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BBepeHue

[on sepughuxayueii annapamypsi 0OBIMHO TOHUMAETCS MPOLIECC IPOBEPKH €€ no8edeHUs Ha
COOTBETCTBHE €€ cneyugurayuu. Takoil mpoiecc MOKET ObITh ClielaH YOpManbHO, C IIOMOIIBIO,
HalpuMep, NPOBEPKHU MOJEIEH, aBTOMaTUUYECKOI0 JOKa3aTeNbCTBAa TEOpeM U Jip. Takxke
BepUUKaLIKs MOKET ObITh MPOBEACHA MTPU UMUMAYUOHHOM MOOEIUPOSAHUU MOTYIIS allllapaTyphl C
IIOMOUIBIO CUMYIAMOPA.

VuuThIBask CII0KHOCTH POBEPSIEMBIX MOJIEIIEH amaparypbl, 00BIYHO MEPE] COOCTBEHHO
BepuuKanueil HeoOXOIMMO PEIINTH 3a/1a4y aBTOMaTu3aIuu. YeM 00oJIbIle MpoIeccoB OyayT
J€7aThCS aBTOMATHYECKHU, YEM MEHBIIIE IIOTPEOYETCs PydHOro Tpyaa, TeM 3 dexTruBHee Oyner
POMCXOAUTH ITpoBepKa. He 3aTparuBast popmaibHbie METO/IbI BepU(BHUKAIIMHT, B JAHHOM KYPCE MBI
OCTaHOBHMMCS Ha MCIIOJIb30BAHMHU TOJILKO HMHTAILIMOHHOTO MOAEIMpoBanus. [IpuueM, naiee peys B
OCHOBHOM OyJIeT UITH 00 OJHOM U3 CYIIECTBYIOIIMX HHCTPYMEHTOB BepU(BHUKAIIMH aIllaparypsl,
co3manHoM B IHCTHTYTE cHcTeMHOro nporpaMmmupoBanns PAH. Bo3aMoXHOCTH HHCTpYMEHTa
MIO3BOJISIFOT TOBOPUTH O HEM, KaK O MOII[HOM M BIIOJIHE COBPEMEHHOM pelieHud. MTak, pedys Oymer
uaru o6 ucnons3oBanuu C++TESK Testing ToolKit.

C++TESK Testing ToolKit peanu3yer moaxosa Kk BepupHrKaiy Ha OCHOBE HMHTAILIMOHHOTO
MozeupoBanus. OCHOBHBIM 3JIEMEHTOM MHCTPYMEHTA SIBIISIETCS €ro s0po — OUOINOTEKa,
peann3oBaHHas Ha si3bIKax nporpammupoBanus C u C++. SInpo ocHOBaHO Ha HHCTPYMEHTE
Bepudukanuu CTESK, nonomaennoro 6ubmmorekamu C++TESK, C++TESK-HE, NetFSM,
Aspectrace. Bce KOMITOHEHTHI sipa CKOMIIOHOBAHbBI B OJIMH MAKET U TOCTYIIHBI MO aJpecy B
Wutepnere http://forge.ispras.ru/projects/cpptesk-toolkit/files. Texymias Bepcus: 1.0.2 ot
04.05.2011. MHCcTpyMEeHT npeaHa3HadYeH JUIsl CO3JaHUs mMecmossix cucmem ¢ ucnoib3oBannem C++
JUTSL Pa3IMYHBIX MOJICTICH CUHXPOHHOU annapamypsl Ha Pa3iIudHbIX YPOSHAX AOCMPAKyuuU.
TecToBbIe cHCTEMBI CO3TAIOTCS C UCIIOJIB30BAHUEM JTIFOOBIX CPEICTB, peaocTapisieMbix C++, Ha
OCHOBE IT0IX0[a, MAKPOCOB U KitaccoB, onpeaeneHubsix C++TESK Testing ToolKit.

[Tpu co3aHUK TECTOBBIX CUCTEM JJIsl HUMHTAIIMOHHOTO MOJICITUPOBAHHUS OOBIYHO PEIIAFOTCS TPU
OCHOBHBIC 3a[1a4YH: NOCMPOEHUsl MECMOBOU NOCIEA08AMENbHOCIU, OYEHKU NPAGUILHOCTIU
noeeoenus v oyenxu noanomusl mecmupoganusi. C++TESK Testing ToolKit mo3Bonsier ctpouTtsb
HOCJIEI0BATENFHOCTH IBYX TUIIOB: COCMAagisieMble Ha KQKIOM TaKTe MOJICITUPOBAHUS CIYUAUHO U3
3apaHee OMMCAHHBIX CTUMYJIOB U NoJyYdeMble TAHAMHYESCKU Ha OCHOBE TEXHHK 00X00d HESIBHO
3aJIaHHBIX KOHeuHblX aemomamos. OUeHKa IPaBUIIbHOCTH MTOBEICHUSI ONPEICIISISTCS Ha KaKI0M
TaKTe Ha OCHOBE UCHOIHUMOL IMATIOHHOU MOOeIU, CO3IAHHOI Pa3pabOTYMKOM TECTOBOM CHCTEMBI,
Ha TOM WJIK HHOM ypOBHE a0cTpakimu. TakKe MOXKET ObITh HCIIOJIB30BaHA CTOPOHHSST MOJICTIb,
HaIpUMep, cumyaamop cucmemvl. [lonnoma (3akoHueHHOCMYb) Mmecmuposanus ONpeessieTcs: 1bo
0 KOIUYECM8Y MAKNOo8 MeCmuposanus IUTsl CIly9aifHO BRIOMPAaEMbIX BO3IECHCTBH, THOO0 Ha
OCHOBE UHpOpMayuu 0 3a6epuleHHOCMU 06X00a KOHEUHO20 A8MOMAamd.

061_]_[2[51 cXeMa TeCTOBOM CHCTEMEI MMpeaAcCTaBJICHA Ha pHUC. 1.
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FreHepaTop OTYETOR 0 TECTUPOBAHWK

Puc. 1. O0mias cxema TECTOBOH CHCTEMBI
PaccMoTpuM KpaTKo 31€MEHTHI, TIPEACTABICHHBIC HA JAaHHOM OO0IIeH cxeme:

1. I'enepamop cmumynoe - KOMIIOHEHT, CO3JAIOIIMI TOTOK BXOJHBIX BO3JEHCTBUI (CTUMYIIOB);
HACTPaMBaETCs C IOMOILBIO CLICHAPUEB TECTUPOBAHUS;

2. Tecmoegulii opakyn - KOMIIOHEHT, TPUHUMAIOIINI TTOTOKU JaHHBIX OT FeHepaTopa BO3ACUCTBUN U
OT LIEJIEBOI0 KOMITOHEHTA, MepeatolIfii MOTOK CTUMYJIOB OT F'eHepaTopa 1eJIEBOMY KOMIIOHEHTY,
OLICHUBAIOIINI KOPPEKTHOCTh MOBEACHUS LIEIEBOTO KOMIIOHEHTA;

3. Llenesoti komnonenm - MOZAETH aINMapaTypsl, pa3paboTaHHas HA OJTHOM U3 SI3bIKOB ONHCAHMS
anmapaTypsl (B TaHHOM city4dae, Verilog), npuHuMaromias NoTOK CTUMYJIOB M OTBEYAIOIIAsi Ha HETO
peaKknMsIMHU, KOTOpble HE0OXO0IUMMO IPOBEPUTH;

4. Coopuyux nokpeimus - KOMIOHEHT, COOMparoii HHGopMalHio 0 (YHKIMOHATIBHOM MTOKPBITUU
ATAJIOHHOW MOJIeNIU, KOTOpasi B 00LIeM cilydae BIUsAET Ha paboTy reHepaTropa CTUMYJIOB €
MOMOIIbI0 HH(POPMAIIUU 00 yXkKe TOCTUTHYTOM MOKPBITHH,

5. FeHepamop om4yemoe o mecmuposaHuu - KOMIIOHCHT, COSI[&IOHII/Iﬁ OTYCTBI-TPACChI TCCTOB C
PIH(I)OpMElI.[HCfI 0 HpOfIIIGHHLIX nepexonax, J0CTUTHYTOM IMOKPBITUH, HalJIEHHBIX OIIMOKAX U Aap.

Jlanee no maram OyayT pacCMOTPEHBI CIIEAYIOLINE BOIPOCHI:

. AHAJIN3 TOKYMCHTAIUW IIPUMCHHUTEIBHO K pa3pa60TI<e TECTOBBIX CUCTEM C IIOMOIIIBIO
C++TESK Testing ToolKit;

e CO3JIaHUE TECTOBBIX OPAKYJIOB, BKIIOYAsl STAJIOHHBIE MOJIETHN U UX MEIUATOPHI;

e ompejereHre MOAETH (PYHKIIMOHAIBHOTO MOKPBITUS;

e HACTpOWKa reHepaTOpOB CTUMYJIOB;

e COOCTBEHHO TECTHPOBAHUE.
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1. AHanNM3 AOKyMeHTauuu: BblaeneHune (pyHKLMOHANbHOCTU WU
UHTepdencos

[on sepughuxayueii KOMIOHEHTa Mbl IOHUMAaHUEM MIPOLIECC COOTHECEHUS €ro HalIr01aeMoro
noBeeHHUs TpeOoBaHUAM K HeMy. lHaue roBopst, Bepudukanus — 3T0 yCTAaHOBJICHHUE COOTBETCTBHS
MEX1y MOBEJICHUEM TeCTUpYEeMOi Mozenu U ee cnenupukanusmu. CreaoBareabHo, TOMUMO
COOCTBEHHO MOJTYJIsl, B HAIIIEM PACHOPSKEHUH TOJDKHA OBITh cneyughuxayus Ha MOTYIb —
JOKYMEHT, pa3pabaTbIiBacMblii B HaUajie MPOSKTUPOBAHUS U HEMHOT'O MOJIU(UILIUPYEMBIii B €r0
nporiecce, coepKalnii CBeIeHus 0 PYHKIIMOHUPOBAHUH MOTYJISL.

B peanbHOI1 )KU3HU BO3HUKAIOT CUTYAIlUHU, KOT/Ia CIeNU(UKAIIUN OY€Hb CKYAHbIE, TH00 UX BOOOIIEe
HET, a pa3pabOTYMKU OTPAHUYIIIUCH CITUCKOM CUTHAJIOB 8XOOHbIX U 8bIXOOHBIX UHMEPpelico8
TECTHPYEMOTo MOIyJIsl. B Takux ciaydasx MpoBOAUTH BEpU(UKALIUIO 3aTPyTHUTEIBHO, TaK KaK
CKa3aTh, YTO KAKOE-TO MOBEJCHUE TECTUPYEMOT'0 MOIYJISI OIIUO0YHO, MOYKHO TOJIBKO UMeEs Ha
pykax uH(pOpMaLKIO O TOM, KAKUM OHO JOJKHO ObITh. Toraa npuxoauTcs onpariuBarh
pa3pabOTYUKOB MOJYJIsI, CAMOCTOSITEIILHO COCTABIISITh CITUCOK TPEOOBAHHIA, KOTOPBIM JIOJKHO
VIOBJIETBOPSTH TECTUPYEMOE YCTpoicTBO. O0anas cCriuckoM TpeboBanuii (crienupukamnueii),
MOJKHO HAUMHATh Pa3pabOTKy TECTOBOW CHCTEMBI.

[IpakTuka no/IcKa3bIBAET, UTO NMPEACTABIATH CHELMPUKALUN, OCOOEHHO [TOTAKTOBbIE, YA00HO
CIIEAYIOIINUM 00pa3zoMm:

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

Ha4vano
IO-WRITE

1 TakT

MNony4yeHne 3anpoca
No BXOAHOMY WHTEpdency
IO-WRITE (#20)

17(19),
33(37) TakTOR

MpuemM o4epegHON NOPUXK
OAaHHBLIX NO WHT. #20 un
coxpaHeHue ee B FIFO#21

v

Puc. 1 Ilpumep 610K-CXEMBI I OTACIBHON ONEpaIiu
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brok-cxeMa mo3BoJIsieT onucaTh MOBEICHHE 3TAJIOHHON MOJIENH C JIFOOBIM MPUOINKEHHEM K
MoTakTOBOM TouHOCTH. Ha puc. 1 n3o6paxeno abcrpaktHoe npeacrasienue oneparuu 10-WRITE
(3ammcp no kanaiy 10), KoTOpoe HaYUMHAETCSI ¢ OJJHOTAKTOBOIO 3ampoca o uatepdeiicy 20. Ha
CIEAYIOIIEM TAKTE MOCJIE 3apoca OCYIIECTBIISIETCSA MPUEM JaHHBIX, KOTOpbIX qutesa 17, 19, 33
win 37 TaKTOB B 3aBUCUMOCTH OT JUTMHBI JJAHHBIX U HAJIMYUS MACKU CPEH MepeIaBaeMbIX JTaHHBIX
(nanHas 6J10K-cXeMa SIBJISIETCS] HEJOCTaTOUHOM JIJIsl MIOCTPOEHUS ATAIOHHON MOJIENH, K Hel
MpUIarajiach mabauya nomaKkmogoll packiaoku, o KoTopoi Oyner pacckazano naiee). [Tocie
MOJIyYEHUs BCEX AHHBIX M UX COXPaHEHUSs, BBIIOJIHEHUE ONepaliy 3aKaHYUBAETCS.

B Gy10k-cxemax 00bIYHO MPUCYTCTBYIOT CIEAYIONHNE 0003HAUCHUS:

OBaJILHBIMM CUMBOJIaMHM 0003HAYaIOTCS TOUYKU Havyaja u KOHIIa onepaunﬁ; B TOYKC Haydaia

IUIIETCS] MHEMOHUYECKOE 0003HAaUEHUE OIepaliii, KOTopas OyeT UCIIOIHATHCS B
Ipeieax 3TOro MyTu KOHTPOJISl yIpaBICHUS;

IpsAMOYT'OJIbHBIMU CUMBOJIaMHA 0003HaYaIOTCA 6J'IOKI/I, BBIIIOJIHCHUEC KOTOPLBIX B ITPOLECCE

paboThI oneparyu, 3aHIMaeT POBHO OJMH TaKT Ha JJaHHOM ypoBHE aOcTpakuuu. Baytpu
0JI0Ka MUIIETCs ONKcaHue mporecca GyHKIMOHUPOBAHUS 3TaJOHHOM Moaenu. Psgom ¢
6JIOKOM AO0IYCKACTCA OIMUMCAHUC KOJINYCCTBA PCAJIbHBIX TAKTOB BBIIIOJIHCHUA CTaAUN
TECTUPYEMBIM YCTPOMCTBOM, JIpyras BCrioMorareibHas nHGopMaIius, Mo3BOJSIONIas
COMOCTaBHUTh CXEMY pa3pabOTaHHOM ITATIOHHOW MOJIEIH;

pOM6I/I‘IeCKI/IMI/I CHMBOJIaMHU 0003HAYarOTCS IIyTU BETBJICHU: IIOTOKA YIIPABJICHU. BHYTpI/I

CHUMBOJIA JIOJDKHO OBITh ONTUCAHO YCIIOBHE BETBIICHUS. BXOIAIIMIA TyTh TOJKEH OBITH OJIHH,
UCXOJSIINX MyTeH TOJKHO OBITH POBHO JIBa;

WM 00JIee TTOTOKA YIIPABJICHUA,

BETBJICHUE ITOTOKA YIPaBIICHUsT 0003HAYACTCS KUPHON TOUKOU, U3 KOTOPOU UCXOIAT J1BA

COCIMHCHNEC HECKOJIBKUX IMMOTOKOB YIPABJICHUA OCYHICCTBIIICTCA TAKKE B )KHpHOfI TOYKE,

IIpH 5TOM ITOTOKHU YHPABJICHUA HNPCANIOJIAraroTCd CHHXPOHU3UPOBAHHBIMU, T.C. YIIPABJICHUC
Ha BLIXOHHOfI IMOTOK IEPEAACTCA TOJIBKO B TOM CJIy4ac, KOraa BBIIIOJHATCA BCC BXOJAHBIC
IIOTOKH.

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

Ta6u. 1. Tlpumep TabiuIlbl MOTAKTOBOM PACKIAAKH JJI OTACIHHONU ONeparuu

Muxkpoonepanus
Crumyn Bertsnenne 0 Muxpoonepanus 0|Mukpooneparnus 1|Bersienne 1 | Bernenne 2 2 Muxpoonepanus 3
PRE: BRANCH: PRE: PRE: BRANCH: |BRANCH: |PRE: PRE:
1) emuHOBpemenno  |ecam vVal_mask=1 (B |uer HEeT ecr Wr64=0 |ecin HEeT HEeT
MOKeT paboTathb CTUMYIIE), HA (8 crumyne), val_mask=1
TOJIBKO OfiHA CIICyIOIIEM TaKTe BBITIOJIHEHUE |(B CTHMYJIE),
oriepanys JaHHOTO  [[TOciIe MoJaqn orepanun  [Ha
THIIA CTUMyJIa HAUMHACT 3aBEpIIACTCS [CIeayomeM
2) BBITIOTHSATHCSI . Nnaue TaKTe MocIie
al_wr_data_buff_ |muxpoonepauns 0. HAYMHAET  [BBIIOJIHCHUS
nreg_to_IO(0)=1 lIHaue HauuHAET BBITIONHATHCS MUKpooOTT. 1
BBITTOJTHSATHCS BETBJICHUE 2. [HAYMHACT
MHKpooreparys 1. BBITIOJTHATHCS
MHKPOOIL. 2.
Mnaue
Ha4YMHAET
BBITIOJTHSATHCS
MEKPOOIL. 3.

'YcTaHaBiIMBaroTCS

mapamMeTpbl CTUMYIIA:
al_wr_data_

from_IO (i)=1

(cTpo0)

wr_data_

from_I10[15:0](i)={0

-7

CTI/IMyJ'I nomacrcsa

OIWH TaKT.

ITo wr_data_
from_10O[15:0] (i)
repeaeTes Macka.
Macka
3aIICHIBACTCS B
Oydep (21)
(rmyouna 4 32-x
i 64-0ali THBIX
CJI0Ba).

JlaHHast MUKpoOOII.

ITo wr_data_
from_I10[15:0] (i)
nepenaercs 2
OaiiTa TaHHBIX.
Jlanubie
3aIMCHIBAIOTCS B
oydep (21).
Jlanuas
MHKPOOIIEpaLust
rnosTopsiercs 16

Tlo wr_data_
from_I10[15:0] (i)
repesiaeTcs Macka
U1l BTOPOH 4acTH
64-6aiitHOit
nepenauu. Macka
3aIMCBIBAETCS B
oydep (21).
JlaHHasi MUKPOOII.
rnoBTopsiercs 2

ITo wr_data_
from_1O[15:0] (i)
nepenaercs 2 OaiiTa
TAaHHBIX BTOPOM
qacTu 64-0aliTHOI
mockutKH. JlaHHBIC
3aNiCHIBAIOTCS B
Oydep (21).
JlanHast MuKpooII.
nosropsiercs 16 pa3
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MOBTOpPSIETCS 2
paza Ioaps.

pa3 nmoapsa.

paza moapsia.

OAPSI.

POST: POST: POST: POST:

Ha CJICAYIOLIEM Ha CJIICAYIOLIEM HET HET

rakre mocie val  [rakre nocne val

CHUT'HAJI CHUT'HaJI

wr_data_buff_  \wr_data_buff_

nreg_to_10 (0) |nreg_to_lO (0)

(HOMeEp sTueHKu (HOMep STUCHKHI

oydepa (21), B Oydepa (21), B

KOTOPYIO KOTOPYIO

TIPOUCXOOUT IIPOUCXOANUT

3aI1Ch) MEHSETCSl [3aIMCh) MEHSIETCS

Ha HOMep Ha HOMEp

crenyouei cienyouei

CBOOOIHOM CBOOOIHOM

STYCHKH; MK Ha 8 B|TUCHKU; WK HA 8 B

cirydae ee cirydae ee

OTCYTCTBUA OTCYTCTBUA
INPUT: INPUT: INPUT: INPUT: INPUT:
val_wr_data_from_lO(i) - ctpo6 wr_data_ wr_data_ wr_data_ wr_data_
wr_data_from_I10[15:0](i) cocrour u3  [from_IO[15:0] - [from_IO[15:0] - from_lO[15:0] - [from_lIO[15:0] -

- [15:3] - peseps;

- [2] A5 - npu3Hak 3anmcu BO BTOPYIO
MoJI0BUHY 64-0alTOBOIT STUEHKHY;

- [1] wr64 - npusHak 64-GaitroBoii
OCBUIKH;

- [0] val_mask - Gyxer macka uiu Her.

Macka

JIAHHBIC

MacKa

JITAaHHBIC

Taxas Tabnuia oToOpakaeT MOBEAEHUE TECTUPYEMOT0 MOJIYJIS C TOTAKTOBOW TOYHOCTHIO,
nHpOpMaNKs B HEH COOTBETCTBYET OJIOK-CXEMe, CIYXKHT ISl JaTbHEUIIET0 TPOSKTHPOBAHUS
MOTAKTOBBIX ITAJIOHHBIX Moenel. Tabnuna co3gaercs JUs KaKA0H OTAEIbHON onepanui,
BBITIOJIHAEMON TECTUPYEMBIM MotyJieM. [lepBoii KOJIOHKOH sBiIsieTCst HH(OpMAIHs O CTUMYJIE, T.€.
MIOCBIIKE B TECTUPYEMBI MOJlyJb, HaUMHAatoOLIeH onepauuto. IlpuBonutcs napopmanus o
MIPEyCIOBUH 3alycKa onepanuu (T.e. TeX yCIOBUIX, KOTOPbIE JOKHBI ObITh BHIITOJHEHBI JUIS
Hayasa paboThl onepanun), 00 ycTaHaBIUBAaEMbIX BXOJHBIX curHanax. Cpean nociae yonmx
KOJIOHOK MOTYT OBITh KOJIOHKH YETBIPEX THIIOB, COOTBETCTBYIOIIUX OJOK-CXeMaM: MUKPOOIIEPALIUs
(OAMH TaKT Ha JaHHOM YpOBHE a0CTpaKILMK), BETBIEHHUE, pacliapayieIiBaHue, COeTUHEHNUE.
IIpenmonaraercs, 4TO UCIIOJHEHUE ONIEPALlUU HA IIOTAKTOBOMW pacKiIaaKe IPOUCXOIUT CIIEBA
HaIlpaBO: IIEPBBIM 3aI1yCKAETCA CTUMYII, 3aTEM — TO, YTO HAXOAUTCA BO BTOPOU KOJIOHKeE. Jliis
Ka)KJI0 MUKPOOIIEpALlMH MTUAIIYTCS CBEACHUS O NPEAYCIOBUH €€ 3aITyCKa, BBIITOIHAEMBIX

JIEMCTBUAX STAJIOHHOMN MOJCIIN, TOCTYCIOBHUU, KOTOPOC NOJIKHO OBITh MMPOBEPCHO IIOCJIC

BBIITOJITHCHHA MUKPOOIICpAMU, UCITI0Jb3YEMbBIC BXOJHBIC U BBIXOAHBIC CUTHAJIBI. I[J'[f[ KaXJa0ro
BCTBJICHUS YKa3bIBACTCA YCJIOBUEC BETBJICHUA U KOJIOHKH, HaA KOTOPHIC 6YZ[CT MMPOUCXOAUTH ICPEXOA.
HJ’I?I KaXXa0ro pacrnapajiCIiiBaHusa 1 COCAUHCHNA ITOTOKOB YIIPABJICHUA 0003HayaroTCA BXOJHBIC U

BBIXOJHBIC KOJIOHKH.

Ecnu nnig Bepudukanuu He OyeT U3roTaBIMBaTHCS OTAKTOBas ATAIOHHAsI MOJIENb (Harpumep,
OHa OyJieT B3sTa U3 CUCTEMHOT'0 CUMYJISITOPA) MM OHa OyJIeT CIPOEKTHPOBaHa a0CTPAaKTHOM,
00BIYHO MOKHO 000MTHCH clienu(UKaUIMU B TPOCTOM TEKCTOBOM BHie. [loaToMy, eciii B TakoM
BUJIE OHM YK€ OBLIIM HAIMCAHbI, CO3/1aBaTh KaKHUe-TU0O0 TOTOJHUTEIbHBIE PEICTaBICHUS

cnenudukanuii He TpedyeTcs.

Teneps meperiieM HEMOCPEACTBEHHO K aHANIN3y TpeboBanuii npumeruTeabHo K C++TESK Testing

ToolKit.

Jns cozpanus C++TESK Testing ToolKit-koMIIOHEHTOB «9manoHHaAst MOOETbY U «<MeOUamop
9MANOHHOU MOOeNU» HEOOXOIUMO CO3/IaBaTh 8X0OHbLE U 8bIXOOHbIE uHmep@eticvl. B Kaxaom
BepUDUIUPYEMOM MOYJIC IPUCYTCTBYIOT KaK BXOJHBIE, TAK ¥ BHIXOHBIC CUTHAJIBI, KOTOPHIE
MOJKHO CTPYIIIUPOBATH B uHmepeticol IO MPU3HAKY UX MPUHAICHKHOCTH K ONPEICICHHON
AKTUBHOCTH: 3alMCH WM YTCHUI0. DYHKIIMOHAILHO 3aKOHYEHHAsI ITOCIICI0BATEIIbHOCTh O0paIlieHHs
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K uHTEepdeiicam, B pe3ynpTaTe KOTOPO MOAYIIb IIEpEiIeT B HEKOTOPOE CTAIMOHAPHOE COCTOSIHHUE,
B KOTOPOM OH CMOKET HaXOJUThCsl OECKOHEUHO J0JIr0e BpeMsi, Oy/ieM Ha3bIBaTh onepayuel.
Otmernm, uto curHaisl Tia CLK u RST 00bpI9HO HE OTHOCSTCS HU K OTHOMY UHTEpdeiicy.
Kaxxnast orepariust MOXKET UCTIOIb30BaTh HECKOJIBKO BXO/IHBIX M BBIXOJIHBIX HHTEp(dericoB. [1pu
aHaJM3e TOKyMEHTALlUHU CIIeAyeT IOMHUTh, YTO BXO/AHBIE HHTEP(EICH colepKaT TOJIbKO BXOHbIE
CHTHAJIBI, 2 BEIXO/IHBIC HHTEPEICH — TOJIBKO BHIXOAHbIE CHTHAJIBI.

PaccmoTpum npumep BoiaeneHus napopmanuu o6 uarepdeiicax. Bossmem pparment
crienrukanun Ha Mmoxyib Databox (DB) - kommyTaTop TaHHBIX MHKPOIIPOIIECCOpa - Ty €€ 4acTb,
rze ocyuiecTsisiercs cBa3b DB ¢ Baemaum moayiaem Memory Access Unit (MAU) - koMIoHeHTOM
JOCTYIIA K MTaMSTH.

Mannvie uz MAU.

Apbump (13), pabomarowuii ¢ Kpy2o8blm npuoOpumemom, u3 5 UCHOYHUKOE KOPOMKUX 3aNpPOCO8
(3anpocul 8 0bwem cyyae npuxoo0am napaiieibHo) 8vloupaem 00UuH 3anpoc, Komopwii 6yoem
nanpasnen 8 MAU. Temn nepedauu 1 3anpoc 3a 2 maxma 6 ciyuae 32-x 6aiimogoeo uau 1 3anpoc
3a 4 maxma 6 ciyuae 64-x baiimogozo 3anpoca. Ilpu smom cam KOpomKutl 3anpoc 3anOMUHAemcsl 8
DB u 6 MAU ne nepeoaemcs. 3anpoc 6 MAU umeem cneoyrowuii unmepgpetic (cm. ci. maon.).

Tabn. 2. Uarepdeiic 3anpocos B MAU

Cuzcnan Tun Haznauenue

val_data_reqack _to_mau_03 @) 3nauumocmo 3anpoca. 3anpoc 3a maaduietl

nonosunotl 64 6atimHou Kaut Cmpoxu.

val_data_reqack_to_mau_47 @) 3navumocmo 3anpoca. 3anpoc 3a cmapwet

nonosunol 64 6atmHol Kaul CmpoKu.

cop_data_reqack_to_mau[2:0] @) Koo onepayuu:

«011» - Copocumo pecucmp LDB
«100» - Boioame kocepeHmHulil omeem.
«101» - Copocumwv pecucmp STB
«110» - Boioams oannvie uz STB

«111» - Boioams 0annvie u copocums pecucmp
STB

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

Hcxons u3 aToro ¢parMeHTa 10KyMEHTAILUH, A1 TOCTPOSHHUST aOCTPAKTHOM STATOHHONW MOIETH
Heo0X0IuMO OyJeT cO3/1aTh BXOIHBIC HHTEP(ENCHI sl BCEX MATH HCTOYHUKOB KOPOTKHUX
3ampocoB, MPOYUTATh 00 ITUX MHTEp(deiicax HAZ0, BUANMO, B TEKCTE MPOAOHKEHUHU (parMeHTa.
Hanee no Tekcty: «3ampoc nepenaercs B8 MAU», MAU — 3T0 ycTpoiCTBO BHEIIIHEE IO OTHOIICHUIO
K TECTUPYEMOMY MOJIYJIIO, TIOATOMY TECTOBOM CHCTEME HEOOXO0AUMO OyIeT KOHTPOIHUPOBATh
BBIXOJIHBIE 3HAUYCHHUS, TIepeJaBaeMbIe Ty/a.

JJis1 KOHTPOJISI 3TUX CUTHAJIOB HEOOXOAMMO, BO-TIEPBBIX, HX CUUTATh, H, BO-BTOPBIX, HEOOXOIUMO
3HATh, KaKH€ UMEHHO CUTHAJIBI OyIyT MpaBUIIbHBIMU. /{7151 perienrs BTopoit 3aauu B 3TAIOHHON
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MoJiesi OyZIeT CO3/JaH KOMIIOHEHT "BBIXOAHOM MHTep(eic" COOTBETCTBYIONINHI BEIXOIHOMY
unTepdeiicy rectupyeMoit peanuzanuu. B menuatope (KOMIIOHEHTE-HACIEIHUKE STAIOHHON
MOJIeTIH, 00 3TOM HEMHOTO JIaJIbIlIe) 3TOT KOMIIOHEHT MEepPErpyKaeTcsi, HO, MO-TIPEKHEMY,
Ha3bIBAETCS BBIXOJHBIM HHTEp(eiicoM. BrixonHoil unrepdeiic menuatopa Oyaer pemaTs 3a1ady
CUMTBIBAHUS CUTHAJIOB, UCXO/SLIUX OT TECTUPYEMOI'0 KOMIIOHEHTA U MIepEeIaun UX Ha MPOBEPKY.
DTOT BBIXOHOM HHTEpdeiic monmenyem, Hanpumep, ifacel4. B Hero 6yayt BXOAUTH CIICAYIOIINE
curnaiiel: Val_data_reqack_to_mau_03, val_data_reqack to_mau_47, cop_data_regack to_mau,
source_reg_data_regack to_mau.

OtmeTnM, 9TO BBIICIICHHE CUTHAJIOB JIJIsl MHTep(delica Ha JTaHHOM dTare pa3BUTHUS HHCTPYMEHTA
HOCHT CKOpee JIOTH4ecKuil xapakTep. TonbKo 3TH cUurHaibl OyayT JOMYIICHBI AJI UCIIOIb30BaHUs B
GYHKIUSX MeauaTopa dTAIOHHOW MOJIEIH, CBSI3aHHBIX C 3TUM HUHTEp(EHcoM, HO MPOBEPOK
HCII0JIb30BAHUS CUTHAJIOB HA NPEIMET KOPPEKTHOCTH B UHCTPYMEHTE HE MPELYCMOTPEHO.

[Tocne BeieneHust UHTEPQEICOB, OcTanbHAas TOKYMEHTALIUS YIIOPSI0YUBACTCS, KaK ObLIO
HAIMCAaHO BHIIIE, B BUC OJIOK-CXEM HJIM TaOJIHI] TOTAKTOBOW PACKIIATKH, €CITH HEOOXOIMMO OyaeT
pa3pabaThIBaTh STATOHHYIO MOJIeNb. Eciiu 3TanoHHy0 Moieb co3/1aBaTh He TpedyeTcs, T.K.,
HaIrpumep, oHa yK€ €CTb, MOXKHO IICPEXOJUTH K CJIGI[YIOHIGI;'I HacCcTH MPOCKTHUPOBAHUS.

2. Pa3paboTka aTanoHHON MoAenu

MBI 1Iepexo/ UM K IOATAITHOMY CO3JIaHHI0 KOMITOHEHTA Mecmosblll OpaKy/l - KOMIIOHEHTa
MIPOBEPKHU. B HETo MOCTyMar0T CTUMYITBI OT T€HEPAaTOpa CTUMYJIOB, 3aT€M OH IepeaacT CTUMYJIBI B
[EJICBOM KOMIIOHEHT M TIOJTy4aeT U3 HEro Peakiiuy [Uis IIPOBEPKH B OTBET HA CTHUMYJIBI (CM. pHUC. 2).
Ora npoBepka TpedyeT HATMYHS 00pasia JUisl CpPaBHEHUS: POJIb TOTO 00pa3iia UTPaeT IMAIOHHAS
MoOelb.

s P TecTOBaA CUCTEMA
: MNeHepaTop CTUMYNOB
: E".'
CTUMY Nl
i 2 CTumyne >
TecToBLIW OpaKyn < T Lenepol KOMNOHEHT
I *Feaxu,mm
BepavkT
CATITR PR A | CHoplwKk NOKPBITHA

N + MNokpeITUe

4 L 4

rEHEpaTUD OTHETOBE O TECTUPOBRAHNK

Puc. 2. O600611eHHasI CTPYKTypa TECTOBOM CUCTEMBI

MO3KHO CcKa3aTh, 4TO TECTOBBIN OPAKyI — 3TO CBOeOOpa3Hast «00epTKay HaJl ATATOHHON MOJIENbIO,
MBI K HEMY €IIl¢ BEpPHEMCSI [T03/IHEeEe, OCTAHOBUBINKCH B JAHHOM pasjiesie Ha CO3aHuHU STaIOHHON
mojenu. CTpyKTypa sTajgonHoi moaenu, npuastoi B C++TESK Testing ToolKit, mpeacrasinena Ha
puc. 3.

10
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Ms
I

ITanoHHaRA MG,EI,EHI:-+

Moaenwn BxoAHLIX WHTepthedc o

v

TYHKLUWOHaNEHSA MO OENE KOMMOHEH TS

Mooenks YNpagnsaowen normKmn

Mogens NpeobpasoBaHMa OaHHLIX

CxemMa KOMMYTauum uHTepteicos

*MR ¢ #MR

Mooeny BelX0AHE X MHTepdelcos

O4epenyW MOOENEHLIX DESKLLMA

\ MNepenyHsle apbuTpel /
¢ MR

Anantep >
MO 02T

MsS (Model Stimulus) - MOAEANEHEIA CTUMY A {aECTpaKTHue coobweHwne)

MR (Model Reaction) - MOOENEHaA pEaKUWA (3TanoHHLIe faHHEE KK t}rpaHW—iEHHﬂj

Puc. 3. Ctpykrypa stanonnoit mogenu C++TESK Testing ToolKit
OCHOBHBIMU COCTaBHBIMH YaCTSIMUA MOJICIIH SIBIISTFOTCSL:

e MoOdenu 6X00HbIX UHmMepgheticos,
o DYHKYUOHANBHASL MOOENb MECMUPYeMO20 KOMNOHEHMA,
e MoOenu 8bIXOOHbIX UHMeEPPelicos.

Bce nannble BHYTpH MOJIENH, a TAK)KE B HEE U M3 HEe MePEeIaloTCs C MOMOIIBIO COOOWeHUll —
00BEKTOB KJ1acCOB-HaCIeIHUKOB Kiacca Message. Oto caenano 11t yHubuKauuu uaTepdencon
MEXy OTJeIbHBIMU KOMITOHEHTaMH TECTOBOM CUCTEMBI.

Mojenu BXOAHBIX M BBIXOHBIX HHTEP(HEHCOB ABISAIOTCS 00bekTaMu Kiaacca Interface.

OyHKIMOHAIBHAS MOJIEh KOMITOHEHTA SIBJISICTCS YaCThIO Klacca STAIOHHON MOJIEIH, XOTS
HEKOTOpasi €€ 4acTh, IOMYCKAroIas B JajlbHEUIIIEM TOBTOPHOE UCIIOIb30BaHUE, MOXKET OBbITh
peann3oBaHa B OT/IENIbHBIX Kiaccax. OYHKIIMOHATBHAS MOJIENIb COCTOUT U3 MOOelU Ynpasisoujels
JIO2UKU, MOOeNU Npeodpazo8anus OAHHbIX, cxembl Kommymayuu unmepgheticos. CoOCTBEHHO,
MO/IEIIN JIOTUKH U MPEOOpa30BaHMs JaHHBIX K MOTYT OBITh PEaJTH30BaHbI OT/IEIBHO, 4 BOT CXeMa
KOMMYTAIIMU UHTEP(PEHCOB 3aBUCUT OT BBIJICICHHBIX HHTEP(EIHCOB B KJIACCE ATATIOHHON MOJICIH,
MO3TOMY €€ BBIJICJICHUE B OTACIBbHBIN KITaCC HEIeJIeco00pa3Ho.

11
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Huxe npuBeieHbl OCHOBHBIE CBEJICHHS O CO3IaHUU MOJIeTIeH coo0IIeH it (0OBIYHO COOOIICHMIA
TpebyeTcsi He MEeHee JBYX: /I BXOTHBIX U BBIXOJHBIX HHTEP(EHCOB), 3aTEM — O CO3/IaHHH
COOCTBEHHO TAIOHHOM MOJIEIH.

2.1 Modenb coobweHul
Omnucanne He0OXOIUMBIX MaKpOCOB M KJIacCOB HaxoauTes B paitie <hw/message.hpp>.

Monenb cooOIIeHus SBISIETCS KIaCCOM, KOTOPBIN co3aetcs ¢ momouibio makpoca MESSAGE (M
knacca) {}. B ckoOkax yka3bpIBaeTCsl UMs Kiiacca cooOienus. BHyTpu 6110ka Makpoca oOBbsBIISIFOTCS
CTaHJIaPTHBIE KOHCTPYKTOP M BUPTYaTbHBINA JECTPYKTOP, MOKA MyCTHIEC. 3aTeM BKJIFOYaeM
BO3MOYKHOCTh aBTOMAaTU3UPOBAHHOT'O KOIMMPOBAHUS COOOIIEHHS C TIOMOIIBIO OOBSIBIICHUS MaKpOca
SUPPORT_CLONE#1msa xkracca). Kaxnoe cooOlieHre BKIFOYAET B ceOs 0OTHO WIIM HECKOJIBKO
noseil 1S TaHHBIX, KOTOPBIC MIEPEAaeT 3TO COOOIEHHE. JTH MOJIs He 00s13aTeIbHO B TOUHOCTH
COOTBETCTBYIOT UMEIOIIUMCS CUTHATHHBIM JIHHUSIM TECTHPYEMOT'O MOIYJISI, OHH JIOJDKHBI OBITh
yI00HBI Pa3pabOTUNKY TECTOBOM CUCTEMBI, YTOOBI HATJISAHO MPEICTABIATH IPUHIMAEMBbIC OT
TECTUPYEMOT'0 YCTPOWCTBA U MEPEIaBAEMbIE B TECTUPYEMOE YCTPOMCTBO JIaHHBbIE. MOKHO CKa3aTh,
YTO OHU COOTBETCTBYIOT UMEIOIIMMCSI CHTHAIILHBIM JINHUSIM Ha HEKOTOPOM a0CTPaKTHOM,
JIOTHYECKOM yYpPOBHE, HO HE CTOUT JIOBOJUTH CUTYAIHIO 10 abcypaa. Mcmonb30BaTh TOIBKO OJJHO
"rinobasibHOE" 10JIe B COOOIICHNH, KOTOPOE OYIeT COAepIKaTh IaHHbIE, ITepeIaBacMble
TECTUPYEMBIM YCTPOMCTBOM IO BCEM €TI0 BXOJHBIM U BBIXOJHBIM CHTHAIBHBIM JIMHUSM, OUYCHb HE
yII00HO.

JUist BKITFOUEHUS B COOOIIEHHE ToJIeH, ncnomnp3yercs ciaenyromuii Mmakpoc: DECLARE_FIELD (uus,
paspsaoHocms nojis). PazpsiHOCTh MO HE T0JDKHA IpeBblaTh 64 6ut. [ kaxaoro noss
aBTOMATHYECKH CO3AAI0TCsl (DYHKIIMM YCTAHOBKY M CUYMTHIBAHHSI €r0 3HAUYEHUS, 0OpaleHne K
KOTOPBIM BBITJISIUT CIEAYIOIIUM 00pazoM: umsa_obvekma_coobujenus.Qet_uma_nons n
ums_obvekma_coobwenus.Set_umsa_nons. B KOHCTpyKTOpe 0MycKaeTcs pydHast HHUIHAIN3AIHs
MOJIeH: OHM JJOCTYIHBI IO CBOUM MMeHaM. OJJHaKo, y pa3paboTyuKa HET HEOOXOIMMOCTH BPYyYHYIO
MIPHUCBAaNBATh BKIIFOYCHHBIM B COOOIIICHNE TIOJISIM CITy4allHbIe 3HAUEHUS: OH MOYKET MPOCTO BBI3BATH
B KoHCcTpykTOope Makpoc RANDOMIZE_MESSAGE (ykazamenv_na_xnacc_coobwenus), rne B
KavecTBe napametpa nepemaercs *this. OTMeTum, 4To Bce SBHO MPUCBOCHHBIC 3HAUCHHS TIOJIECH
OyAyT MOTEPSIHBI MOCIIE BBI30BA 3TOT0 MAaKpOCa, MO3TOMY €r0 BbI30B HAJI0 JIeJaTh Iepes pyYHO
YCTaHOBKOMW. B peanmsanuy KOHCTpYKTOpa TakkKe HEOOXOUMO UCIIONIb30BATh MAKPOC PETHCTPALINH
nonst ADD_FIELD(uma_knacca coobwenus::umsa_nona_coobwenus,).

Takum 06pa3om, 3aroIOBOUHBIN (aii onucanus MoaeIbHBIX coobrnenwuii (fifo_msg.h) Oyner
BBITJISIZICTh, HAIIPUMEP, 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:

12
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OutputData () ;
OutputData (uint8 t datum);
virtual ~OutputData () ;

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

}i

1}

OOparuTe BHUMaHUE, YTO TUPEKTHBA #Pragma ONce sBisieTcsl pacpOCTPAHEHHBIM, XOTS U HE
COBCEM CTaHJAPTHBIM ITyTEM YKa3aHUsl KOMIIUIIATOPY Ha HEOOXOAUMOCTh HAJIMYUS B
OTKOMIIMJIMPOBAHHOM OMOIMOTEKE TOJIBKO OJHOTO BKIFOUEHHS TAHHOTO 3ar0JIOBOYHOTO (aiina
(mpyroii myTh - ucnons3oBanue aupektus #ifndef, #define, u #endif).

daiin ¢ peanusanueii MeTo10B KiiaccoB coobmienuit (fifo_msg.cpp) MoxeT ObITh CCIYIOIIUM:

#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;

}

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

2.2 dmanoHHasi Mmodesib
Omnucanne He0OXOIUMBIX MaKpOCOB M KilaccoB Haxoautes B paiie <hw/model.hpp>.

Knace monenu coznaercs ¢ nomornibio Makpoca MODEL (HMms_xnacca mooenu) {}.
Heo0x0uMbIMU 37IeMEHTaMH SIBJISIFOTCSI KOHCTPYKTOP M BUPTYaJIbHBIN AeCTpyKTOp. B Momenu
OIPEACISIFOTCS HCIIOJIb3yeMble MHTEP(EHCHI ¢ TOMOIIBI0 MaKpOCOB

DECLARE_INPUT (ums_unmepghetica) ninst BXOJHBIX B TECTHPYEMOE YCTPOHUCTBO HHTEP(EIHCOB 1
DECLARE_OUTPUT (uma_unmepgpetica) nist BHIXOAHBIX U3 TECTUPYEMOT'O YCTPOHCTBA
untepderico. K kaxaoMy BXxoaHoMy HHTEp(DEcy He0OXO0AMMO ONPEACIUTh METOI,
BO3BpAILAIOIINiT COCTOsSIHUE HTEpderica: MOXKHO JIH UM TOJIb30BaThCs B TAaHHBIH MOMEHT BPEMEHHU
WK HET (peasn3aliysi ’TOro MeTo/la OCHOBAaHA Ha CTaHIAPTHON BO3MOXHOCTH: (DYHKIIUK
ums_unmepetica.isSReady(), Bo3Bpaiarorieii TeKyIiee COCTOSHUE 3aHITOCTH UHTepdeiica KaKkoii-
6o omneparueit). aTepdeiic MoxkeT OBITh HETOCTYIICH, €CITN KaKas-ITru00 omepalus yxKe 3aHsia
ero. Y CIOBHMCS Ha3bIBaTh TaKKWE METOBI CieAytomuM odpasom: virtual bool
ismsumepgheiicaReady() const.
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[Tomumo uHTEpDEIiCOB, B MOJEIN OMPEICIISIOTCS ONEPallii — MOCIEA0BATEIHFHOCTH 00paIleHui K
3aperucTpupoBaHHBIM HHTEpdeiicaMm. MeTo bl B Kilacce MOEIH, SIBJISIONINECS ONepalusiMu,
3agaroTcs ¢ momouibio makpocoB DECLARE_STIMULUS(uwsa_memooa) u
DECLARE_REACTION(umss_memooa). B nieniom oHU HE OTIUYAIOTCS, HO MEPBBIE MIPEAIOIaraeTcs
MCIIOJIB30BATH JJIsl ONPEAETICHUS COOCTBEHHO OIEepallHii, a BTOpbIe — JJIs YacTel onepanui,
TpeOYIOIINX YTEHUS BHIXOJAHBIX JAHHBIX C BHIXOJHBIX HHTEP(EICOB.

Omnucanue knacca sranonHor mojenu (fifo_model.h) mosxer BeirnsineTs, HanpumMep, Tak:

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

MODEL (FIFO) {
public:
FIFO() ;
virtual ~FIFO();
DECLARE INPUT (ifacel) ;
DECLARE OUTPUT (i1face?);
virtual bool isIfacelReady() const;
DECLARE STIMULUS (push msqg); // Onepaumsa «IIOJOXUTE HaHHEE»
DECLARE STIMULUS (pop msg); // Onepaums «V3Bjedb IaHHHE

void push item(int data); // ®YHKIUMA 3TaJIOHHOM MoIesu «IIOJIOXUTL IJaHHBE»
uint8 t pop item(void); // OyHKUMA S5TaJIOHHON MOIenu «/3BJedYb HaHHEE»
protected:

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

Tenepp HECKOJIBKO CJIOB O peajln3alii METO0B Kilacca dTAJIOHHOW Mozienu. B koHCcTpyKTOpe
HE00XO0JIMMO BbI3BaTh KOHCTPYKTOPBI UHTEP(EICOB, y KOTOPHIX €AMHCTBEHHBIN MapaMeTp - 3TO
TEKCTOBOE OMNKCaHUE JaHHOTO UHTep(delica. PekoMeHyeTcst HCIob30BaTh OCMBICIICHHbBIE HMEHA,
TaK KaK IIOTOM OHU OyAyT BCTpeyaThCsl B TUarHOCTUYECKUX COOOIIEHUAX. BHYTpHU KOHCTpYKTOpa
TaKXke He0OXO0AMMO 3aperuCTPUPOBATh BXOIHbIE MHTEP(ENCHI C OMOIIBIO MaKpoca
ADD_INPUT (ums_unmepdbetica), a BoIxoaHble UHTEPHENUCHI - C TTOMOIIBIO

ADD_OUTPUT (uma_unmepgetica).

[lepexonum Kk onvcaHuio PYHKIMH 3aHSITOCTH UHTEP(EICOB: CTaHIAPTHO OHU COJEPIKAT JINIIb
ucnojb3oBanue Meroza iSReady nnrepdeiica  HeMOCPECTBEHHO BO3BPAILAIOT €r0 3HAYCHHE:
return ums_unmepgpetica.isReady().

Teneps onmmem oneparn. Oniepaii HAYWHAIOTCS CO CTPOKH KOITMPOBAHHSI BXOTHOTO
COOOIIEHHUS B JIOKAJIbHYIO EPEMEHHYIO C TOMOIIBI0 MaKpoca

CAST_MESSAGE (mun_exoonozo_coobwenus). Jlanee cooOIeHne MoXKeT ObITh IIepeIaHo Ha
uHTepdeiic, KOTOPbIM ObUT yKa3aH MpH 3aIrycke ornepanuu. Eciau oHO mocklIaeTcss Ha BXOIHON
uHTepdeiic, Mbl TOBOPHUM O 3allycKe cTUMYyIIa (B 0OpaTHOM cilydae - 0 3amycke peakiun). Eciu Mbl
XOTHM OTIIPaBUTh COOOIICHNE Ha BXOJHOM MHTEp(dENC co cTaHAapTHBIMU TapaMeTpamy, T. €. 0e3
M3MEHEHHUs coo0IIeHus, 6e3 u3MeHeHusI UMeHU uHTepgelica (OyneT UCHOoIb30BaH TOT, KOTOPHIN
ObUI yKa3aH MPHU 3aIlyCcKe Olepalnn), TO 3allyCK CTUMYJIA JAeJaeTcsl C MOMOIIIbI0 Makpoca
START_STIMULUS(pesicum_3anycka). Pexxumsl 3ammycka:

e PARALLEL — otnpaBka coo0ienust 1 00paboTka pe3ysibTaTa 3TOi OTHpaBKH OyaeT

o0OpaboTaHa B BUE OTJEIHHOTO MPOIECCa, a 3TOT MPoliecc OyIeT UCTIOTHITHCS
napajiesIbHO ¢ KOMaHaMH, 3anucanHbiMu B oneparuu nociae START STIMULUS;
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e SEQUENTIAL — xorja BbINOJHEHUE ONepaliy Oy1eT OCTAaHOBJICHO JI0 NCIIOTHEHUS
paboThI CTUMYIIA M BCEX MPOLIECCOB, KOTOPBIE OH 3aITyCKaeT.

[Toceutaemoe coodienue OyneT cepuaiuz08ano — TO €CTh MPEBPAIICHO B MOCICIOBATCILHOCTD
BO3/ICHICTBUI Ha TECTUPYEMBIH MOJIYJIb Y€pEe3 €ro CUTHAIBHBIC JTJHHUU. [JaHHYIO paOOTy BBIITOJIHSIOT
cepuanuzamopwl B meouamope (cM. cieq. ytamn). Ecinu nockimaemoe coo01eHne nin
UCTIOJIb3yeMbI HHTEP(EHC OTIMYHBI OT MPHUIICIIINX B ATY ONIEPAIMIO B KAYECTBE BXOTHBIX
MapaMeTpPOB (YMo UMeHHO nepedaemcsi 8 onepayuio 6yoem siCHO HeMHO20 Odlblle, Ha dmane
co30anus cyenapues), Heo0xoauMo ucmonb3oBath Makpoc RECV_STIMULUS (peorcum 3anycka,
umsi_unmepdetica, umsa_obvexma_coodowenusi). IIpu 3ToM orepanust T0JKHA HAYUHATHCS C
START_PROCESS(), a ne co START_STIMULUS(pexum_3armycka) U 3aKaHUHBATHCS
STOP_PROCESS() Bmecto STOP_STIMULUS() (cm. 6 konye abzaya). B onucanuu onepamuu
MmoxkeT conepxkarbes Mmakpoc CYCLE(), koTophlit TOBOPUT TECTOBO#M CHCTEME, YTO HEOOXOIUMO
C/IeTIaTh MePEPHIB B OJIMH MOJICITBHBINA TAaKT B UCIIOJTHCHUU JAaHHOU oreparun. Onepamnus
3aBepiuaeTcs ¢ momoiisio makpoca STOP_STIMULUS().

YacTu onepariyu, KOTOpbIe CUUTHIBAIOT JIaHHBIC C BHIXOHBIX HHTEP(EHCOB, IPUHATO BBIICIATH B
OTAENbHBIE METOJIBI U ompenessiTh ux Kak «peakuum» (DEFINE_REACTION). B metone peakiuu
ATaJIOHHAs! MOJIEIIb COOOIACT TECTOBOM CUCTEME, YTO Y HEE €CTh ONPEACICHHOE COOOIIECHHE,
KOTOpOE TEIePh TECTOBAsI CHCTEMA TIBITACTCS] HAWTH Ha BBIXOJHOM HHTEpQEiice TeCTUPYEMOTo
MoTyJ1si. METO peakiiu cooOIaeT 0 TaKOM MOJIOKEHHUH eI C TOMOIIBI0 MaKpoca
SEND_REACTION(pesicum 3zanycka, ums unmepetica, umsi obvekma coobwenust). OOpaTum
BHuMaHue, uTo SEND_REACTION nocelnaeT cooOImeHus ToJIbKO Ha BBIXOHbIC HHTEp(]Eich!
Crangaptabie nHTEpdEic 1 00BEKT COOOIIEHUS MOYKHO MOJIYIUTh C TIOMOIIIBEO MaKPOCOB
GET_IFACE() u GET_MESSAGE() (1oa crangapTHBIMH TOHUMAIOTCS T€, KOTOPBIC OBLIH
nepelaHbl B METOJT B KAYECTBE BXOAHBIX MapamMeTpoB). [Ipu BeICIIEHNN METOIOB peaKInid UX
HE0OXO0IMMO BBI3BIBATH U3 CTUMYIOB. J{Jisl 3TOTO AenaeTcs BBI30B METO/1a CIEAYIOIUM 00pa3oMm:
umsa_memooa_peakyuu(Process, ums_unmepgetica, ums_obvexma_coodwenus), Tiae Process - 3To
HESIBHO 33JJaHHBIN KOHTEKCT BBITIOTHEHHS OTepalliy, epeIaBaTh €ro Hy»KHO IS CBSA3BIBAHUS BCEX
9acTel omnepamyy B €IMHOE IIEeII0e.

Pa3paboTtka QpyHKIIMOHAIEHOIN MOJIENIN TECTUPYEMOTO KOMIIOHEHTA (CKOpee JaXe ee 4acTh: MOJAETH
YIPaBJISIONIEH JJOTUKH) HE SBIISECTCS CIEMPUUECKOMN 3a/1aueii Co3JaHusl TECTOBOW CHCTEMBI C
nomoripio C++TESK Testing ToolKit, ona nenaercs cpeacrsamu C++, mosToMy moapoOHbIe
KOMMEHTApHH TI0 TIOBOJTY €€ CO3JJaHUs 3/IECh OYIyT OIyIICHBI.

B pesynbrare Bcex MpUBEACHHBIX [IATOB MMOJy4YaeTCs, HATPUMEP, CICAYIONIHH (aiin peaau3anuu
metozaoB 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(); }
DEFINEisTIMULUS(FIFO::pushimsg) {

InputData data = CAST MESSAGE (InputData);
push item(data.get data());
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START_STIMULUS(PARALLEL);
CYCLE(); // BCTaBJieH 0OJid nOpuMepa, 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}

3. BcnomoratenbHbIN MHCTPYMEHT Veritool

[{udpossie cxeMbl pa3padaThIBAIOTCS Ha s3bIKax npoekmuposanus annapamypwsl (HDLS, Hardware
Description Languages), rakux kak Verilog, VHDL u 1.1. B tanaoM Kypce Mbl Oyaem
MCIOJIb30BaTh TONBKO 51361k Verilog (http://ru.wikipedia.org/wiki/Verilog), kak oaux u3 Hanbosee
9YacTO UCTOJIb3yEMBIX MPHU pa3pabOTKe anmapaTyphbl.

JI71st BO3MOXHOCTH CO3/IaHHsI TECTOBBIX CHCTEM Ha si3bIKe, oTyimaHoM oT Verilog, B cranmapre
Verilog npenycmotpen cnenunanbhbiii uarepdeiic VPI (Verilog Procedural Interface).

Jlnis aBromatuueckoro coznanus dainos VPI-oxpyoicenus (moa okpykeHueM MOHUMaeTcsl Habop
(bYHKIHIA, peaTi30BaHHBIX B COOTBETCTBHHU CO CTAHIAPTOM si3bika Verilog, ucmnoab3yembIx st
ces3u Verilog-cumynsropa u TecToBbIX cucTeM, co3naHHbIX Ha C/C++) MBI OylieM UCTIONIb30BaTh
uncrpyment Veritool (http://forge.ispras.ru/projects/veritool/files), pactipocTpaHsiemblit Mo
manensuerd GPL. Veritool ucrionp3yer cuHTakcHueckuii ananu3atop si3bika Verilog, kotopsrii
BCTPOEH B CBOOOHO pacipocTpaHseMblii cumyisitop Icarus Veritog, mosromy HeoOXo1uma ero
npeaBaputensHas ycranoBka (http://sourceforge.net/projects/iverilog/). YcranoBka oboux
MIPUIIOKEHUH MOXKET OCYIIECTBIISATHCS KaK BPYUHYIO, TaK M aBTOMAaTU3UPOBAHHO C MTOMOIIBIO
ckpurita, Haxoasmierocs B nocrtaBke C++TESK Testing Toolkit.

3.1 Onyuu komMaHOHOU cmpoku uHcmpymeHma Veritool
Yrumura Veritool umeer creayrommmii hopmar 3amycka:

$ veritool [onyuu] exoonvie-paiiivt

16


http://ru.wikipedia.org/wiki/Verilog
http://forge.ispras.ru/projects/veritool/files
http://sourceforge.net/projects/iverilog/

C++m C++TESK Hardware Edition: BeicTpoe 3HakomcTBO. Bepcusa 1.0, 24/05/2011 | © 2011 UCIM PAH

Hmxe NEPCUUCIICHBI ITOAACPIKUBACMBIC OIIIUU KOMaHI[HOﬁ CTPOKHU:

1)  --module=module — 3amaet ums rectupyemoro Verilog-momyis, st KOTOPOrO TE€HEPUPYIOTCS
KOMITOHEHTBI TECTOBO# cucTeMbl. ECITH 3Ta OIMIUst OTCYTCTBYET, 00pabaThIiBae€TCst TOJIBKO IIEPBBIi
MOJTyJIb, ONIPEICIICHHBIN BO BXOIHBIX (paiiyiax.

2)  --clk=signal — 3amaeT uMs cHrHaa CHHXpOMMITYJIbCa. ECITH 3Ta OIMIUsS OTCYTCTBYET,
CYMTAETCs, YTO TaKuM curHanoM ssisercs ClK. Ommus --ClK umeeT cMBICII, TOJIEKO €ciin
renepupyetcst Verilog-okpyxenue (ykaszana ommus --all nim --testbench).

3)  --rst=signal — 3amaer ums curnana copoca. Ecim 3Ta omiust OTCYTCTBYET, CUMTAETCS, UTO
TaKUM CHUTHAJIOM siBisieTcst ISt. Omiust --rst mMeeT CMBICH, TOJBKO eciu renepupyercst Verilog-
okpykeHue (ykazana omuus --all wu --testbench).

4)  --rstpos — 3aaeT aKTHBHBIA YPOBEHb CHI'HAJIa cOpoca, paBHbI Jorudeckoii enunune. [Ipu
OTCYTCTBHHM (hj1ara akTUBHBIM YPOBHEM CUHUTAETCS JIOTMYECKHH HOJIb.

5)  --all — BkIroYaeT reHepario BceX KOMIIOHEHTOB TeCTOBO# cuctembl: Verilog-okpyxenus,
VPI-menunaropa, VPI-gynkuuit u C-monenu unrepdeiica. Y CTaHOBKA 3TOM ONIIMKA YKBUBAJICHTHA
OJTHOBpPEMEHHOM ycTaHOBKe --testbench, --vpi-media, --vpi-systf u --interface (6e3 mapamerpoB)
WITH OTCYTCTBHIO BCEX ATUX OIIIHH.

6) --testbench[=file] — Bkmrouaer reneparuio Verilog-okpyxeHust 1 MOXKET 3a7aBaTh UM
cooTBeTcTBYyIONIero Qaiiia. Ecnu uMs daiina He ykazano, Verilog-okpyxeHue coxpanseTcs B
daiine testbench.v.

7)  --vpi-media[=file] — Bkarouaer renepanuio VPI-mequaropa u MOKET 337aBaTh UM
cooTBeTcTBYyMOMIEro daiina. Ecnu umsa daitna e ykazano, VPI-menuarop coxpansiercs B (aiine
vpi_media.c.

8)  --vpi-media-header=file — 3agaer ums 3aronosounoro ¢aiina VPI-meaunaropa. JJannast omus
YUYHUTBIBAETCSI, TOJIKO €CJIM YCTaHOBJICHA ommus --Vpi-media. Eciu omust --vpi-media-header
OTCYTCTBYET (IIPH YCTaHOBJICHHOI --VPi-media), uMs1 3aroJIoBOYHOTO (haiiia MmoaydaeTcsi U3 HIMEHU
OCHOBHOTO (paiiia 3aMeHoM pacuupenus .h.

9)  --vpi-systf[=file] — Bkarouaer renepanuio mabda0H0B VPI-QyHKIHIF # MOXKET 3a1aBaTh UMsI
cooTBeTcTBYMOMIEro daina. Ecnu umsa daitna e ykazano, madionsl VPI-QyHKIIN cOXpaHSIOTCS B
daitne vpi_systf.c.

10) --vpi-systf-header=file — 3amaeT ums 3aronoBouHoro ¢aitia g madaono VPI-pynkuuii.
JlaHHas OMIUS YYUTBHIBACTCS, TOJIBKO €CIIH yCTaHOBJIeHA omius --VPi-Systf. Eciu ommus --vpi-systf-
header oTcyrcTByeT (Tipu YCTaHOBJICHHOM --VPI-SYStf), uMst 3aromoBouHoOro (haiina moaydaercs u3
UMEHHU OCHOBHOTO (haiiyia 3aMeHO# pacuimpenus Ha .h.

11) --interface[=file] — Bxmouaer reneparuio C-moaenu natepderica 1 MOXKET 3a7aBaTh UM
cooTBeTcTBYytOIIero (haiina. Ecinu ums daiina He ykazano, C-mozaens uHTepderica coxpaHseTcs B
daiine interface.c.

12) --interface-header=file — 3agaer ums 3aronoBounoro daitna C-monenu untepdeiica. Jlannas
OIIIMS YIUTHIBAETCS, TOJBKO €CIIM yCTaHOBJICHA ommus --interface. Ecau omust --interface-header
OTCYTCTBYeT (LU yCTaHOBJICHHOI --interface), ums 3aronoBouHOro (haiina momyvaercs u3 UMEHH
OCHOBHOTO (haiiyia 3aMeHOM paciipeHus Ha .h.
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13) --destination=dir — 3agaer BrixomHOU Katanor. Eciu aTa onuus He yka3aHa, (Gpaibl
COXPAHSIOTCSI B TEKYIINI KaTaJor.

14) --version | -v — BeIBOJ HH(GOPMALIMH O BEPCUH YTHIIUTHIL.

15) --help | -h — BeIBO MH(bOpPMAaLIUK O JOCTYITHBIX OMIIHUSIX.

3.2 3anyck Veritool
3anmycK HHCTPYMEHTA OCYIIECTBIISICTCS, HAPUMEP, CICITYIOITUM 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

OﬁpaTnTe pauManue! Hassanus curnanos clk u rst HaJ0 3agaBaTb B TOYHOCTH TaKMMH, KaK OHHU
Ha3BaHbI B TCCTUPYEMOM MOJAYIJIC. I/IHCTp}IMeHT pacCcuuTaH Ha TO, YTO TAKHUEC CUTHAJIbI

NPUCYTCTBYIOT B MOJyJIC B €IMHCTBEHHOM dK3eMIuisipe. Bosmoxubie HazBanus: clock, CLOCK,
clk, CLK, reset, RESET, rst, RST u T.1.

4. PaspaboTka aganTtepa 3TarloHHOW Mogenu

MBpI ipoioikaeM pa3paboTKy TECTOBOIO opakyJia. Ha taHHOM 3Tarne HaM HEOOXO0IMMO CO3/1aTh
aoanmep >manoHHou modenau (B JaHHOM CIIy4ae CJIOBa adanmep 1 meouamop OynyT sIBISThCA
CMHOHHMMaMHu). AfanTep SBISETCS KIacCOM-HACTIEAHUKOM STAIOHHOW MOJIEH U MTPEIOCTABIISET
cpexacTna:

- COEJJUHEHNUs C TECTUPYEMOM pealn3aluen JUsl IOCBUIKK CTUMYJIOB U IIpYeMa peaKkIui;

- IPOCTYIITUBAHUS BBIXOJHBIX HHTEP(]PEICOB TECTUPYEMOI peanr3aii Ha MPEAMET «IHITHIX)»
peaKuii;

- COITOCTABJICHUS PEAKLUH, TPUIIEAIINX OT TECTUPYEMOM pealln3aluu, U peaKkIuil, IPUIIEIIINX OT
STAJIOHHOW MOJIEINH, C BBIBOAOM MOAPOOHON AUArHOCTUKH.

CrpykTypa aganrepa 3TaJOHHONH MOJIENH Mpe/IcTaBlieHa Ha puc. 4.
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TecToBsI opakyn
I MS
AnanTep moaenu I l
ApanTepkl BXOAHBIX WHTepdeRcos P DS
BxoAHble MHTepdence
MR )
JTanoHHas MoOenb Uenesoui
# KOMAOHEHT
[eTekTopbl peakumi —— DR
+ BeixofHble MHTEephenCh
MR MR AnanTepsl BbIXOOHLIX MHTepdencos
LOonoNHUTENbHLIE CONOCTABUTENM peakLni CRl
\ BTopu4Hesie apbuTpsl / <
MR
A4
TecToBbiA opakyn
MS (Model Stimulus) - MaAenbHbIA CTAMYN (aBcTpakTHoe cooblueHKre)
DS (Design Stimulus) - peann3aunoHHLIR CTUMYN (Ceprann3auna MS Ha BXOAbLl KOMNOHeHTa)
MR (Model Reaction) - MoAenLHan peakuna (3TanoHHBIE NaHHLIE WKW OrpaHWUYeHnA)
DR (Design Reaction) - peanu3auWoHHan peakuma (nocnefoBaTeneHoCTh 3HAYEHWA BbIXOA0B KOMNOHEeHTa)
CR (Checking Reaction) - npoeepaemas peakuws (fecepwanusauna DR B abcTpakTHoe cooblleHne)

Puc. 4. O6001IeHHAs CTPYKTYpa MEIUATOPA ATATTOHHONW MOJICIH
OCHOBHBIMH DJIEMEHTAMU MeauaTtopa ABJIAIOTCA:
- YHaCJIeIOBaHHAS STAIOHHAS MOJIEIb;

- aoanmepyl 6X00HbIX uHmepghelicos (WU cepuanuzamopul), OCyIECTBIAIONINE Tpeodpa3oBaHue
MO/JIEJIEHBIX CTUMYJIOB B PEATM3AIIMOHHbBIE CTUMYJIBI, YTO BBIPAKAETCS KOHBEPTUPOBAHHEM
a0CTPaKTHBIX COOOIIEHUH B MOCIE10BATEIbHOCTh BO3JIEHCTBUI CUTHATIBHBIX JTUHUN TECTUPYEMOTO
KOMITOHEHTA;

- adanmepbl 8bIXOOHLIX UHMepeticos (W decepuanruzamopul), OCYIIECTBIISTIOITNE
peoOpa3oBaHKe PeaTu3allMOHHBIX PEaKIUii B POBEPSIEMbIE PEAKIIMH, YTO BhIpaxaeTcs
KOHBEPTHPOBAHUEM IMPUHUMACMBIX ITOCIICIOBATEIIEHOCTEH C BBIXOIHBIX CUTHATBHBIX JIMHUH
TECTUPYEMOT0 KOMIIOHEHTa B a0CTPaKTHBIE COOOIICHHUS,

- demeKkmopbl peakyuil, HE0OOXOIUMBIE JJI OTJIOBA IPUHUMAEMBIX PEAKLIUN OT TECTUPYEMOIO
KOMIIOHEHTAa; JETEKTOPBI CO3/IAI0TCS OTAEIBHO IS KaXKI0T0 BBIXOJJHOTO HHTEpdelica 1 ¢
MTOMOLIBIO0 MOJIETBHBIX pEaKLUi OTIACKUBAIOT MPHUIIEIIINE Pea3alluOHHbIE PEAKIIHH;

- OononHumenvHole conocmagumenu peaxyuil (6mopuunvle apoumpst), OCyIIECTRISIONIAE

OKOHYATEJIbHOE YTBEP/KIECHUE COOTBETCTBUS MEX 1Y PULIEAIINMH pealU3allMOHHBIMU U
MOJIETIbHBIMU PEAKIUAMHU (B CIydae, €CIM He BhINOJIHSAETCs cooTHOIIeH e 1:1).

4.1 Co30aHue knacca adanmepa

Bce HEoOxoquMble KJIACCHl M MAKPOCHI [Tl CO3/IaHMs MEAMAaTOpa HaXxosATcs B daiine
<hw/media.hpp>.
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OOBbIuHO IS CO3/IaHMsI MeAUaTopa TpeOyIoTCsl BCIOMOTraTeIbHbIE CTPYKTYpHI, onuckiatomiie VPI-
uHTepdeiic TectupyemMoro Moaysst. Takue cTpyKTypbl paHee ObUIM CO3/1aHbl C IOMOLIbIO
uncrpymenTa Veritool (¢aiin interface.h).

MenuaTop MoJIeNH SBJISIETCS. HACTCTHUKOM KJIacca MOJICNU M OTPEACIISCTCS CIEAYIOIINM
makpocoMm: MEDIA(ums_xnacca meouamopa, umsa_xnacca_mooenu). CHHOHUMOM CIIOBA
"MenuaTop" B TeCTOBOM cucTeme siBisieTcs "amantep': makpoc ADAPTER npuBoaut k
aHaJIOTHYHOMY pe3yibTary, uro 1 MEDIA. BayTpu kinacca cHadana 0ObIYHO CO3/1aI0TCS
CTaHJapTHBIE KOHCTPYKTOP U BUPTYaIbHBIH ECTPYKTOP, & TAKKE MAKCUMAILHOE BPEMS ONCUOAHUSL
yemanognennou peaxkyuu (Hazosem ero REACTION_TIMEOUT, 310 00bpI9HOE TIEIOYHCIICHHOE
nosie). Takke B KJIacc MeauaTopa J00aBIIsFOTCS HOBbIE (PYHKITUHU MPOBEPKH 3aHITOCTH
uHTEepQEiicoB, neperpyxaroniye GyHKIUNA dTaJOHHONW MOJIEIH.

C momomisio makpoca DECLARE_PROCESS(uvs_cepuanuzamopa) Heo6X0IUMO ONPEICITUTh
Ha3BaHME METOJ1a, KOTOPbIN Oy/leT mpeoOpa3oBhIBATH COOOIIEHUS, MPUXOSIINE OT STAIIOHHON
MOJICTTM Ha KQKJIbI BXOTHOW HHTEPEIic, OnpeeNIeHHBIH B MOJICIH, B ITOCIIC0BATEIILHOCTh
TECTOBBIX BO3/IeUCTBUM. JlaHHBII MeTO Ha3bIBaeTCs cepuanuzamopom. CepruannszaTopbl CO3IAI0TCS
JUTSL KaXK0T0 BXOJTHOTO UHTEpdeiica.

C nomomsio Toro sxe makpoca DECLARE_PROCESS(uws_oecepuanuzamopa) onpenensiercs
Ha3BaHME METOJ1a, KOTOPbIN Oy/leT CUUTHIBATH COOOIIEHUS, TIOCTYNAIOUINE OT TECTUPYEMOTO
MOJTyJIsl Ha €r0 BBIXOAHbIE HHTEP(EHCHI, 110 3apocy OT ITATIOHHOM MoJieNu, KoTopas Oyner
TeHEepPHUPOBATH COOOIICHNS, IT01aBaeMble Ha MHTEP(EICHI, OTpe/IeTICHHbIE KaK BEIXOAHBIC. JlaHHBII
METO/]I Ha3bIBacTCs JeceprUann3aTopoMm. [lecepuann3aTopsl CO3AA0TCS JUIsl KaXKIOTO BBIXOJHOTO
uHTepdeiica.

B psine ciayyaeB Ha OAMH BBIXOJHON HHTEp(]ENic MOKET ObITh 3apETUCTPUPOBAHO HECKOJIBKO
COOOIIEHUH OT 3TAOHHON MOJIEIH U MOXKET MOJIYYUTHCS TaK, YTO MEUATOP HE CMOXKET
OTIPEIENIUTh, K KAKOMY HUMEHHO 3TAJIOHHOMY COOOIIIEHHIO OTHOCHTCS IaHHOE Pean3allnOHHOE.
Torna ucnone3yercss GyHKIMS yKa3aHUS CIEJOBAHUS MOJIEIIBHBIX COOOIEHHH (TaKkke Ha3bIBaeMblit
apOUTp), KOTOPBIN OMpeAeNAeTCs CISAYIOIIIM MaKpPOCOM:
DECLARE_ARBITER(mun_cneoosanus_mooenvrvix_coobujenuil,
ums_yuxkyuu_ykazauus_cireoosanusi). Cpenu TUNOB (PYHKITUN yKa3aHUsI CIICIOBAHUS MOKHO
BBIJICJIUTH CIEAYIOIIHUE:

- FIFO (Bce coobiienus BEICTpaUBAIOTCS B OUEPE/Ib [0 MEPE UX PETUCTPAIIUH, TIOATOMY
MPEINOYTEHUE MPH BEIOOpE HEOOXOIMMOT0 MOIEIHFHOTO COOOIIEHNUs OyIET OT/IaHO CaMOMy
IIEPBOMY),

- Priority (anamoruuen FIFO, HO cooOIIeHnsT KX IbIi pa3 Mmepe] BEIOOPOM YIIOPSIOUHUBAIOTCS 10
MIPUOPUTETY),

- InterfaceOrdering (ananoruuen FIFO, HO cooOmIeH s U3 pa3HBIX HHTEPPEHCOB HAXOIATCS B
Pa3HBIX OYEPE.ISX, a BEHIOOP MPOUCXOTUT MEKTY IEPBBIMHU dJIEMEHTAMH BCEX odepeeit).

Takoke Ju1s1 BRIXOAHBIX HHTEPHEHCOB TTOAIEPKUBAETCS BOZMOXKHOCTh OTOOPAKEHUS HEOHMCUOAHHBIX
peakyuii. Peakius sSBIs€TCA HEOXKUIAHHOM, €CIIM MEANATOPY HE YAAJIOCh YCTAHOBUTH COOTBETCTBUE
MEXKy peakiuen, MpUIeauend OT 3TAJJOHHON MOJIENIA U PEAKIIUEH, MOCTYNUBIIEH HAa BBIXOHON
uHTepdeiic TECTUPYEeMOro yCTPoicTBa. ITO MOKET MPOU30UTH, €CITU TIEPBOM peakiuy He
MOCTYIHIIO, TU00, €ClIi CII0CO0 YCTAaHOBJIEHHSI COOTBETCTBUS HE Jall HOJOKUTEIBHOIO OTBETA, UYTO
MPUIIEAIINE PEAKLIUU SABIISIOTCSA UACHTUYHBIMUA. OTIOB HEOKUIAHHBIX PEAKIIMI OCYILIECTBIISIETCS C
MOMOMUIBIO AETEKTOpa peakiuii, B OOJBIINHCTBE CIyYaeB ONPEAEieMOro CTaHJapPTHO C TOMOIIBIO
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makpoca DEFINE_BASIC_OUTPUT_LISTENER(uws_odemexmopa,
00beKm_muna_evblXx0OHoU_uxnmepghelic, npeouxkam_yciogue yCmaHOo8LeHUs_COOMEEemCcmausl).

[TomuMo Beex 3THX (PYHKIUH HEOOXOAMMO ONPEACTUTh JOMOJHUTEIbHBIN HA00p (yHKIIHIA,
CTAaHJAPTHBIX 11 TecTupoBanus Verilog-momyseit:

 virtual void initialize() - GyHKIMS HHULMATH3AKMHA TECTOBOIO OKPYKCHHSI, KOTOPast
MO/TOTABIMBACT TECTUPYEMYIO U TECTOBYIO CHCTEMY K Hadally Bepudukamnuu,

 virtual void finalize() - byukums 3aBepieHus Mporecca TECCTUPOBAHUS, KOTOpast
YCTaHABIMBACT OMPE/ICIICHHBIC CUTHAJIBI HA TECTHPYEMYIO MOJICITb, YTOOBI OCTAHOBHTH €€
CHMYJISITOP, & TAK)KE MOJKET COJICPIKATh 3aBEPIIIAIOIINE KOMAH/IbI /ISl TECTOBOM CHCTEMBI;

e inputs_t inputs — cTpykTypa, nosst KOTOPOil COOTBETCTBYIOT BXOJHBIM CUTHAJIAM
TECTUPYEMOT0 YCTPOUCTBA (caMa CTPYKTypa FreHepUPYETCsi aBTOMATHUCCKH);

 virtual void setlnputs() - dbyHKIUS yCTAHOBKM BXOJHBIX CUTHAJIOB TECTHPYEMOTO
YCTPOWCTBA U3 CTPYKTYPHI inputs;

e Outputs_t outputs — ctpykTtypa, 1oast KOTOPOM COOTBETCTBYIOT BXOAHBIX CUTHAJIAM
TECTUPYEMOT0 YCTPOUCTBA (caMa CTPYKTypa FreHEPUPYETCsi aBTOMATHUCCKH);

 virtual void getOutputs() - yHKIMSs yCTaHOBKH MOJIEH CTPYKTYpBI outputs B COOTBETCTBUU C

BBIXO/IHBIMH CUTHAJIAMU TECTHPYEMOT'O YCTPOWCTBA HA JIAHHOM TaKTE;
 virtual void simulate() - nepenaua ynpapieHus CUMYJISITOPY /ISl IMUTAIUOHHOTO
MO/ICTUPOBAHHMS OJTHOTO TAKTA.

Onnaxko, ecim Mbl ucrionb3yeM Makpoc VERITOOL_ADAPTER st onipenenenus aganrepa
STAJIOHHOW MOJIEINH, 3T (PYHKIUH U 1Ot OyIyT CO3/1aHbl aBTOMATUYECKH.

B pe3ynbrare naHHBIX JeWCTBU MOJTyyaeTcs, HaIpUMep, CIEIYIOLIN 3aroJ0BOYHBIN (aiin
menuaropa (fifo_media.h):

#pragma once

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

#include <interface.h>

#include <string>

namespace cpptesk {
namespace fifo {

VERI TOOL_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
b}

[Tepeiinem k peanusanuu METOJIOB KJlacca MEIHATOpa STAIOHHOW MOJIEIIH.

21



C++m C++TESK Hardware Edition: BeicTpoe 3HakomcTBO. Bepcusa 1.0, 24/05/2011 | © 2011 UCIM PAH

B peanuzanuu koHCTpyKTOpa HEOOXOAMMO MPHUBA3aTh UMEHA BXOJHBIX U BBIXOJHBIX HHTEp(EicOB
K UX aoanmepam — CEpUAIN3aToOpaM U Jecepuaan3aTopaM COOTBETCTBEHHO. DTO JeJIaeTcs ¢
IIOMOUIBIO:

- makpoca SET_INPUT_ADAPTER(ums_obwexma knacca umwmepgeiica,
UMsA_memooa_aoanmepa_c_yKa3aHuem_Kiacca) 1Sl BXOJAHBIX HHTep(dencoB;

- makpoca SET_OUTPUT_ADAPTER(ums_obvexma_xnacca _unmepgeiica,
UMs_mMemooa_aoanmepa_c_yKa3aHuem_Kiacca) ISl BBIXOAHBIX HHTeP(EHCOoB.

C nomomisio Bei30Ba GyHknuu setReactionTimeout(maxcumanvroe epems) HEOOXOIUMO
YCTaHOBUTH MAaKCUMAJIbHOE BPEMsI B TAKTaX, KOTOPOE 3apETUCTPUPOBAHHAS MOJCIIbHAS PEAKITHS
OyzeT >xIaTh Ha BBIXOJAHOM HHTep(erice. 31ech MOKHO UCIIOB30BATh PaHEee OMPEACICHHOE MOJIe
REACTION_TIMEOQOUT. Eciu peakius TeCTUPYEeMOTo YCTPONCTBA HE MOSBHUIIACH 32 YKa3aHHOE
KOJIMYECTBO TAKTOB, (DUKCUPYETCsl OMIMOKA CIIUIITKOM OOJBIIOTO BPEMEHU OXKHIAHHS.

B mMenuarope HE0OX0MMO MHUIIMATU3UPOBATH CTPYKTYPHI INPULS 1 OUtPUtS BrI30BOM (yHKIIM#
clear_inputs(&inputs) u clear_outputs(&outputs), crenepupoBantbie HHCTpyMeHTOM Veritool.

C nomorsio makpoca SET_ARBITER(umsa_ob6wexma_svixoonozo _unmepdeiica,
UMSL_QDYHKYUU_YKA3AHUS_CIe008AHUS_3aPecUCMPUPOBAHHbIX _peakyutl 0as_unmepdghetica)
HEO0XO0IMMO MPHBSI3aTh PaHEe ONPEACICHHYIO (PYHKIIMIO YKa3aHHS CIICJOBAHUS MOJCITBHBIX
peakuii K BEIXOJAHOMY HUHTEpEICy.

C nomoripro Makpoca
CALL_OUTPUT_LISTENER(umsi_obwexkma Oemexkmopa_c_ykazauuem_Kidccd,
UMs_8bIXOOH020 _unmepdetica) 3aIyCKaeTcs AETEKTOP JIMIIHUX PEaKIHi.

JUnist BKIIFOUEHUS BBIBOJIa MH(OPMAIIUKM O HAWJAEHHBIX OIIMOKaX HAa KOHCOJb HEOOXOMMO BbI3BATh
CTaHIapTHYIO GYHKIIHIO Kiacca MeauaTopa, debug(yposens evieooa_ungopmayuu_ o6 owubkax).
Ha nannom stane nomyckaercst ykas3siBaTh Tosibko ypoBeHb DEBUG_ERROR.

OyHKIUH TPOBEPKH 3aHATOCTU UHTEP(EHcOoB 0OBIUHO MEPErpy aroTcs, HO UCTIONb3YIOT PYHKIIUU
KJIacca-poJIUTesl, TO €CTh ATAIOHHYIO Mozienb. K peanuzanuu 3Tux QyHKIHUNH MOKHO 100aBUTH
HCIOJIb30BAHUE BBIXOAHBIX CUTHAJIOB TECTUPYEMOM MoJienu (OUtputs), eciiu 370 He0OXOAUMO.

OrmnpeneneHne cepuain3aTopoB HAUMHACTCS ¢ MaKpoca

DEFINE_PROCESS(ums_cepuanuzamopa _c_umenem_xnacca). B Hadane onucanus peanu3aiun
cepHan3aTopa HeoOX0JMMO CKOMTMPOBATH MOJICIIbHOE COOOIICHUE B JIOKAIBbHYIO TIEPEMEHHYIO.
JlocTym K MOZIEITBHOMY COOOIIEHUIO OCYILIECTBIISIETCS Yepe3 MaKpoc

CAST_MESSAGE (ums_knacca_coobwenust). Tlociie KomupoBaHUs COOOIIEHUS HAUMHASTCS
HETIOCPEICTBeHHAs pealln3alys cepraiusaropa: numercs makpoc START(), ¢ Hero HaunHaeTcs
obpaboTka crumyia. C momoInbko Bei3oBa (pyHkiuu iface.capture() «3axBaTbIBaeTCs» JaHHBIH
BXO/IHOW MHTep(eiic. DTOT 3aXBarT SBISETCS JIOTHYECKUM M HEOOXOJUM JIJIsl TOTO, YTOOBI
HECKOJIBKO Pa3JIMYHBIX OMEPAIfid HE MBITATHCH OJJHOBPEMEHHO MCIIOIB30BATh OJIMH U TOT XK
BXOHOU HTepdeiic. [Ipr HEOOX0MMOCTH MTPOBEPUTH COCTOSTHUE BXOTHOTO HHTEpdetica nepen
OTIPABKOW Ty/la CTUMYJIa HCIIOJb3YIOTCS paHee onpeeicHHbie pyHkimu iISReady*. [lanee
MPOMCXOSAT YCTAaHOBKH TIOJICH CTPYKTYPBI, COOTBETCTBYIOIIEH BXOJHBIM CHTHAJIaM TECTHPYEMOTO
Mo yIist (INPULS) B COOTBETCTBUHM C MOJISIME COOOIIEHHS MOJICTBHOTO cTHMYJIa. [locie Toro, Kak Bce
BO3JICUCTBUS MOAaHbI, HHTEpdeiic HeoOXx0muMo ocBoOOIUTH KoMaH10# iface.release(), mpuuem
JeNaTh 3TO Ha/O 3a | TakT 10 ero peaTbHOTO OCBOOOKICHUS JIJIs IPEIOTBPAICHHS TTOSBICHUS
npo0esIoB B nojaue ctumysioB. CABHUT TakTa B cTUMYyJie ocymiecTBisiercs makpocom CYCLE().
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[Mocune iface.release() o6braHO umercs koHcTpykius STOP(), 0003Hadaromas OKOHYaHUE
obpaboTtku crumyia. Heobxomaumo, uroosr mexy iface.capture() m STOP() Haxoauiics X0oTst Obl
omud CYCLE().

OmnpeeneHne ecepruann3aTopoB HAYMHACTCS ¢ MaKpoca
DEFINE_PROCESS(ums_oecepuanuzamopa_c_umenem_kiacca). B Hauane onucanus peann3aiiu
Jeceprain3aTopa HeoOX0IMMO 3aBECTH MEPEMEHHYIO-CChUIKY Ha MPHIIE/IIIee MOJCIBFHOES
coobmenue. B 3To coobmieHne OyneT 3amvucana peakius TeCTUPYeMOro ycTpoiicTea. Makpoc
START() o603Ha4aer Hayao o0paboTKu peakiuu. I1ocie Hero MUIIETCs YCIOBUE COOTBETCTBHUS
IpUIIeIIIeld peakui TECTUPYEMOTO YCTPOHCTBA JAHHOMY MEIUATOPY C MOMOIIBIO MaKkpoca
WAIT_REACTION((ycrosue coomeemcmeust). YacTo B 3TOH POJIU BBICTYIIAET MIPOCTO CUTHAI
BaJIMTHOCTH, HO, TIOCKOJIbKY BBI30B MEIUATOPA IPOUCXOJUT MO MOJICIBHOM PEaKINH, 31€Ch MOTYT
UCTIOJIB30BATHCSI HEKOTOPBIE MOJISI ATOM MOJICIBHOM peakiu. OTMETUM, 9TO, €CIIH HECKOIBKO
peaKIuii TMOMBITAIOTCS CYUTHIBATH OJIHU U T€ K€ BBIXOJIHBIC IAHHBIC, TO €CTh OHU 3aXBaTAT OJWH U
TOT € BBIXOJIHOW UHTEpdeiic, OyneT 3apuKcrpoBaHa ouIkOKa, 3TO ISHCTBUE CUNTACTCS
3ampemeHHbIM. [locie Toro, Kak peakuus Haluiach, MPOUCXOAUT CYUTHIBAHUE 3HAYEHUH MOJIei
outputs u 3amuck ux B JIoOKalIbHOE coodmieHue. [Ipr He0OOXOAMMOCTH MEXTy CUNTHIBAHUSIMH
3HaYeHUH BBIXOAHBIX cUTHANIOB BeTaisiercs: Makpoc CYCLE(). [Tocine okoHuaHHs CUUTHIBAHUS
nuirercss Makpoc NEXT_REACTION(), KoTopblii TOBOPUT TECTOBOM CUCTEME, YTO HEOOXOIUMO
MEPEHTH Ha CIEAYIOIIYIO 3apErHCTPUPOBAHHYIO MOJICIBHYIO PEaKIHI0 Ha JaHHOM HHTepdeiice, mpu
yCIIOBUH, 4TO OHA ecTb. Hakoner, Makpoc STOP() o003HauaeT okoHYaHUE PaOOTHI
JiecepraIn3aTopa.

B pe3ynbTare Mbl monydaem, HanmpuMep, CIAEAYIOLIYIO pealli3alli0 MEIUATOPa STAJJIOHHON MOJEITH
(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);

setReactionTimeout (FIFOMediator: :REACTION TIMEOUT) ;

SET ARBITER (iface2, matcher ifaceZ2);
CALL OUTPUT LISTENER(FIFOMediator::listen iface2, 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();
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iface.release();
CYCLE () ;
STOP () ;

DEFINE PROCESS (FIFOMediator::deserialize iface2)

{
OutputData &msg = CAST MESSAGE (OutputData) ;

START () ;

WAIT REACTION (outputs. DO_STROBE) H
msg.set data (outputs.DO) ;

NEXT REACTION (),

STOP () ;

H}

5. PaspaboTtka cueHapueB TeCTUpPOBaHUA

Cyenapuu mecmupogarus IBISAIOTCS HEOTHEMJIEMOH YacTbIO TECTOBOM cucTeMbl. OCHOBHON MX
LENbIO SABJSIETCS OnUcanue Cmumyios U BBIOOp Memoda ux ucnonb3oBanus. CiieHapuu
TECTHPOBAHUS CITyXKaT KOH(PUTypaIHen A1t 00bEKTOB KJIacca reHepaTop CTUMYJIOB U3 OMOIHMOTEKH
uncrpymenta C++TESK Testing ToolKit. Ha 06001eHHO# CTPYKTYpe TECTOBO# CHCTEMBI Ha pUC.5
HACTPOEHHBIN CIIEHAPHUEM TECTHPOBAHUS T€HEPATOP H300paKEeH MO HA3BAaHUEM «T'€HEPATOP
CTHMYJIOBY.

TecToBRaA CUCTEMA

E' MNeHepaTop CTUMYNOB
i
CTUMY Nl
i 2 CTumyne >
TecToBLIW OpaKyn < T Lenepol KOMNOHEHT
I *Feaxu,mm
: BepavkT
CATITR PR A | CHoplwKk NOKPBITHA

N + MNokpeITUe

L 4 4

FeHepaTop OTYETOB 0 TECTUPOBAHWK

Puc. 5. O6006111€HHas1 CTPYKTypa TECTOBOM CHCTEMBI

C++TESK Testing ToolKit mogaep:kuBaeT 1Ba OCHOBHBIX CIIOCO0a reHEepaIuy: Ha OCHOBE 06X00d
KOHeuHno2o asmomama (crocod OyneT pacCMOTPEH B OJTHOM M3 CIEAYIOLIUX Pa3/IelioB) U
CAYYAlHbBII 8b100p CMUMYIA U3 CTIMCKA 3aPETUCTPUPOBAHHBIX CTUMYIIOB. O0a crioco0a UMEIOT CBOU
JOCTOMHCTBA U HEAOCTATKH. [IepBhIil mpeaocTaBiIseT OONBIIYIO MMOJTHOTY TECTUPOBAHUS,
HaIEJICHHOCTh Ha 00X0]1 BCEX CUTYallUi, ONpeieIeHHBIX KOHEUHBIM aBTOMAaTOM. BTopoii crioco6
JaeT OOJIBLIYIO IIUPOTY CO37]aBAEMBIX BO3/IEHCTBHI MPU OTHOCUTENILHO HEOOJIBIIIOM BPEMEHH,
TpedyeMoM Ha pa3paboTky. [Ipu 3ToM, TIepBhIil crI0CO0, Kak MPaBUIIO, TPEOYET OONBIINX YCHITUMA
pu pa3paboOTKe U MPOTOHE TECTOB. A, IEHCTBYS BTOPBIM CIIOCOOOM, €/1Ba JIU MOKHO OXBATUTh
CJIO’KHBIE OUTMOKH, BOSHUKAIOIIHE MPH CIIeHU(UYECKUX MTOCIIEI0BATEIBHOCTAX MOJaBAEMbIX
onepauuu.

24



C++m C++TESK Hardware Edition: BeicTpoe 3HakomcTBO. Bepcusa 1.0, 24/05/2011 | © 2011 UCIM PAH

BcnoMHuM, YTO NpeABYIIMME [IaraMy 1o pa3padoTKe TECTOBBIX CUCTEM OBUIM: ITallOHHAS
MO/IJIb, MEUATOP ITAJOHHOW MOJIENIN, COOPIIMK MOKPHITUS. J[i1st TOTHOTHI HAOOpa KOMITOHEHTOB,
COTJIACHO PHUC. 5, HE0OXO0AUMO, TOMUMO T'€HEPATOPa, UMETh TECTOBBIN opaKkyi. OH MpeAcTaBiIsIeT
CO0OM pacIIMPEHHBIN C IIOMOIIBIO KOMIOHEHMO8 NpogepKu MenuaTop (Wi adanmep; HaCICIHUK
STAJIOHHOW MOJIEJH ), CM. PUC.6. DTUMU KOMIIOHEHTAMH SIBJISTFOTCSI:

e Ilpedycnosus cmumynos,
o Komnapamopwi peaxyuii.

[IpenycioBust CTUMYJIOB SBJISIIOTCS IPEAUKATAMMU, BBIIOIHSIIOLIIMMHUCS TOJIBKO B TOM Cly4ae, eCiu
TEKYIIIee COCTOSIHUE MO/JIENIH [TO3BOJISIET 3aIlyCKaTh JaHHBIA KOHKPETHBIN cTuMyll. Takum o6pazom,
€CJIN IIPELyCIOBUE BBIITOJIHEHO CTUMYJI 3aIlyCKAeTCsl HA JaHHOM TaKTe, €CJIM HET — OH
UTHOpHUpYyeTcs. B 3aBUCMOCTH OT TECTOBOTO ClIeHapusi OyAeT BEIOpaH APYyroil CTUMYI, TU00
CABUHYT TakT. [IpeaycnoBus cTumysiia MOXHO pa3MellaTh: BHYTPH TECTOBOTO CLIEHApHsl, 1100
BHYTPH 3TAJIOHHOW MOJIEJIH, UCIIOIB3YEMOM STUM TECTOBBIM CIIEHAPUEM.

KOMH&pﬁTOpH peaxunﬁ ABTOMATHYCCKU I'CHCPUPYIOTCS IPU CO3JAHUN MEAHUATOPA STaJOHHOMN
MOJICIIN.

MS MeHepaTop CTUMYNCR
| HapyweHwe

TecToauA opakyn ¢

MNpeaycnoBus cTUMYNoE

v

BxoaHbee MHT2pheRACk
» DS
CR
| Lenesol
ApanTep Mogenm ST
ot DR
BrlxogHEEe WHTEpheRCH
l MR
KoMnapaTopkl peakuui R
4 BepousT
MeHepaTop CTUMYNOB
MS (Model Stimulus) - MOOENEHBIA cTMMY N (aGCcTpak THoE CoDBWEBHWE)
D5 (Design Stimulus) - peanW3auMoHHBIR CTUMYR (Ceprann3auma MS Ha BHO0L KOMMNOHEHTE)
MR (Model Reaction) - MofensHas peakuls (3TENOHHBIE OaHHLIE WK OFPaHUHEHWA)
DR (Design Reaction) - peanv3auMoqHan peakuWa (NoCNeaoBaTeNsHOCTE 3HaAYeHWA BEINOA0R KOMNOHEHTa)

CR {Checking Reaction) - NpoBepAeMas peakUWs (fecepranuiauva DR & abcTpakTHo: cooblleHue)
Puc. 6. TecToBbIit opakys

Takum 00pa3om, y Hac €CTh BCE CPEACTBA, YTOOBI MEPEUTH K pa3paboTKe TECTOBBIX CIICHAPHUEB.
Cuenapuu JOJDKHBI COJIEPIKATh:

e DK3EMIUISP 3TAJTOHHON MOJIEIIH;

e cyeHapHvle YyHKYUU,;
e (ONUIMOHANBHO) YHKYUIO NOYYUEHUS MEKYUe20 COCMOAHUA.
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Cuenapsble GyHKIIMH HEOOXOAUMBI JIJISl CO3/IaHUSI MOJIEIBHBIX COOOIICHHUIT-CTUMYJIOB H IepeIaun
UX B ATAJIOHHYIO MOJIEJIb, €CITH BBITIOJHEHO MPEIyCIOBUE (OHO MOXKET MPOBEPATHCS U B ATAJIOHHOU
MOJICIIN).

DyHKIMS TONTYyYeHHS TEKYLIEr0 COCTOSHUS HEOOX0AMMa B TOM CIIy4ae, KOr/ia UCIIOIb3YeTCsl
aBTOMATHBII reHepaTop cTUMYJI0B. Bo3Bparasics k Boamoxuoctsim C++TESK Testing ToolKit,
HAIlOMHHM, YTO T€HEPUPYEMbIC TECTOBBIC [IOCIIEIOBATEIBHOCTH MOT'YT OBITh JIByX THIIOB:
asmomamuule M ciyuatinsie. I1epBblid THI OyeT paccMOTpeH no3aHee. J{iis reHepanyuu TeCTOBBIX
HOCJIEIOBATENFHOCTEI Ha OCHOBE CIIy4aifHOTO BBIOOpA CTUMYJIOB UCIIOJIB3YFOTCS TOIBKO
clieHapHbIe (DYHKIIMH, TaK KaK COCTOSIHUE ATAJTOHHOM MOJICIH TECTUPYEMOI0 YCTPOMCTBA HE
oTciexuBaercs. [Ipy UCIoIp30BaHUH TAKOTO CIIOC00a F'eHepallii HE0OXOAUMO MIPUICPIKHBATHCS
COTJIALIICHUS: TIPH PETHCTPAIMU CIIUCKA CTUMYJIOB IEPBBIM PETUCTPUPYETCS CTUMYIL, COBULAIOUULL
makm cumyisiyuy, OCTaIbHBIE CTUMYJIBI 3TOTO JIeNIaTh HE OJDKHBL. [Ipu HaCTpOliKe reHepaluu co
CIy4allHbIM BBIOOPOM CTUMYJIOB MOKHO YKa3aTh:

*  MAaKCUMAanibHOe KOIUYecmeo maxkmog, Koropoe 0yner padboraTh TecT,
e cmpame2uro noOauu CMUMYI08 (MAKCUMATbHAA 3a2PY3KA, OUHAMUYECKOe USMEHEHUe
NOMOKa N00A8AEMbIX CIUMYI08, A TAKKE UX I1apaMeTpBbI).

bonee nonpoOHO 3TH 1m1aru Oy1yT OCBELIEHBI B MOCIEAYIOIINX pa3aesax.

Ilepeiinem HEMOCPECTBEHHO K CO3/IAaHHUIO ClieHApHeB. Bce He0OX0MMBbIE KITaCChl B MAKPOCHI TSI
CO3/IaHUS CLICHAPHEB OIPEICIICHBI B 3arojoBoYHOM (aiiie <ts/scenario.hpp>. Mcnomab3yembie
mpocTpaHcTBa UMeH: cpptesk::ts, cpptesk::hw, cpptesk::tracer.

Knacc cuenapus coznaercs ¢ nomoinsto Makpoca SCENARIO(umsa_knacca cyenapus) {}.
Crnenyronue GpyHKIIMH SBIISIOTCS CTAaHIAPTHBIMU TIPH OTIPEJICIICHUH CIICHAPUS:

e KOHCTPYKTOP M BUPTYaIbHBIN IECTPYKTOD;

 virtual bool init(int argc, char ** argv) — uHUIMaTM3aUOHHAS QYHKITHS;

« virtual void finish() — dbynkius, 3amyckaeMast Ipyu OKOHYAHUHU TECTHPOBAHUS,

e (yHKIMS MOJTYYEHHsI TEKyIIero cocrossuus std::string get_state() (noxa mut émecmo nee
Oy0em UCnoIb308amMb 3A2YUWKY);

e creHapHble QyHKIMU cO cieayroleit curnarypoii bool
ums_cyenapnou_gynxyuu(IntAbcCix& ctx);

e DK3EMIUISIP TECTUPYEMOU 3TAJTOHHON MOJEIIH C MEUATOPOM.

HOJ'Iy’—IHBHIHﬁCS[ KJ1acc SIBJIIETCS 0a30BEIM JJI TIOCTPOCHUS TECTOBBIX CIICHAPHUECB. OT HEro MoXHO
HacJIeJ0BaThCs, MOJTydast pa3IMuHble JOYSPHHUE TECTOBBIE CIICHapHUHu. B aTHX crieHapusix
PETHCTPUPYIOTCS TOJIBKO HEOOXOJMMbIE ClIeHapHbIC (DYHKIIMH, HAXOISIIHecs B 0a30BOM Kitacce,
UCIIOJIB3yeTCS He0OX0uMasi (PYHKIIMS TOYYSHHUSI TEKYILETO COCTOSHHS, ONpe/IeeHHast TaKKe B
0a3zoBoM Kiacce. Hukaknx QyHKIUI KpoMe KOHCTPYKTOpa U IECTPYKTOpa KJIacc-HaCIeTHHK
OOBIYHO HE TPEOYyeT.

I[elcﬂapauml KJIaCCOB CLCHAPHA MOXKET BBITJIAACTb, HAIPUMEP, CIICAYIOIIUM O6p3.30MZ

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

using namespace cpptesk::ts;
using namespace cpptesk::hw;
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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;
}i

class ChildScenario : public ParentScenario {
public:

ParentScenario () ;

virtual ~ParentScenariol();

}i
1}

ITocne pa3paboTku Ki1acca HEOOXOIUMO pealn30BaTh €ro MeToibl. B KoHCTpykTOpe 6a30BOr0
KJIacca, €CIM OH HalpsMYI0 He OyZIeT HCII0JIb30BaThCs B KAYECTBE CLIEHApUs, HEOOXOIUMO JINIIb
yKazaTb BBI30B KOHCTPYKTOpa ero 6a3oBoro kiacca ScenarioBase(). B koHcTpykTope cueHapus-
HACJIE/IHUKA OIIPENIENAETCs BBI30B KOHCTPYKTOpA €ro 0a30BOro Kiiacca, a TaKKe BBI3bIBAETCS

creaytomas QyHKIM:

setup(cmpoka_c_nazeanuem_cyenapus, &Hazeanue QYHKYUU UHUYUATUZAYUU_C_UMeEHeM_KIdccd,
&nazeanue pynkyuu okonuanus_pabomvl_c_umeHeMm_Kiaccd,
&nazeanue ynkyuu nonyuenus_mekyujeeo COCMOSHUA_C_UMeHeM Kiacca).

OrpanuveHreM Ha HCIOIb30BaHue PyHKIUK Setup Ha JaHHBIH MOMEHT SBJSETCS TpeOoBaHUE
HAXO0XJICHUS BCEX HCIOIb3yEeMbIX B Hel (DYHKIUI B OJJHOM U TOM *ke kiacce. Cpa3y mocie
GyHKIUHU SEtUp B KOHCTPYKTOPE MOXKHO PETHCTPUPOBATH

CIleHapHbIe (PYHKIIUU C TOMOIIBIO MaKpoca

ADD_SCENARIO_METHOD (nazsanue_cyenaproti ¢hynkyuu_c_umenem_Kiacca).

Cuenapapie GYHKIIUH pa3padaThIBAIOTCS OTACIbHBIMU METOIaMH Kiiacca 6a30Boro cieHapus. B
caMOM Hayalie CIIeHapHOW (PYHKIIMU MOTYT 3a/1aBaThCsl U OOBIYHBIC TOKAIBHBIE TIEPEMEHHBIE,
IMpHUYEM 3aMETHUM, UYTO KECJIATCIIbHO UX OOBSBIISITH TONBKO B HaYaje cueHapHoﬁ Q)YHKHI/II/I

[Tocne onpeneneHus Bcex nepemeHubix mumiercs Makpoc IBEGIN. TTocie IBEGIN mumrercst
makpoc IACTION{}, BHyTpH KOTOpOTO COOOIIEHHE, KOTOPOE OYAET MOJJAaHO B ATAJIOHHYIO MOJIEIb,
CO3JIIaeTCs, a 3aTEM M MOJIAeTCs B 3Ty Mojieib. [locie co3manus cooOmeHns MOYKHO HaIucaTh
MPOCTYIO pealTM3alMI0 MPEAYCIOBUS MM01a4M CTUMYJIa: YCIIOBHBIH ornepaTop if, mpoBepsromuii
HEOO0XOIMMBIE TTapaMeTPBI ATAJJOHHOW MOJIEIT Ha TIPEAMET BO3MOXHOCTH OJITaYd UMEHHO TOTO
CO3JIaHHOTO coo0IIeHusl. BHyTpH yCcII0BHOTO oreparopa npH y1adyHOM HCXOJIe TPOBEPKH,
MIPOUCXOIUT 0/Ia4a COOOIICHUS B MOJIEITh C MTIOMOIIIBIO CIIEIYIOMEH KOHCTPYKIIHN:

IKZEMNNAP _IMANOHHOU_moodenu.Start(&uma_cmumyna _mooenu_c_umenem_kuacca,

nazeanue unmepetica, coobwenue, ums_knacca_mooenu::START_REQUEST _IFACE).
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Bhe 3aBucumoctu ot Bo3MoxkHocTH noaayn ctumyina BHyTpu IACTION, B camoMm ero KoHIie,
HeoOXoauMo BKIIOUHTh Hanucath YIELD (oxzemnusp smanonnoti_mooenu.verdict()), koropsrii
OyIeT moay4aTh pe3yabTar paboThl ITATIOHHOW MOJICITH HA JAHHOM TaKTe W, IIPH HaXO0KICHUU
onOky, ee GUKCHPOBaTh. B ciydae cuieHapHO# QYHKIMH, CABUTAIONICH TAKT MOJICIMPOBAHNS,
BMECTO KOHCTPYKIIMH SK3EMIUISAP STATOHHOW Mojenw.Start(...) ucrnoms3yercst BI30B (QYHKIIUN
okzemnisap smanonunou_mooenu.cycle().

Bo3Bpainasce k METO1aM TECTOBOT'O CIIEHAPHSI, OTMETHM, YTO METOJ iNit 0OBIYHO MyCT U
Bo3Bpainaer true, a meroz finish BkirouaeT 0CTaHOBKY CUMYJISIIUH 1O BBI30OBY MEIHATOPHOM
byukuuu sxzemnanp _smanonnou_mooenu.finalize(). @yuxyus nonyuenus mexyweeo cocmosnus
get_state Gepet HEKOTOpPbIC 3HAUCHHSI, BO3BpaIaeMbie PYHKIIMSIMHU STATIOHHON MOJIENH, CO3/1acT Ha
HX OCHOBE CTPOKY M Bo3Bpaiiact ec. OObIYHO MPaBUIBHOE HAaMCcaHue (QYHKIIUU TEKYIIIETO
COCTOSIHHSI SIBJISIETCSI HEITPOCTON TBOPYECKOM pabOTOM.

Peanu3zanus MeTo0B Kj1acca TECTOBOIO COCHApUsA MOKCET BBINVIAACTD HPUMEPHO TaK:

#include <fifo scen.h>
#include <tracer/tracer.hpp>

namespace cpptesk {
namespace examples {

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

}

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

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

}

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());

}
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());
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}
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}

Tenepb TECTOBBIN CI_IeHapI/Iﬁ YK€ CO3daH, HO BCC CIIC HeO6XOI[I/IMO CBsA3aTh I'CHEPATOP CTUMYJIOB C
AaHHBIM CHCHAPUCM. 910 ACJIACTCA TOCPCACTBOM peno3unmopusd mecnios. PCHO?,I/ITOpI/H\/JI COACPIKUT
CITMCOK 3K3CMILIAPOB KJIACCOB TCCTOBLIX CLHCHAPUCB U COIMOCTABJISCT KAKAOMY U3 HUX BLI6paHHBII>'I

reHepaTop CTUMYJIOB M TIapaMeTPhI 3aIlyCKa dTOro reHeparopa. B Kak 1o CTpoke peno3uTopus
JIOJDKHBI COJICPKATHCS Pa3IIUYHBIC IK3EMILISAPHI KIIACCOB TECTOBBIX CIICHAPUEB: Ha3BaHHE O0HEKTA

TECTOBOIO CLEHAPHUS UCIIOJIb3YEeTCs s UACHTU(UKAIIMY TEKYIIEro 3aimyckaeMoro cuenapus. [lpu

3aIlycKe TeCTa OHO MepelacTesl Kak mapamerp +SCen=ums_cyenapus (cM. daiin testbench.v,
creHepupoBaHHbIi Veritool).

JInst co3aHus peno3uTOPHs UCIIONIb3YIOTCS MaKpOCHI, ONPEAEICHHBIE B 3aTr0JIOBOYHOM (aiie
<utils/testreg.h>. Penozutopwuii HaunHaetcs ¢ Makpoca TEST_REGISTRY_BEGIN, 3aBeprraercs
makpocoMm TEST_REGISTRY_END. Kaxnoe conocraBineHue clieHapus 1 reHepaTopa
OCYIIECTBIISICTCS BHYTPH PEIIO3UTOPHSI C TIOMOIIBI0 MaKpoca

REGISTER_TEST (3x3emnaap _xnacca_mecmosblii_cyenapuii, mun_2enepamopd_CcmumyJios,
napamempvl_no_ymonuanuio). [lapamerp THII reHepaTopa_CTUMYJIOB MOKET MPUHUMATH TOJIBKO
nBa 3HaueHus: engine::fsm u engine::rnd. IlepBsoiit 0003HaYaeT TEHEPAIIMIO HA OCHOBE 00X0/1a
KOHEYHOT0 aBTOMara, BTOPOil — ¢ IPOU3BOJILHBIM BEIOOPOM CTHMYJIOB. C MOMOIIBIO
napameTpoB_TI0 YMOJIYaHUIO IPOU3BOIUTCS JIOMIOJTHUTENBHASL HACTPOWKA TeHepaTopa CTUMYJIOB.
CHmcoK mapamMeTpoB MOXKET BKITFOUATh, HO KIMH HE OTPAHUYEH, CICAYIOIIUE MapaMeTpPh:

e -uerr=N, N>0 — BBIIOTHATH TeCTHpPOBaHUE /10 OIUOKH HOMEp N;

e -nt—3amper ucnonb3oBath Tpaccy UTT;

e -nt2 —3anper ucnois3zoBaTh Tpaccy UTT2;

e --length N, N>0 — cuenapuii cry4aiiHOTO TeCTHPOBaHHS OyneT mpoaonkaThes N TakToB

e --parallel — BxiroueHa BO3MOKHOCTD MOJIaBaTh CTUMYJIBI MTAPAIIEIIEHO (TOIBKO IS
CIIEHapHs CIIy4aifHOTO TECTUPOBAHUS)

e --maxload — HeOOXOANMO MOCTOSHHO TTO/IaBaTh BCE CTUMYJIBI, Y KOTOPBIX BBIOJHEHEI
NPEyCIOBUS (TOIBKO JUIS CLHECHAPHS CIYyYaliHOTO TECTUPOBAHUS).
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Yka3bIBaeMbIe B PEO3UTOPHH ITApaMETPhI TECTa MEPEKPBHIBAIOTCS MOJTH30BATEIECKUMHU
napameTpami, nogaBaeMbivu yepe3 ARGV (cMm. crenepupoBannsiii testbench.v ¢ momorisio
Veritool).

PaspaboTannsiii peniozuropuii (fifo_tests.cpp) MoxeT BBITJISILIETh, 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. Pa3paboTka (pyHKLMOHaNbHOIro NOKPbITUSA

HOHOHHHT@HBHOﬁ BO3MOXHOCTBIO ITIOCTPOCHUA STaJIOHHOM MOJCIIN ABJIACTCS ITOCTPOCHUEC U OLICHKA
d)yHKL;uOHCZJZbHOZO NoKpovimusl. Iloxg IMOKPBITUEM OOBIYHO ITOHHMAECTCS HEKOTOpas BCJIMYHHA,
u3MepscmMad B a0COJIFOTHBIX MJIM OTHOCUTENBHBIX BemnynHax. CMBICH c6opa IIOKPBITHA
3aKJII049acTCA B MOJTYYCHHUU I/IH(bOpMaIlI/II/I O IIOJIHOTC TCCTUPOBAHUA: YEM 0oJIbIIIE a0COJIIOTHAS U
OTHOCHUTCJIbHAsS BCIIMUYWHA ITIOKPBITHA, TEM 0oJiee IOJIHO IIPpOBECPCH TCCTI/IpyeMHﬁ IIPOCKT.

CyIecTByeT HECKOJIBKO Pa3HBIX IMOAXO0I0B K COOPY MOKPBITHS, HO B paMKax 3HAKOMCTBA C
C++TESK Testing ToolKit MbI 6yeM rOBOPUTH TOJIBKO O (DYHKYUOHAILHOM NOKPLIMUL,
MOKPBITHH, OTBEUYAIOIIEM Ha BOIIPOC O MOJHOTE MPOBEPKHU BBIJCICHHBIX HHKEHEPOM
DYHKYUOHATLHBIX CBOUCME TECTUPYEMOI MOJISITH.

B rekymueit Bepcun C++TESK Testing ToolKit ¢pyHknoHaTBHOE TOKPBITHE 321a€TCS BPYYHYIO B
BUJIe HAOOpa CUTYyalnid; Jajee BOSHUKHOBEHUE 3TUX CUTYAIHii aBTOMAaTHUECKN YIUTHIBACTCS
MHCTPYMEHTOM M BBIBOJUTCS B BUJI€ OTUETA B KOHIIE TECTUPOBAHMS.

WNnxenepy, 3aHaToMy BepuduKanueid, HeoOX0AMMO IPOAHATU3UPOBATH TOKYMEHTAIIUIO Ha
TECTUPYEMBI KOMIIOHEHT C LIEJIbIO BBIJICTICHUS CUTYAIlMi, BOSHUKAIOIINX B (DYHKITMOHAIBHON
MOJIeJIH, KOTOPbIE TOJKHBI 0053aTeNFHO MOKPBIBATHCA TECTOM. J[J1s1 coryiacoBaHUS M3BIEYEHHBIX
CBEICHUI ¢ OCOOCHHOCTSIMH peau3alii TECTUPYEMOT0 KOMIIOHEHTA MOJIE3HO O0PAaTUTHCS K €r0
pa3paboTuuky. Jlanee HHKEHEPOM /ISl BBIICTICHHBIX CUTYAIlUN CO3aeTCs CTPYKTypa

(G YHKIIMOHATBEHOTO TTOKPBITHS, KOTOPAsi B IPOIIECCe TECTUPOBAHUS OYJIET TMHAMUYCCKU
3anmonHAThCS. OTMETHM, 9TO PabO0Ta MO BBISBICHUIO DJIIEMEHTOB MOKPBITHS SBIISETCS TBOPUECKOU, U
€€ pe3yJIbTaThl CHIIBHO 3aBUCAT OT KBATM(PUKAIIUN 3aHUMAIOIIET0CS STUM YEeTOBEKa.

Heobxomumo ormetnts, uro C++TESK Testing ToolKit Ha taHHOM 3Tane ero pa3BUTUS HE
MO3BOJISICT OMHUCHIBATH CUTYAIIUH, B KOTOPBIX UCIIOIb3YIOTCS JMHAMHYECKHAE XapaKTePUCTUKH:
HACTYIUIEHHE COOBITHS TIOCIIE KAKOTO-TO APYTOTO COOBITHSI, Yepe3 N TaKTOB U T.1. Takue
BO3MOXKHOCTH TUTAHUPYETCS J00ABUTH MO0 MEPE PA3BUTHSI HHCTPYMEHTA.

Bce HeoOxoqiMbIe MakpOChI U KJIacChl ONMCaHbI B (aiiiax <ts/coverage.hpp> u
<tracer/tracer.hpp>.

Kracc mokpeITHSI MOKET SBISITHCS YaCTHIO STAJIOHHOW MOJIIIH, HO JIJISl YAOOCTBA pa3pabOTKH €ro
MIPEAJIaraeTCs CO34aBaTh OTACIbHBIM KOMIIOHEHTOM. Y UNUTHIBAs CBSI3b MOKPBITHS C 3TAIOHHOU
MOJIETIbIO, BHYTPH HETO HEOOXOIMMO XPAHUTh CCHUIKY Ha ATATOHHYIO MOJIEIb.
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[TomuMO 00s13aTETFHOTO KOHCTPYKTOPA U BUPTYAITBHOTO JECTPYKTOPA Ki1acC (YHKIIMOHAILHOTO
MOKPBITHS JOJDKEH BKIITOYaTh 00beKT Kitacca CoverageTracker. DToT 00beKT OyeT OCyIIeCTBISATh
XpaHeHue HHPOPMAIIH O 3aPETUCTPUPOBAHHBIX B HEM CTPYKTypaxX (pyHKIIMOHAITBHOTO TOKPBITHSI,
BBIBOJIMTH CTPYKTYPY IOKPBITHS, & TAK)KE HH(POPMAIMIO O IOCTUTHYTOM ITOKPBITHH B (haiii B
¢dopmare UTT2.

3amaTh MOKPHITHE MOYXHO C MTOMOIIBIO MaKkpoca

DEFINE_ENUMERATED_COVERAGE (uoenmughuxamop _noxpeimus,
cmpoxosoe_npedcmasiienue_NoKpulmus, ((Memka_siemenma_noxKpblmus,
CMpOK0Boe_npedcmasiienue_sjiemMeHma_nokpoimus), (...,...), ...)). [lIpu atom Oyzaer co3gan 00beKT
kiacca Coverage ¢ uMeHeM udenmuguxamop noxpvimusi. Memka_snemenma_noxpulmus
CO3/1aeTCs Il YHUKAIBHON HICHTU(UKALIMY BCEX KOMIIOHEHTOB OMPEACIIIEMOro MOKphITHs. Bee
CTPOKOBBIC MTPEICTABICHHS UCTIOIB3YIOTCS JIJIsl TEHEpAIMK OTYETOB. IHCTPYMEHT MO3BOJISIET TAaKIKe
KOITMPOBATH MOKPBITHS, CO371aBaTh MOKPHITHSI-TPOU3BEICHUS, TOKPBITHSI-TIPOU3BEACHHUSI C
BBIUUTaHUEM KOPTekKel. I 3TOro UCIOIb3YHTCS MaKPOCHI:

DEFINE_ALIAS_COVERAGE (uoenmughuxamop noxpwimusi,
CMpOK0B8oe_npedcmasiienue_NnoKpblmus, UOeHMUDUKAMOP _UCXOOHO20 NOKPbIMUSL),
DEFINE_COMPOSED_COVERAGE (uoenmughuxamop noxpwvimus,
cmpoKosoe_npedcmasiienue_NnoKpulmusi, UOeHMUDUKAMop _UCX00H020 _NOKpbimus_A,
UOeHmMu@dUKAmop _uUcxooHo2o _nokpvimus_b),
DEFINE_COMPOSED_COVERAGE_EXCLUDING(uoenmughuxamop nokpwimus,
cmpoKosoe_npedcmasiienue_NoKpulmus, UOeHMUDUKAMOop _UCXOOH020 _NOKpblmus_A,
uoeHmughuxamop _ucxoonoz2o_noxpwvimus_b,

{uoenmugpuxamop ucknouaemozo_snemenma_nokpvimus_A,
uoeHmughuxamop_ucknouaemozo_siemenma_noxpvimus_b}, ...) .

Jl11g yueTra mOKpBITHSI HEOOXOIMMO COMOCTABUTh TEKYIIIKE TapaMeTphl ATAIOHHON MOJIENH, a 3aTEM
nepeaath ux B 00bekT tuma CoverageTracker mocpeactBom omneparopa <<. 1o ya00HO AeaaTh ¢
MOMOIIIBIO ABYX (yHKIHHA. B nexmaparuu nepBoit GyHKIMH B Ka4eCTBE BHIXOAHOTO 3HAYCHHUS
JIOJDKEH CTOSITh 00bekT Thma Coverage, a B peanu3aiuy 3Toi GyHKIIUA JOKEH BO3BPAIIaThCs
aneMeHT o0bekTa Thma Coverage, BRIOpaHHBIN COTTIACHO UCTIONB3YEMOMY MapaMeTpy 3TaJOHHOM
Moenu. Bropast pyHKIHs MpUHIMAaET BO3BpaliaeMoe 3HaYCHHE TIepBOi (DYHKITUHU U IIePEIaeT ero B
oobekT Tuna CoverageTracker ¢ momoiisio oneparopa <<.

3aronoBouHbIl (aiii kinacca mokpeitus (fifo_coverage.h) Mmoxer BoITIsIETh, HATPUMED,
CIIEAYIOIIUM 00pazoMm:

#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) {}
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virtual ~DUTCoverage () {};

CoverageTracker coverageTracker;

DEFINE ENUMERATED COVERAGE (DUT FULLNESS, "DUT fullness",

((10, "0 (free)™), (I1, "1"),

(rz, "z"), (I3, "3"), (14, "4 (full)")));

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

void update coverageTracker DUT FULLNESS (void) ;
protected:

FIFO &fifo;
}i

H}

Peanusanus storo kiacca (fifo_coverage.cpp) MoXeT BBITJISACTh, HAIPUMED, CIICAYIOIUM
obpa3zom:

#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 Ki1acca co34aBaeMoro MOKPHITHA JOJKEH OBITh CO3/1aH B KJIacce ATaIOHHOW Moaenu. Toraa
B KOHCTPYKTOPE 3TAJIOHHOIN MOJIENH MOSIBIIIETCSI BO3MOKHOCTD CBSI3aTh UCIIOIb3yEMYIO B Kilacce
MOKPBITHS CCBUIKY Ha ATAJIOHHYIO MoJieNb. J[71s1 0OHOBIEeHUs: MHPOPMALIUH O TTIOKPBITHH
He00X0IMMO BbI3bIBaTh PYHKIIHMIO No2 13 paHee CO3/IaHHbIX ABYX (PYHKIIUI B Kiacce MOKPHITHS B
oIpeJieIeHHbIe MOMEHTHI BPDEMEHHU IIPOTOHA TECTOBON CHCTeMbl. TakUMU MOMEHTaMHU MOT'YT OBITh
C/IBUTHY TaKTa, 3aIlyCK KaKuX-TMOO0 oreparuii, B 00111eM, 3TO - COOBITHS, KOT/1a IPOUCXOAT KaKue-
100 NeHCTBUSA, MEHSIOIINE COCTOSIHUE MOJIENH, U B KOTOPBIX €CTh HEOOXOAUMOCTh OTCIICAUTh
(YHKIIMOHAJIBHOE MOKPBITHE.

JlocTUrHYyTO€ OKPBITHE BBIBOAUTCA B Tpaccy *Utt2. [{ist aHanu3a Tpacchl HCIOIb3YETCs
CIELMAJIbHBIA F€HEPATOpP OTYETOB, KOTOPBI MOKHO BBI3BaTh KOMAaHI0M
$CPPTESK_HOME/bin/reportgen.sh ums mpaccer.utt2 3 toro xarasora, rje HaXOAUTCS Tpacca
(HebobIIOe 3aMeUaHue: UMs TPACChl HE JOJDKHO cojiepxath mpobesnos). [Ipu aTom Oyzer coznan
kartajor Reports ¢ ordyeramu 0 TECTUPOBAHUH, AJISI IPOCMOTPA KOTOPHIX HEOOXOUMO
MCMOJIb30BaTh OOBIYHBIN Opay3ep. OTMETHM, YTO BO3MOKHOCTH BBIBOJIA IIOKPBITHS B Tpaccy
noctynuel B C+TESK Testing ToolKit Tonbko HaunHas ¢ Bepcuu 1.0.2.
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7. PaspaboTtKka cueHapueB TeCTUpPOBaHMA Ha OCHOBe obxopa
KOHEYHbIX aBTOMaToOB

Jlononnenue k enase 5.

JIJ1st TeHEepaIK TECTOBBIX BO3ICHCTBHI ITOMUMO PaHAOMHU3UPOBAHHOIO FeHEPATOPA MOKET
HCIIO0JIb30BATHCS 00XOMYMK KOHEUHBIX aBTOMATOB. OH MOpa3yMeBaeT JUHAMHUECKOE CO3/IaHuUC
KOHEUHO020 CUIbHO-CES3H020 A8MOMAMA U €ro 06x00 B MPOLIECCE TECTUPOBAHUSA HEKOTOPHIM
HeUu3ObLIMOYHBIM AICOPUMMOM. ABTOMAT CO3/1aETCSI C IOMOIILIO (YHKIIUHU TTOTYYCHUS TEKYIIEro
COCTOSIHUS M CITUCKA CTUMYJIOB (B JaHHOM KOHTEKCTE CICHAPHBIX (DYHKIIHIT), C OMHCAaHHEM
[[OHYCTI/IMOCTI/I nux SaHYCKa B TGKYH_[CM COCTOsHUMN. TCCT CUUTACTCA 3aKOHYCHHBIM, KOI'la B KaXX10M
COCTOSIHUY OBLIH ITOIaHbI BCE JOMYCTUMBIE B HEM CTHMYJIbI, HO HUTJE HE ObLIO 0OHAPYKEHO
OIIIHOOK.

J1ia KaXKI0i creHapHON QYHKIMU ONIPENICIICH KOHMeKCm umepayuu (CM. CUCHAmMypy CYEHaAPHbIX
@yuxyuii - INtAbCCtx& CtX - amo u ecmv konmexcm), KOTOPbIH XpaHUT 3HAYCHUS UMEPAMOPOS.
HTteparopbl — 3T0 KOHCTPYKIMHU ISl TepeOopa BXOIHBIX TApaMeTPOB 3aIlyCKaeMbIX Oreparuil
ATaJIOHHOW MOJIENH TaKUM 00pa3oM, YTOObI pa3IM4HbIE CTUMYJIbI C Pa3IMYHBIMU [1apaMeTpaMu
CUUTAIKCh PA3HBIMH CTUMYJIaMU. JTO OY€Hb yI0OHO B TOM CiIydae, KOria Heo0X0 MO
rapaHTHPOBAaHHO NepedpaTh Bce KOMOMHAIINY BXOIHBIX ITAPAMETPOB BCEX CTHMYJIOB.

BHyTpu crieHapHOU (YHKINH Cpa3y MMOCiIe €€ Havaa MUIIETCS ONPECICHUE UTEPAIMOHHOMI
nepeMeHHo#: iNt& ums_nepemennou = IVAR(a). Buytpu makpoca IVAR() moymkHa CTOSATH 01HA
OyKBa JIATHHCKOTO an(aBuTa, X BCero 26 (0T a 110 Z), a TaK Kak JUIsk KaKI0H epeMeHHON
TpeOyeTcst CBOsI OT/AeNbHAst OyKBa, TO BCErO MEPEMEHHBIX Ha JaHHBI MOMEHT IO/|IepKuBaeTcs 26.
3HaYCHHUS STUX TIEPEMEHHBIX OYIyT XPAHUTHCS B BBINICYKa3aHHOM KOHTEKCTE UTEPAIIHH.

HanomuuMm, 4to nocne onpezeneHus Bcex nepeMeHHbIx nuiercs napa makpocos IBEGIN-IEND.
Brytpu napsr IBEGIN-IEND moryT uaryu BiioskeHHBIE IPYT B APYyTra MUKIBI IO UTEPAITHOHHBIM
HEPEMEHHBIM, a BHYTPH MOCIEIHEr0 U3 HUX A0JbKeH ObITh BioxkeH Makpoc IACTION{}. Iy mo
UTEPALMOHHBIM MTEPEMEHHBIM MPEICTABISICT c000i 00bIUHBIN UK fOr: for(ums_nepemennou = 0;
ums_nepemennou < 2; umsa_nepemennoti++). lcronp3oBaHue UTEPALIMOHHOMN ITepeMeHHON
MO3BOJISIET 0003HAYNTH HATMYHE [EJIOH CEPUU CTUMYJIOB, PA3IMYAIONINXCS 3TUM TTapaMeTPOM
ums_nepemennoti. OTMETHM, YTO HEOOXOAUMOCTh B UTEPATOPAX BO3HUKAET HE BO BCEX CIyyasX,
gacTo 0e3 HUX MOXHO 000iTHCh. B mpocteix npumepax tumna FIFO Heo6xoaumocts B
UTEPAIMOHHBIX IEPEMEHHBIX OTCYTCTBYET, HO OHU MOTYT OBITh 100aBJI€HbI HCKYCCTBEHHO,
HaTpuMep, Ul YBEITMYCHUS pazMepa aBToMaTa. JomycTiM, Mbl BKIFOUUM UTEPAIIHOHHYIO
MEPEMEHHYIO B CLIEHAPHYIO (PYHKITUIO NOP, C TeM YTOOB! YBEIMYUTH KOJIMUYECTBO YT, UCXOSIINX
U3 IAaHHOTO COCTOSTHHSL.

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

}
IEND

A GyHKIUS TOTYyYEHHS TEKYIIETO COCTOSIHUSI MOKET OBITh, HAIIPUMED, TaKOi:
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std::string ParentScenario::get state fifo() {
std::string state;
std::stringstream out;
out << dut.fullness() << ","<< dut.isIfacelReady () << dut.isIface2Ready();
state = out.str();
return state;

JInst Toro 4To0BI 3aIycKaTh aBTOMATHBIH 00X0]1, HEOOXOIMMO YKa3biBaTh 00xoa4uk 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=1l -nt -nt2")
TEST REGISTRY END
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