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PaszButue oteuectBeHHbIX CAIP
NPOeKTUPOBAHUS MUKPO3JIEKTPOHUKMU
Ha nnatdopme Delta Design

)———1 H. Manbiues!

YAK 621.3 | BAK2.2.2

YX0[, C POCCUPICKOT0 PhIHKA KPYIIHBIX MEKAYHAPOSHBIX UTPOKOB B 06/1aCTU
IIPOEKTHUPOBAHUS PAAUOIIEKTPOHUKHU CTAJI 60JIBIIMM TOTYKOM K PA3BUTUIO

U Y3HABAeMOCTU OTeueCcTBeHHBIX chucTeM. CAIIP Delta Design pocCUICKOM
KoMIaHUuHU «9PEMEKC» y>Kke 60sblire 10 j1eT IPUCYTCTBOBA/IA HA PBIHKE U JaBajia
BO3MO>KHOCTB «6eCIIOBHOIO» IIepexo/a C IPOAYKTOB KOMITaHK M Altium u Mentor
Graphics mpu pa3paboTKe MeYaTHBIX IUIAT 6e3 IoTepu PyHKLIMOHAIBHOCTH .
Kpome TOTrO, B [1aKeTe IIpefyCMOTPeHbI COOCTBEHHbBIE YHHUKAIBHEIE
KOHKYpeHTHBIe pellleHUs OJIS1 MOAeTHPOBAHUS U TPACCUPOBKU. Ha miatdopme
Delta Design pa3pabaTeIBalNCh TAKKe UHCTPYMEHTBI, Ha OCHOBE KOTOPBIX
IIOSIBHJIMCH IPoAyKTHI DeltaCAM [1], SimOne [2], Delta Design Simtera [3],

Delta Design Simtera IC. B cTaTbe PaCCMOTPEHO Pa3BUTHE IIOCIeHEr0 IIPOAYKTA
M3 3TOrO CIIMCKA — IIPOrpaMMHOro maketa Delta Design Simtera IC.

PazsuTMe npogykta Delta Design Simtera Hayanocb
B Havasne 2010-x ro40B U HA TOT MOMEHT OH NpeacTaBNa/
cobon OTAeNbHbIM NPOTrPAMMHLIA NaKeT Mo MOLEAUPO-
BaHWiO VHDL-koga. OCHOBHbLIM QYHKLMOHANIOM, AOMNO-
HUTENbHO K MOAENMPOBAHMIO, Oblna reHepauus HeTan-
CTa N0 31eKTpu4eckon cxeme. Mpn pas3paboTke CXemo-
TEXHMYECKOTr0 OMUCAHNSA MCNONb30BaNNCh NHCTPYMEHTDI
BefeHuns 6mbnnoTek, Co3faHMs KOMMOHEHTOB — WX YC-
NoBHO-rpaduyeckoro onvicanuns (Yro), co3aaHma Moge-
I BLICOKOYPOBHEBOrO OMMCAHWA U reHepaunu ero a-
6noHa Ha ocHoBe YIO. Ha p1c. 1 npeAcTaBNeHO OKHO CO3-
0aHNS yCN0BHO-rpaduyeckoro 0bo3HaveHns D-Tpurrepa
M ero Hano/NHeHne MOLENbI BbICOKOYPOBHEBOr0O Onuca-
HMA Ha s3bike Verilog ¢ NOMOLLbLIO reHepaTopa koaa. Aa-
Jlee, Ha 0CHOBe 6a3bl KOMMOHEHTOB, pa3paboTyMKy npea-
nlaraeTcs nepemTu K CXeMOTeXHWYeCKoMy MpoeKTupoBa-
HWIO, FeHepaL MM HETANCTA Ha BbIBPAHHOM A3bIKe ONMCaHns
annapaTypbl 1 ero MmoaenmMposannio (puc. 2). CTonT oTMme-
TUTb, YTO reHepaunsa HeTANCTa U MOAENVPOBaHME NPOn3-
BOAATCSH B HECKO/IbKO HaXKaTWM KHOMOK MbIWK — CMCTeMa
aBTOMaTUYeCku MPOM3BOANT BCE HEOOXOAMMbIe onepaLmnm
M BbIAAET pe3ynbTaTbl MOLEIMPOBAHMA B BUAE BDEMEHHbIX
MeaHapoB 1 cooblleHni (assertions).

BBmAy CNpoca 1 BHELWHMX 0BCTOATENLCTB MNO3NLMOHN-
pPOBaHMe NMpoAyKTa M3MEHWI0CL B CTOPOHY pacluMpeHns
OYHKLMOHANLHOCTK. Tak, NosBmaach NOAAEPXKKA A3bIKOB

' 000 ©OPEMEKO, BeayLimiA pazpaboTymk, malyshev.n@eremex.ru.

Verilog n SystemVerilog, BnnoTs Ao ctaHgapTta 2017 roga
(IEEE 1800-2017, nocneaHero AOCTYNHOTO Ha TeKYLIMIA MO-
MeHT). CTOMT OTMEeTUTb, YTO NpoayKkT Delta Design Simtera
MOCTOSAHHO Pa3BMBAETCS 1 B HEM MPeAnoiaraeTca NoAAEPK-
Ka nocneaHero ctaHzgapta2023roga. IEEE, MHCTUTYT UHXKe-
HEPOB 3/1EKTPOTEXHUKN M 3NEKTPOHMNKIM, OBHOBUA CTaHAAPT
SystemVerilog B fekabpe npoLwwnoro roga.

TpebosaHums Kk Delta Design Simtera Ha CeroaHsWHNN AeHb
NPesbsABASIOTCS KAK K CUCTEME CUMYASLIMN 1 BEPUDUKALIUN
HDL-npoekTOoB. [10 CBOEN CyTW, AAHHLIW NPOAYKT CNocobeH
3aMeHunTL B paboTe Questa Sim komnaHum Mentor Graphics
(HbiHe — Siemens). Mpy NPAMOM CPaBHEHUW ABYX CUCTEM
BVMAHO, YTO Ha TeKyWMM MOMEHT B Simtera npucyTCTByeT
BeCb HEOBXOANMbIV QYHKLMOHAN — MHTErpUPOBaHHOE yNnpas-
JIeHWe NPoeKToM, WaBNOHbLI U MOMOLLHUKN MO VCXOLAHOMY
Kody, nmoagepskka VHDL 1987, 1993, 2002, 2008 (kpome
VHPI, PSL), Verilog 1995, 2001, 2005, 2009, nnatdopmo-He3a-
BMCMMAsA CKOMMNUAMPOBAHHAsA 6a3a AaHHbLIX, MHTEPAKTMB-
Haq oTnagka v ap. B tabn. 1 npeacrasneHa ceogHas MHOop-
MaLms No GYHKLUMOHANLHOCTM CUCTEM O19 CPABHEH NS,

roanepykka pacliMpeHHbIX WHCTPYMEHTOB Bepuduka-
umn HDL-npoekToB, Takux kak OVM/UVM, Verilog PLI/VPI,
B nMakeTe MOAENMPOBaHMS Simtera oXuaaeTcs B bamxkan-
Lee BpeMs B OOHOBNEHMAX, KOTOPbIE MOXHO MOAYYUTL Ha
canTe komnaHmm (eremex.ru) 1 B Telegram-KaHane npoek-
Ta Simtera [4]. Peanusauua noagepxxkm SystemC, VHDL FLI,
VHDL VHPI, oTnag4yvka g3bika C noka He naaHmpyeTcs, Ho,
BO3MOXHO, MOABUTCA B C/1y4ae MHTepeca v 3anpoca o CTo-
POHbI KVNEHTOB.
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Puc. 1. OKHa CO3[aHUs 6UOIHUOTEeUHOr0 KOMIIOHEHTA: a ~ YCUIOBHO-rpaduyeckoe o603HaYeHre D-TpUrrepa;

6 - Verilog-mogzens D-Tpurrepa

LONONHUTENbHO K Hanu4ymio TpebyemMoro QyHKLMOoHa-
na, cncTemMa MoaenmpoBaHns 1 Beprudrkaumm 4oakKHa 06-
nafaTtb AOCTATOYHO BLICOKOW CKOPOCTbID paboTbl. Cpas-
HUTENbHbLIVM aHaIM3 MoKasasa, YTO CKOPOCTb KOMMUASILNMK
npoekToB B Questa Sim m Simtera npakTu4ecknm oamHa-
KoBa (MoCNefHsAs HecKobKo Bbll/ll'prBaET). Mo ckopocTu
MOJennMpoBaHus Simtera oTCTaeT OT CBOEro KOHKYpeHTa,
HO 3TO BOMPOC A0PABOTKM M ONTUMMU3ALMN CUCTEMDBI, KO-
TOpble MPOXOAAT MPU KaXKAOM HOBOM OBHOBIEHUN. Pa3pbiB
COKpallaeTcs, a OTCTaBaHMe B CKOPOCTU MOAENNPOBAHMS
06YC/IOBNEHO tOHOCTLIO OTEYeCTBEHHOW CUCTeMbl, Toraa
KaK MpoAyKT KOMMaHuu Siemens npucyTCTBYeT Ha pbiHKe
6onee 30 ner.

HDL-a3blk1, 1 A3bIK Verilog B 4aCTHOCTU, UCNONb3YIOT-
Ca ONsg OnucaHmsa NoBefleHUss CXxeMbl BO BpeMeHW U1 3a-
nycka COOTBETCTBYIOWEro MoAennpoBaHus. OaHako BO-
NAOWeEeHMEe peannsytollen Takoe noBeAeHWe LMGPOBOM
annapaTypbl, TO eCTb IOrNMYeCKNX 31eMeHTOoB 1 coeanHs-
OWMX MX NPOBOAHMKOB, BO3MOXHO He BcCerga. Jloruye-
CKUW CHTe3 — nepeBoj NOBeAeHYeCckor Moaen B Habop
UMPPOBLIX KOMMOHEHTOB — MOXEeT ObiTb BbIMNOHEH MPU
NCNONb30BaAHUW NNLWbL CUHTE3MPYEMOro NOAMHOXeCTBa
a3blka (Synthesizable Verilog/VHDL). BnonHe KOpPeKTHbINA
C TOYKWN 3peHNs MOAENMPOBAHMSA KOA4 MOXET COAepXKaThb

HECUHTe3MpyeMble KOHCTPYKUWK. JIOFMYeCKni CUHTe3a-
TOp AO/KEeH npeaynpeanTb NoMb30BATENS O HANUYMK He-
peanmayemblx A0S CO3AaHUS CXeMbl COBANHEHUI (HeTNMC-
Ta) A3bIKOBbIX KOHCTPYKUMI. OCHOBHAas 3ajada noruye-
CKOTrO CMHTEe3a — CO34aTb CXeMy MO BbICOKOYPOBHEBOMY
onucaHmio Ha HDL-a3bike C MCNONb30BaHUMEM TEexXHOMN0-
rmyeckmx KomnoHeHtos MJNC nnnm CBNC, KoTOpble MO-
ryT 6bITb NPeACTaBAeHbI, B TOM Yncse, B dopmare Liberty.
Ha puc. 3 nokasaH pesynbtaT CMHTe3a 4-6UTHOro apnome-
TUKO-NTOTYeCKOro yCTponcTea 74181 no ero Verilog-onuca-
Huio [5], c ucnonb3oBaHmem Liberty-6ubnmoTekn. B crneayio-
LeM NMCTUHTe NpeACTaBNeHO COKpaLleHHoe codepxxnumoe
Liberty-6mbanoTexky ¢ eANHCTBEHHbLIM GYHKLMOHANbHbLIM
nonemM function, oNMCbLIBAKLNM NOrMYyeckoe noseaeHme
BbIXOAHOIO NMMHA KOMMOHEHTA:

library(Nanocron) {
cell(AN2) {
area: 5.488;
pin(A) { direction: input; }
pin(B) { direction:input; }
pin(Z) { direction: output;
function: «A&B»; }
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Puc. 2. Pa6ouee IIPOCTPAHCTBO AJIs1 PA6OTHL ¢ LUGPOBBIM IIPOEKTOM, IIPEACTABIEHHBIM B CXeMOTEeXHUUYECKOM BUJeE.
CiieBa HAIIPaBO — [IaHeJNb [IPOEKTOB, BCTPOeHHAsI 616/110TeKa KOMIIOHEHTOB, CXeMOTeXHUYeCKHUI PelakKTop, ocLiunorpad

C pe3yjabTaTaMU MOOETHNPOBAHUA ITPOEKTA

cell(OR2) {
area: 5.488;
pin(A) { direction: input; }
pin(B) { direction: input; }
pin(Z) { direction: output; function: «A|B»; }

JTOrnm4eckmim CUHTE3aTop AO/IKEeH aHanM3npoBaTh 1 On-
TVMW3MPOBATbL HETIUCT MPOEKTa COrNAaCHO PasIMYHbLIM Xa-
PaKTEPUCTUKAM, 3aN0XKEHHbIM B ero HDL-onncaHuu, ¢ yye-
TOM Tpeb0OBaHWM, KOTOPbIE YKa3biBAIOTCSA B KAYECTBE aTpnby-
TOB M OrpaHuyeHnin. C 4pyrom CTOPOHbI, CUHTE3aTOP MOXET
MCMONL30BATbL INLLL Te KOMMOHEHTbI, KOTOPble pa3paboTymK
YKa3blBaeT B KA4eCTBe AOCTYNHbIX. Tak, B Liberty-6nbnmnotexe
NPUCYTCTBYIOT AOMONHUTENbHbIE MNOJS C YKa3aHWEM BPEMEH-
HbLIX 1 MOLLHOCTHbIX XapaKTepUCTUK KOMMOHEHTOB, a K Mpo-
exTy npuknagbisatotcs SDC-orpaHndeHnd. Kpome T0ro, 3a-
[laya 1orn4yeckoro cMHTesaTopa — Noaobpats ONTUMANLHYIO
CXeMY C HaMMEHbLUeW N10LLaAbLo, TO €CTb COKPATUTL KONMYe-
CTBO KOMMOHEHTOB A5 YAeLleBAeHs CTOMMOCT M MPON3BO-
AVMOTO M3genus. ECv roBopmTb O CMHTe3aTopax, To CobCT-
BEHHbIX PELLEHWIA HA POCCUMCKOM PbIHKE HET.

B pamkax paboTbl MO paclUMpeHmio GYHKUMOHANbHOCTU
M CO3AaHMI0 CUCTeMbl MOMHOIO LMKAA MPOeKTMPOBaHMUSA
KOMaHAoM kKoMnaHuy «9PEMEKC», paboTatoulen Haa cucTe-
MOW L1MdPOBOTro MOAENMPOBAHNSA, Bbinv NpoBeaeHbl pabo-
Tbl MO CO34aHMIO COBCTBEHHOrO NOrM4eCcKoro CMHTe3aTo-
pa. Ha oCHOBe KOMMMISATOPA CUCTEMbI BEpUdMKaL MK Bblnn
CO34aHbl HOBbIE MAKEeTbI, & MMEHHO: NaKeT NPOBEPKN CUH-
TesnpyeMocTu Verilog-npoeKkToB, BbICOKOYPOBHEBLIV CUH-
Tes3aTop, NOrMYecku CMHTe3aTop, ONTMMKM3ATOp, CUCTe-
Mbl pacno3HaBaHug aTpubyToB CMHTe3a 1 GanaoB orpaHm-
YeHMa cTaHgapTa Synopsys (Synopsys Design Constraint),
a TaKke Liberty-aHanmsatop. bbin 3a10XKeHblI MHCTPYMEH-
Thbl CTATVMYECKOrO BPEMEHHOIO aHanm3a 1 NpoBEpKM N0Mu-
4eCcKoW 3KBUBANEHTHOCTU. O KaXKA0M 13 MHCTPYMEHTOB MO~
rosopuM noapobHee. CnefyeT OTMETUTb, YTO NPUBEAEHHbIE
pe3ynbTaTbl paboT, 0 KOTOPbLIX ByAeT MATK peyb B CTaTbe,
nosy4eHbl B pamkax paboTbl € npe-anbda Bepcmen cucre-
Mbl 1 UMEIOT B0/bLUE NCCNef0BATENBCKNM SPDEKT, HEXEN
TEeXHUYECKMI, KOTOPbIN yXKe ceryac no3Boana bl pa3paboT-
YMKaM NPUMEHATL AAHHYIO CUCTEMY Ha NpakTuKe B 60/b-
WX npoekTax. Noa 6onbWUMK NPoeKTamMu cneflyeT NoHu-
MaTb AM3aNHbI, PACCHUTAHHbIE HA COTHU ThICAY, MUVOHDI
n 6onee BeHTUNEN. VIMEHHO TaKMe MPOEKTbI peanmnsytoTcs
B pamKkax paboT HaA co3aaHmeM COBCTBEHHbIX YHUKAMbHbIX
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Puc. 3. Pe3y/nbTaT, IIOJIYYeHHBIH IIPU cHHTe3e Verilog-ripoeKkTa 1o Liberty-6u6nuoTeke B Delta Design Simtera IC

N0 GYHKUMOHANbHOCTM CBEPXBONbLLINX EES T Tecotmeet 1 (1| B &
MHTErpasbHbLIX CXeM U KOHOUrypa- o R ene e ks rond
! o= 1 it PR—p——

UMM NpOrpaMMUpyeEMbIX VHTerpanb-
HbIX CxeM. ns HeboNbWMX NPOEKTOB, Puc. 4. IlpenymnpeskaeHre CUCTeMBbI [IPOBEPKU Ha CHHTE3UPYeMOCThb
KOTOPbl& MOXHO UMMNNEMEHTUPOBATb
B M3aennsa, cogepykallive 10 ABYX ThicsaY

BeHTUAEN, Hanpumep B MINC M3 KoMmnaHu «MunaHap» [6] outputregq;
NN Noao6Hble — Hanpumep, Altera Cyclone I (EP2C5) — MOX- event e_data;
HO MCNONL30BaTh CMCTeMy Simtera IC B Ka4eCTBe N1OrnM4ecko-
ro cMHTe3aTopa. always@(posedge(clk))
ObHapy>XeHMe HECUHTE3MPYEMbIX KOHCTPYKLUWI U Npeay- begin
npexaeHue 0 HUX CiefyeT BbIMONHATbL paHblue, vyem by- if(clk)->e_data;
[eT 3anyuieH TpyAoeMKM NpoLect IOrMyeckoro CMHTesa. end
Ana 370ro 6bin pazpaboTaH Moayb MPOBEPKM CUHTE3MPY-
eMocCTu Verilog-npoeKkToB. B Np1BEAEHHOM HIMKE TNCTUHIE always @(e_data)
npencrtasneH Verilog-koa, coaepyalimii HeCUHTE3NPYEMYIO q=r_data;
KOHCTPYKLUMIO event:
endmodule
module dff(clk,r_data,q);
input clk; Ha puc. 4 npeactasneHo cooblieHme (oLmnbKa) CUCTeMb
input r_data; Mpw 3anyCke N10ryeckoro CMHTe3a.
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cocToauas u3 2-BXOAOBbIX MPUMWUTWUBOB. pW Hanw-
4yum Liberty-bnbnmoTekmn B NpoekTe 3anyckaeTcs ee aHa-
N3, pacCTaBNsAlOTCSA BECOBble KPUTEpuUM, TO eCTb KO-
3OONUMEHTBI MpUOpPUTETA NCMONL30BAHNSA B KOHEYHOM
HEeTAUCTe B 3aBUCUMMOCTW OT TpebOoBaHUM K MCXOOHO-
My NpoeKkTy. [10 Co3AaHHOM Ha npeablayLlem ware GyHK-
LMOHANbHOW CXemMe COCTaBAseTCst HeonTMMM3MPOBAH-
HbIA  TEXHONOTrMYyeckMn HeTaucT. Cneaylowmm 3tan
CUHTEe3a — ONTUMKM3auUMsgd TeXHONOrM4YeCckoro HeTauc-
Ta. TeopeTnyeckom OCHOBOW A8 ONTUMM3AUNK TOTnYe-
CKOW CXeMbl ABNSIETCA 3a4a4a MUHUMM3ALNM NOTUYECKINX
—H dyHKUMM. OHa 3akao4aeTca B NpUBEAEHUM NOTUYEeCKNX
e me—— e e OYHKUMM K Takon Gopme, KOTOPOM COOTBETCTBYET MUHM-
MasibHOE YMCO onepaunmm Haa NornyeckMmMuy nepemeH-
Puc. 5. OtobpaskeHue GDSII-RomMrioHeHTa SKyWater PDK HbIMW. 3@ CYeT TOro, YTO Iorn4yeckme (6yﬂeBbl) C])yHI(LJ,I/Il/I
B Delta Design Simera IC MOTyT BbITb MpeACTaB/eHbl B pa3ivyHbIX GOopMax: B BUAE
Tabnuu, 6MHAPHONM AMarpamMMbl pellernmt, rpada u np. —
BbIAENSIOT aNropuUTMbl, paboTarolime Ha KaXkaoM 13 BU-
0B NpeacTaBneHnin. Kaxabi 13 BUAOB NpeaCcTaBaeHUN
N aNrOpUTMOB MUHUMM3ALUMKM B HUX OobnagaeT psiaom
npenMyLLecTB U HeoCTaTKOB. Mpu paboTe C TabNnYHbIM
npeacTaBieHneM MoJlyyeHme MHOXEeCTBa BCeX MPOCTbIX
UMANKAHT ByneBon GYHKUMMK yKe NS YCNa He3aBUCK-
MbIX MepeMeHHbix N >10 MOXeT NoTpeboBaTbL 3HAYMUTENb-
HOV NaMAaTK 1 60bWOro BpeMeHn paboTsl IBM [7]. Oa-
HUM 13 Hanbonee MHTEePEeCHbLIX C TOYKM 3peHNST MUHUMMN-
3aumm QyHKUMW ANns 60NbWOro KONMYecTBa He3aBUCMMbIX
nepemMeHHbIX SBNSeTCst N0AX0A C MCNOb30BAHNEM OpUEH-
TUPOBAHHOIO aUMKANYeckoro rpada [8].
Mpn pa3paboTke MHCTPYMEHTOB NIOMMYECKOr0 CMHTe3a
Puc. 6. Otob6paskenue GDSII-kommnoHeHTa SkyWater PDK n oNnTUMM3aLMM KOMaHZa KoMnaHum «9PEMEKC» opuen-
B OpenlLane TMPOBaNach Ha pe3ynbTaTbl, NOAYYEeHHbIE C MPUMEHEHNEM

Knaccmyeckmm noaxoAom K 3a-
fave peanusauuy cuHTesatopa sB-
naeTcs  «nNoCcaonHOoe»  nocTpoe-
HUEe HeTMUCTAa MO UCXOAHOMY BbICOKO-
ypPOBHEBOMY oOnmcaHmio Ha HDL-
A3blke. Ha nepBom uTepaumm npo-
NCXOAMT MNOCTPOEHUE CXembl C UC-
NONMIb30BaAHMEM KPYMHbLIX GYHKUMO-
HanbHbIX 6710KOB. YXXe Ha AaHHOM
3Tane NpouMcxoauT onpeaeneHmne Ko-
HEYHbLIX aBTOMATOB, YacTen KomMbu-
HAaTOPHOW X NOC/1eA0BaTE/IbHOW N0~
MKW, BblAeneHre MOBTOPAKLLIMXCA
y310B B OTAe/bHble baokn. Cneanyio-
WK1 3Tan — aHanm3 TexHoNornyec-
Kom 6ubnmotekn. B Delta Design
Simtera BCTpoeHa generic-6mbnno-
Teka, TO eCTb yHMBepcanbHas 6unb- Puc. 7. I'padruyeckull pefakTop IOATOTOBKU $arioB orpaHUYeHUN B Delta
nroTeka Norn4yecknx KOMMOHeHTOB, Design Simtera IC
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Ta6nuua 1. OCHOBHBIE ITapaMeTphl U UX HAJIUYMe B IIPOAYKTAX I

S

IIapameTp Questa Core Questa Prime Delta Design Simtera 50‘

Pemaxktop HDL Ja Ja Oa &
HVHTerpupoBaHHOE YIIPaB/IeHMe IIPOEKTOM Ja Ha Ha
1Ia6710HBI ¥ ITIOMOIIHUKY 10 UCXOJHOMY KOZY Ja Ja Ha
VHDL 1987, 1993, 2002, 2008 (kpome VHPI, PSL)  [a IOa Ia
Verilog 1995, 2001, 2005, 2009 Ia Ha Ha
SystemVerilog IEEE for Design 2005, 2009, 2012 Ia Ia Ia

SystemVerilog IEEE for Verification 2005, TonbKo assertions Ia Assertions - fa, ImonHas

2009, 2012 oAamepskKa B pa3paboTke
IInatdopMo-He3aBucuMas 6a3a JaHHBIX Ja Ja Oa
HHKpeMeHTHOe KOMIIMJIMPDOBAHUE Ja Ja Oa
VHTepaKTUBHAA OTIagKa Ja Ja Ha
OTazKa Iociae MoAeInPOBaHUA a a Oa
OTCnekuBaHUe IPUUYNHHO-CIIECTBEHHEIX CBSI3er  [la [a Ha
HeckonbpKo OKOH fUarpaMM CUTHAIOB Oa Oa Oa
IIpocMOTp CXeMBI Ja a Oa
EnyHoe 10po MOLeIUPOBAHN I a a Oa
ITopgmep>kka VCD u Extended VCD JiF Ia na
CMmermraHHBI Verilog/VHDL Onuwus (MixedHDL) [a B pa3paboTke, OsKUIAETCS
B GIIMKAMIINX OGHOBIEHUSIX
[TonHasg nogmepskka OVM/UVM Hert Ja B pa3paboTke, OXKUIAETCS
B OIMKAMIIHX OOHOBIEHUSIX
Assertions (PSL giist VHDL unu Verilog, Ha Ha SVA - B pa3paboTke

SVA nns Verilog)

AHaJIOroBBI€/CMeIIaHHbIe CUTHAJIbI

Onuus (Questa
ADMS)

Onuusg (Questa
ADMS)

Oa

Verilog PLI/VPI Ha Ha B pa3paboTke, O3KUIAETCS
B OIMKAMIIHX OOHOBIEHUSIX
SystemVerilog Direct Programming Ja Ja B pa3paboTke, OKUIAETCS
Interface (DPI) B OIMKAMIIHX OOHOBIEHUSIX
ONTHUMH3ALUS IIPOU3BOSUTEIPHOCTH Ja [a Ja
MOJIeJIMPOBAaHUS U KOMIIMJISLIUU
SystemC 2.2, 2.3 onuusa [a Het
VHDL FLI Ja a Het
VHDL VHPI Het Het Het
Otnaguyuk C Oa a Het
Windows 64-6ut WwinXP, 7,8.1,10 WinXP,7,8.1,10 Win38.1, 10

Linux 64-6ut

Ja

Ja

B pa3paboTKe, OXKHUIAETCS
B GIMKAMIIINX O6HOBIEHUIX
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WHCTPYMEHTOB C OTKPbITbIM UCXOAHLIM KOLOM, Hanpumep
Yosys, ncnonb3yemoro B OpenLane [9]. OpenLane —3T1o CAMP
ckBo3Horo (RTL to GDSII) npoekTupoBaHusa CbMC ¢ 0TKpbi-
TbIM UCXOAHbLIM KOAOM, KOTOPas BKOHAET B Ceba UHCTPY-
MeHTbl Yosys, Magic, Netgen, Klayout v ap. B ynomsiHy-
TOM BbilWe NpoekTe 4-6utHoro AJ1Y cepum 74181 KoMaHAae
«OPEMEKC» yaanochb nony4uTh ANg OTAeNbHbIX 6/10KOB COB-
nazatooLlive pesyabTaThbl No naowann v Kom4ecTsy KOMMNo-
HEHTOB. 3a CYET M3BJIeYEHNS B/IOXKEHHbIX CTPYKTYP W F10-
BanbHOM ONTUMM3AUMN yAANOCh OOCTUMHYTbL COKpalle-
HWS naowann KpucTania B CpaBHEHUK C YOSYS. Bbinrpbill
cocTaBna 5% (226 NpoTUB 238 MKM).

Cncrema Norm4eckoro CMHTesa He MOXKeT NpaBuIbHO 1 3¢-
HeKTMBHO paboTaTh 6e3 MHCTPYMEHTOB MPOBEPKM IOTMHYECKOM
3KBMBANIEHTHOCTM M CTATUHECKOr0 BpeMeHHOro aHanmsa. Mep-
BbIVI — MPOBEPSET COOTBETCTBME MOJYHEHHOrO Ha 3Tane ChH-
Te3a HeTInCTa NcxoaHoMy HDL-am3arHy, BTOPOM — MPOBOANT
pacyeT BpeMeHHbIX NapamMeTpoB CXembl. [JaHHbIe MHCTPYMEHTbI
cenyac HaxoasTca B pa3paboTke, Tak >e Kak M YacTb, CBA3AH-
Has ¢ dm3n4eckmm npoekTnpoBaHmem CbUC. Yke pean3oBa-
Hbl IHCTPYMEHTbI MMMOPTA TEXHONOM NHECKNX BUBNNOTEK M X
0TOBpaXkeHMsa. Ha puc. 5 nokazaHo 0TobpaXkeHre KOMMOHEeH-
Ta 6ubnmoTekm PDK SkyWater [10] B Simtera, a Ha puc. 6 —ero
npeacraeseHne 8 Openlane. BUAHO, YTO OHW MOEHTUYHDI.

3a nocaefHne HeCKOMbKO /1ET 3a CHEeT pas3paboTKM COBCTBEH-
HbIX peleHn 1 COTpyAHMYeCcTBa C BeHAOpamu Simtera
n Simtera IC BbIpOC/IM B KQ4eCTBe MOAEAMPOBAHWA 1 B KON~
4eCTBe COMyTCTBYIOWMX MHCTPYMEHTOB, Ha4a/loCh pa3BuTHe
COBCTBEHHbIX UHCTPYMEHTOB «KPEMHUWEBOW KOMAWUASLMNY, 3a-
LWMLLEHHOW OT BCTpanBaHuWs «3akafok». CerofHs nporpaMmm-
Hble NakeTbl KoMNaHUM «PEMEKC» MoryT obecneymTs pelle-
HMe 33434, BO3HMKAKLLMX MPW pa3padboTke KOHPUrypaumm
MANC, 0CO6eHHO POCCUMMCKMX. B KauecTBe NpumMepa Ha puc. 7

NPOEKTUPOBAHME

Mog pea. ®. KacteHwmugr, M. Pexa

NAUC U NAPAJIE/IDHBIE APXUTEKTYPBI _
AN NPUMEHEHUS B ASPOKOCMUYECKOWN OBJIACTU.
NPOrPAMMHDBIE OLUIMBKU U OTKA30YCTONYMBOE

npeactaBneH rpapuyeckuin peaakTop NoAroTOBKM Ganios
orpaHuyeHuin ans NANC M3 Komnanum «MunaHap».
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