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Hauano onucaHus ssbika Verilog
v HeMHoro o VHDL gns cpaBHeHus

B atom pasierie 6y/eT HaHO BCTYILIEHHE K OITH-
caHuio s13b1Kka Verilog. Jlist cpaBHeHUs Takke Oy-
JIeT IpUBeeHa HeOOIbINAs YaCTh OIMCAHUS SI3bI-
ka VHDL. Dt0 cieaHo 11 Toro, 9To0bl YuTaTesib
CMOT OIIepaTHBHO CPABHUBATH KOHCTPYKIIII 3THX
IBYX A3BIKOB. 71T TOTIOTHUTEIEHOTO N3y JeHHS
MO’KHO TTOPEKOMEHIOBATb CIIMCOK JINTEPaTyPHI.

VHDL
Hnsa VHDL npusATEH cienyouiue coralie-

HHS1 00 IMeHAX, IIPUMEHeMBIX I10JIb30BaTeIIs-

MH B CBOUX IIPOEKTaXx:

e VHDL He omyin4aeT CTPOYHBIE U IPOIHUCHbBIE
GYKBBI.

e JIBa 3HAaKa «--» UCHOJIB3YIOTCS IS CTPOTHO-
r0 KOMMEHTapHsl.

e B pMeHax MOTYT HCIIOJb30BATHCS HUQPEI
U CUMBOJI TIO4ePKUBAHMA — «_».

e lIMeHa MOTYT HaUMHAThCS C HUGPBI UK

GYKBBI.
o HeJIbast HCIIOJIB30BATH Ba CHMBOJIA IIOYeP-
KHBAHUS «__» WIH UCIOJIB30BATh CHMBOJI

HOJYEePKUBAHUS B KOHIIE IMEHH.
o lIMeHa KOMIIOHEHTOB CXeMBI JOJDKHBI OBITh
YHUKaIbHBIME. Hanmpumep, Heslb3st Ha3BaTh
CUTHAJI MMeHeM «A» ¥ JaTh IIWHE UM
«A(7 downto 0)».
3apesepsuposaHHble c1oBa VHDL mpusene-
HBI B Tabume 1.

Tab6nuua 1. 3apesepsuposanHbie cnosa VHDL

abs downto library postponed Subtype
access else linkage procedure then
after elsif literal process to
alias end loop pure transport
all entity map range type
and exit mod record unaffected
architecture file nand register units
array for new reject until
assert function next rem use
attribute generate nor report variable
begin generic not return wait
block group null rol when
body guarded of ror while
buffer if on select with
bus impure open severity xnor
case in or shared xor
component inertial others ignal
configuration inout out sla
constant is package sra
disconnect label port srl
Verilog

Tt Verilog IpuHATEI CIenyIoIIre COTae-
HHS1 00 IMeHaX, IIPUMEHeMBIX I10Ib30BaTeIIs-
MH B CBOUX IIPOEKTaX:

e Verilog oTamu4aer cTpouHBIe U IPOMUCHBIE

GYKBBI.

e JIBa 3HaKa «//» UCIOIB3YIOTCA AT CTPOYHO-
ro KoMmMeHTapust. Habop 3HaKOB «/*» HCIIOIb-

Kpatkuu kypc HDL.
Yactb 2. OnvcaHue a3bika

3yeTcst IS Hadana 6JI0IHOTO KOMMEHTAPUS,
a «*/» — [T KOHI[A KOMMEHTAPUSL.
® B MeHaxX MOXKHO HCIIOIB30BATh UPBL, OYK-
BB, CIMBOJI [IOIePKUBAHIS «_» F CAMBOI «$».
o lIMeHa MOTYT HAYMHATLCS C TUGPBI, OYKBBI
AUIA CHMBOJIA TONYEPKUBAHUS «_».
® B nMenax Heb3s HCIOIB30BATH CUMBOJI IIPO-
6ena.
3apesepBupoBanHble cioBa Verilog npusene-
HBI B Tabun1e 2.

Ta6nuua 2. 3apesepsrposatHble cnosa Verilog

always endmodule | medium reg tranifQ
and endprimitive | module release tranif1
assign endspecify nand repeat tri
attribute endtable negedge rnmos tri0
begin endtask nmos rpmos trit
buf event nor rtran triand
bufif0 for not rtranif0 trior
bufif1 force notif0 rtranif1 trireg
case forever notif1 scalared | unsigned
casex fork or signed | vectored
casez function output small wait
cmos highz0 parameter | specify wand
deassign highz1 pmos | specparam | weak0
default if posedge | strength | weak1
defparam ifnone primitive | strong0 while
disable initial pull0 strong1 wire
edge inout pullt supply0 wor
else input pulldown | supply1 xnor
end integer pullup table xor
endattribute join remos task
endcase large real time
endfunction realtime | macromodule tran

CHUrHajIbl WIN [IePeMEHHbIE MOTYT OBITH
HpeNCTaBJICHBI CICAYIOMUMHU JIOTUIECKIMU
YPOBHSMU:

e (: HOJIb, JIOTUYECKAI HU3KUI YPOBEHD, «JIOXK-

HO», «3eMJIs» (zero, logic low, false, ground);
® 1: eMHUIA, JOTMIECKHIT BBICOKUI YPOBEHb,

«UCTHHA», «tUTaHue» (one, logic high, power);
e X: HensBecTHOe 3HaueHue (unknown);
® 7: BLICOKHUII UMIIEaHC, HEIOJKII0Y€EHHBII

curHai, Tpetbe cocrosinue (high impedance,

unconnected, tri-state).

Onepartopbl

OrnepaTopbl MOTYT OBITh TPeX THIIOB: YHHTAp-
Hble, OMHAPHBIE U TePHAPHBIe. YHUTaPHbIE OIle-
PaTOpbI IPOU3BOJAT IECTBHUA Hall €IMHCTBEH-
HBIM OIlepaH/IOM. BHapHbIe oIlepaHIbl TPOu3-
BOJAT MNEHCTBUS HAN ABYMs OIlepaHIAMHU.
TepHapHbIe oI1epaTOpBI UMEIOT /1Ba OLIEPATOPa,
KOTOpBIe JIeNIAl0T BEIGOP LIS TPEX ONEePaH/IOB.
ITpuMepbI 9THX OIIePaH/IOB:

a=~b; /| ~ yrurapssiit onepatop. b — onepann
a=b&&¢ // && GunapHbIit onepatop. b i ¢ — orepanb
a=b?c:d; //%repHapHsrit omeparop. b, ¢ i d — omeparpr

B si3pikax VHDL u Verilog ncrions3yrorcst cire-
mylomrye apudMeTHIecKIe 1 GUTOBBIE OIIepa-
TOPBI:

apudmermdeckue (Arithmetic);
koukareHain (oobenunenus) (Concentration);
noBTopenus (Replication);

yciosasle (Conditional);

pasercrsa (Equality);

norudeckue moburossle (Logical Bit-wise);
norudeckoro cpasaenns (Logical Comparison);
ceeptku (Reduction);

ornomenus (Relational);

cosura (Shift);

YHUTapHbIe aprdMeTHIeCcKre

(Unary Arithmetic (Sign)).

Onepandvt (Operands)

EcTb HECKOIBKO THIIOB OIIEPAHIOB, KOTO-
pble MOTYT OBITH OIPE/IeIeHBI B BHIPAKEHISIX.
CaMblii ITPOCTOI THIT — 3TO LEb WIH PETHCTP,
U, €CJIU IIPH 9TOM YKa3bIBAETCs Ha IIOJIHYIO Pas-
PSIHOCTB LIEIH MJIM PETHCTPA, TO MOXKHO IPHU-
BOJMTB TOJIBKO HA3BaHUE LIEIIH MM PETHCTPa.
B aToMm cirydae Bce GUTBI, COCTABISIIOIINE LIEITh
HUIN BBIXOJIBI PETHCTPA, UCIOIB3YIOTCS KAK OIIe-
pamz.

Kak menu, Tak # perucTphl MOTYT UMeETh He-
CKOJIBKO paspsizioB. IIpu aToM, eci ncross3y-
€TCs1 TOJIBKO e[MHCTBEHHBII OUT U3 BEKTOPA Iie-
IIM WK PETECTPA, TO HEOOXOMMO HCIIOIb30BATh
omnepanj Bbi6opa 6urta. Eciu npu obparieHnu
K TPYIIIIe CMEXKHBIX OUTOB B BEKTOPHOIT IIeITH
TN B PETUCTPE UCIIOIB3YETCS TOIBKO YacTh 61~
TOB, TO HEOOXOUMO IIPHMEHHUTD OIIEPAH]I BBI-
60pa yacTi 6HTOB M3 BEKTOPA.

Ha s1eMeHT ITaMsITH MOKHO COCIAThCS KaK
Ha ortepany]. KOHKaTeHaIus1 IpyTix OlepaHioB
(BKJIIOYas! BIOXKCHHBIE KOHKATEHAIINH) MOKET
6BITH OIIpesiesieHa KaK Omepany. 3ampoc GyHK-
IIMH — 9TO TOKE OIePaH]I.

OrepaTopsl ¥ BO3MOKHOCTD X IIPUMEHEHHSI
B VHDL uu B Verilog npusenens! B Tabnure 3.
ITpropuTeTs! BBIIONHEHS orepatopoB B Verilog
[pUBELeHBI B TabunIe 4.

BumoBuvie onepamopuot
(Bit-Wise Operators)

BuTtoBble onepaToph! O3BOJIAIOT IIPOU3BO-
IUTH HOOUTOBBIE ONlePAITUH HAJl JBYMsI X 60~
Jnee onepanziamu (tabi. 5-9).

O6parnTe BHUMaHHe Ha TO, 9YTO HEOOXOIIMO
OTIMYaTh OUTOBBIE ONlepaTophl & U | OT J10TH-
qeckux orneparopos && u |l. Hammpumep, ecnn
x=1uy =2, 10 6uTOBAs OLEpanUsi X & Y B pe-
synbTaTe gact 0, B To BpeMs Kak X && y — B pe-
synbrare gacT 1. Korga onepanasl numeroT He-
paBHOE YUCIIO GUTOB, TO OIEPAH/, HMEIOIIUI
MeHbIIlee YUCI0 GUTOB, OyIeT 3aIOTHEH HyIIs-
MH B CTapIINX paspsax.
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Ta6nuua 3. Onepatopbl 1 BO3MOXKHOCTb Mx npuMeHeHus 8 VHDL uam B Verilog

Onepartop

Onepauus
VHDL

ApndhmeTnueckue oneparopei (Arithmetic Operators):

Onucanue
Verilog

exponential ** Bossezenie B cTenetb
multiplication * * YMHoOxeHHe
division / / [Nlenexue
addition + + Cnoxetue
subtraction - - Bbluutanue
modulus mod % Mogaynb (octatok ot AeneHus)
remainder rem Ocrartok oT fieneHus
absolute value abs AGconioTHas BeMuMHa
Concentration and Replication Operators:
concentration & {} 06beauHer1e
replication {1 MosTopeHHe
Conditional Operator:
conditional ” YcnosHbii onepatop
Oneparops! paseHcTsa (Equality Operators):
equality = == PagHo
inequality = I= He pasHo
BuTosbie norudeckue onepatopsi (Logical Bit-wise Operators):
unary negation NOT not - MoGuToBas uHBepcHs
binary AND and & Mopa3psigHoe asonuHoe «M»
binary OR or | MopaspsgHoe asonuHoe «MN»
binary NAND nand Mopa3psaHoe asonutHoe «M-HE»
binary NOR nor “ MopaspsigHoe asonuroe «MJIU-HE»
binary XOR xor o MopaspsigHoe asonuHoe «Mckniovatowee UN»
binary XNOR xnor or MopaspsigHoe asonuroe «Mckniovatowee UIN-HE»

Onepatopbl IOTHYECKOTO CPaBHEHHS
(Logial Comparison Operators):
NOT

not ! MopaspsaHoe noruyeckoe «HE»
AND and && MopaspsaHoe noruyeckoe «M»
OR or Il MopaspsaHoe noruueckoe «MJN»
Onepartopei ceeptku (Reduction Operators):
AND &
OR |
NAND ~& Mo6uTosas ceepTka
NOR ~
XOR °
XNOR “~or~"
Oneparopbl oTHoeHHs (Relational Operators):
less than < < MeHbLue
less than or equal to <= <= MeHblue unn pasHo
greater than > > Bonbue
greater than or equal to >= >= Bonblue unm pasHo
Onepartopbi cagura (Shift Operators):
logical shift sll << Jloruueckui casur Bneso
left logical shift right srl >> Jloruueckuit cagur Bnpaso
arithmetic shift left sla ApHbMeTHYECKHI CABHT BNEBO
arithmetic shift right sra ApHrdhMeTHUECKHIA CABHT BNPaBO
logical rotate left rol Linknuueckuin cagur Bneso
logical rotate right ror LiMknnueckui casur Bipaso
WneHTnuHocTb Maentnario

He naentuuHo

Ta6auua 4. MpropHTeTbI BbINOJHEHNS ONEPATOPOB

TpropuTeT BbINONHEHHS ONEpaTopoB
1

Bbicwni npropuTeT McnonHeHns

*/ %
i
<<>>
<<=>>

-
e

?: (ternary operator] M3LLKIA NPUOPUTET UCMIONHEHUS
7 (t t H

Tab6nuua 5. MNopa3spsgHas uHeepcus

Tab6nuua 7. Mopa3spsgHas onepauns «UJIU» (Or)

Tabnuua 8. MopaspsaHas onepaums
«Mckniovatowee UIW» (exclusive Or)

0 1
1 0
x

Tabnuua 6. Mopaspsatas onepauus «M» (AND)

0 0 0 0

1 X

X 0 X X

Onepamopuot npubedenus
OrmepaTopsl IpUBEEHIS BBITOTHSIOT OIe-
panuy MOOGUTHO HaJ| OTIEPAH/IOM, YTOOBI IPO-

1 1 X
X X X
Tab 9. MopaspsaHas onepavus

«Mckniovatowwee UIIU-HE» (exclusive NOR)

0 1 0 X
1 0 1 X
X X X X

U3BECTU Pe3yJbTaT, UMEIOUIUI Pa3pATHOCTD
1 6ur. [TepBblil IIar OllepaIiuy BHITOIHSIETCS
HaJl IepBBIM U BTOPBIM OMTaMU OIepaH/a,
B COOTBETCTBHU ¢ Tabnumamu 10-12. Bropsre
1 ITOCIeY IO e IIary BBIIOIHAIOTCS aHaJIO-
TIIHO C OHOOUTOBBIM Pe3yJIbTaTOM IIpefIIe-

npoeKTupoBaHue

Ta6nuua 10. Onepatop npusegerus no «M» (AND)

0 0 0
1 0 1
X 0 X

Tabnuua 12. Onepartop npuseseHns
no «Mcknouarowemy UJIN» (exclusive Or)

0 0 1 X
1 1 0 X
X X X X

CTBYIOI[ETO IIara u CJeAyIIIuMU GuTaMu
omepaHpa.

Heo6x01iM0 OTMETHTb, 9TO OIIEPATOP IIPH-
Benenus no «M-HE» u oneparop npusenenus
1o «JIM-HE» BbImosnHsAeT Te ske onepauu, 4To
u oneparopsl npuseenns 1o «M» n «MJIN» co-
OTBETCTBEHHO, HO Pe3yJIbTaThl X pabOThI IPH
aToM 6yZyT MHBEPCHBIMHE. Pe3ybTaTel paboThl
OIIepaTOPOB PUBENICHUS TaHbI B TaOHIAX 13, 14.

Ta6nuua 13. Pesynbtatbl paboTbl onepatopa npuseaeHns
ons «My, «UN», «U-HE» u «UJTU-HE»

Pesynbrar pabotbi onepatopa npusepenns ana &, |, ~&, u ~|

~& ,..|

Onepaup &|

6uTbI He yCTaHOB/IeHbI B
BCe 6UTbI yCTaHOB/I€HbI B
4actb 6I1TOB, HO He BCe, yCTaHOB/IeHbI B

o-o
—_——ao
—o
co—

Ta6nuua 14. Pesynbtatsl paboTbl onepatopa npuseaeHHs
ons «Mcknouatowsero MIN» u «Uckmovatowero UINU-HE»

Pesynbrar pabotbl onepatopa npuBefieH!s ans " U ~"

OnepaHp

3HaueHHs HeueTHbIx 6UTOB
3HaueHms YeTHbIX 6HTOB, €C/I1 OHU eCTb

Ozpanuuenus cunmaxcuca
B si3bike Verilog ecTb 1Ba OrpaHIYIeHUSI CHH-

TAKCHUCa, IIPeTHa3HAIeHHBIE IS TOTO, YTOOBI 3a-
IIATUTH TEKCT OIMMCAHUS OT OIIHOKH, KOTOpast
BO3HUKAET IIPU HENPaBUILHOM 3aIMCH BBIPa-
JKEHHS. DTU OIIUOKY ObIBAET TOCTATOYHO TPYI-
HO HaiTH, HOTOMY 4TO OHU BO3HUKAIOT U3-3a
HeIIPaBIJIbHOTO IOJIOKEHHUS IPOobesIa i CUMBO-
Ja B BbIpakeHHN. [j1s1 mpruMepa MOKHO paccMo-
TPeTh [Ba BbIpa’keHUA. BbIpaskeHus CTpok 1 1 2
BHEIIIHE IIOYTH IOXOKH, HO JJAIOT COBEPIIEHHO
pasHbIil pe3yabTar (mpumep 1).

la&&ballb

2.a&&ballb

Mpumep 1. TekcTbl ONMCaHMi, KOTOPbIE MOUTH MOXOXH,
HO [JalOT COBEPLUEHHO pa3Hblii pey/bTar
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NnpoeKTupoBaHHe

Kak 3aimuTuth 1mojb3oBareseil OT 9TOro TH-
1ma ormr6ox? Heo6XonnuMo MCrmonbp30BatTh KPyr-
JIble CKOOKH IS TOTO, ITOOBI OTHENUTH COKPa-
mienue WJIN unu U (reduction or or and) ore-
patop ot nopaspsigaoro NI miu U (bit-wise
or or and) omeparopa. B mpumepe 2 moxasan
CHHTAKCHC, KOTOPBII TpeGyeT KPYIIBIX CKOGOK.

Henpasunbuuﬁ CHHTaKCHUC

MpaBunbHBI CHHTaKCHE

a & (&b)
a| (lb) |

a6 &b
\ allb \

Mpumep 2. Mpumepbl HenpaeunbHOro
1 NPaBU/IbHOrO CUHTaKCHCA

Onepamopuot cobuza

Omeparopsl caBura, << u >> BBIIOJIHSIIOT
C/IBHIT OIIepPaH/Ia, HAXOISIIIEroCst CJIeBa OT OIIepa-
TOpA, BIEBO MJIX BIIPABO HA TO YHCIIO ITO3HIIHIT
JIBOMYHOTO Paspsifia, KOTOPOe YKa3aHO CIIPaBa OT
omeparopa casura. [Ipu caBure faHHBIX 06a orte-
paTopa IIPOU3BOJST 3aTIOJHEHIe OCBOOOMBIIINX-
Cs1 OSHIIMI JBOMYHOTO YHCIIA HyIsiMu. [1pu-
Mep 3 WIUTIOCTPUPYET HEHCTBHS, BBIIOTHSIEMbIE
9THMH OIIEPAIHSIMIL

module shift;
reg [3:0] start, result;
initial
begin
start = 1; // Start is set to 0001
result = (start << 2); // Result is set to 0100
end
endmodule

Mpumep 3. Mprmep paboTbl onepaTopos casura

B 3-m npumepe 4-6uToBOMY perucrpy start
npucsoeno sHadenue 0001. TTocne cosura Bie-
BO Ha 1IBa pa3psia perucTp 6ymeT ComepKaTh
gucio 0100.

Ycnobnwiii onepamop

Y CJIOBHBILIT OIIepaTOp MMeET TPU OLePAH/a,
OT/IeJIEHHBIE IBYMSI OLIePATOPAMI, 3AIHCAHHBI-
MH B CJIeIyIoIeM Hopsike (mpumep 4).

cond_expr ? true_expr : false_expr

Mpumep 4. YcnosHbii onepatop,
KOTOPbIA UMEET TPH onepaHaa

Ecu cond_expr oneHnBaeTcst Kak JIO)KHOE —
false, To 151 pesynpTaTa GyneT UCIIOIB30BAHO
Beipakenue false_expr. Eciu ycioBHOe BbIpa-
JKeHHe UCTHHHO — true, TO IS pe3yJbTaTa Oy-
ZIeT HCI0JIb30BAHO BHIPAKEHUE true_expr.

Ecnu cond_expr ninu true_expr u false_expr
cofiepKaT CUMBOJIBI HEOMHO3HAYHOCTH — X,
TO JIJIS1 TOTO YTOOBI BBIYMCIUTD KOHEUHBII pe-
3yJIBTAT, UCIOJIb3YIiTe Tabmuiy 15.

Tab6nuua 15. Pa6ota ycnoeHoro oneparopa

&
-
x
N

Ecnan paspanHOCTb OIEpaHIOB Pa3INyHa,
TO OIIepaH]| C MEHBIIEH PaspsIHOCTBIO OyeT
CJIeBa JIOIOJIHEH HYJISIMH (CTapIIre pa3psiibl)
TaK, YTOOBI COOTBETCTBOBATH Pa3PsTHOCTH OIle-
paH[a ¢ 60JIbIIeN Pa3psIHOCTBIO.

B nmpumepe 5 IOKa3aHO TO, KaK MOKHO HC-
HOJIb30BATD YCJIOBHBIH OIIEPATOP IS TOTO, YTO~
OBl BBIIIOJIHUTB IIIMHY C TPETBUM COCTOSTHUEM.

wire [15:0] busa = drive_busa ? data : 16'bz;

Mpumep 5. NprmeHeHe ycnoBHOro onepatopa Ans Toro,
4TOBbI BbINO/HWTH LMHY C TPETbHM COCTOSIHHEM

[Muua busa ymnpasnsercs curaaaom drive_
busa. B Tom cirydae, korza aToT curnain 1, Ha mmu-
Hy IepefaoTcst faHHble — data, B IPOTHBHOM
CITydae IIMHA ePeKII0IaeTCst B TPEThe COCTOSI-
uue. Ecnu sHavenue curnana drive_busa mens-
BECTHO, TO U 3HAYeHMe JAaHHBIX Ha InHe busa
TOXKe HEU3BECTHO.

Kouxamenayusi — Concatenation
Konkarenanus — o6beiiHeHIe OHTOB, HAXO-
ISIIIEXCS B IBYX MK GOJIee BBIpKeHIsIX. st 3a-
IHCH KOHKATEHAIINH UCIIOIB3YIOTCSI CHMBOJIBI
urypHsIx cKOOOK { 1 }, ¢ 3aIIATHIMHE, OTHEIISIO-
IIMMH BBIPKEHHS], HAXOISIIAECS B ITHX CKOO-
Kax. [IpuMep 6 0ObeIHHSIeT YeTHIPE BIPAKEHIS.

{a, b[3:0], w, 3'b101}

Mpumep 6. MprmeHeHe onepatopa KOHKaTeHaLUK
LISl TOrO, UTOBbl 0B BEANUHHTD YETbIPE BbIPAKEHHS

ITpumep 6 5KBUBaJI€HTEH APYTOH 3aIIUCH, KO-
TOpas IIpUBefieHa B IpuMepe 7.

{a, b[3], b[2], b[1], b[0], w, 1'b1, 1'b0, 1'b1}

Mpumep 7. MNp1meHeHe onepatopa KOHKaTeHaLUK

IlocTostHHBIE YnCIa, Pa3pAaHOCTb KOTOPBIX HE
YKa3aHa, HE JOJDKHBI OBITh UCIIOIb30BAHBI B 00b-
€IMHEHUAX, IIOTOMY YTO pa3psATHOCTD Ka)KA0Ir0o
OIlI€paHia B KOHKaTeHAlUN H€O6XOHI/IM3 JJI TO-
ro, YTOOBI BHIYUCIUTD ITOTHBIM pasMep MIMHBI
JJII KOHKaTCHAIIuN. KOHKaTeHaHI/II/I MOTYT OBITH
3aITCaHbI IPU UCIIOJIb30BAHNN MHOKUTEILA 110~
BTOPE€HU TaK, KaK II0Ka3aHO B IIpUMEpPE 8.

{4{w}} // This is equivalent to {w, w, w, w}

Mpumep 8. MprmeHeHe onepatopa KOHKaTeHaLUK
C UCNOb30BAHWEM MHOXUTE/IS OBTOPEHMUS

B npumepe 9 nmokxasaHbl BIO)KEHHbIE KOHKA-
TeHanuu. Yucio, ykasplBaoliee, CKOJIbKO pa3
HaJI0 IIOBTOPHUTH KOHKATEHAI[HIO, IOJDKHO OBITh
MOCTOSIHHOUW BeJIMYUHOM.

{b, {3{a, b}}} // This is equivalent to
/I {b,a, b, a, b, a, b}

Mpumep 9. MprmeHerHe onepaTtopa KOHKaTEHaLWK

N x| =]
x|x|x|of =

x| x| [x
x| x| x[x

x| x| =[x

C UCMO/Ib30BaHUEM B/IOXKEHHBIX KOHKATEHALWK

Yucna

ITocTOSIHHBIE YHCIIa MOTYT OBITH OIIpefelie-
HbI B fecsituaHoM (d or D), mrectHaparepuy-
HoM (h or H), BocemepuunoMm (o or O) uiaun
B nBonaHoM (b or B) dpopmare.

OHH MOTYT IIPOM3BOJIBHO HAYMHATECS CO 3HA-
Ka + WIM — X MOTYT OBbITh HAITKICAHbI B OHOM H3
crremyromux GOpMaToB.

1. <size>'<base><number>: camas mosHas ¢op-
Ma JUISl 3aIHCH JHCTIA.

2. <base><number>: ata ¢popma 3amucu uc-
I0JIb3yeT Pa3PSITHOCTD 110 YMOTIAHHIO U SIB~
JIAeTCS] MAIIMHHO-3aBUCHMOI, HO, II0 Kpaii-
Hell Mepe, paBHseTCs 32 GuTaM.

3. <number>: aTa hopma 3aIUCH HCIOIB3YeT
Pa3pSAIHOCTD 110 YMOJIYAHHIO IJISI JeCSTHIHO-
ro ¢popmara.

Haub6osee mpocroit popmar 3 — Ge3zHako-
BOE IeCATUIHOE YHCIIO, COTepIKaIIee, B TIOOOM
HOPSIIKe, HOCIeIoBaTebHOCTh Hudp oT 0 10 9.
XOTsI T10J1b30BaTeIb, BO3MOYKHO, He OIIPeIeIII
PasMepHOCTb HAIIMCAHHOTO YHCa, Verilog cam
BBIYHCIISET Pa3psIHOCTD YHCIIA, IPAMEHEHHO-
ro B BeIpakeHUH. OOBITHO B BBIPAKCHUSAX Pas-
PSAIHOCTD IPUMEHEHHBIX B OIIePaTOPaX IHCeT
OlMHAKOBa. M IS HCIIOIB30BaHUS BEIOHPAIOT
TpedyeMoe IHCII0 OUTOB, HAYMHAS C HAUMEHb-
IIIero 3Havalrero 6ura.

Dopmar 1 onpernensieT IOCTOSHHBINA pa3Mep
IUIS Pa3PSITHOCTH U 3aIIMCBIBACTCS CIITYIOIIM
obpazom:

aa..a'sf nn...n.

[Tpu aTOM Hen3BeCTHBIE U BBICOKOMMITEIAHC~
Hble 3HAYeHUsI MOKHO HMCII0JIb30BaTh BO BCEX
YHCIIaX, KpOMe TeCITUIHBIX. B KaxkmoM cirydae
IIpUMeHeHNe CHMBOJIOB X MJIH Z IPeICTaBIIseT
IaHHOE YKCJIO OUTOB, UMEIOIINX COCTOSHIE X —
HEM3BECTHOE 3HaAYEHHE U Z — BBICOKHIT M-
nemaHc. [Ipn 3amucny dncen, KpoMe z, MOKeT
6BITH UCIIOJIb30BaH CUMBOJI ?. Ero mpuMeHsoT
B OIIEpATOpe case JIJIs TOTO, YTOOBI YIYIIIUTh
YUTAEMOCTD TEKCTa.

Ecam Mbl mMeeM IBa 9UCIa, M OTHO U3 HUX
nMeeT MeHBIIYIO Pa3psIIHOCTD, YeM APYToe,
TO B TAKOM CJIydae JUIsT MEHBIIIETO YUCIIA TIPO-
M3BOZIUTCS 3aTIOJTHEHNE CTAapIIINX Pa3psIoB HY-
JIAMU TaK, 9T00BI 002 9KciIa MMeIn OJUHAKO-
BYIO pa3psfHOCTb. Ecin ske B unciie ¢ 6oJrbIiiet
Pa3psTHOCTBIO CTApIINe Pa3psIIbI 3aIIOTHEHBI
3HAYEHUSIMHU X WK Z, TO U YUCIO C MEHbIIIEN
Pa3psSIIHOCTBIO TOXKe OY/IeT 3aII0JIHEHO 3HaAYE-
HUSAMU X WA Z.

CHMBOJI IOTIepKIBAHUS MOYKET BCTABIIATh-
Cs B 9MCJIA C TI0OBIM OCHOBAHUEM JJIs TOTO,
YTOOBI YIY4IIUTh YUTAEMOCTH Kona. Ho, Ko-
HEYHO, CHMBOJ ITOfYepPKUBAHUS HE MOXKET
6BITH IIEPBBIM CHMBOJIOM B 3allMCH YHUCIIA.
[TpuBenem mpuMepsl ABOMIHBIX qrcen: 12'b
0x0x_1101_0zx1 u 12'b 0x0x11010zx1. Kak MbI
BHU/ UM, IIepBO€ YNCJIO YUTATh 3HATUTEIBHO
jerde. A 9TO IpruMep HEIPABIJIbHON 3aITHCH:
8'b_0001_1010.
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[Tprmeps! 3amucy rcer, B KOTOPBIX HE OII-
perieieHa pa3psIHOCTS:
® 792 — nmecATUYIHOE YHCIIO;
e 'h 7d9 — mrecTHagIATEPHTHOE THCIIO;
® '0 7746 — BOCbMepPUIHOE THCIIO.

B npumepe 10 mokasans! POPMBI 3aMUCH IU-
ceJ1, B KOTOPBIX OIpelesieHa pa3psiTHOCTb.

12'hx
8'hfz

// 12-6uTOBOE YHCIIO C HEONPe/ieIeHHbIM 3HAYeHHeM

/] 8-paspsHOe IIeCTHAIATEPUYHOE YUCII0, IKBUBAIEHTHOE
/1 8-paspsaHOMY 1BOMYHOMY wHciy 8 'b 1111_zzzz

10'd 17 // 10-paspsinsoe Yncio, paBHoe 17

Mpumep 10. Mprmepb 3anuck uncen, B KOTOPbIX
onpepeneHa pa3psfHOCTb

B npumepe 11 nokasans! POPMBI 3aMUCH IU-
cell CO 3HAKOM WM OTPUIATENBbHBIX THCE.
A B mpumepe 12 nokasaHsl (pOPMBI 3aLHCH IU-
CeJl CO 3HAKOM «¥».

—6'd5 // 6-paspsumoe uncio, papHoe -5 (o ecth 111011)
6'd—5 // Takas sanuCh — HempaBHIbHa!
3'sd7 //sHaKOBOE YHCIIO, MMEIOLIIee PA3PAHOCTH B 3 GHTa, paBHOE
/I =1, TO ecTh JlenMMaIbHOE YHCIIO 7, IPEICTaBIeHHOe
/I Tpems 6uramu, Kak 111. BykBa s yka3bIBaeT Ha TO, 4TO
// 9UCII0 MpeICTaBIIeHo KaK 3HaKoBoe (signed),
// cOOTBETCTBEHHO, 3HAYEHHE TAKOTO YHCIIa PABHO MUHYC 1.
4'shF // sHakoBoe 4KCII0, UMeIOLIEe PA3PSHOCTD B 4 61Ta, paBHOE
/11, To ectb 1tecTHAANATEpUYHOE YKCIO F, pejicTaBnenHoe
/] geTpipbmst Gutamu, Kak 1111. Byksa s ykasbiBaeT Ha TO, 4TO
// 9UcII0 mpeICTaBIIeHo Kak 3HaKoBoe (signed),
// COOTBETCTBEHHO, 3HAYEHHE TAKOTO YHCIIA PABHO MUHYC 1.

Mpumep 11. Mpnmepb 3anuck uncen co 3Hakom
11 OTPHLATENbHBIX YHCEN

12'd? // 12-6uTOBOE MECATUYHOE TUCIO C 3AMUCHIO BEICOKOTO

// umnenanca kax 'don't-care'

Mpumep 12. Mprmepb 3anucK uncen co 3HakoM «?»

BerriecTBeHHbIE YHCIIa MOTYT OBITH 3AITHCAHBI
B IeCSTHYHOM min HaydHOM dopmare. Ecin
IHCII0 3aIACAHO B IECSITHIHOM (popMate, OHO
JIOJDKHO UMETB, 110 KPaifHelt Mepe, OnHy Hudpy
II0CJIe IeCSITUIHOM TOUKH (mpumep 13).

1.8

3_2387.3398_3047

3.8e10 // e or E myist ocHOBaHMsI 9KCIIOHEHTBL
2.1e-9

3 /I BempaBuIbHAS 3aITUCH

Mpumep 13. Mprmepb! 3anucK BeLLECTBEHHDBIX YKCe,
KOTOpbIE MOrYT BbITb 3anMCaHbl B IECATHIHOM
WK Hay4HOM chopmare

IIpeo6pasobanue BewsecmBerirozo uucna
6 yenoe yucno

S3pik Verilog mpeoOpasoBbIBaeT BeleCTBEH-
HBIE YHCJIA B IIeJIble, OKPYTJISiS BeIeCTBeHHOe
YHCIIO K CAMOMY OJIM3KOMY L[eIOMY YHCITY, @ He
oTOpackIBas IeCATUYHYIO YacTh. Hanpumep, Be-
LeCTBeHHbIe YUCIa 35,7 1 35,5 1 OKPYTIIAIOTCA
110 3Ha4eHus1 36, a 35,2 cranosurcs 35. HesssHoe
11peoOpasoBaHie IMeET MECTO, KOT/Ia BbI Ha3Ha-
YaeTe BeIlleCTBEHHOE YUCJIO KaK IIeJI0e YKCIIO
(real to an integer).

Crtpoku
CTpoxa — 9TO IIOCJIEN0OBATECIIbPHOCTE CUMBO-

JIOB, OTPAaHMIEHHAS CJIeBA U CIIPaBa KaBbIYKAMU.
OHH JIOJDKHBI OBITH PACIIOIOKEHBI Ha OHOM

CTpOKe. B cTpoKe MOKHO HCIIOJIb30BATD CIIeI-

anpHble ESC-CUMBOJIEL, UIS 4er0 He0OXOMIMO

IPUMEHATD CIeTYIOIIIM 00pa3oM CHMBOIT «\»:

® \n meyaTaTh TEKCT C HOBOU CTPOKU. AHAJIO-
ruaHO mpuMeHeHuio xiasumy RETURN.

e CumBoJ Tabyssnuu \t. DKBUBAJIECHTHO TOMY,
YTO MIPOMCXOMUT [P HA’KATUH Ha KJIABHILLY
TaOyJISIIUH.

o TIpuMeHeHHMe JBYX CHMBOJIOB \\ SIBJIIETCS 9K~
BHUBAJIEHTOM IIPEMEHEHHUS CHMBOJIA «\».

® \« SIBJIAETCSI CHMBOJIOM «.

e \ddd — cumBox ASCII, onpenensomui
nudpy. (B aToi 3anucu HCIOIB30BAHO OT OfI-
HOI1 /IO TPeX BOCbMEPHYHBIX IIUPP.)

® %% — 5T0 nevarh 3HaKa %.

B mpuMepe 14 mokasaHbI IPaBUIbHAS U He-

IIpaBHIJIbHASI POPMBI 3aIIHCU CTPOKM.

«hello world;
«good
b

y

/| MpaBUIbHO HaIMCAaHHAs CTPOKA

WO
rld»; // HempaBMIIBHO HAaNMCaHHAs CTPOKA

Mpumep 14. Mpumepbl 3an1cK CTPOKK
(npaBunbHas W HenpasnbHas OPMbI 3ankcH)

Mapamertpsbl (Parameters)

B si3p1ke Verilog mapaMeTphI He IIpHHAUIEKAT
K KaKOMY-THO0 PeruCTpPy WU IPYIIIe Lelleil.
I[TapameTpeI He IlepeMeHHbIe, OHM — KOHCTAHTBL
I[TapaMeTpbI MOTYT OBITH KaK MECTHBIE, IOKaJIb-
HbIe, TaK U o6aybHble. CHHTAKCHC 1S 0OBSIB-
JIEHW} ITapaMeTPOB II0Ka3aH B mpumepe 15.

<parameter_declaration>
1= parameter
<list_of _assignments>;

Mpumep 15. Cuntakcuc anst oGbaBNEHHNI NapamMeTpoB —
<parameter_declaration>

IIpumeuanue: 6 HeKOMOPbIX CIYHASX NPUL UC-
nonv3obanuu napamempod moxHo onpedensime
duanason npu 06vsbrenuu napamempa.

<list_of_assignments> — CIIMCOK Ha3HAYEHMI,
PpasfIeJIeHHBIII 3aIISATHIMHE, TJIe IIPaBasi CTOPOHA
Ha3HAYeHHsI JOJUKHA OBITH [IOCTOSHHBIM BBIPa-
JKEHHEM, TO eCTh BHIPaKCHUEM, CONEPIKALIIM
TOJIBKO ITOCTOSIHHBIE YHCIIA 1 [IPEBAPUTEIHHO
OIIpefieieHHbIE TapaMeTpbL. B cepytorem mpu-
Mepe 16 1oKa3aHO 0GbsIBICHHE ITAPAMETPOB.

parameter msb = 7; /I defines msb as a constant value 7
parameter e = 25, f = 9; // defines two constant numbers
parameter r = 5.7; /ldeclares r as a 'real' parameter
parameter byte_size = 8, byte_mask = byte_size — 1;
parameter average_delay = (r +f) / 2;

Mpumep 16. OGbseNeHHE NapameTpoB

Xorst mapamerpsl B Verilog mpencraBisior
€060 KOHCTAHTBI, OHU MOTYT OBITh U3MEHEHBI
BO BpeMsI KOMITMJLSIIUHY IJIs TOTO, YTOOBI IIpU-
HATH HOBBbIE 3HAYEHH S, KOTOPbIE OTJINYAIOTCSA
OT OIIpeJieJIeHHbIX B HA3HAYCHUU OOBSBICHHU.
DTO MO3BOJIAET [0JIb30BATENIO HACTPANBATD UH-

npoeKTupoBaHue

CTAHCBI MOJyJIef TPU UX YCTaHOBKeE B IIPOEKTeE.
Bbl MosKeTe U3MEHUTD ITapaMeTp YTBepPsKAeHU-
eM defparam nim H3MeHHTH TapaMeTp B yT-
BEeP)KIeHUU HHCTaHCa MOfy 1. O6BIIHO mapa-
METPBI HCIIOJIb3YIOTCA Ul 3alaHKs 3HAUYeHUS
BPEMEHU 3alepyKKU WK Pa3psLHOCTH (AP~
HbI) IePeMeHHBIX.

DyHKUUH

Ompenenenne QyHKINHU TODKHO HAYaThCS
¢ KII09eBoro cnosa pyukuus — function, co-
IPOBOYKAEMOT0 IOTIONHATEIbHBIM KITIOUeBBIM
CJIOBOM aBTOMaTHYecKas — automatic u 1o0-
IOJIHUTEIbHBIM YKa3aTesneM signed, quamaso-
HOM HJIU THIIOM BO3BPAI[aeMOTro 3HAUCHNS U3
byHKIIY, 3aTeM HIeT caMo Ha3BaHUe (QyHKIIH,
IOTOM HJIU TOUKA C 3aILATOM, HJIU CIIMCOK IOP-
TOB (DYHKIINH, 3aKII0YCHHBIX B KPYIJIbIe CKOO-
KU, ¥ TOUKa C 3aIAToI. 1, HakoHel, onpeperne-
HIHe JJOJDKHO 3aKOHYHUTBCS KIIOYeBBIM CIOBOM
endfunction. [JonoHUTEILHO MOYKHO HCIIOJIb-
30BaTh apametp range_or_type. Ecim dbyHKIus
OIpeiesieHa 110 YMOJIYaHUIO, TO eCTh Oe3 juama-
30HA HJIU THIIA, TO ee IIPeICTaBILIIOT KaK PyHK-
ITHI0, BO3BPAILAIONTYIO 3HAYeHUE OT OHOOUTO-
BOro peructpa. Ecim ncrons3yercs mapamerp
range_or_type, TO HEOOXOIMIMO OIIPEIeIUTh, ITO
IpeCcTaByIsieT coO0I BO3BpallaeMoe 3HaUeHHe
(yHKIIM — peasbHOe, IIeJIoe YHCII0, BpeMs, pe-
aJIbHOE BpeMsI HJIU 3HAUeHNUe C UATa30HOM 61~
T0B — [n:m]. QYHKINS HOJDKHA IMET 110 Kpaii-
Heil Mepe OJIUH OObSIBJICHHBIN BXOT (OIHY BXOJ-
HYIO [IePEMEHHYI0).

KiroueBoe cioBo automatic (aBromaTuyec-
KHI1) 00BSBISET PeKYPCUBHYI0 QYHKIUIO CO
BceMH QYHKIMOHAIbHBIME OObSBJICHHSAMH, Pac-
IpefeleHHBIMA TUHAMIIeCKH IS KayKIOTO pe-
KypcHBHOTO obparteHns. K aBToMaTHaeckuM
BBI30BaM (DYHKIINH HeJb3s 00paTUThCS IIPH MO~
MOIIY HepapXHIeCKUX CCBUIOK. ABTOMATHYeC-
Kue QYHKIIMI MOTYT OBITh BBI3BAHBI 110 HX He-
PapXuuecKoMy Ha3BaHUIO.

Bxoasl GyHKIHHE MOTYT OBITH 00BSIBICHBI
1ByMs criocob6amu. B nepom criocobe Heo6x0-
IUMO IaTh Ha3BaHHe QYHKIIUH, COIIPOBOXK/Ae-
Moe TOYKOH ¢ 3anAToi. [Tocie ToUKH ¢ 3anATOH
IOJDKHBI CJIe[IOBATh OJHO MIN O0ee 00bsIBIIe-
HHI BXOJIOB, KOTOPbIE MOTYT OBITh IPOU3BOJIb~
HO YCTAaHOBJICHBI IIPH OOBSABICHUN TeM OJI0Ka.
ITocie 0OBsBICHNIT TeM UL PYHKIUY TOJDKHA
CITe[IOBATH «HAYMHKA» (DYHKIMH, TO eCTh [TOBe-
nendeckre yreepskaenus (behavioral statement)
1 3aTeM KinodeBoe cjioBo endfunction. [Tpumep 17
onpepessieT GYHKINIO, Ha3BaHHYIO getbyte, Uc-
IOJIB3YS IIPH 9TOM CHelH(UKAIINIO [HAIIa30Ha.

ITo BropoMy crioco6y (mpumep 18) Heo6x0-
IUMO IaTh Ha3BaHHe QYHKIIUH, COIIPOBOK/Ae-
MOe€ OTKPBIBAIOIIEll CKOOKO, X OHUM M 60~
JIee BXOJHBIMHU OOBSIBICHISIME, KOTOPBIE OTHIe-
JISTIOTCS 3aIATBIMU. TTocie BcexX 0ObsBICHUIT
BXOJIOB JIOJDKHA OBITh 3aKPBIBAIOIIAS KPYTJIast
CKOOKa 1 TOUKa ¢ 3arsToiL. ITocie TouKy c 3arws-
TOU MOTYT HATH OOBSBIICHHUS TeM 6JI0Ka, COIIPO-
BOJKIaeMBble II0BEICHIECKIMHE Y TBePIKIeHUSIMH
U 3aTeM KJII04eBbIM c1oBoM endfunction.
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NnpoeKTupoBaHHe

function [7:0] getbyte;
input [15:0] address;
begin
/I code to extract low-order byte from addressed word

getbyte = result_expression;
end
endfunction

Mpumep 17. Onpegnenenue yHKumMK getbyte
NpH MCMONb30BAHWK CTIELUHKALIMK AUanasoHa

function [7:0] getbyte (input [15:0] address);
begin
// code to extract low-order byte from addressed word

getbyte = result_expression;
end
endfunction

Mpumep 18. Onpegnenenne dyHKumMK getbyte
NpY MCNO/b30BaHHM NEPEYHCTIEHUSA MOPTOB B CKOBKaX

3nauenus, 6o36pawaemoie u3s pynxyuu

Omnpepernenne GyHKIUE HEIBHO 0OBSIBIISIET
1 [IePEeMEHHY0, KOTOPasi HCIIOJIb3YeTCs B IIPO-
exre. [TepeMeHHast JOJUKHA HMETb TO JKe CaMoe
HasBaHue, 4t0 1 (yHKuwst. [To yMoranuio, ata
IHepeMeHHasI IMeeT TO JKe CaMoe 3HAIeHHUe, ITO
u 1-6utoBblit peructp. Wiy, B o611em ciaydae,
IHepeMeHHasI IMeeT TO JKe caMoe 3HAIeHMUe, ITO
U THII, OIIPe/IeJIeHHBII B 00bSIBICHIH (DY HKIHHL.
Onpepenene hyHKINN yCTAaHABIMBAET BO3BPA-
1maemoe 13 GpyHKIUI 3HAYEHNE, Pe3ysIbTaT pa-
60TBI 9TOI (PYHKINM HA BHYTPEHHEH IIepeMeH-
HOIT OyIeT HMeTh TO JKe CaMoe HadBaHMe, 9TO
u ¢ynxuus. [TonpiTka 00BSIBUTD APYToit 00b-
KT C TAKUM Ke Ha3BaHIEM, KaK y yiKe 00bsIB-
JIeHHOU (DYHKIUH, U B TeX IIpefienax, Ijie JaH-
Hass (QYHKOUS yXe OOBsIBIEHA, IPHBEIET
K ommmb6xe. To ke camoe IIPONCXONNT U B IIpeie-
nax GyHKIUN. B Kaxkpo0it GyHKIUM ecTh CBOS
HepeMeHHast ¢ Ha3BaHueM (YHKIUH, KOTOPast
MOJKET HCITOJIb30BATHCS B BBIpAsKeHNsIX. [10aTo-
MY U B IIpefiesIax JaHHO! (DY HKIIUH HellpaBUIb-
HO OOBSIBIISITD IPYTOil OOBEKT C TeM JKe CAMBIM
Ha3BaHMeEM, KaK U TaHHAS (QYHKI[HS.

B crrepyorem npruMepe WLIIOCTPUPYETCS 9TO
nowsrrue. st byHkunm getbyte, onpeneseHHOI
B IpuMepe 18, Bo3Bpalaemoe 3HaveHne Oyer
BBIIJISLAETD CIIEAYIOMIIM 06pasoMm:

getbyte = result_expression;

B npumepe 18, ucrionpaytoiiem Ty xe GpyHK-
IHI0 getbyte, cO3maeTcsi HOBOE CJIOBO, IIPEICTaB-
JsolIee co60i KOHKATeHAIUIO Pe3yJIbTaTOB
IBYX BBI30BOB (DYHKITHN:

getbyte : word = control ? {getbyte(msbyte), getbyte(Isbyte)}:0;

IIpabuna pabomuvi c pynxkyusmu
ITpu ncronp3oBaHu (GYHKIUN IMEIOT 60JIb-
1Ire orpaHmdYeHuii, 4eM sagaqn. Chopmynupy-
€M IIeCTb [IPABIII HCIOIb30BAHMS (Y HKI[HIL:
1. Onpepenenne GyHKIUH He JOJDKHO COfEp-
KaTh YTBEP)KIEHMUIT, KOTOPbIE CBSI3AHbI C YII-
PaBJICHHEM II0 BPeMEHH, TO €CTh He JOJUKHO

cozlepyKaTh JIIOOBIX YTBEPKICHUI, COflepKa-

mux #, @ unn wait.

2. QYHKIIMH He MOTYT 3aITyCKaTh 3agaqn — task.

3. Onpenenenne GYHKINI TOIDKHO CONEPIKATB,
10 KpaHel Mepe, ONUH BXOJTHOM apTyMeHT.

4. Onpenenenue QYHKINY He TOJDKHO HMETh
apTyYMEHTOB, OO'BSBICHHBIX KaK BBIXOJL HJIN
KaK JIBYHAIIPaBJIeHHBII BXOJ/BBIXO.

5. Onpenenenne GYHKIUN JODKHO BKIIOYATh
B ce0s1 Ha3HAYEHHe pe3ysbTaTa paboThl (PyHK-
11 Ha BHY TPEHHIOIO IIePEMEHHYI0, KOTOpast
uMeeT TO XKe caMoe Ha3BaHMe, UTO M UM
dyrkImn.

6. QYHKIZS He NOJDKHA UMeTh HeOIOKUPYIOIINX
Ha3HaYEeHUM.

B nmpuMepe 19 nokasano omnpepenenue GpyHK-
LU C UMeHeM factorial, KOTOpast BO3BpaIIaeT
esIoYrcIenHoe 3HadeHne. OyHkius factorial
BBI3BIBACTCS UTEPALIMOHHO, U PE3YIIBTATHI €€ Pa-
60TBI BEIBOJATCS HA MOHHUTOP.

module tryfact;

// define the function

function automatic integer factorial;
input [31:0] operand;

integer i;
if (operand >=2)
factorial = factorial (operand — 1) * operand;
else
factorial = 1;
endfunction

// test the function
integer result;
integer n;
initial
begin
for (n=0;n<=7;n=n+l)
begin
result = factorial(n);
$display(«%0d factorial=%0d», n, result);
end
end
endmodule // tryfact

Mpumep 19. Mpumep Bbi30Ba thyHKLMHK factorial

PesybTaThl CHMYIISAIIA Oy T CIIEAYIOIIIE:
0 factorial=1

1 factorial=1

2 factorial=2

3 factorial=6

4 factorial=24

5 factorial=120

6 factorial=720

7 factorial=5040

Hcnonv3obanue nocmosnuvix ¢pynkyuil
(constant functions)

BBI30BBI QYHKITHIT TIOCTOSIHHBIX 3HATEHUIT
(Constant function calls) ucrionbayrorcst mst To-
r0, 9TOOBI HONEPKATH BO3MOIKHOCTD IIPOBEJe-
HUsI BBIYHCTIEHUI 3HATEHUIT [TAPAMETPOB BO Bpe-
MsI pa3paboTKA. BbI30B (hyHKIHIT HOCTOSHHBIX
3HAYEHNUI IOJDKEH OBITh BHI30BOM (DYHKI[HI IS
BBIYHCIIEHNsT [IOCTOSTHHOTO 3HAYEHHS, KOTOpOe
HaXOJJUTCS JIOKATBHO B TOM MOJIYJIe, T7Ie BBIITOJI-
HEH BbI3OB, 1 aPTYMEHTHI (PYHKIIUH IIPEeNCTaB-
JITIOT 60Tt TAK)Ke OCTOSHHbIE BHIPAKEHHS.

DYHKIUY TOCTOSHHBIX 3HAYEHMUI [IPefICTaB-
JSIOT €060 MOIMHOXKECTBO HOPMAIbHBIX
¢dynkunit Verilog, KOTOpbIe TOJDKHBI IMETD Clie-
IyIOIMe OTPaHIIeH IS

e OHH He [JOJDKHBI COIEP/KATh HePaPXIIeCcKre
CCBUIKN.

e Jlro6ast GpyHKIUS, BEI3BAHHASI B IpeleIax
(YHKIHUI TOCTOSHHBIX 3HAYCHMUIT, TODKHA
OBITH BBI3OBOM (DYHKIIMH JUISI BBITHCIICHHS
HOCTOSIHHOTO 3HAYEHHSI, KOTOPOE HAXOUTCS
B TEKyIL[eM MOJyJIe, B KOTOPOM U BBIIIOJHEH
BbI30B. CHCTeMHbIE )e (QYHKIUH He T0JDKHBI
BBI3BIBATHCSL.

o Bce crucreMHbIe 3a1adn B IIPefieIaX MOCTOSH-
HOI YHKIUH TODKHBI HTHOPHPOBATHCSI.
EnnHCcTBeHHAs cHCTeMHast 3a1ada, KOTopast
MO’KeT ObITh BbI3BaHa, 9T0 KoMaH/a $display,
HO U OHA JOJDKHA HTHOPUPOBATHCS [IPH BBI-
30B€ BO BpeMsI pa3paboTKIL

e Bce sHadYeHMs [apaMeTpa, HCIOTIb3yeMble
B IIpefieniaX (pyHKIUH, TOJDKHBI OBITH OIIpelie-
JTeHBI Tiepe]t Bbi3oBoM (yHKum. Bee nerrtn-
(buKaTOpPBI, KOTOPBIE He SBILSIIOTCS [IapaMeT-
pamu 1K QYHKIUSIMH, TOJDKHBI OBITH 00b-
SIBJICHBI JIOKAJIBHO ISl JAHHOH (DyHKIIHUN.
Ecnu ot mueHTH(HUKATOPBI HCIOIB3YIOT Ka-
Koe-HHOY/Ib 3HAYEHHE ITapaMeTpa, KOTOpoe 3a-
TPOHYTO IPSIMO WIIH KOCBEHHO, IIPH HCIIOJIb-
30BaHUHM yTBepXKueHus defparam, To pe3yib-
Tar Gyzier He OmpesiesieH. DTO MOXKET IPUBECTH
K OIIKOKaM, WX HOCTOSIHHAS (DYHKIIUST MO~
JKeT BO3BPATUTH HEOIIPe/IeJIeHHOE 3HAYCHHe.

e OHH He I0JUKHBI OBITH OOBSIBIICHBI B IIPefie-
JIaxX BBIIIOJIHEHUSI OLlepaTopa generate.

e OHH camMu He TOJDKHBI UCIIOJIB30BATH IIOCTO-
sHHBIe (DYHKIUH B JIFOOOM KOHTEKCTE, Tpe-
OYIOII[eM [OCTOSIHHOTO BBIPAXKEHIsSI. BHI3OBBI
(YHKIHIT TOCTOSHHBIX 3HAYCHUI BBIITOIHS-
0TCS BO BpeMst pa3paboTku. VX BBIIONIHEHHE
He FIMeeT HUKAKOTO BO3/ICHCTBUSI Ha HaYallb-
Hble 3HAYCHHSI [IePEMEHHBIX, HCIIOIb3YeMbIX
IUIH BO BPeMsI MOJIEJIMPOBAHHUSI, MU CPeIH
MHOTOKPATHBIX BHI30BOB (DYHKIIHUH BO BPeMst
Pa3paboTKiL. B KasKIOM U3 9THX CITydaes Iepe-
MeHHbIe Gy/yT HHAINAIH3NPOBAHbIL, TAK XKe
KaK 1 IIpH 0OBIYHOM MOJIeITHpOBaHuH. B rpu-
Mepe 20 IpefCTaBIIeHO OnpeiesieHre (Y HKIIHIL,
HasBaHHOIT clogb2, koTopast BosBparriaer meoe
9HICIIO, PABHOE OKPYITICHHOMY B GOJIBIIIYIO CTO-
POHY 3HAYEHHIO JIoTaprMa 110 OCHOBAHHUIO 2.

module ram_model (address, write, chip_select, data);
parameter data_width = 8;
parameter ram_depth = 256;
localparam adder_width = clogb2(ram_depth);
input [adder_width — 1:0] address;
input write, chip_select;
inout [data_width — 1:0] data;
/ldefine the clogb2 function
function integer clogb2;
input depth;
integer i,result;
begin
for (i=0;2**i<depth;i=i+1)
result =i+ 1;
clogb2 = result;
end
endfunction
reg [data_width — 1:0] data_store[0:ram_depth — 1];
/lthe rest to the ram model

/I Beisos dymkmuu ram_model ¢ mapamerpamm:
ram_model #(32,421) ram_a0(a_addr,a_wr,a_cs,a_data);

Mpumep 20. Onpepenetme hyHKLMM, Ha3BaHHOM clogb2,
KOTOpasi BO3BPALLAET LiE/IOE YHCIIO, PABHOE OKPYIJIEHHOMY
B 60/1bLLYIO CTOPOHY 3HAUEHMIO NIoraphdMa

MO OCHOBaHHIO 2
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Llenu, peructpbl, namaThb,
npepcraBieHUe YUCEN U BpEMEHHU
(Wire Registers, Memories,

Tabnuua 16. Hazsanus uenei v BbinoaHseMble UMK PYHKLHM

R HazBaHue DyHKuus Onucanue
Integers and Time)
ﬂnﬂ 3TOM uenu, ecnu ece ﬂpaﬁBprl UMEIOT O4HO U TO Xe 3Ha4yeHue, Torga wire NPUHUMAET 3TO Xe 3Ha4eHue.
Ecnu sce npaﬁaepbl, KpOMe OfIHOro, UMEIOT 3Ha4eHue Z, Toraa wire NPUHUMaET 3Ha4yeHue Toro ,u.paﬁsepa,
_ e wire KOTQprﬁ UMeeT 3HayeHHue BbIXOAHOro cUurHana, He pasHoe Z.Ecnv ABa unu 6QI1bLI.Ie He-Z npaﬁaepa UMerT
Henb wire pa3/in4yHyto MOLLHOCTb BbIXOAHOMO Kackaga, To wire NPUHUMAET 3Ha4yeHue 6onee CUNbHOIO ,u.paﬁsepa.
L[CHI/I Ha cXeMe COOTBETCTBYIOT (I)I/ISI/I‘-ICCKI/IM Ecnv aBa apatiBepa paBHOH CUlbl MMEIOT pa: , TO wire np X.
IIPOBOJIaM, KOTOPBIE IMOJKIIFOYAIOTCS KO BCEM KOM- Mposoarioe «M»
TIOHEHTaM cXeMbl. Pa3psanHOCTD Lenel 1o yMol- wand/triand 0 1 | x z
YaHUIO — OfiUH 6uT. Ilernu He XpaHsT 3HAYCHUS wand AND 0 olofoflo
CUTHAJIA, U IJI TOTO YTOOBI COCTOSHME CUTHAJIA 1 O x| 1
. 0
B IIeMH OBUIO OTpeNIeNieHO, KAKOH-TINO0 HCTOTHIK X 5 ’1( X | X
z X z
CUTHAJIa JOJUKEH HENPEPBIBHO YIIPABIATH €I0.
Ecmu enp nMeeT HeCKOIbKO NCTOYHMKOB CUTHA- Mposoptioe <My
JIa— JIpaiiBepoOB (HaIpuMep, Ba BBIXO/[d BEHTH~ wor/tior 0 1  x z
JIel TOIKIIIOYEHbI K OJHOM IIeIn ), TO 3HaUYeHHe wor OR 0 o1 x]o
Pe3y/IbTHPYIOIIETO CUTHANA B IIEITH MeeT 3Hade- 1 LI
. 1
HUe, COTIACHO TOMY, KaKOIi THII [[eTTH UCTIOJb- X ; : X | X
z X z
3yercs. Haspanus nemneii ¥ BBIIIOIHAEMbIE UM
tri Tri
(bYHKHHH IIPHBE/ICHEI B Ta6JII/II.I€ 16. ri ri Llenb ¢ TpetbiM cocTosiHMEM
Ll&l'lb C TPeTbUM COCTOSIHUEM, BbINOJIHSAOLLAA NPOBOAHOE «M»
Pezucmpbt wand/triand 0 1 X z
Perucrpbl — 9TO TePMUH, IPUMEHSIEMBL [JIsT triand Tri + AND 0 010]0]0
. 1 01 [ x |1
Ha3BaHUA KJIacca yCTPOUCTB, IPUMEHAEMBIX
N X 0 X X X
B II(POBBIX CXeMaX. DTU YCTPOICTBA MOTYT 3a- = 01 x| 2
IIOMHUHATh HH(OPMANHIO 1 XpaHUTh ee. OHU
Llenb c TpetbiM cocTosiHMeM, BbinonHsIowas npoeogHoe «UJT»
OIIPENIEIIAIOTCS KIIIOYEBBIM CIOBOM reg 1 MOTYT
HIMeTb IPOU3BOJIBHYIO Pa3pANHOCTb. Pazmep
3HAYeHU 110 yModaHuio — 1 6urt. [Tpumep 3a- trior Tri+OR 0 L L S I
IIICH TaKoro perucrpa: reg My1BitReg — ompe- ! ! : U
. X X X X
TeJIAeT PErucTp, HaspaHHbII MylBitReg n mme- . BEEEE
IOLIUI PaspsANHOCTD B 1 OUT, B TO BpeMsI KaK 3a-

I paspan .’ P tri0 Tri + pulldown Korpa sta uenb He ynpasnsietcs, Toraa ee 3xadeque — 0. Mogenupyetcs dyHkuus pulldown
muce reg [15:0] MY]GBItREg OIlpeneisieT trit Tri + pullup Korga ata uenb He ynpasnsetcs, Toraa ee sHaueHre — 1. Mogenupyetcs dyHkuus pullup
16'paSPHI[HI>II;I perucrp, Ha3BaHHBIN My16B1tReg Llenb BeeT cebs Kak wire, 3a UCK/IIOYEHUEM TOTO, UTO, KOrAia BCE APaiBepbl CETH HAaXOAATCA B BbICOKOM
P trireg umnegaHce — Z-CQCTORHHM, TOorAaa uenb COXpaHaeT CBoe nocnejHee 3Ha4eHue, KOTopoe 6bll10, Korpa aTa uenb

erHCTpI’I) HMe}OH—IHe paSPHHHOCTBs paBHYIO ynpaenanacb. trireg MUCNosb3ytoTCA ANAa T0ro, ‘-IT06bI MoJe/niMpoBaTb €MKOCTb B ,El,aHHOﬁ uenu
1 6uTY, Ha3bIBAIOT cKAMAPOM (scalar), a peruct- supply0 Mogenupyiot Lienu, koTopble Cesi3aHbl ¢ «3emnei»

PBI, UMEIOLIKE PA3PSIHOCTD 6oiee 1 6I/ITa, Ha- supply1 MogenupyioT ceT, KoTopble CBSi3aHbI C MMTaHHeM

3bIBalOT Bexmopom (vector). HazBanue paspsi-
IOB INIMHBI HAYMHAETCA CO CTapImero 6ura
(B 9TOM CiTy4ae 9T0 OUT, IMEIOLHIT HoMep 15)
7 3aKaHYMBAETCS MIIA[IIUM OUTOM INUHBI.
Ho peructp MoxeT ObITh OOBSIBIIEH U TaK — reg
[0:15] My16BitReg, rpu 9TOM CTapIiuii OUT B Ha-
3BaHMU LIMHEI 6yaeT uMeTh HoMmep 0. CooTBet-
CTBEHHO, U BCe IPyTHe OUTHI IIUHBI Oy YT IIPO-
HYMepOBaHBI II0-JPYTOMY.

Jaee, perucTp MokeT OBITh OOBABIEH KaK
3HaKOBbII — reg signed [15:0] My16BitReg.
Takast popMa 3amnCH yKa3bIBaeT Ha TO, UTO IIPH
paboTe ¢ 9TUM PeTrHCTPOM NAHHbIE JJOJKHEI
6b61Th 06pabOTaHBI KaK YUCIIO CO 3HAKOM (J1BO-
IYHOE JIOIOIHEHHE).

O6uas hopMa 3aIKCH perucTpa IoKa3aHa
B mpumepe 21.

reg_declaration reg [signed] [range] list_of_variable_identifiers;
list_of _variable_identifiers variable_type { , variable_type }
variable_type

variable_identifier [ = constant_expression|

| variable_identifier dimension {dimension}

variable_identifier

identifier

dimension

[dimension_constant_expression : dimension_constant_expression |

Mpumep 21. O6wwas popma 3anucu peructpa

B BEIpaKeHUSX SI3BIKA MOJKHO HCIIOJIB30BATh
KaK OfMH OUT, TaK U HECKOJIBKO COCETHUX Ou-

TOB BEKTOPHOTO peructpa (Wiu HIuHbI). Beibop
OfHOro OHTa U3 PErUCTPa WIH IIWHBI Ha3bIBA-
10T Bv160pom 6uma (bit-select), a BLIOOP HECKOJIb-
KHX COCeIHHX OUTOB Ha3bIBAeTCsI BvLO0p 2pyn-
not (part-select).

Criemyrorumii IprMep OKa3bIBAeT BHIOOP OuTa
13 acc, 9TOT OUT AIPECyeTCsl OePAHIOM index:

acc[index]

BpI60p YacTH OUTOB U3 PETUCTPa MWIIH IIeNn
MI0Ka3aH Ha CJIeflyIoNIeM IIpIMepe:

vect[ms_expr:ls_expr]

Dopma 3aliCh PEruCTPOB MOKa3aHa B mpumepe 22.

reg [10:0] counter; reg a; reg [2:0] b;

reg [-5:7] ¢

a = counter [7]; // 6ut HoMep 7 3 counter 3arpyskeH B a

b = counter [4:2]; //GutsI HOMep 4, 3, 2 B3 counter 3arpysKeHbI B b

Mpumep 22. Mpumepbl 3an1cK PErucTpoB

1t BEIGOpa 61Ta MOSKHO IOJIb30BATHCS BBI-
PKeHUSMHE I JIATepaTaMu. [ pyIs! 6UTOB,
BBIOpAHHBIE KaK 9aCTh PeTUCTPa MM IINHBI,
IOJDKHBI OBITH OIpelIeseHbl BBIPasKeHISIMU HIIH
JMTEpaIaMu, IMEIOLIIMH OIIpefie/IeHHYI0 pa3-
PAIHOCTD, ¥ 9TH 3HAYEHUS MOTYT OBITH II0JIO-
JKUTeJIbHBIMY MU OTPUIIATENbHBIMU.

broku namsimu
ITaMATH ONHCHIBAETCS KAK MACCHB PETUCTPOB.
Bot cuHTaKCHC 1)1 OIIMCAHMS TAKOTO MACCHBA:

reg [<memory_width>] <reg_name> [<memory_depth>];

BJIOKM [aMSITH OIIPEeeISIIOTCS IPH UCIIONb-
30BaHUU 00BSIBIIEHUsSI perucTpa (mpumep 23):

reg [10:0] lookUpTable [0:31];

Mpumep 23. Mpumep o6bsBaeHHs 6roka namaTk

Tax ompenessieTcst MaccuB U3 32 CIIOB, Ha-
sBaunblil lookUpTable, rie kasxmoe ciioBo mme-
eT paspsagHocTb B 11 6utoB. [TaMsTh HCIONIB-
3yeTCsl B BBIPOKEHUSX CIEAYIOIINM 00pasomM,
HAIIpUMep,

lookUpTable [5] = 75;

D10 3aMHCh [IOKA3BIBAET, ITO IISITOE CJIOBO B I1a-
mstu lookUpTable sarpyskeno snadenuem 75.
BJlok# maMsTH MOTyT GBITH MHOTOMEPHBIMU.
BoT Tak 06BSIBISIFOTCS IBYX- U TPEXMEPHbIE Mac-
cusbl (Ipumep 24).
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reg [7:0] twoDarray [15:0] [63:0];
reg [9:0] threeDarray [31:0] [31:0] [43:0];

Mpumep 24. Mprmepbl 06bABNEHNH
JBYX- W TPEXMEPHbIX MacCHBOB

Eciu 8-61TOBBIT perucTp a_reg yxe 00bsB-
JIEH, TO 3AIIUCh JAHHBIX B 9TOT PETHCTP BITIIS-
IUT CJIEAYIOINM 00pa3oM:

a_reg = twoDarray(3][2];

I'pymnist 6UTOB, BBIOPAaHHbIE KAK YaCTh PErH-
CTpa WM HIMHBL, U BBIOOP OUTa MOTYT OBITH
IPHMEHEHBI U K 6JI0KaM IaMsiTh. UTOOBI BbI-
OpaTh 9acTh OUTOB IIAMSTH, K Hell, B KOHIIE 3a-
mrcy, fo6aBIIsIeTcs elle OAUH HHAEKC. Takum
o6pasoM, Bei6op 6uTOB OT OuTa 7 U 10 6uTa 0
n3 mamsrte threeDarray MoskeT OBITH 3amucaH
TaK (mpumep 25):

a = threeDarray [21] [4] [40] [7:0];

Mpumep 25. Boibop 61ToB o1 61Ta 7 1 Ao 6uta 0
13 namsitn threeDarray

YreHue 21eMEHTOB MAaCCHBA [IAMSITU BHE [[Ha-
1a30Ha, OTIPeJIeIeHHOTO IS YTeHHsI, BO3BPa-
I11aeT HeM3BeCTHOe 3HaYeHne — X. 3aINCh B dJTe-
MEHTBI MACCUBA IAMSITH BHE IMAIIa30Ha, OIIpe-
JIeJIEHHOTO JJISI 3aIMCH, He HMeeT HUKAKOTOo
addekra. BeiGparh 0fHOBpeMEHHO GOJIbIIIE YeM
OJIHO CJIOBO U3 TIAMSITU HEBO3MOKHO.

Ilenvie wucna u 6pems
PerucTpsl HCIIONIB3YIOTCS IS TOTO, YTOOBI

BIJIO, BBIIIOJTHSIIOTCSI B IBOMIHOM KOJIe C JOIIOJI-
HEHIeM, [I09TOMY CTapIIHii GUT yKa3bIBAeT IIPU-
3HAK 3HaKa. [lepeMeHHast BpeMEHH — 9TO 00bI4-
HO 64-61TOBASI [IepeMeHHasT, HCIIOJIb3yeMast C CH-
creMHOI yHKnmeit $time.

CucrteMHble 3afaHUA U PYHKLUU
(Display and Write Tasks)

CraHIapTHBIE CHCTeMHbIe 3alaHus U (PYHK-
I[MY ¥ X KpaTKKe OIMCAHNUS IPUBEEHBI B Ta0-
jane 17.

Bw1600 na monumop
OcHoBHOE cucTeMHoe 3aianne — ato $display
(tabs. 18). C ero moMoIIbi0 MOXKHO IIPOCMOT-
peTb IIepeMeHHbIe, CTPOKH, BoIpakeHus.. OHO
Jare BCero ymoTpeOisieTcst Ha IPaKTHKe.
[TpumMep UCIIOIB30BAHUSE:

$display(p1, p2, p3,....., pn);

rzie pl, p2, p3,..., pn MOTYT OBITh TEKCTOBBIMU
CTPOKAMH, IIePeMEHHBIMHY MJIH BBIPa)KEHHSAMU.
dopmar cucremuoro 3ananus $display ananorn-
geH printf B si3bike Cu. ITo yMoI9aHuIO CHCTEM-
Hoe 3ananue $display no6asisier HOBYIO CTPOKY
IIpY BBIBOJIE TeKCTa Ha MoHuTOP. $display 6es ma-
paMeTpOB UCIOJIb3YeTCs UL IIepexoia Ha HO-
BYIO CTPOKY.

B otnuuume ot $display, cucremHoe 3aganue
$write mpu BBIBOZIE TAHHBIX HA MOHUTOP He BBI-
HOJIHSET IIePeX0J] Ha HOBYIO CTPOKY.

Ta6nuua 17. CraHgapTHble cUCTEMHbIE 3aaHNs W YHKLAKM

Hnuyuanusayus namsmu

ITpencraBum cebe, ITO MbI IPUMEHSIEM B MO~
menu mamATh. Kak ObLI0 yike CKasaHO, ITaMsTh
OIIMCHIBACTCSI KAK MaCCHUB PErHCTpOB. BoT cuH-
TAKCHC JIs1 OIIMCAHMSI MaCCUBA PETHCTPOB:

reg [<memory_width>] <reg_name> [<memory_depth>];

Kaxk »xe 3arucars TaHHBIE IPU HHUIAAIIN3a-
UM NPOEKTa B TaKyk mamsth? CHcTeMHasI
dynknus $readmemb xax pas u nossosser 4u-
TaTh GUHAPHBIE JaHHbIe U3 (haiiIa 1 3arpysKaTh
9TH JJAHHBIE B MOJEIIPYeMyIO0 IaMsiTh. CHHTAK-
CHC 9TO (yHKIUNI:

$readmemb («<file_name>», <reg_name>, <start_address>, end_address>);

rie <file_name> — uMs u nyTh K daitny, co-
flepKalieMy ABOMYHBIE JaHHbBIE, ITapaMeTp
<reg_name>— 9T0 2D-MaccuB PerucTpos, B KO-
TOPOM XPAHSITCSI HAHHbIE, I, KAK OIIL[HH, IBE X~
(pbL, KOTOPBIE YKA3bIBAIOT HAYAIBHBII 1 KOHEI-
HBIIi a[[pec JaHHBIX.

Dajll HHUITATN3AUT MOXET COEPXKATD
TOJIBKO JBOMYHBIE JAHHBIE, TPOGEIIBI U KOM-
menTtapun. Pynknuio $readmemb 06b14HO BbI-
3BIBAIOT [IPY MHHUIMAIN3AINY IAMSITH B OJI0Ke
initial. @ynknus $readmemh ananormasa pyHk-
un $readmemb, HO paboTaeT ¢ IIecTHazIATe -
PUYHBIME JaHHBIMH.

Heo6x0auM0 OTMETHTB, 9TO €CIIN PaHee IPo-
rpamma XST, mocrasisiemas dupmoir Xilinx,

OBIBAeT MOJIE3HO BBIIIOIHUTH JOIOTHUTEILHbIE
BBIYUCIICHNS B IIeJISIX MoeInpoBanust. Hampu-
Mep, MBI MOKEM 3aXOTETh BBIKJIIOUUTH KaKOe-
760 yIpaBieHHe B IPOBEPSIeMOM y3Jie IOCIIe
TOT0, KK IPOLILIO OIIPefIe/IeHHOE BPeMsI IIPH CH-
Mmyisnun. ECIu MBI HCIIOTb3yeM PerucTphl
C 9TOII LEJIBIO, TO OIlEPAIINN Ha HUX MOTYT GBITh
IIepeITy TaHbl C eHCTBUAMH (PaKTHIeCKUX aIllia-
paTHbIX cpencTs. Ilenvie uucna (Integer) u ne-
peMeHHbIe Bpemenu (time) 06eCIIeINBAIOT BO3-
MOJKHOCTb JUISI OIIUCAHNUSI BBIYHCIICHHI, He00-
XOJIIMBIX 1711 MOfienpoBanust. OHN fIearoT
onucanue 6osee HAMLSIIHBIM U CAMOTOKYMeEH-
THPYeMbIM 1 00JIETYAI0T COIPOBOKICHNUE IIPO-
eKTOB. 17151 0OBSIBIICHNUSI LIEJIBIX THCEIT HCIOTb-
3yeTcst KIII0UeBOe CJIOBO integer U naee UieT
CIHCOK epeMeHHBIX. OGbsIBIeHNE BPEMEHH —
TO JKe CaMOe, 3 FICKIIFOYEHIEM TOTO, 4TO UCIIOJb-
3yeTcsi KIII0UIeBOe CIOBO tite (ipumep 26).

integer a, b; // nBa uenpIx Yucaa

integer ¢ [1:100]; // MaccuB meibIX Yncen

time q, 1 /| Be HepeMeHHbIE JUIs BPEMEHH
time s [31:0]; /I MaccuB Bpemen

Mpumep 26. O6bsBNEHNS LE/bIX YHCEN W BDEMEHH

lenoe 9nCI0 06BITHO HMeeT Pa3psLHOCTh
B 32 6uTa. Omepanyy ¢ mesbIM 9UCIIOM, KaK Ipa-

$display, $write

BbiBOA, MHhOpMaLIMKM Ha MOHUTOP

utility to display information

$fdisplay, $fwrite

3anucb HdopMaLK B thailn

write to file

$strobe, $fstrobe

BbiBOA MH(hOPMAaLMK Ha MOHMTOP /3aMKCb AaHHBIX

display /write simulation data

$monitor, $fmonitor

BbiBoA MH(hOpMaLnK Ha MOHUTOP, 3anKCb MHGhOPMaLWK B chain

monitor, display /write information to file

$time, $realtime

Tekyliee Bpems CUMyNSLAM

current simulation time

$finish Bbixoa 13 pexuma cuMynsLnm exit the simulator
$stop OcraHoB B peXxuMe CUMYISILIMA stop the simulator
$setup YcTaHOBUTL NPOBEPKY BpeMeH! setup timing check
$hold, $width YcTaHoBUTb NPOBEPKY MO BpemMeHw Ans napameTpos hold /width hold /width timing check
$setuphold YcraHoBMTb NPOBEPKY N0 BpeMeHu A5t napameTpos hold and setup combines hold and setup
$readmemb /$readmemh Yuraet namaTb AaHHBIMK 13 haina CUMY/ISILUOHHOTO NaTTepHa read stimulus patterns into memory

$sreadmemb /$sreadmemh

3arpyxaeT namsTb AaHHbIMK 13 chaiinia CUMYNALUOHHOTO NaTTepHa

load data into memory

$getpattern

O6paboTka chaitna CHMYSILUOHHOTO NaTTepHa

fast processing of stimulus patterns

$history

Pacnevaratb UCTOPMIO BblJaHHbIX KOMaHA

print command history

$save, $restart, $incsave

CoxpaHeHme, nepesanyck, 4aCTU4HOe COXpaHeHue

saving, restarting, incremental saving

lMogcTpoitka napaMeTpoB BpeMeHHOM LuKasbl N0 napameTpam

$scale 13 Apyroro Moaysist scaling timeunits from another module
$scope [NepeknioyeHie Ha COOTBETCTBYIOLLMI YPOBEHDb HEPAPXHM descend to a particular hierarchy level
$showscopes [MonHbI# CNMCOoK NoMMeHoBaHHbIX 6I0KOB, 3adaHui, MoayneN complete list of named blocks, tasks, modules
$showvars lMokasatb nepemeHHble show variables at scope

Ta6nuua 18. ®opmar komanabl Display

Dopmar 3anucu Onucanue
%d or %D BbiBog Ha MOHWTOP nepeMeHHON B AeLMabHOM dopmare Display variable in decimal
%b or %B BbiBoz Ha MOHUTOP NepeMeHHOM B BOMYHOM hopmaTe Display variable in binary
%s or %S BbiBog, Ha MOHWTOP CTPOKM Display string
%h or %H BbIBOA Ha MOHHTOP NEPeMEHHON B LWECTHAALATEPHYHOM (hopMaTe Display variable in hex
%cor %C Bbisoa Ha MotuTOp cumBona B koge ASCII Display ASCII character
%m or %M BbiBozA Ha MOHUTOP HEPAPXHYECKOrO HMEHH Display hierarchical name (no argument required)
%tor %T Bbisog Ha MOHWTOP NapameTpa BpeMeHn
%v or %V BbiBog Ha MoHWTOpP napameTpa strength Display strength
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HE MM€JIa BOSMOXHOCTHY BBITIOJTHATD MHUITUAIN -
3alIUI0 IIaMATHU TaKUM 06pa30M, HO TEIIEPD Ta-
Kas BO3MOJKHOCTD YIK€ €CTh. HPI/IMCP, ITIOKa3bI-
BAIOIIMI YT€HUE IBOUYHBIX JAHHBIX U3 (baﬁna:

reg [31:0] prom_data[1023:0];
initial
$readmemb(«../data/mem_file.dat», prom_data);

Kpome OMHApPHBIX M [II€CTHANIATePIIHBIX
IaHHBIX, IIPO0OEIOB M KOMMEHTapHeB, Qailibl
UHHUIIATU3AIAN MOTYT TakKe COflepKaTh afl-
pecHbIe METKH:

label (conpoBoyaemas BbpakeHnem @<address>).

B npumepe 27 nokasana popmMa 3aIucu aH-
HBIX B (aliTe HHUITUAIN3ANHI ITaMSITH.

/I This is a comment — KOMMeHTapuu

1111000011110000 /] 3amuch 16-61TOBOTO YMCIIA B IIEPBBIIT Alpec
1010_0101_1010_0101 // 3armcpb 4uciia BO BTOPOIt ajipec,
/| cuMBOJIBI TOIYEPKUBAHMS IPUMEHSIOTCS
/I st 06J1eryeHust YTeHNS JAHHBIX
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