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1.1 EFHECADEABEARERE

it 0 20 B, FAHBEITEANERIFENE. BiFARSRFHESERAK
Bt Eg. FRHEZEINTEEFENER L, FREEH TERARK. B8—NENE
B# ( Integrated Circuit, IC) RO TEAER D, BRI ER B ( Small Scale Integrated, SSI ).
SEFET ZERMAERE, iTETUERNER bABREEETT. RITRZ AP IEE R
L8 ( Medium Scale Integrated, MSI), [fEEXHUEENBREE ( Large Scale Integrated, LSI) #yiH
W, ¥ iEE el —R, BHERETFHRERIETES, HEiEREREsgif
WrERREM HBbE . FAXMEFEMME T B it B3tk ( Electronic Design Automation, EDA )
I B R, T R P g FE B O E AR A6 R Ay R A 1 U D RESE AT B6HIE, X8
RAEMA S —RAAS T AT RSEY. SaxstriRARER R bR, T ARER
HE e R AL BT m b B 58 A A B RO AR [R5

TR R BE ( Very Large Scale Integrated, VLSI) BYHIRMHEEET AR FTLOE 10
FA- kB E R0 A F . EXMHEE T . EERREE R R EHETRIZHRERATINE T -
e P B AR B AR 4 i AR R A TR B E, Ft, AT TR
W B BRI RTAT, RiTEEREAN AP Tl BT BN IR, AhATh
RERE LR FFRAIR 1, BRI R E R ETER, BRSERREW. EREH
WA, R E A R RS E TR DA T BT .

BEE IR AR, HoskkmE 4y, BEGRER M OT AR PR ME
B, S LUR s HERR 254 P A TR [PIET

1.2 BHHERAESHI

RALISE, AR FORTRAN, Pascal, C%&5 RillfFitENEFRIT, XEEFE
BEBIGEITY . FRE. R, T A R A AP h 5 R TR L
. EXFEERT, LM RIES ( Hardware Description Languages, HDL } RIZTIAE
i O] DU R R P 3 R BT A B 2R IR SRR ARRIEE 7, Verilog HDL HI
VHDL R84 51 1% . Verilog HDL F* 1983 £ £} Gateway Design Automation A1 . fi/5. F3E
E e ESmREEL (HedaR) A&7 VHDL, @it ARTRHRIART T Verlog HDL

U ABB—IEREET CAD LREAARE. KERABEE. CAD ( Computer-Aided-Design, I HE-HLFEIERTT)
CERXPAEEN RS TSBEEN TR, SN TAMTUERTE . ML HEEEMEIE. M CAE
{ Computer-Aided-Engineering, RV TR ) TARX TMARBEEMERHRREAH TR, in HDL {5H.
B AT, i ARNIE CAD 1 CAE ¥ RIERA. B¥, EDA AIFLHANRE T CAD HI
CAE B384, A TRZEN, A FPRIMNEEH KR TREHR EDA TH.
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H VHDL X B . HEiTAREF AT .

MK 40T HDL #AT2 B RIEC 0% &, HRRiTABMRFERFTEET HDL 4R
TR A NS IR EERE . 7 20 e s0 FRAEH, ZHESTENEZERN
WFEEAET YA TERNEM. RiTE UEH DL T EHEHR ( Register
Transfer Level, RTL ) XHEBHITHL, EXFRTFFED, HitEREERAYE (G0 &
A0 7R B £ 88 Z (A1 88 2 2 R AN g b IR AY , T A4 HEre B A28 8 1) B LA B 2 ] A v B ( Y0l )
MEHEE TE B3 M RTL #iE PRIk,

EHRES TRMEBME RS HDL ERFREHT P SETREENMA . EHEAHES
AN F TAEHE RS, A fTTmT LU R AR5 S skt A s B A0 Th e F SR 3 16T
RIEHEZREES THEGESHHERT R LA SEARA EMEHaTs, S HDL Bk
HITE 5E B4 E T HE .

e, HDL A RZZEFT P BRI TR . HDL HEF AR . HiEas . FPGA (Field
Programmable Gate Arrays ) [ % PAL ( Programmable Array Logic ) 2. B ¥ A EMF HDL
Bkt A . RE A BRI R A M THEE.

HAl, Verilog HDL 242 /VARY IEEE ¥r¥E., Verilog HDL #755— e (IEEE 1364-1995 )
JETE 1995 HF4LiERY., B IEEE 1364-2001 3R 5 BREM LA T B85,

1.3 #ENGHETE

B 1.1 FoRA AR B B e BT R R, PR B T IEE R R R
W, WA FER NIRRT R,

{EEMEFES, SR RTINS E R, NkRANAEE
FEAUTHER . BN MBEGAAITIE, EX—-MEIES REEAEEITA TR, BETREITE
AT AE R RSATRBETIRE, BRE, R EN L RHARBRMEE, 78R8
i {8 HDL RRE .

AT A MR E RTL AR RO ETHEE T R, B, itEEEwE
LB B ThRE OSHE L F Y R A . ZELAME N RITHERT, R ARRT AR B T B4kt

L T HATERRY RTL BRI TN E. TRNENEHE TR E X AN A
FERERH RSN, S8 TETERESS R TRMER RN . mHURIHEMER, 3
HHR . ML TAERALZABRRINMRI LR AR, &RAREZSTRIER T LIRS H .

R RT, A ESEFEETFETS RTL #2804k, 7 RTL R 5.
Wit E T LIZE EDA T AWM T RS d®. A RTL St E F ol LUK RS M
JUESEE AL A, A 0 REFE B4 AT (8] A 133 F7 2R iR R e

BT B AOAT R er & T ELAT DU A B el B 0T il iR 5 1 RTL i flik . EE TR
& THATH RS, HEAK DTSSR EENTHEARRERT. RITERFAFEEHENE
Y i Bl HDL X LR B: it 17988, RIGTE EDA TEMB I T REMT BRI BEGE R4

IR FE

T BHHEA EDA TEA]RAGTEREASIT R T 0 E . 3 1T Ry HDL fiif ) B0 BE5 5 ( 80 C++5F )
RIS A —E. ATXETH, MAEEMH Verilog HDL 345 B AERY FT R
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P 1.1 SRR AGT i

E# EDA T RGBS MRTR At B Edaisit A, Bt R il
B, WIS, EDA TRt EREAG R BIHS T E A SR T R B

Wi T T M. AREMSED T EDA T RIS M EILATIETT

14 WHRAESHENX
A B TR B L, GETIREERAE (HDL )it AT

o EitfE HDL, @S EIEE R AR o X d B T A AT EATE RTL 2R
S P HOATT RS ENFA T2, BREE T ARSRERI AR AT
Fhdlys T o ERE RO B T2, S E R R TR AR T, AR RTL
gpHERE AR s T E, BRI E B T 20 1M . SRS T RARIE T
2% e B e 17 A BLEEFT IR AL

o G HDL, i8] A PE i a0 SR B A AR AT AL - 3 ol AR TR 5
KAt RTL SR AL Fss, 6 ABEThREATBR | fh TRERSTEIL T R AR 2
e BRI, B KRR T 7E IS 10 [ 1 IR e s BAR I |-t FURE R 04 T
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e, @ TERINEBEORE, BEMEE T SO,

o f§if HDL #TIRIT R TRE HENRF, WA X FEERNRERFER & T AMmEN.
S B F AR, R RIA A R B B HE AT M R R . EEE
ZE T, MRS B FERRRE, JLFRITEERN.

¥F HDL iEFERE A ER SN . MERFREERM AN R EDA TA
1 H R, ETEAMREE T EE20 AR FEBS T LR, BF— 1 HFHR
B&VE 1T OB AR TC A PP B A BT H B

1.5 Verilog HDL B91E &
Verilog HDL B4 & R e fE PR IES . TS, EEAGFEEA:

* Verilog HDL 2 —FfBEHMEA#AES . B¥EH. BTEREERS CiETEM, EHik
T EA CIESHEBEZBHRITERR, RESEIMYLE,

» Verilog HDL RRIFTER — B BEER HITARHMRERAHE &HETRAT R, 1.
RTL @& T AEE BT B EERHTE X . [, #iHE RBEE B 5 HeER
e BREAERE, #TERERT

o R EBHITHGEE T EEHH Verilog HDL, X & Verilog HDL B AT ENERIBESH
BEFHAZ—.

o FrARIHIET FIERR LA T Verilog HDL 48 Z G R B BT A oniFE, KRNI Verilog
HDL #7111, BIRIAE) 2 MM E NSRS HERN .

o HEEFHEND (PLD) £ Verilog iFEBAEMNREL —, EEB/BETHEITLUELHE &S C
eRBsEifiE Verilog WEHRIEAESEM, ¥Hit& al LI PLI H A C KT ERACE Verilog
HDL {5 E#%-

1.6 EBHMRAESHEARED

¥ E B R B 2 IE AR K, X ESR IR E N E B AR B U B B 1T 14
A XREHGAREITE REATIRENAE T, B EDA TRFZERMESCHAY . i
H#H5S T, EDA TRAUSRIEFFRMM BT BT, FHAPLERRTER.

T2 EaA TR RTL #iRE R TEME, HATET HDL B ERETA 22 RTL X
Wit. FAREESTA I EE AR EMT A THE, RSB EDA TREAES M
Erb it mAtidr, APkt iRl o EF ., F, Verilog HDL 45 1L ABt
Har AR, LUEMNET AT RIE A .

Fo 2 BEE FINE S #2F ( formal verification and assertion checking } 2B IT & BRI TTRIE
Hik. BRI B AL BB A R BE Verlog HDL #iR6I IEWITE, 3 A3 RTL Wik 55
& E 18801 TR MR EBIT MRS HITRE ., AT, A Verlog HDL Xt riliiR T KA
ALpide . BB IR RERIRAR RTL #d$, UETHRHbBRAENHTHTRE.

U EEEOLEPEEHRT LM EERTRIESH TRAFNS .. REFEE LTS HfTIREKIL. HE.
SUBBRHM A, HDL AR MAERNIET, B A ar&Ray,
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SIAEERL . FRGE b BHEAEF IR T REN R XEIEERES HDL WaIFF%
YEAHEAL TR E A RIBEEH, XAE Cr+mmXTSRATHRES, RIS E AT RN 8 shE 0%
MR EAUERERTE. HE, REIETH AR Verilog HDL f9&UE, HOMUET AKX
SRR AL, TR URTEE A Verilog HDL.

B TRMA BRI AGERE . W EE R Rk, BHEES T HARA TR
RFFAREAR ., ZXFHEE T, SOTEEFETFEEEE RTL R A TSR, LLABIE
HRRR . BT RITERERFRERARREREEIERE, @ EDA TARIHAREHEXFER,
HILRRLF AT RMR T EH AT RRERNBOTHE, PRI E2E KA.

FHEFRTRAN S —FERRS & EH RN LMk @it HEEARE ) Verilog
HDL #3 , EAIGRREHE R = r g ftave Lok iR R 5, DIEHTHE. XM
BAR T RSN, a7 RAM. flin, FEiET—1M8F CPU, BIBALEER . VO R H
RAELMNESR, CPUMBITHEBCEHETF M RTL BIFHFE T —(L CPU. B TRES 7RI TR
% CPU T RER R . BitE o LIERBRIEAC B 7 A VO B 5 T AR RIS = 05 R LAy
RO CRRECEE R YL, X AT U7 EE AR BN R B /O G5 F B8 RTL 138 58 B2 A6 H ik
TR, BB ERA, GRTREABBEA,



F2E BRRKEBEMEKS

TERABHEITHE Verilog 185 ZAl, BAITE TR EAMEF AT PFEFSHERBERE- 2
AR T BB TS, ABBEA Verilog HDL #HTBMMARIT. AT, BN HEIK)
WP EEFHTINR, R AT Verilog Boit R BLX G, BF R EBE 24
B, T EBRIT X S AR R R Z B R TR

%3] B
o FEEFARTOTP AR E BRI 8 E T T
o B Verilog PR I HL L] 2 R BT XA

o S 4 FORR MG M BRI R — TSR,
o BRSO VRIS RSy, B XBAIRFITIER, RHBRE R TR

E{]ﬁ&‘z
21 QI FEFEE
MEm iRt PR FEAEAAE IS B EME Bm it h . EEm ikt

i, WATESE LR, MR ERLERRERRNGEHFRR; RiEH—8
EAFEEATHH, HRRBREA S RNREIEER. H 2.1 B5 7RI Rasit

.

TERsL

FHH 1 FHisk2 Tk 3 THH 4
&I B ST BTG M T Mo U S

& 21 BATRFRITFEE

7E BIRR BRIt B, BATE A FISIRERE T, SR MR AR BRI B
K—Sp9Thebsk, fmiaksr R ERH. B 2.2 88 TR EARITEE,

EMBIR B, XIRATERIESERN. &IT AR R EREAIEREWE L TUER
He. SBHRITE R E AR EE R TR O TR SI0EIRY, BRI ST RZINAE
BB TR, H— SRR SRR . P 8 T AR K75
WL HEET, EEGR—FREAEE. X6, BRgiTE oA RRREER T —RED
RERE, TSI & s (e g U T B A IS TR 08y i B ST Rl A S p it
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TR 2k
T ) FHRIL2 FHL 3 HET4
M #T B 7 MBI M ET T 62T P+ LT - 57

22 AEE LSy
AT R BREEABRE, TERITUA TR A 5 E Bk S 425 A 5 AT 18 .

2.2 MM pkahiZEritEEs

& 2.3 FAYKSIHATHEREAS R B T FRE R T AR AR . T T A a8 o LUl T el
fil &K D AR ISR (R D MR AZAY q_bar SRR ), S 2.4 Brs.

Rk shit 22k a0

[

: q
clock ——O> T

L
10
reset
/& 2.3 BkEhiEA T EAR
TR % b
reset  qn On+1 j
1 1 0 p q
1 0 clock —E—-—-——0> D
0 0 |1 : e
: D_FF
L I 0
0 0 P
reset

B 24 THRESS

BERHR, RO UERERDETHERER X EG BRI, #iTRR
® 2.5 Bk,



$2¥ EARESHBA 9

LS lVhe B8

/AN

T ﬁiﬁﬁ T ﬁiﬁﬂ% T ﬁ:&‘j& T ﬁﬂiiﬁ
D_FF {17 3E1] [ 3E]
B 25 #iTER

R E U F AT, HERRIRM KA BRI TIEE . A T ks Eg
BUBERZ G, #—P0EH D MM TRE T AR XAFERNEFT LSRR D6
BB/ Thib e, HRURMEEN . AR LRSI RS, TR S IR .
RAVARB b FE N DT BEHOR S R A S, B30, ZEBKShHt AT BEsIF T, RITE
FefRISTIMR IR D R4S, REFHAREER-TAEXH D MAR, FAKELME
i AT ERE D RSB ER L&E.

2.3 i

BIERN T B R BB ST Verilog BERE¥. Verlog IR (module ) FIBLERAE
—AEA TR, — MR E— o, I UREBRERNES. EAHNRITTAER
TR R M RTEER, DMESTRBER . SEdED (A )
EEENEHERE, EERE T AN, SR E T LU N R A TE
o, TR AR

TEE 2.5, BKEMEGIITEEE. T A% (T FF) #1D MA23 (D _FF) SHEERALH, 1F
Verilog ¢, M b 425 module JFHIR, T endmodule I AZR L BRI ERE LS.
A EE —MEE, BEE AR R B O R AR A

AR B0 .
module <Hitk&s (B OFIE>);

<HEHBIA B>

endmodule

RSN B AT, T AT LU

module T FF (g, clock, reset):

et
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<T PR R ThRERR L

endmodule

5/ Verilog BERT LABETTAT Afiiad, [RIES o af AT 454 HE . RIEITHRE, irEEE)
BRAFRA] LITE 4 D HRBE R P ATHE, MBI /MNERRIIERE 0, NS/ RARE
*, MEWMRERILK. RRAMATERXMEIERFRBEIN., ik, XREATHEZER
MENARRIBEEREE., A PEAEERNET N XEHRRERSRIATRE- ZHERMBEXR

ESXWMT .

¢ ITRHHMZER: Verilog FIXHHNBRRMRZRK, WHHERFEASAMNAE, MAXLE
REREFLHAT . ERPTEREHTRTS CEFTREBIET AL

o BRAR: ELIRARERAT RN BEHHTHR, BT R OHREE A& TR
ZMRHEh, LR AN a3 s

o [19: MAHRREANEET M BRE &0 R NA R, X MERIRT
AT TEB B ER AT

¢ FFRE: Verilog i XFFHIBMMB RN, BRI X, TR ERLEXRERTIHE
B, EXNMERITRHEER TRt

Verilog SR ETEE— T HEFRGEAEZ T MRER . ARFHEBIOTE, RETERE
WA (RTL) #REREFEE T RGBS EERS S TREZNIT AR MEEE AR S HR.

B — A~ A 4 MR, Verilog SAVFIRITHMA 4 B RAHIZR R 0okt &M #EAT
fik, ERSGEATRARAGZR, BEHER—BMEHEMRHRE.

— R, BMRAEXRAE, AR FM T ZIEREME AR ZERAREHE,
REUMTEXXEEGEE, AR ARSSBO T 2088, XREUTER C &
FANCHRE S HTEFRITRN L, # CXARRRIE T KPR % i F3F H of A 14
RKUNFEATCHRET, WREHIRRERITEN, HEASHBHEAMAT RV LA e

BRI .

2.4 BRI H

R A B AR F— A4~ 8AR, i R MR gk rT L B R S AR 8. 2R Bl A P A AT 88,
Verilog 2R R AR ME—MNBBOHIR, BIWRBAESENEE. TR, 28I ALM
H O YT, WHER BB R A0 B D L HIK (instandiation ), S8 RIS ZFR 5y F Bl (instance) .
e 2.1 b, TRZEHREE T Mg SERAET 4 128, 810 TaRHELALT 1 D ks
FI—ARHT . SNEPRE TR —8, &, 1F Verdlog B “/" FF5ATERSETHER.

£ Verilog B, FAIFERSEH P RERR, gl 27E8EHAEHA module # endmodule
X RIARE AU S Hups 1, HEER 2 (R A B AR R A A5 | AR Tl . FEITEEME,
FESEER AR RS R TR . B B SR UREH TR AR, RS asiaRED,
Fo AR L A o8 P RO AT 3 LA AR S AR -
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B2 #REA GEFSIRD

S EHBT 4P TMER. ENZRMEESW 2 2%
/i ENXRAA ripple_carry_counter ( Bk HHEEE ) AR

module ripple carry counter(yg, <¢lk, reset);

output [{3:0] q; // MAMBRHEBONESNEEN, UELSHR
input ¢lk, reset; // WAMEROKEESE, LiSSig

/7 T 4T EE T_FF REH. B0LHARA ACHRT, S0ERAREE—ARE
S/ HEETEANR T_Fr BRNEIA

T FF tf£f0(qf0],clk, reset};

T FF t££1({q[1j,ql0]l, reset);
T FP tf£2(gl2],q(l], reset);
T FF tE£3{q(3],qi(2], reset);

endmodule

rf RBNAERT_FF (TREAR) RER. ©SIRAT— oER, BiER#ERPRER
/f DRMER (D_FF) BETEBERITPRNAEXT, 20E 2.4, BENZANTAER
moaqule T FF(g, clk, reset);

/1 PAB R T FiE m s — L R
output g;

input clk, resget;

wire d;

D FF dff0(q, d, clk, reset); // VR (ZEMFIH) o_rr, BER 4£F0
not nl{d, q);// €7 (not ) £ verilog BEFHATRERM (primitive ), LISEHHR

endmodule

1 2.2 B T AR AR 2 5E X, 7F ripple_carry_counter BB IEE R GERR EE 8 UL T FF,

22 dEFRBEBREEN

1 EBMEN ripple_carry_counter RMITE#EH
7/ BB EEE X T_FF BEIER:M

wadule ripple carry counter{q, ¢lk, reset};

output [3:0] qg;
input clk, reset;

module T FF(g, clock, reset); // IEHMEHIRE

< T FFHRHEPATHE -~
endrodule // BRI

endmodule
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2.5 ZBIB(AERMEK

Rt Ze . BOARRTHFIERE TR . BT DA RSB R, it
HHR ORI GEMERME. BRI RBSTEE R E AR mhS . K Fois s Hen-Fgit
=—f R TR A . RS AT AR Verilog Bk, MAUERHAI—FES, MEhk
—BEFR IR A Cestbench). R LLEE A RIROWE & XT3 Bafk 172 m i

BT RIR T A P AER . —FR R AR R (EF5I ) FEEWRRR. &
B 26, TREB R, BEREH clk H reset (55, BEHBREHES q-

( MR )

clk resef

Y v

(i3
i AR e

'

q

B 2.6 RELBENERE A i aosi bk

72— R R A R — T B TR i A (R85 A ) SR frigitae. i
RIS BB L DT, R 2.7 BiR . BEBEREES d_clk 1 d_reset, XFME
SMZFEEBHR I AT clk 1 reset AW L, BUSRFEHEAENERES g, XMESEEBIR
HHREE RO g, TZESRNERNZMA (L6518 RitRmgms.

e
d cdk - clk
e it B reset ﬁ%ﬂm
S s
c.q pip—————q

/27 FETCHIA/MH RO M TR R Skl TR ik
SRR ) AR AR AR A RO X B T BGA T TR

2.6 4

TERIIRIN S a1 T e B T E BT, R & F e . B,
BT FIS R Bo T 3, RER R N RO B T . ZEBER Verilog #1T

D B LY, BMRERERH, RTEXRE LEPENHANESE A, —FEHE



B2F EhEReNs 13

HERAEERS, EEDDFEN TR TRASH, RRERRTEBA . 725 AR HoR
AT TR AT IE

2.6.1 itk
BAHER QT F R diridit. Wl 23 B, BITE S kah# SR 5B
T (BR2.27 ).

B12.3 BRehi#oit R TURER

module ripple carry counter(q, clk, reset);

output [3:0] q;
input <lk, reset;

dOERT AT THARE (T_rr) AER, ETHEECHAT
T FF tf£0(q[0],clk, reset);
T FF tff1(gll]),gf0], reset);
T FF tif2{gl2],gll], reset);
T _FF tff3(g[3]1,gl[2}, reset);

endmodule

e b AR AT 4 4~ T_FF REH], FEBIT00aE 2.4 g &S T_FF BIAES
sy, E 24,

fli2a MEFET_FF

mcdule T _FF{q, clk, reset};

cutput g;
input clk, reset;
wire d;

D FF dffolg, &, clk, reset);
not ni(d, ql; /7 3T (not ) Bverilog BN ERERH (primitive)

endmodule

itk T FRHRA (£FSIH) TR D_FF., #2.5 @ THH: D_FF, Bix-1 D %
EREEAN.

fl25 DA (D_FF

/7 ERHEAMN DA (D_FF)
module D FF{g, d, clk, reset);

output gj
input &, clk, reset;

req q;

(¢ MUBEEMEFGH, FERXEEHMNZIE, REEEeRiT &R B Tun T FA7 %58

always @(posedge reset or negedge clk}
if {reset)
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endmodule

FIEMATET (EZRM{EEMTRIT) Mk, EXSENAARERHETTEL. &
BeseR T IRHR

2.6.2 HhNR

THERRE ORI, M TR RE NIRRT Ef. XA, T
FRERIES ok B reset, DIEREHHEEENIIELIEEAIHE ., RIMERE 2.8 e EHEER
WERIHTWIR, B 2.8 PRREESIE clk, reset FAITTHEN 4 fitg . BE ck WEREEED
110 Bt R AN ; {55 reset 7E O % 15 #1195 = 205 BRI E N 1, HARZN 0 #H{3E
5 q MO FiRHEE] 15

#] 2.6 A 2.6 BEMESRES =4 FEES BEWEHR. X B FETEEmRn
A (MR ) ik, BB Verilog B

2.6 MEHER

module stimulus;

reg cli;
reg reset;
wire[3:0] g;

// B HC &y it eyt sn iy

ripple_carry counter rl(qg, clk, reset);

/7 BT R ES ., RN 10 T efREAL
initial

clk = 1'b0O; s/ BclkBBEHNO
always

#5 clk = ~clk; ;7 8 s -TEEALMN 8

£/ PEHEES) ST reset 59
initial
begin

reset = 1‘bl1;

#15 reset = 1'b0;

#180 reset = 1'bl;

#10 reset = 1'b0;

#20 Sfinish; 7/ # K

end

/7 TR
inicial
Smonitor (Stime, " Cutput q = %4, q);

endmodule
i




2% EiEuems 15

TEBAIB SRS . B LUGEAT R BB+ B Ay D RR IE B T . OV ELAGHR A &5 SR 2.7
BT

clk

e ————,

reset

N 0000000, C)0

28 #RESMEHEE

2.7 FRaREER

0 OQutput g =
20 Cutput g
30 Output g
40 Qutput g
50 Cutput g
60 Cutput g
70 Qutput g
80 Cutput g
a0 Cutput g

100 Cutput g
110 Cutput g
120 Cutput g
130 Output g
140 Cutput g
150 Cuatput g
160 Cutput g
q
9
g
9
g
g

o

0
1
2
3
4
5
6
7
8

1T nnm u n

S
10
11
12
13
14
1%

0

| S I | [ |

170 Cutput
180 Output
120 Cutput
185 Cutput
210 Qutput
220 Cutput

H N

LV e T N

Hon

27 INE

EAER, BiBHE T FEAOEEE:
o HTHFHREERITRAT L. AR T HEMERR L%, EE5MEFmsiiTTy,
XEMTEEFHSHR. AT ERERM, ERXBSHRITERE TS

HAPGHRBEE.
o BB Verilog PRIBAINEER G, MILELHA (XP5IR ) XKER, BRAEES)

M —ARIR, DI T R R sl S0 LoE A R FRIA .
BEE TR RS AR S LA X FIFF K .
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o FEHABNARIBERFS: RITHRABER, BERHTIHETR, $EBER R
B 3BT R A AR R AR
o LIkah#AOT IR, —HMRE T AR MR RENTE.
A HNEEIREERITOWRER, FEHIEB Verlog B IMTENX MEITHE. X T
Verilog if 5 R B, EERMMBHAER, UUSSIF I iNg .

28 ZlFR

I BZEFR (IS) HUTFUMAR. — P HEFHEG (MEM), — P RgEERZ (SC) f1—4

WA EHH K ( Xbar ),
a. {HFXES module #l endmodule 5 XARKR MEM, SC #0 Xbar, AF%EE XBEHRHNE,

HEBEEREAmOPE,

b. {#FET module #l endmodule = SIS, 76 IS Wi (#3518 ) MEM, SC #
Xbar B, HIE 14 BlMr 2 2 meml, scl # xbarl, ATEELHEHMNE, FEHBRET
B HmO5ER,

¢. f# R8T module Al endmodule £ XEEhER (Top ). 7E Top EERP R IS Bk, HH
g (ERFRsEfith . Rix4L) Fisl,

2. — PR AR AR e 4 — A2 MERE R

a. ENBEHFA, MRESESERANE M O3E.

b. &ML Ripple_Add, AFEE XHEBASFMROPE. TEEERTEH 4 1 FA 28002
fin#%, WEAVTMAZHR (a0, fal, fa2 F0fa3.



BI3E B A KA

ATHE Verilog PRIBRAEEEWHNE, FEEWTSHEAREENAE . XHLER
T Verilog i& 5 A EAMESE, Verilog HIR) AV B IER) 1 SERRAE 14 H B b R BLIEFFRATIT 55T
R SEGE . ARMASAEASNR, BRENENEEETHIFEHT T LREEM.

F3) BHF
o BERER. BB, =20/, BF. FEBMRRRRIEEAE.
o ESUEFBEEEMEIEAR, OFEAN, S nR. BF. (TENE., 24, S8

HRESRTFRIES
e FHHEAHTEAMENFER . BENERGTENREALTE,
s FIRATEREN., XIFETRIETHIFES.

Verilog HHERFAENES C EFHML. Verlog #bHE—1 “Hi5" Ji, XEK A
DIRER. ARA. By FAE. WREREET. Vedlog BI/NEHXH, HHKXBFL
SR

3.1.1 Z=8HE
SEBESHE (b)), SR/ (W) FRTEER. BTFERSEPHNSAK, Verlog T2
BB F ARV, TE4IEM B .

312 FE

Verilog i AP EIBRBA TR, DIEIEFATEENET UHEE, ARmHEER
s BATTERRETER. fTERY 7 FHE, Verlog BRBMEABTRERMANE. £
R " THE, &RT 7. FTEBERAFRE, HERTERTLIBEESTERY .

2H4n0T .

a=>h &k ¢; ;; BfFER

i B

HE -/
/xR AEERE vy R+
/e REE s BERIERE »
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3.1.3 BES

BRI R R PEIRER . WH RN - HRERN, RHBREMORERS THRE
B = BRAEMCEMA-PIARIER, R RIER. 2FmT.

by ¢/ ~EEEARAES. bR
&& ©; /s ReRTRHEBES. bflc BESEH
? oo d; /7 CHERER, b, o 1 d BERER

@ W
nn 1
o oo

3.14 ¥=FEF
Verilog H ISP RECE AT B . F5 U067 M MO A 45 T (3 A

LR vl vES

IR BB R RIE XY, <sizex>'<base format><numbers.

<size> I FRMBFARNMER, REATHARRER. SEMNEBRAEHE-HH (d®D ),
FoNdth ChECH ), R (b B ) FAGEH] (o800 ). BTFAZENMAERFE, 1, 2,
3,4,5,6.7,8,9, 10, a, b, ¢, d, e, fRFER. HE, MFREERE, FAEALNH{EH
Hpp—F4, HFERITERAESS. FHIT.
4'b1111 // AR 4 R HEIE

12'habe /7 X BE— 12 {UlHAHFEE%
16°d255 /7 iXE—I 16 e

T AR BB
MALEMFTHAPRFR EER, BABIART A HHEMME., HEEZFIEEEE, WEIA

AU RE S ESFSAERRITENAX (BR324 ). 2HHT.
23456 // BRI 232 M+

‘ha3 7/ XE—T 32 ud) Hra s
‘021 /7 XE—4 32 M AR E

X#ZIE
Verilog AR5 2 YR A AFERASEE. XA SEESREBNEERREEREE
By, AREEM xFox, SEBER zFR. 26T

12 hl3x // X2 12 MATAHEEE, MTBRCARE
6'hx // XE— 6 MAHAREE, AT EAE
32'bz // XR—F 32 LMEHEME

TELL Fasibdl i pER P xR 2 AL 4, T/ GHBRRERT x z/,AF 340, 270
SrEm T x sk z 8% 1, WRELEWEBRANN 0, x® z, Verilog iIEFHEWSTRIEM 0, x
g% z HE T R, LIEMSTRES N, Xk, YR (EZARTER) fiifaNe2R
T 0, x 3% z WAFEIEEHME, MEELENERMN 1, Verlog IBESAEHEM 0 XT BRAT
B E B D




£3F R KB 4 19

e
TR, HATA LGB RN RTINS RS ER— T A, HAR
RA/N R ELERIER, R SRS F 2 RRIEEN ., M THFSHERZE, Wi

‘ I — ARG SRR s R R 2T .

( 60dY s KB 6 RAAI SN T R 3, BRAK

-6'5d3 // XE—T 6 UM HASEARZH AT
4'd-2 ;s EBRHR

TR&FEMES
B TSR, TR 7 TR IRAEREPRTMGE, Eo9feH R a0 i,
Eﬁ%%&%ﬁﬂ%ﬁa
fE Verilog iEJFAERNEHEFRRP, HE 7" Bz ¥WH—FIn. FHRSNHME TSR
casex 7 casez IBATOIEME. EXFRIEAFR, “?7 (HIEHEF) #Tx L0 BIFR,
‘ BAITHAES 7 EhWHHEGTNE (BB, AP EENFE UDP 1, HERERENS Y, &
~ TUSTES 12 BRI IGEITNEE ). 250040°F

12°b1111 0000 1010 // HTRIKRRFS KB HELE
‘ 4'bl0?? // FHETF 4'bl02z

3.1.5 FHFH

FRE R BT | SRR~ FFAS . N TFARNRELE, COAEITPHEE%,
FEERGAERIT, BN SFEEN . Verdlog ¥4 58— 25W0 ACSH FR/FEAFY . 2

AN

“Hello Verilog World" /; B-—1F84$
“a [/ b* /s R—AFHE

3.1.6 FRIRFFFIEHEF

KEFRIER PHRENH TE GRS SWNRRIRUINT. Veilog PRCET2IDE, iR C
HRFIH T Verilog HREFEETRFE, A ET. RELTFHGHFEL.

HRREBRFRETNRNET, BF R ERSAERIFIN R .. Verilog PRI IARF d 75
BFFA. PRI (J) FIECA (8) Hil, RFRER S R/NERY . Verilog fRiRFFHE—1-F
FHULPLR T BE T el T gk, PRELIMFSSEonfE T as . RIS imeinili R v R ois
B, RITHAEGERETRHEGNE. 26T

reg value; ;;/ reg £XEFE; value BRI
input clk; // input BX@EFE; clk BEFIE

3.1.7 BXERIRFF

e AT LR B " TS, DISSEsr (6. SIRAMRTE) &, Verilog ¥ES
LERIZS A 2 AP BA TR, PR IR aSER Y, MRS NS
TREE TS EREAE AT R B — 284 . 20N F .
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va+b-C ;i EENTE. 5 aisbc FE
Virmy pname**  // BERW: WRENFHBNE vrmy_name** F[H)

3.2 HiReE!
EF71TiE Verilog FEALAIE IR AY,

3.2.1 {EEYFhAE
Verilog (i F PU{E 58 A1 A\ RS S BE SR SRR AR e B 2R . DU el T AR 1383, 1 s,

F31 PESBTEIE

B & 5] 1 HL R R 1
0 EH0, FAHE
1 EH 1, FEAR
x BREAHE
R, #aE

F

W TIEBBIEIASS, Verilog {8 FH5E B {H R AR P B2 o B vh S TR) 58 AR o IR 2 (R A9 R (8
25, FEMEO M1 LA E 32 PHH AR EHE.

732 B E EL
wEE R ¥ & B E
supply R0 1585
strong - 3Kzl 4
pull ®ah
large il
weak Wl
medium P
small ol
highz ik )

MERMMEEARBENFSESR MM, WEPSEREARREESHE. #m, W
BIEF % E 494 strongl Hil weak0 I S RIKkAE TS, MEFREMM strongl; WREA
WmEMFENEE R EESSE, WERNATER: WRNRE A strongl # strong0d FIRS
ZEREES, NERY x. MFEEES. MOS #3i4. 1A MOS FHAE RS- G EE,
W AR AAER., EAMRRIREM Sy, G tireg BHMLR A LIEAEMARE, &
BES>% Jarge, medium FT small =M%, BXREFEENEANE, SRR AL

322 &M

£ (net ) FORBEARITZRIRIFERE . RURTEELSCA BN, SRR HE R AR o i) v
EEIRED . e 3.1, 28N 2 EEESI] gl M HR, EHESMAEESTT gl ARHE: b&e.



BIF KA A A& 21

o
gl a
E 3.0 ZERI%

28 0] — M FH X8R wire EATAS R . NSV B ACHIEE e, MIBRAZE IR RN 1.
wire X ARIEF net (28M ) 2ET L. RRKNBIAEN z (trireg 2EXA MBS, HBHA
(B4 x), 2RFEHRHIRNBRRE, MBEEFEE, WRMNHER 2, 2F0T .
wire a; ;; M FEEEET o R wrie (L) BH

wire b,c; /7 RE MDD LR c HE wire (L) BE
wire d = 1'b0; ¢/ % dEEHER, 4 WA FIEE 0

FE, net FAR—IREY, ©AFRT —HERERE, £I% wire, wand, wor, tri, triand,
trior A K trireg %, H 4 wire RYRY2E WIFS AR H H, BAOERIRLE RIS IS A # A e,

3.2.3 HiFsw

M AR RTFOL, ERSEANEE, HEIEXE. &8, 12BN FFESs
S L B AP 2 A R Rk R SR PRV EE R AR AE RIS . 7E Veritog . ARiE register (UN BB
— P RERERER, SRMNEAR, FEGEFTEWNNER, MERFRESFFESITEREN#
55 EHESEDRERNZ, FAH0EET LU BERSE,

AP B AS B —OE T (R R C T reg RFTER, BUINELDH x, B 3.1 4418 T WifA e a7 7748
BIE

B13.1 #HEHENFHNER

reqg reset; /; FUHBERFFR{EMTER reset
initial // PEEBELEIRE
begin
reset = 1'bl: // i€ reset WY 1, FHFREEM
#100 reset = 1'b0; // &3 100 MEEHRLNE. reset HiEE 0
end

FEHFUALIAEIFERS (signed) RBRAR, RENFFRRTUATHASHEAR
2R, B 32BN THETSTERNENE,

#5132 HAESHFRHIER

reg signed [63:0] m; // 4 {UHHFSHE
integer i; // 32 {WHASHE

324 MEE

LR MAFF XM FEARS AT UARRRR (HERT 1), WREFHTEREREHT. N
PP E (162). 2T -
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wire a;// REMTE, WA
wire [7:0) bus;/; 8 {ifhpd

wire [31:0] bush, busB, busC; // 3 & 32 HREHELE

reg clock;// IEEFGEHE, BA
reg [0:40] virtual addr;// FIR#FFMR. 41 MRELHBL

o] B3 2t [high# : low#]5[low# : high#iHATHHEE , FIE S EANBEEARIENEE AR
fii. 16 FEREFR, ME virmal_addr BB EERMETHE 0 A,

[o) M 1 3
T EEE AR R, RO LEEE ERE—faE TSR AT .

busaA([7] // [E& busa ME 7 &
bus[2:0] s/ A8 bus FBIE 3 i

A MEER bus[0:2) 2SN, EVyRAUNIZE FR AR AN
virtual addr(6:1] // A& virtual_addr BIPPERE

ATTE R M A%
% TR RIS BBLIS,, Verilog HDL i fuifit e AR BBESE . ORrskiEg it
HAT LB for BHR ML T RA S M, T E RSB P & FRIER

[<starting_bic>+ : width]: MEIRHIFF LB, iR width,
[«<starting_bit>—: width]: MERIRAIFFIRER, VTR width,

BT LRE—NER, HEMEMIR—MEE. TERST R T AR R EE6EE
R

reg [255:0] datal; // datal[255]EEREARN
reg [(0:255] dataZ; s/ data2[0]REBAHL
reg [7:0] byte;

/7 EEERFNRK 2

byte = datal[31-:8]; // ME21HE, FMNefi. MET datall31:24]
byte = datal[24+:8]; // WB 24y, WHEN 87, MNT daral[(31:24]
byte = data2{31-:8]; /s ME L VAR, RN 8 i, HHT data2(24:31]
byte = dataz[24+:8]; // MBS 24 (R, WHEHk s, MET dataz[24:31]

hnm non

¢/ BHNRTLEER, HEESMERE. HithlLGE R,
¢/ RIS AR — MR B TR L

for {j=0; je=31; j=3j+1}
byte = datall(j*8)+:8);// KFR[7:0], [15:8]1... [255:248]

/¢ FTFRHie R —1 5
datal[ (byteNum*8}+:8] = 8'b0; // MP bytenum = 1, HFH g UHHEF, [15:8]

3.2.5 B¥. TN EFFRAEAR
% reqg 2802 4b, Verilog & 374 integer, real 1 time B fFAsRiEERL.




23F A A # 4 23

R

RECE MBI AR RA, AT EHTRIE, #RXET integer HEITRH.
ERBATAT LG reg ZERINF AR ERIEEANER, HAEH—-PMRREENTREEHRT
POETHEE BARE N7 . BAMEIBUADI AT EHNFRIAE, SEAEHAL. BB/ K 32
fii . FEHN reg REIWFHFRTE RS, MBERAUKTEN AR5, FHWT.

integer counter;,; —gHEMER. kit
initial

counter = ~1; //; {1 fEfEAHEEF

£

LF B R AR R PR T real RSB, o] LA F bl gl Bt S 3 04 3e6
3R 3 000000 ) XFoR ., SLEEHATEHAERE, HEGAEN 0. R RERA— M RE.
R 2 LS SR R BRI R 2T,

real delta; // EX—TEH delta MERTE

initial

begin
delta = 4el0;// delta WHH, BRFirEkET
delta = 2.13;// delta BN 2,13

end

integer i;// EX—TEN 1 HNBRLER

initial

i = delta;s/ 1 BEHE 2 (2.13 MBS

i (6] &F 7 2%

FE AR ERHBIHITY, Verilog 8 F— M EERIIBE] 57 2 8RR R RAF F EL AT R).
i ey B o G ERF time SEFER, KB SRATIE X, R/hh 6 i, BT RAREN
¥u$time T LUBE 518905 BinE]. 266100 F
time save sim time;// EXHBEIXERFTR save_sim_time

initial

gave sim time = Stime; // IEXHHRNBEICRT %k

T HEH R RARE, RAk s, MESMARNFRRABEMR. H2, HEHEg R E
AT X RBEHAFRE XL, WATHLE 9.4 5B st Tie.

3.2.6 ¥4H

7 Verilog HAFH B reg, integer, time, real, realtime REMBIMAEME, AN
HRARER, BT LI SHARSHEE . LMW TFEESHrm0, fEbrsl)
FTREALUEN—Mr B mE, DEREMTIEER, BB a><Tirs]. T E45H
¥k, HPREHAHEG 4IRS, 20T,

integer count [0:7]1; // 8 P HEEEHBABE

reg bool{31:0); // W 32 4 1 /R ( boolean ) FHFARBRMHA
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time chk point [1:100); // W 100 PHERETEARMNEE

reg [4:0] port_id[0:7];// & 8 MROAFIREEERMAME, mOTEHUTEN S
integer matrix[4:0] [0:255]; // HERIEREAI¥NA

reg {63:0] array 44 [15:0]1(7:0) [7:0] [255:0];// W4 64 i FIHRENA
wire {(7:0] w array2 [5:0];// A e umBoyiad

wire w arrayl[7:0] [5:0]; // A L (USRFEE " H¥HA

HE, TEEEANENEFERMEREER. nER— DM, ERMAEN n;
HH 2 REHEE, YR8 EHFRaRERA n D 1.
TEANE) T BR T X EE T EA R
count [S8] = 0: // fEcount FHEFEE 5 TMHEAST (324) BEfw

chk_point [100] = 0; // & chk_point FHEFHHE 100 MeTEIBE L (64 i) Hfi
port_id (3] = 0; // {lporc_id $EHPHE 3 MHFFRYMAC (5468 Hfw

matrix [1] [0] = 33555; // HEECEHPEE 1 4758 0 PR P T (32§ ) B 33559
array_4d[0] [0] [Q] [0] [15:0] = Q; /;/ EMEEEFRIISH0710110] [0 AIHFFRE AT
/7 B 0-15 REE R o

port_id = 0;// ik, REEEITHE
matrix [1] = 0;// 35, CEASHAMHENE 217, DMbatrix[1] [0 B8 matrix{1]{255]

3.2.7 it

ARFREGREY, ANEETFTENFFH L, RAM fil ROM #1%, 7 Verlog #, A
FEEN — B R TR, BUNE N mERI— T TRIE—DF (wod ), h—HH
RERIBE, FPFEHVRERN L AREMN. FE. o N1 UFAEED D n UFFHEARN.
MR B E RPN — RS, WA LGRS f bk fE Y R 8 T AR SR
reg memlbit {0:1023]); // 1 K &% 1 {7 menlbic

reg [7:0] membyte[0:1023];// 1 KBIFW (84 ) A nembyte
membyte [511] // BULTEHERS membyte FHHE 511 EATFFRIFT

328 S8

Verilog fLF# FI 8T parameter TEBURAE L EH . SEAREHR, ARERERAERE.
BRGMIEMNSHETUERFNBHER. EdSFERMEEH D o LIHERRLHRST
EH, RO TR B P LTI G itz sh, BRI SRRARARBASTE L.
FEHTE
parameter port id = 5;// EX¥ ¥ port_id k5

parameter cache_line width=256; // EXREEIHLERE NN 256
parameter sigmed [15:0] WIDTH; /; B wIinpTH AENRFERS. RER 16 {u
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RS, Aol SR SR TR . P ANETLRIES SOk E B,
VR0 UL {E 68 i3 S T 2 SORMAEBRAYTT BB b fE defparam i 5] AE
SRME. BIVEES o B Xti#EETiNe - AESE0E AT E R W,

Verilog FRIRERSHIE AT localparam XiE X, HAFRZR T8, EMETEHNME
T EEHAE, T et S8 E 156 ( defparam ) Eid & F2H IR0 2 S5HRE R TREW.
i, REIAREEGEAEHEUN, I TRABENEN, MYYBEEEXRRHESY.
20T

4'p0O001,
4'B0010,
4'b0100,
4'b1000;

localparam statel
atate?
statel
Stated

| "

329 F&HE

TREGHE reg REWEER ., BT FFEH 86 (—1FW), BUEFFETENKEE
BEBER, URIEFHREFFEMN. URFEHRTEMNBEXTEFRNRAD (1), [ Verilog
#8 0 REFXEDMZ RN, MRFEHFTLENRE/NDNTFEMABRRA (A2), W Verilog #.3
FABEEAMA. B, EERREFFERLN req ZBRAT, HASEMN X HEAREANVERK,
BT

reg [8*18:1]) string value; // FHAZER string_value, HEEN 18 1
initial
string value = “Hello Verilog Worldr; // FHEWLE#HETRS

H— SRR AE R T BN RARERNEXL, FIIEITH, wEfmRRS8aE. m
RREETFRPP R X BRI FRF, RLOATIATERs: L. W 3.3 i,

K33 BHEFTH
B YFH BREFH
\n 17
\t tab ( HIFEEH)
%% %
W \
v
Y000 1 B 3 A E TR

3.3 EFESZSFRFIELS
fEEXY T, FBiTNE Verilog FHHEMSHE S ZETHFMERRS.

3.3.1 RFEEFH
Verilog M E MIRERE TATRM ESITS (OHRESBEN), TUREAERERT.
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LMESNE YR BEHSRTESE. THNRRESBEE S<keyword>HE R, 3 HE HANHH
BEEHANEGES, HEMAKEFERGRSFEEREMA Vedlog FHaX IEEE Standard
Verilog Hardware Description Language (4.

RBREE

$display T B2 TR . FARREAXNTFERZRIES . £ Verilog FEBF FMNRREF
Z—.

A& Sdisplay (pl, p2, p3, -, pn):

pl,p2,p3, -+, pn BUWS| STEEEMNTFNS, TENELXZEA, EHBRXEUT CESIH
printf K%L, Sdisplay 2 B AFHBENEGRBLEA—ITRTHE, HRHNESBHFERZ, W
$display HEER B A IARBBEI T —17.
AP aT LURAER 3.4 FA0HBART R ST AR 4L, EZH4077 0] L7 IEEE Standard Verilog
Hardware Description Language SCR{H1#% 5.,
#1 3.3 &5 7 {E AiSdisplay f9—26MF. WRATBYEH x Kz, WEAILIFHR X7 &
“z" MEXRREBE,

3.3 RZgEFHdisplay

/f BARANES PRIF I H
Sdisplay(“Hellc Verilog World”);
-~ Hello Verilog World

/B YATe i AAHE 230
Sdisplay{stime) ;

-- 230

/7 TERME]A 200 BORTR), B25 41 SLEEHAENE 1£20000001¢

reg (0:40] virtual addr;

Sdisplay{“*At time %4 virtual address is %h”, Stime, virtual addr};
-— At time 200 virtual address ig 1feQ000001c

/¢ AZHMEBTR pore_id 5
$display (*ID of the port is %b”, port_id);
-~ ID of the port is Q0101

/BT X T

/7 AZHHBEBR 4 LB bus BFEE 10xx
reg (3:0] bus;

sdisplay {“Bus value is %b"*, bus};

-- Bus value is 10xx

// RN top WEREHEEP R REERHEANLS p1 EKE
$display ("This string is displayed from %m level of hierarchy”);
-- This string is displayed from top.pl level of hierarchy
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F 3.4 FRBEEIRE

B R 28 &

%d BE%D H 't EnEE

%b B 9%B Rl gonrgd

%s BL%S RS

%h BL%H HITAHER B AR TR

Goc WLH%C o ASCIL 744

%m 1% %M BB

%ov B %V BoRIEE

%0 W %0 HAGHE W R

%t BT i AL S HI I E R

%e TAE HfEC AL B (40 3e10 )
%f ER%F 2 Rt i PR § i W

%g %G FAREEERER IR E R . Brasasis

FATHAE 3.2.9 PPRITISRSRF R RRRE., 6] 3.4 51 T PR PRERTFRERETF,

#i3.4 RBHEFHFNET

{f BRRERTR. SRS
sdisplay (*This is a \n multiline string with a %% sign”);

-- Thie is a
-- multiline string with a % sign

£ BRI AR TERY

¥RER
it B k¥ $monitor, Verilog AP EE T EEASHFTeIALEMFERE, LA

wF:
% : $monitor (pf, p2, p3, ., pr);

¥ pl, p2, p3, . pn FIARETE | F9RE3005 | SEERKESHR, it 5%display A9
SRR . ZR B Smonitor ATH SRR T RENE S EATAEBRER, HHEH
(]~ RAETAWEHE., BrrE280EE. $Smonitor ST A — KB FTEEAh B B4
3, X— A 5%display T,

H F$monitor RN FREAEPAR, RHETEHENIRIEGE—MERFAFAN,; EH
PEFHR PR T B9 $monitor, M REFRG—KIEAHER, fTEERHEEE.

BrSmonitor 24, Verilog i Mt 7 F- FH THEH| B K REL(E 4% $monitoron Fi$monitoroff,

H3¥%: $monitoron;

$monitoroff;

fEff B Ot , (BRI BRARER R A, B Py LUE i3 i F$monitoron #i$monitoroff
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KRS ERAIPAT. T8 H$monitoroff U5 HL; # F $monitoron fIFM AR ST, #1 3.5 28
BT BT, E$Smonitor PER T R R Stime SRR RS EM ],

135 HEWiER

/7 WEREAT ER AR AR Bt E) FiE
s/ FHepg 5 PETE R, E0ES 10 TFERERLR SR

initial

begin
Smonitor (Stime,

“ Value of signals clock = %b reset = $b*, clock,reset):
end

// MBI -

- @ Value of signals clock = 0 reset
-- 5 Value of signals clock = 1 reset
~- 10 Value of signals clock = 0 reget = 0

no
|t

BRI
RGAEF sstop AT HEH R,

Fi:%. $stop;

$stop MHRHA MR, TE DR TR HETER, SR Ey
EHEFEREEFSHER, TUERAXTRERK.
FGEFHinish BTEERITR.

Fi%. $finish ;
B 3.6 251 T WP 48 iR i Pstop Fngfinish BT

3.6 WA RLESSstop #Sfinish

/7 TEFEER 100 BV EEGE, BEsiTHE
¢ TEREB RS 1000 PHRSERFR

initial
begin
clock = 0;
reget = 1;

#100 $stop:// EHEMZN 100 Bivat, HEHE
#900 $finish;// HEHEMAY 1000 PR, SIFHH

end

332 HRiFES

Verilog 124 T — 4335 S, HERTTHOV <keyword>. X BT AR BIF &
HHRGEE SHITN A,

“define
x9S define FHTE X Verlog HAY3CAZE (WH 3.7). ERIEFNE, ZHMPHBE <X
ZS0F, FRAMEXNSCAEERTER, TEUT CES PR #define 5. ZEFHTRE LAEH
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BOOREH, ERARM LRSS T Y,

1 3.7 #wi¥IE S define

f EF RIS
ff BT CWORD_SIZE Fom
‘define WDRD_SIZE 32

J7 SEXRA, AL s ¥ sstop
‘define 8 Sstop;

dOELEREANTERSE
‘define WORD REG reg [31:0]
/4 UL "WORD_REG reg32 MFEX—P 32 FISTFRER

“include
5 H'include T LA SR B A2 — 1~ Veritog T IIFRFFER —A Verilog 3, e
F CiBE P4 include 5. EIHKSBEFHTHASERERAE UL CH-R &R

( L5 3.8 ),

#t 3.8 HiFEHEF include
/7 BE header.v X, FECHPE I verilog X4 design. v BEMRAS

‘include header.v // F&HE: RXXH, XHEFALTTMRG S

<design.v XM verilog -

2% F B B S et S B ifdef Al timescale, BIMEES 9 BN EA13ETITiE.

34 I\

rEARZS, BT Venlog PHI—BEAHSHET 7ihe, BARBXEHE N RRETH

o FEIEY: P, Verilog 5 CIER T4#M; BA CIESERMMNEMARITE SRR Verilog 23
BEEES.

o PEERITICT Verilog X THRAER . R, Zaf . BF . FRBAGNARIREAE,

o Verilog FUE L 7 AP EERE, QLN . TR, mE., 7. (GHERE ., 4. 76
2. BEAFAR, TE Verilog PRAMNEEE, WAENEETL A RFEAEESFE,
fi P e RE 2 R ] AR S W A R R s BT

o Verilog WA/ RETENER, KR, HENERHESHEFRANRRTS .

o GiEiE4 define T E XA E, “include I TR HAML Venlog 0S¥ i% 30 it .

D H¥, ERSARA5S, mEREEx EAMENNS. FEE
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35 @

a. T oERI% 123 8 (v ERIR R R, R 77 smEieE
b, RHE 16 f7HSHERHEL. BAUHR x
c. H+oEHI¥-2 EH 4 L THFMERHE. FUHERN 2 MrMETER,
d. -~ MIEALF RG-S EL 1234
2. PRSI FRHPEAEE R, BE5HIERER.
a. “Ths is a string displaying the % sign”
b. “out=inl +in2 "
c. “Please rng a bell \QQ7”
d. “This is a backslash \character\n™
3. FTHEHREMERMRESET
a. systeml
b. lreg
c. S$latch
d. exec$
4. FHTFHEA Verilog TR
a. —EH a_in B 8 N EZR N
b. — %4 address 1Y 32 {73 FFds. B 31 AR BEF RN KL FFEAFEE N T
3
8 count HOBERYL;
— 4% 4 snap_shot B TE A& ;
—A25 A delays FO3Y4E, ZBEAHPEE 20 1 integer 25BIM)ITE;
&H 256 T ERITERERE MEM, E1FRFEE W 64 i,
g. —TEX 512 892 cache_size -
5. TEEFKEAOrE L ERES AT
a. latch=4'd12;
$display (*The current value of latch = %b\n”, latch) ;
b. in_reg=3'd2;
$monitor ($time, “In register value = %b\n”, in_reg[2:0]) ;
¢. “define MEM_SIZE 1024
$display (“The maximum memory size is %h”, MEM_SIZE) ;

- 0 oo



w45 R D

AR T D, JAIX Verilog PRIETIAZE, NERER . EXAEMBRERFT T —
ERERME ., TEATF, AT Verilog #5F BEXT R FIvE O {0t — 2 118

F 3 BiR
o {EBH Verilog BHE LHESNHETA, Fiangiths . mOyE. 8. TEEH, ¥
EHERIER . fTER . B CERIS|H ) KA L B & A%,
o IR AN{R] 2 SUREHR BYim M1 3 2 LI 7E Veritog SR el .
o SRR BEHLST Y A 11 EEEEHLI
o HFIENEA P RS RO 55N FESHE.
o MERFXT Verilog FRRAFBIRIREIA.

4.1 R

BT 2 AT, BROTAGE THREERT T HER IR EEEHIRKFEN, B
Tt T i fyxt st i XM (L5 H). EARTS, WITERREATEREEA

H431T
—A~ Verilog Bty 2 RRIKTBEHE, H 4.1 iR,

module HELE
WOPIE, WMOAH (MBEARD)
HHmi (vlpk)
wire, reg #i B HIEA
H A A7 (A5 M g AR { aasigm )
always Hfl initial 8, FFE
fRERAIH B A bt
L &g ¥
endmodule SR TE IS5

& 4.1 Verilog %R

B AT module T, BURE . WOFIFR . ¥ O B FI AR 280 B H B
TEHABFRATRIRTT . endmodule W RAAUABIR BIR T — F G4 Im L RBOR 55N RS A 1Y
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HiE, AAETRBARIAEN T AZTE w37 FMeE O 20, R 5 MR
TR, MBHER. EERERES. TAEBARUBRTENRE. BT UERERYR
EEME, UEENF B, mEEMIAEREF, SF module, #Hik%F endmodule A%
L, HALSEAERE AR, AP LRI TS EMEEA . E—1 Verilog BT
N EMEB, Verilog ITHURAGHEFIIN TR A B .

W THSEEH AL HIRES, FmBRITLL SR SRS IEMIEE, WHE 4.2 Fik-

Bl 42 SR ilFES

SR SR ARHAmAND S MR DIEA ST, SR Sifeas & HBEIARY Verilog #ii 0
#l 4.1 FrR.

BATATLLAB 4.1 FHEEBILUF LA

e 7F SR FERNHARD, H 4.1 PEBTRHNSHEHRIBSIRSTHHI, FMTESHE. ¥
. (assign) IBRMATAIEAE (always 0 initial £5#) );

o 71 SR SfF BRI A TR | RN/ ERARREY | KERRIH . (TAE
RIEEF endmodule B4], HEWHGESRDHX, BOABMER (assign ) &4,

» & T module #1 endmodule iX—Xt X §EF L itk 4, HAWBR AR TR, PILIRER

THREREEM.

% 4.1 SR 758K
/7 BB R

// RRAFINOFR
// SR TR
module SR _latch(Q, Qbar, Sbar, Rbar);

// WO
cutput g, Qbar;
input Sbar, Rbar;

/7 VR (EREI R SERRAER

;7 EFRIEE (EEBIA) BE verilog RiBHF nana, B S4E(]
// EBEATZ B E AR AE R

nand nl{Q, Sbar, Qhar};

nand n2 (Qhar, Rbar, Q);




%£4F #Bipwo a3

// EHIE SR
endmodule

IR 3% T R

/0 iR s i
module Top;

/1 FWwire, reg MEpAERMAE
wire g, dgbar;
reg set, reget;

ff R (RS H D SRR
ff AEERSRA (EFSTE ) B SR_latch
SR latch mlig, gbar, -zet, -reset};

[ froheEE, #iaik
initial
begin
smonitor {$time, " get = %b, reset= %b, g= $b\n",set,reset,qg};
sett = (; reset = 0; )
#5 reset = 1;
#5 reset = 0;
#5 set = 1;
end

/BRI R
endmodille

42 im0
i R R SN AR L EHED, Bl IC TRABA . SD5IHREEHMO ., X Fi
ARV, BURATRRAEILE, SEROOAR (EE5IH) REEETHS 03T, Sohbis

ABIHERM TRRMREE: REEOAERE, BRSO EECERLEMIINRTE. &
I H R IR TR R 2838 (terminal ),

4.2.1 iKOP|Fk

TR E X~ AR DA%, IR RSN E R S, WAL
BEfHmOASR. ZE—TETEEE Top PHEM (ZHBIH) MIILMES, B43 BRTH
AR O RRE .

R 4.3 1, Top B— P IHEER, EHPEA (£H51/H) THEH: fulladdd, Bk fulladdd M
i a, b Al c_in AR, B sum H c_out BIEL, EETRRE LAME Nk R A FE
H (SEFISIH ). Bk Top MTERRIEAMGEFMTIEEIR, BH (K58 ) @ik, %
MBI B EZEHREE, BRRAROFIFR, FMEYE PR R O FE e 4.2 Fin.
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TR Top

2 i
Sz [ sUm

b ——p (4 i)
Fulladd4

- _0U1
C_ill ———f=d

43 =NEHMTHZERRE 140 W
4.2 wOFE

module fulladd4(sum, c out, a, b, c_in); // AROFEHBILE
module Top; // RAROFXHNES, FEATEHRE

422 ixEER
3 O FF P BB S AR R P TR, Verilog WSRO BA LU =38R,

Varilog X5 s D %8
iput A
output ¥or thh o 1
M AR L ) O

mnout

RS O{ESR AR, MOEF=fRE. WA, @i Asmt. Bik, # 4.2 Pk
fulladd4 B OB BE, ) 4.3 FroR.

4.3 swOAEA

module fulladd4 (sum, ¢ out, a, b, c_in};

/7 AR
cutput [3:0] sum;
output c_cout;

input {3:0} a, b;
input ¢ in;

/WO EIHEH

<HRFIA >

endmodule

TE Verilog 1, R fO%s O BR S A 0 h wire 2881, (R R A O ER wire Bigdeal,
A H AR R = R R 2 — ) AR SR p s O B B R AN, WA L B A B R reg
Beigkny, F T 4.4 ., DFF i EaSipsimn o REGRRERNE, B F—nd
P, Him O EBanE 4.4 B,
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4.4 DFF #8iRpiE OB

module DFF(g, 4, clk, reset});

output q;
reg o; // RO g RIHE, HREHAHATERED (reg) M4

input d, c¢lk, reset;

endmodule

ARET input F inout 28R )35 D A HA O reg $YIEKAY, X BN reg BRIN B ERH TEE
BOEM, AN DR R SHAEERINRES AL, H AR EEEH.

EE, 1E Verilog 1, ] LI ANSIC Mo DA, 7E60 4.5 4, FRA7 T8 A i #xl
BEFEXTH 43 89 fulladdd BE. WwAFIRPHEMROFARS DN TR OMEEEE.,
IXFRAE B R RO AR T 0 A MR A P R AR O A BRI EE . R AT RIg0HE
s BN PR RY, IR AR NG HELA wire BHB2H,

i 4.5 ANSIC RA&aYEH O AR

module fulladd4 (output reg [3:0] sum,
output reg ¢ _out,
input [3:0] a, b, // BRIAER P wire
input ¢ in); // BRAER d vire

<R A B

endmodule

4.2.3 im O EERERN

BATAT LA — 8 B R i A R R BT R, — i TR N ER, B—7kdr
R TR NS, YE— MR A EA (EF5IR) B PR, %0 2 RRE RS T —
S anREE R T E N, W Verilog {5 Har&iReE . ZEE 4.4 PR LHNHETT T 05

e ¢
net t inout

input aubput
i — - -
reg 3% mnet net reg Y net net

P 4.4 0O

L PN AW
MEB A ERR U, AN DDA R IERR; MEESINERE, A D] ISR
Pk reqg FiEBRINAER .
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MmO
MAES s, #B sk Al LIRLE Mk reg B RY; MMBUINERE, B mEE )
PRI R, TMAREERD| reqg REINT R,

ML s O
MBS IR, B AS B O ST MEEIER, WEHAINERE, A4 B0 6
PR LR PR RIS &

{i FEOCEC
FEMBEHGHEF TR ( B3 A ) RIBHE, Verilog SLiF¥m A MIN . SB35 AE SRS AI .
T, Verlog (FEB2X A TES.

A ER RO

Verilog SR BB TR IR EEAIRIS, B0, IR 20f i 1 R FRiK,
AR 2 ix s O o] AR SAMME S, Pl T maisamfl (L6058 ) T, iAo
TE AR R, BT

fulladd4 fa0(SUM, , A, B, C IN}; // ¥nH&D c_out A HEHE

JEiF % O R 5
TEBRMNLAG 4.3 HaTEEHR fulladdd ZEREFTSR Top FAIER (SEH5H) BHI, RiEH
W OV RER AN . B 4.6 g4 T — e ikin R BT

Bl46 Akt ER

module Top;

/) FUEETR

req [3:0]A.B;

reg C IN;

reg [3:0] SUM;
wire C QUT;

0 R (EMBIE) fulladdd, TEAEHpEMRE N fa
fulladdd4 fa0(SUM, C OUT, A, B, C_IN};

;¢ dEpiERE. AR fulladds BT HAEN sum EHEER] Top HHPHFHETE s b

<M -

endmodule

FEXAMRIFE, R SUM AR AN wire 2880, Wichpis R EHERY .
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4.2.4 HO55ERESEIER

TENPRRTERE (STHUTIE ) ryetee, ol LU IR T B R O AR R Ao
SR, WINFEEURESTEE., 08, XFHERYERERSE—E#E. TERIH
SR X B

WGP 3 O 33

TR, RBEFEATTRO EEREBEWHN b, EXFMTEP, FESEIEERLE
&5 SR 5 B Bt O 783w O SR PR B RF—2L URITERUH 4.3 PEXH
BR fulladdd HH X FEEFERTIRBE, 5 4.7 B4 TR Top PREIFFEERRE (2
IR ) Bk fulladd4 Y Verilog fCS. BATATLIHEEER], £k fulladdd BI4MFFS SUM, C_OUT,
A, B C_IN f1HzE O3 FP ) sum, c_out, a, b c_in BF B2 —F AR .

B14.7 I0FimAERE

module Top;

/7 PEEEETR
reg (3:0]A,B;
req C_IN;

wire [32:0] SUM;
wire C_QUT;

7 WA (ERSH ) fulladdd, BEREHEPIECEHEAN fa_ordered

/RS EERHO RS AR R
fulladdd fa_ ordered(SUM, C OUT, A, B, C IN};

< TR Rl >

endmodule

module fulladd4{sum, c out, a, b, c_in):
output [3:0] sum;

output c_cout;

input [3:0] a, b;

input ¢ in;

RS RZE -

endmodule

fir s o DR

AR, MR EAREMN RO, EXMAERT, Bichs AR DHFEHAINR
FRBEER, WHMBAESHE. Hit, Vehlog Bt TH—RROEE . wamiEHE. B
ZB N, ZEXR O P O AR AN E SRR R A TS, MARERE. HRXH
FEEwEA (EH5IA ) Ek fulladdd /Y Verilog BFUEMT R ACEHPATLIES], swmOEE
A HERIE B, HEGIER O FSNEE S M IER IR IR 2600 .
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/7 VA (BT UL fa_byname fEE M-SR fulladdd, EiiMOZ SRS EE
fulladd4 fa byname{.c_out (C OUT), .sum({SUM), .b{B), .c in(C IN), .a{da),);

FE, EXMEREFEY, FESHHESEENROMMELFHTEE, MATEERE
] DR R A g 0R] . i, R0 o out FEES, W Verilog B CEEINT Bk,
T8, im0 EEFIRYED c_out B AR .

A/ W CEREIH Y U fa_byname B 2MAFEE fulladdd, BEROESNIEEEE
fulladd4 fa byname{.sum(SUM}, .b{B), .c_in{C IN), .a{A),);

X TPt S, ar B EENS — AR, REWUNEFRE, IERHSRD
P L RIPUF 24 T 240, BURSIEI I O HEW AR TR

4.3 BAR@

TERTE A BET P, BAOER T i A Verilog #1720 AIRIT. B—MEHRER . FSr
BEER—MRRRETE X AR MUTERT, MR —HAE. BRALR
HRITEER NI PR —A TRAS RN BRAG—ESER " SRR
HE, BMrRAAETER, XTSRRI PRI R E TR R R E
X MR RAT AT VIR

FRATH B H TV “RER", EARMAMERAEA (XR51H), E2BT
WITBRAER. HATTUAXMEREER, HEBREERABLTTROEMORANT. 17 EF
iR A — =, iERRAIREES 4.1 4 SR SIS ERR . HERBRER 4.5 91,

M
{(HB2E)
m] . ghar.
{ SR_laich ) set, reset
, Gb
nl n2 g i ar
{ nand ) { nand ) !
. i {({55)

® 45 SR BRI HMIRHER

TEXAEFr, stimulvs £TEEE, EAGETE MBI REE A (518 ), Btk
B, 75 stimulus HE XABRHAFEIE q, gbar, set #lreset, JFHMEA (LHEIH ) TR
SR_latch ( ZE@4 2% m1 ), 7ESCH ml FER] (LRIEIH ) THE LA nand (LHZ 4 nl #in2),
HAgE LA O{ES Y Q, Qbar, $ #1 R, BWAS| HME MrRAART—~TE—RET, BT
ZFHRBRL L R HFHEREMZRTFER. § 4.8 FHEB THAFRRFHERERE, 2182

WA H—A 7 B,
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6148 BERE
stimulus stimulus.qg |
gtimulus.gbar stimulus, et
stimulus.reset stimulus.ml
stimulus.ml.Q stimulus.ml.Qbar
stimilus.ml.S stimulus.ml.R
stimalus.ni stimulus.n2

B AR AL, BATT - Rt P E M. MERERRER, B
W 7E R A S Sdisplay HEIBH %M, HEAKENE 34, PP

4.4 NG
wFRED, RIBLUF & FEHT T itie:

o MUE LUIEL T HEI . KRBT module Fi endmodule B2 701 FaY . RBS1264,
IR 0%, wmOFE, TEMGEEAHN, RERED. TRHETH, KE8H5semL)
BALFMANEHRTEY, AP REFEHTEN.

o ¥R S A s AN P I E (E AR . AT I RE - RO AR, et
W O SRR R A | W A AR S SRR —  ZERTEHGHATIR A (S
I ) BYETEE, DAESTE XN OEEAH . ANST C XUtk A 11 B SR O A B A
PO s RSP,

o MOAEEFEEPIRN. WREENGREE.

e PR E RN ERE-NERS , EFEER T LRI A A & iR 8T
B BT RAT

4.5 Sgi

. BERAGEEA AR AT ER L B LSRR ST A B
2. —AAEHIMRREE TR BA W07 BHE S BB O5IR?
3. — 1 4 AEFATRAIFFIRAY VO SR T AR, 5 HRHE shift_reg FIEXL, RRE w5

FRROE XL, FOEHEREATRGEH .

(-]

reg_in [3:0] —=—fie By

FEH
shift_reg
clock —W (4 {1}

—- reg out [3:0]

4. BL—TREEE stimulus, FEHA reg 258 REG_IN (4 fif ) fi1 CLK (1 iz ) PLK wire
# REG_OUT (4 6if ), ZEHPEA (LH5IH ) B shift_reg, 2K srl, HEHBFR
mEE:

5, BHEENRDEETEM GBI,

6. HH REG_IN, CLK # REG_OUT HEKH.

7. TS sr1 BENIT clock T reg_in MR A .



B5T ] & & B

FEREREY Y, RITHET R FES . EREGLE SRS N , SR esn,
FH Verilog #T7%IHH F 7T LEHER, 7eiEd, BITEH 52T ER Verilog X 3EPRE]
A {4 Eh B R AR

BATHE, Verilog iIEE T LA P A R MR B OO R E AR . EAEF, RITHITE
WA TEMR SIS B (BT8R ) EHTiEst. HETMBFEREET, AAEHRRETE TR
EEAMSER FH. EMIRESER E, BigEARERTTHAE RS, mAand (507),
nand{ 53E]T) Z R, XFMBH B TR A SR iR ER AR A PRI R R B AT,
TE Verilog 8 RH1H B8 040 B 88 I 2 AIFFETE B —— W DR R TEAR B R A TR~ tnfa] M 1 48chit
S E RS R R, REEEETRAZEN Ry I InNEREBRSER LTt

EhR b, BB HSERSREREF R (SR ). HERITEREREN, RE/LF
REGIHHTUTT LR 0 B S AT B, LR ITHIEFF X REHER 24 B5% 11 THiTie.

F 3 BER
o 2% Verilog MM TR IHIE .
o FRME ISR . TR LK andfor, bufmot ZEEIRII TR HEAEEK.
o £ INAIIRYEE BRA858 F ke iE Verilog i
o HERIIEIZHH B BT, T RRAISCHIEER
o WMEIFEHTFHERD, BRFMETER,

5.1 [TRYZEHR

SP R B T IR B B TR R 3T Verilog 5 & M it SR HEHUE LEIR D RIBX SRR P EH
BT, WA (AR XETTRERRSREE (EF3IM) ACEXRIUER. B
20 R YU FIIREE S FE L0, TTNESMHTERE . ERNERTTHNFRE.
(1) /800712 Candlor); (2) ErpE8AETT2 (bufmot ), RATAILMEREIIRBIHEMEZH

L B

51.1 5i] (and) F5¥|7] C(or)

517 (and), T (or) BEH—MFRATHBAEIFREAR. [HROFIRTHE—
AEOIBEREH (HO), HEMHARD., TS HARDRERZEEMA, %6
{7 BB, Verilog &5 BT LMEMA BT S/ TRAHATHABESR:

and or HKOT
nand nor ®Nor




F5F N 4oF A

41

I ERBE AT IE 5.1 B, EXBRTTEAEE I ANFIE, WHSOA out

TR, WA i #1102 .

i] ——l

ot

I

i —

I tand )

il
i2

out

@

il {or)

5 O—

%] (xor)

out

il
12

EHs5.1 FEEITHPHEAST

[] —
out
i2

5:4E(7T { nand )

=

3IET ] (nor)

5 O—

EEAREST S

il
i2

ot

il
i2

out

TE Verilog &5, WATRTLUAR (BT ) X481 DEWEZH A, T mH s

MAMRD (i1 #7132 ) WHBERS INL F1 IN2. HR, ENRPELHS RFIHE, RITULLR

TR ISR RIS FRRE, EH 5.1 . FrATTSEFRE R T (out) HEERED| OUT, B

RERREFNAT, X— RIS & ELF5 RLE T TRSERE R T .

ErTREEEI RS, AR OKEE TR, X

Hifrkrs Adm O 25 HEF (e85 0 7]

FAHHIA] ( A 5.1), Verilog SR8 A% D B HalgEs | A EEZ8 7.

#5141 SN FEIA

wire OUT, IN1, IN2Z;

/i BAETRELEE| B
and al {OUT, INl1, INZ);

rniand nal (CUT, IN1, IN2;;
or orl{QUT, IN1, IN2);
nor norl (QUT, IN1, IN2;};
xor x1 (QUT, IN1, IN2};
xnor nxl{0UT, IN1, IN2):

A AR AR SIE
nand nal 3inp{QUT, IN1, IN2, IN3);

/¢ S AN, R g
and (QUT, IN1, IN2}; // S&69/7H3IMA

# 5.1 45T and/for ERIF"]E P A EIE F R EERE,

i RERT L RERASREZ

A B CER . WER AN TR, WAl LIE B S 6 R P A BEFOR B R

FAIE -
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#®51 EXRINMIEMER

il il
and 0 1 X z nand { 1 X z
H 0 0 0 0 0 ] ] H |
1 0 1 X X 1 i ) x x
12 i2
X 0 X X X X 1 X X X
z 0 X X x Z 1 X X X
il il
ar 0 1 X i nor 0 1 X zZ
0 0 1 X X 0 1 0 X X
1 1 1 1 1 I 0 0 0 0
i2 12
X% X 1 X X X X )] X X
zZ x i X X z X 0 X X
il ii
XKOTr 0 1 X z bagleds 0 1 X Z
0 0 ] x x 0 1 0 X X
1 | 0 X X 1 H 1 X X
iz i2
X X X . X X X x X X
z X X X X b X X X X

5.1.2 #imgR/AEl]

5 andjor [ THSZ., buf/not [TEA—TrBBAHEZ MrER L. WOFARPARG— K5
EESRARD, HofAmEERmbs0. X8, RITATEEE - T A — 1 H 8
buffnot [T, X TFEA BRI SR bufmot [T, PTAS HuREEERRHFA.

Verilog AL TRIRBEEARAYT: Brpds (buf) /AET] (not) HIEIE.

but not
EATHZER S0 5.2 Bis:
in 4% out in —l>0——— out
& #hdE buf 3E(T not

E 52 ZrpastidE]

7E Verilog IR (SLBISIA ) XE], BE 5.2, HE, buf # not [T ELRA B4
Wrl, (B HEERA - AR D, XM AN AR S B O 5 RARE T



E5¢F N4 g 43

il 52 “HhEAENSMERER (SEFHSIHD

£ BRI FSLEIS) F
buf bl (OUT1, IN];
rniot nl(OUTL1, IN;;

s/ B E T
buf bl _Z2out {OUT1, OUT2, IN);

/f SEFE AT, A EMAEE
not {QUTL1, IN};: /s &EmI1EHSIHE

52 i T BER— M AR — Mt 89 buf/not [ T E(EF, AEPalLIEEH AT 2
B} AYRT R A R AEE R A .

5.2 FEAFIMHNER

buf in out not in ot
0 0 0 !
1 1 I 0
X X X X
z X z X

HriEHing a0 ma%/4El] (bufiffnotif)
Bk buf F1 not [ 12 4F, Verlog i34 T HAh 4 A& #5555 0/ bufmot ) :

bufifi notifl
bufifo notifo

X AR T HEEEHGEES /B EMEN T4 AR EE; nREffEsaie, WELh
HERPT z. XETRZEAEWRA 5.3 ik,

in out in —*“—j::F;i::h{)———————owt
ctrl ot )

bufifl =817 notifl] =&
il!l ot 1[‘[ ‘—?)' out
ctrl ctrl
bufifd =5[] notif0 =211

i 5.3 =35F] bufif ¥ notif

XETHAEERER SIPHE. EEFERNH TSR 5.3.
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£ 5.3 =517 bufif / notif TR {EFR

ctrl cirl
bufifl 0 1 X Z bufifl) 0 1 X zZ
0 zZ 0 L L 0 0 z L L
1 z | H H 1 z H H
n in
X z X X X x X Z X X
s Z X X x . X z X X
ctrl ctrl
notif1 { 1 X . notif) 0 1 X Z
0 7 1 H H 0 | Z H H
_ | Z 0 L L | 0 z L L
mn in
X Z X X X X X z X X
z z X X X z X . X X

5.3 BA (EFSIE> bufif #0 notif (7] BIEIF

Jf WA (EFSBIH ) butif
bufifl bl {ocut, in, ctrl);
bufifd b {out, in, ctrl);

st VA (ZEFIFIR ) notif

notifl nl (out, in, ctrl);
notifd nd {out, in, ctrl):

ERRESAMAHLT, XEITRRERES. EREELT, s —NMrshE /K
HIRIEANRY, BATAT LUXEER B EERIR: L EAIREHE S HA S RIS, Wi —
FA5 SRR BT IR S . XA BT EE A A A e SR R s AR IR R L B

5.1.3 f5#H

EFEERT, RITFEMEMBINTHTE2RER (LHFR), ZETLFAZRKE
MU F EIIAHEEARRBEEES A L. 3T REXFHENITRAR (LTI ),
Verilog i FF B ERE XILMSE" . Bl 5.4 % T RRRA 12 HIEE 85T

fl5.4 EREHNREEZLHA

wire [7:0] OUT, IN1, INZ;

/7 MAETIERA (ZEMEIE)
nand n gate([7:0] (OUT, IN1, INZ};

/7 FE—#&iEa), EYF FE 8 REHFIHIEN
nand n gated (OUT([0], IN1[0], IN2[0]);

(1) {£FFTLLM [EEE Standard Verilog Hardware Description Language U4 PERIEH =1 1 3L B B4R G IE A0 BT N



$5¥

i1 4% & B

45

nand n gate7 {OUT[7]

nand n gatel{OUT[1]},
nand n gate2 (OUT[2],
nand n_gate3 (OUT (3],
nand n gated4 (OUT (4],
nand n_gates (OUT[5],
nand n_gates (QUT[6],

IN1[1],
IN1 (2],
IN1[3],
IN1 (4],
IN1[5},
IN1[6&],
. IN1[7],

IN2[1]);
IN2[2]};
IN2[2));
IN2 (4]},
TN2 [S]1);
IN2 [6]});
N2 [7]);

5.1.4 =&

5T Verilog HEFEBRNNBIEZT , T HEHE T — AR FTREH TR Fhmis

RIS Tk
|15k % BRI R 7R

FERTPE T — P EROERE S I ZRE S, BEE0T, SRERERE
#EHA RN, BREEFESAEISRE T HARTEE TR, FeEiarT e m®
EHA/RER . EAGIT, AT — A HMERE SR % — LRSS, FHRIZE
{55 s1 M s0 REEN x BN z {H, H¥ A4 MERMEEAEME 54 Fin, @it A HE, BT

LAt RE o 3% 0P 2% Bt 1D 57

10—

il = PO —
2 —i R

i3 —~

—= Ut

P

Y|

FATAT LU LR A T 2 3 R SEER 5 B 4, OB I Bl 5.5 Frm.

5

sl

s0

aut

ey

Bl 5.4 PE—ZEEEFE SR

----------------------

10

il

i2

13—

-----------------------

5.5 FEEESEHE

i0

i2

i3
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i) 5.5 A . EXANERY, HBEI T EAFEZR IR sOn il sln, BITESEHENSBRAGS
sO 7 s1 fHiE. EELIED, BITEMBRPHEFREETHEGE not, and 1 or KM L, x
X HTE Verilog B TR SCME Bal ¥ERY, 1 H P oE M B SE 0 00 40 38 5 4 2F -

BB S Verilog I TRIBR TS M — XN LR, BEEHELE Verilog I THIER,

BI5.5 %EEERE Verilog 14 H#iR
/1 D SRGAFERSER M OFIR AR TRA

medule muxd4_to 1 {out, io, il, iz, i3, s1, s0};

/7 BB THA A F RO EEE
output out;

input 10, il, 12, 1i3;

input sl1, s0;

¢/ PREZR M3
wire sgln, s0n;
wire v0, vl, y2, v3;

A 1B G|

J K sin Ml son {55

not {gln, sl};
not {s0n, s0);
/¢ W (EREIH) BAST)
and (y0, i0, sin, s0n};
and {yl, il, sln, s0;;
and {(y2, 12, gl, s0nj;
and {y3, 13, a1, s0};

¢f WHEE (SE@GIH ) Pk AR
or (out, v0, vl, v2, y3);

endmodule

5.6 4T (AT ) X BEEEROMAEIL. B X MRS LIS 5
WMAGBHEZE, SHEARAPRERESAARE SN, YA DS ES R ZER.
CLEMAGESZETIEN—RRBAZE, AR LAERN ExRHR. BAITHRATEL
HZ AT FSmonitor EUMESHEL, HRESRERLN, ERIMBRER,

BV 5.6 ZEEiEEIRMENIRR
17 BE TR W

module stimulus;

// TEU BB A AR
reg INO, IN1, IN2, IN3;
reg 81, 50;
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/7 FEER i AR
wire OUTPUT;

/7 VR (EREIBIH )y LR
mux4 to 1 mymux (QUTPUT, ING, IN1, IN2, IN3, Si, S0);

/RS
// Define the stimulus module {no ports)
initial
begin
/B AZRIES
INO = 1; IN1 = O; IN2 = 1; IN3 = 0O;
#1 $disp1ayE“IND= ¥h, INl= %b, IN2Z= %b, IN3= %b\n", INC, IN1, IN2Z, IN3);

/7 P ING
81 = 0Q; S0 = 0;

#1 Sdigplay (Sl = %b, 50 = %b, OUTPUT %0 ‘\n", S§1, 80, QUTPUT):

// HEE INL
51 = U‘,‘ 50 = 1;

#1 Sdisplay("S1l = %b, 50 $bh \n", 81, S0, OUTPUT);

%¥b, OUTPUT

/1 BERE IN2
1 =1; 80 = 0y
#1 sSdigplay("S1

tb, S0 = %k, OUTPUT %o \n", S1, 80, OUTPUT);

fl

/i FE IN3

S1 =1;: 80 = 1;

#1 $display(“S§l = %b, S0 = %b, OUIFUT
end

$b \n", S1, S0, OUTPUT):

endmodule
TEMBHERMT AR, AP RETCEEMEEEFESHA S AT 1 llix.

ING= 1, INl= 0, IN2= 1, IN3= O
S1 =0, 80 = 0, QUTPUT = 1
81 = 0, S0 = 1, OUTBUT = 0O
1 =1, 80 = 0, QUTPUT = 1
81 = 1, S0 = 1, OUTPUT = 0

Vo sr B BhBE L S Hn 2%

EXAF P, BIMEANRFERRITT— M 2mEE, HiROFREATE 4.2.1 Wk
fITEX, RE, REWREEERIEX AN MaHITRE, A 1 i, RITFEH—1
BREhEfrimniEss , EREAHRFIR -2, —UamBERREFRANT IR

sum = (a 3B b P ¢in)
cout=(a-b)+cin-(a®b)

— i EhnER I E A A 5.6.
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a : L A N, sl . T :
b T ,f} I{] Iy ;} ] : sum
: — :

--------------------------------

EHs56 —{ieinis
BIE—EmRAEEE, ROTHEERERR Vedlog ITRIER, 0#) 5.7 Fin.

5.7 —fr2miRay Verilog Hig
;X nes

module fulladd{sum, ¢ out, a, b, < _in};

ff KA I O ERER
output sum, < out;
input a, b, c in;

/f PIERER

wire gli, ol, <2;

0 WA CSEfIS I ) BENRIEE
xor (81, a, b);
and (c1, a, b);

xor {sum, sl, c_in};
and {c2, sl, c_in};

xor {c out, ¢2, cl);

endmodule

VA7 Bk EhdE i S es Al IR — (v aingsf i, WHE 5.7. fa0, fal, fa2 0 fa3 £PH1~—
4 nas (fulladd ) RIZEHIZZ .

al0] b[0] af[l] bf1] al?] bl2] a[3] b[3]
: cl ¢ cl : c_out
cin ——p! M |—w! 2MH | 2 ] 2T
' fad fal fa2 fa3
sum[f] surn| 1] sum|?] sum{3}

5.7 D{uBkahsEhemad



ES¥E 14 # &

IR 5.7 4N NSRS, RITULLEHSRHY Verilog 7k, WHI 5.8,
HE, AR —veMBERMLAmE R O ZHER, HREMAEE AR, £ Verlog
i, FRIREFRE R E R R AR, WHLRSMEAR T AL, BRAEM A ER A TR, X
BE AR RS N] UAE FHE R AR R A . R, — A2 R sum BARE, mi{ie
M E sum MR R PR EEEmEEN, @A (CFEIH) P SRIRET LIRHR E R

w2y, MR (LFGIH) Verlog [ JRIFFN A —EREHWELLZ.

%158 MO{BkrRhiEERIEMRER Verilog 1@k

/4 E XA 2haE
module fulladdd (sum, ¢ out, a, b, c_in);

AR B R O Y
output [3:0] sum;
output ¢ out;
input [3:0] a, b;
input ¢ in;

/7 NERERM

wire cl, 2, c3;

/¢ WA (R R D) IN—GE 2 lings

fulladd fa®i{sum[0], <1, al[0], b[0], c_in);
fulladd fali{sumfl], c2, all], b[l], <l});
fuiladd fa2({sum([2]), <3, al2)], b(2], c2);

fulladd fa3(suml3]), c out, al3], bl3}, c3};

endmodul e

B, RATGFUES BN RIEREAITRE, WH 5.9, #29 stimulus APRREEH T —

g A SH SR TOI R, B AT
#1159 POfzBkshif {2 0% AR R

// SESLEE (TR )

module stimulus;

// WETR

reg [3:0) A, B;
reg C_IN;

wire [3:0] SUM;
wire C QUT;

y7 R (EAEIA) miiemg, BEaER ral ¢
fulladd4 FAl_4{SUM, C_OUT, A, B, C_IN};

/R RIEFEAER
initial
begin
Smonitor {(Stime," A= %b, B=%b, C IN= %b, --- C_QOUT= %b, SUM= gb\n",
A, B, C_IN, C OUT, SUM);
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end

/¢ WRE SR A

initial
begin
A =4'd0; B = 4'd0; C IN = 1'b0;
#5 A = 4'd3; B = 4'd4;
#S A = 4'd2; B = 4'd5;
#5 A = 4'd9; B = 4'd9;
#5 A = 4'dl0; B = 4'dils;

#5 A = 4'4di0; B

i

4'ds; C_IN = 1'bl;

end
endmodul e
{FESRIMT
0 A= 0000, B=0000, C IN= 0, --- C QUT= 0, SUM= 0000
% A= 0011, B=0100, C IN= 0, --- C_OUT= 0, SUM= 01ll
10 A= 0010, B=010l, C IN= 0, --- C_QUT= 0, SUM= 0Ill
15 A= 1001, B=1001, € IN= 0, --- C OUT= 1, 5UM= Q010
20 A= 1010, B=1111, C IN= 0, --- C OUl= 1, SUM= 1001
25 A= 1010, B=0101, € IN= 1,, C_OUr= 1, SUM= 0000

52 I(1iEiR

YEA NI, BIFERHEBFELERM (AEEER ), AT, FEERMRKE, £f—
A B TEREA IR, Verilog VR T TEER KR EHE B APHITEGR ;. tesh. Brigarid
HERBIRMAEER, XTABERES 10 ZPHTRHE.
5§21 _LEFH. THEFMXHIEIR

fE Verilog [TRFEE T, H=FMAEAR M HEES.

o FHER FENINHABRSTILREET, MTRMEMA 0, x, 220 1 BRI EIERh

AR,

0, Xz
-
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o TR TREEERERIMNMHM 1, x, zZ5% 0 FrfRrysflE.,

z, xE.'Ez \l
a

<]

t_fall

o XHTHELRE SCHTEERRARIIATRHM 0, 1, x TBHCHEBESL z g AURfE].

FEh, MAERLRAHEEE x. WEFFHRIE T LIS SR 1 =/ R RO

£ Verilog ", FiF AT LU A =Fr AR89 Bk il T TRZESR . IR AP Hfge T —MERE,
A2 P A R B NE B AR RLX AN ER(E; WRAFPRE TRMERE, WeilasliEl FiE
BHTFFERER , BIYRA)/INE R HER ; WRAPIEE T =AERE, METIa5HtE L ATER .
T RESERFCEIER,, RREEERE, A2FNERE R 0, 4 5.10 1 T EEREHFANST .

#1510 JER{EIRAARYAEH

F LR R IR ERE T delay t ime FFFR/RMEERSE
and #(delay time) al(out, i1, 12);

/BT EFFEER T REAER
and #(rise wval, fall val) a2{out, il, i2);

A7 BT ERFER, FRREER FIOCHAER
bufif0 #{rige val, fall val, turnoff wval} bl (out, in, control);

T E R LA R A AR 3

and #(5) al{out, 11, i2); // AFEHRMERYTN S
and #(4,6) az(out, il, i2); // EFAHRN 4, THIERN 6, XEIEREN 4
bufifg #(3,4,5) bl (ocut, in, control); /s EHIEEER 3, TRERN 4, XEERN S

522 BVELE/FRKHER

£ Verilog 1, AP BRATLIIEE L E AN = FBRIATIER LIS, W ERpERIATGER 4 AT L 18
FHR/NME, BREMERE, P LERE—JTF SR E Bt &0 R —a R E (8
AMERRR /LA ). RS B4 MERNER TR B/MEUBRKEMEE, XERMFZ
Bl gt e BE 1 T2 BRI, MMM ER S BERKEAR/MEZEINTERANTL, =
P RE R (HAYE SR

o B/ME BItHEIMEBETAAARER/MER,
o WAME RIHEHHLEEMTEANERTER,
« BX{E WitEMMERITHARANRKIER.

BT R, AP e Bt wal DERIEREMME . BRMERE T SHEY
FEASMIBERG A X (N, 7E Verlog-XL™ {5 E 4%, A/ A LAfd B %TH +maxdelays,
+typdelays fl+mindelays #4728, MR P RiEE., WEGAGHBEIEERE ). SilXH ik,
Verilog Fil 7 0] L1 R 15 Hi3 =T P R SRR A EER ( B/ T Ml ) R =R Re B4R gd,
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SRR R AT LA A R A RER (T B
TF Verilog-XL {5 s b B/ LA EASR 1, #5101,

511 w. BAXMBRBHEIRE

;=1 iER

/4 Eim/DEER =4

/7 FrLRYEER -5

f7 BRRIEER=6

and #(4:5:6) al{out, i1, i2);

£ FIER

/i ER/DER, ERIER=3, FRIEE=5, XHIER=min{3, 5)
{7 HRHGER, FAGER=4, THIER-5, XHER=-nin(4, 6)
/7 EHRIGER, FHEER-5, TRERER-7, X#FER=min(s, 7)
and #(3:4:5, 5:6:7) aZlout, il, i2};

/it =R

[ ER/NMER, EAMEE=2, TRIEHE-3, X#iER-2
/) BBRAGEE ERHER-3, FREER=-4, XKEE=-s
J; ERFGER, FHIER=4, TREHER=5, XHEE=5
and #(2:3:4, 3:4:5, 4:5:6) a3{ocut, 1il1,12);

#AMS1T R A Verilog-XL (FEMRMTEWT IR, B BEEREHN testv,

/¢ EshiiREE, EREXERE#THR

> verilog test.v +maxdelays

/) BEMEER, EER/ERERTHE

» verilog test.v +mindelays

// BB REE, MEHMEGERERETIIR
> verilog test.v +typdelays

5.2.3 245
1EFRNIE e — AN BB AEN T, BT 0T RSB dfaT{ A ) RiEIR S 48 L BR B 57 A P
R, Ri¥iR D LH LT KB EIhEE
out=(a'b)+c
HIT@EMmEEs D ¥iEBEAxs, WE 5.8, HPa & T — - EREEA 5 R i 5 TH—
AFEIR ) Hy 4 AL AR

#5
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Hi Verilog i D, WH 5.12,

5512 BHIEREHER D K Verilog ik

Jf EXRENHEEEER, B8R R D
module D (out, a, b, c);

£ A e A
output out;
input a,b,c;

/7 HNEREE R A

wire e;

7/ WA (RIS MR EE RS E R
and #{5} al{e, a, b}); //Delay of 5 on gate al
or #({4} ol(out, e,c); //Delay of 4 on gate ol

endmodule

LA AR i 6] 5.13 S BEEIRRN SO AT

§1513 HIEEHER D BRI MR

;/ TRE#MM stimulus
module stimulus;

/f SRR
reg A, B, C;
wire QUT:

s/ WA (ZERgIH ) 8D
D di{ OUT, A, B, C);

/7 HHMAGES, & 40 TR G EEEHE
initial
begin
A= 1'b0; B= 1'b0; C= 1'b0;
#¥10 A= 1'bl; B= 1'bil; C= 1'bl;
#10 A= 1'bl; B= 1'b0; C= 1'b0;

#20 sfinish;
ertd

endmodule

FE¥ERARZE 59 . 38, & 59 PHFEEFASE™BEW ALK, HERITE
WHMEERES —XTs T aEad THERPFERE . MNEFRALFED TR T ESR N

R .
1. ¥ EH OUT A EHA R ERERK;
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2. FE(RREHAY 10 A~ 0RT, SiA A, BHICHWER1 5, 2BlE 448 5 P[RR

iz E, Wil OUT FMIERBETHN1;
3. FEHEBHAN 20 AR, A BRICTER O; il E &l 5 MTEAMZHER O;

FEET N0 4 hta A, QUT AR O,

A

B

C

5 .

XXXX i S
E : — . 3 .
X 4 — r T
OUT XXXXXXX - : i ————
1 H 1 1 ] 4 e
WffE) O 5 9 10 14 15 20 25 29

[ 5.9 WHERMTERE
FEBiEE QO SR BIEXEE D MIThEEHIT T, X T B TREIR SHE At Fr A I
EMREFH.

53 /&g

TEREE R, W12 T Verilog %1 IR BB ITERLL, RIBX (TR ELRA R I
7 Titie-

o IHEASERAIE. and (H11), or (EKI7]), xor ( FEHIT1), buf (ZMT) Fl not (I
1) %2, SFTRABRAS, BEEEMRAN Verlog FE, XEFENMA (651
R ) A BB e —E, (B FUR R Verilog iEF ME LAY ( AMRE ETHT ).
THEE— A ZET LS, TR 7RI ERHHRE.

¢ Verilog 1Py ERERIESTHIBGEE MR U,

o EIAFAERITER, APPUE— SRR REAR A MU 2B A T TR BT R, RATAILIEE)
{#H Verilog #7712 RITHIEAETE, B A BRAGEEE, R TRIEEEEREERN
Verilog i5 5 M1 TR, RiEHEBRHE S T I B E , e HIRER S IER,

o GFNIALEA SAERIMIEGE . FFHER . TREAERMEHIEER. Verilog &7 LIFX &R
[ 135E—4 . B SAPARRMERE. Verilog FEMNSRERENEEN = ( BFH.
TREADCHT ) EEM R EHTIHTE.

o PRI Verilog PAIBMIER TR 8/ME, REERMBXE, HAATLUEGRN
& BAAE RS TH A, XFHLREE A 8 LR E AR R AR T 05
B, MEFHL Verilog TR

o SETHFTERMEBROARN T, AR T ERERN TIHREEMRNE. RN (8
13, RN A ZA AR, MiHS S RE R A S Z M.
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54 >R

1.

M AMRA nand (7, B Verilog 425 B C AR ASRASTT. sRITFAFENT. mE199
W44 4 my_or, my_and 1 my_not, HH-iE i 8 BB HLIGT i LE (TR THEAE .,

. T PR my_or, my_and FI my_not [ [#E — B Asmay xor (], HINGERITTE 2=

xXy+xy, Hp x fy HEA, z M RERRMEHT x 1y 8 R A S S TR E.

. AREHH— R 2R E AR R LURR A

sum=a-b-¢cnm+a"-b-c_in'+a’-b’-c_in+a-b" -c_in’

cout=a-b+b-c_in+a-¢_in
Hua, b flc_in HBA, sum # c_out il ; RERSIT, BT, EITEH—-D—fr200
&%, BHH Verilog #id, REESMTERE HEFEMIAN- RE SR HIRE AT
A, X2 AA e T,

. WAHIERR RS IR0 TENR, SHEFAERM Verlog NEER, W5 HmEH:,

U5 T T B8 A -0 th X R R A IO REH TR .

set reset Go+1
0 0 Qn
0 1 0
1 0 i
1 1 ?

..............

8 e !
—L———— out

D FHMTTEFEREER T ReBERE B SR —FHE
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56
{7 b1 b2 FIEER REH T FR

EHIER 1 2 3
THIEIR 3 4 5
FETIEIR 5 6 7

FERITERG . B HBERE T E.



o RS niap

AR/ NREA T, A TESHITR D, RIHFETLE 5| FEE 168 E
EMEEEE, HHEFTRBEHTIRITRBEERN. STAEHFZEARTITEATR
FiIF PR, (TREREEEERM. A, MEABHIMREEESR, HPES5HZ8ITHA
¥amL, XERMNSTANEBENFERESBE. FXHBERL T, HERITEHENES
FHRERATF, FiHiTEARTEGERNILH L, WA BERE:B o BRIAANT , Wi Hikal LIk
RRIITHRE ., Bk, Verlog ZREH P MBHER A EX A, BN BAEEkRERE
T FaE M AR B EN B ST, AR ERAZETHTEMGIH.
FEEABEREA, RITHSZGHESIRAEETFANN S,

FE G EAETERS, HERBENEESBEREYE. HELERATA—FKET
ARMNMNRERNAERITENMMERRNERIT, BaiEXANRIT i EEB TITEVHEL
Wit TR, AskGapaERI T EEER R 188, X ITIEMRNBERES, FEPE
Ze T HHMINGE AR EE, B e 28 oy ERATET . BRI LIgHRIRIT &
PHERER R L B B, MALEE FREBEMMAMETT ., I TESITIRPIRERRMNRIEH],
R HEERTTR | BEBR ST R R SR N &k Al R ITH8, RTL( Register
Transfer Level, 4TS ) B H ERRERBENT AERENES.

F3] BER
o PHARALEWEIEH (assign ). M FESEB{EIE SRR LR ELRETER.
o EBIREIER . REURMEER DR FESEREE KRN A RER.
o i LFAK . BREAFIHRER.
o INFHRFRITA KR PIIRIER, WIGEARBRIER . BEBIRIER, KFEBRER. FHEBEN,
BOTHRER . BRWERER . BARIER. SHERERTREBRENS
o (FFIBIRT N ERRAEBCT BRI,

6.1 EEWMEIER]

ESERETE 1 2 Verilog BiBM BN R AR, ATFHRMATEE. EFNTIRMEE,
SR 2 M B B A 5 A S el R AT . R R{ETA R 2 LA SC ¥ A) assign FFoR, Himik

mF -

continuous assign ::= assign [ drive strength ] [ delay3 ]
list _of net assignments ;

list of net assignments ::= net assignment { , net_assignment }

net assignment ::= net lvalue = expression

R, LEiEEPRAERERER, ol LURERITE 320 FWhihepyNaEH#HTIRN,
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AR ; 2RUTFMIREEE . EAFEPENRELEHTIhE. EEREFIEALU TS

1. EEREEANEENIRE— MFRR A SAR, Rk BN eHE, TR
BERMERERTAE. RITKE 6.4.8 T hx SHERER 1L
2. ESREEIAELFRERS, REME - MREREETE, EAARSw T NE
FiHE, HABEERSSEEHNAR;

HERAME Y strongd Fil strong0, {HEFEAE PR RRIHTIE. ERELETE, BT

3. BAEROTUARFE N BRI AR, Wl LU REAR;
4. W{EIER T B M2 M TR E AR, RIEDT A EEAEITR A, BRE RN
FITEER, Xk schr s i b A5 7 236 508 AR

B 6.1 45 T IILAESREEANRT, I FRTFRERR&, ~, 1L { )}, + FHRES, R
fITE7E 0.4 TTRHITHRE. XEFEXFNMEHEERERE.
il 6.1 EEEWE IS R)HEH)
/7 BEREER], cur £EM, 11 fli2 dR2EN

asgign out = il & i2;

/f FIRERMPEEREES. addr £ 16 (e B H

/f addrl_bits fil addr2_hits f& 16 {SH M EFHFER
asgign addr(15:0] = addrl bits[15:0] * addr2 bits[15:0];

1/ BFERE. WEMRIER MR RZR M= B2 ot bHE
aggign {¢_out, suml[3:0]} = al3:0] + b[3:0] + ¢_in;

T E BRI X 2P AT E SR 1 — R T

6.1.1 PR EERE

B T H A B AR S T B TR GERRH LA AR, Verilog KBIRAE T 5 — Rt £ R W (1 A0 fET 88 7 %
TELE R Bl E I M HPEATIRE . I TR RBESA ] —K, R MRE A HRMER S

K,
FAVEE T i A B)-F b %) B B (B P A A RS MR ELHEAT T X EL . ZEBYI0F .

/BRI EGERE
wire out;
assign out = inl & in2;

// BB RN (E B 5 L 1 i R R T

wire out = inl & inZ:

6.1.2 XM ERR

MR —ME T2 HEREREFRDRLW, B4 Verlog HiFsFANZESE—RAFH
BOZE ] . ANSRER B B A O L, T Verilog 4RiFRFA N IR HRLE I 1) 38 B 5 T 05

ORISR, M.
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Jf EEERH, out RERMERY

wire i1, 12;

assign out = il & 12; ;/ HE. out HAFANLMN, Hverilog (FEESRNH
/¢ out E— BB A L M

6.2 iEiR

VE SR MR (1R 0] R B9 HE R A T AT — 3R RO A T L B0 ) A A % - 380 {2 TR) A+ ) )
. fRERMEEEXTEA =/ HRRETR, RAREBELRNEMERLZIR.

6.2.1 HEiEMELR

18 € FIR BB — M A R SR B AP R 3R H,  FEIR{E{ TS assign MIETH -
F LHEAF-F, R inl A in2 PEEE—NEETNE, BAETEERERL inl & in2 BFHEH
W EBSEAEZR, 74 10 MR AR, RN 10 P aFEEEAHEE], BiZEE
BFFMEZAT, ml 8% in2 WMERRZEDTL, 2B RAXNFHEHTEE inl 3 in2 #2480{E.
RATPR AR AR IEEIR . Gl B3 TR AR AR A SR S0 i P B

assign #10 out = inl & in2; // FHR{EEFFRIER

[ 6.1 25y 133 L MRESEREA R T IF BRI , A EAT ) RESSE BIRER X 4 th {5 Sy R20N

1. 24 inl #0 in2 ZEBE]BAA7 20 A0S KR EERS, out 78 10 TMREIERALZ S ( Biiefa] fafi %
30 &b ) A8

2. 24 inl A0 in2 7ERT[E]HLAL 60 4L N FAT, out ZEBTHR]#LAZ 70 4bAF K AL ;

3. inl ZER (A BR(Y 80 AbAF R, {HRTE 10 et Ea 2 NERAF N KE

4. B, FEREIEAN 80 Z fF AL 10 At ElEASs, EFTERER, A inl HECE R0,
FH I out FIETHR N 0. R IREAARSK P MR N TIRENEELR, ARk ® ( &1
ANETREENES LR AEE 2 ),

inl

{174

oL

P

Bt Al l'ﬂ Zﬂ 3{1 60 ‘I-'.[:- E.EI E.S
61 HEA
IBHIERRFEEH TR, IS S &,

6.2.2 [RIEEMERR
57—l 2 R AR B T B S MR A e T o 28 R B R L R (B IR . B
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RELEMEFR T A — MM A AT EEME. 00T

/v BREIESRERER

wire #10 out = inl & inZ;

/¢ FRCF
wire out;
assign #10 out = inl & in2;

L —&FHIENS FEBERIER (B out B XN wire 2882 15, BASEREIEN
1 out E{H ) F4).

6.2.3 #ZXPFEAEIR
Verilog FEVFAE RS IHER N BB RAE E — 1 EE , BAERHZER W A E MR {E AR S HE IR 48 2 A9
IE]-::: %mﬁ%lﬂ#ﬂlﬁum%r]ﬁgﬁqqo ;-Zﬁfﬁjﬁﬂnf\-:

/7 ERFIEEIR
wire # 10 out;

asgign ocut = inl & inZ;

/BT CEPRE

wire out:
assign #10 out = inl & in2;

TEX & B MR AT T IRz i, THRIDRZES A FEEMEFTTHERE
K. BRAIEFFABRIER

6.3 FTiAN. BIEFMBRIEH

g B AR SNMARTREUERBRRIT. KB, RIEFASRMESMR T HIER
BB IR

6.3.1 FRiET
FixA RIS, HENEREREFNEHTEE— TSR EH,

/i FBREARFT, B4 TERIETHRIER
a”™b
addr1[20:17] + addr2(20:17]

inl | in2

6.3.2 BEH

BAEROT AR 3.2 e UMM B R, (HEF AR EOR A L RMHRER.
BEROT AR S, BB ol AR, FAAAE. ME), (RN EF AR —00).
ik (AR PR e B RN ) DIRARARREOAR (R EETPES ).

22T
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integer count, final count;
final count = count + 1; // count REKHRIEN

real a, b, o;

c =a-b; // a¥bpETREFEK

reg [15:0] regl, regz;
reg [3:0] reg out;

reg out = regl(3:0] ~ reg2[3:0];// reqi(3:0)% reqg2[3:0)RHAMFIFHBRER

reg ret value;
ret value = calculate parity{A, B): // calculate parity BRREPEEH

6.3.3 RIEF
BAEMA RO TR A — 1S F . Verilog B T B LRI MRIER, RITEE 6.4

TR e T e . EBHIT

dl && d2 /; #BEFLHERMMRER 41 a2

talo] 77 BER BA—TBER a[0]
B >> 1 // BEM-- B M1

6.4 RIEFFAE

Verilog &4 TIF SR RRMIRIERS, 2 RREAR, BH., XFR, T, KO, B, BAL
PHEMAMHRIEN . REERFPR—RR4rE CIEE TRIREMEL. 8 MMEMREE—-1F5
XFm, 6.1 H, RIMRFBABIIN T AIARERNFS.

% 6.1 WEFERIGTS

MEER B 1 & BT BIPR{E WIERE B
A * E 3 2
/ i 2
+ il 2
- ﬁ 2
% :vg:! 2
#k K FE 2
Zig 1 K 5 1
&& B 2
| % el 2
xX#& > AT 2
< IF 2
= KFFF 2
<= ITFETF 2
b == THE 2
1= A 2
=== case % 2
== case R 2
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($EF)
wEXR w®EH HATRORAE IRERBI TR

i ~ #E R 1
& g 2
| v ag, 2
” AR 2
A ~ER -2 A 2
i & gy 1
-~ & %w 5k 1
| R UK 1
o | ek 1
~ LR ]
A gl ~ A R B I
B > H¥ 2
<< it z
>3 RATH 2
<< BALER 2

B ( 1} PhE HEEM

=l { {1} & il EE ¥
F ?: At 3

FELEERATRAR R BT AR

64.1 JAREIER
FABAERI LI N BRI E R AL HIRAEAT.
B

SEHBREAR R RERAITEAREE, GFFR (), B (/) M (+), 8 (~), KT ()
B (%), BT .

= 4'b0011; B = 4'b0100; // A BRFFHBELRE
6; E = 4; F=2// D, EF F RENE

I

* B /s AHIBHFE., FT 401100

/ B/ DEERET 1, £REETRE
+ B /s afIBHM, ¥£TF 4'b0111

- A // BEEA, ZFT 4'b0001

= E ** F; // EMFXEET 16

oo e D

MBS AEE—Nh x, MABHESRAIWON x, X—SRREFHHELN. IR
BAEBNERT2RE, BLERFERRAL.
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inl = 4'bl01lx;
in2 = 4'b1019;
sum = inl + in2; // sumBHHEERA 4'bx

BEE RS REAEABRARERS, EFR CIESTPHREGEERE 8- 20T .

13 % 3 7/ BRA1
16 & 4 // BREC
-7 % 2 /) BRA -1 BR—ERERNTS
7% -2 // EBRA 1, BE—-TEERNTS

P EREF
+ 1 — BRAEFI A DD B B R ERER A, X EMRABEEM TR . LA + 7 - 2
ER LR B EEFRAERNELR.

-4 /7 104
+5 // IES

£ Verilog A8, MEUERE ZHHIAMERFRE . 1EE B REE AR RS Kok R 7

¥, THRREH<sss> "<base> <cmn>BIBARFR O, XEFRNEMTHSEBRAILFEN 28
HERR, ZERXFLEBEEABIMEER, #HmT.

/7 ERI{HF A Ao A
-10 / 57/ &F -2

Jf AEMEF <sss> '<baser <nnn-MEIRFRME
-+d10 / 5// FF (10 R ZHFSFMS BRLL s = (23100 / 5

// BB FR 2
/i EHENNEREFAS—ROTN, 50

6.4.2 ZIEREF
PHEZEAUTEEERE (&&), ZES (D MEBIAE (1), RERFEEH | B HRER,
TR HERERT ., BB BT eI .
1. ZEBEFNHTEERE—T 1 URE: 0RTE. 1 EBRE., x BRAHE;
2. MR —-NREMA R0, WENTEE1 (H); WEEET o, WEHTZE O (R )
MBERMEE AR x5 z, MEEHT x (AHE ). B ES RS HAE e,
3. BEBREFRT RN IREE RS

HGEE E R SRR, R ERRIEFZANER. #HIT -

/i BERIERF

A=3; B=0;

A&k B s/ BF o, BYTFOEHEM L s FBMEO)
Al B //FF 1 HYTGESEMEL ) Z8EEO
Ay BF 0. HYTERME 1 RE

IB// BF 1. HETPHEME KK

/i AERME
A= 2'b0x; B = 2'bl0;
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A&k B // BF x, HETF x && #8HE 1)

/i Fikat
(& == 2) && (b == 3] // B a == 2#/ Db == 3 &ALy, MEFEB/ME 1

(BB PE- AR, METFEERO

64.3 XERBEH

XRABEFREXTF O hF (O XFEF O=) fhFETF (=), NEHLEBRK
FFRT—PFAND, MIRFBFRNE, SR 1; WRBALAHBNER Y 0; WRBER
L (O REGR PR 2z, MAREARXMNE RN x. XEBIERFHIISER C 55 P EEY
theE MR R, HHImT .

// A =4, B =3
[/ X = 4'k1010, Y = 4'b1101, 2 = 4'blxxx

h

=B // HEFEBHO
> B // FTEEHE1

=X // BTEEBH1
< & ;) FTEBEEx

644 FMHRER

EMIREFTEEIZEE (==). BHEAE (1=), case % (===) Fl case FF (1=2), %FHTF
FIARHE, MREEESRIE, WREFEE 1, FUERE O, X ERF 2RSS
B HEBE: WRB M RER TS, WEEA 0 RIE A AREERIS (HELXD ). 6.2 4
H T i PR

¥

TR S

62 FEMRMEF
F* 5 X i3 FA vl at BYiE RN
a==bh a%Fb, HZEaqbhE xakz, NERSE 0.1.x
al=b afhFETh, HEXambFH xE2, NERRE 0,1,x
a===b a%Th, AfExHz 0, 1
al==b a FEFh, iFExMz 0, 1

HE, BHEMRIEFMN case EMBEFETRRA . ST BHESMEER, MPERERMSE
frh x 5% z, MIEEHRN x; T case FHHERIEATAMINAYE x M1 z #HTENMBAERILE, REEFRE
=SB T, SRASH1, BUER KO, case BN RIERFLRNEREEI SN x. ¥

BT

S/ A =4, B=23
// X = 4'b1010, Y = 4'bl101
// Z = 4'blxxz, M = 4'blxxz, N = 4'bluxx

B // BEMFRME 0
Y // R KERE1

e
—
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2 // FRFBE
S/ ERAEEE 1 (TEHMAME T, @ cfMz)

M
N ¢/ ERMEEEC (BEMI—F)
N // GRGBEE L

m i
[

X
Z
P
M

— i n o

6.4.5 IENIBIER

ROARENRERA (~). 5 (&), 8 (1) 58 (*) IR (A~, ~ ), HARERTE
MRIEBUP R E O EEATIRARIE. MERNPMRERRUREIHEE, WER O KLYy REEH
B, PR PR AR R 6.3 LT IRAREMAZEEN. SEALRERRE,
ROBUARIER (~) HA—1BER, EXRERE—PATRURERE .

% 6.3 RUREFHRER

T 0 1 X ek, 0 1 X
0 0 0 0 0 0 1 X
1 0 1 X 1 1 1 1
X 0 X X X X 1 X
IR 0 1 X BOUFR | o 1 X
0 0 1 X {0 1 0 X
1 1 0 X 1 0 1 X
X X X X X x X X
et R
:29,7)
0 1
1 0
x X

THEAL T JLAEBECBRIERT RIS

// X = 4'b1010, Y = 4'bl101
/7 2 = 4'blox1

~X fr BUR. ER¥: 4 bo101
/TS, 48K 4'blo0o
/TR, 8% 4'bl111
/¢ Bl RE., BEN: 4 bo111
y /7 ¥liRlEk. #5%F: 4'b1000
Z /7 s, 5EA: 4'blox0

= -
GRS R

B
f
&

W, WO~ &M 5EBRER, &&F || R22ARN, BEREFPITEES
fE, BREMNERER—NEEHEO0, 18 x; BB EMATE T BREXATRELSFREE, &
MM E— R MRESIR e e R, BFIT .
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// X = 4'bl1010, Y = 4'b0000

X | Y s/ BRRMTE. SRR 4 D101
X 1|y 7/ BHEBE FHTL 0, BRNL

6.4.6 HEEIRIERT

FRWREAFEERES (&) BES5IE &) SR (0. FEEdE (~), ggRiSa ()
MR (~, ). SERERF RAE - RER, TR TMERESEMITRE, &%
—P—MER ETREERNY 645 WHHHAERBNAE, FHEXINETRERE
TR D ERIES A R B B TIZ B, MBS — M RIER A RN EE L
TisH. MMBSANEBESIE, BB NGERNE. SRR EREHELE BB THR.
BT

S/ X = 4'h1010

&X /7 HEFERRL « 05 1 & 0,88%1 b0

[X/7 #%F 11 0 1 1| 0.88N]1 b1

X/ HNF L0~ 1~ 0, 88NR1 b0

/¢ AU xor ( FEC) BRHME xnor ([AjEk) A LAFTR =4 — -~y i 04T {B B2 B iz

i FERERAERT . R MERRERNERARNTSER, HHAMESRE. K
XS RAE AT VS T i PR R B H AT 5 R

6.4.7 BAOIRIERF

BUREREREER OO). BB (KO, BRER (KO MERERE OX), HE
TERF AT RE S T R FE M e sl A B sl 2 B 8. b T RIs- e B o il R BLIRAT RS 10
ayra i (RRPEATZC00) ) FEESIRIAI L (PRER A ). JmMBEBAZE, IiFEAmMSKAEFH 0
FEFE, MAEER (BT ) B, BEABMREAIRERAXHNERIES RUMIE
Fofl - HHIT

// ¥ = 4'bl100

Y = X »» 1; // Y4 w0110, HAB—. BECH A
Y = X < 1; // YR 4'blooo, -, BEMGHERE
Y = X << 2; /7 YR 4 boooo, XABFEMN. BEMHEE

integer a, b, ¢; // AEASHEELE

a = G,’

b = -10; s/ 38R Y, 1111 1111 1111 1111 1111 1111 1111 91160
c=a+ (b o> 3); /s &RF -2, BTFRABUNSSA, FBE=. SR

i TREAIIRE AT AT LA SR BB AL 4 . SR 2k RS G AR 1A B oAt 37 2 R a9
¥, Bibfr BT 2R Rabay.

, BABUBAESHTRENEGR. SHRUM 1RAE, —FFE
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6.4.8 PHERIER

EFRBHERER ([ 1) MBS MRMEREHETE—R, AR—REN BHNHRMER NS
AMREMPHEAREN RN, XERTNTHEIHESRNAE, YREESMEER A
5. BT S R BE A S B SR R AR 2

PR A T RS MRS A S AR, ZRAESRT. BAERORMTUR
A PSS . R RS . k. BUARIARE SRS s, R80T

{7/ A =1'bl, B = 2'b00, C = 2'B10, D = 37110

, C} /7 £5R % 450010
. B, C, D, 3'b001} s/ 8% 1110010110001
, BIO), CI11} /7 8% 3 'bl02

649 BEEIREM

WRTE ZROHEE — MR, AT LMEAEERER: ERIHENRKBAREOEER.

R E THERFBSRERNERT IS, #H6mT .
| reqg A; —|
reg [1:0] B, C;

reg {2:0] D;

A =1'k1; B =2'b00; C = 2'010; D = 3'bll0;

T
B n
o I

ot —t—

{ a{a} } /7 #8¥ 4 'pi111
{ ¢{n} , 2{B} } /7 &BH 8 111110000
{ 4{a} , 2{B}) , C} /7 #8510 b1111000010

W
nm H W

I

64.10 FERIEF
EBIER (7:) BH S RER:

f3%: condition_expr? true_expr : false_expr;
B, #&@&AKL 7 EERR . BERR
PATE RS, EhITR&EFEAR (condition_expr ), MR ALE (HIEH 1), WitE “HE
A" (tue_expr); MG (BB 0), WitE “HFasX" (false_expr ) WR AP X,
B FRAAEGHETHE, REWNPNEEFTEG . RS, WERAZA R EE
B 898, MR AHE, WEERZAVER x.
S FEARTBPE AR T B MRS BANTLLA ifelse BB AL RER .

BREX —W0
i

MR - B
HEARA —Pm ]

FirzEL

(b AREH if-else EEEREFR PHENKSRERN, HEERBGEYPEN. ——FHE
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FBERESE A THERHEEPHFGRE, fMMRAANERAMYLTEMFL. #6)
mTF.

1/ SRR RS
assign addr bus = drive enable ? addr ocut : 36'bz;

t SRR RN ThREERE

agsign out = control ? inl : ino;

FAFRAEM AT LI EER, 8410 "EfRikA" M “BEEX FFETUE - RifRE
. EFEFTF, “A==3" # “control” BIit—BEFEBNEMEHEA, x, v, m,
n A, out A . FHUT .

assign out - (A == 3) ? { contrel ? x @ y }: { contyrol ? m : nl} ;

64.11 FIEFRALE

2 T BIERMER AR )5, BIDRPHEENTZEIRGCHK . MR ERNES
¥R AR TEET I, W Verilog M RBHRIEAT R BHER G RAAMITITE . HX 64T
MBS Z AN FES TR ZE RS, AT & AH TREMUARERMBRER,
BRAEE A HBEMEAZETHERIES, SUENEFRERDGESHSIEBA ST,

%64 EFHNER

w1E BREHS K 7% & 5
BHEE + - ! o~ B
., . BE * [ %

. W +
‘f’iﬁz o
XFR < <= > »=
&bt == = === !==
it & -~&
|~
Lk &
1
FAF 9. 54130
6.5 )

B AT A2 S RATENE, ATRAMIR . BIRREBAT AR FA R AR H— &
TE, RATHENSIRA A ERERT 5.1.4 THILAEIT R4 R PO — S Rn R FPU{y
L, 7 514 FWHEfRERRESEEEE ] TREGTH, RE, RILE/HES MM
7. —A-mEE AR IR FE A0 AR A D M AR AA AR
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6.5.1 MOik—ZIEikEE

£ 5.4 TEBF RN R JGUERE | i — 2Ry, HoZBE W 5.5 For, #1553
i IR Verilog $38 , e p , ATEABR T B MBIBTR R I A B R FHR % — £ 5%
A, FFHTRBEAT .

&1 ERZEER

FERXMIIET, RIMEAZRSFARAETEH. MG 6.2 FRILIED], FHEMXIINNE
THit] out BT ERHBIEMADEB BTN, MARRITASHS HREMN. PR
A SR R — 3, BPERRERISME O BA LS, SCEMNEAIMAIH R, [Igx
BT MM, BREREEERIEE RN,

Bi6.2 HiZEAIRHEILNIE—%HIEFR

/f FRECITIARA MR — SRR RS R, R T BT
/1 FES TR R PR R BT

module mux4 to 1 {out, i0, i1, 12, i3, sl, s0);

/7 RBT A A E N O =
output out;

input i0, 11, iz, 1i3;
input gl, =0;

/7 PR out MIZE R

assign ocut = (~81 & ~30 & 10) |
(~51 & 80 & 1il1) |
(81 & ~80 & 12} |
(¢1 & 80 & 13) ;

endmodule

TR 2: (EHFHBRER

A E IR BEA Jr R R iR T — IR A%, 78 6.4.10 T, RIIAE T i HFARE
KRR L F AR IR, T MR AR B SE U — it , WY 6.3. HWHIAF] 6.3
A AR (E R PO — BRI B T TR,

#6.3 HAFHREZAHENDIE—5HBIEFER

/7 FRECRRARN % — R ISR, M T RO&ETR

/ /RS TREEPHRRGETT L
module multiplexerd to 1 (out, 10, il, i2, i3, s1, =0};

/7 B THA A E RO =
output cut;

input i0, i1, i2, i3;
input sl, =0;

{1 RTHRER RIS
assign out = s1 ? { 80 7 13 : 12) : (s0 7 il : iQ)} ;

endmodule
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7EXT BT E AT, RATATLIR RS 5.5 PH&ME, HH GHEERIB] 56
Py MRS . PR IRR RS R SRR, E DRI REE R T, BT
UIHEE MR L AR BT TR LB ERR, mMABREMATERR. X—FLES
Verilog S Y DIAEIF B IR R FI M F BT iRk 5 -

6.52 ML

1E 5.1.4 WHASHE T, WiiemaSEMIT8ER M, HEHENLE 5.7 #iE 56, &
A, BIOMEAZGERANHATHE. EINRERT, BRITELEINE——(r2nes,
R I — (2 s s Bk shift s £mnas. ExXPFTH, AR %

B E R R

FiE 1. BEETIRIET

FEf 6.4 B, A MERI+FO{ HRIERFEIL T ik 3RATHEGE
i 6.4 FEEFIREEaHAIEA NS

A/ FRBER A DI E S U - N g
module fulladd4 (sum, ¢ ocut, a, b, c_in};

£/ SR e T P EH
output [3:0] sum;
output ¢ out;
input [3:0] a, b:
input c_in;

¢ ¢ AT B MIAREIENEE

assign {c_out, sum} = a + b + c_in;
endmodule

FEAFERT, REN AR RE MR TR, Wy RIS R R LR
T, FRER AR e—#.

ik 2: BRI

FERkBIHCOmERS P, EEHR R RRASREZR, HUFESAETLTREREE. —
A n B HEAINE S BIERA 20 RI]. MR o (HEEK, 215 BT R [8] 2057 6
AnE B A PR ARG . O T SRR AR, BUTEHE B {8 R T M BT I R R D SE IR B ) .
R, ATRHEERR A BINS ) TER, MEERITHRECK. &8 ATLIES X2
W T PEE PR AEE SR, RATER 6.5 PAH T BATHNINEESAT Verilog
fk. FEOFE IR Al LU AL — P e AT BT TOEBOR,, D R Py Hth BE R LR R 2L

R R —2

f16.5 TEHAIBAIA LA =hngg

module fulladd4 (sum, ¢ out, a, b, c in};
FF SEATIE 3 TT A
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output. [2:0] sum;
output c out;
input [3:0] a,b;
input ¢ in;

ri NEREL
wire p0,g0, pl,gl, p2,92, p3,93;
wire c4, <3, c2, cl;

A TER—ZHp

agsign po = al0] ~ b(o0],
pl = alll “* bl1],
p2 = al2] * b{z},

p3 = al3] * bI3};

/i HHES %K g

assign g0 = a0} & bI[0],
gl = all] & bll],
g2 = al2] & bl2],
g3 = a[3] & b[3];

/f THEE R
A TEITEBRHMNEARATEP c_in BT o

assign ¢l = g0 | (p0 & ¢ _in},
©2 =gl | (pl & g0) | (pl & PO & c_in},
€3 =g2 | (p2 &9l) | (p2 & pl & g0) | (P2 & pl & p0 & c_in},
c4 = g3 | (P3 &g2) | (p3 & p2 & gl) | {p3 & p2 & pl & g0} |

(p3 & p2 & pl & p0 & ¢ in);
/7 TR A S

assign sum{¢] = p0 * c_in,
sum[1l] = p2 * ci,
sum[2} = p2 * c2,
sum[3] = p3 * c3;
¢ HEOEH R

assign ¢ out = c4;

endmodule

6.5.3 BkEhE(LTTHEIER

A R A A e & AR & SRR T IO BREh A T RS . RATEEFAS 2 Hh Ak
WHRE A ENST Tihe, MENSEBPIEAEW K. FiE{#iH Verlog BPE RN A3 KT
Wk, ISR TN, DU RS T R A B B A N 6.2 TR, TREM 4T
RARH R .

B 6.3 #5H T e D S5 SSFIS A TFURAY T kA 8%

BE, B o4 Hmh T HERPEI TR D iR a%

TERITBORRE S M A2 B A, R A TR 0 ERBEERIFE S Verilog k. &
FRANEIT counter BEHR, W 6.6 Fin, TLEBHBPRET 44 T_FREBHLH.
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q0 ql g2 q3

clear
B 6.2 P bkahat (T 83
TR LS 9
: d
' q
lock — o\ D
ETTT Y uss
: D _FF
resat
cbar
clear Dc .
clk »
D: b gbar

H 64 WETwmE)RMAHR RN D fUR 8%

f16.6 Rkahit&IaReY Verilog #id

[ BkEh R

module counter(Q , clock, clear);
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fFBAREIRE
output [3:0] G;
input clock, clear;

J0 B (RS ) TRER
T FF tf£0(Q[0], clock, clear);

T FF tEf1(Q[1], Q{0], clear};
T FF £ff2(Q[2], QI1], clear};
T FF tE££3{Q[3]1, QI2], clear};

endmodule
TR T_FF &8 ( B 6.7). T5, AR BAME FIRER - not [0 q BUR .

B16.7 T MEIREY Verilog A

/7 HITRLARY T A SR, BN AR — X
module T FF(g, clk, clear);

S A/
output qg;

input clk, clear;

ff VR CEEDIH ) DR D AR

;7 i o RGPS A

/R DREREN ghar MOLRRE, LTRSS
edge dff ffi{q, .~-q, clk, clear);

endmodule

85, BIMEHAEERESRE LERH D_FF #ik, # 6.8 MR PR ERFDRSHE
6.4 R B HY, IZHRE DS PEERET T 7 X

1 6.8 A& R D bR 2REY Verilog fHid

¢/ HHRAED DR 2
module edge dff (g, gbar, d, clk, clear);

/1 A B O AR
output q,gbar;

input d, clk, clear;

/F HERER

wire s, sbar, r, rbar,char;

¢/ BRI IR
{1 HERR clear MEMES
assign char = ~clear;

/) RASETE; WITERS RS ARy iR AR =1 sr SFRRAM
assign shar = ~({rbar & s),

= ~{sbar & ¢bar & ~clk!},

= ~{rbar & ~-clk & s},

<)
r
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rbar = ~(r & char & dj;
¢/ e
assign q = -{g & gbar},

gbar = ~{g & ¥ & char);
endmodul e

MERN D A5 THRES S, T vl i 4 B phBe h 326 5 | R ThRbEe e xt H vt F7ii
BEER TH) 5.9 ., TR REECR 20 T RETE BN, HASHR 50%.

B16.8 BkahitERAYEENR

/7 TR
module gtimuelus;

/f EPEERMAREE
reqg CLOCK, CLEAR;
wire [3:0] Q;

initial
tmonitor (Stime, " Count Q = %b Clear= %b", (Q[3:0],CLEAR);

/7 WH CRASIH ) Ol counter
counter cl{Q, CLOCK, CLEAR);

7/ R (CcLEAR) MR ES
initial
begin
CLEAR = 1'bi;
#34 CLEAR = 1'Db0;
#200 CLEAR = 1'bl;
#50 CLEAR = 1'b0;

end
/7 PrEmt =R, & 10 MRAEBE—IK
initial
begin
CLOCK = 1'b0;
forever #10 CLOCK = ~CLOCK;
end
/7 TEHHIEJEANE % 400 BB R K
initial
begin
#400 3finish;
end
endmodule

THEFIHTHESR, E&ETES reset 33 count 17 T E {7,

0000 Clear= 1
0000 Clear= 0
GO0l Clear= D

0 Count ¢
34 Count Q
40 Count Q

n n
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&0 Count Q = 0010 Clear= 0
80 Count O = 0011 Clear= 0
100 Count ¢ = 0100 Clear= 0
120 Count @ = 01¢1 Clear= ©
140 Count Q@ = 0110 Clear= 0
160 Count Q = 0111 Clear= 0
180 Count ©Q = 1000 Clear= 0
200 Count @ = 1001 Clear= 0
220 Count. O = 1010 Clear=s ©
234 Count Q = 0000 Clear= 1
284 Count Q = 0000 Clear= 0
300 Count. Q = 0001 Clear= 0
320 Count Q = 0010 Clear= 0
340 Count Q = 0011 Clear= 0
3680 Count @ = 0100 Clear=s O
J80 Count Q = 010l Clear= 0

6.6 &

o EUBRERYIRNESNEEIALH . EERANELTHAY (active ) RE, BHE—#
eSO A2 7 BN REC AN BT E. BRREEINEME (REBRT) 290
R R MR BRI, BB RE AR AL % SRR (B AR 52 A

o FEREMFHEELNERYBERE N ZMBRTHE FNAER. £Me (RE)
FER AT LAE T assign EA) . [RSUIEGRIR (AL I A B = RO AR ST,

o MIEFEARSRAR, BIEFNRAR.

o MERMALQFENEA, BB, XK, ZMH, 86, 58, B S EFNEY. 2
H. XM= HREFFTRE . BTM MRS, MEHERERTUREEES
MERAERT

o HMHRIERTRITIREA RUR AE R B BB 28 B MR IE S R Y if-then-else 1T,

o B BEAEIRIRAHIAE LI TR, 7E5 5 Erpihea Mk — S HuEE S 2
BEFREAT L ISR FE ARSI, e B h, BAVERMMREH R T XA .
e SRBRA IR A WA R 4 D 280 T — A ARk b 28

6.7 &R

1. —P2mBEE = —N0EA x, y iz (SIS ), W —fad D (%) #B (fF7).
R D M B B8 ST B
D=x"y" 2 +x-y-27+x-y"2°+% -y 2
B=x"y+x-z+y-2z
R L E LS Verilog {3, G VOO (HE. FHSAPH+H N THIEREE S
RLUBHEE (1) RIEF ). RERAR, ERBPEOS AR, Xx, y Mz XS MRAK
8 FeH-& B FO G BOH Hl #E A T
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Ll e T e T s s O - 1
e e e R o L = R B L
= e = R 3 N

D
0
1
1
a
1
0
0
1

'—"':'Cb{:ll—-r-—-—tcm

2. KEEERRATIEER L ER M BB XCE: KT DTEFET. — N R/h BR800
AT A F B, RATAILLEENS R T mAER, SEHNG hREERN.
A=AG)-AQ)Y- A(1} - A(D)
B =B(3) - B(2) - B(1) - B(0)
B8R0 R EE AT A B AR T R, BOIAT. WERPMAESE, WBZAHER 0 MBCR
H/NRW. T REZEBELHXNThEE, RITFEEL N PETE . HFETHIHWE
Fak (xnor) MITHEE.
x@)=A{)-BO+AQ)y-B4ay
KN HERRS = Mt b A_gt B, A_ltB il A_eq B, HIHEALHAN:
A_gt_ B=A(3)-B3) +x(3)- A(2)-B(2)" +x(3)- x(2)- A(1)-B(1)’ +x(3)-x(2)-x(1)- A(0)- B(O)’
A_lt B=A3) B3)+x(3)-A2)Y B(2)+x(3)-x(2)- A(1) -B(1} + x(3) - x(2) - x(1)- A(Q) - B0}
AeqgB=x3)-x(2)-x(1) x{0)
E ik magnitude_comparator H Verilog #iid. 5! ERISIBOFERH P LHT | magnitude_
comparator ik, ¥ A F1 B 8QJLBAS, MHERKTHEE R T,
3. — PRSI T LA EM JK M BRI BT EE S, HEEE N IK Ak
sieo mE RN 6.5 FE 6.6 i, HEBIEE clear RBYEAX, WMABEENHES clock A
T FHOREAIE, A RRTE clock AU TR . 4 count_enable {5 S 4B FRFILITEL. B
H FETHECEE Y Verilog $ R A RNRRE , RS b F clear F1 count_enable X {14128

FTmR, FFBRH H TR Q[3:0,

= )
J

)
~
clear
L y
i — . har
- B

—H

clock a Dﬂ o

Be6s5 FMIK LR




6% i

Q0] QL] Q2]
| : ¢
CR Q Q CR ? CR
- H J /;\ K [1 ? K H J 4\ K 3 /’r
clock L l l _\
) J/
count-enable & — iy ) F }-—

B 6.6 PEfH A AR A R AT I ER




B TE T AR

MR EAERARNEHER, AR R AT RIFHOBENNEHEETED . &t 4%
BARSHWNE AT — SRR AT, DA 5 SR RS G B 2 R f T TR T A I
ftr, LURSRBRAEMIEAENE L, 2R FRASHWHITHER CEBGFZRNESZ HY.
MNP VR EEURRZ L. WX RE LA, i3 A O R 5 R iy
FHRLHMEEE, REEHRE M EEENMEERZ G, B A T R 7e 5w B b 38l
—R%

Verilog SHRFRITEMBEIL MM, BV AL RESMRIT A0 00 f B S LB AT . (R AT MR e
RA—TRENHRAERITEI. EXBR TR E LM T CiE S HE,
i B Veritog TR BREMITEEL S CIEF M LML, Verilog B T ST M HRBIELSH)
A E BRI TIRKR R .

F 3] B¥r
» ERREH L TE always F initial FEFT MR BB EEN,
o ¥ X PEE (blocking ) #IEFEZE ( non-blocking ) T BEMEREIEH].
o BT ARBEEDE TR FERVE . 23 0 H—-8EE. Nk RFIEER.
o HFRTARBERTRTEAMMNFERVE. 2 H—-RB4E. HRE4EHANE
# CR (T¢) 1=
o TEIT AR D P A 3 # LE
o {HR}if 7 else MBRMAER).
o ffiH] case, casex fl casez iEH)HAE LM .
o FRi# while, for, repeat F0 forever ZFEHiE 7).
o F XMRFHRAHFHITRIER).
o HEMmBRMGrSRKER.
o TEITSERITETIT AR ER.

71 L IEER

1E Verilog B BN EED . intial 595 always 84, EFEITHEEEMM
MEAIE. HAARITT ST R IR et il A

5 CIAEEAF, Verilog 7€ F E R ZMIAEMIFR). Verlog TR MPITIHE () #
BT, MARMEFHITH . S1 initial iF 551 always 3R — M AT R, BT 0T
B EAE O iR, FHXPRHENAEREER. TERMNIKBEIAMFHNZM
a2,
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7.1.1 initial 4]

AP AT 7E initial FEH]NFIE AL T —> inidal 32 - initial Bt MAFEL O BF 2 FREAE0AT, 71
Eit e AT —Ik, MB— P A T E T4 inital 3, WX initial MEE 0 RH2DE
Wit BHAT, HEPMRAIITES B M. NMRERNA ST T E2EIT B, IRATFER XL
EMHN— . —RRME X8 begin fl end HEHIEE B~ RIER; RN NA—KIE
B, BT HER begin il end. XS24 F Pascal iF = FH) begin-end Bk, C 1B = BHI( 1iED]
. 7.1 A T EA initial BETR9H1F -

$i 7.1 initial 3E4)

module stimulus;

reg x,%. a, b, m;

initial

m = 1'b0; s/ RE—-FiHG, AFEMEH begin-end

initial

begin
#5 a = 1'bl; // H&EH, BEME begin-end
#$25 b = 1°b0;

end

initial
begin
#10 X = 1'b0;
#25 y = 1'bl;
end

inicial
#50 &finish;

endmodiil e
7 EEHFFS, =& initial IBEEGE 0 BRI HHIHETHT. BREFR - RBAREHAE
iR ftdelay>, BRANTIX SR initial B0 B S50 3, FEE3THEE EEIR AT B 2 J5 FEak 2
AT, B initial 1B 0) RISATIRE A

i 8] BT ARG )
0 m= 1b0;
5 a = 1'bl;
10 X = 1'b0;
30 b = 1°b0;
35 Yy = 1'bl;
50 s$finish;

g1 F initial RFAIZERAHEBIE JEERAT -, EiE R TRk, FEER. £
O RBOEF AR, T RN, BIRGRIMEE A S—fREsERRETTImGaE. X#
FigY initial H A AR A H S HA RBLAER.
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EE WA R E AT
Verilog S B BIRZHTEIAL, #) 7.2 S T XEERIA BE ],

7.2 FERBEERAI{E
/7 BT X

reg clock;

/4 ERSPERMETE R O

initial clock = G;

J5 AEERTE, BT IR s B R AL
Jf XR TR FGEHTER- - EREHN
req clock = G;

[E] B 17 8 O /8B A RE RN 3R 1k
TE 3 O /B S IR RG [E) A B] DI R ta e, i 7.3 FFs.

5173 iml/ARAS FRYIE KL

module adder {sum, <o, a, b, ci};
output reg [7:0] sum = G; // #Eik s B R sun
output reg co = 0; ;/ Mplk 1 EHER co
input [7:0] a, bi
input i ;
endmodule

ANSI C F& 4 O B AN 1

) 7.4 454 T ANSI C Mg O = sy B RFI R k.

7.4 ANSI C Mg O BR RO BR#19E 1L

module adder {(ocutput reg [7:0] sum = 0,

/7 BERE 8 A AEE sum

output reg co =0, ;7 ¥k 1 MREHAR co
input [?:DI a, br
input i

)

endmodul e

7.1.2 always i5A]

always FHEIEN TG T BT T —1 always IBAIHR X always AT R AT E 0 A3 %]
FANUF TR PRI NER; EBE—&NTRRE, BRITHRITHPRE—FKIEN, Mt
BHREE, HEEMMFESER., Bl aways &8585 A THHFA P —HREHITRIESIE
TR, BlMpH (S R8s e RS S B — k. RIS REDRIREE,
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WS KA SN Z 0 BA%, —ETHEF L. #) 7.5 W TH Venlog i 5 AT Bh R4S
BRI —F T

7.5 alwaysiER]

module clock _gen (output reg clock);

£ T O BANE clock TEALE
initial
clock = 1'b0;
/1 BENRABC clock EEHESHE K (A =200
always
#10 clock = ~clock;
initial
#1000 sfinish;

endmodul e

EF 7.5 F, always IS H 0 840, 858 10 AR SRR BUT—IKFT clock {F5 BB
Bit, B8, FEXIHIFP, clock (5527 initial IEH P BT WRERBRITEWIGILIES
HE always kPN, B4 always IBHIATEIRIITRR S 3L clock BAIEATL, AR initial AT R
PUT—IK, BRI IBE {H l$stop Hfinish iIFmEFILFE, RAX T RERPE—BETIEF .

M CHEWAERE, always BUT—PTREFR; RUNEFTENAEFEE, TH
SR T AR R LR RSN BT MRS XMRTEILNEE RER S

( $finish ) F1Hr ( $stop ).

7.2 HIEMEIESG]

HRBEEANEFNEEFFE. BR. THENETE, TWRANTRANRES,
HAEMERERE, BRI RREENRFHE. X5RITES 6 EPihet EEREIEH
AR, EEREFRASEZE TEIRE, £E—- TR ERNEANSRRERANERFITE
UASCERWE, BOERERN A FARTARNEA SREH. dREREEURFERMIEEE
I FER

agsignment ::= variable lvalue = [ delay or event_control ]
EXpPressicn

W |

S REME B A M E<dvalue>P] RZ LR 288,

e rag, VA, SCRIM, BHEIFHETREFHSET,
o PRFEFAERMAEE (HIEN, addef0]).

o FREFPRFIFEEE (F0, addr[31:16]),

» L =RhARIpHFEE .

BEMFAMT R EERRASEREAR, EREARTLUERAR 6.1 FIHRFTARMER.
Verilog ALFERARRURLTBBRE R . EEREMIEMEEREEF.



82 Verilog HDL # Fi% it 5454 ( £ )

7.2.1 HEREIER

B ATHUE A OB EREE TR T, EASHERGHTRPIEaMTT. RITEE
7.7 Yepst BITHRMAMPFITIRATITE . EEREFEAER =" EARERN.

w764, REAHEN x=0PTERZE, AEPi7y=1, Mi5EH] count = count + 1 T
FIERGHAT. B THERE RN ZIENFHITY, EiLWRE— begin-end B EH T HE
BEER, IFAXTHIEARMPEBTIT N, EH 7.6 ., begin-end Bt & B RIMIT R H
A< 18] 7

¢ x=0%|reg b=reg_a ZAAENTEVTE 0 B 2T ;

e iBnreg a[2]=0 TE{TENZ 15 PfT;

o FAlreg b[15:13]1={ x, v, z }EOF B2 25 PutT;

e [5/A] count = count + 1 ZE{ Bt %) 25 347

o MTRIMABRAITAHIES T 1510 Aot E[ R4 RYER, EiLiEH] count = count + 1

T 25 B 2 PeT
76 HEEREER

reg X, Y, Z;

req (15:0] reg a, reg b;

integer count;

/7 AT BRI EE initial B8 always RHNER

initial

begin
x=0; v =1; z = 1; // HRERAE
count = 0; ;; BEAAFEEH
reg a2 = 16'b0; reg b = reg_a; ;/ mErmEit
#15 reg al2] = 1'bl; // HEBMHERE
#10 reg_b(15:13] = {x, v, z} // {EBHRERIEMERRIEA R BRI ()
count = count + 1; // HERNGFER{E (EH)

end

T, TEX F ARV B T B A T, A RRERFBI MR A FERARSE, MR AL IR

. MRERMEBAXNORER, WHRE BRI RAENE, TEIEMMENR A

EF;
2. WRLAEWMRERTEMGRE, WAZHFRAR0;

7.2.2 HEPHER{EIER)

1EPR BRI IF AL AFRIEE , (A ERSEENTR—BFRPREFEIRIT. EHE
REMSER “<=" EAREN. RESTEED. B8 “DPTET ARRMERFRR—ANE, B
FER P ERRBE I CRRER, MAEEMERENTE T SRR ERE. v T HEEE
FRENE I URSHEREMX S, ERITDEZEES 7.6 PEFHEEREBCVIEHZERE
BERER, B 7.7 ST RIS AER,
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$17.7 FEHEREBER

reqg X, Y. Z;
reg [15:0] reg_a, reg b;
integer count;

/f FTAEATRESME R initial fl always HA
initial
begin
x=0;y=1; z =1;: ;; iBE{E
count = 0; /; BERFERE
reg a = 16'b0; reg b = reqg_a; ;; [MBHWHIL

reg_al2) «= #15 1'bl; // WEEMIERE
reg bl15:13] <= #10 {x, v, z}; // {EHERENGRRERE BT ()

count <= count + 1; // SERIARERG (B
end

HEXTH TR, Mx=0%reg b =reg a ZRIBNIETEEHE 0 W ZIRFEHOTH, ZEH=
% AE T IR (HIE BV reg b = reg_a PTG HF R IT.

¢ reg a[2] =0 #AEH 15 MtEALLZ AT, BIFERSTZIA 15;
e reg b[15:131 = {x, v, z EWBE D] 10 At A S HAT, BOFERZIN 10,
* count = count + 1 #§i5F BT RMTT, AMFREZN O,

M EEBSHTRAIES], (R BN RE DN AR Z], REREDITAR
WiEH), EAES TREFRENTR, BT, EHERARELIHANIINEE—
iR, RPSHEEMME AL A ITH,

£ EEREF S, RIEEENFHEREENRGE—RER, BOREERER LM
HHENMTY. FEEEAFTENE, FRER—1 always SRFRESFAEZNIEHER

{HifH.

JE PR ERR Wi R

IR TIREERENTAZE, ERAEN ARERGOT P AFHERELSRER
Bo JEFERE N LR E AR BT R, BINSE R RS, 21508
H RN, & FEXTFTT, HEBESH EREERZ G, PUTE 80 R

always @ (posedge clock)
begin
regl <= #l1 inl;
regz <= @(negedge clock) in2 “ in3;
regld «= #1 regl; // regl B “IB{H"
end

F oo o ETHEERES, HP YIRS O T AR T
1. AR EFHERIROHERRESER inl, in2, in3 Al regl, THEAMLRARXHE,
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ZAH 1 H AR BT ;

2. MEAERRES G EFRAEDMM AN 2, HERNERIER N SNERE#E.
TEFGR, 3 regl FIREFR TS —IHEI RS, X reg2 MR{HTEES BN A5 S TR
BIREIES 2L, X reg3 MIRE{E TR B & — TR Bf7 ;

3. B PMRERETHFAENGENZAZE. B8, SAEMTERKNREFRYERTEZER
FRIFHAK IO, HERETRAEZEREFAEE. 48604, 3 regd BEBHER
JEregl 9 “IB{E", MARIEMZ AT regl BFHF{E, regl A9 “IAE” EERESEMG

EEE BB REH

B FER AT I, regl, rep2 il reg3 MBS M ET X, 3 T JEpE Sl

HITHIR A
AT — g AR R . iERATRE S 7.8 FHHF. XMITHEORES

BB _EA AL I a 0 b AR F A ERMME, Hh R TR aways 154,

#5178 EREHEEMERBEERTS

/7 WH 1 (FRMEEEFRFHETITH always B
always @{posedge clock}
a = b;

always @{posedge clock}
h = a;

¢4 R 2. @ FEIEBH iR TR TR always B

always @(posedge clock)
a <= Db;

always @{posedge clock)
b <= a;

R AR P RAEA 7 HZERE, XN E T EFRFR: a=b#b=a, BEHT
WFF B 58 Je BUR TR FH RO A% . R B U A B X5 a F0 b (R H . MEMERAR
HHRRE (72N S EFHT PR 28T a 38 b A(E), BAEEE—ME SN ESE X,

B R RR S, RAOTELFE AR ERE G R R T8 TR TSR pim
FEASER ST EERE, #MiAREXEHRFERAERSP; YRAMAHE, (THES
X SR R FIFH ER R ANTE. SRS ENERESHE T, X3 THER
BHEN, FERZENRATIFEE. B 7.9 44T i FAHERE LI 7.8 4 (HHA2)

{3 P BH 288 1) A RESC LA B B0

#5179 {EFEZER{ERIAZIIFEZRENHA

/0 1 PG A B B R R R AR O B FERR AR 97T A
always @ {posedge clock}
begin

17 EERAE

/7 RN AR ERFEER TR+

temp a = a;
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temp b = b;
/7 HEME

/4 BB EEMEADENE R

a = temp b;

b = temp =a;
end
ERFRMETH, WREREGRERE=EE M NENTEEE, BRITRFISEEEREE
e IR ER AR FHTE . MR IEAEERE RIS, B TFREREREKHTES
HEEPATIONY, A TRES IR ME:; MR EREEANIRITEEE SHITRFE XX, B
W E BB M R X R AR L . ARSE B A MR A REIKEBEML A TR (mutually
exclusive ) BUBEREIR . HAEME ZBRAEMFRAFEE, CASEHERENTRURN

BRI,

7.3 BFEE

Verilog il AR T Z AT FFESRTEE. T Verilog |, HFEEFHESESTEY
TR, EERRITE T L E N BRE A A Aad 2, ST 6 05 200t a4/ EIETHES . Verilog 38
$T =M irs:. BTEIRAN S, BT R EEEH R P eyt e,

7.3.1 EFRERRH FiEE

ETIEEmaHr &R BERER P, ERE T ENFRITREIBUTER 2 A 490 R R,
FERTHEFPRJLRRE, RITEAFERIETERMFRER, (HRMEHITRE, EA%
L, BIMEACH SIS, TSN THERBHIEE.

delay3 ::= # delay value | # ( delay value [ , delay value [ ,
delay value ] ] )
delay? ::= # delay value | # { delay value [ , delay value ] )

delay value ::= .
ungigned number
| parameter identifier
| specparam identifier
| mintypmax expression

FER(E AT LARIRF  FRiRAFRRIAR, BEEERARTN LXEF # . M T3 BRE, Verlog
BT =FRBRIER R ERIERAES . RRE N R AR R

TR LIRS
WHERE RN FTREFONLEN, BTEE—TEZEEE, B 7.10 B8 THEAEHER
FEHRIHIT .

5 710 HMIEIRITH

i BEXBW
parameter latency = 20;
parameter delta = 2;

/i BT RTR
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req %X, ¥, 2, p, 4i

initial

begin

x = 0; s/ EHEEEH
#¥10 v = 1; /7 {ERERWFMERERH. & 10 TRUMEABGTY = 1

#latency z = Q; // FASRIRFFRIEREEH . iR 20 T AF[E
# (latency + delta) p = 1;// SRFEAFHHAER

#y x = x + 1; // SRR RAMERIEEEH,. v SE
#(4:5:6) g = 0; /7 B, RBHBLIERNE, Fs 208 g

end

EH 7.10 1, S ERERE A RHIEEPUT R8T A Rty R SRR E R, X T begin-end FRHHY
i), EREEREARREEE R, WESHNITHAEXEE LI 7.10 HnEasR iy,
2 begin-end B PSS~ RF TR HAZ] 0 FHATATHY, 7258 10 M EAfunt 2B B %15
], FRMTy=1.

PR B R R HEE 3R 2

R T AT LUK EE R 12 i B T REE 2 8140, B LI TR ABIREFERY, BEREM N
A XFIER T ASCR 5 FAIBRRE R AR . 726 7.11 IR X PIF R 2 55

TTEER,
711 REREEREIR
/1 EAFGRTR

reg x, ¥, Z;

/¢ PIERWA(EER

initial

begin

0; z = 0y

#5 x + Z; sy fEAHEM O BFREE x Az BE. TR x + 2,
/4 WREHE S TR faE, EHESRRS v

N X
non

end

¢/ PR BB EAIA R R, IRBlFEREAER
initial
begin
x=0; 2z = 0;
temp %z = X + 2z; // EEANEHE x + 2 BH, EIHESREMEESERT.
#5 Yy = temp_xz; s, BR{fifE 0 F 5 AU AME, x 1z HEFEETEL, &
r/ THRETE Yy 5 -afim R, W& v HERMBRAZER (B

/¢ 8 o HRATTEER)

end

R HERANSRBREEENX . MFEIUERER , EHERNEREMREEMIT.
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X TABREEEE, FERE S MTEANRAARME, HEERENNEZE, B MEm
FWAR. Hit, ARERNERAS TRRSANERAEEIEE S, S5 ERTREER
R X MERG MR

T HEEITH

LR — {5 H 2, AT AR always i initial S §af #2554 v BER RT3, (HEDUAT( IR
H) BIFRAHER, SHERAMTERERER., EXFHERT, FEREH TGRS TER
R FE PR EPITIT 2R 2 B P B AT, Ak S ., HRREENE, M3
FHZENAFEREMEN, MEMTZEBPITHFISEARER. #7.12 B TRILRER,

1712 Wi REH|

initial
begin
®x = 0;
y =10
end

initial
begin
#0 x = 1; /7 FHEEEH
#0 vy = 1;
end
@l 7.12 PR FBEBAREEGE 0 2T, HRATEORFENAFRER, FLE
S ERERENT. Wik, f£FE 0 BMASEHR, x #ly RHERR 1, BETIRNTHFEE
FRER
xR, RIMNBNEERBAIEMFRTERER.

732 BT HAHEFEH

#E Verilog 1, BHHRAER — A H MR M RIS L T2, FHERTLU TR MR TE
AIEPLEAIBIT . Verilog ST 4 MSRIMSHEEH . BRBMHTH . SABHEH. R (3D
BRI B TR .

WS
HEEHEHAE @K, BUSERTHXGRESHEEETL. Xt ERMTEMNA
[ERREE ., ST posedge FIFHRMIEMBEA, negedge FIFIEMIMmBKAF, W 7.13 BiR,

#7.13 FRBEHES

@i{clock) q = d; // BEFES clock BERT, ST g - 4154
@(posedge clock) g = d; /7 HEES clock AR M, B4 o FD 1, x5z,
7/ B xTE 1, Bz TP 1, BhiTg = aifa)

@ (negedge clock) q = d; // REBEFE clock RN ERMMDE, BYH 1780, xafz.
s i x P o, mzTH oM, BWiTq = qiFER
q = @(posedge clock) d: // EIHHE A, T clock IEMBAERZHRES o
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fir & WA

Verilog 155 14t I @y ZEEHIMLIE . HAal DERRF AT event (3F) RBKETH,
s iZAR, HRRMZEHEECARE (JLH7.14), EEHHXHETF event BB, EAEE
RETAIE. FAMBERTS — £n: HAGFHEESKEFRTS @KIAH.

fl7.14 drRWEEE

¢ ERFAAABRRERE —EHEED R LG, ABBFRERTERTITR
event received data; // EN—THNH received_data (FWERE BEML

always @ i{posedge clock])
begin
if {last_data packet) // MRXERE—HHEIE
->received data; // @hEEBEWEIESEH ( received_data)

end

always @(received data) // F{rWHESHMME
/f HEARARN, APHERELBEFEARERTS

data buf = {data pkt[0], data_pkt(fl], data pkt[2], data_pkt[3]};

OR Bz H

o, £MESREFHFRENEE AR a2 IS UEIETHAHRST. 7E Verilog
EEd, WTRMER ‘5 RESEFRAXFEL. BXEE o EENEITFHENEFEA
HRAYFIRIF RIS |R, X8R “or” BIFRRIMAEER, F 7.15 i,

$17.15 OR WfHZRl (HEFIFR)
/1 AREELR T BT

always @{ reset or clock or d)

/) BRENES reset, BMEE clock MARES 4 ¥

begin

if {reset) /i Breset {FERHE, HqB%
g = 1'b0;
glse if {clock} // FHclock 550, BEMAES 4
q = d;
end

Riid “or” WATLIEER <7 RAE. # 716 S THEAESHAT. F/H "7 RMAEX
B Cor” il TRV SR AL E R

#7186 ERESHEBIIR
1 BRE R T RB B

always @{ reset, clock, d}

// BEERGES reset. HWES clock MAES a BIE
beqin

if {(reset) /i Hreset FERE. BqEE
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q = 1'b0;
else if (clock) f Frelock 59 NE., FEWAES 4
q = d;

end

/7 M reset B3 FEEIGHE G, 1k EBVER#EMN D FFH
always ®(posedge clk, negedge reset) // X8, FHESRHVELRT or

if (reset}
g «=0;
else
q <=d;
RAESZHRLEAARATERIRE, BAREHRIIRSBEMTERSE B, X
i, Verlog At T AR MPRAME: @ Me), efERFINHEFARPHFAEHA
AR RSN B 717 18 T T XA SRR A B E AR,

#7.147 @"REFRER
/7 P or BERMMAERARE QUEFIRRES, HFEEHRE—THA

always @la or borcordor e or t or g or h or p or mj

begin

outl = & ? b+c : dee;
cut2 = £ ? g+h : p+m;
end

s/ RREFRFE, HFSe (+) AR, TLHEMEHATRE O siaEHaRsi#
always @(*)

begin

outl = a ? b+ : d+e;

out2 = £ ? g+h : p+m;

end

7.3.3 RTHRRTFEE

AU R HE B AR AT EFHESENEANEFONME, FATSeMEmmn
BURSIRKF . Verilog [}t SR H 7 #h—FPIE ;X Fm s e P BT A (B IR H)
FEARFBESHEREN RN EAGEHAT ). Verilog 18T AXETF wall kR A G THENK

R,

always
wait (count enable) #20 count = count + 1;

7 F TS, 5 EEESIE count_enable fE . IR HAE X 0, MIAMTEmHBES],
{FES2 R, MEHEN 1, W7 20 atEBA 2 FPIHX A . 15 count_enable §5#
H 1, 3P4 count BH 20 /A E) AN 1.

(O 4% 9 BL % TEEE Standard Verilog Hardware Description Language XH{ P X TR FH M H SN HE S
B
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74 FHER

A8 n A PRI R AR FUER G T B 8E 1, G if Fl else A TR FAHE4H].
Verilog &5 3H ZMEBRIFEFER, ZHEFOARENTIR, HEEELREZED.

/¢ B—HENEN . B olseBR
/7 REMETRA SRR RT

if {<expression») true statement ;

i1 B_HEMAEN), §—F el ER
/1 BBFEEANE, HEMT true_statement BlR#E false_statement

if {<expresgion-) true statement ; else false statement ;

/1t BEREFEN. BEMN Lif-else-if 1B

/7 AIEEME R FIF LK, RA—FEWNIT

if {<cexpressionl>} true_ statementl ;
else If (<expression2-} true_statement2 ;
else if («expression3») true statement3 ;
elge default statement ;

FAFERARITERS . TR EFRIE R <expression>, HRGRIVE (1 S4EFH ), Wik
T true_statement i&4); MR AR (0 ATEM x ), WETT false_statement 5], TEHRfF
IR A DIA-E TR 6.1 HIF 2 BT TERPERF . true_statement 1 false_statement ] IR —3&iE7],
A LU R —8 i . RE—HIER, WA FH begin i end XEFH ETE N~ MGER,

BARRIE R TR LB 7.18.
718 HEFEDE

/¢ B R ER
if{!lock) buffer = data;
if {enable) out = in;

/¢ BHRAER
if (number gqueued < MAX Q DEPTH)
begin

data queue = data;
number queued = number queued + 1;

elge
sdisplay ("Queue Full. Try again”);

/7 W=k MFiEA)
/7 WRIERFIAHAEE B ITEEIES alu_control T AR IR AREZHEE
if {alu control == 0}
Y = X + Z;
else if (alu_control == 1)
y =X - Z;
else if{alu_control == 2}
y = x* z;

elge

Sdisplay{*Invalid ALU control signal®);
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75 ZHEITXIEA

A RRRRBYE =M RS AHEA if-else-if BIIBUA - ETHFHE —MER . MR
HBRE, EAHERKIMATE, WM case ERIKHRXFFILIEH F#.

751 ZBESIE
case IF-H{#H B case, endcase I default X FHR.

case {expression)
alternativel: starementl;
alternative?: statement?;
alternative3: statement3;

default: default sgtatement;
endcase

case IE TP RYB—F  ENE ] L R—RE N —HIE N Z RIS T B XY begin
fl end H-EH—MRIER], EON, HAIMTBEFERENE, RREIFHERE M ERT
PHATHAR .. IRETHE—ER, MR RIAIE4] statement] ; IRMEIERTEFHAE,
MEAFT default_statement iE4], FE, default_statement IEFHE VAR, THFE—% case i§6P
A RFE F % defavlt_statement, B, case FEH LIREMA . TER Verilog {UHSLH T #

7.18 RIS Z R R HFEH],
;7 BIBRRE alu_control f§%. PITAFHER)

reg [1:0] alu control;

case {alu_control}

2'd0 : ¥y =X + Z;

2'dl : v = x - z;

2'd2 : vy = x * z;

default : s$display("Invalid ALU contreol signal®);
endcaae '

case IEH T HEMT BEGEESR . 0 THBLE— X, 78] 7.19 FEATEA case iBH]% 6.5
PR — SRR . i T RESH AR, FIBRE V0 WORFRAE, WX
PEFPRITTUER, AR+ SHEEROMRER A case IBFIRLHK.

#7.19 {#f case B MiE—% 2k E 3%

medule mux4 teo 1 {out, i0, i1, i2, i3, si, =20);

/7 REERA A EA RO A

output out;
input 10, i1, i2, 1i3;

input s1, s0;
reg out;
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always @(sl or s0 or il or 11 or i2 or i3}
cage ({=s1, s0}) // FRERRHFTEHFESHFENRL
2'd0 : out = 10;
2'dl : out = il:
2'd2 : out = 12;
2'd3 : out = 1i3;
default: 3display("Invalid contrel signals");
endcase
endmodul e

case IF AN LEFRARMEFEERAE, B—MAMETRREO0, 1, xHz, MEREN
AL, WHEA 0 EAASSRARERE RS A6 7.20 tF, BAMEH case BREX
THIHE LB EM—FIOH 7 BE 88 (1-to-4 demultiplexer ). 7B AGRSEMNES T QTR
WE (x) AEH (z) 2, M FEEESHEEHS, ZoBRBENE M HERD AR
WIKE T

il 7.20 #H x ¥z B case iER)

mocule demultiplexerl to 4 (outd, outl, out2, outl, in, 81, 80);

/7 TRIEHA /B G O P A

output outld, outl, outl, out3i;
reg outl, ocutl, outd, ouk3i;
input imn;

input sl, a0;

always @(sl or s0 or in)
cage ({sl, s0}) //Switch based on control signals

2'b00 : begin outd = in; outl = 1'bz; out2 = 1'bz; out3 = 1'bz; end
2'b01 : begin outl = 1'bz; outl = in; out2 = 1'bz; out? = 1'bz; end
2'b10 : begin outl = 1'bz; ocutl = 1'bz; out2 = in; ocutl = 1'bz; end
2'b1ll : begin out0 = 1'bz; outl = 1'bz; out2 = 1'bz; outd = in; end

// BERREESPEIRER x. SEBESHAHEMS (x), WHRN x

// BEEBFESTARMEME z, FUAFESAHREME (=z), WiEHH -z

/i EEEFESP R =, BNk z, M xBEEEH

2'bx0, 2'bxl, 2'bxz, 2'bxx, 2'b0x, 2'blx, 2'bzx :
begin

outd = 1'bx; outl = 1'kx; out2 = 1'bx; outld = 1l'bx;
end
2'pbz0, 2'bzl, 2'bzz, 2'b0z, 2'blz :
begin
outd = 1'bz; outl = 1'bz; out2 = 1'bz; outld = 1l'bz;
end
default: $display{"Unspecified control signals");
endcase
endmodul e

M 720, BATIES IR R —HHBRBTHEMEEESEHE, 02 020, 2bz1, 2b2z, 2'b0z
1 2 dlz BAER — ME TR EEET Y, EHESKESFF,
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7.5.2 casex ¥ casez KETF
BT FEHERBY case A2 5F, case IBFIBEAFAIEE, @3FEHCEST casex Fl casez
¥R
» casez BN K FARBEEMEAR T 2z (X XE, FFAEN z WA LLA
"7 RALE:
e casex BN &M FEA M FEEINE AL TR x fERTERME.

casex 1 casez FHE A AT LILEERATTAE case FaA 0 HXHE x 83k z M B T ] 7.21
BB T I ZEfE B casex 50 A4 R AL L3R, casez B RS casex mHE 2L
FERET—MRER, BRAFEXHER, HARNMNITLIZK AT,

f17.21 casex HHZ

reg (3:0] encoding;
integer state;

casex (encoding) ;/ B8{H x IR
4'blxoot : next state = 3;

4'bxlxx : next state
4'bxx1lx : next state
4'x]l ; next state
default : next state
endcase

e FEAE 7.21 B, INBHIA encoding BI{E N 4°'b10xz, W|IAT nexi_state = 3,

7.6 {EIRER
Verilog 1B 5 A IR MIEERIE R . while, for, repeat #1 forever. LRI IFMHIEL

[=]

5 € BE PRIEINE T M0, 1EIFER) REETE always 2X initial ReRE A, EREAA I
SHERFEF .

7.6.1 while &%k

while TEFF 6 <25 while kR, while 7B HITH F 1k &2 while RiEABHE SR,
583 while 1575t while ZIARNMEBR LR, ABHED KA HAT. 7 while 5]+
ALMEBIE 6.1 LA BRER, 3 H A AX R R BB RA . mEE
hE S &IER, MBS ITHE AR5 begin 7 end #, #]7.22 41 T while JRFAHIBHIF -

CE R I | I R
OO H W
bt t - -y

i} 7.22 while %

;WAL i‘l‘ﬁﬂ'ﬁﬂ‘{ﬁ count M O IR 127, FEMR count TR
/7 % count & 128 BRI

integer count;

initial
begin

count = 0O;
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while (count « 128) // TR ARGTIEEEN 127
Jf HITEERN 128 FHRH
begin
Sdisplay("Count = %d", count);
count = count + 1;
end
end

ff 2 FiRENER tlag B ORISR ) FRE—MED 1 81

variable)

‘define TRUE 1'bl‘;
‘define FALSE 1'b0;

reg [15:0] flag;

integer i; // BRUEH T

reg continue;

initial
begin
flag = 16'b 0010_0000 0000 _0000;

1 = 0;
continue = ‘TRUE;
while{(i « 16) && continue } /; T#BEFNE PR E vhile FER
begin
if {(flagl[i]}
begin
Sdisplay ("Encountered a TRUE bit at element number Fd", i}

continue = 'FALSE;
end
1=1+1;
end
end

7.6.2 for {EIh
for G EHXCHT for REFA, ER=ETHIHEHR:

1. Vith &M,

2. BERIFZHREHIE;

3. AR E AT EREIE R,

i 7.22 H B while TEFRERHR AT R0 LA for fEFEAIRHAE (B 7.23). A
) 7.23 BRITAALIEER, Bth&RGSERN HRRIE T EREE EREIEE for [G3H T, TH/H
SMEER, BT HEERE while {EIRE SRR, BREE®E, while 1§35tk for B EREM, ¥

ARTEFTR B T B for JEPRAE while 183

5 7.23 for fAER

integer count;

initial
for { count=0; count < 128; count = count + 1)
sdisplay{“Count = %d”, count);
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Wk, for AR H FIRI A RAESAITIRE. 25T

/¢ BEITTRAYIT L
‘define MAX STATES 32
integer state [0: "MAX STATES-1j; // BRIEME state HETH statel0]1E state[31]

integer 1i;

initial
begin
for{i = 0; 1 < 32; 1
state[i]l = 0;
for{i = 1; 1 « 32; 1i
state[i] = 1;

i+ 2) /7 EEAEBTENERLS O

i+ 2) ¢/ BAEFTENRIES 1

end

for T —AR R T-HA B E IR ISR F IR, IR B — T HER A&, BiGRE
B while #53F.

7.6.3 repeat R

KB T repeat FIRFZR X FEH . repeat FEIFEITHRE LA B B I BNIE IR, B AR GEIR while
PEPAREEAR IS — IR RIATORME R R SR 1T. repeat IFRAIR L BIE R —
MEBRE -GS, MREAERREETRRHEEYS, BN NEBARITFBHITHEER %
FEHE, mMARMEHITIBMAE.

P 7.22 PETHECER AT LIGEA] ropeat fERRHER, LB 7.24 RHEA 1, 8 2 4 T 40
# repeat {EIFMHUE AW X EE, I MUBEW R W IIRERTERBIFBESZEE 8 s -
FHF A B ARUE -

#l 7.24 repeat f&ZF
/7 REA 1 Moo #n® 127 HEHER

integer count;

initial

begin
count = 0;
repeat (128)
begin

Sdisplay ("Count = %d", count);
count = count + 1;
end
end

/7 RHE 2. HERLE v b e
// W data start fF5E, H5 8 MITEhEMEA SRR

module data buffer(data start, data, clock);

parameter cycles = 8;
input data start;
input [15:0] data;
input clock;
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| reg [15:0) buffer [0:7);
integer 1i;

always @{posedge clock)
begin
if{data start) // data_start {8585
begin
i=0;

repeat (cycles) // FEEET XA 8 64 B W6 E B AR

hegin
@ (posedge clock) bufferfi] = data; s/ % T - ESRENATI MR

i=1+1;
end
end
end

endmodule

7.6.4 forever fAEf

RET forever FIERBKATER, EARABHATAQETEMEMAREZR, BBITITRATE
B, HERFIRZMLFHinish K1, forever 1EIFFM T RGERAFICEHEN while 78R, Hlf

while(1). TIEEE M forever fFFRARH, FILL{EM disable i574].

BRI T forever fEMMEMBN FHFISESHERN. MREANFREHEH, BAHE
AR TR AT X 5], FF HAG ZRE A B R ATHES:, 5 HaHa 80Uk, #)7.25

fRFE T dnfn] {8 FH forever TE3F.

% 7.25 forever IR

rf B 1 UTEbE R
/¢ F forever . AH always
reqg clock;

initial
begin
clock = 1'b0;
forever #10 clock = ~clock; // GtEhEEH% 20 B Arad @]

end

i/ B2y EE TR G - F R E — B
reg clock;
req X, Yi

initial
forever @{posedge clock} x = ¥;

7.7 WRFRFIFITER

BB MMEBREZFETNEHE—H, FEIR—FKIERE. EaimpItlFe, KiHE
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HXHTF begin # end B RIBASHB—H, B TREEATE-FE-FHMFHT, Bl
RS, AT, BAMTIE Verlog i§ 5 PHYET: BRAFRAIMIITH; BITZETS
CHHEBSARNBIET. wEiR, wEREAFALRRERR,

7.7.1 BRiEAIAYEE
BUB A PIRRRE . MUFHRAMAITHR.

[[TE 323
KT begin fl end B T2 B H BRI FE., INFHREHFTFREEA.

1. MRS AE T R—RE—HBNFPATE: RAENEME T SR A4 BT S
H AER] (% 1 ek IER 5l 40 6B | B );
2, WMPRENERIGIER R AR, AR SN Rl IR BT SRt Eed Rl
TERATHE S ET T, RIISL&EH T ERNST . £5) 7.26 PRITE—SELETHE
W SRIB A BT . IR H AR AT MR AT, B 7.26 BOINEH 1, ZEFE O W, 1, v, z
ow BREESHAO, 1, VA2, FFRE 2P, XIS RORBERRZ0, 1, 12, HR
g E At B2k 35,

f§ 7.26 HMIFEE

£/ AR 1

reg X, V;
reg [1:0] =z, w;

initial
begin

erd

/7 WA 2 WIEIBFNIT He
reg X, vq
reqg [1:0] =z, w;

initial

begin
x = 1'b0; /7 HHEKZ 0 ZHE
#5 y = 1'bl; // EHENZ S ERK
10 z = {x, vy}; // EHHEAZ 15 E&
#20 w = {y, x}; /7 TEHE% 35 52/

end

HATRR
FITHR AR fork 7l join A8, AT RS EIBREN, FTREFLUT Y.
1. FITRNBIERHF ZIT;
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2. EAIPAT BT B A A B i P R B A R E B ;
3. BRI AYRESR B S AR R HT X T BB ) B R AT 2 T B -

AR, WMFBRf TR ZrAMEARMNET: YENEBIHUERMARZ, FTRFER
B[RS FF SR ERAT, BRI Z RIS E T R R B

ERATHIER] 7.26 PHA IR BT P HUES], 3 BRHEFE O — 1T . #8858 Verilog
HBRE 7.27. BT A IERAEGE O BZIFHIMTLS, (TEEFEXSSHER. X4H1T8
WATE R B TR 25 B AT ) 20, MR ERZ] 35.

M 7.27 TR

/7 Bl 1 WIERAIEITIR
reg X, Y;
reg [(1:0) 2, w;

initial
fork
x = 1'b0; s/ fEFASA 0 AL
#5 v = 1'bl; // EHHENH 5 %k
$10 z = {x, y}: /7 AT 10 TR
#20 w = {y, x}: /7 EENHZ 20 %R
join

FHATH T MR M T IHATPATIEREHUS . B, EERMTRNTELE, WRAFKIEY
FEF—B 2% Fl— R AR, R REREEMNES, SRFLETEREN, THS
T8 7.26 R 1 MHATEEE . ERBRREFRIEEIATES. FEREENE 0 8t
ZIFF AT, (HEEFRRIUTIIF 2R . FEXTHTH, IR x= b0 fMy = 'bl PiskiEH
HAOHAT, BAZRE i w BIEDY 1A 2; IR RFERREIAT, B84 2 Al w ERRR 2°bxx.
BEORA TN GE RS 2 F w REAE, BERTIF RN RS THE . AR AR,
HATH AR BT B AR TRY BRI B T HE R CPU TR4E Bt ) R BB AT — K15
&1, W AARER AR BARMRIUFRIT. W st BT R B A AT E R R0 Ay
—AMkBG . X — BRI RIFITRETGIER .

/1 MR AT R FERITER

reg X, Y:
reqg [1:0] z, w;

initial

fork

- 1'b0;
1'bl;
{x. v};
{Yr X};

koIl

E oMM

I

join

AT LIS AT B R T fork BN — TR A ML PUETHR., TCET join
W gl S BT FEA I R — TR . SRS PUT I Z B B TAY.
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772 BRI S
THEEINFTERBEDEAN AL $RER. SRR RN

AR
Al LR B, WFFRMIFTIRER RS —REH, Wf 7.28 FiR,

#17.28 WEHR
/i OERERR
initial
begin
X = 1'h0;
fork
#5 y = 1'bl;
#10 z = {x, v}:
join
#20 w = {y, x};
end
fr B R

RATLLRA HEREF, RIVRZ AmaH,

1. AR A AR RAER.
2. mARERITERE—80, ST AR R LLEE ER A5 HBE TR
3. ApAIRATLAREES A, Hams ik AT

#)7.29 BART A& RAaZEMEREZTI .,
$7.29 frgie

/7 g
module top;

initial
begin: blockl // BFA blockl W&
integer i; // BRTH 1 B blockl g nEE A AR
/¢ ATBLE B top.blockl . i g H Atk

end

initial
fork: block2 // BFH block2 MHirards
reg i; // HFHEHETE i & block? HEBIMBA MY K
s BN EYE top.block2. i B H A HAE)

Jjain
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R ER

Verilog il i 48T disable ##{it T —FE - fr & HITAI H % . disable AT LUF R M TEIR IR
i, ghFHEER AR L BAR TR A B ok e B AR B BB AT MHERNEHSIE BT
Y s mRIIRAAIE AT, M F CEBF AR, X-—SIEE X LFHER break 1R I, FER
X S7ET break HEEIR M HuqATERIIEH:, MM disable W] LIZE S THH AR — k.

iEFRATR RS 7.22 PRV 2, XEABEANTIREES — M EF NP ERE - AEE
i 18] 7.22 Y while 1E3RA LA disable SE#ATHE, FEERIIAAENMED FBH
while 1§3F, N 7.30 AR,

$517.30 frARAEERA

/7 T (R fREHETRNE TR MR &R — N 1 89
f MERIGRFERMEE R A A RE—EA 1 61

reqg [15:0] flag;

integer 1i; // HT IS0 E

initial
begin
flag = 16'b 0010 00Q0 G000 0000,
1= 0;
begin: blockl // while #E3FEHRE A MAR blockl
while{i < 1&}
begin
if (flag(il}
begin
Sdisplay ("Encountered a TRUE bit at element number %d", i};
disable blockl; // TEHETFFATRIITEAE (1) 85, #£H blockl

etid
i =1+ 1;
end
end
end

7.8 HE IR

EAFE T2 8T, EREHE NIRRT RS, SRiEm W LAShSHbA A Verilog /(7. &
—FHHREA T T SRR . YRR RENAGITEREBER, SE TR
AT HIs A E EBREN, RFEFARBESMIE R ERETF PR T IZRATERE Verilog (Ui
AR, {4 BUE RGBS N KRR RS ITR.

A RE AR R R A A . AR, DR T | RHTEENER. &5
R R A AITERS He rh R B A R AV SEBTERE, SS8BF generate-endgenerate FIJE35 € iZTiE

He T LR LU g —Fh el B AR

o Btk
« AP HZERE
o [HRIFUE
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» S (HIE ]
* initial #1 always &

A AR R A B A SE A BB AR IR i R AP (BRI ). R LB IR
M CSEBISIR ) £ ARE S FIFAE BB R =, eSO A —riAs, RIETLIRZEK
EMMGIH. h T TR T SR R RE R TSR, Verlog & F VP4 RIEE M
T IIRERR .

e net (£M ) M reg ( )
s integer ( BAIEL ). real (ZLEIFY ), time (AF/B]A) ) F1 realtime ( SEXHTEIRY )

e event {( £4)

ERBEEER EGH—MniRA, TTUEZRSIH. I, RERFREBRFEESH
LRENSREF N, TEFH defparam FHHRSEERE X, FaTLATEEREE e .
EHFEBEEENE, LR T X8 defparam &5 B EEHE T E X A RO MR TE Rl — P4 R T
B, BEREEREE AR REEH S0

5 FI R RO A B 1 i W ELZE AR SO, BEAEH AR RS . SRt &MEA
HEE AN -T2, AT ZEREIA.

RS IR TE A B B R B B TR A B 4 5

o« B4, RESK
o HA. AR AL B
* fHEK

A RS B 4 T i 5 R B S R )
FE Verilog " =AML A ITE:, Ef1E:

o [HAA: HY
o X{FHRE,
o case £ R

FETHEMEW S, AP X =FF EAT .

7.8.1 {ERIAHEFIEE]
I B A B A A 0 T T RO s T AT B R S BB

o THEAH

» Bl

e R BENIRE. ERRE

o HEREIED)

* jnitial F1 always &

Al 7.31 {RER T A E R A BGERIXTRAS N VR R AN RIREHTHRN . X, &

18 H T R REAE BB RE R L, Kb L, FXA0F, AR A R B R A2 H
Rk, WHNREFELAEREEH.
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#17.31 FEPNAUASETRHFTIRUES

s/ AR M & N B BRI AR R

module bitwise xor {out, 10, i1);

// BEFEWNER, BREOTLIERFREL
parameter N = 32; /7 BUAMESMSRN 32 fif

A7 RIS
cutput [N-1:0] out;
input [N-1:0] 10, il;

/A~ IGEERRER, BER AR TAERBAERTE . verilog (HRATEEBARH FH AL

genvar j;

/¢ A1 BEE RN R RET ( xor )

generate for (j=0; j«<N; j=7j+1) begin: xor loop
xor gl f{out [j}, 10([3Il, 1i1([j1};

end /¢ 4 RHENTERIET

endgenerate // SR

/f T —mRE A

/¢ RERMAT LK always BRI,

// reg [N-1:0] out;

//generate for {j=0; je<N; i=j+1) begin: bit

// always @{i0[j] or i1(j)) out([jl = iol3] ™ 1i1[j1;
/S /end

/ /endgenerate

endmodule

B 7.31 hE] LIEE ] T m LA SR ELA.

o EHEFRZA, WESIERETANIHGTHRL (RE), BERRERANEITA
f£i5, REXNRAGRSHTHA. B, £RRAKRFERGAEAAN—FEFEQRAHE
£ RERA Verilog &R, RTLRFHIHHE;

o X4Eia] genvar I THAARAER, LRAR RBAEERRY; EH#LEHERRED,
A AR B A FERY;

o —A-4 AR BAY(E H B TE I E B RR O ;

o (& FGE R LIS ERA,. HEEARE MR RN R AEIE B AR E
w"E;

» xor_loop R THAEMBANET, HOEFELEXFEFAEREDTHERHAT
BwAsI M. Bk, BmPEREGPETRETTRHMERESHH: xor_loop[0).gl,
xor_foop[1].gl. ---, xor_loop[31}.gi.

P R IE AR R AR 2 R TE 8. B Verilog B E0¥E T LI AIZE(E A siE a0 . % F
EERE, EENREEREHBEIFEREAIRRTZEHEA, 3 TR ARG = HE
RIRARA LB . #1732 % T A RS AR BKEmE &, H EA@ERE BB AT sRT
MR .




$TF ATAHREM

103

#17.32 AEFRERGE QMR KRNI AR

Ff AR L — 1Rk ik 2%

module ripple adder{co, sum, a0, al, ci);

/7 BEERIET, SPTLIERE X
parameter N = 4; // ARIERAER 4

/7 SO EEiES

output [N-1:0] sum;
output oo;

input [N-1:0] a0, al;
input ci;

// EHEE IR A 4]
wire [N-1:0] carry;

/1 TSN FEREE o TS A

assign carryio] = ci;

/¢ FRHIBNRERER. TR R TASENITE

/¢ BTFEFEZAMFEHRERCERY, FLA verilog XWidititirif AN, ZVREBEAEAEE

Jgenvar 1;

/4 Rl EIAE IR R ) 2R

generate for (i=0; i<N; i=i+1) begin: r loop

wire tl1, t2, t3;

xor gl {tl, ao0{il, a1lil);

xor g2 {(sum[i], tl, carryl[i]);

and g3 {t2, a0[il, allil};

and g4 {t3, tl, carrylil;;

or g% (caryyl[i+l), t2, t3);
end // RN EEE
endgenerate // FRBRMIGE

/7 RE LERERER, verilog HiEd4 B AERU THMBEREMS
// xor : r loop(0].gl, r_loopil].gl, r loopl2].gl, r loopl3].gl

/7 r_loople] .g2, r_loopll]l.g2, r loopl2].g2, r_loocpl3].g2
// and : r_loop(0].g3, r loop{ll.g3, r loop(2].g3, r_loopl3].g3
ff r loop(0l.g4, r locp(l].g4, r locpl2].g4, r_locpl3].g4

/fexr ¢ r_loop[0].g5, r_loopll].g5, r loopl2).g5, r locpl3].gs

/4 EAERRAYSCHR T X e R 2R RO B SR
// Nets: xr_leop(C].tl, xr_ loopl0].t2, r locpl0].t3

fr r loop(1].tl, r loop(l]l.t2, r_ loop(l].t3
/7 r loop(2].tl, r loopl2].t2, r loopl2].t3
// r loop(3).t1, r_loopl3].tz2, r loopl[3].t3

assign co = carry[N];

endmodule
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782 FHERIER

F ik BOEHIRM T if-else-if A9 BMIAS, R4 MRS A] LATE T PR R tp R A 48 T 4 B
FREHRANENLR, REETREA (ZFEIH) LUT X Verilog 554

o TRk

e AP B, INEKIE

o HERHIESN

» initial 2, always &

) 7.33 {EE] ] A e S A SR S Bk 28 . ANSRE4 a0_width 3 al_width /NTF 8
(AR BIRRAA ), WEA (2RI A ) Batdcskedd: FNEERA (LH5H) Wk,

51733 ERFHERIEALNSHLTLR
/1 FEBER— SRR

module multiplier {product, a0, alj};

/! BYAH, BEETLEREX
parameter a0 width = 8; // 8-bit bus by default
parameter al width = 8; // B-bit bus by default

// EHBRAER
/i EWSEAEASBEFEYL (defparam ) Bl
/7 BABEELHS| e iGR SEEER, B s (3%, %2, W EBEY

localparam product width = a width + al width;

/7 SO RiR R
output (product width-1:0] product;

input [a0 width-1:0] a0;
input [al width-1:0] al;

J/ BB (SREIE ) AERRATEE T
;7 BIERW a0 width Ml al widrh BB, 7EF AR5 RN R RO SR R R 205

generate
if (a0_width <8} || (al width < 8)

cla multiplier #{a0_width, al_width) m0 (product, a0, al);
elge

tree multiplier #{a0 width, al_width) m0 (product, a0, al);
endgenerate // HERRBEER

endmodule

7.8.3 case £ HiEA]
case & BB A AT DL ZE S iEsR T, BT 4uH B o 2 ik — case f3iE, AFRGHEA (%
71/ ) T Mm% 4 Verilog Z5H4 -

* Bt
o HiPBaEEE, NREE



BTF irhamas 105
L |

o FEERRETE )
* initial 5¥ always &

5 7.34 LA T el 8 case A: BIHRIZEEL N 075,

51 7.34 case ERXiERIZEH
/AR R 0 RO 3R

module adder {co, sum, al, al, coi);
Jf SEEW, REFLEHEN
parameter N = 4; // BIAMEBSRUTRN 4

/4 e FE

output [N-1:01 sum;
output co;

input [N-1:0] a, al;
input ci;

/7 REEEMAR, EH (EHZIE ) AL

/7 BENEFR CEFGIAH) B LIERFE X

A/ WA CERGIA ) ARG RIS SR ERE TR N ORREH

generate

case (N}
// 2 N=1 3% 2 B RE R R 1 frel 2 e k3R
1: adder 1bit adderl{c0, sum, a0, al, ci); // 1{uPIMER
2: adder 2bit adderz{c0, sum, a0, =21, ci); // 2 UM
¢ BABE I T A R N AR A RF
default: adder cla #{N} adder3i{c0, sum, a0, al, ci);

endcase

endgenerate // RS

endmodule

7.9 %45

A RAMERT =T REHAT & 5 F e ST ARG ER .. fTmA
DT EM 6.5 WA EE— S BRI A T3, Hahixm 872 B RE )
Kt FTHEBAPEERITIRETENHTHEHL. F=AETR-THNOFF: GRES
ITHHI AR . WATEOERAT BRI HAATIHAH TR

7.9.1 Mik—XRiiEEsR

£ 6.5.1 T PR TG # HERE XIS~ SRR HAT T k. EM 7.35 47, RIME
FIAT R case IEHIREIE . T HRREHERTUBGEERF ABIEN, TN NiE— 2 H%
FESR DGO LS R UM

#7.35 TAHRERNMIE—ZBREER
)/ B FUERE, HROFIRZOMERA/ B ERT

module mux4 _to 1 (out, i0, il, i2, i3, sl, s0};

£ ARIEHA it Y O AR
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j

output out;
input 10, 11, 12, 13;
input sl, s0;

IR InE Lok ek R RS

reg oukt;

f/ HRAEESHE, WEFHRITAEREES our .
/f BEEEHE S out EFHHEMNAERAGRS LT A alvays @ (... ) N FEERIE

always @{sl or s0 or i0 or il or i2 or i3}

begin
case ({sl, s0})
2'b00: out = i6;
2'b01l: out = 1i1:
2'b10: out = iz;
2'bll: out = 1i3;
default: out = 1'bx;
endcase

end

endmodul e

7.9.2 MH{zit47=%

£ 6.53 W, NGRS, T AT AR B ITHR .
ERORMARER IR, WOTTLUREBEFI B A R i RS R TS, BRTETH
%, RITZA—TEMMBAAHERFRERBN, HAR0AERBBGRRTE, WX M)
REREATIR I . TR BT IR BT NG 7.36 R . MXABIFRILIER, TSR SEAERS
AR IEEE . MRWAGESHEAEE x 1z, FRTAHROMMUCBEIRE RS HA

AL AR BT B4R 8 U .
B 7.36 B IEBFHITARIER

/7 A R Ak

module counter {(Q , clock, clear);

/1 AR
cutput [3:0] Q;
input clock, clear;

/1 WA o BE T RER
reg [3:0] Q;

always @( posedge clear or negedge clock)
begin
if {clear)

Q <= 4'do; // ATEREREMMEES-XKayntEE, BIEHIERERAE

else

Q <= Q + 1; // QR—TIOuUMFFE, TRED 5 2EXSA%. Al# s s

encgd

endmodule
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7.9.3 RBIESATIEER%
REERATR BN TRE, WHENENE T Rited. TERIMEAGRREH
KA

T iR A
A SRS TEN & T RS A HABRNE Y OME, CUSEETE
BT oy
o TFETHE FRENERRS, e ETE Ii}
MR BEESAERENER, ERAEATET #
1E BT R FEE ( Hwy) F# (Hwy )
o SHABRIKHEIA FET, AERNS AR
HIRSEATAIAE HIRAT, R — BRI ]§|
mHE, LB EE (Catry)

o RBLHANREAFEEER, BASHAKREN
JIL LB RELT, RIETERLLT; FHot, ETEEMSTERS S5

o —MMERASEATIENSFHAMEEES £5F, EMEHMFEGAGES X, mEX=1, WHE
A EERE, FlX=0;

o MM S1AREHMP) S2 & M S2REHHRB S3IRE . M S REHBER S4 WELURM
S4 REFERE] SO RBET, BF—EHEER, R LR il .

A 7.1 A2l 5 SRR I AR S E AR E .

s s

50 Hwy =0 Cnuy=R
sl Hwy=Y Cnuy=R
52 Hwy=R Cny=R
53 Hwy=R Coty=6
54 Hwy =R Cntry=¥

B 7.1 RGBS ATHA RN (FSM)
Verilog 14

RATE] LAE AT MR ABE SRR LT S (5 SR8, WH) 7.37 BiR,
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#1737 ZiBESITIEGH

“define TRUE 1'bl
"define FALSE 1'b0

/7 HER
~define YZRDELAY 3 // E{TEFEILITERMER
“define R2GDELAY 2 // LT EHIBITENIER

module sig ceontrel
(hwy, cntry, X, c¢lock, clear);

/A BRI AR

output [1:0] hwy, cntry;
/7 FeR 3 TR 2 (rde
// GREEN (&), YELLOW ( #5 ), RED (£L)

reg [{1:0] hwy, cntry;
// AR RS A F AR

input X;
/O ERNE (TRUE ), BAFEHEEISHAE, FHAE ( FALSE)

input clock, clear;

/7 CEITEVRE

parameter RED = 2'd40,
YELLOW = 2'dl,
GREEN = 2'd2;

/7 R HWY CNTRY
parameter S0 = 3'd0, //CGREEN RED
81 = 3'dl, //YELLOW RED
$2 = 3'd2, //RED RED
53 = 3'd3, //RED GREEN
S4 = 3'd4; //RED YELLOW

¢/ RS
reg [2:0] state;
reg [2:0] next state;

¢/ R R E SN ERTEEE
always @ (posedge clock)
if {¢lear)
state <= 80; // EHMERTM so R4

else
state <= next state; // REHBE

/f HRERRESN S HARBESME

always @ (state)
begin
hwy = GREEN; // BRAMERESITHARE
cntry = RED; // BRAMISRARESTEHAEME
case (state)
B0 i .“"l"f Eﬁ’ﬁﬂfﬂi Fﬁﬁﬂt{ﬁ
S1: hwy = YELLOW;
82: hwy = RED;
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83: begin
hwy = RED;
cntry = GEREREN;
end
S4: begin
hwy = RED;
cntry = “YELLOW;
erid
endcase
end
/¢ H case B iR AR 2R
always @({state or X)
begin
case [(state)}

50: if (X}
next state = 51;

alse
next_state = 50;

81: begin // MEJLAEBEHRE#
repeat ("Y2RDELAY) @ (posedge clock) ;
next state = §2;

end

S2: begin // SEELAESKERE
repeat ("R2GDELAY] @ (posedge clock);
next._state = 53;

end

S3: 1F (X}
next state = 83;

elsa
next state = 54,

S4: begin ¢/ ERJLTIEREREH
repeat ("Y2RDELAY) @ {posedge clock] ;
next state = S0;

end
default: next state = 30;
endcase
end
endmodul e
3k M mh

BIVERSABBREELYS AR ERAEN, EHSRTHREERLERERNES. B
g 7.38 s, ERPEEGI A TERBIER, FANERSMTREETTRE.
$17.38 FTEESATHEFF R EIEIR

¢/ W EEME SR
module stimulusz;

wire [1:0] MAIN SIG, CNTRY 31G;
req CAR ON CNTRY_RD;
// HRE (TRUE) , RHSHARIHE
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reqg CLOCK, CLERR;

/4 R CERSIRA) KdESArEiasEk
sig_control SC(MAIN SIG, CNTRY SIG, CAR ON CNTRY RD, CLOCK, CLEAR};

/1 HBBRHARSTS
initial
smonitor{3time, "Main Sig = %b Country Sig = %b Car on cntry = %b",
MAIN SIG, CNTRY SIG, CAR_ON CNTRY RD};

/f WEEME
initial
begin
CLOCK = “FALSE;
forever #5 CLOCK = ~CLOCK;
end

/) RRRERS

initial

begin
CLEAR = “TRUE;
repeat (5} @{negedge CLOCK};
CLEAR = “FALSE;

end

/! R E S
initial
begin
CAR ON CNTRY RD = "FALSE;

repeat (20} @ (negedge CLOCK); CAR ON CNTRY RD = “TRUE;
repeat (10) @ {negedge CLOCK) ; CAR_ON_CNTRY RD = "FALSE;

repeat {20} & (negedge CLOCK); CAR ON CNTRY RD = "TRUE;
repeat (10) @ {negedge CLOCK}; CAR ON CNTRY _RD = "FALSE;
repeat {20) @ (negedge CLOCK) ; CAR ON_CNTRY RD = “TRUE;
repeat (10} @ (negedge CLOCK) ; CAR ON CNTRY RD = "FALSE;

repeat (10} @ (negedge CLOCK); S$stop;

end
endmodul e

R, EXERNAREGSAT AT TR, MEASEESHEALRTA.

7.10 NG
feAgEF, RITHE TR R TR .

o FTREIARE MBI HMFE LS EBITHE, FLaFEFXRATENET. TRE
H— AT, AR SRITHEXMITR T BFETE, TR
BE CIESRERAEML.

o ZEHMbAgrtRRER: B initial 1 always $R, MR TATREUEMERL. HALSE KT AR
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HEEH AR X IR initial 5 RPET—, T always HEARWTHLE BHAT, HRMFESES.

o FTREESDRTEBRER T FFSEUAERERE, EERELSTIREINFHRT, 7T
MR ERREZ EARBITE oA HERE, MIEHEBEREE=LWRERAE, FfhiT
NS0T

* Verilog FR#& #il B FE AUEMPATIUF 6 3 #7 X R B T RN RISl B TERERFE
B R YRR AT IR . B TR M FE R ERE 3 MIER. FHER, TEIRFAR
BEIR. EFHAMNFERHNCEEAEE. SEF4M OR (3 Vg wat EHT
POl iR iR Tl ek

o T AHFMIEREMET If 71 else RFTorn, MRFH T WL, WEF case iBAE
A, casex igH]# casez iEH)E case iEA FIEBRIER,

* Verilog ' /Y 4 FBIE A SIS while, for, repeat il forever % .

o R BAFATHE FIRMAERIF SRR, WP A 8T begin #0 end, T3FfTEL
KR fork M join X FoR, WATLEAAF, FEMLRESH. WRREAELT, K4
AR R eE s W HE R . gk E N Bk B #75 H.

o A RIE AT LIZTE(R BT MR A i it BB sh A A Y Verilog RS, X{L# T &%z
B, HEMNFENMENE MBHATEE RE . BEE5| SRR ESHNE LHE
EREEEBEABRNSE, SRERREaRERE ER. ERETAE 32, 290,
R4 AR, AR BB A case A BRI

7.11 SRR

1. P —42 AR oscillate WFFLHTR I ERHLN 0. FHS 30 YR AAI T — KRR
Bk, AEFH aways i1, #R. {#F forever 183F.

2. RN 40 RN HEEES, KA N 25%. R always A initial BT
Bt WHAEE 0 /T2 ER kR 0,

3. BETESAMESERMBEIENN initial k. SREAETAGERZIFHIIT? a, b,
0 d 7e0h L B v fy R R E AU AR AR AT A2

initial
begin

a = 1'hbo;

b = #10 1'bl;

c = §#5 1'b0;

d = #20 {a, b, c};
encd

4. EFEIFEF, PR midal KPEFHRIEEDBREER, Ba&MNIERNERERT A
5. BUAETEM Verlog UISF&FIFMEMTIHSY . HhESESEMREMHPITIG a. b,

c fd B ERA A7

initial
begin

a = 1'b0;
#0 c = by

end
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initial
begin
b= 1'bl;
#0 4 = a;
end

e FEAE TR, dERZEETAY

initial
begin
b=1"pl; ¢ = 1'b0;
Bl10 b = 1'bB0;
initial
begin
d = #25 (b | o});
end

10.
11.
12.

13.
14.

15.
16.

FEHRHHERZET RN D #AH (FZWEHE VA, ERTRIGHOETERE) fit—
PNTREGMAN D A%, JREEHATMEN. B DALY q YA SR
. EARITHA D RS —ARBN 10 4 At E 807 patib (s,
ERTARAEFTRN D BAFIIHE 7 HPhERY D MER (FEFS NS TS v
PITHZRE, TREFT T8 TEEE ), 334 D ka7

{# /1 wait IBFHR I — BT BURABITERS, XHESAS SR d M clock, 8N q. H
THRER Y clock =1 B’ g=d.

{8 F FAFE AR AT ] 7.19 PRk — BRI FERS . AN O DR AR

1 F AR 1R o A B P ASE F ST RIS HH T BT,

{1 case BRI ATHENBEARZE I (ALU), HEAGES afib B0 4 i, thibikE
55 select 3 i, WIH{ET omt N 57, BARSHEIT ALU FIPATHIRIEY select (§EH
*, BAXERTER. ZHHSERYH LB TEA,

select (58 oh g
3 'b 000 out=a
3'b 001 out=a+b

3'b 010 out=a—"h

F'h01l out=a/sb

3 ' 100 omt=a%b (£¥)
3'h 101 out =a << 1

35110 out=a>> |
3 111 out =a>b { F/EEHE)

1 Fl white fERRIRIT—AEF b {EE R4 28, AT ESHIRIER 0, AR 10 - PaTEEAL,
{1 FH for PEFRAT—NEEE S 1024 (Hihk A 0 B 1023 ), fIF% 4 BUFFFERSE RIS cache_ var
iR, REFE EICARE R 0.

{# 1 forever fE¥F i i+—Am8MES, M 10, SFEEh 40%, FIERN O,

& H repeat #iE A} a=a+ 1 EiR 20 a8 F AT Z G BT
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17. PEHE—TPAHEBIFRAFTRAGOER, RRPITARNERE D7 EFEHATIIF 2
EHH? BREUNGEERNREL DT

initial
begin

end

X = 1'b0;
#5 y = 1'bl;
fork
#20 a2 = x;
#15 b = vy;
Join
#40 x = 1'b1;
fork
#10 p = x;
begin
B10 a = vy;
#30 b = x;
end
5 m = y;
join

18. Fi forever 1&3IF1EHR] . My B A A GZYOETH— DA . XM EEEM count = 5

i,

8 count = 67 LW TAIRPIERARGITRARI0 1. BHBRATEN 10, HEL

AT R AT — KBS, REREERT (B5. #H disable 154 ),



83 [EFFMRE

EFRFEHIIP, BHTESERRAERTFNE N AR LR ERHEITIEE . XFHA LT
XS RER R, W HARTESF. AEEFTE T BAXETFER, US8KEER
B, #REHEFOTESHRET IR FREFRBIXANBRY. REE, Vedlog iFE BN
SMER AT UG R R AAT R BA THI A S AR IR EE , 3T Verilog #1T M EZ M RIM
MRk, R/E TSRy, DUEUBEE. B,

EFEEHA (input). & (output) MBTAARD Cinout, BUNM ) B&, mMEHEERE
AR XS SRR E A% O, 3 B AESS I 85 i i . .5 FORTRAN iIB 5 HILL 2, Verilog
W% 2440 F SUBROUTINE, i s $24 Ll F FUNCTION,

EEMER G hatk—, BESERITERD, TUESRRSGHTHHE.

3 BtR
o FRARIESHIREBC KB,

o HFEXEFIFNRYE, ERTHFAHHMREA.
o M RIETRRIEN. FoREEIFE B R -

8.1 (EEMEHAXS

1 Verilog th, {E4 MESUTT AR B, RIMETERILT R, HFH ST ERMT
. B, EEIZH, BEHEZANKMRBEEM, ©k 8.1+, RIIHZOTR LS
5 T

F81 ETEMEY
H_® £ %
FR RS — 1B, BRERHE—MES  EFERAS-MEF, BN TR
S EREHR A 0 AHRPIT 58] L IR T U5 2 RIFIT

PR — o[ #k i | B & A

ﬁ. EAREALAEE FRXATEY EHAUAFER, BFEEFEN ARG
g
ERELH -THALER, REVTLHEEZMEA T UBEREREMEA (input ), 8 (output )

AR MBE Cinout ) TR
PR BERiE B —ME , MR E D (output)  (EHFEETAME, £%7 LidcHd Coutput ) 8iE
HEDN (inout) BE e Cinout ) B EfSREME

11 % MBERE LA AR NATE X, REREFURRTE X ENHEk. E5RTAH
EEHY Verilog 1UFS, HPAILIGEREIEER | BF, SHFEEESH, FHTURARZMHHER.
REAFUBRAAH 5B EA Verilog {055, TEMFREZ 0 s RIATT, HEER—1 L. Bt
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R — BT 7 A RFB AW AR R
EETLLAEABA . ShiRAML (W) B8, MRNRAWMALZR. 550, WLITEGT

SFMEDE I ERAER, AT, iR B, SBHEY, HETHEANZMENNTR,
TE{E & R B D H BB FiAT 0 iEH), (HEFRFAE aways # initial 22, ZITE LI always
B, initial 3001 B H Al p4E %5 F R B R T B FI R EL

82 1%

{1 % B OGS task 1 endtask #H1TA . MR TREFRE T EEIE 5, NARER
fE& A RERE AR R

o TREPESHIER, NFREHEFERSH.
e HAGFHNERMBTRNBHEKT 1.
s WHBAZE.

8.2.1 HZEeVARIAH
T 5 P AT 58 I A B B I ] 8.1 B

8.1 B/XEFHIEZR

task declaration ::=
task [ automatic ] task _identifier ;

{ task item declaration }
statement
andtagk
| task [ automatic ] task identifier ( task port list ) ;
{ block item declaration }
statement
endtask

task _item declaration ::=
block item declaration
| { attribute instance } tf input declaration ;
| { attribute instance } tf output declaration ;
| { attribute instance } tf inout declaration ;
task port_list ::= task port item { , task port item }
task port item ::=
{ attribute instance } tf_ input_ declaration
| { attribute instance } tf output declaration
| { attribute instance } tf inout declaration
tf_input_declaration ::=
input [ reg ] [ signed ] [ range ] list_of port identifiers
| dinput [ task port type i list of port identifiers
tf output declaration ::=
output { reg ] [ signed ] [ range ] list of port identifiers
| output [ task port type ] list of port identifiers
tf inout declaration ::=
inout [ reg ] [ signed ] { range ] list of port identifiers
| inmout [ task port type ] list_of port identifiers

task port type ::=
time | real | realtime | integer
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WRIEFE R RAR, HFRXEF input, output 5 inout XML EEE DHEATE M. input
(M) ZHFD inout (HIA/ME ) KRBT REMNIMBILEPIESF, input (BEA ) KBKTE
AT AR S B ar b T ab 3, BESPITERAT, output (I ) 28RUF inout (SA /I H )
KR TRER ST HFRABAPHMEKNT R, BTEEDRS, 50T SR RSP
wIHA (BEEEEAS — TR, BFREARS—MEF, LES81)

BT {5 ol 1 EEE input, output B inout ST AL TR M, A dp
IO —E, HREEEEAR A XM BHam O Bk EMG SHER, TEEH Vo
(g AA 0 ) TEWHXEES PEABRMESHERTEHE,

8.2.2 {E5EE

TEIENB BB R FEFEGT . BT TS e AR T B AR
FBABT R — T ERNRFSI R E SRR, XTIENHEFTRERRBEAHESE— 13

X EREIE S .

WAL T SEH

#1 8.2 REA T {155 RS AHTHE B i O AE B 3 b RATRFE—8 24 bitwise_oper
1%, ERTIRERXHT 16 M¥GHETH S (and), #fisE (or ) FiE{vRE (xor) $24E. W
A~ 16 (7 %% a H b HZAEFHFRIA . = 16 LBU$i 4 ab_and, ab_or Al ab_xor, BAME{TSH

REAT —18HK delay RZE.

fl8.2 FHEPHMANMHLHTE
Jt EX—NE K operation BB, HAMA—1TE N bitwise_cper BI{E#H

module operation;

parameter delay = 10;
reqg [15:0] A, B;
req [15:0) AB AND, AE OR, AR XOR;

always @(A or B} // Kb HE a ® s HERZERY

begin
¢/ Kighbitwise_oper %, BEFEBHITRAERAFB
ff BN ER AR AND, AR_OR Ml AB_XOR
¢ RN I AL 57 I SO RO A B
bitwise oper (AB_AND, AB_OR, AB XOR, A, Bl;
end

/1 EX bitwise_oper {£%

task bitwise cper;
output [15:0) ab and, ab or, ab xor; /; FHHEHEE

input [15:0) a, b; // BABEFPHIER
begin

#idelay ab and = a & b;
ab or = a | b;
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ab xor = a * b;
ernd
erdtask

endmodule

ELREAHES D, HEAITHFNEAERAMB, RLESSFHROGHERER AR T a, B
BT b. A2A—BRERZGE, WHERITEHNR. EEHEH delay f5F, ARFTEE delay
FHER 10 DEJRIEGL, HEFWTERZE, SHEGEBERATSERNEDTE. R
MWAEES LR, (FEESMIT AB_AND = ab_and, AB_OR = ab_or {5 AB_XOR = ab_xor,

E&A RS S~ R XA ANSIC KU, 7 8.3 388 T 41T B ANSI C RUE RIS RS
BRE iE X % bitwise_oper,

%83 {EH ANSIC MM ERFRAFITESENX

//define task bitwise oper
task bitwise_oper (output [15:0] ab and, ab or, ab xor,
input [15:0] a, b);

begin
#delay ab and = a & b;
ab or = a | b;
ab xor = a " b;

end

endtask

IEXERPETIR 4 2%

FEEFPALEEMEEFAERRPARHEFFHRTEHITRE. £6 84 b, £%
init_sequence 1 asymmetric_sequence EIEXERP AP AFRLR clock HTIIE, 44—
EXERFFL. clock MFIRLRER— 19 BLFFHES TR,

584 HENSHERTEHTHRE
Jf ENAEEN asymmetric_sequence H{EF R

moaule Sequencs;

reg ¢lock;

initial
init_ sequence; /s B& init_sequence &%

always
begin

asymmetric_sequence; ;/ f{3f asymmetric_sequence {L4
end

/4 ENER init_sequence (MEES ) BHIE
task init sequence;
begin

clock = 1'b0;
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encd
endtask

/¢ SESBEFEHE RN R E R TS
/¢ BAFRBER P E CHFEPIERIEN S (clock) S
task asynmetric sequence;
begin
#12 clock = 1'bi;
#5 clock = 1'bl;
#3 clock = 1'b0;
#10 clock = 1'bl;
end
endtask

endmodul e

823 B# (AJEA) %

T FEAE L ERAK, 5P rArE BT HEZS A RESA RS, R HRRITHE
MEFHEXIAAER ., B, MRS ERRPEFE MR, WX MES R
FM 2f [F]— Hesioht 25 (Bl A T4 4E . BRIESSESRIRA AT RER SRR .

RTBEX R, Verilog i&id1E task XBEFRIE M0 automatic S, {EE T E
ABI, XEFAARESORYENTES. SREAN, A ESFFEHNRARRINTES
[MIFR RIS ECH, B & H M7 A SR A THRE, X, §MESBRAMAS
FEA Bk 7 AP BRI A AT IRE, BULnT DI SIERMIITER. T, MRRE—FSFGEIE
BBt FiER, RITBVGEEFRIFFR A MESH.

1 8.5 LEA T e CH{ER B3 S .

8.5 Bz (FFEN) £F

// BEBE (TEA) EF5py#ER

/¢ BT AR T B PR —DEES (Bl &4 LE )

¢/t REHRIEERAEE. clk2 AR c1k MBIE. H5 clk [H
mcdule top;

reg [15:0] cd _xor, ef xor; // HEHEHRPHITER

reg [15:0] <, d, e, £; ;/ TNEREHRHER

task automatic bitwise xor;
output [15:0] ab xor; ;; M{EEF®E
input [15:0] a, b; // BABESFPHEE
begin

#delay ab and = a & b;

ab or = a | b;

ab xor = a * b;
end
endtask

:’f FEFA always BELE o1k M ESL A FBHER bitwise_xor {£%
/7 BREESECLLE AR, L3 EkayErMAHBEE EiafT
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always @{posedge clk]
bitwise xor(ef xor, e, £);

always @(posedge clkZ} // twice the fregquency as the previous block
bitwise xor{cd xor, ¢, d);

endmodule

8.3 &K

Verilog i F X85 function # endfunction RF#FTRBAN, WF—4TEFFEH, METF
R AR A S&E2RR AT , AT RAGE A Rk 52k :

s ETEFANTAILE, WIFiERREH.
» TEFRE—TRIIHE.

* ELH—THALER,

o BARHLBENEER.

* ANERIFHEERERH,

8.3.1 RA¥AARRTARE
A X BB B 8.6 FFR.

ffis.e BHXEMENTE

functicn declaration ::=
function { automatic ] [ signed 1 { range or type ]
function identifier ;
function item declaration { function item declaration }
function statement
endfunction
| Function [ automatic ] [ signed } [ range or_type |
function identifier {function port list )
block item declaration { block item declaration |}
function _gtatement
endfunction
function item declaration ::=
block_item declaration
| tf _input declaration ;

function port_list ::= { attribute instance } tf input declaration {,
{ attribute instance } tf input declaration }
range or_type ::= ratnge | integer | real | rsaltime | time

RBERA —BMRER SR, YRBUSHRIEME, 7F Verilog MR SHANT —MER
function_identifier ( SRR AR ) WHFFHRLRTER, RENRBEREET X FFERRT
BEfeiglR . AR RATERRRE AT RRHT. EREIITERN, REEEE
EIZGP AL ATEEAT range_or_type ( BB ) R T AMEFAHKLR. WREFHEEERM
{EA2RIBE AR, WIBRIAGE TN 1, Verilog "HATSEEFT FORTRAN =) s B AE 2 260

ER R AT UM E LR — M RASH, Fit it TR ST A | function_ identifier
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HETRHEGREM, BEEREDARHTRRN, B4, EREPTIRERITE, RRERL
8
8.3.2 FHIEH

A RIS BT . B— P FREBEBAHEE, ShREER— 1 A,
0 BT RTRE RS R Y 32 fr AR AR EERBAISH 32 A,

R IR+ H
XAREHTIRER TR 32 Aot EMEREAL, HREERAMAE, EX T HRITR

TR AR, #8.7 A T rR¥X calc_parity BIE X FEH.

B187 RERUNITH
/7 BI—ABER, R QSR A BRI AN cale_parity

module parity:

reg [31:0] addr;
reg parity;

/¢ B IHAHE R A A, TR IR RS
always @{addr}

begin
parity = calc_parityladdr); // F-WEEEMITHE cale_parity
$display ("Parity calculated = %b", calc parityladdr} };
/7 B HEERRAI AR calc_parity
end

/7 EXBERMT R
function calc parity;
input [31:0] address;

begin
v BN RENE, FHARSHNEEFRESE calc_parity
cale_parity = “address; // iEEIETH #hif ) RE(E
end
endfunction
gﬁdmﬂdule

TEREE— kBRI, TR MY SRR B FANER parity; EF _KSFRAN, B
W3R EE B R AL $ Sdisplay # T 8R. NX—aTREY, Ry bR 7E miH

Fe i
7 R B R — M B B ANSIC KR, #1 8.8 8318 T A ANSI C Kigit{7 A BS

Eﬂﬂg Calc_parit)’ ER{‘

#1188 (£ ANSIC RAGRITRERIHITEMEN

/1 EXBERAGTH ER, RRPCRA anst ¢ H#EsEREH
function calc parity (input [31:0] addressg);
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begin
f4 GRS EEE ., FRHERSHENEEFER cale_parity
calc_parity = “address; /s BEETHEshiARRE
end
endfunction
AR BHFE

AT BRI AR R B R LB, FPRBNTEE-TREBANBNEE, tRERHE
SRARFER— 32 UBEREBRELB 0. # 8.9 BT RE.

5189 E/ARBHUFFR

HOEN—aE A R R
module shifter;

/1 TiER TR
“define LEFT SHIFT 1'bo
“define RIGHT SHIFT 1'bl

reg [31:0] addr, left_addr, right addr;
req control;

A BRAEURAL R B G BUMEBLNE

always @(addr}

begin
/7 BRTEE LU EGB LR RS
left addr = shift{addr, "LEFT_SHIFT};
right addr = shift{addr, “RIGHT_SHIFT);

aricl

¢/ ENXBRE, HaME— 32 il
function [31:0] shift;

input {31:0] address;

input control;

begin
fr BB ESE Y R
shift = {control == "LEFT SHIFT) ?(address << 1} : {(address >> 1);
end
endfunction
endmodule

833 Hzh (GE£)3) B
Verilog "0 BMCE S BEAT N FIRY . 7RIS M b | 353 ol Bore AN TR IR A M 3 Rl
VR, BFXFE R kb 2 BT, AT EEREERTEN.,
7 A WRHER T 3SRF automatic, IR ZEEEE Y BEMREEIRY, B ELS
Yo 45— WK YA I Eh S H A A M 23 18], 45 SRV FE T 45 B i skt 25 (RIHEATHRME . BRI,
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H s REch A B MR BN REE A EIR A TVRL, T B sheR A B A LLE LR IR #A TR A
P 8.10 HH T &) E X H BB ECE R 2 E .

#1810 #1 (Bzh HE

¢/ FAKMAEISRAZE L RitH
module top;

A BE Ash GBI R
function automatlic integer factorial;
input [31:0] oper;
integer 1i;
begin
if {(operand »= 2}
factorial = facrtorial (oper -1) * oper; ;; BHEB
alse
factorial = 1 ;
end
endfunction

7/ WAZRLT

integer result;
initial
begin
result = factorial{a}; /,/ ¥ 4 HHFE
sdisplay{“Factorial of 4 is %0d4", result); /; B 24
end

endmodul e

834 EER¥

RS R A SRR AR AL Verilog BRI, X ERECRER IR | R A0 RY

&, FHARRARER.,
e 8.11 PRATAH T —HERE, ETLRSRITERR Pk SRR

fF8.11 EREN

/7 S —T raM ¥R

madule ram {...});
parameter RAM DEPTH = 256;
input [clagb2 (RAM DEPTH) -1:0] addr bus; // #EilWATEEXHEEFEY clogb2=8

/7 YT input[7: 0} addr_bus:

(D) 2% PEE Standard Verilog Hardware Description Language ¥ H] LIRS T WX T H BB GHES.
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a3 il
function integer clogb2(input integer depth};
begin
for{clogb2=0; depth >0; clogb2=clogb2+l)
depth = depth »> 1;
end
endfunction

endmodul e

8.3.5 HESEHE
RS R E FUE AT DR A S B8 . B 8.12 A 1 T2 B s T

812 HHFSHEY

module top;

/¢ AR BRI

/i RE— 64 RS
function signed [63:0] compute signed{input [63:0] vector);

endfunction

/¢ A LR EAE TS R

if {compute_signed(vector]) < -3)
begin

end

endmodul e

84 h&

TEARES, RN Verilog F7 4 BHR P EE ML 5 FRBCGEST TIHE.

o {F % FNeEEAR A B B AME R A SERIBHITE L. AT SR Z0T LUHELHR 4}
BFE DTS AT BT, MR TR AT AT, B CIEEE AT
BRRrEEMMESER;

o FETLIEFEESNRA. BAMN (inout) FsyH 2R, FEAEFHATLERTER .
BN RS, AP LEREMRNT S MR,

o I ALEFERICHET automatic T X, BRI —XRAEETA B k23S B8
tE. B, E#BEI LA LIRE ERAER;

o KB REEF MEEE, HFHEDPEA-MRATER. EfRPRREHERER . EEME
FiEwEm. ERIPa LR EMEY, BRFEREITS,

o WA RN, Verilog (FEFMARRSHAEH—MRL AT ST, BB-E BB
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XA FF AR B 0 AL 5

o B H R EE T automatic FE1T5E X, I rREH B — YR FEERTE S A R fhl 25 18] .
RS M X 1o o PR B 18 U 18 R R B R T AR B IR B 45 0% 5

o EFMEFHMESEVHEXF, FILIELEREXENHTEA-

8.5 =W

| RS 32 (IR, AR R 4 IR, SRR BB
AT, HEREITIREM EFTE.

2. XA 8 (IR, DHRERIHIA 4 (TR, PR R T
H E K D BE R IE #TE

3. B F—MEH 8 £ ALU ThEESY RS, H¥ A AP 4 S3EBrE a b, LIR—4 3 180
WEAEE S select, W 5 (R out, BARRNTE. RERHEARN BT TUE.

select {5 5 B $ A0 4R H
3 (XX} a
3'p001 a+b
3 b0 a—"b
3011 arb
3 'b100 a% 1 (S0
3 'b101 a<< 1
3'b110 a>> |
3 'hl111 (a>by ( K/DRERE)
4. BX—AENR 32 TS, HOERIHE 1 4 SHHR. BRGNS 101
BB B S R R A

5. FEX—AEE, REFEITRER— 16 AERNEBERNA (1 A) EZEFrmt. £
BEERE, Bt = Eteh AR AL RO RA LS . $R . LA repeat
a3

6. HRMEEL. EHMBHE 7.93 WHRIGEESTIEH .



FITE LHBBRBA

ERINERERSENE2EAT Verilog MRS, FEHIFT Verilog IBE KA —EIER
Feit, X ORPHEAE Verilog IE S BT S FMAR BB KN REH .

F X HEr
o iR R ELERR{HIEH) assigh, deassign, force i release, BB I1F @ EUMBIETH
TEH.
o ¥IBEH R RNT A defparam iEAEFH E L SHIH.
o BB ZMAIFEM Verilog FREF BT
o NIRMERRESHS, MXEHNE.,. BRERX. RFAZT (strobing ). BEMBER . i
BB NETEHRERSTF .

9,1 HIEFELIRE

BIAVE 72 WPAR TAERE, SRMEAERSTFTS, E-HRFEFFHT, 53
57— it RS A —MEF IR R Fa T . BREERMETISZAR, eNEZEtd
FRiER]: iFEA R RE AR AR EESEI () BFFHRNELN. JEERERE
BE T HFSREN ERRAE. SEEERES B IdERESRARMS T —-ME RN R,

9.1.1 assign 0 deassign

FEF assign f deassign T RB— 2 BHEREEN . IEEZREEINEDR
fEE— T HESN— SN B FRE, THEEZMERTROIPA LR . Lk FFaRd.
SREEREFEATURE (Bf) PENIERENSGR. SEEERE S TEEHR
— Bt RN .

=B 6.8 hRITG# TN EAREEA S, & FREDMEZE D ARaSrRE, 46 9.1
s R assign 1 deassign i& 478 7 FIREEY D_FF IR,

#19.1 FHi3iEEER{EE RN D A 8%

/o BEREELE, B FRETBRE DRI
module edge dff{qg, gbar, d, c¢lk, reset);

/4 AR

ocutput g, gbar;

input d, clk, reset;

reg o, gbar; // & q Ml qbar FREAEFFEAR

always @(negedge clk) // HEHMKETHHR q M abar BE
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begin
q = d;
gbar = ~d;
end

always @ireset) // X reset BAAERT, MRANEEERMIEE
ff S (S EHBREESX g Ml gbar BR{HE

if {reset)

begin // i reset FREF, ABREEBEFEOFHFHE
/0 HE (EE) BREMER g BRHE
agsign q = 1'b0;
assign ghar = 1'bl;

end
elze
begin // 1R reset BAFEREEF, #i deassign BHEEX o Ml qgbar HHEE- %
BIEZE .
J/ BHBEER g = d M gbar = - EEBTE T —EHE T REHAT 2R FAERTR0 M
deassign q;
deassign dgbar;
end
endmodule

FEBN 9.1 1, 24 reset 55 28 iR el F-i, B0 q Fil gbar FIREL, 3 E 1 1R TR0 (E . deassign
ZEAFARTE-HASHRTHE, HET 23 EREEFEOSCEENT Nk, assign
deassign £5+ B RIHA R — MR &SN, BB Verilog HDL AU A AN ZLfE AlXFHIE
AANRIETE

9.1.2 force ¥ release

S F force Tl release AN TR BEEREEME _PIEA. =B LIRS E (K
=) FEMRLRERT NS (%) LN EARE. force Ml release 150 MAIL FIEEE
BRI E S, e, FRFTESRA MERAIRE, HHERN AL AT .
B DR E R N3 force I release iB4H], {157 2% H B FERE 4, B/ AL
4],

{EFI e B {F8% L BY force 0 release

VERIZTE AR L force B (B ) MEHFSMNIMIBRERIEESERE, RN
RS, BRENE, SESTERSSRGERRE, ARTURZEHIERENT. B —
AR BRSNS (M5 ) # 9.1 4 q ) qbar AUE, 7T LA BRIE.

module stimalus;

ff VR CEMGIH ) 2 D AR
edge_dff Aff(Q, Qbar, D, CLK, RESET};

initial
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begin
/7 PR B R R A 50 B 100 ZE4 Af f.q RHEH 1
;7 AER edge drf Mk SRR bR
450 force dff.q = 1°bl; // FERTRIERA: SO B4, 85 o WEHIRE 1
#50 release dff.q; // TERTHIEAS 100 A3, BAUA o HIRLE

ard

andmodul e

{ER LM LAY force #0 release
YERITELE I AY force A E (M5 ) LT hESREIENMIRHOE, ERBRMELR. Y&
R RERL AT g ST BN E B S E W EIE . 28 0] ISR RIRRE — P Rd R — .

module top;

assign out = a & b & ¢; /;/ fAEEREEGHLENER out B{E

initial
#50 force ocut = a [ b & ¢;
#50 release out;

end

endmodule

£ LBh, MHRIE{E 50 2 100, Z&M) out 258 Hll 87— M#8ak . iR B4 50 B 100,
force BRI RBIER, FULA a, bE c MESEAEMYE, R )b & c HHWEFITH,
KB EIFRTF out, B, force IHAIBRE{NA T ARMBEERNERLS, EHHMGRATT VR

RIEEW AR T —FF,

92 ME (B ¥

TEANRITEAE 3.2.8 TTEATTIEH, SMOTLIFEREE ONE X, (B2, & Verilog R4 FLL
B, SR LTS BRI AR . IERAFRITEFIFMNE—EHA AR A S80E
HEERBE IR, MAFEHE XNESHHEH,

R ENE (F%) 280E: @il defparam 578 8 oA F 2500 (H

9.2.1 defparam i&4]

FEitR, WfLIRREE defparam EEEERBHPRESHE, ERBHNBERZHEY
U RENRE (BE%) SHENEa . EEH 9.2, T defparam X5 (EWS ) EHHEHTH
%ﬁﬁﬁ

5] 9.2 defparam iEH)

/i ENEE hello_world

module hello world;
parameter id num = 0; // & XHEHEAER O
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initial // WRBREERIRS
sdisplay ("Displaying hello world id number = %d", id_numj;
endmoditie

/7 BN TNEHR
module top;
// Bl defparam iFE, &g BRLHERSESESHE

defparam wl.id num = 1, w2.id num = 2;

A/ A hello_world S0
hello world wil(};
hello world w2({};

endmodule
fE# 9.2 v, FHERAE id_num = 0 & XS hello_world, {B&, YE18:2585 hello_ world B
MBI wl fl w2 B, F defparam iBAMEM T =418 id_num {H, RN EWEHSTHETHE,
2483 T 34 .

Displaying hello world id number = 1
Displaying hello world id number = 2

—MEE AT LU A defparam iE4]. FJLIR defparam 5 M B M 28, defparam
SEHRPEH O — R M RIS, B IFE Verilog HDL B F#AZFIE.
&, B hello_world 7] LA ANSIC Xigts2805W . 519.3 B/RT 1R hello_world i

ANSI C XS 88,
#519.3 ANS|C KRS H=AH

/7 EMHEH hello world
module hello world #(parameter id num = 0} ;// ANSI C A8

initial // BREEGRRS
s$display ("Displaying hello world id number = %d", id num):

endmodule

922 EMRLHIASEE

AR %E (Fs ) HFERENSHE., A THRBEXHEE, RIS 92 4
B, WEi— SN, FEERE AR EEE AR, RS LS8 E R AR A
wil Fl w2 ), W F R, HEE, RNEE defparam, {5Eig 355 F defparam &A1& B/
Ili'l_‘ﬁém

r/ BXTHEHE
module top;

/¢ WA hello_world ZLFEER
¢ I F R RIDSEANEES A SRR AE G |
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hello world #{1) wl; ;; &M 1 (4R w1 BMRTHP
/7 2B
hello world #{.id num(2)}) w2;: // FCEYME 2 3T w2 HREHAPEN 1d_nun B8

endmodule

MRTEREEE T Z40-2%8, HEREEES, o7 LR R o 2805 0 fE i 2 80 %
By (HE) e REABERINY (Hk) BWE, MRARAGSESHE. B LLE
LB RE A AR AR RS S (S ) FEN2E, XM SR 2RE. Z2RH 94,

94 HBHREFIMNBEIE
/7 RESCEFIER S5 AU

module bus master;
/1 AN BRE

parameter delayl
parameter delay2
parameter delayl

nmn 4
2

]

it

<RBRAFBE -

endmodul e

s/ TEEH#ER. BHAMT bus_master ik
module top;

/¢ FIBMER 2R EREAIZA TR

/¢ PN RICE A SR AR

bus magter #{(4, 5, 6) bl{); //bl: delayl=4, delay2=5, delay3 =6
bus master #(9,4) b2(}; //b2: delayi =9, delay2=4, delay3 =7 (Zik)

/¢ a2 HiHa5EE AED
bus master #{.delay2{4), delay3(7)} ba(}; // b2: delay2z =4, delay3=7
// delayl=2 (BRiA)

/ BUERwANBEEATR, FRRXFHERLT - ERRe, TR
¢ HEEMER BH T AFEHOHEF

endmodula

R EBREANSERE T RGP SEE, REAPZRN—RIFEERNTE,

9.3 FHEHmMEFIMIT

Verilog (U A —MBA A BEEH TR HIFRE, EAEHTE IME, mRIHHERE
AW RAR AR Verilog 81T, B8 B0 —RA %, WitE Bt e b -840
S AR E T RS T AR, R FRMIREmIE,

B AP BB B R F AT RE TR 2 REIT Verilog BTRIZELEE .
AR RERT
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931 FHRE
S Ak g1% ] UL SR PRIE S ifdef, Cifndef, “else, “elsif 7 endif ZEB. # 9.5 PR-E—ECEEH

17 % (4% 10 Verilog TB{CHS.

#95 FEHmF

{f RaRE

oL
"ifdef TEST// &Z®E TEsST#rd, MMFE test b

module teast;

;ndmdule
‘else // BRIAVHR T, WHKF stimulus ik

modiule stimalus;

aendmodule
rendif // Cifdef ifAIAGsEH

/B2
module top;

bus master bl(); // JoAMHuM BB
‘ifdef ADD B2
bus master b2(); // BEXT app_p2 XEERE. WHAAHER L2

‘elsif ADD B3
bus master b3 (); // FHEXADD_B3 XAEEHE. MWHEGHER b3

‘alge

bus_master ba(}); // ERAWERT, WEHHKFHERH b

‘endif

‘ifndef IGNORE BS
bus_master b5{); // HRFEX IGNORE_BS AL, WA K AHHINA bs

‘endif
endmodil]l e
‘tdet #ifndef #5640 LUK FAEIR T RUEMHE T . RHE T LA RS HFER . Bk, f
Ak | BB R EAE TS S, else I8 BREM. — 1 else A BE T LIILE-—1 ifdef Sk &
‘ifndef, —* ifdef 2. ifndef 7] CIVCEMT E¥E A elsif Ar4- . "ifdef 2 ifndef BURFIHH M &Y endif
REEH -

ZF Verilog S0, A B4R ET A define iISHIRE, & LHF, WLLEDAERTHA
‘define EAE XA E TEST 1 ADD_B2 MIFBRE ink., MRBFREFEEERE,
£, Verilog 4525415 BT R4y . ifdef B AR AR A AR REA, HInE A TEST &&

ADD B2 kFEREFRGRAAITHN.
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9.3.2 FHHIT

FERTFEARIFRITATEZTHREREDRTHRE. WEEDHEHEF, BEE &1
HATEN. &REHTIREBER TITNEY ., RHETFXBEestbplusargs AT &4H01T,

X EH 9.6, T T H$test$plusargs $HiRFHHIT.

9.6 HStestSplusargs B FLNIT

/RIS
module test;
initial
begin
if {5testSplusargs {“DISPLAY VAR”))
$display (“Display = %o “, {a,b,c} }; 7/ RALYEEIENTERR

else
/i FREEHST
$display (*No Display”}; // H#NTARE
end
endmodule
(B 7LEFTAHEE T 45 DISPLAY_VAR A BA4E ., LIS E+DISPLAY VAR AWi#
B atTitiEinE.

A LA R GEAT 55K Svaluebplusargs Kt —HEHIAGHNIT. ZRSTFHTIRE
AIRTIR28{E. MRRERICACHAATET, IRASvaluebplusargs 2] 0, IR H| T ILAC
R, AR4$value$plusargs IREIFE 0 {H, #19.7 41 T $value$plusargs RI7RH .

9.7 H$value$plusargs BT HMIT

/! ERESETFsvaluesplusargs BEIFT
module test;

reg [8*128-1:0] test string;
integer clk period;

initial
begin
1f {$valueSplusargs {“testname=%s", test_string))
sreadmemh (test string, vectors); // EEREIEHE
else
/¢ BMREREREE
pdisplay ("Test name option not specified”);

if {($valuesplusargs (“clk t=%d", clk period})
forever #{clk period/2) clk = -clk; ;/ FReep
else
/7 B RREIRFR
sdisplay (“Clock pericd opticn name not specified”):

erud
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7 N, BEESART. FEMMEW+testname = testl.vec + clk_t = 10
// testname - *testl.vec flclk period = 10 WiaSTr¥E B0 L3F
endmodule

94 KIERE

B, EERRGES, —PMEEPMERATERSEEPARE S, W1 us, R,
A —ABE B B IR AE S B A 55—~ JE) S5 3R 4E X, A 100 ns . Verilog HDL fiFA] timescale
SRR S B 25 B a4

Ai%: timescale <reference_time_unit> / <time_precision>

<reference_time_unit> ( &% B AAF ) #5 ¢ AR FIER QUM & H{7 . <time_precision> ( i ENGEE )
R ET RGBT MVIREREE. R4 1, 105 100 A5 a0t e a) g6 fat e g 5
pyEEH . EBF 9.8 PRYBI PRI dummy]l F dummy?2.

598 HNERE

;4 REE dummyl F XERIRE
¢/ BEWEPN R 100 ns, BWEX 1 ns

“timescale 100 ng / 1 ne

module dummyl ;

reg toggle;
/3 roggle WEHATIGE
initial

toagle = 1'b0;

// 85 TWEZAE toggle A REBIFE—W

/AR S TRV =500 ns = 0.5 ps
always #5
begin
toggle = ~toggle;
5display("%$d , In %m toggle = %b ", Stime, togglel;
end

endmodule

/7 e dummy 2 F XFREAE
/7 BEEERNK 1 us, WEHR 10 ns

“"timescale 1 us /S 10 ns
module dummyZ;

req toggle;
/7 R toggle BEMTRE
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initial
toggle = 1'B0;
/7 85 AEERA toggle AFFSEBIE—IX

7/ A 5 IS = 5 us = 5000 ns
always #5
begin
toggle = ~toggle;
Sdisplay("%4 , In %m toggle = %b ", sStime, toggle};
end

endmaodul e

dummyl # dummy?2 X BB AR H AR £ —FER L BE T duminy | A8} E) B4y & 100
ns, 1 dummy? RISFEIBALE 1 us PASh. BEitE, dummy2 $#$display §HAT 1 1%, dummyl #
#1Sdisplay #EIT 10 K. $time {1453 BEiA FHZAT 5 o0 BE B i) 2 3 i Rl B 3 4505 ELAS 1a] . Al
—HR4rdisplay BB B & R M T BrR, BAR T timescale 155y B

5, In dummyl toggle = 1
10 , In dummyl toggle = 0
15 , In dummyl toggle = 1
20 , In dummyl toggle = 0
25 , In duammyl toggle = 1
30 , In dummyl toggle = O
35, Im dummyl toggle = 1
40 , In dummyl toggle = O
45 , In dumyl toggle = 1

--> 5 , In dummy2 toggie = 1
50 , In dummyl toggle = 0
55 , In dumyl toggle = 1

&, dummyl i9$display iEH)ELfT 101X, dummy?2 F #)$display IBHEETIT 1 K.

95 FHMRZKESE

AT PRI THITE Verilog 15 PR —HFHRELES . & BEHRTARNGS . BI1#H
ATt . BrEBX. ZBET (stobing ), REHAIER. NEVIRCMETHESN

REMES".

9.5.1 i
Verilog BI45 BLI0 % 5 H BIBRAER RSO verilogog s, TTLLEE Verilog HOSH B2 Tk
PR

FTHXH
AT LR R AT 45 $fopen FTH .

© AHPRHEHBRELS . HEAERA SR BUNSsigned M$unsigned. FMMA VT B4 IEEE Standard
Verilog Hardware Description Language X ¥4,
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P, $fopen(“<name_of_file>") ;"
m 5&: <file_handle> = $fﬂp€ﬂ(“{nmne_nf_ﬁle>“) .

{£ % $fopen 1R [l — g #x 0 & EBHR S (muitichannel descriptor ) *f4 32 firfl, LB
RFPHEVHIZER 1. REREE - FEERRS, HSMEN (5B 047) ghifER 1.
FrvEsar B AR D E 0. tRMER B — AR AR . LUS X $fopen H1E —IBRASSTH —TEH
i, HaRRE— 32 MR, HFeERETH 16, F2H, . BREAIZETE
30 v, 531 A RGREN. BESS5ZEEMRATEIZEN 1 ¥R, #1 9.9 BRT X
R A A EE R i

#9.9 MHHkFE

// ZBEHERH
integer handlel, handle2, handle3d; // BE¥ N 32 {

/7 SREMERTTM: descriptor = 32'hoooc ool (BofrEL)

initial

begin
handlel = $fopen{“filel.cut”); // handlel =32'h0000 0002 (& 1{z%¥ 1)
handie2 = $fopen{“file2.ocut”}; // handle2 =32'h0000 0004 (HF2hHiF 1)
handle? = $fopen(“file3.out”); // handle3 =32'h0000_ooo8 (S 3fE1)

end

ZEEMAEFINSET T LURERRBFRNS 20004 THEHHERFREX—&.

BXH

FEH{F & $fdisplay, $fmonitor, $fwrite fi$fstrobe FEBTFEXHT, HE, XEFEHAIEE
ES5HE AL F $display f$monitor ZE{L, {BEETTHREL THMAE THINEE,

F i 2 B tdisplay F$tmonitor £

FiiE. $fdisplay (<file_descripr or>, pl, p2, ..., pn) ;
$fmonitor (<file_descript or>, pi, p2, ..., pn);
pl,p2, -, pn AILLRTR . F5AMEFT SHFRB, JUHERFFR— P ZEEHRF,
TR LR SRR E B SRR AR . Verilog 188 H B A SR A PEDY
I AT BT A SO . T IEAEE R 9.9 g RSCHHR k4 Bedfdisplay Fi$fmonitor 4
FHIFER .

i AR EER .o PENT
/i BRI HpE

(1) 1EEE Standard Verilog Hardware Description Language SR % T $fopen FHAETHEE . 2 F 12 B $open B X

PR REN. W, MEWREHMBIE. vTESFE0H.
(@) IEEE Standard Verilog Hardware Description Language 324 T (8 FI8EH ¢ single-channel ) {8 #F g 22 ]

VAFTH 2% T X, IBARAN T S0,
(3} 1EEE Standard Verilog Hardware Description Language SR8 5 T iF & H-FCHE4 A fhoh e, B8R 8 e

MHAREE N T RERBFEFGTEREBAN. AW, MRAWEEA GBI HBIEE, TLEEEK
X,
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integer descl, descz, desc3; // =P XHEEA
initial
begin
descl = handlel | 1;// #&frm, descl = 32'h0000 0003

$fdisplay({desci, “Display 1"); ;; B#lT{E filel.out HERHERE stdout

desc2 = handle2z | handlel; //desc2 = 32'h0000 0006
$fdisplay(desc2, “Display 2"); // BRIX# filel.out Ml file2.out

desc3d = handle2 ; //desc2 = 327h0000 0008
s$fdisplay{desc3, “Display 37):,/ HEB T file3.out
end

F 1 iha
AT LA R R 44T & $iclose 328 -

AiE: $fclose (<file_descriptor>) ;

/7 R
S$fclose(handlel) ;

X —BgRAI A RS A, LBEMAFPHHEMAHEEER 0. T—K$fopen BiEfH

EI mﬁmﬁ_‘{ﬁo
952 RERERX

PIRME BRIES, Hinsdisplay, $write, $monitor 2% $strobe £ F R 1%m £, AT

BAEMEMNEK. EW 43 ThEZERRN, XRIEWAREES. i, 4 MERKE
PEFRITR B Verlog fAFBH, %m ERALSX o R MRELAERTEL . BREFPH

%m R ETEE . SR89.10,

M9.10 BREX

¢! BRBEAES
module M;

initial
$display("Displaying in %m”);
endmodule

/¢ TFREEE v
module top;

M omlf};
M m2(];
/f BmRBRER
M m3i);
endmodul e
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U7 B a0 F P

Displaying in top.ml
Displaying in top.m2
Displaying in top.m3

X—FFEA L BB R R, RFRLs. £5 . REcaai.

953 IXBAETR

1% B (strobing ) HICEF Asstrobe NRETFER. XMTFH Sdisplay (FHEE T —
RANERUA, HAREEHEL, R FBHMIE N S$display 1T % € R — P ifE B AT, B4
X HIE R H$display {4 B TR S 2B E R . IR M $strobe, &R & B4R —i 218
R{EIE T ITER 2 G AT, Hit, $strobe LT —FEEHE, ol URENE ER—
At T RE R H NS N A TR G4 B nEE. 2R 9.11.

Flo11 RBER

/iR R R
always @{posedge clock)
begin

a b;
C d;

end

always @(posedge clock)
Sstrobe{“Displaying a =%b, ¢ =%b", a, ¢} ; // SRERTEHAEHE

£ 9.1 H, AT EFHERIETEE R a=b Ml c=d FITEZEA B/~ HREHSdisplay,
$display AT REZEIER] a=b fl c = d ZRIHIT, &E BR FRRIHE.

9.54 PFEHEER

FEHMLMCAE RUEHRENS 2 T AR RBEHL e B ERTEOK . FEPLRIAER BE, HAEREERER
THHE R FER., B R R TSR R SRR . REMES Srandom FT 4 REE

¥
Fii%: S$random ;

$random (<seed>) ;

<seed>HER AR, BERTHEESR BTN £ REHYEIETH. Z¥cseed>A] LI
reg, integer B time TR, % $random iR Fl—4~ 32 {i#¥, X4~ 32 (VREMLERIFTE L. fif

ESIRER AT LI (Z54)9.12).

#19.12 FRANEE MY

/7 EREEVLER, FHAET TP RoM K HLhE
module test:

integer r seed;
reg 131:0] addr;;/ roMAK)4ubE
wire [31:0] data;// M RoMHRHSHIE




£9% FTHREEER 137

ROM roml {(data, addr}:;

initial
r_seed /7 RS RS T 2

always @({posedge clock)
addr = Srandom(r_ seed}; ;; F ARV

<A BEH BN RoM B2 &S R M E >

endmociule

FEHLE A AAR B A R AT SR L, #RiRSrandom (LRI K, EAlLIERES
BENAER. #1913 HH T — & RSB

1913 IESIREHIEEIERK

reg [23:0] randl, randz;
randl = Srandom % 60; // P4—14 - 59 #4959 MIpEHLE
rand2 {$randem} % 60; // WNTHEMAENIE, srandom BRATHEH— 0 £ 59 BHIEHK

W&, $random FRAIRIE L EARMEN ., Bk, ZERFFEEE B ITHF G EmEAScfRet, 48
R BB T2 7 4 — B BRI B
9.5.5 HHEXENFIESmFEITOGER

7E 3.2.7 THEZNE T EREE TS . Verilog #4485 TIEH % RIny RE TS B RIBRE L
{3 T RS AT R Rt A PI-ME %07 F e B i il ek A - sl E . e+ $readmemb
figreadmemh A FHH LA

Bk Sreadmemb (“<file_name>", <memory_name:>);

$readmemb (“<file_name>", <memory_name:>, <start_addr>);
$readmemb (“<file_name>", <memory_name>>, <start_addr>, <finish_addr>),

$readmemh EiEL 52 ¥R

<file_name>Hl<memory_name>2 0 R, <start_addr>Fi<finish_addr>J: 0] 3£/ . <start_addr>#) B
INMERTEESES R A TG B . <finish_addr-AIBAE R B - R BTG RO E . 4 9.14
R T EHR G eE.

fl9.14 WG TFERR

module test;

reg [7:0] memory([0:7]; ,/ A& 84 8 (uAEFEET

integer 1i;

initial
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begin
/¢ IBEAR S init, dat BEATEMEEPAE THbLE
sreadmemb ("init.dat", memory);

module test;
/7 BAREEAILE B ARA

forii=0; i <« 8; 1 = i + 1}
Sdisplay ("Memory [%0d] = %b", i, memoryi(i]);
end

endmodule

S init.dat B EVREEIE . F @<address>TERIE T hIg Btk . Hunk LA SR i
. BIEAZHARE. SRR LIEE x 2 2. ROHBILAAI B BIAME S x, B0 init.dac 10

TR,

@002
11111111 01010101
00000000 10101010

@R 06
111lzzzz 00001111

S5 RO AR, JB R TR .

Memory [0] =
Memory [1] =
Memory [2] = 11111111
Memory [3] = 01010101

Memory [4] = 00000000
Memory (5] = 10101010
Memory [&] = llllzzzz

Memory [7] = 00001111

9.5.,6 {EHTFEMLH

NS (VCD ) B— ASCH X/, Ea&FEAR, BESESHEXUEFRE
THBRPESEMNTREER. BT PHREESERFRENESESEHEABBHITLIES
A VCD 4. F B TR ATLHE VCD CER AR EXRE B B S EMESEE B R 3k,
RER TRV AL T ARERIGERFHT ol #ER ., MTOMERH8nE, it
Z 0 LR ERE S5 VD i, EARLE TEER ., SWMBir(rEm B85,
FERERAB P VCD R EHEREMA 9.1 Fis.

B R o @it

] A

VD it

y

b — TR

0.1 FI{FEFHN VCD ST Fitr s
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Verilog 341t T ZGEAT F R B E R A BB HSC | S A MR L Hil{5 S $dumpvars ), E# VCD
XA ( Sdumpfile ), EFEFEETEMNESHA L ($dumpon F$dumpoft ), A ALK
W& ($dumpall ), FAMEF ORI a6 9.15 B

$19.15 VCD XHRGREFH
77 THSE veD XIFG . BARIERE vop ik, Ml EaHEE — M RRAHA

initial
$dqumpfile ("myfile.dmp"}; /; {(hEEEHMEBE myfile. dmp 3L

/7 BiEREPRIEE
initial
Sdumpvars; // REEEAEEA, ERIHTPHEHESETEME
initial
sdumpvars (1, topl; /; HEEBEEMN cop PGS
S B RERERAEE, Rl cop THME—RES, B cop #HR
/0 PR, WA cop PRIEAEEANTER

initial
Sdumpvars (2, top.ml); // ¥4 top.ml L FRENES
initial

$dumpvars (0, top.ml); // ¥OBTRHEM cop. . ml B THREMENEHHES

£/ I B L B R

initial
begin
$dumpon ; /7 EhE LR
N #100000 $dumpoff; ,/ 7T 100 cooMMFEMHERANE, #IL¥#GTR
eIl

17 ER--TRES, HiA veo TR X
initial
Sdumpall;

$dumpfile f$dumpvars T %8 HE £ EH R E . $dumpon, $dumpoff F$dumpall

FEfi A B ERAER".
#— e EAE B R D RERY E AL B T AW MRk B, B8 RETEMAAIENER

HmERSY. FFAMEIEE, it HEEL i$display Fi$monitor B/ A . WETEIE LAY
BRI RENMER, VCD 5 iEhe s, R VCD REEIITH Verilog

(U= 13 2
VCD AT REARRIEH R (I AMBRITI . VOD IR A/ RER AR BT ),

HTRIT HEE I EFERENESHTRE, ERAX—SRHERH,

9.6 &
REIHE T AT LA Verllog Bk #9171

@O HAbit% , Flim$dumpports, Sdumpportsoff, $dumpportson, $dumpportsall, $dumpportsiimit F1$dumpportsfiush
24045 7] %% IEEE Standard Verilog Hardware Description Language 3#%
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o UREEERMEEFAVHTHS (FHE) FHEFNLM LAME, assign #1 deassign FJLA
ME (Hx ) FHB LARE. force il release FTLIMT (B2 ) FABRALN XA,
assign 1l deassign 7 LAHAESLFRRI BT, force F release 7] LAFF R,

o A]LLA defparam B ma EEBERIEAVEEFERME (#H% ) Otk bE XS5,
ERHEA S, TTUESEFIRNSEITFRE S FRRATRAASEME. BHEEHL
FXER BB EE.

o iR REERA RS AT LUE S ifdef, Cifndef, elsif, “eise Fendif 2454 &L #
Wik, TEHIRAT ) define IBA]E L 4IFhRE .

* Verilog i HA% K FCERAAT AT LB 1f R GE(E %5 StestSplusargs ()77 s0A S it AT - 7
i& F7 0L @ T +<flag_name>sE X HETHRE.

e Verilog PEREEFLUSSIMESTI 30 0. ELEEMBFPHENLHRET 16, £
HiH A AT i TE %1~ X IEEE Standard Verilog Hardware Description Language 3%
R T SEBEAAETT SC VO BER R

o O] LIZEET B A B A %m I B RER.

e i BRE-MERHENZHREHEFHMENBREN TR, HERGPIITEHER
A ZUBAT B At B M AT e 2 S5 il AT

o O] LU A RGE(TE 4 $random 4 BIFEVLEL. E1T8 B4 BREYLRELm & . {F%$random B
ATLAAE RROE R, T AR R X

o FEOELR AT LIS O e BB ST sl . BEESCIE R A ISR . shhit nT DATEFERE
IR FFIRE

o BT TEHEIFE TR TR A 37 R i s —FhiE B4 Verilog A2iF
Wi A BB E S4B BT VCD b, ZRIESAFTUATHEK.

9.7 &

1. {# assign #1 deassign i5A1, #i—"H 72 clear (q = 0)#1 preset (q = 13 1 A9 _F FHi ks
KEI D 23S,

2. BARAFPEI TR — A28 FA. AEESHRPEBAXT-2mMEE. 7 15 F 35 HE
iy ERREmH{E sum R a&b &c_in,

3. MZHEITEXWHHESHRRN 2N FA, T mRBERATR .

/i BX—P— AR

module fulladd{sum, c out, a, b, c_inj;
parameter d_sum = 0, d_cout = 0;

/7 AT A

output sum, < out;
input a, b, c in;

/7 RFBER D

wire 81, cl, ¢<2;
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/7 R CEFBIH ) ZEESEST
xor (sl, a, b);
and {c¢l, a, bl;

xor #(d_sum) f(sum, s1, <_in);// FNHIHE sum AR % d_sum
and {(c2, sl, c in};

or #{d cout) {c out, c2, cl};// EFimtism c_out FIEEAN d_cout

endmodul e

EX— 101 5.8 BRI A2 35 fulladd4, AP HEHRRTE, E2 FEREN

SRR FARYLH

= # E B {4
fal d sum=1,d_cout=1
fal d_sum=2,d cout=2
fa2 d_sum = 3, d_cout =3
fa3 d_sum =4, d_cout=4

a. fE fulladdd Hibk, A detparam &R LHBERE. FRAB 5.9 18D HXHX 4
P &S E. MRS RIER, AR BMESAME (Ei%3E

Pl 20 R EERE, MAERAS).

b. RE fulladd4 FH, EFEREEEBIEHAES fa0, fal, fa2 i fa3 &, i _EER %

A EF MR HT T, MESREE

4, HEH ERIRERET, 5 — DS EE . AR ERIF (Cifdef ), 4% DPARAM
.4 d1"define i§H1E X, W4RIFHF defparam iEHIH fulladd4 $R3R; B0, HIEHLHSEE

B fulladdd #b
5. W T ENBRETESE AR {4,

/¢ i GEE R R A 30w
module test;

integer handlel,handle2, handle3; // X{HIH

£ FTFI
initial
begin
handlel
handle2
handlel
end

sfopen{"fl.out"});
Sfopen("f2.out");
Sfopen{"f3.out");

ff R REaEIRRELSEPE
initial
begin
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s WREEERARFLESD ( BREY ) TR X 4G
#5;
sfdisplay ({4, "Display Statement # 1") .
sfdisplay {15, "Display Statement # 2");
$fdisplay(é, "Display Statement # 3");
Sfdisplay{1Q, "Display Statement # 4");
$fdisplay (0, "Display Statement # &");

end

endmodiule
6. T EFmiI$display i&E#i B 2T 42

module top:
A alf();
endmoedule

module A;
B bl();
endmadu]l e

module B;
initial

Sdisplay{*I am inside instance %m*);
andmodule

7. ZEH 6.4 PRI, B—EESC A TR, S RETLECE RS 5
—A~ 32 fuFEHLE. BUh 304z, EETEESmA a; B 74 6, IBEITHEESEADL, &
A& 8, IBERMESRS c_in. B 20 PRELINGE o) B 3 Ja8se .

8. FERIB 9.14 PRTFFAERS TR ILAR B . B, BHRHl R . AT F s FE
FEHEHB BRI . RiEEMHRIEAHITEI R

o uk N &
1 33
2 66
4 £0
] 0z
6 {1

9. HRTIEH VCD 4K initial B, % initial SLY058 BN T T

» B myfile.dmp ¥ VCD 304

o FEGEIE IO top.al bl.cl PRIEERENNFTRER;

o FENTEIEA{T 200 4ME\EFEAE VOD;

o FEATIR)EALY 400 £h FFAFEHE VCD;

o 7 [RIEAT 500 ZhE |- Hfi% VCD;

o flEE—RRE, EAFA VCD T RACYATMER D VCD 30



B —#45 Verilog SR £/

F0F| wAfR
FuE| Frass
%12%' AP 8RS RiE
#13%| HEETRC

# 14 % | 42 A Verilog HDL #4738 4§ 454

H
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103 BFMEER

B4 DI RE R TRAEFT T A BR R ThiE. HE, HSEMA e B3 HETHRE
(T2 BRI BRARHRAIER . Ik, ARG BR2 B 2 R BEH I8 BB P AR . B
B B RO SR R e AR s B R Ak iR, AR F AR TR EE T . AN TR Z—
RGN, BIEFESRBDIE SR P CRIEE .

SEf A AR RS —f e FRERE &R ATE R A ahibitl . BRTEEA RS
SR LY, ST EE A TAIRERIE, A AN FERIE T H MG IER . S 5uEe
FER S RIEL N ARSI ERAEERIEN F. 88N PRIERE— 8 AP &
i, FHAHETIE.

AEHIEHITISTE Verilog S Fp N e hl e AT MIEE . Bk, SRR FHE, #
3 67 LA RN 3IE Verilog 1434 &) H i 40 T BE FIAT /7.

#3) BER
o X9 Verlog (FE B ERERFLEL, SHER, £2 (lumped) HIBF5IRIE]5]
B (BR1E) ROEER.
o JEEEN{AI (S Bt B b FH specify HRiZEFRZIEL -
o SRR ARG LTI N ITEENSER.
o BT specify 2 specparam &R 2 XS4
o HRKTSKBEREIEIR, AMFHBFILER.
o BEAERE nise. fall F1 um-off TE3R , FEAELO{AIR'E min, max i typ KI{H.
o BB BT REE X ESKITS, $setup, $hold F$width.
o HRAEIEIRIUAR -

10.1 EREBIpHAER
= Verilog A S EAMIERBA, SR, $£ SR BRI (B RIIEIR.

10.1.1 S /HiiR

SAIER BTSSR SR T R . TR K i S BT, B 101 B
TR M R ST EEER .

AR T LA B R S R . R SR ERA IR BRI SR assign
B R IR AR — N TR A A AL | TR PR S A SER M A - 41 10.1
S0 AT AR | T oo P AR R R B A A GE IR
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B 101 4rfeiER

101 SHEIR

/7 TTREB PR 2 IR

module M {out, a, b, ¢, d);
output out;

input &, b, ¢, d;

wire e, f;

/4 BT By AR R

and #5 al{e, a, b};
and #7 a2{f, ¢, d4d);
and #4 al{out, e, f);
endmodule

/¢ BARTLE PR R
module M {out, a, b, c, dj;
output out;

input a, b, ¢, 4;

wire e, f;

/L BPRALNPHRER

assign #5 e = a & b;
asgign #7 £ = ¢ & d;
asgign #4 out = e & £;
endmodule

A R R AT R R . B E TR R H R R

10.1.2 HERIER
S TR B M SRR 5 Y, AT AR R R B ESR T
SR R A B BRI IER TS TR X — 4k, PR R S 5E5E . [ 10.2 7149 10.2 dr48

T R IER BUR A,
# 10.1 2 10.1 Berit, &5, BATHERE 100 S MTEES A RE a5 KR, 7+

4=11PRMIER, BMERTS2MMT. S8R M HETRMARELR, 40N
RZfE, WHRERE.
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#11 out

B 102 HFAMEE

#1102 EDHEIR

/1 BREER

module M (out, a, b, c, d};
output out;

input a, b, ¢, d;

wire e, f;

and ali{e, a, bl);

and az(f, ¢, 4d);

and #11 a3lout, e, £);// MR RIS
endmodule

B IR B AL B 23 A5 REAR FOAH LU B TR

10.1.3 5|25 IBIR9ER

H—FR R IR B X RS IMEIS  MAEHFRE, SARERRAREPAETRA
P 2 BB PR A B . R, PTLU RS G 5R A i B A I3 e IR . £ 103 kA
10.1 FRIRBIFFA BRI S HRZ TR MBS B ER,

M= == == % = = = =& = = = = .
— N e :
b — '

1 _—/ 3
1 #1 out
¢ f :
{] — '
] 1
i ]
7% v HER
A-—g--0ut @
h--g-gut q
c-=f--0ue 11
d--f--out 11

B 103  S1EP)5 M ER

AT DL S b AR B 80T I BIS  BB AR . JB AT SPICE Z KRR K
PP ATR BRI B, T LRSS AR B AR A 5 | BB 5 Bl S
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RS HTE NI ERIEN, HENAHERRTS, ELATHERESSER, WX
TR R BT R T RERAIM A AR NG, 7 TR SA NS . SEt sl A2
1. BHEHR . TSR EERIR A EORET, (ERT(BIP5 IR HER SR RN, 5IH
FIRBEEIR PR VR HEIR, RN PR "REER” XAARE.

ES2TM62TH, RINERITE T HHEIRMEDAIR. T — 1B MEIERE.

10.2 PIR{FHEIRIEE
AR RIS BN FE. &Y, KESIMSOE LT AR

10.2.1 specify 1k

TR (A AL ) SIEIFEAR (s A ) SR A AORERBR S HE R BE
RHEIR ., 7 Verilog P, TEXHET specify Hil endspecify 2 [l 2342 3ER IR, @22 M) AES]
# i specify 3 ( B8R ).

Specify Hef & T F(#/E1E54] .

o SN EBAIET A BT E 5 | R 5 KB FE HEIR

e FHRRPITERTFRA

s £ X specparam i &

X 103 P EuRE, BATTLIFS 103 WERAT specify HERAREER M B51IE5
FIFETR .

f10.3 SIBNEISIBIAIHER

/¢ S| IR IER

module M (out, a, b, c, d};
cutput out;

input a, b, ¢, d;

wire &, f;

// BE IR RIEA]RY specity B
specify
{a => out)
{b => out}
{c =» out)
{d => out)
endspecify

]

9;
8;
11;
11;

/1 TR EhER

and alie, a, b};
and a2({f, ¢, d);
and a3({out, e, f);
endmodule

specify SR H K — s 384, A RFETAHAbEr( & initial 28 always )4 H Bl specify
B B A SO AEEE B
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10.2.2 specify A&

2245 vhiiE R AR AT LA 7 specify Bt BRATTEH) .

HITIER

METFF R, S&ABRERIETNAA —MEEM— 78, 754 10.3 BB RIERIERD, a,
b, ¢l d TEIRBEAIE, T out £ HEREE,

RS => WHITERE, FAEMFAR.

HE: (<source_field> => <destination_field>) = <delay_value>;

TERATHRET, WEPaE—(5 AR P TR, IMREMHIREMR, DA
RIS, AW HBALA. B, FATEERE 7SR HirgiE 2R .

El 10.4 7 IR HiRE Z AR UM TR . B 104 85 7 T8 Verilog
ffk -

o @ = L
1 @ - 2
R i E i,
> @ - E
B 104 HirE#E
5l 10.4 HITHERE
J U R, a M out BEMNE RN 1 AES
{a =» out) = 9;

ff EBEAEBAIERE. a Mour FREBE N 4BES: ali:0], ocut{3:0]
/4 a REES, out RARES

(a =» out) = 9;

s/ PR AERZE SR TE 4 R {EEELOMAEE

(a[0] => cut[Q]}
{all] =»> out{1]}
(af2] =» ocuti2])
{a[3) == out{3]))

(E I | B T

R = IRt BT R ¥'s

ff AR, al4:0)RERE N s MR, Mout{3:0] 2TH 4 Mm

¢/ Bk LS B b {3 AP AC
{a == out) = 9; // fuBEAMLE

%
MfFS*-Fn e, RMEM TR,

Hi%: (<source_field> *» «<destination_field>) = <delay_value>;

fELEED, BEPHE—-S Birb e oaEE. mREROmERNE, WEiTR
WRIHRE,. SEEHREPNE - BRTE (2 ERER, & 105 FR.
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ik Hbrisk

A 105 2R
Bl 10.3 FHHATEZRMBE R M RATER. 10,5 $65R 80T 28T LEER,

105 2%

i BEE

module M (out, a, b, <, d};
output out;

input a, b, c, d4;

wire e, f;

t R
specify
a,b *> out}
{c,d *> out}
endepecify

n n
—
[

and alf{e, a, bj;

and aZ{f, ¢, 4);
ang az {Out; e, E:I.F
endmodile

= B RARAR, R A B h G S A B P8 — A2 8 B R A L
HA. MERXSERMEMA—B. THRSEEEEHEENRBITEIER.

7 al31: 018 32 uBMEER, out[15:01 2 16 U EHAE
/o a E—f S cut WE—{r 2 A RIFEE % o

specify
(& *> out) = 9; // WEBR32 x 16 = 352 £IHFFEEFOEERMN B HTHEE
/f B—ERTA
endspecify
IR RRE

2N U 2 R T R B R A B P R, RPN RS B E I A
BH-

/7 AR, FEREES clock AIEBESE RIS, MATEME -0 S-S £ EAEE 10,
/7 THEMEE 8. BABBRRRM in 8 out, MARZS in BE RERGED out L

{posedge clock =»> (out +: in)) = (10 : B);
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specparam 7= ffiER]

nf LA ISR R B8, LME T specify 9 . BT/ specparam XHEESE, —RIBRT
AEERBRE 5 B eSS , Wi{EH specparam & X specify 28, SR/57E specify
Herh{di X 280 . specparam KI{EEHE B TAIRTE T EAFMEE, BmiERITHEE . S4 TR
MBS - # 10.6 1 B/R T —F fH specparam i&5]49 specify Hnfi.

$5110.6 specparam FBRES]

/¢ M specparam iBTjiE E R 28
gpecify
/i ATRERAME X B8
specparam 4 to q = 9;
specparam clk to g = 1%;

(d == q) = d te g;
(elk =» g} = clk_to_q;
endspecify

T, specify BHIUBATEETEC G specify 38, B ZHX4F parameter AP
SRR, B specify BB T HERIRME. BIAH specify B2EMARRMEREZRT I
P15 BMEEE - Fit, WREBEARFRHEAT, B HEEYE specify BH{E, WALZED
BT KB IER A -

FHBTER

SR | B EER v] BE < i T BRI A S BRI AE . Verilog RIFEBBYRIBESHE
HARGHABRZEEGRE. FOMEIER If FFENFRR, W9 10.7 For. BAFROTLIRX B
S X e AR R o B SURA RS HRD ENTRALE S . RHEE XaYFERE (1]
Rk ) BEMTRIALEERE . SRR E IR B ( WROH specify RB R ). FIFFRFATL
G EBRBIER . (RER . BRRER . ERPERNURZHRER, % 6.1 BFim. if
B REIE else 5540 . R BRAZIER AR SRBUIEZIER (SDPD ).

1 10.7 HREHIZER

/7 Rl AR AR

module M {out, a, b, ¢, d};
sutput out;

input a, b, ¢, 4;

wire &, T[;

/¢ H AT BRI R SER T P

specify
(4 TR a RE ARG A5 R ER
if {a) {(a =» out) = 9;

if (-a) {a == out) = 10;

J i REFARALIH/MER b A
i/ oMo RE, R delay = 9




#10F¥F wpfestil 151

;i BMEER delay = 13
if (b & ¢) (b => out) = 5;

if {-(b & c)} (b => out) = 13;

/i FHBHERMERY
if ({e.,d} == 2'b01)

(c,d *> out) = 11;
if ({e,d} 1= 2'b01)

{e¢,d *» ocut) = 13;

endspecify

and alile, a, b):
and az{f, c, d};
and a3 {out, e, f);
endmodule

A, TREEfXEEER

5| B SIBAIET P T LA R EF . TRERSCHET (um-off ) #ES R EHEHMIRR (A
#1108 ), MLIAFREBEE 14, 24, 34, 6708 2AERME, 44, 54, 74, 84,
94, 101 11 MEREARMERY . LA R EIXGXEIER, 7521750, HidT#
B LA, TREFSCETEERB WA A, AT PG TES BB B et R A S kR e s b

HE3S
#1108 A.LJ. THRMXEHEETEHNBKETEER

f7 MFFARTELR ( EA. FTREMXE ), RigE—1EE2HK
specparam t_delay = 11;
(clk =»> g} = t_delay;

/7 RE2ANERSE., FAWTRE

// AFEARNNERE 0-21, 0—z, z—-1
/7 FFRHROESRR 1--0, 1>z, z—>0
specparam t_rise = 9, t_fall = 13;
(clk =>» g} = {t_rise, t fall);

/7 R THERER. EH. FREmcHT
A/ PSR LRE 0--1, 2->1
;7 FFFREAT AR 1-50, z--0

/4 RF B EILR 0->2, 1-»2
specparam t_rise = 9, t fall = 13, t turncff = 11;
{clk => g} = (t_rise, t_fall, t_turnoff);

r/EEs TERSY

7/ ERREUT KA iR -

Ff0-=1, 1-=0, -z, z-21, l1-zz, z-»{

gpecparam t_01 = 9, t 10 = 13, t 0z = 11;
specparam L_zl = 2, t 12z = 11, t 20 = 13;

{elk =» g} = (¢ 01, t 10, t 0z, t_z1, t 1z, t 20},

n

B /4 B 12 MEBEEY
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/7 BELIF R EER
ff 0-=1, 1-=0, O-»=, z-=1, l-==, z->0

S O-=x, -1, 1-=x, %-=0, %X-»z, z-=x

£ ITERR R L, DR SR S

gpecparam £ 01 = 9, £ 10 = 13, £ 0z = 11
specparam t_z1 = 2, t 1z = 11, t_z0 = 13
specparam t 0x = 4, t x1 = 13, £ 1x = 5;
gpecparam t X0 = 3, £t X2 = 11, t zx = 7;

(t_01, £ 10, t 0z, t_zl, t 1z, t_ 20,

£ 0%, t x1, t 1x, t_x0, t Xz, t 2X );

(clk == !

B/ME. RAEMBIERE

A FE 5.2.2 WSR2 18 R/ME . ROCEMBERERE. S0ME. RAEMHRE
FEREW T LAA T HAA5 IE]7 | eI EER . # 10.8 FAMEEERES AT LR/, B Ry
FLRIBAR R . FEH 109 PR =FEEENHEE AN, 8MEEHA “min: typ: max”
B Rm.

#1109 Am/hME. BEXENAERARTHBFEZIER

// METTERSE, L. TREACH

A BETER RS min: cyp imax A 05{E

gpecparam t_rise = 8:9:10, t fall = 12:13:14, t turnoff = 10:11:12;
(clk => q) = (t rise, t_fall, t_turnoff);

FE BT 6 AR A, Be/ME | BURME AR (B VT L E Verilog #4517 Bz T B +mindelays,
+typdelays Ll M+maxdelays B9 NIHA. BUAESMETERE., TESAR, BATA R

BB A .

AhIE x R TSRESR

Verilog R BRI EATE x WA RMIER ., NREH B HEFE x BHRaER, MRS
B HLAE :

s M x BB HUR S SRR R 24 FE R 88 85 A E]

o MELVAERER x PR 5 TH#E T BERY /DI TR]

MBI 10.8 FIRFRA 6 N IERAIBREER AR T Fias .

/18R 6 MR B

/¢ HERBLUR Wi TR
ffF 0-=1, l-=0, 0-»2, z-»1, l-»>z, z->0

specparam t 01 = 9, t 10 = 13, t 0z = 11;
specparam t z1 = 9, t 1z = 11, t_20 = 13;
{¢clk =» g} = (£ 01, t 10, £ 0z, t zl, t 1z, t_z0)
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FARSERRI A x BB BT R R RR .

i &g I i R A
O—>x min {_01,1_0z}=9
| —x min (t_10,t_ 12y =11
Z—>X min (t_z0,t_ z1} =9
x—>0 min {(t_10, t_z0} =13
X—>1 min{t 01,1 z1)=9
X—>Z min (t_lz,t 0z}=11

103 KT

ABRLTHE T g €A ER , 1 ERBEERNENEUWI TR FSMNEE RS
FRECFRERAETR . AT RR IR AR E, MEEREHEIRFRETER THEAR.
XTI AR R RS P, bR, NFERIEAHESR,

Verilog {14 T R H kTt FRE, Verlog AREA THEREN RIS . RITHE
it 3 FhEGE SRR F RS $setup, $hold Figwidth. FF# HIBFHRE HREFHZE specify 32
H, ATHEETE, #ig T XEMFRERA(EHFN—a %2,

10.3.1 $setup F$hold &

$setup Fishold H-4 FRBE R HIF T REITARFLE ., ZEHFETH (G s
ARk ES ) B, EBSIRE RSB R R B 2 B BIA KBNS . (RIGE BERIEAR
ReEH B 2 e R AR BB/ MR, BE S A () AR E) 2T 10.6 FR7R .

clock
data ——
BT O R
S
B 10.6 57 ( setup ) FHREF ( hold ) BHH]
$setup 1T %

E RS 2] LA R4 $setup 4T -

HiE: $setup (data_event, reference_event, limit) ;
data_event FRENES, RECESERAR
reference_event FHTRE daa_event 5 HIBEE S
limit data_event 752 /Ny Y fa]

{1} [IEEE Standard Verilog Hardware Description Language CRHBHL T BN R Z Sromoval, $recrem, $timeskew
fgfuliskew. EAEAAT of £500E . IRREPEREETLIEE AR AN FFH.
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jm %(Tmfcrmcc_evem - Tdata_cvent) < limit * muqﬁ%ﬁﬁ%;ﬁ a
setup fE BRI RBIM T Fras .

/0 ERBTEEEE
¢/ clock YEREZEERYS
/¢ data BHERENGS
A7 MR (Toceeape ek — Taaral < 3, WHES SRR
specify

Ssetup {data, posedge clock, 3);
endgpecify

$hold +%
{REEat el 2 a] LI R R ST & $hold #1T .

Fi%: $hold (reference_event, data_event, limit) ;
reference_event TR data_event [ S HEBEES
data_event HBRENES., BAECETERAE
limit data_event FoB i/ MR Fpit ]

jﬁ% (Tdam_cvm - refarence_evem) = limjt, ﬂﬂﬁ%ﬁﬁ%ﬁa
GRASaf Ee A KR BIU T B 7R -

/7 BRRORKrE E A
[/ clock fEABERER
// data RWIHENES
/7 PRI (Taara = Toosease cix) <5, MIREBZRLR
speclify

shold (posedge clear, data, 5);
endspecify

10.3.2 $width &%

HitE LEREKPRE,
O3 S owidth RGP RERETH ER/NREENR, WA 10.7 B

clear

B R
(b =6)

B 10.7 BMREERE RS R Swidth

3% . $width (reference event, limit) ;
reference_event Shifsph B4 ((SS80EBE)
limit Bkrh B NEE

FeaSwidth B 445E data_event, 4 reference_event 55 T — MR BB IEH o (R, $width
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% AT REGRSEN BRI — 5 B Z [E] 8t E
ﬁn%(Tdam_cvmt — Tieference_event) < limit, TR -5 Fr 243

/R R
/7 clock B EFIREMEIER reference_event
/7 clock B — N TFRERF U N data_event
FWR (T s - Tond < 6, W EHRELIGER
speacify

Swidth{posedge clock, &);
endspecify

104 R #RE

ERFFAEPIERRRTRERENERRIRE., X—FEERHE -gxPkilie. &,
AR GRITEN ARG ETERN RS, ERENFRCEEH TAREE, BAAE
A] £% IEEE Standard Verilog Hardware Description Language 3C#%4.

EREPE AR R ARERPTRIET

I
2.
3.

WHAS RTL i, SRGHTIeEFE.

FHIBIRLE-E T B RTL RSt R TR % -

THHE AR THE ST IC i T2 F S EBUE A FIfERERTER i, RiE. &it#
AT TR N RAN R EREBSMNFRIE, FHAREMPHETHEREITEMEES
WAL

RIERAERET RN EMESERREE. RIERETHHE R WHECER, HE
FERREGSERE. R CIEEBRMBRIEJLMERAIC i TR

K ERE G ERSERERIFERITEMED, LIEEER BN 1R MNE TR M
ife FYGETTAT A EaE SRS FRAE, LUEREIRMERTNMANEMNFEAE.
IR BRI B L, R HELGUER RTL &, AT, REES
MR 2 B 5 BuHRtE.

RTL £ Bt

BEGS

AR TG

- NS
wgfmr [ ™ BAH e

{5 B R

RWLR GRS I —

WERHE e AR

T R ek,

FafEE Y
=3

BEH 10.8 IR/ EERE
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~ PR RAE IR (SDF) MbRHER A —RA TR E ., ERRAPEA B 7 A
9T, 2% T A% IEEE Standard Verilog Hardware Description Language (4.

10.5 &5
AEHE T Verilog I FRERAZE:

o H=FRERIFGLREIR, EREIR, FWIEIRABIEIEIR - WIEiR 4R AR EF,
fERRAHER T S L B, AR E 2 THE.

o BEETELR MRS IR FIMANEIR, & U AN ( S A S b ) Bl i ( ol A i)
BIEER . BRAZEIRRAL T RIF AR B IR #E LK.

o specify iR FRIERIERFERMEAIL ., £, specify Biilisy T initial 23 always
B, ERRMEIAEY,

o FITERASEREMAMEEIRFANMN .

o A[ LI specparam iEH]7E specify HAEE ¥ BHL,

o BRARMEET] VAR AR EHUR TN HESE, RS ERBRELR (SDPD ).

o W IERSAZFEIR A EF . THREMXEEIR. wiflifsem/ME. BRXERREME, +
HURFA LR x REMBE,

o BIRHE, REF AR EE REER AN T BN FEENS. WAT#HT
HihprFEie#E, HAREXBETHETERN.

o WEEEBRBISEERERZG, BERIFEATFERAMENFRBFRIT. BEEZ
ot R EH E KA R A BT R E R A B R B

10.6 )R
L e FoUst B R T SRR PR BB Y T Verilog #34.

2. P ARAHERIERERERRERERER. HELEREIESER Y § Verilog

ik

3. HEME | PR BN EAM AT L RNELR . [FHREEIRRATE Verlog ##id. FH
specify B .

4. EETEFRNAGMENREEEN D &S, E¥E D_FF Y Verilog {8, F&4uiM
A v O TR 2 HER UL . FRH TR RS HER
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---------

]
N
clock _‘_d> D_FF '
i
' .
]

BERIER . o
d-»g=35

d->qbar=5

clock->q =16 reset
clocd—>gbar =7

reset—»q =2

reset—>ghar = 3

. AR AR TR 2 5 T RAIRHE, BT 4 A D AkEEE, [FH q 1 qbar B3 EEERH
RFRARHEIS

. RIS AEERERE LEMEA 6 MERZRMIEX, FFEMRIERMHS, 7 specify Yerf, &
NE¥L01=4, t_10=5, t0z=7, tz1=2, t 1z=3, t z20=8, HIHE 4 FH D fil%k 28,
DA AR SR BES 6 TMHERBHEIIUH .,

C FEHE s, MBEEREN dEENFKICE, B8 D MESERRHE,

ME d=1'60, A, clock—>q=5, BN, clock>q=6

e d=1'b0, #A8Z, clock—>qgbar=4, %N, clock —>gbar=7

BT H AR 2 5 4R A AT .

. XTI 7 PR D AR, 7F specify (RSB T E FHIRHFRENA .

d F%F clock ByE/EEIZ TR 8.

d HRF clock BB/ MRS EIZ 4.

reset {5 S BR%L, reset Bkrp B/ NEE R 42,

. BRtARERERE. FERRIAFBEIRER .




P11 IR

EABE -, ROEEZHE . SEREFTT AR SRSMB RN LB T T
Bttt E ., AmELHEERT, RitETEESHEHMBEEFERITRERZES, B
4 (leaf-level ) ¥tk Verilog &5 AA X MOS EEEMITIRITHIAES . FEERME 24k
fn ( LERRSEE ) CLEAg#H CAD TRAMHI, LIFXREEMHATH I EBRHE4 .
Verilog HDL BRGURALAIZEM 0, 1, x, z A EITHSAIRSERERITHRF RIS, &
BERHEE S . B, 7E Verilog HDL &g i YISBE i EZF B WAL . EREP,
BATHETF XSG BERNESFE, KEHITE RTERMEERDEAEBT. R ABBTE
BB MBELNERME LNFERANE., XFFLRERP2IFHAMNE, 7E% [EEE Standard
Verilog Hardware Description Language 3CH5.

3 BR
o BEEBHAIEA MOS FFX: nmos, pmos #lcmos.
o MR EEMAC, BIEMBREETE.
o RIBEHL MOS FF.

o EFRFEE MOS FXAM @ Tk Lt ILERM .
¢ 7F Verilog ', FIFHRER TR EATXEERM.

11.1 FXFEETH

Verilog 1R T &RIE S5/, LA REHEBE VHER, MOS @RERATRETLIA
X i A B B R U R A -

11.1.1 MOS 7%
o] 2 R 364 nmos 1 pmos & X FRFERIK MOS 1.

;i EX vos FREIEHET
nmos pmos

LG8 nmos FIT NMOS ShikEais; CEY pmos fIT PMOS SMEEHIE. NMOS 1 PMOS

HXRMFFBSmE 11.1 Fras,
7x Verilog 55 B, A (Z£H5IA ) NMOS 1 PMOS @ aH) 11.1 B,

DO FAREA (PSR ) RE LRA, 4513 WEN T HEET 7L
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ol

oud data

data

—

conirol
NMOS

conirol
PMOS

11,1 NMOS #l PMOS FF%

£ 11.1 NMOS #1 PMOS F X355 F

nmoe nli{cut, data, control); // W (ICMSIHE) —4 nmMos 3k
pmog pliout, data, control); // M (ZE#H2IA) — eMos ¥k

AR FF R Verilog JRIEE XK, BUITFZE], LHBIRETEI, BFLLEAAXH5IH)
FF AT R LA SR SE 2 BR

nmos (out, data, control); // WH—Twmos T XNEHEHK
pmos (out, data, control}; // WH-— pMos Fik; XEHEHK

{28 out BY{E R {58 data # control FMETRFE . out WZBEIME 11.1 /2~ . {85 data# control
MR &S CEmE 1, 0E z 5 x. FH/E (R ANERERL A 1880, AR
fedmb z R xH) . B LAFEONz HIlFER 13z

F# 11.1 NMOS 1 PMOS B8 %

control control
MNos pmos

0 1 X A 0 1 X zZ
0 z 0 L L 0 0 z i i
H z 1 H H Z H H

data data

X Z X X X X X z x X
Z Z z z % z z z z v

i, NMOS FF3£7E control {528 1 5. ME control {582 0, WL HERESME.
Eik4t, R control 82 0, W PMOS H 3Tl -
11.1.2 CMOS Fx

CMOS F X F X5 cmos Il
i L F) NMOS 1 PMOS 884k 857 CMOS B4R, CMOS TFEM&SmA 11.2 Fir.

CMOS FFXBnE A An®Y 11.2 iR,
$i 11.2 CMOS FctLfis| A

emos cl(out, data, ncontrol, peontroll;// @B (LH5IA) —4 cvos F%

cmos (out, data, neentrol, poontrol}; // BHFEEIHE
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peontro

e

=

nconlrod

out

data

CMOS
F 112 CMOS 3%
{55 ncontrol 1 pcontrol i H EH #MY. 24155 ncontrol & 1 H peontrol 5% 0 B¢, XS

. WER{EE ncontrol ¥ 0 B peontrol 7 1, WIF XAV H A RBHE. CMOS T2k EBHA
F X ( NMOS F1 PMOS ) #i#H Ak, B B3R CMOS #SCH1%&0 T

mmos (out, data, ncontrol); // WM (ZEHBA) —4- 1wmos FXK
pmos (out, data, pcontrol); // #H (EF5IA) —14 pros FF%

K% CMOS FF3H NMOS # PMOS SR m A, Frll455E data, ncontrol il peontrol #{F
EEERTLIARHESR 1.1 #EMrE CMOS FFefifiiifE .

11.1.3 MEHF*X

NMOS, PMOS il CMOS [ TERR MR MESR Sl , BRARA. AFREP, e FEn
EAPEE W ESEARSN S, HFEAAESEHTLRERNES. AdEiHNE IR
LS ELOL ) SOl R, A=A SR ERREE LR tran, tranifQ # tranifi .

cran tranifo tranifl

FEIFRASMAE 11.3 s

inout1 %iﬂouﬂ
tran

control control

incutl —& inout? inoucl % nout2
tranif

tranitd

B 11.3 MIEFxX

ran FFXAE HPT S-S inoutl FI inout? Z [EJATEEFF . inoutl K inout2 R LI REHFS . X
W control 522188 0 B tranif0 FF3%3%#E inoutl 1 inou2 BIMES . 1R control 55 RFH 1,
)3 IR A s S B IRAE 2. ARSI MIRSHTEYE ., G control R 57224 1,
Y tranifl 7 XT38

T SCR{E RN 1.3 AR,
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Fl11.3 WEFxHEFFIH

tran tl{inoutl, inout2); // FEHlE v BA[iKIR
tranif(¢ (inoutl, inout2, control}; // WEHELHE
tranifl (inoutl, inout2, control); ;; BERELHE

B JF Kot RIRTE SR EE 5 2 AR .

11.1.4 EiFEfih

BT S E R R REER (vdd, 228 1) Ak (Vss, B3 0), SR Lms
supplyl #l supply0 & X

PRARREL supplyl HETHEEHE Vdd, F4588 1 BERMFT ., R supply0 #15F
HLEE Vss, HHGEHE 0 BIEM RSP . 7R LIRS, supplyl 7 supplyQ 124 4 /32 11 B
1 EAIEHE 0 {H.

PR supplyl H supply0 01 F Fi7s .

supplyl vad;
supply0 and;

assign a = vdd; ;; FREFIBFEHRE vad
assign b = gnd; ,,/ #FEEI4

11.1.5 FEmFX

FIEETHHEH) MOS, CMOS FIXU FC 0T DB B A MR 8 . BT 25— B FF
KEAAERNVERIERAES, BB e R THEESWME. e A — e eas
FAVINE r BIBA LT, RIMAEBIIF L. HF LS — I EA0iEE 30,

INmos rpmos // BEFLHE NMos 1 PMOS FF 3k
TCMOs /7 BB cMos Rk
rtran reranifd  reranifl sy BEEFENE A

FE—RIFEAEIIT X ZEAERTEER . BRRIREROHEHFAESESREFH TR, £
TF Verilog PAGRFERFIZ AR F A,

¢ HITRTEGREMFERIFEEEY . I LR BR 3 R T EIE.

o HFIHXEEBRESHEAD TEESEE, K LNTHn, —MAFXME ARG R —5E
FRRERRN AL, H—mH0h, WRMA supply 33, AR strong 3BEF., # 112 87
A FHELFA <SR EBEF LR,

11.1.6 FXARHFIHEIR ijt AR

MOS #1 CMOS F%

AT LA X S R R TUIF A B R . R AT, TREERAEFEMLEEY
i . BERIRBHEAIT 5.2.1 9RiFi8 A9 Rise, Fall f1 Turn-off FEK, WRURFLIEE O 4. 14~
2AEA 3IAER, MFE 113 R,
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F#& 1.2 B

WO RS W 4B
supply strong”
strong pull
pall weak
weak medium
large reedium
medium small
small small
high high

F 11.3 MOS #1 CMOS F X B3E R i A

F X mH i iR R R 5
pmos 0-Ti5tBi ( BEAHER ) pmos pl(out, data, control) ;
Imos 1 AMRE (r A g ST ERE) pmos # (1) pl(out, data, control} ;
fpmos 2B ( ER, TR nmos # (1, 2) p2(out, data, control) ;
Mmmos 3A-RM ( ER. FRE. XHT) nmos # (1, 2, 3) p2 (out, data, coatrol) ;

cmos # (5) c2 (out, data, nctrl, pcet) ;

CIMOS, remos 0. 1, 2, 3R ( 5 LEH#HE )
cmos # (1, 2) ¢l (out, data, nctrl, peirl) ;

W B A X
T AR T 6 LR I AR K IR XMOT XCESRE SR A TR, B, 57
FAEYIRATA I (turn-on ) FK (wm-off ) FEIR . ATRAATRIFFRAEE 04~ 118 2 PMEEIR,

i3 11.4 Bk .-
F 11.4 T FxBIFEIR 15 BF

F ¥ # i SR i B ¥
tran, rtran A AT E LR 1R
_ . 0 4~#EiR {5 BH riraniff) rtl (inontl, inout2, contrel) ;
tranif1, rt:ranffl 1 ~FHEE 1B tranifO # (3} T (inoutl, inout2, control) ;
traniff), reranif0 2 A FERNE tranif0 # (1,2) 11 Ginout!, inout2, control)
specify

Ho AT LAZA(# BT AT R BT AU R BR AR LR (5193 5| IAYIER ) LIRS P, H specify
Bl DAEIR B EEE . S 10 B PIEMITHE T IREEREE, BT RRERIT R eiE .

11.2 %
4 dh i e B e BB T LR BT R

(I RSCRAL RIS pull, 5 LICFRBB AR, B ANECN strong WEAE. EXFHRGHIE &
FRBEBHABEBEET, JEERAN supply #F, B strong, FFARERHEI LY. —FHE
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11.2.1 CMOS z%3E[] C(nor)
Bk Verilog F nor (TFiE, HENTEXBEZAH CMOS FXi&itE O mE3E] . ®IEIFn
AR TR FF R HL B LA 114,

J >— — |

my_nor — Oout
L}

-------------

B 114 BEEMTISR/FEBABKRERRR
R 1.1 eI CRGE, FFRBBOTME, BB Verlog R inA) 11.4 Bim.,

il 11.4 =HIETBIFH KK Verilog Fik

// EXHCHRIEN, my_nor
module my norf{out, a, b);

output out;
input a, b;

/finternal wires

wire c;

/7 SE SO IRFR AL

supplyl pwr; // pwr 8 vad
supply0 gnd ; /7 gnd EER vas (Hb)

/7 EBZIH pMOS HX
pmos (¢, pwr, b}
pmos  (out, ¢, ajl;

¢/ HHIBHA mos K
nmos (out, gnd, a):
nmos  {out, gnd, b);

endmodul e
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BATAT LA F 2Bl i A~ R T

/¢ B R JHEh
module agtimulus;

reg A, B;
wire QUT;

77 G R my_nor
my nor nl{CUT, &, B);

/7P Eh

initial

begin
/o MR E T RERNBAGSEHG
AR =1'b0; B = 1'b0;
#5 A = 1'b0; B = 1'bl;
#5 A = 1'bl; B = 1'hi;
#5 A =1'bl; B = 1'bl;

end

¢ R EREAES R
initial
Smonitor (Stime, " OUT = %b, & = %b, B = %b", OUT, A, B);

endmodule

LE=E b

= 0
=1

g OuUr
5 OUT
10 OUT
15 OUT

1, A =
0, A =

0, B
0, B

N

A= B 0
A = = 1

0, 1,
O, 1,

RERATBERE T 8 2 69aEE 7. WURIETHEE e SRR, LR CRER.

11.2.2 Zik— X igikiFE=S

AR CMOS FEFE ¥ —i— £, RIVEA 11.2.1 WhEHEM my_nor '], —14°
CMOS 53617, EXHIE (not) BHMINEE, ERREFHBEME 115 Pim,

T — R EGERRTE S = 0 BRISEA O B OUT, 7£ S = 1 BPH it 18] OUT, — % —%
BRI RR A TR L AR an ) 11.5 FroR

#l11.5 Zik—BERIFIFH/HF XK Verilog Hiik
fi HREEN K - ZHIRER

module my mux {out, s, 10, il};

output out;
input s, i0, il;

/4 RS
wire sbar; // sBIR
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F7 R s R
my_nor nt{sbar, s, s); s/ HZF 1 MHEM]

/7 WR (ZE#HBIR ) cuos FFR
emos (out, 10, sbar, s);
emes {out, 1il, s, sbar);

endmodule
_ , 1
o— ——CT— T
—2E L - OUT :
1 | HEEE :
. Shar ouT
s e
: 1!
L ————
T~ ERIRFRRE

B 115 RFRFRH G -LRikER
T — BRI A LU — AN MR TR . BB an A AR SR .

11.2.3 E#ap) CMOS PifsFS
BAERTE BB T it TEA S, BAEskE X —Fa] S tE T,
K& CMOS S Em EEE A 11.6 Brx.

.............................
[

Cl > . qhar

clock

clk

------------------------------

11.6 CMOS Zi7E5E
F3 CLANC2 & 11.1.2 T epid Ay CMOS 36, R clk = 1 W) CL F6KH, R ck =0
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W C2 FF3E2M . clk B9FT (L C2 ) ncontrol #f ASR. BILIAH MOS JFEE X CMOS R
2%, & 11.7 Bros.

...............

my_not

' -— - aut
in out ’ .
h]———é——a—4[: .

---------------

| 11.7 CMOS fZfHE

RAC SHEETHE CMOS BifFRE Verilog i, BB ST CHISAEA my_not.
A LIREE 11.7 BB A E¥EE CMOS AN Verilog EHRIR ., K H4RH Verilog ik
i 11.6 B .

# 11.6 CMOS iHzE

/7 FMOs HRE XK
module my not {out, inj;

output out;
input in;

f SR
SUpplyl Dwr;
supply( gnd;

// WHE (EHEIR ) mos 1 pMos €
pocs  loub, pwr, in);
nmos  (out, gnd, in};

endmodule

MLE, CMOS HiFF5Ra LA CMOS XM my_not FAHZERE L. CMOS BifFaRHY Verilog
R 117 iR,

#11.7 CMOS $if5e8

/7 EX cmos B
module cff ( g, gbar, d. clk);

output g, gbar;
input d, <lk;
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[ RARELR

wire e;

wire nclk; // B8{ES clock B5EHH

/7 B (SRR RS
my not nt{nclk, clk};

s WA (LS ) oMos FFK
cmas (e, d, clk, nclk); //switch Cl closed i.e. e = d, when clk = 1.

emas (e, g, nclik, clk}; //switch C2 closed i.e. e = g, when clk = 0.

/7 HA CEEGIA Y Bl
my not ntl{gbar, e);
my not nt2{g, gbar);

endmodule
XBSEEE 1%, B5—1/DMREBOERIAX 1, BIEX MRS NFF RS

11.3 /&

AL T Verlog ®I TIULAENE:

o FFRFHMLTREMRITHBER. RERIHHFET, KNERITEFEEF ACH
H2gniF ( BPREARITHE ) B, AERICGER. FERBERERSN, XM
i Verilog 1 #EE BRI,

¢ MOS, CMOS, F[EFFEH supplyl, supply0 JRe] I FiiHERMN T REE L. CMOS

Fr R MOS eI —FHa
o FERNH RICHRWR AN W T AR ESE, FARREERRE,

114 &

1. {#f NMOS #1 PMOS H X ARE[] (xor) BEHEEER], TR Verilog FR. {5 A RhML
(5 * 47

2. {EFH NMOS 1 PMOS 28517 (and ) #f1akl] (or) @HEFEE. THENH Verilog ik,
{5 RS X B A3

3. 1 MAE 2 PERTARETT (xor)., 5177 (and) MEETT (or) B FEPFIRE—5
2hnEs. RN AT,

a — A sl

b j} } i i sum
} 2
Bt

¢_in
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4, WH— AR E SR, BP—iE /17 a4 BusA 71 BusB, 7— & —~ &4k BUS,
—A—Ai B4 control {5 FHEFFE. Y control = 1 B}, BusA 1 BUS ZE4F—i#8. 4 control =0
A+, BusB #l1 BUS ZE#1E—& (5. FHFX ranif0 A wanifl ), 5 H RN 8-

BUSA *+p
BusB -q+—p.-

BEET K r-l+lv-ﬂus

}

conlrol

5. LUFmAIEERER . A8 S A MR s 028K,
a. rise=2, fall =3 ) PMOS FF%&
b. rise =4, fall=6, turn-off =5 B NMOS HF &
c. delay = 6 ) CMOS JF %
d. tum-on =5, turn-off = 6 £Y tranifl JF3&
e. delay =3 B tranif) JF3&



B 123 HPHENGGE

Verilog I8 5 11t T —BEiREMEGE, #i0 and, nand, or, nor #flnot %, ENIRIZES
H—ER4r, BUEH RN ERIE. R, Eiita#d, HitEFRFEER S CHERRIE.
Verilog &5 B8 & XX A& LFIEMEE S, XMEEREHS B ELFIE ( User-Defined
Primitive, UDP ). UDP 2HMMERR, 7 UDP i RELIAA (SEFEIR) "Hibsiba & Hilg
iE. UDP MR A A=A 1 SR TER R A i 2 58 2 ]

UDP BZERUAH B,

1. TRESZHEE UDP. HHUBETHAGSHNEGER., ME—M 2SR HmAY
A& SE AR UDP BIH-f;

2. FREFZELY UDP, T— NN EAHERR T P08 AR, BT X580 M A FRR
B, SIFESEFIfh A 252 B A f FOR I 2 S8 UDP BT

FIB#R
o EMHE UDP KFN, #E UDP & MHRFRS
o ¥SWERTHFHFTASEROPFH LR UDP,
o A UDP WA (SLBI3IA) .
o 2T UDP BT HFAHEMBHMAE, Rins L UDP MEFMBENS.
o ERHE UDP WS SFE.

12.1 UDP rYE M EIH
24 @R UDP £ X RE Ao MEMmE AN,

12.1.1 UDP EX KB X

B 12,1 UERRMBEMTERS N THEA UDP MBS . RBAA N LIZRIFRE D B
FERiFERE L.

UDP MIE LB E primitive fERTFIR, NG ERELSR, SO AW D, W
174 AF 3R 504585 T 7 B 2 output 553 input, 7ERREFR UDP &, s L 02185 B 4 reg
KR, T HBRBER —&A %0 initial 154, ATWHLRFZE UDP MigHim O, UDP RE
* R UDP FEREENTS, LR F table JFA, LISRT endlable #5531 . WRAERE LT &
BERARSAYIRRAEIMBME, ZRUE I FRE, XUTEREER. FEEXLE

¥ endprimitive 255 .

T REFEEACHEERAECEAE, EECY instantiate, EEIER AT EE LHE (BRSHA: UDP)
EEEFESRFAKL. A2 Velog FXHIRERFERAY. SEIWRH: HERTACRZOE] AR
F—&, BRONFERANESRER. —FEE
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s/ UDP % MskI7%R
primitive <udp names |
<SR %>, (R HRH)

KA E b

/7 BT RS ]

output MHHWOE >,

input <MAMROE-;

reg SHHmROL -, (A, REEReFERM vpr AHE)

/7 UDE Rt ( TIiE, B &R FEEE uvop A B EmaE )
initial <¥HRAF- = <fH-

// UDP R#&EH

table
REF>

endtable

4/ UDP B X RIGH

endprimitive
& 12.1 UDPEXH—Ea
12.1.2 UDP RI7E S IR
UDP & X AR T JLARN

1.
2.

UDP HEERAIfRE (B 1) BARO, RIFASTHARO,
UDP HEEfiF— 4 (B 1 4) dmism it e O8I Bl i D SR8 —1-0

&, BWFRFEE TR
FEFEIARRSY, 8 O LASCEET output B EH . BRI FFER M UDP |ETRE,

B L L M8 ) 20 A BR O reg 268,

4. B ANEC ACHEES input AER,

HREEEE A UDP RS T LA initial iS58 #1646, ZERRT®EY, EH—1 1
fir HI{EB 4 reg 58T By

6. RAEFRPWALUGSE 0, 158 x. UDP RABALH 2z E, 5354 UDP & z (E8# L8 x .

3.

UDP 5%, K UDP AREZERBUER N3 E X, HATATESBLNFRIEA (S2/5|1H ),
UDP R SR IRIEMER e E.
UDP & X ¥F inout ¥ 0

RS FEEEN UDP SRO0MBE RN, LIT &R 4 5 AR TR 41 A FIR 8
i) UDP 4R [,
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12.2 FRTHEZER UDP

FT A & BB A UDP 18R UDP EBETF HIE T A NS L EMREE, R AREE
1A,
12.2.1 FTTASEEAN UDP BEX

REFRE UDP & XL P REEMNTS. AERSTH UDP HADEMBEREERA S iR E M
. THEHILIRTIAERN Verilog i55 MR MBI 51T, BE ke X—1FRSITHIREE, H%HAAE
4 udp_and. WL 12.1.

il 12.1 AP EENXRE udp_and

/R i A5k

primitive udp andiout, a, bj;

/1 WO EWEA]
output out; // RHAGEBRE —ZERESEN req (FHE) X8

input a, b: // WAMROEH

;4 WEREX, MXEE table FFif
table

// THREERRATEE Ei
/7 REER AR FLE S ARO7 #Z—8

// a kb : out;
0 0 0;
0 1 Q;
1 0 Q;
1 1 1;

endtable ¢/ REXENER

endprimitive // HE{IHHE udp_and BIE LR

$G 0 12.1 e LAY udp_and S 12.1 PHAISEITHEE, ATEAREM 12.1 KE XA
Wi B A A reg, HFHBAF initial iI540) R, SRBED AR ER A T ER FEE UDP
RIE X, BEENISSER,

UDP #1355 ANSI C iE 5 KRS A9 B, S0Fp USR8 O 30 3% A (AR 75 BE I v 11 9258,
B# 12,2,

f112.2 ANSI! C iEE MR UDP =#A

/7 RIS (154

primitive udp and({output out,
input a,
input b);

endprimitive // udp_and € XREE
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12.2.2 KRESFEIR

R T BRRERMAFILTIE, (FHENE—T udp_and FIREH . BRA S PHEM UDP RE
RPNEGATREEBEAAT .

<inputls> <inputls ..... <InputN> : <Qutputs;

KTRERMEFRIERLUT LA

. RERB—1TH <inpu>KIAF LA S IR N F R D E S IRAEHR, %H UDP &
PN — o, X — R EE., it HF S EREm AR, EmS38HR 5% HH.

2. WmAFRALL 7 AR,

3. RERNEB—ITL ©" &K,

4. BESHESER L BN AMATASEHLMAERERDPFIL ., TN, WREREEE
Fro AN B S 41 i ASH IR B TH, FHE R4 3K X R RE R A 28 (o AR A S HH 1 %,
&, udp_and FPIREFR AL 2 5% b MEN x BB M.

i a=x3FHb=0, Verilog iIFF A STTHEL N 0, {H& udp_and AN x, X
B A B3 A S 7€ X udp_and FPRZSREITIP R B, XWHER, RERMEHER
SR, N THEFEREMEN UDP P RERMAE S, 7 123, RINEXLTACHET
BXTEY UDP, udp_or. iXf~H ¥ XBFRel 18 UDP ZRA0IEA T AR rl BRI A H A8 0L,
W 12.3,

123 MR BEEXEE udp_or

primitive udp or(out, a, b);

output out;
input a, b;

table

//

X H KMo og
N N e = e
md T Mg Tay ma w

a
Q
0
1
1
x
1
le

endtakb

endprimitive

HELAESETHRE AR WA a b HE. UDP PAREA z H, BAmM zE
wERXE.
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1223 EXMPHRERT

Fl, %afilb WARMAREP—F 18, REB—HARMFAN, BHHE1, T
Bk A RO BT, ATLIEE 27 kR, B8 Y BEHEFNO0, 18] X
AAAS 2" EFNT EAlhEREEELEN UDP, udp_or.

primitive udp or{out, a, bj;

output out;

input a, b;

table

/ff a b out ;

0 0 0
1 ? 1; /7 BFRO, L, x
7 1 i vy 2 BFHRO 1, x
0 X x;
X D X

endtable

endprimitive

12.24 UDP REAHAA (EHSIFAD

FETHe T ERE X FrRH&EEY UDP. BE—TiEH UDP. {§R UDP KB 58
Al Verilog MR IFIEAMIF] . B FIRTHE & LA udp_and Il udp_or #it—A~—hi 2y . #1124 i
— 2 HNAFH Verilog MLIBER T #H udp_and Al udp_or F )/ A & XIFUE B Verilog A BFIE
and # or 5b, HARS5H] 5.7 e M.

B 12.4 udp RERIAF

F7 B S-~DLeimag
module fulladdisum, ¢ out, a, b, ¢ in};

/4 I/ovOA

cutput sum, < out;
input a, b, c in;

// PIRRELR AR B

wire 31, cl, c2;

7/ B BRI sGE
xor (g1, a, b):// il verilog WHREIE xor
udp and {cl, a, b}; ;; B UDP

xor {sum, sl, c_in); // R Verilog MEEIF xor
udp and {(c2, sl, c_in); // HuDP

udp or (c out, c2, cl);// fEH vop

erxdmodule




174 Verilog HDL # %t 5 454 ( §=8)

12.2.5 FTES1Z588 UDP 245

RO E 2 1HE T B/ RE &2 /) UDP #1%)+ . udp_and fl udp_or. iX B FIHIEIT
—AE KKIFRFAHSERMN UDP: Wk—HNEREESR. 514 WARBIHE L Verilog TER
KT T — Pk — K B ERERS, AV UDP RifidX-BHtER. =8, HAVEH
WIERRA - MahimD, FFUER UDP X ABEEM. B 122 # T EREFE KN FER
MEfFE.

T g—— sl S0 out
e if;;i 0 0 i0
12—l g ™ 0 1 i1
B —— 1 0 2

H 12.2 HUDP Frlit—H s

% E B R B AT AR ORI — M 3, B 12,5 FitE T LR EERS Y Verilog 15
E 1 UDP #iR .,

f12.5 Mik—%RikIFRA Verilog iIE5 UDP #it

// Blupp AR ERIE—FREFR
primitive mux4 to 1 { output out,
input i0, i1, i2, i3, sl, s80);
table
J/ ip il iz 13, sl =0 : out

1 ? ? ? 0 0 N
4] 7 ? ? 0 g ;O ;
7 1 ? ? O 1 1 ;
? 0 ? ? 0 1 : 0
7 ? 1 7 1 0 : 1 ;
7 ? 8, 7 1 0 1 0
T 7 7 1 1 1 1 ;
? ? ? 0 1 1 : 0 ;
7 ? 7 7 b4 ? T X
? ? 7 ? 7 b r X ;

endtable

endprimitive

HAETENE. EERASCISKEN, UDP FREFIEY X, (HE UDP iR ERN
FEREE UDP 8 A T SS N S8R 6K . REMN, UDP SEREH T —MERAFZER
THEEC SABBENER, TEEMNEHEFPREERER, HEREETEH R,

# 12.6 2T 03 SRS B RhELR .
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Bl 12.6 WEMHMERER, REL UDP FR R EIE— % ikt 3k

/4 T ST O B B
module stimulus;

/7 A EED A NONER
// to inputs

reg INO, IN1, IN2, IN3;
reg 81, S0;

£/ PTEBeE LR
wire OUTPUT;

/7 WRCEE LHME—BBEFR, AFRERPIEERR mynux
muixd to 1 mymux (OUTPUT, INO, IN1, IN2, IN3, S1, S50);

tr EERRMES
initial
begin
/7 BB AESRGE
ING = 1; IN1 = 0; IN2 = 1; IN3 = (;
#1 $display("INO= %b, IN1= %b, IN2= $b, IN3= %b\n", INO, IN1, TN2, IN3);
// H#F 1M0
5l = 0; S0 = O;
#1 Sdisplay{"S81 = %b, 50 = %b, OUTPUT = %b \n", 81, 80, OUTPUT!;

/¢ ¥ INL
51 = 0; 80 = 1;
#1 sdisplay("S1

b, OUTPEUT = %b \n", $1, S0, QUTPUT};

b, SO

/YRR ING
S1 = 1; 50 = O;
#1 sdisplay("sSl

I
i

¥bh, 850 = %k, OUTPUT ¥ \n", 81, 80, OUTPFUT);

/R IN3

51 = 1; 80 = 1;

#1 Sdisplay ("S5l
end

&b, S0 = %b, CQUTPUT ¥ \n", 81, S0, OUTPUT};

endmodule

{5 B G R 0T s

INO= 1, INl1l= 0, INZ= 1, IN3= 0
S1 =0, 80 =0, OUTAJT = 1

50 CUTPUT = 0

1l
'_'I

S1

]
]

$1 = 1, S0 = 0, OUTPUT = 1

S1 =1, 50 =1, OQUTPUT = O
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12.3 FTREIFIZ3ER) UDP

FRETFIERA UDP 5HE 52 UDP 2 LR FIT AT L A AR, BRE
P UDP R R Z 4 ZE T LU F LA
1. FREFEBEA UDP B H O R K reg A1,

2. FRETFEERT UDP f0% o] UL initial 54081 884k
3. RAEEMEEEETR.

<BA 1> <BA 2 - <BIAN> @ <HENRZE: « FT—HRE-;

4. FRBIFEBRN UDP RRERNBTHSHER. 232 MATS . SipRkEse
iy R Ay X mES () 4.

KSR AV EATION DU ol A B i e 2 -

LR s o ks g2 T

P TRERMAMIGEREITERL . TSR ER R 4 88,
FRIT 2R UDP SAERER ST AT RS L BT aTRER (38 A ) HHE, LR
B TATE SR,

AR T RN FIEE K UDP XA S S 8 8URA , 3L i P U R I T8 B A UDP,
MR IR 2B H UDP B3T3 AR BBV, SRR NG R R F1238 4 UDP,

12.3.1 BERAFREFIZIER UDP

BF U Y UDP IRIEH A B F R A . Sifras R R B U UDP B9 . & 123
B R R — R B FF i (clear ) HIBIFERR .

o0 =1 N L

clock ; HIF RS

..............

clear

B 123 HIEFRE ST ERPTES

e 12.3 iR RUREIFESR T, IREER clear BHRA MR 1, I2ZBIFEawR 4 H
¥ q {8k 0. MR EF N clear FISAER 0, A L0 Aty clock 9 | B, Brii¥s q FT4
AN d; HEEbiE AR clock 0 B, Mithes q (RIFIRE. ATLILIE 12.7 BroR iy UDP JE A Hid 8
Fi%, B, ZHFRESRPEITERZRREIREAT.
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Bl 12.7 WEEFEBL UDP & Verilog B & #iA

/¢ VL upp eR 4 S i T iR
primitive latch{g, 4, c<¢lock, clear);

/4 YT E
output J;

red q; // W qBERA req KB, HTANBNHEME

input d, clock, clear;

¢t/ BAEFERMN uDe MEEiL, RAFAE—%& inicial B4
initial
q = 0:; //initialize output to value 0

/i REE
table
//d clock clear : q : a+ ;

T | .2 -0 ; /f BEEMN
/i a+ RERE LA

1 1 0 c P o0 Y /7 ¥ data BME 1 IED g P
0 1 o : 7 1 0 s/ ¥ data BH 0 BIER g
20 0 - 2 - s/ WMBelock = 0, BERREREAT
endtable
endprimitive

ZRETEBE R UDP AT LA ANSI C 55 X5 R UDP % OB BHIEA], #F reg 2SRIAYFSAE
EAAETERORED . 0T eSO 7 IR F) e i AR TR # 128 Frmg— 0
FF UDP WIS+, H550 R ANSIC &7 MR .

1 12.8 FREFEBIE UDP B ANSI C 55 KAV IR A RR

¢/ L4 upp JE AR L R B 2R
primitive latchioutput reg q = 0,
input d, clock, clear};

endprimitive

12.3.2 iAAMER R FiIEIER UDP

MR AR B UDP RGBT 5l AR EHRRAE ., DREEH R 1Y ik
BB EBMBAEHIGEUBRMF UDP 98+ . FERSHTE 124 FiarEiEEm (clear) AR F
BRI RE AR D k2%
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d
clock ————)

) wins

clear

B 12.4 HHEFWmARST RSN D Al k3

A 124 RSB A s, WEETY clear AR 1. WL ZPTERRPR
i g TH0 O IS ETH clear A9 AR 0, A4 1% D MR MATIE R ThRE. TERSME AR clock
HIFEREAY, BUM 1 3 O PUBKEHY, Sriise q MBS ANE d BU(E. SR &l A% clock BEFF|—4
ARERS, SREHMWAR EF L. RN g RFRERT. B, WERHAR
d BAF clock RFRFEERTE, Hiiw q tBFFFREATE,

{8} 12.9 Fir BIR H Venlog & 5 WA FR D A& 2%H UDP,

12,9 HEHFRAOFEFTIEBMER D LR

/i REIIGEURN R FE#E) Unp
primitive edge dff (output reg g = 0,
input d, clock, clear);

table
// d cleck clear + g @ g+
» 1 .2 .0, // WRclear = 1, B4 output = 0
2 (1) : 2 : - ; ¢/ BB clear KT
1 {10} O -2 1 4 # clock T REIFEIFEE
0 {10} O : 20 0 sr clock
7 {1} 0 -7 : -3 [/F clockBHBRRREN, qRREAE
? @2y © P : - ; /7 ¥ clock BITEREEE
? (x1) © ¢ 2 : - ; /7 @B clock BIESK
(??) ? 0 - ? . - ;// Melock NN, AW A BEAAEE
endtable
endprimitive

w129, YR EREREIT .

e (10) FTAMEE 1 328 0 IR

o (1x) FTARMEHE 1 B RAHERE x B,

e (07 FAMEE OO0, 12 xHBE, XBEEXESTH;
o (M FREEMEMO, 15 x, B0, 15 xFHEFBA.



£12% RApPHEELRE 179

XBREENESEIME L UDP, HFERESFRh, LG EA5E H{E kA S E
HELHFHL . FN, EPFHEGAGESHRES, EARAEEIE, AR HERHE. R~
SENEBITRE LM A— T E . TR, # Verlog 1589, ER—ITHREEEZ AR
PR TE SRR .

table

(01) (10y O : 2 :1 ; z/ 463, —FFFHETHAGEA

endtable

12.3.3 FTTEFIZHEA UDP 6

BIETIE TR B AR FF2ER UDP BB, X BB — I ERE B8,
— A f ZHE AT AL R . 6.5.3 1R T MRS T — A R Bk EhiT 2088 T sk
FRid i TR 200 D SR sS i mER . XESUH UDP B EIEE X T finkds. # 12104
HT T AR 2889 UDP JRiEE 2 e L.

#1210 FAUDP £FH T AR

/BT R T AR A
primitive T FF{output reg J,
input clk, clear}:

/1 TR Q AREDSL: TRREAHERES (clear) WEHTHHL

tabie
/f clk clear : g : g+ ;
/i REEEFRG
? 1 : ? : 0 ;

/i EMEZEESHABER
? {10} : ? : -

/7 EPEh (clk) FERSmBARN AT A, iCAkR 38
(10) 0 : 1 : 0 ;
{10} 0 : 0 : 1 ;

/7 REE c1k B EBEEEHF

{0?) 0 : 7 r -
endtable
endprimitive

Ry i Bkah it EeRs, WA (ERGA ) TP T MRS, k12,11 Bk,

1211 FEEESEERRTPER (EHEIRA) BT MR UDP
7/ REEREREAS

module counter(Q , clock, clear);

J/ TroMA
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endmodule

output [3:0] Q;

input clock, clear;

/AT AR

/¢ SRR A PR AT
T FF tf£0(Q[0], clock, clear);

T_FF L£f1(Q{1], Q[0], clear);
T FF £f£2(Q[2], @Q[1l], clear);
T FF tfE3(Q([3], Q[2], clear);

MERH 6.9 FRYBEIN T 1118, iEBaIlEENFESR.

124 UDP RHMEEHS

Verilog 24 T HFFIBVET e BAS, LUERRF AR UDP &, B &itieid
52 M- 121 BETHANBESHEUREIINT X,

121 UDP RPNESH

BEH g X g B
? 0, 1, x ARERATEwLES
b 0, 1 R R4
- R R A RAEHTERF UDP Ky B & 5
r {on FSH LG
f (10) R oM TR
p 01), (0x)ER(:x1) T AERAE SR L T
n (10, (1) A[RER 55 R0 T MV
* (FEHEMEERL

(*M

RHHSEE, BIITUESH 12.9 4 UDP £, WFH:

table

7
7

1

endtable

7

// 4 clock clear

1
£

o

i g o g+

: 2 1 0 ; 7/ clear = LHf, RO
PP o= ¢/ RBEEclear WG

- ? 1 ; // TERTRVTFRRIGEIEEUE 1
: T o0 0oy ENWTREERHEFREE O

? 2~ 5/ IREHELBIABERE, A o EREENE

R EHEH#WEHJ::’FI-?&

- /7 BTEMRARMEREAER, 2 dENEEEKL




F12F BMPHELRE 181

12.5 UDPi&itiEE

BT INRBELRET, MEEMNRIE SR module B 2FERMF B XFIEXREH., FTHEHSHL
— AR PR Z LA T IAFRROTE R

» UDP HEEHATIIRERESL, AREXT A A TE (#gn CMOS, TTL #1 ECL ) #4T
B, A UDP M FE BRYRUIETFATER B B Th e RS, 1 module B2H
TEY CEMRERER, S EeTRRELY,

o HUFfE—d im0 A98ER, A GERFAS UDP 84, IRRHa0 58 — oL Esdiem
R EE[# FH module X HEEH,

» UDP $a A% % H 8 B8R Bl R Verilog 5 EL28HLE . SRTH, % Verilog {7 B2 K05
RERREEPERBLEAS o M A MO KRRNFZEK UDP HLEE 10 MG AR
H i FR 6818 /) UDP,

e UDP — M BHEFANTFHRAERZR LN, MERAROKE SN, ERBHNWALE
MERREEIEEK . &R, 4 UDP WAL RIERR 7K. UL, SARD
¥ Had Z R A E S UDP £,

e UDP H- A EREITIIRBERAREF R, HIRH BRI M module WHE R . D,
L UDP AT A — R M EESF A AT, Bk UDP R A TR kL. TEK
ERHER T RNET AR EEHRE LS. RERTMHA UDP FRIhEEEHNT, BiE
EEEMNEERFE.

THEEHLEHRE UDP RAEFRMTE T FE.

o NiIZRFRETCRMIE UDP SIRAER. DAERERPIIH BB e R g
WATHG. &N, WRENMEENWAMAESSASEENIME, XM ATHEE AR
I ERLR x. WAE PSR- RS R AT RS H

o MZRATREH(E AR G AR TR ERMATA S . HEFE UDP MR ERE . HE,
Verilog (£ SHEHRTBRTRERNMAMA S, HiL, ERBSHHEABRLATRF
K,

o XTFHFREAIRARNBAL, FALHR FURSERRESRNBMATL. EUHHE
RYH A TTUFN FB PR A A TIAE R — My A D e v, il o o P UBA RS R AY
ROHIRE , WO a9 se gt s T i BURACIR SR A3 I,

12.6 /NE
g, RANSHET FEKLHK Verilog FEAIE, SEMT:

e HRBEXFIE (UDP) HE.iifFHARFENKE X HCH Veritog if., UDP #4t ¥ —FhfE
FR 7 =R BT AP I E RITH BB

¢ UDP HEEEH —PMaHED . UDP 5 module £ —4~EKHE X .. UDP BEE ( £#13)
M) FESNSREARATET2MR. RESER UDP b EFEENTS.

* UDP WL AXRRRHSHHRERFAER LR, FTRIFEEK UDP vTLARIGBE
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HE R,
o RREEEHMA UDP FITHRA S HES . 2 ERaE i A RR AR S fIE 5 F BB

o FRMFIBEBE) UDP AT SCEA I il O A . ROIFFES Al 2 A8 IR B
#AT LA UDP ik, #5F UDP LURENM TR, E&8H YarkEMm T —RE.
T—REBHE UDP B, BirERmE P EUR et LIRS i BER —1- uDP
P

o BEFFEE UDP RERMEME . MBS TEMEREER.

o FikTheetatrt, EEMEIER T UDP L2 module REME, BAETHEBAE

RIFERMERE, LR,

12,7 &R

. B UDP it — 1 it —RIBEERERE . MFROGESEs, WAGSR 0fil, Wil{FESE
out, FIEBMOES s=x, M ot T 0. Fs=0, Mout=i0, Fs=1, Mout=il.

2. NTREBB Y=(A &B)I(C*D¥REEEEX, AREX—TEHRZEM/RERE UDP. Ridh
ARBERESE x fH.

3. BU—PETE (preset) (5 SHHLEERMITR. WAR d, clock # preset, 3R q. &
clock=0, M q=d. # clock= 18 x, M q (ERAFREERAE, F preset=1, W g=1, 7 preset

4. WEHETN clear F) LA FALE A D AR5 U UDP, {55 clear IRHLFAHM. LIGY 129

iR, HRTRBRERBRSA.
5. M SAEFBMRO preset FIE TGO clear BT REHMEZ R K MR K928 € LK UDP, 84

ik_ff. Mpreset=10, MEH q=1; Hclear=11F, WH q=0.
preset

|

] ———
cleck —GB D_FF

clear
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IK fi AR E AR F R .

Ot

k
0 Qo
1 0
0 1
]

== T

9

6. Wit-- PRI A Ee i F AR Y E R TK Al 250 e F AT & LK UDP jk_ff,

E] Q1) +g2] Q3]
Q Q Q Q

CR CR CR CR
I K I A~ Kk I A K 1 K

clock l

count_enable s : _D‘ ¢ D i _D.——

D BeoPEEAS, JEeHADSREMERET . —FEFE
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Verilog i& & B T —HisHEM RAMLFMRE, SIUHZE C. 7RI, 2%4BD| i
HEMER, TEESEX ACHEFESFNREA I Hir. A THIX—5, HiHER
FEHFRNRITHASEIRE LR Verlog (FEAAMFEABEHTLE., MIBESHEND (PLD) #
#T7 —#HEOFEFR, HTHN G5 ) ASMEdERER, HTUERGEREEE. AFEE
N R GAF MR R LS I X H Tl A PLI 201 TR R,

Verilog HBEFEARE—MUBEMAY ZHATFROE. BTREE, X8 X Vedlog PLI
HIEBARE. HFE S PLI :S8BAYHT, RiTEMNZE¥ [EEE Standard Verilog Hardware

Description Language 3CH.
Verilog PLI I R E&: 7 =,

1. EH/ES (H) TEF OUFERTER ) @ TH—A PLL X8 THREFTERTL
TILERME: AP BEXBEFARE. SHEH. FAYHMLEEES 5% HiE.

2. #FH (acc_) FERFHEHMTE M PLL X&TERRF HHETE Verilog HDL P EREH
T T ) X R AT A . X TR RB T ) M B Verilog HDL 338 59 25 b

R
3. Verilog i3%83% 0O (vpi_ ) FRFHEK THE =M PLL. XEFRFE acc_ 1 _FRFIIEE

P REEE
AT, BIONEFRE{ETIE acc_f _FEFF.

¥5] BiR
o fEPETE Verilog (A HHNfI{#FH PLI F#&F.
o R PLI B9
o ENFHFAELRGEEFNEBRLULARAFEEN C FRE.
o MR A AR FHIEEAAN.
o MHES HAERRTE Verilog (i E AR IR AN{ %=~ PLI.
o XBIFHHARERF B PLI ETERF: access THFH utility FHIF.
o ZETMATRIRAF B E N RAELSHRE, FHFTuiEFEPEREN].

¥ b B FE PLI T &/ ER R B Verilog (5 EH . — M EA PLL FREF LRI A REW
A 13.1 fiR.

& M FRHE Verilog S5 AL (E & AR THFIEED, WAk, o] AT I+
AR BEXERES, GBI E 23 mFEETORRRIZ TR, XFAEEE
GHEY R Verilog (FEBFEMEFKR, MiiEERATA, EMAANTEER. #5X
— B A T ETERFEMEF AR
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5 = p P 1
KA e Z 5 (E% No.l
PR Y A + FHAEH

( Verilog &4#y + FH ST
o RGeS
ASE LRSS ) ES(T% No2
GIRIER RS
RHATH No.3

REHEAE
X CTHIF

P B SE X
C F#F No.l

F B L
C 7R No.2

F B s
C ¥ No.3

{7 304 i

M 13.1 PLIfEN

P B L EGT B — AP AEX C FRF. % C FRFLL PLLE O FRIF
WEE (7 g B, T T AR R O P B 4k - 45 C TR AT LAF C SRR 441% . ¥r
WE PLI FEfH Verilog {1 BLASHR4IE, Bt B 2 —~ PLI FE FRUFHIWH. PLI B0 feiF M P T I
#4F

o GEHC N AR S
o e FRRERSS Y
o {FEUI ISR

AT PLI B, IRARTHE A R E A S A RS, ARJR A BBV
. PLI B T— SR, B il — 4% BT { EL AR ARGt — Atk O A7 RN SR A
(Rt Bl Veerilog 117 F058 Py B8 FHF il HAO MR A 0 A 4 T2 Mk, 3 BEF T Verilog (i E
2. AP G5 XRGEES TR T LAGER.
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13.1 PLIRYEH

T PLI aitr AP B @ AT AR (€. HTaiEs) it Mmssdess, |
WEBARARAES, FTLR Verilog 1= MIIREHTY B, PLIEAREMALE, WFAK.

e PLI AT FE LHA RS F MR . HBNH A BREFRS. HETH. BAESHE
FARIEE, XEE & FIREMELL RIARHERY Verilog ZHSCHL.,

o —MERVEMF, HInEFRAERHTN TR, fRAHPLIAS.

o PLI AJATREEZTER, HUER, Hif. BHURBELXRTHEITHMOMES.

o PLI A|ITHWE ¥ A 8 LA B nTEF . RIENESATHEERER . BBEE,
R E AR,

o {i HARUEEA R FREFWAT LA PLI 45 . BRIl L B 3ha sRatid Wb X Y Behhd:
B ik,

o BT Verilog AL IS4V LLH PLI TN RE . XS RT I S54ET Verlog i E
m—RTE, B PLIEOEMTH -MFERFR.

13.2 PLI E5a9EREFMEH

it E T LGB A PLI E B RAE A X MRS F . SR, Verilog {5 B2 LNHIHHE
AR EEXREXFMHENAMEP AE X C RENAF. XE#ETTHAF HE XRAEFEET
Verilog {h A5k IRV

3 TRFXATE, LR8N RS 5 Shello_verilog HRATUEE . 2$hello_verilog iX
MEEgEEN, ERER R E—%&HE "Hello Verilog World” ., H%., THZIIHFHCF
BFEOM A PLI EEFREENX . X hello_verilog.c HR T # ¥ hello_verilog #TF AR

#include “veriuser.h” /*include the file provided in release dir*/

int hellc verilog()
{

}

helto_verilog FHEFFIEH A8, io_print & PLI FE T8, HINEEAMTF prind,
LT /AN RoR T & X BI#E ) $hello_verilog RE01T % KK

13.2.1 PLI {T%&H1ERE

1 Verilog 1288, {55 $hello_verilog it fHARMERIMMA, C F#SF hello_verilog #RL A,
7. T BRERIRBFAE— 4 Nhello_verilog B RAETE, AR EFEEEI C 7E
F¥ hello_verilog. iX—itB AR PLI FRFHEED Verilog (FES%. ARNGEBEREARKHT
& PLI TRF., 8BRS ESNERNEARHA, HEERAENER TR

. B4 25 hERNSEF.
EEERBRERE, ERT — a8 thello_verlog ¥ & S0 (E 5 KRR —HEHF AT 04

io printf (“*Hello Verilog World\n*);
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BN, BREAER T —TFE TR PETCH, BXFE A hverlog, XEARBRHRETHE
ARy HER T IAT SO PR, AESITIRAHAD ESR T RIT X (90 Verilog-XL ), RRER
7 hverilog §EATLA T .

13.22 PLI{F%&a85i8H8

—H AP B E L EFHFEEERT Verilog (hHRASH. TIBEB{EM KA Verilog REEFHAREE,
Bt F Shello_verilog B . X4 hello.v 5 X T —44 4 hello_top A Verilog Hikk , %4
iR TR P g€ 4E % $hello_verilog, T AT

module helle top;

initial
shello veriloyg; //WHAAHPHZXEHFshello_verilog

endmodule

U5 EL A% 40T B

Hello Verilog World

13.2.3 FRINFAE PLI &0 BU7ETE

FIAERATE T—TRENEAT, SR THFAEXHREES ERERE. BHRIEARFH
FEXCFRFIH, WIEEMNGESS, URE Vedlog BT MAMAE. TSNS
RO B 22 1 PLIME HH B IRX o B 13.2 B85 7 ivmFnB R A - 88 L R RS AR,

WREH AL F B>

¥

fEBh TP AR XH C FRF
LHEF, 8 PLLETFEF

|

3T PLI R H

v

7 Verilog B PR T EAY
WHERHES . $<{EFA>

B 13.2 FHANEH PLT L4 0 — Bt R



188 Verilog HDL # F 3% it B4 4 ( £ =0 )

133 AIMERT

ARITEMREREMA PLLETEFZ A, §ATREERANESATRITRUMEZRY. &
MERBE M —HYRER. WHREE Verlog FEXHILE, Hl.

o HIRSLA, BitheR O BLHRRGERBISRREAR I BB R 2 R AY B A

o TRZEHith

o FIELHIFIFIAEMIT (terminal )

o LRMIAERL (net). FIEAFAER (register ), SR ( parameter F specparam )
o B WAL ERTE

o BFRE
o mHFEH
BRHNRERFEA - MHENES, HPEIBRGEFAZERASR. Fraidgsnn
REHEEE—E.
MRS BB, BRATN RS IE 133 Bk,
module
HRE>
S S S S———
} : ; ' : : Pl ;
: t |- : 1| ; 1 LR : 1
: - , : : BT :
7 S S al :
£ 3 . i . E i wBAM, ¥EE. D ¢
A :H:gl: 2 :H:iﬁ- 2 e R | 2
¥ S : - :
NN YR | A !
A Y Y Y
nl n2 n3 nm

]
----------------------------- -

B 13.3 #HRHESHERNEER
BMESESEBRPHNNRAERMWTE TE. FFESEEA R, EaZHEREN
mE, BIABERTLESER PLIETEFRRD, WNKEEHRMNER . AEEE¥TE

PLI FEF#F,
H TR NEEARE R, R AN G — RS, TRV TR ABEWE 134 FR.

LB Verilog #AWIH] 13.1 PR
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i : ol \};1 .:
sbar —j !

| ol : out

1 13.1 Tik— & RiKEFERH Verilog 1id

module mux2 to 1{out, i0, 11, s);

output out; // #WitEO
input i0, 11; // BWAMRD
input &;

wire sbar, y1, v2; // HWEERN

7/ THRRA (2 8 )
not nlisbar, s);

and al{yl, i0, sbar}:
and a2 {y2, 11, =);
or ol{out, vl, y2);

endmodule

XA ik — BRI AT EIE R 13.5 . BT S EIEIRELS], FIigKe
WO (terminal ), FEERsROIFIMISE . HARRS R AEAARS PR BL.

FEBRESFAREERS. BN, ERLATHANRIER . MRXERBNR
R P, BIHUESHTATR. XERENRABSHHRSHE. LERRTEH

FL B A B0 AA R,

13.4 PLI EFiERFE

PLI FEFREF#EME T FEREITHN TGRS RATARREED . A XA ECHE
HEFMAREVAF BENX C TEFER PLI BFEFREN. 7 132 BT, $hello_verlog
RAFBENREF, hello_verilog R 8E X C T8, io_printf & PLIEEFEF,

PLI FEFERFAERAE. FRTFEFILAFER. BE, wi_TEFREFR TREFNLH

FRENYT RES, RERLPIHL,
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module

mux2_to_1

:
: L

;

port
primitive | ag—pp| EERMED] T T
not nl t
HER im0
net
shar
{EER 0 :
primitive / t r:;' - p::‘t
and al PEEE R [ I
I : x
4 ] T
i i Vi i e
£ P 1 A
u Ll '
FEE L
net mn
e s
primitive fEER Ol *
= ¥ g
LI e
i ‘s
RO I
primmtive / 3 e :n
orol &ﬁ;ﬁ = / oul - out
LM

B 135 RS aI PSR RS

FFIRTF TR TR A SRR MU AV O s ERVFR PR C TR D 8 a5 H 3 LR
Hi-A XER. ERTFEFEERITE Vedlog FISiF T MR 2 M 155 $0HE I —L H
BEMAGD TIE, B 13.6 B T PLI SR{ERCF BT A H TR A ERY

W e e
8| mrufEs (B
= C FRIF

M 13.6 f{FHCFERlFEFEMER

HPiEth#Er + (hK

[ Verilog 5549 + FF
A2 LRHTEH )
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B B 4T A PLI FEFSFIR, FHEHB T8N FEFNIEMRARE.

134.1 HFRTEF

R FEFE R BN ace FEIF. FRTEFAUZERTHLE:

» MPITREE SR A SR B E M REIF S
¢ SERPENRAYE S ANTEESR A X

XEBAT RN RERE XFEE .. £ Programming Language Interface ( PLI) Manual

] LR B e SRR s N BER SR R . ERBHIETES, IEREHEEH
RLUBERET.

BT B A LIERGBET PR RIER .. 3R LR T FIRA A AL —Fh .

o MRBLLE . BiHm O, RIRATRBIE R LA R Z R BE 2

o THZHIL

o JEIEBIFRERD

o PILEAKY (net ). TWAEARIEH (register ). B ( parameter F specparam )
o BRI AERMLAEE

o BifFtE

o i H Mt

fFEL T F2 FF Y 45HE

R FEF A — S IR T

¢ FERTEFSRURH acc_H%.

o FHAFRFEFNAEFEELC FTEFLIMAFEIF acc_initialize( ), LIKIHHILIE .

BHE. B EEXFEFOHREA acc_close( ).
o MR- UHPHEINERTERF, BALMAELITH acc_userh, FIEFRTFEFNE

AT T B AR TUE LAY acc_userh A7

#include “acc user.h”

o FRFEFEHAFEOBESRRNR. DFREE XHE EBETHPREEN RS
B, FEBMRAONHERBHRNAERER. X5 CER S®E PRI KR EA LM
ARG, O R EIHRERIRAF iy GBS handle FBA.

handle top handle;

FRFIEFREE

X EIHE 6 MR FER

¢ AFTER . EIPEORE RS ST AN R 8 FRFRE T 82 LATE ace_handle_
3k .

o RETRF. ElURENSRTPRFEXRDNRESTH F— PR FHTEFE
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RLIATH ace_next_FF3k, THUSIRMGRIEASH.

o FTEIE (VCL) FEF. XEFRIFHEAP ARG S TR M R E R 25
FHEIMFABERN SR . VCL FERFZRBLTIR ace_vel_J3%&, BENTEHEREE,

o ME (fetch) FIEF. EESWERLHMRELS. KNTZENZRBELS . HMA UK

Hib@Z e, BEFEFEEELAIS ace_fetch_FF3k.
» LAFERFERF. EVRFHRITSTERFEFHECAIZINERIE., Hli, acc_initialize( }F1

acc_close( AL ELHFERF.
o EEFIZF. BT/ XMREIESH. KA TEXARTERF, XTEN FEFAE

il P12 7] £ % TEEE Standard Verilog Hardware Description Language 344
#isf B 24t r AR RHBENEEIIR.

FFER T 12 465
XEERMITRERFRFEFNER. ST E— AT IR A% D
ZFFHHEROEANEF AELRSEES. BoNFAFE—THATERRNRHEEZIRA

P HELREES.

B 1: FRERERRIKOFIR

AP BE XL BRGATEESget_ports, T F B FAIFTA input, output F inout 350 i
BB AR, FETTHE input, output F inout 30 M E . XA AE XEFILFTE Verilog
5112 $get_ports(“<hierarchical_module_name>")AJFL X M. X get_ports.c HH#A T LI F
$get_ports KA BE X C TR get_ports, L get_ports.c WL 13.2,

il 13.2 FKENIELRIROTIRE PLI FEF

#include "acc _user.h"

int get_ports(}
handle mod, port;
int input ctr = 0;
int ocutput ctyr = 0;
int inout ctr = 0;

acc_initialize();

mod = acc handle tfarg(l); /* HERGEEIRPHSE—MEELBGEH »/

port = acc handle port(mod, 0}; /*#EEEREE—IO >/

while{ port != null )} /*@FRFHERD +/
{

if (acc fetch direction(port) == accInput) /* BARA «/

{

io printf{"Input Port %s \n", acc fetch fullname(port)};
[* 2RGE */ |
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input otr++;

)

else if (acc fetch direction(port) == accOutput} /* HiHwO =/

{

io printf ("Output Port %s \n", acc_fetch fullname (port}};
output ctr++;

}

else if {acc fetch direction{port) == acclnout) /* &AM */

{

io printf{"Inout Port %s \n", acc fetch fullname (port));
inout_crr++;

}

port = acc_next port{mod, port): /* BFTF 4O/
}

io printf ("Input Ports = %d Output Ports = %d, Inout ports = %d\n\n",
input c¢tr, output ctr, inout_ctrj;

acc close();

}

FE, A, BUE (fetch), BHNTAGTRIEFATERPAEL C TERE.
L 13.2.0 W Erf R, X EE SR Venlog (HES. T HREE XH{EF,
X EAEIRB A 131 PREMER nux2_to_I FISROFI#R, TEAE —TEESR, CREHETIZ

Zik— BRIk ERE IR F Sget_ports %

meodule top;
wire OUT;
reg I0, TI1, 5;

mux2 to 1 my muc{OUT, I0, X1, 8}; /* BF&—RHKERR+/

initial
begin

|f flget: _ports ("top.my_mux"); . BT Sget_ports, WEEHNBIOFIE +/
2l

f

I

endmodule

' $get_ports RSB HE X C FRF get_ports AIHAT, HHEMIBLERIT IR,
.,
{  Output Port top.my mux.out
* Input Port top.my mux.i0
! Input Port top.my mux.il
; Input Port top.uy mux.s
Input Ports = 3 Qutput Ports = 1, Inocut ports = 0

!

B, MM RET
AP EA AETHE (VL) TRFNMEA, X8, RIVETEMAESELRRELS,
A &7 Verilog {7028 F1 5 # Smonitor % 4617 4 K 1 WAL= R M E M AL, 6/
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$my_monitor (“<net_name>");iE M)A B E L RHALF, BAEH<net_name>IRIMEN W TP .
A aE XL CTFHEF my_monitor ST AP HEXHMERASES, #1133 BiR,

f13.3 ME#leeM{ET LR PLI FEF

#include "acc_user.h"

char convert to char(};
int display net();

int my monitor ()

{
handle net;

char *netname ; /* #ERMEFHEIEH ~/

char *fmalloc();
acc_initialize(); /* ¥tk »/
net = acc_handle tfarg(l); /+ BT KEIEHE +/

/* AL NG eREEHFERDHE +/

netname = malloc{strlen{acc fetch fuliname(net}};;
stropy (netname, acc fetch fullname (net});

/* RETHEFEREHEFEFSMALNRE «/
/* BANBHERE ace_vel_add F% +/
/% BTSN #EMNR (EM) R

2 08%, YW EMETN (display_net } WHHEP ¢ TRF

3184 HEERERFP c FRFHFHSE ( net_name ).

B4 TEW BE X8y veL fid . B TEENERE vel_verilog_logic.
FF2 BN vel_verilog _strength, */

ace_vcl_add{net, display net, netname, vcl_verilog logic);

acc close{);

}

HE, AFEF acc_vel add {EZAMBMPIEMAIFRP. BREAAFER display_net &
acc_vel_add f— S8, LR MEMUER, acc_vel_add MHRAH A FE P display_net I
e —A p_ve_record FRUMBBRA IR, BRAM P FEITRE CTHIF, 3 acc_vel_add A}
Tt ERBaREPEERSME. p_ve_record 7E 3CF ace_userh HE X, WA )

[ e |

typedef struct t vc record{ ?
int vc reasomn; /* [EESNER «/ i
int vc hightime; /* 64 fi{FEBHREIBYR 32 fu */
int vc_lowtime; /* safufiBBIAME 32462 ~/
char *user data; /* ¥ acc_vcl_add BE PSR DPHRANERS */

I
!

I
L)

union | /* WHMMEENHE </ \
unsigned char logic value; \
doubrle real wvalue; .
handie vector handle; '
s _strengths strengths_s;
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} out value;
} *p _vc record;

AP 2 display_net R B R~ T ETE) . MM AFMALLMMYEE. BEHP FERF
LA 134 (PEXRE . WAMEE X TH—TTFER, convert_to_char, B — 2B EE RN
A ASCI 24

$1134 VCL RPN BEMA TR
/* BERPTERF. ERRLMER SRR «/

display net (vc _record}
p_ve record ve record; /* acc_user.h FHE XHIEH p_ve_record »/

{
/* ST T R M) | & FFIEE +/

io printf{"%d New value of net %g is %c \n",

ve record-»>ve lowtime,
ve record-»user data,

convert to char (vc_record-=out_wvalue.logic value));

}

/* HHE X FREEERR ASCIT FRGBTEFE »/

char convert to char{logic wval)
char logic val;

{

char temp;

switch{logic val)

{

[*¥F acc_user .h FHIE XK vall, vell, volX Hlvels */
cage vcl0: temp='Q';
break;
cage woll: temp='l';
break;
case vclX: temp='X';
break;
case vclZ: temp='2"';
break;
}

return (temp) ;

}

L1321 TR AR, XS ERD) Verilog 15 B8, N TREHE XMITE.
B E TR EH 13.1 FrifRaiit mux2_to_ 1 B, BIZHTE LRSI H WM sbar F yl. TH
i T— TS, 8RR (EFSUE ) TR B8RS, MBERHE S

$my_monitor {£5F .

module top;
wire OUT;
reg I0, 11, S;
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mux2_to_1 my_mux (OUT, I0, I1, S}; // M8 (EFEIE) “HK—SKng

initial //Add nets teo the monitoring list
begin

smy_monitor {"top.my mux.sbar");

sy _monitor ("top.my mux.yi");
end

initial // ¥R
begin
IC=1'b0; I1=1'bi; 85 = 1'k0;

#5 I0=1'bi; I1=1'hl; S5 = 1'bl;
#5 I0=1'b0; I1=1'bl; 8 = 1'bx;
#5 I0=1"bl; I1=1'bl; S = 1'bl;
ard
endmocdul e
MEMSHINTR.

0 New value of net top.my mux.yl is 0

0 New value of net top.my mux.sbhar is 1
5 New value of net top.my_mux.yl is 1

5 New value of net top.my_mux.sbar is 0
5 New value of net top.my mux.yl is 0

10 New value of net top.my mux.sbar is X
15 New value of net top.my mux.yl is X
15 New value of net top.my mux.sbar is 0
1S New value of net top.my mux.yl is ©

1342 SHFERF

LHRTERFREEMEBEERN PLI T8/F, RTE Verlog 5P C TRFHUAKT IR L7
WEHE. ERTEFEEBEER o TEF,

TR T2 F RS
SEHFEFA RN —SRFENT

» SLRTERFERUVBIZ f_FF%.
o MR AT TERTFERF, DAL veriuserh,

A AT REFHEARERIE BERD T veriuserh HHIFEE L.

#include "“veriuger.h”

L TiEFRIE
SHRTRRFTHT TIIRE:

o FKER Verilog AR FHESFFER
o IKIMEZHFERGER
o HEHI{H
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o EERFEENEHERENRZTS

o MHBSHERBEAR

o SRIL{h EAaS A R iR E AR R

o P HEEREPEE. POREIER, REEHERT
o BT long RAMBEREZEHR

s BRER

o HiL, &b, RAFKREHE

f B RHE T — R, SIL THERIHTER . EfTRThaELUE ARk,
TR EFEH

H Al R BIRIE — S BT REF o_printi(). BIEEFRRE —HAE Verilog WITHHAFEEXCF

B 2 AEmEER S A R

Verilog £ T R &1L 5 $stop Fistinish, EHIAAHETHEMZLGE. THEXHAAME
%115 $my_stop_finish, MREARIMBEE, EAUMZREEMLZABTS. BREEYL

FE BT % $my_stop_finish KIFTERIBIIINE 13.1 B,
F£ 131 BEXLAHERIEIMy_stop_finish A RH

¥ #F_41rri B 1k
0 x EikfFR. RO EE R
1 g HwfiR. BrfARERER
0 EEE FEL TR, BAARE., BRI
1 {E#E FHhE. DoRiEBE, #RAEEARRIER

B AEX C F#F my_stop_finish BEBEINEF 13.5 Brr.
1135 FEAXAFEFHAP CTEF my_stop_finish

ginclude "veriuser.h"

int my stop finish{)

{
if{tf nump() == 1) /* WREH 1 HFA yv_stop_finishEF, MBFT TS =/

{
1f (£f_getp(l) == 0) /* FWBWE, WRBTH 0 WELHR «/

{

io printf{"Mymessage: Simulation stopped at time %d\n",tf gettime({));

tf _dostop{}; /*BILHFE */

}
else if(tf getp(l) == 1) /* WREHN 0 MEILHE +/

{

lo_printf ("Mymessage: Simulation finished at time %d\n",tf gettime(}};

tf dofinish(}; /* &K */
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J

else
J* EEREHRHE ¢/
tf_warning{"Bad arguments to \$my stop finish at time %d\n",
tf gettime(}};

'
else if(tf nump() == 2} /% MESP 1 FALS, WABFERISIT HITERERIH */

{
if(EE getp(l) == 0} /*IRBECH o WL LHH «/

{
io printf
{"Mymessage: Simulation stopped at time %d in instance %s \a,
tf_gettime(;, tf_mipname()};

tf dostop(}; /* # F{H */

}
elgse if (tf getp(l) == 1) /* MBBEN O MEEHE */

{

ioc printf
("Mymessage: Simulation finished at time %d in instance %s \n",
tf gettime(), tf mipname{))};

tf dofinishi{); /* Zi\L{hE =/

}

else
[ R REHE */ _
tf warning(”Bad arguments to \Smy stop finish at time %d\n",
tf gettime()};

}

LA 13.2.1 3R s A R R T Verilog 1 H289P . 0 T AR € X BRFITL %
$my_stop_finish, Z5M 13.1 HEHEH mux2_to_ | MBEEES , BB HSFHRRENSHRASH
KM $my_stop_finish. THEBRLBREH ( LH5|H ) T Zi—KZR0EES, HNSEFEAT

$my_stop_finish %, 40 FPR:

module top;
wire COUT;
reg I0, I1, 5;

mux2_to 1 my_mux (OUT, I0, I1, 8): ,; @K (SCHi9H) #H mux2_to_1

initial // WENHHD
kegin
10=1'b0; Il=1'bl; § = 1'b0;
smy stop finishi(0); s/ 05N, FITEMHREHE
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45 I0=1'bl; Il=1'bil; 8 = 1'bil;

smy stop finish{0,1); // #IL{EE. THEREHE
#5 I0=1'b0; Il=1'bl; S = 1'bx;

$my stop finish(2,1}; // {5B#25%

#5 I0=1'bl; Il=1'bl; S = 1'bi;

Sy _stop finish(1,1}; /s &IFE, THBEBETHE

end

endmodule

Verilog {77 B4R EL 4 H 25 R 40 T R

Mymessage: Simulation stopped at time ¢
Type 7 for help

ClL » .

Mymessage: Simulation stopped at time 5 in instance top

C1 > .

"my_stop finish.v", 14: warning! Bad arguments to Smy stop finish at time
10

Mymessage: Simulation finished at time 15 in instance top

13.5 &
EXREH, BITAET Verilog AIRBIES 8 (PLI), FHET TR,

o PLIFN#MT 4 CIBEFEN TR KEH . BAMBERBITHAMRKESHER. 7
ITEATLIRE B ARG FREE AL RDEE.

o PLI 00 HT A%, A%, #aURNRss. BT BT A, 3 e, M
W4 R I HADSE TR

s HRBEXRGEEEHMMMBARAENX C TEFIHR. C FHEF#E M PLL AR

o HAT RS- EHHHAF BEXRETFHFSHMNAF C FREFBERXATERLE
. FEAFE, FEENTRRRHEA.

o P B XRELF SR Verilog RET R 7KL, Flinshello_verilog YATE
SEMRSEAF AR 3. ZHP HEXREHT SRz, HVAHPEE C FREF
hello_verilog #8117,

o % Verilog {h E&F, HE MW RESHBM—MERFESHRIE R EIT. FILUE PLI
BETFRERFRARBIESH.

o FHTHEF (acc) MEHFRER (of) 25K PLI ETER.

o LHFEFNRETE L Venilog PLL. ZRAFEFHTERN C TRFEMEL Verilog 1%
it Bk E s . SATFERFLGTE S Lk, THFERRFESZULHERE,

» TFRFERFAET E AL Verilog PLI, #FEFEFAILLESTHISEMZKER. FH
FEFURIE acc_HLk. FRTFEFTIERERP C FEFIAREIESERAED L,
R FREFSE G HEEE &0

o ETEEIE (VCL) B BRI FERE, 1ol S PR S, 28East
FEETNR, BITRAHPTFRERF.
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® Verilog 71880 (VPL) FRFAETHE =M Verlog PLI. VPI FEFYET acc_ft_ T
BRI, VPI FESF A ES BRTieREZA.

BB SENE—MEEIR iR, RTRE, 25 R K Verilog PLT HIEREHITR .
H¥EPLI MY, &% 21 $% 1EEE Standard Verilog Hardware Description Langnage 3(#%.

- 13.6 ]

n] %K} # B 1 [EEE Standard Verilog Hardware Description Language S04 A% PLI AN
BFERF, ¥ fAE. T EHSAR—EXRERA RIS PLI ERA.

1. /E—NBFGEXRGEFSget_in_ports, (T RERBBEBLSLH)% A %G 1) T8 E R &
FRo BB LAIMBER ZBHRZESFMA (FoR: BB 132 P8 C TERFRES ). 5ZEF
ZFEHE Veritog IHE A% BB 5.7 @ L —fr & mBReria A O,

2. "WE—1THP BEXFEGTFScount_and_gates, ZAEFITTRESZHATHSITHRE . E5
SRR IR B PR SRS A TR MESIRTE I 5.5 PRS- Z RS T 5]

¥H.
3. fE— R 82 X EFH FSmonitor_mod_output, HEFAERHEREFVFARLES,

HE MNP — e EY . SEHREKETE NE S AR, #ZE BT “Ourput
signal has changed” (#75: i VCL 785 ). HERA 13.1 PR IE—SRBEHFAR. #id
$monitor_mod_output ¥ HF S FMBIEHFE+ , EmEE, BESR.
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B A HAR N EEDSEEGERRRIES (HDL) B3 THFEIEHERMEDNN . BBES
THBEMASET T TR, &itE T LEE BNHRER L, B T it
A BRI TR S A Verilog HDL T2 & S B, AL Synopsys 2> RIS S 7= B,
A B FRSEE R B S T AN A RMA AR, R, REIHSHBESHT 284
& T HYRE B RE RN, AR E BT TFiliEEEE TWERESHNFEMEE, MAR
L2HETHEFBESHR, BRESHEARIATTLUAEN . PHRESHEH RESNENBES%

AR,
=3 BER
o IHEBESHEESHTEN, BEEHE SIS
o FRHBWRLL Verilog HDL EHARENER FEEES, HSPELSE T AR
5.
o B REBESHTIETHRERRE, RRETEHESRITTHEN T EHMRTEST .
o R IMATIRIE PR AE BRI TR E.
o TIRBEEEEERTL #H:RH &S,

o HEREAE B ERMARET TRM R DR
o [HEREBE AR RETHS BB FREBNT

14.1 H4AEIZBES

MTTS Y, EEed Rt TR R MR R |, BB RN
AL GO TR B . BT T DA S MR RETT, BT, B TRISEE 1 S AE
807, WAL SRR, PIAmEE . SRESEMERGMES. MERTELREXTR
M TERE, EARNEEREERMRAE RN,

BiEEA R EERENGSH R ARE S EHAET, HEAERIFENRTERR
B, BHE S TR RSHER, RISZENE, TR, TARSAES 2R, ®it
e 4m sy A T ES LKA, ZEAE AR E HHEEAL L R, SRS R B TH AR
KREEEKAHR, BE, SMURARHTLMBEERT, ERE bR E
AT, RIS RIH B PEERETE, TERENE A R AR MBS
2B BEET RN MR . XEESE E R B ARBREES AT A, A 14.1

BN

(I ¥4% EDA T RBMF RN T RBEE TR, XT MR RTL AREEBINANE, W25 ERE0 THM
AR Ha s SARERMeEROTREA YRR
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S D L0E

!

25 R R
S R *. .............. Btk

.Jffﬂ
—a={  RITERARS :
\ TR

(ETEHEARBX)

wtER

AR TR TR

141 BIGTENARAMERESTIA

RN ZBSS TAMNE A EEERERERZE NGB ESMET .. #HER
REAMNTFEXHZBRES, MIETLIEENEFERRSRN AR, BITHARERIER.
WA AR AR oL P BT | XSERVE ST PSP B S T HMS A . i
HFETREEARH#TILKEE., REEA8NANTEWNE. R, SitERLERESEE L
B ERE R, TEA UDL {#ABEEKE. Verlog HDL B2 0 —MBiTHRS BEK R
B9 HDL., P 14.2 BR TR,

fEvafiit

'

ot 32378, 3

+ PR
HEHUME

BRES \
' FRETE

(5TZHEARX)

BitRE

PRALET TR IR

R

H 14.2 EATRIHBZRE AR
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H LIPS T 2 AL T HERE T BINRMENERE, efEiitEa
LUHEE ZRNBAHTEREXREIE L, FAEBROTHERETRMFRAFRRIN B KL T .

14.2 ZBEE X EF I T AR I

PREGHE TR MM E e, FRO0ES AR, BT RITEME. 283
BRGGHFMUZAT, TSR REITHEN, RITdEA T HHFINHEZRY:

o WFRBERIRE, FHHRBEREHFERANOER, — M NEEETHREIEE
BB IR EFWIT,

o WitHF -HEABREIITHERRSBANE, HBSRITRLHIEHT T L,

o MHEAKEHHHAER S T BN RS K2 HE .,

o MFMTRBAWEER, BN EHFEHIHEESK.

o WENFELIRGE. A, BOFEWTT — UL 20 ns BB AERN 1B, ISR
BAPTEHE R EBEABIL 1S ns KIS ERET, BMEBEAEBAERET. Hilt,
HTRIEXFHN, FERFHTRIT

o BMRITFUARMF LB, WX Bk, WP MBS, X
BHREHPHS/MURATGERERR AN, HEEMOTEARRKEALN.

o WRERKKTTRFITRERAT — MR, HEREEHILHETIHHERT.

o FERTTLHIETRY . MAAER SHERE T ZHEN. i, HEENRZRHRRZE,
AFIRE IC fER, XeIREEkE TR, B EESE Tk,

o BHHEAREATHEERN. RIFEREETIZN, HLlsd, tfUEH.

HEEHE S TR Al i s @

 RHFEXRBITTE, AARERSES, RARITTREEENHKRRMNRN.

* REXMITARULXERITAR. PHESTABERERTHADIIRNE, H
RIBETANAR. NRAERE, RiITEREEZEX®mEREHT, EEX-UE, P
FEW RN, EERTERAR TR B F N L,

* NEERBTEERIMNERIEERE, H X yEnEs, SR LcReEE. 2
RUFE B HCA T B7E Al BE U R NI BR B KR BE SE AR,

o BBEF VTR RANEEE, HARERESFR/MENRTR; RE. BOITRS
RRMBEFESRBIIRME.

o EMAHRIE. RERMBATRERE. BitH RBTNFLAEM 20 ns T 15ns, I
BFLEEIT, LIRBR RS 15 0s KB TRRE.

o BESETAERME UM TIT, XRWHER T b F AR AR &R
T2 ] i XU A R iR A el

o MEAXBRRBITPAERR, WIHEERLEURBERMRLIERGSR. K5, BEKER
BREANEBLGE TR, AZiERIFNIRHER.

« PRESTAAFRTSIZRLHE. dUEASR IC flETENERTRERE
Wihig, BBESSTRAMART IC HHEMRMMIFEATEPRET, TR
Bl MRBAT WA IC flEh, WiHHE RREF T Anik RO - mE
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WG, EFERIHTGEEERE,
o HTRITHRETZHX, FFUBSTERZR T WEE. S, WRMAEEES VO Bk
DHREARBAY, 4 VO FEEREY RTL AR LA TR A FIRAL SRR T MR TEHET,

SZaLAAFRNBTERNTLS.

14.3 Verilog HDL 45

HTEBESROR, O ERFREGE (RTL) BRABEAFHAES (HDL) S5
it. RiE RTL AR HDL BI—F RS, XS R HDL R R T HIR M b EHmE a8
FAR BRES T HAESHFFHREEE UDL i e A AR TR M3 Verilog #l VHDL
EFFBMATEIE RTL & _F#RTIEER) HDL iF5 . AEIHEE T RTL BY Verlog HDL 3834
. BFEIT#EEERR RTL #iTAsE TRRBRE, (BEET RTL WESE280
UEIRRATARIT R, Hi, AR RN ET RTIL &GS .

14.3.1 Verilog £&5#4

FREF LREIFARLEMERERY Verilog ghiiit . A E, BRI AR A RTL Verilog
MR AR RERES TRAFES. £ 141 7L T2ESS T REREERNEHTIFE. 15
2B s TEMBERZNENT RS IRTERM,

£ 14,1 THITEEES A Verlog HDL £48

R R FRFERR F B
-1 M| input, inout, output
e parameier
il Y module
EREZi S wire, reg, tri SR ER
WA (EMFIH ) module instance primitive gate instance %0 . mymux m1{out, i0, i1, s) ; nand{out, a, b) ;
Ci o Bl AR function, task A% B
POl always, if, then, else, case, casex, casez P X FF initial
TR begin, end, named blocks, disable 1 58 HLAE [ B LI
PER assign T EHERER
PG for, while, forever while F forever TBEFF A

{1& @(posedge clock)zk, @ (negedge clock)

oA, BIMECLE R AN RTL R, BEit, XRESHEHATERSST
B RA i, Bin, while 1 forever fE¥F 0470 B @(posedge clock)E{ @(negedge clock)i&
FZEERR, DISRHAH BRI, BREaRR. A— M RIEZERESZMITE
B #<delay> ZHIEEANTFER, Bk, ZFRRIE Verilog WITRSIRATERME, Wit LIUs R
B R A TSR Veriog MBI IHHERA—BAHNENM ., Wb, BREG TRBERY
7 initial Z5Haie, BHSGTELFE R E AHLEDREY initial 2514, BETREHE SRR

SRS EESEERE. EREEREMNER T EENRME, HAE
& T ETTEERETRE LA RANENEH.
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14.3.2 Verilog ##{EH

Verilog FJLE BT A BBRERFARET I TBE 4. % 142 RFTA T T B8R 08A%. 1
B === M l== AP x A0 2 ALMIMER R FRES S, WASTERE X f 2 180
SRR RERA R, RERERR, MR RN, AT K. R
WHIBER R R, BIBSE TEA TR =4 AR A BB B,

F 142 TWHITIBEESH Verilog HDL 21EHF

B E & B #1EH BEITEOMRAE
BA * e
{ 5
+ hn
_ 2
% REL
+ 22 H i
- B HE
k- | T
&& pi-d
] By,
xR > KT
< AT
- KTFET
<= PHFET
EM == 8%
1= AE
AP ~ FERIR 5L
& i S
| g AL
A el Bl
AE e hi [Al
SR & S
iz w5k
I 4 WX,
- e S S
A e 2k,
AR A 47 ook ) 2§
B >> 55
< R
. BAGH
e BALE

i (3 P
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14.3.3 #R4r Verilog IR IRRE

AT AHR TRAHY Verilog 254, FHERM2RAREES A T BB ¥ /S MBI,
AV TS R E ],

it 5 4 4

R R RTL S0 THAR A BBORERNGH. THE—EAREEN0ERR
K

assign out = {a & b) | ¢;

BB R R T AT A RSB
)

s a, b, ¢ ¥l oue RFMAIKIMEL:0], 52 BB EAE Hau R a2 E
RURBBE, B R P —f, TR

a[0) ~——
b[0] ——

c[0]

a[ 1] ——
B{ 1 Jomeae

c[1]
MRABERRER, BABIEARMEFHZRES TRAPAANE Rz EE 8L
B, TEHE—M—Shmasr0cBl;

out{(}]

assign {c_out, sum} = a + b + c_in;

B ERER T RATMA —(r2matw A, EHaE T RE S e BEE O SR T &

AL -
:—EED—AD -
S

MREE LML, S TRSHTHRA, BTETERE M AFET LENER.
MR T RERER?, SRl 2Rk e,
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assign out = {s) ? il : 10;

il R E 14.3 i TR B

if-else iF A
B4~ if-eise BRI WL MU EREERESE, EHEHGESRE F FHRHESRETR,

if(s)

put = il;
elae

out = i;

_FEBIEAE N SESERR A 143 PRI, —BOEK, £ if-else-if iBh AL
SRR EREELS

case 150)

case WG B MR LIF T4 AR EEAS. FER SRR LIHE A case 5B MIE )
R AN B

case (s)
1'h0 : ocut = 1i0;
1'bl ;: out = 1il;
endcage
FE KW case 1&5]A] LRI AL L HE K M) A RR 4%
for fAXRiER]

for WEFFA] A Fre4 Sk a4 5298, 0, T for MIFRTT T —1 8 LM

¢ = ¢ in;
for(i=0; 1 <«=7; 1 = 1 + 1}
{c, sum[il} = a[i]l + bli] + ¢; // buildsg an 8-bit ripple adder

C out = ¢;

always g fi]
always IEH] A F T4 A FME 588, 0 TRFHEERE, always (&R 4810 M {ES
clk FIZEAL BT .
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always @(posedge clk}
g <= d;

X TERHERT A — N EBRE AR B D MR 5, K d BEA, o B8, ok EateE S,
d
N b

Kfelsty, T Verilog HH4E B— B P HUR A S8 .

q
clk

if (clk)

always @(clk or d)
g <= d;

M FHEEEANR, always IFHLPH clk, reset B preset Z M HAMS S kb% ( FFEH
MEEFESHLMEERBRIEF ). B, FTEPERLSEERE— P —fr2mee.

always @{(a or b or c¢_in)
{c out, sum} = & + b + c_in;

R #E
RBHGERAR— Ml A RMHE GBI, TR AERREE @R, THEM Verilog
R — L BT A HEI DI 2N, RS e o B .

function [4:0] fulladd;
input [3:0] a, b;
input c in;

begin
fulladd = a + b + c_in; //BIAMA[3. o] RABIIIE£Hh04E

enad
endfunction

144 BREESTEE
HAERITE IR T2 & T RAIRTHIEAR Verilog B S EHE BT 1RHR , FIIHEM
RTL 4 BB TSR 05 A R TR

14.4.1 M RTL Z;Z45i]

AT RSGAHEZREEHNA, WOTELIE EEMRARRERE RTL #iRBTRMENR

2. B 144 BB T IZRE.
FHEFEMHERB S RE NS,

RTL #if
WitEERER LR RTL SRR, & EEDNEEIE FEF—2NetE, Ligg
RTL # 2 MThEEIERICIR . THRERAE Y )5, H4E RTL R AR TBES TAY,
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RTL finik:

Fan{ifetyhla &as

AT FR T R R
: PoCHE
S TERARTK)

@ifeyE

ERIAIDIWE E ST

H 144 M RTL 8J[ [ EMER SRR

iz

RTL fiR e i 4 T B A — RS M bR . A8y g M
SR, THANEEARS 1433 WhPNSEEARLM . BHERHEA Verilog RTL {ffiifrh ) FA R
R BiR RN R, AEEORES AR, A, EESS TR

TRY B P R B W o .

RSP ERT

BHEAR P T RS ke D BRT. 2RSS T EREBNBABIRS T ATRR
it AR aY P R P BT RS ER AR A

BRI
BAAEE, DEMETTAEE . (RIeP A TS T2 /R ER e, &

i EBEGL . CRERESPERTEEN L, MERRTHELE AT

=

T EmatFfLiL

SRR . iR RN TAREN BERIEMN. EX—SWd, e T REZNH
S, ST LR R, FIBHETERiZN RS BEZ, RiTEMRMFIREN
I
[BRELE ABC 271 LL 0,65 Bk CMOS T 247 1IC#5H . BT LN abe_100 TZ. W4
abe 100 FEAUH B4R T2, Bk, SRR abe 100 T2 PHRAMSEIT, EHBiHoR
SR TR SRR TR et Wt LIRSS R ATNE T . I
s e AR HAR T 2RSS R, BT R XL R

TEM I HE TZREMEL
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#,

TZE
TEHEME ABC ArRMMERT, AREAEHSEHNRERTENTZERERER

o LAE Bl
RATENTZE, ABC ARGE TERESRTAEHMINEEERE . EinZaniermike, &

AITE] PLREAFEE T ERIT, Fmnskds. ALU, SAESAFRN AR . TR
ABC Rl IC W RRAM SRR HAXRERTTHYIEER, AERERTHEEITE
BrRoTRER, BE, EREEEARREITE R PRI . X IBRR R
4514 483E ( cell characterization ).

Bf5. DSGRE LRESEFMEARRE N ET. BoRas THEE:
o BILINAE

o HITAIRN A B

e BITHIETFEE

o BITHIZIRE(E R

HTTMESRII SR, K46 TAMARERTRTHE, G4 TAr:NERKYERE

HH T ZESa] EARRIOHRE . IR LTZEFAHEFMBETAR, 56T AR HEN

¥

T BURIZIHE S5 77 e e B9 E0 4 -
Wit £k
B R S T RINE:

o BFAF. HERLAE—EHFFER, —THHRREBSHF TR ERNT.
e M. RLHNEEHAEENT—E /IR .
o ThEE, HBIHFEA BT —ERIAR .

Rk, ERIR AR AR — R R, TR TSR, R THRARE (5%

BEREMAERE), BT AR, XEERREERE KA. B TEREE
AR, BIE RS AFEHBEEE i R, B 145 Ron T XM ERARK R

[i:E 32

ipfel

t4.5 EHSERFERETP
R, TEFRERE, Fi AR HEER. FamdEmng, SEnstx BRI

RO . TYEMER E VIR BB L A THES A, LIERREBNE R TR SMERRUE
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R BRI

TZM§5RZ R, MG ER T 2R AR e RS a TR MR, RN R R
BIZR ., EMEEAE| ABC AR EMHERAMREE. &0, WitE S8 RTL #RH mE iR
AR, DEBRENSR. REX TR, ARMENEFERNYE., ABC 2 aEHIE
MR AT R, LB ERERE 2 B R E B Raet ., RIEHIE IC A .

AXTEARBESSATERE.

. AR R AR, HERN LTZEERREITMEEHER. Hi,
/MR B EE R PME R B T ZER, #1n 0.65 Bk CMOS T2, HeI1&H
O TR, RustkinthiRitF o wml. QB T2EFETEHRNITe
Tl S R o

2. B, BHACATEREEEREETARRSMR, MRIHEFREFTAN, TEELR
AR AN, ~BRET TZ, ®RitER R RS AR RTL #AMST4®
B, ik, (FREZBLGER, W5 R RTL #i8, AERBEATRIT4E . R
A RMWAMRNTZLE, MERACHHFHREIETEE.

3. MEHKBITRY, EELERIENEETHEERE. Hik, BEEILAIRTH4ED,
ATHBErTEEREY, S5TARERE RTL #S5BEZAEEREENHRE. &
AT HB BRI F oM 7E S IR TR Aol A A% B EEER

14.4.2 M RTL 2iZ48 18976

IR A BRERERNSGS . DIHRERESTHETHE &, SEHENEE, ¥
MBI, BEMACH T EZENEFHEHTEREATRA. W, RAITEXERTEFT RAFRS, #i
W RTL f¥s . T2, WitARMBERELE AT TRER.

Wit iR

HEHREIEE —THREXT . FTHHF M8 ®, #ir— A HET 0T iREY
O AR L AR IC i h s

¢ it FRE magnitude_comparator,

s SMAAMBRA{IMA, MAMAFB AHExHE zH,

s MBAKXTB, 4ot A gt BHE,

« MR A/NMNFB, 2% AILBRE.

s MR AZHT B, A A eq B HE.
o M{EHILBAEEMFITREE, ATHRERE, 9@,

RTL #5if
R LR RTL #R0f 14.1 FR. R TZIXNHEE, WirEEREAUEL

Bir L7
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#1141 EEREERY RTL fmd

/¢ WA AR
module magnitude comparator(A gt B, A 1t B, A eq B, A, B);

/7 B
output A gt B, A 1t B, A eq B;

// OBTFERA
input [3:0] A, B:

assign A gt B = (A > B); //aXTB
assign A 1t B = (A < B}; //A/FB
assign A eq B = (A ==B); // A%FB

nu

endmocule

ERE. RIL B de% /.
TZH

R R ABC 2y BIR2 8 abe_100 B 0.65 fKk CMOS T 234078 IC it . ABC A& i

ARMT TZE, EPaa FTHaERL, ERTRSGe TRIEMKERE L.

/7 B abe_ 100 TEHEANESRT

VNAND// B A 53EM

VAND// A5

VNOR// FIMRAEIED]

VOR// PIATRN]

wnor// JEr]

VRUF// B

NDFF// TiEEFE AR M D Ak 2 3%

PDFF// IFBREHTAE% A D k43R

GTERTHDIRE, BIF. ERMIIREBEE L ZETRY.
WitEIR

BB EE, X HARTZ abc_100 SEUE, @ITMBRMER. XERAERAE, HKA

AP BE TN,
o RALBAHEEE, FHARBRRNEA
IZHEE

BRA T RSB AR A0 RTL #R ., 1850 BAR T Z abe_100 K@ iHARM TZER
4 BBEa T A, PREA T RETUEMRL, Hr=48 %t abe_100 TZMEH) 1R R,

BHEMRA BRI
BRESTRPAERKRITRMRE. [REMIZREMAE 14.6 Bim.

BREA THRZAMERMNI 1A Verilog BRINEF] 14.2 B, ORI AREKNTAE

FHZERR,
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A_eg B
A_gt B
A_It B

ﬂ |

—

B 146 PRI E ( K5 ) LREEREAY R B PR
@ 14.2 WEEABHIRIE R

module magnitude comparator { A gt B, A 1t B, A eg B, A, B };
input [2:0] A;
input [3:0] B;
output A gt B, A 1t B, A eq B;
wire n6l, ns6l, n&2, ns0, n63, n5l, néd, ns2, nesh, nd4ld, nb3,
n4l, n%4, md2, ns5, n43, ns56, nd4, ns57, n45, n58, n4e,
nb9, nd4?, nds8, n4s, nis, ni9;
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VAND U7 { .in0i{n48), .inl{n49%9}, .out(n3g) };:
VAND U8 ( .in0Q(n51), .inl(ns2}, .out(nsS0} };
VAND U9 ( .in0{n54), .inl(n55), .ocut(n%3) };:

VNOT U30 { .in{A[2]), .ocut{ne&2) ):
VNOT U3l ( .in(A[1]), .out{nss) };
VNOT U32 {( .in{A([0]}, .out(nagd) )
VMAND U20 { .ino{B[2]}), .inl{n62}, .out(n4s} };

VNAND U21 ¢ .in0{né6l), .inlin45), .outi{nel) };
VNAND U22 ( .ind(ne3), .inli{n42), .outi{ndl) };
VBND U1C¢ { .in0({nSs5), .inl{n52), .outind?} };
VOR U23 ({ .in0{ne0}, .inl(B{0]), .outi{nk?) };:
VAND U1l ( .in0{nS&}, .inl{n57), .out(n4%) )
VNAND U24 ( .inQ0{n57}, .inl{ns52), .out{nsS4} j;
VAND Ul12 { .in0{n40), .inl{n42), .cut{n48} };
VNAND U265 { .in0{n%3), .inl(nd44), .out{né4) ):
VOR 1112 { .in0{n58), .inl(B[3]}, .outind42) J:
VOR U26 ( .in0{n&2}, .inl{B[2]), .ocut(n46) };
VNAND Ul4 { .inO{B[3]}, .inl{n58), .out(n40) };
VMAND U277 { .in0{n6d4), .inl{n46), .out{néb) };
VNAND U1l5 ( .in0(B[1]1), .inl{nss}, .out{(nsk5) });
VNAND U28 ( .in0(ne5), .inl{nd40}, .outi{n43i} );
VOR U1le { .in0in59), .inl{B[1])., .cut{ns2}) );
VNOT U729 { .in{A[3]}, .out(nb8}) };

VNAND U17 { .inD{B[0l}, .inl{neQ), .out{nse} }:
VNAND U188 { .in0(ns6), .inl{ns%), .out{n51l} );
VNAND U19 { .in0(nS0), .inl(n44), .out(nél) );
VAND U2 ( .in0(n38}, .inl{n3%), .out{A eg B) ):
VNAND U2 { .in0(n40), .inl{n4l}, .out(A lt B) };
VNAND U4 ( .in0(nd2), .inl(nd43}, .out(A gt B) };
VAND Us { .ino(n45}, .inl{n4&), .out(nd44) );
VAND Us { .inD{nd47}, .inl{n44), .out(n3s; };

endmochile

MR E R HERS—#¥E XYZ 2FBHRA xyz_100 HILZE (HAER—MEHFNT
%), B4 RIL #RFAEHHREARENE, ARENETERE. Hit, 3y TRHEAHTE, 2
AT H QUEEN b AR MR RTL f#id. RETAIBERETARFNLZL
B, RIEHETERASNER—MHRRLERTTRME.

HE, WREH GEESE TRWA, EEHN T ZRERGTEERFLETANRA

#) 14.2 1R P E.

IC #liE
RIF 1R M EBTHREFIR T, RSIRTE ABC /47]. ABC 2ARI# A abe_100 TESERUGH
BIARE, PR UG R E AR R T AR, RiEME ICER.

145 11 RFTHILEUE

B S T HARMELE 8T TR M BN MRIFHIIRNIERTE. A5, R FRERA
WA, G4 T EAM AR EXHER , XA H R TR MR ERA T MR FrRiE.
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14.5.1 ThEELEIIE

BY MR RE R RTL SRR LSS S BT 1808 B R] LA R)— I S B SGA fr it . Lt
BEMOS MR, RNEPHA—R. MHRELBHTE . ] 14.3 SRR RS RIE R

BB 75 IE W Y — 1R B S B OO
$114.3 R0{E EL 3 R% RO X AR R0

module stimulus;

reg [3:0] A, B;
wire A GT B, A LT B, A EQ B;

// VFTISE Hoe a8
magnitude comparator MC(A GT B, A LT B, A FQ B, A, B);

initial
Smonitor (Stime,"* A=%b, B=%b, A GT B=%b, A LT B=%b, A EQ B=3%b",
A, B, AGT B, ALT B, A EQ B);

R it (i e
initial
begin
A = 4'bl010; B = 4':1001;

# 10 A = 4'b1110; B = 4'bl113;
# 10 A = 4'b0000; B = 4'b0COO;
# 10 A = 4'b1000; B = 4'b1100;
# 10 A = 4'b0110; B = 4'bl110;
# 10 A = 4'bl110; B = 4'bl110;
end
endmodule

MR BRI A DI B 14.1 BB RTL #8508 14.2 PGS TIRGE, RBHREN]
R BRI RFEZ AL, FE P —HHEREXE. (TRERRET VAND, VNAND S5 HILHY,
Verilog (i E 2P AEFRRIXHITTHNE Y. ik, A THENZHR, ABC AR SMEM 1
HE, abc_100.v, tHEFELHIA Verilog HDL [FiE and F1 nand %4 VAND #1 VNAND %, #
i, VAND BIEdif] 144 PR FREGRERMLIE X

#l14.4 (HHE
;7 PHRIE abe_100.v., dFHRIE, RARFEE

module VAND (out, in0, inl);
input in0;
input inl;
output out;

/t R EB, FRA TR nin: typ:max

gpecify
{in0 =»> out) = (0.260604:0.513000:0.955206, 0.255524:0.503000:0.936586) ;
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(inl =» out] = {0.260604:0.513000:0.9552086, 0.255524:0.503000:0.936586) ;
endspecify

/7 WM (EFSIB) —14 verilog HDL BiE

and fout, in0, inl);
endmocdule

¢/ FAERLRAMMNET verilog RISAEHE X

AR B RTL $4R #1718 R |, JRIR Verilog {7 ELAF0A 7 =40 F B

¢/ R INE] RTL f#i3E L

> verilog atimtlus.v mag compare.v

/7 TERRTREM R SE b

/TR v IR abe_100. v A& HK
> verilog stimulus.v mag_compare.gv -v abc 100.v

PG HL RS b M R, 78X B A, S R AR . BUE L BRI AR 14.5 B

1145 HEEEFRMHRIRG

0A=1010, B = 1001, AGTB =1, ALTB =0, AEOB =0
10 A = 1110, B = 1111, AGT B =0, ALTB =1, AEQ B = 0
20 A = 0000, B=0000, AGTB=0, ALTB =20, AEQB =1
30 A = 1000, B = 1100, AGT B =0, ALTB =1, AEQB =0
40 A = 0110, B = 1110, AGIT B =0, ALT B =1, ABQB =0
50 A = 1110, B = 1110, AGTB =0, ALTB =0, ABQB =1

EEBARE, TSR ERENTEAENR, FEERINE, HERFHANHEIREER

Ak

HAE RTL #1{ TR MR A0 Hig tH LR THRER IR B A — W43 . F VF B RhsoR A LA R AR 42
LRI RAEIE EERTIR. —MERRL CHaERERGANRE, BRTET
B Rk R JE AR A8 A 155 RTL 538 T JRHGR IO U5 F A LB 75— iRV S i e T AY

HARMABEER, EEARE 1532 A HiFMNITie.

B P R

B R TN E M M R T R AR TR RRNN T RS PR,
@it FDREFBT RIL SRS E SRR G AR, BMRERIRE, ERWENF
R K1k, BERFRIETANEANASRE TABNITCHE, NFHEESR 10 BHOET
i

14.6 ZBiEEFESEERID

@iTE R Verlog RTL 3 Wik SR B HE & RAT AN TRME, MR RTL HEN,
WO, PHEATAE TS RARRE R ROIRNE, Hilk, SOHESFIEERREARNK
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HIRE TT A R T SRR T RAE T, MBI ESRE HESE | AL E Y Verilog R,

14.6.1 Verilog $F3M 5"

Verilog R MAE X BT HRARE . HEBREST S, EEMAESBIRMEGX
B, EREREZENMAEAEAT, RIL MR RR 7T RERBEETURK N, R4
REVAEHPEE S LSRN RFAE— T, ERINMRBIHITET, S8TH4
A EUREE RS . ERENHRER (S, FTHERS M), SERiFEEAEE
KT AMEE T T2RLE. Eit, S FARSBREETHEHR, " MG EE AR,
R, RN B FEEEE TAR—B, T sl a2 RTL @ REHEA %7%E B g i
BRI

EREEXHESHERAR
EENERAHNEEAEY, DERBESEEHEMAERGEE, MR,

BRESER LB THEAEMEZOMA S

BA A EFHERT BT R AR R AR 1T REAE R S AR FI RS A 3R . —RER R
BZFIEOL, BT TER B g | AP RAL

{5 P A pg S MR S5 i R PR G W (B VR R A 3T B

RTL iR di BB A M iR I P % 42 assign I5H18 A EBR A . %4 assign BH R —
AR MG FORIBM AR, BRI E R k. R, BRAZHREWIE
A—ERXFRAT, WRBEAWEEIRA] L= SHRenR i, FFEHP2EES T AREE Sk
/B, BRT, AR R — A KRS HE R S R EHA TH BT e E E M,
HHiEH R E S EEE.

BERE—TRITPEL T —1 2% —0 8 BB MEE mux2_1L8, WRFBE—1 32 {i
EgEEES, TLLUEM R 8 M ERE B ROE Y, MAFRMH assign &4,

/7 P L. WRRREE A 32 U XSS
module mux2 1L32(out, a, b, select);
output [31:0] cut;

input {31:0] a, b;

wire select;

assign out = select ? a : b;
endmodule

f DU 2; (ERIERMEEESEE 32 U EREESE
ff FENHARAFCEEXT ¢ UL HELEN, MBAREMARSELESREE 32 ¥

1) Verlog HEHRIRERE T EEN A EBES TROARRTHE AR, Bf, $SEREFHRERABEENCEE
L &S A, TEEE Standard Verilog Hardware Description Language SCES i T —4 4 atribute #9515 545
¥, Tf LA Verilog HDL fEEA L& full_case, parallel_case, state_variable #] optimize /B #:. &4 1 A
T R SR SR,
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/) ERAFERNRREER. AFMASIRE ), BTERER, BLRARRREER
module mux2 1L32(cut, a, b, select);

cutput [31:0] out;

input [31:0] a, b;

wire select;

mux2_1L8 mO{out[7:0], al7:0]1, b[7:01, select); //bits 7 through O

mux2 1L8 ml{out[15:7!, ali5:7], bl 15:7], select}; //bits 15 through 7
mux2 1L8 m2{out{23:16), al[23:16], b[23:16], select}; //bits 23 through 16
mx2 118 m3{out [31:24], a[31:24], b[31:24], select); //bits 31 through 24

andmodule

WAL IXERS M if-olse B.& case FERIAIMT LE

T 143.3 Trhitied, if-else F1 case A WHLEE RIFHPREREER . MARES
WALRER, BFHEFALEREF RIS, HY if-else BH case FHIAIRERILZA T A
AT B NEESLEE,, BASEERRN T EREEN, S6EE BTN, BEFEKE
FIEWAFIEE, HHRALEXERHRB K. 7—F 1, if-else F1 case FEHRILIH
SRR AR, WATEI MEEI T 28 RTL #i3E.

HRREESHNZEE Y
Wit FELUEABRESEHEEASER, UETERSRANEH, GARBSRERT

Verilog HEiR 899 24 .

// FERREBRA= kR

out = a + b + ¢ + d;

/7 FREIHAT ORI AR — A B SRR Ik 3%

out = (a + b) + {c + 4d) ;

ERAARRIERT* /% SERRNAHERRAIN L

. BRABUEREEE AR RO RANEE . R, SEERBIEFRBLINKET
TEARAFREANTIME. F—HE, WITHECRBORSERAR . RABERME, AR

A RENTE], HH RTL RS TEESTZIHX,

RS FRMEAHEA-T TR ENTR

E HRREE MR- ERRET RESEE RERZ MR . AU RE ] s aks, H
ARG —KREREH,

¢ R R—E R FEURRE
always @{pogedge clk)
if{loadl) q <= &l;

always @(posedge clk)
if(locad2) g <= al;

HE TABENEMER, CIsMHE 5" £-Er-EiiE qo RITERREER
FIEGL, EZRTHIRMES, XRECIPRAAESH.
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RANTEN if-else 50E case i1FH]
£ if-else 2bE case i57) LA A& ROl BERY R85 3T, A AT EE>= 4 B - EUR 8 17 28,
iR ERIEFERE . 5% 14.3.3 WL THiFa R IS -

// BTFREFRIBMNATEE, HHHFE— 1S
// HE contrel = 1, B8 out = a, iXERESGFHRNTH
// #E control = OMMBEH TERASE
always @{control or ajl
if {control)
out <= a&;

// TR control BMBRABMLLEEA T, AILIRET EFEE— 1 2HEES

always @(control or a or b)
if {(control)

ot = a;
else
out = b

Hise, W F case IBAIRB, HIE default IBHIENRI A > X ETERHE,

14.6.2 gitkis

Wit RS REBEBEETHAEEER. iTEAVNME I ESERARE L 2w
BRsGa TRANGH . Wit h i LIERE A a8R

IKE 1 53

i B R OB R S TRBUEE /N T R, Ik ER S, ERK
TEBMERE, ARG MEIR™ETEREEMER, A, AEEERIT 16 67 ALU, 7
PURH—1 4 67 ALU, FHHEB 41407 ALU B3 16 {7 ALU, Hilt, B854 TREAFEN/
™44 ALY, S04k 16 fy ALU ME, XR— 1B/, & ALU BRI 08 14.7 iR

af15:0] b{15:0]

16 fif ALU

controd flag

output

B4 ALU 1R al15:0] b[15:0]

----------------------------------------------------

147 16 MBEREZRET ( ALU) BAESR 4
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KFERGHBEREREBENEEHAERT R, B, @i, S8R
ik, BRI E—HLEE TRARHNRESRITR,

EE XS

FH %9 Bk B R R e 4 R E /R AR, R N E T AR 4. FEKER 5
it FFRERSERE— IR, ZARERSP, B MERSERARIIEE, BRATE#RY 4
{if ALU BZ—1-EAaMm. 8. GB8MEBIEN I ALU, S~ MEIREDIGE LA MER], X
MEEEM. &4 ALU HFEFHSE 14.8 TR

a[3:0] h[3:0]

i

il £

control —~—m- e flag

i

output

A 148 PYBEARAZEHET (ALU) #EHR5S

B 148 BRT 4 ALU MEF RS, M TEBEZEATS, MRITEYEREEFERN.
BB, REMRRE R R IR TR, MRABERITRERIRFNESER,
R R R RENBK, RAR/NMIERRMHTES . IRRGHAERPEE TIFE
#hhie, BREAWNEERT—E/£BNN. EHit, RIIAIZICETIHE 2 RE/ MR-,

I H Y FIHR SR B i B R .

AT

RAFTERHRITERFEAEE MR R R EEERNEET. GHEEZHE
MITE] DA PR RS R TR E, URES TR . MAntA 2 IRE — N HAKFF.

W AR AT AR 5 Bk b AT ANk AR i — A AR . BkEh R UL AR SRR E R B ATH . IO Ak
B O ML S e B A RO AL Bl , RTE 9 NMIEERE . H—HH, BiRE SmAR
STANER AT LM, AT IEARE 4 THEE BORT (B PIRRAE S A B A A AR S AL,
M, B FE LB R 1B R AL ST, HiBTTEE W o MBkENR NS ER, AL 14.9,

14.6.3 RIS E

EHEP B AR, BHTARSRMFEN HDL #HR—#&ER, oF. mH. Rt
BN, Bl ASKERE . WA, WABRAR E SRR AR A TRMEREX
BE, FRIEMNYHEEEZRARETREFBARRMR BT, SF/NOBIEERITAR
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a[0] b0} al1] b[1] a[2]  b[2] a(3] b[3]

S 2 AN T AN 2 AN T A
L 1
| 1
f }
cin ] 2B [ Sl b anpmg | G2 gl 2 | 3 gl Ams | L g cow
: fa O fa_1l fa 2 fa_n-1 :
? ﬁ}
T & ________ ___£____________ e\
surn[ (1] sumf 1] sumi2] sumf3]

{a) POffkahitir2-mag (nfi) . 3B =9 EE, RaBEEY»

a[3:0] - sum|3:0]
ARG
b[3:0] ————fm- It

I g c_out
Cin— gl

(b) BETHECIANELSS (nfi) , HEE =4 ATHER, AWEE KL
E 149 hidkaaeR{Em HeT740

14.7 RIFEEES )

7144299, RITBELGSHI TASHEE. WERFEMFRBESHPT, BITHE
ITRFHERAREL.

14.7.1 1§ AR
iR R T AR B RV AR T
o BIFHAMIEN 15D,

o THEFHAREE 5 M | MARET .,

o MARMLE M H T, B fRE,
* BEMENASESE LA 5 HREMR 1A 1 AREET, 305008, 141 M0k

L4 5 M. 240 1 AREDEGHA, BERTHENRE,
LA BRRAS 8 S0 77 8 o] LIS HX A i Bk

14.7.2 HIRER
DT IR B — BRI F R

o M AREMIN, —PENAEE coin[1:01ERBBF Y. ZESEL2A dock 5K
F—A TR, HHEmmERF— a8 E -

o MFERBSRMIE—N. SRERAMNETSIOY 15 RF#EE 15 o8, #WHES
newspaper A5 N E T, HHRF—MTERAY. EXVATTHRETTH.
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o AfLI—1 reset (RS RAUARRSIL. BiARITSEAL.

14.7.3 ABRIRISH. (FSMD
Af LA AT PR S LR T IR L B R T RE

o MA: 20, coin[l1:0), ABEME, x0=2"b00; H—4 5 TR, x5=2b01; B —
™1 FREETRY, x10=2"010,

o M. 1{i, newspaper. X4 newspaper = 1'bl &f, ITFH[].

o RE: 4 PMREL s0=04: s5=54; s10=104r; s15=154.

ZARBREVAREE BE 1410, BPME—RMKEGE T HE A< >TERXNRE, H
IR AR 2 (vEY, R 18, BN, x50 BERELUMARL x5 (2'b01 ) A, 3¥BIBIMLL s
W APRAE, F EIEHBERE N 0,

r¥o3 %K
S0 04t
85 5 5
810 10 4+
815 15 41

L PN B D coin[1:0]

x0 2500
x5 2'b0t
x10 2b10
- xR

x0/0

B 14.10 EHBAEERHAAEFREN

14.7.4 Verilog ##iR
AR A YA Verilog RTL HiR 2064 14.6 Fim .

fl14.6 MEMITHHRKSHAY RTL i

¢/ AEBRRSHATE, SHEE R8T
module vend{ coin, clock, reset, newspaper);

¢/ PR AN D
input (1:0] coin;
input clock;
input reset;
output newspaper;
wire newspaper;

/¢ PR BARETLA TR 1
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wire [1:0] NEXT STATE;
reg [1:0] PRES STATE;

/7 RN

parameter s = 2'b0Q;
paramgter s5 = 2'b01;
parameter sl0 = 2'bl0O;
parameter 815 = 2'bhil;

/7 HEEHE
function [2:0] fsm;
input [1:0] fsm coin;
input [1:0] fsmﬁPRESrSTATE;

req fsm_newspaper;
reg [1:0] fsm NEXT STATE;

begin
case (fsm PRES STATE)
s0: // REFR =0
begin
if (fsm coin == 2'bl0}
begin
fsm newspaper = 1'b0;
fsm NEXT STATE = s10;
end
elae if (fsm coin == 2'b01)
begin
fsm_newspaper = 1'bQ;
fem NEXT STATE = s85;
end
else
begin
fsm_newspaper = 1'b0;
fsm NEXT STATE = 80;
end
end

g5: // RER 5
begin
if (fsm coin == 2'bl0}
begin
fam newspaper = 1'b0;
fsm NEXT STATE = gl5;

end
elge if (fsm coin == 2'b01)
begin
fam newspaper = 1'b0;
fsm NEXT STATE = gl0;
end
elae

begin
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fsm newspaper = 1'b0;
fam NEXT STATE = s5;
end

s10: // R&EH =10
kegin
if (fsm coin == 2'bl0)
begin
fsm newspaper = 1'b0;
fsm NEXT STATE = s15;
end
else if (fsm coin == 2'b01)
begin
fem newspaper = 1'b0;
fam NEXT STATE = =15;
end
else
begin
fsm newspaper = 1'b0;
fsm NEXT STATE = s10;
end
end
s15: 7+ RE A s15
begin
fsm newspaper = 1'bl;
fgm NEXT STATE = =0;
end
endcage
fesm = {fom newspaper, fsm NEXT STATE};
end
endfuncticn

/1 BT A YRS, HeE®aE
assign {newspaper, NEXT STATE} = fsm{coin, PRES STATE);

¢/ FBEIZEEA:, B I B VR A AR 7 e 2 3%
always @ {posedge clock)
begin
if (reset == 1'bl)
PRES STATE <= 80;

else
PRES STATE <= NEXT STATE;

and

erndmodule

1475 TITEE
7E 14.4.1 FHEXT abe_100 T, X BIFEH abe_100 fEREFR T, abe_100 E T

PEHLIT

s/ BAabe 100 THHEST

VNAND/ / Fifa A SR
VAND// PAsAEN]
VNOR// P AREIE(]
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VOR// PR ATL(]

VNOT// 4R

VBUF// @Ehik

NDFF// Tkl 2R 0B 38
PDFF// ESRTHTRELEZE D fb k2R

14.7.6 &it#E

A B IR — AR R (timing critical ) #05, BA A T B HEMM LT
295
14.7.7 iZ3EEFS

AT A T 2RSS RTL SRS R TR RE,

14.7.8 ALES IR BT
{df PR £ A0 RTL #RBASE) abe_100 T, Fotk 0L TSR] 14.7 Ffat.

147 REHEIH FSM HMELLIE TR &

module vend ( coin, c¢lock, reset, newspaper );
input [1:0] coin;
input clock, reset;

output newspaper;
wire \PRES STATE[1] , n28%, n300, n30l, n302, \PRES STATE243 (1] ,
n303, n304, \PRES STATE([0] , n290, n2S1, n2%2, n293, n294,

n255, n296, n297, n2%8, n29%, \PRES STATE243[0] ;

PDFF \PRES_STATE reg(l] ( .clk(clock), .d(\PRES STATE243[1] ),
.clrbar( 1'bl), .prebar(l'bl}, .g{\PRES STATE[1] ) );
PDFF \PRES STATE reg[0] { .clk(clock), .d(\PRES STATE243[0] j,

.clxbar( 1'bi), .prebar{l'bl), .g(\PRES STATE[C] } };
VOR U119 { .in0{n2%2), .inl{n255}, .out{n3o2) }:
VAND U118 ( .in0{\PRES_STATE([0] ), .inl{\PRES_STATE[1] ),
.out (newspaper) ) ;

VNAND U117 { .in0(n300), .inli{n30l), .cut(n2s1} };
VNOR Ullé { .ind0(n298), .inl{coinl0]l), .out(n299) ;}:
VNOR Ull5 { .in0(reset), .inl{newspaper}, .out(n285) };
VNOT U128 { .in{\PRES_STATE{l] b, .out{n298) ;
VAND U114 ( .in0{n297), .inl{n298), .out(n2ss) }:

(

(

{

VNOT U127 { .in(\PRES STATE([0] )}, .out{n295} };
VAND U113 ( .in0(n295}, .inl{n2%2), .out(n294) );
VNOT 1126 ( .in{coin[l]), .ocut{n293) };

VNAND U112 { .inCG{coin[0l}, .inl(n293), .out(n292}) );

VNAND U125 { .in0{n2594}), .inl{n303), .out(n300) );

VNOR U111 { .in0{n2%1), .inl(reset), .out (\PRES STATE243([0] ) );
VNAND Ul24 { .inQ{\PRES STATE{G] ), .inl{n3c4}, .outin301l) };
VAND U110 { .inD{n289), .inl{nz2s50}, .out (\PRES STATE243[1] } };
VNAND Ul23 ( .ind(n29%92), .inl{n298), .out{n3d4) };

VNAND U122 ( .in0{n299), .inl{coinfl]), .ocutin3o3) };

VNAND Ul21 ( .in0(n296), .inl(n302), .out{nz290) };

VOR U120 ( .in0{n293), .inl{coinfd]), .out{n257} };

endmodule
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Z TR MR EFHEME 14.11 PR,

I—D.Dnmpam,

r@ J Q?w
Q ]
37004
AN
ey
A A
fL A
2 2}
14,]1 S E =g 1N O] E ) A

14.7.9 B&iiE
FERIE MR M AN Z] R 2 40 RTL $0 b , WARIGUHTA AT RRRSRET 418 . R EER AT T

ST 1B, MO RTL ASHR 1% AR b RO 14.8 FiR.
B 14.8 HMEEESH FSM MM MRS

module stimulus;
reg clock;
veg [1:0] coin;
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reg reset;
wire newspaper;

(/RIS ron SR

vend vendY {coin, clock, reset, newspaper) ;

//Display the output
initial
begin
Sdigplay ("\t\tTime Reset Newspaperi\n"};
Smonitor("%d *d %4", Stime, reset, newspaper);
end

¢ RSV G

initial
begin
clock = 0;
coin = 0;
reget = 1;

#50 reset = 0;
@(negedge clock); // %B|eHeES e aBEE R

/7 BA 345 AR

#80Q coin = 1; #40 coin = 0;
#8280 coin = 1; #4090 coin = §;
#80 coin = 1; #40 coin = 0;

/7 RER A s EmA— 10 28|
#1800 coin = 1; #40 coin = 0;
#80 coin = 2; #40 coin = 0;

¢ AR 20 BT, BEIARE
#180 coin = 2; #40 coin = Q;
#80 coin = 2; #40 coin = 0;

/1 FTRBA—A 10 SEMA— 5 1D

¥#180 coin = 2; #40 coin = 0;
#80 coin = 1; #40 ¢oin = 0;

#80 Sfinish;
end

// BRSEATEE, FRBEAeTE = 40 TR E S
always
begin
#20 clock = ~-clock;
end

endmodule

HeAE RTL F1 1R MESRA G ESH . 26 149, 280, ENITEFMEZRIE
I,
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B 14.9 MAEESTHHRKBY AL

Time Reset Newspaper

a

20
50
420
450
780
820
1100
1140
1460
1500

000000000 H R
SO D HE OO0

TEITRMEELE ABC 28], diZAFISEREE R, FRIERER LN FER, RiEH
TER IC R

14.8 /g5

FEITIT Verlog HDL ZB &SR TFI A M.

o ERESEEINTREERERERELLS . B TZEPHRTHIRAIREE,

o THNHEENEBESTRAAHE TRITENY, #58 TA7N. B iTHteSasy
TZXARNBRRGR, FHARSTZHEN ., BIRITRMZE, B FA RTL 3§
WERAT USRS

o BHEATREZHEREHAR (RTL) WEEKMRE., HIEFEK Verilog F5HWERREEE
BEES T RS, KBTS T %A Verlog 551 . BRIERFLL R LB T B980T v BT,

o WA T.HIESR RTL #if . @it MIEE, mEIeNNSRME. BiE, 2ELE
ML MG EZBREGS TRATKSRE, BN AEER—RA LK,

o SEHIEA R SRR B RTL TR H TR MR LB R, B h1b 5 01 18w
Ihik, il A RO M SRR IR B AT .

o JDAJE G YR Verilog MIBHA RS REH RTL 84k, SHPEE RIS MEETE.
A EEZITIE T HE RBER RTL #:REE TR0 .

o @it R FERITARRE/PAOSERMEES R, B OERED T 284S TR
IERMERE.

o BT R E B FBES M ESH AT

RERGE TEATFRITETCERRRERIT. 48T, BRREEERE—THHEITH
A, RTL {MAREEES TR EZNHHKRERMSR .

149 >)7
1. % 65 B RTL R X T — MR M meE . SRS IRaN T EREA%S
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oas. RALEEs, FHGARIRPORE . EEMEABERME RTL MNTENE L, REENN
Lol
. DB 3 TRA x, y Mz (BIIAHA ), A BB D () M B ({E6). DB
MEEEFAMT .

D=x'v'z+x'yz’' +xy'z’ + Xyz

B=xy+x'z+yz
FeWarimS Verilog RTL 8. (FRGHANILATZEGAZLES. kR, FH
A el . R REEABRIA R RTL FI TR M 2 F, thBeiIsEiE.
. {0 Verilog RTL #8114 3-8 1RG5 75. SRR 3 EA a[2:0), PRIDHMEHE
out[7:0]. M afZ:01RT | BRI MAIMER 1, HMAR 0, MRS UNA MM TEESE%
PEEDAE. AL RS, FHERE/, BREREEN R RTL fIIRFRE, HEREiINES,
RN AR T Verilog RTL 338 . B HEFF— I RBEEARMFEBE M H (B8R,
e @ (posedge clock)iEHIRY always T8 ). R SHIME WM TEEESETES.
{LRLES, RN, RS HR RTL #iEME R, TR,
. ERFEBERRE L RRITT— 18, BT in BF-HNBAR. BYENaE
7 10101 BF, % 5B match WIRIEAEE T, reset T RIRE A X MR B, HASH
ck TS mEBRANMES . FHGARENERTZESSHER. R, HHXR
BHuEE, EREMESEEIA R RTL MIIERFE L, KB EITMEE.



BISE BRBUEHA

MIEGE XL L, Verlog HDL BE R EEBLES B MRS/ ARIES . Verilog HDL F&
RARATETIERG . AEHE, (FTEEENSARANGE, &3 B ML
MRS R ERRT, XA B RE SR 4T M A o H] R

BEE IR TR EGE A — A AT, BB I BRI S, DT
Bk FgETE S T 2 rER 50%E 0%, #id 7% rEReTE].,

WFERYHARIDN T RIER RB0E T, AT AIE IR AN RIFTE. X®TH
REZAERE A S — BB, EVEBRRN XS 06 B P i4Hs, A
T 4 5, B S P O TR 3R

XX AFTR, BEUFEHRE T FESRIEFEARIETE, X siRir rk i
ETHEHRIE. B2, Veriog HDL KR METHMIBHAE L. XHRIEHRKFEBELXX
#BF T Verilog HDL A RIERR A B 0 P AR X S R AR B Z AT S0, 1B X Verilog
HDL B9#h5E.

F 3] B

o F UAEERIERENS TMEBRID -

o PREERESMEBMNED,

s BRERBRKICES (HVL) MEAFE,

o MBEMAFH BB ELTLA.

o MBS ESERNEFIE.

o HRBMEHA.

o HBRHEREINR.

o HFELRIERR.

o FiREHABHEH R,

o FXENMERE.

15.1 fESRIEIERIE

B 15.1 A TEENRIERR, ©h—SmEbRAR. XHKERAEIERfEHTRS.
X BRIEGEH TR AN

ndE 15.1 iR, ERNRIEREQILIT IR

o EEILHARGEHRBTIGEA. ATHE M EERNEREHEITTR, FENRIK
AR RO RS AT, DERHBRREREN, X— @R R G
RUTH AR RN . BOTHRBTER P RER I 52

o AT, RN IR IR XA R R T AR
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AR REAKES . MR, A Verilog HDL fiRAYTFFNIETT ( Design-
Under-Test, B DUT ) fahnlitim . 752 e ohReimiCHsE o inix se e & . Hava
Vi 2 T EL AT LA A Rl i o o . 3t T L o T L e A R iR

o DUT 7EfESEREEf B8P (I ( DUT @& @M BT TRISERL. i SHE TR I =
AT E ).

o WRIGAHITRINAE R, S TAS B T L XA 0T LAGE e o R IR T AR A R i T
HFET5M, ol LB, Bahke DUT ff e & Perl il 5
AT H S B E e R R AT . B, AR R AT AT of AGRIERH ST 2
FTRFIE. UNRERIEE, MRS SIS RTSn, FEWME 7T 8RR, U
IO HE THERSEHRY.

o AR A T SR L et A T e Lo e TR R S A AR, ARG FRRE (R ek . R
(5 FL L B3 T T = A B

iy Ee

B~ o) e B i FF 4 -

o EEEE A DUT ( BRI ATE R
o (b T R I TR

SN =

e

151 fEHeaT b

AR, S BiEdR R A S AR Verilog HDL 52l B HAT Venlog HDL
IHRGIE DUT M, EEERIEREN LS WBaIrSEat. TS TRis

4 e e -

1511 HKREGWER

A B BT R TRIMRHR T AR T — AR . —MESLT . R E
th, HETRIGHOMERTIL T, FABEYREFERA BRI, P, MPEG @i
HAW D e, (BRI A S8R 2 B AOHF SR R RRIRE . RETHIETINTESE 0 1L
HORFMR 5, t R R T — S A B e p T RE R AL BIRR A% E] .
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SR APV A TR el FAOEAS S SE . At T R SR T H bRl AR il 4 o

S PR A R € B CHE R . RER Co BA AT RSN TR, (HERGELH
HDL P47 . IRTFSEES . i, SRS MR BB & A8 A TE ] AR ch S Bl o SE i3
TR B TfE, Bl R Ay I et M AETRIR .

K T pe B, AR THESRERES  XE T AR C+ i) 57 R0 4564
¥ A HDL TRt Fa e, HdEREE S EW AR ERERE .

FAe it 1 A RERY &R H i R E R RS A G EEOR S KM FraEma e
. BEREGES T B SR G ET A N Kl [P S RS MR R Verilog /) RTL i
HAEEL . 3. 2k RTL 2ot in ) ASIC i MIKAERE ., RARFEHmE s, /M52
fiff & A LR % i LR — 1B

B
B 152 SSHOEER
He & Al LA R E K15 H AT A RS EREE S NIFaveE.

15.1.2 IThEEIEWEIRIR
s J T RB GBI TT L 4 1L F =i Bt
o BIBGWAT. B R IEE 2 MR Z TR, IR RIBHER G Verilog 52l
TERA N B 2 E T A R R AL RE . E A8 B O LR M 5 H A B b g

BAE— A L.
o £RERIIE, 20 RIUERY B A7E T FRAE BRI R R AR 1 A9 A7 i H $5

= WAL D i
o Y RIHE. §ERAEH QFREBZHHITA A% RARHR. b Tl EEERAE R

seihsE . HFH ATREEESERINTPE S EL, PR BT B

e ShAESGTIE N B (1 2 (61 BB HL RS & A0 DTS00 ms . 2 sl phy S E T2 UDEAT, A2
U A SHRE G TERE . ST LTS, ERSFILERUEREN. Sk
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AL IR 25 1B TEREM ). LLOE(TEC 4 TR MR 37 %"

.
Wi Verilog HDL 25783{T, i&it# TR Venlog HDL AT DUT I M SIRESR WEFF A5
{4 AU A4 B F HDL B HEEFRSE
o filliXF 4 (testbench ) #i HDL BB, T IE%AES A DUT Si& M DUT BERREE
o D) (Had ) SHREMIEH-RI P AR o RE E S RE ST, IO T IR o -6
TR, FTHAREE AV ARG B DUT R4

SR, BEE R AR — ] RO ERACRRIE, ZRE A

o AR B At 2 1 Sk T A A A T AR R SRR 2R (] -
o WHETE@R AT A B Jod o SR LR S ) AT AR ) e A0 T AR 1 PR R
o R e A 15 R L PR R A

o WABMATRIR, HAEH A% HOLENLL

o QIEFYEY 2RISR REME, BT LA U T LIL S

Ja T (il i B s EL A O Ry A T AR, SGE TR TR 1 ) R S R S S
R GRS . SERRIEES (HVL) AR TETRmelss. MEebE r L
Fifi 7 HVL B E AR 8 -

HVL ek, EAENHE Corrh PR A7k 5 HDL Fatf it M ras o &
fe—k2, EiiiE AT RIE. HVL thf B F oty 8 ahk i, SR T 2RI o) AL,
FER A SRS . W IREhEE . BuiRke A, MURAE B S AT B, AVL RARAER T

illEs SR il an=an GhEVE o8
153 B 7 MRS AER TERF A A R AR . HVL KOAMuR®S T it Gl itk

MR AORE /1. HE#. Verlog HDL #2618 DUT W EE L.

‘IHHHE!P 1!IHHHHI'
9 Y 4 I 3 A58 0 B - il iH FR Ui ak

B 15.3  H il 40 0 ER A R
fERT HVL g9 ks, KREm & 5HE HVL (HERE (., DUT Hi Verilog {FE&{HE

0 AR IR R R TR AR A AR, SR AT A AT L S
A b it #



234 Verilog HDL $ %+ 5 %4 ( $=# )

HVL (i 55 351 Verilog {7 E 2550 1 M 8t , 74 (i BLEE L. 18 15.4 JBn T X3 i — Tt
HVL {7 2L 58 #1 Verilog {4 2185 FE J 4~ 37 4 FHE T HilAd Verilog PLI £ 11 #HTill {7 HVL
(5 B30 B O F U AV AG TE R, AR, MR ASRRNRE . RN . RdERERE . Rl
K B AV S4HTR% . Verlog {h RS {HH DUT.

R

A 154 HVL (HE3EF Verilog (R 88 ZRIAYEH

HVL $5 3 00 st 24 sk £ R R HVL {53088 |, T AR B, Xeeimss A%
{F Verilog HDL {FEL85 P FAG s AR, T m¥ it XM E.

15.1.3 AR
£ = AT R AT L. SKOFOTED. BB A O

B4R

Wl B — M FiE T3 F Verilog HDL (it #i0F SRS TEe ¥ i 11 W Lol i 35 A
. A Verilog HDL {CEB7ES PP BT . il E sp AL TOCT TR Ak i
AR R .

i i T TIN . SPEE RS A E R T VR, BT TR
B E. BT EMERAEmEREA . L P EmEE AR, EAFMNE ( Hardware
Acceleration ) FIFE{E( B ( Hardware Emulation ) 2 7i&M & .

FR 1% hn i

ET AR R TR ERT B, PRI TR A (T I, TR RS 5 .

{Ei AR, BT Verilog HDL f95 ik 83 o] 5 Fic 8 A9 BE (R 4L - B R
B, ARG GEfEINER ( SURRDTECHTE ) A AT U O RO BT AR MR = R

A T LS F FPGA sk S FAbiess. (iEchesr miipsr, H—hifHiisass, (hEh
454 Verilog HDL {R8%; H—hEfHhniss, (FEpTA SIS, B 155 & T WEfFim

B Y5 IE J7
Gl 1 Fi] Verilog (i 2088 8¢ HVL (i SLAE W EREfF - (77 S0R8% 71 GE {40 i a% 22 T AR LM die

PSR
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()
=) ( fﬁ{ Y

B 155 0 E

s {1 sl 8 T LA 7 L0 (] M A£G % UL Mg, B RT AR SR R ] 2R
e R, FERFEARAEIAE. B s R e TE SRR A, X E
& HAHRICAY ENIE ( regression ) (HELAERA M. B, AMIEGEHE BAEH A B R 05 Rk
B 0

i B e T OC T ITRE (NS SR EIEA R E B

353150 !

i (45 B ( Hardware Emulation ) NFRTEHR S E ( In-Circuit Emulation ) sEfE2E{F ., Bt
S iy B e Y A P P R TR AT R . IR TED R IE R B, B i
ENRIERERRC S EREE.

i {7 B A — > A R A (o A S AU PT L PR S R A R 4 1 BLZ ATkt AT, e 1T
AN s T RA . TESK PO ELPR AR b LT 2R 1t RE i LCE

S s Alng . o TR A B ARl B i Z AT FE R i BTl Ak e

R, shEA TR 2L LA

1. fdhns 28 a3 Bt S 2h UNIX #{ER 5.
2, MPEG &k it &% S sh i miFi - B fefm L
3, g B B A S S R R R k-

et FEFEEMRERE P EENRIEP R, Eid PR LA R Rm vt
EEUH. (HE., SRS A ER T a M, NAEM®EERE, 3FH 5850
FHI A LTS (hook ). BN, fefFiEAEE DREEEHNEAY UNIX #IERGUT
{RE, ATREM BRI ARtz (A], R FHRE (4 O S0 T LA fE 80N 2 A F 3l UNIX

=
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E 15.6 B T M GOR 10 B RG0S5 TRPEOT SR — R S B R R AL T
L8 T LA TE S5 ELSS s JLF SE 2 — I 14 Fisfr, STeSehili i fr i Pk R A 2251
VmﬁﬁﬁﬁﬁﬁﬁﬂLﬁﬁL%&ﬁﬂﬁtﬁﬁm A R LA EaEfrid.

B
sm)

R‘H I Mappln

P i Y

Eﬂ¥b

E 15.6 AR

GBI R B —RETTIE MHz AR L. ENAOH AR 5 B B IS AR AL B ).
(. /SRR R O LA R D S AR B
W E LA T T TR RE (i s a0 S A SR

15.1.4 54
(G I B — A BB BRI, WERSWTAE.

| B R E S 0 A B B
1. BWMEIE A e AEN TN

H T AT ORI AR X B TR, FTLARMIVFZROINE, QT As:

TR T BRI Pt LU AR A R A AR [ A AR A

S, R S (LS WML I
2 BETAaAIGETMER. T H R AR AR W A S, EFiAFEEHA

DT 40 (1 P RCHRE B AL IR

AR e, JEREER . BRI LETT . BT A TS A A i B o O S
okt Mm s AR e i B TR T AT, TR AL B, ST
R T L RN . TS ARG A PR S AR TR
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1. BiERER
2. KA

BERAESERITANE T MHE, STHAKHHEAYE, SHURKREZE. mRIAE
ARZ4E, FEETRGIZIERE, WHEREE. MRREHRRGER, A ARIER THE.
i FHES R SE PR A & . D08 K ADKE R R B FELR AU B ERIDRIIEREE
e SR DRI IR EH RIMEER S IKELR T, DUT HREEREAR IR, RERH
PRE AR IE -

PR R A R R A B A RS R B A R s P . R T MK, FEAT
MAMEIE, FEARRERGE. MRBAHRGE, MRl TR

BBk R R BT A A LU TR TR, mAHMrE MR MIE s, WRE
R AIREE, R E T RUA— G A e 8 0 R R B 30, FIanR nRE .

15.1.5 B=E

m B A AR BRHE TR Al LA ESBM T, BRCE&FF A H 58S
FERTEARMELE, EAWMERNER. SWERMIIERE.

EHRE
MR AR Verilog HDL fAHSHMIEH, TLRH ARBRE 2B E RSN X8Ry, Oig
3P EERBMMENES.

1. REES. OESHNERRZERSNE AT BEERENSIR. R, AHE
& H RS E RTL ABgE LT, B4 BE, WMAEMLRiTsheE. REERT
BRI EFEE, HERERIFAARES, HI{VREEAT 100%0E. Hik, {UEE
wARHM, HEAR— B ir.

2. BRAS. XE—MEHEANBENE, EHE EHTHELARIE. MEEREN
HYE 80 EEN, MREE-EAMN OB 1 SEM | B0 B, EatBaEaEs
HYRRIIE.
WEEERERARIEMNEENE. EAEBFRIERER . (ARBRERIIENG#ERTC
ZH, BEEEAEEERIETE . Y TEMLEBEE R R E R R 2B
e, EHEEEELRIETRE. BRESREEYRERWEEX, BREMSHER
W HRITR B X R IEE BN

3. 4%XWE. A BEERERERNBETRA RN CESFHIREL T . XMESEER
FRELENY, EARTESH.

THEEW S

DREEENRENAERERT., EEERANT S EMEAREEEEANZNETH
ARELEWItT. 1ot, THREE EREERMA RSB ENR, AFERERREREB.

W LB E RTL ACES TR AR 8 4, B0 R & 05 R SC 3R 2 pY 0 200 1898 Th AR TR 26 Al i
A, AN, 2Bk E AEREY FIFO #od, Ml ERAMAEARE NIRRT, @il
AR, R TIEEREENER,

WX EFHES T RTFRTAEE LRHNEFRRNER.
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152 BT

A — BTSRRI R R REITE, NRIERFERE T RN AR HCE,

A EHIEEPEEITR TIFEFHHMBAETHE, REHEXBI— W i o s
W7 ATHEEAL YRR SORNRIE, XETEMERT AERIERE, TR
fEF BT AR HHE B A REREFTIRIIE .

E TR - MRS, EREERGTRARSHER. FsRESNEEANE
ISR UL -3

Wi 5 R BT A RET, AR AANTE

o FHEMIEMRSS ZRIEFRR,

s BEHSHRGFEEHERE, FERE, BER.

¥E RTL S, K5 ol BT iR —EE Verilog HDL fHRIEIHUAFT Jr. Tl X FAT 8067 .

o FSM REFFH A2 BB MM 4658 (one-hot) (HFE ).

* FIFO B & S s A REFBT G (BE )-

W= ] L R F A BRSNS O R, Blin, AR S AZEENBRERR
EE0 s MR Z A (BE ). XEEENREDRPEBERIEERE AR s m U St

RTL fCHB&EE0, HANES HASEME R THRNERSER, MANGTEEEEIRE
WA NER. DEE S B ERAE R EBRE SRR 3. B 157 FoRE
F FIFQ O it b nf i AR ( HRERKRRHAL—FEE ).

gt
SDRAM
®O

{7 #
i

) HHEET @—w

——0|0-9 .. &

el

— 2z @— #———

B 157 Wigts

WS AR LIS 151 B PHEREEARIERE —E6H. #I1-EE FENSRERERERT
BeER S . DS EHAN], RTEX —E B S R A R, BT E AR RA T AR H sy AL
ETEr=HWEiE ( Assertion-Based Verification, Bl ABV) HAEMTHE:
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|. ABV % 7T WEE, ABV REUBHL A LA (o] MY AT B PR T K -

2. ABY B TRIEACE, WO TS SHH BN TEMRE . ©F TEEBRELE.
T RRITAEGS R 015258 0, RS TR R AE 2R B 20808 BB 1 H 5. (06
TRERRIRHRAIR S, M Tyl fa], AR iR e -

W3 E & T X FiiTHET S & TR EFANEE.

153 FXLIEIE

400 AR GE A i R Pl 2 (R TR, SR 2k R O B R A A A S S R
¥ ( property ) BEIEM  ( FEENRE EGR ) BIETRESE R HEA R, HoThE
ARG MR T A . BRI IR TSI 0 IR R A B TS A R . (RRHEWIRY
A B, AR AT EE AT O B RBAE ] B R R0 . U RIS AT LA HAE RTL 92
BIT M2 A, UERTEE e aY DA R e A HAY

T AL H I T EL I o RN ( manipulate ) — P58 FTA OTHE TAERS R H AT B R P 2
HIEM. AN ST A R TT A BT O BT S PR as e i R ST R
T E e — 205, M2 S HATT A AALE . 485 %5 1 UOBERT RTL fCRSRaY W = 2 EaY,
R o AR TR ALE AR, TSRS E T B T fEA: RO Rk A S0 i
(A, ixaedi A AP RETE SR et . FEHRAE AR R, WUAETE S TR i AR L By
AOIAEAYAT T, PEGE RS B e

[ 15,8 @ T AL IAE T RARHIER R . fERAFH RN T, TREGE SN — 4 Em
Wi, s HR O — A Bl T SRR AR

e RE T R

F 158 R fbeurmne

WAL IR T B 57 R0 A& At Fril e A asEfrE RR R B Ew,
it 10000 MILVE, EA2MTERIENESER EME, T RA9THRm flf ARt ACKIEm .
{ERE AR ME T B AR PR R R B TR AT 3 | 1 R T 96 ST ) 5 A2

0 WiE S AT, R eaeiE s, SN R T R 6 A e e
FRERAE TR0, Eok. SR T e, R 2 R GE TR AR 2 1] LAk R A S
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BB 2. BREITETRIEMA FRA (AL GIE TEE AR REBEIFFRE ) Bk

AR s T 7 B PR
%1 T FRHE R AL RE A e A8, SR TR RIERAR

15.3.1 ¥FEN {8
S 5 A0 I 12 G A D0 1) 6 9 R T AL AR 57 28 SR TIE 34 A RE N B I i 0 e
GOl PR LRI AR B A T IS -

LA b TR Esih . MR EAEE.

A BT R S T IER e e HAm R

H A BT R A S L T A

ST A AL T M O BLB A IR A TR EG LA %T R NI KA PR ARG =, Bk, BT
fE M A T 05 LA R 48 38 PR b £ {7 SO AT B A AR 245 o B A 4o -

{F Verilog {HECIE], 4518 TRTRE, HHAEWEATTERE R IR ZF
FARA B, ik sy 4 Ml SO0 5 sl i3 i R X Sl = A a3 . IR T RS R 077
FAE LA AR i RS A PRIB R S A e k. M REE R T IFE AN H E
PR AR T By A" L. B 159 JRoR TR AL TRARNERE -

BN

FEALLIR

B 159 CEHEAERIEE

D3 B 26 A 200, IR AL R A RO E R B Z K. MR E
& T MU ALK T A AL IAE A i AT TR AR R
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15.3.2 ZHMHaE

RTL it i #ia & T HARMUS el (18 M, Mesidhmfodsk T R85 AR
R PR ER AN LA SE B, DA AR A 2 B2 G A ik S S L P L IR e RTL BT HIZhRE. — Rk B/
Pz AT BT, Y RTL S8k (e Fl vty e e 6k, 4 1007 7408 P00 28 1 400 B0 88 £ S SR A7 i i
g AR AR RN, AFFEICIRZR.

ZMMERIAL CacTEE SFNEe AR REALRET R, EEiR TSR
# B A1 5 Verilog RTL (F A HIFERYZIRE. FHrvERs & s Gl skt RTL 00 19RmroeRy, did
B M e eI EaSEMYE . BRI, THRESEIE AT LASE 2P RTL £, JLF AR R I

B 1510 e
B 3% E P MimiT S MEte A T AMIFAHEE.

154 /%

o (EUEAYITFFFM L SR T BLA B0 ik . AMC TR T — ARSI S fristi 109
BETE,. —BIRTEE TR, AR E Bl ORI E . RIS, R
B IR R B AR, SRSl T RAE

o (KESH TR AEREMEEILITIRTSMER . RO —BA AR TEN
AT R, B MO B AT TR Y (RS RS A TR R R
R

o Db IERR O o A e B AR . AR A . RHMHENES . SRR . PR
AR ETVRE BRRBIEES (HVL) 0] L E R G B i eIy

o Wl p AR RAIMATAY Verilog HDL Btif (AL T B e hnisR e by B 42 5 1L T#
4. WOTRASL ML RO EEEETT, FIRE {0 B RS 1T R A R I R AR e
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BB E R E—H.

o B A E AR ERGE e oty B e . BB SCBIE AR, B 53R
WA AR E R FERR. MBA BB ES IR TER, (FHE &L,
FRAEIRER .. BREEFHEETETRUBTELT e ra R ot A
HIER.

s AL, KASNOXIARTE - PRUNEEREAR. VR NAENHRE
wit. TEER B GRMARRSHE R, SR NEMRERE. BEERR b
HHARGIEEREN-

s IENEE-MHRaRIEA. ERERITHNARSHGEER. MSHEEE T MEE
BAEARE. BT EE A REREARITTECEA b, mRAE—-SWERaAM, &
THEREREBIE AL

o BXMLEIEE RN, KPRAHTHETELUG R FIEN A &5 R E 8
Pe. HERE IR MR AR SE A 8 FH A ) B 0BG DE R S8 AL B IE AR X DIRE AN U A9
RS AR, FMHEREE-MESMABRIETHE, Bl RIL 2R, RECE
BLSEATHIN TR A MR LH 2
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bk A A BURT R S e b A e X

Al SEEE

Verilog 1B = M5 S BAZRMEMREE, FREAEM A0, 1, xfz. BHEBEERRE
Vi MEE S —RAEE, RO R M BB TTERFT N . Verilog i85 SHLE I JUAF
B, £ ALFIH TR RESRENFAED. WBAFRARBRBAHZMPESH. g
BERRK A =5 HFaE (trireg) HBRIRR P AT HEE, X— L ERERASEITE.

RA1 B AR
@ H & 5 # 5 g K o fE % B
supply1 Sul iR 1 K Eh
strong1 5tl A 4REh
puill Pul ¥
largel Lal i
weak | Wel 42
mediurn] Mel i
small 1 Sml F 1
highz1 HiZ1 553 1 ]|
highz0 HiZ0 w55 0 yer B
small0 S0 A it
mediom{ Me0 il
weak(} WeD 3K 5h
large0 La0 TEH
pull Pu0 W
strong( St L
supply0 Sul £k 0 gah

A2 ESHIRES
B AT DR £ RN RN ERES RS, BIFSHNR LRI
5 (HBTRMENEEBEEL R G M, LT BT

A21 EHEHEMEEARNEZIMES

ERAMEE B R EFRERC A (TLEMERD L NEBRE TN —R), (HE
A, YEfREHE R, Dig i ES RRENZ B ERaEANES
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Sul
Sul

Pul}
A22 {BHEEWMEEHERZ M ES
EWAESNEEENE, HREMR, SRR — R, T a0
{H 5 x ( AHE ).

Pul
PuX

Pul)

A3 FREMEE

BAHTE FARERIERRESEPHRE. B IBERNINEZN, BEHMb LR
LI FHFIEE . Verlog BH AL T BRI MFEIES, AL JnZ 8RS @ s,

AJ3.1 tri

KT wire 7 tri TEIEZXADIEE L RMFAN . ZHUAARRNERERTRARMN, XBF
wire RN A — 1IR3, TRET tn RIALMEG LS. T EMBHLHRIAFRELR

HAZ T tri B ERIEAT,

rmodule max{out, a, b, control);
output out;

input a, b, contrel;

tri out;

wire a, b, control;

bufif0 bliout, a, control); // YMcontrol HEN oK. s (W), TRz
bufifl bziout, b, control}; // Ycontrel 5 H 1 HEE A b (BahE ), FM% =

endmodule

£6 M) out B b1 A1 b2 HAEHILAEFMOIERIKSN. X bl A H N afd, b2 AT =FTHNE
RS, RREASEHTEERAR. WRE=E () KM LEBHEFHE, /ILUFEE
ZO-FLURR, MEFENEEYREEHR, BERHNMERE, MZ=% () &R D28 E
A x CEIFRHE ).

A.3.2 trireg

KEF trireg HIRMEERTEMEEA DL MEIER, trireg BE KK IAREH SN
medium ( BIHFEE ), trireg RIZ8 M R GEART T rIBIRCRZE R K-—Fh.

o WERE . BOA —PWHNBAIRE P L —ABHE (B8EEO, 1, x® z PHITE
—F ). Z{EFFEAAETE rireg BRI, ARSI EE SRR

o BERE. WIZAMWATARESHEREARER (z) ., BZeMERFREREDIE,
KB R HA LR small (/b ), medium (F) 2 large ( X ), BUAEE medium (),
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trireg (large) out;
wire a, control;

bufifl (out, a, control);// ¥ control ¥ 16, &M out BB a2 B{E
/f M eontrol 250 8, M out R 2 BREHE
/7 MAREESES (z) , WEHIY large

A3.3 tri0 FA tril

SR tri0 F tri1 FISR O HEBE A Tz ( pulldown ) F1 AL (pullup ) SSf 8 R 28E
BRENENS , tri0 BB R B RME N 0, FRE, MSHEWEER, i1 AL FMELZHEEN 1. HERA

MR FR pull.

trid out;
wire a, control;

bufifl {out, a, control); /; Y control X 18, &M out B8 a KA
/f M eontrol o Af, M out R O
/7 UAREREHES () R cut FEE N trit &,
£ W cut BIRGAEKEE R 1, MR O

A.3.4 supply0 FA supplyl

47 supplyl FR R IR T R, XHF supply0 FIR pHLEE SRR, FHEY supplyl &R
supply0 AWML R, HBBEREERAEY, HIRERSD supply ( B5RAVEERF ).

supplyl vee; // FIAEER vec R FMEERDEH
supply0 ond; // FrAEES gnd B2 MEEED]

A3.5 wor, wand, trior A triand

T e, R SRR i RN, SEEIRRENBRE x. KR

A FE IR, AT, AREEXMHEE, YeRFEES MREhREN, SETHEEA R 5
REREAAT I RS BB, 54 wor, wand, trior #1 triand ] LLFESR A HX T HERE . wand A

LRI £ RIS E T 5RE. REA A EhFEEEBMEY 0, wand HERHZEE
5% 0. wor BRI EMBRIBINFINENTREE. REF-IWHEMERER 1, wor
RIZE R BB BN 1. triand F0 trior BUZR RRNEERIZhAR S wand 1 wor 2RI EIAH IR .

wand outl:
wor out?;

buf foutl, 1'b0j;
buf (outl, 1'bl); ;/ H¥ outl £ wand LM, Al cutl BinEFREREN 1 b0

buf {out2, 1'bd};
puf (out2, 1'bi}; 7/ H¥ out? & wor B&R, A cut2 BEAER{ER 1'D)




ik B PLI TR ERN

BRI T acc A0 tf_BE2 PLI FREFAITES. PR REE VPLFEF., FEERPF) Y
TEITFEFMEZHATRTIER, HETHENNE. MREEEETHRE & PLI FEFRESN
M5, 6f#3% IEEE Verilog #1544 (IEEE Standard Verilog Hardware Description Language )
P =

B.1 #F
xR AR AZIEN FRIR:
¥ & ¥
char *format e AL T
char * BRI IFAHBAiE
A i S X A R ] 2k )
* 15 PR R R RS

RECEIE 2D

-------

B2 FHITER
HFRFEFRLORAKE: % (handle ), /54 (next ). {HAEEERE ( value change link ). X
{8 (fetch ) FHEHX ( modify ).

B.21 AIWFERF

AWRTFRFREHHER B AR, R FEFNAFRELUAIE acc_handle_F iR, W
#B.1,

FB.1 AMTERE
B [E 2% & & B ) BRI A
handle acc_handle_by_name  (char *name, handle scope);  Object from name relative to scope
(IR E A RIRaTE R ) HIXT N H 2 TR
SE R
handle acc_handle_condition  (handle object) ; Conditional expression for module path or

aming check handle

(& E R aififam ) URR RIS T
RS2 AR I AR A

D VPL 1% R IEEE Standard Verilog Hardware Description Language 3 44.
2 ATRFER, FRFPHNERER TR -NHEX, HEESE. —FEYE
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(HER)

B m xR

£ W

TR

B &

handle

ace_handle_conn

{handle terminal} ;

(et net connected to a primitive, module path, or
tming check terminal

(3 B BRARE [ ) BRI | KR
B R A IR M

handle

acc_handie_datapath

(handle modpath) ;

Get the handle to data path for an edge-sensitive
module path

(AR B B GO0 1] )P0 R R R A L
e

handle

acc_handie_hiconn

(handle port} :

Get hierarchically higher net connection to a
module port

(38 [o] A b R 1o ) R B MO O I 2 R
HIE M

handle

acc_handle_

Interactive_scope

{).

Get the handle to the current sumulation interactive

scope
(AR B Ryapide e ) S A48 #2385

handie

acc_handle_loconn

(handle port) ;

(Get hierarchically lower net connection ta a

module port
(38 ol B RitpiAE o] ) iR P O BBk

B % %

handle

ace_handle_modpath

(handle module, char *sic,
char *dest) ; B (handle
module, handle src, handle
dest} ;

Get the handle to module path whose source and
destination are specified. Module path can be
specified by names of handles

(iR [ B4t ) ) BLRERER, ERRAHEE
HURR Y. BIERRAAE O LU R A

handle

acc_handle notifier

{handle tchk} ;

Get notifier regisier associated with a particular
timing check
(EEKmIER ) SrRMEeFRERTXR
bR AR

handie

ace_handle_object

(char *name) ;

Get the handle for any object, given its full or
relative hierarchical path name

GEMgiER )RR, ARKHITR
fy 2 B A R A

handie

acc_bandle_parent

{(handie object) ;

Get the handle for own primitive of containing

module or an object

(R BIRAMRRE N ) OO KRR, SFERK
o ;3

handie

acc_handle_path

(handte outport,
handle inpaort} ;

Get the handle to path from output port of a
module to input port of another module

{38 ) BRI ) ) MR SRS H) P BA Sh—
- ATRE A T RO




MEB PLIFHFAE 249

(X
T s 2 I IS
handle ace_handle_pathin {handle modpath) ; Get the handle for first net connected to the input of a
module path
(3G B AR 3 I SRR RS AR — TR
handle ac¢_handle_pathout  (handle modpath) : Get the handle for first net connected to the output of a
moduole path
(8 [E AR TE I ) e B o o d B S~
£M
handie acc_handle port (handie module, int Get the handle for module port. Port# is the position
porti) ; from the left in the module definition(starting with 0)
(R AT ) BRRD . 4E1S porttBldR D
Mt 8, TERMERRETE N, AAigFiid o JE
handle acc_handle_scope {handle object) ; Get the handle to the scope containing an object
OR BT ) 878 R
handle acc_handle {handle Get the handle to the net associated with a collapsed net
_simulated_net collapsed_net_handie} ; (EEAIHRTER ) 5 RBRGIZE M4 X R A2
handle acc_handle_ tchk (handle module, (et the handle for a specified timing check of a module
int tchk_type, char or celt
*netnamel, (32 @ F) EIHRE R D3RR B TR R P R
int edgel, ....) ;
handle acc_handle tchkargl (handle tchk) ; Get net connected to the first argument of a timing
check
(I o T ET A6 1] ) SR F R E RIS — TR
25 M
handle acc_handle ichkarg? (handle tchk) ; Get net connected to the second argnment of a timing
check
(R EIMRHATEE ) EENFRANB TR
£%
handte acc_handle_terminal (handle primitive, (Get the handle for a primitive terminal. Texminal# is the
int terminal#) ; position in the argument list
(IR M B EARTR A ) FOE D, SO SRR
FHAAR
handle acc_handle_tfarg (int arg#) ; Get the handle to argument arg# of calling system task
or function that invokes the PLI routine
(R B AR )iE 3 PLI FREAF B REES
RREHNERS
handle acc_handle_tfinst {); Get the handte to the current user defined system task or

function

(38 Bl AHRTEE ) SRR P LR AL R
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B.2.2

EEBRIEFIZF

AR TR RE — W, ERREM TP RS EN REEF R PH T -4,
NHRETFBEFNZRERLUAIR acc_next_JTif, FHIESIANSIERNTR. SIHMNRARE

72 current_, W% B.2,
£B2 RHBRETERF
B A % 8 &5 W L3 U IR
handle acc_mext (it oby_type_array| ], Get next object of a certain type within a scope.
handie module, Object types such as accNet or sccRegister are
handle current_object} ; defined in oby_type_array
CIREIEHIRTE M ) TR ARy F —
R
handle acc_next_bit (handle vector, Get next bit in a vector port or armay
handle current_bit) ; (1% E f eIkt m ) B O s Be T —o
handle acc_next_cell (handle module, Get next cell instance in a module. Cells are defined
handle carrent_ cell) ; in a library
CEEIERERTER ) SHRP T —P s,
BuAEREDE YL
handle acc_next_ceil_load thandle net, Get next cell load on a net
handle current_cell _load) ;  CBMAIREER ) T— IRkl
hand]e acc_next_child (handle module, Get next module instance appearing in this module
handle current_ child) ; CRE AN ) W B AR ch iy F —
B
handle acc_next_driver (bandle net, handle (et next primitive terminal driver that drives the net
current _driver_terminal) ;  CGEBRIBMRRE R ) F— 53228 M6 RIS R
D Eh#%
handle ace_next_hiconn {handle porn, Get next higher net connection
handle current_net) ; { BB RETE R ) F— B a2 P
handle acc_next_input (handle path_or_tchk, (et next input terminal of a specified module path
handle current_terminal) ; or timing check
(R B AAIRE ) ) T— P8 e SRR E i 13
RERAZLR
handle acc next_load (handle net, Get next prmitive terminal driver by a net
handie current_load} : independent of hierarchy
(B EREIAELE T ) F 1 th 2 ar 28 3R =h
HYy iR L)
handle acc _next loconn (handle port, (ret next lower net connection to a modvle port
handle current_net) ; CRE HragiEdE e ) — R Sk 0
RN
handle acc_next_modpath  (handle nodule, (et next path within a module

handle path}) ;

(R HaiRtm ) BERARE T — e
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(&%)
g E X H # # TRy E Hm if
handle ace_next_net {handle module, Get the next net in a module
handle current_net) ; (I R RIRE M ) ERAE T — RN
handle acc_next_output (handle path, handle Get next cutput terminal of a module path or data
curreni_terminal) ; path
(1M EE R )T — TR RS
HiRRA N
handle acc_next_parameler  (handle module, handle (et next parameter in a2 module
current_parameter) ; CEBI R RIRERS I ) R A) T — 2%
handie ac¢_next_port (handle module, Get the next port in a module port list
handle current_port) ; (IR [Pl HiREE ) BRI (1 B3R i F—A 3 0
handle ace_next_portout (handle module, Get next output or inout port of a module
handle current port) ; (R B S ETRE P R F— R SR AR
4 Cinout ) L
handle acc_next_primitive  (handle module, (Get nexi primitive in a module
handle current_primitive) ; (38 [0 B eI ) ) #H B P — i
handle ace_next_scope {(handle scope, handle Get next hierarchy scope within a certain scope
current_scope) ; (38 [E iR TR I ) SR I T — K
handle ace_nexi_specparam (handle module, bandle Get next specparam decleard in a module
current_specparam) ; (R P M AEIEm ) EREPERA F—1
specparam { #FEZH )
handle acc_next_tchk (handle module, handle Get next aming check in a module
current_tchk) ; (R BRG] ) RPN T — IR
handle acg_next_terminal (handle primitive, handle Get pext terminal of a primitive
current_terminal ) ; { &l e AadE ) ) RGBT F — Mgk O
handle acc_next_topmod {kandie cumrent_topmod) ;  Get next top level module in the design

CGEEpY R ] ) St T — A TEES

B.23 {ETH#E (VCL) TEF

VCL FRF AT H P 25T S AT E AR X F 5 R B mAER % . VCL TEF &
R UIETH ace_vel_JriG, WHREHE, WFEB3.

#B3 ELHRETES

BB X®E £ B 3 EIE. iR

void acc_vcl_add (handle object, int Tell the Verilog simulator to call the consumer routine
(*consumer_routine){ ),char  with value change information whenever the value of
*user_data,int an object changes
VCL_flags) ; T Verilog fiE%S, —BWREREHTE, A

REREHE R BN TREF

void acc_vcl_delete  (handle object, int Tell the Verilog simulator to stop calling the consumer
(*consumer, rontine){ ),char routine when the value of an object changes
*user_data,int &1 Verilog THEAS, SMWRHAR MR, 21

VCL_flags) ; WHHA P FEF
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B.24 BUEFIEF

BH TR RER A AR (object) BRI ZFER, WHEBEMSRREZEY . AXEFH
HRESFER . RIETEFZSLELAH acc_fetch_JTiE, KB4,

# B4 HETEF

i# m % 8 & ¥ i g i S
int acc_fetch argc (3 Get the number of invocation command-line
arguments
B8RS S1T SR
char** ace_fetch_argv (); Get the array of invocation command-line
Arguments
RS Eshar 1A S
double acc_fetch_attribute (handle object, char Get the attribute of a parameter or specparam
*attribute, double default) ; MESNHFESENBH
char¥ acc_fetch_defname (handle object) ; Get the defining name of a module or a
primitive instance
HARRRERETANE LA
int acc_fetch delay_mode (handle module) ; Get delay mode of a module instance
WA B S A R RER B
bool acc_fetch_delays {handle gbject, double *rise, (et typical delay values for primitives, module
deuble *fail, double paths, timing checks, or module input ports
*turnoff ) ; BUBIRE | SURRRE , SR A
(handle object, double *dl, ! 1HIHLAVGER(E
*d2, *d3, *d4, *d5, *d6) ;
int ace_fetch direction {handle object) ; Get the direction of a port or terminal, i.e.,
input, output, or inout
BARMmOWHIE, HEA . WL EES AN
4 ( inout)
int acc_fetch_edge (handle path _or_ tchk _ Get the edge specifier type of a path input
term) ; or output terminal or a timing check input
terminal
BERAE A ARRHERRUNNTRE
LR O B3R R A
char * acc_fetch_fullname (handle cbject} ; Get the full hierarchical name of any name
object or module path
BB E R R REHRBREN2E
AR
int acc_fetch_fulltype (handle object} ; Get the type of the object. Refurn a predefined

integer constant that tells type
G R YRR, &I —BEH HERIH
KB X HEENR
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B E % B £ B T B35k #H ik
int acc_fetch_index (thandle port_ Get the index for a port or terminal for gate, switch,
or_ terminal) ; UDP instance, module, etc. Zero returned for the
first terminal
BT, AR, APEXHIEHREE . RIREN
i O R BT
void acc_fetch_location {p_location Get the location of an object in a Verilog source
loc_p, handle object) ; file. p_location is a predefined data structure that
has file name and line number in the file
Hirfs Verlog S3CH AT & 7 ] - p_location &£
PSCE SRS, BEWA S B
s
char * ace_fetch_name {handle object) ; Get instance of object or module path within a
module
B Heeh X S R AR TR kR 2 B9 L A
nt acc_fetch_paramtype (handle parameter) ; Get the data type of parameter, integer, string, reaf,
etc
BSRaBIEARR, meEl. 88, T8>
double acc_fetch_paramval  (handle parameter) ; Get value of parameter or specparam. Must cast
return values to integer, string, or double
R EEEEESROE. EENELSMER
. FRENTHEER
int acc_fetch_polarity (handle path) ; (et poiarity of a path
H 1 A2 O A
int acc_fetch_precision i{}; Get the simulation time precision
BG4 ELA [B] R AE
bool acc_fetch_pulsere (handle path, Get pulse control values for module paths based on
double #rl, double *el,  reject values and e_values for transitiens
doubie *12, HEFHTEARNATHRAN e 6, HEELRE
double *€2, ...} ; Ak R RIE
int acc_fetch_range (handle vector, Get the most significant bit and least significant bit
int *msb, int *lsb} ; range values of a vector
F g (e B A9 B e o AR (R fur AT B
ing acc_fetch_size (handle object) ; Get number of bits in a net, register, or port
BASEM . FEREUn 0
double acc_fetch_tfarg (int arg#) ; Get value of system task or function argument
indexed by arg#
B ang#fE RS R EEAE S RS R AV
int acc_fetch tfarg int (int arg#) ; Get integer value of system task or function
argument indexed by arg#
WAAREISFBBHER (RIELXRETS B
B RWE
char * acc_fesch_tfarg str {int arg#) ; Get string value of system task or function

argument indexed by arg#
BAREEFHENTR (RIEEER55 M
FRIEHE
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(4%
iB B % B Z TRy E B i
void acc_fetch_ (handle object, Get the ome scale information for an object. p_timescale
timescale infe p_timescale_info _info 15 a pointer to a predefined time scale data structure
timescale p} : BEXMEMNERERR., p time REFER—ME
[6] 61 95 7 X R ) LR B R S R
int acc_fetch type (handle object) ; (et the type of object. Return a predefined integer
constant such as accIntegerVar, accModule, ete
BARXTRNER, R HEEXHBIEL, 6
40 accIntegerVar 1 accModule %
char * acc_fetch_type_str {handle ohject) ; Get the type of object in string format. Return a suing of
type accIntegerVar, accParameter, efc
BRAAIEHARMMRER, R - MEFHER,
I acclntegerVar Al accParameter %
char * acc_fetch value (handle object, Get the logic or strength value of a net, register, or
char *format) ; variable in the specified format

BASEN , AR EAT RS ENSREE

B.2.5 ZXHEEFEBTERF

LTHFRTEFHTENA FRTEFERME, BEBS.
&85 XHGRTER

I

Free intemal memory used by access routines and
reset all configuration parameters to defanlt values

B AT R FROPTRFER, LA 1T
REESNER U ERAE

Collect all objects related to a particular reference
object by successive calls to an acc_next routine.

Return an array of handles
i AW I ace_next TR, 08 i 4 2R

E5| AT RAPTA MR. E B — MR

Retumn true if both handles refer to the same object
MR AR E R R DEREER T
{1)

iz B % 8l Zz T RWE

void acc_close (};

handle * acc_collect (handle *next_routine,
handle ref_object,
int ¥count ) ;

bool acc_compare_handles  (handle abjectl,
handle object2 ) ;

void acc_configure {int config_param,
char *config value) ;

Set parameters that control the operation of various

access routines

FEEHERNRRTFRTEPHRIENSH
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(43R
iZ | % A & Fr T H 5 * oo’
nt acc_count (handie *next_routine  Count the number of objects in a reference object such
handle ref_ohject ) ; as @ modele. The objects are counted by successive
calls to the acc_next routine
EBEMER, WREHRD, HMNFH TR HE
T S acc_next T8 . HHENEMNITH
void acc_free (handle Free memory allocated by acc_collect for staring
*object_ handles) ; object handles
BRI T WEB BB T & AR acc_collect 5 7 1H)
iR
void acc_initialize {}: Reset all access routine configuration parameters. Cail
when entering a user-defined PL1 rontine
BENVBAFRFRIFNEES N, SR 0%
MARIEEEO (PLI) FRTE, ZBiEAH
boot acc_object_in_typelist (handle object, Match the object type or property against an array of

imt object_ types| 1) ;

listed types or properties
1EX R ASKIER B 28 R 5 5) 1 26 KU B I A B I
AR

bool acc_object_of_type {handle ohject, Maich the object type or property aganst a specific
int ohject_ type) ; type or property
N RN R IR SHaE AR S F UL AR R
int acc_product_type {); Get the type of software product being used
B A8 B (o FH e A 1 7™ A Y S Y
char * acc_product_version  (}; Get the version of software product being used
S4B {3 T B A 7 o R RS
int acc_release_object {handle object) ; Deallocate memory associated with an input or output
terminal path
RSB A R BN D B A LR
void acc_reset_buffer () Reset the string buifer
FuFaREfl
handle ace_set_ {); Set the interactive scope of a software imptementation
interactive_scope ot 5 0 N DT i
void acc_set_scape {handle module, char  Set the scope for searching for objects in a design
*module.name) ; hierarchy
BEERI BRI R EE
char * ace_version () Get the version of access routines being used

VL5 P W AP R F R A A
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B.2.6 fEMFIEFF
ik TR SR N EIBSSH, 1E B6.

D6 BUTESF
B O % & & FR T & 7 x Wik
void acc_append_delays  (handle object, double rise,  Add delays to existing delay values for primitives,
double tall, double z) ; or module paths, timing checks, or module input
(handle object, double dl,  ports. Can specify rise/fall/turn-off or 6 delay or
..., double d6) ; or (handie timing check or min:typ:max format
object, double limit) ; or BRAMEE. SREE. iFhAsabg
(bandle object, double A O SRR IR (R NEER . Bk T Ty
delayl )) ; %, 6 MERE, HFRE, B/ BY. B
F { min:typ:max } &3,
hool acc_append_pulsere (handle path, doublerl, ..., Add to the existing pulse contrel values of a
double r12, double el, ..., maodule path
double el2) ; B BN B R RO SRS Bk i B
void acc_reptace_delays  (handle object, donble rise,  Replace delay values for primitives, module paths,
double fall, double z} ; or timing checks, or module input ports. Can specify
(handle object, double d1, riseffall/um-off or 6 delay or timing check or
... » double d6} ; or thandle  mun:typ:max format
object, double limit) ¢ ox BRBMAMIEE ., HREE . NFREaEh
(handle object, double A0 L WIER(H, REMEHHERE L A/ T RE/AFR,
delay( ) ; 6 IERME, WK, Bh R - B K min:
typ : max } HE 7k
hool acc_replace_pulsere (handle path, doublerl, ...,  Set pulse control values of 2 module path as a
double r12, double ¢1, ...,  percentage of path delays
double e12) ; EREBER K PE R HRE RS
a8
voud acc_set_pulsere {handle path, double reject,  Set pulse control percentages for a module path
dauble €) ; PR R Rk B ) & 8
void acc_set_value {handle object, Set value for a register or a sequential UDP

p_setval_value, value_P,
p_setval_delay, delay_F} ;

AR E N P B X RE R

B3 H () FIEFF

LHFERE (LIEIE v Tk ) BT Verlog AP C FEFAR ERTRERSEH. I8
LABTER tf_ TPk A9 T8 P A LR IR R Su i e f) LiftiTa. BRI IV LT RFRA
—ACARTE i M FRF S0, TR0 R AR R AR AR B SE R T B 2
TRY|RBEERMERMIMEE. B3 B.7 Bi5k B.16,
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B.3.1 BERIEARES/HHMER

£ B.7 MERATE/ERNER

B EEBE £ F 2 TEHIE b IR

char * tf_getinstance {); Get the pointer to the cwrrent instance of the simulation task or
function that called the user’s PLI application program
B8 R P i PLI G AR I ool ELAT 5 s oR B0 29 i e i Pt

char * tf_mipname (); Get the Verilog hierarchical path name of the simulstion module
containing the call to the vser’s PLI application program
B AR Verilog BB B A A5 RGP -8 3 AP H PLI
W R R R R

char * if_ispname () Get the Verilog hierarchical path name of the scope containing the call

to the user’s PLI application program
PG REAR Verilog BIXEEE (EZMEARAT I3 HM8 PLI

R R RS )

B3.2 HMEIZEEIIRER

#B8s HEOTEERIREL

iR [ % 8 A I (3 EIES - IR
int ¢ _nump ()3 Get the number of parameters in the argument list
PEBRIEPHBHR N
int if_typep {(int param_index#) ;  Get the type of a particular parameter in the argument list
BB R 7 # P e St ARl
int tf_sizep (int param_index#;;  Get the length of a parameter in bits
BBASHaR
t_tfexprinfo *  tf_expinfo {(int param_index#, Get information about a parameter expression
structt_tfexprinfo HAXTR2EELANFER
*exprinfo_p) ;
t tfexprinfo *  tf_nodeinfo {int param_index#, Get information abeut a node valye parameter
structt_tfexprinfo BAX TRV AESBMER
*exprinfo_p) ;
B.3.3 HS¥E
B9 MBHUE
EEXE & r Ry x I
int tf getp (int param_index#) ; (et the value of parameter in integer form
BESRNE,. AR ARR
double tf_getrealp (int param_index#) ; Get the value of a parameter in double-precision

floating-point form
BSSHAE, BIRESREIEAER
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CIER)
B B % 8 B TR = R
int tf_getlongp {(int *aof _highvalue, int Get parameter value in long 64-bit integer form
para_index#) ; HBS¥AME, et i EBEIERER
char * tf_strgetp (int param_index#, char Get parameter value as a formatted character string
format_character} ; PR heE, EEAeFRARERER
char * tf_getcstringp {(int param_index#} ; Get parameter value as a C character string
BHSHMNE, HCERBEART
void Hf_evaluatep (int param_index#) ; Evaluaie a parameter expression and get the result
HH Z28RAAFBRE R
B34 EBHIE
#B10o E BN &
i’ B & 8 Z # i R A
vaid tf_putp (int param_index#, Pass back an integer value to the calling task or
int value) ; function
e — R EHES BRI SRR ¥
void tf_putrealp (int param_index#, Pass back a double-precision floating-point
double value) ; value to the calling task or function
2 — DO B R (TR P AT Sl ol
void o _putiongp {int param_index#, Pass back a double-precision 64-bit iateger
int lowvalue, int highvalue) ; value to the calling task or function
e — I 64 (M BERIHAWRNELS
G
void ff propagatep (int param_index#} ; Propagate a node parameter value
EETAESRE
int tf_strdelputp (int param_index#, int Pass back a value and schedule an event on the
bitlength, char format_char, parameter. The value is expressed as a formatted
int delay, int delaytype, char character string, and the delay, as an integer
* value_p) ; value
- MMEF R — TR SR, &
SR BRI FRFR, FHIER
Fe AEAHE
int tf_strrealdelputp (int param_index#, int Pass back a string value with an attached reaf

bitdength, char format_char,
int delay, double delaytype,
char * value_p} ;

delay
2R —A R A LR RN R IER A E

int

tf_striongdelpuip

(int param_index#, int
bitlength, char format_char,

int lowdelay, mt highdelay,

Pass back a string value with an attached iong

delay
fe ol — W E KRR R IR B(E

int delaytype, char * value_p) ;
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B3.5 WMSHEMTN
BN HASEEHTL
% [ % & & rKs % M iR
void tf_asynchon (); Enable a user PLI routine to be called whenever a
parameter changes value
AZESHEYRE, WaThHAP PLI FRAFHREAE
void tf_asynchoff {): Disable asynchronous calling
2R AR A
void tf_synchronize {); Synchronize parameter value changes to the end of the
cwment simulation time slot
[FAESHENE, —BE DY BrfE R
void tf_rosynchronize (); Synchronize parameter value changes and suppress new
event generation during current simulation time slot
T Al ket B 5 BN, FES 5 A, R’
L E R RAE
int tf_getpchange (int param_index#) ; Get the number of the parameter that changed vaiue
BREAEHENSHER
int t_copypve_flag  (int param_jndex#); Copy a parameter value change flag
B S BESCEFR
int tf_movepvc_flag (int param_index#); Save a parameter value change flag
A S HIE TR
int tf_testpve_flag  (int param_index#) ; Test a parameter value change flag
BASR AN S
B3.6 EFEIEF
HxB12 EFMRETF
B OE#E £ B T K E H if
int tf_pettirne (); et current simulation time in integer form
B L RSO 2 o i 2 T LR (]
t_getrealtime
int tf_getlongtime (int *acf_hightimej ;  Get current simalation time in long integer form
B KRB RSP Fmp YR E R E
char * f_strgettime (); Get current simalation time as a character string
A8 LA FRFR I A 09 X B O LB 8]
int if getmextlongtime  {int *aof_lowtime, Get time of the next scheduled simulation event
int *aof_ hightime) ;  BEAB T RISFAY T — ¥R 0 F B4 (K Mot
int tf setdelay {int delay) ; {ause user task to be reactivated at a future simulation

time expressed as an integer value delay
WS H A HEFEREN ( HRREERERM ) i
Lo A1 S s
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B B ¥ 7 & ¥R TR E #H
int tf_setlongdelay (int lowdelay, int highdelay) ;  Cause user task to be reactivated after a jong
integer value delay
£ &0t KB Fn red BIHER A B
EHPES
int tf setrealdelay {double delay, char Acttvate the misctf application at a particular
*instance) : simulation time
FERE A B AT 2B miscd 1 FIARFE
void tf_scale_longdelay (char * instance, int lowdelay, Convert a 64-bit integer delay to internal
int hidelay, int *aof_lowtime, simulation time units
int *aof_hightime) ; EH 64 DrBRIBFGR BYHER Fil b Y ER K
{4 FLE [E) L7
void tf_scale_reatdelay (char * instance, Convert a double-precision floating-point delay
double delay, to internal simulation time units
double *aof realdelay) ; FE R DU B i e B SRR A B )
{5 B 1R 3
void tf_unscale_longdelay (char * instance, int lowdelay, Convert a delay from internal simulation time
int hidelay, int *aof_lowtime, units to the time scale of a particular module
int *aof_hightime) : 15 A PR F BT (] B o e s O BIE SR S 4 o 9
SE R R A [ KU
void tf_unscale_realdelay {char * instance, double delay, Convert a delay from internal simulation time
double *aof_realdelay) ; units to the time scale of a particular module
& F PR AR 0h B 8] B fof FoR O SEIR S5 8004
FEAR Byt [E] R
void tf_clearalldelays {); Clear ail reactivation delays
HERETH I R
int tf_sirdelputp (int param_index#, Pass back a value and schedule an event on the
int bitlength, char parameter. The value is expressed as a formatted
format,_char, int delay, int character string and the delay as an integer value
delaytype, char *value p); RESBEFM—EHIEKEXTZHHE—
PB4 BERRIEF SR, BEERE
BT
int tf_strrealdelputp (int param_index#, Pass back a string value with an atiached real

int bitlength, char
format_char, int delay, double
delaytype, char *value_p ) ;

delay
fZ R —-FRBE, FHHRRTEER, &R

AERYER

int

tf_strlongdelputp

{int param_index#, int
bitlength, char format_char,
it lowdelay, int highdelay, int
delaytype, char *value p) ;

Pass back a string value with an attached long

delay
el — - FAr R E, WAMRHER, BHE
itin) B RBFE R
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B.3.7 H#EARMETHERZE
%£B.13 KENHENTENALAEN

B E ok E B

ERFE

# R

void if_add_long (int *aof_lowl, int *aof highl, int Add two 64-bit long values
low?2, int high2) ; F1~ 64 f R RIRGAE D
void tf_subtract long  (int *aof lowl, int *aof highl, int Subiract one long vaiune from another
low2, int high2) F R RSO,
void tf multiply_long (int *aof lowl, int *aof_highl, int Multiply two long values
low2, int high2 ) ; FA- KR A¥OHR
void tf_divide_long (int *aof lowl, int *aof highl, int Divide one long value by another
low?2, int high2) ; P R
int tf_compare long (it lowl, int highl, int low2, int Compare two long values
high2) ; Gl o iy
char * tf longtime_tostr  {int lowtime, int hightime) ; Convert a long value to a character string
BRSBTS
void tf_real_to_long {double real, int *aof low, int Converta real number to a 64-bit integer
*aof_high) ; B RO 64 IR
void tf_long_to_real (int low, int high, double *aof realy;  Convert along integer to a real number
BRI
B3.8 RTER
#B14 B FRER
EEXY & B o S LI

void 10_printf (char *format, argl, ......) : Write messages to the standard output and log file
105 BB Bl B R0 B B
void io_mecdprintf  (char *format, argl, ......) ; Write messages to multiple-channel descriptor files
B35 85 B £ H R U
void tf_error {char *format, argl, ...... ) Print error message
1TEIS R (G 8
void tf_warning {char *format, argl, ...... ¥; Print waming message
THHREES
void tf_message (int level, char facility, char  Priat error and warning messages, using the Verilog
code, char *message, simulator’s standard error handling facility
argl, .....) ; Fi Verilog {5 ELASA0PRMESEIRAC TS &R ITEIGR
RRREEE
void tf_text (char *format, argl, .......) ; Store error message information in a buffer. Displayed

when tf_message is calied
B e B PIEAEEAER . MM t_message &
i, BRFHaIRIEE
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B.3.9 EMWILHTERF

£B15 EZWMEXHTERF

B E %A & T R E Wi
void tf_dostop {); Halt the simulation and put the system in interactive mode
HetF I HOPR RE B a s
void tf_dofinish () Terminate the simulation
KR
char * me_scanplus_args  (char *startarg) ; Get command line plus(+} options entered by the user in
interactive mode
B4t (+) AR, BARRRALTENT
R EAN
void tf_write_save (char *blockptr, Write PLI application data to a save file
int blocklength) ; 4 PLI ¥ FIERFNIES ARG
tot tf_read_restart {char *blockptr, Get a block of data from a previously writlen save file
int block_length) ; M ELEIE A SR AR BUR — R
void tf_read_restore (char *blockptr, Retrieve data from a save file
int blocklength) ; ARG ER R
void tf _dumpflush (): Dump parameter value changes to a system dump file
BRSSPSR ST A R T
char * tf_dumpfilename (), Get name of system dump file
B RGEE LN ET

B3.10 EBEAHFEE

F b6 EEARES

BEXE & K E R E 1 T
void tf_setworkarca (char *workarea) ; Save a pointer to the work area of a PLI application
- task/function instance

{R4F PLI W AR O /R UL O TAER ByaR 4t

char * tf petworkarea () ; Retrieve pointer to a work area
BB T AEX 56T

void tf_setroutine (char (*routine) ()): Store pointer to a PLI application task/function
FE PLI i IR T &/ g a Rt

char * tf_getrontine () Retrieve pointer to a PLI application task/function
Bt o] PLI LRI M S/ iR B £

void tf settflist {char *tfltst) ; Store pointer to a PLI application task/function instance
T PLI W AR B 64T S5 R B S Ieds £

char * 1f_gerttflist (); Retrieve peinter to a PLI application task/function instance

XJE] PLI 5 VR A 5/ RIS IS8 1
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C.1 Xxf=F

KB RBEE XHATREET SIS RRR. ¥ ORARET A REREEET .
A @ FRAANEFRE X, TR EFE-EH.

always if release
and ifnone repeat
aseign incdir rnmos
automatic include YPmos
begin initial rtran
buf inout rtranifo
bufifo input rtranifl
bufifl instance scalared
Case integer showcancelled
casex join signed
casez large amall
cell 1iblist specify
cmos library gpacparam
config localparam strongd
deassign macromodule strongl
default mecdlium supply(
defparam module supplyl
design nand table
disable negedge task
edge nmos time
else nor tran
end noshowcancelled tranifo
engcase not tranifl
endcanfig notifo tri
endfunction notifl trio
endgenerate or tril
endmodule output triand
endprimitive parameter trior
endspecify pmosg trireg
endtable posedge unsicgned
endtasgk primitive use
event rullo vectored
for pulll walt
force pulldown wand
forever pulliup weak
fork pulsestyle_ onevent weakl
function pulsestyle ondetect while
generate ICmos wire
genvar real wor
highz0 realtime XNor
highzl red XOor
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C.2 RBEESFMER

TR Verilog (i EABEMRSEILFHRBEHER, B PRANIENREL SR
R R BE T M. &R IEEE Standard Verilog Hardware Description Language 3
., FHEMESE S NEEERIERFESFHS].

Shitstoreal scountdrivers Sdisplay $fclose
Sfdisplay Sfmonitor Sfopen Sfatrobe
Sfwrite Sfinish Sgetpattern Shistory
Sincsave $input Sitor Skey

slist Slog Smonitor Smonitcorof £
smonitoron Snokey

C3 RwiZES

TEMER P HE BT R A TG E HiER S, UE Verilog fh 548 A Bt AT H VB 48
B, ABHP RIS TREHAMREERES. BETHREYRIES, WEE IEEE Standard Verilog
Hardware Description Language (¥4, TS 4RiEE4H P B FHES .

‘accelerate ‘autoexpand vectornets ‘celldefine

‘default nettype ‘define ‘define

‘elge ‘elaif ‘endcelldefine
‘endif ‘endprotect 'endprotect.ed
‘expand_ vectornets *ifdef ‘ifndef

‘include ‘no accelerate ‘neexpand vectornets
‘noremove gatenames ‘nounconpected drive ‘protect

‘protected 'remove gatenames ‘remove nethames
‘resetall ‘timescale "unconnected drive




ik D BRI EE L

FEA R #H, A BNF ( Backus-Naur Form ) JEsX AT Verilog-2001 ia#EME R dbe . X
IR AbE XET Verilog HDL ik al SRR RATRGE . A, FiEE N Verilog HDL
RFEEEEAANARZL, ERRATLCRERBRANMENSE,

FARIEEL ) BNF ( Backus-Naur Form ) FRIER,, RIFFEoeER HHE, BT EALEE T LIFE
ik & B i EmE 0B E L.

. HEFRARXTFES, MHRAASEXF (terminal ). HJU0: module,

2. IEHETE (ATEER T RIZ &N ) URERIR, WHAFERE LT (non terminal ),
40 . port_identifier,

3. IBHEAEAHUTREREN ., a2 = X,

4. FIEE 1M EE R A B Fona A Al 20,

5. KBS VNBIEREE BrFaal v LI ESE S £ WA,

6. ABLZAE | RN ERETF RS0 LR,

D.1 Source Text (GEIZA)
D.1.1 Library Source Text (B3

library _text ::= { library_descriptions }
library_descriptions ::=
library_declaration
| include_statement
| config declaration
library_declaration ::=
library library_identifier file_path_spec [{,file_path_spec}]
[-incdir file_path_spec [{, file_path_spec]}] ;
file_path_spec ::= file_path
include_statement ::= in¢lude<file_path_spec: ;

D.1.2 Configuration Source Text (ELE IR A )

config_declaration ::=
config config_identifier ;
design_statement
{config _rule_statement}
endconfig
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design_statement ::= design {flibrary_identifier.]cell_identifier} ;
config_rule_statement ;=
defanlt_clause liblist_clause

| tnst_clause liblist_clause

| inst_clause use_clause

{ cell_clause liblist_clause

| cell_clause use _clause
default_clause ::= defauit
inst_clause ::= instance inst_name
inst_name ::= topmodule_identifier{.instance_identifier}
cell_clause ::= cell [ library_identifier.]cell_identifier
liblist_clause ::= liblist [{library_identifier}]
use_clause ::= use [ library_identifier.Jcell_identifier[:config]

D.1.3 Module and Primitive Source Text (3&EHFn[EiEE T A&)

source_text ::= { description }
description ::=
module_declaration
i udp_declaration
module declaration ::=
{ attribute_instance } module_keyword module_identifier [ module_parameter_port_list |
[ list_of ports ] ; { module_item }
endmodule
| { attribute_instance } module keyword module_identifier [ module_parameter_port_list ]
[ list_of port declarations ] ; { non_port_module item }
endmodule
module_keyword ::= module [ macromodule

D.1.4 Module Parameters and Ports (3RS MiE)

module_parameter_port_list ;= #(parameter_declaration {, parameter declaration })
list_of_ports ::= (port {, port })
list_of _port_declarations ::=

(port_declaration {, port_declaration })

()
port ::=

[port_expression]

| .port_identifier ([ port_expression ])
port_expression ;=

port_reference



WMERD HBXLEEEL 267

| { port_reference {, port_reference j }
port_reference ::=
pori_identtfier
| port_identifier [ constant_expression ]
| port_identifier [ range_expression ]
port_declaration ;=
{ attribute_instance } inout_declaration
| { attribute_instance } input_declaration
i { attribute_instance } output_declaration

D.1.5 Module Items (F1RI5)

module_item ::=
module_or_generate_item
| port_declaration ;
[ { attribute_instance } generated_instantiation
| { attribute_instance } local_parameter_declaration
| { attribute_instance } parameter_declaration
| { attribute_instance } specify_block
| { attribute_instance } specparam_declaration

module _or_generate_item ::=
[ attribute_instance } module_or_generate_item_declaration
| { attribute_instance } parameter _override
| { attribute _instance } continuous_assign
| { attribute_instance } gate_instantiation
| { attribute_instance } udp_instantiation
| { attribute_instance } module_instantiation
| | atiribute_instance } initial_construct
| { attribute_instance } always_construct
module_or_generate_item_declaration ;:=
net_declaration
| reg_declaration
! integer_declaration
| real_declaration
| time_declaration
| realtime_declaration
| event_declaration
| genvar_declaration
| task_declaration
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| function_declaration

non_port_medule_item ::=
{ attribute_instance } generated_instantiation

| { attribute_instance } local_parameter_declaration

| { attribute_instance } module_or_generate_item

| { atiribute_instance } parameter_declaration

| { attribute_instance } specify_block

| { attribute_instance } specparam_declaration
parameter_override ::= defparam list_of_param_assigninents ;

D.2 Declarations (FHf)
D.2.1 Declaration Types (FARBGZER)

Module parameter declarations (B AR)

local_parameter declaration ;=
localparam [ signed ][ range | list_of param_assignments 3
| localparam integer list_of_param_assignments ;
| localparam real list_of_param_assignments ;
| localparam realtime list_of_param_assignments ;
| localparam time list_of_param_assignments ;
parameter_declaration ;=
parameter [ signed ][ range ] list_of_param_assignments ;
| parameter integer list_of_param_assignments
| parameter real list_of_param_assignments ;
| parameter realtime list_of_param_assigninents ;
| parameter time list_of param_assignments
specparam_declaration ::= specparam [ range ] list_of_specparam_assignments ;

Port declarations {#% 1R

inout_declaration ::= inout [ net_'type 1[ signed ][ range ]
list_of_port_identifiers
input_declaration ::= input { net_type ][ sighed ] [ range ]
list_of_port_tdentifiers
output_declaration ::=
output [ net_type ][ sighed ][ range ]
list_of port_identifiers
| output [ reg If signed ][ range |
list_of_port_identifiers
| output reg { signed ]{ range ]
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list_of_variable port_identifiers
| output [output_variable type ]
list_of port_identifiers
| cutput output_variable_type
list_of_variable port_identifiers

Type declarations (BRI )

event_declaration ;1= event list_of_event_identifiers ;
genvar_declaration ;= genvar list_of_genvar_identifiers ;
integer_declaration ::= infeger list_of_vanable_identifiers ;
net_declaration ::=
net_type [ sighed }
[ delay3 ] list_of_net_identifiers ;
| net_type [ drive_strength 1 signed ]
[ delay3 ] list_of_net_decl_assignments ;
| net_type [ vectored t scalared ]{ signed ]
range [ delay3 } list_of net_identifiers ;
| net_type [ drive_strength }[ vectored | scalared ][ signed ]
range [ delay3 ] list_of_net decl_assignments ;
| trireq { charge_strength ][ signed |
[ delay3 ] list_of _net_identifiers ;
[trireg [ drive_strength ][ signed ]
[ delay3 ] list_of net decl_assignments ;
| trireg { charge_strength ][ vectored [ scalared ][ signed |
range [ delay3 ] list_of_net_identifiers
| trireq [ drive_strength ][ vectored [ scalared ][ signed ]
range [ delay3 ] list_of_net_decl_assignments 3
real_declaration ::= real list_of real_identifiers ;
realtime_declaration ::= realtime list_of real_identifiers ;
reg_declaration ::= reg [ signed ][ range ]
list_of wvariable_identifiers

time_declaration ::= time list_of variable_identifiers ;

D.2.2 Declaration Data Types (7 RAEIEIA)
Net and variable types (Z;FITMERD)

net_type .=
supplyQ | supplyt
itri |triand | trior | triQ | tri1
j wire | wand | wor
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output_variable_type ::= integer | time
real_type =

real_identifier [ = constant_expression ]

| real_identifier dimension { dimension }
variable_type ::=

variable identifier [ =constant_expression ]

| variable_identifier dimension { dimension }

Strengths (58 )

drive_strength ;:=

(strengthQ, strengthl)

| (strengthl, strength(})

| (strengthQ, highz1)

| (strengthl, highz0)

| (highzQ, strengthl)

| (highz1, strength()
strength0 ::= supply0 | strong0 | pull0 | weak0
strengthl ::= supply1 | strong1 | pulll | weak
charge_strength ::= (small) | (medium) | (large)

Delays (3EiR>

delay3 ::= #delay_value | # (delay_value [, delay_value [, delay_value ] ])
delay2 ::= #delay_value | # (delay_value [, delay_value )
delay_value ::=

unsigned number

t parameter_identifier

| specparam_jdentifier

| mintypmax_expression

D.2.3 Declaration Lists (FRER%|F])

list_of event_identifiers ::= event_identifier [ dimension { dimension } ]

{, event_ideniifier [ dimension { dimension } ] }
list_of genvar_identifiers ::= genvar,_identifier {, genvar_identifier }
list_of_net_decl_assignments ::= net_dec1_assighment {, net_decl_assignment |
list_of net_identifiers ::= net_identifier [ dimension { dimension } ]

{, net_identifier [ dimension { dimension } ] }
list_of_param_assignments ::= param_assignment {, param_assignment }
list_of_port_identifiers ::= port_identifier {, port_identifier }
list or_real_identifiers ::= real_type {, real_type }
list_of _specparam_assignments ::= specparam_assignment {, specparam_assignment }
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list_of variable_identifiers ::= variable_type {, variable_type }
list_of_variable_port_identifiers ::= port_identifier [ =constant expression ]
{, port_identifier [ =constant_expression ] }

D.24 Declaration Assignments (7 BAM{E)

net_decl_assignment ::= net_identifier = expression

param_assignment ::= parameter _1dentifier = constant_expression

specparam_assignment ;.=

specparam_identifier = constant_mintypmax_expression
| pulse_control_specparam
pulse_control_specparam .=
PATHPULSES$= (reject_limit_value [, error_limit_value ) 3
| PATHPULSESspecify_input_terminal_descriptor$specify_output_terminal_descriptor

= (reject_limit_value [, emror_limit_value J) ;

error_limit_value ;= limit_value

reject_limit_value ::= limit_value

limit_value ::= constant_mintypmax_expression
D.2.5 Declaration Ranges (FFEE)

dimension ::= [ dimension_constant_expression : dimension_constant_expression |

range = | msb_constant_expression : Isb_constant_expression ]
D.2.6 Function Declarations (eE¥7AME)

function_declaration ;.=
function [ automatic ] [ signed ][ range_or_type } function_identifier ;
function_item_declaration { function_item_declaration }
function_statement
endfunction
| function [automatic][signed]{ range_or_type ] function_identifier (function_port_list) ;
block_item_declaration { block_item_declaration }
function_statement
endfunction
function_item_declaration ::=
block_item_declaration
| tf_input_declaration ;
function_port_list ::= { attribute_instance | t_input_declaration {, { attribute_instance |}
tf_input_declaration }
range_or_type ::=range | integer | real | reaitime | time
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D.2.7 Task Declarations ({F5/AEH)

task_declaration ::=

task [ automatic ] task_identifier ;

{ task_item_declaration }

statement

endtask
| task [ automatic ] task_identifier (task_port_list) ;
{ block_ttem_declaration }

statement

endtask

task_item_declaration ::=
block_item_declaration
| { attribute_instance } tf_input_deciaration j;
| { attribute_instance } tf_output_declaration ;
| { attribute_instance } tf_inout_declaration ;
task_port_list ;= task_port_item {, task_port_item }
task_port_item ::=
[ attribute instance } tf_input_declaration
! { attribute_instance } tf_output_declaration
| { attribute_instance } tf inout_declaration
tf_input_declaration ::=
input [ reg ][ signed ][ range ] list_of_port_identifiers
1 input [ task_port_type ] list_of_port_identifiers
tf_output_declaration ::=
output [ reg ][ signed ]{ range ] list_of_port_identifiers
| output [ task_port_type ] list_of_port_identifiers
tf_inout_declaration ::=
inout [ reg ][ signed |[ range 1 list_of_port_identifiers
{ inout [ task_port_type ] list_of_port_identifiers

tagk_port_type 1=
time | real | realtime | integer

D.2.8 Block Item Declarations (ZRIFE AR )

block_item_declaration :;=
{ attribute_instance } block_reg_declaration
| { attribute_instance } event_declaration
| { attribute_instance } integer_declaration
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| { attribute_instance } local _parameter _declaration
| { attribute_instance } parameter_declaration
| { attribute_instance } real_declaration
| { attribute_instance } realtime_declaration
| { attribute_instance } time_declaration
block_reg_declaration ::= req [ signed ][ range ]
list_of block_wvariable_identifiers ;
list of block_variable identifiers ::=
block_variable_type {, block_variable_type }
block_variable_type ::=
variable_identifier
t variable_identifier dimension { dimension }

D.3 Primitive Instances (BB

D.3.1 Primitive Instantiation and Instances (FRiE87EA (LHS|A) #0
=41

gate_instantiation ::=
cmos_switchtype [ delay3 ]

cmos_switch_instance {, cmos_switch_instance } ;

| enable_gatetype [ drive_strength ][ delay3 ]
enable_gate instance {, enable_gate_instance } ;

| mos_switchtype [ delay3 ]
mos_switch_instance {, mos_switch_instance } 2

| n_input_gatetype [ drive_strength ][ delay2 ]
n_input_gate_instance {, n_input_gate_instance } ;

| n_ottput_gatetype [ drive_strength ][ delay?2 )
n_cufput_gate_instance {, n_output_gate_instance } }

| pass_en_switchtype [ delay2 ]
pass_enable_switch_instance {, pass_enable_switch_instance } ;
| pass_switchtype
pass_switch_instance {, pass_switch_instance } ;
| pulldown [ pulldown_strength ]
pull_gate_instance {, pull_gate_instance } ;
| pullup [ pullup_strength ]
pull_gate_instance {, pull_gate_instance } ;
cmos_switch_instance ::= [ name_of gate instance ] (output_terminal, input_terminal,
ncontrol_terminal, pcontrol _terminal)
enable_gate_instance ::= [ name_of_gate_instance ] (output_terminal, input_terminal,
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enable_terminal)

mos_switch_instance ::= [ name_of_gate_instance ] (output_terminal, input_terminal,
enable_terminal)

n_input_gate_instance :;= [ name_of_gate_instance ] (output_terminal, input_terminal {,
input_terminal })

n_output_gate_instance ::= [ name_of_gate_instance | (output_terminal {, output_terminal )
, input_terminal)

pass_switch_instance ::= [ name_of_gate_instance ] (inout_terminal, inout_terminal)

pass_enable_switch_instance ::= [ name_of_gate_instance ] (inout_terminal, inout_terminal
, enable_terminal)

pull_gate_instance ::= [ name_of_gate_instance ] (output_terminal)

name_of_gate_instance ::= gate_instance_identifier [ range ]

D.3.2 Primitive Strengths (JFi558&)

pulldown_strength ;=
(strengthQ, strengthl)
| (strength 1, strength())
| (strength()
pullup_strength ::=
{(strength(, strength1)
| (strength 1, strengthQ})
| {(strength1)

D.3.3 Primitive Terminals ([Ei&#E 1)

enable_terminal ::= expression
inout_terminal ::= net_lvalue
input_terminal ::= expression
ncontrol _terminal ;= expression
output_terminal ::= net_lvalue
pcontrol_terminal ::= expression

D.3.4 Primitive Gate and Switch Types (FiF[TFIFFX LR

cmos_switchtype ::== cmos | rcmos

enable_gatetype ::= bufifQ | bufif1 { notif0 | notif1
mos_switchtype ::= nmos | pmos | mmos | rpmos
n_input_gatetype ::=and | nand | or | nor | xor [ xnor
n_output_gatetype ::= buf | not

pass_en_switchtype ::= tranifQ | tranif1 | rtranifi 1 rranifQ
pass_switchtype ;:= tran | riran



Mk D BAEZFEL 275

D.4 Module and Generated Instantiation (3EXRFn4a kB4 L4
1)

D.4.1 Module Instantiation (BE3RRYER)

module_instantiation ;=
module_identifier [ parameter_value_assignment }
module_instance {, module_instance } 3

parameter value_assignment ;.= # (list_of parameter_assignments)
list_of_parameter_assignments ::=

ordered_parameter_assignment {, ordered_parameter_assignment }

named_parameter_assignment {, named_parameter_assignment }
ordered _parameter_assignment ::= expression
named_parameter_assignment ::= .parameter_identifier ([ expression ])
module_instance :;= name_of_instance ([ list_of_port_connections ])
name_of_instance ::= module_instance_identifier [ range ]
list_of_port_connections ::=

ordered_port_connection {, ordered_port_connection }

| named_port_connection {, named_port_connection }
ordered_port_connection ::= { attribute_instance } [ expression ]
named_port_connection ::= { attribute_instance } .port_identifier ({ expression )

D.4.2 Generated Instantiation (4 AR FHISIH)

generated_instantiation ::= generate { generate_item } endgenerate
generate_item_or_null ::= generate_item | 5
generate_item ;=
generate_conditional _statement
| generate_case_statement
| generate_loop_statement
| generate_block
| module_or_generate_item
generate_conditional_statement ::=
if (constant_expression) generate_item_or_null [ else generate_item_or_null |
generate_case_statement ::= case (constant_expression)
genvar_case_item { genvar_case_item } endcase
genvar_case_item ::= constant_expression {, constant_expression | :
generate_item_or_null | default [:] generate_item_or_null
generate_loop_statement ;= for (genvar_assignment ; constant_expression ; genvar_assignment)

begin : generate_block_identifier { generate_item } end
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genvar_assignment ;.= genvar_identifier = constant_expression
generate_block ::= begin [ : generate_block_identifier ] { generate_item } end

D.5 UDP Declaration and Instantiation (UDP BJEBBF1iAH)
D.5.1 UDP Declaration (UDP BYESFRA)

udp_declaration ::=

[ attribute_instance } primitive udp_identifier (udp_port_list) ;
udp_port_declaration { udp_port_declaration }

udp_body

endprimitive

| { attribute_instance } primitive udp_identifier (udp_declaration_port_list) ;
udp_body

endprimitive

D.5.2 UDP Ports (UDP BYyimO )

udp_port_list ::= output_port_identifier, input_port_identifier {, input_port_identifier }
udp_declaration_port_list ::=

udp_output_declaration, udp_input_declaration {, udp_input_declaration }
udp_port_declaration ::=

udp_output_declaration ;

| udp _input_declaration ;

| udp_reg_declaration ;
udp_output_declaration ::=

( attribute_instance } output port_identifier

| { attribute_instance } output reg port_identifier [= constant_expression ]
udp_input_declaration ::= { attribute_instance } input list_of_port_identifiers
udp_reg_declaration ::= { attribute_instance } reg variable_identifier

D.5.3 UDP Body (UDP B9 {K)

udp_body ::= combinational_body { sequential_body

combinational_body ::= table combinational_entry { combinational_entry } endtable

combinational_entry ;1= level_input_list : output_symbol ;

sequential_body ::= [ udp_initial_statement ] table sequential_entry { sequential_entry }
endtable

udp_initial_statement ::= initial output_port_identifier = init_val ;

init val::=1b0! 1’61 1 1'bx 1 1’bX ! "BO 1 1'B1 1 1'"Bx [TBX 110

sequential_entry ::= seq_input_list : current_state : next_state ;

seq_input_list ::= level input_list 1 edge_input_list
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level_input_list ::= level_symbol { level_symbol }

edge_input_list ::= { level _symbol } edge_indicator { level_symbol }
edge_indicator ::= (level_symbol level _symbol) | edge_symbol
current_state ::= level_symbol

next_state ::= outpu{_symbol | -

output_symbol :=011 x| X
level_symbol::=0111xIXI[?IbIB
edge_symbol :=r [RIfIiFIpIPIniNI*

D.5.4 UDP Instantiation (UDP Byi§A)

udp_instantiation ::= udp_identifier [ drive_strength ][ delay2 ]

udp_instance {, udp_instance } ;
udp_instance ::= [name_of_udp_instance ] (output_terminal, input_terminal {, input_terminal })
name_of udp_instance ::= udp_instance_identifier [ range ]

D.6 Behavioral Statements ({TAERER)
D.6.1 Continuous Assignment Statements (GEZER{AIEA)

continuous_assign ::= assign [ drive_strength ][ delay3 ] list_of net_assignments ;
list_of net_assignments ::= net_assignment {, net_assignment }
net_assignment = net_lvalue = expression

D.6.2 Procedural Blocks and Assignments (i1f23RFNR{E)

initial_construct ::= initial statement
always_construct ;1= always statement
blocking_assignment .:= variable_lvalue =[ delay_or_event_control } expression
nonblocking assignment ::= variable lvalue<=[ delay_or_event_control ] expression
procedural_continuous_assignments ::=
assign variable_assignment
| deassign variable_lvalue
| force variable_assignment
| force net_assignment
| release variable_Ivalue
| release net_tvalue
function_blocking_assignment ::= variable_lvalue = expression
function_statement_ox_null ::=
function_statement
{ { attribute_instance } ;
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D.6.3 Parallel and Sequential Blocks (FH{T#0)RFER)

function_seq_block ::= begin [ : block_identifier
{ block_item_declaration } ] { function_statement } end
variable_assignment ::= variable_lvalue = expression
par_block ::= fork [ : block_identifier
{ block_item_declaration } ]{ statement } join
seq_block ;= begin { : block_identifier
{ block_item_declaration } ] { statement )} end

D.6.4 Statements (FRRIEE)

statement ;.=
{ attribute_instance } blocking assignment :
] { attribute_instance } case_statement
| { attibute_instance } conditional_statement
| { attribute_instance } disable_statement
| { attribute_instance } event_trigger
| { attribute_instance } loop_statemnent
| { attribute_instance } nonblocking_assignment ;
| { attribute_instance } par_block
| { attribute_instance } procedural_continious_assignments 3
| { attribute_instance } procedural_timing_control_statement
| { attribute_instance } seq_block
| { attribute_instance } system_task_enable
| { attribute_instance } task_enabie
| { attribute_instance } wait_statement
statement_or_null ::=
statement
| { attribute_instance } ;
function_statement ::=
{ attribute_instance } function_blocking assignment 3
| { attribute_instance } function_case_statement
| { attribute_instance } function_conditional_statement
| { attribute_instance } function_loop_statement
| { attribute_instance } function_seq_block
I { attribute_instance } disable_statement
| { attribute_instance } system_task enable
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D.6.5 Timing Control Statements (B}FE#HER])

delay_control ::=
# delay_value
| # (mintypmax_expression)
delay_or_event_control ::=
delay_control
| event_control
| repeat (expression) event_control
disable_statement ::=
disable hierarchical_task identifier ;
| disable hierarchical block identifier
event_control ::=
@ event_identifier
| @ (event_expression)
| @ *
| @ (*)
event trigger ;=
-»hierarchical event_identifier ;
event_expression i:=
expression
| hierarchical_identifier
| posedge expression
| negedge expression
| event_expression OF event_expression
| event_expression, event_expression
procedural_timing_control_statement ::=
delay_or_event_control statement_or_nul
wait_statement ;1=
wait (expression) statement_or_null

D.6.6 Conditional Statements ( F#iEq))

conditional_statement ;:=
if (expression)
statement_or_null [ else statement_or_null ]
|if else if_ statement
if _else_if_statement ::=
if (expression) statement_or_null
{ else if (expression) statement_or_nuil }
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[ elsa statement_or null
function_conditional_statement ::=
if (expression) function_statement_or_null
[ else function_statement_or_null ]
| function_if_else if statement
function_if else if statement ::=
if (expression) function_statement_or_null

{ else if (expression) function_statement_or_null }
[ else function_statement_or_null ]

D.6.7 Case Statements (case iEf])

case_statement ;=
case (expression)

case_item { case_item } endcase
| casez (expression)
case_item | case_item } endcase
| casex (expression)
case item { case_item } endcase
case_item ::=

expression {, expression } : statement_or_null
| default [ : ] statement_or_null
function_case _statement ::=

case (expression)
function_case_item { function_case_item } endcase
| casez (expression)

function_case_item { function_case_item } endcase
| casex (expression)

function_case_item { function_case_item } endcase
function_case_item ::=
expression {, expression } : function_statement_or_null
| default [ : ] function_statement_or_null

D.6.8 Looping Statements (& iEf))

function_loop_statement ::=
forever function_statement
| repeat (expression) function_statement
| while (expression) function_statement

| for (variable_assignment ; expression ; variable_assignment)
function_statement
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loop_statement ::=
forever statement
| repeat (expression) statement
| while (expression) statement
| for (variable_assignment ; expression 3 variable_assignment)
statement

D.6.9 Task Enable Statements ({(F&{EF&EiER))

system_task_enable ::= system_task_identifier [ {expression {, expression }) ] ;
task_enable ::= hierarchical _task_identifier [ (expression {, expression }) ] ;

D.7 Specify Section ($§EF)
D.7.1 Specify Block Declaration (35ERARR)

specify_block ::= specify { specify_item } endspecify
specify_item ::=
specparam_declaration
| pulsestyle_declaration
| showcancelled_declaration
| path_declaration
| system_timing_check
pulsestyle_declaration ::=
pulsestyle_onevent list_of path_outputs ;
| pulsestyle_ondetect list_of_path_outputs ;
showcancelled_declaration ::=
showcancelled list_of_path_outputs ;
| noshowcancelled list_of_path_outputs ;

D.7.2 Specify Path Declarations (38 EgEFEE)

path_declaration ::=
simple_path_declaration 3
| edge_sensitive_path_declaration ;
| state_dependent_path_declaration
simple_path_declaration ::=
parallel_path_description = path_delay_ value
| full_path_description = path_delay_value
parallel_path_description ::=
(specify_input_terminal_descriptor [ polarity_operator | =>
specify_output_terminal_descriptor)
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full_path_description ::=
(list_of_path_inputs [ polarity_operator |*> list_of _path_outputs)
list_of path_inputs ::=
specify_input_terminal_descriptor {, specify_input_terminal_descriptor }
list_of_path_outputs ::=
specify_output_terminal_descriptor {, specify_output_terminal_descriptor )

D.7.3 Specify Block Terminals (3§ERi% )

specify_input_terminal_descriptor ::=
input_identifier
| input_identifier [ constant_expression ]
| input_identifier [ range_expression ]
specify_output_terminal_descriptor ;=
output_identifier
| output_identifier { constant_expression ]
| output_identifier [ range_expression ]
input_identifier ;:= input_port_identifier | inout_port_identifier
output_identifier ::= output_port_identifier | inout_port_identifier

D.7.4 Specify Path Delays (i5EMRIFHEIR)

path_delay_value ::=
list_of_path_delay_expressions
| (list_of_path_delay_expressions}
list_of path_delay_expressions ::=
t_path_delay_expression
| trise_path_delay_expression, tfall_path_delay_expression
| trise_path_delay_expression, tfali_path_delay_expression, tz_path_delay_expression
| t01_path_delay_expression, t10_path delay. expression, t0z_path_delay_expression,
tzl_path_delay_expression, t1z_path_delay_expression, tz(_path_delay_expression
| t01_path_delay expression, t10_path_delay_expression, t0z_path_delay_expression,
tzl_path_delay_expression, t1z_path_delay_expression, tz0_path_delay_expression,
t0x_path_delay_expression, tx1_path_delay_expression, t1x_path_delay_expression,
tx0_path_delay_expression, txz_path_delay_expression, tzx_path_delay_expression
t_path_delay_expression ::= path_delay_expression
trise_path_delay_expression ;:= path_delay_expression
tfall_path_delay_expression ::= path_delay_expression
tz_path_delay_expression ::= path_delay_expression
t01_path_delay_expression ::= path_delay expression
t10_path_delay_expression ::= path_delay_expression
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t0z_path_delay_expressicn
1z} _path_delay_expression
tlz_path_delay_ expression
tz0_path_delay_expression
tOx_path_delay_expression
tx1_path_delay_expression
t1x_path_delay_expression
x(_path_delay_expression
txz_path delay expression
tzx_path_delay_expression

::= path_delay_expression
;= path_delay_expression
::= path_delay_expression
;1= path_delay_expression
::= path_delay_expression
;.= path_delay_expression
::= path_delay_expression
;= path_delay_expression
.:= path_delay_expression
::= path_delay_expression

path_delay_expression ::= constant_mintyprnax_expression
edge_sensitive_path_declaration ::=
parallel_edge_sensitive_path_description = path_delay_value
i full_edge sensitive path_description = path_delay_value
parallel_edge_sensitive_path_description ::=
{{ edge_identifier ] specify_input_terminal_descriptor=:
specify_output_terminal_descriptor [ polarity_operator | s data_source_expression)
full_edge sensitive_path_description ;:=
([ edge_identifier ] list_of_path_inputs*>
list_of_path_outputs [ pelarity_operator | : data_source_expression)
data_source_ecxpression ::= expression
edge_identifier ::= posedge | negedge
state_cdependent_path_declaration ::=
if (module_path_expression) simple_path_declaration
| if (module_path_expression) edge_sensitive_path_declaration
| ifnone simple_path_declaration
polarity_operator = + | —

D.7.5 System Timing Checks ( RZRFEE)
System timing check commands ( REF FRBERS)

systemn_timing check ::=

$setup_timing _check
$hold_timing_check

| $setuphold_timing check

| $recovery_timing_check

| $removal_timing check

| $recrem_timing_check

[ $skew_timing check

| $timeskew_timing check
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| $fullskew_timing_check
| $period_timing_check
| $width_timing check
| $nochange_timing_check
$setup_tiring_check ::=
$setup (data_event, reference_event, timing_check_limit [, [ notify_reg 1) ;
$hold_timing_check ::=
$hold (reference_event, data_event, timing_check_limit [, [ notify_reg 11) 3
$setuphold_timing _check ::=
$setuphold (reference_event, data_event, timing_check_limit, timing check_limit
[, [ notify_reg [, { stamptime_condition ][, [ checktime_condition ]
[, [ delayed_reference [, { delayed data]]1110D):
$recovery_timing_check ::=
$recovery (reference_event, data_event, timing_check_limit [, [ notify_reg ] ]) ;
$removal_timing_check ::=
“$removal (reference_event, data_event, iming_check_limit [, [ notify_reg 11) ;
$recrem_timing _check ::=
$recrem (reference_event, data_event, timing_check_limit, timing_check_limit
[, [ notify_reg ][, [stamptime_condition ][, [ checktime_condition ]
[, [ delayed_reference ][, [ delayed_data]]]1]));
$skew_timing _check ::=
$skew (reference_event, data_event, timing_check_limit [, [ notify_reg ] I ;
$timeskew_timing _check ::=
$timeskew (reference_event, data_event, timing_check_limit
[, [ notify_reg [, [ event_based_flag ][, [ remain_active_flag]1]] 1) ;
$fullskew_timing_check ::=
$fullskew (reference_event, data_event, timing_check_limit, timing check_limit
[, [ notify_reg Ji, [ event_based_flag ][, [ remain_active_flag ] 1iD;
$period_timing_check ::=
$period (controlled_reference_event, timing_check limit [, [ notify_reg ] ]} ;
$width_timing_check ::=
$width (controlled_reference_event, timing_check_limit,
threshold [, [ notify_reg 1 1) ;
$nochange_timing check ::=
$nochange (reference_event, data_event, start_edge_offset,
end_edge_offset [, [ notify reg]1);

System timing check command arguments ( RARFRERSER>

checktime condition ::= mintypmax_expression
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controlled_reference_event ::= controlled_timing check_event
data_event ;= timing check_event
delayed_data ;=
terminal_identifier
| terminal_identifier [ constant_mntypmax_expression ]
delayed_reference ::=
terminal_identifier
| terminal_identifier { constant_mintypmax_expression ]
end_edge_offset :;= mintypmax_expression
gvent_based_flag ;= constant_expression
notify_reg ::= variable_identifier
reference_event ::= timing_check_event
remain_active_flag .= constant_mintypmax_expression
stamptitne_condition ::= mintypmax_expression
start_edge_offset ::= mintypmax_expression
threshold ::= constant_expression
timing_check_limit ::= expression

System timing check event definitions ( R R TEFEEER)

timing check_event ::=
[ timing check event_control ) specify_terminal_descriptor [ &&&
timing check_condition ]
controlled_timing_check_event ::=
timing check_event control specify_terminal_descriptor [ &&&
timing_check_condition ]
timing_check_event_control ::=
posedge
| negedge
| edge_control_specifier
specify_terminal descriptor ::=
specify_input_terminal_descriptor
| specify_output terminal_descriptor
edge_control_specifier ::= edge [ edge_descnptor [, edge_descriptor ] ]
edge_descriptor'!! ::=
01
o
| z_or_x zero_or_one
| zeTo_or_one z_or_x

zero_or_one ;=011
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zor xu=XxXtXi1zlZ
timing_check_ condition ::=
scalar_timing_check_condition
| {scalar_timing_check_condition)
scalar_timing check_condition ::=
expression
| ~expression
| expression==scalar_constant
| expression===scalar_constant
| expression!=scalar _constant
| expression!==scalar_constant

scalar_constant ::=
Tp0I 11 TBOI1'B11'D0OID1I'BOI'BI1i110

D.8 Expressions (FTRiZR)
D.8.1 Concatenations (Bf#E)

concatenation ::= { expression {, expression } }
constant_concatenation ::= { constant expression {, constani_expression } }
constant multiple concatenation ::= { constant_expression ¢onstant_concatenation }
module_path_concatenation ::= { module_path_expression {, module_path_expression } }
module_path_multiple_concatenation ::= { constant_expression module_path_concatenation }
multiple_concatenation .:= [ constant_expression concatenation }
net_concatenation ::= { net_concatenation_value {, net_concatenation_value } }
net_concatenation_vaiuve ;1=
hierarchical_net_identifier

| hierarchical_net_identifier [ expression ] { [ expression ] }

| hierarchical_net_identifier [ expression | { [ expression ] } [ range_expression ]

| hierarchical_net_identifier [ range_expression ]

| net_concatenation
variable_concatenation ::= { variable_concatenation_value {, variable_concatenation_vaiue } }
variable_concatenation_value ;=

hierarchical_variable_identifier

| hierarchical_variable_identifier [ expression ] { [ expression | }

| hierarchical variable_identifier { expression ] { [ expression ] } [ range_expression ]

| hierarchical_variable identifier [ range_expression ]

| variable_concatenation
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D.8.2 Function calls (eRZEH)

constant_function_call ::= function_identifier { attribute_instance }
(constant_expression {, constant_expression })

function_call ::= hierarchical_function_identifier { attribnte_instance }
(expression {, expression }}

genvar_function_call ;:= genvar_function_identifier { attribute_instance }
(constant_expression {, constant_expression })

system_function_call ::= system_function_identifier

[ (expression {, expression }) )
D.8.3 Expressions (FTiER,)

base_expression ;= expression
conditional_expression ;= expressionl 7 { attribute_instance } expression2 : expression3
constant_base expression ::= constant_expression
constant_expression ::=
constant _primary
| unary_operator { attribute_instance } constant primary
t constant_expression binary_operator { attribute_instance } constant_expression
| constant_expression 7 { attribute_instance } constant_expression : constant_expression
| string
constant_mintypmax_expression ::=
constant_expression
| constant_expression : constant_expression : constant_expression
constant_range_expression ::=
constant_expression
| msb_constant_expression : 1sb_constant_expression
| constant_base_expression + : width_constant_expression
| constant_base_expression — @ width_constant_expression
dimension_constant_expression ;= constant_expression
expressionl ::= expression
expression2 ;= expression
expression3 .= expression
expression ::=
primary
t unary_operator { attribute_instance } primary
| expression binary operator { attribute_instance } expression
| conditional_expression
| string
Isb_constant_expression ::= constant_expression
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mintypmax_expression =
expression
| expression ; expression ! expression
module path_conditional _expression ::= module_path_expression 7 { attribute_instance }
module_path_expression ; module_path_expression
module_path_expression ;=

module path_primary
| unary_module_path_operator [ attribute_instance } module path_primary

| module_path_expression binary_module_path_operator { attribute_instance }
module_path_expression
} modunle path conditicnal_expression
module_path_mintypmax_expression ::=
module_path_expression
! module_path_expression : module_path_expression : module_path_expression
msh_constant_expression ::= constant_expression
range_expression :i=
expression
| msb_constant_expression : Isb_constant_expression
| base_expression + ¢ width_constant expression
| base_expression — : width_constant_expression
width_constant_expression ::= constant_expression

D.8.4 Primaries (ZFE)

constant_primary =
constant_concatenation
| constant_function_call
| (constant_mintypmax_expression)
| constant_multiple_concatenation
| genvar_identifier
| number
| parameter_identifier
{ specparam_identifier
module_path_primary ::=
number
| identifier
| module_path_concatenation
| medule_path _multiple_concatenation
i function_call
| system_function_cail
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| constant_function_call
| {(module_path_mintypmax_expression)
primary ::=
number
| hierarchical _identifier
| hierarchical _identifier [ expression ] { [ expression ] }
| hierarchical identifier [ expression ] { [ expression ] } [ range_expression ]
| hierarchical _identifier [ range_expression ]
| concatenation
| multiple_concatenation
| function_call
| system_function_call
| constant_function_call
| (mintypmax_expression)

D.8.5 Expression Left_Side Values (TR, ZihlE)

Jnet__lvalue n=
hierarchical_net_identifier
| hierarchical_net identifier [ constant_expression ] { [ constant_expression ] }
| hierarchical_net _identifier [ constant_expression ] { [ constant_expression ] } [
constant_range_expression ]
| hierarchical_net_identifier [ constant_range expression ]}
] net_concatenation
variable_lvalue ::=
hierarchical variable identifier
| hierarchical_variable_identifier [ expression | { [ expression ] }
| hierarchical_variable identifier [ expression ]| { [ expression ] } [ range_expression ]
| hierarchical_variable_identifier [ range expression ]
| variable _concatenation

D.8.6 Operators (ZR{EF)

unary_operator ;1=
=1~ 1&I~& I~ A A A

binary_operator ::=
+I=1*1/1%l==ll=l===i{==&& I | ™i<]lg=1>I>= | &TH{A] A~ ]| A

13> | << »>> | <<
unary_module_path_operator ::=

o~ 1& T ~& ]~ 1AL A A
binary_module_path_operator ::=

= Il=| && I 1 & 1[I A A~ | ~A
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D.8.7 Numbers (=)

number ::=
decimal_number

{ octal_number

| binary_number

| hex_number

| real_number
rea]_number[ .=

unsigned_number . unsigned number

| unsigned_number [ , unsigned_number ] exp [ sign | unsigned _number
expr=elE
decimal_number ::=

unsigned_number

| [ size ] decimal_base unsigned _number

| { size ] decimal_base x_digit { _ }

! [ size ] decimal_base z_digit { _ }
binary_number ::= [ size ] binary_base binary_value
octal _number ::= [ size ] octal_base octal_value
hex_number ::= [ size ] hex_base hex_value
sign =+ 1—
size = non_zero_unsigned number
non_zero_unsigned_numbert"::= non_zero_decimal_digit { _ | decimal_digit }
unsigned_number!" ::= decimal_digit { _| decimal_digit }
binary_value"! ::= binary_digit { _ | binary_digit }
octal_value!!! ::= octal_digit { _ | octal_digit }
hex_value'! ::= hex_digit { _1 hex_digit }
decimal_base!'! ::="[ 8IS 1d I [ sIS 1D
binary_base!"! ::="[ 8IS ]b 1*[ sIS IB
octal_base! :="[ sIS Jo [ siS JO
hex_base!! :="[sISThi [slSH
non_zero_decimal_digit::=11213141616171819
decimal_digit :=0111213141516171819
binary_digit ::= x_digit | z_digit 1011
octal_digit ::= x_digit | z_digit[0111213141561617
hex_digit ::=

x_digit | z_digit101112131415161718193
talbicidieiflAIBICIDIEIF

x_digit ==X X
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z_digit:=212Z17%
D.8.8 Strings (FHFE)

string ::=* [ Any_ASCII _Characters_except_new_line }

D.9 General (EH)
D.9.1 Attributes (Bi%)

attribute _instance ::= (¥attr_spec {, attr_spec } *)
attr_spec =
atir_name= constant_expression
| attr _name
attr_name ::= identifier

D.9.2 Comments GEFE)

comiment ;1=
one_line_comment
| block_comment
one_line_comment ;:= // comment_text \n
block_comment ::= /* comment_text */
comment_text ;:= { Any_ASCII_character }

D.9.3 Identifiers (3RiA&F)

ammayed_identifier ;1=
simple_arrayed_identifier

| escaped_arrayed_identifier
block_identifier ::= identifier
cell_identifier ::= identifier
config_identifier ::= identifier
escaped_arrayed_identifier ::= escaped_identifier f range ]
escaped_hierarchical_identifier' ::=

escaped_hierarchical_branch

{ .simple_hierarchical_branch | .escaped_hierarchical_branch }

escaped_idemtifier ;:=\ { Any_ASCII_character_except_white_space } white_space
event_identifier ::= identifier
function_identifier ::= identifier
gate_instance_identifier ::= arrayed_identifier
generate_block_identifier ::= identifier
genvar_function_identifier ::= identifier /* Hierarchy disallowed */
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genvar_identifier ::= identifier
hierarchical block_identifier ::= hierarchical _identifier
hierarchical _event_identifter ::= hierarchical identifier
hierarchical _function_identifier ::= hierarchical identifier
hierarchical_identifier ::=
simple_hierarchical_identifier
| escaped_hierarchical_identifier
hierarchical_net_identifier ::= hierarchical_identifier
hierarchical_variable identifier ::= hierarchical_identifier
hierarchical_task_identifier ::= hierarchical_identifier
identifier ::=
simple_identifier
| escaped_identifier

inout_port_identifier ::= identifier
input_port_identifier ::= identifier
instance_identifier ::= identifier
library_identifier ::= identifier
memory_identifier ::= identifier
module_identifier ;:= identifier
module_instance_identifier ::= arrayed_identifier
net_identifier ::= identifier
output_port_identifier ::= identifier
parameter_identifier ::= identifier
port_identifier ::= identifier
real identifier ::= identifier
sitnple_arrayed_identifier ;:= simple_identifier [ range ]
simple_hierarchical_identifter”! ::=

simple_hierarchical_branch { .escaped_identifier ]
simple_identifier™ ::= [ a-zA-Z ] { [ a-zA-Z0-9_$] )
specparam_identifier ::= identifier
system_function_identifier”™ ::= $[ a-zA-Z0-9_$1{ [ a-zA-Z0-9_$]1}
system_task_identifier’™ ::= $[ a-zA-Z0-9_$]1{ [ a-zA-Z0-9_% ] }
task _identifier ::= identifier
terminal_identifier ::= identifier
text_macro_identifier ::= simple_identifier
topmodule_identifier ;= identifier
udp_identifier ::= identifier
udp_instance_identifier ::= arrayed _identifier
variable_identifier ::= identifier



WMAED BAEEREL

293

D.9.4 Identifier Branches (¥fiR43)

simple_hierarchical_branch®™’ ::=
simple_identifier [ [ unsigned_number } }
[ { simple_identifier [ [ unsigned_number]] } ]
escaped_hierarchical_branch!! ::=
escaped_tdentifier [ [ unsigned_number ] ]

[ { .escaped_identifier [ [ unsigned_number]] } ]
D.9.5 Whitespace (ZS8)
white_space®::= space | tab | newline | eof '
TR
(1] BARZEBRIEER,

[21 WASRIRAFAIAL S | IR TR TR TR (L) ik, EONEH -8, FER

fEATZH

31 EMARIIFHAMERRRAXFHRAL () ZHERZEARFEAZSRA

[4] TR LRV RS XER A PRIAE () ZERRE SR, MEZS FREAS

mﬁﬂ

[5] RERPIFRARE RALFFRAITRRSASZEFAERAZSEAN. RERBIFRAR

#H R F R P AREHEE UFH.
6] SCIFRIEER.
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fF1 AIEERY FIFO B Verilog HDL #58Y

FIETEFTTE I FE L TiTEI T i AT i Tiiiriiiiiiriiiiiiidrriiiiiiririty
// FPileName: “Fifo.v”

// Aauthor : Venkata Ramana Kalapatapu

// Company : Sand Micreelectronics Inc.

¥ {now a part of Synopsys, Inc.),

// Profile : Band develcops Simulation Models, Synthesizable Cores and
l/ Performance Analysis Tocls for Processors, buses and

/f memory products. Sand’s products include models for

/7 industry-gtandard components and custom-developed models
/f for specific simulation envircnments.

//

JELETIETEEEIIETTEE T EEF T T i 7 i Eiiirdiriiirididiifilidiriiirs

“define FWIDTH 32 // Width of the FIFC.
"define FDEFTH 4 /{ Depth of the FIFO.
“define FCWIDTH 2 // Counter Width of the FIFC 2 to power

// FCWIDTH = FDEPTH.
module FIFO({ C(lk,

RN,

Data_In,

FClxN,

FInN,

FOutN,

F Data,

F _FullN,

F LastN,

F _SLastN,

F_FirstN,

F EmptyN

)

input 1k // CLK signal.
input RstHN; // Low Asserted Resget signal.
input [{“FWIDTH-1):0] Data In; // Data into FIFD,
input FInN; // Write into FIFQ Signal.
input FClrN; /{ Clear signal to FIFO.
input FCutN; // Read from FIFO sgignal.
output [{ "FWIDTH-1) :0] F_Data; // FIFO data out.

output F_FullN; // FIFO full indicating signal.
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output F EmptyN; // FIFC empty indicating sigmal.
output F LastN; // FIFO Last but one signal.
output F SLastN; // FIFO SLast but one signal.
output F FirstN; // 8ignal indicating only one

/7 word in FIFO.
red F_FullN;
reg F_EmptyN;
req F LastN;
reg F SLastN;
reg F FirsatN;
reg [“FCWIDTH: O] feounter; //counter indicates num of data in FIFO
reg [ {"FCWIDTE-1) :0] rd ptr; // Current read pointer.
reg [{"FCWIDTH-1}:0] wr_ptr; // Current write pointer.
wire [ {"FWIDTH-1} : 0] FIFODataOut; // Data out from FIFQ MemBlk
wire [ { "TFWIDTH-1) : 0] FIFODatalIn; // Data into FIFQ MemBlk
wire ReadN = FOutN;
wire WriteN = FINN;
assign F Data = FIFCDataOut;

assign FIFODataln

Data In;

FIFO MEM BLK memblk({.clk{C1k},
.writeN (WriteN),
.rd_addr (rd_ptr),
-wr_addr (wr ptr],
.data_in{FIFCDataln},
.data out {FIFODataCut}

// Control circuitry for FIFO. If reset or clr signal is asserted,
// all the counters are get to 0. If write omnly the write counter
// i incremented else if read only read counter is incremented
// else if both, read and write counters are incremented.

// feounter indicates the num of items in the FIFO. Write only

// increments the fcounter, read only decrements the counter, and
// read && write doesn’t change the counter value.

always @(posedge Clk or negedge RstN}

begin
1£(IREstN} begin
foounter = (;
rd ptr c= 0;
wr ptr <= 0;

end
else begin

if (!FClrN } begin
fcounter <= {;
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rd ptr <= 0;
wr ptr = (;
end
else begin

if ({WriteN && F_FullN)
wr_pLty <= Wr _ptr + 1;

if {IReadN && F EmptyN)
rd ptr «= rd_ptr + 1;

if {{WriteN && ReadN && F_FullN)
foeounter «= fcounter + 1;

elae if (WriteN && !ReadN && F_EmptyN)
foounter <= foounter - 1;

end
end

// All the FIFO status signals depends on the value of fcounter,
// If the fcounter is equal tc fdepth, indicates FIFO is full.
// If the fcounter is equal to zero, indicates the FIFC is empty.

// F_EmptyN signal indicates FIFO Empty Status. By default it is
// asserted, indicating the FIFO is empty. After the First Data is
// put into the FIFO the signal is deasserted.

always @(posedge Clk or negedge RstN)

begin

if { !RstN)
F EmptyN <= 1'b0;

else begin
if (FClrN==1'bl)} begin

if (F_EmptyN==1'b0 && WriteN=-=1'b0)
F BmptyN <= 1’bl;

else if (F FirstN==1'b0 && ReadN==1'b0 && WriteN==1'bl;

F_EmptyN <= 1'b0;
end
elge
F EmptyN <= 1'b0;
end
end

// F_FirstN signal indicates that there is only one datum sitting
// in the FIFO. When the FIFO is empty and a write to FIFO occurs,

// this signal gets asserted.
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always @{posedge Clk or negedge RstN)
begin

if (IRstN}
F FirstN <= 1’'bl;

else begin
if{FPClrN==1‘bl} begin

if { (F_EmptyN==1'b0 && WriteN==1'b0} ||
{foounter==2 && ReadN==1'b(0 && WriteN==1'b1}}

F FirstN «= 1'b0;

else if (F_FirstN==1'b{ && (WriteN * ReadN))
F FirstN <= 1'bl;
end
else begin

F FirstN <= 1'bl;
and
end
end

/¢ F_SLastN indicates that there ies space for only two data words
//in the FIFC.
always @iposedge Clk or negedge RstN)

begin
if (|RstN)

F SLastN <= 1'bl;
else begin

if (FClrN==1'b1) begin

if{ {F LastN==1'b0 && ReadN==1'b0 && WriteN==1'Dbl] ||
(fcounter == { "FDEPTH-3) && WriteN==1'b0 && ReadN==1'bl))

F SLastN <= 1'b0;

elgse if (F SLastN==1'b0 && (ReadN " WriteN} )
F_SLastN <= 1'bl;

end
else
F SLastN <= 1’bi;

and
and

// F LastN indicates that there is one space for only one data
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// word in the FIFO,
always @ (pogedge Clk or negedge RstN)

begin
if (!R8tN}

F LastN <= 1'bl;

alge begin
1f (FClxrN==1'bl} begin

if {((F _FullN==1'b0 && ReadN==1'Db0) ||
(Foounter == { "FDEPTH-2) && WriteN==1'b0 k& ReadN==1'hl})

F LastN <= 1‘b0;

else if(F LastN==1'b0 && (ReadN ™ WriteN) )
F_LagtN <= 1'bl;
end

else
F LastN <= 1'bl;

end
end

// F FullN indicates that the FIFO is full.
always @({posedge Clk or negedge RstN)
begin

if (!RstN]
F FullN «= 1'bl;

else begin
if{FClrN==1'bl) begin

if {(F_LastN==1'b0 &&k WriteN==1'b) && ReadN==1'Dpl)
F FullN <= 1'k0;
else if{F FullN==1'b0 && ReadN==1'b0)

F_FullN <= 1'bl;
end

else
F FullN <= 1'bl;

erd
end

endmodule
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7/

/7
/i Configurable memcry block for fifo. The width of the mem

f/ block is configured via FWIDTH. All the data inte fifo is done
74 synhchronous to block.

//
// Author : Venkata Ramana Kalapatapu

//
LTELLEATEEI T L7877 E il T i i ii7F i iiiiriliiiiiily
module FIFQO MEM BLK{ clk,

writelN,

wr_addr,

ré addr,

data_in,

data out

}i

input clk; // input clk.

input writeN; //Write Signal to put data into fifo.

input [(“FCWIDTH-1):0] wr addr; // Write Address.

input ([{"FCWIDTH-1}:0] rd addr; // Read Address.

input [{ FWIDTH-1):0)] data in; // DataIn in to Memory Block

output [("FWIDTH-1}:0] data out; // DataOut from the Memory
// Block (FIFO)

wire [ {"FWIDTH-1) :0] data out;

reg [ {"FWIDTH-1) :0] FIFO[0O:{ FDEPTH-1)];

assign data_out = FIFO[rd_addr];

always @{pogedge clk)
begin
if {(writeN==1'b0}

FIFQ[wr_addr] <= data in;
end

endmodule

F.2 DRAM (ZhERENLFiEE3) AT AHIEEY

AR E—T 256 K x 16 DRAM BIF7 085, % DRAM 8F 256 K 9 16 (ifEfESsE),
BRI AR 5 OB F2 B .

Wi i 0
A RER " N MmO BREEE AR HRD .
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MA 10 (AF AR A5 Hbtit
OE_N EREER LR ES

RAS N W E TRk 4T Mokt %
CAS_N 72 5t HhhE RGP #1538

LWE_N FEBE B2k DATA FRE 8 (VB ATEEF KNS HRE(EE
UWE N JREE S48 DATA FAUE 8 (B AFEBMEFEES

L] s

—] OE N

— = RASN DATA <7L>-

256 K x 16 DRAM
———1 CAS_N

——=i 1WE_N

— | UWE N

F.2 DRAM A5 A5 B0

Wi (ALY w0

DATA, 16 u#iBELR, BRAI{ENEA, WAI{ERSIN . & LWE_N k& UWE_N £% (1
B, MIMBHESLE S AR, 35 OE NAS (RHE), NEFERnEdy.

FIAREVLAERERE ( DRAM ) 178 Verilog HDL {88, W F2 iR

I F2 DRAM BIfThHiaR

FIIEEEFITEEI AT 7 0170 E 27787 T ETiilEirritiidiiiifiirisy
// FileName: “dram.v” - functional model of a 256K x 16 DRAM

// author : Venkata Ramana Kalapatapu

// Company : Sand Microelectronics Inc. {now a part of Synopsys, Inc.)
// Profile : BSand develops Simulation Mocdels, Synthesizable Cores, and

Iy Performance Analygis Tools for Processors, buses and
// memory products. Sand’s products include models for
I industry-standard components and custom-developed

¥ models for gpecific simulation environments.

//

FIETEIIFIITEEEELETLETPEEETITEFEET LTI LTI I Ei7ItiiTTE07Elil17711]

module DRAM( DATA,
MA,
RAS_N,
CAS N,
LWE N,
UWE N,
OE N} ;

inout [1%:0] DATA;
input [2:0] MA ;
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input RAS N;
input CAS N;
input LWE_N;
input UWE N;
input OE N;

reg [15:0]

memblk [0:262143] ;

// Memory Block. 256K x 16.
// RowAddress Upper 10 bits of MA.
// ColAddress Lower 8 bits of MA.

reg [g:0] rowadd;

reg [7:0] coladd;

reqg {15:0] rd_data; // Read Data.
reg [15:0] temp req;

reg hidden ref;

req last lwe;

reg last uwe;

req cas bef ras ref;

reg end cas bef rag ref;
req last cas;

reqg read;

req T ;

reg output_disable check;

integer page mode;

aggign #5 DATA=(OF N===1'b0 && CAS N===1"b0) ? rd data : lé6‘bz;

parameter infile = “ini fiie”;

initial

begin

Sreadmemh (infile, memblk};

end

always @(RAS N}

begin

if (RAS N

1'b0 )} begin

if{CAS N == 1'bl ) bkegin
rowadd = MAa:

end
else

hidden ref = 1'bl;

elze

hidden ref

erd

1'b0;

always @{CAS N)

#1 last_cas = CAS N;

always @({CAS N or LWE N or UWE N)
begin

// Input file for preloading the Dram.
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if{RﬁS__N===1'bﬂ Bede CAS_ ===]"'h{ ::' begln

if (last cas==1'bl)
coladd = MA{7:0];

if (INE N!'==1'b0 && UWE N!==1'b0) begin // Read Cycle.

rd data = menblk[{rowadd, coladd}];

$display (“EEAD : address = b, Data = %¥b",
{rowadd, coladd}, rd data ):

end

else if {LWE N===1'b{ &% UWE N===1’'b0)} begin

// Write Cycle both bytes.

memblk [ {rowadd, ¢ccladd}] = DATA;
$display (“"WRITE: address = %bh, Data = %h",
{rowadd, coladd}, DATA )};

end
else if {LWE N===1'b0 && UWE N===1'bl) begin
// Lower Byte Write Cycle.

temp reg = memblk[{rowadd, coladd}];
temp reg[7:0] = DATA{7:0];
memblk [ {rowadd, coladd}] = temp reg;

end
else if{IWE N===1'bl && UWE N===1'b0} begin
// Upper Byte Write Cycle.

temp reqg = memblk[{rowadd, coladd}};

temp reg[l15:8] = DATA[15:8);

memblk [{rowadd, coladd}] = teop reg;
end

end

// Refresh.
alwayg @(CAS N or RAS N}

begin

if (CAS N==1'b0 && last_cas===1'bl && RAS N===1'bl)} begin
cas bef ras ref = 1'bl;
end

if (CAS N===1'bl && RAS N===1'bl && cag bef ras ref==1'bl} begin
end cas bef ras_ref = 1'bl;
cas_bef ras ref = 1'b0;

end

if{ {CAS N===1'b0 &k RAS N===1'b0} && end cas bef rag ref==1'bl )
end cag bef ras ref = 1'b0;

end

endmcdule
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