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BBepeHue

IMon eepugpuxayueti annapamypsl OOBIYHO TOHUMAETCS TPOLIECC MPOBEPKH €€ noseoeHus Ha
COOTBETCTBHE €€ cneyuguxayuu. Takoil mporecc MOXKeT ObITh clelaH opmanbHO, ¢ TOMOIIBIO,
HanpuMep, IPOBEPKH MOJENEH, aBTOMAaTHMYECKOIrO JIOKa3aTeabCTBA TEOpeM U Jp. Takxke
BepUUKaLKs MOXKET OBITh IPOBEJICHA NIPU UMUMAYUOHHOM MOOENIUPOBaAHUY MOIYJIS anmapaTypsl ¢
IIOMOUIBIO CUMYIAMOPA.

Y4YuThIBas CIOXHOCTh IPOBEPSIEMBIX MOJICNICH amnmapaTrypbl, OOBIYHO Tiepen COOCTBEHHO
BepudUKanueid HEOOXOJAMMO pPEIIUTh 3aJady aBTOMaTH3aluh. Yem OoJbIle TPOIECCOB OymyT
JenaThCsl aBTOMATUYECKH, YeM MEHbIIEe TOTpedyeTcss pydHoro tpyna, teM 3¢ dexkruBHee Oymer
MIPOUCXOUTH MTpoBepka. He 3aTparuBas popmanbHble METOBI BepUPUKAIUY, B JTAHHOM KYpCE€ MBI
OCTaHOBUMCS Ha MUCIOJIH30BAHUU TOJLKO UMHTAIMOHHOTO MOjenupoBanus. [Ipuuem, naiee pedb B
OCHOBHOM OYJIeT UATH 00 OJHOM M3 CYMIECTBYIOIIMX HMHCTPYMEHTOB BEpPHU(PUKAIIMU aIlaparypel,
co3manHoM B MHctuTyTe cucremHoro nuporpammupoBanus PAH. Bo3mokHOoCcTH MHCTpyMeHTa
MTO3BOJISIFOT TOBOPHUTH O HEM, KaK O MOIITHOM U BIIOJHE COBPEMEHHOM perieHuu. Mrak, peus Oymer
uaru o6 ucnons3oBanuu C++TESK Testing ToolKit.

C++TESK Testing ToolKit peanusyer moaxox K BepupHKAIUd HAa OCHOBE HMHUTAIMOHHOTO
MojenupoBaHus. OCHOBHBIM 3JIEMEHTOM HWHCTPYMEHTA SIBJISICTCS €ro s0po — OuOIMoTeKa,
pealin30BaHHas Ha si3bIkax nmporpammupoBadus C u C++. Bce KOMIIOHEHTHI si/ipa CKOMIIOHOBAHbI B
OJIMH TaKeT U JOCTYIHBI 1o aapecy http://forge.ispras.ru/projects/cpptesk-toolkit/files. Uuctpyment
MpeIHA3HAYCH JIJIS CO3JIaHUS TECTOBBIX CHUCTEM C HCIOJIb30BaHHeM C++ i pa3IMuHBIX MOJCICH
CUHXPOHHOU annapamypsl Ha PA3IUIHBIX YpogHsax abcmpakyuu. TECTOBbIE CHCTEMBI CO3JIAIOTCS C
HCIIOJIb30BaHUEM JIIOOBIX CPEJCTB, MpeaocTaBisieMblx C++, Ha OCHOBE I0JIX0Jla, MAKpOCOB H
KJaccoB, onpenenenHpix C++TESK Testing ToolKit.

[Ipy co3maHUM TECTOBBIX CHCTEM JUISi MMHUTALMOHHOTO MOJICIHMPOBAHUS OOBIYHO PEIIAIOTCS TPH
OCHOBHbBIC 3aJ[a4d: HOCMPOEHUsI MeCMOoBOU NOCIe008aMeNbHOCMU, OYEHKU NPAGUIbHOCIU
noeedenuss M oyenku nornomor mecmuposanus. C++TESK Testing ToolKit mo3Bonsier cTpouts
MOCJIEI0BATENLHOCTH JIBYX THIIOB: COCMAsIseMble Ha KaXIOM TAKTe MOJCTHUPOBAHUS CIVUALHO W3
3apaHee ONMUCAHHBIX CTHMYJIOB U nojyudemvle TAHAMHUYECKH HA OCHOBE TEXHUK 00X00d HESBHO
3aJIaHHBIX KOHeuHbix aemomamog. OleHKa MPaBUIbHOCTH MOBEICHHS OMPEACNACTCS Ha KaXKIOM
TaKTe HA OCHOBE UCHOJIHUMOU IMALOHHOU MOOeU, CO3TAHHON Pa3pabOTYMKOM TECTOBOW CHCTEMBI,
Ha TOM WJIM WHOM ypOBHE aOCTpakiuu. Takke MOXET OBITh HCIOJIB30BaHA CTOPOHHSIS MOJIEIb,
HAIpUMep, cumyaamop cucmemsl. [lonnoma (3aKoHUeHHOCMb) MeCmupoganus OTPEAeIeTCs T100
[0 KOIUYeCmsy MAakmoe mecmupoéanus Ui CIydailHO BBHIOMpAaeMbIX BO3/eHCTBHUif, OO Ha
OCHOBE UHpOpMayuu 0 3a6epuleHHOCMU 06X00a KOHEUHO20 A6MOMAmd.

061_]_[2[51 cXeMa TeCTOBOM CHCTEMEI MMpeaAcCTaBJICHA Ha pHUC. 1.
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rEHEpEITDp OTHETOE O TECTHROEIHWIA

Puc. 1. O01asa cxema TeCTOBOU CUCTEMBI
PaccmoTpuM KpaTko 37€MEHTHI, IPEICTaBICHHBIC Ha IaHHOM 00IIel cxeme:

1. I'enepamop cmumynos - KOMIOHEHT, CO3/AIOIIMNA MOTOK BXOAHBIX BO3ACHCTBUI (CTUMYJIOB);
HACTPAMBAETCS C MOMOILBIO CLIECHAPUEB TECTUPOBAHUS;

2. Tecmosbiti opaky; - KOMIIOHEHT, IPHHUMAIOIINI MOTOKH JaHHBIX OT T€HEpPaTopa BO3ACUCTBUI U
OT LICJIEBOTO KOMIIOHEHTA, MEPEJAIOIINUN IOTOK CTUMYJIOB OT T€HEpaTopa LIEJIEBOMY KOMIIOHEHTY,
OLICHUBAIOIIHNIA KOPPEKTHOCTH NOBEACHUS LIEJIEBOTO KOMIIOHEHTA;

3. Lenesoti komnoxnenm - MOJENb ammaparypsl, pa3paboTaHHAs HA OJHOM U3 S3bIKOB OINMMCAaHUS
anmapaTypsl (B JaHHOM citydae, Verilog), npiuHuMaromas moTok CTUMYJIOB U OTBEYAIOIAs Ha HEro
peaKknMsIMHU, KOTOpble HE0OX0IUMO IPOBEPUTH;

4. Coopwuk nokpwvimus - KOMIOHEHT, coOMparomuii nHpopMalHio 0 GYHKINOHATIBHOM MOKPHITUH
ATAJOHHOM MOJENH, KOTopas B OOIIeM cilydae BiIMsAeT Ha paboTy reHeparopa CTHMYJIOB C
MIOMOIIBI0 HHPOPMALIUHU 00 YK€ TOCTUTHYTOM MOKPBITHH,

5. I'enepamop omuemos o mecmuposanuy - KOMIIOHEHT, CO3/AlOIIUI OTYETHI-TPACCHl TECTOB C
nH(popmMalren o MPOWJECHHBIX MEepexXoaax, JOCTUTHYTOM MOKPBITHH, HAli/IGHHBIX OIINOKaX U Jp.

Jlanee no maram OyyT pacCMOTPEHBI CIIEAYIOIINE BOPOCHI:

¢ QaHaJiu3 OOKYMCHTAllMU IPHUMCHUTCIIBHO K pa3pa60TKe TECTOBBIX CHUCTEM C IIOMOLIBIO
C++TESK Testing ToolKit;

CO3JIaHNE TECTOBBIX OPAKYJIOB, BKIIFOUYAs STAIOHHBIE MOJICIA U HX METUATOPHI,
orpeneieHne MoieH (PYHKIIHOHAIEHOTO MOKPBITHS;

HACTpPONKa TeHepaTOPOB CTUMYJIOB;

COOCTBEHHO TECTUPOBAHUE.
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1. AHanNM3 AOKyMeHTauuu: BblaeneHune (pyHKLMOHANbHOCTU WU
UHTepdencos

Ilon eepugurayueri KOMIIOHEHTa MBI TOHMMAaHHUEM IIPOLIECC COOTHECEHHsI €ro HalJI01aeMOro
noBeeHUs TpeOoBaHUAM K HeMy. MHaue roBopsi, Bepu(uKamnus — 3TO yCTAaHOBICHHE COOTBETCTBHUS
MEXIy IOBEJCHHUEM TecTupyeMoil Moaenu u ee crnenudukanusMu. CraenoBaTeslbHO, TOMUMO
COOCTBEHHO MOJyJsl, B HAIlleM pACHOPSHKEHUH JIOJDKHA OBITh cneyuguxayus HA MOAYIb —
JOKYMEHT, pa3palaThiBaeMblii B Hayalle MPOEKTUPOBAHUS M HEMHOT0 MOAU(UIHMPYEMBIH B €ro
nporiecce, coepKalnii CBeIeHus 0 PYHKIIMOHUPOBAHUH MOTYJISL.

B peanbHO# KM3HM BO3ZHUKAIOT CUTYAIMH, KOTJa CIICHU(pHUKAIIMA OY€Hb CKYIHBIE, THO0 X BOOOIIE
HeT, a pa3pabdOTYMKH OrPAHUYMINCH CIIMCKOM CHTHAJIOB 6XOOHbIX W GbIXOOHLIX UHMep@elicos
TECTHPYEMOr0 MOAYJs. B Takux ciaydasx HTpOBOIUTH BEepU(PUKALMIO 3aTPyTHHUTEIBHO, TaK Kak
CKa3aTh, YTO KaKOE-TO IOBEJCHUE TECTUPYEMOIO MOJIYJs OUIMOOYHO, MOXKHO TOJIBKO MMes Ha
pykax uHGOpPMAIMIO O TOM, KAaKUM OHO JOIDKHO ObITh. Torja NpUXOIUTCS OIpalINBaTh
pa3pabOTYMKOB MOJIYJS, CaMOCTOSITEJIbHO COCTABIATH CIMCOK TPEOOBaHHA, KOTOPHIM JIOJDKHO
VIIOBJICTBOPATh TECTUpyeMoe ycrpoiicTtBo. OOmamasi crnuckoM TpeboBaHui (crienupukamnuei),
MOYXHO HAa4MHATh Pa3pabOTKy TECTOBOW CHCTEMBI.

[IpakTuka mNOJACKa3bIBAET, YTO MPEICTABIATH CHEUU(UKALNNA, OCOOCHHO NOTaKTOBbIE, YI0OHO
CIIEAYIOIINUM 00pa3zoMm:

1. B BuAE 6210k-cxem (cm. puc.l).

Ha4ano
10-WRITE

1 TakTt

Mony4eHne 3anpoca
no BXOOHOMY WHTepdecy
I0-WRITE (#20)

17(19),
\ 4 33(37) TakTOB

MpwreM ovepenHON NOpUKXK
O3HHLIX NO UHT. #20 K
coxpaHeHune ee B FIFO#21

!

Puc. 1 [Ipumep 6110K-CXeMBI ISl OTACTBHOM onepanuu

brok-cxemMa MO3BOJNISET OMUCATh TMOBEACHHE ASTATOHHOW MOJENHM C JIFOOBIM MPHUOIMKEHHEM K
MOTakTOBOM TouHOCTH. Ha puc. 1 m3o0paxeno abcrpaktHoe mpeacraBienue onepanuu |0O-WRITE
(3anuck o kanany 10), koTopoe HauMHAETCs ¢ OJHOTAKTOBOrO 3ampoca mo unrepdeiicy 20. Ha
CIEAYIOIIEM TaKTE MOCJIE 3ampoca OCYIIECTBIAECTCS MPUEM JaHHBIX, KOTOpbIM murcs 17, 19, 33
unu 37 TaKTOB B 3aBUCMMOCTH OT JUIMHBI JAHHBIX U HAJIMYKS MAcKH CpeJld MepeaBaeMbIX JaHHBIX
(manHas OJOK-cCXeMa SIBIAETCS HEJOCTaTOYHOW JUIsi TOCTPOCHHS OSTAJOHHOW MOJENH, K Hel
MpUJIaranach maoauya NOMaxkmosol packiaoku, 0 KOTOpod Oyaer pacckazano panee). [locne
MOJIy4EHUs BCEX NAHHBIX M UX COXPaHEHUs, BBIIOJIHEHUE ONepaliy 3aKaHYNBAETCS.

B G10k-cxemax 0OBIYHO MPUCYTCTBYIOT CIIEAYIOMNE 0003HAYCHHUS:
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OBaJIbHBIMHU CHUMBOJIaMU 0603Ha‘-laIOTC$I TOYKH HaydaJla U KOHIla onepaunﬁ; B TOYKEC Haydaja
MMUIIETCI MHEMOHMYECKOE 0003HaYeHHE orcpanru, KOTOpas 6yI[eT HUCIIOJIHATBCA B
rpejiesax 3TOro MyTu KOHTPOJIS YIpaBICHUS;

npAMOYTOJIbHBIMU CHUMBOJIaMU 0603Ha‘-laIOTC$I 6JIOKI/I, BBIIIOJIHCHHUE KOTOPBLIX B HPOLECCCC
paboThI omepanuy, 3aHUMAaeT POBHO OJHMH TaKT HA JAaHHOM ypOBHE a0cTpakuuu. BHyTpm
0JI0Ka THILIETCs ONUcCaHue mpolecca (HYHKIMOHUPOBAHUS 3TalOHHOM Moxaenu. Psmom c
OJIOKOM JIOIyCKAaeTCs ONHUCAaHWE KOJMYECTBA PEATbHBIX TAaKTOB BBIOJHEHUS CTaJINH
TECTUPYEMBIM YCTPOMCTBOM, Jpyras BcloMmoraTelbHas HWHGOpMalus, MO3BOJISIONMIAs
COIIOCTaBUTh CXEMY pa3pabOTaHHOH 3TaJIOHHON MOJICIH;

POMOMYECKMMH CUMBOJIaMU 00O3HAUYaIOTCS MYTH BETBIIEHUS MOTOKA ympasieHUs. BHyTtpu
CHUMBOJIa JJOJIKHO OBITh ONKCAHO YCJIOBHE BETBJICHUS. BXoasmuii myTh AOHKEH ObITh OJIUH,
HUCXOOAAIINX HyTef/'I JOJIZKHO 6BITI: POBHO [1Ba,

BETBJICHHE IMOTOKA YIpaBJeHHUs 0003HAYACTCS KUPHOW TOUYKOM, U3 KOTOPOU UCXOMAST JBa
niu 0oJiee IOTOKA YIPaBJICHUS,

COCAMHCHUEC HCCKOJIbKHUX ITOTOKOB YIIPABJICHHA OCYHICCTBIIACTCA TAKXKC B )KHpHOﬁ TOYKE,
IIpHU 3TOM IIOTOKH YHPABJICHUA NPCAIOIAraroTCsa CUHXpPOHHU3UPOBAHHBIMU, T.C. YIIPABJICHUC
Ha BBIXOJIHOM MOTOK IepeAacTcs TOJIbKO B TOM CiIy4ae, KOTJa BBIMOJHATCS BCE BXOJHBIC
IIOTOKH.

2. B BUJIE mabauy nomaxmogou packiaoxku (cM. Taoi. 1).

Ta6un. 1. Ilpumep TaONUIBI MOTAKTOBOW PACKIAIKU ISl OTACIBHON ONepariu

Crumyn Berpienne 0 Muxkpoonepanus 0 Mukpoonepanus 1 Betsnenue 1 Betsnenue 2 Mukpoornepanus 2 Mukpoonepanus 3
PRE: BRANCH: PRE: PRE: BRANCH: BRANCH: PRE: PRE:
1) exuHOBpeMeHHO Moxker  |ecim val_mask=1 (B HET HeT ecin Wr64=0 (B |ecym val_mask=1 |ner HeT
paboTaTh TOJNBKO O/THA CTHMYJIE), Ha CIIe/TyIoNIeM cTuMyIe), (B cTHMYIIE), Ha
oriepauus [aHHOTO THIla 'TAKTE T0CJIE 10 Ia4Hi BBITNIOJIHEHUE CIIE/1YIOLIEM TAKTE
2) val_wr_data_buff_ CTHMYyJIa HAYHHAET ornepaunn noce
nreg_to_lO(0)=1 BBITIOJTHSATHCS 3aBepIIACTCS. BBITIOJTHEHHSI
mukpoonepanys 0. Mxaue Muaue HaunHaer |mukpoor. 1
HAYMHACT BBINOJIHATHCA BBITIOJIHATBCSA HayuHaeT
MHUKpOOIIepaus 1. BETBJICHUE 2 BBITIOJIHATBCSA
MHKpOOTI. 2.
Hnave HaunHaeT
BBITIOJIHATHCSA
Mukpoorr. 3.
'VcraHaBiuBaoTes ITo wr_data_ ITo wr_data_ TTo wr_data_ TTo wr_data_
TapamMeTphbl CTHMYJIa: from_IO[15:0] (i) from_IO[15:0] (i) from_IO[15:0] (i) from_IO[15:0] (i)
al_wr_data_ repeiaeTes Macka. nepenaercs 2 Oaiita mepenaeTcs Macka s [nepefaercs 2 Gaiita
from_IO (i)=1 (ctpob) Macka 3anuceiBaeTcs B |nanHbIX. JlanHbie BTOpPOIi yacTu 64- /TAHHBIX BTOPOI1 4acTu
r_data_ Oydep (21) (rybuna 4 |3anuceiBaiorcs B 6ydep GaiiTHOM nepeaun.  [64-6aiiTHOMN HOCBUIKA.
from_IO[15:0](i)={0-7} 32-x min 64-0all THBIX (21). Macka 3amucbiBaercst |[laHHbBIC 3aMHCHIBAIOTCS B
CTHMYJT TOJIA€TCS OJIMH TaKT. cnoBa). Jlannas MUKpoOOTIEpaIMs B Oydep (21). Gydep (21).
JlaHHasi MUKPOOIL nosropsiercs 16 pas JlaHHast MHKDPOOIL. JlaHHas MHKPOOIL.
roBTopsieTcst 2 pasa OIS noBTOpsieTcst 2 pasa  [noBTopsercs 16 pa3
TTOJIpS . MO, TOApPSI.
POST: POST: POST: POST:
Ha CIIe/IIOIIEM TaKTe Ha CJIe/IIOIIeM TaKTe HeT HeT
nocie val nocie val
curnan wr_data_buff_  |curnan wr_data_buff_
nreg_to_lO (0) (Homep |nreg_to_lO (0) (somep
sueiiku Oydepa (21), B |aueiiku Oydepa (21), B
KOTOPYIO IPOUCXOJUT  |KOTOPYIO IPOHCXOJUT
3aIIMCh) MEHSETCS Ha 3aIHCh) MEHSETCS Ha
HOMep creyromei HOMEp crieyromeit
cBO0O/THOM SUCHKH; MM |CBOOOIHOM SUESHKH; HITH
Ha 8 B ciyyae ee Ha 8 B ciydae ee
OTCYTCTBHUS OTCYTCTBUS
INPUT: INPUT: INPUT: INPUT: INPUT:
al_wr_data_from_IO(i) - crpo6 wr_data_ wr_data_ wr_data_ wr_data_
r_data_from_IO[15:0](i) cocront n3 from_IO[15:0] - macka |[from_IO[15:0] - nanmsie from_IO[15:0] - from_IO[15:0] - nannsie
- [15:3] - peseps; Macka
- [2] A5 - npu3Hak 3anucH BO BTOPYIO MOJIOBHHY 64-
6aiiTOBOI STUCHKH;
- [1] wr64 - npusHak 64-6aiiTOBOM MOCKITKH;
- [0] val_mask - Gyzer macka wuiu Her.

Takas

Ta6J'II/II_[a OTO6pa)KaCT MMOBCACHHUEC TCECTHUPYEMOTO MOAYJA C IMOTaKTOBOM TOYHOCTEBIO,

nHpopManuss B HEM COOTBETCTBYET OJIOK-CXEMeE, CIYXHUT Ui JaTbHEHIIEro MPOSKTHUPOBAHMS
MOTAKTOBBIX JTaJOHHBIX Mojeneil. Tabmmma co3maercss AN KaKIOW OTAETHHOW OMepaiuu,
BBITIOJTHSIEMOW TECTUPYEMBIM MOayJieM. [IepBoil KOJIOHKOH siBIsieTcss HH(GOpMAITUsS O CTUMYIIE, T.€.
MOCBUIKE B TECTUPYEMBIH MOAYNb, Ha4yMHAWOLIEH omnepauuto. I[IpuBoaurcs uHPOpManus o
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MPEIyCIOBUU 3aIlyCKa omnepanuu (T.e. TEX YCIOBHSX, KOTOPBIE JOJKHBI OBITh BBITIONHEHBI IS
Hayana paboThl omepanuu), o0 yCTaHaBIMBAaEMbIX BXOJHBIX curHanmax. Cpeau mHOCIEAYIOUINX
KOJIOHOK MOTYT OBITh KOJIOHKH YETHIPEX THUIIOB, COOTBETCTBYIOIIUX OJIOK-CXeMaM: MUKPOOIIEPAIHS
(oOoMH TaKT Ha JAHHOM YpOBHE aOCTpakIMH), BETBIIEHUE, paclapalljieIiBaHUe, COECIUHEHUE.
[Ipenmnosnaraercd, 4TO HUCIOJHEHHE OIEpalMM Ha IOTAKTOBOM pacKiaJKe IPOUCXOAMT ClieBa
HAIpaBo: MEPBbIM 3aMyCKaeTCsi CTUMYJ, 3aTeéM — TO, YTO HAaXOAWUTCA BO BTOpPOU KosoHKe. Jliis
KaXJIOM MHUKpOONEpaluy MHUIIYTCS CBEACHUS O TMPEAYyCIOBUU €€ 3allyCKa, BBIMOIHIEMbIX
NEUCTBUSX JTAJIOHHOM MOJENH, TIOCTYCIOBUU, KOTOPOE JOJDKHO OBITh MPOBEPEHO MOCHe
BBITIOJIHEHUSI MHUKPOOIEpAIU, HCIOIb3yEMbIE€ BXOJHBICE M BBIXOJHBIE CHUTHAIBL [l Kaxaoro
BETBJICHUS YKA3bIBAECTCS YCIIOBUE BETBJICHUS U KOJIOHKH, Ha KOTOPBIE OyJIET MPOUCXOAUTH MEPEXO/I.
JlJis KaxI0r0 pacnapajuieIuBaHus U COCTUHEHUS MOTOKOB yIIpaBJICHHUs] 0003HAYAIOTCS BXOJHBIC H
BBIXOJIHBIE KOJIOHKHU.

Ecmu s Bepudukanuu He OyneT M3roTaBIUBATHCS TMOTAKTOBAas ITAJIOHHAS MOJETHL (HAIpumep,
OHa OyzeT B3fiTa W3 CUCTEMHOTO CHUMYJISITOpa) MM OHa OYAET CIPOCKTHpPOBaHA aOCTPAKTHOM,
00BIYHO MOKHO OOOHTHCH CIIEIU(UKANUIMH B MPOCTOM TEKCTOBOM Buje. [loaToMy, eciii B TakoM
BUJC OHU YK€ OBLUIM HANKMCaHbl, CO37aBaTh KAKUE-TUOO JONMOJHHUTEIbHBIC MPEICTABICHHUS
crienuKanuii He Tpedyercs.

Ternepp nepeiiieM HEMOCPEACTBEHHO K aHANN3y TpeboBaHnui mpuMenureabHo k C++TESK Testing
ToolKit.

Jus cosmanuss C+H+TESK Testing ToolKit-kOMIIOHEHTOB «OmManoHHAsE MOOEIbY U «Meouamop
9MANOHHOU MoOeau» HEOOXOIUMO CO3/1aBaTh 6X0OHble W 6bIXOOHble uHmep@eticvl. B Kaxaom
BEpUPUIIUPYEMOM MOAYJIC MPUCYTCTBYIOT KaK BXOIHBIC, TAK W BBIXOJIHBIC CHTHAJIBI, KOTOPHIE
MOXKHO CTPYIIUPOBAaTh B uHmepgelicbl MO TPU3HAKY WX TMPUHAIIICKHOCTH K OMpeIesIeHHOM
AKTUBHOCTH: 3aIMCH WU 4TeHUI0. DYHKIIMOHAIEHO 3aKOHYCHHAS TTOCIIEI0BATEIFHOCTE OOpAIEHUS
K uHTep(eiicaM, B pe3ynbTaTe KOTOPOH MOAYNb MepeiieT B HEKOTOPOe CTAIMOHAPHOE COCTOSIHUE,
B KOTOPOM OH CMOXET HaXOAWThCS OECKOHEYHO JOJTOoe Bpems, OyJeM Ha3bIBaTh onepayuell.
Otmetrum, uro curHansl THna CLK u RST 00bluHO HE OTHOCATCA HH K OJHOMY HHTepdeiicy.
Kaxxnas omeparusi MOKET HCIOJB30BaTh HECKOIBKO BXOJHBIX M BBIXOJHBIX HHTepdeiicoB. [Ipu
aHalnM3e JOKYMEHTAIUHU CIEeyeT MOMHHUTh, YTO BXOJIHbIE HHTEP(EICHI ColepKaT TOJIbKO BXOIHbIE
CUTHAJIBI, 2 BBIXOHBIC HHTEP(EHCH — TOJBKO BHIXOIHbIE CHTHAJIBI.

Paccmorpum mnpumep BbifeneHuss uHpopmanumum o0 uHTepdeiicax. Boszpmem ¢dparmeHT
crienrukanun Ha Moayap Databox (DB) - koMmyTaTop TaHHBIX MHKPOIpOIIECCOpa - Ty €€ 4acTh,
rae ocyiectsisiercs cBsi3b DB ¢ BHemHuM moaynem Memory Access Unit (MAU) - koMoHeHTOM
JOCTYMA K MaMsTH.

Apoump (13), pabomarowuii ¢ Kpy2eosblM NPUOPUMEMOM, U3 5 UCMOYHUKOE KOPOMKUX 3ANPOCO8
(3anpocvl 8 obwem ciyuae Npuxoosam NApalesibHo) 8bloupaem OOUH 3anpoc, KoOmopwvli Oyoem
nanpasnen ¢ MAU. Temn nepedauu 1 3anpoc 3a 2 maxma 6 ciyuae 32-x 6aiimogozo unu 1 3anpoc
3a 4 makma 6 ciyuae 64-x batimosoeo 3anpoca. Ilpu smom cam KOpomxuii 3anpoc 3anOMUHAEMcs 8
DB u 6 MAU ne nepeoaemcs. 3anpoc 6 MAU umeem cneoyrowuii unmepgetic (cm. ci. maon.).

Tabmn. 2. Uatepdetic 3ammpocos 8 MAU

Cuznan Tun Ha3znauenue

val_data_reqgack_to_mau_03 O 3nauumocms 3anpoca. 3anpoc 3a mraduieri

no108UHOU 64 6AUMHOLU KW CIMPOKU.

val_data_regack_to_mau_47 O 3nauumocmo 3anpoca. 3anpoc 3a cmapuieti
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no108UHOU 64 6AUMHOLU KW CIMPOKU.

cop_data_reqgack_to_mau[2:0] @) Koo onepayuu:

«011» - Copocums pecucmp LDB
«100» - Boloams Kocepenmmubiii omeem.
«101» - Copocums pecucmp STB
«110» - Boioams oannvie uz STB

«111» - Boioams 0anHvle u copocums pecucmp
STB

source_reg_data_regack to_mau[4:0]O Homep pecucmpa LDB/STB

Hcxons u3 3toro (hparMeHTa JOKYMEHTAIMH, JUIS TOCTPOCHHS aOCTPAKTHOM ATAJIOHHOW MOJEIN
HeoO0XoaMMO OyAeT co3/1aTh BXOJHBIE HWHTEPQEHCH Ui BCEX IMSTH HCTOYHHKOB KOPOTKHX
3aIlpoCoOB, MPOYKMTATh 00 3TUX MHTepdeiicax HaIo, BUAUMO, B TEKCTE MPOJOJIKCHUU (pparMeHTa.
Hanee o Tekcry: «3anpoc nepenaerca B MAU», MAU — 310 yCTpOHCTBO BHEIIIHEE 110 OTHOILIIEHHUIO
K TECTHUPYEMOMY MOJYJIIO, TIO3TOMY TECTOBOW CHCTEME HEOOXOIUMO OyIeT KOHTPOJHMPOBATH
BBIXO/IHBIC 3HAYCHHUS, TIepelaBaeMbIC Ty/Ia.

JlJi1 KOHTPOJSL ATUX CUTHAJIOB HEOOXOIMMO, BO-TIEPBBIX, UX CUUTATh, M, BO-BTOPHIX, HEOOXOIUMO
3HaTh, KAKUE UMEHHO CHUTHAJIBI OyIyT MpaBUIbHBIMU. JJig pelieHus BTOPOM 3a/aydl B STAJOHHOU
Mozaenu OyAeT co3/aH KOMIIOHEHT "BBIXOAHOW HHTepdeic" COOTBETCTBYIOIIUNA BBIXOJIHOMY
uHTepdeiicy TecTupyemoil peanuzauuu. B menmarope (KOMIOHEHTE-HACIIEIHUKE STaJTOHHOM
MOJeTH, 00 ASTOM HEMHOTO Jaibllie) 3TOT KOMIIOHEHT TMeperpyxkaercsi, HO, MO-TIPEeKHEMY,
Ha3bIBaeTCsl BBIXOAHBIM HHTep(deiicoM. Beixomnoit unatepdeiic meauaropa OyAeT permaTh 3amady
CUMTBIBAHUS CUTHAJIOB, UCXOJALIMX OT TECTUPYEMOr0 KOMIIOHEHTa M MEpelayd MX Ha MPOBEPKY.
DTOT BBIXOJHOHN MHTEpdelic monMeHyeM, Harpumep, ifacel4. B Hero OyayT BXOIMTH CICTYIOIINAE
curnasiel: val_data_regack_to_mau_03, val _data_reqack to_mau_47, cop_data_regack to_mau,
source_reg_data_regack to_mau.

OTMeTuM, YTO BBIICJICHUE CHUTHAJIOB Il MHTep(deiica Ha JaHHOM 3Tare pa3BUTHS HHCTPYMEHTA
HOCHT CKOpee JTOTUYeCKHil xapakTep. ToiapKo 3TH CUTHAJBI OYAyT AOMYILEHBI 7S UCTIOIh30BaHUS B
GYyHKIMSIX MeauaTopa STAJOHHOM MOJENH, CBS3aHHBIX C ATUM HMHTEp(dEicoM, HO MPOBEPOK
KCIIOJIb30BAHUS CUTHAJIOB HA MPEIMET KOPPEKTHOCTA B UHCTPYMEHTE HE MPELYCMOTPEHO.

[locne BbiaeneHuss HHTEPEHCOB, OCTaNbHAas JOKYMEHTAIUs VIOpsAo4YuBaeTcs, Kak OblLIo
HaMKMCaHo BBIIIE, B BUAE OJOK-CXeM MJIM TaOJIMIl MOTAKTOBOM pacKiIaIKu, €Clii He0OXOAUMO OyaeT
pa3pabarbIBaTh STAJIOHHYKO MOJ€Nb. EciM 3TalloHHYI0 MOJenb co3faBaTh He TpeOyercs, T.K.,
HaIpHuMep, OHA YXK€E €CTh, MOJKHO NEPEXOANTD K CIEAYIOLIEH YaCTH IPOEKTUPOBAHUS.

2. Pa3paboTtka aTanoHHON MoAenu

Mpbl mepexoquM K TOAITAlHOMY CO3JaHUI0 KOMIIOHEHTAa mMecmosvlili Opakyl - KOMIIOHEHTa
MPOBEPKH. B HEro MOCTyIarT CTHMYJIBI OT T'eHepaTopa CTUMYJIOB, 3aTE€M OH TepeaacT CTUMYJIBI B
I[EJIEBO KOMITOHEHT M IOJTy4aeT U3 HEero PEeakKilnu JJIs TIPOBEPKU B OTBET HA CTUMYJIBI (CM. pHC. 2).
Ota mpoBepka TpedyeT Hamuuusi oOpasima Jyisi CpaBHEHUS: POJIb 3TOT0 00pasiia UTPaeT IMALIOHHA
MoOeib.
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MeHepaTop CTHMMYNOE TecToEaA CUCTEMS HOL-cumMynATOR
C TRy NEl
Ty NEl
. Y . o ]
TecTOELIN OpaKyn » | Lleneeol KOMNOHEHT
I ¢Peamu,t—u—1
O @ BepavkT | CHopwuk NokpeITWA

SR D .+ MokpelTHe

L 4 L 4

rEHEpEITDp OTHETOE O TECTHROEIHWIA

Puc. 2. O6001meHHast CTpyKTypa TECTOBOW CHCTEMBI

MOKHO cKa3aTh, YTO TECTOBBIA OpPaKyJl — 3TO CBOeoOpa3Has «00epTKay HaJl ITAJOHHON MOCIbIO,
MBI K HEMY €llle BEpHEMCs MO3Hee, OCTAHOBUBIINCH B IAaHHOM pasJielie Ha CO3JIaHUU ATAJIOHHOW
mojenu. CTpyKTypa sTaoHHo# Moaeiu, npunsatoi B C++TESK Testing ToolKit, npencrasieHa Ha
puc. 3.

MS
I

3TanoHHaRA I"'-"IG,EI,E!'II:+

Moaenn BxogHbX MHTepdenc os

¥

ET-"_',"HKLI,M OHanNeHaA Mogen: KOMMNOHEHTa

Mogens yNpagnsoWwen 10rmKi

Mogent npeobpazoEaHna AaHHEX

CxemMa KOMMYTaLWK WHTepgencos

*MR ¢ #MR

Mogenn BeIX0gHs X MH Tephencos

Oyepean MOAENLHEIX DEIKLIWA

\ MepenyHbie apbuTpel /
¢ MR

Afantep
MO gesm

MS (Model Stimulus) - MogensHBIA cTuMy n (abeTpakTHoe coobueHne)
MR (Model Reaction) - MoOAensHas peakuma (3TanoHHele A3HHBIE WK OFPaHNYeHna)

Puc. 3. Ctpykrypa sranonnoi mogenu C++TESK Testing ToolKit
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OCHOBHBIMH COCTaBHBIMM YaCTSIMHU MOACIIN ABIAKOTCA:

® MoOdenu 6X00HbIX UHmMePhelicos;
®  (DYHKYUOHANbHASL MOOENb MECUPYEMO20 KOMNOHEHMA,
® MoOdenu 8bIXOOHbIX UHMeppelicos.

Bce manHbple BHYTpH MOJENH, a TAaKKE€ B HEe W U3 HEE IMEPENAIOTCs ¢ MOMOIIBIO COOOWeHUll —
00BEKTOB KJIaccOB-HAClIeTHUKOB kiacca Message. Oto cnenaHo i yHUUKauuu uHTepdercoB
MEX/y OTAEJIbHBIMU KOMIIOHEHTaMH TECTOBOW CUCTEMBI.

Mojenu BXOAHBIX M BBIXOIHBIX HHTEp(hEHCOB ABISIIOTCS 00bekTaMu Kiacca Interface.

OyHKIMOHANBHAS MOJENTh KOMIIOHGHTA SIBJSETCS YacThlO KJacca JSTAJIOHHOW MOMENH, XOTS
HEKOTOpasi ¢ 4YacTh, JONYCKalollas B JajJbHEHWIIEM MOBTOPHOE HCIIOJIB30BaHUE, MOXET ObITh
peann3oBaHa B OTACIBHBIX Kilaccax. DyHKIMOHATBHAS MOJETb COCTOUT U3 MoOenu ynpasiaouell
JI02UKU, MOOenu npeodopazoeanusi OAHHGIX, cxeMbl Kommymayuu unmepgeticos. COOCTBEHHO,
MOJICTIM JIOTHKH U MPeoOpa30BaHMsl JAHHBIX W MOTYT OBITH peair30BaHbl OTACIHHO, a BOT cCXeMa
KOMMYTAIlMA UHTEP(HEHCOB 3aBUCUT OT BBIICICHHBIX MHTEP(EHCOB B KJIACCEe 3TATOHHOW MOJIEIH,
MIOSTOMY €€ BBIJICJICHHE B OTJCIIbHBIN KIacC HEeleIecoo0pasHo.

Hwxke npuBeneHbl OCHOBHBIE CBEACHHUS O CO3JaHUU MOJENEH cooOIeHUi (0OBIYHO COOOIICHMIA
TpeOyeTcss He MEHee IBYX: JJIS BXOJHBIX W BBIXOIAHBIX WHTEp(DENCcOB), 3aTeM — O CO3JTaHHH
COOCTBEHHO DTAJIOHHON MOJIENIH.

2.1 Modenb coobweHul
Omnucanne He0OXOIUMBIX MaKpOCOB M KJIacCOB HaxoauTcs B (aitie <hw/message.hpp>.

Mozens cooblieHns SBIsSETCs KJIAacCOM, KOTOPBIH co3aaercs ¢ momolsio Mmakpoca MESSAGE (Zua
knacca) {}. B ckobkax yka3piBaeTcs UM Kiacca cooOmieHus. BHyTpu 610ka Makpoca 0O0bsIBISIOTCS
CTaHJApTHBIE KOHCTPYKTOP W BHUPTYaIbHBIM JECTPYKTOp, IOKa IIyCTble. 3aTeM BKIJIIOYaeM
BO3MOYKHOCTh aBTOMaTH3MPOBAHHOTO KOMHPOBAHUS COOOIIEHHUS C MOMOIIBIO OOBSIBICHUST MaKpoca
SUPPORT_CLONEmsa xnacca). Kaxnoe coobiieHue BKIIOYAaET B CeOsl OJHO WM HECKOIBKO
noset JJisl TaHHBIX, KOTOPBIE TEPEAaeT 3TO COOOIICHHE. DTH TOJisd HE 00s3aTeIbHO B TOYHOCTH
COOTBETCTBYIOT MMEIOLIUMCSI CUTHAIBHBIM JIMHUSAM TECTUPYEMOTO MOJYJsS, OHM JOJDKHBI OBITH
yIOOHBI pa3pabOTYMKy TECTOBOH CHCTEMBI, YTOOBI HATJISIHO TPEACTaBISATH NPHHUMAEMbIE OT
TECTUPYEMOI'0 YCTPOMCTBA U NepeaBaeMble B TECTUPYEMOE YCTPOMCTBO AaHHbIe. MOXKHO cKa3atsb,
9TO OHHM COOTBETCTBYIOT HMMEIONIMMCS CHTHAJIBHBIM JIMHHUSIM Ha HEKOTOPOM aOCTPaKTHOM,
JIOTHYECKOM YpPOBHE, HO HE CTOMT JIOBOJHUTH CUTYAIMIO 10 abcypiaa. Mcmonp30BaTh TOJNBKO OJTHO
"rnobanpHOE" TOJNIE B COOOUIEHMM, KOTOpoe OyneT cojaepXkaTh JaHHbIE, MepelaBaeMble
TECTUPYEMBIM YCTPOHCTBOM IO BCEM €r0 BXOJHBIM U BBIXOJHBIM CUTHAJIbHBIM JIMHUSAM, OUY€Hb HE
ya00HO.

JJis BKJTFOUEHUS B COOOIICHHE TTOJIeH, ucmomb3yercs cieayronuii Mmakpoc: DECLARE_FIELD (ums,
paspsaoHocms nojs). Pa3pspaHOCTh TONS HE JO/DKHA mpeBblmarh 64 Out. s kaxmoro mods
ABTOMATHYECKH CO3/al0TCS (PYHKIIMM YCTAHOBKH M CUYHMTHIBAHUS €0 3HAYCHHs, OOpalleHUe K
KOTOPBIM  BBINJIIAMT — CIEAYIOIIUM  00pa3oM:  ums_obvekma_coobwenus.Qet ums_nons
ums_obvekma_coobujenus.Set_umsa_nons. B KOHCTPYKTOpE JOMYCKaeTCsl PyYHAs WHHUIIAAIA3AINS
NOJIel: OHU JOCTYIIHBI 10 CBOMM MMeHaM. OJHaKo, y pa3padoT4nKa HET HEOOXOJUMOCTH BPYYHYIO
NPUCBANBaTh BKIIOYCHHBIM B COOOIICHHE MOJISIM CITydaifHbIe 3HaYEHUs: OH MOXET MIPOCTO BHI3BAThH
B koHcTpykTOope Makpoc RANDOMIZE_MESSAGE (ykazamenv na xnacc coobwenus), tae B
KadecTBe mapamerpa mepenaercs *this. OTrmeruM, 4To Bce SBHO NMPUCBOCHHBIC 3HAYCHUS MOJIEH
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OyIyT MOTEPSHBI TOCIE BBI30BA ATOTO0 MAKPOCa, MO3TOMY €r0 BBI30B HAJO JeNaTh Mepel] PYyIHOH
YCTaHOBKOUW. B peanu3anuu KOHCTPYKTOpa TakKe HEOOXOMMO MCIIOJIb30BaTh MAKPOC PETHUCTPAIIUN
nosit ADD_FIELD (umsa_knacca coobwenusi::ums_nons_coobwenus,).

Takum 00pa3oM, 3aroloBOYHBIN (aiin onucanus MmoaenbHbIx coobOmenuii (fifo_msg.h) Oymer
BBITJISIIETH, HATIPUMED, TaK:

#pragma once

#include <hw/message.hpp>
namespace cpptesk {
namespace fifo {

MESSAGE (InputData) {
public:

InputData() ;

virtual ~InputData();

SUPPORT CLONE (InputData) ;
DECLARE_FIELD(data, 8);
bi

MESSAGE (OutputData) {
public:
OutputData () ;
OutputData (uint8 t datum);
virtual ~OutputData () ;

SUPPORT CLONE (OutputData) ;
DECLARE_FIELD(data, 8);

}i

+}

OOparuTe BHMMaHHe, YTO AMPEKTHBa #pragma ONCe sBIseTCS pPacHpOCTPAHEHHBIM, XOTS U He
COBCEM CTAHJApTHBIM IyT€M YKa3aHUs KOMIMJIATOPY Ha HEOOXOAMMOCTh HaJIM4yUs B
OTKOMITUJIMPOBAaHHOW OMOJIMOTEKE TOJBKO OJHOTO BKIIIOUYEHHUS JAHHOTO 3arojOBOYHOrO (aiina
(npyroii myTh - ucnonb3oBanue aupextus #ifndef, #define, u #endif).

daiin ¢ peanuzaieir MeTo10B KiaccoB coobienuii (fifo_msg.cpp) MoxkeT OBITH CIIEAYIOIIUM:

#include <fifo msg.h>
namespace cpptesk {
namespace fifo {

InputData: :InputData (void) {
ADD FIELD (InputData::data);
RANDOMIZE_MESSAGE(*thiS);

}

InputData::~InputData (void) {}

OutputData: :OutputData (void) {
ADD FIELD (OutputData::data);
}

OutputData: :OutputData (uint8 t output data) {

ADD FIELD (OutputData::data);
data = output data;

12
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OutputData: :~OutputData (void) {}
+}

2.2 dmanoHHasi Modersib
Omnucanne He0OXOIMMBIX MaKpOCOB M KilaccoB Haxoautes B paiie <hw/model.hpp>.

Kimacc ™omemum cozmaercs ¢ momomipto  Makpoca MODEL(Hmsa xknacca mooenu) ).
HeoOxomuMbIMH 3J€MEHTaMU SIBIISIIOTCS KOHCTPYKTOP M BUPTYaIbHBIN IecTpykTop. B Momenu
OTIPEIIEIISIOTCS UCTIOJIb3yeMbIe UHTEPQEHCHI c MTOMOIIIBIO MaKpOCOB
DECLARE_INPUT (ums_unmepgbetica) niisi BXOTHBIX B TECTHPYEMOE YCTPONCTBO MHTEPPEHCOB H
DECLARE_OUTPUT (ums_unmepgpetica) nns  BBIXOJHBIX W3  TECTUPYEMOTO  YCTPOMCTBA
untepdeiico. K kaxmomy BxomHoMmy uHTepdeiicy HEoOXOAMMO ONpeAeIuTh METO,
BO3BpAIAIOIINN COCTOSIHUE MHTepdeiica: MOXKHO JIM UM TOJIb30BaThCS B JIAaHHBIH MOMEHT BPEMEHU
WM HeT (pealu3amus 3TOr0 METOJa OCHOBAaHAa HAa CTaHJAPTHOW BO3MOXKHOCTH: (DYHKIIUU
ums_unmepetica.isSReady(), Bo3Bpalnaroieii TeKyiiee COCTOSHHE 3aHATOCTH UHTep(eiica KaKoii-
6o omeparnueii). MaTepdelic MoxeT OBITh HEMOCTYIICH, €CITU KaKas-In00 OTeparus yxe 3aHsuia
ero. YCIOBUMCS  Ha3plBaTh TakWe METOABI  chexyrommMm — obpasom:  virtual — bool
iIsUmsUumepgheiicaReady() const.

[Tomumo nHTEp(DHEHCOB, B MOJICIIN ONPENENISIOTCS ONePalii — TOCIeOBATEIIbHOCTH O0pAICHUH K
3apeTUCTPUPOBAHHBIM HHTEpdeiicam. MeTonsl B Kiacce MOJCIH, SIBISIONINECS ONEpPaIMsIMHI,
3a/1af0TCS c MTOMOIIIBIO MaKpOCOB DECLARE_STIMULUS(umsa_memooa) u
DECLARE_REACTION(ums_memooa). B nenoMm oHM HE OTIMYAIOTCS, HO TIEPBBIC MPEIIOIAracTcs
UCIIOJIB30BaTh ISl OINPENEICHUsT COOCTBEHHO OIepalfii, a BTOpbIe — Ui YacTeil omeparuii,
TPEOYIONINX YTEHUS BHIXOJIHBIX TAHHBIX C BBIXOJHBIX HHTEP(EHCOB.

Omnucanue knacca stanonHor mojenu (fifo_model.h) moxxer BeirnsAETH, HaPUMeEp, TaK:

#include <hw/model.hpp>
#include <fifo msg.h>
namespace cpptesk {
namespace fifo {

MODEL (FIFO) {
public:
FIFO() ;
virtual ~FIFO();
DECLARE INPUT (ifacel);
DECLARE OUTPUT (iface2);
virtual bool isIfacelReady () const;
DECLARE STIMULUS (push msgqg); // Onepaumsa «IIOJOXUTE HaHHEE»
DECLARE STIMULUS (pop msg); // Onepaumsa «/3Bjedb HaHHHEE»

void push item(int data); // ®yHKUMA 5TaylOHHON Momenu «IIOJOXUTEL HaHHEE»
uint8 t pop item(void); // OyHKLUMSA S5TaJIOHHON MOIesu «/3Bjedb HaHHEE»
protected:

std::vector<uint8 t> fifo;
b
b}

Ternepp HECKONBKO CIIOB O peaJM3allMd METOJOB Kiacca 3TAJIOHHOM monenud. B KOHcTpykTOpe
HE0OXOIMMO BBI3BaTh KOHCTPYKTOPHI MHTEP(ENCOB, y KOTOPHIX €IWHCTBEHHBIA Mapamerp - 3TO
TEKCTOBOE OIMCAHHUE JaHHOTO MHTepdeiica. PekoMeHayeTcsl NCmoib30BaTh OCMBICIICHHBIC MMEHA,
TaK Kak MOTOM OHH OyIyT BCTpEYaThCs B JUATHOCTHUYECKUX COOOIIEHUSX. BHYTpHU KOHCTpYKTOpa
Takke HeoOXOIUMO 3aperucTpupoBaTh BXOJHbIE HMHTEpdEichl ¢ TOMOMIIbI0 Makpoca
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ADD_INPUT (ums_unmepdgetica), a BBIXOJIHBIE uHTEpQEich - c IIOMOILIBIO
ADD_OUTPUT (umsa_unmepdghetica).

[lepexoaum K onucaHuiO (YHKIUN 3aHATOCTH MHTEPQEHCOB: CTAHAAPTHO OHHU COJEpPXKAT JIUIIb
ucrojip3oBanue Mmerona iSReady uHTepdeiica M HEMOCPEACTBEHHO BO3BPAIIAIOT €ro 3HAYCHUE:
return ums_unmepgpetica.isReady().

Tenepr omnumem onepanuu. Onepanyy HAYUHAIOTCS CO  CTPOKM KOIUPOBAHUS BXOJHOTO
cooOmIeHus B JIOKaJIbHYIO MIEPEMEHHYIO c MIOMOIIIBIO Makpoca
CAST_MESSAGE (mun_exoonozo_coobwenus). Jlamee cooOleHHe MOXKET OBITh MepelaHo Ha
uHTepdeiic, KOTOPBIA ObUI yKa3aH NpHU 3aIllycke omnepanud. Eciu oHO mockutaeTcss Ha BXOJHOH
uHTEepQeiic, MbI TOBOPHM O 3aIlycKe CTUMYJa (B 0OpaTHOM ciydae - 0 3amycke peakiun). Eciu Mel
XOTHM OTIIPaBUTh COOOIEHHE Ha BXOJHON MHTEp(EiC cO CTaHAAPTHBIMH MapaMeTpaMu, T. €. 0e3
U3MEHEHUsI cooOIieHus, 0e3 u3MeHeHuss uMeHn uHTepdeiica (OyaeT MCHONIb30BaH TOT, KOTOPBIA
ObUI yKa3aH NpH 3allyCKe OIepaluu), TO 3allyCK CTUMYyJia JeNaeTCs C IOMOIIBI Makpoca
START_STIMULUS(pesicum_3anycka). Pexxumsr 3ammycka:

e PARALLEL — ormpaBka coobmenust u 00paboTKa pe3ysibTara 3TOW OTHpaBKH Oyner
oOpaboTana B BHJE OTICIBHOTO TMpoIecca, a 3TOT Mpolecc OyAeT HCIOTHIThCS
napajuieNibHO ¢ KOMaHAaMH, 3anucanHbiMu B onepanuu nociae START STIMULUS;

e SEQUENTIAL — xorma BBINOJIHEHHE oONepalMu OyAEeT OCTAaHOBJICHO /0 HCIIOJIHEHHS
paloThI CTUMYJIA U BCEX IPOLIECCOB, KOTOPHIE OH 3aIlyCKaeT.

[Tockumaemoe coolmieHne OyAET cepuanu308aHo — TO €CTh IPEBPALICHO B IMOCIEIOBATEIHHOCTD
BO3JICHCTBUI Ha TECTUPYEMBIN MOJIYJIb Yepe3 er0 CUTHAIbHBIE TUHUU. JJaHHYI0 paboTy BBHITOIHSIOT
cepuanuzamopul B meouamope (CM. CJIEJ. dTal).

3ameuanue: Ecan mnocelmaemMoe CcOOOIIEHHME WIM HCHONB3YeMbIH HHTepdeiic OTIWYHBI OT
MPUILEIIUX B ATy ONEPALMI0 B KAa4eCTBE BXOJHBIX MapaMETpOB (umo umeHHO nepeoaemcs 8
onepayuro O6yoem SCHO HEMHO20 Odlblle, HA dmane CcO30aHus CcyeHapues), HEOOXOIUMO
HCII0JIB30BATh MakKpoc RECV_STIMULUS (pesrcum_sanycka, ums_unmepdeiica,
ums_obwvekma_coodbwenus). Ilpu 3tom omeparus nomkHa HaunHathest ¢ START_PROCESS(), a
He co START_STIMULUS(pexum 3anycka) u 3akanumBathcs STOP_PROCESS() Bmecto
STOP_STIMULUS() (cm. oanee).

B onwucanuun omepanun Moxer copaepxatbess makpoc CYCLE(), KoTOpslii TOBOPHUT TeCTOBOM
CHCTEMEe, YTO HEOOXOIUMO cJeNaTh NMEepephIB B OJMH MOJICIHHBIA TaKT B HMCIIOJHEHHH TAHHOH
ornepanuu. Onepaius 3aBepiraercs ¢ noMoisio Makpoca STOP_STIMULUS().

YacTtu oneparyu, KOTOpble CUMTHIBAIOT JAaHHBIE C BBIXOJHBIX MHTEP(ENCOB, MPUHATO BHIIEIATH B
OTIENbHBIE METONBI U onpeaensaTh ux kak «peakuun» (DEFINE_REACTION). B metone peakuun
ATaJIOHHAsl MOJENb COOOIIAeT TECTOBOM CHCTEME, YTO y Hee €CTh OIpEAeJIeHHOE COOOIIEHHE,
KOTOpOE Temeph TEeCTOBas CHCTEMa MBITACTCS HAWTH Ha BBIXOAHOM HHTepdeiice TecTUpyeMoro
MOIyas. MeTon peakuuu CcooOlaeT o TakoM IMOJIOKEHHM [l € TOMOIIBI0 Makpoca
SEND_REACTION(peosicum_3anycka, ums_unmeppeiica, ums_odwvekma_coobujenuis).

3ameuanue: OOpatum BHHManwme, uro SEND_REACTION mnoceimiaer cooOlIeHHs TOJIBKO Ha
BBIXOJHBIE UHTEp(henChI!

CrannmaptHbie MHTEpPEHC U OOBEKT COOOIIEHUS MOXKHO TOJYYHTh C ITOMOINBI0 MaKpOCOB
GET_IFACE() u GET_MESSAGE() (mon craHmapTHBIMHA TOHMMAKOTCS T, KOTOPbIC ObUIN
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nepe/iaHbl B METOJ] B KAueCTBE BXOIHBIX mMapameTpoB). [Ipu BBIIEICHWU METOJOB PEaKIHi HX
HEOOXOIMMO BBI3bIBATh M3 CTUMYJIOB. J[Jis 3TOrO jAeiaeTcs BBI30B METO/A CICAYIOIIUM 00pa3oM:
umsi_memooa_peaxyuu(pProcess, ums_uumepdgeiica, umsa_odvekma_coobujenus), riae Process - 3To
HESIBHO 3a/IaHHBIA KOHTEKCT BBIMIOJIHEHHSI OIEpaIliy, MIepeaBaTh €ro HY)KHO IS CBSI3bIBAHHS BCEX
YacTel onepaluu B eHHOE 1IeJI0€.

PazpaboTka ¢pyHKIIMOHAIBHOM MOJIEIHN TECTHPYEMOTO KOMIIOHEHTA (CKOpee JaKe €€ YaCTH: MOJCIIH
VIPABISIONIEH JIOTUKU) HE SIBISETCS CHEIM(PUUESCKON 3amadell CO3JaHMsl TECTOBOM CHUCTEMBI C
nomomnpto C++TESK Testing ToolKit, ona memaercs cpeacrBamu C++, M03TOMY MHOAPOOHBIE
KOMMEHTapHUH TI0 ITOBOJIY €€ CO3aHMsI 371eCh Oy IyT OMYICHBI.

B pesynbrare Bcex NMPUBEAEHHBIX IIArOB IOIYyYacTCs, HAIPUMED, CACAYIOMMA (ailn peannsanyn
metoznoB moaenu (fifo_model.cpp):

#include <fifo model.h>
namespace cpptesk {
namespace fifo {

FIFO::FIFO() {
ADD INPUT (ifacel);
ADD OUTPUT (iface2) ;
}

FIFO::~FIFO() {}
bool FIFO::isIfacelReady() const { return ifacel.isReady(); }

DEFINE STIMULUS (FIFO::push msg) {
InputData data = CAST MESSAGE (InputData) ;
push item(data.get data());
START_STIMULUS(PARALLEL);
CYCLE(); // BCcTaBjieH nOJig npuMmepa, HeoOsa3aTejeH
STOP_STIMULUS () ;

}

DEFINE STIMULUS (FIFO::pop msg) {
InputData data = CAST MESSAGE (InputData) ;
START STIMULUS (PARALLEL) ;
OutputData outdata = OutputData (pop_item());
get pop msg(process, iface2, outdata);
STOP_STIMULUS () ;
}
DEFINE REACTION(FIFO::get pop msg) {
SEND REACTION (SEQUENTIAL, GET IFACE(), GET MESSAGE());
}

void FIFO::push item(uint8 t data) {
assert(fifo.size() < 16);
fifo.push back(data);

}

uint8 t FIFO::pop item(void) {
assert (fifo.size() > 0);
uint8 t data = fifo[O0];
fifo.erase(fifo.begin());
return data;

H}
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3. BcnomorartesnibHbIM MHCTPYMeHT VeriTool

[{udpossie cxeMbl pa3pabaThIBAIOTCS HA s13biKax npoekmuposanus annapamyper (HDLS, Hardware
Description Languages), takux kak Verilog, VHDL u 1.1, B manHOM AOKyMeHTe MBI Oyaem
ucnosb3oBath ToJIbKO s3bik Verilog (http://ru.wikipedia.org/wiki/Verilog), kak oaunH U3 Hauboee
94acTO UCIOIb3yEMBIX IPHU pa3pabOTKe anmapaTyphbl.

JInst BO3MOKHOCTH CO3[aHHSI TECTOBBIX CHCTEM Ha si3bike, oTiamyHoMm oT Verilog, B crammapre
Verilog nmpexycmotpen criermansabiii uaTepdeiic VPI (Verilog Procedural Interface).

Jlnst aBToMatuueckoro co3nanus dannoB VPl-oxpyoicenus (mon oxpykeHuem moHUMAaeTcss HAOOp
(GyHKIUH, peaTn30BaHHBIX B COOTBETCTBUU CO CTaHAApTOM si3bika Verilog, ucmonb3yembix s
cs3u Verilog-cumynsaropa U TECTOBBIX cHCTEM, co3aaHHbIX Ha C/C++) MBI OymeM HCIOIb30BaTh
unctpyment VeriTool (http:/forge.ispras.ru/projects/veritool/files), pacnpocTpaHsembiii MO
munensueir GPL. VeriTool ucnons3yeT cuHTakcuveckuit aHamu3atop s3bika Verilog, xotopsbrit
BCTPOEH B CBOOOJHO pacrpocTpaHseMbiii cumyistop Icarus Veritog, mosromy HeoOXoauma ero
npensaputenbHas  ycranoBka  (http://sourceforge.net/projects/iverilog/). VYcranoBka 06oux
MIPWIOKCHUH MOXET OCYIIECTBISATHCS KAaK BPYYHYIO, TaK M ABTOMATU3UPOBAHHO C IMOMOIIBIO
cKkpuIiTa, Haxomasmerocs B mocrtaske C++TESK Testing Toolkit.

3.1 Onyuu komaHOHOU cmpoku uHcmpymeHma VeriTool
Yrunura VeriTool umeer cieayromuii popmar 3amycka:

$ veritool [omuu] BxoaHbIe-(aiib!

Huxe nepeunciieHbl TOAIePKUBAEMbIe OIIINU KOMaHTHOH CTPOKH:

1)  --module=module — 3amaet ums Tectupyemoro Verilog-moayssi, st KOTOPOTo TeHEPUPYIOTCS
KOMITOHEHTHI TECTOBOHM cuCTeMbl. Eciu 3Ta omims oTCyTCTBYeT, 00padaThIBaeTCs TOJIBKO MEPBBIN
MO/1yJIb, OTIPEIENIEHHBIN BO BXOJHBIX (aiiiax.

2) --clk=signal — 3amaer uMms curHasa CHHXpOUMITYyJbca. Eciau 3Ta OMIHUS OTCYTCTBYET,
CUMTaeTCsl, 4YTO TakuM curHanoMm seisercs CIK. Ommms --ClK wMeer cMbIca, TOJIBKO eciu
renepupyercs Verilog-okpyxenue (ykazana omust --all wu --testbench).

3)  --rst=signal — 3amaer mms curnama copoca. Eciu 3Ta ommms OTCYTCTBYET, CUMTACTCS, YTO
TaKUM CHUTHAJIOM siBiisieTcst ISt. Omiust --rst ©MeeT CMBICH, TOJNBKO eciu reHepupyetcs Verilog-
okpykenwue (ykasana omus --all wiu --testbench).

4)  --rstpos — 3agaeT aKTHBHBIA YPOBEHb CHTHaia cOpoca, paBHBIUM Jorudeckoi eaunune. [Ipu
OTCYTCTBHH (pj1ara akTUBHBIM YPOBHEM CUMTAETCS JIOTUYECKHI HOJb.

5)  --all — BkiOYaeT reHepalMio BCEX KOMIIOHEHTOB TeCTOBOW cucTeMbl: Verilog-okpyxenus,
VPIl-menuartopa, VPI-byakiuit u C-monenu uHTepdeiica. YcTaHOBKA TOW OMNIMK SKBUBAICHTHA
OJTHOBpEMEHHOW ycTaHOBKe --testbench, --vpi-media, --vpi-systf u --interface (6e3 mapameTpos)
WIJIN OTCYTCTBHIO BCEX ITUX OITIIHH.

6) --testbench[=file] — Bxmouaer reneparuio Verilog-okpyxeHuss U MOXKET 3a7aBaTh HMsI

cooTBeTcTByIomIero Qaiina. Ecim ums ¢aitna He ykazaHo, Verilog-okpyeHue coxpaHsercs B
daiine testbench.v.
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7) --vpi-media[=file] — Bxmouaer renepaunuto VPl-memuaTopa M MOXET 3amaBaTh UM
cooTBeTcTByMOIIEro ¢aina. Ecim nums daiina He ykazano, VPI-menuarop coxpansiercs B (aitie
vpi_media.c.

8)  --vpi-media-header=file — 3amaer ums 3aromoBounoro ¢aiina VPI-menuaropa. [lanHas ommms
YUYUTBIBACTCS, TOJBKO €CIIM yCTaHOBIIeHa omuusi --VPpi-media. Ecnim ommms --vpi-media-header
OTCYTCTBYET (TP YCTAHOBJICHHOM --VPi-media), uMst 3aroJIoBOYHOrOo (haiiyia morydaeTcss i3 HMEHH
OCHOBHOTO (paiiiia 3aMeHoM paciupenus .h.

9)  --vpi-systf[=file] — Bxirouaer renepanuio madmonoB VPI-QyHKIUI U MOXKET 3a71aBaTh UM
cooTBeTcTBYMOIIEro (aitiia. Ecnu ums daitna He ykazaHo, madiaonsl VPI-GyHKIME cOXpaHSIOTCS B
daitne vpi_systf.c.

10) --vpi-systf-header=file — 3amaer ums 3arosoBouHOro (Qaiiina s WadIoHOB VPI-QyHKIMIA.
JlaHHast OMIUS YYUTHIBACTCS, TOJIBKO €CIIM YCTaHOBJIeHa omius --VPi-Systf. Eciu omus --vpi-systf-
header orcyrcTByeT (Mpu ycTaHOBJIEHHOU --VPI-SYsStf), ums 3aronoBouHoro (aiiia mosxydaercs us
HMMEHHU OCHOBHOTO (haiiyia 3aMeHOM pacuipenus Ha .h.

11) --interface[=file] — Bkmtouaer renepauuto C-mozmenu wHTepdeiica U MOXKET 3aJaBaTh HUMS
cooTBeTcTBYyIomIero (aitna. Eciu umst daiina He ykasano, C-momens uHTepdeiica coxpaHsercs B
daiine interface.c.

12) --interface-header=file — 3amaeT ums 3aromoBoynoro ¢aitna C-moaenu untepdeiica. Jlannas
OIIHsI YYUTHIBACTCS, TOJILKO €CJIM YCTaHOBJeHa omius --interface. Ecnu ommus --interface-header
OTCYTCTBYeT (MPH yCTaHOBJICHHOMH --interface), uMs 3arojoBouHOro (aiijaa MmonxydaeTcss U3 UMEHU

OCHOBHOTO (haiiyia 3aMeHOM pacupeHus Ha .h.

13) --destination=dir — 3agaer BbBIXOAHOW Kartasor. Ecnm 3ta omims He ykas3aHa, (aiiibl
COXPAaHSIFOTCSI B TEKYIINT KaTaJor.

14) --version | -v — BbIBOJ HH(pOPMAIIUK O BEPCHU YTUIUTHL.

15) --help | -h — BbIBO MH(bOPMAIIHK O JOCTYIHBIX OMIIUSIX.

3.2 3anyck VeriTool
3anmyck MHCTPYMEHTA OCYIIECTBIIAECTCS, HAaPUMED, CIECIYIOITUM 00pa3oM:

$(PATH_TO_VERITOOL)/bin/veritool --clk=clock --rst=reset --rstpos target/src/myfifo.v --vpi-
systf=vpi_systf.cpp --vpi-media=vpi_media.cpp --interface=interface.cpp

3ameuanue: Hassanus curnanos ClK u rst Hamo 3amaBaTh B TOYHOCTH TAKMMU, KAK OHU HAa3BAaHBI B
TECTHPYEeMOM MojyJie. THCTpYMEHT pacCYMTaH Ha TO, YTO TAKUE CHUTHAJIBI IPUCYTCTBYIOT B MOYJIC
B €IMHCTBEHHOM dK3eMInisipe. Bosmoskubie naszpanus: clock, CLOCK, clk, CLK, reset, RESET, rst,
RST u 1.1.
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4. Pa3paboTKka agantepa 3TafiloHHOM Moaenu

Mps1 nipogoimkaeM pa3paboTKy TeCTOBOro opakyia. Ha maHHOM 3Tame HaM HEOOXOJMMO CO3/1aTh
aoanmep 3manouHol modenu (B JAHHOM CIIydae CJoBa adanmep W meouamop OyIyT SBIATHCS
CUHOHMMAaMU). AJanrtep SIBJISETCS KJIAaCCOM-HACJIETHUKOM STaJOHHOW MOJIEIH U TMPEAOCTaBIISET
CpelcTBa:

- COCJUHEHUs C TECTUPYEMOM pealn3aluen JUIsl IOCBUIKY CTUMYJIOB U IIpYUeMa pEeaKIui;

- TPOCIYIIUBAHMS BBIXOJHBIX HMHTEP(EHCOB TECTUPYEMOIl peanu3alii Ha MPEAMET «IHIIHUX»
peaKIuii;

- COIIOCTABJICHUS PEaKLU, MPUILIEIIIUX OT TECTUPYEMOI pealu3aluu, U peakuui, NPUILIEIIUX OT
ATaJIOHHOW MOJIEIH, C BBIBOAOM IOAPOOHON AUArHOCTUKH.

CtpykTypa afgantepa 3TaJOHHON MOJENHU MpeicTaBlIeHa Ha puc. 4.

TecToBLIA 0paKyn
I MS
AnanTep moaenu i l
ApanTepkl BXOAHBIX WHTepdencos - DS
BxoaHble MHTEPDEACH
MR )
ITanoHHan Mofenb Lenesown
# KOMAOHEHT
LeTekTopbl peakumi —— DR
+ BrixooHbIe MHTERHERCH
MR MR ApanTtepsl BEXOOHEIX MHTepdelcon
[JononHUTENEHEIE CONOCTABWTENWM PEAKLWA CRl
\ BTopuyHbie apbuTphl / <
MR
Y
TecToBw opakyn <+
MS (Model Stimulus) - MOJenbHbIA CTUMyYN (aBcTpakTHoe coobluerne)
DS (Design Stimulus) - peann3aunoHHbLIR CTUMYN (ceprann3auna MS Ha BXoAbLl KOMNOHEHTa)
MR (Model Reaction) - MOAEeNbHaA peakuMa (3TanoHHbIE JaHHLIE UKW OFPaHUYEHWH)
DR (Design Reaction) - PEENWM3AUMOHHaA peakums (NocnenoBaTeNbHOCTE 3HAYEHWA BbIXON0B KOMMNOHEHTa)
CR (Checking Reaction) - npoeepaemas peakuws (fecepwanusauna DR B abcTpakTHoe cooblueHue)

Puc. 4. O60011eHHAs CTPYKTypa MEAUATOPA FTATTIOHHONW MOJIETTH
OCHOBHBIMU JIEMEHTAMH MEIUATOPA SIBISIFOTCSI:
- YHaClleJJOBaHHAs STAJIOHHAS! MO/IEINb;
- adanmepwvl 6X00HLIX uHmMepgheticoe (WM cepuanu3amopwvl), OCYIIECTBISIOMNE MpeoOpa3oBaHme
MOJICTIbHBIX CTHMYJIOB B pPEaU3allMOHHBIC CTUMYJBI, YTO BBIPAKAETCS KOHBEPTUPOBAHHEM

a0CTPaKTHBIX COOOIICHHI B MOCIIEI0BATEILHOCTh BO3JCHCTBUN CUTHAIBHBIX JTUHUN TECTHPYEMOTO
KOMIIOHEHTA;
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- aoanmepvl  GbIXOOHbIX — uHmepgeticos (WM Odecepuanuzamopul),  OCYLIECTBISIONINE
npeoOpa3oBaHre pealu3alMOHHBIX peakUuid B MpOBEpsAEMble pPEaKIUH, 4YTO BBIpaXKaeTcs
KOHBEPTUPOBAHUEM MPUHUMAEMBIX TIOCIEAOBATEIILHOCTEH C BBIXOJHBIX CHUTHAJIBHBIX JIMHUN
TECTUPYEMOI'0 KOMIIOHEHTa B aOCTPaKTHbIE COOOIICHHUS;

- Odemekmopul peakyuii, HEOOXOIUMBIE U1 OTJIOBA INPUHUMAEMbBIX DPEAKIUH OT TECTUPYEMOIo
KOMIIOHEHTa; JETEKTOpbl CO3JAI0TCA OTHAENbHO JJs KaXJIOro BBIXOJHOrO HHTepdelica u ¢
IIOMOUIBIO0 MOJIEIbHBIX pEAKLUN OTISKUBAIOT NPUIIEIIINE PEAIU3ALIMOHHBIEC PEAKIINH;

- OdonoiHumenvHvle conocmagumenu peakyuti (6mopuunvie apbumpbl), OCYIIECTBIAIOMINE
OKOHYATEIbHOE YTBEP)KJICHHE COOTBETCTBHS MEXKIy NPHUINCANIMMU pEaTU3allMOHHBIMU U
MOJIETIbHBIMU PEAKLUAMMU (B CiIydae, €CIM HE BBIIOJIHAETCS cooTHOIIEeH e 1:1).

4.1 Co30aHue Knacca adanmepa

Bce HCO6XOI[I/IMBIG KJIaCcCbl MW MAKpPOChbl IJIA CO3JaHuUs MCAUATOpa HAXOUATCA B cbaﬁne

<hw/media.hpp>.

OOBIYHO JJIsI CO3aHUSI MEAMATOPa TPEOYIOTCS BCIIOMOTaTeNIbHBIE CTPYKTYPHI, onuchiBatome VPI-
uaTepdeiic TecTHpyeMoro Moayis. Takue CTPYKTYpbl paHee OBUIM CO3JaHbl C ITOMOIIBIO
uncrpymenta VeriTool (daiin interface.h).

MenuaTop MozenM SBISCTCS HACICTHUKOM Kjacca MOJCTH M OINPEIENSIeTCS  CICIYOIIUM
makpocom:  MEDIA(uma_xnacca meouamopa,  uma_kiracca_moodenu). CUHOHUMOM  CJIOBa
"mMenuarop" B TecToBOM cucteme sBisercs "amanrtep': makpoc ADAPTER mnpuBomur
aHasiornyHoMy pesynbrary, uro u MEDIA. BHyrpu knacca cHauana OOBIYHO CO3JAIOTCS
CTaHJIaPTHBIE KOHCTPYKTOP U BUPTYAIbHBIN AECTPYKTOP, & TAKKE MAKCUMATILHOE BPEMS OHCUOAHUSA
yemanognennou peakyuu (HazoBeM ero REACTION_TIMEOUT, sto 00BIMHOE IEIOYHCICHHOES
none). Takxke B Kigacc Meauaropa J00aBIAIOTCS HOBBIE (YHKIIMM TIPOBEPKU 3aHATOCTH
uHTepdeiicoB, neperpysxaronire GyHKIUN 3TaJIOHHON MOJENH.

C mnomomsio makpoca DECLARE_PROCESS(ums_cepuanuzamopa) HeoOX0AUMO ONpeAEIUTh
Ha3BaHME METO0J]la, KOTOPBIH OyJeT npeoOpa3oBbIBATH COOOIICHHS, MPUXOASIIUME OT ATATOHHON
MOJIENIM Ha KaXJbli BXOAHOM HHTepdeiic, onpeaeneHHbII B MOJIEIH, B IOCIEA0BATEIbHOCTh
TECTOBBIX BO3/eHCTBUMN. JlaHHBIN METO Ha3bIBaeTCs cepuanuzamopom. Cepruanan3aTopbl CO3IaI0TCS
JUIsL KaXJI0TO BXOJTHOTO MHTEpdeiica.

C nomompio Toro xe makpoca DECLARE_PROCESS(umsa oecepuanuzamopa) onpenensiercs
Ha3BaHME METO/A, KOTOpbIM OyAeT CUUTHIBATH COOOMIEHMS, IOCTYMAIUe OT TECTUPYEMOro
MOJIyJIsl Ha €ro BBIXOAHBIE HHTEpQEHChl, 1Mo 3ampocy OT STAJOHHOM MOzenu, Koropas Oyaer
reHEepUpOBaTh COOOIIEHHS, [T01aBaeMble Ha MHTep(ENChl, ONpeieeHHbIe KaK BbIXOAHbIE. [laHHbBIN
METOJI Ha3bIBAETCS JeCepHann3aTopoM. Jlecepuanns3aTopsl CO3JAIOTCSA ISl KaKJOTO BBIXOJHOIO
uHTepdeiica.

B psanme cnyuaeB Ha OQWH BBIXOJHOW HMHTEp(hEHC MOXKET OBITh 3apEerHCTPUPOBAHO HECKOIBKO
COOOMIICHUH OT OTAaJOHHOW MOJEIM W MOXKET TIOJYyYUThCS TaK, YTO MEIUaTOp HE CMOXKET
OTIpEeNENUTh, K KAKOMY MMEHHO STAJOHHOMY COOOIIEHHIO OTHOCHUTCS JTAHHOE pPean3alMOHHOE.
Torna ucnonb3yetcs GyHKIMSA yKa3aHUsI CIICIOBAHMS MOJICTBHBIX COOOIIEHNH (Tak)Ke Ha3bIBAEMBbIi
apouTp), KOTOPBIN omnpeensercs CJIe1YIOIIUM MaKpOCOM:
DECLARE_ARBITER(mun_cnedosanusi_mooenvuvix coobweHutl,
ums_pynxyuu_ykasaunusi_ciredosanus). Cpend THUMOB (PYHKIMHA YyKa3aHHUS CIEIOBAaHUS MOXKHO
BBIIETTUTH CIEAYIOIIHE:
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- FIFO (Bce cooOmieHus BBICTpaWBAIOTCS B OYepeb MO MEpe HUX PETUCTPALUU, TOITOMY
MpPeNoYTeHue MpU BHIOOpPE HEOOXOJUMOrO0 MOJIEIBHOIO COOOLIEeHUsT OyaeT OTAaHO CaMOMy
IIEPBOMY),

- Priority (ananornyen FIFO, HO cooOmieHust KaKaplii pa3 mepe BHIOOPOM YIIOPSIOYUBAIOTCS 110
IIPUOPUTETY),

- InterfaceOrdering (ananoruuen FIFO, HO cooOiieHust U3 pasHbIX HHTEPHEHCOB HAXOIATCS B
pa3HBIX OYepe/siX, a BHIOOP MPOUCXOTUT MEXKITY IEPBBIMH AJIEMEHTAMHU BCEX OUuepeiei).

Taxoke U1 BBIXOAHBIX UHTEP(ENHCOB MOAEPKUBAETCA BOZMOXKHOCTb OTOOPAXKEHUS HEOHCUOAHHBIX
peaxyuil. Peakuiys sBIsSeTCS HEOKUAAHHOM, €CIIM MEUATOPY HE YJAI0Ch YCTAHOBUTH COOTBETCTBHE
MEXK]y peakiuei, IpUIIeANIe OT 3TaJOHHON MOJEIHM U peaKlyel, MOCTYNUBIIEH Ha BBIXOJIHOM
uHTepEiic TEeCTHPYEeMOro YCTPOHCTBA. DJTO MOXXET NPOHM3OWUTH, €CIM NEPBOM peakiuu He
MOCTYIWIIO, JIN0O0, €CIIU CIIOCOO YCTAaHOBJIEHUSI COOTBETCTBUS HE JJaJl MOJIOKUTEIIBHOTO OTBETA, YTO
MPUILEIININE PEAaKIUU ABIAIOTCA UIEHTUYHBIMU. OTIIOB HEOKUJAHHBIX PEAKINI OCYILECTBISAETCS C
MIOMOILBIO JIETEKTOpa PEaKUMi, B OOJIBIIMHCTBE CIy4yaeB ONPEAEIIeMOro CTaHAapPTHO C MOMOIIbIO
Makpoca DEFINE_BASIC_OUTPUT_LISTENER(ums_oemexmopa,
00beKm_muna_eblXx0OHoU_uxnmepghelic, npeouxkam_yciogue yCmaHOo8leHUs_COOmMEenmcmasls).

[TomrMo Bcex OSTHX (QYHKIUH HEOOXOIMMO ONPEACTUTHh JJOTMOJTHUTENBHBIA HA00p (YHKIWH,
CTAaHJApPTHBIX AJIs TecTupoBanus Verilog-momysieii:

e virtual void initialize() - ¢yHKIMS HHUIHATH3AIAHA TECTOBOTO OKPYXEHHS, KOTOpas
MOJITOTABJINBACT TECTUPYEMYIO M TECTOBYIO CUCTEMY K Ha4Yaay BepU(pHKAILIUH;

e virtual void finalize() - ¢yHkuus 3aBepmieHMs mpollecca TECTHPOBAHHS, KOTOpas
YCTaHABIIMBACT OMPEICICHHBIC CHTHAIBI HA TECTHPYEMYIO MOJIEIb, YTOOBI OCTAHOBHTH €€
CHMYJISITOD, & TAKXKE MOXKET CO/ICPKATh 3aBEPIIAIOIIHE KOMAH/IbI JJIsl TECTOBON CHCTEMBI,

e inputs_t inputs — cTpykTypa, TOJs KOTOPOW COOTBETCTBYIOT BXOJIHBIM CHUTHAJIaM
TECTHPYEMOTO YCTPOMCTBA (camMa CTPYKTypa T€HEPUPYETCSl aBTOMATHIECKH );

e virtual void setlnputs() - ¢yHKUMS YCTaHOBKM BXOJIHBIX CHUTHAJIOB TECTUPYEMOIO
YCTpOICTBa U3 CTPYKTYPHI inputs;

e outputs_t outputs — cTpykTypa, MTOJISI KOTOPOM COOTBETCTBYIOT BXOJHBIX CHTHAJIAM

TECTUPYEMOTO YCTPOUCTBA (caMa CTPYKTypa FreHepUPYeTCsl aBTOMAaTHUECKH);

e virtual void getOutputs() - GyHKIMS yCTaHOBKH IMOJIEH CTPYKTYPHI OUtputs B COOTBETCTBUH C
BBIXOJIHBIMU CHTHAJIaMH TECTUPYEMOT0 YCTPOWCTBA Ha JAHHOM TaKTE;

e virtual void simulate() - mepenawa ympaBneHHS CHMYISATOPY Ui MMHUTAIMOHHOTO
MOJICTTHPOBAHHSI OJTHOTO TaKTa.

Onnako, ecmu Mbl ucnonszyem Makpoc VERITOOL_ADAPTER nnst ompenenenust aganrtepa
ATAJIOHHOW MOJIENHN, 3TU (PYHKITUH U TIOJSI OyIyT CO3/IaHBl aBTOMATHYECKH.

B pesynbrate naHHBIX JAEHCTBHI MOJydaeTcs, HalpUMep, CIEAYIOIIUNA 3aroOBOYHBIN (aiin
menuaropa (fifo_media.h):

#pragma once

#include <hw/veritool/media.hpp>
#include <model.h>

#include <interface.h>

#include <string>

namespace cpptesk {
namespace fifo {
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VERITOOL ADAPTER (FIFOMediator, FIFO)

{
public:
FIFOMediator () ;
virtual ~FIFOMediator();

const static int REACTION TIMEOUT = 100;
virtual bool isIfacelReady () const;
DECLARE PROCESS (serialize ifacel);
DECLARE PROCESS (deserialize iface2);
DEFINE BASIC OUTPUT LISTENER(listen iface2, iface2, outputs.DO STROBE) ;
DECLARE ARBITER (Priority, matcher iface2);
}i
}}

HepefmeM K p€ajindaiu METOA0B KJIaCCa MCUaToOpa JTaJOHHOH MOIOCIH.

B peanmzanuu KOHCTpYKTOpa HEOOXOIMMO MPUBSI3aTh UMEHA BXOJIHBIX U BBIXOJHBIX MHTEpP(DECcOoB
K UX adanmepam — CEpUan3aTopaM M JecepHalu3aropaM COOTBETCTBEHHO. JTO Jelaercs ¢
IIOMOILBIO:

- Makpoca SET_INPUT_ADAPTER(umsa_obwexma_knacca unmepgetica,
ums_memooa_adanmepa_c_yKazaHuem_Kiacca) A BXOIHBIX HHTep(hencoB;

- Makpoca SET_OUTPUT_ADAPTER(umsa_obwexma_xnacca unmepdetica,
uMs_Mmemooa_adanmepd_C_yKasauuem_Kiacca) Nisl BBIXOJHBIX HHTEP(]EeicoB.

C nomompero Bei3oBa (yHkium  SetReactionTimeout(maxcumanvroe epems) HEOOXOIUMO
YCTaHOBHTh MaKCHUMaJlbHOE BpPEMsl B TaKTaX, KOTOPOE 3apETHCTPUPOBAHHAS MOJEIbHAs PEaKIus
OyzeT ’kJIaTh Ha BBIXOJHOM MHTepdeiice. 31ech MOKHO MCIIONIB30BaTh paHee OIpeesIeHHOEe oJe
REACTION_TIMEOUT. Ecnm peakiusi TECTUPYEeMOTO YCTPOWCTBA HE TOSIBUIIACH 32 YKa3aHHOE
KOJINYECTBO TAKTOB, (PUKCUPYETCs OLIMOKA CIUIIKOM OOJIBIIOTO BPEMEHHU OXKHJIaHHS.

B meauaTope HEOOXOAMMO HMHUIMATM3HPOBATH CTPYKTYPhI INPUtS u OUtputs BhI30BOM (YHKIHIL
clear_inputs(&inputs) u clear_outputs(&outputs), cremepupoBantbie uHCTpyMeHTOM VeriTool.

C MTOMOUIBIO Makpoca SET_ARBITER(ums_ob6vexma_gvixoonoeo unmepgetica,
uUMA_(YHKYUU_YKA3aHus_Cle008aHusl_3apecucmpupo8antvlx _peakyuil 0Jisi_unmepgetica)
HEOO0XO/JMMO NpUBA3AaTh paHee OIpelesIeHHYI0 (YHKIMIO YyKa3aHHUs CIIeAOBAaHUS MOJIEIbHBIX
peakuuil K BBIXOAHOMY UHTepdeiicy.

C IIOMOIIIBIO Makpoca
CALL_OUTPUT_LISTENER(ums_obwexma_oemexmopa_c_ykazauuem_Kiaccd,
UMS_BbIXOOH020 uHmep@elica) 3amyCcKaeTcsl IETEKTOP JUITHUX PEaKIIHMA.

Jlnst BKIIIOUYEHUS BBIBOJIa MH(POPMALIMU O HAMJIEHHBIX OIIMOKAaX Ha KOHCOJIb HEOOXOAMMO BBI3BATh
cTaHgapTHYIO (QYHKIHIO Kiacca meaunatopa, debug(yposens svisooa ungopmayuu 06 owubdkax).
Ha nannom stane nomyckaercst ykassiBaTh Tosibko ypoBeHb DEBUG_ERROR.

@OyHKIIUHN TPOBEPKH 3aHATOCTH MHTEP(eNcoB 0OBIYHO MEeperpykaroTcs, HO HCIONB3YIOT (DYHKIUH

KJIacca-poJIuTeNs, TO €CTh 3TAJOHHYIO Mojenb. K peanuzamuu 3Tux (QYHKIHH MOXKHO J00aBHTH
MCIOJIb30BaHNE BBIXOIHBIX CUTHAJIOB TECTUPYEMO Moienu (OUtpuUts), eciu 3T0 HEOOXOAUMO.
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Omnpenenenue CepHaIM3aToOpOB HAYMHACTCS c MakKpoca
DEFINE_PROCESS(ums_cepuanuzamopa ¢ umenem knacca). B Hauane omwicaHus pead3aliuu
cepuanm3aTopa HEO0OXOAMMO CKOINHMPOBATH MOJEIBHOE COOOIICHHWE B JIOKAJTBHYIO HEPEMEHHYIO.
Hoctyn K MO/JICIIEHOMY COOOMICHUIO OCYIIECTBISIETCS qyepes MaKpoc
CAST_MESSAGE (umsa_knacca_coobwenusy). lTlocne konmupoBaHUs COOOIICHHS HAYMHACTCS
HEMOCPECTBEHHAs peanu3anus cepuanuzaropa: nuinercs mMakpoc START(), ¢ Hero HauuHaeTcs
obpaborka ctumyna. C momoimpio Bbi3oBa ¢GyHkimu iface.capture() «3axBaThIBacTCsS» JIaHHBIN
BXOJHON wuHTepderc. DTOT 3axBaT SBISETCS JIOTUYECKHMM W HEOOXOIMM Ui TOTO, YTOOBI
HECKOJIbKO Pa3JIMYHBIX OIEpaIfii HE MBITAIKCh OJHOBPEMEHHO HCIIOIb30BAaTh OJMH H TOT JKE
BXOJHOU mHTepderic. [Ipy HEOOXOAMMOCTH TPOBEPUTH COCTOSHHE BXOJHOTO MHTepdelica mepen
OTHpPABKOW Ty/la CTUMYJa MCIOJB3YIOTCS paHee ompenelieHHble ¢QyHkuuu iSReady*. lanee
MIPOUCXOJISAT YCTAHOBKU TOJICH CTPYKTYPBHI, COOTBETCTBYIOIICH BXOJHBIM CHTHAJIAM TECTHPYEMOTO
Moyt (INPUtS) B COOTBETCTBHU C TOJIIMH COOOLICHUSI MOJICIBHOTO cTUMYIa. [lociie Toro, kak Bce
BO3JEWCTBUS MMOAaHbl, HHTEpdeiic HeoOxoaumo ocBoboauTh koManmoii iface.release(), mpuuem
JenaTh 3TO Hamo 3a | TakT OO €ro peasbHOro OCBOOOXKICHHS Uil TPEAOTBPAIICHUS MOSBICHHS
npobesioB B mojade ctumysioB. CIBUT TakTa B cTEMYyJe ocymiectBisiercss makpocom CYCLE().
[Mocne iface.release() oObruHO mumeTcs koHCcTpykius STOP(), o0o3Hadaromas OKOHYaHHE
obpabotku crumyna. HeoOxomaumo, uroOsr mexny iface.capture() u STOP() naxomuiicst XOTsi Obl
omua CYCLE().

Onpenenenue Jlecepraan3aTopoB HauuHaeTcs c Makpoca
DEFINE_PROCESS(uws_oecepuanuzamopa_c_umenem_kiacca). B Hauane onmcaHus peamn3ariu
Jecepuain3aTopa HEOoOXOAMMO 3aBECTH IE€PEMEHHYIO-CCBUIKY Ha MpUIIEee MOJEIbHOe
coobmenue. B 3To cooOmierne Oyaer 3amucaHa peakiys TEeCTUPYEeMOro YCTpOHCTBa. Makpoc
START() o6o3nauaer Ha4yaao oOpabOTKU peaknuu. ITocie HEro MHUIIETCSA YCIOBHE COOTBETCTBHUS
NpUIIeNIIed Peakud TEeCTHPYEMOTo YCTPOWCTBA MAHHOMY MeIuaTopy C IMOMOINBI0 Makpoca
WAIT_REACTION(ycrosue coomeemcmeus). HYacto B 3TOH pPONM BBICTYNAET HPOCTO CHUTHAI
BaJIMTHOCTH, HO, TIOCKOJIbKY BBI30B MEIUATOPa MPOMCXOIUT MO MOJEIFHON PEaKIfy, 371eCb MOTYT
MCIOJIb30BAThCSI HEKOTOPBIE MOJIA 3TOM MOAETbHOM peakiuu. OTMETHUM, YTO, €CIH HECKOJBKO
peaKIuii MOMBITAIOTCS CYUTHIBATH OJTHH U TE )K€ BBIXOIAHBIC JaHHBIE, TO €CTh OHU 3aXBaTAT OJWH U
TOT JK€ BBIXOJAHOM uHTepdeiic, Oyner 3aukcHupoBaHa OIMIMOKA, 3TO JEHCTBHE CUUTAETCS
3ampenieHHbIM. [locie Toro, kak peaknus Haliach, MPOMUCXOMUT CUMTHIBAHUE 3HAUCHWH ITOJICH
outputs u 3amuck HUX B JOKajgbHOEe cooOuieHue. IIpu HEOOXOAMMOCTH MEXAY CUMTHIBAHUSIMHU
3HAYeHUH BBIXOMHBIX cuUTHaOB BcraBisiercss mMakpoc CYCLE(). Ilocie oxoHYaHWs CUMTHIBaHUS
numercs mMakpoc NEXT_REACTION(), koTopblii TOBOPHT TECTOBOIl CHCTEME, Y4TO HEOOXOIUMO
MEPEeNTH Ha CIEAYIOIIYIO 3apEerHCTPUPOBAHHYIO MOJICIBHYIO PEAKINI0 Ha JaHHOM HHTepdetice, mpu
yciaoBuH, 4YTO oOHa ecTb. Hakonen, wmakpoc STOP() o0o3HauaeT oOKOHYaHUE PabOTHI
JiecepraIn3aTopa.

B pesynbrare Mbl ostydaem, Halpumep, CIACAYIOIIYIO0 PeaTnu3alyio MeIuaTopa 3TaAJTOHHON MOJIETH
(fifo_media.cpp):

#include <fifo media.h>
#include <sync.h>
#include <interface.h>
#include <vpi media.h>
#include <iostream>

namespace cpptesk {
namespace fifo {

FIFOMediator: :FIFOMediator () {

SET INPUT ADAPTER (ifacel, FIFOMediator::serialize ifacel);
SET OUTPUT ADAPTER (iface2, FIFOMediator::deserialize iface2);
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setReactionTimeout (FIFOMediator: :REACTION TIMEOUT) ;

SET ARBITER (iface2, matcher iface2);
CALL_OUTPUT_LISTENER(FIFOMediator::listen_ifaceZ, iface2);
debug(DEBUG_ERROR);

}

FIFOMediator: :~FIFOMediator () {}

bool FIFOMediator::isIfacelReady () const {
return FIFO::isIfacelReady () ;

}

DEFINE PROCESS (FIFOMediator::serialize ifacel) {
InputData msg = CAST MESSAGE (InputData);
START () ;
iface.capture();
inputs.WR_STROBE = 1;
inputs.DI = msg.get dataf();
iface.release () ;

CYCLE () ;
STOP () ;
}

DEFINE PROCESS (FIFOMediator::deserialize iface2)

{
OutputData &msg = CAST MESSAGE (OutputData) ;

START () ;
WAIT_REACTION(OutputS.DO_STROBE);
msg.set data (outputs.DO) ;
NEXT_REACTION();

STOP () ;

H}

5. PaspaboTtka cueHapueB TeCTUpPOBaHUA

Cyenapuu mecmupoganus SBISIOTCS HEOTHEMJIEMOH YacTbIO TECTOBOI cucTeMbl. OCHOBHOHM HMX
LENBI0  SBISCTCS Onucanue cmumyio8 W BbIOOp memoda ux wucnonb3oBanus. CreHapuu
TECTHPOBAHUS CIy’KaT KOHPHUTypanuei 1 00BbeKTOB Kilacca reHepaTop CTUMYJIOB U3 OMOIMOTeKH
urctpymenta C++TESK Testing ToolKit. Ha 00001ieHHO# cTpyKType TeCTOBOIl CHCTEeMBI Ha puc.5
HACTPOCHHBIH CIICHapHeM TECTHPOBAaHMS TEHEepaTop H300paKeH IO Ha3BaHHEM «TEHepaTop
CTUMYJIOBY.
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MeHepaTop CTHMMYNOE TecToEaA CUCTEMS HOL-cumMynATOR

C TRy NEl

TRy .NEI s H
TecToEEIA opakyn | Leneeol KOMMNOHEHT

o I ¢Peamu,t—u—1

....................... @ EepovkT | Chopwiwk nokpemhA

SR D .+ MokpelTHe

L 4 L 4

rEHEpEITDp OTHETOE O TECTHROEIHWIA

Puc. 5. O606meHHast CTpyKTypa T€CTOBOM CUCTEMBI

C++TESK Testing ToolKit momiepkuBaeT aBa OCHOBHBIX CIIOCO0A T'EHEPAIMU: Ha OCHOBE 06X00a
KOHeuHo2o asmomama (croco0d OyIeT paccMOTpeH B OJHOM W3 CIEAYIOIIUX pa3/ieioB) U
CYUQUnbLL 8b100p cMuUMYIa N3 CTTUCKA 3apETHCTPUPOBAHHBIX CTUMYIIOB. O0a criocoda UMEIT CBOU
JOCTOMHCTBA M HEJOCTAaTKU. llepBblii mpeaocTaBisieT OOJBIIYH0 TOJHOTY TECTUPOBAHHMS,
HAIICJICHHOCTh Ha 00XOJl BCEX CHTYallUid, ONPEIEICHHBIX KOHEUHBIM aBTOMaTOM. BTOpoii crocob
naeT OOJIBIIYIO IMUPOTY CO3JaBAEMBIX BO3JCHCTBUI TPU OTHOCHUTEIBHO HEOOJIBIIIOM BPEMCHH,
TpeObyemoM Ha pa3paboTky. [Ipu 3TOM, mepBeIii crOCO0, Kak MpaBwiio, TpeOyeT OONbIINX YCHUITHMA
npu pa3paboTKe M MPOTOHE TECTOB. A, JEWCTBYS BTOPBIM CIOCOOOM, €/1Ba JTM MOXHO OXBaTHUTh
CIIO)KHBIE OIMIMOKH, BO3HHUKAIOIIUE TMPH CHEMUPUUYECKUX TOCIEeI0BATENbHOCTIX TOJaBAEMBIX
ornepanui.

BceromMHuM, 9TO MOpeplIylIMMHU IIaraMd O pPa3pabOTKE TECTOBBIX CHUCTEM ObUIM: ATAJOHHAS
MO/IeJIb, MEMATOP ITAIOHHON MOJIENH, COOPIUK MOKPBITH. J[J1s MOJTHOTH HAObopa KOMIIOHEHTOB,
COTJIACHO pHC. 5, HEOOXOANMO, IOMHMO T'€HEpPaTopa, UMETh TECTOBBINH opakyil. OH MpencTaBiIseT
CO0OH PACHIMPEHHBIN C MOMOIIBIO KOMNOHEHMO8 NpoGepKy MenuaTop (WM adanmep; HACIETHUK
ATAJIOHHOW MOJIENN ), CM. PHC.6. DTUMHU KOMIIOHEHTAMU SIBIISIFOTCS:

o [Ipedycnosus cmumynos,
e Komnapamopwi peakyuii.

IIpenycnoBust CTUMYIIOB SIBJISIOTCS NPEAUKATAMU, BBINOIHAIOIIKUMHUCS TOJIBKO B TOM ClIy4ae, €Cliv
TEKYIIIee COCTOSIHHE MOJIEH TO3BOJISET 3allyCKaTh TaHHBIN KOHKPETHBIA cTUMYJ. TakuM oOpa3oM,
€CJIM IIPEAyCIIOBUE BBIIIOJIHEHO CTUMYJ 3aIllyCKaeTcs Ha JaHHOM TakTe, €CIM HeT — OH
UrHopupyerca. B 3aBucUMOCTH OT TECTOBOro creHapus OyIeT BbIOpaH Ipyrod CTUMYIN, OO
CIBHUHYT TakT. lIpemyciioBusi cTUMyna MOXHO pa3MeIlaTh: BHYTPH TECTOBOIO CIIEHApHs, OO
BHYTPH 3TAJIOHHOW MOJIEIH, UCTIOJIB3YEMOM 3TUM TECTOBBIM CLIEHAPUEM.

Kommaparopsl peakiuii aBTOMAaTUYECKH TE€HEPUPYIOTCS MPU CO3JaHUM MEIUATOpa STaJOHHOU
MOJIEIIH.
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MS MeHepaTop CTUMYNOB
I HapyweHnwe

TecTosuA opakKyn ¢

MNpeaycnoByA CTUMYNOB

.

ExoaHbeEe MHTepgReRCk
P DS
CR L1
|~ enepoi
ApanTep Mmoaenm R
et DR
Bel¥oOHEIE WHTepheRCk!
l MR
KomnapaTopel peakuua R
 J BepausT
[eHEpaTop CTUMYNOB
MS (Model Stimulus) - MOAENEHBIA cTMMY N {abcTpakTHoe coobfweHne)
DS (Design Stimulus) - peanW3aUWOHHBIA CTUMYA (Ceprann3auqa MS Ha BXo0bl KOMMNOHEHTSE)
MR (Model Reaction) - MOOSNLHSA PEIKUWA [3TENOHHEIE O3HHBIE WAKW OrpaHnYeHns)
DR {Design Reaction) - peanW3auloHHas peakuMs (NoCNenoeaTeNsHOCTE 3HaYeHWH BEIXOO0B KOMNOHEHTE)

CR {Checking Reaction) - NpoEepAeMan peakUWa (fecepranniauva DR B abocTpakTHo: coollleHue)
Puc. 6. TecToBsIit opakymn

Taxkum 06pa30M, Y HaC €CTb BCC CPCACTBA, YTOOBI HepeﬁTH K pa3pa60T1<e TCCTOBBIX CHCHAPUCB.
CHeHapI/II/I AOJIKHBI COACPIKATD:

® DK3EMIUIP STAIOHHON MOJENH;
® cyeHapHbvle QYHKYUU,
e (ONUIMOHAIIBLHO) PYHKYUIO NOLYYEHUS MEKYUe20 COCTNOSHUSL.

CueHapHbie (QYHKIIUU HEOOXOMMBI JUIS CO3JIaHHsI MOJICIBHBIX COOOIIEHUI-CTUMYJIOB U Mepeadn
UX B OTAJOHHYIO MOJIEJb, €CJIM BBITOJHEHO MPEIyCIoBUe (OHO MOXKET MPOBEPSTHCSA U B STATOHHON
MOJICIIN).

@OyHKIMSA MOMYYEHHs] TEKYIIEr0 COCTOSIHHS HEOOXOquMa B TOM CIydae, KOT/Ia HCIOJB3YeTCs
ABTOMATHBII TeHepaTop cTuMyJsioB. Bo3Bpamasice k BozmoxuocTssm C++TESK Testing ToolKit,
HAllOMHUM, YTO TEHEPHPYEMbIE TECTOBBIC IOCIECIOBATEIBHOCTH MOTYT OBITh JABYX THIIOB:
asmomamuvle N cryuaiinvie. [1epBelii THI OyfeT paccMoTpeH mo3jaHee. /sl reHepanuy TeCTOBBIX
MOCJICZIOBATEIbHOCTE HAa OCHOBE CIy4allHOTO BBIOOpAa CTUMYJIOB HCHOJB3YIOTCS —TOJBKO
clieHapHble (YHKIMH, TaK KaK COCTOSHHE STAJOHHOW MOJETH TECTHPYEMOIo YCTpOMCTBa HeE
oTcnexxuBaercs. [Ipy UCIONB30BaHUH TAKOTO CIIOCO0a TeHEepallii HeOOXOIUMO MPUACPKUBATHCS
COTJIALIICHUS: MIPHU PETUCTPAIUU CIHCKA CTUMYJIOB MEPBBIM PETUCTPUPYETCS CTUMYIL, COSULAIOUULL
MAakm cumyisyuu, OCTaIbHbIE CTUMYIIBI 3TOTO JeNaTh He JNOJDKHBL. [Ipu HacTpolike reHepanuu co
CIy4ailHBIM BBIOOPOM CTUMYJIOB MOKHO yKa3aTh:

® MakcumanbHoe KOIU4ecmeo makmos, Koropoe 0yaer paboTarhb TecCT,
® cmpamezulo NOOAYU CMUMYLO8 (MAKCUMANbHASA 3A2pY3Kd, OUHAMUYECKOe U3MeHeHUe
NnOMoKa no0agaemblix CMmumyJio8, a TakKe UX MapameTphl).
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bonee noapo6HO 3TH m1aru OyayT OCBEILEHbI B MOCIEAYIOIUX pa3esax.

IlepeiineM HEMOCPEICTBEHHO K CO3MAHUIO ClicHApHEB. Bce HEOOXOMMMBbIC KIIACCHI U MAKpPOChI ISt
CO3/IaHUs CIICHAPHEB OIpPEICICHbI B 3arojoBo4YHOM (aiine <ts/scenario.hpp>. Hcnonezyemsie
mpocTpaHcTBa UMeH: cpptesk::ts, cpptesk::hw, cpptesk::tracer.

Kmacc cnenapust cosmaercs ¢ momompbio Makpoca SCENARIO(ums xnacca cyenapus) {}.
Crnenyronie GpyHKIMH SBISIOTCS CTAaHAAPTHBIMU TIPU OTIPEICIICHUH CIICHAPUS:

KOHCTPYKTOP M BUPTYAJIbHBIN JECTPYKTOP;

virtual bool init(int argc, char ** argv) — uaunmanu3zanmronHas GpyHKuus;

virtual void finish() — ¢ynxkums, 3amyckaemast mpu OKOHYAHUU TECTUPOBAHUS;

GyHKIMS nodydeHust Tekymiero cocrosaus Std::string get_state() (noxa mwur emecmo nee

OyO0em UCnoIb3068aMb 3A2/YWKY);

® CIICHapHBIC GbyHKIUHN co creTyromnen CUT'HATYpOit bool
ums_cyenaprnou_pynxyuu(IntAbcCix& ctx);

® OK3EMIULIP TECTUPYEMOM 3TAIOHHOW MOJIENN C MEIUATOPOM.

[TonmyuuBuiicst kinacc siBisieTcss 0a30BbIM JJIsl TIOCTPOEHUS TECTOBBIX clieHapueB. OT HEro MOXHO
HACJIEIOBAThCSA, TIIOJIydasi pa3jiMyHble JOYepHUE TECTOBBIE CIEHAPHH. B 3THX cleHapusax
PETHCTPUPYIOTCS TOJIBKO HEOOXOJMMBIE ClieHapHble (DYHKIWH, HaxoJsmuecs B 0a30BOM Kiacce,
HCIIOJIB3YCTCA HCO6XOIH/IMaf{ (bYHKI_II/ISI IMOJIy4CHHA TCKYLIETO COCTOSAHUA, OIPCACICHHAA TAKXKC B
0azoBoM Kkiacce. Hukakux ¢yHKIuii Kpome KOHCTPYKTOpa W JECTPYKTOpa KilacC-HACIEIHUK
OOBIYHO HE TPEOYeT.

Jlexkiapanus KJ1accoB CLEHAPHUS MOXKET BBIMVIAAETh, HAIPHUMED, CIEAYIOUIMM 00pa3oM:

#pragma once
#include <fifo media.h>
#include <ts/scenario.hpp>

using namespace cpptesk::ts;
using namespace cpptesk::hw;
using namespace cpptesk::tracer;

namespace cpptesk {
namespace examples {

SCENARIO (ParentScenario) {
public:
virtual bool init(int argc, char ** argv);
virtual void finish{();
bool scen nop (IntAbcCtxé& ctx);
bool scen push (IntAbcCtxé& ctx);
bool scen pop (IntAbcCtx& ctx);
std::string get current state();

ParentScenario (void) ;
virtual ~ParentScenario (void) ;

protected:
DUTMediator dut;
bi

class ChildScenario : public ParentScenario {
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public:

ParentScenario () ;

virtual ~ParentScenario();
}s
}}

[Tocne pa3paboTkM Kiacca HEOOXOTUMO pealn30BaTh €ro METOAbl. B KOHCTpyKTOpe 0a30BOro
KJlacca, €ClIi OH HAIPSIMyI0 He Oy/IeT MCIOJIb30BATHCS B KAYECTBE CIIEHApHS, HEOOXOIUMO JIHIIh
yKa3aTh BBI30B KOHCTPYKTOpa ero 06a3oBoro kiacca ScenarioBase(). B xoHcTpykTope crieHapusi-
HACJIC/IHAKA OIPEIENIIeTCSl BBI30B KOHCTPYKTOpa €ro 0a30BOro Kjacca, a TakKe BBI3bIBACTCS
cienyromas QyHKIU:

setup(cmpoka_c_nazeanuem_cyenapus, &Haszsanue QYHKYUU UHUYUATUZAYUU C_UMEHeM_Klaccd,
&nazeanue ynkyuu okoHuanus_pabomovl_C_UMeHeM_Klacca,
&naszeanue yHKkyuu nonyyeHus mexywe20 COCMOAHUS_C_UMeHeM_Kiacca).

OrpanuveHreM Ha HUCHOJb30BaHWE (YHKIMU SetUP Ha NMaHHBIA MOMEHT SIBJISETCS TpeOOBaHUE
HAXOXJCHHUA BCEX HCMHOJb3yeMbIX B Hell (QyHKIMI B ogHOM U TOoM e Kiacce. Cpasy mocie
byHKINN setup B KOHCTPYKTOpE MOKHO PETUCTPUPOBATH
CIICHapHbIe (QYHKIIMH C TIOMOIIBI0 MaKpoca

ADD_SCENARIO_METHOD (nazsanue_cyenaproti ¢hynkyuu_c_umenem_Kiacca).

Cuenapsble (yHKIIMU pa3padaThiBalOTCA OTAEIBHBIMU METOJaMHU Kiacca 0a3oBoro creHapus. B
caMOM Hayajie CIICHapHOW (YHKIIMM MOTYT 3aJaBaTbCsi M OOBIYHBIC JIOKAJIBHBIC TNEPEMEHHBIC,
MIPUYEM 3aMETHUM, UTO KEJIATEIbHO UX OOBABIATH TOJIBKO B HaUasie CHEHAPHON (YHKIIHH.

ITocne ompenenenust Bcex nepemeHHblx numiercss Makpoc IBEGIN. Ilocne IBEGIN numercs
makpoc IACTION{}, BHyTpH KOTOpPOro coOOIIeHHEe, KOTOPOe OYAET MOJaHO B 3TAIOHHYIO MOJEIb,
co3JlaeTcs, a 3aTeM W Mojaercd B 3Ty Mmojenb. [locime co3naHus coOOIEHHs MOXKHO HamucaTbh
IPOCTYI0 PEATU3aIMI0 MPEAYCIOBUs TOAa4Yd CTHMYJa: YCIOBHBIA omeparop if, mpoBepsronuii
HE00XO/AMMBIE MapaMeTphbl ATAJOHHOW MOJETH Ha MPeAMET BO3MOXKHOCTHU IMOJaYM UMEHHO 3TOrO
CO3JIaHHOTO CcOOOIIeHMs. BHYTpH ycioBHOro omeparopa TNpH yIA4HOM HCXOJ€ TPOBEPKH,
IPOUCXOIUT TMOAaya COOOIIEHHS B MOJENb C TIOMOIIbIO CIEAYIOIIEeH KOHCTPYKLHU:
IK3eMNIAP _dmanoHHou_mooenu.start(&uma_cmumyna _moodenu_c_umenem_Knacca,
Hazsanue_unmepgetica, cooduenue, ums_xaacca_mooenu::START_REQUEST_IFACE).

Bue 3aBucuMocTH OT BO3MOXHOCTH Togadu crtumyina BHytpu IACTION, B camom ero KkoHiie,
HeoOxomuMo BKIOUNTh Hamucath YIELD(axzemnusp smanonnou_modenu.verdict()), xotopsrit
OyzmeT moiy4yatb pe3yiapTar paboThl ATAJOHHOW MOJEIH HAa TAaHHOM TakKTe W, MPU HAXOXKICHUU
omnOku, ee GukcupoBarb. B ciyuae cueHapHoi (QyHKIMM, CABHraroliell TaKT MOJAEIMPOBAHUS,
BMECTO KOHCTPYKIHUHU OHK3EMIUIApP STaJIOHHOW Mojenu.Start(...) ucrosib3yercss BbI3OB (PYHKIHMU
akzemniap_smanonnou_mooenu.cycle().

Bo3Bpaiasice Kk MeTO/aM TECTOBOTO CICHApHsi, OTMETHM, 4YTO MeToj INit OoOBIYHO mycT
Bo3Bpainaer true, a meroj finish BriIOYaeT OCTAHOBKY CHMYJSIIMUA MO BbI30BY MEIMATOPHOMN
byukn sxzemnaap smanonnou_moodenu.finalize(). @yukyus nonyuenus mexyweeo cocmosmus
get_state 6epet HEKOTOpbIE 3HAYCHMSI, BO3BpaIIaeMble (DYHKITUSIMU 3TATIOHHOW MOJIETH, CO3/IaeT Ha
UX OCHOBE CTPOKY W Bo3Bpam@aer ee. OOBIYHO MpaBUIBHOE HamMcaHue (YHKIHMUA TEKYIIETo
COCTOSIHUS SIBJISIETCS HEMTPOCTOM TBOPUYECKOI paboTOi.

Peammzanms MECTOOOB KjIacCca TECTOBOI'O CHCHAPUA MOXKET BBITTIAACTE IPUMEPHO TaK:
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#include <fifo scen.h>
#include <tracer/tracer.hpp>

namespace cpptesk {
namespace examples {

bool ParentScenario::init(int argc, char ** argv) {
return true;

}

void ParentScenario::finish () {
dut.finalize () ;

}

bool ParentScenario::scen nop (IntAbcCtx& ctx) |
IBEGIN
IACTION {
dut.cycle() ;
YIELD (dut.verdict());
}
IEND
}

bool ParentScenario::scen push (IntAbcCtxé& ctx) {
IBEGIN
IACTION {
if (dut.isIfacelReady () && !dut.is full()) {
InputData msg = InputDatal();
dut.start (&DUT: :push msg, dut.ifacel, msg, DUT::START REQUEST IFACE);
}
YIELD (dut.verdict());
}
TEND

}

bool ParentScenario::scen pop (cpptesk::ts::IntAbcCtxé& ctx) |
IBEGIN
IACTION {
if (dut.isIface2Ready() && !dut.is empty()) {
InputData msg = InputData();
dut.start (&FIFO::pop msg, dut.iface2, msg, FIFO::START REQUEST IFACE);
}
YIELD (dut.verdict());
}
IEND
}

std::string ParentScenario::get state fifo() {
std::string state;
std::stringstream out;
out << "";
state = out.str ()
return state;

}
ParentScenario::ParentScenario(void) : ScenarioBase() {}
ParentScenario: :~ParentScenario (void) {}
ChildScenario::ChildScenario(void) : ParentScenario() {
setup ("Example scenario", &ParentScenario::init, &ParentScenario::finish,

&ParentScenario::get state fifo);
ADD SCENARIO METHOD (ParentScenario::scen_nop) ;
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ADD SCENARIO METHOD (ParentScenario::scen push);
ADD SCENARIO METHOD (ParentScenario::scen_pop);
}

ChildScenario::~ChildScenario (void) { };

H}

Tenepb TeCTOBBI CLIEHApHIA yXKE CO3[aH, HO BCE €llle HEOOXOJMMO CBSI3aTh I'EHEPaTOP CTUMYJIOB C
JTaHHBIM CLIEHapueM. DTO AENaeTCs MOCPEACTBOM penosumopus mecmos. Perno3uropuil cogepxur
CITUCOK IK3EMILIIPOB KJIACCOB TECTOBBIX CIICHAPUEB M COMOCTABIISCT KAXKIOMY U3 HUX BBIOPAHHBIH
reHepaTop CTUMYJIOB M IapaMeTphbl 3allyCKa 3TOro reHeparopa. B KakIoil cTpoke perno3uTopus
JOJDKHBI COJICPIKAThCS Pa3iIMYHbIe dK3EMIUISIPBI KJIACCOB TECTOBBIX CLICHAPHEB: Ha3BaHUE O0BEKTA
TECTOBOTO CIICHAPUS UCIOJIB3YETCs Ul HICHTU(PHUKALMY TEKYIIEro 3amyckaeMoro crenapus. [Ipu
3allycKe TecTa OHO IepefacTcsi Kak mnapamerp +Scen=ums cyenapus (cM. ¢aitn testbench.v,
crenepupoBanHsbiii VeriTool).

JInst co3mMaHusi PEMO3UTOPHUS HMCIOIB3YIOTCS MaKPOCHI, OMPEIe/ICHHbIE B 3aroJIOBOYHOM (haiiie
<utils/testreg.h>. Peno3urtopuit naunnaercs ¢ makpoca TEST_REGISTRY_BEGIN, 3aBepraercs
makpocom TEST _REGISTRY_END. Kaxmoe comocraBiieHHE CICHapusis UM TeHeparopa
OCYIICCTBIISETCS BHYTpH pero3uTopus c MOMOIIIBIO Makpoca
REGISTER_TEST (3x3emniap _xknacca_mecmoswlii_cyenapuii, Mun_zeHepamopa_cmumynos,
napamempvl_no_ymonuanuio). Ilapamerp THII reHepaTtopa_CTUMYJIOB MOXET HNPUHHMATh TOJBKO
nBa 3Hauenus: engine::fsm u engine::rnd. IlepBoiii 0003HaYaeT reHepalMioO Ha OCHOBE 00X01a
KOHEYHOTO0 aBTOMAaTa, BTOPOW — C MPOM3BOJBHBIM BBIOOPOM CTHMYJOB. C  TOMOIIBIO
napamMeTpoB_II0 YMOJYAHUIO MPOU3BOAUTCS JOMOJHUTEIbHAS HACTPOMKAa reHepaTopa CTHMYJIOB.
CHmcoK napameTpoB MOXKET BKIIOYATh, HO KIMH HE OTPAaHUYCH, CIICAYIOIIUE apaMeTpPh:

-uerr=N, N>0 — BbITOTHATE TeCTUpOBaHKE 10 OMMOKK HOMeEp N;

-nt — 3ampet ucnonb3oBath Tpaccy UTT,;

-nt2 — 3amper ucnosk3oBath Tpaccy UTT2;

--length N, N>0 — crienapuii ciy4aitHoro TecTupoBanus Oy/er npoaomkarbes N TakToB
--parallel — BxiIrOYEeHA BO3MOXHOCTH T0O/IaBaTh CTHMYJIbI MapaUIeibHO (TOJNBKO JUIs
CLIEHapHs CIIy4aifHOTO TECTUPOBAHUS)

e --maxload — HeE0OXOIUMO MOCTOSIHHO TOJABaTh BCE CTUMYJbI, Y KOTOPBIX BBITIOJHEHBI
MPeyCIOBUS (TOJIBKO JUISl CLIEHAPHsI CITy4alfHOTO TECTUPOBAHUA).

VKa3zplBaeMble B PEMO3UTOPHH TApaMETPhl TECTa TEPEKPHIBAIOTCS  IOJIH30BATEIbCKIMU
napamerpamu, monaBaeMbiMu uepe3 ARGV (cM. creHepupoBanHbIi testbench.v ¢ momomrsio
VeriTool).

Paspabotannsiii penosuropuii (fifo_tests.cpp) moxker BBITIAACTH, HATPUMEP, BOT TAKUM 00pa30OM:

#include <utils/testreg.h>
#include <fifo scen.h>

using namespace cpptesk::examples::fifo;
ChildScenario scen_rnd;
TEST REGISTRY BEGIN

REGISTER TEST (scen rnd, engine::rnd, "-uerr=1 --length 10000 --parallel")
TEST REGISTRY END
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6. Pa3paboTka (pyHKLMOHaNIbHOro NOKPbITUA

JIOOTHUTENBHOW BO3MOKHOCTBIO ITIOCTPOCHHUS 3TAIOHHOW MOJIEIH SBJIAETCS IIOCTPOCHUE U OLIEHKA
@yukyuonanono2o noxkpwvimus. Ilol TOKpeITHEM OOBIYHO IOHHMMAeTCs HEKOTOpas BEJINYMHA,
u3MepsieMass B aOCONIOTHBIX WJIM OTHOCHTENBHBIX BennyuHax. CMbICH cOOpa TOKPBITUS
3aKJII0YAeTCsl B MOJYYEHUU MH(OPMAIMM O MOJHOTE TECTUPOBAHMs: 4eM OoJiblie aOCOIIOTHAs U
OTHOCHUTEJIbHAS BETMYMHA IMTOKPBITHS, TeM 00JIee MOTHO MPOBEPEH TECTHPYEMBIN IPOCKT.

CymiecTByeT HECKOJIbKO Pa3HBIX IOAXOJ0B K COOpPY MOKpBITHS, HO B paMKaX 3HAKOMCTBa C
C++TESK Testing ToolKit mbl OyaeM TOBOPUTH TOJBKO O HVHKYUOHAILHOM NOKPbIMUL,
MOKPBITHH, OTBEYAIOIIEM Ha BOIPOC O TOJHOTE MPOBEPKH BBIICICHHBIX HHXEHEPOM
DYHKYUOHATLHBIX CBOUCME TECTUPYEMOI MOJISITH.

Ha nannenii moment C+H+TESK Testing ToolKit mogmepxuBaeT TONbKO 3aJaHHBIC BPYYHYIO
CTPYKTYpbl (PYHKIMOHATBHOTO MOKPBITUS; OTCICKUBAHHE BO3HHKHOBEHHS OIMMCAHHBIX CHTYalUil
MPOMCXOAUT aBTOMATHYECKU. Pe3ynbTar BHIBOJUTCS B BUJIC OTYETA B KOHIIE TECTUPOBAHUSI.

Wmxenepy, 3aHATOMY BepUpHUKAIMeld, HE0OXOAWMO TPOAHAIM3HPOBATH JOKYMEHTAIMIO Ha
TECTUPYEMBbIi KOMIIOHEHT C LEJNbI0 BBIJACICHHS CUTYyalluil, BO3HHUKAOUMX B (DYHKIMOHAIBHON
MOJIETN, KOTOPBIE JOKHBI 00s13aTENIbHO MOKPBIBAThCSA TECTOM. JlJisl COINIacOBaHUS U3BJIEUEHHBIX
CBEIIEHUI C OCOOCHHOCTSMHU pean3allii TECTUPYEMOTO KOMIIOHEHTA TOJIE3HO OOpATUTHCS K €ro
pa3pabotuuky. Jlanee MHXEHEpOM U1 BBIIEICHHBIX CHUTyallUd CO3JAeTcsi CTPYKTypa
(YHKIMOHATIBHOTO TOKPBITHS, KOTOpas B IMpolecce TECTHPOBaHUSA OyleT TUHAMHYECKH
3anoyHATbC. OTMETUM, UTO paboTa MO BHISBICHUIO JIEMEHTOB IOKPBITUS SBJISIETCS] TBOPUECKOM, U
ee pe3yJIbTaThl CHIIBHO 3aBHCAT OT KBATH(PHUKALINN 3aHIMAIOIIETOCS ATHM YeJI0BEKa.

Heobxomumo otmeruth, uto C++TESK Testing ToolKit Ha nanHOM 3Tame ero pa3BHTHS HE
MIO3BOJISIET OIMCHIBATH CUTYallUH, B KOTOPBHIX HCIIOJIB3YIOTCS AMHAMHYECKUE XapPAKTEPUCTHKH:
HACTYIUIEHHE COOBITUS TOCJIE KaKOTrO-TO JPYroro cOOBITHS, uYepe3 N TakTOB M T.JI. Takue
BO3MOXKHOCTH ITUTAHUPYETCS JOOABUTH MO MEPE Pa3BUTHS HHCTPYMEHTA.

Bce HeoOxommmble MakpoChl M KJIacchl omucaHbl B (aiimax — <ts/coverage.hpp> wu
<tracer/tracer.hpp>.

Kiacc IMOKPBITUA MOKET ABJIATHCA YaCTBIO ATaJIOHHOM MOACIH, HO OJIA YJIO6CTBa pa3pa6OTKI/I €ro
npeajaracTcsa co3gaBaTtb OTACIBHBIM KOMIIOHCHTOM. YuuteiBas CBSI3b INOKPBITUA C 3TaJIOHHOMI
MOZCIIbIO, BHYTPH HETO HeO6XO,Z[I/IMO XPaHUTH CCBUIKY Ha 3TaJIOHHYIO MOJICJIb.

[ToMrMO 00s13aTETBHOIO KOHCTPYKTOPA W BUPTYAJIBHOTO JIECTPYKTOpPA KJIACC (PYHKIHMOHAIBHOIO
MOKPBITHS TOJDKEH BKJIIOUaTh 00bekT Kiacca CoverageTracker. 3totT 00bEeKT OyaeT OCYIIeCTBISATh
XpaHeHne MH()OPMAIUK O 3apErUCTPUPOBAHHBIX B HEM CTPYKTYpPax (PYHKIIMOHAIBHOTO MOKPHITHUS,
BBIBOJMTE CTPYKTYpPY TOKPBITHS, a TaKke WHPOPMAIHUIO O JOCTUTHYTOM ITOKPBHITHH B (aill B
¢dopmare UTT2.

3anarte TTOKPBITHE MO>KHO c MTOMOIIBIO Makpoca
DEFINE_ENUMERATED_COVERAGE (uoenmudghuxamop noxpwimus,
cmpoxosoe_npedcmasiienue _NnoKpblmus, ((memka_snemenma_noxkpvlmus,

CMpoKoBoe _npedcmasiienue diemeHma_nokpvimus), (...,...), ...)). llpu aTom Oyner co3man oOBbEeKT
kimacca Coverage c¢ uMeHeM uodewmughukamop nokpvimus. Memxa_2nemeHma_noKpulmus
co3laeTcs UIsi YHUKAIbHON WICHTHU(HKAIIMKA BCEX KOMIIOHCHTOB OIPEENIIEMOr0 MOKPHITHs. Bce
CTPOKOBBIC MPEICTABICHUS UCTIONB3YIOTCS AJIsi TeHepallii OTYeTOB. IHCTPYMEHT TIO3BOJISIET TaKKE
KOIIMPOBATh TOKPHITHS, CO3[aBaTh IOKPBITHS-POU3BEIACHUS, TOKPBITUSA-TIPOU3BEICHHS C
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BBIYMTAaHUEM KOPTEKEH. Hns 3TOro HCTIOJIB3YIOTCS MAaKpOCBI:
DEFINE_ALIAS COVERAGE (uoenmughuxamop noxpwimusi,

cmpoxosoe_npedcmasiienue NnoKpblmus, UOEHMUPDUKAMOP _UCXOOHO20 NOKPbIMUL),
DEFINE_COMPOSED_COVERAGE (voenmughuxamop noxpvimus,

cmpoxosoe_npedcmasiienue NnoKpblmus, UOEHMUPDUKAMOP _UCXOOHO20 NOKpbimus_A,
UOeHMUPUKAMOP UCX0OH020 NOoKpbimusi_b),
DEFINE_COMPOSED_COVERAGE_EXCLUDING(uoenmughuxamop noxpeimus,
cmpoxosoe_npedcmasiienue _NnoKpblmus, UOEHMUDUKAMOP _UCXOOHO20 NOKpbimusi_A,
UOeHmMUpUKamop _ucxooHo2o_noxkpvimus_b,

{uoenmugpuxamop ucknouaemozo snemenma_nokpvimus_A,

UOeHMUpUKamop _uckuodaemo2o_siemenma_nokpoimus_ b}, ...) .

Jlist yueTa MOKPBITHS HEOOXOIMMO COTIOCTABUTh TEKYIIHE MTapaMeTPhl ATAJJOHHOW MOJICIH, a 3aTeM
nepeaath ux B o0bekT tunma CoverageTracker mocpencrBom omepatopa <<. 10 ym00HO JenaTh C
MOMOIIBI0 JBYX (QyHKIMWA. B nexiapanuu nepBod (QyHKIMM B KAa4eCTBE BBIXOJHOTO 3HAYCHUS
JOJDKEH cTosITh 00BekT Tuma Coverage, a B peanu3amuy 3TOH (YHKIUH JOJDKEH BO3BPAIIATHCS
asieMeHT o0bekTa Tura Coverage, BHIOpAHHBIN COTIACHO UCIOJIB3yEMOMY MapaMeTpy ITaJOHHOU
Mojienu. Bropas ¢pyHKIMsS mpruHUMaeT BO3BpallaeMoe 3HaYeHHE IepBOi (DYHKIIMH U TIEpeIacT ero B
oobexT Tuma CoverageTracker ¢ momoinpro omeparopa <<.

3aronoBounblii  Gaitn kimacca mnokpeitus (fifo_coverage.h) moxer BwIrIAAeTh, HAIpUMeED,
CIIeTyIOIUM 00pa3oMm:

#pragma once

#include <hw/model.hpp>
#include <ts/coverage.hpp>
#include <tracer/tracer.hpp>

#include <fifo model.h>

using namespace cpptesk::ts;

using namespace cpptesk::hw;

using namespace cpptesk::tracer;

using namespace cpptesk::tracer::coverage;

namespace cpptesk {
namespace fifo {

class DUT;

class DUTCoverage {

public:
DUTCoverage (DUT &dut) : dut (dut) {}
virtual ~DUTCoverage () {};

CoverageTracker coverageTracker;
DEFINE ENUMERATED COVERAGE (DUT FULLNESS, "DUT fullness",
((10, "0 (free)"), (I1, "1M),

(12, "2™), (13, "3"), (14, "4 (full)™)));

DUT FULLNESS select coverage element DUT FULLNESS (void) const;

void update coverageTracker DUT FULLNESS (void);
protected:

FIFO &fifo;

}i

H}

Peanuzanus sroro kmacca (fifo_coverage.Ccpp) MoXeT BBITJISIIETh, HAIpPUMED, CIEAYIOIIAM
o0OpazoM:
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#include <fifo_ coverage.h>

namespace cpptesk {
namespace fifo {

DUTCoverage: :DUT FULLNESS
DUTCoverage: :select coverage element DUT FULLNESS (void) const
switch (dut.dut fullness()) {
case 0: return DUTCoverage::DUT FULLNESS::IO0;
case 1: return DUTCoverage::DUT FULLNESS::I1;
case 2: return DUTCoverage::DUT FULLNESS::I2;
case 3: return DUTCoverage::DUT FULLNESS::I3;
case 4: return DUTCoverage::DUT FULLNESS::I4;
default: assert(false);

}

void DUTCoverage::update coverageTracker DUT FULLNESS (void) {
coverageTracker << DUTCoverage::select coverage element DUT FULLNESS () ;
}

H}

OOBeKT Ki1acca co3jaBaeMOro MOKPBITH TOJDKEH ObITh CO3/J1aH B KJlacce 3TaloHHOM Monenu. Torna
B KOHCTPYKTOPE 3TAJIOHHOW MOJENH MOSABIIAETCS BO3MOXHOCTH CBSI3aTh HMCIIOJIB3YEMYIO B KJIAcce
HOKPBITHUS CCBUIKY Ha J3TalOHHYIO Mojenb. Jlns oOHOBIeHHs HHPOpPMALMU O IOKPHITUU
HE00X0MMO BBI3BIBaTh (YHKIMIO No2 M3 paHee CO3IaHHBIX ABYX (DYHKIIMH B KJIacce MOKPHITHS B
OIpeJIeJIeHHbIE MOMEHTBI BPEMEHHU IPOrOHA TECTOBOM CUCTEMbl. TaKUMU MOMEHTaMH MOTYT ObITh
CHIBUTH TaKTa, 3aITyCK KaKuX-TH00 orepanuii, B 001meM, 3TO - COOBITHS, KOTa TPOUCXOIAT KaKHe-
00 NEeNCTBHsI, MEHSIOIINE COCTOSHHE MOJENHU, U B KOTOPHIX €CTh HEOOXOAWMOCTh OTCIEIUThH
(YHKIIMOHAJILHOE MOKPBITHE.

JIOCTUTHYTOE TIOKPBITHE BBIBOJWUTCS B Tpaccy *utt2. Jlns aHamm3a TpacChl HCIIOJIB3yeTCs
CHeIHabHBIN reHepaTop OTYETOB, KOTOPBIi MOKHO BBI3BATh KOMaHA0H
$CPPTESK_HOME/bin/reportgen.sh ums_mpaccei.utt2 us toro karamora, rje HaXOIUTCSA Tpacca
(mebobIIIoe 3aMeYaHue: UMs TPacChl HE JIOJDKHO coaepkarh mnpobenos). [lpu atom OyneT cozman
katasor Reports c¢ ortueramMum O TECTUPOBAHUU, [UJII MPOCMOTPAa KOTOPBIX HEOOXOIUMO
HCIOJIb30BaTh OOBIUHEIN Opaysep.

7. PaspaboTka cueHapuMeB TeCTMPOBaHUSl Ha OCHOBe ob6xoaa
KOHEYHbIX aBTOMaTOB

Jlononnenue k enase 5.

Jlns reHepalMu TECTOBBIX BO3JCHUCTBUN IMOMUMO pPaHIOMH3UPOBAHHOTO TEHEpaTopa MOKET
WCIIOJIb30BaThCA OOXOJYMK KOHEYHBIX aBTOMAroB. OH MOJpa3yMeBaeT JUHAMUYECKOE CO3JIaHhe
KOHEYHOTO CHJIbHO-CBS3HOTO aBTOMaTa M €ro oO0XoJI B MpoIecce TEeCTUPOBAHUS HEKOTOPHIM
HEU30BITOYHBIM AJTOPUTMOM. ABTOMAT CO3JIa€TCS C IMOMOINBIO (YHKIIUU IOJYYCHUS TEKYIIETro
COCTOSIHMSI M CIHCKa CTUMYJOB (B JaHHOM KOHTEKCTE CIIEHApHBIX (YHKIIHI), C ONUCAHUEM
JOITYCTHMOCTH WX 3aITyCKa B TEKYIIIEM COCTOSTHHH. TeCT cuuTaeTcs 3aKOHYCHHBIM, KOT/Ia B KaXKJIOM
COCTOSIHMM OBLIM TOJAHBI BCE JOMYCTUMBbIE B HEM CTUMYIBI, HO HUTJE HE ObUIO OOHApYyKEHO
OIITHOOK.

JInst kaxaoi creHapHOW (YHKIUH OIpPEAeTeH KOHTEKCT UTEPAlUH (CM. CHTHATYpy CIEHAapHBIX
¢ynknmii - INtADCCtX& CtX - 3TO M ecTb KOHTEKCT), KOTOPBI XPaHUT 3HAYCHUS HTEPATOPOB.
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HtepaTopsl — 3TO KOHCTPYKLUUHU JJIsi Iepedopa BXOTHBIX MapaMeTPOB 3aIlyCKAEMBIX OIepainui
STAJIOHHOW MOJIENM TakKUM 00pa3oM, 4YTOOBI PA3JIMYHbIE CTUMYJbl C Pa3IMYHBIMHU IapamMeTpaMu
CUMTAIUCh PA3HBIMH CTUMYJaMH. OTO OYEHb YAOOHO B TOM ciydae, KOrja HEoOXOAMMO
rapaHTHPOBAaHHO NepedpaTh Bce KOMOMHALIMY BXO/IHBIX IAPaMETPOB BCEX CTUMYJIOB.

BuyTpu crieHapHO# (QYHKIMH Cpa3y [MOCIE €€ Hadaia IHIICTCS OIMpPEACICHUE HUTePAHOHHON
nepemeHHoi: INt& ums_nepemennoit = IVAR(a). Bayrpu makpoca IVAR() gomkHa CTOSTH OfHA
OykBa JaTHHCKOTO andaBuTa, UX Bcero 26 (0T a M0 Z), a Tak KakK Ul KaXJIOH MepeMEeHHON
TpebyeTcsi CBOsI OT/ebHAs OYKBa, TO BCErO MEPEMEHHbBIX HA JaHHBI MOMEHT HOJIepKuBaetcs 26.
3HaYeHHsI ITHX [IEPEMEHHBIX OY/IyT XPaHUTHCS B BBIIICYKa3aHHOM KOHTEKCTE HTEPAIIUH.

Hanomuum, 4to mocie ornpeneneHus: Bcex MepeMeHHbIX numercs napa makpocoB IBEGIN-IEND.
Baytpu napst IBEGIN-IEND moryT waru BIIOKEHHBIE IPYT B JApyra IUKIBI IO UTEPAIMOHHBIM
MePEMEHHBIM, a BHYTPH MOCJIEAHEr0 U3 HUX J0JDKeH ObITh BiioxkeH Makpoc IACTION{}. Lluki mo
UTEPALMOHHBIM [IEPEMEHHBIM TPEICTaBseT coboi 00bIunbIi ki for: for(ums nepemennoii = 0;
uMsl_TiepeMeHHOM < 2; uMA_nepeMeHHoi++). Mcnonp30BaHHME WTEpPALlMOHHOW IMEpeMEHHOU
MO3BOJISIET O0O3HAUUTH HAIMUYWE LEJIOW CEepUH CTHMYJIOB, Pa3IHYaIONIUXCS ITHM MapaMeTpoM
uMs_tniepeMeHHOH. OTMeTHM, 4TO HeOOXOIMMOCTh B UTEPATOpax BO3HUKAET HE BO BCEX CIIydasX,
yacTo 0€3 HHUX MOXHO o0oiTHch. B mpocteix mnpumepax tuna FIFO HeoOXxomumMocTs B
UTEPAIIOHHBIX TEPEMEHHBIX OTCYTCTBYET, HO OHH MOTYT OBITh [00aBJIEHBI HCKYCCTBEHHO,
HampuMmep, Jid YBEIUYEHUS pa3Mmepa aBTomaTa. JlomycTUM, MBI BKJIIOYUM HTEPALMOHHYIO
MEPEMEHHYIO B CLIEHapHYIO (DYHKIIIO NOP, C TEM YTOOBI YBEIMYUTHh KOJIUYECTBO IYT, UCXOMISIINX
U3 JAHHOTO COCTOSIHUS.

bool ParentScenario::scen nop (IntAbcCtx& ctx) |
int &pseudo iteration = IVAR(a);
IBEGIN
for(i = 0; 1 < 10; 1i++)
IACTION {
dut.cycle () ;
YIELD (dut.verdict()) ;

}
IEND

A (I)YHKI_[I/IH MOJIYYCHHA TCKYHICT'O COCTOAHUA MOKET 6BITL, Harpumep, TaKOM:

std::string ParentScenario::get state fifo() {
std::string state;
std::stringstream out;
out << dut.fullness() << ","<< dut.isIfacelReady () << dut.isIface2Ready();
state = out.str();
return state;

Jliist TOro uToOBI 3aMyCcKaTh aBTOMATHBIN 00X0/1, HEOOXOAMMO YKa3biBaTh 00X0ouuk engine::fsm:

#include <utils/testreg.h>
#include <fifo scen.h>

using namespace cpptesk::examples::fifo;
ChildScenario scen fsm;
TEST REGISTRY BEGIN

REGISTER TEST (scen_ fsm, engine::fsm, "-uerr=1 -nt -nt2")
TEST REGISTRY END
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