTHMS . c.vvvvrrrrerererrereeressesessssssssssssssssssssesnes 56
7.1.5 OVHKIMA COXPAHEHUS MOJIETBHOTO COCTOSTHUS....ceeeererereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessessnnnnnns 57
7.1.6 OYHKIYA BOCCTAHOBAEHUS MOJE/TBHOTO COCTOSTHHS...ceeeeeeeereeeeeeeeaeeeeaaeaeaeaeeeeaaseaaaaaaaananans 57
7.2 CLIEHADHBIE DYHKIIHH ... .veeevreerreeessueesssseesssseessssesssssesssssesssssessssssssssssssssssssssesssssesssssessssssesssnsnns 58

7.2.1 OIIEDATOD UTEDALII . ....ccevueneerrrnererrrrneeeerssuesessssnesessssnsssssssnssssssssesssssssssssssssssssssnosssssssssnssess 58




7.2.2 IlepeMEHHBIE CIIEHADHOI'O COCTOSTHHUSL. ...vuuunerrruneeerruneeeersnneeeesssneeeesssnsssessssessssssnsssssnssrnnsees 59

8 J1OMOMHUTEIBHBIE BO3MOMHOCT . .vvvveeeeeeeeeanerrrrereeeeeasaasasssssesesssesssassssssssssssssssnsssssssnnnnnnnnnnnssssssssees 60
8.1 CtpokoBoe 1 XML nipencTaB/ieHUs] HECIEHU(DUKAITUOHHBIX THUIIOB.....cceuvveeeuveeesnnreeessneeesnns 60
9 CeMaHTHKA S3BIKA SEC.....ccceiiieeeiieiiereeeeeieeeeiirteeeeeeeeeaeaassseseeseessessasssssessessessessasssssssessasssesasessssensnns 61
9.1 CHEIMMUKALITI. ..cc.vveeveeererreereessseessessseessessseesssesssessssessessseesssessssesssessseesssessssseessssseesssssaessns 62
9.1.1 CrielOUKAIIAOHHBIE QDYHKIIHH. ....ceeruveereveersrreersueeesueessseeessseesssseesssseessssesssssssssssesssssasssns 62
9.1.2 OT/IOKEHHBIE DEAKIIUM. ....eveeeunrreersammreeesessreressanmsmeesassseessessseesssssssessssssseessssssssnnmmssssnneeeees 64
9.1.3 OrDAHUYEHUS JOCTYITA. ceeeuuurreeeraurreeesssreeeessssseeesssssssesssssseessssssaeesssssssessssssssessssssssssnssssnsnee 66
9.1.4 TICEBIIOHUMBL......cc0cetieeeeuunrrreeeeesseassanrereeeeessesssssnssseeeessssssssssseeseessssssssssssssesesesesessessssssnnnnns 67
9.1.5 [IDOLYCIIOBHE. .....ceeeeeuurreereeireeeeesrreeeasaureeessssreeesssssaaessssssseessssssaesssssseeesssssseesssssseeesssssnnnsne 67
9.1.6 LIOCTYCIIOBHIL. ......eteeiuiieeereeiieeeeeeiteeeseurtteeeentteeeeasnreeesenrteesssnrteessanssaeesassraeesessnnnnnnnssnnnee 67
9.1.7 IIDEBBIDAMKEHHMSL. ....eeeeeurreeeerunreeeensrreeesssreeesssssseesssssseesssssseeesssssseesssssseaessssssssssssssssssssasesees 68

S IR @05 (<17 (4)) 061017 (0)3 15 13 (< 7 11 2) SO SRRSO 69
9.3 VIHBADUAHT THIIA. ...ceeeeeeurreerersureeeessssreeesssssseesessssseessssssseesssssseeessssssesssssssseesssssseessssssesssssssssseseees 71
O I D50 F:10) 5 P 0 A (3 0= Y ) = 5 (0) 7 PP 73
9.5 T€CTOBBIE CLIEHADMH . c...uuvveeeerunrreerenureeeresssreeessssseessssssseessssssseesssssssessssssseesesssseesssssssssssseseeeseees 75
9.6 CLIEHADHBIE DVHKIIHH. .. ceeuveeeurerrueenurersseesssesaseeseessseesssessseesseesssessssessseesssesssessssesssesssessseesssssees 76
9.6.1 OIIEDATOD HUTEDALIM . ..cccuvvvreereruerreeessrreeessssrreesessseeessssseesssssseessssseeesssssseessssssaeessssssssnsnes 76
9.6.2 I1eDEMEHHBIE COCTOTHMS. ceceeeeeuererrrrreeesesensnnrrreeeeessesssssssseeseessesssssnssseesessssssssssssssessenesnsnnes 77
O.7 LLOKDBITHSL. ....eeeeeeuureeeresunreesennreeeeassuseeeessssseessssseeessssssseessssssesesssssssessssssssesssssseeessssseessssssssseeseees 79
9.8 OOBABIEHUE Y OHPEIETIEHUE TIOKDBITH . .. veeevveeereererereseesseeesseesseesssesssessssesssessssssssesssssesssseens 79
9.8.1 YKODOUEHHOE OOBSIBIIEHME. .......veeeevreeerreeerrreeessseesssseeessseeessssesssssessssssssssesssssesasssesssssssssanes 83
9.8.2 T1OJ/THOE OOBSBIIEHHE.......cccveeerreerreeereesseeeseeaseenseeaseessaesssesseessssssesssessssesssesssessssessseesseeens 83
9.8.3 [TonHOE OOBABIEHE TEPEUNCTIUMOTO TTOKDBITHS. ......uvveeeeeenvreeeeessrreeeensssreeeeessessssnnssssneees 84
9.8.4 [To/1HOE OOBABIEHUE ENUM-TIOKDBITHS. ... uveeevreereesrreeeseesseesseessseesseesseessesssssssseesssesssssees 84
9.8.5 IMosiHOe 0OBABIEHNE TPOU3BOJAHOTO TTOKDBITHSL. .. eveevreesreesrerseenseeeseesssessssesseesssessssenses 85
9.8.6 O0OBsABNIEHNE TEPBUYHBIX BHIUNCAUMBIX TTOKDBITH]. ... .vveeeerreeersereeseeeesseeeessesessssseeeeennnns 86
9.8.7 OnpejeneHre NePBUYHbBIX BEIUNCTUMBIX TIOKDBITHH. ...cccvverrsueerssveeensreessseeeesssnnneeeesssnsnnns 87
9.8.8 YKODOUEHHOE OTIDEIIEIIEHME. .......ueueevvrrreeerereasnnnnreeeesssesnsssnsssreeessssssssssssssseeessesssssssssnnsnnnnns 89
9.8.9 O6iive ipaBU/Ia OOPAIIEHUS K TIOKDBITHSIM. ....veevreerreesseessessseesssessseessessssesssesssessssesssesens 90
9.9 [1paBuia npoBeeHUs Oolepalyii HaJl JA€MEHTAMM TTOKDBITH . ...c.ccceeruurrrreeeeeeeessennsreeeesseenenes 91
9.9.1 [lonyueHye KOHCTAHTHOI'O 3/IEMEHTA MOKDBITHS......cceverererererererereeeeeeeeeeerersnnneeesssesmnnnnns 92
9.9.2 [lonyyeHre KOMOOHEHTA 371€MeHTA MPOU3BOIHOTO MOKDBITHS . ....cvvverrrrrererererererereresereeses 93
9.9.3 BhluKC/ieHHEe 2/IEMEHTA TTOKDBITHS . ..eeeeeeeeeuuervrrereeeseeeaensssrssessaseessassessessessessanssssssssssnsnnnnnns 94
9.9.4 BripakeHHe TPACCUPOBKU 37€MEHTA ITOKPBITHS . .. ..uuuueerrnnnnnnnnnnnnnnnnnnnnnnnnnnsnnneseesssssnnneasans 94
9.9.5 Tyl CoVerageEIeMENL. ......ccccuveiriueerriieerrieeeeieeriteessteeesteeessseeessseessseesssseesssseessseessssaessnns 95

9.9.6 Utepaiiyis 0 37AeMEHTAM TTOKDBITHS . .....cvvuuueeeerrnneeersueeeersneesesssesessssnsssssssnsssesssssnnsssnesesns 95




9.9.7 OGpailieHye K paHee BEIYMCIEHHOMY 3JIEMEHTY TTIOKDBITHSL. .. .uueueneneneneereresesesasasasassesesnes 97

9.9.8 O0OBABNEHNE TTIEPEMEHHON-3/IEMEHTA TTOKDBITHSL. ....ccceuvreeeeerrreeeenureeeeesssreeeessseseeessssnnnnes 98
9.10 MeIMATODHAA (DVHKLIH. ...ccuveruveerurersreesuresseesseesssessssesssessseessessssesssessssesssssssssssesssssaessssseessns 99
9.11 CemaHTHKa 6/10Ka BO3JEUCTBUS MEIUATODHON DVHKIIUM. ....ccuveerrveereenrrersveessnessseensaesssasnnes 100
9.12 B/I0K CMHXDPOHM3ALUU MeIUATODHON (DYHKIIA . ........uvveeeeerreeeeesnreeeeenseeeeeeeeseesnnsssssssseeees 100
9.13 CrpokoBoe ¥ XML.- nipeicTaBieHUs] HeCOeITUGUKAITUOHHBIX THUIIOB. ....ccevveerevrreeresssnneeeens 101

10 Bubnuoreka noaaep>KKu TeCTOBOM CUCTEMBI CTESK..........covviieiiiiieieieereeceieee e ceeineeee e 103
10.1 ba3oBble CEPBUCHI TECTOBOM CUCTEMBL......veeeeureeerreerssreerssseesssseesssseessssesssssnsesessssssssseesssssnns 104
10.1.1 CHCTEMHBIE DYHKIIAH . .. .uvveeeureeeenreeeaseeasseeassseesssssesssssessssssssssssssssssssssssssssssssssessssssssnnsns 104
10.1.2 MOJIE/TD BDEMEHHU. ... .eeeereeuerreerennreeeesareeessssssaeesssssseessssssaessssssasesssssssessssssssessssseeesssnnees 105

11 CraHpapTHBIE ME@XAHW3MBI TIOCTDOECHUS TECTOB...cccieuurreeeeannreeeesamreeesaansreeesssseeessesmsesesssssnsnnnnsnne 113
L0 1 @ESIN ittt e e e et e e et e e et e e e ba e e e aae e tba e e aba e e aaae e aaeeetaaeerraeeeeannrraaeaeans 113
0 T ) .4 P TSRS 114
11.3 [To/ig TUTIOB OMMCAHUS TECTOBOTO CITEHADMS. .. uueueevrrrreeeeeeeeennerrereeseeeseeanssnnnnnnnnsseseassesees 114
11.4 Tunbl JAHHBIX, UCHOAb3YEMbIE MEXAHU3MOM TECTUPOBAHMS. ..vvvvereeeeerennrrrrreeeeeeeseennnrrereeeees 119
11.5 _CepBucHble (QYHKITUM MEXAHU3MA TECTUDOBAHMSM. .. vveeeuvreervreessveeeseeeessseeessseessseesssnseaeaeens 121
11.6 CrangapTHbIe MapaMEeTPbl TECTOBOI'O CLIEHADMS. .. cveereeurreeeresnreeeesamreeessanmseeesssnmeeeeesssssssannns 126
12 CEDBUCHI TDACCUDOBKM. ...eeeeeeurreeeresurreeessssseeesssssseeessssssaeesssssseessssssesesssssseesssssssessssssssessssssssssssen 130
12.1 YOpaBA€HUE TPACCUDOBKOM.....uvveeeeeeurreeeesirreeeesarreeseessseeeasssssseessssssessssssssssseessssesssssssssnnnnnns 130
12.2 TPACCHUPOBKA COOOIIIEHMUI. ...c.vvveeeveeerreeveeseresseesseesssessseesssessseesssessssssssessssssssssssssssssesssssseenes 133
13 CepBHUCHI DErUCTPALUU OTI0KEHHBIX DEAKIIHM. ...ceeuveerureeesureesssreessmreessseeessseesssseessnseessnseessseees 135
13.1 KaHA/Ibl B3aUMOIEMCTBI . ..eeecuuvveeeeerrrreeeesssreeesassssesesasssesssssssssssassssssssssssssssessssssssnsssssasssesnns 135
13.2 PerucTpaTop B3aUMOIEUCTBHM. .....ccceeeuvreeeererrreeeassrseesessseeeesssssseessssssseesssssssesssssssessssssseesses 137
13.3 CepBUC perucTpaivu QyHKINNA-COODIIUKOB DEAKITHM. ......ccvveerrrerrreeseeesseessnseesssnseessssneenes 142
14 BubanoTreka CelUbUKAITAOHHBIX TUTIOB. ....c.vveeveeereeerreerseesseesseessessseessesssessssssseessesssssssssssees 145
14.1 CTaHAADTHBIE (DYHKIIHAH.....veeeeueeerreersseeessseesssseesssseesssssesssessssssssssessssssssssssssssessssssssssesssssnns 146

14.1.1 OYHKIUSA CO3NAHUA CCBIIOK. eeeeuuurrrereamrreersarmreeesasnsmeeessssmeeessasseeesssssseeessssssssnnnssssssseeeees 146

14.1.2 OYHKIUS TIOJYYEHUS TUMA CCBITKH.eeuuuurrerreeeeeeeeeannrsersesseessesasssssssssesssseessssssssssssssnnns 147

14.1.3 OyHKUWSA KOOUPOBAHNSA 3HAYEHUM 110 CCOUTKAM . .vveveeeeernrrrrrereeeeeeeensnnsnnnnnnnnnseeeeeeseseeens 147

14.1.4 OYHKIUSA KTIOHUPOBAHMS OOBEKTA. . uvveeeerreeerreeereeeeseeesseeeeseessssesssseseeessssssssesesnnssees 148

14.1.5 ®OyHKUWSA CPABHEHUS 3HAUEHUN O CCBITKAM.......uuuuvrerrereeeeeesessrreseeeseseeesnssssesessssssssses 148

14.1.6 ®yHKIMs onpeJeneHUsi SKBUBATEHTHOCTA 3HAYEHUMN MO CCBUTKAM. ......cccvveervveeeesannnns 149

14.1.7 OyHKIINS TIOCTPOEHUS CTPOKOBOTO MPE/ICTaBJAeHNS 3HAUEHUS 110 CCBUIKE.................. 150

14.1.8 ®yHkMs ioctpoeHus XM, npe/icTaBIeHUsS 3HAYEHUS 10 CCBIIKE. ......eeeeeeereeneevennnns 150
14.2 IpeponpesnenieHHbIe COEITUPUKAITAOHHBIE TUTIBL.......ceevverreerreersuersseessseesseesssessaesssseessssaeess 151

3 N O 1 - ) USSR 152

A N 1T (<)l % B O a1 <) 154




14.2.3 SROTt B USROTL. ...ttt 156

14.2.4 LONG P ULONG. ....oviiiieiiieeeriiieeeeeiiteesesiteeeesssteeesssssaeesssssseesssssseessssssesesssssssssssssseeseeses 158
T4.2.5 FLOBL ... ueeeieteeteeiteteeee ettt ettt sttt et et b s st e b et et e bt et st e s bt e be et e s bt e neesneeeas 160
14.2.6 DOUDIE. ...ttt ettt sttt ettt et e e et e e e nneeeeas 162
14.2.7 VOIAASL. .ottt ettt ettt st sat et et s e be st e s bt et s st e s bt e b e sate s st esesanenseens 164
1428 UL ettt ettt ettt et et e e st e et e s st e e b e e s ab e e bt e s aeesbeesas e e bt e emteeseesasaeeennreeenn 166
14.2.9 BIINTOGRL....cccuiiiiiiiiiiiiiieiitccrt ettt ettt st s ae e st e s be e s s saae e e s s ennns 167
14.2.10 COMIPLEX....tiiteiiieiteeee ettt ettt et e et esat e e bt e saeesbeesat e e seabeeesanbeeesnneeenans 171
142,17 SIING. ettt ettt sttt ettt st e s e bt e s e e s be e sme e e bt e s neeesennneesenneeenans 172
142,12 LUISTuuteieeetteeieeet ettt ettt et e et e et e a e st e e st e e bt e s bt e e bt e e a b e e bt e eab e e b e e aaeebeeeeareeean 194
TA.2.13 SOttt ettt s et e ne e s e e e e nreeees 206
142,14 VIAD. ..ttt ettt et e st s b e s ab e e bt e et e bt e et e e bt e et e e neesnreeas 217

14.2.15 MUILISEL....ceeeuiiiiiieieieieeteeeete ettt st e s 227



1 Hazaauenme CTESK

Hab6op uHctpymenToB CTESK npefHa3HaueH /i aBTOMaTH3MPOBAHHOM pa3pabOTKU TECTOB [iIst
CUCTeM, TpefoCTaB/sIOIIMX MporpaMMHblli MHTepdeiic Ha si3pike C. TectupoBanue IIO c
nomoupto MHcTpyMeHTa CTESK ocHoBaHO Ha TexHosioruu UniTESK.



1.1 Texuosmorusa UniTESK

KoHTponb KauecTBa SIB/ISIETCS Ba)KHOM MpoOsieMol, CTosimiedl  TiepeZ;  pa3paboTuvKamu
rporpaMMHOro obecrieyeHusi. TecThpoBaHWe siB/sieTCsl Haubosjiee U3BeCTHBIM M ILIHMPOKO
WCTIOb3yeMbIM CIIOCOOOM OLIEHKH W TIOBBIIIEHUS] KauecTBa. PYHKIMOHATBHOCTb W CJIOXKHOCTD
COBPEMEHHOr0 TIPOrPaMMHOI0 00ecrieueHUsi PacTEéT OueHb OBICTPO, a ero >KU3HEHHBIH LUK
yBe/JIMuMBaeTcsa. B 3TUX yOIOBUSAX TPYLOEMKOCTb IIpMMeHeHUsl TpPaJWLIMOHHBIX I[I04XO040B K
TeCTUPOBaHUIO pacTér, a 3¢deKTUBHOCTL TMajaeT. Mcnosb3oBaHue TexHosorud UniTESK
TIOMOTaeT MPeoZ0IeTh 3T TPOOIeMBI.

OcHoBHbIe xapakTepucTUKU TexHOs1orun UniTESK TakoBbI:

e /lna wuétkoro ompefeneHusi ¢yHkOuoHanbHocTH [1O  co3patoTcsi  ¢popmanbHble
cneyuguxayuu. 3To MoXKeT OBITh CZle/IaHO Kak [Jis1 BHOBb pa3pabarteiBaemoro I10, gaxe 0
3aBeplIeHNs peanu3alyy, TakK U /s yKe cyljecTByrouiero. TakuM oOpa3om, TeXHOJIOTHs
MOJKeT MPUMEHSIThCS B 3a/jauax MpsiMoii U oopaTHoi uHkeHepu [10.

e Tectsl pa3pabaTbiBatOTCsi Ha OCHOBe (DOPMasbHBIX CrieluUKaui, a He peanu3alyu. OTO
TI03BOJISIET TIPOBEPSTL COOTBeTCTBHE ToBeAeHus 110 npeabsiBisieMbiM TpeOoBaHUsM. Takoe
TECTUPOBaHHe HAa3bIBAIOT METOAOM “uépHoro simyka”. OHO T03BOJIsieT co37aTh Habop
TECTOB, He YUMTBIBAIOIIUN 0COOEHHOCTH KOHKPETHOMW pear3aliiu.

e Kpumepuu mecmogo20 nOKpbimusi TaKXe CTPOSTCS Ha OCHOBe (pOpMasbHbIX
criequdUKalyid. OTU KPUTEPUH T103BOJISIIOT OL€HWTh, HACKOJbKO TIOJIHO TIPOBEPEHO
cootBeTcTBHe 1oBefieHus [10 3aaHHBIM TpeOOBaHUSIM.

e [lnisi BLIODAaHHOTO KPWUTEPHUS] TECTOBOTO TIOKPBLITHSI CTPOUTCS CYeHApull mecmupo8aHus,
KOTOPBIY Halle/ieH Ha JIOCTH)KeHWe MaKCUMasIbHOTO TIOKDPBITHS 110 BEIOPaHHOMY KPHUTEPHIO.
AHaJiorom cLieHap1eB TeCTMPOBaHUS SIBJISFOTCS IIUPOKO UCII0/b3yeMble TeCTOBbIE CKPHUIITHI.
OpHako cueHapuu tectupoBaHys UniTESK o3BOSIOT 3HAUMTe/IbHO Y/IYULIUTh KaueCTBO
TeCTUPOBAHUsI MPU TeX )Ke YCUIUSIX Ha pa3paboTKy.

e ®opmanbHble crielMUKALMKM U CIIEHapUM TeCTUPOBAHWS MOTYT ObITh HCTIO/b30BaHbI B
HeU3MeHHOM BH/e JJIsl TeCTUPOBaHUs pa3/IMUHbIX peasn3aliil, Aaxke ecyid UX UHTepQeuch
ormmuarotcst.  CompsbkeHWe peanu3aliid W TeCTOB  OCYILECTB/SIETCS C  TOMOLIbIO
CrieLMaibHbIX KOMITOHEHTOB TeCTOBOM CUCTeMbl — Meduamopog. Takou MoAxo/ 1o3BosIsieT
YBEJIMUUTh CTeTeHb I1ePeHCIIoNhb30BaHMSI KOMIIOHEHTOB TeCTOBOM CHCTeMbI, oOerdas
pa3paboTKy U COMPOBOXKJeHHe Habopa TeCToB.

e /lna 3amMcy BCeX KOMIIOHEHTOB TeCTOBOW cucTeMbl (dopMarnbHbIX —CrielydUKaLui,
Me/IMaTOPOB U TeCTOBLIX ClieHapHeB) HCIO/b3yeTcs CrelyUKalMoOHHOe pacllupeHue
s3bIKa TPOTPAaMMHUPOBAHUs], KOTOPBIM HCIO/B3yeTcs: s pa3paboTtku Tectupyemoro [10.
OTO 3HauuTe/NbHO OOJeryaeT OCBOEHMe TEeXHOJOTMM U TIOHMMaHue CBs3U TecTa C
TeCTUPyeMOH CUCTEMOM.

lelicTBUSA, KOTOPble HEOOXOJMMO BBITIOJHHUTEL /i1 pa3paboTku Tecta 1o TexHojornu UniTESK,
OTMCaHbI B CIe/lyrolel Tabsmiie:



ITpoananu3upoBaB (yHKLIMOHA/b-
Hble TpeboBaHus K LesieBoMy [10
Ha OCHOBe MMEIOLIUXCS JOKYMeH-
TOB WM 3HAaHUM YYaCTHUKOB
MIpOeKTa, Ha/l0 3aMvcaTh UX B BUJe
(opmanbHbIX crieriuuKaLyi.

TpeboBaHM

Crnequdukanum

Ha ocHOBe TMOMy4YeHHBIX CIIeLu-
¢dukauuii copmyaupoBaTh Tpe-
OoBaHMs K KauecTBy TeCTHPOBa-
HUSI — KaKOW ypOBeHb TOKPBITHS
10 KakoMy Kpurteputo OyzeT cuu-
TaTbCs OCTATOYHBIM, UTOOBI TIpe-
KpPaTUTh TeCTUPOBaHMUe.

Cnenudukanuu

1

KpuTepuii nokpbITHs

Pa3pabotaTh HabOp TECTOBBLIX
CIieHapueB, 00ecreurBaroIvi /10-
CTWKeHWe HY)KHOTO YPOBHS IIO-
KpbiTus. ClieHapuu pa3pabaTbiBa-
IOTCSI Ha OCHOBe crieliuHUKaLvi U
He TIPUBSI3aHbl K KOHKPETHOU pea-
mu3aumu ueneBoro IO umm ero
KOHKDETHOM BEepPCUH.

Cnenudukanuu Kpurepuii nokpeIiTHs

W

TecToBbBIE CLIEHApUU

Jlnsi TIPUBSI3KM TIOTyY€HHBIX Te-
CTOB K KOHKDETHOUW pean3aliu
1[eJIeBOM CHUCTeMbI Hafl0 pa3pabo-
TaTh HaOOp MeAMaTopoB. [I/ist 3T0-
ro HY)XHO 3HaThb TOYHBIM WHTEp-
(detic BBIOPAHHOW peanM3ariyH,
XOTSI CamMa OHa ellle MOXeT ObITh
He rOTOBa K TeCTUPOBAHHUIO.

Cnenudukaiuu Wutepoeiic 1O

W 7

Mepuatopsl




5. [ns Toro, 4toObI MOTyYUTh TOTO-

Bble TECTbl, HY)KHO OTTPaHC/IUPO- TecToBbIe ClieHapuK
BaTh creruduKaliui, MeaAuaTophbl
Y ClIeHapuu C paclIMpeHus si3blKa / \

MPOrpaMMHPOBAHUS B 1|€JIOCTHYIO
TEeCTOBYI0 CHCTEMY Ha CaMOM
3TOM $I3bIKE.

Crnenudukaliuu Mepguartopsl

aBTOMaTI/IlIFEHepaI_II/IH

\ 4
- "Fectosasi-cictéma - ——{ Lenesoe IO

6. Ilocne TpaHC/IALMM CTAHOBUTCH [ ———
BO3MOJKHBIM BBITIOJIHEHHE TECTOB. : F = P! [leneBoe 10
[Ipy BBINOMHEHWM TECTOB MOTYT [ ‘Aommlnlllllilillls

ObITb BBISIBJIEHBI HECOOTBETCTBUS

MeXXZy TeCTOBOW CHUCTeMOH U lie-

nesbiM I10. Criepgyer BbIACHUTS,

YyeM BbI3BAaHO KaK/j0e HECOOTBET-

CTBWe — OIIMOKOH B 1]e/IEBOM CH- TecToBbIe OTUETHI

CcTeMe, WM B KOMIIOHEHTaX TeCTo-

Bou cucremsl. Ilocne ycrpaHeHus

JedekToB B crieuduUKaLusXx,

CLIeHapusiX U MeJuaTopax HY>XHO

BBITIOJTHUTh BCE TECTbl “HAUMCTO”

U TOMYYUTb HX pe3y/bTaTbl B

BUJle OTUETOB /i Ja/bHeMIlero

aHanvsa.

ABTOMaTHUUECKO{
U reHepa

HITIO/IHeHK e TeCTOB
HL,0TUYeTOB

7. IlpoBecT aHanu3 pe3yJ/bTaToB,
YTOOBI Ooripezie/;inTb, Kakue OLIn0- ‘TecToBBIE OTUETHI
K1 OOHapyKeHbl, JAOCTUTHYT JIH
HY)XHbI YPOBEHb ITOKDBITUSI WU

HaZlo paspabaTeIBaTh [IOTMOJIHHU- Q &
TeJ/IbHBIe CLIeHapUM.

Oumbku OLieHKa KauecTBa TeCTOB

Otanbl pa3paboTKH TECTOBBIX ClieHapHeB U MeIMaTOPOB He 3aBUCAT APYT OT ApyTra, MO3TOMY Iaru
3 ¥ 4 MOTYT BBITIOJIHITHCS B JIFOOOM TIOPSIZIKE WK JlaXke OIHOBPEMEHHO.



1.2 Peammsanua UniTESK B CTESK

CTESK peamusyet UniTESK Ha nnatdopme si3pika nporpammupoBanus C.

B CTESK pns pa3pabOTKH TeCcTOB WCIO/b3yeTcs si3blK SeC — crierMasbHO pa3paboTaHHOe
cnelMrKalMOHHOe paciuvpeHue si3bika nporpamMupoBanus C (Specification Extension of C).
SeC pacmpsier 536k C CrieljuaJbHbIMU KOHCTPYKLUSIMM, KOTOpbIe TO3BOJISIFOT KOMITAKTHBIM U
ya00HBIM 00pa3oM OmnuChIBaTh TpeOOBaHUS K TECTUPYEeMOW CHCTeMe U JIPYyrHe KOMITIOHEeHTHI
TECTOBOM CHCTeMbI. DTO ZeaeT pa3pabOTKy TeCTOB MaKCHUMalbHO YZOOHOM, a TakKe IO3BOJISIET
COKpATUTh 3aTpaThl Ha 0OyUeHHe CreLMarCTOB, Y)Ke 3HAKOMBIX C SI3bIKOM TporpammupoBanusi C.
Taxkke SeC mo3BosisieT OrpefiesiiTh MOJHOCTbIO He3aBUCHMble OT peayv3aluu CrietuduKanud u
CLIeHapHH, UTO /JaeT BO3MOKHOCTb MX MIOBTOPHOTO UCIIO/Ib30BaHMUSI.

Habop uHctpymentoB CTESK Bkmtouaer TpaHciasitop u3 SeC B C, 6ubaMoTeKy MOAAEePKKH
TECTOBOW CUCTeMbI, OUO/IMOTEKY CITeI[U(UKAIIMIOHHBIX THUIIOB U reHepaToOphbl TeCTOBBIX OTYETOB.

Tpancasmop u3z SeC e C Tm03BO/sieT TeHepHUpOBaTb KOMIIOHEHThI TEeCTOB W3 cCreludUKalui,
MeJMaTOPOB Y TEeCTOBBIX CL{€HAPUEB.

Bbubauomeka noddepcKu mecmogoll cucmembl TIpefoCTaB/sieT 06X00UUK — pea3alivio Ha si3blKe
C anropuTMOB TIOCTPOEHHUsI TeCTOBOM TIOC/Ie/I0BATE/IbHOCT — M obecreuyrBaeT TPaCcCUPOBKY
BBITIOJTHEHUSI TECTOB.

Bbubauomeka  cneyu@ukayuoHHbIX ~MuNO8 TIOAJEp)KUBaeT TUIIbl, WHTETPUPOBaHHBIE  CO
CTaHJapTHbIMU (PYHKLMSIMU CO3/IaHHs, KONMPOBAHUs, CDABHEHUS] U YHUUTOXKEHUS] 3HAaUeHUW 3TUX
THIIOB, U COZIePKUT Habop yrKe Orpe/ie/ieHHBIX Criel(UKaIlMOHHBIX THIIOB.

FeHepamopbl meKcmosbIlx Uu epa(j)uueCKux mecmoebix omuyemosg Oal0T BO3MOXHOCTHb reHepalun
y,Z[O6HbIX [JId aHa/Ik3a Hpe,E[CTaBIIEHI/Iﬁ TPacCChbI BBITIOJTHEHHWSA TECTa.



2 PyKOBO/JCTBO 10/Ib30BaTe /i

B 3T0i1 rnaBe czenan 0630p ocobeHHOCTel UCTob30BaHus si3bika SeC.

e B pazgene «Obwue ceedeHus» tipuBofsaTca oranuusi SeC ot C, ONUCHIBAOTCS
paciuvpstoiye C IMOHATUS U KOHCTPYKLIHH.

e B pasgene «Cneuyudukayuu» paccMaTpuBaeTcs Crocod (opManbHOTO — OMUCAHHUS
TpebOBaHUM K TEeCTHUPyeMOW CHCTeMe B BHe npedyca08utl, nocmycaoeull U o2paHuueHull
oocmyna B cneyuuKkayuoHHbIX (YYHKYUSIX U OMI0HCeHHbIX peakyusix. OMUChIBAeTCS CIIOCo0
3a/IlaHUsI Pa3/IMUHBIX Kpumepueg Nokpbimus. Takke BBOAUTCS KOHLEMLIUS OONYCMUMbIX W
cneyupuUKayuoHHbIX Munos, B JeTajisiX paccMaTpvBaeTcs paboTa C CyIIeCTBYHOIUMHU
crelupUKALUOHHBIMUA THIAMH U TIpaBW/Ia CO3/IaHUsI HOBBIX TUIIOB JAaHHBIX. OTMCBHIBAETCS
MeXaHU3M UHB8APUAHMOB, HaK/IaJbIBaeMbIX Ha THITbI JAHHBIX U I€PEMEHHbIE.

e B pasgene «Meduamopbl» 0ObsCHSIETCS MeXaHW3M CBSI3bIBaHUS CrielpuKanyd C
peanu3alivieli TeCTUPyeMOil CHUCTeMbI B BHUJe MeOUamopHbIX (yHKYull, OCYILeCTBIISIOLX
go30elicmaue ¥ CUHXpOHU3AYUIO COCMOSHULI.

e B pasgene «Ilecmosble cyeHapuu» OMUCAHO TIOCTPOEHUE MeCcmoso20 CYeHapus,
o0beIMHSAIONIer0 HAabOp CyYeHapHbiX yHKYull A7 WTepaljud TapaMeTpOB, MeXaHH3M
MOCTPOEHUsST  TecTa, (GYHKUUIO BBIUMC/IEHUS  CYEHAPHO20  COCMOSIHUS,  CIIocob
VHULIMA/TU3aLIMU U 3aBepIeHust paboThl TECTOBOM M TECTUPYEMOU CUCTEM.



3 OOmue cBegeHUus

SeC mnonHocTteio nogzepkuBaer ANSI C. [JonosiHUTeNbHO BBOASATCS cneyugukayuoHHble munbl,
munbl ¥ NnepemMeHHble C UH8ApUAHMamu, NOKpblmusl U 4eTbipe BuAa (GyHKLMI: cheyudukayuoHHble,
peakyuu, mMeouamopHble W CYeHdpHble. DTW THIbI, UHBADUAHThl U (PYHKLUM ONpeJessitoTCS B
crielUpUKaAILMOHHBIX (paiiax ¢ pacimpenueM sec. CrieljudurKallMOHHbIe 3aro/i0oBoOYHbIe (halibl,
coJiep>Kalljie JieKapaluy crieludUKaliMoOHHbIX TUTIOB U (QYHKLIUN [JOJDKHBI HAXOJUTCS B (haitiax C
pacupenveM seh.

Crielju¢yKalMOHHbIE 3aro/IOBOUHble (ailyibl BK/IKOYAIOTCSI B CHelU(pUKaLMOHHbIE (aiiibl TIpU
rnomolIly AupekTyBbl npenporieccopa C #include. CrendukaloHHble (aiiibl MOTYT COZlep>KaTh
U o0bryHble ¢yHKUMM C, TpeOyemble /s pa3/IMUHBIX BCIIOMOTAaTebHBIX 1iened. Ilpu
HEOOXOZMMOCTH HCIIO/Ib30BAaHUS THIOB [JAHHBIX, KOHCTaHT, IepeMeHHbIX WM (QyHKLIWH
BKJIIOUAIOTCs1 0ObIUHBIE 3ar0/I0BOYHbIe (haiinbl si3bika C.

[nst ynobcTBa 3amvcy U YTeHWsl JIOTUYeCKHUX BbIpaKeHWH B s13bIK SeC /IOTIO/IHUTENBHO BBeJieH
OTepaTop HWMIUIMKALMK =>, SBJSIOUIMNACT OWHAPHBIM MHOPUKCHBIM OMEpPaToOpOM, TPUOPHUTET
KOTOpPOT'O MeHbIlle TPUOpHUTeTa orepaTopa [JU3bIOHKIMHU | |, HO Oosblile MpUOpUTeTa yCIOBHOTO
orneparopa ?:. DBelpaxkeHue X => Yy 5KBHUBAJIEHTHO BbIpaXeHUO !X || y, U mnpu ero
BBIUMCJ/IEHUH, TaKKe Kak MPH BbIYUCIEHUU JIPYTUX JIOTUYeCKHUX OIepaTopoB, AeWCTBYIOT IIpaBU/a
KOPOTKOM JIOrMKd. OrnepaTop HMMITUIMKALMM acCOLMaTHBEH CJleBa HarpaBO, TO €CTb BbIpaKeHHe
X => y => Z 5KBUBA/IEHTHO BBIP&)KEHUIO (X => y) => Z.



4 Crhnenu@pukaiuu

CrietiudvKanust TpefcTaBasieT cob0i dopmanbHOe ornvcaHve TpebOBaHWM K TeCTHPYeMOM
cucteme. B TecTupyeMoil cucTeMe BbIIEJISIIOTCA UHTep@eiicHble GYHKIMM U JIaHHbIe,
orpe/iesisitolLye COCTOSTHUE 3TOU CUCTEMBI.

B cneuyuduvkaimy noBefeHUe HUHTepENCHBIX (GYHKIMU OINWCHIBAeTCH Crelr(UKalMOHHBIMUA
GYHKIUSIMH, a COCTOSIHME CHCTeMbl MOJETMpYeTcs I100a/bHBIMA TepeMeHHBIMA COCTOSTHUSL.
TpeboBaHusi K TecTUpyeMoil cucTteMe (QOPMY/JUPYIOTCS KakK OrpaHUueHUss Ha IIOBe/leHue
rHTepdelicHbIX QYHKLUI (B BU/ie MPeAyCI0BUl 1 MOCTYCI0BUM B CrieLM(PUKALIMOHHBIX (DYHKIIMSX)
Y Ha 3HaueHusi laHHbIX (B BU/le MHBAPMAHTOB TUIIOB 1 TIepeMeHHBIX COCTOSTHUS).

[MpuBsizka crHelUPUKALMOHHBIX (GYHKIMA W MOJENbHBIX [JaHHbIX K GYHKIUSIM W [JaHHBIM
peanv3alyy TeCTUPYeMOM CUCTEMBI OCYILeCTB/ISIETCS PY MOMOILA MeJUaTOpPOB.

Kpowme Toro, cneuueukanuu MOTYT COfep)KaTb KPUTEPHHU IOKPBITHS, IO3BOJISIOIIME OLIeHUTb
TMOJIHOTY TECTHPOBAHMUS.

B cnyuae TecTHpoBaHUSI CUCTeM C OTJIO)KEHHBIMM peaklMsMU, WX TIOBeJileHHMe TpU OTBeTe Ha
BHEIIHWE BO3/J€MCTBUSI COCTOMT W3 HENOCPeJCTBEHHbIX W OT/IO0XKEHHbIX peakuuii. [lepBbie
OTMCBIBAIOTCSI OOBIYHBIMU CHELUGMUKAIMOHHBIMUA (QYHKI[USIMH, a [Jis OIMUCAHUS TIOC/TeHUX B
cneuruUKaluio J00aB/SIOTCS  OT/IOKEHHble peakUuu. [IpuBsi3ka OT/IOXKEHHBIX peakLUud K
TECTUPYeMOW CHUCTeMe OCYIIeCTBJISIETCS C TOMOIIbI0 MeAMaTOPOB W COOPIIWMKOB peakiuii. B
OT/IMYMe OT CrelUpUKALMOHHbIX (DYHKIMM, /i OTJI0XKeHHBIX peakldil He MOTYT ObITh 3a/laHbl
KpUTEePUU TTOKPbITHSI.



4.1 CnenudukanuoHHble QyHKINH

CrietdyKallMOHHbIe (YHKLMUA C/Iy>KaT [ijIsi OMUCaHusl 1oBefieHUs] MHTepdelCHbIX (PyHKUWN
TECTUpDYeMOW CUCTeMbl. B o0OmieM ciydyae crenuduUKaiyoHHas QYHKOUsS —OIpe/essieT
TMOBeZIeHHe TeCTUPYeMOi CHUCTeMbI TIPH OTIpe/ie/IeHHOM BO3/IeMCTBUY Ha Hee yepe3 HEKOTODPYIO
yacTh MHTepdelica.

CrierjudvKaliioHHble (DYHKI[MU OMUCHIBAIOT TOBe/ieHre B JopMe orpaHHUYeHU OCTyTIa K JJaHHbBIM,
Tipe/lyC/I0BUH, JIOKalbHbIX KPUTEPUEB MOKPBITHS 1 TTOCTYC/IOBHIA.

Hexnaparusi crielfudyKalMOHHONW (QYHKIIMKA COCTOMT W3 K/OUeBOro cjoBa specification,
CUTHATypbl GYHKIMU (B 00BIYHOM cMbIc/Te s13biKa C) 1, BO3MOKHO, OTDaHUYEHHHN OCTYIIA.

specification double sqgrt_spec(double x);

SeC mpenycmaTpuBaeT TPU KOHCTPYKLMM, T[peAHa3HaueHHble [/ BK/IIOUEHUSI B Teso
crneyrKalMOHHONW (YHKLIMU: TIpe/lyC/I0BHe, TIOCTYCI0BHe U JIOKa/IbHOe Ompe/iesieHre TOKPbITHS.
[IpenycioBue M KpUTEPUHU TOKPLITUSI MOTYT OTCYTCTBOBaTh, TOT/A KakK IOCTYCJOBUE [[OJDKHO
MIPUCYTCTBOBATh 00sI3aTe/IbHO.

[TpenycnoBue TipoBepsieT MPUMEHUMOCTb (DYHKLMU K JJaHHOMY HabOpy 3HaueHWi MapaMeTpOB U
TepeMeHHbIX COCTOsIHMA. JIOKa/ibHble TIOKPBITUS, KOTOpble MOTYT WCIIO/b30BaThCd B
cnet(UKalMOHHOW (QYHKUUU HapsAy C T7100a7bHBIMHM, pa30MBAalOT TIOBeZieHWe CHUCTEMBI,
OTMKCaHHOe [aHHOW criel[M(HKAIIMOHHOM, Ha BeTBU (YHKIMOHATBHOCTH. M KoJ TIpefyc/oBUs, U
KOJ, (YHKUMUA BBIYMC/IEHUS] JIOKAJbHBIX TOKDBITUM BBLITIOJIHSETCS B TpPe-COCTOSIHUM, T. €. [0
B3aMMOJIEVCTBUSI C TECTUPYEMOUM CUCTeMOMW. 3HaueHHWsl BbIpaXKeHUM U TePeMEeHHBIX B TOT MOMEHT
Ha3bIBalOTCS TIpe-3HaueHUSIMU.

[Tepep, BbIUMC/IEHHEM TIOCTYCJ/IOBUS OCYILIeCTB/ISIETCS B3aUMOJEMCTBUE C TECTUPYEMOM CUCTEMOU C
MOMOILBI0 BbI30Ba Mejuatopa. IlocTyc/ioBue npoBepsieT COOTBETCTBHE IOYYEHHOrO pe3ysbTaTa
oxuziaeMoMy. OHO BBINOJIHSIETCS B [TOCT-COCTOSIHUM, T. €. TI0C/Ie B3aUMOJeUCTBUS, U UMeeT J1efl0 C
MI0CT-3HAaUeHUSIMU BbIpakKeHHUH.

specification double sqrt_spec(double x) {

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

}

B obmem ciyyae MeXXIy OINMMCAHHBIMU 0JIOKAMU MOYKET HCIIO/Ib30BaThCs [OTIOJTHUTETBHBIN KOZ,.
[ononHuTebHBIN KO/, He J0/KeH UMeTb MOOOYHBIX 3(PPeKTOB: He [JO/DKHBI U3MEHSThCS BUAUMBIE
CHApY)XH [laHHBIe, JAWHAMUUYeCKasi TaMsTh, BblleJleHHass BHYTpU O/ioka Koza, /IOJDKHA
0CcBOOOXIaThCsl TUOO B HEM >Ke, TMO0 B TIADHOM eMy 0J10Ke. DTOT KOZ, 0OBIYHO MCIOBb3YeTCs ISt
oTipeie/ieHUsT TIepEMEHHBIX, OOL[UX [y TIPeAYyCIOBUS, TOKPBITMA W TIOCTYCIOBUS. I[lomHoe
OrKcaHre B CeMaHTUUeCKHUX TPeOOBAHUAX K CTIeIU(UKAI[MOHHBIM (QYHKIUSIM.

CrnermukaiioHHbie (YHKIWM BBI3BIBAIOTCS, KaK IPAaBU/IO, B ClLeHApHBIX (YHKIMsIX. BbI30B
cnel(UKaIMOHHOW (GYHKIIMA COCTOMT B TpPOBEPKE WHBAapUAHTOB B COOTBETCTBUU C
OrpaHUYEHUSIMU JOCTYTIa, TPOBEPKe Mpe/yCI0BUs], BBIUUCIEHUU TIOKPHITHIX BETBEH B COOTBETCTBUM
C KPUTEPUSMH TTOKPBITHS, OCYIL[eCTB/IEHUHA TeCTOBOTO BO3/I€HCTBUS M CUHXPOHH3AI[UM MOJIE/TbHOTO
U peajM3al[MOHHOTO COCTOSIHWK B MeJMaTope, BTOPUUHON TpPOBEPKE WHBAPWAHTOB U TPOBEPKE
noctycioBust. CrierudukaioHHasi GyHKIMS BO3BpalllaeT 3HaueHHWe, BLIUMC/IEHHOE B MeAMaTope
(ecrr oHa He 00BsIB/IeHa Kak void).



4.2 OTt10)XeHHbIe peaKkIuu

OTno)KeHHble peakLu CIay)KaT [ OIUCAHWSl T[0Be/leHUs] TeCTHpPYeMOW CHUCTeMbl IIpU
OTJIO)KEHHOM pearvpoBaHHWM Ha BHeLIHWe BO3JeHCTBUA. OTJIO)KeHHble peakLMM OMMUCHIBaOT
nosejieHle B (hopMe OrpaHMUeHMM [JOCTyna K [aHHbIM, Mpejyc/JoBUMA U MOCTYyC/l10BUWA. B

OT/IMUMEe OT CHelU(UKAlMOHHBIX (DVHKIWK, B OT/IOXKEHHBIX peakLUsIX He HCI0J/b3YITCS
KPUTEPUU MOKPBITHS.

Jeknapanysi OTJIO)KeHHOW peakLUUM COCTOMT W3 KIIFOUeBOro cjioBa reaction, curHartypel
¢byHKMM (B 0061YHOM cMbIcsIe si3biKa C) ¥, BO3MOXKHO, OrDaHUYEeHUH JOCTYIIA.

reaction String* recv_spec(void);
OTno)keHHasl peakLysi:

* HUKOI/A He UMeeT apaMeTpOB,

+ JIOJ/KHA BO3BpalllaTh CTEIU(PUKAI[MOHHYIO CCBLIKY.

Tesio OT/IOKEHHON peakUM COCTOMT U3 [IBYX YacTel: MpeaycyioBust (MOXKeT OBITh OIYIeHO) W
MOCTyCJIOBUS (00s13aTeTbHO OJTHO).

[TpenycnoBue TmpoBepsieT BO3MOXXKHOCTb BO3HMKHOBEHMSI peakLMM B JIaHHOM COCTOSIHUM.
[IpenycioBue BBITIOJHSIETCS B TIPe-COCTOSIHUM W UMeeT J[OCTYIl TOMbKO K TIpe-3HaYeHUsIM
BbID&KEHUM.

HOCTYCJ'IOBI/IE rpoBepsieT COOTBETCTBHUE pe3yJ/ibTdTd, MMOJYUEHHOI'O IPXM BO3HUKHOBEHHHW PedKIHU,
0XHWoaeMOMYy. OHO BBITIO/MHSETCSA B MOCT-COCTOSIHUU MOC/Ie BOSHUKHOBEHMUS peakly U UMeeT fejio
C ITOCT-3HaUYeHUAMHN Bpra)KEHHﬁ.

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

}

B o01uieM ciyyae MeX[y ONMMCAHHBIMUA OJIOKaMM MOXKET HCII0J/Ib30BAThCS JOTIOTHUTETbHBIA KO/,
[omnonHuTeMbHBIN KO/ He JI0/DKeH UMeThb 10O0YHBIX 3¢ eKTOB: He [JO/DKHBI U3MEHSAThCS BUIUMbIE
CHapy)Xy JlaHHble; JWHAaMW4ecKas TIaMsATh, BbIJie/IeHHass BHYTpM OJsioka Koja, [O/DKHA
0cB0OOXK/IaThCs TMOO B HEM JKe, MO0 B TIADHOM eMy 0Ji0Ke. DTOT KOZ, 0OBIYHO MCIOBb3YeTC s [IIs
oTipeZie/ieHUs] TlepeMeHHbIX, OOIMX /i1 TIPeAyC/IOBUSI W TOCTyC/oBus. Ilo/HOe orMcaHue
HaXOJUTCSI B CEMAHTHUUECKOM TpeOOBaHWY K OT/IO’KEHHBIM PeaKIHsIM.

OTno)keHHasi peakl¥si HUKOT/lJa He BBI3bIBAeTCSl SIBHO, TOCKOJIbKY WHUI[MUDYETCS TeCTUPYyeMOu
CHUCTEMOM.



4.3 OrpaHuuyeHus AoCTyna

OrpaHuYeHHs1 ZOCTyIa YKa3bIBAlOT CIOCOO HMCIO/Ib30BaHUS B CHeLU(MUKAI[MOHHBIX (YHKLUSX U
OT/IO)KEHHBIX PeaklUsX TI00a/lbHBIX TIepeMEHHBIX M MapaMeTpPOB, a TaK >K€ BbIPAXXEHUH C HUMHU.
[MopjepkuBarOTCs TPpU BUJA OrpaHWYeHUN JocTyna: uTeHue (reads), 3amuch (writes) u
n3meHeHue (updates).

OrpaHuueHus1 3aMMChIBAIOTCS TI0C/e CUTHATYPbI CrieurKaLUMOHHOW (YHKLUU WU OTI0)KEHHOU
peakijuu B BUJle CTMCKa BbIpa)KEHWM uepe3 3arsTyr0, TTOMeUeHHOr0 OJHUM M3 KJIHOUEeBBIX CJIOB
reads, writes wim updates:

specification void root_spec(
double a,
double b,
double c,
double *x1,
double *x2)
reads a, b, c
writes *x1, *x2;

OrpaHvyeHve gocTyna reads [Jii HEKOTOPOrO BbIDaKEHHMs O3HayaeT, UTO 3HAaueHWe 35TOro
BbIPa)KeHUsI He U3MeHsieTCsl B pe3yJ/ibTaTe B3aUMO/IeHCTBUS, T. €. Tpe-3HaueHre 3TOT0 BbIPayKeHUs
COBIIAZIAeT C MOCT-3HaueHueM. [l Takux BbIpaKeHW{ aBTOMaTU4YeCKU MPOBEpPSIOTCS MHBAPUAHTHI
riepesi TIPOBEPKOW TIpe/lyC/IOBUsI, a Tiepesi TPOBePKOM TOCTYC/OBUSI TIPOBEPSIeTCs, UTO 3HaueHHe
BbIpa@KeHHs1 He U3MEeHU/IOCh.

OrpaHuueHve J0CTyla Writes /yii HeKOTOpPOrO BbIpDaKeHHUs O3HayaeT, UYTO IIpe-3HaueHue He
WCTIO/Ib3yeTCsl B CHelM(pHUKALMOHHON (YHKLUM ¥ MOXKET OBbITb He OIpeZiesieHO, a MOCT-3HaueHue
BbI-pa0aThiBaeTCsi B pe3ysibTaTe B3aUMOJIEHCTBUS C TeCTUPYeMOM CHCTeMOW. BblpaxkeHusi c
JIOCTYTIOM Writes Hesb3sl UCIIO/Ib30BATh B ONepaTope B3siTUs npe-3HaueHus @ (cM. [TocTycioBue).
[na Takux BbIpa)KeHWW aBTOMAaTUYeCKW IIPOBEPSIFOTCSI WHBApUaHThl Iepes, IPOBEPKOM
IIOCTYCJ/IOBUS.

OrpanuueHye foctymna updates [ HEKOTOPOro BbIPa)KeHUSI O3HAUaeT, UTO Ipe-3HaueHue 3TOro
BbIDQ)KEHUS SIBJISIETCS] BXOJHBIM [IapaMeTpoM, OT KOTOPOT'O MOXKET 3aBUCETh MOBe/leHHe CUCTEMBI, a
MOCT-3HaueHue TMOoJyuyaeTcss B pe3y/bTaTe B3aMMOJENCTBUSI M MOXKET He COBIaJaTb C TMpe-
3HaueHWeM. [1jig TakKvX BbIPDa)KeHHI aBTOMAaTHYeCKU MPOBEPSIOTCS UHBapHaHThI Tiepe]] POBepKOi
Kak TpeAyC/I0BUs, TaK U TTOCTYCIOBUSI.

BbipakeHUsIM B OrpaHUUEHMSIX [OCTYyNa MO)KHO TpHMCBavMBaTh WeHTU(HUKATOpP, Ha3biBaeMbIil
MCeBAOHMMOM. B fanbHelillleM TMCEBAOHMM MOJKHO MCIOJ/Ib30BaTh i [JOCTyNa K 3HaueHUIO
BbID@)KEHUSI, B TOM UKCJ/Ie K TICeBJOHMMY MOXKHO TIPUMEHSITh oriepaTtop @:

specification void deposit_spec(AccountModel *acct, int sum)
reads sum
updates balance = acct->balance

{
post {
return balance == @balance + sum;
}

}



4.4 IlpepycioBue

[MIpu  B3auMO/EHCTBUM, OIUCbIBAEMOM  CHelMPUKALMOHHON  (YHKLUel, ToBe/eHre
TECTUPYEMOI CHCTEMbI B HEKOTOPBIX CUTYAL[USIX MOXKET ObITh He orpeiesieHo. JI/s Bblge/IeHHs]
TaKUX CUTyallul U CJIy>KUT TpeAycaoBue. Bo BpeMs TeCTUpOBaHUs TpeAyC/I0BUe MPOBEPSeTCs
KOKAbIM pa3 mMpu obOpaileHud K crenuduKaiuoHHoW (yHKiuK. HapyiieHue mpeaycioBus
03HAyaeT, UTO TeCT COCTaB/IeH HEKOPPEKTHO.

B cnyyae OT/I0)KeHHOW peakiyu, MpeAyclOBUe OIpefesisieT, BO3MOXXHO /11 BO3HHKHOBEHHE
TaKOW peaklMd B JAHHOM COCTOSSHUM. Bo BpeMsi TeCTMpOBaHUS TpeAyC/iOBHe TPOBepseTCs
KKJbld pa3 TMpU BO3HUKHOBEHWH peakluu. [Ipyu HapyllieHuWu mpeaycaoBUs (UKCUpyeTcs
HeCOOTBETCTBHE MeX/y TOBeJIeHreM 1je/ieBOi CUCTeMBbI U ee crieljuduKariyei.

[IpeaycnoBue 3amvchiBaeTCsi B BUJE WHCTPYKLMM, 3aK/IHOUeHHbIX B (GUTypHble CKOOKU W
TOMEUeHHBIX KJFOUeBBIM CJIOBOM pre. OTW MHCTPYKLUH TIPe/ICTaB/SIOT cO00M Teno (GyHKLUH,
VMeIOIel Te ke MapamMeTphl, YTO U crelU@UKalMoHHas (QyHKLUS WM OT/I0XKeHHas peakius, U
BO3Bpalljaollleld pe3ybTaT TUIAa bool, MOKa3bIBarOLUM, BBIIIOJHEHO JIU NTPe/lyC/I0BHe.

specification double sqrt_spec(double x) {

pre {
return x >= 0.0;
}

}

Eciu noBezieHre CUCTeMbI OTpeZiesieHO TIPH JIF0ObIX 3HaUeHUsIX BXO/HBIX MapaMeTpOB U B H0O60M
MO/Ie/IbHOM COCTOSIHUM (WM TOSIBJIEHHE PeaKIy J0MYyCTUMO B JTF0O0M COCTOSIHWM), TIPEAYyCIOBHE
MO>KHO OITyCTHUTb.

[IpenycioBre BBIUMC/ISETCS A0 B3aUMO/IEMCTBUS C TECTUPYEMOM CUCTeMOW. 3HaueHWsl BbIpa>KeHU
B 3TOT MOMEHT Ha3bIBalOTCsI Npe-3HaYeHUsIMU.

[Tepes, TIpOBepKOW TIpe/lyC/IOBUSI aBTOMATHUeCKH TIPOBEPSIIOTCS WHBApUaHThI TlapaMeTpOB
crielIU(UKALMOHHON (YHKLMU 1 BbIpaXKeHUI, OMMCaHHBIX B OrPaHUYeHUsIX J0CTyMa Kak reads u
updates.

HPEAYCJ'IOBI/IE He NO/DKHO MMEThb MMOOOYHBIX 3¢)¢)€KTOB: He NO/DKHBI U3MEHATHCA BUAWMbIE CHADYXKU
AdHHbIe; TMHAMHUUeCKasd IIaMAThb, BblZie/IeHHadA BHYTPH IIpeAyC/JI0BUsA, AO/DKHA 0CBO60)K,E[EITI:CH B HEM
Xe.

[penycnoBue crienMUKAMOHHOW (GYHKIMA MOKeT ObITh SIBHO BBIYAC/IEHO C TIOMOILIBIO
KOHCTPYKLMHU pre (UCIoJib3yeTcs, Kak MpaBWIo, B CLieHapHBIX (YHKLUSAX AJISi TOro, 4ToObl He
BbI3bIBaTh CreLU(UKALIMOHHYI0 (GYHKIIMIO C HEKOPPEKTHBIMU MapaMeTpaMu):

if (pre sqrt_spec(-1.0))



4.5 IlocrycinoBue

[ToctycioBre crieliUPUKALIMOHHON (PYHKLMU CAYXKUT [/Is1 OMHCaHUsI OrpPaHWYeHU, KOTOPBIM
JIOJDKHBI YIOBJIETBOPATH pe3y/bTaThl paboThl TeCTHPYeMOM CHUCTeMbl MPH B3aUMO/eHCTBUH,
onucbiBaeMoM crieljuduKaloHHo ¢GyHKIueil. Bo Bpemsi TeCTHpOBaHHsI TMOCTYC/IOBHE
TIPOBEpsIeTCSl KaX[pld pa3 Ioc/ie OCyllecTBAeHWs B3aumogeictBus. Eciv mocTycioBue
OKa3bIBaeTCsl HapyIIeHHbIM, (UKCUPYEeTCS HECOOTBETCTBUe TMOBeJeHUs 1ie/ieBOM CUCTEMbI ee
crieiUKaLUu.

[TocTyc/ioBMe  OT/O)KEHHOM peakl[uud  OMNWCbIBAaeT OrpaHUYeHUsi, KOTOPbIM  JOJDKHBI
VOBJETBOPSITh  pe3y/bTaThl B3aWMOJEWCTBUSI TIOC/Ae BO3HHMKHOBeHUs peakuuu. Ecmu
MOCTYC/IOBHE OKa3bIBaeTCs HapyIlIeHHbIM, (UKCHUPYeTCs HeCOOTBETCTBUE TIOBe/IeHUS 1ie/IeBOM
CUCTeMbI ee crielfubrKaI|u.

[TocTyc/ioBre 3amuchiBaeTcsi B BU/€ WHCTPYKLMM, 3aK/IOYeHHBIX B (UIrypHbIe CKOOKA W
MOMEeUYeHHBIX K/TIOUeBbIM CJIOBOM POSt. DTW MHCTPYKLUH TPeJCTaBJSIOT CO00M Teno ¢yHKLWH,
VMeloIlleli Te >kKe rMapameTpbl, UTO M crelyurKaluoHHas (yHKLMs, U BO3Bpalllarollell pe3yibTar
tuna bool. 3HaueHue true MokasbiBaeT, UTO TOBeJE€HUE TeCTUPYEMOW CUCTEMbI COOTBETCTBYET
oxugaemMoMy (TIOCTYC/IOBUe BBITIOJIHEHO), a 3HaueHWe false TiOKa3biBaeT, UTO IIOBe/leHHe
OTJIMYAeTCSl OT OXKUJaeMOoro.

B criemmdukaliMoHHON (YHKUMHU W OT/J0KEHHOW peakI[UM BCerja [JO/DKHO ObITh POBHO OZIHO
MOCTYCJIOBHE.

[ns pocTynma K 3HAueHWIO, BO3BPALLEHHOMY MeAWaTOpoM  crieludrKaloHHONW (GyHKIUH,
WCII0/b3yeTCsl UAeHTU(PUKATOP crieliuUKaliOHHOW QyHKLMU (ecu crieljudUKaliOHHasi (PyHKLHs
He 00bsiBNeHa Kak void). AHa/OrW4HO, JJis AOCTYyNa K 3HAYEHUIO Peakiyy, 3aMKCUPOBAaHHOMY
TIpYU PerucTpaLyu, UCIOoJIb3yeTcsl UeHTU(UKATOP OTI0XKEeHHOW peakLvu.

specification double sqgrt_spec(double x) {

post {
if (x == 0.0) return (sqrt_spec == 0.0);
return sqrt_spec >= 0.0
&& fabs( (sqrt_spec*sqrt_spec - x) / x ) < EPS;
}

}

[TocTyc/ioBre BBIUMC/ISIETCS TIOCA€ B3aUMOJEMCTBUSI C TeCTUPYeMOM CHUCTeMOW. 3HaueHUs
BbIpa)KeHHUH Mocsie BO3/1eHCTBUS Ha3bIBalOTCS MTOCT-3HAUEHUSIMU.

[Tepes, TpoOBepKOll MOCTYC/IOBUSI aBTOMAaTMYeCKd TIPOBEpSIIOTCS WHBapUaHThl IlapaMeTpOB
cnetrrKaMoOHHON (QYHKIMU U BbIpaXKeHHH, OMMMCAHHBIX B OTPaHUUEHUsIX [JOCTYTa Kak writes u
updates, a Takke MHBapUaHT BO3BpalllaeMOro 3HaYeHusl.

[7ist mocTyTia U3 MOCTYC/I0BUS K TIpe-3HaueHUsIM MCII0JIb3YeTCsl YHapHbIi orepatop @. BoipaskeHue
Nof, 3TUM OIepaTopoM [JO/DKHO KMeTb JONVCTUMBIA TUIN M JO/DKHO OBbITh BBIYHMCIMMO
HeToCpeICTBEHHO TMepesl K/IOUeBbIM CJI0BOM POST (MOCKOMBbKY 3HAaueHWs] TaKUX BbIpa)KeHUU
aBTOMAaTUUECKH COXPAHSIOTCS HeroCPeACTBEHHO Tiepefi OCYIeCTBJIeHHeM B3aUMOJEUCTBUS C
TeCTUPYeMOW CHCTeMOM). 3arpelleHO0 MCI0/b30BaTh oOrepaTtop @ [/ BbIpaXeHWM, HWMEROIUX
JocTyn writes.

/* List — 6mbnnoTeyHbli crneymdukKaumMoHHbli Tun*/
specification void f( List* 1 ) {

int j;

post {



int 1i;
Object* pre_item;
for(i=0, j=0
; 1 < @size_List(l) /* ponycTtumo */
i++, j++

.
4 4

/* HegonycTumo: 1 He onpegeneHa BHe nocTycnosusa */
pre_item = @get_List(1l, 1i);
/* HefonycTumo: j uMeeT eAUWHCTBEHHOEe Hen3BeCTHOe 3HaudeHue
BHe nocTtycnosusa */

pre_item = @get_List(l, j);
pre_item get_List(@l, j); /* ponycTtumo*/
if(equals(get_List(1l, i), pre_item))

return false;

}

return true;

b
3

Ecmu TpebyeTcss obecreunTh AOCTYI K Mpe-3HaYeHUIO0 BBIPA)KEHUsl, THUI KOTOPOTO He SIBJISETCS
JOMyCTUMBIM, CJie[yeT BPYYHYIO COXPaHUTb 3HaueHWe STOT0 BbIpaXKeHUsI B JIOKaJbHOU
rnepeMeHHON /0 Os0ka POSt (BO3MOXKHO, Jyuillee pellleHWe COCTOUT B HCIOb30BAHUU
TOAXOASIIEr0 UM Orpe/ie/ieH HOBOT'O Crielii(PUKALIMOHHOTO THTIA):

{

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

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

}

free(pre_s);

3

[TocTycnoBre He AO0/DKHO MMEeTh MOO0UHbIX 3((EKTOB: B HEM He [O/DKHBI U3MEHSTbCS BHUMbIE
CHApY)KH JlaHHbIe; JUHAMUYeCKas I1aMsiTh, BbIZIeJIeHHas BHYTPH TIOCTYC/IOBUS, /IOJDKHA
0CBODOOXKIATHCS TaM XKe.



4.6 Tunsl JaHHBIX

A3bik SeC mosHOCTBIO NTOAAep)KUBaeT TUIBI JaHHbIX fA3blka C. Kpome Toro, B sA3bIK SeC BBe/eHbl
JIOTIO/THUTE/IbHbIe TUTIbI U UX BUJBI:

1. byneBckuu tMn bool s npefcTaBieHUs JIOTUYECKUMX 3HAYeHWW W KOHCTaHThHI true u
false.

2. CnernuduKai[MOHHbIE THIIBI, 00beJUHSIONMEe THIBI si3blKa C ¢ 0a30BBIMU OIEpaLUsIMU
paboThI C IAHHBIMHU 3THUX THIIOB: CO3/laHHe, KOMMMPOBaHWe, CPABHEHUE, YHUUTOXKEHHE.

3. Tunbl Cc UHBapHaHTaMU WU TIOJATHUIIBI — TUIbI JJaHHBIX, MHOXXECTBa 3HaueHUN KOTOPbIX
SIBJISIFOTCSI IOJMHO>KeCTBaMH 3HaUeHUW IPYTUX TUIOB [JaHHBIX, KOTOPbIe SIB/SIFOTCS [1J1S HUX
HajTunaMy. I[ToAMHO)KeCTBO 3HaueHWN TOATHIIA 3a/laeTCs TPU TIOMOIIM OrpaHUUeHUH,
OMMCAHHBIX B MHBAapUaHTe THUIIA.

Turnbl, KOTOpbIe [0MYCKAOTCS JJisi apTYMEHTOB M BO3BpalllaeMbIX 3HaueHWH crieljuprKaloHHbIX
(GyHKUMH, OT/IO)KEHHBbIX peaklUii U MeJWaTOPHbIX (PYHKLMH, /s UTepaljMOHHbIX TepeMeHHbIX U
repeMeHHbIX CLIEHADHOTO COCTOSIHUSI CIieHapHbIX (YHKLUH, a TakK >Xe s TJ00anbHBIX
repeMeHHbIX, WCIO/b3yeMbIX B BbIlIeNepeuncaeHHbIX (YHKIMAX, Ha3bIBAIOTCS OONYCMUMbIMU
munamu.

K [gomyCcTMMBIM THIaM TNpeAbSB/SIOTCA TpeOOBaHMs, KOTOpble He 00eCrneurBarOTCs MHOTHMH
tunamy si3bika C. Harmpumep, HEBO3MOXXHO aBTOMAaTHYeCKU BBIUMC/IMTH pa3Mep MacCHBa T10
yKasaTe/l0 Ha Hero, COOTBETCTBEHHO, HEBO3MOXXHO CKOMWPOBaTb 3HaueHWe Tuma. /[is
Mpeo/ioJieHusi  3TUX  OTPaHWYeHWH W CIyKaT  cheyuuKkayuoHHble  munbl.  Takke
cnelyUKaIMOHHbIE TUTTBI HEOOXOIUMBI TIPH UCIO/Ib30BaHUM OMOIMOTEKU TIOAIE€P)KKHA TeCTOBOU
cucrembl CTESK (cm. Bubnmoreka nojzepkku TectoBoit cucrembl CTESK)




4.7 [JdonycTUMBbIe THIIbI

i apryMeHTOB ¥ BO3BpalljaeMbIX 3HaueHUl CreLy(UKaLUOHHbIX (YHKLUM, OT/IOKEeHHbIX
peakLii U MeIMaTOPHBIX (PYHKLUM, /11 UTePaLjMOHHBIX [lepeMeHHbIX U TlePeMeHHBIX CLieHapHOIo
COCTOSIHWSI CLieHapHBIX (QYHKIUH, a Tak ke [ I/100a/bHbIX TepeMeHHbIX, HCII0/b3yeMbIX B
BbIIIIe[IepeUrCIeHHbIX (PYHKLNAX, JOMYCKAOTCS TOMBKO CeIyIOIUe TUIIbI:

1.
2.

7.

Apudmetnueckue tunsl (int, char, double...).

Hepe‘—II/ICJII/IMBIe THIIbI (enum), MHOXXECTBO 3HAUeHUM KOTODBIX, B OT/IW4YHE OT C,
OrpaHM4Ye€HO HMX KOHCTAHTAMM M He MOXXeT COJAep>KdaTb IMPOM3BOJIBHOE ILe/104YKMC/IEHHOEe
3HaueHue.

Tunu3upoBaHHBIA yKa3aTeslb. YKa3arenb Ha o000 fomyctumeid Tur. [lpu  3TOM
TNpeJiriosiaraeTcsi, YTo ykasaTesb MO0 Hy/eBOM, MO0 yka3blBaeT Ha OJHO eAWHCTBEHHOE
3HaueHWe COOTBETCTBYMOLIero Tura. CTPyKTypa yka3areseil 10/DKHa ObITh JpeBOBU/IHOM, T.
e. He JIO/DKHO OBbITh HEOPUEHTUPOBAHHBIX LIMKJIOB 110 YKa3aTeslsiM.

HetunusupoBaHHbIM yKaszaTenb (void*). 3HaueHUsi TakKOro TUMA WHTEPIIPETHPYIOTCA
MPOCTO KaK aZipeC HeKOTOPOU STUeMKU MaMsITH.

@OyHKIMOHANBHBIN yKas3aTe/lb. 3HayeHUs] TaKOrO THUIA WHTEPIPEeTHUPYIOTCS IPOCTO Kak
aZipec HEKOTOPOU (PyHKLMHU.

CrpykrypHblii Turn. CTpyKTypa [J0/DKHa UMeTb 3aBeplleHHbIM THUI, TO eCTb ONHCaHHe ee
Tejla ZIO/DKHO OBITb BHJHO B MeCTe ee HCII0/b30BaHMs. [10/isi CTPYKTYpBl O/DKHBI UMEThb
JIOTyCTUMbIe TUIIbI.

MaccuB (hUKCUPOBaHHOM JyTUHBL. THIT 3/1EMEHTOB MaCCHBA JIO/DKEH OBITh ZIOYCTHM.

Te xe OrpaHM4YeHNs HaK/Id[bIBAKOTCA Ha THUIIBI, KOTOPhbIE AB/IAIOTCA 0a30BBIMU B onpene/jaeHusaX
THUIIOB C MHBAPWAHTAMM, WM Ha THUIIbI [IepEMEHHBIX C MHBAPDHAHTAMM. OTHU OrpaHHY€eHHs T103BOJIAIOT
TeCTOBOM CHCTeMe aBTOMaTHUeCKH YIpaBJ/IATh JdHHBIMU TdKHWX THUIIOB: pa3MelldTb U 0CBO60)K,Z[EIT]:
MaMATb, KOITMPOBATb U CDABHHWBATL 3HAUEHMHH.

Ianee TUMbBI, AOMyCTUMbIEe B BBIIIETIEPEUHCIEHHBIX CydasiX, OyAyT Ha3bIBaThbCS O0NyCMUMbIMU
munamu SeC.



4.8 CnenuduKaioHHbIe THUIBI

K JomycTUMBIM THIaM TIpeABSBISIOTCS TpeOoBaHMs, KOTOPble He 00ecrieurBarOTCs MHOTMMH
tunamu si3bika C. Harpumep, HeBO3MOXXHO aBTOMAaTHYeCKU BBIYUC/IUTH pa3Mep MaccCuBa IO
yKasaTe/r0 Ha Hero, COOTBETCTBEHHO, HEBO3MOXXHO CKOIIMpOBaTb 3HaueHue tuma. [lnd
MpeoiojieHUsl 3TUX OrpaHUMYeHMH U CJIy)XaT  cneyuukayuoHHble munbl. Takxke
crieluUKaLMOHHbIE TUTBI HEeoOXOAWMBI TIPM  HCIOb30BaHUM OUOMMOTEKN TOAEPKKU
tectoBol cuctembl CTESK (cm. Bubnvoreka nognepsxku tectoBoit cructeMbl CTESK).

CHEI_[I/ICI)I/IKaL[I/IOHHbII\/JI THIIT O6’be,qI/IHHET Tur g3eika C ¢ 0a30BLIMU ornepangusaMu pa6OTLI C NaHHBIMH
3TOr0 TUIla: CO3[idHHE, KOITMDOBaHWE, CpPABHEHWE, YHUUTOXEHHE.

3HaueHUs CrieliU(PUKAI[MOHHBIX TUTIOB BCET/la pa3MellaloTCs B TUHAMUUeCKOW MaMsTH U JJOCTYITHbI
TOJIbKO uepe3 CrhelU(UKalMOHHbIe CChIIKM — YKa3aTelu COOTBETCTBYHOIIMX THUIIOB, KOTODbIE
JIOJDKHBI OBITh JTUOO HYJ/IEBBIMU, JIUOO YKa3biBaThb Ha BbIZIEJIEHHYI0 M WHHWILMATW3UPOBAHHYHO
namsTb. TO ecTb He [OMyCKaloTcsi OOBSIB/eHUS TepeMeHHBIX U TlapaMeTpoB  CaMUX
crielIU(UKAI[MOHHBIX THIIOB (He CChIOK Ha HUX), a TakKKe Herocpe/[CTBEHHOe UCII0/Ib30BaHUe
crnelM(hUKAI[MOHHBIX TUTIOB TIPU OTIpe/ie/IeHHH CTPYKTYP, 00beJMHeHUI U MaCCHUBOB.

Ecmu CHE]_[I/ICI)I/IKHI_[I/IOHHEIH CCblIJIKa TI1pH 00BLAB/IEHUH He WHULIMA/IM3UDYETCA ABHO, TO el
dBTOMATUYECKU TIPHUCBAMBAETCA HY/IEBOE 3HAUECHUE.

CrierjudyKallMOHHbIe CCHLTKA Pa3bIMEHOBBLIBAIOTCS TaK ke KakK yka3zarenu B C — Tpu MOMOILHA
orepaTopoB pa3bIMEHOBaHUsl * U ->. Pe3ybTaToM pa3biMeHOBaHUsI CChIIKH siBrsieTcs 1-value, Tun
KOTOpOTO COBIaJlaeT C TUIIOM, Ha OCHOBe KOTOPOTO Oripe/iesieH Crielii(UKaIlMOHHbBIN THUII (TO eCTh C
0a30BbIM TWUMOM B  OMpejie/leHHH  CrellU(pUKALMOHHOTO  TWIA), WIA TUIOM  TI0Jist

crieliupUKAIMOHHOMN CTPYKTYPhI. (cM. Co3aHre HOBbIX CrielM(UKAIIMOHHBIX TUIIOB).

He foryckaeTtcsi pa3biMeHOBaHUe HYJIEBBIX CChIJIOK (TIPUBOJUT K OIIMOKe BO BPeMsl UCTIOJTHEHHUS).

He pomyckaeTcsi pasbiMeHOBaHHe CrelM(UKALIMOHHBIX CChUIOK, BO3BpAIl[eHHbIX BLI30BOM
dbyHKI[MH, 6e3 pHCBaMBaHUs BO3BPAIleHHBIX CChIZIOK B TlepeMeHHbIe (TIPUBOAMT K yTeuKe TaMSITH
WU OLTUOKe BO BPEMsI BBITIOJTHEHUS).

/* List — 6MOGANOTEYHbI cneunduKaumoHHbIii Tun */

List* 1 = create_List(&type_Integer);

/* Integer — 6MGANOTEYHbI crieyMduKaumoHHbli Tun */

Integer* spec_i;

int 1i;

append_List(1l,create_Integer(1));

i = *get_List(1l,0); /* He ponycTumo */

spec_1 = get_List(1,0);

i = *spec_i; /* i paBHo 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 pgonycTumo */

al = ip->a; /* ai paBHO 1 */
He monyckaetcs agpecHasi apudmMeTrka HaJl CChITKaMU M UX UH/EKCUPOBaHUe.

IoryckaeTcsi cpaBHeHHe a/IpecoB B CChITKAX MPU MOMOIIH oriepatopoB C ==u !=.



He pmomyckaeTcs cpaBHeHME aZipeCOB B CChUTKAX, BO3BpAIlleHHbIX BbI30BOM (yHKIMH, 0e3
TIpUCBarMBaHUs BO3BPAll|eHHOTO pe3y/ibTaTa lepeMeHHOM (IPUBOIUT K yTeuKe TaMsITH).

List* 1 = create_List(&type_Integer);

Integer* spec_i

int 1i;

append_List(1l,create_Integer(1));

spec_i = get_List(1,0);

if (get_List(1l,0)!= NULL) /* He pgonycTumo */

if (spec_i != NULL)

i = *spec_i; /* i paBHO 1 */

B SeC oripesiesieH BCTPOEHHbIM CrieliUPUKaI[MOHHBIN TUIl Object, KOTOpbIil sIBsieTCs] HEeMOIHbIM
crieriuUKaIMOHHBIM TUTIOM (incomplete specification type). OH siBisieTcss aOCTpaKTHBIM 0a30BBIM
TUTIOM /i1 BCeX crielii(pUKalMOHHbIX TUTIOB. Tum ccbiku Object™* ucrnosb3yeTcs 1o aHaloruu ¢
void*. Ccbuika Ha Jir0OOH cCrieludUKaIMOHHbIM THUIT MOXeT ObITb TpeoOpa3oBaHa K CChLIKE Ha
Object u Haobopor. Ecnm mpu obpaTHOM ITpeoOpa3oBaHWK THIT 3HAUEHHUS I10 CChLIKE He

COBMECTHM C THMIIOM, K KOTOPOMY OCYIIIeCTBJISIETCS TIpeobpa3oBaHue, TO MOBe/IeHHe CUCTEMbI He
oripe/ie/ieHo.

[nst crierudUKallMOHHBIX CCHUIOK JOMYyCKaeTcsl MpUBeZieHre WX TUIOB TOMBKO K yKa3aTeasiM Ha
tanbl  void u Object, a Takke K crelu(UKalMOHHLIM CChLJIKAM COBMECTHUMBIX
crielIU(pUKAIMOHHBIX TUTIOB. COBMECTUMBIMU SIBISIFOTCS CTIELIU(PUKAL[MOHHbIE TUMbI — TIO/[TUIIbI
O/IHOT'O U TOTO >Ke Crieliu(HKALIMOHHOIO TUIIa (0 MOATUMaX CM. MIHBapUaHT TUMA).

YmpaB/yieHue MaMsTbi0, HA KOTOPYIO CChLIAIOTCS CrieliuUKaI[MOHHbIe CCUIKY, aBTOMAaTU3UPOBaHO
TpY MIOMOILM MeXaHW3Ma To/icyeTa CChbUIOK C OTC/eXXMBaHUEM LIMK/IWYECKUX 3aBUcHMMOCTed. [1pu
WCI0/Ib30BaHMU CTelIU(UKALMOHHBIX CCHUIOK B OrepaTopax IpHCBauBaHUs, mepefiaue CChLIOK B
KauecTBe apryMeHTOB (YHKLIMM, BO3BpallleHUM CChLTKU U3 (YHKLMH, BbIXO/le CCbUIKUA M3 00J1acTu
BU/IMOCTH, CYETUUKHU CChUIOK U3MEHSIFOTCSI aBTOMaThuecku. [1amMsTh, BbiJje/ieHHas 1of, 3HaueHue
crnelM(UKal[MOHHOTO THUIA, aBTOMAaTUUYeCKA 0CBOOOXKJaeTcsi MpU OOHY/IeHUM CUeTUMKa CChUIOK Ha
3TO 3Ha4YeHHe.

Hcnonb3oBaHue YKa3aTEHEﬁ Ha CHEL[I/I(bI/IKaL[I/IOHHbIe CCBIVIKM M COCTABHBIX THIIOB #A3bIKd C,
cogep>Kaljnux CHELII/I(bI/IKaLII/IOHHLIe CCBIJIKM, H€ DEKOMeHAYeTCA, TdK KdK B TdKHUX C/Iy4dadx He
noaaep>XMBAeTCsd aBTOMATUUECKOEe N3MEHEHNE CUHETUMKOB CCBIJIOK.

OyHKIUM, peanu3ylole 0a30Bble Omepaliy Haj, 3HAUeHWsMH Creld(bUKAI[MOHHBIX THIIOB,
HaxogsaTcss B Oubmioteke  crenudukanuoHHeix  THMHOB  CTESK  (cm.  «bubmmoreka

CHEQI/IQDI/IKaQI/IOHHbIX TI/IHOB»).

4.8.1 Co3ganue 3HaUeHUs cielM(PUKAIMOHHOT0 TUIIA

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

B kauectBe mepBoro mapamerpa (YHKUMs ~TOJydaeT yKasaTelb Ha  JeCKPUITOP
criel(pMKaLMOHHOrO Tuna. [leCKpUnTop CrelU(UKalOHHOTO THUMAa — 3TO KOHCTAaHTa, WUMs
KOTOPOI COCTOMT U3 MMEeHU THMa € npepuKkcoM type_:

const Type type_wumsi_cneundukaumoHHOro_Tuna;

OcTtanbHbIe MapaMeTphbl SABJIAIOTCA IMdPpaMe€TPpaMKW HWHHULHWA/IU3dliMKU THIIA. OHM OT/IMUYAIOTCA AJ1d

pasHbIX THUIOB M TiepefjaloTCs B CHMcKe Tuma va_list* B (QVHKIWIO WHUIMAIW3ALIUN
crielii(UKAIMOHHOTO THUIIA.

CDYHKI_H/IH BbIAE/IAET IIaMAThb A1 3HAUYeHMS CHEL[I/ICl)I/IKaL[I/IOHHOFO THIIA, O6Hy1’lﬂeT ee, BbI3bIBaeT
Q)YHKL[I/II-O WHHULIWa/IM3adlK1 THUII4, T1epeaBas el B criMcKe Tvma va_list* MoJiyueHHble 3HAUYEHHsA



mapaMeTpoB WHUILIKa/TW3al1n THIIA, n BO3BpallideT YKa3aTejb Ha BbIJ€JIEHHYTO n
WHULIMa/TM3UPDOBAHHYO I1dMSATh.

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

B TmpuBeJeHHOM BBIIe KOJe CO3JAI0TCA W HMHULMAIM3UPYIOTCS CChUIKM  OUOIMOTeUHBbIX
creqUUKALMOHHBIX TUTMOB Integer u String — crenuUKaMOHHOTO TIpe/ICTaB/IeHHUs
BCTPOEHHOTro Tura si3bika C int 1 CTPOKOBOro CrielMUKALIOHHOTO THTIAa COOTBETCTBEHHO. I1pH
CO3[@aHMHU CChUIKM Thma Integer* ¢yHKIMM create [O/DKHO Tepe/iaBaThbCsl IieJIOUUCIEHHOe
3HaueHWe, KOTopoe OyJeT XpaHUTbCS MO CChbuiKe. TIpy co3aHuM CCbUTKK Tuma String* mospkHa
ObITH MepeZiaHa 0ObIUHasE CTPOKa si3bika C.

Ilpu wucrnonp3oBaHuM  GYHKIMM Ccreate BO3MOXKHBI  OMIMOKKA  M3-3a  HCIIO/Ib30BAHUS
HETUITU3UPOBAHHOTO CIKMCKA apryMEeHTOB . . .. JI/I MCK/TFOUeHHs] TAKUX OIIHOOK PeKOMEH/yeTCst
JUIST Ka)XXI0r0 crierdUKaIMOHHOTO THUIIA CO3/aBaTh byHKIHIO
create_umsi_cneuMdmKaumoHHOr O_TWNa U BbI3bIBATL Create u3 Hee, HATIpUMep:

specification typedef struct {int a; int b;} IntPair ={};
IntPair* create_IntPair(int a, int b)

{

return create(&type_IntPair, a, b);

}

[Tpu ucnonb30BaHuM Ccreate BHe QPyHKLMH, UMSI KOTOPOU MMeeT rpeduKC create_, TpaHCIsATOD
BBIZIACT TIpelyTpeKAeHue:
warning: call create() out of create_... function

4.8.2 KonupoBaHHe 3HaUYeHHsI cielM(PUKAIMOHHOT0 TUIIA

void copy(Object* src, Object* dst)

DyHKUUMST KOMTUPYeT /JaHHbIe, HaXO/SAIIUeCs 10 CChIIKe SIC, HA MeCTO /JaHHBIX, HaXOZMIUXCS 110
ccelike dst. CCbUIKM I0/DKHBI ObITh HEHYJIeBBIMH M OJHOTO THIIA, TO eCTb OHU JJO/DKHBI UMETh
OJJIHAKOBbIE JIeCKPUNITOPBI TUTIOB. EC/M 3T yC/I0BUS He BBITIOHSIIOTCS, TO BO BPEMSI BHITTOJTHEHHS
MPOMCXOJUT  3aBepllieHHWe TporpaMMbel  C  coobijeHreM 00 owmbke. Ilepes  BbI30BOM
T0/1b30BaTeIbCKOM (DyHKLIMM KONMMPOBaHUs (DYHKLMSI COPY YHHUUTOXKaeT 3HaueHHe T10 CChlTKe dst.

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

B npuBeJjeHHOM BbIllle TIpUMepe CChbUIKU refl u ref2 mocjie WHUIMANW3alyy CChIIAITCS Ha
pa3Hble 3HaueHus crielyduKalyoHHoro turna SpecificationType. [Mocre Bbi3oBa QyHKIMH
copy() 3HaueHue 1O CChbUIKe ref2 CTAaHOBUTCS PaBHBIM 3HAUeHHIO T10 CChiKe refl.

4.8.3 KnonupoBaHue 3Ha4YeHHs crielu(pUKAIMOHHOT0 TUIIA

Object* clone(Object* ref)

CDyHKLII/IH BbIJe/deT IIaMAThb [Jid 3HaUeHMWsd THIId, Ha KOTOprﬁ CChbl/IaeTCa ef, WHULIKA/TU3HUDYET
BBI/I€/IEHHYIO I1aMsATb 3HAUY€HHWEM, 5KBUBA/IEHTHBIM 3HAUYE€HHIO I10 CCBUIKE I ef, MW BO3BpalllaeT
YKda3daTeJib Hd BBIAECJTEHHYO0 U UHULIUA/IN3UPDOBAHHYHO MaMATh.

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

3HaueHus1 M0 CChbIIKaM refl u ref2 CTaHOBATCS paBHBIMU I10C/Ie BbI30Ba clone.



4.8.4 CpaBHeHMe 3HaUeHUM crielfu(PUKALMOHHBIX TUIIOB

int compare(Object* left, Object* right)

B ciyuae paBeHCTBa 3HaUeHH 110 Nepe/jJaHHBIM CChUTKaM (YHKIMS BO3BpalljaeT HyJieBOe 3HaueHHe.
Ecnu 3HaueHWsi He paBHbI, (YHKLUUS BO3BpAllaeT HEHYJIeBOe 3HaueHWe, KOTOPOe MOXKeT
WHTEPIIPETUPOBATbCA B 3aBUCUMOCTHM OT THUMA CpPaBHUBaeMbIX 3HaueHuid. Hampumep, s
OubmoreyHoro turna String pe3ysbTarT OyJeT TakuM ke, Kak y QyHKiuM strcmp() A Tuma
s3pika C char*. EwiM mapameTpbl WMEIOT HeCPaBHUMBIE THWIIbI, TO €CTb THIMBI CCBUIOK
HEeO/IMHAKOBble, He SIBJISIFOTCS TIOATWIIAMH OJHOTO THIA, W THIT OJHOM CCBUIKM He SIBIISIETCS
MOATUNIOM Apyrou (cM. MHBapuaHT Tuma), To (GyHKIMsS BO3BpalljaeT HeHyJ/ieBoe 3HaueHHWe. Eciu
O/lHa W3 CCBIIOK HyJIeBasl, a [pyrasi HeT, TO BO3BpalllaeTcsl HeHysieBoe 3HaueHre. Ecu 06e cChUTKH
HyJ/IeBble, TO BO3BpAIAeTCsl HOJIb.

/* co3pgaHune ABYX CCbIIOK Tuna SpecificationType* */
SpecificationType* refl = create(&type_SpecificationType);
SpecificationType* ref2 = create(&type_SpecificationType);

if (!compare(refi,ref2)) {/* 3HauyeHWA 3KBUBANEHTHbl */

else {/* 3HauyeHUsA He IKBUBANEHTHbl */

4.8.5 CpaBHeHMe 3HaUeHHU crielfi(PMKALMOHHBIX TUIIOB HA PABEHCTBO

bool equals(Object* self, Object* ref)

@yHKIUS BO3BpalllaeT 3HaueHWe true, ecyid 3HaueHUs 110 Mepe/laHHbIM CChIJTKaM 9KBUBA/IeHTHbI, U
false B mpoTvBHOM ciiydae. Ecnu mapameTpbl UMEIOT pa3/iMuHbIA TUIM, TO (GYHKLWS BO3BpalljaeT
false. Ecmu ofHa U3 CCBUIOK HyJieBasi, a Aipyrasi HeT, TO Bo3Bpaijaercs: false. Ecim obe ccbuiku
HyJIeBble, TO BO3BpalljaeTcs true.

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

if (equals(refl,ref2)) {/* 3HauyeHWA 3KBUBANEHTHbl */

} else {/* 3HauyeHUs He SKBUBANEHTHb */

4.8.6 CrpokoBoe npejcTaB/ieHUe 3HAUYeHUA crielM(PUKAIUOHHOT0 TUIIA

String* toString(Object* ref)

@DyHKLMA BO3BpalljaeT CChIIKY Ha 3HaueHWe Tura String — cnenu@uKalMOHHOe Mpe/CcTaB/eHue
CTPOKOBOTO THIIA.

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

/* npeobpasoBaHue *ref B CTpoKOBOe npepcTasrieHne */
str = toString(ref);
printf("*ref == %s/n", toCharArray_String(str);



B npuBeseHHOM Bbimle QparMeHTe KoJa  WCHONb3yeTcsi  OubOmMoTeuHass — (yHKLUsS
toCharArray_String, Bo3Bpaujarolias CoJepXMMoe CTPOKM B BHJe MaccuBa Tuma char,
3aKaHYMBAIOLLErocs Hy/eBbIM 3HaueHMeM — '\O'. DJTa (yHKUMs BO3BpalljaeT yKas3aTelb Ha
BHYTpeHHUe [laHHble, [OCTYIIHble uepe3 IepeflaHHYI0 CCbLIKy Tumna String*. Ilostomy, Bo-
TIepBbIX, [/l BO3BPALLlaeMOro yKasaTessl He/b3sl BbI3bIBaThb free; BO-BTOPBIX, 3TUM YyKas3aTejem
HeJb3$1 110JIb30BaThCs NI0C/Ie YHUUTOKeHNs] 3HaUeHUs T10 Nepe/laHHOU CChUIKe.

4.8.7 Ilocrpoenne XML-npeacTaB/ieHus 3HaueHHsl crielfu()MKaLIOHHOT 0
TUIA

String *to_XML_MyType( Object *ref )

OyHKIMS BO3BpalllaeT creludUKalMOHHYI0 CTpPOKY, cofepxailyto XML-npeacraBneHve
rnapamMetpa ref.

4.8.8 Co3gaHue HOBBIX cieii(pUKALMOHHBIX THUIIOB

CrneryKallMOHHBIE THUITBI BBOASTCS C TIOMOIIBIO OObIYHOM KOHCTPYKIMH s3bika C typedef,
rioMeueHHOU KroueBbIM cyioBoM SeC specification.
PasnuuaroTcst 00bsiB/IeHrE CIiel[U(UKAIIMOHHOTO THTIA

specification typedef 6a30BbIii_TWN HOBLIA_TKUN;

U €ero orpejeyieHnue, B KOTOPpOM AOJ/DXKEH IMPUCYTCTBOBATHL MHULIMA/IU3dTOD

specification typedef 6a30Bblii_TuUn HOBbIA_TUN = {
.init = yka3zaTesib_Ha_@QYyHKUMIO_MHULNaNn3aumnm
, .COpy = yKa3zaTe/ib_Ha_@QyHKLUMIO_KONUPOBaHMNSA
, .compare = yKa3aTe/lb_Ha_OQYyHKUWO_CpaBHEHUSA
, .to_string = yKasaTenb_Ha_O¢yHKLUNO_Npeobpa3oBaHUs_B_CTPOKY
, to_XML = yka3zaTenb_Ha _QyHKUU_npeobpasoBaHnsa_B_XML
, .enumerate = ykKa3zaTeNb_Ha_QyHKLUNIO_NepeyncreHns_CCbl/IoK
, .destroy = ykasaTesib_Ha_OQyHKUMNI0_0oCBOOOXawWy_pecypchl
¥

B Kak0M eUHUIE TPAHC/ISLMK /10 UCIIOIb30BaHUS CTelM(PHUKAI[MOHHOTO THIA OH JO/DKeH OBbITh
00BSIB/IEH WK OTIPEZiesIeH.

OrnpesiesieHre CrieliM(PUKALIMOHHOTO THIIA JOJKHO BCTPeUaTbCs POBHO O/IMH pa3 TOMBKO B O/IHOM W3
eIUHUL] TPAHCJISIL[UM, KOTOPble COOMPAlOTCs B eIUHYIO CUCTEMY.

B orpesienienuu crielfu)MKaliMOHHOTO THTIA B KaueCTBe 6a30BOT0 THIIA 3arpeliaeTcs UCMOb30BaTh:

* Cl'IeL[I/ICl)I/IKaL[I/IOHHbIe TUIIBI, HEeAOOoIIpeJe/ieHHbIe CTPYKTYPbl U MdCCHUBBI HeOHPEAeHEHHOﬁ
AJIMHBI;

* CTPYKTYDBhI, 06T:e,l[I/IHEHI/I$I N MdCCHUBBI OHpe,ELEHEHHOﬁ OJIWHBI, CoJepKalllke 3J/1eMEHTHBI
THUIIOB, YKd3aHHbIX BBILLE;

° YKd3dTeJ/IM Hd BCe BbILIEINepeurC/ieHHbIe TUIIbI, KpOMe CHeL[I/ICl)I/IKaL[I/IOHHbIX CCBIJIOK.

JomyckaeTcsi MCIO/Ib30BaHUEe He[00TIpe/|e/IeHHBIX CTPYKTYD B OOBSIB/IEHUSX CIeri(UKaIMOHHBIX
THUIIOB.

WHnipanu3aTtop B omnpeziesieH|uH Criel(UKalioHHOTO THTIA OTpejiesnisieT, Kakue QyHKIuu OyayT
MCTI0/Tb30BaThCs 71t 6a30BbIX orepaLyii Hajl JaHHBIMU CTielU(PUKALIMOHHOTO THTIA.

ITone init umeet Tum Init:

typedef void (*Init)(void*, va_list*);



[To 3TOMy yKasaTenmto u3 OMOMMOTeuHON (YHKIMK Create Tpu CO3/IaHUM CCHUTKM BBI3BIBAETCS
(yHKLMS WHULMAIM3alUd  [JaHHOTO CreluHUKAlMOHHOrO0 TwUrna. B TmepBoM TMapameTpe e
repefiaeTcsl  yKasaTeJib Ha  BBIJEJIEHHYIO 00/laCThb TIaMsATH, KOTOpas JO/DKHa  OBITh
UHULMaIM3upoBaHa. Bo BTOpOM aprymeHTe riepefaeTcs CIIMCOK MapaMeTpoOB, HA OCHOBE KOTOPBIX
VHULMANW3UPYIOTCSl JaHHble crieludurKaluoHHoro Tuna. CHMCOK TapaMeTpoB CTPOUTCS U3
rnapamMeTpoB (yHKLMK Create, cieiyrolydx 3a TepBbIM [MapaMeTPOM — [eCKPUIITOPOM THIIA.
[TosTomy mapameTpbl (GyHKI[MM Create [O/DKHBI M0 TUMAaM U MOPSiAKY COOTBETCTBOBATh THIAM U
TIOPSAJIKY, OXKUIaeMbIM B (DYHKI[UM UHULIMAMU3al[uK Crieli(UKalIMOHHOTO TUTa. [1eCKpUNTOp TUIa
— rnobabHast KOHCTaHTa TUTIA Type — HesIBHO O0BSBISIETCS WK OTpeiesisieTCs TIPU 00bsB/IeHUN
WU oripe/ie/ieHUH Crielii(UKallMOHHOTO TUIa COOTBETCTBEHHO, U UMeeT UMsl, COCTOsIee U3 UMeHU
Tura v ripedukca type_: type_wuma_Tuna.

[Tone copy nmeet tun Copy:
typedef void (*Copy)(void*,void*);

[To srtomy ykasaTemo u3 OuOIMOTeuHbIX (YHKUMHA copy M clone BbI3bIBaeTcs (DyHKLUSA
KONMPOBAHMSl 3HAaUeHWM JlaHHOro creluUKalMOHHOrO TUna. @OyHKIUS  KOMUPOBaHUS
crnelM(pUKaIL[MOHHOTO THTIA BI3BIBAETCS, €C/IM CChIIKH, MepejjaHHble B (YHKLIMIO COpY Wiv clone,
HeHyJieBble. [1epBbIii TapaMeTp — 3TO CChUIKA, 3HAUeHHe 10 KOTOPOH J0/DKHO ObITH CKOMMMPOBAHO
B 00J1aCTh TIAMSITH TI0 CChITKE, KOTOpasi epeiaeTcsi BO BTOPOM IapamMeTpe.

[Tone compare umeet Tun Compare:
typedef int (*Compare)(void*,void*);

[To sTomy yka3zaTenro u3 OuO/MMOTeUHBIX (DYHKIMI compare ¥ equals BbI3bIBaeTCS (PYHKIUS
CpaBHeHUsI 3HaueHWM [JaHHOTO CrelU(PUKAI[MOHHOTO TUra. DYHKIWA CpaBHeHHs 3HaueHWH
cnelM(UKaIMOHHOTO THTIA BBI3BIBAETCS, €CJIM CChIIKH, TepeJaHHble B (YHKLMIO compare WiIu
equals, HeHyJIeBbIE U THUITbI CChUIOK JIMOO OJUHAKOBBIE, TMOO SIB/ISIOTCS TIOATUIIAMH OJJHOTO THIIA,
b0 TUM OAHOM CCHUIKUA SIBISIeTCSl TIOATUTIOM Jpyroul (cm. KHBapuaHT Tuma). B kadecTtBe
rnapaMeTpoB (DYHKIMM TIepe/IaloTCs CChITKHA B TOM JKe MOPsKe, B KOTOPOM OHU ObLTH TepeJjaHbl B
¢dbyHkMo compare unu equals.

[Tone to_string umeer Tun ToString:

typedef String* (*ToString)(void*);
[To sToMy yka3aresto u3 6ubmmoreuHoit ¢pyHKuM toString Bbi3biBaeTcsi GYHKLMS MTOCTPOEHUS
CTPOKOBOTO TIpe/ICTaB/ieHUsi [IAHHOTO CcCriel[udrKalMoOHHOrOo Tuna. @OyHKIUS MOCTPOeHUs

CTPOKOBOTO Tpe/CTaB/eHus Crielju(pUKallMOHHOTO THIA BbI3bIBAETCS, €C/IU CChUIKA, Mepe/laHHasi B
toString, HeHyeBas.

[Tone enumerate umeet tun Enumerate:
typedef void (*Enumerate) (void*,void(*callback)(void*,void*),void*);

[To sTOMy yKasaTesto BbI3bIBaeTCs (DYHKLMSI TIEPEUMC/IeHUS] CChIIOK Crelu(UKalMOHHbIX THIIOB,
COJIeprKalluXcsl B 3HaUeHUM [JaHHOTO crieli(dUKalMOHHOTo Tvra. JlaHHasi GyHKIUS UCTIONb3yeTCs
JJ/1s paspelleHus] LMKJIOB M0 Crelu(HUKalMOHHbIM CChbUIKaM IIPU aBTOMAaTHYeCKOM YTpaB/ieHUU
JVHaMUUeCKOW MaMsThHO.

ITone destroy umeet Tum Destroy:
typedef void (*Destroy)(void*);

[To sTOMy yKa3aTeqr0 aBTOMAaTWYeCKH BbI3bIBaeTCsl (PYHKIMS OCBOOOKIEHHS PecypcoB TIpH
00HyJ/IeHMY CueTYMKa CChUIOK Ha 3HaueHHe [JaHHOTO CreLjU(pUKaL[MIOHHOT0 THIIa.

Ecu B ompezenenny crieljpUKaljiOHHOTO THIMa 0a30BBIM THIT SIB/ISETCS OMYCTHMBIM THIIOM

SA3bIKa SeC, TO HWHHUIHWA/IH3alivs mo00ro mojsi MOXKeT ObITh OInyl1ieHada. HPI/I 9TOM [Jid



COOTBETCTBYIOII[eH 0a30BOM omepary HaJ JaHHBIMH CHerU(PUKALIMOHHOTO THIA HWCTIOb3YeTCs
byHKIHs 110 yMomuaHuio. Ecyii QyHKIMY 110 yMOTUaHUIO 71l BceX 0a30BbIX Omepaliii peasu3yroT
He0OX0IMMYH (PYHKI[MOHA/ILHOCTb, B OMpeZeNeHnd CrelU(MUKAI[MOHHOTO THIA HCIIO/Ib3YeTCs
MyCTOW UHULIMA/IA3ATOP.

specification typedef struct {int x; int y;} Point = {};

Point *pt2, *ptl = create(&type_Point, 1, 2);

/* B pe3ynbTaTte : ptl->x == 1, ptl->y == 2*/

B mpuBeseHHOM Bblllle TIpUMepe CrelU(UKAIMOHHBIM Tl Point co3paeTcsi Ha OCHOBe
CTPYKTYPhbI, cojeprkallleli ABa moss Tuna int. B omnpejeneHun Tuma MCHOJb3yeTCs MYyCTOM
vHULMamm3atop. [loaTomy pssi peanusaliuv 0a30BbIX Olepalydil Haf, JAaHHBIMU 3TOTO THIIA
WCIO/Ib3YI0TCA (QYHKIMM TI0 ymosuaHuto. [Ipu co3faHuu ccbiiky Tumna Point* B dyHKIMIO
create Hafo mnepejaBaTh 3HaueHWsl [/ WHULMAIU3aluyd Toneld 0a30BOM CTPYKTYphI (CM.
DyHKIIMA MHUIMANK3ALWW 110 yMoaYaHuio). [locne co3ganus ccbulku Tuma Point™* ¢ Hell MOKHO
paboTaTh Kak C yka3areyiem Ha 6a30ByHO CTPYKTYpY.

[ns co3paHust CTPYKTYp [JaHHBIX CO CJIO)KHOW TOIOJIOTHEH, HarpuMep TIpH OIpezesleHUuH
PEKYPCUBHBIX CTPYKTYP, PEKOMeH/YeTCsl UCI0/Ib30BaTh TOMBKO Cliel(HKaLlOHHbIe CChLIKU.

struct link;
specification typedef struct link Link;
struct link

{

Link* next;

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

, 12 = create(&type_Link, NULL, 2);

11->next = 12;

B mnpencraBneHHOM Bblllle (parMeHTe KoZa oOrpejensercs cCrelqupHuKalMoHHbI Tyl Link,
peau3yIOLMI OJHOCBSA3HBIM cnMcOK. IIpy mpucBavBaHuM Moo next ccbulkM 11 3HavyeHUs
CChlIKM 12 MpOUCXOAWUT aBTOMAaTUYeCKOe yBeJMYeHre CYeTuMKa CChbUIOK Ha 3HauyeHWe I10 CChbLIKe
12. TlosToMy mnocre YHUUTOXXEHWH CCbUIKM 12 3HaueHWe, Ha KOTOpDOe OHA CChUIAeTcs, He
YHUUTOXKAeTCSl.

[Ipy wucrnosb30BaHWM B Ofpefie/ieHMd Tura Link peKypcMBHOW CTPYKTYpPBI, COJep Kallyi
HecreM(UKAI[MOHHBIA yKa3aTenb Ha camy cebsi, MpaBWIbHOE YIIpaB/ieHWe AWHAMHUUeCKOU
MamsTbiO OoJiee TPYI0eMKO.
specification typedef struct link {
struct link* next;
int item
} Link = {3};

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

free(s);
B npuBejeHHOM Bbillle hparMeHTe KoZia moc/ie Bbi3oBa free /i ykaszaTessi S, nojie next CCbUIKU
1 6yget ykasbpiBaTh Ha OCBOOOKJEHHYIO MaMATb. B 3TOM cityuae, yTOObI M30e)KaTb TaKHX MPo0JIeM,

He0OX0/IMMO OTIpe/Ie/TUTh CIiel[iaibHble (QYHKIIMA UHUIMAIU3alMd U OCBOOOK/I€HUST PECYPCOB [IJIsI
Tumna Link.

Ecmu GyHKIUsS MO0 yMOJ/TYaHUIO HEKOTOPOM 0a30BOM orepariuy He peanu3yeT (yHKLMOHATBHOCTD,
HEOOXO[UMYI0 [I7IsT  OTIpe/ie/IIeMOr0  CITeI[U(HUKAIIMOHHOTO TWIA, TO [Jjis 3TOW Omepaljuu



orpefieisieTcsl  crielanbHass  (QYHKLUWS, yKasaTeJleM Ha KOTOPYIO  MHULUMA/IU3UPYeTCs
COOTBETCTBYIOLIlee T0JIe B MHMLMaM3aTope orpejeneHys Tvra. Yaille Bcero Takasi He06X0AUMOCTb
BO3HMKAeT, KorJia 0a30BbIM TUIT B OTpeZie/ieH|H Criell(MKALOHHOTO THTIA SIB/IIETCSl yKa3aTesieM
Ha TIepBbIM 3/IeMEeHT JUHAMUYEeCKOrO MacChBa, 00beJuHeHHeM, yKa3aTeleM Ha OJUH W3 TaKuX
TUMOB, CTPYKTypOM WIM MacCUBOM (UKCUPOBAHHBIM [UIMHBIL, COJEpXKAlUX 3/1eMeHThI
TepeyrC/IeHHbIX THIIOB.

4.8.9 Peanu3anus 0a30BbIX onepanuil cnenu(UKaIHOHHBIX THUIIOB 10
YMO/TUaHUIO

Ecm B onpezeneHyd crielii(pUKAIMOHHOTO THITA 0Aa30BBIM THIT SIBSETCS IOMYCTUMBIM THUIIOM

s3bika  SeC, TO WHMIMAAW3alksA JiOOOro TO/Asi MOXKeT ObITh omyileHa. [Ipu 3TOoM JAjis
COOTBETCTBYIOLIeM 0a30BOi omepary HaJ JaHHBIMH CrelU(PUKALIMOHHOTO THUIA HWCTIOIb3YeTCs
GyHKIUSA 110 yMoJT4aHuio. Ec/ii GyHKIUY 10 YMOTUaHUIO /ISl BCeX 0a30BbIX OMepalyi peaan3yioT
He0OX0MMYH (PYHKI[MOHA/ILHOCTb, B OMpeZe/NeHud Crelyu(UKal[iOHHOTO THIA HCIIO/Ib3YeTCs
My CTOW UHULIUA/IA3ATOP.

4.8.10 PDyHKIMA UHULHATU3ALUU 10 YMOTYAHHUIO

DYHKIMSA MHULMANIM3alMY 110 YMOIUaHUIO [i/Isl BCeX Crielju(UKalMOHHbIX THUIIOB, OIpe/eneHHbIX
Ha OCHOBe MPOCTBIX THIIOB (He COCTaBHBIX), UMEeT eAUHCTBEHHBIN JOMOJTHUTE/bHBIA MapaMeTp
6a3oBoro Tuma. OHa WHUIMAAU3UPyeT 3HaueHHe CreluUKalMOHHOTO THUIA TI0CPeCTBOM
r/ly0OKOTO KOTMUPOBAHWS 3TOTO TapaMmeTpa, C YYeTOM BO3MOXKHBIX I[UK/IOB TI0 YKa3aTessM |
Crie[U(pUKaLMOHHbIM CChLTKaM.

@OyHKIYSA WHULMAIU3AlUA CTPYKTYPHBIX CIel[U(UKALIMOHHBIX TUIIOB HMeeT [OTOTHUTeTbHbIe
rapameTphbl, TUIBI W TIOPSIIOK KOTOPBIX COBMAZAlOT C TUTMAMU W TIOPSAKOM rosieli Ga3oBoi
CTpyKTypbl. [losif TIO TiepeflaHHOW CChIIKE WHUI[UATU3UPYIOTCS TTOCPE/ICTBOM TTyOOKOTro
KOINMMPOBaHUs Tlepe/jlaHHbIX [apaMeTpPOB.

OYHKIMS WHUIWAIU3aMA  CrielM(UKAI[MOHHBIX TUIIOB, OTpe/le/IeHHbIX Ha 0a3e MaccuBa
(bYMKCUpPOBAHHOM [JIMHBI, UMEeT OJIUH [OTOJIHUTE/IbHBIN MapamMeTp, SIB/SIOLIUNICSA yKa3aTereM Ha
HabOp 3HaueHW THIA 3/IEMEHTOB MacCUBa B KOJWYeCTBe, COBIIAZAIOIIEM C DPa3MepPHOCTHIO
MaccuBa. MaccuB TIO TiepeJJaHHOM CChIZIKe WHULIMATM3UPYeTCsl TI0CPeJCTBOM  I1yboKOoro
KOMUPOBaHHUsI KaXXI0r0 3HaUeHHs T0 MOJyYeHHOMY yKa3aTest0 B COOTBETCTBYIOLUN €My 3/IeMeHT
MaccHBa.

MexaHu3M KOIMMPOBaHMHA, HCHOHLByEMLIﬁ B CI)YHKL[I/II/I WHULWa/IM3allhK, COBIIaJdeT C MeXdHH3MOM
KOIMUPOBdHMS, UCIT0/Ib3YyeMbIM B (bYHKL[I/II/I KOIMUPOBAHUA 10 YMOJ/TUdHHIO.

4.8.11 @PyHKHUA KONIMPOBAHUA 10 YMO/TYAHUIO

@dyHKUMST KOMMPOBaHWsI TI0 yMO/YaHUIO obecrieyrBaeT T/yOOKOe KOMHPOBaHHE C Yy4YeTOM
BO3MOJKHBIX I[MKJIOB TI0 yKasaTeqsiM W Crelu(pUKAlMOHHbIM CChIIKaM, COZepXKaluXcsi T10
KOIMPYeMOU CChUIKe:

e 3HaueHWs JOMYCTUMbIX TPOCThIX TUIMOB si3bika C, 3a MCK/IIOUEHHEM TUIU3UPOBAHHBIX
yKa3zarejiei, KOrupyoTcs obaiTHO;

+ crenU(UKalLMOHHblE CCbUIKM KOMUPYKOTCI C TOMOLbI0  (YHKLMKM  KONMMPOBAHHUSA
COOTBETCTBYIOLLETO CreLU(PUKALIMOHHOTO THIIa;

* TUIIM3HWPOBAHHBIE YKA3dTE€/IM PACCMATPUBAKOTCA KdK YKa3dTe/IM Hd OJUHOYHOE 3HAY€HUE, HE
3aBUcsdIIee OT MeCTOPACIIO/IOKEHHA B IIdMATH, II03TOMY KOIIMPYeETCA e€eJWHCTBEHHOE



3HaueHWe TI0 HEeHyJIeBOMY yKa3aTei0 COIJIaCHO TIpaBW/IaM, TePeUMCIeHHbIM B JJaHHOM
CITUCKE;

3HAUeHUS] COCTaBHBIX THUIIOB KOIUPYIOTCS TIOCPEJCTBOM TIPUMEHEHHs TIepeurCIeHHBIX
MIPaBWI K Ka’KZOMY COCTaBJISIIOIIIEMY 3JIEMEHTY.

4.8.12 @DyHKIMA CPaBHEHUS 10 YMO/TYAHHUIO

OYHKIYS CPaBHEHUSI 110 YMOJTYaHHUIO CPaBHUBAET 3HaUeHUs 0a30BOro THIIA C/IeYIOIUM 00pa3oM:

apudMeTHUeCKHe THIbI, (DYHKIMOHA/IbHBIE YKa3aTeJM W HETUITM3UPOBaHHbIE YKasaTesu
CPaBHMBAIOTCS MIOOAMTHO;

TUIIN3UPDOBAHHbIE YKd3aTe/IM PACCMATPUBAIOTCA KadK YKd3aTe/Id Ha O/IMHOYHOEe 3HaueHKe, He
3aBUcdIIee OT MeCTOpAdCIlo/IOKeHUs B IIdMATH, TO €eCTb HYJ/IEBbI€ YyKdad3daTe/IM BCerjd
CUUTAOTCA DPAaBHBIMH, H}U’IGBOﬁ YKa3aTejb U HEHYHGBOIZ YKa3aTe/lb BCerJa He DdBHBI, d
HeHYJIEBbI€ YKd3daTe/IM PaBHBI TOI'ld U TOJIBKO TOTAd, KOI'/la PadBHBI 3HAU€HHA, HAa KOTODLIE
OHM YKa3bIBAIOT, MpHUYEM 3HaU€HHA IO YKdA3dTe/JsdM CPABHUBAKOTCSA COIVIACHO MpdBWU/IaM
AaHHOT'O CITMCKd,

cnelM(UKaI[MOHHBIE CCBUIKM CPAaBHUBAIOTCS C TIOMOIbI0 OUO/MMOTeUHOM  (PYHKI[UM
CpaBHeHHs1 compare;

COCTaBHbBIE THITbI CPaBHUBAIOTCS MMOCPEACTBOM TPUMEHEHUs JAHHBIX TIPAaBU/I CPAaBHEHUST K
Ka&)X/[OMY COCTAaBJISIFOIL[EMY 3/IeMeHTY.

4.8.13 dDyHKIMSA NOCTPOEHUA CTPOKOBOIr0 IPeACTaB/IeHHs 10 YMO/TYAHUIO

@®YHKIMSA TIOCTPOEHHUsI CTPOKOBOIO TpeZCTaB/eHUs1 M0 YMOJYaHWIO BO3BpalllaeT CTPOKOBOE
rpe/icTaB/ieHre 3HaueHus1 6a30BOr0 THUIIA:

I71s1 apupMeTHYeCKUX TUTIOB — YMCJIOBOE TIpe/iCTaB/IeHUE;
JI7IsT HeTUTTM3UPOBAHHBIX U (DYHKIIMOHA/BLHBIX yKa3aTesiell — afipec;

JUIsT  TUMM3UPOBAHHBIX yKa3aTeled — /ubo NULL, ub0 CTPOKOBOe TIipejcTaB/ieHue
3HaueHud, JieJKallero o HeHyJIeBOMY yKasaTeJsIro, IIOMeueHHOe ero aipecom;

st crielU(UKAlMOHHBIX CCBIJIOK — pPe3y/bTaT BbI30Ba OWOMMOTEUHOM (DyHKLMH
nipeobpa3oBaHusi B CTPOKY toString;

JUIS CTPYKTYPHBIX THUIIOB — KOHKAaTeHal[1si CTPOKOBBIX IPe/CTaB/IeHUI TT0/Iel CTPYKTYPEI,
pas/e/ieHHbIX 3alsaThbiMU, oOpamiieHHass (GUIrypHbBIMA CKOOKaMu W IIpeJBapeHHasi CJI0BOM
struct;

4J1d MdCCHBda Q)HKCI/IPOBBHHOI‘/JI AJIMHBI — KOHKAT€Hallisd CTPOKOBBIX Hpe,I[CTaBJ'IEHI/Iﬁ
3JIEMEHTOB MdCCHBAd, pa3[€e/IeHHbIX 3dIlIATbIMU, O6paMJIeHHaH KBaJpATHBIMHA CKOOKaMH.

4.8.14 OdDysnkuusa nocrpoenus XML-nipeacraB/ieHus 10 YMO/JTYaHUIO

®yHKUMA 11I0cTpoeHuss XML-nipefcraBieHyss 10 yMO4YaHUIO Bo3Bpaijaer XML-nipencrasieHve
3HaueHus1 6a30BOTO THIIA.



4.8.15 @yHKUMs Nepeunc/ieHNs BHYTPeHHUX crelu(pMKAMOHHBIX CChUIOK IO
YMO/TYaHHUIO

@OyHKLYS Tepeunc/ieHdss BHYTPEHHUX ClelU(UKaLMOHHbIX CCbUIOK IO yMO/IYaHHI0 HHUYero He
Jenaet, ecyii 0a30BBIN THUII SIB/ISETCS TIPOCTHIM HecrelM(UKaMOHHBIM TUTIOM. Ecim 6a30BbIii THT
SIBJISIETCS1  CreM(UKALMOHHOW CCBIIKOM, BbI3bIBaeTCsd (YHKLUS IO TepefJaHHOMY yKasaTesto
callback, koTopoill B KaueCcTBe TlapaMeTpPOB IiepefaloTcs criel[uduUKalMOHHasi CCbIIKa W
BCIIOMOTaTe/IbHbIM [apameTp par, nepeflaHHble B (DYHKLIMIO [epeurcrieHns CrieluprKalioHHbIX
ccoutok. Ecin 6a30BbIil TUI SIBSIETCS COCTaBHBIM, JJaHHBbIE TIPaBHJIa MIPUMEHSIIOTCS [/ KaXK/0ro
COCTaBJIAIOLEro 3/IeMeHTa.

4.8.16 DyHKOMA 0CBOOOKAEHHUSI PECYPCOB 10 YMO/TYAHHUIO

DyHKIMS 0CBOOOKAeHNS peCcypCcoB TI0 YMOJTYaHHUIO BeZieT cebsi ciieytoiumM obpa3om:

s HHUUEro He JielaeT, ecji 0A30BBbIN THUI SB/SETCS apupMeTHUeCKNM, (YHKIIMOHATbHBIM W/
HeTUINU3MPOBaHHBIM yKasaTeseMm;

+ ecyid 0a30BBIN THN SBSIETCA CIEI[UGMUKAIIMOHHONW CChITKOH, CUETUMK CCHIJIOK Ha 3HaueHHe
TI0 Hell yMeHbIIIaeTCs Ha eJUHUILY;

+ ec/m 6a30BBIN THIT SIBJIIETCS TUITU3UPOBAHHBIM yKa3aTesleM, TO 3HaueHHe 110 HEeHYJIeBOMY
yKa3areto 00pabaTeiBaeTCsl COT/IaCHO TIePeUYrCIsieMbIM TIPaBU/IaM, TIOC/Ie YeTro BbI3bIBAETCS
¢bynkuus free s camoro ykasaresis;

° ecny 0a30BbIN THUI SBJISIETCS COCTaBHbIM, TO MepedyrC/eHHbIe TpaBW/id MPUMEHAIOTCA /I
Ka>KA0ro COCTaB/IAOLIEro 3/IeMeHTA.

4.8.17 OmnpegeneHue coOCTBeHHbIX (DYHKIMHA /1151 0Q30BBIX ONepamui
cren(PUKaAMOHHBIX THIIOB

Ecru  ansi HekoTopodi 0a30BoM  omepanu (YHKOMsS 10  yMOJYAaHWIO HEe  peam3yeT
(YyHKLMOHATBHOCTh, HEOOXOAUMYHO /ISl OTIpe/iesisieMoro Crieliu(UKalOHHOTO THIIa, TO /ISl STOU
orepaLyu orpejieNisieTcsl crelyanbHasi (yHKLMs, yKasaTejeM Ha KOTOpPYH WHHULUMA/IU3WPYeTCs
COOTBETCTBYIOLI[ee 110Jie B MHULIMaIM3aTope orpeesieHus Tyra. Yaire Bcero Takasi He0OX0AMMOCTb
BO3HUKAeT, KOorJa 0a30BbIM TUIT B OTpeZie/ieHHuH CriellM(UKaALOHHOTO THTIA SIB/IIETCSl yKa3aTesieM
Ha TepBbIi 3/IeMeHT JWHAMUYeCKOro MacCuBa, oObeJuHeHHeM, yKa3aTeleM Ha OJUH W3 TaKuX
TUMOB, CTPYKTypOM WIM MacCUBOM (DUKCUPOBAHHBIM [JIMHBIL, COJEpPXKAlUX 3/1eMeHThI
TepeurcIeHHbIX TUTIOB.

4.8.18 @yHKUUA MHULAAIU3ALHUHU cielU(PUKALUOHHOT0 THIIA

void wmmsa_¢oyHKUnM_umHuymanunsaymn(void* p, va_list* arg_list)

@®yHKIMS He KMeeT BO3BpalljlaeMOro 3HaueHus. B mepBoM aprymeHTe QYHKUMS IOay4aeT
yKaszaTesb TUMa void* Ha oOHysieHHYO 007acTh MaMsTH, BbIZIeJIEHHYIO [/ XpaHeHUs [JaHHbIX
creupUKALMOHHOTO TUTA ¥ MHULIMA/M3UPYeT 3Ty 00/1acTh 3HaUeHUsIMH, Tlepe/JaHHbIMK BO BTOPOM
aprymMeHTe B crucke tuma va_list*. Ilpu HeoOXoguMOCTM B (YHKIMM BBIJEJSETCS
JIOTIOJTHUTe bHAs IaMSTh [I/11 XpaHeHeHUs JaHHBIX.

struct integer_seq {
int length;
Integer* *items;

i



void init_IntegerSeq(void* ref, va_list *arg_list) {
struct integer_seq *is = (struct integer_seq*)ref;

is->length = va_arg(*arg_list, int);
is->items calloc(is->length, sizeof(Integer™));

}

specification typedef struct integer_seq IntegerSeq = {
.init = init_IntegerSeq,

Iy
B npuBeseHHOM Bhbillle TIpUMepe  co3ZiaeTcst  crieMdUKalMoOHHBIM TN IntegerSeq,
rpeJiHa3HAUEHHbIM /11  XpaHeHWsl [0C/el0BaTe/IbHOCTU 3apaHee He W3BECTHOW  [/IUHBI,
cojep)kailieM  CChbIIKM TWrma Integer* — CCBUIKM Ha 3HaueHus  OHUO/IMOTEUHOTrO
crielIUpUKAILMOHHOTO TuMa Integer, KOTOpBIM sB/sieTCs Criel[urUKalMOHHBIM TIpe/iCTaB/IeHreM
BCTpoeHHOro Tumna s3bika C int. Tunm IntegerSeq ornpefenseTcs Ha OCHOBE CTPYKTYpPbI

integer_seq c AByMs MOJIIMU: [JIMHA T10C/Ae[0BaTe/IbHOCTU — length v yka3aTesb Ha MacCCUB,
coZieprKalljui caMy noc/ejoBaTe/IbHOCTb,— 1tems.

Bubnmoreuynass QyHkiMs create BbiZenseT MamsaTb TONBKO [Jis XpaHEHHs] 3HA4YeHUs CaMoi
CTPYKTYpHI integer_seq. OYHKIKUA UHUIMAAIU3AIMN 110 YMOIYAHUIO [/l TAKOTO CTPYKTYPHOIO
crieli(pMKaLMOHHOIO TUIA UMeeT /iBa NlapameTpa MHULMaIM3aLMu: [1epBbIi NapaMeTp Tuna int u
BTOpO# THMna Integer**. [Ipuuem BTOpOM NapaMeTp B (yHKLMM MHULMAIU3ALMU 110 YMOTUaHUIO
VHTEpIIpeTUpPyeTCcsd KaK YyKasaTe/lb Ha eJUHCTBEHHOe 3HaueHue. [loaToMy B (QYHKUMM I10
YMOJIYaHHUIO TI0JIe Items MHULMaIU3UpyeTCsl yKasaTe/leM Ha CChUIKY, KOTOpas COZEepXUT KOIHUIO
3HaueHUsl M0 CCbUIKe, IepeJaHHOM uvepe3 yKas3aTelb. B paccmarpuBaeMOM Cilydae Takast
(bYHKI[MOHAILHOCTE HempueMseMa. [To3Tomy Heo6X0MMO HCTOMb30BaTh CIelUanbHy0 (YHKIHIO
MHULManmM3auuy init_IntegerSeq, peanusyoly0 HeOOX0AUMYIO (DYHKILMOHA/TBHOCTb.

®ynkuua init_IntegerSeq oxujgaer, uyTto B COuMcKe Tuna Vva_list* nepepaercs
eJMHCTBEHHbIM NapamMeTp UHULMaIU3aluu tuna IntegerSeq — A/vMHa nocaefoBaTe/bHOCTH. Ero
3HaueHWeM WHUIMaNIU3UpyeTcs mojie length mo uWHUIMaNU3UMpyeMol ccbike. BTopoe mnose
items WHULIMAIU3UPYETCs yKas3aTe/leM Ha JUHAMUUeCKU BbIZIeIEHHYH0 U WHULMATIW3UPOBaHHYIO
HyJIAIMA 00/1aCTh TIaMSITH, AOCTaTOUHYIO /i1 XpaHeHHUsl T10C/ie[loBaTe/TbHOCTH CCHUIOK HY>KHOMN
JUTAHBI.

YkazaTenem Ha (QYHKLMIO MHULMAIM3aluM init_IntegerSeq uHULMaNU3UpyeTcs moje init B
orpeneneHuu tura IntegerSeq.

4.8.19 OyHKUMA KONUPOBaHMA CrieU(PUKAIMOHHOI0 TUIIA

void wmsa_¢oyHKunm_konupoBaHusa(void* src, void* dst)

DyHKIMA He UMeeT BO3BpalllaeMoro 3HaueHus. Vmeer fBa mapamerpa tumna void*. dyHKius
JIOJDKHA KOTHMPOBaTh Ha He0OXOAWMYH TyOWHY 3HaueHWs [JaHHBIX TI0 TlepeflaHHOMY B TIepBOM
rapaMeTpe yKasaTelql0 Src B OOHy/leHHyH 00macTb TaMsTU TIO TepelaHHOMy BO BTOPOM
rapameTpe ykasareso dst.

void copy_IntegerSeq (void *src, void *dst) {

struct integer_seq *is_src = (struct integer_seq *)src
, *is_dst (struct integer_seq *)dst;

int 1i;

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



is_dst->items[i] = clone(is_src->items[i]);

}

specification typedef struct integer_seq IntegerSeq = {
.init = init_IntegerSeq,
.copy = copy_IntegerSeq,
.destroy = destroy_IntegerSeq
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B rmipuBefieHHOM BbIllle TIpUMepe oOrpejensieTcs (YHKUUS KOIMKMPOBAaHUs 3HAUEHUM TUIA
IntegerSeq. OmnpeneneHve 3Toi (GYHKUMH HeOOXOAMMO, TaK KakK (VHKIIMS KOMMDOBAHUS TIO

YMOJIYaHWI0 WHTEeprpeTHUpyeT mnoje items Kak ykasaTeJb Ha eJWHCTBEHHOe 3HaueHve TuIa
Integer®, TO eCTb KOMNMPYeTCS TOJBKO IIepBOe 3HauyeHue II0 CCbUIKe I1epBOro 3/eMeHTa
rociefioBaTenbHOCTH Src. dynkuusi copy_IntegerSeq obecrieuriBaeT riyboKoe KOMMPOBaHUE
BCel T0C/ieloBaTe/IbHOCTU TpU  ToMoly OubsivoreuHoit (yHKIMM KomuvpoBaHusi clone.
Vianiyanu3anysi Hy/IsSsMH TIaMsITH, BblgesissieMod [y is_dst->items Heobxoguma Ajisi TOTO,
yTOOBI TIPU TIPUCBaMBaHUM B LWK/Ie is_dst->items[i] = clone(is_src->items[i]) He
TPOUCXOMIIO TIOMBITKY YMEHBIIEHUSI CUeTYMKA CCBIJIOK Ha HeCylIlleCTBYHOII|ee 3HaueHue 10 CChbUIKe
is_dst->items[i].

Yka3arenemM Ha (PYHKLMIO KOMWPOBAHWS WHULIMAIU3UPYETCsl TOje COpY B OMNpeJeleHHWd TuIa
IntegersSeq.

4.8.20 @yHkuus cpaBHeHUA crenM(PUKaIMOHHOT0 TUIIA

int wumaA_¢yHKUMKN_cpaBHeHua(void* left, void* right)

DyHKLUA UMeeT BO3BpalllaeMoe 3HaueHue Tuna int u gBa mapamerpa tvuma void*. dyHKuua
CpaBHMBaeT 3HAueHUs II0 I[lepeJaHHbIM YyKasaTe/lsM U BO3BpalllaeT HO/Ib, €C/IA 3Ha4YeHUs
5KBHUBAJIEHTHBI, ¥ OT/INYHOE OT HyJIsl 3HaueHWe B obpaTHOM ciiyuae. HeHysieBoe 3HaueHUe MOJKET
3aBUCeTb OT OTHOLIEHNs 3HaUeHUH 110 NepejJaHHbIM CChUIKaM.

int compare_IntegerSeq(void* left, void* right) {
struct integer_seq *isl = (struct integer_seq *)left
, *isr = (struct integer_seq *)right;
if (isl->length != isr->length) return isl->length - isr->length;
else {
int i, res;
for (i = 0; 1 < isl->length; i++) {
res = compare(isl->items[i], isr->items[i]);
if (res) return res;

}
}
return 0O;
}
specification typedef struct integer_seq IntegerSeq = {
.init = init_IntegerSeq,
.copy = copy_IntegerSeq,
.compare = compare_IntegersSeq,
.destroy = destroy_IntegerSeq
i

B npuBeZieHHOM BblllIe TIpUMepe onpejessieTcsl (PyHKLYs cpaBHeHUs 3HaueHUM Tuna IntegerSeq.
Ormpenenenvie 3Tol (YHKUM HEOOXOAMMO, TaK Kak (VHKIWS CDABHEHWs 0 YMOJIYaHHIO

VHTepIipeTUpyeT nosie items Kak yka3aTeiab Ha eZJMHCTBEHHOE 3HaueHWe Tuna Integer*, To ecTb
CPaBHUBAIOTCSI TOJILKO 3HAUEHUs M0 CChIKAM TepBbIX 3/IeMEHTOB Toc/eoBaTesibHOCTeN left u
right.



dyHKIMS cpaBHeHHWsT compare_IntegerSeq obecreunBaeT CpaBHEHHE TOC/IA0BATETbHOCTEH
rosyieMeHTHO. Eciu nocsiejoBaTe/IbHOCTA UMEROT PasHyIo [/IMHY, TO BO3BpalllaeTCsl pasHOCTh [/IMH
MOC/IeI0BaTe/IbHOCTEN MO TepeflaHHbIM ccbuikam left u right. Eciv mociefoBaTenbHOCTU
O/TMHAKOBOM JI/TMHBI, TO OHWU CPAaBHUBAIOTCS TO3/IEMEHTHO TPU MOMOIIY OMOIMOTeUHOH (yHKIMU
compare. B 3ToM ciyyae, eciii Bce 3/ieMeHTbI MOC/e/10BaTeIbHOCTEN COBMAAAl0T, pPe3y/bTaToM
SB/SIETCA HOJIb, B TIPOTMBHOM (Jlyyae BO3BpalljaeTCsd pe3y/JbTaT CPaBHEHUS TIePBbIX
HEeCOBITa/JaoLMX 3/IeMeHTOB.

Yka3arenem Ha (YHKIMIO CpaBHEHUS WHHUI[UATU3UPYETCs TIojie compare B ornpefe/ieHuH TUIa
IntegersSeq.

4.8.21 @yHKIUA IOCTPOEHUS CTPOKOBOIO Npe/CTaB/IeHUsA
crnerfu()MKaMOHHOT 0 THIIA

String* umA_QYHKUMU_NOCTPOEHUA_CTPOKOBOro_npeacTtaBnenma(void* p)

@DyHKLUA UMeeT BO3BpalljaeMoe 3HaueHWe Tuma String* u mapaMmerp tuna void*. DyHKUuA
BO3BpalljaeT CChUIKY Ha crelu@UKalyMoHHbIM TUN String, Mo KOTOpPOW JO/DKHO COZEepKaThbCs
CTPOKOBOE TIpe/iCTaB/ieHHe 3HauyeHUsl Creld(UKalMOHHOIO THIa, NepelaHHOr0 B eMHCTBEHHOM
rapameTpe QyHKL1H.

String* to_string_IntegerSeq(void *ref) {
struct integer_seq *is = (struct integer_seq *)ref;
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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 (i > ©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_IntegerSeq,
.to_string = to_string_IntSeq,
.destroy = destroy_IntegerSeq
}

B nipuiBeieHHOM BbIllIe TIpUMepe orpejensieTcss QyHKLMsSI TOCTPOeHUs1 CTPOKOBOTO TIpe/[CTaB/IeHHs
to_string_IntegerSeq gns tuna IntegerSeq. OnpezeneHye 3Tol (GYHKIHMH HEOOXOJUMO,
TaK Kak (VHKIIMS MOCTPDOEHUs] CTDOKOBOIO Tpe/ICTaBeHUs 110 YMOJIYaHUI) WHTepIIpeTUpyeT IoJjie
items Kak ykas3aTelb Ha eJUHCTBEHHOe 3HaueHWe TWIa Integer* W CO37aeT CTPOKY,
coJlepKailyl0 B (UTYPHBIX CKOOKax uepe3 3amsaTyi0 3HaueHWe Tionisi length W cTpokoBoe
Ipe/icTaB/ieHre 3HaYeHUs 110 CChIJIKe [TepBOIo 3/IeMeHTa I10C/Iel0BaTe/IbHOCTHU.

®yHkusa to_string_IntSeq Bo3BpalllaeT CCbUIKY TUNa String*, copepskailyr CTPOKY, B
KOTOPOH B YIJIOBBIX CKOOKaX TepeurC/IsSIFOTCS Yepe3 3arsTyi0 CTPOKOBbIE TMPe/ICTaBIeHUs] 3HAUeHUM



M0 CChbIIKAM BCeX 3/IeMEHTOB TOC/e/0BaTe/IbHOCTU C COXpaHeHHueM uX mnopsiaka. B dyHkiumu
to_string_IntSeq ucnosb3ytoTcs GyHKIMM create Stringucreate String.

Yka3zarenem Ha ¢yHkuuio to_string_IntSeq wuHMIManu3upyercs Tosie to_string B
orpeneneHuu tura IntegerSeq.

4.8.22 ®yunkuus nocrpoenus XML-nipejcraBienus crnelu(pUKaIMOHHOTO
TUIA

String* uma_¢yHKuMM_nocTpoeHusa_XML_npepcTtasneHus(void* p)

@yHKIUSI MMeeT BO3BpalllaeMoe 3HaueHWe Tura String* u mapameTrp Tuna void*. @yHKUus
BO3BpalljaeT CChUIKY Ha crel(UKaIMOHHBIM Tun String, KoTopas Ao/bKHa cofepkatb XML-
ripe/icTaB/ieHUe 3HaueHUs criel[u(pUKalMOHHOTO TWIIA, TepefaHHOr0 B eIMHCTBEHHOM IapaMeTpe
GbyHKIMN.

Eciv T He uMeeT MHTepecyrollleli HaC BHYTPeHHeM CTPYKTYPhI, TO (PYHKIIMIO TIpeoOpa3oBaHus
PeKOMeH/yeTCs IUCaTh 110 aHajioruu ¢ to_XML_Integer():

String *to_XML_MyType( MyType *mt )

{
return to_XML_spec("MyType", to_string_MyType(mt));

}

Ecnmu BHyTpeHHsIi CTPYKTypa TWra BaXHa, (yHKUWIO mMpeoOpa3oBaHMs MOXKHO HAIlMCaTh,
HarpyMep, 10 aHa/Ioruu ¢ GyHKIMelr 6ubmroreuHoro Tura Set (MHOXeCTBO):

String *to_XML_MyType( MyType *mt )

{
String *res = format_String("<object kind=\"spec\" type=\"MyType\"
text=\"3aronosok\">\n" [, ...]);
foreach(Object obj: BnoxeHHble 06beKTL, Hacnegywouwme Object)
{
res = concat_String( res, toXML( r(obj) ) );
}
foreach(data: BnoxeHHble 06bekTbl 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;

}

1M 6ubmoTeuHoro tvra Map (otobpakeHue):

String *to_XML_MyType( MyType *mt )
{
String *res
= format_String
( "<object kind=\"spec\" type=\"MyType\" text=\"3aronosok\">\n
[, -]
);
foreach( Object obj: BnoxeHHble 00BLEKTHI, Hacnegywume Object )
{
res = concat_String
( res
, format_String
( "<object kind=\"spec\" "



"type=\" MyElement\" "
"text=\"3aronosok anemeHTa\">"

[, ...]
)
),

res = concat_String( res, toXML( r(obj) ) );
res = concat_String( res, create_String("</object>\n"));
}
foreach( data: BnoxeHHble 06beKTbl ¢ kind = Simple, Struct, Pointer,
Array )
{
res = concat_String( res
, format_String
( "<object kind=\"simple\" "
"type=\" MyType.Element\" "
"text=\"anemeHT\"/>"
[, «..]
)
}

res = concat_String(res, create_String("</object>\n"));
return res;

}

KoMOuHupyst 1m1ab/ioHBl TeHepalii W3 BBIIENPUBEAEHHBIX TPUMEPOB, MOXHO CO37aBaTh
TIPOU3BOJIbHYIO IPEBOBU/IHYIO CTPYKTYPY 0OBEKTOB.

4.8.23 @OyHKUMA NepeuncIeHNs BHYyTPEHHUX crielfu(pMKaMOHHBIX CChIJIOK
cren(pUMKaLMOHHOI0 THIIA

void mmsa_oyHKUnn_nepeyncneHus_cneymdmKaymoHHbIX_CChiNOK ( *Enumerate)
(void* p, void (*callback)(void*,void*), void* par)

@OyHKLYS Tepeurc/ieHdss CChbUIOK [OJ/DKHA [JiI1 KaKAOW CChUIKK CrHel(UKalMOHHOTO THIIA,
JIOCTYTTHOM yepe3 Tepe/laHHYI0 B TIePBOM apryMeHTe CChINKY, BbI3BaTh (DYHKIMIO, yKa3aTesb Ha
KOTOpYIO MepefiaeTcsi el BO BTOPOM apryMeHTe. Bo Bcex BbI30Bax 3TOM (PyHKLMHU TepeuucsisieMble
CCBUIKM TIepe/IaloTCsl B TIEPBOM apryMeHTe, BO BTOPOM apryMeHTe IepeJatoTcs MapaMeTphbl uepe3
yKasaresb par, nepefiaHHbli B TpeTheM apryMeHTe (YHKLUU [epeurCieHuUs.

void enumerate_IntegerSeq( void* p
, void (*callback)(void*,void*)
, void* par
) {
struct integer_seq *is = (struct integer_seq*)p;
int 1i;
for (1 = 0; 1 < is->length; i++)
callback(is->items[i], par);
}

specification typedef struct integer_seq IntegerSeq = {

.init = init_IntegerSeq,
.copy = copy_IntegerSeq,
.compare = compare_IntegerSeq,
.enumerate = enumerate_IntegerSeq,
.destroy = destroy_IntegerSeq

};

B nmnpuBegeHHOM  Bbillle TpuMepe  oripefensieTcss  (GYHKIUSI — TI€PEUMC/IeHHsT  CChITIOK
enumerate_IntegerSeq pgns Tuna IntegerSeq. OnpejeneHve crielyanbHONM (YHKLUU



rnepeyrc/ieHrs CChIJIOK HEO6XO,E[I/IMO, TaK KaK (DVHKIIWS [MePeUrC/IeHUs] CChIIOK 10 YMOMYAHUIO He
obecrieunBaeT rnepeyrc/ieHre CCbUUIOK, JOCTYITHBIX Yepe3 YKa3aTe/Ib Ha MdCCHUB 3J/IEMEHTOB.

B dynkuuu enumerate_IntegerSeq Ajis BceX CChbIIOK MOC/eA0BATeTbHOCTH, JOCTYIHBIX Uepes
nosie items tuna Integer**, BbI3bIBaeTCS (PYHKLMS uepe3 yKas3aTesib, [lepeJlaHHbIi B (DYHKLIMIO
nepeuucieHus enumerate_IntegerSeq Bo BTOpOM mapaMmeTpe. B mepBom rapameTrpe mpu 3THUX
BbI30BAaX TIlepe/laloTCsl TepeurciisieMble  creli(yKalMOHHbIe CChIIKM, BO BTOPOM IlapameTpe
nepefiaeTcsl ykKasaTe/b, Ilepe/laHHbIi B TpeTbeM IlapamMeTpe B (YHKLMIO Iepeurc/IeHust
enumerate_IntegerSeq.

Ykazarenem Ha (yHKIMIO 0CBOOOKIEHHSI pecypcos enumerate_IntegerSeq
UHHULIMAIU3UPYeTC 110/1e enumerate B onpefeneHun tuna IntegersSeq.

4.8.24 ®OyHKOHA 0CBOOOXK/AEHUSI PeCypCoB crieli(PHUKALMOHHOT0 THIIA

void wmmsa_oyHKunm_ocBoboxaeHusi_pecypcoB(void* p)

®yHKIMS He MMeeT BO3BpalllaeMOro 3HadueHus. VimeeT ofjvH mapameTp Turna void* — ykasaresib
Ha 00/aCcTb TIAMSTH, XPAHAIIYI0 JaHHble CreludUKalMOHHOTO THra. @OYHKIUS [0/DKHA
0CBOOO/IUTH TOJIBKO /IOTIO/THUTE/TbHYIO MaMSATh, BIJIEIEHHYIO B (YHKI[UM WHUIIMA/TNA3AL[UN JAHHOTO
crielii(UKaIMOHHOTO TUTIa.

void destroy_IntegerSeq (void *ref) {
struct integer_seq* is = (struct integer_seq*)ref;
int 1i;
for (1 = 0; 1 < is->length; i++)
is->items[i] = NULL;
free (is->items);

}

specification typedef struct integer_seq IntegerSeq = {
Linit = init_IntegerSeq,
.destroy = destroy_IntegerSeq

¥

B nmpuBesieHHOM BbIllle TpUMepe  orpefenseTcss (QYHKOUS  OCBOOOXKIEHUS  pecypCcoB
destroy_IntegerSeq ans crnenudukaimoHHoro Ttumna IntegerSeq. OrmpeneneHue 3ToM
(byHKLIMK He0OX0IMMO, TaK Kak QYHKIMS 0CBOOOXKIeHNs DeCYPCOB 10 YMOJIYAHHUIO [Ijisi COCTaBHBIX
TUIIOB UHTEPIIPETUPYET ToJie 1tems Kak ykasare/b Ha eJUHCTBEHHOe 3HaueHue Tura Integer™,
M03TOMY CUETUYMK CChIJIOK YMEHBILAeTCsl TOJIbKO JJIsl IepBOM CChIJIKM MOC/Ie/0BaTe/IbHOCTH, T0C/Ie
uero BbI3biBaeTcs free [ja ykasarens 1tems.

®yukuusa destroy_IntegerSeq yMeHbIIaeT CUETUYMK CCBUIOK HAa eQUHHULYY [Jid KaKAOro
3/IeMeHTa TIOC/IeZlOBaTeIbHOCTH T10 TIePeJJaHHOM CChIJIKe, T0C/e Yero OCBOOOXKJaeT MamsTh 10
yKaszareso 1tems. CUeTUMKU CChUIOK YMEHBILIATCS MpHUCBavBaHueM CCblikaM NULL.

YKkaszaTtenem Ha ¢GyHKUHIO 0CBOOOXKIeHUs pecypcoB destroy_IntegerSeq WHMLMAIA3UPYETCS
nojie destroy B ornpefesieHnu TuIia IntegerSeq.



4.9 HMNuBapuaHThI

B cneuudukauum ¢dopMmyaupyroTcs TpeboBaHMS K TeCTUPYeMOM CHUCTeMe, B TOM UHCIIE
TpeOOBaHMSI K [JaHHbIM. Takue TpeOOBaHWS 3aK/IIOUAlOTCS B OrpPaHWUYEHWH [Uaria3oHa
JIOTIyCTHMBIX 3HAaUe€HUI M MOT'YT HaK/IaZbIBaTbCs KaK Ha HEKOTOPbIM THUM JaHHbIX B LieJIoM (C
TIOMOIIbI0 UHBADUAHTOB THUIOB), TaK U Ha 3HAYeHWs OT/eJIbHBIX IJI00a/IbHBIX TIepPeMeHHBIX (C
MOMOILIbI0 MTHBApPHUAHTOB TlepeMeHHBIX).

ViHBapuaHTBI MOTYT pacCMaTpUBaThCS M Kak oOIjas YacTb TPefyC/AOBUM U TIOCTYC/IOBUM
crieliUpUKAIL[MOHHBIX (PYHKIIWM, KOTOPbIe UCTIO/b3YIOT IaHHbIE COOTBETCTBYHOIIUX THIIOB.

VHBapuaHTbl aBTOMaTHM4eCKU MPOBEPSIOTCS B CrielW(UKALMOHHBIX (YHKIUSIX Tepes; TPOBepKOoi
Tpesly CJIOBUSI:

« U1 IIapaMeTpoB (PYHKLMM;
+  [17151 BBIpaKeHUI, OMMCaHHBIX B OTPaHUUEeHMs 10CTyna reads u updates.
Y 1lepeJ; IPOBePKOU MOCTYC/IOBUS:
+  [15 mapaMeTpoB (yHKLMH;
U1 BbIpa)KeHUM, OMMCaHHbIX B OrPaHUYeHUsIX JocTyna Wwrites u updates.
+ U1 BO3BpAlljaeMOro 3HaueHUs

Takxe TmipegycMOTpeH croco6 SIBHOW TIDOBEpDKM WHBAapWaHTa, CM. TIPUMepPbl B  OMMCAaHUH
VHBAapUaHTOB THUIIA U TTePeMeHHbIX.

[Ipy mnpoBepke WHBAapUAHTOB COCTaBHbIX THWIIOB aBTOMAaTUYeCKW TIPOMCXOAUT TpOBepKa
WHBApUAaHTOB U [I/Is1 BCEX ero COCTaBJISIOIIUX 3/IEMEHTOB.

4.9.1 HWuBapuaHT THMINA

I/IHBapI/IaHT THUIla BBOOWUT OTPAHUYEHHSA Hd OHWAl1d30H 3HAUeHUH HEKOTOpOI'o THIId. HOJ'Iy‘-I&lIOH.[HﬁCH
HOBBIN THIT, MHO>XeCTBO 3HAaYeHUH KOTOPOI'o ABJIA€TCA ITOAMHO>XeCTBOM 3HayeHui 6a30BOro THIIA,
Ha3bIBA€TCA I10ATHUIIOM. Ha 06a3oBbIii THUIT Ha/JIOKEHO OrpaHruyeHue: OH [JOJ/DKEH ABJIATBCA
AO0ITyCTUMBIM THUIIOM.

Turn ¢ UHBapUaHTOM OIIpe/ie/isieTCsl C TIOMOILIbI0 KOHCTPYKLMM typedef, momeueHHON K/HOUeBbIM
CJIOBOM 1nvariant:

invariant typedef int Nat;

B naHHOM ciyuae int siBisteTcst 6a30BbIM THIIOM, a Nat — ompeziesisieMbIM HOATUIIOM. ITpy 3TOM B
oT/Mure OT OObIUHOW KOHCTPYKUuH typedef s3bika C, KOoTopasi JIMIIb BBOAWUT HOBOE UMS [IJIsI
CTaporo THIA, B JaHHOM CJTyuae OTpeie/isieTCs HOBBIM THI C COOCTBEHHBIM MHOKECTBOM 3HAUEHUH.

OrpaHuueHrsi HA MHOXKeCTBO 3HaueHWM TMOJTHIIA OMpeJeisoTCs B KOHCTPYKLMM invariant,
CXOXell C oripefieieHeM (DYHKLUMKA C OAHUM TapamMeTpOM OTpefiesiieMoro mozTurna. PyHKIs
BO3BpalllaeT JIOTUYeCKoe 3HayeHue: true, ecnu TepeJjaHHOe 3HAueHUe YOBIETBOPSIET
orpaHUueHusIM (MHBAapUaHT BbIMOAHeH), wiu false, eciu He y/oBleTBOpsieT (MHBapUaHT
Hapy1ieH). [T0CKOMBKY THTT BO3BpalllaeMoro 3HaueHust (PUKCUPOBaH, OH He YKa3bIBaeTCs IBHO:

invariant(Nat n) {
return n > 0;
}



Ecmu B KauecTBe 0a30BOT0 THITA MCIO/b3YeTCs Criel(UKAI[IOHHBIA THTI, TO TlapamMeTp (GyHKLH-
WHBapuaHTa Oy/leT WMeTb THUI COOTBETCTBYIOIIeH CIelU(PUKALIMOHHON CCBUIKH, TOCKOJBbKY
3HayeHus1 crie{u(UKalMOHHbIX TUTIOB JJOCTYITHBI TOJBKO Yepe3 yKa3aTesb:

invariant typedef Integer Natural;
invariant(Natural* n) {

return value_Integer(n) > 0;
}

[Tpu 3TOoM yHKIMHK pabOTHI € MOATUIIOM OYAYT B3THI U3 OTIpe/iesieHnst 6a30BOTo TUTA.

OYHKIUSI-UHBAPHUAHT He [O/DKHA UMeThb MOOOUYHBIX 3(GhEKTOB: He AO0/DKHBI U3MEHSIThCS BUJUMbIE
CHApY’KH JIaHHbIe; TUHAMUYECKasl MaMsiTh, BbiJie/IeHHass BHYTPY (DYHKIIMHU, O/DKHA 0CBOOOXKIAThCS
B HeH xe.

IomyckaroTcsi oripe/ie/ieH|st HOBBIX CeLjU(UKaLIMOHHbBIX TUIOB C yKa3aHWeM MHBapHaHTa:

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

return *n > 0;
}

B sToM ciiyuae moaTun 1 6a30BbIi THIT OyAyT COBMA/ATh.

OTMeTHM, 4TO Hejb3d ONpefeNATh  CHelU(HUKALMOHHbIA TWUI Ha OCHOBE [JPyroro
crieli(pMKaILMOHHOTO TUIA, OJJHAKO MOKHO CO3/laBaTh MMO/ATHUIbI Criel{i(UKalJMOHHbIX TUIIOB. bosee
TOr0, MOXXHO OTIpe/ieIsiTb TIOATUIIBI TIOJTUIIOB, CO3/laBas TakKUM 00pa3oM uepapxXvi TUIOB. B
TaKOM C/lyuae /I 3HaUeHHUsi MoATHIa OyAyT MPOBEepPSTbCS W MHBAPHAHTHI BCEX «POAUTETHCKUX»
MO/ TUIIOB Ha MyTH K BEpLINHE HepapXUH.

VIHBapuaHT mepeMeHHOM COOTBETCTBYIOIIIEro THIa MOXKHO SIBHO MPOBEPUTH C TIOMOIIbI0 (PYHKLIMU
invariant:

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

[ToaTHIm MOYXKHO TIPUBO/IUTE K 6a30BOMYy THITy, O0siee TOTO, TaKoe IpeoOpa3oBaHKe OCYIeCTBIISeTCS
HesiBHO. ba30BbIl THI TakXKe MOXXHO MPUBECTU K noATumny. OAHaKo, MOCKOJ/IbKY 3HaueHusl Mo ThIa
SIBJISTFOTCSI TIO/IMHOKECTBOM 3HaueHW 0a30BOTO TWIIA, TaKoe rMpeoOpa3oBaHUe HY)KHO 3allMCHIBATh
SIBHO:

invariant typedef int Nat;
int 1i;

Nat n;

i=n;

n (Nat)i;

VHBapuaHT TWIa TPH NPUBEJeHUH MO)KeT OBbITh HapyIleH, TI03TOMY TIOC/ie TIpUBe/leHUsT CeayeT
NIPOBEPSITh ero SIBHO.

4.9.2 HHBapuaHT nepeMeHHON

ViHBapyaHT mepeMeHHOM I03BO/isieT BBECTW OrpaHUuUeHMs Ha [Juara3oH 3HauyeHWN OT/elbHOU
ryiobanbHOM repeMeHHOM, UMeloLTleld 0y CTUMBbIH THII.

[TepemMeHHast ¢ UTHBAPUAHTOM OIPEe/Ie/ISIeTCs C TTIOMOII[bI0 0OBIYHOM /IeK/Iapaliii WK OTIpe/ie/IeH s,
C KJIFOUeBBIM CJIOBOM 1nvariant:

invariant int Qty;



OrpaHyueHHsi HA MHOXKECTBO 3HAUeHUM NepeMeHHOU OrpezesissioTCsl B KOHCTPYKLMK invariant,
cxoxell ¢ onpefiesieHneM ¢GyHKLMM Oe3 napameTpoB. PyHKIMsS Bo3BpalljaeT JOrMYecKoe 3HaUeHHe:
true, ecim 3HaueHWe T/00a7bHOW TIepeMEHHOM Y/OBJETBOpsieT OrpaHWYeHusM (MHBapHaHT
BbINOJIHEH), Wau false, ecim He yjoBneTBopsieT (MHBapvaHT HapylleH). [lockosbKy Tun
BO3BpalllaeMOro 3HaueHHsi (PMKCHPOBaH, OH He yKa3bIBaeTcs SIBHO. B ckoOKax yKasbIBaeTcsi UMsi
repeMeHHOM, /151 KOTOPOM OIpe/ie/isieTCsl UHBapyaHT:

invariant(Qty) {
return Qty >= 0,
3

OfiHaKO TiepeMeHHasi He SIB/sSIeTCSl TlapaMeTpoM (YHKLMM-WHBapuaHTa. PYHKLMS OCYIeCTBIIseT
JOCTYT HETIOCPe/ICTBEHHO K 3HaueHHUIO T7100abHON niepeMeHHON. [1pu 3ToM (hyHKUMS He [0/DKHA
MMeTb TI000YHBIX 3PPeKTOB: He JO/DKHBI U3MEHSThCS BUAMMBIE CHApY)KU JlJaHHbIe; TUHAMHAYecKast
MaMsITh, BblJje/IeHHasi BHYTPH (QYHKLIMH, JOJDKHA OCBOOOXKIATHCS B HEl JKe.

VHBapuaHT riepeMeHHOI MOXXHO SIBHO TIPOBEPUTD C TIOMOIIbI0 PYHKLMK invariant:

invariant int Qty;

1f( invariant(Qty) )

Ecniv nepemeHHasi ¢ MHBapMaHTOM HMeeT TWII, [/ KOTOPOTO OIpejesieH WHBapUaHT TWMA, TO
cHavasa OyzeT nMpoBepeH MHBAPHAHT THUIIA, a 3aTeM WHBAPHAHT MepeMeHHOM.



5 IlokpbiTUsa

KpuTepry noKpbITUSI IPUMEHSIIOTCS /151 OLIEHKU JOCTUTHYTOM MOTHOThI TeCTUPOBAHUS.

ITonHoe mecmupoeaHue TporpaMMbl TpeOyeT TPOBEPKU TIPAaBU/IBHOCTH ee TIOBeJeHHUs] BO BCEX
curyanusx. O61ee KOJIMUECTBO CUTYaALMi OOBIUHO C/IUIIIKOM BeJTUKO /15l TIPOBE/IeHUsT TIOJTHOTO
TecTUpoBaHus. [ yMeHbILeHUs KOJIMYeCTBa TeCTOBBIX CHUTyallud BbIOMpAOT KpUTepUi
TOKPBITHSI, COTJIACHO KOTOPOMY BCe TeCTOBbIe CUTYyalliu pa30MBarOTCs Ha K/lacChbl, Ha3bIBaeMble
3/1eMeHmamu NOKpbImus.

BeigBuraetcsi eunome3a mecmupogaHusi O TOM, 4TO Jirobasi onmbKa B IporpaMme, KOTOpas
TMIPOSIB/ISIETCS] B CUTYalluM, OTHECeHHOW K OmpeZie/ieHHOMY KJ/accCy, MpOsB/IsieTCs U Ha 000
JIpyroil cuTyalMM M3 3TOro kKjaacca. To ecTb, eCc1yd TNpPUHATh TMIIOTe3y TeCTUPOBaHUs, /s
MOJTHOTO TeCTUPOBAHMSI [JOCTaTOYHO TPOBEPUTH TPABUILHOCTH TIOBe/leHUs] TMPOrpaMMbl Ha
OJHOM CUTyalud W3 KaKA0ro kmacca. EcmM Kputepuii TOKPHITHS BbIOpaH azieKBaTHO, TO
TUNOTe3a TeCTUPOBAHUs BepHa [ijig BceX OMMOOK. B 3TOM ciydae [OCTUTHYyTasi CTereHb
MOJTHOTbl TECTUPOBAHMs COOTBETCTBYeT TIPOLIEHTY TIOKPBITBIX 37eMEHTOB TIIOKPBITUS [i/Is
3a/IaHHOTO KPUTePHsi TIOKPBITHS.

B unpayctpun pa3pabotku 10O npuMeHsIIOTCS KpUTEPUU TOKPBITHS, OCHOBAaHHbIE Ha CTPYKType
HCXOJHOr0 KOZia MPOrpaMMsbl, B YaCTHOCTH:

* TIOKpBITHE OIepaTopOB;

+ TIOKpbITHE BeTBel rpacda noToka yrpaBjieHus;
« TOKpBITHE IyTel rpada MoToKa yrnpaB/ieHUs;
¢ TIOKpBITHE YCJIOBUM.

[lpy TecTUpPOBaHWM METO/OM YepHOTo SIIMKa WMCXOJHBIA KOJ TpOrpaMMbl MOXKET ObITh
HeJIoCTyTeH. B 3ToM ciyuae MpUMeHSIIOTCSI aHa/IOTUYHbIe KPUTEPUH TTOKPBITHSI, OCHOBaHHbIE Ha
CTPYKTYype crieljuuKaiyu.

[Ipy TecTHpOBaHWM TIPOTPaMMbI Ha COOTBETCTBHE 3a/JaHHOMYy Habopy TpeOOBaHWI KpUTepUid
TOKPBITHSI MOXKeT ObITb OCHOBAH Ha OTpejie/IeHUsIX CUTYalUid, UCII0/Ib3yeMbIX B TpeOOBaHUSIX.
To ectb, st TpeOGoBaHWs "ecou BBLIMOMHEHO yciaoBHe C, TO [O/DKHO OBITH BBITIOJTHEHO
TpedoBanue R", ycioBue C onpe/esisieT 371eMeHT TOKPBITHS.

Takoe TIOKPBITHE MOXKET 0Ka3aThCsl JOCTaTOUHO rpyObiM — TpeboBanue R poctaTouHo Oyzer
MpPOBepUThL JIMIIL pa3 B CUTyalu, KoTopas yzoBieTBopsieT yciaoBuw C. Eciu 3rtoro
He/[0CTaTOYHO, 3/IeMEHThI TMOKPBITHUSI MOTYT OBbITb [OTIOJTHUTENbHO pa3duThl U TpeOOBaHMe
CUMTAEeTCsl TIOJTHOCTBIO MPOTECTUPOBAHHBIM TOMBKO B C/yuyae ero MpOBEPKU MpPU KaXKAOM U3
YTOUHEHHBIX YC/IOBUM.

[MokpeiTusi B SeC peany3yroTcsi B BUZie COBOKYITHOCTH 3/IEMEHTOB, aTpUOYThl KOTOPBIX — UMS U
OTLIMOHA/IbHOEe TeKCTOBOe orrcaHue. KaKbili 3/1IeMeHT MOKPBITHSI COOTBETCTBYET OTpe/|e/IEHHOMY
COCTOSIHUIO TeCTOBOM CHUCTEMBI.

[ToKpBITHST 3a/IAFOTCSI C TIOMOILBI0 KOHCTPYKLMM SeC, B KOTOPBIX COCpe/joTaurBaeTcsi MHGopMalus,
HeobOxouMast [yist uAeHTU(GUKAIMK TOKPBITHH U paboThl C HUMU U WX 37eMeHTaMi. SeC 1103BOJIsIeT



C037]aBaTh TIOKPBLITHSI Pa3IMYHbIX BU/IOB, U TpeOyeT COO/OAEHUs] OmNpe/ieNéHHbIX TPaBUI AJIs
3a/jaHusl IOKPBITUN KaXK,0ro BUJa.

ba3oBble orepaiivy B3auMOJeiCTBUS C 37ileMeHTaMH TTOKPLITUM TaKOBbI:
e JIOCTYII K 3/IeMeHTY MOKPbITUS (HarpuMep, BbIUMC/IEHHWe JJOCTUTHYTOTO 3/IeMeHTa);
¢ CpaBHEHUeE ero C JPYyrUMHU 37ieMeHTaMH (Harpumep, JOCTUTHYTOr0 — C 0’KWJaeMbIM);

° 3dHeCeHHe I/IH(I)OpMaL[I/II/I 0 NOCTW)KEHHHU 3JIEMEHTA ITOKPBLITHA B TPACCY.



5.1 Pa3nnuHble BU/ABI IOKPBITHH

[TokpsiThe B si3bike SeC orpezensieTcss UMeHeM, HAOOPOM 3/IeMeHTOB TOKPBITHS U Heobs13aTeTbHOM
¢yHKyuell 8blyUCAeHUs1 TEKYLero 3jeMeHTa. DJIeMeHT TOKPBITUSI MOXKeT UMeTb WEeHTHU(PUKATop
WA TEeKCTOBOe IIpe/iCTaB/ieHWe, WA M TO, W Jpyroe. MyHKIMS BBIUMCIEHUS 10 COCTOSIHUIO
CHCTEeMBI, 3aZJaHHOM TIapaMeTpaMH U T100abHBIMU ITePeMeHHBIMH, BLIUMC/ISIET /IEMEHT IMOKPBITHS,
K KOTOPOMY 3TO COCTOSIHUE OTHOCHUTCSI.

[ToKphITUS 3a[at0TCS C TOMOILBI0 KOHCTPYKLMK SeC, B KOTOPBIX COCpe/loTaurBaeTCsi MH(OpMalus,
HeoOXouMast 17151 UeHTU(UKAL[UKM TIOKPBITHI U pabOThl C HUMHU U UX 37ieMeHTaMu. SeC T03BoJIsieT
CO3/laBaTh TIOKPBITUS Pa3/IMUHbIX BUZOB, U TpeOyeT cob/rofeHUs orpefe/néHHBIX TIPaBWI IS
3a[jaHusl TIOKPBITUN KaXK0ro BUJA.

Bu/ibl MOKPBITUI pa3/inyaroTcs C/ieAyHoIuM 00pa3om:
 [lo npuHaa/1eXXHOCTHU K criel(HKaLMOHHBIM (yHKLIUSM:

0 TrnobanmbHOe TIOKPLITHE He TPHUBS3aHO K  CHeU(PUKALMOHHON  (QyHKLWH,
oripeZiesisieTcst U 0ObSIB/ISIETCS HA YPOBHE MO/YJISi KOMITAJISILIY;

0 JIOKa/JbHOE TOKPBITHE TPHBSA3aHO K Ofpeze/néHHONW CrelupUKalMOHHON (YHKLIUU.
OOmbsiBIEHUS U OTIpeZie/ieHUsT TOKaIbHBIX TTOKPBITHI COZIEP>KaTCsl, COOTBETCTBEHHO, B
MPOTOTHIIE U OTpe/ie/IeHUH 3TOU CrielU(PUKALMOHHON (QYHKLIUU.

. ITo CHOCO6y 3d/IdHHA 3JIEMEHTOB X METOAY BBIYHMC/IEHHSA JOCTUTHYTOT'O 3/IEMEHTA:

o Ecmm aBTop Tecta 3aj@éT  COBOKYIHOCTb  3JIEMEHTOB  [Ji1  TOKPBITHS
HeToCpeJICTBEHHO W OTMeuaeT [JOCTUIHYTBIM 3/IeMeHT CaMOCTOSITE/IbHO, TO Takoe
TIOKPBITHE Ha3bIBAeTCsl NepeyucAUMBIM.

o Ecm aBTOop Tecta 3aaéT  COBOKYNHOCTb  3/IEMEHTOB  [JI1  IOKPBITHSA
HeToCpeJCTBEHHO W 33/1aéT HEKOTOPYH (YHKLHMIO BBIUMC/IEHUS [JOCTUTHYTOrO
3/IeMeHTa, TO TaKoe MOKPbITHE HAa3bIBAETCS 8bIUUCAUMBIM. DYHKIUS BBIYUCIEHUS —
HeoTbeM/IeMasl YaCTb TaKOT'0 TOKPBITHSL.

o Ecm aBTOp Tecta 3a7aéT B KayecTBe COBOKYITHOCTU 3/1€MEHTOB TOKPBITHS
HEKOTOpbId enum-Tul, TO (QYHKLUS BBbIUMC/IEHUSI TeHepUpyeTCs Ha OCHOBe
CTPYKTYPBI 3TOT'0 TUIIA, a [TOKPBITHE Ha3BaeTCsl enum-noKpbimuem.

+ Ilo rosoXeHuto B MepapxXuu:

0 TIepBUYHOE TIOKpbITHEe, HAOOp 3/1IeMEeHTOB KOTOPOrO CO3/laBajicsi HEe3aBUCHUMO OT
JIPYTHUX TIOKPBITHN;

0 TPOU3BOJHOE TIOKPBLITHE, HAOOP 3/eMEeHTOB KOTOpPOrO SB/SIeTCS KOMOHWHaIMei
3JIEMEHTOB JIDYTUX TIOKPBITHH. [TOKPBITHS, 3/1eMeHThI KOTOPBIX ObLTH MCII0/Tb30BaHbI
TIPU CO3/IJaHUM TIPOM3BOHOTO TIOKPBITHS, HAa3bIBAIOTCS 0A30BBIMU 110 OTHOIIIEHUIO K
HEMYy.

I'mobanbHbIE IMOKPBITUA MOTYT OBITE nepeyrncJiiMbIMHY, BBIYMCJIMMBIMHU W enuim-IOKPBITUAMMH.
JIoKabHbIe MOKPLITHUA BCerja BbIUMC/IUMEIE.

5.1.1 IlepeunciumMoe NOKpbITHE

Iepeuucnumoe TOKPbITHE — MOKPBITHE, He UMetolee (PYHKL[MM BBIYMC/IEHUs] 371eMeHTOB. Takum
00pa3oM, [JOCTH)KUMOCTb 3JIEMEHTOB IME€PeUYHUC/IUMOTO TMOKPBITHS OTIMCBHIBAETCSl HEMOCPeACTBEHHO
aBTOPOM TecTa. 3a/laeTcsi MepeurcMMoe TMOKPBITHE TOJBKO HAabOpOM 3/1eMeHTOB, 00J1a/IatoIrX
MMeHaMH U Heobsi3aTe/IbHbIMKA CTPOKOBBIMU ONHACAaHUSIMHU.



// 06bABNEHME NEpPeyvYnUCnNMMOro MOKpPbITUSA
extern coverage ConstCovD =

{
Cl1 = "First",
C2, // cTpoOKOBOEe OMucaHue 3TOr0 3/IeMeHTa Mo ymondaHuw: "C2"
C3 = "Last"

3

// onpegeneHne 06bSABAEHHOr O Bbille MOKPLITUSA
coverage ConstCovD;

// onpepenieHne paHee He OOBLABIEHHOr O MOKPLITUA
coverage ConstCovND =

{
C1 = "ND1",
C2 = "ND2",
c3

H

[TosyuuTh 57€MEHT MepeyucIMMOro TMOKPBITHST MOXKHO TOMBKO SIBHO yKasaB 3TOT 3JeMEHT,
WCIT0/1b3Y$1 UMSI TTOKPBITHSL U UMSI 37ieMeHTa (BO3MOXKHO, COCTaBHOE — Y MPOU3BOJHBIX MOKPLITHI),
pasziesIéHHbIe TOUKOU.

SlgHoe yka3zaHue 3n1emMeHmMa nokpbimus. CylljecTByeT BO3MOXKHOCTb B Jit0OOW MOMEHT TOYHO
yKa3aTh HY)KHBIH 3/IEMEHT TTOKDPBITHsSI, WUCTIOb3ysl UMs TIOKPBITHS W UMs 3jieMeHTa (BO3MOXKHO,
COCTaBHOE - y TPOM3BO/IHBIX TIOKPBITHI), pa3/ie/IEHHbIe TOUKOM.

// cbpoc B TpaccCy yKa3aHHOro 3/1IeMeHTa NepeyvyncsiMMoro MOKpPbITUSA
trace ( Cov.Cl1l );

// cbpoc B Tpaccy yKa3aHHOro a9/ieMeHTa MOKPbITUA-Npon3BeLeHns
trace ( ProdCov.Cl1.C2 );

5.1.2 Bspruunciumoe noKpeITHE

Briuncoimoe TMOKPLITHE HCIIOJNIb3YETCA AJid ped/n3dliun OHpe,I[eJ'IéHHOI" O a/ITOPUTMAa BBIYUC/IEHUA
AOCTUTHYTOT'O 3J7IEMEHTA MOKPLITUA B 3dBUCUMOCTHU OT HEKOTOPBIX ITapaMeTPOB.

Briuncnrimoe IMOKPLITUE — TIOKPBITHUE, [OOCTMXKUMOCTL 3JIEMEHTOB KOTOPOTr'O MOXXET OBITE
BBIUMCJ/IEHA IO aJITOPUTMY, onpe,qenéHHOMy dBTOPOM TeCTa.

BbIunc/iiMoe TIOKpBITHE, KpOMe OOIMX /i1 BCeX TOKPBLITUH aTpuOyTOB — WMeHW M Habopa
3/IeMeHTOB, 00/1a/laeT SIBHO 3a/]JaHHOM (DYHKLIMEH BBIUMC/IeHUsI 371eMeHTOB. DYHKIUS BbIUHC/IEHUS
BO3BpalllaeT 3/IeMEHT MOKPBITHS, TOy4yasi B KaueCTBe apryMeHTOB TapameTpbl, KOTOpble MOTYT
XapaKTepru30BaTh COCTOSIHHE TeCTUPYEMOU CHCTeMbI UM 0003HauaTh BeTBb (DyHKIIMOHATBHOCTH.

// onpegeneHne He 0ObLABNEHHOr0 paHee BbIYUCAUMOIO MOKPLITUSA
coverage AuxCoverage ( int i )
/*
* UM 3n1emMeHTa MOXeT OTCYyTCTBOBaTh,
* eCcnm K Hemy He TpebyeTcsa AOCTyn U3 Nporpammbl -
* B Tpaccy cbpacbiBalwTCA 4YUC/0Bble 3HAYEHUA U OnucaHus.
*/
if ( 1 <= 0 ) return { "Incomprehensible number" };
if ( i > 3 ) return { MNOGO, "Very large number" };

/*

* onucaHue 3/1eMeHTa TOXe MOXeT OTCYTCTBOBaTh,
* B 3TOM C/lyyae OHO COBMajaeT C UMEHEM

*/



return { MALO };
}

HOJ'Iqu/ITb 3JIEMEHT BBIYMC/JIMMOI'O IMMOKPBITUA MOXXHO 00 SIBHO YKa3dB Hy)KHbIﬁ SJIEMEHT (TOLIHO
TdK JXe, KdK [IJid MMepeuyrnC/IMMbIX HOKprTHﬁ), MO0 BBHIUMC/INB AOCTHFHYTbIﬁ 2JIEMEHT.

1. SeHoe ykazaHue 31emeHma nokpbimusi. CyliecTByeT BO3MO>KHOCTb B JIFOOOH MOMEHT TOUHO
yKa3aTb HY)XHbI 37IeMeHT [IOKDBITHSl, MWCIO/b3ysl WMMSI TOKPBITUSI W KMl 3jeMeHTa
(BO3MO)KHO, COCTaBHOE — Y TIPOM3BO/HBIX MMOKPBITHI), pa3/ie/IéHHbIe TOUKOM.

// cbpoc B TpacCy YyKa3aHHOro 3/IeMEHTa MNepeyvYncsiMMOro MOKpPbITUSA
trace ( Cov.C1l );

// c6poc B Tpaccy yKa3aHHOro afeMeHTa MNOKPbITUA-NPOM3BEeAEHUA
trace ( ProdCov.Cl1l.C2 );

2. BbluucneHue 00Cmu2Hymozo 3/4eMeHmda noKpbimusi. BbluvcrieHWe 371eMeHTa TOKPbITHS
BO3MOJKHO TOJIBKO [I/Is1 BBIUMCTUMBIX TOKPBITUM.

// npoBepKa [OCTUMHYTOro 3/1eMeHTa BbIYUC/IMMOIO MOKPbLITUA
if ( CalcCov.P0zZ == CalcCov (1) );

{ ...}
5.1.3 Enum-nokpsiTue

El‘lum—HOKprTI/IH CIIy>KaT AJid y'Z[O6HOFO CO31aHHA HOKPLITPIIZ Ha OCHOBe€ I1epeuynC/JINMBIX THUIIOB.

[TokpeITHE MOXeT ObITH OTpe/ie/ieHO0 Ha OCHOBE TMEePeYrc/IMMOro THra (enum). DyieMeHThl TaKoTOo
TOKPBITUSI COOTBETCTBYHOT KOHCTAHTaM TIePeUMC/IMMOTO THUMa, a (YHKUWS BbIUUCIEHUS
orpeziefisieTcsl aBTOMAaThyecKu. JTa (GYHKLUS UMeeT eJUHCTBEHHbIM MapaMeTp MCIO/b3yeMOro
MepeynucyiiMoro  TUMa, [ KaK[Oro 3HaueHWs T[epeyrucIMMOro THIa  BO3BpalljaeTcst
COOTBETCTBYIOLLMM 3/71eMEHT MOKPBITHS.

typedef enum { RED, GREEN, BLUE } Color;
/*
* 00bABNEHNE MOKPLITUSA Ha OCHOBE MepedyucnmMmoro Tuna,
* € OyHKUMEeNn BbYUCEHUA MO YMOYaHWUIO
*/
extern coverage enum ColorCoverage( Color color );
/*
* onpepeneHne npeaBapuTenbHO 0O6BABMNEHHONO MOKPBLITUSA
* Ha OCHOBE MnepeyncanMoro Tuna
*/
coverage ColorCoverage;

5.1.4 IIpou3BopHoOe OKpbITHE

[Tpou3Bo/iHbIe TIOKPBITUSI MCIO/B3YIOTCS TIPU  HEOOXOJUMOCTU TOBTOPHOTO MCII0/Ib30BaHUs
3/1eMEeHTOB U (DYHKLM BBIUMC/IEHUS] TOKPBITUH.

[ToKpbITHS, 3/1EMEHTHI U (DYHKLIMY BBIYKMC/IEHUS KOTOPBIX 3a/]al0TCsl HEMOCPEeICTBEHHO, Ha3bIBAIOTCA
nepeuyuHbIMU.

HpOUS’GOaHblMU HA3bIBAlOTCA TMOKDPBLITHA, ITOCTPOEHHLIE Ha OCHOBE APYTHUX HOKPLITHﬁ, KOTODLIE B
3TOM KOHTEKCTe SIBJIIOTCS 6a308bIMU. Onpe,qeneHHe MPOM3BOAHOT'O MOKPLITUA OJO/DKHO OIMUCHIBATH
criocob ero IMOCTPOE€HUA HA OCHOBE 6a30BBIX HOKprTHﬁ; 0a30BbIM IMOKPLITUEM MOXKET OBITh Kak
MepBUYHOE MOKPLITHE, TdK WU IIPOMU3BOJHOE.



ITopsiokom noKpbimusi Ha3bIBaeTCs KOJMUECTBO MMEPBUYHBIX MOKPBHITHM, KOMOMHAIMN 3/1EMEHTOB
KOTOPBIX SIBJISIFOTCS 3/IeMEHTaMH JaHHOTO TOKpPbITUs. [1opsfoK /t060ro repBUYHOTO TOKPBITHS
paBeH 1. [TopsifoK TPOM3BOAHOTO TIOKPBITHSI PaBeH CyMMe TTOPSIIKOB BCEX er0 0a30BbIX MOKPBITHHA.

Onsi mo0oro TOKPBLITHS MOYKHO TIOCTPOMTH CITUCOK T€PBUYHBIX TOKPBITUM, HAa KOTODPBIX
MPOM3BO/IHOE TIOKPbITUE B KOHEUHOM CueTe OCHOBAHO. [l/lMHa 3TOr0 CIMCKA paBHA MOPSJKY
MOKPBITUSl. JTOT CIIMCOK (OPMHUpYyeTCs W3 CIMCKa, COZIepPKalllero TOIbKO [aHHOE TMOKpPbITHE,
criefiyroM  00pa3oM: IMKIMYeCKd TPOXOJs OT Hauaja CIMCKa K KOHIL[y, BMECTO ITOKPBITHIA
MoJcTaB/sieM UX 0a30Bble TIOKPBITHSI (TIDOM3BE/IEHUS] CTAHOBSITCS — T0OC/Ie[0BaTe/IbHOCTSIMU
YMHO)KaeMbIX TMOKPBITHI). B KOHIL|e KOHIIOB B CIIMCKE OCTAHYTCSl TOJIbKO [epPBUUHbIE MOKPLITHS,
KOJINYeCTBO KOTOPBIX Oy/ieT PaBHO MOPSJKY WCXOJHOTO.

Jlnist co31aHMst IPOU3BO/HBIX TTOKPBITHIA TIPeAyCMOTPEHO JiBa Criocoba:

+ W3MeHeHWe JloMeHa TIOKpbITHS (Hac/iefoBaHHe Habopa 3/71eMeHTOB U (YHKIUH
BBIUMC/IEHUS]);

+ TIpOU3BeJieHHe TIOKPHITUM (KOMOWHAIUs 3/1eMEHTOB 0a30BBbIX TIOKPBITHA W (YHKLMA
BbIUMC/IEHUS).

ﬂ;OCTyrI K 3JIeMEHTdM IIPpOU3BOAHOIO IMOKPLITUA 3aBUCHUT OT €ro BUJd.

B pe3ynbTare U3MeHeHUs J0MeHa MOKPBITUS U TPOW3Be|eHNs] BBIUMCIUMBIX TTOKPBITHH 110/1yYaeTcs
BBIUMC/IMMOE TOKpbITHE. [1o/yunTh 371eMeHT, BXOZASMIIUKA B €ro COCTaB, MOXKHO YKa3aB HY>KHbIN
3/IeMeHT SIBHO, /100 BBIYUCIWMB JOCTUTHYTHIA 3/IEMEHT, TiepesjaB TlapaMeTphl (yHKLUH
BbluMc/eHus. [IpousBefieHWe  MepeurcIMMOIrO  TOKPBITMSI HAa  [EepeurcIuMoe  SIBJISIeTCS
MepeYrCIUMbIM TMOKPbITHEM. [1o/lyunTh 371eMeHT Takoro MOKPBITHS MOXKHO TOJIBKO SIBHO yKasaB
3TOT 71eMeHT. TakuM 00pa3oM, MPUHLUIHAAIBEHO AOCTYTI K 37IeMeHTaM MTPOU3BOAHOTO TIOKPBITHS He
OT/IMYaeTcs OT AOCTYyIa K 37ileMeHTaM NepBUYHOIO MOKPBITHSL.

Crierjudryeckoi ke [/s1 NPOWU3BOJHBIX IMOKPBITUN OMepalyei sBJsSeTCs MOJyYeHHe 3/1eMEHTOB
0a30BbIX TMOKPBITUHA — Orepanysi Moay4YeHUss KOMIIOHEeHTa 37eMeHTa TOKPBITHS. JTa OrepaLus
JIOCTyIIHA /J1s1 TIOKPBITHM TOPs/iKa BBILLIE NEePBOr0 — TO €CThb [i/Isl TIOKPBITUM-TIPOW3BEeleHUH WUTN
MPOU3BOZHBIX OT HUX: TOTJ@ /IEMEeHT [JaHHOTO TIOKDBITHS sIB/sieTCsl KOMOMHAl[ell 371eMeHTOB
JPYruX TIOKPBITUM K MOXXHO IIOJIyUWTb €ro KOMIIOHEHT. KOMIIOHeHTBI 37eMeHTOB [JpYIUX
TOKPBITHI MOTyYaTh 3alpeleHo.

5.1.5 IlokpbITHe-nIpOU3BeeHUe

[TOKpBITUSA-TIDOM3BEIEHUST  UCIIO/B3YIOTCS  TPM  HeoOXOJUMOCTH  KOMOWHMpOBaTb  HabOOpbI
3/1eMEeHTOB HeCKOJIBKUX IMOKPBITUH.

DneMeHTaMU Mnpoun3BeaeHus HOKprTI/II‘/JI SIB/IAIOTCSI COYeTAaHUs 3/IeMEHTOB 0a30BBIX HOKPLITI/II‘;I,
K&)K,E[I)Iﬁ M3 KOTOPBIX HA3bIBAETCA KOMIIOHEHTOM 3J/IEMEHTA IIPpOU3BeAeHHs HOKprTI/IfI. OIeMeHT
MMpou3BeaeHUs HOKprTI/Iﬁ CUMTaeTCA OOCTUIHYTbIM, eC/IM OAHOBPEMEHHO MAOCTUTHYTBI BCe ero
KOMIIOHEHTHI.

// onpegeneHve MOKPbLITUSA-NPOU3BEAEHNA ANA NEePeYnCINMbIX MOKPbITUNA
coverage ProdCovNF = ConstCovND * ConstCovD;

// onpegeneHne MOKpPbITUSA-NPOM3BEAEHNA ANS BbIUUCAUMBIX MOKPbLITUI
coverage ProdCovF (Color color, char ch, int in)

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

,Z[J'IH HOKprTI/Iﬁ MopsAKa BbILIE TEPBOro AOCTYIIHA Orepauusd MMo/Jy4eHHs KOMIIOHEHTd 3/IEMEHTA
TMOKPLITHUA - TO €CTb IJId HOKpLITI/II\/’I-HpOI/IBBe,I[EHI/Iﬁ WK TIPOU3BOJHBIX OT HHX: TOrJa 3JIEMEHT
[AaHHOI'O ITOKDPBLITUA ABJISAETCA KOM6HHHHHEﬁ 3JIEMEHTOB APYTHX HOKprTI/Iﬁ U MOJXHO ITI0JIy4YUTBb €ro
KOMITOHEHT. KOMITOHEHTEI 3/1eMeHTOB APYyrux HOKPLITI/Iﬁ I10J/1yuaTh 3alipeijeHo.



ITonnyueHne KOMIIOHEHTA 3/IeMEeHTA MOKPHITUA
// AlphaCoverage un AuxCoverage - BblYUC/IMMblE MOKPLITUA
// ColorCoverage - enum-noKpblTMe OCHOBaHHOe Ha Tune Color

// onpegeneHve MOKPbITUSA-NPON3BEAEHNA BbIMUC/IUMBIX MOKPLITNA
coverage ProdCovF (Color color, char ch, int in)
= ColorCoverage (color) * AlphaCoverage ( ch ) * AuxCoverage ( in );

// C6poc B Tpaccy KOMMOHEHTa 39/ieMeHTa MNOKpPbITUA
trace ( ProdCovF( i, (char) i, i )[1] );

5.1.6 H3MeHeHHe jOMeHaA NNOKPBITHS

Vi3MeHeHre [oOMeHa TIOKDBITHSI TIO3BOJIsieT KCIO/b30BaTh (PYHKI[MIO BbIUKC/IEHUs 0a30BOTO
MOKPBITHSI B MPOW3BOZAHOM, YKa3aB TOJIbKO TEpeMeHHYI0, KOoTopasi Oy/ieT rmapamMeTpoM 3TOi

dbyHKLIMM.

N3meHeHue AOMeHa IIPpUMEHHMO TOJIbKO K BBIUMC/IMMBIM TIOKPBITHUAM; I10/Iy4deMO€ IIPOM3BOAHOE
TMOKPLBITHE TakKXXe ABJIAE€TCA BbIYHNC/IMMBIM. Takoe MMPON3BOAHOE TIOKPBITHE HCIIOJ/IB3YeT Q)YHKL[I/II-O
BBIUKC/IEHUsT 0a30BOro IMOKPLITHUA, 3a[dBasd BbIPpa’>K€HNA, HWCIIOJIb3yeMbIi€ B KaueCTBe CbaKTI/II—IECKI/IX
MapaMeTpoOB. B stHux BbIDAKE€HUAX MOT'YT MCII0/Ib30BATHCA ITapdMeTPhI ITPOWU3BOJHOI'O ITOKPBITHUA U
BUAVIMbIE €My IM€epeMEHHEIe.

// 6a30B0€ BbMUC/AMMOE MOKPLITUE
coverage AlphaCoverage( char c )

{
if ( 'a' <= c & c <= 'z' ) return LOWER;
if ( 'A' <= c && c <= 'Z' ) return UPPER;
/*
* eCcnm NOTOK BbIMO/IHEHUA AOXO4UT AO 3TOW TOYKW,
* TO MOKpPbLITUE He ABASAETCH MOJHbIM
*/
}

// nepemeHHasi, KoTopad O6ygeT napamMeTpoOM HOBOIMO MOKPbLITUA
extern char charState;

// ( void ) roBopuT O HaAN4MM GYHKUUN BLIYUCMIEHUA ONA 3TOM0 MOKPLITUSA
extern coverage StateCoverage ( void ) = AlphaCoverage( charState );
coverage StateCoverage;

5.1.7 JlokanbHoOe NOKpbITHE

[TokpbITHEe HMeeT CMBIC] ONpe/ielTh KakK JIOKajJbHOe, eC/lyd ero WCIO/b3yeT eQUHCTBEeHHas
cnetyyKalMoHHas (PYHKLUS.

Korpa cocTosiHMsI TeCTMpyeMOW CHCTeMbl, KOTOpble WAeHTU(ULMPYIOT 3/€MeHTbl TOKDbITHS,
JIOCTUTAIOTCSI B PaMKaX OZIHOM cCrieruUKalMOHHON (DYHKIMH, YI0OHO C/ie/laTh 3TO TIOKPBITHE
JIOKA/bHbIM. JIOKambHOe MOKPhITHE — TaKOe MOKPBITHe, KOTOpOe Orpe/ie/ieHO BHYTPU HEKOTOPOU
cnenUKaIMOHHON (DYHKITMH; OHA Ha3bIBAeTCSI 0OBEMITIOIIEH TT0 OTHOILIEHHIO K 3TOMY ITOKPBITHIO.

[MokpeITHSs, oripefe/iéHHbIe BHYTPU CreliU(UKALMOHHOW (PYHKI[MM, HA3bIBAIOTCS JIOKATbHBIMU, B
MIPOTHBOIIO/IOXKHOCTE TIOKPBITUSIM, OOBSIBIsSIEMBIM Ha T/100a/bHOM ypOBHe. B cocTaB mpoTtoTura
cnel(UKaMOHHOW (PYHKI[MM BK/IHOUAIOT OOBSBIEHUS JIOKATbHBIX TOKDPBLITHUM, TIPHUHA//IeKaluxX
eif, a B ee TeJ0 — OIpeJeseHUs] 3TUUX TOKpbITHi. Cofep)karesbHasi YacTb OOBSBIEHUS
JIOKaJIbHOT'O TIOKPBITUSI — UMSI TTOKPBITHSI.



JIoKanbHbIe TMOKPBITHA AOJIXXKHBI OBITH BbIUMC/JIMMBIMU, TO eCTh, MOI'yT OBITH
MPOWHHNLINA/TU3PDOBAHBI q)YHKL[I/IEﬁ BbBIUMUC/IEHUA WX T[IPOU3BeAeHUEM HOKprTHﬁ. Ha6op

rnapamMeTpoB (hYHKUMHM BBIUMC/IEHHS] JIOKAJIbHOTO TIOKPBITHSI COBMaJaeT C HAabOpOM IapameTpoB
creLu(pUKaLMOHHON (yHKLMH.

O6nacTe BUAUMOCTU JIOKA/IbHBIX TIOKPBITUM — OJIOK, CoZiep)Kaluid ux orpejeneHus. MmeHa
JIOKQ/IbHBIX TOKPBITUM He J[O/DKHbI COBMaZaTh C MMEHAaMU apryMeHTOB CleLM(UKALMOHHOU
(byHKIUM U e€é UMeHeM, a TakK)Ke C UIMeHaMU JPYTHX JIOKaJbHbIX TTOKPBITHIA.

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 { ... }
}

[ocTyn K 37eMeHTaM JIOKQJIbHOTO TOKPBITUS MOJKHO TOYYMTb KaK M3 TOCTYCJIOBUS, TaK U U3
(YHKUMM BBIYHACIEHUS JIOKAAbHBIX ITOKPBITUM, ONpefle/IéHHbIX [0Cjae JAaHHoro. [lns srtoro
JOCTaTOYHO yKa3aTh MMs TIOKPHITHS: OHO OyzileT 0003HauaThb 3/1eMeHT, JOCTUTHYTHIA B TIPOL{ECCe
BBI[TOJIHEHUS TeCTUpyeMOM GYHKUMU. Takke [ JIOKaJbHOIO MOKPBITHS [OCTYIIHA Olepalys
TI0JIyY€eHHs] 3/1eMeHTa MOKPBITHS, HO BBIYMC/IEHHE 3/IeMeHTa IMOKPBITHS 3aripeleHo.

coverage Charcmd (char c)

{
if (c == 'e'")
return {exit, "exit command entered"};
else if (c == 'h')
return {help, "help command entered"};
else
return {nocmd, "no command or unknown"};
}
specification foo (int a, int b, char h)
{
coverage hCov = CharCmd (h);
coverage aCov
if (hCov == hCov.exit)
return {abort, "Program terminated"};
else if (hCov == hCov.help)
return {pause, "Program standby"};
else
{
if (a > 0)
return {a_poz, "a is pozitive"};
if ((a < 0) && (b > 0))
return {a_b_oppoz, "a and b are oppozite"};
if ((a == 0) && (h > a))
return {a_null_proof, "a is null, approved."};
}
}
post

{



if (aCov != aCov.a_null_proof)

{

b
b
b
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5.2 Omnepanyu Haj 3/IeMeHTaMH MOKPBITUM.

Omepal Haf, 3/leMeHTaMHU TIOKPBITHH peann3yloT 0a30Bble BO3MOXXHOCTH YIIPABAEHHUST XOZOM
TeCTUPOBAHUS U OTPa)KEHUSI ero pe3yabTaToB B OTUETe.

Bba3zoBbie oriepaniii B3E:II/IMO,Z[€I>‘ICTBI/IH C SJIeMeéHTaMH HOKprTI/Iﬁ TAKOBBI:
1. IMoJIyueHue 3/IeEMEHTA IMOKPBITHUA (HaanMep, BBIUMUC/IEHHWE NOCTUTHYTOI'O BJIEMeHTa);

2. CpaBHeHMe ero C JpyI'MMH 3jeMeHTaM{ (HampuMmep, AOCTUTHYTOrO 3jeMeHTa — C
0’KHJaeMbIM);

3. 3aHeceHHe MH(OPMaLMH O JOCTV)KEHHU 3/IeMeHTa MOKPbITUS B OTUET.

KOM6I/IHI/IPYH 3TU Ollepaljiv, MO>XHO YIIDABJIATH XOA0M Te€CTd B 3dBUCHMMOCTU OT AOCTHIKEHHA TeX
W/IN UHBIX 3/71IeMEeHTOB HOKPBITPIFI " 3aHOCUTDL [JaHHbIE€ O JOCTUTHYTBLIX 3JIEMEHTAX B OTYET.

Cneznyer 3aMeTUTb, YTO OT IIPDU3HAKOB BHJA TMOKPBITUS (Hamuuusi (YHKLMMA BBIUMC/IEHUS,
MPUHA/JIE)KHOCTH K crield(raliioHHON (DyHKIMK) 3aBUCHT TOJBKO TepBasi orepalysi U3 CIMCKa:
TMOJTy4eHre, BBIUMC/IEHHe 3/IeMeHTa TOKPbITUs. Omepalyy CpaBHEHUS M TPAaCCUPOBKU TPeOYIOT
TOJIBKO NPABU/IbHO TOTyYeHHBIX 3/1EMEHTOB MOKPBITHSI B KaUeCTBe apIr'yMeHTOB M HUKAaK He 3aBUCST
0T 00BSIB/IEHUH U OTIpe/ie/ieHU TTOKPBITHH.

EnuHctBeHHasi ocobo mipegycmotpeHHass SeC komOuHaimst 6a30BbIX OIepalydii — oreparys
UTepaluu TI0 37ieMeHTaM TIOKPBITHsI, KOTopasi obserdaer peanu3auiio 00Xofa BCEX HYXKHBIX
COCTOSIHUM TeCTOBOM CUCTEMbI — TO €CTb, 37IeMEHTOB HEKOTOPOT'O MOKPBITHSL.

5.2.1 IlosnyuyeHue 3/1eMeHTa MOKPBITUSA

HocTyn K 37ieMeHTaM TIOKDBITUSI TIPUMEHSIeTCS [ijisl 3aHeCeHHs] B OTYET O TecTe MH(OpMALUUA O
JIOCTUTHYTOM 3JIeMeHTe U /ISl CDaBHEeHHSsI 3/IEMeHTOB MeX/1y COOOiA.

Jlnist pa3snuYHBIX BU/OB I7100a/bHBIX TOKPBITUM TIPeAyCMOTPeHbl pa3/uuHble (OPMBI JOCTYMA K
3/1eMeHTaM.

1. SeHoe ykazaHue 31emeHma nokpbimusi. CyliecTByeT BO3MOXKHOCTb B JIFOOOH MOMEHT TOUHO
yKa3aTb HY)XHbIM 37eMeHT [IOKPBITHSI, WCIOJb3ysl WMsI TIOKPBITHSL U UMs 3JleMeHTa
(BO3MOXXHO, COCTaBHOE - Y IPOM3BO/IHBIX MOKPBLITHI), pa3/e/éHHbIEe TOUKOU.

// cb6poc B Tpaccy yKa3aHHOro ajieMeHTa MNepednucsiuMoro MNOKpLITUA
trace ( Cov.C1l );

// cbpoc B TpacCy yKa3aHHOro 3/7IeEMEHTA MOKPLITUA-NPOM3BEAEHUSA
trace ( ProdCov.C1.C2 );

2. BbluucneHue 0ocmueHymozo 3/4emeHmd noKpbimusi. BbIuuciieHHe 3/1eMeHTa TOKPBITHS
BO3MOJKHO TOJIBKO /IJ151 BBIYMCJTUMBIX TTOKPBITHH.

// npoBepKa AOCTUIHYTOr0 3/1IEMEHTa BbIYMC/MMOIO MOKPLITUSA
if ( CalcCov.P0Z == CalcCov (i) )

HocTyn K 37eMeHTaM JIOKaJbHOTO TOKPBITUSI MOXKHO TMOJYYMTh KakK M3 TOCTYC/IOBUS, TaK U U3
(yHKL[MM BBIYUC/IEHUS] JIOKA/JbHBIX TOKPBITUM, OIpeJenéHHbIX IMocae JaHHoro. [lns 3Toro
JIOCTaTOYHO yKa3aTh WMMs TIOKPBHITHS: OHO OyzeT 0003HauaThb 3/1eMeHT, JOCTUTHYThIA B TIpOLiecce
BBITIOJIHEHUSI TeCTUpyeMOM (QYHKUMU. Takke [/s1 JIOKAJbHOTO TOKPBITUS JOCTYIHA OIepaLys
T10JIyUeHHUs 371eMeHTa TIOKPBITHUS, HO BbIUKC/IEHHE 3/1eMeHTa IMOKPLITHS 3arlpelleHo.



coverage Charcmd (char c)

{
if (c == 'e'")
return {exit, "exit command entered"};
else if (c == '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."};
}

}
post

{

if (aCov !'= aCov.a_null_proof)

{
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5.2.2 MHWrepanus 1o 3jieMeHTaM MOKPBITHUS

I/ITepaL[I/IH Mo 3JIEMEHTAM TMOKPBITUSA — KOHCTDYKLHA, [IOMOraromiadad 000HTH BCe BETBU
(bYHKLII/IOHaJ'IbHOCTI/I, OIMKMChbIBa€MbI€ TMOKPBITUEM. HapaMeTpaMH UTepalii  ABJIAIOTCA WM
BBI3bIBA€MOM CHGLIH(l)I/IK&L[HOHHOﬁ Cl)y'HKL[I/II/I U HWMS TOKPBITHUS. OJ1€MEHTHI IMMOKPLITHA, O6XO,I:[
KOTOPBIX IO KAKUM-TO MMPHUYKMHAM HeXXejlaTe/JIeH, MOXKHO OTCeATh C ITIOMOIIIBIO (anpra.

OmnepaTtop uTepalMy IO 3/ieMeHTaM IMOKpbITUs iterate coverage cxojieH C OrepaTopoM
uTepalui iterate: 3HaueHWe WTEPAL[MOHHOW TIepeMEeHHOW T/00a/bHO 10 OTHOIIEHHIO K
CLIeHapH1o, cojiep>kKalljeMy oreparop.

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

/7. ..
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B orimume or omeparopa iterate OTCYTCTBYIOT KOHCTPYKLIMM YTIpaB/IeHUs] UTepaLMOHHOU
nepeMeHHOM: B UWTepalMM I10 TOKPBITMAM yuyeT 00paboTaHHBIX 3/1eMEHTOB TIOKPBITUS
OCYILIeCTBJISI€TCS] TECTOBOU CUCTEMOU.



5.2.3 3anecenue nHpopMauM 00 3/71eMeHTe OKPHITHA B OTYET

Ormepali Haf, 3/IeMEHTaMHU TIOKPBITHH peasn3yloT 0a30Bble BO3MOXXHOCTH YIIPABJEHHUST XOZAOM
TeCTHPOBaHUs U OTPa’KeHUS €ro pe3y/bTaToB B OTUETe.

[TapameTpoM TipeforipefeneHHol (yHKIMKM trace, KoTopas CIY)KHT HMHCTPyMeHTOM cOopa
vHbopMaLyy 00 371eMeHTaX MOKPBITHS, J0/DKeH ObITh COOCTBEHHO 3/IEMEHT TOKPBITHS, 3a/JaHHbIM
JIFOOBIM CIIOCOOOM:

+ sIBHO YKa3aHHbI{ 10/Ib30BaTeseM;
+  TIOMyYeHHBIA B KauecTBe pe3ysbTaTa paboThl QYHKIMK BBIYMCIEHUS TIOKPBITHS;

. HOHyHEHHbIﬁ B KaueCTBe pe3yJ/ibTaTa paGOTbI oriepaljiy IoJIydeHHUsA KOMIIOHEHTA 3/IEMEHTa
IMMOKPBITHUA.

// Ccbpoc B Tpaccy yKa3aHHOro 39/ieMeHTa MNepeydnuc/iMMoro MNOKpPLITUSA
trace ( Cov.C1l );

// cbpoc B Tpaccy yKa3aHHOro 39/ieMeHTa MOKPbITUA-NPon3BeLeHns
trace ( ProdCov.C1.C2 );

5.2.4 XpaHEHI/IE 3JIEMEHTOB IMMOKPLITUA B II€EPEMEHHDBIX THIIA CoverageElement

SeC mMo3BO/sieT XpaHWUTh S/eMEHTbl TOKPBITUM B TepPeMeHHbIX CIelUaJbHOTO  THIa
CoverageElement.

OO0bsAB/IeHHE TTEPEMEHHOH-3/IeMeHTa MMOKPbITHS

coverage IntCoverage zero = IntCoverage( 0 );
IToc/ie KIHOUEBOTO C/IOBA Coverage yKa3bIBAeTCS WMsI TOKDBITHS, 37€MEHTbl KOTOPOTO MOJKET
cofiepkaTb OOBsIB/IeHHass TakuM obOpa3oM repemeHHas. OObsiB/ieHHe IepeMeHHOM-3/1eMeHTa

TMOKPBITUA MOXXET COAep>KaTb MHULIMA/IN3aTOP: BbIpA>KeHKMe, BO3Bpalljdrollee 3/7IEMEHT YKd3aHHOI'O
TMOKPBITHUA.

B ocTanbHOM Takve TiepeMeHHbIe TIOUMHSIOTCS TTPaBrIaM yroTpebieHus repeMeHHbIX s3bika C.



6 MeauaTopsnl

Mepuaropbl MpeJHa3HaueHbl [/s1 CBSI3bIBAHUSI CHeLUQUKALMM C peanu3aliieid TeCcTUpyemou
CHICTEMBI WY CO crieruyKareii Ipyroro ypoBHs abOCTPaKTHOCTH.

MeauaTophl pellaroT 3aZilauy CUHXPOHM3alUU COCTOSIHUS CITelM(PUKALIMOHHON MOJieNIu JJaHHBIX C
COCTOSTHMEM TeCTUPYeMOU CHUCTEMBI.

3agaua npeobpa3oBaHUs MO/I€TBHOTO TPe/ICTaB/IeHUs] TECTOBOTO BO3/IEMCTBUS B pean3aliiOHHOe
npe/iCTaB/eHue U pear3aljuOHHOI0 — B MOZeJIbHOe HMMeeT 3HaueHWe TOJIbKO [Jisi MeAuaTOpPOB
CTHUMYJIOB.

B SeC MeauaTOphl peanm3yloTcst Kak MeIUaTOpHble (GYHKIMU U COOPIIUKY OT/IOXKEHHBIX PeaKLIUi.
B MeavaTOpHBIX YHKLMAX CeLuasbHO BblJeseHbl 6JI0KM KOZla, OTBeYarolllye 3a CHHXPOHU3aL1I0
COCTOSIHUH ¥ TIpeoOpa3oBaHue MOZe/TbHBIX-PeaTn3alMOHHbIX BO3/IeHCTBHA.



6.1 MeauaropHasa QpyHKIHs

MepuaTopHele (DyHKLMM TpejHa3HaueHbl /sl peanv3aluu MeuatopoB. Kakzas MezauaTopHas
(GyHKLUS CBfI3bIBaeT CrelU(UKALMOHHYIO0 (YHKLUIO WM OT/IOKEHHYH0 peakLMl0 C YacTblO
peanu3alii TeCTUPYeMOI CHCTeMbI M/ ee crieliu(UKaruy IPyroro ypoBHs aOCTPAKTHOCTH.

MepuaropHbele (QYHKLMUA [OMevYaroTcs KiaoueBbiMU cnoBamu SeC mediator for, mexay
KOTOPBIMU JIOJDKEH CO/Iep)KaTbCsl YHUKaIbHbIN UJeHTU(PUKATOp — UMsI MeJuaTOpPHOW (yHKIUH.
Kaxzasi menuaTopHasi (yHKLMsS COOTBETCTBYeT HEKOTOPOW crieliupUKaLMOHHON (DYHKLUM WU
OTJIOKEHHOW peaklU{, CATHaTypa M OTrpaHUueHusi [JOCTyNa KOTOPOW /[OJ/DKHBI YKasbIBaThCsSl B
Tipe/iBapyTe/IbHBIX JleKIapalisx U orpesie/ieHHy MeJuaTOpHOU (QyHKIUH.

MepnuaropHasi QyHKLMSI MOYKET COfiepKaTh:

1. Bnok Bo3geiicTBusi. B 6si0Ke BO3/eHCTBUS OCYILECTBJISIETCS TeCTOBOe BO3/eHCTBUe C
ripeobpa3oBaHKeM JIaHHBIX U3 MOJIe/IbHOTO TPe/ICTaB/IeHUs B peai3al[MOHHOe U 00paTHO.
Brok Bo3zelicTBusi 00si3aTesleH [yl MeAMATOPOB  CITeLM(UKAIIMOHHBIX (YHKLIUA |
OTCYTCTBYeT B MeJuaTOpaxX OT/OKEHHbIX peaklui (B C/y4yae OTJIO)KEHHBIX peakLui
BO3/IeiiCTBHE UHULIMMPYETCSI TeCTUPYEeMOU CUCTeMO).

2. Byok cuHxpoHu3aumu. [IpUBOAUT MO/e/IbHOE COCTOSIHUE B COOTBETCTBUE C COCTOSIHUEM
peanu3alid TeCTUpPyeMOM CUCTeMbl. BJOK CHHXpPOHM3al[id MOXXeT OTCYTCTBOBaTb B
Me/iraTopax CrelupUKaMoOHHbIX QYHKIMA U 00si3aTesieH [jisi MeUaTOPOB OTIOXKEeHHBIX
peaxiuii.

3. [domonHWTeNbHBIM KOZ Tiepe] TIepBbIM CreldanbHbIM OJIOKOM U TIOCTe BTOPOTO.
Tono/THUTETbHBIM KO He JO/DKEH MMeTh MOOOUHBIX 3((}EKTOB: He JO/DKHBI U3MEHSIThCS
BUJVMbIe CHapy)XV [aHHble; AWHaAMHUUecKas TaMsTh, Bblje/ieHHass BHYTpU O/ioKa Koja,
JO/DKHA 0CBODOKAAThCsI MO0 B HEM ke, TMOO B TTapHOM eMy 0JIOKe.

MenuatopHasi (DYHKLMs CBsSI3bIBaeTcsl CO crieljuduKauMoHHONW (yHKUYeNH (WId OT/I0XKEeHHOMN
peakijueii) c moMmoiibio GyHKIMM set_mediator_umsa_cneumduKauynmoHHOW_OyHKUMK (wid
set_mediator_umsa_oTNOXeHHOW_peakuun), TpUHMMAIOLeN YyKasaTeJb Ha MeJUaTOPHYIO
¢byHkmo. OOBIUHO CBSI3bIBAHHWE OCYILECTB/ISETCS B QYHKIMYA WHHULIMAIU3ALAN CLIeHapHS:

set_mediator_push_spec(push_media);

6.1.1 BbJiok Bo3eiicTBUA MeAUATOPHOMN PYyHKIIUM

byioku Bo3zeliCcTBUSI MeAUaTOPOB criel[u(UKal[MOHHbIX GYHKLWN MpeJjHa3HaueHbl [/1s1 peain3aljuu
TOBe/IeHHs], OIMWCAHHOTO B 3TUX CHeLU(PUKAIMOHHBIX (GYHKIUSIX, TIOCPEACTBOM OKa3aHUs
BO3/IeliCTBUM Ha TECTUPYEMYIO CHUCTEMY.

B 6/0ke BO37eHCTBUSI OCYILIECTBJISIETCSI TECTOBOE BO3/IEHCTBHE C MpeoOpa30BaHWEM [JaHHBIX W3
MO/IeJIbHOTO TIPe/ICTaB/IeH!s B pea3aliOHHOe U 00paTHO.

Bioku BO37eiCTBUSL MCMOMB3YIOTCS TOABKO B MeJuaTopax Crielu(pUKalMoOHHbIX (QyHKLM. B HeM
BBITIO/THSIFOTCS C/IeAYIOLLMe JeliCTBUS:

s TIapaMeTphl  Crel(UKAIMOHHOW  GYHKUUM  TIpeoOpasyloTcs B pean3al[doOHHOe
Tripe/JiCTaB/eHNe;

+  BbI3bIBaeTcs UHTep(delicHas PyHKLMS (MM HECKOMBbKO (DYHKLMI) TeCTUPYeMOU CHUCTeMBI;

+ pe3ysbTaT Bbi3oBa MHTep(delicHON (YHKLUMU U BBIXOJHbIE TapaMeTphbl MpeoOpasyroTcs U3
pea-IM3aLyOHHOrO Npe/CTaB/IeHNs B MO/e/IbHOE;

«  MojiefIbHOe TIpe/iCTaB/ieHre pe3y/ibTaTa Bo3BpallaeTcs U3 6si0Ka BO3JeNCTBUS



BroK BO37eiCTBUS 3aruchiBaeTcsl B BUJe WHCTPYKLWM, 3aK/IIOYeHHBIX B (UTypHble CKOOKH |
TIOMeYeHHbBIX KJ/IF0UeBbIM C/I0BOM call. DTH MHCTPYKLMU TPeJCTaB/sIOT cOO0M Teso QyHKIUH,
MMeloIlleli Te >Ke IapaMeTpbl M TWUIl BO3BpalllaéMOro pe3y/bTaTa, YTO M COOTBETCTBYOLIAS
crieLiUpUKaLMOHHas (PyHKLHS.

Mepauarop a/isa GyHKIUM BIOOPKH 3/IEMeHTa 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));
}

/7. ..
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6.1.2 bBioK cMUHXpOHHU3ALUM MeJUaTOPHOU QyHKIUU

BJ10K cMHXpOHKM3aLWY MPUBOJUT MO/le/IlbHOe COCTOSTHUE B COOTBETCTBUE C COCTOSIHMEM peasv3alyn
TeCTUPYEeMOW CHUCTEMBI.

BJ10K cMHXpOHKM3aLMK MPUBOJUT MO/le/IbHOe COCTOSTHME B COOTBETCTBUE C COCTOSIHMEM peasv3alyn
TeCTUPYeMOW CHUCTeMbl MOC/e OCYIIeCTB/IEHUS BO3[IeMCTBUS WM BO3HUKHOBEHHSI OT/IO>KEHHOU
peakiuu. BloK CMHXpPOHM3ALMK 3aMMChIBAETCS] B BUJE WHCTPYKLMM, 3aK/IHOUEHHBIX B (PUTypHBIE
CKOOKU M TOMEUeHHBbIX K/IFOUEBBIM C/IOBOM State. OTH MHCTPYKIUHU TIPeACTaB/ISIOT COOOM Teso
¢byHkumy 6e3 BO3BpalljaeMOro pe3y/bTaTa, UMeOIleli Te ke MapaMeTpbl, UYTO U COOTBETCTBYIOLIAs
crielpUKalMoHHass  (QYHKUWS WIA  OTJOXKeHHas  peakuus. Eciu  cOOTBeTCTBYIOIas
crieUUKaLMOHHass (YHKLUS WIA OTJIO)KeHHasi peaklysi MMeeT TUI BO3BpalllaeMOro 3HauyeHwUs,
OTJIMYHBIN OT VOid, TO OCTYI K 3TOMY 3HaUeHUI0 MOYKHO TIO/IyUWTh uepe3 UeHTU(hUKATOp 3ToM

byHKLMM (peakLv).

HpI/I TeCTUPOBAHHWKU CHUCTEM C OTKPBLITBIM COCTOAHHEM, KOr'Jld TeCTOBadA CHCTeéMa HMMeeT NOCTYIl K
BHYTPE€HHUM [OdHHBIM peadjin3aliiH, 0J10K CHMHXPOHHU3allK1 OO/DKEH MPHUBECTH MOJe/IbHOEe COCTOAHKE
B COOTBETCTBHE C pea/Tr3alJUOHHBIM:

stack *stack_impl;
List* stack_model;

int push(stack*, int);
specification bool push_spec(Integer* i) reads 1 updates stack_model;

mediator push_media for
specification bool push_spec(Integer* i) reads 1 updates stack_model

{
state {
int k;
clear_List(stack_model);
for( k = stack_impl->size;
k > 0;
append_List( stack_model
, Create_Integer(stack_impl->elems[--k])



)
}
}

[TockonbKy KO/ TIOCTPOEHMsI MO/JIe/TbHOTO COCTOSIHUSI 110 BHYTPEHHEMY COCTOSIHUIO peasii3aljuu
Oy/leT OfMHAKOB /il BCeX Crelr(MUKAIMOHHBIX (DYHKIWM, €ro yZ0OHO BBIHECTH B OT/IETbHYIO

(GyHKLMIO

[Ipy TeCTUPOBAaHWU CHUCTEM CO CKPBITBIM COCTOSHUEM, KOT/la TEeCTHUPYHOIIasi CUCTeMa He MMeeT
JOCTyra K BHYTPEHHMM [JaHHBIM peaju3alud, OJ0K CHHXPOHM3al[MM [JO/DKEH JelCTBOBAaTh B
TIPe/TI0NI0XKEeHHH, UTO peanm3aliysi oTpaboTasia 6e3 omMbOK B COOTBETCTBUU CO CrielUdUKaIuen, 1
TIPUBECTH MO/IE/IbHOE COCTOSIHUE B BU/I, KOTOPBIM OXKH/IAeTCSI TIOJTyUUTh TIOC/Ie BO3AEHCTBYS:

mediator push_media for
specification bool push_spec(Integer* i) reads i updates
stack_model

{
state {
add_List(stack_model, 0, create_Integer(push_spec));
}

}

brok cuHXpoHM3alUMM  CrielUUKalMOHHbIX  (YHKI[MI  BBITIOJIHSETCS TeCTOBOM CHUCTeMOMU
HerocpefiCTBEHHO  Tocie  Oyioka  BO3JeMCTBUSI  Tiepesi  TIPOBEPKOM  TMOCTYCJIOBUSI B
crieliUpUKAIMOHHON QYHKIUU.

B/IOK CHHXDOHHW3al[MU OT/IOXKEHHBIX peaKL[Uil BBIMIOHSIETCS T10C/ie BO3HUKHOBEHUS OTI0XKeHHOU
peakiiu 1epe/i IPOBEPKOH MOCTYC/IOBHSI.



6.2 COopuK peakiyu

COOpIIVK peakuii CIIY)KUT Ji/1sI TIOJTy9eHHsT pe3yJibTaTa OT/I0XKEeHHBIX PeaKL|i.

COOPpIMKY peakL|il sIBJISIOTCS peann3aljiOHHO-3aBUCMMBIMU KOMITOHeHTaMH. VX 3a7iaua COCTOUT
B TOM, 4TOOBI CcOOpaTh BCe OT/IO)KeHHbIe pPeakL[UM LeJIeBOM CHCTeMbl U 3aperucTpUpoBaTh UX B

DEernucTpaTope B3aMMOJIENCTBUM.



7 TecToBbIe cCLieHapUH

TecToBbie ClLieHApUM OTpee/sIF0T UCXOJHbIe JaHHbIe /JIsi TIOCTPOeHUs TecToB. Kakbiii TecT
npejcTaB/sieT COOOM TMOC/Ie0BaTe/IbHOCTh TECTOBBIX BO3/IEMCTBUM, BBITIOJHEHWE KOTOPOM
obecrieurBaeT pellleHHe HEKOTOPOMW 3afiauM TecTUpoBaHUs. OOBIUHO B KauecTBe TAaKOMW 3afauu
BBICTYTIaeT TeCTHPOBaHWe TIOBe/leHHs] CUCTeMbl TMPH BO3ZEUCTBUSX Ha Hee yepe3 HEKOTOPbIU
Habop uHTepdelicHbIX MYHKIUN peasr3allii [0 JOCTKEHHS 3aJJaHHOTO YPOBHS TTOKPBITHS B
COOTBETCTBUM C KPUTEPUSIMU TTOKPBITHS CTIELIUPUKALIN.

OObIuHas 3aflaua TECTUPOBAHMS COCTOUT B TPOBEPKe MOBEIEHUS] CUCTEMBI TIPH BO3/EHCTBUSIX Ha
Hee uepe3 Habop uHTepdelCHBIX GYHKIMM [0 [JOCTKEHWS 3a/laHHOTO YPOBHSI TIOKPBITHSI.
[TocnenoBaTeTbHOCTE TECTOBBIX BO3/|€HMCTBUM /ISl PeLlleHHs] TAKOW 3ajaui Ha3bIBA€TCSl TECTOM.

BbI30BbI OZIHOM WM HECKONbKUX CreluUKalMoOHHbIX (QYHKIMA U criocob rmepebopa ux
rapaMeTpoB 3aZlal0TCsl B ClieHapHOW (YHKUuM. Bo Bpemsi TecTUpOBaHUs TeCTOBasi CHUCTeMa
HaXOJUTCS B OJHOM W3 COCTOSIHUM, Ha3bIBaeMbIX CLIeHAPHBIMU COCTOSIHUSIMU. Kak/blii BbI3OB
CLleHapHOM (YHKLMM TIepeBOJUT TeCTOBYI0 CHUCTeMy M3 OJHOTO COCTOSIHASL B [ipyroe.
ABToMaruuecku obecrieunBaeTcsi repebop Bcex rapaMeTpoB B KaXK/[OM [JOCTUTHYTOM CLieHapHOM
COCTOSIHUU.

TecToBbIN CIleHapuil O0BEeJUHSET HECKOJbKO CIIeHapHBIX (YHKUUH, YKa3bIBaeT MeXaHU3M
TOCTPOEHUSI TecTa, 3a7laeT (YHKIMIO TOCTPOEHHs CLIEHApDHOTO COCTOSIHHS, OTpe/iefisieT Crocod
WHULMA/I3aL[UM 1 3aBepIleHust paboThl TECTOBOM U TECTUPYEMOU CHUCTEM.

Ha ocHOBaHMM [laHHBIX, COJEpXKAlLUXCSI B TEeCTOBOM CLieHapWH, COOTBETCTBYIOIIUMA TecT
reHepyUpyeTCsi aBTOMaTHUYeCKHU.



7.1 Co3ganue TeCTOBOro0 CLieHapUs ¥ mapaMeTpsbl ero
BbI30Ba

TecToBBII CLieHapUii MPeJoCTaB/sieT BCIO MHPOPMALHIO0, HeOOXOJUMYTO AJIsi aBTOMAaTHUeCKOro T10-
cTpoeHusi Tecta. OH COOTBETCTBYeT IepeMeHHOW CIleljiaJbHOro CTPYKTypHoro tuma dfsm wim
ndfsm, moMeueHHON MOAU(PUKATOPOM Scenario:

scenario dfsm testScenario;

B KauecTBe MeHU TUIIA BBICTYIIA€T Hd3BaHHE O6X0,ZL‘-II/IKEI, ornpenesronero MexaiHru3M MoCTpoeHud
TecCTa:

« dfsm— Deterministic Finite State Machine (geTepMMHMPOBaHHbIN KOHEUHBIN aBTOMaAT);

« ndfsm — Nondeterministic Finite State Machine (HezeTepMHHUPOBAHHBIM KOHEUHBIN
aBTOMar).

Bo Bpems TectupoBaHusi dfsm mprMeHsieT TeCTOBble BO3[€HCTBUsL, KOTOpble MOTYT H3MEHSTb
cocTosiHMe cleHapus. dfsm aBTOMaTUuyecKyd OTC/IeKMBAET BCe W3MeHEeHHsI COCTOSIHUS M CTPOMT
KOHEeuHblld aBTOMAaT, COOTBETCTBYIOLIMK Mpoleccy TecTUpoBaHUs. COCTOSHUSIMM aBTOMara
SIBJISIFOTCSL BCe JOCTWKUMbIe COCTOSIHMS CLIeHapHs, a Iepexo/ibl aBToMaTa [OMeyaroTCsl TeCTOBBIMU
BO3/IeICTBUSIMH, KOTOPble UX UHULMMPOBAIU. TecTHpoBaHMe 3aKaHUMBAeTCsl TOJIbKO TOrZa, KOrza
00X0ZUMK TI0ZjacT BCe OIpejiesieHHble TI0/Ib30BaTe/leM TeCTOBbIe BO3JEeHCTBUS BO BCEX COCTOSIHUSIX
CLieHapysl JOCTH)KUMBIX U3 Ha4yaIbHOTO.

YToObI JOCTIKEHME 3TOH 1er ObII0 BO3MOYKHO, He00XOJUIMO BBITIOJTHEHHE C/IeYIOIINX yCI0OBHIA:

« Koneunocts. Ywucio COCTOHHHﬁ, AOCTWOKUMBIX K3 HaAUa/IbHOI0 TIIyTeéM TIpUMEHEHUA
TeCTOBBIX BO3A€ﬁCTBHﬁ H3 3aJdHHOT'O Ha60pa, A0/DKHO OBITh KOHEUHBIM.

+  JleTepMHMHUPOBAHHOCTH. [17151 TFOOOTO COCTOSTHUS CHICTEMBI TIPUMEHEHHe OJHOTO U TOTO e
TeCTOBOI'O BO3ZIeUCTBUS BCer/a JO/DKHO NepeBOJUTh CUCTeMY B OZHO U TOXKe COCTOsIHUE.

+ CuabHas CBS3HOCTB. VI3 jt000TO COCTOSTHUS CLieHapusi [JOCTHXKUMO mr0boe apyroe
COCTOsIHUe CLieHapus MyTeM MPUMeHeHHsI 10C/IeI0BaTe/IbHOCTH TeCTOBBIX BO3/IeHCTBUM.

O6xoguuk ndfsm o cpaBHeHuto c dfsm mo3BossieT KOppeKTHO paboTaTh Ha 0osiee ITMPOKOM
KJacce aBTOMATOB, a WMEHHO Ha KOHEUYHBIX aTOMaTaX, WMEIOIIUX JIeTepMUHUPOBAHHbIM
CUNBHOCBSI3HBIW MOJTHBIA OCTOBHBIN MTOJABTOMAT.

° OcTOoBHBIN nmoadaBTOMAT. OCTOBHBIN mogaBTOMAT COLAEP>XHUT BCe€ COCTOAHUA ClLeHapud,
AOCTW)KHUMBIE B IpoLecce TeCTUPOBAHUA.

o TIlonubid mopaBTOMAT. [l Ka)XKAOrO0 COCTOSIHUSL CLieHapusi W [JOMYCTUMOIO B HEM
TECTOBOT'O BO3ZIEMCTBUS TIOZABOMAT MO0 CO/EP)KUT BCe TePeXOAbl M3 3TOT0 COCTOSIHUS,
TioMeueHHbIe 3TUM TeCTOBBIM BO3/|eHCTBUEM, MO0 He COAepKUT TaKUX Tepexo/ioB BOBCE.

OO6xomunk ndf sm He TIpefHa3HAYEH [I7Is1 TECTUPOBAHUS CUCTEM C OT/IO)KEHHBIMU PeaKI[HUSIMHU.

Onpe,quIeHHe TECTOBOT'O CLieHapud AOJ/IDKHO COA€Pp>KaTb MHUILIUA/IN3AaTOPp C/Ie4YyroLero Bruia:

scenario dfsm testScenario = {

.init = init,
.getState = getState,
.actions = {

f_scen,

g_scen,

NULL

iy



.finish = finish
i
B mone init 3agaercss dVHKUWSA WHWLIMANM3ALUU. OJTO I10JIe MOXKeT ObITh OMYIeHO, OHAKO
O6LI‘-IHO (bYHKL[I/IH I/IHI/IL[I/IaJII/IBaL[I/II/I HpHCYTCTByET KdK MI/IHI/IMyM AJId YCTaHOBKI/I Me,[[I/IaTOpOB.

B mnone getState 3amaercs GyHKIMS TOCTPOEHMs CIleHAapPHOr0 cocTosiHus. Ecnu 310 mose
OIyILIeHO, TO TeCTUPOBaHUe BeJleTCsl B OHOM COCTOSIHUU.

B none actions 3apaercs COMCOK ClieHapHbIX (YHKIMM, BK/IIOUEHHBIX B [JaHHBIA TeCT,
3aBepIeHHbIN 3HaueHreM NULL. OTo mosie siBisieTcst 00s13aTe/TbHBIM.

B nosie finish 3ajaeTcst QYHKIMS 3aBepIIeHUs . JTO TI0JIe MOXKET ObITh OIMyI[eHO.

TecToBbI ClieHapuil BbI3bIBaeTCsl KaK (PYHKUMS C UAEHTU(UKATOPOM TEeCTOBOTO ClLieHapus,
TPUHUMAIOIIIasl /IBa TlapaMeTpa, aHa/JIOTUYHBIX TapaMeTpaM main, 6e3 BO3BpaillaeMoro 3HaueHUsl.
OO6BIUHO BBI30B MPOU3BOAUTCS B QYHKIMK main:

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

}

[Tpu BBI30Be TECTOBOTO ClieHapHsi TIPOUCXOAUT pa3bop mepesaHHBIX eMy TapameTpoB. TecToBast
crcteMa oOpabaTbIBaeT Ciie/[yIOIe CTaH/[apTHbIe TapaMeTphI:

-tc

HanpaBuTh TpacCHpPOBKY Ha KOHCOJIb.
-tt

HanpaBuTb TpacCUpOBKY B (paiisl C yHUKaIbHBIM UMEHEeM, COCTaB/IeHHbIM U3 UMEHH CLieHapusl U
TeKYIL[eTO BpeMeHH.

3amyck Tecta 0e3 yKa3aHHBIX IapaMeTpOB KOMaHJHON CTPOKM SKBHMBAJIeHTEH 3alycKy C
rnapamMeTpom -tt.

-t umsA_¢arina

HamnpaBuTb TpacCUpOBKY B (aiis ¢ yKa3aHHbIM UMeHeM.
-nt

BBIK/IHOUMTH TPaCCUPOBKY.
--trace-accidental

BK/TIIOUUTE TPaCCUPOBKY HEJOCTOBEPHBIX [1€PEX0/0B.

-uerr

BrimoHATh TeCTUPOBaHHWE [0 BOSHMKHOBEHHSA HepBOﬁ OILIMOKU (l'IO YMO]'I‘-I(:IHI/II-O).

-uerr=4ucrsio

BBITIOTHATE TECTUPOBAHUS [0 BOSHUKHOBEHUS UUC/10 OMMO0K (To/bKO Ayist ndfsm).

-uend

BBIMO/IHATE TECTUPOBaHKUE /10 KOHI[A, HECMOTPS Ha OIIMOKH.
--find-first-series-only, -ffso

HaxoauTh TONBKO MepByr0 YCIeLIHY0 CePUI0.
--trace-format

dopmar cbpoca JJaHHBIX B Tpaccy.



--disabled-actions
CnMCOK UTHOPUPYEMBIX ClLieHapHbIX (PYHKIWH.

O6paboTaHHble CTaH/JapTHBIE TIApaMeTPhl YAAISIOTCS W3 CIMCKa TapaMeTpoB, U W3MeHEHHBIH
CIIMCOK MepefiaeTcsl QyHKLMY MHULIMAIU3aLiy CLieHapusl.

[onyckaeTcsi HECKOJIBKO BbI30BOB CLieHapueB M3 OJHOM mporpaMmsbl. CrelyeT 3aMeTUTh, UTO eC/iv
rapaMeTphbl, Tepe/laHHble UCIIOMHAeMOMY aiily TecTa W3 KOMaHAHOW CTPOKH, OyAyT TpoCTO
repejlaHbl BO BCe BbI3bIBaeMble ClieHapWH, TO TPU HarpaBJeHWHd TPacCUPOBKU B (haiin Tpacca
ouepeZiHOTO ClLieHapusl Mepe3arnuileTcss B TOT ke (haidj, uTo M Tpacca mnpeApiayiiero. s Toro,
yTOOBI B OIHOM (haiiyie OKa3alnCh TPACChI BCeX CIieHAPHUEB, CJIeyeT BOCIO/b30BaThCS (PYHKI[UIMU
addTraceToFile u removeTraceToFile.

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

}

B csiyuae TeCcTUpOBaHUs CHCTEM C OT/IO)KEHHBIMH PeaKLMsIMU, B OTIpeZie/IeHUH TeCTOBOTO CLieHapHs
TpebyeTcsi 3a/aTh OOJIbIIIee YKCIIO TIOMIeH:

scenario dfsm testScenario = {
.init = init,
.getState = getState,
.isStationaryState = isStationaryState,

.saveModelState = saveModelState,
.restoreModelState = restoreModelState,
.actions = {

f_scen,

g_scen,

NULL
3
.finish = finish

i

Tpu  [JOINOJHUTENBHLIX IO/ [/ CLeHapueB C OT/JIOXKeHHBIMM DeaKLMsMH  SIBJISIFOTCS
0Os3aTe/IbHBIMU.

- B rmnone isStationaryState 3ajaetcsi GYHKUIWS _Ompejie/ieHHs CTal[MOHAPHOCTHU

COCTOAHMA.

« B rnone saveModelState 3afaeTcs QyHKIMSA COXpaHEHUS MOJIE/ILHOTO COCTOSIHUS.

- B nmnone restoreModelState 3ajmaeTcsi (QYHKIMS BOCCTAHOBIEHUS MOJeIbHOrQ
COCTOSIHUSI.

7.1.1 @®OyHKIUA MHULMA/IA3ALMHA

OYHKIUS WHULMAIU3ALMK TIpeJHa3HaueHa /il BBIMOJIHEHUS TIOATOTOBUTEIBHBIX paboT Tiepef
MpOBe/IeHUeM TeCTUPOBAHMUSI.

@yHKIMS TIPUHMMAaeT [iBa MapameTpa, aHaJOTMUHbIX MapamMeTpaM (DyHKLUMK main, a Bo3BpalljaeT
JIOTMYeCcKoe 3HaueHHe, NoKasbIBarolllee, yCIellHO JIM [POoBe/ieHa MHULMa/In3aLys:

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

OO6bIUHO (HDYHKIMS UHULIMATU3ALIUN BBITTO/IHSET CIeYIOL[1e JeHCTBUS:



+  UHULMAIU3alusi TeCTUPYEeMOU CUCTeMBI;
s VHULIMAIM3al[Usi CTelU(PUKaI[MOHHON MO/ie/d JJaHHbIX;
s VHULMAIU3alys JAHHBIX CLieHapHs;

s yCTaHOBKa MeJHWaTOPOB /s Crielu(UKAIIMOHHBIX (YHKIMM U peakiUid, UCTIOIb3yeMbIX B
JJaHHOM TeCTOBOM CL|eHapHH.

[Tpu He0OXOAUMOCTH, GYHKIUS UHHULIMATU3Al[UHd MOKET UCTI0/Ih30BaTh Nepe/iaHHbIe el TTapaMeTphbl
3arycka.
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 c/iyuae TeCcTHUpOBaHUSI CHUCTEMbl C OTJIO)KEHHBIMU peaklUsMU (YHKIUS WHUIMAIW3aLUd
JIOTIOTHATETBKO UCIIONb3YeTCs AJISL:

+  YCTaHOBKHM BpeMEHHU OXKUJAHUS OTJIO’KEHHbIX peaKL1il

ChannelID chid;

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

7.1.2 @®OyHKIMSA NOCTPOEHUS CLIEeHAPHOI'0 COCTOSIHUSA

Bo Bpemsi paboThl TecToBasi CUCTeMa HAaXOAWUTCS B OJHOM W3 COCTOSIHUN. DYHKIMS TOCTPOEHHs
CLIEHapHOTO COCTOSIHHSI OOBIYHO BBIYMC/ISIET 3TO COCTOSIHHME Ha OCHOBe 3HAueHWW MepeMeHHbIX,
oTipeZieNISIIOLIMX MojieNlbHOe cocTosiHue. CljeHapHOe COCTOSIHWe YacTo siBjsieTcss 00o001meHremM
MO/IeJIbHOT'O COCTOSIHUSI, O/JHAKO OHO MOJKET U COBIAJaTh C MO/Ie/IbHbIM, a MOKeT ObITb BOOOIIe C
HUM He CBSI3aHO.

OYHKIWS BBIYMC/IEHUSI COCTOSIHMSI CLIeHapusi He HMeeT TapaMeTpOB W BO3BpaIllaeT OO0BEKT
crieliupUKAIL[MOHHOT O TUTIA.

typedef Object* (*PtrGetState)( void );
[Tpumep dyHKIMH, 060061IIaIOITel MOIeTbHOE COCTOSIHUE, TIPeZICTaB/IsIIolee COO0M CITHCOK, KaK ero
JTUHY:

List* 1;

Object* getState(void) {

return create_Integer(size_List(1l));
}



7.1.3 ®yHKIUA 3aBeplLIeHUs CLeHapHus

@OyHKIUS 3aBeplleHUsi TIpeJjHa3HaueHa /i1 BbBITIOJIHEHUSI 3aK/FOUMTEe/bHBIX paboT Tocre
NIpoBeZleHus1 TeCTUpoBaHUsl. DyHKILMS He UMeeT [lapaMeTpPOB U BO3BpalllaeMoro 3HayeHusl.

typedef void (*PtrFinish)( void );

Kak mipaBwio, GyHKIUS 3aBepiiieHUs OCBOOOXKJaeT pecypchl, Bbiie/ieHHble B  (YHKI[UH
WHUIMA3al[1u.
char *impl_data;
String* model_data;
void finish( void ) {
free(impl_data);
model_data = NULL;
releaseChannellID(chid);

}
7.1.4 ®OyHKIUS onpeje/ieHUs CTALMOHAPHOCTH COCTOSIHUS

(DYHKLII/IH oripefie/;ieHHsA CTallMOHAPDHOCTHU COCTOAHMA HCIIOJIb3yeTCA TOJIbKO IIPpHU TeCTHUPOBAHHHU
CHUCTEM C OTJIO’)KeEHHBIMH DeaKLIUSMH.

dyHKUMS He ¥MeeT TlapaMeTPOB M BO3BpAIllaeT JIOTHUeCKOe 3HaueHHe, MOKa3bIBarollee, SBIISeTCS
1 TeKylllee MO/ie/IbHOe COCTOSIHMe CTalMOHapHbIM (CTaljMOHapHBIM Ha3bIBaeTCsl COCTOSIHUE, B
KOTOPOM He OKH/]aeTCsl BOSHUKHOBEHUS OT/IO’KEHHBIX PeaKLni).

typedef bool (*PtrIsStationaryState)(void);

Ecimu MojenbHOe COCTOSIHME TIPe[CTaB/AeHO IePeMEeHHON Hecrel[Uu(pUKAI|MOHHOIO THUMa WM
HECKOJIbKUMM TePEMEHHBbIMHU, TOTPeOyeTCs ONpe/e/IMTh HOBBIM  CITEI[U(UKAIIMOHHBIN  THII,
BK/TIOUAIOL1H B cebst Bce He0OX0quMbIe JaHHBIE.

List* expectedReactions;

bool isStationaryState() {
return empty_List(expectedReactions);
}

7.1.5 @DyHKIMA COXPaHEeHUsI MO/e/IbHOT0 COCTOSHUS

(DYHKLII/IH oripefie/;ieHHA CTAallMOHAPDHOCTHU COCTOAHMA HCIIOJIb3yeTCA TOJIbKO IIPHU TeCTHUPOBAHHHU
CHUCTEM C OTJ/IO’)KeEHHBIMH DeaKLIUSIMH.

@DyHKIMS He MMeeT MapamMeTpOB U BO3BpalljaeT JIOTMUeCKOe 3HaueHHe, MoKa3blBalollee, sB/sSeTCs
/I TeKylllee MoO/ieflbHOe COCTOSIHMEe CTalMOHAapHBIM (CMayuoHApHbIM Ha3bIBAeTCs COCTOSIHUE, B
KOTOPOM He 0’KH/IaeTCsl BO3HUKHOBEHUS OT/IOXKEHHBIX peakLif).

typedef Object* (*PtrSaveModelState)( void );

ITpumep:

List* modellList;

int modellInt;

specification typedef struct {
List* a;
int b;

} ModelState = {};

Object* saveModelState() {



return create(&type_ModelState, clone(modellList), modelInt);
}

7.1.6 ®DyHKIUSA BOCCTAHOB/IEHUS] MO/ E/IbHOI0 COCTOSIHUSA

CDyHKL[I/ISI orpege/eHUd CTAMOHAPHOCTKU COCTOAHHA HCIIONIb3YETCAd TOJIBKO TIpU Te€CTHPOBAHUU
CHUCTEM C OTJIO’KEHHBIMU peaKLUAMH.

®yHKIYs PUHUMAeT OZIUH MapaMeTp — CChUIKY Ha 3HaueHUe Creliu(prKalMOHHOIO THUIIA:
typedef void (*PtrRestoreModelState)( Object* );

Ha Bxoj (yHKIMM BOCCTAaHOBJIEHHSI MOJIEJTBHOTO COCTOSTHHSI TIO/IaeTCsl 3HaueHWe, BO3BpAIlleHHOe
(byHKLMel coxpaHeHUsI MOIelTbHOTO COCTOsTHUS. 3a/jaua GYHKIMU COCTOUT B TOM, UTOOBI MPUBECTH
TeKylllee MO/Ie/IbHOe COCTOSIHHE CUCTEeMBI B COOTBETCTBHE C ITUM 3HaYeHHEM.

List* modellList;
int modellInt;

specification typedef struct {
List* a;
int b;

} ModelState = {};

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

}



7.2 CueHapHble QyHKIUN

CueHapHble (GYHKIMU TIpeHa3HAUYEHBI /Jisi ONIMCAaHUs HAaOOPOB TEeCTOBBIX BO3JeUCTBUE. [Ijisi 3TOrO
creHapHasi GYHKIUS OTipejiesisieT BO3JeNCTBUS (BbI30BBI CTielU(PUKALMOHHBIX (DYHKIKN) U CTI0C0b
nepebopa WX TmapameTpoB. Bce Bo3jeicTBUs OyAyT aBTOMAaTHUeCKH BBITIOJTHEHBI B KaXKOM
CLIeHapHOM COCTOSIHUU, JOCTUTHYTOM BO BpeMsi TeCTUPOBaHUs. Takxe clieHapHble (DyHKLIUA MOTYT
TIPOM3BO/IUTh 0MOJHUTE/bHYI0 IPOBEPKY KOPPEKTHOCTU MOBeieHHsI BbI3bIBaeMbIX (DyHKI[UH.

CueHapHast GyHKIMS OMMChbIBaeTcst Kak (pyHKIMs 6e3 mapaMeTpoB, Bo3Bpalljatolliasi 3HaueHre THUIIa
bool u rmomeueHHas K/IFOUEBBLIM CJIOBOM Scenario:

scenario bool f_scen();

B mpocreiiiiem ciayuvae Kaxzgas ~CleHapHasg ~(YHKUMS ~COOTBETCTBYeT pOBHO  OJHOM
cneurdurkaruoHHon GyHKmU. Ecu cienydukaonHas GyHKLMS He UMeeT apryMeHTOB, TO TeJlo
CLleHapHOW (YHKIIMM MOJKeT cojfilepXXaTb eJWHCTBEHHbIM BbI30B 3TOW CrelU(UKaLMOHHOMN
¢dbyskiuu. [Tepe6Gop 3HaueHW apryMeHTOB CrieU(UKAIMOHHON QYHKIMU YA0OHO OCYIIeCTB/ISATh C

TIOMOIIbIO OMepaTOPa UTePAIINH.

CueHapHasi QyHKLYs JO/DKHa Bo3BpaTUTh Talse, eciu rnoBefieHUe CUCTeMbl HEKOPPEKTHO, U true
B HODMa/JbHOM cuTyaluu. [Ipy 3TOM HY)XKHO y4eCTb, YTO MpOBepKa MOCTYC/IOBUM BbI3bIBAEMBIX
crel(pUKalMOHHBIX (DYyHKLMK MPOMCXOAUT aBTOMaTHUeCKH U ee pe3y/bTaTbl YUMTHIBaTh He HaJo,
TO eCTb, IPOBEPKA B CLieHapHOM (PYHKLIMM HOCUT JIOTIO/THATE/IbHBIX XapaKTep.
specification int f_spec(void);
scenario bool f_scen() {
f_spec();
return true;

}
7.2.1 Omneparop urepanuu

OmepaTtop wuTepalMd UCTOMb3YeTCsl TOJBKO B  ClieHapHOW (GYHKIMA U CIAYXKUT IS
rapaMeTpU30BaHHOTO (HampuMep, aprymMeHTamMu creruduKaluoHHOW GyHKIMM) mnepebopa
TEeCTOBBIX BO3/IeliCTBUIA.

CuHHTaKCU4eCcKU orepaTop uTepalum CXoxXx C qUKJ/IOM for:

iterate (geknapauusi; YC/_NPOAO/IKEHUS; WHKPEMEHT; YyC/a_ounbtpauun)
Teno;

Hexnapaiusi siBjisieTcss  00si3aTeNlbHBIM BLID)KEHHWEM U TpeZCTaB/isieT Co00M  JieK/iapalyio
WTepaLMOHHON TepeMeHHON W ee WHULMaNW3alui0 (B oTavuue oT si3blka C, rfe repeMeHHast
JleK/lapupyeTcsi BHe 1[MK/a). ViTepaliioHHasi epeMeHHasi JoJKHa ObITh JOMYCTUMOTQ THUIIA.

Tak Kak BBI30B CLieHapHOW (YHKL[MM MPOU3BOAUTCS B KaXKIOM HOBOM MO/IEJTBHOM COCTOSIHHH, TO
BpeMsi )KM3HM WUTEePALMOHHON TlepeMeHHOM BBIXOAUT 3a PaMKH BPEMEHH BBITIOJTHEHUs CLIEHAPHOM
¢byHKIMM, B KOTOpOW OHa Oblia 0oOBsiBneHa: uToObl obecrieunTth 3((PeKTUBHOCTE WMHKpEMeHTa
KOKJOMY MO/IeJIbHOMY COCTOSTHMIO CHCTE€MBl JIO/DKEH COOTBETCTBOBATH CBOW 3K3eMIUISP
WTepalMoOHHON nepeMeHHOW. [Ipy BbI30Be cClieHapHOM (QYHKLMU B HEKOTOPOM COCTOSIHWH, B
KayeCcTBe 3HAUEHUS WTEPALMOHHON TiepeMeHHOM WCIOb3yeTcs TO 3HauyeHHe, KOTOpoe 3Ta
riepeMeHHast TIOTyYr/ia B PeJbIAYILHI BBI30B B TOM >K€ COCTOSIHHH.

YcnoBue NpoAo/DKeHUsI 1 UHKPEMEeHT JeMCTBYIOT TaK ’Ke, KaK aHa/JIOTMUHble BbIDa)KeHUs LIMK/a
for.



YcnoBue ¢unbTpanyy npesicTaBisieT cobo0il morndyeckoe Beipakenre. Eci oHo paBHO false, To
MPOMCXOUT Tepexof, K CJ/ieAyloleMy 3HaueHUI0 WTepaliMOHHOW IlepeMeHHOU. Y ciioBue
¢buIbTpaLii MOXKHO OIYCTHUTh, B TAKOM C/Tydae OHO OyJieT SKBHBaJIeHTHO BBIp&XeHHIO true, T. e.
HU O/THO 3HaueHHe UTepaljMuoHHOM nepeMeHHOM He OyzeT oTOpoIieHo.

Takum obpa3oM, ciieyroliast KOHCTPYKLIS:
iterate (int 1i=0; 1i<10; i++;i&1==0) { ... }
B HEKOTOPOM CMBbICJIE dHA/IOTUYHA LUKITY for:
int i;
for (1=0; i<10; i++) {
if (!(i&1==0)) continue;

}

Takoi cxemMoi MO>KHO T10/Tb30BaThCsl, YTOOBI MPeJCTaBUTh M10C/Ie0BaTe/IbHOCTL BBI30BOB, KOTOpAst
OyzeT creHepyvpoBaHa B Tipefiesiax OZHOTO CLieHapHOrO cocTosiHus. OfHaKo cjieflyeT MOHUMAaTh
pasHULly MeX/y OIlepaTopoM uTepalldd M LMK/IOM. Bo-NepBbiX, 3HaueHWe UTepaLMOHHOM
riepeMeHHOM 3aBHUCUT OT CLeHApHOTO COCTOSIHMSI, a 3HaueHue TepeMeHHOM IjuKia — HeT. Bo-
BTOPBIX, MPU OJHOM BbI30Be ClLieHapHOW (DYHKLIMM BBINOJIHSETCS TOJIBKO OJiHA WTepalys; OHa
oripejiefisieT Tepexo/| U3 OJHOTO CLIeHapHOTO COCTOsIHUS B fpyroe. Eciv >ke BHYTpU ClLieHapHOU
¢byHKIM OyzeT MCIo/b30BaH OOBIUHBIN LMK/, B paMKax OJHOTO M TOTO ke Tepexofa OyayT
TIPOU3Be/IeHbI BCe BbI30BbI, TlepebrpaeMble LUK/IOM.

HomnyckaroTcsi BIOXKeHHble orepatopbl uTepauyy. OfHako ToC/e/oBaTebHble OIepaTophbl
uTepaLyy UCM0Ib30BaTh HeJlb3s.

CneLpasnbHO /i1 Tiepebopa BCeX 3/eMEHTOB KaKOTo-Ti00 TIOKPBITHSI TIpefHa3HayeH Oreparop
UTepalyy 10 MOKDLITUSIM.

[Ipu TectupoBaHuM 0e3 OTIO)KEHHBIX peaKLMi CIieHapHOe COCTOSIHHME H3MEHsIeTCs B IIporjecce
TeCTOBOT'O BO3/IeMCTBUSI, TPOMCXO/SIIEr0 B MOMEHT BbI30Ba Criel{uprKaliMoHHON (GyHKIMU. Takum
obpasoM, ecmu B pe3ynbraTe pabOTHI CrieruUKArMOHHOW (YHKIUM W3MEHSIOTCS Ty100aibHbIe
repeMeHHble, TIOC/ie ee BbI30Ba B CLIeHApHOM (QYHKUUM OyAyT JOCTYIHBI y>Ke H3MeHeHHbIe
3HaueHusi. O/JHAKO TepeMeHHble COCTOSIHUSI U WTepaljMOHHble TepeMeHHble COXPaHAT 3HaueHWs,
COOTBETCTBYIOLI[HE TPe)KHEMY CLIeHaDHOMY COCTOSIHUIO, /10 KOHIIa pPabOThI ClieHapHOW (YHKLIWY.

[Ipy TeCTMPOBAaHUM C OT/IOKEHHBIMH DPEeaKLUSMH CLIEHaDHOE COCTOSIHME He WU3MEHSIeTCsl B XOjie
paboThl crieHapHOW (YHKUWH. VI3MeHeHHe TIPOMCXOJUT B KOHI|e pabOThI CLIEHAPHOW (YHKIWH,
T0CJ1e TOTO0, Kak Oy/IyT coOpaHbI BCe OT/IOXKEeHHbIe PeaKLH.

7.2.2 IlepeMeHHBbIe CIleHAPHOI'0 COCTOSIHUSA

[ToMrMO WuWTEpaLMOHHBIX TIePEMEHHbIX, CyIeCTBYeT U JpPyrod BUJ TepeMeHHbIX, 3HaueHue
KOTODPBIX 3aBHUCUT OT CI[eHaPHOT'O0 COCTOSIHUSI — TiepeMeHHble CLIeHapHOTO COCTOsTHUs. /[ljist
Ka)X/I0rO CLIeHADHOTO COCTOSIHUSI HMMeeTCs CBOM S5K3eMIUISIp TaKOW TIepeMeHHOM CO CBOUM
3HaueHueM. [Ipu BbI3oBe clieHapHOW (YHKIIMM B HEKOTOPOM COCTOSIHMM, B KaueCTBe 3HaueHHs
TepeMeHHOM MCI0JIb3yeTCsl TO 3HaueHue, KOTOpPOe 3Ta TepeMeHHasi ToJiyywlia B MpeJblAyLIui
BBI30B B TOM K€ COCTOSIHHU.

Mexnapaiiusi lepeMeHHbIX CIIeHapHOTO COCTOSIHUSL HauMHaeTCs ¢ MoAvdukaTropa stable u gomkHa
cojJlep)kaTh MHULIMaIM3aLuto. [lepeMeHHble CLIeHAPHOTO COCTOSIHUSI IO/DKHBI MMETh [OMYCTUMBbIN
TUII.

stable int i = 0;



To, B KakoM MecTe CLieHapHOUW (PyHKIMM 0OBbsIBIeHBI TaKKe TepeMeHHbIe, BIUseT JIMIIb Ha 00/1acTh
VX BUJUMOCTH, HO He Ha (DYHKLIMOHA/IbHOCTb.



8 Jlono/IHUTe/IbHbIE BO3MOKHOCTH



8.1 CrtpokoBoe u XML npeacraB/ieHus
Hecneu(pMKaMOHHbIX TUIIOB

Wnctpyment CTESK mo3BossieT omnpefiesisiTb I0Jb30BaTeNbCkhe (YHKUMM (hOpMUPOBaHUS
CTPOKOBbIX U XML- rpe/icTaB/ieHU He TOJBKO [ijisl Crielii(UKaLMOHHBIX TUIIOB, HO M JIJIs1 JTFOOBIX
TUINOB fA3blka C, MOCTPOEHHBIX IIPU MOMOLM KOHCTPyKLMMU typedef, a Tak e A1 TUIOB C
unBapuantamu. ®opmar v npaswia ¢popmupoBaHuss XML npezcraBieHys: 3HaUeHUM TOUHO TakKue
e, UTO U J1sl Clleld(UKAI[MOHHBIX TUTIOB.

ITonb3oBaTenbckue (GyHKIMH GOPMHUPOBAHUS CTPOKOBOro U XML mpe/cTaB/eH|s THIMA 3a/ai0TCst
cienytomM obpaszom.

[IycTb ecTh feKnapanyss UMEHOBAaHHOrO TUMNa T

typedef struct { int x; int y } T;
I mepeonipesieNieHUsT CTaHAAPTHOTO Crioco0a TIOCTPOEHUsI CTPOKOBOTO — TPE/ICTaB/IEHUS
HeoOX0/IUMO OTpe/ieNIUTh (PYHKLIHIO

String* to_String T( T* );
st mepeornipe/iesieHys CTaHAAPTHOTO criocoba moctpoenuss XML mpezcTaB/ieHUs: HeOOXOAUMO
orpe/ie/ITh PYHKLUIO

String* to_XML_T( T* );

Ba)kHO UMeTb BBy, UTO 3a/laHHble (DYHKIUK OYyT MCTIOIB30BATLCS [Jis TPACCUPOBKU HE TOJBKO
00BbeKTOB THIa T, HO U:

e 00beKTOB THIa “yKasaTesib Ha T” (Jitob0ro ypoBHs):
specification void f( T *t );
® MaCCHUBOB, 3JIEeMEHTOM KOTOPBIX AB/SeTCsl T UM yKa3aTesb Ha T:
specification void f( T t[10] );
e 00BEKTOB TUITOB-WHBAPUAHTOB, OCTPOEHHBIX HA OCHOBE THMA T:
invariant typedef T InvT;
specification void f( InvT *it );
Kpome Toro, mnomb3oBaTe/nbckhe (YHKIMM TIpe/CTaBIeHUs Hecrelu(UKaIMOHHBIX TUTIOB OyayT
BbI3bIBATLCS TIPH TPACCHPOBKE 3HAUEHUH MOJield TUTIOB, 0a30BbIX /ISl CIeU(MUKAI[IOHHBIX
specification typedef struct { String *str; T t; } S;
specification void f( S *s );
Ho mnonb3oBatenbckue GyKHIMM He OyAyT BbI3bIBAaTHCA /i1  He-MHBAPMAHTHBIX THIIOB,
TIOCTPOEHHBIX TIPU TOMOIIM KOHCTpyKUuK typedef “Hap” Tumamu, [/s1 KOTOPBIX 3TU (YHKLUU
orpeziesieHbl:

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

ITpu TpaccrpoBKe 3HaueHus t2 pyHkumu to_string_ T u to_XML_T MCroib30BaThCS He OyAyT.



9 CemanTtuka si3bika SeC

S3bik SeC siBnsieTcsi paciivpeHreM si3bika rporpammupoBanusi C v ripejHa3HaueH /715 pa3paboTku
TECTOB Ha OCHOBe (hopMasibHBIX crienduKaiuii. B HeM fmo0aB/ieHbl CrieljdaibHble KOHCTPYKIIWH,
KOTODbIe TI03BOJISIFOT KOMITAKTHBIM U yJJ00HBIM 00pa3oM OMUCHIBaTh TPeOOBaHUS K TeCTUPYeMOM
CHCTeMe U Jpyrve KOMIIOHEHThl TeCTOBOM CHCTeMBbI. JTO JiesiaeT pa3paboTKy TeCTOB MaKCHMaIbHO
y00HOM, a TakKe T0O3BOJIsIeT COKPAaTUTh 3aTpaThl Ha 0OyueHHe CIIeI[UaUCTOB, YK€ 3HAaKOMBIX C
SI3bIKOM NporpamMmupoBanus C.

A3pik SeC [OMOMHUTEHFHO BBOAUT CHelUPUKaALMOHHbIE TUIBI (cM. CneyugukayuoHHble munbl),
VHBapUaHThl TUIIOB JIaHHBIX W T/I00a/bHBIX TEPEMEHHbBIX, TeCTOBble clleHapuu (cM. Tecmoeble_
cyeHapuu) W Tpu BUJa GyHKUUN: crienu@uKaiuoHHbie (cM. CneyudukayuoHHble dyHKyuu,
OmuaodceHHble peakyuu), MeauaTopHble (cM. MeduamopHble ¢yHKYuu) ¥ CleHapHble (CM.
CueHapHble ¢yHKYuu). ITU TUTIbI, UTHBAPUAHTbHI U (QYHKLUU OMpeJeisitoTCs B Crielii(pUKalMOHHBIX
¢datinax ¢ pacmmpenveM sec. CrelUM@UKal[MOHHbIE 3aro/JiOBOUHbIe (ail/ibl, Co/eprKallue
JeKiapaluy CreliU(pUKalMOHHbIX TUIMOB W (YHKLMM, JO/DKHBI HaxoJUTbCAd B ¢alnax
pacumpeHveM  seh.  Crnelu@uKal[MOHHbIe  3arojioBOUHble  (aliabl  BK/IOYAKOTCS B
crieidUKalMOHHbIe  ¢aliibl TpPU  TIOMOLLUM JUpeKTHBbI Tpernpouieccopa C  #include.
CrnerdukaionHeie  (aibl MOTYT cofiep)kKaTb W 00bluHble QyHKIuM C, TpeOyemble [jist
Pa3/IMYHbIX BCIIOMOTATe/IbHBIX Iie/iei. [Ipy Heo6X0AUMMOCTH UCTIO/Ib30BaHUs CIeIMaIbHbIX JAaHHbBIX
W (QyHKIUA KCII0/Ib3yeTCsl BK/IIOUEHWe COOTBETCTBYHOIIUX OOBIYHBIX 3arojI0BOUHBIX (hailyioB
s3bika C 1puy oMoy AupeKTuBsl riperporeccopa C #include.

[nst ynoOcTBa 3aMycy W YTeHHs JIOTUYeCKUX BbIpaKeHUH B s3bIK  SeC [OTOHUTENHHO BBeJleH
OTepaTop HWMIUTMKALMK =>, SIB/SIOUIMNACT OWHAPHBIM WMHOPUKCHBIM OMEpaTopoM, TPUOPHUTET
KOTOpPOTr'O MeHbIlle TPUOpHUTeTa orepaTopa JU3bIOHKIMHU | |, HO Gosblile MpUOpUTeTa yCIOBHOTO
orneparopa ?:. DBblpakeHWe X => Yy 5KBUBAJIEHTHO BBIDAXKEHUIO !X || y, U Ipu ero
BBIUMC/IEHUH, TaK)Ke KakK IPU BBIYMC/IEHUM JIPYTUX JIOTMYeCKHUX OIepaTopoB, AeWCTBYIOT IIpaBU/a
KOPOTKOM JIOTMKWA. OrepaTop MMIUIMKAal[MM acCOLMaTHBEH CJleBa HarpaBo, TO €CTb BbIpaKeHHe
X => y => Z 5KBUBAJIEHTHO BbIP&)KEHUIO (X => y) => Z.



9.1 Cnenmdukanyu

Crnerdukaiyy 1ipecTaBiastoT coboii  GopmanbHOe oOmucaHWe TpebOBaHWNM K TeCTUPyeMou
cucTteMe B (hOpMe MHBAPUAHTOB JIaHHBIX U CrieLu(prKaLlyy 10BeJeHUs TeCTUPYeMOM cucTeMsbl. s
orucaHus TpeboBaHMI crierUUKalMd MOTYT HCII0/Ib30BaTh KaK HETOCPEe/ICTBEHHO JaHHbIe
TeCTUPYyeMOM CUCTeMbl, TaK U COOCTBEHHYIO CrielIU(PUKALIMOHHYIO MOZe/Tb JaHHbIX.

9.1.1 CpenudukanyoHHble QyHKIMA

CrietpuKallioHHbIe (YHKLMM TIpe/iHa3HaueHbl /151 Crield(UKalydyd TOoBe/leHUs] TeCTUpyeMOit
CHUCTeMbl TIpU BHeIIIHEM BO3/elCTBMM Ha Hee uYepe3 HEKOTOPYK uacTb uHTepdetica.
CrietpuKaliioHHast PyHKIUS onipe/iensieT:

¢ OrpaHMYeHHsi JOCTYyIa K JJaHHbIM;
s TpefyC/IOBUE;
+  JIOKa/JIbHble KPUTEPUU MOKPITHS;
s TOCTYyCJIOBHUE.

CrierjudyKalioHHble (DYHKLWY JeKIapyUpYIOTCS U OTpeie/isitoTcs B crieludrKaluoHHbIX (alinax u
roMevaroTcsl KiaroueBbiM 10BOM SeC specification. OHM MOryT cofepKaTb C/ieyroLIue
3/1eMEHTHI:

+ OnucaHve OrpaHUYeHWH JOCTYNa /JaHHOM (GYHKUUMM K TJI00aJbHBIM TIepeMeHHbIM U
rapameTpam.

« OnwucaHve NOKaIbHBIX TOKPLITUMA (TOJBKO B IPOTOTUIIAX (PYHKIIWA).

« IlpenycnoBue, onuchIBarolee CUTyalldd, B KOTOPBIX OMpeZie/ieHO MoBe/leHre TeCTUPYeMOi
CUCTEMBI.

+ JloKanbHble KDUTEDUU TIOKDLITHS, OMIMCHIBAIOI[Ke pa30ueHre Ha BeTBU (DYyHKIIMOHATbHOCTH
TOBe/IeHHsI TeCTUPYEeMOM CHUCTeMbl TPU B3aUMO/JEMCTBUM C Hell uepe3 4acTh UHTepdeiica,
OTMKCHIBAEMOTO JJaHHOW crieljudrKalMoOHHOW QyHKIMel.

« IlocTycroBure, onuChIBaroOLee OrpaHUYeHUs, KOTOPbIM [JOJDKHBI Y/I0B/I€TBOPSITh Pe3y/bTaThbl
paboThbI TECTUPYEMOM CHUCTEMBI, ONHMChIBAEMOM JaHHOW Crielu(UKAIMOHHON (QYHKIIUEH.

« [ononHuTtenbHbI Ko Ha SeC MOMUMO NpeZyC/IOBUs], ONpefie/ieHHs JIOKa/IbHbIX KpUTepreB
TOKPBITHS U ITOCTYCJ/IOBUSL.

CneLudukalyoHHbIe QYHKIMK BI3bIBAIOTCS TaK ke Kak 00bruHble GyHKUuH. [Ipy TecTMpoBaHuy B
TOUKe BbI30Ba CreluUKaLUOHHOW (GYHKIMM TPOMCXOAUT TIpOBepKa WHBApUaHTOB THUIIOB
BBID&KEHUM C JOCTynoM reads u updates, mpoBepka MHBapUaHTOB IEPEMEHHBIX C JOCTYIIOM
reads u updates, mpoBepka 3HaueHWIl Mepe/laHHbIX apryMeHTOB Ha BBITIOJIHEHUE Tpe/lyC/IOBuS,
BLIUMC/IEHWE 37IEMEHTOB TIOKDBITHUM [jis 3HAUeHWH T[epe/laHHbIX apryMeHTOB, oOpaiieHue K
MeZiMaToOpy, YCTaHOBJIEHHOMY [/l BbI3bIBaeMOM CrielM(MKaLMOHHOW (PYHKLMM, IIpOBepKa
HEHM3MEHHOCTU BbIPa)KEHUN C [AOCTYroMm reads, MpoBepKka WHBApUAHTOB THUIIOB BbIPA’KEHUUN C
JlocTynioM writes um updates, mpoBepka MHBapUaHTOB II€PEMEHHBIX C JOCTYIIOM Writes u
updates, mpoBepkKa BbINIOJHEeHUS TIOCTYC/IOBUSI.



CHHTaKCHuC

( declaration_specifiers )?
"specification"

( declaration_specifiers )?
declarator

( declaration )*
compound_statement

/

CemaHTHUeCKHe IpaBU/Ia

1.

10.

11.

WwmeHa crieliuyKalMOHHBIX (PYHKLIMNA BXOJST B TO K€ TPOCTPAHCTBO MMEH, UTO W UMeHa
00bIuHBIX (DyHKIUH si3b1Ka C.

CrnerdukaiionHasi GyHKI[US JO/DKHA OBITH OTpe/iesieHa POBHO O/IMH pa3 CpeJiu BCeX e/IMHMUI]
TpaHc/sIuK (translation_unit), cobupaemMbIX B OJJHY CUCTEMY.

B 00bsiBNeHnY WM onpesiesieHn CrieliuUKalMOHHOW (QYHKI[UM 3aTpeliaeTcsi BBOAUTH J00bIe
CYILIHOCTH C MM@HaMH, COBIAZaol[MMH C UMeHeM 3TOM crieljuHKalMOHHON (PYHKIMU.

st Bcex ro0asbHBIX TIePeMEeHHBIX W TapaMeTpoB (WM KX COCTaBHBIX YacTeil), KOTOpbIe
VICTIOJTb3YIOTCSl B CrelM(UKAlMOHHOW (YHKIMM, BO BCEX Ipe/iBapUTe/bHbIX JeKlapaluysx U
JekyiapaTope orpefesieHds (YHKLUM [O/DKHBI OBbITh yKa3aHbl OrDAHUYEHHs JIOCTYIIa

(se_access_description).

Bo Bcex npeziBapUTeNbHbIX JeKaapalysx U [eKaapaTtope onpezeseHust (yHKLAU OrpaHUYeHus
JIOCTYTIA JO/DKHBI ObITH O/JMHAKOBBI.

B cocraBHOM ormepatope crieriu)MKarjioHHOW (DYHKLMHM [JO/DKHO TMPHUCYTCTBOBATb POBHO OZHO
nocrycnoBue (se_post_block_statement) mocse 6/10KOB KpuTepueB TOKPBLITUS U
TIpe/lyCJ/IOBUS, €C/IA OHU MIPUCYTCTBYIOT.

B coctaBHOM omepaTope crierUKalMOHHON (YHKIIMH MOYKET TMPHCYTCTBOBaTb He OOJbIle
ozxHoro mpexaycnoBus (se_pre_block_statement) g0 6/10KOB KpUTEpPHEB MOKPBITHS, €C/IH
OHU TIPUCYTCTBYIOT, U 710 0JI0Ka MOCTYC/IOBHS, 1OC/Ie TIPeyCIOBHS I0/DKEH C/IeIoBaTh MO0
COCTaBHOU oriepaTtop, MO0 MepBbiii KpUTEPHH MOKPITHS, MO0 TIOCTYCIOBHE.

B coctaBHOM omepaTope crieliupUKal[MOHHON (GYHKI[MM MOTYT TIPUCYTCTBOBATb HECKOJBbKO
JIOKanbHBIX ~KpUTepHeB TIOKPHITUS (Se_coverage_statement, ¢ UWHUIMAIU3aTOPOM
se_coverage_derivation_initializer

mibo se_coverage_function_initializer), cienyroimx Apyr 3a ApyroM mocie 0/0Ka
TIpeJyC/I0BUsI, €C/TU OH MPUCYTCTBYET, U o 610Ka mocTycsious. TTocie mocieiHero KpUtTepust
TIOKPBITHS IOJDKEH C/ie/[oBaTh MO0 COCTaBHOM orepaTop, 100 MOCTyCI0BYe.

Me>xy KOHCTPYKI[USIMA Se_coverage_statement He O/DKHO OBbITh IPYTMX KOHCTPYKI[UH.

KoHcTpykijuu se_pre_block_statement, se_coverage_statement u
se_post_block_statement wMmoryt OBITb BJ/IO)KEHBI TOJBKO B CHHTAaKCUUYECKHE Y3JIbI
block_item (610ku Kozia, orpaHUUeHHbIe (PUTYPHBIMU CKOOKaMu).

C yyeTOM BO3MOXXHOTO [IOTIOJTHUTETHLHOTO KOZa, Telo crielurKalOHHOW (PYHKLMU I0KHO
HMMeTb C/Ie[lyIOLYI0 CTPYKTYpY:

{
AONONHNTEeNbHbIM_koa 1 1
pre { ...}

{

[ONONHUTENbHbIA_Koa_2_1
coverage wva_1 { ... }



coverage uwvma_n { ... }

{

LOMNONMHUTENbHbI_Kog 3_1

post { ... }
LONONMHUTENbHbI_Koa,_3_2

}

LOMONTHNTENbHbIN_Kog,_2_2

}

[LOMONHUTENbHbIN_Koa_1_2

}

12. JTro60#i 13 6/I0KOB /IOTIOTHATETLHOTO KO/Ia MOYKET OTCYyTCTBOBATh.

13. Ecnu kakasi-mibo w3 map AOMNOSHUTENbHBIA_KoA 2 1 v JOMNOMHUTENbHbI_KOL 2 2 wu
AONONMHUTENbHbI_KoA _3_1 U [ONOSHUTENbHbI_KOA,_3_2 OTCYTCTBYeT, TO pa3pellaeTcs
He TmmcaTth (UTrypHble CKOOKH, HEMOCPeJICTBEHHO COJleprKalllie OTCYTCTBYIOUIYIO TIapy
JIOTIOJTHUTETbHOTO KOZa.

14. CnenmdukaionHasi GyHKIUS 10/DKHA ObITh 0€3 BUAUMBIX CHApPY>XU TTOOOUHBIX 3 (HEKTOB:

14.1.3HaueHus rao0anbHBIX rnepeMeHHbIX W 3HaU€HWA OdHHBIX, MMepe/iaBae€MbIX 0 yKd3dTesdaM,
He NO/DKHBI U3MEHATbCS,

14.2.iuHaMuYeckass TlamMsTh, BblJe/sseMass B  CrelU(UKAIIMOHHOW  (QYHKIMM, JO/DKHA
0CBOOOXK/]aThCs, TIPUUEM Ha TOM J>K€ YpPOBHE BJIOXKEHHOCTH (B TOM >K€ COCTaBHOM
oriepaTope), Ha KOTOPOM OHa BbIZie/isiiach:

14.2.1.ecyiv namATh BBIJE/IAETCA B MPeAyC/I0BUM, KPUTEPUU TTOKPBITUS WU MOCTYC/I0BUH,
OHa JJ0/DKHa 0CBODOJK/IaThCsl B TOM ke OJIOKe;

14.2.2.ecii TaMAATh BbIfIe/IIeTCST B Hadase CrelUpUKalMoOHHON (YHKI[MM, OHA J0J/DKHA
0CBOOOXK/]aTbCsI B KOHLIe TIOC/Ie TIpe/lyC/IOBUs], KDUTEPUEB TIOKPBITHS, TIOCTYC/IOBUS U
OKOHUAHHS COCTaBHBIX OIIEpaTOpPOB, COZJepXKaljuX KpPUTepUU TOKPBITHUSA U
TIOCTYCJIOBUE;

14.2.3.ecii mamAThL BbIJE/AETCS B COCTABHOM oOllepaTtope IIOC/Ie MpefyC/IOBUs, TO OHA
Jlo/DKHa 0CBODOOKAAThbCsl B KOHLIE 3TOTO COCTaBHOIO OrepaTtopa I0Cje KpUTepueB
MOKPBITHSA, TIOCTYC/IOBUSI M OKOHYAaHWA COCTAaBHOIO OIepaTopa, CozepyKallero
TII0CTYCJ/IOBUE;

14.2.4.ecivi mamATL BbIZIe/IIeTCA B COCTAaBHOM OIlepaTope Iepej IOCTYC/I0BUEM, TO OHa
Nlo/DKHa 0CBOOOXK/IaThCsl B €r0 KOHLe Moc/Ie TIOCTYC/IOBUSL.

9.1.2 OrT/10)keHHBbIe peakiu

TJI0’KeHHbI KLU OOBSB/ISAIOTCI U OI JIIFOTCA B CHeliU(PUMKALMOHHBIX (paillaX B BH,
OTs0)keHHbIe pea 06 F0TC OTIpe/iesIsitoTC crie arnuo aitna e
¢byHKIMiA 0e3 TlapamMeTpoB, TIOMeUeHHBIX K/TFOUeBbIM cjioBoM SeC reaction M Bo3BpalaroIMX
yKasaTe/u Ha crielid(prKalMoHHble TUIbl. OHU MOTYT COJiepKaTh CIefyIOLe 31eMeHThI:

° Onmcanue OrpaHUYEeHU TOCTYIa ,E[aHHOﬁ peaKLn1 K r7100a/IbHBIM rnepeMeHHbIM.

+ IlpenycioBre, OMMCHIBAIOIIEE CUTYal[MH, B KOTOPBIX BO3MOXXHO BO3HWUKHOBEHUE HAHHOMN
peaxIyu.

. HOCTYCHOBI/IE, OMMMChbIBaKOllee OrpaHWYeHHUA Ha 3HaUYe€HHUA r7100a/IbHBIX rnepeMeHHBIX,
KOTOPpbI€ NO/DKHBI BBITIOJTHATECA B C/Iydd€ BO3SHHMKHOBEHUSA ,E[aHHOI\/JI peaKln.

« JlononHuUTebHBINA KO Ha SeC BHe MpeyCI0BUs U MOCTYC/IOBUSI.



CHHTaKCHuC

( declaration_specifiers )?
"reaction"

( declaration_specifiers )?
declarator

( declaration )*
compound_statement

/

CemaHTHUeCKHe IpaBU/Ia

1.

10.
11.

12.

ViMeHa OT/IIOXKEHHBIX peaklui BXOJSAT B TO >Ke MPOCTPAHCTBO WMEH, UTO U MUMeHa OOBIUHBIX
dbyHkimit si3bika C.

OTnokeHHasi peakusi [JO/DKHA OBITH OmpezesieHa POBHO OAWH pa3 CpeAud BCEX €IVHMI]
TpaHc/sIuK (translation_unit), cobupaemMbIX B OJJHY CUCTEMY.

Y OT/IOKEHHBIX peak[uid He MOXKeT ObITb IapaMeTpoB, TUIIOM BO3BDAIllaéMOT0 3HaueHWsI
OTJIOXKEeHHOU peakLuy MOyKeT ObITh TOJIbKO yKa3aTesib Ha Criel[u(UKaliMOHHbIN THUII.

B o00ObsiB/IeHUM WM OMpe/ie/IeHHH OT/IOKeHHOW PpeakKI[UW 3arpeljaeTcss BBOJAUTHL JIOObIe
CYILIIHOCTH C MM@HaMH, COBMA/atol[MMU C UMEeHeM 3TOH OTJIO)KeHHOW peakKLIUU.

st Bcex robasbHBIX TIEPeMEeHHBIX W TapaMeTpoB (WM MX COCTaBHBIX YacTeil), KOTOpbIe
VCTIOb3YIOTCSI B peakluM, BO BCeX [pe/IBapUTENbHBIX JeKaapauusix W JeKjaapaTope
orpe/ieNIeHust peakLyu JIOJDKHBI OBITH yKa3aHbl OrpaHUYeHUs JOCTYIIa

(se_access_description).

Bo Bcex mnpejBapuTe/bHBIX JleK/Iapaljisax U [ieKaapaTope orpejie/ieHus] peakljui OrpaHu4eHust
JIOCTYTIA JO/DKHBI ObITH O/JMHAKOBBI.

B cocraBHOM omneparope OT/I0OK€HHOM peakLuu [JO/DKHO TMPUCYTCTBOBaTb POBHO OJHO
nocrycioBue (se_post_block_statement) nocse npenycnoBus,, ecjid OHO MPUCYTCTBYET.

B cocTaBHOM oOmMepaTope OT/JIOXKEHHOM peaklid MOXKeT MPUCYTCTBOBaTb He 0OOJIbIlE OZHOTO
npenycioBus (se_pre_block_statement) mo mocTyc/oBusi, TIOC/ie TIpeAYCIOBUS /I0/DKEH
C/iefioBaTh MO0 COCTaBHOM omepaTop, MO0 TIOCTYCIOBHeE.

C yueToM BO3MOYKHOTO [OTIOJTHUTELHOTO KO/a, TeJ0 OTI0KEeHHOM peaki[iH 0/DKHO MMETb
CJ/Ie/IyIOLYIO CTPYKTYPY:

LOMONHUTENbHbI_Kog 1 1

pre { ... }

[OMNONHUTENbHbIN_Kog, 2_1

post { ... }
AONONTHUTENbHbLI_KofA_2_2

}

OOMNOMHNTENbHbIN_Koa 1 2

JIro60i#1 U3 6/I0KOB [IOTIOJTHUTETBHOTO KO/]a MOXKET OTCYTCTBOBATh.

Ecin mapa gononHuTenbHbIi_Kog 2 1 W [ONONHUTENIbHLIA_KOAL, 2 2 OTCYTCTBYeT, TO
paspeliiaeTcs He McaTh GUTypHbIe CKOOKH, HETIOCPeICTBEHHO eé CcojiepyKallfye.

OT/10)KeHHas1 peakiysl 10/DKHA ObITh 6€3 BUAMMBIX CHApPY>XU ITOOOUYHBIX 3 (hEKTOB:

12.1.3HaueHust T/100a/TbHBIX TIEPEMEHHBIX He 10JDKHBI U3MEHSIThCS;



12.2.qMHaMuYecKasi MaMsiTh, BbiJe/isieMasi B peakiiy, JO/DKHA OCBOOOXK/IAaThCs, IPUUEM Ha TOM
JKe YPOBHE BJIO)KEHHOCTH (B TOM K€ COCTaBHOM OIlepaTope), Ha KOTOPOM OHa BbIJ|e/Is/lach:

12.2.1.ecii maMmATb BbIJENAeTCS B IPeAyC/JIOBUM WIM [IOCTYC/JIOBUM, OHA [IOJDKHA
0CBOOOXK/IaThCSI B TOM Ke OJIOKe;

12.2.2.ecnmv mamsTh BBIZIENISIETCSI B Havajle Peakiuy, OHAa A0J/DKHA OCBOOOKAATHCS B KOHIIE
1oc/le  TpeAyc/oBHsl, IIOCTYC/JIOBUSI W OKOHYaHMSI COCTaBHOI'O  OIleparopa,
CoZiep>Kallero MmoCTyC/I0BUE;

12.2.3.ecyiv mamaTh BbIJE/SETCST B COCTABHOM oOIrlepaTrope IIoC/e MNpefyC/IOoBUs, TO OHa
JI0/DKHA 0CBODOJKAAThCSI B KOHIIE 3TOTO COCTABHOTO OTIepaTopa Toc/ie MOCTYCIOBHS;

9.1.3 Orpanuuyenus focTyna

OrpaHWueHusi IOCTyTa OMMCBHIBAIOTCS TOC/Ae CUTHATYPbl QYHKLMW WM peakuuu. [Iisi ykasaHus
JIOCTYTIa Ha UTeHHe UCI0Jb3yeTcsi MoauduKaTop reads, Ha 3amich — wWrites, Ha U3MeHeHHe —
updates. [eiictBue MoauuKaTopa JOCTyMa PacrpoCTPaHsSeTCs Ha BCe Tiepeuric/ieHHble BCIe 3a
HUM uepe3 3amsaTyIo WAeHTU(UKATOPbI [0 CeyHolero MoguduKaTopa Ui Havyaia Tesia QyHKIUU
WU peakiyy. B orpaHrueHUsIX ZOCTyTa MOXKHO OOBSIB/IATh IICEBIOHUMBI BHIDAXKEHUH, Ha KOTOPbIe
OTMCBIBAIOTCS] OTPaHUUEHUST JOCTYTIa.

Ecnu fij1s1 BIpaXkeHUsI yKa3aHO OorpaHrWYeHUe JOCTyTa Ha u3MeHeHue (MogudukaTtop updates), To
BHYTPU (DYHKIIMM WM peakluM [0 K/H0UeBOro cjoBa POSt BbIpakeHUWe MMeeT Ipe-3HaueHhe —
3HaueHWe [0 B3aUMOJEMCTBUS C TECTUPYEeMOM  CUCTEMOM, OIKCbIBAEMOIO  [JaHHOM
criei(UKalMOHHOW (YHKLMeW, WM 3HaueHWe [0 BO3HUKHOBEHUsS] JaHHOW peakuuu. I[locie
KJIFDUEeBOIr'0 CJIOBa POSt BbIpakeHHEe MUMeeT IMOCT-3HaueHue — 3HaueHue Moc/ie B3auMOJeNCTBUS C
TeCTUPYeMOW CUCTEMOW WM TOC/Te BO3HUKHOBEHHsI Deaklyu, Ipe-3HaueHHe BhIpaKeHHUsl Mocjie
KJIFOUeBOro CJIoBa post goctyrnHo uepe3 onepatop SeC @.

CuHTaKCHUC
se_access_description ::= Se_access_specifier se_access
("," se_access )*
’
se_access_specifier ::= "reads" | "writes" | "updates" ;
se_access ::= ( se_access_alias )? assignment_expr ;

CemaHTHUecKHe NpaBu/Ia

1. B mpegenax OJHOTO OMNMKMCAaHWs He AO/DKHO OBITh /BYX OrpaHMYEHHH [0CTyTa, UMEFOIUX
pasHble MOAM(UKATOPBl [JOCTYNa U OJHO M TO JKe BbIpa)KeHHe, K KOTOPOMY YKa3bIBaeTcCsl
JOCTYIL

2. Ecmu ans BbIpakeHMs yKas3aHO OrpaHWYeHde J0CTyIla Ha 3anuch (Moaudukatop writes), To
BHYTPH (YHKLMM WA peakLUU He JOMyCKaeTCs HCIOIb30BaHHWE STOr0 BBIPAKEHUS [0
KJIFOUeBOro cjioBa post.

3. TlapameTpbl (PyHKLMM He MOTYT MCIIO/b30BaThCsl B KaueCTBe BBbIPAXKEHWUM C OrpaHUYeHHeM
JloCcTyra Ha 3anuch (MoaudukaTtop writes).

4. Ecnu Ans BbIpa)KeHUSI YKa3aHO OrpaHWYeHHe JO0CTyra Ha uTeHue (Mogudukarop reads), To
BHYTPHY (YHKIMM UM Peakliy ero 3HayeHue JOCTYITHO Be3Jle U He MeHsIeTCSl.



9.14 IlceBgoHHMMBI

HCEBAOHI/IMBI OOBAB/IAIOTCS MpOCTBIM TIPUCBAWMBAHWEM B OI'DAHUYEHHUAX [OOCTYIId. BHYTpI/I
CIJYHKLII/II/I WJIA peaKlHHU IICeBAOHUMBI UCII0J/Ib3YHOTCA dHa/IOTUYHO JIOKA/IbHBIM ITepeMeHHbIM.

CHHTaKCHUC

se_access_alias ::= <ID> "=" ;

CeMaHTHUECKHE npaBujia

1. WpeHTuduKaTop MCeBAOHWMAa He [O/DKEH COBMaAaTh C WAeHTU(PUKATOpaMHu TapamMeTpoB, C
MMeHaMH{ JIOKAQJbHBIX TIOKPBITUM W J0/DKeH ObITb YHUKa/JbHBIM B TIpeZiesiaX OTrpaHU4YeHUi
JOCTyMa Crieliu(pUKaLIMOHHON (DYHKLIMU WIH OT/IOXKEHHOUM peakLuu.

9.1.5 IIpepycioBue

[IpenycioBue  OT/IO)KEHHOW  peakLUM OMWChIBAeT YCAOBUS, TPA KOTOPBIX  BO3MOJKHO
BO3HMKHOBEHHE [JaHHOM peaklyd. Bo BpeMs TeCTHpOBaHUsl MpeAyC/iOBHE PeakLUW MPOBepsieTCs
BCAKMI pa3, KOrja oHa BO3HMKaeT. EciM mpefyc/ioBUe HapyllaeTcsi, 3TO 3HAYMT, UTO TOBeJeHue
CUCTEeMbI He COOTBETCTBYeT Crielii(UKaIuu.

[TpeaycnoBue Ha si3bike SeC — 3T0 HaOOp MHCTPYKLIMH, KOTOPBIM CUHTAaKCUYECKU U CeMaHTHYeCKU
9KBUBaJ/IeHTeH Teny (PyHKLIWH, UMeloIlleid Te >ke IapamMeTphl, UTo U creliudukaiionHas QyHKuus (y
peaki[{ii TTapaMeTphbl BCer/la OTCYTCTBYIOT) M BO3Bpallaroieii pe3yabTaT Tha bool. 3totr Habop
WHCTPYKIMH 3aK/TF0YaeTcsl B (pUrypHbIe CKOOKH U TIOMEYaeTCsl K/IFOUeBBbIM CJIOBOM pre.

CuHTaKCcHuC
se_pre_block_statement ::= "pre" compound_statement ;

CemaHTHUeCKHe IpaBUJIa

1. B crierm¢ukariioHHON (GyHKLUWH WIH OT/IOKEHHOW peakL[i MOKeT ObITh He 0OJbIile OfHOTO
npe/lyC/I0BUsl, KOTOPOe /I0/DKHO OBbITh OIpe/iesIeHo /10 JIOKalbHbIX KPUTEpUEB MOKPBITHUS (ecu
OHH OTIpeJieIIFOTCS B PYHKL[MM) U TIOCTYC/IOBUSL.

2. TlpenycnoBue MoykeT OBITb OMYILlEHO, OTCYTCTBUE TIIPeJyC/AOBUS SKBUBAJEHTHO HaJUUUIO
TIpe/yCJ/IOBHS, BCET/ia BO3Bpallaromero true.

3. TlpemycnoBue He AO/DKHO WMeThb TOOOUHBIX 3((eKTOB, TO eCTb OHO He [IO/DKHO W3MEHSTh
3HaUeHUs T7I00aTbHBIX TTePeMEHHBIX U IaHHBIX, TIepe/IaHHbIX uepe3 yKa3aTesIH.

4. Habop UWHCTpYKIMIA B TpeAyC/JOBUUA [AO/DKEH ObITh CHHTAaKCUUECKM W CeMaHTUUecKu
5KBMBAJIeHTHO Tely (YHKLMM, HUMeIOLel Ty >Ke CUTHaTypy, 4TO W Ccrhelu(UKalMOHHas
(YHKLMST WM OTJIOKeHHasl peaklysl, 4acCTbiO0 ONpeJe/ieHHsI KOTOPDOM OHO SIB/SIeTCS, U
BO3Bpaljarollleld pe3ysbTaT TUIa bool.

5. B mpenycnoBusiXx Henb3sl UCMOIb30BaTh BbIPAKEHUSI C OFPaHWYEHWEM J0CTyra Ha 3aluch, TO
eCTb OMKCaHHbIE B OTPaHUYEHHUSIX [JOCTYIa ¢ MoAu(prKaTopoM writes.

9.1.6 IlocrycioBue

[MoctycioBue crielfudKalMOHHONW (QYHKLUUA CIY>KAT [JIs1 OMWCAaHUsi OrpaHUuYeHHi, KOTOPbIM
JIOJDKHBI YJIOBJIETBODPSTH pe3y/bTaTbl PAbOThI TECTUPYEMOI CHUCTeMbI TIPYU B3aUMOJEUCTBUSIX C Hell
yepe3 uacTb uHTepdeiica, OMUChIBaeMOro JaHHOW (QyHKuvell. Bo Bpemsi TecTUpoBaHUS
TIOCTYC/IOBHEe  TIpOBepsieTCsl BCSIKWM  pa3  mocjie  paboThl  TeCTUPYeMOM  CHUCTeMbl  TIpU



COOTBETCTBYHOIIUX BSaHMO,ZLEfICTBHHX, ", eC/kd TIIOCTyC/IOBM€ HapyIlleHO, 3HAYWUT II0Be/ieHre
CHUCTEMBI HE COOTBETCTBYET CHEL[I/I(i)I/IKaL[I/II/I.

[TocTycnoBre OTI0KeHHOW peakliy OMKChIBAeT OrpaHUuUeHMs], KOTOPbIM JI0/DKHBI Y/IOB/IETBOPSTh
3HaueHUs CaMOW peakLWU U T/I00a/lbHBIX MepeMeHHbIX T0C/e BO3HUKHOBEHHS JIaHHOW peakiuU.
Ecri Bo BpeMmsi TeCTHpPOBaHWs I10C/e BO3HMKHOBEHMsI peakUuu ¥ paboTel ee MezguaTopa
MOCTYCJIOBYE HApYIIEeHO, 3HAUUT MOBe/leHHe CUCTeMbI He COOTBETCTBYET CrieL[U(rKaL1H.

[ToctycnoBue Ha si3bike SeC — 3TO HAOOP MHCTPYKLMMA, KOTOPBIA CMHTAaKCUYECKH U CeMaHTUYeCKH
5KBUBAJ/IEHTEH Te/ly (PYHKLIMH, UMeIOILleld Te >Ke [apameTphl, YTo U crel@uKaronHas QyHKuus (y
peakiiii apameTpbl BCeTJa OTCYTCTBYIOT) M BO3Bpalljaroiiell pe3ysabTaT Tima bool. 3ToT Habop
WHCTPYKLWMH 3aK/Tt0uaeTcsi B GUTypHbIe CKOOKH ¥ TIOMeuaeTCsi K/IF0UeBbIM CJIOBOM POSt.

CHHTaKCHC

se_post_block_statement ::= "post" compound_statement ;

CemaHTHUeCKHe NPAaBW/IA

1. B cnermduKaloHHOM (YHKIUM UM OT/I0XKEHHOM peakI[UH BCeT/ja O/DKHO ObITb POBHO O/IHO
TOCTYC/IOBHeE.

2. TloctycnoBue oripesiensieTcsi Toc/ie MpeAyc/ioByUs (eC/IM OHO He OMYyILeHO) U MOc/e MOoCaeHero
JIOKasIbHOTO KPUTEPUS IOKPBITHUS (€C/IM OHU OTIPe/Ie/IsIIoTCS).

3. HaGop WuWHCTPyKUMi B TIOCTYC/JIOBHe [O/DKeH OBbITb CHHTAaKCUYeCKM W CeMaHTHUeCKH
JKBUBa/IeHTeH Tely (GYHKIUK, WMeIoIed Te >Ke TapaMeTphbl, 4TO U crieljudrKalMoHHas
byHKuMs unn peakyusi (y peakiuil rmapameTpbl Bcerja OTCYTCTBYIOT), UaCTbiO OIpefesieHust
KOTOPOM OHO SIB/ISIETCSI, ¥ BO3Bpalljatolleii pe3y/ibTatr Tvmna bool.

4. TlocTyc/ioBHe He AO/DKHO MMeTh TMOOOUHBIX 3¢ ¢EeKTOB, TO eCTb OHO He J0/DKHO H3MeHSTh
3HaueHUs r7I00a/TbHBIX TTEPEMEHHBIX U JaHHbIX, TIepe/IaHHbIX uepe3 yKa3aTesIu.

5. B mocTycioBuM U rocsie Hero B Kozie (QyHKLMY WA peakL[iu MOXKHO MCIT0/Ib30BaTh Creyroliue
JIOTIOJIHATEe/TbHbIe KOHCTPYKLIUU:

5.1. IlpeBbIpakeHus C oriepatopom @.

5.2. Upentudukatop,  COBMAJalOIMM €  HUMEHeM  OTJIOKeHHOW  peakluu  WIu
crieiUKalMOHHON GYHKUMU (TO/MBKO [/ (PYHKUUMHA W peakuyid, HMERIIUX THII
pe3y/nbTaTa He VOoid), uepe3 KOTOPbIM MOXKHO MOJyUWUTh AOCTYN K 3HAUEHUIO BO3HUKIIIEN
OTJIO’KEHHOW peakl[MuM WU pe3y/bTaTa, BO3BpAlllaeMOro Crelii(pUKaliMOHHON (yHKLIUEeH.

5.3. O0paiileHns K paHee BBIYMCAEHHBIM 371eMEHTAM JIOKaJbHBIX TTOKPBITUH (eC/H JIOKa/IbHbIe
TIOKPBITUS OTIpeiesieHbl B crielii(UKaliOHHOW (PYHKIWN).

5.4. IlceBmonepemenHass timestamp, vMeroljag Turl TimeInterval, KoTopasi COZep>KWT
BpeMeHHble METKM Hayaja U KOHL|a MCIIOJIHEHUS BbI30Ba peaju3aliiy MeJuaTropa JaHHOU
crielIU(pUKALMOHHON (YHKLIMM WM BpeMeHHble MeTKM yKa3aHHble TIpU peructpaluu
JlAHHOM OTJIO’KeHHOW peakL[1u.

9.1.7 IlpeBbipaxeHus

[TpeBbIpaKeHUsI WCTIONMB3YOTCSA TIPU CrielU(UKALMd COBMECTHBIX OTPAaHMYEHHN Ha COCTOSTHUS
TeCTUPyeMOW CHUCTeMbl [0 U TIOC/Ie TeCTOBOTO BO3ZEMCTBUS WK [0 U TIOC/Ae BO3HUKHOBEHUS
OTJIOXKEHHOW peakI|uH.



CHHTaKCHuC

"@" cast_expr ;

unary_expr ::=  postfix_expr

"++" unary_expr

"--" unary_expr

unary_operator cast_expr

"sizeof" unary_expr

llsizeofll ll(ll type_name ll)ll
gcc_extension_specifier cast_expr

unary_operator : :: "&" | nmxn | |l+|l | n_n | n_mn | "!" | "@" ;

cast_expr ::= unary_expr
| "(" type_name ")" cast_expr

4

CeMaHTHUECKHE npaBwia

1.

Omneparop @ MOXeT WCIIONB30BaThCs TONBKO II0C/Ae K/IHUEBOrO C/oBa POSt MO TOTOKY
yTIpaB/IeHUsI.

[TpeBbIpakeHUe TOJHKHO ObITH BEIUUC/IUMO /10 TIOCTYC/IOBUS TI0 TIOTOKY YTIPaBJ/IeHUSs], B KOTOPOM
OHO MCIMOJ/Ib3yeTCs.

[TpeBbIpa)keHUs1 He ZIO/DKHBI OBITh BJIOYKEHBI IPYT B ApyTa.



9.2 ChnenypuKaloOHHbIe THUIbI

Crnieri(vKallMOHHBIE TUITBI BBOASATCS C TIOMOIBIO OObIYHOM KOHCTpPYKUuH si3bika C typedef,
TIOMEeUeHHOW KioueBbIM c10BoM SeC specification. B [JaHHOM KOHCTPYKLMM MOJKET
BCTpeuaThCsl HEeCKOJIbKO JeKnapalvii ¢ WHUIManu3atopamu. Kakgas U3 HUX BBOJUT HOBBIN
crielTU(pUKAIL[MOHHBIN TUTT CO CBOMM MMeHeM. Ec/iv B fieKiapaljuy WHUIMA/INW3aToOp OTCYTCTBYET, TO
3TO TIpeJBapuTe/ibHasi JeKjapalusi Crely(UKalMOHHOTO0 TWIA, B TPOTUBHOM Cily4yae — 3TO
orpeziesieHre Crielii(PUKaIIMOHHOTO THUTIA.

3HaueHus CHEI_[I/I(bI/IKaI_[I/IOHHbIX TUIIOB pa3MearTCAd B ,[[I/IHaMI/IIIECKOI‘/JI MamsTH, YyIIpaBJ/I€eHUE
MMaMATbIO dBTOMAdTU3WPDOBAHO — TIIpU MU3MEHEHHUH KOJ/IMUECTBa CCbIJIOK Hd 3HAU€HHWE, CUETUUK
CCBIJIOK Ha [IdHHO€ 3HaU€HHE€ aBTOMATHUYECKHU H3MEHSAETCS, 3HAUYE€HHE YAd/IAeTCd dBTOMAaTHU4Y€CKU
rmocjie YHUUYTOXXEHUS HOCHEAHEﬁ CCBIJIKH.

B cnenudukaliioHHOM paciivpeHyd si3bika C CyIiecTByeT BCTPOEHHbIN CreliM(UKal[MOHHBIN TUIT
Object, KOTOpBIM SIBASIETCS HEMOJHbIM CreluduKaluoHHbIM TUToM (incomplete specification
type). OH siByisieTcst 6a30BBbIM [I/Is BCeX Creliu(UKALMOHHBIX THUIOB, HO 0OBbEKTOB 3TOTO THIA OBITh
He MoxKeT. TUIT CChUIKU Ha crieliiUKalMoHHbIN TUN Object, To ecth Object*, ucnonb3yercs no
aHasioru ¢ void*. JIrobasi ccbika Ha crielM(UKAl[MOHHBIA THUIT MOXKeT ObITh mpeoOpa3oBaHa K
ccoutke Ha Object u Haoboport. Ecm nipu o6paTHOM rpeobpa3oBaHyu TUIT 00BEKTa TI0 CChUTKEe He
COBMECTUM C THUIIOM, K KOTOPOMY OCYILIeCTBJIsieTcsl Tipeobpa3oBaHue, TO MOBe/leHHue CUCTeMbl He
orpe/iesieHo.

CHMHTaKCHUC
declaration = ( (( declaration_specifiers )?
"specification"
( declaration_specifiers )?
"typedef"

( declaration_specifiers )?

| (( declaration_specifiers )?
"typedef™"
( declaration_specifiers )?
"specification"
( declaration_specifiers )?

)

( init_declarator ( "," init_declarator )* )?

CemaHTHUeCKHE NIPAaBUJ/IA
1. Cneum¢vKalMOHHBIE THITHI He MOTYT OBbITh JIOKaTbHBIMU.

2. NwmeHa CHeL[I/I(l)I/IKaL[I/IOHHbIX TUIIOB BXOJSAT B TO K€ IMPOCTPAHCTBO UMEH, UTO U typedef-HMeHa.

3. Omnpegnenenvie  creUHUKAIMOHHOTO TWTMA C JAHHBIM WMeHeM  (Jeksiapatop C
WHUI[MA/A3aTOPOM) MO’KeT BCTpeuaThCsl TOABKO OJMH pa3 BO BCeX eQWHMIAX TPAHC/SLUU
(translation_unit), cobupaeMbIX B e[UHYIO CUCTEMY.

4. VHulmanu3atop B oOIpefeeHu CreluUKalMOHHOTO THUMa [JO/DKeH UMeTb BUI: = {
.<field(1)> = <expr>, .<field(2)> = <expr>, ... }, rge Mexay (urypHbIMU
ckoOKaMu HaxoAuTcsi (BO3MOXKHO TIyCTOM) Habop KOHCTpyKuui Buga .<field(i)> =
<expr>, paszeneHHbIX 3anATbiMU. <field(i)> MoXXeT NpPUHUMAaTh OJHO M3 C/IEAYIOLIUX



3HaueHul: init, copy, compare, to_string, to_XML, enumerate umu destroy. <expr>
JIO/DKHO UMETh THII, COOTBETCTBYIOILUM YKa3aHHOMY TIOJIIO:

/* Tvn OYHKUMW, WHUUMaANU3npylwen oo6beKT
(MHMYManu3npyeT 06bLEKT no ykasatenw 'ref') */
typedef void (*Init)( void* ref, va_list* arg_list );

/* Tun OYyHKUMK, KONUpylen 00beKT
(konupyeT cogepxmmoe ob6bekTa no ykasaTtenw 'src' B 'dst') */
typedef void (*Copy)( void* src, void* dst );

/* Tun OyHKUMM, CcpaBHUBaWLUENR O0OBHLEKTHI
(cpaBHuBaeT 06bEKThH Mo ykazaTtenam left u right) */
typedef int (*Compare)( void* left, void* right );

/* Tun ¢yHKUMM, npeobpasywoweli 06bLEKT B CTPOKY
(cTpouT CTpPOKOBOE rMnpefcTaB/ieHMe [aHHOro obbekTta */
typedef String* (*ToString)( void* obj );

/* Tun oyHkummn, dopmupyrwen XML npegcTaBrieHne 3agaHHOro obbekTta */
typedef String* (*to_XML)( void* ref );

/* Tun oyHKUnM, nepebupawllein Nog0O6BLEKTHI
(BbI3bIBAET 3agaHHyw ¢yHkumo callback gna kaxgoro obbekTa,
npuHagnexawero gaHHomy) */
typedef void (*Enumerate)
( void* obj, void (*callback)( void* ref, void* par ),
void* par
);
/* Tun OYHKUUK, YHUUTOXawWen O6BLEKT
(ocBoboxgaeT pecypcbl, 3axBa4yeHHblii gaHHbIM 0O6bEKTOM) */
typedef void (*Destroy)( void* obj );

[Togpobuyto wuHpopMarmoo o0 (YHKUMSAX, yKasaTedsMd Ha KOTOpPble [IOJDKHBI  OBITH
VHULMa/IM3UPOBaHbl M0/ MPU OIpefie/ieHNH Crielu(pHKalPOHHOTO THIIA, MO)KHO HaWTH B IJlaBe
«bubnvoreka creliuUKAIMOHHBIX TUIIOB.

5. Ecmm wHMIManu3auys 1ons B ONpefielleHWH Criely(UKaLMOHHOIO TUMa OTCYTCTBYET, TO
WCTO/b3YeTCs (PYHKLMS 110 YMO/TUaHHIO.

B ¢yHKUMSX 10 yMO/MYaHMIO yKa3aTelM Ha BCe TUIIBI KpPOMe CrHelU(pHUKaLMOHHBIX,
(yHKI[MOHA/IBHBIX U VO1d MHTEpNpeTUPYIOTCS KaK yKa3aTelu Ha eJUHCTBEHHOe 3HaueHue 3TOro
tuna. To ecTb, B TOM C/lyuae, KOr/ia 0a30BbIN THM SIBJISIETCS YKa3aTesleM Ha HECKOIbKO 3HaYeHHH
(cTpoka, MaccuB), B OTpeie/ieHUU CIelU(PUKALIMOHHOTO TUTIA JO0J/DKHBI ObITh MHULIMA/TA3UPOBAHbI
BCe T0JIS.

6. B kauectBe 0a30BOro THMA TIpU OIpeieIeHUH CrelU(PUKALIMOHHOTO THIIA 3arpeljaeTcs
WCITI0/Ib30BaTh:

6.1. cneLUKalMOHHbIe, (DYHKLIMOHA/IbHBIE U HETIO/THbIE TUIIbI;
6.2. 00beIMHEHMS], MACCUBBI, U CTPYKTYPBI, CO/IePIKAII[He BhIIIeTIePeUNC/IEHHbIE THIIbI.

Ecmu B onpesienieHny Criel[u(UKaIMOHHOTO TUTA OTCYTCTBYET WHHUIMAIU3alUst XOTs ObI OfHOTO
T0JIs1, TO UCTIO/Ib30BaTh B KaueCcTBe 6A30BOT0 THIIA TAKXKE 3aTpelriaeTcs:

6.3. 00BbeIUHEHUST 1 MAaCCHUBBI TIePEMEHHOM [I/THBI,
6.4. CTPYKTYPbI ¥ MaCCUBBI, COZIEprKalliie BCe BbILlIerepeurC/ieHHble TUTTbI,
6.5. ykasaTeyiu Ha 00ble 00beIUHEHNsI, MACCUBBI U CTPYKTYPHI.

7. Ecmu B feknapaiy crielid(UKaliMOHHOTO THUIa TIPUCYTCTBYeT K/IOUeBOe CI0BO invariant,
TO /l0JDKeH OBITh Ompe/iesieH HBAPUAHT THIIA, OTPaHUYMBAOIIMI MHOKECTBO €ro 3HaUeHU




8. Bce 6a3oBble THITBI, yKa3aHHbIE B [ieK/lapalUsx U OTpeZesieHnH CrierfuUKariMOHHOTO THIIA,
JIOJDKHBI OBITH COBMECTHMBI MEX/y COOOM.

9. Ecmm B xoTsi ObI B OZfHOM [leKiapaluul Crieli(UKaiOHHOTO THIA MPUCYTCTBYET KIFOUEBOe
CI0BO invariant, To OHO J[O/KHO TMPUCYTCTBOBaTh BO BCEX JeKiapalusxX, a Takke B
orpe/ie/IeHUH JJaHHOT'O TUIIA.

10. CrietipyKal[IOHHBIE TUITbI, aHAJIOTUYHO HETIOHBIM THMaM si3bika C, MOTYT MCIO/Ib30BaThCs
TOJIbKO uepe3 yKasaTesu. To ecTb, He JOMyCKarOTCS:

10.1.00Bs1B/IEHUS TIEPEMEHHBIX CITEIU(PUKAIIMOHHBIX TUIIOB,;

10.2.onpeenenust 00beAMHEHWH, CTPYKTYp U MAaCCHBOB, COJEpKallluX TIOJS W 3/IeMEHTHI
crieLiu(pMKaLMOHHbIX THIIOB U T. [I.



9.3 HMuBapuaHT THNA

[y meknapari WHBApUAHTOB THUTIOB WCIIO/b3yeTcss 00bIuHasi KOHCTPYyKuus sisbika C typedef,
roMeueHHasi KtoueBbIM c/ioBoM SeC invariant. [laHHas KOHCTPYKLMS, TakKKe KakK U OOBIUHBIN
typedef, BBoguT HOBOe uMms Turna. OCHOBHOe ee OT/IMYME COCTOUT B TOM, YTO MHOXKECTBO
3HaueHUH OmpeJie/isieMOro THUIIA He COBMaZiaeT CO MHOXKECTBOM 3HaueHHM 0a3oBoro Ttuma, a
SIB/ISIETCSL ero TOJMHOXKeCcTBOM. TakuM o6pa3oMm, orpejenisieTcss He CHHOHUM [/ 6a3oBoro
THUIOBOT'O BBIP)KEHHsI, @ HOBBIM THIT C COOCTBEHHBIM MHOYKeCTBOM 3HaUeHHI.

OrpaHyYeHHs] Ha MHOKeCTBO 3HaueHWM 0a30BOr0 THIIA OMMCHIBAIOTCS B COCTAaBHOM OIepaTope
(compound_statement), KOTOpbIM CUHTAaKCUYECKA M CEMaHTUUYECKH SKBHUBAJIEHTEH TeJy
¢byHkumy 6e3 1o0O0uHBIX 3(QQeKToB, BO3Bpalljarollleli 3HaueHHWe OyeBCKOro THUMA, C OAHUM
rapaMeTpoM, KOTOPBIH JIO/KEH ObITh:

e OrpejensdgeMoro noaTuvria, eCjin 0a30BbIi THN SBISETCS 0OBIYHBIM TUIIOM SI3bIKa C;

+ yKasaTe/jieM Ha OTmpefesisieMblii TIOATUI Creld(UKAl[MOHHOTO THUIMA, eCd 0a30BbIM THIT
SIB/ISIeTCS Crieliu(HKaLMOHHBIM THUTIOM.

CocTaBHOl orepaTop MHBapvaHTa moMevaeTcss MoAu(dUKATOpoM invariant, mocsie KOTOpOro B
CKOOKax yKa3bIBaeTcsi (OpPMasbHbIA TlapaMeTp COOTBETCTBYHOLIEro TuMa. I[IOCKO/MBKY —THM
BO3BpalljaeMOro 3HaueHus (PUKCUPOBaH, OH He yKa3bIBaeTCs.

VHBapuaHT TWIa MOXeT ObITh BBbI3BAaH /ISl BHIDA)KEHHsS COOTBETCTBYIOILETO TWIIA. BbIpakeHue
BbI30Ba MHBApHaHTAa THUIA COCTOMT W3 KJIOUEBOro CJoBa invariant, 3a KOTOpeIM B CKOOKax
crefyeT BbIpakeHHe, [ 3HaUeHUs] KOTOPOro MPOBepseTCsl BbINOTHEHVe MHBapuaHTa. 3HaueHreM
JJAHHOTO BbIpa)KeHHUs1 BbI30Ba MHBAapuaHTa TUMa sBseTcs true, eciu 3HaueHUe IPOBEpsSeMOro
BbIDa’KEHUsI B TOUKEe BBI30BA Y/IOB/IETBOPSIET OrpPaHUYeHUsIM MHBapuaHTa, U false — B obpaTHOM
ciyJae.

CHHTaKCHuC

declaration (( declaration_specifiers )?
"invariant"
( declaration_specifiers )?
"typedef"
( declaration_specifiers )?
)
| (( declaration_specifiers )?
"typedef"
( declaration_specifiers )?
"invariant"
( declaration_specifiers )?

)

( init_declarator ( "," init_declarator )* )?

’
"invariant" " (" parameter_declaration ")" compound_statement

"invariant" "(" assignment_expr ")"

CemaHTHUeCKHe NPAaBW/IA
1. ViHBapuaHT TWIIa He MOKeT OBITh OTIpe/iesieH /ISl JIOKaIbHOTO TUTIA.

2. Jlo TOuKY Ompejie/ieHWs] WM BbI30Ba WHBApHAHTa THUIT JJOJDKEH ObITh OOBSBIEH MPH TOMOIIH
KOHCTpyKUMK typedef, mnpuuem cpeau crnmcka crelyddUKaTopoB ero JekK/japalyu



(declaration_specifiers) JIO/DKeH BCTpeyaTbCs cneLiupuKaTop SeC
(se_declaration_specifier) invariant.

3. Ecm B ofiHOM M3 eAuHMI] TpaHCIAMU (translation_unit) rpu omnpeseneHUy THTA Cpeiu
crierudpukaTtopoB gAeknapaiuu (declaration_specifiers) Bcrpedaercsi crieljuduKaTop
SeC (se_declaration_specifier) invariant, To OH [Jo/DKeH BCTpeuaTbCsi B
00BSIB/IEHUSIX 3TOTO THIA BO BCEX eUHMIIAX TpaHCasamu (translation_unit), cobupaembix
B €ZIUHYIO CUCTEMY.

4. OrnpejeneHre UHBapUaHTa 3TOrO TUIA JO/PKHO BCTPEYAThHCS] POBHO OZIUH pa3 BO BCEX eJMHULIAX
TpaHc/suK (translation_unit), cobupaemMbIX B eIUHYIO CUCTEMY.

5. B kauecTBe 6a30BOr0 THIMA IMPH OMpe/ie/IeHUH THIa C MTHBAPUAHTOM 3aripeljaeTcsi UCIOIb30BaTh
(yHKI[MOHAa/IbHbIe TUMBI U VOid.

Ecsi 6a30BbIii THI B OTIpe/ie/IeHUH THTIAa C THBAPDUAHTOM SIBJISIETCS CrIelU(PUKALIMOHHBIM THUTIOM, TO
B OTpe/ie/ieHUM WHBAapUaHTa rapameTp JieKJapupyeTcs KakK yKa3aTesb Ha oripefesnsemMbii Turl. [1pu
3TOM TI0JTb30BaTe/lb MOKET ObITb YBEpeH, UTO B Tejle WHBapHUaHTA 3Ta CChLIKA MUMEeT HeHyJieBoe
3HaueHuWe. [Ipu ompejeneHWd WHBApDUAHTOB OCTaJbHBIX THUMOB (B TOM YMC/e YyKa3aTess Ha
crieliU(pUKALMOHHBIN TUIT), TapaMeTp JeKIaprupyeTcs C Orpeie/nsieMbIM THUTIOM.

6. Eciu B KauecTBe 0a30BOr0 THIA WHBApHAHTAa MCIIONb3YeTCS CHELU(PUKALMOHHBIM THI, TO
rnapaMeTp B BbID&KEHUM BbI30Ba WHBAapuaHTa [JO/DKeH HMeTb TWUIl COOTBETCTBYIOLeH
CcrielUUKALMOHHON CChUTKUA. VHaue B BBIP@XEHWM BBI30BA MHBAapUaHTa THMA B CKOOKax
JIOJDKHO COJleprKaThbCsl BbIpakKeHHe THIa, MHBapUaHT KOTOPOIrO NIPOBEPSIeTCS.

7. B BbIpaKeHMH BbI30Ba HMHBAapHaHTa THMAa B CKOOKax [JO/DKHO CO/IEP)KaThCsS BBIPAKEHHE,
sBrsitoieecs 1-value.



9.4 UVHBapuaHT nepeMeHHOU

Eciu rnobanbHasi mepeMeHHasi He MOXKeT TIPUHUMATh BCe BO3MO)KHbIE 3HAUEHHSI CBOETO THIIA, TO
He0OXO/MMO OTrpaHMUYUTb MHOXKECTBO €€ JOINMYCTHUMBbIX 3HAaueHWi C TIOMOIIbI0 HHBapUaHTa
riepeMeHHOM. [l 3TOro BO BCeX JeK/apalusix TepeMeHHOW B ee Orpe/ie/ieHMM YKa3bIBaeTcCs
K/IroyeBoe €10BOo SeC invariant. DTO CJIOBO F'OBOPUT O TOM, UTO BCe IepeMeHHbIe BBOAUMbIE
JlaHHOM JieK/apaljyeii UMeloT OorpaHuueHre Ha MHOXKeCTBO IOy CTUMbIX 3HaUeHUH.

OrpaHuueHHsi Ha MHOKECTBO 3HAUeHUN TepeMeHHOM OIUCBIBAIOTCS B COCTaBHOM OIepaTope
(compound_statement), KOTOpbIi CHMHTAaKCMYeCKM M CEMaHTHYeCKHM SKBUBAJIEHTEH Temy
byHkimy 6e3 1mobouHbIX 3¢QeKToB, Oe3 mapamMeTpoB, W BO3BpaIlalOlel 3HaueHWe Oy/IeBCKOTO
THUIA.

CocTraBHOM OrepaTop WHBapvaHTa roMeuaeTcss MOAU(PUKATOpoM invariant, mocsiie KOTOpPOro B
cKoOKax yKasbIBaeTcsl MJeHTHU(UKaTop repeMeHHOW. ITOCKOIBLKY THIT BO3BpalllaéMOro 3HauyeHUst
(uKCUpOBaH, OH He yKa3bIBaeTCsl.

ViHBapuaHT TilepeMeHHOM MOXKeT OBbITh BBI3BaH ISl IPOBEPKHU ero BhINOJIHeHUs. Eciu rnepeMeHHast
MMeeT THM, Jjid KOTOPOrO OIpe/ie/iéH WHBApWaHT, WHBApWAHT THUMA OyeT TMpOBepeH Iepe[
TPOBEPKOM UHBAapHaHTa MepeMeHHOM.

BripakeHune BbI30Ba MHBapyaHTa NlepeMeHHOW COCTOWT U3 K/IF0UeBOro (JI0Ba invariant, 3a KOTOPbIM
crleflyeT MMsl NepeMeHHON B CKOOKax. 3HaueHMeM pe3ysibTaTa BbIUMC/IEHUs BbIpaKEHHsS! BbI30Ba
VHBapuaHTa sBJseTcsl true, ecid 3HayeHWe IlepeMEHHOM B TOYKe BBbI30BA Y/ OBJIETBOPSIET
orpaHUYeHUsIM MHBapHaHTa, U false — B obpaTHOM ciyuae.

CuHTakcuc
( declaration_specifiers )? "invariant" ( declaration_specifiers )?
( init_declarator ( "," init_declarator )* )? ";"

4

"invariant" " (" <ID> ")" compound_statement ;
llinvariantll II(II <ID> II)II

CemMaHTHUECKHE npaBujiad
1. I/IHBapI/IaHTbI rnepeMeHHBIX OIIpee/Iat0TCA TOJIBKO OJIs r7100a/IbHBIX rnepeMeHHbIX.

2. lo Toukd ompefie/ieHHsT WM BbI30Ba WHBapUaHTa TiepeMeHHasi Y)Ke [O0/DKHa ObITh
JeK/JapupoBaHa, TIpyuyeM  CpeAu  CIKMCKa  CrelU(pUKATOpoB  ee  JeKjaapalvu
(declaration_specifiers) JIO/DKeH BCTpeyaThbCs crieLiupuKaToOp SeC
(se_declaration_specifier) invariant.

3. Eum B ompezeneHdd WIM B OAHOW W3 [leK/japaljuii TepeMeHHON cpefii CITMCKa
crerupukatopoB  ee  gAekmapaiuu  (declaration_specifiers)  BcTpeuaercs
crietjuukatop SeC (se_declaration_specifier) invariant, To OH Jo/DKeH
BCTpeuaThCsl B [leK/JapaluysXx W OIpefe/leHWHd 3TOW TMepeMeHHOW, W Orpefe/ieHre
VHBapuaHTa 3TOM MepeMeHHOW J0/DKHO BCTpeyaTbCs POBHO OJWH pa3 BO BCeX eJWHULAX
TpaHcmsauu (translation_unit), cobvpaeMbIX B eJUHYIO CUCTEMY.

4. B orpefeneHry MHBapuaHTa WU BbID&KEHUM BbI30Ba MHBapHaHTa IepeMeHHOW B CKOOKax
COZep>KUTCS eIMHCTBEHHbIN UIeHTU(HKAaTOp — UMs ITIepeMeHHOM, /151 KOTOpOW omnpefiesieH
WY TIPOJieK/IapupOBaH NHBapHaHT.

5. Teno WHBapUaHTa JO/DKHO ObITb CHHTAKCHUECKH U CEMAHTHUECKW SKBUBAJIEHTEHO Tesy
byukiyu 6e3 mobouHbix 3¢hdekToB, 6e3 mMapaMeTpoB, W BO3BpalljaloOlieli 3HaueHHe
OyJIeBCKOTO THTIA.



9.5 TecToBble cLieHapUHU

B s3pike SeC ompefiesieHre TEeCTOBOTO CIIeHApUsl aHA/JIOTUYHO OTMpefesieHuo  T100ambHOM
repeMeHHOM, CHelU(pULMPOBAaHHONW K/IIOUeBbIM C/I0BOM scenario. THII TeCcTOBOro CLieHapus
3a/laeTcsl UEHTU(PUKATOPOM, OMpeZie/ieHHbIM C MOMOILBI0 KOHCTPYKUMK typedef, u omnpepgenser
MeXaHMU3M I[0CTpoeHus TecTa. KaxxzioMy MexaHU3My IOCTPOeHUs TeCTa COOTBETCTBYeT:

s TWUIl JaHHBIX, HEOOXOAWMBIX [/l TIOCTPOEHMs TecTa C TOMOIIbI0 [JAHHOTO MeXaHH3Ma,
KOTOpBI ~ siBsieTCss  0a30BbIM TUIIOM B KOHCTPyKuuu typedef, ompezenstoieid
WJEeHTU(PUKATOP TUIA CLeHAPUS;

+  (byHKLMA 3arycKa TecTa, IOCTPOEHHOT0 C TIOMOLLbIO JAHHOTO MeXaHU3Ma.

ITpu onpesieneHNH TECTOBBIN CLieHApUil MHULIMATIM3UPYeTCsl 3HaUeHHeM THIa, COOTBETCTBYIOILIETO
JJAHHOMY MeXaHHM3My TIOCTpOeHHMs1 Tecta. [Ijii 3amycka TeCTOBOTO CLieHapusi HCII0JIb3yeTCs
KOHCTPYKILIUs BbI30Ba (DyHKLIMH, B KOTOPOM BMECTO UMeHU (PYHKLIMU MCII0/Ib3yeTCsl UMsI TeCTOBOT'O
CLieHapysi, a MapaMeTpbl aHaJOTWYHbI 110 CBOEi CeMaHTHKe IapamMeTpaM CTaHAapTHOW (yHKLMU
main(int argc, char** argv). KoHCTpyKiusg BbI30Ba TEeCTOBOTO CLieHapusi BO3palllaeT
3HaueHWe Tra bool, paBHoe true, eciu TecT oTpaboTam KOPPEKTHO M B XOJie TECTUPOBAHUS
HUKaKuX OLIMO0K 0OHapykeHo He Obio, u false — B MPOTUBHOM Cy4ae.

CHHTaKCHuC

( decl_specifiers )?

"scenario"

( decl_specifiers )?

( init_declarator ( "," init_declarator )* )? ";"

4

CeMaHTHUECKHE npaBujia

1. HMmMeHa TeCTOBBIX ClleHapyeB BXOJAT B TO JXe€ IIPOCTPAHCTBO HWME€H, 4YTO W HWMEHa
ro06anbHBIX MepeMEHHBIX A3bIKd C.

2. TecToBbili clieHapuili [O/DKeH OBbITb OrpefieieH POBHO OJWH pa3 CpeAu BCeX eJWHMUI]
TpaHcasumu (translation_unit), cobupaeMbIx B OHY CHCTEMY.

He moxeT ObITh ornpene/jeHo JIOKA/JIbHbIX TeCTOBBIX CLI€HapHEB.

4. Turm TeCcTOBOrO CIieHapus J0J/DKeH 3a/laBaThCsl WIeHTH(PUKATOPOM, OIpe/ie/ieHHbIM C
TOMOLLbI0 KOHCTPYKLuK typedef.

5. WpeHTudUKaTOp TWUIA TECTOBOTO CLieHAapHWsl SIBJSIETCS MMEHeM MexaHW3Ma [OCTPOeHHUs
TecTa.

6. Tumn MHUIMAIHM3aTopa J0/DKEeH ObITh COBMECTHM C THIIOM TECTOBOTO CIIeHapHs.

7. Ecmi TUn TeCTOBOTO CLeHapusi SIB/JSIETCSI CTPYKTYpPOW, TO B HHHULIMAIM3aTOpe [0J/DKEeH
WCTIONb30BaTbCsl CUMHTAKCHC pa3biMeHOBaTreneit crtaHzapta (C99, He3aBUCMMO OT
HCII0/1b3yeMOro cTaHzapra s3bika C.

8. BBbI30B TeCTOBOrO ClieHapysl aHaJ0rH4eH BbI30BY (YHKLIMM C [IByMs llapameTpaMu: IepBbli
tina int u BTopoM Tmma char**. Ilpu 3Tom BTOpOW MapameTp [OJ/DKEH yKasblBaTb Ha
MacCHUB CTPOK, OKAaHYMBAIOLIUXCSl HyJleM, MOCAeJHUA M TOMbKO MOC/Ie[AHUN 371eMeHT
MaccuBa Jo/bKeH ObIThb HyJ/IeBBIM yKa3aTeseM, a 3HaueHHe I1epBOro Iapamerpa [0JDKHO
PaBHATHCS /I/IMHE MaccuBa 6e3 Moc/ieIHero 1eMeHTa.

9. BhI30B TeCTOBOrO CLieHapus BO3BpalljaeT 3HaueHve tuna bool.



10. [ins miosTHOTO oOTIpeZiesieHHs MeXaHW3Ma IT0OCTPOeHHUsl TecTa HeoOXoAuMo, uToObl Obuia
orpesiesieHa (QYHKLMsS 3alycka TecTa, IOCTPOEHHOIO Ha OCHOBe JJaHHOTO MeXaHH3Ma, CO
N0Ka3aHHOU B IpUMepe CUIHATypPOM.

bool start_<test_engine>( int argc
, char** argv
, <test_engine>* td

)



9.6 CueHapHble PyHKIMU

B si3pike SeC ciieHapHast QyHKI[Us TIpe/ICTaB/IsIeTCs Kak GyHKIMs Oe3 mapaMeTpoB, BO3Bpalljaroliast
Oy/ieBCKuid pe3y/bTaT, IOMeUeHHasi K/IF0UeBbIM CI0BOM scenario. CleHapHble QYHKIMA MOTYT
coJlep)KaTb TIPOBEPKM KOPPEKTHOCTH TIOBe/leHHsI TeCTUPyeMOM CHUCTeMbl, OCHOBaHHble Ha
pe3y/bTaTax BbINOJHEHUs ee (QyHKUuM. Eciu rpoBepka rokasbiBaeT, UTO TeCcTHpyeMasi CHCTeMa
BeJieT ceOs1 KOPPEKTHO, CrieHapHast PyHKIUS 0/KHA BO3BpaTUTh true, nHaue — false. Tak Kak
pe3ynbTaThl TPOBEPOK TMOCTYCJOBUM  BbI3bIBaeMbIX CreLUUKALMOHHBIX  (YHKLIMNA WK
BO3HUKAIOIIUX OT/JOKEHHBIX peakLMii aBTOMaTUUeCKU YUYMUTHIBAIOTCS TECTOBOM CUCTEMOM, B
BO3BpAlllaéMOM pe3yJbTaTe ClieHapHOH (PyHKLIWY He TpeOyeTcst UX YUUTHIBATh.

CHHTaKCHC

( decl_specifiers )?
"scenario"

( decl_specifiers )?
declarator

( declaration )*
compound_statement ;

CemaHTHUeCKHe NPaBUIa

1. Vmena crieHapHBIX (YHKLMI BXOJST B TO >Ke MPOCTPAHCTBO HMMEH, UTO M MMeHa OOBIYHBIX
¢dyHkun sa3pika C.

2. CueHapHasi (yHKIUS [O/DKHA OBITH OIpefe/sieHa POBHO OJWH pa3 CpPeAd BCEX eJUHMI]
TpaHcrauu (translation_unit), cobrvpaeMbiX B OZIHY CUCTEMY.

3. CueHapHble (DyHKLMH He [O/DKHbI UMeTh MapaMeTpOB U [JOJDKHBI BO3BpalllaTh pe3y/bTaT TUIa
bool.

4. CueHapHble (YHKLUU HeJTb3sl BbI3bIBaTh.

B clieHapHbIX (QYHKLIUSX JOIMyCKaeTCsl MCIOIb30BaHUe OIepaTopoB WTepalid, OrepaTopOB
WTepaLyy T10 MOKPBITUSIM U TIepeMeHHbIX COCTOSIHUS.

9.6.1 Omneparop urepanuu

B cijeHapHBIX QYHKIMSX MOTYT HCIIOB30BaThCs /B BHA OIEPAaTOPOB HWTEPAL[UM: OOBIUHBIN
UTepaTop U UTepaTop I0 d71eMeHTaM NOKPbITUA. OnucaHue Moc/iefHero JOBOIBHO CUIBHO CBSI3aHO
C TEpMUHOJIOTHEeHN TIOKPBITUM, II03TOMY OTHECEHO B COOTBETCTBYIOLIMU paszest.

WTtepaTop HauMHaeTcsi C K/IHOueBOro cjiosa iterate, mocje KoToporo B ckoOKax uepe3 TOUKY C
3arTON yKas3aHsbl:

+ JleKJlapalys U MHULMaIv3alys UTepaloHHOW NepeMeHHOM;
¢ YC/JIOBUe MPOJOJ/DKEHUS UTepaLiiy;

+  cmocob uTepauuy;

s yC/iOBUe (PUIbTpALUK;

Bce yka3aHHBIe UyacTH, 3a WCK/IIOUEHWEM TIEPBOM, SIB/IAIOTCS Heobs3aTe/lbHBIMU M MOTYT OBITh
omnyieHbl. [Ipy 3TOM creflyeT yUuThIBaTh, UTO TPU Hajauuue (UIbTPAlM U OTCYTCTBUM CIIOCO0a
WTepaluy MOXXeT MPOU30MTH 3alMK/IvBaHue. Jlekiapalys 3aKaHUMBaeTCs TeJIOM UTeparopa.

Takum obpa3oM, ciiefytoiiast KOHCTPYKLIS:



iterate (int i=0; i<10; i++;i&1==0) { ... }
B HEKOTOPOM CMBbIC/Ie aHa/loThuyHa 1ukiy for:
int 1i;
for (i=0; i<10; i++) {
if (!(i&1==0)) continue;

}

I/ITepa]_[I/IOHHbIe rnepemMeHHble He ABJIAIOTCA JIOKAJIbHBIMH, OHH ABJIAKOTCA UYdCTHBIM C/l1ydaeM
repeMeHHbIX COCTOSIHUS. Nx 3HaueHMs XPaHATCA B CHEL[H&]'ILHOEI CTDYKTYyp€ OaHHBbIX, CBSI3aHHOM C
TEKYLUM 0606].L[€HHI:IM COCTOAHMEM MO/JeJIH. OTU 3HAUYEHUS HCIIONIB3YKOTCA KdK TOJIBKO MO/Je€J/Tb
CHOBA OKa>XeTCA B COOTBETCTBYHOLLIEM O606H.[€HHOM COCTOAHHH.

CHHTaKCHC

se_iteration_statement ::= "iterate"
ll(ll
declaration
( expression )?

14
( expression )?

m.n
14
( expression )?

ll)ll

statement

CemaHTHUeCKHe NTPaBUIa
1. WTeparopbl MOTYT UCMO/Ib30BaThCS TOMBKO B CLIEHADHBIX (DYHKLIMSIX.

2. BoipakeHus1, 3a/arolije yCJIOBUSI TIPOJO/DKEHUsS] UTepaljuu WU YCA0BUST GUIbTpAL[UM, eciid
OHU MPUCYTCTBYIOT B UT€pPATOpe, JO/DKHBI UMETh TUIl bool.

3. B craproBOii [eKnapauuM uTepaTopa MOXeT ObITh 0OBsiBleHa OAHA YW TOJBKO OJHA
UTepalvoHHas iepeMeHHasl.

4. TlepemeHHasi, 0OBbsIB/IeHHasi B CTApPTOBOM JleK/Iapaliuy UTepaTopa, He /I0/DKHA ObITh HETIOTHOTO
WIW JIOKaJIbHOTO THTMIA, Y J0/DKHA ObITh MHUIIMATM3UPOBaHa.

9.6.2 IlepemeHHBbIe COCTOSIHUS

[TepeMeHHbIE COCTOSIHUS IIpeJHA3HAueHbl [Ji XpaHeHWs [aHHBIX, CBS3aHHBIX C 000OIEHHLIM
COCTOSIHUEM MO/ie/Id. 3HaUeHUsI TaKUX TIePEMEHHBIX CTAHOBSATCS JAOCTYITHBIMH, KaK TOJILKO MO/IE/b
OKa3bIBaeTCs B 3TOM 0000IIIeHHOM COCTOSIHMM CHOBaA.

Mexnapaliusi lepeMeHHBIX COCTOSTHUSI HaunMHaeTcst ¢ Moaudukatopa stable. Koa Buja:
operator_1;
stable int i = 1;
operator_2;
5KBUBAJIEHTEH CJIe[lyIOLeMY:
operator_1;
iterate(int i = 1; false ;;)

{
3

operator_2;



CHHTaKCHuC

( declaration_specifiers )?

"stable"

( declaration_specifiers )?

( init_declarator ( "," init_declarator )* )? ";" ;

CemaHTHUeCKHe MPaBUia
1. TlepeMeHHbIe COCTOSIHHSI MOTYT UCII0/Ib30BAThCS TOJIBKO B CLIEHAPHBIX (QYHKIUSX.

2. Hep(’_‘MeHHLIe COCTOAHNMA He OOJ/IKHBI OBITH HEIIOJIHOI'O WK JIOKA/JLHOIO TUIA, U OOJ/IKHBI OBITh
WHULWA/IM3NUPOBAHEI ITPHU 00BIB/IEHUH.



9.7

ITokpobiTUS

[Monxast mHGOpMaLKs 0 MOKPHITHH, KOTOPasi 0/DKHA ObITh JOCTYIIHA B PAMKax TecTa, pa3duBaeTcs
Ha CJIeflyIollye 4acTH:

1.
2.
3.

VM MOKPBITUA.
OJ1eMeHTBI [IOKPBITHS.

1711 BBIUMCITUMBIX MTOKPBITUN — (DYHKLUS BBIYHMC/IEHUS 3/1IeMEeHTa MOKPbITHS.

3ajjaHue 3TUX XapaKTePUCTUK IMOKPBLITUSI MOKeT IIPOMCXOAUTH COTJIACHO OIpe/ie/leHHbIM IpaBUiaM
Ha TPOTSDKEHUH BCET0 MOZYJIsi KOMITH/ISILIUM: C TIOMOIIIBIO OTIpeie/ieHNid U 00bsIBJIEHHI pa3MYHbIX
BUZIOB. B mpejenax MoOAy/js KOMIWISILMA O Ka)KAOM TIOKPBITUM [O/DKHA OBITH TpeAoCTaBIeHa
rnosHasi WHGOpMaLMs [T KOPPeKTHOM paboThl orepaiyii oOpailjeHHsi K TIOKPBITUIO U €ero
3/1eMeHTaM.

Ka)xoe OKpbITHE MOXKeT NPHUHA/JIeKaTh OTpeZie/ieHHON Crelu(pUKaluoHHON GYHKIUA U OBITh
He3aBUCUMbIM. Takum 06pa3oM, NOKPBITHS [1e/IATCsl Ha JIOKasbHbIe U TJ100a/ibHbIe:

['nobanbHble TIOKPLITHSI He TIPUBSi3aHbl K CrelM(HUKALMOHHBIM (QYHKOUAM. VIMeroT
00/1IaCTBI0  BHJUMOCTH MOAY/b KOMITWIALUHA, OOBSBISAIOTCS U OMpefesisioTcs  Ha
r7106a71bHOM YpOBHe.

Kaxkzoe yiokanmbHOe MOKPBITHE TIPUBSI3aHO K OTpe/ie/IEHHON crieliuUKaIMOHHON (QYHKIIWY;
OHHU CUUTAIOTCS OTpe/ie/IEHHBIMU Ha YPOBHe 3TOM (DYHKIMM U UMEROT 00/1aCTbI0 BUJTUMOCTH
MIPOMEXXYTOK OT COOCTBEHHOTO oOmpefie/ieHust 10 KOHIla Tena (GyHKIU.OObsABIeHUs U
orpezie/ieHUs1 JIOKaAbHBIX TOKPBITUN COJIeP’KaTCsl, COOTBETCTBEHHO, B TMPOTOTUIE U
orpezie/ieHUU CrieliuPUKaIMOHHON QYHKLIUMY;

HOKPI:ITI/IH TaKXKe pa3enadarTCd 110 CHOCO6y 3d/ldHUdA  J3JIEMEHTOB KW METOAY BbIUMC/IEHUA
AOCTUTHYTOI'O 3JIEMEHTA:

Ecmn dBTOp TeCTa 3a,qaéT COBOKYIIHOCTb 3J/IEMEHTOB [JiA MOKPLITUA HEINOCpeACTBEHHO H
oTMeudaeT ,I[OCTPIFHyTbeI 3JIEMEHT CaMOCTOATE/IbHO, TO TdKO€ T[IOKPLITHME HAd3bIBaeTCA
nepevuc/iumbIM.

Ecmu aBTOp TecTa 3a/laéT COBOKYIHOCTb 371eMEHTOB [yIsl MOKPBITHS HENOCPeJCTBEHHO M
3a7laéT HEKOTOPYI0 (PYHKLMIO BBIYMC/IEHUSI JOCTUIHYTOrO 3/1eMeHTa, TO TaKoe MOKpbITHe
Ha3bIBaeTCs 8bIUUCAUMBbIM. DYHKIMS BBIUMCIEHNS - HeOThbemsieMasl YaCTb TaKOTO MOKPBITHS.

Ecmm aBTOp TecTa 3a/jaéT B KayeCcTBe COBOKYITHOCTH 3/1eMEHTOB TOKPBITHSI HEKOTOPBIM
enum-TUIl, TO (PYHKLUSI BbIUMC/IEHUS] TeHepUPYeTCsl Ha OCHOBe CTPYKTYphbl 3TOTO THUIA, a
TIOKPBITHE HAa3BaeTCsl enum-noKpblmuem.

C momoLpl0 Oomepani HaJ, 3/1eMeHTaMU MOKPBITUA pPean3yrTCs BO3MOXXHOCTU HCIIO/Ib30BaHUs
vHbopMald 00 3/eMeHTaxX IIOKPBITUH [J/Isl yrIpaBeHHs XOJOM TeCTHPOBAaHUSI W 3aHECeHMs
JaHHBIX B OTUYET.



9.8 OO0mbsB/eHUe U OMIpeje/ieHHe MOKPBITHA

Cy1iecTByeT ISITh BU/IOB O0OBsIB/IEHUS M OTIPe/ie/IeHHs TIOKPBITHIA:

1.
2.
3.
4.
5.

YKOPOUEHHOe 00BSIB/IEHHE;

[10JIHOE 00BSAB/ICHUE;

00BSIB/IEHHE TTEPBUUHBIX BHIUMC/IUMBIX TTOKPBITHIA;
oripe/ie/ieHHe MePBUYHBIX BHIUMC/IMMBIX TOKPBITHI;

YKODOUY€HHOe€ oripeaejieHue.

OnpesiesieHreM MOKPBITU SIB/SIOTCS CeAYHOLe BUbl KOHCTPYKLUI:

T1I0JIHOE O61:HB]I€HI/IE, He coJepxxallee extern;
ornpene/jeHre repBUYHbIX BEIYHUC/IMMBIX HOKPBITHﬁ;

YKODOUY€HHOe€ oripegejieHue.

Bce octanbHble BUbl KOHCTPYKLMM SIBASIFOTCS OOBSIBIIEHUSMU TIOKpBITHHM. OOBSIBNIEHUsT U
orpejie/ieHUs] OJHOTO M TOTO ’Ke TOKPBITHSI B paMKax OJHOTO0 MOZYJsl KOMIW/ISLIMW [O/DKHBI
C/iefioBaTh ApPYr 3a APYroM Tak, uTOObl KOMWYeCTBO WH(OPMALMM W3BECTHOM O TOKPLITUH C
KaX/bIM OObBsIB/IEHHEM CTPOr0 BO3pacTasno (ompejienieHHe y KaKAOTO TIOKPBHITHUS MOXKeT ObITh
TO/IKO OfHO). CChIIKM Ha CeMaHTUUeCcKWe TIpaBW/a PpacIiojio’KeHUsl [/l KOHKDeTHOro BHJa
0OBSIB/IEHUH W OTpe/ie/IeHU MOKPBITH MOXXHO HAWTH B KOHIle JIaHHOTO Habopa MpaBws, 00IIUX
It BCeX 0OBbsIB/IEHUH U OTIpe/ieieH .

CuHTaKCHuC
se_coverage_declaration ::= ( "extern" )? "coverage" ( "enum" )? <ID>
( "(" ( parameter_type_list )? ")" )?
( se_coverage_initializer
| ll;ll
’
se_coverage_initializer .= se_coverage_elements_initializer
| se_coverage derivation_initializer
| se_coverage_function_initializer
’
Sstatement ::= ..
| se_coverage_statement
r
se_coverage_statement .= se_coverage_declaration ,;

CemaHTHUeCKHE NIPAaBUJ/IA

1. OO6mue TpeboBaHMs K OOBSIBIIEHHSIM U OTIPe/Ie/IeHUSIM MTOKPBITHH.

1.1. VimeHa 17100a/1bHBIX MMOKPBHITHI BXOZAAT B (haiisioByro 06/71aCTh BUAMMOCTH.

1.2. imeHa  /IOKalbHBIX  TIOKPBITUM  WMEIOT  00/1laCTb  BUAWUMOCTH, OrPaHHUUYEHHYIO

cnenybUKalMoOHHOW (YHKIMeH, aHajlorMYHO TOMY, Kak 00/7acTb BUAMMOCTH TIOJeH
CTPYKTYPbl OrpaHUYeHa caMOU CTPYKTYPOA.

1.3. [Ins Ka>kAoro TOKPBITUS B TIpefiesiax ofHoro translation_unit moskeT ObITh He Oosiee

OJTHOTO OOBSIBJIEHUsI WK OTIpefie/ieHrsl Ka)K[oro Buja (HarpuMmep, He MOyKeT ObITb /IBYX
TIOJTHBIX OOBSIBJIEHUH OZIHOTO U TOTO >Ke TIOKPBITHS).



1.4. VimeHa 3/1eMEeHTOB TIOKPBITHSI BCETZiA UMEIOT 00/1aTh BUJUMOCTH, OTPaHMUYEHHYI0 CaMUM
TIOKPBITHEM, aHa/JIOTUUYHO TOMY, KakK 00/lacTb BUAMMOCTU TIOJied CTPYKTYpbl OrpaHUueHa
CaMOU CTPYKTYPOM.

1.5. B COBOKYMHOCTH BCeX UCXOAHBIX (haityioB, COCTaB/ISIOIIMX O/IHY IPOrPaMMYy, JA0JDKHO ObITh
POBHO OZIHO OTIpejiesieHre [/t Ka&XKJ0ro 0OBSIBIEHHOTO MOKPBITHS.

2. TpeboBanus Ko BceM se_coverage_declaration.

2.1. TlepBbili HAeHTU(UKATOPp KOHCTPYKLMM Se_coverage_declaration 3agaér wums
TTOKPBITUS.

2.2. Konctpykius se_coverage_declaration moxkeTt ObITh HETIOCPeICTBEHHO BJ/IO’KEHA B:
2.2.1.translation_unit;
2.2.2.se_coverage_statement.
3. TpeboBanus K se_coverage_declaration rio6anbHbIX TOKPBITHIA:

3.1. Egm Her extern, To se_coverage_declaration Bcerga siBjsieTCsl OrpejeeHueM
TTOKPBITHS.

3.2. Ecii B 0OBsIBNIEHHMU WM OTIpejie/ieHUH T7100a/bHOTO TIOKPBITUSI TIPUCYTCTBYIOT KPYTJIble
CKOOKH, TO M 33/1aéTCs1 BBIYMCIMMOE TIOKPBITHE WA enuUm-MOKphITHE.

3.3. Eami B se_coverage_declaration, 3azatoijem rinobanbHOe MOKPbITHe, TIPUCYTCTBYET
enum, To 3a4aéTCA enuM-TMOKpPbITHE.

4. TpeboBanus K se_coverage_declaration sioKaJbHBIX TOKPBITHIA:

4.1. KoHCcTpyKLMsi Se_coverage_statement wmoXeT MPUCYTCTBOBAaTb TOJILKO B Tejie
orpeziesieHus CrieliUPUKaAI[MOHHON PYKHLIMU MeXAy TIpe/i- U TIOCTYC/IOBHEM.

4.2. 3arpeleH cnerudukaTop extern.
4.3. 3arpelriéH enum (JIOKa/IbHBIX €NUM-TIOKPLITUN He MOKET OBITh).

4.4, 3anpeirieHbl KpyT/ble CKOOKWA (A1 JIOKalbHBIX TIOKPBITMM CIIMCOK TapaMeTpOB
TipeJioTIpe/e/iéH 00beMITIONEH CITel[U(pUKAIIMOHHON (QYHKIHeH).

4.5. PapellieHbl TONBKO HMHULAIM3ATOPbl BUJa Se_coverage_derivation_initializer
unmm se_coverage_function_initializer.

4.6. se_coverage_declaration, B/ioxeHHOe B Se_coverage_statement, Bcerza
AO0/DKHO OLITE oripeae/jieHUEM ITOKPBITHA.

5. O6ume TpeboBaHus K se_local_coverage_description.

CHHTaAKCHC

direct_declarator ::= //
| direct_declarator
II(II
parameter_type_ list
n ) n
( se_access_description )*
( se_local coverage description )*
| direct_declarator
ll(ll
( <ID> ( Il,Il <ID> )* )?
n ) n

( se_access_description )*



( se_local_coverage_description )*
’
se_local_coverage_description ::.= "coverage"
se_local_coverage

(

14
se_local_coverage

)*

se_local_coverage ::.= <ID>
( se_coverage_elements_initializer
| se_coverage_derivation_initializer

)?
5.1. Npentudukatop B se_local_coverage 3a/1aéT UMsl JIOKaJbHOTO TIOKPBITHSI.

5.2. KoHnctpykuusi se_local _coverage_description Mo)XeT NPUCYTCTBOBaTh TOJIBKO B
external_declaration, rpu 5TOM TOJIBKO ecm 00BeMITIOLINH
external_declaration siBasieTCs MPOTOTUIIOM CTHeLIU(PUKAI[MOHHON (QYHKIUU.

53.Ecm B translation_unit ecTb HeCKOAbKO TMPOTOTHIOB OJHOM U TOU XKe
cnel(pUKalMOHHOW (DYHKLMM, TO TOJIBKO OJWUH U3 HUX MOXKET CO/lep)KaTh OIMUCAHUS
JIOKQJ/IbHBIX TTOKPBITUM.

5.4. se_local_coverage Bcer/a siB/isieTCsl 00bsIB/IeHHeM TOKPBITHSI.
OO6mue TpeboBaHUs K T7100aTbHBIM BEIUMC/TUMBIM TTOKPBITUSM (BK/TFOUAst eNUM-TIOKPBITHS).

6.1. Tumbl ¥ UMeHa TlapaMeTPOB TOKPBLITUSL [JOJDKHBI YIOBIETBOPSTE TPEOOBAaHUSM K THTIAM U
MMeHaM TapaMeTpoB 00bsiBNeHUs1 Win ornpegesneHuss C-QyHKIMM B 3aBUCUMOCTH OT TOTO,
ABJIIeTCS U Se_coverage_declaration oObsiBleHHEM WIN OTIPe/ie/IeHHEM TTOKPBITHS.

6.2. meHa mapamMeTpoB He€ [OOJ/DKHBI COBIId4aTb C HMMEHEM CdAMOI'O 00BSB/IAEMOrO0 WU
onpene/jsieMoro roKpbITHA.

6.3. B pamkax translation_unit cnmcku mapamMeTpoB BceX OOBSBIEHWH U OMpeieseHui
OJTHOTO W TOTO >Ke TJI00a/JIbHOTO BBIUMCJIUMOTO TIOKPBITHSL (BK/IIOUAsi enum-TOKPBITHS)
JIOJDKHBI OBITh OZIMHAKOBBIMU. TO €CTh, JO/DKHBI COBIAZIATH:

6.3.1.KoMyecTBa NapamMeTpoB;
6.3.2.TUIIBI TApaMeTpOB;
6.3.3.uMeHa napameTpoB.
OO6m1re TpeOOBaHUS K JIOKA/TbHBIM TIOKPBITHSIM.

7.1. JIoKanbHOE TIOKPBITHE SIBJISIETCS TOKPBITHEM C (QYHKLMeH BLIUMCIeHUs 37eMeHToB. Habop
rapamMeTpoOB  TIOKPBITHSI ~ COBMajaer C HabopoM  TlapamMeTpoB  0OBeMITIOLLei
crielii(pUKaOHHOM (PyHKIUH.

7.2. IMeHa BCeX JIOKalbHBIX TOKPBITHI OOBSB/IEHHBIX U ONpEeAENEHHbIX /IS  OJHOU
crieriUUKAIMOHHON (DYHKIUM [JOJDKHBI OBITH Pa3/IAUHBI.

7.3. ViMeHa /10KanbHBIX IOKPBITUK He [JOJKHBI COBNAAATH C ...
7.3.1.nMeHeM obBeMITIONIeN CTielUUKALMOHHON (DYHKIUH;
7.3.2.MMeHaMH eé rapaMeTpoB;

7.3.3.MMeHaMH TICeBJJOHMMOB U3 OrPaHUYEeHUN IOCTYyTIA.



7.4. YTOUHeHUe BBILLIEN3/I0KEHHOTO TpeOOBaHUs: CUYMWTAeTCs, YTO B paMKax OIpe/esieHus
cnelM(UKalMOHHOW (YHKL[MM JIOKa/lbHble TOKPBITUS BXOAAT B 00/1aCTb BUJUMOCTH,
COOTBETCTBYIOLIYIO O/I0KY, COZieprKalljeMy Oripe/ie/ieHHsI TTIOKPBITHH.

7.5. JInst KaXKAOT0 JIOKA/JIbHOTO TIOKPBITHSI, OOBSIBJIEHHOTO B OMUCAHWM JIOKATbHBIX TTOKPLITUM,
oripefie/ieHue TOW e Crelyu(UKALMOHHOW (QYHKLMU [O/DKHO COZIep)KaTh OrpefiesieHre
TIOKPBITUSI C TEM K€ UMEHEM.

7.6. B ompezpenenun crienUKaMOHHOW (YHKIUM JIOKaJbHbIe TIOKPBLITHSI JIO/DKHBI OBITH
oripe/ie/ieHbl B TOM JKe TIOpsi/ike, B KOTOPOM OHHU ObL/I 0OBSIB/IEHBI B OMTUCAHKY JIOKATbHBIX
MOKPBITHI MPOTOTHUIIA 3TON Creliu(HKaLMOHHONW (QyHKLIMH.

9.8.1 YkopoueHHOe 00BsIB/IEHHE

YKOPO‘-IEHHOE IMOKPLITHE TT03BOJIAET 00BABUTH IMOKPLITHE, 3ddB TOJILKO €ro nMs.

YKopoueHHOe oripe/iesieHue T/I00a/TbHBIX TIOKPBITHM MCII0/Ib3YeTCs [7Isl TOTO, UTOOBI MCII0/h30BaTh
B ofiHOM (haiisie MOZY/si KOMIWISLIMK OTpefie/ieHre TIOKPBITUSI, Haxojsileecs B ApyroMm (aiise.
YKopoueHHbIe OTpe/ie/ieHHs] JIOKaJIbHBIX TOKPBITHM JO0/DKHBI BXOAWTH B COCTaB TIPOTOTHIIA
obbemrOIIel crierUKalMOHHOM (GYHKIMU. B yKOpOueHHOM OOBSBIEHUM TIOKDPBITHE HE MOYKET
ObITb OrpeiesieHo (HeJOMyCTUM MHULIMA/INA3aTopP).

st rno6anbHBIX TOKPBLITUH, aHAJOTMUHO TOAOOHBIM OObBsIB/IeHUSIM repeMeHHbIXx B C,
YKOpOUeHHOe O00BbsiB/ieHHe CreluUIUpyeTcss K/IoueBbIM JIoBoM exXtern; Takke s
r7100a/TbHBIX TIOKPBITHH HEJOIMyCTUMO K/IIOUeBOoe C0BO enum. [s JOKaJbHBIX TOKPBITHH 3TH
OrpaHUYeHust eCTeCTBeHHbIM obpazom 3a/1ar0TCS TpeOOBaHUSMHU K
se_local_coverage_description.

YkopoueHHOe 00bsAB/IEHHE I7100a/THHOT0 MOKPBITHS.

extern coverage C( int x, int vy );

YKopoueHHOe 00bAB/IeHHE JIOKA/IBHOTO MOKPBITHA.
specification void f( int x ) coverage C;

CemaHTHUeCKHE NIPAaBUJ/IA

1. YKOPOLIEHHOMy 00BIB/IEHUIO TMOKPBITHA HE JOJ/DKHO MpealieCTBOBaTb HU OHO 00BABIEHNE WU
orpenejeHre TOro e roKpbITHs.

2. YkopoueHHOe OOBsIB/ieHHe TIOKDBITHSI MOJKeT TMpeIlecTBOBaTh JitoOoW Apyroil ¢opme
OOBSIB/IEHUS] WIM ONpeZieJIeHUss TOTO JKe TIOKPBITHS, 3a HCK/IIOUEHHEM YKOPOUEHHOTO
00BsIB/IEHUS.

9.8.2 Ilo/siHOe 00BAB/ICHUE

[TosHOE 0OBsIB/IEHHE TIpeHA3HAUEHO /IS 3a/laHUsT BCeW HeoOXoAuMOM uH(MOpPMAaIy O TTOKPLITUN
— WMeHHU, 3/IeMEeHTOB 1, BO3MO)KHO, (PYHKI[MY BLIUMCJ/IEHUS].

[TonmHOe OOBSIBNIEHWE — 3TO CUHTAKCHYeCKas CTPYKTYypa, TMpejoCTaB/Isiomasi BCI0 HEOOXOUMYTO
MHQOpMaLKio 00 OMUCHIBa@MOM €0 MOKPBITUH.

1. Ecmm B monHOM 00BsiB/IeHHMH T7100a/IbHOTO TIOKPBITHST OMYILeH Crelu¢HrKaTop extern, TO
Mo/iHOe 00bsIB/IeHUe SIBJISIETCS OTipe/ie/ieHleM TOKPBITHSI.

2. Ecumn  mosmHOe  0OBSIB/IEHWE  JIOKAZbHOTO — TIOKPBITHUSI HAXOAWUTCS B OMpe/ie/ieHuH
cnelUKaIMOHHOW (YHKIIMH, OHO SIBJISIETCS OIpe/ie/IeHHeM; €eC/Id B TPOTOTHIIE —
00BbgBIEHUEM.



[TosHBIE 00BSABIEHUS AOITYCTUMBI /IS C/IeIYIOIUX BU/IOB TIOKPBITHIA:
1. mepeuMc/iviMblie TIOKPBITHUS;
2. TPO3BO/IHbIE MIOKPHITHSI;

3. enum-mnoKpbITHSI.

CemaHTHUeCKHe NIPaBUIa
1. o monHOro 0OBSIBIEHWS MOKPBITHS TeKCT translation_unit MoxKeT cofepskaTb TOJIBKO
YKOpOUeHHOe 00bsIB/IEHHE TOTO JKe TIOKPBITHSI.

2. Eciu B mosTHOM 00OBSIBIeHWM T7100a/bHOTO TIOKPBITHSI OTCYTCTBYeT extern, TO TMOJHOe
00bsIB/IEHNE SIBJISIETCS U OTIpe/ie/IeHueM TIOKPBITHSI.

9.8.3 IlostHOe 00BSIB/IEHHE TIEPEUHCTUMOTO MOKPBITHS

[TonHOe 0OBABIEHHE rnepeqyrc/iiMoro IOKPBITHUA 3a,qaéT ero uMsd, a TdKXKe HMM€Hd U TeKCTOBbIE
OIIMCaHMA ero 3J1eMeHTOB.

[TonHOe 00OBsiBNIeHHE TIOKPBITHS TIOJUUHSIETCS CUHTaKCUCYy OOBsiBNeHUH U orpefieneHuil. Tak Kak
MEPeUNC/IUMbIe TIOKPBITUSI MOTYT OBITb TOJILKO TI/I0OAMbHBIMUA, TO TIOJHOE OOBSIBIEHHE
Tepevyrnc/IMMOro TIOKPBITUS 3a/1aéTca TOJIBKO C TIOMOLLIIO KOHCTPYKLU
se_coverage_declaration.

KoHcTpykiusi se_coverage_declaration sB/seTcsi TOJIHBIM OOBSBJIEHUEM TepPeUNCTUMOrO
TIOKPBITHSI, €CJTH:

1. HeT enum;
2. HeT KPYIJ/bIX CKOOOK;

3. TIpUCYTCTBYeT MHMLMa/NM3aTop B popMe se_coverage_elements_initializer.

ITo/1HOE 00BAB/IEHUE MEPeYUC/TUMOT0 MOKPBITHSA

extern coverage C
= { C1 = "first element", C2, C3 = "third element" };

CHHTaKCHuC

se_coverage_elements_initializer ::= "="
ll{ll

se_coverage_element_declaration
( n , n
n } n

4

se_coverage_element_declaration )*
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se_coverage_element_declaration .= <ID>
( "=" <STRING_LITERAL> )?

’
OI'IL[I/IOHE[J'II)HI::IE CTPOKOBEBIE JINTE€PAJIbl 3a[dl0T TEKCTOBbIE TIIpeACTaB/I€EHWA COOTBETCTBYIOIIUX

3neMeHTOB. [Ipy OTCYTCTBUM CTPOKOBOrO JiMTepara B KayecTBe TEKCTOBOIO IIpeJCTaB/IeHHUs
3/1eMeHTa MOKPBITHS UCII0JIb3yeTCsl ero UeHTU(UKAToP.

CemMaHTHUECKHE npaBujiad

1. Upentudukatopel B se_coverage_element_declaration 3ajaloT KMeHa >/1€EMEHTOB
TTOKPBITHS.



2. lMeHa 3/11eMeHTOB TIOKPBITHS IOJDKHBI ObITh Pa3/TMUHBI.

9.8.4 IlosHOe 00BsIB/IEHHE eNUM-TIOKPBITHS

[TosiHOe OOBsIBIEHWE enum-TMOKPHITUS 3a/aéT TepPBUYHOE TOKPbITHE, TIOCTPOEHHOe Ha OCHOBe
MepeurcIuMOro Tumna, ¢ GyHKIMel BbIYMC/IeHUs TI0 yMOTUYaHHIO.

KoHcTpykiusi se_coverage_declaration sBisieTcs MOMHBIM OOBSIBIEHWEM €NUM-TIOKPBITHS,
eCIIu:

1. ecTb enum;
2. eCTb KpyrIJble CKOOKH;

3. HeT UHML|a/IM3aTopa.

ITonHOe 00BAB/IEHHE eNUM-TIOKPBITHS
extern coverage enum ColorsCoverage( enum Colors col );

CeMaHTHUECKHE npaBwWid

1. HOKprTI/Ie A0/DKHO MMETb POBHO OJVH IMapaMeTpP, TUII KOTOPOIr'o A0/DKeH OBITE nepevyrcjanuMbIM
THUIIOM.

2. HWmeHa 3/1eMeHTOB IMOKPBITHUA COBIIaAdI0OT C MME€HAMH KOHCTAHT 3TOI'0 Mepeyrnc/iiMOro THIIa.

9.8.5 IlosiHOe 00BsIB/IEHHE TPOU3BOJHOT0 MOKPBHITHS

ITonHble 00BABIEHUS IMPOKN3BOAHBIX HOKPBITI/Iﬁ 3a44d0T T[IPpOM3BOAHLIE TI€peUruC/iMMbie U
BbIUMC/IMMBbIE MMTOKPLITUA.

KoHctpykuusi se_coverage_declaration smBnsieTcss TOMHBIM 00BsiBIeHHEM T1006albHOTO
MIPOU3BO/HOIO TIOKPBITHS, €C/IH:

1. HeT enum;

2. eCTb MHMLMA/INA3aTOp B BUZle Se_coverage_derivation_initializer.

ITontHOE 00BAB/IEHHE I100a/THLHOT0 MOKPBITHSI-TIPOU3BEAeHHSA

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

Konctpykiun se_local_coverage wWid Se_coverage_statement 4BiasieTcs TIOHBIM
00BSIBJIEHMEM JIOKAJIbHOTO TTPOUW3BOJHOTO TIOKPBITHS, €C/M €CTh WHMIMAIU3aToOp B BHjE
se_coverage_derivation_initializer.

ITotHOE 00BAB/IEHNE JI0KA/IBHOT0 MOKPBHITHSA HHCTPYKIIHeH se_coverage_statement
// obbaBneHue
specification void f( int x, int y )
coverage PointCoverage = IntCoverage( x ) * IntCoverage( Yy );

ITotHOe 00BAB/IEHNE JIOKA/IBHOT0 MOKPBHITHSA HHCTPYKIMeit se_local_coverage

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



post{ ... };
}

CHHTaKCHC

se_coverage_derivation_initializer .= "="
se_base_coverage
( "*" se_base _coverage )*
( se_coverage_filter )?
’
se_base_coverage ::= se_coverage_name
( ll(ll
( assignment_expr ( "," assignment_expr )* )?
ll)ll
)?

se_coverage_filter ::= ":" expression ;

Bce mOKpeITHS, yIIOMSIHYThIe B Se_base_coverage, Ha3bBalOTCS 0a30BBIMU TOKPBITHUSMU
JAHHOTO O0BSIB/IsIEMOro (OTIpe/iesisieMOro) MOKPBITHS. VHWIMam3aTop JaHHOTO BH/jA OTIpejiesisier,
KaK MMEHHO CTPOUTCS 3/IeMeHT 00BsiB/IsieMOro (OTpeiesisieMoro) MOKPhITHsS Ha OCHOBE 37IeMEHTOB
0a30BbIX TIOKPBITHH.

CemMaHTHUECKHE npaBujiad

1.

Ecnv nokpeiTHe sB/sieTCSl MOKPBITHEM C (DYHKLIMEW BBIUMC/IEHHSI 3/IEMEHTOB, TO IOKPBITUS,
yKa3aHHbIEe B CITMCKe Se_base_coverage [0/DKHBbI TakKe OBbITh MOKPHITUSMU C (QyHKIMei
BbIUKC/IeHus. (B MPOTUBHOM cilyuae 00bsIB/IsIEMOe TIOKPBITHE Oy/1eT HEBBIUMC/TUMBIM).

WHaye HM OJHO W3 TIOKPBITHI YKa3aHHBIX B CITMCKe Se_base_coverage He [JO/DKHO ObITh
BBIUKC/IAMBIM TIOKPBITHEM.

se_base_coverage He JO/DKHO yKa3blBaTb Ha MOKPBITHE, 0 KOTOPOM H3BECTHO TOJIBKO €ro
1M (BbILLE TI0 TEKCTY MOAYJIsSi KOMITWISILIMA HeT HUUYero, KpoMe YKOPOUYeHHOT0 OTpe/iesieHus ).

Ecmm  se_coverage_derivation_initializer HaxoguTcs B OOBSABIEHUU WU
omnpeJileleHUM  JIOKAJIbHOTO  TOKPBITHS, W Se_coverage_name B HEKOTOPOM U3
se_base_coverage yka3blBaeT Ha JiOKaJbHOe TMOKPbITHE, OTHOCsAILeeCs K TOM ke (QyHKLIUHU,
uyTo U O0OBsiB/IsIeMOe (OmpeziesisieMoe) TIOKpbITHE, TO Se_base_coverage He [O/DKHO
coflep)KaTh KpYIVIbIX CKOOOK. (Se_coverage_name 37ech TpPaKTyeTCs KakK 3JIeMeHT
COOTBETCTBYIOLLIETO JIOKA/IbHOTO TOKPBITUS], BHIYMC/IEHHBIM Ha TeX >Ke 3HaueHUsiX MapameTpoB
crnelUKaMOHHON (QYHKLIWN).

WNHaue, ecnu se_cover age_name B HEKOTOPOM se_base_cover age yKa3bplBaeT Ha
BbIYMC/IMMOE TTIOKPbITHE, TO

5.1. se_base_coverage f0/DKeH UMeTh apryMeHThI BbI30Ba

5.2. se_base_coverage 1nofguuHsieTCs TIpaBWIaM Ollepaliy  BbIUMC/IEHUS  3JIeMeHTa
TTOKPBITHS.

se_coverage_name B se_base_coverage He J[O/DKHO yKa3blBaTb Ha OOBSBIsIEMOe
(onpezensiemoe) MoKpbiTHe. (TeM caMbIM 3ampellieHa CHUTYal[|si, KOT/ia TIOKPhITHE 3aBUCHT OT
camoro ce0s1.)

Ecm se_coverage_derivation_initializer COZlepyKUT POBHO OZHO
se_base_coverage, u B 3TOM Se_base_coverage UCMo/b3yeTcs IepBUUHOE TTOKPBITHE, TO
CUMTaeTCsl, YTO MPOU3BOJHOE TOKPLITUE HMMeEEeT Te jKe CaMble 3/IeMeHThbl, UTO U IEePBUUHOE
0a30Boe TOKPHBITHE.



9.8.6 OO0BsB/IeHNE IEPBUYHBIX BHIUHCTAMBIX MTOKPBITHI

OObsiB/IeHHE TTIEPBUYHOTO BBIYMCTUMOTO TIOKPBITHS 3a/1a6T:
1. WMs NOKpbITHUS;
2. TWIBI U MIMeHa NapaMeTpoB (DYHKLUU BbIUMC/IEHHS;
3. UMeHa U TeKCTOBBbIe [pe/|CTaB/IeHUs 3/IeMeHTOB.

I'nobanbHble TOKPHITUS: Se_coverage_declaration sBrseTcs o0bsiBIeHHeM T/106anbHOTO
TIePBUYHOTO BHIYMC/IUMOTO TTOKPBITHS, C/TH

1. ectb extern;
2. eCTb KpyTIJible CKOOKH;

3. eCTb UHMLMA/IM3aTOP B BUle Se_coverage_elements_initializer.

O0BaB/IeHHe r7100a/ILHOI0 IMEPBUYHOr0 BBIYHC/IMMOI'0 ITOKPbITUA

extern coverage IntCoverage( int x )
= { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

i
JlokaneHble MOKpeITHS: Se_local_coverage sBisieTcsi 0ObsiBIeHHEM TePBUYHOTO JIOKATbHOT'O
TIOKPBITUS eCTh UHULMA/IN3aTop B BUZle se_coverage_elements_initializer.

O0bsAB/IEHHE JI0KA/TBHOT0 IMEPBUYHOr0 BBIYHC/IUMOT 0 ITOKPbITUA

specification void f( int x )
coverage ArgCoverage = { NEGATIVE = "negative"
, ZERO = "zero"
, POSITIVE = "positive"

i

CeMaHTHUECKHE npaBujia

1. ,Z[O 00BAB/IeHUS MMepBUYHOI'O0 BBIUMC/IMMOI'O IIOKPBITHA TEKCT translation_unit MOXXeT
CoJep>KaTb TOJILKO YKOPDOUEHHOE 00BSB/IEHHE TOT'O XKe IMMOKPBITHS.

2. Jlo/mKHBI ~ BBITIOJHATBCS BCe paHee U3JIOKeHHble TpeOOBaHWs, OTHOCAIIMECS K
se_coverage_elements_initializer.

9.8.7 OmpejeseHue NepBUYHBIX BBIUUCIUMBIX NOKPBITHH

OmnpeiesieHre IepBUYHOIO BBIUMC/IMMOTO TIOKPBITUS 33/1a6T
1. UM MOKPBITHS;
2. VMeHa U TeKCTOBbIe Mpe/iCTaB/IeHUs 3/1IeMEeHTOB;

3. dJITOPUTM BBIYUC/IEHUA 3/IEMEHTOB.

OnpejeneHue r7100a/I6HOT0 MEPBUYHOT0 BHIYHC/TUMOT0 MOKPBITHSA
coverage IntCoverage( int x )

{
if( x < 0 )
return { NEGATIVE, "negative" };
else



if( x == 0 )
return { ZERO, "zero" };
else
return { POSITIVE, "positive" };

3

JlokanbHbIe MOKPLITUS: Se_coverage_declaration sBisercs orpezesieHreM JIOKaJTbHOTO
TePBUYHOI0 TIOKPBITUS, €C/T eCTh MHULIMAIN3aTop B BU/Ie
se_coverage_function_initializer.

OnpepeneHue JI0OKaJIbHOT'0 NEPBUYHOr0 BHIUMC/TUMOTI0 MOKPBITHUS
specification void sqgrt( int x )

{
pre{ ... }
coverage ArgCoverage
{
if( x < 0)
return;
else
if( == 0 )
return { ZERO, "zero" };
else
return { POSITIVE, "positive" };
¥
post{ ... }
}

CeMaHTHUECKHE npaBujia

1. T'nobanbHbIe TIOKPBITHS: Se_coverage_declaration siBiseTcs orpeeneHUeM riao0asIbHOr0
TePBUYHOTO BBIUHMCTMMOTO TIOKPBITHS, €C/TH:

1.1. HeT extern;

1.2. Het enum;

1.3. ecTb KpyTJible CKOOKY;

1.4. ecTb UHMLMA/IM3aTOD B BUle Se_coverage_function_initializer.

2. [lo ompepjeneHuss MepBUYHOrO BbIYMC/IMMOIO TMOKPBLITHUA TeKCT translation_unit moser
COJieprKarh:

2.1. 0OBsIBNIEHME TIEPBUYHOTO BHIUHMC/IAMOTO TIOKPBITHS.
2.2. YKOpOUEHHOE 00BSIB/IEHHE 3TOTO MOKPBITHSI.

3. Muunuanusarop se_coverage_function_initializer.

CuHTaKCHUC
se_coverage_function_initializer ::= compound_statement ;
se_return_expression ::= expression

| se_coverage_element_return_expression
’
se_coverage_element_return_expression
::: II{II
( <ID> ( "," <STRING_LITERAL> )?
| <STRING_LITERAL>
)



II}II
3.1. B compound_statement pomycTuMbl TOABKO CaeAyrolve (OpMbI KOHCTPYKLIMH
return:

3.1.1.BblpakeHre OTCYTCTByeT. JTO O3HayaeT, UTO JaHHAs BETBb yIpaB/jieHUs (YHKLUU
BBIUMCJ/IEHUS 3JIEMEHTa He OmpejesisieT HUKAKOro 3JIeMeHTa.

3.1.2.se_return_expression umeer BUJj
se_coverage_element_return_expression.

3.2. BayTtpu compound_statement go/mkHa ObITE XOTS ObI OfHA "He mycTast" KOHCTPYKLMS
return.

3.3. Ecrm panee 1o Tekcty translation_unit 6bu10 00bsIBNIeHME JAHHOTO MTOKPBITHS, TO:

3.3.1.se_coverage_element_return_expression [JO/JKHO COJep)KaTb  TOJIbKO
WaeHTU(PUKATOpP 37eMeHTa (TeM CaMbIM 3arpeliaeTcs IepeonpeesisiTb CTPOKOBbIE
Tpe/iCTaB/IeHUs 3/1IEMEHTOB);

3.3.2.3T0T UeHTU(UKATOp 334aéT UMsI 3/1eMeHTa TIOKPBITHS;

3.3.3.A715 KaKA0r0 OOBSB/IEHUs 3JIEMEHTa IMOKDBITHS OTpe/ie/ieHHe [O/DKHO COZepKaTb
se_coverage_element_return_expression, onpeaensoniyui 3/1eMeHT C TaKUM
K€ UIMEHEM;

3.3.4. 0715 Ka)KI0T0 orpe/ieJIeHHOTO uaeHTUdHUKaTOpa u3
se_coverage_element_return_expression o0bsiBIeHHE [JO/DKHO CO/I€PKaTh
371IEMEeHT MOKPBITUS C TAKUM K€ UMEHEM.

3.4. "Haue, ec/iyM TepBbIM 37IEMEHTOM Se_coverage_element_return_expression
SIBJISIETCSI:

3.4.1.ugeHtuduKaTop, TO:

3.4.1.1.0H 3a7aéT uUMs 37eMeHTa TOKphITUS. Eciu 3a uaeHTUPUKATOpPOM CiieflyeT
CTOPOKOBOM JIUTepaJl, TO OH 3a/jaéT TEKCTOBOE Mpe/CTaB/IeHHe 3TOr0 3/IeMeHTa.

3.4.1.2.cpenu Bcex se_coverage_element_return_expression gaHHOro
compound_statement, onpezessrOLMX OJAUH U TOT JKe 3JIeMeHT IOKPBITHS,
TONIBKO OJHO Se_coverage_element_return_expression MoxeT
coZlep>kaTb TEKCTOBOE TIpPe/ICTaB/IeHHe 3TOT0 37IeMeHTa;

3.4.13.ec;iti HM B OOHOM U3 Se_coverage_element_return_expression,
ompe/leNITIOIMX OAWH W TOT >Ke 3JIeMeHT TOKPBITHS, HeT CTPOKOBOI'O JIUTepasa,
TO TEKCTOBOe TIpe/iCTaB/ieHWe 3TOr0 3jeMeHTa TOKPBLITUSI COBMa/laeT C €ro
MIMEHeM.

3.4.2.CTPOKOBOM JIUTEPAI, TO 3a[aéTCs1 Oe3bIMSHHBIN 1EMEHT MOKPHITHsL. Bce Ge3bIMsIHHBIE
3/1eMeHThI MOKPBITHSI CUMTAIOTCS Pa3/MYHbIMU BHE 3aBUCUMOCTH OT COBMaZJeHUs WU
HecoBMajleHHWss uUX onucaHuid. K TakoMy »3/7eMeHTy HEeBO3MOXKHO OOpaTUThCS C
TOMOLIbI0 Ofepaluy T0JyYeHusi 3/eMeHTa MOKpbITUS. CTPOKOBOW JvTepasn 3aAaéT
TEKCTOBOE TPe/[CTaB/IeHHe 3TOr0 6€3bIMSIHHOTO 3/7IEMEHTA TTOKPBITHSI.

9.8.8 YkopoueHHoe ompepeieHHe

KoHcTpykiusi se_coverage_declaration siBiseTcsi yKOpOUEHHBIM OTIpejie/ieHHeM TTOKPBITHS,
ecsIu:

1. Her extern;



2. HeT enum;
3. HeT KPYIJIbIX CKOOOK;

4. HeT MHULMAIU3AaTOpa.

YKopoueHHOe ompejie/ieHHe I7100a/IbHOr0 MOKPBITUS

extern coverage enum C( enum E e );

coverage C; // yKopo4yeHHOe onpegeneHue

YKopoueHHoOe onpeje/ieHHe JIOKA/TbHOT0 MOKPHITUA

specification void f( int x, int y )
coverage PointCoverage = IntCoverage( x ) * IntCoverage( y );

//

specification void f( int x, int y )

{
pre{ ...}
coverage PointCoverage; // yKOpo4deHHOe ornpegeneHve
post{ ... }

}

CemaHTHUeCKHe NpaBUIa
[Jo yKopoueHHOro onpegesieHus TeKCT translation_unit MoXKeT cofeprKarh:

1. monHOe 0OBABIEHHE,;

2. yKOpOYeHHOe OOBSIBIIeHHeE.

9.8.9 OOmue npaBu/Ia o0paIeHNsI K MOKPBITHAM

OGpaiijeHre K I100anbHOMY TOKPBITUIO OCYILECTB/ISETCS TI0C/e IIepBOr0 ero 00bsBIeHHs IO
MMeHH (CM. IpUMepbI MOJIHBIX 00BABIEHNM MPOU3BOAHBIX TIOKDBITHU).

O6paH_IEHI/Ie K JIOKa/IbHBIM ITOKPBITHUAM [10ITyCKaeT TPH pPa3/IMUHBIX KOHTEKCTA.

1. BHe mportoTuma WM orpejeneHusi (GYHKUWM oOpallleHue K JIOKaJbHOMY TOKPBITHIO
TPOM3BOAUTCS TIOCPEACTBOM IIOC/Ie[0BaTe/IbHOCTA TEePMHUHA/IIOB <uUMA  QyHKuum> ", "
<ums nokKpbiTnA>. Takoe obpallieHre K JIOKaJTbHOMY TTOKPBITHIO Ha3biBaeTcs obpaileHuemM
yepe3 KBaTUPULIMPOBAHHOE MM TIOKPBITHUSI.

2. BuHyTpu mnporoTumna crel(pUKalMOHHON (YHKLMY, K JIOKQJIbHOMY TMOKDBITUIO TOW Ke
(bYHKIMM MOKHO 00paTUTHCS KaK IPOCTO 110 UMEeHH, TaK U Yepe3 KBa/TM(PHULIMPOBAHHOE UMS
TOKPBITHSI.

3. BHyTtpu ompefenenus crneuuUKalMOHHOM (YHKIMA B OIpeZe/eHUsX JIOKalabHbIX
MOKPBITUH OOpalljeHWsi K paHee OMNpeAeIEHHBIM TIOKPBITUSM TOW ke  (PyHKLIUU
MIPOU3BOAATCS TakK >Ke MO0 10 UMeHH, TM00 1Mo KBaIM(UIIMPOBAaHHOMY UMeHH, TaK KaK UMsi
JIOKQJIbHOTO ~ TIOKPBITUSI ~ MMeeT  00/acTb  BHUAWMOCTH,  OTPaHUYEHHYIO  TeioM
crnelM(prKaLMOHHON (yHKLIMY.

O0paineHnne K JIOKa/IbHOMY MOKPBITHIO BHe MPOTOTHIIA WIH onpeje/ieHus1 PyHKIHH

coverage C( int x, int y ) = f.ArgCoverage( x ) * f.ArgCoverage( vy );



Oo0paieHne K JIOKaIbHOMY NOKPBITHIO BHYTPH NPOTOTHNA (PYHKIHH

specification void f( int x, int vy )
coverage X_Coverage
coverage Y_Coverage
coverage MutualCoverage = X_Coverage * f.Y_Coverage

OoOpaieHne K JI0OKaJIbHOMY MOKPBITHI0 BHYTPH omnipee/ieHus (yHKIMH
specification void f( int x, int y )

{
coverage X_Coverage ... ;
coverage Y_Coverage ;
coverage MutualCoverage = f.X_Coverage * f.Y_Coverage
post{ ... }
}

CeMaHTHUECKHE npaBujiad

1. KoHcTpykiusi se_coverage_name, cocTosljasi U3 OJHOrO WJeHTU(PUKATOpa, yKasblBaeT Ha

TMOKPBITHE, eC/TU MPOLieCcC pa3bIMEHOBAHUS M0 NpaBu/iaM si3blka C JaéT HaM NOKPBITHE C TeM JKe
MIMEeHeM.

2. KoHcTpykuus se_coverage_name Bujga <ID> "." <ID> ykasblBaeT Ha JIOKaJbHOE
TIOKpBITHE, eCJIU:

2.1. nepBblii UeHTU(HUKATOP pa3pellaeTcsi B UMsI HEKOTOPOU crielii(HKaLMOHHON (QYyHKIIWY;

2.2. anist 9TOM (PYHKUMKA K MOMEHTY TIOSIBJIeHUsI pacCMaTpHMBaeMOro Se_coverage_name B
KogZe translation_unit ob6mwsiBsieHO (Ompe/esieH0) MOKPBITHE, UM KOTOPOT'O COBIAZiaeT
CO BTODPBLIM U/IeHTU(HUKATOPOM.



9.9 IIpaBu/a npoBejieHUA Onepanyii HA/| 3/IeMeHTaMH
MOKPBITUM

MHoroobpa3vie BHUOB TOKPBITUN TpeOyeT MpefyCMOTPeHUsI pa3/InUHbIX KOHTEKCTOB TIPOBEJEHHUS
orepauyii Haj, 37eMeHTaMd TIOKphITHM. [lo3ToMy gt GopMynMpoOBKM TipaBUi obpailjeHust K
3/1eMeHTaM MOKPBITUH BBeJleM HECKOJIBKO OIpeZie/IeHUH.

[ToKphbITHS, 371eMeHThl U (PYHKI[UM BHIUMCIEHHUsST KOTOPBIX 3a/Ial0TCsT HETIOCPeICTBEHHO, Ha3bIBAKOTCS
nepeuyHbIMU.

ITpou3600HbIMU HA3bIBAIOTCS TIOKPBITHS, TIOCTPOEHHbIE HAa OCHOBE APYTMX TOKPBITUM, KOTOPbIE B
3TOM KOHTEKCTe SIBJ/ISIOTCS 6a308biMu. OmipeziesieHre TPOU3BOIHOTO TTOKPLITUS JO/DKHO OITUCHIBATh
Criocob ero TMOCTPOeHHSI Ha OCHOBe 0a30BbIX IOKPBITHH; 0a30BBIM IMOKPBITHEM MOXET ObITh Kak
TePBUYHOE TIOKPBITHE, TaK U TTPOU3BO/HOE.

IMopsiokom noKpbimusi Ha3bIBaeTCs KOJIMYECTBO MMEPBUUHBIX MOKPHITUM, KOMOWHALIUK 3/1eMEHTOB
KOTODPBIX SIBJIIIOTCSI 3JIEMEHTaMH JIAHHOTO TIOKPBITHS. [1OpsoK /F000r0 MEePBUYHOTO TMOKPBITHS
paBeH 1. [TopsiZioK MPOU3BOJHOTO TIOKPBITHS paBeH CyMMe TIOPSiIKOB BCeX ero 6a30BbIX MOKPBITHH.

Inst mo00ro0 TIOKPBITUS MOXHO TIOCTPOWUTH CITUCOK TIEPBUYHBIX TIOKPBITHM, Ha KOTOPBIX
TPOM3BO/JJHOE TIOKPbITME B KOHEUHOM CYeTe OCHOBaHO. [[MHa 3TOro CrvcKa paBHA MOPSAKY
MOKPBITHSL. DTOT CIUCOK (hOpMUpPYeTCs M3 CIMCKA, COZeprKallero TOMbKO J[aHHOe TMOKPhITHE,
cleAyoM 00pa3oM: LMK/IWYeCKHd TPOXOZs OT Havajaa CIHMCKAa K KOHIY, BMeCTO TOKPBITHM
MOJCTaB/IsieM WX 0a30Bble TOKPBITUS  (TIPOM3BEJEHUsI CTAHOBSATCS TI0C/Ie/I0BATEIbHOCTSMU
YMHO)KaeMbIX MOKPBITHI). B KOHIL|e KOHLIOB B CIHCKe OCTAHYTCSI TOJIBKO TEPBUUHbIE TOKPBITHS,
KOJINUeCTBO KOTOPBIX Oy/1eT paBHO TIOPSIIKY UCXOJHOTO.

OueBHWHO, YTO IO 3TOMYy aJrOPUTMy OJWHAKOBbIE CITUCKKM MOXXHO TIONYUUTb [jis pa3HbIX
MOKPBITUH. CpasHUMbIMU Ha3bIBAIOT TMOKPBITHS, [ KOTOPbIX COBMAJAeT CIMCOK IePBUUHBIX
0a30BbIX ITOKPBITHH.

C CHHTaKCMUeCKOW TOYKM 3peHHs OIepaluu Haj 37eMeHTaMu TOKPBITUWA TPOU3BOAATCS Haf,
o0beKTaMH crieldanbHOro THUa — CoverageElement. B omiduve OT OOBIYHBIX BhIpAKEHHM
sa3plka C, /11 KOTOPBIX OTC/IE)KMBAETCSl TOJILKO TUM WX pe3yJibTara, JJjisi Ornepalyid, Jarolinx
3JIEMEHT TIOKDPBITHSI, OTC/IeKMBAETCS TPHUHAAJIEKHOCTh TIOKPBITUIO 00pabaThiBaeMbIX UM
BO3BpalljaeMbIX 3JIEMEHTOB.

9.9.1 IlosnyyeHue KOHCTAHTHOI'O 3/IeMeHTa MOKPBITHUS

CuHTaKCHUC
OTO BbIp@KEHHWE CUHTAKCUUECKW BBITVIIAUT TaK JKe, KaK M JOCTyll K 3/IeMeHTy 0oObeKTa
CTPYKTYPHOTO THMa B si3bike C.
postfix-expression ::= // ...
| postfix-expression

nou
identifier
| 7/
’
OneMeHTbl TIePBUYHBIX TOKPBITHH OZHO3HAUHO HYMEPYIOTCS MCXO/sl U3 OOBSIBIEHUS MOKPBITHS.
OpHo3HauyHasi HyMepaLys II03BOJIIET MCII0/Ib30BaThb BbIPAXKEHUS WX II0JlyYeHUs BCIOAY, Ije
TpeOyeTCsl KOHCTAaHTHOE BbIpa)KeHHWe, HarlpUMep B Case-MeTKax.

,Z[]'IF[ MOJIy4Y€HHS 3/IEMEHTA IMOKPLITHUA HY>KHO HCITI0/Ib30BdATh CHE]_[I/IEU'IBHI:II;JI BN/l TAKOI'O BbIPpA>KEHM.



identifier ( "." identifier )+

Ecmu uenouka wueHTU(UKATOPOB HAuMHAaeTCss C Se_coverage_name, YKasblBarollero Ha
HEKOTOpOe TIOKpbITHe, TO BCS LlefoYka WJeHTU(HUKATOPOB pacCMaTpUBaeTCsl KakK BbIpakKeHHe
TM0JIyueHHs 31eMeHTa TIOKPBITHS. 3HaueHe 3TOro BbIpakeHUst uMeeT TUI CoverageElement.

ITosryyeHre KOHCTAHTHOI'O 3/IEMEHTA MePBUYHOI0 NNOKPbITUA
IntCoverage.POSITIVE

AmHasnoruuHoe BbIpa’K€HHE [Jid 3/IeMEHTa IIPOM3BOAHOI'0 IMOKPBITUSA CTPOUTCA C y‘-IéTOM ero
MopsAaKa U CIIMCKa ITePpBUYHBIX HOKprTI/II\/’I.

IMopsiokom noKpbimusi Ha3bIBaeTCs KOJIMYECTBO TMEPBUUHBIX MOKPHITUM, KOMOWHALIUK 3/1eMEHTOB
KOTODBIX SIBJITIOTCSI 3JIEMEHTaMHU JIAHHOTO TIOKPBITHS. [1OpsoK /F000r0 MEePBUYHOTO TMOKPBITHS
paBeH 1. [TopsiZioK MPOU3BOJHOTO TIOKPBITHSI paBeH CyMMe TIOPsiIKOB BCeX ero 6a30BbIX MOKPBITHH.

[nst m000r0 TIOKPBITUS MOXKHO TIOCTPOWTH CITUCOK TIEPBUYHBIX TIOKPBITHM, Ha KOTOPBIX
NIPOU3BO/JIHOE TIOKPHITHE B KOHEUYHOM CueTe OCHOBaHO. [lJiMHa 3TOro CHMcKa paBHAa MOPSAKY
MOKPBITHS. DTOT CIUCOK (DOPMUpPYeTCs U3 CIMCKA, COZeprKallero TOMbKO JlaHHOe MOKPhITHE,
criefilyloliiM  06pa3oM: LMKIMYEeCKd IPOXOJs OT Hauaja CIMCKa K KOHLy, BMECTO ITOKPBITHI
MOJCTaB/IsieM WX 0a30Bble TOKPBITHS  (TIPOM3BEJEHHsI CTAHOBATCS TI0C/Ie/I0BATEIbHOCTSMU
YMHO)KaeMbIX TMOKPBITHI). B KOHI|e KOHIIOB B CITUCKEe OCTAHYTCSl TOJIKO ITepPBUYHbIE MOKPITHS,
KOJINUeCTBO KOTOPBIX Oy/1eT paBHO TIOPSIIKY UCXOAHOTO.

Tak kak B cocTtaB /000ro 3/1eMeHTa MMPON3BOAHOIO MOKPBLITUA BXOAWT POBHO OJAWH 3JIEMEHT
Ka>KJ0ro IOKPBITHA W3 3TOIr0 CIIMCKA, U MOPAAO0K CleJ0BaHUA HOKprTI/Iﬁ B CIIMCKe OJHO3Ha4€H, TO
rnojiyueHre KOHCTaHTHOI'O 3/7ieMeHTd ITPOU3BOAHOIO MMOKPLITUA — KOHCTAHTHOE BbIpa’>KE€HHE.

ITonyyeHre KOHCTAHTHOI'O 3/1IeMeHTa MOKPLITUA BTOPOr0 MopsjKa
f.PointCoverage.ZERO.ZERO

CemaHTHUeCKHe TPaBUIa

[Tlyctb se_coverage_name ykasplBaeT Ha TMOKpbiTHe Cov (He BaKHO, HMMelOllee WIM HeT
(YHKLIMIO BBIUMC/IEHUS 37IEMEHTOB).

1. BbIpakeHHWe TOJyueHUsl jieMeHTa TIOKPBITUSI OJDKHO PacCMaTpPUBATHCS Kak I11eJIOUMC/IeHHOe
KOHCTaHTHOe BbIpakeHUe (Integer constant expression).

2. Ecmm Cov siBnisieTcst IepBUYHBIM MTOKPBITHEM, TO:
2.1. mocne se_coverage_name TOUKHU JI0/DKeH MPUCYTCTBOBATb POBHO O/IWH UEHTU(UKATOD;
2.2. 3TOT UleHTU(UKATOP JO/DKEH COBIaZiaTh C UMeHeM HEeKOTOPOro 3/ieMeHTa MoKpbIThst Cov.

3. Hnaue nokpeite Cov sBJseTCs NIPOU3BOAHBIM MOKpPbITHEM Topsaka N. JI0/DKHO BBINO/IHATHCS
ciepyroiee:

3.1. KosmmuecTBo neHTU(HUKATOPOB IOC/Ie S€_Ccoverage_name A0/mKHO ObITh paBHO N.

3.2. Kaxapi i-bii1 (1 <=1i<=N ) upeHtudurkarop, CTOALMM MOCIAe Se_coverage_name,
JIOJDKeH COBMAaJaTb C HEKOTOPbIM 3/1eMEHTOM i-FO MepBUUYHOrO IOKPBLITUS W3 CIIHCKA,
MOCTPOEHHOTO YKa3aHHbIM BhbILIEe CII0COOOM.

4. Pe3ysibTar BCero BbIpa’KeHUs LIeJIMKOM:
4.1. umeet THI1 COVverageElement;

4.2, aBNsgeTCs 371eMeHTOM TOKpPbITHS Cov.



9.9.2 IlosyyeHue KOMIIOHEHTA 3/IeMEHTA MPOU3BO/JHOI0 NOKPHITUSA

st s71eMeHTa TIPOM3BOJHOTO TIOKPHITHSL TIOpsiAKa Oosibllle  eJVHUIBI  MOXXHO —TOJYYUTh
copMHUpOBaBIIHIA €ro 3/1eMeHT TF000ro 6a30BOro MepBUYHOTO MOKPHITHSI.

HOpHaKOM NOKPpbIMuUA HA3BIBAETCA KOJIUUECTBO IT€PBUUHBIX HOKpBITHﬁ, KOM6I/IHaL[I/II/I 3JIEMEHTOB
KOTOPBIX ABJ/IAKOTCA 3JIeMEHTAMU [OAdHHOI'O0 ITIOKDBLITHA. HOPH,[[OK Joboro MEPBUYHOI'0 IIOKPBITHA
paBeH 1. HOPH,I[OK IMMPON3BOAHOIO IMOKPLITUA PdBEH CYMMe TIOPAAKOB BCeX €ero 0a30BbIX HOKPBITI/II‘/JL

[nst m000ro TOKPBITUS MOXXHO TIOCTPOWTH CITUCOK TI€PBUYHBIX TOKPBITHM, Ha KOTOPBIX
TPOM3BOJHOE TIOKPbITHE B KOHEUHOM CYeTe OCHOBAaHO. [IMHa 3TOro Crvcka paBHa MOPSAKY
MOKPBITHS. DTOT CIUCOK (hOpMUpPYeTCs U3 CIMCKA, COZeprKallero TOMbKO [aHHOe MOKPBITHE,
c/leAyomM 00pa3oM: LMK/IWYeCKHd TPOXOJs OT Hauaja CIMCKa K KOHLY, BMECTO TOKPBITHM
MOJCTaB/IsleM WX 0a30Bble TOKPBITHS  (TIPOM3BEJEHHsI CTAHOBATCS TI0C/Ie/I0BATE/IbHOCTSMU
YMHOKaeMbIX MOKpPBITHI). B KOHIL|e KOHLIOB B CIMCKe OCTAHYTCSl TOJIbKO TMEPBUUHbIE MOKPBITHS,
KOJINUeCTBO KOTOPBIX Oy/leT paBHO TIOPSIKY UCXOJHOTO.

CHHTaKCHUC

,[[]IH MoJIyueHrusd KOMIIOHEHTa 3JIeMEHTd IIPOM3BOAHOI'O TIOKDBITHUA HCIIOJIb3YETCA BbIDAKEHUE,
CHMHTaKCHM4Y€CKU COBITIaJdroiiee C BbIpa>KeHUeM I10/1yUeHUd 3/1eMeHTa MaCCHUBA.

postfix-expression "[" expression "]"

Ecnu crieBa OT OTKpBIBarOILel KBaZlpaTHOW CKOOKM CTOUT BhIpaskeHHe Tuma CoverageElement, To
BCE BbIpa)KeHHe LIeJIMKOM pacCMaTpuBaeTcsl KakK BbIpaKeHHe I0/IyYeHHsI KOMIIOHEHTa 3J/ieMeHTa
MIPOM3BO/JHOTO MOKPBITHS.

HOJIquHI/IE KOMIIOHEHTA 3/IEME€HTA MOKPbITUSA

coverage IntCoverage neg = f.PointCoverage.ZERO[O];

CemMaHTHUECKHE npaBujiad
HYCT]: pe3y/jbTaT JIEBOI UacTH BbIDA>KEHHS ABJIAECTCA 3JIEMEHTOM ITOKPBITHA Covy.

1. TlokpeiTHe CoV 10/DKHO OBITH TIPOU3BOHBIM TIOKPBITHEM TOPsiZiKa 00JIbIIIe eIUHUILIBI.
2. BeipakeHue B KBaJIpaTHBIX CKOOKax /JOJKHO OBITh 1[eJI0UUC/IeHHONM KOHCTAaHTOM.

3. 3HaueHWe 3TOM KOHCTaHTBHI [JO/DKHO ObITh OOsbllle WM paBHO HY/II0 W MeHbIIe MOpsigKa
nokpeItus Cov.

4. PesynbTar BCEro BbIpa)KeHUs LIeJIUKOM:
4.1. umeet THII COVverageElement;

4.2. sByIsieTCs 371eMeHTOM K-TO MOKPBITHS B CIMCKE MePBUYHBIX 0a30BbIX MOKPBITHI.

9.9.3 Bpblunc/iieHue 3/1eMeHTa NOKPBITUA

CuHTaKCcuc

3OTO BbIpa)KeHHE CUHTAaKCUUeCKHU BBITJIIAUT TaK ke, Kak 1 BbI30B PyHKIMHU B C.
postfix_expression "(" ( argument_expression-list )? ")"

[nsi BBIUKMC/EHUs 3/ieMeHTa TIOKPBITUS HY)KHO MCI0J/Ib30BaTh CreLyabHbId BHUJ, TaKOTO

BbIpaXKeHUS:

( identifier "." )? identifier "(" ( argument_expression_list )? ")"



Ecnn neBas yacTh BbIPpa>Ke€HHUA BbI30Ba CbYHKL[I/II/I AB/IIETCA Se_Ccoverage_name, yKa3bIBarolUM
Ha HEKOTOpO€ II0KpPhITUE, TO BCé BbIDaK€HHUE LIeJIMKOM SBJIAETCSH BBIDAKEHUEM BbIYHNC/IEHHA
3JIEMEHTA MOKPLITUA.

Burunc/ieHse 371eMeHTa 171002/ 1bHOr0 MNOKPbITUA

IntCoverage( 10 )

BrerunciieHHde 3/1eMeHTa JIOKA/IbHOr0 MOKPbITHUA

f.PointCoverage( -1, 1 )

CeMaHTHUECKHE npaBwWid
1. Se_coverage_name OOo/DKHO yKa3bIBaTh Ha BBIYKMC/IMMOE IIOKPBITHE.

2. Tumbl Bpra)KEHI/IfI-apFYMEHTOB A0/DKHBI OBITb COIJIACOBAaHLI C THUIIAMU MMapaMeTpoB B
00BABIEHUH IMOKPLITUA T10 TEM XK€ IMMPpAaBW/IaM, UTO WU TUIIbI apPT'YMEHTOB BbI30Bd CDYHKL[I/II/I u
THUIIBI [TaPpaMETPOB U3 eé 00bsIB/IEHUS.

3. PesynbTaT BCero BbIpa)keHUs L|@JTUKOM:
1. umeer Tun CoverageElement;

2. SBSETCS 3/1eMeHTOM TMTOKPBITHSA, Ha KOTOPOe yYKa3bIBaeT Se_Ccoverage_name.

9.9.4 BripakeHHe TPAaCCUPOBKHU 3j/IeMeHTa MOKPbITUSA

BoipakeHre TpaCCUPOBKHU 3/IeMeHTa MOKPBITUS TIpe/IHa3aueHo [/isl OTPaXKeHUs1 B OTYETE TOTrO, UTO B
TripoLiecce TeCTUPOBAHUS JOCTUTHYT HEKOTOPbIM 3/1eMEHT MOKPBITHS.

CHHTaKCHuC

se_primary_expr -
| se_trace_expression
’
se_trace_expression .= "trace"
II(II
assignment_expr

ll)ll

TpaccupoBKa 3/ieMeHTa NOKPBITUA
trace( f.PointCoverage( -10, 10 ) );

CemaHTM4yecKue npasuna
1. AprymeHT fo/DKeH UMeTh TUll CoverageElement.

2. PeayanaT BCEro BbIpa’>KeHUA LIEJIMKOM UMeeT THUIL void.

9.9.5 Tun CoverageElement

Tun CoverageElement mpeaHa3HaueH [ XpaHeHUs WH(OpPMaIMKM 00 OTAe/NbHBIX 37eMeHTax
nokpeITiii. C KaXAbIM BbIpa)KeHHMeM Tura CoverageElement CBs3bIBaeTCI U TOKPBHITHE,
3/IEMEHTOM KOTOPOTO SIB/ISIETCSI pe3yJ/IbTaT 3TOT0 BhIPAXKeHMS.



CemaHTHUeCKHe NIPaBUIa
1. O6mwekThI TUIIAa CoverageElement MOXKHO UCTIONB30BATh B C/IIYIOIIUX KOHTEKCTAX:

1.1. B kauectBe yripaBJsitoiero (controlling) BeipaxkeHusi B orepatope switch.
1.2. B KauecTBe BbIpakeHHs CaSe-MeTKH B orieparope switch.
1.3. B kauecTBe mapamMeTpa BHYTPH KPYTJ/IbIX CKOOOK t I ace-BbIpakKeHUsl.
1.4. B neBoii ¥ paBoi YacCTsIX CpaBHEHUsI Ha paBeHCTRBO.
2. Tum CoverageElement He mpuBoguTcs (is not compatible) Hu K ofHOMY ApyTrOMYy THUTTY.

3. Ecnu B oneparope switch ucnosb3yeTcs BelpakeHue Tvra CoverageElement nokpeitus Cl,
TO [n7s J1000W Ccase-MeTKHM, OTHOCAIeHCs K [JaHHOMY orepatopy switch mo/mkHO
BBITIOJIHATBCS C/IeAyIoLLee.

3.1. BelpakeHrne B case-MeTKe [IO/DKHO ObITb KOHCTQHTHBIM  BBIP@KEHHEM  THIA
CoverageElement. EquHCTBeHHBIN B/, TaKUX BbIDA’KEHUM - 3TO BbIDa)KEHUS MTOTy4YeHUs
KOHCTAHTHOTI'O 371eMeHTa NOKphITHs. [TyCcTh BhIpaykeHre faéT 3/1eMeHT NoKpeitus C2.

3.2. IMokpeitusi C1 u C2 [10/DKHBI OBITH CDABHUMBI MEXY COOOM.

3.3. [Insa moObIX ABYX Case-MeTOK, BhIpaKeHHs] KOTOPhIX UMerOT Turl CoverageElement, atu
BbID@)KEHHUSI [IOJDKHBI IaBaTh pa3Hble 37eMeHThl MOKpbITUA. (To ecTh He [O/DKHO ObITh
O/IMHaKOBOM T0C/IeZl0BaTeIbHOCTH WAEHTU(PUKATOPOB T0C/Ie NePBOM TOUKM B BbIPaXKEHUSIX
TOTyYeHUs1 371IeMeHTa MOKPbITHS).

4. (Pacmipenue TpeboBaHuii u3 6.5.9 crangapra c¢99) Eciv oauH U3 ornepaH/joB oriepaTopa ==
(wu ! =) umeet Tun CoverageElement u npuHagiexut NokpeiThio C1, TO:

4.1. Ipyrotii oriepaH/ Takxe Jo/bKeH ObITh TUIa CoverageElement.

4.2. Eciiw apyroit oriepaHf, NMpUHAIeXUAT MOKpeITHI0O C2, nokpeitist C1 u C2 JO/KHBI ObITH
CPaBHUMBI MKy COOOA.

9.9.6 Wrepanus o 3jieMeHTaM MOKPbITUA

Wtepaiiss 10 3/ieMeHTaM TIOKDPBITUS — KOHCTPYKLMs, TIOMOTaroijasi OOOWTH BCe BETBU
(yHKI[MOHAILHOCTH, 3aJjaHHble TIOKPbITHEeM. fIBrsieTcs crieldUUecKuM yCOBepIleHCTBOBaHUEM
TIPOCTOr0 OIlepaTopa UTepaLuu.

[TapameTpamMy WTepalvd SIBJISIIOTCS WMs BbI3bIBa€MOMW CIEIM(PUKALIMOHHON (GYHKIIMA W WMs
TIOKPBITHS. JJIEMEHThI TOKPBITHsI, 00X0/] KOTOPBIX M0 KaKUM-TO MPUYMHAM HEXesaTesieH, MOXKHO
OTCeAATh C TIOMOIIIBIO (PUIBTPA.

CHHTAKCHC

se_iterate_coverage_statement .= "iterate"
"coverage"
( II(II
Se_coverage_name
( se_coverage filter )?
ll)ll
| se_coverage_name

)

statement
’
KoHcTpyKLusi se_coverage_name B 3arojioBKe MTepalldd yKasblBaeT IOKPBITHE, 3/1eMeHThI
KOTOpOro OyZAyT repeOypaThCs B KaUeCTBe 3HAYeHUM UTepaliMOHHOW TlepeMeHHOM. ONIMOHaNbHBIN



Cl)I/I]'Ipr MO3BOJIAET OTCEMBATHL HEHUTEPECHbIE IO TeéM W/IM WHBIM MPUUYHWHAM 3HAUEHHUA 3/IEMEHTOB
TMOKPBITHUA.

HNrepanus mo I0Ka/IbHOMY NMOKPBITHIO € puibTpanuei

iterate coverage ( f.PointCoverage : f.PointCoverage[O]
= IntCoverage.ZERO
)

{
b

CemaHTHUeCKHE NIPAaBU/IA

1. Konctpykuus se_iterate_coverage_statement MoXeT HaxOAWTbCS TOJILKO BHYTPH
oripezie/ieHUs CLIEHAapHOI'0 MeToza.

2. He pmomkHO OBITH B/IOKEHHBIX Se_iterate_coverage_statement, wuTepuUpyomuUx
371eMeHTBI OJHOTO U TOTO K€ TTOKPBITHS.

3. [na se_coverage_filter [o/DKHBI BBITO/HATHCS BCe BBIIEN3I0)KeHHbIe TpeOOBaHUs (CM.
Koncrpykuus se_coverage_filter).

KoHcTpyKijusa (puibTpa 3/71eMeHTOB NOKPbITUH

BbipaxeHue-QUIbTp MO3BOJISIET OTCEeMBaTh Te KOMOMHALIMK 3/1IeMeHTOB 0a30BbIX TOKPBITHM,
KOTOpbIe He BXOJST B pe3y/bTHPYIOIlee NPOM3BOJHOE TOKpbITHEe. DUALTP TpeACTaBssieT co0oi
rpefiMkaT OT 3jleMeHTa MOKpbITHA. ECIM Ha HEeKOTOPOM KOHKPDETHOM 3JIeMeHTe I1OKPBITHS
BbIpa)KeHHe-(QUIbTP BO3BpalljaeT 3HaueHWe O, TO 3TOT 3/1eMeHT OTceMBaeTcs. B ciyuae
WCrosib30BaHusl  se_coverage_filter B  uWHMIManu3aTOpe  TMPOU3BOJAHBIX  IOKPBITUN
OTCEMBAIOTCSl 3/IeMEHThI pe3y/IbTUPYIOLero IOKPBITHS, a B Cay4yae MCIO/b30BaHUS (pUabTpa B
UTepaL1y 110 3/IeMeHTaM [TOKPBITUS — 3JIeMeHTbI ITIOKPBITHS, 10 KOTOPOMY IIPOBOJUTCS UTepaLiysl.

coverage NoZeroCoverage = IntCoverage( X )
NoZeroCoverage != IntCoverage.ZERO

[oroHUTebHBIe TIpaBUia HalMCaHUsT BbIpaXKeHUH-QUIbTPOB U3/10XKeHbl B pa3jene ObpaiiieHre K
paHee BLIYMCIEHHOMY 3/IEMEHTY ITOKDBITHUA.

CemMaHTHUECKHE npaBujiad

1. Ecni mpucyTcTByeT BbipakeHHe-(GW/IbTD TOKPHITUS, TO €ero pe3yjbTaT [JO/DKeH ObITh
cKassipHoro Turma (scalar type).

2. BHyTpu BbIpaKeHUs-(DUIbTPA pa3pellieHbl TOIKO CIeyIole orlepaLyu:
2.1. obparieHue K paHee BBIYUCIEHHOMY 3/IeMEHTY TTOKPBITHS;
2.2. riosiyueHre KOHCTaHTHOT'O 3/iIeMeHTa MOKPbITHS;

2.3. mojilyueHre KOMIIOHEHTa »3JjleMeHTa IIOKPBITHS, I/le B KadeCBe JIeBOM YaCTH CTOSAT
BbIPa)KeHUsI U3 TIOAIYHKTOB 2.1 1 2.2;

2.4. cpaBHeHeHVe BeIpakeHM Tuna CoverageElement;

2.5. noryvyeckue BblpaxkeHus si3bika C.



9.9.7 Oo0paiieHue K paHee BBIYUC/IEHHOMY 3/1IeMEHTY MOKPBITHS

B orpefieléHHBIX KOHTEKCTaX OMpe/ie/IEH paHee BbIUMC/IEHHBIA 3/1eMEHT HEKOTOPOT'O MOKPBITHS.
Ha Takoii 3/eMeHT MOXKHO COC/IaThbCsA C IOMOIpI0 b0 name_expr, nubo field_expr
9KBUBAJIEHTHBIX S€_COVEerage_name U yKa3bIBaloIMX Ha COOTBETCTBYIOII[EE TTOKPBITHE.

TakrMy KOHTEKCTaMU SIBJISTFOTCSL:
+  BbIpakeHHe-(QUIbTP B MHUL[A/IM3aTOpe MPOW3BOAHOTO MOKPITHS;
+  BbIpakeHHe-(QUIbTP B UTEPALIMU 110 3/IeMeHTaM MOKDPbITHS;
+  TeJI0 UTepALMH 10 /IeMeHTaM MOKDPbITHS;
s TIOCT-YCJOBHe criel{uuKalMoHHON (QYHKLIWY.

Buytpu se_iterate_coverage_statement wu3BecTeH TeKylL UM 5/IeMEHT WTEPUPYEMOrO
TOKPBITUS (TeKylljee 3HaueHWe WUTepalMOHHON TepeMeHHOW). BHyTpU MOCTyC/IOBUSI W3BECTHBI
JIOCTUTHYTble Ha TEKYyIUX TlapaMeTpaxX 3JIeMEeHTbl BCE€X JIOKA/JbHBIX TOKPBITHHA 00BeMIIIOIeH

GyHKLMM.

HUcnonn3oBanue paHee BBIYUC/IEHHOI'0 3/IeMEHTA MOKPBITHUA B Te€/I€ UTE€PALUU IT0 MOKPbLITUAM
iterate coverage IntCoverage

{
if( IntCoverage == IntCoverage.ZERO )
f(o);
else
if( IntCoverage == IntCoverage.POSITIVE )
f( 10 );
else
f( -10 );
}

I/ITepauHH 1o l"J'lOﬁaJ'leOMy NOKPBLITHHO (B KOMMEHTAPHUAX IdHd TPAKTOBKA Ndme_expr C).

iterate coverage ( C

: C // 2nemeHT
I= C.C1 // nokpbiTne
)

trace( C ); // anemeHT

3

Hrepanys no 10KaJIbHOMY NOKPBITHIO (B KOMMeHTapusXx AaHa TpakToBKa field_expr f.C).

iterate coverage ( f.C
: f.C // anemeHT
I= £.C.C2 // nokpbiTue

)

if( f.C( 4 ) // nokpbiTue
== f.C // anemeHT
)

{3
b

CeMaHTHUECKHE npaBujiad

1. B HeKOTOpbIX KOHTeKCcTax hame_expr u field_expr, sKBUBajieHTble S€_coverage_name u
yKa3bIBaIOII[Me Ha OTpe/ie/IEHHOe TIOKPhITHe, 0003HAYAIOT 37IEMEHT 3TOT0 TIOKPBITHS:



1.1. O6bsiBsieMoe  (ompefiesisieMOe) TIOKPbITHE B BbIPAKEHUH-(QUIBTPe WHHULMAIHA3aTOpa
TIPOU3BO/HOTO TTOKPBITHSI.

1.2. 'TepupyeMoe TOKpbITHE B BbIpaKeHUH-(GWIbTPe 3aroioBKa HUTepalyu IO 3jeMeHTaM
TIOKPBITHS.

1.3. UtepupyeMoe MOKPLITHE B Tejle UTepaLiiy 110 3/1eMeHTaM IMOKPbITHUS.
1.4. JToka/ibHOe MOKPBITHE B TIOCTYC/IOBUH 00BeMTIoLel crieliuUKaI[uOHHON (QYHKIUN.

2. Tlpu sTOM M3 pacCMOTpeHMs] MCK/IOUAlTCs CUTyalMd, B KOTOPbIX Se_coverage_name
SIBJISIETCS] UMEHEM TOKPbITHS B:

2.1. BbIDa’>K€HWH BBIYHC/IEHHS 3/IEMEHTA IMMOKPBITHUSA,

2.2. BbIDA’>KE€HHWU I10JIYUeHHA KOHCTaHTHOI'O 3/IEMEHTA ITOKPBLITHA.

9.9.8 OO0BsB/IeHHE IEPEeMEHHO-3/IeMeHTa MOKPbITHSA

Bbrunc/ieHHble B HEKOTOPBLIM MOMEHT pabOThI TecTa 37eMeHT ITOKPBITHSI MOXKHO COXPAHUTH B
nepeMeHHOM, uMetorieid T CoverageElement. Takue nmepeMeHHbIe OOBSBIISIOTCS C MTOMOIIBIO
crieljManbHOrO crieljudukaTopa TUIa — Se_coverage_type_specifier.

se_coverage_type_specificer .= "coverage" se_coverage_name ;

O0bsAB/IeHHE TIePeMeHHOW-3/1eMeHTa MOKPBITHS

coverage IntCoverage zero = IntCoverage( 0 );

CemaHTHUecKHe NIpaBU/Ia
1. OObsiBneHHBbIe TakUM 00pa3oM riepeMeHHbIe UMerOT Tl CoverageElement.

2. 3HaueHUsAMU 9TUX rnepeMeHHbIX SIBJISFOTCS 3JIeMeHTHhI IMOKPBITHA, YKd3daHHOIr'o B
se_coverage_type_specifier.

3. Ecmm oObsiBneHue — (ompezenieHWe) — repeMeHHOW-3/IeMeHTa  MOKPBITUS — COJIePIKUT
VHUIIAAIN3aTop, TO:

3.1. OH JI0/DKeH TIpe/ICTaB/IsSTh CO00M 0[MHOUHOe BhIpaykeHHe Thra CoverageElement;

3.2. pe3y/nbTaTOM WHHULMAIA3UPYIOIIETO BbIPA)KEHUsI JI0/DKeH OBITh 3/IEMEeHT TTOKPBITHS,
CPaBHUMOTO C TIOKPBITHEM, YKa3aHHBIM B se_COvVerage_name.

4. B ocranbHOM NepeMeHHbIe-37IeMeHThbl MOKPBITUS MOJUUHSIIOTCS BCEM MpaBWIaM CEMaHTUKU
a3b1ka C.



9.10 MepauaropHasa QyHKIUs

MepuaropHbele (QYHKLMU TOMeYaroTcs KiaroueBbiMu coBamu SeC mediator for, mexay
KOTOPBIMU JIOJDKEH CO/Iep>KaTbCsl YHUKaIbHbIN UIeHTU(PUKATOp — UM MeJuaTOpPHOU (YHKI[UH.
Kaxxzgas menvatopHasi (yHKI[USI COOTBETCTBYeT HEKOTOpOW crieludrKalMOHHOW (DYHKUWMK WU
OTJIO’)KEHHOWM peakluy, CUTHaTypa W OTpPaHUUeHHUsl [JOCTyIa KOTOPOWM MO/DKHBI YKa3bIBaThCS B
Tipe/iIBapUTe/bHBIX JeKaapalusix U ornpefie/ieHuu MeIMaTOPHOU (PYHKLIWH.

MepauaropHasi QYHKIHS MOKET COfieprKaTh:

1. brok BO3JeicTBUS, TOMeuUeHHbIN KIIOUeBbIM C/I0BOM call, B KOTOPOM peanu3yercs
NoBe/leHNe, OMMCaHHOe B COOTBETCTBYIOLEN crielupHrKaliMoHHON (YyHKLMH, TIOCPeJCTBOM
OKa3aHUsl BO3/IeMCTBUM Ha TECTUPYEMYIO CUCTEMY.

2. B/OK CMHXpOHM3alMW, TIOMeYeHHbIM K/IHOUeBbIM CI0BOM State, B KOTOpOM peanu3yeTcs
CUHXDOHHU3ALUS COCTOSIHUSL ~ CrieuUKalMOHHONW MOJenu [aHHbIX C COCTOSIHUEM
TeCTUPYEeMOW CUCTEeMbI MOC/e OKa3aHHOTO BO3[EWCTBUSI WM BO3HUKHOBEHUS OTJ/IOXKEHHOU
peaxiuu.

3. lomosHUTEeNbHBINA KOZ, Tiepe/ IIePBbIM CITeI[Ha/TbHBIM 0JI0KOM M T10C/Ie BTOPOTO.

( declaration_specifiers )?
"mediator" <ID> "for"

( declaration_specifiers )?
declarator

( declaration )*
compound_statement

4

CemaHTHUeCKHe NpaBUIa

1.

MMeHa MeaAMaTOPHBIX (QYHKIMN BXOJSAT B TO )K€ MPOCTPAHCTBO MMEH, YTO Y MMeHa OOBIUHBIX
¢dyHkun sa3pika C.

MeguaTtopHasi (pyHKI[USI ZO/DKHA OBITH OIpefie/ieHa POBHO OJWH pa3 CpPeAd BCEX eIMHUI]
TpaHcrauu (translation_unit), cobrvpaeMbixX B OZIHY CUCTEMY.

CrnerukaionHasi (GyHKIMS WA OT/AOXKEeHHasi peaklusi, [/ KOTOpPOW OrpeJensieTcst
MeauaTopHass (YHKIMS, [JO/DKHA OBITH JeKJIapupoBaHa [0 OfpefefieHUs WM JeK/apaluu
MeZIMaTOPHOM (PYHKLIUHU.

CurHarypa v orpaHA4YeHUs] AOCTYTIA CrieliUKalMOHHOW (DYHKIIMU WK OT/IOXKEHHOM peakiui,
JUTsT KOTOPOW ONMCHIBAeTCS MeAWaTop, AOJDKHBI TIPUCYTCTBOBATh Cpefu CreludukaTopos
(declaration_specifiers) u B pgeknapatope (declarator) Bcex mnpegBapuUTeIbHBIX
JleK/iapalysx U onpejiesieHd MeZIMaTOPHOM (DYHKLIUU.

Teno meauaropa creluduKaloHHON ¢GyHKIMKA (compound_statement) [O/DKHO HMeTh
creiyroLri BUJ:

e JonoJyiHuTeNbHBIN C-KOZ;

e 010K BO3/IeHCTBUS;

e 0/I0K CUHXPOHU3AIMHU (OTI[UOHA/IEHO);
® /IOTOJIHUTebHBIN C-KOJ.

Teno MeauaTopa OT/I0)KeHHOM peakiuu (compound_statement) go/DKHO UMeTh CeAyOLIUAN
BUJI:

e JonoJyiHUTeNbHBIN C-KOZA;



e 0JIOK CHHXPOHU3AIHH;

e JlomoJIHUTeTbHBIN C-KOf,.



9.11 CemaHTHKa 0/10Ka BO3/IeICTBUA Me/JUaTOPHOM
GyHkIH

bnok Bo3geicTBus Ha s3bike SeC — 3TO0 HAOOP WHCTPYKI[UM CHUHTAKCUUYECKU U CEMaHTUUYECKH
9KBUBA/IEHTHBIA Teny (PYHKIMM, UMeIoIlell B TOUHOCTU Ty >Ke CUTHaTypy (TMOpsiZloK mapaMeTpoB U
WX TUIbI, TUM BO3BpAll[aeMOro pe3ysbTara), UTO U creldUkalioHHass (QyHKLYs, J/s1 KOTOPOi
orpejie/isieTcsl MeAuaTtop. OTOT HAbOp WHCTPYKUMH 3akiouaeTcs B (UTypHble CKOOKU W
roMevaeTcsi K/IF0UeBbIM CJI0BOM call.

se_call block _statement ::= "call" compound_statement ,

Mepauarop A GyHKIUM BIOOPKH /IeMeHTa 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));
3

/7. ..
3

CemaHTHUeCcKHe NpaBU/ia

1. Brmok Bo3aelcTBUs siB/isieTcsl  00si3aTe/lbHBIM — OJIOKOM  MeIUaTOpPOB  CIeU(HUKAIIMOHHBIX
byHKIM.

2. B MeamaTopax OT/IOXKEHHBIX peakiuii 010K BO3/eCTBUSI He IOy CKaeTCsl.

3. Habop uHCTpyKIMii B O/0Ke BO3JeWCTBUs J0/DKeH ObITh CHHTAaKCUYeCKH M CeMaHTUUYeCKd
9KBUBaJIeHTeH Tesly (PyHKLUH, UMelolllel B TOUHOCTH Ty ’Ke CUTHAaTypy — TOPsiIOK TTapaMeTpoB

" WX TUIIBI U TUIT BO3BPAIId€éMOI0 pe3y/jbTaTd, — YTO U CHEL[I/ICbI/IKaL[I/IOHHaH (bYHKL[I/Iﬂ, AJId
KOTOpOﬁ orpenessgaeTcd MmeguaTop.

4. B 610Ke BO3/IeHCTBYS 3arpelaeTcs BbI3bIBaTh Criel[UUKAIIMOHHbIEe PYHKIUN U PeaKLvu.



9.12 B0K CHHXpPOHHM3ALUM MeAUATOPHON QyHKLIUMN

Brok cunxpoHu3auuu Ha si3bike SeC — 3T0 HabOp MHCTPYKLMI CHHTAaKCHUeCKH W CeMaHTHYeCKH
9KBUBa/lIeHTHbIN Teny (GyHKUMK 0e3 BO3BpalllaeMOro pe3ysbTaTa, CUTHaTypa KOTOPOW B 4YacCTH
rapaMeTpoB COBIaJiaeT C CUIHATYypoW criel{u(MKaljMOHHON (PYHKLMM WM OTJIO)KEHHOM peakLvy,
IS KOTOPOU OTpeZie/isieTcsl MeAraTop. JTOT HabOp MHCTPYKILMH 3aK/TF0UaeTcsi B pUrypHbIe CKOOKH
Y [I0MevaeTcs K/II0UeBbIM C/I0BOM state.

se_state _block _statement ::= "state" compound_statement ,

Me;maTop A (l)yHKI_[I/II/I ﬁ[oﬁaBJ‘leHl/lﬂ 3/IeMEeHTa B CTeK
stack *stack_impl;
List* stack_model;

int push(stack*, int);
specification bool push_spec(Integer* i) reads 1 updates stack_model;

mediator push_media for
specification bool push_spec(Integer* 1)
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]))
);
}
}

CeMaHTHUECKHE npaBujia

1. Habop uHCTpPyKLMii B 0/I0Ke CMHXPOHM3AL[UU JIO/DKEH ObITh CUHTAaKCUUECKU M CEMaHTHUECKH
JKBUBa/lIeHTeH Teny (YHKUMU 0e3 BO3BpalllaeMOro pe3ysbTaTa, CUTHaTypa KOTOPOW B 4acTH
rapaMeTpoB COBMaZiaeT C CUTHATYpOd crielU(PUKAIIMOHHOW (YHKUMKA WIA OTI0KeHHOMU
peakiuu, Ji7isi KOTOPO# orpefie/nsieTcsi MeJuaTop.

2. B 070Ke CHHXPOHM3ALUM Me/IMaTopa Peakuyu Wik (GYHKLUHW C TUTIOM pe3y/ibTaTa, OTUYHBIM
OT vO0id, MOXKHO TO/IyYaThb [AOCTYI K 3HAaUeHUIO BO3HUKILIEH OT/IOKEHHOW peakiud WIu
pe3ysibTaTa, BO3BpaljaeMoro OJIOKOM BO3/I€MCTBUSI TOTO >Ke CamMOro MeJuaTopa, uYepe3s
WJleHTU(UKATOp, COBMAZAIOIMM C WMeHeM OT/IO)KEHHOM peakI[uu WM CrieliupuKaliMOHHON
GbyHKIMN.

3. B 0Osioke CHMHXpOHM3alUM [IOMYCKaeTCs WCIOIb30BaTh IICeBOINepeMeHHy0 timestamp,
uMerolyro tTan TimeInterval, KoTtopasi COAEpXUT BpeMeHHble MeTKM Hauajla M KOHLa
ucrionHeHusi O/0Ka BO3/IEMCTBUSI TOTO >Ke CaMOro MeZuaropa WM BpeMeHHble MeTKH,
yKa3aHHbIe MPY PErnuCTpaLiy OT/I0KEeHHOU peakLvu.




9.13 CrtpoxkoBoe u XML- npeacraB/ieHus HecnenuuKaiu-
OHHBIX TUIIOB

B pmaHHOM pasjene omnuvcaHbl TpPeAyTpeX/eHusi, BblJjaBaemMble TPaHCIATOPOM s3blka SeC mipu
TpOBepKe TO0/b30BaTeNbCKUX (YHKIUM (opMUpoBaHUs CTpoKoBoro 1 XML- rmpejcTaBieHUs
HecreIU(pUKaL[OHHbIX THUIIOB.

[Tpu 06paboTKe AeKaaparyyi WM ompeeseHuss GYHKIUH, UMs KOTOPOW HauMHaeTcs C rpedukca
to_string_ wmm to_XML_, TPaHC/STOP TOCTYTIAeT CaeyHIUM 00pa3oMm:

1. Boruucnsietcs cyhPukc <umsa_Tuna> — OCTaBIIasICsS YaCTh UMeHU (QYHKI[UU

2. Eum <umsA_Tuna> coBMajlaeT C OJHOM U3 CTpPOK spec, Default, Subtype, To Takas
(YHKIUS UTHOPUPYETCS, TaK KaK 3TO CTy>KeOHble PYHKIIUN U3 OUOIMOTEKH.

3. Tak ke  (QYHKUUS  UTHOPUDYETCA, ecnd  <UMA_Tuna>  sBsSeTcsi  HUMeHeM
crnel(UKaI[MOHHOTO THIIA.

4. Ecnu Tymn BO3BpalljlaeMOro 3HaueHUsi He paBeH String*, To (PyHKIUSI UTHOPUDPYETCS U
BbIJJABTCs TIpeAyTpeXXieHre BUa:
return type of '<nonHoe wumsa ¢yHKumm>' is not 'String *'
5. Ecumi Ko/ivuecTBO TlapamMeTpoB He paBHO 1, TO Takasi (YHKLUST WTHOPUPYeTCS C
npeAyrnpexaeHueM BUja:
size of parameters list in '<nonHoe wumsa ¢yHKuum>' is not one
6. Ecim Tun mapametpa He <uMmA_Tuna>*, TO Takas (YHKLUS WCHOPUPYeTCS C
rpeAynpexaeHueM BUja:
parameter of '<nonHoe umA GyHKUMM>' is not '<umA_Tuna> *!
Ecmu paccmatpuBaemast GyHKIUSI He Oblia MPOWTPOPHUPOBAHA MO OJHOW W3 BBIIIEH3/I0KEHHBIX

IPUYMH, TO CUMTaeTCs, 4TO [JIg TUMAa <WMA_TuWMa> 3aaHa [0/b30BaTe/bCKas (YHKLUSA
(hopmupoBaHus cTpoKOBOro i XML- nipefctaBieHys (B 3aBUCUMOCTH OT HpeduKCa).



10 BbubmoTeKa HMOAAeP>KKH TeCTOBOM
cucrtembl CTESK

Wuctpyment CTESK Bk/mouaeT B cebs 6HM0/IMOTEKY TOAJepKKHA pa3padaThbiBaeMbIX TECTOB. JTa
OubsMoTeKa npepocTaBsieT UHTepdEeNC [/1si OpraHUu3alii B3auMO/IeMCTBUSI C TECTOBOH CHCTEMOM,
a TaKXKe psifi BCIIOMOTaTe/bHBIX THUIIOB AAHHBIX W (YHKIMM. 3arosioBouHble (aiiibl OMbIMoTeKH
pacriosiaratotcs B Katasore include aucrpudytusa CTESK.

HaHHBIA  pa3fjen OMMChbIBaeT uYacTh HHTepdeiica OMOMMOTEKH, MpeAHA3HAUEHHYIO /IS
HeroCcpe/ICTBEHHOTO  WCIIO/Ib30BaHUsT  pa3paboTuvkamMu  TectoB. /[lpyras yacte uHTepdeiica,
ornpej/ile/leHHas B 3aroJIOBOYHbIX  (paiinax, IpeHasHaueHa TOJIBKO [/l MCII0/Ib30BaHUS
aBTOMAaTUYeCK! CreHepUpOBaHHBIMUA KOMITOHeHTaMu TecToBoM cucteMbl CTESK.



10.1 ba3oBbie cepBHCbI TECTOBOU CUCTEMBI

OCHOBHBbIE CEPBUCHI, TpeOCTaB/sieMble TeCTOBOW CHUCTEMOM, WCHO/b3YIOTCS C TOMOLbIO
KOHCTPYKLIMHM Crie[ju(pMKaLMOHHOT0 paciuupeHus s3bika C.

ba3oBreie cepBuckl TectoBou cuctemMbl CTESK, BKItOUueHHbIE B OMOIMOTEKY MOAZEPIKKH, COCTOSIT
13 Habopa TWUIIOB JaHHBIX W (PYHKLWH, OMpejessoluX MOZeIb BPeMEHU TeCTOBOW CHCTEMBI, U
HeDOJIBILIOT0 UKC/la CUCTeMHBIX (QYHKIMH si3biKa SeC.

10.1.1 Cucremsbie QyHKIMHU

CucremHbIMU (QYHKIUSMU si3biKa SeC sABJSAIOTCA cefytoliye QyHKIWM:

- setBadVerdict
OyHkusa setBadVerdict ycraHaB/ivBaeT OTpuLiaTe/ibHbI BepPAUKT TeKYIllero BbI30Ba
MeJuaropa.

e assertion
DyHKMA assertion mpoBepsieT BbINOJHEHWe TPeAro/iaraeMoro OrpaHu4YeHus U, eciu
OHO He BBITIOJIHEHO, TO 3aBepIiiaeT pab0Ty MPUIOXKEHHSI.

setBadVerdict
®yukuus setBadVerdict yctaHaBivBaeT OTpuLjaTe/bHBIN BEPAUKT TeKYILEro BbI30Ba MeJuaTopa.

void setBadVerdict( const char* msg );

MapamveTpbl
msg
KomMmeHTapuii, MOSCHAIOLMM TPUYMHBI  OTPULIATEJILHOTO BepAUKTa Mejuaropa. OTOT

KOMMEHTapyi TIonajaeT B TpacCy M WCIOMb3YeTCs TOJNbKO /Il YIIPOLeHWs aHaau3a
pe3y/ibTaTOB TeCTUPOBAHUSI.

[TapameTp MOXKeT NPUHUMATh HyJieBoe 3HaueHWe. B 3TOM ciyyae HMKAaKOW KOMMEHTapuii B
Tpaccy He Mornafer.

[AononHutenbHasa uHopmauus

®yHkiusa setBadVerdict ycraHaB/ivMBaeT OTpULIATe/IbHbIA BepPAMKT TeKyIlero BbI30Ba
Me/iaTopa, ec/id MeIMaTop M0 KaKUM-JIM00 TIpUYMHAM He MOXKeT BBITIOJIHUTh CBOIO 33/jauy. Takum
obpa3om MeuaTOp COOOII[@aeT 00 3TOM TeCTOBOM CHUCTEME.

Oyukiusa setBadVerdict MokeT ObITb BbI3BaHa HECKOJBKO pa3 B TeUeHWH PabOThI OJHOTO
MeZuaTopa.

Ecmu dyHkuus setBadVerdict Obiia BbI3BaHa BHE BBI30Ba MeJUaToOpa, TO KOMMEHTapWi
MoMalaéT B TpPacCy B KauecTBe II0/Ib30BaTebCKOro coobirieHuss 6e3 Kakoro-imbo Apyroro
nobouHoro 3¢dekra.

3aronosouHbin pann: ts/ts.h

assertion

DyHKLMA assertion npoepsieT BbINOJHEHWe IpejriosaraeMoro OrpaHUuYeHHst W, ecii OHO He
BBITTOJTHEHO, TO 3aBepIlaeT paboTy MPUIOXKEHHS.

void assertion( int expr, const char* format, ... );



MapameTpbl

expr
Bripa)keHue, 3HaueHre KOTOPOI'O IpejriosaraeTcss OT/IMUHbIM OT 0. Ecim 3710 1ipe/osioykeHue
HapylIiieHo, To paboTa MPUIoXKeHHs 3aBepIiaeTCs.

format

Crpoka, ompegensitonjast Gopmar cooOieHUss 0 HapylleHWd mpearnosoxenus. CoobijeHre
(opMUpyeTcsi HA OCHOBaHMHU CTPOKU (popmara U [OMOJHUTETbHBIX NapaMeTpOB, CeMaHTHKa
KOTOPBIX COBIIAZIaeT C CeMaHTUKOW (yHKImH printf u3 cranzapTHOM 6ubmoTeky si3bika C.

JononHutenbHaa nHcpopmauus

DyHKLUA assertion mpoBepsieT, UTO BBIMNOJIHAETCA IIpejriosaraeMoe orpaHudyenuve. Eciau 510
OrpaHUYeHHe He BHITIOJIHEHO, TO paboTa MPU/IOKEeHHSs 3aBepIIaeTCs.

I[Tpu sToM hopmupyeTcst coobIIieHre 0 HapyLIeHUH MPeATIoIoKeH s, KOTOpoe TIoMeljaeTcsi 100 B
Tpaccy, ec/ii TIpoBepKa MPOUCXOAUT BO BpeMsi pabOThI TeCTOBOroO ClieHapus, Mbo B stderr, B
TIPOTUBHOM CJlyyae. 3aTeM Tpacca KOPPEKTHO 3aKpbIBaeTCsl W IPWIOXKEHHe 3aBepllaeT CBOM0
paboTy MoCpe/iCTBOM BBI30Ba CHCTEMHOW (YHKIMU exit c mapameTpowm 1.

JTroboe aBapuiiHOe 3aBepiiieHre paboThl TECTOBOTO CLieHApPHS JOJDKHO BBITIONHSATHCS TIOCPeACTBOM

BBI30Bd be'HKL[I/II/I assertion.B MMPOTUBHOM C/1y4dae LeJIOCTHOCTb TPAaCChl MOXXET OBITE Hapyli€eHd.

3aronosouHbi panun: utils/assertion.h

10.1.2 Mopens BpeMeHH

TecroBas cuctema CTESK mnogzepkviBaeT Tpu pexriMa paboThl CO BpeMeHeM:
+ 0e3 yuera BpeMeHUY;
+ JIMHelHas MOJie/lb BpeMeHU;
»  pacrpefesieHHas MO/ie/lb BDeMeHHU.

[lns1 xapakTepr3aljid MOMEHTOB BpEMEHH B TeCTOBOM CHCTeMe MCIIO/Ib3YIOTCS 8peMeHHble MemKuU.
BpemeHHasi MeTKa siB/isieTCsl aOCTPAKTHOM BeMMYMHOW, KOTOpasi MO BOJMM pa3paboTuvKa MOXKeT
ObITb MpHUBsi3aHa K peajibHOMYy BDPeMeHH, a MOXXeT HCIO/Ib30BaThCsl TOJBKO JJISl YTIOPsJOUMBaHUS
orpe/ie/IeHHbIX MOMEHTOB BpeMeHH!.

Kaxzasi BpeMeHHasi MeTKa MPUHA/JIeXXUT HEKOTOPOU cucmeme omcuema epemeHu. Bce BpeMeHHbIe
METKH TIpHMHA/IJIe)Kallle OfHOM CHCTeMe OTCYeTa JIMHEMHO YIIOpsiZIoUeHbl MexKay coboit. OHaKo
TIOPSIZIOK MeXKy BpeMeHHBIMU MeTKaMH Pa3/InYHbIX CCTéM OTCUeTa He Orpeie/ieH.

[lpu pabore B pexume J/IUHEHHON MOJe/Ti BPeMEHU CUMTAeTCsi, YTO BCe BPEeMEHHbIe MEeTKH
NIpUHAaJJIe)XaT OJHOM eIMHCTBEHHOW cucTeMe OTcueTa BpemeHU. [103ToMy Bce BpemMeHHble METKH
SIBJISTFOTCS IMHEHMHO yTIOPsiJ0YeHHBIMU.

[Tpu pabote B pexkuMe pacripesie/ieHHOW Mo/ie/li BpeMeH! BpeMeHHbIe MeTKH MOT'YT MPUHa/|ieXaThb
Pa3/MuUHBIM CHUCTEMaM OTCueTa. JTOT PeXHUM siBiisieTcsi Haubosiee OOIMM, OJHAKO aarOPUTMBI
paboThI TECTOBOM CUCTEMBI C pacrpe/ie/ieHHbIMU BpeMeHHbIMH MeTKaMy HariMeHee 3((eKTHBHBI.

YnpaBnenue Mopens0 BpemeHu TecTtoBou cuctembl CTESK ocymjectBisieTcsi mocpeicTBOM
crefyromux (QyHKLMIA:

e setTSTimeModel
e (getTSTimeModel

BpemeHHbIe METKU OTpeie/IsiFOTCSl C IOMOLLBIO C/IeAYIOLIMX TUIIOB [JaHHBIX, KOHCTAHT U (DYHKLIMH.



Tuner:

« LinearTimeMark

e TimeFrameOfReferencelID

« TimeMark

« TimelInterval

KoHcTaHThI:

« systemTimeFrameOfReferencelID

« minTimeMark

« maxTimeMark

DyHKLIMU:
« getTimeFrameOfReferencelD

« setSystemTimeFrameOfReferenceName

« createTimeMark

« createDistributedTimeMark

« createTimelInterval

« getCurrentTimeMark

« setDefaultCurrentTimeMarkFunction

setTSTimeModel
Oyukius setTSTimeModel u3meHnsieT pexxuim paboTel co BpemeHeM TecToBoi crctembl CTESK.
TSTimeModel setTSTimeModel( TSTimeModel time_model );

MapamveTpbl
time_model

Hogelii pe>kuim paboThl cO BpeMeHeM, B KOTOPOM OyzieT paboTaTh TeCcToBasi CUCTEMA.

Bo3Bpawaemoe 3HayeHue

[Mpeapigyimii pe>kxuM paboThl CO BpeMeHeM TeCTOBOM CHUCTEMBI.

[AononHutenbHasa uHdopmauus
Ipu ncnonb30BaHMM MexaHu3Ma TecTpoBaHus dfsm, TecToBasi crcTeMa 1Mo yMO/T4aHUIO paboTaer:

+ B pexume 0Oe3 yuera BpeMeHH, ecid XOTsS Obl OfHO W3 Toneld saveModelState,
restoreModelState wnu isStationaryState TeCTOBOro ClieHapus He OIpeJeeHo
WM MHULMAM3UPOBAHO HYJIEBBIM yKa3aTeseMm;

+ B peXXuMme JIMHEMHOTO BpeMeHH, ec/lu Tonsi saveModelState, restoreModelState u
isStationaryState  TecToBOro  ClieHapyus  WHULIMAQIM3UPOBAHbl  HEHYJ/IeBbIMU
yKasaTe/sMu.

Pe>kum paboThI CO BpeMeHeM MOyKeT ObITh M3MeHeH B (DYHKLMY MHULMAIN3aL[UH CLieHapysl.

3aronoBouHbIii haiin: ts/itimemark.h

getTSTimeModel

@OyHKIYS BO3BpalljaeT TeKYILUA pexkuM paboThl co BpeMeHeM TecToBoi cuctembl CTESK.



TSTimeModel getTSTimeModel( void );

Bo3Bpalwjaemoe 3HayeHue

Texymuii pe>kuM paboThl co BpemeHeM TecToBoi cucteMbl CTESK.

3aronoBouYHbI haiin: tsitimemark

LinearTimeMark

Tun HCIIOJIb3YyeTCd  OJid H,Z[EHTI/I(l)I/IKaI_H/II/I BPEMEHHBIX METOK BHYTPHU OHpe,ZLEHEHHOﬁ CHUCTEeMBI
OTCUETd BpEMEHHU.

typedef unsigned long LinearTimeMark;

AononHutenbHasa nHcpopmauus

3HaueHUs1 3TOr0 THIA MOTYT OTpakaTh JIFOOble XapaKTEPUCTUKU MOMEHTOB BpPEMEHU BHYTpPHU
orpeZie/ieHHOM CHUCTeMbl OTcueTa BpeMeHW. Harmpumep, uucio ceKyHA (WM MWIIUCEKYH/)
TMPOLLeJIINX C OTNpe/ie/IeHHOTO MOMEeHTa BpeMeHHU.

Eciu ofHO 3HaveHue Tura LinearTimeMark 6onblie Apyroro 3HayeHusi, TO CUATAETCS, UTO OHO
COOTBETCTBYeT MOMEHTY BpPEMEHU TapaHTHUpOBaHO Oosee mo3gHemy, ueM Jpyroe. Eciu zBa
3HaueHUs PaBHbI, TO CUUTAETCS, UTO O B3aUMHOM pacIio/I0OKeHUH COOTBETCTBYIOIIMX UM MOMEHTOB
BpeMeHH HHUero He u3BecTHO. OHU MOTYT COBIa/|aTh, @ MOTYT U ObITh Pa3/IMYHBIMHU.

3aronoBouHbIii haiin: ts/itimemark.h

TimeFrameOfReferenceID
Tun onpefiensieT uAeHTU(GHUKATOPbI CUCTEM OTCUYETa BpEMEHH.

typedef int TimeFrameOfReferencelD;

JononHutenbHasa nHpopmauus

TecroBasi cucrema paboTaeT B BbIJle/IeHHOW CUCTeMe OTCYeTa BpeMeHHM, KOTopas WMeeT
rpefioripe/ie/ieHHbIN uaeHTUGUKaTop systemTimeFrameOfReferenceID. B pexxume nrHeiHOTo
BpeMeHHM pa3pelllaeTcsl UCMO0JIb30BaTh TOABKO 3TOT UAEHTU(PUKATOP CUCTEMbI OTCYeTa.

[pyrue WAeHTU(PUKATOPbl CTPOSITCA B peXWMe pacrpefie/leHHOT0 BpeMeHU (yHKLuel
getTimeFrameOfReferenceID. JTa (yHKLUS [0 MMEHU CHUCTEMBbI OTCYeTa BO3BpalllaeT ee
uzenTu¢ukatop. Ilpu gByx obparrjeHusiX K GYHKIUM C OJHUM U TeM ke UMeHeM Oy/ieT mosydeH
OJIJUH U TOT e ueHTHUHUKaTOp. Ec/ii BMeCTo MMeHU mepesiaTh Hy/IeBOM yKasaTesb, TO (YHKLS
BeDHET YHHUKaJbHbIM HJEHTU(PUKATOP CHCTEMbl OTCUeTa, KOTOPBIM TrapaHTUPOBAHHO He OyzeT
WCII0/Ib30BaH €10 JBaXK/bl.

3aronoBouHbIii haiin: ts/itimemark.h

TimeMark
CTpyKTypa orpe/ie/isieT TUTl BpeMeHHON MeTKHU, UCII0/Ib3yeMOU B TECTOBOM CHUCTEMe.
typedef struct TimeMark TimeMark;

struct TimeMark {
TimeFrameOfReferenceID frame;
LinearTimeMark timemark;

+



[AononHutenbHasa uHdopmauus

BpemeHHasi MeTKa XapakTepu3yeTcsl UeHTU(HKATOPOM CHUCTEMbl OTCUeTa BPEMEHW M 3HauyeHHeM
WIeHTU(DULIMPYIOLUM MOMEHT BPeMeHU BHYTPH [JaHHOM CUCTeMbI OTCUeTa.

CuuTaeTcsi, YTO OFJHa BpeMeHHasi MeTKa MeHbllie IPyroi TOMbKO B TOM CJlyuyae, Korja o0e MeTKd
MpUHAZJIe)XaT OJHOM CHCTeMe OTcYeTa M 3HaueHWe Mo/l timemark mepBoil MeTKH MeHblile
3HauyeHUsl 3TOr0 MOJIsl IPYTOM.

3aronoBoYHbIN haiin: ts/timemark.h

TimeInterval
Tun onpesiensieT HTEPBaa BpeMeHU MeX/Y ABYMsI BDEMEHHBIMU METKaMH.
typedef struct TimeInterval TimeInterval,;
struct TimeInterval { TimeMark minMark; TimeMark maxMark; };

[AononHutenbHasa uHopmauus

Tun TimeInterval omnpejenseT WHTepBajJl BPEMEHU MeXJy [JBYMsI BPeMEHHbIMU MeTKaMH
minMark v maxMark. Ilpu 3Tom TpeOyeTcs, uTOObI 3TU MeTKH TPHUHA/JIeXKaTu OJHOW CHUCTeMe
OTCUeTa BpeMeHU U 3HaueHHe 11epBoil He 6bUI0 OoJiblile 3HaUeHHs1 BTOPOl. ['paHYHbIe BpeMeHHbIe
MeTKHU BKJ/IFOUAIOTCS BHYTPb UHTepBaJa.

Onsi 0b03HaueHWss MUHUMAIBHO W MaKCUMajibHO BO3MOJKHBIX BPEMEHHBIX METOK Heo0X0AuMO
WCII0JIb30BaTh CrielajibHble KOHCTaHThl minTimeMark u maxTimeMark cOOTBETCTBEHHO.

3aronoBouHbIii haiin: ts/itimemark.h

systemTimeFrameOfReferencelID

KoHcTaHTa onpeziesisieT UeHTU(HUKATOP CUCTEMBI OTCUeTa BPEMEHH, B KOTOPOM paboTaeT TeCcToBast
cucTema.

extern const TimeFrameOfReferencelID systemTimeFrameOfReferencelD;

[AononHutenbHasa uHopmauus

UnentndukaTopy cucTeMbl OTCueTa BpeMeHH, B KOTOpOil paboTaeT TecToBas CHCTEMa,
systemTimeFrameOfReferenceID MOXHO TPUCBOUTb CUMBOJIMYECKOE WMS C IIOMOLLBIO
¢byskumn setSystemTimeFrameOfReferenceName. B 3tom ciiyuae m060¥ BBI30B (DyHKIUM
getTimeFrameOfReferenceID ¢ 3TUM CUMBOJMUYECKUM UMeHeM OyJeT BO3BpallaTh
systemTimeFrameOfReferencelD.

3aronoBoYHbIi haiin: ts/timemark.h

minTimeMark

KoHcTaHTa paBHsieTCs BpeMeHHOM MeTKe rapaHTHPOBAaHO MeHbllel /000 Apyrod BpeMeHHOM
METKH U3 JTF000M CHCTEMBI OTCUeTa.

extern const TimeMark minTimeMark;

AononHutenbHasa nHcpopmauus

KoHcranta minTimeMark sBnsieTCs BblJe/IeHHbIM 3HaueHMeM Tumna TimeMark, Kotopoe
rapaHTUPOBaHHO MeHbIlle H00T0 APYroro 3HauyeHUs 3TOTO TUIA HE3aBUCUMO OT €ro CHUCTEMBI
orcueta. KoHctanTa minTimeMar k paBHseTCS TOMBKO cebe CaMoi.



3aronioBoYHbIN haiin: ts/timemark.h

maxTimeMark

KoHcTaHTa paBHSieTCsi BpeMeHHOM MeTKe TapaHTUPOBaHO Oosblield yit000i Apyroil BpeMeHHOM
MEeTKH U3 JIF0O0M crcTeMbl OTCYeTa.

extern const TimeMark maxTimeMark;

[JononHutenbHasa uHdopmauus

KoHcranta maxTimeMark sBnsieTCs BblJeJIeHHbIM 3HaueHMeM Tumna TimeMark, KoTtopoe
rapaHTUPOBaHHO OoJibilie HOO0TO APYroro 3HaueHWsi 3TOrO THIA HE3aBUCUMO OT €ro CHUCTEMBI
orcueta. KoHcTaHTa maxTimeMark paBHsSieTCsl TONBKO cebe caMoiA.

3aronoBoYHbIi haiin: ts/timemark.h

getTimeFrameOfReferencelD
®yHKIMs BO3BpalllaeT UeHTU(DUKATOP CHUCTeMbI OTCUeTa, COOTBETCTBYIOIIUM YKa3aHHOMY UMeHHU.

TimeFrameOfReferenceID getTimeFrameOfReferenceID( const char* name );

MapameTpbl
name

wmsa cucreMsbl oTcueTa.

[TapameTp MOXKeT ObITh HYJIEBBIM yKa3aTejleM. B 3ToM c/lydae BO3BpallaeTCs YHUKa/IbHBINA
WIeHTU(PUKATOD CUCTEeMBl OTCUeTa, KOTOPBIM TapaHTUPOBaHO He OyzeT BO3BpallleH JaHHOU

¢byHKUMel [BaXK/IbI.

BosBpawaemoe 3HayeHue

I/IAEHTI/IQ)I/IKBTOP CHUCTEMBI OTCUETAa C YKA3dHHbIM MMEHEM. cI)yHKL[I/IH rapdHTUPOBAHHO BO3Bpdalllde€T
OJWH M TOT Xe I/I,Z[eHTI/Iq)I/IKaTOP A moboro uucia 3dlMpOCOB C 3daJdHHbIM HM€HEM CHUCTEMBI
OoTCyeTad.

AononHutenbHasa nHcpopmauus

Oyukiys getTimeFrameOfReferencelD Bo3BpalllaeT WAeHTU(HHUKATOD CUCTEMBI OTCUETa I10 ee
umenu. [Ipu 1Byx obpaiijeHUsIx K GyHKIMK C OAHKUM U TeM >Ke UMeHeM OyJeT roJyiyueH OJuH U TOT
ke upeHtudukatop. Eciu BMecTo MMeHU TiepefjaTh HYJIeBOM yKa3zaTesb, TO (DYHKLVsS BepHET
YHUKa/bHbIN UIeHTU(HUKATOP CUCTEMbI OTCUETa.

®yHkuuo getTimeFrameOfReferenceID pomycKaeTCs WCIIOAb30BaTh TOJBKO B peXUMe
paboThI € pacripe/ie/ieHHBIM BpeMeHeM.

OOBIUHO KaXKZIOMy KOMITBIOTEPY COOTBETCTBYET COOCTBEHHasi CUCTeMa OTCUeTa BpeMeHU. B 3Tom
C/ly4ae, CUCTeMbl OTCYETa MOXKHO WJIeHTU(ULMPOBaTh CETeBbIM MMEHEM COOTBETCTBYHOLIEO0 UM
KOMIIbIOTEpa.

Ons equHOOOpa3usi paboThl C UIeHTH(UKATOPaMU CUCTEM OTCYeTa, UAEHTU(PUKATOPY CUCTEMBI
oTCYeTa, B KOTOPOW paboTaeT TecToBasi CUCTEMA, TAaK)Ke MOYXHO TPUCBOUTb CUMBOJIMUECKOE UMSI C
nomoupio GyHKIMKM setSystemTimeFrameOfReferenceName.

Ecimu cucteme otcyerta, B KOTOPO# paboTaeT TeCcToBasi CUCTeMa, ObIJIO TIPUCBOEHO UMS, TO TH000M
BbI30B byHKLMM getTimeFrameOfReferencelID C 5TUM MMeHeM BEPHET
systemTimeFrameOfReferencelD.




3aronioBoYHbIN haiin: ts/timemark.h

setSystemTimeFrameOfReferenceName
DyHKIMS yCTaHABIMBAET UMsI CUCTEMBI OTCUETa, B KOTOPOW paboTaeT TeCToBasi CUCTeMa.
bool setSystemTimeFrameOfReferenceName( const char* name );

MapameTpbl

name
Nms cucteMbl oTCcueTa, B KOTOpOﬁ paGOTaET TeCToBad CuUcCTeMad. HapaMeTp He [O0J/DKeH OBITH
HYyJIeBbIM yKa3aTeseM.
Bo3Bpawaemoe 3HayeHue
dyHkuys Bo3Bpaulaer false, ecid JaHHOe UMS y)Ke HCIOJb30BasoCh /il MAeHTU(hUKALN
CUCTEMBbI OTCYEeTa OTJIMYHOU OT CUCTEMHOM, U true B MPOTUBHOM C/IyyYae.
[AononHutenbHasa uHopmauus

dyukiusa setSystemTimeFrameOfReferenceName ycraHaB/ivBaeT MMs CUCTeMbl OTCUeTa, B
KOTOpOii ~ paboTaer TectoBasi cucrema. [locsie  3Toro  /iroGoM  BBI3OB  (PYHKLUM
getTimeFrameOfReferencelID C JlaHHBIM VIMeHeM BepHeT
systemTimeFrameOfReferencelD.

Cucrema oTcueta, B KOTOpOI71 pa60TaeT TeCTOBasd CUCTeéMd, MOXXeT HMeTb HeCKOJ/IbKO HMeH
OJHOBPEMEHHO.

3aronoBouHbIii haiin: ts/itimemark.h

createTimeMark

Oyukiusa createTimeMark co3gaeT BpeMeHHYO METKY B CHCTEMe OTCUeTa, B KOTOpOW paboTaer
TeCTOBasi CUCTeMa.

TimeMark createTimeMark( LinearTimeMark timemark );

MapameTpbl
timemark

MeTka, naeHTU(UIMPYIOIIas MOMEHT BpeMeHH BHYTPH CHCTEMBI OTCUeTa, B KOTOpPOi paboTaeTt
TeCToBasi CUCTeMa.
Bo3Bpawaemoe 3HayeHue
DyHK1MA BO3BpalllaeT BDeMeHHYI0 MeTKY, IIpHUHa//IeKalllyto CUCTeMe OTCUeTa BpeMeHH, B KOTOpOU
paboTaeT TecToBasi CICTEMa, ¥ COOTBETCTBYIOLIYIO BHYTPEHHEH MeTKe timemark.
[JononHutenbHasa uHopmauus

dyukuusa createTimeMark co3zpaeT BpeMeHHYHO MeTKY C UIeHTHU(HUKATOPOM CHUCTeMbl OTCUYeTa
systemTimeFrameOfReferencelD v BHyTpeHHel MeTKOU timemark.

3aronoBouYHbI haiin: ts/timemark.h

createDistributedTimeMark

DyHKLMS CO37aeT BPEMEHHYI0 MeTKY B YKa3aHHOW CUCTeMe OTCueTa.



TimeMark createDistributedTimeMark
( TimeFrameOfReferenceID frame, LinearTimeMark timemark );

MapameTpbl
frame

Npentrudukatop cructeMbl OTCUeTa, KOTOPOM MPHHAZ/IeXUT CO3/jaBaemMasi BpeMeHHasl MeTKa.

timemark

MeTka I/I,[[EHTI/ICI)I/IL[I/IPYI-OH_[&H MOMEHT BpeM€HH BHYTPH CUCTEMbI OTCUETA frame.

Bo3Bpawaemoe 3HaueHue

@dyHKIMA BO3BpalllaeT BpPeMEHHYI0O MeTKy C UAeHTU(UKAaTOPOM CHUCTeMbI OTcueta frame u
BHYTpeHHel MeTKol timemark.

[AononHutenbHasa uHopmauus

3aronoBoYHbIi haiin: tsitimemark.h

createTimeInterval

DYHKUUA co3gaeT BPeMEHHO MHTepBa/l C YKasaHHbIMU FPaHuLaMu.

TimeInterval createTimeInterval( TimeMark minMark
, TimeMark maxMark

);
MapameTpbl
minMark

BpeMeHHas MeTKa HY)KHEM IpPaHULIbI MHTepBasa.
maxMark

BpemeHHasi MeTKa BepxHell rpaHuULIbl UHTepBaJIa.

Bo3Bpalyjaemoe 3HayeHue

@dyHKLYS BO3BpalljaeT BpeMeHHOW MHTEepPBasl C YKa3aHHbIMU T'PaHULIAMU.

AononHutenbHasa nHpopmauus

dyHkimsi createTimeInterval co3maer WHTepBaJl BPEMEHM MEXAY [ABYMSI BpPE€MEHHbIMH
MeTKaMu minMark w maxMark. Ilpu stom Tpebyetcsi, 4TOOBI 3T MeTKH TNPUHA/IeXaIN OJHOM
cucTeMe OTCUeTa BpeMeHM M 3HaueHue IepBoi He ObLIo Oosibllle 3HaUeHUs BTOPOW. I'paHMUHBIe
BpeMeHHbIe MeTKU BKJIFOUat0TCsl BHYTPb UHTepBaJla.

st obo3HaueHUs] MUHUMa/JIbHO W MaKCHMalbHO BO3MOXXHBIX BPEMEHHBIX METOK Heo0X0JuMOo
WCII0JIb30BaTh CIrieljajibHble KOHCTaHThl minTimeMark v maxTimeMarKk cOOTBETCTBEHHO.

3aronoBouHbIii haiin: ts/itimemark.h

getCurrentTimeMark

@OyHKUYS BO3BpAlllaeT BPEMEHHYIO METKY, COOTBETCTBYIOLIYIO TeKyll[eMy MOMEHTYy BpeMeHU
BHYTPHM [JaHHOT'O MpoLiecca.

TimeMark getCurrentTimeMark( void );



Bo3Bpawaemoe 3HayeHue

@OyHKIMS BO3BpalllaeT BPEeMEHHYI0 METKY, COOTBETCTBYIOLYIO TeKyllleMy MOMEHTY BpeMeHHU
BHYTPHM [JaHHOT'O MpoLiecca.

JononHutenbHaa nHcpopmauus

@DyHKIMS BO3BpalllaeT BPEMEHHYIO MeTKy, COOTBETCTBYIOLIYIO TeKylleMy MOMEHTY BpeMeHU
BHYTpYM [@HHOro npouecca. /[laHHasg QYHKUMS UCIONb3yeTCsl TeCTOBOM CHUCTEMOW  [ijist
aBTOMaTUUeCKOrO OIpeJie/ieHUs BPEMEHHOr0 WHTepBajia, B KOTOPOM BBITIO/IHSETCSI BbI3OB
crieLu(pUKaLMOHHON (yHKLMHU.

I[To ymomuaHuro, TeKyIjasi BpeMeHHasi MeTKa TIPUHAJJIeXKUT CHCTeEMe OTCUeTa, B KOTOPOM paboTaeT
TecToBasl cucrteMa. MeTKa BHYTPY CUCTEMbI OTCYeTa BBIUMC/IAeTCS KaK YUC/IO CeKYH[ TPOLLIe/IInX
¢ nonyHouu (00:00:00) 1 suBaps 1970 roja, mosiyueHHOe IyTeM BbI30Ba CUCTeMHOM (DyHKLMU
time.

[ToBeneHre (GYHKUUHM MOXKeT OBITh Ie€peorpe/iesieH0 I10/Ib30BaTesieM C TOMOIIbI0  (QDyHKIMU
setDefaultCurrentTimeMarkFunction.

3aronoBouYHbI haiin: ts/timemark.h

setDefaultCurrentTimeMarkFunction

YcraHaB/IMBaeT 110/1b30BaTeIbCKYI0 (DYHKLMIO BBIUMC/IEHUS] BDEMEHHOW METKH, COOTBETCTBYHOLLEH
TeKyIlleMy MOMEHTY BpeMeH! BHYTPH JIaHHOTO MpoLiecca.

GetCurrentTimeMarkFuncType
setDefaultCurrentTimeMarkFunction
( GetCurrentTimeMarkFuncType new_func );

MapameTpbl
new_func
YKkazaTenb Ha (QYHKIMIO, KOTOpasi OyJeT UCI0/Ib30BaThCs /ISl BBIUYMC/IEHUSI BDEMEHHON METKH,

COOTBETCTBYIOLLIeH TeKyIlleMy MOMEHTY BpPeMeHW BHYTPMU JaHHOro mnpotiecca. [Tapamerp He
JIOJDKEH OBbITb HYJIEBBIM YKa3aTesieM.

Bo3Bpallaemoe 3Ha4YeHue

OyHKIMsT BO3BpalllaeT yKasaTejlb Ha TMpeAblAyIIyI0 (YHKLMIO, BBIUMC/SBIIYIO TeKYIL[YIO
BpPEMEHHYIO MeTKY.

[AononHutenbHasa uHopmauus

Oyukiusa  setDefaultCurrentTimeMarkFunction  ycraHaB/ivMBaeT  MOJIb30BaTe/bCKYHO
(GYHKLUMIO BBIYMC/IEHHSI BPEMEHHOM MeTKM, COOTBETCTBYIOILEH TeKylleMy MOMEHTY BpeMeHU
BHYTPH aKTUBHOTO Tiporiecca. [locsie 3Toro ¢yHkuus getCurrentTimeMark OyzgeT Bo3BpallarTh
BpeMEHHYI0 MeTKY, I0JIy4yeHHYI0 IyTeM BbI30Ba JAHHOW I0J1b30BaTeIbCKON (YHKLIMU.

Takum o0pa3oM, mMosib30BaTe/NbCKasi (QyHKUUST OygeT HCMoab30BaThCs [jIsi aBTOMAaTHUUeCKOro
BBIUMC/IEHUs] WHTEepBajia BpeMeHH, COOTBETCTBYIOILETO BBI30BY KaXKJOW cCreliu(UKal[MOHHOMN

dbyHKIMM.

3aronoBoYHbI haiin: tsitimemark.h



11 CraHgapTHBIe MeXaHU3MBbI IIOCTPOEHUSA
TeCTOB

B CTESK 2.8 BK/ItOUeHbBI iBa MeXaHW3Ma ITOCTPOEeHUsI TeCTOB (MHaue Ha3bIBaeMbIX «00XOMUHKI»)
dfsm u ndfsm. Bnarogapsi cBoeii TMOKOCTH OHM TIO3BOJISIIOT TECTUPOBATh OUeHb IIUPOKUM KJlacc
MPOrpaMMHOTO ObOecrieueHusi, HauMHasi C TIPOCTBIX crcTeM 0e3 BHYTpeHHEro COCTOSIHUSI M KOHYast
pacrpe/ie/ieHHbIMU CUCTeMaMU C aCHHXPOHHBIM UHTepdelicoMm.



11.1 dfsm

MexaHu3M TIOCTpOeHUs1 TecToB dfsm oOCHOBBIBaeTCs Ha TMOHATHH 00X0Ja /AeTePMUHHUPOBAHHOTO
KOHEUHOro aBToMara. KOHeuHbI aBTOMAT, WCIO/b3yeMbIM [/ TIOCTPOeHUsl TeCTa, 3aJaeTcsl B
HesiBHOM BUjle. [Tonb3oBartens onpefensieT GYHKIUIO BbIUYMC/IEHUS] TEKYILEro COCTOSIHUSI CLieHapust
1 Habop TeCTOBBIX BO3/IeHCTBUM.

Bo Bpemsi TectupoBaHus dfsm mpuMeHsileT TeCTOBble BO3[|€MCTBUS, KOTOpble MOTYT WU3MEHSTh
cocTosiHUe cleHapus. dfsm aBTOMaTHuUecKu OTC/e)KHMBaeT BCe W3MeHEeHHsI COCTOSIHUSI U CTPOMT
KOHEeuHbld aBTOMAaT, COOTBETCTBYIOLIMK mpoleccy TecTUpoBaHus. COCTOSHUSIMM aBTOMara
SIBJISIFOTCSL BCe JOCTWKUMbIE COCTOSIHMSI CLIeHapHs, a Iepexo/ibl aBTOMaTa [OMeyaroTCsl TeCTOBBIMU
BO3/IeICTBUSIMU, KOTOPbIE UX UHULIMMPOBAJIN.

MexaHu3M TeCTUPOBAHUA dfsm 3akaHuMBaeT TeCTUPOBaHHUE TOJIBKO TOr'Zlld, KOrjga I1o4dCT BCe
oripeZie/;ieHHbIe  I10/Ib30BaTe/ieM  TeCTOBbLIE BOSAEﬁCTBHH BO BCeX COCTOsIHUSIX daBTOMaATa
AOCTHMXXHMMBIX U3 HAaUd/IbHOT'O.

YrtoObl ZOCTIKEHHE TOH 11e/1 ObI/I0 BO3MOXXHO, He00X0IUMO BBITIO/THEHHE C/IeIyHOIIUX yCI0OBUM:

+ KoneuHocts. Ywucio COCTOHHHﬁ, AOCTWKMMBIX K3 HAUA/IBHOIO IIyTeM IIpUMEHEHUA
TEeCTOBBIX BO3A€ﬁCTBHﬁ H3 3aJdHHOT'O Ha60pa, A0/DKHO OBITb KOHEUHBIM.

+ JleTepMHMHHUPOBAHHOCTB. /[/1s1 TFOOOTO COCTOSTHUSI CHCTEMbI IIPUMEHEHHE OJTHOTO U TOTO JKe
TeCTOBOT'0 BO3/IEMICTBUSI BCET/ja I0JKHO MepPeBOJUTh CUCTEMY B OJJHO U TOXKe COCTOSIHUE.

* CuibHasA CBA3BHOCTB. 3 m000ro cocTosiHus ClieHapud AOCTHXXHUMO nmoboe Apyroe
COCTOsAHME CLieHapud IMyTeM IMPpUMEHEHUA 110C/1eJ0BaTe/IbHOCTU TECTOBBIX BO3A€ﬁCTBHﬁ.

Habop TecTOBBIX BO3/IEICTBUI OMpeZe/sieTCsl C TIOMOIIBbIO ClLIEHADHBIX (DYHKIIUH.

Tun onucaHusi TeCTOBOTO clieHapusi dfsm Hcnonb3yeTcst Mpy UHULMATU3alMKA TeCTOBOTO CLieHapHs,
MOCTPOEHHOT0 Ha ocHOBe MexaHu3Ma dfsm. [Tosist 3TOro Tuna onucaxel Ha cTpaHuLe «[1oJs TUIOB
OIMCaHWS TeCTOBOrO CLIeHADUS».

JononHuTenbHBIe TIApAMETPhl MeXaHHW3Ma TeCTHPOBAHHSI MOTYT ObITb HACTPOEHBI C TIOMOILBIO
crefyromux (QyHKLMIA:

« setFinishMode

« setDeferredReactionsMode

e setWTime

« setFindFirstSeriesOnly

« setFindFirstSeriesOnlyBound

Bce (bYHKL[I/II/I, npegHa3HaAY€HHbIe YCTaHAB/IMBATL W/IKM BO3BpalllaTb IIdpaMeTpPbl MeXaHKW3Md
TeCTHUPOBaHMH, ITIepeuyrC/IeHbl Ha CTPaHULE «CepBucHBIe (DYHKIIMHA MeXaHWU3Ma TeCTHDPOBAHUS»

[Tpu 3amycke TeCTOBOTO ClieHapusi emMy repefiaeTcsl CIUCOK MmapamMeTpoB. MexXaHH3M TeCTUPOBaHUS
VMMeeT CTaH/japTHbIe TlapaMeTphbl, KOTOpble HACTPaMBaIOT ero paboTy. Bce cTaHAapTHBIE MapaMeTphI
JIOJDKHBI CJIeZIOBaTh [0 TOJ/Ib30BaTe/IbCKUX TapaMeTpoB. MexXaHH3M TeCTUPOBaHUsI 0OpabaTbhiBaeT
WX Y TIepe/iaeT OCTaBLINecs B QyHKIMIO MHULMAIU3aLUM TECTOBOTO CLIeHapUsI.



11.2 ndfsm

O6xoauuk ndfsm mo cpaBHeHuto c dfsm mo3BossieT KOppeKTHO paboTaTh Ha 0osiee ITMPOKOM
KJacce aBTOMATOB, a WMMEHHO Ha KOHEUYHBIX aTOMaTaX, WMEIOIIUX JIeTepMUHUPOBAHHbIM
CUBbHOCBSI3HBIW MOJTHBIA OCTOBHBIW MTOJABTOMaT.

° OcToBHBIN nmoagaBTOMAT. OcCTOBHBIN mogaBTOMAaT COLAEP>XHUT BCe€ COCTOAHUA ClLeHapud,
AJOCTW)KHUMBIE B IpoLecce TeCTUPOBAHUA.

o TIlonubid mopaBTOMAT. [l KaXkKAOrO0 COCTOSIHUSL CLieHapusi W [JOMNYCTUMOIO B HeEM
TeCTOBOT'O BO3/IeHiCTBUSI IMOZABOMAT JTUOO COMEP)KUT BCe Tepexofibl U3 3THUM COCTOSIHMS,
TioMeueHHbIe 3TUM TeCTOBBIM BO3/|eHCTBUEM, JTMOO He COAepKUT TaKUX TMepexo/ioB BOBCE.

HabGop TecTOBBIX BO3/IeMCTBUI OMpeZie/SIeTCs C ITOMOIIBIO0 ClIIEHADHBIX (QYHKITAMN.

Tun omucaHusi TeCcToBOro ciieHapusi ndfsm wucrosb3yeTcs TMPU WHHUIUATW3AMA  TeCTOBOTO
CIieHapusi, TIOCTPOEHHOTO Ha OCHOBe MexaHu3Ma ndfsm. ITosst 3Toro Tuma omuMcaHbl Ha CTPaHUIE
«[lons TUIOB OMMCaHNS TECTOBOTO CLIEHADUSI».

[ononHuTenbHBIe TIApaMeTpPhl MeXaHHW3Ma TeCTHPOBAHHS MOTYT ObITb HACTPOEHBI C TIOMOILBIO
C/1eAyIOMX (QYHKLWNI:
+ setFinishMode

« setDeferredReactionsMode

e setWTime

« setFindFirstSeriesOnly

« setFindFirstSeriesOnlyBound

Bce ¢yHKIMM, mpejHa3HaueHHble YyCTaHAaB/IMBaThb WM BO3BpalllaTh IapaMeTpbl MeXaHHW3Ma
TeCTHPOBaHUsl, Nepeuync/ieHbl Ha cTpaHulle «CepBrCHbBIe QYHKIIMU MeXaHK3Ma TeCTUDOBAHUSI»

[Tpu 3amycke TeCTOBOrO CLieHapHsi eMy IepefjaeTcsl CIIMCOK apamMeTpoB. MeXaHU3M TeCTHPOBaHUS
MMeeT CTaHZapTHbIE TTapaMeTpPhl, KOTOPbIe HACTPauBaloT ero paboTy. Bece ctaHjapTHbIe TTapaMeTphbl
JO/DKHBI C/IeZIoBaTh 10 TI0JIb30BATE/ILCKUX TapamMeTpoB. MexaHu3M TeCTHpOBaHHUs oOpabaThiBaeT
WX U MepejjaeT OCTaBlIMecs: B GYHKLMIO MHULIMAIW3aLU TeCTOBOTO CLieHapHsl.



11.3

Tum on

ITo/1s1 THIIOB ONMMCAHUSI TECTOBOIO CieHapus

HNCaHWA TECTOBOI'O CLieHapus dfsm HCII0J/Ib3YyeTCHd TIPU MHULWa/IN3alli TECTOBOT'O CLIeHapHs,

ITOCTPOEHHOI'O0 Ha OCHOBE M€XdHHW3Ma dfsm. COOTBETCTBGHHO, THUIT OIIMCaHWsA TECTOBOI'O CLi€eHapua

ndfsm

HCIIOJIb3YyeTCd MpU HWHHUIHUA/IM3AdllMKM TeCTOBOI'O CI€HdpUdA, IMOCTPOEHHOr0 Ha OCHOBeE

MexaHu3sMma ndfsm.

OTU TH

Ibl SIBJISIFOTCS CTPYKTYpPaMU; MHOXKeCTBO nosieli dfsm Bk/touaeT MHOKecTBO mosied ndfsm.

OTH N0/ IPUCYTCTBYIOT B 00€MX CTPYKTYpax:

Obs3ar

init (tun PtrInit)
finish (tun PtrInit)

getState (tun PtrGetState)

actions

€/JIbHBIM /111 THUIJUA/TM3allhuU ABJIA€TCA TOJIBKO I10j/1e ac tiOI’)S, KOTOpO€ COZeP>KUT MaCCHUB

CLleHapHBIX (QDYHKLIUM, OTIpe/ie/IsIOIIUX TeCTOBbIe BO3AENCTBUSI.

Ctpykrypa dfsm Bk/irouaeT B ce0si JOTIOJTHUATE/TBHBIE OIS

saveModelState (tun PtrSaveModelState)

restoreModelState (Tun PtrRestoreModelState)

isStationaryState (tun PtrIsStationaryState)

observeState (tun PtrOobserveState)

init

[Tone init cofep>XUT yKa3aTe/b Ha ()YHKLIMIO MHULIMAIU3ALMK TECTOBOT'O CLIeHapHsl.
finish

[Tone finish cofepXuUT yKa3aTe/b Ha ()YHKLIMIO 3aBeplleHUs TeCTOBOTO CLieHapHsl.

getState
[Tone getState comepXXUT yKa3aTesb Ha (DyHKLIMIO, BBIUYMC/ISIFOLLYIO TeKylllee COCTOSIHHE

TeCTOBOI'O ClieHapus.

actions
[Tone actions copep)XUT MacCHMB ClLieHapHBIX (DYHKIMIA, 3aBepllaroLuiics HYyJIeBbIM
yKasaTeJieM.

saveModelState
[Tone saveModelState cofepXUT ykKasarelb Ha (PYHKLIMIO, BO3BpAILlAlOIIyI0 COCTOSIHUE
crneliM(UKal[MOHHOW MO/Ie/IN IaHHbIX.

restoreModelState
[Tone restoreModelState copepXXUT yKa3aTe/b Ha (DYHKIMIO, BOCCTAaHaBJ/IMBAIOIIYIO
COCTOsTHUE Crieli(UKALIMOHHOW MO/Ie/TN IaHHBIX.

isStationaryState
[Tone isStationaryState copepXUT yKa3aTelb Ha  (YHKUMIO  TIPOBEpPKHU
CTalMOHAaPHOCTU MOJE/IbHOTO COCTOSIHUS.

observeState
[Tone observeState cofepXUT yKa3aTelb Ha (QYHKLUIO, CUHXPOHU3UPYIOLYIO
MO/IeJIbHOe COCTOSIHMEe C COCTOSIHUEM TeCTUPYeMOW CHUCTeMbl II0 MCTeYeHHWU BpeMeHU
cTabuim3anuu.




init
[Tosie init comep>KUT yKa3aTesb Ha (GyHKI[HUIO WHUIMA/IHM3AlMA TECTOBOT'O CIieHapHsl.

PtrInit init;

[JononHutenbHasa nHdopmayus

@OyHKLIYSA UHULIMAIU3al[uK TIo/lyyaeT Ha BXO/, MaCCUB TlapaMeTPOB, COTJIaCHO CeMaHTHKe MPUHSITON
JJis TapameTpoB argc, argv craHjapTHOM QyHKUMA main. OHa MOKeT MCII0/b30BaTh 3TH
rapameTphl Jjisi HACTPOWKU TeCTOBOT'O CLieHapusl.

OO6bIuHO (HYHKILMS WHULIMATU3aLMY BBITIO/HSIET CeyIolue JeCTBuS:
+  VHULIMAIU3al[Usi TECTUPYEMOM CUCTeMBI;
s UHULIMAIU3al[Usi CTIelUPUKAI[MOHHON MO/ie/d JJaHHbIX;
s VHULIMAIM3alusl JAHHBIX CLieHapHs;

s yCTaHOBKa MeJWaTOPOB /s Crieli(UKAIIMOHHBIX (YHKIMM U peakiUii, UCTIOb3yeMbIX B
JlaHHOM TeCTOBOM CL|eHapHH.

B ciyyae TecTMpoBaHUS CUCTEM C OTJIOKEHHBIMM peakLUsiMH, (QYHKLUS WHULMAIA3ALUA
JIOTIOJTHUTETbHO WCII0JIb3YeTCs AJIS:

. YCTaHOBKH BPeMEHH OXKUAdHHA OT/I0OKEHHBIX peaKL[Hﬁ;

e TIIpH HEO6XOAI/IMOCTI/I, A pacripeie/ieHrdad KdHaJ/I0B 06p{:160TKI/I HemnocpeACTBEeHHBIX U
OTJ/IO>K€HHBIX peaKL[Hﬁ.

DyHKIMSA WHWLMAIA3aliid  BO3BpalliaeT Oy/IeBCKYI0 BeJMYWHY, KOTOpas [O/DKHA TPHUHUMATh
3HaueHWe true, eciv WHULMAIU3ALIUS 3aBepIIWIach ycrenHo, u false — B mpoTUBHOM ciyuae. B
rnocsiefHeM cydyae paboTa TECTOBOTO CIieHapusi Ha 3TOM 3aBEPUIMTCS, (YHKIMS 3aBepIIeHHs
CIieHapust BbI3BaHa He Oy/ieT.

@OyHKUMSA WHULWaIU3alusi MOXKeT COJep)KaTb BbI30BbI  CrielU(UKALMOHHbIX  (YHKLIUM,
OCYIIIeCTBJISFOLIUX WHUIMA/IU3ALIUI0 TeCTUPYeMOU CUCTeMbI, Criel[U(HUKALIMOHHON MO/IeNv JaHHbIX
WU JAHHBIX crieHapust. [1py paboTe B peXxriMe € OT/IOKeHHBIMU PeaKI[UsIMA MeXaHH3M TTOCTPOeHHUSI
TeCTOB OCYIIeCTB/IsIeT CepUaau3aliiio BCeX MMOJAHHBIX TP BbI30Be (PYHKIMU WHULIAATU3AL[UU
CTUMYJIOB U BCEX MOTYYEeHHbIX peaKi[1il.

[Tone init MoXeT ObITH MHUIMAIU3UPOBAHO HYJ/IEBBIM yKa3aTe/leM WM He WHHUI[UATU3UPOBAHO
BoBCe. JTO OyZeT 3KBUBAJIEHTHO WHWLMAIW3AL[UN MOMS I1nit GyHKIWeW, He BBIMOJIHSIONeH
HUKaKWX JeMCTBUM U BO3Bpaljaroler true.

3aronoBouyHblii haiin: ts/ldfsm.h, ts/indfsm.h
finish
[Tone finish cogep>XUT yKa3aTesb Ha (YHKI[HIO 3aBepIlieHUs] TeCTOBOTO CLieHapusl.

PtrFinish finish;

[JononHutenbHasa nHgopmayus

DyHKIMS 3aBeplleHds] TIpeJHa3HaueHa [jig  BBITIOJIHEHUS 3aK/IHOUUTENbHBIX paboT mociie
TpoBe/ieHus1 TeCTUpoBaHus. PYHKIMS He UMeeT apaMeTPOB Y BO3BPAlllaeéMOro 3HaueHHsl.

OO6bIUHO (hYHKIMS 3aBepPILEHUs CLIeHAPHS BBITIOHSET C/IeAYIOIIe AeCTBUS:

+ 0CBOOOJK/IeHHE DeCypCOB TeCTUPYeMOW CHCTeMbl, 3aHSIThIX BO BpeMsi pabOTbI TeCTOBOTO
CLieHapusi;



+  0CBOOOX/IeHHE PeCypCOB CITeI[U(UKAIIMOHHON MOZIe/N JaHHBIX;
+  0CcBOOOXK/IeHME PeCypCOB TECTOBOTO CLieHapHsl.

@DyHKIMS 3aBeplIeHUs] CLieHapysi MOXKeT COZep)kaThb BbI30BblI CIeLU(PUKALIMOHHBIX (PYHKLMM,
OCYILLIeCTBJIFOLIAX ocBoOOKAeHNe pecypcoB TeCTUpyeMOou CUCTEeMBI, pecypcoB
crieuUKALMOHHOM MOJle/ld [JaHHBIX WM pecypcoB cleHapus. I[lpum pabore B pexume C
OTJIOKEHHBIMUA peakLMSIMU MeXaHWU3M I[IOCTPOEHHsI TECTOB OCYIIeCTB/SIeT Cephaau3alyio BcCex
T0/JaHHBIX NIPY BbI30Be (DYHKLIMY 3aBeplIeHHs CLieHapysi CTUMYJIOB U BCeX I10J/yUeHHbIX peakLvi.

[Tone finish mMoxeT OBITH HWHULIMA/TMU3UPDOBAHO HYJIEBBIM YyKd3dTejieM WJINW He MHULUA/IM3VPOBAHO

BOBCe. B 3TOM ciiyuae, HUKaKUX ZIeMCTBUH 10 3aBepIIeHHUI0 CIieHapysl BLITIOTHATHCS He OyeT.

3aronoBouHblii haiin: ts/dfsm.h, ts/indfsm.h

getState

[Tone getState copepXUT ykKasaTelb Ha (YHKLMIO, BBIYMC/SIIOLYHO TeKylllee COCTOSIHUe
TeCTOBOI'0 CLieHapus.

PtrGetState getState;

[AononHutenbHasa uHopmauus

OYHKIWUS BBIYMC/IEHUSI COCTOSIHUSI CLieHapuss He HMeeT TapaMeTpOB W BO3BpalllaeT O0BEeKT
crieliU(pUKAL[MOHHOT 0 TUTIA.

HpI/I onpene/jeHUM COCTOAHHA CLeHapudad BAXKHO YUWUTHBIBATb Tpe6OBaHI/Ie AeTepMUHHUPOBAHHOCTHU
M€XadaHHW3Ma TIIOCTPOEHHsA TeCTOB dfsm wim Hammuue A€TEPMUHHUPOBAHHOI'O CH/IBHOCBA3HOI'O
IMMOJIHOI'O OCTOBHOI'O MMOAAaBTOMATA [JId Me€XdaHH3Md ITOCTPOEHUS TeCTOB ndfsm.

[Tone getState M™oxeT ObITb WHUI[MAJU3UPOBAHO HYJIEBBIM  yKa3aTeJieM WA  He
VHULIMAIM3UPOBAHO BOBce. B 3ToM cilyuae MexaHusM TectrpoBaHusi dfsm Oyzer cuumrtarh, 4TO
COCTOsIHUe CLieHapus Bcerja O4HO U TOXe.

3aronoBouHblii haiin: ts/dfsm.h, tsindfsm.h

actions
[Tone actions copep>XUT MacCUB CLieEHAPHBIX (DYHKL[MH, 3aBepLIAIOLUICS Hy/IeBbIM yKa3aTeseM.

ScenarioFunctionID actions[];

[ononHutensHasa uHdopmauus
[Tonie actions comep>XUT MacCUB ClieHApHBIX (OVHKIIMHI, 3aBepPILAOIUICST HY/IeBbIM yKa3aTeseM.
[Tone actions sBnsieTcs obsi3aTenbHBIM [/1s1 UHULManu3alu. [locnesHee 3HaueHWe MacCHBa

A0JDKHO OBITH HYJ/IEBBIM YKd3adTeJIEM.

3aronoBouHblii haiin: ts/dfsm.h, tsindfsm.h

saveModelState

[Tone saveModelState copepXXWAT yKa3aTeJb Ha (YHKLMIO, BO3BpAlLaOLyl0 COCTOSIHUE
creliM(pMKaLMOHHOW MOJIe/Y JIaHHbIX.

PtrSaveModelState saveModelState;

[AononHutenbHasa uHopmauus

DyHKIUST COXpaHEHUs] COCTOSIHUS CrielIU(UKALIMOHHON MO/ie/id JaHHbIX He MMeeT TlapaMeTpoB U
BO3BpallaeT 00BeKT CrielM(UKALMOHHOTO THUTA. DTOT 0OBEKT JOJDKEH COZep)KaTb BCE COCTOSIHHE



creqUpUKALMOHHON  MOZeNW  [aHHBIX, UTOObI ~ (VHKIMS  BOCCTAHOBIEHHWS _ COCTOSIHUS

CHEL[I/I(i)I/IKaL[I/IOHHOI‘/JI MOJe/In JdHHBIX MOTI'JId ITOJTHOCTBHO €0 BOCCTAHOBUTH 10 IdHHOMY O6’B€KTy.

[lone saveModelState wmoxeT OBITh WHHULMATM3UPOBAHO HYJIEBBIM YyKasaTeleM WIH He
VHULIKA/IM3UPOBAaHO BOBCe. B 3TOM Cjiyyae TeCTUpOBaHHWe CUCTeM C OTJIOXKEHHBIMU peakLUsIMH C
TIOMOLIIbIO0 JAHHOTO TeCTOBOTO CLieHapHst OyZieT HEBO3MOXKHO.

3aronoBouHblii haiin: ts/dfsm.h, tsindfsm.h

restoreModelState

[Tone restoreModelState copepXXUT yKa3aTesb Ha (DYHKLMIO, BOCCTAHAB/IUBAIOI[YH) COCTOSTHHE
crieLIU(pUKALMOHHON MOJied JaHHbIX.

PtrRestoreModelState restoreModelState;

[AononHutenbHasa uHopmauus

@DyHKIUST BOCCTAHOBJIEHHSI COCTOSIHUSL CIelU(PUKALIMOHHON MOJIe/d JaHHBIX TIOMy4aeT OOBeKT
crnel(UKaI[MOHHOTO TUTIA ¥ BOCCTAHAB/IMBAET TI0 HEMY COCTOSIHHE Crel(bUKAI[MOHHONW MO/IeH
JaHHbIX. [Tosyuaemblii 06BEKT 3aBeJOMO ObLT ITOCTPOEH paHee C TIOMOILbI0 (DYHKIMK COXpaHeHHs

COCTOAHNA CHEL[I/ICl)I/IKaL[I/IOHHOf/’I MoOae/I OaHHBIX. CDYHKL[I/IH BOCCTAHOBJ/IeEHHsA COCTOAHMSA He HnMeeT
BO3BpdIlideéMOI'o 3HAY€HUSI.

[lone restoreModelState moxeT OBITh WHUI[MAIM3MPOBAHO HYJIEBBIM yKa3aTe/leM W He
VIHYLMa/IM3UpOBaHO BOBCe. B 3TOM ciiyuae TeCTHpOBaHMe CUCTEM C OTJIOKeHHBIMU peakLUsiMU C
TIOMOLIIbIO0 JAHHOTO TeCTOBOTO CLieHapHst OyZieT HEBO3MOXKHO.

3aronoBouyHblii haiin: ts/ldfsm.h, ts/indfsm.h

isStationaryState

[Tone isStationaryState cojep>XUT yKa3aTeJb Ha (GYHKUIUIO TMPOBEPKU CTal[MOHAPHOCTHU
MO/Ie/IbHOI'0 COCTOSTHUSA.

PtrIsStationaryState isStationaryState;

AononHutenbHasa nHpopmauus

@YHKLMS [IPOBEPKU CTALIMOHAPHOCTU MOJe/IbHOTO COCTOSIHUA He MMeeT IlapaMeTpoB U BO3BpalljaeT
true, e Tekylllee MOZie/IbHOE COCTOSIHUE SIB/ISIeTCS CTaljMOHAapHbIM, U false — nHaue.

MogenbHOe COCTOSIHME Ha3bIBaeTCs CTAlLMOHAPHBIM, €C/IM B 3TOM COCTOSIHAW LiejieBasi CUCTeMa,
YZA0BJIETBOPSIOLLIASA JaHHOM MO/Ie/v, He MOYKeT MHULIMMPOBAaTh B3aUMO/IEUCTBHE.

[Tone isStationaryState Mo)keT ObITh WHUIMATM3UPOBAHO HYJ/IEBBIM yKa3zaTe/leM WA He
VHUL[Ma/M3UPOBaHO BOBCe. B 3TOM cjlyuae TeCcTUpOBaHKe CUCTEM C aCUHXPOHHBIM UHTepdeicoM
TIOMOLL[bIO IAHHOT'O TECTOBOT'O CLieHapusi Oy/ieT HeBO3MOXKHO.

3aronoBouHbIii haiin: ts/dfsm.h, ts/indfsm.h

observeState

[Tone observeState coaepXXUT YyKa3aTe/lb Ha (YHKIUIO, CUHXPOHU3UDYIOL[YI0 MOJe/bHOe
COCTOSTHME C COCTOSIHHEM TeCTUPYEeMOU CUCTeMBI 110 UCTeUeHUH BpeMeH! CTabuIr3aliiu.

PtrObserveState observeState;

[JononHutenbHasa nHgopmayus

@DYHKIMSI CUHXPOHU3aLMA MOJIe/TbHOTO COCTOSIHUSI He HMeeT MapaMeTpoB U BO3BpAllaeMOro
3HaueHusi. OHa BbI3bIBAeTCSl TOC/IE TOTO Kak TeCTOBasi CHCTeMa I0AAacT OuyepeJHOe TeCTOBOe



BO3/IEMCTBHE W TIOAOXKIET B TeUueHWM BpeMeHU CTabunm3aiyy Toro, 4tobbl IiesieBas CUCTeMa
mepeluia B CTalMOHApHOe cocTositHMe. Bo Bpemsi BbI30oBa (YHKLMSI CHHXPOHM3aL[UM MOXXET
00paTUTbCA K OZHOM WM HECKOJbKUM CIelM(pUKALMOHHBIM (QYHKIUSIM, UMEIOIUM JOCTYI K
COCTOSIHUIO TeCTMPYEMOU CHCTEMBbI, HO He M3MeHsolre ero. B3aumoeicTBus, MHULMMPOBaHHbIE
13 YHKUIUU CHHXPOHHU3al[UH, OyAyT YUMTHIBAaTbCS BO BPeMsl CepUaM3alliyd HapaBHe C APYTUMHU
B3aMMO/IeMCTBUSIMU TIPe/ILLIeCTBOBABIIIET0 eMy TECTOBOTO BO3/leHCTBUSI.

[Tone observeState wmoxeT ObITb WHUI[MATU3UPOBAHO HYJIEBBIM yKa3aTeJieM WA He
VHULMa/JM3UPOBaHO BOBCe. B 3TOM C/lyuae HMKaKOM CMHXPOHM3alM{ B CTalMOHADHOM COCTOSITHUU
MIPOBOAUTHCS He OyZeT.

3aronoBouHblii haiin: ts/dfsm.h, tsindfsm.h



11.4 Tunsl fAHHBIX, HCII0/Ib3yeMble MeXaHU3MOM
TeCTUPOBAHUA

Turbl JaHHBIX B IPUBEAEHHOM CITMCKe TMpeJHa3HaueHbl [/is1 XpaHeHUs1 3HaueHUM M0Jiel TeCTOBOTrO
CLIeHapUsi ¥ CCbUIOK Ha T0JTb30BaTe/ibCkre QyHKIMU 00CTy >KUBaHUSI.

« FinishMode
[MepeuncinMelii Tin FinishMode ompezensieT BO3MOKHBIE PeKHUMBI 3aBepIleHusT paboThI
MexaHu3Ma TeCThpoBaHus dfsm.

e« PtrFinish
Tun PtrFinish onpegensiet Tun ¢GyHKLUWY 3aBepIlieHUs] TECTOBOTO CLieHapHs.

+ PtrGetState
Tun PtrGetState ompezgenser Tun GYHKLUM, BBIUKCSIONIEH TeKylljee COCTOsTHUE
TEeCTOBOI'O CLieHapus.

- PtrInit
Tun PtrInit omnpepessieT TUI (PYHKIMK UHUI[MAIU3ALMMA TeCTOBOTO CLieHapUsl.

+ PtrIsStationaryState
Tun PtrIsStationaryState ompefensieT TUN (QYHKLMUA TIPOBEPKH CTALMOHAPHOCTU
MO/Ie/IbHOI'O COCTOSTHUSL.

- PtrIsStationaryState
Tun PtrObserveState ompezensier Tun GyHKUUW, CUHXPOHU3UPYHOIEN MoZe/lbHOe
COCTOSIHHE C COCTOSIHHEM TeCTUPYEMOU CHUCTEMBI 10 UCTEUeHUH BPEMEeHU CTaOW/THU3al[uH.

- PtrRestoreModelState
Tun PtrRestoreModelState ompegenser Tun GyHKUMWA, BOCCTaHAB/MBAIOLLeH
COCTOsIHUe crieliu(HUKALIMOHHON MO/ZIe/A JJaHHBIX.

+ PtrSaveModelState
Tun PtrSaveModelState omnpegenser Tun GYHKIUY, BO3BpAlLjalOl[ell COCTOsTHUE
crielJU(pUKaLMOHHON MOJ|eNN JaHHbIX.

FinishMode

[Tepeunciumbiii i FinishMode ompezenisieT BO3MOXKHBIE PEXUMbI 3aBepIleHHS PabOThHI
MexaHu3Ma TecThpoBaHus dfsm.

typedef enum { UNTIL_ERROR, UNTIL_END } FinishMode;

AononHutenbHasa nHcpopmauus

[Tepeunciumbiii i FinishMode ompeziesiieT BO3MOXKHBIE PEXUMbI 3aBepIIeHHsT PabOTHI
MexaHu3Ma TecThpoBaHus dfsm.

[TepBbiii pexkum — UNTIL_ERROR o03HauaeT, YTO TeCTUpOBaHWEe 3aBeplllaeTcsi cpa3y Iocje
oOHapy>KeHHs TTePBOH OITUOKH.

Bropoit pexxum — UNTIL_END o3HauaeT, UTO TeCTUpOBaHHe Tocae 00Hapy>KeHHsI He KPUTHUUHOM
oMbk OyeT TPO0/DKEHO W 3aBEPIIUTCS TOJIBKO TIOC/TIe JOCTHXKEHHUS] CTaHZAPTHOTO YCJIOBUS
3aBeplLeHKs TeCTUPOBaHUS.

I[To ymonuaHuio, MexaHu3M TecTUpoBaHusi df'sm paboTaeT B pexxuMe /10 TIepBOi OIHOKH.



3aronoBouHbIii haiin: tslengine.h

PtrFinish
Tun PtrFinish onpepenset T (GyHKLMY 3aBeplleHNs] TECTOBOIO CLieHapHsl.

typedef void (*PtrFinish)( void );

[ononHutensHas nHdopmayus
@OyHKUYS 3aBeplleHUs ClLeHapus He HMeeT IlapaMeTpOB M Bo3BpaljaeMoro 3HaueHusi. OHa

TrpeiHa3HaueHa /I/isi 0CBOOO’KAEeHHs PeCypCOB TI0C/Ie 3aBepliieHusT paboThI CIieHapHsl.

3aronoBouHbIii chaiin: tslengine.h

PtrGetState

Tun PtrGetState ompegenser TN (PyHKUWH, BBIUMC/SIOLEN TeKyllee COCTOSIHME TeCTOBOTO
CLieHapus.

typedef Object* (*PtrGetState)( void );

[ononHutensHasa nHdopmauus
DyHKIMS BBIUMCIEHUSI COCTOSTHUS ClLieHapus He WMeeT I1lapaMeTpPOB M BO3BpalljaeT OOBEKT

CHEL[I/ICI)I/IK{:[L[I/IOHHOI‘O THIIA.

3aronoBouHbIii haiin: tslengine.h

PtrInit
Tun PtrInit onpefessieT TUN QYHKLUU WHULMAIA3ALIUA TeCTOBOTO CLieHapHSl.
typedef bool (*PtrInit)( int, char** );

[AononHutenbHasa uHdopmauus

OyHKUYS UHALIMaIU3aliy T0/IyyaeT Ha BXOJ, MacCUB NlapaMeTpOB, COTJIaCHO CeMaHTHKe MPUHSTON
[U1s1 TIapaMeTpoB argc, argv CTaHAApTHOW (YHKI[MM Main, ¥ BO3BpaIlaeT OyIeBCKYH0 BeTUYHHY,
KOTOpas [O0J/DKHAa IpMHMMAaTh 3HauyeHue true, eCau WHULMAAU3aLMs 3aBeplin/iach YCIIeLIHO, U
false — B IpOTUBHOM Cilyyae.

3aronoBouHbIii haiin: tslengine.h

PtrIsStationaryState

Tun PtrIsStationaryState omnpegenser Tun ¢GyHKUMA TIPOBEPKM  CTALMOHAPHOCTU
MO/Ie/IbHOI'O COCTOSIHUA.

typedef bool (*PtrIsStationaryState)(void);

AononHutenbHasa uHcopmaums
chHKL[I/ISI MPOBEPKH CTAJMOHAPHOCTHU MOJE/IbHOI'O COCTOAHWA HE UMeeT ITapaMeTPOB Y BO3BPAlllde€T

3HayeHwue tura bool.

3aronoBouHbIii haiin: tslengine.h

PtrObserveState

Tun PtrObserveState onpegensier TUI GYHKLUHM, CAHXPOHU3UPYIOLel MOZIe/TIbHOe COCTOSTHHE C
COCTOSIHUEM TeCTUPYEeMOU CUCTEMBI 110 UCTeUeHUH BPeMeHU CTaOU/TM3aliuu.

typedef void (*PtrObserveState)( void );



[AononHutenbHasa uHdopmauus
@DyHKIUS CUHXPOHHM3AL[MM MOJENbHOr0 COCTOSIHUSI He KMeeT [apaMeTpOB M BO3BpalllaeMoro

3HAUeHMH.

3aronoBoYHbI haiin: tslengine.h

PtrRestoreModelState

Tun PtrRestoreModelState ompegenser Tin (GYyHKLMHA, BOCCTaHABJIWBAIOIEN COCTOsIHUE
crielIU(pUKAL[MOHHON MOJied JAaHHbIX.

typedef void (*PtrSaveModelState)( Object* );

AononHutenbHasa nHpopmauus
(DYHKL[I/IH rnojydaeT 00BeKT CHEL[I/ICbI/IKaL[I/IOHHOFO THUIla U BOCCTAaHABJ/IMBAET I1I0 HEMY COCTOsAHHE

crielTU(pUKALMOHHON MoJient JaHHbIX. PYHKIUS He MeeT BO3BpalllaéMOoro 3HaueHusl.

3aronoBouHbIii haiin: tslengine.h

PtrSaveModelState

Tun PtrSaveModelState ompegenser Tun  ¢GyHKLUUM, BO3Bpaljalolleil  COCTOsSIHUE
crieliU(pUKAIL[MOHHON MOJied JAaHHbIX.

typedef Object* (*PtrSaveModelState)( void );

AononHutenbHasa nHcpopmauus

@DyHKLYS COXPAHEHHUsI COCTOSIHUS CHelU(PUKAL[MOHHON MOZe/NU [JaHHBbIX He MMeeT MapameTpoB U
BO3BpalljaeT 00beKT criel[urKalOHHOTO THUTIA.

3aronoBouHbIii haiin: tslengine.h



11.5 CepBucHblie (QyHKIUHA MeXaHM3Ma TeCTUPOBaHMS

MexaHU3MOM TeCTUPOBAHUsI MOKHO YTIPABJISATh C TOMOILBIO (DYHKLMI U3 TIPHMBEZIEHHOTO HIDKe
CTIMCKA.

areDeferredReactionsEnabled
®yukius areDeferredReactionsEnabled Bo3BpaijaeT TeKyIIUd PEXXUM MOAJEPKKU
OTJIO’KEHHBIX peaKLUH.

getFindFirstSeriesOnlyBound
Oynkuusa getFindFirstSeriesOnlyBound Bo3BpaillaeT Tekylijee 3HaueHWe CBOMCTBA
FindFirstSeriesOnlyBound.

getFinishMode
dynakus getFinishMode Bo3BpamaeT TeKyIyii pe>KuM 3aBepiiieHust paboThbl TECTOBOTO
CLeHapusl.

getWTime
dynkIMs getWTime Bo3BpalljaeT BpeMst O>KUZAHUS CTaOW/THU3al[|uH 1Ie/IeBOM CUCTEMBI.

isFindFirstSeriesOnly
®ynkuusa isFindFirstSeriesOnly Bo3BpalljaeT TeKylee 3HaUeHUe CBOMCTBA
FindFirstSeriesOnly.

setDeferredReactionsMode
®yHkuusa setDeferredReactionsMode ycraHaBiIvMBaeT peKUM MOAAEPKKA
OTJIOXKEHHBIX peakl1H.

setFindFirstSeriesOnly
OyHKusA setFindFirstSeriesOnly ycTaHaBIMBaeT CBOKCTBO
FindFirstSeriesOnly.

setFindFirstSeriesOnlyBound
®yHkuusa setFindFirstSeriesOnlyBound ycTaHaB/iMBaeT CBOWCTBO
FindFirstSeriesOnlyBound.

setFinishMode
dynkims setFinishMode ycraHaB/ivMBaeT 3HaueHWe Pe)KUMa 3aBepIleHust paboThbl
TeCTOBOT'0O CLieHapusl.

setWTime
OyHKIMS SetWTime ycTaHaB/IMBaeT BpeMsl OXKM/IaHUS CTaOHUIM3al[K 11e/IeBOM CUCTEMBI.

areDeferredReactionsEnabled

@DyHKLMS BO3BpaLlaeT TeKYLIU PeXXUM MOAJEPKKU OT/I0KEHHBIX PeakLvil.

bool areDeferredReactionsEnabled( void );

finish_mode

HoBbiii pe>kuM 3aBepiiieHus1 paboThbl TECTOBOTO CIIeHapHS.

BosBpawaemoe 3HayeHue

Tekylui pe>xuM NoJJIep>KKU OT/I0’KeHHbIX peakiui.



[AononHutenbHasa uHdopmauus

Onsi u3MeHeHUsI peXXuUMa TIOAJE€PXKKHA OTJIOXKEHHbIX peakl[ui TpeiHa3HaueHa (yHKLUs
setDeferredReactionsMode.

3aronoBouHbIii haiin: tslengine.h

getFindFirstSeriesOnlyBound
@DyHKLMS BO3BpalljaeT TeKylllee 3HaueHue cBoiictBa FindFirstSeriesOnlyBound.

int getFindFirstSeriesOnlyBound( void );

BosBpalwaemoe 3HayeHue

Teky1ee 3HaueHre cBorcTBa FindFirstSeriesOnlyBound.

JononHutenbHasa nHcpopmauus

[lna ycTaHOBKM TeKylllero 3HaueHusi cBoWctBa FindFirstSeriesOnlyBound mnpeaHasHaueHa
¢ynkius setFindFirstSeriesOnlyBound.

3aronoBouHbIii haiin: tslengine.h

getFinishMode
DyHKIMS BO3BpaIljaeT TeKYIUI PEXXUM 3aBepliieHHsT pab0ThI TECTOBOTO CLieHapHsl.
FinishMode getFinishMode( void );

Bo3Bpawaemoe 3HayeHue

TeKxy1uii pe>xuM 3aBepiiieHusi paboThbl TECTOBOTO CLieHapHsl.

[AononHutenbHasa uHopmauus

Oyukimsgs getFinishMode Bo3BpaillaeT TeKYI[HUH peXUM 3aBepilieHHs pPabOThl TEeCTOBOTO
cueHapus. [l W3MeHeHWs TeKYIero peXXMMa 3aBepilieHus paboThl MpejHa3HaueHa (YHKIUS
setFinishMode.

3aronoBouHbIii haiin: tslengine.h

getWTime
DyHKIMS BO3BpaIljaeT BpeMsi OXKUJaHUsT CTaOM/IN3al[iK 11e/IeBOH CUCTEMBI.
time_t getWTime( void );

Bo3Bpalyjaemoe 3HayeHue

Bpemsi o>kuziaHust CTaOWIA3aliiy 1[eIeBOi CUCTEMBI.

AononHutenbHasa nHpopmauus

OyHkIMs getWTime Bo3BpailaeT BpeMsl OXKUJAHUS CTAOWIM3aLUM 1jefieBOid CUCTeMbl. [Iis
M3MeHeHWss BpPEMeHU O)KHJIaHWs CTaOWIM3aluy 1[eJIeBOM CUCTeMBbI TIpeJHa3HaueHa (QyHKIMS
setWTime.

3aronoBouHbIii haiin: tslengine.h

isFindFirstSeriesOnly

@DyHKLMS BO3BpalljaeT TeKylllee 3HaueHue cBorictBa FindFirstSeriesOnly.



bool setFindFirstSeriesOnly( void );

Bo3Bpalwjaemoe 3HayeHue

Tekylijee 3HaueHue cBolcTBa FindFirstSeriesOnly.

[ononHutenbHasa nHcpopmauus

Onsi wv3MeHeHusi 3HaueHWsi cBoikcTBa FindFirstSeriesOnly
setFindFirstSeriesOnly.

3aronoBouHbIii haiin: tslengine.h

setDeferredReactionsMode
@DYHKILUS yCTAaHABIUBAET PEXXUM MOJJEP’KKHU OT/I0’KEHHBIX PeaKL|i.

bool setDeferredReactionsMode( bool enable );

MapameTpbl
enable

rnpeaHa3HaueHa

byHKUYS

3HaueHHe TapameTpa true COOTBETCTBYET BK/IFOUEHHOMY PEXUMY MOAAEPKKUA OT/IOXKEHHBIX

peakiui, 3HaueHHe false — BLIK/IIOUEHHOMY.

Bo3Bpawaemoe 3HayeHue

CDyHKL[I/ISI BO3BpallaeT MrpeJblayiee 3Ha4YeHUe peXXrMd MogAeP>KKKU OT/IOKEHHBIX peaKL[Hﬁ.

[AononHutenbHasa uHopmauus

OyHkuusa setDeferredReactionsMode ycraHaB/iIMBaeT peXUM TMOAJEPKKU OT/I0KEHHBIX
peakiuii. Pe>XuM Mo/ZIep>KKK OT/I0’KEHHBIX Peakluid He MOKeT ObITh BK/IFOUEH, eC/Td XOTsl Obl OZJHO
u3 nosed saveModelState, restoreModelState wimi isStationaryState TecToBOro

CLieHapusd He orpeejeHO WIN MHULIMAJIN3UPOBAHO HYJIEBBIM YyKa3aTeJieM. Ecan xe Bce 3TU moss
WHULIUA/IM3UPDOBAHBI HEHYJIEBBIMH YKdA3dTe/ISIMH, TO DEXHUM TIOAAEP>KKH OTJ/IOXKEHHBIX peaKL[I/Iﬁ

«BKJ/IKOUEH» T10 YMOJ/TUaHHUIO.

N3meHSTH PeXUM TMOAAEPXKKU  OTJIOXKEHHBIX peaKL[I/Iﬁ pa3pemiaeTcad TOJIbBKO B d)YHKL[I/II/I

WHULIYA/IM3al[uM TeCTOBOI'O CLieHapus.

[nst pocTymna K TeKyllleMy 3HaueHWIO peXkuMa TOAJep>KKU OT/I0’KeHHBbIX peakl[ui MpeJHa3HaueHa

¢ynkius areDeferredReactionsEnabled.

3aronoBouHbIii haiin: tslengine.h

setFindFirstSeriesOnly
@DyHKIMA ycTaHaB/IMBaeT CBOMCTBO FindFirstSeriesOnly.

bool setFindFirstSeriesOnly( bool new_value );

MapameTpbl

new_value

YcTaHaB/MBaeMoe 3HaueHue cBoiicTBa FindFirstSeriesOnly.

BosBpawaemoe 3HayeHue

DyHKLMA BO3BpalljaeT npeAblAylee 3HaueHue cBorictBa FindFirstSeriesOnlyBound.



[AononHutenbHasa uHdopmauus

Oyukimsa setFindFirstSeriesOnly ycraHaBinuBaeT cBOMCTBO FindFirstSeriesOnly. Eciu
CBOMCTBO NpHHMMaeT 3HaueHue false, TO BO BpeMs cepuanu3aliy B3avMOJEHMCTBUU C LieJIeBOU
CUCTEMOM, TeCTOBBIM MeXaHU3M CTPOUT BCe [JOMYCTHUMbIe MOC/IeJ0BaTeIbHOCTU B3aUMO/JENCTBUN U
TIpOBepsieT, UTO BCe OHU MPOBOJSAT B OZHO U TOXKe COCTOSIHUE Crel(pMKalMOHHOW MOJ|e/v JIaHHbIX.
To ecTb poBepsieTcs [eTepPMUHMPOBAHHOCTb MOZe/v. EC/M U3 J0MOTHUTE/TbHBIX 3HAaHUM 0 MOJZIe/TN
W3BECTHO, 4YTO BCe [OIyCTHMBble LIelI0YKU BCerja IpPUBOJAT B OJHO M TOXe CTaldOHapHOe
COCTOsIHUe, TO [IOMYyCKaeTCsl YCTAHOBUTh 3HaueHWe cBolicTBa FindFirstSeriesOnly B true u,
TakMM 00pasoM, ONTUMU3UPOBaTb paboTy TecToBOil cucTembl. Hampumep, ecni B Mofenu
oripe/ie/IeHO O/IHO-eIMHCTBEHHOe CTallMOHApHOe COCTOsIHUE crieliu(UKaLMOHHOW MO/ie/ld JIaHHbIX,
TO BbIlIEyKa3aHHOe YC/JIOBHE 3aBeJJOMO BBITIOJHSETCS M CBOWCTBY FindFirstSeriesOnly
JIOTyCKaeTCsl IPUCBOUTL 3HaueHue true.

[To ymonuaHuIo 3HaueHHe CBOMCTBA paBHO false.

W3mensiTh cBoiicTBO FindFirstSeriesOnly pa3pemaercsi TOMBKO BO BpeMsi pabOThI TECTOBOTO
CLieHapus, B TOM 4uc/ie B (QYHKIWMY WHULIMAIW3alUU TECTOBOrO cLeHapus. Bce n3meHeHus 3TOro
CBOMCTBA /10 Hauasa paboTkl TECTOBOTO CLieHapHsi Ha ero paboTy He TIOB/IHUSIOT.

st mosiyyeHUs TeKyllero 3HaueHusi cBouictBa FindFirstSeriesOnly npegHa3HaueHa QyHKLHs
isFindFirstSeriesOnly.

3aronoBouHbIii haiin: tslengine.h

setFindFirstSeriesOnlyBound
DyHKLMA ycTaHaB/IMBaeT cBOMCTBO FindFirstSeriesOnlyBound.

int setFindFirstSeriesOnlyBound( int bound );

MapameTpbl
bound

YcraHaBnvMBaemoe 3HaueHHe cBokcTBa FindFirstSeriesOnlyBound.

BosBpawaemoe 3HayeHue

ODyHKLMA BO3BpalljaeT npeAbiAyliee 3HaueHue cBoiictBa FindFirstSeriesOnlyBound.

AononHutenbHasa nHcpopmauus

Ecmn  3Hauenwe cBolictBa FindFirstSeriesOnlyBound paBHO Hy/IO, TO BO Bpems
cepuanu3al[ii B3avMOJIEMCTBUM C I1e/IeBOM CHUCTEMOM, TeCTOBBIM MeXaHW3M OyzleT CTPOWThL BCe
JIOTyCTUMBbI€ T10C/Ie[I0BaTe/TbHOCTH B3aUMO/IeHCTBUM U TIPOBEPSITh, UTO BCe OHU MPOBOJSAT B OZHO U
TOXKe COCTOsIHUe Crieliu(PUKalMOHHOW MO/ie/Ti JaHHbIX.

Ecmn  3HaueHwe cBorictBa FindFirstSeriesOnlyBound mosoXuTenbHO, TO BO BpeMs
cepuanu3al[ii B3aUMO/IEHCTBUM C 11e/IeBOM CHUCTEMOM, TECTOBBIM MeXaHW3M Oy/IeT TOJILKO B TOM
Cclyyae CTPOMTb BCe [JOMYyCTHMble TOC/Ie[0BaTeJIbHOCTA B3aUMOJEUCTBUM, €C/Id YHUCIO
B3aMMO/IECTBUI MeHbllle 3HaueHusi cBoilcTBa FindFirstSeriesOnlyBound, B TIPOTHBHOM
c/yyae, TeCTOBbIM MeXaHH3M PacCMOTPUM eAUMHCTBEHHYIO [JOMYCTUMYI0 MOC/e[0BaTeNbHOCTh. [1o
YMOJIUaHHIO 3HaueHWe CBOMCTBA PaBHO 0.

Bri3oB setFindFirstSeriesOnlyBound(0) 3KBUBa/leHTEeH BbI30BY
setFindFirstSeriesOnly(false). Bei3oB setFindFirstSeriesOnlyBound(1)
5KBUBaJIeHTeH BbI30BY SetFindFirstSeriesOnly(true).



W3mensiTe cBoiicTBO FindFirstSeriesOnlyBound pa3speriaeTcs TOMBKO BO BpemMsi pabOThI
TeCTOBOIO CLieHapusi, B TOM uuc/ie B (VHKIMW WHULMAIW3alWMd TeCTOBOrO CleHapus. Bce
M3MeHeHHsI TOT0 CBOWCTBA [0 Havyasa paboThl TECTOBOTO CLieHapHsi Ha ero paboTy He MOB/HSIOT.

[na mosyueHust TeKyllero 3HaueHusi cBorctBa FindFirstSeriesOnlyBound npeaHasHaueHa
¢dbynkius getFindFirstSeriesOnlyBound.

3aronoBouHbIii haiin: tslengine.h

setFinishMode
OYHKIMS yCTaHAB/IMBaeT 3HaUeHHe peXXrMa 3aBepiiieHus: paboThl TeCTOBOTO ClLieHapUs.

FinishMode setFinishMode( FinishMode finish_mode );

MapameTpbl

finish_mode

HoBbli1 pe>kuM 3aBepiiieHusi paboThl TECTOBOTO CLIeHApUsl.

BosBpalwaemoe 3HayeHue

[Mpeapiayiyii pexkuM 3aBepliiieHHst paboThl TECTOTOBO CLieHApHS.

AononHutenbHasa nHcpopmauus

Oyukiusi setFinishMode ycraHaB/ivBaeT 3HaueHUe pekKMMa 3aBepllieHusi paboTbl MeXaHHU3Ma
tectupoBanus dfsm. Ilo ymomuanusi, mexaHusmbl TectupoBaHusi dfsm u ndfsm paboratorT B
pekume 10 TIepBOii OIIMOKH.

VI3MeHATb pe>XKMM pabOThI pa3pelaeTcsi B JFOO0OM MOMEHT pabOThl TeCTOBOM cucTeMbl. IIpu 3TOM
M3MeHeHHe pe)KuMa 3aBepIlieHHs1 PaboThI MOB/IHSET TOLKO Ha BHOBb 0OHApY>KUBaeMble OIMOKU, U
HUKaK He CKa)KeTCsl Ha 0OHapy>KeHHBIX paHee.

[nis mocTyma K 3HAUeHHI0 TeKYIlero pekuma 3aBepiiieHHs paboThl mpefiHa3HaueHa (GYHKIMS
getFinishMode.

3aronoBouHbIii haiin: tslengine.h

setWTime
DyHKIMS yCTaHABIMBAeT BPeMS OXKU/IaHUsI CTaOWIM3aLiu 11e/1IeBOM CUCTEMBI.

time_t setWTime(time_t secs);

MapameTpbl
secs

Bpemst o>xujaHust CTaOUIM3aliiy 11e/IeBOM CHCTeMbI B CeKyH/jaX. 3HauUeHUe rapaMeTpa J0/KHO
OLITE HeOoTpuLlaTe/IbHBIM Lie/IbIM YKMC/IOM.
Bo3Bpawaemoe 3HauyeHue
CDyHKLII/IH BO3BpdlliaeT Ipeabiayiiee 3HaU€HHWe BpeMEHU OXUIAdHUA CTa6I/IJII/I3aLII/II/I ueHEBOﬁ
CHUCTEMBI.
[JononHutenbHasa nHdopmayus

dynkuusi setWTime ycTaHaB/ivMBaeT BpeMsi OXKWZAHUS CTaOWIM3aluy Iie/IeBOM CHUCTeMBI. JTO
BpeMs, KOTOpOe >KIeT MexXaHu3M TeCTHUPOBAHUA II0C/Ie OCYILEeCTBJIeHUSA KaXIOro TeCTOBOI'O



BO3/IEUCTBUS, /i1 TOrO, YTOObI BCsl MHGOpPMAIUs O peaklusax Obula cobpaHa U liesieBasi CUCTeMa
repeliuia B CTaljMOHapHOe COCTOSTHUE.

[To ymonuaHuto 3HaueHre BpeMeHU 0XKWU/aHUsl PaBHO 0.

HN3meHSTh BpeMs OXXUOaHHA CTHGI/I]’II/BBL[I/II/I HeneBOﬁ CHUCTEMBI pa3pelldeTcsd TOJILKO B g}yHKQI/II/I
HHUIIMAINW3dWH TeCTOBOI'0O CIieHdpud.

st nosiydeHust TeKylllero 3HaueHus1 BpeMeHH 0XKU/IaHUs MpejHa3HaueHa QPyHKius getWTime.

3aronoBouHbIii haiin: tslengine.h



11.6 CranpapTHBIe NapaMeTpbl TECTOBOI'O ClieHapus

ITpu 3amycke TeCTOBOrO CLieHapHsi eMy IepefaeTcsl CIIMCOK apamMeTpoB. MeXxaHU3M TeCTHPOBaHUS
MMeeT CTaH/japTHbIe MapaMeTphl, KOTOpPble HAaCTPaMBaIOT ero paboTy. Bce cTaHjapTHBIE TTapaMeTphI
JO/DKHBI C/1eZloBaTh 10 T0JIb30BATE/ILCKUX TapamMeTpoB. MexaHu3M TeCTHpOBaHHUs oOpabaTbiBaeT
WX Y Tlepe/iaeT OCTaBLINecs B (yHKLMIO MHULMAIU3aLUM TECTOBOTO CLieHapUsl.

B CTESK 2.8 MexaHu3M TeCTUPOBAHUSA MOJLep)KUBAeT CTaHJapTHbIe NapaMeTphl, [pHUBe/leHHbIe B
CITUCKe.

- --ffso
--find-first-series-only
Yka3bIBaeT HaXO/IUTh TOJILKO MEPBYIO YCIIELIHYIO CEpUIO.

« -nt
--no-trace
BrikrouaeT TpacCUpPOBKY.
- -t

HanpagnsieT TpacCUpPOBKY B (aii C yKa3aHHbIM UMEHeM.

« ~tc
HarmpaBsisieT TpacCUPOBKY Ha KOHCOJIb.

« --trace-accidental
Bk/itouaeT TpacCMPOBKY HeJOCTOBEPHBIX MEPEX0/0B.
« -tt

HanpaBsnisieT TpaccupoBKYy B ¢aiii ¢ YHUKaJbHbIM HMEHEeM, COCTaBJeHHbIM U3 UMeHH!
CLleHapus U TeKyIlero BpeMeHHU.

e -uend
YKa3bIBaeT BBITIOJIHATh TECTUPOBAHUE /10 KOHI[A, HECMOTPS Ha OIIHMOKH.

e -uerr
YKa3sblBaeT BBIMOJHATL TECTUPOBAHWE JI0 BO3HUKHOBEHHUSI T€pPBOM  OMIMOKHM  (T10
YMOJIUAHHIO).

e =--trace-format

YkasbiBaeT hopmat cOpoca JaHHBIX B TPaccy.

« --disabled-actions
Yxka3biBaeT uMs (aiisia co CIIMCKOM CIieHapHBIX (DYHKIIHM, KOTOpbIe He OYAYT BbI3bIBATHCS.

--find-first-series-only
-ffso

YKa3bIBaeT HAXOAUTh TOJIBKO TIEPBYIO YCIELTHYIO CEPHUIO.

[JononHutenbHasa uHdopmauus

CraHpapTHbii mapameTp --find-first-series-only (B cokpaieHHoM ¢opme -Tfso0)
yCTaHaB/IMBaeT 3HaueHUe cBoMcTBa FindFirstSeriesOnly B true. 3To 03HauaeT, YTO BO BpeMs
cepya/M3al[ii B3aUMO/IEHCTBUM C 1[eJIEBOM CHCTEMOM, TeCTOBBI MeXaHU3M He OyZieT CTPOUTDb BCe
JIOMyCTUMBIe TT0C/IeZloBaTeIbHOCTH B3aUMOZEMCTBUN U MPOBEPSITh, UYTO BCE OHU MPOBOJAT B O/IHO U
TOXKe COCTOsIHUe criel[udUKalMOHHONW MOJe/N AAHHbIX, @ PACCMOTPUT TOJBKO OJHY [OMYCTUMYIO
M0C/Iel0BaTeIbHOCTh B3aUMO/IEUCTHH.



3HaueHre cBoiictBa FindFirstSeriesOnly MoskeT ObITb W3MEHEHO C TOMOLIBIH) (YHKLUH
setFindFirstSeriesOnly Bo Bpemsi MHMLMAIM3ALMM TECTOBOTO CLieHapUsl WM JAajibHeullen
ero pabotsl. [To ymonuaHuto, 3HaueHre CBOMCTBa paBHO false.

-nt
--no-trace

BBIK/TFOUaeT TPaCCUPOBKY.

[AononHutenbHasa uHopmauus

CraHpapTHbIM NapaMmeTp --no-trace (B cokpaijeHHOM (opMe -nt) BbIKJIHOYaeT TPaCCUPOBKY.
JTOT napaMeTp HeJlb3s UCII0/Ib30BaTh BMeCTe CO CTaHAApPTHBIMU MapaMeTpamu -t, -tt wium -tc.

-t

HanpagnsieT TpacCUPOBKY B (aiis C yKa3aHHBIM UMEHeM.

[JononHutenbHasa uHdopmauus

CraHpapTHbIA TlapameTp -t wMmsi_¢aiina mobaBnseT ¢aiii, yKa3aHHBIA B CAeYIOMIMM 3a HUM
rapamMeTpe, B HA0Op YCTPOMCTB Aiyisi cOXpaHeHUst Tpacchl. Eciu cieyrommuii mapaMmeTp OTCYTCTBYeT
win (aiin c yka3aHHbBIM B HEM MMeHeM HeBO3MO)XHO OTKPBITb Ha 3aMuch, TO paboTa TeCTOBOTO
CLieHapHsl aBapUHO 3aBepIllaeTCsl.

-tc

HarnpaBsnisieT TpacCMpOBKY Ha KOHCOJIb.

[JononHutenbHasa uHopmauus

CraHJjapTHBIMA TlapameTp -tc go0aB/isieT KOHCOJb B HaOOp YCTPOWCTB /Il COXPAHEHHs] TPACCHI.
Moz KOHCOJIBIO TIOHMMAETCsI CTAaHAAPTHBIN TIOTOK BbIBO/IA TIPOLIeCCa, B KOTOPOM paboTaeT TecToBast
cucTema.

--trace-accidental

Bk/rOuaeT TpacCUPOBKY HeJJOCTOBEPHBIX MePexX0/I0B.

[AononHutenbHasa uHopmauus

CraHpapTHBIM TapaMmeTp --trace-accidental BK/IOUaeT TpPaCcCUPOBKY UWHGOPMAIMK O
HeCyl[eCTBEeHHbIX Mepexo/ax.

TpaccrpoBka MH(OpPMAaLMK 0 HECYIeCTBEHHBIX TMepexo/jaX MOKeT ObITh BK/IOUEeHa/OTK/IIOUeHa C
nomotpio ¢yHKIMKM setTraceAccidental Bo BpeMs MHUIMA/NX3aLMKA TECTOBOTO CLIEHApUsi UK
JanpHelmmedr ero pabotel. [lo ymomyaHuIO TpacCMpOBKa WHGOPMAld O HeCYIeCTBeHHbBIX
repexo/ax OTK/IF0UeHa.

-tt

HarnpaBsnisieT TpaccMpoBKY B ¢aiil C yHUKaIbHbIM MMEHEeM, COCTaBAeHHbIM M3 UMEHU CLieHapus U
TeKYLL[er0 BpeMeHH.

AononHutenbHasa nHcpopmauus

CraHpapTHeld  MapameTp -tt  pobaBnser  dalin  cO  CreHepUpOBaHHBIM  WMEHEM
<scenario_name>-YYYY-MM-DD--HH-MM-SS.utt B HabOp yCTpOMCTB [mJisi COXpaHEHUs
Tpaccel. Ecii aiim ¢ TaKUM MMeHeM HeBO3MOKHO OTKPBITb Ha 3alMCh, TO paboTa TeCTOBOTO
CLieHapysl aBapUHO 3aBepIllaeTCsl.



[TapameTp -tt siB/IsIeTCS MapaMeTPOM IO YMOJTUAHHIO: 3amMyCK TecTa 0e3 rmapaMeTpOB KOMaHIHOM
CTPOKHY 3KBHBAJIEHTEH 3allyCKy C IlapamMeTpoM - tt.

-uend

YKa3bIBaeT BLIMOIHATh TeCTUPOBaHUE [0 KOHLIA, HECMOTPA Ha OILIIMOKMU.

JononHutenbHaa nHcpopmauus

CraHAapTHBIM MapameTp -uend yCTaHaB/IMBaeT 3HaueHHe pPe)KrMa 3aBepiiieHHst paboThl. 3HaueHHe
pe)kuMa 3aBepilieHUs] MOXKeT ObITh MepeorpeziesieHO C ToMoIpio GyHKIMU setFinishMode Bo
BpeMsl MHUIMAIM3aliy TECTOBOTO CIIeHapysl WU Aa/ibHelIIel ero paboThl.

Ecnv cpenu mapameTpoB ClieHapusi TMPUCYTCTBYeT HECKOJbKO CTaHAAapTHBIX IapaMeTpOB
yCTaHAB/IMBAIOIINX PEXUM 3aBepileHus paboThl, TO MeXaHW3M TEeCTUPOBAHUSI UCIIO/Ib3YeT
3HaueHUe MoC/IeJHEro0 U3 HUX.

-uerr

YKa3bIBaeT BLIINOIHATh TeCTHUPOBaHUE 10 BO3SHUKHOBEHUA HepBOﬁ OIIMOKU (HO YMOJIanI/II-O).

[AononHutenbHasa uHopmauus

CraHAapTHBIY TTapaMeTp -Uerr yCTaHaB/IMBaeT 3HaueHUe pe)KuMa 3aBepilieHus: paboThl. 3HaueHue
pe)kuMa 3aBepilieHUs] MOXKeT ObITh MepeorpeziesieHO C ToMoIpio GyHKIMU setFinishMode Bo
BpeMsl MHUIIMAI3aliy TECTOBOTO CIIeHapysl WU Aa/ibHelIIel ero paboThl.

Ecnv cpenu mapameTpoB ClieHapWsi TMPUCYTCTBYeT HECKOJbKO CTaHAAapTHBIX TapaMeTpoB
yCTaHAB/IMBAIOIINX PEXUM 3aBepileHus paboThl, TO MeXaHW3M TECTUPOBAHUSI UCIIO/Ib3YeT
3HaueHHe MoC/IeJHEr0 U3 HUX.

st MexaHU3Ma MOCTpoeHUsi TecToB Ndfsm y cTaHJapTHOTO TapaMeTpa -Uerr MOXHO yKa3aTh
3HaueHHe — YKCJI0 OLIMOOK, 1oC/ie BO3HUKHOBEHHsI KOTOPOTO TeCTUpPOBaHWe mpekpaiaercs. s
3TOr0 UCIOJIb3yeTcsl hopMar -uerr=4yncsio_ownboK.

--trace-format
YKkasbiBaeT dopmar cOpoca JaHHBIX B TPaccy.

JononHutenbHasa nHcpopmauus

CraHpapTHBIN mapameTp - -trace-format ycraHaBivBaeT ¢opMaT, B KOTOPOM COpachIBarOTCS B
TPacCy JlaHHble CI0XKHBIX THUIOB. DTOT NlapamMeTp B/MseT Ha TO, B KAKOM BH/Jie TI0MaflaloT B TPaccy
(a B maspHeMIleM W B OTYéThI) 3HAUEHWs] WTEpPaLMOHHBIX [epeMeHHBIX CLieHapus, COCTOSHUS
CLieHapysi, 3HaueHus [lapaMeTpOB BbI30Ba METO/I0B U BO3BpalljaeMbIX STUMU MeTO/laMH 3HaueHHH.

HonycTuMbl [1Ba 3HaueHUs TapameTpa: --trace-format=xml (mo ymonuanuio) u --trace-
format=string. B nepBom cnyuae mosyuaeTcsi Tpacca, COXpaHstoiiasi MH(HOPMaLMIO O CJIO’KHBIX
CTPYKTypax [aHHbIX (eC/M TaKOBbIe HCIIO/Ib30Ba/MCh TpU paboTe clieHapusi), KOTOPbIe I03Xe
npeoOpa3yloTcsi B OTUéTax B pacKpbiBaeMoe [epeBo. Bo BTOpPOM ciiyyae MoJsiydaeTcst Tpacca
MeHbl1Iero 00béma, Tpedyrollasi MeHbIIe PeCypCoB /ISl TeHepalji OTUETa.

--disabled-actions
Yka3biBaeT UM (aiisia co CIMCKOM CIieHapHBIX METOZIOB, KOTOpbIe He OYYT BbI3bIBATHCS.

[AononHutenbHasa uHopmauus

3HaueHWe CTaHJAPTHOrO MapameTpa --disabled-actions=uma_daina 3agaér ums daiina co
CTIICKOM MMEH CIieHapHbIX (PYHKI[WH, KOTOpbIe He OyIyT BbI3bIBAaThCS 00X0qunkom. Daiin momKkeH
CyllleCTBOBaTh U CO/IepP>KaThb CIIMCOK UMEH CLieHapHbIX (YyHKLIWM, pa3jenéHHbIX TTepeB0loM CTPOKH.



12 CepBuchI TpacCUpOBKHU

TpaccupoBiyk TectoBoi cucteMbl CTESK mpezocTaB/isieT BO3MOYKHOCTh COXPaHSITh MH(POPMaL[HIO
0 TIpoLjecce TeCTUPOBaHUA /ISl ee MOC/elyIolero aHaausa. [l 3Toro Bce KOMIIOHEHTHI TeCTOBOU
CUCTeMbl aBTOMAaTHUeCKW TPacCUPYIOT JaHHble O CBoeil pabore B creluasbHOM (opMmate.
BnocneactBuM  Tpacca UCIIO/b3yeTCsl TeHepaToOpoM OTY4eTOB JJId  aHalv3a pe3y/IbTaToB
TeCTUPOBAHUS U TTIOCTPOEHUS Pa3/IMUHbIX OTUETOB.

[ns monb3oBaTesisi TPaCCUPOBLIMK TIpefoCTaB/sieT MHTepdelc yrpaBjieHUss TPaCcCUPOBKOW MU
nHTepdeiic TPAaCCUPOBKH COOOILEHHHA.



12.1 YnpaB/ieHue TPaCCHPOBKOHU

®yHKIMU yIIpaB/ieHHsl TPACCUPOBKOM Jle/STCs Ha JiBa Kacca: (PyHKLMM yIpaB/ieHUsl COXpaHeHHeM
TPacChl U (PYHKLIWMY yTIpaB/aeHUs Cofiep>KaHreM TPacChl.

DyHKUMH yTIpaB/ieHNsl COXpaHeHHeM TpacChl, paboTaroT 1o CaeAyroImyM puHLpnam. Tpacca Tecta
MO’KeT OJJHOBPEMEHHO COXpaHsieTcsi Ha HeckonbkKux yctpoiictBax. CTESK 2.8 moppep>kuBaeTcs
[iBa BU/Ia YCTPOMCTB: KOHCO/b U (ails1. ITof KOHCOMBbIO TOHMMAaeTCsl CTaHAAPTHBIN MOTOK BbIBOJA
rpoliecca, B KOTOPOM paboTaeT TeCToBasi CUCTeMa.

TpaccHpoBIMK COXPaHsET TPAcCy Ha YCTPOWCTBAX, BXOASAIIMX B HAOOP YCTPOMCTB AJIsi COXpaHeHUst
Tpacchl. YTOObI 00aBUTHL YCTPOHCTBO B 3TOT HAOOp WCMOMB3YIOTCA (YHKLMUA W3 TPYIIIbI
addTraceTo.. Ecm pobaBnsiemoe yCTPOWCTBO YrKe TIPUHAAJIEKAT HabOpy, TO CUETUUK
BXOXK/IEHHSI 3TOTO YCTPONCTBA B HAOOp yBeTMUMBAETCSl.

YT10o0OBI yJaMUTh YCTPOWCTBO W3 Habopa YCTPOWCTB [Jisi COXPaHEHWs TPACChl WCIIONB3YIOTCS
¢yuxuyu u3 rpymnsl removeTraceTo... Ecm yzaansemoe ycTpoicTBo Obiio fobaBieHo B Habop
HECKOJIbKO pa3, TO GYHKIUS y/ja/leHus] TOJIbKO YMEeHbIIIaeT CYeTUHK BXOXK/I€HUSI ITOr0 yCTPOHCTBA
B Habop. PeanbHOe yjaneHue ycTpoiicTBa U3 Habopa IPOMCXOJUT TOMBKO TOTZA, KOTJAa CUeTUHK
BXOJK/IeHUST OOHYJISIeTCS.

V3mMeHsTh cocTaB Habopa yCTPOMCTB /i/Isi COXpaHeHUsl TPacChl pa3pellaeTcs TOIbKO TOr/a, KOrja B
TEeCTOBOM CHUCTeMe He 3amyljeH HU OJWH TeCTOBbIM cleHapuil. B dacTHOCTH, B (QYHKLUU
VMHUIMAIM3aliY TECTOBOTO CIIeHapust U3MEHSTh 3TOT Habop He [0y CKaeTcs.

@®yHKUMY yTpaBaeHUsi COXpaHeHUeM TPacChl:

« addTraceToConsole

« removeTraceToConsole

« addTraceToFile

« removeTraceToFile

@OyHKIMY  yIIpaBleHUs CoJiepKaHheM Tpacchl OmpefiesisiiloT Habop U ¢opMaT coobireHuit
tpaccupoBiirka. B CTESK 2.8 pmocTtynHbl criefyromye (QyHKLUM yOpaBleHUsl COZep)KaHueM
TPacChl:

- setTraceAccidental

« setTraceUserEnv

CDyHKI_H/IH YCTaHOBKH KOAWPOBKH TPACChI:

- setTraceEncoding

addTraceToConsole
DyHKIWMS 100aB/IsIeT KOHCO/b B HAOOP YCTPOWCTB /I/1s1 COXPAHEHUST TPACChI.

void addTraceToConsole( void );

[AononHutenbHasa uHopmauus

@ynkus addTraceToConsole fob6aB/sieT KOHCOb B HAOOP YCTPOWCTB /il COXPAHEHUsT TPACChI.
Ecmu KOHCO/Ib y)Ke TIPUHAZJIEXKUT 3TOMY Habopy, TO CUETUMK BXOXK/EHHWsS KOHCOJU B Habop
yBesiurBaeTcst. 110/ KOHCOMbIO TIOHUMAETCsl CTaHAApPTHBIM TOTOK BBIBOJA TPOIiecca, B KOTOPOM
paboTaeT TecToBasi cCTeMa.

Oyukiusa addTraceToConsole MokeT ObITh BbI3BaHA TOJILKO TOT/a, KOTJla B TECTOBOW CHCTEME
He 3aryllleH HU OJUH TeCTOBbIW CLieHapHUH.



3aronoBouYHbI haiin: ts/c_tracer.h

removeTraceToConsole
DyHKUMS yAanseT KOHCO/Ib U3 Habopa yCTPOMCTB /Ijisi COXpaHeHUsl TPacChl.
void removeTraceToConsole( void );

AononHutenbHasa nHcpopmauus

dynkims removeTraceToConsole yaanseT KOHCOMb M3 Habopa yCTPOWCTB [jisi COXpaHeHHs
Tpacchl. EcC/M cueTYMK BXOXK/EHHSI KOHCOMM B 3TOT Habop Oosibllle efWHUIBI, TO CUETUMK
yMeHbIIaeTCs, a peasbHOr0 yJajeHusi KOHcold u3 Habopa He mpoucxoauT. Ilof KOHCOJIbO
TIOHUMAeTCsI CTaH/AAPTHBIN IMOTOK BBIBOZA MPOLIeCca, B KOTOPOM paboTaeT TeCcToBasi CUCTeMa.

dyukiysa removeTraceToConsole Mo)KeT ObITH BbI3BaHA TOJBKO TOTZA, KOTJAa B TeCTOBOMU
CHCTeMe He 3aMyleH HU OJIUH TeCTOBBIN CLIeHapUM.

3aronoBouYHbIi haiin: tsic_tracer.h

addTraceToFile
dyHKLMA J00aBasSeT yKa3aHHbIHN (aiil B Habop YCTPONCTB /IJisi COXPaHeHHs TPACChI.

bool addTraceToFile( const char* name );

MapameTpbl
name

Wwms daiina, fobapsisieMoro B HaboOp yCTPOKNCTB [ijisi COXpaHeHUs Tpacchl. [lapaMeTp He 10/DKeH
OBbITb HYJIEBBIM yKa3aTesieM.
Bosspau.q,aemoe 3HaveHune

dyHKIMS Bo3BpalllaeT true, ecnu ¢aiin 6b1 fobaBneH ycreliHo, U false, eciu 3Ty onepaiyio
TPOBeCTU He yZAanoch. [IpUunHON Heyjauu, HarlpuMep, MOXKET ObITh HEBO3MOXKHOCTb OTKDBITh
(aiin ¢ JaHHBIM UMEeHeM [I7Is 3aIliCH.

AononHutenbHasa nHcpopmauus

®dynkuus addTraceToFile mobaBnsieT ykasaHHBIN (aiil B HAOOp YCTPOWCTB [ijisi COXPaHEHHUSI
tTpaccel. Eci aTOT (aiin y)ke TpUHAZAJIEXKUT HAaOOPY, TO CUETUMK BXOXKAeHWs (aiiia B Habop
yBeIMUMBaeTCsl.

dyukuysa addTraceToFile Mo)keT ObITH BbI3BaHA TOJILKO TOT/a, KOTZla B TECTOBOM CHUCTEMe He

3aMyLeH HU OJIUH TeCTOBBIN CLIEeHAPUM.

3aronoBouHbIN chaiin: ts/c_tracer.h

removeTraceToFile
DyHKIWMS yAansgeT yKa3aHHbIN (aiin u3 Habopa yCTPOMCTB /jisi COXpaHeHHsT TPacChl.

bool removeTraceToFile( const char* name );

MapameTpbl

name

Nwms ¢aiina, ygansemoro u3 Habop yCTPOWCTB [/isi COXpaHeHHsl Tpacchl. [lapameTp He [0/KeH
OBITH Hy/IEBBIM yKa3aTeseM.



Bo3Bpawaemoe 3HayeHue

dynk1ms Bo3Bpaijaer false, ecu aiin ¢ JaHHBIM UMeHeM He TPUHAJJIeXXUT Habopy yCTPOMCTB
JI7Is1 COXpaHeHUs1 Tpacchl, U true B cilyyae yCrelIHoro yAaneHus daiina.

AononHutensHasa nHcpopmauus

dynkims removeTraceToFile yaanseT yka3aHHbIW (aiin U3 Habopa yCTPOWCTB AJisi COXpaHeHuUst
Tpacchl. Ecnmy cyueTunk BXOXKAeHWs 3Toro (aiisia B Habop Oosibllie eAWHMIBI, TO CUETUMK
yMeHbILIaeTCs, a peasbHOro yjaneHus ¢aiia 3 Habopa He IPOUCXO/UT.

dyHKIMsS removeTraceToFile mMoxeT ObITh BbI3BaHa TOJILKO TOT/IA, KOT/Ia B TECTOBOM CHUCTEME
He 3anylleH HUA O/IUH TeCTOBbIN CLieHapUi.

3aronoBouHbIN chaiin: ts/c_tracer.h

setTraceAccidental

@OyHKIIMS BK/IOUaeT/OTK/I0UaeT TPAaCCUPOBKY MH(MOPMALUKA O HecyujecmeeHHbix hepexodax. Ilof
HeCyll[eCTBeHHbIMU MepexoJamMu NMOHUMAKTCS Tlepexo/ibl, COOTBETCTBYIOLLME BbI30BaM CLIeHapHbIX
(GyHKI[UH, B TeUeHUM KOTOPBIX He TIPOMCXO/IUT BbI30Ba HU OFHOM crielin(pUKaIiMOHHOM (PYHKLIUU.

bool setTraceAccidental( bool enable);

MapameTpbl
enable

Ecmu 3HaueHue mapameTpa — true, TO (yHKLUsI BK/IHOYaeT TPAaCCUPOBKY WH(MOpMalLUU O
HeCylIeCTBEHHBIX Iepexo/idX, MHa4Ye€ — OTKJ/IFOUAET.
Bo3Bpawaemoe 3HauyeHue
@dyHKUYsA BO3BpalllaeT TIpejblAylllee 3HaueHWEe CBOMCTBA COXpaHeHWsT UHQOpMaLUU O
HeCylIeCTBEHHBIX Iepexoax.
[AononHutenbHaa MHopmauus

[To ymMom4aHHIO TPACCHUPOBIMK He COXpaHseT WH(OpPMAIMI0 O HeCyIleCTBeHHBLIX Tepexo/iax,
MO3TOMY TIpM BO3HUKHOBEHWM TaKOW HEOOXOAWMOCTH HY)KHO HCTO/Ib30BaTh  (DYHKIIHIO
setTraceAccidental.

dynkims setTraceAccidental He MoeT ObIThb BbI3BaHa BO BpeMsi pabOThI CLieHApPHOU
GbyHKIMN.

3aronoBouHbI chaiin: ts/c_tracer.h

setTraceUserEnv

®yukius setTraceUserEnv ycraHaB/ivMBaeT 3HaueHUs M0JIb30BaTe/IbCKUX MTePeMeHHbIX OKPY>KeHUSI.
3HaueHus 3TUX TlepeMeHHbIX COpachIBalOTCS B Hauasie Tpacchl BMecTe ¢ uHMopMalieii o cucteme.

void setTraceUserEnv( const char* name, const char* value);

MapameTpbl
name

VImMs oJ1b30BaTe/IbCKOM NTePeMEeHHOU OKPYI>KeHUSI.

value

3HaueHHe NepeMeHHOM.



[AononHutenbHasa uHdopmauus

YcranaBnvBaemble (QyHkUMeld setTraceUserEnv 3HaueHWs] TepeMeHHbIX MOTYT OMNMChIBATh,
HarpyMep TlapaMeTphbl y/aJeHHbIX CHUCTeM, KOTOpble He MOTYT OBITb OmpefeneHbl TeCTOM
aBTomMathyecku. OHM BUJHBI B OTUeTe, a TakKKe MOTYT MCIIO/Ib30BaThbCAd /sl MAEHTU(HKALUN
o0Hapy>kKeHHbIX OoIIMO0K B B/] M3BeCTHBIX OLIMOOK.

DyHKIMS [0/DKHA ObITh BbI3BaHa JJ0 Hauaaa paboThl ClieHapHs.

3aronoBouYHbI (haiin: tsic_tracer.h

setTraceEncoding
dyHkiua setTraceEncoding ycraHaB/iMBaeT KOAUPOBKY TPACChl.

void setTraceAccidental( const char* encoding);

MapameTpbl
encoding

WpentrudukaTop KOJUPOBKU TPacChl.

AononHuTtenbHasa nHpopmauus

OyHkius setTraceEncoding ycraHaBavBaeT KOAUPOBKY Tpacchl. [10 ymo/muaHuWiO UCTI0/Ib3yeTCs
kogupoBka UTF-8.

YcraHOBKa KOAWMPOKHM Tpacchl HeoOXOAWMa, B YaCTHOCTH, [Jii TOTO UTOOBI JIOKa/JM30BaHHbIE
CTPOKH, WCII0/Ib3yeMble B KaueCcTBe MMeH BeTBell (DyHKL[MOHAJbHOCTH, Ha3BaHUW MOJCUCTEM WU
TM0/Ib30BaTe/IbCKAX ~ COOOIL[eHHH, KOPPEKTHO OTOOpakanuch B OTYeTaX O TIPOBeJEHHOM
TeCTUPOBaHUM.

DyHKIWMS [0/DKHA ObITH BbI3BaHa /10 Hauasaa paboThI ClieHapHsl.

3aronoBouHbI haiin: ts/c_tracer.h



12.2 TpaccupoBKa co001eHIH

B CTESK 2.8 cymiectByeT TOMBKO OAWH BHJ COOOIEHWM TpPaCCHPOBILIWKA AOCTYIHBIN [IIsI
Mojb3oBaTess. OTH COOOIIEeHWs TaK M Ha3bIBAIOTCS: COOOLIeHHs1 Tojb3oBaTens. OHU WrparoT
BCIIOMOTaTe/JbHYH0 POJIb U WCHOJIb3YIOTCSI B OCHOBHOM [/l PYYHOIO aHaius3a Tpaccel. Ho B
HEKOTOPBbIX OTYeTax 00 ommOKax I0Jb30BaTe/bCKhe CO00IeHss 0TOOpaXKaroTes it 00JieryeHust
aHa/IM3a OMIMOOYHBIX CUTYaLIHH.

Jl71st TPaCCUPOBKHM COOOILeHNH TT0J/Ib30BaTe ISl MCIOb3YIOTCS (DYHKLIUM:

« traceUserInfo

« traceFormattedUserInfo

traceUserInfo
dynkims traceUserInfo 3amuceiBaeT B TPAcCy COOOIEHHE TT0/TH30BATES.

void addTraceToConsole( const char* info );

MapameTpbl
info

YKa3zaresib Ha CTPOKYy, 3aBepLIAIOLIYIOCS HYJIEeBbIM CHMBOJIOM, KOTOpasi COJIePXKUT
T0JTb30BaTe/IbCKoe cooOIIieHue.

[AononHutenbHasa uHopmauus

dynkims  traceUserInfo 3amuceiBaeT cooOijeHre Tmosib3oBaTtenss B Tpaccy. CooOijeHus
T0/1b30BaTeJIsl UTPAl0T BCIIOMOTaTe/TbHYI0 POJIb U UCIO/B3YIOTCS B OCHOBHOM /IJIsi DYYHOTO aHa/i3a
Tpacchl. Ho B HEKOTOPBIX OoTUeTax 00 omMbKax IM0/Ib30BaTeIbCKHe COOOIIeHHsT 0TOOPayKaroTCs /ISt
o0ierueHus aHaMM3a OIMOOYHBIX CUTYaLIUH.

3aronoBouHbIii haiin: ts/c_tracer.h

traceFormattedUserInfo
DyHKIMA 3aMMChIBaeT B TpacCy popMaTHpOBaHHOE COobIIIeH e 110/1b30BaTelIsl.

void addTraceToConsole( const char* format, ... );

MapameTpbl
format

Yka3arenb Ha CTPOKY, 3aBepLLUAIOLIYIOCSI HYJeBbIM CHUMBOJIOM, KOTOpasi COJEpXXUT (opmar
MO/Ib30BaTe/IbCKOTO  coo0OLjeHnsi. B CTpokKe — [oMycKarOTcs  Bce  CrielM(HUKaTOphI
npeobpa3oBaHuii,  [OMyCTHMble B  CTaHAAPTHOM  QyHKUuM  printf, a  Takke
cnerudukarop $(obj) ana mpeobpazoBaHusT B CTPOKY CreL(pUKAI[IOHHOTO OOBEKTa.
Cneuudukaropel $(0bj) momkHbl pacrionaraTtbCs Tepen crneludukaTopaMyd (yHKLUA
printf.

AononHutenbHasa nHcpopmauus

dynkims traceFormattedUserInfo ¢opmatupyer u 3amuckiBaeT coobirjeHre TI0b30BaTesis B
Tpaccy. CooOirieHus T0Ib30BaTe/IsI UTPAIOT BCIIOMOTATe/IbHYIO POJIb M UCTIO/B3YIOTCSI B OCHOBHOM
JUIsi PyYHOrO aHajau3a Tpacchl. HO B HEKOTOpBIX OTueTax 00 omMbKax I10/1b30BaTeTbCKUe
coo011ieHrst 0TOOpaXkaroTCs 1t 00/1eryeHus aHaMu3a OIMO0UHBIX CUTYalUH.



3aronoBouYHbI haiin: ts/c_tracer.h



13 CepBucsol perucrpanuu OT/I0KeHHBIX
peaKuu

TectoBasi cuctrema CTESK nopgepkvBaeT TeCTUpDOBaHWE CHUCTEM C OTJ/IO’KEHHBIMH peaKLHsIMHU.
CucreMaMu C OTJIOKEHHbIMH peakLWsIMA Ha3bIBAIOTCS TakKue CUCTEMbI, KOTOpble MOLYT
y4yacTBOBaTb B HECKOJBbKHMX B3aUMOJEWCTBUAX OJHOBPEMEHHO W/IM KOTOpble MOTYT CaMu
VHULIMMPOBATh B3aUMOJEUCTBUS C OKPY’KEHHUEM.

OpfHOM U3 Ba)KHEWIIMX 3aZiau MPU TECTUPOBAHUU CHCTEM C OTJIO’KEHHBIMU PeaKLUsIMU SIBJISIeTCS
rojlyueHrie Bceli HeoOxoAuMoW WH(OpPMaid O B3aUMOJEUCTBHUSX C 1[eJIeBOM CHCTeMOW. JTa
nHdopmaisa Tpebyetrcst tectoBoii cucrteme CTESK j/iss mMpoBepkM COOTBETCTBUSI peaibHOTO
TIOBeZIeHUs! 11e/IeBOi CHCTeMbl TpeOOBaHUSIM, OMMCAHHBIM B CrielU(UKAIUsAX, TOCKOIBKY UMEHHO
3TU B3aUMO/I€HCTBUS U OTPaKaroT MOBe/leHNe 11e/IeBOM CUCTEMbI C OT/IOXKEHHBIMU peaKkLHsIMHU.

TecToBasi cucTeMa aBTOMaTHMUeCKU PerMCTPUPYeT BCe B3aMMO/eNCTBUS, KOTOpble MHULIMUPYIOTCS
TOCPe/ICTBOM BbI30Ba CreliM(UKALIMOHHON (PYHKI[MHM BHYTPH IIpoliecca TeCTOBOM cucTeMbl. Bce
OCTa/ibHble B3aUMOZIEMCTBUS JIO/DKHBI OBITh  3apErMCTPUPOBAHbI  Pa3pabOTUMKOM TecTa B
CrieljuaibHOM KOMITIOHEHTe TeCTOBOM CUCTEMbl — DErMCcTpaTope B3auMO/IeHCTBHUN.

Kaxxzoe B3aumofelicTBUE C Lie/IeBOM CUCTEMOM XapaKTepu3yeTCs KaHajloM, B KOTODOM OHO
nipousorio. s uaeHTHUKALMK KaHa/lIoB B TECTOBOM CHCTEMe UCII0JIb3YIOTCS WAEeHTU(HKATOPEI

KaHa/l0B B3aIMO/IeUCTBHS.

JTOTIO/IHUTE/bHO, i1 YAO0OCTBA PErvCTpALiM OT/IOXKEHHBIX B3aMMOZENHCTBHM, TeCTOBasi CHCTeMa
TMIPeZIOCTaB/IsIeT CePBUC PEruCTPauuy QYHKINI-COODIIUKOB DeaKIUiA.




13.1 KanHaabl B3auMO/ieiCTBUSA

Kaxxgoe B3auMozencTBre C L|e/IeBOM CHUCTEMOM XapaKTepU3yeTCsl KaHajoM, B KOTOPOM OHO
npovsonuio. Bce B3auMMOZJeNCTBUS BHYTPU OJHOTO KaHajla JIMHEHMHO ymnopsifodeHbl. [losTomy
TeCTOoBasi CUCTeMa CUMTaeT, UTO, eC/I /iBa B3aUMOJeCTBUS XapaKTepu3yrTCs OJHUM KaHa/loM, TO
repBoe 3aperuCTpPUPOBaHHOE B Held TIPOU30LIO paHblile BTOPOro.

NpentudukaTopbl KaHa/loB B3aMMO/IENCTBUS, UCIIO/B3YIOLIMeCs /51 UX WAeHTU(PUKALUU BHYTpPU
TeCTOBOM CHCTEeMBI, UMeIoT TUIl ChannellD.

CymECTByET ABe rpeaoripege/ieHHble KOHCTaHThI 3TOr'0O THUIIA:

e WrongChannel
e UniqueChannel

Ons monyyeHusi cBoOogHOTO HAeHTU(UKATOpa KaHajsa U TIOCTeYHOLeEr0 ero OCBOOOXKIeHUS
rpejHa3HaueHbl (PYHKLMU:

« getChannellD

« releaseChannellID

ChannellID

Tun ChannelID ucnonb3yeTcs Ajis UAeHTU(PUKALMY KaHa/lOB B3aUMO/EeHCTBUS BHYTPU TeCTOBOU
CUCTEMBI.

typedef long ChannellD;

JononHutenbHasa nHcpopmauus

Tun ChannellD ucnonb3yercs Ajis uaeHTUGUKALMKA KaHAJOB B3aWMOJEMCTBUSI BHYTPH TeCTOBOU
cucreMsl. CylllecTByeT JBe KOHCTaHThI 3TOr0 TWIa WrongChannel v UniqueChannel.

®dynkuusi getChannellID Bo3Bpamjaer cBoOOAHBIM HAeHTH(UKAaTOp KaHana. [Tocme Toro Kak
WIeHTU(PUKATOD KaHala CTaHOBUTCS HEHY>KHbIM, ero MO)KHO OCBOOOJWTHL C TIOMOLIbI0 (PYHKIUU
releaseChannellID.

KoppekTHbIMU UleHTU(HUKAaTOpaMU KaHaJOB CUMTAlOTCS KOHCTaHTa UniqueChannel u Bce
WJleHTU(UKATOpbI, TOAyueHHble C ToMoIlbl0 (yHKIMM getChannelID U OT/IMYHbIE OT
WrongChannel.

3aronoBouYHbIii haiin: tsiregister.h

WrongChannel
Koncranta WrongChannel o603HauaeT HeKOPPEKTHBIN HIeHTU(HHUKATOp KaHala B3auMO/1eHCTBUSI.

extern const ChannelID WrongChannel;

[JononHutenbHasa nHgopmayus

KoncranTta WrongChannel o6o3HauaeT HEKOPPEKTHBIN HIeHTH(UKATOP KaHa/la B3auMOZeHCTBYSI.
OTa KOHCTaHTa UCIOoJb3yeTcs [/ BCIioMorare/bHbIX Leseit. Hanpumep, ¢pyHkimsa getChannellID
BO3BpAIllaeT 3Ty KOHCTAHTY, €CJ/TH He MOKEeT BbIJeJTUTh CBOOOIHBIN NeHTHU(UKATOP KaHaa.




3aronoBouHbIii haiin: tsiregister.h

UniqueChannel

Koncranta UniqueChannel ucnonb3yercs /s ueHTU(hUKALUMY YHUKAIbHOTO KaHasia, B KOTOPOM
TIPOU30ILLTI0 OJHO B3aUMO/IeHCTBHE U APYTUX B3aUMOZEeNCTBUI TTPOU30UTU He MOXKET B TIPUHLIUIIE.

extern const ChannelID UniqueChannel;

[JononHutenbHasa nHgopmayus

KoncTanta UniqueChannel ucnionb3yetcs A/s ueHTU(hUKALMY YHUKATBHOTO KaHasla, B KOTOPOM
MIPOM30IIJI0 O/IHO B3aUMOJENCTBUE U IPYTMX B3aUMOJENCTBUN MPOM30MTH HE MOXKET B MPUHLIUIIE.
OTa KOHCTaHTa 4acTO MCMOJIb3yeTCs, KOrJa MOHSATHE KAaHA/JIOB B3aUMOJEWCTBUSI HE MPUMEHSIeTCs
MIPU MO/Ie/TUPOBaHUU 11e/1eBOM CUCTEMBI.

3aronoBouHbIii haiin: tsiregister.h

getChannelID
dynkims getChannelID Bo3BpaijaeT cBOOOAHBIN UAEHTU(DUKATOP KaHa/la B3aUMO/IeHCTBUSI.
ChannelID getChannelID( void );

Bo3Bpawaemoe 3HayeHue

@OyHKIMS BO3BpalljaeT CBOOOAHBIM HAEHTU(PUKATOD KaHaja B3aUMOJEMCTBHUSI, eC/M TaKOBOU
CyllecTByeT, U WrongChannel — B IPOTUBHOM C/TyYae.

[JononHutenbHasa nHgopmayus

Ecmu uaeHTHGUKATOD KaHala CTAaHOBUTCS HEHY)XHBIM, €r0 MOXKHO OCBOOOZWTH C TOMOIIIBIO
¢dbyukumm releaseChannelID.

3aronoBouHbIii haiin: tsiregister.h

releaseChannelID

DOyHKLIUA releaseChannelID  ocBoOOXKIaeT  yKa3aHHbIM  WJEHTUDHUKATOD  KaHasa
B3aUMOJeMCTBUS.

void getChannelID( ChannelID chid );
MapameTpbl
chid

OcBoboXxIaeMbIi  WJeHTUPUKATOp  KaHajla  B3auMofeWcTBUsA.  [lapameTp  [O/DKeH
WIeHTU(PUKATOPOM KaHaJjia, ToJIyuyeHHbIM paHee ¢ romolbio GyHkimu getChannellD.

JononHutenbHasa nHcpopmauus

3aronoBouHbIii haiin: tsiregister.h



13.2 PerucrparTop B3auMo/jeliCTBUU

TecToBasi cucTeMa aBTOMaTUUeCKH PerMCTPUpYeT BCe B3aUMO/EHCTBUs, KOTOPble MHULIMKMDPYOTCS
MOCPe/JICTBOM BbI30Ba CHELM(PUKALMOHHOM (YHKLMM BHYTPU Ipoliecca TeCTOBOM cucteMbl. [Ipu
3TOM CUYMTaeTCs, YTO B3aUMOJEeHCTBHe MPOUCXOAUT B KaHajae C WJeHTU(UKATOPOM, 3a/laHHbIM
cBoiictBoM StimulusChannel. [Ins ynpaB/ieHusi STUM CBOMCTBOM Ipe/iHa3HaueHbl (PyHKLMU:

« setStimulusChannel

« getStimulusChannel

[To ymosiyaHMt0, 3TO CBOMCTBO NPUHUMaeT 3HaueHue UniqueChannel.

Bce ocranbHble B3aUMOJEMCTBUS JO/DKHBI OBITh 3aperrMCTPHUPOBAaHBI Pa3pabOTUMKOM TecTa B
pervcrparope B3auMOZeNCTBUM. [1/1 3TOro rpeHa3HaueHbl caeyrolye QyHKLIWN:

« registerReaction

e registerReactionWithTimeMark

e registerReactionwWithTimeInterval

e registerWrongReaction

e registerStimuluswWithTimeInterval

setStimulusChannel
OyHKua setStimulusChannel ycraHaBavBaeT 3HaueHUe cBoiicTBa StimulusChannel.
ChannelID setChannelID( ChannelID chid );

MapameTpbl
chid

VpeHTduKaTop KaHama B3auMOJIEHCTBUs, KOTODPbIM Oy/eT WCI0/b30BaTbCs TECTOBOU
CUCTEMOW TIpM ABTOMAaTUYECKOH PperucTpaljuv B3auMojedcTBui. IlapameTp [o/DKeH OBITh
KOPPEeKTHBIM U/IeHTU(HUKAaTOPOM KaHaJia.

Bo3Bpawaemoe 3HauyeHue

@DyHKLMS BO3BpalljaeT npebiAyliee 3HaueHue cBoiictea StimulusChannel.

[JononHutenbHasa uHdopmauus

CpoiictBo StimulusChannel cogepXuT HAeHTU(PUKATOP KaHana, MCIOJb3yeMblli TeCTOBOM
cucTeMod i1 MAEHTU(UKALMKM  KaHajla, B KOTOPOM TIPOMCXOJST  B3aUMOJENCTBUS,
WHULIMMPOBaHHbIE TIOCPeICTBOM BbI30Ba CrielIU(PUKALIMOHHOM (PYHKI[MM BHYTPH MpoLiecca TeCTOBOU
cucteMmsl. [1o ymonuaHuto, 3T0 CBOMCTBO NpYHMMaeT 3HaveHre UniqueChannel.

[Ons gocTyma K TeKyllleMy 3HaueHMIO cBoicTtBa StimulusChannel npejgHa3HaueHa (yHKLUs
getStimulusChannel.

3aronoBouHbIN chaiin: ts/register.h

getStimulusChannel
®yukuysa getStimulusChannel Bo3Bpaiaer 3HaueHue cBoricTBa StimulusChannel.
ChannelID getChannelID( void );



Bo3Bpawaemoe 3HayeHue

@DyHKLMS BO3BpalljaeT npeblAyliee 3HaueHue cBoiictea StimulusChannel.

[AononHutenbHasa uHopmauus

CporictBo StimulusChannel cofepXuT uAeHTU(HUKATOP KaHasaa, WCII0/Ib3yeMbIii TeCTOBOU
cucTeMOM sl WJeHTHU(dUKal[dd KaHajla, B  KOTOPOM  TIPOUCXOAST  B3aUMOJEMCTBHS,
VHULIMMPOBaHHbIe TIOCPe/ICTBOM BbI30Ba CIIeLU(PUKALIMOHHON (PYHKL[MM BHYTPH Mpoliecca TeCTOBOU
cucteMmsbl. [1o ymMonuaHuto, 3TO CBOMCTBO MPUHMMaeT 3HaueHre UniqueChannel.

[ns  u3MeHeHWs1 3HaueHUsi cBoWcTBa  StimulusChannel mnpesjHasHaueHa — (YHKLUS
setStimulusChannel.

3aronoBouHbIii haiin: tsiregister.h

registerReaction

dyHkius registerReaction mnpejgHa3HaueHa [Jid PErvcTpaliuM DeaklWi, TOJy4YeHHBIX OT
L|e/IeBOM CUCTEMBI.

void registerReaction( ChannelID chid, const char* name,
SpecificationID reactionID, Object* data );

MapameTpbl
chid
I/IAEHTI/I(i)I/IKaTOp KaHaJjia B3aHMOAeﬁCTBHH, KOTOprf/i 6y,qu HUCIIO/Ib30BaThCA  TEeCTOBOM

CUCTEMOM TIpM aBTOMAaTUYeCKOW PpervucTpalyy B3auMogeiicTBuid. [lapamerp AomkeH OBITh
KODPEeKTHbIM U/IeHTU(UKAaTOPOM KaHasla.

name
WMsl peakiuu, HMCIIO/b3yeMOe TOJBbKO [jisi TPAaCCHUPOBKU. [lapameTp MOXXeT OBbITb HYJIEBBIM

ykasarerneM. B 3TOM iydae, cuMTaeTrcs, 4TO MMs [JAHHOTO B3aMMOZEWCTBUS COBIAJaeT C
MMeHeM peakLuu reactionID.

reactionID

NpentudukaTtop peakliviv, KOTOPOMY COOTBETCTBYET PeIMCTPUPyeMOe B3aUMO/ieCTBUe.
data

[laHHbIe, MOIyYeHHbIe OT LieJIeBOM CHCTeMbl B MOJE/JbHOM MpejCTaB/leHuu. Tum mapameTpa
JIO/DKEeH COBIaaTh C TUTIOM BO3Bpall[aeMOro 3HauUeHus1 peakuu reactionID.

AononHutenbHaa nHcpopmauus

OCHOBHBIMHU CBOMCTBaMM B3aUMOJIEMCTBUS SIBISIFOTCS UMsI peakiuu reactionID v JaHHble data,
T0JlyueHHble BO BpeMsi B3aUMOZeUCTBUsA. THIl MOMyYeHHBIX [JaHHBIX [JOJDKEH COBMaJiaTh C THUIIOM
BO3BpalljaeMOro 3HaueHUs! peakLiyy.

BDEMEHHbIe METKKM W HHTEPBAJ/Ibl, 4 TAK)Xe€ KdHaJIbI B3aI/IMO,ZLEI‘/JICTBHIZ HCIIOJIb3YIOTCA TeCTOBOMU
CUCTEMOM AJId YIIOPpAA0UYHNBAHUA BCEX 3aPETUCTPUPDOBAHHBIX B3aI/IMO,Z[eI‘/JICTBI/II‘/JI MeXay coboii.

Ecmu JaHHBIe, TOMydeHHbIe OT 1[eJIeBOM CHCTeMbl, He yZAaeTcsi Mpeobpa3oBaTh B MoOjebHOe
Npe/CTaB/ieHre, TO HEOOXOJUMO YBEJIOMHUTb TECTOBYIO CHUCTEMY O TIOJyYEHUH HEKOPPEKTHOU
peakiuu C rnomolupto GyHKIMU registerWrongReaction.




3aronoBouHbIii haiin: tsiregister.h

registerReactionWithTimeMark

dyHkius registerReactionWithTimeMark mpeaHasHaueHa [/ perucTpalid DeaklWu,
TMOJIyYeHHBIX OT 1ieJIeBOM CHUCTeMBI, C yKa3aHHeM BpeMeHHOM MeTKU MOMeHTa IMOTyueHusl.

void registerReactionWithTimeMark( ChannellID chid, const char* name,
SpecificationID reactionID, Object* data, TimeMark mark );

MapameTpsbl
chid
I/I,ZLEHTI/IQ)I/IKaTOp KdHaJla B3aHMO,Z[eﬁCTBHH, KOTOprf/i 6y/:[eT HCIIO/Ib30BaThC  TECTOBOM

CHUCTEMON TIpY aBTOMATUUECKOW pervcTpanyd B3auMojelcTBuii. IlapameTp Jo/DKeH OBITh
KOPPEeKTHBIM U/IeHTU(HKATOPOM KaHaJa.

name

WMs peakiuu, HMCIIO/b3yeMOe TOJBKO [jisi TPAaCCHMPOBKU. [lapameTp MOXKeT OBITb HYJIeBBIM
yKasaTesneM. B 3ToM ciydae, cuuTaeTcs, YTO MMs [aHHOTO B3auUMOJENMCTBUS COBIAaZaeT C
“MeHeM peakLuu reactionID.

reactionID

NpentrudukaTtop peakliid, KOTODOMY COOTBETCTBYET PeTMCTPUPyeMOe B3aUMO/IeCTBHe.
data

[aHHble, MOMy4YeHHbIE OT 1e/IeBOM CUCTeMbl B MOJle/IbHOM Tpe/iCTaBleHUd. Tum mapameTpa
JIO/KEeH COBIa/aTh C TUIIOM BO3Bpall[aeMOro 3HaueHus: peakjuu reactionID.

mark

BDEMEHHHH MeTKd MOMEHTa B38HMO,Z[€IZCTBHH.

AononHutenbHasa nHcpopmauus

OCHOBHBIMH CBOMCTBAaMM B3aUMO/IEMCTBUS SIB/ISIIOTCS UMSI peakijuu reactionID v faHHble data,
MOTyYeHHble BO BpeMsl B3aUMO/eWCTBUs. THUI MOMyUeHHBIX AAHHBIX [JOJDKEH COBMAJaTh C THUIIOM
BO3BpalljaeMOro 3HaueHUs peakLyH.

BpemeHHble MeTKHM W MHTepBasbl, a TakKKe KaHa/lbl B3aUMO/IeHCTBUI MCIOMIb3YIOTCS TeCTOBOU
CHUCTEMOH ZIJIs1 YIIOPSIZIOUMBAHKS BCEX 3aperiCTPUPOBAHHBIX B3aUMO/IeHCTBUI MKy COOOM.

Ecnu naHHBIe, TOSy4yeHHbIE OT L[eJIeBOM CHUCTeMbI, He yZaeTcs TpeoOpa3oBaTh B MOJe/IbHOe
rpe/icTaB/ieHre, TO HEOOXOJUMO YBeJIOMHUTb TECTOBYIO CHUCTEMYy O TIOTy4YeHWH HEeKOPPEeKTHOU
peakiuu C rnomoliifsio GyHKIMY registerWrongReaction.

3aronoBouHbIii haiin: tsiregister.h

registerReactionWithTimeInterval

®yHKLMA registerReactionWithTimeInterval npeaHa3HaueHa [/ perMCTpaLii DeakLWu,
MOYYEHHBbIX OT LIeJIeBOM CUCTeMbl, C yKa3aHMEM BPEMEHHOTO WHTepBajia, B KOTOPOM OHO
TIPOUCXOAUIIO.

void registerReactionWithTimeInterval
( ChannellD chid
, const char* name
, SpecificationID reactionID
, Object* data
, TimelInterval interval



MapameTpbl
chid
VpeHTHdUKATOp KaHama B3auMOJIEHCTBUs, KOTODPBIM Oy/eT WCI0/b30BaThbCs TECTOBOU

CUCTeMOW TIpM aBTOMAaTUYeCKOW perucTpalu B3auMojelcTBuidl. [lapameTp [o/bKeH OBITh
KOPPEeKTHBIM U/IeHTU(UKATOPOM KaHaJia.

name
Nms peaKl1, HCII0Jb3yeMOoe TOJIbKO AJjid TPaCCHPOBKH. HapaMeTp MOXET ObITh HYJ/IeBbIM

yKaszaTesieM. B 3ToM ciyuae, cuMTaeTrcsi, 4TO WMMs [IaHHOTO B3aWMOJENCTBUS COBMAAAeT C
MMeHeM peakiuu reactionlID.

reactionID

N penTrdukaTop peakijvid, KOTOPOMY COOTBETCTBYeT PerMCTpUpyeMoe B3auMo/leliCTBUe.
data

[laHHbIe, MOTyUeHHbIe OT LieJIeBOM CHCTEeMbl B MOJEJbHOM MpeJCTaBAeHuU. Tum mapameTpa
JI0OJDKEeH COBMAZaTh C TUTIOM BO3BpalllaeMOro 3HaueHUs peakuuu reactionlID.

interval

BpeMeHHOl MHTepBas, B KOTOPOM MPOMCXO/IAI0 B3auMo/eicTBre. [1pu 3TOM MMeeTcs BBUAY,
YTO B3aUMOZeMCTBUE TPOMCXOAWIO T[ie-TO BHYTPU UHTEpBaa, a He 3aHUMaJio BeCb WUHTEepBasl
LIe/TUKOM.

[ononHutenbHaa nHcpopmauus

OCHOBHBIMH CBOMCTBAaMM B3aUMOJIEMCTBUS SIBJISIFOTCS UMsI peaki[uu reactionID v JaHHble data,
T0JyueHHble BO BpeMsi B3aUMOZeUCTBUs. THIl MOyYeHHbIX [aHHBIX [OJDKEH COBMAaJiaTh C TUIIOM
BO3BpalljaeMOro 3HayeHUs! peakLivu.

BpemeHHble METKM M MHTepBa/bl, a TaKKe KaHa/jbl B3aMMOJEMCTBUIN MCII0/IBb3YHOTCS TeCTOBOU
CUCTeMOM JIJisl YTIOpsiZI0UMBaHUS BCeX 3aperCTPUPOBAaHHBIX B3aUMO/EeHCTBUM MeX/y COOOM.

Ecmu faHHBIe, TOy4yeHHblE OT LjeJIeBOM CHUCTeMbI, He yZaeTcs TpeoOpa3oBaTb B MOJe/bHOEe
Mpe/iCTaB/ieHWe, TO HEOOXOAMMO YBeJIOMUTH TECTOBYIO CHUCTEMY O TOyYeHHMU HEKOPPEKTHOM
peakLyy ¢ nomouibio GyHKIMK registerwWrongReaction.

3aronoBouHbIii haiin: tsiregister.h

registerWrongReaction

®yHKIMA registerWrongReaction npegHa3HaueHa [/1s1 yBeJAOMJIEHUSI TeCTOBOM CHUCTEMBI O
TOJIyueHH HEeKOPPEeKTHON peakiid, KOTOPYH0 HEBO3MOXXHO TMpeoOpa3oBaTh B MoO/Je/bHOe
npe/cTaBiaeHue. Peakliyieli Ha3pIBaeTCsl B3aUMO/IeCTBUE, THULJUMPOBAHHOE LIeJIeBOM CUCTEMOM.

void registerWrongReaction( const char* info );

MapameTpbl
info

OmuicaHvie HEKOPPEKTHOW peakIuH, WCII0/b3yeMoe TPY aHa/lu3e Pe3y/bTaTOB TeCTHPOBaHMUS.
[TapameTp MOXKeT ObITb HYyJIEBBIM yKa3aTesleM.

[AononHutenbHasa Hopmauus

OyHKIMA registerWrongReaction mpegHa3HaueHa [/ yBe[OMJIeHHsI TeCTOBOM CHCTEMBI O
MOJlyUeHU HEKOPPEKTHOM peakl[iW, KOTOPYH) HEeBO3MOXKHO TipeoOpa3oBaTh B MO/ebHOe
nipeficTaByieHue. Peakijyeli Ha3bIBaeTCsl B3aUMO/leliCTBUe, MTHULIMMPOBAHHOE 1]e/IeBOM CUCTEMOM.



[Toce peructpanuyi HEKOPPEKTHOM peakL[d TeCTOBasi CHCTeMa 3aBepIINT aHalWi3 TeKYILero
TECTOBOTO BO3/I€HCTBUS C OTPULIATETbHBIM BEPAUKTOM.

3aronoBouHbIii haiin: tsiregister.h

registerStimuluswWwithTimeInterval
@yHkiua registerStimulusWithTimeInterval npeaHasHaueHa [Jjisl perMCTpaLidd CTUMYJIa,
He 3aperuCTpMpOBaHHOTO TeCTOBOM CHUCTeMOW aBToMarhuyeckd. CTHMy/JOM  Ha3bIBaeTCs
B3aMMO/IEUCTBYE C 1|eJIeBOU CUCTEMOW, MHULIMUPOBAHHOE TECTOM.
void registerReactionWithTimeInterval
( ChannellD chid
, const char* name

, SpecificationID stimulusID
, TimelInterval interval

4

T

MapameTpbl
chid
I/IAEHTI/I(i)I/IKaTOp KaHaJjia B3aHMOAeﬁCTBHH, KOTOprf/i 6y,qu UCIIO/Ib30BaThCA  TEeCTOBOM

CUCTEMOM TIpM aBTOMAaTUYeCKOW PpervucTpalyy B3auMogeiicTBuid. [lapamerp AomkeH OBITh
KODPEeKTHbIM U/IeHTU(UKAaTOPOM KaHasla.

name
WMs peakryu, HMCIIO/Ib3yeMOe TOMBbKO [l TPAacCHMPOBKU. [lapameTp MoOXKeT OBITH HyJIeBBIM

yKasaTeseM. B 3TOM i1ydae, cuMTaeTcs, UTO MMs [aHHOTO B3aUMOJENMCTBUS COBIAaZaeT C
MMeHeM peakuuu reactionlID.

stimulusID
Npentudukatop creuydyKalMoHHOW (YHKLMK, KOTOPOMY COOTBETCTBYET perucTpupyemoe
B3aMMO/IeVCTBHE.

interval
BpemMeHHOV MHTepBas, B KOTOPOM MPOMCXOJWIO0 B3auMogencTere. I1pu 5ToM nmMeeTtcs: BBUAY,

YTO B3aMMO/IeMCTBHE TIPOUCXOAWIO T/le-TO BHYTPH MHTEpBasa, a He 3aHMMAaso BeChb MHTepBal
LIe/TUKOM.

arguments
[onosmHuTenbHBIE apTYMEHThI, KOTOPBIE 10/DKHBI ITepe/iaBaThCsl CTPOTrO B C/IeAYHOLIEM TMOpsiJIKe:
1. CnuMcok 3HaueHW MapameTpoB Crel(PUKALMOHHOW (PYHKLIMH [0 ee BbI30Ba.
2. Cnmcok 3HaueHul rapaMeTpoB crieljudrKaloHHON (hyHKI[MU T0C/Ie ee BbI30Ba.
3. 3HaueHHe, KOTOpOe BepHYJIa JJaHHasl CrieliiPuKalroHHast PyHKIMs (eC/u TUTT
BO3BpalllaeMOro 3HaueHus1 OT/IMYeH OT vVoid).
[AononHutenbHasa uHopmauus

@yHkiMa registerStimuluswWithTimeInterval mpeaHa3HaueHa [/ perMcTpanjuu CTUMYJIa,
He 3aperuCTpUPOBAaHHOIO TECTOBOW CUCTeMOW aBTOMaTHuecKu. Tak Kak BCe CTUMYJIbl, KOTOpbIe
VHULMUPYIOTCSl TIOCPE/ICTBOM BbI30Ba CrielM(UKALIMOHHOW (YHKI[MM BHYTPU TpOLiecca TeCTOBOM
CHCTEMBI, PETUCTPUPYIOTCS aBTOMAaTHUECKH, TO PErMCTPUPOBATh BPYYHYIO HEOOXOZAMMO TOJIBKO Te
CTUMYJIbI, KOTODble WHHUI[MMPYIOTCS /MO0 W3BHe TMIpoljecca TeCTOBOM CHCTeMbl, JuO0 He
MOCpe/ICTBOM BbI30Ba Crielii(HKalMOHHONW (QyHKIIUH.



OCHOBHBIMU  CBOMCTBaMM B3aWMO/IEMCTBUSL  SIB/ISIFOTCST  WMMs1  CrieliU(PUKaALMOHHON  (yHKLUK
stimulusID v [aHHbIe, Iepe/iaBaeMble yepe3 JOMOIHUTEeIbHbIEe apTYMEeHTHI.

BpemeHHble METKM M MHTepBa/bl, a TaKKe KaHa/jbl B3aMMOJEMCTBUIN MCII0/Ib3YHOTCS TeCTOBOU
CUCTeMOM JIJisl YTIOpsiJ0UMBaHUs BCeX 3aperCTPUPOBAaHHbBIX B3aUMO/IeHCTBUM MexX/y COOOM.

Ecmu faHHbIE, TOMyuyeHHble BO BpeMsl B3aUMOJEWCTBUSI OT L|eJIeBOM CHUCTEeMbI, He YyZAaeTcs
npeoOpa3oBaTh B MO/e/IbHOE TIpe/CTaBlIeHre, TO HeoOXO0AUMO YBEAOMUTh TECTOBYIO CHCTEMY O
HEKODPeKTHOM TIOBe/IeHHWH Lle/ieBO CHUCTeMbl BO BpeMsi B3aMMO/IeHCTBUS, BbI3BaB (YHKIUIO
registerWrongReaction B 0CHOBHOM IpOLiecCe TeCTOBOM CHUCTEMBI.

3aronoBouHbIN chaiin: tsiregister.h



13.3 Cepsuc perucrpanyu GyHKIMH-COOPIIUKOB peakui

st ynobcTBa pervcTpanyy OT/I0KEHHBIX B3aUMOJIEHCTBHI TeCTOBasi CHCTeMa IPeOCTaBIIseT
CepBUC perucTpauuy (GyHKIWHA-cOOPIMKOB peakiyid. CepBUC yCTpOeH ciiefyromuM obpasom. B
TeCTOBOW CHCTeMe PerucCTpUpYHTCs (PYHKLMM, KOTOPbIe BBI3BIBAKOTCS el [0 UCTeUeHUH BpeMeHU
cTabuIu3aLuy 1oc/e KaXJ0ro TeCTOBOTO BO3ZeCTBYsA. 3a BpeMsi CTabH/IM3aLiy LiesieBasi CUCTeMa
JI0JDKHA BBIJJAaTh BCEe OXKM/iaeMble OT Hee peakl[My U [IepelTH B CTallMOHapHOe COCTossHKue. Bo Bpems
BbI30Ba (PYHKLMM-COODIIUKK [O/DKHBI COOpaTh BCe JaHHble O TI0JyYeHHbIX peakLUusix Hu
3aperucTpUpoBaTh UX B DETUCTPATODE B3aUMOJIEUCTBUM.

[7nist perucTpauyu GyHKLMI-COOPILMKOB MpeyCMOTPeHbI ciiefiytoiiye GyHKLUM:

« registerReactionCatcher

e unregisterReactionCatcher

e unregisterReactionCatchers

[TapameTpoM KaxoW U3 3TuUX GYHKUWN sBiseTcss (QYHKLUA-COOPLIUK, TUM 3TUX (QYHKLMIA
ReactionCatcherFuncType.

ReactionCatcherFuncType

Tun ReactionCatcherFuncType wucrnonb3yercsi mAJisi PperucTpauuu  (yHKLUUHR-COOPIIUKOB
peakLivii B TECTOBOW CHUCTeMe.

typedef bool (*ReactionCatcherFuncType)(void*);
[JononHutenbHasa nHgopmayus

3aronoBoYHbIN haiin: ts/timemark.h

registerReactionCatcher

dynkuus registerReactionCatcher peructpupyer B TeCTOBOH cHcTeMe (yHKLIMFO-COODIIMK
peakL1ii U ee BCIIOMOraTe/IbHbIe JaHHbIe.

void registerReactionCatcher(
ReactionCatcherFuncType catcher,
void* par

);
MapameTpbl
catcher
YKka3zaTesb Ha (QyHKITMIO-COOPIIUK PeaKI[Ui.

[TapameTp He Zi0/KeH OBITH HY/IEBLIM yKa3aTeJseM.
par

BcrioMoraTe/ibHbIe laHHbIe PeruCcTprUpyemMoi (hyHKLIWH.

[TapameTp MO>KeT OBITH HYJIEBBIM yKa3aTesieM.

AononHutenbHasa nHpopmauus

dynkuus registerReactionCatcher peructpupyer B TeCTOBOH crcTeMe (yHKLMFO-COODIIMK
peakL1ii U ee BCIIOMOraTe/IbHbIe JaHHbIe.



Korza TectoBasi crcteMa BbI3bIBaeT (PyHKIMIO-COOPIIHK, TO TepesiaeT el B KaueCTBe rapameTpa
BCIIOMOTraTe/IbHbIe [JaHHbIe.

MO>KHO 3aperucTpupoBaTh B TECTOBOW CHCTeMe OZfHY (yHKIMIO-COOPILMK peakiiii HeCKOIbKO pa3
C Ppa3/IMUHbIMKA BCIIOMOTaTe/JbHBIMKA JaHHbIMU. [Ipu 3ToM yHKIMS OygeT BbI3BbIBATHCS
COOTBETCTBYHOLL[ee UMCJIO Pa3 C Pa3/IMYHbIMUA 3HaUeHUsIMU [lapamMeTpa.

3aronoBouHbIii haiin: tsiregister.h

unregisterReactionCatcher

OyHKIMA unregisterReactionCatcher ygansieT W3 TeCTOBOM CHUCTeMbI PervCTpaliOHHYHO
3aIMCh O JAHHOW  (YHKIMU-COOPIIMKe peakiui, 3aperuCTpPUpPOBAaHHONW C  yKa3aHHBIMU
BCIIOMOraTe/IbHbIMU JAHHBIMU.

bool unregisterReactionCatcher (
ReactionCatcherFuncType catcher,
void* par

);
MapameTpbl
catcher
YKka3zaTesb Ha (QDyHKIMIO-COOPIIUK PeaKI[Ui.

[TapameTp He Z0/KeH OBITH HYJIEBLIM yKa3aTesieM.
par

BcriomoraTe/ibHbIe laHHbIe, TepejJaHHbIe TPU PerucTpaliiy 3Toi QyHKIUU.

Bo3Bpalwjaemoe 3HayeHue

CDyHKLII/IH BO3BpadlllaeT false, eC/IM JaHHas (I)YHKLII/IH C JaHHBIMH BCIIOMOTI'aT€/IbHBIMU JdaHHBIMH He
Oblsla paHee 3aperMCTPUPOBaHa, U true — HMHaue.

[AononHutenbHasa uHopmauus

dyHKIMA unregisterReactionCatcher ypanseT M3 TeCTOBOW CUCTEMBbI PervMCTPAaLMOHHYHO
3aMMCh O JaHHOW  (YHKUMHU-COOPIIVKe peaklyi, 3aperdcTPUpPOBaHHOM C  yKa3aHHBIMH
BCIIOMOTaTe/IbHbIMU [JaHHBIMHU.

7151 0lHOBpEMEeHHOTO y/ia/ieHUsi BCeX PerrCTPaLMOHHBIX 3aruceid 0 AaHHOW (QyHKIMU-COOPIIUKe
peakiuii ucnonb3yercs pyHKUMs unregisterReactionCatchers.

3aronoBouHbIN chaiin: tsiregister.h

unregisterReactionCatchers

dyHkusA ~ unregisterReactionCatchers  ypmanser W3  TeCTOBOM  CUCTeMbl  BCe
perucTpalioHHbIe 3aMycH O AaHHOW (YHKLMU-COOpIIMKe peakLyii.

bool unregisterReactionCatchers( ReactionCatcherFuncType catcher );

MapameTpbl
catcher

Yka3zaTenb Ha GYHKLMO-COOPILUK peaKLii.

[TapameTp He f0/DKeH OBITH HyJ/IEBBIM yKa3aTesieM.



Bo3Bpawaemoe 3HayeHue

®yHkiMs Bo3Bpaiaet false, eciu AaHHast GYHKIMS-COOPIIMK He Obljla paHee 3aperuCcTpUpOBaHa,
U true — MHaue.

AononHutensHasa nHcpopmauus

dyHkuusa  unregisterReactionCatchers  ypanser W3  TecTOBOM  CUCTeMBbI  Bce
PerucTparoHHbIe 3aMyCH O aHHOW (YHKIIMU-COOPIIUKE peakiyi.

[ns ynaneHusi TOJNBKO OJHOW DervcTPALMOHHOM 3alvCu O JaHHOW (DYHKIMHU-COOPIIUKe C
KOHKPEeTHbIMHU BCIIOMOTaTe/TbHbIMU JAaHHBIMU HCITI0JTb3YeTCst byHKIMsS
unregisterReactionCatcher.

3aronoBouHbIii haiin: tsiregister.h



14 bubmmoreKa cnenu(UKAIMOHHLIX THIIOB

bubmoTreka crielMPUKAI[MOHHBIX THUIIOB COAEPXKHUT CTaHAAapTHble GYHKIUMM [ paboThl €O
crielIU(pUKAL[MOHHBIMU TUTAMHU (CO3[jaHue, KOIMMPOBaHHe, CpaBHEHHe, TOCTPOeHHEe CTPOKOBOTO
Tpe/iCTaB/IeHus1), a TaKXKe TIpe/ioTpe/ie/ieHHble Crielii(PUKalOHHbIe TUTIbI AJisl CTaHAAPTHBIX THUIIOB
s3pika C (char, short, int, long, float, double, void*, ctpoku char*), a1 KOMIIeKCHbIX
yyceqa U TUMAa C eIMHCTBEHHBbIM 3HaueHueM, U [Jisd KOHTeWMHepHbIX TUIMOB (CIMCOK, MHOXKeCTBO,
otobpakeHwue).



14.1 CranpapTHble QyHKIMH

CraHpapTHele (QYHKLUMH MOTYT HCIIO/b30BaThCs C JIFOOBIMU Crieli(UKAlMOHHBIMU CChUIKaMH.
Pesynbrar BbIMoOsHeHUs (yHKUMKU OyJeT 3aBUCeTb OT THUMAa Crely(UKaLUOHHBIX CChIIOK.
Hanpumep, eciu cpaBHMBAKOTCS JiBe CIleLJU(UKALIMOHHbIE CChUIKM Pa3HbIX TUIIOB, TO pe3yJbTaT
BCerzia Oy/leT oTpULaTe/IbHBIN, a €C/IM CChIJIKM UMEIOT OIMHAKOBBIN THII, TO pe3y/IbTaT CpaBHEHUS

Oyzet onpenensTbesi GyHKIMEH, 3aJaHHOM TP OMMCAHKH 3TOTO THUTIA.

Tun cnelUKaLIMOHHBIX CCHUIOK OTpeJessieTCsl yKa3aTeJeM Ha [IeCKPUIITOP Crieli(UKalOHHOTO
Tuna. KoHcTaHTa [JeCKpUNTop BCerja uMeeT UMsi, COCTOsiIiee U3 MMeHU Creliu(PUKal[MOHHOTO TUTa

c mpeukcoM type_:

const Type type_umsa_cneyndmKaunoHHOro_Ttuna;

DyHKINA CO3JaHNUA CCHUIOK
OYHKIMS Co3/jaeT 00BEKT IepeIaHHOTO TUITA 1 BO3BpAIllaeT CChIIKY Ha HETO.

DYHKIHA MOJAYYeHUs] THIIA CCUIKU
OYHKIMS OTIpe/ie/isieT TUTI Crieliu(UKaAI[MOHHOM CChIIKM U BO3BpaIljaeT JeCKPUIITOP 3TOT0
THUIA.

@DYHKIUS KONMMPOBAHUSA 3HAYEHHUH M0 CChIIKAM
DyHKIYS KOTTUPYeT COZiepKIUMOoe 00beKTa, HaXOSILerocs TI0 CChIIKe SIC, B COZIeP>KUMOe

00BbeKTa, HaXOZIIIerocs 1o CChuike dst.

q’yHKQI/IH K/IOHUDOBAHUA 00BbeKTa
CDyHKLII/IH romoraet MoJIyuYnTb HOBBLII 00BEKT C TeM Ke COep>KUMbIM — K/JIOHMDOBATH

00BeKT.

DYHKIUA CPAaBHEHHUs 3HAYeHUH 10 CChLJIKaM
OyHKIUS CpaBHUBAeT 00BEKTHI, TIepeZlaHHbIe e 10 CIiel[UpUKALIMOHHBIM CChITKaM,

BO3Bpalljad LIEJIO‘JI/ICIIEHHLIf/i pe3yJ/ibTarT.

DyHKIMA onpeje/ieHUs SKBUBAJIEHTHOCTH 3HAUEHUH 110 CChUIKAM.
@OyHKIYS CpaBHUBaeT 00BEKTHI, IepeJjaHHbIe el TI0 Crielfu(UKarMOHHBIM CChLTKaM,

BO3Bpdlliad JIOTUYeCKOe 3HaUeHHUe.

DYHKIUA IOCTPOEHHUS CTPOKOBOI'0 Npe/CTaB/IeHNs 3HaYeHHU 110 CChLIKe
@yHKLMS BO3BpalljaeT CCbUIKY Ha 3HaueHHe Turna String — CTPOKOBOe Ipe/icTaB/IeHue

crieliupUKAIL[MOHHOT O TUTIA.

dyukiua nocrpoennsa XML npeacraBieHysi 3HaUeHHs 0 CChUIKe
@yHKIMS BO3BpalllaeT CCUIKY Ha 3HaueHWe Thna String — XML nipescraBieHuve

CHeL[I/ICl)I/IKaL[I/IOHHOI'O THIIA.

14.1.1 @yHKUMA CO3aHUA CCBLIIOK

OYHKIMS Co3/jaeT 00bEKT IepeIaHHOTO TUIA 1 BO3BpAIllaeT CChIIKY Ha HeTO.

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

MapameTpbl

type

Yka3arenb Ha JeCKPUNTOP Crier(HKaLMOHHOTO THIIA.
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[TapameTpbl MHULIMATM3ALIUU TUTIA.

BosBpalwaemoe 3HayeHue

OYHKIMS BO3BpalljaeT Crieli(UKAILIMOHHYO CChIIKY Ha CO3/IaHHBIN 00BEKT.

[ononHutenbHasa nHcpopmauus

HapaMeprl WHULIMA/TM3allUK1 JOJIXKHBI COOTBETCTBOBATH TUITY: OJIS BCeX IIpeAoripeae/j1€eHHbIX TUIIOB
MnmapaMeTpbl OIIMCAHBI B  COOTBETCTBYIOLIUX  pa3fesidX, d [apaMeTpbl HWHULKMAIW3adlIUH
I10JIb30BATEe/IbCKHUX CHEL[I/ICI)I/IKEIL[I/IOHHLIX TUIIOB 3a4dK0TCA IMMPU OTTMCaHWK 3THUX TUIIOB.

Integer* ref = create(&type_Integer, 28); // ref - 28

B rmpuBe/leHHOM BbIllle TIpUMepe CO3/aeTCs W WHHULUAIU3UPYEeTCs CChbUTKa OubIMoTeuHOro
crieliupUKaAIMOHHOTO TUMNa Integer — crelU@UKal[MOHHOT0 aHa/iora Tuma int.

[Ipy wucronb3oBaHud  (PYHKIMKM Ccreate BO3MOXKHBI OIMIMOKM  M3-3a  MCIOIb30BaHUS
HETUITM3UPOBAHHOTO CITMCKA apTyMEHTOB . . .. [I/If MCK/TIOUeHHs] TaKUX OIIMOOK PEeKOMEHYeTCsI
JUIst KakJ]0ro criel{u(UKalMOHHOTO TUMa C03/1aBaTh (GyHKLHIO
create_wvmMa_cneumoukaLMOHHOr O_THNa U BbI3bIBaThL Create us Hee, Hanpumep:
specification typedef struct {int a; int b;} IntPair ={},;

IntPair* create_IntPair(int a, int b)

{
}

I[Tpu ucrnonp30BaHUM Create BHe (PyHKLMM, MM KOTOPOM nMeeT npeduKC Create_, TpaHCIATOP
BBIZIACT NIpelynpeXxieHre:

return create(&type_IntPair, a, b);

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

14.1.2 @yHKIMA NO/Iy4YeHUs THIIA CCbLI/IKH

OYHKIUS OTpe/iefisieT TUTI Crieliu(UKAIIMOHHOM CCbUIKU U BO3BpalljaeT JeCKPUIITOP 3TOrO THUTIa.

const Type *type( Object* ref )

MapameTpbl
ref

CHEI_[I/I(i)I/IKaL[I/IOHHaH CCBI/IKA Ha 00BEKT CHEL[I/I(i)I/IKaL[I/IOHHOFO THIIA.

Bo3Bpawaemoe 3HauyeHue

@OyHKIMS BO3BpalllaeT yKasaTelb HAa KOHCTAHTY-AECKPUNTOP CIelU(UKAIIMOHHOTO THIa, Ha
3HaueHHe KOTOPOT'O CChI/IaeTCs yKa3aresnb ref.

Integer* ref = create(&type_Integer, 28);
if (type(ref) == &type_Integer) // WCTUHHO

14.1.3 ®OyHKIUA KONUPOBaHMS 3HAYEHHH N0 CCbL/IKaM

DyHKIMS KOMUPYeT Ccojiep)KuMoe 00BeKTa, HaxOZSIerocss 1O CChbUIKe SrcC, B COJEepXXUMOe
00beKTa, HaXO/SIIEerocs Mo CChlIKe dSt.

void copy( Object* src, Object* dst )



MapameTpbl
Src

Ccoiika Ha 00BEKT, TIpejHa3HaueHHBIH [17ist KOTTMPOBAHHUSI.
dst

Cchpinika Ha 00BeKT, B KOTOPBIM Oy/ieT Tpou3Be/ieHO0 KOMTMPOBaHKe.

[AononHutenbHasa Hopmauus

CChUIKU [IOJDKHBI OBbITH HEHY/IEBBIMU M OZIHOTO THWIIA, TO €CTh OHW JO/DKHBI UMETh O/IMHAKOBBIE
JIeCKPUTITOPBI TUTIOB. EC/IM 3TH yC/I0BUS He BBITIOIHSIOTCS, TO BO BPEMSI BBITIOJTHEHUS TIPOUCXOIUT
3aBepIlieHHe TTPOrpaMMBbI ¢ cooOIrieHreM 06 ommoKe.

Integer* refl = create(&type_Integer, 28); // refl - 28
Integer* ref2 = create(&type_Integer, 47); // ref2 - 47
copy(refl, ref2); // refl - 28, ref2 - 28

B npuBeJjleHHOM BbIllle TIpUMepe CChbUIKU refl u ref2 mocje WHULMANW3alyy CChIIAKOTCS Ha
pa3Hble 3HaueHus crenudukaioHHoro Tumna Integer. Ilocse Bbi3oBa GyHKUMKU copy ()
3HaueHHe T10 CChIIKe ref2 CTaHOBUTCS SKBHUBA/IEHTHLIM 3HAUeHUIO T10 CChlIKe refl.

14.1.4 ®OyHKUMSsA KJIOHUPOBaHHUA 00beKTa

DyHKIMS IOMOTaeT TMOTyYUTh HOBBI 00BEKT C TEM >Ke COJIePKUMbIM — KJIOHUPOBATb OOBEKT.
Object* clone( Object* ref )

MapameTpbl
ref

Cchiika Ha 00BEKT, TIpeJHa3HaueHHBIH 1711 KTOHUPOBAHMSL.

AononHutenbHasa nHpopmauus

@DYHKIUS BbIAe/sgeT NaMAThb sl 3HaUeHUs] TUIa, Ha KOTOPBIM CChlIaeTcsi ref, NWHULMAIA3UpyeT
BbIZIe/IeHHYI0 TlaMsITb 3HaueHWeM, SKBHBa/IEeHTHbIM 3HaueHWIO M0 CCblIKe ref, W Bo3BpalllaeT
yKasaresb Ha BblZIe/IeHHYI0 U WHUL[MATW3UPOBAaHHYIO MMaMSITh.

Integer* refl = create(&type_Integer, 28);
String* ref2 = clone(refl);

refl vHuLManM3upoBaHa 3HauenueM 28. [locsie Bbi3oBa clone () 3HaueHus IO CCbUIKaM refl u
ref2 CTaHOBSITCS 3KBUBAJIEHTHBIMMU.

14.1.5 ®@yHKIUA CPaBHeHMs 3HAUYEHHUH MO CCb/IKaM

DyHKIMS CpaBHUBaeT OOBEKTHI, TepefiaHHble el M0 CreluUKAIMOHHBIM CChIZTKaM, BO3Bpallast
Lle/IOYMCI/IeHHBIN pe3y/bTarT.

int compare(Object* left, Object* right)

MapameTpbl
left

CHE]_[I/I(i)I/IKaL[I/IOHHaH CCBhbIV/IKA Ha HepBbIﬁ CpaBHHBaeMbIﬁ 00OBEKT.



right

CHEI_[I/I(bI/IKaU"I/IOHHaH CCBhI/IKA Ha BTOPOﬁ CpaBHI/IBBEMbIﬁ O0OBEKT.

BosBpalwaemoe 3HayeHue

° B C/iydyde >5KBHBAJ/JIEHTHOCTH 3HAueHui I10 nepeiaHHbIM CCbIJIKAM Q)YHKL[I/IH BO3BpallldaeT
HYyJ/IEBOE€ 3HAUYEHHE.

« FEcau 3HaueHUs He SKBUBaJeHTHBI, (DYHKLMs BO3BpalljaeT HeHyseBOe 3HaueHue, KOTopoe
MOXXeT UHTEePIIPeTUPOBAaThLCS B 3aBUCMMOCTH OT TUIA CPaBHMBaeMbIX 3HaueHWH. Hanpumep,
I1st bubMoTeyHoro tumna String pesysibTar OyzeT TakuM e, Kak y GyHKUUH stremp( )
Jist Thra si3bika C char™.

« FEcmm napameTpbl UMEIOT HeCpaBHUMBbIE THIbl, TO €CTb THIIbI CChUIOK HEOJWHAKOBble, He
SIBJISTFOTCS TIOJTUINaMK OJHOTO TUIA, U TUM OJHOM CChIIKM He SIB/SIeTCSl TIOATUIIOM Jpyrou
(cM. IHBapUaHTLI TUTIOB), TO (DYHKLUSI BO3BPALL[aeT HEHY/IeBOe 3HaUeHUe.

« Ec ofHa 13 cchINOK HyJeBasi, a ipyrast HeT, TO BO3BpalljaeTcsl HeHy/leBOe 3HaueHue.

+ Ecm o6e cchliky Hy/eBble, TO BO3BPAIIAeTCs HOJb.
if (!compare(refi,ref2)) {/* 3HauyeHWA 3KBUBANEHTHbl */

else {/* 3HayeHUsA He SKBUBANIEHTHb */

3
14.1.6 ®yHKUUA onpe/ie/IeHUs F)KBUBA/IEHTHOCTH 3HAaYeHHUH MO CChLJIKaM.

@OyHKIMS CpaBHUBAeT OObLEKTHI, TlepeJjaHHble el M0 crielu(rKaliOHHBIM CChIZIKaM, BO3Bpaljast
JIOTUYeCKOoe 3HaueHue.

bool equals(Object* self, Object* ref)

MapameTpbl
self

CrnermdurKallMOHHas! CChIJTKA Ha MepBbiii CDaBHUBaeMbI 00OBEKT.
ref

CrierUKallMOHHAs CChIJIKa Ha BTOPOM CpaBHUBAaeMbI 0OBEKT.

Bo3Bpalwjaemoe 3HayeHue

- @yHKuMA BO3BpalljaeT 3HaueHue true, ecaM 3HAUeHUs II0 IlepeflaHHbIM CCbLIKaM
9KBUBa/IeHTHbI, U false B IPOTUBHOM Cilyyae.

« Ecim napameTpbl UMEIOT pa3/MuHbIA THII, TO (GyHKLMsS Bo3BpalaeT false.
« Ecm ofHa 13 ccelnok HyseBas, a Jpyras HeT, To Bo3Bpaijaercs false.

+ Ecmm o6e ccpiiku Hy/ieBbIe, TO BO3BpalaeTcs true.

if (equals(refi,ref2)) {/* 3HauyeHus SKBUBaA/IEHTHbl */

}

else {/* 3Ha4YeHUsA He IKBUBANEHTHb */

}



14.1.7 @OyHKIMA NOCTPOEHUS CTPOKOBOIO IMpPe/CTaB/IeHUs 3HaUeHHs 110
CCbUIKe

OyHKIMS BO3BpalllaeT CCbUIKY Ha 3HayeHWe Tuna String — CTpPOKOBOe Mpe/CTaB/ieHUe
crnelM(pMKaLMOHHOrO THUIIA.

String* toString(Object* ref)
MapameTpbl
ref

YKa3zaTesib Ha 00BEKT CrierpUKaIMOHHOTO THUTIA.

BosBpalwaemoe 3HayeHue

DyHKIMS BO3BpAIllaeT CChIIKY Ha 00beKT Tuma String, B KOTOPOM COZIEP>KUTCS CTPOKOBOE
Tnpe/icTaB/ieHye TiepelaHHOro (yHKLIUK 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 dDynkuusa nocrpoeHusa XML npe/jcraB/ieHuss 3HaUeHHS 110 CChLIKE

@yHKIUSA BO3BpAIllaeéT CCbIIKY Ha 3HaueHue Tuna String — XML npejcraBieHue
crieliU(pUKAL[MOHHOT 0 TUTIA.

String* toXML(Object* ref)

MapameTpbl
ref

YKa3zaTesb Ha 00BEKT CrierMpUKALIMOHHOTO THTIA.

Bo3Bpawaemoe 3HayeHue

dyHKUMST BO3BpalllaeT CCbUIKY Ha 00BeKT Tuma String, B kKoTtopoMm copepxwurcs XML
npe/icTaB/eHye repeflaHHoro (PyHKIMY 00beKTa.

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));

Integer* ref



14.2 TlpepgonpepeneHHble cieli(pMKAUOHHBbIE THITbI

[IpenornipefesieHHBIMA  TUTIAMUA ~ YIOOHO TI0O/Ib30BaThCSl B CreLUPHUKANMAX (Hampumep, [is
MO/Ie/TMPOBaHMs peann3aliMOHHOrO COCTOSIHUS), MOCKOJIbBKY OHU MpeZOoCTaB/IsIOT Y)Ke TOTOBYIO,
YHUBEPCAJIbHYI0, TaDAHTUPOBAHHO 0€301IM00UHYH0 PYHKI[MOHATBHOCTE.



14.2.1 Char

Tun Char siBasieTcs crielyUKaLMOHHBIM aHa/IoroM BCTpOeHHoro Tura sisbika C char.

JononHuTebHass HHGopManus
dyHKUMY, orpesiesieHHble A1 Tuna Char:

e Co3/7aHUe CreMMUKAIIMOHHON CChIIKU;

e  U3BJeUYeHWe 3HaueHWs Tvna char.

3aronoBouHbIii chaiin: atl/ichar.h

create_Char
dyHKUYSA co37aeT criel[urKalMOHHYI0 CCbUIKY Tuma Char.

Char* create_Char( char c )

MapameTpbl
(o

MHHU"PIEIJ'IHZ%&L[HOHHOE 3HaUeHue.

BosBpawaemoe 3HayeHue

CrneryKallMoHHas CCbUTKA THMa Char Ha CO3#aHHBINA 00BEKT.

[AononHutenbHasa uHopmauus

OTa QyHKLMS Orpe/iesieHa Hapsily CO CTaHJapTHOM GyHKIMI create.
Char* chl = create(&type_Char, 'a');
Char* ch2

create_Char('a');

[Ba moka3aHHbBIX criocoba co3zanus CrieluUKaIIOHHON CChIIKM (YHKIIMOHATBHO SKBUBATEHTHBI,
O/JTHAKO WCTIO/Nb30BaHUe create He sBisieTcss TUIOOE30TMAaCHBIM W BbI3bIBaeT TMpeAyrpex/jeHue
TpaHc/IATOpa (CM. onMcaHue QyHKLuMU create).

value_Char
dyHKLUYs No/lyvaeT 3HaueHWe char, copepikalieecsi B crieliipUKal[MOHHOM THIIeE.

char value_Char( Char* c )

MapameTpbl
(o

CrnietrduKalMoOHHas CChIIKa 3a 3HaueHue Tuma Char.

Bo3Bpawaemoe 3HayeHue

CHMBOJI, SIBJISIFOLLMICS 3HAUeHHeM CeliU(PUKaL[MOHHOM CChIIKU C.

[AononHutenbHasa uHopmauus

K 3TOMy 3HaueHMIO TakKe MOXXHO 0OpaTHUThCS C MOMOIIBI0 pa3bIMEeHOBAHUS CrielM(HUKAI[MOHHON
CCBLIKU:

Char* ch = create_Char('a');



char val = *ch;

Oyukius value_Char () obecrieunBaeT KOHTPOJIb THUTIOB BO BpeMsI WCIIOJIHEHHWS M el MOXKHO
repe/iaBaTh yKa3aTesib Object* 6e3 npeABapyUTeIbHOTO TIPUBEI€HUS:

List* 1;
char val;

val = value_Char(get_List(1l,0)); // Object* get_List(List*,int)
OpHako ecv HeT YBepeHHOCTHM B TOM, UTO Tepe/laHHasi CChbLIKA HMMeeT HY)KHBbIM THUIT, MOXET
noTpeOOBATLCS SIBHAsi MPOBEPKA C TIOMOII[BI0 CTaHAAPTHOM QyHKIUH type():

Object* o = get_List(1,0));

if (type(o) == &type_Char) {
val = value_Char(0);

}



14.2.2 1Integer M UInteger

Tunel Integer u UInteger sBSIOTCSA CrHelM(PUKAI[MOHHBIMU aHAJOTaMU BCTPOEHHBIX TUIIOB
s3pika C int nunsigned int.

JomnoiHuTeIbHast MHGpOpMaILUs
@yHKIUH, OrpeesieHHble g TUIIOB Integer u UInteger:

° co3/iadHiie CHEQHQ}HK&QMOHHOﬁ CCBIJIKH ;

e  M3BJIEUEHUE 3HAaUYeHUH Thma int mam unsigned int.

3aronoBoYHbIN (haiin: atl/Integer.h

create_Integer,create _UInteger

dyHKIMY co3AaeT crielfudUKalMOHHbIe CChIIKK TUMOB Integer u UInteger.
Integer* create_Integer( int 1 )
UInteger* create_UInteger( unsigned int 1 )

MapameTpbl
i

VHuiyanv3alioHHOe 3HaueHue.

BosBpawaemoe 3HayeHue

CrierjudurkaliioHHas ccbiika Tura Integer (UInteger) Ha co3/jaHHbINA 0OHEKT.

AononHutensHasa nHcpopmauus

Ota GyHKIMS orpe/iesieHa Hapsily CO CTaHapTHOM GyHKIM create.
Integer* il = create(&type_Integer, -28);

Integer* i2 create_Integer(-28);
UInteger* il = create(&type_UInteger, 28);
UInteger* i2 = create_UInteger(28);

IIBa MOKa3aHHBIX Crioco0a CO3/jaHus CIIel[U(UKAIIMOHHON CChIIKK (DYHKIIMOHATBHO SKBHUBAIEHTHBI,
OJTHAKO HCIO/b30BaHUe Create He sABASETCA TUITOOE30TACHBIM W BBI3BIBAET MpeAyNpPEeXIeHHe
TpaHc/siTopa (cM. onvcaHre GyHKIMM create).

value_Integer, value_UInteger

@dyHKIIYS Mo/yvaeT 3HaueHWe int, coieprkaiijeecs B CrieliuPUKaI[MOHHOM THUIIE.
int value_Integer ( Integer* i )
unsigned int value_UInteger ( UInteger* i )

MapameTpbl
i

CrietindvKallMOHHas CChIIKa 3a 3HaueHue Tuma Integer uau UInteger.



[AononHutenbHasa uHdopmauus

K 3TOMY 3HAU€HHUIO TdKXKe€ MO>XHO O6paTI/ITBCH C TTOMOILIBKO Pa3bIMEHOBAHUA CHEHH(I)HK&HHOHHOﬁ
CCBIJIKH:

Integer* i = create_Integer(-28);

int val = *i;
Oyukius value_Integer () obecreurBaeT KOHTPO/Ib TUIIOB BO BPEMs UCTIOIHEHUS U €l MO>KHO
repesiaBaTh yKasartenab Object* 6e3 mpeaBapUTeTLHOIO IIPUBEEHUS:

List* 1;

int val;

val = value_Integer(get_List(1l,0)); // Object* get_List(List™*,int)

OfHaKko ecid HeT YBEPEHHOCTHM B TOM, UTO Iepe/laHHasi CChLIKA MMEeeT HY)KHbIA TUIl, MOXKET
noTpeOOBATLCS IBHAsH MPOBEPKA C TIOMOII[BIO CTaHAAPTHON QyHKIUHU type():
Object* o = get_List(1,0));

if (type(o) == &type_Integer) {
val = value_Integer(o0);
}



14.2.3 Short u UShort

Tunet Short u UShort sBasitoTcs crielUKalMOHHBIMU aHa/IoTaMK BCTPOEHHBIX TUTOB si3bika C
short u unsigned short.

JomnoiHuTeIbHast MHGpOpMaILUs
DyHKLMY, orpe/esieHHble /s TUMOB Short u UShort:

° co3/iadHiie CHEQHQ}HK&QMOHHOﬁ CCBIJIKH ;

e U3BJIeUEHUeE 3HaueHUd Tura short wim unsigned short.

3aronoBoYHbIN haiin: atl/short.h

create_Short, create_UShort

@OyHKIMY CO3AAI0T crielidUKalMOHHbIe CChITKUA TUTIOB Short u UShort.
Short* create_Short ( short i )
UShort* create_UShort ( unsigned short i )

MapameTpbl

1

VHuiyanv3alioHHOe 3HaueHue.

BosBpawaemoe 3HayeHue

CrierjuduKaloHHas ccbiika tvra Short (UShort) Ha co3aHHBIN 00BEKT.

JononHutenbHaa nHopmauyma
Ota GyHKIMS orpe/iesieHa Hapsily CO CTaHapTHOM GyHKIM create.
Short* i1 = create(&type_Short, -28);
Short* i2 = create_Short(-28);
UShort* i1 create(&type_UShort, 28);
UShort* i2 = create_UShort(28);

[Ba moka3aHHbBIX criocoba co3manus Crielu(UKalIOHHON CChIJIKM (YHKIIMOHATBHO SKBUBATEHTHBI,
O[JHAKO HCIIO/b30BaHHe Create He sB/seTcs TUIOOE30TMacHBIM UM BbI3bIBAeT IpeAyIpeX/eHue
TpaHc/iATOopa (CM. onMcaHue QyHKLUM create).

value_Short, value_UShort

®DyHKIMsA MToyyaeT 3HaueHre short, cogepxkaitieecs B criel{u(UKal[MOHHOM THUIIE.
short value_Short ( Short* i )
unsigned short value_UShort ( UShort* i )

MapameTpbl
i

CrietinuyKalMOHHas CChIIKa 3a 3HaueHue Tumna Short v UShort.



[AononHutenbHasa uHdopmauus

K 3TOMY 3HAU€HHUIO TdKXKe€ MO>XHO O6paTI/ITBCH C TTOMOILIBKO Pa3bIMEHOBAHUA CHEHH(I)HK&HHOHHOﬁ
CCBIJIKH:

Short* i = create_Short(-28);
short wval = *ji;

Oyukiusa value_Short() obecrieurBaeT KOHTPO/Ib THIIOB BO BPEMsI MCIIOJHEHUS U €l MOXKHO
repesiaBaTh yKasartenab Object* 6e3 mpeaBapUTeTLHOIO IIPUBEEHUS:

List* 1;
short val;

val = value_Short(get_List(1l,0)); // Object* get_List(List*,int)
OfHaKko ecid HeT YBEPEHHOCTHM B TOM, UTO Iepe/laHHasi CChLIKA MMEeeT HY)KHbIA TUIl, MOXKET
noTpeOOBATLCS IBHAsH MPOBEPKA C TIOMOII[BIO CTaHAAPTHON QyHKIUHU type():

Object* o = get_List(1,0));

if (type(o) == &type_Short) {
val = value_Short(o);

}



14.2.4 Long u ULong

Tun Long u ULong sBAsIOTCA CrielM(PUKAIIMOHHBIMU aHa/loraMyd BCTPOEHHBIX TUMOB si3bika C
long int nunsigned long int.

JomnoiHuTeIbHast MHGpOpMaILUs
@dyHKLWY, OTpe/iesieHHble J/is TuMna Long:

° co3/iadHiie CHEQHQ}HK&QMOHHOﬁ CCBIJIKH ;

e H3BJIEUEHUE 3HauyeHUd Thma long int mam unsigned long int.

3aronoBoYHbIN (haiin: atl/long.h

create_Long, create_ULong

@dyHKLIMK CO3AAI0T crieliMdyKallMOHHbIe CChITKUA TUIOB Long u ULong.
Long* create_Long( long i )
ULong* create_ULong ( unsigned long i )

MapameTpbl

1

VHuiyanv3alioHHOe 3HaueHue.

BosBpawaemoe 3HayeHue

CrierjudvKalioHHas ccbijika Tvra Long (ULong) Ha co3/laHHBIN 00BeKT.

JononHutenbHaa nHopmauyma
Ota GyHKIMS orpe/iesieHa Hapsily CO CTaHapTHOM GyHKIM create.
Long* il = create(&type_Long, -28);
Long* i2 = create_Long(-28);
ULong* il = create(&type_ULong, 28);
ULong* i2 = create_ULong(28);

[Ba moka3aHHbBIX criocoba co3manus Crielu(UKalIOHHON CChIJIKM (YHKIIMOHATBHO SKBUBATEHTHBI,
O[JHAKO HCIIO/b30BaHHe Create He sB/seTcs TUIOOE30TMacHBIM UM BbI3bIBAeT IpeAyIpeX/eHue
TpaHc/iATOopa (CM. onMcaHue QyHKLUM create).

value_Long, value_ULong

®yHKIMsA MToyyaeT 3HaueHre 1ong, cogepkaileecs B crielju(UKal[MOHHOM THUIIe.
long value_Long ( Long* i )
unsigned long value_ULong ( ULong* 1 )

MapameTpbl
i

CrietinduvKallMiOHHas CChIIKa 3a 3HaueHue Tuma Long wuu ULong.



[AononHutenbHasa uHdopmauus

K 3TOMY 3HAU€HHUIO TdKXKe€ MO>XHO O6paTI/ITBCH C TTOMOILIBKO Pa3bIMEHOBAHUA CHEHH(I)HK&HHOHHOﬁ
CCBIJIKH:

Long* i = create_Long(-28);

long val = *i;
Oyukiusa value_Long() obecrieudBaeT KOHTPOJIb THUTIOB BO BpPEMsI MCIIOJIHEHHWS M €l MOXKHO
repesiaBaTh yKasartenab Object* 6e3 mpeaBapUTeTLHOIO IIPUBEEHUS:

List* 1;

long val;

val = value_Long(get_List(1l,0)); // Object* get_List(List*,int)

OfHaKko ecid HeT YBEPEHHOCTHM B TOM, UTO Iepe/laHHasi CChLIKA MMEeeT HY)KHbIA TUIl, MOXKET
noTpeOOBATLCS IBHAsH MPOBEPKA C TIOMOII[BIO CTaHAAPTHON QyHKIUHU type():
Object* o = get_List(1,0));

if (type(o) == &type_Long) {
val = value_Long(o0);
}



14.2.5 Float

Tun Float siBasiercs cieuKaLMOHHBIM aHaI0roOM BCTpoeHHoro Tura si3bika C float.

JlonosHuTeIbHAsA UH(OPMaLHA
DyHKLMY, onipefiesieHHble A1 Tuna Float:

e co3jgaHue CrelbUKALIMOHHON CChUTKU;

e H3BJIeUEHUe 3HaueHUd Tuma float.

3aronioBouYHbI (haiin: atl/float.h

create_Float
@dyHKUYSA co37aeT crielubUKalMOHHYI0 CChUIKY Tuma Float.
Float* create_Float( float f )

MapameTpbl
f

WHuianv3aloHHOe 3HaueHue.

BosBpalwaemoe 3HayeHue

CrnerdykalioHHasi ccbuika THMa Float Ha co3ZaHHBINA 00BEKT.

[ononHutenbHaa nHdopmaums

Ota (yHKIMA onpesiesieHa HapsAy CO CTaHAAPTHOM (yHKLUM create.
Float* fl1 = create(&type_Float, 3.14);
Float* f2 = create_Float(3.14);

[Ba roka3aHHbBIX criocoba co3zanus Criel(UKaIIOHHOW CChIIKM (YHKIIMOHATbHO SKBUBATEHTHBI,
O[JHAKO HCIIO/b30BaHHe Create He sB/seTcs TUIOOE30TMacHbIM M BbI3bIBAeT IpeAyIpex/eHue
TpaHc/IATOpa (CM. onMcaHue QyHKLuM create).

value_Float
dyHKUMs 1osyvaeT 3HaueHue float, comepkailieecsi B CrieLIU(PUKAL[MIOHHOM TUIIe.
float value_Float( Float* f )

MapameTpbl
f

CrierviKallMOHHAsT CChIIKA 3a 3HaueHue Tura Float.

[AononHutenbHasa Hopmauus

K 3TOMy 3HaueHHIO TaKKe MOXKHO 0OpaTHTHCS C MOMOIIbI0 pa3bIMEHOBAHUS CrIeL(pUKAI[IOHHOM
CCBUIKHU:

Float* f = create_Float(3.14);
float wval = *f;

dynkims value_Float() obecrieuriBaeT KOHTPOJIb TUTIOB BO BpeMsi MCTIOJTHEHHUSI M €l MO>KHO
nepe/iaBaTh yKa3atesab Object* 6e3 mpesBapuUTeIHLHOTO MPUBEIEHUS:



List* 1;
float val;

val = value_Float(get_List(1,0)); // Object* get_List(List*,int)
OpHako ecv HeT YBepeHHOCTHM B TOM, UTO Tepej/laHHasi CChbITKA MMeeT HY)KHBbIM THWIl, MOXXET
noTpeOOBATLCS SIBHAsI MPOBEPKA C TIOMOII[BIO CTaHAAPTHON QyHKIUH type( ):

Object* o = get_List(1,0));

if (type(o) == &type_Float) {
val = value_Float(o);

}



14.2.6 Double

Tun Double siBasieTcs cieiUKaLMOHHBIM aHa/I0rOM BCTpOeHHOro Turna si3bika C double.

JlonosHuTeIbHAsA UH(OPMaLHA
DyHKLMY, onpeeneHHble /15 Tuna Double:

e Co3jaHue CrelrdUKALIMOHHON CChLUTKU;

e  H3BJIeUEHUeE 3HaueHUd Tura double.

3arosioBoYHbIN (haiin: atl/double.h

create_Double
OyHKIMSA co3/aeT crielu(UKalMOHHYI0 CChUIKY Tvra Double.
Double* create_Double( double d )

MapameTpbl
d

WHuyan3alioHHOe 3HaueHue.

BosBpalwaemoe 3HayeHue

CrerfudurKallMoHHas cCbiKa THra Double Ha co3faHHbIN 00BEKT.

[JononHutenbHasa nHgopmayus

Ota dyHKLMS orpe/iesieHa Hapsly CO CTaHAapTHOM (PyHKIMi create.
Double* di create(&type_bDouble, 3.14);
Double* d2 create_Double(3.14);

[Ba rokasaHHbIX criocoba co3fiaHus Crielu(rKalMOHHOM CChIIKM (YHKIIMOHAIbHO SKBHBaIe€HTHBI,
OJJHAKO WCTIO/Ib30BaHHe Create He sB/seTCS TUIOOE30TMAacHBIM ¥ BBI3bIBAET IPeAYIPEXeHHe
TpaHc/asTopa (cM. onvcaHve QyHKLUM create).

value_Double
®dyHKIMA 1o/1yyaeT 3HaueHre double, cozepikailjeecs B crieliu(pUKaLiOHHOM THIIE.
double value_Double( Double* d )

MapameTpbl
d

CrietivduvKallMOHHas CChIIKa 3a 3HaueHue Tuma Double.

[ononHutenbHasa nHpopmauus

K 3TOMy 3HaueHMIO TakKe MOYXHO 0OpaTHUThCS C MOMOIIBI0 pa3bIMEHOBAHUS CTel(UKAI[MOHHON
CCBLIKU:

Double* d create_Double(3.14);
double *p = (double*)d;

dynkims value_Double() obecrieuriBaeT KOHTPOJIb THUIIOB BO BPeMsI MCIIOJIHEHUS U €l MOXXHO
nepe/iaBaTh yKa3atesab Object* 6e3 mpesBapUTeIbHOTO MPUBEIEHUS:



List* 1;
double val;

val = value_Double(get_List(1l,0)); // Object* get_List(List*,int)

OpHako ecv HeT YBepeHHOCTHM B TOM, UTO Tepej/laHHasi CChbITKA MMeeT HY)KHBbIM THWIl, MOXXET
noTpeOOBATLCS SIBHAsI MPOBEPKA C TIOMOII[BIO CTaHAAPTHON QyHKIUH type( ):
Object* o = get_List(1,0));

if (type(o) == &type_Double) {
val = value_Double(0);
}



14.2.7 voidAst

Tun VoidAst siBnsiercs crieiuduKalMOHHBIM aHa/I0roM BCTPOeHHOro Tvmna si3bika C void.

JonoiHuTeIbHasA MHGopMaLua
DyHKLUMY, onpesiesieHHble A1 Thuna VOidAst:

e Co3jaHue CrelrdUKALIMOHHON CChLUTKU;

e  H3BJIEYEHUE 3HAUYEHUH TUIa void*.

3aronioBoYHbIN (haiin: atl/voidast.h

create_VoidAst
DyHKIMsA co3/aeT crieudUKalMOHHYI0 CChUIKY Thra VoidAst.
VoidAst* create_VoidAst( void* v )

MapameTpbl

14

WHuyan3alioHHOe 3HaueHue.

BosBpalwaemoe 3HayeHue

CrierjuduKalioHHas cCbika Tvra VOidAst Ha cOo3/laHHbIN 00BEKT.

[JononHutenbHasa nHgopmayus

Ota dyHKLMS orpe/iesieHa Hapsly CO CTaHAapTHOM (PyHKIMi create.
VoidAst* vi create(&type_VoidAst, NULL);
VoidAst* v2 = create_VoidAst(NULL);

[Ba rokasaHHbIX criocoba co3fiaHus Crielu(rKalMOHHOM CChIIKM (YHKIIMOHAIbHO SKBHBaIe€HTHBI,
OJJHAKO WCTIO/Ib30BaHHe Create He sB/seTCS TUIOOE30TMAacHBIM ¥ BBI3bIBAET IPeAYIPEXeHHe
TpaHc/asTopa (cM. onvcaHve QyHKLUM create).

value_VoidAst
DyHKLMA 10/1yyaeT 3HaueHre Void*, cogepikaiieecs B crieli(pyKal[IOHHOM THIIe.
void* value_VoidAst( VoidAst* v )

MapameTpbl

v

CrietiivKallMOHHAas CChIIKa 3a 3HaueHue Tuma VoidAst.

[ononHutenbHasa nHpopmauus

K 3TOMy 3HaueHMIO TakKe MOYXHO 0OpaTHUThCS C MOMOIIBI0 pa3bIMEHOBAHUS CTel(UKAI[MOHHON
CCBLIKU:

VoidAst* v = create_VoidAst(NULL);

voidast val = *v;

dynkims value_VoidAst obecrieuriBaeT KOHTPOJIb TUTIOB BO BpeMsI MCTIOJTHEHHUS M €l MO>KHO
nepe/iaBaTh yKa3aTeab Object* 6e3 mpeaBapuTe/bHOTO TIPUBE/EHUS:



List* 1;

void* val;

val = value_VoidAst(get_List(1l,0)); // Object* get_List(List™*,int)
OpHako ecv HeT YBepeHHOCTHM B TOM, UTO Tepej/laHHasi CChbITKA MMeeT HY)KHBbIM THWIl, MOXXET
noTpeOOBATLCS SIBHAsI MPOBEPKaA C TIOMOII[bI0 CTaHAAPTHOM QYHKIUH type:

Object* o = get_List(1,0));

if (type(o) == &type_VoidAst) {
val = value_VoidAst(o0);

}



14.2.8 unit

Tun Unit sBAsieTcss TUIIOM C eJUHCTBEHHbIM 3HAaueHUeM: /iBeé HeHyJieBble Crelr(UKaljioHHbIe
CChIIKY TMHa Unit Bcerja cuMTaroTCsl paBHBIMU PYT APYTY.

JomnoiHuTeIbHast MHGpOpMaILUs
@DyHKLMY, onpe/eseHHble /s ThHa Unit:

. co341dHHe CHEQHQ)HK&QHOHHOﬁ CCBIJIKH
3aronoBouHbIi chaiin: atl/unit.h

create_Unit
@OyHKLMSA co3/iaeT criel[uUKalMOHHYI0 CChUIKY Thma Unit.
Unit* create_Unit(void)

Bo3Bpamjaemoe 3HaueHHe
CrierfuduyKallMoHHas CCbiKa Tvra Unit Ha co3#aHHBIN 00BEKT.

JomnoHuTeIbHasA MHGOPManus
Ota yHKIMA onpesiesieHa HapsAy CO CTaHAAPTHOM (QyHKLMI create.
Unit* ul = create(&type_Unit);
Unit* u2 = create_Unit();
[Ba roka3aHHbBIX criocoba co3manus Crielu(UKalOHHON CChIIKM (YHKIIMOHATBHO SKBUBAT€HTHBI,

O[JHAKO HCIIO/b30BaHHe Create He sB/seTcs TUIOOE30TMacHBIM UM BbI3bIBAeT IpeAyIpeX/eHue
TpaHc/iATOopa (CM. onMcaHue QyHKLUM create).



14.2.9 BigInteger

Tun BigInteger ciyXuT /s Npe/CTaB/IeHUs Lie/bIX Yrcesl TPOM3BOJIHOIO pa3Mepa.

3arosioBoOYHbIN (haiin: atl/bigint.h

add BigInteger
@DyHKIMA BO3BpalllaeT pe3ysbTaT CJIOKeHUs ABYX uuces tvrna BigInteger.

create BigInteger
OYHKIMU CO37aeT CrelUpUKAIMOHHYI0 CChUIKY Tura BigInteger, mpe/CTaB/SIOIIYIO
JlaHHOe Liei0e YncJIo.

divide BigInteger
@DyHKIMS BO3BpalllaeT pe3y/bTaT Je/eHus AByX uucen tvna BigInteger.

intValue BigInteger
OyHKIMS BO3BpalllaeT 3HaueHHWe int, copepkailjeecss B CrielfUUKAI[MOHHOM THIe (eCu
3TO 3HaueHMe roMelaeTcsi B int).

longValue BigInteger
@dyHKLYs BO3BpalljaeT 3HaueHWe long, cojepskaieecss B crielfudrKaliOHHOM Turie (eciu
3TO 3HaueHMe roMeljaeTcsi B long).

multiply BigInteger
DyHKLMSA BO3BpalllaeT pe3y/bTaT YMHOXXEHUS [IBYX umces Tura BigInteger.

negate BigInteger
DyHKLMA BO3BpalllaeT OTpULIAHKUe unc/ia Tuna BigInteger.

power BigInteger
@yHKLMA BO3BpalLljaeT pe3y/ibTaT BO3BeJeH1s unc/ia Turna BigInteger B Lje/yto CTeleHb.

remainder BigInteger
@yHKLMA BO3BpalLllaeT OCTAaTOK OT JieJIeHUs ABYX uuces Tuna BigInteger.

subtract BigInteger
@yHKLMS BO3BpalllaeT pe3y/bTaT BbIUMTaHHUsA ABYX urces Tdra BigInteger.

valueOf BigInteger
@®yHKUMK CO3[aeT Creld(PUKAMOHHYI0 CChUIKY Tuma BigInteger, mpeCTaBsitOIIyIO
1leJioe 3HaueHue B JAaHHOM CTPOKOBOM BH/I€.

add_BigInteger

®DyHKIMS BO3BpalljaeT pe3y/bTaT C/I0’KeHUs [BYX urces Tva BigInteger.

BigInteger* add_BigInteger( BigInteger* ni, BigInteger* n2 )

MapameTpbl

ni

[TepBoe ciaraemoe.

n2

Bropoe cnaraemoe.

Bo3Bpalyjaemoe 3HayeHue

CrnerukaloHHasi CCbUTKa THMa BigInteger Ha HOBBIH OOBEKT — CyMMY.



create_BigInteger

OyHKIMA Cco3/aeT criel[iUKAlMOHHYI0 CChITIKY THTa BigInteger, TipeJCTaB/SIONIYIO JaHHOE
1[e/I0€ YKCJIO.

BigInteger* create_BigInteger( int 1 )
MapameTpbl
i

MuannmanusanyoHHoe 3HaueHue.

Bo3Bpawaemoe 3HayeHue

CrnerdukaloHHasi cCbUlKa THMa BigInteger Ha co3#aHHbINA 00BEKT.

AononHutenbHasa nHpopmauus

Ota QyHKIMS Orpe/ie/ieHa Hapsily CO CTaHapTHOM GyHKIMI create.

BigInteger* i1l create(&type_BigInteger, -28);
BigInteger* i2 = create_BigInteger(-28);

IlBa MOKa3aHHBIX criocoba Co3/jaHus CIIeI[U(UKAIIMOHHON CChIIKK (DYHKIIMOHATbHO SKBHUBAIEHTHBI,
O/THAKO WCTIO/Nb30BaHUe create He sBisieTcss TUIOOE30TIACHBIM W BBI3bIBAeT TMpeAyTpexeHue
TpaHc/iATOopa (CM. onucaHue QyHKLuM create).

divide_BigInteger

@DyHKLMSA BO3BpalllaeT pe3ysbTaT Je/eHus AByX uucen tTuna BigInteger.

BigInteger* divide_BigInteger( BigInteger* ni1, BigInteger* n2 )
MapamveTpbl
ni

Henumoe.
n2

Henurens.

Bo3Bpawaemoe 3HauyeHue

CrerfudyKallMOHHAas CChbUIKa TUTAa BigInteger Ha HOBbIM 00BEKT — YaCTHOE.

intvValue_BigInteger

dyHKIMsA BO3BpalllaeT 3HaueHWe int, cojepskaiieecs B crielU(MUKALIMOHHOM THUIe (eC/T 3TO
3HaueHue roMelraeTcst B int).

int intValue_BigInteger ( BigInteger* i )
MapameTpbl
1

CrnieurduKkallMoHHas CChIIKa 3a 3HaUyeHue Tumna BigInteger.

AononHutenbHasa nHcpopmauus

Ecnu 3HaueHne BigInteger He momelaetrcs B int, BbIMIO/HEHHEe TPOTrpaMMbl MpeKpallaeTcsi C
romolipio GyHKIMU assertion.



longvalue_BigInteger

@dyHKUMS BO3BpallaeT 3HaueHWe long, copepikaileecsi B CrelX(UKALMOHHOM Turle (eCcu 3TO
3HaueHue romeniaeTcs B 1ong).

long value_BigInteger ( BigInteger* 1 )
MapameTpbl
i

CrietnduKallMoHHas CChIJIKa Ha 3HaueHue Tura BigInteger.

[AononHutenbHasa uHopmauus

Ecmu 3Hauenne BigInteger He romeljaeTcs B 1nt, BBINIO/IHEHMEe IIPOrpaMMbl IpeKpallaeTcs C
rnomouiplo GyHKIMM assertion.

multiply BigInteger

@DyHKILMS BO3BpalllaeT pe3y/abTaT YMHOXKEHUS ABYX uucen Thuna BigInteger.
BigInteger* multiply BigInteger( BigInteger* ni1, BigInteger* n2 )

MapameTpbl

ni

[TepBbIli MHOXKUTEJIb.
n2

BTropou MHOXUTeJIb.

Bo3Bpawaemoe 3HayeHue
CrnerdukaloHHasi CCbUTKa THMa BigInteger Ha HOBBIN 0OBEKT — MPOU3BE/IEHHE.
negate_BigInteger
@yHKLMS BO3BpalljaeT OTpULjaHKe uKciia Thuia BigInteger.
BigInteger* negate_BigInteger( BigInteger* n )
MapameTpbl
n

AprymeHT OTpULIaHUS.

BosBpawaemoe 3HayeHue
CrierfudurKallMOHHAas CChUIKa THUTAa BigInteger Ha HOBbIM 00BEKT — OTpHIjaHHE.
power_BigInteger

@DyHKLMSA BO3BpalllaeT pe3ysbTaT BO3BeJeHusl uncsia Tira BigInteger B 1jesyro CTereHsb.

BigInteger* divide_BigInteger( BigInteger* ni, int n2 )
MapamveTpbl

ni

OcHoBaHue CTeleHu.
n2

ITokasaTens cTeneHH.



Bo3Bpawaemoe 3HayeHue

CrierjudyKallMoHHas CChi/ika Turia BigInteger Ha HOBBIM 0O0BEKT — pe3y/bTaT BO3Be/IeHHUs B
CTereHb.

remainder_BigInteger
@DyHKILMS BO3BpalllaeT OCTaTOK OT Jie/leHus ABYX uuces Tvrna BigInteger.
BigInteger* remainder_BigInteger( BigInteger* ni, BigInteger* n2 )
MapameTpbl
ni

Hemamoe.
n2

Henurens.

Bo3Bpawaemoe 3HayeHue
CrierjudyKallMOHHas CChbIKa TUTa BigInteger Ha HOBbIM 0OBEKT — OCTaTOK.
subtract_BigInteger

@yHKLMS BO3BpaljaeT pe3yJ/ibTaT BEIUMTAHUS [JBYX umces Tura BigInteger.

BigInteger* subtract_BigInteger( BigInteger* ni1, BigInteger* n2 )
MapameTpbl

ni

YMenniiaemoe.
n2

Brruuraemoe.

Bo3Bpawaemoe 3HaueHue
CrierjudrKallMoHHas CChbljiKa TUTa BigInteger Ha HOBbIM 00BHEKT — pa3HOCTb.

valueOf_BigInteger

OyHKIMA co3/aeT crielfudHKalMOHHYI0 CChIKY TWra BigInteger, mpefCTaB/SIONIyIO Iie/ioe
3HaueHue B JAHHOM CTPOKOBOM BH/e.

BigInteger* valueOf_BigInteger( String* str )

MapameTpbl
str

CTpOKOBBII BU/| 3HAUEHUS UUC/Ia.

Bo3Bpawaemoe 3HayeHue

CrnernyKaloHHasi CCbUTKa THMa BigInteger Ha co3aHHBINA 0OBEKT.



14.2.10 complex

Tun Complex ciy>XUT fi/1s1 TIpe/iCTaB/IeHUs] KOMIUIEKCHBIX UuCell.

AononHutenbHaa nHcpopmauus

Onst crielfupUKaMOHHBIX CCBUIOK Ha Tl Complex [elCTBYIOT OOBbIUHBIE MpaBWIa CPaBHEHUS
((rey, imy) = (rey, imy) « re; = re,, im; = im, ). CTpOKOBOe TIpe/icTaB/ieHhe uMmeeT BUZ, ( re + im*i ).

bazoBbiM TUMOM A7151 TUTIa COomplex Cy>XUT CTPYKTypa:
struct {
double re;
double im;
Iy

[ns mnonyyeHus [eWCTBUTENbHOM W MHHMMOW uacTeil He OIpefie/ieHO CrielyanbHbIX (YHKIMM;
C/ieflyeT T0Jib30BaThCsl Pa3bIMeHOBaHUEM CTIelIU(PUKAIIMOHHOW CChUTKU:

Complex* ¢ = create_Complex(1.4, -0.6);

double re c->re;
double im = c->im;
DyHKLMY, onpe/iesieHHbIe i Tuna Complex:

+ Cco37aHUe CcreldUKaIMOHHOW CChIIKH;

3aronoBoYHbI (haiin: atl/complex.h

create_Complex
dyHKUMSA co37aeT crieljudrKalMOHHY0 CChUIKY TUra Complex.

Complex* create_Complex ( double re, double im )

MapamveTpbl
re

BEH_IECTBEHH&IF{ YaCTb KOMIIJIEKCHOI'O UM CJid.
im

MHuMasi yacTb KOMIIJIEKCHOT'O YMC/Ia.
Bo3Bpawaemoe 3HauyeHue

CrierfuduKallMOHHAas CChbUIKa TUTa Complex Ha CO37laHHbBIN 00BEKT.

[AononHutenbHasa uHopmauus

OTa QyHKLMS Orpe/iesieHa Hapsily CO CTaHJapTHOM QYyHKIM create.
Complex* cl1 = create(&type_Complex, 1.4, -0.6);
Complex* c2 = create_Complex(1.4, -0.6);

IIBa mOKa3aHHBIX Crioco0a CO3/jaHus CITeL[U(UKAIIMOHHON CChIIKK (DYHKIIMOHATBHO SKBHUBAIEHTHBI,
OJTHAKO HCIO/b30BaHHe Ccreate He sABASETCA TUIIOOE30TMAaCHBIM W BBI3bIBAET MpeAyNpeXIeHHe
TpaHc/siTopa (cM. onvcaHre GyHKIUM create).



14.2.11 string

Tun String cay>XUT [j1s NIpefiCTaB/IeHUs CTPOK.

AononHutenbHaa nHcpopmauus

[MTpunsTeIii B s136iKe C Croco0b TpeZicTaBIeHrsT CTPOK B BH/Ie MacCHBa TUra char He yK/aJbiBaeTcst
B paMK{ JOmycTumoro Tuma. I[lo3tomy Be3de, rhe TpeOyeTcs [OMYCTHMBIA THI, YAOOHO
Tpe/iCTaB/IsITh CTPOKU JIaHHBIM CIelU(HUKALIMOHHBIM THUTIOM.

Inist cnenYKAIMOHHBIX CCHUIOK Ha THM String JelCcTBYIOT 0ObIUHBIE TTPABU/Ia CPaBHEHHUST CTPOK
(xak B dyHKIuM strcmp). [To3uuyy cCMMBOIOB HYMepYHOTCS OT 0.

Co crierju)MKaMOHHBIMUA CTPOKaMH MOYKHO paboTaTh Kak ¢ 00buHbIMU C-CTPOKaMu, MPUHUMAsT BO
BHUMaHHe, YTO 3HaueHWe 3TOW CTPOKM He [I0/DKHO U3MeHSIThCs. s monmyuenus: moctymna K C-
CTpOKe ucrosb3yeTcs QyHKUusi toCharArray_String, Bo3Bpaljaromiasi ykasaTe/lb Ha MacCHB
BHYTPH CHELU(PUKAL[MOHHOTO TUIIA.

B TO ke BpeMms oripejiesieHO 0O/bIIIOe KOMMYeCTBO (MYHKIMHA U /ISl CaMHMX CIelUMUKAIIMOHHBIX
CTpoK. Bo Bcex 3Tux (QyHKUUSAX CrielfudHKalMOHHbIe CCHUIKM Ha THUM String He AO/DKHBI OBITh
HYJIEBBIMHU.

3aronoBouHbIi haiin: atl/string.h

e create_String
OyHKIMS co37aeT crielii(UKaALIMOHHYIO CChIIKY TuMa String.

« charAt_String
®yHKIMs BO3BpalllaeT CUMBOJI B JaHHOW MO3ULUK 1ndex.

« concat String
®yHKIMS BO3BpalllaeT criel[UKal[MOHHYI0 CChIIKY TUMa String Ha KOHKaTeHaluio ABYX
3a/IaHHBIX CTPOK.

+ startsWith String
@DyHKLMS TPOBepsieT, HAUMHAEeTCs /M CTpoKa self ctpokon suffix.

- startswithoffset String
OyHKIMs MTPOBepsieT Ha/lnuure TOACTPOKU Fix B CcTpoKe self Ha 3alaHHOM TMO3ULIUU.

+ endsWith String
DyHKLMA [TPOBepsieT, 3aKaHUYMBAeTCs JIU CTpoKa self crpokou suffix.

« indexOfChar_String
Wmet 3ajaHHBIA CUMBOJI B CTPOKE M BO3BpalllaeT HOMep I1epBOM Hali/JeHHOW MTO3ULUH.

« indexOfCharFrom String
Vet 3a7iaHHbINA CHMBOJ B CTPOKe, HauMHasi ¢ mo3utuu fromIndex, U Bo3BpalllaeT HOMep
I1epBOY Hal/IeHHOM TO3ULIUH.

+ indexOfString_String
Wmet 3ajaHHY0 OACTPOKY B CTPOKe U BO3BpalllaeT HOMep NepBOM HalIeHHOW TO3ULMH.

« indexOfStringFrom String
WieT 3afiaHHyl0 MOACTPOKY B CTPOKe, HauMHas ¢ nosuuuu fromIndex, v Bo3BpaljaeT
HOMep IepBOX Hal/IeHHOU MO3ULIWH.




lastIndexOfChar String
WiieT 3a/1aHHbIN CHMBOJI B CTPOKe CIIpaBa Ha/leBO 1 BO3BpalllaeT HOMep TepBoi Hali/leHHOM
TIO3ULUH.

lastIndexOfCharFrom String
Wimer 3ajaHHbI CUMBOJ B CTPOKe CrpaBa Ha/leBO, HauMHas C MO3WLMKM W BO3Bpaljaer
HOMep NepBOW HaWJeHHOM MO3ULUH.

lastIndex0fString String
WueT 3ajjaHHy0 TOACTPOKY B CTPOKe CIrpaBa Ha/ieBO UM BO3BpalllaeT HOMep TepBOM
HaW/IeHHOM MO3UL1H.

lastIndexO0fStringFrom String
Wiiet 3a/jaHHYIO TOZCTPOKY B CTPOKe CIIpaBa Ha/leBO, HaUMHasl C Mo3uliuu fromIndex, u
BO3BpalllaeT HOMep MepBoW Hali/JeHHOM MO3UI[1H.

length String
@yHKLMA BO3BpalLllaeT JJIMHY CTPOKU.

regionMatches String, regionMatchesCase String

[TpoBepsieT coBnazieHue pparmeHTa CTpoku self c dparMeHTOM CTPOKU other. OyHKLus
regionMatchesCase_String yuuTbIBaeT perucTp CUMBOJIOB, (DYHKLIWS
regionMatches_String umeet fomo/HUTeTLHBIN TapaMeTp ignorecase,
T03BOJISIIOIINN UTHOPUPOBATh PETUCTP OYKB W/IM YUUTHIBATD €T0.

replace String
3aMeHsieT B ZJaHHOU CTPOKe BCe CUMBOJIbI 01dChar Ha cuMBO/bI newChar.

substringFrom String
@yHKIMA BO3BpalljaeT MOJACTPOKY, BK/IIOUAIOLIYI0 CUMBOJIBI C Mo3uLuu beginIndex po
KOHIJa.

substring String
@yHKIMSA BO3BpalllaeT MOACTPOKY, BK/IHYAIOLIYIO CHMBOJIBI C MO3UMLUMU beginIndex mo
endIndex - 1 BK/IIOUUTE/IBHO.

toLowerCase _String
OYHKIUS IEPEBOJUT OYKBBI CTPOKU B HHPKHUM PETUCTP.

toUpperCase String
OYHKIMS TepeBOAUT OYKBBI CTPOKH B BEPXHHUI PETHUCTP.

toCharArray String
®yHkUMs Bo3BpaljaeT C-CTPOKY, COOTBETCTBYIOLLYIO JAHHOM Criel(UKALIMOHHOW CTPOKe.

trim_String
OyHKIUS BO3BpAIllaeT CTPOKY, TOJyueHHYH0 U3 self oTOpackiBaHWeM TIpoOeIbHBIX
CHMBOJIOB B Hauajie ¥ KOHL|e CTPOKH.

format String
@yHKIUS BO3BpalljaeT Crielr(UKALMOHHY0 CTPOKY, COOTBETCTBYIOIIYIO BLIBOAY (PYHKLIMU
printf c Temu Xe mapameTpamu.

vformat String
@yHKLMS BO3BpalljaeT Crielr(UKaALMOHHYI0 CTPOKY, COOTBETCTBYIOLLYIO BbIBOJY (PYHKLIUU
vprintf c Temu e rapaMmeTpamu.

valueOfBool String
®yHKIMs BO3BpalllaeT CTPOKOBOe Mpe/iCTaB/ieHre 3HaueHus Tuna bool.




« valueOfChar String
@DyHKIMS BO3BpalljaeT CTPOKOBOE Mpe/iCTaB/eHre 3HaueHus Tvra char.

« valueOfShort String
@yHKIMS BO3BpalljaeT CTPOKOBOE Mpe/iCTaB/ieHre 3HaueHus Tura short.

« valueOfUShort_String
DyHK1Ms BO3BpalllaeT CTPOKOBOe Mpe/iCTaB/ieHre 3HaueHus Tura unsigned short.

« valueOfInt String
®yHKIMs BO3BpalllaeT CTPOKOBOe Tpe/iCTaB/ieHre 3HaueHusl Thra int.

« valueOfUInt String
@®yHKIMS BO3BpalllaeT CTPOKOBOE Mpe/iCTaB/eHre 3HaueHys Tira unsigned int.

« valueOfLong String
®yHKILIMS BO3BpalllaeT CTPOKOBOE Mpe/iCTaB/eHre 3HaueHus tTuna long.

« valueOfULong String
®yHKIMs BO3BpalllaeT CTPOKOBOe Mpe/iCTaB/eHre 3HaueHus Tura unsigned long.

« valueOfFloat String
®yHKIMs BO3BpalllaeT CTPOKOBOe Mpe/iCTaB/eHre 3HaueHus tuna float.

- valueOfDouble String
@yHKIMSs BO3BpalllaeT CTPOKOBOE Mpe/iCTaB/eHre 3HaueHus tvrna double.

« valueOfPtr String
DyHK1MA BO3BpalllaeT CTPOKOBOe Mpe/iCTaB/IeHre 3HaueHus Tura void™.

« valueOfObject String
OyHKIMS BO3BpalljaeT CTPOKOBOE TIpe/iCTaB/ieHre 3HaueHUs Criel[i(HUKallMOHHOTO THUTIa.

« valueOfBytes String
OyHkiMs Bo3BpailjaeT CTPOKOBOe IIeCTHAZALIATEPUYHOE MpeZCTaB/ieHHe MacChBa OalToB p
JJIAHBI 1.

create_String
@OyHKIMS co3/aeT crieli(UKaIMOHHYI0 CChIIKY TuMa String.

String* create_String ( const char *cstr )

MapameTpbl
cstr

MuannmanusanyoHHoe 3HaueHue.

Bo3Bpalwaemoe 3HayeHue

CrneruyKaloHHasi CCbUIKa THMa String Ha co37aHHbINA 00BEKT.

AononHutenbHasa nHpopmauus

Ota QyHKIMS Orpe/ie/ieHa Hapsily CO CTaHapTHOM GyHKIMi create.

String* si create(&type_String, "a string");

String* s2 = create_String("a string");

[Ba roka3aHHbBIX criocoba co3fanus Criel(UKaIMOHHOM CChIJIKM (YHKIIMOHATbHO SKBUBA€HTHBI,
O[JHAKO HCTIO/b30BaHHe Create He sB/seTcs TUIOOE30TacHBIM M BbI3bIBAeT IPeAYIpPeX/eHue
TpaHc/iATOopa (CM. onucaHue QyHKLUM create).



charAt_String
DyHKI[MS BO3BpalllaeT CUMBOJI B JaHHOW MO3ULIMKM 1ndex.

char charAt_String( String* self, int index )

MapameTpbl
self

CTpoka, CHMBOJI KOTOPOU TpeOyeTcsi oTpe/ie/uTh.

index

Howmep no3unyy BHyTpY CTPOKH.

Bo3Bpawaemoe 3HauyeHue

CuMBoO/I, Hal/IeHHBIN B CTPOKe self Ha nmo3uuuuy index.

[JononHutenbHasa nHgopmayus

Homep nosuuuu no/bKeH HaXOOWUThCS B mpefesax CTpoku. Hymeparus HauvHaeTcsl € O; MO3ULIUS
MOC/Ie/[Her0 3HAYMMOT0 CHMBOJIa BbIUMC/SiETCS € Tomoibto (yHKMM length String kak
length_String(self) - 1.

String* s = create_String("abracadabra");
printf("%c\n", charAt_String(s,5));

e |

concat_String

@dyHKIMS BO3BpalljaeT Crely(UKalMOHHYI0 CChIIKY TWra String Ha KOHKaTeHalWi JBYX
3a/laHHBIX CTPOK.

String *concat_String( String* strl1, String* str2 )
MapameTpbl
stri

HepBaﬂ YaCTb KOHKATeHaluH.
str2

BTOP&H YdCTh KOHKATe€HallhH.

Bo3Bpawaemoe 3HayeHue

CrermurKaloOHHas CTPOKa, NoIyYeHHasi KOHKaTeHalel CTpoK striu str2.

[AononHutenbHasa uHopmauus
String* s1 = create_String("abra");
String* s2 = create_String("cadabra");

String* s concat_String(si,s2);

printf("%s\n", toCharArray_String(s));

| abracadabra

startsWith_String
DyHKI[Us TIPOBepsieT, HAUMHAeTCS JIM O/]HA CTPOKA PYTOMH.
bool startsWith_String( String *self, String *prefix )



MapameTpbl
self

Crpoka, Hayajio KOTopoii TpebyeTcsi IpOBepHUTb.

prefix

HckomMoe Hauano CTPOKHU.

Bo3Bpawaemoe 3HayeHue

true, eciu cTpoka self HauMHaeTcs MOACTPOKoM prefix. false B moboM Apyrom ciyuae.

[AononHutenbHasa uHopmauus

Ecmu ctpoka prefix mycra, Bo3BpaijaeT true. Eciu gmuHa ctpoku prefix 6osbliie, yeM AjHHA
self, sosspauaer false.

String* s = create_String("abracadabra");
String* sl1 = create_String("abra");
String* s2 = create_String("cadabra");

printf("1) %d\n2) %d\n ",
startswith_String(s,s1),
startswith_String(s,s2)

);

1) 1

2) 0

startswithoffset_String

@OyHKLYSA NTPOBepsieT Ha/lnuKe MOACTPOKU Fix B CTpOKe self Ha 3aflaHHOM MO3ULINU.
bool startswithOffset_String
( String *self, String *fix, int toffset )

MapameTpbl
self

CTpoKa, B KOTOPOU TpebyeTcst UCKaTb MO/ICTPOKY.
fix
Nckomasi moacTpoka.

toffset

[To3uiys B 3aZlaHHOM CTpOKe.

Bo3Bpawaemoe 3HauyeHue

true, eciu B cTpoke self Ha mo3uumu toffset HauumHaeTcs mMoAcCTpoka prefix. false B
nMr0O0OM JIPyTOM Cyyae.

AononHutenbHasa nHpopmauus

Ecmu nosvumsa otpuiiatesibHa WM NPeBOCXOAUT IJIMHY CTPOKU Self, Bo3paujaer false. Eciu
CTpoKa prefix mycra, Bo3Bpaimiaet true. Ecmm anuHa ctpoku prefix 6onbiile, yeM JavHa self,
Bo3Bpataer false.

String* s = create_String("abracadabra");



String* sl1 = create_String("abra");

printf("1) %d\n2) %d\n",
startswithOoffset_String(s,s1,7),
startswithoffset_String(s, s2,8)

);

1) 1

2) 0

endsWith_String
@OyHKLYS TTPOBepsieT, 3aKaHUUBAeTC s /M CTPoKa Self cTpokoul suffix.

bool endsWith_String( String *self, String *suffix )

MapameTpbl
self

Crpoka, B OKOHYaHHe KOTOpPOii TpebyeTcsi TPOBEPUTS.

suffix

VickoMoe OKOHYaHHUe CTPOKHU.

Bo3Bpawaemoe 3HayeHue

true, ecsiu cTpoka self 3akaHuMBaeTcst MOACTpokoit suffix. false B moboM pyrom ciiyuae.

[AononHutenbHasa uHopmauus

Ecmu cTpoka suffix mycra, ¢yHkuusi Bo3Bpaijaetr true. Ecmm aymuHa cTpoku suffix Gosblie, uem
nnvHa self, pyHkuys Bo3Bpaiiaetr false.

String* s = create_String("abracadabra");

String* sl1 = create_String("abr");

String* s2 create_String("cadabra");

printf( "1) %d\n2) %d\n "
, endsWith_String(s,s1)
, endsWith_String(s,s2)
);

1) 0
2) 1

indexOfChar_String
WieT 3ajaHHbIN CUMBOJT B CTPOKE M BO3BpalllaeT HOMeP MepBOM Hal/JeHHOM MO3UL1H.
int indexOfChar_String( String* self, int ch )

MapameTpbl
self

Crpoka, B KOTOpO TpebyeTcst uCKaTb CUMBOJI.
ch

M cKoMBIN CUMBOJI.




Bo3Bpawaemoe 3HayeHue

Howmep mepBoro cumBosia ch B ctpoke self. Eciu cumBos He HaiijeH, Bo3Bpaijaercs -1. st
CHMBOJIa C KoZioM O (yHKLMS BCcerja Bo3BparaeT 1.

JononHutenbHaa nHopmauyma
String* s = create_String("abracadabra");
printf( "1) %d\n2) %d\n"
, indexOfChar_String(s, 'b")
, indexOfChar_String(s, 'z"')

);

1) 1
2) -1

index0fCharFrom_String

Wiet 3aaHHBIN CUMBOJI B CTPOKe, HauUMHasi ¢ o3uuu fromIndex, v Bo3BpalljaeT HOMep MepBoi
HaW/JeHHOM MO3UL1H.

int indexOfCharFrom_String( String* self, int ch, int fromIndex )

MapameTpbl
self

Crpoka, B KOTOPOU TpeOyeTcsi HCKaTh CUMBOJT.
ch

M cKoMBIi CUMBOJI.
fromIndex

ITo3uiys Havasia MmoncKa.

BosBpawaemoe 3HayeHue

Homep nepBoro cumBosa ch B cTpoke self, HauuHas ¢ mosuluu fromIndex. Eciu mosvnms
fromIndex mpeBOCXOAUT IJIMHY CTPOKU Self, T. e. fromIndex > length_String(self),
Bo3Bpailaetr -1. Ecnu cuMBOJ He HaiizieH, Bo3Bpalljaetcs -1. [ljig cumBosia ¢ KogoMm O (GyHKLus
Bceria Bo3Bparrjaet -1.

[JononHutenbHasa nHgopmayus
Ecm fromIndex < 0, TO 3a MO3ULMIO Hauyajia MOUCKa IIPUHUMAaeTCs 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

index0fString_String
Wmet 3ajaHHY0 OACTPOKY B CTPOKe U BO3BpalllaeT HOMep NepBOM HalleHHOW TO3ULIMH.

int indexOfString_String( String* self, String* str )



MapameTpbl
self

Ctpoka, B KOTOpOU TpebyeTcst UCKaTh MOJCTPOKY.

str

Nckomast MnoACTpPOKa.

Bo3Bpawaemoe 3HayeHue

Ecmm nopctpoka str HalifieHa B cTpoke self, To Bo3BpaljaeTcsl MO3ULMA B CTPOKe self, c
KOTOpOU HaumHaetcs Str. Ecim noAcTpoka He HalfieHa, BO3BpalaeTcs -1.

AononHutenbHaa nHcpopmauus

Ecmu mofcTpoka TycTa, OHa CUMTAeTCs BXogsIed B 00y CTPOKY (B TOM UHMC/ie B MYCTYHO) C
no3unuu 0.

String* s = create_String("abracadabra");

String* s1 create_String("abra");

String* s2 create_String("cdbr");

printf( "1) %d\n2) %d\n"
, 1indexO0fString_String(s,sl)
, 1index0fString_String(s, s2)
);

1) 0
2) -1

index0fStringFrom_String

Wier 3alaHHyI0 TIOCTPOKY B CTPOKe, HauWHas C To3uluu fromIndex, W BO3BpaillaeT HOMep
TepBOi HaliZieHHOW MO3ULUU.

int indexOfStringFrom_String
( String* self, String* str, int fromIndex )

MapameTpbl
self

3aslaHHas CTpOKa.
str

Nckomasi moacTpoka.
fromIndex

ITo3uiys Havasia MmorcKa.

Bo3Bpawaemoe 3HauyeHue

Ecmm mozcTpoka str HaiiieHa B cTpoke self, HauMHas C ro3uuuu fromIndex, To Bo3BpalljaeTcs
MO3ULIUg B CTPoKe self, ¢ kotopou HaumHaeTcsi Str. Ecm nosuuus fromIndex npeBOCXOAUT
JvHYy cTpoku self, 1. e. fromIndex > length_String(self), ¢yHkuus Bo3Bpamiaer -1.
Ecmm nogcTpoka He HaliieHa, Bo3Bpalaetcs - 1.



[AononHutenbHasa uHdopmauus

Ecmm fromIndex < 0, to fromIndex monaraetcsi paBHbiM 0. Ecivd moacTpoka mycra, OHa
CUMTAeTCs] BXOZSILEH B TFOOYIO CTPOKY (B TOM UKCJ/ie B IYCTYI0) ¢ mosutmu fromIndex.

String* s = create_String("abracadabra");

String* si

printf( "1) %d\n2) %d\n"
, index0fString_String(s,si,5)
, index0fString_String(s, si, 8)
);

create_String("abra");

1) 7
2) -1

lastIndexOfChar_String

Vet 3ajaHHbI CMMBOJI B CTPOKe CIpaBa HajaeBO M BO3BpalllaeT HOMep TepBOM HaWJeHHOM
TMO3ULUU.

int lastIndexOfChar_String( String* self, int ch )

MapamveTpbl
self

3ajiaHHas CTpOKa.
ch

M cKoMBIH CUMBOJI.

Bo3Bpawaemoe 3HayeHue

[Mo3uuusi rocsiefiHero cumBosia ch B cTpoke self. Eciu cuMBON He HalifieH, Bo3BpalaeTcs —1.
Iyt ciMBoa ¢ KoJjoM O Bcerzia Bo3Bpaiijaercs —1.

JononHutenbHaa nHopmauyma
String* s = create_String("abracadabra");

printf( "1) %d\n2) %d\n"
, lastIndexOfChar_String(s,'b")
, lastIndexOfChar_String(s, 'z')
)

1) 8
2) -1

lastIndexOfCharFrom_String

Wier cuMBOJI B CTPOKe CIpaBa HajeBO, HauMHasl C 3aJlaHHOM MO3WLMH, W BO3BpalljaeT HOMep
TepBOM HalZIeHHOW MO3ULIUHU.

int lastIndexOfCharFrom_String( String* self, int ch, int fromIndex )

MapameTpbl
self

3aslaHHas CTpOKa.
ch

M cKoMBIN CUMBOJI.



fromIndex

[To3uLus Hayana roucka.

BosBpalwaemoe 3HayeHue

[To3unus cumBosia ch B ctpoke self. Eciu fromIndex < 0, Bo3Bpaujaer -1. Eciu cuMmBon He
HalizieH, GyHKUus Bo3Bpalaet —1. [l cumBosia ¢ KoJjoM O QyHKLMS Bceria Bo3Bpaiijaer —1.

[AononHutenbHasa uHopmauus

Ecmu fromIndex MPeBOCXOJUT JOJTUHY CTPOKH self, T. e.
fromIndex > length_String(self), To 3a MO3ULKMIO Hayaja MOMCKa NPUHUMAETCS MO3ULIUS
MOC/IeJHer0 CUMBOJIA CTPOKH.

String* s = create_String("abracadabra");

printf( "1) %d\n2) %d\n"
, lastIndexOfCharFrom_String(s,'b',5)
lastIndexOfCharFrom_String(s,'b',0)

);

1) 1
2) -1

lastIndex0fString String

WueT 3ajjaHHyI0 MOJACTPOKY B CTPOKe CIpaBa HajaeBO W BO3BpalllaeT HOMep MepBOM HaWJeHHOU
MO3ULIUHU.

int lastIndexOfString_String( String* self, String* str )

MapameTpbl
self

3alaHHasi CTPOKa.

str

Wckomas nofcrpoka.

Bo3Bpawaemoe 3HaueHue

Ecnu nofcTpoka He HaiizieHa, Bo3BpalijaeT 1.

[JononHutenbHasa nHgopmayus

Ecmu mogcTpoka mycTa, OHa CUMTAeTCs BXofsIled B 00y CTPOKY (B TOM UHC/Ie B MYCTYHO) C
no3uuun length_String(self).

String* s = create_String("abracadabra");
create_String("abra");

String* si
create_String("cdbr");

String* s2

printf( "1) %d\n2) %d\n"
, 1ndex0fString_String(s,sl)
index0fString_String(s, s2)




lastIndex0fStringFrom_String

Wier 3azaHHy!0 IOACTPOKY B CTPOKe ClpaBa HajeBO, HauvHas C nosuumu fromIndex, u
BO3BpalljaeT HOMep NepBOX Hal/IeHHOM MO3ULINN.

int lastIndexO0fStringFrom_String( String* self,
String* str,
int fromIndex

)

MapameTpbl
self

3alaHHasi CTpOKa.
str

Nckomasi moacTpoka.
fromIndex

[To3uus Hayasia nmoucka.

Bo3Bpauwjaemoe 3HayeHue

[To3umsa nofCcTpoku Str B cTpoke self. Eci fromIndex < 0, Bo3Bpaljaer -1.

[ononHutenbHaa nHcpopmauus

Ecm fromIndex [IPeBOCXOUT [JIAHY CTPOKU self, T. e.
fromIndex > length_String(self), TO 3a mNO3MLUMUIO Hayaja [IOMCKAa MPUHUMAETCS
length_String(self). Ecim noacTpoka mycTa, OHa CUMTAeTCs BXOZsIIel B 0Oy CTPOKY
(B TOM umC/ie B MyCTYy0) € no3uuuu fromIndex.

String* s = create_String("abracadabra");
create_String("abra");

String* si

printf( "1) %d\n2) %d\n"
, lastIndexOfString_String(s,s1,3)
, lastIndexOfString_String(s,s1,?2)
);

1) 0
2) -1

length_String
@DyHKILMS BO3BpalllaeT JJIUHY CTPOKH.
int length_String( String* self )

MapameTpbl
self

Crpoka, A/MHY KOTOpOi TpeOyeTcst HalTH.

Bo3Bpalyaemoe 3HauyeHue

TouyHOe KO/1MyecTBO CUMBOJIOB B CTPOKe self.

[AononHutenbHasa Hopmauus

OTta yHKIMA onpesiesieHa HapsAy CO CTaHAAPTHOM (QyHKLMM create.



String* s = create_String("abracadabra");
printf( "%d\n", length_String(s) );
[11 |

regionMatches_String, regionMatchesCase_String

[TpoBepsieT coBmaZieHWe (parMeHTa CTpOKU Self c ¢parMeHTOM CTpoOKU oOther. ®yHKUUsA
regionMatchesCase_String YUUTBLIBAET PerucTp CHMBOJIOB, byHKUMA
regionMatches_String wumeer [ONOJHUTENbHBIM MapamMerp ignoreCase, TO3BOJISIOLIMN
WTHOPHUPOBAaTh PErvCTp OYKB WM YUUTHIBATH €ro.

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)

MapameTpbl
self

ITepBas cTpoka.
toffset

[To3uius ¢pparMeHTa B 1epBOM CTPOKe.
other

Bropas cTpoka.
ooffset

[To3uiyst pparmMeHTa BO BTOPOM CTPOKe.
len

[lnvHa cpaBHMBaeMbIX (pparMeHTOB.

ignoreCase

Ecnv napameTp paBeH true, To peructp urHopupyercs, ecau false, To yunutbiBaeTcs.

Bo3Bpawaemoe 3HauyeHue

true, ecsiu yKa3aHHbIe CEIMEHTBI CTPOK COBMaZaloT U false B moboM Ipyrom ciyuae.

[JononHutenbHasa nHgopmayus

IOnvuHa (¢dparMeHTOB Jo/bKHA ObITh  HeoTpuiatesibHoW (len = 0). Ecimu  dparmeHThl,
orpe/iesisieMble MO3WLMEeN U I/TMHOM, BBIXO/SAT 3a TPaHULIbl CTPOKH, Bo3BpalaeT false.

SString* s1 = create_String("aBrAcAdabra");
String* s2 = create_String("cadabra");

printf( "al) %d\na2) %d\n"
, regionMatchesCase_String(s1,0,s2,3,4)
, regionMatchesCase_String(s1,7,s2,3,4)
);

printf( "bl) %d\nb2) %d\n"
, regionMatches_String(s1, false,0,s2,3,4)
, regionMatches_String(si, true,0,s2,3,4)
);



al) 0
a2) 1
bi) o
b2) 1

replace_String
3aMeHsieT B JJAaHHOM CTPOKe Bce CUMBOJbI 01dChar Ha cumBosbl newChar.

String* replace_String( String* self, char oldChar, char newChar )

MapameTpbl
self

3aslaHHasi CTpOKa.
oldChar

CumBoJI, TIOZJIeXKAIUM 3aMeHe.

newChar

CHUMBOJI, KOTOPBIM 3aMeHSIIOTCS BXOXKAeHust oldChar.

BosBpalwaemoe 3HayeHue

CrerjuduKalioHHas CTPOKa, MoylyyeHHast U3 self 3ameHol cumBoioB 0ldChar Ha newChar .

[JononHutenbHaa nHopmayma
CuMBOJIBI HE A0J/DKHBI UMETb HYHEBOﬁ KO/.
String* s = create_String("abracadabra");
String* res = replace_String(s,'a','_"');
printf( "%s\n", toCharArray(res) );
| _br_c_d_br_ ‘

substringFrom_String
DyHKI[Ms1 BO3BpalllaeT MOACTPOKY, BK/IHOUAROIIYI0 CUMBOJIbI C TO3ULMK beginIndex [0 KOHIIa.

String* substringFrom_String( String* self, int beginIndex )

MapameTpbl
self

BBAHHHaH CTPOKa.

beginIndex

[To3uims Hauana KCKOMOU MOJCTPOKH.

Bosapau.q,aemoe 3HayeHue

CrierudyKalMOHHasi CTpPOKa, SIB/SIOIIAACA MOACTPOKOW Self, W3B/IeUeHHOW MO yKa3aHHbIM
TpaBUJIaM.

JononHntenbHas nHdopmauyua

[To3unusa beginIndex He A0/DKHA BBIXOAWUThH Ha Mpejesibl CTPOKU:
0 < beginIndex < length_String(self).



String* s = create_String("abracadabra");
String* res = substringFrom_String(s,4);
printf( "%s\n", toCharArray_String(res) );

‘cadabra

substring_String

Bo3sBspailiaeT noACTpOKy, BK/IIOUAIOLYI0 CUMBOJIBI C MO3uLuu beginIndex mo endIndex - 1
BKJ/IFOUUTEJIBHO.
String* substring_String
( String* self, int beginIndex, int endIndex )

MapameTpbl
self

3asiaHHas CTpOKa.
beginIndex
[To3uiys Hauaa MCKOMOM MO/ICTPOKHU.

endIndex

[MTo3uiMs KOHLIA KCKOMOM MOCTPOKH, yBeIUUeHHasi Ha eJJUHULLY.

BosBpawaemoe 3HayeHue

CrierjudvKallMoHHasi CTpPOKa, SIB/SIOIIAsCS TOACTPOKOW Self, M3B/IeYeHHOM IO YyKa3aHHbIM
TIpaBUJIaM.

[JononHutenbHasa uHdopmauus

[Mo3viust beginIndex He AomKHa OBITH OTPUIATETBLHON M HE 10JDKHA TIPeBOCXOUTh endIndex,
a no3uus endIndex He JO/DKHA MPEBOCXOUTh AJIMHY CTPOKM:
0 < beginIndex < endIndex < length_String(self).

Ecnu HauanbHasi ¥ KOHeYHasi T03ULIUK COBIIa/Ial0T, BO3BPalllaeT MyCTYH0 CTPOKY.
String* s = create_String("abracadabra");
String* res = substring_String(s,4,7);
printf( "%s\n", toCharArray_String(res) );

‘ cad

toLowerCase_String
DyHKIMS 11ePeBOAUT OYKBBI CTPOKU B HYDKHHUIA PETUCTP.
String* toLowerCase_String( String* self )

MapameTpbl
self

Crpoka, KoTopyto TpeOyeTcst TiepeBeCTH B HYDKHUN PeTrucTp.

Bo3Bpalwaemoe 3HayeHue

CrierjudyKallioHHasi CTPOKa, MoyiydeHHast U3 self nepeBefieHUeM B HXKHUM PETUCTP.



[AononHutenbHasa uHdopmauus
String* s = create_String("aBrAcAdAbRa");
String* res = tolLowerCase_String(s);
printf( "%s\n'", toCharArray_String(res) );

| abracadabra

toUpperCase_String
OyHKIUsT TepeBOAUT OYKBBI CTPOKU B BEPXHUN PEruCTp.
String* toUpperCase_String( String* self )

MapameTpbl
self

CTpoka, KoTopyto TpeOyeTcsi rmepeBeCcTH B BeDXHHUI PeTUCTp.

Bo3Bpawaemoe 3HauyeHue

CrieLiprKaliMOHHAsI CTPOKa, To/lyueHHasi U3 self repeBefieHHeM B BEpXHUIN PerucTp.

[JononHutenbHasa nHgopmayus
String* s = create_String("aBrAcAdAbRa");
String* res = toLowerCase_String(s);
printf( "%s\n", toCharArray_String(res) );

| ABRACADABRA

toCharArray_String

®yHK1MsA Bo3BpailiaeT C-CTPOKY, COOTBETCTBYIOIIYIO JaHHOM criel[u(UKal[MOHHON CTPOKe.
const char* toCharArray_String( String* self )

MapameTpbl
self

HanHas cried@uKaloHHasi CCblIKa TUma String.

Bo3Bpawaemoe 3HayeHue

MaccuB CMMBOJIOB, COOTBETCTBYHOIIMIM crieljudrKaLMOHHOW CTPoKe self.

[JononHutenbHaa nHopmayma
String* s = create_String("abracadabra");
printf( "%s\n'", toCharArray_String(s) );

‘abracadabra

trim_String

@OyHKIMST BO3BpalllaeT CTPOKY, TMOMy4eHHYI0 U3 Self orbpacbiBaHreM MpoOebHBIX CHMBOJIOB
(whitespace) B Hauasie ¥ KOHIIe CTPOKH.

String* trim_String( String* self )



MapameTpbl
self

Crpoka, 13 KOTOPOU HY’>KHO MCK/TIOUUThH HayajibHbIe M KOHeUHble Po0esibHble CUMBOJIBI.

Bo3Bpawaemoe 3HayeHue

CrnermyKallioHHasi CChlTKa TUTa String Ha CTpPOKy, Tony4yeHHYH U3 self orOpachiBaHUEM
Haua/IbHBIX U KOHEUHBIX TIPOOe/TbHbIX CUMBOJIOB.

JononHutenbHasa nHcpopmauus

HpO6€fIbeIMI/I CHMMBOJIAMH CUHUTAIOTCA HpO6€JIBI, Ta6y1'IHL[I/II/I " 1iepeBo/ibl CTPOK.

String* s create_String(" \tabracadabra \n");

String* res trim_String(s);

printf( "'%s'\n", toCharArray_String(res) );

"abracadabra' ‘

format_String

@DyHKI[MsI BO3BpalllaeT Crielu(PUKalMOHHYH0 CTPOKY, COOTBETCTBYHOIIYIO BbIBOAY DyHKLMU printf
C TeMU ke TlapaMeTpaMHu.

String* format_String(const char *format, ...)

MapameTpbl
format

Crpoka, 3ajatoiias (jopMaTHUpOBaHue 10 MpaBuiaM QyHKLuM printf.

BosBpalwaemoe 3HayeHue

CrierjudvKallioHHasi CCblika Tuma String, cooTBeTcTByoljasi BbiBOAY GyHKIuM printf c
rnapamerpamu format.

[AononHutenbHasa uHopmauus
char s[12];
String* str;
sprintf(s, "abra%s", "cadabra");
str = create_String(s);
String* str = format_String("abra%s", "cadabra");

J1Ba moka3aHHBIX criocoba co3/iaHust CTPOKY SKBUBAIEHTHBI.

vformat_String

OyHKIMA [JlefaeT TOXKe camoe, uto W format_String, HO B oT/IMuUMe OT Heé TIPUHUMAeT B
KauecTBe TlapamMeTpa He TIPOU3BOJIbHOE UHCJ/I0 apTyMEHTOB, a 3HaueHue Turma va_list.

String* vformat_String(const char *format, va_list args )

MapameTpbl
format

Crpoka, 3azatoiias (jopMaTHUpOBaHue 10 MpaBuiaM QyHKLuM printf.



args

AprymeHTSbI, Nlepefiarolyecs: 0HOM U3 QYHKLUM ceMelicTBa printf

Bo3BpalwaemMmoe 3HaueHue
CrnieLipuKallMOHHast CChbUlKa Tura String, cooTBeTcTByrollas BbiBOAY GyHKumMu vprintf c
rnapameTtpamu format.

[AononHutenbHasa uHopmauus
char s[12];
String* str;
vsprintf(s, "abra%s", "cadabra");
str = create_String(s);
String* str = vformat_String("abra%s", "cadabra");

J1Ba moka3aHHBIX criocoba co3/iaHust CTPOKY SKBUBAIEeHTHBI.

valueOfBool _String
@DyHKILMA BO3BpalllaeT CTPOKOBOe IpejCTaB/IeHre 3HaueHus tyma bool.
String* valueOfBool_String( bool b )

MapameTpbl
b

3HaueHue Tvria bool, 1y KOTOPOro CTPOUTCH CTPOKOBOE TIpe/iCTaB/IeHUe.

Bo3Bpawaemoe 3HayeHue

CrnermukalMoHHas ccbulka TMMa String Ha CTPOKOBOe Mpe/icTaB/eHre 3HaueHus b.

[AononHutenbHasa uHopmauus

String* s1 valueOfBool_String(true);

valueOfBool_String(false);

String* s2

printf( "1) %s\n2) %s\n"
, toCharArray_String(sl)
, toCharArray_String(s2)
);

1) true
2) false

valueOfChar_String
@DyHKI[Ms1 BO3BpalllaeT CTPOKOBOE Mpe/CTaB/AeHue 3HaueHus Tvma char.

String* valueOfChar_String( char c¢ )

MapameTpbl
(o

3HaueHue TvIia char, [jig KOTOPOro CTPOMTCS CTPOKOBOE Tpe/iCTaB/IeHUe.

BosBpalwaemoe 3HayeHue

CrierjudrKallMoHHasi CCbIKa Tvra String Ha CTPOKOBOe Mpe/icTaB/ieHre 3HaUeHus C.



[AononHutenbHasa uHdopmauus
String* s = valueOfChar_String('a');
printf( "%s\n", toCharArray_String(s) );

E

valueOfShort_String
@dyHKIIMS BO3BpalljaeT CTPOKOBOe Mpe/icTaB/ieHre 3HaueHus Tyra short.

String* valueOfShort_String( short 1 )
ITapametpsIl
i
3HaueHue Tuna short, A/ KOTOPOro CTPOUTCSI CTPOKOBOE Tpe/iCTaB/IeHHe.

Bo3Bpawaemoe 3HauyeHue

CrnieLipuKallMOHHAs CChINKA TUMa String Ha CTPOKOBOe Mpe/iCTaB/eHre 3HaueHus 1.

[AononHutenbHasa uHopmauus
String* s = valueOfShort_String (-28);
printf( "%s\n", toCharArray_String(s) );

| -28

valueOfUShort_String
DyHKLMSA BO3BpalljaeT CTPOKOBOe IIpe/CTaB/leHue 3HaueHus Tira unsigned short.

String* valueOfUShort_String( unsigned short i )
MapameTpbl
i
3HaueHHe Tura unsigned short, A5 KOTOPOro CTPOUTCS CTPOKOBOE Mpe/ICTaB/IeHue.

Bo3Bpawaemoe 3HauyeHue

CrierjudyKallMoHHas CChbjIKa TTa String Ha CTPOKOBOe Mpe/icTaB/ieHre 3HaUeHus 1.

[JononHutenbHasa nHgopmayus
String* s = valueOfUShort_String(47);
printf( "%s\n", toCharArray_String(s) );

| 47

valueOfInt_String
@yHKLUA BO3BpalljaeT CTPOKOBOe Mpe/iCTaB/IeHre 3HaueHus TuIa int.
String* valueOfInt_String( int 1 )

MapameTpbl
i

3HaueHue TvIia 1nt, /191 KOTOPOTrO CTPOMTCS CTPOKOBOE TIpeZCTaB/IeHHe.



Bo3Bpawaemoe 3HayeHue

CrieLipuKaliMOHHAsE CChINKa THMAa String Ha CTPOKOBOe Mpe/iCTaB/eHre 3HaueHus 1.

[AononHutenbHasa uHopmauus
String* s = valueOfInt_String(-28);
printf( "%s\n", toCharArray_String(s) );

| -28

valueOfUInt_String
®dyHKIIMs BO3BpalljaeT CTPOKOBOe MpeZiCTaB/ieHre 3HaueHus TMa unsigned int.

String* valueOfUInt_String( unsigned int 1 )
MapameTpbl
i

3HaueHue Tvria unsigned int, Ay1s1 KOTOPOrO CTPOUTCSI CTPOKOBOE Tpe/iCTaBIeHue.

Bo3Bpawaemoe 3HauyeHue

CrierjudyKallMoHHas CChbjIKa TTa String Ha CTPOKOBOe Mpe/icTaB/ieHre 3HaueHus 1.

[JononHutenbHasa uHdopmauus
String* s = valueOfUInt_String(47);
printf( "%s\n", toCharArray_String(s) );

| 47

valueOfLong String
@DyHKI[Ms1 BO3BpalllaeT CTPOKOBOE MpeJCTaB/AeHUe 3HaueHus Tvira long.
String* valueOfLong_String( long 1 )

MapameTpbl
i

3HaueHue Tuma long, A1t KOTOPOTO CTPOUTCS CTPOKOBOE TIPe/ICTaBIeHHe.

Bo3Bpalwjaemoe 3HayeHue

CrierjudyKallMoHHasi CCbIKa TUMa String Ha CTPOKOBOe Mpe/icTaB/ieHre 3HaUeHus 1.

AononHutenbHaa nHdgopmauyus
String* s = valueOfLong_String(-28);
printf( "%s\n", toCharArray_String(s) );

| -28

valueOfULong_String
DyHKIMA BO3BpalllaeT CTPOKOBOe IpeCTaB/eHre 3HaueHus Tura unsigned long.

String* valueOfULong_String( unsigned long 1 )



MapameTpbl
i
3HaueHue Tura unsigned long, [j1s1 KOTOPOTrO CTPOUTCS CTPOKOBOE IIpe/CTaB/IeHue.

Bo3Bpawaemoe 3HayeHue

CrermurkalMoHHas cCbUIKa THMa String Ha CTPOKOBOe Mpe/iCcTaB/IeHue 3HaueHus .

[AononHutenbHasa uHopmauus
String* s = valueOfULong_String(47);
printf( "%s\n", toCharArray_String(s) );

| 47

valueOfFloat_String
@dyHKLMs BO3BpalljaeT CTPOKOBOe Mpe/icTaB/ieHue 3HaueHus tumna float.
String* valueOfFloat_String( float f )

MapameTpbl

f

3Hauenue tuna float, A/ KOTOPOro CTPOUTCSI CTPOKOBOE Tpe/iCTaB/IeHUe.

Bo3Bpawaemoe 3HauyeHue

CrieLimKaliiOHHAsI CChINKa THTA String Ha CTPOKOBOe Mpe/iCTaB/eHre 3HaueHus f.

[JononHutenbHasa uHopmauus
String* s = valueOfFloat_String(3.14);
printf( "%s\n'", toCharArray_String(s) );

| 3.140000

valueOfDouble_String
@DyHKI[Ms BO3BpalllaeT CTPOKOBOe Mpe/icTaB/leHre 3HaueHus Tvra double.
String* valueOfDouble_String( double d )

MapameTpbl

d

3HaueHue Tura double, 1151 KOTOPOro CTPOUTCS CTPOKOBOE Mpe/CTaB/IeHHE.

Bo3Bpalwjaemoe 3HayeHue

CrierjuduyKallMoOHHas CChbIKa TUTA String Ha CTPOKOBOE MpeZicTaB/ieHHe 3HaueHus d.

AononHutenbHaa nHdgopmauyus
String* s = valueOfDouble_String(3.14);
printf( "%s\n", toCharArray_String(s) );

| 3.140000




valueOfPtr_String
®yHKIMs BO3BpalllaeT CTPOKOBOe Mpe/ICTaB/ieHre 3HaueHus TUra void*.

String* valueOfPtr_String( void *p )

MapameTpbl
p

3HayeHue TvIa void™*, st KOTOPOro CTPOUTCSI CTPOKOBOE Mpe/iCTaBIeHe.

Bo3Bpalwjaemoe 3HayeHue

CneLudukalMoHHas CcbUlKa THWMa String Ha CTPOKOBOe TMpeJCTaB/eHHe HEeTUITU3UPOBaHHOTO
yKasareJsis p.

[AononHutenbHasa Hopmauus
int 1i;
String* s = valueOfPtr_String((void*)&i);
printf( "%s\n'", toCharArray_String(s) );

\0012FF6C

valueOfObject_String
®DyHKIIMs BO3BpalllaeT CTPOKOBOe Mpe/ICTaB/ieHre 3HaueHUsl Crielfu(HUKal[MOHHOTO TUTIA.
String* valueOfObject_String( Object* ref )

MapameTpbl
ref

3HaueHue criel{UUKaLMOHHOIO TUIIA, /IS KOTOPOTO CTPOUTCSI CTPOKOBOE Mpe/iCTaB/ieHue.

Bosspau.l,aemoe 3HayeHue

CrenuduKalMoHHasi CCbIIKa Tuna String Ha CTPOKOBOe Mpe/icTaB/ieHue  3HauyeHUs
crieliUpUKAI[MOHHOT O TUTIA .

[ononHutensHasa uHdopmauus

Pe3ynbTatr coBmaziaeT C Bo3BpalljaeMbIM 3HaUeHUeM CTaHZApTHOU PyHKUMK toString:
Object* ref;
String* s = valueOfObject_String(ref);

String* s toString(ref);

valueOfBytes_String

Oyukiusi Bo3BpaijaeT CTPOKOBOe IlleCTHa/L[aTepUUHOe TIpeJCTaBjieHre MaccuBa 0aiiToB
onpe/ie/IeHHOU JIJIUHBI.

String* valueOfBytes_String( const char* p, int 1 )

MapameTpbl
p

MaccuB 6aiiTOB, /711 KOTOPOTO CTPOUTCSI CTPOKOBOE TTpeZCTaB/ieHHe.



JmiHa MaccrBa 6aiiToB p.

BosBpalwaemoe 3HayeHue

CnermdukaloHHasi CCbUIKa THMa String Ha CTPOKOBOeE Mpe/icTaBIeHre MaccHBa 6aiToB p.

JononHutenbHaa nHdopmayma
char a[6] { Ox00, 0x33, 0x66, 0x99, OXCC, OXFF };
String* s valueOfBytes_String(a,6);
printf( "%s\n", toCharArray_String(s) );

| [00 33 66 99 CC FF]




14.2.12 List

Tun List siBasieTcsl KOHTeTHEPHbIM TUIIOM, Peau3yIOLUM yIOPsiJOUeHHbIN CITUCOK 3/1eMEHTOB.

OyileMeHTaMH CMMCKAa MOTYT ObITh JiFOOBbIe CrielMpUKALMOHHbIE CCHUTKW. [Ipy CO3JaHUM CITUCKa
MOJXHO OrpPaHWYWTh TUIl €ro 5/eMeHTOB. TakoW CHMCOK Ha3blBaeTCs TWUIIM3UPOBAHHBIM, a BCe
¢byHKIMM, paboTarole C HUIM U UMeloIIue napametp Turna Object*, GyayT mpoBepsiTh, UTOOBI
THII 3TOTO TlapameTpa COBMa/al C TUIIOM 3/IeMeHTOB CIHCKa.

[IBa crivMcKa CUMTArOTCs paBHBIMH, €C/Id OHU UMEHT OJWHAKOBYIO [I/IMHY U UX 37IeMeHThI TTONapHO
paBHbI ApyT Apyry. [Ipy 5TOM He yUMTHIBAaeTCsl TUIK3ALMsl CIIMCKOB, B YaCTHOCTH, MYCThle CIIMCKU
BCerjja pPaBHbI.

OneMeHTBHI CITMCKa HyMepYyHTCS C HyJIA.

3aronoBoYHbIN haiin: atl/list.h

« add List
@DYHKILMS BCTABJISIET 3/IEMEHT Ha 3a/JaHHYO MTO3ULIUIO B CITUCKe.

- addAll List
ITobaB/isieT B OIH CITUCOK BCE 3JIEMEHThI IPYTOro CIMCKA, BCTAB/ISAS UX B TOM K€ TIOPSI/IKe
C 3a/IaHHOM TTO3ULIVH.

« append_List
OyHKIs 100aB/sIeT TiepelaHHbINA 3/IEMEHT B KOHeI] CTIUCKa.

« appendAll List
MobaBnsieT KOHeL| OJHOTO CITKCKA BCe 37IeMEHTHI [PYroro CIvcKa.

« clear List
DYHKLUSA yAanseT U3 CIIMCKa BCe 3/1eMeHTBhI.

« contains_List
DyHKIIMS POBEPSIET, COAEPXKUTCS JIA B CITUCKE 3JIeMEHT, PaBHbIN JAHHOMY.

e create List
®DyHKIMs CO3/laeT CIIKMCOK M BO3BpalllaeT Criel(PUKalMOHHYI0 CChUIKY Tvra List.

« elemType List
@yHKIMS BO3BpalljaeT yKas3aTe/lb Ha KOHCTAHTY-/eCKPUITOP Crelu(HKALIMOHHOTO THMa,
KOTOPbIM OrPaHUUEeHBI 3/IeMeHThI JAHHOTO CITUCKa.

- get List
®yHKIMs Bo3BpalllaeT Crieliu(HUKALIMOHHYIO CChIJIKY Ha 3/IeMeHT B 3a/laHHOM TO3ULIUM.

« 1indexOf List
@DyHKIMS BO3BpalllaeT HOMep MO3MULMU MePBOr0 371eMeHTa B CIMCKe, UMEHLIero 3a/jaHHoe
3HaueHUe.

« 1isEmpty List
@DYHKILIUS MTPOBepsIeT, MyCT /I JAHHBIN CITHUCOK.
« JlastIndexOf List

@OyHKIOMS BO3BpaIllaeT HOMep TMO3WL[UK TIOC/eJHEer0 37eMeHTa B CITUCKe, HMEOLIero
3a/laHHOe 3HauyeHue.

e remove List
DYHKLUSA yAasnsieT 37IeMeHT C 3aZJlaHHOW MO3ULIUU B CITUCKE.




« set_List
OyHKIUS 3aMeHsIeT riepe/laHHbIM 00beKTOM 37IeMeHT Ha 3alaHHOM TI03ULIWH.

e size List
@yHKLMSA BO3BpalllaeT JJIMHY CIIUCKA.
« sublList List

B03BpaLuaeT B BH/i€ HOBOI'O CITMCKd 3JIEMEHTHI OdHHOI'O0 CIIMCKd, 3dK/IFOUEHHBIE MEXAY
YKa3dHHBIMHU MMO3ULTUAMMU.

« toSet List
®yHKIMs BO3BpalljaeT MHOXKeCTBO (Set), cocTosiiiee U3 yHUKA/IbHBIX 3/IEeMEHTOB [JaHHOTO
CITUCKA.

add_List
@yHKIMSA BCTAB/ISIET 3/IEMEHT Ha 3a/laHHY0 MO3ULIUIO B CITHCKeE.
void add_List( List* self, int index, Object* ref )

MapameTpbl
self

Cnu1coK, B KOTOPBIW OCYILIeCTB/ISIeTCS BCTaBKa.
index

[To3u1ys B CriMCKe, Ha KOTOPYIO MOMelllaeTcsi 3HaueHue ref.
ref

3HaueHue CHEL[I/I(I)I/IKEIL[I/IOHHOFO THIId, BCTaB/IdeMOe B CITMCOK.

AononHutenbHasa nHcpopmauus

Ecnu cnicok TMNM3UpOBaH, TO TUM 37ieMeHTa ref [O/DKeH COBMaZaTh C TUIIOM 3JIEMEHTOB CIIMCKaA.
Homep mosvimu [0o/pkeH HaXOAWUThCSA B UHTepBajie OT O [0 IJIMHBI CIIMCKA BK/IHOUYMTE/IBHO, T. €.
0 < index < size_List(self). Eciv HOMEp TO3ULMM paBeH [JIMHE CITMCKA, TO 3/IeMeHT
BCTaBJISIETCS] B KOHeL| 3TOr0 CIMUCKa.

List* 1 = create_List(&type_Integer);
add_List(1l,0,create_Integer(28));
add_List(1l,0,create_Integer(47));
add_List(1l,1,create_Integer(63));

Crmmcok 1 MeHseTcs 110 Mepe BBITNIO/THEHHSA 3TOI'O KOd TaK:
1. <28 >
2. < 47, 28 >
3. < 47, 63, 28 >

addAll_List

HobaBnisieT B OJUH CIHMCOK BCe 3/IeMeHThl JPYroro CIMCKa, BCTaB/sii UX B TOM >Ke TOpsifIKe C
3a/laHHOM TIO3ULUH.

void addAll_List(List* self, int index, List* other)



MapameTpbl
self
CHI/ICOK, B KOTOpBIﬁ BCTaBJ/IAKOTCA HOBbIE 3/1eMEeHThI.

index

HO3I/ILII/IH, C KOTOPOI‘/JI HaUKWHAeTCAd BCTdBKd HOBBIX 3JIEMEHTOB.

other

CHHcoK, YbH 3/71€MeHTbl BCTaBJISIIOTCS B CITUCOK self.

JononHutenbHaa nHcpopmauus

Ecmu cnimcok self TUNM3WMpPOBaH, TO THUITbI BCeX 3/IEMEHTOB CIMCKa Other [o/DKHBI COBMaJaTh C
THUIIOM 3JIEMEHTOB CITMCKa Self (Mpu 3ToM cam CIiicok other He 00si3aH ObITh TUTTM3UPOBAHHBIM).
Homep no3uiuu 1o/KkeH HaXOAUTbCSI B UHTepBasie OT O [0 J/MHBI CIMCKa Self BKIOUWTeNBHO, T.
e. 0 < index < size_ List(self). Eciu HOMep Mo3uLMU paBeH [JIMHe CrvMcKa self, To
3/IeMeHThI BCTaB/ISIeTCSI B KOHEI]| 3TOr0 CIHCKa.

List* 11 = create_List(&type_Integer);

List* 12 create_List(NULL);

append_List(1l1,create_Integer(28));

append_List (11, create_Integer(47));
append_List(12,create_Integer(63));
append_List(12,create_Integer(85));
addAll_List(11,1,12);

Cricok 11 g0 BbidoBa ¢yHKuMM addAll _List copaepXUT Takue 371eMeHThl: < 28, 47 >.
Criicok 12 — takue: < 63, 85 >.Ilocse Bei3oBa addAll_List crimcok 11 cofepXUT TakKe U
3/leMeHThl 12: < 28, 63, 85, 47 >.

append_List
OyHKIMA 100aB/seT repelaHHbIN 3/IEMEHT B KOHEL] CIIMCKa.
void append_List( List* self, Object* ref )

MapameTpbl
self

CHI/ICOK, B KOTOprﬁ OCYyILIeCTB/IAETCA BCTABKA.

ref

3HaueHue CHEL[I/ICI)I/IKaL[I/IOHHOFO THIIQ, BCTaBJ/IgeMoOe B CIIMCOK.

Bo3Bpalwjaemoe 3HayeHue

Ecmu crnivcok He TuUnu3vpoBaH (TP CO3JaHUM He ObUIO Ha/JOXKeHO OTPAaHUYEeHWH Ha THIIbI
371eMeHTOB), (OyHKIMs Bo3BpaljaeT NULL.

[AononHutenbHasa uHopmauus
List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
append_List(1l,create_Integer(63));



Cnmcok 1 mMeHsieTCs 110 Mepe BBITIO/THEHHS 3TOr0 KOJja Tak:
1. < 28 >
2. < 28, 47 >
3. < 28, 47, 63 >

appendAll_List
IobaBsisieT KOHEI] OHOTO CITUCKA BCe 3JIEMEHTHI PYTOTo CITHCKA.
void appendAll_List(List* self, List* other)

MapameTpbl
self

CHI/ICOK, B KOTOpLIfI BCTAaBJ/IAKOTCA HOBBIE 3/IEMEHTHI.

other

CHHCoK, UYbM 371€eMeHThbI BCTaBJISIIOTCS B CIIMCOK self.

[AononHutenbHasa uHopmauus

Ecmu crivcok self TUNM3UPOBAaH, TO TUIIbI BCEX 3JIEMEHTOB CIIMCKAa Other [OoJDKHBI COBIaJAaTh C
THIIOM 3JIEMEHTOB CITUCKa Self (Tpy 3TOM caM CITMCOK other He 00si3aH ObITh TUITU3UPOBAHHBIM).

List* 11 = create_List(&type_Integer);
List* 12 = create_List(NULL);
append_List (11, create_Integer(28));
append_List(11,create_Integer(47));
append_List(12,create_Integer(63));
append_List(12,create_Integer(85));
appendAll List(11,12);

Crivcok 11 no BbI3oBa PyHKUMU addAll List comepXUT Takude 37eMeHThl: < 28, 47 >.

Cromcok 12 — Takue: < 63, 85 >. [locse Bb13oBa appendAll List crvcok 11 comep>Xut
TaKKe U 371eMeHTwl 12: < 28, 47, 63, 85 >,

clear_List
OyHKIUS yAasseT U3 CIUCKa BCe 37IeMeHThI.
void clear_List( List* self )

MapameTpbl
self

CriCoK, KOTOpBIA TpeOyeTcst OUMCTUTE.

[AononHutenbHasa uHopmauus
List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1,create_Integer(47));
clear_List(1);

Criucok 1 meHsieTcs 110 Mepe BbITIOJTHEHWA 3TOI'O KOd TdK:



1. < 28 >
2. < 28, 47 >
3. <>

Tot xe PEe3yJ/IbTaT MO>XHO T10JIYUUTh, T1epeco34daB CITUCOK:

List* 1 = create_List(&type_Integer);

1 = create_List(elemType_List(1l));
Ho Takoii ciocob mMeHee 3ddekTHBeH, ueM BbI30B GyHKIMMU clear_List.
contains_List

OyHKLYSA [TPOBepsieT, COAEPKUTCS JIU B CIIMCKE 3/1eMeHT, PaBHbIN JAHHOMY.

bool contains_List( List* self, Object* ref )

MapameTpbl
self

[TpoBepsiemMbIii CIIUCOK.
ref

3HaueHue CHE]_[I/IQ)I/IKE[L[I/IOHHOFO TUI4, MTONUCK KOTOPOI'O IIPOUCXOINT B CITHUCKE.

BosBpawaemoe 3HayeHue

true, ecu ref comepxurca B self. false B moboM Apyrom ciydae.

[ononHutenbHaa nHopmauyma
Ecnu crivcok TUnv3upoBaH, TO THUII 3/1IeMeHTa ref [10/DKeH COBMNazaTh C TUIIOM 3JIeMEeHTOB CITHMCKa.
bool contains;
List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1,create_Integer(47));
contains = contains_List(1,create_Integer(28));
Crircok [ MeHsieTCs TI0 Mepe BBITIO/THEHHUsI 3TOT0 Ko/ja Tak:
1. <28 >
2. < 47, 28 >
3HaueHMe TTepeMeHHOM contains moc/ie BBITIO/IHEHHUS KO/la Oy/ieT paBHO true.
create_List

DYHKIMSA CO3/laeT CIMCOK 1 BO3BpalllaeT Crielii(PUKalMOHHY0 CChUIKY ThMa List.
List* create_List( const Type *elem_type )

MapameTpbl
elem_type

Yka3zarenab Ha KOHCTAHTY-AE€CKPHUIITOP THIId 3/IEMEHTOB CITMCKA.



Bo3Bpawaemoe 3HayeHue

CrieLiipuKalIMOHHAs! CC/IbIKA TUMa List Ha co3/aHHbIN CITHUCOK.

[AononHutenbHasa uHopmauus

Ecnmu napameTp elem_type Hy/ieBOM, TO TUIIbI 3/IEMEHTOB CITUCKa He OrpaHUYeHbl.
List* 11 = create_List(NULL);
List* 12 = create_List(&type_Integer);

[TepBBIM BBI30BOM Create_List co3iaH CMCOK, B KOTOPBIM MOYKHO BK/TFOUATh JIFOObIe 3/IeMEHTHI.
CNHCOK, CO3/JaHHbIM BTOPbIM BBI30BOM, MOXKET COZIepKaTh TOJIBKO 3/1eMeHThI Thna Integer.

OdyHkusA create_List omnpezeneHa Hapsy CO CTaHAApTHOM (DyHKIMI create.
List* 11 = create(&type_List, NULL);
List* 12 = create_List(NULL);

IBa MoKa3aHHBIX criocoba co3/jaHus Criel[u(pUKaIMOHHON CChIIKK (DYHKLIMOHATBHO SKBHUBAIEHTHBI,
OJTHAKO HCTIO/b30BaHUe Create He sABASeTCA TUITOOE30TIACHBIM W BBI3BIBAET TMpeAYIPEXIeHHe
TpaHc/sgTOpa (CM. onvcaHye PyHKIUU create).

elemType_List

CDyHKLII/IH BO3BpAllld€T yKd3dTe/Ib Hda KOHCTAHTY-AeCKPUIITOD CHELII/I(l)I/IKaL[I/IOHHOFO THIla, KOTOPbIM
OrpaHHUY€HbI 3JIEMEHThI JdHHOI'O CITMCKa.

Type *elemType_List(List* self)

MapameTpbl
self

Criucok, orpaHuueHusi KOTOPOro ZI0/KHA BepHYTh (PYHKLMSI.

BosBpawaemoe 3HayeHue

YkazaTesnb Ha KOHCTAHTY-AEeCKPHUIITOPD CHeL[I/I(l)I/IKaL[I/IOHHOl" O THUIld, KOTOPBIM OI'PAHUYEHBI 3HAUEHUA
JaHHOI'O CITMCKd.

Ecmu crnivcok He TuUnu3vpoBaH (TP CO3JaHUM He ObLI0 HA/JOXKeHO OTPAaHUYeHWH Ha THIIbI
371eMeHTOB), yHKIMs1 Bo3BpaiaeT NULL.

[JononHutenbHasa uHopmauus
List* 1 = create_List(&type_Integer);
Type *t = elemType_List(1l);
[TepemenHasi t mpriobpeteT 3HaueHue &type_Integer.
get_List

®dyHKLYs BO3BpalljaeT criel[urKalMOHHYIO CChIIKY Ha 3/IeMEeHT B 3a/laHHOM MMO3ULUH.

Object* get_List( List* self, int index )

MapameTpbl
self

CIUCoK, cofep)Kalui HeoOX0AUMBIN JIEMEHT.



index

[To3uLus s/emeHTa, KOTOPBIM J0/DKHA BEPHYTH (PYHKLIMSI.

BosBpalwaemoe 3HayeHue

Ccoiika Ha 31eMeHT ¢ uHzekcom index wm NULL, eciin index menbine 0 wau Oosbiiie, 1160
paBeH [/IiHe CIHCKa..

AononHutenbHasa nHcpopmauus

Homep nosuiuyu Ao/mKeH HaXOAUTbCS B MHTepBasie OT O [0 [AJIMHBI CIKMCKA, YMEHbIIEHHOW Ha 1, T.
e.0 < index < size_List(self).

List* 1 = create_List(&type_Integer);
Object™* o;
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
append_List(1l,create_Integer(63));
o = get_List(1,1);

Coucok 1 MeHsieTcs 110 Mepe BbITIOJTHEHWA 3TOI'O KOd TdK:
1. <28 >
2. < 28, 47 >
3. < 28, 47, 63 >

3HaueHre 00BeKTa O mocJie Bbi3oBa get_List Oyaer paBHO 47.

indexOf_List

@OyHKUYS BO3BpalllaeT HOMep [MO3WLUM [1epBOr0 3/7eMeHTa B CIIMCKe, MMEOILero 3a/jaHHoe
3HaueHue.

int indexOf_List( List* self, Object* ref )

MapameTpbl
self

CIUCoK, cofep)Kalui HeoOX0AUMBIN JIEMEHT.
ref

CrietivyKalMOHHAas CChITIKa, CO 3HaUeHWeM KOTOPOUM CpPaBHUBAIOTCS 3JIEMEHThI CITHCKa.

Bo3Bpawaemoe 3HayeHue

[To3wiysi, Ha KOTOPOH B CITMCKe HaXOAUTCs 3HaueHue ref. Ec/M B CITUCKe TaKOTO 3HAUEHWS HET,
BO3BpalljaeMoe 3HaueHue PaBHO - 1.

[ononHutenbHasa nHcpopmauus

Ecny crivcok TUNM3MpOBaH, TO TUM 3/leMeHTa ref [0/KeH COBMNajaTh C TUIIOM 3/IeMEHTOB CIIMCKa.
Ecnu crivcok He cofiep>KUT YKa3aHHOTO 37ieMeHTa, (yHKLMs Bo3BpaljaeT —1.

List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));



append_List(1l,create_Integer(28));

int pos = indexOf_List(1l,create_Integer(28));
Criicok 1 MeHsieTCs TI0 Mepe BbITIOJIHEeHUs! 3TOr0 KOJja TakK:

1. <28 >

2. < 28, 47 >

3. < 28, 47, 28 >
3HaueHHe MepeMeHHOM POS Tocsie Bbi3oBa get_List OyzaeT paBHO 0.
isEmpty List
@DyHKIMs TPOBEPSIeT, MYCT JIU JaHHbIN CITUCOK.

bool isEmpty_List( List* self )

MapameTpbl
self

Criucok, cofepykaluii HeoOX0AUMBIN 3/1eMeHT.

Bo3Bpalwjaemoe 3HayeHue

true, ecsii B CTiMicKe HeT HA OJHOIO 3JieMeHTa. false B moboM APyrom cjiydae.

[ononHutenbHaa nHcpopmauus

Ecny crivcok TUNM3MpOBaH, TO TUM 3/ieMeHTa ref [0/KeH COBMNazaTh C TUIIOM 3/1eMEHTOB CIIMCKa.
Ecnu crivcok He cofiep>KUT YKa3aHHOTO 37ieMeHTa, (GyHKLMs Bo3BpaljaeT —1.

bool empty;

List* 1 = create_List(&type_Integer);
empty = isEmpty_List(1l);
append_List(1l,create_Integer(28));
empty = isEmpty_List(1l);

3HaueHUe repeMeHHON empty Tocsie TepBoro BbizoBa iSEmpty_List OGygeT paBHO true, a mocre
BTOpOro (KOTZia B CMIMCOK OyzeT nobaBneHo uncio 28) — false.

lastIndexO0f List

@dyHKUYs BO3BpalllaeT HOMep TMO3ULIMK TOC/e[HEr0 37eMeHTa B CIIMCKe, WMeIOIlero 3aJjaHHoe
3HauyeHue.

int lastIndexOf_List( List* self, Object* ref )

MapameTpbl
self

Cnumcok, cogepskaiui HEeOOXOMMBIN 37IEMEHT.
ref

CrietiiyKallMOHHAas! CChITIKa, CO 3HaUeHWeM KOTOPOUM CPaBHUBAIOTCS 3IEMEHThI CITHCKa.

Bo3Bpalwjaemoe 3HayeHue

[To3wiysi, Ha KOTOPOH B CITMCKe HaXOAUTCs 3HaueHue ref. EC/M B CITUCKe TaKOTO 3HAUEHWS HET,
BO3BpalljaeMoe 3HaueHue PaBHO - 1.



[AononHutenbHasa uHdopmauus

Ecny crivcok TUNM3MpoOBaH, TO TUM 3/ieMeHTa ref [0/KeH COBMNazaTh C TUIIOM 3/1eMEHTOB CIIMCKa.
Ecnu crivcok He cOfiep>KUT YKa3aHHOTO 37ieMeHTa, (GyHKLMs Bo3BpaljaeT —1.

List* 1 = create_List(&type_Integer);

append_List(1l,create_Integer(28));

append_List(1,create_Integer(47));

append_List(1l,create_Integer(28));

int pos = lastIndexOf_List(1l,create_Integer(28));
Cnmcok 1 MeHsieTCs 110 Mepe BBITIO/IHEeHWS 3TOr0 KO/a Tak:

1. <28 >

2. < 28, 47 >

3. < 28, 47, 28 >

3HaueHMe ITepeMeHHOM posS Tocyie BbI3oBa get_List OygeT paBHO 2.

remove_List
DYHKIUSA yAanseT 37IeMeHT C 3aJlaHHOW MO3ULIUU B CITUCKE.
void remove_List( List* self, int index )

MapameTpbl
self

Crnrcok, B KOTOPBIM OCYILIeCTB/ISIeTCS BCTaBKa.

index

[To3urys B CrIMCKe, C KOTOPOU y/ja/isieTcsl /IeMEeHT.

AononHutenbHaa nHcpopmauus

Homep mosuiu fio/bkKeH HaXOAUThCS B MHTepBase OT O [0 A/IMHbI CIMCKA BK/IIOUUTEIBHO, T. €.
@ < index < size_lList(self).

List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
append_List(1l,create_Integer(63));
remove_List(1,1);

Cnucok 1 MeHsieTcs 110 Mepe BBITIOJTHEHWA 3TOI'O KOd TdK:
1. <28 >
2. < 28, 47 >
3. < 28, 47, 63 >
4, < 28, 63 >

set_List

DyHKIMS 3aMeHsIeT MepeJaHHbIM 00beKTOM 3JIEMEHT Ha 3a/laHHOMN TO3UIUH.
void set_List( List* self, int index, Object* ref )



MapameTpbl
self

CnmcoK, B KOTOPOM OCYLLeCTBJIIeTCS 3aMeHa.
index

[To3uius B crivcKe, B KOTOPYIO MOMelLllaeTcsl 3HaueHue ref.
ref

3HaueHue CHeL[I/I(bI/IKaL[I/IOHHOFO THIId, BCTaB/IdeMOe B CITMCOK.

JononHutenbHaa nHcpopmauus

Ecnu cnimcok TMNM3UpOBaH, TO TUM 37ieMeHTa ref [Oo/DKeH COBMaJaTh C TUIIOM 3JIEMEHTOB CIIMCKaA.
Homep mosvimm [0o/pkKeH HaXOAWUThCSA B UHTepBajie OT O [0 JJIMHBI CIIMCKA BK/IHOUYMTE/IBHO, T. €.
0 < index < size_List(self). Eciv HOMEp TO3ULMM paBeH [JIMHE CITMCKA, TO 3/IeMeHT
BCTaBJISIETCS] B KOHeL| 3TOr0 CIMUCKaA.

List* 1 = create_List(&type_Integer);
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
set_List(1l,1,create_Integer(63));

Crmmicok 1 MeHseTcs 110 Mepe BBITNIO/THEHHSA 3TOI'O KOJd TakK:
1. <28 >
2. < 28, 47 >
3. < 28, 63 >

size_ List
®DyHKIMs BO3BpalllaeT JJMHY CIUCKa.
int size_List( List* self )

MapameTpbl
self

Crucok, AJIMHY KOTOPOro [J0/DKHA BepPHYTh (DYHKLIMS.

BosBpawaemoe 3HayeHue

TouHOe KO/IMUeCTBO 3/IeMEHTOB B CIIMCKe self.

[JononHutenbHaa nHopmayma
int size;
List* 1 = create_List(&type_Integer);
size = size_List(1l);
append_List(1l,create_Integer(28));
size = size_List(1l);

[Tocne mepBoro Bbi3oBa Size List mepeMeHHass Size CTaHOBUTCS paBHOU HYy/t0. [Tocsie BTOporo
BbI30Ba Size_List mepeMeHHasi paBHa 1: B CITMCOK ObIIO 06aB/IeHO OFHO 3HAUEHUE.



subList_List

B03BpaH_laET B BHJE€ HOBOIro CIIKMCKa D3JIEMEHTBI [OJaHHOI'O CIIMCKd, 3dK/IHOUYEHHBIE MEXay
YKa3dHHBIMHU IMO3ULTUAMMU.

List* sublList_List( List* self, int fromIndex, int toIndex )

MapameTpbl
self

W cxoHbIN COIMCOK.
fromIndex

[To3uiys nepBOro 31eMeHTa HOBOTO CIIMCKaA.
toIndex

Yucno, Ha efuHULLY O0JIbIIIEE TIO3UI[UH TTOC/IEIHETO 3/IeMeHTa HOBOTO CITHCKA.

Bo3Bpawaemoe 3HauyeHue

CrieLiprKaliiOHHAsI CChINKa TUMa List, mo/crvcok crivcka self.

[AononHutenbHasa uHopmauus

[To3ulyst repBOro s/eMeHTa HOBOTO CrcKa — fromIndex; mo3ulys MocaeJHero 3jeMeHTa —
toIndex-1. [To3uuus fromIndex He NO/DKHA OBITH OTPHUIATENIBHOM U He 0/DKHA TIPEBOCXOUTD
toIndex, a  mo3uLmd toIndex He  [0O/DKHAa  MPEBOCXOJUTH  JIUHY CITUCKa:
0 < fromIndex < toIndex < size_list(self). Eciv HauanbHasi ¥ KOHEUHasl TO3WLIUM
COBIAZA0T, BO3BPAlllaeT MyCTOW CITUCOK.

List* 1 = create_List(&type_Integer);
List* 12;
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
append_List(1l,create_Integer(63));

12 = sublList_List(1,1,3);

Cromcok 1 MeHsieTCsl B pe3y/bTaTe COLEP)XUT Takue 3jemMeHTol: < 28, 47, 63 >. Cnucok 12
rocsie Bbi3oBa QyHKIMK subList_List comepxuT ABa s/eMeHTa: < 47, 63 >.

toSet_List
@OyHKLMS BO3BpalljaeT MHOXKECTBO (Set), cocTosiee U3 yHUKAIbHBIX 3/IeMEHTOB JaHHOTO CIIMCKa.

Set* toSet_List(List* self)

MapameTpbl
self

Cr1coK, MHOXKeCTBO 3/IEMEHTOB KOTOPOT0 TpeOyeTCsi IOy UHTh.

Bo3Bpawaemoe 3HaueHue

CrierjudrKallMoHHasi CChbIIKa TUTa Set, MHO>KeCTBO 3/IeMeHTOB CIucKa self.

[JononHutenbHasa nHgopmayms

Bo3BpaijaeMoe MHOKECTBO COXpaHseT THITM3al[Ui0 CITUCKA: eC/Id  3/IeMeHThl CIMCKa ObLn
orpaHuyYeHbl KAKUM-TMO0 TUIIOM, TO U 3/IeMeHThl MHOXKeCTBa OyIyT OrpaHUYeHbI TeM >Ke TUTIOM.



List* 1 = create_List(&type_Integer);
Set* s;

Type *t;
append_List(1l,create_Integer(28));
append_List(1l,create_Integer(47));
append_List(1,create_Integer(28));
toSet_List(1l);

elemType_Set(s);

S
t

Cnmcok 1 mMeHsieTCs 110 Mepe BBITIO/IHEeHHS 3TOr0 KO/a Tak:
1. <28 >
2. < 28, 47 >
3. < 28, 47, 28 >

MHOXeCcTBO S, BO3BpallleHHOe ¢yHKIMeld toSet_List, comepXuT 3/eMeHTH: < 28, 47 >,
Bri3oB elemType_Set (s) Bo3Bpaiaer &type_Integer.



14.2.13 set

Tun Set siBAsieTCs KOHTeTHEPHBIM TUIIOM, PeaU3yIOLMM MHOKECTBO 3/IEMEHTOB.

OyleMeHTaMM MHOKeCTBa MOTYT ObITb JIFOOble crieluUKalMOHHbIe CChUIKK. [IpW CO3AaHuM
MHOXeCTBA MOJKHO OlpPaHMUMTb THUII €ro 371eMeHTOB. Takoe MHOXeCTBO Ha3bIBaeTCs
TUIMW3MPOBAHHBIM, a BCe (yHKIMH, paboTalole ¢ HUIM U HUMelolIe mapaMeTp Tuma Object*,
OyyT mpoBepsATh, YTOOBI TUIT 3TOrO TIapaMeTpa COBIMAZAs C TUIIOM 3/IeMEHTOB MHOYKECTBaA.

,[[Ba MHOXeCTBd CUHUTAKOTCA pPdBHBIMH, €C/JIM OHU HMMEKT OAMHAKOBLIE 3/IEMEHTHI. HPI/I 3TOM He
YUMTBIBAETCA TUIIMN3allUd MHO>XECTB, B UdCTHOCTH, ITyCTbie MHO>X€CTBA BCETrJd PAaBHbI.

3arosioBoYHbIi haiin: atl/set.h
- add Set
CDYHKI_II/IH BCTaBJIddeT 3a,anan>’1 5J7IeMEeHT B MHO>KeCTBO.

« addAll Set

OObeuHSEeT JBa MHOXKECTBA: /[00aB/IsIeT 3/IeMEeHThI O[HOTO MHOKECTBA B JIPYTOe.
« clear_Set

DyHKLMSA yAansieT U3 MHOXKeCTBa BCe 3/IeMeHThI.

« contains_Set
DYHKLUS TTPOBEPSIET, COAEP)KUTCS JI1 B MHOXKECTBE 3JIeMEHT, PaBHbIN JAHHOMY.

« containsAll Set
Ornipegensiet, SABISI€TCSA JIA OJHO MHOXECTBO MOAMHOKEeCTBOM JPYroro, TO eCTb, COAEPKUT
JIV TIepBO€ MHO>KeCTBO BCe 3JIeMeHThbI BTOPOTO.

- create Set
OYHKIMS CO3/jaeT MHOXXeCTBO M BO3BpalljaeT Criel(UKAIIMOHHYIO0 CChITIKY THTa Set.

« elemType Set
®yHKIMs BO3BpalllaeT yKa3aTelb Ha KOHCTAHTY-AECKPUMNTOP CrheluUKal[MOHHOTO THIIA,
KOTOPBIM OI'PaHUYeHbI 3/IeMeHThI JaHHOTO MHOKeCTBa.

« get_ Set
@OyHKIUS BO3BpalljaeT CreLU(PUKALIMOHHY0 CChIIKY Ha 3/eMeHT C 3aJjaHHbIM HOMepoM;
3/1eMeHTbI MHOKeCTBa IPU 3TOM HyMepyHOTCsI IPOU3BOJIBHO.

« isEmpty Set
@DyHKILSA [IPpOBepsieT, IyCTO JIA JaHHOe MHOKeCTBO.

+ remove Set
OyHKIMA yAaIseT 3/IeMeHT U3 MHO)XKeCTBa.

« removeAll Set
BblunTaeT 0JHO MHOXXeCTBO W3 APYrOro: yZJaasieT U3 IepBOro0 MHOXXeCTBa Te 3JIeMEHTHI,
KOTOpBbIe eCTb BO BTOPOM.

« retainAll Set
BriurcriseT mepeceueHrie MHOXECTB: OCTaBJ/IsSIeT B TIEPBOM MHOXXECTBE TOJILKO T€ 3/IEMEeHTHI,
KOTOpBbIe eCTb BO BTOPOM.

« size Set
@ yHKLMSA BO3BpalllaeT KOJIMYECTBO 3/IEMEHTOB MHOXKECTBa.

- tolist Set
@DyHKLMS BO3BpalljaeT CUCOK (List), cocTos il U3 BCeX 37IeMEeHTOB /IaHHOTO MHOXKEeCTBa.



add_Set
@DYHKI[USI BCTAB/IsIET 3aZlaHHBINA 3/1eMeHT B MHOXKECTBO.
bool add_Set( Set* self, Object* ref )

MapameTpbl
self

MHoO>KeCTBO, B KOTOPOe OCYLL[eCTB/ISIeTCS BCTaBKa.
ref

3HaueHue CHEL[I/IQ)I/IKaL[I/IOHHOFO THIId, BCTaBJ/IseMOe B MHO>XKeCTBO.

Bo3Bpawaemoe 3HaueHue

true, ecsii BcTaBKa Obita ycrelHol. B mrobom apyrom ciydae — false.

[JononHutenbHasa uHopmauus

Ecnu MHOXeCTBO TUIMU3WUPOBAHO, TO THUII 3J/IEMEHTAa ref A0J/DKeH COBIIdAdTh C THUIIOM 3/IEMEHTOB
MHO>KeCTBa.

Set* s = create_Set(&type_Integer);
add_Set (s, create_Integer(28));
add_Set(s, create_Integer(47));
add_Set(s, create_Integer(28));

MHuo>kecTBO S MeHsIeTCs T10 Mepe BBITNIO/THEHHA 3TOI'O KOd TaK:
1. { 28}

2. { 28, 47 }
3. { 28, 47 }
addAll_Set

OObenuHsSIeT JBa MHOXKECTBA: /[00aB/ISIeT 3/IeMEeHThI O/[HOTO MHOKECTBA B JIPYTOe.
bool addAll_Set( Set* self, Set* set )

MapameTpbl
self

MHO>KeCTBO, B KOTOpoe ,E[O6aBJ'IHIOTCH 3J/IEMEHTHI.
set

MHOKeCTBO, 37IeMeHThI KOTOPOTO 100aB/IsOTCsA B Self.

Bo3Bpalyaemoe 3HayeHue

Ecm B pe3ynbTaTe 00beArHeHHsI B MHOXKeCTBO Self Obln fjobaBieH XOTS Obl OJWH 3JIEMEHT,
GbyHKIMsA Bo3Bpaitjaet true. B mobom apyrom ciyuae — false.

JononHutenbHasa nHcpopmauus

Ecmu MHOXecTBO Self THUMM3MPOBAHO, TO TUITI BCEX 3/IEMEHTOB MHOXKECTBa Set [IOJDKHBI
COBIIAZIAT C TUIIOM 3/IeMEHTOB MHO)KecTBa Self (IpU 3TOM caMO MHOXeCTBO Set He 00s13aHO
ObITb TUMTU3UPOBAHHBIM).

bool changed;



Set* s1 create_Set(&type_Integer);
Set* s2 create_Set(NULL);
add_Set(s1,create_Integer(28));
add_Set(s1,create_Integer(47));
add_Set(s2,create_Integer(28));
add_Set(s2,create_Integer(47));
add_Set(s2,create_Integer(63));
changed = addAll_Set(s1,s2);

MHO>XecTBO S1 MeHsIeTCsl TaKUM 00pa3oMm:
1. { 28 }
2. { 28, 47 }
3. { 28, 47, 63 }
MHOXeCTBO S2 MeHseTC TakK:
1. { 28 }
2. {28, 47 }
[Tocne Be13oBa addAll_Set B MHOXKecCTBO S1 noOaBssieTcs 37eMeHT 63, a iepemeHHas changed

CTaHOBUTCSI PaBHOM true.

clear_Set
DYHKLUSA yAanseT U3 MHOXKECTBA BCe 3/IEMEeHTHI.
void clear_Set( Set* self )

MapameTpbl
self

O‘JI/ILLIEIEMOE MHO>XeCTBO.

AononHutenbHaa nHdgopmauyns
Set* s = create_Set(&type_Integer);
add_Set(s,create_Integer(28));
add_Set(s,create_Integer(47));

clear_Set(s);

MHOXeCTBO S MeHSIeTCs 10 Mepe BBITIOJIHEHHSA 3TOI'O KO/iad TdK:

1. { 28}
2. { 28, 47 }
3. {3}

ToT >Ke pe3y/bTaT MOXKHO I0JIyUUTb, TIepeco3/jaB MHOXXeCTBO:

Set* s = create_Set(&type_Integer);

s = create_Set(elemType_Set(s));



Ho Takoii ciocob meHee 3¢ dekTrBeH, ueM BbI30B GyHKIMK clear_Set.

contains_Set
DYHKI[Us TIPOBEPSIET, COAEP)KUTCS JI B MHOXKECTBE 3JIeMeHT, paBHbIN JaHHOMY.
bool contains_Set( Set* self, Object* ref )

MapameTpbl
self

IIpoBepsiemoe MHOXeCTBO.
ref

3HaueHue CHEL{I/ICl)I/IKaL[I/IOHHOFO THIIa, ITIOMCK KOTOPOT'O IIPOHUCXOIUT B MHOXKECTBE.

BosBpalwaemoe 3HayeHue

true, ecsiu Bce 371eMeHT ref cofiepXXUTcsi B MHOXKecTBe self. false B oOpaTHOM ciyuae.

JononHutenbHasa nHcpopmauus

Ecnn MHOXecTBO THUIIM3UPOBAHO, TO THUII 3/IEMEHTA ref A0J/DKeH COBIIaJaTb C THUIIOM 3JIEMEHTOB
MHO>KeCTBa.

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));

MHO>XeCcTBO S MeHseTCs 110 Mepe BBITNNO/JIHEHWA 3TOI0 KOJd TakK:
1. { 28}

2. { 47, 28 }
3HaueHUe repeMeHHOW contains mocsie BbI30Ba contains_Set OyzeT paBHO true.

containsAll Set

Onpe,qenﬁeT, ABJIAETCA JIM OJHO MHOXECTBO IIOAMHO>XeCTBOM [JApyroro, To eCTb, COAEPXUT JI1
repBoe MHO>XeCTBO BCe 3JIEMEHTEI BTOPOI'O.

bool containsAll_Set( Set* self, Set* set )

MapameTpbl
self

MHO0>XeCcTBO, KOTOpPOe HY>KHO [POBEPUTH Ha CO/iepKaHue 3/1eMeHTOB MHOXKeCTBa Set.

set

[IpearionoxurenbHOe TIOAMHOXKECTBO self.

Bo3Bpawaemoe 3HauyeHue

true, ecii Bce 37eMeHTbI MHOXKECTBa Set cojepkaTcs B MHOXKecTBe self. false B mro0oM
JIPyroM ciyyvae.



[AononHutenbHasa uHdopmauus
bool contains;
Set* s1 = create_Set(&type_Integer);
Set* s2 = create_Set(NULL);
add_Set(s1,create_Integer(28));
add_Set(s1,create_Integer(47));
add_Set(s2,create_Integer(28));
add_Set(s2,create_String("a"));
add_Set(s2,create_Integer(47));
contains = containsAll Set(s1,s2));
contains = containsAll_Set(s2,s1));

MHO0>XeCcTBO S1 MeHsIeTCsl TaKMM 00pa3oM:
1. { 28 }

2. { 28, 47 }

MHOXeCcTBO S2 MeHSeTCs TaK:
1. { 28}

2. { 28, "a" }
3. { 28, "a", 47 }
[Tocne nepBoro Be13oBa containsAll_Set mepemeHHasi contains ctaHOBUTCS paBHOW false, a

Iocjie BTOpPOro BbI30OBd — true.

create_Set
DyHKIMSA CO3/laeT MHOXKECTBO U BO3BpalllaeT CrieliU(UKALIMOHHYIO CChIIKY TUMa Set.
Set* create_Set( const Type *elem_type )

MapameTpbl
elem_type

Yka3zarenab Ha KOHCTAHTY-AE€CKPHUIITOP THIld 3/IEMEHTOB MHO>KECTBaA.

Bo3Bpawaemoe 3HaueHue

Yka3aresb Ha KOHCTaHTY-[eCKPUINTOP Crelu(UKalMOHHOIO TUIIa, KOTOPbIM OrpaHWYeHbl 3HaUeHUsI
JAHHOTO MHOXKeCTBa.

Ec/ii MHOXKeCTBO He TUMM3UPOBAHO (TIPU CO3/@aHUU He ObLJI0 Ha/l0)KeHO OrpaHUueHWM Ha THITbI
371eMeHTOB), (GyHKI[Ms1 Bo3BpaliiaeT NULL.

[JononHutenbHaa nHopmayma

Ecmm napameTtp elem_type HyJ/eBOM, TO THIIbI 3JIEMEHTOB MHO)KECTBA He OTPaHUYEHBbI.
Set* s1 = create_Set(NULL);
Set* s2 = create_Set(&type_Integer);

ITepBbIM BBI30BOM Create_Set C037aHO MHOXKECTBO, B KOTOPO€ MOXKHO BK/IIOUaTh JHOOBIE
3/1eMeHTbl. MHO)KeCTBO, CO3/JaHHOe BTOPHIM BBI30BOM, MOXKET COJIEP)KaTh TOJILKO 3JIEMEHTHI THIIA
Integer.



dyHkMs create_Set onpeseneHa Hapsily CO CTaHAapTHOM (pyHKLMIL create.
Set* s1 = create(&type_Set, NULL);
Set* s2 = create_Set(NULL);

[Ba roka3aHHbBIX criocoba co3manus Crielu(UKalOHHON CChIIKM (YHKIIMOHATBHO SKBUBAT€HTHBI,
O[JHAKO HCIIO/b30BaHHe Create He sB/seTcs TUIOOE30TMacHBIM UM BbI3bIBAeT IpeAyIpeX/eHue
TpaHc/IATOpa (CM. onMcaHue QyHKLUM create).

elemType_Set

®yHKIMS BO3BpalljaeT yKa3are/lb Ha KOHCTAHTY-/IeCKPUIITOP CIelU(PUKALIMOHHOTO THIa, KOTOPbIM
OrpaHuyeHbl /1eMeHThI JaHHOI'O MHOXKeCTBa.

Type *elemType_Set(Set* self)

MapameTpbl
self

MHo>KecTBO, OrpaHUUeHUsT KOTOPOT'O [I0/DKHA BEPHYTh (DYHKLMSI.

Bo3Bpawaemoe 3HauyeHue

Yka3arenb Ha KOHCTaHTY-[eCKPUNTOP CreluHKalMOHHOIO THIIa, KOTOPbIM OrpaHWYeHbl 3HaUeHUsI
JAHHOT'O MHOXKeCTBa.

Ec/ii MHOXKeCTBO He THUMNM3WPOBAHO (TIPU CO3/[@aHUU He ObLJI0 Ha/l0)KeHO OrpaHWueHWM Ha THIThI
371eMeHTOB), DyHKI[Ms1 Bo3BpaliiaeT NULL.

JononHutenbHaa nHopmauyma
Set* s = create_Set(&type_Integer);
Type *t = elemType_Set(s);

[TepemenHasi t mprobpetet 3HaueHue &type_Integer.

get_Set

®dyHKIIMs BO3BpalllaeT crielu(HUKaALMOHHYIO0 CChIIKY Ha 3/IeMeHT C 3aJJaHHbIM HOMEPOM; 3/IeMeHTbI
MHO>KeCTBa MpY 3TOM HyMepYyIOTCs [IPOU3BOJIbHO.

Object* get_Set( Set* self, int index )

MapameTpbl
self

MHO0KecTBO, 371eMeHT KOTOPOT0 JJ0/DKHA BepHYTh (DYHKLIUSI.

index

Howmep seMeHTa, KOTOPBIN [J0/KHA BEPHYTh (PYHKLIMSI.

Bo3Bpamjaemoe 3HaueHue
CrierjudrKaliMoHHas CCbiika Tvra Object.

AononHutenbHasa nHcpopmauus

OTta GYHKUMSA COYKUT [ Tiepebopa BCeX 37eMEHTOB MHOXKeCTBa. II0CKO/IbKY MHOKECTBO
HEYTIOpSiZI0UeHO, 37IeMeHThl HyMepYyHTCsS HEKOTOPhIM TPOM3BOJIbHBIM 00Opa3oM. Homep mo3uiiyuu
IO/DKEH HaxOQuTbCs B WHTepBajie OT O [0 pa3mepa MHOXectBa — 1, T. e.
@ < index < size_Set(self).



Set* s1
Set* s2

int 1i;

create_Set(&type_Integer);

create_Set(&type_Integer);

bool equ;

add_Set(s1,create_Integer(28));

add_Set(s1,create_Integer(47));

add_Set(s1,create_Integer(63));

for(i=0; i < size_Set(sl); i++)

add_Set(s2, get_Set(si,1i));

equ = equals(sl,s2);
MHo>xecTBO S1 MeHSIeTCS T10 Mepe BBITNIO/THEHHSA 3TOI'O KOd TakK:

1. { 28 }

2. { 28, 47 }

3. { 28, 47, 63 }
[Topsimok m006aBeHMsI 3/IEMEHTOB B MHOXXECTBO SZ2 HEOITIpe[e/ieH, OJHAKO B TIOC/Ie BBITTOJIHEHMS
[[UK/a BCe 37eMeHThl S1 OyayT mobaBieHbl B S2 W 3HaueHHe TepeMeHHOW equ TIocjie BbI30Ba
equals OymeT paBHO true.
isEmpty_Set
DyHK1Ms [TPOBEPSIeT, IyCTO JIU JaHHOEe MHOKeCTBO.

bool isEmpty_Set( Set* self )

MapameTpbl
self

IIpoBepsiemoe MHOXeCTBO.

BosBpalwaemoe 3HayeHue

true, ecsii B MHOXKeCTBe HET HU OJHOTO 3JIeMeHTa 1 falses O6paTHOM clyyae.

[JononHutenbHaa nHdopmayuma
bool empty;
Set* s = create_Set(&type_Integer);
empty = isEmpty_Set(s);
add_Set(s,create_Integer(28));
empty = isEmpty_Set(s);

3HaueHUe TIepeMeHHOM empty Tioc/ie TepBOro BbI3oBa iSEmpty_Set OygeT paBHO true, a mocre
BTOpOro (KOrZia B MHOXecTBO OyzeT mobasneHo uncio 28) — false.

remove_sSet
OyHKLMA yAaasgeT 5/1eMeHT U3 MHOXKeCTBa.

void remove_Set( Set* self, Object* ref )



MapameTpbl
self

MHoXecCTBO, B KOTOpO€ OCYIIEeCTB/IAETCA BCTaBKd.

ref

YAaﬂﬂEMBIﬁ N3 MHO>XeCTBa 3/IEeMEHT.

[AononHutenbHasa Hopmauus

Ecnu MHOXeCTBO TUIMU3WPOBAHO, TO THUII 3JIEMEHTAa ref A0/DKeH COBIIaJdaTh C THUIIOM 3/IeMEHTOB
MHO>KeCTBa.

Set* s = create_Set(&type_Integer);
add_Set(s,create_Integer(28));
add_Set(s,create_Integer(47));
remove_Set(s,create_Integer(28));

MHOXeCTBO S MeHSIeTCs 110 Mepe BBITIOJIHEHHSA 3TOI'O KO/iad TdK:

1. { 28}
2. { 28, 47 }
3. { 47 }

removeAll Set

BbIunTaeT 0JHO MHOXXECTBO U3 [IPYTOr0: yAajseT U3 TepBOr0 MHOXKECTBA T€ 3/IEMEHThI, KOTOphIe
€CTb BO BTOPOM.

bool removeAll_Set( Set* self, Set* set )

MapameTpbl
self

MHO>KeCTBO, U3 KOTOPOT'0 yZAA/ISIOTCS /IeMeHThI.
set

MHOXeCTBO, 3/IeMeHTbl KOTOPOI0 YJa/sitoTcs U3 self.

Bo3Bpawaemoe 3HauyeHue

Eciu B pe3y/ibTaTe BBIUMTAHKS U3 MHOXKeCTBa Self ObUT y/iareH XOTs Obl OZJMH 371eMeHT, (DyHKIHS
Bo3Bpalljaet true. B mobom apyrom ciyuae — false.

JononHutenbHaa nHopmayma
bool changed;
Set* s1 = create_Set(&type_Integer);
Set* s2 = create_Set(NULL);
add_Set(s1,create_Integer(28));
add_Set(s1,create_Integer(47));
add_Set(s1,create_Integer(63));
add_Set(s2,create_Integer(28));
add_Set(s2,create_Integer(47));



changed = removeAll_Set(s1,s2);
MHOXXeCTBO S1 MeHsIeTCsl TaKUM 00pa3oM:
1. { 28 }
2. { 28, 47 }
3. { 28, 47, 63 }
MHO0XeCTBO S2 MeHsSIeTCs Tak:
1. { 28 }
2. { 28, 47 }
[Tocne BbI30Ba removeAll_Set B MHOXecCTBe S1 ocTaeTcs 371eMeHT 63, a nepeMeHHas changed

CTaHOBUTCSI PaBHOM true.

retainAll_Set

Bbruucnsier rnepecevyeHrie MHOXXECTB: OCTABJ/IAET B I€PBOM MHO>XeCTBe TOJIBKO Te 3J/IEMEHTHI,
KOTOpbI€ €CTb BO BTOPOM.

bool retainAll_Set( Set* self, Set* set )

MapameTpbl
self

[TepBbIii aprymMeHT TIepeceueHHsi MHOXKECTB. JTO MHOXXeCTBO Oy/leT XpaHWTb pe3yJbTaTr
repeceyeHusl.

set

BTtopoi aprymeHT nepeceyeHNst MHOXKECTB.

Bo3Bpalwaemoe 3HayeHue

true, e B repeceueHUM MHOKECTB 3JIEMEHTOB I10JIyYM/IOCh MeHbllle, ueM B MHOKeCTBe self. B
nmoboMm apyrom ciiyuae — false.

AononHutenbHaa nHdgopmauyus
bool changed;
Set* s1 = create_Set(&type_Integer);
Set* s2 = create_Set(NULL);
add_Set(s1,create_Integer(28));
add_Set(s1,create_Integer(47));
add_Set(s1,create_Integer(63));
add_Set(s2,create_Integer(28));
add_Set(s2,create_Integer(47));
changed = retainAll_Set(s1,s2);
MHO>XeCcTBO S1 MeHsSIeTCsl TaKMM 00pa3oM:
1. { 28 }
2. { 28, 47 }
3. { 28, 47, 63 }



MHOXeCTBO S2 MeHseTCs TakK:
1. { 28 }
2. { 28, 47 }
ITocse BbI3oBa retainAll_Set B MHOXecTBe S1 OCTarOTCs 37emMeHTbl 28 U 47, a repeMeHHas

changed craHoBUTCs paBHOU true.

size_Set
@DyHKI[MS BO3BpalllaeT KOJUUYECTBO 3/IeMEeHTOB MHOXKECTBa.
int size_Set( Set* self )

MapameTpbl
self

MHO0’KecTBO, MOLLIHOCTb KOTOPOTO /I0/’)KHA BePHYTh (DyHKIUSI.

Bo3Bpawaemoe 3HauyeHue

TouHOe KOJIMUeCTBO 3/IeMEHTOB B MHOXKeCTBe self.

[AononHutenbHasa uHopmauus
int size;
Set* s = create_Set(&type_Integer);
size = size_Set(s);
add_Set(s,create_Integer(28));
size = size_Set(s);
[Tocse nepBoro BeI30Ba Size_Set mepemeHHas Size CTaHOBUTCS paBHOW Hy/ro. ITocse BTOpOro
BbI30Ba Size_Set mepemeHHasi paBHa 1: B MHO>KeCTBO ObUI ZI006aB/ieH O/IMH 3J/IeMEeHT.
toList_Set
@OyHKUMSA BO3BpaljaeT Crycok (List), cocTosmumii U3 Bcex 3/1eMeHTOB [JaHHOIO MHOXKECTBa.
List* tolList_Set( Set* self )

MapameTpbl
self

JJaHHOe MHOXeCTBO.

BosBpalwaemoe 3HayeHue

CrieL(puKallMOHHAsE CChIIKa Tuma List.

AononHutenbHasa nHcpopmauus

ITopsiloK 3/1eMEeHTOB B CIMCKe He ompefesieH. Bo3Bpalljaemblii CIIUCOK COXPaHsIeT TUIMU3ALUIO
MHO>KeCTBa: eC/I 3/IeMeHThl MHOXKeCTBa ObL/IM OrpaHuueHbl KaKUM-TM00 TUTIOM, TO U 3/1eMeHTHI
crvcKa OyyT orpaHUU€eHbI TeM K€ THUTIOM.

Set* s = create_Set(&type_Integer);
List* 1;
Type *t;



add_Set(s,create_Integer(28));
add_Set(s,create_Integer(47));
1 = tolList_Set(s);
t = elemType_Set(1l);
MHOXXeCTBO S MeHsIeTCsl TI0 Mepe BbITIO/THEHUS 3TOr0 KO/l TakK:
1. { 28 }
2. {28, 47 }
Crnincok 1, Bo3BpalleHHbI QyHKUMeld tolList_Set, cogepxxut snementol: { 28, 47 }; OHUM

MOTYT pacrojiaratbCsi B JioOoM mopsgke. Bei3oB  elemType_Set(l)  Bo3Bpaliaer
&type_Integer.



14.2.14 map

Turn Map siB/isieTCsl KOHTeHHEepHBIM THUIIOM, pean3yIoIUM O0TOOpaKeHHe 3/1eMeHTOB W3 00/1acTh
orpesiesieHHs1 B 00/1aCTh 3HaueHWH. OyieMeHT U3 00/1aCTH ompejiesieHHs] Ha3bIBaeTCsl KJIFOUOM, a
COOTBETCTBYIOIIUM 3/1eMeHT M3 00/7acTH 3HaueHWi — TMpocTo 3HaueHuWeM. I[Ipu 3ToM opHOMY
K/IOUYy COOTBETCTBYET POBHO OZIHO 3HaueHMe.

OnemeHTamMH OTOOpaKeHHs] MOTYT OBITh JItOOble crielM(UKaLMOHHBIe CChUIKK. [Ipu co3paHuu
0T0OpakeHHUst MOYKHO OTPaHUYMTDb TUIT €ro 3/IeMEeHTOB, MPUUEM OT/eJIbHO JJIsi 37IeMeHTOB 06/1acTu
oripefieieHUs U AJsl  3neMeHTOB o0macTh 3HaueHWi. Takoe oOToOpakeHHWe Ha3bIBaeTCS
TUIMWA3MPOBAHHBIM, a BCe (YHKIMH, paboTarole ¢ HUM M HUMelolIye mapaMeTp Turma Object*,
OyZyT mpoBepsATh, YTOOBI TUIT 3TOTO IapaMeTpa COBIa/ian C TUTIOM 371eMEHTOB COOTBETCTBYIOLIeN
obsacty.

,HBa OTO6PEI)K€HI/IH CUHUTAIOTCA pPaBHBIMH, €C/IM OHKM HMMEIOT OJWHAKOBBIE MHOXXECTBA K]'IIO‘IGI\/’I, n
KaKA0OMY KJ/IHOUY B oboux OTO6pa}KEHI/I${X COOTBETCTBYKOT OJJMHAKOBbLIE 3HAUYEHMHH. HPH 5TOM He
YUMTBIBAETCA TUIIU3alUsA OTO6pa)KeHI/II71, B UdCTHOCTH, IMyCThbIE OTOﬁp&)KEHI/IH BCerja paBHBI.

3arosioBoYHbIi haiin: atl/map.h

- clear Map
DyHKIWMS yaansgeT U3 0ToOpayKeHUst BCe 3/IeMEHThI.

« containsKey Map
OYHKIUS TPOBePsIeT, COAEPKUT /i 0ToOpakeHUe KJTIOU, paBHBIM JaHHOMY.

« containsValue Map
OYHKIMS TPOBEPSIeT, COAEPKUT JIh 0TOOpa>keHHe K/TIOU, paBHBIM JaHHOMY.

- create Map
dyHKUus co3aeT oTobpakeHUe 1 BO3BpalljaeT CrieriuMKarjMOHHY0 CCBIIKY THTa Map.

+ get Map
OyHKIUs BoO3BpaljaeT CreluUKalMOHHYI0 CChIIKY Ha 3HaueHue, COOTBETCTBYHOILlee
KJIIOUYy.

« getKey Map
DyHKIMS BO3BpaljaeT CrelUbUKAI[MOHHYI0 CChIIKY Ha KaKOW-HUOY/Ib K/HOU, KOTOPOMY
COOTBETCTBYET [JaHHOe 3HauyeHHe.

« isEmpty Map
DyHKIMS TTPOBepsIeT, MyCTO JIU JaHHOe 0ToOpaXkeHue.

- key Map
OyHKI[MS BO3BpAIlaeT K/I0U 0TOOpaXKeHHUsT B YKa3aHHOU TTO3UILIVH.

« keyType Map
®yHKIMsA BO3BpalllaeT yKa3aTe/lb Ha KOHCTAHTY-AECKPUMNTOP CrheluUKal[MOHHOTO THIIa,
KOTOPBIM OrpaHWUeHbI K/TFOUH JaHHOTO 0TOOpakKeHusl.

e put Map
OyHKIMs 100aB/sieT B 0TOOpaXkeHUe Tapy «K/II0u-3HaueHUe».

e« putAll Map
ITobaBnsieT B epBoe 0TOOpaykeHHe BCe Maphl «KIF0U—3HaUeHHe» U3 BTOPOT0 0TOOpa)keHUs.

« remove Map
DyHKUWS yAanseT u3 0ToOpaKeHUs Mapy «K/I0Y-3HaueHue» JJisl JaHHOTO K/Troua.




- size Map
DyHKIMS BO3BpaIljaeT pa3mMep 0TOOpakKeHUsl.
« valueType Map

@dyHKIMS BO3BpalljaeT yKasaTe/b Ha KOHCTAHTY-ZEeCKPUNTOP Crelu(HUKalMOHHOTO THIIa,
KOTOPBIM OrpaHHWyYeHbl 3HaUeHHs1 JaHHOTO 0TOOpakeHUsl.

clear_Map
DyHKIWMS yaanseT U3 0ToOpa)keHUst BCe 3/IeMeHThI.
void clear_Map( Set* self )

MapameTpbl
self

OumntjaemMoe 0ToOpa)keHHe.

Map* m = create_Map(&type_Integer, &type_String);
put_Map(m,create_Integer(28),create_String("a"));
put_Map(m,create_Integer(47),create_String("b"));
clear_Map(m);

OTO6pa)KEHI/Ie m MeHdAeTCd I10 Mepe BBITIO/THEHHS 3TOr'0 KOJd TadkK:
1. {28 - "a" }
2. { 28 - "a", 47 - "b" }
3. {}

TOT >Ke pe3y/sbTaT MOKHO MOJIy4YUTh, [1epeco3/jaB MHOXKECTBO:
Map* m;

m = create_Map(keyType_Map(m), valueType_Map(m));
Ho Takoti cnioco6 meHee 3¢ dekTriBeH, uem BbI30B PyHKIUM clear_Map.
containsKey_Map

CDyHKL[I/ISI rnpoBepsdeT, COOePXKUT JIN OT06pa)KEHI/Ie KJ/IHOY, paBHbIﬁ AaHHOMY.

bool containsKey_Map( Map* self, Object* key )

MapameTpbl
self

[TpoBepsiemoe OTOOpaXkeHHe.
key

Ktou, MOMCK KOTOPOTO TMTPOUCXOUT B OTOOPa’KEeHUH.

Bo3Bpawaemoe 3HauyeHue

true, ecsiu kimou key cozmepxxutcs B self. false B obpatHOM ciyuae.

[JononHutenbHasa nHgopmayus

Ecmu ob6sacTh onpesiesieHUsl TUITU3MPOBaHa, TO THIT JIeMeHTa Key J0/DKeH COBMaJaTh C THIIOM
K/roueli 0ToOpakeHusl.



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);

OTobparkeHre m MeHsIeTCs TI0 Mepe BBITIOTHEHHST 3TOT0 KOZia TakK:

1. { 28 - "a" }

2. {28 - "a", 47 - "b" }

3HaueHHe repeMeHHON contains mocsie Bei3oBa containsKey_Map OyzeT paBHO true.

containsValue_Map
OYHKIMS TPOBepsIeT, COAEPKUT /i 0ToOpakeHUe KJTIOU, paBHBIM JaHHOMY.

bool containsValue_Map( Map* self, Object* value )

MapameTpbl
self

[TpoBepsiemoe O0TOOpaXkeHHe.
value

3Ha‘-IEHI/Ie, IMMOKMCK KOTOPOI'o IMpOUCXOHT B OTO6P&)K€HI/II/I.

Bo3Bpalwjaemoe 3HayeHue

true, ecu 3HaueHve value comepxxurcs B self. false B oOpaTHOM ciyuae.

[ononHutenbHaa nHcpopmauus

Ecmu ob6nacTh 3HaYeHWM TUNM3WPOBAHA, TO THIT 3/IEMeHTa value [O/DKeH COBMAaZaTh C THUTIOM
3HaueHUH 0TOOpa’KeHMUsI.

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"));
OTobparkeHre m MeHsIeTCs TI0 Mepe BBITIOTHEHHS 3TOr0 KOZia TakK:
1. { 28 - "a" }
2. {28 -~ "a", 47 - "b" }
3HaueHHe repeMeHHOW contains mocsie Bbi3oBa containsValue_Map OyzeT paBHO true.
create_Map

DyHKIMS co37aeT oToOpa)keHVe U BO3BpalllaeT CrielupUKaIMOHHYI0 CChUIKY ThTia Map.

Map* create_Map( const Type *key_type, const Type *val_type )



MapameTpbl
key_type

YKa3zaTe/lb Ha KOHCTAHTY-/I€CKPHUIITOP THITA KTFOUel 0ToOpaXkKeHHsl.
val_type

Yka3sarte/ib Ha KOHCTAHTY-AE€CKPUIITOP THUIld 3HaueHuH 0T06pa)KEHI/IFI.

Bo3Bpawaemoe 3HayeHue

CrierfudyKallMoOHHas CChIIKa TUTa Map.

[AononHutenbHasa uHopmauus

Eciu nmapameTp key_type Hy/eBOH, TO TUIbI 37IeMeHTOB 00/1acTH ompefiesieHrs He OrpaHUYeHbl.
B npoTBHOM c/yuae napameTp [10/DKeH SIBJSThCS yKa3aTe/jleM Ha KOHCTaHTY-/|eCKPUIITOP THIa Ji/Is
K/Itoyell oToOpa)keHUsi. AHaJIOTMYHO, ec/ii TapameTp val_type HyJeBOW, TO THUIbI 3/IeMEHTOB
obsiacTy 3HauUeHUH He orpaHUueHbl. VIHaue mapameTp /J0/DKeH SIBJISITbCSL yKa3aTe/ieM Ha KOHCTaHTY-
JIeCKPUIITOP THIIA /|71 3HaUeHH! 0TOOpakKeHusl.

[TepBasi cTpoKa TIpuUMepa Co3/aeT OToOpakeHWe ©0e3 THMM3AIMM; BTOpas CTPOKA CO37aeT
oToOpakeHWe C K/arOuamMM Tura Integer; TpeThsi CTpOKa co3jaeT ortobpakeHue u3 Integer B
String.

Map* ml = create_Map(NULL, NULL);
Map* m2 = create_Map(&type_Integer, NULL);
Map* m3 = create_Map(&type_Integer, &type_String);

dyHKIMA create_Map onpeseneHa Hapsily CO CTaHAapTHOM (pyHKLMi create.
Map* ml = create(&type_Set, NULL, NULL);
Map* m2 = create_Map(NULL, NULL);

IlBa TIOKa3aHHBIX Criocoba CO3/jaHus CIIeI[U(UKAIIMOHHON CChIZIKK (DYHKIIMOHABHO SKBHUBAIEHTHBI,

O[THAKO WCIO/b30BaHWe Create He sB/AETCS TUIIO0E30MaCHBIM UM BbI3BIBAET IpeAyIpeKaeHHe

TpaHc/iATOopa (CM. onMcaHue QyHKLUM create).

get_Map

®yHKIMs BO3BpalllaeT Crieliu(pUKalMOHHYIO CChIJIKY Ha 3HaueHHe, COOTBETCTBYIOIIlee K/Iouy.
Object* get_Map( Map* self, Object* key )

MapameTpbl

self

OTtobpa>keHue, 37IeMeHT KOTOPOTO /I0/KHA BEPHYTh (DYHKIUS.

key

Kittou, COOTBeTCTBYIOIIUI HY>KHOMY 3HaUEHUIO.

Bo3Bpawaemoe 3HauyeHue

Bo3BpaijaeTcsi 3HaueHHe, COOTBETCTBYIOLee TIlepefjaHHOMY Kitouy. Ecmu oToOpakeHue He
COZIEeP>XUT JaHHOI'0 Kitoya, Bo3BparjaeT NULL.

[ononHutenbHaa nHdopmaums

Ecmu ob6sacTh onpesiesieHUsl TUMTU3UPOBaHa, TO THIT 3/IeMeHTa Key J0/DKeH COBMaJaTh C THIIOM
K/TFoueit 0TobpaykeHusl.



Map* m = create_Map(&type_Integer, &type_String);
Object* val;
put_Map(m,create_Integer(28),create_String("a"));
put_Map(m,create_Integer(47),create_String("b"));
val = get_Map(m,create_Integer(28));

OTobparkeHre m MeHsIeTCs TI0 Mepe BBITIOTHEHHST 3TOT0 KOZia TakK:
1. { 28 - "a" }
2. {28 - "a", 47 - "b" }

3HaueHHe repeMeHHOM val mocsie Bbi3oBa get_Map OyzeT paBHo "a'".

getKey_Map

@DyHKIMS BO3BpaIliaeT CreludUKALMOHHYI0 CCBhUIKY Ha KakKOW-HUOyZb K/H0U, KOTOPOMY
COOTBETCTBYeT JJaHHOe 3HaueHue.

Object* getKey_Map( Map* self, Object* value )

MapameTpbl
self

OtobpakeHue, 3/1eMEHT KOTOPOTO J0JDKHA BePHYTh (DYHKILIHSI.

value

3HaueHNe, COOTBETCTBYIOLLjee HY>)KHOMY KJTFOUY.

Bo3Bpalyaemoe 3HauyeHue

Bo3Bpatjaercsi ofvH 13 K/IFOUel, COOTBETCTBYIOIMX AAHHOMY 3HaueHHI0. Ecu oToOpakeHne He
COJIep>KUT HU OZIHOTO KJIt0Ua, KOTOPOMY COOTBETCTBYeT JlaHHOe 3HaueHHe, Bo3BpaijaeT NULL.

[ononHutenbHaa nHcpopmauus

Ecmu ob6nacTh 3HaYeHWM TUNM3WPOBAHA, TO THIT 3/IEMeHTa value [O/DKeH COBMAaZaTh C THUTIOM
3HaueHUH OTOOpa’KeHMUsI.

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);
OTtoOpaskeHue M MeHSIeTCSs TI0 Mepe BBITIOJTHEHHUST 9TOTO KO/Ia Tak:
1. { 28 - "a" }
2. {28 - "a", 47 - "a" }

3HaueHue crieliuUKaIMOHHOW CCHUIKM Kkey Toc/ie Bbi3oBa getKey Map OyaeT paBHO 28 unu 47.
3HaueHHe TepeMeHHOM equ Toc/e BbI30Ba equals paBHO true.



isEmpty_Map
DyHKIMS TTpOBepsieT, MyCTo Jii JaHHOe 0ToOpaXkeHue.
bool iskEmpty_Map( Map* self )

MapameTpbl
self

[TpoBepsiemoe oTobpakeHMe.

Bo3Bpawaemoe 3HauyeHue

Bo3Bpamjaer true, eciu orobpakeHuWe He COZEDKUT HU OJHOW Mapbl «K/IHOU—3HAueHHE»; B
IIPOTUBHOM CJly4ae Bo3Bpaujaer false.

[JononHutenbHaa nHopmayma
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 TIepeMeHHOM empty moc/ie epBoro Bbi3oBa 1SEmpty_Map Oyger paBHO true, a mocse
BTOpOTO (KOTrZia B oTOOpaskeHue Oyzer qobasseHa rmapa 28 — "a") — false.

key_Map
@OyHKIMSA BO3BpaIljaeT K/Irou 0ToOpa>keHUsI B YKa3aHHOM MO3ULIUM.
Object* key_Map( Map* self, int index )

MapameTpbl
self

OTtobOpa)keHue, KJTFOY KOTOPOT'O /I0/KHA BEPHYTh (DYHKIHS.

index

Howmep Ktoua, KOTOPBIN [JO/’KHA BepHYTh (DYHKLIUS.

Bo3Bpawaemoe 3HauyeHue

CrnermduKalOHHas CChbUIKA Ha K/T0U 0TOOpa)kKeHHs1 B MO3UIUK index.

[AononHutenbHasa uHopmauus

OTa GYHKUUS CTYXKUT /715 Tiepebopa Bcex Kimouel oTobpakeHus. [T0CKOBKY MHOXECTBO K/rouei
HEYTIOPSIZI0UEeHO, 37IeMeHThl HyMepYHOTCsS HEKOTOPBIM TPOW3BOJIbHBIM 00Opa3oM. Homep mo3uiiuu
IO/DKeH HaxOJuTbCsd B WHTepBajie OT O [0 pa3mepa MHOXecTBa — 1, T. e.
@ < index < size_Map(self).

Map* ml1 = create_Map(&type_Integer, &type_String);

Map* m2 = create_Map(&type_Integer, &type_String);
int 1i;

bool equ;
put_Map(ml,create_Integer(28),create_String("a"));



put_Map(ml,create_Integer(47),create_String("b"));
for (1 = 0; 1 < size_Map(ml); i++) {

Object* key

Object* val

put_Map(m2, key,val);
}

equ = equals(mi,m2);

key_Map(mi,1i);

get_Map(mi, key);

OTO6pa)KEHI/Ie m1 MeHsIeTcs 110 Mepe BbITIOJIHEHWA 3TOI'0 KOJd TaK:
1. {28 - "a" }
2. { 28 - "a", 47 - "b" }

AHanoruuHo U3MeHsIeTCsl 0ToOpaXkeHUe M2, HO M3-3a HEYTIOPSI0UeHHOCTH K/TIoUel B 0TOOpaykeHUH
MOPSIZIOK 00aB/IeHMs Tap «K/IF0U-3HaUeHHe» OIHO3HAUHO OIMMCaTh Hesib3sl. 3HaueHue MepeMeHHON
equ mocsie Bbi30Ba equals OyzeT paBHO true.

keyType_Map

®yHKIMS BO3BpalljaeT yKa3are/lb Ha KOHCTAHTY-/IeCKPUIITOP CIelU(PUKALIMOHHOTO THIa, KOTOPhIM
orpaHUYeHb! K/II0UM JaHHOTO 0TOOpa)keHUsl.

Type *keyType_Map( Map* self )
MapameTpbl
self

CrieriuvKalMOHHAs CChITIKA Ha JJaHHOe 0TOOpakeHHe.

BosBpawaemoe 3HayeHue
@dyHKLYS BO3BpalllaeT yKa3aTe/b HA KOHCTAHTY-/IeCKPUIITOP CrieluHKaLMOHHOIO TUIMa, KOTOPbIM
OrpaHUYeHbI KJTFOUM JAHHOTO OTOOPa’keHUs.
[JononHutenbHasa uHdopmauus
Ecnu o6nacth oripeziesieHust oToOpaXkeHHs1 He TUITM3UPOBaHa, Bo3BparaeT NULL.
Map* m = create_Map(&type_Integer, &type_String);
Type *t = keyType_Map(m);
3HaueHWe crelUbUKAIMOHHONW CChIIKK t Tocje Bbi3oBa GyHKIMHM keyType_Map OymeT paBHO
&type_Integer.
put_Map
DyHKIWS [00aB/IseT B 0TOOpaXKeHHe Mapy «K/I04-3HaueHue».

Object* put_Map( Map* self, Object* key, Object* value )
MapameTpbl
self

OTtobpakeHue, B KOTOpoe 100aB/sieTCs Tlapa «K/IF0U-3HaueHue».
key

Kntou nobasinisiemoli B oToOpakeHe Taphl.



value

3HaueHue 00aB/sieMOl B 0TOOpakeHue Taphbl.

BosBpalwaemoe 3HayeHue

Eciu orobpakeHue He coJiepXUT Kiitoua key, pyHKius Bo3BpaijaeT NULL. Eciiu ke oToOpakeHue
y>Ke COZeP>KUT KITHoU key, To (hyHKIHSI BO3BpalllaeT COOTBETCTBYIOIIlee eMy CTapoe 3HaueHue.

[AononHutenbHasa uHopmauus

Ecmu ob6sacTb onpeziesieHUs] TUMTU3MPOBaHa, TO THIT IeMeHTa Key AO/DKeH COBMaJaTh C TUIIOM
K/Itoueli otrobpaykeHusi. Eciu 06s1acTh 3HaueHUi THIWA3UPOBaHa, TO THIM 3/ieMeHTa value [0/KeH
COBIIAZIATh C TUTIOM 3HAaUYeHUI O0TOOpakKeHHsl.

Ecmu oToOpakeHre He COAEpXXHUT KIroua kKey, TO B OToOpaxeHue n00aBiseTcss KU key U
COOTBETCTBYIOIIlee eMy 3HaueHuwe value. Eciu >ke oToOpakeHHe yKe COJEPXKUT KU Key, TO
GyHKIMST BO3BpAlllaeT COOTBETCTBYIOIlEE €My CTapoe 3HaueHWe, a B OTOOpaKeHHWH CTapoe
3HaueHWe 3aMeHsieTCsl 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"));

OtobpakeHHe M MeHSIeTCS TI0 Mepe BBITIOJTHEHHSI 3TOT0 KO/a Tak:
1. { 28 - "a" }
2. { 28 -~ "a", 47 - "b" }
3. { 28 - "c", 47 - "b" }

3HaueHre val mocsie KaXK[0ro U3 MepBbIX JBYX BbI30BOB put_Map paBHO NULL; mocse TpeTbero
BbI30Ba OHO CTAHOBUTCS paBHbIM "a''.

putAll_Map
IobaBsisieT B 1epBoe 0TOOpaXkeHHe BCe Maphbl «K/IHU—3HaueHHe» U3 BTOPOTO OTOOpa)keHusl.
void putAll_Map( Map* self, Map* t )

MapameTpbl
self

OTO6p&)K€‘HI/Ie, B KOTOpOe ,E[O6HBJIHI-OTCH 3JIEMEeHThI.

OtobpakeHue, 3/1eMeHTbI KOTOPOTO 00aB/sitoTes B self.

AononHutenbHasa nHcpopmauus

Ecnu ob6nacte ompeziesieHus: oToOpakeHusi self THWIU3WMpOBaHA, TO TUITbl BCEX KIIHOUeH
oToOpakeHWst t [JO/DKHBI COBIAZaTh C THIOM Kitodyed otoOpaxeHuws self. AHalOru4Ho, eciv
obacTb 3HaueHWM O0TOOpakeHWs Self THUITM3MPOBAHA, TO TUITHI BCEX 3HAueHUN oToOpaykeHUs t
JIOJDKHBI COBTMAJaTh C TWUTIOM 3HaueHWH oToOpakeHusi self. Ilpu 3ToM He Tpebyercs, UTOOBI
ob/acTu onpeziesieHyst ¥ 3HAUEHUH 0TOOpa)keHus1 t ObI/IM TUITM3UPOBAHBI.



Ecmu  otoOpakeHue self yxKe COAEPKAT HEKOTOPbIM KU U3
COOTBETCTBYIOLLlee eMy 3HaueHue 3aMeHseTCs Ha HOBOe.

create_Map(&type_Integer, &type_String);
create_Map(NULL, NULL);
put_Map(ml,create_Integer(28),create_String("a"));

Map* ml

Map* m2

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(mi,m2);

OtobpaxeHue M1 MeHsIeTCsl TaKUM 00pa3om:
1. { 28 - "a" }
2. { 28 - "a", 63 - "b" }
OtobpaxxeHHe M2 MeHSIeTCs TakK:
1. {28 - "c" }
2. { 28 - "c", 47 - "d" }

[Tocne BeI3oBa putAll_Map B oTtoOpaxkeHwe ml mobasisieTcss mapa 47 —

K/Iouy 28 MeHsieTcd Ha "'c'':

3. { 28 N "C", 47 N "d", 63 N llbll }

remove_Map

otobpakeHuss t, TO

"d" u 3HaueHue 1O

DyHKUWS yAanseT u3 0ToOpaKeHUs Mapy «K/I04-3HaueHue» JJisl JaHHOTO K/Troua.

Object* remove_Map(Map* self, Object* key);
MapameTpbl

self

OTtobpakeHue, U3 KOTOPOTO Y/Ia/sIeTCs 3/IeMeHT.

key

Kitou yzansieMor napel «K/ar04Y-3HauUeHUe».

BosBpawaemoe 3HayeHue

Bo3BparijaeT 3HaueHHe, KOTOPOe COOTBETCTBOBA/O K/ouy key B oTobOpakennu self, mmm NULL,

€C/IM TaKOro 3HaueHus He ObI/Io.

[AononHutenbHasa uHopmauus
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));

[TepBBiii BBI30B (PYHKIMU remove_Map Bo3BpailjaeT CTPOKOBOe 3HaueHHe, COOTBETCTBYIOIee
Kimouy 28: "a". Bropoii BbI30B Bo3BpaijaeT NULL, Tak Kak Iapa C K/rouoM 28 yke Obljia yzasieHa.



size_Map
®OyHKIIMS BO3BpaIljaeT pa3Mep 0TOOpayKeHUs.
int size_Map( Map* self )

MapameTpbl
self

OTtobpa>keHue, pa3Mep KOTOPOTO ZI0/KHA BEPHYTh (DYHKLHS.

Bo3Bpawaemoe 3HauyeHue

DyHKIMS B3BpalljaeT TOYHOE KOJTMUECTBO Tap B 0TOOpaXkKeHHH.

[JononHutenbHasa uHopmauus

Pa3mepoM cunTaeTcss KOJTMUECTBO IMap «K/II0U—3HaueHHe», COIePXKAI[UXCsI B 0TOOPayKeHHH.
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);

I[Tocsie mepBoro BbI30Ba Size_Map mepeMeHHasi Size CTaHOBUTCS paBHOW Hysi0. [Tocse BTOpPOro
BBI30Ba Size_Map mepemMeHHasi paBHa 1, Tak KakK B 0ToOpakeHHe ObLT 00aB/IeH OIUH JIEMEHT.

valueType_Map

@dyHKLYs BO3BpalllaeT yKa3aTe/lb HA KOHCTAHTY-/1eCKPUMITOP CrieluUKalMOHHOTO TUIa, KOTOPbIM
OrpaHUYeHbI 3HAUEeHHs JAHHOTO O0TOOPa)KeHUS.

Type *valueType_Map( Map* self )

MapameTpbl
self

CrieliMuKalMOHHAsK CChITIKA Ha JJAHHOE O0TOOpakeHue.

BosBpalwaemoe 3HayeHue
@DyHKIMSI BO3BpalljaeT yKa3aTe/b Ha KOHCTAHTY-AeCKPUNTOP CreljudHUKaI[MOHHOT0 THIa, KOTOPhIM
OrpaHUYeHbI 3HaUeHHs JAHHOTO O0TOOpa)KeHHUs.
[AononHutenbHasa Hopmauus
Ecmu obnacts oripezienieHust oToOpaykeHHs1 He TUITM3UPOBaHa, Bo3BparaeT NULL.
Map* m = create_Map(&type_Integer, &type_String);
Type *t = valueType_Map(m);

3HaueHue CIielUpUKAIIMOHHON CChUTKU t Tocie BbI3oBa (GyHKImMM valueType_Map Oyzer paBHO
&type_String.



14.2.15 MultiSet

Tun MultiSet sBisieTCs KOHTeHHEPHBIM THUIIOM, peajv3ylolMM MY/JIbTHMHOXKECTBO 3/IEMEHTOB
(T.e. MHOXXECTBO, 3/1eMeHTbI KOTOPOT'0 MOT'YT IIOBTOPSATHCS).

OnemMeHTaMy MyJIBTUMHOXKECTBA MOTYT OBITh /TF00bIE Criel(UKaIL[MOHHbIe CChUTKH. [1py co3manum
MYJIbTUMHOKeCTBAa MOXXHO OIPaHUUMTh TUII €0 3/1IeMeHTOB. Takoe MyJIbTUMHOXXEeCTBO Ha3blBaeTCs
TUMU3UPOBAHHBIM, a BCe (YHKLUH, paboTaroiie ¢ HUM U UMerIlue rnapaMmeTp Tura Object?,
OyIyT pOBepsATh, YTOOBI TUIT 3TOTO TIapAMeTpa COBIaZas C TUTIOM 37IeMEHTOB MYJIbTUMHOXKECTBA.

,Z[Ba MYJIbTUMHO>X€CTBd CUHMTAKOTCSA PABHBIMHU, €C/IM OHU UMEIOT OJWMHAKOBLIE 3JIEMEHTDI (C yueToM
KpaTHOCTI/I). HpI/I 5TOM HE€ YUMTLIBAETCA THUIIHN3dllUAd MYJIbTUMHOXXECTB, B YdCTHOCTH, ITIyCThbIe
MYJIbTUMHO>XECTBA BCerJa paBHbI.

3aronoBoYHbIi (haiin: atl/multiset.h

add_MultiSet
@DYHKLMS BCTaBJIsAeT 3aJaHHbIM 37IeMEHT B MYyJIbTUMHOKECTBO.

addAll MultiSet
IobaBsieT 371eMeHThbI OJHOTO MYJIbTUMHOXKECTBA B /IPYTOe.

clear MultiSet
OyHKLMSA yAanseT U3 MyJIbTUMHOKeCTBa BCe 3/IeMeHThI.

contains_ MultiSet
@®yHKLIYSA BO3Bpall[aeT KPaTHOCTb BXOXKJEHUS B MYJIbTUMHO)KECTBO 3/IeMeHTa, PaBHOTO
JAaHHOMY.

containsAll MultiSet

Onpegensiet, SIBASETCS JIU OJHO MYJIbTUMHOXKECTBO MOAMY/IbTUMHOXECTBOM APYroro, TO
eCTb, COJEPXXUT /M T[epBOe MYJbTUMHOXXECTBO BCE€ 3/eMeHTbl BTOpPOro (C yueTom
KpPaTHOCTH).

create MultiSet

@YHKIUS CO3/laeT MYJIbTUMHOXK@CTBO M BO3BpalllaeT Crely(UKALIMOHHYI0 CChUIKY TUIIA
MultiSet.

elemType MultiSet

@dyHKLYs BO3BpalllaeT yKa3aTe/lb Ha KOHCTAHTY-/|eCKPUITOD CrelupUKalOHHOTO THIIA,
KOTOPBIM OTpaHUYeHbI 3/IeMeHThI JaAHHOTO MY/IbTUMHOKECTBa.

get_MultiSet

@yHKIUS BO3BpalllaeT Crely(UKALMOHHYI0 CChIIKY Ha 3/eMeHT C 3aJJaHHbIM HOMEPOM;
3/1IeMeHTbI MY/IbTUMHOKeCTBa [P 3TOM HYMepYOTCS TIPOU3BOJIBHO.

isEmpty MultiSet

D yHKLMSA TPOBEPSIeT, MYCTO JIM JaHHOe MY/JIbTUMHOXXECTBO.

remove MultiSet
@DYHKIMS OJHOKPATHO yAassieT 3JIeMeHT U3 MyJbTUMHOKeCTBa (T.e. KpaTHOCTb BXOXKEHUS
3TOrO 3/IeMeHTa B My/IbTUMHO>XeCTBO yMeHbll1aeTcst Ha 1).

removeAll MultiSet
BbruntaeT 0lHO MyJIbTUMHOKECTBO U3 APYTOro: yAasnsieT U3 MepBoro MyJbTUMHOKECTBa Te
371eMeHTbI, KOTOpbIe eCTh BO BTOPOM (C YUeTOM KPaTHOCTH).




removeCount MultiSet
@YHKIUS yMeHbllaeT KPaTHOCTb BXOKJEHUSI JaHHOTO 3/IeMeHTa B MYJ/IbTUMHOKECTBO Ha
YKa3aHHYI0 BeJIMUMHY.

removeFull MultiSet
®OYHKIMS TTOMHOCTBIO yassieT 3/1eMeHT U3 MYJIbTUMHOKeCTBa (T.e. KpaTHOCTb BXOXKAEHUS
3TOrO 3/IeMeHTa B My/IbTUMHO>XeCTBO CTAHOBUTCS paBHa 0).

retainAll MultiSet
Brelurcnigser mnepeceueHre MYJIbTUMHOXKECTB: OCTaB/isieT B T€PBOM MYJIbTUMHOKECTBE
TOJIBKO Te 3/IEMeHThI, KOTOPbIe eCTb BO BTOPOM (C yU4eTOM KPaTHOCTH).

size MultiSet
@ yHKLMSA BO3BpalLljaeT KOJIMUeCTBO 3JIeMEHTOB MYJIbTUMHOXXECTBa.

toList MultiSet
®yHKIMsA Bo3BpamjaeT cnucok (List), cocrosimmii M3 BceX 3/IeMEHTOB [JJaHHOTO
MYJ/IbTUMHOKeCTBa.

toSet MultiSet
@®yHKIMA BO3BpalllaeT MHOXXeCTBO (Set), cogepskalljee BcCe 3J/IeMEHTbl [JaHHOTO
MYJIbTUMHO>KeCTBa.

add_MultiSet
@DYHKIMS BCTaB/IsIeT 3aZlaHHbIN 3/1eMEHT B MY/ IbTUMHOXXECTBO.
bool add_MultiSet( MultiSet* self, Object* ref )

MapameTpbl

self

MYJIbTUMHO>X€CTBO, B KOTOPpO€ OCYIIeCTBJ/IA€TCSA BCTABKA.

ref

3HaueHHe CHEL[I/I(I)I/IKEILII/IOHHOFO THUII4, BCTaAB/IsdeMO€ B MYJIbTUMHO>XECTBO.

Bo3Bpawaemoe 3HayeHue

true, ecsiu BcTaBKa Obiia ycriemiHoi. B mobom apyrom ciyuae — false.

[AononHutenbHasa uHopmauus

Ecnn MYJIbTUMHOXECTBO THUIIM3MPDOBAHO, TO THIT 3/IEMEHTA ref JOJ/DKeH COBIIaddaTb C TUIIOM
3JIEMEHTOB MYJ/IbTUMHO>KeCTBA.

MultiSet* s = create_MultiSet(&type_Integer);
add_MultiSet(s, create_Integer(28));
add_MultiSet(s, create_Integer(47));
add_MultiSet(s, create_Integer(28));

MYJIBTUMHO>KE€CTBO S MEHAETCsA I10 Mepe BBIIIO/THEHHA 3TOI0 KO/ia TaK:

1.
2.
3.

{ 28}
{ 28, 47 }
{ 28, 47, 28 }

addAll MultiSet
IobaBisieT 371eMeHThl OJJHOTO MY/JIbTUMHOYKECTBA B JIPYTOe.



bool addAll_MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

MYJIbTUMHO>X€CTBO, B KOTOpOe ,E[O68BJIHI-OTCH 3/1IeMEeHTHI.
set

MYJIbTUMHOKECTBO, 37IeMeHTbl KOTOPOTo 100aB/isitoTCs B self.

Bo3Bpalwjaemoe 3HayeHue

Ecmu B pesynbraTe 00befuHeHUs] B MY/JIbTUMHOXECTBO Self Obul fo6aBieH xoTs Obl OfWH
3/1eMeHT, (GYHKIHs Bo3BpaiaeT true. B mobom gpyrom ciyuae — false.

[AononHutenbHasa uHdopmauus

Eciv MynbTUMHOXKeCTBO Self TUIMHM3UPOBAHO, TO TUIIbI BCEX 37IeMEHTOB MYJ/IbTHUMHOXKeCTBa Set
JO/DKHBI  COBMAZiaTb C TUIIOM 371eMEHTOB MY/JbTUMHOXecTBa Self (pu S5TOM camo
MYJIbTUMHOKECTBO Set He 00513aHO OBITH TUITU3UPOBAHHBIM).

bool changed;
MultiSet* s1 = create_MultiSet(&type_Integer);
MultiSet* s2 = create_MultiSet(NULL);
add_MultiSet(sl,create_Integer(28));
add_MultiSet(sl1,create_Integer(47));
add_MultiSet(s2,create_Integer(28));
add_MultiSet(s2,create_Integer(47));
add_MultiSet(s2,create_Integer(63));
changed = addAll MultiSet(s1,s2);
MYJIbTUMHOKECTBO S1 MeHsIeTCsl TaKuM 00pa3om:
1. { 28 }
2. { 28, 47 }
MYJIbTUMHO>KECTBO S2 MEHSIeTCS TakK:
3. { 28}
4. { 28, 47 }
5. { 28, 47, 63 }
[Tocne Bbi3oBa addAll_MultiSet MyIbTHUMHOXXECTBO S1 MeHSIeTCS TakK:
6. { 28, 47, 28, 47, 63 }
a mepemeHHasi changed cTaHOBUTCS paBHOU true.
clear_MultiSet

DyHKLIMA yAanseT U3 MyJIbTUMHOKECTBA BCe 3/IeEMEHTHI.
void clear_MultiSet( MultiSet* self )



MapameTpbl
self

O‘—II/IH_[aEMOE MYJIbTUMHO>X€CTBO.

[AononHutenbHasa uHopmauus
MultiSet* s = create_MultiSet(&type_Integer);
add_MultiSet(s,create_Integer(28));
add_MultiSet(s,create_Integer(47));
clear_MultiSet(s);

MYJIbTUMHO>XeCTBO S MEHseTCs I10 Mepe BBINTO/IHeHKA 3TOro KoJa Tak:

1. { 28 }
2. { 28, 47 }
3. {}

Tot xe pe3y/abTaT MOXXHO IMOJIYUHTh, Ilepeco31dB MY/IbTUMHOXXeCTBO:

MultiSet* s = create_MultiSet(&type_Integer);

s = create_MultiSet(elemType_MultiSet(s));

Ho Takoti cniocob meHee 3¢ddekTriBeH, uem BbI30B pyHKIMM clear_MultiSet.

contains_MultiSet
@DyHKLMS BO3BpalljaeT KPaTHOCTb BXOXK/J€HUS B MyJIbTUMHOXXECTBO 3JIeMeHTa, PaBHOTO JaHHOMY.
int contains_MultiSet( MultiSet* self, Object* ref )

MapameTpbl
self
IIpoBepsieMoe My/IbTUMHOXKECTBO.

ref

3HaueHue CHeL[I/I(bI/IKaL[I/IOHHOFO THUII4, MTOHUCK KOTOPOIr'o IIPOUCXOANT B MYJIbTUMHO>XECTBE.

Bo3Bpawaemoe 3HayeHue

KpaTHoCTb BXOXZeHUs B My/JIbTUMHOXXeCTBO self snemeHrTa ref.

[AononHutenbHasa uHopmauus

Ecnn MYJIbTUMHOXXECTBO THUIIM3WUPOBAHO, TO THII 3JIEMEHTA ref AOJ/DKeH COBIIaddaTb C THUIIOM
3JIEMEHTOB MYJ/IbTUMHO>KEeCTBA.

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));



MYJ'ILTI/IMHO)KECTBO S MeHdeTCd 110 Mepe BBITIO/IHEHMS 3TOro KO/Jia Tak:
1. { 28}
2. { 28, 47 }
3. { 28, 47, 28 }

3HaueHMe ITepeMeHHOl contains mocie Bbi3oBa contains_MultiSet GyzeT paBHO 2.

containsAll MultiSet

OHPEAEHHET, AB/IAETCA JIM OAHO MYJIbTUMHOXXECTBO IMOAMYJIbTUMHO>XE€CTBOM ADPYroro, TO €CThb,
COAep>XUT JIM repBoe MYJIbTUMHO>XeCTBO BCe 3/IeMeHTEI BTOPOTO.

bool containsAll_MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

My/nbTUMHOXKECTBO,  KOTOpOe  HY)XXHO  IIPOBEPUTb  Ha  COJepykaHue  3JIeMeHTOB
MyJ/IbTUMHOXXeCTBa set.

set

[IpearionoxurenbHOe TTOAMYJ/IBTUMHOXKECTBO Self.

Bo3Bpawaemoe 3HauyeHue

true, eciiu BCe 3/1eMeHThl My/JIbTUMHOXKeCTBa Set cofiepkaTcs B MyJIbTUMHOXKecCTBe self. false
B JIFOOOM JIpyTOM CJlydae.

[JononHutenbHaa nHopmayma
bool contains;
MultiSet* s1 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(s1,s2));

contains = containsAll_MultiSet(s2,s1));
MYJIbTUMHO>KECTBO S1 MeHsieTCsl TaKuM 0bpa3om:

1. { 28 }

2. { 28, 47 }
MYyJIbTUMHO>KEeCTBO S2 MeHsIeTCsl TakK:

3. { 28}

4. { 28, a }
5. { 28, a, 47 }



[Tocne mepBoro BeI3oBa containsAll MultiSet mepemeHHasi contains CTaHOBUTCS paBHOMU
false, a mocie BTOpOro Bei3oBa — true.

create_MultiSet

cI:)yHK]_[I/ISI CO34a€T MYJIbTUMHOXECTBO KW BO3BpdallldeT CHEL[I/I(I)I/IKaL[I/IOHHy}O CCbUIKY THIIa
MultiSet.

MultiSet* create_MultiSet( const Type *elem_type )

MapameTpbl
elem_type

Yka3zarenb Ha KOHCTAHTY-AEeCKPUIITOP TUIIA 3JIEMEHTOB MYJ/IbTUMHOXXECTBA.

Bo3Bpawaemoe 3HayeHue

CrierjudyKalioHHasi ccbika Tra MultiSet Ha BHOBb CO3/JaHHOE MYJIbTUMHOKECTBO.

[AononHutenbHasa uHopmauus

Ecnv napametp elem_type HyneBOM, TO TUIIBI 3JIEMEHTOB MYJIbTUMHOXXeCTBA He OrPaHUYeHBbl.
MultiSet* s1 = create_MultiSet(NULL);
MultiSet* s2 = create_MultiSet(&type_Integer);

ITepBbIM BBI30BOM Create_MultiSet co3saHO My/JIBTUMHOKECTBO, B KOTOPOe MOXXHO BKJ/IFOUATh
nobble 371eMeHThl. My/bTUMHOXECTBO, CO3/JaHHOe BTOPHIM BBI30BOM, MOXKET CO/IepP’KaTh TOJIBKO
3jieMeHTHI Tuma Integer.

®yHkiusa create_MultiSet omnpezeseHa Hapsiy CO CTaHAApPTHOM (DYHKLMM create.
MultiSet* s1 = create(&type_MultiSet, NULL);
MultiSet* s2 create_MultiSet (NULL);

[Ba rokasaHHbIX criocoba co3fiaHus Crielu(prKalMOHHOM CChIIKM (YHKIIMOHAIbHO SKBHBalIe€HTHBI,
OJJHAKO WCTIO/Ib30BaHHe Create He sB/seTCS TUIOOE30TMacHBIM ¥ BBI3bIBAET IPeAYIPEXeHHe
TpaHc/asTopa (CM. onvcaHve QyHKLUM create).

elemType_MultiSet

®yHKIMS BO3BpalljaeT yKa3are/lb Ha KOHCTAHTY-/IeCKPUIITOP CIelU(PUKALIMOHHOTO THIa, KOTOPbIM
OrpaHuyeHbl 3/1eMeHThI JaHHOTO MYJ/IbTUMHO>KeCTBa.

Type *elemType_MultiSet(MultiSet* self)

MapameTpbl
self

MYJ/IbTUMHOKECTBO, OTPaHUUEHUsI KOTOPOTO JJ0/DKHA BEPHYTh (DYHKLKSI.

Bo3Bpawaemoe 3HayeHue

Yka3zaresb Ha KOHCTAHTY-A€CKPUIITOPD CHEI_II/I(I)I/IKaL[I/IOHHOFO THUII4, KOTOPBIM OI'PdHHUY€HBbI 3HAUE€HHA
AAaHHOT'O MYJIbTUMHO>XECTBA.

Ec/iu My/bTUMHOKECTBO He THIMUA3UPOBAHO (TIPU CO3[jaHUM He ObI/I0 HAJI0XKeHO OrpaHWueHU Ha
TUTIBI 37IeMeHTOB), (DyHKILIMs Bo3BpaliiaeT NULL.

[JononHutenbHasa nHgopmayus
MultiSet* s = create_MultiSet(&type_Integer);



Type *t = elemType_MultiSet(s);
[TepemenHasi t nmpriobpeteT 3HaueHue &type_Integer.

get_MultiSet

CDYHKL[I/IH BO3BpdlliaeT CHEL[I/I(i)I/IKaL[I/IOHHy}O CCBUIKY Hd 3J/IEMEHT C 3dJdHHBIM HOME€POM; 3/IEMEHThI
MYJIbTUMHO>KECTBA IMPKW 3TOM HYMEPYIOTCsA IPOMU3BOJIEHO.

Object* get_MultiSet( MultiSet* self, int index )

MapameTpbl
self

MYJ/JIbTUMHOKECTBO, 3/IeMEeHT KOTOPOT'O ZI0/KHA BEPHYTh (PYHKLMSI.

index

Howmep s1emeHTa, KOTOPBIN [J0/PKHA BEPHYTh (DYHKLIMS.

Bo3Bpawaemoe 3HayeHue

CrierjudrKalioHHas ccbljika Tvra Object.

[AononHutenbHasa uHopmauus

Ota GyHKUMA CIyKUT A nepebopa  BCeX 3/IEMEHTOB MYJ/IbTUMHOXKeCTBA. [TOCKOJIBKY
MYJIbTUMHOKECTBO HEYIIOPSIZI0UEHO, 3/IEMEHThl HyMEPYIOTCSI HEKOTOPBIM MPOU3BO/IbHBIM 00pa3oMm.
Homep no3vumn Jo/KeH HaXO4UThCsl B UHTepBasie OT O [0 pa3Mepa MyJbTUMHOXKeCTBa — 1, T. e.
0@ < index < size_MultiSet(self).

MultiSet* s1 = create_MultiSet(&type_Integer);

MultiSet* s2 = create_MultiSet(&type_Integer);

int 1i;

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(s1l); i++)

add_MultiSet(s2, get_MultiSet(si,i));

equ = equals(sl,s2);
MYJIbTUMHO>KE€CTBO S1 MeHsieTCsi TI0 Mepe BbITIOJTHEHUSI 9TOTr0 Ko/la TakK:

1. { 28 }

2. { 28, 47 }

3. { 28, 47, 63 }
3HaueHHe TIepeMEHHOM equ Tocjie BbI3oBa equals Oyzer paBHO true, MOCKOJBKY B I[UK/IE BCe
371eMeHThI S1 OyayT J06aB/ieHbl B S2, TO €CTh MyJIbTUMHOXXeCTBA Oy/IyT paBHBI.
isEmpty MultiSet
DYHKIMS TIPOBEPSIeT, MyCTO JIM JaHHOE MY/IbTUMHOXXECTBO.

bool isEmpty_ MultiSet( MultiSet* self )



MapameTpbl
self

[TpoBepsieMoe My/IbTUMHOKECTBO.

Bo3Bpawaemoe 3HayeHue

true, ecyii B MyJIbTUMHOXKECTBe HEeT HA OJHOTO yieMeHTa U false B obpaTHOM ciyuyae.

[AononHutenbHasa uHopmauus
bool empty;
MultiSet* s = create_MultiSet(&type_Integer);
empty = isEmpty_MultiSet(s);
add_MultiSet(s,create_Integer(28));
empty = isEmpty_MultiSet(s);

3HaueHHe TIepeMeHHOM empty Toc/ie TIepBOro BbI3oBa iSEmpty MultiSet Oyzer paBHO true, a
rocse BToporo (Korja B MyJIbTUMHOKecTBO OyzeT fobaBneHo uncio 28) — false.

remove_MultiSet

@OyHKLYS OAHOKPATHO yJajsieT 3/IeMeHT U3 MY/JbTUMHOXECTBA (T.e. KPaTHOCTb BXOXK/EHUSI 3TOr0
3/1eMeHTa B My/IbTHMHO)KECTBO YMeHbILIaeTcst Ha 1).

bool remove_MultiSet( MultiSet* self, Object* ref )

MapameTpbl
self

MYJILTUMHOXXECTBO, U3 KOTOPOT'0 VAA/IAETCA S1€MeHT.
ref

YAaHHEMbIﬁ W3 MYJIbTUMHO>KECTBa 3/IEMEHT.

Bo3Bpalyjaemoe 3HayeHue

Eciu B pe3ysibTaTe BbIUMTAHUSI U3 MYJIbTUMHOKeCTBa Self Obln yzaneH XOTs Obl OIUH 3JIeMEHT,
GbyHKIMs Bo3Bpaitjaet true. B mobom apyrom ciyuae — false.

JononHutenbHasa nHcpopmauus

Ecmn MYJIbTUMHOXECTBO THUIIM3MPOBAHO, TO THUII 3J/IEMEHTA ref AOJ/DKeH COBIaJaTb C THIIOM
3JIEMEHTOB MYJIbTUMHO>XECTBA.

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));

MYJIbTUMHO>XeCTBO S MEeHseTCs I10 Mepe BBITIO/IHEHKA 3TOr'0 KOJa TaK:

1. {28}



2. { 28, 47 }
3. { 28, 47, 28 }
4. { 47, 28 }

3HaueHue repeMeHHoN changed mocsie mepBoro Bbi3oBa remove_MultiSet Oyzer paBHO true, a
nocse BToporo — false.

removeAll _MultiSet

Bbruvtaet OOHO MYJ/JIbTUMHOX>XECTBO M3 [Jpyroro: yaadjadeT H3 IepBOro MYJ/JIbTUMHOXXeCTBa Te
3JIEMEHThI, KOTOpPbIe €CTb BO BTOPOM.

bool removeAll_MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

MYJIbTUMHO>XECTBO, U3 KOTODOI'0 yAd/IAKTCA 3/7IEMEHTHI.
set

MYJ/JIbTUMHOJKECTBO, 3/IeMeHTbl KOTOPOTr0 yAa/stoTcs U3 self.

BosBpawaemoe 3HayeHue

Ecnu B pe3ysibTaTe BBHIUMTAHUS U3 MY/IbTUMHOXKECTBA Self Obln yjaneH XOoTs Obl OAUH 3/1eMeHT,
¢byHKims Bo3Bpaiaet true. B mobom gpyrom ciyuae — false.

[JononHutenbHasa nHgopmayus
bool changed;
MultiSet* s1 = 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(s1,s2);

MY/bTUMHOKECTBO S1 MeHsIeTCsl TaKUM 0Opa3oMm:
1. { 28 }

2. { 28, 47 }
3. { 28, 47, 28 }
4. { 28, 47, 28, 63 }

MYJ'ILTI/IMHO)KECTBO S2 MEHSeTCd TaK:
5. { 28 }

6. { 28, 47 }

ITocne Be13oBa removeAll MultiSet B My/IbTUMHOXeCTBe S1 OCTarOTCS 3JIeMEHThl 28
(ogHOKpaTHO) U 63, a repeMeHHasi changed CTaHOBUTCSI paBHOM true.



removeCount_MultiSet

@OyHKIMS yMeHbIlIaeT KpaTHOCTb BXOXK/I€HMsl JIaHHOTO 3jleMeHTa B MY/JIbTUMHOMKECTBO Ha
YKa3aHHYIO BeJIMUMHY.

int removeCount_MultiSet( MultiSet* self, Object* ref, int count )

MapameTpbl
self

MYJIbTUMHO>XeCTBO, U3 KOTOPOI'0 yAA/IeTCHd 3/IeMeHT.
ref

Y pansieMblil U3 MyJIbTUMHOXKeCTBA 37IeMeHT.
count

Ha ckonbsko TpE6y€TCH YMEHbLIIUTb KPATHOCTH BXOXXAEHKA 3/IeMEHTA B MYJIbTUMHO>KECTBO.

Bo3Bpawaemoe 3HauyeHue

KonnyecTBo peanbHO yJa/eHHbIX BXOXK/EeHUU 37ieMeHTa ref B My/IbTUMHOKeCTBO Self.

[AononHutenbHasa uHopmauus

Ecm MYJIbTUMHOXECTBO THUIIM3MPOBAHO, TO THWII 3JIEMEHTA ref JOJ/DKeH COBIIagdaTb C THUIIOM
3JIEMEHTOB MYJ/IbTUMHO>KeCTBa.

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);

MYJIbTUMHO>KeCTBO S MEHseTCsA I10 Mepe BBINIO/IHeHKA 3TOro KoJa Tak:

1. { 28 }

2. { 28 47 }

3. { 28 47 28 }

4. { 28 47 28 28 }
5. { 47 28 }

6. { 47}

[Tocne nepBoro BeI3oBa removeCount_MultiSet nmepemeHHasi changed cTaHOBUTCSI paBHOM 2, a
rnocse Broporo — 1.

removeFull MultiSet

@DYHKLMS TIOJHOCTBIO y/jansieT 3/eMEeHT U3 MYJIbTUMHOXXeCTBa (T.e. KpaTHOCTb BXOXKJEHHSI 3TOrO
371eMeHTa B MYyJIbTUMHO)KECTBO CTaHOBUTCS paBHa 0).

int removeFull MultiSet( MultiSet* self, Object* ref )



MapameTpbl
self

MYJILTUMHOXXECTBO, 13 KOTOPOT'0 YIA/IAeTCA SJ1€MeHT.
ref

YAaﬂﬂEMBIﬁ W3 MYJIbTUMHO>XECTBa 3/IEMEHT.

Bo3Bpawaemoe 3HayeHue

KomnuectBo pea/IbHO yAd/IEHHBIX BXO)KAEHI/Iﬁ s7eMeHTa ref B MYJIbTUMHO>X€CTBO self.

[AononHutenbHasa uHopmauus

Ecnn MYJIbTUMHOXECTBO THUIIM3MPDOBAHO, TO THIT 3/IEMEHTA ref JOJ/DKeH COBIIaddaTb C TUIIOM
3JIEMEHTOB MYJ/IbTUMHO>KeCTBA.

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>KeCTBO S MEHseTCsA I10 Mepe BBINIO/IHeHKA 3TOro KoJa Tak:

1. { 28 }

2. { 28, 47 }

3. { 28, 47, 28 }

4. { 47 }

[Tocne Bbi3oBa removeFull _MultiSet nmepemeHHasi changed CTaHOBUTCS paBHOM 2.

retainAll_MultiSet

Brruucnsier nepeceyeHrue MYJbTHUMHOXXECTB: OCTaBJ/II€T B IMMEPBOM MYJIbTUMHO>XECTBE TOJIBKO Te
J3JIEMEHTEI, KOTOPbIE€ €CTh BO BTOPOM (C yueToM KpaTHOCTI/I).

bool retainAll_MultiSet( MultiSet* self, MultiSet* set )

MapameTpbl
self

[TepBbIfi apryMeHT TiepeceueHHss MYJbTUMHOXeCTB. OTO MY/JIbTUMHOXKECTBO OyJeT XpaHWTh
pe3yJbTaT repeceueHvsl.

set

BTOpOﬁ dPTYMEHT I1epeceuyeHud MYJ/IbTUMHOXECTB.

Bo3Bpawaemoe 3HayeHue
true, ecJyin B TIlepeCcedyeHHUu MYJ/IbTUMHOXeCTB 3JIEMEHTOB II0JIyUW/IOCb MeEHbIIe, YeM B

My/IbTUMHOKecTBe self. B mobom apyrom ciyuae — false.

[ononHutenbHaa nHopmayma
bool changed;



MultiSet* s1 = 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(s1,s2);

MY/IbTUMHOKECTBO S1 MeHsIeTCsl TaKUM 00pa3oMm:
1. { 28}
2. { 28, 47 }
3. { 28, 47, 28 }
4. { 28, 47, 28, 63 }
MYJIbTUMHO>XeCTBO S2 MeHSIeTCs TaK:

5. { 28 }
6. { 28, 47 }

[Tocne BeI30Ba retainAll_MultiSet B My/JbTUMHOXeCTBe S1 OCTarOTCA 3JieMeHThl 28 u 47, a
nepemeHHasi changed CTaHOBUTCSI paBHOU true.
size_MultiSet
@yHKLUSA BO3BpalLjaeT KOJIMUeCTBO 3/IeMEeHTOB MYJ/IbTUMHOXKeCTBa.
int size_MultiSet( MultiSet* self )

MapameTpbl
self

MYJIbTUMHO>X€CTBO, MOILIIHOCTE KOTOPOT'O AO/I)KHA BEPDHYTb Cl)y'HKL[I/IH.

Bo3Bpawaemoe 3HauyeHue

TouHOe KOJIMYeCTBO 3/IEMEHTOR B MYJ/IbTUMHOXeCTBe S elf.

[JononHutenbHasa nHgopmayus
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);
[Tocne mepBoro BbI30Ba Size MultiSet mepeMeHHas Size CTaHOBMUTCS paBHOM Hysmw0. Ilocie

BTOpOTO BbI30Ba Size_ MultiSet mepeMeHHast paBHa 2: B MYJbTUMHOXeCTBO Obi0 /00aBIeHO
Z1Ba (paBHBIX) 3/1eMeHTa.



toList_MultiSet

OyHkius  Bo3BpamiaetT crnuMcok (List), cocrosiuuii U3 BCeX 3/eMEeHTOB  JJAHHOTO
MYJIbTUMHO>KECTBA.

List* toList_MultiSet( MultiSet* self )

MapameTpbl
self

[laHHOEe MYJIbTUMHOKEeCTBO.

Bo3Bpawaemoe 3HayeHue

CrierjudvKallioHHasi cCbika Tvra List.

AononHutenbHasa nHpopmauus

[Topsimok >5/1eMeHTOB B CIKCKe He omnpeferneH. Bo3Bpaijaemblii COMCOK COXPaHSIET TUMM3ALUI0
MYJIbTUMHO’KECTBA: eCJT 3JIeMeHTbI MYJIbTUMHOKeCTBa ObIM OrpaHWYeHbl KaKUM-JIN00 TUTIOM, TO
Y 3JIEMEHThI CITUCKA OyIyT OrpaHUU€eHbI TEM Ke THUTIOM.

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);

MYJIbTUMHO>XeCTBO S MEHseTCs I10 Mepe BBINTIO/IHeHKA 3TOro KoJa Tak:
1. { 28 }
2. { 28, 47 }
3. {28, 47, 28 }

Criucok 1, Bo3BpallleHHbIM  (QyHKLUeN toList_MultiSet, COZepXAT  3JIeMEeHTHI:
< 28, 47, 28 >; OHU MOT'yT pacriosaraTbcs B nroboM [opsifKe. Bri3oB
elemType_MultiSet (1) Bo3Bpaijaer &type_Integer.

toSet_MultiSet
®yHKI1Ms Bo3BpalllaeT MHOKeCTBO (Set), cojeprkailiee Bce 3/ieMeHThI JAHHOT'O MY/TbTUMHOXXeCTBa.
Set* toSet_MultiSet( MultiSet* self )

MapameTpbl
self

,Z[aHHOE MYJIbTUMHO>XXECTBO.

Bo3Bpalwaemoe 3HayeHue

CrieLipyKaliiOHHasI CChIIKa Tua Set.



[AononHutenbHasa uHdopmauus

B03Ban_laeMOE MHOXeCTBO COXpdHAeT THUIIM3dUWUI0 MYJIbTUMHO>XECTBA: €C/JIM  3JIEMEHTHI
MYJIbTUMHO>XXeCTBd ObLIH OrpaHHY€HbI KaKUM-/1100 THUIIOM, TO W 3J/IeMeHTbl MHO>KeCTBa 6y,ILYT
OrpaHHUY€HbI TEM JKe TUIIOM.

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);

MYJ'ILTI/IMHO)KECTBO ms MeHseTCsd I10 Mepe BBITIO/THEHMS 3TOr'0 KOJd TadK:
1. { 28

2. { 28, 47 }
3. { 28, 47, 28 }

MHOKeCTBO S, BO3BpallleHHOe GyHKIMell toSet_MultiSet, cogepkuT ssmemeHThl: { 28, 47 }.
Bri3oB elemType_MultiSet (s) Bo3Bpaujaetr &type_Integer.
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