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FENENMEZG, ZHMEACFIEAREIFCH P E 8 ERNEN YRS iR
AR . X 8 i R E B ARt R DL R e SRS o 2R 1A M I R A R F AR AR
Zhebs, : - _ P

A, BEABRMERMNAN. MRERBMESHMMEFFERNEHEZRE
THE, BERHABRERRENERREMLIBEAONE.

B 1-2 5 T Verilog HDL &M EX TR MBEH PHREHAOSEMEETH. HM
5 A B e DL ) o MY s WL AKF Veerilog HDL SR ¥ RN 8 4o, Hilk, ™
A PLT fa) B

a) JCHE S R Ay 5% A8 A B 14 7

b) K B 4 fof i 5 p B R 0E 7

c) i) Gn a4 2 R RE 1 7

EEETHEEMM IS X SR TR,
z ﬁ\
HARRER é
(M. FHES. 38) %Eéﬂ[;-ﬂﬁlsiiiﬁsﬂﬁ'
)
b i
(LRI, 1, caserre) GES. HIFE, MES. ALU,
4y ZTHEESR. )
\(ﬁﬂ, 1, always,-..) J \
R
Verilog

12 SevRemies

1.2 RmEPHSS

Verilog HDL X EAH#RBESTAFAFNERARNBS B R X g 788,
HEXMNE FEBERMETHEEEREE. B . A— 1 EBRTUALHFR
MR R, BEREE M RMETESH. WXL, Verilog HDL A ¥ % i i — #
hRER . MAR—-FHTEANES . 4R Verilog HDL $4 B & WA i
WsEAFa] LIXT 5, B a0 R S5 A Sdisplay. AR B AFERATFHFERAGRSLH
Verilog HDL 7  F4.

R FAPLE X S () 8, R ) 0 45 & RGE B X 3% 19 Verilog HDL £ 4 FHE R
#). BT Verilog HDL P R FERMHM B R ERBEBEMER FFUS—FMELE
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RAMFRBHGS BIBAEHT IR CHSS, XEREEARNERANSS
ARG ZEERRATBMEEN. TR DaABEARRTLES.

HLEE
R

HAA A B HxcC HAD

M 1-3 REmTR. AR fER TR

E—RRAEEERT ERER, H N HFUBEERM® Verilog HDL, ifij H iF
VHBREESEARANEE TN, ABASHTESWER, B 14 BANNZHR
2,8 Verilog HDL 4 # 3 3E 4 R MG R HE.
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f
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1
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| ﬁﬁ#” | S — B3P
H%Fﬁ E?T
| mEmir  |—— i@!
£33 BHERI(R AL 40k

-4 REEEITHE

B REMNRELET . MERE Verilog HDL MM BEH F THREAEENE
AR EBERNTEAAREBLEEL, FNEERFTESHEEAGEY,HiR
AHAGERBRITEARTREETELRGEETINBEH. XN THREERSHE
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‘ 85 Verilog HDL I ]

|
T [
t
| garisws |
t
— RE S
- RiEGH
1 &
ﬁﬁ?ﬁ l S —HI5?
ﬂﬁ’fﬁ ﬁ
| mEwr —— iz
6
L RAERIEAL RO %

M 1-5 Feodiie

BitHE. REFRSES T ERERKRARNE HNENETSLSHN., EF LA THEYL
WMESE— P RIUETER PR, HEE X R R4, RGBT ET
Za.

1.3 ZHMAEAKR

BE {4 R P R BB

a) 2% 0

b) #Z% 1

o) F T

d) Kk

e) AEHE
Verilog HDL W BREZ M HMEBETHROET L. YExERAETR . 4 E
ZRICHEB A T RE. Verilog HDL fE SR B0 E > A3 R L RN T,

a) 0 <-->FH0 '

b) 1 <-->;88& 1



F£18 X &R _ * 95

¢) z <--> E P
d) z <--> LX{E (casex 5 casez #BH])
e) x <-->FER{H
Dx<-->AEHE

1.4 fi /i

1.4.1 ¥BAY

Verilog HDL %, &R FLI T AR EER T .
a) B ERR
b) FEBWBEAR

P £k S 2 B
Pk B E A AT B R R E L R .

wire [4.07] Dak; [/ 5B wire 4R
wor Ax; // 1 {i#Y wor FLE

T 2R 0 2% 7 B A P R B A S L B L I BRA R 1
EEFSHMABELRRE .

wire wor wand tri supply0) supplyl

wire MEEBREAMNEAER, Y2 RHBEESFE -~ wire ST, I RIK 2§
Mt imReiEEr—&. WETH.

module wireExample (BpW, Error, Wait, Valid, Clear);
input Error, Wait, Valid, Clear;

cutput BpW,
wire BpW,

assign BpW = Error & Wait;
assign BpW = Valid | Clear,
endmodule
/AN RMENE 1-6 BrR

ERAEGEE 528 % B £ K 8 UK 5 R — 4R R LR A0 IR B 2R, 4 5
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s Error A
5 Wait B Z

AND2 BpW

Valid

OR2

Bl16 Z-BAFEHE—B wire HE

TS wor #l wand MLRER, S48, WaHFE —R wor RN Z MK IRMEED
“SR 17 L, MRS R — . wand MM E TR BEBEERS1”L., FTRKRT XM
GaMR.

module UsesGates (BpW, BpR, Error, Wait, Clear);
input Error, Wait, Clear;

output BpW, BpR;
wor ‘BpH;
wand BpR;

asaign BpW = Error & Wait;
assign BpW = Valid | Clear;

assign BpR = Error ~ Valid,
assign BpR = | Clear;
endmodule
/M EFERMEENE 1-7 R

tri &Y wire M RAMARN AR EGTES.
M supply0 LG4 HMELBTHEEX 0RFGEE 0) F, /& supplyl LS4
HHELEEEEA 1 EYGER D E,

FEENExE
fESEaNFFREORLY.

reg  integer

O FHEBLANERRLERBEREEA LN -HMESR. FBLEREY.



H1E X R AN c 7

» Error A BpW
. Z

i
BpR
z P
il e
L
AND2

B 1-7 HETEHEEEK wor A wand F L

720 P A T LU M S B B e A A B R B .

reg [1.:25] Cpt; /25 gy R

reg Bxr; BN A Ok S |
MRFEBAEFEDRA R EAE, MR ATELR 147,

MNFBWRE KB AURR 2, HBEH - HEHMRERRER, TL%E L
GERGEMBAEERERSTURERENTREREFENRAME. Hm.

wire [1;5] Brq, Rbu;
integer Arb;

Arb = Brq + Rbu;

REREX B Arb (U BR 6 (i, HA— 1 6 U MBEBRES T, Ard BAEBMTR
HEALAE .
time Hl real IFAFHFFREX U FBARES.

1.4.2 ¥

Verilog HDL 4 3 AR ER. BH THAFEFSER, Kb, LHAFHHY
KEBRFBRARES. |

THUTHMEXARRTERHER.

a) A ELEY 1 3t

b) ¥k
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HEFUMEN THHAEDLR, ERBRBREFSH. KoM 32 4 —#H4M5
EAREFEATE. AEEBRAEANBAYBRENTHSE AT, mREHEE
SE TR R B (05T, MR A o R T S M BT, B R 32 . WRU TR
A~

30 RZAENEHR
-2 —HEHAEBEIN RZAETSH
2'p10 fligH 2

6d-4  6{UEFESHH 6 (LRER _HWNBEATH -0
d-10 R UNAHSWOR 2 KRR ZHMIBELTH - 10

1.4.3 8

SURMBHR, T ARVEESTEOM T, B A TS Bt 8 % BB RAR .

parameter RED= -1, GREEN=2;
parameter READY = 2'b01, BUSY = 2'bl1, EXIT =2'b10;

RED MIGREEN RBP4 32 A5 ¥#t. READY.BUSY MEXIT &34 E
H2RBH.

1.5 [AEfRFraRBE AR

WP E 3 FEAMNERES.

a) EZ

b) filh & 28 Gh b 52 a9 7 5 o)

o) BE7FRE (L T RURBY TR T4
Verilog HDL (725 B BE A A2 R BB 2 R, 0T A R B BB R BN, &40,
SEMEXVYTROG REAPHER, TFESTRVNERELBREN F TXH
Bk E R LT RS R (kB RFR). FTEHEHITEFFERL
R AE i .

#E Verilog HDL ¥ M EefTd B, ¥R TR - HEFACHE, BAmEt
W RS, HE. XM THEARBEKES T . T 0 a2 B EE R, Hii
B B R B WA T . '

wire Acr, Bar, Fra; // wire & — P 28 A 7Y



W1 B & m i 9 -

reg Trq, Sqp; /[ reg B— A 1 3 KA

always (@ (Bar or Acr or Fra)
bagin®

Trq = Bar & Acry

Sgp=Trq | Fra;
and

BB, E—REANER Trg #TRE RER - K EANEREXZSIFATRTE.
Verilog HDL B X RAEB T RHETH T &—EHBRRENE. BE, BLEH
Trg MERFERHGEHTH R AN EEREZERIPEIAT. FERKERSE
Beinp 1-8 Fis .

yBar  f,

>A¢r____ B 7 Sqp
AND2

OR2

Trq

\Fm

K 1-8 Il Trq RES

HWET 1m0, e, 28] Trq ERERNRBSIAT.

wire Acr, Bar, Fra;
reg Trq, 5qp;

always (@ (Bar or Acr or Fra)
begin

Sqp = Trq | Fra;

Trg = Bar & Acr,
and

# always & 0] i) Verilog HDL & 3 7B B4 #4 - RENRSEHEPHIHH Bar,Acr
Ml Fra MR8 4, RE AT always 4. HY Tro GRHBEZWRESI BT .AEH
PAT always BAH LB D Tro REREHFHME, FUSHES RTEE. F, ZFR
RUBHBMAIE Tro W RAFR . HY Tro REFMEHOEH FREMHE, i, 5
AREVTRTE BT UFR, TATEERME 1-9 FrRmmis, & Trg BB

@ begin...end JEMRFFH B I b o B AT ) R WA BAAT Y
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ZGEMME. 8RN Verilog HDL #8544 tH 9 M & N BE— B, Trg L2 HHA
always HAIM B A RS . F 5 TR HAEEFHNTTLE.

>L. A
Z S
3 Acr B qp
AND2 |
OR2
Trgq
Fra -

M 19 Rk Trg RGERMFE
WERUTEERESRAFHRORH .

wire Sat, Ant;
reg Fox, Sout;

always (@ (Sat or Ant)
begin
if (! Sat)
Fox = Ant;

Sout = | Fox;
and

AR For EFxMFENE else 7 X P RBERME. X4 Sar HEN , FEFTR For 8
B HEEeHETREFS. SA4HEBmE 1-10 R,

~ Anl . D Q Fox
Sot l | :/z Sout
a
INRB
INRB CK QN}—
FDIS1A

110 Z & Foxr RYHES

WAl A T HMERE? XBRF AR A A EE T 2 M2 B3 REN ETX

FB. 5 2 RN 0] UL B H Al — 2 m B o S e 46 S 1 R B8 PO R B . BB
A 2% AT LR B — oLl & 28 SR B A7 4%
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%1 EANET M Verilog HDL #9358 5 fn 5 8 B 84 9B 5 . A EH M+ BM Verilog
HDL 4] 6 B 445258 1] 40 e 5, 30 % 8 B B0 24 L 3% 05 X A R 1 4 2 o £ R 5 R 6 44
., HEFREMER, ASERASENRE IR, BT E—FAKNHEEEN
SR, (R RAOR, KBB4 LE A 8 R R4 R Ak, B3 T 3 B AT 30 00 RE 4 28 4 Y

/NME .
2.1 FEMEIEN

FERE b, R R E 1B ) m FIR(E R ) o o A X B 9 o 69 38 R OR Bl i R {H
B ERANE, TREBENMRERZAREHEIANMML.

HE T

module Continuous (Statln, StatOut);

input StatlIn;
output StatQut;

assign StatOut = —~StatIn; !/ RERMA
andmodule
/AN ENE 2-1 iR

5 Statin I@F StatOut
INRB

21 AMFEREEDEIM0G S EREAE

WRHEREEHMAT — N RAHEE, K AN ERED Statln, i H 2 StatOut, EH,
MEFERAEATRETER . EARFHLSEARPELIER, Hln, U THEREIEDY
FRER 2 AN EH AR .

assigni 2 EffectiveAB = DriverA | DriverB;
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2.2 WERMEIER

EREAT, IBEREFARRAREEILARBELRFTESHABE LTS ZRE
BAERNTR, EE. dRREEFT R BERAE dways 4G, C

AP BB EE .

a) HER

b) 3k B %X

2.2.1 BEEATERE

WEUTHELSBRRERF .

module Blocking (Preset, Count);
input [0:2] Preset;
output [ 3.0] Count;
reg [3:0] Count;

always (@ (Preset)
Count = Preset + 1;

/B R A
endsodule

/1 GEE W e R RN 2-2 TR

Al
A2 Count]

\BI

AND3 o2 pate

Preset)

z
.

Preset| >

Count3

jA2
Al A3 Count2
1 Eane
Easns
B [
OAI21

Count0

i

22 R RRES DN AR

O BRI L R e B AR ERAMGLED R TS S,
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WHE I BREERDH#R T — MR, L Presee MBE 1 MW A MESERES TR

Count

2.2.2 FREXIERE

HE LT I EL S RRE R

module NonBlocking (Regh, Mask, RegB) ;
input [3.0] RegA, Mask;
output [3.0] RegB;
reg [3.0] RegB;

always (@ (Regh or Mask)
RegB <= Regl & Mask;

// e R R
endsodules

[ EE B P RME 2-3 iR

BEEDHHEMEFHEERASE
BARBEEDEFERGASEEBSR
BRI [, E 2 £ B LS Xt R (E
HRMEA.
R, XM H G E /A TR

3 RegA3 .

3 Mask3 B

: ReEAZ

3 Mask2

RegAl

3 Mask(

R

3 Mask]

: epAl A

£

AND2

>

RegB2

AND2

>
=
%

AND2

RegB1
z &

=

AND2

23 AmEHEATBRREGBMASTHEERE

PR AL, WX E BT R A ERE . FRENHSEEENE.
7E 2. 18 45 o ofy 2 0ok B 2 S A0 A B 2B S PR R 2 (W] A S 35 AR i — B B 354

2.2,3 WEXS®R

HRBENMRESUESRER MR BN H, LR TREEFETE Verilog
HDL AP ey E TR, S, LT REHEILBREEL TFHMHEHZT,
B 40T B BRI R Rk B A B & 28

module Target (Clk, RegA, RegB, Mask);

input Clk;
input [3,0] Regd, Mask;
output [3:0] RegB;
rag [3103 RegB;
always (@ (posedge Clk)
RegB <= Regh & Mask;
endmodule
/) EAe MR ME 2-4 BT
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RegB3
D Q <2f
y-RegA3 a
~, Mask3 B Z bCK  QN}—
AND2 FDIS3AX
RegB2
D Q L
RegA2 "
z
,Maskl B CK QN—
Clk AND2 FDIS3AX
Ri
: - D Q cgh)
RegA0
JRepa |
« Mask0 g < bCK ON|—
AND2 FDIS3AX
D Q RegBl
RegAl A J ,
5 Mask] B Z \CK QNF—
AND2 . FDIS3AX
24 RENSEEER
2.2.4 W{ERH

FHEAMEMAELBREPHEEHNEMBRMYES, LEEREHMEGAE
i&sﬂ%ﬁﬁ%ﬁ’ﬁﬁﬂf%lﬁ. XA ESFHEITSHESSE4HARMBDRBR -,
#5 RegB <= RegA & Mask;,

/) REREH 45 WA M
RegB = #2 Regh & Mask:

/) REINEER #2 ¥ B R
EREMHTEANSE S S FHEXMIEMEX BB H, EEED —FEH.
HEA—TRENKFEREAEEIRE, LEAFEEARE, XEkKE, HRENS
— BT B R (R B ) W, JJ5 3 2% 4R (B AR R A 0k 462 (o 3 0 1 =X
To ﬂﬁ_ﬁ‘ﬁ:

Count = Preset + 1;
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Count <= Mask; [/ R Y, B3 9 W0 T U Count Y W {8 2 BE 46 = {8

2.3 Z 8B B ¥

PENMREERNREFFHOERER]. UTSMBRARA T LR (H .

sodule FullAdder (A, B, CarryIn, Sum, CarryCut);
input R, B, CarrylIn;-
output Sum, CarryQut;

assign Sum= (A " B) " Carryln;
assign CarryOut= (A &B) | (B & Carryln) |
(A & CarryIn);
endmodule
/1 GE L MR & A 2-5 B

+, Carryln

AND2
25 ZH/AFBRIRELER

24 ERAEH

# Verilog HDL 7, # /7 S K BB B B A 02 S 380, B O AU B R B 1L — 8 B R0
EANWARSH MEHBORGROMENBREARY. B, E54REFERRE
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ARFEFHTARLL MERIARSEARTRTZEHEA.
P25 36 U B R R A ER S8

2.4.1 EHSER

THMERFSHERTHERESRN.

module UnsignedAdder (Arb, Bet, Lot);
input [ 2,0] Arb, Bet;
output [ 2;0] Lot;

assign Lot = Arb + Bet;

endmodule
/ EEHMEME 2-6 Bix

1
/Bﬁﬂ —* _QZ

1
ND2 0Al21 ]:2
Lot2
JArbl i
INRBH B
OAI21
:MIE?
INRBH Lot
yBe, 0AI22
B

ND2 1»—%
yArb0 INRBH
J,AI Lot0
A_z A
INRBH

0Al21

B 2-6 3 firimk %

MWRBIRRT 3 kR AfTERE, CHRBEEASH, BN ENBERNERN. Ei)
B i ) R B R A A .



$B2W M Verilog S5 F ] ¢ 17

2.4.2 HHSHR

THFENREANSH X EE S AR ELHE.

module Signedhdder (Arb, Bet, Lot);
input [1,0] Arb, Bet;
output [2:0] Lot;
reg [2.:0] Lot;
always (@ (Arb or Bet)
begin, LABEL A
/1 A O ER A B AR bR AR S
integer ArbInt, BetInt;
ArbInt = - Arb; /I REARNATREGEFSERARE+"EXN

BetInt = Bet;
Lot = ArbInt + BetlInt,
end
endmodule

/AU MERME 2-7 iR

P, A0 ]A]
A2 Lot0
OAI21
AT
A2 Lot]
EEEE—
Bet0 ' A A B
B B QAI21
INRBH ND2 ND2
vy
A2 Lo
B 3
1 B2
ﬁj OAl22
> _
XNOR2 INRBH

B 27 BRSmkR

BE: ANSERNENMERERS XN SER BN MEEEHAR. BN EHERE
AZHRABEARERRS.
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2.4.3 g

M HTRE BN ERILERNC R AT ZRRPUERROBNE —
B, 5H—MAIfTE TR kS R ERwE E NN EERERMEN S, #E
X P o O B ) o

wire [3,0] CdoBus, Sun;

wire [4.0] Onelp;

wire Bore;

assign Onellp = CdoBus + 1;
agsign (Bore, Sum) = CdoBus - 2;

ER—AREBREBTZHLERY 5, Hh OneUp[4]BH AL, WHR OneUp B
7 3 R,

wire [3.0] Onelp;

W& ERHEMNA. BZANRFERMEIBERF,Bore LR M EH 9B IAL.

25 XAHENH

BBSANXREMA. > . <. <= 0=, XREFNEESEREAHAM. ¥F
XREF GEOFERFANGR IRETHRBHRERLFESERE RS, I
REBHERFTHRLYRKEMILXYNER WS AHERSLRZERT. DRHEBRNE
BAUTR MGSHARSXRAEN. UTXREFRAFEANEEREBRELHF 2K,

module GreaterThan (A, B, Z);

input [3.0] &, B;
output Z;

essign Z = Af1.0] » 3[3.2];
[/ BERE A B AL LR R A
endmodule

/7 B R R P 2-8 BT R
HEUTHEAANSXRARORY. RAT XREFNCERERRT#,

module LessThanEquals (ArghA, ArgB, ResultZ),



$2® M Verilog HHHERT

nlgo

A
LI%_,- I O
INRBH | AND2

2-8 EMSXENRF>”

input [2,07] ArgA, ArgB;

output ResultZ;

reg ResultZ;

integer ArgAlnt, ArgBlnt,

always (@ (Argh or ArgB)

begin
ArghInt
ArgBInt

—Argh;
—ArgB;

/[ RERENATRAN S RRTHR
ResultZ = ArghAInt <= ArgBlInt;

and
andmodule

/] EAHMRERNE 2-9 iR

INRBH

n
E INRBH

Al

B

]AI

AOI22

0AIZ]

3 ArgAl | ;
INRBH

A

B Z

NR2

29 ARNSXREF <=7

ResultZ
—— =
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2.6 MEFHEAF

BESANMHESHERE.: == =. 2% (case equality ) W === M 2%
(case inequality) WA ! == FEEH TL4 4.

RITEN L BRERA A SHBEEREASHBM S  HEERAFHRE T AL
FERER, TOHRHEATHARSR. 8. HAP HSEATHNEZABEEERMN,
B o % R Rom MR A5
sodule RotEquals (A, B, Z);

input [0.3] A, B;
output Z;
reg Z;

)

XOR2

;AB ;
B3 E}j always @ (A or B)
XOR? f begin, DF_LABEL
A2 OR integer IntA, IntB;
§B2 ]E Z)
XOR2 IntA = A,
=38
F | =
XOR2 Z IntA | = IntB;
end
A 2-10 AHESXRRN“= P

/] BEhMFRNE 2-10 R

2.7 B 0L ¥ &

Verilog HDL ZA REXIRFEBC <MHERC > MHAN. BLUBHOEMT
HOMFLANKEEBRREABUAOMECERTLUREE BT LIRER, 75X 5 i
AT, ~EMNBEESER. IRUBEEYR MAREFELBRTT. DRUBRE
R, MeFehERABAE. BRELUTHA.

module ConstantShift (DataMux, Address);

input [0.3] DataMux;
output [0:5] Address;
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agzign Address = (~DataMux) << 2;
enduodule
/AR PR MAE 2-11 B

DataMux2 > Address2
INRB
DataMux3 @c Address3
rd
INRB
Address|
> DataMux] A
INRB
\ DataMux0 EE;:,}_1 Address0 _
INRB
Addresss
Addressd

Z
z
VSS
VLO 1

VsS
VLO

Az fuRREE

module VariableShift (MemDataReqg, Amount, InstrReg);
input [0.2] MemDataReq;
input [0:1] Amount;
output [0.2] InstrReg;

assign InstrReg = .HenDataReg >> Amount;
endnodule
/ FEHAREDE 2-12 iR

MR Verilog HDL #L0, ConstantShift SR FT B iE R 8, \ DataMux 8 H R
HEAHEEF MEEBET Address WEB FET. R Address #l DataMux #)1{i
AR, M E B EFEEFE.
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Amount0

A
B Z
M
MemDataReg0 ND3
]AI
A2
MemDataReg2 ﬂ 2 InstrReg2
B
Amount] Bi 0AI21
Al
MemDataReg| A2 A InstrRegl _
B
Bl NR2
B2 AOI22
A InstrRe
INRBH B Z 20
NR3

Mzl {IBRRTR

2.8 I B 8 B

THERARIKXPALGEHMBERE, AR4MIS BB MIEMHESRE
RERCH 4 MIZEVHK. BRSGRERSG (WBEAUFHRE) BIRM% RFile,

module VectorOperations (A, B, C, RFile);

input [3.:0] &, B, C;
output [3.0] RFile;

assign RFile = (A&B) | C;
endnodule
[/ EEHAMEDAE 2-13 Fis

HEE - Irf KPP E2RAEFHEAREME. N, RBHEMIERT —
RYER],

sodule VectorOperands (Bi, Stdy, Tap);
input [0.3] Bi, Stdy;

e ——— e < e . "t &y -
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A3 A
! A
B3 B Z RFile3,
AND2 B -
pRs
rd A2 A i
B2 Z jlt RFile2
AND2
OR2
5 C2
5-A0 A
z jlt. RFile0
r o
A OR2
co
5 B! g Z ~ RFilel
AND2 B oR2
L |
i
B213 mBER
Bi0
output [0.3] Tap, Stdy0 Tap0
XOR2

agsign Tap = Bi " Stdy;

endmodule Bil jg> _ Tap!
// FEBHREBME 2-14 iR @Q o
BAERB—TERBBR AN FUESH 44 Bi3
B, gsmﬁ: j:jD__ﬂ_
XOR2

PA b S Ry SR W {E s B AP, P R MBI ) 5 4

GHMERAB AT - —MNER, XN Q:)?ﬁ 5 E). N
o R R (A T84 S M 3 T 3 e B =OR0
P 2-14 —@iEM]

2.9 ¥ & W

BAPREHTUEABSER. #FFH.

module PartSelect (A&, C, ZCat);
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. iﬂPUt [B-U:I A, C;
output [3,0] ZCat;

assign ZCat [2.0] = {A[2], C[3.2]};

endmodule
[/ EA R &P 2-15 fiaw

Hep ZCar[2 : 01# C[3 : 2] EFF L. Verilog HDL R IR BRI 4 £,

A2 % o 4@& 7Cat2
INRB INRB
c > @v ZCatl
INRB INRB
L C2 @n { A} ZCat0
INRB INRB

B 2-15 BarEBaH

2.10 fr % M

SR LRAE R iR S B T,
2.10,1 ERTH

THlh A ERCF bR TR

sodule ConstantIndex (A, C, Reg_File, ZCat);
input [3;0] A, C;
input [3,0] Reg_File;
output [3.0] ZCat;

assign ZCat[3:1] = {A[2], € [3.2]};
agsign ZCat[0] = Reg File[3];
endmodule
/7 E R P WA 2-16 Frn

o A[2].ZCal 0]#0 Reg_file[3]RR MM . HEFMF("ATERERNEA.
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VA2 } @c ZCatd
rd
INRB INRB
,C3 % I@c ZCa2
e
INRB INRB

Reg_File3 9‘: ZCat
INRB I
-
INRB INRB

M 2-16 K% BT 5 09 6 2 M

g

2.10.2 RZEXFHEEZRTH

AT R R AR AT LCRAES R TR,

module NonComputeRight (Data, Index, Dout);
imput [0.3] Data;
input [1.2] Index;
output Dout;

assign Dout = Data [ Index];

endmodule
[/ S HAREDNE 2-17 iR
yDatal - ﬁ

:|MEﬂ |,?; Bl
r B2 AQI22
| Y INRBH ' JAl
>Dm A2 :}_ Dout
7 -
B
Al B2 0AI22

/2 Rata) A2
Index] Bl
: - REBH B2 AOI22

+ Data2

B 2-17 R AR R T R 00 G0 BU™ A: % B ik 1 38
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FEAF S IGRE HERRI R, R T £ B EFES.,

2.10.3 REXNKPPEZTRTHE

WER LT AER RO BUR G e BN A T WA O 4 o RO I R AT O
La TR .

module NonComputeLeft (Mem, Store, Addr);
output [ 7.0 |Mem;
input Store;
iutput [1;3 |Addr;

‘; Mem3
Addr] I%: s
rd
INRBH NR3
yStore A )
zZ Mem]
Addr3 INRBH ND2 NR3
“Addr2 %RBH NR3 NR3
Memd
[ A , - B Mem0__
{B _;'B }c
ND2 NR3 NR3
Mem$5
}B Memé
C
NR3
A
B Mem?7
NR3

B 2-18 A% BT BRI 6 B A R 60 R 5G 28
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assign Mem | Addr | = Store;
andmodule
/! Fa MR RMAE 2-18 iR

2.11 FMFEX

FARAXMB AR EAT R AR PR,
<HEME>? <RFR1> ¢ <ERBK2>
MBRMRI MERE - RERX, FUEBL - EER

module ConditionalExpression (Start¥M, ShiftVal,
Reset, StopiM);
input Start¥M,ShiftVal, Reset;
output StopXM;
assign StopXM = (! Reset) ? StartXM " ShiftVal :
Start¥M | ShiftVal;
endmodule

// GEHMMEENE 2-19 FiR

. WETH:

OR2

' StopXM
—_.A
Z
>Reset ,? __@c B
INRB INRB )

AND2

el

A “\
| XOR2 7
I B /
L] AND2
3 ShiftVal -: Z :
OR2

H2-19 sEFREALRNTH

2.12 always iE 4

always A THREA BT ANRE. FH D aways BARNSEIBREE.

module EvenParity (A, B, C, D, Z);
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inp].t a. Bg. C- D;
output Z;
reg Z, Templ, TempZ;

always (@ (Aor Bor Cor D)
begin
Templ = A * B;
Temp2 = C * D
Z=Templ " Temp2,
fEE.XBEHFRAREREGNR. XEFEMAENR
HOATHREBFERTERAMNMFETA.
end
endmcdule
/1 G E R % P 2-20 BRR

XOR2

M 2-20 HEEEIRR

always A TERBRNERBLMALAEEHXZ(BERS @ ZEHESHERER
M T; BUEGHMAMEATRS BRI AR -3, UTHMERFARENTX
_.ﬁu

module AndBehavior (Z, A, B);

iw A, B;

output Z;

reg 2

H] ! n ,
always (@ (B) >§_J z
Z=RA&B; ' AND2

endsadule : B 221 ARSmFER
[/ GFad A 2-21 BiR

B always i a) B9 RO . Tib Bt HE B o & 4 4, R IUTRE 15 6 Z K784 5
MIH. T ARZEEMEN BALX ZHETEER, B, & EEAXMERES S
FIR R CNE 2-21 B BR—A 511, XABEMAR A RE B R4 2k, Z WEBSHZ
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EHHERHRTHEA . SZRREER X LR H — 1B, L EHRPE
TR,

S B b B e ] R, AT O BREE RE + always 1B ) 3B 44 3 b N A HE BT A BT EEBUAG AE
B, FidXMaE (O A G EmERAR, N FEERENTES ARG
B Ja ORI A 4

T BB 7 always PR B B AR 38 B F 47 0G4 @ﬁﬁjﬁﬁﬁﬁﬁiﬂ?ﬁffﬁﬁ$ﬂ
B BEfF LR .

module VariahlesAreTemporaries (A, B, C, D, Z);
input A, B, C, D;
output Z;
reg Z;

always (@ (RorBor CorD)
begin; VAR LABEL
integer T1, T2,

Ti=A&B;
T2=C&D;
T1=T1|T2;
Z=~Tl;
and
endmodule

[ EE N RNE 2-22 Fin

3B g £ D TI @b Z
AND2 INRB

OR2

AND2

H222 -1 ERERFREZRES

EHEGEHMMESD,TAND2 S HRERER T1, BT OR? 8 LB &
T1, WHh I RAUTHENE K REARE RS RAMN—RES,
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2.13 if iF 4

if BORAZRGEHOEE. HHTH:

module SelectOneOf (A, B, Z);
input [1.0] A, B;

output [1.0] Z;

reg [1.0]Z;

always @ (A or B)
if (A > B)
Z=A;
alse
Z2=8B;
endmodule
/1 A A 3% dm P 2-23 PR

VAL Al
AD },u ] A Z0

&

B 1 ND2
| L-INrBH
Al
R e
INRBH B J_}_

|
+, B0 r 0AI21

B 2-23 Wil ina S a S8

module SimpleALU (Ctrl, A, B, 2);
input Ctrl;
input [0:1] A, B;
output (0.1] Z;
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reg [0:1] Z;

always (@ (Ctrl or A or B)
if (Ctrl)
Z=A&B;
ealse
Z=A| B;
endmodule
/ EaHeMENME 2-24 BiR

v
:Al
+Bl j; ; Al
d kz
NR2 ) 71
A 7 B
B OAI21
ND2
YA ry Al
A2
NR2 B ‘.
A QAI21
z
B
ND2

224 ERMRGEER

2.13.1 MNifFRESHYFE

WE B LT ERPE always i54],

module Increment (Phy, Ones, Z);

input Phy;
input [0;1] Ones;
output [0,2] Z;
reg [0.2] 2;
always (& (Phy or Ones)

if (Phy)

Z=0nes+1;
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endnodule
// EEHMMENE 2-25 iR

Z0
N D Q—
Ones0 }‘“
A2
FA
g; —CK QN
_ —{E 2/‘-0—~AINRBH OAl22 FDISIA
Ones! INRBH
Z1
D Q—%
Ph
oy CK QN—
FDIS1A

225 TRESRUER

I always BRI MIE X EH: B Phy R Ones (W R EHHEFHTR) FEE L4,
RRetAT i la . MR Pry R 1, AR Z B8 Ones tn 1 $948; R Pry R 0.0 Z{
FPHR(E, X RGEN M AR B .

HEFHBFRA AN E, MRARKE always iBH BT A 7 BEA AT o B B R
B AR RBE i IEANAA X P RERE  REF USRS,

LT RAEERKAE i BONFES X HEREN S —MF.

module Compute (Marks, Grade);
input [1,47 Marks;
output [0:1] Grade;
reg [(0:1] Grade;

parameter FAIL =1, PASS = 2, EXCELLENT = 3,

always (@ (Marks)
if (Marks < 5)
Grade = FAIL;
else if ((Marks >= 5) & (Marks < 10))
Grade = PASS;
endwodule
[/ KRR mAE 2-26 fiR
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Gradel
D Q—=
Marksd ”‘"E
— Al A —CK QN—
Marks3 > A2 . B Z C
z .
Merka B AND2 FDISID
0AI21
Grade
D
B INRBH
Marks] CK QN
j— CcD
FDISID

2-26 HEEINUER

M, IR Marks {ER 12,84 Grade [HNZREZVR? NiFER—LXME,BMNE
NAEEE, AR Grade NRFHIFE, XEHN Marks (H5 12 BT & Grade KX AT

WRE. HIE Grade S RUBFRUESFERTROHEELRE B

mEHFR, EFHYEFRN N SEEEREEEIRGREX BREZSHNM
RPERU DX ZAFERBHOEERF IRNCERESHMMEPHHFEA

Verilog HDL R BiFEEA H A .

MRERRE BEARFH KRS T FHERME, T ERAGATE#S G HF
MM ALAE A BEGNRAES IR ARV G EE. M EARESY, LHRAR

AAX PR ERRE, BB TEF.

sodule ComputeNolatch (Marks, Grade);
input [1.4] Marks;
output [0,1] Grade;
reg [0.1] Grade;
paraseter FAIL=1, PASS = 2, EXCELLENT = 3; :

always @ (Marks)
if (Marks < 5)
Grade = FAIL;
alse if ((Marks >= 5) && (Marks < 10))
Grade = PASS;
else



v 34 » Verilog® HDL &4 £ H & B

Grade = EXCELLENT;
endmodule
/O EE U R EIAE 2-27 B

Marks| —A
- F}c B 2 Grade0
p———
INRBH ND2 |
Marks3
) Al
. A2
]|
P A Gradel
B - y 2
OA2I | i
"
}—_.
B [t
OAI21

Bl 2-27 % Grade FRBIHGH

WO IR Grade HERBFFEH X RE R il BAFA S TPEXN ETRHET TRE.

2.14 case & H)

case IERIKE RN T

case ( < case F{ikH >)
< Cﬂsﬁﬁ'imﬁl >, £ cueﬁ}imu >, o, <iBHA >
< case 3T BL >, < caseFHEMB2 >, - , <iEHB >
defanlt : <iBHD >

endcase

EEPTH XM G I RSN EHLRENBE K., HEXTHTULER, BT ETE,
WRLUT case iFa] A .

module ALU (Op, A, B, 2);
input [1,2] Op;
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input [0:1] A, B;
output [0.1] Z;
reg [0:1] 2;

parameter ADD ='b00, SUB='b01, MUL = 'bl0,
DIV ="bll;

always (@ (Op er A or B)
case (Op)
RDD ; Z=A+B;
SUB ; Z=A-B;

Z0
-

MUL ; Z=Ax B;
DIV : 2=A/B; // RES S TRAVESAERFRESA/BER
andcase
endmodule
/I FEHMREME 2-28 R
M1
AQ 70|
AQ | Al 71
2 B0
5 0 i
5_51 MULTP
s1
AD Z0
Al Z1
BO
B SUBTR
Al
A2
L @c i g;
Al Al
AQ Z0 AZ
Al Z1
BO [_ Bl
P ADDER = AOI22
DI
AD 70 Al
Al Zl A2
BO
Bl Bl
DIVDR B2 AOI22
1, Opl @c
INRBH

B 2-28 24rph ALU
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case W] AT Ry N [al— MR H i FA), h KR iR, Mt case IBA B — 14X W (ADD)
BN ERERO)BE, MEAS B, HMmHEE 4o XM (SUB) &I, ik
e 5 E XA case IBRIFMH if BRI T A

if (Op == ADD)
Z=A+B;

else if (Op==SUB)
Z=A-B;

else if (Op==MUL)
Z=A«xB;

ealpe if (Op==DIV)
Z=A/B;

AF 25— case it a]m 8] .

sodule CaseExanple (DayOfWeek, SleepTime);
input [1,3] DayOfWeek;
output [1,4] SleepTime;
reg [1:4] SleepTime;
paraseter MON=0, TUE=1, WED= 2, THU =3, FRI =4,
SAT=5, SUN=6;
always (@ (DayOfWeek)
case (DayOfWeek)
MON,

THU . SleepTime = 6;
FRI, SleepTime = 8;
SAT, SleepTime = 9;
SUN, SleepTime = 7;
default,  SleepTime=10; e 21
// default 4} % ¥ # T DayOfWeek B {E 7 #11# 1%
endcase
endsodule
[/ EA R R 2-29 FR

W HEF— case ifH) R M .

module SelectAndAssign (CurrentState, RFlag),
input [0.1] CurrentState;
output [0,1] FFlag;
reg [0:1] RFlag;
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]Al
A =
z

Day of Weekl B Z B
? ﬁmr{sc n OR2 - OAI21

Day of Week3

Day of Week2 SleepTimed
& ——————— -

SleepTime3

NRBH SleepTimel

2

Bl 2-29 case #1549

paraseter RESET = 2'b01, APPLY = 2'bl1, WAITS = 2'b10,
DONTCARE = 2'b00;

always (@ (CurrentState)

case (CurrentState)
RESET. RFlag = WAITS;
APPLY, RFlag = RESET;
WAITS; RFlag = APPLY;
default; RFlag = DONTCARE;

andcasa

endmodule

/] SE W RRNE 2-30 fiR

RFI
CurrentState| } =
7 A . B [

 CurrentStaied B Z \

INRBH ND2
RFlagl

B 2-30 case 1B H) 4 K28
2.14.1 casez iEF]
casez i) case FXMBARPHAH 2 HLWMWH L XME. FR“" il L H

RRBFH : BRHRNE L. BRI case FisX A 2 HA x (4, WAk, A
FUFEE case FXIMBEXFHEH x 6., WBUUT casez B TH
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module CasezExample (ProgramCounter, DoCommand) ;
input [ 0.3] ProgramCounter;
output [0;1] DoCommand;
reg [ 0:1] DoCommand;

always (@ (ProgramCounter)

casez (ProgramCounter)
4'b7771 ; DoCommand = 0;
4'b7710 ; DoCommand = 1;
4'b7 100 , DoCommand = 2;
4'b1000 , DoCommand = 3;
default ; DoCommand = 0;

endcase

endmodule

// GEHAMRMA 2-31 B

Al
A2
ProgramCounter3 B 49 DoCommand0
I .
« ProgramCounter] i; i /
INRBH c
AOQIZ211
ProgramCounter2
&
ié iﬁ DoCommandl
B
B
ProgramCounter0 [@" NR2
INRBH ADIZ1

B 2-31 casez iFHFH

casez iIF A %W T UAT X % if iBA](HEE case X AP W FERHFRRLLE).

if (ProgramCounter [3])
DoCommand = 0;

else if (ProgramCounter [2:3] ==2'D10)
DoCommand = 1;

else if (ProgramCounter [1;3] == 3'b100)
DoCommand = 2;

else if (ProgranCounter [0.:3] == 4'51000)
DoCommand = 3;

alse
DoCommand = 0;
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2.14.2 casex iEf]

casex HHA] P ,case FHIMB AP < B 2 HEFTLUA“7REBR 2LBB AN E
X, MRITHE S, XEERFBEEN case BEARM—84r. T H P casex EHIEL
- & JLE o) W

module PriorityEncoder (Select, BitPosition);
input [5,1] Select;
output [2.0] BitPosition;
reg [2,0] BitPosition;

always (@ (Select)
casex (Select)
5'moocx]l ; BitPosition=1;
5'mootlx ; BitPosition= 2;
5ooclxx ; BitPosition = 3;
S5'bxlicx ; BitPosition = 4;
5'blxorx | BitPosition=5;
default ; BitPosition=0;
endcase
endmodule
/AWM BMAE 2-32 FiR

. }Al
f b A E Az ﬁ. iti
Setoctd B Z j BitPosition0

E INRBH NR2 e 2
OAI21
SelectS ]Al
%
A2 BitPosition2
i B Ly B } INRBH
3 z
— B
Select3 NR2 C
Selectl
FT—%__ 0AI211
INRBH
A 7 BitPosition|
B bl
NR2

M 2-32 {1/ casex IEHNK AR EBN
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I casex IFAJEHYIE LW &M A if B EARWT .

if (Select [1])
BitPosition=1;
else if (Select [2])
BitPosition= 2;
else if (Select [3])
BitPosition= 3;
else if (Select [4])
BitPosition= 4,
else if (Select [5])
BitPosition= 5;

elses
BitPosition=0;

2.14.3 Mcase EQRSHBESR

BB if FATHE, case BAPHRMENEROLTHRBSRAFE. NETREL
always &4 i 5 T B i BT 2ot 78 o 4 B0 O 1 C 1t 78 L ZE case 30 9 30 6 43 3 oo g It
) . BLRLEBTRESRYTE. WETH .

module Statellpdate (CurrentState, Zip);
input [0;:1] CurrentState;
output [0,1] Zip;
reg [0,1] Zip;

parsmater S0=0, S51=1, 52=2, §53=3,

always (@ (CurrentState)
case {CurrentState)
50,
S3; Zip=0,
51; Zip=3;
endcase
endmodule
[/ EEHMMREMBE 2-33 Fix

WK X BAMES CurrentState % % 7] B A B {E 3 25 B Zip Ll s, B, % T M
FHABERMELRE L% Zip Ko R FE, GEHMMNEPTERZYE
H, RYUTFRBEIMNE , case BHWITNERATF if i54), MRESGESHSFER, N
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Zipl
D QF—
Al
‘0=
Z e -
>Currerg;3w.tcl y > B — KCgN
> B OAl2] FDISID
CurrentStateQ ND2
O
'b‘l
Zi
b p0
A
B Z CK QNI—
NR2 LD
TNRBH 'FDISID

P 2-33  case iIFRIAME MM PR YUTH

BEMRUTXBMABIRFE, 7 case BT 2ZATM EX Zip REEIER ., X Zip 098 1 &
{8 E 7 CurrentState B & FhBUE S T SR BB 85 8 € X, M ifi 7£ always i& &) BT A o fE
BT B PRELE N,

always @ (CurrentState)
begin
Zip=0;  // WM IEES

case (CurrentState)

andcase
end

YT TR XT casez iF A HI casex IBAIHTELEH.

2.14.4 case LT

MBIE & P Al MR AR TE case FAXFFA TR BEWNRE TR ERRE, W
HAERRSBULETRYFR. A, BT EAE case RIERF LM case 4 LHH K51
A ARIE. HETH .

module NextStatelogic (NextToggle, Toggle);
input [1.:0] Toggle;
output [1.0] NextToggle;
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reg [1.0] NextToggle;

always (@ (Toggle)
case (Toggle)
2'b01 ., NextToggle= 2'bl0;
2'b10 ; NextToggle = 2'b01;
endcase
endmodule
// EaHMRRNE 2-34 fiR

NextTogglel
CK QNf—
Toggle! [[ep
Joggle
A ' FDISID
L4
INRBH g Z ‘
Toggle0 i bl
D Q
NextToggled
o
NR2 CD
]
FD1S1D

P 2-34 NextToggle ¥ ¥ 5 @ 77 22

BT E RH Toggle A FE 2'b01 A 2'b10 Z A H M, AV EULSE S TR BMEX
—R. MAAMGETREBMIZGEL  MEI NextToogle 'S 7728 (E 2-34 9P
™~ FDISID $.50) , 7 case RIAA(E H 2'b00 1 2'b11 BRI E M. XTI HES
84 full_case it TRME. SAHESRBHH R b RRGE LSS T AEER NG R
REARNAE. 75 case iFMMXMBA P L SHES full_case B2 H Verilog HDL ¥ B¢
X EEAESHRSHMLUERER HE, FUEN TR ERE LR 2 R,

A TAE case iIfHPABXBEMNELCHESMREINN : case Bk P 1 R I
HERTTEOMEFTFIHRT , AFERLMATRMRE, XEERERE case E4)
ﬁ‘]ﬁ?ﬁ'ﬁﬁ'ﬁﬂﬁﬁfﬁ?ﬂiﬁﬁi%?ﬁ%ﬂﬁi#ﬂ, EL'F NextStateLogic # 1 #) case
BARATERNESES.

module NextStatelogicFullCase (NextToggle, Toggle);
input [1,0] Toggle;
output [1,0] NextToggle;
reg [1.:0] NextToggle;
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always (@ (Toggle)
case (Toggle) // synthesis full case
2'b01 ; NextTeggle = 2'b10;
2'b10 ; NextToggle = 2'b01;
endcase
endsodule
/! BAHBMENE 2-35 iR

yTogglel > Next Toggle
p2- B
NR2
Togglel INRBH

A 7 Next Togglel
B :

AND2

B 2-35 A full_case 84 . A4 8i7EH

MEGHBOMBIH A AT full_case ZEE5WMES AL NextToggle S MBI HELR .

A—FREELPAF LR T ER 7 case BAPHRHERIAND T, B EE
case ] ZRT X} case BRI FAIT A ER (WA P BB R NexrToggle) #FTH AR,
T H R RIA S kBT SRR

always (@ (Toggle)
case (Toggle)
2'b01 ; NextToggle = 2'b10;
2'b10 ; NextToggle = 2'b01;
default ; NextToggle =2001; // {EE{H
andcase

FHUH always BAT M NextToggle 47 T BRINGRME , HIL WA BB RS RYES.

always (@ (Toggle)
begin
NextToggle = 2'b01; // B i\E(4

case (Toggle)
2'b01 ; NextToggle = 2'b10;
2'b10 , NextToggle = 2'b01;
endcase
end

B A full_case HATRESSBRHTRAANZAHMMEER B, FS L
55 BPHMMERTY.
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2.14.5 FHfTcase 9%

case /] M) Verilog HDL i X B T B case 4+ X WA LR WUF . case AKX Y
FEB—-TAXIHTHE, MEFHER,NES T -0 ZI# 7, FE AR
EFT—THEB KK AEHE, case BRERTREDSZTMAOMEEEMAE. I, Verilog
HDL w a] f8 7 P4 1~ 2 38 2 43 3 1 19 {8 AH [F] 5 B 2% , casex I casez 341 7 4L & tH BaX b
WE. R, BAFTHRITHRRCENT, RAHRERNENR 0 XTASBED.

AT LKA URE 4 B P= 48 B P case i8] B8 X, B A MR EM i REH (R AR
B8 K. ifee, else if---, elses), WHLLTF case iGHRH .

module Prioritylogic (NextToggle, Toggle);
input [2,0] Toggle;
output [ 2,0] NextToggle;
reg [2,0] NextToggle;

always (@ (Teggle)
casex (Toggle)
3bxx1 ; NextToggle = 3'b010;,
3'bxlx ; NextToggle = 3'b110;
3Iblxx ; NextToggle = 3'b001;
default ; NextToggle = 3'b000;
endcase
endmodule
// EE AP RME 2-36 iR

A
5 N —DM
Togglel zZ B
he—ip 7/
INRB

4
Toggle0 Y

NextToggle2

A NextToggle0
o :9*“
B

A
2 % AND2
B INRB

OR2
H2-36 (REEFPHEERSE
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i case A AIFT RN LIS MBbF AR AT i B4,

if (Toggle[0] == 'bl)
NextToggle = 3'b010;
else if (Toggle[1]=='bl)
NextToggle = 3'b110;
else if (Toggle[2] =="bl)
HextToggle = 3'b001;
else
NextToggle = 3'0000;

MREHENEFAANSZTMHEHT, GRNSWME? Hed, S48 case iE 4 1
HEBER S R EHR(EMTEN S LT HITHYE case RAXMLE) . MARE SRR
EEEFR(ZVESIBREBME— BT case iBAIHND THD) .

BEHitSEA T ASE &2 X0 5 HHER, o] LLE o #4444 parallel_case 330
Bl. case iRAIPHM T ZIES . FATHARAME case BRAK XM EMEF. BhE4
B UERER HBA Verilog HDL BB, IUX AL EHBMAMNIE X, XBE®RFER
1L case AN B HZBEA MM LR ZE, MEEARFBER, LUT case iH4 A
T parallel_case $#§4 .

module ParallelCase (NextToggle, Toggle);
input [2,0] Toggle;
output [2.0] NextToggle;
reg [2:0] NextToggle;

always (@ (Toggle)
casex (Toggle) // synthesis parallel_case
Ibxx1 ; NextToggle = 3'b010;
3bxlx ; NextToggle = 3'b110;
3blxx ; NextToggle = 3'b001;
default ; NextToggle = 3'b000;
andcase
endmocdule
[/ EFE N EmE 2-37 iR

S case IRAIF M AR MBEW T (LAIE—1 if KN

if {Toggle[0] == bl)
NextToggle = 3'b010;

if (Toggle[1] == bl)
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NextTogglel

% NextToggle2
INRB INRB
N
JToggle2 @c % extToggle0
INRB INRB

B 2-37 (@ parallel_case 3% A EEZEE

NextToggle = 3'b110;
if (Toggle[2]=="b1)
NextToggle = 3'b001;

if ((Toeggle[0] ! ='bl) &&
(Toggle[1] ! ='bl) &&
(Toggle[21 1 ='bl))
NextToggle = 3'b000;

ERZEGAHES BB RBEARME 237 RN EH IR, AMEAZESHES,
e A HmE 2-36 iR R EHRER.

¥ HEHEY parallel_case TR BEIHEBMES HOMEIBR .55
BAF S0 A SE R i R

2.14.6 ERSITH

Verilog HDL H7,case 4} XM ] LI AIE B B REAR . L TR HEIERHIE R Wl .

module PriorityEncoder (Pbus, Address);
input [0.3] Pbus;
output [0.1] Address;
reg [0,;1]] Address;

always (@ (Pbus)
case (1'bl) // synthesis full case
pbus{ 0] , Address = 2'b00;
pbus[1] , Address = 2'b01;
pbus{ 2] ; hddress = 2'b10;
pbus[3] . Address =2'bl1;
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andcase .
endmodule
// EENAREME 2-38 B R

Pbus0 B jD Address0
2 Z

P Pous? @‘: .
 Pbus! INRBH AOI211

SZ

E Address]
Pbus3 @c NR2
= RBH AOI21

B 2-38 A case ML EBRREGA

o

HWET A SHEMA full_case ZZE 14 , ENBR LI Address EFHBIFRE. HEKE case if
B ZRIX Address ##ITRIARE S HLERR I BESEFSE MM ALFERESES. U
FTX % always BRI IER MM .

always (@ (Pbus)
begin
Address = 2'b00;
case (1'bl)
Pbus[ 0] ; Address = 2'b00;
Pbus[1] , Address = 2'b01;
Pbus[2] , Address= 2'b10;
Pbus[3] , Address=2bl11;
endcase
and

2.15 HBiRBHFERES

ERAD IR BER LN { FRNE case HARSHEFHUAER. LR E. FREE
if A case IEAIMY BT A 4HSOP R BORE, R E RSB S RYFSR . HETH.
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module LatchExample (ClockA, CurrentState, NextState);
input Clockh;
input [3.0] CurrentState;
output | 3,0] NextState;
reg [3.0] NextState;

always (@ (Clockd or CurrentState)

if (Clockd)
NextState = CurrentState;
endeodule
/! AWM R ENE 2-39 R
>Curm1tStzte3 D Q NextState3
yClockA CK ONI—
FDISIA
+ CurrentState2 D Q NextState2
CK OQN—
FD1S1A
CurrentSiateQ D Q NextState(
CK OQN—
FDISIA
CurrentStatel D NextStatel
rd Q—__——_-
CK QNi—
FDIS1A

2-39 RELIIHFAFEMEHESBS HUTH

AF & NextState (N4 ClockA Jy 1 fEHEA BW{E . ClockA % 0 B}, NextState R
LRSI AE A R

ERERNTR
WRAE always i8] P J5 35 2 HA A9 25 BE7E 2 1 1B 4] GE 1B A R 3 case B4 h R Bz
2WE, MR TRYFER., DTHERTE R M.
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module LocalIntLatch (Clock, CurrentState, NextState);
input Clock;
input [3.0] CurrentState;
output [ 3:0] NextState;
reg [3:0] NextState;

always (@ (Clock or CurrentState)
begin, L1
integer Temp;
if (Clock)
Temp = CurrentState;

NextState = Temp;

and
andmoduls
[ EFa AR RINAE 2-40 FR
CurrentStatel D Q NextState3
lCluck CK ON}—
FDIS1A
:Currmtsmtez D Q NextState2
CK QN—
FDISIA
CurrentState D Q NextState()
CK OQN—
FDISIA
>Cun'entSlatel D 0 NextState ]
CK ONp—
FDIS1A
A 2-40 AR M BE i H S TE 2%
S| AR ERRM

WA T BUR BTN, QSRS BT SR S BRGNS W B B A . X
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REABAEVNEBRN Clock B9HFALTT AR Temp M{HE.

module Local IntNoLatch (Clock, CurrentState, NextState);
input Clock;
input [3.0] CurrentState;
output [3;0] NextState;
reg (3.0 NextState;

always (@ (Clock or CurrentState)

begin; L1
integer Temp;

if (Clock)
begin
Temp = CurrentState;
NextState = Temp;
end
end
andmodule
[/ G HMMERSE 2-90 HF

REAT5| AR
IIARFIE RS RMFE DD ERENRE T ANERSBRFRYFES. UTF

R IE R e .

module RegUsedBeforeDef (ClockZ, CurrentState, NextState);
input ClockZ,
input [3.0] CurrentState;
output [3,;0] NextState;
reg [3.:0] NextState;

reqg [3=0:| Temp;

always (@ (ClockZ or CurrentState or Temp)
if (ClockZ)
begin
NextState = Temp;
Temp = CurrentState;
end
endnodule
/) AR R M 2-41 R



F2B M Verilog 5 BEE[]

s 5] »

~, CurrentState3 D Q D 0 NextStated
»Clockz CK ONI— CK QNF—
FDIS1A FDIS1A
,CurremStath D Q D Q NextState2
CK QN-— CK OQNf—
FDIS1A FD1S1A
>Currmt$tale0 D Q D Q NextState
CK QN|— CK QN
FDIS1A FDI1S1A
+ CurrentStatel D Q D Q NextState |
CK OQN}-— CK OQNp—
FDIS1A FDIS1A
M 241 FEEahTRAERMREIA

MR Temp RBEW,ER XLt ?

module LocalIntUsedBeforeDef (ClockY, CurrentState, NextState);

input ClockY;

input [ 3,0] CurrentState;

output [3,0] NextState;
reg [3,0] NextState;

always @ (ClockY or CurrentState)

begin; L1
integer Locallnt;

if (ClockY)
begin

NextState = Locallnt;

LocalInt = CurrentState;

and
and
andmodule
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Mt EEREEME—THRELE  URVH BB BH Locallnt T2 XATBLH 5| H
T. RHTBGEERENTE - BERFEMA DR HEBAE QAT 7%

2,151 HERIMECNBFTTNSFHR

MR RUFROTEREXMFETHE LS T PURS YR, BHR | WA R
3 ik B 7 A Y T 319 B, TR O AR LE A R W BRBHIRME. FHIER

.

module AsyncLatch (ClockX, Reset, Set, CurrentState, NextState);
input ClockX, Reset, Set;
input [3:0] CurrentState;
output [3:0] NextState;
reg [ 2.0] NextState;

always (@) (Reset or Set or ClockX or CurrentState)

A
CurentStated @c ——18 &
rd
ClockX INRBH — ND2
rd
. ]A2 D Q NextState0
B B I
yRet ND2 OAI2I CK QN—
CO
NRBH |FoISIE
1 Ip Q NextState3
A CK ON
A2 | ON
FDISIE
yReset 1 OAIZ1 !
% J NextState2
CurrentState2 INRBH 4 1o PP exiolate
g Zy—T—ICK OQN—
gz ! NR2 FDISIB
CurrentState3
> D2 \:\z NextState|
B |—'D Q
CurrentState| OR2
> CK_QNf—
cD
L Iep1sID

242 WHREMBEUMHTHEES
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if (! Reset)
NextState = 12;
elase if(! Set)
NextState=5;
else if (! ClockX)
NextState = CurrentState;
enduodule
/AN EDE 2-42 R

NextState 25 G 4 T HHFR AU FRALA T BNFEORRH TN,
MF B, 56 TRE LGRS &R 74 BB Ml T AOeifr 8, mR% BUE M
HEZHRT|BIMEBAIFE DEWAN, AHERBEHIWE 2-43 FRUESHOME,

sCurrentState0 Al [ ql_NextState)
A2
y—@”—r E;
H
INRBH . 0AL2I MRBH__lek onf—
FDISIA
CurrentState3 % D Q- TexStated
B
ND2 5 2
sSet < b2 CK QNl—
{ClockX 8 Z FDISIA
rd
ND3 | NextState2
A D Q
B Z
\ CurrentState2 @c — c
K ON}—
INRBH ND3 Q
FDISIA
. CurrentState ]
A N\
rd
§ z D 0 NexiState|
AND3
CK QN}—
FDISIA

B 2-43  JLF A TR G0 A K 2 00 B AT 2R

2.16 W 3% i &y

Verilog HDL 18 4 R AR 2 K (9 & 3735 4) .
a) while {&3F
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b) for #E¥#H
¢) forever &3
d) repeat {§ ¥

for EFFEARBBKEATEANTIFED. for BIWESREALRA B RELR
B, RV, EH for BAPHFEED HEFERE-TTRENBRETZH —RK. X
BRI for BA WP R LAR G, BRIEBRF LR BEEE. HBELUT for FEHE

BN

module DeMultiplexer (Address, Line);
input El =ﬂ] Address
output [3.:0] Line;
reg [3:0] Line;

integer J;

always (@ (Address)
for (J=3;Jd >=0;J=J0-1)
if (Address == J)
Line[J]=1;
alse
Line[J] = 0;
endmodule
/ EE R ERME 2-44 FiR

 Address [@c
INRB NR2
A Linel
Address| @D B Z
INRB NR2
i A Line2
S— S 2
NR2 NRZ g

B 2-44 for FF A9 =0

A for WERBBILLT 4 & if i54),

if (Address == 3) Line[3] = 1; else Line[3] = 0;
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if (Address == 2) Line[2] = 1; else Line[2] = 0;
if (Address == 1) Line[1] = 1; else Line[1] = 0;
if (Address == 0} Line[0] = 1; else Line[0] = 0;

2.17 f&2BBHEE

ELUTRHEERY always BRI ERRESHES HM RS,

alwvays @ (<At ehH {4 >)
<iEH=>

K <aftpFH >RUTHAERZ—,

posedge < B bh 2 >
negedge < B} $F & >

always IA) (38 LR BIE clock (9 F 7Y a8 T B 1 B0 B A BUAT <<iB 40 > p 1 B 45 3B
Bl XFARE DY always BT BERR B RIS B 09 always 4],

ot Bef PO 48 A, A SRS B 7E B b 48 89 always i8] o B R 3E 78 3% always iE
RZAEI AT REROME, WE S ZA R R A ER B, 3SR LBy 1k &3t
BHSSAHNRRZAEEEMAIEEOR -, 7ErehEs 8 always 154 hIEE
2 (8 o ) ) DR CEL X 0 R B 400 T R T AT

HH LT R e

module PickOne (A, B, Clock, Control, Zee);
input A, B, Clock, Control;
output Zee;
reg Zee;

always (@ (negedge Clock)
if (Control)
Zee <=A;
alse
Zee <=B;
endmodule
[ EE YN RN 2-45 iR

FTLAE B (LAERT B0 T R AT X4t Zee WRME, L7 B Zee B3R S A0 F B I M0 28 A0k 8
. E*Hﬂﬂﬁﬂ%ﬁ—’i‘&ﬁﬁ&.&ﬂﬁﬁﬁiﬁh Control WA B B h ik #— 1B
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A - o Zee
B DO
Control
sD
y-Clock bCK OQNf—
FLIS2AX

P 2-45 BEAFEL A always iBNEE HK6 28

HERGIERA .
HEBE— TR
module Incrementor (ClockA, Counter);
paraseter COUNTER SIZE = 2;

input ClockA;
output [ COUNTER_SIZE - 1,0 Counter;
reg [ COUNTER_SIZE - 1.0] Counter;

always (@ (posedge ClockA)
Counter <= Counter + 1;

endnodule
/1 A A % A 2-46 B R
LD Q D Q Counterl
>ESek N —>CK QN
FDIS3IAX

FD1S3AX

CounterQ

Bl 2-46 o R 3% ) B8

It always 8] HEB/RY] ClockA BB — K EF 4, &/ Counter B HM 1. B R
Counter TER 8p 1y 698 il T B, B0 T 54 B 71 b % 69 fub 25 5% |
AT R 296 3 28 4 R A ke U A % 38 A
module UpDownCounter (Control, ClockB, Counter)
input Control, ClockB;

output [1.0] Counter;
reg [1:0] Counter,
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always (@ (negedge ClockB)

if (Control)
Counter <=Counter + 1;
alse
Counter <= Counter — 1;
endmodule

/) FE MR ME 2-47 B

— (o 9 —Io1 Q Counter}
+—D0 DO
/Contml SD SD
> ClockB HCK QN | ~pCK QN
FDISZAX INRBH FLI1 SZA}(*‘
Counter()

Bl 2-47 $ES U T BE Y A A A0 R R AR

A5 & Counter TERT$h ClockB FREHTMEEH FTHRE, AT #S S BN T M £ 5
ek 2 8%

MEBRESANBRER, MRETRENMENEHTERME, WERMER. BF
— AN Ab , 2 XA 1 44 R (E A0 51 AR BRAE IR — 4k always &), )28 B 28 1E
Fha)2E B, A2 2 R R 2% .

WEHEB 1 mH .

module FlipFlop (Clk, CurrentState, NextState);

input Clk;

input [3.0] CurrentState;
output [3,0] NextState;
reg [3:0] NextState;

always (@ (posedge Clk)
NextState <= CurrentState;
endmodule
/A MR RRNE 2-48 Him

R, Ak NextState (UTECle FAWEHME. TR, FEBAER NextState HH S
4N EFEME R AR ATREOE 15 ).
MBEEESETREEME AR R, B 20E o b5 35 {4 “ posedge clk” M 1, “ negedge
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+, CurrentState0 D Q NextState( Clk”
RS 69 35 0 T 0 B R A B R (E
bCK QNI— HheBESEMER. THPERSE
FDIS3AX TN ERATHE. T8/ IntState
Curenswel | g Newswer_  BMTRAMEEE, SR ILOW
. SERALNE T (B R ENRBEI .
C PCK QN— module FlipFloplInt (Clk, CurrentState,
FDIS3AX NextState)
\ CurrentState3 D QlNexState3 input Clk;
d input [3,0] CurrentState;
SCK OQN— output [3,0] NextState;
FDIS3AX
integer IntState;

B 2-48 B SR H T 6028 MM S R M R B8

ERO WA A

bCK QN|—

FDIS3AX

always (@ (posedge Clk)
IntState <= CurrentState;

assign NextState = IntState;
andmodule
/AN ERNE 2-48 M

Pl E& R B R R AR # R H T i AR R, NEXRRMEL always B2 5431 A
TERERNE . AFRTERZATBNERTEMER S,

IR 2R TE S (BPFE always BB Z 5 E SO 972 BALLE R — % always i 41 o 33|
THWERX WM KETH.

module GlobalReg (Clk, CurrentState, NextState);

input Clk;

input [3.0] CurrentState;
output [ 3.0] NextState;
reg [ 3:0] NextState;

reg [3.0] Temp;

always (@ (negedge Clk)

begin

Tenp = CurrentState;
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NextState <= Tenmp;
and
enduodule

REX Temp MBEL TR EHZ T, HEFBRAEECESAMES, XR2HYEER
— eI EERE . EHS H. S5 NHOREME 2-48 xR, WA, Temp (VH
felat BRI PR . B, MY RAMEXRMERRRIENEL —F _KIET
FEI M) Temp HEELRE—RIBADPX Temp FTEKME. HABEL NextState '3 i
fih % %%, BT LA E Xt NextState R ZEUR(E .

WMRBE EHREGRF, GRS soid, HR Temp ERME 2 FT B85 H
T REBEEZINHRAHARS BRHECERSAMER. Temp BT always iF
AMARRE. FTHERMM, K Temp ERMEMRBESIHT .

module RegUseDef (Clk, CurrentState, NextState),
input Clk;
input [3,0] CurrentState;
output [3.:0] NextState;
reg [3:0] NextState;

reg [3:0] Temp,

always (@ (negedge Clk)
begin
NextState <= Temp;
Temp = CurrentState;
end
endmodule
/A YRR DA 2-49 Fix

LBt 25 Temp BHE TR T WA K A0 AR R 28, NextState th RN, .

MR RAE always FHANELRBATEBM, LR L L7

¥ oalways BHIARBAH N ER (AEFFELAURBE RLBES R LS,
A ABE B Verilog HDL MAHSG & HAFMRIIBA . FH b, 55075 00 a4 it
Temp BRFHEZ MR .

module LocalVarAssignllse (Clk, CurrentState, NextState) ;
input Clk;
input [3,0] CurrentState;
output [3,0] NextState;



CurrentStated D Q D Q MNextState()
—pCK QN}— ———3CK QN—
FD1S2AX FD182AX

>Currenlﬂt.ar.el D Q D Q NextState|
Clk —PCK QN— 4 bCK QN—
d FD1S2AX FD1S2AX

/CurrenlStatcE’- ID D Q NextState3
! CK QN}— ¢———&CK QN}—
FDIS2AX FDIS2AX

+ CurrentState2 D Q D NextState2
|—c>CK QNL L——CK QNI—

FDIS2AX FDIS2AX
A 2-49 FEEANESIAMEREESRMER

reg [3:0] NextState;

always (@ (posedge Clk)
begin. LabelA

reg [3.0] Temp;

Teap = CurrentState;
NextState <= Temp;
end
andeodule

Bl Temp REHEHMER, XREDERE always B4R I8 5|, T &
RUEROEREER — o i LSBT IR T . T NextState W T Bl e % 5%, £ H
HEEGZERER always IERZSEFIHT . A HNNESE 2-48 HF .

B, mAGE LR BN MEITHHBSEAHONERTER KT, X2
HEAIBHELRHEHNERESRBLNE. HFEUTHRRE,

module LocalVarUseAssign (Clk, CurrentState, NextState);
input Clk;
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input [3,0] CurrentState;
output [3.0] NextState;
reg [3.0] NextState;

always @ (posedge Clk)
begin; LabelA

reg [3:0] Temp;

NextState <= Temp;
Temp = CurrentState;
end
endmodule

GAEHONESHE?2-48 MR, E¥: S HHE E NextState #8B P Temp EHT—4
B b PR BB R IR ARG RIS . el R, 8 4 DL SRR i O R0 S B
AR, BREESE TARE Temp RS S HRME RN EHETEEE.

2,17.1 %1 pigh

BRPAREH B4 2R H 8 always B4, FH S OBAGET £/ 58,

module MultipleClocks (Vtl5Clock, AddClock, AdN, ResetN, SubClr, SubN, Ds1Clock, Dslhdd,
Ds1Sub) ;
input Vt15Clock, AddClock, AdN, ResetN, SubClr, SubN, DslClock;
output Ds1Add, Ds1Sub;
reg DslAdd, Ds1Sub;
reg AddState, SubState;

always @ (posedge Vt15Clock)
begin »
Addstate <= AddClock " ~ (AdN | ResetN);
SubState <= SubClr " (SubN & ResetH);
end

always (@ (posedge DslClock)
begin
DslAdd <= AddState;
DslSub <= SubState;
end
endmodule
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/) EA AR EME 2-50 fFR

AddClock

A . AddState DslAdd
' [ I
AdN ’ & D Q Q

XNOR2
ResetN -
sResetN | oR2 K ONI— >CK QN

FDIS3AX
Ds1Clock FDIS3AX
ra
Vt15Clock
D Ql_SubState D oL_DsiSub _
SubN " J_
b 9
1B

XOR2 bCK QNf— bCK QNj—
SubClr AND2
3 FDIS3AX FDIS3AX

B 2-50 always BHFE L4018k

WHRRA P % always iB4]. % — % always & 4] ¥ #) % 16 4 3% ViI5Clock # E T+ #
. 5 — 7% always i8] P& ETF DslClock ) EFHIGHEH .

GAEREERBRITRE, A ROBRMBERES S 0tobim, MW, 598 %
always 184 th X} AddState IR ME R IEER.

2,17.2 Z AR

AREE— MR B L 0 o5 69 always iB4), X ¥ always &4 8 B [ —
AR . FHRRERT R — 405 AR,

module MultiphaseClocks (Clk, R, B, C, E);
input Clk, A, B, C; &
cutput E;
reg E, D;

always (@ (posedge Clk)
E <= D[ C;

always (@ (negedge Clk) '
D <= A&B;
endmodule
/ FaH R ERNE 2-51 FiR
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—p  o—2B
p oE-
>AA
5 z
>=B —CK QN|— or2
AND2 FDIS2AX pCK QNI—

<C FDIS3AX
+ Clk

B 2-51 —P®RPR—HAARE

BB SE— K always IBHI P B IBEAR Clk ) LA EH, THE — & always BB
H&ERZE Clk Y TREEH.

EXFEOAT 56 RG0E % BT R E 028 B 69 RE(E A BB 32 71 70 K 8] ) B $ R 44
(REAFRS S )ER . B, 7E5%— & always i h3t D WRERIEEH.

2.17.3 EHARTARNSEE

FIHA L. ERENEN DREMARNEGS. NAZBESHTRLTE NN
THMERRE? BEABXFHMERS FHEA—-FREEAW I E0, UTRABLRR
iR B T H A

always (@ (posedge A or negedge B or negedge C... or posedge Clock)

if(R) // posedge A
< gtatement > [ REESR
else if ( | B) /{ negedge B
< gtatement > // RIFEHR
else if ( ! C) // negedge C
< statement > /I REER
/! EBEA else if
else // & @) posedge Clock
< statement > /B ESE

always IFAIHHR (W@ FRABSHREXRNBOIFUAEEE M A ER A4, BT UH
b FHHE (posedge) , .77 A T M (negedge) . H o A — 4~ Bf oh B4, & 10 B 4
THERPEBITHRME. always BAHNE —& il B4, % if BEEETA else if
G BN TFHEERFO—TABHM, BE — 1 else B & Hb 3t 5 F 60t $b 1y
M, HFHRAKRELASEHRPHENAELY B, Ao R REHXPE
“posedge A”, W AH KL 1) if iEAI R R if (A); 5 3 {4 32 P “negedge B”, WA i if 154
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BT (OB. #Mi{A4XEE-TERMHPHEDRBTREREEE, MEE—4
else X TRAFEER,
MRERERFEZBBSTAFE R ERBB o HMERE T, WXEE NG S HTF 7 H
BUMEFMMAR., REMENEAR SEHOBERTREEFRAMECAME
MERTEFEH LITERFREBEFOMER R THRE) . B ETE A M
B
R LT 47 5720 BUB (7 A T ol O - B3R )
module AsyncPreClrCounter (Clock, Preset, UpDown, Clear, PresetData, Counter);
parameter NUM_BITS = 2,
input Clock, Preset, UpDown, Clear;
input [NUM_BITS - 1,0] PresetData;
output [NUM_BITS - 1,0] Counter;
reg [NUM_BITS - 1.0] Counter;

always (@ (posedge Preset or posedge Clear or posedge Clock)

if (Preset)
Counter <= PresetData;
else if (Clear)
Counter <= 0;
else // #&#) posedge Clock
begin [/ R
if (UpDown)

Counter <= Counter + 1,
else
Counter <= Counter - 1;
end
andsodule

/) ERA M & A 2-52 Fr R

# PresetData MBEM R L RBER AT S RE B, BE Preser X 1, B

PresetData B4, Verilog HDL B H RS F M PresetData 89X AR 4L, i A2 42

FHARBPXFEUHESE R Counter, EBGREBRETISEHIER A,
BHEE-TRSHFREABUANFTHOMESR R,

module AsyncFlipFlop (ClkA, Reset, Set, CurrentState, NextState);
input ClkR, Reset, Set;
input [3:0] CurrentState;
output{3.0] NextState;
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reg [ 3:0] NextState;
always (@ (negedge Reset or negedge Set or negedge ClkA)

if (! Reset)
NextState <= 12; // E&A] A
else if (! Set)
NextState <= 5; //iga] B
alse
NextState <= CurrentState; /1R C
endeodule

J/ Ea MMM EmER 2-53 iR

]
CurrentState — D PD 0 NextState)
Set
Reset D.
INRBH | NR2 PR N
IFD1S2CcX
]
», CurrentState3 DP]JN Q NexiState3
—pCK QN—
CDN
INRBH TFDIs2K X
CurrentState | D Q NextState]
b—DCK QN—
y CD
B Z FD1S2DX
CurrentState2 ND2 b PD—Q NextState2
Clk
ykA bCK QNj—
FD182BX

B253 WREIFMBAAETHMES

BN NertState KIREANZ A SR BHGED O, MAFEEREREGET A A1
BB, WG TH RS BRSBTS MR 0% 28, A 253 fim. i
B: XREMAB 4 MMESR. B—-TMEBEXNNTF NextState b8 8 11, %74 B8 (1 Al
WEXFTRLU X RE N ETEELE Reser 4 B BB, 75 Ser HHETHHE. %0
#ORUAFFREFAABRUAEBIFANRSH XREEANECBER S AR BT
i, #E Reset AR BKE . B MMERBNE — HE OISR, B VXM ER T 85680
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‘bl #ITRERME; MBE=TMERNE—T W T, B FHER T HMER b #T
FERE.

2.17.4 EHRARSPERLHNBEE

MARHFEREHEMCARTOMERR? e, AMELANBRF K always iB4)
THAERLZHBEMUARFEBRT 7. HETH.

module SyncPresetCounter (Clock, Preset, UpDown, PresetData, Counter);
parameter NBITS = 2,
input Clock, Preset, UpDown;
input [0:NBITS— 1] PresetData;
output [0:NBITS - 1] Counter;
reg [0:NBITS - 1] Counter;

always (@ (negedge Clock)

if (Preset)
Counter <= PresetData;
else
if (UpDown)
Counter <= Counter + 1;
alse
Counter <= Counter — 1,
endnodule
[/ A AP R A 2-54 FiR

HRAETRESHER, —#H X RIBWA PresetData 3| Bl E BN R LT BB A
Y » 73— Fp TR RAE PresetData HEF I BIMABOBIBMBAM, XBZSHNMBLR

Al
PresetDatal
> DI Q A2 DI Q -
Ipo 2 DO Counter0
Preset SD g; E}c —sD
Clock AOI22 oR2
$CK QN —pCK QN|—
FLISZAX FLIS2AX
7 Counterl
PresetData() INRBH
&

M54 FMEARUNTERUSSRASEE
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M —FHr AR/, G RETUEREREAFH T,
HEE— T me

module SyncFlipFlop (ClkB, Reset, Set, CurrentState, NextState);
input ClkB, Reset, Set;
input [3.0] CurrentState;
output [3,0] NextState;
reg [ 3,0] NextState;

always @ (negedge ClkB)
if (1 Reset)
NextState <= 12;
else if (| Set)
NextState <= 5;
else
NextState <= CurrentState;
endmodule
// R P % i 2-55 B

 CurrentState3 A D Q MextState3
-B
ND2
ND2 —CK QNl—
+ CurrentState1 AA} 5 Q FDIS2AX NextState]
B zpt+
. Reset C
i
Sz AND3 1 &cKk QNl—
B FDIS2AX
CurrentStatel)
:; D Q NextState(
el 2
Z
INRB B —%_‘
OAI21 R S
. FD1IS2AX
« CurrentState? E Z D Q NextStateg_
IE ?c C -
INRBH ND3
$CK QNf—
FD1S2AX

B 2-55 AR ) 25 51RO R i T 00 A K 28



E2F M Verilog 5B FHEI] « 69 »

sk, ¥ 12,5 IR B CurrentState # & NextState FI A N ZiLEN&EdiEY
MEFR, BIEE Rk E LS RE T NextState 54 H B9 E 8B 60 D i Adm. B 2-55 Ff
ARMRERMLE. B4, EEARESHTRLHAEMCARFOBRERR? Z5 5%
AY LA o 52 R R L6 R 5| 5 R G4 WU R A TR A7 T A AR .

2.18 A iRMH 2 A NIHE 22 AW

TE B T B9 F95 7P, JRATER BUx i T 2 4 B {o e B Xt B R (B 3 R o
fF) 2 B T Y L LD T of £ S A o P R S B R . AR 43 o 9 45 7 B3R
A X UL, T A 9K R 4 {6 R L 5 B 2 SRR, A D X A R ot R R 1A 7
FATFEE M8 20,

GaritBEEARENEEEXREN T LXFR, XRE FEMNZAFERLE
Ao X FEEXRE, AATHFRGT —RiIEAZATRE TR ZE i S RE N RE
always A PUH — KB4, MEH EAREMEHELREZ ARA X)) . o FIERE
AW , 0 20 i ok % o R £ 2 HE 7 200 B M 5 R e (BB 3 AR ST A 30D BT R
—RIERZH. HETH:

module FlagBits (ClockB, Strobe, Xflag, Mask, RightShift, SelectFirst, CheckStop);
input ClockB, Strobe, Xflag, Mask;
output RightShift, SelectFirst, CheckStop;
reg RightShift, SelectFirst, CheckStop;

always @ (negedge ClockB)

begin
RightShift = RightShift & Strobe; // EERX
SelectFirst <= RightShift | X¥flag; // JEB &L
CheckStop <= SelectFirst " Mask; // AEBH #
end

endnodule

/AR NE 2-56 fiw

It always ) FH — N4 3 ARMEEAMIIFR. S - 4EHESIBRE, GHEAR
FEHEXRE. &N A BT 832 6 66 458 8, BT LA RightShift, SelectFirst
CheckStop BBLR SR TG L MM A 3. AR, 58 % 553 5 i 4 220 BIES A
W X RRF . B F X RigheShi fr iR 18 B BH 22 W, i 55 — K8 (5384 3 o9
R FLH B X WBR A RightShi f1 fh % 238 09 3B A IR 8 1 B 48 ] 8 D) SelectFirst fh
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L o RightShift

A

s Strobe_| Z)“‘ rcx N
B

AND2 FDIS2AX

+C

rd
> CheckStop

5 o)
A J7 XOR2
y Xflag B _&CK QN peK QN:
OR2 FDI1S2AX
>Mnk FDIS2AX SelectFirst

M 2-56 FHERMEESTERM

RBHOIBERAMR. BT SelectFirst REMBEXRME, BE=£REBFAANERE
{6, A RES —RREFE P LT RAIE, ERR, SelectFirst MR BIW 1 (35
HIFRMEBEE CheckSrop MR 3R B9 BIRM A . 526 25 7] 6 8 FE 7T LA i A0 2-56 B
Y SR B P 48 BIE 3,
HEHE TR ERETHERAMEHEAREATEANNER.
module NonBlockingExample (ClockZ, Merge, ER, ¥Xmit, FDDI, Claim);
input ClockZ, Merge, ER, Xmit, FDDI;
output Claim;
reg Claim;
reg FCR;

always (@ (posedge ClockZ)

begin
FCR <= ER | Xmit, /B — &R A(EIE S
if (Merge)
Claim <= FCR & FDDI; [/ B_RRAEES
alse

Claim <= FDDI,
and
endmodule

/1 FEHERRME 2-57 iR

RSP 3 RBEER . BT S P o0 R UF AT RO . (E R, 3 B 2 R (8 A0 R 1
R B R R (R YR RO R SR e) B . Hik, b T 5 146 5 2R 0 4 iF LR
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QN—

D 0 FCR__[A DI

ER Z Do
——A

i z B SD

mit
>»=——B AND2
OR2 —CK QN|— pCK
FD1S3AX

FDDI
 Merge
{ClockZ

output Claim;
req Claim;

req FCR;

always (@ (posedge ClockZ)

B 2-57 EHELRE

F—BLB_ABERANGI MK FCR BHIFE, AR H — KR EE R Xt HFRY
B, IR ESESHBOMES, A FCR AW BB X B4 Claim BRI,
it B 35 R T BE 2 A R B (A F B R ) » & fiy 2

module BlockingExample (ClockZ, Merge, ER, Xmit, FDDI, Claim);
ihputClockZ, nﬁrgﬁn ER. K.I!I:I.t. FDDI—;

FL1S3AX

begin
FCR = ER | ¥mit; / B—EEAHIER
if (Merge)
Claim = FCR & FDDI; /B AREER
alss
Claim = FDDI;
end
endmodule
/! FEHa % mE 2-58 BF R
D1 QClaim
5 FDDI DO
ER sSD
b -
Xmit . z LCK. QN
or2 - FLIS3AX

« Merge

ClockZ

258 BEELEME

al Claim



] Tz L] VEI'I!IOE'HDL ﬁ%ﬂfﬂﬁﬁ

X FEE, B AMERITE - RARMEFAZAHTEEX FCR MREE. HIk, h TRAXE
BELE—FREENNERZEIRXLFHAEME Claim HEERARER G581
WM EERMME. W WAL FCREFHMESR XRANECHERERSA I,
1t always i A) M) ARG SR D RO REFEEHE.

B R R A EEESRE, M4 ZBRAHELNRHE, S5 BHEEL
BNUEHEAREAFEE, XBKITH L Verilog HDL B 544 H 3% 2 8 M W shig
MR —B. B8 AMNNETR.BEWLT, RERBSBB BN ZEMIE .M
{5 P — R (B i KR AT .

2.19 & 5

REEARENWEAEGESE, XREA N Verilog HDL & ¥ I £ 3% 15 2 /) — 25
7. RBEARELEEARNREAERABARBIXMBRFFRETASELMN. &
BR3P JR) P A ) 1] 2 B A 24 1 DR A o e R R b B L S B R S M A LS 4
WRLUT R¥EAR

module FunctionCall (XBC, Dataln);
output XBC;
input [0.:5] Dataln;

function [0;2] CountOnes;
input [0.5] A;
integer K;
begin
CountOnes = 0;

for (K = 0; K <=5; K=K+ 1)
if (A[K])
CountOnes = CountOnes + 1;
end

endfunction

// 3R DataIn PR LI L 1,0 @ XBCE M 1

assign XBC = CountOnes (Dataln) > 2;
endnodule
/) BEAH R % A 2-59 FTR

X R B E AR A RTE B % for A B EEBARI  HBEIUTRE,

CountOnes = 0;
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5 Dataln]
3 Dataln2

XBC

|
:Data n3

@ V
o
1IEN
L]

[]

0w

N

ND4

Dataln4 OR2 OAI211

W
o
Q
= S =
B~

yDataln$_| c
?Dataind OAI211

OAI2t1

M 259 BuEHSRH

if (DataIn[0]) CountOnes = CountOnes + 1;
if (DataIn[1]) CountOnes = CountOnes + 1;
if (DataIn[2]) CountOnes = CountOnes + 1;
if (DataIn[3]) CountOnes = CountOnes + 1,

if (DataIn[4]) CountOnes = CountOnes + 1;
if (DataIn[5]) CountOnes = CountOnes + 1;
XBC = CountOnes > 2;

220 & %

EFEARTLUREIASEE Bl UREMNFE2R, ARETFESFARHRY LT
XHE. XHEEFFARNRESETRSENERSS BETFHSEREN T XHF
BE. Bl & e epiEm 6 always 58 CHDHF B Bh 3 (F 09 always B8] & £, 0%
EHEANSHSHIBEARMBER. IRMBEBRSHM T, S42E5E T
EHRAANESFEEBARARBPLRES B, FL E I REES B EEY— 00
VHESHERRLHE,
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WRUT RroH e 2RO TS8R

module CombTask (ShA, ShB, ShCarrylIn, ShSum, ShCarryOQut);
input [0.2] ShA, ShB;
input ShCarrylIn;
output [0:2] ShSum;
output ShCarryOut;
reg [0;3] TempCarry;

task AddOneBitWithCarry;
input A, B, CarrylIn;
output Sum, CarryOut;
begin
Sum = A" B " Carryln;
CarryOut = A & B & CarrylIn,
end
endtask

always (@ (ShA or ShB or ShCarrylIn)
begin, EXAMPLE
iﬂhw J;

TempCarry[ 0] = ShCarryln;

for (J = 0;0 < 3; =0+ 1)
AddOneBitWithCarry (ShA[J], ShB [J], TempCarry(J], ShSum[J], TempCarry[J + 1)
and

assign ShCarryOut = TempCarry[3];
andmodule
// GEHMHMNEME 2-60 FR

SETAXM S AN for BAREERE AR YRBBELIT AN,

TempCarry[ 0] = ShCarryIn;

ShSum[ 0] = ShA[0] * ShB[0] * TempCarry[ 0],
TempCarry[1] = ShA [0] & ShB{0] & TempCarry[0],
ShSum[1] = ShA[1] ~ shB[1] * TempCarry[1];
TempCarry[2] = ShA [1] & ShB[1] & TempCarry[1];
ShSum[2] = ShA[2] * ShB[2] * TempCarry[2];
TempCarry[3] = ShA [2] & ShB[2] & TempCarry[2];
ShCarryOut = TempCarry[3];
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ShAO
— ) S ——
3 z
/"ShBO / /2
S XOR2 XOR2 XOR2 A Z ShSum?2
B
3
ShCarryln
o AND2
AN A
' 7 A A ShCarryQOut
B / B ZH B A)E > =
AND2 AND2 XOR2
AND2 . ShSum]
AN
Z ShSum0
LI
AND2
3 ShA2 _
b
7 B3 'ﬁ)g 2
XOR2
ShAl Z
s )
XOR2
AN
ShB1

A 2-60 fEFFEARR. 4428

BETREBENHEEMNT SEFBRRH .

module SynTask (ByteIn, ClockFa, ByteOut);
input [3,0] Byteln;
input ClockFa;
output [3.0] ByteOut;

task ReverseByte;
input [3,0] A;
output [3:0] Z;
integer J;
bagin
for (J = 3;J >= 0;J =J - 1)
z[a] = a[3-J];
end
endtask

always (& (negedge ClockFa)
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ReverseByte (Byteln, ByteQut);
endnodule
/! e AMRIME 2-61 PR

+ Byteln3 ByteOut0

FDIS2AX

\ Byteln2 ByteOut]

————CK QNi—
FDIS2AX

Byteln0

ByteOut3

1 PCK QN—
FD1S2AX

. Byteinl ByteOut2

D Q

>CK QN—
FDIS2AX

M 2-61 EFMARY. FLEH

M, 25k ByreOut fE0t 86 ClockFa MR HI T HRE, TREHE AR ME 2. Hit
EF AR EEEANRFEHARBOT.

ByteQut[3] = ByteIn[0];
ByteOut[2] = ByteIn[1];
ByteOut[1] = ByteIn[2];
ByteOut[0] = ByteIn[3];

2,21 fFHx{EAlz i

Verilog HDL FARMIEZB/E: x(CREME M 2D . AP HHUIXFEMEE
LR & I B N R TR Ei’sxt.iﬂﬂlE_IﬁEA%iE&ﬁﬁﬂ%%AHiWﬁﬁ&lﬂﬁlﬁ&@7ﬁ~
E‘I A st (8 P X 26 {00 BT E B /0
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2.21.1 x1{&

Al LAFE RAE A PR x RS MR, el HE x HRSBEHARE, HEFR
Gl AHER O REZR 1 IR ERMAML.

Reset = 'bx; /B EREME S Reset
[/ GERESCEHSEREBONEER

MR case IHH (FELYE casex fl casez AN MR TP HT x H, MLk 40t
BRASPATIBLE case TR R M4, BT«

case (In)
2'bx ; Out = In; /[ ATEaASRT RS X
default : Out = ~1Iny

endcase

XHERSHBIER—BLUEMNEZSTAESAHESHFEE. BHTERRIE case 154
(A4E casex Ml casez IBF A M T h{d FH x {H.

2.21.2 z1{H

eEAFEBR=ET. ATLATEREE A ) 28 5 W 2 (8, (B R0 T 454 00 B i W (B0
RbFRFFHMERZT  EAHRE f B8P, BAHRTE case iBA . HETH.

module ThreeState {(Ready, DatalnA, DataInB, Selectl);
input Ready, DatalnA, DatalnB;
output Selectl;
reg Selectl;

always (@) (Ready or DatalnA or DatalnB)
if (Ready)
Selectl = 1 'bz;
else
Selectl = DatalnA & DataInB;
endmodule
/1 G A PR 0 A 2-62

EXRAREXPR zHBUFTLUBR=E],HE TH:

module CondExprThreeState (Dnt, GateCtrl, Ves),
input Dnt, GateCtrl;
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DatalnA

»DatalnB

Ready %
INRB

262 ZHEAPR::ESFE=%]

output Vcs;

assign Vos = GateCtrl 7 Dnt . 1'bz;
andmodule
// BRE 6 R R 0 B 2-63 PR

» GateCirl %B

- Dnt CK Vs
7 D

TBUS

M 2-63 MERARGREXM =81

WS 35 case IFHR ORI casex Al casez iIBAD R E N EWh i HET 2, NS
BT A S MATIE L case WM A4 2, T .

case (Select)
2'blz : DBus = | AFlow; // FEWRAENTH S X
2'bll1 ; DBus = " BAFlow;
default . DBus = & AFlow;

endcass

HH RS HRANER B FRNEA TR AL EEER. ENGIRA, AEEL
case B 5] (R 1E casex Ml casez if/4)) ) 43 32 191 @b S Y 2 (.

WRFE always EAPXIE R 2 8, 7 200 B BT AR MR 28, I8 7 i 28 R TE
=ZHNOMEEESE. THMEMERBR, RRKE always iEM4 FR$EHHBH T,

moduls ThreeStateExtraFF (Clock, Ready, Datalnh, DatalnB, Selectl);,
input Clock, Ready, DataInA, DatalnB;
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output Selectl;
reg Selectl

always (@) (posedge Clock)

if (Ready)
Selectl <='bz;
alse
Selectl <=DataInA & DatalnB;
endmodule
[/ FE WP RmE 2-64 fR
» Ready D Q
.
Clock J el
bCK QN TBUS
FD1S3AX
3 DatalnA A
DatalnB Z b. Q
y—aan®t  ln
AND2
bCK QNf—
FD1S3AX

264 FRAMMMMEBRER=-EMNRES

HHEEXEESHAMERSE, — TR b Select]l EHHEN, B —1 MR B % Ready
GatiEE. MBRARITHN Ready B MER MBEXNELN, E=528A
fih B 3% T BRI R BN ML B always 4], N F — M ThreeStateNoExtraFF
B . B ThreeStateExtraFF {47 0 A [fl F 8k ThreeStateNoExtraFF 847 % , B
O HEEBMBRT Clock, /5 H WM A RERBURTF Clock, i R HEBRE T Ready.

module ThreeStateNoExtraFF (Clock, Ready, DatalnA, DatalnB, Selectl);
input Clock, Ready, DataInA, DatalnB;
output Select1,
reg Selectl, TenpSelectl;

[/ Sequential logic,
always (@ (posedge Clock)

TempSelectl = Datalnh & DatalnB;

// Combinational logic;



. 80 * Verilog® HDL & & X A8 E

always (@ (TempSelectl or Ready)

if (Ready)
Selectl = 'bz;
else
Selectl = TempSelectl;
endsodule

[ FEHARRME 2-65 r

DatalnA A
rd
. DatalnB B Z p Q| rempSel

AND?2

Clock

0 CK QNf—
FDIS3AX

+,_Ready

B 2-65 JLHIShaY MR %

B, e 5 A i 2 B TempSelect1 i T W4k always i&4) 6] A8 15, B — & always iF
AR RN FERBY. B _Ralways BN EASEZERS. BT &
TempSelect] HEHH—AMELE.

2.22 |1 4% 8 &,

BRI G LIEAZEMTEALENRAZEIREATHNLN. BBEESH BRI T
EAEILHA :and . nand, or,nor, not, xor, xnor. buf, bufif0, bufifl , notif0 # notifl, %
EATTH MG NRE AT R ERHNAZE, RRIRERNBEHETLLE. XTE
APHEETHCESTEELATH,. 2G4 HEYERTIZTH=S5NAS AL 28
UEBRE=EMTHR. Tl HFEHESR 1L, WARITHARE S0 Rk 8
& EUAEMNA RS REEHELE.

module Gatelevel (A, B, Ctrl, Zbus);
input A, B, Ctrl;
ocutput Zbus;
[/ B LB MR AndOut F1 OrOut 3 I/ B
[ EBE ROl FhRAHE, R #IERXELFUETHRAR
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and Al (AndOut, A, B);  // SE—1T DO ER L%, AW T-28 AR
or 01 (OrQut, R, B); '
bufif0 Bl (Zbus, AndOut, Ctrl);  // $— 0 O 2% 48
B A O R A R
W =t (st}
bufif0 B2 (Zbus, OrOut, ! Ctrl);
endmodule
/ FEHAMENE 2-66 BiR

OR2 TBUS

B 2-66 ZHRIIMLME

2.23 BRYehittiity

HRLFAEBATUSERRFAH P, GARKEMRLHANERE, R EH#—%
BALE, R BEE S HANEPHEREATEERBREER T, LT LmBgsn
AOIHEE - RBEREFLER. 8. 8267 irMESHMED, Bk MyXor
FEERBEAETEMR FullAdderMix 8 LR,

module FullAdderMix (A, B, CarryIn ,Sum, CarryQut);
input A, B, CarryIn;

' output Sum, CarryOut;
wire Sft; [/ TAEH st

MyXor X1 (.InOCR), .Inl(B), .Qut(Sft));

Zbus
p———

ERMLALN HBRNEMEEBEYEEE RIS B0, XSS B Verilog HDL #
BEZSHAMERDER -,



. 82 Verilog® HDL & & 3 i 8 #

assign CarryOut = A & B & CarryIn;
asgign Sum = S5ft ° Carryln,
endmodule
// EEEHERMEME 2-67 BiR

Xl S
A Sum
> In0  Out g z) -
Inl

Carryln
My

CarryOut

-
b

AND2
AND2

M 2-67 BREMARRLWRITHRR

2.23.1 {ERAWMENIIEER

FEBLH SR b 5 TR BT A Y o B Y R R 4 £ R 5 AL Ak L
BIALBIUE X I RESR . Bt o 7T BB — N B2 5L oh BB 3k e , L o 73 % 0 77 4 58 2 A9 TR
SESCTHRESR . LR, Bt 4 O IR AR B kB ) S LU AL BUE L Dh iRk , TR R &
FEMNNRROIT IR, X MRTALFOESHESHNER FHRET R
FREM, RFE-TRENHE LIRSS R ERE.

ey LACPRRUa gk B
B0 BERHERRRES TAFARORESS, ZERTRELH U
TREERH .

module MultiplyAndReduce (OpdA, OpdB, ReducedResult);
input [ 1 :':'J OpdA, OpdB;
output ReducedResult;
wire [3.0] Test;

assign Test = OpdA * OpdB; [/ RENF
assign ReducedResult = & Test;
endsodule

LB R, B AT LR AR R S Bl FE TRk B
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module PreDefMul tipl yAndReduce (OpdA, OpdB, ReducedResult);
input [1.0] OpdA, OpdB;

output ReducedResult;

wire [3.0] Test;

MyMult M1 (. Inputl (OpdA), . Input2 (OpdB), .Result (Test));
assign ReducedResult = & Test;

andsodule
J/ WA 2-68 R

— A
] Mi Test3 ‘—“\-\A ) 7 ReducedResult
linAl Duf34| Z
inA0 Ou— A2 B /
1 AND2
InBl Qutl AND2
InBO
MYMULT
Testl |,
Z
Test0 B
AND2

B 2-68 3CHIILTIE LTk 28

EHEAREAnE R

WERE—TREROFT, R H QTR SRR S AR, BN,
PREEW A always IBAPEBEAMNTREBESRMEE, HE XSS HOMEEN
BitME A REEN. Wit EAAEITHE R A EH (custom-made) B9 8 5 22, i &
RRAGETANERA AR, XRS5 R, 0 T SR 285 /e s s
LB, WETH.

nodule PreDefFlipFlop (Dclock, Request, Dayp, DelS, Fop);
input Dclock, Request, DayP, DelS;
output Fop;
reg Fop;
wire NewRequest; // Wl A

MyFlipFlop LabelF1 (.Data (Request), .Clock (Dclock), .Q (NewRequest));
[ L AR BB AR T T # X % always i 4)
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// always (@ (posedge Dclock)
// NewRequest = Request;

always (@ (NewRegquest or Dayp or DelS)
if (NewRequest)

Fop = DayP;
else
Fop = DelS;
enduodule

// EE MR M 2-69 frs

+ DelS A N Fop
et LabelF 1 z
oRequest [ @c B OR2
yDClock |00 INRB AND2
MYFLIPFLOP
\ DayP
Py A
z
NewRequest B
“ AND2

Bl 2-68  ZCH LA S a0 R 3%

WHE—NAE XA 3 e R T AT A BRI D Bk R R
REFAHEBETHAE. BEFRNOX@BEDRBBERLALEN. 0 TFIRORH,
GERREFEHROETPREFERLMNEBTHLULATYPNER; S4HNW
RIERMLL.

module UpDownCntr (ClkA, UpDown, PresetClear, Q0, Q1,02);
input ClkA, UpDown, PresetClear;
output Q0, Q1, Q2;
wire Bit01, Bitll, Bitl2, Biti3, On0, Qnl, QOn2,

assign Bit01 = UpDown " Q0;
assign Bitll Bit01 " Qnl;
assign Bitl12 UpDowr " Q1;
assign Bit13 = Bit0l1 | Bit12;
assign Bit21 Bitl3 * (n2;
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SpecialFF
La0 ¢.D(Qn0). .Clk{ClkA), .PreClr{PresetClear), .Q(Q0), .Qbar{Qnld)),
Lgl (.D(Bit1l), .Clk(ClkA), .PreClr(PresetClear), .Q(Ql}, .Qbar(Qnl}),
Lqg2 (.D(Bit21), .Clk(Clkd), .PreClr(PresetClear}, .Q(Q2)}, .Qbar(Qn2});
enduodule
[/ EEHMRRDAE 2-70 iR

Bit01
Lg0 j )
ke Lo @ Bit]] La} 5—-%— Q2
glm Clk Qbar XOR2 D Q o Qbar_h
> PreClr XOR2 Clk Qbar Clk g
PresetClear SPECTALT Qnl —{PreClr
F - SPECIALFF SPECIALFF
Updown o
QI
Q0

B 2-70 fF AR A R 2R

2.24 BHALRIEH

Verilog HDL F RSB T SBSTHRBRE T8A HBHH. HBUTZH
N i 3 7728 i 1R BL 7R o .

module NbitRegister (Data, Clock, Q);

parameter N = 3;
input [N- 1,0] Data;
input Clock;

output [N—1.0] Q,
reg [N-1.0] @

always (@ (negedge Clock)
Q <= Data;
endmodule
/M EEHAMEDE 2-71 R

BUk NbitRegister G R IR RB— 1 3 UM HFR, HERESH oM, X 2 ENE
HEBHEETHFFBOUR XM SERALBY TRTUELES oL P LA
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yDaw0 [ Q.
»Clock, 5CK QNf—
FDIS2AX
 Datal b o Ql
{ CK QNl—
FDIS2AX
}Damz D Q Q2

‘——pCK QN}—
FD1S2AX

B 2-71 BWIHFHFR

BEHRARE . S, mBTHAE 4 (I FFH, — Ml % RIEER NbitRegister 11
NER 4 FEHGE: H—FAITHRERES — MR P LA EBR,3 0 N #HE
. BOMTERRE, BARXRHARES NS BLMIBIIR NbitRegister, LI THR
LT RN 2 U FFHR BHFS B ESH N OFME.
module ResolveBuses (BusA, BusB, BusControl, Clock, FinalBus);

parssster NEITS = 2,

input [NBITS;1] BusA, BusB;

input BusControl, Clock;

output [ NBITS;1] FinalBus;

wire [ NBITS, 1] SavedA, SavedB;

RegisterFile § (NBITS) RfOne (.Data (Busd},.Clock (Clock), .Q(Savedd))},
RegisterFile § (NBITS) RfTwo (.Data (BusB},.Clock (Clock), .Q(SavedB));

essign FinalBus = BusControl 7 SavedA ; SavedB;
sndeodule
[ EHUARMEME 2-72 iR

F3EHANEZREOR], LU B T 2% # Verilog HDL 53 MR R 1.
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ISTI

—a&CK QN
FD152ZAX
FinalBus!__
\BusC @:
INRBH
p BusA2 D Q -
FinalBus2
s—pCK QNI
yClock 4 FDIS2AX
>§%32 D ol—
—CK QN
FDIS2AX
CK QN
FDI1S2AX

272 TPk—ISBEHTFER
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$2WER T Verilog HDL M LA M ITHERE. XREERTFS —MEAMA, B
L85 BRXT B4 o AT B, DL R ] ] Verilog HDL A BB —1E % . HRA
PR AR, A LR 43 Verilog HDL BIR M BT 4R & HH B0 el BE AL

Rt A EW R L EH 2409 Verilog HDL 4R M. X &8 & EH T ¥4
Verilog HDL &M REX B Al xS BRAA ik,

M Verilog HDL #iR Al H N FERANA S TR, HRA4FRNFHEE
HAR:

a) HARERHEED. XERARN T, BYEERERT BG4S0 FETH,
R A AR T HTEN.

b) T always B NFR P EATERMEFE . SEVHRATHSEBHRATE
EHHARBERE , X EENIECHE TR B A EaRRBUFRATH.

RAS 2 BENBHHREH R always B, R T UMK N BBEIEA ST
BETH e ESNGES) . BEAEH _SME M kG 8 B
HERMSERE. BXFRENRGFARRARRTALED LML E X OEHeS
ThREk

3.1 HAZHEMHEK

WRESGEBRN—REFEREAREREER., always iBAE AT UHFH#A4
AER . AEABRPABEMME LRSS HAESE, WRFEAFEREEDHLSA
FER . MEFSHNEBINEERAT S 2. B BUTHENEMERTHER .

module BistCell (B0,B1,D0,D1,Z);

input BO,B1,D0,D1;
output Z;
wire 51,52,53,54;

assign 51 = ~ (B0 &D1);
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assign S2 = ~ (DO & Bl);

assign 53 = ~ (52 | 81);

assign 54 = S2 k 51;

assignz = ~ (54 | 53);
endmodule

/ FAHMBAENE 3-1 iR

54

' Z
2) ’»

sBO TN .l ok D INRB

DI zZ @ff B INRB OR2
B / INRB OR2

AND2
I@E S2 A

DO
A INRB z

Bl z B
>——iB AND2

B 3-1 FERESENESTR

HE: KA HABEBEMIER LT RARERME TR A B BEH .,
PTFERETHER, AR A XKEAT always 54 %R .

sodule BistCellReg (BO,B1,D0,D1,Z);
input BO,B1,D0,D1;
output Z;
reg Z;

reg 51,52,53;

always (@ (BO or DO or Bl or D1)
begin

81 = ~ (BO &D1);

52 = ~ (DO &Bl);

83 = ~ (82 | 81);

51 = 52 & 51;
Z = ~ (81| 53);
end
endmodule

EBIR BistCell 1, M BN EREREGZSHORNE PR R —ER 52 X0 ;
MR BitCellReg TR F 2R S1 WIEML. HE. TR S1 A 1k — 4 B E Gt
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AR EHARRRF—RELR. BRGEEHE AR5 E 3-1 Bis 89 6 B , B R4
BAH always A PRERESSEHNRR P MERZE —— MK EER.
HRUTHAERRN 2% 1 THAFSNASTERENRM.

module Mux2Tol (A, B, Select, Enable, ZeeQ);
input [1.0] A.B;
input select,Enable;
output [1,0] ZeeQ;

assign Zee) = (Enable) ? (Select 7 A,B) , 'bz;
andsodule
// EEHAREME 3-2 fR

5 Enable l@ |
Bl INRBH Al
> A2
Al B2
AOI22
« Select
Al
INRBH A2
5BO
A0 ' g;
AOI22
32 21 MEsE
3.2 WFZHENEE
AR A T2 T .

a) MENR: BN 2.17%,
b) ¥REFMBEMAMGOWETHMAER, 20 217 %,
o HWHRIEZWMBAMEDHETHMER:. 20 2.17%,
d) iR B0.2.15%.,
) WREMEMHGOWETHAGFR. 20 2.15 %,
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3.3 FFfadsmdeR

REFIEFESBRL . BN . SATARRA R HEESE. — B8R
RERRNBEARRBFHENE. BB TS8R, 50T USSR b FgR

3 A AL v 4 3 3 B AL R

module ROM (Clock,OutEnable,Address,Q,Qbar);
input Clock,OutEnable;
input [M - 1,0] Address;
output [N-1.0] Q,Qbar;

/I ERBE AR (LFRERTESM
andsodule

module MyModule(...);
wire Clk.EﬂﬂblE;
wire [M-1,0] Abus;
wire [N - 1,0] Dbus;

ROM Rl (.Clock(clk), .OutEnable(Enable),. Address(Abus), .Q(Dbus), .Qbar());

endnodule

— A B B8 (register file) 0] LIENE i — B F /7 %4 B (Verilog HDL g~ %F
ARERTLSEETRFMES) AT TLIHES. FEUTHFESERN.

module RegFileWithMemory (Clk, ResdWrite, Index, Dataln, DataOut);
parameter N=2, M=2,
input Clk,ReadWrite;
input [1;N]Index; / BEARLS AR
input [0,M - 1] Dataln,
output [0.M - 1] DataOut;
rog [0.M~ 1] Datalut;
reg [0.M- 1] RegFile [0,N- 1],

always (@ (negedge Clk)
if (ReadWrite)

DataOut <= RegFile[ Index];
alse
RegFile[ Index] <= Dataln;
andmodule
/1 2% 2 WHFFFERRLE A Ay M & mA 3-3 R R
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XVINIQ4 ¢1a ——
—IND ADd— 2N mm
74
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O ar 1
XVINI [ 1 2p43ay
ZTIOV =
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EE: WHSHEGEH 6 MR, P 4 M THFIHE RegFile,2 TFT DataOut,

3.4 WHEMHKREFA

H/REARAHRAGER. RFAREREETERAGRER. UTHREBRS
T mEE R RSP P AT MRS

ABC H#E
000 000
001 001
011 010
010 011
110 100
111 101
101 110
100 111
module GrayToBinary (A, B, C, BeO, Bel, Be2);
input A, B, C;
output B0, Bel, Be2,
wire NotR, NotB, NotC;

assign RotC = ~ C;
assign NotB = ~ B;
assign Noth = ~ A;

assignBcO = (AEB&NotC) | (ASBE&EC) |
(A& NotB &C) | (A & NotB & NotC) ;
assign Bcl = (NotA & B &C) | (NotA & B & NotC) |
(A&NotB &C) | (A & NotB & FotC) ;
assign Bc2 = (RotA & NotB & C) | (NotA & B & NotC) |
(A&B&C) | (A& NotB & NotC);
endmodule

I SFaHR MR WA -4 fiR
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v

[%‘ B1 XOR2
INRBH B2 AQI22

\_{&c Be
INRBH INRB

B34 RENE _#HSRERAERSE

3.5 HARARAHLAYE B

3.5.1 Moore HRRTH

#£ Moore 5 AR E YL (inite state machine, FSM) &, B Bt 0%y B FHLB MR E
MSHMATX., B 3-5 WHAETERE., BRARENBRTFHERE ALK always F4]
R {# A case ) EHER Moore REM AL Ny —FiF Ik, case IBHATELHARRRAMRE
HFE R, 3 FLAFOR S G0 BRI E IS5 X B LAHR . always i 45 % T T 1Y
AN EM, URAERZN ISR always i54], XRBEE T A BRRE HLE 510 6h iR
LRAFREHBHRE. RENBGRSBERERFFRTR (reg HWARHTR).

it
P & Wi
WA RE ooy | B vin I—
—= wxEd [ #E —
—— (K FFER ) (BaER)
(47518 )

M 3-5 Moore HBRREH

WE LT Moore HRREHRM. H77 B4 B MooreStare I F L IREH 4 F B
SHEE, BEERRRAEB SIS EFBRES.
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module MooreFSM (A, ClkM, Z);
input A, ClkM;
output Z;
reg 7;

parameter S0 = 0, 51 = 1, 52 = 2, 53 = 3;
reg [0,1] MooreState;

always (@ (posedge ClkM)
case (MooreState)

S0
begin
Z <= 1;
MooreState <= (! A) 7 80,52;
end
51,
begin
2 <= 0y
MooreState <= (| A) 7 50:52;
end
82,
begin
Z <=0
MooreState <= (| A) 7 52,53,
and
53,
begin
Z <= 1;
MooreState <= (1 A) ? 51,53;
end
endcase
endmodule

// GEHEMEDE 3-6 FiR

GALHEE, SESH 3 MURE, WA TRAEREIKRE E (MooreState) , 5 —4
ATHRTES ZHHE. REXATHOFERG.

Efi R REEMES T, BOBE - ENFQR L, HMALE? A,
ATSERT Z o RRAEL 5 B R I A 5 — %k always B, 0 DL T AL BR .

module MooreFSM2 (A, ClkM, Z);
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’JD Q
Q
N z
A ) pCK Q it D Q=
OAI21
L OAl2l
INRBH FDISIAX { LCK QNN
FDISIAX l- ek oN
:C]kM FDIS3IAX

A 3-6 Moore # PR A PLBLRILR A& ) 09 B 3%

input A, ClkM;
output Z;
reg Z;

parameter S0 = 0, 51 = 1,82 = 2, 83 = 3;
reg [0.1] MooreState;

always (@ (posedge ClkM)
case (MooreStae)
50 : MooreState <= (I A) ? 80 . 52,
S1 . MooreState <= (! R) ? 50 , 52;
S2 . MooreState <= (] A) 782 , S3;
53 . MooreState <= (] A) 7 51 ; 53,
endcase

/RAE R RBRTFRE
always (@ (MooreState}
case {MooreState)

S0:Z = 1;
S1.2Z = 0;
S2 .2 =0;
$3,2 = 1;
endcase
endsodule

/1 G4 AR %A 3-7 PR
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AOI21 LD Q

:A.TE ) —>CK QN B
FDIS3AX OAI21

INRBH

bCK QNH
FDIS3AX

pLt
M 3-7 REFAWEL

3.5.2 Mealy HRREMN

Mealy HBRAR SV, 8 BEBOR THLAPRE , BB TR A . & 3-8 M ibtE T #
B R SR LT AR TR 8,

> i L]
wE [ wap |95 . —
A AGoTiL ) xs —
) (R4 ) (AP )
(AR )

B 3-8 Mealy HREREH

R Mealy HRREH M RES X2 — B EAW K always BH), — & F F ket F
28,5 —fATHEAMAAER(REBFXS 28 1AEHHU TR . SHRUBALE,
BARMALNEMZEARSEREREBARA S ZRAOESH . RENAR S S H
FHETE.

EBLUT Mealy HRRAEVRG. B MealyState Fi R FFERB VKRS, M
NextState Fi THIRHA G Z B K alweys B MR FEE M always IBHERE L,
i A\ Reset RAEMMRER T STO.

module MealyFSM (A, ClkE, Reset, Z);

input A, ClkB,Reset;
output Z;
reg Z;
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parameter STD = 4'h00, ST1 = 4'b01, ST2 = 4'bl(;
reg [0:1] MealyState, NextState;

// B,
always (@ (posedge Reset or posedge ClkB)
if (Reset)
MealyState <= 5T0;
else

MealyState <= NextState;

/AR,
always (@ (MealyState or A)
case (MealyState)
5T0 .
begin
Z=(A)1T1,0;
NextState (A) 7 ST2 , STO;
end
ST1 .
begin
2=(A)71,0;
HextState (B) 7 STO , 5T1;
end
sT2 .
begin
Z=0;
NextState
end
default . // MEE XRINTH
/! B4R 7 ) NextState ¥ R @ 38
begin
Z = 0; NextState = STO,
end
endcase
endmodule

// A AR RN 3-9 BTR

EAKSENRESGERLSESHA M BEBUEETR MealyState ¥{E. WTF
Fir 78 s 7E case iFA] P E “full _case” kARl 5 25 H RIA 4 .

(A) 7 ST1 , 5T2,
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i MealyState| MealyState0
Al
A>3 \
I );:‘2 NextStatel NextStated
D Q D Q
B1 "
0AI32 — B o on
P CK_QN— N
) & PCK Q AND2 S
s = FDIS3DX FDIS3DX
rd
Reset
Al
a2
A B
> 0Al21
Z

‘ND2 @
INRBH

M 3-9 Mealy HRREHLES HA M E

always (@ (MealyState or A)
casa (MealyState) // synthesgis full_case

5TO ;
begin
2= A)71.0;
NextState = (&) 7 ST2 , STO;
end
ST1
begin

2= (710
NextState = (A) 7 STO ; ST1;
and
5T2
begin
zZ=0;
RextState
end
endcase

BB, BAH Z M NextState RG] X RE N full_case L4 EM 7R

(A) 7 ST1 , ST2;
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B BUH A case 4+ TA{H, HA, BREFHUFRNEEFXREHRAS L.
HHEE— Mealy ARREVF B, X KA T AT (one-hot REHES .

module MealyFSM2 (A, C1kC, Reset, Z);
input A, ClkC, Reset;
output Z;
reg Z;

parameter STO = 2'd0, ST1 = 2'dl, ST2 = 2'd2;
reg [0.2] NextState, MealyState;

// e,
always (@ (posedge Reset or posedge C1kC)
if (Reset)
begin
MealyState <= 0;
MealyState[ ST0] <= 1'bl;
and
else

MealyState <= NextState;

/B,

always (@ (MealyState or A}

begin
NextState = 3'b0; /7 BRI
Z = 1'b0;

case (1'bl)
MealyState[STO],
if (R)
begin
Z = 1bl;
NextState[ ST2 ]
end
else
NextState[ STO]
MealyState[ ST1],
if (A)
begin

1bl;

1'bl;
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Z = 1bl;
NextState{ STO ]
and
else
NextState[ ST1 ]
MealyState[ST2].
if (A)
NextState[ ST1 ]

1'bl1;

1'b1;

1'bl;
else
NextState[ ST2 |
endcase
end
endmodule

/] EAHMPRMAE 3-10 R

1'b1;

3.5.3 RERB

AREMUHEBRRENORSHITEREN T,
NG - EEHEAHANFE. TELWEH
MooreFSM B8R Bk At 45 — RS RIG H ik

RN
B 8 R A R A BB R SR .

integer MooreState;

case (MooreState)
0 PRI
MooreState = 2;

1,

andcane

W77 2 0 16 A 7E T 51 1 300 B A 7 BRI (B R R 41
SRR, T B 5 P A AR 28, 5 A R IA B case
53 BB full_case FAKS. WIS
BT HDL R TikERR,

MealyState

FDIS3BX

ealyStatel

M
MNextState|
I NR2

FDI1S3DX

T

MealyState2

FD1S3DX

|
NextState2

& 3-10

T 1 5 4 15 0 R L A

CIkC



. J_UZ . Venlcg'HD[-ﬁ’ﬁ';mﬂE

ERSMER
A—RAITHRFEREFHSH, A case iIBHPEAXLSH.

parameter S0 = 0, 51 = 1, 52 = 2, 83 = 3,
req [0:1] MooreState;

case (MooreState)
50, -

MooreState = S2;
Sl H
endcase

BITERER 2N ERENRBEFE—- B HTHREE R, BARKLERS, W

REEWASEENRERAE, NG REHAENENDFTORO K. LS,
RERBUWERCBHRAOBERER 3,

MRS EARAMEBET X ZE LD TLEEREH LR AR,

parameter 50 = 3'b000, 51 = 3b001, S2 = 3'b010, S3 = 3'b100;
reg [0,2] MooreState;

case (HooreState)
SO .!..i
MooreState = 52;

51 .
andcass

EN RERBBRENNBEEHSEOMETEE A SR 3. YR, ZS2EM 0
R AL, MAREILARE MooreState ML WG R U BMB B KA T,

3.6 BB AR

HEIMEABUFFRNESERN, BEHBASERANUTIE,
a) (RFF{HE
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b) A#

) HH

d) HEEA

WERAFFRUTRERA/BHBAFES A/ BHBATFFE. BA/FFHBA
HESURFA/FHBLUTFES. HRELENT.

i) A K&
(s0 s (Q[2] Q1] oo
35 0 0 ol2] Q1] of0]
k¥ 0 1 of1] QLo] RightIn
8 1 0 LeftIn Q2] or1]
/A 1 1 ParIn[2] ParIn[1] ParIn[0]
HEGA#EMT.

module UnivShiftRegister (Clock, Clear, LeftIn,RightIn, S0, S1, Parln, Q);
input Clock, Clear, LeftIn, RightIn, S0, S1;
input [2,07 Parln;
Output [2:0] Q;
reg [2.0] 0;

always (@ (negedge Clear or posedge Clock)

if (! Clear)
Q <= 3'b000;
alse

case ({50, S1})
2'b00 ; ;
2'b01 .
0 <= {Q[1.0], RightIn};
2'b10 ;
Q <= |(LeftIn, D[2;1]};
2'b11 .
Q <= Parln;
endcase
andmodules
[/ GRE R 3-11 TR
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3.7 ALU Y #t B4

3.7.1 H¥1H ALU

WHELUTSHLN N I ERBBETALDMRE, ERELARR /T HBMZH .,

module Arithlogiclnit (A, B, Select, CompareQut, DataOut) ;
paranster N = 2;
input [N_ 130] A, By
input [2;0] Select;
output CompareQut;
output [N- 1,0] DataOut;
reg CompareQut;
reg [N— 1.0] DataOut;

paramster OP_XOR = 3'b001, OP_INCRA = 3'B010,
OP_LT = 3'bl00;

always @ (A or B or Select)
case (Select)
OP_INCRA ;
begin
Datalut = A + 1;
CompareQut = 'bx;
end
OP_XOR .
begin
DataQut = A " B;
CompareQut = 'bx;
end
OP LT ,
begin
CompareQut = A < B;
DataCut = ‘bx;
end
default .
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begin
CompareQut = 'bx;
DataOut = 'bx;
and
sndcase
endsocdule
// EAHEMEMA 312 xR
) A
Select2 }B ™ Al
S l ﬁ_} A\ AZ DmaOutD
NRBH|T 8 7 OR3 | ~ B!
Select0 C XNOR2 B2 OAlI22
ND3
AN
Select] ] J&
INRB
BO E
TNRBH
A0 f
INRBH A - ié
B Z ‘ I DatzOut]
NR2 B
Bl 0
5 AOI2]
Al —l
A Z
Al B1
INRBH B2 AOI22

Bl 3-12 2{igy ALU

LB ALU B SEERFMNSHERESSH ARG TN ALU, LITFH 4 {7
ALU R ER I .

module FourBitALU (A, B, Sel, Cmp, Data);
paraseter ALU SIZE = 4;
input [ALU SIZE-1,0] a, B;
input[2.0] Sel;
output Cmp;
output [ALU SIZE- 1,0] Data;

ArithlogicUnit # (ALU_SIZE) Insth (A, B, Sel, Cmp, Data);
endmodule )
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3.7.2 &8 ALU

HEA-THEALUSRSY, ZZBEELLHAM S5 KTRFE 4 FDME. #FH

FERZANFERE T DEAEN L ALU #TERHE,

module CustomALU (A, B, OpCode, DataZ, CompZ);
paramster NBITS = 2;
input [NBITS-1:0] A, B;
input [1.0] OpCode;
output [NBITS- 1,0] DataZ;
output CompZ;
paraseter ADD_OP
XOR_OP
assign DataZ = (OpCode == ADD OP) 7A + B,
(OpCode == NAND OP) ? ~ (A & B) ;
(OpCode == XOR OP) 7A" B,
"bx;

0; NAND OP = 1, GT OP = 2,
3

assign CompZ = (OpCode == GT OP) ? A >> B ; 'bx;
endmodule
/1 AR RmAE 3-13 iR

3.8 HESRyEER

3.8.1 &t %eE

HAEUTSRANHRLBECABEFEE K N O H e fE s, 58S
ey EFHHERIZE

module BinaryCounter (Ck, UpDown, PresetClear, LoadData, Dataln, Q, QN);
parasster NBITS = 2;
input Ck, UpDown, PresetClear, LoadData;
input [NBITS - 1.0] Dataln;
output [NBITS- 1.0] Q;
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output [ NBITS - 1,0] QK; 1

Q1
QNI

reg [ NBITS - 1.0 | Counter;

FDIS3AX | [QNoO

always (@ (possdge Ck)
if (PresetClear)
Counter <= 0;
else if (~ LoadData)
Counter <= Dataln;
else if (UpDown)
Counter <= Counter + 1,

alss
Counter <= Counter — 1;

assign Q0 = Counter;

assign QN = ~Counter;
endmwodule
2R RBESEORED
A 3-14 fiw

3.8.2 I NitH& 5

FDI1S3AX

LTR-HEHE N EH T HBREY, 2
W B NAE— TR TE W, A N
REFEBRE L TEN B EFHE

/1 BRI« NBITS N g
// B . UPTO g
module ModuloN _ Cntr (Clock, Clear, 0Q,
QBAR) ;
parameter NBITS = 2, UPTO = 3;
input Clock, Clear; ‘ -—
output [NBITS - 1.0] Q, OBAR, ]
reg [NBITS - 1,0] Counter; =

H
lear

2 g 52
CH-§-tC

3-14 2 {ir iy T 35T . 0T 80 A A9 — o 0 AT 30 3 B 38

always (@ (posedge Clock) g)
if (clear)

Counter <= 03

A
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else
Counter <= (Counter + 1) % UPTO;

assign 0 = Counter;
assign QBAR = ~ Counter;
endmodule
/B3 HBRESHARRWMAE 3-15 fin

D Q Ql
A
N
Clear ‘.!: QBARI
> FD1S3AX NR3 TpCK ON
I FD1S3AX QBARG_
- — m -
 Clock |

CESURE St TUHE T

3.8.3 #mBitiss

LW E i A R RIEER, 3 (AR R R HEGERIT .

000
001
011
111
110
100
Goo

AWt RS EROXRBET .

a) MR AR A AN (RN MG K 1, MM A RBA 0,
b) MRBBEAHBAIN 0. MM AHRWBA 1,
HEUTSHANHREMETH N CARH T HSER,

module JohnsonCounter (Clockd,PreClear, Q);
parameter NBITS = 3;
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input ClockJ, PreClear;
output [1,NBITS] Q;
reg [1;NBITS] Q;

always (@ (negedge PreClear or negedge ClockJ)
if (! PreClear)
Q<=0
else
begin
if (1 Q1D
0 <= {Q[1:NBITS-1], 1'bl};
alse
Q <= {Q[1,NBITS-1], 1'b0};
and
endsodule
/ FEHE S AARBTRERENRE 3-16 Fx

DI Q D Q Q3
DO
SD
Clock! -
->CK QN DHCK ONbF—
d Con 5ot
FLI1S2EX FDIS2EX
Q1
PreClear
2
DI Q Q
DO
SD
bCK ONl—
N
FLIS2EX

A 3-16 3 [ty & i a8

3.8.4 HMEMLITHRE

BEDTHSRLALUTHERBRO 51 5.
a) BEBHB (B RAUMND SH - #HBE— (MR,
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b) HEEE _MEBE _HFHBE -
FoAHRRASR KRR, GREBE,
MBS - HESUERRREBR T F -1
mEH.

Bl 4, — 3 i 5 MO 41100 X% R K A% B
Wit BERE 4'b1010, HE LT 2HLKWF
EFEFH N IR EFERETHEN Verilog
HDL # 8,

module GrayCounter (ClockG, Clear, Q, QN);
parameter NEITS = 3;
input ClockG, Clear;
output [1,NBITS} Q, QN;

reg [ 1.NBITS] Counter, GrayCount;
integer K;

always (@ (posedge ClockG)
if (Clear)
Counter <= 0;
alse

Counter <= Counter + 1;

always (@ (Counter)
begin
GrayCount[1] = Counter|1];

for (K = 2; K <= NBITS; K = K+ 1)
GrayCount [K] = Counter (K - 1] *
Counter[ K] ;
and

assign = GrayCount;

assign QN = ~GrayCount;
endmodule
/I EEHM 3TN RENERME 317
B 7w
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3.9 BEALMIEEAEER

HWEUTSHERTHECMAMBIRMEE N I mESEY, KBLAOMUER
B R A 3 k88 BT A 9 I i 3-18 TR .

module AddWithCarryInCarryOut (OpdA, OpdB, Carryln, CarryOut, Sum);
parameter NUMBITS = 3;
input [NUMBITS . 1] OpdA, OPdB;
input Carryln;
output CarryOut;
output [ NUMBITS . 1] Sum;

assign {CarryOut, Sum} = OpdA + OpdB + CarryIn;
endaodule
/3B MESSASHOMEDE 3-18 Fix

3.10 BEALMELE 28 Ay

ARUTSHLH N RS, SARERAYEFS R, ICHKE
BIHCEE.

module Comparator (A, B, EQ, GT, LT, ME, GE, LE);
paramater NUMBITS = 2;
input [NUMBITS ; 1] A, B;
output EQ, GT, LT, NE, GE, LE,

reg [5 3 0:| HesultBus;
// ResultBus f) & fi W 5 ] {EH K & EQ.GT.LT.NE.GE il LE

always (@ (A or B)
if (A == B)
ResultBus = 6'b100011;
else if (A < B)
ResultBus = £'b001101;
else //(A > B)
ResultBus = 6'b010110;

assign {EQ, GT, LT, NE, GE, LE} = ResultBus;
endeodule
[/ 2 G B9 L BE 8% 55 A th B N % P 3-19 FF R
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3.11 FHAFRER

3.11.1 HHEIFHEF

HE LT R 2-4 BRG] B OUR AR R A B AR 334 & i B E
B, B8 . SGERESCERBMEE b AEENETEER.

module SimpleDecoder (A, B, Enable, DecodeOut) ;
input A, B, Enable;
output [0:3] DecodeOut;
wire Abar, Bbar;

asgign Abar = ~ A;
assign Bbar = ~ By
assign DecodeCut[0] = ~ (Enable & Abar & Bbar),
assign DecodeQut[ 1] ~ (Enable & Abar & B);
assign DecodeCut( 2] ~ (Enable & A & Bbar);
assign DecodeQut[3] = ~ (Enable & A & B);
endsodule
/] e KR mAE 3-20 B

A DecodeOut0d
B B Z
Py E ?‘-"—1' C
NRBH ND3
A DecodeOut2
A i ,} : AN -~
INRBH ND3
A A DecodeOut!
>§_,r§bl:: Q ! g Z N
~ ND3 ND3 DecodeOut3

A 3-20 MR/ 2-4 FEH
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3.11.2 3 $iFEr0E

BEUTSEAH N _#FFHRsa.

module BinaryDecoder (SelectAddress, Decodelut) ;
paramster SBITS = 2;
parameter OUT _BITS = 4; // SBITS it 2 9%
input [SBITS - 1,0] SelectAddress;
output [OUT_BITS - 1,0] DecodeOut;
reg [OUT_BITS - 1,0] DecodeOut;

integer k;

always (@ (SelectAddress)
for{k = OUT_BITS - 1; k > = 0; k = k - 1)
DecodeOut [k] = (k == SelectRddress) 7 'bl . B0;
andmodule
/2 IR RRBR S AN RDE 3-21 iR

DecodeOut3
. Sasthdiraad R 2
NRB NR2
DecodeOut 1
/Selech"sddress l iﬂ Zp-
INRB NR2

j& :: DecodeQut2
[ 0 B 2

NR2 NR2 DecodeOut)
B 3-21 2 B9 — o fl iR AR

3.11.3 ¥

HWEUT SRR T EEERN N YRR Emaun,
module JohnsonDecoder (S, En, Y);

parameter N = 3;
input [0,N-1]5S;
iﬂwt En;

output [ﬂ:z*N-l] Y;
reg [0:2xN-1]¥Y;

reg (0.2 » N- 1] Address;
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integer J;

always (@ (S or En)
if (En == 'bl)
begin

Y = b0,
Y[ Address] = 'bl;
end
else if (En == 'b0)
Y = 'b0;
alae
¥ = ‘b
andmodule

Address = 0;

for (J = 0; J < N;3J =4J + 1)

if (S[J]

Address = Address + 1;

if (s[o]

Address = 2 % N-— Address;

/7 3 LML W PR IR RR AR A o) R P 3-22 BT R

Al
A2 .
A Y4
BI B
s
NR2
%TNRBH 2 AOIZ2
\En
My B ),.CB -
)
D
NR2 Y3
15 T
S2 E;x o
Fa
INRBH NR3 Y2
B
R3
9
ND2 C
INRBH NR3

A 3-22 3 fu oh 299 3 50 32
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3.12 ZEERSNEER

3.12,1 MR BRRIEESS

WELUTA® I WEBMERSERER. K4, FEREEQPHUERAEFELAR
HEEROERE.

modules SimpleMultiplexer (Dataln, SelectAddr, MuxOut);
input [0:3] Dataln;
input [0.1] SelectAddr;
output MuxQut;

agsign MuxOut = Dataln [SelectAddr];
endaodule
/ EAHAR RN 3-23 fiR

Al
> Datalnl A2
L
SelectAddr] B1
%_@_‘ Bl
+, Dataln0 A2 MuxOut
)1_31
B2
+ Dataln3 ié 0AI22
« SelectAddr0 Bl
— B2
INRBH AOI22
Dataln2
>

Bl 3-23 4% 1MEREEEE

3.12.2 $HUN B HREES

WEUTSRAMEREEREURG. HEBEERPEAE (word) BE R
EFHTERBREES Y. MABRELHE MY DataBus 7  EHEFEBHET
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THRABHEESZHN - MEGS  FTRETEHRKERHES. FAHNSLETE=
A B RTEEES Enable.

module BinaryMultiplexer (DataBus, Select, Enable, Y, Ybar);
parameter NBITS = 2, WORDS = 2;
input [ NBITS % WORDS — 1.0] DataBus,
// DataBus & £& #% B — 4 $r£H
input [WORDS - 1.0] Select; /] BBIKER
input Enable;
output [NBITS-1,0] Y, Ybar;
reg [NBITS -1,0] ¥, Ybar;
integer K;
function [WORDS - 1,0] GetWordIndex;
/1B EE—A 1 FTERM T M
input [WORDS - 1,0] DecodedSelect;
intognr Inx;
begin
GetWordIndex = 0;
for (Inx = WORDS ~ 1; Inx > = 0; Inx = Inx — 1)
if (DecodedSelect [Inx] == 'bl)
GetWordIndex = Inx;

end
endfunction
always (@ (DataBus or Select or Enable)
if (Enable == 'bl)
begin
for (K = 0; K < NBITS; K = K + 1)
Y [k] = DataBus [GetWordIndex (Select) * NBITS + K],

Yhar = ~Y;
eand
else if (Enable == 'b))
begin
¥ = 'hz;
Ybar = 'bz;
and
else
bagin
¥ = "bx;
Ybar = 'bx;
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end
endmodule
/12X ERABRESHOMERNE 3-24 iR

DataBus2
;Ennh]e

Select0

Selectl @c - ID
INRBH
DataBus0

DataBus3 N
Z
Bl
DataBus|
7 B2 J ao122

B 3-24 2X2M_itFl ERnkigE

3.13 SEALR A BB d 8 i BB

HREUTSHME N AR R B R, R o R T 448 B
R B B ! .

module ParityGenerator (Dataln, OddPar, EvenPar);
paramster NBITS = 4,
input [NBITS - 1,0] Dataln;
output OddPar, EvenPar;

) S — S G

XOR2
XN
OR2 EvenPar
Dataln|
-
XNOR2

B3-2 4fiHESRLEES
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assign EvenFar = “ Dataln;
asgign OddPar = ~ Evenpar;
endmodule
/A NFRERE KBS S H MR DE 3-25 Fim

3.14 =ZE[IAHEK

EEHMNARRRELERFRGVEFNT N ERR 2 EXRLHAMY., HETH .

module ThreeStateGates (ReadState, CpuBus, MainBus) ;
input ReadState;
input [0,3] CpuBus;
output [0,3] MainBus;
reg [0.3] MainBus;

always (@ (ReadState or CpuBus)
if (ReadState)
MainBus = 4'bz;
else

3 ReadState ;

CpuBus3 ' L!r:K MainBus3

\ CpuBus2

— 1| CK MainBus2

B D
. C
INRB L -

CpuBusi D[l: MainBus|1
Cl
TBUS
CpuBus0 D(:J MainBus0
S tBUS

B3 —H=%EN
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MainBus = CpuBus;
andmodule
// EAN R ERDE 3-26 FiR

A ReadState M ,MainBus §t 2 =7 ). # ReadState &, W® CpuBus i {H & 25
MainBus .

3.15 EiEgme e

AT SR AER I W A Daza FIE B BB L BRE HBESLN 3 17, Eith
METTHRALEMNRAGS BERAIMEZEN ", WEHRHEEEIE, FUE
A

module Count30nes (Data, Clock, Reset, SegFound);
input Data, Clock, Reset;
output SeqFound;
reg SeqFound;

paraseter PATTERN_SEARCHED FOR = 3'blll;
reg [2.0] Previous;

always @ (negedge Clock)
if (Reset)
begin
Previous <= 3'b000;
SeqFound <= 1'b0;
end
else
begin
Previous <= {Previous [1.0], Data};
SeqFound <= (Previous == PATTERN_ SEARCHED FOR),
and
andsoduls
/AR RDE 3-27 iR

SGEHRBSBSH 4 MK 3 AT Previous, B—1FF SeqFound. 1B,
e, e ZBATF Previous MEBRTH - MRRLE, BT LB ZME
. MBI, 87 T8 i SeqFound , X RE A EMRME S SIS a0 # . mBEFRT
WAL R SeqFound BB DAMAE always EH Z ST, XHERBETUT
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[T

SeqFound
_| AND3 D Q

D Q D Q
‘
>CK QNH—
W ok ONIT Sy K ON— FDIS2AX
TNRBH FDI1S2AX FDIS2AX

\Clock

B 3-27 SitiBEEL 3 1170 B

B/,

module NolatchedOutput (Data, Clock, Reset, SegFound);
input Data, Clock, Reset;
output SegFound;

parsmeter PATTERN SEARCHED FOR = 3'blll;
reg [2:0] Previous;

always @ (negedge Clock)
if (Resget)
Previous <= 3'b000;
else

Previous <= {Previous [1,0], Data};

assign SeqFound = (Previous == PATTERN SEARCHED FOR);
andmodule
// A M mEmMAE 3-28 iR

E SeqFound
J Previous0 _c
E‘ D Q D Q|- Previous] D Q_rl AND3
Reset Previous2
2 T| NR2
INRBH FD152AX FDIS2AX FDISZAX
Clock .

M 3-28 k@AY H
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W, Rk HFH I SegFound, E & Previous SR 31T HMER. BB, EXHH
BT L BMYAF Previous B B—1{f .

3.16 Br F* B H

AT BRI BB A 45 B 8 A BB Data BB TR, 8 &5 8 Resulr Ml E.xpﬁnent 4y 5 B
RYMEE HMBLI2 IR, WAES Reset AIREHBE {1,

module Factorial (Reset, Start, Clk, Data, Done,
Result, Exponent) ;
input Reset, Start, Clk;
input [4.0] Data;
output Done; !/l ®IARS
reg Done;
output [7.0] Result, Exponent;
reg [7:0] Result, Exponent;
reg [4:0] InLatch;

always (@ (posedge Clk)
bagin, BLOCK A
integer NextResult, J;

if ((Start && Done) || Reset)
begin
Result <= 'bl;
Exponent <= 'b0;
InLatch <= Data;
Done <= 'h0;
end
else
begin
- if ((InLatch > 1) & (| Done))
begin
NextResult = Result » InLatch;
InLatch <= Inlatch - 1,
end
ales
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NextResult = Result;

if (InLatch <=1)

Done <= 'bl;
for (J = 1;J <=5;JdJ =73 + 1)
begin

if (NextResult > 256)

begin

NextResult = NextResult >> 1;

Exponent <= Exponent + 1;
and
and

Result <= NextResult;
end
end
endmodule

LZif )G, R InLatch .Result ,Ex panent 1 Done iﬂjﬁﬁ%ﬂi,ﬁﬁﬁ.

3.17 UART #& %

WELUT LR S0 UART s BEBIR , Jhe oK RS-232 B3 1TH A BB R A H T8
BRI ITRABIE R RS-232 BfTBEER L. BEF VMR 8, WA 3-29
B, it UART #iEH 4 M EEAEL. RX hBRSBEHR, TX hREHHEHR, DIV Y
B 43 A SR B, MP Sy oAb B SR M SR _

B—IERDIVE-IHERAFMRETHER. FARIAMIER, 4 FRR
B, UART Z7EERE MMM 16, HWER X R REW RN 1645, B
WMOMRROMEMEE WM T, AL BRBEBUMEL. TX BRESEL K
Ab AR OB MP &9 8 (I ATHUE, I @38 0 DOUT % ¥ #4748 1 3 RS-232 %
A, Ra¥,RX BREWBTEER AU S MUIIFTFHARESE MP i, Hil—
U BR AR AB AR A 16 AR T, MAEBENEL MP S5 BB RX/TX #ith
54ab B AW SR 2Z 8 6 H T HAER .

UART MRS AR LALLM T ERERRGESGE—R, MOBEEsik MP
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P
Uek piv ooyl TEST,
RESET ENA ENABLE
wr| ||
hs
&
cK RX
RESET
Lol
>=———DIN S
z u$§ o L—ck
- s -
LA RESET  pOUT|22!
ENA 1x TRE
K B8E4Y3 P et
RESET EE 555 LOAD DIN[7:0] TBRE
UDIN[0:7] et yDIN[0:7) €3 TXDAT[0:7] _—
CSN > CSN g
AS >—— AS o STAT4
WRN >— WRN MP STATS

RDN >—j RDN

B 3-29 UART #H k8

A4 KR R R S L A LU R KA 3 MR AT X m LR,
AEANBIT G ER,

UTREXEBER TXWITHERY, ERVEZAMNHEY, &/ TBR. TR, TRE,
TBRE.DOUT.CBIT #1 PA #E# 3 m b THf fok % 04 s 5% 28 , 3 2 B 2 o 3K 26 71 ik ) R
(EZmtsh CK By,

module TX (CK, RESET, ENABLE, TLOAD, DIN, m. TRE, TBRE) ;

input CK, RESET, ENABLE, TLOAD;
input [7.0] DIN;
output DOUT, TRE, TBRE;

mm. TRE, TBRE;
rcq[?:ﬂ] THER, TR;

reg [3:0] CBIT,
reg PA;
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always (@ (posedge CK)
begin
if (1 RESET)
begin
TRE <= 'bl;
TBRE <= 'bl;
DOUT <= 'bl;
CBIT <= 4'B0;
PA <= 'B0;
end
else if (TLOAD)
begin
TBR <= DIN;
TBRE <= "b0;
end
else if (ENABLE)
begin
if (| TBRE && TRE)
begin
TR <= TBR;
TRE <= 'b0;
TBRE <= 'bl;
end

i€ (1 TRE)
case (CBIT)
4'b0000.
begin
DOUT <= 'b0;
CBIT <= CBIT + 1;
end
4'b0001, 4'b0010, 4'b0011, 4'b0100,
4'b0101, 460110, 4'b0111, 4'b1000,
begin
DOUT <= TR[0];
PR <= PA " TR[0];
TR <= {1bl, TR[7:1]};
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CBIT <= CBIT + 1;

end
4'b1001 .
begin
DOUT <= PA;
PA <= 'B0;

TR <= {1bl, TR[7:1]};
CBIT <= CBIT + 1;

end

4'b1010,

begin
DOUT <= TR[0];
TR <= {1'bl, TR[7:1]};
CBIT <= CBIT + 1,

and
4'p1011.
begin
DOUT <= TR[0];
TRE <= 1'bl;

TR <= {1'bl, TR[7:1]};
CBIT <= 4'b0000;
end
endcase
end // if (ENABLE)
end // @ (posedge CK)
endmodule

T R B RX 8975 5408, & B T4 4 M. %8 START.CBIT.CSAM.
DI PI.SR.DR.DOUT.PERR .FERR #1OERR il S R % 38,

module RX (CK, RESET, ENA, DIN, RD, DR, DOUT, PERR, FERR, OERR);
input CK, RESET, ENA, DIN, RD;
output DR;
reg DR,
output [7,0] DOUT;
reg [7:0] DOUT,
output PERR, FERR, OERR;
reg PERR, FERR, OERR, START;
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m [3;'0] CBIT, CSPJ‘I'
reg DI, PI;
reg [7:0] SR;

always (@ (posedge CK)
begin
if (! RESET)
begin
CBIT <= 0;
CSEM <= 0,
START <= 0;
PI <= 0;
DR <= 0;
PERR <= 0;
FERR <= 0;
OERR <= 0;
end // if (RESET)
else
begin
if (RD)
DR <= 03

if (ENA)
if (! START)
begin
i€ (1 DIN)
begin
CSAM <= CSAM + 1;
START <= 1;
end
end
else if (CSAM == B)
begin
DI <= DIN,
CSAM <= CSAM + 1,
and
else if (CSEM == 15)
case (CBIT)
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0.

o Degin
if (DI == 1)

START <= 0
alse
CBIT <= CBIT + 1;
CSEM <= CSAM + 1;
end
1,2,3,4,5,6, 7,8,
begin
CBIT <= CBIT + 1;
CSAM <= CSAM + 1;
PI <= PI * D]-I;
SR <= {DI, SR[7;1]};
end

begin
CBIT <= CBIT + 1,
CSAM <= CSAM + 1,
PI <= PI *~ DI;
and
10;
begin
PERR <= PI;
PI <= {;

if (| DI)
FERR <= 1;
alse

FERR <= 0;

if (DR)

OERR <= 1;
else

OERR <= 0;

DR <= 14
DOUT <= SR;
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CBIT <= 0;
START <= 0, .
end
endcase
else // ((0 <= CSAM < B)|| (8 < CSEM < 15))
CSAM <= CSAM + 1;

end // if (1 RESET)
end // @ (posedge CK)
andsodule

PITFRABEBFES DIV T S8/, e 16 1 oteh A4 — Bk, in
RWA TESTN 30,0l ENA® X1, 8 COUNT #i# 3l fd % 28,

module DIV (CK, RESET, TESTN, ENA) ;
input CK, RESET, TESTN;
output ENA;

reg [3:0] COUNT;

always (@ (posedge CK)
if (! RESET)
COUNT <= 0;
else if (| TESTN)
COUNT <= 4'hF,;
else
COUNT <= COUNT + 1; //m1i#

/ AEEBRRY
assign ENA = (COUNT == 15),
endmodule

3.18 HCh 21 SBRAY

HEUTER 2 qBENTELEA, A%k x2 SBF. 23 108
BOMMEME R ANESTR LR 11, BREFEEERE TR ™4 8 25ie,
(48 8.5 (BrA M A BUa f) RATEEEE 21 i WAt 21,
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WA InsertCard RV BFCEFHEW KM, & Clock EFHEL, F
TnsertCard % 3, B HT M. WA CardValue BRFAOME. MBEKRTET KM
ZIEBSrHE 17 B) 21 Z 0, MRS H Won y R LIRFIWRIKME. MRESEL 21, B4
BFRAELI-XEGTRBM AFHABCHEERNY 1 B8R 11, WRE—-FKERIINE
MAFEHRBYER 1, MEBH 11N 1L, HEESFERT—EM, 70, FHH
Lost WRUIRIEM. MR Won M Lost WEZ —HEBEAU WEFAEEREMW. ¥
NewGame B E , 7T b REH F 6.

module Blackjack (CardValue, Clock, InsertCard,NewGame, TotalPoints, Won, Lost);
input [0,3] CardValue;
input Clock, InsertCard, NewGame;
output [0.5] TotalPoints;
output Won, Lost;
reg Won, Lost;
reg AceAvailable, AceValuelsll;
reg [0;5] TotPts;
paraseter TRUE = 1'bl, FALSE = 1'b0;

always (@ (posedge NewGame or posedge Clock)
if (NewGame)
begin
Won <= FALSE;
Lost <= FALSE;
AceAvailable = FALSE;
AceValueIsll = FALSE;
TotPts = 04
end
else /1 EFRE
if (InsertCard && | Won && | Lost)
begin
if (CardValue == 4'd11)
begin
AceAvailable = TRUE;
AceValuelsll = TRUE;
and

TotPts = TotPts + CardValue;

if ((TotPts >= 17) && (TotPts <= 21))
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Won <= TRUE
else if ((TotPts >= 232) && (TotPts <= 31))
begin
if (AceAvailable && AceValuelIsll)
begin
AceValuelsll = FALSE;
TotPte = TotPts — 10y
end
else
Lost <= TRUE;
end
and

assign TotalPoints = TotPts;
andmodule
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if (MAX > 100)
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JMA = SMA + BMA;
alse

JMA = SMA — CMA;

MBRR AR, WA —"ROBEARA N RME ALU, HE, MERA
THRESRE, UF - ALURTUEH+"M—"XHMHEN, XEREIXHHEF
BREFRMMA., WAAFERT -4 S BikEE, AN BMA fI CMA FEE 45 M
BB ALUMS - MRAR . B 42 BkR AN B4R &4 if 354 5778 31 008 4
BB, B 4-3 REARE T HER SRS A 0 Rk,

SMA BMA CMA

l ALU(+) ALU(-)

= MUX

IMA

A 42 REARBSE

MAX 100

i ‘ BMA CMA

\oo/

Me3 RATERAR

M HE ALU, MATZE ALU RN ARS| A B REESE, X282 E
B, ALETHRET ALU AR HERTTERML T, MRESTARASMENEE
R ERAEAACHTNG, E“FHE Wit BERER R R RIS,
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AR —SEE T REBE AIEMEERROEMRTE, B, BEHXEHNEMTA .

a) xRN '

b) ik

c) M

d) R

e) BE
WA EAR R LIIEARE BN T ER— N ALU. RERFHNRERFEERER
KEFMELHEIEE, HERFHLUTILFAATEKHER:

a) AAFHE,  cHBRHR. BRUFLE. flin. A+B5A+B

b) KEFHRE,F—T2RBAR: MUK BIBIIA—ITZHEEE. . A+
B5A+C |

o) WAHR, R BEAR . 0K, BAAT AR LB EESE. flln. A+B5C+D

d) AFAR, ZHBRHEFA: tEHFH, Ain. ArB5SA—B

e) WAARE, H- T EHBAR . FNEH BIFASIA—IZHEER. fin. A+
B5A—C

D WRAR, EHEHAFR. 708, HRF5 AR FBEES. #iin. A+B5C-D
FaMEEATRESEHNBERRL, RKEKREW) . (b),e))F(), D),

HERDBELHATESE. T 5 R,

if (] ShReg)

DataOut = AddrLoad + ChipSelectN;
else if (ReadWrite)

DataOut = ReadN + WriteN;
else

DataOut = AddrLoad + ReadN;

[ FITHTREIREHRT.
if (! ShReg)
begin
Templ = AddrLoad;
Temp2 = ChipSelectN;
end .
else if (ReadWrite),
begin
Templ = ReadN;
Temp2 = WriteN;
and
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elas

begin
Templ = AddrLoad;
Temp2 = ReadN;
end

DataOut Tenpl + Temp2;

B3R AR R E — Mm%, B if BB AT 7 Pohn B 3 A R £ Bk
#®. MBRFKRASES L 3 ML,

4.2 AHFRARX

R ARTFRAAFENCHELHNE XELRPEEREA. REUT
LEVN P

Run = Rl + R2;

Car = R3 - (Rl + R2);
[ BERXUTE _ERMEEANE - ERABENEHTHET
/B MR PR PEM R TF if B case BRI N, EBERA TR AL

GETRMBRARRHAXFRARX, R LR MMER, ENHSHE LRGSR
R1+Rz, ZRRAUTRUFERIBRHZIBNAFER, ARSI BRIHERE
K. L BRBARTRELFEACHAAWERBA AN, S FEA, TLBE 4%
WHEA BHP“Car = R3 — Run;”. MRAMATHOREBSERGIBE, RKL
HTRAAREBRARET.

4.3 RBE R

ARRSBB for BHBARKANARIANEEGRBAPEAELOWE. g
TR ¥ 8 E I8 SR BOR R A for TERIEA). X RE, I5 40 8 K B 7 57 2 2 17
EHREAERIT MR E R T A . R, 28R 4k 28 t ¥ 88 58 88 5 00 3 A0 4 X
HEZE. WREERER E#TRA, MR PG R, 24 B TFRAEBRLALE
PEIXBOEST . WELUT for WHRHA.
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Car =
for (Count = 1; Count <= 5; Count = Count + 1)
begin
Tip = Car - 6,
[/ BEMI R Car BF{E
end

M ) 4 0 A S A (E A BE O 3R 2R BT 2 , B+ w9 8 B Tip @948 R T 18 5 28
B Count. BE,ZFETRETES THMER BER KR E N XHERZETH
SheZg. Wit FAM, ARE - TEERRITT. _

T R FR AR OL A9 Bt R R R R h IR AR IR i R KA R A
BEWAZ/ . MEIHFBERGRHE. THERMI.

Car = s
Temp = Car - 6; PRIV 10K S
for (Count = 1; Count <= 5; Count = Count + 1)
begin
Tip = Temp;
// BE MR £ Car BFH{H
end

AFEEERBEAE, I EN AT IRORBEA, Xl BB RSB N LT
HERFFHREAL.

4.4 AHTHRR

PEFRBEM if BAE case BHMERF X PFRBGAR{FRER, HFBETH.

if (Test)

Ax™ A& (B + C);
alss

By = (B+C) [Ty

i EANERFSXPHBART RAR B+C, Hil, Bz FxAE N EFREH |
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EfBEAZAWERAAN, ARGETARFS LRI MERT . WTHR.
Tesp = B + Cy /I AR ER

if (Test)
Ax = A & Tenp;
else

By = Temp | T;

REABATFREREGEHELHER(ENPRESGH - X8, B8R L
R T ARACE R LB

4.5 RHEBANLGEER

REBERET RIFALEEXE L RETRAFEZNHTEHEN. THR
ARTEREAFRTRAXZMEHTERENGBHFRAL2FTRER.

Run = Rl + R2;

Car = R3 - (R2 + R1);
MREXRZTRINAZHRE . FHFRNESE —£REBEAPHABANATFERER
“R1+R2”,

Rl , L EREMRCFERZABRTULNAES®R, RETH.

Lam = A + B + C;

Bam = C + A - B;

EE R -FBEATHREANAZTRENGE SR, REBRICHAI A FRE
A, RHBEFRELZR RTUER:

Temp = C + A; /1 BIA—1ihet % i
Lam = TGIP + B;
Bam = Tﬂllp - B;

MRARUAZRBALGR. GATARSER 3 TMESH— M REE; R Y
FREXZE BRALRAMMEBEA— I HEST.XH -5 VE T8,
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4.6 HAbEILFEL

BEE GALALRELRA IR EML, XL

a) FEARTEE R

b) ¥ &AIH
XERAEERRHGESRETRA, HHHEALHNERC. REDM, T ik e
e,

FEALTE B BB AR AR A & B AT RB. Hin.

if (2 > 4)
Oly = Sdy & Rdy;

R BALERREASRS"TT, BHEREBIAERS#NIT  ERERD,
HRAHBBARENHEHBBRERMMHE, ﬁﬁﬁﬁ%ﬂ?ﬂi&ﬂﬁﬁﬁlﬂmﬁﬂ
PRAL AR K HBR . WRELUTRARH: |

parameter FAC = 4;

Yak = 2 » FAC,

WA SRR T AR R H KRS Yak, A 000 Rk R A B AE
(TR, X T A T ZRMAKEE.

4.7 %A MBIFEORA

4.7.1 HKRME R

HRFSTANMEREFHANBEE. AFRSATANESHUAR#HER. mR
R X RN, ﬁAtHMMﬁﬁjﬁ‘IﬁE%ﬁﬂsimiﬁc’ﬂ:ﬁ:ﬁEmtﬁﬂ T HIE
& i«

reg PresentState;

reg [0.3] Zout,
wire Clockh;
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always (@ (posedge ClockA)
case {PresentState)
0.
begin

PresentState <= 1,

Zout <= 4'b0100;
end
1.

PresentState <= 0;

Zout <= 4'b0001 H
and
endcass

BLEEANEKERER PresentState WERGFELARMENMER T, Z4F. A
{L} PresentState EIEHT.—’T'ﬂfEﬁ,Eﬁ Zout M T 4 PR E. XRE N Zow
MIREZHA R, X Zow A RXEMEBRFFAREER. ERR WAL/ £
M i) always B4 5 case BA) N Zow WM, XHERARF RSB H . 0T Fim. 6
MERRAAERT —ME S,

always (@ (posedge Clocki)
case (PresentState)

0 ; PregentState <= 1;
1 ; PresentState <= 0;
endcase

/] EHET MR #

alvays @ (PresentState)  // 4 EH

case (PresentState)
0 Zout = 4'b0100;
1 ; Zout = 4'b0001;
endcase

4.7.2 HRUES

MR RAKLE case HAN f BAWFE S LT BERE, F2TREB =4 HH
. XRENE Verilog HDL o, FF34E BEE always if4) P E R E B & W T 764
B/ BB REEBRIERME DAL P BRI R RAEHM.



M4l MEMREL _ - 143 -

HETH.

reg Luck;

always (@ (Probe or Count)
if (Probe)

Luck = count;

X4 Probe 5 0 B sLuck i {H? Luck SbRHEIFE. ZXHRBERAE Luck W18, B E
BARTERER 7.

HRAFENBTF FERSARESSTARSHMNAGFRNE. RERHERE
BEREERENEMEERRRALERNYER. THRSEAIENWRSE . BiHH
MARITHRAMFR RECTHRERARGHE. BFREBESCHNEAER. AREN
fga XS MRBENREARLEA S, W8 EARH,

HPRHHETRENBREAPOYTSE. B ERE cse p X P ZER
RL{H

always (& (Probe or Count)
if (Probe)
Imck = Count;

else // BT else F4)
Luck = 0;

B ERAE ERZH RN RITIRILRE,

always @ (Probe or Count)
begin
Luck = 0; // B9t 20 B 3 1790 48 10 W18
if (Probe)
Luck = Count;
and

4.8 & it B &,

MBEHRAERES
S B ST 1B 4R e B LBLZE 2000 Z 5000 [IRHESBMALENRANERE, &
W# Verilog HDL B F 44 always iSRRI K . W@ HHBRMASRREA always
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R RE S IBR,

GAHMEETHS Verilog HDL fRIBATHI K. 2500 [THY = BEFTRER B — B 10
789 Verilog HDL {UiB (FTREA & — 4 for TEFF /2B T B &4 H kA, wrTRER H
—Bt 10 000 f7#9 Verilog HDL {RHS (AT RE & H KM case H 4], i H o & W6 (8 #BAR /5 52)
Gk,

ZadBMErMEEEATERAA. ESRHAMBHEXER. BEEENT
ThAE sk ) MBR R E T b B R R E AR LR

3

R always IERIRHRRF Verilog HDLRMBATHERXRERA AN, XERES
TRAE™4EETERMBRXR, UEZREAREE BN HHTLHE,

ZATRAEKAXREANEEAREFOBERXR. S,

reg [15.0] Zim, Rim, Sim;

Zim = Rim + Sim;

IR B TR 16 47 hn bk 384 — B0 i 2 Wk AL B

&8

ZAEARANXEY ROM S RAMZ XN FHBNERNSE. BE¥ETZETRT
LR HIE L RAM, EWE RAM Z K085, BT @ 2 T4 IR 88, 7e 8 7Y o it 1
#HITEML REGHESEAHEMER, S4TARENRAMBY —MRE . RERHTE
BIERAMBEREZRZERED,

MR HEBBLUTERANED, PGS TRALA AN RESE WAL E
e 2 oL 4 e

Cyr = Rby » Ytr; /16 i AR

BHETRE R HEFAORER, BB, &2 B 578 50 0140 IT £ BORE 32 51 4k, e vt 28,
MARRARERF, HARERGELT SR LB BBIR AN RER,

4.9 fF H & S

%% Verilog HDL fURSE, 010 B P4 () BRLEMEBILPEY., REEN S
REERES. BEUTAMH.:
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Result = Rhi + Rlo - PhyData + MacReset;

SR TRAESGSAMBIBAN MY Verilog HDL iy RAXWH AWM, B M A 24 17K
B,oTRMWEO WA -4 PR ml. SFFENZREANXRBEEREK. F— a1
WERERES. .

Result = (Rhi + Rlo) - (PhyData ~ MacReset);

Rhi Rlo
PhyData

MacReset

Resuit
H44 REMAFESGE HNEH

ZHGEHNERCRBERE, ME 45 TR, EAERSHABTFREAKTFERRR.

Rhi ! % Rlo PhyData g ng:Rﬁet
; Resuit

B4-5 FHESESEGHNGEE

B ERAXPRREAES  URHFEA 4B REBRREH.
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Verilog HDL BG4 R M &G B RIFRBFESSHHMEBHES ZHTME
—BABEEN. BEBZHLUEE, RANEASRETREY Verilog HDL BT R
BHGHEA-BHBRERE.

ERES, BEESEAGRTRITERSES O NERTRBIERRATIHSE
. BERHRHTERNSSES LM EBZ B TEFEDEBA -/, F WA A, #
MR — R R B B AL

FEABESALBR>4E Verilog HDL M, A 5-1 frx. Verilog HDL &R
FAMEHEEEA—-BMBEREANRES.

A 5-1 il GEPMmMR

5.1 W ik E &

HEAT 2 RE IR UE A9 — P O Bk R 7 5 B U 44 O 0t 2B o R 6 B 4 8D ke %t A
EHTHIE BHRERRFELEREXHP REHERENHRAERRSZLSHAE. I
dBmAE 5-2 iR,

A-MHTERREWLFEE, ®ilV A REH Verilog HDL & f8 & , 88 i fn & #
W LB RS MR Bz, A BIE 53 iR, WELUTSmeE
ML F 6. M B30 “Inputs. vec”BABBIFS KN EMT .

100
000
101

011
111
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Verilog (i E Verilog {1 Kl

17!

Bs5-3 MMAERNELYE
module TestBenchFA; I
parameter WORDS = 5,
reg [1,3] MeaV [1,WORDS];
reg A, B, Cin;
wire SumBeh, CoutBeh, SumStr, CoutStr;
integer J;

/! EBEH TR R
FA_RTL F1 (A, B, Cin, SuzBeh, CoutBeh)

/1 TR At R R
FA_Netlist F2 (A, B, Cin, SumStr, CoutStr);

initial
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begin
/! BB AEE.
Sreadmemb ("Inputs. vec", MemV);

[/ BT ERENB R AES HNRERR E
for (J = 1;J <= WORDS; J = J+1)
begin

{A, B, Cin} = MemV [J];

#5; // SH S EAN, AN AERESBET*

// MBRRHAR -,
if ((SumBeh ! == SumStr)||(CoutBeh | == CoutStr))
$display (" » » %  Mismatch on vector %b %% xx",
MemV [J]),
else
gdisplay ("No mismatch on vector %b", MenV [J1]),
end
and
endsodule

MW &4 BT H A R AR — B R 2 W ITED ik .
FEENT HE&BAGTEANRA T AR BB M T Verilog HDL i# X i

B FEIBA B — ST,

5.2 WHAEPHER

BT P HENELT RSB HAESEAHOMBYBA -8, HEUT
ERZREBAPAHTEENMERRAERESHONE.

aodule Adder (A, B, C);
input [0,3] 2, B;
output [0:3] C;

assign $5C = A+B;
endmodule

[l FEHERRNT .
module AdderNetList (A0, Al, A2, A3, BO, Bl, B2, B3, C0, Cl, C2, C3);
input AO, Al, A2, A3, BO, Bl, B2, B3;



B ¥ iF * 149 -

mm! c1, cz, Ca!

OAIZ1
ND2
XOR2
AOIZ2
OAI22
INRB
OAI22
INRB
INRB
INRB
OAI22
INRB
OAI21
ND2
OAI22
INRB
INRB
KD2
OAI22
IKRB
INRB

endmodule

co_1
$310_1
S248_1
c2_2

c11

5299 1
$244_1
S243_1
S242_1
$295_1
5241 1
$291_1
c2_1

$334_1
S$240_1
S239_1
$238_1
§237_1
c3_1

S236_1
$235_1

(C2_1, S248, S310, C0);
(S248, C2_1, S310),

(h0, BO, S248),

(S241, S244, A1, B1, C2_1),
(S295, S244, S299, S241, Cl);
(5244, 5299); '
(B1, S242, A1, 5243, S244);
(Bl, 5243);

(A1, S242);

(5241, 5295),

(5291, 5237, S238, 5239, S241),
(5240, 5291);

(8237, S240, 5334, C2),
(5237, S240, $334),

(B2, 5238, A2, S239, 5240);
(B2, 5239);

(A2, $238);

(A3, B3 5237);

(B3, S235, A3, 5236, C3);
(B3, S236);

(A3, $235),

40 8065 o 30 I3l 34 e g 380 K 1 R LU S HE N — WK 1 ns, B BB O R R o B B A SR B
REFEBHTHRY, BB LHERGRBEHTRASAENHRNERZEFEHELM

., WA IERAY ISR .

a) ERETHRAPAIAER,

b) BAKF 5 ns B9 5858 0 W L i, X AP S W s,

MRERRNEBPFEER, BAEREMNR AP LA XEEESBEN,

B JoiH R E A P a9 FE R R B A Th AE R — B, 013 0K R o ) O K R
B. MEREmeEBAAKFXIBARER.

5.3 BZEMRO

GEHNMBETTRESHARLSHREIAABRTHRARONOEE, THERMKL.

sodule A0I22 (A, B, D, Z),
i.nputh' B, Dj
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output Z;
reg T1, T2, C;

always (@ (Aor Bor D)
begin
Tl = A&B;
T2 = C&D; /! REX CRAE
Z = 1 (T1|T2);
and
endmodule

/I EEHMARENT.
ﬂul. HCI'IEZ_ thist (;-1 B. Dy Z)i

input A, B, D;
output Z;
AND2  S0_1 (A, B, T1_1); _
AND2  S1_1 (,D, 12_1); HB—=TRaRs
OR2 s2 1 (T1_1, T2_1, T2_0),
INRR  S3_1 (T2_0, 2);

endsodule

/1 TR BB R R OE AL AR SR O T BB B Y B — s T A ]

EEERSS HRNRT AND2 MBS SI_1 0958 — MR ARD LT IFBRE.
BB AOI22_NetList 8905 B Beh , IF B4 A BUH 20, M5k AOI22% kR IEM C
BORAE x. $L L, FR CERTRBHEASAHAMEGHARSIRT FAK
{6, F 2 ¥ 3 B X B S A R R e BRI, BT AT R R BB — B

B HRGERESTRMEBR BT A S0 (MBLR AOIZ2 FHER O X HE
HEB MERL LS,

5.4 BEMYHS

FLEMRTHRIGUFROEFAN . A5 T I L5 W 49— Fp 0 501578 , B0 F 4
I f B YR AR S B R RE ﬁﬁﬁ,ﬁiﬁﬁ%—lﬁﬁﬁﬂ_ﬁi%ﬁ&i&ﬁﬁ@#

© % Verilog HDL 0 RMEN FHBLXDTROBIIER x, TRAKL DT ROBAGL 2.
D EMEBPHRATEAHMMEPFEANE I ERITNGTY.
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# REAABEAEERENES HAFR.
EEBE—FEE .

wire Control, Jrequest;
reg DebugX;

always (@ (Control or Jrequest)
if (Contreol)

DebugX = Jrequest;
alse

DebugX = DebugX;

I always 4] &, 25 DebugX 75 if BT B L EURE T, (B2, JWIE W AT
# U FFURHE Debug X B8 (B X 24 Control }{EH DebugX TERAAMB BB 7). I
B SR RALFTABEEE  BRER DebugX ERMEMN S AL FREXTHLS
B S5 HE MR NER 2,

R -, S RN,

a) ZF A R 4iEA G & case EAD PRI,

b) A B 7 KB BB 4 X R I R .

¢) 7 always BRI SR AR Z AR SR TR,
DHFREEYE 3 MM, A SHERESRSAE, EOP always BEGRNTR
DebugX R T AN b), HILF &% Lt S RAUFSE.

HEE—1 .

always @ (Control)

begin
if (Control)

DebugX = Jrequest;
alse

Dehugl[=de;

Bdy = DebugX;
and

Il always &%), Fi K Debug X 1 Bdy I ZHEF R HFR. H DebugX HER T
B bW ABHEFRYFRE, M Bdy HERTHAN O R8RS RYFE., BR
HDL if X RARERTF Bdy MBS S REEXIH AR ARER . AETELE
H Bdy ZERERMC 5| AN EES HB RIS REBA 3,

LLF always i 5], Debug X B R AW b) AL GFE2%, Rt Bdy 74T
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— T HFE.

always (Control)
begin
if (Control)
DebugX = Jrequest;
else
DebugX = Bdy;
if (Jrequest)
Bdy = DebugX,
and

BAF always & 7] X &2 M F ik IE 2

slvays @ (Control)

bagin
if (Control)

DebugX = Jrequest;
olse

DebugX = Bdy;

if (Jrequest)
Bdy = DebugX;
else
Bdy = 'bl;
and
H, AR DebugX M Bdy A LR HUAFR REBLRVIMERGFER Bdy
H.HRESRGEASF4LUFR ARREXTETRAERERIMNE 5 AT LA K& AT8E

EHFENBA-BNTE.

55 B Rk & R

BARGEANEREAPHER, XELEBERBESRSIHESHNRRNHE
ZRESBITENNHRSERERAR. FAERML.

LX = #3 b1,

1£({CondR)
LX = $#5 'b0;
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BB REN,LX EHE 3 ns JFHN 1, FH R CondA JHWBEER 5 ns G HMEAXE
R0, HER . ATFEARKEEET HE, M2 CondA I, EMLE EEBMHHERBE
HOEMAT LX, FRGAHEHHENAEFRAAIHER. & mBENES HA
R RBEFTH R, % CondA H A LX MEFRLSER 1.

B #RERTEENRITEETHAER., EXLEFRLE, WNE LB
SEZ R ERN RiHE MAEKEERNER I BES TR\ D,

5.6 3 f #

GERAEGERNEHLBWMEAN always A B, 05 2B X I 5 0
EE, M RHIIBA—H. WELUTHERH,

always (@ (Read)
Grt = MECIOCk;
/] AR REME 5-4 TR

pRead A Grt
3Clock p Z

AND2
5-4 PR Read R Clock B

M 5-4 B, 54 KA E X Read F Clock B #9725 4L m LA K1 BT, 2R T it always iB
AJ{UHE Read ZEALKS A 18 LI #0447,
BE—THTF always BHNBEHRATBMIIEIRBA—B W =M,

reg Rst,
reg [3,0] Pbus, Treg,

always (@ (Rst)
if (Rst)

Treg = 0;

else '
Treg = Pbus;

i always BH M HFR P RAER Pous. HRGA HKNETE if K44 588, Pbus F
R EABEW R Treg. X SRITBRIGE LA —B, AT 4 RTIBEAR — B,
B X TR EHE always BA (MM H4FHEE, KEFE RPN AKX
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always iIEF)5| AT A R.

5.7 & W| 4

BAWRIEE R PFEES TS full_case Ml parallel_case, XFHRIIE4A T REL B
BERIHTEBSEAHANRZAHBIIBR -, MEETFRESSTEA AR X®E
2 M ETRIFRAE, X TFXFFERL P —f, B EAEHREHRSMNERNE
B BohABEF—H. '

WELLT full_case 584 w8

reg [1,0] CurrentState, NextState;

case (CurrentState) // synthesis full _case
2'b01 ; NextState = 2'bl0;
2bl0 ; KextState = 201,

endcase

It full_case 8 & VFER & TR B F H CurrentState Ff %5 7 5 &9 B , T 2 Ak 5 5 1 49 B
HME LKA, B4 THRRM N NextState FH R, BRFEER LML,
ATREt F 3B R BH , CurrentState BI{E R 2'b00, TEXFHER T, case HAFEMNFERX
MW NextState HERFET HRE S MM MEPHBL RERME.

R/ LT parallel_case &4 # 4 R .

case (1b1) // synthesis parallel case
Gatel ; Maskl 1;
Gate2 ; Magk2 1
Gate3 ; Mask3 1;

andcase

I, case 4] {7 B8 X (parallel_case # 4 LA BT =X il U 4 B 06 ) 2 0 . & Gazel 4 1,
WHE 1 B4 Maskl; 3 Gate2 23 1, W48 1 B Mask2; & Gate3 4 1,48 1 B4 Mask3,
B, AT parallel_case 84, A HAMEFITRGBETARMESR f £HT. XRHY
BTYHAER—B. BE Gate3 M Gatel FIntH 1,58 X &7 7E case B, 2 W4T
BT, MESAHMNMES, 2% 1 NS 3WER. A if HHA RN case iHA)
B S, 2 F B 7R

if (Gatel)
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Maskl = 1;
alse if (Gate2)
Mask2 = 1,
else if (Gate3)
Mask3 = 1,

ZAHMMMROBELDT .

if (Gatel)
Maskl = 1;

if (Gate2)
Mask2 = 1,

if (Gate3)
Mask3 = 1;

Hi. HAEAHES full_case # parallel_case, R 7 B E A EaF A 1 JH .

5.8 R HEN

HAHRLHRUARTRMEIN, BUER S RETURERE. LRHER
A, RATRE M RE R —B, WE M. |

module VarPreset (ClkZ, Preload, LoadData, PrintBus,QuickBus);
input ClkZ, Preload;
input [1.0] LoadData, PrintBus;
output [1,0] QuickBus,
reg [1,0] QuickBus;

always (@ (negedge Preload or posedge ClkZ)
if (! Preload)
QuickBus <= LoadData; // R#AWEME

alse _
QuickBus <= PrintBus;
andmodule
[ FEHMERNE 5-5 R

HHPH 2 B QuickBus GARMNH R LRGBS TRIMEN. TR/ LoadDara @it
HZREZDZFM T MR BN TEL A TRHAR. 24 PreLoad HH (BN OH
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PrintBus0 |
? L[5 PD ol QuickBus0
W NR2
LoadData0 INRBH
1 PCK. DQN —

iFDlS3CX

=]

: PreLoad L NR2 .

N .
Cikz b PD gl QuickBusi_

EINRBH (
bCK_QN—
CD
| - FDIS3CX
| LoadDatal Di

NR2
5-5 Eim#zﬁﬂlﬁf.

&

8

«. PrintBus]

LoadData M {HZE{L, 3 4 RS BT BE WX EZB0OWHE, BRERT
B o, LoadData R AL MRS B W QuickBus MM HE., XERHATHER
—¥.
B BERSERERFGHAMSBES TUERERS XEARN S
ERMARSREFMEL.

5.9 AN 2 ANE

EF2EPRRIN.

a) HEARMEATHEEZHEH,

b) I AR T o B 2 %) 25 B 0 R B A1 5| 75 Al — & always i
A, T LR AR E AR .

ATHMELTEE L RBUMEE, FNRSEIEIBF B AR,
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5.9.1 A/EH

HELAMERRTHASHBEPHEBH. FBLUT always 4.

reg T™, TN, TO, TZ;

always (@ (A or Bor Cor Dor E)
bagin

=

A& B;
C&Dy
T™|TH|E;
! TO;

H 38 H
n monwon

end

HAR A RESEEERRE, NFL P& ENERREEHE TM 0, B%
BT AR TN WA, 5 79 = FiF A% TO RELKKXE, SRERTH
AERNER G EM, |

B {13 e L 9 SRR (A 5 B SR A

reg ™M, TN, TO, TZ;

always (@ (A or Bor C or Dor E)
" bugin
™ <= A&B,
™ <= C&D;
TO0 <= TM|TH|E,
TZ <= | TO,
and

AT — KR AH BB, TM BB F 84 Sy B E B , T2 % 5 2 2500 05 I 40 4 sl v 78
WFE. & THAFQHRNTRETNEANUFRAEN, Bt %0758 = KB, HR
TOMEMEANE TM KMRE LS TMERBSBIRFE . $RE RH TZREHH
HERN“SRE"TH. RAEMAETFT TM. TN H TO S{E M2 L8005 B R A
BEH, ENEHEHERAREF W ERE.

Mot A kR E R TM. TN # TO B A always BN E A RSP, IF
B G

reg T™, TN, TO, TZ;
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always (@ (RorBor Cor D or E or ™ or TN or TO)
begin

™ <= A&B;

™ <= C&D;

TO <= TM|TN|E,

TZ <= I TO;
and

XH X TM. TN 8 TO BB always BHRSBEFHHE, B LE I ERY
TZ . dt™T & ILLT P4 .

a) Ak 2 AR K B2 8 i

b) WERFEREXSBIATHE S
B HE 7 50 41 £ 48 B UR PR B R, 3 R R A TR 20 50 3t 8 40 11 I 61

5.9.2 mrEZE

Eﬁ#ﬁﬁﬂ?ﬁﬁﬁﬁﬂ:%#&@mmgﬂﬁﬁ YRS BRI T XHE
always iF4] .

always (@ (posedge ClkA) // Label AwA
« = DataOut; // i DataOut i) {&

always (@ (posedge ClkR) // Label AwB
DataQut = »+=; /1 R R

e X AwB B always iE4] LABH 275 17 DaraOut WAl , Tid5 B % AwA B always 4]
B . IR REF S S ERLX always BA(RL L HBRERGE
FHIBHEARAE always FBRRIATIF) , 7 CIRA £ FHHEL, always 54] AwA i
BT DataOut #2816, AR)G always ii4] AwB B4 DataOut R, 4015 W)X 7 %
always ¥ 4] 9N FF (B4 BRI B HE SE X P & always WAIB AT ) , 3R 4 ST
always 4] AwB, @B BB B HFERS DataOut, BiJ/S always iE4] AwA ERHE
REWJEM DataOur fl. X BRERM F always & A1) 6 BRAT LY K IR 7 48 B R [R) 9 45
R BREEEREES T YX & always IBEIAB AT LABRAT B, 8] DataOur HREREZ
B P A ESEAR Y . B AR IB ST — & always i), AwA FiERH DataOut 8
ATRBR R, AT RE R .
i‘JTfﬁ%iiﬁb‘iiﬁj‘?Eﬂlfﬁﬁﬁsﬂﬂ?EﬁEﬁﬁi&ﬁﬁﬂEﬁJﬁﬁﬂﬂﬂWﬁﬁﬁB‘}
ARERME A, AT B2 R 7T 6B — o EXFER T i B DazaOut
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R MR R, AN A ABE RN (A NERERSBE R A ¥FERS
DataOut, X BENNTNABT always EMPRTHFNER, FHELUTRHAIER
EZARER always if4)

always (@ (posedge ClkA) // Label Awh
. = DataOut; // i DataOut M{H

always @ (posedge Clkh) // Label AwB
Datalut <= -+, // F e L R A

B LR AL BNSRFERE & always i8] X8 B T 7E X always A /MEBRER , E 2R
{H i B R IEE EX B REE .

T 51 % AE B A W (F D R AR BRAE ) — N i B 4 A 6 always iEA] P9, 3L3% n ] b BB
Wg 7 s AT LA SR A R K R

reg [9,0] Total;

always (@ (negedge ClkB)
begin
Total = LoadValue+ 2; J/ BHEARE

if (Total == 21) // Bl R b — #1801 & BT R A {RL
RumBus <= ControlBus;
else

NumBus <= DataBus;
end

Fop, 2 & Total £ R — % always BRI PR BRER G X BFI M. MB, Bl R FIHT if
FHZABRTER R Total BIREME. Total BB SERME)S 5| ARG 78 1 , B 3t H R I A
EAMERSE.

mRRA T B, 0T BT

reg [9:0] Total;

always (@ (negedge ClkB)
begin
Total <= LoadValue+ 2; /A EEEARE

if (Total==21) // B R Total @4 F{H
KumBus <= ControlBus;
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olse
HumBus <= DataBus;
and

FEHIW if &AFET, Toral BEDTR R IFME , i A B2 _E— &R A E 55 400 3800 #8 .

Hit, MR ERELARMER always BRI Z /S H, MR XEHTERLAE
PERXRME. W FNE—& always A N ERME S| Fao2 &, g iR %
AR .



MiEA ARSHIETEN

AW RAHT ArchSyn 4 RS 14, 0 A Fr BRI 7T L5489 Verilog HDL &
W, LIEE KAWL Verilog HDL R ZAHM. HEFEFZSTRANITEET
KBS TFEMERA. N

MEHRHLTEHSEXNBEERBEHRCA“BENEHR”; FTESNEHE
RIER“AXR". BEEHTIRDT .

a) Xi: BBESREANEH.

b) A%HF: WAXGF—-—BHAXENEHRRSPTILESER.

) BW: ZANSEAHEERFR BEWENH.

LT 5 #ES,E—F5 R Verilog HDL %4, BN RFZBHERTELZRES . B=7
BHTHXHEEMFIIER . '

*

- LB R
L5 x® AERLESATRNELSAN
ZHFRAER x8
. X8
FHE AEF
FAR XRTFRREA xR BRERES
XEER X5

MW xD

HEME X/
AR R x®
LF § , K
) 3 B
i B XF -
RS9 &k AXF VIt R4 T RERE
REXD XF
bt X
3.8 X#
B 18] FER
EHK A F
. xR
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=

nE i AERESAFRNELENY
iz N

RS MFEFERTH ¥

i ks b0}

FHS AEFF
B/RB/BEXEERES | 2%
BEANE XH

. _
RN A X BREPHEEMESHBEN
T ERE b-&
AWMIERFXERR
EW T R p-& 5 RIEFFH TR E AR
#4717 AND,NAND,NOR,
OR.XOR # XNOR XN
E (] BUF xR
2%/ NOT *H
i# # |7 BUFIF1, BUFIFO,
NOTIF1 # NOTIFo e
MOS F % AEE
W[5 15 T % AEH
CMOS ] A
#% PULLUP il PULLDOWN | A% #&
0 = 48 e %
PR  FE#H
M A 15 % 9 B AU AEF
Bhic i =X AEH
FHERGEENRERER | AEH
B 8 1o AT 0 3 O A
MBXDNNESRAE an
EAR (TS ER ae
B ERIARE LD AEF
ARPEXNNEETY
| Ax# |

O WHE, AL EE.
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Th Rk
40 m B AR RE R 09 s i
A R P AR 3 0 B 4
# iR X R¥
case i 4] R
=5 iE 4
forever B FF FEF
repeat & 5 XH repeat XL XL HRE K R
while {§ #f FEHF
for &% %, A for WHARMBMEL AR LR E
R W HE R E R A, R R A
BE BB 5%, AR 3 Fy o () A 0F) S K44 P A
gl R
VithfbiE A fod
always i 1] i
=% XRF A 37 ¥ i 6] P RA 0 B {4 75 BH
& X R 7 3¢ 5 B (] 7 B 0 44 R
EENEN
EHRELFER b X A SCHRE I (8] 9 B 0 38 {4 P BH
oR 3OR R 20W AR X A ST (] A B o 8 {4 B
RERNESHER
AR |
pug:Eod 4 8|
A& F |
Bhi&W
BLin X
T 2 X
B *FF
ERER SN b %] X % ¥ DEFPARAM
EER X
% 0 X
B ARXFF
BEhifr X AERERFTERNET
fEF RN X
specify 1 f ik

A X




sk B @ M

A< B S AR A A5 TR AR L o R0 R BT i R A 5 T4, AT R B 7 O 88 TS A9
TheetE T iRHE .

module ANDZ (A, B, Z);
iﬂPﬂti’h B;
output Z;
/{2 = R&B;
endmodule

module AOI21 (A1, A2, B, Z);
input Al, A2, B;
output Z;
//Z =1 ((A1&R2) | B),
endmodule

module AOI211 (Al, A2, Bl, B2, Z);
input A1, A2, B1, B2,
output Z;
//2=1((Al&A2) | B1 | B2);
endmodule

module A0I22 (AL, A2, Bl, B2, 2);
input A1, A2, Bl, B2,
output Z,
//Z =1 ((A1&A2) | (Bl&B2));
andaodule

module BN20T20D (A, ST, STW, PADI, Z, PADO);
input A, ST, STN, PADI,
output Z, PADO,
ALk 2ok
/{2 = PADI;
// PEDI = O whan (| A&&! STN) else
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Iy 1 when (A &&S5T) slse
/A 'bz;
endmodule

mnodule BUF (R, 2);
input A;
output Z;
/2= Ry

endsodule

module FD1P3AX (D, SP, CK, Q, QN);

-'LmtDs SP, GKI

output Q, ON;

/I EFHEME BEERENBED HME N
andmodule

" module FD1S1A (D, CK, Q, QN);

inwtﬁr CK;

output O, QN;

// WEATERANEDRME R (HES
endsodule

sodule FD1S1B (D, CK, ED, Q, QN);
input D, CK, PD;
output 0, QN;
R LT S2 (R L REFS § Sodl FRETTY T 0§20
endmodule

module FD1S1D (D, CK, CD, Q, QN);
input D, CK, CDy
output Q, QON;

R LS ¢ N LR P2 o] FRETYEICEL
endmodule

module FD1S1E (D, CK, CDN, Q, QN);
input D, CK, CDN,
output Q, QN;

- L5a ¢ RiTR3 T e300 FRETEEICE L)
endmodule
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module FD1S1F (D, CK, FD, CDN, Q, QN);

input D, CK, FD, CDN;

output Q, QN;

// RBFEB . RELREHT AU FREARUMABRE D DMERHES
endmodule

module FD1S2RX (D, CK, Q, QN);
input D, CK;
mtpu:l: Q9 Qﬂi
/1 FREH MR A E DA MR
endmodule )

module FD1S2BX (D, CK, PD, Q, QN);

input D, CK, PD;

output O, ON;

/ TREBRE BRTREARUHBE D DME S
endsodule

module FD1S2CX (D, CK, FD, Q, QN);

input D, CK, ED;

output Q, QN

/I TREME ROV RSAREC . REFRENTHBE D BMES
endmodule ‘

module FD152DX (D, CK, CD, Q, QN);
:'.nput D, C-Klr 'CI};
output @, QN;

/I TREBRE REFRENTHBEDDME R
endsodule

module FD1S2EX (D, CK, CIN, Q, QN);

input D, CK, CDN;

output Q, QN;

[/ TREME BEFREBTHEES DB MAS
endsodule

module FD1S2FX (D, CK, PD, CDN, Q, ON);
input D, CK, FD, CDN;
output Q. QN
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// TRIEME EEATRLERT RAFREZERUABSDEMESR
endmodule

module FD152GX (D, CK, PD, CDN, Q, QN);

input D, CK, PD, CDN;

output 0, ON;

[/ TREME BEFREMEQURE DR MER
endsodule

module FD1S2IX (D, CK, CD, @, QN),

input D, CK, CD;

output O, ON;

[/ TREMRE RETFRERTHBSDIMAE SR
enduodule

module FD152JX (D, CK, PD, Q, QN);
input D, CK, FD;
output Q, ON;

// TREHME . R FRL MBS DD MER
endsodule

module FD152KX (D, CK, PDN, CD, Q, QN);

input D, CK, PDN, CD;

output Q, ON;

/I TREME REFSLNT KA TRITRUONE D AMEHE
endmodule :

module FD1S20X (D, CK, FD, CD, Q, QN);

input D, CK, PD, CD;

output Q, QON;

/I TREBE REFRALERT AU TFRASMEOBEDBME R
endsodule

module FD1S3AX (D, CK, Q, QN);
input D, CK;
output Q, QN;
// EFR MRS D RS
endmodule
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sodule FD1S3BX (D, CK, Q, QN);

input D, CK;

output O, QN;

/I LT E REFRLAERANRE D RAMER
endnodule

module FD1S3CX (D, CK, Q, QN);
inwt D" CK;
output Q, QN;

/I EFME REFRERT AALREFAEANREDEMEH
andmodule

module FD1S3EX (D, CK, CDN, Q, QW);
input D, CK, CDN;
output 0, ON;

[ ERERE RBTEREETMNBED I ME R
endsodule

module FL1S2AX (DO, D1, CK, SD, Q, QN);

input DO, D1, CK, SD;

output 0, ON;

/1T e | 33 TR R A e 2R
endunodule

module FL1S2EX (DO, D1, CK, SD, CDN, Q, QN),
input DO, D1, CK, SD, CDN;
output Q, ON;

[/ TREME BEXSNE BRVRERT . IHOHEN KON RS
endmodule

module FL1S3AX (DO, D1, CK, SD, Q, ON);
input DO, D1, CK, SD;
output @, QN;

/1 EF MR ORI ATR  ST R T A  R AE
endsodule

wmodule FL153CX (DO, D1, CK, SD, Q, ON);
input DO, D1, CK, SD;
output Q, ON;
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/I ERAERE BELSFHNE. AEFRENT . RATFREOMERS . XHFAMMEOME RS
endmodule

module FL1S3EX (DO, D1, CK, SD, CDN, Q, ON);

input DO, D1, CK, SD, CDN;

output Q! Q‘Nt

/I EREME WREENE B FREWT AN MR
anduodule

module FSOS1D (S, R, CD, Q, QN);

input S, R, CD;

output Q, QN;

// BEFSHAAR BAFREATH . KETVRLNTH RS MEH@ES
endsodule

module INRB (A, Z);
input &;
output Z;
/2=

anduodule

module INRBH (A, 2);

input A;

output Z;

// %2 =1 Ay (5 INRB )
andmodule

module ND2 (A, B, 2);
input A, B;
output Z;
//Z =1 (A&B);
andmodule

module ND3 (A, B, C, Z),
input A, B, C;
output Z;

//2 =1 (A&BEC);
endaodule
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module ND4 (A, B, C, D, Z);
input A, B, C, D;
output Z2;
//Z =1 (A&B&CED);
endnodule

module NR2 (A, B, Z);
input A, B;
output Z;

/AT =) (& B)y
endscdule

module NR3 (A, B, C, Z),

input A, B, C;

output Z;

/Z=1@]|B| O;s
endsodule

module NR4 (A, B, C, D, 2);
input A, B, C, Iy
output Z;
ffa=1a] B} C]| Dy
endsodule

module OAIZ1 (A1, A2, B, Z);
input A1, A2, B,
output Z;
//2 =1 (R | A2)&B);
andaodule

module OAI22 (A1, A2, B1, B2, Z);
input A1, A2, B1, B2,
cutput Z;
//Z =1 ((Al | A2)&(B1 | B2));
endmodule

module ORI4321 (A1, A2, A3, A4, BI, B2, B3, Cl1, C2, D, 2);
input Al, A2, A3, A4, B1, B2, B3, C1, C2, D;
output Z;
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/T =1 ((m | Az | A3 | Ad) & (Bl I B2 | B3);
I E(C1EC2)ED);
andeoduls

module OR2 (A, B, Z);
input A, B;
output Z;

/fZ =R | B
endmodule

module OR4 (A, B, C, D, Z);
input A, B, C, D;
ocutput Z;
//fz=n]| B|C]| D
endmodule

module TBUS (D, CK, CKN, Q);
input D, CK, CKN;
output Q;
// Q = 'bz when (| CK&&CKN);
I 'b0 when (CK&& | D);
I 'bl when (! CKN&&D);
endmoduls

module XNOR2 (A, B, Z);
input A, B,
output Z;

/2= | (A*B);
endmoduls

module X0R2 (A, B, Z);
input A, By
output Z;
//2Z=Ra"B;
andmodule

module XOR2Z (A, B, Z, Z1),
input R, B;
output Z, Z1;
//2=A"B;2l = 1 (A B);
endmodule



B3

-1 o W e W

2 F 3 MW

Bhasker ). A Verilog HDL Primer. Allentown(PA); Star Galaxy Press, 1997

IEEE Standard Hardware Description Language Based on the Verilog Hardware Description
Language. 1EEE Std 1364-1995. IEEE, 1995

Lee James, Verilog Quickstart. MA,; Kluwer Academic, 1997

Palnitkar S. Verilog HDL. . A Guide to Digital Design and Synthesis. N]; Prentice Hall, 1996
Sagdeo Vivek. The Complete Verilog Book, MA . Kluwer Academic, 1998

Smith Douglas. HDL Chip Design, AL: Doone Publications, 1996

Sternheim E, Singh R, Trivedi Y. Digital Design with Verilog HDL. CA. Automata Publishing
Company, 1990 .

Thomas D, Moorby P. The Verilog Hardware Description Language. MA:. Kluwer
Academic, 1991



