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AnHoTammsi. TpaaunuoHHBIE s3bIKM onMcaHus ammapatypel  Verilog/SystemVerilog u VHDL He
NPEeOCTABISIIOT CpeAcTBa Ul S(GQEKTHBHOTO ONHCAHMS CTPYKTYPHl U PEXHUMOB PAaOOTHI ITOJCHCTEMBI
nuranus. g pemenus 3toit mpoonemsl B crannapre IEEE 1801 6pu1 mpencrasnen dopmar Unified Power
Format (UPF), mo3Bonsronnii opManm30BaTh CTPYKTYpy H TpaBHia YIpaBICHHUS MHATAHUEM B IH(POBBIX
cucremax. OngHako, 6ompmuHCTBO coBpeMeHHBIX CAIIP, monnepsxuBatomux naTepnperanuto UPF-omucanmid,
SBIAIOTCS KOMMEPYECKHIMH W HEPEeAKO HMMEIOT OTKIOHEHHs OT cTaHaapTa. [Ipm 3ToM HeKoMMepdecKue
MHCTPYMEHTBI 3HAYUTEJIBHO OTCTAIOT OT KOMMEPYECKHX AHAJIOTOB B CTENEHH IMOJACPKKH KOHCTPYKIHI
(dopmaTa ¥ peAKo BKIIOYAIOT CPEACTBA aHANN3a KOPPEKTHOCTH OMHCAHUs MOJCHUCTeMBl muTaHus. B paborte
IpeCTaBICH HHCTPYMEHT 11t uHTepnperanun UPF-onncanus u ctaTHueckoro aHaan3a MoJIeiH MMOCUCTEMBI
MHUTaHKs, KOTOPBIiT o0ecrieurnBaeT MojHyko noyiepxky crangapra IEEE 1801-2018.

KuroueBsbie cjioBa: mopcucTeMa nuTaHus; popMar onmcanus noacucrems! nuranus UPF; komManaHBIN 361K
MHCTpYMeHTOB Tcl; craTuuecknii aHanm3; 361K ONMCAHMS aNIIapaTyphl; I3bIK ONMHCAHMS anmapaTyps Verilog;
SI3BIK OIHCAHUS anmaparypsl SystemVerilog; HHTerpagbHas cXeMa; CHCTeMa aBTOMATH3AIMU POEKTHPOBAHHS
(CAIIP); abcrpakTHOoe cuHTakcmdeckoe aepeBo (AC/I); cucTeMa CTaTHYECKOTO aHANM3a S3bIKA OIMCAHHS
anmapatypsl SVAN.
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Abstract. With the increasing number of electrical components and integrated circuits’ physical size reduction,
organizing the energy-efficient operation of digital hardware has become significantly more complex.
Traditional hardware description languages Verilog/SystemVerilog and VHDL lack the means for effectively
defining and optimizing the description of the power intent. To address this issue, the IEEE 1801 standard
introduced the Unified Power Format (UPF), which allows for the formalization of the power management
structure and rules in digital systems. However, most modern EDA tools that support the interpretation of UPF
descriptions are commercial and often exhibit deviations from the standard, whereas non-commercial tools
significantly lag behind their commercial counterparts in terms of language command support and rarely
include power intent analysis capabilities. This paper presents a tool for interpreting UPF descriptions and
performing static analysis of the power intent model that fully supports the IEEE 1801-2018 standard.
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1. BeedeHue

IIpoextupoBanne UU(GPOBEIX HHTETPANBHBIX CXEM — 3TO TIOCIEINOBAaTENBHBINA IIpoIecc H3
HECKOJIBKMX JTalloB, HauyWHAs OT cHenu(UKaIuud W pa3pabOTKH MOJAEITH Ha S3BIKE OIMCAHUS
anmapartypsl (HDL, Hardware Description Language), mo jgormdeckoro u (GU3N4ecKoro CHHTE3a
mukpocxemsl. [loctpoerme momenmn peructpoBbix mepemad (RTL, Register Transfer Level)
SBIISICTCS TEPBBIM 3TAllOM Ha 3TOM IyTH. [Ipm 3TOM B Hacrosmiee BpeMs OTHON M3 KIFOYEBBIX
mpoOJieM CTalno HE TOJNBKO YBEIWYCHHE CKOPOCTH paboThl W YMEHBIIEHHE 3aHMMaeMOTO
MPOCTPAHCTBA HA KPUCTAILIC, HO U YMCHBIICHHUE SHEPrOMOTPEOICHUS.

Jus  moBplmeHUs 3HEProd((GEeKTUBHOCTH OBUIM  pa3padOTaHbl TaKWe METOABl CHIDKCHHS
JHEPronoTpeOJicHHs], KaK yIpaBieHUE (CTpOOMpOBaHME) IICTISIMH CHHXPOCUTHAJA, JOKAIBHOC
OTKJIIOYCHHE KOMIIOHEHTOB, PECTpYKTypu3aiust Jioruku u apyrue [1-3]. Ho co Bpemenem
YMECHBIIICHUE TEXHOJOTHUECKUX HOPM M OJTHOBPEMEHHOE YBEIIMUCHUC YHCIIa JIOTHICCKUAX BEHTHIICH
B CXEMaX YCIOKHHIO MPUMEHEHHE METOJO0B JHEpProdgdekTuBHON pa3pabOTKH, OpraHH3aIUio
CHUCTEMBI OTBOJIA TEILIA, a TAK)KE MPUBEJNIO K POCTY TOKOB yTeuku [4]. Bee 3TH (hakTophl IpUBEH K
3HAYUTEIBHBIM CIIOXKHOCTSIM TpPH pa3paboTke SHEProdp@eKTuBHbIX pelieHuil. I[Ilpu 3ToM
MHOYKECTBO COBPEMEHHBIX ITU(PPOBBIX YCTPOMCTB IMOIYYAIOT YHEPTUIO OT aKKYMYJIITOPa, YTO TaKXKe
IIOBBIIIIACT Tpe6OBaHI/Iﬂ K 3(1)(1)CKTI/IBHOCTI/I pa60T1>1 MUKPOCXEMBI.

Jst perienns 9Toil mpobiemMbl ObUTH pa3paboTaHbl METOABI SHEProcOepeKeHUsl, OCHOBAaHHBIE HA
pa3aencHUN HHTETPATEHOM CXeMBI Ha OTIENbHBIC YaCTH WIIA JOMEHBI. Takoe pa3ieneHue Mo3BoIIsIeT
U KaXJOT0 W3 JIOMCHOB OINPEACIHTh PA3NIWYHbIC NapaMeTphl paclpelesieHUs MUTaHUs.
COBOKYITHOCTH OTIMCAaHWI MMATAHUS IS BCEX JIOMECHOB MPEACTABIIET COOO0H ONMMCaHNe ITOICUCTEMBI
nuTaHus (power intent). Mcmonmp3oBaHWE ONMMCAHUS MOJACHCTEMBl NMHUTAHUS C JTOMEHAMH J[aeT
BO3MOKHOCTH PEaJIM30BaTh TAKHE METOBI YHEPTOCOEpeKECHHS, KaK:

® HCIOJIb30BAHHUC OTKJIIOYACMBIX JJOMCHOB ITMTAHU,

® JIMHAMHUYCCKOC U3BMCHCHUEC YPOBHA HAIPSXKCHUS MMATAHUA JOMEHA UJIN €0 OTACIbHBIX
yacTei;

® DACHIPCACTICHUC MTaMATH Ha 6.]'IOKI/I, PACIIOJIOKEHHBIC B PA3HBIX TOMCHAX MMUTAaHUs, C
BO3MOXHOCTBIO OTKJIFOYATh WK NEPECBOAUTH OTACIbHBIC 0JIOKU B PCEKHUM COXpAHCHUA
COCTOSAHHA.

JloMeHHBII ToAX0A pa3paboTKH pacipeaeIeH s TUTaHNS B CXEME JaeT BO3MOKHOCTh 3HAYNTEIIHLHO
YMEHBIIUTh IPUYMHBI PACCESHHS DHEPTUH, BIUIOTH J0 YMEHBIICHHS TOKOB yTeuku B 50 pa3s [4].
OpHako s3BIKM omucaHus ammaparypsl Verilog/SystemVerilog 1 VHDL He mnpemocraBisroT
BO3MO>KHOCTEH JUIsl ONMCAHMS TIOICUCTEMbI MUTAHMS, TAK KaK H3HAYaIbHO HE MPETyCMOTPEHBI JUIs
pelIeHus 3Toi 3a1auu.

st aToro Ok pa3padboTan popmar onucanus nogcuctemsl mutanus UPF (Unified Power Format).
OH 7maeT BO3MOXKHOCTb BHEJPUTH METOIBI CHIDKCHHS SHEPronoTpeOJeHus: B CaMOM Haydaie
paspabotku Ha ypoBHe RTL-onmcanus.

Buepssre UPF 1.0 [5] 6b11 npencraBneH opranmsanueit Accellera Systems Initiative B 2007 r. C
2009 rona opranusauus IEEE Hauana paboTy Haz AOMOJHEHUEM M yIydlleHHeM ctaHnaapra [6-9].
Ha mauusiit Moment nocnenneit ssisiercst Bepcust UPF 4.0 (IEEE 1801-2024) [10].

[oncucrema muTaHMWs BHEAPSIETCS B MPOLECC MTPOCKTUPOBAHHUS MHTETPAIBHONH CXEMBI BMECTE C
RTL-onucanuem, a 3T0 3HaYMT, YTO ITOUCK U UCTIPABJIEHHUE OIIMOOK Ha ITO3/IHUX ATANax Pa3padoTKH
TpeOyeT 3HaUNTEIbHBIX BPEMEHHBIX 1 SKOHOMWYECKHUX 3aTpaT. [Ipu 3TOM, BO3MOKHbBIE OLIIMOKH B
ONMUCAHUM TOJICUCTEMbl TUTAHUS MOTYT IPUBECTH K YXY/UICHUIO MPOU3BOJIUTEILHOCTH,
HEKOPPEKTHOM paboTe CXeMbl WM BBIXOJY YCTPOMCTBA U3 CTPOS. B CBS3M C TUM Ba)KHBIM ATarioM
pa3pabOTKN CTAHOBUTCS aHAJIH3 ONMUCAHMS OACUCTEMBI TNTAHUSL.

CymiecTByeT orpaHmueHHOe moaMHOXecTBO komaHn UPF, mHeoOxommMoe W A0CTaTOYHOE IS
OIMCAHUS MTOJICUCTEMbI TUTAHHS. DTO MO3BOJISIET pa3padaThiBaTh HHCTPYMEHTbI, ODUEHTHPOBAHHBIE
Ha MOAJIEPKKY JIMIIh JAaHHOTO TOJMHOMKECTBA 0€3 pean3aIiuy MOJIHOW MOIIePKKA cTaHaapTa. B
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pesynbrate O0oNbIMUHCTBO coBpeMeHHBIX CAIIP (cuctem aBTOMAaTH3allid TPOEKTHPOBAHMS)
obecrieunBalOT JUIIb dYacTUuHylo moaaepkky UPF.  KomMepueckwe mpomnpuerapHbie
HHCTPYMEHTHI, pa3pabaTsiBaeMble kommanusmMu Cadence, Synopsys u Siemens, HO3BOJISIOT
oOpabatbiBate W aHanu3upoBath UPF-ommcaHus, oqHako creneHb COOTBETCTBHS CTAaHAAPTY
CYIIECTBEHHO pa3InyaeTcsi Kak Mo Habopy MOoJIepKUBAEMbIX KOMaH]I, TaK M 10 0COOSHHOCTSIM UX
CHUHTaKCHYEeCKOW MHTEpIIpeTanyd. JTo NPUBOAMT K HeoOxoammoctu apantauuu UPF-ommcanmii
10/ KOHKPETHBIII MHCTPYMEHT, YTO CHIKAET NMEPEHOCHMOCTh M BOCHPOU3BOJUMOCTH IIPOEKTOB.
Kpome Toro, monydyenue JUIEH3MI Ha HCIIOJIB30BaHHE 3apYOEKHBIX KOMMEPUECKHX DEIICHUH B
HacTosiIIee BpeMs 3aTPyJHEHO. B TO ke BpeMsi MHCTPYMEHTBI C OTKPBITHIM HCXOJHBIM KOJOM
CYIIECTBEHHO YCTYIIAI0T KOMMEPYECKHM aHajoraM 1o yposHio noanepxku UPF u, xak mpasuio,
HE MPEIOCTABIIIOT CPEICTB aHATHN3A TTOICHCTEMBI MUTaHKA. B COBOKYITHOCTH yKa3aHHbIE ()aKTOPHI
00yCTIaBINBAIOT HEOOXOMUMOCTh pa3paboTKH COOCTBEHHOTO HHCTPYMEHTA, O0CCIIEYHBAOIIETO
uHTepnperanuio UPF-onncaHuil B COOTBETCTBUM CO CTaHIAPTOM U BBINOJIHSAIOIIETO aHAIMU3
MIOCTPOEHHOM B pe3yiIbTaTe MHTEPIPETALIMN MOJIENIN MTOJICUCTEMbI TUTAHMUSI.

Jns pemrenust 3Toit mpoOiiemMs! B pamkax BeimoiaHeHUs OKP 1mo co3maHuio cHCTEMBI CTaTHIeCKOTO
aHanmm3a IS SA3bIKa ommcaHus ammaparypsl SystemVerilog SVAN [11], pa3pabateiBaeMoro B
Wucruryte cucremuoro nporpammupoBanns PAH, 06611 paspabotan u peann3oBaH HHTEPIPETATOD
W cTaTHYeCKUi aHanmm3aTop Monenu noacuctemsl mutanus UPF. [Ipu o6padotke RTL-ommcanus
npoekTa cxeMbl SVAN cTpouT abcTpakTHOE cuHTakcudeckoe nepeso (AST, Abstract Syntax Tree),
KOTOpPO€ UCHOJB3YeTCS B JaJbHEUIIEM Il CTaTUYeCKOro aHanu3a. OTo mpexactaBieHue u UPF-
OIMUCAaHUE NOACHUCTEMBI MUTAHUA HCIOJIB3YIOTCA KaK BXOJIHBIC JAaHHBIC IJId MMOCTPOCHUA MOIACIU
IIOJACUCTCMBI ITUTAHUA. Amnanus MOACIHN MOACUCTEMBI MMUTAHUA TMO3BOJIACT OMPEACINTD OIINOKHU U
HCCOOTBCTCTBHUA B OIIMCAHHWHM OOMCHOB ITMTAHHUA H OTACJIBHBIX D3JICMCHTOB MOJCIIHM, BKJIIOYad
CTpaTerny W30JSIIUH, COCTOSHUS TOPTOB M IeNed NWTaHus W T.I. B mpomecce aHamm3a
MIOCTPOEGHHOW MOJETH MOXHO OIEHHUTH JSHEPreTHYecKylo 3(PQEKTHBHOCTh M CTaOMIHLHOCTH
MOJACUCTCMBI IUTAHUA CXEMbBI HA PAaHHUX dTalax p33p36OTKI/I.

JletaipHOE pacCMOTPEHUE CTPYKTYPHI M OCHOBHBIX KoMaH] (popmara UPF npuseneHo B paznene 2.
B paznmene 3 mpencraBiieH 0030p CYIIECTBYIOIIMX WHCTPYMEHTOB C HPUMEPAMHU OTIMYHS OT
craagapra IEEE 1801. Pasmensr 4 u 5 mocBsimeHs! pa3dopy peaan30BaHHOTO WHCTPYMEHTA IS
aHaJIM3a MOJENH TTOJICHCTEMBI TUTaHNA. Pe3ynbTaThl TECTUPOBAHMUS HHCTPYMEHTA IIPEICTABICHEI B
paznene 6.

2. ®opmam onucaHusi nodcucmembi numaHusi UPF

®opwmar onmcanus UPF — s1o criennanbsHblil hopmar 1 HOBEICHYECKOTO ONMCAHUS MTOJICHCTEMBI
MIUTAHHUS DJIEKTPOHHOTO KOMIIOHEHTa WJIM CHUCTeMbl B HesioM. OH IO3BOJIIET Pa3pabOTUUKY
(opManbHO OmHcaTh CHCTEMY ITUTaHHUS IPOEKTa, BKIIOYas CETH NHTAaHUS, JOMEHBI NMHUTaHMS,
OTKJIIOYAFOIIME AJIEMEHTHI, STYEHKU U30JSAIIH, PETUCTPBI COXPAHEHUS COCTOSIHUS, a TaKXKe ApyTrHe
3amaBaeMble dneMeHThl. KiroueBas ocobenHocTs UPF 3akimodaeTcss B BO3MOXKHOCTH CBSI3aTh ITH
CHELUAIBHBIE 3JIEMEHTbl C JIOTMKOM, ONHCAaHHOW Ha sA3blkax npoekrtupoBaHus VHDL wnnm
Verilog/SystemVerilog. Hanpumep, npu onpeneneHud JOMEHOB MUTaHHUS HCIOJIL3YIOTCS UMEHA
9K3EMIUIIPOB MOIYJIEH W3 ONMHCAHMA MPOEKTA, a B POJIM CUTHAIOB KOHTPOJISA ISl OTKITIOYAIOIINX
3JIEMEHTOB MOTYT OBITh HCIIOJb30BAaHBI JIOTHYECKHE CHUTHAIBI U3 COOTBETCTBYIOIIMX MOIYJEi B
HDL-omucanuu. Ilpu »tom cranmapr UPF He mnpenHasHaueH pis TIOJHOTO — ONMHCAHUS
CXEMOTEXHUYECKUX OCOOCHHOCTEH Ieneil MUTaHus, HEOOXOUMBIX Ul aHAJOTOBOH CHMYIISLIUH.
BmecTo 3TOTrO OH 33AaeT CTPYKTYpy MUTAaHUS Ha MOBEAEHUYECKOM ypOBHE. S4elky, peanu3youue
9JIEMEHTHI IAaHHOHW CTPYKTYpBI, MOTYT OBITH onpeseneHbl B camoM UPF-onmcaHnu 1 B OT/AENBHBIX
¢aiinax B ¢opmare Liberty [12], Ha xotopsie Moxer ccbuiatbest UPF-omucanme. Iloacucrema
nutanust B gopmare UPF coBmectHo ¢ HDL-onucanuem u onmcanuem sdeek Liberty cirysxur
BXOJHBIMH JTaHHBIMH JJISI CUMYJLIIIMH, BEpUUKAIMA M CHHTE3a MpoekTa. B mpomecce cuHTE3a
abCcTpaKTHBIE KOMITOHEHTHI MOJIENTH MUTAHNS OTOOPAXArOTCS Ha COOTBETCTBYIONINE OMOINOTEIHEIE
stuediku [13].

48



Erunazapsu A.B., Uypkun SI.A., Yepnssckux W.1., Kousinsk A.M., Kurtaes K.H., Byuaukuii P.A., Kamxun A.C., Kopmynos A.B., ITepeBep3en
A.JL. Crarnueckuii aHaIu3 MOJIEIN OACHCTEMBbI TuTaHus nudpoBoii anmapatypsl. Tpyost UCIT PAH, 2026, Tom 38 Bbim. 3, yacts 1, c. 45-70.

Cunrakcuyecku komanasl UPF npescraBistior co6oii pacmmpenne ckpuntoBoro ssbika Tcl (Tool
Command Language) [14]. Komannsl, 3anucanssie B (haiin ¢ pacummperneM .upf, mocieoBaTebHO
ONMCHIBAIOT BCIO apXUTEKTYPY MOACUCTEMBI TUTaHUs NpoekTa. BaskueiM cBoiictBoM UPF siBnsieTcst
€ro He3aBUCHMOCTH OT Jiormdyeckux omnepauuii B HDL-onncaHny, eqMHCTBEHHBIM CBS3YIOLIMM
3BEHOM SIBJISICTCSI UepapXusi OOBEKTOB: MOJYJIEH, 3K3EMIUIIPOB, JJOTHYECKUX TIOPTOB U CUTHAJIOB U
tak janee. C Ipyroil CTOPOHBI, JIOTMYECKOE OMHCAHHE IIO-TIPEKHEMY MOXKHO BEpU(PHLUPOBATH
OTZAEJIBHO OT ONMKMCAHMs CTPYKTYpHI ayieKkTponuranus. Kpome toro, mis oguoro u toro sxe HDL-
ONMMCaHWs WIM HMX HabOpa MOXKET CyLIeCTBOBaTb HECKOJbKO paznnyHbix UPF-onmcanui,
IpeHa3HAYCHHBIX IS PA3HBIX CIICHAPHEB HCITIOIb30BAHMS.

Crangapt UPF akTHBHO pa3BHBaeTcsi, U, C TEUEHHEM BPEMEHHU, OT BEPCHH K BEPCHU MHOKECTBO
KOMaH/ OBUIO HM3MEHEHO, yJajeHo wWiu Jo0aBieHo. B T1abn. 1 mnpexacTaBieHa 3BOJIOLUS
CTaHJApTHOM CTPYKTYphl omucaHus nojacuctemsl nutaHus oT Bepcun UPF 1.0 mo 3.1. B neit
OIMCaHbl OCHOBHBIE KOMITIOHEHTHI TIOACUCTEMBI MUTAHUS U cooTBeTcTBYIonre M UPF xoMaHs! 1
X aHaJOTH B 3aBHCHMOCTH OT MpEACTaBICHHOH Bepcuu. O KaXIOM M3 MPEICTABICHHBIX
KOMIIOHCHTOB M O €r0 POJH B DJHEProcOEpeKeHHH CXEeMbl OymeT IMOAPOOHO paccka3aHO B
CJIelyIOIIEM pa3zene.

Tabn. 1. Cmanoapmuas cmpykmypa UPF-onucanus ons pasuvlx éepcuii popmama.

Table 1. Standard structure of a UPF description for different versions of the format.

Omncanme || UPF10/20 || UPF 2.1 || upF3o/31

JloMeHBI TUTaHusA

create_power_domain
set_domain_supply net

create_power_domain
associate_supply_set

create_power_domain
associate_supply_set

ITopTs! 1 cetu

create_supply port
create_supply net

create_supply port
create_supply net

create_supply port
create_supply_net

TR connect_supply net connect_supply net connect_supply net
add_port_state add_power_state

CocrosHus

6 create_pst add_power_state add_supply_state

OUBCKTOB add_pst_state add_state_transition

Ilepexmouarenn create_power_switch create_power_switch || create_power_switch

MMATaHUS map_power_switch map_power_switch map_power_switch

broku n3onsmun

set_isolation
set_isolation_control
map_isolation_cell

set_isolation
use_interface_cell

set_isolation
use_interface_cell

[IpeoOpa3zoBarenu
YPOBHSI HAIPSDKEHUS

set_level shifter
map_level shifter_cell

set_level shifter
use_interface_cell

set_level_shifter
use_interface_cell

Peructpst
COXpaHEHHS
COCTOSIHUS

set_retention
set_retention_control
map_retention_cell

set_retention
map_retention_cell

set_retention
map_retention_cell

2.1 OCHOBHbIE€ KOMMOHEHTbI NOACUCTEMbI NUTAHUSA
B 3TOM M nmocieayronux pasjienax npuBeeHsl npuMepsbl komana popmarta UPF 3.1,

IIpencrasnenne RTL-omucanuss B BUAE HEpapXUM HK3EMIUISIPOB MOAYJIEH, MOPTOB M JPYruX
00BEKTOB /1aeT HEOOXOAUMYIO HH(POPMALIUIO IS pa3pabOTKH ONMUCAHUS HOACUCTEMBI ITUTAHHS.

B noncucreme nuraHus 3K3eMIUISIPl MOJAYJAE€H M3 JIOTMYECKOTO OMNMCAHMS TPYHNIHUPYIOTCS B
aomenbl muTanusa (power domain). Takum oOpa3oM y pa3paOOTYMKOB €CTh BO3MOXKHOCTD
00BEANHUTh MOJYJIM C OJMHAKOBBIMH IapaMETpaMH pacIlpeieNieHns] MUTAHUsS B OJHUH JIOMEH.
JaneHeWmas neTanu3amys paclpefesieHHs] NMUTaHWA B CHCTEME INPOM3BOAMTCS B KOHTEKCTE
JIOMEHOB M WX B3aUMOJICHCTBHUS. J[OMEHBI NMUTAHUS MOTYT OBITH BIIOKEHHBIMH. [T Kaxmoro
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JIOMEHa OMpe/eeHa IJIaBHas CeTh MUTAHUS, HO MOTYT CYILIECTBOBATh U JIONOJHUTEIbHBIC IS
OTJEJIbHBIX YacTell J0oMeHa. DTO MO3BOJISET OMPENeIsiTh YHUKAIbHbIC HpaBHia paclpeeieHus
MUTAHHUS U YPOBHH HAMPSDKCHHUS, HEOOXOIUMBIC Il KOPPEKTHOW PabOThI KaKIAOTO0 KOMIIOHEHTa
cucTeMbl. JIOMEHBI MMTAaHMS 3aJalOTCA C TOMOIIBI0 KOMaHAbl create power domain
(mactunry 1, 2).

create_power_domain PD_TOP -elements { . }

add_power_state -supply PD_TOP.primary -update -state {OFF -illegal}

Jlucmune 1. Ilpumep onucanus ocHoéHo20 Habopa cemeli RUMAHUAL OOMEHA HANPAMYIO.
Listing 1. An example of describing the primary supply set of domain power directly.

create_supply_net vss_n
create_supply_net vdd_n

create_supply_set pwr_top_ss \
-function { power vdd_n } \
-function { ground vss_n }

create_power_domain PD_TOP \
-elements { . } \
-supply { primary pwr_top_ss }

Jlucmune 2. Ilpumep ucnonv3o8anus 06vA61eHHO20 paHee HabOpa cemell NUMAHUSA
6 Kayecmee OCHOBHO20 Ha6opa OOMEHA NUMAHUSL.
Listing 2. An example of using a previously declared supply set as the primary supply set of a power domain.

Pacnipenenenne nuTaHns MEXAY OTACIBHBIMU JOMEHAMHU, MOIYJISIMH M BHEITHUMH MCTOYHUKAMHU
MUTaHUs oOecredrnBaeTcs depe3 mopThl (supply port) m ceru murtanus (supply net). Pexwmer
paboTHI OTAENBHBIX KOMIOHEHTOB ONPEACNIAIOTCS COCTOSHUAMM CETEH MUTAaHMSA, TTOJKITIOUCHHBIX K
HuM. [lpu stoM, UPF paer BO3MOXHOCTH 3aJaTh HE TOJBKO COCTOSSHUE CETEM U MOPTOB
"BKJIFOYeH"/"BBIKIIIOUYEH", HO U KOHKPETHBIE YPOBHH HANPSIKEHHS Ul Pa3HbIX COCTOSIHUM. BaxHo
YIOMSHYTh Takke Ha0opsbl ceTeil muTanus (supply set). B xaxaprit Habop BXxoadaT ot 2 10 6 ceTeit
MUTAHUSA, KaKIask U3 KOTOPBIX UTPaeT OTIAEIBHYIO POJIb B paclpeesieHNH HAMpsKEHUS B CXEMe.
Oco05Iif HHTEpeC MPEACTAaBIIOT 2 00sA3aTeNbHBIC CETH MUTAHUs, OTBEUYAIOIINe 32 COCUHEHHE C
HCTOYHHUKOM HaINpsDKeHHUS M ¢ 3emuieil. [[ng co3maHus mopToB, ceTeil 1 HAOOpPOB ceTeil mUTaHUA
HUCTIOJIb3YIOTCSA KOMaH/bI create supply port, create supply net U
create supply set (uctunru 2 u 3) coorBeTcTBEHHO. COCTOSHHUS U IEPEXO/IbI MEXK Ty HUMU
3ajal0Tcsl  KoMaHaamu add power state (muctuHr 1) m add state transition
(acTuHr 3).

BBezieM moHsTHE OCHOBHOIO Hadopa cereii muranus (primary supply set). OcHoBHoli HaGop
ceTel MUTaHMS ABISETCA ITTaBHBIM B JOMEHE U CO3/1aeTCsI aBTOMATUIECKH NP OOBSIBICHUN JOMEHA.
ITo ymomuaHHIO, OCHOBHBIE JIEMEHTHI B JOMEHE MUTaHMS HCIOJIB3YIOT €ro B Ka4ecTBE HCTOYHHKA
HaTpSDKCHUS THTaHWA M 3€MJIH. PaccMOTpUM mpuMepbl pabOTBI C OCHOBHBIM HAabOpOM ceTei
nuTaHusA. B muctuare 1 mpencraBieH croco® ommMcaHUS, MPH KOTOPOM IOCTE CO3AaHUS JOMEHa
IIUTAHWS €0 OCHOBHON Ha0Op NMHTaHMS ONHCHIBAECTCS! HAIIPSIMYIO ITyTEM OIPEAEICHHUs COCTOSHUH
ceTell nuTaHus. B nanHOM npumepe onpeaensiercs cocrosiHue OFF Kak HEKOPPEKTHOE € MTOMOUIBIO
ommuu -illegal. Ecnu B mpouecce BepudHUKanuy KOMIIOHEHT ITOACHCTEMBI MIMTAHUS TIEperen B
COCTOSTHHE, KOTOpO€ B OIHCaHWU OOBSIBICHO HEKOPPEKTHBIM C IOMOIIBIO A3TOHW OIIHMH, TO
WHCTPYMEHT BepH(pHKAINHU TOJDKEH BBIAATH COOTBETCTBYIOIIEE COOOIIeHNE 00 OmmoOKe.

C npyroil CTOpOHBI, B JIUCTMHTE 2 TPEJICTABIECH IpUMEp, B KOTOPOM HA OCHOBHOW Habop
MOJIKIIIOYAETCSl yXKe CYIIECTBYIOMMHA Habop ceredl mutanus. st 3Toro B ommuio -supply
KOMaH/Ibl create power domain nepeiarorcs ABa apryMeHTa, HEPBLIM M3 KOTODPBIX SBIIAETCS
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neckpuntop (handle) Habopa ceTell MUTAaHUS primary, a BTOPHIM — UMS CYIIECTBYIOIIETO B
TeKyllleM KOHTeKcTe Habopa pwr top ss. Ilogwmouenne HaOOpoB ceTeldl HUTaHUS
MOJpa3yMeBaeT COSAMHEHNE MEXITy COOOW Ka)XIOW Mmapbl ceTei MUTAaHUSA, KOTOPBIE OTBEYAIOT 32
OIIHY U Ty e (pyHKITHIO B TBYX HaOOpax.

create_supply_port VN1 -direction inout
create_supply_net local_vdd_3 -resolve one_hot

create_supply_set relative_always_on_ss \
-function {power vdd} \
-function {ground vss}

set_retention pd_sw_ret -domain PD_sw \
-save_signal {w_ret_save posedge} \
-restore_signal {w_ret_restore posedge}

create_power_switch sw_2 -domain PD_sw \
-input_supply_port {SW_IN pwr_2_ss.power} \
-output_supply_port {SW_OUT sw_pwr_2_ss.power} \
-control_port {SW_DIS w_d1_sw_disable} \
-on_state {ON_STATE SW_IN {!SW_DIS}} \
-off_state {OFF_STATE {SW_DIS}}

add_state_transition -domain PDA \
-transition {turn_on -from OFF_MODE -to NORMAL_MODE} \
-transition {suspend -from NORMAL_MODE -to SLEEP_MODE} \
-transition {resume  -from SLEEP_MODE -to NORMAL_MODE} \
-transition {turn_off -from NORMAL_MODE -to OFF_MODE}

Jlucmune 3. Ilpumepol ucnonvzosanus Hekomopwix UPF-komano
6 coomeemcmeuu co cmanoapmom IEEE 1801-2018.
Listing 3. Examples of using some UPF commands according to IEEE 1801-2018.

OTZ[GJ'IBHOC BHHUMAHHUC CTOUT YACIUTHb IOHATUIO 3KBHUBAJCHTHOCTHU IOPTOB, ceTell MUTaHWUs U
Ha60pOB ceTeil mHMTaHHS. BbI,HCJ'IﬂIOT ABa THUIIA DOKBUBAJICHTHOCTH: JJICKTPUUYCCKYIO U
(I)yHKI_II/IOHaJ'ILHy}O. Hammane 3J'I€KTpI/I‘IeCKOI\/'I OKBHBAJICHTHOCTHU O3HAYACT TAKXKE Q)yHKHHOHaHBHyIO
OKBUBAJICHTHOCTDb, B TO BPEMS KaK O6paTHO€ HCEBCPHO. HepaspemeHHOﬁ CCTBIO MIMTaHHUA HA3bIBACTCA
CE€Th, HUMCKOIIasA OJHMH HNCTOYHUK IIMTAHUA. COOTBGTCTB@HHO, pa3pemeHH01‘/'I CEThIO IMHTAHUA
Ha3bIBACTCs Ta CETh IUTAHUA, KOTOPAS UMECT HECKOJIBKO UICTOYHUKOB IMUTAHUA U Ha60p npaBuii, 1o
KOTOPBIM HUCIOJB3YCTCA MUTAHUEC OT TOI'O0 UJIKM MHOTO UCTOYHHUKA. BBOI[HTCS[ CJIcaAyromue npaBuia:

1. Tlopt P (port) mmu cetsp N (net) MUTaHUSA SJIEKTPUUECKH SKBHBAJICHTHBI cCaMHt cebe.

2. Ecnau HepaspemieHHas cetb nurtanus N W mopT nurtanusi P coexmuens;, To N u P
3NEKTPUYECKH SKBUBAJICHTHBI.

3. Ecim paspemennass cerb mmTtaHuss N u mnopr nurtaHus P coegmHenst m P —
JBYHANpPaBICHHBIA MOPT WIN ABISETCS BBIXOAHBIM cUTHanoM s cetd N, o N u P
INEKTPUUYECKH SKBUBAJICHTHBI.

4. Ecnmu Bce (yHKIMM, HWMEIOIIMECS Yy JABYX HaOOpPOB CeTedl INWTaHUs, SBISIOTCS
JIEKTPUUECKH/(DYHKIIMOHATIBHO JKBHBAJIEHTHBIMH, TO OTH HA0OpBl ceTed INNTaHUS
SIBIISIFOTCSL JIEKTPUUECKH/ () yHKIIMOHAIBHO SKBUBAJICHTHBIMU.

3J'IeKTpI/I'-IeCKa$[ O9KBHUBAJICHTHOCTH ABJISICTCA Tp&H3PITHBHOﬁ.

Ecnu noptel (M cetH) peanu3yroT QyHKIHMH B OJHOM Habope ceTeil MUTaHMs, TO OHH
SBIISTIOTCS YJIEKTPUYECKH SKBUBAJICHTHBIMHU.
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7. Ecimu OOBEKTHI OJMHAKOBOTO THMA (MOPTHI, CETH WU HAOOPHI CeTed MUTaHUs) SBHO
OOBSIBJICHBI AIIEKTPHUUECKH/(DYHKIIMOHATIBHO JKBUBAICHTHBIMH C IOMOIIBIO KOMAaH/IbI
set _equivalent, To 3T 0OBEKTHI AJEKTPUUECKH/DYHKIIHOHATEHO SKBUBAIEHTHBI.

B 3aBucuMocTH OT THNA OSKBHBAICHTHOCTH MOXET MEHATHCS MHOXECTBO IIOPTOB,
YIOBIICTBOPSIIOIINX TEM WIM WHBIM (HUIBTPaM, B YaCTHOCTH, UL CTPATErWil HM30JLSIIUU |
peoOpa30BaHKs yPOBHS HaNpsDKEHUSL. JleTabHbIN pa300p GHIBTPOB ITUX CTPATETHH IPEACTaBICH
B pazzene 5.1.

KoppekTHOE B3amMOJEHCTBHE KOMIIOHEHTOB C Pa3HbIMH YPOBHSMH HANpPSDKCHHUS U PEXUMaMHU
MMUTaHUS O00ECTIeYNBACTCS C MOMOINBI0 0/10K0B M30asanuH (isolation cell) u mpeodpa3oBareneii
ypoBHs HanpsikeHus (level shifter).

OTKIIIOYEHHE  OTHCHBHBIX YacTed CXEMBI SBISIETCS. OJHMM W3 OCHOBHBIX  METOJOB
9HEprocOepexeHus. biokK M30/A1MK UrpaloT KIIOYEBYIO POJIb B KOPPEKTHON peaIm3aIiiid 3TOTO
Metoza. OHM BCTaBISIIOTCSI MEXIY IBYMS OOBEKTaMHU CHCTEMBI, OAUH U3 KOTOPBIX MOXKET MEPEHTH
B PEXHM “BBIKIIIOUEH”’, TOTJa KaK APYrod MpoJopKaeT padoTy. DTO MperoTBpamaeT BO3SMOKHEIC
OMMOKN M3-32 HEONPENEICHHOTO COCTOSHUS BBIXOJHBIX CHTHAJIOB OTKIIOYCHHOTO OOBEKTa,
3aMeHsisl UX Ha u3BecTHOe 3HaueHue (yornyeckue 0 W 1 mwim 3axBadeHHOE 3HadYeHue). biaronaps
STOMY BHINOJHSETCS 0€30MacHOe OTKIIOYCHUE OTIEIbHBIX KOMIIOHEHT CHCTEMBI, YTO YMEHBIIAET
oO1iee sHEpromnoTpedIcHNE.

JpyruM MeTooM 3KOHOMMM MUTAHUS SBIIAETCS ONPEACICHUE PA3HBIX YPOBHEU HANPSIKEHUS UL
yacTed cxeMbl. TakKum 06pa30M OTACJIIBHBIC YaCTH CXEMbI HOTpe6HHIOT MCHBIIC ITUTAHMUA.
[IpeoOpa3oBaTtenu ypoBHS HaNpsDKEHHS, B CBOIO OdYepeb, OOECIEYMBAIOT KOPPEKTHYIO CBS3b
MEXKIY ABYMS BKIFOYCHHBIMU O6’I)CKTaMI/I, PEKUMBI pa60T1)1 KOTOPBIX 3aJIaHbl C pa3HbBIMU YPOBHAMU
HaIpsDKeHNUS.

HeKOTOpI)Ie KOMIIOHCHTbBI CHCTCMBbI, B YaCTHOCTH 6J'IOKI/I namMsAaTH, YaCcTO MNEPCBOAATCA B
OTKJIFOUCHHBI PEXUM B IIEJsIX 3HeprocOepexeHus. [Ipu 3ToOM BakHO He TOTEpsTh 3HAuCHUE,
COXpaHEHHOE B 3THX KOMITIOHEHTaX. [JIs1 3TOT0 UCTIONB3YIOTCS PerucTPhI COXPAHEHUS COCTOSHUSA
(retention state register). Oxu MOAKIFOYAOTCS K OTAEIbHBIM HCTOYHHKAM MTUTAHUS, OTJMYHBIM OT
OCHOBHOTO TIMTaHUS JIOMEHA, M IOJJEPKMBAIOT MUHHMAJIFHOC HANPSDKEHHE ISl COXPaHEHHS
3HAQUEHWH B sYeHKaxX MaMsATH BHYTPHU OTKIIOUCHHOTO JOMEHAa. DTO YCKOPSET MHHUIMAIN3AIHIO
MOAyJid IpU BKIIFOUCHUHW TTUTAHUA.

Crpaterun paboTbl OJOKOB W30JSIIMH, NpeoOpa3oBaTenel ypOBHS HANpSOKEHWS W PErHCTPOB
COXpaHEHHMs  COCTOSHMA  3ajaloTcsi  KoMmaHaaMu  set isolation  (uctuHr  4),
set level shifter (ctuHr 4) U set retention (IUCTHHI 3) COOTBETCTBEHHO.

Eme ogHUM BaXXKHBIM 3JIEMEHTOM B 00€CIIe€YeHNH KOPPEKTHOI pabOThl JOMEHOB M MX BHYTPEHHUX
KOMITOHEHT ¥ YBEJIHMYECHHUS SHEProcOCpPEeKEHUS SBISIIOTCS MepeKJIovuaTead Wi sSYeldKH
oTK/II04eHus: nuTanus (power switch cell). [lns coznanus Takux nepexioyareneil UCIoib3yeTcs
KOMaHJa create power switch (iuctunr 3).

B muctunrax 1, 2, 3 u 4 npencraBieHsl IPUMEPH! NCTIONB30BaHUS IEPEUNCICHHBIX BhIIIE KOMAH.
B wactHOCTH, B HcTHHTE 4 mpencTaBieH npocredmuii mpuMmep HDL-onmcanust cxeMbl Ha SI3bIKE
SystemVerilog u onncanus nojacucreMs! nuranus B popmare UPF.

Onucanue mpoekta Ha SystemVerilog (cieBa) COCTOUT U3 TPeX MOAYJICH: OJJHOTO POIUTEITHCKOTO
MOAyJs top C OJHOMMEHHBIM 3K3EMIUIIDOM M JBYX J04YepHUX Moayled power domainl m
power domain?2 c3k3eMiuripamu pdl u pd2 coorBercTBeHHO. B UPF-onmcannn noacucreMsl
nuTaHus (CIpaBa) K3eMIUIIPbl MOJTyJIEl pacipe/ieNieHsl Ha TpH JloMeHa nuTanus (PD_TOP, PD1 u
PD2). [l OCHOBHBIX CceTeil MUTaHMS KakKJOr0 U3 TOMEHOB ONPEETICHBI COCTOSIHAS “BKIIIOYEH” U
“BBIKJIFOYEH”, IPUYEM YPOBEHb HAIIPSHKEHUS BKIFOUSHHOTO COCTOSIHUSI OTIINYaeTcs y BceX Tpex (1,
0.7 m 0.8 coorBeTcTBeHHO). Ha rpanHmmax Mexay pOAWUTEIBCKHM MOAYJIEM W JOYCpHUMHU
ompeneneHsl crpareruy u3omanuu (ISO PD1 u ISO PD2) U CTpaTeruu peoOpa3oBaHUs YPOBHS
HanpspkeHust (LS_PD1 u LS PD2).
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module top ( set_design_top top
input logic clk, set_scope .
input logic reset,
input logic data_in, create_power_domain PD_TOP \
output logic data_out -elements top
); create_power_domain PD1 \
logic data_intermediate; -elements pdl
power_domainl pdl ( create_power_domain PD2 \
.clk(clk), -elements pd2
.reset(reset),
.data_in(data_in), add_power_state -supply PD_TOP.primary \
.data_out(data_intermediate) -state {ON -supply_expr \
); {power == { 1 } & ground == { @ }}} \
-state {OFF -supply_expr \
power_domain2 pd2 ( {power == { OFF } && ground == { 0 }}}
.clk(clk),
.reset(reset), add_power_state -supply PDl.primary \
.data_in(data_intermediate), -state {ON -supply_expr \
.data_out(data_out) {power == { 0.7 } & & ground == { @ }}} \
) -state {OFF -supply_expr \
endmodule {power == { OFF } && ground == { 0 }}}
module power_domainl ( add_power_state -supply PD2.primary \
input logic clk, -state {ON -supply_expr \
input logic reset, {power == { 0.8 } && ground == { © }}} \
input logic data_in, -state {OFF -supply_expr \
output logic data_out {power == { OFF } && ground == { @ }}}
)s
endmodule set_isolation ISO_PD1 -domain PD1 \
-elements pdl/data_in
module power_domain2 ( set_isolation ISO_PD2 -domain PD2 \
input logic clk, -elements pd2/data_in
input logic reset,
input logic data_in, set_level_shifter LS_PD1 -domain PD1 \
output logic data_out -applies_to inputs
)5 set_level_shifter LS_PD2 -domain PD2 \
Endmodule -applies_to inputs

Jlucmune 4. Ipumep HDL-onucanus cxemvt Ha sizvike SystemVerilog (cieea) u onucanus
coomeemcmeyoujeli noocucmemul numarus ¢ popmame UPF (cnpasa).
Listing 4. An example of a circuit design in SystemVerilog (left) and a description of the corresponding power
subsystem in UPF format (right).

3. O630p cywecmeyrowux peweHul

Jdnst hopMUpOBaHMST METOJOJNIOTMH aHajiu3a ObLIO NPOBEACHO HCCIEIOBAHHE CYIIECTBYHOLIMX
MHCTPYMEHTOB, CIOCOOHBIX HMHTEpIpeTUpoBaTh M aHaiu3upoBate UPF-omumcanus. Llensto
HCCIIeI0BaHMs OBIJIO BBISIBIICHHE KITIOYEBBIX IIPABIII U KpuTepueB aHanu3a. Ocoboe BHUMaHHUE ObIIO
YIIEJIEHO OCHOBHBIM KOMIIOHEHTaM B OINHCAHHSAX IOJACUCTEMBbI ITUTAHHS, MPEACTABICHHBIM B
paznene 2.1, 1 CBA3aHHBIM C HUIMH OIIHOKaM.

3.1 Kommepueckue MHCTPYMEHTDI

Benymine BeHIOPHI HHCTPYMEHTOB [UTsl pa3paboTku cBepxOompimx uHTerpansHbix cxem (CBUC)
MPEIOCTABIISIOT BO3MOXKHOCTE padoTaTh ¢ popmarom UPF. D1u penienns IMeroT BBICOKYIO CTENIEHb
MOJJACPKKHU CTaHAapTa U BO3SMOXKHOCTH aHaJIU3a UPF-OHHC&HI/IH, HO BBICOKAs CTOMMOCTS JIMLICH3N N
Y OTpaHMYEeHHUE JJOCTYITHOCTH B POCCHM Cepbhe3HO yCIIOKHSIOT IPUMEHEHUE ITHX HHCTPYMEHTOB.
Cadence [15] — aT0 oauH u3 Beaymux BeHaopos nepenossix CAITP CBHC. Kommnanueii Cadence
B 2007 romy Obur mpemmokeH Common Power Format (CPF), xoropblii mommepxuBaeTcst
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craggapToM Si2 [16]. IMeHHO 3TOT opMaT OCTaeTCsi MPUOPUTETHBIM B MHCTPYMEHTaX KOMITaH HH.
OTtnnunst Mexny AByMs GopMaTaMid MHHHUMAJIBHBEL, B OCHOBHOM CBSI3aHBI C B3aHMOJCHCTBUEM CO
cropoHHIMH OuOmmotekamu. [Ipm sTom UPF, akTUBHO pa3BHBafOUmIUiicS W TOANCPKUBAESMBIHA
cranpaprom IEEE, cram OGonee pacmpocTpaHeH B HMHAYCTPHUH. BOJBIIMHCTBO HMHCTPYMEHTOB
opuentupytorcss Ha UPF, u3-3a yero ux mHTErpamus B nporecc pa3paboTKu BMECTE C CHCTEMaMHU
Cadence Bb3bIBaeT cinoxHocTH. XoTsa cxoxects CPF u UPF mo3Bomnsier nnctpymenram Cadence
obOpabateiBate  UPF-ommcanme, oTcyTcTBHE — OOLICTIPMHATOrO  CTaHAapra W IpoOiiemMa
B3aUMOJICHCTBUSL C JPYrMMH HHCTPYMEHTaMH 3aTPYAHSIOT pa3paboTKy 3Heprod(h(eKTHBHBIX
CBUC. Crour 3amMeTHTh, 4T0, HaunHas ¢ 2014 roma Cadence Toke HaYaIu BEIBOJUTH HA MEPEITHUMA
m1aH, onaHako noaaepxka Bepcuit UPF 3.0 u nanee noka oTcraer.

Synopsys mpenocTaBiseT MIMPOKHH CIEKTp Bo3MoxHocTeid mpu padore ¢ UPF. Wuctpyment
cratnuyeckoil Bepudukanuu u ananusa SpyGlass [17], momumo nposepku RTL-koza, Takxke umeer
Habop u3 ceeime 200 mpasmi, oTHOCsXCcs K UPF. DT0o kKak ceMaHTHYECKHE W CHHTaKCHYCCKHUE
OIIMOKH, TaK W OIECHKAa (PYHKIMOHAIEHOW ((EKTUBHOCTH OMHUCAHHOM MOACHCTEMBI MUTAHUS, 1
Npe/I0KEHNE allbTEPHATHBHBIX IPUMEHEHUI METOIOB SKOHOMHH 3HEPrONOTPeOICHHS.

VCS [18] (Verilog Compiled Simulator), Taxke pa3paboTaHHBI KoMIaHumel Synopsys, — 3To
BBICOKOTIPON3BOJUTENBHBIN CUMYJIATOP M HHCTPYMEHT IS aHAJIN3a ONMMCaHUK Ha si3bIKax Verilog
u SystemVerilog. OH Takxe no3BossieT uaTepnperuporars UPF.

Siemens npenocraBnsier uHCTpyMeHT Questa [19], KOTOpbIi MIKUPOKO MPUMEHSIETCS] HAa JTanax
Bepu(UKaUK, TECTUPOBAHUS M aHAIM3a SHEPrONOTPeONICHNUs MHTErpalbHbIX cxeM. Ilomnepikka
cragmapra [EEE 1801-2018 mo3Bomser mnpoekTHpoBaTh HU(GPOBYIO ammapaTypy ¢ Y4eTOM
3¢ PEKTUBHOTO MOTPEOICHNS YHEPTHH U aHATU3UPOBATh Pa3pabOTaHHBIC CXEMBI B PA3HBIX PEKIMaX
nutanusi. Monyns Power Aware Simulation 1aeT BO3MOXXHOCTD yYUTBIBATh COCTOSIHHS JTOMEHOB
MUTAHUSI U NEPEXOJbl MEXKAY ITUMH COCTOSHUSIMU IIPU MOJEIMPOBAHMU PaOOTHI CXEMBI. DTO
MO3BOJISIET TPOBECTH AETAIbHYI0 NPOBEPKY CEMaHTHYECKOrO0 M (PYHKIMOHAIBHOTO OIMHCAHMS
KOMITOHEHTOB MOICUCTEMBI MUTAHUSI U OOHAPYKUBATh OLIMOKHM HA PAHHHUX CTAJUAX Pa3pabOTKHU O
(U3UIECKOTO CHHTE3A.

B Buge npumepa ans nemoHctpanuu otiauumii crangaprta IEEE 1801 u komMmepueckux
WHCTPYMEHTOB mpejacTaBieH puc. 1. 3xech komaniasl crangapra UPF IEEE 1801-2018,
HCTIONb3yeMblEe B ONMHCAHWUU MOJCUCTEMBI NMUTAHUSA, Pa3/eNeHbl Ha TPYMNBl B 3aBHCHMOCTH OT
BBIMTOJIHAEMON PONM B OmMcaHUHW. KpacHBIM BBIJENEHB KOMAaHIBI, KOTOPBIE OTCYTCTBYIOT B
JIOKYMEHTAIMN Synopsys, MOCBALICHHONW ucnosb3oBaHuio popmata UPF B psine MHCTpyMEHTOB
koMnaHuu. CHHMM BBIIEIECHBI KOMAaHIbI, OMUCAHUE KOTOPHIX B JIOKYMEHTAUH OTIMYAETCS OT
cranaapra. OTanaus MOTyT OBITh CHHTaKCHYECKHE, HAIpUMEp, Jpyras pacCTaHOBKa (PUI'YpHBIX
cK00OOK 1111 KoMaHbl add power state, OTCYTCTBUE HEKOTOPBIX ONMIMI KOMaHJbI U IPYTHE.

3.2 UIHCTPYMEHTbI C OTKPbITbIM UCXOAHLIM KOOOM

BrIcokas cTOMMOCTB JIMIEH3UH KOMMEPYECKHX PEUICHHH OTPaHWYMBAET UX HCIIOJIB30BaHME IS
OOJIBIIMHCTBA MaJbIX OM3HECOB M Hay4HO-00pa3oBarelibHOI cdepbl. DTOT (akrop sBIsSETCS
OCHOBHO¥ JIBIKYILEH CHIIOH B BOTIpoce pa3pabOTKH peIeHHH C OTKPBITHIM UCXOJHBIM KogoM. [Ipn
3TOM HMHTerpanus u mnoxanepxka ¢opmara UPF B Takux MHCTpyMEHTax IOKa CHJIBHO OTCTA€T B
CTETIeHH TOJJCPKKH CTaHIapTa OT KOMMEpYeckux aHajoroB. OmHMM U3 Hamboiee pa3BUTHIX
sisieTca npoekT OpenROAD.

OpenROAD [20] — 510 HabOp HHCTPYMEHTOB IS ABTOMATU3AIMHI 3TAIOB pa3paboTku Hu(POBOi
ammapatypsl. [Tognepsxka popmara UPF O6bia mo6asnena B 2022 1oy v MPOI0IDKAET PA3BUBATHCS.
Ha nannsiit MomenT OpenROAD mno3Bossier onuchiBaTh 1 00pabaThiBaTh 0a30BbIE CTPYKTYPHI U
00beKTHl nmojicucTeMbl nuTaHus. [Ipu aToM noanepkuBaercst Toiabko 4acth komang UPF [21], a
coxpaHeHue uWH(oOpManMM I8 BO3MOXHOW Ilepeladyd Ha CIEyIOIIWe J3Tanbl pa3paboTKu
MIOJTHOCTBIO HE peann3oBaHa. Takike Ha JIaHHBI MOMEHT HE PEean30BaHbI CPEJICTBA BEPUPHUKALIIH
U IpoBepKu KoppekTtHocTH onucanus UPF.
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upf_versicn
load_upf

save_upf
load_upf_protected
load_simstate_behavior
find_objects
hegin_power_model
end_power_model
apply_power_model
add_parameter
define_power_model

KDMEHRH ynpaesnexHMa Kogom:

KomaHab! HaBuraumm:
set_scope
set_design_top

bind_checker
create_hdl2upf_vct
create_upf2hdl_vct

Komangel conpsaxeHua ¢ HDL:

Komangel rpynn v atpubytos
uenew NMTaHUA:
create_supply_set
associate_supply_set
connect_supply_set
set_equivalent
set_port_attributes
set_design_attributes
set_correlated
set_variation

KomaHpbl COCTOAHMA:
add_port_state

create_pst

add_pst_state
add_power_state
add_supply_state
describe_state_transition
add_state_transition
create_power_state_group
set_partial_on_translation

KomaHpb! onpepeneHun
3nemMeHTOoB:
define_always_on_cell
define_diode_clamp
define_isolation_cell
define_level_shifter_cell
define_power_switch_cell
define_retention_cell

KoMaHAbI CEeTH NHTaHKA:
create_supply_port
create_supply_net
connect_supply_net
create_power_switch
set_correlated
set_variation

KomaHpbl cUMynALWK:
add_power_state
set_simstate_behavior
sim_assertion_control
sim_corruption_control
sim_replay_control

KomaHabl Norukmn
ynpasneHua
create_logic_port
create_logic_net
connect_logic_net

K cTparerui:

KomaHnabl foMeHoB:
create_power_domain
create_composite_domain
set_domain_supply_net

KomaHpbl iminemeHTauuu:
map_repeater_cell
map_retention_cell
map_power_switch
use_interface_cell

set_repeater
set_retention_elements
set_retention
set_isolation
set_level_shifter

Puc. 1. UPF-xomanowvr cmanoapma IEEE 1801-2018.
Fig. 1. UPF-commands from IEEE 1801-2018.

3.3 BbiBoAabl

C pacnpoctpanenuem cranaapta IEEE-1801 anamu3 UPF-omucanus moacucTeMbl NHUTaHUS
CTaHOBHUTCs Bce Oojiee u Oosiee BOCTpeOOBaHHBIM. KpymnHBIC KOMIAHWHU, IPEIOCTABIISIONINC
KOMILIEKCHBIE pemieHus ais pa3padotku CBUC, yxe peanu3yroT COOTBETCTBYIOINE HHCTPYMEHTHI
W MOJYNH JUIst 3ToW 1enyd. Ho Ha JaHHBII MOMEHT BCe MPENOCTaBISIOT TOJBKO OTPaHHMYEHHYIO
MOJICPKKY CTaHmapTa. BMecTe ¢ 3THM BBICOKAs CTOMMOCTD JIMIICH3UH AeJaeT 3aTPyJHUTEIbHBIM
WX IIUPOKOE UCTIONH30BAHUE JIJISI MAJIbIX KOMITAHUNA U HAYYHO-HCCIIeI0BATENbCKUX OpTaHU3aIHiA.
WNHCTpyMEHTBI ¢ OTKPBITBIM HCXOJIHBIM KOJOM B CBOIO OuY€pellb CHIBHO OTCTalOT IO YPOBHIO
nojuepxxkn cragapra UPF u Bo3aMoxkHOCTEH paboThl ¢ moacucTeMoi nutanus. OrpaHHICHHBIC
pecypchl coodmmecTBa 3aMeUISIFOT Pa3BUTHE TAKUX PEIICHUH, U3-32 Yero OHU ITOKa HE TPUTOIHBI
JUTSL ICTIONTE30BaHMS B HHAYCTPUH. B CBsI3M ¢ mpencTaBIeHHBIM 0030pOM MOKHO 3aKIFOYUTH, UTO
peanu3anys pemeHns mo pa3oopy u uHTepiperanuu koman UPF B cOOTBeTCTBHH CO cTaHIAPTOM
nproOperaeT 0co0YI0 BaXHOCTh MPH CO3TaHUHM OTCUSCTBEHHBIX HHCTPYMEHTOB MPOCKTUPOBAHUS
udpossix CBUC.

4. MocmpoeHue Modesniu nodcucmemMbl MUMAHUS

W3 npumepoB koaa B IMCTUHIax 1-4 MOKHO 3aMETUTh, YTO JUIsl KOppekTHOU uHTepnperaunn UPF-
OIHCaHWSA M MOCTPOCHHUS COOTBETCTBYIOMICH MOJEIH TOACHCTEMBI MUTAHUS HEOOXOJAHMO UMETh
uHpopmanuio 06 oobekrax nu3 HDL-onucauus. B ¢Bsi3u ¢ 3TuM B Hatiell pa3paboTke ObLIO PEIIeHO
B Ka4yeCTBE BXOJHBIX JAHHBIX I MHCTPYMEHTa IIOMHMO (DaiJIOB C ONMHCAHHEM IIOJCHUCTEMBI
MUTaHMI UCIIOJIB30BaTh a0CTpakTHOE cuHTakcudeckoe aepeBo (ACJI), momyderHHoe mpu 06paboTke
cootBercTByomero HDL-onucanus (puc. 2). B 3To# riaBe mpecTaBIeH MOAX0/1 K MHTePIIPETAINH,
peann3oBaHHBII B pa3pabOTaHHOM ITPOrPaMMHOM 00ECTICUEHHH.

4.1 O6paboTka HDL-onucaHusa n 6ubnuotek siveek Liberty

IIpexxne wem mepexoanth K uHTeprperarun UPF-ommcanus, Hamo obpabdorats HDL-omumcanune
CXEMBI M TIOJYYHUTh BCE HEOOXOIMMBIE JaHHBIE W3 (aiJIOB C OMHMCAHWEM CTAaHAAPTHBIX SYEEeK B
dhopmare Liberty, mocraBnsiembix B PDK-makerax 3aBojjoM u3rotoButesieM cxeM. Liberty-onucanne
SYEHKN COJICPKUT, B TOM YHCIIC, IPE/ICTABICHHUE JIOTHUECKON (DyHKIUM M 3HAUYEHHS (HH3HMUECKUX
XapaKTEePUCTHUK ONPEETICHHOI0 KOMIIOHEHTa cXeMbl. DT0 TpeboBaHMe 00yciioBiIeHO TeM, yTo HDL-
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OIMCAaHKE NPEOCTABIAET HEPAPXHUIO IK3EMILIAPOB MOJYJIEH, IOPTOB U JAPYIUX 00BEKTOB, KOTOpas
Heo0X0uMa 171 KOPPEKTHOTO ONpe/esIeHUs KOMIIOHEHT MOACHCTEMBI IUTaHus, a OUOIHOTEUHbIE
AYEHKNM  yKa3bIBAIOTCA B TAaKMX  KOMaHJAaxX, Kak use interface cell m
map power switch, Toro, 4roOsl 3a1aTh KaKasi HMEHHO siYeiiKa JOJUKHA pealu30BaTh JaHHBIN
KOMIIOHCHT Ha CXEME.

daiinbl Y
Verilog CXOAHBIV KomnunaTop ACq
wnm KOA . SVAN
SystemVerilog N
ﬂ,aHHble Mogens nogcucTems!
0 nogcucTeme nnTaHNA
o nUTaHWs
y cxopaHbIiA )
dannbl koL WHTepnperarop -
UPF >  UPF
[JaHHble 0
HDL-o6bekTax

(~)

Puc. 2. Cxema nocmpoenus nonnou ungopmayuonnou mooenu uz HDL-onucanust u UPF-onucanusi.
Fig. 2. Scheme for constructing a complete information model from an HDL description and a UPF
description.

O6pabotka HDL-onmcanus BBITOIHIETCS] COOTBETCTBYIOIIMM MOJIYJIEM U3 CHCTEMBI CTATHIECKOTO
anamm3za SVAN, paspabareBaemoii B UCII PAH. SVAN ocHOBaH Ha OTKpHITO# OHOIHOTEKE
slang [22] mist aHanu3a 1 KOMIWITAIAY ONHMCaHui Ha s3pike SystemVerilog. [Tognepskka cranmapra
SystemVerilog TEEE 1800 [23], a Taxke co3nanre ACJ] Ha OCHOBE BXOJIHOTO KOJa JENAioT slang
JYYIIAM KaHAWZAATOM ISl MCIIOJIB30BaHMSA B pa3paboTKe COOCTBEHHOM CHCTEMBI CTaTHYECKOTO
ananuza. KpaiiHe nosie3HbIM siBisieTcsl Takxke nHTepdeiic 0oxona AC/I, KOTOpPBIii MO3BOJISET HCATh
moJk30BatTenbekue Metoabl mpoxona ACJI it moucka HykHO# nHPopmanuu B RTL-moxemm.
Eme omHUM HHCTPYMEHTOM, HEOOXOAHMMBIM Ui MOTHOW M KoppekTHo# mHTeprperaruu UPF,
sBisieTcst oTKphiTast oubnmoreka ReadCells [24]. Ona taxxke paspabarsisaetcs B UCIT PAH u
npejHa3Ha4yeHa JJIsl MapcuHra W o0pabOTKH s3bIKa ONMUCaHHsS OUONIMOTEK CTaHAAPTHBIX SYEeK
Liberty.

Wnuctpyment ReadCells xpaHuT ommcanne sgeek BO BHyTPEHHEM MPEICTABICHNH, YTO MO3BOJISIET
3aJIeWCTBOBATh MX HA PA3JIMYHBIX CTAJHUIX NMPOEKTUPOBAHHUS. JTa BO3MOXKHOCTH KPUTHYHA JUISI
HHTETparuu OMOIMOTEYHBIX JJIEMEHTOB, OMMCAHHBIX B Liberty, co crparerusmMu yrpaBieHHS
sHepronoTpediaeHueM, onpeaeneHusIMu B popmate UPF.

bubmmorexa ReadCells Opi1a maTErpHpOoBaHa B HHCTpYMEHT SV AN 17151 BO3MOYKHOCTH IIPOBEICHHS
aHanM3a OIMCAHWI CXeMbl, TpeOyroIero MHPOPMAIMI0 0 XapakrtepucTukax Liberty-sueex. B
pamkax uuTerpaunu ReadCells B SVAN 0Obur paspaboran tpancistop Liberty B Verilog mis
BO3MOXKHOCTH MEXMOYJIFHOTO aHaJIn3a, YTOOBI SK3eMILUIIph! Liberty sueek He mpencTaBisianch B
MOJIeNH, KaK “‘depHBIE SIIUKN .
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4.2 UnTtepnpetauusa UPF-onucaHusa

Kak yxe ynomunainocs, Unified Power Format siBisiercst nanctpoiikoid Han Tcl. Haunnas ot Bepcun
UPF 2.1, B crannapre IEEE 1801 siBHO yka3biBaeTcs, uTo i1t KoppekTHol 06padoTku UPF daiinos
Tpebyercst naTepnperarop Tcl Bepcun 8.4 wmu BoIIe.

Taxoke, O1aroaaps nmocie0BaTeIbHOMY BbInoiHeHHI0 koMaH 1 kak B UPF, tak u B Tcl, B onucanuu
MOACUCTEMBI IUTaHMs JOMycKaeTcst ucnonb3oBanue Tcl-nmpouenyp [25], OubanoTek U CKPUITOB C
ucronb3oBanueM Tcl-komann oOmero HasHaueHuss foreach, set u t.4. [Ipu atom nmoctyn K
o6wrexkTam HDL-onucanus mpon3BoUTCS € TTOMOIIBIO TONBKO OJHOM KoMaHabsl find objects.

W3 nuctuara 1 MoxHO 3ameTuTh, uTo KoMaHasl UPF mo cTpykType X0 ¢ KOMaHIaMH SI3bIKa
KOMaH/THOH O00O0JIOUKM (HampuMep, Takoro, Kak bash): KiIro4yeBble ciI0Ba, HAOOp apryMeHTOB,
ommuii M ¢maroB. Vicxons U3 3TOro cXoACcTBa OBIIO MPHHATO PEIICHUE MCIIONB30BATh ONOIHMOTEKY
CLI11 [26] mgns mapcunra aprymenToB. CLI11 npegnazHadeHa ays paboThl ¢ KOMaHIHON CTPOKOH
Y MIPEAOCTABISICT BCE HHCTPYMEHTHI JUIsl 00paOOTKH KOMaH 1, apr'yMEHTOB U OIILIUH.

Honnepxxxka UPF B pa3zpaboraHHOM HWHCTpyMeHTe peanm3oBana c¢ momomipio Tcl C APL. B
craagapte [EEE 1801-2018 omucano 63 komMaHIBI, IS KaXIOW M3 KOTOPHIX B pa3paOOTaHHOM
MPOrpaMMHOM obecrieyeHNH peanu3oBaH COOCTBEHHBIN 00paboTYHK. Komanna
Tcl CreateCommand peructpupyer UPF-komannsl B MHTepmperaTope H J00aBIsSeT
COOTBeTCTBYIOIME UM 0OpaboTunku B Tcl. B nponecce natepnperannu UPF-onucanus, BcTpeTus
3apErHCTPUPOBAHHYIO KOMaHly, HHCTPYMEHT BBI3BIBACT HY KHBII 00paOOTUYHK, KOTOPBIH, 3aKOHIHB
paboTy, BO3BpallaeT HEOOXOAUMBIE JaHHbIE U KOJ cocTosHui TCL OK mau TCL ERROR mpu
KOPPEKTHOM 3aBEpIICHIH paOOThI MM OIIHOKE COOTBETCTBEHHO.

Ha muctunre 5 mpenctasieH mpumep oOpabotunka komanasl UPF set correlated. Ilpu
BBI30BE 00pabOTUMKa KaK apryMeHT nepenaercs 00bekT UPFReader. OH yIpaBiseT IpOLECCOM U
XpaHUT BCIO HH(POPMAIHIO 0 TeKyIIeM cocTossHIH nHTepnpeTannun UPF-datina.

Ora nHbOpMaLK XPaHUTCS B BUJIE 00BEKTHOW Mojenu. [yt Kaxaoro JoMeHa MUTaHMs, IOPTa U
CeTH NUTaHUs, CTPAaTerui U JPYrux 3JEMEHTOB, OIUCAHHBIX COOTBeTCTBYOIEH UPF-koMannoi
MOJCUCTEMBI TIMTAHUS, CO3/IAeTCsl OOBEKT ONPEEIICHHOrO Kilacca ¢ MapaMeTpaMu, 3aaHHbIMH B
ONMUMAX KOMAaHABL. OTOT OOBEKT NPHUCOETUHSIETCA C OCTAIbHBIMH M MOXXET H3MEHSATHCA WIH
JIOTIONHATBCA B OyaymieM mpu obpaboTke apyroil komauzasl. [locTpoeHue MOTHONECHHON MOAeIH
HNOJCUCTEMBI IUTAHUS ABISAETCA TTIaBHOM Lienbio dTana uHtepnperanun UPF-onucanmus.

Uepes o0bekT UPFReader Takke MOXKHO MOJYYHTh AOCTynm K CLI::App. DTo mapcep
o0pabaTpiBaeMON KOMaH/Ibl, KOTOPBII MHUIMAIN3UPYETCS TOJIBKO OJIUH Pa3 MPH NEpBOi BCTpeue
atoii komaHasl. CLI mo3Boiysier B mpomecce MapcHHIa MPOBECTH IEPBOHAYAIBHYIO OOpaOOTKY
apryMeHTOB, KOHBEPTHPYS CTPOKH B cricKH Wik uncia. Taroke CLI npepocrasnsier natepdeiic s
OIIPEJCIICHUSI HEKOTOPBIX XapaKTEPUCTUK IS ONLUN U apryMEHTOB, TAKUX KaK KOJIMYECTBO WJIU
TUIl apPIyMEHTOB, BO3MO>KHOCTb 3a/1aBaTh HEKOTOPHIE OILMM B OJHOM KOMaHAE WU 3aIperT
YCTaHOBJICHHS OIpEeeIeHHOTO Habopa onmmid. Takum o0pa3oM mapcep BBIIOIHSET POJb MEPBOro
ypoBHs npoBepku koppektHoct UPF-onucanust.

Ilocne ycnemHoro napcuHra M H3BJIEYEHHUS apryMEHTOB 3allyCKAaeTCs BBIIIOJIHEHUE JIOTHMKU
KOMaHIbl. B 3aBHCHMOCTH OT KOMaHIBI 3TOT 3Tall MOXKET BKIIOYATh B ceOs CO3MaHHE HOBBIX
00BexToB B Mozenn UPF, n3MeHeHne XapakTepHUCTHK WM YCTAHOBKY CBSA3EH MEXAY OOBEKTaMH,
nonck o6wvexkToB B RTL-momenu m apyrue neiictBusa. [lpm ycmenrHOM BBITOJHEHHWH JOTHKH
M3MEHEHHUS COXPaHIIOTCA B MOJENH BHYTpH o0bekTa UPFReader W BO3BpaIIaeTCs KOJ cTaTyca
TCL_OK. B npoTuBHOM cilydae ynpapjeHHe nepepaercs B 0ok catch, KoTopslil Bo3Bpamiaer
cTpoky omubku U koJ TCL ERROR. Takas peanusanus IO3BOJIAET OCTaHABIUBATH
HHTEPIPETANHNIO B IIO00H MOMEHT.
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int UPF_set_correlated(ClientData data, Tcl_Interp* interp,
int argc, const char* argv[]) {
auto* reader = static_cast<UPFReader*>(data);
if (reader->flags().has(UPFContextFlag::Block))
return reader->save_cmd(argc, argv);
auto [cli, exists] = reader->getCLI(argv[@]);

if (lexists) {
// Pezaucmpayus onyuli KomaHOul
auto* group = cli->add_option_group("")->require_option();
group->add_option("-nets")->expected(1);
group->add_option("-sets")->expected(1)->excludes("-nets");

try {
// MapcuHe
cli->parse(argc, argv);

// Mony4yeHue 3Ha4eHul onyul

CLI::results_t nets_str, sets_str;

cli->get_option("-nets")->results(nets_str);

cli->get_option("-sets")->results(sets_str);

TclList<TclList<std::string>> nets(interp, nets_str,
SkipFirstBrackets());

TclList<TclList<std::string>> sets(interp, nets_str,
SkipFirstBrackets());

// Peanusayus no2uku KOMaHObl

}

catch (const std::runtime_error& e) {
Tcl_SetResult(interp, const_cast<char*>(e.what()), TCL_VOLATILE);
return TCL_ERROR;

}

return TCL_OK;

}

Jlucmune 5. Obpabomyux UPF-komanowl set_correlated uz cmandapma IEEE 1801-2018.
Listing 5. The handler for UPF command set_correlated from the IEEE 1801-2018 standard.

5. Cmamuyeckuli aHanu3 modenu nodcucmemMbl NTUMaHus

Amnanu3 UPF-onucanus HanpaBJieH HA IPOBEPKY KOPPEKTHOCTH MTOCTPOCHHOM MOAEIIH ITOACUCTEMBI
nuTaHus. CBOUCTBA, CBA3aHHBIE C IPOBEPKON KOPPEKTHOCTH, MOYKHO pa3[e/IUTh Ha J1Ba THIIA!

1) KOPPEeKTHOCTh KOHKPETHBIX S3bIKOBBIX KOHCTPYKIIMI B OMHMCAHHH TTOJICUCTEMbI TIUTAHHS,
HaIpuMep:

a) ucroib30BaHKe Heno iepxkuBaeMoii cranaprom UPF komans! 1160 omimn
KOMaH/IbL,

b) BBI30B 0OBEKTA (IOPT MUTAHUS, CETh IIUTAHUS, JOMEH | T.J.) IO €TI0 CO3JAHUS WIIH
BHE 00J1aCTH BUJIMMOCTH, B KOTOPOU OHa ObliIa CO3/1aHa;

C) HEKOPPEKTHOE UCIOJIb30BAHUE OIMIMI KOMaH UITH Nepeaada HEeKOPPEKTHBIX
apryMEeHTOB;

2) KOPPEKTHOCTH MOJyIEHHOW MOJIEIH, HATTPUMED:

a) TPOBepKa OTCYTCTBYIOIINX MJIH HEKOPPEKTHO 3a/IlaHHBIX OOBEKTOB, B YACTHOCTH
CTpaTeruii N30JIALNHI WK ITPeoOpa30BaHus YPOBHS HAIIPSIKCHNUS;

b) ouenka sneprosPpdexTHBHOCTH 3aaHHO# MOCUCTEMBI TUTAHUSL.
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HHuTtepnperaTop BMecTe ¢ 00paboOTKOW (aiina W MOCTPOCHHEM MOJCIHU BBITIONHIET MPOBEPKY
CBOWCTB NIEPBOTO THUIA. [[J151 MpOBEPKM CBOMCTB BTOPOTO TUIIA PEATTM30BaH CTATHUECKUN aHAIU3aTOP
MOJIENN TTOJICUCTEMBI IUTAaHMA. B paMkax manHo# paboTHI pa3padaThIBaICh METOIBI CTATHIECKOTO
aHaIM3a JByX KOMIIOHEHTOB W3 TIEPEUYMCIEHHBIX B pazjene 2.1: OJOKM H3OISAUMU U
npeoOpa3oBaTeNy YpOBHS HANIPSKCHHUS.

Bnoku m3omsimmy u mpeoOpa3oBaTeNy yPOBHS HANIPSDKEHUS Ha MIPAKTHUKE 33/1al0TCS IBYMS YaCTSIMH:
cTparerusi U30isLun (Ipeodpa3oBaHus YpOBHsI HAIPSDKEHHS) M OIIMCaHUe sIUeHKH, KoTopas Oyaer
BBINIOJHATh  (QYHKIMIO W30siuuM  (mpeoOpaszoBatensi ypoBHs — HanpspkeHws ). Komawisl
set isolation u set level shifter 3amaroT cTpareruto OJOKa H3ONALUHM |
npeoOpas3oBaTenss YpOBHS COOTBETCTBEHHO. OIHMCAaHHE SHYCHKH MOXET OBITh 3aJaHO TpeMs
criocobamu:

1. B Buze oTaenpHOTO Qaiina B OMOIHOTEKEe CTAHAAPTHHIX S4YeeK Ha s3bIke Liberty;

2. BHyTpu UPF-omucanus ¢ momomsto koMana define isolation cellw
define level shifter cell,

3. BmMecte ¢ HDL-onucanuem.

Manee UPF-xomanga use interface cell CBA3BIBAET COOTBETCTBYIOUIYIO CTPATErMIO C
STYEHKOM.

B crenyromemM moapasgene MpeACTaBICHO ONMCAHWE PEANM3ALMH MIPOBEPOK CYIIECTBOBAHUS H
KOPPEKTHOCTH CTpaTeruil U30JAIUH U IPeo0pa30BaHUs YPOBHS HANPSKEHUS.

5.1 MpoBepka cTpaTerun U3onsLMU N NpeodpasoBaHUA YPOBHSA HanpsXXeHUsA

[Ipexne yeM mepeiTH K MpOBEpKe CTPATETHH, HEOOXOIMMO OIPENEIUTh 00JIaCTH X IPHUMEHEHUS,
CIOCOOBI 3a7aHMs, a TaKKe BO3MOXKHBIC ITOCIEICTBUS HapylIeHUs nX KoppekTHoctu. Kak yxe
YIOMHHAJIOCh B pazgene 2.1, ONOKM HM30JIMHM M IIpeoOpa3oBaTeNl ypPOBHS HANPSHKECHHS
o0ecreunBaOT KOPPEKTHYI0 M O€30IacHYIO CBS3b MEXKIy AOMEHAMH MHTaHMSA, Y KOTOPBIX
OTIIMYAIOTCS PEKUMBI PaOOTHI.

JloMeHBI THTaHUS TPEICTABISAIOT COOOM TPYIIIBI 3K3EMIUIIPOB MoAyier (wmu staeex) w3 HDL-
ONMMCaHUs CXeMbl. B KaXJoM J[OMeHEe ecCTh TaK Ha3blBaeMble T'PAaHUYHbBIE JK3EMIUIIPHI —
9K3EMIUIPHI, MOPTHI KOTOPBIX BBIXOIAT HAPYXy, COCIUHSIS HMX C TaKUMH >K€ TPAHUYHBIMU
IK3EMIUIIPAMHU COCEJHHMX JIOMEHOB. [IpM ommcaHuWW cTparerdii M30JSIMKM U TpeoOpa3oBaHuUs
YPOBHSI HAaIpPsOIKEHUsI 4Yepe3 OIIMU COOTBETCTBYIOIIMX KOMaHJ 3alaloTcs (DUIIBTPBI, KOTOPBIC
OTIPeNIeNAI0T, A1 KaKUX ITOPTOB 3a/1aHa JaHHAs cTpaTerusd. Takum oOpa3oMm, MpOBEpKa HATUIHS U
KOPPEKTHOCTH CTpaTerMi CBOAMTCS K O0OXOy BCEX TMOPTOB TPAHUYHBIX OJK3EMIUIIPOB H
ONPEIETICHNIO Ul KaXKIOr0 M3 HHUX COOTBETCTBYIOIICH CTpaTermy IIyTEM COIOCTaBICHHS
apaMeTpoB MOPTa C YCIOBUSAMH 331aHHBIX (PHIBTPOB.

Jomen B
"BHNHOYEH"

Jonen A
"BhIKNHOYEH"

Puc. 3. IIpumep cxemvi ¢ ouubKoi omcymemesusi Heo6Xo0uMo20 610Ka u30asyuu meaicoy oomenamu A u B.
Fig. 3. An example of a circuit with an error due to missing required isolation cell
between power domains A and B.
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Ecnmm Mexmy nAByMs COCEACTBYIOIIMMH [OMEHAaMH HET HEOOXOOUMOW CTpaTeTMH WIH Ul
HEKOTOPOTO MOpPTa Ha TPAHULE 3TUX JOMEHOB HE BBINONHAIOTCS YCIOBHS HU OJHON U3 CTPaTEeTHi,
OTIPEIICTICHHBIX JUIA 3THX JOMEHOB, 3TO YKa3bIBacT HA HapyIICHHE TPEOOBAHHS CYIIECTBOBAHHS U
KOPPEKTHOCTH OIIMCAHUA CTpaTeruid. B cirydae OTCYTCTBUS KOPPEKTHOM CTPAaTErvy U30JIALUUA 3TO
OpUBEAECT K CHUTyallMH, TJ€ U3 BBIKIIOUYEHHOIO JOMEHAa BO BKIIOYEHHBIM IEPENacTCs
HeompeJleJIecHHOe 3HayeHue (puc. 3), 4TO MOXKET NPUBECTH K HEKOPPEKTHOH paboTe aoMeHa.
OTcyTCTBHE CTpaTeruu NpeoOpa3oBaHMs YPOBHS HaNpsDKEHHUs, NPUBEET K Iepenade CUrHaja
MEXAY IBYMS IOMEHaMH C Pa3HBIM YPOBHEM HANPSDKEHHMs, YTO MOXKET MPUBECTH KaK K OIIMOKe
pabOTHI TOMEHOB, TaK U BBIXOMYy U3 CTPOSI BCEH CXEMBI.

Heo0xoauMOCTh TNpUMEHEHHsI CTpaTeTMH M3OJSIIMUM Ha TpaHUIE JBYX JIOMEHOB IHTaHMS
OIIpeJIeTIsIeTCsI Ha OCHOBE aHali3a BO3MOKHBIX PEKUMOB pa0dOTHI 3THX oMeHOB. Eciu cymectByer
COCTOSIHUE CXEMBI, IPY KOTOPOM OAMH U3 JOMEHOB HAXOIUTCSA B COCTOSHHUM “‘BBIKIIOUEH’ WU XKe
OCHOBHO€ TIMTaHHE JOMeHa (primary supply set) HaXOIUTCS B COCTOSHHH “BBIKIIOUEHO”, B
TO BpeMs KakK Jpyrod JAOMEH “BKIIOYEH” JIMOO ero OCHOBHOE MHUTaHWE HAXOAWUTCS B COCTOSHUH
“BKIIIOYEHO” ¥ IPU 3TOM HE 3aBHCUT OT OCHOBHOTO NHUTaHMUS IEPBOrO AOMEHA, TO Ha TPAHUIIE
HEOoOX0ANMa CTpaTerus H30JISIHN.

Ha puc. 4 mpencrasieH mpuMep YacTH CXEMBI, I'/ie CTpaTerusl U30JLIIMKU Heo0XoIuMa, BMECTe C
IIPUMEPOM pean3alluy SYeHKN N30JIALUH uepes Jorudeckoe “M”. B aToM mpumepe, Korjaa 10MeH
A HaxXOJUTCS B COCTOSIHUM “BBIKITIOUEH ’, 3HAUEHUE CUTHAJa Ha €ro BBIXOJe HeompeaeneHHoe. s
MIPEJOTBPALICHUS PACIPOCTPAHEHUS TAKOI'0 CUTHajla BBIXOJA JOMEHa A MOJaeTcs Ha JIOTHYECKHUH
meMeHT «M» COBMECTHO ¢ MOCTOSHHBIM 3HadeHHeM 0, 4To obecmeunBaeT (HUKCHPOBAHHOE
3Ha4eHUE HA BBIXOJE M30ALMOHHON suelku. [Ipu BKIIOYEHUMH JOMEHa A TMOCTOSHHBIM BXOJ B
SYEHKy M30JISLUH TepeBoAUTCs B 3HaueHue 1. TakuM oOpazoM siueiika n30suu OyieT nepeaaBaTh
B JIOMeH B KOppEeKTHBIH CUr'HaJ B pe3yJbTaTe paboThl JOMEHa A.

Ecnm cymecTByeT cOCTOSHHE CXEMbl, P KOTOPOM 00a JOMEHa BKJIIOUEHBI, HO MPU 3TOM HX
OCHOBHO€E IIMTAHKE MOAKIIOYEHO K UCTOYHUKAM C Pa3HBIM YPOBHEM HAIPKEHUSA, TO MEXKAY HUMU
JIOJDKEH TIPUCYTCTBOBAThH MpeoOpa3oBarTesib ypoBHs HanpsbkeHus. Ha puc. 5 npencrasieH npumMep
CXeMBI ¢ SYeWKOW mpeoOpa3oBaHus ypOBHS HampspkeHus. Peanmmsanust mpeoOpa3oBaHMs YPOBHS
MOXET OBITh BHIITOJIHEHA C TOMOUIBIO JIBYX SIUEEK, 10 OAHON B KaXKIyI0 CTOPOHY Iepexoa. B Takom
cirydae onuuu —~rule koMaHpl set level shifter g kaxao0i U3 cTpaTeruil J0MKHO OBbITh
IepelaH0 COOTBETCTBYIOIlee 3HadeHne low to high/high to low. AnbpTepHaTHBHOE
ONMCAaHUE CTpPaTerMu TPeoOpa3oBaHUsl YPOBHsS HANPSDKEHHS MOXKET OBITh BBIIOJIHEHO C
HCIIONIb30BaHUEM OJHOM KOMaHIbl set level shifter:oxHa cTparerus co 3HAYEHUEM ONLIUH
-rule both.

Homen A
"BhIKNHOYeH"

Puc. 4. I[Ipumep cxemul ¢ peanuzayueii suetiky uzoaayuu yepes jocuieckoe “U”.
Fig. 4. An example of a circuit implementing an isolation cell using a logical “AND”.
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HanpshxeHwe: 0.8 V HanpsxeHue: 1.2 V
low_to_high
BbIXOA, | BXOA,
JomeH A omeH B
BXOA | BbIX0O[,
high_to_low
3emns: 0V 3emna; 0V

Puc. 5. [lpumep cxemul ¢ ucnonvzoganuem cmpamezuu nPeodPaA306anUs yPOoeHs HANPANCEHUSL.
Fig. 5. An example circuit using voltage level shifter strategy.

B crannapre IEEE 1801-2018 mpeacraBneHsl GUIBTPHI CTpaTerdii mMpeodpa3oBaHusl YPOBHSA
HANPSIZKeHUs] ¥ H30JISINMH, KOTOPBIE ONPEEISIOT AT KAKUX IOPTOB 3a/1aHa IaHHAsl CTPATETHSL.
OUIBTPHI CTPATETHH M30JSALHH (pHC. 6):

BI/IZ[BI CCTH NMUTAHUSA MOJTYHATCIId U UICTOUYHUKA CUTHaJIa ONPCACITIAIOTCA aHAJIOTHYHO TOMY,
KaK 3TO MNPOUCXOAUT MJid CTPATCrun npeo6pa3OBaH1/m YPOBHSI HalpPSKCHUA. Taxoke
UACHTUYHBI (1)I/IJ'H)TpI)I IS MECTOHAXOXKICHUS SUYCHKH Ha CXEME, IMPOBEPOK TI'paHUIIBI
JOMEC€HA 1 HalIpaBJICHUA ITOPTA.

3HaueHue MNpu BKIIOYEHUH CTPATErHMH: MPU OTKIIOYEHUH OCHOBHOI'O MHTAaHUs, sYEHKa,
peanu3yromas CTPAaTEeTHI0 M30JALWU, JTOJDKHA IOJACPKUBATh YPOBEHb HAIPSIKEHHS,
COOTBETCTBYIOIMI 3HaueHHI0 UPF clamp value, yka3aHHOMY B KauecTBe aTpuOyra
mopta. JlomycTuMo OJHO W3 clexyromux 3HaueHuit: 0, 1, Z, ¢ukcanus IOCIEIHEro
3Ha4YeHUs MOpTa, J000e, a TakXkKe IOJIb30BaTeNbckoe. DUIBTP MO3BOJISIET YCTAaHOBUTH
CTPATeTHI0 H3OJAIMM Ha TOPTHI, KOTOphle OyayT HMETh yKa3aHHOE 3HA4YeHHE MpHU
OTKJIIOUEHMH NUTaHUA. 3aJaeTcs yepes onuuio —applies to clamp.

3HayeHHWe IpH BBIKIIOYEHHHM MOJydaTesd CHUTHAja: B CIIydae, €CIM COCTOSHHE CETH
MMUTaHUSA, B KOTOPYIO IIepEeaeTCsl CUTHAN, H3MEHSETCs Ha J11000e, KpoMe COCTOSHUS IS
peXxuMa CUMYJISILUU, [TOMEYEHHOIO KaK aKTUBHBIM, IOPT JOJDKEH NPUHATh 3HAYCHUE,
yKa3aHHOe ¢ IoMouiplo aTpubyra nopra UPF sink off clamp value. ®uibstp
MTO3BOJISIET YCTAHOBUTH CTPATETHIO M30JISIIIMH HA TOPTHI, KOTOPBIE OyIyT MIMETh YKa3aHHOE
3HAaYCHNE OpH  yKa3aHHOM COOBITHH. 3amaerca  uepes OTILINIO -
applies to sink off clamp.

3HaueHHUEe NpU BBIKIIOUYEHHM HCTOYHMKA CHTHAlA: B CIydae, €CIM COCTOSIHHE CETU
MMUTAaHUSA, U3 KOTOPOH TepeiaeTcs CUTHAJ, H3MEHSIeTCs Ha JII000e, KpOMEe COCTOSHHS IS
peXuMa CUMYJISILUM, [TOMEYEHHOIO KaK aKTUBHBIH, MOPT JOJDKEH IPUHATH 3HA4YEHHUE,
yKa3aHHOE € MOMOIIBIO aTpubyra nopra UPF_source off clamp value. ®uistp
MI03BOJISIET YCTAHOBUTH CTPATETHIO U30JSIIMK Ha TIOPTHI, KOTOPBIE OYAyT NMETh YKa3aHHOE
3HAYEHUE pu YKa3aHHOM COOBITHH. 3apaercs uepes OIILIHIO -
applies to source off clamp.
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Ennnas cets muTaHus: GUIBTP ONPENEIAET, ABISIFOTCS JIM CETH MMUTAHUSI MEKAY ABYMSI
MOPTaMHU SKBUBAJIEHTHBIMH. [0 yMOT4aHHIO, TYEHKH U3OISALHMH CTABATCSA B TEX CIydasXx,
KOTJ]a OCHOBHBIE CETU NMUTaHHs JOMEHOB HE SKBUBAJIICHTHBI IPYT ApYyry. MOKHO yKa3aTb,
9TO CTPATErys U3OJLIUHU SBISIETCS IPUMEHUMON B CIIydasiX, KOIJla 3TO YCIOBHE
HapyLeHo, ¢ noMomeio onuuu —diff supply only, mepenas apryMeHT
FALSE/TRUE B 3aBUCMMOCTH OT TOTO, TPEOYETCSI JI OTCYTCTBUE MIIH HAITIUIKE
skBuBaneHTHOCTH. Onuus —use functional equivalence, nonyvaromas Te ke
apryMEeHTBHI, HO3BOJISIET YKa3aTh, IIPOBEPSETCS U (PyHKIIMOHAIBHAS SKBUBAJICHTHOCTD
MEXKIY CETAMU ITUTAHUA.

set_isolation strategy name
-domain domain name
[-elements element list]
[-exclude_elements exclude list]
[-source <source_domain_name | source_supply ref>]
[-sink <sink_domain_name | sink_supply ref>]
[-diff_supply_only [<TRUE | FALSE>]]
[-use_functional_equivalence [<TRUE | FALSE>]]
[-applies_to <inputs | outputs | both>]
[-applies_to_boundary <lower | upper | both>]
[-applies_to_clamp <0 |1 | any | Z | latch | value>]
[-applies_to_sink_off clamp <0 |1 | any | Z | latch | value>]
[-applies_to_source off clamp <0 |1 |any | Z | latch | value>]
[-no_isolation]
[-force_isolation]
[-location <self | other | parent | fanout>]
[-clamp_value <0 | 1| Z | latch | value | {<0 | 1 | Z | latch | value>*}>]
[-isolation_signal signal list [-isolation_sense <high | low | {<high | low>*}>]]
[-isolation_supply supply set list]
[-name_prefix pattern] [-name_suffix pattern]
[-instance {{instance_name port name}*}]
[~update
[-isolation_power net net_name] [-isolation_ground net net_name]
[-use_equivalence [<TRUE | FALSE>]]

Puc. 6. Onucanue onyuii komanowl set_isolation uz cmandapma IEEE 1801-2018.
Fig. 6. Set isolation command options description from IEEE 1801-2018.

OuIbTPHI CTpATErHy MPeodpa3oBaHusi YPOBHS HanpsikeHus (prc. 7):
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I'panuna nomeHa: uepapxudeckasi CTpyKTypa MOJACUCTEMBI IUTAHUS 03HAYAET, UTO Y
KaXXI10ro Jo0MEcHa InUuTaHust MOXET GBITI:- BCPXHAA U HUKHAA I'PAaHUIIBI. q)I/IJ'II)Tp
ITOKa3bIBACT, JI IIOPTOB Kakoil UMEHHO TpaHUIBI 3aJlaHa JaHHAA CTPATETrUuA
(lower/upper/both). 3nauenue 3agaercs yepes onuuio —applies to boundary.

Hanpasienne nmopra: GuiIsTp MOKa3bIBAET, TSI TOPTOB C KAKUM HAIPABICHHEM 3a/1aHa
nanHas crparerus (inputs/outputs/both). 3HaueHue 3a1a€TCs Yepe3 OMILUI0 —
applies to.

Yka3zaHue ceTH MUTaHUS NOIyYaTeNs CUTHANIA: CTPATEr sl 3aJaHa TOJIBKO JJIS TeX MTOPTOB,
JUTSE KOTOPBIX CETh MMUTAHUS Ha CTOPOHE MOJIyYaTelisi CUTHAJIA HIMEET ONPEIACICHHBIC
XapaKTePUCTHKH. 3HAYCHHUE 3a1aCTCs Yepe3 OMIMI0 —S ink.
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e VYKa3aHWE CETH MUTAHUS NCTOYHHMKA CUT'HANA: CTPATETH 3aJaHa TOIBKO IS TEX MTOPTOB,
JUTSL KOTOPBIX CETh IIUTaHMS HAa CTOPOHE HCTOYHNKA CUTHAJIA HIMEET OIpEICIICHHBIC
XapaKTEepUCTUKHU. 3HAUCHHE 3aJaCTCsI YepEe3 OMNIHI0 —Source.

e Hampasnenue u3MEHEHUs! HANPSDKEHUS: QUIBTP OTPaHUYMBACT PACIIPOCTPAHEHHE
CTpaTeruu AJisi TeX MOPTOB, IPH MEPEXOJE YePE3 KOTOPBIE YPOBEHDb HANIPSIKEHUS
MeHseTCs B 3alaHHOM HamnpaBneHu (Low _to_high/high to low/both). Ilo
YMOJTUaHUIO 3HaUeHNE QUIbTpa both. 3HaueHne 3agaercs gepes ommuio —rule.

e MuHUMaJIbHAS Pa3HULA HAIPSDKCHUI: GUIBTP ONpeaesseT MUHIMAIbHYIO Pa3HHUILY
MEXIy YPOBHIMH HaNpsDKECHHS Ha JBYX KOHL@AX MOPTa, U KOTOPOH 3a/laHa CTpaTeTHsL.
3nauyenne o ymondanuro paBHo 0. 3HaueHue 3amaercs yepe3 onmuio —threshold.

e MeCTOHaXOKICHNE TUEHKH B CXEME, KOTOpas OYIET pean30BLIBATE 3Ty CTPATETHIO TI0
OTHOIIEHHIO K JIOMEHY, onpeeisonero crpareruio (sel f/parent/fanout/other).
3HaueHne 0 yModaHuio self. 3HaueHne 3amaeTcs dyepes oo —1location.

set_level_shifter strategy name
-domain domain_name
[-elements element list]
[-exclude elements exclude list]
[-source <source domain name | source supply ref>]
[-sink <sink _domain_name | sink_supply ref>]
-use_functional_equivalence [<TRUE | FALSE>]]
-applies_to <inputs | outputs | both>]
-applies_to_boundary <lower | upper | both>]
-rule <low_to_high | high_to_low | both>]
[-threshold <value>|
[-no_shift] [-force_shift]
[-location <self | other | parent | fanout>]
[-input_supply supply set ref] [-output_supply supply set ref]
[-internal supply supply set ref]
[-name_prefix pattern] [-name_suffix pattern]
[-instance {{instance_name port_name}*}]
[-update]
[-use equivalence [<TRUE | FALSE>|]

e W e W s W |

Puc. 7. Onucanue onyuii komanowl set_level shifter uz cmanoapma IEEE 1801-2018.
Fig. 7. Set level shifter command options description from IEEE 1801-2018.

Hepeu BBITMIOJTHEHHUEM NPOBEPKU MPOBOJUTCA O6XOZ[ KaXaoro gomMeHa B MOJACIU ITOACHCTEMbI
IIUTAaHUA U C60p CITUCKaA CTPYKTYP, COCTOAIUX U3 Iap COCCACTBYIOUINX TOMCHOB U CIIMCKa ITOPTOB
MCXIY TPaHUYHBIMU OK3EMILIApaMU 3TUX TOMCHOB. ZIJ'IH Ka)K}];Ol‘/Jl CTPYKTYPBI JaJIe€ IMMPOBOAUTC
MpOBepKa KOPPEKTHOCTH cTpateruii. OOBEKThl JOMEHOB MUTAHHUS XPAaHAT BHYTPU BCE CTPATETHUH,
OIIpe/ieJIeHHBIE B COOTBETCTBYIOIINX JIOMEHAX.

HepBI:.IM OTaroM MPOBEPKU ABJIACTCA OIPEACIICHUEC HCO6XO)II/IMOCTI/I CTpaTeruu MEXIy JaHHbBIMU
JOMCHAMU B COOTBETCTBUU C NMPUBCIACHHBIMU BBIIIC KPUTCPUAMU JJIA Ka)KlIOﬁ us3 CTpaTeFPIﬁ. B
cilydae TIOATBEP)KJICHUS HEOOXOAMMOCTH BBINOJHSETCS IPOBEPKAa HAJIWYHS COOTBETCTBYIOIIMX
cTpareruii Xots Obl B OJJHOM M3 COCEACTBYIOIIMX JOMEHOB. Ecnm ctpareruii Het, TO BBLAAETCS
coobmieHre 06 OTCYTCTBUH HEOOXOIMMOM CTpaTerud (JIMCTHHT 6, CTPOKH 1-2 1 4-5).

Ecnm cincok crpareruii Ha JoMeHaxX He IMyCTOM, TO JUIsl KaXKA0To NOpTa Ha TPAaHMLE U IS KaXXI0H
CTpaTeruy JaHHBIX JOMEHOB IPOBEPSIETCSI COOTBETCTBHE mopra (uiabTpaM crparernu. Ecim B

63



Yeghiazaryan A.V., Churkin Y.A., Chernyavskih L.I., Kotsynyak A.M., Kitaev K.N., Buchatskiy R.A., Kamkin A.S., Korshunov A.V.,
Pereverzev A.L. Static analysis of power intent in integrated circuits. Trudy ISP RAN/Proc. ISP RAS, vol. 38, issue 3, part 1, 2026. pp. 45-70.

pe3ynbTaTe 00X0/1a BCeX CTpaTeTruii He HAIIIOCh XOTS ObI OJTHOM, BceM (DHIIbTpaM KOTOPOM MOPT ObI
COOTBETCTBOBAJI, TO BBIAETCA COOOIIeHHEe 00 OmmMOKe ¢ yKazaHWEM IopTa, HOMEpa CTPOKH C
OTIpeNieIeHneM CTpaTerun (OqHOM m3 cTparerni) u GpuibTpa (0THOTO U3 GUIBTPOB), KOTOPHIM HE
YIOBJIETBOPSCT AaHHBIN MOPT (MUCTHHT 6, cTpoku 7-8 u 10-11).

B nuctuare 6 cTpoKu 1-2 u 7-8 COOTBETCTBYIOT OMIMOKAaM CTPATEruy H30JISIIINH, a CTpoku 4-5 u 10-
11 — crpatermu mpeoOpa3oBaHus ypoBHS HampspkeHHS. CTpoku 4-5 COOTBETCTBYIOT OIIMOKE
¢dunpTpa -applies to boundary, crpoku 10-11 — punsrpy -threshold.

1 |notset-iso.upf:0: fatal error: IsolationNotSet: isolation strategy was not set to the
2 |port '/topt/u_blink_ctrl/clk', but isolation is required

3

4 |notset.upf:0: fatal error: LevelShifterNotSet: level shifter strategy was not set to
5 |the port '/topt/chkl/pl', but level shifter is required

6

7 |bound-iso.upf:152: fatal error: InvalidStrategyBoundary: port named

8 '/topt/u_blink_ctrl/clk’' has no isolation strategy, boundary filter failed

9

10 |thres.upf:39: fatal error: InvalidLevelShifterThreshold: port named '/topt/chkl/pl’
11 |has no required level shifter strategy, threshold filter failed

Jlucmunz 6. Hpumepuvl coobwenuti owubox npu omeymemeuu (cmpoku 1-2 u 4-5)
U HeKoppekmHom onpedenenuu cmpameuti (cmpoxu 7-9 u 11-13).
Listing 6. Examples of error messages for missing (lines 1-2 and 4-5),
and incorrectly defined strategies (lines 7-9 and 11-13).

5.2 UHTerpaumsa UPF B ctatnyeckmnn aHanusatop SVAN

JIJ1s1 KOPPEKTHOTO aHaIM3a OMMCAHUS MOJCUCTEMBI MUTaHKU B HHCTpyMEHT aHanu3a SVAN Obuta
nmobasieHa ommus —-upf. B auctuHre 7 mpuBeneH mpuMep 3amycka HHCTPYMEHTA ISl IPOBEPKU
MIPOEKTa BMECTE C OMUCAHMEM IMOJACUCTeMbI uTanus. B daiine design.sv mnepegaercs HDL-
OMHCaHWe TPOEKTa, a ommus --upf B BUAE aprymMeHra npuHuMaer myte kK UPF-daitty c
COOTBETCTBYIOIUM OmucaHueM (power . upf). Ecnu onucanne nojacucTeMsl MUTaHUS Pa3/ieIeHO
Ha HECKOJIBKO (haiiJIoB, TO MHCTPYMEHTY TePeacTcs TOIBKO OAWH (aiii, B KOTOPOM OIpeeseTcs
JIOMEH NMHUTaHUs, COOTBETCTBYIOMIMN rnaBHOMY Monyiito HDL-onucanus. Ilepexon xk ocTaabHbBIM
¢aiiam 10oDKeH OBITH KOPPEKTHO 3a/laH B ONUCAHMM MOJCHUCTEMBI IUTAHUS 4Yepe3 KOMaHIy
load upf W HHCTPYMEHT NpU 00pabOTKe 3TOH KOMaHIbI TaKKe MePeHeT K COOTBETCTBYIOMINM
¢aitmam. Arammsatop nocie nmoctpoeHus ACJl mpoekTa cxeMsl 3amyckaet uaTeprperanuto UPF-
¢aiina. [Ipu ycremHoM 3aBeplIeHHH 3Tala MHTEPIPETAIIMHA HOCTPOCHHAS MOJETH MOJCHCTEMBI
NUTaHUs HepeaaeTcs B MOAYNb cratuueckoro aHanuza UPF-onucanus.

svan design.sv --upf power.upf

Jlucmune 7. [Ipumep Komanovl 3anycka UHCMpyMeHma.
Listing 7. Example command to run the tool.

ITpn oOHapyXeHHMHM CHHTAKCHYECKOH WJIM CEMAaHTHYECKOW OMIMOKM WHCTPYMEHT IIepefaeT B
CTaHAApTHBIN ITOTOK BBIBOJA COOOLICHHE C WMEHeM (aiiia, HOMEPOM CTPOKH M OIIMCaHUEM
oOHapyxeHHON ommOku (muctuHr §8). Ommubka FindFail o3Ha4YaeT, 4YTO B OIHCAHHUH
ucronb3yercss UM obwvekta "/sw_2/SW _OUT", koTopelii He Obl1 0OBsABIEH 3apaHee. Takas
omnOKa MOXET BO3HMKHYTH IIPU OTCYTCTBHU HEOOXOIMMOIO OOBSBICHUS WM IIPU OIEYaTKe B
HaTFCaHUU UMEHU 00beKTa pu UCTIOJIb30BAaHHU. Coo0lmeHus omrnooK
InvalidLevelShifterRule u InvalidStrategyDirection  yKa3blBalOT Ha

HEKOPPEKTHOE OmHcaHue cTpatermid. B mepBom cmydae ¢uasTp -rule  KOMaHABI
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set level shifter, onucanHslil B pa3jene 5.1, 3a1aH IPOTUBOIIOI0KHO HAIIPABIEHUIO IOPTa
"/topt/chk3/p", KOTOPBI HAXOIUTCS HA TPAHULIE MEXIY IBYMs JOMEHAMU, BCIEACTBUE YETO
STOT MOPT OCTAETCS HETIOKPHITHIM CTpaTeTHel peoOpa3oBaHus YPOBHS HANIPSHKCHHUS, YTO SBISCTCS
ommOKkoi. Bropas ommOka yka3piBaeT Ha CXOKee HapyIICHHE, CBS3aHHOE C (QWIBTPOM -
applies to. Tak kak 3TOT QUIBTP MPUCYTCTBYET B CTPATETWH H3OJAIMH U B CTPATErHH
npeoOpa3oBaHs YPOBHS HAIPSDKEHUSI, TEKCT COOOIIEHMS yKa3blBaeT B KaKOW MMEHHO KOMaHE
HaliieHa ommOKa. B maHHOM ciydae yka3zaHa CTpaTerus npeoOpa3oBaHUs YPOBHSI HANPSDKCHUS —
level shifter strategy.

dut.upf:138: fatal error: FindFail: Object "/sw_2/SW_OUT" was not found in name map

rule.upf:39: fatal error: InvalidlLevelShifterRule: port named '/topt/chk3/p' has no
required level shifter strategy, rule filter failed

dir.upf:39: fatal error: InvalidStrategyDirection: port named '/topt/chk3/p' has no
required level shifter strategy, port direction filter failed

Jlucmune 8. Ilpumepsl coobuyenul OuudOoK.
Listing 8. Tool error messages examples.

Bce xomannel UPF u3 cranmapra IEEE 1801-2018 mnonnmepkuBaroTcs. [lomoiHUTENbHO, BCe
komaHs! u3 cragaaptoB IEEE 1801-2024 u Gonee cTapblx MOANEPKUBAIOTCS HA YPOBHE UTCHUA
cnenuUKaUu s TMOJACPKKH OOpaTHOM COBMECTHMMOCTH. B nmajbHEiIIeM IUIaHUpyeTCs
peanu3anys HOJHON IMOJAEPKKH U BceX BepcHid popmara.

6. TecmupogaHue Ha OMKPbLIMbIX MPOeKmax

Jls OeHKM KadecTBa MHTEPIPETaTOpPa M MOAYJIS CTATHYECKOTO aHajlu3a ObUIM ITOJATrOTOBIICHBI
CHHTETHYECKHE NPUMEpHI, Kak cooTBeTcTBylomue ctanaapry UPF um mpoBepsembIM cBoHCTBaM
9JIEMEHTOB IOJICUCTEMBI MTUTAHMS, TaK U Hapyllamoolme ux. Becero ObUIO MOATOTOBICHO MOpPSIKA
830 cHHTETHYECKHX TECTOB IS MPOBEPKH SI3BIKOBBIX KOHCTPYKIHUI 1 20 TONHOIIEHHBIX TIPOEKTOB
JUIA TIPOBEPKHM IOCTPOCHHON MOJAEIH, B TOM HYHCIE 2 TO3UTHBHBIX, 17 HEraTUBHBIX WU OJUH
KOHTpOJbHBIN npoekT u3 cranaapra IEEE 1801-2018 paszaen E ¢ pazpaboranubiM st Hero HDL-
kozoM. Takske ObUTO IPOBEICHO TECTUPOBAHHUE HA IPOEKTAX C OTKPBITHIM HCXOAHBIM KOJIOM. BBHIY
MaJloro KOJIMYECTBA OTKPHITHIX ITPOEKTOB C OINMCAHHEM IojcucTeMbl nuTtanus B Gpopmare UPF, B
TECTUPOBaHHMHK OBLIH UCTIOIH30BaHbI MpoekThl openC9I10 [27], X-heep [28], 80b10b [29] u TecToBbIii
AK3EMILISIP, TIpecTaBiIeHHbIi B mpoekte OpenROAD [30].

B openC910 Obin 0OHApY>KEHBI HE3HAUNTEIbHBIE OTIIMYMS OT CTAaHAAPTa, TAKUE KaK OObsBICHHE
xomMeHTapueB B opmaTte C/C++ Bmecto Tcl u nepenada komanzne set design top uUMeHH
9K3EMIUIAPA MOJYJIS B KQUeCTBE apryMEHTa BMECTO MMEHHM CaMOI'0 MOAYJIsS, KOTOPbIe MOTYT OBbITh
CIIEZICTBHEM OCOOEHHOCTeH KOHKPETHOTO HHCTPYMEHTA, HCIIOJIb3YeMOT0 aBTOpPaMH B IIPOIiEcce
pa3pabotku. B mpoekrtax x-heep u 8bl0b ObiM OOHApy)KEHBI HECOOTBETCTBHUS CTaHAAPTY:
OTCYTCTBHME 0O0s3aTeNpHOM omuumu -update B komaHae add power state [31] nu
HEIOKYMEHTHPOBaHHas onuus —control ports B KoMaHJe create power swtich [32]
COOTBETCTBEHHO. B osx3emmmsipe u3 mpoekta OpenROAD Obuta oOHapykeHa OIIMOKa
UCIIONB30BaHUsl  HEoOBsiBIIEHHOTO  oObekta [33]. Drta ommbOka Obula  HWCIpaBlcHA
paspaborunkamu [34].

CpaBHHUTEIFHOE TECTUPOBAaHKE NPOEKTOB U3 JucTHHTA 4 1 n3 crangapra UPF Ha paspaboranHOM
nHctpymenre, VCS u SpyGlass yka3ano Ha Ti1aBHBII HEOCTaTOK IPONPHETapHBIX HHCTPYMEHTOB.
Kak VCS, tak u SpyGlass nmeror orpaHndeHHylo mojanepkky crannapra gopmara UPF. Ecnu
HepBBIIl HHCTPYMEHT criocoOeH noanaepxuBats 00padotky UPF ¢ HeOonpmMMu orpaHMYeHUSIMH,
TO B CiIydae IOCIEIHEro HaOII0AaeTcsl 3HAYNTENIFHOE OTJIMYNE B CHHTAKCHCE OIIUI M CTEICHH
nognepxxkkn UPF-komana. OTCyTCTBHE TMOAAEP)KKM HEKOTOPBIX KOMAaHI ¥ ONIMHA, Kak
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set variation, set correlated, -model g xoMauabl add power state, u
CHUHTaKCHYECKUE OTIMYHS CHIIBHO YCJIOXKHSIOT IPOLECC pa3pab0TKU M TECTUPOBAHUS MOJCUCTEMBI
NUTaHus, TpeOysl aJanTaluio OMHMCAHUs TOJACUCTEMBI IMHTaHUsI ¥ cooTBercTByromero HDL-kona
0/ KOHKPETHBI MHCTPYMEHT. B oTimume oT HHX, pa3paboTaHHAs HAMU CHCTEMa CTaTHYECKOTO
aHanmm3a TMojajepKuBaeT Bce KoMaHabl ctaHmaptoB UPF, Bkmouas Bepcuro 3.1. ITommepikka
crannapra IEEE 1801-2024 (Bepcus 4.0) HaxoauTCs B Tpoliecce pa3paboTKy.

7. 3aknroyeHue

B pamkax naHHON pabOTHI IPEACTaBICH WHCTPYMEHT U1 WHTEPIPETAlMM M MOCTPOCHHMS
0OBEKTHOI MOJIENTN OTIMCAHH MTOCHCTEMBI INTAHNS HHTETPABHBIX cxeM B popmare UPF, a Taxxke
CTaTHYECKOTO aHaIM3a IIOJYYCHHON MOJIETM Ha MPEeIMET KOPPEKTHOCTH OIMCAHUS OCHOBHBIX
AJIEMEHTOB TAaHHOH MoJCUCcTeMBL. B mpomecce paspaboTku nzydeH cramapt ¢opmara UPF IEEE
1801, a Taxke THITMYHASA CTPYKTypa M OCHOBHBIC KOMITIOHEHTHI OIMCAHMS MOACHUCTEMBI TUTAHHS C
UCTIONIb30BaHUEM 3Toro Qopmara. PaccMOTpeHBI CyIIECTBYIOIIME KOMMEPUYECKHE U OTKPBITHIE
HUHCTPYMEHTBI, MPEACTABJIICHBI WX OCHOBHBIC HCEIOCTATKU: BBICOKAasd CTOMMOCTL JIMIICH3UH,
pasHoIiacus CO CTaHAAapTOM, OTCYTCTBUE BO3MOXKHOCTH IPOAHAIM3UPOBATH  OIUCAHUE
nojicucTeMbl nuTaHue. Ha ocHOBe 3THX HCClelOBaHMM pa3pabOTaH MOAXOA AN peanu3aluu
OTEYECTBEHHOTO MHCTPYMEHTA.

Pa3paboTaHHbIil HHCTPYMEHT MpEA0CTaBIISIET MOJMHYI0 noanepxky ¢popmara UPF B coorBeTcTBHM
co craggaproM IEEE 1801-2018 u momnepxKy KOMaH[ U3 IPYyTrUX BepcUil cTaHAapTa Ha ypOBHE
yreHus crierudukanuy. Pean3oBaHa npoBepKka CHHTAKCUYECKHX M CEMAaHTUYECKUX HapyIICHUH,
OMOOK KOPPEKTHOCTH SI3BIKOBBIX KOHCTPYKLIMH, a Takke aHajdu3 CTPATerdid H30JIUUd U
npeoOpa3oBaHKsl YpOBHS HampspkeHus. MHCTpyMEeHT OBUT NPOTECTHpPOBAaH Ha CHHTETHYECKUX
TECTaxX U OTKPBITBIX MPOEKTaX.

B nanpHeiimeit paboTe maHupyeTcs paclIMpeHHe MOANEepPKUBAEMBIX KOMAHI [0 IIOJHOU
noanepxxku Beex Bepcuit UPF n peanu3zanyst 60JpIIeTro KOJTHYIECTBA TPOBEPOK, BKITFOUAsI CTPATETHIO
COXpaHEHMs COCTOSHUS M OJIOKM OTKIIIOUCHHMS NMUTAHUS, a TakXkKe pa3paboTKa METOAOB aHAIN3a
9Heprod(pPpeKTUBHOCTHU MOCTPOCHHOI MOJIEIIH.

Takxke mIaHUpPyeTCsl CpPAaBHUTENBHOE TECTUPOBAHME C KOMMEPUYECKMMHM HWHCTPYMEHTaMHU,
MPENOCTABIAIOIIMMYA BO3MOXKHOCTh TaKOrO aHaju3a, U MPOJOJDKEHHE B3aUMOJACHCTBUS C
MPEINIPUATHAMUA-TIOTPEOUTEISIMA IS TIOJTYYEHHUS. OOpaTHOHM CBSI3M M BHECCHUS WCIIPABICHUHA H
JOITOJIHEHUM.
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