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FHAMRIAEIRT, ISR BRI FEAT

Verilog HDLIE & RUE X TiEsk, M HAMEMEESHEE LT MR, HHEIE L,
Ei, FXAESHENERIEEE 6 Verilogh M HITRIT, ESNCHABBESHHAETS
FIRE AL, Verilog HDLIRME T B RMEE /1, HhF 20 REVERER®, HE,
Verilog HDLiE & 080 FRIER S TEIMMEA, XM KEHRENHXRE 228, 4R,
SERE HORE P R TE = B AR B B 20t 4 B e s T R A AT HIR
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Verilog HDLiE 5 547 /2 T 19834 H1 Gateway Design Automation © /A &) HARL RS = 4 FF
AMEHERES. ANERRE—FMEMES. A THAMMOER. (FESFZLM0T ZHH,
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W RYERTESIF, Verilog HDLIE E F19904E g ) 2o A FI . Open Verilog International
(OVI) RAZ# Verilog X BAEBRMEHSR . 19924, OVIREZ S FHS Verilog OVIARHER, N
IEEEfr#E . X—B N HREKBRI, Verilog i5E T1995F B NIEEEAR#E, FRANIEEE Std
1364 - 1995, TERMIRHELE VerilogB (iR BT 2% FM T H EAMIR .

1.3 E£EHtH
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o BTN U RAE B ; BESAMBHHEAE (KD KEhnfE B E .

* Verilog HDL AR &0 \] 0% F 18 5 T RIEEEIR M,

* AMIHLAFE AT [ ik Verilog 155, AU ERENEDAR TAMRIT A ZENXEE

* Verilog HDLE & BHRBE HE B ARBEFTED (PLI) HlE#—$5 B, PLI
R AR R [ Verilog BRME R . AFRHESEIUBTEHINBEES,

cWITREBEZ T BER EMUSR, WFRR. (TR, FEBMMEESK (RTL) HE R,
I HBAATIE,
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FERMHDLIE T IR

2.1 HER

B Verilog MYEAHR AN, ATFHREMGHTHEREM R SHAMBGEIEN
SRR O . — BTSRRI RERE ., TRIFEMAFE HEGE MR, @itey
BERAT HERHEEMEE DR P TAIEATBERER, — MERTUES—4
BERP A,

—MRREEAELNT

module module_name (port_list);
Declarations:
reg, wire, parameter,
input, output, inout,
function, task, . . .
Statements:
Initial statement
Always statement
Module Instantiation
Gate instantiation
UDP instantiation
Continuous assignment
endmodule

RHEGHTECRAME, PR ERANRERNSE. B2 g
REMZA, RN MEDT UBHEEMRPOEMBY; HRTR, F7E. ANASK
TR LAEE AR AT EERERERNRAE RIFH TN, BIEHFTENGE
RS BB ARl KB IATE OB M TX K.

2- 1B AR — e n 2F ol B O BEBR A R B30

module HalfAdder (A, B, Sum, Carry);
input A, B;
output Sum, Carry;

ageign #2 sSum = A + B;
assign #5 Carry = A & B;
endmodule

BRI E TR HalfAdder, BHRHINHRO: TG 4 Pj Siome
AMROAMB, WS OSumMCarry, B FERAE
SORABAE, RO K/NMERIG; Fet, iTFRE
IR 1 BB R, 5 0o O R R 28 P M 2,

KRG IFREREMBRIBHAT VO ERE B2-i imgee s

B Al Carry
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B, NXFEX B, XEEOERRPUANMBFIXEE, REBARFEN. 8%
5 B R BAT IR B T R A 7E R BARIB E RIS

e, ATATR AR — 1R

1) BRI

2) T AT

3) #MITH;

4) LR ARG

T EJLE IR IX i R T K. LA 4FEH S X Verilog HDLAJBY FE4F o) &
4.

22 MHE

Verilog HDLAE &Y b i) BT 4 B REERAR B[R] B 07 58 S0 T 1R 9 B RE 0 i SR R (R 15 9] 5T
W‘j:}

agsgign #2 Sum = A ~» B;
#2452 1y [E] A

15 FH G R4 S i R SR AL 5 Py S TR AH G B . XA A SRR 2R 18 2 T AE R B R i E X,
W TR

* timescale Ins /100ps
EiE A B B ZE B 8] S840 0 1ns 3 ELB [6)RS BE S 100ps (B 9]0 B2 J&: 435 BT A B4 B6F 2EE 40201 8 B A 7
0.1nsN). MR BLHIFRE L FEANRRE T L AR ESERERG], #2 fiFK2ns.

WRBA X HFIRTESL, Verilog HDL AR &8 E — M4 B 0] Bfi . IEEE Verilog
HDL 74 A 808 HLE 8R4 B 8] B

23 MERMRAR

FA B e 13 77 A — N AR B BB A UL B R R BB 1), R
B, ENERERAENER., EEREENEER:

assign [(delay] LHS_net = RHS_ expression;
HAFEAERNBRIERTEMN ZETA, ARREIXBEHITE, 3 EEEENNEFE
WEERTFEAFEANLMER, HEEL TANREIABRELTHEREL LN TRAN
Z IR BFFEEmT IR] . GNRBA RE LA HEH, BRAE BT E RO,

B12-2 8 7R T fof PR BOHE U0 1 3 O %o 2- 4 ) 4% e, B PO R A S (A RY

¢ Z{0)

Ath }c Abar
T N1 Z(1]
yw " 22
B i

N3 Z[3)

Hdd

EN

FE2-2 2-4ff 2% pR
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“timescale 1ns/ 1lns

module DecoderZx4 (A, B, EN, Z);
input A, B, EN;
output [ 0 :3] Z;
wire Abar, Bbar;

assign #1 Abar = ~ A; /7 IEE 1,
assign #1 Bbar = -~ B; /1 B 2
assign #2 Z[0] - -~ (Abar & Bbar & EN) : / / iBA] 3.
assign #2 Z(1] - ~ (Abar & B & EN) ; /1 ER] 4,
assign #2 Z[2) = ~ (A & Bbar & EN) ; /1 iBR s,
assign #2 Z[3] = ~ (A & B & EN) ; /1 ER] 6

endmodule

LRSS “° " FHmE—RKiSARMERES, MiFRIES timescale K TG
RIRARENL ns, BHEIEBERT ns, BIIN, 7ERESEREIEA) BT AL 41 F#24> BIXTRIBS EE 1 ns
2 ns, '

B Decoder2x4 % 3% AN ORI DAL B 0T, 28 P2 7034 BR TENELRNTBAbar
HiBbar GELXRB R L MBRIN—F). b, BB EERMEE,

SRE2-3FHWBIEE . MENTESS osBLET,iB403. 4. STI6HT. XEENENE XL
ELERMEIEA P ANREGRER. Z0)EST nshH R FHH0, HATES15 nsiS ke, 5
W1, SH6HIT, RATERISMCARERZOIMZIIMBUE, HFiEaSSBRZRHETS1T s N
0o PATEDIFBAbarTER 16 nsBHEHRRE. B TFAbarlBE, Rtk X SHZ0EALEIS ns
A1,

T R SRR (B 0 A R A 3 e B BB AT WA B RREA TR
MBI R AN ESEREIBARIERINITH, CRRREEBEONBITIRRES HERRST S
0] s o v <

EN l

" ]

15 25
g L
20 35
FA(L)] l ’
7 18
20 ‘I I—
28 38
Z[2) l l
17 23
Z(3] [ ,
0 2 27

K2-3 HEREELH

24 ITAHHRAFR

BT HAT RS REGE T s Mk .
1) initialifA) . MiE4a] BT —W,
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2) alwaysiff): MiEA R RIEFHRAT, RERLEDERNST

04 R RRMBIR S X R E R PR, FRS8ANEBERBRHHEMNRTE
HHAZ, A B¥HGE S Malwaysif A ZEOBY 203 R AT

Tl HalwaysiB A%t 107 2 s e B B 1], ani2-4,

module FA_Seqg (A, B, Cin, Sum, Cout):
input A, B, Cin;
output Sum, Cout;
reg Sum, Cout;
reg T1, T2, T3;
always
@ ( A or Bor Cin ) begin
Sum = (A " B) * Cin;
Ti = A & Cin;
T2 = B & Cin;
T3 = A & B;
Cout = (TlI T2) | T3;
end
endmodule

HRFA_Seq B= N AFBE Y. B FSum. Cout. Ti, T2HIT37Ealways i&H] P HM(E,
EATEIRIAN reg KA (reg B FHAATHIERRIF—FN),

always IR PAE N SEAERHERETHC BEN 4 \ s1

FIER)o ARKBAE LR (begin-end®). HKE )I:>QI:>——MM
R%EA, BECin L RAEFM, BA, BHCinZ —HMEE ’__E LE

AR, SRR RIT. TR S 8 E BT o\ D L Cout
WAT, FHEMFIRPITEREEER, PUFrIE B o

PATEBUS, always iEE)HIRFFA. BECin b RAER A2

=¥,

FE U 2 o B A 4 R R R AR S RO 5K B2-4 TR
B, BRALT BRAEAE T — S BT WSE BT, SR LI — AT AR IE .

it BT L 59 PR 27

1) B E: X BT E AT

2) B AEE: KR AR R S At Tk R A B T E

T R 0 B EE R

Sum = (A *» B) » Cin;

#4 T1 = A & Cin;

T 585 — FKiB PR B ST HLE R LR 4B E BALIAT . SRR B, EF—FIEARITE HF ¥4
AaflEl B, REMITE _KiER, THEHRAERNENRE,
Sum = #3 (A*» B) » Cin;
XTBREPHNEERE B CIHTELAORIRXNOE, FRF3/10BHELA, REBIELSum.
MREIEBEDRE AT, GREMHEAORIE, HWELRU, META Y., XMEALL
K AEalways i85 48 & 150 # A S EFESE P M IS,
F i Rinitialif 7] 1) 7~ 5 «

“timescale 1lns / 1lns
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module Test (Pop, Pid);
output Pop, Pid;
reg Pop, Pid;

initial
begin

Pop = 0; /7 R 1,

pid = 0; /7 WA 2,

Pop = #5 1; /7 A 3,

Pid = #3 1; /7 1B 4.

Pop = #6 0; // A 5.

pid = #2 0; /7 @ 6,

end

endmodule

X — BB A N 2-SBT AR BETE o initialiE ML & — MAF T8, X — W5 B E0 nskt
FERIAT, HFAEBFIRPHAEaLBERTRESS, nitaiIBAKEER ., X—FF g
B EWHE SOE T B ER A 413 BRE AP . 58] 12780 nsBt BT . 28 = &iB AL 720
i} 2T, B Pop FE5E5 nsPHBRRME . iBWATESS nsthfT, H B Pid 1658 nsBi (. FI#E,
PopfE14 nsB{MH0, Pid7ES16 nsBRE0. FORIBMMITIE, initiaiB MK THER. 58
R E Ry #initialiE 4]

Pop

5ns ldns

Pid

8ns 16ns

B2-5 Tesr BEHRMYHE BT

2.5 ZiRRER

fE Verilog HDLA 8] i F1 i F 5 R R 4544

D HENRIEFETTR);

2) FRBIFEAEREER);

3) AP LR ENTR);

4) BB LW (BIRBEREH).

B KRR T E SRR 208 5 P B T BIEH R A% 022 e B 5 )
BB T E2- 4B R BB AE,

module FA_Str (A, B, Cin, Sum, Cout);

input A, B, Cin:

output Sum, Cout;
wire 51, T1, T2, T3;

xor
X1 (81, A, B,

X2 (Sum, Si, Cin);

and
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Al (13, A, B),
A2 (T2, B, Cin},
A3 (T1, A, Cin},

0ol (Cout, T1, T2, T3):
aendmodule
ERX—EHF, BREETINMETHIER, ERRRETHE Ixor. andflor HLHiEH.
[MEPIHRMEET RS, TI, T2HT3EE., h TREBEHRE, I35 FE AT LM
WFE LR B ER T A% xor, andFlorRMNBITIIE; X1, X2, AISREFNEHK. B
BMEBMNMIUEHESHRRTHEE; FIRFHE—ITRITHE. RTHRRA. A, s7
Hxor TEBIXIWHHEE, TAMBSLHIXIEMAERE.

AL NER AT LA R4 1AL N s EER , H#R A B BE IE2-6FF R . FE 2402
module FourBitFA (FA, FB, FCin, FSum, FCout );

parameter SIZL = 4;

input [SIZE:1] FA, FB;

cutput (SIZE:1] FSum

input rFCin;

input FCout;

wire [ 1: SIZE-1] FTemp;

FA_Str
FAI( A (FA[Ll]l), .B(FB[1l}), .Cin(FcCinj,
Lsum(FSuml[l}), .Cout(FTemp(2i)},
FAZ( A (FAlZ2})., .B(FB[2]), .Cin{(FTempl[ll),
LSum(FSum[2:), .Cout{(Fremp[21)),

FAZ(FAI3}, FB(3!, Fremp(2), FSum!3], FTemp[21,
FA4{FA[4!, FBI4!, FTemp{3], FSumi{d], FCout);
endmodule

EX—LHF, BREGIATFREAMI LM, ERRTHETH, WO S &R
BXB. AR EFFAIMFAERGE KB, WRER, RONEHATEEORMAE
BAER (BRI “port_name (net_name) ). BISTANLMiEH], LM FAIFIFA4
fERAE R A MmO SRR LR X BABAFFREE, M, ESHFA4R, -1
FA\4)5FA_Str (9% DAERE, B NFBI41SFA_Str I OBIEE, ST HH.

FAI4] FBl4] FA[3) FB[3] FA[2] FB[2) FA[Y] FB{1}

L b gk 4 Far ¥

FA4 4 \L FA3

A B A B A B A B .
Cin Cin Cin Cin (_PC”'
E 3 = ]
§ § l § g ‘ § % § &
FCout \‘1 FSum|[4}] FSum{3} FSum(2] FSum{1]

Bi2-6 4fi 4
2.6 BERITRRAR
R, ST AMARTILA RS, WHLRU, Bk L a8 LAt
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BT, BB AILIET . EEREE R U RalwaysiE A Minitalif R E . EH1ZE & LAE
HAE&, ¥ Balwaysig MinitialiFa) (Y)ic R A FHAEFL PR o LI7EX PR A R1E )
AR IRBN T %, TXA TFIIRNEEEMEAET (HEEHIXRM) NEESIEAT
fih & alwaysiE b flinitiali& F] ,

THEZBESRITTRN I LmMEFEH,

module FA_Mix (A, B, Cin, Sum, Cout);
input A,B, Cin;
output Sume Cout;

reg Cout;
reg 71, T2, T3;
wire SI;
xor X1(S1, A, B); /1 T1EHES,
always
@ ( Aor Bor Cin ) begin // always #Ef],
Tl = A & Cin;
T2 = B & Cin;
T3 = A & B;
Cout = (Til T2) | T3;
end

assign Sum - S1 * Cin; // HBEREESR,
endmodule

REARBLERMNEE, MEFEAEIRT. REA, BCint HEEMHRE, BT
always i5%), #HH RESISCin EAEM 4%, RTESREIEL,

2.7 &itiER

Verilog HDL AR AERGAR R RE Sy, i ELARGE%T 8Ol . #0750 o A58 1 4
BREES . BEAEH T AMSBEA L, RILETERPHMEIT LER “BIn "
BE N EMBIEEM. &S, W RIET LUE S M ELIE G T E A MR HIE R B sh 518
SR ) iy LA SE o

TERMBBER ToplIBIF . ZBFRR2.3H FIHFRBIFA_Seqtisr,

‘timescale Ins/Ins

module Top; 71— AR LIA -SRI Fi .
reg PA, PB, PCij;
wire PCo, PSum;

// ETE BRI SEBRAER
FA_Seq F1(PA, PB, PCi, PSum, PCo); /7 B,

initial
begin: ONLY ONCE
reg (3:0] Pal;
/I TEAL, PalABERUES,

for (Pal = 0; Pal < 8; Pal = Pal + 1)
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begin
{PA, PB, PCi} = Pal;
4#5 sdisplay ( “PA, PB, PCi = %b%b%b” , PA, PB, PCi,
“ : PCo, PSum=%b%b” , PCo, PSum);
end
end
endmodule

T 0 AR B 3R Hp s A B SR Bk O SO LR ST BB R RIE 5 SRR P A 55 O M E R .
BRI, PAEREPIIRFA_Seqii¥i OA, PBEEBIMIRFA_Seqt 3 OB, RILKHE, B E
VIthAiE IR ER T —MortE3RIBA], TEPA. PBMIPC Fi= T . for A R BYE — L BR{E
BARATRRGHMER. BEAL, FREHENNRALHRNSE. MBKiENAQY
B TN ARSES . REMTF sdisplay R A LU E R RITEN R .

ARG % Sdisplay ¥ F P BB SE 15 ) 40 E S displayfE 45 76 5/ E) B4 J5 BAAT o 53X S4-Bif I
PR EARERT BB R, BREA RN WEB e 0A K4 T8 H =0
A FER B 8]

R — BB PR H 55— ER . PallEMIBEILBE TN BRI E L. NERIX—IhEE,
VIR A F BT i3 (begin-end ) S4iFRID. fEXFER T, ONLY_ONCER T 18
Ric. MREMFIBEANRTRBEHNER, AT ERIFIC, WRBH 4 0 5H n
2787, FPHERRRER 4 RMH

PA, PB, PCi = 000 ::: PCo, PSum = 00
PA, PB, PCi = 001 ::: PCo, PSum = 01
PA, PB, PCi = 010 ::: PCo, PSum = 01
PA, PB, PCi = 011 ::: PCo, PSum = 190
PA, PB, PCi = 100 ::: PCo, PSum = 01
PA, PB, 'PCi = 101 ::: PCo, PSum = 10
PA, PB, PCi = 110 ::: PCo, PSum = 10
PA, PB, PCi = 111 ::: PCo, PSum = 11
i B e I
0 5ns 10ns 15ns  20ns 25ns  30ns 35ns

A N SO N
PA l _I—
g e N R

e | L L

A2-7 WA R Top AT 7= 4 Y I R

Q
BAE 53F 1138 3GE B B RS _F RS R B A 1 2-8 e
‘timescale 10ns/l1ns
module RS_FF (Q, Obar, R, S); 3 Qbar
output Q, QObar;
input R, S B2-8 ZEGEZMSIENT

nand #1 (Q, R, Obar);
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nand #1 (Qbar, S, Q.,):
/N R, LRBRFRATEN,
endmodule

module Test:
reg TS, TR;
wire TQ, TQb;

7/ BRI L i 4]«
RS_FF NSTA (.Q(TQ), .S(TS), .R(TR), .Qbar(TOb));
/1 R FIMRET 2 MR E R F A

it R
initial
begin:
TR = 0
TS = 0;
#5 TS = 1;
#5 78 = 0;
TR = 1;
#5 T8 = 1;
TR = 0;
#5 TS = 0;
#5 TR = 1;
end
[/ BR .
initial
$monltor ("At time %t ," , Stime,
"TR = %b, TS=%b, TQ=%b, TQb= %b"', TR, TS, TQ, TOb);
endmodule

RS_FFEURBR T ¥t S .. I LPER MR E; M, $—ALHiEsas
RITTE SE g LA B AL, K0T B RE R BR 3 AN RRFR Qbar BB ETH 1354k, QUETET+ 163 %%k
B FE.

B Test Be— A WEBR . Wi P AIRS_FFRLHIE AL B O s 0 2 B
E, EX—RRPEHEMBILIED . B— A WHLES R AP ETSHITRE BT .
E—PG R A WA B R E MR ET B EIE A,

B EAMABLEDAARLEES smonitor. X—RGEEFAANIEBLANESKE B
EHIERERETARITERENFRE, PEMNMEMBENE2-9F R, TEEMRAESE ™
SR L. HEE timescalef§ S 7ERTEE F MR,

50 1000 150, 200

' 120 160 260m8

Qb _:u——l : l : l

Ons 60 110 170 210

BE2-9 TestBithi=4: kK
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At time 0, TR=0, TS=0, TQ=x, TQRb= x

At time 10, TR=0, TS=0, TQ=1, TOb= 1

At time 50, TR=0, TS=1, TQ=1, TQb= 1

At time 60, TR=0, TS=1, TQ=1, TQb= 0

At time 100, TR=1, TS=0, TQ=1l, TQb= 0

At time 110, TR=1, TE=0, TQ=1, TQb= 1

At time 120, TR=1, T8=0, TQ=0, TQb= 1

At time 150, TR=0, TS8=1, TQ=0, TQb= 1

At time 160, TR=0, TS=1, TQ=1, TQb=s 1

At time 170, TR=0, TS=1, TQ=1, TQb= 0

At time 200, TR=0, TS=0, TQ=1, TQb=- O

At time 210, TR=0, TS=0, TQ=1, TQb= 1

AL time 250, TR=1, TS=0, TQ=1, TQb= 1

At time 260, TR=1, TS=0, TQ=0, TQb= 1

J& T B B30 T i e R X s
M
1 EFERER T R PHAAT A ERER— MR
2. f F  timescale HiF2RHE S EREM 47 FH LB,
3. A BRMEE A A LU SCHBPIRRET 3E 7 THAE B 1F R 158EH .
4. R ABAR Fi iR 7 RN AR E2- 4R R0 17 £ 0 8¢,
5. initialif 4] Salways {5409 X B X IR+ 47
6. '5 th ™ 4 F2- 10FT /R TR #9738 B BullsEye MM 16 L1 ) .

0 ﬂ 12 —2|2"5|4 H
E2-10 FRBullsEye Bk
7. RAGEWIER T AW E E2-29 R #2-41% 1528
8. }2. 3 BRI E B Decode2 x4 E — TR IE R .
9. 5 i R 7E Verilog HDLBRI PR AREE 4 -~
/EJQ Ins r4

10. ZE MU i B o faT A 5 B SR :
1. RSB AR T RAEE2-NFRORRE - | e

$#BHVerilog HDLH#R, H-EFIHE RIATIE, B2-11 BB

12. R T EEEREETHHER.

assign Reset

#2 * WriteBus;
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AZE A/ Verilog HDLIMEAE R, GFEFIAN. BB, BE. KFEFES. RELF
MRGRP. 7, FFEENBT VeriloglB (HHRIE T FRPIREIELR,

3.1 #FiIAF

Verilog HDLF #I$R1R & (identifien) A U RIEE—HF R . ¥F. SHESH_(TUR)FSH
HE, HIFRFHE T FHRUARFFRE TR, B, REAKRROANEH., BT
R AFFH LA F

Count

COUNT / /5 count R,
_R1_D2

R56_68

FIVES

¥ bR iR ¥ (escaped identifier )8 LATE— Z&AR RSP A S {EM AT $TEDER . 5 SUARIREFLA
(RPZEFSHL, UTAER (SATUR ISR, —MHEEFRBTHE). FTHEpz
T IUAEE SRR -

\7400

\.*s

\(******)

\~Q
\QutGate HoutGateHiF.

BRERXNPIFRBETHE &R SRR, RALRME TSI R RRA I —3
4o HBRE, WIRF\OuGate FRRM OurGareli s,

Verilog HDLZE X T —RFMREF, ngeiia, eMNATES F T, HRAFET
BEPHFAREF. FERA/NEHXRAARFEET. Hli, HilfFawaysGX R LR
) SIRRFMALWAYSEEXR A R AR .

A5, B RFEXRIAF R T2, fRiR% initial SRR initial (3248 )
AR EERX—AE S URRFRE,

3.2 ¥
& Verilog HDLHE Bfp A B
/BRI LU RE
£ */
IR TIER AR,
3.3 &

Verilog HOLE 5+ K/NE . W3R K/NE REMHFRAR RN, Mo, Verilog HDLE
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B Ra, SR UERESEHE, BATUE—FR&RE. A% (FfT. RRFnER)
BARHRE L, T K pIf R,

initial begin Top = 3'b001; #2 Top = 3'b011; end
M T EBTELS—H:

initial

begin

Top = 3'b001;

#2 Top = 3'b011;

end

3.4 REEZMEY

SFRFRIAFARRREE IS NRE R EFRE T —FERAT R X
MU R MR RIR S BA . B4 TLLREION SN2 ME . B REEEE—MELSS
EFAER, /o, REFEORZINAT, BIARSIAFIER, TAEF LA ER.

sdisplay ("Hi, vyou have reached LT today")}:

/* saisplay RGALHFEFHE—THER. */

Stime

/ FE RGNS B R B
RO 550 R G oK AR S 105 - IR AR

3.5 HmFHES

LU (315 ) FAE iR A 4iFa8184 . 7 Verilog iBE RIFR, FEMNMIFRE
AEBMRFIBRTER (HFIBTERL ), HABRBKENARRFRFES.
TR IFSRESWT:

* “define, ‘undef

¢ ‘ifdef, ‘else, ‘endif

¢ “default_nettype

e “include

* “resetall

* “timescale

e« ‘unconnected_drive, ‘nounconnected_drive

¢ ‘celldefine, ‘endcelldefine

3.5.1 ‘define #'undef

“definef5 4 I T XA R, BIRBCIES FHi#define 185, W:

‘define MAX_BUS_SIZE 32

reg.; [ ‘MAX_BUS_SIZE - 1:0 ] AddReg;

— B define 4B HF, HEBITREFIBPHAEN. M0, @A —DXHHH
“definet¥4, MAX_BUS_SIZE BEg £ 1 CHEER .

“undef 1§ BUERTEE XHE . Fil0:

“define WORD 16 //EEN— ALK,

wire [ "WORD : 1] Bus;
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:undet WORD
/7 TEundefHENAIE, WORDNEE X AREAYK.

3.56.2 ‘ifdef, ‘else F1'endif
XGRS AT REHFE, TR,

‘ifdef WINDOWS

parameter WORD_SIZE = 16
‘elge

Darameter WORD _SIZE = 32
‘endif

ERFLRT, MREELT BFHWINDOWSHXAEE, HEBE—FSKEE, TN
KEE _MHSHiE,
“else BEIE A X Fifdef 54 B[ %49,

3.5.3 “default_nettype
BECATHRAKMEERMAR . SRR BA B 0SS N 28 R,

‘default_nettype wand

BELPIE L HRE RN SRR, B, RN IS EOOE TR A 0
8, MLAKEFBBEHNRGHRE,

3.5.4 ‘include

Include i35 ¢ TRAABRXAAINE . XHRT RN BREE X, BTl
BB ZE X, Bln:

‘include " . . ; . |, /primitives.v"

WIERY, X—FTHXE ./ /primitives.v” Y HNAEBM,

3.5.5 ‘resetall

RAIRAIE W RIS BB Vs,

‘resetall

BIan, BB R ERE ER AR L MR,

3.5.6 ‘timescale

EVerilog HDL B, B4 i HE45 I 8050 0 (6] 23R {# Fi"timescale 4 i #8344 ¥ B¢ 5]
B SIERA AR . B4 BT o S HE R S RO R “timescaleZw i 85 SR
A

‘timescale time_unit / time_precision

time_unit Mtime_precision f{H1. 10, M100LA K &Efls. ms. us. ns. psHIfseH . Hitn.

"timescale 1ns/100ps
R AL K Ins, B ERGEEH100ps, “timescale HEIRIE S FEBRBEBASNR L T, F AW
JRE A B EE., Sl
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“timescale 1ng, 100ps
module AndFunc (Z, A, B);
output Z;
input A, B;

and # (5.22, 6.17 )y Al (Z., A, B);:
s /HGE T B TH R BERT BE(E
endmodule

HIEBRIE A E XA EE Lins A, FEHMHEREEE N 1/10 ns (100 ps ). B, BHEE(ES.22%F R
2 ns, BTEE6. 1741 176.2 ns, (RN T B timescalef 18 U L F P RIgRiFERTE S,

“timescale 10ns/Ins
HR £4.5.22%F W 52ns, 6.17%f [ 62ns,

fESRIETTEF, timescalef§ &M X —HiRSE SR HATARRPHINEE, HEEAT
% —4> timescalefi§ 4 8¢ 'resetalii§ 4 . H— M RitHWE BT A B 559 timescaleZw %15
Aot RN A7 EXRHERT, ERSEREMNENAERNB/MTERE L, FERA
At S R A W b B O RN BT RENE BE . A,

“timescale 1ns/ 100ps
module AndFunc (Z, A, B);
output 7;
input A, B;

and # (.22, ».17 ) Al (Z, A, B);
endmodule

“timescale 1(ns/ 1lns
module 73B;
reg PutA, Puth;
wire GetO;

initial
begin
PutA = 0;
PuctB = C;
45.21 FPutB
810.4 Puts
#15 Puts =

=

o IF

end
AndFunc AFl{(GetO, PutA, PutB}:
endmodule

EXFF . BEREA B S timescaleZwiF 452 . timescalefmiF2FiE S H — K
AT E. H, S-SR, 5.22%F075.2 ns, 6.17%16.2 ns; 7E5 k5210
52 ns, 10.4X1 104 ns, 15X 0150 ns, QR EBERTB, it HRTH SR/ NHEEEE A
100 ps. Ht. FrAER (FFRRERTBHAYIER ) BB BKE H100 ps. HER52 nsH7E
Xt 520%100 ps, 104%1/1040%100 ps, 150%f571500%100 ps. EHEHE. (HFEF 100 ps
FEFEE R . R BB AndFunc, B TFHERTBABERAIIFuncty Tk, #ERTBHHT .
“timescale BIF S S AN HH X .
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3.5.7 ‘unconnected_driveF’'nounconnected_drive

FERREBICF, B X PG~ 134515 < (8] B AT o] A 28 B2 A0 480 A 3 1 BRSO 1 Ji et B
RERE N AR ERTE ‘

‘unconnected_drive pulll

/FERBRNBFR SN TE RERNBAR O ERBHRES (EEIRBRT) +/

‘nounconnected drive

‘unconnected_drive pullo

M EXFRIFE S RN TA R ERNBAS O A EMEBRE (EERKARYE) +/

‘nounconnected_drive
3.5.8 ‘celldefine 1 "endcelldefine
XA BRFRSHTERIGRC AT, ENERESTELEY, TFHR.

‘celldefine
module FDIS3AX (D, CK, Z) ;

endmodule
‘endcelldefine

S PLIGRE (5 P B TTAR 3
36 EHES

Verilog HDLA F 51| Pdfe 24 944 -

1)o: Z@Eoxk “B”

2)1: EH1sk “H”

3)x: KA

4z ﬁ%ﬂi

EEXNMHENBEBERNETES F. — Mz E AR Sk E /M, — 1 HoMMH
i RIEZ RO, :

EIHBAR—NREXFHA 2" HEBEHRBR X", 5, xEMzEHERS X
NER, BRI, Hox1z5{EH0X1ZHIE, Verilog HDLH A% B R i LI X U £ AE 41 i
i o

Verilog HDLHF A =6 ¥ & .

1) BH

2) LB

3) FAFBRE :

TRIZAHS (O) TURSAERBEESHET, SRR EXx3REE L, SIltkHEkEE
H AN ME—RRER T RS ATV 24,

36.1 HAM
BRI N TRANRHBE .
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1) fai s fy + it ) kg X

2) BB

1. @ oyt 44 X

XHERXBBEGE CAHE — DT “+” (—) B -7 (—Jn) #EFNETRF
3., FHEAXFES T iARE (BRI

32 gk &Y

~15 TR - 15

XHERXNBREAREZ - DA SR, RAEET#EARAMEERARR. B327556 89
i EE R P 810000, TEefI—#EHIEEA P N110001; - 1SEESH HHIEAH A10001, %6
f —#H X+ A 110001,

2. KM ATk

XRE B EE A A

[size ] 'base value

size XN EBRAMK,; baseHosO (Faw/GHil ), bEB (FR_#H ), diD (F
RHaEd), hakH (FRTAHHM ) Z—; valueR R Thase IEMBFRY . ExHzL B+
At P aBE R X KNG,

TRt Bk

5037 DA a1k

4'D2 Ay HER K

4'Blx_01 afu — BEHIE

7 *Hx Thix (P EMx) , Mlhcocxxxx

4'hz afvz (¥ EMz) , Blzzzz

4°d-4 ik BUAREENT

8'h 2 A E ERIFERFZN, U REBCNREZ B B
3:b001 Eik: o HEBbZEASRFHRSHE

{2+3) 'b10 i R AR R IAK

HE, x (Fz) EHA#EREPARMMIx (=), EASFPRERIMx (K ), £
Hr R E LA (Biz ),

HEE G EE AN BGEFE AT SE . IMEANBREBHNKEE XEAT®HY, R
BAHEX—MEBEMKE, FOKERIHENESE . TEER T

‘0721 ofsr A\ I 3L
‘hAF g -7t HIE

WREXHREL N EREENRER, @WELDHOML. HEMBEREAL N
xBiz, AR A xE 2 E A ML B3N

10 blo ZEhygso L, 0000000010
10 'bx0x1 il i, xxxxxxx0x1

MERKEE LRE/N, WAL AN g Fan.
3'b1001_001153 boi1 *E%
5 HOFFF Y55 'HiF tH%

? FRERPA UMz EHz BN A NG RER TIRE TN (B ILE8E ),
3.6.2 =¥
SERTLATHRRIE R E X .
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D HHEEREH L Hi

2.0
5.678
11572.12
0.1
2. /B MBS PO FA L
2) BRI, XMERANEHEANT .
23_5.1e2 H{4%423510.0; ZES T
3.6E2 360.0 (eSEHf)
S5E -4 0.0005
Verilogif 5 & T LM A s F B M. LBOEN NS AR Y BHIEHS
¥
42.446, 42.45 iz
92.5, 92.699 L2 %1 -2 ]
-15.62 i e - 16
-26.22 B - 26
3.6.3 FHH

FREZRT SHNFRFI . FRBEFEIRETHE. M

"INTERNAL ERROCR"
"REACHED - >HERE "

RIS ASCIMER R FR AT BERTA B, AU FREESMASCIENFET . hiF
8§F4F58 “INTERNAL ERROR”, B EER*14(,

reg [1 : 8*14] Message:

Message = "INTERNAL ERROR®

RAL () AT BENSERTRE L,
\n BATH

\t MR

A\ FR AL

A T

\206 AN HIE2 06 X R

3.7 MW

Verilog HDL A P K25 $diE 357,

1) ZEMIZE M. net type KR Verilogf ML TTHEE A TRE LS . T H0ME h 3R Bh TT IR (e st |
Bl EERME KT . IRBA WS TASERIER, 2 RNEEE bz,

2) FFAMEH, register type R —MARWBIEFMAITT, = NHETEalwaysiF 4] Finitial
ERPERE, FATHEA-TRENS I REBEETE. FEELRDYTELE
HIBRE (A,

3.7.1 LMAER
KMBERMO T TRAFFLRMR M FAE,
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e wire

*tri

* WOr

* trior

* wand

* triand

* (rireg

e tril

* tri0

* supplyO

* supplyl

BT B A 2K S T R BB R O

net_kind [msb:lsh] necl, net2, . . . , ! netN;
net_kind & L RLMERE)—F, msbFlish RATEXLMBEEMNE EREN; BHEHERE
ATERY; WSRBCHE XTLE, SREMRFER I, TR MR .

wire Rdy, Start; /72 1R

wand [2:01 Addr: //addri3fidks.

H—MRME Z PR ERET, B —DNRRE S NRER, SRR ™ £ RFRTR.
i an

wor Rde;
assign Rde = Bit & Wyl;

asgsign Rde = Kh! | Kip;

AP, Rde I IRENIR, BHIKE TRDSESREFY. BT ERENLEM, Rietf
B ARSI (AR RERAE) HLsiwonE (SR EABFKA XHTY ) .

1. wirefotri & A “

FRTEEPUHER R RE WK MER, ERS =S %) RMISHEMmE L —8; —“h%
AT LA T 2 N SRS IR IK B[R] AR A R R, I H oA e R 8 X

wire Reset;
wire {3:2] Cla, FPla, Sla;

tri [ MSB~1 : LSB +1] Aart;
IR 2 RIS Lk (= ARE ). M A &l T Sk,

wire (5§ tri) 0

>
~

0 0
| X
X X
7 0

R A BRI

assign Cla = Pia & Sla;

_— = ¢
E T

assign Cla = FPla * Sla:
EE¢¥M¢,Cmﬁﬁ¢%@ﬁoW%%@ﬁ%ﬁ(ﬁ%%iﬁ%ﬁ)mfﬁtifﬁﬁﬁ
: 3
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LIEREClafI BB, A TClaZ2— Mg, BMMiTEEMEXN. B, mEE— A
FEABME A0, B A HERERNNME Nz, P4 Cla HBEBERxIx (E—L0FI1LE
KPRFIBx, B_AIHIERPRT B, B=(fx MzERPEFBx),

2. worfatrior &, M

KBIGMBEANBSE R, BALEMBBERR1, KM =ERK (trion) TEIBHEHMTHEE F
A—Hm.

wor ([(MSB:LSB] Art;

trior [MAX-1: MIN-1] Rdx, Sdx, Bdx:

MREZAWFEIESX KM, MEHEREH T RRE,

wor (8 trior) 0 1 X 7

0

M — b
E T I 4
N x - O

0
I 1
X X
z 0

3. wandFetriand 2%, M
%5 (wand) IS IR EAN ST K0, BAZREE N0, L5 =845 (riand)MEE
EMThEE ER—FRY.

wand [-7 : 0] Dbus;
triand Reset, Clk;

MRXRENFESNESE, KFMHERERTERE.

wand (8 triand) 0 1 X z
0 0 0 0 0
1 0 1 X |
X 0 X X X
z 0 1 X z
4. trireg & M

LERMFEE (RUTHFR), FAATUETANES, %5555 (rireg) B9 57
HIBHEARAL TR, BRI, Eh20, SEFFEREREEERTESM RS —1
fH. Mo, =FFHREPIRBRE TR E Hx.

trireg (1:8]) Dbus, Abus;

5. tri0Aetril & ™

XREMATATREZEOERE, DEAMNEETF— KB, tri0 (tril ) 2% P f RFAE 12
HEWSRHE, EHEN0 (il E R ),

tri0 [-3:3]) GndBus:
tril [0:-5] OtBus, ItBus;

FRB/RES IS L T ri0BK eri 1 R 94 348

triQ (tril) 0 | X z
0 0 X X 0
1 X | X 1
X X X X X
z 0 1 x o)
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6. supplyOFesupply | £ H
supplyOF Tt “Hb” E4S, BMEKAF0; supplyl WA Fxte IR, BIRHEF1; Fin:

supply0 Gnd, ClkGnd;
supplyl [(2:0] Vcc:

3.7.2 FiREARILM

fE Verilog HDLH, FAIREARLA B RFR PR, 7EXHFMHBOT, BRELKIEA]
IR
] LA A" default_nettypefiiE 2515 4 B —BRRLMUL . EHTEMT

‘default_nettype net_kind

wlan, #HA T mWERES:

‘default nettype wand

TR BT B RIS R 1R 5,
-3.7.3 mRFFERER

FERE L[] B 2% I sk A) 1% B 5 iA]scalared = vectored, 1R -— R E XEHER T KA
vectored, Hf 4K A ARIFOLE BRI B XM, BAIENR, DXL MBERE (1
ME S EEET —ZPiFF ). Hlan:

wire vectored [3:1} Grb;
/I AR RVRLE R Grb [ 2 MRS EFEGrD [3:2)
wor scalared [4:0] Best;

//5wor (4:0] BestMllF], fRiF{ik#fBest [21FHE#FEBest [3:1].
WMREAE LK, REEIMRE,

374 HEH/AD
A SHARK AR,

*reg
* integer
* time
* real
* realtime
LregHF HABEE
FHSBE L Mreg BB W RABIEEE . regS BRI AR E Freghn LI, ERITF .
reg [ msb: lsb] regl, reg2, . . . regh;
msbMish & X THE, 3 BB AFEEREN, AEE LR REEE GuFE. B
BENILFFS. filn.

reg (3:0] Sat; /78arka PidIER,

reg Cnt: YRR VA Ted N

reg [1:32] Kisp, Pisp, Lisp;

FHEBTLUBTEERKE., FHFPHEEFSERITH S #lw.

reg (1:4) Comb;
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Comb = —-2; //Comb BY{EN14 (1110), 11102269%M5,
Comb = 5; //CombfI{E 15 (0101 ),

2. At B
s R — AP aslict . Freads i T oy =i .

reg [ msb: Isb] memoryl [ upperl: lowerl],

memeryZ2 [upper2: lower2),. . . ;

#iin .
reg [0:3 ] MyMem [0:63]
/ / MyMem #6414 FFFE SRR A,
reg Bog [1:5]
/ / Bog RS54~ LI A FE 88 O BUEH o
MyMemHIBog#R R 71885 . MAMBEREA T2, EEEMSE THESE4 AR, LM
HERBIRA MR BITPERR KA, '
BAFES RIS A T A F A8 KA, T TR,

parameter ADDR_SIZE = 16 , WORD_SIZE = 8;
req [l: WORD_SIZE] RamPar | ADDR_SIZE-1 : 0], DataReg;

RamPar2PEtk3%, R1618{1 %54 B84, MDataRegfsfy 175,
EREENFRETBNTRY.: FREREREE—ZREETPER, BETHSE
AL, HCEFRSHREN, BEEX %3, FABMEHZESRR.

reg [1:5]) Dig; //DigAS{iHfER.

L.)_i.g.f 5 b11011;
FRBEEZESHE, H T RRERER.
reg BOg[1:51; //Boghs M FERMIEMELE.

Bog = 5'bli1011;
A — R R EN T ARSI RSP e ERE, Fl.

reg [0:3] Xrom [1:4]

Xrom{1l] =

4" hA;
Xrom[2] = 4'h8;
Xrom[3} = 4 hF;
Xrom[4] 4 h2;

ﬁﬁﬁﬁﬁﬂ}ﬁﬂ’]% —MHEREARSEES:

1) $readmemb (AN 5t )

2) $readmemb ( MNE FSHEEME)
XL FR AT 55 IAAE S B S0 SO o USR5 SR B 7R 58 I‘leii{*d&?ﬁ@ o A ) —
e A L G (TP

reg [1:4] RomB [7:1] :
S readmemb ('ram.patt®, RomB);

Romb {7828 . X “ram.par” %‘?ﬁ'@,é‘:#ﬁﬁ'}{ﬁo XL EsAsEMER. T
Il & SCHF A AT HE N A B 355
110l :
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Lo

0111

000¢

1001

0031

Z AT % $readmemb{Z f M ZE 5| TEIRomb i IE I F 5 WHIEERE. S A
ﬁm—%ﬁ,ﬁﬁTUf&memﬁ%¢EﬁEXomm.

Sreadmemb (' vram.patt", RomB, 5, 3);
TE X FH B T 2 Romb[S5].Romb[4]1HIRomb[ 33X 57 M SISk FFIR LI . Bt AYE M
1101, 1100F11000.

AR LA & B A e FE A

dhex_address vaiue

W sE .
@5 11002
@ 11010

TEXFEN T . ([EBEAFHESTEE bk,
HHE TR EN ., SR ER A RS G mE B R, fl.
Sreadmemb ('ror.patt’, RomB, 6);
s ML G I, - ELARREE
Sreadmemb ( “rom.patt’', RomB, 6, 4);

/2 M HBhE 6 I i kb4
3. IntegerF H R £ R
BPAFFARUTBNE. BRFFASTUMEAMSEFFSEEH, BRNAMSERITH
AEEL. FHERREBERWT .

integer integer!, integer’,. . rerN imsb:risb)
mmWw%*lﬁﬁﬁ@ﬁﬁ% %Lﬂ ﬁ@ﬁmmmxmﬁ AR R AR
AR . — RO A0 (LR PRSI SR R S0 (0 T M7 4 8 B
.

integer 3, EB, ; R -3 LA e

Ry F—- AN AR
— N EPRIF ST EAFSE, FHERBEMFRE20 ML Z B 2E
%ﬁfuﬁhﬂﬁ%ﬁ@cmm,N%L@%%ﬁm&ﬁ&Bmmwmmmﬁﬁ%m
— BB RS BRREA A reg BRI E , R MW BB 7. i FRr
L

reg . 2i:0; Ereo;

integer Hist .:i:n];

integer B.nt¢;
Sinci i RIEe Dl oY REASTRUEY

Rreg - Bino;

#BAC, Sreo s Higoeg 20 0 AEARVEIYL TR TLACE B s KRN T
EEHEBE T tzuﬁﬁﬁ”ﬁ“%ﬂﬁ'ﬁt{ﬁh*ﬂﬁz%}ﬁmmﬁ]sﬁ KRBT S e . AR
SEHJRRE - AL Bl M e i LU S R E SR fildn:
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integer J:
reg [(3:0] Bcg;

J = 6; / /THREX32 ' b0000. . .00110,
Bcq = J; // Begffika bo110,

Becg = 4'b0101.

J = Beg: // THHE 32 ' b0000. .. 00101,
J = -6; //J W%} 32'bl111...11010,
Becqg = J; //Becaff{H¥4 1010,

EEREER N RO RN MLHAT; A B RO BEE . WRIREBEL
EEHRIE2OABAIE BRRN, WREHEELTER,

4. time £ X
timeSRY () FF 77 38 I AR08 ML 2R 6] . ime S BB RS FI TSR AR I LAS BA
time time_idl, time_id2, .. . ,time_idN | msb: 1sb];

msbHIsbRRVFEEFA RO BELIR ., WRKE YRR, BMRAKEHE— 64
BEME., BRXENFHEIFHLFSH. fm:

time Events [0:31); //BtEM{E%H.
time CurrTime; //CurrTime FFfi§—64E1{H.

5. realferealtime £ A
LHFFS (LB R FFEE) BT R,

E" ¢ LR

real real regl, real_reg2, . . ., real_regN;

WAE % (1Y

realtime realtime_regl, realtime_reg2, . . . , realtime_regNn;

realtime Sreal28 W 5E £ 457, #iin:

real Swing, Top;g
realtime CurrTime;

real LA IR BAOBRE B N0, F RifFXtrealis B . {7 RS FEH R,
L Ex Iz, Freal R 772507, XA EOLL TS,

real RamCnt;

RamCnt = 'bO01x1Z;

RamCmit{iERUE S B@{Eﬂq'bomloo
38 B

%ﬁ%—*ﬁl\%‘ﬁo SREHEATEXHENEROTE. #HASBENNSK A RRE
—&. BERAET .

parameter paraml = const_exprl, param2 = const_expr2, . . .,

paramN = const_eXxprN;

T RS

‘parameter LINELENGTH = 132, ALL_X_ S = 16'bx;
parameter BIT - 1, BYTE = 8, PI = 3.14;
parameter STROBE_DELAY = ( BYTE + BIT) / 2;
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parametexr TQ_FILE = " /home/bhasker/TEST/add.tq";
SRUH T ATE SRR B . MU S BERT LU A S EE GEMBE L R Ry a1k
BEAPEXSEUE CGXFEFILEIEEFIR P IHERHE )

B
1 FoibnRAr e 53k, MpbaERs?

counT, 1_2 Many, \**1, Real?, \wait, Initial
2. FHEAEF ARG RPN E - FRIF R R 47
3. B HR I XA B R RmIEIE 7
4. 7 Verilog HDLH & 75 A i R B 2
5. FAIREAXMMRA R4

7'044, 'Bx0, 5'bx110, 'ha0, 10'd2, 'hzF

6. WAL G FE1E Qpr P HIBI AR R AT A7

reg [(1:8*2] Qpr;

Opr = "ME" ;
7. MREMAER T RSIERRE, HREERSLD?
8. Verilog HDL R %A BRBHAKL MR, B RXEE, EHRELMAER?
9. T Hi A5 B S 7E R L7
integer [0:3] Ripple;
10. WE—RGES WBHE X “memA.data” 032 x 64F FF iR
11. B H7E ¥ 0 B 5 S BAEA BT L



mAE R K

A ZPIRTE Verilog HDLF 45 55 I RERL
RKIAA B ERIEBFRERFH B . FiA 0T ATE S BUBUE AT fol b 0 {6 FH .

4.1 BRIEY

BAEBOT AR L F R RIP—Fh.
1)

2) ¥

3) &M

4) Frae

5) ik #E

6) AR ArikHE

7) &2 T

8) PREAH

411 H¥

RIE M Z TR T EEH&. FEE i,
256,7 77 3EE Ky R

4'b10_11, 8 h0A /KR

‘bl, hFBA /AR KRB S

90.00006 LB R

*BOND * s HVER M P RHE M e fiase TR

REXPHEBETTHERBENAT SRR K. mBRS PR T REK, Fiw,
R2BRBENERSH MR BHR IO CERRIEER ), I8N /2Kt

fFo THEZEBINEH,
12 0110005 fm I (A1)
-12/&10100Ms himEIEL (ATFV)
5'b011004E {iEHIELZ C LTFFYH
5'b101004 [EHB 0 CE/Y)
ardizaht FiERBO e ( KFY)

BB R RN S R R TR S BT AR IR R
BUFANATF S BAL T, Wi FRm TN O B AE D R S8 AIE-44F1-6'054 ( |tk

B44% - A\ BEHIBY54 ) 12 FBilh b M RE.

integer Cone;

Cone - -44 4

Cone - -6 054 4;

TR - 4481 - GoSALUIRI BROR A f1LAL - 4l AT AR RO I, 1 - GoSHER TR
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SR, FEE 1 AR Cone E A - 11, MITESE MR ConefiY{H 41073741813

412 ¥

AM—ZEPOHEHETNE. BRENTESE, JFHEHSEFEHHTHEE. TRHES
R B S

parameter _(.4° o1z, TORE . 04 all;

LOAD %FuSTOREh)"%ﬁIE’HﬁH‘ {85 M= B 125110

413 %N
MEFRGAA PR (1) Aim ek (B00) T 22 R B sc ]
wire [(C:2) = Pry fl*f\l[ﬂll} |
wire Bdg; ha Wb zE N

Q)‘Eiﬂﬁ%ﬁ[ﬁ?ﬁ%’ﬁrh]ﬁﬁ&i fEESW G

asgsign FPrt -

Prtﬁﬁlﬂi?hﬁ]%llm )LI»/M%JI W13 (6 B A SR

agsign P:rt -

Pn%?i%‘n‘?ur‘]glmo Ell%v |-iEHIng10.-
414 HiFk
h%ﬁﬁg%ﬁ%ﬂf&¢ﬁ$@% A e s AT A an S AT B e

integer Ten:,

reg [1:5 sSra o

time Que :

%’iﬂi‘ﬁ%ﬁﬂf‘m{m&%ﬁﬁﬁ 55 09 o MY R, Mireg 25 77 dx SR ) 25 76 a0 {8
BRALFSE. SR B E R e BB R VA TS IF i

Tema = -.0; ceraffUR I T o B oy T b
TemA = il ; cenaffih eI

Srate - -1.; ccateffi NN S o, U R
Srate - 00 soaceffURf N o I R

415 {IiEE
{37 34 M 1] ﬂhﬂx‘#m i X E .

Nel_OY_ r'&g_ i : e et LA

TEE% A T‘JMH\/ ﬁrﬂl{ﬂ?

Srare ; RIRAIOAL TR
(o gk {0 ik HE

ﬁu% h%z :&Elﬁfimx z. olOBCR . WL EREAUH Ax Bl WiState [x]{H Fx
4.1.6 FHiEHE
FERR AR, AR R SRk SE IELSE

©  IHACone Kl [CHORE I JEBOEARIE AN T LN LLAMIZ A I — KT
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net_or_reg_vector [msb_const_expr:1sb_const_expr]

Hrp Bk AL A B RFREA . Hl,

State [1:4] /IRy e B

Prt [1:3] / 1 RSB B,

N B A Chx, 20T, S ETENE Ix.
417 TEFEERET |

sy LT S EF— 1 F. BT

memory [word_address)

il .

reg (1:8] Ack, Dram [0:631];

Ack = Dram (601 //TFiEBEYE60M oL,
ARV it T B A kB k., Han,

Dram [60] [2] RARF,
Dram [60] [2:4] L

EFFRS PR~ MBS EE AN FHFENT: $EESATRELFEST
B, REMZFTHERRABSEERABFRE, BN, Ack [2] MAck [2:4|REEH
FER ,

418 EWAA

REAF A RBAM. SBEATURRERIAN (LISERIFE) S PE XN
PREAMA . Blin.

stime + SumOfEvents (A, B)

/*StimeRAH AL, %ﬂSumOvaentsEEfr']&tE)‘(Wfﬂfhﬁﬁ)‘(gﬁo */
%wﬁ%#ﬂﬁ%&ﬁd

4.2 BRIEF

Verilog HDLH B3R AERF AT A4 T iR KR .

1) BAREBRER

2) REBAERF

3) HHERER

4) BEPRIERT

5) IWAIRIERT

6) IHLBRERT®

7) BALRAERF

8 RURAER

9) B E HBRER

TRERTHABRERNRERNEH., BESABRERES (HF) JIREKRLSR
(EFT) #35. B—17PHRERFKLRMHER.

© RARMERY—ICRER, MRS ULETEERRE, SROTHEAN, —




F4E # A 31
+ —Icin > Lo
- — IR < F
! — i gk <= WNFEF
~ — IR R > KF
& Hey 5 >= KF%ET
~& ey 53 == AR AN %
. 3458 1= A%
A IEESES 31E |2 === %
i 2 £498k t=x Ee%E
~ 3gyakdk ' & Fihity
* e " ¥ {oi -8k
/ F,% "~ or A7 fkfm#ﬁﬂiﬂ
% Jir gl | R fu ok
+ ZIthu && PHY
_ L fl 242
<< E® v FAHRIETT

BR &M BRAEAE A 1 e KBk SN, HARPTE
BAEFALEA XK, THAREN:

A+ B - C
& T

A+ B) -C // BERA
m#&EiER:

A?B:C?0D:F
ZHMT:

A?B: (C?D: F) /AR A
B Seea TR MRk AT, LA T kA

{A ? B : C) 2 D: F
421 WRBEH

BARBRIERA
o+ (—JTMFIITH)
o — (—JGHRH —JTH )

«* ()

o/ (BR)

* % (B )

-3 (C37 1 RN 61 g ) (I
T/4 BRA

BUEBERER E 58— RERFF S MR PR
794  HEHK 3

- 7%4 HERK -3

WRBARBEFTAETRFLEXSZ, BABIEHERAx. Bl

‘b10x1 + 'b01111 HEEITHER  bxexxxx
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I ERBHERG KA
BARBAGRORKEHBROBIELRE. EREEFENT, ERBESROKEHE
TR e sm AR AE . H 180T K

reqg [0:3}! Arc, Bar, (Crt;
reg [(0:5] Frx;

Arc Bar + Crit;

i 1}

Frx Bar + Cret;

F— S RKEHBar, CriflArcRIERE, KE R, B mEREMKER
FHFxBRERE (Fra, BaFICrtPBREKE ), KEN6O. EFHE—ITRED, Mk
YRRy AR B 57 MIESE A D, (75 A S FE e 45 B Frx (1],

B RRFAINT, PEHIZERNOKEINfFIHE? £ Verilog HDLHE X T TFHRN . £k
NPT RS R R R KRR K E (BREN, WM baELRER ). ZER—4
St

wire [4:1] Box, Drt;

wire [1:5] Cfg:

wire [1:6] Peg;
wire [1:8] Adc;

assign Adt = (Box + Cfg) + (Drt + Peg);

RIBXEIRB BRI N6, HRGAMUSTENE, BAKE N8, LA KR
YERERASALHEAT, BlN: BoxFICeAHIMEYLS 2K 1 H8hL,

2 ARTHRIAHFTH

PUTEARRIEMBER, TR SO RTS8, BB R A F SRR ES,
AT S B AAEAE -

* &K

s — AR

« BERARTEAWEH

AR5 BAFHELE:

« BHAHTFRS

 THERITE A A

TR — R E TR )

reg [0:5] Bar;

integer Tab;

Bar = -4'dl2; /AT EBari EEIBCys2, MEMEN110100.
Tab = -4'd12; //8ETably |-#RIBh-12, (WX H110100.

-4°d12 / 4 /IR 1073741821,
-12 /7 4 BRI

B hBarB ¥ @A FNARNTE, AFEEHEIN. HEEARHENDI10100 ( 128)
BT EMEREIE, BarfethttHifEs2, 8 ARET, HWESRMER, B
'»110100, @ttﬁﬁﬂﬁ}iﬁﬂﬂ?%ﬁﬁ%ﬁﬂ@%ﬁﬁ#%& TabfE 5+ B - 12 (fiif @y
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110100), FEEEMFFLR N, (LRBRFEASTEMAR; HEESR-MAEL N, mEwREs
KA S, WAAS MELT, nEpBEAaT s

Ny BAR S

Bar = - 4'dl2/4;

Talb = - 4 dl2 P
Bar = - 12,4

Tab = - 1274

EH—KRES, BartiW T HEHIESL (fZpER111101 ). MAES ~PBEY . Tubbl
T 5+ #411073741821 (H{E H0011...11101 ). BarfEH = NREE T T 55— 4~ MR H1 ]
B9 . XRE NBar AR S8 7TEENABAY . Barf M T EHIE - 3.

T S T — e F

Far = 4 - 65

Tab = 4 - &3

Bar® W& T 1ib#{A62 ( - 209 =3 HI%M0 ), MTabBEW T H3EHE - 2 (frm 4111110,
T A A — I

3ar = -2 + (-4

Tab = =2 + {-4d);

Bar® W T+ BERUESS (R AH111010), ifiTub¥ Wt +-3EHIE - 6 ( {715 H111010)
422 XRBEF

KRB
> (KF)
-< (T
e >= ( A/hF)
s <= (AKRF)
KEREFNAERNE (1) HE (0 WRBAEECIE (D hxke. LR hx )
an .
23 . 45
EEH R (0), T
2« 8 hxFF
G ox. MERERKE AR, KERMARESEREZ 0 (L)) HOHF b
.
SIGGO w . mLT
EIF
FUTO0 s = RLL10

ERE R (0).
423 HEXRIBER

S X RBIEN A
«== (ZEHEE)
o != (£§$§7F§$ )
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c===(2%)

ol== (FE2%§)

MR LRERNB, MERK0; FUERRK, EEFHLEP, EHxMz/BEAMHEE.
WA, FHITRE, HELER—ETH, MAZELE D, ExNzAHEXHEX, B
SR URx, HHER, AEZHELED, HEFAMRERZ -8 8xkz, FRARAH

fH (x)
mrEsl, &E:
Data = 'bl1lx0;
Addr = 'bl1x0;
ARA
Data = = Addr
ArE, HHRRE X, E:
Data = = = Addr

K, BRRBENL | ‘ -
IRRER KRS, KEB/ MR MBI, HIm;

2'b10 = = 4'b0010
5T mmFEBER MR .
4'b0010 = = 4'b0010
ZRAE (1)
424 ZHRIPEFR
BEBERSE:
« && (FHYH)
ol GBHE )
o ! GB3dE)
X TEZ BE0EN 1 LIR1E. BHBEMNSH 0K, B, BE:
crd = 'h0; //0HNR
Dgs = 'bil; //1RHE
H 4
crd && Dgs ZRAk0 (B
Crd || Dgs #2841 (K
! Dgs &8N0 (1)
Xj%m%&ﬁ, E’EO[E«IE{,FﬁI&tﬂO ﬁjyu, ﬁir.é:
A_Bus = 'b0110;
B_Bus = 'b0100;
A4
A_Bus || B_Bus LA
A_Bus && B_Bus SR
FH.: _
'a_Bus 5'B_BustEERHMN,
R A0,

MREE— MR A Ax, HRENx,
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W
LN
N
T
ke

'x R A%
425 HROGIIREHN

BABRERER:

o~ (—7tdE)

& (ZtY)

o) ( —JTEk)

A ( ZmRE)

o A A (e REAE)

XS E R R AR B X B O E R 3RAE, HrmEmESER. FRERXY T AR
VEAHE S RRAEES R .

& kj 0 1 X z | B 0 1 X z
0 0 0 0 0 0 0 1 X x
1 0 1 x x 1 1 1 1 1
b o X x X X X 1 X x
z 0 X b X z X 1 x X
o -1 0 1 x z rkdEr o 1 X z
0 0 1 b3 X 0 1 0 b3 X
1 I 0 X X 1 0 1 X X
X X X X X X x x x x
z X X X X z X X X X
- 1 ! 0 1 X z
| 1 0 b3 X
filgn, f&E,
A = 'p0110;
B = 'b0100;
AR 4.
Al B #ghixKolio
A& B iR HK0100

MRBAEBKEAESE, KES/NNBRERFERLZMA oML Flan,
'b0110 * "b10000
ST AR AEHRE:

bC0110 ~» b10000
W 4'b10110,
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4.2.6 ALHRER

IHABRAVERT 7 2 — R E T A (0 L HeAE, ARG R HARERSA:

« & (T 5)

WMRFEAE RO, BEAER K0, HIRFALE =Kz, ERIx; BUEENL

o ~& (F3¥53E)

H5RABREREM .

<1 (IH458k)

MRGEMBEANL, WAGERHK; REFEMNxHz, FHR x; FUEE RO,

o ~ (3 2583E)

SRARERFHER.

o A (T RER)

WMRFELECHE xdiz, AL E bx; HNMBERERDEBEEANL &R N0; BNLER
M1,

o ~A (IHARBIF)

HHAREF BRI .

mFrR. BE,

A = 'b0110;
B = 'b0100;

HA4:
¥ B
& B A0
~ A #iim
PR BRETHTRENRPRER M . BIE,
MyReg - 4 'b01x0;
AP 4. _
"MyReg &iHAx
EARTEERE R 89 1 £ AR
if ("MyReg = = - 1 'bx)

S display ('There is an unknown in the vector MyReg ! ")
ERZBRMF)REFARH TR BRMSRET LG RAT £ Bx. %58
YER ML R L,

427 BOIREE

BARIER A

* << ()

*>> ()

BALBRAERT 22 D BRAE B 2 5 IR R R IR, TR — BB 25 IR RORM .
IRAMBVEBAE Arxkz, FEAIERIENISE R Hx. {E‘%E

reg [0: 7! Qreg;

Qreg = 4 ' b01l1ll; i
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i/

Oreg => 2 H#t 8°H0000_0001

Verilog HDLH A S SRR . AR, BABRERFTA TR E8ERE. Fln. o
WGz, AL AR ALRRIESCEL, F:

32 bl << NumBits //NumBicsh#iZhF32.

I3, 1A AR 2- A RS AR L, 1

wire [0:3] DecodeOQut = 4'bl << Address [0:1];
Address[0:1] FTHUE0,1.2f13. S5ZHIK. DecodeOurv] LIB{E4'50001, 460010, 4'b0100
Fi4'b1000, M ARSI EK.

428 FHRER
??#&YE??’IE%E%*#ELKE’J{EJE%ﬁ B, T

cond_expr 7 exprl : exprl

W cond_expr HEBME R, Efexpri; MBcond_expr ATRUARO0), Eifexpr2. W
Beond_expr Axilz, pE B B T B Wexpr] Mexpr2 (U BAERIE: 0504150, 1451481,
HatER x.

WTFArR:

wire [0:2] Scudent = Marks > 18 ? Grade_i : CGrade_J;

HEE LR Marks > 18; TR K. Grade_A WAH K Student; W FEMarks < =18. Grade_C Bl
K Student. TR 5 — LB

always
#5 Crr = (Chtr o '= 25) 7 (Ctz + 1) ¢ 5

AERAEPHEARBZRWRCAAZET2S, Mml; SRR CE 250, FCrr iR E
S

4.2.9 ERFEBRE
E R R DR BB R ARKAMERE. BT

Cexpri, exprs, . . .. expiN;

a4 e

LT Bk

wire " 7:0; Do

wire (.. :0, ibhus;

assign Dhus T:iil - Dbus [0, Dbus (11, oSbusicl, Doust Ty
ufu&ﬂﬂ'lﬁ'fr’l“ﬂﬁﬂiﬁél{\/ ’?u":fﬂu fv.

assign »bus - Dous (3:01, Dbus il

N HEL VAR IS DA S
Ehﬁ“-ﬂiiﬁ’c’: ERAIKE R, ARIFEEECRKRER Flan, FoECr g
IR AL IR IR HE BRIl (SRS B
&m@u#sn_@wmxmmém Ll

et Jon_sunlier texor. exor”

UT MWiM
B AR LD vrol Lo _Loil)
o Dous i h, Dbusy; Wﬁ”ﬂ s
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(3{1 bl})y #EH K111
{(3{Ack>} HiMYiack, Ack, acky#fil.

4.3 RiAFHE

HHRAXEFEFIENRITE R ERENLEAR,. %, ¥EEXXTh TR EEHR:
D) {RHE BT, I'b10F1326,
2) B4 . WREDM S FE:
parameter RED = 4 'p1110;
R RFAAZITHERMMOEREIR. WRAETERGEER, BREXRA T EAEE
Mg, W 2R 45 R ) i oA M 7 1AL

B3}

1. R B BGATE_DELAY, Z¥{H K5,

2. RRE KR4 TFHIFIERS, BTSN, M5 Verilog Ui, 7 CHRIEIERMNE. 1
HHRONTHEIINF3cH, BINFHEQN T8, Kbk,

3. e 320 S EKAddress_Bus, 5 —FiEX, iHENE I BIE 200890529 54

4. € — KB K Control_Bus [15:0], %5 W{ATE AL SR 7 F M 5 28 . Abus [0:9]F1Bbus
[6:1].

5. W5 REN. PITERBOL, HOparity P FWSMIA TSR B AR

6. ff & PHREST, %5 WIS A % $E NextState i {H . R CurrentSrare ) {ti HRESET. Hf 4.
NextStateBWIE AGO: BN RCurrentState ) GO, WINextStare B HBUSY: N
Curren{StateB‘J{E?‘kJBUSY; WNextStare )18 M RESET .

7. (A SRR R D) A B2 2B AR R 2- AR RO RS B BAT MR [R5, (R RE I RNAT
FFEERF FEFE T

8. IT AR A, B, CHIDH ™4k B2k BusQ[0:3]7 W7 MR 5 28 BusA [0:3] HIBusY
[20: 1518 B # B) £.28 BusR[10:1]?
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A B Pk Verilog HDL A ) R AL BEAEBIAYRE 1, A48 0] LUE HI R 9 B AR AT DR o] fifF &
NIRRT T B (A
51 AEER

Verilog HDLH 42 it T 51| Ny B HEA ]

D) ZHA:

and, nand,or, nor,xor,xnor

2) ZRi):

buf, not
3) AT

bufif(, bufifl, notif0,notif1

4) B, FhidabH:

pullup, pulldown

5) MOSH X::

cmos, NMos, pmos, rcmos, Fnmos, rpmos

6) AWM X .

tran,tranif0, tranifl, rtran, rtranif0, rtranifl

Hﬁ&ﬁ&ﬂ#**T@mﬁ%mﬂ 5Bl i) m@%%”)%lﬁm%ﬁ

¥, instance_name J& Fﬂl..ﬁ'J gate_tvpe /J HIJ [ﬁ]ﬂfﬂ E'Jﬁiﬂ‘l HRR HrermHiA- ety
U TR 4 A/ s S 11 R T PR 25 ) 8 1 88 -

] - -1 ) B/ 2 4> L BRE B AE — T eI e ) iHEW b

A - [ tier! =
. (e o
_ ¢ [EMEERNT 5 &
52 BN
Inputl ‘
BB 24 AT IR InpulZ____] OutputA
and nand nor or XOr Xnor 2N
InputN -
HEEEHITUARPMHRE, 1P E A LZRA

[ J?Efﬂln DJE’JIH/L o [ds5-1 BHIATL

-

$ ’|‘Jm]llnz$ﬁu-'ﬂ i 53-1/\ ;’ZHEIS lFﬁ/I\
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TERILBELS] . ES5-20% N R B2

and Al (Qutl, Inl, In2);
and RBX (Sty, Rib, Bro,
xor (Bar, Sudl(0],Budll],

(Car, Cut[0], Cutlli
{Sar, Sutl2], Sutll]

Inl ___|
2 —

Qit, Fix);

Budlz2i),
),
, Sut{Cl, Sutliii);

Rib

Bud|0]

Qit :

Fix

Budf1) SD_B‘" Cutf0)] Car

Sui(2)
Sut[1] Sar
Sut{0)
Sut(3]

®is-2 ZEAl9M

BATVEBHERIRBITTE RAT, 5 NOour] . JFH 4 B N AInl N2 Mis A 4T
FINTTEBIBRRENBA S]], BITENRBX, Bl HSty, 44 A NRIb. Bro. QitflFix

FEANTTLBIEARRRITAREEH, REAICH B0 2LBar,

CAEA I N

Bud[0]. Bud(1]1f1Bud(2]). FRE, X—~SL)iE b vhid 47 @5 44 ) 26 RYY .
THEHEXLENHEBER. FEERARNG 2z SO M 28 AT TR 4

fERz.
nand 0 | x z and | 0 1
0 1 } 1 I 0 0 0 0
1 1 0 13 x 1 0 i
X 1 X X X X 0 X 3
z 1 X X X z 4] X x
or 0 1 x z nor 0 1
(4] W] 1 X b3 0 1 0
1 1 1 1 1 1 0 0
x X 1 x X x x 0
7 X 1 X X z X 0
|
xpr 0 1 x z xnor 0 i X
0 0 1 X x 0 1 0 x
1 1 0 X X 1 0 1 X
X x X 3 b3 x X X X
z X x x x z X X X
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5.3 HHHI]

EATTHITEETE

puf not

CORET TR VUL U A A A WIEIS-3FT RET T ISE E AE iE
b

. PR AR
HENTIR 1R AT HJH’thmL!/Jmu:.[mll
Outl Outl
Out? Out2
InputA ) InputA ;
not OutN buf OutN

[45-3  Ehiil]

i
but / . . . . Vo

not ' . . [

(IR N R DL R c/A”wIw Wk A TIBI(T4 D4 Fan|O1# Fan(3] {4
PP DD Read AL T GME R Adg L TINTATHI S s PRAFIPAB

RN HERNR AR Gl

54 =717
IETE

bufif0 bufifl notif0 notifl
PXHET T ) K Al R AR X R - DB R AR - A
AU 1IN vy e A

¥ -/‘5’;'53' FEQuipurA W5 i 00, 5 N Unpue BREBUEST A . Control CIEFE 1 50 /<
LU S-d RGP AL G el B S S TR A UMz A bufif0, ¢ 5 A
Syt Mg A ARV BT A e A bufif ] RS Ao WA e A
notifo., 'Ul”'%l’ﬂ]ﬂi*]””‘!i 0 256 M Jyae AW ABCE AR 0Y TR (4460 8040 o AF Fnout
Feg ) o bt

{-/Mu:

bufifl { o . S

notifg

WStrobe MO . butit 1 JBF IR 40 Dbas MBS WIMemDara #1555 £ Dbus {1452
st s M Erobe YL Addr Es Bl DY WABus VY IE R Bl Addr -
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notifl
InputB OutputA
ControlC I; |
notif0

InputB QutputA
ControlC

&ls5-4

bufifl
InputB OutputA
bufifo

InputB E OutputA
ControlC

FHEEXENNEEE. RPOFELETRAERM . Fln, oz ERERENESE
KR RERE AT LU0 AT oz, (F SR EEEI10E i,

bufifo #H

0 1 b3 z

0 0 z oz 0/z

bufifl ¥l

wehe | ! z Mz Uz wpe | z 1 Wz Nz
x x z X x x z x X ox
z X z X X z z X X X
notifo | netifl =l
0 1 x z 0 1 x 2
0 1 z Uz Vz 0o | ¢ I Wz 1z
Sl 1 0 z Oz Oz ¥ | 1 2 0 Oz Oz
X X z X X X z X X X
z X z X X YA z X X X
5.5 LEfI. TrdBMA
Edi. FHosBAy .
pullup pulldown
ERTEERA WA RGSL. PSS B E N FRap%Hm S E o
iAW F
PLTi_gare Diucance_namel (Qurouc :

,,,,,,
Eai S

pullup

FISE@lagsg & &1 . .

M R R BB 4 MPUP, S PwrE i 1

5.6 MOSH%
MOSH % F .

CmOoS pPmos nmos rCPlOS rpmos ramos

[

-

jk

B
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COKS T TRy B SFSE AR BB M S A AL L O LT LoE el I 0 A Y
A R R

pmos(pETMMOSHE ), nmos(nZKAIMOSE ). rmmos(ritk AL B Flrpmos JF XA — 14t |
fA%Aw ¢ﬂM%A Aﬂmﬁ$m£m}

e e QLTpura, ThoLth, oo ;

e /“fm]l I }ﬁn CETA IR ITER A ;f"—i /I\JﬁﬁH ‘I’%*]%A Adi - @ fnmos ﬁ]mm(’S”L
KByl s A MO, pmosfﬂrpmos}l:%ﬁgf’ﬁﬁiﬂ A BT X M. B Rz @B
A BB AL L K55 a5 Yynmos Mlpmos#itt . rnmos flrpmos fidm A2k ﬁlfmu.
G2k 2z A E e B OB R SR M A T B 5 B, AF Prpmos firmos . {7 £ 8
{7 b o ik R P S 10 R S U

InputB OuiputA InputB OutputA

o

ControlC ControlC
nmos - X pmos I J:

[¥[5-5 nmos Fipmos 1| X

(i -

prmos

rnmos . oo ) H

Sl - i 2 P pmos K E XES A K SmallBus . 5l N BigBus . {7
il NGateConrrol

EHEIF MY Il Mo gy Kt af b @i, 12 KWL HER R AR
i msnty Sl U i L M

pmos }»JIJ“] nmos ‘Jl b
rpmos —_— mmeos
0 1 X z ¢} | X 7

4] ( 4 Of7 0z 0 14 0 e O 2
| 1 V4 /7 \/z 1 z i 1z Vo

el Ve
% X 7 X X X 4 X X X
/ / / / 14 7 ’ 7 / /

cmostmos:E b FiremostemostB ey BLA AV A7 - Edndm b . - ¥ dm A #5ovy
P A M R Dy E LT |

’ PContro!
(r)cmos .

, - o . ‘
IR T AL WM’{;lv_;:}JMW
AR NI e L AN A L I B A B S T R R LT
A emostremos) T i A 2 s A il 1Y pmos T;mtml
Crpmos ) flnmosernmosy - CALT Tor kIl B ULIE5-6 [45-6  (r)emos H X
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5.7 MNEFxX
Xl FF A

tran rtran tranif0 rtranif0 tranifl rtranifl

XSETF R R A, BIFEERT LI AR SN, 3 B 4887 e h 438t g Eat, Fe4q
JFRAESE i R B A M ERIE SR KM . ranfllrtran FF 3 R REBCH .

tranBrtran(tran B9 B A RRA) FF K SCHIE MM IE B0 -

(r)tran [instance_namel (SignalA, SignalB );

MORKAEFH DD, HAXREMNEF S, BIMSignalAFSignalB, B2 IRK.

HoE e FF 3 4 S pliE A BRI F .

gare_type{instance_namel (SignalA, SignalB, ControlC);

AT PG A3 11 2 6] 3 11, BPBUAE M Signal Al 8 SignalB, RZIRK. B BMORE
il {5 7. Rt ranifOFMtranif0, ControlCR1; Xftranifl Mirtranifl, ControlCEO0; AE 2
A BAER SN . A Friran, reranifOfirtranifl, Y15 5@ e G, (SS®EH
55

5.8 | ]AZE

AT LU PR TV 28 72 ST AR Sl A 80 30860 o 0 45 S (R Smnd 5E . )8 18 AT LAZE (] B & 4
IR L AR EEE SRR R HEE IR

care_type idelay)linstance_name) (terminal_ list);

BfSERLRE 1 TEEEE, BRATTAIE 4 A B0 A0SR 28 3 47 3R 0A T TRd SR, By
B RE{E 0.

I JEsF S By = 2RI S {2 A

1 b Frad %E

2) FREaAE

3) # AL B FE

PIRTREE AT AL 04, 14, 2B I EEME . FR MR A5t EE B &1 F .
P ELAA A B HEE NS

JCHE4E 14~ i dy 201 EE(d), d2) IPINAE (dA. dB. dC)
13 0 d di dA
Fig 0 d a2 dB
to_x 0 d minll} (d1. d2) min (dA. dB. dC)
# 1k 0 d min (dl, d2) dc

I+ min 2 minimum (194575 ia

R BxAI Eo_x ) NEH BAME L, o LLET T e Lk
TS BRI 13 Verilog HDLARHY o i) A7 45 B 48 88 L1 26 B J6) 55 B {7 6]
L5 bR s ja) g Bk 8] LIl it timescalemiE 28I 5 £ M. 7 Flif L,

not N (Qoar, O

B A s SRR, [ 1 40, IR B

nand 4o (OQut, 1l inly;
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FrA A AEX 96, BI B THATSEFD B REnT IEER R 6. B MM R A MM, kA 2E AS
BTSN, HREIxrInsE 26,

and #(3,%) (Qut, Inl, In2, In3);
X LB, EARERE L3, THRERERS, HiBxfnEE Z3f54 5 g B/Ma. B
3. £ T HEELEHT

notifl #(2,3,6) (Dout, Dini, Din2):
LRETIE A2, TRERTIE NS, EIERTHE NG, HiPIxfyat iR, sF6TATR/IMY . B2,

MEBATL (ESTTREENT) MEHHITEE R ITREIETD B3t HEE T L2 it &t
(I AR A&z, ZEHTTAIDAE, FA ERL. Fhoe ST ] R eE 4 (T fi i
1k

min:typ:maxhi ZE £ X
[ ]Lﬂ’@fﬂ}k}ﬁmm typ: max}f/fﬁil EXamr .

/l[é{ &{Eﬂhﬁkﬁd&ﬁ‘ ﬁ%ﬁli’%;ft I TR T S 3] P R S A 15
nand #i2 i, SiETy {Pout, Pinl, #inZy;

%*%1fFﬁWBﬂ‘lifLﬁn%f’l‘ﬁfﬁﬂlLﬁ‘F‘Ej“/I‘ I BIAN . 0P T B K R AL, L
AET VST b T G4 R RERTRET
Feir BRALRE S S T IS HE . R PSR AYE ORI ZE S5 1088 b i

59 LBHIMA

il BB R IRG A5 STHIH R ) R A OGRS T 18 W G 58 0 U fie g
TE R Bl fyeh (4] iﬁﬂ*&iﬂ’]l]?’”ﬁl ilJfﬂ’JluszlluT

Gale i Jdelavionscance_name o frhousdrsiahs

lefrbound?ﬂrrghrbound{ﬁﬁzf{ﬁﬁ‘]lﬂi" WEIEX ERALKTALR, A 49w
A LIRE N0 HIT .

wire [:0° O, mA, InE;
nand Gang i vQut, InA, InB);
ﬁﬁﬁ@ﬁ%m 9G] R A E )
nand
cJangl 0w, nai3ly, nEl3g,
Gangl (Qurtt, InAlll, InEl2io,
Tanal (ou , ‘nAall,, InBlily,
Cangs wQut o, nAa(0}, TnB 0.);
&%EX%M&%N kmzf%ﬁﬂ e
510 BXER

4L 7E Verilog HDLﬁﬁ*ﬂA%Wfﬁﬁ%ﬁﬁ%Uiﬁﬂﬁ, Mg R IR H
5 default_nettypefwiF48 4 S F T USSR B A MK, HRiEHEASBAWT .
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‘default_nettype net_type

51 4n .

“default nettype wand
BIBARIFIES, FEREREHMERMEEwand KA, 4
“default_nettypefi %15 A 7ERIEE XA, I HAE T — AR Hi¥15 % o resetall 4 i
545 MR H AR

511 @EERH

TERES-7Hh4-1 SRR BT TR S B Ry 3l 4 J2 ol 3 A (B A 5 1) 5l
fEBLoby, VL EIE R R R R LB 2

ho, Do po D3 — B
module MUNJx. (.7,D0,0.,D2,D3,50,50); ; P
output _;
° ' Vs . D1 SN T
input ~2,>, 7,04, 50,81 S— - 7
- T -
. D2 N T2 -
and (70, 0,5 bhar, Slbar),
Ti,01,80bar,S1 B
{ , | o 10
(72,700,805 bary, b — —

(72,035,580, 500, =
SObar

not (S0o0ar,=2i,

(Sihar, s sl
Sibur
or (I, 70,7, N, TA; (815-7 4-1 BERILFEHLEE
endmodule
W SR ek 1S4 th T B A S R
or S (I,T0,70, T2, T ; AL o Tog L ek

{E%‘Mﬂé’.ﬁ L7, f?ﬁLTﬁU;&fﬁJ’m&iﬂ‘ﬂi&ﬂL X FPE B £F Verilog HDLH ) A
. {ER]l—FiH S 2 NG S 2R M 2 AR )

5.12 2-AffiLAg 41
P5-8¢0 B s BY2-4 i@ 6 AR B A9 iR 0 T

module DO x < o0, R, Fnaile, D)
input -, 0, 500
output
wire 3z,

not = (.,
Toar '
_UBL
nand =
NO o s, Rnanio, A, R,
D, R o, Sar, Boar g,
N2 DT, Zaabie, Abar, R),

N3 I, Znagbie, A, Bbar},
endmodule ;
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NO Z[0]

| | |

t::jiwr
1%
A7 z01]
N2 z[2]
B % T
Bbar

N3 Z(3}

‘ ?

i

Enable

BI5-8 2-48%00 35 ik

5.13 F Mm% 2550
PES-9FT /7% 1) 5 M Db 4 2509 1A R 0 F

module MSDFE D, 0, 0,0bari;
input o,

output O, Ooar

not
NT oNouD, D
T tNOLC, O
v END
nand
ND [ .
NI DU, O, N ),
Nivs v, v =),
Vil Dha Y,
NIDA [N
NI i ) O !
N, e, V0,
NOE o QObas, v, 00 ;
endmodule
O
b
Qbar

[45-9 T WA 4 4%

5.14 ZH{BHEIR
[5- 105 53 91 7 (8 % 1L 881 | A AU AR 10 F

module “:: [0 Py, e, Ol

input

output o,
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xor # (5H,4)
NEQ |
XEL (£1,D{21,D
AEZ |
XE3Z (E3,D'6},D
XNF
XFI {F:,EZ,E3),
XHO (HO,FO,F1),
XEVEN
not #.
X0DD
endmodule

(Fven,

(0dd, Fver

D4j E2
D5 XE2

XODD
Odd

Even

D6
D XE3 E3
D8

&5-10

SR

A1 L B

L AIBEAT JHER IS - 10 SR RS B A . 4T3 — 4~ 00555 F B0 501 00 ol 25 1 g oy
R 47 BT REAY 3 A8 4 E B8 18R 770 i

2. fE RIFEAST AR G0 181 5- 1257 7% B 00 e 40 20 8ol s 45 0

T AT 5 A OIS

O, HWEE N, I B E R e an R 2% Ao BIAS T o 205 0 L ik §20 ¥

)

-

Au]jT"
B(1)

Al2)
)
Al3] -

Bi3] j_ >_ ‘

AR EFBH)BIE

&l5-11

Data{3] ; —“'

Wi Vadid Yy

“\—— Encode[0]
I )
Data(2} )J/ ) )
i -
['_‘._ ) ) Encode(1]
Datal1) -
N
y— Valid
/

s

Data[0]

Pd5-12 L eaalrh iy
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fy s AT ET ) Verilog HDLEE AN BEAT |- A & it iR Verilog HDLAE € R 11
7ﬁ l“'lu[”)PHJJ jJ

UDPOS I8 0] Ty RE AT JOY 9 B85 ) o2 e f ), BOUDPSE )18 a) i 8 ke 55 B A% ) 1 55 191
W -5

6.1 UDPRIZENX

FOO AT R i UUDPwéHH,L )(UDP

primitive

table

endtable

endprimitive

UDPIR G XA O BIGE S, S BRI G SCRASR W aT L £ S g i S0 A (b
o LUDP

UDPLUAEAT - il AL el B B~ Do IT AU R 1. peah, T
SO, Tl AN i) BATP Bz b BE . UDPAYT T AL 09 L3R

fEUDPH TR A B i 257 K

I
20 T B GL R A FITHS P kA

6.2 HEHBEUDP

(R TR UDP . KRG ¢ RIS ALY XD A8 i A e Eai s
i hx o Fib2- lhuf‘rrt’u% i 19 L s

primitive . L R
output

input

table
e AR AT
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1 1 x = 1 ;
endtable
endprimitive

FRHMFERLLOHMERMEEE, BIE L Al | CI |
B0, 18x. WAWMONKFLAESRRETHERTF oy _\MUXZvauxm sel(1]
PLfE, BpZoh #9565 — 5% i F 5E I O BA S B9 %6 — 4~

D

A FHHNHab), 5 RBay, F=F|ESel. W s
EESBEEBRNEPRABAHEGOXNGERE HE—
IR, TEXMERT, HHAREEIxTHRER z

& SCH) AR Q) o Fl6-1 fEAHUDPHIENI4-15 Bk FE 25

E6- 14715 Fi2-1 2 Bk BE 28 IR 40 AR A9 4-1 B B B AR 80 R B

module MUX4x1 (Z, A, B, C, D, Sel);
input A, B, C, D;
input [2:1] Sel;
output Z;
parameter tRISE = 2, tFALL = 3;

MUX2x1 #(tRISE, CtFALL)

(TL, A, B, Sellll),

(rp, C, D, Selll}),

(Zz, TL, TP, Sell2]);
endmodule

wm FBETR, TEUDPSER|H, BAERTLARE E2 BT EE, X FUDPRIS th wT LIR{HO ., 1

6.3 BIFFEEEUDP
ZERH S UDPY, (8 SIS A SR I TPRAS . A SR A R s B UDPAY S 8 -

FA B R R ARG B L B UDP . — R E R T s 5 — Rl iR AT
i Fr e BRUDPE A 7728 M AT E A A UE F AR T —REF R gk5 ).

6.3.1 MAILRAHHH
i s R UD PR IR A 16 1 T LA I — o BRI 5 Al Mt LB RSB, TRk R

initial reg_name = 0,1,0r x;

W EEALEAIEUDPE X rh B,
6.3.2 M TMEEIAIF R EUDP

F TR DS % E A A s ik R A9 B FE B BRUDP R B . RERS ORI o, BUBRRIA
MG T S E BT

primitive Latch (0, Clk, D);
output Q;
reg O;
input Clx, D;

table



e

B6E P ERE 5]

endtable

endprimitive

R RRIL (LT EUDPRIIR A (E 1A T DA
6.3.3 MiRALARIHEEEUDP

NP i dgh 22 01 e B UDP A DB il ik i & 8 OB Rt AR i g ) i Tl fi e i fy
AR
primitive [ T A S A
output
reg

input

initial

table

TS RRET
A RO IR IR SR /eI I

endtable

endprimitive
S0 1) 4 ORI 1 . J001(0x) £é 05 OAG A 31 . 00200 4 s MFT (0.1 alis 2
30, LI e Fidt O T AL Lnykedie . b bx
oD _Edge FFIUDPWE L. EBAURTESS G AAT ] -FER B0 P o Qo i 4f oy
{1 o1
module
input
input

ocutput

endmodule

6.34 BiRMAFMBEFMAZRRSITA

{E D == A DR e 7 L 1 Rl R FIGL T Ak 2 S (X ARG R L R A A el kR
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AUALZR, B R R 00 a5 20 W ek 200
TR R MDA SAUDPHEE .

primitive D_Async_rr {(Q, Clk, Clr,

output 0O;
reg Q;

input Clr, Data, Clk;

table
S Clk Clr Data Q{(State}
(0 C 0 ? 0 ;
(02 c 1 2 1
(0x) 0 1 1 1
(0x) 0 0 : 0 0
ro ZRRET R UL
(20) 0 ? : ? -
(22) 1 ? H ?
? 1 ? : ?
endtable
endprimitive
6.4 »—3pi

Q(next)

FEEIN R UDPHR . IRMALIBPIEE2RE B, WG Y1,

primitive Majority3(z, 4, B, C);

input A, B, C;

output 7~
table
I

R L = =)
VR O sy O

i
endtable
endprimitive

6.5 {IWICH

v O o v

e e == =]

H TR E, TR T A %A TUDPERIE h R AY T 8E M.

0 4o (AB) IHATEEIB

! Jiik:: g * )i

x A {H r I 33 S TOTRYCH T

2 0. 18RxbHfFE—4 f THERT, A0

b 0% | P F ik — 14 p O, (Ox)Hi(x])KE—p
- n 10y, (1x)HI(x0)( 47—

i i
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1. 414 B B UDP 5 it ¥ B B8 UDPHRA] IX 512
2.UDPH A P E 1 H, BEIEM?

3.
4
S

W46 b1 ] T 90 45404 G e B UDPRY ?

- N ES-1290 B R AR Se A A8 B SRS UDPHEAR o {5 P i 800mh 36 E ol iR A R 7Y
5. HTRRA BIMBUDPIA. fETHVE SR, WRKEH A R0, WD A Eh. RBERS

AJEL, Bk ESA B . BRE RN BT R P T B, SE AR Rl B
HIRHIRETY

CVUDPH U E B % B TK i & 2% 2248 . ISRIAKH N5 AR 80, Wi AT, m

Wiko, KHR1, WS 80, i8I, KRZO0, &EE R, mRIFMKERL, WL S
ekt ) 3 SR 36 A i Y R



B7E HEREREUL

FF A Verilog HDLmnqﬂﬂf‘ﬁﬁ{EB’Jﬁﬁ EERER TR VEE; MR, o
BREH T (T B EEFIT AR, A3 80 01T A B 15 v S Wh (15 ) .

7.1 EZEREIEH
ESEREE R ERSAMEEREREYFFERRME), SR NTEEER).

assign LHS target = RHS_expression;

wlan,

wire [3:0]1 zZ, Preset, Clear:; /7 RN

assign Z - Preset & Clear; s/ EEERE

EERMEREMNZ, REXNEHHN “Preset & Clear”. & %W (5157 iy L&A
assign,

SRR A T AR RPITIR? REAL SRR M BRIER LA 04 E A ENEL)
BAR, FIEXMPHE: NREREA T, Bk RRRA L HMNE R,
ELEMBITP, MBRPreserfClearBil, it ANKBIEEZR, WRLERTIL,

AL RARERLNZ.,
BESEBER R KB T:
DR 73- ¢4
2). [RZM
3) g ik BRI 4
4) R E B %
5) EARRMMEEMBHEZ B R
FERELEREE TS — T
assign BusErr - Parity | (One & OPF);
assign Z = - (1 . B) & (C i D) & (E | F):
H¥EA, B. C. D, EWM@H% Bla— T ESBMEERRRT. EXMHERT. it
ﬁ?ﬂ%AﬁLi HAERRE BIFZ,

TF— AM%¢,ah%—Amﬁ%mm—¢ﬁiﬁﬂmm§%%c

wire Cout, Cin;

wire [3:9] sum, 21, B;

assign {Cout, sum} = A + B + Cin;

EHNAMBRAMITE, MBIEAIERBARB T ESMIER. Bl ERE NSHr
(Cout 11, Sum 4fir). WRIAIEHH AL H R B LR BE AR HLE BRI Sum. BSRGH
(i hD8R 45 Cout ,

FOHE B Al — RIS P RE E P RE TR
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assign Mux = (S = = C)? A : 'bz,
Mux = (S = 1)? B : 'bz,
Mux = (8§ = = 2y?2 C : 'bz,
Mux = (§ = 3?2 D ‘bz;
i%ﬁ&ﬁm¢MEﬁﬁﬁ%ﬁMﬁ%%%ETo
assign Mux = (S = = 0)? A ‘bz;
assign Mux = (5 = 1)? B ‘bz;
assign Mux = (£ = = 2)2 C : 'bz;
assign Mux = (S = 3)y2 D ‘bz ;
7.2 EH)
Tﬂ%ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁ%
module FA_Df (A, B, Cin, Sum, Cout});
input A, B, Cin;
output Sum, Cout;
assign Sum = A "B ACin;
assgign Cout = (A & 'Cin) ! (B & Cin) | (A & B):

endmodule

fEARS, AR ELEREIEY, XEREENRFELN. SHEISHHFXE. RE
LR E TR A A R PR ERME TR E R4, EEREIEIBEHIIT. mEA
L, WP ESEREREITE, BRI HREEACRE, 65 RES LimHE.

7.3 £:Pi%BAR{E
EERERTE MR REHA G0, XENBRERTVEMULBARE.

wire {2:0] Sum = 41°'h0;

wire Clea: = 'bi;

wire A_G7_ B = 3 » B, BGT_A = B > A

AR HBRE IR R S E LR, BALMRERS ESREEE R EHER.
z-hJW:ﬂWo

wire Clear;

assign Clear - 'bl;

F i TR A IR

wire Ciear = 'bl;

ARFER—~ MM BN RMEARE. RS MRERLTH . W LHE %
EIREIE ).

7.4 RIE

TSR AE SRR IR IR A EE . INATETAOBT . 04 A A Y B Ao v
K, BHEENO. W0 AR R B 3R S SR R A Y I 3EE .

assign #6 Ask - Quiet | | Late;

MR ARIEAGEROTENERAZH BT LS 6w B AL IE. Mo, R
%S, LatefH AT, WRENARRERNBHE. FHAKERZI1( = 5 +6) 88 F 5.
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B 7- 13 B8 B 7 B AR

Quiet
10 20
Late :
15
ask et 6
: 11 26

B7-1 EEMR{EE PR E

MBRGIMELRWALMZAEN, 2REMAR? EXFERT, BRI ELE.
FHRR TXRTR .

agsign #4 Cap - Drm;

B7- 28R T XFERARR. AmEEERERMBAN BB, Fm, Eafas.
Drm#y EFtUG BUE R RO B /RFECab b, (BRE ADrmtErt ZIS FREHO, BETECab LHE
BMBR. FH, Drmfest 218202 (A F K sk BRI . X L EBEE B TR TR . Bl
S (B 7R AL TE BRAB A% B B A0 SR B 6 S0 B AR SE VPR s A0 SR e ot A (R B A A s A AL . W
HEERREEREIE L,

Drm _ LJ

5 8 13 18 20 26
Cab - 4] i( 4 ﬂ

17 30

B7-2 (A et ¥t LEfa] i
T HAMIEE . SILREGETE & AT R

1) b A IE

2) TRERTIE

3) KHIRTIE

X IR ARSI

agsign # (rise, fal/, curn-off) IHs_target - RHS_ @XP! eSS l0n;
FHZY- %MﬂﬁeXﬁmﬁ WH%ﬁHLM*M

assign #4 Iisk Qui Cv Late; One deiay vai.e.
assign * (4,%) 35Kk = Quick; Ao delayv valdes.
assign = (4,2,%) Arp - 3§ Datasus Taree delay va.ues.
assign ~us - Momaddr (T:d4i; No e itay value,

£ — AME%@* L BT EE T%NL &EH@ﬂ%ﬁﬂm@ﬁLmﬂ e
ERAERT . EARENA, FREREEAS, HiEBxfzagnt £, 248 AR/ ME,
Bi4  EF|ITBES . LARENYS, FTHRIEENS, BIEMENR6, f5dBlxiyatiE i@, 8
Mo Hy ke IME) . TERISANB IS, BrA e 48 50,

F T SR T L H AR RE AW R4 s IEom Bk B0 i, AR 4 Bkl
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THEMEE. MR AWEN Kz, BoFATREME; SUER LA,
7.5 LRMEHIE
it 5t BT LAAE SR RSB e SO, B0 R T R B

wire #5 Arb;

XA~ TE % A bR SR B 2 5 LR A rb A BRI AU BT HE . 5 18T 1 LR M Arb i) i 25 WUH

IR

assign #2 Arb = Bod & Cap;

BEAER R0, Bod FEIFMFREATRENT ——— —
W, MBLRAR, W26 E LS RIEBArD, ¥
EpRT %12, {ERBENE X TRFMBHE, TIRXArbE) L
BB R EFER ZI17( = 10 + 2 + 5). E7-309BTE 241 16 o
B T AR B 2 P 7

E7-4 TR M R T LR R IE AR o St
RRENIE, K5 RIE SRR E

BT B A A R 3 PR R F B0 R 4B RE SR 473 AR BRI AL
AL, R MR A, F iR ARR R R, 2 R R R E | 1 A R R

i 17 ; 47

B & .
wire #2 A = B - (C; c BR{HES BE
4K A
S b assign H} 4L RHS &k
£ M0} 3
assign 1 3 RHS #iks\
4K &2
[(97-4 2% P HE YRR
7.6 %41
7.6.1 EMMEH
T 2 ES-9RT 7 AY A Ak & 45 7Y Verilog HDLAE AL,
module MSDFF_DF 3, O, Q, QObar);
input 2, ;
output ¢, (ber;
wire Nocol, No:i, Nooy, Yy, 02, D, e,
assign NorD» o
assign ourC - - Oy
assign MNotl -
assign . - D>on C)y;

assign O - Ok NotDy;
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agsign v = ~ (DI & Ybar);
assign Ybar = ~ (Y & D2);
agsign Y! = ~ (Y & Not(C);
agsign Y2 = ~ (NotY & NotC);
assign Q = ~ (Qbar & Y1);
assign QObar = ~ (Y2 & Q);
endmodule
7.6.2 BELLREE

THERSCLEHE X HN)BE LB R HR AR,

module MagnitudeComparator (A, B, AgtB, AegB, AltB);

parameter BUS

= 8;

parameter E£Q DELAY = 5,

input {1

assign #FQ DELAY AegB
assign #GT _DELAY AgtB
assign #LT DELAY AltB

endmodule

2]

: BUS1A, B;
output AgtB, AegB, AltHB;

L}

LT_DELAY = 8, GT_DELAY =

I
AV [}

tw

1. 245150 B 4% 1 o 2EE A i S MR 15 ) o e £ 2

2. X FE— HIRA 2 RE M RER RN, IMTdE BiRa a2
3. 5 HES- 10008 89 3787 4 L B BUR M RUERTE . RAVF BN IS 4]

EF AT REATRE

4. fEFESERIEIE R, RERES- 12508 MRS i 2 B 91T 0.

5B

txri0 [4:0] Qbus;

assign Qbus =
assign Qbus =

Sbhus;
Pbus;

MR PbusHIShust i &Sz,

Qbus FRIER 47

H A

o d

AE
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FERTJLEF, ?Efl‘]EééﬁZETﬁ}ﬁl‘i%ﬂUDPé“E%i&’lﬂE@i‘i%&)’éﬁﬁiﬁ, LA R FH i 82 W H
BB BT . A EA Verilog HDLHP RSB =ZFEBr =, BT HEEFA. A%
41 {# M Verilog HDL, —/MERITTLAG & A Bk = @H 7,

8.1 WELH
FRBIRER R N — DRI AT W R BN

1) initial 1&/]

2) alwaysi& 7]

— AR ] DL & B E A initial falwaysiBA] . X IE A E FHIT AT, BIXEE G
BIDATIR Y 5 HAE R P INUT LK . —vinitialif ] Balwaysid f] 89 047 75 £ — D s o s
HWH, A MinitialMlalwaysid& 6] 7E08T 2 FF 84 3173047 .

8.1.1 initial i&H)

initial 5] UAFT—W . initial B AIFERBEIUTF LRRTIAAT, BIFEORT %I FF 44 IRAT . initial i3 4)
BRI T .

initial

{timing_control] procedural_statement
procedural_statementj& F 5115 56) 2 — .

procedural_assignmenti{blocking or non-blocking) / /Bl IEM 2T FRGEIN ],

procedural_continuous_assignment

conditional_statement

case_statement

loop_statement

wailt_statement

disable_statement

event_trigger

seguential_block

parallel _biock

task_enable (user or system)

WP FF i # (begin...end) BB FIZESERRIE AP . X A9BT R4 0 TT LB IES 0], B
— PHERIRE; SREEEE, NERRENEHFRERE BTN EAE NE, initialil K
BB AT —IK . Binitialif o) EEBLLAYORT 2 JF 4 P0FT o initialiE AR I8 i FRE 4]
ofs i B A B U] 4 1) 7 LA RS B9 5 B 18] 528 IR AT

T M Zinitiali5 0] LB,

reg Yurt;

initial
Yurt = 2;
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b Rinitialif A) 65 TOo FELE ) 493 BREE 4 . initialiE A FEORS RIBAAT, R {3 YurtfEO
AR N2, T HIR— 4 B 5 AinitialiB 4]

reg Curt;

initial

#2 cure = 1;

HHBEECurtER Z28 A 01, initialiE FIZEORT R FF G AT, 7ERT 21252 BBRAT o

TR L R M initialiF 4],

parameter SIZE = 1024;

reg [{7:0] RAM [0:S8IZE-1};
reg RibReg;

initial
begin: SEQ_BLK_A
integer Index;

RibReg = 0;
for (Index = 0; Index < SIZE; Index = Index + 1)
RAM [(Index] = 0;
end

JBUFF it B2 th KR iAbegin...endE R, ERAMFHITHHRIBEN, SCETSHRHEEE
BMfl. SEQ BLK_ARNUFEBRARID: MR IBRPERAERIBEBIES, FERX D,
B, RIS Indextti B BAER S EEinitiaif W2 b, T ABEIRID, BRET R IndexC a3 2
FEH, HE, MFLEGEIMFRINEMIBERE. X —initialiE A& BT &
FIATERIER L A0,

FHRS — A HENF LB initiaiFa, EHBIS, WP R A IE S I B R
{HiE 4],

7/ BICERL:

parameter APPLY _DELAY = 5;
regl0:7]port_A;

initial
begin
Port_A ='h20;

#APPLY_DELAY Port_A = 'hF2:
#APPLY_DELAY Port_A = 'h4l;
#APPLY_DELAY Port_A = 'h0A;

end

TR, Port ARIMEUNEES-1F77R .

Port_A

'h20 'hF2 ‘h41 ‘hOA

o 5 10 15

_ BI8-1 i FlinitialiEa) 7 4 T
W EERGIFTR, InitaiEi A X8R FOBREMET AR,
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8.1.2 alwaysigfl
5initiaiBEAA R, alwaysiBAEE AT, SinitiaiE ML, alwaysiBHEEAMNT

always
{timing_control] procedural_statement

ARE AR (B RER) KRR S B,

il an .
always

Clk = ~ Cl1k;
/145 KRR FEER

MalwaysiBa)H —A T BHRIE . B HalwaysiE G EERST, HAEMBIHRAGE EEH
FERIEABEOR R LRIEH , B, alwaysiB A PFTLFIH A LM FEH, mTHAH
alwaysig®], R L5 EEMEHAER, BiARERH.

always
#5 Clk = ~ Clk;
/I PR PP R 1 0 BOE o

ithalwaysiE AT A 7 A PR 3 107~ 8] AL R BFE o
TR e 3 A S U S B B alwaysiE ) o

reg [0:5] InstrrReg:;
reg [3:0]1 Accum;
wire ExecuteCycle;

always
@ (EcecuteCycle)
begin
case (InstrReg({0:1])
2'b00: Store (Accum, InstrReg(2:5]);
2'bll: Load (Accum, InstrRegl2:5]);
2'b01: Jump (InstrRegi{2:5]);
2'bl0:;
endcase
end

//8tore, LoadHloumplt TERISLE XMIRIF AREXMES.

W FF it #2 (begin...end) F BYiE IR F 14T . X MalwaysiB R EHRE REA kL, B
REE 4, ExecuteCycle AT i3 B2 B 4] s BT i3 F2 B9 PAT R A FUT P71
BPR& R

TR R BUE M i Al R DARR SR 91T R R,

module DFF(Clk, D, Set, @, QObar};
input Clk, D, Set;
output O, QObar;
reg O, QObar;

always
wait (Set == 1)
begin
#3 0 = 1;
#2 QObar = 0;
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walt (Set == 0);
end
always
@ (negedge Clk)
begin
if (Set != 1)
begin
#5 0 = D;
1 Qbar = ~ Q;
end
end
endmodule

WARB R 2&alwaysiBEhl, $—Falwaysiia) B WFF S BT B P ERE 4,
58 — SkalwaysiBH] oh U I R M BRAT B 50 Wk R B B35

8.1.3 AEFRNERRPHER

— M EBA] LUD R £ FalwaysiB A f £ KinitiaiB 4], 6 KiE 05 30—~ 0k 09355 7,
B 15 HITEORT 2 FF 6 3 4T $h AT -
THHE&H 1 &initialiE H) 12 &alwaysigh),

module TestXorBehavior;
reg Sa, Sb, Zeus;

initial
begin
Sa =
Sb =
#5 Sb = 1
#5 Sa = 1
#5 Sb = 0
end

always
@ (Sa or Sb) Zeus = Sa " Sh;

always
@ (Zeus)
$display ("At time %t, Sa = %d, Sb = %d, Zeus - gbh",
Stime, Sa, Sb, Zeus);
endmodule

BB RBEGHFITHT, HAMRPNBERFEHRAES, initialil & HRF7 {24
P B P HE—REHRAT, BISaREN0; T —KiBHZEON HES 3T BIHAFT . initialiB &) fY
HIMTRAR BRSO EEAR, XBESHTES MR BA S HRE R, SatE R B 54 B [ 8.3
JEBRIE R0, BT A BBSG —&iBAIS, initialif e AGERAD,

B—KalwaysiB R S SamiSh LB R RA, REFHE4RE, sikATalwaysiB ) P AYIE
7], $R/GalwaysiBa) B %R EESaskSh L 9B, EER B initialiF A1 X SaFISHEIRRE ,
alwaysig AP ZESR0. 5, 10711564 /8] a7 B 34T o
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EkE, REFEHRKERZeus b, BMRITE 25kalwaysid
H. EXHERT, RHETSsdisplay@itiiT, R/galways
B EHSHEELETEZeus FIHEF . Sa, SbFZeus L4 sb

WS- 25 R . T ERBBIET = B H .
{Em %) 5, Sa =0, Sb -1, Zeus = 1
7ERT %) 10, Sa = 1, Sb = 1, Zeus = 0 6 s 0B
e % 15, Sa = 1, Sb = 0, Zeus = 1 El8-2 Sa. ShFiZews b =4 WL
8.2 MRS
it S BE A R, AR R ERE A
1) B RE1E 4
2) B
8.2.1 HERH
B FE4E H T F
tdelay procedural_statement
S

#2 Tx = Rx-5;

i S 5 i 1 SO ST R R OB B E A 5 RiE ) AT R [ 1 B o B SE R R
FEIE PTG “SfRFRE". FEMOBPFP, SRBEEATERBIXE G #9205 8] A
a7, REPITRIE.

FH—LKHIETF -
initial
begin
#3 Wave = 'b0111;
#6 Wave = 'b11060;
#7 wave = 'b0000;
end

initia i F)7EORT ZI3R1T. B, FR3MATEAMIITE —MRIE, AREFIHEE
£, BATE2NMEN; BEFTOREBIAL, PITEINMER; REKEHE,

B FEf Hl AT LU A —RERE X

#delay;

X-—BAREET - FBUPTHERAGENEE, T ERXFHENEAL.

parameter ON DELAY = 3, OFF_DELAY = 5;

always
begin
# ON_DELAY;  //%f5ON_DELAYHLERIBTEE.
RefClk = 0;
# OFF_DELAY;  //%F#OFF_DELAYHLGE MIBIEE
RefClk = 1;
end
BYEEEE R P BT RER] LI RIEE R AR, BIABRBREAR—FE, R TEMNGIF.
# Strobe

Compare = TX " ask;
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# ( PERIOD/2)

Clock = ~Clock
ISR AT REFA A R0, M2 HEXTRIE,
#0; /7 BARFHEE,

BATHIERE -5, FRTE L EEYIEDN B RRTRHEARTRYERE, +

e MR s AL )R AT

NREF R A E N xRz K TH TSR, WRNEREIRITEERNAE, B

TR RN E R AR, X — S TEF RN S EEE,
822 HuH=H

EER T, alwayst R RIFENETEHRIT. BRFLRMGFGER TR,
1) i iR

2) B RUR R

LB R R F A4

AR R FF R T

@ event procedural_statement

W B R

@ (posedge Clock)
Curr_State = Next_State:;

THEHEH SR RBENNIIT, MSRHETEHEE. FOT, MEClodds S ME

FFAAE R (M), RPGTRERS; BUHEREHR HRClocks B4 F—AESGa .

B,

R — LR,

@ (negedge Reset) Count = 0;
eCla

Zoo = Foo;

EFR—FIBAT, BEIER RIEReser FHRIEIT, 5 &iE4H P4 Cla L HHE4RE
Fool){H B4 Zoo, BN 55 Cla_ b B 1 4tk HClatE R AL R}, Foo I M8 25 Zoo
Wwal AT ER:

@ event ;

REAMER — %, ABMENEMHRE . T EREH SR8 8initalis &) chif

B(J—_/l\ﬁ.’%o

time RiseEdge, OnDelay;
initial
begin

/IRy, HP e bR ER
@ (posedge ClockA);
RiseEdge = stime;
/1 H, HEEB ER A FORE
@ {negedge ClockA);
OnDelay = $time - RiseEdge;
$display ("The on-period of clock is §t.", Delay):

end

BEZ FGESHRARS “WRAEMEHRE", TORE TN,

@ (posedge Clear or naegedge Reset)
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Q - 0;
@ (Ctrl_A or Ctrl_B)
Dbus = 'bz;

FEERForHAEREEINREAPHEH K,
f£ Verilog HDL posedgeHinegedge 2R 7 ERMFHHXRT . S HAHE TARKR
B —Fp:
1 -
1 ->
1 ->

X >

o O N X

z -> 0
IEVE R T iR gy — b .
-> 1

->» 1
RAS I T L
el P EURE AR b, #REARAET S REY - BERIRFENREA T
PR F R L N TFIER S H

wait (Condition)

e
0
0
x -> 1
z
2

procedural_statement
HREGAEERENERARIT, BULEEN-ESFRARAENE. WRIATHIX
EAE AR RE, MAGEREALIIIT. £ EEANFFET, SREIRATEN.
i
wait (Sum > 22)

Sum = 0;

wait (DataReady)
Data = Bus;

]
wait (Preset);

e —&iBAT, BA YSumiE K F2268, A X SumiFo. EFE _FKiEAF, HEH
DataReady ¥, BlDataReadyfE N0, ¥ Busi#iData, Bj5—FIBFRRIERZE Preser’®
RE (ER1) B, HG8EE R A AR T .

8.3 iFa

BB AR E £ KB A G RIBREH LY T — KB RWYLE . 7 Verilog
HDLH A BRERR, B

1) Wi FF 15 ) R (begin...end) : FE/AJR P TR IR 48 E P DU TR T -

2) FHATiB A (fork.. join): & AIHFHIIE TIFATHAT o

BRI IAS RN, WRARIAN, FARBERUESDRAEHER. TN
BT ER TR A B, B RISR A AR AR I AT, WAL, BRI ARF R
—FRIREERN—RTR, AR, BEEFANTFSARBSH, DEIIREER MR



66 Verilog HDL ¥ 14K 15 &

BT AEE,
8.3.1 MRAFFIEfR

I Py ¥ ] SR o B R AR UT 5 R BRAT . BB A P &Y IE( S5 AT I AE A AT By AR B
BRI . —BIBRFIEAI AT R, BT EREBY T —KiEA%ENT. H5iE
AJREIEEWT -

begin
[:block_id{declarations}]
procedural_statement(s)
end

it .

/I FEEEEEH

begin
#2 Stream
#5 Stream -
#3 Stream
#4 Stream
#2 Stream
#5 Stream

[ R T T T
O D - O
P

end

1B RE WU 8 FTRAE 3 101 B 1] B FR AR AT o BB 1) B 1005 B8 1 SR AT, BpEs 124
BRI, BEPITSERUG, T IRIEAIFESE 17064 18] B AT GER SA R, RS F 14
IR AR 20AH LA AT , DAMLSHE . BRI AT H AT S 8 o 722 A B BT B I 8- 3 5 7

Stream

10 12 17 20 24 26 31

BE8-3 WFFE R b it BB IE
THERM T BE 55—,

begin
Pat = Mask | Mat;
@ (negedge Clk);
FF = & Pat

end

ERPIT, BIRBAERIIT, RERGTE2LED. YR, BoAFaHNRME AL
Cle L B AER A AT, FEREFIRE S —L6,

begin: SEQ BLK
reg[0:3] sat;

Sat = Mask & Data;
FF = rBat;
end
XL, WFEAREHRICSEQ_BLK, 3HHA —MRMFrEEs, TR,
HERTE1KIEH, BB IATHE2%E 4] |
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8.3.2 FHITIEARK

FATIE MR E R fork Rljoin(WUFFiE M A A E R fFbeginfllend), FHATEARTH
BB HATIAT . AR A R P B4 A B A S A B REAE AR S5 R A RT R RAT RO B AL 5%
4 AT Al o B S B SR AT SE AR (BUS MBI FF A —E RBUB MEAD, WUFEAREE
MR RAT o B — RSB B R FEATIE ) HR N B BT R ) A UL B8 0 B L TR AT SR A SERLBRAT .
HATIEABRIFEENT

fork

[:block_id{declarations}]

procedural_statement(s):
join

fian .

S T

fork
#2 Stream = 1;
#7 Stream = 0;
#10 Stream =
#14 Stream
#16 Stream
#21 Stream

join

AR I ATIE AR TE S 1010 A B L HF JRB0AT , BT iR D IFATIRAT IF BLPT A RO I RE B A2
M FRZII0M, B, HIPREEB20MHRIEANTT, FEB2678F B LARITHEST
R, DASHE. HPERMBIE mAEs-48R.

1;
0y
1
0

Stream

10 12 17 20 24 26 31

i8-4 FFATIR RGP AARNT B ST
THEAEA TS aRAIHTEAR, DERARNENARZA.

always
begin:SEQ A
¥4 Dry = 5; // 81
fork: PAR_A //S2
#6 Cun = 7; //P1
begin: SEQ_B / /P2
EXE = Box;: //86
#5 Jap = Exe; / /87
end
#2 Dop = 3; //P3
¥4 Gos = 2; / /P4
#8 Pas = 4; //P5

join



68 Verilog HDL RIS E A

#8 Bax = 1; / /83

#2 Zoom = 52; / /54

#6 Sstop; /785
end

alwaysi A AT MUFIBEIRSEQ_A, I HNUFEIHRAKHEEMSL. 52, 3. S4f
SSBUFHATo B HalwaysiBHI7EOR ZIBAAT, DryfE B4 Bt E A SR NS, F HIFFFiEH
WPAR_ATEFANBRIRLIFIRIT . HATIEMRFHHTEER(PL. P2. P3. PAFIPS)FES4
M EEALFFATIAT . XAECuntESE 1010 (A AL B, Dop7E 6/ MR ] B BERME . Gos
TESRS B B N RME, Pas?ESS 12/ ] S BRRME . LT iB ) S SEQ_BYE 541 A B 437
FHRWAT, HFERFRPIERIS6. STRIRBINIT; JapTErd MR oB M FHE. By
HATIBFIRPAR_AT M TG B FE S 12 BB A A SE A BAAT , B AIS3ZESS 121 B 1] B £ B 3k
17, B0 0B B Bax B, RIFIEASINAT, B2 AL Zoom BB, R
PAT T —iEA] . BARFER 28/ M ] BN AT R GEAE S $stop, alwaysiB 770 & 4 B9 F L
FE8-5Fr 7 o '

Gos =2
Dop=3:
éCun=7
: Dry=5, | ot
: A Bax=1 Istop
Py ; '
0 4: 6 891 12 o 22 .28
Lm0 s |
Exe'-:Box Pas =4 Zoom =52
[ap:lExe

FEI8-5 MFFiR AR TR BIR A1 FIE B 42

8.4 WURHRE

AR R (E R A initialiB A RalwaysiB AN RIE, = RAEN F 7788 8RR 0 BRY
FIRA WA LR &RAR . i,

regll:4] Enablie, A, B;

#5 Enable = ~A " ~B;

Enable A FF35 . BB R, KR(ETE AIBER SOt B L AL AT, BB RABitE .
H-BIE L Enable.
SRERMES HABNEANFRT. awaysiBHEHITF .

always
@ (A or B or C or D)
begin:A0T
reg Templ, Temp?2;

Templ = A & B;
Temp? = C & D;
Templ = Templ | Temp2;
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Z = ~Templ;
end
/+ Al H—AER RS B4 RIER, filln:
Z = ~({A&B)V{C&D));

B, FHE R EEH TR BN S BRE S ETFRSTE ~/

alwaysif A] MBS BEFBA, B, CRDEAEBHFIEIIT. Templ INR{H & SR
1. KRBTSR . 5L BTRRE 1B Y Temp I M Temp2 BETE S = FRREF R P EH,
B — W BES = KB FIHTE N Temp FIE

SRERES .

1) PHZE i B ME

2) JEPH T PR R A

HiHER WA T B AR, SCAERBIIE AT RS

8.4.1 ERINEBHTIE

ERAE AR AR AR R ERIBEN TN T, @ Ea AR LA, A%
FIEFE RS oo H AR AT ER . BN

Done = #3 'bil;

HEARARKERIEB AN EZ T8, BEEFARESR, BXYmEreHE.
T B R T B[R] FE A N ER BT E AR

Done = #5 'bl; 77 A YRR E S

7

begin

Temp = 'bl;

45 Done = Temp; / 7 V&) IR B T4
end

HfE. Wi

Q - @(posedge Clk ) D; 71BN B

begin

Temp = D;

@ (posedge Clk) / PEAE B
QO = Temp:

end

A -

B LA LB RpET IR R (B R R MFHESD TR T SGERNSEES, &/ —FHER
FHEH EE RN ERRER BT

repeat (express) @& (event_expression)

XA ERERE FIRE—-ERE NI RE N FHRE XAE, Flam,

Done - repeat(2) ¢ (negedge ClkA) A_REG + B_REG
X —iEITRHE T E G E, BIA_Reg + B_Regfl, SR/ 1FmHhCIkA L &1
, Bl AWmERS Done, X—BEHEBHERELHANFNEAMT .

3%
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begin
Temp = A_REG + B_REG
@ (negedge CIlkA);
@ (negedge C1kA);
‘Done = Temp;

end

XA TR T R ESRENS—ERBAANRPRELE GEA) TERA
ﬂjo

84.2 MMt ERE
REREFZ =" HUBRREREEEIRRE. S,

RegA = 52;

REZENIERE. HESSBREERLSIEEARTIHRGT, BET -SRIz
HIERZERMIAT. TR
always
@(A or B or Cin)

begin: CARRY_OUT
reg T1,T72,T3;

Tl = A & B;

T2 = B & Cin;

T3 = A & Cin;

Cout = Ti | T2 t T3;
end

TIRMBE RS, HETI; EERTE L5, T2RRE, RERTSE=&EM, T3
BB B, o
0 (IS ) P R SEE 25 O BEL S A AR R B A

initial

begin
Clr = #5 0;
Clr = #4 1;
Clr = #10 0;

end

F—FIEA)FEORT AIAT, CIrFESAETEIANG B ; EEFENTE KB, Hcifs
A~ i 18] B oL S5 g R (B M 1 (OB 2 FFE5 A B9 ET R 80T ) s SRR PITSE = KiEM{EF ClIrE107
B+ 18] B 47 5 g WA O\ ORI 2 FF 35 o 88 191 B [a] 8847 ), EI8-6.B /R Clr P4 I o
1.

1

Clr b'e

0
0 5 9 19

E8-6 HAERAIRNELHNHEEE IR

5 —KBIMTF

begin
Art = 0;
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Art = 1;
end

EXFERT. ArtBBMA N1, XEENE T ArBRE N0, REWTT—FKEARM
Art{EORTIE S BN (E 1, Rk Xt ArtBYORRE B 5.

8.43 IFHEEMIEREA
TEIEM YT R AT, ERAREMS “<=". fl:

begin
Load <= 32;
RegA <= Load;
RegB <= Store;

end
TEIEREE M T BERE S, X BARRBR(E R I EAN(F NN E), B HETER A8t 6]
$RAECGRIEBRIE; RO, AT YA AELEHR), KA EME I BBEAEBRITH,
HHEAREERR, AWMEFETERER, FHERIT T -Fi84, MENRRE DBES
BB IRl A, X R E A & A ERVEE B P R BT RERT . 7E X4 ATET [ A A R AT e
WY, BUxtZc s BARRRE.
fE L BRI, WAVERIUFERRERZI10IT. B KB H LoadTE F 10184
] A0 25 R BERRIE M32; RBMITH2&IBH, LoadMETREGE RN RIXBRAFZH, FH
FBINRER A BRI E), RegAMBRBEBBUE NES 1010 B B R, EFAMEMHE
BB E RO R A TG, TR Zeim BARA TR T YA .
TESEFEH SR R ERFE
initial
begin
Clr <= #5 1;
Clr <= #4 0;
Clr <= #10 C;
end

55— RIB P THECI TEFSA B AR IR T 3 = RBAEPRITE CLE R4
fia] B8 {57 35 W& E 29 O M OB 22U FF 46 9 35 44 B J) B2 : .
fii); ‘%, BIFBHHPATECHERE OB o |
2437 B KOO OF %1 FF 1 925 10/ ] B3 —r
AT A RIEOR RIATHY . JEAh, FEXH o s 10
BR T, R EERENTR R RMEX, E8-7 BAEmp I EM IR E R
Clr 17 () W QORI 8- T % .

TEE#H A O EHHIT .

initial

begin
Cbn <= 0;
Chn <= 1;

end
TEinitialiE A] AT R, AR X R —-FFHEBAZMRE, ConMEZRAHE, B
Cbn = x, Verilog HDLAREF IR AR EEXMEAT, MAFHHAE, WREFHESFH
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BRERIKIT . GRBIRIBRE Y VerilogBRIB OB REBER B, ConlsBIRE H0T1°,
F R R A E I E T BRER S, ERENNXE.

reg [0:2] Q State;

inicial
begin
Q_State = 3’ b0l1l;
Q_State <= 3" bl00;
sdisplay { “Current value of Q_State is %b” , Q State):

#5; /7 /%M -EWRIE.
$display ( “The delayed value of Q_State is %b” , O_State);
end

WA TinitialiE 7= E W T 4R

Current value of_Q_State is 011
The delayed value of Q_State is 100

B— A EEHREO_Srare BRI R3'011, HATH = FRRIATE v IERLEH R EE )
TR0 _StatedE 245 B I} 3 (BB 05 ) B A BERL(E 30100, B i %435 — s display £F % BT
i, Q_StateiB R AE—MRMERIE, BI3'b011, Y5 EBRPITIS, REHEEN
Q_StateR{E R, Q_StarefIEBES . WBSIHEIRLE, T F—/1sdisplayfE %, i,
Bt B R Q_Stare TR

8.4.4 EWESiTERMLE

R 5 BRI ARRZAL? 8- 1515 T EHES,
®8-1 SEMESEEREBNES

dRRE EaWHE
Ealwaysi%ﬁlﬁinitial%ﬁlmﬁiﬂ HE— TR R
ﬁﬁﬁﬁﬁ?iﬁﬁlﬁ* 5REBMHTIT: ARBERNERESE
' AT '
Weh¥Ffras ‘ _ KHER
A “=" R =" REFS f#H ‘=" REZES
Fassignk 817 (7E B HEE SRR (E Fassign < Hia
BRSh, £ RHSEFERIW)
FHE—SRB T REEN,
module Procedural; s
reg A,B,7Z; '
always
@(B) begin
Z = A;
A = B;
end

endmodule

T ELEMRT, ﬁfﬁmﬁ&wwﬁﬁﬁm&ﬁ&ﬂ?ﬁﬂ%&ﬂﬁ%ﬁﬁ*ﬁqf:-,—i:&#ii
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module Continuous
wire A, B, Z;
assign Z A;

B;

assign A
endmodule

BEBTELO nsBt A —PEM, FESEERBESELR D, WEAIBENEKTIIT, ATE10 ns
BB BBHIFEH. ZRABIBHME, BAREAZRAETERELAZA] . FEFELEEREIE AL
B, EEAEERAEGEMEL, BAXBEAE IR TBHEH, X5IBTRTFANEMH, A5
EE—NTEEWETENT, SMHNSIRZBH TANME. ZMFENATMARB, R, HRE
HERAEFEAL, SREERPKalwaysiB A ARIT, ENARTEIRalwaysiBEA] LAt 6l 3
HERP, AMESREESDFNE-NEERENT, HBEZEAMSE.

8.5 ifi&n)
iEEA BRI

if(condition_1)
procedural_statement_1

{else if (condition_2)
procedural_statement_2}

{else
procedural_statement_3}

R XF condition_1 KEMER—NIEZE, BB Aprocedural_statement _185 4T, g
condition_1 W{E}0. x8kz, #B4procedural_statement 1547,
MRFLE —elseft X, WAXPTXHEHIT. UTFTR—AHFIT.

if (Sum < 60)
begin
Grade = (C;
Total_C =
end
else if (Sum < 75)
begin
Grade = B;
Total_B = Total B + 1;

Total _c + 1;

end
else
begin
Grade = A;
Total_A = Total A + 1;
end

EEFRMREADHLSRPIEER, WRHEHLIE-1f-elsetd X, MATTRESH — Uik,
W BT R .

if(Clk)
if (Reset)
Q = 0;
else
0 = D;
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ARG — " elseBTH—1if? ERBTE-NLitWEGCIHERBTE A it
B & (Reser)? iX7EVerilog HDLFE#id W else SHRIEN B HelselVi tHXBKBR, 7
EXNMFR, else5HELFIBERMHEXEK,

AT RS —sei ERIMAT.

if(Sum < 100)
Sum = Sum + 10;

1€ (Nickel_In)
Deposit = 5;
else if (Dime_In)
Deposit = 10;
else if (Quarter_In)
Deposit = 25;
else
Deposit = ERROR;

1f(Cctrl)
begin
1€ (~Ctr12)
Mux = 4'd2;
else
Mux = 4'dl;
end
else
begin
if(~Ctrl2)
Mux = 4'48;
else
Mux = 4'd4;
end
8.6 caseiff]

caseif A R— BB &ML IR, HBENT .

cage(case_expr)
case_item_expr{,case_item_expr)}:procedural_statement

{default:procedural_statement)
endcase

caseti Al B S X RfF ik Kcase_exprRIE, RIBEWRINM &4 LT RMEIEHTHE, $—
/l\—'i%ﬁﬁﬁiﬁ{ﬁ*ﬁlﬂ;!ﬂﬂgﬁ}iq’m%’ﬂﬁﬁﬁo,EIHEM‘%B‘Z*EX?’I‘%E’&@; XE{E
AREHRR, A ﬁﬁﬁﬁﬂfﬁﬁﬁﬁﬁiiﬁﬁﬂ%ﬂ@ﬁf&ﬁio
ﬁiﬁﬁiﬂ%ﬁi@iﬁiﬁ*%#%ﬁ’iiiﬁﬁo fEcaseiF ], xFlz{HE N FEMH#
ﬁ&ﬁomw%ﬁw?mﬁ:
arameter
’ MON = O , TUE = 1, WED = 2,
THU = 3, FRI
SAT = 5, SUNf

reg {0:2] Day; -%

it ]

4,
6;
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integer Pocket_Money;

case (Day)

TUE : Pocket_Money = 6; F L.

MON ,

WED : Pocket_Money = 2; FAPE2,

FRI,

SAT,

SUN : Pocket_Money = 7; /133,

default : Pocket_Money = 0; LA,
endcase

AR DayB ) NMONSWED, $ikFNH2. 4> X 3B TIEFRI. SATHISUN, Tisrx4
BHETRTHNAME, MTHURGLEER111, caseiBHMH—LHMF .

module ALU (A, B, OpCode, Z);
input [3:0] 4, B;
input [1:2] OpCode;
output [(7:0] Z;
reg [7:0] Z;

parameter
ADD_INSTR = 2'blO,
SUB_INSTR = 2'bll,

MULT _INSTR = 2'b01,
DIV_INSTR = 2'b00;
always
@ (A or B or OpCode)
case (QOpCode}

ADD_INSTR: Z = A + B;
SUB_INSTR: Z = A -B;
MULT_INSTR: Z = A * B;
DIV_TINSTR: Z = A/ B
endcase
endmodule

nRcase RBAMN LHRZRMKERFASREH 2R EXHERT, EHTEML
HAIPTH Bcase RIARBA— R X R ERXWBREKKE., TRV TXMEM.

case (3'bl0]l << 2)
3’100 : sdisplay (
4 00100 : sdisplay ( "Second branch taken!’);
5'b10100: sdisplay ( "Third branch taken!");
default : s$display (

endcase

FEH

Third branch taken!

BRI ZIMRERXKE RSO, AN ERELMEEEEREES —H5. 4
1+ BE3b101<<2BF, Z5RH5D10100, HEHEBI 0%,

caseif AP T XL
LV A caseiB A b, HxMz ANFE @R, BENxfzl, X EAHcaseil f iy

"First branch taken!");

"Default branch taken!");
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ERWFHER: casexFlicasez, XEIEA M =M zEH AR RIMRE. BRXEF casexFlcasezl i,
Bk ScaseiE M52 —H,

fecasezifmH, i BMFEcase RIAXMET S XMB R HHEz BN RILME, BIFEN
(0E: 81 TN 9

fEcasexiF A, {[HxMzBBIANRIEXNL, caseziBAIEHIT -

caga (Mask)
4'p1??? : Dbus(4]
4'b01?? : Dbus([3]
4 'b001? : Dbusl2]
40001 : Dbus(l]
endcase

? FRO R FEF 2, RARLRN, caseziB AR AR Mask 55 1 R 1(ZBHELD),
AR 2 ¥ Dbus(41RAEHH0; HRMaskBISE 111 R0, FHHFE20 R (B EAL), I ADbus(3 8
WA MO, FHHILAHE,

8.7 tH¥WiER

Verilog HDL 4 U HEIHiER, Ef1R:
1) forever{§

2) repeat{i3F

3) whilef§3F

4) for THFH

8.7.1 forever fA¥FiEH) |
X—EAM BB AREENT .

forever

1l It n ]
o O O o
w~e e W wa

procedural_statement

SRR A EE AT S RIEA . EL BRI, B IkEA TS RE A
. AR, Eﬂﬁ%ﬁ*ﬁ\ﬁﬁﬂi%ﬁ%ﬁﬂ?ﬁﬁ&ﬁ] AW, foreverflFF 5 ZE08 H /5 K
i BN N T |

ﬁﬁ%ﬂ&ﬁﬁ%i%ﬁﬂ?

initial
begin
Clock = 0;

# 5 forever
#10 Clock = ~Clock;
end

XL Seh e, H— Eﬁﬁ@]%s/\ﬁr]*uo WG BR
10/ 8B B4, CIocinJIﬁ —Ko

8.7.2 repeat fEERIBH
repeat JEFREAFER I T

ropoat(loop_countﬁ
procedural_statdment
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X EFRE A AT A B L BRI ] . R RR AKX MEATE, B sk
zfBf, IRATEFRELOLHE, THRA—LRELH.

repeat (Count)

Sum = Sum + 10;

repeat (ShiftBy)
P_Reg = P_Reg << 1;

repeat{f& 3N E A S E R B AEHIAR. H,

repeat (Count) / /repeatfFEFRIET]
@ (posedge Clk) Sum = Sum + 1;

FHIFERTT RS, ZHCKNIERT, HECKERRER, XFSuminl, {Hi,

Sum = repeat ((Count) @ (posedge CIlk) Sum + 1;

7/ BB
ZHRAEEITESum + 1, BESRCK EIERTHE, BN ARRIE.
THEMREAENREHA?

repeat (NUM_OF_TIMES) @ {negedge ClockZ):

BERERITIRBEfErepeatiB ] 2 J5 KB RIZ W, FFClockZ YNUM_OF_TIMESA- 1.
8.7.3 while fERIER
while {E¥MERNIEZ T ;

while (condition)
procedural_statement

HAEIRE A IR AT o R AR ) ELBVE E R AF R . SRR BAXEF G AR, B
LG REREAEAR R RIT. MREARER xRz, EhFEFEEZ (&) 438, Fin.

while (BY > 0O )

begin
Acc = Acc << 13
By = By - 1;
end

8.7.4 for BRIER

for fERERMERIT -

for(initial assignment;condition;step_assignment)

procedural_statement
—MorERBEAXBEENREEERTAIERHEABEIETR. HBHE
initial_assignment?5 B IEH L B AWM. conditionXERIER B EW/AEH AHHL T AL
W, HEXMRE, BHRPHEARIIT; WMstep_assignment’Z L EBMRRE, BH A
PIER: U BTN g &

integer K;

for (K=0 ; K < MAX RANGE ; K = K + 1)
begin
if(Abus{K] == 0)
AbusiK] = 1;
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else 1f (Abus(k] == 1)
Abus[K] = 0;
else

Sdisplay('"Abus[K] is an x or a z");
end

8.8 TEMELERE

SR EEEERIRERMEN X, PERBEEalwaysihaRinitialiEa)PHR, X
MEEBAESERRLEHRAEMENEFFARNRE., CAFRETHESBEREKHD
FREREMY T, 8, IRR—1EERE, EERMA KA FinitialFalwaysiBH) 2 5,

TR ESERE R AR AEE.

) REMEFREIRED. EIIFESHTRE, _

2) BBMBEGBEREES: BREMNUTUHTNSESRE, BFERATHEN
BE, :
WAEMBRGEAENTEL LR “ER” 9. BYMERBH R ESHAN, HEELR
PR AR LB S T  RREENEFNT.

HREEEREN B EBREFFREI R %E.

8.8.1 nﬁ—tﬁnﬁ_

— T REDBENVQAFEMFHEENIBURE, EFRELEE S F20
EORE. TR POEBAE LR ETREN I

module DEF(D,Cl?,Clk,Q):
input D,Clr,C@k;
output Q;
reg O;

always
@(Clir) begin
if(:1Cln)
assign 0 = 0; // DXMOELH
aelse
deassign (J;
end

always
{
@(negedge Clk) O = D;
endmodule’ ]

WRCIENO, assignkb{HAFHEQIRO, TRERSHABHINE, BCRAD QTR
MRCHEN, EHMEFTUNRT, AREGRHRE T XN, R CUIEBR 074
2

BRI F B SURENTAE, assignB{E7ERTTH001 B S RRETIRN
TR, LHT

raeg[3:0) Pest;

|

!
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pPest = 0;

;;;ign Pest = Hty * Mtu;

assign Pest - 2;  //HAfpest AR, MERME.
A;;ssign Pest; / /rest EEMETHEN2,

assign Pest[2] = 1; /*iR: WHFEBNAAREAESANIRIEESEREAN BiR~/

® A REEEST T ARENEEE - TREBREHRE. £EHTRRITE,
PestBETE B — 4%t B 2R IR HTARFF N2,

REEGENTEX ERESEMN . BEEIMRERTE, B2 REFRIITEH, Hys
Mtu b B AR 4 1 R EE A E BT E .

8.8.2 force5release

force Fireleaseid #2i5 4] HassignfldeassignIE B AL, AR Rforceflreleaseid BiBH A
I EEEE N B T M, BN AT HFRNRIE,

WforceidHl i I T H AN, TS ST {EgiforceiB MM EMER; Hreleaseif H) N A
FHEEMN, FERPHYINERRERE, REIBEESERECE4ER (Eforceif M HM
e ), IEXFER T, EERENFHFERELHE

Y Hiforcesd B2 15 A1 Xt 28 R #EAT RV AT, IR H RN AL N BATABshR, HEIERT
£ % _L $fTreleaseiBn) M 1k .

wire Prt;

or #1 (Prt,Std,Dzx);
initial
begin
force Prt = Dzx & Std;
85 /1 SR AL
release Prt;
end

AT forceiB A H P 3K A FTRIVRIBME, H¥releaseiBAHHMIT, RELTE
EHPHIRERER LN R forceRIEA M (TERISABE B 8AL ), DaxMIStd b BYLT LA
R ER A FH T

H—FBIITF

reg(2:0] Colet;

Colt = 2,'

force Colt = 1;

release Colt; // ColtffiHEN1.

assign Colt = 5;

force Colt = 3;
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release Colt; ‘ // Colt{HAFHS,

force Colt(1:0] - 3; /~Hilh: WA THNEA MR I NI SR E b

Colt IS 1K B BURE ColtEBARIE J1, X£HE A FEforceiE A M IR A o B %
SZREMFFHIRE, 75 HMreleaseiifh, Colt 5 it R % S WA 7E Colr | T 54 30T
HEFREMES,

8.9 #EFHiLXH

alwaysit ATl I FRBRXE A BTN, MERRSIWNZE., X EBR Y B IE A F X
P alwaysi& ® o] WA A7 88 R AR ELE 1S . ZEalwaysif ) a4 T —TalwaysiB 4] P37 B i 3
FRERERERHATR GXATUSARKBZEETH, BE10E),

FRTEMAELABRLS: RX HEWEE; MP b, RXHBRRBUBITHOM AR,
H R ihReadyl5 S RV MBI WIEAMPHE, MPHBEHRBEINABLE, Ex— K
15 S AckB) RXGHER LASE B B9 A BB A R BB AT R A I 8-8FT R o

Ready
. | Parallel_Out
Serial  In Data ) -
f Process RX annssth%--.»
. Ack
Clk ‘ :
Kis-8 WAL EHR

X B3 E AR AT 00T R T SR A7 AR I LA «
‘timescale 1ns/100ps
module Interacting (Serial_In,Clk, Parallel_out)
input Serial_in,Clk:
output [0:7] Paralliel_out;
reg [0:7] Parallel_out;

reg Ready,Ack;
wire [0:7] data;
‘include Read,_éﬂord -v"  //Read_wWordhFH M HPEN.
always ]
begin: RXx
Read_Word(Serial_In,Clk,Data);
/ /1% Read_word¥fe AN b B B B 47 304 WIS R IITRIEHFE T DataP, Read_wordse
B ERMEHEE 10ns,
Ready = 1;
wait (Ack);
Ready = 0:
#40;
end

~ always
begin: MP
#25;
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pParallel_oOut = Data:;
Ack = 1;
#25 Ack = 0;
walt (ready):
end
endmodule

X FA R E T F A Ready A kI3 B R F i an A 8- 9 I B R o

PEBUET ) SR AT R

e e
I L ——

0 35 50 100 125 175 200ns

MPEIBR
FEI8-9 Mt EE] AR FBMY

3

1. initiali& ) Malwaysif 4], WF—FATEEHIT?

R BRI IEARARE MR A7 BEAURE . W EAREER KB EHTIE A R
H?

BRI ABHETR EARRA?

. fEalwaysiB A PR EH LETEERTIE?

. 1B Py ER A HE AE ) B EE R R IR T4 7 BB

. B2 RR O Fn JE BH E PR R (A T 1] X 517

7. casexiBfj Hcaseid A8 7] X 71| 7

8. RE A fEalwaysiBA]h LR MR (PlinwireRIZL R ) BIEH?

9. FEHE—ANTES nsBEZIFFEE . FAHAR10 ns IR I o

10. Fl— initiali&A] #1 14 foreverfB FFE A) L T R alwaysifi A

always

N

SN W

@ (Expected or Observed)
if (Expected !== Observed) begin
¢display (“MISMATCH: Expected = %b,Observed = %b"
Expected, Observed);
sstop;
end

11, B2t F &A%, B alwaysififa) i NextStateA HiNextStateB & HIH R E V1 ClockPTES nshi A |
NEHY; CurrentState{ERTSIHIBRIEAS, I BFEMN M3 ns/a LB NT7

always
@ (posedge CIloCkP)
#7 NextStateA = CurrentState;
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always
@ (posedge ClockP)
NextState = #7 CurrentState;

12. ERT AR AE B 0T A RRSYURB T R

Inp (Gak) PresentState NextState Qutput (Zuk)
0 NO_QNE NO_ONE 0
1 NO_ONE ONE_ONE 0
0 ONE_ONE ONE_ONE 0
1 ONE_ONE TWO_ONE 0
0 TWO_ONE NO_ONE 0
1 TWO_ONE THREE_ONE 1
0 THREE_ONE NO_ONE 0
1 THREE_ONE THREE_ONE 1

13. {ﬁfﬁalwaysi%’ﬂfﬁi;ﬁ.ll(m&ﬁﬁgﬁﬁmﬁﬁo

14 HRM T BB N HABRES S TRE () BRESAKE, M ABIEUsg
10118, HAsmBE B N1,

15. #RBPOERERETH. AR LGANERE, MERPIOHEETOMNEE, BHiREY

1, %Data_Ready R 18, AXHBABIERITIOR
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K& PR Verilog HDLHP RIS SR st &5 8 EE 5 U LU T = R S5 0058 4 35k

* Gate 3L 415 &)

= UDPSE & )

* Module 3 1]iE 4]
FSEHROBECLIVHE T IMTRER T LHUDPEB T, PR e i 4]

9.1 &R
Verilog HDLH, A RIUE XSERE R, WF x:

module moduie name(porr_list);
Ceclarationy_and_Scacements
endmodule
51 1 BAS U pore_tist§) T %K B i W o 01 5 b BRAs B 133
9.2 mwO

B R A 3 11 AT LU AR T L O T UL B T . BRI Ay 11 KR £ R (B
wire SR ). B, i AT A A S R - A L 1 RE S B A B Hreg Y
WS, TISRELRMIEHEEFFREHS . SR80 T S8 OBt KR
Lz 1 A P L RSty T

module Micro (70, nsrtr, NextAddr);
T 15
input .. v
output

inout [ l«:l, Nexzaddr;

R TR
wire [1f:1 wexoadar; o KSEHLENTBEN. MIIRARE O S 1 T SR ] [

reg

ps U RENI A re o B0, NI RES s wave IBATEEA T a L f R
endmodule

9.3 #BWRILHFR

S D RERER B T 5 A — b B g ﬁé'i'ftfivlﬁﬂ HY A B 9 AR A
WmE.

L;vfrﬁlllﬂu@dUE‘E%ﬁT%ﬁ 1H%3éﬁiﬁﬁ7f\ﬁ‘é%1ﬁ‘/—‘fifﬁ I KRB A F
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port_expr /R,
. PortName (port_expr) / /BT HR.

port_expril LRV T B4R 2Ry .

1) #RRAF ( regilinet )

2) frik#

3) #arisk R

4) L ARERISIHF

5 FxX (HRERTRARDO)

AEAEXES, WOFERIEEE O S s 0 e, T8 i 42 FREC B Y X Bk

. OBRBUR O O R RBEBE RIS, HIR ORI R EE. Tl
P ISR 0% BEEME- 1R,

14 I Q
module HA(A,B,S,C); } X
input A, E; : : ch g
output S, ; . € J
parameter ND_DELAY = 1, NOR_DELAY - 2; cml <
s
A B
h2
assign #XOF_DELAY S = A » B ¢ S
assign #AND DHELAY C = A & By _l cz l
endmodule o1 | Sum
e
. Cout
module FA(P, O, Cin, Sum, Cout); )
input P/ Q, (_‘in'. Iﬂg‘l ﬁfﬂﬁf#‘ﬂﬂ#&ﬁﬂ&miﬁ
output Sum, Cout; ikey)ifr

!
parameter OR_QELAY = 1;
wire S1, Ci, Cp;
{
i
/ PR Bl )
HA hl (P, 0, Si, c1); //@xt{uB L8,

HA b2 (.A(Cin), .S(Sum), .B(S1), .C(C2)); //@Bildgr1 55 2, 5L
TARE T U ADF

or ¥OR_DELAY Cl {Cout, C1, C2):
endmodule

EF—MERLAECT, HARBRW S T IR EOILH . I H 8 0568 L.
G5 PS5H#EB (HA) Bﬁ#ﬁmm‘ia‘%. FSOEMOBERE, SISSHEE. CI5HREOCcEE.
ERZANLHP, MOBEHLE, SR (HA) ASMORAR AN EEL SR ¥
E,‘J:\

T {92 P A [ 0 A T S B s S o 5 )

Micro MI (Udin{3i0], {(wrN, RAN}, Scatus{0], Statusil],
& UdOut {0:7], TxData):

ST BRI RIS LURAR ST ( TeDara). (7368 ( Starus[0) ). H4Mik
ﬁ(wmwmxéﬁfummmmoﬁ~¢%ﬁﬁ(&mmmnn);%ﬁﬁﬂ%%ﬁﬁﬂ
WMARO, i
931 BLTHO |

Eiﬂ%m¢,ﬁgﬁumﬁﬂﬁﬁuﬁﬁxﬁﬁwﬁs*ﬁ%ﬁﬂﬁﬁn,mm=

| .
|
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DFE dl {.Q0(08), .Pbar(), .Data(D}),
. Preseci), .Clock(CK)); //%Falne il

DFF d2 (08, , D, , CKy;//fuEBAIN I
/sl T Qpar U
i AR Ppresetf] TR, HARIE Nz

EXBHANLHEET S, 9w 0 QbarHPreset &4
B AR, HNESHESz, Mg bsmO RS, ERZBHROESAH.
9.3.2 FREMHOICE

M O RS O KRR K ERREIR, %08 RS B A X ST e s r Tk
an fﬂlﬂ”:

module ChHildPoa, Py

input [%:0. “oa:
output [2:0, oy
endmodule

module 7o

wire [::2
wire D4 g P
Chisd C. vAgl, Mpry:

endmodule

£ 3 Chil dBEH S, Bdl[2]i& 328 Pbal0]. BdI[1] HEEEPhall]. 2 F 5 Al
Pba(5). Pbald\HIPba[3)E%. It h@EHEEz H5ZHML, Mpr6]iEHEBIPpyI0). Mpr[5)i&
S Ppy[1]. Mpri4) E#HBIPpyv(2] B WPE9-2

annpnng b [Z[1]0

s [1]2] wor [Z[5[4]5]%]

[¥9-2 sl IV

9.3.3 HMRHHE

REIHE S BB RS . @S ABURGERE R IUA B B Kk B
AW R AR R MR Iy oA

1y B8CE (i) ( defparam ) ;

2) i SRS

1. R ELEG

BHoE LEBIEA M T

defparam

BIKERRAZRBEASBOTUGHID T HEMNBRE X (BREBREE P — &
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). THER—6. HRFARHAD7EA Y 5 iRt .

module TOP (NewA, NewB, NewS, NewC) ;
input NewA, NewB;
output NewS, New(C;
defparam Hai.XOR_DELAY = 5,
7/ EBHa 1PN B XOR_DELAY.,
Hal.AND_DFELAY = 2;
/1 EW a1 BBMIAND_DELAY,

HA Hal (NewA, NewB, NewS, NewC) ;
endmodule
module TOP2 (NewP, New(Q, NewCin,NewSum,NewCout) :;
input NewP, New(, NewCin;
output NewSum, NewCout;
defparam ral.hl.XOR_DELAY = 2,
7 ER Fa1iER RIS B xor_DELAY.
Fal.hl.AND_DELAY = 3,
/I RBFali T h 1P B WAND_DELAY,
Fal.OR_DELAY = 3;
/1 EBFa1P S ®OR_DELAY )
FA Fal (NewP, New(Q, New(Cin,NewSum,NewCout) ;
endmodule

2. FA BB A

EXMITEF, BRIFENASLIEROSEE. TEAGFEFILY Fhbi,
A4 PR R S W R

module TOP3 (NewA]NewB, NewS, NewC) ;
input NewA, NewBj}
output NewS,NewC;

HA #(5,2) Hal(NewA, NewB, NewS, NewC}) ;
t I MES RIS BBAND_DELAY, iKSRIERH AP H] .
CIEAMERE B XOR_DELAY, K BBIFEHtHarthifin].
endmodule

module TOP4(NewP, NewQ, NewCin, NewCout) ;
input NewP, NewQ, NewCin;
output NewSum, NewCount;
defparam Fal.h!.XOR_DELAY = 2, ./ SEfFaiEniiSHxor_DELAY,
Fal.hl.AND_DELAY = 3; //SKWral'PEMhillBBaND_DELAY.

i

FA ¥(3) Fal{NewP,NewQ,NewCin, NewCout) ;
CAH3 BB OR_DELAYINTHE .
endmocdule

B I BIE ) P 5 A BB 420 205 B2 35 | PR B eh B 1 S MO R TL D . 7 4
HTOP3%, AND_DELAYE.#iX B N5, XOR_DELAYE#RE N2,

BIRTOPIHITOP4R BRI T HSBAMEHS I B RER THSRMER FTEE— 12K (#
1. OR_DELAY), BRSHE LENEGHTFHERERKFEE—ENSHIE.

ITREy ¢ P E%%#&B‘Jﬁﬁ&%lm ., SRAEE TR Y N RX MBS ENE TR
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L (B FXTE RS A, SRR ASRER XS T L HNE A AREE R E AT EE, But b
FEFBURE -
SRUEETT LR EE., TEHRERAM x NFek 2R 306,
module Multiplier{Opd 1,0pd_2,ResulZ);
parameter EM = 4,EN = 2; //BIAEHE
input [EM:1] Opd_1;
input {EN:1] Opd 2; ]
output [EM+EN:1] Result;

assign Result = Opd_1 * Opd_2;
endmodule

X SREIRERTES -, THRS x 6/EBERIESEEI AR,
wire [i:8] Pipe_Reg;
wire [1:6] Dbus;

wire {1:14) Addr Counter;

Mulciplier #{(8,%) MI(Pipe_Reg, Dbus, Addr_Counter) ;

BIMESHE T S REMBFE, B2 E618E T B MENKFE.
9.4 SpEBIRI]
FE1Z4 9 1L P WL S AOREERAE X b, U 1 6528 4 T A B AR TT IR RS 1. {8k,

module Scram_ A(Arb,Ctrl,Mem_Blk,Byte):
input(0:3) arpb;
input Ctri;
input [8:0] Mem_ Blk;

output [0:3] Eyre;

endmodule
Arb, Ctrl, Mem_BlkHIByre JBEH O . X463 1 Rl R 480 0, BEfESCHich, 4
RABHKBE AT, SN O BT EMEEE. FTrEAEYScram_ARISTH).

Scram_a SX{.Byte(3I), .Mem_Blk{(M1), .CtrlicCi), . A2btal));
BB Scram A, SMERS O B FRER IS E - Verilog HDLH R 11t B 2 i X8 & 4h 380
MR XAl LS R TR & — e DR 58 i

.externai_port_nane(internal_port _namej

TR AR R R R E S B
module Scrar 3 . Naralarby, .Control(Corly,
e _FordiMem_Blki,  AddxiZyEe) g
input
input
input  2:7 Ve~ 214

)
!

ocutput

endmodule
R Scram_BIE M 95 5 E BN TT & Data . Control Mem_WordFiAddr. HI1 £ S
SR 7N TN IR O Z BAEE a0 RS, (B Ay
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HLAEH . SHER D ERRAT AR, BEHEABRESHAETREH, MAHORY
FERR AT, BTl BEREp 8, R AlEaT, SN O KRN T BUR

Scram_B S1 (.Addr{(Al),.Data(Dl),.Control(cCl),
Mem_Word(M1));

ERRE SO RS, XHHPREEAERE, WESEE LPFAROLFHEEER
R OB FR, EBA—MROWHE B0 L5,

GBI T B R, MR L BIE ) T S BE A A SR O & R

RS OB FRAT LARARIAF, SRR FRERMRER .

o {VEHE;

o B EHE

o fEREEE . BB IERINAM S .
f5i) i ,

module Scram_ ¢ (Arb{0:23,cCrrl,
" Mem_RBlki{0j,Mem_Blk[11},Bvtel[3]);
input [0:3! Arb;
input cCrtrl;
input [3:0] vem_RIk;
output (0:37 EFytre;

endmodule

FEScram_CHIBEHRE X b, WO RAIFER T EE (Arb[0:2]). HAE (Crrl), ¥
({Mem_BIk[0]. Mem_BIk[11)FIRIZEEE ( Byte[3]). fEPIEBM 1R OIS . M kFRE HY
BT . AR EIBROL. Fitt, EXPOBER BB, B 02 %im ot
OB SR mm

Scram_¢ 8YA denl,CLLMMYIE:00, BTy

BE:X"ifﬁh’é’ﬁJFP Wi L1 (7 B OCHR M . HILLI[4 : 6)%E4EDNArb[0 : 2], CLEH
BiCirl, MMYITEHFIMem _BIK[0),MMYTO)% £ B)Mem_ Blk[l] BT#H:3 Byte|3).

HE RO ZRROCR (B P 3B O R AR ), WAL T R 35 LT3R <E ZhSB % O
Z. WTFHEAIScram_DEHE YR .

module Sc:an D (.DacalArb[0:2 Vv, . Concroi{Crel),

input
input
input -
output e R S

endmodule :
fEScram_DEBRSCHIE )b, S BRRER M RIG Bk s . DS Z KSR, HER
ﬁéﬁ’*fiﬁ! Ffﬁlﬂ’]fﬁﬂ&ifﬁhﬁhﬁﬁﬂﬁdZﬁ&E

Sorar o .. ,(4_4,,‘.JV.,.“A.f:\n-.,g.l,

R T

iﬁﬁﬂ’ﬂﬂl”ﬁ%%ﬁfiﬁﬂﬁ’ﬁfﬁ?ﬁwjﬁiﬁﬂ Eﬂﬁﬂ&&‘élﬁi#‘ﬁﬁl‘“ﬁiﬁﬂjuﬁi, A5
REfESHE. fln.
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module Scram_E (.Datal{}, .Control (Ctri),
.Mem_Word ({ Mem_Blk!0), Mem_Blk {1l]}}),
LAddriy )
input Ctrl;
input i8:0} Mem_FBIlKk;
endmodule

Bk Scram_E 4 B A5 5% O DaraFlAddr, X B D E SRS .
—AHEOEERES Z NI EH#E? Verilog HDL AP X FEERE . Hl,

module Fanout: (.3(CtrliIny,.B(Condout),.C(CondOut));
input Cerriing;

output CondQu;

assign Condout - Crriln;
endmodule

AF L CondOur 5™ A9 8% O BRICEE . PV CondOwMIfH{EBRIC L & AL

9.5 %4

THRHGHWBIR T HERITEE . FERiH a2 S A 9- 3R i

Clock

cK CcK _dcK

k NQ Kk Nd K N

e N ST 52
1K1 L 1K2 ks Y K4
I Q ] Qe Qor [} Q
—q

1 (o] Z[) Z[2) z{3]
t49-3 |t By

module -
input .
output

wire .-,
and - . L N NEE MR

A e )

endmodule

DB R AR DT SR DL R

I Rl R R ST VA B A s - & IO ECE AR AL kS PR AT N B A 2B 1 B (S
module ‘ : s ;

input

output
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wire S51,52,53,54,585,56,57,58

JK_FF JK1(1'bl,1'bl,Clk,Q{0],51),
JKZ2(1'bl,1'bl,54,0I[1],85),
JK3{(1'bl,1'bl,588,0[2],);

and Al1(S2,Cnt_Up,Ql0]1),
A2(S3,S51,Cnt_Down),
A3(S87,Q0{1]1,Cnt_Up).
A4(86,55,Cnt_Down) ;

or 01(54,52,53),
02(58,57,56);

endmodule
Qo] Ql1} Ql2)
Cat_Up:
JK1
I Q
Clk
—1 CK
K QN
S1
Cat_Down
Bra MR K AMN S5 FRE
B9-4 (imTiiaas
S

LBURSEHiE ) 51 TS PE R R SR 47

2. MO BAERE . B BN, O R R A A7

3IXFOIWHRMMBFA, OR_DELAY{H %4, XOR_DELAY{i*7, AND_DELAY{& %5, B
HEWHRER, '

4 AR TR FASR S AT I ik A B 6 4B ALU R 25 AR

SHS N PR BMUX4x B ME 16-1 BREREISZHILER

6.7 7 4 I b - 52 o7 40 3B PN B T R8 . 4038 R 388 4 SO A b BBV S SR B F it
U R I X S 2.
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AT RIEMER . T5 . BREH . HTSHE MR FBFESSEESMILE.
10.1 &%

ARSI — AR, SR MR AR OB AT R B A ERRSER A
5% XEBERAS. SHETREESMZITERNAR RS EELESARERM. E5TLL
aet e, BEER, FEASFBEEARLEES R,

10.1.1 EHENX

1% & Xt anF

task task_lid;

Al

[declarations]
procedural_statement

endtask

ESATUBRERAE - TRENSH. HELSBEARNGHES. REASEI (38
MESHRNUE ), E5EEHFARESE (MMEFPREE) HBABLSR. EFNEX
FERLBRIBAE P E . Hlan:

module Has_Task;

parameter MAXBITS = 3;

tagk Reverse Rits:

input MIVRTTS -1:0] Din;
output [(MAXRI'TS -1:0] Dout;
integer :;
begin
for (~ - :; K <« MAXEBITS; ~ K+ 1)
Dout MAXBITS-RY = Dinlk.,;
end
endtask
endmodule

1T % B A RIS AT 5 R RR AL /e B X Suly AR b B € T AT TAE AT 35 M A
RONBLRY: . T R — A~ ol

task Focare_
inout ::- Al
input ;- Sarr_Bic,Srop _Tio, Folato 2
reg .. _°
integer .., A0

begin
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for (Mac3 = 1; Mac3 <= Rotate_By; Mac3 = Mac3 + 1)
begin
Fill_value = In_Arr[Stop_Bit];
for (Macl = Stop_Bit; Macl >= Start_Bit + 1;
Macl = Maéimr 1)
In_Arr(Macll = In_Arr [Mdcl - 11;

In_Arr(Start_Bit} = Fill_value;
end
end
endtask

Fill_ValueZAXHHIRMFFLE, REAEFPHETL. FHFNB1ISNEIBAR BN
Aln Arr, BISR3NMA . Start_Bit, Stop_Bit¥HIRotate_By.

BRAT & 2805, E%ﬁ.ﬁ&@%lﬂ?lﬂ.%&%ﬂ‘]ﬁﬂ&*%)@?&ﬁiﬁ T — 2%
B S AP B 5

10.1.2 %A

—TMEFHEFAREGAR, ESRRBETAHEATFOSRANBRE RN TR
. EFARETRIBHEN, TLEalways iS4 K initial 5B EH, BT,

task_id {[(exprl,expr2,..., expriN)];

f{%ﬁm%’]*%&ﬂﬁu\ﬁi5&%%14’%#‘6A R AR S B 80 9 R T
Ao SN, BSWERELS, FRELIHER. ERECERERED ], A fnPascal, %5
HEAN - EEXHREFESHEHRBERALSR., FOSKARBYETACHEN. BE
EH—GRERFPAVINERESESN, DERTSHAREHENEL. B— M5
RSB R B AT R AR IR AR AR R A . '

T ERBRIE % Reverse_BitsBySifil, %% & LE M hab,

BRI )
reg [MANEITS- G Feg_ N, New_Reg;
Jeverse_Blts1 2o X, New_Reqg) AT %A1

Reg_XB’J{ﬁf'Ffﬁm/\{Ef?li Eﬂf?ﬁ fDin. T %5 04 i DoutiR [0 8New_Reg ¥ &R N
EHFRESE T EMER. T ERRAE B2 — @ A5 H1HE.

N AT 55 R o ) i AR iE ) BrUEF AR S A S S RO AR SR
KR ELEAP TP, New_Regh BB b FrEaR KA

T BT A o B BOR T S R A RESIRAER TR0 RN BN RE
A bﬁﬁﬂ#ﬁﬁm

module o0l
reg .
integer - o

reg ooy

task
input .Luess;
output Parityﬁit;

|
t
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ParityBit = *"RamQ[Address];
endtask

initial
for (Index = 0; Index <= 63; Index = Index+1)begin
GetParity(Index, CheckBit) ;
sdisplay( Parity bit of memory word %d is %b.",
Index, CheckBit):
end
endmodule

fFhifa RamQU L B B XML, MfFiEas A B1EIE F N EESIAL.
EF LA FES, REFHFESHIRE. B2, SHS3R0HEEIHE SR Had
A e mEmER. .

module Tasxivair;

reg NoCIiocx~;

task Generarewarverform;
output C.ocxQ;
begin
Cloc<(Q -
#2 Clocr(@ - 0;
282 Clocy
B2 ClaocwQ -
end
endtask

initial
Genara:ehave rorm (NoClocky;
endmodule

11 % Generate Waveformx$ Clock QIR (A AN BAENo Clock v, B4 I H BL{ENoClock
ts RA X Clock QW Be ZBEOTEAT 53R B S W BLFENoClock - Rk pix — A5 B0, Bedt
FClockQE I Ry 2 f T a8 258, BIFEIT % 24h e
10.2 A%

BB, WRHE 55 -HE . uT LA ARl B3 r 2R B I AR 4
P BORBR [ — ME , E AR ST Al uT 2 S A (0 BRERET ). HHE AR
ERES . M. KRB EEL -TEA. ARBEP RIF R A R e AR A
BT E A%

10.2.1 ABRAZBS

PRECUE R B 00 o] LA JEREHR i B R A (T fuf £ B BE . pRERAY S A S s A BEIHES . B

ik

function

endfunction
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R R B R P A 1 E REBUEE, RHESE N RBE N 1A SR AP
BITE .

module Function_Example
parameter MAXBITS = 8;

function [MAXBITS-1:0]1 Reverse_Bits;
input [MAXBITS-1:Q] Din;
integer K;

begin
for (K=0; K < MAXBITS; K = K + 1)
Reverseﬁﬁits [MAXBITS-K] = Din [K]:
end ‘
endfunction
endmodule

R B K Reverse_Bits, BRPGR B — MK NMAXBITSHI &, R¥E — 1B ADin.K,
REHBBRTE,

RPEXERPARBRAMAH - FHRLTR, ZFFERTERESRYFELIFHABAET
EME. &¥OE S 7 RBUE L b BRAMIT L F AR AR B R, *iX—FFRARE
DA B REE R, TERED — 1 REEILH,

function Parity;
input [0:31]) Set;
reg [0:3] Ret;
integer J;
bagin
Ret = 0;

for (J - 0;J <= 31; J = J « 1)
if (SetlJ)=E1)
Ret = Ret' + 1;

Parity = Ret % 2;
end
endfunction

FEREBN, PantyRERNAHK. EARAIEEKE, RYGRE L #5K, Rerfl
REBEFBTR. HERAE - MU BERBEFIRELFES, LFTEABIGE E K
(5 EEE AN TS ERICPER AT ),

10.2.2 HKAE
BB R AR —T5 . BT
func_id(exprl,exbr2 ..... exprN)

VAT 2 R 30 7

reg [MAXBITS-1:0] New_Reg,Reg_X; [/#1Fa%i88].

New_Reg =- Reversg_Bi ts{Reg_X); // Eﬁﬁfﬁﬁtﬂﬁﬂiﬁwo

SHESHEN, BRELFHROHARBEEBBRNEN, DEKTHRBEFNE
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SRR B AR Z R RIFE N THIE
10.3 REEFMELZEW

Verilog HDLIEH T HEM ARG S MAK R, WIEEF P HE KT F MEE. €]
§}ﬂ9Q11:jL§§:

1) 815 (display task )

2) CIFAAE RAES  (File VO task )

3) B [R)#7E {F % (timescale task)

4) I # % {£ F (simulation control task)

5) B FFEIEAT: % (timing check task)

6) PLABE{T % ( PLA modeling task )

7) BEHLEFE{T % ( stochastic modeling task )

8) L¥ s B (conversion functions for real)

9) #{ % 4 i R $L (probabilistic distribution function)

PLAZMAT £ MMEHIEET S A EABHTETEEA.

10.3.1 BRESH

BRESAESFHTEERRMML ., XEREEFHE-FFN:
« BRFEAES

o BRI AR

Pid-Sugaliny

1. RFRBENES

WHEWTF

task_name (format_specificationl,argumenc_listl,

format_specificationZ,argument_list2,

format_specilficationN,argument_IlIistN);

task_name N T HIFIE LB —Fh .

sdisplay cSdisplayb sdisplayh sdisplayo
swrite swriteb Swriteh Swriteo

BRI S EEBRL AR LIRS, HAEETEREN; W5 AEFELRFE
fpuB]‘T%ﬁﬁ EHRAT. TRIRBEFIESHTHE X

sh ¥ 3H : lf(l&ﬁ‘]

saouk o2 ¢ e

w2 o AUEH

1. HE %5 : —.J'E;ﬁ']

we B xC ¢ A3CIIFTH

ool e RN I

Y, A T 52/ &<

R BT ¢ i 3111
=T o PHTH g A

au%&?ﬁﬁ EMSERARE, BREEWNT:
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$displays$write : HaERE
$displayb5$writeb : T
$displayoS$writeo : NFFBNK
$displayh5swriteh : FAHRHE

AT LR T AP 58 L AT

\n 47

e R

W FE

\ " OFRT

\0oo {H AN RO T
$% Ty

i .

$display("simulation time is %t",Stime);

$display(sStime, " :R=%b,Q=%b,Q0B=%b", R,S,Q,0B);
/TR BA e, BRI B R

Swrite("Simulation time is:);

Swrite("%t\n", Stime);

FREFEAH $time, R, S. QAIQBAAMMITERINT -

Simulation time is 10
10:R=1, S=0, ©=0, QB=1
Simulation time is 10
2. WP ESH
HRETFH .

$strobe Sstrobeb S$strobeh Sstrobeo
XL R YGUAT 55 12 45 R B () R BLUBUE . BT & RO BAT RIE A5 B I 6 48 i i A
EAEUBEE . i EBEERT EREN T A SN ERE AL E T,

always
@ (posedge Rst)
sstrobe("the flip-flop value is %b at time $L",Q,5time) ;

MRt — A LFHARE . $strobeff % i th QR A LRI B ) . F WL QM Stimelty — &
R . XS B S IRRsr R L FHIEET s th -

The flip-flop value is 1 at time 17
The flip-flop value is 0 at time 24
The flip-flop vaiue is 1 at time 26

H A E L5 BAME AEHHRA,
RMEF S BREFORRZLETF: BRESEBPIE 0N, MEMIE 5090
BHER B RPHRE T . T EAOHFE S T — S KX B RREIE S

integer Coo!;

initial
begin

Cool = _;
sdisplay:' ~iver first assignment, o) Max a.oe . , 000
Sstrobe When strobe is executed,Cool nas ol e 20, Cow !y
Cool = 2;
Sdisplay("Afteier second assignment,Cool has value %4 sCool);

end ; ' ‘ : o
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FEAE R

after first assignment,Cool has value 1
When strobe is executed,Cool has value 2
After second assignment,Cool has va.iue 2

% 4~$display /T &5 Coolt9{E1 ( CoolKIHE—1IH ). = — M SdisplayfE &%
Cooltifi2 ( Coolth s — A BR1H ). $strobefE % #i ik Coolf{l2, XMERF R &
W

3. BEEE

I LA

smonitor Ssmonitorb Smonitorh Smonitoro

XTSI LB ENSE. RESKEDHSRERE T, BHSHERMEN
HLERE B, filn:

initial
smonitor ("&r %+,D = %4, Clk = %d"),
stime,D,Clk, "and Q is %b",Q);

U AT B BATRY, RESD. CMOMEHIT IR . #FX B EEAEL. WE
FEANBSHENE. FTERAD. CIHQRLERE T A HEE

At 24, D=x,Ck=xandQisO
At 25 D=x Clk=xand Qis 1
At 30,0D=0 Ck=xand Gis |
At 350=0Ck=1andQis 1
At 37,.0=0Ck=0and Qis 1
At 43, D=1, Clk=0andQis

WA S R X S BR SR, EEEN 2 FRENERE N - MEEE W
LB -

AT LA T A R GAT ST RGP R
“monitoroff:; AT AT WP TS

monitoron; i A Wit %
SRR AT PR A LA PLE . SmonitorofffE 5 M T BT A AU MRAT 5. LA
BB E LSS Smonitoronft 5 TR AMEEES.

10.3.2 XHWNBHEE

1. X edr Ao X M)
%?fﬁm&ﬂifopen;‘ﬂfﬂff-~’\if¢

integer = . _:x opent £ le_namer s

FUCARC fopen@l"lff ’*Lf LR CHRED)
i By BT 5ol f}él/ﬂ~’|‘3€ﬁ

fclose: - =

oo Xt uf])lthz\rufﬂ%

integer

initial
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begin
Tg_File = Sfopen("~/jb/div.tq");

$fclose \Tg_File);
end

2. Bk Bl 4
B BA MBS RRESHA BT 0SS MR R A, ZRARHTF
WEEEAXMS. XLRFEFWT .

$fdisplay sfdisplaydb $fdisplayh s$fdisplayo
Sfwrite Sfwriteb Sfwriteh Sfwriteo
Sfatrobe S$fstrobeb Sfstrobeh $fatrobeo
$fmonitor Sfmonitorb <$fmonitorh S$fmonitoro

PR T 5 B — BRI, BRI BB RS S RN L,
T E R SE B AR — 2B RN

integer Vec_File;

initial
begin
Vec_File = Sfopen('div.vec"):

$fdisplay(Vec_File, "The simulation time t',Stime);
/1B~ BB vec_Filel X154t

sfclose (Vec _file):

end
%ﬁjﬁdisplayﬁ%jﬁﬁﬂi » XfF “div.vec” PHBTFFiEA .
The simulation time is 0

3. A Pk MR

AR GAT % SR8 T S0 b R BUSUE ﬁME%MKﬂIi{#*&ﬂﬁE#ﬁﬁﬁ
MBBFHEEE. SN2

$readmemb $readmemh

XEXHEETEENE. ERM_#H (X FSreadmemb ) s+ A## (4 F
$readmemh ) BF ., FIMYFHTATEAME. YHITRELEN, S EROKEHISE
SBTFHBRAIM — b, FFIAMLEEXT B FAER B BN RE,

reg [0:3] Mem_A [0:63];

initial
$roadmanh(“ones_and_zero.vec",Mem_A);

/1 EABBA BT SR O TR B 6 3 (N FEBE B AL,
2 AR I BT LATE RGEAE SRR P AT A, Pl

Sreadmemb ( "rx.vex',Mem_A,15,30);
IIAIAF “rxovee” PIEBIE— AN BFRAEMSERAE 15, F— 27 AL
/716, LK Rt 30,

AT DU SO SR o B U 4t ikt . TR0

@address_in_hexadecimal

ERXMELT ., %%fiﬁﬁﬂﬁﬁAﬁiﬂﬂo IR SERIBUT A B Ot T 46 19/ IR
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10.3.3 MEREESE
EFEEF

Sprinttimescale

o8 45 5E B R B R ) SR AT RS B . & Sprinttimescale{T F A E S, WATH L
£ 5 %4T % 8 F O R B o e ) B RS BE . IRIE E BRI E 2 W B H, NARSE
% Wi 38 E B AYET (B S RS R

¢printtimescale;

sprinttimescale (hier_path_to_module);

TR X 2 R SR T B A

Time scale of (Cl0) is 100ps/100ps
Time scale of (C10.INST) is 1lus/100ps

REEF
Stimeformat
15 5 B AE LM SR RIE R, RIEFERXWT:

stimeformat (units_number, precision,

suffix,numeric_field _width);

H b units numbert :

0 :+ 1 s
-1 : 100 ms
-2 + 10 ms
-3 : 1 ms

-4 ; 100 us
-5 : 10 us
-6 : 1 us

-7 ¢ 100 ns
-8 : 10 ns
-9 : 1 ns
-10 ; 100 ps
-11 : 10 ps
-12 ¢ 1 ps
-13 ; 100 fs
-14 : 10 fs
-15 : 1 fs
RGE A

stimeformat (-4, 3, "ps", 5);

sdisplay( Current simulation time is %t',Stime);

¥ B $display{E % P %t BT ROE, T

Current simulation time is 0.051 ps

WA $5 E Stimeformat, %R BEAB G ERENR/MEER N .
10.3.4 HREHES
AEGi4E %

sfinish;

R R i, P R [ BIRE R S
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RoEs

$stop

EEMSER. EX—B, XEASTREALIEES, FTHRX ﬁ:"‘fﬁiﬁﬁﬁiﬂ‘]%%

initial #4500 sstop

500 BRI BAL ) . RRLE L.
10.3.5 EREBEE
RS-

$setup{data_event, reference_event, 1imit) ;

mR

(time_of_reference_event - time_of_data_event) < limit
4458 7w 2€ ( timing violation ) ;
AGRBIHINT.

$setup (D, posedge Ck, 1, 0);

REMESE:

s$hold(reference_event,data_event, limit);

R

(time_of data_event - time_of_reference event) < limit,
WU 58 20 4R st ] B P e
i,

$hold(posedge Ck,D,0.1);

F AT % Ssetuphold & Ssetup AIShold /L & i 4E &

$setuphold(reference_event,data_event,setup_limit,hold_limit);

MRS -

Swidth(referencq_event,limit,threshold);

W EFSHK P RERS, W

threshold < (tiﬁe_of_data_event—time_of_reference_event) < limit
W55 b BBk b B R RO B 48R .
BRSERR TR CREEMRALOEESI, Hl.

$width (negedge Ck,0.0,0);

ARAEF

Speriod (reference_event, limit)

BEFSHEAY, &

{ time_of_data_event - time_of_reference_event) < limiﬁ

SR B P R R
ERFLARDBRESE . SOREHRE T SRS ML LS
REHE % -
sskew(reference_event,data_event, limit)

BEESZH (EEEE‘Z*EE’JHWPE%'H“%ZE ) B9IRAL ( skew ) E:E.‘?ﬁ)f:%}ﬁ #H

time_of_dat. —event - time_of_reference_event » llmlt

I {'.,,-r"‘!'f' R 20k L TR E
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M 4= 2 2 18] & BT R ALK KAI4EIR . iR data_event AT 8] % Freference_eventHJHT j]
BULAS R 4 o
ARG

Srecovery (reference_event,data_event, limit);
FEREMFPIRETH (A%, 87788 . RAMAROMS ) WEHHES SHMNB/ENLE
BZEIMBFARER, &

{ time of_data_event - time_of_reference_event) < limit
MR EEFFHR. ZRETFNEESHFLARDTBREN. ZREEFEPITEN KRR
RO A F A E ; B, REE SR A SR R AR R [R) B A R
LGP

RHLF

$nochange (reference_event,data_event, start_edge_coffset,

end_edge_offset) ;
MREREHRESEFKEIZ LSBT, KRS FrhREER. BESFLFARNTME
Fi. .

snochange (negedge Clear, Perset,0,0);

WRAE Clear KBS Preset AR, HHRE BT rPRER.

EREBNTREEFHTUFE D TES Bnorifier. LR FFHEs, REEHE5RE
T Scaseid ) sk B B FIE K 3B F S Bnorifier.

case (notifier)
"bx : notifier = ‘b0:
‘b0 : notifier = 'Dbl;
bl : notifier = 'bO;
bz : notifier = 'bz;:
end

notifier2: YA $2 (456 T 0 Fp ih R BUAL fx 2040 H BOBT P bR . {3 B Bnorifierty Bl U0

reg Not:iryDin;

ssetuphold negedge C.lock,Din, tSETUP, tHOLD,NotifryDin);
{EiX—LBF, NotifyDinit% Hnotifier. WREIFpREL . FHFESENotfyDiniR & /I
i % £ Fnotifierii ik i caseid &) i A HAH .

10.3.6 IR AR AL

T 9 R 5L R FOR B4R 4018 [E]

o $time: 1R [0l64 4 i) FE R RL DL B i8] 25 8 R & AR
* $stime: 1R [W32{i A ] .

» $realtime: [a] 3 FH & AR DR 0] S RU U A (8]
o1 4n

‘timescale .. iz

module 15;

initial
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S$monitor ("Put_A=%d Put_B-%d", Put_A, Put_B,
"Get_0=%d",Get_0O, "at time %t",Stime);
endmodule

ZBF R T

Put_A=0 Put_B=0 Get_0=0 at time 0
Put_A-0 Put_B=1 Get_0=0 at time 5
Put_A=0 Put_B=0 Get_0=0 at time 16

$StimeZHIR TR AT B B 07 LU PR B, HHBMSAA, EEStimeformatiiii T B}ia]
H gL . TEHRS —FFRESH,

initial .
Smonitor ('Put_A=%d Put_B=%d", Put_A, Put_B,
"Get_0=%d",Get_0O, "at time $%t',Srealtime);
Put_A=0 Put_B=1 Get_0=0 at time 5.2
Put_A=0 Put_B=0 Get_0=0 at time 15.6

10.3.7 THREY

THIRGERBBMFRRT A TIRE R

* $rtoi(real_value): i3 BMT/NEERFLETHNBE.

* Sitor(integer_value): BB L.

* $realtobits(real_value): ¥ 3LHER N6 TBE B ERE (LMAIEEE 145FRE)
* $bitstoreal(bir_value): AR AE: L (5 $realtobitsil L )

10.3.8 BMESTHRY \
PR .

Srandom [ (seed)] ’

BEMHTER (seed) WREHUMNEFSEITERE D — RN, HFEE (L
MRHFFR . RN RFERER) BHBRAEEE, BV R M 5% 4 R R B
B, MRBEHEMTF, BIKSrandom bR EH A R RIE S A F T 7 4 LI

w]ﬂu,

integer Seed, Rnum;
wire Clk;

initial Seed = 12;

always
@ (Clk) Rnum = $random (Seed);

FECIEI R ASAI, SrandomBl 8 338 Bl — 132005 25 S BRI BEHL S,
MRMFEBREEEN, TRESERFTE - 10 ~ + 102 E KR,

Rnum = Srandom(Seed) % 11;

THERABXEERH THF T

Rnum = Srandom / 2; //PPFEERIEARI.

EERT = E TR OBEVLHERF 69, BIX T — s TR £ MR,
RiBR: ‘ |
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{random} % 11
R 0~ 10Z A — BN, FEBRAER ({)) ¥ S$random R ¥R Bl WA F S B LS N
58

T 5 R AR I 75 oR BB 48 E AR R B0U™ D BE LR

$dist_uniform { seed, start, end)
sdist_normal ( seed,mean, standard_deviation, upper)
sdist_exponential ( seed, mean)

sdust_poisson ( seed,mean)
sdist_chi_square { seed,degree_of_freedom)
sdist_t ( sced,degrec_cof_freedom)

sdist_erland ( seed, k_stage,mean)

X SR B T SR AR B
10.4 EILiER

2 EE A RS BN ES (EE RfEL M falwayssinitialiF 5] Ry ). 38 LB RS TELE
FHEFRRARTREMFRIEARNL NG, ERSHTHESPHMEREVNE
B, HEXWT:

disable task_id;
disable block_id;

R LERTE . SRERATIE S H A LR T — RiE R,
begin: BLK A

CIENIL,

/)2,

disable BLK_A;

7 /ER]3 .

S 4

end

e Y

ERBMIBR AR BT, IR mEIRITE . ITIRRIS. X
task Bit_Task; .
begin
/e
disable B.t_Task;
AHITI
end
endtask

11"14'18
Bit_Task; i 1l

B H 1
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Wk \EA BBRATEY, RS BT, BNEATKERSBEIT. BIREESF ARG ESE

WATRIESE], TESHIPRIER9,
BRI % E X R E# Aidisable2X 1L iE4], AHRHEHFRE —E KB EHEHNE

Bk, XRENSES B LA, VerilogiE A LMNBHABASHERIREN. MR
WRTEAE S PR, —MPHRBZNTERR: NRE, REEFFRILENTFRFR, i,

task Example;
output [(0:3] Count;
begin: LOCAL_BLK
/ /R0,
Count = 10;
disable LOCAL_BLK;
/i1,
end
endtask

W AR FFRDITE, BILEAMRENFRFHRLOCAL_BLKB Y . i TXRIESPHI
M —iEq], BEMESBRY, 3B Countti{E H10, WRE HiEAHER N
disable Example;

RLREZE ILER BT, CounttIEAHE
105 WwREH
8T R P alwaysiEt),

reg Ready ,Done;

/) W alway sl WM3E L
inicial
begin
Done = 0;
#0 Done = 1;
end

always
@ (Done) begin

/ 1 AL X N alway s .

/ /R T —1alwaysiifl.

/ HEReadylE S HOIE—1FF,
Ready = 0;

#0 Ready = 1;

end

always
@ (Ready) begin

SRR PR T a lway s L]
LGRS TR A R a lway sifi i)
Done = (;
#0 Done = 1;

end
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5 A alwaysiE 5 B9 A R 6 HUE WINTEReady FlDone 1 G — A~ # {4 . X RWiReady
i Donelty H B9 B AE R F MalwaysiBa B HETFE S

Verilog HDLAR RS fHLH SEBLX — B RE——fE A dn A B 1 . @& FHR Verilog HDL
B 5 AR ZE ( VerilogiE 5 PRI E MR B LA R A A R LR ML PIRERE ).
B MESE AR AR, AP

event Ready, Done;

H kA W Ready MDone AT A~ £ B 4. FHG ARG, TUMEMASFFRERE L
#EM. ERWT:

-»Ready;

->Done;

GraF LNERERER ErEd R, MEReH . Fl:

@ (pone) <EfEIWENI>
Bl R Done M BB BIAT, — P EHMAEDone &% . XfE<SNEE A>T
af L 4 & B {4 E i RKalways 15 0] #1815«

event Ready, Done

initial

->Done;

always
@ (Done) begin

;R T Malwaysifii].
fEReady LA — 1 EF
-»Ready;

end

always

@ (Ready)begin

SRR K AR BT a lwaysiti )
- =Done;

end

HUF] UL AR AN . TER - RS REIULH

event Statel, srate’, State3;

R A
initial
begin
R
-»>Sractei;

end

always
iiScare!) begin
Srace ] BB
—wSra-e s fisracer ©OBEREAT
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end

always
@(State2) begin
//State2 EH,
->State3; //fEState3 LOIEREH,

end

always
@(State3) begin
//State3 ZH. EATLUAWMTES:
if (InputA)

->State2; //fEStatez O|EEMt,
else

->Statel; //fEStatel LIREM.
end

initiai§ AR N BH . Finitial IBAPATERE, MR B2kalways 1547, KB PR
G — &iB A MBITIR A Stare2 E R E—NFH; XREHE3IKalways BAIIT, REHBIK
always IBHIBAT. RS —Ralways iBAP, RFBEInpur AMEREFHFKEESate2iER
Statel L

10.6 HHBMAEGTAMTAHMRGXNWBRSE

FERIAET P, RIOMRTEGRRMILA AR K. Verilog HDLAF I A X & AR
AR BRBRER —HRP SR BRIBERWT .

module module_name(port_list);
Declarations: .
Input ,ouput and inout declarations.
Net declarations.
Reg declarations.
Parameter declaratiocns.

Initial statement.

Gate instantiation statement.

Module instantiation statement.

UDP instantiation statement.

Always statement.

Continuocus assignment.
endmodule

F 1 9 SE )R I AS [ ) JXURE 2 4 T BB 4 R
module MUx2x1 (Ctrl,A,B,Ena,Z2)
s /A

inout Ctri,A,B,Ena;
7 LULiE
output 2Z;
/ /2R .

wire Mot,Not_Crtri;

7/ AR 2% I5E B)

wire Z - Ena =4 1 ? Mot : °bz;
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7 /T BREA
not (Not_Ctrl,Ctrl);
or (Mot,Ta,Tb);

// EEERE

assign 7a = A & Ctrl;

agsign Tb = B & Not_Ctrl;
endmodule

EIaSNEEEI) (EHbas) MmESRE (BERFR) NESHRER,
10.7 BIREREA

Verilog HDIH AR IRAFEA — M — R R34 . BREELETHGE () RFH
LFEB. FEWHLLTEX:

1) Bt Ll ik

2) fEEEX

3) R¥E X

4) BB

R 2R L h BUEESR (RBE AL e B TR ) FFth. X—8
RATIERGEMZXEH LHNMT. B10-1ERTEK.

module Top wire Shus
function Func
C1: module Chil task Proc
reg Art reg Art

FIT R BLA
integer Dot

Ry BLB
reg Art, Cit

A 10-1 K

module Top;
wire Sbus;

function Func...
endfunction
task Proc

reg Aire;

begin : ELA
integer Dor;
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end

begin : BLB
reg Art, Cit;

end
endtask

Chil c1(...) ; //—BREH,
endmodule / /R rop.,

module Chil;
reg Art;

endnodule

A BPEEIRE A
Top.C1l.Art

» Top.Proc.Art
Top.Proc.BLB.Art
Top.Proc.BLA.DOt
Top.Proc.BLB.Cit
Top.Sbus

R A S A TR R G P — BRI — BRI . BB UET i, T E AT

T B A B MR MR

B R Sid AR L H 2R e /5 AREF N E LS ARKBFR AT
IR, BRI

module_instance_?ame.Variable_name

X T EETH, BREAN SEIREERER—Z. fit.

module Top:; ‘ .

wire Shus;

Chil €I (. . .}; 77— R
sdisplay (Cl.Art); /R .
endmodule

module Chil;
reg Art;

endmodule

10.8 HEEFZFMAN

— PP FE A (R R ] 36 22T 55 0 el JUHY 77 B RAE A U P R B IR AR S AR B E X

ARG i i include i 195 © E T By P41 3 X ob 8 . BIRRATESF “share.h” FH 0
T ERBAME S5 E X

function Signedflus;
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endfunction

function SignedMinus:
endfunction

task PresetClear;

endtask

PR B S

module Signedaliu (A, B, Operation, AN
input [0:3] a1, B;
input Operation:
output [0:3] Z;
reg [C:3] Z;

FEE IS RBI X

“include ‘“share.h”

always
@ (A or B or Operation)
if (Operation)
Z = SignedpPlus (A, B):
else
Z = SignedMinus (A, B);
endmodule

BB ACH “Share.h” FE 5 FR BT LA B 6B 2 “incladeZg 115 S W 7l
FERL LI I oA M B
A — AT R DT ok RAEMH Y LIS S M, RIS AR K& 16 R B B b 2|
Wi B AHES BRI T A SEB S ATEAR, fE R YA 5500 R B S FER e i B A B
module Share:
function Signedrlus;

endfunction

function SignedMinus;
endfunction

task Presetclea:r;

endt;sk
endmodule
FEGETE R e b S| S s B

module S-onedi. . (&, B, Operation, I:
input [ o:7 . 4, =»
input Overa: cn;

output '0:3! ;
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reg [0:3] Z;

’always
@ (A or B or Operation)
i1f (Operation)
Z = Share.SignedPlus (A, B);
elge
Z = Share.SignedMinus (A, B):
endmodule

109 {E¥EHAEH

HEHME (VCD) XHEFRITPHEETRBUELZLNELR. ENEZEEBHNRIKER
4T HRMES
THHRSESATRMBEEFAVCDXH.
1) $dumpfile: & BFH FH8EFHEM XS
40 .
$dumpfile ( “uart.dump” );

2) $dumpvars: ARG 5515 E WA BT L B w68 0.

Sdumpvars;

/I RBY, EREARITPEERETR,

$dumpvars (level, module_name) ;

/ /I EBRRATE R ERK T B TR,

Sdumpvars (1, UART);
/I BB UARTH R .

Sdumpvars (2, UART);

1 1 fBUARTR K T— BB POFA SR,

Sdumpvars (0, UART);
/IBORSBUARTER RR TR F A Bk h 8 SR,

sdumpvars (0, P_State, N_State);
//¥EFX TP _stateHIN_StateMBRIFE. BRESHMAEX, MRLNFEAS/ / BKE.

Sdumpvars (3, Div.Clk, UART)}:
/T BRBRAEHTEEEGRATEENZR PR E AR, fEfld, SERTERUART, MuarTh
BiA B R R UART T ERNEU P E BRI TR, M4 E#Div. c1k HEREL.

3) $dumpoff: & RG/LH R ST S HIEE,

Sdumpoff;

4) $dumpon: F RGAE F{RFFTA KT SR, BEHEET .
Sdumpon ;

5) $dumpall: ARG FPATR EEHTA LAt LG, BLEWT .

Sdumpall

6) $dumplimit : #ﬁ%l}%ﬁyveni%#&%ﬁk&ﬁ(?*ﬁ)o SEABZE BIK L RIRET 2 L,
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i 4n,
sdumplimit (1024); //VeD IR 1024F .

7)$ dumpflush: ARG S RIFHRIEREVCDXUFZE M X PR, HEEFHVCD
T, BITHESESE, EEESFLTHRERS.

sdumpflush;
10.9.1 %51
FHEGRTES ~ 1228 H e v 36 i s e

module CountUpllown (Clk, Count, Up_Down) ;
input CIlk, Up_Down;
output [(0:3] Count;
reg [0:3] Count;

initial count = ‘d5;

always
@ (posedge Clk) begin
if (Up_Down)
begin

Count = Count + 1;

if (Count > 12)

Count = 12;
end
else .
begin
Count = Count -1;

if (Count =« 5)
Count = 5;
end
end
endmodule

module Test;
reg Clock, UpDbn;
wire [0:3. Cnt_out;
parameter ON_DFELAY = 1, OFF_DELAY - 2;

Countdplown ! (Clock, Cnt_Out, Upln);

always
begin
Ciocx -
#“ON_DETAY;
Cleck = 25
H#OFF_DELAY;
end
initial
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begin
UpDn = 0;
#50 UpDbn = 1;
#100 $dumpflush;
$stop; /IR

end

initial
begin _
Sdumpfile ( “count.dump” );
Sdumplimit (4096);
Sdumpvars {0, Test;)
$dumpvars (0, Cl.Count, CIl.Cik, CI1.Up_Down);
end
endmodule

10.9.2 VCDX##%

VCDIXHFRASCI ., VCDXHEEINTFIEE :

o XHFLMEE: RELA M. HEIBBAR A Fat ET A
WAEE: EXHEEIEARATRER,

s BEAEAL: SRR BUABER A AE L. iR XA A,
VCD3C 35 5 i 10- 257 7R .

Sdate Sdumpvars
Fri Sep 27 16:23:58 1996 ’ #
Send 0$
Sversion bl
Verilog HDL Simulator 1.0 bio*
Send bl10t +
Stimescaie L1¢
1m o
Send : 1&
Sscope module Test $énd ' 1)
Svar parameter 32 ! ON_DELAY o
Send : Send
Svar parameter 32 * OFF_DELAY #10
Send ; o#
Svarreg 1 # Clock Send 0)}
$varreg 1 $ UpDn Send #30
Svar wire 1 % Cnt_Out {0) $end . 1#
$var wire 1 & Cnt_Out (1) Send 1))
Svarwire 1 ° Cnt_Out (2) Send - b100 +
Svor wire 1 (Cnt_Out () $end b10t +
$scope module C1 Send #40
Svar wire 1) Clk $Send . O#
Svar wire 1 * Up_Down $end 0)
Svar reg 4.+ Count {0:3) Send #60
Svar wire 1) Cik Send | 14
Svar wire 1 * Up_Down Send 1)
$upscope Send : b100 +
Supscope Send ‘ bl101 +
Senddefinitions Send . #70
#0 o#
B =

A10-2 vcojt#
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10.10 IHEEFR

EAHKIE, BATTIEAIBEE, iJadSEMLRIATIE, #E D HXAE, HRFXTRE
HOBTEE, FROAMERBEIZATIE, FLMERIIEERFYORIEE . %, WEBFRAMTHE:

1) & % P8 H i 2 8] Y38 3

2) Rk 5 B oy BT IE .

3) xRS TE PR

fEERFFRE AR A . AT

specify
spec_param_declarations /7 BEORHA
path_declarations / 7 i BRI A
system_timing_checks /7 BRGRt A B U B
endspecify

specparam(Zk 15 E S HOUAIE E B PR NS LHWT:

specparam tSETUP - 20, tHOLD = 25;

TETH € PSRN BRI R T 3k = R BRE 7%
o 3 B0 B

o OB B

o ERREA B8

AT LU T A0 T PR 2 (s BA TRl B %

source *> destination

IR RIEE: BERENR-LERS B SR TA s

source =»> desrination
RRRE—THITER: BBBEMNR— S RS RN ——iEE.
LATF R —8esifi.
input Clock;
input {7:4] D;
output {i:i} O:

{Ciock =»

MBAC oo BIOMRFILEER N5 .

(D *= Q) = {(LRISE, CFALL);
* (LR IR
SRR || BN
SR BN
SRR 2| Behie:
DTy B ool
Disl Fl ool
MEERE | INCRa

*

I SUSGE IR B, EERR SIRAELIEEE . B,
- (posedge Clock =»> (Qb +: Da).) = (2:3:2);
COEBEIEM ClockMIEHTRlob. BUER M OobEIDa, Ypafé B Eloph, Daf BlEs. */
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5AREA K0 RS R 0 BB 4 il A AE . B0,

if (Clear)
(D => Q) = (2.1, 4.2);
/1 RIEClear AR B, Dol il i ik

THEWEREERFRAEANNFRIERFES.

$setup Shold
$gethold $Speriod
Sskew Srecovery
- Swidth Snochange

FEASE RS,
specify

/BB

specparam tCLK Q = (5:4:6);

specparam t(SETUP = 2.8, tHOLD = 4.4;

IR E BRI BRI A

(Clock *> Q) = tCLK_Q:

(Data *> Q) = 12;

(Clear, Preset *> Q) = (4,5);

/ /B PG E

$setuphold (negedge Clock, Data, tSETUP, tHOLD);
endspecify

HERBGER, RAKEXTEENENP A EEJBRS . HE, &0 L0E kK
APATHPULSESHI X 1 ERFRESBATEN . BRATHERSANKPRERES, &
AT TR EREE R R Rt b REHBE . SRR EERANT.

PATHPULSES$= (reject_limit, [, error_limit]);

MBS RENFreject_limit, WAKPRALEEINRE . WEKFRENT
error_limit( AR FK38 E R Sreject _limithiR]) . 1ER K Freject_timit, TE@EEEE HERL™Ex.

WM TR

PATHPULSESinput__terminalSoutput_terminal

PATHPULSE $5%0% #77k  B 48 72 bk op 7P

THEREEETFRHEH,

specify
specparam PATHPULSES-= (1, 2):

// Reject limit = 1, Error limit = 2.
specparam PATHPULSESDatas$Q = 6;

// Reject limit = Error limit = 6, fEM Data B ¢ MR
endspecify .

10.11 GRBF

f£Verilog HDLHFRR THEPIIRAMO. 1. xfzsh, B8] LR XA 15 52 405K 235 BF
B {6 SR

10.11.1 KR E
SR BT LIZE A F MR e
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1) FELR M5 BF i IR B P 2 Y

2) JRIE ) SE i i o o

3) EESEREIAE A .

WEhBREEXERME: — M REMBEREN IMEER; 5— 2L MNERE Ko
msREE. BT

(strength_fo:_ 1, strength_for_0)
EHAWFHAEE, X T HEINRE, RAaFnTHESENEE:
* supplyl

* strongl

¢ pulll

* weakl

* highz1 (55 1L X [ TR R 5 D)

M TEOMME, RIFITE SRR

* supply0

* strong0

* pull0

» weak(

« highz0 (3% 1F 3 TR IFEME D

SR R S S5RE E L A (strong0, strongl). i1

I ER I[P

wire (pulll, weak0) # (2,4) Lrk = Pol && Ord;

CE IR B X AUE ] FAR R ME S, . wire, wand, wor., tri. triand. trior.
trireg. '/tri0fltril.

N E-Ynsnil hol ARNSE T 5
nand (pulll, strongO) # (3:4:4) A (Mout, Mind, MinB, MinC);:

CAE IR R GG T SUF ST I AMER 1T and . or. xor. nand, nor. xnor. / buf
bufif0. bufifl. not. notif0, notifl., pulldownfipullup

s BRI S P ISR B 3

assign (weakl, pullQ) &2 .56 Wr: = Ctri;

£ 10 ) 3K 30738 1 7T LAZE R AT %5 P Govig 20 SO . il

sdisplay (° Prg is gv", Prqg);
RN

Prg is wel

10.11.2 BFEE

CAFAARK MR R E AR R AR . A E A ARk R 10 Y e TSR
5o SEMHXBRE RN X BERE ST N 2K
Q/J\ﬂ

o PR CURECHRESIRTE, WhRE D)
KB



116  Verilog HDL % #-#5£ 7% &

WAk, =T REMFHKBAERN WA HIEE. EHMT .

trireg (small ) # (5,4,20) Tro;
=EFHESREKNMIof — 1/ MNIBRA, EAERS IR, TREaEE R4 0} s,
5 L 70 E, Bk 1] (24 2 P Ak 7 BELR 25 A o 2 28 280 B2 ) 2 207 B[] B4

10.12 B&HRAE

R L M H Ralways B P RMEHANIE, BBREMREN, &4 EHRE. XEH
A Verilog HDLBA 5E SR & A i S R U
A — AT B R S B (o P A R A R 9 B S

begin
Start <= 0;
Start <= 1;

end

TERT 8] B Z5 R, (HOFUE AR IR NoStardR (. MESHNHEFEERISRATBRE).
Start FIZE RO LI, AETLIEL,
TEA Bl F BB TEHHEF = EHESRE.

initial
begin
Pal = 0;
Ctrl = 1;
#5 Pal = 1;
Cctrl = 0;
end

-always
@ (Cot or Ctrli) begin
$display ('The value of Cot at time’, Stime, "is", Cot);

end

assign Cot = Ppal;

FERF 2|0, 4 PalfICtrI{EinitialiB 5] W BEREMERT , 5 SER{EIE A FlalwaysiB M EBE K U7
WS . BRAM— N EHITIR? Verilog HDLIE B BA EIGXANIF ., B EEREE Y
FePAT, CotBME N0, KidKMRalwaysiBf), HRENEC HRITMFRES, FUBE %
M. alwaysiBA]FFIEERAT, Corfyf 7R KO0,

WMRBNVBREE ST TalwaysiB 6], Corfl YRT{E 8% it GESEREIE 5 A 7). &
Ja BESEREIE T FFEIGT, EHCoty{l.

Hit, EA4ETHERENERITEE, FTRREFREHN S —LH.

always @ (posedge GlobalClk)
RegB = RegA;

always @ (posedge GiobalClk)
Reg(C = RegRB;

BH A EILTEGIobalClk L A IEH AT, Bf— fKalways B4 % IhiF . mERRFHEIZ
always 157], Ré‘gB%thpﬁﬁRegAmﬁ; b5 552 FalwaysiB H AT, RegCHiikiBRegBR
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HIBECE | FalwaysiE o) B IR L) o

IR T E2Kalways iE4], RegCY¥5 3k Reg B IO{E (RegBE B A BIRIE), Bl)E
RegB¥S W, FRegARI(H P LARRAE B e IR AT — Kalwaysif f] . RegCHRRFIHME. B3R
RS B R, BN A(EABTEE, FTULL7s 4 —sefall . R S ik R A — B J7 ik 48 A
BRI, BRI AR EEREET. N0:

always @ (posedge GlobalClk)
RegB < = RegA;

always 2 (posedge GlobaliClk)
RegC <= RegB;

Halwaysid 883 B EGEEH, W25 B E AR E YRR (E AT LR S PR
B3}

1. pRECRT LAV T %5 A2
2. L% KB ALY A B ENE?
3. BB AT NMRASEG?
4. Z 54T % Sdisplay Fi$write A 1] [X 512
5. &5 4T % $strobe Hl$monitorF {a] [X 512
6. RE — R, HITBCD(#HHISE it H BOP 75 B ia s .
7. R/E—-1TEH, BRASTHRARTFANFREFPHEIBRME. flm. WRMyBuffer
AEFRA 4298, HHFEHR E J42980 B IBMy Ini.
8. 7E Verilog HDLHF2 {8 Fi$readmemb fiSreadmemh R4 1T 551, 4 H B3 SUHFRY J7 3042
9. YT % Sstop M $finish ) X F R 42
10. HE — P ATEIE RS IE E TR MR BN AN S .
1. 2 2FIR4 2 Bootifier 72 FliR B B B .
12. tnfal sl AR RS L BORIM B IS REIE? N XA “ram.oxt”™ ol /< #t A
13 RE—MEF, B ERBMETERSLETHNHA.
14. A& 80 FF ML %82
15. t4 BB AT F 2 %t Stimeff i a4 1 7 4 )2
16. 2L AT FH T 502 3 2 8% i Bk e ) 7 B
17. RE — A PAT 1040 k) ) RO AR B 9 R 3L
18. 1558 2E |1 iE A) el Al THRUFCHRABIBE S+ “continue”™ Fl “break™ EHMIITH.
19. 845 — MR IUNIX X 8124, BREE R N/DI/D2/D3ffileA, WE T R :
-GetDirectoryName: & 8| X {£3&42(B/D1/D2/D3)
-GetBaseName ;: 1& |91 U4 2 (BifileA)
BEBRBEPHRKFHFENS127FR/F
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AENE T INfTHRS B TEFR P (test bench), WAL IFR A F MM IF &89 E
Wit . Verilog HDLIZ2M38 4 1 04540 5 U B iR B8 iF 12 5 .

1.1 HENRBILEF

WARIERFAE =N TEHM:

1) PEARIBRI(TE) .

2) KA SR 0 A B 0 AR B W L o p R

3) e ua i 5 R AT HAR

Verilog HDLIEH T ABM I UREMARITRFE., A2, RITEMH a3ty
BT BRYGNKRIERFERNT.

module Test_Bench;

/ /BT MIRRAUER P BUA AR LR O,

Local_reg_and_net_declarations

Ay — |

Generate_waveforms_using_initial_&_always_statements

Instantiate_module_under_test

Mbnitor_outputhand_compare_with_expected_values
endmodule

Wi, BESEMRRIERF PHTEOME, M5 AT,
1.2 REF4

A RN P SR B ) £ B 3

1) PAEBH, HE1E 0 B B 16 5 B R 38

2) ARYEAEHORZS 72 A R, BRSPS

HERBERRBY . ~RREFEEENEIE, PinssiEE, 55— %8 —gissn
EHE BRI .

1121 EFEH
A A PR B 87 R A FlinivialiB ). B4

initial
begin
Reset = 0;
#100 Reset = 1;
#80 Reset = 0;
#30 Reset = 1;
end

FAERIBOG N 1157 o InitialiF ) o R VB 60 BT RE RSP B0 . A0, 158004
B A B A SR A T

l

PR R———
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initial
begin
Reset = 0;
Reset = #100 1;
Reset = #80 0;
Reset = #30 1;
end
Reset

0 100 180 210
E11-1 {f FHinitialif 8754 ik

B Al R P B AR, E IR AR SR AR B RE . SR FRAE XS B, AT
R A A R E R RERE, #,

initial
begin
Reset <= 0;
Reset <= #100 1;
Reset <= #180 0O;
Reset <= #210 1;
end

X = AvinitialiE A 7= A4 KT 5 B 11- 14 R B B0E — 2o
HEEE AR, TLEHalwaysif @B RinitialifF), X £ FE Kinitialif 5] LFT
— K Malwaysis B S EE AT, FHIalwaysiB a5 =4 B ETE g 11-27 78

parameter REPFEAT_DELAY = 35;
integer CoinValue;

always
begin
CoinValue = 0;
#7 CoinValue = 25;
#2 CoinValue = 5;
#8 Coinvalue = 10;
#6 Coinvalue
$REPEAT _DELAY; 3

end

[l
i

CoinValue

0 |25f 5| 10 5 0 |25] 5 10
0 79 17 23 58 65 67 75

— A

A11-2 g FHalwaysiEw =i EE T

1.22 BESHEK
FEEEAMNESGES AN TR EEREBEE MR
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assign # (PERIOD/2) Clock = ~ Clock;

BRI A SE R IEW. BB T ClockR— AR (R AL MBS 75 & SR AE 5

), EHPMEERz, #H, 2%Fx, ~x%Fx, BtClockf{EKIE B E N{Hx,

1),

BMAEFRE—MWHikClockt I . AT L Ainitialif ") LR,

initial
Clock = 0;

{BRHE Clock & AR FF A B BUBA (B R4 3 A BIR R R REB Einitialif b P HR
Bt SRR AR BB E R NalwaysiB 6. T ER— NSRRI B4 B

module Gen_Clk_A (Clk_A);
owtput Clk_A;
reg Clk_A;
parameter tFPERIOD = 10;

initial
Clk_A = 0;
always
# (tPERIOD/2) Clk_A = ~ CIk_A;
endmodule

B3R T SRR ™ E AR

Ch_A
P00 s 0 1S 0 25 30

O EN3 AR
TS T 7k AR B 5 — R AT R

module Gen_Clk_B {(Clk_B);
output Clk_B;
reg Start;

initial
begin
Start = 1;
#5 Start = 0;
end

nor #2 (Clk_B, Start, Clk_B);
endmodule
/AR TR R e

initial i A4 Stare BN 1, XXM 1005 1 HOMxE P B, STHERGE. &

StartE J0RY , BRAEITR ¥ LA R 4 B R AR M SR ETY . 7 AR T B 114

Ne

MR B R VRGN ) R F BB Bh e, W Malwaysifi a8 7 A, WFAR:
module Gen_CIlk_C (C1k_C);

parameter ‘ON = S, tOFF = 10;

output Clk_C;
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reg CIlk C;

always
begin
# rON Clk_C = U;
#{OFF CUR.C v 1
end
endmodule
Start
Clk_B I
0 5 7 9 11 13 15 17

FEli1-4 SZEmp
Ao 8 o Ot B, X PR T AL Hinitialif b)), F-SB R TX— 8
RO FE .
RTER R AL IS 7 A @K H SRR e at a A B e gh . BT LLEEinitiali& b 5 8 fl forever (& #

iﬂ ri‘] :

0 5 10 15 25 30
PINI-S e TSN T AT e

module Geri TN _0 (CIk_D)
output Oy
reg CIlx_.02;
parameter 7 - _GUELAY = 5, LOW_TiImMmT S, HIGH_TIME - i;

initial
begin
[P

LS

forever
begin

® T TINF

—~

S
# O ICH_TIME;
c

end
end
endmodule

b R B A R B 11-6F R
AT EE B Rk b, PTLUE Frepeati 3B ). T EIH S 5 AT SR bR o A -2
BOH BB BB R . i SRk e 6 A e sk e ) i R P S R R Y
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module Gen_Clk_E (Clk_FE);
output Cilk_E;
reg Clk E;
parameter Tburst = 10, Ton = 2, Toff = 5;

initial
begin
Clk_E = 1'b0;

repeat { Thurst)
begin
# Toff Clk _E = 1'bl;
# Ton Clk_E = 1'b0;
end
end
endmodule

o (UL

0 1012 1517 20 22 25

Ews#ﬁ@ﬁwﬂwwﬁ

. B Gen_Clk_EfE BARR IR, 2% Tburst. TonFMiToff vl A RIHIH.
module Test;
wire Clk_Ea, Clk_Eb, Clk_Ec;

Gen_Clk_E Gl(Clk_Ea);
s/ Lo E phikab, 8. (e R )5 50 2N IS A B )AL

Gen_Clk_E # (5, 1, 3) (Clk_Eb);
£ S AR, B (AP B S 5 1 3 ) R

Gen_Clk_E_  # (25, 8, 10) . (Clk_Ec);
/2SI BkaR, . (e ReskRS fa) 43 50 8 HI1 0B AN
endmodule

Clk_EbHIEIE il 11- 7 7R o

0 34 7 8 1112151619 20 -

E11-7 #ERH somtih kb

o FEERET £ — B S RHB A . TR EMR e R BB A 11-88T7R
— PR T — BB AR RS B B

module Phase (Master_Clk, Slave_Clk);
output Master_Clk, Slave_Clk;
reg Master_clk;i
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wire Slave_Clk;
parameter tON = 2, tOFF = 3, tPHASE_DELAY = 1;
always
begin
#tON Master_Clk = 0;
#tOFF Master_Clk = 1;

end

assign #tPHASE DELAY Slave_Clk = Master_Clk;

endmodule
1
__"1 o l_ Master_Clock
2 5 Z 10 12 15
z 1
——————j 0 Slave_Clock
0 3 6 8 1 13
E11-8 ABEH

1.3 WX B2 F L6

11.3.1 fRE:%

T R2-MRBENTHRRIERF. EMHRAERASGRAESHERESK, B
HIESHERSE R RN
‘timescale 1ns / 1lns
module Dec2xd4d (A, B, Enable, Z);
input A, B, Enable;
output [0:3] Z;

wire Abar, Bbar;

not # (1, 2) I
V0 (Abar, A),
vl (Bar, B);:

nand # (4, 3)
NO (Z [0], Enable, Abar, Bbar},
Ni (2 {1}, Enable, Abar, B),
N2 (2 {21, Enable, A, Bbar),
N3 (Z (3}, Enable, A, B),
endmodule

module Dec_Test;
reg Da, Db, Dena;
wire {0:3] Dz;

S A LR
Dec2x4 D! (Da, Db, Dena, Dz);
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/ /P AT«

initial
begin
Dena
Da =
Db =
#10
#10
810
#10
#10
#10Q
end

O:
(s

De
Da
Db
a3
Db

53

0;

;

na = 1;

Lop;

/BT S

always

@ (Dena or a or Db or nNz)
sdisplay (At time $%¢t,

endmodule

R WA R R T A S

At time
At time
Ar time
At time
AL time

At Cime

AT time
At time
At time
At time

At rime

11.3.2 A&

“rime, Da,

input is 2bibgb,
Db, Dena, Dz);

4,

=
w O

o
)

[\
[5ARN S}

W oW W
o O

U U s s
= O O o

T8l = MDA % 88 R i B

module MSDFF (D, C, Q,
input », C;
output O, (Qba:;
not

NT1 (NotD, T},
NT2 (NotC, b,

NT3 (Noty, s

nand
-NDL (D

. NDZ (D2,

ND3 (Y,

Qbat) ;

input
input
input
input
input
input
input
input
input
input
input
input

input

is
is
is
ig
is
is
is
is
is
is
is
is

is

aoe,
001,
001,
101,
L1,
101,
111,
111,

output

ouLput

output
ourput
output
cutpur
oulput
outpur
output
output
output
ocutput

oukput

output

is
is
is
is
is
is
is
1s
is
is

is

is %b7,

is 1111

[ e T S S S e T o S o S

[ o R T = = e L -
Lo e o e o oo B e B oo B s B S
Lol R = T o R e e = s

<
b
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ND4 (Ybar, Y, D2},
ND5 (Y1, Y, NotC(C),
ND6 (Y2, NotY, NotC},
ND7 {(Q, Qbar, Y1),
. ND8 (Qbar, Y2, Q);
endmodule

module Test;
reg D, C;
wire Q, QOb;

MSDFF M1 (D, C, Q. 0Qb):

always
#5 C = ~C;

initial
begin

n
O = O
~

initial
s monitor ("Time = %t ::', Stime, "C=%b, D=%b, Q=%b,
Qb=%b", C.D, Q, Qb };
sndmodule

EHMRR RS S Mﬁﬁ%ﬁ"ﬁ)\ﬁﬁ"'fﬁﬂj#%ﬂi’iﬁ_fﬂﬁﬁ, BABHFIE
ﬁfﬁ‘/‘iiikﬁﬁﬂﬂ“%@[ﬁﬂ@fﬁo TERZIIT AR NS

Time= 0:: C=0, D=0, Q=x, Qb=x
Time= 5:: C=1, D=0, Q=x, Qb=x
Time= 16:: C=0, D=0, Q0=0, Qb=1
Time= 15:: C=1, D=0, Q=0, Qb=1
Time= 20:: €=0, D=0, Q=0, Qb=1
Time= 25:: C=1, D=0, Q=0, Qb=1
Times= 30:: C=0, D=0, Q=0, Qb=1
Time= 35:: C=1, D=0, Q=0, Qb=1
Time= 40:: C=0, D=1, Q=0, 0QOb=1
Time= 45:: C=1, D=1, Q=0, Qb=1
Time= 50:: C=0, D=1, Q=1, Qb=0
Time= 55:: C=1, D=1, Q=1, Qb=0
Time= 60:: C=0, D=1, Q=1, Qb=0
Times= 65:: C=1, D=1, Q=1, Qb=0
Time= 70:: C=0, D=1, Q=1, Qb=0
Time= 75:: C=1, D=1, Q=1, Qb=0
Time= ‘ 80:: C=0, D=0, Q=1, Qb=0 v
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4
Time= 85:: C=1, D=0, Q=1, Qb=0
Time= 90:: C=0, D=0, 0=0, Qb=1
Time= 95:: C=1, D=0, Q=0, Qb=1
Time= 100:: Cc=0, D=0, Q=0, Qb=1
Time= 105:: C=1, D=0, Q=0, Qb=1
Time= 110:: C=0, D=0, Q=0, Qb=1
Time= 115:: C=1, D=0, Q=0, Qb=1
Time= 120:: C=0, D=1, Q=0, Qb=1
Time= 125:: C=1, D=1, Q=0, Ob=1
Time= 130:: C=0, D=1, Q=1, Qb=0
Time= 135:: C=1, D=1, ©Q=1, Qb-0
Time= 140:: C=0, D=1, Q=1, Ob=0
Time= 145:: C=1, D=1, Q=1, Qb=0
Time= 150:: C=0, D=1, Q=1, Qb=0
Time= 155:: C=1, b=1, Q=1, Qb=0

11.4 AXEHFHERN R

] fi$readmemb 7 e fF 45 M SUA SCHF s Bl B (T R0 o S A BB A h BB H) . T
A BHAS A 2 S B B A BF o RESCHF “test.vec” ALFWM TR HE.

A B g— BRI sum

0100100 1000
01001”11100

CTn t WL Cout

o) B AT SRR TFRAA, ETROZCXATRAB, FETROMEHEMS, A2+
B RMBARMEG R, BE A REHNEMRHER, T R 20088 BRI A 55
KR

module AdderlBit (A, B, Cin, Sum, Cout);
input A, B, Cin;
output Sum, Cout;

assign Sum = (A ~ B ) 4 Cin;
assign Cout = (A 2 B )i (A & Cin) | (B & Cin);
endmodule

module Adder3Bit (First, Second, Carry_In,Sum_Out, Carry_Out);
input {0:2) Finst, Second;
input Carry In;
output [(0:2] Suﬁ_Out;
output Carry_ Out;
wire [0:1] Car;

AdderlBit
Al (First[2]), Second[2], Carry_In,Sum_Out (2]}, Car(l}}
a2 (First(l], Second[1], Car(l], Sum_out [1],cCar[0]),
A3 (First{0], Second[0], Cari{0}, Sum_Out [Q], Carry_OQOut);
endmodule

module TestBench;
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parameter BITS = 11, WORDS= 2;
reg [(1:BITS] Vmem [1l:WORDS];
reg{0:2]A, B, Sum_EXx;

reg Cin, Cout_EX;

integer J;

wire [0:2] Sum;

wire Cout;

/ /BRI B,
Adder3Bit Fl (A, B, Cin, Sum, Cout);
initial

begin

Sreadmemb ('"test.vec", Vmem);

for (J = 1; J <= WORDS; J = J + 1}
begin
{A, B, Cin, Sum_Ex, Cout_Ex} = Vmem [J];

#5; /73RS B RN F R LR .

if ((Sum ! = = Sum_Ex) | | (Cout ! = = Cout_Ex))
sdisplay ("****Mismatch on vector %b *****: yYmem [J]);
" else
sdisplay ("No mismatch on vector %b"', Vmem [J]);
end
end
endmodule

BB e A7 P4 RE Ve, ?&XTI”:J:EAFUEH‘JLL& Fr8 28 F B0 I T S0
- PR, REE S SreadmembA L “test.vec” i [ BIEAGFHELE Vmem P, forfEHF
BEEFRSTHEITE, B EER, B LR BENATHFIRMEDR, SHEREEHE
MEREBE ., FEAATHEEESBEMEMBASHE. DREERCANTERL, U
BHACKENE . TER EMKARBRIFEIEMRITE LS. AVERGAEERSR,
HltBERE R CEFE.

No mismatch on vector 01001001000
No faismatch on vector 01001111100

1.5 EXEXEHREARDR

EEWHEBEIEESREA S, RIONEBMEMAIBITEN G S ., WitPHESE G
Insfdisplay . $fmonitorfi$fstrobe ¥ HEHE XA WM RA X FH/EBI XM+, THRSH—
TR AR KB IR ES, RAFHRIEFRRETERARRNMEZDAMS N 25
B4 “mon.Out” 1,

module F_Test_Bench;
parameter BITS = 11, WORDS= 2;
reg [1:BITS] Vmem [1:WORDS];
reg (0:2] A, B, Sum_Ex;
reg Cin,Cout_Ex
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integer J:;
wire (0:2]) Sum;
wire Cout;

/1 FE AR UE BEER S

Adder3Bit F1 (A, B, Cin, Sum, Cout};

initial
begin: INIT_ LABLE
integer Mon_Out_File;

Mon_Out_File = Sfopem ( 'mon.out”);
sreadmemb ("test.vec”, Vmem);

for (J = 1; J <= WORDS; J = J + 1)
begin
{A, B, Cin, Sum_Ex, Cout_Ex} = Vmem [J1;

#5;  //EERSAHE AL, SRR pER .

if ((Sum ! = = Sum_Ex) | | (Cout ! - = Cout_Ex))
Sdisplay ('****Mismatch on vector %b rxkx ko Umem [J));
else
Sdigplay ("No mismatch on vector $b", Vmem [J]);

/1 ¥ A T B AR 44 A B S
Sfdisplay (Mon_Out_File, "Input = 8beb%b, Output = %b%b",
A, B, Cin, Sum, Cout);
end .
$fclose (Mon_oOut_rile);
end :
endmodule

THEEZBEBHITE M “mon.out” AEHAHA.

Input = 0100100, Output = 1000
Input = 0100111, Output = 1100 N

11.6 H{h3Le

11.6.1 RiPhs> SRR

Tﬁ&ﬂmﬁ%ﬁ&%%ﬁwﬁ&ﬁﬂﬁoﬁﬂﬁ%ﬁﬂz%mwoﬁmmmgAi#u
& T LU #ATH 3.

module Div (Ck, Reset, TestN, Ena);
input Ck, Reset, TestN;
output Ena;
reg [(0:3] Counter;

always
@ (posedge Ck) begin
if (-Reset)
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Counter = 0;
else
begin
if (-~ TestN)

Counter = 15;
else
Counter = Counter + 1
end
end
assign Ena = (Counter = = 15) 2 1: 0;
endmodule

module Div_TB;
integer Out_File;
reg Clock, Reset, TestN;

wire FEnable;

initial
Out_File = Sfopen (*out.vec");

always
begin
#5 Clock 0:
#3 Clock
end

1t

I
SEN

Div D1 (Clock, Reset, TestN, Enable);

initial
begin
Reset = 0;
#50 Reset = 1;
end

initial

begin )
TestN = 0; qufﬁm
#100 TestN = 1; o
#50 TestN = 0;
#50 Sfclose (Out_File);‘
sfinish; /R |

end

/RS HE O LI R BT A

initial ’ )
Sfmonitor (Out_File, *Enable changed to %b at time %L', Enable, Stime);
endmodule

ERBITIE . X “outvec” FFAL&HIM HEE R :

Enable changed to x at time 0

Enable changed to 9 at time 8
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Enable changed to 1 at time 56
Enable changed to 0 at time 104
Enable changed to 1 at time 152

11.6.2 Brgigit

AP A EMABBA S —F R, RS, RIBFFRBLR R A 7 A A B 5
i Rh. 2 B0 A 0T XA SRS B3Il (FSM) WBBIRIEIE R A, B REN
HEURIEFRES T ARMREFERRMBARE . B8 -8 TiHHESARENR
(factoria) AT, KA SR BIEBHR 2 M A9 E FHLHWE 11957 R,

Reset
p—> Siart
——> Clock
® Data
e Fac_ Oyt
(Que— Fxp_Out
€————— Done

E3hag

TEST
BENCH

M

—_—
—————
| < ——

t—
&_—.—

{23 m
MR

FACTORIAL

P10 IR UEAL Sk 5 5 A 4 e ] B4 T DL

BRI AL T Reser i B BB E NI BAIIARA , ENBBABIRDara)5, Starfs B8
Bh; HHSEHE, N DoneBAL, R LIS Fac_OuRExp_Out -, B
GRENFar_Our *20»-0n, BRI TFH B ZE Dara b R UEM B 1 TF 185 D208 A BE . Mk
RUBRIMBIIE, M StarfE S BANSHDonefSEHK, REMBFF—AKIE. 5%
HERAIER, HTEERIER . B Resish RILMIAI A B R i F

‘timescale ins / 1ns

module FACTORIAL (Reset, StartSig, Clk, Data, Done,

FacOut, ExpOut);
input Reset, StartSig, Clk,
input [4:0] Data;
output Done;

output [7:0] FacOut, ExpOut;

reg Stop;

reg (4 : 0] InLatch;

reg [7:0] Exponent, Result;
integer r;

initial sStop = 1;

always
@ (posedge Clk) begin

if (( StartSig = = 1) && (Stop = = 1) && (Reset = = 1))

begin
Result = 1;
Exponent = (;

InLat¢h = Data; .

PR
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Stop = 0Q;
end
elge
begin
if (( InLatch > 1) && ( Stop = = 0)
begin

Result = Result * InLatch;
InLatch = InLatch - 1;
end

if (InLatch < 1)
Stop = 1;
/AL
for (I = 1; I <= 5; I =1 + 1)
if (Result >256)
begin
Result = Result / 2;
Exponent = Exponent + 1;
end
end

end

assign Done = Stop;

assign FacOut = Result;
assign Expout = Exponent;
endmodule
\
module FAC _TB;
parameter IN_MAX = 5, OUT_MAX = 8;
parameter RESET _ST = 0, START ST = 1, APPL_DATA_ST = 2,
WAIT_RESULT ST - 3;:
reg Clk, Reset, Start;
wire Done; :
reg [IN_MAX-1 : 0] Fac_Qut, Exp_out;
integer Next_State;
parameter MAX_APPLY = 20;
integer Num_Applied;

initial
Num_Applied = 1;

always
begin: CLK_P
¥6 Clk = 1;
#4 Clk = 0;

end

always

@ (negedge Clk) / /U R BRI M AR

case (Next_Ftate) ,
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RESET _ST:
begin
Reset
Start H
Next_State = APPL_DATA_ST;
end
APPL_DATA_ST:
begin
Data = Num_Applied;
Next_State = START_ST;

’

end
START_ST:
begin
Start = 1;
Next_State = WAIT_RESULT_ST;
end
WAIT_RESULT_ST:
begin
Reset = 0;
Start = 0;
wait (Done = - 1);

if (Num_Applied = =
Fac_oQut * ('h0001 << Exp_out))
$display ('"Incorrect result from factorial-,
i "model for input value %d', Data):

Num_Applied = Num Applied + 1;

if (Num_Applied < MAX_APPLY)
Next_State = APPL_DATA_ST;
else
begin
sdisplay (*Test completed successfully");
SEinish; / /MBI,
end
end
default:
Next_State = START_ST;
endcase

!
/ / ¥ SBA BRI 8 B0 1 i B
FACRORIAL F1-(Reset, Start, Clk, Data, Done,
Fac_Out, Exp_Qut);
endmodule

11.6.3 HAFRMNE

THEREFREMEOEE, BUATRMKEER LEE=MART, EaaaE1 T
REBR. E11-105] 8 THMAREE, H4MRRIEERAERERIT .
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module Count3_ls (Data, Clock, Detect3_1ls);
input Data, Clock;
output Detect3_ls;
integer count;
reg Detect3_1s;

initial
begin
Count =\0;
Detect3_1s = 0;
end ‘

always
@ (negedge Clock) begin
1f ( Data = = 1)
Count Count + 1;

alse

Count 0;

if (Count >= 3)
Detect3_lg = 1;
elge
Detect3_1ls = 0;
end
endmodule i

module Top;
reg Data, Clock;
integer Out_File;

/ 1 R EBR R P

Count3_1ls F1 (Data, Clock, Detect Y

initial
begin
Clock = 0;

forever
#5 Clock = ~ Clock;
end *

initial

begin 4
Data = 0;
#5 Data = 1;
#40 Data = 0
#10 Data = 1;
#40 Data = 0
#20 sstop; // BUAE,

end
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initial

begin
/TR R R REE R
Out_File = $fopen ('results.vectors');:
$fmonitor (Out_File,"Clock = %b, Data = %b, Detect = %b",

Clock, Data, Detect):;
end
aendmodule

F11-10 HFFHmas

2] ]

1. PR — B H Y AR 5 1) RIS o W F 2 v 18] 43 91543 nsFI10 nsBy Rt b,
2. ME— A E11- 115 7R EFE i Verilog HDLBEAY

]

o .2 s 10 15 17 22 27  30ns
16 23

Ei-n ¥

3. BB ClockV, EEHRRMERGen_Clk_D iR 898 8hClk_DCMA11- 65T )R
Bfep, MAEER N5 s, [{BR: AESEREEBETTELSAEE. |

4. REMUH FENFHNSRIERF . RIS EER10010E8 M ERRERA
BUEW . MRRIGERX, BREERL: BUH L ENO,

5. M5 —PMEHRAE RPN, ClockARIClockB, ClockA ¥EiR10 ns/E &%, ClockBHER40
ns/aH . PIABTEEHIREIA R . (e ieaentia), B TIRentl Rl ns, e Fiigat
fB1A12ns. ClockBY w4 ClockAifIIER%, (EREHK.

6. HRAGI N /IE R MIT MR, IR R A S MR R . 7E MR IS AR Py 3R BT
AR ABRY REHEMS I E . W58 A MR . HIEEAS SRR 4 R AR D) Ak
X

7. R R EPATIRE X R BIE(<, <=, >, >=)IALU., HE— PN #EhiE
BN A B A AR B 2 R 0 W IR A

8. ME— WA BEEARBURENER, HERAKERSKET, REHEN32. B
FHEEBRABASHET, REMEN1. HE— M, MR QTR 120 o Rk
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SUKB I H AR ETHE, .

9. RENEE SMESRENE , MARBIRRAMMNSEoTr, BHNFPRERSSENHNED
EHERE. (Br: BESEPaaTa R, :

10. WE — R, SRS AR EXH0HE KB /983,

11. WE—MTEESER, %A Count_Flag 7 1B XT i Sp K vh GE )T 8. R ITH8E
I MAX_COUNT, OverFlowBBfi, ¥ Hit¥{EE & AEMAX_COUNTHRMR t. Count_Flag
B EEREHEESEENR0, HEHFFHITH. KENRRIEER, MR IER
.

R.RESPILMEE (Gray) T8, HREKER3. YT RReset HORT, i+ HIB[ER
HEAL HHBESNEHHAG TR . REERDRIERS P43 BT M7
REE, _

B RE-NMEFRLEMNTREDROTAER, MRAFXHI, BEEOMIZERE, MRF
KA, HBEBAEVIARE. BETRAspeciyRIEETH AN MIER 7B M2 ns, £
F¥ETIE) 3 ns. 405 HEADA N B LA i i B A,
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AEA Y T —2 HVerilog HDLAE B2 H,

12.1 Wy

ELR—HBESKBEIHHAIT, ERIE Verilog HDLP AT HBRBUNRRBUIRAR ., 84
517, FEAT RN

‘timescale lns/lns
module And4 (A, B, C):
input [3:0] B, C;

output [(3:0] A;

assign #5 A - B & C;
endmodule

&(5)ZEAEEE RS nso X MREARHNBEHFMBE12-15775,

B3] C13] B[2)Cj2) B[1} C[1] B[0} Cl0]

A{3) A2)- All} Al0)
H12-1 —Aafr51]
FELHMTE M RFREAREANMEEEREENPHERBIIER . ELLTH

BRBOVEFBIERA, fin, ETEOHERD, FERE~ GOREFNBHEED (BE)
WA ARIER, SBIRRR R BN B 12-2577R

module Boolean_kx (D, G, E, ); ' E—-i>ori D
input G, E; G

output D;
wire F; E12-2 A48k
assign F = ~E;
assign D = F + G;
endmodule

H BT IAT A 12- 3B R AR B RR

module Asynchronous;

wire A, B, C, D;

A
B — — C
D

12-3 R RMFEE

assign C = AID
assign A = ~ (B & O);
endmodule
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BB R R . GRS MEE(B=1, D=OYH K, (EEEH T
15 B 28 S ZE T IR A 35 ) B 2 AR T AGEAS BT . BT —RRASHE, Hit, EHEAW
BRI EEREE I RMRE, URERSR P EAHRNRRER, BHESML.

EHZOERT, ANEEFAXIENRSRM, TRHRT —MXENRERN; &
AR H920 nshFAMPERE . RE4ERNE12-4575 . EEXBHWalways B
B/ initial IEA)44 AL M AL HOBE 1, Z RIS A AN E A Ex b

reg Ace;
inicial
Ace = 0; Ace | I > b Ace
1
always , E12-4 BHPRAESE
#10 Ace = ~ Ace;

) Bk £k P = [ B FF A AR UG HF BB VT ), BRET LA R BROA AL EB B TTR, BRATLI
IR B B B 60 B, AN,

reg A;
reg [(0:4] C;
reg (5:0) B, D;

always
begin

D [4:0) = B [5:1]1 | C; //D [4:01HB(5:11 AL,
D [5] = A& B [5); //D (S1HBISI#RNAES,
end

B IRERERERE
D [4] B [5] | € [0];
D [3) B [4]) | C [1);

n 1}

hikEE. BoRFEARRTTLFE, EREXMEE, 10,
wire [(7:0] C, CC;
wire CX;

;l;i;n C = {CX, CC [6:0]};
AT A3 AR S ST A TR i TR . 0.
Adf = Plb [K];

BORH MBI AL, FAKIEERBRIL . PLRER; AEAMEBENT NE

ﬂuﬁmﬁﬁxm#&ﬁﬁﬁ&-ﬁﬁﬁzﬁﬂfo BARETLURASHRERERR, S,
wire (0:7] A, Z:
_;-;1;11 z = {A [1:7?], A {0]1}; /1R ER.

assign Z - {A [7], A [0:6]}; /I RARLRR.
assign Z = {4 [1:7], 1'b0}; 71 EBBRAE

FRE TR BN ES, GEGERSXTEA. I, 32615 S FFBInsr_Regeh
Wittt B TFESUBRMIER, RTWSIRTRRS] . DHMTBRE:
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reg (31:0} Memory ([0: 1023 ]:
wire (31:0] Instr_Reg;

wire [15:0] Address;

wire [7:0} Op_Code, Index;
wire (0:9) Prog_Ctr;

wire Read_Ctl;

Minstr_Regit B F B4 B — My SRS M ERREE . 545 FHBOBMLE
BB SAHEE RILN

assign INstr_Reg = Memory{Prog_Ctrl:

asgign Address = Instr_Reg(31:16];
assign Op_Code - Instr_Reg[l15:8];
ageign Index - Instr_Reg(7:0);

always
@ {posedge Read_Ctl)
Task_Call ( Address, Op_Code, Index);

TREZREE =80T NEE, 0.

wire 7Triout = Enable ? TriIN : 1'bz;

X Enable 418}, TriOutiKA3TrilntME . X Enable JORT, TriOutJFyiEBH1E
122 BEMREAR
AF 441 T Verilog HDLIE S Bt =FRF w8 ——

BE ML BURF IR, GAFRAEHRT 4 o erem °1

. SEEI2-SFRAGE, HEkREsAANE ' 8 4>z

TFANER, RABESHRACHTE, c -
B-MEEFARBIERTRX, TSR -

{H ¥R ) %o e, B R
module Save_Mult_Df (A,C,ClkB,Z);
input {0:7] A;
input {[(0:3] C;
input ClkB;
output [0:1.i] Z;
wire 51;

agsign Z - Si * C;
assign SI = CikB ? A : S1;
endmodule

BMRATEAARATEMSH, DRAERTEH. BR, EHIEEENEWH.
TR C s B,
5B Fpdi R s B A O 1k BB A NUT B P S always 15 4], 1 BEEN6FRFE
7 38
module Save_Mulc_Seqg (A,C,CIlkB,Z);
input [0:7] ar
input (0:3] C;'
input ClkB;
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output [0:11} Z;
reg (0:11] Z;

always
@(A or C or ClkB)
begin: SEQ

//BFPRHE TR, AR R tEsL,
reg [(0:7) S51;

1f (ClkB)
Sl = A
Z = 81 * C;
end
endmodule

XFRBMEHR TRBNITY, BREAESEMEN, REeRBALRERM. EX

F s, FRERARIRE,
BEFp R Save_Mulri BRI T R RE CFESMLAFF R MSALARIL B, KRR AL

W%O

module Save_Mult_Netlist (A,C,ClkB,Z)
input [0:7] A; |
input [0:3] C;
input CIkB; .
output [0:11] z;
wire ([0:7]) S1,83;
Wire [0:15] s2;

Reg8 RI (.Din(A),.Clk{(ClkB),.Dout(SI));
Mule8 MI (.A(S1},.B({4' 1b0000,C}),.Z(2));
endmodule

R A B R T e, AHATHRRAN . XEE N Reg8FTIMult 8RR
ZRATER, FHENMNTLA SHAXHERITH.

12.3 HERE
HEIWARIET] . EOIT AR LMEAEERAEDRE, W
assign #12 Gate_Out = ~(A | B i C);

X AR VR AT A 12 B (A B A SE R BRAR I T . X — B EERR MG S A, BERC LHEHR
S RELBRIENE S Gate_Ouwe LIETE]. — AR LAREMAENEL, W0x >z, x ->0,

ﬁ%l' > Oo
WRE R XA EIAAT RRE R, W ESEREE AT ERMABRE, #mn.
asgign #(12,14) Zoom = ~(A | B |1 C);

/%123 ETHMEE, 14BRTFEBME, min(12,14) = 128568 Bixif it/
RS FHEZRERZ BT, i E ZAETEE, BpCHediE. #lhn.

assign #(12,14,10) Zoom = A > B 2 C : 1lbz;
7/ ETHEER 12, 14 FRERSEE, min (12,14, 10) = 12K BlxNEE, SLMHIERL0,

A BEE IS Bmin:yp:maxf, B,
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assign #(9:10:11,11:12:13,13:14:15) Zoom = &4 > B 2 C : lbz;
B IEMEE H A AR FRIER
A THIUDPS BB SE 7T LGB 7E S PR e (R . THRSHAEE ST,

and #(2,3) Al(0t,Inl,In2,In3,Ind, In5};
B 45 HH i _E B EE 2B E] A, T KRR EE 3B EL AL,
BRI b T3 A R RBTRETT AR E R YR E L. MTEAEMBRREIBIT .

module Half_ Adder(A,B.S.C);
input A, B;
output S,C;

specify
(A => 8)
(B => S)
(A => C)
(B => C)
endspecify

(1.
(1.
(1.
{1.

.8);
.6};
.0}
.6);

NN OoON
.- . .« o~
(=2 = B & ]

n n " i

assign S - A * B;
assign C - A /| B;
endmodule

BREEEREIF AP e ERESL, HEETURABERFRER. REFE—FHAR
SR E R IR T 37 — AR FSDFe (FRMERTIERER ) FlVerilogl H A% 0l REHR LY
R, R RHE/E Verilog HDLEE + B XM EX—F 8, —M 7 kR7EHalf-AdderiR
3 ORI, SMRRIEERRREER,

module Half_Adder(A,B,S,C);
input A, B;
output S5,C;

assign S = A * B;
assign C = A | B;
endmodule

module Ha_Opt{(A,B,S5,C);
input A,6B;
output S,C;

specify
(A => 8) = {(1.2,0.8);
(B =>8) = {(1.0,0.6);
(A =>0C) = (1.2,1.0);
(B =>C) = (k.2,0.6);
endspecity

Half_Adder H1({A,B,S,C);
endmodule

module Half_ Pess(A,B,5,C);

O RE%kk
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input A, B;

output S,C;

specify
(A => 8) = (0.6,0.4);
(B => 8) = (0.5,0.3);
(A => C) = (0.6,0.5);
(B => C) = (0.6,0.3);

endspecity

Half_Adder H2{(A,B,S,C):
endmodule

ATEXW NS, Half AddertiP M~ TAEad 5, 3 B KM TRET% RS E R,
MR R BBk Ha_OptsXHa_Pess.

feMRd &

HEEZREEANNRERRBPEENNENRENE, SHnTHEEHTaETN
B EEA) I E A REE AR, AT,

module Transport (WaveA,DelayedwWave):;
parameter TRANSPORT _DELAY = 500;
input WaveA;
output Delayedwave;
reg DelayedWave;

always

@(waveA) DelayedWave <= #TRANSPORT _DELAY WaveA;
endmodule

alwaysiBA WA WA B AN ENEHESERE ., Waved L RIEMBAUGEHLOME
DelayedWave#EFER TRANSPORT_DELAYWH 3RS WIBE .. 45 3R 7E WaveA b A B TE 76 R
TRANSPORT_DELAY/S . BR¥E DelayedWave & ; 1 7B} %E I I i) 32 60 A B8 12-6 B 71 o

?
1]
¢

_ WaveA y
03 56 10 7

qund“huxd/ '
bx - 7 l___

500 503 506 510

B12-6 e ELH

12.4 FHRiERH

TEFFE &M T R AN RET UMERHA R GREFNESREES, SfEalwaysiia) s
AifEfHKcaseiBEK, HE—-MHARBEEE, ©HT 0T AT IR KEEREEY
B,

module Simple ALU(A,B,C, PM, ALU);

input {0:3) A,54 C; : ;
input PM; . g R Lo e Ty

s SR b LY .
Dihew e g RN B0
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output [0:3] ALU;

assign ALU = PM ? A + B: A - B;
endmodule

£ BB TF X D R 1F Falways B A/ EH ., HAEREEKRME, RS, caselfHREX
AME LA B ABREDB L.

‘timescale 1lns/lns
module Multiplexer{Sel, A,B,C,D, Mux_oOut};
input [0:1] Sei;
input A, B,C, D;
output Mux_Out;
reg Mux_Out;
reg Temp;
parameter MUX_DELAY = 15;

always
@ (Sel or A or Bor C or D)
begin: PI
case (Sel)
0: Temp = A;
1: Temp = B;
2: Temp = C;
3: Temp = D;
endcase
Mux_Out = # MUX_DELAY Temp;
end
endmodule ;
ZHERIT L AT A TR EEREE R
assign #MUX_DELAY Mux_Qut = (Sel == 0)? A : (Sel == 1)? B :

(Sel == 2)?2 C : (Sel == 3)?2 D : 1'bx;
125 FIHMFEREs

BIEHMNIE, FEPHERSEEMABRAGER. X TRLHFEZREE, #5PE
RUFFBRBERR N FFSMEMERE, BRI EIRE TR A 7728 B QAT X [
SRR R, s MR E T X RS E R R BB — i A

SRINTFEH, TERE T OFHE SR HFERN R H G2 DR bR R

‘timescale 1ns/lins

module D Flip_Flop (D, Clock, Q):

input D, Clock:
output (;
reg Q;

always
@ (posedge Clock)
Q = #5 D;
endmodule

alwaysiB 41769 2 Clock | th B EFWH , QRS nsE MRMEND; HMOFRELM
(FFBERRBENRISRE ). alwaysiB & FITTNFE T DIME B L. MK —
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Bjg, sfFHFSEvTRmT AN TRE,
module Register8 (D, Q, Clock);
parameter START = 0, STOP = 7;
input {START : S$TOP] D;
input Clock;
output [START : STOP ] @Q;
wire (START : STOP] Cak:

D Flip Flop DFFO
[START : STOP] (. D (D), . Clock (Cak), .Q (Q));

buf B! (Cak [0}, cak {1}, cak (2], cak (3], cak [4],
Cak [5], Ccak (6}, cak [7], cClock);
endmodule

EEBME12-7TR AR TR RS B S b R BRI,

Qbar

H12-7 MEYHFES

module Gated_FF (A, G, Q, Qbar};
input A, G;
output O, QObar;
wire SI1, S2;

assign S1 = ~ (A & G):

assign S2 = -~ ($1 & G);

assign O = - (Qbar & S1);

asgign QObar = -~ (Q & 52);
endmodule

EMHP, EEREENEES T HFREH.
FESTTRFTRRARE, LWNT, HPASIZER I O3, DSIZERRAME
o O AL

module RAM Generic (Address, Data_In, Data_out, RW);
parameter ASIZE = 6, DSIZE = 4;
input [{ASIZE-1 :0] Address;
input [DSIZE-1 :0]1 Data_In;
input RwW;
output [DSIZE-1 ':0] Data_OQut;
reg [(DSIZE-1:0) Data_Out;

reg (0: DSIZE-1] Mem_FF [0:63];
always
@ (RW)
if (RW) " /7 MRaMPEERUBE.

Data_Out s Mem_FF [Address] ;
i
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else //THRAME A B .
Mem_FF [Address] = Data_In;
endmodule

6] 25 B P2 B8t P LA R e P BURSGA W i R )y B, TSR R e e
BT,

module Level_Sens_FF (Strobe, D, Q, Qbar):
input Strobe, D;
output Q, QObar;
reg Q, Qbar;

always
begin
wait (Strobe = = 1);
Q = D;
Pbar = ~ Dj;
end
endmodule

Ystrobe 18t, Dt EEfT FHRBIEWBIO; UStrobeEROK, QMQbar+ MERIER
A, FEBADLEMLMALBREE WOMQbar |- H1H .

BRI PR HE R (B PR A AO3E SO R R 2 B R B A4 T Y D REIE B, % [ Body 1 Fil
Body2 Z R} AR Z 4k .

module Bodyl;
reg A;

initial A = 0;

always A = ~ A;
andmodule

module Body2;
wire Clock;
reg A:;

initial A = 0;

always
@ (Clock )

if (~ Clock)
A= ~ A; A
endmodule ’

B Body I & W B A M I E 12-8F7 7%, TiMikBody22i
BRI BB 12-9F 75 . Hi2s FAAMAH
WRBody 1% 4N b FR#ITH, EEEh TENESER M
MK ASERSF (LB LA ). S8R Body 2, Aty ——] Se—T
HRBEClockl5 S FTRIBISE, TEHMAWET ( Clock ik

. Clock T

LFHER ), ALKEMEL (MRBNBA) BRLSERME
MW . | 129 WEMREE
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12.6 HABUTTRE

EABTRA . S8 BAFFBREE Falwaysid %A RforfE IS R~ ¥
FROBRBE L HSE, XAHEAB A E S R RE R RS e, AL
E’&O

module Shift_Reg (D, Clock, Z);
input D, Clock;
output Z;
parameter NUM_REG = 6,
reg [1: NUM_REG ) Q;
integer P;

always
@ {negedge Clock) begin
/1 HEBEB—L:
for (P = 1; P< NUM_REG; P = P + 1)
Q[P+1] = Q[P];

/ /IR EBT IR :
Q[1) = D;
end
/A RBARE IR
assign Z = Q [NUM_REG];
endmodule

AT LASE I AR R SIS | R Shift_Reg RBUR Rl K BEMB R F 1258,
module Dummy;
wire Dataf Clk, 2a, 2b, Zc;

/1 6B HE AR
Shift_Reg SRA (Data, Clk, Za);

YIEIE: Ik 22 2
Shift_Reg #4 SRB (Data, Clk, 2Zb);

/110N FF A28

A Shift_Reg #10 SRC (Data, Clk, Zc);
endmqdule

12.7 RSP R

REYLE K 7] HH HalwaysiZ ) McaseiZ M B, REFEFMEFFR P, caseiff)
 HEITRREETBTRENITN. TARBTIREINNEREE LN LS, X Resetl5s 5 H R
B, RMBAcHITBEICountB BRI, HReseTE NIRRT, REFFHIEN . MBTRKMpIrEE
CountfV BN, BFRBINBIRMEF L, Rfa, SRELBIMHITESML, MR CountRis,
WLz WEl, HEHDoref5EHE NE . MERR, BERBMpirtiCountl, I E K always
B REEWME12-105R, K5 RHEMKREIRE,
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Reset==0 @ 1R MplriCount]=1 #
Mcnd IN®Ace
HIACC.
WJ!!HLCount
Reset== Count==16 @ &M CountZ HMcnd

12-10 P [/ARTH

module Multiply (Mplr, Mcnd, Clock, Reset, Done, Acc);
//Mplr KB, McnaBPRY .
input (15:0] Mplr, Mbnd;
input Clock, Reset;
output Done;
reg Done;
output (31:0] Acc:
reg {31:0] Acc:
parameter INJIT = 0, ADD = 1, SHIFT = 2;
reg [(0:1] Mpy_ State;
reg [31:0] Mcnd_Temp;

initial Mpy_State = INIT; /1R E N INTIT,

always
@ (negedge Clock) begin: PROCESS
integer Count;

case (Mpy_State)
INIT:
1f (Reset)
Mpy_State = INIT;
/*HFMpy_sStacel$RIFHHE, +ROVENHABEY,
elge
begin
Acc = 0;
Count = 0;
Mpy_State = ADD;
Done = 0;
Mcnd_Temp [15:0] = Mend;
Mcnd_Temp [31:16} = 16'd0;
end

ADD;
begin
if (Mplr [Count])
Acci= Acc + Mcnd_Temp;

Mpy_State = SHIFT;
end

SHIFT:
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begin
/ /Mcnd_TempZ 1
Mcnd_Temp = {Mcnd_Temp [30:0], 1'b0};

Count = Count + 1;

if (Count == 16)
begin
Mpy_State = INIT;
Done = 1;
end
else
Mpy_State = ADD;
end
endcase //ifMpy_Statefficaseifi FiH.
end //WUFBFHRPROCESS,
endmodule

FHRMpy_State FERSIBEBHRE. B, RAVMEBATFINITRS, ARE
Reser W E. BMAGREEIEX—RA . YReser BB, RMMBAHBEE . T Count BRI,
BB Mond BB B 56175 EMcnd_Temp , RIGHMBRSHEBREBADD, HRBLT
ADDRRER}, Eﬁ%ﬁﬁﬁ&umﬁliﬂﬂ&hlﬂ?, Mcnd_Temp ™ BREA BINBlAcc L, R
ERRMRARNRBSHIFTRE ., EX—RE, RESHE—KES, RSN FEMRTH
SE(E %16, Done®VE, HEGEEBUNITRS . AT, accBIRBEHMGER . MRITHE
/N F16, BRA SR Si83ADDMSHIFTRAEHBIHEHEE 16,

RS R L RS E AN TR Xl 3 A @ (negedge Clock)} FF3 i3k 48 %€ o

12.8 EEHRESH

A TRV 8 ALE A St FESSE AN ML MalwaysiB A HIT#E, S E12-1157
RHRAATERERAOREE, TXR—ARES, MPR—AHAESE. MRABTXR, #
EMPHERRWBENBEREAL L, REMAHBRIXRERES Load_TX, EAFEBME
H I R L BAR . AR TXAE SR 1 M B B TX_Busy R FAL TALRE, REEMSEBMPE:
A AeT i — 25 OB

TEERTXFALEABHERHER, BHERTBRHESMRERR, R A
PAEBAEHRE.

(Load_TX==0)

(TX_Busy==0)

Load_TX=1 TX_Busy=1

{TX_Busy==1) (B BESPaREERER)
| E12-11 FARLHROREE
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module Interacting_ FSM (Clock);
input Clock;

parameter MI = 0, M2 = 1, M3
parameter 71 = 0, T2
reg [0:1] MP_State;
reg [(0:1] TX State;
reg Load_TX, TX_Busy;

L}
NN

always
@ (negedge (Clock) begin: MP
case (MP_State) .
Mi:  //FIRERERBIE.
begin
Load_TX = 1;
MP_State = M2;
end

M2:  //HRRINMES,
if (7TX:Busy)
begin
MpP _State = M3;
Load_MX = 0;

end

M3: ‘ /1 BB TXER.
if (.TX_Busy) '
MP_ _State = M1l;
endcase

end . / /ﬁffﬂtmqﬁ!ﬂo

always
@ (negedge Clock) begin: TX
case (TX_State)
T1: /SRR R IBUE.
if (Load_TX)
begi
TX _State = T2;

2Xﬁwy=]dﬁﬁﬁﬁﬁﬁ*ﬁnﬁﬁo

end

72 / 1 ATt
TX_State = T3;

T3: ¥ -3¢0

TX_State = T4;

T4:  // REBBEREUHEREE,
begin !
TX_Busy = 0;
TX_State = T1;
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end

endcase

end // BUFR TXE R,
endmodule

WA E A BRRSYL N FAT X R ME 12-125177

Clock i J l‘l _-||||J
R Y: M

MP_State | M1 M2 1| m2
Load_TX
TX_State T1 | 13 T4 ™
TX_Busy ' {

——t : : : ! : t

E12-12 HAOREHBHFFTH

BN ZEABHR I — L, e MBDIVARKIERX, EXFHERT, HE
DIVE=H—AFint s, HEHBRETHR (HH) FISHEHRE . REEWEL-13577.

New_Clock=1 New_Clock=0

BE12-13 DIVE=4RXH &P

module Another_ Example_FSM2 (Clock);
input Clock;

parameter DI = 1, D2 = 2, D3 = 3;
parameter R - 1, R2 = 2;

reg {0:1] Div_State, RX_State;
reg New_Clock:

always
@ (posedge (Clock) begin: DIV
case (Div_State)

D1:
begin
Div_State = D2;
New_Clock = 0;
end
D2:

Div_State = D3;
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D3
begin
New_Clock = 1;
Div_State = D1;
end
endcase
end /I FFERDIVEER
always

@ (negedge New_Clock) begin: RX
case (RX _State)

R1: RX_State = R2;
R2: RX_State = RI1;
endcase
end //MUFHREH,
endmodule

JﬁF?ﬂ&DIVEﬂﬁﬁF?Fﬂ%&ﬂEEPT;‘EﬁE‘T@PO X—HROREE R LA 4h e L FH
#o WUFRFENew_Clockt) AN T REIB AT, E12- 1487 T XB L HERAVBEE TS,

Div_State ?;:m J D2 | D3 D1 D2 | D3 D1 D2 |03

New_Clock

RX_State | R1 R2 | R1

F12-14 HBRRXMDIVZ QA EH

12.9 MooreH BRKIZH B

Moore T [RARAYL (FSM ) FfE RIKBFRAETMAKEEBA . XFHREGRRENN
7N BEREE L I A B RS L ¥ M caseiB Al W alwaysiE A HHE . B12-158 7K T Mooref§
RARSVRESEHRE L, EEHRMoore FRARB YL 4T R,

(A==1)

12-15 MooretLER 5 E

module Moore FSM (A, Clock, Z):
input 2, Clock;,
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output Z;
reg Z;

parameter STO = 0, ST1 = 1, ST2 = 2, ST3 = 3;
reg (0:1] Moore_State;

always
@ (negedge Clock)
case {(Moore_State)

STO:

begin
zZ = 1;
if ()

Moore_State = ST2;
end !

ST1:
begin
Z = 0;
A (A)
Moore_State = ST3;

end

ST2:
begin
Z = 0;
if (-A)
Moore_State = STI1;
else
Moore_State = ST3;
end

ST3:
begin
zZ = 1;
if (Aa)
Moore_State = STO;

end

endcase
endmodule

12.10 MealyBHRRESNEZE

FEMealy A BRIRAHLS , i85 AU RBPLI AR T ELAR B F & HOMA . SRR RIS
LIRS B AE 45 8 1 55 Moore FSMARMLAOTE A . BD il FlalwaysiB . 0 T RBTES WS H
Ve, ERRRNF A MEMealyBl, X—W, RAVHR Ralwaysifihl, — &34 RRAHLAH
SERFITNRE, —AWARRAEINA AT EE, B2 1686 T RESRFEN— LB,
B BB,
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0 1
sTo | STO 0 ST3 1 WAA
ST1 | STI g STO 4 | RFMIAKEREHZ
sT2 | 572 o ST1 1
sT3 | ST2 o ST1 0

B12-16 MealyHLRREHHRE

module Mealy FSM (A, Clock, Z);
input A, Clock;

output Z;
reg Z;

parameter STO

= 0, sT1 =1, ST2 = 2, ST3 = 3;

reg [1:2] P_State, N_State;

always

@ (negedge Clock) / /BN 2R .

P_State =

always

N_State;

@ (P_State or A) begin: COMB_PART
case (P_State)

STO:
if (a)
begin
zZ = 1;
N_State = ST3;
end
else
Z = 0:
ST1:
if ()
begin
Z = 0:
N_State = STO;
end
else
z = 1;
ST2:
if (-A)
2= 0
else
begin
Z = 1;

N_State = STI;

¥
1
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end
ST3:
begin
Z = 0;
if (-~a)
N_State = ST2;
else
N_State = STI1;
end
endcase
end / / WFHRCOMB_PARTHE W,
endmodule

EXFRBAARREIF, ERPREVIROM ST LU E SR TR WA, H
AEESBAAEGHERINFRFRGEGIRPRIEFEERN. B Mooret BURZA TLAYE
RERBTRE, 3 HREHRAENS LR R4, EMoore BURESHLP AL K4 X FEH.

12.11 &{Li21 K12

FHN A2 S BFHRESHHER. 2 ABFEE B aig. M3 10898 E1E
SmEHAR, MAMERT L AIRE 11, HReBFEBER - SHRERYLZ NS, 549
(FrAMER ) R 210m XA #Ed21,

LIRABNERY, Card_RdyNHE, 3 HCard_Value yWi9(8 . Request_Card# MR faat
AR ST . MRBBURHFEI S HEBE21, LostBXHE, UEHEFHIC2E T,
BN WonB R EUURBWR O KM . REHFHBAEEH . BI12-1787 721 5B ER S
AR5

Card_Rdy
- —— > Request_Card
Card_Value
Blackjack |———> Los!
Clock > f———> Won

E12-17 21 S B EBE MR

BRFEAITAEWN T ABRRES FiE. BFELBOIRAATI7T8 — BBk, B4R
L2160, F—NARINRE; B28L210, BAKKRI0LE, BRMEN., =/ FESEA
TFHEBRFWE: ToralRF S M, Current_Card_ValuelR BB EM ( BEM 1310 ).
Aec_As_HATICIZMARBEBRENNTARL, 21 5 BF MRS TEETE F 8B _State .

module Blackjack (Card_Rdy, Card_Value,
Request_Card, Won, Lost, Clock):;
input Card_Rdy, Clock;
input {0:3] card value;
output Reguest_Card, Lost, Won;
reg Request_Card, Lost, Womn;

GETCARD_ST = 1,

Parameter INITIAL_ST = 0,
= 2, ADD_ST = 3, CHECK;ST = 4,

REMCARD. ST
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WIN_ST = 5 , BACKUP_ST = 6, LOSE_ST = 7;
reqg [(0:2] BJ_State;
reg [0:3] Current_Card_Value;
reg [0:4] Total;
reg Ace_As_11;

always
@ (negedge Clock)
case (BJ_State)
INITIAL_ST :
begin
Total = 0;
Ace_As_11 = 0;
wWon = 0;
Lost = 0;
BJ_State = GETCARD_ST
end

GETCATD_ST:
begin
Request_Card = 1;

if (Card_Rdy)
begin
Current_Card_Value = Card_Value;
BJ_State = REMCATD_ST;
end /1 EMEBIEREGETCARD_STERE,

end -

REMCARD_ST :  //%#MR¥HE.
if (Card_Rdy)
Request_Card=0;
else
BJ_State = ADD_ST;

ADD_ST:
begin
if (~Ace_As_11 && Current_Card_Value)
begin
.Current_Card_vValue = 11;
‘Ace_As_11 = 1;
end

Total = Total + Current_Card_Value;
BJ_State = CHECK_ST;
end ‘

CHECK_ST:
if (Total < 17)
BJ_State = GETCARD_ST;
else
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begin
if (Total <22)
BJ_State = WIN_ST;
elsge
BJ_State = BACKUP_ST;

end

BACKUP_ST:
if (Ace_As_11)
begin
Total = Total -10;
Ace_As_11 = 0;
BJ_State = CHECK_ST;
end
else
BJ_State = LOSE_ST;

LOSE_ST:
begin
Lost = 1;
Request_Card = 1;
if (Card_Rdy)
BJ_State = INITIAL_ST;

// HUMEETEXTIRE EAT,
end
WIN_ST:
begin
won = 1;

Request_Card = 1;

if (Card_Rdy)
BJ_State = INITIAL_ST;

//EMEREXTREERE.
end
endcase
endmodule /121 SRR

I

RO IS E — /- Verilog HDLIER, Hl3f M ELISES—IHERT. REBEWS
SRTAM—AEN . EAEASMPRE . 5 MBI AR R,

2. ME— R, HAWERLHENESWAESBERITA,

3. MEWABITRERA . FHTHRERA . HEMFTRES DR BAFESER, FH
Wi 0 U A2y M TR /

4, HRATAWE T RWRDRIME . REHEAX B, RE S FFHRER.

5. ME K12 11 R 021 S EF AR R A BRI .

6. (HRABMEBER, MARERELR, AFFAMIKIIRTFHRZESR, BEINEAR

BRIEEN:
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‘define NUM_INPUTS 4

R SRS B . ]

7. HMEHTRRITHSC G SHER, WA NSO E, EA EFAEMAMN I — R E%SN
—fi, REERENMARMBOHAEMEBEXEEELUE, FEAT—TBA

8. WE SE&ITIT AMHR M BITRIIITHSAFHEHEE. ARG HRNE, FEoteh EAEET—
/N E G X A RLREE . ERREEIE RGP RE RN SE T 7TR%E OBERER, #
15 F 56 T AR P S L L

9. /5 HARIFERONOOTRESER, WRRFRL, HHSRFENE, mWREFTRO,
TR HEE 0, FEHREH TS . REMKRIERFIRZER,

10. HEERABSIER, BASIFHRIFK AN, FEAM, InputData BB AATIKFE; 4
Addword J18F, FIBAFIREINTE . MBAF 4% B FIFEEOutput Datah; %Read Word
A1, MBASIHEEIRFE . BN KIS Empty FFull, FIERNEF EELERHClockAR
TR, 5 R UERR 8 AR,

1. wE R SHALH B 0 SR, WA AR R AR AR 2NG, BiLEeS
WARSE EHERY . REWREUEE PR R A E .




X@iA

YR B A

At R AR AL T Verilog HDL IG5 WA &L, ©

=

EAF /& Verilog HDL B FHSRIE S RO XRIAl. 8, RANSNETA2X#IA.

always
begin
case
deassign
edge
endfunction
event
for
highz0
if
integer
join
large
macromodule
nand
notif0
or
parameter
pulll
remos
repeat
rtranifl
scalared
strongl
table
tranifl
trior
vectored
wait
wire
xnor

and

buf

casex
default

else
endprimitive

force
highz1
ifnone

medium
negedge
notifl
output
pmos
pullup
real
rnmos

small
supply0
task

tri
trireg

wand
wor
xor

assign
bufif0
casez
defparam
end
endspecify

forever

initial

module
nmos

posedge
pulldown
realtime
rpmos

specify
supplyl
time
tri0

weak0

bufifl
cmos
disable
endcase
endtable
fork

inout

nor

primitive

reg
rtran

Specparam
tran

tril

weakl

© ¥ HIEEE Std 1364-1995 , Copyright © 1995. [EEE. All rights reserved.

endmodule
endtask

function

input

not

pull0

release
rtranif0

strong0
tranif0

triand

while
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BIEATE

TR FiRERER, AURAHERE—ERKBABNHHS

D) IR B AR ARG RN T EFES.

) REF . BIAEFIRSARCRIBEMERH S, DUHATYRIR,

3) AL B FRINAHE R THE L RR SIEAE 2 THKEK,

4) IEHEMEENTS (1) BT ERAg £ .

5) AR HTHES ([..]) FRTTHED,

6) IEHIKH KIS ({..}) RPARFTLLEFORE LK.

7y AN S BES . KES (L] o)) BRERHMAFES (0 ) B
SRIEERAHRTE -

8) MIFHIIER G AT R “IE XA (source_text )"

9) Wi ETHERAMAZEZTFUKEEA B,

&

always_construct ::=
always
statement

binary_base ::=
bl'B

binary_digit ::=
xIXlzlZ10oi1

binary_number ::=
[ size | binary_base binary_digit { _ I binary_digit }
binary_operator ::=
+1-1*1/1 % .
I ==il=lo==l== 1 &&! || I<i<=]>]>=
P&l IA A ~A I >> ] <<
block_item_declaration ::=
parameter_declaration
| reg_declaration
| integer_declaration
| real_declaration
I time_declaration
| realtime_declaration
| event_declaration

blocking_assignment ;:=
reg_lvalue = [ delay_or_event_control } expression

case_item =
expression {, expression } : statement_or_nuli
| default [ :] statement_or_null

case_statement ;=
case (expression ) case_item { case_item } endcase
| casez ( expression ) case_item { case_item } endcase
| casex ( expression ) case_item { case_item } endcase

charge_strength ::=
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(small )
| (medium)
I (large)

cmos_switch_instance ::=
[ name_of_gate_instance ] ( output_terminal , input_terminal,
ncontrol_terminal , pcontrol_terminal )

cmos_switchtype ::=
cmos | rcmos

combinational_body ::=
table
combinational_entry { combinational_entry }
endtable

combinational_entry ::=
level_input_list : output_symbol ;

comment ;=
short_comment
I long_comment

comment_text ::=
{ ANY_ASCII_CHARACTER }

concatenation ;.=
{ expression {, expression } }

conditional_statement ::=
if ( expression ) statement_or_null [ else statement_or_null ]
constant_expression :i=
constant_primary
"I unary_operator constant_primary

| constant_expression binary_operator constant_expression

I constant_expression ? constant_expression : constant_expression

I string

constant_mintypmax_expression ::=
constant_expression
| constant_expression : constant_expression : constant_expression

constant_primary ::=
number
| parameter_identifier
| constant_concatenation
| constant_multiple_concatenation

continuous_assign ::=
assign [ drive_strength ] [ delay3 ] list_of_net_assignments ;

controlled_timing_check_event ::=
timing_check_event_control specify_terminal_descriptor
[ &&& timing_check_condition ]

current_state ::=
level_symbol

data_source_expression ;=
expression

decimal_base .=
'd!l'D

decimal_digit ::=
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0i11213141516171819

decimal_number ::=
{ sign } unsigned_number
I [ size ] decimai_base unsigned_number

delay2 ::=
# delay_value
| #(delay_value [, delay_value ] )

delay3 ;=
# delay_value
| # (delay_value [, delay_value { , delay_value } ])

delay_control ::=
# delay_value
| # ( mintypmax_expression )

defay_or_event_control ::=
delay_control

| event_control
| repeat ( expression ) event_controi

delay_value ::=
unsigned_number
| parameter_identifier
| constant_mintypmax_expression

description ;.=
module_declaration
| udp_declaration

disable_statement ::=
disable task_identifier ;
| disable block_identifier ;

drive_strength ::=
( strengthO , strengtht )
I (strength1, strength0)
| (strengthO, highz1 )
I (strength1, highz0)
I (highz1, strength0)
I (highz0, strength1 )

edge_control_specifier ::=
edge [ edge_descriptor [ , edge_descriptor | |

edge_descriptor ::=
01

I 10

| Ox

I x1

I 1x

| x0

edge_identifier ;.=
posedge | negedge
edge_indicator ;=
(level_symbol level_symbol )
| edge_symbol
edge_input_list ;=
{ level_symbol } edge_indicator { level_symbol }



161

edge_sensitive_path_declaration ::=
paraliel_edge_sensitive_path_description = path_delay_value
| full_edge_sensitive_path_description = path_delay_value

edge_symbol ::=
r'RIfIFIpIPInINI*

enable_gate_instance ::=
[ name_of_gate_instance | { output_terminal , input_terminal ,
enable_terminal )

enable_gate_type =
bufif0 | bufif1 | notif0 | notif1

enable_terminal ::=
scalar_expression

escaped_identifier ::=
\ { ANY_ASCII_CHARACTER_EXCEPT_WHITE_SPACE } white_space

event_control ::=
@ event_identifier
| @ (event_expression)

event_declaration ::=
event event_identifier { , event_identifier } ;

event_expression ;=
expression
| event_identifier
| posedge expression
| negedge expression
| event_expression or event_expression

event_trigger ::=
-> event_identifier ;

expression ::=
primary
| unary_operator primary
| expression binary_operator expression
| expression ? expression : expression
| string

full_edge_sensitive_path_description ::=
([ edge_identifier } list_of_path_inputs *> list_of_path_outputs
[ polarity_operator ] : data_source_expression )

full_path_description ::=
(list_of_path_inputs [ polarity_operator ] *> list_of_path_outputs )

function_call ::=
function_identifier ( expression {, expression })
| name_of_system_function [ ( expression { , expression }) ]

function_declaration ::=
function [ range_or_type ] function_identifier ;
function_item_declaration { function_item_declaration }
statement
endfunction

function_item_declaration ::=
block_item_declaration
| input_declaration
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gate_instantiation ::=
n_input_gatetype [ drive_strength ] [ delay2 ] n_input_gate_instance

{, n_input_gate_instance };

I n_output_gatetype [ drive_strength ] [ delay2 ] n_output_gate_instance
{ . n_output_gate_instance } ;

| enable_gatetype [ drive_strength ] [ delay3 ] enable_gate_instance
{ , enable_gate_instance } ;

| mos_switchtype [ delay3 | mos_switch_instance
{ , mos_switch_instance } ;

| pass_switchtype pass_switch_instance { , pass_switch_instance } ;

| pass_en_switchtype [ delay3 ] pass_en_switch_instance
{, pass_en_switch_instance } ;

| cmos_switchtype [ delay3 | cmos_switch_instance
{ , cmos_switch_instance } ;

I pullup [ pullup_strength ] pull_gate_instance {, pull_gate_instance } ;

I pulldown [ pulidown_strength ] pull_gate_instance
{ ,pull_gate_instance } ;

hex_base ::=
'h|'H
hex_digit ::=
xIXizlZ

| 01112i3141516171819
| albicldlelflAIBICIDIEIF

hex_number ::=
[ size ] hex_base hex_digit { _ ! hex_digit }
identifier =
IDENTIFIER [ { . IDENTIFIER } ]
/* The period may not be followed or preceded by a space */

IDENTIFIER ;:=
simple_identifier
| escaped_identifier
init_val ::=
1Tb0/1'b1 1 1'bx [ 1'bX | 1'BO 1 1'B111'Bx | 1'BX 1110
initial_construct ::=
initial
statement

inout_declaration ::=
inout { range ] list_of_port_identifiers ;

inout_terminal ::=
terminal_identifier
| terminal_identifier [ constant_expression ]

input_declaration ::=
input [ range ] list_of_port_identifiers ;
input_identifier ::=
input_port_identifier
I inout_port_identifier
input_terminal ::=
scalar_expression

integer_declaration ::=
integer list_of_register_identifiers ;
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level_input_list ::=
level_symbol { level_symbol }

level_symbol ::=
Oi1ixIXI?IbliB

limit_value ::=
constant_mintypmax_expression

list_of_module_connections ::=
ordered_port_connection {, ordered_port_connection }
I named_port_connection { , named_port_connection }

list_of_net_assignments ::=
net_assignment { , net_assignment }

list_of_net_decl_assignments ::=
net_decl_assignment { , net_decl_assignment }

list_of_net_identifiers ::=
net_identifier { , net_identifier )

list_of_param_assignments ::=
param_assignment { , param_assignment }

list_of_path_delay_expressions ::=
t_path_delay_expression
I trise_path_delay_expression , tfall_path_delay_expression
| trise_path_detay_expression , tfall_path_delay_expression ,
tz_path_delay_expression
| t01_path_delay_expression, t10 )_path_delay_expression ,
t0z_path_delay_expression, tz1_path_delay_expression ,
t1z_path_delay_expression , tz0_path_delay_expression
| t01_path_delay_expression , t70_path_delay_expression,
10z_path_delay_expression , tz1_path_delay_expression ,
t1z_path_delay_expression , tz0_path_delay_expression,
10x_path_delay_expression, tx1_path_delay_expression ,
t1x_path_delay_expression , tx0_path_delay_expression ,
ixz_path_delay_expression , tzx_path_delay_expression

list_of_path_inputs ::=
specify_input_terminal_descriptor {, specify__input_terminal_descriptor }
list_ot_path_outputs ::=
specify_output_terminal_descriptor { , specify_output_terminal_descriptor }
list_of_port_identifiers ::= .
port_identifer { , port_identifier }
list_of_ports ::=
(port {,port})
list_of_real_identifiers ::=
real_identifier { , real_identifier }
list_of_register_identifiers ::=
register_name { , register_name }
list_of_specparam_assignments ::=
specparam_assignment { , specparam_assignment }

long_comment ::=
I* comment_text */

loop_statement ;.=
forever statement
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| repeat ( expression ) statement
| while ( expression ) statement
| for ( reg_assignment ; expression ; reg_assignment ) statement

mintypmax_expression ::=
expression
| expression : expression : expression

module_declaration ::=
module_keyword module_identifier [ list_of_ports ] ;
{ module_item }
endmodule

module_instance ::=
name_of_instance { [ list_of_module_connections ] )

module_instantiation ::=
module_identifier [ parameter_value_assignment | module_instance
{ ,module_instance };

module_item ::=
module_item_declaration

| parameter_override
| continuous_assign
| gate_instantiation
| udp_instantiation
| module_instantiation
| specify_block

| initial_construct

| always_construct

module_item_declaration ::=
parameter_declaration
| input_declaration
| output_declaration

| inout_declaration

| net_declaration

I reg_declaration

| integer_declaration
| real_declaration

| time_declaration

| realtime_declaration
| event_declaration

| task_declaration

| function_declaration

module_keyword ::=
module | macromodule

mos_switch_instance =
[ name_of_gate_instance ] ( output_terminal , input_terminal ,
enable_terminal )
mos_switchtype ::=
nmos | pmos | rnmos | rpmos
multiple_concatenation ::=
{ expression { expression {, expression } }}
n_input_gate_instance ::=

[ name_of_gate_instance ] (output_terminal , input_terminal
{,input_terminal })
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n_input_gatetype ::=
and | nand | or | nor | xor | xnor

n_output_gate_instance ::=
[ name_of_gate_instance ] { output_terminal { , output_terminal } ,
input_terminal )

n_output_gatetype ::=
buf | not

name_of_gate_instance ::=
gate_instance_identifier [ range ]

name_of_instance ;=
module_instance_identifier [ range ]

name_of_system_function ::=
$identifier

name_of_udp_instance ::=
udp._instance_identifier [ range ]

named_port_connection ::=
. port_identifier ( [ expression ] )

ncontrol_terminal ;:=
scalar_expression

net_assignment ::=
net_Ivalue = expression

net_decl_assignment ::=
nel_identifier = expression

net_declaration ::=
net_type [ vectored | scalared ] [ range ] [ delay3 ] list_of_net_identifiers ;
| trireg [ vectored | scalared ] [ charge_strength ] [ range ] [ delay3 ]
list_of_net_identifiers ;
| net_type [ vectored | scalared [ drive_strength ] [ range ] [ delay3 ]
list_of_net_decl_assignments ;

net_tvalue ;=
net_identifier
| net_identifier [ expression ]
| net_identifier [ msb_constant_expression : Isb_constant_expression ]
| net_concatenation

net_type :i=
wire | tri | tri1 | supply0 | wand | triand | tri0 | supply1 | wor | trior

next_state ;=
output_symbol | -

non_blocking_assignment ::=
reg_lvalue <= delay_or_event_control | expression

notify_register ::=
register,_identifier

number ::=
decimal_number
| octal_number
| binary_number
I hex_number
| real_number

octai_base ::=



166  Verilog HDL B #5:£ 7% 5

‘ol 'Q

octal_digit ::=
xIX121Z21011121314151617

octal_number ;= N .
[ size ] octal_base octal_digit { _ | octal_digit }

ordered_port_connection =
[ expression |

output_declaration ::= ‘ 3
output [ range ] list_of_port_identifiers ;

output_identifier ::=
output_port_identifier
| inout_port_identifier
output_symbol ;=
0l1IxIX

output_terminal ::=
terminal_identifier
| terminal_identifier [ constant_expression ]

par_block ::=
fork
[ : block_identifier
{ block_item_declaration } ]
{ statement }
join
parallel_edge_sensitive_path_description ::=
([ edge_identifier ] specify_input_terminai_descriptor =>
specify_output_terminal_descriptor [ polarity_operator } :
data_source_expression )

parallel _path_description ::=
( specify_input_terminal_descriptor | polarity_operator ] =>
specify_output_terminal_descriptor )

param_assignment ::=
parameter_identifier = constant_expression

parameter_declaration ::=
parameter list_of_param_assignments ;

parameter_override ::=
defparam list_of_param_assignments ;

parameter_value_assignment ::=

# ( expression {, expression } )
pass_en_switchtype ::=

tranif0 | tranif1 | rtranif1 | rtranifo
pass_en_switch_instance ::=

[ name_of_gate_instance ] (inout_terminal , inout_terminat ,

enable_terminal )

pass_swilch_instance ::=

[ name_of_gate_instance ] (inout_terminal , inout_terminal )
pass_switchtype ::=

tran i rtran

path_declaration ::=
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simple_path_declaration ;
| edge_sensitive_path_declaration ;
| state_dependent_path_declaration ;

path_delay_expression ::=
constant_mintypmax_expression

path_delay_value ::=
list_of_path_delay_expressions
| (list_of_path_delay_expressions )

pcontrol_terminal ::=
scalar_expression

polarity _operator ::=
+1|-
port .=
[ port_expression ]
| . port_identifier ([ port_expression ])

port_expression ;=
port_reference
I { port_reference {, port_reference } }

port_reference ::=
port_identifier
| port_identifier [ constant_expression ]
I port_identifier | msb_constant_expression : Isb_constant_expression ]

primary =
number

| identifier .

| identifier [ expression ] ,

| identifier [ msb_constant_expression : /sb_constant_expression ]

| concatenation

| multiple_concatenation

| function_call

| ( mintypmax_expression )

procedural_continuous_assignment ::=
assign reg_assignment ;
| deassign reg_lvalue ;
| force reg_assignment ;
| force net_assignment;
| release reg_lvalue ;
| release net_lvalue ;

procedural_timing_control_statement ::=
delay_or_event_control statement_or_null

pull_gate_instance ::=
[ name_of_gate_instance ] (output_terminal )

pulldown_strength ::=
( strengthQ , strengtht )
| (strength1, strengthO)
| (strengthO)

pullup_strength ::=
( strengthO , strength1)

| (strengthi , strengthO)
| (strength1)
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pulse_control_specparam ::=
PATHPULSES = ( reject_limit_value [, error_limit_value ] ) ;
| PATHPULSESspecify_input_terminai_descriptor /*no space; continue*/
$specify_output_terminal_descriptor = ( reject_limit_value
[, error_limit_value ] ) ;'
range ;=
[ msb_constant_expression : Isb_constant_expression ]
range_or_type ;=
range | integer | real | realtime | time

real_declaration ::=
real list_of_real_identifiers ;

real_number ::=
[ sign ] unsigned_number . unsigned_number
I [ sign ] unsigned_number [ . unsigned_number ] e [ sign ]
unsigned_number
b [ sign ] unsigned_number [ . unsigned_number ] E [ sign |
unsigned_number

realtime_declaration ::=
realtime list_of_real_identifiers ;

reg_assignment ;;=
reg_lvalue = expression

reg_declaration ::=
reg [ range | list_of_register_identifiers ;

reg_lvalue ::=
reg_identifier
| reg_identifier [ expression ]
| reg_identifier [ msb_constant_expression : /sb_constant_expression ]
| reg_concatenation

register_name ;.=
register_identifier
| memory_identifier [ upper_limit_constant_expression :
lower_limit_constant_expression ]

scalar_constant ::=
1b0!1b111'BOI1'B1i'b0iI'D11'BOI'B111i0

scalar_timing_check_condition ::=
expression
i ~ expression
| expression == scalar_constant
| expression === scalar_constant
| expression != scalar_constant
| expression == scalar_constant

seq_block ::=
begin
[ : block_identifier
{ block_item_declaration } ]
{ statement }
end
seq_input_list ;=
level_input_list | edge_input_list

sequential_body ::=
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[ udp_initial_statement }
table
sequential_entry
{ sequential_entry }
endtable
sequential_entry ::=
seq_input_list : current_state : next_state ;
short_comment ::=
/l comment_text \n
sign :i=
+1-
simple_identifier ::=
[a-zA-Z)[a-zA-Z_$0-9)
simple_path_declaration ::=
parallel_path_description = path_delay_value
i full_path_description = path_delay_value
size .=
unsigned_number
source_text ::=
{ description }
specify_block ::=
specify
{ specify_item }
endspecify '
specify_input_terminal_descriptor ::=
input_identifier
i input_identifier [ constant_expression } .
| input_identifier [ msb_constant_expression : Isb_constant_expression ]
specify_item ::=
specparim_declaration
| path_declaration
i system_timing_check
specify_output_terminal_descriptor ::=
output_identifier
I output_identifier | constant_expression }
I output_identifier | msb_constant_expression : Isb_constant. expression }
specify_terminal_descriptor ::=
specify_input_terminal_descriptor
| specify_output_terminal_descriptor
specparam_assignment ;.=
specparam_identifier = constant_expression
| pulse_control_specparam
specparam_declaration ::=
specparam list_of_specparam_assignments ;
state_dependent_path_declaration ::=
if ( conditional_expression ) simple_path_declaration
| it ( conditional_expression ) edge_sensitive_path_declaration
| ifnone simple_path_declaration

statement ::=
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|
[
|
i
I
!
!
I
;
|
!
|
|

blocking_assignment ;
non_blocking_assignment ;
procedural_continuous_assignment ;
procedural_timing_control_statement
conditional_statement
case_statement

loop_statement

wait_statement

disable_statement

event_trigger

seq_block

par_block

task_enable

system_task_enable

statement_or_null ::=
statement | ;
strengthQ ::=
supply0 | strong0 | pullO | weak0

strength ::=
supply1 | strong1 | pull1 | weak1

string ::=

"{ ANY_ASCIlI_CHARACTERS_EXCEPT_NEWLINE 1"
system_task_enable ::=

system_task_name [ ( expression {,expression})];
system_task_name ::=

S$identifier

/* The $ cannot be followed by a space */

system_timing_check ::=

$setup (timing_check_event, timing_check_event , timing_check_limit
[, notify_register]); '

$hold (timing_check_event , timing_check_event, timing_check_limit
[, notify_register]);

$period ( controlled_timing_check_event , timing_check_limit
[, notify_register 1) ;

$width ( controlled_timing_check_event , timing_check_limit
constant_expression [ , notify_register ] );

$skew (timing_check_event , timing_check_event , timing_check_limit
[, notify_register]);

$recovery ( controlled_timing_check_event , timing_check_event,
timing_check_limit [ , notify_tegister ] ) ;

$setuphold (timing_check_event , timing_check_event p
timing_check_limit , timing_check_limit [, notify_register ] );

task_declaration ::=
task task_identifier ;

{ task_item_declaration }
statement_or_nuil

endtask

task_enable ::=
task_identifier [ ( expression {, expression })];

task_item_declaration ;=

block_item_declaration
input_declaration
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} output_declaration
| inout_declaration
time_declaration ::=
time list_of_register_identifiers ;

timing_check_condition ::=
scalar_timing_check_condition
] (scalar_timing_check_condition )

timing_check_event ::=
[ timing_check_event_control | specify_terminal_descriptor
[ &&& timing_check_condition ]

timing_check_event_contro} ::=
posedge
i negedge
| edge_controi_specifier
timing_check_limit ::=
expression
udp_body ::=
combinational_body
| sequential_body

udp_declaration ::=
primitive udp_identifier ( udp_port_list ) ;
udp_port_declaration
{ udp_port_declaration }
udp_body
endprimitive
udp_initial_statement ::=
initial udp_output_port_identifier = init_val ;

udp_instance ;=
[ name_of_udp_instance ] ( output_port_connection , input_port_connection
{, input_port_connection } )

udp_instantiation ::=
udp_identifier [ drive_strength ] [ delay2 } udp_instance {, udp_instance } ;

udp_port_declaration ::=
output_declaration

I input_declaration

| reg_declaration

udp_port_list ::=
output_port_identifier , input_port_identifier { , input_port_identifier }
unary_operator ;.=
+1-11 ~1 & ~&l I~ )N ~A|AL
unsigned_number ::=
decimal_digit { _ | decimal_digit }
wait_statement ::=
wait ( expression ) statement_or_null
white_space ;.=
space | tab | newline
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