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AnHotanmsi. B paborte 00CykaaloTcs BONPOCH IPUMEHUMOCTH TEXHOJOTHH aBTOMAaTH3MpoBaHHOro TectupoBaHus UniTesK x
pa3paboTke (QYHKIMOHAIBHBIX TECTOB I MOAENeH ammapatHoro obecneuenus. Ilpemmararorcs cmocoObl pacmmpeHnst 0a3oBoit
apxuTekTypsl TecToBoii cuctemsl UniTesK mst pyHkimonansHoro Tectuposanms moaeneii Ha s3bikax Verilog HDL u SystemC. [{ns
Ka)XJJOT0 U3 YKa3aHHBIX KJIACCOB MOJIENIEH OMHMCHIBACTCS MpoLece pa3padoTku TecTa ¢ nomolsio nuerpymenta CTesK n npuBositest
OLICHKH BO3MOKHOCTH aBTOMATH3aLMH LIAroB 3TOr0 Mpoliecca.

1. BeedeHue

Texuonorus tectupoBanus UniTesK [1-3] Opia pazpaborana B MHcTHTyTE cucTeMHOro mporpammupoBanus PAH

(ACIT PAH) [4]. IlepBoHauanpbHO€ H OCHOBHOE Ha3HAuU€HHE TEXHOJOTMH — pa3padoTKa KadeCTBEHHBIX
(YHKUMOHANBHBIX TECTOB JUIS NpPOrpaMMHOr0 obecrieueHusi. B pabore paccMaTpuBaeTcs HOBass M JJOCTATOYHO
NepCIeKTHBHAs 007acTh mnpuMeHeHus TexHonorud UniTesK — ¢yHKIMOHANBHOE TECTUPOBAHHUE MOJIEICH

armapaTHOro 00eCIeUCHUS.

[Mox w™opensiMu ammapaTHOTO oOecmedeHWs B JaHHOM paboTe NOHUMArOTCs, mpexae Bcero, HDL-momemn
(HDL models), TO ecTb MOAeNHW, HaNHCaHHBIE HAa KaKOM-HHOyAb  SI3BIKE  ONHCAHUS  amlIapaTrypbl
(HDL, hardware description language), nanpumep, Ha VHDL wmm Verilog HDL [5], a Taxke Momenu CHCTEMHOTO
YpOBHS, pa3pabaTeiBaeéMbleé Ha TakuX s3bIkax, kKak SystemC [6] wmm SystemVerilog [7]. 3amerum, uto B pabote
PaccMaTpUBAIOTCS TOJILKO MOJCIH IU(PPOBOTO alllapaTHOro 00SCICUCHUS.

W3BecTHO, 4TO ClIabbIM 3BEHOM B TEXHOJIOTHYECKOH ILEMOYKE MPOSKTHUPOBAHUS CIIONKHOTO AMMapaTHOro 00eCreueHuUs
apuserca  QyHKiuoHanbHas —Bepudukamusa. CormacHo beprepony (Janick Bergeron) [8]  dyHKUMOHanbHas
Bepudukanus 3anumaet okoiio 70% ooriero odbeMa Tpya03aTpar, YUCI0 HHKEHEPOB, 3aHUMAIOIMXCSI BepupHKaLUuei,
TPUMEPHO BIBOE MPEBOCXOAUT YHCIO MPOSKTHUPOBIIMKOB, a pa3Mep UCXOMAHOTO KoJa TeCTOB (festbenches) mocturaet
80% o0b1ero pa3mepa Koja IMpoeKTa.

Texuonorus UniTesK u peanusyroiiue ee HHCTPYMEHTBI ObUTH YCIIEIIHO HPUMEHEHBI Ul TECTUPOBAHUS PA3TMIHBIX
KJIACCOB IPOTPAMMHBIX CHUCTEM: SIIEp OINEPAIIMOHHBIX CHUCTEM, TEICKOMMYHHKAMOHHBIX MPOTOKOJIOB, CHCTEM
peanbHOro BpeMeHu U T.J. KiroueBbiM MOMEHTOM B ycriemHocTy npuMmenenus: texHonorun UniTesK siBnsiercst ruOkas
apXHUTEKTypa TECTOBOW CHUCTEMbI, KOTOpas I03BOJSIET JIETKO aJalTHPOBaTh TEXHOJOTHI0 K Pa3IM4YHBIM Kllaccam
LIETIEBBIX CUCTEM [2].

B pabore mpemmararorcs crocoObl pacmipeHuss 0a30BOM apXHWTEKTypsl TecToBoil cuctembl UniTesK mms
(YHKIMOHATHHOTO TECTHPOBAHUS MOIeENel ammapaTHoro obecredeHus Ha s3pikax Verilog HDL m SystemC. Jlns
Ka)XIOr0 M3 YKAa3aHHBIX KIACCOB MOJENield ONMCHIBACTCS IIPOLeCC Pa3pabOTKU TecTa ¢ NOMOLIBI0 HHCTPYMEHTA
CTesK [9] m mpuBOAATCS OIEHKHM BO3MOXXHOCTH aBTOMAaTH3alldM IMAroB 3TOTo mporecca. [Ipu pacmmpennn
apXUTEKTYphl TECTOBOW CHUCTEMBI MBI PYKOBOJCTBOBAJIHMCH TEM COOOpPaKEHHEM, 4YTO TPYAOEMKOCTh pa3pabOTKH
JOTIOJTHUTENIBHBIX KOMIIOHEHTOB TE€CTa JIOJDKHA OBITh MUHUMAJIBHOM.

Azpiku Verilog HDL u SystemC Oputi BBIOpaHBI IJTs1 MCCIIENOBAHUS O clieAyrommM npuanHaMm. SI3sik Verilog HDL,
Ha psny ¢ VHDL, sBusiercs KJIacCUYECKUM SI3BIKOM OIMCAHMS allaparypbl, HO, B OTIIMYUE OT MOCJIEIHEr0, OH UMEET
ONMM3KHIA K A3bIKY TporpaMmupoBanust C CHHTaKCUC M CTaHAAPTHBIN nHTEpdeiic 1 BeI30Ba (GyHKIMH, HAMCAHHBIX HA
C [5], uto obneruaet uaTerpanuio ¢ uHCTpyMeHToM CTesK, kpoMe Toro, OH ropaso yamie UCIIONb3YeTCs Ha PAaKTHKE
JUISL TIPOSKTHPOBAHUS CIOKHOTO ammapatHoro odecredeHus. Uto kacaercs SystemC, OH SIBISETCA COBPEMEHHBIM U
MHOFOO6€IJ_[alOLlII/IM A3BIKOM CHUCTEMHOI'0 YPOBHs, TIIO3BOJIAIOIIMM MOACIHUPOBATH CHUCTEMBI CO CMCIIAaHHBIMH
annapaTHbIMU M nporpaMMHbIMH 4acTsiMu (HW/SW) [10]. Takum oOpa3om, ObLIM BBIOpaHBI iBa AOCTATOYHO Pa3HBIX
A3bIKA: OJJUH — KJIACCUYECKUI1 SI3bIK ONMCAHUS allapaTypsl, APYrod — COBPEMEHHBIN SA3bIK CUCTEMHOIO YPOBHSL.

CrpykTypa craTbl TakoBa. Bo BTOpoM, ClieAyIOIIeM 3a BBEICHHEM, pa3Jelie AeIaeTcsi KpPaTKUi 0030p TEXHOJIIOTHH
UniTesK un wmuctpymenta CTesK. B Tperpem pasmene paccMaTpuBaioTCs OCOOEHHOCTH MOJEJEH ammapaTHOTO
obecriedeHnss U TO, KaK 3TH 0CcoOeHHOCTH cooTHocATcs ¢ TexHosnormed UniTesK. Tam jke ommchIBaeTCsS mpuMep
HEOOJIBIIIOr0 yCTPOMCTBA, st KOTOporo ¢ momoinbio uHCTpyMeHTa CTesK paspabarbiBaroTcs crenudukaims U
CIICHApHUi TECTHPOBaHUA. B UeTBEpTOM M MATOM pa3fiesiaX OMUCHIBACTCS MPOIECC Pa3paboTKu Tecta uiss Verilog- u



SystemC-mozmeneil COOTBETCTBEHHO. B 3aKioueHHMM pacCMaTPHUBAIOTCS HANpaBICHUS MaJbHEUIIETO pa3BUTHS
MpeIaraeMoro MmoIxoaa.

2. Kpamkuii 0630p mexHonoz2uu UniTesK

Texnonorus UniTesK Opma paspadorana B MCII PAH Ha ocHOBEe ombITa, TOJTY4YEHHOTO NpU pa3paboTke U
npumenernn TexHonorun KVEST (kernel verification and specification technology) [11]. O0OmuM#u depTamMu 3THX
TEXHOJIOTHH SBISIOTCS MCHOIb30BaHNE (POPMaNbHBIX crierudukammii B popMe Ipen- U MOCTYCIOBUI MHTEPPEHCHBIX
onepanyii ¥ MHBAPUAHTOB THIIOB [AHHBIX MAJISI aBTOMAaTHYECKOH TIEHEpaIlMyd OpPaKyJIoB (KOMIIOHEHTOB TECTOBOM
CHCTEMBI, OCYIIECTBIISIOIINX MPOBEPKY MPABUIBHOCTH MOBEJCHUS 1IETIEBOM CUCTEMBI), & TAK)KE IPUMEHEHNE KOHEYHO-
AaBTOMATHBIX MOJEIIEN I MOCTPOEHHUS IIOCIENOBATENILHOCTEN TECTOBBIX BO3EHCTBUI.

B ormmume ot texuomornu KVEST, B kotopoit mms cnemmdukanuu TpeGoBaHUI HCTHONb30Baics s3Ik RSL
(RAISE specification language) [12], texnonorus UniTesK wncmonp3yer pacmMpeHHs HIHPOKO HM3BECTHBIX S3BIKOB
nporpammupoBanusi. Ha nansbiii moment B VICIT PAH pa3spaGoraHbl MHCTPYMEHTBI, MOJUIEPKHUBAIOIINE PabOTy C
pacumpenusmu s3b1k0B C, Java u C#: CTesK [9], J@T [13] u Ch@se [14] cooTBeTCTBEHHO.

2.1. ApxutekTtypa TectoBon cuctembl UniTesK

Apxutektypa tectoBoii cuctemsl UniTesK [1-3] Opura paspaboraHa Ha OCHOBE MHOTOJETHETO OIIBITa TECTHPOBAHUS
MIPOMBIIIUICHHOTO IPOTPaMMHOT0 00ECIIEYEHHUs! U3 PA3HBIX MPEIMETHBIX 00JIaCTEH U Pa3HOM CTETEHH CI0KHOCTH. YUeT
3TOT0 OIIBITA ITO3BOJIMI CO3/1aTh THOKYIO apXUTEKTYPY, OCHOBAHHYIO Ha CICIYIOLIEM Pa3AEIeHUH 3a1a4l TECTUPOBAHUS
Ha moj3anaqm [2]:

e [TlocTpoeHue nocnen0BaTeaIbHOCTH TECTOBBIX BO3ACHCTBUM, HALIEJIEHHON HA JOCTUKEHUE HYKHOI'O ITOKPBITHS.

e Co3pmaHue €IMHUYHOTO TECTOBOTO BO3ACHCTBUS B PAMKaX IOCIEJ0BATEIbHOCTH.

e  VYCTaHOBIEHUE CBSI3U MEX]ly TECTOBOM CUCTEMOU U peaau3alueil LIeJeBOM CUCTEMBL.

e IIpoBepka MpaBUIBHOCTH NOBEACHUS LIEJIEBOM CUCTEMBI B OTBET HA €JMHUYHOE TECTOBOE BO3JCICTBUE.
Jns pemeHus KaxaoW M3 3THX MHOA33Jad IPETyCMOTPEHBI CIIECHHATIbHBIE KOMIIOHEHTBI TECTOBOM CHCTEMBL: [UIs

MOCTPOCHHUS IOCJICIOBATEIIBHOCTA TECTOBBIX BO3JCHCTBUI M CO3JaHUSA CAMHUYHBIX BO3JCHCTBHA — OOXOMYHK H
UTEPATOp TECTOBBIX BO3ACUCTBUIA, JJIi TPOBEPKH MPABUIHLHOCTH TOBEJCHMS LIEJIEBOW CHUCTEMBl — OpaKys, s
YCTaHOBJIEHUS CBS3M MEXJIy TECTOBOW CHCTEMON W pealu3aluel IeleBOH CUCTEMBbI — Meauarop. Paccmorpum

noap06Hee Ka)KﬂLIﬁ 13 YKa3aHHbIX KOMIIOHCHTOB.

TectoBas cuctema UniTeskK

UtepaTtop
O6xoQunK TECTOBbIX Opakyn Megnuatop
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Puc. 1. Apxumexmypa mecmosoti cucmemot UniTesK.

OO0xoquuK sBIsETCS OWOMHMOTEYHBIM KOMIOHEHTOM TecTtoBol cucreMbl UniTesK w mpenHasHaden Bmecte C
HUTEpPaTOpPOM TECTOBBIX BO3ACUCTBUN MJs1 IMOCTPOEHUS IOCIENOBATEIBHOCTH TECTOBBIX BO3AelcTBUHA. B ocHoBe
00X0ounKa JISKAT alNTOpUTM 00xoa rpada COCTOSHUN KOHEYHOTO aBTOMAaTa, MOJEIUPYIOIIETO IeJIeBYI0 CUCTEMY Ha
HEKOTOPOM YpOBHE aOCTPaKINH.

HrepaTop TeCTOBBIX BO3ACHCTBHI pabOTAeT MOJ yIpaBIicHHEM O0XOIYMKa M MpeIHa3HAueH Il mepedopa B KaKIOM
JIOCTHYKUMOM COCTOSIHUM KOHEYHOT'O aBTOMATa JOMYCTHUMBIX TECTOBBIX BO3/AecTBUN. ITepaTop TeCTOBBIX BO3AEHCTBUIL
ABTOMATHUYECKH TCHEPHPYETCS M3 TECTOBOTO CIIEHAPHWs, MPENCTABIAIONIETO COOOH OMMCAaHHE KOHEYHO-aBTOMATHOM
MOJIENH 1I€JIEBOM CUCTEMBIL.

OpaKyn OILICHMUBACT IMPABUIIBHOCTb MOBCACHUS LICJIEBOM CHUCTEMbl B OTBET Ha €IMHUYHOE TECTOBOE BO3ACHCTBHE. On
ABTOMATUYCCKNU TCHEPUPYETCA Ha OCHOBE (bOpMaJ'IBHLIX cneun@mxauﬂﬁ, OITMCBIBAIOIINX TpC6OBaHI/I${ K IeJIeBOi
CHUCTEME B BUJIC IIPEA- U HOCTYCHOBI/Iﬁ HHTCp(l)eﬁCHI:IX OHCpaHI/Iﬁ 1 MHBAPUAHTOB TUIIOB JaHHBIX.

Menuarop cBs3bIBaeT aOCTPaKTHBIE (OpManbHBIC ClelH(HUKALMY, OMUCHIBAIONINE TPEOOBAaHUS K LIENEBOH CHCTEME, C
KOHKPETHOH peann3aiieil 11e1eBoi CHCTEMBI.

Tpacca Ttecta oTpaxkaeT COOBITHS, NPOUCXOAAIIME B MpoLecce TeCTUpoBaHWs. Ha oOCHOBe Tpacchl MOXKHO
aBTOMaTHUYECKU FCHEPUPOBATH PA3IMYHBIC OTYETHI, IOMOTAIOLIHNE B AHAIU3E PE3YJIbTATOB TECTHPOBAHMUSL.



2.2. UHcTpymeHT pa3paboTtku TectoB CTesK

Wuctpyment CTeskK [9], ucrons3yemsbrii B qaHHO# pabote, siBisercs peanusaruerd xkonuenmud UniTesK ams s3pika
nporpammupoBanust C. [l pa3paOOTKHM KOMIIOHEHTOB TECTOBOM CHUCTEMBI B HEM HcCHoib3yeTcs s3bKk  SeC
(specification extension of C), sistomuiics pacmmpenuem ANSI C. Muctpyment CTesK Britouaer B ce0st TpaHCIATOP
u3 szpika SeC B C, OMONMOTEKY MOJJEPKKH TECTOBOM CHCTEMBbI, OMOIMOTEKY CrelU(UKAIMOHHBIX TUIIOB M
reHepaTopsl ordetoB. [lns momb3oBateneld Windows wnmeercs MOIyNb HMHTETpalMd B Cpedy pa3paboTKu
Microsoft Visual Studio 6.0.

Komnonents! tecroBoii cuctemsl UniTesK peamnsytorcst B macTpyMenTe CTesK ¢ moMompio crienuanbHbIX (QyHKIHNR
a3bika SeC, K KOTOPBIM OTHOCSTCS:

e  creuuduKaHOHHbIC GYHKIMH — COJEepKaT Crelu(UKAINI0 MOBEACHHUS LEJIEBOH CHCTEMbl B OTBET Ha
€IMHUYHOE TECTOBOE BO3/IEHCTBHE, a TAKXKE OTIPEIeIeHNE CTPYKTYPHI TECTOBOTO ITOKPHITHS;
e  MeauaTOpPHBbIC (YHKIUU — CBS3BIBAIOT CHENU(UKAHOHHBIE (YHKIIMA C TECTOBBIMH BO3JACUCTBUSIMH Ha

LENIEBYIO CUCTEMY;
e  (yHKIMS BEIYUCIICHHS COCTOSHUS TECTa — BBIYMCIISET COCTOSIHUE KOHEYHOI'O aBTOMAara, MOJEIMPYIOILEro
LENEBYIO CUCTEMY.
e  creHapHble PYHKIUM — OIHMCHIBAIOT HA0Op TECTOBBIX BO3JIEHCTBHH JUIS KaXKIOTO JOCTHXKHMMOTO COCTOSHHS
TecTa;
O6xomunk n3 6ubimmorexn nHcTpymeHTa CTesK TpeOyer, uToObI KOHEUHBIH aBTOMAT, CII0OCO0 MOCTPOEHUSI KOTOPOTO
OITMCaH B TECTOBOM CIIEHapHUH (C IOMOIIBIO (QYHKIMH JIBYX MTOCIEIHNX BUIOB), SBISJICS AETEPMUHUPOBAHHBIM, a TaKKe
HMEIT CHIIBHO CBSI3HBINA Tpad) COCTOSHHN.

3. OcobeHHOCMu MoQenell annapamHo20 obecre4eHus!

Mogenu anmapaTHOro obecrieueHuss Ha Takux s3bikax kak Verilog HDL [5] u SystemC [6] npezacraBisiror coboi
CHUCTEMBI U3 HECKOJIBKUX B3aHMO[leI>IICTBy}OH1HX Moaynei&. KaK U B A3bIKaxX MpOorpaMMUpOBaHusd, MOAYJIN UCIIOJIB3YHOTCA
JUISL JICKOMITO3MIIUKM CJIO)KHOW CHUCTEMbI Ha MHOXECTBO HE3aBHCHMBIX WM Cl1ab0 CBS3aHHBIX mojcucteM. Kabiid
MOJyJib UMeeT UHTep(eiic — Ha0Op BXOJOB M BBIXOJOB, Y€Pe3 KOTOPBIE OCYHIECTBISETCS COSIUHEHHE MOJIYIS C
OKpPYXEHHEM, W PeaIn3aliio, ONPEIeISIONIyI0 CrHocod 0o0pabOTKH MOMIYJIEM BXOJIHBIX CHUTHAJIOB: BBIUYHCICHHUE
3HAYECHUI BHIXOJAHBIX CHTHAJIOB M M3MEHEHNE BHYTPEHHETO COCTOSHHS.

OOpaboTka MOIyJEeM BXOAHBIX CHUTHAJIOB MHULMUPYETCS COOBITHSAMH CO CTOPOHBI OKpyKeHus. [lon coOblTusiMu B
MOJIEJISIX  armapaTHoro oOecredeHHs: MOHUMAIOT JIIOOble M3MEHEHWs] YPOBHEH CHrHanoB. [locKoJibKy OOBIYHO
paccMaTpuBalOT [JBOMYHBIE CUTHAJBI, BBIICJSIOT JIBA OCHOBHBIX BHIA COObITHI: (poHT curHana (posedge,
positive edge) — W3MEHEHNE YPOBHS CHUTHajla C HU3KOT'O Ha BBICOKHH M Cpe3 curHana (negedge, negative edge) —
M3MEHEHHE YPOBHS CUTHANA C BHICOKOTO HA HU3KHIL'.

Kak npaBuiIo, Kaxblii MOy COCTOHT U3 HECKOJIBKUX CTATHUECKH 3aJaHHBIX IAPAJLIC/IbHBIX POLIECCOB’, KaX/Iblil U3
KOTOPBIX PEaIU3yeT CIEAYIOIINIA UK CHayalla OCYIIECTBISAETCS OXKHIAHWUE OJHOTO MM HECKOJBbKHX COOBITHH M3
3aJjaHHOTO Habopa coOBITHH, 3aTeM uX 00paboTKa, IMmocie 4ero LUK nosropsiercs. Habop coObITuii, oxmmaembIx
TporeccoM st 00pabOTKM, Ha3bIBa€TCS CIIMCKOM YYBCTBUTEIBHOCTH (sensitive list) mponecca. Bynem Ha3bIBaTh
IPOLIECC MTACCUBHBIM, €CJIM OH HAXOJUTCS B COCTOSTHUN 0XKUAAHHS COOBITHI, M aKTUBHBIM B IIPOTHBHOM CIIy4ae.

BaxxHOl 0COOCHHOCTBIO MOJICIICH anmapaTHOrO 00eCIeUeHHs ABJSICTCS HAJIMYUE B HUX MOHSITUS BPEMCHH: MOBEJCHUC
TaKUX MOJEICH OIMpeeseTcs HE TOJIBKO IOCICIOBATEIBHOCTRIO COOBITHH, HO W JJIMTEIBHOCTHIO BPEMEHHbLIX
MHTEPBAJIIOB MEXJ1y HHMH. Bpemsi Monenupyercss IUCKPETHOW LIEJIOYMCICHHON BeJWYMHOM, (U3MYECKUIl CMBICIT
CIMHUIIBI BPEMEHH MOXHO 3aaaBarh. [[Jis ONMCaHWS TPUYMHHO-CIICACTBEHHBIX OTHOINCHWA MEXIY COOBITHSIMU,
MPOUCXOMIAIIMMU B OJHY COUHHIy MOJAETHHOTO BPEMEHH WCIIONB3YeTCs IMOHATHE HAenbra-3aaepikku (delta delay).
CoOBITHS, MEXIY KOTOPEIMH €CTh JICIbTa-3aICPIKKa, BBITOIHIIOTCS IMOCIEIOBATEIBHO OJHO 3a APYTHM, HO B OIHY U Ty
K€ €IMHUILY MOJEIIbHOTO BPEMEHHU.

JIJis. BBIMOJIHEHHSI MOJICJICH C IENIBI0 aHAJIM3a UX MOBEICHHS OOBIYHO HCIOJB3YIOT CUMYJIALHUIO MO COOBITUAM (event-
driven simulation). B oTiuune OT CUMYJIALMY [0 UHTEPBAJaM BpeMeHU (time-driven simulation), B KOTOPOH 3HAYCHUS
CUTHAJIOB ¥ BHYTPEHHHE COCTOSHHS MOJYJICH BBIYHCISIOTCS Yepe3 PeryJisipHbIC MHTEPBAIbl BPEMECHH, B 3TOM criocode
MOJIEJIb PACCMATPUBACTCS TOJBKO B T MOMEHTHI BpEMEHH, KOT/Ia HACTYIAIOT HEKOTOPHIC COOBITHS.

Pabora coOpiTHiiHOTO cumymsTOpa (event-driven simulator) OCyIIECTBIISIETCS CIEAyOIIUM oOpazoMm. B mHauame
CUMYJIAIUN MOJCIIbHOC BpEMs YCTaHABJIMBACTCA B HOJIb. [[anee B IIUKIJIC, ITOKA €CTh aKTUBHBIC npoueccm3, BbI6I/IpaeTCH
OJIMH M3 HUX U BBIMOJHSIETCS 10 TEX MOP, MOKA 3TOT MPOLIECC HE CTAHET MACCUBHBIM.

! MBI He paccMaTpHBaeM 371eCh Pa3HOTO POJA HEONPEIEICHHbIE 3HAUYECHHUS, YACTO UCIIONB3yEeMbIE B MOICTHPOBAHHH
armapaTHOro 00eCIeUCHUS.

2 B HaﬂbHeﬁLHeM 6yHeM Ha3bIBaTh TaKHUEC MPOUECCHI MOACIbHBIMU IIPOLECCAMMU, '-ITO6bI OTJINYaTh UX OT NPOLECCCOB
OTIEPAIIMOHHON CUCTEMBI.

* B Havase CUMYJISIHE aKTHBHBIMHU TPOLIECCAMH SBIISIOTCS MPOLECCHI, OCYIIECTRIISIONME HHHIHATH3AIINIO.



[Tocne Toro, KaK BBHIMOJIHEHBI BCE aKTUBHBIE IPOILECCH, CHMYIISATOP MPOBEPSET, €CTh JH COOBITHS, 3aINIAHUPOBAHHBIC
yepes JeNbTa-3aJepKKy Ha TeKyIIUii MOMEHT BpeMeHHu. Ecnu Takue coOBITHS €CTh, CHMYIIATOP Pealn3yeT 3TH COOBITHS
Y TIEPEBBIYHCIISIET MHOXKECTBO aKTUBHBIX MPOLIECCOB, MOCIJE YeTO UK TOBTOPSETCS.

Ecny, mocne odepenHOTro BBINONHEHMS LHUKJIA, COOBITHH 3alUIaHMPOBAHHBIX Ha TEKYIIMH MOMEHT BPEMEHH HET,
CHMYJISITOP HPOBEPSET, €CTh JIM COOBITHS, 3aIlJIaHUPOBAaHHbIC Ha Oyaymne MOMEHTH! BpeMeHH. Eciu Takux coObIThit
HET, CUMYJISILUS 3aKaHIMBACTCS], B IPOTUBHOM CIIydae, CUMYJISITOP U3MEHSIET MOAEIBHOE BPeMsI Ha BpeMs OJiKaiiiiero
cOOBITHS, peanu3yeT COOBITHS, 3aIUIAHMPOBAaHHBIE HA 3TOT MOMEHT BPEMEHH U MEPEBBIYHUCIIAET MHOXKECTBO aKTHBHBIX
IIPOLIECCOB, MOCJIE YETO IIUKII TOBTOPSIETCSL.

3.1. Mogenu annapatHoro o6ecne4eHus n texHonorna UniTesK

Tenepp, mociae TOro Kak MbI clenanu Kpatkuii 0630p texHomoruu UniTesK m paccMoTpenu ocoOeHHOCTH MoJenei
anmapaTHOro o0ecTeyeHns Ha A3bIKaX BBICOKOTO YPOBHSA, 00CyAMM BOIPOC 0 mpuMeHuMocTH TexHojormu UniTesK k
(HYHKIIMOHATLHOMY TECTUPOBAHHIO TAKUX MOJICIICH.

TpaauuoHHas apXUTEKTypa TECTOBOW CHCTEMBI JJIs TECTUPOBAHMS MOJENell amnmapatHOro OOeCIeueHUs! BBHITIISIUT
CIIEIYIOLINM 00pa3oM:

CumynsTop N
T . —» VCD-
eCToBBIN — TecTupyemas dann
MoRyns Mopenb
(testbench) o

Puc. 2. Tpaouyuonnas apxumexmypa mecmogou cucmembl.

TectoBelit MoOnmynb (festbench) moOCienOBATENBHO IOJAET HAa TECTHPYEMYIO MOJENb TECTOBBIC BO3JICHCTBHS U
OCYILIECTBIIAET MPOBEPKY MPABMIBHOCTH PEaKimii Ha HUX. PesynbratoM Tecta sBisercss VCD'-gaiin, cosnaBaembiit
CHMYJISITOPOM M COZAEPXKalIMii W3MEHEHMS 3HAUCHWH CHTHAJIOB HAa BXOAAX M BBIXOAAX TECTUPYEMOW MOZENH BO
BpemeHU. [lomydeHHBId Qaitm 0OBIYHO WCIONB3yeTCS [UIS BU3yaldM3alMd BOJHOBOW IWArpaMMbl TecTa —
TPaAUIIOHHOIO CPEJICTBA aHAIN3a PE3YIIbTATOB TECTUPOBAHMS.

testhench.inc

testbench. rst

Puc. 3. Boanosas ouaepamma mecma.

Harmra nienb — paciiupuTh TECTOBBIA MOMAYJIb TaK, 4YTOObI OH BKJIFOUYAT B ¢e0s MOJHOMACIITAOHYIO TECTOBYIO CHCTEMY
CTesk.
Jlyis Hauaia pacCMOTPUM CIIEAYIOIINE OOIUE BOIPOCH:

e Kak cienuduimpoBars Mozeny anmnaparHoro odecrnedeHus Ha s3bike SeC.

e  Kak ucrons30BaTh MOHATHE BPEMEHH B pamMkax TexHoioruu UniTesK.

e Kak anantupoBats TectoByto cucremy CTesK Kk BHINOJHEHUIO B CUMYJISITOPE.
CHavajga pacCMOTpPHM BONPOC O CHenU(UKAIMH MOJENeH ammapaTtHoro oOecmedeHus. s Kaxmoro mporecca,
OIPENIEIICHHOTO B MOJEIH, KIACCH(PHUIMPYEM HCIONB3yeMbIC MM BXOIbI HA YIPAaBISIOIIUE, WHOOPMAIMOHHBIC W
HecylllecTBeHHbIe. byzieM Ha3bIBaTh BXOJl YIPABISIOLINM, €CJIH [IPOLIECC PearupyeT Ha BOZHUKAIOIINE HA JAaHHOM BXOJe
coOBITHS, MHPOPMAIMOHHBIM, €CIIM 3HAYCHHWE CHUTHala Ha JaHHOM BXOJZIe BIHSICT Ha IOBEACHUE MpoIecca, BCE
OCTaNbHBIC BXOAHBI Oy/IeM Ha3bIBaTh HECYIIECTBEHHBIMH.

[lon eaMHUYHBIM TECTOBBIM BO3JECHCTBHEM OyAeM MOHUMAaTh HEIYyCTOE HENPOTHBOPEUYHUBOE MHOXKECTBO COOBITHIT U3
CIIMCKA YyBCTBUTEIHLHOCTH OJHOTO M3 MPOLIECCOB, PEaIM30BaHHBIX OJHOBPEMEHHO, a TaKKe HabOp 3HAUCHWH CHI'HAJIOB
Ha UWHQOPMAIMOHHBIX BXOJaxX JTOro mpouecca. I[IpeamosokKuM, YTO CHHCKH UYyBCTBHTEIBHOCTH IIPOLECCOB,
ONpENENEeHHBIX B MOJENHU, NONApHO HE IMEPECEKAlOTCs, a YHIPABISIOIIME BXOIbl OJHOTO IMpoOLEcca HE SABISIOTCS
MH()OPMAIMOHHBIMHA BXOAAaMH Jpyroro. IIpw Takux OrpaHWYEHHSAX, TECTOBOE BO3/ACHCTBHE MOXKET AaKTHBH3HMPOBATH
TOJIBKO OJIMH MOJIEITbHBII IpoIece’.

4 VCD (Value Change Dump) — hopMar uist OMHCAHNs H3MEHEHHH 3HAYEHHMIT CHIHATIOB BO BPEMEHH.

> B clyuae ecili OJIHO TECTOBOE BO3JCHCTBHE MOKET aKTHBU3HPOBATH HECKOIBKO MOJIEIBHBIX HPOLECCOB, CXEMa
TECTUPOBAHHSI HEMHOTO YCIIOXKHSIETCS: JIJIsl IPOBEPKH MPABUIBHOCTH MTOBEIACHUS MOJIETH HYKHO HUCIIOJIb30BaTh
BO3MOJXKHBIE CEPUAITU3AIINHI PEAKIHii aKTHBU3UPOBAHHBIX MPOIECCOB.
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Jst cierudukanyn Monenu Ha si3bike SeC, MHOXKECTBO BCEX TECTOBBIX BO3JCHCTBHI IOHKHO OBITH pa3OMTO Ha
IPYIIbI, KOKAas U3 KOTOPBIX OIMKCHIBaeTCs ONHOM crenudukanuonHon ¢yHkuueid. OnuH 13 BO3MOXKHBIX MOJXO0J0B
pa3dueHuss COCTOMT B cienyromeM. KaxaoMmy mporeccy, ONpeaeicHHOMY B MOJEIH, CTaBUTCS B COOTBETCTBHE
OTJeNbHAs CICIU(pUKAIMOHHAS (YHKIMS, NapaMeTphl KOTOPOH OTpa)kar0T MHOXECTBO COOBITHH K3 CITHUCKA
'-lyBCTBI/lTeJ'II)HOCTI/I, peanmyeMLIe Ha praBHﬂIOLLll/IX BXO0JaX, a TaKXC 3HAQUYCHHA I10JaBaCMbIX Ha l/IH(l)OpMaLII/IOHH])le
BXOJIBI CUTHAJIIOB. B mpemycioBuu crenupUKalMOHHON (QYHKIUH, MOMHAMO Pa3HOTO POJa CMBICIOBBIX IMPOBEPOK,
JIOJDKHA OCYIIECTBIATHCS MPOBEPKA TOT'O, YTO 3HAYCHHUS CHTHAJIOB HA YIPABISIONIMX BXOJAX MPOIECCA MO3BOJISIOT
peann30BaTh YKa3aHHBIC B MapamMeTpax COOBITHSA, a B IMOCTYCIOBUM — TO, YTO YKa3aHHBIC COOBITHS JIEHCTBUTEIEHO
OBLTH peaNn30BaHbI.

[powrocTpupyemM 3TOT MOIX0A Ha npuMepe. PaccMoTpum Moyiis Ha si3bike Verilog HDL.
module Module(x, y, z, r);
input x, vy, z;
output r; reg r;

always @ (posedge (x), hegedge (y))
begin: Process r = z; end

endmodule

Wurtepdeiic Momyisi COCTOUT U3 TPEX BXOAOB: X, Y, Z M OJHOTO Bbixona r. [ljis mpoiiecca, OnpeelIeHHOro B MOIyJIe,
BXOJIbl X U Y SIBJIISIOTCS YIPABJISIONIUMH, a BXOI z — HWH(POPMAUUOHHBIM. [Ipy BO3HUKHOBeHMH (POHTA CHUTHAJIA HA
BXOJIC X WJIM Cpe3a CHI'Haja Ha BXOJE y IPOICCC NMPUCBAMBAET r 3HAYCHHE CHTHAjIa Ha BXome z. s creruduranun
BO3MOXKHOCTH HACTYIUICHHsI COOBITHIT N3 CIIMCKA YyBCTBUTEIBHOCTH MIPOLIECCA, COCTOSIHUE Crie(UKAIIMOHHON MO/IEIN
JAHHBIX JIOJDKHO BKJIFOYATh TEKYIIUC 3HAYCHUS CUTHAJIOB HA BXOJAX X H Y.

// CHeLMPUKALIMOHHAS MONEJIE ILAaHHBEIX MOIYJISA

typedef struct

{

// Tekymme 3HAUYeHMS CUIHAJOB Ha BXOHaX X U Y
bool x, y;

} Module;

Crerpuranontas GpyHKIHS, OMUCHIBAIONIAs MOBEICHNE TIpollecca, OyIeT HMETh B KAuecTBE ITapaMeTPOB yKa3aTelb
Ha COCTOSIHHE CIICIU(UKAIIMOHHOW MOJIENN TaHHBIX, HHIUKATOPBI COOBITHI U3 CIHCKA YYBCTBUTEIHLHOCTH W 3HAUCHHE
HH()OPMAIIMOHHOTO BXO/A Z.
// crnenmpuraimMoHHas (QYyHKIMS HOpolecca
specification bool Process (Module *module,
bool posedge x, bool negedge y, bool z)

// mporecc umraer Kakue COOCBITHUS MIPpOM3O0LUUIA,
// a Takxe 3BHAUYeHME MHOOPMAILMOHHOT'O BXOIA Z
reads posedge x, negedge y, z

// TecrToBoe BO3IOEMCTBMHE M3MEHSET SHAUYCHMUSI
// CHUTHAJIOB Ha YHPAaBJISRIMX BXOIAaXx

updates x = module->x, y = module->y

pre
{
// HNpoBepkKa BOBMOXHOCTMU pPeaJIM3arimu COOBITHUI
return ((posedge x || negedge y) &&
(posedge x => !x) && (negedge y => vy));

pOSt
{
// HmpoBepka peanm3aimi COOBITUA
return ((posedge x => x) && (negedge y => ly)) &&
Process == z;

}

3aMeTHM, 4TO JaHHBIN MOJXO0[ K BBIACICHHIO CNIEIM(DUKAINOHHBIX (QYHKIUH SBIAETCA JOCTATOYHO OOIIMM, a TIOTOMY
HE BCerJa ONTHMAaIbHBIM. [IpH ero ucroIb30BaHUU MOXKHO aBTOMaTHYECKH I'€HEPUPOBATH MIA0JOH CHEUU(PHUKALIH 110
UCXOJHOMY KOAYy MOAeIH. B mpuBeneHHOM IpHMepe NIpOBEpKH, IOMYyCKAIOIME aBTOMATHYECKYI0 T'€HEpaluio,
MOTYEPKHYTHI.



ITocne Toro xak ompexesieHsl clienU(pUKannOHHbIE (YHKIMU, TECTOBBIH CLEHapHi pa3pabaThiBaeTCss OOBIYHBIM AT
uncrpymenTa CTesK oOpa3om: ¢ moMOIIBIO (DYHKLMH BBIYUCICHHS COCTOSHMS M CIEHAPHBIX (DYHKIUH ONMUCHIBAECTCS
KOHEUYHBINA aBTOMAT TECTAa, HCHOﬂbSyEMLIﬁ JJIA IOCTPOCHUA TTOCIICA0BATCIIBHOCTU TECTOBBIX BO3Z[el>iCTBHl7[. OtmeTuM
clie/iyrone MOMeHThI. [t Toro, 4ToObl BBINOJHUMOCTD MPEAYCIOBUI CeNM(pUKAINOHHBIX (QYHKIMH OIpenelsach
TOJIBKO COCTOSIHMEM TecTa, 0e3 UCIIONb30BaHMs Oosiee reTanbHON MH(OpManuy 00 MCTOPUM TECTOBBIX BO3JEHCTBUM,
COCTOSIHMSI TE€CTa JIOJDKHBI BKJIIOYATh TEKYIIWE 3HAYEHHs CHI'HAJIOB Ha YIPABISIONMX BXoAax. i1t Toro, 4ro0sl rpad
COCTOSIHMH KOHEYHOT'O aBTOMaTa ObUI CHIIBHO CBSI3€H, HEOOXOIMMO YTOOBI Ul KaXKJOr0 COOBITHS, UCIIOIB3yEMOTo B
TECTOBBIX BO3/EHCTBHUSAX, CYIECTBOBAIO TECTOBOE BO3CHCTBIE C OOPATHBIM COOBITHEM’, TAK KAK B POTUBHOM CIIyuae
00pa3yroTCsl TYIIUKOBBIE COCTOSIHUS TECTa.

B O6H_leM cjiydyac, MOBCICHUE MoJienen arapaTHoro obecrnieueHUs OIMpPCACIACTCA HE TOJIBKO MOCJICA0BATCIBHOCTHIO
TCCTOBBIX BO3)1€I>10TBI/II>1, HO U JJIUTCIIBbHOCTBIO BPECMCHHbIX NHTCPBAJIOB MCKAY HUMHU. OT0 XapaKTCepHO, HaIpUMEp, IJid
MOHCHeﬁ YCTpOﬁCTB C TaﬁMepaMI/I. I[J'ISI Ka4Y€CTBCHHOI'0 TECTUPOBAHUSA TAKUX MOHCHCﬁ HYXXHO YMCTb HOﬂ6I/IpaTI) nu
KOM6I/IHI/Ip0BaTI> JIIATCIIBHOCTU BPEMCHHbIX UHTECPBAJIOB MCKAY TECTOBBIMU BOSHeﬁCTBHﬂMH.

IMockonbky B TexHojoruu UniTesK mist mocTpoeHus MOCIeI0BaTEeIbHOCTEH TECTOBBIX BO3ICUCTBHIA HCIOJIB3YHOTCS
KOHEYHO-aBTOMAaTHbIE MOJENIH, E€CTECTBEHHO MOJIEIMPOBAaTh HM3MEHEHHE BpPEMEHH C IOMOIIBI0 CHEHHUATBHBIX
MEePEX0I0B. ITO MOTYT OBITh KaK MPOCTO MEPEXOJIbI TI0 BPEMEHHU, B KOTOPBIX U3MEHSIETCS TOJBLKO MOJICIILHOE BpeMs, a
3HAYEHUSI BXOJHBIX CHTHAJIOB OCTAIOTCS HEM3MEHHBIMM, TaK U COBMEILIEHHBIE NEPEXObl, B KOTOPBIX MU3MEHSAIOTCA U
MOJICIIBHOE BpEMs, U 3HAYCHUS BXOJHBIX CHTHAJIOB. C TOUKU 3peHHS CreHU(DUKAIIUH, NU3MEHCHHE MOJICIIEHOTO BPEMECHU
SIBIIICTCSI TIAPAMETPOM COOTBETCTBYIOIIEH IMEepexody crelu(ukannoHHon (yHKIuu. HTEepecHbIe sl TECTUPOBAHHUS
M3MEHEHHS MOJISIIEHOTO BPEMEHH IepeOHpPaIOTCs B TECTOBOM CIICHAPHU.

Tenepb HECKOJILKO CJIOB 00 ajanTalii TECTOBOW CHUCTEMbI K BBINOJIHECHHUIO B CUMYJsTope. UTOOBI TecToBas cucreMa
MorJIa OBITh BBITIOJIHEHA B CUMYJISITOPE, OHA JOJDKHA OBITh OhOpMIICHA KaK OTIACIbHBINA MOICIbHBIN mporecc. [Tpu aTom
BO3MOJKHBI JIB€ PA3JIMYHBIC CHUTYallMW: KOTJIa TECTOBAasi CUCTEMa MOXKET HANPSAMYIO YIPABIATH BBIIOJTHEHHUEM 3TOTO
MozenpHOro mporecca (cMm. pasgen «TectupoBanme SystemC-moneneii») W KOoraa He MOXKeT (CM. paszien
«TectupoBanue Verilog-monerneii»).

B nepBom ciyuae, Juisi ajganTanude TECTOBOW CHCTEMBI NPAKTUYECKH He TpeOyercs pa3paboTKH JOMOJHHUTEIBHBIX
Moxyiel. I'maBHoe, 4TOOBI MOC/IE IOAAYU OYEPEIHOTO TECTOBOIO BO3JCHCTBHUS, MOAENBHBIM IIPOLECC, B KOTOPOM
BBITIOJIHSIETCSI TECTOBAsE CHCTEMa, MPHOCTAHABIMBAIICS, YTOOb!I CUMYJISITOP MOT' aKTUBH3HPOBATh MPOLIECC TECTUPYEMOI
MOJIENIM, 3aHUMAIOIIMiCcS 00paboTKOW momaHHOrO Bo3jeiicTBus. IlprocraHOBKa mpoliecca TECTOBOM CHCTEMBI
peanusyercsi B MEIMaTOPHBIX (QPyHKIUSX.

Bo Bropom ciyuae, TpeOyercsi pa3paboTaTh CHEHMANbHBII MOIYNb CHMYJIATOPA, HA3bIBAEMbIH OKPYKEHHEM
TECTUPYEMOH MOJEIH, KOTOPhIH B3aUMOJEHCTBYET C TECTOBOM CHCTEMOM, 3alyIeHHOM B BHJE OTAENbHOro nmoroka. K
(YHKIHSM 3TOTO MOJIYJISl OTHOCSTCS IIPUEM TECTOBBIX BO3JIEHCTBHIA OT TECTOBOM CUCTEMBI, UX 110/1a4a Ha TECTHPYEMYIO
MOJIeNb, a TAKXKe Mepeada peakui TECTUPYEeMON MOIEI TECTOBOH CHCTEME.

3.2. Mpumep cyeTuymKa

PaccmoTpuM mpuMep HEOOJIBIIOrO yCTPOHCTBA — cuerdrka, Ha Verilog- u SystemC-Moaensx KOTOPOTO MblI OyaemM
WLTIOCTPUPOBATh OCHOBHBIE IIATH pa3paboTKu TecToB. MIHTepdeic cueTunka COCTONT U3 JABYX JBOMYHBIX BXOJOB inc
U rst U OJHOTO IEJTOYUCICHHOTO BBIXOHOIO PErHCTpa cnt.

inc —»

count cnt

rst —

L

Puc. 4. Cxema 6x0006 u 661x0006 cuemyuKa.

B oTBer Ha QpoHT cuTHANA inc, YCTPOHCTBO YBEITUYMBACT COACPKUMOE PETHCTPa Cnt Ha SAMHUILY, Ha PPOHT rst —
obnyisier peructp cnt. Cpes3bl curHanoB He oOpabareiBatoTcs. st yrporueHus criennUKaluid U TECTUPOBAHUS
OyzeM cuMTaTh, YTO NOBEJEHHE YCTpOMCTBA IpPU OJHOBPEMEHHOM BO3HMKHOBEHHH (DPPOHTOB CHUTHaJOB Ha 000X
BX0/1aX HE OIPEEIICHO.

PaccmorpuMm crienmdukanuio cuetdnka Ha si3bike SeC. CrenmdukannoHHAs MOJENb JaHHBIX BKIIOYAaeT B ceOs
TEKyIUE 3HAYCHUS BXOIHBIX CHTHAJIOB 1iNnC M rst, a TAKXKe BRIXOJHOTO PETHCTpa cnt:

% Ecii B TecTe ecTh TECTOBOE BO3/IEHCTBHE, BKIIIOUAKOmee (POHT (Cpe3) HEKOTOPOro CHIHAJIA, TO B HEM JIOJDKHO
MIPUCYTCTBOBATh TECTOBOE BO3JIEHCTBIE, BKIIIOUatolee cpe3 (GppoHT) aToro curHana.
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// cnenmMpmuKaIMOHHAS MOIEJIb INAaHHEIX CUYeTYMKa
typedef struct

{

bool inc; // Texymee sHaueHMe cuTrHaIa
// Ha Bxome inc
bool rst; // mexymee 3HaueHMe cuTHAaIa
// Ha Bxome rst
int cnt; // Texymee 3HaueHme permucrpa cnt

} Model;
CrierdukanuoHHbie (QYHKIMH OMKUCHIBAIOT MOBEJCHUE YCTPOICTBA B OTBET HAa (DPOHTHI M CPE3bl CUTHAJIOB inc U rst.
Hmxe npuBouTes cnenudukanionHas pyHKIUS inc_posedge spec, ONUCHIBAIOMAS PEAKINIO Ha PPOHT CHTHANA
Ha Bxoje inc. OcranbHble (YYHKIIMU OMPEICIITIOTCS aHAIOTUIHBIM 00pa3oM.

// crnenmpuranms pearknuy Ha (QPOHT CuIHaja Ha BXome 1nc

specification void inc posedge spec (Model *model)

updates cnt model—;cnt, -
inc model->inc

pre { return model != NULL && inc == false
&& cnt < INT MAX; }

coverage C { return {single, "Single branch"}; }

post { return inc == true && cnt == @cnt + 1; }
}
PaccMOTpHM ClieHApHii TECTHPOBAHMA CUETYMKA. B KauecTBEe COCTOSIHHS KOHEYHOTO aBTOMATa JJis HAIIEro IpuMepa
OyIeM MPOCTO MCIOJIB30BaTh COCTOSHHE CIIECIM(PUKAIIMOHHOM MOJIENH, TO €CTh TEKYIIHe 3HAYEHHS BXOJHBIX CHTHAIOB
inc M rst, a TakkKe BBIXOAHOrO perucrpa cnt. B sToMm ciydae (QyHKIMS BLIYMCICHUS COCTOSHHMS KOHEYHOIO
aBTOMAara Oy/ET BBIMIAAETh KaK MOKA3aHO HHKE.
static List* scenario state()

{
List* list = create List(&type Integer);

append List (list, create Integer (model.inc));
append List (list, create Integer (model.rst));
append List (list, create Integer (model.cnt));

return list;
}
UT0OBI OrpaHUYUTh YHCIIO COCTOSTHUN KOHEYHOTO aBTOMATa, 3alPETHM MMo1avy ()pOHTa inc B COCTOSHHSX, B KOTOPBIX
3HaYeHHEe perucrpa cnt Oounblie win paBHo AecsaTd. OcTanbHble CTUMYJIBI (PPOHT rSt, cpes3bl inc U rst) caenaem
JIOITYCTHMBIMH BO BCEX JIOCTHIKMMBIX COCTOSTHHMSIX.
B HayaibHOM COCTOSIHUM TecTa yCTaHaBJIMUBAEM HH3KUEC YPOBHU CHUI'HAJIOB inc u rst, a 3HAYCHUIO pErucrTpa cnt
MPUCBAUBACM HOJIb.

Hwke npuBoautcs crieHapHas QyHKmUs Uit GpoHta inc. OcranbHble (DYHKIHH ONPEICISIOTCS aHaJOTHYHBIM
obpazom.
scenario bool inc posedge scen()

{
if(model.cnt < 10)

{
if(pre inc posedge spec (&model))
inc_posedge spec (&model) ;

return true;
}

4. TecmupoeaHue Verilog-modeneli

B artom pasgene mnpeanaraercs crnoco0 pacimivpeHusi 0a30BOil apXuTekTypbl TecToBod cucteMbl UniTesK s
(YHKIIMOHATIBHOTO TecTUpoBaHus Verilog-monerneli ammapatHoro obecreueHus. OMUCHIBACTCS MPOIECC Pa3pabOTKH
TecTa ¢ momonibio nHeTpyMeHnTa CTesK ¥ mpuBOASTCS OIEHKH BO3MOKHOCTH aBTOMATH3AI[MH IIIATOB 3TOT'0 MPOIECCa.



IMomumo unctpymenrta CTesK, Hamu ucnonb3oBaiich CBOOOAHO pacnpocTpaHseMblii cumyssitop Icarus Verilog [15]
kommuisitop GCC u3 Habopa unctpymenros MinGW [16].

4.1. ApxutekTypa TeCTOBOU CUCTEMbI

[Ipu pacmmpennn 06a30Boi apxuTekTypsl TecToBo cucteMbl CTesK MBI yunThIBamm TO 0OOCTOSTENHCTBO, YTO
ucrosb3yembiit cumyssitop Icarus Verilog He Mo3BONsSIET HANpsMYIO YIPaBIATh CHMYJILMEH Yepe3 HHTepdeiic
VPI' [17], ucrions3yeMblii HAMH JUIS MHTErPALMH TECTOBON CHCTEMOi ¢ cuMyisTopoM. IIpemaraemas apXHTEKTypa
TECTOBOM CUCTEMBI II0Ka3aHa Ha Puc. 5.
TecroBast cucTeMa COCTOUT U3 ABYX ITOTOKOB:

e mOTOKa cuMyIsTopa Verilog — OCHOBHOTO ITOTOKA;

e noroka TectoBoii cucteMbl CTesK — mogunHeHHOro MoToKa.
B Havanme cHUMyISIUH MPH ITOMOIIM BBI30BAa CHECIHATBHON (QYHKIMH W3 CHUMyJsATopa Verilog B OTAEIBHOM IOTOKE
3amyckaercsi TecroBas cuctema CTesK, xoTopas B mHKIE MPEmOCTaBIsIET TECTOBBIE BO3ACHCTBHA HA TECTUPYEMYIO
Verilog-Monens, mpuHAMaET peakuy Ha HUX U OI[CHUBAET MPABIIIFHOCTH STHX PEaKITHi.

Testbench

TecTtupyemas
Verilog-mopens

Verilog-okpyxeHune

VPI-veauaTop

VPI-moayne

Meawnatop

L RHE

Opakyn

UniTesK-
Tpacca

UtepaTtop
TECTOBbIX
BO34EeNCTBUN

Puc. 5. IIpednazaemas apxumexkmypa mecmosgou CUCHeMbl.

Verilog-okpy>keHne COIEepKUT OSK3eMIUsp Tectupyemoir Verilog-monenu. OHO OCYIIECTBISET HMHHUIHATU3ALNIO
9K3EeMIUIsSIpa TECTUPYEMON MOAENH, 3amyckaeT yepe3 VPI-Moxyns B oTaensHOM noToke TecToByro cucremy CTesK, ot
KOTOpPOM B LIUKJE MPUHUMAET TECTOBBIC BO3JEHCTBUS M KOTOPOH NepefaeT peaklUud TECTUPYeMOW MOJEIH Ha HUX.
ITpueM TecTOBBIX BO3AECUCTBUN U Nepeada peakuil ocymecTBiAoTcs uepe3 VPI-mequarop.

VPI-monyis cBsizbiBaet Verilog-okpyxkenue ¢ TectoBoii cucremoinn CTesK. On peanusyer QyHKIHIO 3aIycKa TECTOBON
cuctemsl CTesK u comepxut B kauecTBe cocTaBHON yacTu VPI-mequarop.

VPI-menmarop cBs3pIBaeT 3K3eMIULIp TecTupyemoit Verilog-momenn ¢ memmaropom TectoBoil cuctemsl CTesK. On
peann3yeT MpHeM TECTOBBIX BO3AEHCTBHNA OT TecToBOH cucteMbl CTesK u moceuiky peaknnii TeCTUpyeMOr MOJENIH Ha
HHUX, @ TAKXX€ OCYIIECTBISIET CHHXPOHU3AIMIO COCTOSHUM 3K3EMIUIApA TECTHPYEMOW MOAENN M Crelu(UKaINOHHON
Mozen JaHHBIX TecToBOM cructeMbl CTesK.

4.1.1. Bzaumooeiicmeue KOMROHEHMOB

Huxe moxaszanHa moclienoBaTeIbHOCTh B3aMMOJIEHCTBUS OCHOBHBIX KOMIIOHEHTOB TECTOBOM cucTeMbI. YTOOBI HE
BIIABaThCS B JICTAJIM BHYTPCHHUX B3aMMOJICWCTBHMA, TaKUE KOMIIOHEHTHI, KaK OOXOMYMK WM HTEPaTOpP TECTOBBIX
BO3JICHCTBUI, 00BETMHEHEI HA TUarpaMMe B OJJFTH KOMIIOHEHT — TeHepaTop.

IIpu BeBOBe $startScenario m3 Verilog-okpyxerns VPI-Monynp 3amyckaeT B OTOETFHOM IIOTOKE TECTOBYIO
cucremy CTesK (reneparop, opakyin, meauarop). Jlajgee B IMKIC OCYIIECTBISIFOTCS BBI3OBHI SapplyAction, mis
IIpreMa 04epEeJHOTO TECTOBOTO BO3AEHCTBHSA, U $checkAction, s nepenadu peakiuy Ha HETO.

" VPI (Verilog Procedural Interface) umm PLI (Programming Language Interface) 2.0 — crannapTHbIi nuTEpdEiic,
MIpeHa3HaYeHHBIH JUIs BbI30Ba U3 Verilog-mMonynel GpyHKuuMi, HanmMcaHHBIX Ha s3bIKE porpaMmupoBanus C 1 Apyrux
SI3BIKaX IIPOrPaMMHUPOBAHMS.
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I'eneparop vepe3 opakys mepenacT MeIuaTopy O4epeTHOe TECTOBOE BO3ACHCTBIE ACtion, KOTOPHIH Mpeodpasyer ero
B TOCBUIKYy cooOmieHnss ApplyAction VPI-Mogymaio W mepexoguT B COCTOSHHE OXHIAHHMS PEaKIUHd Ha HETro
WaitForCheck.

VPI-Monynp npu BbI3oBe SapplyAction HNEpeXOJUT B COCTOSHUE OXHMIAHUS OYEPEIHOIO TECTOBOIO BO3AECHCTBHS
WaitForAction U BBIXOIMT U3 HErO MPH MOJyYeHUH cooOIIeHus ApplyAction OT MeaIuaTopa TeCTOBOM CHCTEMBI
CTesK. Ilocne storo oH BbI30BOM SetSignals H3MEHSET HYKHBIM OOpa30oM BXOJHBbIE CUTHAIBI JK3EMILISIpa
TecTupyeMoit Verilog-moaenu u nepenaeT ynpasieHue Verilog-okpykeHuto, Bo3Bpamas cratyc OK.

IIpu Be3OBe $checkAction VPI-momyns, ucnoms3ys GetSignals, moaydaeT 3HaYEHUS BBIXOAHBIX CUTHAJIOB U
CHHXPOHHM3HPYET COCTOSHISI SK3eMIUTIsIpa TecTupyeMorr Verilog-moxenn u crierudukannn TectoBoit cuctembl CTesK.
ITocne 3Toro oH noceuIaet coodbiienue Appl yCheck Meauatopy.

[Ipu npueme coobmrenus ApplyCheck MeauaTop BBIXOAUT U3 cOCTOsSHUS WaitForCheck u mepenaer ympaBlicHUE
OpaKyily, KOTOpBIH IIPOBEpSICT IPAaBWIIBHOCTH pPEAKIMM JK3eMIUIsipa TecTupyeMol Verilog-mMomenn Ha TecToBoe
BO3JEHCTBUE.

Iuki 3aBepaercs npu noiayuyeHuu VPI-monynem B COCTOSIHUM OXKUAAHUS TECTOBOTO BO3AEUCTBUS WaitForAction
coobmienus Finish o 3aBepuieHnu Tecta oT TectoBoit cucteMbl CTesK.

Verilog-monenb Verilog-okpyxxeHue VPI-moaynb

$startScenario()
CreateThread()
[enepatop
Megaunatop Opakyn
$applyAction() Action()
Action()
\AgpIyAction
WaitForAction()
SetSignals()
return()
OK: return()
$checkAction()
GetSignals()
return()
WaitForCheck()
ApplyCheck
return()
$applyAction() Verdict: return()
Finish
WaitForAction()
Finish: return()

Puc. 6. I[Tocreoosamenvrocms 63auUmMO0CUCMEUS. OCHOBHBIX KOMNOHEHNMO8 MECHOB0U CUCTIEeMbL.

4.2. PaspaboTtka TecTta

B »stom pasmene mompoOHO paccmarpuBaercsi Ipolecc pa3paboTKu Tecra s Verilog-mMonened ammapaTHOTO
obecrnieuenns ¢ nomompto nHeTpymMenTa CTesK. [liis mimtroctpanuun nporecca OyaeM UCIoIb30BaTh MPUMEP CUETUHKA
(cm. pazmen «[Ipumep cuerdnkay), Verilog-Moaens KOTOPOTO IPUBOIUTCS HIDKE.



module count (inc, rst);

// Bxomel inc u rst
input inc, rst;

// BEIXOOHOM permcTp cnt
integer cnt;

// yBeJIMYMBAET CUETUMUK
task increment;

begin cnt = cnt + 1; end
endtask

// cBpacrBaeT CUeTUnK
task reset;

begin cnt = 0; end
endtask

// B HaAvyaJIbHOM COCTOSHMM CUYETUMK COPOMEH
initial
begin reset; end

// o0bpaborTumMk (GPOHTA CHMI'HAJa Ha BXOome 1inc
always @ (posedge inc)
begin increment; end

// obpaborumk (GPOHTaA CHUI'HAJTIA Ha BXome rst
always @ (posedge rst)
begin reset; end

endmodule
Ipornece pa3pabOTKH TECTa COCTOUT W3 CICTYIONIUX IIaroB:

1. Pa3paboTka crienuduKanuy yCTpOUCTBa.

Pa3paboTka Moysst B3aMMOAECHCTBHS IIOTOKOB.

2

3. Pa3paborka MmemuaTopa.

4. Pa3paboTKa TECTOBOTO CLIEHapHsL.
5

Pazpaborka Verilog-okpyskeHusl.
6. Pazpaborka VPI-monys.

PaccMoTpuM mOApOOHO KaKABIA M3 3THUX INAroB 3a HCKIIOYEHHEM Iara pa3paboTKd crenudUKanud M Iiara
pa3paboTKH TECTOBOTO CIIEHAPHs, KOTOPBIE OBLTH OMICAHBI BhIIIE (CM. paznen «[Ipumep cueTymnkay).

4.2.1. Pazpabomka Mo0yna 63aumooeiicmeus nomoKos

Mopnynp B3aMMOIEHCTBHS IHOTOKOB peajn3yeT (GyHKIMM CHHXPOHHM3AIMU IIOTOKAa cuMyisTopa Verilog M moToka
tecroBoii cucrembl CTesK. Otu QyHkumu wncnonedyrorcss MeaumaropoM u  VPI-moapynem, mnostomMy Momyiib
B3aMMO/ICHCTBHUS TIOTOKOB PEKOMEH/IyeTCsl pa3padarthiBaTh nepe pa3padboTkoi Menuatopa win VPI-moyss.
Mopnyib B3aMMOACHCTBHS TOTOKOB OJDKEH PEaIM30BBIBATE CIIEAYIOINE (DYHKIIUH:
e wait for check — QyHKIHUA 0XHIaHNS PEaKIMU Ha TECTOBOE BO3/eHCcTBHE. BhI3bIBacTCSA B MEANATOPE;
e wait for apply— byHKUUS 0XKHIaHUA TECTOBOIO BO3JeHcTBUs. BoIsbiBaeTcs B VPI-Menuatope,
BO3BpAIlaeT HACHTU(PHUKATOP TECTOBOTO BO3AECHCTBHS;
e apply check — ¢yHKUuS Nepesady peakuu Ha TeCTOBOe Bo3jelcTBue. Bri3biBaercs B VPI-menuarope;
e apply finish-— QyHKIMSA NOCHUIKK COOOIIEHNUS O 3aBEPIICHNS TeCTa. BBI3bIBaeTCS TECTOBON CHCTEMOM
CTesK;
e apply <BOos3meMcTBMe> — (QYHKINHU HOCBUIKH TECTOBBIX BO3JeHCTBUH. BhI3bIBaloTCA B MeMaTOpE.
Tak>xe B MoyJie B3anMOAEHCTBHUS IIOTOKOB MO>KHO ONPEACIUTD (DYHKITHH:
e start scenario— ¢yHknus 3amycka tectoBoit cuctemsl CTesK. BemseiBaercs B VPI-mMennaTope,

co3zaetT HeoOXOIMMBbIE JIJIsl B3aUMO/ICHCTBUSI TOTOKOB pecypcbl, ycranaBnupaetr uMst UniTesK-Tpaccsl,
3aIyckaeT B OTAEIbHOM NMOTOKe TecToByto cuctemy CTesK;
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e end scenario— ¢ynknus 3aBepienus pabotsl TecroBoii cucreMsl CTesK. BrisbiBaercs B VPI-
MeJMaTope Ipy MoJyYeHUH COOOILEHHUS O 3aBEPILICHNH TeCTa, 0CBOOOXKIAET CO3/IaHHbIE PECYPCHI.
Tak kak MOJIyJNb HCIOJIB3YyEeT CpPEACTBA CO3MAaHUsT M B3aHMOJICHCTBHS IIOTOKOB, OH SIBIISIETCS IUIAT(OPMEHHO-
3aBUCHMBIM. MBI Benn pa3paboTky Ha mmiatgopme Windows 2000 n ucronb3oBaim MexaHu3M coObithii Win32.
OueBnIHO, 4YTO pa3pabOTKy MOIYINs B3aWMOIEHCTBHS IOTOKOB ISl Ka)KJOH KOHKPETHOM IUIaT(GOpMBI MOXKHO
aBTOMATH3HPOBATb.

4.2.2. Pazpabomka meouamopa

B unctpymente CTesK menmarop peanusyercsi ¢ MOMOIIBI0 METHATOPHBIX (PYHKIHHA, KaXKJasi U3 KOTOPBIX CBS3BIBAET
crenru(pUKAIMOHHY0 (QYHKIIUIO C TPYIION TECTOBBIX BO3JCHCTBUI Ha 1eeByi0 cucTemy. Kom MeauaTtopHoil GhyHKIUN
cocrout u3 Onoka BosmeiicTBus (Gimoka call), B KOTOpOM OCYyIIeCTBISIETCS TECTOBOE BO3JICHCTBHE, W OJIOKa
cuHXpoHH3auuK (010ka State), B KoTOpOM OCYIIECTBISIETCS] CHHXPOHHU3AIMS COCTOSIHUS crieln(UKallMOHHOM MOJIen
JIAHHBIX C COCTOSIHUEM LIEJIEBON CUCTEMBI.

PaspaboTky Mexuaropa [uis Verilog-Moen MOKHO OCYIIECTBUTh aBTOMAaTHYECKH 10 CJIEIYIOIIEeH cxeme:

® Ut KOKAOH crieruKannoHHOW (GYHKIIMY HUIIETCS MEIUATOPHAS (DYHKIUS CICAYIOIIEro BUIA:

o omokcall = {apply <Bo3mercrBume> (<nmapaMmeTprr>); };
o Omokstate = {wait for check();}.
MenuaropHas QyHKuus Uit crneluUKanMoOHHOM (QyHKUMH inc posedge spec OyAeT BBIIIAACTh CIEHYIOLINM
obpazom:
// MemmaTopHas QyHKLMS OJjs inc posedge spec
mediator inc posedge media for
specification void inc posedge spec (Model *model)
updates cnt = model->cnt, B
inc = model->inc

// HmoceuiaeM TeCTOBOE BO3HOEMCTBMIE
call { apply inc posedge (model); }

// oxumaeM peaxLiuu
state { wait for check(); }
}

4.2.3. Pazpabomxa Verilog-okpyscenusn

Verilog-okpyskeHue mpeacraBisier coboil MOaysib BepxHero ypoBHsi Ha si3bike Verilog HDL u pa3spabarbiBaercs 10
ClenyoLel cxeme:
® ]IS K&KIOTO BXoa tectupyemoit Verilog-monenu BuyTpu Verilog-okpykeHus OnpenessieTcst OJHOTHITHBIH
perucTp;
e ompenessieTcs SK3eMIULIp TecTupyeMoil Verilog-Moznenn target, B KaueCcTBe apryMEHTOB KOTOPOTO
BEICTYTIAIOT OTIPEICIICHHBIC paHee PETHUCTPAMU;
e ompenensiercs 6ok initial, BHyrpu koToporo:
o  ycranasiuBaercs uMsi VCD-daiina u TpaccupyemMble B HEr0 CUI'HAIbI;
O  BBI3BIBACTCA CHCTEMHas 337ada SstartScenario, 3amyckaromas TectoByio cuctemy CTesK;
O B IHKJIE C IIOMOIIBIO CUCTEMHON (YHKIMU $applyAction NPUHUMAIOTCS TECTOBBIE BO3JICHCTBHS OT
tectoBoii cuctembl CTesK 1 ¢ moMotbto cucteMHoi 3a1aun $checkAction MOCKUIAIOTCS peakluy Ha
HHX.
Hwxe npuBonutcst Verilog-okpyxenue uist Verilog-mozaenu cuerdnka:
module testbench () ;

parameter delay = 10;

// BXOIBEl BK3EMILISAPAa TecTupyeMmoit Verilog-momeu
reg inc, rst;

// BKBeMIUIIp TecTupyeMori Verillog-momesin
count target (inc, rst);
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initial
begin
// ycraHaBimBaeM uMs VCD-darina wm
// TpaccupyeMele CHUIHAJIE
Sdumpfile ("simulation.ved");
Sdumpvars (1, testbench);

// BanyckaeM TecToBykl cucreMmy CTesk
SstartScenario () ;
# (delay) ;

// B HOUKJE NOJIydaeM TEeCTOBLEC BOS3ICHUCTBMUA U
// nepemaeM peaxnmuy Ha HUX
while (SapplyAction() == 0)
begin
# (delay) ;
ScheckAction () ;
#(delay);
end
end

endmodule
Verilog-okpykeHe HCMONB3yeT CUCTEMHBIE 3a1a4un SstartScenario, $ScheckAction U CHCTEMHYIO (YHKITHIO
SapplyAction, KOTOpbIE NOIDKHEI OBITH peann3oBanbl B VPI-monyne. Bunno, uro paspabotky Verilog-okpyskeHuns
MOKHO MOJTHOCTBIO aBTOMAaTU3UPOBATh.

4.2.4. Pazpabomka VPI-mooyns

VPI-monyne paspabatbiBaeTcsi Ha s3bIke mporpammupoBanus C ¢ mcmons3oBanueM uHTepdeiica VPI. On nmomken
pean30BbIBATh CIACAYIOUINE CUCTEMHbIC (DYHKIMU U 331a4H:

e SstartScenario— Be3bIBAaeT QYHKIMIO start scenario MOAyisd B3aUMOAEHCTBHS MOTOKOB;

. SapplyAction — BBI3BIBACT (byHKuI/I}o wait for action mopyns B3aMMOJCHCTBHUS IIOTOKOB H B
3aBHCHMOCTH OT BO3BPAIIaeMOT0 3HAYCHHS IPOM3BOIUT HEOOXOANMBIE U3MEHEHHUS BXOIHBIX CUTHAJIOB
TectTupyemoit Verilog-moznenm;

e ScheckAction — OCYIIECTBISIET CHHXPOHHU3AIMIO COCTOSHHAN dK3eMIuLsipa Verilog-monenu u
crienuduxarnyu TecroBoit cucreMsl CTesK, mocine atoro BeI3piBaeT GyHKIMIO apply check momyns
B3aUMOJIEHCTBUS TIOTOKOB;

CucremHas pyHKus SapplyAction u cucreMHas 3amava ScheckAction obpasyor VPI-memuarop.
BunmHo, uro paspabotky uacti VPI-moayns, cBs3aHHyro ¢ 3amyckoM TecToBoi cucteMbl CTesK, MOKHO MOTHOCTBIO
aBTOMATHU3UPOBATh.

4.3. BO3MOXHOCTb aBTOMaTM3aUumn LaroB paspaboTku

Hwxe npuBoauTcs cBonHas Tabiuua pa3padaThiBaeMbIX MOAYJIEH, B KOTOPOH yKa3aHbI MOTOK BBIMOJIHEHHS MOJYJIA,
S3bIK pa3pabOTKN M BO3MOXKHOCTh aBTOMaTH3aI[MH Pa3padOTKH.

HA3BAHUE INOTOK A3BIK BO3MOXHOCTb
MOAYJA BBITIOJTHEHUS | PASBPABOTKHU | ABTOMATU3AITUA

Cneundukaums CTeskK SeC Her
ycTpoucTBa
Mogaynb B3aMmo- CTesK / SeC (POSIX, Ha
[eNCcTBMS NOTOKOB Verilog Win32)
Meguatop CTesK SeC Ja
TecTtoBbIl CTesK SeC Her
cueHapui
Verilog-okpyxeHune Verilog Verilog Ha
VPI-moaynb Verilog C (VPI) YacTuyHo

B Tabmmie mokazaHo, 4TO pa3paboTKy MOAYINS B3aUMOICHUCTBHS MOTOKOB, MeamaTopa M Verilog-oKpyKeHHsT MOXHO
ABTOMATH3HPOBATH MOITHOCTEIO, pa3paboTky VPI-Momysst — 9acTHdHO.
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5. TecmupoeaHue SystemC-modenel

B stom pasgene mpemnmaraeTcst crmoco0 pacmupeHust 0a30BOi apXWTeKTypsl TecToBoi cuctembl UniTesK mms
(yHKIHOHATBHOTO TecTUpoBaHuA SystemC-mopenel ammapaTHOTO oOecriedeHus. ONHICHIBAaeTCs MPOIecC pa3paboTKH
TecTa ¢ ToMolnbio HHCTpyMeHTa CTesK 1 mpuBosITCS OLIEHKH BO3MOKHOCTH aBTOMATH3aLMH [IIar0B 3TOT0 MPOIIecca.

[Momumo mncrpymenra CTesK u cBobomHO pacnpocrpaHseMoi 6ubimmorekn SystemC, HaMH HCIIONIB30BaNach cpena
paspabotku Microsoft Visual Studio 6.0.
5.1. ApxuTeKkTypa TeCTOBOM CUCTEMbI

TectoBas cucrema CTesK Bomomnusiercss B cumyinsatope SystemC, oHa momaeT Ha Tectupyemyro SystemC-monenb
TECTOBBbIE BO3ACUCTBHS, MPUHUMAET PEaKLUU HAa HUX U OLEHHMBAET NPaBUIBHOCTb ITHX peakuuil. B3aumoneiictBue
tecToBoii cucteMsl CTesK u Tectupyemoit SystemC-monenu ocymecTsisieTcs depe3 C-meauarop.

Tectupyemas
SystemC-mopaenb

TN

Cumynsatop SystemC

Mopaynb 3anycka TeCTOBOWM CUCTEMbI C-meaunatop
- i [
\ S
Meaunato
TectoBas cuctema CTesK Anatop
VirepaTop UniTesK-
Obxoaunk ] TECTOBbIX ) Opakyn Tpacea
= BoO3geuncTtBun [

Puc. 7. [Ipeonazaemasn apxumexkmypa mecmosou Cucmembi.

C-MenuaTop MpEACTaBIsAeT COOOW peanH3alui0 MPOTpaMMHOTO HWHTepdeiica Ha s3bIke mporpammupoBanus C,
MIPEAHA3HAYCHHOTO ISl JOCTyna K OSK3eMIurapy Tectupyemoil SystemC-monmenu. C-menuatop HCIOIb3yeTCs
MeauaTopoM TecToBoi cucteMmbl CTesK a1 moaun TeCTOBBIX BO3ACUCTBUN U TIpUEeMa PEaKIIHMA.

Momyns 3amrycka TeCTOBOM CHCTEMBI TIpeJHa3HaYeH I 3ammycka TectoBoil cucteMmbl CTesK B cumymsatope SystemC.
5.2. Pa3paboTtka TecTta

B srom pa3mene mompoOHO paccMaTpuBaeTcs Mpolecc pa3padoTKu Tecrta must SystemC-mozmeneil ammapaTHOTO
obecnieuenHns ¢ nomompto nHCTpyMeHnTa CTesK. [liis nnmroctpanuu mpouecca 0yAeM HUCTIOIb30BaTh IPUMEP CUETIHKA
(cm. pazzen «I[Ipumep cuerdankay), SystemC-Moes KOTOPOTO IPUBOIUTCS HIDKE.
SC_MODULE (count)
{
// BXOOEI CHMI'HAJIEI inc u rst
sc_in<bool> inc;
sc_in<bool> rst;

// BEIXOZHOJ perwmucrp cnt
int cnt;

// 0BpaboTumMK M3MEHEHMUS BHAUYEHMS CHUIHaja 1nc
void increment (void) { if(inc.posedge()) cnt++; }

// 06paboTuMkK M3MEHEHMS S3HAUEHMUS CHUI'HAJAa 1nc
void reset (void) { if(rst.posedge()) cnt = 0; }
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SC_CTOR (count) : cnt(0), inc(False), rst(False)
{

SC_METHOD (increment) ;

sensitive (inc) ;

SC_METHOD (reset) ;
sensitive (rst);
}
}i

[Ipouecc pa3pabOTKH TECTa COCTOUT U3 CIACAYIOIINX IIATrOB:

1. Paspaborka C-menuatopa.

2. PazpaboTka crienu(UKaIu CUCTEMBI.

3. Paszpaborka menuaropa.

4. Pa3paboTKa TECTOBOTO CIIEHapHsL.

5. Pa3zpaboTka MOZyIs 3aITycKa TECTOBOW CHCTEMBI.

PaccMoTpuM TOAPOOHO KaXIbli M3 3THX IIArOB 32 MCKJIIOYCHHWEM Iara pa3paboTKu crenudukaluyd W mara
pa3paboTKH TECTOBOTO CIICHAPHS, KOTOPhIE ObUTH OTMKMCAHbI BhIIe (cM. pazaen «[Ipumep cueTankay).

5.2.1. Paszpabomka C-meduamopa

[Mockonbky mHCTpyMeHT CTesK mpeanasHadeH i pa3paOOTKH TECTOB Ul IPOTPaMMHBIX MHTEp(EHcOB Ha SI3bIKE
nporpammupoBanus C, To U3 KOMIIOHEHTOB TecToBOM cucteMbl CTesK Henb3s Hampsmyro oOpariarses k SystemC-
Mojenu. Bece oOpamieHnst K TecTHpYEeMOH MOJENH JOJDKHBI OCYIIECTBISTHCS 4Yepe3 CHelualbHO paspaboraHHbId C-
MEINaTop, KOTOPBIA MPENOCTaBIIET HWHTEp(EHc Ui IMONA4Yd TECTOBBIX BO3MCHCTBHH W TONYYCHHS pPEaKIHH
TECTHPYEMOU MOJIEITN Ha HUX.

Hwxe npuBonurest uatepdeiic C-meauaropa st SystemC-MOAeIn cueTynKa.
#ifdef cplusplus
extern "C" {
#endift // #ifdef  cplusplus

// uHTepdercHEle QYHKLMM, OCYIIeCTBIISOIME
// TecToBEE BO3OENCTBUS

// Ha sk3eMmmyisap SystemC-Momesar CUYeTUYMKa
void count inc posedge (void) ;

void count rst posedge (void) ;
void count inc negedge (void) ;
void count rst negedge (void)

’

// uHTepdercHEle QYyHKLMM, NOJIydallye WHYOPMALMIO
// o cocTosHuM sK3eMiIgpa SystemC-Momesin CUeTuyMKa
int count inc(void);

int count rst(void);

int count cnt (void) ;

#ifdef _ cplusplus

}

#endif // #ifdef  cplusplus
3ameTM, 4YTO B (YHKIUAX, PEATU3YIOMUX TECTOBBIC BO3ACHCTBHS, MOIDKHA OCYHIECTBIATHCS IPHOCTAHOBKA
MOJIEIIBHOTO TIPOIeCCa TECTOBOW CHUCTEMBI IUISI TOTO, YTOOBI cumyisiTop SystemC MOT aKTHBH3HPOBATH MPOIECC
TECTUPYEMOMN MOJIEIH, 3aHUMAIOIIHIICS 00PaOOTKOMN MOJJAHHOTO BO3ICUCTBHSI.

5.2.2. Pazpabomxka meouamopa

IMocne Toro, kak co3nan C-MenuaTop, pa3paboTka MeIHaToOpa OCYIIECTBISETCS MO CIACAYIONIeH cxeme:

e  paspabarbiBaeTcs (yHKLMA CHHXPOHHU3ALHUU COCTOSIHUM map state up, oCyIIecTBIAIONIAs
CHHXPOHU3AIHNIO COCTOSIHUS CIeNN(UKAIIMOHHON MOAEH JaHHBIX TecToBoi cucteMbl CTesK ¢ cocrostHreM
9K3eMIUIsIpa TecTupyeMort SystemC-momen;

e IS KOXKIOW crielu(PUKAIMOHHON (YHKIMY MUILETCs MeAUATOpHAast (DYHKIIHSI CIICAYIOIETo BUIA!

o B oOnoke call ocyiecTisieTcs BBI30B COOTBETCTBYOMIEH HHTEpdeticHo# (yHkipu C-Meauaropa;
o B Onoke state ocyuecTBisieTcs BbI30B QyHKIMU map state up.

Hipxe npuBoautcs MeauaTtopHas ¢yHKuus 1 cieludUKauoHHol ¢pyHkuun inc posedge spec.
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// MemmaTopHas QyHKIOMS njs inc _posedge spec
mediator inc posedge media for
specification void inc posedge spec (Model *model)
updates cnt = model->cnt,
inc = model->inc

// BEI3BRIBAEM COOTBETCTBYOIYI QyHKIMO C-MemmnaTopa
call { count inc posedge(); }

// BERIBEIBAeM QYHKLMIO CUHXPOHMU3ALIMM COCTOSHUI
state { map state up (model); }
}
BungHo, uro mnpu coBmazeHuu uHTEpdeiicor C-memuaropa u crenudUKaUU pa3pabOTKy MeIauaropa MOXKHO
ABTOMATH3HPOBATE.

5.2.3. Pazpabomxka mooyns 3anycka mecmosoii cucmemol

Pa3paboTka MOIyIs 3aITyCKa TECTOBOM CHCTEMBI OCYIIECTBIIICTCS 10 CICIYIOIIEeH cXxeMe:
e paspabaTpIBaercs QYHKIUIO 3amycka TecToBoi cucteMbl CTesK;
e paszpabateiBaercs SystemC-mMomyb s BeI3oBa TecToBoi cucteMbl CTesK B oTnenpHOM MOIETEHOM
Tporecce.
Hmxe npuBoauTest GyHKIMSA count start, 3amyckaromas TeCTOBBIH clieHapuil count scenario.
// QYHKIMS 3aOyCKa TEeCTOBOI'O CIE€HAapMs
void count start(const char *trace)
{

addTraceToFile (trace);
count scenario (0, NULL);
}
Huxe npuBoautcst SystemC-Moyiis amst Be3oBa TecToBoi cucteMsl CTesK B 0TaebHOM MOJETBHOM IPOLIECCE.
// MOOYJE 3alyCKa TeCTOBOM CHUCTEME]
SC_MODULE (count_ testbench)
{

public:
// ompenessgeM OTHEJLHER MOIEJILHEI IPOLeCC
SC_CTOR (count testbench) { SC_THREAD (main); }

// MeTorn 3Balycka TecTa
void start (void) { sc start(); }

// mporecc TecroBoi cucremel CTeskK

void main (void)

{ count start("simulation.unitrace"); }
}s

Buano, uTo pa3paboTKy MOJyJIs 3aIlyCKa TECTOBOM CUCTEMbBI MOYKHO MOJHOCTHIO aBTOMATH3UPOBATb.

5.3. BOo3MOXHOCTb aBTOMaTU3aLMM LWAroB pa3paboTku

Hwuxe npuBomuTcs CBOJHAs Tabiuia pa3padaThiBaMbIX MOJIYJICH, B KOTOPOM yKa3aHbI SI3bIK Pa3pabOTKH MOIYJIS U
BO3MOXKHOCTh aBTOMAaTH3allMK €ro pa3paboTKy.



HA3BAHUE MOAYJISA | SA3BIK PASBPABOTKHU | BOSMOXKHOCTD
ABTOMATHU3AIIUU

C-meduamop C/ SystemC Her

Cneyucpukauusi SeC Her

cucmembl

Meduamop SeC Ja

Tecmosnlli cyeHapuli SeC Her

Modynb 3anycka SeC / SystemC Ha

mecmosol cucmemal

B tabauue nokazaHo, yTo pa3pabOTKy Menuaropa M MOJIYJsl 3allyCKa TECTOBOI CHCTEMbI MOXXHO aBTOMAaTH3MPOBATh
MOJIHOCTBIO.

6. 3aknroyeHue

B pabore Obl1a paccMoTpeHa HOBasl M, Ha HAIll B3IJISA, JOCTATOYHO TEPCIEKTHBHAs 00JacTh IPUMEHEHHUS TEXHOJIOTHU
UniTesK — QyHKIMOHANIBHOE TECTHPOBaHUE MOJIENel amnmapaTHoro obecriedeHus. [ JaBHbIM 00pa3oM, B CTaThe
ONHKCBHIBAJIMCh MOJAXOABI K OpPraHM3allMd B3aHMMOAEHCTBHS Mexay TecToBoi cucremoil CTesK u cumymsaropamu
mojeneit Ha si3bikax Verilog HDL u SystemC. JIist kKaaoro U3 yKa3aHHBIX KJIACCOB MOJIEJICH ObLI MPEIOKEH CIIoco0
paciupeHusi 0a30BOM apXUTEKTYpbl TECTOBOW CHCTEMBI, MOKA3aHO, YTO Pa3pabOTKy HEKOTOPBIX OMOJHUTEIbHBIX
KOMIIOHEHTOB YAA€TCsl MIOJIHOCTBIO WIIM YACTUYHO aBTOMAaTU3UPOBATh.

Ha nacrosimit MomeHT omnbiT npuMenenus: TexHostoruu UniTesK u uncrpymenta CTesK asist TectupoBanust Mojiesnet
amnmapaTHOro obOecmeueHHsl OrpaHWYMBAETCS HEOONBIIMMH NpUMepaMHu. MHOTHE CIIOKHBIE BOMPOCHI TakKWe, Kak
JCKOMITIO3 WU CHCIJ,l/I(i)l/IKaLII/Iﬁ JId YIIPOUICHUA OMUCAHUSA CIIOKHBIX CUCTEM, TCCTUPOBAHUC CHUCTEM C TaﬁMepaMn, a
TaKK€ TECTUPOBAHUC CUCTEM CO CMCHIAHHBIMHU armapaTHbIMU W HOPOrpaMMHBIMHU 4YaCTIMH OCTaJIUCh B pa60Te
HEPaCCMOTPEHHBIMH. TO K€ OTHOCHUTCSI K BOIPOCAaM O BO3MOXHOCTH Oosiee TecHow uHTerparust rexuonoruu UniTesK u
nHcTpyMeHTa CTesK ¢ KOHKpETHBIME CUMYIISATOpaMH H OHONHOTeKaMu. JJaHHBIC BOIPOCHI SIBIITIOTCS. TEMaMH Oy TyTITIX
HCCIeI0BaHUM.
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