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Mockoeckuii uncmumym 3J1eKmMpPOHHON MeXHUKU
NCITIOJIB30BAHUE CTATUCTUYECKUX PACHPEI[EJIEHHPI B
BEPUO®UKAIINU IMP®POBBIX BJIOKOB
Aunomayus: B cmamve  paccmMampu8aromcsi  OCHOGHble  ACNEeKMbl
UCNONB308AHUSL pACNpederumenbHblX ocpaHudenuti (distribution constraints) 6
A3vIKe onucanus annapamypul SystemVerilog. Asmop obvsacHaem, Kak 8 pamKax
mecma ¢ NOMOWbIO 02PAHUYEHUll 3a0a8amb BEPOSIMHOCMHOE PACNpedeleHUe
3HayeHull, 61a200aps Yemy MOACHO CYUWECMBEHHO NOBbICUMb 2UOKOCMb MECMO8
u agpgpexmusnocms sepughuxayuu. B cmamve noopooHo onucanvl CUHMAKCUC U
ceManmuxa 6a3o08vlX pacnpedesumenbHbvlX 0SPaAHUdeHUll, a maxadce nPusedeHbsl
npumMepsvl UX NpUMEHeHUs 8 MOOeIUpo8aHuy u mecmuposanuu. Buecme ¢ mem
UCCNe008AHbL PE3YTbMAMbl PAHOOMUZAYUU NPU KOMOUHUPOBAHUU PA3TUUHBIX
MUNOB O2PpaAHUYEeHUll, a maKdxice NOIYUeHd B3AUMOCES3b O2PAHUYEeHUll U
pe3yabmupyroweil Gynkyuu pacnpeoenenus eeposmuocmu. Cmamows 06yoem
NONE3HA UHIHCEHEePAM-BEPUPDUKAMOPAM, CMPEMAWUMCIL YIYUUUMb KAYeCME0 U
CKOPOCMb NPOBEOEHUs. GePUPUKAYUL.
Knwouesvie cnosa: System Verilog, constraints, dist, pacnpedenenue
gepossimHocmell, pacnpeoenenue I aycca, sepugpuxayus.
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Master student
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Use of statistical distributions in verification of digital blocks
Annotation: The article discusses the main aspects of using distribution
constraints in the SystemVerilog hardware description language. The author
explains how to specify probability distribution of values within a test by means
of constraints, thanks to which test flexibility and verification efficiency can be

significantly increased. The paper describes in detail the syntax and semantics
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of basic distributional constraints and gives examples of their application in
modelling and testing. At the same time, the results of randomisation when
combining different types of constraints are investigated, and the relationship
between the constraints and the resulting probability distribution function is
derived. The paper will be useful to verification engineers seeking to improve
the quality and speed of verification.
Keywords: System Verilog, constraints, dist, probability distribution, Gaussian
distribution, verification.
I. Bsenenue

OCHOBHBIM  TIOJXOJAOM B  BEepU(UKANMUA  CETOAHS  SBISICTCS
paHIOMU3UpPOBaHHOE TecThpoBaHue ¢ orpannueHussMu (Constraint Random
Verification), cyThI0 KOTOPOTO SIBISETCS MOJa4a PaHAOMH3UPOBAHHBIX JTAHHBIX
B 3aJJaHHOM JuanasoHe. /[ ompemeneHus auama3zoHa JOMYCTUMBIX 3HAYEHUN
ucnons3yroTcs SystemVerylog Constraints, kak NpaBWIO MNPEICTABISIONINE
cO0Oi JIOTWUYECKHE BBIpKEHUS. BBI30B (QyHKIMHM paHAOMHU3AIHMU 3aIyCKaeT
pemiaresb  OTpaHWYCHUHN, KOTOPBIM IMOAOMpaeT CilydyaliHOe 3HAYCHHE,

YAOBJICTBOPAIOIMICC BCEM COOTBCTCTBYIOITHUM JIOTHYCCKHUM BBIPAXKCHUAM.

[Topsimok pemieHus OTpaHUYCHH MOXKET OBITh perjJaMeHTHPOBaH
MHXEHEpPOM-BepudukaTopoM ¢ momoursio solve before orpannuenus u dist

orpanuuenus. [locaeanuii OyaeT pacCMOTpPEH Jajee.

II. Meronae! uccienoBanus

B nmanHOl cTathe OyIyT pacCMOTpPEHBI METOABl 3afaHus (PYHKIUU
pacnpenesneHus BEpOATHOCTEN U SKCIIEPUMEHT, 3aKIIOYAIOIINNCS B POBEACHUN
CTa ThHICAY LUKIOB PAHJAOMHU3ALMU IS MPOBEPKU COOTBETCTBUSA PE3YJIBTATOB
AKCHEPUMEHTA 0KUIAEMOMY PACIPEACIICHUIO.

III.  OcHoBHas yacTh

OyHKIUS pacnpelesieHuss BEpPOSITHOCTEW — 9T0 (yHKIMS, Iarolas
BEPOSITHOCTH TOTO, YTO ClIy4yailHas AUCKPETHAs BEJIMYMHA IPUHUMAET 3HAUCHUE

aprymenTta. ®opmanpHoe onpeeieHre BhIMSAUT CIEeTYIOIINM 00pa3oM:
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px(x)=P(X=x),

Ut —%0<x<+oo, rne P — BepossTHOCTHAs Mepa.

Yrto OBl ompenenuTh Takyr GYHKIUIO I8 IEPEMEHHOM B SI3BIKE
SystemVerilog wucnonb3yior orpanudeHue dist, oOmamaromiee ClaeAyHONTUM
CHHTaKCHUCOM:

constraint value c {value dist { expressions }; }
B KOTOPOM €XPIressions — BBIPAKEHHUS, OTPEISISIONTNE BEPOSATHOCTD MOSBIICHUS
COOTBETCTBYIOIIIETO 3HAYCHUS, HATIPUMED:

constraint value c¢ {value dist {3:/4,[5:8]:/ 7}; }

Omnepatop «:/» omnpeaenser BeC IS OJHOTO 3HAYCHHUS M Bec/n
(KOIMYeCTBO 3HAYEHUN) JIJIA TUana30oHa 3HAYSHUM JJIMHHOM n.

Ornepatop «:=» omnpeenseT Bec I KaX0r0 3HAUCHHUS B BBIPAXKESHUH.

C moMoIIs0 PEICTaBICHHBIX KOHCTPYKITUI HAIHIIIEM OTPAHUYCHHUS TSI

nepemeHHou value (pucyHox 1 u pucyHok 2):
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PucyHOK 2. SKCnoHeHUUanbHAA hyHKYUA pacrnpedeneHus
B o0oux stux ClIydasax BEPOATHOCTb TOI'0O, YTO PCHIATCIIb Ol"paHI/I‘IGHI/Iﬁ

BbIOEpET 3aJlaHHOE 3HAYEHUE, paBHA BECY ATOr0 3HAYECHUS, JAEIEHHOMY Ha
cymMmy BecoB. Hampumep, BepoaTHOCTb BbIOOpa 3HaueHus () B HaIlIeM JTUHEHHOM
pacnpeneneHuu pasHa 1/(1+2+...+8) = 1/38 = 0.02631.

Jlnst co3ganust OoJiee CIOKHBIX OTPaHUYEHH MOKHO KOMOWHHPOBATh
HECKOJIBKO constraint 0J0KOB, ofHako craHmapT SystemVerylog He maer
YETKOI0 OMpe/ieseHrs 00paboTKn KOMOMHAITMN OTPaHUYCHUIA.

Jns  toro, 4TOOBl HAWTH  CBSI3b  pE3yJbTUpYIOUIEH  (QyHKIUU
pacnpeniefieHus] BEpPOSTHOCTH BEIUYHHBI ¢ €€ OTrpaHUYCHUSIMH, JOMOJHUM HUX
pPaBHOMEPHBIM pacCIpeeIeHHeM M TPOBEJIEM HMCCIECOBAHUE B CHUMYJISATOPE
xcelium, HampaBiIeHHO€ Ha TMOJydeHue TpadukoB p(X) ¢ pasTUIYHBIMH
KOMOUWHAITUSIMU OTpaHUYEHUM (PUCYHOK 3).

IV.  BpIBOABI U pe3yJIbTATHI UCCIIETOBAHMS
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PucyHok 3. Pe3ynbomamel 3KcriepumeHma: a - pagHoMepHoe pacrnipedeseHue, 6 - nuHeliHoe
pacnipedesneHue, 8 - IKCMOHEHYUAAbHOE pacrnpedesneHue, e - pasHOMepHoe U fiuHeliHoe
pacripedeneHue, 0 - pPaBHOMePHOE U IKCOHEHYUAAbHOoe pacripedesieHue, e - AuHeliHoe U
SKCMOHEHYUAAbHOE, H -pa8HOMEpPHOE, AUHeliHoe U 3KCMOHeHYudnbHoe pacnpedesneHue

[To pe3ynpTaTaM MpPOBENCHHBIX SKCIIEPUMEHTOB ObLIA BHIBE/ICHA
dbopmyina:

ZN: weight (x|
"1 > (weight(m)),

m=—oo

plx)= N

rac N — xoJIm4ecTBO OJIOKOB OI‘p&HH‘IGHHﬁ.
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dopmyiia yAOBIETBOPSET pe3ybTaTaM dKCIIEPUMEHTA B Clly4ae, Koraa
BEC KAXKJI0I0 3HAaUEHUs HEHYJIeBOU. IIpoBeiemM NONOIHUTENbHBIN SKCIIEPUMEHT

C 3HaUCHMEM Beca | U 6 paBHBIM HYJIIO (PUCYHOK 4):
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PucyHoK 4. Pe3ynemam sKkcriepumeHma: a — pagHOMepPHoe pacrnpedesieHue C Hysne8biM
gecom yucen 1 u 6, 6 — pasHoMepHOoe C Hynes8bIMU 8€CAMU U IKCITOHEHUUATbHOE
pacripedeneHue

N

B ¢opmyrie yuuThiBaeTCSI KOMOMHUPOBAHHOE JCHCTBUE OTPpaHUYSHUM HA
MEPEMEHHYI0, a TAKXKE CITy4yal, KOrJa BEC IEPEMEHHON PABEH HYJIIO.

V. 3akmoueHue
B n1aHHOM wuccnegoBaHMM PACCMOTPEHBI METOIbI 3aJaHus (PYHKIUHU
pacrpesesieHusl Ciay4yallHOW JHCKPETHOW BEJIWYMHBI B SI3bIKE OIMCAHUS
anmapatypsl SystemVerilog, a Taxke mnoigydeHa QopMyra, oOTpakaromias
(GYHKIMIO pacnpeleieHuss BEpOSATHOCTU JJIsl BEJIMYMHBI, OMUCAHHOW B OJIOKe
constraint. C MOMOIIBIO 3TOM (OpMyJIbI MOXKHO 3a/laBaTh JH00E XKellaeMoe
pacnpeziesieHue 1 J0cTu4b 0osee BEICOKON 3((EeKTUBHOCTH BepU(UKALINH.
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