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WEIFRBREBE T WREHRE Verilog HDL BB RNMEXF TRESBRKHE
BRI (XEBHEEANTHAARERLRY, FTURASHIAUHSHEEGER, TR
HBEAGERBRUIEABTHERESSRARE T RAOES. ANTHSERES
AL, MERBRE A MECZR B RE Verilog HDL A7 > “SRF M A" BT iR
T "RERE KR 2 . EI Verilog HDL 84 W % A E 1-5 5tk 0 E LA S
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#'S Verilog HDL #ZE!

!

— WiFHA
EAFERER
# s
- HiE it
1 s
P
& Tﬁﬁ- Tt —Ba?
'l
Hﬂ@ﬁ E“J
BT iy ﬁﬁj
S rANE I R A0 F

M 1-5 FHEdEe

RitHR. RECASESFEREBRKFRATHOEUETEAN. FRER T
MEF—TRIEF/FRPER. HEELXAF XLRIERDRETESH, RSB HL#T
2a.

1.3 ZHEERR

BRI EANES .

a) i 0

b) Z48 1

¢} WL

d) EXME

e} AEHE
Venlog HDL S XX EZ /MG HMEMAETHRNE L. YBExBREAETER. 548
FRACHERAERE, Verilog HDL HESH 4R 8RBT MARLENT .

a) 0 <-->i88 0

b) 1 <--> 5% 1



1% E ®im R . _ ‘5"

e) z <--> M
d) z <--> HEX(E (casex 5 casez IBH])
e) x <--> LXK{H
f) x <--> A E1{H

1.4 fif %

141 HEXH

Verilog HDL # , & BT LI TR EA,
a) P BHEISR
b) FEHRPEXRE

MR
P 7= BA 15 ] v g B B 48 E i 3R

wire [4.0] Dak; [ 5L wire W2k
wor Ax, /7 1A B wor (o £

MR ML EaPRBEREEAR, MBARER 1 4.
RERE LG 0 M A BER KA .

wire wor wand tri supplyd supplyl

wire MR B HHAMNERY, BB DWW E) R —8 wire MR, A 203K ]
MW thm i EEE—E. WETH.

module wireExample (BpW, Error, Wait, Valid, Clear);
input Error, Wait, Valid, Clear;
output BpH;
wire BpW,
asgign BpW = Error § Wait;
aasign BpW = Valid | Clear;
anduadule
f BRI M EDE 1-6 R

EXARER M SER"REASNTWANFED R — W a0 BB E, W55
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Error
> A
. z
Wait
> B

AND2 BpW
-
5 Valid ) A
Z
5 Clear R
OR2

B1l1-6 FTBAWEINE—R wire L

B wor #l wand RERY, S0, BHFE—R wor MEANEZ I BHBRAEED
BRI L, MR R —#R wand MM Z TR BEREED S L. THERTIMH
HRMR:

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

output BpA, BpR;
H‘GI'BPH;
wand BpR;

agsign BpK = Error & Wait
agsign BpW = Valid | Clear;

agsign BpR = Error * Valid;
assign BpR = | Clear;
endeodule
// EEHMEELE -7 BFR

tri MLEY wire M&R AMR KT RHTEE.
H supply0 MRS H M ELFEEEE 0 B FGER 0L, H supplyl MEES
HNEZMEERE 1BV GEE DL,

BN IERR
RESSHFHARORDE .

reqg integer

——

D FERXANEERRLENRECESEEA LA —~dBEE. FRLEEEYT.




. Error Bpw
>

-, Wait
4

\C]EEI - %
/ 1
INRB A N BpR
¥
\—\‘E : B
L Vﬂﬁd' —/
7 2 ANDZ

H 1-7 AEZTEIAHFEIH wor FERH wand P2k

BY 772075 BH TR 7T LA BT b S8 00 B, BN A MAERE 1 IR B B, .

reg [1:25] Cpt; /2 AR
reg Bxr; RNk S ¢
G0 SR B AR R T A T B S T L IR B 1 A
WTRWER, KB RKURR 26, B A R BERRER, THHFE
SGEREMBHEHERIFTURTEBUTRLCHRFARORLHE, Hl.

wire [ 1:5]} Brq, Rbn;
integer Arb;

Arb = Brg + Rbu,

EREXRG Ab TR M. HRA M MAERERT. Ard BESHE
BEfi i
time # real XH A FERBURERRE S,

1.4.2 E1

Verilog HDL 1A 3 AU H R . B TRHAFHEN, Hb, TR HEH
HEERBHRES. |

TRAUTHRARERRBREHER.

a) fRj2R a0 1 FF &

b) B¥
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HEHUSEANTHMBAN. CERBRRAFSER. SN H 32 1 ZH R A5
EARBESAERNEE, AERBAERRANBUFBREE SIS SERLE, NENHEE
ETEMEEOE, WEsHEANEEN R, FMARRE 32 . FEUT &
B .

30 EPRITE SRR
-2 THRAEIER N 2 NENER
2'h10 R H 2

6'd— 4 6 ERSHA 6 kLR _HWHBELATH -0
'd - 10 ML RN 2 UERT _HEHHHELTH - 10

1.4.3 &%

SUEMAFE. HTARTFRES TG BE, BB 85 Brouf R B % B AL S AH T .

parameter RED= — 1, CREFR = 2;
parameter READY = 2'601, BIJSY = 2'b11, EXIT=2'bl0,

RED MIGREEN BV 32 (i A5 EHE. READY.BUSYH EXIT B34 E
k2HEH,

1.5 {EPRFFaT I B PR

EHrE I ERMERRERSE.

a) 2R

by fik R 8% G2 i R 69 17 6 T4

o) Yi7FHE (B FRUR G FE L)
Verilog HDL A8 B B 0] L2 2R SRR A0, th T B F AR AR, 54w,
SEMERVHYTRPEHEESFHER, THFEETRENERELERAN L T &
EXRBEERFRELLRRS R FETHMERRUFS ., TEREHEFERER
WL H,

f£ Verilog HDL M8 HETAR S, FESRTR—ERFACHE BinNiEE
HERREHSE. BR BN TEASRERERT. THhTRNBIEGHE®, B@
BHELESAN R EMSETE.

wire Acr, Bar, Fra; S/ wire E—f R ERER



BIE X8 a i 9 -

reg Trq, Sqp; // reg E—Rp A TE A R EY

always (& {Bar or Acr or Fra)
begind

Trq = Bar & Acry

Sqp = Trg | Pra;
end

wHT  E—-RENNER Trq it TTRE . REH _FEANERBELALZHATETE,
Verilog HDL i X RHAEE T EXIBETP Tre 2—HEFEHNE. B2, BLER
Trg AR FEBRHE# AR BAEEREZ SR DA T. e EBEH
RETNPE 1-8 Bk .

AND2
OR2

A1-8 TR Tro BELR

WE TP, BAT. AR Tre ERERNRESIHT,

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

always (@} (Bar or Acr or Fra)
bhegin

Sqp = Trq | Fra;

Trg = Bar & Acr
and

#Z always 1A/ Verilog HDL &R #H. ABUH SH LD H B Bar.Acr
M Fra fXEES RESWFT always 0], BR Tro EBREZ IR B BT AEE
AT always BRIBHBRP Tr¢ R AR HE. U CERSREESR, A, XEF
AL BRI Tro WERUER. BN T REFMASWER TREYE, kit
SREMVMELE I RB T UER WATRERME 1-9 FrRKEE. T8 Tro B

D begin...end 2 MMFS; HREK TN HHIEANSEMERITHN.
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HABME, HE, W Verilog HDL B 54 5 H @ RIVEE — B, Trg 4B A
always iIBEHIEA RS, €5 ERTHAEFHANITE.

3 Bar A ™
Acr Z t A 3qp
VAT s ) 2
AND2 B
OR2
T
X "
H1-9 TR Trq REGRETTH
HEUTETEEFESERORE:
wire Sat, Ant;
eg Fox, Sout;

always (a4} (Sat or Ant)
bexyin

if {1 Sat)
Fox = Ant;

Sout = | Fox;
end

A For EFRMFEME else EPREWEME. 2 Sar FEN MERTE For 1
B MUt EHEFHEYUFES. E£45BaBnE 1-10 iR,

} Ant D 0 Fox
Sout
INRB
INRB CK  QN|—
FDIS1A

110 & Fox REIHTF

AP A SHETHMERE? XBRERTHEANEEFANERERMES FTX
BB, 2 B R AR B OB A — R B T M S e A SRR, B
YA R % o7 LR R B — 4B ik % 8 sR M7 88



$H2E M Verilog FHZE]iZ%5]]

B1BENETM Verilog HDL #9288 i % # 2B ET . AT BM Verilog
HDL & 4] (x) B 4458 8 1 T80 BL 3t , 0 45 B T 5 AF 3% 38 X R0 6 1 15 /) 2 04 IR 3 G 7 12
K, RETFTHEMNER, AEHFRBTENHRBEIL. 5-THH A ENESEN
R, EASENE. ABSESHNMEREKL, BHEA TSR R

MME.

2.1 FrEWIEHIESN

EEgS  FEREENRS HRMEN AR BAANES B EBRRZERE
B RME MBEEREN TR SEZFHASFHEINME.
HETH.

podule Continvous (Statln, StatOut);

input StatIn;
output StatCut;

agsign StatOut = ~StatIng R
andsodule
S/ e B R EmE 2-1 Brw

. Statln % StatOut
rd
[INRH

B2l mBEREBENEBANAGERBRE

WREREEAHAT —TRHS KW A REED Swatln, 4 H iR StarOut, #EH,
A frEMEFEAPREE T RR , ER AR B S AWML IER, #g, UTREMEEN
PRER S22 EE SR SHER.

a=zgign it 2 EffectiveAB = DriverR | DriverB;
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2.2 JEMHEIEW

EEGS, SRREFTRERFAREBTLHRELRTRS HHFE T ZRE
FHNLENER. B8 SBREETHEBHRE elways Fad,C

FRMIEREEIEN.

a) FHZER

by FEHERX

2.2.1 HERXTERE

BEUTHEXIBRERS .

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

always {@} (Preset)
Count = Preset + 1,

Rk Fwue ] i
endaodule

/O FEHMFELE 2-2 R

A2 } Cl::ll;lplltl
Preset] > C / 3;
AND3 Lr 0Al22
4

Count3
L - -
] — AT
-| [ A ] Al A3 Count?2
NRBH| —& A2 2 7T
;. 42 |
OAl31]

E 0Al21 Countd
ir—
INRBH

B2 HEAZEXLBRKESINAL PR

D ABRWEESETAHRENRLFEAT EEMREBORTHES,
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IWHHE X BEREFEGR R T — ik #8, DL Preset MBEH 1 A MESERERSG TR

Count ,

. RegAl
rd

2.2.2 JeEEATERE P ) B
S B /
HEUTIEHERSBRE RS ANDZ
module NorBlocking (Regh, Mask, RegB); RegA2 A
input ~3.0] ReghA, Mask; g 7 RegB2
output [3.0] RegB »Masks B
reg [3;0] RegB; AND2
always (@ (Regi or Mask) « RegAD
RegB <= Regh & Mask; ”M o A zh Regh0
/) EHER SRR plid B /
andnodiule AND2
/i EE R EME 2-3 R
RegAl
REFAHRENEEEREREE 0 A ) Rasl
BRAREEAFRSERMNESESESR »Mask] B /
BEAEMAR,BRESE WL E X EE AND2
ZEAM{E. B 23 AEHEZEATERERINESREHE

HILRU, W E & B HITRE M
FH L2 20RO P2 B T R AR ME . SREWHIIEEEN 4.
2. 18 W oonh B M3k B 2 A R W1 2 T I i b 2 B AR B — B IR

2.2.3 RBEMN®R

HERENNRSBEEGRERX . MARRUFEH, XBRTREENE Verilog
HDL AP E L FTXHRE. Fim, AP EHES I RRELS TSRS HET,
BT BUATR M A RS WSS AR 2%,

module Target (Clk, RegA, RegB, Mask),
input Clk;
inpmt [3,0] Regh, Mask,
output [ 3;0} RegB;
reg [3,0] RegB;
always (@ {posedge Clk)
RegB <= RegA & Mask;
endmodule
/EE MR RINE 2-4 s
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RegB3
D Q e
, Regh3 " 1_
; i
s Mask3 g Z >CK ON—
AND2 FDIS3AX
o togty
y RegA2 A—\
z
- Mask2 B HCK QNj—
Clk AND2 FDISIAX
T RegBO
_ D Q ghl
RegAG '
>eEh AN
> MaskO Bt CK ONI—
AND2 FDIS3AX
D Q Regll
RegAl
, Regh TR |
» Mask] B Y BCK QN—
AND2 . FDIS3AX

M 2-4 WX REME IR

2.2.4 WERH

HEANFHELX S BEEPFEENTAEANER . AEEEEHMENNE
ﬂ,ﬁéﬁﬁﬁﬁgﬁﬂf%lﬁn XA g RRITENSEALOMEIEFR K.
#5 RegB <= ReghA & Maxzk,

// BER B H5 WA
RegB = HZ Regh & Mask;

/f BTN EEE #2 B AR
EREPHTHAOEE D, M FTHELIMEHELXRENFH, EEER—FRH.
HE—TRENKTEREAEEME, LEFEREXRE, XBkE, HRENS

— BT R S GRIE R 20 B, HE 3T 00 S (8 30 2 0 4k 48 46 R AR RO 18 =2
. BETH.

Count = Preget + 1,
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Count <= Mask; /R RAETE R, B AT TE X Count Y WE{H 2 M EA RE

2.3 2 HE W

EZERANEERVN REFPRBERAERT. UT2MBERRRT FERE.

module FullAdder (A, B, CarryIn, Sum, CarryQut),
inp'l.lt Ap B‘- Carry]-_ﬂ.; '
output Sum, CarryOut;

apgign Sum= (& " B) " CarryIng
assign CarryOut = (A & B) | (B & CarrylIn) |
{A & CarryIn),
endnodule

/RN MAEIE 2-5 BFR

R

XOR2

>A o
— .
}Canyln « In Z
AND2
A Y
¥l
LI

AND2

BzS EMAFRNTESEZH]

2.4 B A A H

# Verilog HDL F , FER R B RBR LM SR EHAAUERER - HHHS
ERAMAN Y MENAEBERACENERER. B, ES4REFEHEARN
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ARFREMATESXA MEHIETNSERETRNEG R R,
MEXRRRBEATNSH.

2.4.1 ZTHSHER

THNERSBERATERER:

module Unsignedidder (Arb, Bet, Lot),
inpat [ 2,0] &rb, Bet;
output [ 2:0] Lot;

asgign Lot = Arbh + Bet:
andmndule
/AR 2-6 BF R

nes s Ay
Ly 5l 0
B OAI21 B2 OAI22 P—W>_L
A2
1

A4

ND2 J

Arb . ’ }_':EE
INRBH B [
OAT2]
A
: T
A f__@_ﬁ”m )
INRBH Z INRBH MDZ Lot]
e

) Bet( 9_'

B
ND2 .__@c
INRBH
Al IE Lot
AZ -
z}:, INRBH

QAIZ]

|

W 2-6 3 frimek e

WRGIRT 3 MERETEE. EEESRELIFSH,BRHEISRMERA. =]
w0 e Wt 0 (80 R B R R LR
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2.4.2 BEH=SEHR

FTRATERREAASHE, XA EEEAERARLARN,

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
£/ PE SR B BN R BN AR S
integer Arbint, BetInt;
RrbInt = - Arb; [ RFARNATRAN AR S ENRAE+"ER

BetInt = Bety
Lot = ArbInt + BetInt,
end
andacdule

/e ENMEENE 2-7 iR

- ' B—L:
A2 > Lot)
B [
OAI2L |
¢ Al
A2 Lotl
Bet) A * A B [_1 y
. |-
e S s P ot
INRBH ND2 ND2
Al
AZ Lot2
.
B1
B2 OAI22

==y
Betl = 0
e

27T AHSm%R

ER: ANSERRNNER BB S RN SERBONESSHHE, B84SR E
AR BERRRRN,
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2.4.3 HfRER

MANATER BENFERUESROVE LR PR RO RBEANE 2 —
Bi, —FATERTER MESRHENRESHSCCZEERAERASR. #F
3% PR 7 B ) 7 B

wire [3.0] CdoBus, Sum;
wire { 4.0 ] Onelp;

wire Bore;

assign Cnellp = CdoBus + 1:
assign (Bore, Sum) = CdoBus — 2;

ER—NHRBREFEAD BRERN 5 6, Hb OneUp[4A) B HERAL, ME OnelUp
k)

wire [ 3.0 ] Onelp;

W&ERBDDE. BDREREFER D, Bore 3t 2B B H B A .

2.5 XA H M

RBEANXRERA: > . <. <=>=, XEBETHBRGEARE LML, ¥F
AREF BEQFETANER ARETFHELBENAEELHEXTREREN, O
AUBHNEFTRABREMBLURNTE, WEEHENSLREN. NELENE
RUTR MEEFHAFSRRAN, UFXRARAATEANZERSEIHEN.

module GreaterThan (A, B, Z};

input [3.0] &, B;
sutput Z;

assign Z = A[1.0] > 3[3:2];
R AMBERRERN
andsodulea

/7 AR & A 2-8 B R
FRUTHAERERREFNRY, WAP  X2BRNEERERRTE,

moddule LessThanfkuals (Argh, ArgB, ResultZ);



Ba2F M Verilog 5B EE

e 10 o

D—
Z
B

AND2

T”
}AZ
A3

]B]

input [2.:07] Argh, RrgB;

output ResultZ;
reqg ResultZ;

integer Arghlnt, ArgBInt:

always @ (Argk or ArgB)

begin

Arghlnt = —Argh;
ArgBInt = -ArgB;
[/ REFRERETRENE FFSHGET L
ResultZ = ArgAInt <= ArgBlnt;

and
andeodules

B2

QAl32

28 XGFSXRNF>"

/O Ep e E A 2-9 BiR

}Al

A2

DAI21

TNRBH

B2 BREXREF ="

ResultZ
——

- mbd o
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2.6 MHEHBEHF

BB NENHREHAE.: ==M1 =, M2 (case equality) W === Hjg 2%
(case inequality) ! == RERI T4 5.

MM EREEEN S HERELF S HEMS HEHREAFRBE XKL
FEREF. THPERTHAESH. EE AP . HEHEFNEHBRERDN,
HABHMEXRFTNETHSH.

sodule NotEquals (A, B, Z);
input [0:3] A, B;

Al D oukput Z;
§Bﬂ )
Ireqg Z;

X0OR2
Al A 7z
;@D {B: zZ always @ (k or B)
XOR? D Min: DF_I_.I.EBET—
A2 T OR4 integar IntA, IntB;
Sp)a 2
XOR2 IntA = A;
@D_ IntB = B,
oo 7 = IntA | = IntB,
. end
i 2-10 KNS RRRA = —dule
[/ BREHBRRTE 2-10 xR
2.7 # ff & #F

Verilog HDL A BETR/REBC <MHAEBE > KA. BB E 05 4
O BRALEMHERARERBUANCE . EEMTUEE R WTURET N, FiXHMHE
BT, =ENREEAEE, NRANBEEFR,VAREFEERTT. DECBRE
Ta, MeEaHEARE. HREUTHA.

mogdule CongtantShift (DataMux, Address);

output [ 0.5] Address;
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agsign Address = (~DataMux) << 2;
andmnodule
/O ERE HAM R WA 2-11 BR

« Datahux? EE Address2
> J
INRB
s DataMux3 % Address3
INRB
Address]
3 DataMux| % I—--
INRB
5 DataMux( 90_\ Address0
INEB
. Addresss -
Addressd
z ]
VSS
VLO 1 *
VSS
Y0LO

H2-11 uBERER

module VariabieShift (MemDataReg, Amount, InstrReg);
input [0, 2] MemDataReg;
input [0:1] Amount;
output [¢.2] InstrReq;

agaign InstrReq = MemDataReg >> Amount.
andmodul e

/O FE MR mE 2-12 B

R1E Verilog HDL 3, ConstansShift M ITE R EZE . M DataMur o 8 a4 fir
HBEAEEHE, MBEBE Address WEBA £ T . W8 Address #l DataMux 61
AR, M B g E A



-

s 22 4 Verilog® HDL #£ & 3£ R 8 &

~ Amount)
rd

- |
=i

™,
“MemDatzRegh | ND3

MemDataReg? l

m_| InstrReg2
A2 3)” -
I
7 B
Am;intl Bl 0AI2]
* B2
‘ EINRBH AOI22

Al
yMemDataRegl | | AZ A InstrReg!
_JB Z o
. L g Bl NR2
! B2
AOQI22
—E : Pl A InstrRe
INRBH B Z g2,
NR3

Mzl (fERATR

2.8 M & B8 &

THEEHEXAXFMUGEHORERAR. ANAMES B L M UBNHESNGEG
RERCH 4 MIBNHEE, ZEHRHERSNBENFHME) BRFE RFile,
module VectorOperations (A, B, C, RFile}:

ipput [3.0] 2, B, C;
output [ 3,;0] RFile;

assign RFile = (A& B) | C;
anduocule
/I EE MM ERDR 2-13 i

wHE— T R 2EREAREEREmR. WA, 50 REE N ERT —
RNEE].,

madule VectorOperands (Bi, Stdy. Tap);
input [0:3] Bi, Stdy;
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S
2

RFiie3,

>4 A\
B2 s % m RFile2
B

Y

5 .

< BO 5 Z THHRE\ RFileG

> -
| B

s
N s = \ﬁf’* 3 RFifel
T AN B

& 2-13 mitzh

output [ 0,3 | Tap,

assign Tap = Bi " Stdy,
endusdule
/7 BRA WA MR A 2-14 BRR

AhLmE - ERBTE 4 MK FLUSESH 44
AT,

U ERERERBERAD, FERBBNS S
AHMPHARZAFERE ——NEXR, ZEE
A RFE WA TSR B MR T X R e B

LY RN
e
£
o
=
e P
g
s

. BiG
XOR2 f
B '
: Tap!
Stdyi
XOR2
< Stdy3 ;} P
XOR2
\ BiZ N ~
Cs -
- A
XOR2

B 2-14 —HBPR]

2.9 HB 4 i W

HHTHBHALIEARI SR, EETH.

modute PartSelect (R, C, ZCat),
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input [3.0] 4, C;
output [ 3.0 ZCat,

assign 2Cat [2.0] = {A[2.), C[3,2]},

andmndule
f/ AR MAEME 2-15 fin

Hiep ZCar[ 2+ 0]M C[3 + 2IMAT A %BL. Verilog HDL RE R BT L.

A2 A % 7Cat?
INRB INRB
\C3 A % 2Catl
INRB INRB
@F @ﬁ Zca0,
INRB iNREB

B 2-15  #55 i% Br )

W4
1
[

2.10 fii &% W

B URAEE TR EEFRTIR.

2.10.1 B ETH

FHb MRRTARERT FE&E.

module ConstantIndex (A, C, Reg File, ZCat);
input [3,0] A, C;
input [3,0] Reg File;
output [3,0] ZCat;

aasign ZCat[3.1] = {A[2], C[3.2]};
mgsign ZCat[0] = Reg_File(37];
andaodul e
/AR R A 2-16 FiR

HH A[2].ZCal O)H1 Reg_file 3 JgR AV . HHFEERA“()"HTAERERHEA.
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a 2H .

A2 b I@c ZCat3y
N -
INRB INRB

\C3 % @: ZCat2
e
[NRB INRB

« Reg File3 @c % ZCatd
_,-""_
INRB INRB

e A2 D
INRB INRB

M 2-16 FHAKET 50 f kR

2.10.2 REXPWEERTER

UTHRTRVHEATURRERER TR,

modula NonComputeRight (Data, Index, Dout);
input [ 0,3 ] Data;
input [1.2] Index;
output Dout;

aszign Dout = Data [ Index];
andeodule
[/ B AR R 2-17 BPoR

Datal
ki
Inglex2
TNRBH ]
" Datal 4 }:::2
B

)
—7B2 DAIZ2

Index]

INRBH

E%TE \

217 RAETRTIHEMEERTLEREER

Dout
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RS, MRS MRRFR R Bl T Z R8s,

2.10.3 REXNKRPHEFRTIR

HHEFUTIEFROEBURG, B0 28 By T R EE A 200, B X mh AT o 8
SR RIS AR

module NonComputeLeft (Mem, Store, Addr):
output [7:0 Mem;
input Store;
iutput [1;3]Addr;

SAddr] ‘ @ e
INRBH NR3

Mem3
il

>St¢re y A
7 Meml1 -
ddr3 B » x_D[ ]
A @ TNREBY l ND2 NR3
*
Tﬁ
@c B Z ¢ B Mem2
LY
> ¢ ([ -
Addr2 NRBH NR3 NR3
[ Memd -
. 2
— A
L C
ND2 NR3 NRJ
Mems_b
}B Memﬁ__
[ C
NR3
A
B Mﬂn?’__
C
NR3

B 2-18  MAEH BT b7 a4 3% Bk R I R TE
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12'?:

assign Mem | Addr | = Store;
andmodulea
/ BRE MR 2-18 fiR

2.11 FHRAX

AU RELBEREEET R AL A MR #EE,
<HEF>7 <FERKLL> ¢ <FHExH2>
MEXEGRANEEE N BERN.FURES - EEXE, BETH.

module ConditionalFxpression (Start¥M, ShiftVal,
Reset, StopiM),
input Start¥M,ShiftVal, Reset:
output StopkM;
aseign StopXM = (1 Reset) 7 StartXM *~ ShiftVal :
StartXM | ShiftVal;
andmodula

/7 e RN R 2-19 5w

StopXM
Z—=*

—A
s Reset W } B~
INRB INRE T AND?2
s
Ljp_ LN

XOR?2 s 7

AND2
\ shiftal j\
Py

OR2

B 2-19 FeEFkd 4 p 0 iF

2.12 always & Hj

always BRI THBABET INEE., FTH4 always BRI A A BBEES.

sodule EvenParity (A, 8, C, D, 2);
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ioput A, B, C, D;

output Z;
reag 2, Templ, Teap2;

always (@ (Aor Bor Cor D)
beqyin
Templ = & * B;
Temp2 = C * D;
7= Templ ~ Temp2;
/A EREREHAAIRERNE. SBRHMECIIR

[ATERRFRTERAGMFET R,
and

andusdule
[ BRa R TP 2-20 Fif R

ib

XOR2

A 2-20 TEMEIEN

always IR P ERAT B LHALAEBEAZ(BEFE ‘@' 2FEHAFEHRE
HEH,; FUEAHMPERETTRS R ITERN A -, UTFAMBERMPEHTX
— A,

module AndBehavior (Z, A, B};

input A, B;
output Z:
redg 2, A
>A{a 7
always (@ (B) >§—B “
Z2=h&B; AND2
endaodule ' B 221 RS W (43

[/ GANRELE 2-21 Bix

W always $AjRgiE R . Rib M QB B R & &84, RIUTREE 04 Z ZREHR
WE. WARZLEMEMS BRLM ZHEEEYH, BR, G EEXMEREL S
WREENE 2-21 By B—1 50T, XREEMERE A B% B B4 4144k, 2 HESSHNH
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BH.EARHATHESA 8. SR MEl —MEE, UiE Y HHRH
WTER,

Yo 85 AL B ) B, BT ARTE R always IBAI AR R AR A iR R4
B, Ad#HEdaaER2RA Y. my e F R NRES MRS
LRI A4

W BT 7R always POPTEH B B R T R RS B9 B, IR W A4 17 B 1 S A
HA TR o R 2K,

sodule VariableshAreTemporaries (A, B, C, I}, 2Z);
input A, B, C, D
output Z;
reg Z;

always (@ (AorBor £ orD)
begin,VAR LABEL
integar T1, T2:

Tl=54 & B;
T2=C & DI;
TL="T1|T2,
2= ~T1;
end
endmodula

/AR RE WA 2-22 Frg

M A Tl

\ B B 2 TI k’ 7
AND2 INRB

OR2

L T2
z

AND2

H2-22 —{HREFRERES

EHGTHEMET.TANDZ WY RETR T1, FHILTT OR2 MW H a7 R
T1, WBF 38 TR NS K RERBES R AR — g,
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2.13 if & 4y

if A RRZRAEHNNEZE, FETH:

aodule SelectOneQdf (A, B, Z};
input [1.0] A, B;

output [1.0] Z;

reg{1.0]z;

always (& (A or B)
if (A > B)
2= Ry
alse
Z = B;
endmodule
/ FEe AR 2-23 B

vAl, jﬁ.l
A A2 — A A Z0
v Z B
81 B - ND2
> QAl21
INRBH
Al
T
[NRBH B Z
}Bﬂ | OAI21
A h Z1
B
ND2

M 2-23 M il R0 5 i3

sodule SimpleAld] {Ctrl, A, B, Z);
inpat Ctrl;
input [0:1] &, B;
output [0.1] Z;
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reg [0:1] Z;

always (¢ (Ctrl or A or B)
if (Ctrl)
Z=h & B:
alse
Z=R4 | B;
sndmodule
/[ FEHBHMEDE 2-24 Fn

Crl
4
AL A
\B] )B L Al
>
‘ NR? A2 L 71
z —_zi—
B 0AI?]
ND2
SAO FN
Z A2 -
3BO | B i }_.Zﬂ
NR2 B —
N OAI21
z
B
ND2

2-24 BRAFGER

2.13.1 AifigQESHFSS

W BUTREAR always 154 .

sodule Increment {Phy, Ones, 2):

input Phy,
input [0.17] Ones;
output [0:2] 2Z;
g [ﬂ: 2] 2
always (& (Fhy or Ones)

if (Phy)

Z=0nes + 1;
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endnodule
/O EERBREDE 2-25 R

Z0
> D O
“ Onesl) T JAI
A2
}
E; —CK  QNI—
22
%‘ OA FDIS1A
Ones! INREH
Zl
D Q ————-
Ph
}F ———CK  QN|—
FDIS1A

B z-25 FRESHRUER

W always IEEIHIBE X EH: BI% Phy Bk Ones (M HEEH R R R FHEEMS S E,
RE&BAfT fiE4a). E Phy R 1, ZRE Z BE Ones it 1 65{5;: ME Phy K 0,0 Z %
RHEFEE., X2 ESMHETE IR,

2SR — AR, R R RAE always i8] BrA 01 B A BLAT 1 18 ch Bk R
{ECH MR KT A HA X T RERE . R R,

LM REERRTE i BN A S X REREN S —HT,

module Compute (Marks, Grade);
input (1,4 Marks;
output [0.1] Grade;
regg (0:1] Grade;

paramster FATL.= 1, PASS = 2, EXCELLENT = 3;

always (@ (Marks)
if (Marks < 5)
Grade = FAIL;
else if ((Marks >= 5) & (Marks < 10)}
Grade = PASS;
endnodule
/e RARME 2-26 iR
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Gradel
E D O—=
Marksd bl
) A CK QNI—
Marks3 >—a- z CD
Marks2 Z): t B
B [ AND? FDISID
I OAI21
Ciradel
b Q——--
[ 3 \Al
INRBH Jr"‘?
Marks] Al CK QN—
B2 OAL32 FDIS1D

B 2-26 TREFHEHFE

WH, MR Marks HR 12,304 Grade fNZ R ZPR? RFER—IILXEBME
NEEEE, FR Grade NERFRFEE, XEH N Marks H% 12 B BB Grade X B
. HIL Grade S RUERUFESTERTRONEE X ER -

mEEFR BERHEFSHSNRBEERARAZEELZAREN . BIEES BN
ZPEFAESIZAFERBAEEZEZ G XRSERNZA UMM RP YT EM
Verilog HDL RS FEA H A

NWRTRRE FEAHFARMFFZIPHERE MBERSEARITHEES G 8F
2 BB U BAHFAA X PAN T RAwMEE. X FAMESES. CHER
A ENTRRE.BIUTFTER.

aodule ComputeNoLatch (Marks, Grade),
input [1,4 ] Marks:
output [0.1] Grade,
reg {0:1] Grade;
parameter FAIL = 1, PASS = 2, EXCELLENT = 3;

always (@ (Marks)
if (Marks < 5)
Grade = FATL,
elne if {(Marks >= 5) && (Marks < 10))
Grade = PASS;

alge
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Grade = EXCELLENT;
endnodule
/B R R AN 2-27 BiR

Marksl —A
- lb/\'% B 5 Graded
INRBH O |
Marks3 [
) »
Marks2 Tl- {
Z 1 A N Grade)
B | " zb——-l-
QA[2] -—ﬁé
Marks4
— TM
A2
z
B [
OAI21

B 2-27 T Grade A RS

WO IR Grade AHERHHR XREN I iBWHFA S LD EHXNZT RIS T RE.

2.14 case iE A

case IR AW TF .

case { < case Bk »)
< case4FRAIAL >, < case P HTAAZ >, -+ , <iBHA >

<cagse LA BL >, <case P B2 >, v, <IBEHB >
default . <{HAD >
andcase

ERPIT ARG XRBREHLRNSE X, SXHETLRE R, BT AR,
WELT case BEAIRM .

module ALU (Op, A, B, 2);
input [1.2] Op;
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output {0.1] Z;
reg [0:1] 2;

parameter ADD ='b00, SUB='b01, FUL = "bl0,

DIV = 'bll;

always (@ (Op or A or B}

case (Op)
ADD ; Z= A+ B
SUB . Z= A— B,
HUL ' L=0% E;
DIV . 2=A/B; // XBEA4THAARATHESABIER
andcane
andaodiile
/SR MR INE 2-28 R
M1
Al Z0
-
w,
$ | & MULTP
Bl
§1
. AD 70
[ Al Z1
L B0
Al
! SUBTR a2
el ==
- ]Hz OAI22
\Op2 @E B
r, B2
Al I Al
¢ Al Z0 A2 @_‘_
» Al yal
(o s S A 2
+—BL ADDER B2 AOI22 B
B2
D1 QAI22
Al Zl A2
B
Bl B1
DEVDR B2 AOIZ2
»oel [%
T INRBH
Bl 2-28 2 Arpd ALU

Z0
——

Z1
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case I AT M El— K ER i B, WK EIE, i case BERHASE — T4 X (ADD)
KX ERAROINE MER—F, 2w AL 42X (SUB) X, 4 i 3
i JXLREE 5 EBE XA case BN A if IEHWT B

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

olse if (Op ==SUR)
Z2=AR—B;

alse if (Op== ML)
Z =R % B;

elam if (Qp==DIV)
Z=h/B;

LITF BB —4 case i&h)7# .

sodule CaseExanple (DaydfWeek, 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,
TUE,
WED,
THU, SleepTime =6
FRI. SleepTime = B,
SAT. SleepTime = 3,

SUN. SleepTime = 7;
default,  SleepTime = 10; i 21
[/ default 53 ¥ ¥ T DayOfReek H{E 7 B9
andcase
endmodule

/AR NE 2-23 BiR
HEHE— 1 case FaAH.

module SelectAndAssign {CurrentState, RFlag);
input [0:1] CurrentState;
output [0.17] FFlag;
reg [0:1] RFlag,
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Al
Day of Weck2 ]ﬂ a2 } SteepTired
/7 Zh—re Bl
Daay of Weekl B [ M Al22
NRBH OR2 OAl21
* | SleepTime3
Day of Week3 Py - -:
> J Eg,bmn BH SleepTime]
A -
INRBH Sleep Time2

2-29 case i§0] 7

parameter RESET = 2'b01, APPLY = 2'b11, WAITS = 2'b10,
DONTCARE = 2'b00 ;

always (& (CurrentState)

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

sndoase

andmodule

// BEERFELE 2-30 i

]AI
_— l A2 ) RFlagd
tStatel =
\, CurrentStaied) A B £
d OAl21]
INRBH ND?2

2-30 case AR EH

RFlagt

2.14.1 casez iEf]

casez IF T P ,case P X I BARXPHIW z (AWM N T EE, FAHAT L H
RREFR R HFANE L, HRRLIFTE case BARPHE 2 850 x &, B0, A
ST case ARMBARTMEH x . BEUT casez iBHF M.
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aodule CasezExample (PregramCounter, DoCommand);
input {0.3] ProgramCounter;
output [0.1 ] DoCommand;
rag [0:1] DoCommand,

always (@ (ProgramCounter)
casez (ProgramCounter)

407971
4b77 10
4'h% 100
4'b1000
default
andoass
andmodule

: DoCommand = Q;
: DoCommand = 1;
: DoCommand = 2,
: DoCommand = 3;
: DoCommand = 0;

/i FEAhA & 2-31 BfR

Al
A2
S ProgramCounter3 B D DDCnmmam'i.E
+ PregramCounter]
d { % s | C
INRBH
AQJ211
+ ProgramCounter? )|
rd
A DoCommand]
A2 omman Al
> l% B
ProgramCounter( NRZ
INRBH ADI2I
casez &8

casez IR W BN T RAT X & if BRI GER case F XA FERI7"RFLLED,

if (ProgramCounter [37])
Dolommand = 0

eles if (ProgramCounter [2.3]==2D10)
DoCommand = 1;

alase if (ProgramCounter [1.3] == 3'b100)
DoCommand = 2 ;

else if (ProgranCounter [ 0.3] == 4'b1000)
DoCommand = 3 ;

slse

DoCommand = 0}
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2.14.2

casex & 4]

casex I HI P, case P HHRBEZRXPH x HH z BEBAT LR BEML 22¥WB AT
KE, MBITHES XEERAEEN case REZXN—T4. THhH casex i W%
B ERBEENEE,
module PriorityEncoder (Select, BitPosition);
input [5:1] Select;

output [2.0] BitPosition;
reg [2.0] BitPosition;

always (& (Select)
casex (Seiect)

5'bxzoxl . BitPosition=1;
B'bxooelx . BitPosition=2;
5hoxlxx ; BitPosition= 3,
S'bxlyxox . BitPosition=4,
5'hixoex ; BitPosition= 5;
defmult . BitPosition= 0;

sndoase
andmsodule
ff AN ME 2-32 Fx

y

NR2

B

BitPosition)

BitPosition2
i

QAI211]

> A
Setectd E | +—£>_
INRBH NRZ
Select5 }Al
> - A2
%elecﬂ B
=
Select3 NR? C
Select]
INRBH y >
B
NR2

BitPosition|

B 2-32 WM casex BRI KB RNBEYN

el
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I, casex I/AEE X AT HEFM T IEAEFRWT .

if (Select [1])
BitPogition=1,
sloe if (Select [27)
BitPosition= 2,
alae if (Select [3])
BitPosition= 3,
elam if (Select [4])
BitPogition=4;
else if (Select [5])
BitPosition=5;

alge
BitPosition= 0;

2.14,3 M case iENHSHYGFR

BRAG if A TR, case 4T H BORR 08 9 2 9 4 7T B AR B R BUAT IR, AN Bk A
always {41 JF % A7 86 i) AT i 22 b A R 1B C L. 31 38 9 (L7 case 3640 9 3L 0 43 % o ol i
. WLREBHSRESRUAED. HEFH.

module Statelpdate (CurrentState, Zip);
input [ 0;1] CurrentState;
outpat [0;1] Zipy
reg [0.1] Zip;

parasster 50=0, §S1 =1, 82=2, 83 = 3,

always @ (CurrentState)
case (CurrentState)
S0,
53; Zip=Q;
51, Zip=3;
endcase
endmockyle
/AR mME 2-33 R

MBI E A HS CurrentState & Fh 7T BB RO B 3 A B Zip MMLIREAE ., B, 2 T H
FAESERMELRE—N.50% Zip RS RYUFR, AR R % AT B i A
%, HHERBRITF, case BAMNFTHEZMETF B4, MRAEHGESHSFE, W
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Zipl
D Q—-—
T
Z -
}Cumq@tatei x> B — CKCSN
b +|B OAl21
P FD1S1D
CurrentStated ND2
I | g
» 2
b1
Zi
D Q P
g & * ok QN—
CD
A Zony NR2 FDISID

M 2-33 case IBERANTREHESRBGR

RESYUTXBRBIREE, T case IBEMZRIM LM Zip BPIERIET, X Zip WHHBHR
EHE R EE CurrentState S FBERN TEEBW S E X . MTWMTE always i 1) iF & 7 88
RIAT AR B E X,

always (@ (CurrentState)
begin
Zip=0, /7 il aYiE A

casa (CurrentState)

andoase
and

M7 BWEF RN T casez A H casex IFAWREIEA.

2.14.4 case 7 HHY L T %

MRTHE & WP TR, MBRAKRTE case A A MHEMGBERETHNERRHE, W
ELRESCHESRYTR ., Fo, 0T HFH case RIAX R SM case 4 W R
B EMEMmE. BETH.

module NextStatelogic (NextToggle, Toggle):

input [1.0] Toagle;
output [1,0] NextToggle;
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g [ 1.0 ] NextToggle;

always @ (Toggle)
case (Toggle)
2h01 ; NextToggle= 2'b10;
2'010 . RextToggle=2'h01,

andease
andsodule
[ eI ENE 2-34 fF R
D Q -~
NextTogglel
CK OQN—
Toggle] CD
A FDI1S1D
N IvRBH| | 2P =
Toggled AND2
3] Q -
NextToggled
B2 ko o
NR2
]
FDIS1D

Bl 2-34 NextToggle i S B rE oL

B HRIE Toggle ROTREM 2'b01 # 2'b10 Z AR R (. AL E LSS T B 4158 5
—&. MERMEGE TREMIZFER ML NextToogle E FRESTFIL(E 2-34 {4
4~ FD1SID 55 sl 7 case RIBHXE R 2000 A 2bll R M TRME. XTUHES
84 full_case itZ A TRAE. 5B RNHBEE B HRMSS TEBEHEMMSEY
RHRRE. S case IFTMAX A BMBPLERIE S full_case B4 F W Verilog HDL # B
K ERAZ SIS BU R X B, B e 0 TR R A0IE LA 2 B,

ZETRT case BRI PPN ESIESIHREIANR: case BikF A T REA R
B ERATN S ) HBEFFIHRT AEELBTERORE., XETRRE case 54
MFASETHERET AT ALESHMFLE. LUT NextStateLogic Bk &b # case
BAXRHATEENGEES.

module NextStatelogicFullCase (HextToggle, Toggle):
input [1.:0] Toggle;
cutput [1.0] NextToggle;
reg [ 1,0] NextToggle;
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always (@ (Toggle)
cages (Toggle) /! synthesis full case
201 ; NextToggle = 2019,
2110 ; HextToggle = 2'b01;

andcase
andeodule
[/ A RRAFEEIMEA 2-35
>Toggle[] — > Nexi Tnggleﬁ_

B
)—iT — Ebo— NR2
sl INRBH
A v Next Togglel
b ) i
B

AND2

M 2-35 {#EF full_case #4 . FrEE AR

MESHAOMER R EAT full case HEAE S A2 NextToggle HE SR TER.

H—RRHE LA MERG A ER,E case BAPABEB AT, REE
case IR H] ZRIX) case IHRE)PRITHER LA T IR B Next Toggle) 1T ARIE.
TR EARAG S RBREFBAFER.

always @ (Toggle)
case (Toggle)
2'bD] . NextToggie = 2'b10,
2'h10 , NextToggle = 2'b01;
default ; NextToggle=2b01; // EK{HE
endcase

FHIRY always #&RTX NextToggle #47 T BRARE , Atk A 305 B IE S RS,

aluays (@ (Toggle)
begin
NextToggle = 2'h01; // B

case (Toggle)
2'b01 . NextToggle = 2'b10;
2'h10 ; NextToggle=2'001;
endoans
and

o B full case HATHRLSFBRHTERNESHNMEIRS R, HE R
B 5 FEP KR,
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2.14.5 FHfTcase o+

case 5 H] ) Verilog HDL 1§ XTI T X case P X RIRACETF . case XA Y
ASE—- AR THE MEAEEME ST - XmHE TR, FR AR E
5T —THEE . KEKEE, case BHBERTRES XMHKLRITEFE. Wi, Verilog
HDL Ra[BERE WA REE S L AIEH R R EH  casex ) casez 157 P4 & B F
B, R, EARTHRITHAREZIF, A EREBRWEHB I XA 28 %P,

B TR S R B A By F case IRAETHIIE L. S HIREN i LBEWULESR
iFH A, ife-, else if---, elser), WELLF case EEq =8 :

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

always @ (Toggle}
casex (Toggle)

3bax! ; NextToggle = 3'B01Q,
3'bxlx . NextToggle = 3'b11Q;
3'blxx ; NextToggle = 3'b001;
dafanlt . NextToggle = 3'b000;

andcass

andmoduile

/7 B H IR R A 2-36 Bimw

> . A NextTogglel
Tegglel Z
; s
INRB

rd
Togpled OR2

i
NextToggie?

"y
7 A
Togele? s NextToggle0
B
p. ANDZ
INRB

OR2

Pl 2-36 fRAEGFPEEARR X
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|, case iBH BT AT LIS AR LT if 4],

if (Toggle{ 0] == 'bl)
NextToggle = 3'b010;
else if {Toggle[l] =='bl)
NextToggle = 3'b110;
else if (Toggle[2] =='"h1)
HextToggle = 0001,
alse
NextToggle = 3'b000,

WREHENEFENLSIWMHEEER LR LWM? et 2 case 5] H8
2B REER (BT IMHITHS case Fx M), MA RS R
REZBGITRESFEHERBERE — W T case IBH NS ¥ .

ERILEA T RAAEER XM E MR, 7 LB 3 S 384 parallel_case 358
Bl. case BAIPHMT ZES . G TRRAE case IBFAZ R XWMEMHEF, ARES
BeLUEREAXEARE Verilog HDL B P FUX AR SEWBEBNIE YL, XAEHRFR
Sl case M AT HEZREARMERTE  MASARIEEHR. YT cosc B
T paratlel_case 3584

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

alwaye (& (Togyle)
casex (Toggle) // synthesis parallel_case
3'becxl ; NextToggle = 3010,
Abxlx ; NextToggle = 3'b110;
3blxx ; NextToggle = 3'b001,
defanlt , NextToggle = 3'b000;
endcane
endeodule
// Ee AR R MM 2-37 fiR

S M, case IRHIE M MES BB T (VRIE—Af FEHEHED.

if (Toggle[0]=="b1)
NextToggle = 3'h010,

if (Togglef1]== bl)

L Y
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Joggted W\
s
p NextTagglEl

Togglel

NextToggle2

INRB

INRB
>_1_*agg|ez [@‘ @t NextToggle0
INRB INRB

B 2-37 {FH parallel_caze {84 . R 5B FH

NextToggle = 3'B110:
if (Toggle[2]=="bl)
NextToggle = 3'b001 ;

if ((Toggle[0] ! =bl) &&
(Toggle[1] ! ='bl) &&
(Togglel 2} | ='bl1))
NextToggle = 3'b000;

THESSHS A XBBRES ARG 237 FiRWiEFNER; AMAZSESHS,

RS B 2-36 BiRMEESSE,
%5 EAT4 parallel_case NESIIERITEM NS EAOMEBEIRES -85
BN LT I SRR A R

2,14.6 IFERHFTIM

Verilog HDL 1, case 3 A LASERISEN B RER. DT RARSEIRME L.

module PriorityEncoder (Pbus, Address};
input [0.3] Phus;
output [ 0,1 ] Address;
reg [0:1] Address;

always (@ (Pbus)
cass (1'hl) // synthesis full case
pbus{ 0] . Address = 2'b00;
pbus{ 1] . Address = 2'b01;
pbus{ 2] . Mddress = 2'b10,
pbua 3| ; Address =2'b11,
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andcane .
endacdule
/O EaRRRRNAE 2-38 iR

&2

=

5 Pbus0 . D AddressD
Pbus2 ry C
s

Al

S
A2 Address]
 Pbus3 ‘ ? B NR2
NRBH AOI21

B 2-38 fH case i ML AER NG

A SEMA full_case G54 BN MR Address G RN A8, BRFTE case i
A Z IR Address TR UARE X MEEG RS FERE MTAAEREEES. U
TiX %% always A1 IE R W .

always @ (Pbus)
begin
Address = 2'b00;
case (1'bl)
Phus[ (] ; Address = 2'b00;
Phus[1] . Address = 2'h01;
Pbus[2] ; Address = 2'bl0;
Phus[ 3] , Address = 2'h11;
andcane
and

2.15 WiRPiIFAHES

RS ERFIZET LM i BNEH case FHMRXHETHYUAR. BRER, TREE
f BRI E case IRHIMNAA X FHRHERME ZTERSBRPRYUTFE. WET 6.
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module LatchExample (Clockh, CurrentState, NextState);
input Clocki,
input [3.0] CurrentS:ate;
output [ 3.0] NextState,
reqg [ 3,0] NextState;

always (@ (Clockhd or CurrentState)
if (Clockh)
NextState = CurrentState;
andmodule

/e B R R IR 2-39 BT

}CumntStatﬂ D Q NextState3
yclockA +—CK QN—
FDISIA

>CurrentStarez D Q chtStateL
+——CK ON—

FIDIS1A
>Current5'r,a1e[] D Q NextSt&teﬂ-_
+—ICK QN

FDISIA

}Curt‘en[Statel D Q NextStaiel__F
CK QN
FDISI1A

B 2-39 RERXAHIASENEGESERHHTEH

2 NextStare fUFF ClockA X 1 BT @A BB . ClockA % 0 B, NextState 1Y
IRAE , B B T B A28

REBERGER
MR always &5 PUR B I B & 4F 8 G BARE case BAD B RER
EREUHLSESRIAFR. UTHRRTFEMEL.
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—

wodule Local IntLatch {Clock, CurrentState, NHextState):
input Clock;
input [3.0] CurrentState;
eatput [ 3,07 NextState;
rag [ 3.0] RextState;

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

NextState = Teup;
and
endeodule

// EAEHMEMA 2-40 R

\, CurrentStated NextState3
b, D Q -
}Cluck . CK ON

 FDISIA

}CummtStateZ o Q NextState2=
blek QN—
FDIS1A

:CumentStateﬂ D Q NextStated)
+—1CK QN—
FDISIA

}CurrentStatel D 0 NextStatel__r
CK QN
FDIS1A

M 2-40 BB AR

S| A B 7 3 I
WL T RRBTN, IR MIEFM 4 P RIS R, MR BB RPEE, &
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RENEELERN Clock B VT MEFEER Temp H91E.

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

always (@ {Clock or CurrentState)

bagin, [.1
integer Temp;

if (Clock)
begin
Temp = CurrentState;
NextState = Tenp,
end
end
endwodule
O ETHRMESE 2-20 MR

mEHs REl
TEXAFBEERJGEAP  ERENKEIANT RSB ESIEES. UTF
BB OE & fm i

madule ReglsedBeforeDef (ClockZ, CurrentState, NextState);
input ClockZ;
input [3.0] CurrentState;,
output [ 3.0 ] NextState;
Teg [ 3,0] NextState;

g [3 =ﬂl Tamp:

always (@ (ClockZ or CurrentState or Temp)
if (ClockZ)
begin
NextState = Temp;
Temp = CurrentState;
and
anduodule
HOEAH R &N 2-41 BTR
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——{CK  QN|—

e CurrentState] D Q
»Clockz +—{CK QNI—
FDIS1A
L
5 CurrentState2 D Q
CK ON}—
FDIS1A
}CurrentState{] D Q
—CK OQNi—
FDISIA
}Cuﬂentsm:tE] D Q
CK ON—
FDI1S1A

B 241 SREFEHATERAEREHRHT A

W Temp REW, R AWM

module LocalIntUsedBeforeDef {ClockY, CurrentState, NextState);

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

always (@ (ClockY or CurrentState)

Miﬂ: L1
integer Locallnt;

if (ClockY)
beagin
NextState = Locallnt;
LocalInt = CurrentState;
arncl
ond
andnodule

D Q NextState3 -—
CK ON—
FDISIA
D Q NextState2 -
CK QN
FDiS1A
D Q MextStatel) -—
FD1S1A
D o NextState | -
CK ON—
FDISIA
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WL EEFRESB/E—THREL URHRFPER Localln: TEE LRI &5 H
T, RHAREERFA ML P EERE AN S HEHE R H TR,

2,151 HRIMBCMBFFNYUFTH

MRESRAFROTREFAFOTNEES T PERS TR, ER | ARG E
i A AR B TR A 8 B W E, B O MR RASHFREBIMRME. THIER
1] 48

aodule Asynclateh (ClockX, Reset, Set, CurrentState, NextState);
input Clock¥, Reset, Set;
input [ 3.0 ] CurrentState:
output [ 3.0] NextState;
reg [ 3.:0] NextState;

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

CurrentStated) @e
i
5 ClockX . INRBH
NextState()
A Q -
8z
SRt H_@DJ ND2 OAI2I CK ON—
INRBH —
l FDISIE
D Q NextState_é
j \A] X o
A2 N
- i CON
B i FDISIE
yReset - 0AI2l | -
%_4 "'_]:;If)— Nexi&
. CurrentState? INREH 4—p 72 qQ extotateZ
g zZ CK QN—
M R FDISIB
CurrentState3 ND2 .
> \I\z\ NextState|
B > Q -
« CurrentState] OR2
Py CK ON—
CD
IFDISID

2-42 WRIMEBURNBTHSES
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if (! Reset)
NextState =12;
alse if (1 Set)
NextState = 5;
else 1f(] ClockX)
RextState = CurrentState;
sndsodule

/A HARE DM 2-42 s

NeztState LML THTFR RO FRATFIBEOM B RN HSH.
MFLAEFESTREAURERERFER BB MBS, ARG R
HTZHEI DM AU DI AR, XERMEBHMAE 2-43 FRNGESHEME,

3 C wrentState

~ CurrentState3
Fd
H
»et -+ A
{ClockX FDISIA
rd
ND3 > ol _NesSta2
| + 'Y A P ?
B Z
}CurTentSlateZ —C
INRBH N3 CK ON—
~CurrentState | A_\_ FDIS1A
rd
B D Q NextStatel_

CK OQN—

FDISIA

B z243 LRITREVHBFETHSTER

2.16 9§ % iF &)

Verilog HDL 1 F 4 # AR 2RI EIFEL .
a) while ¥
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h) for FEFh

o) forever 13

d) repeat i3
for fEREARZRAENERTEESNEAED. oo BRNESRELRITEFRLH
&, R, ZH for ERPHHEEN, GHERTRE TR BEEHR —®K. X
MERRM for FHAIHBFA AR MR, BERUERFLRBELER., BEUT for BIFE
GERUR

module DeMultiplexer (Address, Line);
input [1.0] Address;
output [3,0] Line;
reg[3.0] Line;

integer J,

always (@ (Address)
for (J=3; 0 >=0;J=0-1)
if (Address ==J)
Line[J] = 1;
else
Line[J] = 0;
endeochile
/AN MR 2-44 iR

}A 7 Line3
yAddress0 | B
INRB NR2
>
A Linel
 Address] @c l s Z
INRB NR2
[
A A Line2
B Z 15 z
NR2 NRZ Line
-

Al 2-44 for MPAH AW

BRI for (A KB BT 4 & il B4,

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

2.17 % AR ER

EUTRELRN always IBAI DA B RAE S HE S 8% 28,

always (& (<B4 Bk >)
<B4 >

Rp<fpFEHF>RUTHMERZ —.

pasedge < Hf 8 & >
negedge < B Bh & >

always i B 0915 SUEM RIE clock M EABET TG B ARG <B0>h0F4E
Flo ARG ERY always IBRIBER A e IR 0 always B4,

Xof it 5 ST, i SRR 7 i Bh IR I A always {EA) P B R 3 7% always 1B
BIZASI AT ZERNE, WERBCHEZ SR RAEEER BRI, XTIt
BUSEEHNNEZMFEEEMIE ENR—3, 76 S8 adways 384 P 3ER
EXRBFHHRMAN SR TN FTaaiT R,

i E LT AR

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

alwaya (@ (negedge Clock)
if {Control)

Zee <=A;
olun
Zee <=D;
endmoduls
/e NN R A A 2-45 fiw

Al LIRS, NTER B TR M Zee R, B A5 M Zee B30 50T B30 0 4 00 i 5
i, ATHMARE —MRERE R EHHAR A Control WA | B i #H— 1 BIE
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s D Q Zee

\ B 00

. Controt

> SD

y-Chock $CK  QN—
FLIS2AX

B 2-45 A ERAN always FOEES BN FBHE

AR BHBIRRA .

module Incrementor (Clockd, Counter);
parameter COUNTER SIZE = 2
input Clockh;
outpot [ COUNTER_SIZE - 1.0 Counter;
reg [ COUNTER_SIZF — 1.0 Counter.

always (d (posedge ClockR)
Counter <= Counter + 1;
endeodule

/] FE RN R IMA 2-46 Fim

~ o D a Counter]
TR
Cloc Al
CK QN IO Zp —5CK QN
FDISIAX “__EI FDISIAX
0AI22
Cnuntmﬂ__

B 2-46 RERENERE

It always &A] KB E W ClockA B — K E T, T B Counter MH M 1. H ¥
Counter YEBT BP 1Y FHE M TR, H L 145 & B _E FH 1Y fib 5 1) fih 5% 28
AT BT 8T AR A8 2 R e 136 A ok R 28 O R,
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 + l;g
alne
Counter <= Counter — 1;
andmodules
/AR MR E 2-47 Brw

Counter!
lEm Q —fp1 o
DO DO
l_ A2
et POK QN } ~HCK. QN
FDISZAX | \B1 INRBH FLIS2ZAX
B2 DAI22
Counter0

B 2-47 3 H T BT LR AR 28

& Counter FEBT 40 ClockB T REMT BRI G T BREH B EBE S WM T H#T 28
firh 52 3% .

i AR AL OUAR YR . SR IR AR T B A B T S, A A . BA
— A~ 5h , F 20 B A RAE A5 A AN BER—% always A .02 E R4 WF
FRIER, A2 £ R AR,

NER AT mH

module FlipFlap (Clk, CurrentState. NextState);
input Clk;
input 3.0] CurrentState;
ocutput [ 3,0 NextState;
reg [3:0] NextState;

always @ (posedge Clk)

NextState <= Currentttate:
andeoduls
/7 G By R R G B 2-48 By

WP AR NextState (UTECIE L RAEGHERE. TR, FHEMRTH NexrStare HiER R

A ERARMERMESRATRE OE 15 K{H).
WIS T T ST Rl A9 Rl R 3%, W 08 B B BT 38 1 “ posedge clk” BH % “negedge
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»CurrentState0 D QL NextState0 Cir”s
i A R T X R A B
bCK QNf— hasgESRMAER. THDENBE
FD1S3AX HTrERNTRATEE., TR InState
}CurrenlStatel D Q NexiState] BT R 4 MR, AL O
SEEAE T (H B ENXR#ES /D.
Clk
> p—pCK QN— module FlipFlopInt (Clk, CurrentState,
FDI1S3AX HextState) ,
| CurrentState3 D o] NexiStated input Clk;
d input [3.0] CurrentState;
—DCK ON output [ 3.0] FextState;
FDIS3AX
integer IntState;
N CurrentState2 D 0 MNextState2
e
always (@ (posedge Clk)
CK ON IntState <= CurrentState;

FDIS3AX

m 2_AR W#ﬁﬁ?%ﬁiﬁﬁﬁ*ﬁﬂﬁﬁ “Eig'ﬂ NextState = IntState;

enducduls
/7 ERE N RIM R 2-48 R

ERKBEBSI A

ULERAFRENHHESTHERRE, LAXHRE N aways BH2Z 43 H
TEERNE . IHREELSETRNERTFEMRSES,

MRS Ry X BIE always B2 408 ) K25 B AL 4E B — % always iF4) F#3| A
&R BETH .

module GlobalReg (Clk, CurrentState, NextState);
input Clk;
input [30] CorrentState;
output [ 3.0 ] NextState;

reg [2.0] RextState;

rog [ 3.0] Tenp;
always (@} {negedge Clk)

begin
Tesp = CurrentState



W28 M Veriog HEEHI * 59 »

HextState <= Tenp:
and
endnodule

REWN Temp WRELTHHEHZ T, EEFBAREESEMESR . XRASETER
— AT EERE . B A, SRR EME 2-48 BiiR., ME, Temp (L H
fEig B PHER ., B, WY RAHEARBER TR ENTL—H _KER
PHIHE Temp ([HRLRB—FKIBRTI Temp FHBKE . EHEIL NexrState SR
b 2 2%, BTRAB X NexiStare X HIFHEZ B

MAEME PREKF SRS ME? WA, BN Temp £WME RS H
THRETREEZ IMNHARARTE BREEESRME¥. Temp BT always i&
AIRERE. TRERZME, K Temp EREWAKZ AT .

nodule ReglseDef (Clk, CurrentState, NextState);
input Clk;
input [ 3;0] CurrentState:
output [ 3,0] NextState;
reg [3:0] Rext5tate;

reg [3:07] Temp;

always (@ (negedge Cik)
begin
NextState <= Temp,
Temp = CurrentState;
and
endmodule
/7 A B P 2-49 iR

LLB  BE B Temp B8 AT BT b 2 5 B8, NextState th8 10 1,

MRTERRLE always iBAAE LR HE R, 558 Lo

7 always BN AREHN TR (DEFERR YR RoBBS A 5%,
XA BB F B Verilog HDL MR AL & H M RINBER B, THP. 5% HE0FR
Temp BREMBETEME .

module LocalVarAssignlse (Clk, CurrentState, NextState);
input Clk;
input [3.0] CurrentState;
output [ 3.0 NextState,



. 60

Verilog® HDL 2 S F & B

5! CurrentStated D Q D Q NextStated) -
CK QN —PCK QN
FDiS2AX FD1S2AX
$
3¢ CurreniState! D Q D Q NextState 1 .
d FIHS2AX FDIS2AX
}CurrentStatEB D 0 D Q MNeatStare3 -
BCK ONt— ¢———— S CK QN
FDIS2AX FDIS2ZAX
}gurrentﬂtatez D Q D Q MNextState2 -
PCK QN —pCK QN
FDIS2AX FD1S2AX

240 ZENFUIANEREESTRBER

reg {3.0] RextState;

always (@ (posedge Clk)

begin. Labelh
rog [3.0] Temp;

Tenp = CurrentState;
NextState <= Temp;

end
andeodule

Tl Temp REL SR MER . X REHE R always BOATRWHB G, T ER
HETROEREAER — M LB AT, M NextState JiE S R ALK, BB
NEFEBEREN always BAZMESIAT. HEHMMESE 2-48 HiFA.

B, RAEH LR BRSNS EA N YRERTER R T, X8

HNBHEREFHNERETEMER, FEUTHER,

module LocalVarUsehssign (Clk, CurrentState, NextState):

input Clk;
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input [3:0] CurrentState;
eutput [ 3.0] NextState;
reg [3:0] NextState;

always (@ (poaedge Clk)
begin, Label2
reg [2.:0] Temp.

RNextState <= Temp:
Temp = CurrentState:
end
andmodule

HEHMMESE 2-48 . HE: B L NextState #B P Temp 75 B~ 4
b RIS RO, B R AMMF R, B BRI, B LR T S S S
FAMER. BREEE THEE Tenp RESESRMRBNRUBEHE.

2.17.1 #4-msh

BRAARBHE S TR 46 always B, FH g 8% & H TEproh.

module MultipleClocks (Vt15Clock, AddClock, AdN, ResetN, SubClr. SubN, Ds1Clock, Ds1Aidd,
Ds15ub) ;
input Vt15Clock, AddClock, AdN, ResetN, Subllr, SubN, DslClock;
output DelAdd, DslSub;
reg DslAdd, DslSub;
reff AddState, SubState,

always (@ {posedge VE15Clock)
bagin 1
Addstate <= AddClock * ~ (AdN | ResetN);
SubState <= SubClr " (SubN & ResetK);
and

always (@ (posedge DslClock)
bagin
Dslidd <= AddState;
DelSub <= SubState;
end
endmodule
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S EANAR R ME 2-50 on
>Ad-:lClnck j  AddSiate - 0 DslAdd _
0 [} Q_..____J—'_""_
}Adhl A . :
Z XNOR2
B
ResetN ORa LCK QN — pCK QN—
FDIS3AX
~DslClock FDHS3AX
Py
>Vt15CIuck i
D 0 SubState D 0 Ds1Sub .
S SUbN " f
z
B
XOR2 >CK QN LCK OQN|—
SubCl AND?2
} ubiir FD153AX FDI1S3AX

P 2-50 always B #) S E £ B) &b

IR WK always B4, P —%& always {54 P& B2 ViISClock B FHE#
il a5 5k always & &) PRIGERF DslClock K EFHEH .

SRR EREBT R M T EOBESES S0t seSa, P, T8 %
always 15 N AddState A BRI .

2.17.2 A8

A RE— MR AL A 320 B 68 always B 4T, X always B0 08 7 —
e ARRE . FHRER T H—i 8w~ RE M.

module MultiphaseClocks (Clk, A, B, £, E};
input Clk, A, B, C; *
output E;
regq E, D,

always (@ (posedge Clk)
E<=D}| ¢

always (@ (negedge Clk)
D <= A&k B;
exduodule
[ ZEHMFERNE 2-51 BiR
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b o2 .
A D Ot
SAy >
B 7 B
>——B —<bCK QNl— o2
AND2 FD1S2A X pCK. QNf—
C FDIS3AX
{Cik .
-

A 2-51 —-RIPR— e A R

B, 8 — 2% always IR DB IFEDE Clk M EFAHER, TTH — £ always 547
BB EA R Clk BT REHTIEH.

FEXFEEL T &8 S R Y0IE 5 MRAT R &, 0 A B a9 WL (8 A BE 32 B0 AR A [R) A o 2R A4
(RA AR SR . AW, 7EE — % always IBA DX D BRERIERL.

2.17.3 EARTHEMNS®HE

PIHAIYIE. R RB AN D NE RGeS . A4 BES T RS DR NE
THMERR? BERIEMMESR BHAH-MEEEAWN I B4, DTrABERR
SFHLIR B T H AT

always (@ (posedgs A or negedge P or negedge C. .. or posedge Clock)

if(A) // posedge R
< statement > [ FEER
alaa 1f ( | B) // negedge B
< gtatement > [ REER
else if ( 1 C) // negedge C
< statement > // RIBEE
us [/ EBE elee if
alse // f&& ) posedge Clock
< gtatement > [/ A ER

always B AIEAR (FE“@'ERBIEEXNBAUETELE T AEES, BT UG
L+ A (posedge) , 7T 2AE T I (negedge) . HPHHE — o B4, ESHESA
THRESZEBPITHRME. always iBHRNE—%K [ E48,% i EGHET D else if
3BT TEGRPH D HEEL. B —1 else B & Hb X 57 T o $h 3
Bt SiiENHEGELMESHRARPHEENOERE K, fin. D24 pE
“posedge A", SR B9 if IR R if (A); BIRB{43K T4 “negedge B”, WA i 19 if 154
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BB, MU EERE-TEMPRIEIEATREARFEER . TRE -1
else 5+ %X T RiARFEH.
METRARLEERAELERE ST HEEET, M ZXTBNGERER L
BEMNMEFNMERE. REFBENESR.Sa MBI TRERETRITME AR R
HERTEFH WTEREFRABETOMER(HRTEE) BT B BE A A 1 it
2.
HEUTHRSWMECNE T B BRERH .

aadule AsyncPreClrCounter (Clock, Preset, UpDown, Clear, PresetData, Countetr) ;
parssater 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;

aluays (@ (possdge Preset or poasdge Clear ox posedge Clock)
if {Preget)

Counter <= PresetData;

else if (Clear)
Counter <= {;
else !/ B H posedge Clock
bagin /7 R EFR A
if (UpDown)
Counter <= Counter + 1;
alss

Counter <= {ounter — 1;
and
andeodul e

/AR R 2-52 PR

B PresetData MHM R LR EBR ARTH ST REE. BFE Pree % 1L B E

PresetData B4, Verilog HDL #KRIFREF B PresetData §3X Fh A5 4L , T 7 42

B PR X FE S B Counter, EE5 0 E %0 RS EMER A, |
BHE-THRILTREMBAMNBLENMRESRA.

module AsyncFlipFlop {ClkA, Reset, Set, CurrentState, NextState),
input ClkA, Peset, Set;
input [3.0] CurrentState;
output{ 3,0] NextState;
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reg [ 3:0] NextState;
aluays () (negedge Reset or negedge Set or negedge ClkA)
if (| Reset)
NextState <= 12; /i Ea] A
else if (1 Set)
NextState <= 5; /i8] B
alse
NextState <= CurrentState, JEM) C
endmodule
/i EA B R RN B R 2-53 B

}_CurreﬂtState{I - 5 NextState0
Set Q
Reset &.
INRBH R2 cD
IFDIS2CX
T s
>CurrentStateS DPDN o NextState3
B UK QNI—
qE?*— T{ CDN_|
INRBH, FD1S2KX
C State |
5 urren D Q NextState:!
—DHLK QN
B L FDI1S2DX
C tSiate2 ND2
> urrer e D PD Q MNexiState2
JCIkA
2 —HCK QON—
FDIS2BX

B 253 WHRIEHEANRTHUMES

B A%t NextState WIREAR N Z A HBHERNCGEAC M AFESREBMEGEA A A
HA B, HEGEH THR P B MB RN THEME MM AR, mE 2-53 Fr,
B: XBEEAIN4 T ERS. B MESHWR F NextState g B 7, W R TR £
FEXHITARLR XRENEEER Reser A N8 B4, 7 Set BRETHEE. K
H B FERET IR NERIAAE LN XEEANCBER S AR B'E
7 7 Reset HAMBHEE ., B PUEBRNE A WRELE, BIXFHHER T 56 H
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'bl FITRERME MB=TRERNHE —E T, B XFAFMRET BN D HT
i RAE .

2.17.4 EHETHRUENEE

MTRBE R AR AR TOMRER? K, AREEN RN always B4
THREREHEMARFEZRRT 7. HF FH:

module SyncPresetCounter {Clock, Preset, UpDown, PresetData, Counter))

parameter HEITS = 2;

input Clock, Preset, UpDowm;
input [0;NBITS - 1] PresetData;
output [0;NBITS - 1] Counter;
rag [0, NBITS - 1] Counter;

always (@ (negedge Clock)

if (Preset)
Counter <= Presgetlata;
alse
if {UpDown)
Counter <= Counter + 1;
alse
Counter <= Cgounter — 1,
sndwodala
/B HMMAEME 2-54 BiR

AR RECHRE, —fFR BB A PresetDate S Bl X BOREFEMERA
¥ B — MR RAL PresetDura HESIPIMRBOBEH AN, XBEGESHYRMERR

Al
PresetDatal A
> D Q—d | .
d Do j 2 gé Q Counter
e | by [ 2R
>————o—pCK QN —bCK OQN|—

FLISZAX FLISZAX

~ UpDown % -—
7 Counterl
\ PresetData0 INRBH
/

B 254 RMEHNEURTEBRESRASTR
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HBE =R rARBaN. KRR UEETIASGIOTR.
HHEE T

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 C1kB)
if (1 Reszet)
NextState <= 12,
alse if (| Set)
NextState <= 5;
alse
NextState <= CurrentState:
enduadule
/] A H M RME 2-55 R

>CtuTt:'.ntSta163 D_‘ }J— D Q NextStatei
B Z A
Z
ND2 1B
ND2 —PCK QNp—
~, CurrentStatel FDISZAX NextState]
r ﬂ D -
B 7 ] Q
. Reset d t—C
7
FDI182AX
~ CikB '
p, T -
>Cutrent$tateﬂ @_I_ B Q NextState()
H 2 1 H o
INRBH* B [
IN |
OAI2] RBHL—CK QN
FDIS2AX
A
B
}Currentﬂtatez !? c Z D Q NextStateE’
INRBH ND3
PCK QNp—

FEYIS2AX

B 2-55  FF3E0 [ 2 3R Gl A0 3 209 2 8 38
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B BB 12,5 IR T B CurrentState B NextStaze WA MBZEILE &8 Y
B AL  BILERERERET N NexsSrate IS WM ERB DB Ay, B 2-55 B
AMRMEBIERMYE. B4, ERAGESEFEFLHEMCMETOMERR? S5R5%
T LUE R R M EEYLE kT B R84 RN R TR A E F AR 2.

2,18 PR 2 A EPH 2 AW

EWEHEFR RAOBIINF2EREAFHEAEX SRR EREERET
JE) 725 2 f B 5 A BE B LD, TS B ENEAHEATBRE., REPHE RIS
AR SR B, WA 48 IR & 58 R BELAE 2 Fn S BE o X B4 - LA PR B S A e o R M 1B 7E
HATFEarTE L EH,

A EEEAREMEREXREN T AAR, BB FEfZEFEEE
M. W THEXRE, PATNFRSP T —FE0Z R RN AR e B E R E
always I R —&iE A, B EXRE A EHESREZHBA XS . ¥ FIEE
BARE. W A K BER R AR SR (REH AL AT
—&iBAIZW . WETH.

moduls FlagBits (ClockB, Strobe, Xflag, Mask, RightShift, SelectFirst, CheckStop),

input ClockP, Strobe, Xflag, Mask:

output RightShift, SelectFirst, CheckStop:
reg RightShift, SelectFirst, CheckStop;

alwaye (@ (negedge ClockR)

bagin
Right5hift = RightShift & Strobe; /7 B ER
SelectFirst <= RightShift | ¥flag; // JE M=%
CheckStop <= SelectFirst " Mask; /7 AE R,
end
sndwodule
/f A HRNRRE 2-56 fiw

W always AT EH —MF 3 FRWEBTGHTFR, S -2 2HEL I BRME. SHEAR
FHEARE. HXHFARET HEHZ oG HH, BT L RightShift, SelectFirst R
CheckStop MBI T AR MR 24, (B2, 582835k 0 Bk 25 0 BUERM A
BT R AR, T3 RightShifr FGE 2B EX B, 1585 - KRB 3] FH®
R HATE X MYH RigheShi fr i & 3% 50 BRI A 30000 8 L 3B 88 1T D) Select First fah
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L — l RightShift_

A
}M} MCK QN—
AND?Z l_( FDIS2AX

S ClockB .
. 5 S 5 o CheckStop
A y XOR2
3 Xflag ‘D——QCK QN[ “pCK QN
Mk OR?2 FDIS2AX FD!SE‘;:: ectirs,_

B 2-56 S B 28 2 0 B 3 = 11 8 R

EROBERAR. BT SelectFire REMEXARME, F=4REFAZIANELE
{H, WA RN ZRREFETH N EBTRAHM. HRR, SelectFirst ME HW 1 (5
RIREDBEE CheckSrop MR ASHIBIEM ARG . N 50822 5 49 4% 0T LA g B 2-56 Brow
RO ER-E H B 3% 78 BHE 3

FEE - P, ERETHEAMEHEXRMHA TEAHNER,

sodule NenBlockingExample (ClockZ, Merge, ER, ¥mit, FODI, Claim);
input ClockZ, Merge, ER, Xmit, FDDI;
output Claim;
reog Claim;
regq FCR;

always (@ (posedge ClockZ)
bagin
FCR <= ER | Xmit; /B R EIEN
if (Merge}
Claim <= FCR & FDDI, B EREIER
2lae
Claim <= FDDI,
arvl
encinodule
/A EEHN RN 257 fFR

WIRAHE 3 RRERE . WUFHRDOBRARNUFRATH. HE,JE50 %201 ARE
R B RERRE LRI E A RERAD R, FHik, 0 T 5360 % R H 15 X F
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ER Z b, |
B SD

Xmit AND2
OR? —pCK OQNj— —pCK QN|—
FDIS3AX FL1S3AX
< FDDI
; Merge
S ClockZ 4

M 2-57 JEEZEARE

F—BCRRBEBAHII A FCR ERFE, MA LS - FREF P H TR
W, XH EESHAMED, L2 FCR WM BEA B4 Claim BB HEG,
HWAERAEELASBRE@M TR, L,

module BlockingExample (ClockZ, Merge, ER, Xmit, FDDI, Claim);
input ClockZ, Merge, ER, Xmit, FDDI;
tl.ltpl.‘lt Clﬂilll;
reg Clain;

rag FCR;

always (I (posedge ClockZ)

begin
FCR = ER | ¥mit; / E—FRAEIEN
if (Merge)
Claim = FCR & FDDI; /B &RIAIBA
alae
Claim = FODI;
end
endsodule

/e NN REME 2-58 B

E! laim
Dl
5 FDIDI -— Do

ER sD

) A
Xmit Z —PpCk QN—
O B FLIS3AX
AND2

 Merge
gClﬂckZ

M 2-58 MEAWIE
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MFEHA, LAERTE _EFREEHZARFEMN FCRIORE, B, A TR
MBS, E—-RBEBINERBEX TR RS Clain HEERMAWER, E8 1
MM EIERME. 4. BEBE FCRESHEMESR IREAIEAYREASTTHSIHA,
TE atways BRI AABEARP RN EFEZHME,

#HUNEFEZERAEEEARE . MY A4ZHRHHEARME.,H 5 BkEEL
BYUNWEARPIEHE, XBFTH LU Verilog HDL BB 554 B WMEZ A S HIE +
A —2., FE: IMNETBI.REFAT . RERBEM I ZMAE L 9,5
& 65 AR — Fp & E 87

2.19 HH 44

REBARARENEAGTER, XRE N Verilog HDL P RFAA R BELH—
g, REAAREAEHEANRBEEGARRANPXMEF FXRLHESHW. &
REARESBHEMEREB SR I BB, SN TE LSS RES.
WELUTREARARH.

module FunctionCall (XBC, Dataln);
output XBC;
input [Q,5] Dataln;

function [0.2] CountCnes;
fnput [ 0,5 ] A,
integer K;
bagin
CountOnes = (;

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

andfunction

// B3R Dataln A B L 1, WIE XBC 3 B 1

asgign XBC = CountOnes {Dataln) > 2,
andmeodule
/AR EDE 2-59 R

X eRFOEHERME AR HMA for HHREMARBART, RESH D TR,

CountCnes = 0;
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A
Dataln} B Z
A L N3
>Data[n2 B e
B ): A XBC
} Dataln3 . A Z g 7
Ly C —1L
LY
” Dataln4 B OR2 QAI211 D4
» ]Al
Y A2
— &
3 Datalns | C
>Datalnﬂ OAlL211
]FLI
A2
— 2
C
OAI2EL

A 2-59 of 3 H 87

if (DataIn{0]) CountOnes = CountOnes + 1;
if (DataIn[1]) CountOnes = CountOnes + 1;
if (DataIn[2]) CountOnes = CountOnes + 1,
if (DataInf3]) CountOnes = CountOnes + 1,
if (DataIn[4]) CountOnes = CountOnes + 1;
if (DataIn[5]) CountOnes = CountOnes + 1;

XBC = CountOnes > 2;

2,20 £ %

EHFRARTLRBEGEE, AT RN FER XIREFESAAHAYET
XA XHEEFFR S E ST RS, BT SHORMH L F R
. B, ForerE M always EAI (BRI 6 ALY always B S A, R
EHFFANRESENBEARMER ILOREBESHN R TN, S4RKERL
LHEBHMNESEREARRNE PR H B, 8L 3 R0 E 5 18X — Pt
MRS HERRA A,
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WEUT RPEHSZHEGEFHA R .

module CombTask (ShA, ShB, ShCarryIn, ShSum, ShCarryOnt):
input [0.2] ShA, ShB;
input ShCarryln;
output {0:2] ShSum;
ewtput ShCarryQut;
reg _0.3] TeapCarry;

task AddUneBitWithCarry,
input A, B, CarryIm,
output Sum, CarryDut;
begin
Sum = A" B " Carryln;
CarryQut = A& 5B & CarryIn,
and
sndt:agk

always (@ (Shi or ShB or ShCarryIn)
bagin. EXAMPLE
integer J;

TempCarry{ C] = ShCarrylIn;

for (J = 0;J < 3; =3+ 1)
AddOneBitWithCarry (ShA{J], ShB [J], TempCarry(J). ShSum[J], TempCarry[.J + 17y,
and

ssgign ShCarryOut = TempCarry[3];
andecdule

/! A H MR N 2-60 iR
wa TR S HAN for BRABZBART . REBILTRB.

TeapCarry[ 0] = ShCarryin,

ShSum{ 0] = ShA[0] * ShB[0] * TempCarry[0];
TeapCarry[1] = ShA [0] & ShB{0] & TempCarry[ 0],
ShSum{1] = ShA[1] * ShB[1] * TempCarry[1];
TempCarry[2] = 5hA [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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m—— Y b
Z ¥
£ I A
SkBQ XOR? - XOR? A ; ShSumE_r
b
* ShCarryln B_A{) 5
A *,
7 A Z ShCarryQut
2 ) z w3y :
B /
AND2 AND2 XOR?2
AND2 ShSum]1
A A
7 ShSumE—
b
ShA2 AND2
—

ShB2

;

« ShA}

XOR2

k>

XOR2

ShB1

A )
e

AND2Z

B 2-80

EHFEARH: HEEE

BETFRBERENBTEH TREFBARH.

wodule SynTask {Byteln, ClockFa, ByteOut);
input [3;0] BytelIn;
input ClockFa;
output [3:0] ByteQut;

task ReverzeByie;
input [3.0] A;
output [3:0] Z

integer J,
bagin

for (J = 3; 0 >= 0;J = J — 1)

2LI] =

and
andtask

A[3-J1;

always (& {negadge ClockFa)
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ReverseByte (Byteln, ByteOut):
endnodule
/AN MEME 2-61 BrR

S Byielnd D 0 ByteOut0
5 ClockFa $HCK QNl—
FDISZAX
B 1
S Byteln2 D Q yteOUE__
+—pCK QN
FDIS2AX
>Byte[nﬂ D Q ByteOug3
PCK QNp—
FDIS2AX
5 Byteinl 5 Q Byteﬂu&
BCK QN
FDYS5ZAX

M 2-61 E£HMARH: FLE28

WA R AR ByteOut TR B0 ClockFa RS THRE . TRECHSESRME R, Hit
EHFEHERBAFREF FRRBNT.

ByteQut][ 3| = ByteIn[C];

ByteQut[2] = ByteIn[1]:
ByteQut[1] = ByteIn[2];
ByteOut[0] = ByteIn[37];

2.21 {#H x{5Az {5

Verilog HDL A BMIEERE . xCRE @) A 2GHEH) . WS H 0 mMEE
ZEMMEREE. BAEMNRTHSH BRI SN S-S MK MEENE iR —
B A S E MR A
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2.21.1 x1{H

A ATERRAE R A P < A (B R . MhAf . S8 x RSB SR XM S8R
oW iBMEAER O REEZR 1 LISSHERMR.

Reset = 'hx; /¥ RS Reset
/R ERRASHBIERER 0 3 EEH

MR case iBR]CRETE casex f casez IEAD ML THPFEHT <, WLk w1t
BASHRITBYE case MM N2, BT .

case (In}
2'bx ; Out = Iny /AT HZRaRASHRiTaX
default . Qut = ~1In;

andcage

EXERSHBIREA B BN ESITAESEZHESFHE, BT EHDT case 15 F
(R 4% casex M casez IBAD KA XA x H.

2.21.2 z1{H

:ARATERZEN .. TUERERGPHERRE 2 €, BEN TLHG XS RELHM
B TREMFHHERMNZT . EAHBRE i B, EAHIBTE case A G, HEFT 4.

moduls ThreeState (Ready, Datalnh, DatalnB, Selectl};
input Ready, DataInd, DatalnB;
output Selectl;
rag Selectl;

always (@ {Ready or Datalnd or DatalnB}
if (Ready)
Selectl
olse
Select:
eninodule

/PR NE 2-62 R
EFRFRERX PR z BT LIBB=HT]EEF TH.

sodule CondExprThreeState (Int, GateCtrl, Ves);
input Int, GateCtrl;

1 'bz;

DataInkd & DatalnB;
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~ DatalnA " ;{‘g\ Select]
z C
> DatalnB e ﬁ%éus

AND?2

>Raad.'!" . %
INRB

A 262 RHETMPR:zESE=E

output Vos;

aagign Vos = GateCtrl 7 Dnt , 1'bz;
andmoduals

/e HIMRnNE 263 fim

« GateCirl INRB
L

Ot CK Vc8

» ] e
C

B 263 REHREAN=EN

W5, case IBRICREHE casex il cases BN R B G I AP BET 2, M4
AR S MATERE case TR KA Z,. BT,

case {Select)
2blr . DBus = | AFlow;  // &R RAPMITHALF
2'hll ; DBus = " AFlow;
default . DBus = & AFlow;

endeann

NS ERDER B . FHESTHAHREREEEE, EAREERN, AREL
case I ] (NELTE casex Al casez 1§/A]) B9 10 bR g i F 2 &,

IR always TP HERK 2 6, AZE R EBES R ML R IR EE ML EDRAE
ZENAEREZE. THREALEAR, RRH always iEA 4 T SXLRSR T T,

module ThreeStateExtraFF (Clock, Ready, DatalnA, DetalnP, Selectl);
input Clock, Ready, DatalnA, DatalnB;
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output Selectl;
reg Select]

always (@ (posedge Clock)
if (Ready)
Selectl <='bz;
alse
Select] <=Datalnh & DatalnB;

exinodule
[ BB RE N E 2-64 FTR
> ady D Qi
. I Select!.
, lock -
SCK QN C
g 2 TBUS
FDIS3AX
~ DatalnA A
g - b o—
yDaainB __ |, Z
rd
AND2
SCK ONp—
FDIS3AX

B 2-64 &AI#MBMERRRE=EMRES

HEEXHESHWIMER, — R H Select] HEHFKM, B~ MEHR &4 Ready
SEHEE . MERITHY Ready PEBNRBER . MEENSEN B=528H
fish % %5 HE 3 58 88 4R 4 0 A0 3T Y always B, I F — I ThreeStateNoErtra FF
PR . BEB ThreeStateExtraFF WIfT N A Bl F B ThreeStateNoExztraFF 847 % .80
ARG ERRIT Clock. EHEMRH AR REERET Clock, iR HEBRRT Ready,

aodule ThreeSteteNoExtraFF (Clock, Ready, Datalnk, DatalnB, Selsctl);
input Clock, Ready, Datalnd, DatalnB;
cutput Selecti;
rag Selectl, TempSelectl,

// Sequential logic,
always () {popadge {lock)

TempSelectl = Datalnd & DatalnB.

// Combinational loqic,
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always (d (TempSelectl or Ready)
if (Ready)
Selectl = 'bz;
elas
Select]l = TempSelectl;
anducdule
/O EEWMPRME 2-65 R

«_DatalnA A
ry

Z TempSelectl
- DatalnB B )“—‘n Q L

Clock
S CK QNj—
FDIS3AX INRB
Read
y, Ready

B 2-65 EHIMMER

FE T AW R TempSelect 1 FI TH & always iIBA B GRS 58— & always iB
AR ENFERES. B & always IBAMN N RASERT . Kot
TempSelect ] R H - MERE,

2.22 1 B8 K,

BB AT LIERZE TR ALEN G FE I ER THNEH., BRSarBEI
EAJLHH :and . .nand, or.nor. not, xor, xnor. buf, bufif0 , bufifl, notifo ) notifl, ]
HETHME SR RARHENEN Y, RAE TR HDER T L. ¥T5E
L AEETH(ZEHNTEERTE , 2EQUBEYBR T LR =5NAHNHH S ES
DB HEZETTHhR. TR . EERGESN LWAR I RARMES 05 B3R IE 8
Ze; HMFEATHE MBI B2,

eodule Gatelevel (A, B, Ctrl, Zbus);
ipput A, B, Ctrl;
outpuat Zbus;
/B B % P £ AndOut T OrOut {E 2 K3 75 BH
f B AL .01 AL R BT IE BY AR HUA R s & S UL T O R
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and Al (AndOut, A, B);  // E—-TROERHW, HARETERA N
or 01 (OrOut, A, B);
bufif0 Bl (Zbus, AndOut, Ctrl);  // B— T80 2% H %
/7 BT O R A MR
// BE=A 40 R
bufif0 B2 (Zbus, OrQut, | Ctrl);
andmodila
// FEE UM RLE 2-66 fiR

~ A
/ ] 1'-~—H z AndOut [%c Zbus
> B TBUS
AND2
Cul INRE
A
C
. 73— OrDut D{:
OR2 TBUS

A 266 BRI HE

BEMEAEN HRNENRERSHESREFTER  XTRL SR Verilog HDL #t

MEZEAHREIER 3.

2.23 R pLiEn

RRIPUEANTLUEERREN D, KRARABERTHARERS, A%

WA, URBRECHAMBHTWERLTAEERRBEESTH. DTS 8k
AR EE - FBREALER, & EE2-67T IRMESHNMED, ik MyXor

BREBREENRBEE FullAdderMizx WA,

wmodule FullAdderMix (A, B, CarryIn ,Sum, CarryQut);
input &, B, CarryIn;
output Sum, CarryQut;
wire Sft; [/ A sft

MyXar X1 (. InQ(k), . Inl(B), .OQut{Sft));
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aggign Carrylut = Ak B & Carrylm
aggign Sum = 5ft ° Carryln,
andeodule
/7 GREH AR R INE 2-67 TR

Xl Skt N

Sum
S ? mo  Qui— e Z -
N E e
d nt MYXOR XOR2
Carryin

Y
A

A \.,

s A z\‘ CarryQut

AND2 .B_/

AND2

Bl 2-67 BEEARBIHMITHEFR

2,23.1 EHMEXIhEELR

BT A AR B R A T RBP4 0w B 69 M B, 8 1 BB 5 B4k 38 4 3 52
BT X BRER . BT & BT A — M BUE X IhBE sk e , B v A % fn 22 0 28 2 (0 7
SEXDRER . A, BT E 2 S B S R L X O RR s, TR %
RERTERNIT IR, B BREF L EOEEHEA BN R IRt TR
R, AFE T RETE LR R M.

L B PR R R R
ERNB—PmAL BERTERBEES TEARERNREESE, 228 TEERh
TRIBAR .

moduls MultiplyAndReduce (OpdR, OpdB, ReducedResult);
imput [1,0] OpdA, OpdB;
output ReducedResult;
wire [ 3.0] Test;

apsign Test = OpdR x OpdB; [/ RN
agsign ReducedResult = & Test;
endoodule

BB, BT TR R T A R LT TRk 4.
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.« 83 »

aodule PreDefMultiplyhndReduce (Opdd, OpdB, ReducedResult);

input [1.0] OpdA, OpdB;
output ReducedResult,

wire [3.0] Test;
MyMult M1 (. Inputl (Opdd), . Input2 {(OpdB). .Result (Test));

assign ReducedResult = & Test;
aendeodule
[ EFaHRREmE 2-68 Fax

M Test3 [ N A ReducedResult
@C’Fd‘ —lInAl Ous3 rest2 Z}——B /
&[nﬂ] Outl AND?2
InBO OwutD
__,MYMULT
Testl [
£
Test0 B
AND2

& 2-68 TPEMELARER

TH{LAREARER

WEE—TMEROOT T E SRS TS ROME R KR, &5, w0
HEME always BHFRRENTRLSFEHESRB LS, HE,XRSS HowE R
BRHME TR RBREN. BitH 7T H R A E # (custom-made) i i & 48 , i R
EXAFSTRAERMMESR. SERWEEH 0% TE LR BT MR8 R
. HETH:

sodule PreDefFlipFlop (Declock, Request, Dayp, DelS, Fop};
iaput Dclock, Request, DayP, Dels,
output Fop;
reg Fop;
wire NewRequest; /7 T

MyFlipFlop LabelFl (.Data (Request), .Clock (Dclock), .( (NewRequest)?);
{/ LR WL IE AR T T X % alvays & 4]
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// always {d (posedge Dclock)
/! FRewRequest = Request;

always (@ {HewRequest or Dayp or DelS)
if {NewRequest)

Fop = DayF;
elae
Fop = Dels5;
enduodule

/R HRRMEIA 2-59 PR

Fo
5 DelS A P
Request LH.bB]F] Z
A e @ ‘(—E Z>o——B OR2
INRB

SDClock __{eyee AND2
MYFLIPFLOP
. DayP
> A N
Z
NewRequest B—/
“ AND2

Bl 2-69 - BUE SO R 3%

BHEHE—NRHL XA 3 e R T AT AR D B R 88 5
REHHEBETHAE. BEFRNRLRIENRBRRLWILED, S TXHENRR,
SERREESFHROBHTRENCEINEBETHULABRNER: SZ&HON
HIERZmML.

wodule UpDownCntr (Clkd, UpDown, PresetClear, (0, (1,02);
input Clkh, UpDewn, PresetClear;
output Q0, Q1, Q2;
wire Bit01, Bitll, Bitl2, Biti3, gnD, Qnl, On2;

asgign Bit0l = UpDown " Q0
Bit0l * gOnl;
UpDown * Q1
asgign Bitl3 = Bit0l | Bitl2,
assgign Bit2] Bitl3 * On2,

assigm Bitll

assign Bitl12
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SpecialFF
Eq0 (. D(Qnd) . . Clk(ClkA), .PreClr(PresetClear), .0(00), .Qbar{Qn0)),
Iql (.D¢Bit1l), .Clk(ClkA), .PreClr{PresetClear), . Q(01), . Obar(Oni}),
Lg2 (.D(Bit21}, .Clk{ClkA), .PreClr(PresetClear}, .Q{Q2), .Qbar(Qn2});
endeodule
J R HARRREE 2-70 fin

Bit01
Lo Lq2
: Lal I—
WL o Bitl1 D g%
A ok obard || XOR2 D Q Clk Obar
>———PreCly XOR2 —Clk Qbar PreC
learl | SPECIALFF Qnl PreClr _[ A
IU‘pm'C | SPECTALEF SPECIALFF
> . n
Q1
Q0

B 2-70  {df FE A RR A R 33

2.24 BEHLABT

Verilog HDL F 28N BT SRULRITRARMATRA D AW, BEUT 4
NV FF0 R R Re .

module NbitRegister (Data, Clock, Q};
parameter N = 3;
input [N- 1,0] Data;
input Cloci;
output {F—1.0] Q;
reg [F-1.0] 0

always (@ (negedge Clock)
Q <= Data;
endnodule
/O EFEEHAMEMA 2-71 R

Bl NbitRegister GRFHH - 3MMFFE. HELRSRAOEE, XRENE
ABWHET FERNAR. X B2BRER BN, C O DEE S — R h s
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sDa0 [ g Q.
%—acm QN[—
FDIS2AX
1
yDatal D Q QL
—— CK QNl—
FDIS2AX
%

T FDIS2AX
2-71 SWAHITHR

BRI HE . FH, RIT A B 4 A, — PO B BRI NbitRegister F1H
NER 4 HFEFGE: A—FATHTERES MR P Mb R 0 NET
FH. BHTERGF AARXREEAMELCH SR MBI NbitRegister. Tk
TRUTHD 2 FER, HRATS S RBESH N HFHH,

module ResclveBuses (Bush, BusB, BusControl, Clock, FinalPus);
parameter NBITS = 2,
input [NBITS:1] BusA, Bush;
input BusControl, Clock;
output [NBITS.1] FinalBus;

wire [ NBITS.1] Savedh, SavedB;

RegisterFile § (NBITS) RfOne {. Data (Bush),.Clock (Clock), .Q({SavedA}),
RegisterFile # (NBITS) RfTwo (. Data (BusB),.Clock (Clock), .(Q(SavedB));

pssign FinalBus = BusControl 7 Savedd | SavedB;
andmodul e
/AR ERmA 2-72 R

FBIERGHEEZEE R, LI MATINE Fi Verilog HDL S5## Rt R % 5 1.
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yBusAl D O

Al
FD1S2AX E_Lj FinalBusl_
INRBH | o

D_LD

Az '

7 FmatBusE__
CK QN | fl>_‘—

M FDIS2AX B2 0AI22

—PpCK ON
FDIS2AX

5Bus| b o—

—CK ON
FDIMS2ZAX

M 2-72 XKWk SBEHFER
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52 WERTH Verilog HDLiEMEASRITHEE, 2 ERERTH 84,8
58 R HaR AR (4 ook AT R, LR N fE Al Verilog HDL A BELAX—1E % . HHT
PEIREE, A EL Rt it Verilog HDL BB AT 4R & AR BE 1.

FIRt A ZEW B IFELERT M Verilog HDL & A #l, KR W 7% & Fh
Verilog HDL W& RERR I I GSHAMN I,

M Verilog HDL #iR P[4t FEB A4 EE, HA4SPENHRIEE
FRE.

a) HEKEREEA. XEREAN TR . BHTHBMER T 84 P8 3F74,
B S HAR T HTER.

b) # always A RINIFFH P EHIEREES. SETHRAEATASEEEATE
HERIABER ZEENEXAE TP S EaRERFRITER,

FRARSZEABHHARBR always iIEAL RN E NI & F A FHE S HabF
BETCHNMERNATER . REAEA _ S e BET kESF S By
HRONEARAR., BYFHBNEFFRAERARBR LR E T ARic X HEseS
hEeH: .

3.1 HA/ZHEMEHE

WRASEEN M FEREARERER, always iIBAGWATLIATHASR
AEE HEABATARENBEFELFES LSS, WERFAFERESNHERS
REH . MFFHNFRMERT L -, BFEUTHRWAREETHEE.

module BistCell (BO,B1,D0,D1,2),
input B0O,B1,D0,D1;
output Z;
wire 51,52,53,54;

asaign 81 = — (BO &Di);
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assign 52 = ~ (00 & Bl);

agsign 53 = ~ (52 | 51};

asgign 54 = 52 &k 51;

agsignz = ~ (54 | 83);
endacdule

S REHRAMAEME 3-1 iR

BO 53
>r——]A 51

. 7 * B INRRB
»—iB INRB OR2

YA
:Bl B

Z

AND2
ANDR2

H 31 HFERAETENESTE

mp et

OR2

R HEGHMBREHERNRUTRAFERERDHES K EEEHE.
BT R RTHRE, IRERKRRAT always iFHRERE.,

module BistCellReq (B),B1,10,D01,7),
.input- mtBI fm-'D].;
output Z;

reg 2.

rog 51,52,53,

always (& (B0 or DO or Bl or D1)

begin
81 =
52
53 =
51 =
7 =

and

H

entimodul e

HEER BistCell F,FHKE T ERTRESSHONBPRAE—WER 520
MB{3 BirCelliReg PRIFAHRLER S1 MWk, &HE: T8 S1 ik —4ib g G

~ (B0 & D1);
~ (DO & B1);
~ {82 | 81);
2 & 81;

~ (81 | 83);



. 90 Verilog® HDL ££& X A® &

R EHARRRF—RER. BRGSHMEROSE 3-1 5K A9 8 B . 824
AW always iISHFHRIERSEE N RRPRERZ B XK EE.
WEUTHFAEERN 2% 1 PHERBNESTRERNRN.

module Mux?Tol (A, B, Select, Enable, Zee();
input [1.0] &,B;
input select,Enable;
output [ 1.0] ZeeQ;

assign ZeeQ = (Enable) ? {Select 7 A.,B) . 'bz;
andmodule
// GEHRME A 3-2 BiR

;Enahlg ‘ ?; ;
Bl INRBH Al
— E_Iﬂ—/ D{‘:K Z@EL
| L}f’ CK
A Eé INRBH / TBUS
AOIZ2
:Sﬁla;t . ‘
L@D_’ Al
INRBH AZ %,_EFK ZeeQ)
Bl C
P Bl INRBH TBUS
AD : B2
d AOI22
Fl3-2 2:i#%1MERikisas
3.2 BfFZRnae
Al RS LD T A T A LAY

a) BhAiz3R. BR 2. 173,
b) WREMBUAMEBTHMES, 21 2.17 %,
o) WHHFHMBMAM R RBHMER. 2R 2.17%F,
d) gifFEaE. 20 2. 15 %,
) WREMBUMGHOBEBHMEE. 210 2.15 3,
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3.3 HHERZRATEER

BRI RRER ot AW . SETAANER M HEHE. —RP
REFARBARRR AN, — SR THERE G, 2077 D7 4 & B8 i s 4
3 G408 )30 S P AR B

module ROM {Clock,0utFnable, Address,,Qbar) ;
input Clock,OutEnable;
input [M— 1.0] Address;
cutput [N-1.0] Q,Qbar;

/I ERRATFEE DR TESE)
andnodule

sodule MyModulel. .. };
wirw clk,Enable;
wire [M-1.0] Abus,
wire [N— 1.0] Dbus;,

RM Rl (.Clock(clie), . QutEnable(Enable},. Address(Abus), .Q(Dbus), .Qbar());
andsoduls
— N HEEE AR M (register file) T I 1, — Bk A7 35 5 & (Verilog HDL 9 — 4 %
HHRERTUEREFREED . AATUBES ., FEUTHFESERH.

module RegFileWithMemory {Clk, ReadWrite, “ndex, Dataln, DataQut),
paraseter K=2, M= 2,
input Clk,ReadWrite;
input [1.N]Index; // A5 AR
input [0.M - 1] Dataln;
output [0:M - 1] Datalut;
reg [0:8 - 1] DataCut,
reg [0:M~ 1] RegFile [O,N-17;

always (3 {negadge Clk)
if [ReadWrite)
DataOut <= RegFile[ Index];
else
RegFile] Index] <= Dataln;
ardwodules
H2x2 FFRBEFESNMAENR 33 iFR
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HEDRMZXT SLE
XVINI 4 0 1 onday
ZZI0V
—INO P o
s <€ v
XVYINIA] | | iy
| .h o0V
ND A< 74N l
d
Z ol
NdS—e v - Al
D (I [V 4
XvZd1a4d .
—IND NP
hHE
i XVIN1ad 0 0 Jltgy ziov 2
5 a —nD ¢4 mmzm 19
QMQEEQ Z v TV C
NdS|-—t4 v + oupenc]
O a
> »
vzd a4 O o {Fa {
5 xu%.; £AN 210V 7 Jvehidd O celov e
N i % t NO Mo | N
: 7 8 HEWUNIT ., [CXapU]
dS 7V v v
- a IV o G a4
Tute Lz el




BIE H &K~ 0 * 83 -

HE: HABEEGH 6 MEES AP 4 THTHFFRE RegFile,2 THT DataOur.

3.4 WMEHBRERX

HRFARAHEBAGER, BFAREREEARMERAFT/RER. UTHEBRE
"HARBERERATERAT ARER:

RBC —HEA
000 0G0
001 001
11 G110
010 011
110 100
111 101
101 11¢
160 111
module GrayTofinary (A, B, C, Bel, Bel, BoZ);
input A, B, Ci
output BcO, Bel, BoZ;
wire NothA, NotB, NotC;

asaign NotC = ~ C;
assign HotB = ~~ B;
asgign NotA = ~ A;

mssignBc0 = (AEB&NotC) | (ASB&C) |
(A& NotB &C) | (A & NotB & Fot():
mgpign Bcl = (NotAZ B &C) | (NotR & B & NotC) |
(A& NotB&C) | (A & NotB & NotC);
assign Bc2 = (WotR & NotB & C) | (HotA & B & NotC) |
(A&B&C) | (A& HotB & NotC)
andeodula

/7 B B R 2 A 3-4 BF
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Ay
3

E INRBH

B1
B2

AQI22

ﬁD BeZ_

i E INRBH

Bel

Bcd)

34 HMAREHHGEERERS R

3.5

HFRAR A LAY e B

3.5.1 Moore HIREAH

£ Moore F AR E 4L (finite state machine, FSM) Y, 5N B U RR FHAENR
MSHWAXK, B3 SHHETERE, RARHARETFERSE IBATE always HH
i B case iIEAI KR Moore RAEPLA Kb —FhiF L, case BEATERARRRER
MR, A SRS L ER MM S X PBUER. always BEHBEHPTL
ARG, URERZHSIERNG always iE4], XEL THRRSVE S Mo ahi
LRI REFBHFE, RENHREHEERTHETR g HB\ARNWTE) .

;A

—
)

¥t

Wik

wEER

—

REN
RE

A i ::>
) R

(Ha2H)

(B FFi¥4R )

(He¥H)

B 3-5 Moore HRREMN

BB LLF Moore HIRRSHLE M. HFFRA & MooreStare FI T3 VR A 61 4 AR
SR, BAESRTRASESHENE S EBRERAL.
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module MooreFSM (A, ClkM, Z);
input A, CLkM;
output 2;
ragq 73

parameter 50 = 0, 51 = 1, §2 = 2, 83 = 3,
rog [ 0,1] McoreState;

always (& (possdge ClkM)

canse (MooreState)

50,
bagin
2 <= 1
MooreState <= () A) ¢ 50,52,
and
51,
bagin
2 <= 0,
MooreState <= (! A) 7 50,52,
and
52,
bagin
Z <= (0,
MooreState <= (| A) 7 52,53,
and
52;
bagin
Z <= 1;
MooreState <= (! A) 2 51,53;
and
endcass
andacduls

/g B PR A 3-6 BiR

ZEHEE, 2RI 3 MRS, B HTRERENNREME (MooreState) , B —4
ATRFEL ZHE. SRERATHFHEHAE.

LHF WL RFEBEST. BUFE - ESFS G, Xm0 E? k.
AIEN Z KRE 7 BRI B AL —& always A, W0 FTHEARR.,

wmoduls HooreFSM2 (A, ClkM, Z);
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—HAl
Haz
[
A2
AOI21 Zb1| D Q
A |->CK QNI— B !- }!"ﬂ D Q'_ZJ"
7 } | 0AI21 A2 J_
Bi
_ oD e o
JClk 1 > = A2 | [ ax

Al 3-6 Moore BB PSRN S 09 MH

input A, ClkM;
cutput Z;
ragZ;

paraseter S0 = 0, 51 = 1,82 = 2, 83 = 3;
reg [0:1] MooreState;

always (& (posedge ClicH)
case (MooreStae)

S0 . MooreState <= (1 AR) 7 50 , S2,

51 : MooreState <= {1 A} 7 80 . 52,

S2 ; MooreState <= (! &) ? 82 ; 53;

33 ; MooreState <= () A) 7 81 , 53;
endcapa

S ME AR FRE
always (@ (MpareState)
casa {MooreState)

5 .2 = 1;
S1.% = 0,
52 . Z = 0
53 ;2 = 1;
andcage
axdecdule

/7 AR P B 3-7 Bk
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Al
_|_A2
D T
A2
AQT2 Zp P ¢

>A R0 Pk N et A

0AIZI A2
FDIS3AX j?'i>_|_:
a 2B oaiz

+, ClkM
s

B 3-7 KA

3.5.2 Mealy HRIREH

Mealy ARSI WEBRBRR TSRS EREFERA. B3 8HIETH
B HEX. EHIPHHeELTT IR Ta e,

’ onT ﬁm}
wE Ay | B X
| RE L] s B8
WQ waws | & [
p— (W B ) (A EH )

(HAPE )

B 3-8 Mealy FREEH

iR Mealy HRRENKRETLZ —REARE always F0, —F A TH R F
28— RATHRESEB(RUFERSER CAFHLER). SHMBELE,
HAWA ERERMEARSEERWHEMERH T EBORE . REN KRS BEBER
FHHTR.

WEUT Mealy AR REH RG], R MealyState IR RTFREINHRE, Wi
NextState TR HE E BB always &5 [0 7 6f FF BB K always iBFEHFE.
¥iA Reset m A HUBRERMR STO.

aodule MealyFSM (A, ClkB, Reset, Z):

input A, C1kB,Reset;
output Z;
reg 7;
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parametar ST0 = 4'b00, ST1 = 4'b01, ST2 = 4'bl0;
reg [0:1]| MealyState, NextState;

/RE .
always (&) (posedge Reset or poasdge ClkB)
if (Reset)
MealyState <= 5STQ;
slse

MealyState <= NextState,

// EHEEE,
always (& (MealyState or A)
case (MealyState)
8T0
bagin
Z= (A7 ;0
NextState = (A) ? ST2 . STO:
end

bagia
2= (a)7
RextState
and
5T2
begin
Z = {;
NextState
and
default . // WEEXBIAT R
/] BME&IBAR 2 R NextState HFRATE
begin
Z = 0; NextBtate = 3T0;
and
andcase
ancdimodule

[ EENMIPR LA 3-9 R

KRS EHRERBREEIHE N MEBUBEEE R MealyState E, WTF
P77 case B4 P E “full_case” BN AE MBS HBRIA A X .

[y
02
L1

|

{R) 7 ST¢ , ST1;

(A) 7 5T1 ., 8T2;



MealyState | MealyState0
L Al
ﬁ{>~—a
+ 'ff; N NextStatel) 2
} D Q D Q
B ——A
B2 ;
A OALZZ B
bCK ON
B pCR N AND2 9
ClkB ND2 FNDI1S3IDX FDIS3IDX
2
*
Réet
Al
+ 7;)13
| Z
T_A Z B o
_E

. OA12]
ND2 II>°
Z
INRBH

Bl 3-9 Mealy HRBEEVESHNME

| L

always (¢ (MealyState or R)
caxse (MealyState) // synthesis full case
510 .
begin
Z = (A}Y71.4Q;
NextState (AY 7 8T2 ; 870,
snd
ST1 .
begin
Z=(A)%1.0;
NextState (A) 7 8T0 . 571,

H

5T2

H

Z = 0
NextState
and
endcage

HEP, BEE Z M NextState MBI REF B . XERY full case ZES S FH T RT

(A) 7 ST1 . BT2,
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BE B8 H AL case 33 ME, B2, BGESHAMFSNE R EEHRAS .,
HEE — 1 Mealy HRREVRH . XX FH T A (one-hot ) IR BRI,

aodule Meal yFSM2 (A, ClkC, Reset, Z};
input A, C1kC, Reset,
sutput Z,
reg Z;

parameter ST0 = 2'dd, ST1 = 2'di, ST2 = 2'd2;
reg [ 0.2] NextState, MealyState;

// BB,
always (@ (posedge Reset or posedge C1kC)
if (Reset)
begin
MealyState <= 0;
MealyStatel STO] <= 1'bi;
and

alze

MealyState <= NextState;

MR

always (@ (MealyState or A)

begin
RextState = 3'h0, P RINEE
2 = 1'h;,;

cagse {1'bl)
MealyState[ ST0 ],
if (A)
bagin
Z = 1'bl;
NextState[ STZ2] = 1'bil;
and
alge
NextState[ STO]
MealyState[ 5T11,
if (&)
begin

1'h1,



BRI B K = #H « 101 »

Z = 1bl;
NextState[ STO] = 1'bl;
end
olse
NextState[ST1) = 1%b1; %
MealyState STz2]. ;: I__\i
if (A) p o
NextState[ST1] = 1'bl; E
alse
NextState[ ST2] = 1'bl;
sndcane
and
andeodule | ]
/7 B4 R MR 3-10 R 4 s
2 &2
3.5.3 RERD ie %8 .
HEREMMEBRRENORE ST %, ||| 2 5"
EREA R ERRAOSE, FEUMEG | ‘
Moore FSM B4 R H ¥ P—RERBEHE.
9
o | 2 ——
B RN T ERERESREEE. g = 1
integer HooreState; 7 ég-% !
o el |
casa (MooreState) _é L 1
0, g t ”i g
MooreState = 23 : =
t 39 @%
andcape - )
e 69 L B 2 T 8 M0 B T A B R R ) g@g
SHEMATRETEMER, DA HRINW case

INE
3L EREMA full case 43S, KBRS — {/L §I\)\G
AT ADL USRI REAR. 310 KRBT
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{5 A 4 % B FR
H—-FITRAERFH BN, I case IR EHXEZH.

paramster 50 = 0, 81 = 1, 52 = 2, 53 = 3y
reg [ 0,17 MooreState;

cage {MooreState)
Su ; rar
MocreState = 52;

al

exicare

HHFEHNRES AR ERENREETE L HTHRERR, BRERELES S, W
REEEASHEFARERNE,. WS ZAMARRERBFBOR SR, L6D,
RERETBHERA B AR KN BERER 3,

WMAREEHRAMMBETNZE LD TUELREBRBEA AR,

parometer S50 = 3OO0, 51 = 3001, 52 = IBOLO, 53 = 3b1OD;
reg [ 0,2] MooreState;
case (HooreState)
S0 ,ens
MooreState = 52;

Sl .

erxicans

Wh L, RERBURENNHEREBRGMRTEE, KAPR I M. YR, F2HH0N
BR AT, WREH RS MooreState §f WM R U BN F NS BT,

3.6 @AM FFARRE

HE AR BUTERNESER, IS SESAA T IR,
a) IRTEE
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by A%

c) %

d) {HKER A

WEHHFFRTHEEA/ BEBNFFS FA/BEBNFFR. BA/FHEN
BT RFA/ R BAFFE. HRERNT.

Th 88 A b
(S0 S1) ([ 2] ol13 QLo
R & 0 0 Q2] Q1] Lo ]
ok 2 o 1 o[1] Q[o] RightIn
i F Leftin of2] of1]
A 1 1 ParIn[2] ParIn[1] ParIn[ (]
HE4HERNT.

module UnivShiftRegister (Clock, Clear, LeftIn,RightIn, S0, S1, ParIn, ),
input Clock, Clear, Leftin, RightIn, 50, 51;
inpuat [2.0] ParIn;
Output [2.0] Os
reg [2:0] C;

always (@ (negedge Clear or posedge Clock)

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

casa { {50, S1})
2'b00 . ;
2'601
Q <= (Q[1,0], RightIn},
2'b10 .
Q <= {LeftIn, Q[2,1]}:
2'b11 .
¢ <= Parln;
andcage
andmoduls
/7 GRE HAFANA 3-11 Fx
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3.7 ALURK) & &

3.7.1 ¥ ALU

HEUTEHLN NUEREBATALURA, CRERARK D THERER,

wodule ArithLogiclnit (A, B, Select, Comparefut, DataOut);
paramster N = 2;
input [N-1.0] &, B,
input {2.0] Select;
output CompareQut;
output [F— 1.0] DataCut,
req ConpareQut.;
reg [N~ 1,07 DataOut;,

parasster OF XOR = 3'h001, OP_INCRA = 3'h010,
QP_LT = 3'l00;

always (@ (& or B or Select)
cane (Selact)
OP_INCRA .
bagin
DataCut = A + 1;
Comparelut = bx,
and
OP XOR ,
bagin
DataCut = & " B;
CompareQut = 'bDx;
end
0P LT ,
bagin
CompareQut = A < B;
Datalut = 'hx;
auct
default .
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begin
CompareQut = 'bx;
Datalut = “hx:

Select

>
>_
RBH
Select

Select] EE
_J INRB

A
INRBH
A

Al ? 5 I
Al
| INRBH a0 IAI
F T Al Z) D&ta()ut_lh

E’.) DataOut0

Y

\\ CompareQut

2y

NR2Z

OAI22

>§]

A2
W BI
TNRBH B2 AOI22

M 312 Z{i&y ALU

LG ALUR . EEFNNSHEREZSH RN ALU, LT84 6
ALU R IER N,

sodule FourBitALU (A, B, Sel, Cmp, Data)
paraseter AL SIZE = 4,
input [ ALU SIZE -1.0] &, By
input] 2.0] Sel;
output Cup:
output [ALU SIZE- 1,07 Data;

ArithlogicUnit # (ALU_SIZE) Insth (A, B, Sel, Cmp, Data);
endwodule "
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B B # xR B
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3.7.2 @& ALU

EEA TR ALUER, 28R LHn. 5. XTHRR AHUE. ¥F
U FBAMFERMEENBARME ALU #fr28,

module CustomALU (A, B, OpCode, DataZ, CompZ};
parameter NBITS = 2;
faput [NBITS - 1,07 A, By
input [1.0] OpCode;
output [NBITS - 1,0] DataZ;

outpuat CompZ .
parameter ADD OP = Q; NARD OF = 1, GT OP = 2,
XOR OF = 3,

agsign DataZ = (Oplode == ADD OP) 7R + B,
(OpCode == NAND OF) 7 ~ (A & B) .
(OpCode == XOR QOP) v A " B,
o

assign CompZ = (OpCode == GT OP) ? A > B . 'bx;

endeadule
SN EEE 3-13 iR

3.8 EEHEE

3.8.1 —itHit 88

WA UT 28R [RE BN BE TR N & "R it R, s
ey E AR

sodule BinaryCounter (Ck, UpDown, PresetClear, LoadData, DataIn, Q, QN);
parssster 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] QN:
reg [ NBITS - 1.0 | Countear;

always (@ (posedge Ck)

if (PresetClear)
Counter <= 0

slae if {~ LoadData)
Counter <= Dataln;

#lees if (UpDown)
Counter <= Counter + 1,

alge

Counter <= Counter — 1,

asdign 0 = Counter;

ageign QN = ~~Counter;
andeodule
2R BAEFA BN
& 3-14 B 7R

3.8.2 B NiH&5

IR Z2E 8 N2 SRR,
HWHBERNA—TREWRELERN FA
REFBER REEND EANE.

/ARG - NBITS
// B - UPTO
module ModuloN Cntr (Clock, Clear, (Q,
QOBAR) ;
paramster NBITS = 2, UPTO = 3;
input Clock, Clear;
coutput [ FBITS - 1.0 Q, QBAR;
req [ NRITS - 1,0] Counter;

always (@ {posedge Clock)
if {clear}

Counter <=

FDIS3AX | QN0

]
NN S
2
| —
%
%
-
.
I
NN 8
-
o
<< |z &
= 4
3
z L
£ = 152
El
% J I
LY P FANF LY

B 3-14 Z{v@a] . ol 3 A8 35 o7 3 s
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elaa
Counter <= {(Counter + 1} % UPTO;

ansign ) = Counter;
azaign QBAR = — Counter;
endmodule
AR 3RS ES B R R A 3-15 Biw

—P o E S —
A \A
B )B i
Clear C CK QN BA
> f’ NR3 . Q < NRE3 SCK. N QBARI_
FD13:AX |_FD153AX
QBARD
& =
Qo

. Clock
A

SESUEE Eit'2 Mt £

3.8.3 BT Ha%

AEBITHBREE G YT EEE, 3 AR RSN HRTENT .

000
001
011
111
110
100
Qoo

MBI RBRENXEET.

a) MBHWAARRH RO REHIRED X 1, MMERB A C,
b) WRBRBABBN 0. MMARBA 1.
REUTSEANFEREMETH N A THRSER,

module JohnzonCounter (Clockd,PreClear, Q) :
parameter NBITS = 3,
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input Clockd, PreClear;
output [ 1,NBITS] Q;

reg [1.NBITS] Q;

always (@ (negedge PreClear or negedge Clockd)
if (| PreClear)

Q<= 0

alses

bagin
if 1ol
Q <= {Q[1,NRITS— 1], 1'bl};
alge
@ <= {Q[1.NBITS-1], 1'b0};

and
endnoduls

/] ERBE3 CAREIT RN ENE 3-16 iR

3.8.4

DI Q D Q Q3
o
SD
ClockJ ;
S CEK ON g L
FL1S2EX FDIS2EX
1
PreClear l _l—_‘l' 2L
i
.
D1 Q <
¢ Do
SD
- —
> é: #N
FL182EX
A 3-16 3 { ¥t H A
&2 RS # e

BEWEITERELRLTHEEE A s 5.
o) MEGB (RN SH - HHBE —fMA,
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b) BEBEE _MERE T HHAE A
o R RS R EREE,; ARAER,
B eSS HRRHER T T
BED.

B, — HE W BOE 4'b1100 R IR
T E R 4'b1010. EE LUT S AL
AT N TS M Verilog
HDL ##,

module GrayCounter (ClockG, Clear, Q, QN);
parameter HEITS = 3;
input ClockG, Clear;:
output [1.NBITS] Q, ON;

reg | 1,.NBITS) Counter, GrayCount;
integer K;

always (2 (posedoe ClockG)
if (Clear)

Counter <= {;
elge

Counter <= Counter + 1;

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

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

aggign 0 = {GrayCount;

agaign QN = ~GrayCount;
endoodule
EEENIEBREE T EEMBELDR 317
Brw

&
(5] (5] —
Z 1z 5
<56 || |2
% :
& o
L
-
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=
z
-
—
N\ A
5
<
1 43
£
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P 3-17 3 ke ER R

ClockG
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3.9 ZEALMERNER

WEU TSR WHE A MBI HE NUMERER, KBAHNUER
RN, AT AR A9 3 kSR RS B R A A 3-18 R,

module AddWithCarryInCarryCut (OpdA, OpdB, CarryIn, CarryQut, Sum);
parameter NIMBITS = 3,
input [ NUMBITS . 1] Opdh, OPdB;
input Carryln;
cutput Carrylut;
output [ NUMBITS . 1] Sum;

aggign {CarryQut, Sum! = OpdA + OpdB + CarryIn;
andeoduls
/3 NBRAAMEREGESHORERR 318 s

3.10 ZEfbnbb s E

HEUTSRUM N AW RBEY, MAREE Y XS &, LB (Y
I HLRE

module Comparator (R, B, EQ, GT, LT, NE, GE, LE);
parameter NUMBITE = 2;
input [ NUMBITS , 1] A, B;
output EQ, T, LT, NE, GE, LE;

reg [5:0] Resul tBus,
// ResultBus # & {u M & (] {E KK & EQ.GT.LT. NE,GE i LE

always (& (A or B)
if (A == B)
ResultBus = &'b100011,
elze if (A < B)
ResultBus = 6'H001101,
elsa //(A > B)
ResultBus = a'b010110;

assign {EQ, GT, LT, NE, GE, LE} = ResultBus;
endmodile
J 2B E S AR R A 3-19 fr R
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3.11 FEIRER

3.11.1 fHiFEE

HELITRAMN 2-4 FRABRA. EOCRARERERDR LGB
B. AF.5GaRELEMEME YR IRENTEREER,

module SimpleDecoder (A, B, Enable, DecodeQut),
input A, B, Enable;
output [ 0;3] Decodelut;

wirs Abar, Bbar;
aggign Abar = ~ A;
aagign Bbar = ~ B;

assign Decodelut[0] = ~~ (Enable & Abar & Bbar},

agaign DecodeOutf{i] = ~ {Enable & Abar & B);
asapign DecodeQut[ 2] = ~ (Enable & A & Bbar) ;
ageign DecodeOut! 3] ~ {Enable & A & B),
andnodule
[ EEHMMEDE 3-20 FrR

B
Z

}-B E%—* C
I BH ND3
A DecodeQut2
A B Z -

T )
TNRBH

ND3

A - A DecodeQut
) Enable g Z | E Z -
ND3 T ND3 DecodeQut

B 3-20 MiERY 2-4 {EE 3
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3.11.2 i HNFAEEE

WELUT SR N & T HFEREER.

module BinaryDecoder {Selecthddress, Decodelut),;
parapstar SBITS = 2
parameter OUT BITS = 4, //SRITSINE2HE
input [SBITS - 1,0 SelectAddress;
output [ OUT BITS - 1.0 ] DecodeCut;
req [OUT _BITS - 1.0] DecodeQut;

integer k;

always (@ (Selecthddress)
for(k = OUT_BITS - 1: k > = 0s k = k - 1)
DecodeOut {k] = (k == SelectAddress) 7 'bl . b0,

andecodule
Sl 2R AR E SR RENE 3-21 s
A DecodeOut3
< SelectAddress0 A _}B zZ =4
rd
INRB NRZ
]A 7 DBcudeDutL
}S-electhddress % — B
INRB NR2
A A DecodeQut2
B Z _}B Z -
NR2 NR2 DemdeDut__{:J

B 3-21 2 47 @ o i 28

3.11.3 HEgHiFaE

WE LT 2R A M BPN N AR RIFHEER,

sodule dohnsonDecoder (S, En, Y);
paramster N = 3,
input "0.N—-1]8;
input En,
output (0.2« N-17 ¥,
reg (0.2« N-1] ¥;

reg (0,2 x ¥— 1] Address,

il ey



118 =

Verilog® HDL & & 5B & &

integex J;
always (@ (S or En)
if {En == 'm}
begin
Address = 03

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

if (S[ID)
Address =

if (S[0]>

Address = 2 % N— Address;

Y = 'bd;
¥[Address] = 'bl;
and
else if (En == 'b0)
Y = 'hi;
slse
Y = 'bxy
andmodule

Address + 1;

//3UMNARBEFDREA UM RME 3-22 Bz

Al
A2

51
INRBH
} ET[ - ,."!'L
N Zz
ND2

> —
Z
B
ND2
INRBH

Fl 3-22 3L MAREDFEHR

. Y4
-
B2 ADIZ2 NR2
S "
C
NR3
D
NR2 Y3
7 -
Jc
NR3 A Y2
B
R3
A
2 Y0
C
NR3
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3.12 ZREAFHB/HEER

3.12.1 MR ERIEFES

RELUTAE 1 VEEEFRSHEERN, B . FERAFAHHOMERMEFIHR
HAePBEERE.

moduls SimpleMultsplexer (Dataln, Selectidddr, MuxOut)}:
input {0.3] Dataln;
input [0.1] Selecthddr;
output MuxCut ;

agsign Muxtut = Dataln [ SelectAddr];

endmodi]e
/A W) R P 3-23 Fr g
Al
3 Datalnl "
SelectAddr] Bl
+ B2 o 1
S DatalnQ A2 MuxQut
JB]
. B2
Al OAL22
S Daialn3 A2
\. SelectAddr0 Ig Bé
ry
I INRBE ADIZ2
+ Dataln2

r

B 3-23 ¢ k1 mEHEAER

3.12.2 SBUR B EIEFERE

HRUTEEMNEREEBEHRA, ZEBEBEFENZ (word) BB
EFETERSBREERER. BARELRAR MY DataBus BR, BB ERBEHELT

— A o
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PTRABHHRBELEN TFEHEES . ARETEHEERIES., FEHBLESE=
SRBRBRRTHEEES Enable.

modula BinaryMultiplexer (DataBus, Select, Enable, ¥, Ybar);
parameter NBITS = 2, WORDS = 2;
input [ KBITS = WORDS — 1.0 DataBus,
// DataBus RE3 ¥k —HESE
input [WORDS—1;0] Select; [/ BRRER
input Enable;
output [ NBITS - 1,07 ¥, Ybar:
reg [ NBITS - 1,0] ¥, Ybar,
intager K;
function [WCRDS - 1.0] GetWordIndex;
/7 BB —A~ 1 BRTE G T R (8
iaput [ WORDS - 1.0 DecodedSelect;
integer Inx;
bagin
GetWordIndex = 0
for (Inx = WORDS -~ 1; Inx > = 0; Inx = Ing — 13
if (DecodedSelect [ Inx] == 'bl}
GetWordindex = Inx;

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

Yhar = ~¥;
and
elze if (Enable == b))
bagin

Y = 'hz;

Yhar = 'bz;
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and
andmoduls

ff2x2 BERERFRESHOMRMME 3-24 xR

B[NRBH

TBUS
Y0

!

\Dﬂtﬂﬂm

rd

}Enab]e 4

}Sela:.tﬂ A >

Select . A
%ﬁﬁﬁﬁ—- k2 | INRBH
INRBH?

« DataBus0

h
Al
Bl

>DmBus] B2

AO122

B 3-24 2X2 M Zdt W B Re R

3.13 B EALR T EE % 4 R AR O R

BEUT2HEH NUREREEARAEBEA, HERRHEA T SRR T
FEBE 4 5 1

module ParityGenerator (Dataln, OddPar, EvenPar);
paramstar NEITS = 4,
input [ NBITS - 1,07 Dataln;
output OddPar, EvenPar,

5 Dataln3 N
{Dataln® ]
- )

XNOR2
s Detaln] \
{Dataln2 }
4 I/

XNOR2

XOR2

Ddde_*

iNRBH

EvenPar
S

P 3-25 4 A REE 38
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aagign EvenFar = * Datalo;
asgign OddPar = -~ Evenpar;
anduodule
[/ AT RERERBESHARRME 325 Fin

3.14 =&KIIHERE

ZENGEREFIERMFAFEN TSR 2 HXETAR., HETH.

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

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

elae
>Real:lState : :
CpuBus3 CK MainBus3
e D ——
C
/%US
: .
. CpuBus2 .
y L IFK anEus&_
C
L INRB TBUS
\CpuBusi Eg\ MainBusi
Py DC -
ﬁ};ﬂs
CpuBus0 \g\ .
}_P D(‘J:K MamBusE_
TBUS

B 3-26 —#Hl =717
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MainBus = CpubBus;
anduodule
/f EERARMEERE 3-26 Brm

R ReadState HE  MainBus R =51 . 3 ReadState HB, W CpuBus i) {H B 55
MainBus .

3.15 HERFRMER

UTHAERN WA Data TIEMBOBEBHEETERAEZEN 3 17,

HETTRELEIRAGS . FXA I TEZEN " MHBHFESEIVE ENE
B .

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

poramster PATTERN_ SEARCHED FOR = 2'b111;
reg [ 2.0] Previous;

always (@ (negedge Clock}
if (Reset)

bagin )
Previous <= 3'b000;
SeqFound <= 1'b0;

and

else

begin
Previous <= {Previous [1.0], Data};

SeqFound <= (Previons == PATTERK_SEARCHED FOR),
and
sndmodule

/A MR 3-27 fFR

GaltBENSESN 4 MUER 3 MAHT Previous, B — A F SegFound., fHE,
ML, REZRAT Previous HPMEBRTH T EFLERN, B0 LB M E
B WHREID, F TR SeqFound, X EF BN & MG S S 08, WERT
WIS, W SeqFound B9RE W BBLIE always B Z 58647, IBRBH TUT
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A
B Z
C SeqFound
I D e
D I» Q AND3 Q
>Rese
CK QN
H I J I }
L, CK ON s PCK ON STOAX
INRBH FD182AX FD1S2AX
\ Clock
s
B 3-27 S BESE 31"
k.
module NoLatchedOutput {Data, Clock, Reset, SeqFound);
input Data, Clock, Reset:
output SeqgFound;
paraseter PATTERN SEARCHED FOR = 3'blll,
rog (2,0 ] Frevious;
always (@ {negedge Clock)
if {Reset)
Previous <= 3'b000;,;
olse
Previcus <= {Previous [1,0], Datal;
assign Seqfound = (Previous == PATTERN SEARCHED FOR);
andnodule
/O ERE R ENE 3-28 fiw
I g SeqFound
quiuus{] i C Z
A > 0 Q D QH Previous] D Q—r AND3
«Reset B ﬂ Previous2
3 .
NRZ h
EINRBH FD152AX FDIS2AX FDISZAX
~ Clock 7,
’

A 3-28 AL
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A, KT SeqFound , B Previous AR ITRER, BE, EXHF
T SMABFF Previous BE—1{F .

3.16 [ 3 B H

DA BB BB 4 mR 45 B M AR Data BB %R, ¥ 8 45 B Resulr M Exponent 45 B
BHMNIER BB 2 HE, WARS Reset FIEFHEBE Y,

module Factorial (Reset, Start, Clk, Data, Done,
Result, Exponent);
input Reset, Start, Cli.
input [4,0] Data;
output Done; H RARE
reg Done;
cutput [ 7:0] Result, Exponent;
req [ 7:0] Result, Exponent;
Teg [ 4:0] InLatch;

always (@) {posedge Clk)
begin; BLOCE A
integer NextResult, J;

if ((Start && Done) || Reset)
begin
Regult <= 'bl;
Exponent <= "bd;
Inlatch <= Data:
Done <= b,
and
alee
begin
if ({InLatch > 1) && (1 Done})
begin
NextResult = Resuit + InLatch;
Inlatch <= Inlateh - 1;
and

elpe
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Mextiesult = Result:

if (InLatch <=1)
Done <= 'bl,

for (J = 1;J <=5;3 =7 + 1)

baqin
if {(NextResult > 256)
bagin
NextResult = NextResult >> 1,
Exponent <= Exponent + 1,

SZEE R InLatch Result \Exponent fil Done 1355 #: 5 i b & 28,

3.17 UART & %

HEHUTHERA K UART BB A, W B RS-232 S1T40 A BB B 0 T %
BT AR RO RS-232 SN ERE . BEFTVNMARN 8. wH 3-29
P, UART BHA 4 M EERBIR . RX HEBRUHSER, TX hEXEHEER . DIV Y
B P o SR AR B 5L, MP o i ab PR 2R B d

B—RE DIVE - oB8, AWHEITER. RS8R, 4 T8
AR , UART 2T EERH RN 16 f, WP L LR W BB R 16 F. ETx
WMOMREOBEMERENME T ATELXEERBUDBL. TX ERETREH%
MBS ECRR MP 69 8 SR TR, @D DOUT % 3 # S75% &1 I RS-232 %%
D. REX.RX BREHBITBERA L 8 UHTHALEE MP Bk, %
W ik A A BELEE0) 16 RER T, MAEBE OB MP B35 RX/TX #4
SFHABBERE SR ZEKHTHER.

UART NIRESRMARB T A r N SRR 4E 8, 4|y ik MP
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LK
{CK DIV gy TEST,
S RESET ENA ENABLE
MR
>——+
! K RX
* RESET
DIN EMA 8
>N IDIN Somo
| : -
P —— RESET  pout}22¥!
. | A nx e
'CK 5353349
RESET 5 & E’;% > LOAD DIN{7:0] TBRE
UDIN[0:7] meed UDIN[0:7} &2 ™™ % TXDAT[0:7]
CSN >——CSN 5
AS S s = STAT4
WRN >—— WRN Mp  SIATS
RDN > RDN

B 3-29 UART #$.8§

CAE AL 07 SR R R AR AR B B A 3R s HAY 3 MR DUAT R o7 Kb DA 3B
AR N HIT RGHRH .

ITREEB|EE TXHITHER, EREAHMEY, R TBR, TR, TRE,

module TX (CK, RESET, ENABLE, TLOAD, DIN, DOUT, TRE, TBRE);
input CK, BESET, ENABLE, TLOAD,

input [7.0] DIN.

output DOUT, TRE, TBEE;

rag DOUT, TRE, TBERE;

rag [7.0] TBR, TR;

req [ 3:0] CBIT;
iy P.F.L.;

TBRE.DOUT.CBIT Ml PA B HES R L AR KM &35, X R 5y X 238 1 4R,
{E3meh CK B,
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always (@ {posedge CK)
begin
if (! BESET)
begin
TRE <= 'bi;
TEBRE <= 'bil;
DOUT <= 'bl;
CBIT <= 4'b0;
PA <= 'b0;
end
else if (TLOAD)
begin
TBR <= DIN:
TBEE <= bl
end
elsa if (FNABLE)
begin
if (| TBRE && TRE)
hagin
TR <= TER:
TRE <= 'hi};
TBRE <= 'bl;
end

if (1 TRE)
cage ((BIT)
4'B0000
begin
DOUT <= 'bO;
CBIT <= CBIT + 1,
end
4'b0001, 4'b0010, 4'b0011, 4'b0100,
4'60101, 4'b0110, 4'b0111, 4'b1000,
beagin
DOUT <= TR[0]:
PA <= PA "™ TR[ 0],
TR <= {11, TR[7.:1]};

Verilog® HDL 45 & A& #
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CBIT <= CBIT + 1;

and
4'b10401,
bagin
DOIT <= Pi;
PA <= 'b0,

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

end

4'b1010,

beagin
DOOT <= TR{GJ;
TR <= {1'bl, TR[7,1]};
CBIT <= CBIT + 1;

anl
401011,
begin
DOUT <= TR[O];
TRE <= 1'bl;

TR <= {1'bl, TR[7:1]},
CBIT <= 4D0000,
and
endcasze
end // if (ENABLE)
end /{ @ (posedge CK)
endmodule

UTREUHBER R{IHNITIHEY, EHRLETESH. &8 START .CBIT.CSAM,
DI.PI.SR.DR.DOUT .PERR .FERR #1 OERR KB S @t 4 58,

wodule RY (CK, RESET, ENA, DIN, RD, DR, DQUT, PERR, FERR, OERR};
input CK, RESET, ENA, DIN, RD;
output DR;
reg DR;
output [ 7G| DOUT;
reg [7.0] DOUT,
output PERR, FERR, OERR,
reag PERR, FERR, OERR, START;
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reg [ 3,:0] CBIT, CSAM;
regqg DI, PI:
rayg [?:D] SR;

always (@ (pasedge CK)
beagin
if (! RESET)
begin
CBIT <= (Q;
C5AM <= 0;
START <= 0y
PT <= 0;
DR <= {;
PERR <= 0,
FERR <= {;
OERR <= 0;
and [/ 1if (RESET)
alaa
bagin
if (RD}
DR <= 0,

if (ENR}
if (! START)
begin
if (1 DIN)
begin
CSAM <= CSAM + 1,
START <= 1,
and
e
alse if (CSEM == B)
bagin
DI <= DIN,
CSAM <= (CSAM + 1;
and
olme if (CSEM == 15}
case {CBIT)
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0,
s D0gin
if (DI == 1)
START <= {;
alse
CBIT <= CBIT + 1;
CSAM <= CSAM + 1;
and
1, 2, 3,4, 5,6, 7.8,
begin
CBIT <= CBIT + 1;
CSBM <= CS5AM + 1,
PI <= PI * ni,
SR <= {DI, SR{7.1]}:
end
&y
begin
CBIT <= CBIT + 1;
CSAM <= (C5AaM + 1;
PI <= PI ~ DI,
and
10,
bagin
PERR <= PI,
PI <=
if (1 DI
FERR <= 1,
alse
FERR <= 0;
if (DR)
CERR <= 1;
alna
QERR <= 0;
DR <= 1,

DOUT <= SR,
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CBIT <= 0;
START <= 0; .
and
endcaze
else // ({0 <= CSAM < 8)|| (8 < CSAM < 15})
CSAM <= CSAM + 1,

end Jf if (1 RESET)
end // @& (posedge CK)
andsoduls

LITFEOBIEHFEG DIV S8R, Hair® 16 Maféh Bt — b, W
RN TESTN B0, ENAEBXN), R COUNTEHESRAN RS

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

reg [ 3.0 COUNT;

always (& (posedge CK)
if (! RESET)
COUNT <= {;
alge if (| TESTN)
COUNT <= 4'hF;
alae

EDUFI<=EGUHT+1; ffjﬂ}l‘i‘l‘ﬁ

/! RE RS
agaign ENA = (COUNT == 15},
endmodule

3.18 4Lh 21 R

WELUTHER 2! SERNTESGEA, A REMNER 21 A8F, 28 108

RARMEEE M A REIH 15 11, WM R RERE TR m e,
{78 B4 (B A MR A 4P OB RD R AT BB T 21 Wi X A8+t 21.
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WA InsertCard ZPEBERFCHBHEEN —KFHE. E Clock EHFEL, &
InsertCard N M., M| QA8 ., A CardValue ERFRAEME. MBEW TE THE
ZIREAE 17 8 21 Z0), MRS Won HELIEBHERENE. MRAAE 21,4
BESE - KETURIMAFHREHERERN 1L 11, MR E—HBEKIHL
fEAFECHEBIERIL,WEB/SHE 11 3851, HESTEBET —3ERE; T, B8 H
Lost W ELEBEER., t1E Won fllost HEZ - BENV.MNBAHEBETE. B
NewGame WAV H X iE R EH TR,

module Blackjack (CardValue, Clock. InsertCard,NewGame, TotalPoints, Won, Lost);
input [0.3] CardValue;
input Clock, InsertCard, NewGame:
output [0.5] TotalPoints;
output Won, Lost;
rag Won, Lost;
req AceAvailable, AceValuelsll;
rag [ 0;5] TotPts;
paraseter TRUE = 1'bl, FALSE = 1'b0;

always {0} (posedge NewGeme or posadge Clock)
if (NewGame)
bagin
Won <= FALSE;
Iogt <= FALSE;
AceAvailable = FALSE:
AceValuelsll = FALSE;
TotPts = 0
end
alse / EF
if (InsertCard && ! Won &5 ! Lost)
hagin
if (CardValue == 4'di1)
bagin
AceAvailable = TRUE;
AceValuelsll = TRUE.
end

TotPts = TotPts + CardValue,

if ((TotPts >= 17) && {TotPts <= 21))
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Won <= TRUE
alae if ((TotPts >= 22) && (TotPts <= 31))
begin

if {AceAvailable && AceValuvelsll)

begin

AreValueTsll = FALSE;
TotPts = TotPts — 10,
and
alas
Logt <= TRUE:
and
and

assign TotalPoints = TotPts;
andmodule
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AEEAHBOT RS Verilog HDL MBI B BEREHEMELFER. ECHET
SR AAREIAREA ABBNFFRTEREPHIRBEL KL CHREFNAH
IhATE E . PRELBETURAXERETER. K GEFERNERE TR
HEFAMNEN., EEIA—MIEBI S - B AEHR PR EAB SN FERB
BREAEREN, XTSRS S N S8 H05 B, o) B8k 2 R Enf 1t

WA 4-1 f7R . B Verilog HDL RUIS&S & MR RN ARSRR e TE
HBALBREBXNAAE A BERRAREREBWEARN. RAARSHERER
~—4 Verilog HDL B &SRB AFEHMRAES. REER, B9 T— 5 5%EHEH
AH B SREG TT A ALF B A1 B B WA 8 A% 10 AR M0 E R 2 (W) B R 4

A §

HA

o

HER

41 FRPREBEFLZBIARHER/REH

EEHEITEMELFR, BT HEZNTS Verilog HDL £ 4B RNNHAN B R EE
RAXWEGFE. IEFETNHARSLPELARNTALEATHERE VD TEEAERS
B, RN EE S-S BB TR,

4.1 3t B o A

RRSRMORERAFTHERRZRATTALDKLE., WHRUT if &4,

if (MAX > 100)
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JMA = SMA + BMA,
alse
JMA = SMA — CMA;

WRRARHABEELSE AT "N —"ReWEFSRTEE ALU. BR, MWRRA
THEESRE, XE—-PTALURTLUEHR "M —"XHMER. SRANIFHES
SEERFRBER., KWAZRERT - ELEEESE, %N BMA i CMA T%EAFH
BES ALUME-PMRANE. B 42 BXRARESEMES if 54 Frd 3 54
HEE, B 43 REMRATRESRFGS HAEAERE,

SMA BMA CMA

JIMA

A4+2 REAREIE

MAX 100

ALU(>)

Al4-3 RAETRRA

HE: L ALU, AT ALU S5 RA BT A S B0k 5 58, T3 &30 B B 13 0 2
B, AL, BFRET ALUERMERNTRREL T, MRESTARBE BN
A BEHERFBRACHTHE. FENZ LR B AERARE LS,
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BAAS—BEE T RES SN EERFOEM L. B BBXENRTST .

a) XERH |

b) M

c) ME

d) FeEk

e) fRIE
BRAER LI NEMFEZRETER - ALU, RERAFAREREFEERER
KM LR E, HERFH DU JLA T 8B AR

a) WWE, 2XRER. BRLANXE. Hlin. A+rBSA+B

b MAFRIR, E—TERXRAR: BHH BB A—TEHEHER. . A+
B5A+C ~

o) BAHE, ZENBARE. i, BAAS ARTZRESESE. fin. A+BS5 C+D

d) BARE, =R BHR. XEFH., fim. ArB5A-B

e) BMAR . A—1TEXRAMN: FE& AIFSIA - E2BEER, fin. A+
B5A—-C

D BRARR, zERFAR: 406, EIASIATILHERESE, AN, A+BSC-—D
FOMBRTERLZAEAFL, HIRERE(D) (b)), e))flI(), D)),

HEHABEBERN TR IR, TR,

if {1 SbReg>

DataQut = Addrlioad + ChipSelectN;
else if (ReadWrite)

Datalut = ReacdN + WriteN;
alsa

DataOut = AddrLoad + ReadN;

M FIHGRRIERHAH,
if (! ShReg)
begin
Tenpl = AddrLoad;
Temp2 = ChipSelectN;
and
olee if (ReadWrite) .
begin
Tenpl = ReadN;
Temp2 = WriteN.
and
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begin
Tenmpl = AddrLoad;
Temp2 = ReadN;
el

DataOut = Templ + Temp2;

BREARBRE RS B BARS TERETNERR A RN LR
. MBHNAASEEH 3 ML

4.2 ARTHRERX

RuBREAKRTFRESAHERACHAENE AEZRFEEREA. ®BEUT
ey LR .

Bun = Rl + RZ,;

Car = R3 — (Rl + R2);
//BESRATE _ERHEEBIRE - 2BEEACRTET
/R HRAWEET PR —&AT if BRI case IFA AN, %2 WA TR R T

SR LENRABRUEAXFRERL R4 WM NESR, CIH2H RN ERHR
R1+R2, EBMRAATABHFBRABRHIFENARIE, XERSFHFITELT
Ko B, RHAFFREZZAFBEACHASHERBEAN. STLEH, THES %
BEEAEEA“Car = R3 — Run;”, MR TIEMBESSE AR, BB
KTFRIBEANTEBAREERT.

4.3 R B i

ATRE= AR for BHRBARENREANEEGRBEFPEATAOEE. TEs
TREHERIECHIREIPRBKR BRI for WIFTM. BB, I5 £ 08 K B8 1555 75 BT b
ENREAERTNRSBRATTA. B, 280 L2510 7 88 204 82 AT # 48 15X
HRER, WREERZK LH#TRA, MEENGFTRL. 25D TRBRLARRE
TREAXBAET . BELUT for I/IHFRH.
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ca:: wn

for {(Count = 1; Count <= 5; Count = Count + 1)
bagin
Tip = Car — 6;

/] BRI AR Car Nk E

- and

WREFERA AR BAXHEREESERNE, TN L AR Tip NEMY TFHERET
% Count, BRE,.ZTLTREFEL MRER . BEHA KB4 -, XREFE TH
B E. X FAM, AME - TREERTT .

R TR P O B 3 P Bk K AL R B R AT P AR b S BEAE 3T o B2 T R R KA A R
BEBHAZI, MEZXHMERHERE. THIERTIK.

Car == ==
Temp = Car - 6; [ HA—T I ER
for (Count = 1; Count <= 5y Count = Count + 1)
bagin
Tip = Temp;
// BENMH PR Car BEE
e

AP E R A, B EF N XA X EMNARBEA, Xtk P BRI RESMNER
W B T IR AL

4.4 NHTHN

AETRBEMNif BAN case IBANEF AL PREMARTRRR. HETH.

if (Test)

A= A& (B + C)
elsa

By = (B+ C) [T

B BANTRSEEEET RAR BHC, B, 2k o 4k % B F B e b
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HEiENZAEBAERAN. XEESTHEHRASFAEPW T MEMHRT . MR
Temp = B + C; /! BlA—TBRER

if (Test)

Ax = A & Temp;
else

By = Temp | T;

BRABFERSESHBELHEBR(EMh RES Y —MES X84, 28K K
SRR T R E X @R

4.5 ARHMBANESH

RUEGERET M A LEELHE RS TELFEZHHTEREN. THE
ATEREARTFREEAZHEETZRENAH TRIARTFRER.

Run = Rl + R2,;

Car = R3 — (RZ2 + R1);

WRIBARITRIVNAZRA, FHFRMNER —FREBG P HABM A FRER
“R1+R2”,

Rl ELHEREMRAEFRZAARAENALESR. FETH.

Lam = A + B + C

Bam = C + A — B:

EEWE-FENPHERRINGAZRENE SR, RBRWNCHAI MR RTESR
K, RUERFRERXZE . RIUER;:

Terp = C + Ay /7 Bl A1 khes 2 it
Lam = Temp + B;
Bam = Temp — B,

MRRUAZRBNAGR. GETRRSER 3 MMEBA— MR, ERY
FTREAZE - RRERFNERN— 1 EER T . XS ETER,
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4,6 HAKILFE

HBE SZETRAERLAFRFRMAL. XL

a) FEALHSIHBR

by BEBEIF
REEAEERHESRATRN . B EALEER.L, REWH, T RSN 23
iy 3

FEAL TS R R M EBRIR A R A SR AT RS, Bl

if (2 > 4)
Ul‘j' = SdYERC[Y;

BB BELERESSRSIT. B ERERIXERNSENT CEEAH,
HRAFEBERENITRUERRIANE TARASARLIERE ANER
RACSRH KRR, WELUT R ATRH.

parasetear FAC = 4;

Yak = 2 % FAC;

FREHFSESNFMNTEL ORI N EH KRS Yab , MA LKL FREX LR
T8, X R A T RE MM E,

4.7 M SNBFERA

4.7.1 HEhL S8

BFGsS TANMEABREINNRER., FASZSTRNESRNFIRAR. WE
FUEXEERAN. FEHMPMRPRTRESATEE TLFRRENMESE. THE
Rk . |

reg PresentState;

reg [0.3] Zout,
wire Clockh;
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always () (posedge ClockA)
case (PresentState)
Q.
begin
PresentState <= 1;
Zout <= 40100;
and
1,
begin
PresentState <= 0,
Zout <= 4H0001;
wund
andcase

ELXEANETRER PresentState HERGFELFARBEHBERP. 585 A
LA PresentState £ T — 1 MER, BR Zowr FHMT AP MER. XRE N Zous
RIS R EER . N Zow A RXEMERRAEFARHEE. EFE  NAE -T2
IR always i B P case G AN Zout WAH X FEWE R AR S BESR . WTHx,. &
HEHRPAESERT —1TMESR.

always (@ (possdge ClockR) /e ¥EFiNME
case (PresentState)

0 ; PresentState <= 1;

1 : PresentState <= 0
endcase

always @ (PresentState) [ EEER
case {PresentState)

0, Zout = 4'b0100,
1 ; Zout = 4'b0001;
adcane

4.7.2 HBRHATEEE

MREBRAE case BUR { BUMHAFT L L BBBE. BLATREH =447
2% XBEHNTE Verilog HDL A, F #3575 BTE always iIBHPERER SR ETREE
2% R R RE X BRFE R E A E A 23 PR, TS I 8 R R AE LA,



H4HE BRBNEMR I-lﬂ-

HETH:

reg Luicky

always (@ (Probe ar Count)
if {Frobe)
Luck = count;

24 Probe %y 0 Bf Luck JT{H? Luck L EREE, SERBELRE Luck HE, BkE
ENETRER— TR,

RERHMFHENBT TERE CRESA TARSHMHEARER. AR EHERE
EEETHIENBIMHERBBELER IS ER. ATRSHBIBNNE . Ti+H
METTRRATHR RESTHEFRAEHE. BRFREEESSUMNBER BREY
& R LR, MRTEHRE R SRS 75%, N #EFRS.

HPAMTFERERER EATOUTER. M ARRE e 4P @iz
W1E -

always @ {Probe or Count)

if {(Probe)
Luck = Count;

alse ST else F4
Luck = O,

BT RRE B0 28T BT R ILRE.

always (& (Probe ar Count)

begin
Luck = 0, // BA% i % WK Fr o0 86 4b 18
if (Probe)

Tuck = Cmmt;
and

4.8 x i M K

MR REEREY®
SR W 5T R OB 48 o B R AE 2000 Z 5000 []H BB L B R BB, X
BRFE Verilog HDL B ) always BA ALK, HidHHEREAR R L4 always

— -
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B F R,

AN RTINS Verilog HDL {REBATHR XX, 2500 (TR BB AER B —B 10
fTH9 Verilog HDL I (ABE@ & — 1 for XM/ RBF T W EI G & B, ATRER h
—E& 10 000 #T7HY Verilog HDL R (R 8B & K ) case #46], Wi H o o W& 3B 75 )
Zalke,

SZANBHETHEEERTEREA TSR HHNELEELE. BHESEILT
1 BB B foty A R 5 o o T Ak A0 i 1 BT PN AR el

|3/

B always B ERRE Verilog HDL BB FHER XERBHEFAKN, XEEES
TABFELETHEAOBERE , UEZBRAHEE B T4,

SETHEEKRBFIRFRHNEEERETNBEIRXE. Fili.

reg [15203 Zim, Rim, Sim;

Zim = Rim + Sim;

Wit 5 TR 16 (ks — R B YR,

y g g

FaARAXEN ROM® RAM 2B FEMBHERAE, SEETEEPRT
LIRS B X RAM, HRE RAM 22 B8R, BT R IR FE R o ]
HTEAE. AEEFESEIMAER. SATRAEN RAMB Y 1B & HERiE
B RAMB L EEZZRA&T,

WRETEFRI U TRAES HFHEESTALE 1B RER NELE
RIS IE .

Cyr = Rby » Yir; /16 i g

B EARBE T EFORES., K, X RFR LA TR ML RS,
MARRAREER, AAREAFELS SR L BB ERARERE.

4.9 £ HH 1§ =

W5 Verilog HDL U308, AN Bi A B BEMPB L FER. BEEN—5
REERES, HFEUTHAHM.
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Result = Rhi + Rlo — PhyData + MacResetl;

SETHREGAHEMFIAAN M Verilog HDL W EAKXFHE M, AL T EHITH
B, FTREZLME 44 FRMNER. SHTEHTEHENNLEBBEREK., F—4H
HEREHES, 1.

Result = (Rhi + Rle} - (PhyPata — MacReset);

R hs Rlo

PhyData

MacReset

Fesuit

44 RMHESEE PR

ERETHNEBCBRERE WE 45 iR, FHABRSUANTRIAKTFRER,

R Rlo MacReset

45 FRFESEHEESBOHEK

B ERBEATAREBIES, DEBHFES B BB BRSRK,



$S5E W if

Verilog HDL A ARMERLE B RIFRBEESHANEN IS RiITWE
~HRBEER. ARz LUEE, RN IESRAEATREI Verilog HDL 88 73
HESEHERS -BRREEREE,

A, BEESFHHESRIENSSESHAONRHTEE LRI E
B, MERAEHITEESESHMMEZE I RFEDNEA B0, @R RHE,
i3t — R T RE A — B A B,

EELFBESEEAREEH Verilog HDL M2, {1H 5-1 fFK. Verilog HDL M E &
FAMZGHEEET - BNERIHANES.

C R )—- o - @mx )

B 5-1 EdEEBIMME

5.1 Mk F &

AT IHRE R R A — R o B R W TR W R R A0 £ o B b A a4 A8 4 3t 5 2 ok X
ERTHE BHEERRFEER AP RAGERFEENHEERESSLHA. &
AR ME 5-2 fras,

B—RWHFERABEHNETE. MLV 5 REA Verillog HDL %5 AR, fEHE fi & #
B L RS AR AR — B b, M RWE 53 TR, WEUT M
R F & . MBS “Inputs, vec"EABEES , HRADT .

106

000
101

1)
111
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i

Verilog {H XK Verilog th H

RN /s>

(tﬁﬁ*ﬁﬁé)—— &4 ——( W % )
'

ITr
A 5-2 i 05 i fT R dIE

He

Bs53 HRERNELYSE

module TestBenchFA;

parametar HORDZ = 5;
g [1:3] MenV [1.WORDS |,

rw Af Bg Cini
wire SumBeh, CoutBeh, SumStr, CoutStr;

integer J;

/P ERER TSR TR
FA RTLF1 {A, B, Cin, SutBeh, CoutBeh) ;

/7 EPRES AR R R
FA_Netlist F2 (A, B, Cin, SumStr, CoutStr),

initial
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begin
/BT RRAER.
$readoemb ("Inputs. vec”, MemV);

/- E RN B MR A S AR
for (J = 1; J <= WORDS; J = J+1}
begin

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

#5; //¥B/S5THMBA.BHEBERESBET X

// MBERHER -,
if ((SumBeh | == SumStr}{{(CoutBeh | == CoutStr))

Gdisplay (" »»x» Mismatch on vector &b #x»%xx ",
MenV [J7);
alse
$display ("No mismatch on vector % b", MeaV [J]),;
and
axxd
endecdule

WM &8 B AT EAR — B4R 2T B 3k,
EREVYT . FEEIHTESNRAT AR EREGENF Verilog HDL % ¥ i

M FBIIEA B — )7,

5.2 WIHIEA)PAEER

BIHRATHENESTRSSBERSEAHHMBEIB A -, HELUT
ERFEREFETTRY TESOMESRARKEESHHME,

sodule Adder (A, B, C);
inpat [0.3] A, B:
output [0.3] C;

aggign $5C = A+ By
andmodiele

/R EHMMAIMT .
moclule AdderNetList (A0, A1, A2, A3, B0, Bl, BZ, B3, Co, C1, C2, C3);
imt H-U|- hlf HZ, M! Mj Blg BZ, 53;
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output Co, C1, C2, C3;

OAI21 co_1 (C2_1, $248, S310, CO);
ND2 5310_1 (5248, C2_1, 8310);
XOR2 S248_1 (A0, BO, 5248);
ADI2Z Cc2_2 (5241, 5244, Al, Bl, C2_1),
ORIZZ2 Ci 1 (5295, S244, 5299, 5241, Cl);
INRB S299 1 (5244, S299),
QRI22 S244_1 (B1, 5242, A1, 5243, 5244),
INRB 5243 1 (Bl, 5243),
INRB 5242 1 (A1, 5242),
INRB 5295 _1 (5241, 5295);
QAT22 5241 1 (8291, 5237, 5238, 5239, 5241);
INEB 5291 1 (5240, 5291),
QRIZ1 c2_1 (5237, 5240, S334, C2),
ND2 §334_1 ($237, 5240, $334);
ORIZ2 82401 (B2, 5238, A2, 8230, 5240),
INRB 5239 1 (B2, 5239};
INRB 5238_1 (A2, $238),;
NDZ 5237 1 (A3, B3 $237);
OAI22 €31 (B3, $235, A3, $236, C3),
IRRB §236_1 (B3, 5236);
IRRB S235_1 (A3, $235);

sndmodule

WA LR RRY ST R s R R — K 1 ns, W B 2 R Y B A R S S 5188
REGEEMITAHRY,ERENERSBRETHHAUS RN KSR HFEHCM
. W IERMSER:

a) HRREHEE P H A R ;

b) LAIXF 5 ns B RBMEIN N LR, AR T RSB,

MR FEH AR P A B, B 4 TR E URY R B A b AR S R R R AE W,

Bl FHREETRAPEERRETIREAS — B AR B R O B K B
iB. WEIEME EBARTEAFREE,

5.3 BxEmmN

Za R R P ] fE o ) BN R R SC B B 2 R AN D 0L, T BAE B

socule ROIZ2Z (A, B, D, Z);
input hp B-p D{
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outpet Z;
e 1, '112! C;

alwaya (@ (Ror Bor I}
begin
Tl A& E;
T2 = C & D; /M RBH CRE
2 = 1{T1|T2);
and
andmodule

—
—j
-
—

[N ERT .,
module MIEZ_ RetList (A, B, D. Z);

input R, B, D;
output Z;
AND2 S0 1 (R, B, T1_1);
AND2 511 ¢ ,D, 12 1), B —rRORSs
OR2 52 1 (T: 1, T2 1, T2_0),
INRE 531 (T2_0, 2

anduodula

/TR LR ¥ A AR K A 3%, 0 SR AR A T MBS BRI R — 2 T T

HEX, FEHERA H NP E S ANDZ KR LM ST_1 (B — AR DL TFHFBRE.
BB AOI22_NerList {5 KT B , TR AR 20, TiMhisk AOI22® kA C
A x, WX &R CHEBITRBGEASGS KRR HESNERT A
B, IE R FRE RAEX TSR BH R R R BOAE, Bt R R — 2.

B SR RS RERN RS AR Bk AOIZZ PNEE O K HE
HHD ERR LY,

5.4 BEPPIFR

BIENATRIGEROERHN. TAET LMW 5 — = 050, B A 1E
A R ERASHETRUATR. AW EEA LA URLE T RESROE

T ¥ Verilog HDL f, RIEAMF A DB AU E RGBSR < MR EDERGBAES 2.
D ENIRBYHIATHALNMELFERNEIZHIBTS.
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#. BB MAHRFIIP R HES H TR,
KEEER—RHE .

wire Control, Jreguest:
rog Debugd;

always (@ {Control or Jrequest)
if (Control}

DebugX = Jrequest;
alge

DebugX = DebugX;

it always B4, R DebugX i iFARFA T ITHERET . HR, BHERSH
HHR LR DebugX BIE(H R 2 Control K} DebugX TEREWREESIHT ). W
o EARGLT LB EER B EAR Debug X EREN S AT FRERXTHRLE
B SESHAMBRRER— .

BRE K. ERHSFSARNE.

a) ZF BAE FeAF ] G 5 case 1BH]) P RrR{E.

b) ZRKEFMFEMHFA X PR,

c) 7 always @MW ERKARAZ AT ERETRE.
VARG HREL L 3 MRE, A SKEREF RS, EHF always iBMRMHTE
Debug X FR THN b, B A B HEES ST,

HHE P
always @ {Control)
bagin

if (Control)

Debugk = Jrequest;
elas
Debug¥ = Bdy;

Bdy = DebugK;
and

W, always AP, BEK DebugX f Bdy MU EESRYFE, B DebugX BB R T
AR D) MACHESHUER. W By HER TR O ALSBHESRATEE, BR
HDL B X RUIMERE Bdy WE BESRAEXMHFRASELSER HEELE
i Bdy EWERND #3 Ads¥E  HERTESRE B8R -5,

LAT always By ], Debug X BB LB b AL P Qi8R . Al Bdy 24T
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— A3

always @ (Control)
begin
if {Control)
Debug¥X = Jrequest;
alse
DebugX = Bdy;
if (Jrequest)
Bdy = DebugX;
and

BIF always i5A] X4 B FMIE?

slways (@ (Control)
begin
if (Control)
Debugk = Jrequest;
alse

DebugX = Bdy;

if (Jrequest)
Bdy = DebugX;
alse
Bdy = 'bl;
and
K3 %W DebugX W Bdy A CHEFLAEGER REELRVUBERLETE Bdy Wy
HMHRGESREASTLEFR HERLXTRERAERERTHC 45 A A ZATRB

EFENBA-BNTFS.

5.5 F ¢ 2® B

BEERRENEMERTHNER SR L EAREERERFREAHARBNHR
GRS5IHRANHREEAF. THERMMK.

X = 43",

1f (Candh)
IX = ¥5 ‘b0,
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EHRGEEAEN,LX FRRE 3 0s J5FHEHN 1, EFHH CondA IEAMBER 5 ns j5 HH XE
F0, HER . HFESGREREZET EZE, Y CondA ZEN,ZME L EBHHRBEGE
HOEMSAT LX, TRAEAHSHENNESRATIXHER. 3, URNGEHK
MRATHN, X CondA RN LX MERESBR 1.

B REAERTESHIITEE P HAER, STEFLE, MNE el
EERFAFERHRIE MAERETRNEEMREETREAD.

5.6 ¥ f: #

BaREESZANE RSB EREA always BB 4FR, Q1 55 2B0E x5k fn
EE M2 PHBR-B., WEUTHARN,

always (@ (Read)
Grt = Read & Clock;

/7 G i R N 5-4 fTR

: : A y {art
AND2

A 5-4 PIE¥ Read M Clock AR

WP 5-4 Brm, G H B MBM Read Rl Clock BEE B 1k 7B I LK B . R 7 B, always B
B{UEE Read B 4L A LIBLET .,

BR—THT dways BANBGRAIZBWIBIIEF RN,

reg Rz,
reg [3;0] Pbus, Treg;

always (@ (Rat)
if (Ret)
Treg = 0y
alse
Treg = Phus;

W always BAIEE R P REL R Phus, ERESH KRR i 24 5@0, Pbus +
M RAERSE R Treg. X SEITEBELA—BLATHTHADER K.
BUL: 3T 66 %5 A always B4 (B A 4 &8 SRR , Ho 3 £ 32 vh i 045 X
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always A5 HRIFTA TR,

57 & 8K 4

PEMRLED R FEMGEES: full_case M parallel_case, XM IRS T REL S
ERHERSESHANRZALRGBEA B, MEEFRFES TR NHKER
2, MEETRAFRAR. W TIRMEEDREL -7, B it EEEeHmdEF mE
B, BedAhgER -,

WHELT full case HES#HLSTMH.

reg [ 1:0] CurrentState, NextState;

casa {CurrentState) // synthesis full case
201 ; NextState = 2'b10:
2110 . NextState = 2001,

andoages

JHS fllll_ﬂﬂﬂﬂ ﬁé%ﬁﬁ‘%’lﬂaﬂ m CurrentState E?%‘ﬁfﬁﬁﬁﬂlﬁ y i_ﬁﬁﬂf_’, *ﬂf {'H EEIH
EMRER . WSS TRRN N NextState P SiAF 58, A7 B F 3 4E 11k,
WTREH TRM R  CurrentState F{E R 2600, TEXPFRL T ,case EMH AN ERE
W NexiState MERF T MHAGAELHMEFH B A RFLME.

W& LLF parallel_case A4S R,

case (1'bl) // synthesis parallel_case
Gatel ; Markl
GateZ , Mask2
Gate3 ; Mask3

endoase

] ]
'—I
-

I
—

H case HHA] 4 Ri8 L (paratlel_case #4 LI BE R & BT HE 288 R . & Garel 5 1,
W41 B2 Maskl; & Gaze2 J3 1, 03E 1 B8 Mask2; & Gate3 J¢ 1, 48 1 WA Mask3s,
HE,HT parallel_case #4, SFHKWREH T ERBIMARRER f LW 7T . XHE
ATHEF—B. BE Gated il Gatel RPN 1, ZREXLSWHT? 7 case B F , 25
BT MESEHANED AL 1AL 3BH K., B i ENRTIH case 154
B ST BR

if (Qatel)
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Magkl = 1,
elsa if (GateZ)
Mask?2 = 1;
elses if (Gatel)
Magkl = 1,

ZAHONRSELWT.

if {Gatel}
Maskl = 1;

if (Gate2)
Mask2 = 1;

if (Gatel)
Mask3 = 1;

B HASEARS full_case M parallel_case, HFE R ESHEM A {#HH.

5.8 BWHEASME N

GEHRSFHBUANRTFNEEBN BUERLEHTURERE. ERBER
R, R EHBIIES B, WHRTH.

aodule VarPreget (ClkZ, Preload, LoadData, PrintBus,QuickBus);
input ClkZ, Preload,
input [1,0] LoadData, PrintBus;
output [1;0]) QuickBus;
reg [1:0] QuickBus,

nlways @ (negedge Preload or possdgs ClkZ)
if (1 Preload)
QuickBus <= LoadData; // R#FHIER(A
alse
QuickBus <= PrintBus;
andmodule
[/ wmE M RME -5 fim

e FHE 3 B QuickBus MABH M HRLHEN MR TOMES. 5% LoadDara 13
HAZBERI I A MMESOBENNFETEAR. 4 PreLoad HRWH OH
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« PrintBus0
> :
p PD Q Qukauaﬂ_
‘Eb”l NR2
LoadData0) INRBH
e bCK QNF—
CchD
FD1S3CX
A I
B
« PreLoad
rd

&

I NR2 ,
N .
>Clkz 1l D PD Qi Qumkﬂus]#

E INRBH

S

. PrintBus!
e

5CK QN

FDIS3CX

« LoadDatal

P -

A
5 Z
NR2

M55 FRREERELY

LoadData {EZEAN , REBERN B TP WA MR ENH HE. BRI
BB, Load Data B§4F i B4 M F LMW QuickBus W ME. IBEHATHEF
—H.

Bl @R SRRERIFEAHBABER SRR S AR THH RS
ERASSREEMEN.

5.9 BHEANHER AR

TSR 2 MY

a) HEANMEATHEZEEE.

by M AR TH R B 20 Ar i B B 5] AT W — % always i
A, d A PR R AR .

ATHMEDRE LRRUBERE . SNRLTHEIEF—RORAR.
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5.9.1 #HA5%H

PHEXRERE T ASHMPNRER. FRBLT always 154 .

l'.ﬂ'Tﬂ. TH, TO! IIEj

always @ (AorBEoxr Cor Dor E)

begin
™ = R &B,
™ =C&Dy
TO = TH|TNIE,
™ = |\ 70,
and

WA RESEHELRE, MFRPEEAHERRE A&IHE TM 9E, &5
PWTBFEO TN RE. REVITHE=Z£BAN TOREHBKRER. ERLATA
FEENERNESR.

BE7E A 3 £ PH 2 = M A 28 O A B 2B =X R

rﬂmq m, Tﬂg w;

always (@ (AorBorCor Dor E)
hagin

™ <= B & B,

™ <= C&D;

TO <= TM|TN|E;

TZ2 <= I Ty
end

BT B —&REFEAN, TM IEFEA S ER . MESEHZ YN XAYSHHE
MEHHE. ATHREHEONNTREESHEANERZEN, R YNHTE &858, 4R
TOMEMGRAKRE TM WEEGN TMERREGIEFRME . SREHU TZREmY
HEEBR“SEE"ITH, RBAEF TM. TN 0 TO (YEH R S35 KR4 et A
BER, CAIESH GHEEFARESN A FHE.

MM TR TR TM. TN #1 TO A always BAHESER G , 0T
P |

mm! T!lj 'IIDj 'IE:.
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elways (@ (AorBor Cor D or E or T™ or TH or TO)
begin

T™ <= A § By

TH <= C & D;

TO <= TM|TN|E;

TZ <= 1 TO;
and

EH.BH TM. TN & TO R4 always BARSHEN T E, 38285 F g9
TZ{H. Wb v RILLF R0,

a) FEEXRER LB HER

b) MGEAGB A MY R AL FIA E 4R
Ul o8 4 2 X 4 58 4 SO P L B R R, P R B 7R 2 55 9 Bt £ Y L A i)

5.9.2 HFES

B AF BB R it AR HARENRE, S ESMT? BRI T
always B A] ,

always (@ (posedge ClkA) // Label Awh
«+ = DataOut; // % Datalut I {E

always (@ {poaedge CliA} // Label AwR
DataQut = - /4 R A B 2 AR

B8 ¥ AwB Y always iEA] UIE EH R 8 DataOut WAL, TitR 2% AwA B always &)
EBCHAE., WREREF 0B BT B always B (H 5 FHERBBERNGR
FEIFE R HE always BRIBHITINF), % ClkA b T35 41 valways 4] AwA 3
BT DataOut ¥ 585{H . 4R)5 always 4] AwB B DataOur BFH . 10205 BIX 5 %
always & R] 0N (o O JUAR 208 5 Hl 58 X BT 4% always i 4 BO B ) 2 Ay
always &) AwB, FECEME W RS DataOut, B /5 always H4] AwA i K &
REBE M DaraOut {H. XBRFKRE T always 54 89 305 W ¥R F B3R [%] i4% &%
B, B8k LBl T 5555 always 15 W& A AT, 1] DataOur MWEERES
R AREHF RN, BB RN TE— & always 4], AwA HEEB B DazaOut
BB R HR{E . b AT B B H I,

HTHRIMGFETH B » B0 A S 0 R AT 0 R, B R R BR A A Y
ERERBE T, FFHEMHELRE LR X — &, EXFHER T, BB DataOut
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SRR R, A M AR (A W B ERBE R T RS
DataOut. ZEBEEMNITAARER always EAPATHFAES., ®ELU T ERAHEM
ZABRAR) always i&1] ;

always (8 {posedga C1k2) // Label Awh
v« = DataQut, // i DataOut A¥HE

always (8 (posedge ClkA) // Label AwB
Datalut <= +-; /7 B EEEAWME

R AL MRS & always B RAMN T BRREE MR always iE0) A EBTR, AR,
B iEalp R IEM EA T BREES .

055 X A Wk ) D8 0 i3 B oh A el - B PR SR Y always iER] P9, SOl T Ak 38
0g? B AT DIR AEER M.

reg [9,.0] Total,

always (@ (opegedge C1kB)
begin
Total = LoadValue + 2; // HEA RAE

if (Total == 21) /B — F B a4 By R i H
HumBus <= ControlBus;

alse

NumBus <= DataBus;
end

HA, 3R Total LR —& always B FERHME ARG XS R, M, R RTEHIH if
FAEZ AR SE R Total BB, Torel BEERMEETIAMKER R, Rkt R AR
ZXRMAEBRGE.

MBERAT IEEEA M, 0T B

reg [ 3:0] Total;

always (& (negedge ClkB)
begin
Total <= LoadValue + 2; /7 AEEH E A W E

if (Total == 21) [/ B R Total {9 JRA
HumBus <= ControlBus;
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alse
HumBuys <= DataBus;
and

FEH W if KT, Toral BMESR L FUE, WA R7E L — R EE AP EOT RATHE .
B, iR B LB RAE B always @A) 2 S 851 A3, W U X R 49 2 I R 3

PR, HSh X F A —4 always BRI N BEREMS| AL R, NEYRBEE
AMRIE.



Mi®A AREGRIIETFEHN

AHRASHT ArchSyn B4 RE 140 A FHRPETEA K Verilog HDL &
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505 WA T 5 G A T 26 TR B M AR TR WG M7 s T4 A B M B
FRR R EH", BEEHT ALK,

8) i BBEA REM N,

b) R : WAXHT—HEARENEHRL T LEATE,

O BW: GAN SR HEEEE , B AR,

R i , 8 — PR Verilog HDL #4E . 85 —FIRA RS E T LRHES B =5

ST HERAERAA TR

+*

W E s A
N x5 AXREHAFPELHAH
ZHFHAHE X
B XL
FHH AER
AR .XRFREXS x= BRBERES
XEEE XL
oigxy
XS x
WML bR
] & x %
fr W ZR
R = 7 B > ¥ :
PR 4 i1 A R MG ER LT RERE
PIER 2 5 &
T xR
L3 X
i fE] AR
E5. AR
&% X
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® %
X Ex. AERHLESRGAELBENT
ERE
CEX kL3 e % ¥
MBS ¥ #
Z R XX
B /RE/BABERELR | BW
BEANE X
N W
FEM Y # 2005 B o R BE 3R 0 3 3R 1
. _ARRE *
BRI EF LR
E T LA O R ¥ REFE SR AR
4T AND,NAND . NOR.
OR.XOR #1 XNOR i
#H1 BUF X
T/ ITNOT % ¥
2 8 ') BUFIF1, BUFI¥G,
NOTIF1 # NOTIFo i
MOS JF & ALK
WA LR £ A
CMOS ] AN
¥ PULLUP # PULLDOWN | R %%
B0 R B B X
72 0 20 B A XX #
-8 A {5 I SR A REH
Bhic#E ¥
HHSEPEHEOEREER | AAR
O e 28 1o R A 0 2R R FEH
MR AR E SR o
L ELLLIq 8
M EMTAMRE LD REH
F AR 3 A T
B REH

O BHE. LHEDER.
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7 b & M
o B ¥ A 3 5 i fa] P B
B W FH £ 2E R 6 2 4
A 31 FE M1 9 s e 4 4
& &) I
case i5 ] - =
8 3 if 0]
forever (§FF FER
repeat 3% bR 01 repeat ik R LA LK B
while & ¥ A& FE
for 35 b-X55 % for 1 Fh 2 B 0 G {6005 0 2 B B R
AR ERERH EWMIEE R ER, A¥FHEEaEH
i o] iR Ay ¥E AS 3r fr e 1) A B F B £ P A
Bl B
B3 {6 ) &
always 1§ 4] ¥ ¥
£ T xS YT
oFi xR A S FF sk (] P 0 0K 4 P B
fFENEHEN
EHERTHBH X 3% Fr 6k () 7 OR 0 B 4 B
BB X = A 3 et Al A B B 4R AR R
# 2 B W €E 5 Y 8 F
AR '
T RSER
A%
B EW
R FHr
[ E 8 TR
B F
ERMLENE X A ¥ ¥ DEFPARAM
g 30 XL
wo xR
B¥ & AL
H 3 fir & 5 AERERFEHEF _
fEH 83 W X
specify if f]

A
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WA BER B FES 6P R E A& T4, DOE BN XS TTHER
iREfE T .

module ANDZ (R, B, Z);
input A, B;
output Z;
// 2 = AEE,
andmoduls

module AOIZ21 (A1, AZ, B, Z);
input R1, A2, B;
output Z;
/7%= 1 ((A1EN2) | B),
andnodule

module 01211 (A1, A2, Bl, B2, 2),
input Al, A2, Bl1, B2,
output Z;
//Z= 1 ((R1&A2) | Bi | B2}
andaodule

mocduls ROIZZ (A1, A2, Bl, B2, 2);
inpuat Al, AZ, Bl, B2;
output Z;
//Z =t ((AlEA2) | (BL&B2)),
andmodule

module BN20T2CD (A, ST, STN, PADI, Z, PADO);
input A, ST, STN, PADI,
output Z, PADO,
/7 3[R % wh 3R
// Z = PADI,
// PADI = 0 whan {1 A&&) STN) else
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I 1 whan (A && ST) alge
I 'bz;
andmoduls

mocfule BUF (R, 2);
input A;
cutput Z;
/2= Ny
andnodule

modula FD1P3AX (D, SP, CK, Q, ON);

input D, SP, CK;

output G, OR,

M ERARRE RLFRENBE D MR N
andmoduls

sodula FD1S1A (D, CK, O, QNJ ¢

input D, CK;

output Q, ON;

// MRTEERNES D AMERER
endnodule

module FD1S1R (D, CK, FD, §, QN);
inwt Dj {:E, PDI
mtput Q, QHi

// AR KR T RETRA S D AME RS
andmodula

module FDISID (D, CK, CD, Q, ON);
inpae B, CK, €Dy
cutput Q, QN;

/ REFRE. . BREERENTHNDE D BEERHES
andmodule

module FD1S1E (D, CK, CDN, D, ON);
iﬂp'l.lt D; {:Kg CDH;
output Q. ON;

/7 WAL KR RSN AINE DA MR RS
endmodula



+ 166 » Verllog®” HDL §Z & L #E

module FD1S1F (D, CK, PD, CDN, Q, ON};

input D, CK, PD, CDN;

outpat Q, QN

[ REFEE EHFRERT FHFRIMBEARE D RMEREFER
endmodale

module FD1S2AX (D, CK, Q. QN);
input D, CK;
output Q, ON;
/TR R IA DRME R
endsoduls )

module FD1S2BX (D, CK, PD, Q, ON);
inmt Df CE! PD;
output O, ON;

[/ TRFBE BEVREMBANBE D HMAER
endacdule

wodule FD1S2CX (D, CK, PD, Q, ON)
input D, CK, FD;
output ., OK;
/A TROBRE HETFRERNESG REERENTHRSEDAMER
andnodule

wodule FD132DX (D, CK, CD, Q, QN);
inPut Dll ':-K! CD;
output Q. ON,

/F TRITME K RERTHEREDHUMER
endaodule

module FD1 S25X (D, CK, CDN, Q, ON);
input D, CK, CDN;
output . OK;

[/ TRIFHE L FREREHRES DARE
andmodule

module FD152FX (D, CK, PD, CDN, Q, ON);
input D, CK, PD, CDK;
output O, QN;
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/I TRGME EBEFRENT REFREHELABEDAMER
andmodule

module FDIS2GX (D, CK, PD, CDH, Q, QN) ¢

input D, CK, PN, CDN,

outpot 0, ON;

/A TREMR BB PREFBECABEDRMARR
andsodule

module FD152IX (D, CK, CI}, Q. Q) ;

input D, CK, CD:

output Q, ON;

// TRIEMAE ST FEEETHNEDIME R
anduodule

module FD1S527JX (D, CK, ED, Q, ON);

input D, CK, PD;

output (., ON;

/TR MR RAFREEEAMB L DAME S
widmodule

module FD1S2NX (D, CK, FDN, €D, Q, {N);

input D, CK, PDN, CO;

output @, ON;

O TREREZ RETRENT BERPREFECABS DOBMER
enduodul

module FD1S20X% (Dg m, PD; CD} Q, ml};
iﬂ:l‘lt D|| 'CKp PDj '::D;
ocutput (3, ON;

/O TRERE REVYEHLRT . AL EELHEAOBSESDRME R
endeodule

module FD1S3AX (D, CK, Q, ON):
input D, CK;
output Q, QN
/7 R ESRE D NME S
endwodule
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module FD153BX (D, CK, Q, QW) ;

input D, CK;

output Q, ON;

A/ LA R D TR RS D R R
andeodule

module FD153CX (D, CK, Q, QN);

input D, CK;

output Q. QN;

/O EREME REEREET AT RN AEE D HMER
endmodule

module FD1S3EX (D, CK, CDN, O, Qi)
inwt D, cKll CDH¥
ﬂ'lltp'l.'l.t Q! QNF

JOETHEME BEFREFTMNBESE DRRES
andeodule

module FL1SZAX (DO, D1, CK, 5D, Q, QNH);

input DO, D1, CK, SD;

output O, QN

/7 PRERA NEERARE . CERAHNS R RE R
endeodule

sodule FL1S2EX (DO, D1, CK, SD, CDN, Q, QW)
input DO, D1, CK, 5D, CDN,
output O, ON;

/O TREERE WIEERE . AT RPRT . REE HERMLRE
exxinodule

module FL13S3AX (DO, D1, CK, 5D, O, QN5

input D0, D1, CK, SD;

autput Q, QOK;

O EREME RESANR IR REME RS
andeodyle

module FL1SAICX (DO, D1, CK, SD, Q, QW) ;
input DO, D1, CK, 5D;
output ¢, ON;
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/A EAEME JEAFNTE . RUFRIAF REVF LSRR  XHAMMNE MR H
snximodiule

sodule FL1S3EX (DO, D1, CK, SD, CDN, Q, OK) .

input DO, Di, CK, SD, CDN;

cutput G, ON,

O ERERE BESENE RELRENT . XHFAENEHM RS
andmodule

module FSOSLD (S, R, CD, Q, QN);

input 5, R, CD;

output Q. ON,

/R SHAES HETREAFER . MAERSHTHN RS MBS TS
andmodule

aodule INRB (L, Z);
input 4;
output 2;
/2= By
enduodule

module INRBH (A, 2);

input A;

output Z;

// & =1 &y (55 INRE FHF)
endeodules

sodule ND2 (R, B, 2);
input i, B;
output Z;
//Z =1 (LEB},
andmodul s

soduls ¥D3 (&, B, C, Z)},
input 3, B, C,
output Z;
/f% =1 (ARB&RC),
andmodul e
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module ND4 (A, B, C, I, Z);
input A, B, C, D;
cutput: 2
//2 =1 (AEB&ECED};
andsodule

moduls NR2 (A, B, Z);
input A, B,
output Z;

/2= (A B,

andmotiul e

module FR3 (A, B, C, Z);
input A, B, C;
output Z;
/fz=1@GA|B| O;

andmodule

module NR4 (R, B, C, D, 2);
input A, B, C, D,
output Z;
[Fa=1A B C| D
andmodule

module OAT21 (A1, A2, B, 2);
input A1, 22, B;
output Z;
/2 =1 ((Al ] A2) &B),
andmotula

module OAT22 (A1, A2, Bl, B2, Z);
input A1, A2, B1, B2,
output Z;
/7T =1 (AL | A2)§(B1 | B2));
endmodule

module ORAT4321 (A1, A2, A3, A4, B, B2, B3, €1, C2, D, Z};
input Al, A2, A3, A4, B1, B2, B3, C1, C2, D
cutput 2,
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//2Z=1(QA1 | B2 | &3 | R4)&(BL | B2 | B3):

i E(CLEC2)&D);
andeoduls

sodule OR2 (A, B, 2);
input A, B;
output Z;
//Z =h | By
endmeodules

module OR4 (A, B, C, D, Z};
input A, B, C, D;
output 7;
/fZ2=Rh]| B|C| D
endeodule

module TBUS (D, CK, CEN, Q);
inpl.'lt D, CKr CKH!

gutput Q4
// Q = 'bz whan (| CK&ECKN);
£/ 'b0 when (CK&& | D);

' bl when (| CKNEED) ;
enduodule

module ZHOR2 {A, B, 2);
input A, B;
output Z;
fAZ= | ("B,
andnodule

module XO0RZ (A, B, Z);
input i, R,
output Z;
//Z = A" B
andmoduls

module XOR2Z (A, B, Z, 2Z1);

input 2, B;
output Z, Z1;

//2Z=1A"B;yZl =t (A | BYy

endmoditle
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