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BBepeHue

IMon eepugpuxayueti annapamypsl OOBIYHO TOHUMAETCS TPOLIECC MPOBEPKH €€ noseoeHus Ha
COOTBETCTBHE €€ cneyuguxayuu. Takoil mporecc MOXKeT ObITh clelaH opmanbHO, ¢ TOMOIIBIO,
HanpuMmep, IPOBEPKH MOJENEH, aBTOMAaTHMYECKOIO 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 HEOOXOJAUMO pPEIIUTh 3aJady aBTOMAaTH3amuh. Yem OoJbIle TPOIECCOB OyayT
JenaThCsl aBTOMATUYECKH, YeM MEHbIIEe TOTpedyeTcss pydHoro tpyna, teM 3¢ dexkruBHee Oymer
MIPOUCXOUTH MTpoBepka. He 3aTparuBas popmanbHble METOBI BepUPUKAIUY, B JTAHHOM KYpCE€ MBI
OCTaHOBUMCS Ha MCIOJIh30BAHUU TOJHFKO UMHTAIMOHHOTO MOjenupoBanus. [Ipuuem, naiee peds 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 MOIIHOM W BIIOJHE COBPEMEHHOM pelreHnu. Mrak, peus Oymer
uaru o6 ucnons3oBanuu C++TESK Testing ToolKit.

C+HTESK Testing ToolKit peanusyer moaxon K BepuHUKAaUd HA OCHOBE WMHUTAI[MOHHOTO
MojenupoBaHus. OCHOBHBIM 3JIEMEHTOM HWHCTPYMEHTA SIBJIISICTCS €ro s0po — OuOIMoTeKa,
peanu3oBaHHas Ha si3bIkax nporpammupoBanusi C u C++. Bce KOMIOHEHTHI s/ipa CKOMIIOHOBAHBI B
OJIMH TaKeT U JOCTYIHBI 1o aapecy http://forge.ispras.ru/projects/cpptesk-toolkit/files. UuctpymenT
MpeHa3HayYEeH U1l CO3/IaHUsl TECTOBBIX CUCTEM C MCIOJb30BaHUEeM C++ Il pa3IUuuHbIX MOJENeH
CUHXPOHHOU annapamypsl Ha PA3IUIHBIX YpogHsax abcmpakyuu. TECTOBbIE CHCTEMBI CO3JIAIOTCS C
HCIIOIb30BAaHUEM JIFOOBIX CPEICTB, MpenocTaBisieMbix C++, Ha OCHOBE IOAXOJa, MAKpPOCOB H
knacco, onpeneneHHbix C++TESK Testing ToolKit.

[Tpy co3MaHUM TECTOBBIX CHCTEM Ul MMHUTAIMOHHOTO MOEIHPOBAHHS OOBIYHO PEIIAIOTCS TPH
OCHOBHbBIC 3aJ[a4d: HOCMPOEHUsI MeCMOoBOU NOCIe008aMeNbHOCMU, OYEHKU NPAGUIbHOCIU
noeedenuss M oyenku nornomor mecmuposanus. C++TESK Testing ToolKit mo3Bonsier cTpouts
MOCJICI0BATENLHOCTH JIBYX THIIOB: COCMAsIseMble Ha KaXIOM TaKTe MOJCTHPOBAHUS CIVUALHO W3
3apaHee OMUCAHHBIX CTHMYJIOB U nojyudemvle TAHAMHUYECKH HA OCHOBE TEXHUK 00X00d HESBHO
3aJIaHHBIX KOHeuHblx aemomamos. OUeHKa TPaBUIbHOCTH MOBEICHUS ONPEICIeTCs Ha KaXI0M
TaKTe HA OCHOBE UCHOIHUMOU IMALOHHOU MOOeU, CO3TAaHHON Pa3pabOTYMKOM TECTOBOM CHCTEMBI,
Ha TOM WJIM WHOM ypOBHE aOCTpakiuu. Takke MOXET OBITh HCIOJIB30BaHA CTOPOHHSIS MOJIEIb,
HAIpUMep, cumyaamop cucmemsl. [lonnoma (3aKoHUEHHOCMb) Mecmupo8anusi OTIPEACIeTCs 100
[0 KOIUYeCms8y MAakmoe mecmupoéanuss Ui CIydailHO BBHIOMpAaeMbIX BO3/CHCTBHUiA, OO Ha
OCHOBE UHpOpMayuu 0 3a6epuleHHOCMU 06X00a KOHEUHO20 A6MOMAmd.

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

Puc. 1. O0mas cxema TeCTOBOM CUCTEMBI
PaccMoTpuM KpaTKo 371€MEHTHI, IPEICTaBICHHBIC Ha IAaHHOM 00IIel cxeMme:

1. I'enepamop cmumynos - KOMIOHEHT, CO3JAIOIIUNA MOTOK BXOIHBIX BO3ACHCTBUI (CTUMYJIOB);
HaCTPamBaeTCs C MTOMOIIBIO CIIEHAPUEB TECTUPOBAHUS;

2. Tecmoswiti opaky; - KOMIOHEHT, IPHHUMAIOMINN TOTOKU JAHHBIX OT TeHepaTopa BO3ACHCTBUN U
OT LIEJIEBOT0 KOMIIOHEHTA, MEPENAOIUi IOTOK CTUMYJIOB OT T'€HepaTopa LeJIEBOMY KOMIIOHEHTY,
OLICHUBAIOIIHNNA KOPPEKTHOCTH NOBEACHUS LIEJIEBOTO KOMIIOHEHTA;

3. L]enesoti komnonenm - MOJENb amnaparypsl, pa3paboTaHHas Ha OJHOM U3 S3BIKOB ONMUCAHHUS
anmapaTypsl (B JaHHOM citydae, Verilog), npuHuMaromas moTok CTUMYJIOB U OTBEYAIOIIasi Ha HEro
peaKknMsIMHU, KOTOpble HEOOXO0IUMO IPOBEPUTH;

4. Coopuuk nokpwvimus - KOMIOHEHT, coOuparomuii nHpopMalHio 0 GYHKINOHATIBHOM MOKPHITUH
ATAJIOHHOM MOJENH, KOTopas B oOmeM ciydae BIMSeT Ha paboTy reHeparopa CTHMYJIOB C
MIOMOIIBI0 HHPOPMALIUHU 00 YK€ TOCTUTHYTOM IOKPBITHH,

5. I'enepamop omuemos o mecmuposanuu - KOMIIOHEHT, CO3JAlOIIUN OTYETHI-TPACCHl TECTOB C
nH(popMalyen o MPOUJECHHBIX MEPeXoaax, JOCTUTHYTOM MOKPBITHH, HAli/ICHHBIX OIINOKaX U Jp.

Jlanee no maram OyayT pacCCMOTPEHBI CIEAYIOUINE BOPOCHI:

® aHaNMM3 JOKYMEHTAllMW TPUMEHHUTENbHO K pPa3paboTKe TECTOBBIX CUCTEM C MOMOIIBIO
C++TESK Testing ToolKit;

CO3/1aHH€ TECTOBBIX OPAKYJIOB, BKJIIOUAs 3TAJJOHHBIE MOJENIN U UX MEAUATOPBI;
ornpezeneHue MoJeNn (PyHKIMOHAIbHOTO MOKPBITHS;

HAaCTpPOWKa reHepaTopOB CTUMYJIOB;

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

IMon eepughuxayueii KOMIIOHEHTAa MbI IMOHMMAaeM IIPOLECC COOTHECEHHUS €ro HalJI01aeMoro
noBeeHUs TpeOoBaHUAM K HeMy. MHaue roBopsi, Bepu(uKamnus — 3TO yCTAaHOBICHHE COOTBETCTBHUS
MEXIy IOBEJCHHEM TecTupyeMoil Mozaenu u ee crneuuduxanusmu. CrenoBareabHO, MOMHMO
COOCTBEHHO MOJyJsl, B HAIlleM pACHOpsHKEHUH JIOJDKHA OBITh cneyuguxayus HA MOAYIb —
JOKYMEHT, pa3palaThiBaeMblii B Hayalle MPOEKTUPOBAHUS M HEMHOTO MOAU(PHUIIUPYEMBIH B €ro
nporiecce, coepKalnii CBeIeHus 0 PYHKIIMOHUPOBAHUH MOTYJISL.

B peanbHO# XM3HM BO3HUKAIOT CUTYallUH, KOTAA ClICHU(HUKAINKA OYeHb CKYAHbIE, TH00 X BOOOIIE
HET, a pa3paldOTYMKH OTrPAHHYMIIUCH CIIHCKOM CHTHAJIOB 6XOOHbBIX WU BbIXOOHbIX UHMEPQelcos
TECTHPYEMOro MOAYJs. B Takux ciaydasx MpoOBOIUTH BEepH(PUKALNIO 3aTPyTHUTEIHHO, TaK Kak
CKa3aTh, YTO KaKOE-TO IOBEICHUE TECTUPYEMOIr0 MOMAYJS OIIMOOYHO, MOXKHO TOJIBKO HMMesl Ha
pykax uHGOpPMAIMIO O TOM, KAaKUM OHO JOIDKHO ObITh. Torja NpUXOIUTCS OIpalINBaTh
pa3pabdOTYMKOB MOJIYJIS, CAMOCTOSITEIBHO COCTABIISATH CIUCOK TPEOOBaHHWM, KOTOPHIM JOJDKHO
VIOBJICTBOPATh TECTUpyeMoe ycTpokcTBo. OOnamgas crnuckoM TpeGoBaHUU (cnienudukanueii),
MOJKHO HAUMHATh 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 npencrasienune oneparun |O-WRITE
(3anuck o kanany 10), koTopoe HauMHAETCs ¢ OJHOTAKTOBOTO 3ampoca 1o uHrepdeiicy 20. Ha
CIEAYIOIIEM TaKTE MOCJIE 3ampoca OCYIIECTBIAECTCS MPUEM JaHHBIX, KOTOpbIM murcs 17, 19, 33
unu 37 TaKTOB B 3aBUCMMOCTH OT JUIMHBI JAHHBIX U HAJIUYMS MAaCKH CPEeIM NEPeIaBacMbIX JTaHHBIX
(manHas OJOK-CXeMa SIBIISIETCS HEIOCTAaTOYHOW JIsi TOCTPOCHHSI STAaJOHHOW MOJENH, K Hel
MpUJIaranach maoauya NOMaxkmosol packiaoku, 0 KOTOpod Oyaer pacckazano panee). [locne
MOJIyYEHUs BCEX TAHHBIX M UX COXPaHEHUs, BBIMOJIHEHNE ONEPallui 3aKaHIMBACTCS.

B G10k-cxemax 0OBIYHO MPUCYTCTBYIOT CIIEAYIOMNE 0003HAYCHHUS:
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OBaJIbHBIMM CHMBOJIAMH O003HAYAIOTCS TOYKHM Hadaua u KOHIIa onepaum”l; B TOYKC Haydalia
IMUIIETCS MHEMOHHYECKOE O0003HAYCHHUE orcpanru, KOTOpas 6yI[eT HUCIIOJIHATBCA B

npAMOYTOJIbHBIMU CHUMBOJIaMU 0603Ha‘{aIOTC$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 JOIyCKAeTCsl ONHCAaHWE KOJMYECTBA PEATbHBIX TAKTOB BBIIOJHEHUS CTaIUH
TECTUPYEMBIM YCTPOMCTBOM, JApyras BclioMoraTelbHas HWHGOpMalWs, M03BOJAIOIIAs
COMOCTAaBUTh CXEMY Pa3pabOTaHHOM ITATIOHHOW MOJIEIH;

POMOMYECKMMH CHMBOJIaMU 00O3HAYalOTCA MYTH BETBJICHUS TMOTOKA yrnpaBiieHus. BHyTpu
CHUMBOJIa JJOJIKHO OBITh ONKCAHO YCJIOBHE BETBJICHUS. BXoasmuii myTh AOHKEH ObITh OJIUH,

BCTBJICHHUC IIOTOKa YIpaBJICHUSA o0o3HayaeTcs )I(HpHOfI TOQKOﬁ, u3 KOTOpOfI HUCXOOAT ABa

[ ]

rpejienax 3TOro MyTu KOHTPOJIS YIPaBICHUS;
[ ]
[ ]

UCXOJSIINX MYTEH TOJDKHO OBITH POBHO JIBA;
[ ]

niu 0oJiee IOTOKA YIPaBJICHUS,
[ ]

COCAMHCHHUEC HCCKOJIbKUX ITOTOKOB YIHPABJICHUA OCYLICCTBIIACTCA TAKXKE B )KHpHOﬁ TOYKCE,
IIpHU 3TOM IIOTOKMH YHPABJICHUA NPCAIOIAraroTCa CUHXPOHU3UPOBAHHBIMU, T.C. YIIPABJICHUC
Ha BLIXOHHOﬁ IMOTOK IEpeAacTCd TOJIBKO B TOM CJIy4dac, KOI'Ja BBIIIOJHATCA BCEC BXOIHBIC
IIOTOKH.

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

Tab6un. 1. Ilpumep TaONUIIBI TOTAKTOBOW PACKIIAIKU JJISl OTACIBHON ONepaIiiu

Crumyn Berpnenune 0 Mukpooneparms 0 Mukpoonepanus 1 Betsnenue 1 Betsnenue 2 Mukpoonepanus 2 Mukpoonepanus 3
PRE: BRANCH: PRE: PRE: BRANCH: BRANCH: PRE: PRE:
1) eqmHOBpeMenHO Moxer  [ecan val_mask=1 (8 HET HET ecim Wr64=0 (B |ecyi val_mask=1 |ner HeT
paboTaTth TOJIBKO OJHA CTHMYIIE), Ha CIIE/yIOIEeM cTHMYyIIE), (B cTUMyIie), Ha
oriepauus 1aHHOTO THIla TAKTE 1O0CJIE Mo Ia4i BBITNIOJIHEHUE CIIE/IYIOIIEM TAKTE
2) val_wr_data_buff_ CTHMYyJIa HAYHHAET onepauun nocie
nreg_to_lO(0)=1 BBITIOJTHSATHCS 3aBepIIAeTCS. BBITIOJTHEHHSI

Wnave HaunHaeT MHKpoor. |
BBITIOJIHATHCS
BETBJIEHHE 2.

mukpoonepanys 0. Mxaue
HAYMHACT BBINOJIHATHCA
MHKpooreparus 1.

HauHHAET
BBITIOJIHATECS
MHKpOOTL. 2.
Wnave HaumHACT

'YcranaBIMBaOTCS
napaMeTpel CTUMYJIa:
val_wr_data_

from_IO (i)=1 (ctpob)
wr_data_
from_10[15:0](i)={0-7}
CTMMyJ'I MOAacTCs OJIUH TAKT.

INPUT:

val_wr_data_from_IO(i) - crpo6
wr_data_from_I0[15:0](i) cocront u3

- [15:3] - peseps;

- [2] A5 - nipu3Hak 3anucH BO BTOPYIO MOJIOBHHY 64-
6aiiTOBOI STUCHKH;

- [1] wr64 - npusHak 64-6aiiTOBOM MOCKITKH;

- [0] val_mask - Gyxer macka uiu Her.

ITo wr_data_
from_IO[15:0] (i)
Tiepe/1aeTCs Macka.
Macka 3anmuchiBaercs B
oydep (21) (riybuna 4
32-x mim 64-6allTHBIX
CcloBa).

JlaHHasi MUKPOOIL.
noBTOpsieTcst 2 pasa
noapsia.

ITo wr_data_
from_IO[15:0] (i)
nepenaercs 2 Gaiira
JIAHHBIX. l[auuue
3anuckIBaloTCs B Oydep
(21).

Jlaunas MuUKpoOTIEpaIus
nosropsiercs 16 pa3
TOJPsIL.

BBITIOJIHATBCA
MHKpPOOIL. 3.

ITo wr_data_
from_IO[15:0] (i)
TIepeaaeTCs MacKa Juist
BTOpOIi yactu 64-
OaiiTHOM nepenaun.
Macka 3anuceIiBaeTcs
B Oydep (21).

JlaHHasi MHKpOOIL.
noBTOpsieTcs 2 pasa
TO/PSIAL.

ITo wr_data_
from_IO[15:0] (i)
nepenaercs 2 Gaiita
JIAHHBIX Bl'OpOﬁ qacTtu
64-6ali THOI ITOCBIIKH.
):laHHl:IC 3aITUCBIBAKOTCS B
Gydep (21).

JlaHHasi MHKpPOOIL.
nosropsiercst 16 pa3
ToPSI.

POST: POST: POST: POST:
Ha CII/IIOIICM TaKTe Ha CJIe/IYIOIIEeM 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 NPOUCXOIUT KOTOPYIO IPOUCXOAUT

3aIlUCh) MEHSETCS Ha 3aIHCh) MEHSETCS Ha

HOMep CIIeyIomIeH HOMeEp cretyrommei

CcBOOO/THOM SUCHKH; MM |CBOOOHOM SUESHKH; HITH

Ha 8 B ciydae ee Ha 8 B cirydae ee

OTCYTCTBUS OTCYTCTBHS

INPUT: INPUT: INPUT: INPUT:
wr_data, wr_data wr_data wr_data,

fromfIO_[ls:O] - Macka

fromJOTlS:O] - IaHHbIE

from_lO[15:0] -
Macka

from_|I O_[15 :0] - naHHbBIE

Takas Tabmuia oToOpakaeT MOBEACHHE TECTUPYEMOTO MOAYJIS C MOTAaKTOBOW TOYHOCTHIO,
nHpopManuss B HEM COOTBETCTBYET OJIOK-CXEMeE, CIYXHUT Ui JaTbHEHIIEro MPOSKTHUPOBAHMS
MOTAKTOBBIX JTaJOHHBIX Mozeneid. Tabnwma cosmaeTcst A KaKIOW OTACNBHOW OIepaiuu,
BBITIOJTHSIEMOW TECTUPYEMBIM MOAyJeM. [IepBoif KOJIOHKOH sIBJsieTCss MHMOPMAITUS O CTUMYIIE, T.€.
MOCBUIKE B TECTUPYEMBIH MOAYNb, Ha4yMHAWOLIEH omnepauuto. I[IpuBoaurcs uHPOpManus o
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MPEIyCIIOBUU 3aIlyCKa omnepanuu (T.e. TeX YCIOBHUSIX, KOTOPHIE JOJKHBI OBITH BBIMOJHEHBI IS
Hayaja paboThl omepanuu), o0 yCTaHaBIMBAeMbIX BXOAHBIX cHUTHaiax. Cpeau MOCIeIyrOIIHUX
KOJIOHOK MOTYT OBITh KOJIOHKH YETHIPEX THUIIOB, COOTBETCTBYIOIIUX OJIOK-CXeMaM: MUKPOOIIEPAIHS
(oOoMH TaKT Ha JAHHOM YpOBHE aOCTpakKIMH), BETBIEHUE, paclapajiieIMBaHHe, COEAMHEHUE.
[Ipeanonaraercsi, YTO HUCIOJHEHHE ONEPAMM HA MOTAKTOBOM pACKIAJKE MPOUCXOIUT CIIEBa
HAIpaBo: MEPBbIM 3aMyCKaeTCsi CTUMYJ, 3aTeéM — TO, YTO HAaXOAWUTCA BO BTOpPOU KosoHKe. Jliis
KaXJIOM MHUKpOONEpaluy MUIIYTCS CBEIACHUS O TMPEAyCIOBUUM €€ 3alycKa, BBIIOJHIEMBIX
NEHCTBUSX OJTAJOHHONM MOJENHU, IOCTYCIOBUU, KOTOPOE JIOJDKHO OBITh IPOBEPEHO IMOCie
BBITIOJIHEHUSI MHUKPOOIEpAIU, HCIOIb3yEMbIE€ BXOJHBICE M BBIXOJHBIE CHUTHAIBL [l Kaxaoro
BETBJICHUS YKA3bIBAE€TCS YCIIOBUE BETBJICHUS U KOJIOHKH, Ha KOTOPBIE OYJET MPOUCXOAUTh MEPEXO.
JlJis KaxI0r0 pacnapauieTuBaHusl U COCTUHEHUS MMOTOKOB YIIPaBJICHUsS 0003HAYAOTCSI BXOIHBIC U
BBIXOJIHBIE KOJIOHKHU.

Ecmu s Bepudukanuu He OyneT M3roTaBIUBATHCS TMOTAKTOBAas ITAJIOHHAS MOJETHL (HAIpumep,
OHa OyzeT B3sATa W3 CUCTEMHOTO CHUMYJISATOPA) WM OHAa OYAET CIIPOCKTHpOBaHa aOCTPaKTHOM,
00BIYHO MOKHO OOOWTHUCH CIIeIU(UKAIUSIMH B IPOCTOM TEKCTOBOM Buje. [1o3TOMy, eciiu B TakoM
BUJC OHU YK€ OBLUIM HaNKMCaHbl, CO37aBaTh KAaKUE-TUOO JOMOJHHUTEIbHBIC MPEICTABICHHUS
crenuKanuii He Tpedyercs.

Teneps nepeiieM HENOCPEACTBSHHO K aHanu3y TpeOoBaHmii npuMeHuTeibHO kK C++TESK Testing
ToolKit.

Jus cosmanuss C+H+TESK Testing ToolKit-kOMIIOHEHTOB «OmManoHHaAsi MOOEIbY U «Meouamop
9MANOHHOU MoOeau» HEOOXOIUMO CO3/1aBaTh 6X0OHble W 6bIXOOHble uHmep@eticvl. B Kaxaom
BEpUPUIIUPYEMOM MOAYJIC MPUCYTCTBYIOT KaK BXOJHBIC, TaK W BBIXOJHBIC CHUTHAJBI, KOTOPBIC
MOJKHO CTPYIINUPOBAaTh B uHmepgelicbl MO TPU3HAKY WX TMPUHAAICIKHOCTH K OINpeAeNeHHOU
AKTUBHOCTH: 3aIMCH WU 4TeHUI0. DYHKIIMOHAIEHO 3aKOHYCHHAS TTOCIIEI0BATEIFHOCTE OOpAIEHUS
K uHTep(deiicaM, B pe3ynbTaTe KOTOPOl MOAYNb MEepPeIeT B HEKOTOPOE CTAIlMOHAPHOE COCTOSTHHE,
B KOTOPOM OH CMOXET HaXOJWThCS OECKOHEYHO JO0JToe Bpems, OyaeM Ha3bIBaTh onepayuell.
Otmetrum, uro curHansl THna CLK u RST 00bluHO HE OTHOCATCA HH K OJHOMY HHTepdeiicy.
Kaxxnas omeparisi MOKET HCIOJIb30BaTh HECKOJIBKO BXOJHBIX M BBIXOAHBIX WHTep(deiicoB. lpu
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 Moayab Databox (DB) - koMMyTaTop TaHHBIX MHKpPOIpOLIECCOpa - Ty €€ 4acTh,
rae ocyiectsisiercs cBsi3b DB ¢ BHemHuM Moaynem Memory Access Unit (MAU) - koMoHeHTOM
JOCTYMA K MaMsTH.

Apoump (13), pabomarowuii ¢ Kpyeo8biM NPpUOPUMEMOM, U3 5 UCMOYHUKO8 KOPOMKUX 3ANPOCO8
(3anpocvl 8 obwem ciyuae Npuxoosam NApalesibHo) 8bloupaem OOUH 3anpoc, KOmopwvii Oydem
nanpasnen ¢ MAU. Temn nepedauu 1 3anpoc 3a 2 maxma 6 ciyuae 32-x 6aiimogozo unu 1 3anpoc
3a 4 makma 6 ciyuae 64-x baiimosoeco 3anpoca. I[Ipu smom cam Kopomxuil 3anpoc 3anOMUHAemcs 8
DB u 6 MAU ne nepeoaemcs. 3anpoc 6 MAU umeem cneoyrowuii unmepgpetic (cm. ci. maon.).

Tabn. 2. Uatepdetic 3ammpocos 8 MAU
Cuznan Tun Ha3nauenue
val_data_reqgack_to_mau_03 O 3nauumocmos 3anpoca. 3anpoc 3a mraouieri

no108UHOU 64 6alMHOU KW CIMPOKU.
val_data_regack_to_mau_47 0 3nauumocmo 3anpoca. 3anpoc 3a cmapuieti
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no108UHOU 64 6alMHOU 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
HeoO0XoauMo OyAeT co3/laTh BXOJIHBIE HMHTEP(EWCHI Ui BCEX IATH HMCTOYHHKOB KOPOTKHX
3aIlpoCoOB, MPOYHUTATh 00 3TUX MHTEpdeiicax Halo, BUIUMO, B TEKCTE MPOJOJDKCHUU (pparMeHTa.
Hanee no Tekcry: «3anpoc nepenaerca B MAU», MAU — 310 yCTpOHCTBO BHEIIIHEE 110 OTHOIIEHHUIO
K TECTHUPYEMOMY MOJIYJIIO, TIOTOMY TECTOBOW CHCTEME HEOOXOTUMO OYAeT KOHTPOJIMPOBATH
BBIXO/IHBIC 3HAYCHHUS, TIepelaBaeMbIC Ty/Ia.

JlJi1 KOHTPOJSl ATHX CUTHAJIOB HEOOXOIMMO, BO-TIEPBBIX, UX CUUTATh, M, BO-BTOPBIX, HEOOXOIUMO
3HaTh, KAKUE UMEHHO CHUTHAJIBI OyIyT MpaBUIbHBIMU. JJig pelieHus BTOPOM 3a/aydl B STAJOHHOU
Mojenu OyAeT co3/laH KOMIIOHEHT "BBIXOJHOW HHTepdeiic" COOTBETCTBYIOIIUNA BBIXOJHOMY
uHTepdeiicy TecTupyemoil peanuzanuu. B mMenuatope (KOMIOHEHTE-HACJIEIHUKE OSTaJTOHHOU
MOJeTH, 00 ASTOM HEMHOTO Jaibllie) 3TOT KOMIIOHEHT TMeperpyxkaercsi, HO, MO-TIPEeKHEMY,
Ha3bIBaeTCs BBIXOAHBIM HHTEp(deiicoM. Beixomuoit naTepdeiic MmeauaTtopa OyaeT pemarh 3aaady
CUMTBIBAHUS CUTHAJIOB, UCXOJAIIMX OT TECTUPYEMOI'O0 KOMIIOHEHTA U MepeJayd WX Ha MPOBEPKY.
DTOT BBIXOJIHOUN MHTEpdelic monMeHyeM, Harpumep, ifacel4. B Hero OyayT BXOIMTH CICTYIOIINAE
curnanel: val_data_regack to_mau_ 03, val data_regack to_mau_47, cop_data regack to_mau,
source_reg_data_regack to_mau.

OTMeTuM, 4TO BBIICIICHHE CHUTHAJIOB Il MHTepdeiica Ha JTaHHOM JTare pPa3BUTHS MHCTPYMEHTA
HOCHT CKOpee JTOTUYeCKHil xapakTep. ToiapKo 3TH CUTHAJBI OYAyT AOMYILEHBI 7S UCTIOIh30BaHUS B
GYyHKIMSIX MeauaTopa JTAJIOHHOM MOJENH, CBSI3aHHBIX C ATUM HMHTEp(deicoM, HO MPOBEPOK
KCIIOJIb30BAHMS CUTHAJIOB HA MPEIMET KOPPEKTHOCTH B UHCTPYMEHTE HE MPETYCMOTPEHO.

[locne BbiaeneHuss HHTEPEHCOB, OCTaNbHAas JOKYMEHTAIUs VIOpsAo4YuBaeTcs, Kak OblLIo
HaMMCaHO BBIIIE, B BUAE OJOK-CXeM MJIM TaOJIMIl TOTAKTOBOM PacKIa KU, €CIU HE00X0AUMO OyneT
pa3pabarbIBaTh STAJIOHHYKO MOJeNb. EciM 3TalloOHHYI0 MOJENb cO37aBaTk He Tpelyercs, T.K.,
HaIpHuMep, OHA YXK€E €CTh, MOJKHO NEPEXOANTD K CIEAYIOLIEH YaCTH IPOEKTUPOBAHUS.

2. Pa3paboTtka aTanoHHON MoAenu

Mpbl mepexoquM K TMOXTATHOMY CO3JIaHUI0 KOMIIOHEHTA mMecmosvlili Opakyl - KOMIIOHEHTa
MIPOBEPKH. B HEro MoCTymarT CTUMYIIBI OT TeHepaTopa CTUMYJIOB, 3aTEM OH IepeaaeT CTUMYJIBI B
I[EJIEBO KOMITOHEHT M IOJTy4aeT U3 HEero PEeakKilnu JJIs TIPOBEPKU B OTBET HA CTUMYJIBI (CM. pHC. 2).
Ota mpoBepka TpeOyeT Hamuuus obpasma JJIsl CpaBHEHUS: POJIb ITOTO 00pasIia UTPAeT IMALIOHHA
MoOeb.
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: FeHepaTop CTHMYNOE TecToBRaRA CHCTEMS HDOL-CHMy nATOp

CTHMy Nkl
CTHMy Nk
] L » > }
TecTOBEIW OpaKkyn P | Leneeg KOMMOOHEH T
I ¢Peanut—1m
-\. ....................... [ ] BEP,EI,HKT CEIOFJLLI,MK NoKPEITHA
IS SO .+ MoKpeITre

L 4 \ 4

FEHepaTop OTHETOE O TECTAROEBIHI

Puc. 2. O6001meHHast CTpyKTypa TECTOBOW CHCTEMBI

MOXHO CKa3aTh, YTO TECTOBBIA OPAKYJI — 3TO CBOCOOpa3Has «00epTKa» HaJ STAJIOHHON MOJIENbIO,
MBI K HEMY €Ill¢ BEPHEMCSI T03/IHEE, OCTAHOBUBIIKMCH B JAHHOM pa3jielic Ha CO3JIaHUU ATAIIOHHOU
mozenu. CTpykTypa stanonHol Mojaenu, npunsatoi B C++TESK Testing ToolKit, npexcraBiena na
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

Mo genn BeIX04HLIX MH TepheAcos

Oyepedn MoOEeNsHEIX PEaKLMA

\ MepenuHble apbn Tpel /
¢ MR

Adantep -
Mo gesmd

Ms (Model Stimulus) - MogensHeia ctumyn (abeTpakTHoe coobuleHue)
MR (Model Reaction) - MoOAenbHaA peakuna (3TanoHHeIe A3HHBIE WKW OFPaHKYeHna)

Puc. 3. Ctpykrypa stanonnoit mogenu C++TESK Testing ToolKit

OCHOBHBIMH COCTaBHBIMM YaCTSIMU MOJCIIN ABJIAIOTCA:
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® MoOenu 8X00HbIX UHmMepgelicos;
®  (QYHKYUOHANbHASL MOOETb ECMUPYeM020 KOMNOHEHMA,
® MoO0enu 8bIXOOHbIX UHMEPelCO8.

Bce nmanHble BHYTpM MOzeNH, a Takke B HEE M U3 HEE MEPENarOTCs C MOMOILIBIO COOOWjeHull —
00BEKTOB KJIaCCOB-HACIECIHUKOB Kiacca Message. OTo caenaHo sl yHU(HUKAIMKU UHTEpQEicoB
MEKIY OTICIbHBIMA KOMIIOHEHTAMH TECTOBOM CUCTEMBI.

Mojenu BXOHBIX M BBIXOIHBIX HHTEP(hEHCOB ABISIIOTCS 00bekTaMu Kiacca Interface.

OyHKIMOHAIBHAS MOJENTh KOMIIOHGHTA SIBISETCS YacThlO0 KJacca JSTAJIOHHOW MOMEIH, XOTS
HEKOTOpasi ee 4YacTh, JONYyCKaromas B JajJbHEHIIEM MOBTOPHOE HCIOIB30BaHUE, MOXKET OBITh
peann3oBaHa B OTACNbHBIX Kilaccax. DyHKIMOHATBHAS MOJEIb COCTOUT U3 MoOenu ynpasiaouell
JI02UKU, MOOenu npeodpazoeanusi OAHHGIX, cxeMbl Kommymayuu unmepgeticos. COOCTBEHHO,
MOJICTIM JIOTHKU W MPeoOpa3oBaHus JAHHBIX M MOTYT OBITh peajn30BaHbI OTACIBHO, & BOT CXeMa
KOMMYTAIlMA UHTEP(EHCOB 3aBUCUT OT BBIJICICHHBIX MHTEP(EHCOB B KJIACCE 3TATOHHOW MOJIEIH,
MIOSTOMY €€ BBIJICJICHHE B OTJCIIbHBIN KacC HEeLeIeco00pasHo.

Hwuxe mpuBeneHb OCHOBHBIC CBEACHHS O CO3JaHUU MOJEJCH cooOmeHuit (0OBIMHO COOOIICHMIA
TpeOyeTcsi He MEHee IBYX: JUIA BXOJHBIX W BBIXOJIHBIX HHTEP(EHCOB), 3aT€M — O CO3JaHUH
COOCTBEHHO TAIIOHHOW MOJICTIH.

2.1 Modenb coobweHul
Onucanne He0OXOIUMBIX MAKPOCOB M KJIaCCOB HaxoauTcs B (paitie <hw/message.hpp>.

Monens cooOmeHHs SIBISIETCS KJIACCOM, KOTOPBIH co3aaercsi ¢ moMonisio Mmakpoca MESSAGE (v
knacca) {}. B ckobkax ykas3blBaeTcs UMs Kjacca cooOuieHus. BHyTpu 610ka Makpoca 0ObsBISIOTCS
CTaHJApTHBIE KOHCTPYKTOP W BHUPTYaIbHBIM JECTPYKTOp, IIOKa ITyCThle. 3aTeM BKIIOYaeM
BO3MOKHOCTh aBTOMaTHU3MPOBAHHOI'O KOMUPOBAHUS COOOIIEHHUS C MOMOIIbI0O O0OBSIBIEHUS MaKpoca
SUPPORT_CLONEmsa knacca). Kaxmoe cooOiieHne BKIIOYAET B CeOsl OJHO WJIM HECKOJIBKO
nojei A7 TAaHHBIX, KOTOpBIE MepeaaeT 3TO cooOuieHne. DTHU MOJs He 00s3aTeIbHO B TOUHOCTH
COOTBETCTBYIOT MMEIOIIUMCSI CHUTHAJIBHBIM JMHUAM TECTUPYEMOTO MOJYJIS, OHU JIOJDKHBI OBITh
ya00HBI pa3pabOTUMKy TECTOBOM CHCTEMBbI, YTOObI HAIJISJIHO MPEACTaBIATh MPUHUMAEMbIE OT
TECTUPYEMOTr'0 YCTPOMCTBA U NEPEJABAEMBIE B TECTUPYEMOE YCTPOMCTBO JaHHbIE. MOYKHO CKa3aTh,
YTO OHM COOTBETCTBYIOT MMEIOUIMMCS CHUTHAJBHBIM JIMHUSIM Ha HEKOTOPOM aOCTPaKTHOM,
JIOTHYECKOM YPOBHE, HO HE CTOMT JIOBOJHTH CUTYAIMIO A0 abcypraa. Mcrmomp30BaTh TOJNBKO OJTHO
"rmobanbHOE" ToOJE B COOOLIEHMM, KOTOpoe OyIeT cojaepkaTh JaHHbIE, IepeJaBaeMble
TECTHPYEMBIM yCTPOHCTBOM IO BCEM €0 BXOJHBIM W BBIXOJHBIM CHTHAJILHBIM JIMHUSIM, OUY€Hb HE
yII00HO.

JIJis BKJTFOUEHUS B COOOIICHHE TTOJIeH, ucToib3yerces cienyronmii makpoc: DECLARE_FIELD (ums,
paspsaoHocms noss). Pa3psgHOCTh TONS HE JO/DKHA mpeBblmarh 64 Out. s kaxmoro mods
ABTOMATHYECKH CO3/1al0TCS (DYHKIIMM YCTAHOBKH M CUMTHIBAHUS €r0 3HAYCHHUs, OOpalieHue K
KOTOPBIM  BBINJIIAMT — CIEAYIOIIUM  00pa3oM:  umsi_obvekma_coobwenus.Qet_ ums_nona W
ums_obvekma_coobujenus.Set_umsa_nons. B KOHCTPYKTOpE JOMYCKaeTCsl PyYHAs WHHUIIAAIA3AINS
NoJIel: OHU JAOCTYIIHBI 10 CBOMM MMeHaM. OJJHaKo, y pa3pad0T4nKa HEeT HEOOXOJMMOCTH BPYYHYIO
NPUCBAMBATh BKJIFOYCHHBIM B COOOIICHHE MOJISIM CITyYaifHbIe 3HAYEHHsI: OH MOXKET MPOCTO BhI3BATH
B KoHCTpyKkTOpe Makpoc RANDOMIZE_MESSAGE(ccviika na _xnacc coobuenus,), Tae B Ka4ecTBe
napamerpa nepenaercs *this. OTMernm, 4To Bce SBHO HPHCBOCHHBIC 3HAUCHUS TOJICH OymyT
MOTEPSHBI TIOCIIE BBI30BA 3TOTO MAaKpoca, MOTOMY €ro BBI30B HAJO JelaTh MHepel pPydHOH

11
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YCTaHOBKOHW. B peanuzanuu KOHCTPYKTOpa Takke HEOOXOAMMO UCTIOIB30BaTh MAKPOC PETUCTPALIUN
nosist ADD_FIELD (umsa_xnacca coobwenus::ums_nons_coobujenus).

Takum o0pa3om, 3arosioBouHbldl (ailn onmcaHus MojaenbHbIX coobmmenuid (fifo_msg.h) OGyner
BBITJISIICTh, HAIIPUMED, TaK:

#pragma once

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

MESSAGE (InputData) {
public:

InputData () ;

virtual ~InputData();

SUPPORT CLONE (InputData) ;
DECLARE FIELD(data, 8);
}s

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

SUPPORT CLONE (OutputData) ;
DECLARE FIELD(data, 8);

}s

1}

OOpaTuTe BHMMAaHHE, YTO JUPEKTHBa #pragma ONCe sBIsIeTCS paclHpOCTPAHEHHBIM, XOTS U HE
COBCEM CTaHJAPTHBIM IIYyTEM YKa3aHHUd KOMIWIATOPY Ha HEOOXOAMMOCTh Hajdu4uusi B
OTKOMIIMJIMPOBAaHHOM OMOIMOTEKE TOJBKO OJHOTO BKJIIOYEHHUS JAHHOTO 3arojioBOYHOro (aiina
(mpyroi myTh - ucnonb3oBanue qupektus #ifndef, #define, u #endif).

daiin ¢ peanuzaiueid MeTo10B KiaccoB coodbienuii (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 (OutputbData::data);
}

OutputData::OutputData (uint8 t output data) {
ADD FIELD (OutputbData::data);
data = output data;

}

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

12
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2.2 OmarnoHHasi Mmodersib
Omnwucanue He0OXOAMMBIX MaKpPOCOB U KJIacCOB Haxoautcs B daiiae <hw/model.hpp>.

Knacc wmomenun co3maercs ¢ momompbto  Makpoca MODEL(Hma xnacca mooenu)  {}.
HeoOXoauMbpIiMu 3IIEMEHTaMH  SIBIISIFOTCS KOHCTPYKTOPp W BUPTYaJbHBIH IeCTpykTop. B Momenu
OIPEACISIOTCS UCIIOJIb3yEeMbIe uHTepdence c IOMOIIBIO MaKpOCOB
DECLARE_INPUT (umsa_unmepghetica) nns BXOJHBIX B TECTUPYEMOE YCTPOWCTBO MHTEp(EicoB u
DECLARE_OUTPUT (umsa_unmepdgpetica) nns  BBIXOIHBIX W3 TECTUPYEMOTO  YCTPOMCTBA
unTepdeiico. K  kaxmomy BxomHOMy UHTepdeiicy HE0oOXOAMMO ONPENeIHTh  METO[,
BO3BpAILAIOIIUIT COCTOsIHUE MHTEp(eiica: MOXKHO JIM UM TOJIb30BaThCsl B JAHHBIA MOMEHT BPEMECHHU
Wi HeT (peaju3aius 53TOr0 METO/Ja OCHOBaHA Ha CTaHIAPTHOW BO3MOXHOCTH: (YHKIIUU
ums_unmepetica.isSReady(), Bo3Bpalnaroiieii TeKyiee COCTOSHUE 3aHATOCTH MHTep(eiica KaKou-
mbo oneparueii). MaTepdeiic MokeT ObITh HEIOCTYIICH, €ClIM KaKas-JIn0O onepanus yxe 3aHsiia
ero. YcloBUMCS ~ Ha3plBaTh TakMe METOABI  chenyroumMm — obpasom:  virtual — bool
ismsUumepgheiicaReady() const.

[Tomumo nHTEp(DEHCOB, B MOJICIIN ONPENIENISIOTCS ONEePalii — TOCIEeI0BATEIIbHOCTHA O0PAIICHUN K
3apeTUCTPUPOBAHHBIM HHTEpdeiicam. MeTonbl B KJIacCe MOIETH, SBISIONIUECS OIEpalusiMHu,
3a/1af0TCS c MTOMOIIIBIO MaKpOCOB DECLARE_STIMULUS(uvsa_memooa) u
DECLARE_REACTION(ums_memooa). B nenoMm oHM HE OTIMYAIOTCS, HO TIEPBBIC MPEIIOIAracTcs
UCIIOJIB30BaTh ISl OINpPENEeNICHUs] COOCTBEHHO OIlepallyii, a BTOpbIE — Ui YacTeil omnepaiui,
TPEOYIOLINX YTEHUS BHIXOIHBIX TaHHBIX C BBIXOJHBIX HHTEP(EHCOB.

Onucanue knacca stanonno mojenu (fifo_model.h) mosxer BeirsAAeTH, 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 msg); // Onepaums «IOJIOXUTL IaHHEE»
DECLARE STIMULUS (pop msg); // Onepaums «/3Bjedb OaHHBE»
DECLARE REACTION (get pop msg); // Peaxums «IlpoumMTaTe MUCXOOAWME IaHHBE»

void push item(int data); // OyHKUMS 2TaJIOHHON Monesnyu «IIOJIOXMTHL IaHHHEE»
uint8 t pop item(void); // ®yHKUMSA STAJOHHOM MOIesM «/3BJeYb NaHHEE»
protected:

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

Tenepb HECKOJIBKO CIIOB O peaju3alid METOJIOB Kjacca 3TaJOHHOM Mmojaenu. B KoHCTpykTOpe
HE0OXOIMMO BBI3BaTh KOHCTPYKTOPHI MHTEP(EHCOB, y KOTOPHIX €IWHCTBEHHBIA Mapamerp - 3TO
TEKCTOBOE OIMCaHWE JAaHHOTO MHTepdeiica. PekoMeHIyeTcs HCIob30BaTh OCMBICIICHHBIC HMEHA,
TaKk Kak MOTOM OHHM OyIyT BCTpeuyaThCsl B AMATHOCTUYECKUX COOOIIEHUSIX. BHYTpHU KOHCTpyKTOpa
Takke HeoOXOIUMO 3aperucTpupoBaTh BXOJHbIE HMHTEpdeEeichl ¢ TOMOMIIbI0 Makpoca
ADD_INPUT (ums_unmepdgetica), a BBIXOJIHBIE uHTEpQEich - c IIOMOILIBIO
ADD_OUTPUT (umsa_unmepdghetica).
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[lepexogum K onucaHuiO (YHKUMNA 3aHATOCTH HMHTEP(EHCOB: CTAaHAAPTHO OHHU COJEPXKAT JIMIIb
ucrojp3oBanue merona iSReady mHTepdeiica M HEMOCPEACTBEHHO BO3BPAIIAIOT €ro 3HAYCHUE:
return ums_unmepgpetica.isReady().

Teneppr omnumem onepanuu. Omnepanuy HAYUHAIOTCA CO CTPOKM KOMHMPOBAHHUS BXOJHOTO
cooOrmieHus B JTOKaJTbHYIO NEPEMEHHYIO c MTOMOIIBIO Makpoca
CAST_MESSAGE (mun_exoonoco coobwenus). [anee cooOlmieHne MOXET OBITh IepeaHO Ha
uHTepdeiic, KOTOpBI ObUI yKa3aH IpHU 3amycke omnepanud. Ecinu oHO mockliaeTcs Ha BXOJHOM
uHTepdeiic, Mbl TOBOPHUM O 3allyCcKe CTUMYIa (B 0OpaTHOM ciydae - 0 3alycke peakuuu). Eciau Mbl
XOTHM OTIPABUTh COOOIIECHHE HAa BXOAHOHN MHTEp(eiCc co CTaHAAPTHBIMH MapaMeTpamu, T. €. 0e3
M3MEHEHUs cooOIeHus, 0e3 n3MeHeHnss UMeHH uHTep(deiica (OyneT MCIoNIb30BaH TOT, KOTOPBIMA
ObUl yKa3zaH NpU 3allyCKe OIepaluu), TO 3allyCK CTUMYyJia JAeNaeTcss C IOMOIIbI0 Makpoca
START_STIMULUS(pesrcum_3anycka). Pexxumsl 3amycka:

e PARALLEL — ormpaBka cooOmieHuss u oOpaboTka pe3ynbTara 3TOH OTHpaBKU Oyner
oOpaboTana B BHJAE OTIECIBHOTO TMpolecca, a d3TOT IMpoluecc OyAeT HCIOTHIThCS
napajuieJIbHO C KOMaHAaMHu, 3anucanubiMu B oniepanuu nociie START STIMULUS;

e SEQUENTIAL — korzma BBIIOJHEHHWE OINEpanyy OyIeT OCTAHOBJICHO 10 WCIOJHEHUS
paboThI CTUMYIIA M BCEX MPOLIECCOB, KOTOPBIE OH 3aITyCKaeT.

[Tockumaemoe cooliieHne OYAET cepuanu308aHo — TO €CTh MPEBPALICHO B IMOCIEI0BATEIHHOCTD
BO3/ICHCTBUI Ha TECTUPYEMBIIl MO/IYJIb Yepe3 €ro CUTHAIBHBIC JTMHUU. JJaHHYIO paOOTy BBITOIHSIOT
cepuanuzamopul B meouamope (CM. CJIEI. dTal).

3ameuanme: Eciu moceutaeMoe COOOIIEHHME WM MCIOIb3YeMbIH HHTepdeiic OTAMYHBI OT
NPUIIEIIIX B ATy ONEPAIMI0 B KAUeCTBE BXOJHBIX MApaMETpPOB (umo umeHHO nepedaemcs 6
onepayuio 0ydem SACHO HEMHO20 Odlbuie, HA 2mane co30anus cyeHapueg), HEOOXOIUMO
WCII0JIh30BaTh MaKpoc RECV _STIMULUS (pescum_3anycka, umsa_unmepdelica,
umsa_obvekma_coodowenus). Ilpu s3tom onepauus nomxkHa HaunHathes ¢ START PROCESS(), a
He co START STIMULUS(pexum 3amycka) u 3akaHuumBatbess STOP _PROCESS() Bwmecto
STOP_STIMULUS() (cm. oanee).

B onwucanuun omepanun Moxer copaepxatbess makpoc CYCLE(), KOTOpwIii TOBOPHUT TeCTOBOM
CHCTEME, YTO HEOOXOIUMO CJeNlaTh NEepPephIB B OJMH MOICIBHBIA TaKT B HMCIIOJHEHHH TAHHOH
omneparmu. Oneparus 3aBepinaetcs ¢ momoripio Mmakpoca STOP_STIMULUS().

Yactu omeparuu, KOTOPbIE CUNTHIBAIOT JIAHHBIC C BBIXOJTHBIX MHTEP(EHCOB, MPUHATO BBIACIATH B
OTJeNbHBIE METOABI U onpenensTh ux kak «peakuun» (DEFINE_REACTION). B metone peakuuu
ATaJIOHHAs] MOJENh COOOIIAeT TECTOBOM CHCTEME, YTO y Hee €CTh OIPENEICHHOE COOOIICHHE,
KOTOpOE TEeNephb TECTOBas CUCTEMa MBITACTCS HAWTH HA BBIXOJHOM HHTepdelice TecTUPyeMOro
MoOIynas. MeTon peaknmud CcooOm@aeTr O TaKOM TIOJIOKEHWH [l € TIOMOIIBI0 Makpoca
SEND_REACTION(pestcum_3anycka, umsa_unmepdeiica, ums_odvekma_coooujenus,).

3ameuanue: OOpatum BHuManue, uTo SEND REACTION mnoceimaer cooOlieHus TOJIBKO Ha
BBIXOJIHbIE UHTEPPEHChI!

CrangaptHele HUHTEppEiic M OOBEKT COOOLIEHUS MOMKHO TOJYYUTh C TOMOILIBIO MaKpOCOB
GET_IFACE() u GET_MESSAGE() (mon craHmapTHBIMHA TOHMMAKOTCS T, KOTOPbIE ObUIM
nepefianbl B METOJ] B Ka4eCTBE BXOIHBIX MapaMeTpoB). [Ipu BBIIEIEHWH METOIOB pPEaKIUil MX
HE00XOAMMO BBI3BIBATh M3 CTHUMYJIOB. J[JIs1 3TOTO Aenaercss BBI30B METO/a CIECAYIOIUM 00pa3oM:
umsa_memooa_peakyuu(Process, ums_uwmepgetica, ums_obdvexma_coodwenus), Tae Process - 3To
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HESBHO 33JIJaHHbII KOHTEKCT BBITIOJIHEHUSI OTIEPALIUU, MIEPEaBaTh €r0 HYKHO JJIS CBSA3BIBAaHUS BCEX
4acTel orepaluu B eIUHOE IEJI0e.

PaspaboTka QyHKIIHOHATEHON MO TECTUPYEMOTrO KOMIIOHEHTA (CKOpEe JaXe €€ YaCTh: MOICITH
YIIPABJISAIOIICH JIOTMKH) HE SBJISETCS CHEHU(PHIECKON 3a1adedl CO3/aHMs TECTOBOW CHCTEMBI C
nomotneto CH+TESK Testing ToolKit, ona nmemaercs cpeacrBamu C++, 1mo3Tomy MHOAPOOHBIC
KOMMEHTAPHH T10 TIOBOIY €€ CO3JaHusl 31eCh OYIyT OIyIIEHBI.

B pe3ynbrare Bcex NMpUBEIECHHBIX IIAroB MOJydYaeTcs, HapUMep, CIAeAyoNui (ain peamusanuu
metozaoB mozaenu (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 () ;
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) {
START PROCESS () ;
SEND REACTION (SEQUENTIAL, GET IFACE(), GET MESSAGE())
STOP_PROCESS () ;

}

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 oaua U3 Hauboee
94acTO UCIOIb3yEMBIX IPHU pa3pabOTKe anmapaTyphbl.

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

Jlst aBToMatuueckoro cosnanus ¢annoB VPl-oxpyoicenus (mon okpykeHuem moHUMaeTcss HabOp
(GyHKIUH, peaTn30BaHHBIX B COOTBETCTBUU CO CTaHAApTOM si3bika Verilog, ucmonb3yembix s
cs3u Verilog-cumynsaropa U TECTOBBIX cHCTeM, co3faHHbIXx Ha C/C++) MbI OymeM HCIOIb30BaTh
uncrpyment VeriTool (http://forge.ispras.ru/projects/veritool/files), pacrnpocTpaHsembiii MO
munensueir GPL. VeriTool ucnons3yer cuHTakcuveckuit aHamu3atop s3bika Verilog, xotopbrit
BCTPOEH B CBOOOJHO pacrpocTpaHseMblii cumyisitop Icarus Veritog, mosroMy HeoOXoauma ero
npensaputenbHas  ycranoBka  (http://sourceforge.net/projects/iverilog/). VYcranoBka 06oux
MIPWIOKCHUH MOXET OCYIIECTBISTHCS KAaK BPYYHYIO, TaK M aBTOMATH3UPOBAHHO C ITOMOIIBIO
cKkpuIiTa, Haxomasmerocs B mocrtaske C++TESK Testing Toolkit.

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

$ veritool [omnuu ] BxoaHbIe-(aiiib!

Huxe nepeunciieHsl MOAAepKUBaEMbIe OIIINH 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, OTIPEICTIEHHBIN BO BXOJHBIX (ailyax.

2) --clk=signal — 3amaer uMs cuTHaJa CHHXpOUMITYJbca. EciaM 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 sTa ommms OTCyTCTBYET, CYMTAETCS, YTO
TaKUM CHUTHAJIOM siBiisieTcst Ist. Omiust --rst ©MeeT CMBICH, TOJNIBKO eciu reHepupyetcs Verilog-
okpykenwue (ykasana omus --all wiu --testbench).

4)  --rstpos — 3amaeT aKTHBHBIA YPOBEHb CUTHasa cOpoca, paBHBIA JOrm4deckoil enuHuue. [Ipu
OTCYTCTBHH (pj1ara akTUBHBIM YPOBHEM CUMTAETCS JIOTUYECKHI HOJb.

5)  --all — BkiOYaeT reHepalMio BCEX KOMIIOHEHTOB TeCTOBOW cucTeMbl: Verilog-okpyxenus,
VPIl-menuaropa, VPI-byakuuit u C-monenu untepdeiica. YcTaHOBKA ATOM OMIIMK SKBUBAJICHTHA
OJTHOBPEMEHHOU ycTaHOBKe --testbench, --vpi-media, --vpi-systf u --interface (6e3 mapameTpos)
WIJIN OTCYTCTBHIO BCEX ITUX OITIIHH.

6) --testbench[=file] — Bxmouaer renepamuio Verilog-okpykeHHsT ¥ MOXET 3a7aBaTh HMsI

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

8)  --vpi-media-header=file — 3amaer ums 3aromoBounoro ¢aiina VPI-menuaropa. [lanHas ommus
YUYUTBIBACTCS, TOJBKO €CIIM yCTaHOBIIeHa omuusi --VPpi-media. Ecnm ommms --vpi-media-header
OTCYTCTBYET (TP YCTAHOBJICHHOM --VPi-media), uMst 3aroJloBOYHOrO (aiiyia moydaeTess i3 HMEHH
OCHOBHOTO (paiiia 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 (MpHu ycTaHOBJIEHHOU --VPI-SYsStf), nms 3aronoBounoro (aiiia mosrydaercs us
HMMEHHU OCHOBHOTO (haiiyia 3aMeHOM paciiupenus 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 yCTaHOBJICHHOM --interface), ums 3arojoBouHoro (aiiia moydaeTcs U3 UMEHU

OCHOBHOTO (haiiyia 3aMeHO# pacuiupeHus Ha .h.

13) --destination=dir — 3amgaer BbBIXOAHOW Katasor. Ecim 3ta omims He yka3aHa, (Qaiiibl
COXPAaHSIFOTCSI B TEKYIINT KaTaJor.

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

15) --help | -h — BbIBO MH(bOPMAIIHH O JOCTYIHBIX OMIIHUSIX.

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 3agaBaTh B TOYHOCTH TAKMMU, KAK OHU HAa3BAaHBI B
TECTHPYEeMOM MojyJie. THCTpYMEHT pacCYMTaH Ha TO, YTO TAKUE CHUTHAJIBI IPUCYTCTBYIOT B MOYJIC
B €IMHCTBEHHOM dK3eMInsipe. Bo3amoskusie nazBanus: clock, CLOCK, clk, CLK, reset, RESET, rst,
RST u 1.1.

17



C++m C++TESK Hardware Edition: BeicTpoe 3HakomcTBO. Bepcusa 1.2, 28/07/2011 | © 2011 UCIM PAH

4. Pa3paboTKka agantepa 3TafiloHHOM Moaenu

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

- COCJJUHEHUs C TECTUPYEMOH pealn3alei JUIsl IOCBUIKU CTUMYJIOB U IIpYEMa pEeaKLui;

- TPOCIYIIUBAHMS BBIXOJHBIX HHTEP(HEHCOB TECTUPYEMOIl peanu3ali Ha MPEIMET «IHLTHUX»
peaKIuii;

- COIIOCTABJICHUS PEaKLIU, MPUIIEIIINX OT TECTUPYEMOI pealu3aluy, U peakuuid, NPUIIEIIUX 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. O600111€HHAs CTPYKTYpa MEAUATOPA FTATTIOHHOW MOJIETH
OCHOBHBIMU JIEMEHTAMH MEIUATOPA SIBISIFOTCSI:
- YHACIlIeJJOBaHHAsI STAJIOHHAS! MO/IEIb;
- adanmepwbl 6X00HLIX uHmMepgheticos (WM cepuanu3amopsvl), OCYIMIECTBISIOMUE MpeoOpa3oBaHme
MOJICTIbHBIX CTHMYJIOB B pPEaU3allMOHHBIC CTUMYJBI, YTO BBIPAXKAETCS KOHBEPTHUPOBAHHEM

a0CTPaKTHBIX COOOIICHHI B MOCIIEI0BATEILHOCTh BO3JCHCTBUN CUTHAIBHBIX JTUHUN TECTHPYEMOTO
KOMIIOHEHTA;
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- aoanmepvl  GbIXOOHbIX — uHmepgeticos (WM Odecepuanuzamopul),  OCYLIECTBISIONINE
peoOpa3oBaHUe peaTM3alMOHHBIX peakluid B TMpOBEpAEMble pEaKIUU, YTO BbIpa)xaercs
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 OTHEJIBHO JJs KaXJIOro BBIXOJHOrO HHTepdelica u ¢
IIOMOUIBIO0 MOJIEIbHBIX pEAKLUN OTISKUBAIOT NPUIIEIIINE PEAIU3ALIMOHHBIEC PEAKIINH;

- OdonoiHumenvHvle conocmagumenu peakyuti (6mopuunvie apbumpbl), OCYIIECTBIAIOMINE
OKOHYATEIbHOE YTBEP)KJICHHE COOTBETCTBHS MEXKIy NPHUINCANIMMU pEaTU3alMOHHBIMH 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 BCIIOMOTAaTeNIbHBIE CTPYKTYPBI, onuchiBaomie 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_xknacca meouamopa,  umsa_kiracca modenu). 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 JECTPYKTOP, & TAKKE MAKCUMAILHOE BPeMsL OHCUOAHUS
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 mnowmomsto makpoca DECLARE_PROCESS(ums_ cepuanruzamopa) HeoOX0nAUMO ONpeAEIUTh
Ha3BaHME METO0J]la, KOTOPBIH OyJeT npeoOpa3oBbIBATH COOOIICHHS, MPUXOASIIUME OT ATATOHHON
MOJIENIM Ha KaXJbli BXOAHOM HHTepdeiic, onpeaeneHHbII B MOJIEIH, B IOCIEA0BATEIbHOCTh
TECTOBBIX BO3eHCTBUMN. 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 HHTEp(ENCHl, MO 3ampocy OT STAJOHHOM Mojenu, 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 BBIXOJHOUW HHTep(deldc MOXKeT OBITh 3aperuCTPUPOBAHO 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 CIICTOBAHUSI MOJICIBHBIX COOOIIEHHH (TaKk)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 OYepedb 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).

Taxke A1 BBIXOIHBIX UHTEP(EIHCOB NOIACPKUBACTCS BOZMOXKHOCTh OTOOPAXKEHUS HEOHCUOAHHBIX
peakyuii. Peakius sSBIs€TCA HEOXKUAAHHOM, €CIIU MEAMATOPy HE YAAJIOCh YCTAaHOBUTH COOTBETCTBUE
MEXK]y peakiuei, IpUIIeANIe OT 3TaJOHHON MOJEIHM U peaKlyel, MOCTYNUBIIEH Ha BBIXOJIHOM
uHTepEiic TEeCTHPYEeMOro YCTPOHCTBA. DJTO MOXXET NPOHM3OWUTH, €CIM NEPBOM peakiuu He
MOCTYMIIIIO, 00, €Cli croco0 YCTAaHOBIEHUSI COOTBETCTBUS HE J1aJl MOJIOKUTEIHLHOTO OTBETA, YTO
MIPUIIEANINE PEAKIIUHU SBJISIIOTCSA UACHTUUHBIMU. OTIOB HEOKUJIAHHBIX PEAKIIMI OCYIIECTBIISETCS C
MOMOIIBIO JIETEKTOPA PeaKiifii, B OOJIBIIUHCTBE CIIy4aeB OMPEAENieMOro CTaHJapTHO C OMOIIbIO
makpoca DEFINE_BASIC_OUTPUT_LISTENER(uws oemexmopa, obvexm_muna_6bixoOHOU
unmepqetic, npeouxam_yciosue_yCmaHo81eHUs_cOOMBEemcmeusl).

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

e virtual void initialize() - ¢yHKIMS WHUIMATK3AANA TECTOBOTO OKPYXEHHS, KOTOpas
MOJITOTABJINBACT TECTUPYEMYIO M TECTOBYIO CUCTEMY K Ha4Yaay BepU(pHKAILIUH;

e virtual void finalize() - ¢yukus 3aBepiueHusl Tpolecca TECTUPOBAHUS, 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 BXOJHBIM CHUTHAJIaM
TECTHPYEMOTO YCTPOMCTBA (camMa CTPYKTypa T€HEPUPYETCSl aBTOMATHIECKH );

e virtual void setlnputs() - ¢yHKOUS yCTAaHOBKH BXOJHBIX CHTHAJIOB TECTHPYEMOTO
YCTpOICTBa U3 CTPYKTYPHI inputs;

e outputs_t outputs — cTpykTypa, MoJiE KOTOPOM COOTBETCTBYIOT BXOJHBIX CHUTHajaM

TECTUPYEMOTO YCTPOUCTBA (caMa CTPYKTypa FreHepUPYeTCsl aBTOMAaTHUECKH);

e virtual void getOutputs() - hbyHKIMS YCTaHOBKH TOJIEH CTPYKTYPhI Outputs B COOTBETCTBHH C
BBIXOJIHBIMU CHTHAJIaMH TECTUPYEMOT0 YCTPOWCTBA Ha JAHHOM TaKTE;

e virtual void simulate() - mnepemaya ympaBneHHS CHMYJISATOPY Ui HMHTAIMOHHOTO
MOJICTTHPOBAHHSI OJTHOTO TaKTa.

Onnako, ecmu Mbl ucnonszyeM Mmakpoc 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_i facel);
DECLARE PROCESS (deserialize iface2);
DEFINE BASIC OUTPUT LISTENER(listen iface2, iface2, outputs.DO STROBE) ;
DECLARE ARBITER (Priority, matcher iface2);
bi
+}

HepefmeM K p€ajindaiiu METOA0B KjlaCCa MCAuaTopa JTaJIOHHON 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(uws_obwexma xnacca_unmepdpeiica, ums_memooda_adanmepa
_C_YKaszaHuem_Klacca) A BXOJHBIX UHTep(hencoB;

- wMakpoca SET_OUTPUT_ADAPTER(umsa obwexma_knacca ummepdhetica,  ums_memood_
aoanmepa_c_yKazaHuem_K1acca) U BBIXOJHBIX UHTEP(EHCOB.

C nomompero Bbei3oBa (yHkiuu  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 TOSBHIACH 32 YKa3aHHOE
KOJINYECTBO TAKTOB, (PUKCUPYETCs OLIMOKA CIUIIKOM OOJIBIIOTO BPEMEHHU OXKHJIaHHS.

B meauaTope HEOOXOAMMO HHHUIMATH3UPOBATH CTPYKTYPBI INPULS u OUtputs BhI3oBOM (GYHKIMI
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
peaxkuuil K BBIXOJAHOMY UHTEpdeiicy.

C momompio makpoca CALL_OUTPUT_LISTENER (umsi_ob6wexma oemexmopa c_yxasanuem
Kaacca, ums_8bIX00H020 _unmepdhelica) 3aycKaeTcst AETEKTOP JIUIIHUX PEaKIH.

JInst BKITFOUEHUsI BBIBO/Ia MH(OpMAIIMU O HAHICHHBIX OMIMOKAaX Ha KOHCOJIb HEOOXOIMMO BhI3BATh
CTaHIapTHYIO (QYHKIMIO Kiacca Menuatopa, debug(yposens evisooa ungopmayuu 06 owubkax).
Ha manHOM 3Tane mormyckaercst yka3wiBaTh ToJbKo ypoBeHb DEBUG_ERROR.

OYHKIMM TPOBEPKU 3aHATOCTH UHTEP(PENCOB 0OBIUHO MEPErpyKalTCs, HO UCHOIB3YIOT (QYHKIIUU
KJIacCa-pOJIUTENSI, TO €CTh ATAIOHHYI0 Mojaens. K peanmuzanuu 3TuX (QyHKIUNA MOXKHO T0OAaBHUTH
WCIIOJIH30BaHNUE BBIXOIHBIX CUTHAJIOB TECTHPYEMOI Moienu (OUtputs), eciim 3To HEOOXOIUMO.

Ompenenenue cepuanm3aTopoB HaumHaeTcs ¢ Makpoca DEFINE_PROCESS(umsa_cepuanuzamopa
Cc_umenem_knacca). B Hadane OMHMCAaHUS peaHM3allyl Cepuanu3aTopa HEOOXOIMMO CKOMMPOBATH
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MOJICIbHOE COOOIIEHHE B JIOKAIbHYIO IepeMeHHY. JloCTym K MOJEIbHOMY COOOIEHHUIO
ocymiectBisiercs: yepe3 makpoc CAST _MESSAGE (umsa xnacca coobwenus). Tlocne konmupoBaHus
COOOIICHNS HAYMHACTCSI HEMOCPEACTBEHHAs peajH3alys Cepuaan3aTopa: HHIIETCS MaKpoc
START(), ¢ Hero HaumHaetrcst o0paboTka ctumyna. C momorpio Bei3oBa (yuknuu iface.capture()
«3axBaThIBACTCS» JAHHBIN BXOMHON MHTepdeiic. DTOT 3aXBar SBJISIETCS JOTHUECCKUM U HEOOXO UM
IUIL TOTO, YTOOBI HECKOJBKO Pa3IMYHBIX OMNEpPAIMii HE IMBITAJKCh OJHOBPEMEHHO HCIIOJB30BaTh
OMVMH M TOT e BXOAHOM uHTepdeiic. [Ipy HEOOXOTUMOCTH MPOBEPUTH COCTOSHUE BXOIHOTO
uHTepdeiica mepen OTHPaBKOM Tyna CTUMYJa HCHOJB3YIOTCS paHee OINpeleeHHbIe (YHKIUU
iSReady*. Jlaree npPOMCXOAAT YCTAaHOBKH IOJEW CTPYKTYPBI, COOTBETCTBYIOILCH BXOHBIM
CHTHAJIaM TeCTHpyeMoro mMonuysst (iNnputs) B COOTBETCTBUHU C TIOJSMH COOOIICHHS MOJIEIBLHOIO
crumyna. [locme Toro, kKak Bce BO3ACUCTBHS IOAAHBI, MHTEpdEiic HE0OXOAUMO OCBOOOIUTH
komanoii iface.release(), mpuuem menats 3T0 HaIO 3a 1 TAKT A0 €ro PeaabHOr0 OCBOOOKICHHUS IS
NpPEJOTBPAIICHUST TIOSBIICHHS Tpo0OeioB B mopade CcTumysiaoB. CIBUT TakTa B CTUMYIIC
ocymectisiercss makpocom CYCLE(). Tlocine iface.release() oObluHO MHUIIETCS KOHCTPYKIIUS
STOP(), o6o3nauaromiasi OKOHYaHHWE O0OpabOTKM cTUMyna. HeoOXoaumo, dYTOOBI MeEXIy
iface.capture() u STOP() naxomuics xotst 661 oqud CYCLE().

Omnpenenenne  nmecepuanmsaropoB  HaumHaercss ¢ makpoca  DEFINE_PROCESS(ums
Odecepuanuszamopa_c_umeHeMm_kiacca). B Hawane omMcaHus peanu3alldd JecepHaln3aropa
HEOOXO/MMO 3aBECTH IEPEMEHHYIO-CCBUIKY Ha TpHUIIEIee MOJAEIbHOe coolmeHnue. B 3To
cooOieHre OyneT 3amMcaHa peakius TectupyeMoro ycrpoiictBa. Makpoc START() o6o3nauaet
Hadaino o0paboTku peakiuu. [locie HEro mMUIIETCS YCIOBHE COOTBETCTBHS NMPUIIEAIICH peaKIuu
TECTUPYEMOTO yCcTpoiicTBa JaHHOMY MeANaTopy c MOMOIIbIO Makpoca
WAIT_REACTION(ycrosue coomsemcmeusi). Hacto B 3TOH pOJU BBICTYMAET MPOCTO CHTHAT
BaJIMIHOCTH, HO, TTOCKOJIbKY BBI30B MEIMATOpa MPOUCXOAUT MO MOJEIBHON peaKIMH, 31eCh MOTYT
MCTIOJIB30BATHCSl HEKOTOPBIE TOJISA ATOM MOAETBHON peakiuu. OTMETHM, YTO, €CIH HECKOJBKO
peaKIMii MONBITAIOTCS CYUTHIBATh OJJHHU U TE K€ BBIXOJHBIE JAHHbIE, TO €CTh OHHU 3aXBaTAT OAMH U
TOT K€ BBIXOJHOM uHTep(deiic, Oyaer 3aduxcupoBaHa omuOKa, 3TO AEUCTBUE CUUTAETCS
3ampemnieHHbIM. [locne Toro, kak peakuus Haluiach, MPOMCXOAUT CUUTHIBAHUE 3HAUCHHWH Mosiei
outputS u 3amuch UX B JOKaJbHOE cooOuieHue. [Ipn HeoOXOIMMOCTH MEXIY CUMTHIBAHUSMU
3HauYeHUH BBIXOAHBIX curHanoB BcraBisercss mMakpoc CYCLE(). [locne okoH4YaHMS CUUTHIBAHUS
numercss Mmakpoc NEXT_REACTION(), KOTOpbIii TOBOPUT TECTOBOW CHUCTEME, YTO HEOOXOAUMO
NEeperTH Ha CIEAYIOIIYIO 3apErMCTPUPOBAHHYIO MOJIEIBHYIO PEakIMIo Ha JaHHOM HHTepdelice, mpu
yCIIOBUH, dYTO oOHa ecTh. Hakonern, wmakpoc STOP() o6o3HadaeT oOKOHYAaHHE pPaOOTHI
Jiecepuaan3aTopa.

B PE3YIbTATC MBI IIOJIy4acM, HAIpUMED, CICAYIOUIYIO pCaJIn3allui0 MEauaTopa 3TAJIOHHOU MOACIN
(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 DEBUG_LEVEL (DEBUG_INFO, true);
SET INPUT ADAPTER(ifacel, FIFOMediator::serialize ifacel);
SET OUTPUT ADAPTER (iface2, FIFOMediator::deserialize iface2);

SET REACTION TIMEOUT (FIFOMediator::REACTION TIMEOUT) ;
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SET ARBITER (iface2, matcher iface2);
CALL OUTPUT LISTENER(FIFOMediator::listen iface2, iface2);

}
FIFOMediator: :~FIFOMediator () {}

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

}

DEFINE PROCESS (FIFOMediator::serialize ifacel) {
InputData msg = CAST MESSAGE (InputData);
START PROCESS () ;
CAPTURE IFACE();
inputs.WR_STROBE = 1;
inputs.DI = msg.get dataf();
RELEASE IFACE();
CYCLE () ;
STOP PROCESS () ;

DEFINE PROCESS (FIFOMediator::deserialize iface2)
{
OutputData &msg = CAST MESSAGE (OutputData) ;
START PROCESS () ;
WAIT REACTION (outputs. DO_STROBE) H
msg.set data (outputs.DO) ;
NEXT REACTION (),
STOP_PROCESS () ;

H}

5. PaspaboTtka cueHapueB TeCTUpPOBaHUA

Cyenapuu mecmupoeanus SIBISIOTCS HEOTHEMJIEMON YacThIO TECTOBOW cuctembl. OCHOBHOM HX
LENBI0  SBISACTCS Onucanue Ccmumylo8 W BbIOOp Mmemoda WX MCIOJIb30BaHUS.
TECTHPOBAHUS CIy’KaT KOHPHUTypanuei 1 00beKTOB KJlacca reHepaTop CTUMYJIOB M3 OHOIHOTEKH
urctpymenta C++TESK Testing ToolKit. Ha 00001ieHHO# cTpyKType TeCTOBOIl CHCTEeMBI Ha puc.5
HACTPOCHHBIN CIICHApUeM TECTHPOBAaHHS TEHEepaTop M300paKeH IO/ Ha3BaHHEM «TEHepaTop

CTUMYJIOB).
: [(eHepaTop CTUMYNOE TecToEaA CUCTEME HOL-cHmynATop
CTiImy nel
CTMY N
) X s > ]
TeCTOERIN OpaKyn P Leneeol KOMNOHEHT
I Peak UM
h 4
T, @ EBepankT Cﬁopu_mﬁ_ NoKpEITAA
................................................................ + MoK peITe

v v

MeHepaTop OTHETOE O TECTAPOEIHN I

Puc. 5. O6001eHHast CTPYKTYpa TECTOBOW CHCTEMBI

Cuenapuu



C++m C++TESK Hardware Edition: BeicTpoe 3HakomcTBO. Bepcusa 1.2, 28/07/2011 | © 2011 UCIM PAH

C++TESK Testing ToolKit mommep>kuBaeT Ba OCHOBHBIX CIIOCO0OA TEHEPAIIMU: Ha OCHOBE 06X00a
KOHeuHoz2o asmomama (crocod OyIeT paccCMOTpeH B OJHOM W3 CIEAYIOIIUX pa3/eioB) U
Cyuaiinblll 86100p cmuMy1a U3 CIIMCKA 3apErUCTPUPOBAHHBIX CTUMYJIOB. O0a criocoba UMEIOT CBOH
JOCTOMHCTBA M HenmocTatku. llepBblii mpemoctaBisieT OOJBIIYIO IOJTHOTY TECTUPOBAHUSA,
HAIEJICHHOCTh Ha 00XO0Jl BCEX CHTYyallUH, ONpPENelIeHHBIX KOHEUYHBIM aBTOMaToM. BTopoil coco6
naeT OOJIBLIYIO IIUPOTY CO3aBAEMbIX BO3JCHCTBHII MpPU OTHOCUTEIBHO HEOOIBIIOM BPEMEHH,
TpebyemoM Ha pa3pabotky. [Ipu 3TOM, MepBeIid CrIOCOO, Kak MPaBUIIO, TPEOYeT OONBIINX YCHITHMA
pu pa3paboTKe M MPOTOHE TECTOB. A, JEUCTBYS BTOPBIM CIOCOOOM, €/1Ba JIM MOXHO OXBAaTUTh
CIIO)KHBIC OIIMOKHM, BO3HHMKAIOIIWE MpPU CHEHU(PHUECKUX IOCIEAOBATEIBHOCTIX I101aBAEMBIX
ornepanui.

BceroMHUM, 9TO TPEBIAyNIUMHU [IAraMH 1O Pa3pabOTKE TECTOBBIX CHUCTEM OBLIW: JTaJlOHHAs
MO/I€JIb, MEJMATOP ITAIOHHON MOJIEIH, COOPIIUK MOKPBITH. J[JIs MOTHOTEI Habopa KOMIIOHEHTOB,
COTJIACHO pHC. 5, HEOOXOANMO, IIOMHUMO T€HEpaTopa, MMETh TECTOBBINA opakyn. OH mpencTaBiseT
CO0OM PACHIMPEHHBII C MOMOIIBI) KOMHOHEHMO8 NPo6epKy MenuaTop (WiH adanmep; HACICTHUK
STAJIOHHOW MOJICJH ), CM. PUC.6. DTUMU KOMITOHEHTAMH SIBJISTFOTCSI:

e [Ipedycnosus cmumynos,
o Komnapamopuwl peaxyuii.

[IpenycrnoBusi CTUMYJIOB SBIISIOTCS MPEAUKATAMHM, BBITOIHSIIOUIMMUCS TOJIBKO B TOM CIy4ae, eciu
TEKYIIIEe COCTOSIHUE MOJIEIH MO3BOJIET 3allyCKaTh JaHHbIN KOHKPETHBIN cTUMYJ. TakuM oOpas3omM,
€CIIM TPEIyCIOBHE BBIMOJHEHO CTUMYJ 3alycKaeTcs Ha JaHHOM TakTe, €clld HeT — OH
UTHOpHUpYETCS. B 3aBHCHMOCTH OT TECTOBOTO CIieHapus OyJeT BBIOpaH IPYrod CTHMYI, OO
cABUHYT TakT. [IpemyciioBus cTUMyja MOXHO pa3MelllaTh: BHYTPU TECTOBOTO ClLieHApHsi, JHOO
BHYTPH TAJIOHHOW MOJIENIN, UCIIOJIb3YEMOM 3TUM TECTOBBIM CIICHAPHEM.

Kommaparopsl peakuuii aBTOMAaTHUYECKH TE€HEPUPYIOTCS MHPHU CO3JaHUM MEIHaTtopa 3TATIOHHOU
MOJICIIH.

MS FeHepaTop CTUMYNOB
| Hapywexwne

TecToBbIA OpakKyn ¢

Mpenycnoema cTUMynos

v

ExoaHble neTepheRckl
» DS
CR L
enesoi
AganTep Moaeny e ——
DR
BhixogHble WHTEpheRCk!
l MR
KomnapaTopel peakuui
4 BepamkT
[eHepaTop CTUMYNoB
MS (Model Stimulus) - MOAENEHEIR cTVMY N (abcTpakTHoe coofueHwne)
DS (Design Stimulus) - peanU3auMOHHBIA CTUMY A (Cepranv3auna MS Ha BXO0EI KOMNOHEHTS)
MR {Model Reaction) - MOOeNeHaS PEAKUWA (3TENOHHEIE A3HHLIE WKW OFPaHUHYERNA)
DR (Design Reaction) - peanu3aunoHHas peakuus (NocNejoRaTeNsHOCTE 3HAYEHWA BEIXOQ0R KOMNOHEHTA)

CR (Checking Reaction) - npopepAeman peakums (decepnannzauna DR B abcTpakTHoe coobleHue)

Puc. 6. TectoBbIit opaky
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Takum 00pa3oM, y Hac €CTh BCE CPEICTBA, YTOOBI MEpPEHTH K pa3paboTKe TECTOBBIX CIICHAPHUEB.
CueHapuu JOJKHBI COJIEPKATh:

® DBK3EMIUISP ATAJTOHHON MOJEIIH;
® cyeHapHvle hyHKyUU,
¢ (ONMUMOHAIBHO) YHKYUIO NONYHUEHUS MEKYUe20 COCMOAHUAL.

CueHapHble (QYHKIIMH HEOOXOJUMBI JUIsl CO3JaHHUsI MOJCIBHBIX COOOIIEHUIN-CTUMYJIOB U IepeIadn
WX B STAJIOHHYIO MOJIENb, €CIIU BBITIOJHEHO MPEIYCIOBHE (OHO MOXKET MPOBEPSATHCS U B ITAJIOHHON
MOJICIIN).

DOyHKIUSA MOAYYEHHs] TEKYIIEr0 COCTOSIHHS HEOOXOaMMa B TOM Clydae, KOT/a HCIOJb3YeTCs
aBTOMATHBIM reHepaTop ctumysioB. Bosspamiasck k BosmokHoctsm C++TESK Testing ToolKit,
HAIMIOMHUM, YTO TEHEPUPYEMbIE TECTOBbIC IOCIEIOBATEIBHOCTH MOTYT OBITh JABYX THIIOB:
aemomamuvle U cayyainvle. TlepBblil TUI OyIeT paccMOTpeH mo3jaHee. JlJisi reHepalu TeCTOBBIX
[OCJIC/IOBATEIbHOCTEH HA OCHOBE CIIy4aHOTO BBIOOpPA CTUMYJIOB HCIOJB3YIOTCS TOJBKO
ClleHapHble (YHKIMHM, TaK KaK COCTOSHHE JTAJIOHHOH MOJCIM TECTHPYEMOIO YCTPOMCTBA HE
oTcrnexuBaercs. [Ipy UCMOIB30BAHUKM TAKOTO CIIOCO0a IeHEpali HEOOXOIUMO MPHICPKUBATHCS
COTJIAIICHUS: TPH PETUCTPAIIMK CIKMCKA CTHMYJIOB TMIEPBBIM PETHCTPUPYETCS CTUMYIL, CO8UAIOUIULL
Makm cumyisyuu, OCTalbHbIE CTUMYJIBI 3TOTO JejaTh HEe NOJDKHBI. [Ipu HAacTpolike reHepamuu co
CITy4aifHBIM BBIOOPOM CTHMYJIOB MOYKHO yKa3aTh:

®  MAKCUMAIIbHOE KoJlu4ecmeo maknoes, KOTOpoc 6y,[l€T pa6OTaTI> TECT,

® cmpameauio nOOAYU CMUMYNO8 (MAKCUMANbHASA 3A2PY3KA, OUHAMUYECKOe U3MEHeHUe
NOMOKA N00ABAEMbIX CIUMYJI08, A TAKKE UX I1apaMEeTpBbI).

bonee monpoOHO 3TH 1m1aru Oy1yT OCBEIIEHBI B MOCIEAYIOIINX pa3aeax.

[TepeiiieM HEMOCPEACTBEHHO K CO3/aHUIO ClieHapHeB. Bce HEOOXOMMMBbIE KIIACCHl U MaKPOCHI IS
CO3/IaHUS CIICHAPHEB OIpEeNICHbl B 3arojoBoYHOM (aiine <ts/scenario.hpp>. Hcnonbzyemsie
npoctpaHcTBa uMeH: cpptesk::ts, cpptesk::hw, cpptesk::tracer.

Knacc cuenapuss co3maercs ¢ momomipio Makpoca SCENARIO(uwms_xnacca cyewapus) {}.
Crnenyronye pyHKIMH SBIISIOTCS CTAaHIAPTHBIMU TIPH OTIPEICIICHUN CIICHAPHS:

KOHCTPYKTOP ¥ BUPTYAJIbHBIHA JECTPYKTOP;

virtual bool init(int argc, char ** argv) — ununmanu3anuonHas GyHKIus;

virtual void finish() — ¢ynkuus, 3anmyckaemasi mpu OKOHYAHUU TECTUPOBAHUS;

GyHKIMS Tody4eHHs TeKymiero cocrosaus Std::string get state() (noxa mwur emecmo nee
0y0em ucnob308amo 3a2YUIKY);

e CIreHapHble  (QYHKIUH  CO CIEAYIOLIEH  CUTHATypOu bool UMS_CYEHAPHOU_
@yuryuu(IntAbcCtx& ctx);
® DK3CMILIAP TeCTI/IpyeMOfI STAJIOHHOH MOZCIIN C MCAUATOPOM.

[TonyuuBmIuiics Knacc sSBIsETCS 0a30BBIM ISl IOCTPOCHHS TECTOBBIX ClieHapueB. OT HEr0 MOXKHO
HACJICJIOBAThCsI, TONydass pas3IMdHbIe JIOYePHHE TECTOBBIE CIIEHApHH. B 3THX cleHapHsx
PETUCTPHUPYIOTCS TOIBKO HEOOXOAMMBIE CIIEHapHbIe (YHKIIMH, Haxonsluecss B 6a30BOM Kiacce,
HCIIOJIB3YECTCA HeO6X0}II/IMa${ CbYHKHI/IH MOJIYYCHHUA TCKYILICTO COCTOAHMA, ONPEACIICHHAA TAKXKC B
0a3oBoM kiacce. Hukakux (yHKIUH KpoMe KOHCTPYKTOpAa M JECTPYKTOpa KIACC-HACICTHUK
0OBIYHO HE TpPeOYyeT.
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Jlexmaparus KJIaccoB CIIeHapUs MOKET BBITJISIICTh, HAIIPUMED, CIACAYIOIIINM 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 (IntAbcCtx& ctx);
bool scen push (IntAbcCtxé& ctx);
bool scen pop (IntAbcCtx& ctx);
std::string get current state();

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

protected:
DUTMediator dut;

}s

class ChildScenario : public ParentScenario {
public:

ParentScenario();

virtual ~ParentScenario();

}i
1}

[Tocne pa3paboTku Ki1acca HEOOXOOUMO peain30BaTh €ro MeTojsl. B koHCTpykTOpe 6azoBoro
KJIacca, €ClIi OH HampsMyl He OyAeT MCIOJb30BaThCS B KayecTBE CIIEHApHs, HEOOXOIMMO JIUIIb
yKa3aTh BBI30B KOHCTPYKTOpa ero 6a3oBoro kiacca ScenarioBase(). B xoHcTpykTope crieHapusi-
HacJIeJHUKA OMNpEAeIIeTCS BBI30B KOHCTPYKTOpa €ro 0a30BOro Kiacca, a TaKKe BBI3BIBACTCS

cnenyromas QyHKIHS:

setup(cmpoka_c_nazeéanuem_cyenapus, &nazeanue (PyHKyuu UHUYUATUZAYUU C UMeHeM_Kldccd,
&nazeanue_ynkyuu okoHuaHus_pabomsi_c_umenem_kiaacca, &uazeanue yHKYuu_NOLyUEHUs
MeKyuje2o_coCmosiHus_c_UMeHeM_K1acca).

OrpaHnyeHreM Ha HCIOJb30BaHME (YHKIMM SEtUP Ha JaHHBIH MOMEHT sBiseTCs TpeOoBaHME
HaXO0XJEHHUS BCEX HCHOJb3yeMbIX B HeWl (QyHKIMI B oqHOM U TOM e kiacce. Cpa3y mocie
¢byHKIMK SEtUP B KOHCTPYKTOpPE MOXKHO PErHCTPUPOBATH CLIEHApHbIE (DYHKIUH C ITOMOIIBIO
makpoca ADD_SCENARIO_METHOD (naszsanue cyenaproti ¢hynkyuu_c_umenem_Kiacca).

Cuenapupie (QyHKIHH pa3pabaThIBAlOTCS OTAEIBHBIMH METOJaMH Kiacca 0a3oBoro creHapus. B

caMOM Hayaje CIIeHapHOW (YHKIIMH MOTYT 3aJaBaThCcsi M OOBIUHBIC JIOKATbHBIC MEPEMEHHBIE,
MIPUYEM 3aMETHUM, YTO KEJIATEIbHO UX OOBABIATH TOJIBKO B HaUajie CEHAPHON (YHKIIHH.
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[Tocne ompenenenust Bcex mnepemenHbix numercs makpoc IBEGIN. Tlocne IBEGIN mumercs
makpoc IACTION{}, BuyTpu KOTOpPOro cooOineHne, KOTOpoe OyAeT MOAaHO B ATAJOHHYIO MOJCIb,
CO3/1aeTcs, a 3aTeM U MOoJaeTcs B ATy Mojenb. [locie co3manus cOOOIIEHUS MOXKHO HAIMCaTh
IPOCTYI0 PEATM3aIMI0 MPEAYCIOBUs TOAa4Yd CTHMYJa: YCIOBHBIA omeparop if, mpoBepsrornuii
HEO0OXOIUMBIC TIApaMETPHI STATOHHOW MOJENTN Ha MPEAMET BO3MOXKHOCTH MOJAaYl UMEHHO ITOTO
CO3IIaHHOTO COOOIIeHUs. BHYTpH yciIoBHOro ormeparopa IpH yIA4HOM HCXOJE IPOBEPKH,
MPOUCXOJUT TOJa4a COOOIICHHWsI B MOJAEIh C T[OMOIIBI0  CIEAYIOMEH KOHCTPYKIUU:
IKZEMNIAP _dMANOHHOU_Mmoldenu.Start(&ums_cmumyna_mooenu_c_umenem_kiacca, Hazeauue
unmepdeitica, coobwenue, ums_kiacca_mooenu.:START_REQUEST_IFACE).

Bue 3aBucumoctu ot Bo3MmokHOCTH mojadn ctumyia BHyTpu IACTION, B camom ero KoHILE,
HeoOXxoauMo ucnonb3oBath Makpoc YIELD(sxsemnusap smanonnoii_mooenu.verdict()), xoropsiii
Oyzmer moiy4yatb pe3yiabTar paboThl ATAJOHHOW MOJEIM Ha JAHHOM TaKT€ W, NMPH HAXOXICHUH
omuOKHu, ee (PUKCHpOoBaTh. B ciaydae crieHapHOW (PYHKIIMH, CABUTAMOIICH TaKT MOJCIHUPOBAHUS,
BMECTO KOHCTPYKIIMM JK3EMIUIAP STATOHHOW Mojenu.start(...) ucmosb3yercs BBI30B (YHKIIUU
okzemniap_smanonunou_mooenu.cycle().

BosBpamasice K METOJaM TECTOBOIO CIEHApHs, OTMETHM, YTO METOA INit OOBIYHO MyCT |
Bo3Bpamtaer true, a merox finish BkiIOYaeT OCTaHOBKY CHUMYJISIIIMK O BBI3OBY MEIMATOPHOM
byukuun okzemniap omanounou_mooenu.finalize(). @yuxyus nonyuwenus mekyweeo cocmosnus
get_state Geper HeKOTOpPbIE 3HAYECHUS, BO3BpAIaeMble ()yHKI[HSIMH 3TAJOHHOW MOJIENH, CO3/IaeT Ha
UX OCHOBE CTPOKY M Bo3Bparmaer e¢. OOBIYHO MNPaBHIBHOE HAmuCaHue (YHKIHH TEKYIIEro
COCTOSIHMSI SIBJIIETCSI HEITPOCTOM TBOPUYECKOU pabOTOM.

PC&JII’I?;&IIPI?I MCTOOOB KJjIacCa TECTOBOI'0 CUCHApPUA MOKET BBITTIAACTh IPUMCPHO TaK:

#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 (IntAbcCtxé& ctx) |
IBEGIN
IACTION {
dut.cycle();
YIELD (dut.verdict());

}
IEND

bool ParentScenario::scen push (IntAbcCtx& 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());
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}
IEND

bool ParentScenario::scen pop (cpptesk::ts::IntAbcCtxé& ctx) |
IBEGIN
IACTION {
if (dut.isIface2Ready() && !dut.is empty()) {
InputData msg = InputDatal();
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);
ADD SCENARIO METHOD (ParentScenario::scen push);
ADD_SCENARIO_METHOD(ParentScenario::scen_pop);
}

ChildScenario: :~ChildScenario (void) { };

H}

Teneps TecTOBBIN ClieHapHil yXKe CO3/aH, HO BCE eIle HeOOXOIMMO CBSI3aTh T€HEPATOP CTHMYIIOB C
JTaHHBIM CLEHapHeM. JTO JAeNaeTcs MOCPEACTBOM peno3umopus mecmos. Peno3uropuii ConepKut
CIUCOK 3K3EMIUISIPOB KJIACCOB TECTOBBIX CLIECHAPHEB M COTMOCTABIISICT KaXKIOMY M3 HUX BBIOpAHHBIN
reHepaTop CTUMYJIOB M IapaMeTphl 3allyCKa 3TOro reHeparopa. B Kamoil CTpoKe pemno3uTopus
JIOJDKHBI COJIEPKATHCS Pa3IUUHBIC SK3EMIUISAPHI KJIACCOB TECTOBBIX CIICHAPUEB: Ha3BaHUE OOBEKTa
TECTOBOTO CIICHApUs MCIOJIB3YeTCs IS UISHTU(HUKAIIMY TEKYLIETO 3aIycKkaeMoro cueHapus. [Ipu
3allycKe TecTa OHO IIepefaeTcsi Kak mapamerp +SCcen=ums cyeuapus (cM. daitn testbench.v,
creHepupoBanHsbiii VeriTool).

Jlnst co3maHusi PEro3UTOpUsT HCHOJB3YIOTCS MAaKPOCHI, OINPENEICHHBIE B 3arojIOBOYHOM (aiine
<utils/testreg.h>. Penosurtopuii HaumHaercs ¢ makpoca TEST_REGISTRY_BEGIN, 3aBepmaercs
makpocom TEST_REGISTRY_END. Kaxmoe comocraBlieHHe CIICHapuUsi UM TeHeparopa
OCYILIECTBISICTCS BHYTpPH peno3utopus ¢ nomoursio Makpoca REGISTER_TEST (axsemnaap
Klacca_mecmosulii_CyeHapull, — Mun_zeHepamopd_cmumyios,  Napamempsvl_No_YMOIYAHUIO).
[TapameTp TUN TreHepaTopa CTHMYJIOB MOXET MPHHUMATH TOJNBKO JBa 3HaveHHs: engine::fsm wu
engine::rnd. [epBriii 0003HaYaET reHepaIrio Ha OCHOBE 00X0/1a KOHEYHOTO aBTOMATa, BTOPOU — C
MIPOU3BOJILHBIM BBIOOPOM CTUMYJOB. C TOMOIIBIO MapaMeTPOB MO YMOIYAHUIO MPOU3BOJUTCS
JOTIOJIHUTENIbHAS. HACTPOMKa reHeparopa cTUMYNoB. CIHCOK IapaMeTpoB MOKET BKJIIOYATh, HO
MU HE OTpaHUYEH, CICAYIOLINE MapaMeTPhl:
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-uerr=N, N>0 — BbImoNHATE TECTUPOBaHME A0 OMOKK HOMep N;

-nt — 3amnpet ucnosb3oBath Tpaccy UTT,;

-nt2 — 3amper ucnonb3oBath Tpaccy UTT2;

--length N, N>0 — ciienapuii cinydaitHoro tectupoBanus Oyzer npoonkarbesi N TakToB
--parallel — BxitoueHa BO3MOXKHOCTH I10JIaBaTh CTUMYJIbl MMAPAUICABHO (TOJBKO JUIs
CIEHApHsl CITy4allHOTO TECTUPOBAHMUS)

e --maxload — HEOOXOAMMO IMOCTOSHHO TOAaBaTh BCE CTUMYJbI, Y KOTOPBIX BBIOIHEHBI
MPEIYCIOBUS (TOIBKO JUIS CHEHAPHUS CIYyYaiiHOTO TECTHPOBAHUA).

Vka3plBaeMble B PENO3UTOPHM IMAapaMeTpbl TecTa IEPEKPhIBAIOTCS  IOJIb30BATEIbCKUMU
napamerpamu, nogaBaeMbiMu depe3 ARGV (cMm. crenepupoBanHbiii testbench.v ¢ momomipto
VeriTool).

PaspaboTannsiii penozuropuii (fifo_tests.cpp) MoxeT BBITIISIIETh, HATPUMED, BOT TAKMM 00pa3oM:

#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=1l --length 10000 --parallel")
TEST REGISTRY END

6. PaspaboTtka hyHKLUMOHaNIbHOIro NOKPbLITUSA

HOHOHHHTCHLHOﬁ BO3MOXXHOCTBIO ITOCTPOCHUA STAJIOHHON MOJEIH SABIISIETCS MOCTPOCHUC U OLICHKA
¢yHKI/;LlOHaJZbH020 NnoKpovimusl. IToxg IOKPBITUEM OOBIYHO ITOHUMAETCH HCKOTOpasis BCJIMYMUHA,
u3Mepsemas B a0COMIOTHBIX MIJIM OTHOCUTEIBHBIX BeNIHYHMHAX. CMBICI c60pa IMOKPBITUA
3aKJII049acTCA B IMOJIYYCHUH I/IH(l)OpMaIII/II/I O IMOJIHOTEC TCCTUPOBAHUA: YEM Oonplle abCONIOTHASA U
OTHOCHUTCIIbHAA BCIIMYNHA ITOKPBITHSA, TEM 0oJree IMOJHO IMPOBEPCH TCCTI/IpyeMHﬁ IMPOCKT.

CyIiecTByeT HECKOJBKO pPa3HBIX IMOJXOJ0B K COOpPY MOKPHITHS, HO B PaMKax 3HAKOMCTBA C
CHtTESK Testing ToolKit mbr OygeM TOBOPUTH TONBKO O (DYHKYUOHANGHOM HOKPbIMUU,
MOKPHITHM, OTBEYAIOIIEM Ha BONPOC O TMOJHOTE TPOBEPKH BBIACICHHBIX HHXEHEPOM
(DYHKYUOHATIbHBIX C60UICME TECTUPYEMOIN MOJICIH.

Ha nannenii Mmoment C++TESK Testing ToolKit momnepxuBaer TOJBKO 3aJaHHBIC BPYUYHYIO
CTPYKTYPBI (DYHKIIMOHAIIBHOTO TOKPBITHS; OTCJICKUBAHWE BO3HWKHOBEHHUS ONHMCAHHBIX CHUTYyaIldi
MIPOUCXOJUT aBTOMATHU4ECKH. Pe3ynbTaT BEIBOJUTCS B BUE OTYETA B KOHIIE TECTUPOBAHUSI.

Wnxenepy, 3aHATOMy BepuduKanueil, HEO0OXOAMMO MpPOaHATU3UPOBATh JOKYMEHTAIMIO Ha
TECTUPYEMBI KOMIIOHEHT C LENbI0 BBIACICHHUS CUTYyallil, BOHUKAIOUIMX B (DYHKIIMOHAIBHOU
MOJIETIN, KOTOpBIE JOKHBI 00s13aTENIbHO MOKPBIBAThCSA TecTOM. JlJis coryiacoBaHUSI M3BJIEUEHHBIX
CBEJIEHUI C OCOOCHHOCTSAMH peau3allii TECTUPYEMOT0 KOMIIOHEHTA TOJIE3HO OOpaTUTBCS K €ro
pazpaboTuuky. Jlanee wuH)XeHEpOM [UIsl BBIAEJIEHHBIX CUTyallud CO3JaeTcsl CTPYKTypa
(YHKIMOHATIBLHOTO TOKPBITHS, KOTOpas B IIpollecce TECTHUPOBaHUSA OyleT JTUHAMHUYECKH
3anonHAThess. OTMETUM, U4TO paboTa MO BBISBICHUIO 3JIEMEHTOB MOKPBITUS SBIIIETCS TBOPUYECKOH, U
ee pe3yJbTaThl CHIIBHO 3aBHCAT OT KBATM(UKALINY 3aHUMAIOLIETOCS ITUM YeJIOBEKa.
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Heobxomumo otmeruth, uto C++TESK Testing ToolKit Ha nanHOM 3Tame ero pa3BUTHS HE
HO03BOJSIET OIKMCHIBATh CUTYallMH, B KOTOPBIX HCIOJB3YIOTCS JUHAMHYECKUE XapaKTCPHCTHKU:
HACTYIUIGHHE COOBITUSI TOCJIE KaKOTO-TO JPYroro coOBbITHS, uYepe3 N TakToB M T.JI. Takue
BO3MOKHOCTH TUIAHUPYETCS T00aBUTh [0 MEPE Pa3BUTHSI HHCTPYMEHTA.

Bce HeoOxomumble Makpochl M KJacChl ommMcaHbl B (Qaiimax  <ts/coverage.hpp> wu
<tracer/tracer.hpp>.

Kiace IMOKPBITHA MOKCT ABJIATBCA 4aCTbIO ATaJOHHOM MOACIN, HO IJIA y,I[O6CTBa pa3pa60TKH €ro
npeajaracrcsa co3gaBaTtb OTACIBHBIM KOMIIOHCHTOM. Y4yuthiBas CBSI3b INOKPBITUA C 3TaJIOHHOM
MOZICIIbIO, BHYTPH HETO HCO6XOI[I/IMO XpaHUTh CCHIJIKY Ha 3TaJIOHHYIO MOJICJIb.

[TomMumo 00s13aTeNBHOTO KOHCTPYKTOpAa M BHUPTYAIBHOTO AECTPYKTOpa Kiacc (pyHKIMOHAIBHOTO
MOKPBITHS TOJDKEH BKJIFOUaTh 00BeKT Kitacca CoverageTracker. Ototr 00beKT OyaeT OCyIIeCTBISTh
XpaHeHHe MH(OpMALUU O 3apETHCTPUPOBAHHBIX B HEM CTPYKTYpax ()yHKIHMOHAIBHOTO MOKPBITHS,
BBIBOJHUTH CTPYKTYPY MOKPBITHS, a Takke WH(POPMAIHIO O AOCTHTHYTOM IOKPBITUH B (ailn B
dbopmare UTT2.

3anarp MOKPBITHE MO>KHO c MTOMOIIIBIO Makpoca
DEFINE_ENUMERATED_COVERAGE (uoenmughuxamop _noxpwimus, CMpOK0BOe_Nnpeocmas-
Jlenue Nokpeimus,  ((Memka_d1eMeHma_NnoKpulmusi, — CMpPOKO8oe npeocmasieHue d1emMeHma.
nokpeimus), (...,...), ...)). Ilpu sTOM Oymer cosmaH o0bekT kiacca Coverage ¢ HMeHeM
udenmugpuxamop _noxkpeimus. Memxka_s1emenma_nokpvimusi — CO3AACTCS UL YHUKAJIBbHOU
UACHTU(DUKAIIMA BCEX KOMIIOHEHTOB ONPEACISIEMOTo MOKPHITHs. Bce CTpOKOBBIC MpecTaBICHUS
UCTIOJNB3YIOTCS ISl TeHEpalui OTYEeTOB. MHCTPYMEHT TMO3BOJISIET TaKKe KOMUPOBATH MOKPBITHSA,
CO3/1aBaTh MOKPBITHA-TIPOU3BEICHUS, TOKPHITUSA-TIPOU3BEICHUS C BBIYMTaHHWEM KopTexen. [lis
storo wucnois3ytorcs Makpockl: DEFINE_ALIAS COVERAGE(uoenmuguxamop noxpwimusi,
cmpoxosoe_npedcmasiienue_NnoKpblmus, UOESHMUDUKAMOP _UCXOOHO20 _NOKPLIMUSL),
DEFINE_COMPOSED_COVERAGE (uoenmughuxamop noxkpeimus, cmpoxogoe_npedcmasieHue
NOKpbIMus, uoeHmughuxamop _ucxo0Ho2o_nokpvimus_A, uoeHmugurxamop _uUcxooHozo_
noxkpeimusi_b), DEFINE_COMPOSED_COVERAGE_EXCLUDING (uoenmugpuxamop noxpvimus,
cmpoxosoe_npedcmasiienue_NnoKpblmus, UOEHMUDUKAMOP _UCXOOHO20 NOKpbimusi_A,
UOeHMUPUKAMOP _UCXOOH020 NOKpbimusi_b, {uoenmughuxamop ucknovaemozo_snemenma._
nokpeimus_A, uoenmughuxamop _uckurouaemozo_snemenma_nokpvimus_b}, ...) .

Jl11g ydeta mOKpHITUS HEOOXOAMMO COTIOCTABUThH TEKYIIHME MapaMeTPhl dTAJIOHHOW MOJIEINH, a 3aTeM
nepeaath ux B 00bekT thma CoverageTracker mocpeactBom omepatopa <<. D10 ym00HO JenaTh ¢
MOMOIIBI0 ABYX (pyHKIMHA. B nmeknapamuu nepBod (yHKIIMM B KaueCTBE BBIXOJHOTO 3HAUCHUS
JOJDKEH CTOSTh 00BhekT Tmia Coverage, a B peajau3aluu 3TOH (YHKIUU JIOJDKEH BO3BPAIaThCS
aneMeHT oO0bekTa Tuna Coverage, BHIOpaHHBIN COTJIACHO HCMONB3YEeMOMY Mapamerpy ATaTOHHON
Moenu. Bropast pyHKIHs MpUHIMAaET BO3BpaliaeMoe 3Ha4eHHEe TepBoi (DYHKITUHU U ITepeIaeT ero B
oobekT Tuna CoverageTracker ¢ momorpto oneparopa <<.

3aronoBounblii  (aiin  kmacca mokpeitus (fifo_coverage.h) wmosker BbIMISIETH, HApHUMED,
CIIETYIOLIMM 00pa3oM:

#pragma once

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

using namespace cpptesk::ts;
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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, "1™M),

(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;

}s

H}

Peanmzanus sroro kimacca (fifo_coverage.cpp) MoXeT BBITJISIETh, HAIpPUMED, CIEAYIOIIAM
obOpazoM:

#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::I0;
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 Kiacca c03/1aBaeéMOTr0 MOKPBITHS JOJDKEH OBITh CO3/1aH B KJIacce ITaJIOHHOI Monenu. Torna
B KOHCTPYKTOPE 3TAJOHHON MOJIENH TMOSBISIETCS BO3MOXKHOCTH CBA3aTh MCIIOJNB3YEMYIO B Kiacce
MOKPBITHASL CCBUIKY Ha JTAJIOHHYIO Mojenb. Jlias OoOHOBIEHHMS WHPOPMANHHA O TOKPHITHA
HE00X0AMMO BbI3bIBaTh QYyHKIMIO No2 M3 paHee CO3JaHHBIX ABYX (DYHKIIMI B Kijacce MOKPBITUS B
oTpeJieIeHHbIE MOMEHTHI BPEMEHHU TPOTOHA TECTOBOM CHCTEMBI. TaKUMH MOMEHTaMH MOTYT OBITh
CIIBUTH TaKTa, 3allyCK KakuX-110o onepauuii, B 001IeM, 3TO - COOBITHS, KOTa IPOUCXOIAT KaKHe-
00 NEHCTBHSI, MEHSIONINE COCTOSTHHE MOJIENH, U B KOTOPBIX €CTh HEOOXOIUMOCTH OTCIICIHTH
(GYHKIMOHATIBLHOE TIOKPBITHE.
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JIOCTUTHYTOE TIOKPBITHE BBIBOAUTCA B Tpaccy *utt2. Jlns aHamm3a TpacChl HCIOJB3yeTCs
CTIeUATbHBIN TeHepaTop OTYETOB, KOTOPBIi MOYKHO BBI3BaTh KOMaH 10
$CPPTESK_HOME/bin/reportgen.sh ums_mpaccei.utt2 w3 toro karamora, rje HaXOIUTCSA Tpacca
(HeOOoJIBIIIOE 3aMeYaHue: UM TPACChl HE JOJDKHO coliepxarh mpoodesnos). [Ipu aTom Oyxmer coznan
karajgor Reports ¢ orderaMu O TECTHPOBAHHWH, [UISI TPOCMOTpPa KOTOPBIX HEOOXOIMMO
HCIIOIh30BaTh OOBIYHBIN Opays3ep.

7. PaszpaboTtka cueHapueB TeCTUpOBaHMA Ha OCHOBe obxopa
KOHEeYHbIX aBTOMaToOB

Jlononnenue k enase ).

JIJis TeHepalMM TECTOBBIX BO3JCHCTBUH IMOMHUMO pPaHIOMH3UPOBAHHOTO TEHEpaTopa MOMKET
HCIIOJIb30BaThCA OOXOIYMK KOHEYHBIX aBTOMAToB. OH MOJpa3yMeBacT JHHAMHUYECKOE CO3IaHHE
KOHEYHOT'O CHJIBHO-CBS3HOI'O aBTOMaTa M €ro oO0XO0J B IPOILECcce TECTHPOBAHUS HEKOTOPBHIM
HEU30BITOYHBIM aJTOPUTMOM. ABTOMAT CO3/Ia€TCS C MOMOINBIO (DYHKIIUU IOJYYCHHUS TEKYIIETO
COCTOSIHUSI M CIIUCKA CTUMYJIOB (B JIaHHOM KOHTEKCTE CIICHAPHBIX (YHKIUil), C OIHCAHHEM
JOIYCTHMOCTH MX 3aITyCKa B TEKYIIEM COCTOSTHHH. TeCT cuuTaeTcs 3aKOHYCHHBIM, KOT/Ia B KAXKJIOM
COCTOSIHUU OBLIM TIOJaHbl BCE JONMYCTUMbIC B HEM CTHMYJIbI, HO HUTIIE HE OBLJIO OOHApYKEHO
OIIIHOOK.

Jlis Kaxaod cleHapHOW (YHKIIMH OIpeaelieH KOHTEKCT WTepaluH (CM. CHTHATYpPy CIEHApHBIX
byukimii - INtADCCIX& CtX - 3TO U eCTh KOHTEKCT), KOTOPbI XPaHHT 3HAYCHHUS HTEPATOPOB.
Wteparopbl — 3TO KOHCTPYKIMH JIsi mepebopa BXOJHBIX MMApaMETPOB 3aIyCKAaeMbIX OTepaIiuii
ATAIOHHOW MOJENW TaKUM O00pa3oM, YTOOBI pa3WyHbIE CTUMYIBI C PAa3NUYHBIMU MapaMeTpaMH
CUHATAINCHh PA3HBIMA CTHMYJIAaMH. OJTO O4YEeHb yJO00HO B TOM cjiydae, KOrja HEO0OXOJIHMO
rapaHTUPOBAHHO MepedpaTh Bce KOMOMHAIIMH BXOIHBIX MTAPAMETPOB BCEX CTHUMYJIOB.

BuyTpu crnenapHoil (yHKIMH cpa3y TOClie €€ Hadaja MUIIETCS OIpeNeeHHue HTeparoHHON
nepeMeHHO#: iNt& umsi_nepemennoit = IVAR(a). Buyrpu makpoca IVAR() momkHa CTOSITh OfHA
OykBa JaTHHCKOTO andaBuTa, WX Bcero 26 (0T @ A0 Z), a TaKk Kak sl KaKIOM TMEepeMEHHOU
TpeOyeTcst CBOs OT/eNbHasl OyKBa, TO BCETO NMEPEMEHHBIX Ha JIaHHBI MOMEHT MOiepKuBaercs 26.
3HaYCHUS ITHX MTEPEMEHHBIX OyIyT XPAaHUTHCS B BBIIICYKa3aHHOM KOHTEKCTE UTEPAIIH.

HanmomuuMm, 4T0 mMociie onpeneneHus: Bcex MepeMeHHbIX numetcs napa mMakpocoB IBEGIN-IEND.
Buytpu napst IBEGIN-IEND moryT naru BioxeHHbIE ApYr B JApyra IUKJIBI 110 UTEPAMOHHBIM
MIEPEMEHHBIM, a BHYTPH MOCJIETHETO U3 HUX OJDKeH ObITh BiioskeH Makpoc |ACTION({}. Lukn o
UTEPaLMOHHBIM NIEPEMEHHBIM Tpe/icTaBisieT coboii 00brunbIi 1y for: for(ums nepemennoit = 0;
uMs_TiepeMeHHoOM < 2; uMA_nepeMeHHoi++). lcnonb3oBaHue UTEpallMOHHOW IEepEeMEHHON
MO3BOJISIET O0OO03HAUUTH HAJIMYME LEJNOH CepuH CTUMYJIOB, pa3iMYalOIIMXCS 3TUM IapaMeTpoM
uMs_tiepeMeHHOH. OTMeTHM, 94TO He0OXOAMMOCTh B MTEpAaTOpax BO3HUKAET HE BO BCEX CITydasX,
yacto 0e3 HHMX MOXHO oOoiWtuch. B mpocteix npumepax Tuna FIFO nHeobxomumocts B
UTEPAIIMOHHBIX TEPEMEHHBIX OTCYTCTBYET, HO OHH MOTYT OBITh J00AaBJICHBI HMCKYCCTBEHHO,
HampuMmep, s yBEIMYEHHUs pa3Mmepa aBToMmaTa. JlomycTuM, MBI BKJIIOYHUM HUTEPALMOHHYIO
MEPEMEHHYIO B CIIEHApHYIO (DYHKIIIO NOP, C TEM YTOOBI YBEIHYUTHh KOJIUYECTBO YT, UCXOMISIIUX
U3 JAHHOTO COCTOSIHHUS.

bool ParentScenario::scen nop (IntAbcCtx& ctx) |

int &pseudo iteration = IVAR(a);
IBEGIN
for(i = 0; i < 10; i++)
IACTION {
dut.cycle();
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YIELD (dut.verdict()) ;

}
IEND

A GyHKIMA TOTYYEHUS TEKYIIETO COCTOSHUS MOXET OBITh, HAIIpUMep, 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;

JIst Toro 4To0bI 3aMycKaTh aBTOMATHBIH 00X0/1, HEOOXOMMO yKa3biBaTh 00Xxox4uk 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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