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MOJIEJIMPOBAHME PABOTBI CJIOKHBIX IIM®POBBIX CUCTEM

E.B. I'pomesa’, B.K. 3omsruxos?, C.A. Cazonosal

1OI'BOY BO «BOpoHEkKCKHI rOCYIapCTBEHHBIN JTECOTEXHUYECKUI YHUBEPCHTET
nmenu [.d. Mopo3zoBa»

AHHoOTanus. B ctatbe paccMaTpuBaroTCsl COBPEMEHHBIE MUKPOIIPOLIECCOPHI, UMEIOIINE MYJIb-
TUIJICKCUPYEMYIO IIUIY aJpecOB/JaHHBIX, a TaKkke crnocoObl X Bepuukanuu. [IpuBenensl cro-
coObl Bepuduxauu. B kauecTBe pe3ynbraTa KaKJoro MPOSKTUPOBAHUS PACCMOTPEHAa MOJENb Ha
OTpeieIeHHOM YpOBHE aOcTpakiuu. PaccMoTpeH mpoliecc TecTupoBaHusl MUKporpoieccopa. Hc-
CJIEJIOBAH MPOLIECC MOACIUPOBAHUE PAOOTHI CIOKHBIX IIUPPOBBIX cUcTeM. PaccMoTpena nmocnenosa-
TEJIbHOCTh BOCXO/SILEr0 U HUCXOAIIET0 IPOSKTUPOBAHUS.

KiroueBbie cioBa: MOJIEIMPOBAHUE, COBPEMEHHBIE MHKPOIIPOLIECCOPHI, BEPTUDUKAIUS, Te-

CTUPOBAHHUEC MUKpOIIpOoHECCOopa, BOCXOAAECE U HUCXOAAMICEC IPOCKTUPOBAHUC.

MODELING THE OPERATION OF COMPLEX DIGITAL SYSTEMS
E.V. Grosheval, V.K. Zolnikov!, S.A. Sazonova!

\Woronezh State University of Forestry and Technologies named after G.F. Morozov

Abstract. The article discusses modern microprocessors with a multiplexed address/data spike,
as well as ways to verify them. Verification methods are provided. As a result of each design, the
model is considered at a certain level of abstraction. The microprocessor testing process is considered.
The process of modeling the operation of complex digital systems is investigated. The sequence of
upward and downward projection is considered.

Key words: modeling, modern microprocessors, verification, microprocessor testing, up-
stream and downstream design.

PaccmoTpum cTpykTypy mukpornpoieccoproi cuctembl (MIIC) (pucyHok 1).

MHoOr#e MUKPOIIPOIIECCOPBI UMEIOT MYJIBTUIICKCHPYEMYIO IIIUITY aJIPeCOB/IaH-
HBIX (PUCYHOK 2). Pe3ybTaToM KaXkJJ0ro MPOSKTHPOBAHUS SIBJIICTCS] MOJICIb Ha OTIpe-
JIeICHHOM YPOBHE aOCTpakiuu (PUCYHOK 3).
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Pucynoxk 3 — O6001ieHHas cxema npolecca IpoeKTUPOBAHUSI MUKPOIIpOIeccopa

PaboTa TeCcTOBOI CUCTEMBI M TECTUPYEMOIO0 KOMIIOHEHTA MTPOUCXOJUT B CUMY-
asTope (PUCYHOK 4).

C yueroMm pa30ueHHs] TECTUPOBAHUS Ha 33Ja4d OOBIYHO JAETAJIU3UPYIOT apXu-
TEKTYpPY TECTOBOM CUCTEMBI, pa3iinyas B HEM TaAKWE KOMIIOHEHTHI, KaK I€HepaTop Te-
CTOBOM TTOCIIEIOBATEILHOCTH U TECTOBBIN OPaKyJI (PUCYHOK 5).

MonenupoBaHue CIOKHBIX TU(POBBIX CHCTEM SIBJIIETCS OJHHUM M3 CHOCOOOB
aHaju3a Leb, KOTOPOI OLIEHKA MOBEAEHUE CXEMBI MPU 3aJaHHOM Ha0Ope BXOIHBIX
curHasioB. [Ipumenenue B coBpeMeHHbIX UPpoBbix cucteMax bBUC u CBUC npuso-
JIUT K HEOOXOAUMOCTH CTPYKTYPHUPOBAHUS Mpoliecca MPOEKTUPOBAHUS, IIOITOMY OCO-
00e BHUMaHUE yAENAETCs CO3aHUI0 COOTBETCTBYIOIINX HHCTPYMEHTAIBHBIX CPEJICTB
npoeKTHpoBaHusl. KOHKPETHbIM MPUMEPOM MOJO0OHBIX MHCTPYMEHTAJIBHBIX CPEICTB

ABJISIFOTCS S3bIKM onucanus annapatypsl, CDL, ISP u AHPL.

CumynaTtop
TecToBblE BO3OENCTBUA
TecToBas > TecTupyemblii
cuctema - KOMMOHEHT

Peakuwnn

v

TecToBbIM OTYET

Pucynox 4 — O61m1ast cxeMa UMHATAIIMOHHOTO TECTUPOBAHUS
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OpnHako 3TH SA3bIKM HE MO3BOJISIOT CO3JaTh AIEKBATHYIO MOJIENb C YYETOM Bpe-
MEHHBIX TapameTpoB. Takue s3bikH, Kak, Hanpumep, HHDL, ISP u VHDL, npeny-
CMaTpUBAIOT MMOCTPOEHUE YHUBEPCAIBHBIX MOJEJIEH C BPEMEHHBIMU NapaMETpaMH U
HE OPHUEHTHPOBAHbI Ha KOHKPETHBIE ammapaTHblEe CTPYKTYphl. [IpenmyiiecTBo 3Tux
SI3BIKOB COCTOUT B TOM, YTO OHU JOKYMEHTHUPYIOT IPOEKTHI X OCYIIECTBIISIIOT MOJIECIIH-
poBanue. Xopoliasi JOKyMEeHTalus HeoOXoAuma AJisg o0ecrieueHus: TpaHcnopTadenb-
HOCTH IIPOEKTA.

[udposas BUC npencrapnsercs TpeMs BUAAMH CXEM: YKPYITHEHHOU CXeMOM

(O1), dynkmonanpHOM cxemoit (32), norudeckoi cxemont (93) (prCyHOK 6).

CumynaTop
eHepaTOp TECTOBOM
nocnenoBaTeNbHOGTH
TecToBbIE BO3AEACTBNA TecToBLEIE BO3AEVCTBUA

L J b

Tectupyembin
KOMMNOHEHT

TecToBLlii opakyn |«

Peakumu

v

TecToBble BO3AEUCTBUA, PEAKUUU W BEPAMKTLI O
NPaBUNLHOCTN NOBeAeHUs

TecToBbLIN OTYET

Pucynok 5 — Jleranu3anust apXuTeKTypbl TECTOBOW CUCTEMBI

YpoBHH AVITOPHTMHYECKHE MOJIEIIH CTpyKTYypHBIE
[IPOCKTHPOBAHMS MOJI€/TH

APXHTCKTYPHBIH BUC
BIIOK[ ol
V3EJT | — 2

|| L

DOYHKIHOHATBHBIH

Jloruuecknii AYENUKA 3

Pucynoxk 6 — Bunel cxem BUC
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B npouenypax npoexkrupoBanusi BUC mupoko ucnosib3yroTcsi paHee MPUHSThIE
YHUGULIUPOBAHHBIE pEUICHUS, 3aKpEeIJIEHHbIE B OMOIMoTeKax (PyHKIIMOHAJIBHBIX KOM-

MIOHEHTOB, HAIIPUMEP, CYMMATOPOB, MYJIBTUILIICKCOPOB, PETUCTPOB | T.I1. (PUCYHOK 7).

APXHTEKTYPHOE Paspaborka cxem
m?umr:w:f:fmm: —= [-:‘J HCTPOBBIX Jloririeckoe
PrLMCIPOBRL NpoeKTHPOBAHME
NPOCKTHPOBAHMKE nepeaay
']
L 3
KoMmoHoRE:
¥
Pasmeinenme
¥
Tpaccupopka
¥ 'l'
- . BepHiMKALHT © VIeTOM
CXeMOTEXHHYECKOE Cunres u PHJH r."rfp:].-fxrl1l=};-1m xu
NPOEKTHPOBAHHE AHAKE TECTOR
P P ) NapaMeTpoR
L 4
MoaroToska HHEGOPMALTIN
WTA TEXHOTOTHYECKOTD
0BOPYAOBAHHA

Pucynok 7 — [locnenoBaTesibHOCTh MMPOEKTHBIX MPOLEAYP HA MAPIIPYTE MTPOECKTUPO-
Banust CbUC

PaccmoTpum nocienoBaTeIbHOCTh MPOBEICHUS PadO0T PH (DYHKIIMOHATBEHO-JI0-
ruyeckoM MoaenupoBanun bYC na BMK cornacHo ctparerud BOCXOMSIIETO MPOeK-

TUpOBaHUs (PUCYHOK 8).
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23 THnosoro MV TeeTnl DY TecTel Db TIIP

Pucynok 8 — [locinenoBaTenbHOCTh BOCXOASIIETO MPOEKTUPOBAHUS
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[Ipu paspabotke cinoxHbix BUC B ycl0BUsAX MOJHOW HEONPEAEICHHOCTH Clle-
IyeT MPUMEHATh HUCXOASUIEE NMPOCKTUPOBAHUE, PEATU3YEMOE B TAaKOW IOCIEA0BA-
TeNbHOCTU (pUCyHOK 9). Ipu pa3paboTke AaHHOW PabOThI UCIHOJIB30BAIUCH MATEPH-

anbl uccnempoBanuii [1-18].

>

AITOPHTM. ITOPHTM. AITOPHTM. AATOPHIM.
MOJIeTh B D3 Mozeas DV moaens Db, moaeas Ob
SYCHKH 23 DY DV 3] BUC
AITOPHTM. 23 ©b 32 Db TECThI
MOJIE]IbL 1 D3 23 bUC ) 92 BHC APXHTCKTYPHOE
tunosoro GOV TECTHI TECTHI [IPOECKTHP-€
TECTHI TIIP (pVHKITHOHATIBHOE

JOTHYCCKOE NPOCKTHP-¢

NPOCKTHP-€

PI/ICYHOK 9 — HOCHGI[OB&TGJIBHOCTI) HHUCXOIAIICTO IIPOCKTUPOBAHNA
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