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10. Accepuun

10.1. ITocnenoBaTeabHOCTH (Sequence)

SystemVerilog mnpeaocTaBiseT BO3MOXKHOCTh OMNHCAHUS CHEHU(DUYCCKHX IOCIICAOBATEIBHBIX BBIPAKCHUN WIH
MTOCIICIOBATENEHOCTEH OYJICBBIX BBIPQKCHUH C SBHBIMH BPEMCHHBIMH B3aWMOOTHOIICHWSIMA MEXIY HUMH. [l
OTIpeIIeIICHUs COBIIAJICHUS TMOCIEIOBATEIFHOCTEH, OYyIIEBBI BBIPaXXCHUS BBIUHCIIIOTCS B KaXIOW ITOCIIEIOBATEIBHOMN
TOYKE CUMTHIBAHUS 3HAUCHHM, OIPEIeNIIeMON CHHXPOCHTHAJIOM, CBSI3aHHBIM C ITOCIIEIOBATEIIEHOCTEIO.

IIpocreiiliee nocnenoBareabHOE MOBEACHUE SIBISETCS JUHENMHBbIMU. JIMHENHAsE MOCIEN0BAaTENIBHOCTD - 3TO KOHEUHBIN
CIHCOK OyneBBIX BBIpakeHHH SystemVerilog B THHEHHOM MOPSAKE BO3pacTaHUS BpEeMEHH. | OBOPAT, YTO JTHHEHHAas
MOCTIEZIOBATEIFHOCTh MMETIa MECTO Ha KOHEYHOM HHTEpBAJlE CIEAYIOUIMX APYT 3a APYyroM CHHXPOCOOBITHH, ecnn
MIEPBOE JIOTHUECKOE BBIPAKCHNE NMPHHUMACT 3HAUCHHWE «MCTHHA» HA MEPBOM CHHXPOCOOBITHH, BTOPOE JIOTHYIECKOE
BBIPAKCHUE IOIYyYaeT 3HAYCHHE «HCTHHA» MNPHU TOCTYIUIEHMH BTOPOTO CHHXPOCOOBITHS, W TaK Jajee, BIUIOTH 0
MOCTIETHETO JIOTHYECKOTO BBIPAKCHMUS, KOTOPOE TOIDKHO MPUHSTH 3HAYCHUE «HCTHHA» Ha MOCIEAHEM CHHXPOCOOBITHH.
[Iprmepom mpocToil MHHEHHOI MOCIenoBaTeNFHOCTH SBISIETCS OylieBO BBIpakeHHe. Ero mpucyTcTBHE Ha yKa3aHHOM
CHHXPOCOOBITHN 03HAYAET, YTO OHO IPHHUMAET B 3HAYCHUE «MCTHHA» B JAHHBII MOMEHT BPEMEHH.

bonee cnoxHoe mocienoBarenbHOE MoOBeAeHHE B SystemVerilog ommchiBaeTCs ¢ IMOMOLIBIO MOCIEIOBATEILHOCTEN
(sequence). IlocnenoBarenbHOCTh — 3TO YNOPSIOYEHHAs COBOKYIHOCTH OYJIEBBIX BBIPRXEHUH, KOTOPBIC BKIHOYAIOT
MHOXKECTBO HYJIEH, KOHEYHOE WIIM OECKOHEYHO 4YHMCIIO JIMHEHHBIX MocienoBarelbHocTell. Eciu xoTs Obl onHa u3
JIMHEHHBIX TOCIIENI0BATEIbHOCTEH, BXOIIIINX BO MHOXKECTBO, HMEET MECTO B KOHEUHOM HHTEpPBAJIE MTOCIIEJ0BATEIbHBIX
CHHXPOCOOBITHH, TO CYMUTAETCS, YTO MOCICAOBATEILHOCTD IIPOU30IILIA HA JAHHOM WHTEPBaJie BPEMEHH.

bazoBoe BBIPpAXKCHHUC ITOCJICAOBATCIBHOCTU: «3a a Ha CICAYIOIIEM CHUHXPOTAKTE CICAYCT b» Ha SystemVerilog MOXET
HNMCTb BUI:

a##lb



B atom mpumepe, «##1» o0o03HaYaeT 3aJEepKKy UIMHOM B OIAMH CHHXPOTAKT MEXKIY HOCIEAYIOUMM OyJIeBbIM
BBIPAXKEHUEM.

B SystemVerilog, kaxaplii 3MeMEHT MOCIENOBATEIFHOCTH MOXET OBITh JIMOO OyJIeBBIM BEIpAKEHUEM, JTHOO APYTOit
MOCIICIOBAaTENPHOCTRIO. B TepMUHAX MOCienoBaTeIbHOCTH, OyJIeBO BBIPaXKCHHE — STO YHPOIICHHBIH BBIPOXKICHHBIH
clty4ail moclieoBaTeIbHOCTH JUIMHOW B 1. TakuM 00pa3oM, BEIpakeHHE KOHKAaTCHALIMH MIOCIIEI0BaTeIbHOCTEH

s1 ##1 s2
0003HaYaeT, YTo MOCIIEI0BATENBHOCT S2 HAYMHAETCSI Ha CHHXPOTAKT MOCIIE 3aBEPILIECHNUS I10CIIeJ0BaTeIbHOCTH s1, Kak
910 M300paxkeHo Ha puc 10.1. JIs mepeKkprIBalOMXCs MOCIeI0BATEIFHOCTEH

s1 ##0 s2

MOCJIE0BATENBHOCTD S2 HAYHET CBOE BBHIMOJHEHHE B CHHXPOTAKTE, B KOTOPOM IOCIIEN0BATENBHOCTD S1 3aBEPIINT CBOE
BeinonHeHue (puc 10.2).

s1 52
s1 ##1 s2

Puc. 10.1 KonkareHanus mociaeaoBaTeIbHOCTER

s1

s2
sl ##0 s2
Puc.10.2. [TepexpbITHE MOCIETOBATETLHOCTEH.

XOTS TOCIIEOBATENBHOCTH OYEeHb IOJIE3HBI IS ONHCAHHS BPEMEHHBIX B3aMMOOTHOIICHUH MEXAY BBIPaKCHHSIMH,
BAXXHBIM SBJIACTCA HUX O(bOpMJ'IeHI/IC B BHJAC 3JICMCHTOB s3bIKa, TAKUM O6p330M, ‘1TO6I)I OHH MOIJIM OBITH IIOBTOPHO
UCIIOJNIb30BaHbl MJIM Ha HUX MOXKHO ObLIO ccbuiarhes. SystemVerilog ompenensieT Takoil 3JEMEHT si3blka — sequence.
Kpome mnepednciieHHbIX BO3MOXKHOCTEH, MOCIEA0BATEILHOCTH MOTYT OBITh MCIIOJB30BaHBI NPH MOCTPOSHUU APYIUX
MOCJIEJIOBATEIBLHOCTEN MIIM KaK YacTh CBOMCTB TMapasuIeIbHBIX accepIuil (paccMaTpuBaIOTCs HIDKE).

10.1.1. ByJieBbI BbIpa:keHHUs B M0CJ1€10BATEILHOCTIX

Hcnone3yemble B MHOCIEIOBATENBHOCTSX BBIPAXKEHMS BBIUUCISAIOTCS C HCIOJIB30BAHMEM 3HAYEHUN IEPEMEHHBIX,
KOTOPBIE MPEACTABICHBI B BBIPAXKEHUU. Pe3ynbTaT Takoro BBIpaKEHHS UMEET OylIeB THII W MHTEPIPETHPYETCS TOYHO
TakKke B ycioBue B omeparope if. CymiecTByeT psi OrpaHMYEHHH ISl BBIPAKCHUH, KOTOpBIC NPHMEHSIOTCS B
MOCIIEZIOBATEIBHOCTAX U ACCEPIIHX.

B GyneBpIx BBIpakeHHUSX, COCTABIAIONINX ITOCICAOBATEIFHOCTH, HE Pa3pelIeHbI: BEIIeCTBCHHbBIC JaHHbIE (shortreal, real
u realtime), CTpOKH, COOBITHS, YKa3aTEH, KJIACChl, aCCOIIMATHBHbIC U JHHAMHYECKHAE MACCHUBHI.
BLIpa)KeHI/ISI IIO3BOJISIFOT BKJIKOYATh BBI3OBEHI (byHKHPIﬁ, HO CYHICCTBYIOT HEKOTOPLIC CEMAaHTUYCCKUE OrpaHUYCHUS.

OyHKIMH, KOTOpHIE MOSBISIIOTCS B BEIPAXEHHSAX, HE MOTYT COAEpPKaTh BBIXOAHOH apryMeHT cChuIOYHOro Ttuma ref
(paspemratotcs const ref), @yHKINH JOMHKHBI OBITH aBTOMAaTHUECKUE (FITH 3alIMIIEHBI OT CTATHYECKON HH(POPMAIIHN).

Maccussl Q)HKCI/IpOBaHHOFO pazMeEpa, YIMaKOBAHHBIC WU HET, MOTYT OBITH MCITOJIb30BaHbI IOJHOCTBKO, B BHJC
Juara3oHa HWJIKW 110 OTACIBHBIM JJICMCHTAM. I/IHI[GKC MaccuBa MOXET OBITh 3aJaH KOHCTaHTOﬁ, napamMeTpoM M
nepemMeHHOH. Crenyromuii NpuMep IMOKa3bIBaeT HEKOTOPbIE JOMYCTHMblE (OPMBI CpaBHEHHs YJICHOB CTPYKTYp H
o0beauHeHUH. I1yCcTh BBIIONHEHO ONpeaeieHHe:

typedef int [4] array;
typedef struct { int a, b, c, d } record;
union { record r; array a; } p, q;

Torna BeIpaXXEHHUS p.a == q.a win p.r == q.r ABJISIETCSI JIETaJIbHBIMU
[Iprumeps! HCTIOTB30BaHKS MACCHBOB B BBIPAKCHHSX:

logic [7:0] arrayA [0:15], arrayB[0:15];

arrayA == arrayB;



arrayA != arrayB;

arrayA[i] >= arrayB[j];

arrayB[i][j+:2] == arrayA[K][m-:2];

(arrayAl[i] & (~arrayB([j])) == 0;
[lepeMeHHBIE B BRIPOKEHHUAX TOJDKHBI OBITH CTATHUYECKAMH MTEPEMEHHBIMH IPOEKTa WM BBI30BaMH (DYHKIUH, KOTOPBIE
BO3BPAIIAIOT 3HAYCHUS JOITyCTUMBIX THIIOB. CTaTW4ecKkue IepeMeHHbIe, OObABICHHBIE B MpoTrpaMMax, HHTepdeticax
uni OloKaX CHHXPOHHM3ALMH MOTYT OBITh TaKKe HCIIONB30BAaHBI B acCepUusiX. ECIM CChUIKa Ha CTaTHYECKYIO
MEPEMEHHYIO ACKIApUpyeTcs B 3ajade, TO 3HAYCHHE TaKoil NMepEeMEHHOW MOXKET OBITh MPOYUTAHO B JIFOOOH MOMEHT
BPEMEHH, HE3aBHCUMO OT BBI30Ba (DYHKIIWH.

PazperieHsl Bce oreparopbl, KOTOPbIE MOTYT OBITh HCIOJNB30BaHBI C JOIMYCTUMBIMH B IIOCIIEIOBATEIBHOCTSIX TUIIAMHU
JIAHHBIX, KPOME OIEepaTopoB NPUCBOCHUS, HMHKPEMEHTA U JieKpeMeHTa. SystemVerilog comepkuUT omnepaTopsl U3 sI3bIKa
Cu, Takue kak +=, ++ and --. OHM He MOT'YT OBITh MCIIOJIb30BaHbI B BHIUMCICHUH BBIPAKCHUI, KOTOPBIE UCIIONB3YIOTCS
B acCepLUsIX.

10.1.2. CuHTakcuc

[MocenoBarenbHOCTE MOXKET OBITH ICKIAPHUPOBaHA B MOIYIe, HHTepdelice, mporpamme, OIOKe CHHXPOHHU3AINH, TAKETE
¥ 0071aCTH €IMHUIIBI KOMITHJISALIIH.

System Verilog cuaTakcuc A NeKIapHpPOBAHUS M CO3IAHMS KOIIUH IOCIEI0BATEIbHOCTEH:

/I Deknapaums

sequence sequence_identifier [ ([ tf_port_list])];
{ assertion_variable_declaration } // ByayT paccMoTpeHbl Huxe
sequence_expr ;

endsequence [ : sequence_identifier ]

/I Co3paHue konuu nocrnenoBaTenbHOCTN
sequence_identifier [ ( [ list_of _arguments ] )]

HeoOs3arenbHblil  cIMCOK  (DOPMaibHBIX IapaMeTpPoOB IMO3BOJISIET OINMKCHIBATH IOCIEA0BATEIBHOCTH, KaK o0mue
BPEMEHHBIE B3aUMOOTHOLIEHUsI. DopMajbHbIE apryMEHThl 3aMEHSIOTCA AaKTyaJlbHbIMH, KOTOpBIE IEpenaroTcs B
MIOCJIEI0BATEILHOCTD IIPU CO3AaHnu ee konuu. Hanpumep, nocnenoBaTenbHOCTh

sequence seq1 (a, b);
a ##2 b;
endsequence

MPEACTABISAET MOCIEN0BATEIBLHOCTD U3 ABYX BhIpakeHu. Korga coznaercst Konus nociaen0BareabHOCTH
seqi(e,f)

aKTyaJIbHbIE apryMeHTHl ¢ W f 3aMeHSIOT onpenesieHHbIe B IOCICAOBATEIFHOCTH (OpMalIbHBIE apryMeHTHl (a u b,
COOTBETCTBEHHO), TAKIM 00pa30M, BpeMEHHBIE B3aMOOTHOIICHUS MEXKAY € U f OyayT BEITIIAACTH

e ##2 f

Ta6nnua 10.1 O6’LCL[I/IH$ICT HCKOTOPLBIC 13 onepaum‘/i, KOTOPbIC MOTYT OBITh UCIIOJIE30BAHbI B IIOCIACAOBATCIIBHOCTAX.



Tab6mura 10.1. Onepanuu mociea0BareIbHOCTEH

OBHapy»eHre KoHLa
nocnenoBaTeIbHOCTH

MoBTopeH1e
ObHapy»eHue

nepBoro CoenageHs

A

Mepeceverre

Y TouHeHe YCNoBKMeM

B pamkax

sedl #4 seq2.ended

sedl*n:m]

first_match(seql)

seql orseq2

sedl and seq2

sedl intersect seq2

cond throughout seq

sedl within seq2

Onepaumn CUHTBKCUC OBLsicHeHVE
KoHKaTeHaums seql #4 seq2 MNocnenoBaTRNLEHOCTL SeC2 HaYMHaeTCS Co CleayrLLero
CHHXPOTaKTa Mocie 3aeeplleHns sedl
Mepexpbime seql #0 seq2 [MNocnenoBaTenNbHOCTL Seq2 HAYYHAETCS B TOM Xe

CHHXPOTEKTE, B KOTOROM 3aKaHYVMBaSTCS
rocriefoea®NbHOCTE segl

MocnepoBaTerbHOCTL Seq2 3aBeplUaeTCs Ha OOWH
CHXPOTAKT MOCTie 3aBepLUeHIA MoCNefoBaRIEHOC TN
segl, He3aBMCMMO OT MOMeHTa HaYara
rocriefoBaTRbHOCTY Seq2

MocnepcBaTenbHOCTL Sedl MoBTopAeTCs MUHKMYM N 1A
MaKCUMYM M pas. MoXeT hopMMPOBaTE MHOMECTBEHHOS
COBMaAgHME MOCNieA0BaTENLHOCTER

E crm nocrnenoea®ebHOCTE Sedl NVMeeT MHOMECTBO
COBMadeHWA, VCTIONb3YeTCS NEPBOS U3 HYX W
WIHOPVPYHITCS OCTaBLLIVECS!

D opMURYET NoCNeA0BaTRNBHOC TE, KOTORaS BOSBaPaLLET
3Ha4eHre "McTvHa", ecnn obpapyxeHa XoTA bel oaHa VB
rocrnencea®nbHOC TRl seql unn seq2

dopMARYeT NoCeOoBa TRMNEHOC T, KOTopRas
BO3BAPALUEET 3Ha4YeHe "McTHa", ecnv ofHa
rocrnefoBa=MbHOCTE NOSBNASTCS 00 UK Nocne
MNosBMEHVS OPYroiA nocnegoea ensHocMMatches
BoseapallaeTsHaYeHKe "MCTHa" B CYHXPOLMKIaxX rae
BEINOMHsOTCA obe NocnencBaTenLHOCTY seql 1 sed2

Ycrnoere cond MMeeT 3HaqeHve "MCTMHE" ON8 KaXKOoro
CUHXPOTaKTa seq

MocnepeBaTenbHOCTL seql HauvHaeTCa BMeCTe v
rocre Haqarna NnocrefoBaT=eNeHOCTH Seg2 1
3aKaHYMBAETRCS BMECTE C Held MW Ao ee 3aBepLueHAs

AKXTyanbHBIE apTyMEHTBHI, 3aMEHSIONIIE (OpMaIIbHBIE, MOTYT OBITh TPEACTABICHBL:

Bepxuum ypoBHeM, kak $( upper range as $)

B MOCJICA0BATCIIbHOCTAX, HC

e linenrudukaropom
e  BripaxeHuem
e  BrIpaxkeHHEM COOBITHHHOTO KOHTPOJIA
°
IlepemenHble, HCHOIB3yeMbIE

06p368.TbIBaIOTCﬂ COMTacHO 00JacTH BUAUMOCTHU, IJId TpaHUIl, B KOTOPBLIX MOCJICAOBATCIBHOCTL ACKIApUPYETCA.

sBJsIonMecss  (OpMalbHBIMU

ITocnenoBaTeIbHOCTH MOTYT COICPKATH CHHXPOCOOBITHS, HAITPUMED.

sequence s1;

@(posedge clk) a ##1 b ##1 c;

endsequence

sequence s2;

@(posedge clk) d ##1 e ##1 f;

endsequence

sequence s3;

@(negedge clk) g ##1 h ##1 i;

endsequence

B npumepe nocenosarensHOCTH s1 1 s2 BeIUMCIAIOTCS O iepeaHeMy ¢ponry clk, a s3 — no 3axHemy.

[IpumMep nexmapanny MoCIeA0BaTEeIbHOCTH, COEpIKaIeii apryMeHTHI:

HOCJ’IeﬂOBaTeJ'ILHOCTI) 820_1 HE BKJIIOYACT ONUCAHH CUHXPOHU3ALNH. B sTtom Cjlydac€, CHHXpOCUTHAJL Hacienetncz or

sequence s20_1(data,en);
(frame && (data==data_bus)) ##1 (c_be[0:3] == en);

endsequence

BHCIIHCTO NCTOYHUKA, TAKOT'O KaK OoIlepaTrop property U assert.

K mocnenoBarenbHOCTH MOYKHO o6pamaTLc;1 T10 €€ UMEHHU, JOITYCKAETCS NCIIOJIB30BaAaHUE NEPAPXUICCKOTO UMECHH.

4

apryMeHTaMHu,



le/l OIMMCaHUU 3aJ€PIKEK B MOCICAOBATCIBHOCTAX MOT'YT OLITH UCIIOJIL30BaHEI OrnepaTopsl MOBTOPCHUA:

1) ITocnenoBarensHoe moBropenne (Consecutive repetition ( [*)). OOo3HauaeT NOBTOPEHHE IOCIIEIOBATEIBHOCTH.
Hanpumep,

a##1 b [*3]##1 c cootBetcTByeT a##1 b ##1b##1 b##1c
Jlist oncaHust KOHEYHOTO, HO HEOTPAaHWYEHHOTO YHCIIa MOBTOPEHHUH MCIIONb3yeTCst CUMBOJ aoiiapa ($). Hampumep,
a#t1 b [*1:$] ##1 c

2) IloBTropenue nepexonom (Goto repetition ([->)). B xadecTBe omnepaHIoB daie HCIOIB3YIOTCS OyJICBHI BRIPAKCHHS, &
HE TocienoBaTenbHOCTH. ONICHIBACT UTEPATHBHBIC COBMAJCHNS OYyIIEBBIX BBIPAKECHUH M0 CHHXPOCOOBITHAM, KOTOPbIC
He 00513aTeJIbHO SIBIISIOTCS MOCIIEI0BATEIbHBIMU M 3aKaHYMBAIOTCS Ha MOCIEIHEH UTEepaliK, BO3BPAIIAIOIIEi 3HAYCHUE
«uctuHay. Hanpumep,

a##1 b [->2:10] ##1 ¢ cootBetcTBYeT a ##1 ((!b[*0:$] ##1 b) [*2:10]) ##1 ¢

3) HemocnenoBarenpHoe moBropeHune (Nonconsecutive repetition ( [= )). [TomoOHO HOBTOPEHHIO MEPEXOAOM, 3a
€IIMHCTBCHHBIM OTJIMYMEM, YTO NPOBEpKa IOBTOPEHHH He o00s3aresibHa JOJDKHA 3aKaHUMBATHCS HA IOCIEIHEM
BBIp2KEHHH, BO3BpAIIAIOIIEeM 3HaYeHUE ,,uicTiHA . Hampumep,

a##1 b [=2:10] #1 c coobTBeTCcTBYET a ##1 (b [*0:$] ##1 b) [*2:10]) ##1 'b[*0:$] ##1 ¢

10.1.3. JIoka/ibHbIe MepeMeHHbIE B MOCJIe10BATEIbHOCTAX

[MocenoBaTeIEHOCTH OMUCHIBAIOT BPEMEHHBIC B3aMMOOTHOIICHUS MEX]y CHUTHAJIaMu. TeM He MeHee, TS TOTO, YTOOBI
OMHCaTh KakKoe-TO CJIOKHOE IIOBENCHWE, HEOOXOONMO SIBHO COXPAaHATH 3HAUYCHWS B HEKOTOPBIX TOYKaX
TTOCIICIOBATEIEHOCTH, TAKAM 00pa3oM, 4TOOBl K HEil MOXXKHO oOpamatscs mo3ke. PaccMOTpuM HOCIe10BaTeIbHOCTB,
TaKyl0 KaK «KOTJa NaHHBIC TOCTYMAlOT B KOHBEWep, OHM OyOyT mepemaHbl HapyxXy depe3 3-5 CHHXPOTAKTOB, U
YBEJIMYEHBI Ha 1»
sequence s5;
int d;
@(posedge clk) (valid, d = data) ##[3:5] (dout == (d+1));
endsequence
Mertka npaBUIBHOIO 3HAYEHUS CHUTHAJIa, KOTJA JaHHbIE MOCTYMAIOT Ha KOHBeWep, U 3-5 TaKTOB MO3XKe, HA BBIXOJE U3
KxoHBeliepa dout, TOJDKHBEI OBITH paBHBI BXOAHBIM JaHHBIM, YBETHYCHHBIM Ha 1.

3HayeHUe CUTHAlla, MOCTyHamwllee B KOHBeWep, COXpaHsercs, a 4epe3 3-5 CHHXPOTaKTOB, BBIXOJA KoHBeiiepa dout,
JOIKeH OBITh PaBHBIM BXOJHOMY 3HAYCHHWIO, YyBEIMYeHHOMY Ha 1. 3axBar [JaHHbBIX, BBINOJHEHHBIH B
MOCIIEI0BATEIbHOCTH, TO3BOJISIET M30€KaTh MOCTPOSHHUSI OTAEIBHOTO aBTOMATa HIIM JPYroro BCIIOMOTATeIbHOTO KOJa
JUISl 3aXBaTa JAaHHBIX U HEOOXOIMMOCTH PEAAKTHPOBAHHUS €ro ISl KAXIOW ITOCIIE0BATENbHOCTH. DTO TAKKE MO3BOJISET
n30exkaTh HEOOXOMUMOCTH COOOIIATh NPYTMM HHCTPYMEHTAM, YTO BCIIOMOTaTeIIbHBIN KOJI HE SIBJISETCS YaCThIO IIPOCKTA,
YTO YMPOILAET UCIOIBb30BAHUE TAKMX HHCTPYMEHTOB.

10.1.4. CoObITHE MOCJIEA0BATEILHOCTH (Sequence events)

Korust KOHCTPYKITHH Sequence MOXKET OBITh UCIOJIb30BAHO B COOBITUIHHOM BBIPAKCHUU ISl YIIPABIICHHSI BBITOJIHCHHEM
MPOLEAYPHBIX OINEPaTopoB, OCHOBAHHBIX Ha MOJOKHUTEILHOM pE3ylbTaTe CPaBHEHUHU MOCIENOBATENBHOCTEH. DTO
TO3BOJISIET TOUKE 3aBEPILUCHUS MMEHHOW MOCIeI0BaTeIbHOCTH sequence NEepeKiodarb MHOXKECTBEHHbIE JNEHCTBHS B
JIPYTUX IpoLeccax.

Kor;[a KOITHUA ITOCJICAOBATCIIBHOCTHU (sequence) OIHUCKLIBACTCSA B COOBITUMHOM BbIpa>KCHHUH, TO ITPpOLECCC, BbIHOJ’IH?IIOH_II/Iﬁ
COOBITUHHBIH KOHTPOJIb JOJIKCH 6JIOKI/IpOBaTI>C$I, IIOKa YKa3aHHas MOCJICA0BATCIbHOCTD HE JOCTUTHET KOHEYHOU TOYKH.

TlocnenoBarennbHOCTh JOCTUTAE€T CBOEW TOUKM 3aBEpIIEHUSA, BCSIKUM pa3, KOrja IMPOUCXOJUT COBIIAJIEHHE Bcel
nocnenosarensHOCTH. [lpomece mpomomkaeT BBRIONHEHUE Hocie obmactu Habmomerus (Observe region), B KOTOPOit
OpLTa OOHapyKeHa KOHEYHAsI TOYKa MOCIE0BATEILHOCTH.

HpMMep HCIIOJIB30BAaHUA ITOCICAOBATCIIBHOCTHU JIsA COOBITHIHOTO YOpaBJICHUA:

sequence abc;
@(posedge clk) a ##1 b ##1 c;
endsequence

program test;
initial begin
@ abc $display( "Saw a-b-c" );
L1:..
end



endprogram

Korma wMeHHas mocieqoBaTeIbHOCTh abC JOCTUTHET KOHEYHOW TOUYKM, ONOK initial B mporpamme test Oymer
pasbiokupoBas. Bemmonnutcest oneparop $display, BeiBomsiuii ctpoky "Saw a-b-c", u cieayromuuii 3a HUIM Oreparop ¢
metkoii L1. KoHeuHass Todka IOCIIEAOBAaTENIbHOCTH SE€qUENCE pacCMaTPUBACTCS KAaK NEPEKIIIOYEHME, SBISIOLIEECS
COOBITHEM.

,21.]'[5{ CHUHXPOHHM3AIUN HCIOJB3YCTCA TOYKA BbIXOAAa M3 IMOCJICAOBATCIbHOCTHU, @ TOYKA BXOJa UTHOPUPYETCH. AprMeHTbI
JOJI’KHBI OBITh CTaTUYCCKUMHU, AaBTOMATUYCCKNUE TIEPEMEHHBIC IPUBEAYT K OIIINOKE.

10.1.5. YnpapjeHue ¢ NpoBepKoii BHINOTHeHUs nocaenoareasHocTH (Level-sensitive sequence controls).

BrlnonHene npoueaypHoro Kojxa MOXKeT ObITh IPHOCTAHOBJIEHO, MOKA CTAaTyC 3aBEpIIEHHMS MOCIEIO0BATEILHOCTH HE
MIPUMET 3Ha4eHHE WCTHHA. DTO peau3yercsl IyTeM HCIOJIB30BaHMs UyBCTBUTEIHHOIO K YpPOBHIO Omeparopa wait
COBMECTHO (B KOHBIOHKIIMH) C BCTPOCHHBIM MeETOJOM triggered, KOTOpBIII BO3BpallaeT CTAaTyC TEKYIIEro KOHIIA
nMeHHOH mocnenosarensHocTH (uetuHr 10.1.). Meron triggered Bo3BpamiaeT 3Ha4€HHE «HCTHHA», €CIIH JaHHAs
MOCJIEI0BATEILHOCTD JTOCTUTAaeT KOHEYHOH TOYKU B OIPE/ICICHHBIH MOMEHT BPEMEHH (TECKYIIHH IIar MOJICIIMPOBAHMS),
W JOXb B NPOTHBHOM ciydae. CraTyc NepeKoYeHHUs! ISl IOCIEOBAaTeNbHOCTH YCTAaHAaBIMBAaeTCS B 00OmacTu
Habmonenns (Observe region) ¥ MpoaoIDKaeTCs B TEYCHHUE OCTABILIETOCS BPEMEHHOTO Iiara (JI0 CJIEIYIOIero BpeMeH!
MOZIETMPOBAHUS).

JInctuar 10.1. Mcnons30BaHue METOLOB TOCIIENOBATEIHLHOCTENR

sequence abc;
@(posedge clk) a ##1 b ##1 c;
endsequence
sequence de;
@(negedge clk) d ##[2:5] e;
endsequence
program check;
initial begin
wait( abc.triggered || de.triggered );
if( abc.triggered )
$display( "abc succeeded" );
if( de.triggered )
$display( "de succeeded" );
L2: ..
end
endprogram

B npexncraBnenHoMm mpumepe 0ok initial mpoBepsieT onepaTtopoM wait 3aBeplieHHe mocienoBarenbHocTH abe wim de.
Korma, X0Th OIHO 3 BBIYMCICHHBIX BBHIPOKCHHI MPUMET 3HAUYCHHE KUCTHHAY», OIEpaTop wait pa3OiIoKupyeT mpolecc,
BBIBEJICT COOOIICHNE U TIPOIOKUT BBITIOTHEHHE CIIEAYIOIINX OMEPaTopoB, HadnHas ¢ MeTku L2.

10. 2 Accepuun B SystemVerilog

Accepuun SystemVerilog pa3paOoTans! Ui IPENOCTaBICHUS BO3MOXXHOCTH OIMCAHUS MTOBEACHHS TPOEKTa B SBHOU 1
OIHO3HAYHOM MaHepe. Accepuud B OCHOBHOM HCIOJIB3YIOTCS IJISl TIPOBEPKH IMOBEAEHHS mHpoekra. Kpome Toro,
accepuuy MOTYT OBITh WCIIOJIB30BaHBI JUIA MONyYeHHs HMH(GOPMAUH O (yHKIMOHAIBHOM IOKPBITHH W TE€HEPALUH
BXOJHBIX CTHMYJIOB JUIS NPOBEPKH. ACCEPINH PEaTU3yIOTCsl MOA00HO IPYrHM OJIOKaM MPOEKTa M aKTHUBHBI AJISI BCETO
MozenupoBaHus. [IporpaMmma MOAEIMPOBAaHUS OTCIEKHBACT M3MEHEHHS acCEpIHil, TAKUM 00pa3oM, 4TOOBI coOpaTh
(DYHKIIMOHAIBHOE TIOKPHITHE JaHHBIX.

SystemVerilog uMeet BcTpoeHHbIe 3G QEKTUBHBIC YHH(DUIIMPOBAHHBIE ACCEPLIUHU, KOTOPbIE MOTYT OBITh HCIOJIb30BAaHbBI
JUIL MOJEIMPOBaHUS U (opmanbHOi Bepudukanuu. OCHOBHBIE NPEHMYIIECTBA HCIIOIb30BAHMS 3aKJIIOYAIOTCS B
CIIEYIOIEM:

[ ] Jlerxo HACTpauBarOTCs, IOTOMY YTO CTPOATCA Ha HOI[OGHOM SI3BIKC U CUHTAKCUCC.

e Kon accepuun HeOONBIIOW IO pa3Mmepy, Omaromaps aBTOMATHYECKOMY KOHLENTYAJIbHOMY ITOHUMAHHIO
YTIPaBIISONIEH JIOTHKH IIPOEKTa

e [Ipoctoe cozmanme cBs3e MeXy accepusaMu U testbench 6e3 HeoOXOANMOCTH CrIennaIEHOTO HHTEpdetica

e Hacrpoiika u ympaBieHUE BBIBOIUMBIMH COOOIICHUSIMHU, BO3MOXXHOCTh TPECTABICHUSI HECKOIBKUX YPOBHEH
OHINO0K

e  BosMmoxHOCTb cBsizu Mexay Verilog u Cu-dyHkiusiMu

e Bo0O3MOXHOCTh M30€XaTh PacCONIaCOBAHUS MEXIy MOJEIHPOBaHWEM M (OPMalbHBIM BBIYHCICHHEM C SIBHO
OIIpEeEIIEeHHOI CEMaHTHKON pacIipeseneHus padboT



e  B03MOXHOCTb MOBBIILIEHHUS TPOM3BOANTEIBHOCTH ITpoLiecca BepUpUKALIUH.

CemanTrka SVA ormpezeneHa Tak, YTO BHIYMCIICHUE aCEPIMi rapaHTUPYET SIKBUBAJIEHTHOCTh MEXK/Y MOJICIIUPOBAHHEM,
KOTOpOE€ OCHOBaHO Ha coObITMH (event-based), m acepuusiMu, OCHOBaHHBIMH Ha cuHXporakTe (cycle-based). Oto
O3HAuaeT, YTO Pa3IMYHbIe MHCTPYMEHTHI Oy/lyT HHTEpIPETUPOBATh NOBeneHHEe SVA oHUM U TeM xe criocoboM. Kpome
TOrO, YHH(UKaUMs accepuuii ¢ KOAOM IIPOEKTHPOBaHUS W BEpPH(UKALNM, IOBBIIIAET MOIIHOCTH HWHCTPYMEHTA
accepuuii, Omaromapsi HempepbIBHOMY mpoueccy. B uactHoctH, SystemVerilog mosBossier accepiusM CBS3BIBATH
nHpopmanmio ¢ testbench, a testbench pearmpoBare Ha cocTosiHME accepiyid, 6€3 MCHOIB30BaHHS JIOMOIHUTEIHHOTO
uHTepdeiica.

System Verilog monaep>xuBaeT (MMeeT) JBa THUIA aCCEPIUii: MpsIMbIe (TIPOLEAYPHBIC) U MapajlIeIbHBIC.

e [IpsiMble accepuud HCIOJNB3YIOT CEMAaHTHKY MOJEIMPOBAHUS COOBITHI M BBIMOJHSIOTCS, KaK ONEeparopbl B
npouenypHom Onoke. Ilpsimble accepuuu, B HEpBYIO OYepelb, MPEAHA3HAYCHBI [UIs HCIOJNB30BAHUS B
MOJICIIUPOBAHHH.

e [lapajenbHble accepLUM OCHOBAHBI HAa CEMaHTHKE CHHXPOHM3AIlMd M 3aXBaTe 3HAUYCHUN IEPEMEHHBIX B
omperieieHHBIe MOMEHTHI BpeMeHn. OHOM u3 3a1a4d accepunii B System Verilog siBisieTcst o6ecrieuenue oomieit
CEeMaHTHKH JUIS aCCEPLHiA, 4TOObI OHU MOIJIM OBITh HCIOJIB30BAHbI IS YIIPABICHHS Pa3IMYHBIMU [TPOCKTAMH U
UHCTPYMEHTaMH BepUPHUKAIHH.

Peanbnas mMourHocts SVA, 11 MoaenupoBaHus U GopMalibHOH BepUPHKAIMHY, 3aKIIF0YaeTCsl B BOSMOXKHOCTH KPaTKOTO
OIMCaHUs TIOCIIEIOBATELHOTO TIOBEJACHUSI M BBIYMCICHUS OTUX 3HAUEHWH B MCKPETHBIX TOYKaxX Ipoliecca
MOJICIUPOBaHUsI, OOBIYHO MO CHHXPOTAaKTy. KOHLENIUM M KOMIIOHEHTBI, COCTAaBIISIOIINE MapajlielbHbIe acCepLuH,
MOTYT pacCMaTpPUBAThCsA KaK MHOXKECTBO CJIOEB, U3 KOTOPHIX KaXKIbI CTPOUTCS Ha JIeXalleM Huxe cioe (puc 22.3).

Bazosas (byHKIII/IH accepunﬁ OIIMCBIBACT MHOXCCTBO CI/ITyaIII/Ifl MOBCACHUS, KOTOPBIC KaK OXHUAACTCA AOJKHBI UMCTh
3HA4YCHUEC WCTHUHBI IJISI JAaHHOI'O MPOCKTAa WJIM KOMIIOHCHTA. Cnoit 6yJ'I€BBIX BBIpa)KCHI/Iﬁ SIBJIISICTCS CaMBIM 0a30BBEIM U
OIIMCHIBACT 3HAYCHHUC DJICMCHTOB B KOHerTHOﬁ TOYKC BPEMCHH, B TO BPCMS KaK cIIon HOCHGHOB&TCHLHOCTCﬁ CTPOUTCA
Ha 6yJ'IeBOM U OIUCBIBACT BPEMCHHBIC B3aUMOCBA3U MCKAY IJJICMCHTAMH Ha MPOTSXKCHUHN IIEPUOJa BPEMCHU. Cnoit
CBOMCTB HCHOJIB3YCT IMOCICAOBATCIbHOCTHU I OIIMCAaHUs PCAaJIbHOIO NOBCIACHUSA, a cloi accepum“d CBA3BIBACT €TI0
MNOBCACHUC C MHCTPYMCHTAMU BepI/I(i)I/IKaIII/II/I " IMMPOCKTUPOBAHUA.

Assertion < assert, cover, bind, declarative
Directives instantiation, procedural instantiation

Froperty Declarations w—_ _| ) ) o
disable iff, not, implication

Sequential Regular
Expressmns D repitition, delay, and, or, intersect,
first_match, within, through

Boolean Expressions
—_ | <expr=, <function>, ended, matched,
<temporal_edge_function>

Puc. 10.3 Cnou mocTpoeHust accepIiii
10.2.1 Bridopka 3HaYeHMiT mepeMeHHbIX (Sampling)

Jnst obecriedeHUs] YCTOMYMBOCTH MEXAY CHCTEMOW MOJICJIMPOBAHUS U MHCTpyMeHTaMH (GopMalibHOH BepuduKanuy,
MIPUMEHSIOIIMMHE CHHXPOHHOE MOJEIMPOBAaHUE, MapajulesbHble accepuu B SystemVerilog HCHONB3ylOT BBIOOPKY
3HAQUEHUH CUTHAJIOB JUIS BBIYMCIICHHS BBIp@XEHHHA. OTH 00pasipl 3HaYEHHH CUTHAJIOB OINpPEAETIeHbl KaK 3HaYCHUS
CHTHAJIOB B KOHIIE IOCJIEIHEro Iara MOJCIUPOBAHMS IEpe MOSBICHUEM CHHXPOCOOBITHSA. Takum 00pa3oM, MOXeET
OBITH TOJyYeH NpEICKa3yeMbIli pe3ysbTaT, He3aBHUCUMO OT BHYTpPEHHEH peaslM3allii OYEPEJHOCTH WM BBIYMCIICHUS
COOBITHI CUMYJIISITOPOM.

SIBHOE 0003HAYCHNE CYMTHIBAHMS 3HAUYCHUH CHTHAJIOB 110 OTHOLICHHIO K (DPOHTY CHHXPOCHUTHAJIA SBJSIETCS BHY TPEHHEH
YacThIO MOBEeJCHUA accepuuil SystemVerilog n nenaercss BOSMOXKHBIM, B YACTHOCTH, IOTOMY YTO aCCEPLIMH yIPOLIAIOT
Ipyryo 4acth si3bika SystemVerilog. CymectByrommii B Verilog MexaHH3M IUTAaHHPOBaHHSA OBUT pacIIUpeH It
MOAACPKKHA BBIOOPDKH 3HAYEHHH CUTHAIOB M OOECIICUCHUS MEXaHM3MOB CBS3H, OOCCICUMBAIOIIMX KayeCTBEHHOE
B3aHMOJICICTBHE acCepluil ¢ OCTANBHOH YacThlO sA3bIKA. DTH PACIIUPEHUS IUIAHWPOBAHHMS MO3BOJSIOT CUMYIISATOPY U
JOPYTUM MHCTPYMEHTaM MPUMEHATH CYILECTBYIOLIMI alrOPHTM ONTUMHU3ALNH IS BBITOJHEHHS aCCEPLHH, TOUHO TaKKe
Kak Uil MozIeNMpoBanus poekra u TestBench.



OTnenbHBIN S3BIK aCCepIUi HEe MOXET IPUMEHSTh 3TOT MEXaHHW3M HEeNOCPEACTBEHHOTO CYMTHIBAHUS 3HAYECHUI, TOTOMY
4TO TpeOyeMble ISl ATOTO CBSI3M HE SBISIOTCS yacThio Verilog. B HEKOTOPHIX cilydasx Takoe MOBEICHHE MOXKET ObITh
anmpokcuMupoBaHo B Verilog, HO BEpOSTHOCTh MOSBICHHS TOHOK W MYJIBTUCHHXPOHHBIE CHUCTEMBI JENaloT
HEBO3MOXKHBIM T'apaHTHPOBAHHUE CIIAXKEHHOCTH MEXKIY MHCTPyMEHTaMH (OpMaJIbHOM BepUPHKAIMKA M MOJECITUPOBAHHMS
BO BCEX CIIyyasx, 0e3 BHIOJIHEHHS YITy4IlIeHNs] MEXaHU3Ma [UIaHUPOBAHUSI.

B03MOXXHOCTP BOBHUKHOBEHHS TOHOK — 3TO HEAOCTAaTOK CEMAHTUKHU IIAaHUPOBAHUSA COOBITHIHOTO MOJCIIMPpOBAaHUA B
VCI'ilOg, KOTOpLIﬁ [MO3BOJIIET HECKOIBLKHUM COOBITHIM CJIy4aTbCs B 3aHaHHBIﬁ nepuog MoACJIMpOBaHUA. HOCKOJ’ILKy
HUHCTPYMCHTBI CUHTE3a U (bOpMaJ'II;HOﬁ BepI/Iq)I/IKaHI/II/I HCIOJIB3YIOT CHHXpOHHLIﬁ noaxoa K IMPOCKTY, YCIOBHUA T'OHOK
BCCTla pa3pelIaroTCsa COMIaCHO TOU )K€ CEMAHTUKH CUMTHIBAHUS 3Ha‘leHHI7[, YTO UCTIOJB3YIOT aCCCpPIUN B SystemVerilog.
910 03Ha4acT, 4TO accepuuu, AAOT MOJIb30BATCIIIO IMOCT-CUHTE3HBIA B3NISIA Ha MPOCKT BO BPEMA HO-CHHT€3H0ﬁ
RTL-BCpI/I(I)I/IKaHI/II/I, HCKJIIOYast BOBMOKHOCTb BOSHUKHOBCHUS PA3JIMYHOIO MMOBEACHUA NPOCKTA 40 U IMMOCJIC CUHTE3a.

10.3. Ilpsambie (MpoueaypHbIE) accepUUU
[IpsiMpIe accepIiuyl HCHONB3YIOTCS B MPOIEAYPHOM KoJIe B TF0OOM MecTe B KOHCTPYKIMSAX initial u always.

CuHTaKCcHC TPSAMBIX acepLUii:

assert ( expression ) [[ pass_stmt ] else fail_stmt ];

BrlpaskeHne BbeMHCIAETCS cpasy, NPH BBINONHEHHWH omeparopa. Omeparopsl B BeTBAX pass u fail, ecnm oHm
HPUCYTCTBYIOT, BBIIOJIHSFOTCS MTHOBEHHO T1OCJIE BHIYUCIICHUS! BEIPAYKCHUSI.

[porexypHbrii kox testbench MoxeT MPOBEPSTh 3HAUCHHSI CUTHAJIOB MPOCKTA, IIEPEMEHHBIX U BBIIOIHITH HCOOXOIUMbBIE
JIEUCTBHs, B cilydae oOHapyxeHus ommnOku. Hampumep, B pOEKTE BBIMOJIHAETCS MPOBEPKA 3alpoca MIMHBI request u
OXNAacTCs, 4TO OTBECT 6y/:[eT TOJIYUYCH ABYMS TaKTaMH I1033KEC. TeCTI/IpoBaHHe 3TOM CUTyallul MOXHO BBIIIOJHUTDL C
MOMOIIIO oneparopa if.

// TIpoBepka curHasa ¢ IOMOILbIO oneparopa if

bus.cb.request <= 1;

@bus.cb;

if (bus.cb.grant |= 2'b01)
$display("Error, grant = 1");
/I OctanbHas YacTb TecTa

Omneparop accepuuu Oonee KoMmrakTeH, 4eM oneparop if. [Ipu 3Tom 3HaueHue ycioBusi 0OpaTHO, 3arMCHIBAEMOMY B if.
Jpyrumu cioBamu, €CIIH yCIOBUE UMEET 3HAUCHUE «HCTHHA», TO BHIIIOIIHEHNE aCCEPIUH OBUIO YCIEIIHO.

// MpocTas npouenypHas acepumm
bus.cb.request <= 1;

@bus.cb;

al: assert (bus.cb.grant == 2’b01);
/I ocTanbHOM KOO TecTa

Ecmu curnan grant momyden mpaBmisHO (grant=2'b01), pabGora Tecta Oymer mpomoikeHo. VMHade Oymer BBIIaHO
CIIEAyIOIIee COOOIICHHUE.

"test.sv", 7: top.t1.a1: started at 55ns failed at 55ns
Offending '(bus.cb.grant == 2'b1)’

Coo01ieHre TOBOPHUT, YTo B JmHuM 7 (aiina test.sv, aceprms top.tl.al Hawaga BBITOJHEHHWE B MOMEHT S55ns uis
MIPOBEPKH CUrHaia bus.cb.grant u cpasy ske 0OHapyKuia OMINOKY.

[IpouenypHslie acepuyn UMErOT BeTBH then- u else-, mpu HEOOXOAMMOCTH, B HUX MOTYT OBITh JOOABIIEHBI OIIEPATOPHI.

/I Co3paHne nonb3oBaTenbCKoro coobLleHnst 06 owwmbke
al: assert (bus.cb.grant == 2’'b01)
else $error("Grant not asserted");

Ecnu curHan grant He MMeeT oXmaaemMoro 3HaveHus, To GyaeT BbiIBeAeHO COOTBETCTBYOLLEE CoobLLeHNe.

"test.sv", 7: top.t1.a1: started at 55ns failed at 55ns

Offending '(bus.cb.grant == 2'b1)’

Grant not asserted
SystemVerilog umeeT yeTbipe GyHKLIHK U1 BEIBoAa coodwenuit: $info, $warning, $error u $fatal, koropeie MmoryT ObITh
HCIOJB30BaHBl TOJBKO B OMEpaTope accepiui. MOXXHO HCHONB30BaTh BETBH then Ui 3ammcy KOJMYECTBA yCIICITHBIX
BBIIIOJIHEHUI oniepaTopa accepLuil.

/I Co3paHne nonb3oBaTenbckoro cooblyeHns 06 owmnbke

al: assert (bus.cb.grant == 2’'b01)

grants_received++; /I KonnuyecTtBo ycneLlHbIX BbINONMHEHWt

else
$error("Grant not asserted");



Omneparopsl MPsIMBIX AaCCEpPIUi BBIIONHAIOT TECTHUPOBAaHHE YKa3aHHBIX YCIOBHI, B MOMEHT CBOETO BBHITIOJIHEHHS B
MIPOLIEAYPHOM Kojie. BrIpaxkeHHe HHTepIpeTUpyeTcs TeM ke criocoboM, 4To U yciaoBue B oneparope if. Eciu 3Hauenne
BbIpakeHUs paBHO X, Z win 0, OHO paccMaTpHBaeTCs, KaK «JIOKb» U accepuus nposaimiacs (fail), nHaue — «ucTuHHAY
1 accepuys npouuia (pass).

Omnepatop, CBSI3aHHBIN C YCIICIIHBIM BBIITOJTHEHHEM aCCEPLUH 3aIHCHIBACTCS MIEPBBIM, HA3BIBACTCS PassS-OIEPaTOpoOM H
BBINOJHACTCS, €CIIM 3HAYCHNE BBIPAXKECHHUS MMEET 3HAUCHUE «HCTHHA». Pass-omeparop MOXET, HalpuMep, 3alHiChIBaTh
YHCIIO YCIEMIHBIX IMPOX0JoB B dain ordera (log), HO MOXeT BooOOIIE OTCYTCTBOBaTh. Eciy omeparop Il BETBU
YCIICITHOTO BBINIOJIHEHHUS aCCEpPUUil HE yKa3aH, TO HUKaKUe ACHCTBHUS B 3TOM CIIydae BBINOIHATECS He OymyT. Oneparop,
acconuupyromuiics ¢ BeTkol else, Ha3piBaercs fail-omepaTop n BBIMOTHAETCS, €CIIM 3HAYCHUE BBIPAKEHHS IOXKDBY.
[IpucyTcTBHE 3TOrO OmEpaToOpa TAKXKE SBISIETCS HEOOSI3aTeNbHBIM. YKa3aHHBIC ACHCTBHUS BBINOIHSIOTCS MIHOBEHHO,
TIOCJI€ BBIYHCIICHHS aCCEPIHH.

Heobsi3atenbHasi MeTKa oreparopa Co3JaeT MMEHHYH) KOHCTPYKIHIO, U OHa MOXET ObITh BBIBEACHA C MOMOIIBIO
cuMBoIna opmatrpoBanus Y%om. Hanpumep,

assert_foo : assert(foo) $display("%m passed"); else $display("%m failed");

ITockonpky accepuusi — 3TO OlEparop, KOTOPbIA MOKET IPUHUMATh 3HAYEHHE <JI0XKbY», TO MaJCHUE acCepLUU JTOJIKHO
WMETh CBSI3aHHBIN C HUM YPOBEHBb CEPbE3HOCTH. 110 yMomgaHuro, Takoil ypOBEHb CEPbEe3HOCTH PABEH error. 3a1aTh Wi
SIBHO yKa3aTh €ro MO>KHO, BKJIIO4Yasi OHY M3 CIECIYIOIIMX CUCTEMHBIX 3a7a4:

$fatal - dpatanbHasa owmbka.

$error - olnGKa BPEMEHW BbINONTHEHUS.

$warning — npegynpexaeHue BpeMeHM BbINOMHEHWS], O KOTOpoe MOXeT BbiTb 06paboTaHo B MaHepe,

onpeaensemMoln CUCTEMOW MOAENUPOBAHUS.

$info - o3HauaerT, 4To accepunmn He Ha3Ha4YeH OnNpPeaeneHHbIN YPOBEHb CEPbE3HOCTU.

Bce T 3amaum OOMKHBI BBIBOAWTH COO6H.[€HI/I}I, 0603Hat1a}0u11/1e YPOBE€HBb CEPHE3HOCTU IMAACHUSA aCCEPUUU U
I/IH(I)OpMaLII/IIO, KOTOpas JOJIKHA BKJIHOYATh CJICAYIOUICC:

e  llms daiina 1 HOMep JMHUM OIIEpaTopa acCepLuH.
e Mepapxuueckoe HMsl oIeparopa acCepLMU, €CIM OH UMEET MMs WU I'paHHULbl BUAMMOCTH ACCEPLUU, €CIIU
METKH HET.

Jns MHCTpYMEHTOB MOIENUPOBAHMSA, 3TH 3aJadd JOJDKHBI COOOIIaTh BpeMs MOJCIHPOBAHMSA, B KOTOpPOE OHA
BbI3bIBaNIachk. Kakmasi cucTeMHas 3a/ada MOXKET TAKXKE BKIIOYATh JOMOJHUTEIBHYIO OMHCHIBAEMYIO ITOJIB30BATEIIEM
MHPOPMALINIO, HCIONB3Ysl TOT e caMblii (opmar mpencraBieHus JaHHBIX, 4To u omneparop Verilog $display. Ecnu
BETBb else comepuT Oosee 4eM OHY M3 ATUX CHCTEMHBIX 33/1a4, TO KaXK/1asi U3 HUX JOJDKHA OBITh ONMCaHa YKAa3aHHBIM
criocoboM. B mpumepe 3amada ypoBHS CEpPbE3HOCTH BBIMONHACTCS HE B MOMEHT IIAJICHUS aCCEPLUH, HO TEM HE MEHEe
BBIBOJIUT PEAJIbHOE BpeMsl OOHAPY>KEHHUS OIIHOKH.
time t;
always @(posedge clk)
if (state == REQ)
assert (req1 || req2)
else begin
t = $time;
#5 Serror("assert failed at time %0t",t);
end

Ecmu accepuns magaer B MomeHT BpemeHHu 10, cooOmienue 06 ommoke OyneT BEIBEIEHO B MOMEHT BpeMeHH 15, HO mpu
9TOM cozepkaTh oHo Oynet “assert failed at time 10”.

BriBon MH(MOpPMAMOHHBIX COOOIIEHUH ¥ TNPEAyNpeKACHUH, MOXKET KOHTPOJIHMPOBATHCS OINLUSIMHU, (OPMHPYEMBIMU
xomaHnaMu. llockonmbky fail-omeparopsl, Takke Kak M pass-ONEpaTopbl, SIBISETCS JICTAIBHBIMH HPOLETypPHBIMU
oreparopamu SystemVerilog, TO OHM MOTyT OBITH TaK)Ke HCIOJIB30BAaHBI [UIsi (DOPMUPOBAHUS YCIIOBHI BBIIIOJIHEHHMS
accepuuii B Ipyroi gactu testbench.

assert (myfunc(a,b)) count1 = count + 1; else ->event1;
assert (y == 0) else flag = 1;

Jluctunr Ipumep npsmoit accepuuu

[[+++++++++HH bR

/I DUT With Immediate assertions
[[+++++++++++

module assert_immediate();

reg clk, grant, request;
time current_time;



initial begin
clk =0;
grant =0;
request = 0;
#4 request = 1;
#4 grant = 1;
#4 request = 0;
#4 $finish;

end

always #1 clk = ~clk;
I
/I Assertion used in always block
I
always @ (posedge clk)
begin
if (grant == 1) begin
CHECK_REQ_WHEN_GNT : assert (grant && request) begin
$display ("Seems to be working as expected");
end else begin
current_time = $time;
#1 $error("assert failed at time %0t", current_time);
end
end
end

endmodule

PesynpTaT MOOenMpOBaHA

10.4. IlapanJiejibHbIE acCepUUMN

Jpyroii Tunm accepuuii — mnapajielbHbIE AacCEpPLUH, BBINOIHIIOT MPOBEPKY CHUTHAjla B TEUEHUE BCEro Mpolecca
MozenupoBaHus. [Ipy onMcaHuy TakuX acCepIUil UCIONb3yeTCs CHHXPOHU3ALUS.

[NapannenpHble acceplUyy OTIMYAIOTCS OT IPSIMBIX JIBYMS BaKHBIMHU aclieKTaMu. Bo-IepBbIX, B JOMOJHEHUE K IPSIMON
3allMCH B IIPOEKTe, MOAOOHO omeparopaM B Omokax always wimu initial, mapajurenbpHBIE accepiii MOTYT OBITh
peayn30BaHbl ICKIapaTUBHO, Ha YPOBHE HEIPEPHIBHBIX ONEPaTOpOB MPUCBOCHHS W PeallM3allyd Monylel (mogoOHO
HEMpepbIBHOMY IIPHCBOCHUIO) 33 TpaHHLAMH IPOLEAYpPHBIX ONOKOB. BTopoe omTinume 3aKIH4acTcss B TOM, 4TO
napajuieJibHble acCepLHMU IO3BOJAIOT ONKCHIBATH JJIS IPOBEPKH CHCTEMBl BPEMEHHOE IIOBEACHHE, BMECTO
KOMOMHALMOHHBIX YCIIOBHIA, KaK B IPSIMBIX aCCEPLMAX

CuHTakcuc:
assert property ( sequential_expr_or_property )
[[ pass_stmt] else fail_stmt ]

KitroueBoe cioBo property oTIMYaeT MapauiebHYI0 acCepINio OT IpsMoid accepruu. [locenoBarenbHOE BBIpakeHHE
BBIUUCIIACTCS C HCIOJH30BAHUEM 3HAYCHHWH CHUTHAIOB M MO3BOJISIET omeparopam pass/fail ces3eiBaThes ¢ testbench.
[ockonbky accepuuu SIBISIOTCS BHYTPEHHEW YacThlO s3bIKa, STH ONEPaToOpbl MOTYT UCIOJb30Barh SystemVerilog B
MOJHOM 00BeMe Ui MEepeKIFoueHHUs COOBITHH, 3amucu HH(OpMAIMKU O TMOKPHITHH, WM APYTHX BO3JACHCTBUN Ha
HOPSJIOK KoJia BepuuKaluu, BKitodas Bbi3oB Cu-¢yHKimi. OTaeNnbHbIH A3bIK accepluil 3pQEeKTHBEH TONBKO B pEIKUME
“read-only”, mo3BoJIsIeT HAONIOAATH 33 TIOBEACHUEM MPOCKTA, HO HE JAOIYCKACT AICMCHTOB BO3ICHCTBHS HH Ha IMPOCKT,
HU Ha testbench.

B crienyromniem npumMepe accepiiys BHIIOIHSET IIPOBEPKY, YTO CUTHAI apOUTpa He MPUHUMAeET 3HaueHne X Wiu Z, Kpome
CHUTYaIlM1 MHUIMAIN3AIMN YCTPOHCTBA, Korja reset=1 (suctunr 10.2).
JIuctunr 10.2 [MapanensHas accepuus U IPOBEPKU 3HaYeHUS X/Z

interface arb_if(input bit clk);
logic [1:0] grant, request;
logic reset;

property request_2state;
@(posedge clk) disable iff (reset) $isunknown(request) == 0;
endproperty

assert_request_2state: assert property (request_2state);
endinterface
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[TapasnienbHble acceplyy OMUCHIBAIOT MTOBEICHHE, KOTOPOE OXBATHIBAET OOJIBIION IPOMEKYTOK BpeMeHH. B oTianyne ot
MPSMBIX accepluid, 00paboTKa MOJEIM OCHOBBIBAETCS HAa CHXPOHHW3AIMH, TAKUM 00pa3oM, MapajulesibHas accepuus
BBIYHMCISIETCSl TOJNIBKO MpPU IOSBIECHUH COOBITHS CHHXpoOHM3aluu. I[Ipm 3ToM WucIonb3yercst BHIOOpPKAa 3HA4E€HHH
nepeMeHHbIX. TakuM 00pa3oM, HE3aBHCHUMO OT BHYTPEHHETO MeXaHH3Ma OOpabOTKH COOBITHH CHMYIATOPOM B
pe3yabrare BBIYMCICHHH MOXET OBITh MOJyYeH MpeicKa3yeMblid pe3yabrar. DTa HCIOIHUMAs MOJIEIb COOTBETCTBYET
TaK)Ke CUHTE3HpyeMOol MOAieNH annaparHoi peanusanuu RTL-onucanue.

3HaueHUs] TEPEMEHHBIX, MCIOJIB3YyEeMBIX B aCCEpIMAX, COOMpArOTCS B MOATOTOBHTENBbHBIM mepuoxn (Preponed)
BPEMEHHOTO CJIOTa, ACCEPIMU BBIYMCIIIOTCA B mepuox HabmromeHus (Observe). Eciam mepemeHHas, ncrmonbs3yemasi B
accepuuH, sIBISIETCS] BXOJHOM NepeMEHHOM 010Ka CHHXPOHHU3AINH, TO €€ 3HAaUCHUE CINTHIBACTCS # 1step yrpaBieHHeM.
JIroOble gmpyrume THIIBI BBIOOPOK ISt TEPEMEHHBIX OJIOKOB CHHXPOHM3AIMM TPHBEAYT K oOmHMOKe. Accepuud,
WCTIONB3YIOIINE TIEPEMEHHBIC OJIOKOB CHHXPOHM3AIMM, HE CO3JAI0T CBOW CIOCOO BBIOOPKM 3HAUCHHWH, a MPUMEHSIOT
YKa3aHHBIH B OIOKaX CHHXPOHHU3AINHT

BpemenHble MOzenH, HCHONIB3YeMbIE B CIIEHU(PHUKANNAK MapaUIeIbHBIX acCepluii, OCHOBAaHBI HA CHHXPOCOOBITHSIX U
UCTIONB3YIOT 0000IIeHHOe TOHATHE CHHXpoTakTta. OnpeneneHWe CHHXPOHHM3ALIWH, KaK TPABWIIO, CO3/1aeTCs
MOJIH30BaTENIeM M MOXKET M3MEHSTHCA OT OJHOTO BHIpaKeHHS K Apyromy. CoOBITHE CHHXPOHH3AIHHU - 3TO OTACIHHBII
MOMEHT BpPEMEHH, KOTOPBII caM He HUMeeT AMUTEeIbHOCTH. COOBITHE CHHXPOHU3AIIMHA MOXKET IMETh MECTO TOJIBKO OTUH
pa3 B TedeHHE JI000r0 BPEMEHH MOICIUPOBAHMS M 3HAUEHHSI BEIOOPKH CHUTHAJIOB JJISl 3TOTO MEpHoAa MOAETHPOBAHUSI
WCTIONB3YIOTCS JIJIsl BBIYMCIICHHs TapajuleabHBIX accepuuid. Puc. 10.4 mpemcraBnsieT 3HaUCHUs MEPEMEHHOH, NpH
W3MEHCHNN CHHXPOHM3ALWHU. 3HAYeHHWE CHUTHajla req paBHBl HYNMI0O B MOMEHT COOBITHI cHHXpoHM3aumu | m 2. B
coObITHE 3, 3HAUYCHHWE BHIOOPKH IMEPEKIIOYAeTCs] B €AWHUIYy W OCTAeTCS B TAKOM 3HAYCHHWH N0 CHHXPOCOOBITHA 6.
3HaueHNe IePEMEHHON req B MOMEHT COOBITHS 6 CTAaHOBUTCSI PaBHBIM HYIIO, H OCTAETCS TaKUM st coObITHil 7, 8 1 9.
CHuHXPOCOOBITHE 9 MPOUCXOIUT BMECTE C MEPEKITIOUEHUEM CUTHAIA req, OJJHAKO 3HaueHHE BBRIOOPKH ISl 3TOTO MOMEHTA
OCTaeTCsl PaBHBIM HYNIO, MOCKOJBKY COTJIACHO CEMAaHTHKE s3bIKa, 3HAUCHHWE CUMTHIBaeTca 3a oamH mar(lstep) mo

IIOSIBJICHUA CO6BITI/IH.
ticks

clack ticks 2
|
1 ! 1
A O I A
req '

Puc. 10.4. Ileproas! momy4deHus 3HAYCHUHA

ri

BelpaskeHne, MCIOIb3yeMOE B acCEpLUsiX, BCEINA CBA3aHO C OMNPENCIICHHEM CHHXPOHW3AIWH. 3HAYECHHS BBIOOPKH
UCIIOJNIb3YEeMbI€ ISl BBIYMCIICHHS M3MEHSEMbIX MM OYJEBBIX BBIPOKCHUI WM MOJABBIPAXKCHUH, KOTOPbIE HEOOXOIMMBI
JUTa OOHApYKEHUS TOCIE0BATEIHHOCTH.

I[J'Iﬂ napaJuICJIbHbIX accepunﬁ MPUMCHAIOTCA CJICAYIOIINE BbIPAKCHUA:

- Baxxno rapaHTUpPOBATb CBO6OI[HOG ot cboeB OIIPCACIICHUE MMOBCACHU CUHXPOCHUTI'HAJIA. B MPOTUBHOM CJIy4ac
MOryT OBITH IOJIYYCHBIL OIINOOYHBIE 3HAUCHHS BLI60pOK.

- Ecnm mepemeHHas1, KOTOpasi MOSBIISAETCA B BBIPAKCHUH CHHXPOHM3ALNH, TAKXKE MOSBISETCS B BBIPAKCHUH C
accepuue, TO ee 3Ha4E€HHE B ATUX JIBYX CIydasX MOXKET ObITh pa3NH4YHBIM. TeKylee 3Ha4eHHE IePEMEHHON
HCIIONB3YEeTCs B BBIPAKEHUM CHHXPOHHU3ALWH, B TO BPEMs KaK 3HAa4E€HHE BBIOOPKH NEPEMEHHOH - BHYTpH
accepuum.

BeIpaxkeHusl CHHXPOHHM3AIMU, KOTOPOE KOHTPOJHMPYET BBIYHMCICHHE IOCIEIOBATEIbHOCTH, MOXET ObITh OoJiee
CIIO)KHBIM, 4Y€M MPOCTO UM ONHOTO CHrHana. J[Is mpeacTaBieHHs CHHXPOHHU3AIMM MOTYT OBITh HCIIOIB30BAaHBI
Beipaxxenust Buna (clk && gating signal) u (clk iff gating signal). Bo3amoxxHbl npyrue, 6oiiee ClOXKHBIE BBIPOKSHUSI.
OpHako, B IENAX OOeCledYeHUs] MPAaBUIBHOIO MOBEICHHE CHUCTEMBI M COOTBETCTBHUSA KaK MOXKHO ONMKE CEMaHTHKE
CHHXPOHHOTO MOJICJTUPOBAHMSI, CUTHAJIbI B BBIPQKEHHUAX CHHXPOHHU3ALUH JOJDKHBI ObITH CBOOOJHBI OT PUCKOB COOEB M
JIOJDKHBI UMETh TOJIBKO OIHO TepexitoueHue. [Ipumep napaniensHol accepiuy IpUBEIEH HIXKE:
base_rule1: assert property (cont_prop(rst,in1,in2))
$display("%m, passing");
else $display("%m, failed");
CBOWCTBO MOKET BBINOJHATH NPOBEPKY OJHOM MM HECKOJNBKHX IOCJIEIOBATEIBHOCTEH, CTAPTYIOMX B Pa3IMYHOE
BpeMs. BpIumcieHne mocinenoBaTeNbHOCTH HAYMHAETCS C IIOMCKAa COBIAAEHHUS Havaja IOCJIEN0BAaTEIbHOCTH Ha
3aJJaHHOM CHHXPOCOOBITHH. UYTOOBI ONpEeNeNnuTh HAIWYNE COBIAJICHMS, COOTBETCTBYIOIIME OYJICBBI BBIPa’KCHUS
BBIUHMCIISIIOTCS,, HA4MHAs C OMNPENEICHHOTO CHHXPOCOOBITHS M 3TO MPOAODKACTCS TPH KaKAOM IIOCIIEIYIONIEM
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CI/IHXpOCO6]>ITI/II/I, IMOKa BBIPAXCHUA HUMCIOT 3HAYCHUEC «UCTHUHA». Ecnmu BBIPAKCHUE TPUMET 3HAUCHUC <«JIOXKDB», 3TO
O3HA4YacT, UTO COBIIAACHUA HCT.

10.5. CpoiicTBa (Properties)

Bo mMHOrux ClIydasXx MmocjieJ0BaTCJIbHOCTU MMO3BOJIAKOT OIIUCHIBATH IOBEACHUE CUCTCMBI. SaHaBaTL IMPOBEPKY IMMOBEACHUS
MOXXHO C IIOMOIIBIO CBOWICTB. KpOMe TOro, CBOMCTBA ITO3BOJISIOT HWHBEPTUPOBATH CMBICI IMOCICAOBATCIbHOCTH (T.C.
IIOCIACAOBATCIIBHOCTh HE IOJDKHaA CHy‘II/ITLCﬂ), OTKJIFOYUTH BBIYUCJICHUC TTOCICHOBATCIIBHOCTH, WU INPHUMCHUTH
NOCJICAOBATCIIBHOCTD K APYTUM COOBITHSIM.

st onpenenenys CBOMCTB UCIIONIB3YETCS CIEAYIOLUI CUHTAKCHUC:

/| Deknapaums CBOWCTB
property name [ ( formal_item {, formal_item } ) ];
{ assertion_variable_declaration }
property_spec ;
endproperty [:name]

Omnmcanue CBOICTB COCTOUT U3 MOCJIEAOBATEIbHOCTEN MM NMIUIMKALIUH [TOCJIEI0BATEIbHOCTEN U JPYTUX CBONCTB.

property_spec ::=
[clocking_event] [disable iff( expression )] [ not ] property_expr
property_expr ::= sequence_expr | implication_expr
OmnpenencHre CBOWCTB BBITIONHSCTCS B TpaHUIAX property-endproperty, U MOnIepKUBaOT (hopMallbHBIC apTyMEHTHI H
apryMeHT, NepeJaroliil TOUHOE MMOBEAECHUE NIOCIEA0BATENILHOCTH.

Hanpumep:

property p1;
@(posedge clk) disable iff (test) not abort_seq;

endproperty
Omneparop not MHBEPTHPYET CMBICH IIOCIIEN0BATEIBHOCTH abort seq, TakuM 00pa3oM, BBIpaKeHHE OyaeT HMeTb
3HAYCHUE «JIOXKb» IPH MOSBICHUHU MOCIEeIOBaTeN HOCTH abort seq. Bripaxxenue disable iff oTkitrogaer BrramcieHue
MOCJIEZIOBATEILHOCTH, €CIM M TOJIBKO, ecin curHan test=1. OOparure BHMMaHHWE Ha IOBTOPHOE HCIOJIB30BAHHE
kmoueBbIx cioB disable u iff, kKoTopble IpUMEHSIOTCS B IpyTruX KOHCTPYKOMAX SystemVerilog. DTo CBOWCTBO TOIKHO
HMHTEPIIPETHPOBATHCS KaK «IOKa cUTHal test=0, mpoBepATs OTCYTCTBHE MOSBICHHS MOCIEAOBATEIBLHOCTH abort seqy.

Hpyras mone3Has moBeneHYECKas KOHIENIus — «3To Huckmodaercs» (that of implication). Ilycte HeoOxommmo
NPOBEPUTH TOSBICHHE MOCIEI0BATEIBHOCTH, HO TOJNBKO MOCJE MOsBIEHHs init seq. Takoe CBOWCTBO MOXET ObITh
OTIMCAHO CIIEAYIOMNM 00pa3oM:

@(posedge clk) init_seq |=> abort_seq;

rIe |=> HenepeKphIBAIOIIMIICS OIepaTop MMILIMKALMHA. JTO BBIPAKEHHE CBOMCTB YTBEPXKIAET, YTO Kak[as YCIICIIHO
3aBepIICHHAs TTOCIIEI0BATEIbHOCTD init Seq MEepBOTo ONepaH/a MOAPa3yMeBAET, YTO MOCIEAOBATENHHOCTE abort seq u3
BTOPOTO OIEpaHa HAYHETCSl Ha CIEAYIOIEM CHHXpOTakTe. [l KaXIOro TakTa, B KOTOPOM YCIICHIHOE 3aBEPIICHHUE
MOCTIEZIOBATEIFHOCTH TIEPBOTO  OIlEpaH/a HE IPHCYTCTBYET, IOCIEAOBATEIBHOCTE BTOPOTO ONEpaHAa HE Oyaer
BBIUHCIICHA U CBOMCTBO pacCMaTPUBACTCS KaK «UCTHHAY.

CBoiicTBO ompenenser MnoBeAeHHe IMpoekra. CBOHCTBO MOXET ObITh HCIOJNB30BaHO [UIs BepUHKALMH, Kak
crenuduKalys MPEANONIOKEeHUS, MPOBepKa MM IOKphITHE. [yt TOro 4YTOOBI HCIOJIB30BaTh IOBEACHHE JUIS
BepU(HUKAIIMK, HCIOJIB3YIOTCS OIepaTophl assert, assume, WiIM cover. Jlekimapamus cBOHCTBa camMo Imo cebe He
MPOU3BOINT PE3YJbTaT.

CaoiicTBa property, KaK " IOCJIEAO0BATCIbHOCTHU, ACKIIApHUPYETCA C HE00sI3aTeIbHLIMHU (l)OpMaJ'II)HI)IMI/I aprymMCcHTaM.
Kor,ua CBOMCTBO BBIYUCIIACTCA, TO B HEIo MepecaaroTcsa q)aKTI/I‘{eCKI/Ie ApPTYMCHTBIL. MexaHu3m nepeaain apryMmeHTOB B
CBOMCTBa TaKoOU KE, KaKk HU Ui nepeaadyd apryMmMeHTOB B MOCJICAOBATCILHOCTD. HOCJ’IeL[OBaTeJ'ILHOCTI) noixyvacTt
pacliupeHue ¢ peaJbHbIMU apryMEHTaMHU, 3aMCHAOIIUMU (bOpMaJ'ILHI)Ie ApPryMCHTEI.

Pesynerar  BBIUMCIICHHS CBOMCTB JHMOO «HCTHHa», JHOO0 «IoXb». CyliecTByeT CceMb BHIOB CBOWCTB:
MOCJIeIOBaTeNIFHOCTD  (Sequence), oTpunanue (negation), am3proHKIus(disjunction), KOHBIOHKIHMS (conjunction),
if...else, ummumkanms (implication) u co3nanue kormuu (instantiation).

a) CBOWCTBO-TIOCIICIOBATEIBFHOCTh SIBISCTCS ITOCIEAOBATEIILHOCTBIO, BBIYMCIICMOW B 3HAYCHHE «HCTHHA», €CIH U
TOJIKO €CIIH CYLIECTBYeT HENyCTOE COBIIQJCHHE IOCIIENOBATeIbHOCTH. [locienoBaTelbHOCTh, KOTOpas IOIyCKaeT
IyCTOE COBIIAJICHUE HE pas3pelaercss s CBOWCTB. [IOCKONBbKY COBIameHHE CYIISCTBYET, €CIH M TOJBKO €CIH
CYILLECTBYeT IIePBOE COBIAACHHE. BhIunciieHne Takoro cBOMCTBA - MONHOE TPaHC(HOPMHUPOBAHHUS €r0 sequence expr B
first_match (sequence expr). Kak Tonpko mepBoe cOBIazieHne sequence expr 0OHapyKUBACTCS, BEIYMCICHHE CBOHCTBA
paccMarpuBaeTcs Kak «CTHHa» U HEeT HEOOXOIMMOCTH B ITOMCKE JPYTUX COBIIAJICHUE.
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6) CBOIiCTBO-OTpHIIaHNE, UMEET BU/T
not property_expr

[Ipu kaxao¥i MOTBITKE BBIYHMCICHUS CBOMCTB BBIYHCISIETCS property expr. KimrogeBoe ci0Bo not o603Ha4gaet, 4To mpu
BBIYMCIIEHHMM CBOWCTBA BO3BpAIaCTCs IPOTUBOIONOXKHOE 3HAadeHUe A property expr. Takum oOpasoMm, ecnu
property expr NpHMeT 3Ha4deHHE «HUCTHHA», TO nNot property expr COOTBETCTBYET 3HAYCHUIO <«JIOXKB», W €CIHU
property expr OIEHMBAETCS KaK IOXKb», TO NOt property expr OyIeT «UCTHHaY.

¢) JIM3BIOHKIUS CBOMCTB UMEET BHJT
property_expr1 or property_expr2

CBOICTBO COOTBETCTBYET 3HAUCHUIO «HCTHHA» €CIIH M TOJIBKO €CIIM KaK MHHHUMYM OJIHO M3 CBOICTB property exprl u
property expr2 «UCTHHA».

d) Korbronkuus cBoicTB umeeT Gopmy
property_expr1 and property_expr2

CBOIICTBO OIICHHMBAeTCs KaK «UCTHHA», €CIIM M TOJNBKO €CIM CBoMcTBa property exprl m property expr2 HMeIOT
3HAYEHUE «UCTUHAY

e) CaoiicTso « if...else» umeer Qopmy
if (expression_or_dist) property_expr1
WA
if (expression_or_dist) property_expr1 else property_expr2

CBOIiCTBO B TNEPBOM CIy4yae OIICHWBACTCS KaK «HCTHHA», €CIHM M TOIBKO eciH Jnbo expression or dist mpuHHUMaeT
3HAUEHHUE «IOXKbY», IO property exprl — «uctiHa». Bo Bropom cityyae cBOMCTBO BO3BpallaeT 3HaUeHNUE UCTHHA, KOTIa
0o expression_or dist u property exprl BO3BpaIlarOT 3HAUCHHE «HCTHHAY», MO0 expression_or dist BEIYKCIIACTCS B
«JI0XKBY, a property expr2 — «UCTHHAY.

f) CBolicTBO-UMIIIMKaHTa UMeeT GopMy
sequence_expr |-> property_expr
WIIN
sequence_expr |=> property_expr

Konusi MMeHHOro cBOWCTBa MOXKET OBITH HCIIONB30BaHA B BBIPAXXEHHH property expr or property spec. B oOmem
clly4ae, UCIIOJIb30BaHKE KOIINH SIBIISIETCS 3aKOHHBIM, €CJIHM TEJI0 MIMEHHOT'O CBOWCTBA property Spec MOXeT 3aMEHHTh €ro
KOIIMIO B property expr or property spec, MOJCTaBlisisi pealbHble MapaMeTpbl, BMECTO (POPMaIIbHBIX apryMEHTOB, U
UTHOPUPYS JIOKaJIbHBIE MEepeMEHHble. Tak, HalpuMmep, €Ciu KOIUs MMEHHOTO CBOMCTBA HCIOJB3YETCSl KakK OINepaHIl
property expr B JIt000M (hOpMHUPYIOLIEM CBOMCTBO OIEpaTope, TO 3TO CBOMCTBO HE JIOJDKHO BKIIIOYATH BBIPAXKEHHE
disable iff. AnanoruuneiM 00pa3oM, COOBITHS CHHXPOHHM3AllMM B MMEHHBIX CBOWCTBaxX JOJKHO COOTBETCTBOBAaTh
npaBWjaM MYJIBTHCUHXPOHHOW IOAJEPKKH, B CIydae €CJIM CBOWCTBO BXOIMT B BBIPAXEHHE property expr or
property spec, KOTOpPOE TakKe YIpaBiIseTCs APYIHMM CHHXpocoObIiTHeM. Tabmuia 22.2 mpeacTaBiseT CIHCKH
OIIepaTopoB JUIsi TOCJENOBATENIbHOCTE M CBOWMCTB, HAauYWHAs C CaMOro BBICOKOTO IPUOPHUTETA, W IIOKa3bIBAET
COYETaeMOCTh [UIsl HEYHapHBIX OIIEPaToOpOB.

Bripaxenue disable iff MokeT OBITH IOAKITIOUEHO K property expr , uToObl cOpPMUPOBATh property _spec.
disable iff (expression_or_dist) property_expr

Bripaxkenue disable iff HaspiBaeTCs BhIpakeHHEM cOpoca (reset expression) W MO3BOJISIET OMKUCHIBATh TPUOPUTETHBIN
copoc. Jlnst BIYMCIIEHHS property Spec, OLIEHHBAIOTCSl COCTABIIAIONINE ero property expr. Eciu 10 3aBepuieHus Takoro
BBIYMCIICHHUS BBIpOXXEHUE cOpoca NPHUHMMAET 3HAaueHHe «UCTHHA», TO 3Ha4E€HHE BCEro CBOICTBa property spec —
«MCTHHa». B NMpOTUBHOM ciydae, 3HaueHHE property spec 3aBUCHUT OT pe3ylibrara BbIUMCICHUs property expr. Copoc
BBIP@)KEHHS MPOBEPSACTCS HE3aBHCUMO JJIS Pa3lUYHBIX MONBITOK BBIYUCICHUS property spec. 3HauYeHHs MEPEMEHHBIX,
HCIOJIb3YEMbBIX B BBIPAKCHUN C6p008., ABJIAIOTCA 3HAUCHUAMU NMEPEMEHHBIX B TCKYIIEM UKJIC MOACJIMPOBAHUA, @ HC UX
BBIOOpKaMH.

BBIpa)KeHI/ISI MOI'YT COACPKATh CCHUIKY HAa KOHCYHYH TOYKY MOCJICAOBATCILHOCTH C MMOMOIIBIO MCTOAAa NEPCKIIOYCHUA
ITOHU noCICAOBATCIIBHOCTH. MCTOZIBI CpaBHCHUC U 06Hapy>1<eH1/151 KOHIIa II0CJICAOBATCIbHOCTH HW JIOKAJIbHBIC
NEPEMCHHBIC HC MOT'YT OBITH HCIIOJIL30BaHEI B BbIpaXKCHUU C6pOCEl. Ecnm 3Hauenne BLI60pKI/I (byHKIII/II/I HCIOJIB3YCTCA B
BbIpA’KCHUN c6poca, TO CUHXPOHU3AlUA BI)I60pKI/I JOJI2KHa OBITH SIBHO OIKMCaHA B €r0 CIIUCKE AKTYaJIbHBIX apT'yMCHTOB.
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Ta6muia 10.2 Oneparopsl MOCISI0BATCILHOCTEH U CBOMCTB MPEIICCTBCHHUKOB U CBS3H

Sequence operators _|Property operators _[Associativity
4, [= [->] --
HE Left
throughout Right
within Left
intersect Left
not -
and and Left
or or Left
if...else Right
[-> |=> Right

CpoiicTBa camm o cebe HHUKOTIA HE BBIUUCIIIOTCS IUIsl MPOBEPKH BEIpakKeHWH. X HCMONB3YIOT B OIeparope
BepU(UKAINH, KOTOPHIH yCTaHABINBACT OJHY U3 CICTYIOMUX (QYHKINI BepHpHUKALINH:

- assert JIsl OTIMCaHUsI CBOMCTB B KQYECTBE ITPOBEPKH, YTOOBI 00ECIIEUUTh, YTO CBOWCTBO UMEET MECTO B IPOCKTE
- assume, A7 OINMCAHUS CBOMCTB B KAUECTBE MPEIOIOKEHUS TSI CPEJIb

- COVer Ui MOHUTOPHHTA BBIYUCIICHNS] CBOWCTB MOKPBITHS

10.6 CucremHuble GyHKIINH, HCTOJIB3yeMbIe B aCCePIUX

Acceprii OOBIYHO HCHOIB3YIOTCS [UIS BBIYMCICHNS HEKOTOPBIX CIENU(UIECKUX 0COOCHHOCTEH pealn3alni MPOeKTa,
HaIlpuMep, 4To OHpe)leﬂeHHbIﬁ CHUT'HAJI COACPIKUT TOJIbKO OJHY €AUHUILY. Cne):[y}ouu/le CHUCTCMHBIC (byHKLII/II/I BBCICHBI
JUTSL OTIACaHUsI (PYHKIIMOHAIBHOCTH aCCEPIIUU:

e Sonehot (<expression>) BO3BpaIllacT 3HAYCHUE KHUCTHHAY», €CIIH TOJBKO OJUH OUT BBIPAXKCHUSI PABEH 1.
$onehot0 (<expression>) Bo3BpallaeT 3HAYCHUE UCTHHAY», €CIIM KAaK MHHHUMYM OJHMH OHWT BBIPQKCHUS PABEH
1

e S$isunknown (<expression>) BO3BpalllacT 3HAYCHHUE «HCTHHA», €CIIM KaK JIF000H OMUH OHUT BBIPAXKEHHS PABCH
X wim Z. 3T0 SKBUBAJICHTHO * <expression> === "bx.

Bce BhlmenepedncieHHble CUCTEMHBIE (DYHKLMH CHCTEMBl BO3BPAILAIOT 3HAaueHUE TUIa bit. Bo3BpaleHue 3HaYeHHs
I'bl coorBercTByeT «mcTHHa», a 3HadeHme 1'b0 — «wroxb». [pyras monesHas (yHKOHsA, HpemocTaBiseMas I
JIOTMYECKOTO BBIpakeHHs $countones, MOACYUTHIBACT KOJIMYECTBO SAUHMI] B OUTOBOM BEKTOPE.

e  Scountones(expression)

3Hauenus X U Z He 3aCUUTHIBACTCS B YHCIIO €IUHHIL.

JlonosHeHHUE:

[TapannensHble acceplUuy UMEIOT HECKOJIBKO YPOBHEM:

Boolean
Sequences
Property

Property directive

Jluctunr Ilpumep napamienbHON accepuun

[/+++++++++++H R
/I DUT With assertions
[[++++++++++++++
module concurrent_assertion(

input wire clk,req,reset,

output reg gnt);
I
/I Sequence Layer
I
sequence req_gnt_seq;

/I (~req & gnt) and (~req & ~gnt) is Boolean Layer
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(~req & gnt) ##1 (~req & ~gnt);
endsequence
Il
/I Property Specification Layer
Il
property req_gnt_prop;
@ (posedge clk)
disable iff (reset)
req |-> req_gnt_seq;
endproperty
Il
/I Assertion Directive Layer
Il
req_gnt_assert : assert property (req_gnt_prop)
else
$display("@%0dns Assertion Failed", $time);

Il

/I Actual DUT RTL

Il

always @ (posedge clk)
gnt <=req;

endmodule

[/+++++++++++H+
/I Testbench Code

[[++++++++++H+
module concurrent_assertion_tb();

reg clk = 0;
reg reset, req = 0;
wire gnt;

always #3 clk ++;

initial begin
reset <= 1;
#20 reset <= 0;
/I Make the assertion pass
#100 @ (posedge clk) req <= 1;
@ (posedge clk) req <= 0;
/I Make the assertion fail
#100 @ (posedge clk) req <= 1;
repeat (5) @ (posedge clk);
req <= 0;
#10 $finish;
end

concurrent_assertion dut (clk,req,reset,gnt);

endmodule

Jluctunr. [IpuMep ucnonb30BaHUs oneparopa ##

[[++++++++++H+
/I DUT With assertions

[[+++++++++++ R
module hash_sequence();

logic clk = 0;
always #1 clk ++;

logic [2:0] req,gnt;
logic reset;

I/
/I Shows basic usage of ## delay operator
Il
sequence req_gnt_1clock_seq;

req[0] ##1 gnt[0];

endsequence

Il
/I Shows range usage of ## delay operator
I/

15



sequence req_gnt_3to5clock_seq;

req[1] ##[3:5] gnt[1];
endsequence
Il
/I Shows zero delay usage of ## delay operator
Il
sequence req_gnt_Oclock_seq;

req[2] ##0 gnt[2];
endsequence
I
/I Shows sequence called within sequence
Il
sequence master_seq;

req_gnt_1clock_seq ##1 req_gnt_3to5clock_seq ##1 req_gnt_0Oclock_seq;
endsequence
I
/I Declare property for each of sequence
/I We may use more then one seugnce in a property
Il
property req_gnt_1clock_prop;

@ (posedge clk)

disable iff (reset)

req[0] |-> req_gnt_1clock_seq;

endproperty

property req_gnt_3to5clock_prop;
@ (posedge clk)
disable iff (reset)
req[1] |-> req_gnt_3to5clock_seq;
endproperty

property req_gnt_0Oclock_prop;
@ (posedge clk)
disable iff (reset)
req[2] |-> req_gnt_Oclock_seq;
endproperty

property master_prop;
@ (posedge clk)
disable iff (reset)
req[0] |-> master_seq;
endproperty

I
/I Assertion Directive Layer
I
req_gnt_1clock_assert : assert property (req_gnt_1clock_prop);
req_gnt_3to5clock_assert : assert property (req_gnt_3to5clock_prop);
req_gnt_Oclock_assert : assert property (req_gnt_Oclock_prop);
master_assert : assert property (master_prop);

Il
/I Drive the input vectors to test assetion
Il
initial begin

/I Init all the values

reset <=0;

for (inti=0;i<3;i++) begin

reqfi] <= 0;
gntfi] <= 0;

end

@ (posedge clk);

req[0] <= 1;

@ (posedge clk);

gnt[0] <= 1;

req[0] <= 0;

@ (posedge clk);

gnt[0] <=0;

req[1] <=1;

@ (posedge clk);

req[1] <= 0;

repeat(3) @ (posedge clk);
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gnt[1] <= 1;
@ (posedge clk);
gnt[1] <= 0;
req[2] <= 1;
gnt[2] <= 1;
@ (posedge clk);
req[2] <= 0;
gnt[2] <= 0;
/I Cause assertion to fail
@ (posedge clk);
req[0] <= 1;
repeat(2) @ (posedge clk);
gnt[0] <= 1;
req[0] <= 0;
#30 $finish;
end

endmodule
Pesynbrar mozenupoBaHust
# ** Error: Assertion error.
# Time: 23 ps Started: 21 ps Scope: hash_sequence.req gnt lclock assert File: E:/Temp/BRAIN/assertl.sv Line: 66
# ** Error: Assertion error.
# Time: 23 ps Started: 21 ps Scope: hash_sequence.master_assert File: E:/Temp/BRAIN/assertl.sv Line: 69
# ** Error: Assertion error.
# Time: 27 ps Started: 23 ps Scope: hash_sequence.master_assert File: E:/Temp/BRAIN/assert1.sv Line: 69
# ** Note: $finish : E:/Temp/BRAIN/assert1.sv(106)

# Time: 53 ps Iteration: 0 Instance: /hash _sequence

fooo f food T f T o0 [ Yoor

Oneparop $
Jluctuwr. [Ipumep omeparopa $

A o e T o e R a2
// DUT With assertions

A o e T o e R a2
module unbound assertion();

logic clk = 0;

logic req, reset, gnt;

always #1 clk ++;

//
// Sequence Layer
//
sequence req_gnt seq;
req ##[1:$] gnt;
endsequence
//
// Property Specification Layer
//
property req gnt prop;
@ (posedge clk)
disable iff (reset)
req |-> req gnt seq;

17



endproperty
//
// Assertion Directive Layer
//

req gnt assert : assert property (req gnt prop);

initial begin
Sdisplay ("@%0dns Asserting reset",Stime);
reset <= 1;
req <= 0;
gnt <= 0;
Sdisplay ("@%0dns Deasserting reset",$time);
#20 reset <= 0;
// Make the assertion pass
#100 @ (posedge clk) req <= 1;
Sdisplay ("@%0dns Asserting req", $time);
repeat (100) @ (posedge clk);
@ (posedge clk) reqg <= 0;
Sdisplay ("@%0dns Deasserting req",Stime);
repeat (2) @ (posedge clk);
Sdisplay ("@%0dns Asserting gnt", $time);
gnt <= 1;
@ (posedge clk) gnt <= 0;
Sdisplay ("@%0dns Deasserting gnt",Stime) ;
#100 @ (posedge clk) req <= 1;
Sdisplay ("@%0dns Asserting req", $time);
repeat (5) @ (posedge clk);
req <= 0;
Sdisplay ("@%0dns Deasserting req",Stime);
#100 Sfinish;

end

endmodule
Omneparopsl NOBTOPEHUSI
Repetition Operators

When a sequence needs to be tested for repetion, then repetition operators are used. They are of three types as below.
The min value can be less then 0 and max value as sees in earlier page is $.

* Consecutive repetition ( [* ): Consecutive repetition specifies finitely many iterative matches of the operand
sequence, with a delay of one clock tick from the end of one match to the beginning of the next. The overall repetition
sequence matches at the end of the last iterative match of the operand.

* Goto repetition ( [->): Goto repetition specifies finitely many iterative matches of the operand boolean expression,
with a delay of one or more clock ticks from one match of the operand to the next successive match and no match of the
operand strictly in between. The overall repetition sequence matches at the last iterative match of the operand.

* Nonconsecutive repetition ( [= ): Nonconsecutive repetition specifies finitely many iterative matches of the operand
boolean expression, with a delay of one or more clock ticks from one match of the operand to the next successive match
and no match of the operand strictly in between. The overall repetition sequence

Empty Sequence : An empty sequence is one that does not match over any positive number of clock ticks. The
following rules apply for concatenating sequences with empty sequences. An empty sequence is denoted as empty, and
a sequence is denoted as seq.

* (empty ##0 seq) does not result in a match.
* (seq ##0 empty) does not result in a match.
* (empty ##n seq), where n is greater than 0, is equivalent to (##(n-1) seq).

* (seq ##n empty), where n is greater than 0, is equivalent to (seq ##(n-1) 'true).
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Jluctunr Ipumep [*

//+++++
// DUT With assertions

//+++++
module repetition assertion();

logic clk = 0;
always #1 clk ++;

logic req,busy,gnt;
//
// Sequence Layer
//
sequence boring way seq;

req ##1 busy ##1 busy ##1 gnt;
endsequence

sequence cool way seq;
req ##1 busy [*2] ##1 gnt;
endsequence

sequence range sedq;
req ##1 busy [*1:5] ##1 gnt;
endsequence

//
// Property Specification Layer
//
property boring way prop;
@ (posedge clk)
req |-> boring way seq;
endproperty

property cool way prop;
@ (posedge clk)

req |-> cool way seq;
endproperty
//
// Assertion Directive Layer
//
boring way assert : assert property (boring way prop);
cool way assert : assert property (cool way prop);

//
// Generate input vectors
//
initial begin

req <= 0; busy <= 0;gnt <= 0;

@ (posedge clk);

req <= 1;

@ (posedge clk);

busy <= 1;

req <= 0;

repeat (2) @ (posedge clk);

busy <= 0;

gnt <= 1;

@ (posedge clk);

gnt <= 0;
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// Now make the assertion fail
req <= 0; busy <= 0;gnt <= 0;
@ (posedge clk);
req <= 1;
@ (posedge clk);
busy <= 1;
req <= 0;
repeat (3) @ (posedge clk);
busy <= 0;
gnt <= 1;
@ (posedge clk);
gnt <= 0;
#30 $finish;
end

endmodule
Jluctunr Ipumep [->

A e T L 2 S e e o T o
// DUT With assertions
A e T A 2 S e e o
module goto assertion();

logic clk = 0;
always #1 clk ++;

logic req,busy,gnt;
//
// Sequence Layer
//
sequence boring way seq;

req ##1 (('busy[*0:$] ##1 busy) [*3]) ##1 gnt;
endsequence

sequence cool way seq;
req ##1 (busy [->3]) ##1 gnt;
endsequence

//
// Property Specification Layer
//
property boring way prop;
@ (posedge clk)
req |=> boring way seq;
endproperty

property cool way prop;
@ (posedge clk)

req |=> cool way seq;
endproperty
//
// Assertion Directive Layer
//
boring way assert : assert property (boring way prop);
cool way assert : assert property (cool way prop);

//
// Generate input vectors

//
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initial begin
// Pass sequence
gen_seq(3,0);
repeat (20) @ (posedge clk);
// Fail sequence (gnt is not asserted properly)
gen _seq(3,1);
// Terminate the sim
#30 $finish;
end
//
/// Task to generate input sequence
//
task gen seq (int busy delay,int gnt delay);
req <= 0; busy <= 0;gnt <= 0;
@ (posedge clk);
req <= 1;
@ (posedge clk);
req <= 0;
repeat (busy delay) begin
@ (posedge clk);
busy <= 1;
@ (posedge clk);
busy <= 0;
end
repeat (gnt delay) @ (posedge clk);
gnt <= 1;
@ (posedge clk);
gnt <= 0;
endtask

endmodule

Jluctunr Ipumep [=

e LA A o o o o o o o o o
// DUT With assertions

e LA A o o o o o o o o o
module noncon assertion();

logic clk = 0;
always #1 clk ++;

logic req,busy,gnt;
//
// Sequence Layer
//
sequence boring way seq;

req ##1 ((!busy[*0:$] ##1 busy) [*3]) ##1 !busy[*0:$] ##1 gnt;
endsequence

sequence cool way seq;
req ##1 (busy [=3]) ##1 gnt;
endsequence

//

// Property Specification Layer

//

property boring way prop;
@ (posedge clk)
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req |-> boring way seq;
endproperty

property cool way prop;
@ (posedge clk)

req |-> cool way seq;
endproperty
//
// Assertion Directive Layer
//
boring way assert : assert property (boring way prop);
cool way assert : assert property (cool way prop);

//
// Generate input vectors
//
initial begin
// Pass sequence
gen_seq(3,0);
repeat (20) @ (posedge clk);
// This was fail in goto, but not here
gen _seq(3,1);
repeat (20) @ (posedge clk);
gen_seq(3,5);
// Lets fail one
repeat (20) @ (posedge clk);
gen_seq(5,5);
// Terminate the sim
#30 $finish;
end
//
/// Task to generate input sequence
//
task gen seq (int busy delay,int gnt delay);
req <= 0; busy <= 0;gnt <= 0;
@ (posedge clk);
req <= 1;
@ (posedge clk);
req <= 0;
repeat (busy delay) begin
@ (posedge clk);
busy <= 1;
@ (posedge clk);
busy <= 0;
end
repeat (gnt delay) @ (posedge clk);
gnt <= 1;
@ (posedge clk);
gnt <= 0;
endtask

endmodule

CucremMHbie 3a1a4u

Function $sampled returned the sampled value of a expression with respect to last clock event.
When $sampled is invoked prior to the occurrence of the first clocking event, the value of X is
returned. The use of $sampled in assertions, although allowed, is redundant, as the result of the
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function is identical to the sampled value of the expression itself used in the assertion. But
following types are usefull

e Srose returns true, when least significant bit changes to 1.

e Sfell returns true, when least significant bit changes to 0.

e Sstable returns true, if value did not change since last clock event to current clock event.
e S§past returns value n clock events before.

HpMMep HCIIOJIB30BaHUA CUCTCMHBIX 3a/1a4

module system assertion();

logic clk = 0;
always #1 clk ++;

logic req,gnt;

property system prop;
@ (posedge clk)
(Srose(req) && S$Spast(l!req,1))
($Srose (gnt) && S$past(!gnt,1
endproperty

~
—

’

system assert : assert property (system prop);

initial begin
req <= 0;gnt <= 0;
repeat (10) @ (posedge clk);

req <= 1;
@ ( posedge clk);
gnt <= 1;
req <= 0;

@ ( posedge clk);

// Make the assertion fail now
req <= 0;gnt <= 0;

repeat (10) @ (posedge clk);

req <= 1;
@ ( posedge clk);
req <= 0;
gnt <= 0;

// Terminate the sim
#30 $finish;
end

endmodule
Binary Operators

Binary operators take two operands or two sequence and produce a new sequence. Following are
binary sequences operators.
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e and : When both sequence are expected to match, and both the sequence start at same time,
but are not expected to finish at same time. Then and operator is used.

e intersect : When both sequence are expected to match, and both the sequence start and end
at same time. Then intersect operator is used.

e or : When one of the both sequence are expected to match. Then or operator is used.

“ Example : Binary Operators

e R o S SO

// DUT With assertions
A R B B

module binary assertion();

logic clk = 0;
always #1 clk ++;

logic req,gnt,busy;
//
// Sequence Specification Layer
//
sequence sl;

Spast (!req,l) ##1 (Srose(gnt) and S$past(!gnt,1));
endsequence

sequence s2;
Spast (!req,1) ##1 Srose(gnt) ##1 S$fell (gnt);
endsequence

sequence s3;
req ##1 gnt ##1 busy ##1 (!req and !gnt and !busy);
endsequence

sequence s4;

req ##[1:3] gnt;
endsequence
//
// Property Specification Layer
//
property and prop;

@ (posedge clk)

req |-> sl and s2;

endproperty

property intersect prop;
@ (posedge clk)
req |-> sl intersect s3;
endproperty

property or prop;
@ (posedge clk)
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req |-> sl or s4;

endproperty

//

// Assertion Directive Layer

//

and assert : assert property (and prop);
intersect assert : assert property (intersect prop);
or assert : assert property (or prop);

//

// Generate input vectors

//

initial begin
req <= 0;gnt <= 0;busy<=0;
repeat (10) @ (posedge clk);
req <= 1;
@ ( posedge clk);
gnt <= 1;
req <= 0;
@ ( posedge clk);
busy <= 1;
// Make the assertion fail now
// OR will not fail
req <= 0;gnt <= 0; busy <= 0;
repeat (10) @ (posedge clk);

req <= 1;
repeat (2) @( posedge clk);
req <= 0;
gnt <= 1;

@ ( posedge clk);
@ ( posedge clk);
req <= 0;gnt <= 0; busy <= 0;
// Terminate the sim
#30 $finish;
end

endmodule

Match Operators

Match operators take two operands or two sequence and produce a new sequence. Following are
match sequences operators.

When we want to stop after first match of sequence, we use first_match
match operator.

first_match

When we want to check if some condition is valid over period of sequence,

throughout then throughout match operator is used.

When we want to check containment of one sequence in another sequence, we

within ey .
use within match operator.
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“ Example : Match Operators

A e T L 2 S e e o
// DUT With assertions
A e T L 2 S e e o
module match assertion();

logic clk = 0;
always #1 clk ++;

logic burst enable, master busy, slave busy;
//
// Property Specification Layer
//
property first match prop;
@ (posedge clk)
Srose (burst enable) |=>

first match(burst enable ##[0:4] !master busy);

endproperty

property throughout prop;
@ (posedge clk)
Srose (burst enable) |->
(burst enable) throughout
( ##2 (!slave busy && !master busy) [*6]);
endproperty

property within prop;
@ (posedge clk)
Srose (burst enable) |[=>
(!slave busy[*6]) within
(($fell (master busy)) ##1 !master busy[*7]);

endproperty

//

// Assertion Directive Layer

//

within assert : assert property (within prop);

throughout assert : assert property (throughout prop);
first match assert: assert property (first match prop);
//
// Generate input vectors
//
initial begin

burst enable <= 0; master busy <= 1; slave busy <= 1;

@ (posedge clk);

burst enable <= 1;

@ (posedge clk);

master busy <= 0;

@ (posedge clk);

slave busy <= 0;

repeat (6) @ (posedge clk);

slave busy <= 1;

@ (posedge clk);

burst enable <= 0;

master busy <= 1;

// Fail both the assertion

repeat (20) @ (posedge clk);
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burst enable <= 0; master busy <= 1; slave busy <= 1;
@ (posedge clk);
burst enable <= 1;
@ (posedge clk);
master busy <= 0;
@ (posedge clk);
slave busy <= 0;
repeat (5) @ (posedge clk);
slave busy <= 1;
@ (posedge clk);
burst enable <= 0;
master busy <= 1;
// Terminate the sim
repeat (20) @ (posedge clk);
Sfinish;
end

endmodule

# ** Error: Assertion error.

# Time: 77 ps Started: 63 ps Scope: match_assertion.throughout assert File: E:/Temp/BRAIN/assert2.sv Line: 36
# ** Error: Assertion error.

# Time: 79 ps Started: 63 ps Scope: match_assertion.within_assert File: E:/Temp/BRAIN/assert2.sv Line: 35

# ** Note: $finish : E:/Temp/BRAIN/assert2.sv(70)

# Time: 117 ps Iteration: 0 Instance: /match_assertion
Clocks in Sequence

As we had discussed ealrier concurrent assertion work on clock edges, so the sequence also. There
are two ways clocks can be specified for a sequence to work.

e implied clock : In this clock is specified in property and sequence just uses that clock.

e explicit clock : In this clock is specified inside the sequence block and sequence uses this
clock.

Till now we have seen implied clock, below example shows the explicit clock.

//+ -+
// DUT With assertions
//+ -+
module clock assertion(

input wire clk, req, reset,

output reg gnt);

//
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// Sequence Layer
// Here clock is specified inside the sequence
//
sequence req_gnt seq;
@ (posedge clk)
(~req & gnt) ##1 (~req & ~gnt);
endsequence
//
// Property Specification Layer
// Still requires clock for the property
//
property req gnt prop;
@ (posedge clk)
disable iff (reset)
req |=> req gnt seq;

endproperty
//
// Assertion Directive Layer
//
req gnt assert : assert property (req gnt prop)
else
Sdisplay("@%0dns Assertion Failed", S$time);
//
// Actual DUT RTL
//

always @ (posedge clk)
gnt <= req;

endmodule

e e L2 e o o S o
// Testbench Code

e e L2 e o o S o
module concurrent assertion tb();

reg clk = 0;
reg reset, req = 0;
wire gnt;

always #3 clk ++;

initial begin
reset <= 1;
#20 reset <= 0;
// Make the assertion pass
#100 @ (posedge clk) reqg <= 1;
@ (posedge clk) reqg <= 0;
// Make the assertion fail
#100 @ (posedge clk) reqg <= 1;
repeat (2) @ (posedge clk);

req <= 0;
#10 Sfinish;
end

clock assertion dut (clk,req,reset,gnt);

endmodule
Sequence Arguments
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A sequence can be declared with optional arguments, When a sequence is instantiated, actual
arguments can be passed to the sequence. The sequence gets expanded with the actual arguments by
replacing the formal arguments with the actual arguments.

There are type of arguments declaration.
e No Type : Here input arguments are not typed.
e With Type : Here input arguments are typed.

One of the big advantage of using sequence with argument, is it can be reused as shown in below
example.

* Example : Sequence Arguments

//+
// DUT With assertions
[/ +
module propargs assertion();
logic clk = 0;
logic req,gnt;
logic a,b;
//
// Sequence Layer with args (NO TYPE)
//
sequence notype seq (X, Y);
(~X & Y) ##1 (~X & ~Y);
endsequence
//
// Sequence Layer with args (NO TYPE)
//
sequence withtype seq (logic X, logic Y);
(~X & Y) ##1 (~X & ~Y);
endsequence
//
// Property Specification Layer
//
property req gnt notype prop (M,N) ;
@ (posedge clk)
req |=> notype seq(M,N);
endproperty

property a b type prop(logic M, logic N;
@ (posedge clk)
a |=> withtype seq(M,N);
endproperty
//
// Assertion Directive Layer
//
req gnt notype assert : assert property (req gnt notype prop(req,gnt));
a b type assert : assert property (a b type prop(a,b));
//
// Actual DUT RTL
//
always @ (posedge clk)
gnt <= req;

always @ (posedge clk)
b <= a;
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e o st s o S
// Assertion testing code

e o st s o S
always #3 clk ++;

initial begin
// Make the assertion pass
#100 @ (posedge clk) reg <= 1;
@ (posedge clk) reqg <= 0;
// Make the assertion fail
#100 @ (posedge clk) reg <= 1;
repeat (2) @ (posedge clk);
req <= 0;

// Make the assertion pass
#100 @ (posedge clk) a <= 1;
@ (posedge clk) a <= 0;
// Make the assertion fail
#100 @ (posedge clk) a <= 1;
repeat (2) @ (posedge clk);
a <= 0;
#10 S$finish;

end

endmodule
Local Variables

One can have local variables inside a sequence or a property. This local variables can be assigned
values and can be sampled later. Example below shows how this is done.

% Example : Local Variables
A e o B B a2
// DUT With assertions
A e o B B a2
module localvar assertion();

logic clk = 0;
always #1 clk ++;

logic [7:0] portin, portout;

logic in en, out en;
//

// Sequence Layer

//

sequence local var seq;
logic [7:0] lport;
(in_en, lport = portin) ##[1:5]

(out _en and lport == portout);
endsequence
//
// Property Specification Layer
//

property local var prop;
@ (posedge clk)
in en |-> local var seq;
endproperty
//
// Assertion Directive Layer

//
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local var assert : assert property (local var prop);

//

// Simple DUT logic
//

always @ (posedge clk)
begin

portout <= (portin < 4) ? portin : portin + 1;
out en <= in en;
end
//
// Generate input vectors
//
initial begin
in en <= 0; out en <= 0;
portin <= 0; portout <= 0;
repeat (20) @ (posedge clk);
for (int 1 =0 ; i < 8; 1 ++) begin
@ (posedge clk);
in en <= 1;
portin <= 1i;
@ (posedge clk);
in en <= 0;
portin <= 0;
end
#30 $finish;
end

endmodule
Calling Subroutine

Tasks, task methods, void functions, void function methods, and system tasks can be called at the
end of a successful match of a sequence. The subroutine calls, like local variable assignments,
appear in the commaseparated list that follows the sequence. The subroutine calls are said to be
attached to the sequence. The sequence and the list that follows are enclosed in parentheses.

All subroutine calls attached to a sequence are executed at every successful match of the sequence.

% Example : Calling Subroutine

//+++t++H+
// DUT With assertions

//+++t++H+
module subroutine assertion();

logic clk = 0;
always #1 clk ++;

logic [7:0] portin, portout;

logic in _en, out en;
//

// Sequence Layer

//

sequence local var seq;
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logic [7:0] lport;
(in_en, lport = portin) ##[1:5]
(out_en and lport == portout,
Sdisplay ("@%0dns Input port %0d and Output port %0d match",
Stime, lport,portout));
endsequence
//
// Property Specification Layer
//
property local var prop;
@ (posedge clk)
in en |-> local var_ seq;

endproperty

//

// Assertion Directive Layer

//

local var assert : assert property (local var prop);
//

// Simple DUT logic

//

always @ (posedge clk)

begin

portout <= (portin < 4) ? portin : portin + 1;
out en <= in en;
end
//
// Generate input vectors
//
initial begin
in en <= 0; out en <= 0;
portin <= 0; portout <= 0;
repeat (20) @ (posedge clk);
for (int 1 =0 ; i < 8; 1 ++) begin
@ (posedge clk);
in en <= 1;
portin <= 1i;
@ (posedge clk);
in en <= 0;
portin <= 0;
end
#30 $finish;
end

endmodule

Multi Clock Support

There are times when we want to check signals or variables from two or more clock domains. As
such SystemVerilog provides multi clock support in both sequence and property declaration.

¥
“” Multi Clock Sequence

Multiclocked sequences are built by concatenating singly clocked subsequences using the
single-delay concatenation operator ##1. This operator is nonoverlapping and synchronizes between
the clocks of the two sequences. The single delay indicated by ##1 is understood to be from the end
point of the first sequence, which occurs at a tick of the first clock, to the nearest strictly subsequent
tick of the second clock, where the second sequence begins.
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Below examples shows this is done.

+ Example : Multi Clock Sequence

Y T e o s o T o e R
// DUT With assertions
Y T e o s o T o e R
module multi clock seq assertion();
logic clkl = 0;
logic clk2 = 0;
logic reqg;
logic gnt;
//
// Sequence Specification Layer
//
sequence multi clock seg;
@ (posedge clkl) req ##1 @ (posedge clk2) gnt;
endsequence
//
// Property Specification Layer
//
property multi clock prop;
@ (posedge clkl)
req |-> multi clock seqg;
endproperty
//
// Assertion Directive Layer
//
multi clock assert : assert property (multi clock prop);
//
// Here gnt is driven with respect to CLK2
//
initial begin
#20 gnt <= 1;
#120 gnt <= 0;
end
Y T e o s o T o e R
// Assertion testing code
Y T e o s o T o e R
initial begin
// Make the assertion pass
req <= 0; gnt <= 0;
#100 @ (posedge clkl) req <= 1;
repeat (20) @ (posedge clkl);

req <= 0;
#10 Sfinish;
end

always #1 clkl ++;
always #6.1 clk2 ++;

endmodule

Simulation : Multi Clock Sequence

&
“" Multi Clock Property
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A multi clock sequence in itself is a kind of multi clock property. Below example is slit variation of
multi clock sequence example seen earlier.

+ Example : Multi Clock Property
/ [+t
// DUT With assertions
/ [+
module multi clock prop assertion();
logic clkl = 0O;
logic clk2 = 0;
logic req;
logic gnt;
//
// Property Specification Layer
//
property multi clock prop;

@ (posedge clkl) reqg |-> ##1 @ (posedge clk2) gnt;
endproperty
//
// Assertion Directive Layer
//
multi clock assert : assert property (multi clock prop);
//
// Here gnt is driven with respect to CLK2
//
initial begin

#20 gnt <= 1;

#120 gnt <= 0;
end
/ [+
// Assertion testing code
/ [+
initial begin

// Make the assertion pass

req <= 0; gnt <= 0;

#100 @ (posedge clkl) reqg <= 1;

repeat (20) @ (posedge clkl);

req <= 0;
#10 $finish;
end

always #1 clkl ++;
always #6.1 clk2 ++;

endmodule

assert, assume and cover

As seen all the example earlier, a property in itself can not be used for checking a condition, it needs
to used with verification statements like assert.

Followin are verification statements that can use a property.
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e assert : This statement specifies if the propery holds correct.

e assume : This statement specifies property as assumption for the verification enviroment.
This is more usefull with formal verification tools.

e cover : This statement monitors property for the sake of coverage. Coverage can be made to
be reported at the end of simulation.

The assert, assume, or cover statements can be referenced by their optional name. If name is not
given then compiler will give name for the sake of reporting as shown in example below.

Above verification statements can be specified in following places.

e initial or always blocks
e module
e interface

e program

&
-
+ Example : assert, assume and cover

A e Mgt oty ot
// DUT With assertions
A e Mgt oty ot
module assert assume cover assertion();
logic clk = 0;
logic req,gnt;
logic ce,wr;
logic [7:0] addr, data;
//
// Property Specification Layer
//
property req gnt prop;
@ (posedge clk)
req |=> gnt;
endproperty
//
// Check if address falls in range for a write
// operation
//
property addr hit prop(int min, int max);
@ (posedge clk)

(ce & wr) |-> (addr >= min && addr <= max);
endproperty
//
// Simple DUT with assert

35



//
always @ (posedge clk)

begin
gnt <= reqg;
//
// Assert inside a always block
//

req gnt assert : assert property (req gnt prop);
end
//
// This is how you use "assume"
//
req gnt assume : assume property (req gnt prop);
//
// This is how you use "assert"
//
req gnt assert2 : assert property (reqg gnt prop);
//

// This is how you use "cover"

//
req_gnt cover : cover property (req gnt prop);
addr_hit cover : cover property (addr hit prop(1l,5));

e o st s o S
// Assertion testing code

e o st s ot S
always #1 clk ++;

initial begin
ce <= 0; wr <= 0; addr <= 0; req <= 0; gnt <= 0;
data <= 0;
// Make the assertion pass
@ (posedge clk) reg <= 1;
@ (posedge gnt);
for (int i = 0; 1 < 10; i ++) begin
@ (posedge clk);

ce <= 1;
wr <= 1;
addr <= 1i;

data <= S$Srandom;
@ (posedge clk);
ce <= 0;
wr <= 0;
addr <= 0;

end

@ (posedge clk);

req <= 0;

// Check

#10 Sfinish;

end

endmodule
| sequence_expr |-> property _expr
| sequence_expr [=> property expr

Therefore,
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sequence expr |=> property expr
is equivalent to the following:

sequence expr ##1 ‘true |-> property expr

This clause is used to precondition monitoring of a property expression and is allowed at the property level.
The result of the implication is either true or false. The left-hand operand sequence_expr is called the antecedent,
while the right-hand operand property expr is called the consequent.

The following points should be noted for | -> implication:

— From a given start point, the antecedent sequence expr can have zero, one, or more than one successful
match.

— If there is no match of the antecedent sequence expr from a given start point, then evaluation of the
implication from that start point succeeds vacuously and returns true.

— For each successful match of antecedent sequence_expr, the consequent property _expr is separately
evaluated. The end point of the match of the antecedent sequence expr is the start point of the evaluation
of the consequent property _expr.

— From a given start point, evaluation of the implication succeeds and returns true if, and only if, for
every match of the antecedent sequence expr beginning at the start point, the evaluation of the consequent
property_expr beginning at the end point of the match succeeds and returns true.

[Monnep>xuBarorcst 18e (HOPMBI UMIIMKALMH: TIEPEKPBIBAIOLIASCS HCIIONIB3YET ONEPATOPO | —> U HElepeKPhIBAIOIAsCs | =>.
Jlis mepekphIBaroIeiicsl UMIUIMKALUY, €CJIA IPUCYTCTBYEIO MPEALIECTBYIOIIAs OCAEJ0BAaTEIbHOCTD Sequence_expr, T0

€€ TOYKa 3aBCPIICHUSA GYHGT HavaJIoM JJisd BBIYUCIICHUA CJ'IC,HyIOHIefI MOCJIEA0BATCIILHOCTH property expr. I[J'IH
HCHeprLIBammeﬁCH HUMIIIMKaIluH, BEIYHUCJICHUC CHGHyIOHICﬁ NOCJICAOTCIILHOCTU property expr HA4HEThCs CO
CJICAYIOUICTO TaKTa, MOCJIC 3aBCPIICHUA r[pezu,mymeﬁ.

Crnenyrooummii npuMep WITIOCTPUPYET ONEPALUIO MepeAady AAHHBIX IO LIMHE OT MacTepa K LIEJIEBOMY YCTPOWCTBY.
Korza mmHa nepexoguT B cOCTOSHUE Nepefadu AaHHbIX data phase, TO 3@ 3TUM MOXET NOTPEOOBAThCSA HECKOIBKO
(a3 nepenaun maHHBIX MO OnokaM. Ilpm 3TOM nmaHHBIE mepenaroTcs MO IepeaHeMy (PPOHTY CHHXPOCHIHAdA, KOTAa
ycTaHaBiIMBaercs irdy M OOMH M3 CHTHANOB trdy WIM stop. B JaHHOM NpuMepe ynpaBieHHe BEAETCS HU3KAM YPOBHEM H

CUTHAJI CYUTACTCA YCTAHOBJICHHBIM, KOTZIa MIPUHUMACT 3HAYCHUE HYJIA.

property data end;
@ (posedge mc1lk)
data phase [-> ((irdy==0) && (S$fell(trdy) || $fell(stop))) ;
endproperty
Each time a data phase is true, a match for data_phase is recognized. The attempt at clock tick 6 is illustrated
in Figure 17-13. The values shown for the signals are the sampled values with respect to the clock. At

clock tick 6, data_end is true because stop gets asserted while irdy is asserted.

mclk 1 2 3 4 5 & TF7 & 9 1 1 12 13 14
oy |
data_phase | |
|
irdy :
|
]

trdy (high)
stop

data_end

Figure 17-13—Conditional sequence matching

Puc 17.3 YcinoBHOE coBIaieHNE MOCIEN0BATEILHOCTH

B cnenyromeii npumepe, data_end exp HCHOIB3YeTCs NS TOTO, YTOOBI TapaHTUPOBATh, UTO CUrHAT frame He
yCTaHOBJIEH (3HaueHHe 1) B TEUEHHUH JBYX CHHXPOTAKTOB TocCHe nosiBieHus data end exp. 3atee HEOOXOAUMO,

4T0OBI Ha CICIYIONIEM TaKTe CUTHAN irdy Takxke OyaeT copomieH(ycTaHOBICH B 1).
‘define data_end_exp (data_phase && ((irdy==0)&&($fell(trdy)||$fell(stop))))
property data_end_rule1;
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@(posedge mclk)
‘data_end_exp |-> ##[1:2] $rose(frame) ##1 $rose(irdy);
endproperty
CBoiicTBO data end rulel cHauasa BBIYHCISET data end exp Ha KaXIOM CHUHXPOTAaKTe Ul TECTUPOBAHMUS, YTO
€ro 3HaueHHue «McTuHa». Eciu ero 3HaueHue «JI0:Kb», 3HAUUT BCE 3HAaUeHHE data end rulel mMeeT 3HAYCHHE HCTHHA.
MHaue, BeIYHCHSETCS CIeNyOlas 4acTh BolpakeHus ## [1:2] Srose (frame) ##1 Srose (irdy), YTO BBIpaXKaeTcs B
IIOUCKE B TCYCHUE CIEAYIOIUX ABYX CUXPOTAKTOB NEpEKItoueHHs curHana frame B enununy. Ilocie aToro Ha ciemyromem
CHHXPOTaKTe 1 rdy Takxe A0JDKHA epedTu B 1. Dto mumoctpupyercs pucynkoMm 17.14. Ha cuaxportakTte 6 00HapyKuBaeTcs
nocjenoBareabHocTh ‘data end exp, curHan frame mnepekiarouaercs B 1 Ha cunaxporakre 7. ITockonbky 3To cirydaercs B
nepuof 1-2 TaktoB nocie data end exp, TO 3TO yIOBIETBOPSET YCIOBHIO M MOCIIEN0OBATENBHOCTh BEIYHCIsAETCS Aanbiie. Ha
CHHXPOTaKTe 8 BEMIHCIACTCS i rdy, IOCIeI0BaTEIbHOCTh HIMEET MECTO, JUIS ITOMBITKH, KOTOpas Havyanach Ha TakTe O.

melk 1 2 3 4 5 & T 8 & 10 11 12 13 14

data phase | :
|
ircly l

|
|
|
stop : |

trdy (high)
1
l I
frame L]
i
‘data_end_exp I* :
_end_ ! .
| |
data_end_rule1 == """*

Figure 17-14—Conditional sequences

Puc. 17.14. YcnoBHEBIE 1TOCIIENOBATENHHOCTH.

OOBIYHO, aCCEePIMK ACCOLMUPYIOTCS C MPEABAPUTEIBHBIM YCIOBUEM, TAKUM 00Pa30M, MX MPOBEPKA BBITIOIHACTCS
TOJILKO MOCJIE HEKOTOPOTO OMPEEICHHOTO YCIOBUs. Kak BUHO, B IPEABITYIIEM IPUMEPE ONEPaTOp | —> MO3BONIAET
3aJ1aBaTh TaKOE MPEABAPUTENIHLHOE YCIOBUE B BHJE MOCIEIOBATEIBHOCTEH, KOTOPBIC HODKHBI OBITh BEIYHMCIICHBI 10 BEIYUCICHUS
Bcero cBoiicTBa. Crenyronias MOIU(PHKALUS IPUMED HWILTIOCTPUPYET, YTO MPOU30MICT, €CIIU YyOpaTh MPEABAPUTEIILHOC BHIYHCIICHHIE
ycioBuil. Pesynsrar nmmoctpupyercs npumepom 17.15.

property data_end_rule2;

@(posedge mclk) ##[1:2] $rose(frame) ##1 $rose(irdy);

endproperty

trdy (high) :
|

|

atop | |
frame :

| I

I

data_end L
¥ A |

,T 1

wocnim2 ¥ ¥ Y VOREENY Yy Yy ¥ oYY

Figure 17-15—Results without the condition
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Puc 17.15. Pesynbrar 6e3 yciaoBus

The property is evaluated at every clock tick. For the evaluation at clock tick 1, the rising edge of signal
frame does not occur at clock tick 2 or 3; therefore, the property fails at clock tick 1. Similarly, there is a
failure at clock ticks 2, 3, and 4. For attempts starting at clock ticks 5 and 6, the rising edge of signal frame
at clock tick 7 allows checking further. At clock tick 8, the sequences complete according to the specification,
resulting in a match for attempts starting at clock ticks 5 and 6. All later attempts to match the sequence

fail because $rose (frame) does not occur again.

Figure 17-15 shows that removing the precondition of checking ‘data end exp from the assertion causes
failures that are not relevant to the verification objective. It is important from the validation standpoint to
determine these preconditions and use them to filter out inappropriate or extraneous situations.

An example of implication where the antecedent is a sequence follows:

(a ##1 b ##1 c) |-> (d ##1 e)

If the sequence (a ##1 b ##1 c) matches, then the sequence (d ##1 e) must also match. On the other
hand, if the sequence (a ##1 b ##1 c) does not match, then the result is true.

Another example of implication is as follows:

property pl6;

(write en & data valid) ##0

(write en && (retire address[0:4]==addr)) [*2] [->
##[3:8] write en && !data valid &&(write address[0:4]==addr);
endproperty

This property can be coded alternatively as a nested implication:
property pl6 nested;

(write en & data valid) |->

(write en && (retire address[0:4]==addr)) [*2] [->

##[3:8] write en && !data valid && (write address[0:4]==addr);
endproperty

Multiclock sequence implication is explained in 17.12.
17.11.3 Property examples
Crenyrolye mpuMephl HLUTIOCEPUPYIOT pa3inyHbie GOPMbI CBOWCTR:
property rulel;
@ (posedge clk) a |-> b ##1 c ##1 d;
endproperty

property rule2;
@ (clkev) disableiff (foo) a |-> not(b ##1 c ##1 d);
endproperty
CBOIICTBO rule2 OTpHUIACT MOCIENOBATENBFHOCTE (b ##1 c ##1 d) B UMIUMKaUM. Cuxxpocurtna clkev
yHIpasiesieT HOPsAKOM ITpHeMa 3HauUeHUH B CBOMCTBE.
property rule3;
@ (posedge clk) al[*2] [-> ((##[1:3] c) or(d |=> e));
endproperty
CBOHCTBO rule3: eciu a UMEET MECTO Ha IByX TakTax clk, To co BTOpOro TakTt TOKHA MOSBUTHCS TOCIIEA0BATEIBHOCTD C U
CIly4HTBCs 3 pa3a, WM MOSBUThCA d, 32 KOTOPO Ha CIIEAYIOIIEM TaKTe €.
property rule4;
@ (posedge clk) al[*2] |-> ((##[1:3] c) and (d |=> e));
endproperty
CaoiicTBo ruled: says thatif a holds and a also held last cycle, then ¢ must hold at some point one to three

cycles after the current cycle and, if d holds in the current cycle, then e must hold one cycle later.
property rule5;
@ (posedge clk)

a ##1 (b || c)[->1] |->
if (b)
(##1 d |-> e)
else // ¢
£
endproperty

Property rule5 has a followed by the next occurrence of either b or ¢ as its antecedent. The consequent
uses if...else to split cases on which of b or ¢ is matched first.

property rule6 (x,V);

##1 x |-> y;

endproperty

property ruleba;

@ (posedge clk)

a ##1 (b || c)[->1] |->

if (b)
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rule6 (d, e)

else // c

£

endproperty

Property rule5a is equivalent to rule5, but it uses an instance of rule6 as a property expression.

A property can optionally specify an event control for the clock. The clock derivation and resolution rules
are described in 17.14.

A named property can be instantiated by referencing its name. A hierarchical name can be used, consistent
with the SystemVerilog naming conventions. Like sequence declarations, variables used within a property
that are not formal arguments to the property are resolved hierarchically from the scope in which the
property is declared.

Properties that use more than one clock are described in 17.12.
10.7 [TapannenbHbIe U MPaMble accepUHA

Ha npakTtuke, 60IBIIMHCTBO MPAMBIX (sequential) accepiyii BEIpa)karoTcsi B HEKOTOPOH (opMe MMIUTMKAINHU, U TaKUM
o0pazoM TpeOyIOT 3alliCH accepuuil Uil ONMMCAHWS MPEABIAYIIETO BBIPAXKEHHUS Ul MeperiItoueHns accepuun. Kak
YKa3bIBAJIOCh paHEE, ONHUM W3 KIIOUEBBIX IPEHMYIIECTB KOMIUICKCHBIX C SI3BIKOM HPOEKTHPOBAaHMS acepuuii —
MIPOCTOTA BCTPaMBaHHUA AacCepUUi B MPOEKT Ul HH)XEHEPOB-NIPOCKTUPOBAIINKOB. TeM He MeHee, AeKIapanus
accepuuii, 9acTo TpeOyeT NOMOMHUTENBHBIX YCHINH OT MPOEKTUPOBIIUKA I 3P (HEKTUBHOTO UX HUCTIOIH30BAHNUS.

PaccMoTpuM Mogienb YIpaBiSIOMIETO aBToMara. AcCCEpIMH B 3TOM THIE MPOEKTOB YacTO (OPMHUPYIOT «ECIH 3TO
COCTOSIHHE, TO JOJKHO MpOM30HTH» W «eciau B cocrossuun ACK, eciau Hekoropas mepemeHHas foo paBHa 1, Torma
PETHCTP MOIHKEH COXpaHATh 3HadeHue () B TeUeHWHM 5 CHHXpOTaKTOBY. [lapamnensHas accepiius AJisi MPOBEPKH STOTO
YCIIOBHSI MOXKET OBITH 3allCaHa CICAYIOIIUM 00pa3oM.
P1: assert property(
@(posedge clk) (st == ACK) && (foo == 1) |-> Ireq[*5]);
Mpu atom RTL-kog aBTOMaTa LOMKEH BbIMsAAeTb N0A0OHbIM 06pa3om:
always @(posedge clk)
case (st)
ACK:
if (foo == 1)
begin // B aTom cocTossHuM req=0 B Te4EHUN 5 CUHXPOTaKTOB

end

endcase

Iomydaercs nBa dparmeHTa HH(POPMALNH, KOTOpbIE AyOIUPYIOTCS B TPOEKTE M ACCEPIMH: CHHXPOHHU3ANUSA H
MepeKIIIOUeHNE COCTOsIHMIL. BMecTo Toro, 4ro0Obl TpeOOBaTh OT MPOEKTHPOBIIMKA AyOIUpOBaHHs 3TOil MH(MOpMAIHH,
accepIiy, SBISIOMIMECS YacThlO S3bIKa IPOCKTHPOBAaHUS, MOTYT OBITH TpouexaypHo BcTpoeHsl B RTL-xom u
ABTOMATHYECKH BBIBOJUTH HH(MOPMAIIMIO TIPH UX MCIIOIb30BAHUM, HAIPUMED:

always @(posedge clk)

case (st)

ACK:

if (foo == 1)

begin

P2: assert property (Ireq[*5]);

end

Ora mnpsmast accepuust (P2) sBisiercst ceMaHTHYECKM SKBMBAJICHTHOW Jekiapanuu mnapamiensHor accepuun (P1)
MIPUBEJICHHON BBIIIE, HO TOpPa3/lo MpOIIe B MCHOJIB30BaHUH W OOCITyXHBaHWHU. [IporerypHbIe BCTPOECHHBIE acCepIiin
WCIIONB3YIOT TOJTYyYEHHbIE 3HA4YCHUWs] CHUTHAJIOB IS OLCGHKM YCIOBMH HEPEKIIOYCHHUS, KaK NEeNaroT JeKIapaTHBHBIC
accepumuu. I[IpaBuna Jormyeckoro BBIBOAA ISl TPEIIICCTBUHUKOB BKIIOYAIOT B cebs case U if-else omeparopsl, 4To
MO3BOJISIET BBOAWTH B  IIPOLEAYPHBIC AacCeplUM MEPEKIIOYCHUS TPOM3BOJIBHOM CIOXKHOCTH. B pesymbrare
MIPEUMYILECTBO JUIS IMPOLEAYPHBIX acCCEpPUMil SIBISIETCS MPOCTBHIM OOCTy)XMBaHWEM. To ecTh, eciau M3MEHSETCs Koja
KOHEYHOTO aBTOMaTa, YCJIOBHUS MEPEKIIIOUCHHMS Ul aCCEpPIIMM aBTOMaTHYECKH OOHOBIISICTCS, a TIOJIb30BATEIIO TIPUIETCS
MOAM(HUIMPOBATH KO BPYUYHYIO, YTOOBI 0OHOBUTH NEPEKITIOUCHNUS], COOTBETCTBYIOIIHE AEKIAPATHBHBIM aCCEPIHAM

10.7. Bzaumoneiicreue accepunii u Testbench

Kak yxa3pIBanocs panee, 3HAYUTEIFHBIM IIPEUMYIIECTBOM acepIHii KOMIUIEKCHBIX C TIPOEKTOM H SI3BIKOM BEepPH(PHUKAIINT
— 3TO BO3MOXKHOCTH JJIsi accepuuii mepenaBarb uHopmanuto B TestBench. B ormensHOM s3biKe acceprumii He
CYIIECTBOBAJIO TAKOr0 MexaHn3Ma komMmyHuKanuid. B SystemVerilog B BeTBsix pass u fail accepiiyin MOTYT BBITIONHSTh
Jro0ble MPOLIEAYpPHBIE ONEpaTophl, MO3BOJSA IOJb30BaTeNto mnepenaBath B TestBench, uro mocnienoBarenbHOCTh
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BBITIOJIHWUJIACH, O6HOBHHTL CUCTUYUKU HOKpI)ITI/ISI HUJINX MHOTIO [[pyl"OC, YTO MOXKET COHeﬁCTBOBaTb 3(b¢)eKTI/IBHOCTI/I
npoIeaypsl Bepu(UKaIMK, BKIOYAs YCTAHOBKY 3HAYCHHUI CHTHAJIOB, BBI30B METOJOB OOBCKTOB KJacca, WM JaXe
BBI30B Koga Cu.

HYCTL IIMHBI BKIIOYAE€T CBOHCTBO «HOBBIM IUKJT IIMHBI HC MOKET HAYaTbCA PAHbIIC, YCM 4Y€pe3 2 CHUHXPOTAKTa NOCJIC
NOSABJICHUSA CUT'HAJIa 3aBEPUICHUS ITUKJIA abort_cycle». ITO CBOMCTBO MOXKET KOAUPOBATHCA KaK

property wait_after_abort;
@(posedge clk) abort_cycle |=> Icycle_start[*2];
endproperty

P3: assert property (wait_after_abort);

Korma mosiBisieTcsi mocnea0BaTensHOCTh abort cycle, CBOMCTBO AMKTYET, 4TO CHTHAN cycle start OyaeT paBeH HYIIO B
TEUCHHE JBYX CHHXPOTAKTOB. CBONCTBO P3 KOMUpYET 3TO MOBEIEHUE U MOKET OBITh MCIIOJIB3BAHO IS MOHUTOPUHTA BO
BpEMsi MOJICTIMPOBAHUS JJIsl TIPOBEPKU MOBEICHHUS, UM B (POPMATIBHBIX HHCTPYMEHTAX, YTOOBI MOMBITATHCS J0KA3aTh,
YTO MOBE/ICHUE HUKOT/IA HE CIYYUTHCS.

TeM He MeHee, €CIM 3TO CBOWCTBO OIpeNelsieT IOBelAeHHe HHTepdelica BepxHero ypoBHdA, testbench Oymer
TEHEPUPOBATh TPAH3AKIUIO IIMHBI, KOTOpast AOJDKHA HOATBEPIUTD 3TO MOBeAcHUE. VIHKeHeps! Bepu(uKanny, co3aaBas
testbench MOTyT MOBTOPHO HMCIIOIB3BOATh MH(POPMALIMIO ACCEPLHH, KaK KOHCTAHTY, KOTOPasi TIOMOTAaeT TapaHTHPOBATh,
YTO TeHEepHpyeMbIe CHMBOJIBI HUKOT/Ia He HapymIaT noBeaeHue. Takoi testbench MoxkeT BRITIISIIET OZOOHBIM 00pa3omM
program manual_stimulus_generator;
repeat(1000)
begin
generate_transaction(addr,data);
while(wait_cnt > 0)
@(posedge clk) wait_cnt--;
end
endprogram
Cueruuk wait_cnt UCHOJIB3yeTCs JUIS ONMMCaHKS 3aIePKKH MEXly TPaH3aKLMsIMHU IIHHBI TeHepupyemble the testbench.
[ocnenoBarensHOCTh abort cycle MoxeT OBITH HCIONB30BaHA JUIS YCTAHOBKM 3TOTO CYETUHKA, UCIIOIB3YS AUPEKTHBY
MOKPBITHUS.

cover property( abort_cycle ) wait_cnt = 2;

Hcnonp30BaHNe TUPEKTHBBI COVEr IMO3BOJSET OOHAPY)KMBAaTh IMOCIEIOBATEIFHOCTE abort cycle 6e3 ¢dopmupoBaHU
OLIMOKH, €CJIM IMOCIEOBaTeIbHOCTh HE MPUCYTCTBYeT. Ecii mocienoBaTeabHOCTh 00HAapy)KeHa, TO CYeTUYMK wait cnt
yCTaHaBJIMBAeTCsl paBHBIM 2, 3acTtaBisieT testbench >kpaTh 2 TakTa 70 TeHEPUPOBAHUS CIEAYIOIIEH TpaH3aKIIMH.
CemaHnTrka (OopMUpOBaHHs IoOpsiika 00paboTku coObiTHii SystemVerilog rapanTupyert, 4To 37ech He OyJIeT TOHOK
MEX/1y BBITIONIHEHUEM pass statement u testbench, uto Henmp3s ObUIO OB TapaHTUPOBATh, €CIU OBl acCepUUM ObLIH
pea30BaHbl C TOMOUIBIO APYTOTO SI3bIKA.

SystemVerilog BKitodaeT BO3MOKHOCTh ONHMCAHMS SIBHOTO CHHXpPOHHOTO MHTepdeiica Mexny TestBench m mpoexrom.
KoHcTpykTop o00nacT CHHXpOHHM3ALMU ONpEJeNser, KOorna OTHOCHTENbHO CHHXpOHM3anmu testbench Oymer
3axBaThIBATh U NepenaBaTh TectupyeMoMy ycrpoictBy (DUT) curnanst. [To ymonmyanuto, 3aXBat 3Ha4€HHI CUT'HAJIOB B
testbench - 3T0 TOXXe camoe, YTO 3axBaT 3HAYCHHUI C MCIOIB30BAHUEM acCEplWH, rapaHTUpyeT, uTo testbench mmeer
JOCTYI K TEM >X€ 3HAYCHWSIM, Y4TO M acCeplHu. DTO HE TOJBKO ITO3BOJIAET M30€KaTh TOHOK MEXIY accepLusiMU
testbench, accepumsiMu M TeCTUpYEMBIM YCTPOMCTBOM, HO Takxke faer testbench mpencraBinenne o “post-synthesis»
MOBE/ICHUN YCTPOMCTBA, C pa3pellieHHeM T'OHOK, COIVIaCHO IpaBWiIaM CHHTe3a, BOo Bpems RTL-Bepudukaummy,
BBITNIOJIHAEMOH 10 CUHTE3A.

10.8. ITogaep:kxka MHOTOAOMEHHOI CHHXPOHU3ALMH
ITocnenoBarenbHOCTH U CBOICTBA MOTYT UCIONB30BaTh MHOTOJIOMEHHYIO CHHXPOHM3ALUIO .
10.8.1. IocaenoBarenbHOCTH ¢ MHOKecTBeHHOI cuHxponu3anueil (Multiply-clocked sequences)

[locnenoBarenbHOCTH € MHOXKEGCTBCHHOW  CHHXPOHHM3ALMEH  CTPOATCS IyTeM KOHKATCHAIIMH  HECKOJIBKHX
MIOATOCIEAOBATEIPHOCTEH € MOMOIIBIO Oreparopa KOHKaTeHallMd ¢ €AMHUYHOM 3aJepikkod ##1. DToT omeparop He
MEPEKPBIBACT U HC CUHXPOHU3HUPYCT COCAMHCHUC CUHXPOCHUTHAJIOB IBYX HOCHC}IOB&TCJ’IBHOCTef/'I. E}II/IHH‘[H&S{ 3a1€piKKa,
o0o3Hawaemast ##l, MOHMMaeTcd Kak 3aZiepkka MEXAy OKOHYaHHMEM IIepBOM IOCIEeNOBATENBHOCTH, KOTOpas
YIOPaBIAETCS MEPBBIM CHHXPOCHUTHAJIOM, U OMIKaMIIINM aKTUBHBIM COObITHEM (WM (POHTOM) BTOPOTO CHHXPOCHTHAJI,
C KOTOpPOT0 HAYMHAECTCS BBIIIOJTHECHUE BTOpOﬁ CHHXPOIMOCICA0BATCIIBHOCTH. Haan/IMep,
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@(posedge clk0) sig0 ##1 @(posedge clk1) sig1

[Tonck mocnenoBaTeabHOCTH HauMHAETCS ¢ cpaBHeHUs sig) mocne mossieHus nepenHero ¢ponra clk0. 3arem ##1
BEITIONHSCT 3aJIepXKKy Ao Ommkaimero mepemHero ¢ponrta sigl. Ilomck mocmemoBaTenbHOCTEH 3aBepIacTcs C
okoHUaHHeM mocienoBarenbHocTH sigl. Eciom clkO u clk]l He WaeHTHYHBI, TO CHHXPOCOOBITHE TIEPEKITIOYaeTCs oCie
##1. Nnaue, ecnu clkO u clkl naeHTHYHBL, CHHXPOHH3HUPYIOIIEE COOBITHE HE H3MEHSeTCs mocie ##1 u mpeacTaBieHHas
MOCTIEI0BATEILHOCTD SKBUBAIEHTHA ITOCIIEIOBATEIbHOCTH C OJHUM CHHXPOCHTHATIOM:

@(posedge clk0) sig0 ##1 sig1

Kor,ua BBITIOJTHACTCA KOHKATCHAIUsA 1O-pa3HOMY CHUHXPOHU3UPOBAHHBIX HOCHeﬂOBaTeHI)HOCTeﬁ, MaKCUuMaJibHas
oAnoCICE10BaTCJIbHOCTE C G,I[I/IHPI‘IHOP’I CHHXpOHHSaHHeﬁ HGO6XO,I[I/IMa, YTOOBI JAOIMYCTUTH HCIYCTOC COBIIAJICHUC.
HOBTOMY, €CIIM MOoCJICA0BaTCIbHOCTH sl m s2 sBIAIOTCA BbIpa’KCHUAMU HOCJ'IeI[OBaTCJ'ILHOCTeﬁ 0e3 coObITHIT
CHHpOHHSaHHﬁ, TO TOTrJa MMOCICAOBATCIIBHOCTD C MHO)XECTBCHHOI CHHXpOHHBaHHeﬁ

@(posedge clk1) s1 ##1 @(posedge clk2) s2

Jonmyctuma, eciu sl mim s2 coBmagarorT ¢ mycThiM cioBoM. CoOwiTHe mnepennero ¢ponra cuaxpocurHana clkl
MIPUMEHSETCS Ha BCEM MPOTSDKCHHUH MTONCKA TTOCIIEI0BAaTEIbHOCTH S1, B TO BpeMs Kak nepeanuii ¢ppont clk2 sBnsercs
COOBITHEM CHHXpPOHHM3AIMM BO BpeMs IOWCKa mocienoBarenbHocTH s2. Ecmu coBmagenue sl — He mycTo, TO 3TO
coOBITHE SBIISICTCS KOHEYHOH TOUKO# coBmaneHus nepenHero ¢gponra clkl. CuaxpoHn3anms MexIy KOHEUHOH TOUKOH
TIOCTIEZIOBATEILHOCTH 1 TOSIBJIEHHEM nepenHero ¢ponta clk2 mocie 3Toro mpocturaercst ¢ MOMOIIbIO oneparopa ##1.
[epenuuit ppont clk2 sBnseTCS HaYaNBHON TOYKON TOMCKA ITOCIIEIOBATEIEHOCTH S2.

10.8.2. CeoiicTBa ¢ myabTucunxponnsanueii (Multiply-clocked properties)

JUis CBOMCTB ¢ MyIBTHCHHXPOHM3ALEH pe3ynbTaT BBIYUCISAETCA TaKKe, KaK W Ul Cllydas C €IWHCTBEHHBIM
cuaxpocurHanoM. CBoilcTBa C MHOXECTBEHHON CHHXPOHM3alKell MOTyT OBITh ONHCaHBl B HECKOIBKO CIIOCOOOB.
[locrnenoBarenbHOCTh € MYIBTHCHHXPOHHM3AIMEH SBISETCS caMa MO cede CBOMCTBOM C MYNBTHCHHXPOHHU3AIHEH.
Hanpumep,

@(posedge clk0) sig0 ##1 @(posedge clk1) sig1

CBOMCTBO C MHOXXCCTBESHHOM CPIHXpOHPBaL[HCﬁ. Ecmm mocnmemoBaTeIbHOCTh ¢ MHOXKECTBEHHOM CI/IHXPOHHS&L{I/ICﬁ
BBIYHUCIISICTCA KakK CBOﬁCTBO, Ha4YUHAIOICCCA B HeKOTOpOﬁ TOYKE, BBIUYMCIICHUEC BO3BpAIIA€T 3HAYCHUC UCTUHBI, €CIIN U
TOJIBKO €CJIH, CYIIECTBYET COBIIAaACHUE B IOCIICAOBATEIIBHOCTH C MHO>KE€CTBEHHOM CI/IHXpOHI/I3aL[I/ICf/'I B OTOM TOYKE.

ByneBbl oneparopbl cBoWcTB (not, and, or) MOryT OBITh MCHOJB30BaHBI CBOOOTHO JJIsi KOMOMHHPOBAaHHWU OJIHO- M
MYJIBTU-CHHXPOHHbBIE CBOMCTBA. 3HA4YeHHsI OIEparopoB OyJeBHIX CBOMCTB BCEra E€IMHUIBI, TAKXKE KaK Cllydaid
OTJEJIBHOCUHXPOHU3UPYEMBIX cBoMcTB. Hanpumep,

(@(posedge clk0) sig0) and (@(posedge clk1) sig1)

MYJIBTUCHHXPOHHOE CBOICTBO, HO 3TO HE MYJIBTHCHHXPOHHOE MOCIEAOBATENLHOCTE. JDTO CBOWCTBO BO3BpAILAET true B
TOYKE, €CJIU U TOJIBKO, ECIIU JJBE MOCIEA0BATEIBHOCTH

@(posedge clk0) sig0

@(posedge clk1) sig1
00€ COBIIaar0TCs B HAavalie TOM TOUKH.

JlBa HemepeKpHIBAIOLINXCS ONeparopa HMIUIMKAIMKA |=> MOTYT OBITh CBOOOJHO HWCHOJIB30BAaHBI [UIS CO3IAHUSA
MYJIBTUCHHXPOHHOTO CBOMCTBAa M3 MPEANIECTBYIOMEH IOCIEIOBATEIBHOCTH MW IIOCJIEAYIONIME CBOMCTBA, 4YTO
MO-APYTOMY ~ WJIM  MYJIBTHCHHXPOHM3HUPOBAHBI. 3HA4YE€HWE MYJIBTHCHXPOHM3MPOBAHHON  HETEpeKphIBatoIIeiics
MMIUTAKAIIIHA TI000HA 3TOH OJHO-CHHXPOHM3WPYEMOIl HemepeKphIBaomeiics nMiumkanui. Hampumep, ecmu s0, s1 —
TIOCTIEZIOBATEILHOCTH C HECHHXPOHU3UPYEMBIM COOBITHEM, TOT/IA B

@(posedge clk0) sO |=> @(posedge clk1) s1

|=> cunxponusupytorcs mnepenHuMm ¢pontom clk0 u mepenuum ¢pontom clkl. Haumnast ¢ Touku B KOTOpOH
HMIUTHKaus ObUIa BBIYUCIICHA, Kaxaoe coBrnageHue sO cuaxpormsupyercs clk0, Bpemst JBIKETCS BIiepe]] ¢ KOHEYHON
TOYKHM COBMAJCHUs K OMvkaifiieil ctporo B OymaymieM npousomenmeid no nepenHemy ¢ponty clkl, u u3 3Toi TOUKH
37Iech JOJDKHO BBINOJHATHCS coBHajeHue sl cuuxpoHmzupoBanHoro mno clkl mexny mepemuum dportoM clkO u
nepenHuM ¢pontoM clkl. HaumHas ¢ TOYKM B KOTOPOH BBIYMCISACTCS MMIUIMKAUUWS, Ul KaXaoro copmaaeHus sO
CHHXpOHU3UpoBaHHOTO clk0, BpeMsi JBMKETCS OT KOHEYHOM TOYKH COBIAJICHUS K OJMDKAILEH CTPOro CIIyJarleics B 1o
nepenaemy ¢poHTy clkl, ¥ M3 TOYKHM 37ech JOJDKHO CYIIECTBOBAaTh coBHajeHHe ¢ sl cuHxpoHm3upoBaHHOH clkl.
INockonbKy CHHXPOHM3AIMS MEXAY OTACIBHBIMH CHHXPOCHIHAJIAMHU Bcerna Tpe0yeT CTporoe MpeniecTBOBAHUE BO
BpPEMCHH, [(Ba OIlepaTopa CTPOSIIMX CBOWCTBA, YTO TpPeOYyIOT CHENMaJbHOE CBOMCTBO C MHOXXECTBEHHOM
CHHXPOHM3AIMEH s TepeKphIBafoIIeiics nMIumkanue |-> u ecmu if/ if...else. Tlozke |-> mepekpriTe KOHIA
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Ope/IIIeCTBEHHNKA C HAYalIoM 3TOH MOCIeAyoIIeH, CHHXPOHHU3AIUS sl KOHIA IPE/IIICeCTBEHHUKA JODKHA OBITh TaKast
e Kak Juis Havasia cinenytomeil. Hanpumep, eciau clkO u clkl ne unentiuns! u s0, s1, s2 — 3To MocIeq0BaTEILHOCTH C
HCCHMHXPOHNU3NPOBAHHBIMU CO6LITI/I$IMI/I, TOraa

@(posedge clk0) sO |-> @(posedge clk1) s1 ##1 @(posedge clk2) s2
He NPaBHJILHOE BBIpAXKEHHUE, HO
@(posedge clk0) sO |-> @(posedge clk0) s1 ##1 @(posedge clk2) s2

MPaBUIILHOE.
10.8.3. Cunxponotok (Clock flow)

Xots moxceknust ¢, d ob6o3HayaeT COOBITHE CHHXPOHH3ALUH H V, W, X, Y, Z 0003HAYaIOT MOCIEI0BATEIFHOCTH C
HECHHXPOHHU3UPOBAHHBIMU COOBITHAMH. CHHXPOIMOTOK IMO3BOJSIET MAacIITAOMPOBAaTh COOBITHS CHHXPOHH3AIIUH IS
TOrO, 4YTOOBI PACHPOCTPAaHUTh €ro OOBIYHBIM CIIOCOOOM dYepe3 pa3IHYHBIC YaCTH MYJIBTHCUHXPOHHBIX
MOCJICIOBATEILHOCTEH M COKPAIAIOT YMCIIO MECT B KOTOPBIX OJMHAKOBBIC COOBITHS CUHXPOHHU3AIMH JOJIKHBI OBITH
onucanbl. HTYUTHBHO, MOTOK CHHXPOHH3AIMU OOCCICUYMBACT, YTO B MYJIBTHCHHXPOHHOH MOCICIOBATSIBHOCTH WA
CBOWCTBAa MAacHITAOUPYI0 COOBITHUS CHHXPOHH3AIMKM WIYNIETO CJCBa HAMpaBO Yepe3 JHHEHWHBIC OMepaTophi(T.c
MOBTOPCHUE, KOHKATCHAIIMs, OTPHIIAHHC, WMIUIMKAIUMS) ¥ pPaclpeleCHUs  OICpPaHIOBa  Pa3BETBICHHBIX
oreparopoB(HapuMep, KOHBIOKIIUS, IM3BIOHKIHWA, mepecedcHue, if ... else), moka He OyaeT 3aMCHEHO HOBBIM
COOBITHEM CHHXPOHH3AIIHH.
Hanpuwmep,

@(c) x |=> @(c) y ##1 @(d) z
MOXET OBITh 3aIICaHO B Oosiee mpocToit hopme

@(c)x |=>y ##1 @(d) z
ITOTOMY YTO CHHXPOCHUTHAJI C TOHUMAETCS TIPOXOIAIINAM uepes3 | =>.
CHHXPOIIOTOK HM30aBJIICT OT HEOOXOMUMOCTH 3allUCHIBATh CHHXPO COOBITHUS B MO3UIMSIX, 1 HE JIOMYCKACTCS
W3MEHEHUE CUHXpoHu3aiuu. Hampumep,

@(c)x |-> @(c) y ##1 @(d) z
MOJXKET OBITh 3aIMCaHO Kak

@(c)x |->y #1 @(d) z
YCHITUTH OTPaHUYCHUS, YTO CHHXPOHU3AINS HE H3MEHUTCS IIPH TIepexoe depes | ->. AHaJIOTHYIHO,

@(c) if (b) @(c) w ##1 @(d) x else @(c) y ##1 @(d) z
MOXET OBITh 3aITUCAHO KaK

@(c) if (b) w ##1 @(d) x else y ##1 @(d) z
YCHJIUTh OTPAaHWYCHHUS, YTO CHHXPOHH3AIMS HE W3MCHHJIACh C OyJICBBIMH yCiIoBHeM b ¢ Hauana, if u clse BeTBH

CBOWCTBA. CI/IHXPOHOTOK TAaKKE ACJIaCT COCAUHCHHBIC OTHOLICHUS MCKAY KOHKaTeHaHI/Ieﬁ u I/IMHHHKaHHeﬁ SICHBIMU J1JIs1
MYJIBTUCUHXPOHHBIMHA CBOMCTBaMHU:

@) x##1y |=> @(d) z
9KBUBAJICHTHO

@(c)x[=>y|=> @(d) z

@(c)x##0y |=> @(d) z
9KBUBAJICHTHO
@(c) x|->y |=> @(d) z

I'paHuipl  COOBITMH  CHHXPOHU3ALMU  COOTBETCTBYIOT —TOJIBBIPAXKEHHSM OrPaHWYEHHBIM CKOOKaMH M, €CIH
MOABBIPKEHNE  SIBJSIETCSI  TTOCJIE/IOBATEILHOCTBIO, TaKKe IIepelaeTcs CiieBa HampaBo, INPsMO uYepe3 CKOOKH
noABbIpakeHnH. TeM He MeHee, TPaHuIIbl BUANMOCTH COOMTHI CHHXPOHHM3ALUK OTPaHUYNBAIOTCSI CKOOKaMH.

10.8.4. IIpumepnl

[Ipumeps! mynsTHCHHEXpOHHOTO onrcanus (multiple-clock specifications):

sequence s1;
@(posedge clk1) a ##1 b; // nocnegoBaTenbHOCTb C €ANHCTBEHHBIM CUHXPOCUTHANoOM
endsequence
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sequence s2;
@(posedge clk2) c ##1 d; /I nocnepnoBaTenbHOCTb C €AMHCTBEHHBIM CUHXPOCUTHANoM
endsequence

1) MyJ'ILTI/ICI/IHXpOBaHHaFI OCICAOBATCIIBHOCTD

sequence mult_s;
@(posedge clk) a ##1 @(posedge clk1) s1 ##1 @(posedge clk2) s2;
endsequence

2) CBOICTBO ¢ MYJIBTUCHHXPOHHOH MOCIEI0BaTEIbHOCTHIO
property mult_p1;
@(posedge clk) a ##1 @(posedge clk1) s1 ##1 @(posedge clk2) s2;
endproperty
3) CBo¥CTBO ¢ IMEHHON MYIBTUCUHXPOHHOH ITOCIIEIOBATEIEHOCTEIO
property mult_p2;
mult_s;
endproperty
4) CpoiicTBa C UMIUTHKAIIUEH MYIBTHCHHXPOHU3AIIH

property mult_p3;
@(posedge clk) a ##1 @(posedge clk1) s1 |=> @(posedge clk2) s2;
endproperty
5) CBOWCTBO C MMCHHBIMH TIOCIEIOBATEIHHOCTIMH, HMCIOIIMMH Pa3INIHYI0 CHHXPOHHM3aNN0. B 3ToM ciygae, ecnu sl
COAEPXKUT CHXPOCUTHAJ, TO OH JOJDKeH ObITh MaeHTHUHBIH ¢ (posedge clkl). [Tomo6upIM 00pa3om, eciu s2 COmepKUT
CHHXPOCHUTHAJ, OH JIOJDKEH OBITh uaeHTHIHBIHN (posedge clk2).
property mult_p5
@(posedge clk1) s1 |=> @(posedge clk2) s2;
endproperty
6) CBolicTBa ¢ MMIUIMKAIIUCH, TJ¢ MPEIIICCTBEHHUK U TOCJICOBATEIb SBJISIOTCS MMCHHBIMU MYJIBTHCHHXPOHHBIMHU
MOCJIE0BaTEIbCHOCTIMU
property mult_p6;
mult_s |=> mult_s;
endproperty
7) CBOMCTBO, UCIIONB3YIOIIEE CHHXPOTIOTOK U TIEPEKPBIBAOIITYIOCS HMILTUKAIIHIO:
property mult_p7;
@(posedge clk) a ##1 b |-> c ##1 @(posedge clk1) d;
endproperty
3nech a, b 1 ¢ CHHXpOHH3HUPYIOTCS epegHuM (ppoHTOM clk.

8) CBOWCTBO, HCIIOB3YIOMICe CHHXPOMOTOK | if...else:

property mult_p8;

@(posedge clk) a ##1 b |->
if (c)

(1 |=> @(posedge clk1) d)
else

e ##1 @(posedge clk2) f;
endproperty

3nech a, b, ¢ 1 € CHHXpOHM3UPYIOTCS TeperHiM GpoHToM clk.
10.5. KoHTpo1bHBIE BONPOCHI U 3aJaHUS

1. Co3nare mocnenoBaTeabHOCTD, MPOBEPSIONIYI0 OJHOBPEMEHHOE BBINOJIHEHHE IMOCIE0BaTeIbHOCTEN seql U seq2,
yTpaBisieMbIX iepeqHnM (ppoHTOM cnHXpocuraaia clk.

2. Co3zmaTh MOC/IeNOBaTeIbHOCTD, IPOBEPSIONIYIO BBHITOJHEHNE XOTs OBl OMHOM U3 ABYX IOCIEOBaTENbHOCTEH seql u
seq2, yIpaBIsIeMBIX IepegHIM (GPOHTOM CHHXpocurHana clk.

3. Hamucarp mapajuieNibHyl0 acCepluIo, BHIOIHSIONIYI0 NpoBepKy 3HadeHuit A=01, set=1, nmo nepenuemy ¢ponty clk;
BBIBOJSAIIYIO COO6H.I€HI/I$[ B CJIy4dac yaa4yHOro M HCy1a4HoOro BBIMTOJIHCHUA aCCEPINU C YKa3aHUEM METKU aCCEPLHU.

4. Hamucath mpsIMyr0 HMEHHYIO acCEPIIHIO, BHITOIHSIIONIYIO MPOBEPKY 3HaYeHUH A=01, set=1, BRIBOIAIIYIO COOOIICHUS
B CJIy4ae yJJauHOTO U HEYJJauHOTO BBHITIOJHEHUS aCCEPIUH C YKa3aHUEM METKH acCEepIUu.
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5. Hamucars mapajuiebHy0 acCepIrio, BBIONMHSIONIYIO IPOBEPKY 3HAUCHUH, UTO CUTHAN grant MPeCTaBICH YHAPHBIM
komoM, set=1, ecnu reset He paBeH 1; BBIBOIAIIYIO COOOIICHHE 00 OMIMOKE B Clydae HEYIAauHOTO BBIMOJHCHUS
ACCEPITUH.

6. Hanucare mapasienbHyI0 acCepIUIO, BBIMOIHSIONIYIO IPOBEPKY CIIEAOBaHUS CUTHaja a=l, uepe3 5 TakToB mociue
d=1 mm b=l. Ynpasnsercs 3amauM ¢poHToB clk. B ciydae, HeycnemrHoro BBINOJHEHUS! aCCEpPILMU BBIBOAUTH
MIpeaynpexacHueE.

7. Hanmcarp mapaiiienbHy0 acCepIiiio, BBITOMHSIIONIYIO TPOBEPKY CIECAOBAHUS CHTHala a=1, yepe3 2-5 TakToB mocie
c=1 n b=l. VYmpasnsercs 3agaum ¢pontoB clk. B ciygae, HeycHemHOTro BBIMOJIHEHHS AaCCEPIMU BBIBOIUTH
MIPeAyTPEXICHHE.

8. Hammcarp mapajyurenbHyI0 acCepIInio, BEIMOIHSIONIYIO MMPOBEPKY cieloBaHUs curHaia a=1 wim b=I, gepe3 3 TakToB
nmocne c=1. VYmpammsercs mnepemauM ¢poHTOB clk. B ciaywae, HeyclemHOro BBITOJHEHHS acCEePIMHA BHIBOIUTH
HpenynpexIeHue.

9. Hanucarb mapajulesIbHyI0 acCepLUIO, BBIIOIHAIOIIYIO0 IPOBEPKY CIESJOBaHMSA CUTHana a=1, dyepe3 5 TakToB mocie
d=1 u uepe3 8 rtaktoB mocie b=1. Ympanserca nepenuum ¢pontoB clk. B ciydae, HeyCHENIHOTO BBIMOJHEHHUS
accepluy BBIBOIUTH MPEAYIIPEKICHUE.

10. Hanwmcars mapajiienbHyI0 acCepIiHio, BBIMONHSIOIIYIO MPOBEPKY ciefaoBaHus curHaina a=1 win d=1 u uepe3 Takrt
mocine b=1. VYmpammsercs mnepeanum ¢ponroB clk. B ciyyae, HEyCHENIHOrO BBIMOIHEHHS ACCEPIUH BBIBOIWUTH
cooOmieHne o paraibHOM OIHOKeE.

11. CO3,HaTI> moCIaCaA0BaATCIbHOCTD, 6e3 MNEPEKPBITUA COCAUHAIOIYIO TMOCICAOBATCIBHOCTH a4 U b, 0003HAYNTH
oCIaCaA0BAaTCIIBHOCTH C IMOMOIIIBIO (i)OpMaJ'ILHbIX napaMeTpoB, KOTOPBIC MO3BOJAT HUX [MIEPCONPCACINTL MPH
HCIIOJIB30BAHWH ITOCJICA0BATCIIBHOCTH.

12. Co3nmare MOCIIEIOBATEIBHOCTD, MTPOBEPSIOLIYIO MOCIENI0OBATENbHOE Yepe3 2 TakTa APYr 3a JPYrOM BBIMOJICHUE
yCIIOBHHA a, b U ¢, yIpaBisieMbIX epeHuM (ppoHTOM cuHXxpocuraana clk.

13. HanncaTs mapajieNbHyI0 acCepIIio, BHIMOIHAIONIYIO IIPOBEPKY NosBIeHus set=1 u uepes Takt A=01, ympasnsercs
nepequuM ¢GpoHTy clk. BriBoaaTCcs coOOLICHUS C yKa3aHMEM METKH acCeplyd B Clydae yIayHOTO W HEyAauHOro
BBITIOJIHCHHUSA aCCEPIIUU.

14. Hanmcats npsiMyIo acCepItIo, BBINOIHSAIONIYIO TPOBEPKY 3HaueHuH grant=01 u request=1, BEIBOISILYIO COOOICHNUS
B ClIy4ae YauHOTO U HEyAaYHOTO BBINOJHEHUS aCCEPLMU C YKa3aHHEM METKH aCCEpPIUH.

15. Hamucarp mapajuleNbHYIO acCepIUio, BBHIIONHAIOIIYIO MPOBEPKY 3HAYEHHH, YTO CHUTHAN grant CONEPXKHT Kak
MHHMMYM OfHy 1, ecim curHanm reset He paBeH |; BBIBOIMIIYIO cooOmeHHe 00 omuOke B CiIydae HEYyAaqHOTO
BBITTOJTHEHHSI ACCEPLIUH.

16. Hanicarp mapajuiesibHyI0 acCeplrio, BHIONHSIONIYIO POBEPKY ClIeIOBaHMs CUrHaNA a=1, yepe3 2-5 TakToB Mocie
c=1 u b=l. VYmpasnsercs 3agauM ¢porTOB clk. B crmyuae, HEyCHemIHOTO BBHITOJHEHHS AacCEPIHUU BBIBOJUTH
HpenynpexIeHue.

17. HanncaTh mapajuielibHYI0 acCEpIIMIO, BBIMOIHSIIONLYO TPOBEPKY CICIOBaHUs curHama a=1 wiu b=1, uepes 3 TakToB
nocine c=1. VYmpamnsercs mnepeanuM ¢GpoHTOB clk. B ciywae, HEyCHEIIHOTO BBIMOJHCHUS aCCEPIMUA BHIBOIUTH
penynpexaeHue.

BBI60pKa — 3HAQYCHUC HCpeMCHHOﬁ, MOJYYCHHOC B MOMCHT ITOSIBJICHUSA CI/IHXpOCO6LITI/I$I.
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