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FRGR - BN R LA R ) BRE O SR F 8 AR T AT R
EXMBELTERL BRI RZRKINEMARHEB L. RgBxE8hT ik
*.EETES EHER.

1.1.1 &g

BANTHAVNRERITIETH T EFZZEEH . M _# R LREREIE.
Bl 1L1BR, BREARAER - ML HHBA BIHLIBRBAEFOE 9 K+
AW ABF, AHGHRNRRES EBRYER,

B11.1 “#HECBEERESEAM EBD



madule binaryToESeg;

|
ire eSe ] Pll ng [331 [.)4:. . pl
W1 E 1 E:D—-—- El—l
reg A, I3, C, D; n —
A pe
H—D—l; eSog
— g£h
nand 1 B = H}‘“‘
gl (pl, C, —D), i:—— 13
g2 (p2. A. B). ﬁ:BpT
F',f} {PS? H“"'H‘i "‘"’D).
gd {(pd, A, (1),

g5 {eSeg, pl, p2. p3, pd);

endmaodule

BILL BB TR DB Verilog #R., MRETHE - THBRHOE AT Y,
#5774 binaryToESeg, BRI LA X BT module, ERHEIGHERZ IR
e ) endmodule 18], FERFIE AT MEAX N ER W F R B E2BBEN wire
W&, BETRARNFERNNTEETER, XN ER S BRI TN —I
Eiiie

5 AT RMRE B 6 TS 10 FTRML (instantiate) T 5 24361, G454
—PRANAERER, SETRETPH WS XEBIRA, RSB AND.
OR R XOR,FHEF MM R, XN ENMERBPNS T 8R0E ¢l 8 g5, “#1”
BRENIHE T RUMEANER, B . AN S AR RS THEL S
., FESANS—IRHERNINEE. EFIRBA, NOT #iEE/~") s
EEEFMASERENHE. At — S RNBEEANE 2 RN Verilog R 2 61
—BE REERPREER FESRTRH LK,

REZXANRBIGA A EF W Verilog B HILAE &, BERERE Y S
HrAMBE. ERRRED. MEAFR, — B E TR A NNSE T RE LT —A
R WERXTRRAUE I BREFA SR . BAOIRBENEEMN 50, 50
SR AMESE. BT M5 REERENTEE GEEET, B¢ ENAEFER
HIfr 4R .

B EZHRITRHEEM (net) EER K. AMEBESHH T EARERM P —4
CRF 7 AR 55 /0 — R O 26 2 ), 0 306 M5E900 40 1T 0 B8 ) 45 g 10 35 1 U6 3 % 2 (wire)
JE net [—Fh AR, oAb KB wired-AND HAE ., wired-OR B8 K trircg 8. AH
M) net KRG RIS 4 AP 9 EFHHIEMBUIR

BMNMESMERITUBRRE F AT UM R E A S, EARAP DS RkE
i binaryToESeg #3 . X 4 binaryToESeg Sl 4 A% 1132 0 38 3T T BR

7 TERSGRAT MERERBIER P ) —3 4 IR B8 BB R H RS N E TS &
.« 2 .



S IR (BB AR REH AT ISR E 8 . R Faisat, 220
HE&TFHREHED M FEERE A EHAWER TR, BHARBIE HHE
B R,
BRE MEENABCDHENTFREMATAN., EF BN EMN YRS
B binary ToESeg B8 A ¥, M eSeg BN HRE—-Tadw,. BRENSE kG AR
e, HEAERINNESFILEFESREL HLENLSET —HHERP ZEER.
A&, AL 421, net ME 1. 2. 3,

1.1.2 ##3 binaryToESeg 3E 5 /&

1.2 25877 -8B %N binaryToESeg # F ¥, # /F binaryFoESegSim, 3
ABAEE R NAND R BIREBMEFE R, L B S BT iEs, REBER
BT AT AT RERT S A & . (HAS B KX 2o Al S R R SR AL A KR,

gl 1.2 M-FEER#H binaryToESeg 3K i i

module binaryToESegStim;

wirg ebeg. pl, p2, pd. pds
Teg Am E}r {.:p I:}.i
nand #j

gl {pl, C. ~T,

22 {p2, A, B},

gd (p3, ~B, ~D7,

gd (pd, A, ().

g5 (edeg, pl, p2, p3. pd);

initial # two slashes introduce a single line comment
begin
% monitor { $ time. ,,
‘A=%bB=%bC = %bD = %b, cSeg = %I,
A. B, C, D, eSeg);
4 wavelorm for simulating the binaryToESeg driver
‘ﬁ’-lﬂﬁxﬂﬂ;ﬂ‘—"ﬂ;ﬂ:ﬁ;DZ 0;
100D = [
#10C = 1, D = 0,
#10 % finish;
end

endmodule



WFEHEVEMBRRE—T8F,. BHhir® L2 98 inttal da QU A RINERBEES
FUA always B, 3 MRS A2 28 040 O ol B L 0 (B AL 18 P Foath 19 13 T A5 B W i A
. A SN OERUTECREFHBAL FEEHAEEASEXE- - HENEBERY
KA BR, XERKALTEH-EERESHHEFOEMARS, BEHRA
& A WA T PRATEE I AT (AT 3G AT, B M S 1F b B i M HE R AN — DA L A @l
EH AT — T EHRIENE,L IFHRITX A S R E T A R e AT 8] ] 8 7 4 884 i 9T BE A
PRSP BRE R — BT BB A B SRR S o A A Pl O A T B g R

B 1.2 2540 1, 1 RE e S WA BN inital B, B3 58 38 5 7 initial i 4]
PEATEMA FIER AL . S8 iAl begin A end FF — Mo 88 AN E AT R K . T 1R 51 8 k5 47 49
— . RORMEESRERNE 1.1 .

0A =B~ xC=x1)= x,e8g = x

IZA=0B= 060 =0D= D,eSg = 1
A=0B 00 =00 = l.cBeg = 1
2ZZA=0R=0C=0D= 1,eSg = 0
WA=0B=0C=1D= 0,e8g == ¢
2A=0B--0C0C = 1 D=0.5g=1

M1 f L2 iR

initial PHFE—PNERR—MERGS YIEM M EE TR ERGRIFA —9
{8, SSATENmHEIC S time #5R 3T ED M AT HL E]) o 4R J5 #T B0 51k 88 (quoted string), B3 AL B,
C.DHEAE NbD AR ZHED L P AITEHRE, & $ cme FIBIHF & 2 w27 JL A 6 I
K38 &, TR~ DMIESRIE S time MS1F 34 35 KT W IGE S 2058 — /I
MRzl HR MR G2 af, WS S AT IR R M. SR E S — A
ERHESBHTOHEGEE,. B OF $ time AR AITED . M@ L 1T, BT
B X ERERD, FTHRE—MEENE . MREAET G R T AR 1
FELETHE. FH

F10A-=0;B=0:C=0,; D=0,

HERFFR A B.C.D MW LHTR F RS 104 9ot E 0, A Rt iTes B e
FARRE 40 45 51 B BRATHEARS L0 SR U B (], DL B AR 2 B 7 24 1T CO ) {1 98 5 3 4t B
i Fe B Pl M HEF K EFRPOT DB IR S WHEEA . EE R 10 6,
wR MM EHENM T EREE BT T - NMEA. SIS RERT 4 =10 0ot
WATF—17. BB RIRIE AR, S/ T — A BBt .

{BRTE S FTES ] (3 ) 10D, 45 (A B.C.D KD B, B A\ BEIRT S
o 4 e



BRAMEM N T R L. SR T AT e R A e E T AT . B T A
PIIRETEERE N L ENRE B EEARRGENZ TDEHR—TRAEE. Kk,
FRAEL 8 8 B X e ok B — A S B ]

WA NRERTERE F—HTRRBIER, T—¥E IrEaf % 20.D
WmER 1, MRREHEREF HENZ 20 #8E. SRS ENAERT 148 . A0E
45NNl Bl ghHEHZ I FEXEFENBEE. FEEMNYEAEEABRENS
eI g5.

AEENE. T g Bl gd TER—W 20 FH S AN L E. 75 R 808 1w 7 e 2
NAAEHEEME. R ARBNEEH L~ TEFHBHFELEIEN—RITTE
BEM - EH.

TEZ pl,p2,p3,pd FEHEX 4 MHANERE] a5 BERZ 12 MF 8T,
HTHESARZQDRAEMESF. F— P FHEET -2t % 12 A B4 EPE
oK. FERTZ] 12, eSeg ) A 25| R EMIMTHRE BN ERIEEDHM] |-,

BRGSEAT  HRWMBENRIT TEREB S R, FESBHNE, /T3 20,
D#RERNL. XERTRUBMEZES9)E cSeg Wik, AR 30.D HiTE X 0,0
BWER 1, eSeg W HBBEBF 2 MBI, 2% 40, $ finish command #5 || 48
.,

B L1 rBnf sl AR THAST M REAaN A AT W 3 4,
KED OB M xCRAD . 8 4 ME z BRSNS AT R B . 3 & B I 58
net M register HEFHE x,

BERMNEBELTRAT ABCD M AEE X IFHRE. HTEBYEH"S
ENWANR EREUBBARMIFE-F AR RENRESGAMENNE, B IES R
BRI — B AT RE A3 B 2 B AR —— 77 28 WL 3k B ke LR 455 A R A9 1.

BITEZEED Verilog BEFHAHTRMH T ENRELRD . SMMFER, 2T
MTAR S HERDELRN L WRIEN(RBITEEEHES DY always 54D ARG
AR,

s JE - FAT IRV o R B AL B Ry BB O I ] SR S R B . Veerilog R BB W0 F B
ARFFRE BR8] SEB T H K. MRS timescale FIR B4 FUG B0 E (NS L AD F 2 F)
REHR E. &0 H A 88 82 X bR s at (/] .

RA: TR 4,2.2; BiFRFHES4.7.3

BE:. LMEA 1 PoHHMPaH

1.1.3 A#ERBIIWO

AT 89 B8 binary ToESeg BEB A A G B R i ——— P #1244 B IR B0 1% 10, 22
v 5 e



HEBRERPERERN. £ BE X ERAES, HEEEARE,
Bl 1.3 #HEE3mEswD

module binaryToESeg (eSeg, A, B, C, 1);
output ehep;
input A, B, C, Dy

eleg 4 —

N

nand 1
gl {pl. C, ~D),
g2 (p2, A, B),
23 (p3. —~B, —~I,
g4 (pd, A, O,
g5 (eSeg. pl, p2, p3., pd);

endmodule

P—ORBEREEG, EREO BREES N, BH N 075 8 08 %
inputs,outputs BA W F A inouts, FEMHMOIA—EEHMES - EE AN S
FMTREXHER. £ AT 1R Seg Ao, B =7 . BB 1 MEARD
AN AB.C.D. 56 L2 HHE ABCDHRERBEERABOMITIHNES,
binaryToESeg BIRMI BB BN ARMENFA. EEBEE FIRERABNE O LR,
I ARENTE 4,

BB DLBUR S MRS R A SCoh 0 O 3 1 M R B PO T 4 A0 4128 R F
BUYRBKR HE-THEMN 4 MEA, BRAEMBESEEER pD AT ER MO M
SR AR AMERR AN — EROATERTURAREESHE. B, =
R-BEEXERR—TREF . TUEEROARHEENEHS, BEEGFS KR
B A H T B ARE B IS SR 45 . B LA RRATT AT LASS 32 3mSR 8 e ppr

B RITEERM 1.3 PRF R eSeg,pl,p2,p3.pt RIEL (FERIEHM 1. 2 &, R
MMEIEEEHENREIER . BFIREEFEN, ERIAEET . SN EBH KA
AR A EE LR,

1.1.4 HERBIMNEES

EBP~BBMEHTHEY Verilog BE B HUHNRAITEE. BR,.ESH Verilog
AR BN R AME G W TR AR, XRBERRF IR TS, OEGH
B AR GERE T — WA AR W A RS A A I T 1 RS P SR A U R
ih. T Verilog 4, 2 LT R TTEEL H testBench KA. EXTERATEERH S

BB, — P RARTHRE, B~ RR R RS MU S, Wl 1. 2 iz,
« § .




wetBeneh

W AR

nmae | BitHER

B2 MeERpRs

X PR JT B R MR R H R R BT AN T K T k.. FFRITHMARNE
BRARFATUGAM R U R#TEUMER: R iR XA HME CAD T H¥%
. FERMERNAWEDARGESRNHWREERN. /4 FERRSEATEH 8L
WA, MRERITHBREASFHAETNIT N K2 EEESHTEMBRX MT A
— RE-THEEFEHERAGE. # 1.2 6 binaryToESegSim # #t B R #2 — 14§
BRI fAR (S ENTHROFRRTIWREDEEF—ENSR . F 14 E7REEH
WX ERNFEEFE LML,

B testBench # /R [ WM B B, % i1 8 3 binaryToESeg #1832 8 tewt
hToEScg, TEFIREHRE, M A FTAE 5 TR H TEZK. 5 4 775080 B #R B
B binaryToESeg. 28 A d, B S5 THEH t BR test. bToESeg, BERGH 4 TikE
(ER—T__#AHCtRFEEMUAEEHERORTERBHEEN. NI ERENRE
BT B 4 D R WA . MR & 77 Mo B 15 AN IF O 0 25 18 0l L TEL5)
THERREZEGEEXHFNET TR, XA EERGEZRNE L3RR,

testBench
iest_bToESeg binary ToESep
wl
eSeg edcy

wi

M -— A
wi

B - 1
Wi

C ~— (:
Wi

D = D

L3 BWitERARSREN Y&

AR EBERE BN O MR EFEREES, ¥ a® 2 fFReiEs
wlZ2 wo BE T HiE. BITATLEBBIR test_ bToESeg B HIHHFR A BB MG
—A-8 b, TEBBK testBench T, XA O E ERE w2 b, i B R binary ToESeg
P8O A k. fEHER binaryToESeg M UED| [ | g2 Mgt b, HELHER AR

L ? L]



RZ M1 g4 N4 A . B testBench B 5 HLH) 1. 2 F binary ToESegSim # 3 £ 7 4 #
R R,
B1.4 FRHAMKSGHLHTHE

nodule testBench;

wire wl, w2, w3, wd, wi;

binaryToESeg d (wl, w2, w3, wd, w5);

test bToFSeg t (wl, w2, w3, wd, wh);
endmodule

module hinaryToESeg (eSeg, A, B, C, D};

input A, B, C, D;
output eSeg
nand #1

gl ¢pl, Cy ~12),

g2 (p2. A, B),

g3 (p3, ~B, ~D,

gd (pt. A, C),

g5 {eSeg, pl,. p2, p3, pd);

endmodule

module test_ bToESeg (eSeg, A, B, C, N,

input eleg;

output A, B, C, )

reg A, B, C, I);

Initial # two slashes introduce a single line comment
begin

$ monitor ( $ time. ,
‘A= Y%bB= %bC = %bD = %b, eSeg = %h",
Ay By Cy D, eSeg);

# waveform for simulating the nand flip flop

HICA=0;B=0;C=0; D=0,

10D = 1;

#10C =1; b = 0;

#10 % finish;



end

endmodule

LA 3 test_ bToESeg F, 8 AL B,C,D A%, LAXHIRNA, RERER K
BT ESEAE ., TEPIR A always PR RMA L TIREFER.

PRHLIF S IA R ER test_ bToESeg 1 M F /7258 A FI8LE binary ToESeg I3 AKX
MARMEFY,.FEEZKMAR. RAFHF Verilog b, B EBFECHCKRAKERS
FEXTRAIFHGTERNETHEENERARETDS . H. W1 ARFEIREE
Z REEEGP,EL w2 B EERE - RETIERSE LHEA.

&, 8546, 54T 2.6

W LHFA 2 PHEFRM

1.2 HAEHEEHTTAER

A Verillog AERRELCS LEEPREEWNREARE N L—H#BRE (&
Bk REE. SEFETH EREAERGERESEOVERE,

—TEERNTARMEREITRREFTHAOHR. RRNGEERENSTREA
R BEARERAHZETRRE DHMBRERREFAIKIK.

TR AERITEROOBRAR. AR08 AR B XL EEEHXA R
HHBMATNUE TERESHHERE. TAHEEREIH. A . RAIREEL XL
R T HERARE, AREHFEMUEREBH IR AN FR EWwtE. R P8
BERETHEEREN B ETRGHZE KRR B8R B R fs MR
REEAAN. RAXFMIE BT ARTTLE L Ar#E D75 & i3 (R ag
BEHREMHMBT--RESRB TEFAETRAT A, KRETLUEX M AERE
HEE AT EMAH LB RIEL,

ITREBURLTHBEE SN IORATHEAE . EWHATS w0k 27 DR, ]
MAIUEREMBEXBEURENTR. W TRKBRE RINTUHARELHOE L,
FLEREMUE-ITHNTCRAANRABESHERER. ERENMEER. RN
AR B TR ERAT A, RAE T RENFETFRECR N skar e &+,
EEROBE . BMNTLIBAZE(TRMERNT I, EEHERLT, RATEHHEH
Verilog if 5 AT A BBEHRRAERPIET A B AR RAEHEAR.

1.2.1 dTEEB

FlI.SAFTHEZEEENT A . ERONEERESEEDEERM. N
BARM MR, XENSAD always iB0) BT 0 BENBEM. always EREAR FE—14
s g



“while (TRUE) B4 & — A B8 WA BER . R BB A HITRE
B — MRS BRE A ="RANTEFENE HRTERNRGREA. EE. &
always {848) P, i & A ="0WRERBTRM AFHERNLE. o S wmiEE
A R

1 1.5 binaryToESeg o B

module binaryToESeg_ Behavioral(eSeg, A.B,C,[0};

output edeg;
i'l'l.]']th AyB!C;D;
reg eeg ;
always @ (A or B or C or [} begin AR
elepg=1; CD oo 01 31 10
if (~A&D) po] 1| D111
ESC‘!E:'D; 1 ] [ 1 0
eSeg=0; wlh v ] 1]
if {~B&~C&D)
eSeg=10;
end
endmodule

EXARMAEZH#EHCRERESENGRERN., MO HWSsTEER. Wi
BT — T cSeg. XRBINEE always BRI HHITRENTES T HB/ER 4
FHRENEL. X aways IR HBHEN @"ERFE. 184,

@(A or BorCor D) begin... end

TR L A5 7 B 23X A always SRS BAIT  HBI R P — 1T B LB EETH, KL, 8
i AL,B,CHMDHZTHE. HEM—T(REM) LT EEE T, I 48T
T—RIBA— X BB MEF L begin. .. end B P,
HEE-TRAHBEERTH, REAB AR RRHEESTHEINIT. X#F
ST SEAER TR (Se) RIMFIBRER ATEAEN. BXEENS FEEK
B,AUENSHEREAN L, NERREN - FEHARAR L, B2HBEE R0, X
begin ... end REEHI ,always REFH K, FF AB,CR D #3fb. ot 813854
eSeg B R EL RS FZHEN RO EHME TS,
RTAfTEREMFEREE. - EERNT IR SiiERAER BT R
AHEIREOTREH - TEBET RN,
v 10



B cSeg HMARA A FEFRITHRSEREREARETHEBE. HE, 4T
MR EBEH WO ERB-TFTXTRRETH, 2HEREBUE R . FH—TBA L
AEMEL. MRS HREREHAEN I ESDEL . XEHE B RASFE.
MRS EBRE. BA . XREHSBHMITH.,

¥, always 2.1; if 2.2

1.2.2 #5ASHBRN

SZELRUTUERERNTAMBNFEE ST U s BN IIREw. Bk, &
L AME RS TAAMUMPER 1.3 PRER R o R Ty,

HAREMITABAFIREATHEGHBNESG. ITHHSATH. UH+45
FHBE LR, XENRBRSLRECHSHBIEN, FEAMNABARE 5.
ERBEZESNEERA S B,

c REFTHGRENFAFRARERESELHFHRNEBRE I oS TR EZ
WEOW MEREPH - M EARET  F2EFH RS S,

EMERRETHASCEBYEL. HAHBYRLEYNS AN — 1T BELUE
— M RARET UM SEHRTE.

* BEREAUIT begin. . . end WHARA MBS B (B B eSeg) B — 4 B (H.
R, ERITEA begin. .. end BHRFHLESBBME K, &4 1.5 0,87
(eSeg=1;)3} eSeg M- MHE . HERER,

FEBEXAERK BT MBHAT begin. . . end 78 T i A X 8 1 08 45 3 Bh
EHHAET BB EDELATRME. B, 5% Ry M5 5% A R LY 8 0 R &4
HF. TRNFHEBOERARE. XWMBNSAESEHE RSN R N0 FEN:,
ERTEaEEN XBRRERM,

BRI TR  A BY TR W B o] R TR T B 58 02 4 ol K AT S

£, 546

ME. LMREAZPHRENE

1.3 Bphud el iy i b i

ARG THRERREN. B 14 BRT —MAE ZHRA GHLE R
SHBE, EA-MAR—-MEN, AFTEHRY QM Q0 MMk BRI X ERASG
WG, HURENHRBEWMESIN 0, BhBBH THEAD MR RAERH—
FRRHLT .

B L5 BN - EENARREN., ZETEFEERBLARETER. BI0%

« I1 -



HEISBH LIRS, EMNMNHBARFTFRIHAETLIEHEMRN T —MRE. T—
TRERYARSEHBANEAERE. DHEYNIRSAERLRETRIRANES
BE . X T ERENEMEIE Verllog iR+, T—TREMHEHNESRBEETH
PRRARE TR always Seop, MR — TR AN, REFTFHESERELES
H B always 3 FHRIE AR 200 ,

out

Q1 Q0 output

BAl4 REELRE

X1 ————-] - Z1

HEeE28

clock — — o] HHTR & =
reset - iR

B LS FRARSHLIRAER R

1.3.1 BUYARRSVNEY

B L4 RS fTAMRERN 1.6 P, RITEBEAEH out. BARE Y in, 31 0
AR HFEGRMERO. P YRTIRE R B W currentState, F X

reg [1:0] currentState, nexiState;

5 currentState M nextState B ik, HFIESCL IDMERBEY T B4 S5 2N
NEREE. BT HFRBEA S - M RFREBEA. o W HBHEHER. &A
nextState AT T — RGN HERMEH S always RPBRE. 2HIBIELSE
HR H 7 2 nextState # currentState B 4+ 4 T R 5 9 I (vector) . DU oul) F1—
{37 9 25 ) 4 1A 0 R #7 IR BY (scalar)

#l1.6 TFIESMHEBRSES
a 12 »



module (smfoul.in.clock, reset) ;

output outs
input mn.clock. reset;
reg ot ;

reg [ 1:0]  currentState,nextState;

always @ {in or currentState} hegin 4 the combinational portinn
out==~currentState{ 17} & currentState[0];
nextState—G;
U (currentState==1{})
if {in) nextSrate=1;
if (currentState==1)
if {in} nextState=3;
if {currentState-==3) begin
if {in} nextState= 3,

else nextState=1;

end
end
always @ (posedge clock or negedge reset) hegin 4 the sequential portion
if (~reset)
currentState<=0;
else
currentState<=nextState;
end
endmodule

Halways R R BT - P RAZENH ST Y. HEEERY in §
currentState b B — 4~ L , BEIHFT begin ... end B4, begin... cnd hHE B
AHLE TS H I nextState # out (Y FE. out 35 A

out = ~currentState{ 1] & currentState{ 07;

E &R currentState B % — {7 89 #F 58 (“~”) [ currentState MEBNES, £

-

“currentState{ 1]”FR 9 [4] B 9 — L HE (bit-select) - — B A B (LA - Y EEBE 6
Al. NextState ZEREG K if AP IR, B BE=FER.

If (currentState ==23) hegin

f {in} nextState = 3,



clse nextState — 1;

l.‘l'ld

EEHIMKE currentState FF (I =4 =3P 118 TREEHRE 1.4 ET
L AR E) VH 4 nextState FIZEEEBHET n 8E., WE in 35 True, ] nextState % 3( {f
TR TSR 11, BN nextState g "7 TR 01, HARAY always B MHE HARR
S nextState BRI HATIHEB.

H-Palways RE T — 1T HAEBR . EFHRE L2 2T PAHMHaMMERE
HH., B, XM HEREHAEH A in M currentState, X 0] L# it always B B {E &
AFFHREANAGAEHBTRE. BAHMGEHITELIE FAX®—FREHA.
ENHERM, Lor FAMBHER—-FEE in M currentState, HW.HAH L out Fi
nextState —EBRHAFFRHE always PG —KMITPHBIRME. ©EI1E always
RPFRIT R TRERE. AR REWET.

B always REEARREN WU FRS . RICBEDAE | RE =A%
initial W AVFD always iIBA . X4 always iG] AJEFBBRE“<="—— —FE#HE N
FRMERREEY — EAERE AT HE (B posedge 8 negedge) i initial 3 ) 1
always i EH, BIEFIA L, RIAA="R"<="RHRK; UERITHEHEBRK .

always BB BEFW I FEIE - HAE N . HER— P08 EFFH.
RAR— P reset HTHEH. - TMEFHLABEERTNOT N 1, FEITHEM1 Y
O, BEFP—ITBAHERAEPFLHHMB TN, RKAT begin ... end B, Bi7 reset L HH—-
T TR, X begin... end IFIEIATET, resct ¥ 2% 0, H I currentState Ry
R0, RE reset /1 0, B clock BB FF ¥, currentState MERBRER R0, X8
— T REECFESHHE, LR THMER s,

BIEH 1B reset 7 1 - H clock b {3 LA AIE I begin ... end FEF B IFT, B
BB AT else F4) . B{HE

currentState<= nextState;

# nextState #{H% 8 currentState, X EIEAEY T — N iz S0E 28 00 VS ik B 8075 %
B, BT RE DAMERYAR.
HE.BIMTUERE I ETRRENEDR NG TN, BRBILFRE O
(currentState 2 0) ,reset 3 1{HGR ) >clock R 0,in F 1, BETREHE.BLHI AL
R out B O.nextState £ 1, % clock B9 F FHE WA, 84 always B 8iTH B
1 nextState BW{EBLE currentState, % clock I F — 4+ FHE 5% recet KF—PTFRE
e HMT cutrentState HIZE R 1, —4 alway ¥ 5735 B8 out 7 nextState % &

{Ho out #2620 1, MR in 3% 1, nextState HA X 3, WR in BH 0,58 - always
« j4



W — AT . B HE out Al nextState, T A BT L X s nextState AR 0, out W
K0,
A%, @3.2; if 2. 2; bit-select E.1,2,2

1.3.2 ZEHFRERAN

BT 1.2.2 ¥Ry ERESBBAMNM AFRTREEHAN. 6 1.6 FROFIF
ARE A always B, XN E.

+ always B RN SEN G B MME .

HEXEGATLEE-—TREXT, i, ORRNEAER - DMAEES.D
ER—P AR EMES DRSS, AU DWAABERBESEENA,

« TF always RN EHMEENABERS. MBERNE-TEMNTRE. B2
EEM MY EY(~reset)...”, WMBEFHVEECN LA, W i i85 %2 il
(reset)...”,

« 1F begin. . _end R B AN EM M RE . BREM clse W EEHEE B E HE
aLHERERT —MRE.

» WU always P FEATRE LM FAIERACESERERARTRMEFR
T, AN HBATEER AN FEZENE—1 always Bt iR G &FH]. KIS
BT EHAERAEL BEREZRANGRBEERNSELHEHFATESF XHEM-— R
FIRH 1.7,

« YHER TR A BT A AT A EEEREC <= BN NNRERER.
CETRANMEESBRETHNAE LUHANBIRENEEREF A S, RER
ARAR="HRABLERAKES A B ERbERD. RYEHMNESARERE
BT LIE A <=,

REXERNEREIITFREBEEN picky)”,BXM THESTRABES HBE SR
B EMER, AMESHERNMEREN . XREBOHER.

BE.GE—T fsm#EHR, Z] clock # reset WERHWM FEL2TEBHEREINNS
X WANERPPEHIRZHRENTHN  ENMEREMPITLUETIEGE. 48 H

16 P AHNEEER . SEATLATHUERHEE MM ER. HFHEEBELEET
BB D.clock #Hl reset 8 A L.

M ERE AR EREENFR L FUBENHHRRREN —F BB BN, Wik
fsm FHRKABEAERERE. SAESHABLAN FERFZMTFHEFES
BESANPFIARNRED. SEROREC=")BL, FHEESLENRAEREN S

« 15 -



hEELEIHTE RRLEHBEREES). BxAEIFAERESEIF 28R
fElm B4 - ANKRECTREBRY R IR, £k L ERMERETELSD RTTMMA SR
AWM FEIRE R RS A RS T XTI,

EEB L6 fam BRI —FrFR A IE B L7 Bras. tbid Verilog JLT-B &
A L DR E R EHEITHERMN. R YTR A M RSB SR
gr oS0 H SLIFHKNTEB 4 always o— HFERDPEET T - REEFR, Bl
[sto T Fsm NS Lo 5% A ) # [A] i Bif 4 |

HEES - always R B EREHIT TER. BEEHREE: -4 clock B F F 8§
resct i — A FREIR L R reser TR - REEE AR 4 oS0 M ST BEIEE R 0. mEA
W - EAB MEERN ="l A R R AR ST, M
HEEQO&In"(Q0 M in B 5 F“QLin™(QL 1 in &R, BRETIGFLE B WL S1
S0,

£ B AR W Y A BT R PSR

el == in e oB0:
el <= nl eSS

SERIBECHIE %00 BR300 202 1 K R B H A L 3 HL eSO eS1 op 8 Al
A B 2 . RS MRBIE IR R B, BT AR S| FE A
R AT NS0 oS BE A A eSO AT oS R B 0 o G AR ey eSO Fn
cS1 I Bh LI H B2 I (. R A AT DB B IR BLZ B S0 T ST 04 A ) £
R 91T BT S 1,

e UL R

module fsmNB (out. in. clock. reset),

aukbpgt DUl

input iy clock. reset;

reg out, c&1, 80;

always (@ (eS1 or c80) # the combinational portion

out = ~¢81 & S0;

always (@ (posedge clock or negedge reset) begin # the sequential portion
if (~resel) begin
eSl <= 0,
e300 <<= Oy
end

l]ﬁi



else begin
eSl <= in & cR0;
el <= in | cSl;
cnd
end

cndmodule

XPRFIREREHERELERIIE. 4 - TRBHRITH. FEFFAPERE
HRE always B EFMEE S HHER DI . 38502 BE 2h 88 3 OB ¥ 8 T B i oY
HAFRAAREEDTFHFREFIARBITELRG. B, FALHELOH S BT
HRIHH S0, ER“<=" 53 0 & AR AR SR o L2 5T s IR A

B AME AL FHHESIM

1.4 BRIBHER

RERY - TEROBTAA.AEFES P AREGEHE MR L6 Hx. AW#EiER
B—-TMREURENZEBEE. 268 —1 board BB M. TAHE — 1 clock #k
(md55) , = 4 A EAF(mIE) K 1. 2 Fih ) binaryToESeg.

boatd

display driver

ml1§ m55hH

1.6 Tr¥Es

1.4.1 %3/

RATH WA 1.8 PR M H BB X, HEEH 2B — ) R
SR 4 QTSI cor. FAFHARFAE cu FEMHR BSR4 B,
HBRR A always BB HRE, BERSHMS LA, % FIFHE S5,

ctr it 1, MRFEHFT TR AN, FHUTRBRECEEFSNAE L. B
FHT EHERABERC<=",

18 MBS

.« 17 »



module m16 (ctr, clock);
output [ 3,07 ctry
reg [3 :'D] ctr;

input clocl;

always {@{posedge clock)
etr <<= ctr + 1;

endrmoduale

1.4.2 BRZRS

HEEEE 48k EaiT. 1.9 ST X — 1 FMFE m555 B°555" 5 af 38
R TREBHER T ENERE.
1.9 iTEARAERE

module m355 {clock);

output  clock;

1 ~re—
reg clock; . r
initial
#5 clock = 1;
0
1 1
always 50 100
# 50 clock = ~ clock;
endmodule

m555 WRE — T B F AR (clock) , B RN B . EEBIFHR . HBER
MBI RS KEREHR. clock 78 5 A MR ML SR WIEIL N 1. m555 5 —
T always B AIRFATIT ABRE K always BERTBEH clock 7E 50 4~ 3 QLR A J5 B HLHb {8
B T— always 58] & | L& — 1 “while (FRUE)”f§3, 8 — 4 50 B uHaE 1 5,
75— 50 A~ B fr B (] P9 3 1 04T always B0 3 SO E B8 B, X BB (R 35 100,
T clock &if 50 - B4y B (M) 8 3078 T A SME , E R ATE S 4 B8 39 100 4~ 28 fr A
BB

RATA LA R hmt B AR M E A, HRR RSP T EBRAES(H)
RSN, FENMTRNRERNSTAYN, DRERFES

‘timescale 1as/100ps

AREE XA WHER R B 2ARER P HEERREF RSN MERE LS R
v 18 -



{37 o 4 0] 15} (R 69 11 B AE N BES XT BR 43T 100ps TR E AL
£, w4 4.7.3

1.4.3 BEIHBEBEESHE—E

HERMNELZ L EERGEHERIVEABYE, A TEHMNERCINEE&E R
SERE L6 Frmmitit. #1110 @3 LA — B (BR4E board) K H) 1. 3.4 1. 8 #0
Ml Lo PR E L ESE R, TR board PR X BB FHTNESEE —&, WS
1.7 FhoR.

Bl1.10 HHEFEHTEELH

module hoard;

wirTe (3.:0] count;

wire clock, eSeg;

mlé counter (ecount., clock);

mahh clockGen {clock);

binaryTokSeg disp (eSegycount[ 3 ].count[ 2 |,count] 1 7 count 0]} ;
initial

$ monitor ( § time, ., count = % d. eSeg=%d", count, eSeg);

endmodule

boeard

display driver | cSeg

|

count

mlé ~ clock  JmB555

B 17 A O H R B

£ board MR E X PH A EW BN ENEE SHRT BEGNLIEYEER L%,
HEFBEIRBASH RO ctr f clock,

module m16{ctr, clock};

ctr@—A4 4 M. clock B~ 1WA, # .10 FHEBERE S S
+« 10 o



binary ToESeg SR HE B E . ZHBRHEEXAF ST 1L UMKD.

maodule binaryToESegl{eSeg. A B,(,D};

£F board i, BITE X — TP LM count ¥ mlé b, Y8114 & %
binaryToESeg F i}, IR EaNEEB - HAB D). BI{IHZELRX LA count WiE
& (bit-selec M T T I B EEREFENM MEAGEGAT BN FE
AELRNTEE ., Hit,7EH8B board # binaryToESeg )% 3% i%,

binaryToESeg disp (eSeg, count[3], count{2], countf17, count[071},

X¥ count 3R A, count] 2]##| B, count[ 1]#&H C, count] 073% F D,
TEA—FhEBRFE, H 111 BimR, 35 ml6 Bl BN, RO UAHN R
BCRGHENEA—E. XB, BRITFLIEE w3, w2, wi, wO, FBENEH
binaryToESeg Mt H ALB,C,D k. BBk mi6 WRHF—- A NEHBERBNTH cr
Wi, FEREF GV RIFBIIMEENE—RER T EHE., XE w3, w2,
wl, wO G OFBYE—E .Y ml6 FERMME R — ¢ 3k,
1,11 THESHRM—FHE

nodule boardWithConcatenation;

Wire clock, eSeg, w3, w2. wl, wi;

mib counter ({w3, w2, wl, w0}, clock);
mbh5 clockGen (clack);

hinaryToESeg disp (eSeg, w3, w2, wl, wi);
initial

$ monitor ($ time, ,,"count=%d, eSeg=%d", (w3, w2, wl, w0}, cScg);

cndmeodule

AEARE L 3. 18 Lo Bl 110 SRR R A B LU B — ]
RUNTEHE. REIFBRATLERGABRRSEE! Bh cr BEHIGEE,
ERRAE (0, HEE clock EAEHM I B M F— P F08. 01 WERRREF
AR, HEXEHEREE T, cr FEWHRL., HiET

initial ctr=1;

BAFIBER m16 PHLMPREE, WX ESE— BT G ctr OG0 E
il 802 -~ B A7 b0 ] BEHEL B A D 1. 8 B

R ER O, RETHA MEFRXDA, REHEHEWBERA always iz
.« 20



T ElTEMEEME R 1RE4T. mS55 TFREFAFHE 2 MIERE 45 R4 50, mls 4
ft) always FF i 0 S &F clock 89 EF#. binaryToESeg HHITETFFUTFEMKBA .
board 1 m16 P HMEPBIF AL LLEFT . B LUED mle HFAWTH ar itE R 1,
215 . board B PIEEIE AIE T 4T § monitor statement HFITH BB S —F(WE cir
MR ALIR AT P monitor statement, JE 2 count FTEP x) .

BE ctr(count) TEHT R 0 TEH 1,2 N HAIIHEE eSeg M HEMA N 0(E B R ctr
168f,eSeg 0, ZRH| S,clock A x ¥ 1, & Verilog B, X BEI— T LAE. BH
ctr{count)ZE 2y 2, 2 MRS, R %] 7,eSeg AR |, HERR ctr X9 2 8 eSeg
A1, fERA S0, clock R o, HARMOMBPIREBREE, HABMNRELR
clock 89384k . FERT 2] 100, clock 383 1,837 — 14 clock BRI cor(count)hn 1. ctr
A% 3 3 H eSeg £ 2 NS HA O . MBS, M 1. 8 FiR.

0 count=1,eSeg=x

2 count=1,eSeg=0

5 count=2,eSeg="0

7 count=2,eSeg=1
100 count=23,eSeg=1
102 count= 3%, eSeg=0
200 count=4,eSeg=10
300 count=>5, eSeg=0
400 count="6.,eSeg=10
402 eount=6,eSepg=1
300 count=7,eSeg=1
502 count=7,eSeg=10
600 count=28,eSeg=10
B02 count==8,eSeg=1
700 count=9,eSeg=1
702 count=9,eSeg=10
800 count=10,eSeg=0
802 count=10,eS5eg=1

L8 il 1.3.64 1.8, 1.9 83 1. 10 gyBE Pk

BIERBWMB BN THEEA 1.8 RBLEN . HEESONKERLEY, ik
L. BRESER T Wk,
& PEHH T 4,2, 45 always 2. 1; $display F. 1

v 21 .



1.4.4 BITAHBRRANEHERERT—E

MEESPEL N RAPELNESRERE—E. KPSl i L BXRAN
WHEHTKEEN, —BEREFH ERERE always MR B UK. IRBEFDEEBXH—
AHE-BHERIFRITE—MEMA B R CIEMAER 87 RN —HHER, T
EERNHMMIEYEARFANEXRGTIEED L. ERITLERNTS, REPKE
SGRBIUTFTREL A Bo@maib b SHER, MEBEANENEESHITHRMY
Bt Fr S R ThEB R IR e A B M . B, Verilog H B FRE MR ITE#,
AFRITAITHRDERNR AT

Bl 1. 10 REEFREBRBEST I THENERTHREFEERE BN, £F
wie L6 1.3 RS HEEIR binaryToESeg 54 1. 8 MAT B ml6 #HEAE—R. ml6 H
BIAGAE ctr FIER— DM, ot M{EfT L M He o O BEFT 548 BB E RN A
. A .RINFIATABUSHENTFAH TS TE TR AR, B0 F 08
AT EX M.

RATHH L 12 FRARMRABEERGINGEH ST -2, S8, B—THEARITERS
HFHTHERETATE. TREH AR r BEER. (IO E U BEHHE TN
Wi, BNEIMOBAEEE co L. B, — always BB " - & always B
{6 B 25 A7 2% BE —— 0T LLRIFET ) R BRI B A .

[ (TR B ITRIHE AT BAYESR always HRBS“SG A", 06 1. 13 Bk, XEBIBIE
RS W binary ToESeg B % B ™ 4 mixedUpESegDriver. Bk & . 5 H it NAND
1898 NAND ZE—- B B &K NAND [TZER N LR R —1 always R HR K,
XA always BRSFH¥ ply p2, p3 B pd ENMER— 1Bk, YH — PRI, T 8T
A E R NAND HB CFRE TG eSeg P X MERBMMESRE. Fik,. 1
FEITUH T T DABR ST B MR AR TR AR AR,

Bl 112 EWhHEHMMITR

module counterToESeg (eSeg, clock);
output edeg;
TEeE £3.:0] ctr;

input clock;

iritial

ctr = 0O;

always (@ {posedge clock)
v 22 »



cir <<= cir 4+ 1:

nand # 1
gl (pl, ctr[1]. ~cte[0]),
g2 (p2, ctrf 3], etri 27D,
g3 (p3, ~ctrl 2], ~cte[0]),
gd (pd, cte[ 3], ete[1T),
go (eSeg, pl. p2, pd3, pd);

endmadule

113 WIITFRHHOEH

module mixedUpESegDriver (eSeg, A, B, C, D);

output enep s

reg eSeg;

mnput A, B, C, I}
nand &1

gi (pl, C, D),

g2 (p2, A, ~B),
g3 (p3, ~B, ~D),
gd (pd. A, C);

always @ {pl or p2 or p3 or pd)
eSeg = ~(pl & p2 & p3 & pd),

endmodule

X R B A3 B Verilog BETHATERELR . FESHLER, FEHEE
WA — R TR, TETHEMNYSHESNBRN L RRAPHES) F. ITHA
BB R BMAR M, AT LR R, TREE, Y aways B . S FERMNEAEYE

TPTER. EMOBARTURRASES SRS 1S TRA ML N,
BA, SAAME 2. 1; £ 4.4 AR, ]

ME: LMRASTHHFHAMR

1.5 HRCREHLUNE R EE

RS Verilog BERATA S BRAE RKEI . RAERIIFG LN 55
BIEMB AL, RATH A — L0 8 K0 4 ROR S BLATCIR 8 B 5 FSM-D. 3047

-|23|



MR GEH F R A — T ORI R AFF RN EE, — M EH R
I A RARE.

1.5.1 #EEHRH

BATAM— B AT E I NEERR Verilog BEEHETEBE 4. LI&K C QBRI
FUT PR

for (x=0,i=0;1<=10,i=1i+1)
x=x+t¥;

if {x=<20)
y=0;

else x=10;

HE—FHEB < MiHROARF . YiATFHFT IO, x REN x 1 vy 8. 3
il SRR MR x0T 0, y BRMAED 0.EW, x WRIE K 0. AX R
KUEHBEIFERREN T,

BMBREXER 8 R, BRRKEPHAFHARAE 8 frny.

1.5.2 RO BEN

HEGXBEEIMHRAARES R ROSEPEE-FRFE, ITEHOEEEH
BARAFERERx, i Wy, BEBSE 0 1,8 <7y HINHBHER . x,y. BEE
REGEM i F 10 BB, x MO, B 1.9 ERBBERITRESFREAeH N — MR
il .

BAHENMTENSHRBRUATCHIIEEGRS. EFLERENERHES,. B
R EH K. 7E5RH register | B3R b, RATE D SR8 OAERE ™ 4 ) 42 18 Bl ik 2
RIB A, T AR AL ASREE D 1 £, M OAEIR 4 ) 85 register
i A BUEFFBERE— D, TSR A 4R, register i B AB BB
register i (PYHIE X 1, FHE[BBLEF DWW AN iLoad # iClear, MEF -] A
AT, UER BB LA T — AL, WRBIIRY iLoad (FE . BATF —4
PP Z)E register i MBHTHETHB AL FREiM1. B—H@,iClear ¥ 0 7
A register i, HWEBRORHAABRK,. HPEEENHREE.

HEPHHRFERERR x=0,i=0,y=0,i=i+1,x=x+v. It BHEEEL
W TAEREED ROTUABH . HE PR ANETBAETUAEARARERE L

7. o MAEFSMFRES XN R GHOESEER P~ %,
e 24 »



yLoad —d

registor v

y(lear —

—— v oad
FSM adder adder

—== y(lear

—— ¥ ].0ad

xLoad _ iLead —g
register x —
xClear——d iClear ——

Tegister i

—— v{"lear

~=— Loaad

0 1)
—=— iClear [ I

compare comparc

m—— W 10
— e =10
tm— clock

T

L X< — 1< =10

al— rafet

B 1.9 ARRSPMEHEE

AR FSM it —RINSBITELEMNRERGTHIRF., FSM KM HE
yLoad ,yClear,xLoad . xClear.ilLoad #l iClear. £ H# AR x<0 fl i<=10, — 4~ E B Bh
N FSM MR EFTREPREEFTAE., — 1 reset o EE L.

1.5.3 EEETh AR AT

HEBERSAEABBAR . FES. NEB M. FEFEBE LW 14
Fim. BAEE always RP . BNEEACSRMNENFREEFINBL+HLY. FF
BREFIFMEN . BRAEREEN. ¥ TSHRIEBEHEXHNFFRERRT B EF
BG4~ 38 8 & clear # load, YA WAEF AEUHN , FFBHFFSNTLENIIMR. 40
B clear ¥ AH L TE clock TR A 0, MFE load AR, ESTE clock BIHFHFH A in
EABFFERout , WRARBETESHA R - WLAF LB RITHENEE.

1,14 FAREB

module register {out, in. clear, load, clock);

parameter Width = 8;
output [Width—1. 0] out;

reg [Width—1; 0] outs

input [Width—1,0] in:

input clear, load, clock;

always (@ {posedge clock?
- 2 5 [ ]



if {—~clear)
out <= 0;
else if ( ~load)
out <= in;

endmodule

EXARBNTB—EEA . BRIEN., SREXN—-TEHEE T EXMERL
F.width M{ERZ 8, X RKEEBRNEC M . F T URAEEMETgd., XERIE
ATHARNSHEFER ot AN n EXWBEBHNBLEMNEHS . BE width EXLN
S, EBALNEETEI 8D, ot M in HUEREMEML7TE 0. BRABLETRIA
1B 9T 1476 40 7R 1 B 33 Coverride) . tHRR BB XM T XA R AR KRS E R FH
K HERINSEH.

MESEREREMN LIS, EESHEAEDSUNBRALE. B, COERTH
RfT W . FFEREELD., ZREEVAFRIMNEAHSZHENREMATE RN
A — DR . XBERAFESEMR O EERNRHAT]. EdaBEit R, TigM
N RAEZBREXAN - THEHREZEL - ABHESEEF PR EAANER TSR
Rt sum, REREABTOHEI—MEAR . EAFRNEE - HREELHE
TR H Verilog IR PE XM N ZRTRE. FANBREEDS N &R M8 6k
B—F A, W sum @A bW AIRHE, b AEEK "%, EF1 5L

it — B R R ).

P 115 ks

module adder (sum, a, b);

parameter Width = 8;
output { Width—1.0] SUM;

input [Width—1.0] a, b;

assign sum = a + b

endmodule

1. 16 /5 H T compareL’T # compareLEQ #8t, ¥ — %k A PiFEREE. &

compareLT B{HRp,a 1 b HEE . MB a L b/N B2 ot BENLE.SNFBHE. £+

B ARA 010 FAT M AIBIR compareLEQ, 5 MEB K, A R B “<="BEH
RE“<"EEF. IFITRROEERFE2HET. AEBBE A BEAIES,H

assign out = a<=bh;

.« 26



XARFAEMESRRERDE bR . AR HAMERMAE D BB out. &
—PTEAPHRLF—-TRE. B AL ENEBDPRAE, BITTLIRES -T2 —

AWE,E MR- TREZEFRERE.
# 1.16 ComparelL T #1 CompareLEQ fith

module comparelL T (out, a. h); 4 compares a < b
parameter Width = 8;
input [Width—1:0] a, b
output out;

assign out = a < h,

endmodule

module compareLEQ{out, a, b); 4 compares a <=h
parameter Width=28;
input [width—1:0] a.b;
output out;

assign out =a <= by
endmodule
Lk adder.compareLEQ $i comparelL T W L) BB 1. 2 WIS B always 3R
BEBBBAMREE., ZASFAPALRXHHEXRESY, SEEREGHER
HAERPR, —MRARFERENTE. TEELANECRE UELE X RN
BRI, —BRAAEMW always BEE S Tk,
BA, ML 4.4

L5.4 HEGSKHHEEEELE—E

TR R SY — UL BRI 6 75 50 FSM RIS A R, 3F 0 TR 40 4 o 4 b
BE—E. XTRSR W 117 R, A TR R S e — R 8
L REAEENAREB FSM MWL | ESR, EESE L85 R & H R8s
M1.IFREH &,

W17  FSMANBEEESTE—R

module sillyComputation (yIn, v, %, ck, reset);

parameter Width = 8;
input ck, reset;
input {Width—1.0] vyIn,



oculput [Width - 1.0] vy. %3

wire [ Width—1.0] i, addiQ)ut. addxOut;
wire yvlLoad, yClear, xLoad, xClear, il.oad. iClear;
register # { Width) 1 (1, addiCiut, iClear, i1l.oad, ckJ,

Y (v. vIn, yClear, vl.oad, ck),
x (x, addxOnt, xClear, xLoad, ck);

adder # (Width} addl {addiCat, 1, 1),
addX Caddx(ut. v, x);

comparelLT # {Width) cmpX {(xI.TC, x, 0},

compareLEQ # (Width) cmpl GLEQID, 1, 10},

fam ctl

(x.'TO, [LEQ10, yl.oad, yClear. xload, xClear, il.oad, iClear, tk, reset);
endmodule

EEXTHEBENLT — Width 28, EELELHANT, BB HR b wE )
B, HE-TH LI17 PHER T HBERAR.

register  # (Width) 1 (i, addiOut, iClear, iload, ck).

X475 L (Width)”, B3 B BUH, X MEEBRBUR & BB M B BRI,
O » 3B DB B sillyComputation HH 8 8% Width 80y, L1 23, 3B 2 3038 8 18 9 i
HERATHR AR, BEAMRAFRIAEZSNM A TIUEEF AL ER LS
B HAERELRS . WRESMRPRENHREMNT # (Width) . 2R B
register " AL B BRIAH 8.

1.5.5 FSM i%Hj

EﬁﬁﬂﬁﬂETﬁﬁﬁﬁ'ﬁﬁ’ﬁﬁ%gﬁﬁﬁﬁﬁL%ﬁfﬁ(emke)ﬁﬁ—i‘ﬂﬁ]ﬁ!ﬁ}?f‘i
WU ERTERAEZRAF. TEMEXRAMRER BE XA NI E Y
fsm HiER

B 1L1I0BE TREFBENIE WITRE, Rt RS E R RN XL
RZAMZIGHHR. EMREZTRERRESPREREREYN FSM W A HA
5585 R EXNME. R ERERERE WL FAN ARG RARERRERIGI & ¢,

R B R MR — 1 BUR (Moove ) 81 3 o 4 {0 B 2311 4R 25 4 o 5% RE AT H
E.REHAZFEFE.
. 28 .



for (x=0,i=0:==10n=14+1}
i=x-t¥:

i (x=200
¥y—=10:

else x=11;

) il =100 & & (x<0)
1< =10 _

(il = 103 B — (x=00)

M 1. 10 REFKBMAE

HETHEHNREFHRE, RNBAE T IEREBRRSAPHUH I REFHS x
i, XEREHRERE A A, xClear 1 iClear (FEAFHERBF). HEEFH
BiAMxEIS FAELEAER . HEARERIB, REREDEE x M igEAL
S, BLOPNBIEEERE R YR LB ANEINE x+y Mit+1. Wi REBH
ORI BHBERER. REMREBHARF FSMELESHREC. HE.MAREC
'8 3T AENERRE RATRNKEELEFEP(HERE B . RERBHER
HHAAFZMIERHN then B (RED), REBFBEBEBREALRMTIE M else 4 CRE
E) DRERNT—-MREEREF.HTHMAITE.

HEAM 2 EEWENPTERS CEBRIEEYN., BRRE CHEGHBAETE
MEAxH INREBREEHE? RIZEFEN. A L 11 FHRFERIEARSE AB
MCZEEFEHR., ERFLERSE BHE. FRRENOFTEE R Load # iload, F
BRFFR M BBAENPVHEARNR. BECNAEI T —aitshii—HBER®
SYLFERIRE CHR T HSE—AEmE. Bk, (RATEFLG &S M x
(AT if-then-else MFEHREFIMEEDRELTERE CH M T HRHE A BEFM.
ERFEY,TUEBHT i AATFEFT 10.CHT—-TRERB.

NERIERENEZAD EHABHZIHARE for FHAKBUEN., HRE.BE
EARKZHRNANER L BREEATRET 10 BALEN. HHEH. M TARHEER
B RS CHBEALEN. AW BixMEIHREEANEBETURIBFEENRA
EkifEfT. BN HTHENEHARSHE., MR, XeIEEtEaT4E,

MEFEF .18 FIRFRDPHBRENMN Verilog R, MBNEARRI &M,
x<Z0 fl i<=10, 1 fsm BB AT, 2B FIE LT M LEQ. 8 fsm BH — 1 reset ¥ A
M—Pafdb (k) A, WHHE B R HF I 2 (yLoad, yClear, xl.oad, xClear, iLoad,
iClear) F RIS BIREIEAY {sm R —££, HHD always i, — MR FHERE

lzgl




clock

o ——

f | |
| | |
- 4 e m— e — S .
' T
| . I ¥ ¥ 2y
o I R B A A
| | | | |
i 1 1 |
~ | ! | | |
xClear I\ f | | l
| | i ]|_ JI
[
iClear i 1 { i 1
; I } |
| |
xl.oad i | !
1 | 1 1 )
Losd | A T s
' . .L ; :
i ! i i | N
T ) ) ) ) ©

B 111 REABCHEEH

ME-MA—THELZHT - REMBLESGEE., FEHAEHNBLEFEARF
2%,

REVS BT RERBEFFTRAARE REERMATEIEFFERE. B,
REFHFA(cState) WRERE R 3, K EUREEBFSAREBO.REERITAL
PETEEHMEIRE., ZF-THHRNRERERTSARE N O.BRIEN 1,5
%,

B —1 always Bt SR AR SR ABHAL. DR reset BHARE.BL2RHEAE
(R A& B BT 8h L AR, A S 1H nState TERT 8 L H-Hi 3 A cState,

BT always RUBIT T - TRENBME L/ EE. 44 2EHNE AR YRS
(cState) ¥ fsm B A (LT f1 LEQ) ., Always 39 4 cState R EH:, — 4
case B 4], KPR EB— LB E, AIRME L5 E cState {8 0] AR (A & BF 2 5 4 1)
. BENBXRRNE, SYPIEETENE#THE. RGEFERENIE—-17.

TE case KBFREMNITHE-THEFBRE-TES. ¥F 3'b000 £ Verilog 15
FX— 3 BT B L R 000, b R T #HH- — HMRBEREE .hE R
st H.d FRTHH.

WMRYMAPREE SRS A BIIABE cState FIER 0, &8, 453X 30E R 41,
always SRS WAT, FHAT 3'b000: HAKIBESR, XNiEHRBER T iClear # xClear
SPERAE ML HR LA, M T —TRER 3'b001(BIRE B, MEYHRAL B,
R4 HATE 4 case TI(3'b001) , 4% iLoad 1 xLoad B B AEMME. M HMESREYE

WE. REBHT—TRERCHE BN I, RECABT -IPEERNEHERS
e 30 o



HE 3 iIERARERS CARMERREUEBTREEEN KRG,

B)5- - case MM EF B AHE N . X EHE cState FEARE S5 H i T0 H T B 0] A 1K
1. HTHEEL WMRAXT -1 EERE . AIHETE D § display BRKITEHIH —
MEREE ., §dsplay EEBHRIERE LITH R ER.FEFFRREEST THIT
EliE 4. X2 B {F.8"“Oops,unknown state: % b”, Al cState ) il F A~ LE Wb,

ATHERXA always IREAFAIHEZSMWAS . RAFTHLEFTEN. HE—-T,0R
KB HERIAER], —H cState R{ER M EBUSHHEBE FSEEFATENR. &
HAESRT scase BRIZWMTBREEEAERAERT. . ASBESW T . XHKE
RTHEEZBESAM, ZEHNFEH always HRAE 0T B R LB B H A6 B H#1T
BE. Hit, REEUPHAR - T AN AFRIARELER BEN TE5 4G H BN
always RIS, RN R UTEN, YR WRCLAETHHEEC MER R K FE case iF
A 2B oState CERME, N FTHEESERREATE T RIAM,

REFEEBNT ISM BB EERGEEER —REI/EYN., BEYUYAREERECA
xMEZTMELM y, ME 111 BEFERR. BREFESH ARE C RN #LRIE
% ,cState O3 A 3'B010CRE C M40, R State B8R T . MEFHAB M x
BIE,ERRE BRER.

ERITHRR D, LA always BEIE B cState x fl i R, XEHRAHE fsm B
HE always B MERBEREEETE, BT cState.x i MK, X9 always B I TE
LAY, KRB UEEMERTEN. XFEL, BB TLIN K P ki Em.
(FRXF B fsm WS always REXIIT. RERGFHEEBUE, . CUFE
PAT—V . BE B ALEFNBE =L HE., sm #HERP LT 1 LEQ #a3ri5)
RH S always RIMAT, K nState P4 — P Fi{E., & F — Pt EFAE, XM EBEA
cState FH it AR —TRE.

f%1.18 AITHHEEEMN FSM

module fsm (LT, LEQ, yLoad, yClear, xLoad, xClear, il.cad, iCiear, ck, reset);

input 1.T, t.EQ, ck, reset;

output vl.cad, yClear, xLoad, xClear, iLoad, iClear;
reg vl.oad, yClear, xl.oad, xClear, iLoad, iClear;
reg [2.0] cState, nState;

always (@ (posedge ck or negedge reset)
if {~reset)
cState <= 0,

else chtate <= nState;
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always (@ (cState or L' or LEQ?

case {cState)
2'BO0O 4 begin & ostate A
ylooad = 1; yClear = 1: xload = 1; xtlear = 0,
il.oad = 1; iClear = 0: nStatc = 3'b001;

end
3'ht0l ; bhegin & state B
yload = 1; yClear —~ |; xl.oad = 0 xClear = 1;
iLoad = 0; iClear = 1; nState = 3'b010;
end
3'b010 ; hegin 4 state C
ylLoad = |; yClear = 1: xl.oad = 1; xClear = 1;
il.oad = 1; iClear = 1;
if (LEQ) nState = 3'b001;
if (~—~LEQ & LT} nState = 3'b011;
if (~LEQ & ~LT) nStatc = 3'b100;
end
3'b011 ; begin 4 state I3
yLoad = 1; yClear = 0; xl.oad = 1; xClear = 1;
iLoad = 1; iClear = 1; nState = 3'b101;
end
3'b100 ; begin F ostate E
yload = 1; yClear = 1; xl.oad = 1; xClear = 0;
il.oad = 1; iClear == 1; nState = 3'b10};
end
default ; begin # required to satis{ly combinational synthesis rules
ylLoad = 1; yClear = 1; xload = 1; x(lear = 1;
iLoad = 1; iClear = 1; nState = 3" bhO0U;
$ display ("Oops, unknown state: %b", cState)
end
endcase
endinodule

A& case 2.4; #F 4 F B. 3
My, LM% A6 il o R

1.6 RIS bR

HTRIEL¥S TR, Verilog R E RSB ST . EIE LA
. 32 . .



— 1T FEWEXR . REBWH (cycle accurate) . F 67 # 9 ¥ & 17 24 ( scheduled behavior) .
EENTER BRI RAEH - AR T RkB ARG AEB I RS PHE
S 1T, MRIARE cycle accurate B IR B R 4 8018 LA 16 R SOR & B0k MBI
—E—TEREL—AAERBERY. TUABRNERER. REEIRATIES
LTRSS ERE R, 4 1.5 ¥ ep kA FSM-D 18 R .

1.6.1 HFMEHZE

WET AR always BRI E , B @ (posedge clock) ; 7 3E &1 4% #3541 57 B &b FE) 28 =t
& A LLIOFAR—1 Lo THEEHBEHHETIER., BROMOBRFHERE <.y
fl clock, AR i B — IR B, (AR He py 2R T

T FUBR T B IR 280 6T always B R BB #0 8B4 —while 154,
while BA S HBIET TAAM while FBRIAM ., X MEDITE while K (“i<=10"),
WMRFH AR NFEARABRATER R RIS v M x#EmIEE i1, RERI15
STH while R BT TEAE, AELFDRFE., R R4 HE. AR HFTIHHRE,
EAB P BER — WA E while KA | A TRETF 10,8 ABTFUEE, 48— kit
FE R while R B, MARIT BF G H ARREXE while EEM T — KB,
F, BA Y &8 M EAT while BRI EA M,

R X Fh R R, —“ @ (posedge clock) ;" BAIGEHBEET NIEM, RAEER
—4-“@(posedge clock) ;"iE4], FKA1H X" @ (posedge clock) ;"B A HRIER S EH
FER A B R B 2 B RHBE AR — RS . f BB A S E R B, 0 B A
BAEARE o P E R, BABHE - REAWUT . TP SEHTREFE
EBH.

119 RATET RS HER

module simpleTutorial (clock. ¥, x);

Input elork;
output L7:0] Xy Vi
reg [T=U:| Xy ¥y 13

always hegin

(@ {posedge clock) x <= 0;

1= 0y > state A
while {i <&= 10) begin
{@ { posedge clock); )
X <= x + ¥; > state B
1= {4+ 1;

« 33



end

{@ ( posedge clock),
if (x <2 0
y <=

else x <= 0y

state C

end

cndmodule

EHL1SP FEREC.BRE - ITHEBEMBHEELSRED, ME 112 xR,
BREBER P ERHTRAERR 1 ifelse iB4]. BE always EEZTEHR, F— i sh B4
f£ always SR TIER , FFAEBUATR & AL Rt XS FEAL L —~MREVME, X4 R
By M xRER OBRF xBENT O, SHRESNORABRERNED. R
AR N Mealy) BEHERBAFT LIRS EEO . ZHNR x AT 0, BARIHL
FLAKRIPRE AN FEREA CUERAERERE). M FH ML RN &8
(Y xFBERH ), EHEBE, YEHE B X0/ y =0

) ZRTRIBS B R ET, M SAAT IR & C.
(@) ( posedge clock) ; @‘@

if (x <2 ) e
y<=0;
else x<=10: 1,12 & C

BIREMBEME 113 Fim, RE AW <M iwHAEN 0. HAMEK, RAB
REIHERE CR if-else, MIEHHRIFR. REBRABGSHELN, H AT L Hm
FATRBEE ORE . RSN FHRBEIRE S QoI B4, HE, F— o 8h 5 4]
PR AATIEA I AL TE R IR K 0038 A CBD [/ — AN B D), o BT LR AT 08 3R 4% 3638 3
while I B) /A T MAF — A, XBBETHRES BB THASEMKRE,

it 1=l =10
A . [
@ 1+ 1210
- KOSyl =1)

A L13 FESHiTIYRsEnE

s 34 .



1.6.2 LEITE

% F 3X A7 490 0 308 BE AT Sk 2 FR] B R R R AR ALRE L A LT R

TS B — SR B R RN AT R (H SUAROOC.L IR RO S RO B Y
R AR, BIMNESAEHRTE D EFEHRAEMITLRS. AREFIEM
SERCEEIE X WS G T BORAE

EXATMAFESHEHEERAC=")MFHERMBC =), FHENH 0y HFH
e EMBE . TMHEAS x M vy & always SREOSP AT . 33X B 0016 4097 25 B0 38 (8] 4 3
R L, ¥FRERE T alweys MAMWFER . PO FFH LIBEFALE
B . WicdE SR ERFHEREEDHTMER, X T REET WIS D) A T LA S
B EFmS H R, EWAN T - TRERT AN Ll 3 F - NRENETH
— AR R T — KA NI ZERE. (H&2, 77 L0 B I 2 WA k8 b pH{E
NEHE always IRINHEE. YR IEHETCHEROT TR AM. TEHFA
b FHERKERIEBEHEPH i RAEBHAPHTEHBAS G ERARMEET - HHE
BhE .

B ERWNETENRMHTENRSEREGE .10 ME 113 FREANARM.
R EE B X, R ERA A S A AR R,

2k, BAEHH 7.2

W LMR A7 PoomF MM

1.7 WUHERN EE

HFFRBAFRGEN Verilog BBE, ~ M EEHARMAFHGE IO REH ARE
AR, XMHSERTEHEYOM AR A &, HERE, B RE
C="MEREREC <), & Verilog BED XEM IR FHAAR, XM AEE
E EFEERHPAF AR, Bk, RATHE TR AN FIER, R [ %Ki R
R HIAL R R

T 1 3D MIGERERINH 1 ISR T TR FHERY, BEH 5
B AND FiA=e), RATIATELE &,

and (a,b,e);
N LA i
as5igN a=h&.c;

ZPMTEARFNE:FAESAT O M cMEASEE IPEARES a. AR &iESR
« 35



M ARXefaBE@E RETM—-TRAGDH OFL T BEEFHITRSE a 911
o A RXBAEA P, a R—TEH.

it R GE A initial 30H0 always PRI BEAR T4 HE. EAMRIER
HC="20060 1.5 /A EEELBBEC <= 1.7 HEF/R, always 5.

always (@ ( posedge clock)
Q=%

AR A Celock f1 DYF— N Q. 5171 BRI BBES TR S
AU RERERN 2D ERm A SR, X B, always B LA e 8h E A28 4
B, HEA EFAEHBN,. QB DAEEH. BE, MR always KB AR S — 6
ADEZET . QHEAEH. IBBEYRAMENEXSFHFNE AR, W38
RRAE R A1 B 22 MU AR 3 A7 48
RASENEAAANEREEANRBEABEEAFTRIEESR. BHLUEE
FRERHEIRMERN A—FBHH S —KiZH, EXHFRT IRBEDRS—
B RARE R REE TR, HE SEHHTHREES @B RRNESEH
A FN wait BRI # BB FTPE, 3 ARG SR AT RE.
HERE ="M"<=" HENEFHN FERE— L%, EW 1 3.3 FHTE6H
=" NESEANE URETUERAET &3 8B9%, HR,“<="H
HHE NP ERA - T AR <="EANE I EREE A B H T AW
H. Bt ZOMPFEET - ASBBEATREFBEAN. ARSI TTEHR LR,

(@ { posedge clock) # somewhere in an evil always block
m=3;

n=75;

n<=m;

T== I;

FERTAEBET 7 BERRETS, BREZKENT o ME¥N S HEXA LM EH
FAIER. KL always RAB TR IHE EH n: M ELSEHT ERSD) &
RS IR n . B .0 SWEF N 3.8 L& €5 A 24 =00 2 %14 85 0
BREZEAESN. REFAEEHE FEXHE R SR A ESEE, HE, T
NMEARERESTRES FUCTINEASIRE, REHEANERRES PHHES
i3 L R R R ]
KM, X R FEES Verilog EENHMEANELN (LN ESH
REBRR, FEREAMET TRERDEN . M IBRHE NGB T8 CRZERE),
. SAEMMZ 1; A4 4; B AR 5.1
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1.8 /p&k

EARAPIRT Verilog IBE R EEME . IEERNKER.

* BEEER I T RISr O, MR R — 2R BRI LR RN EE Bk
ME . SFHMREERAERT AR RLESA 2% K8 TR 467 B R e R
REE.

- BERENITHMRTIRERBELREZESME#ARI. THHRAHESBET
PIRRITTESRBRPEIE L. HITARERS, ERER T BRI LAW S EREH
KB R, X LB ARG TAXRS

- BREHERKRL. REMH ZWSIFZHE, DA ERES, LFE £ 575
WM EMIGRIER . RITAR T RER MM S0 B8 HT R 8.

EEWFNETEBRRY Verilog BF BT M RENE. HH. FEEHHER
7. BRNRMEEEX Vertlog IBFA MR AR FERL L HFBR R, BRE
BNEBNAMEA. SE/LENEMREER ST 0% R 5 w5 81 1 7 kA
BEZEE . RIOEXEMBHA Y Ry B4R AR UR— A I HS0E M IR 3%
MR Verilog 8F . {HE, i TEEBIRANTA &R 0I3F F 6813581 BT 4 918 3 30 1
HEFBRNMBEFTO—RBRMERNE . XA SCEMIEH — RIEM Verilog i€ #
RULATREBR . HE XX THAR MESH IR E M1 B85 5958 % 3 3R 1
HER MR GCHAEZEMEARENHE.

FP R I EERR T Verilog 155 M CEMIBE L,

1.9 %]

BENGST LK A,
L1 HARSZBRAEEAIEFHELE 1.4 B eSeg Bk,
L2 BEH—PRHEEmMEE (R carry-in fl carryout $0) #=FOR R 3088, K —
THREERATNTRER, 5 —MERFEREER B MAASH always,

1.3 BZEB) 1.9 Raynd B R A8 m555, MBS AMERRA L BEKMREL 10,5
PR R 60,

L4 HH— P ZHAURSEAR A BT —ME 1/1 88,
LS BRI MEAREEF, TR 1.6 D R4 8 w555 DRI LiEa R

always 15 H] .

13?-



‘ L6 BH—MPirmifnhg . KRg LAt

module serial Addertclock,a.b,sum . start);
input  clock.a,b,start;

‘ GUELRUT  S0m;

endmodule

A, 0T DUEBT LSS B M e i AR B, 3 ARHr Z 38 W 1 gy SR B e R
O, AR TRIEZHMEHABRARN. a M b BEHTHIMAOE >t
By osum BER, MR start B 1L, PARENN_H#FNEEE - EHNHE
)t hifr, SENSTHENZE sum EFFERHEZMET a f b(FETHE
THHAHEDAFERERN.

B, 83— Wil ERTmE BN ERM.

L7 A&H A4 Verilog B, B T HFAEE WA M H K EM BEEEEZEBH. #E a,
boc B 8 AIM“TC4” TIHAME 1 M, FREELTAMBEABERED., REM
HEMEEE-—RESA BOENFEHHOEN,

module sillyMe(a.b.c,q,+);
4 oops,forgot the declarations!
intial

q = lrbﬁ;

always
hegin
@ (posedge y3
#10 a=b+ce;
q = =d4d;
end
nand #10  (y,q.r);

endmaodule
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B2 TR M

BAEFREFRAMTERTFRETHABRENEN. Bl 4. £-4R-RFER
A ENRBUTFRBESHMIBER., W i{-then-else,loops T, F - HEWNEFZELEHITH
IEF T @B A, F—FHiTiee.

2.1 HRRY

TTHRUKERAER, —THBALUEEE— TR HETAT, BT 2 ®
B A R—THERNE BTEEREIR.R—PROBF. EALMEA-THFERE
Bl — P ABREHS, T FESRSETH, F T Hamik. XBETRIESR
FRANTASHERLN AHEAGHNABRNES. ENEENZASHERNET X
(EAENERDEXANB THRERX.

R PR AR K Verilog B4R & always 258,

always.. construct

.. = #lways statement

always S R EPATHRHPIER), A EABEREX LT, — T TAHAERTUES
—TERE T always if4H) . (=M AER always IBAIMBERAER B REHOHIR,
RI-FEBGRAFAEHER.D

initial 5L F always 154 At E RIFT—%.

initial. construct

» . = initial statement

initial MR E M EXFE/BFERDZWNBASARERELDTEH L. —8
initial FHPHBAGRITRE. EACHEEHRT:HFBTABIEEK.

XFHEEPAREBARDRET. MNP - HENAENRFIRCSBI, i
U7, “while” Ml BB EE A (“out = ~currentState[ 1] & currentState[ 0];”), X 46iE
MAMAZEHMERNBOHSETHELD.

HFE - always & initial 52 b 8 RSO3 0 RGCER AN | 06 0 3 20 53 S 35 A B £
RN, JEEaEBERTIFRT. FREXRENS =" NRHE G it
BB F-RBFARATUEATAFS ="Z00MHE. HUTF - HEBFH @ . E

+ 39



RiBAC RS HEFARXME N FALSE & &EA (5 EH S B 6, always 5§
intia IEAHRAEEERE. BB TENEMAFR. RE 1364 2318 PR
A i RESFENNRIRNAETIE. A, K88 BAT always T initial A
],

B sl -~ always 3, initial 38 50 B iE ) AT . HoAth always B initial B2 piE R
ARG YA BEPIEMZENRT. H—1 always B initial REFF(HEG, # 5§ wait
R ATer ol always B initial B [TEITTRISEREFOTLRT. 2.8
T IHEMIE LI HRBEE,

STRCHNFEREEAAFR . TAREASEIEIBAREThmMGT. %
MR (X EEFFN EREDT R —EEE, Eii428RT. THERS 5.1 Hdid
WHEEMFEREY -3,

BOUUJF B0, BAT B B 9 initial #1 always B4, HRIEATH N — PB4 B R HKE T
MWEER. ERXHE initial B always PREMFEBHEATEIE - NTHE A HER
PRI R T — A, XAl ERE -T2 M HEER R, MR fanay
ETHEBRBERTR.EMNMROOMFEIREN. —CEFEBERSEANERIFTHE
#o HIELR B,

B2 initial 1 always BN E# A EH W RS, & HxwiEdaet, BIIEE
HEELXBARHEEDHAE. BRATLIETAIRERES A always fl initial 54, {H
B, EGEROERTE always B4 P HGRTE R 4T 4 . 7E inivial B8] 5 3 R UL W0 4
T HE.

A ABHERM 4.4 F; SETEEBR L1 F; TX5.3%; SEMNARE
5.1 %

2.2 If-Then-Else

AT AP HOEMFE R TREERRE. (BORNEATREARFHED
MEREX. Bl2.1 B—TEBRERRETAIERY, 2B ILAFHEE, QEMM i 13
], 77 else TAIMFIEA else FAH.

X divide B B P8 A (dvinput §1 ddInput) 22 EEH quotient, EER T E
MBRPEE, B, FLHMXEE. EX-NTERNEFEHFBVER - NEE L AE. 5
FEREBERZE. BPE2FHUTUAERED  RFN, B LR ESHER, BEH
%ﬁ%:

‘define A alpha
+ 40



A B X R B BB AT M T B A alpha SRE. HEEFRE N E LM
MBREARIBC"), B2 180T —HEITEBERNESABENHT K.

Bl2.1 BREHER

‘define {vi.en 15

‘define Tdlen 31

‘define Qlen 15
‘define HilddMin 16

module divide (ddInput,dvinput,guotient,go,dane) ;

mput [MdLen.0] ddInput,dvinput;

output [‘QLen:0] quotient

input g0

output done;

rog ['Ddl.en .0 ] dividend;

reg ['QLen,0] quotient;

reg [Dvlen.G] divisor;

reg done, negDivisor , negDividend ;

always begin
done==0;
wait (ga);
divisor==dvinput;
dividend==ddInput;
quotient=10;
if (divisor) begin
negDivisor= divisor['Dwvlen];

if {negDivisor) divisor= —divisor;
negbividend = dividend[ ' Ddl.en ),
il {negDividend) dividend = —dividend

repeat (Dvlen—+1) begin
guotient = quotient<3 1
dividend= dividend<=1;
dividend["DdLen . HiDdMin | =
dividend['Ddlen: HiDdMin | — divisor;
if (1 dividend[DdLen]) quotient=quotient4-1;

else

1411



dividend['DdLen,'HiDdMin]=
dividendf ‘DdLen . HilDdMin ] + divisor;

end

if (negDivisor]=negDividend) quotient= - guotient;
end
done=1,
walt (~gol);

end

endmodule

BE¥E M ) done I ZEH B 5 go Bk TRUE Fis, XM EEREEBFFS, 11
i divide Bt S HAb M HGAE . R, done ERBREEBCEESE THREZE . HA
WERBRTFE quotient v, BRAF IR B F TH A LB {E . done 5 H 4 FALSE(E 0,
HE SHEA TR 1(E TRUE) , E XK FN A dvinput M ddlnput H3. X4 go Ap
i TRUE B}, dvinput # ddInput #43 PIREAE 2 divisor # dividend,

ERFF N FFIRBRGE R TRUE, HEHT (WSO . MBEBESFHEG N
TRUE, g8k A7, AW, WHRFH N FALSE,always & F T H S &84T R
TRUE, $HhITH M wait IEAIZRHEARER . wait FHHTE 3.3 Wk,

BT EAHRAEMNEX MEDPRERES T,

if {divisnr)
begin
4 ... statements

end

ZRRRTEBANELARA. (GBRRAFSHERMNBZLAR . THEZXARIE X
FALSE, £ A FEic A TRUE, 548 EME )X BHETE )M~ 4 —
TAHENRBELOER. IR TERBERN FALSE, EXARH S, B
divisor, MREAAT KM ETHEFMNEEEHR ., if IBA/EH begin-end e FERH
BASEPHENERES XA f 38N RS then FAZEA.

BRALK IR

statement

. =conditional_ statement

conditional _ statement

. =if (expression} statement_ or_ null [else statement- or- null ]
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WS XTRERNE. EH4ETRE MM ARNEXNEFBERFENATS. FE
¥R R R R, i

negDivisor= divisor[ DvLen;
if (neglivisar)

divisor= — divisor;

B SRR RR MRS DvLen {7 (BRSS 15 fi) HI{EMRHE L negDivisor, WX IR 1, Bk E X
THEW M RAZBMEAR R, BT LIAT then B4 34, divisor BUEL, B EWET HEE.
HE BAZXA B AEA beginend B, then IEMHER f ERNEHNE KX (ET
a5k,

RAEARRA - ERE, RRERERRFHRE 2528, BT
ALARE BIES ARMAU SR I AR W AR FEN A E. ek,
B AR M TR RRNBELELFER.

primary
.t = identifier | expression

| identifier [ msb_ constani _ expression;{sh_ constant_ expression]

|
f

XM ANEE D primary REEBR—FE L. primary B P E L RGE
FHW O EXRRER., MEFNREEARISTRE S, Al BA KK,

VBT HETRAMBERLT S 25, repeat B AR IR begin-end B §G 18 H AT
16 . IR, quotient Ml dividend FEL B — &7, HREF << BR. #3F, dividend )
B A AR B L divisor, WRERMIE .quotient 1 1;MMBERE RABEM Y 1. BT if
FAIE R else B4, 4B divisor M1 B dividend 8 & (1884 .

AR ORFS N LBAER A, XM ETHEFS OB B8
B TRUE, R, BREM! MERN ZR f BAAMMY FALSE, . M8
dividend R 1 & AT else T4,

A MRBRERBDF S RE, WK quotient BUR, HHE M quotient 22 5, done 3
HRH . BANNERC ST ERX M HET.

ARBIRR THETRMERIEFTH— M A,

F R FRBEAEREARGHE 22 80, X E n BB, THLE, XFHE
BIERFEAIRSE. NBEA $ display 3% $ monitor AT EN X FhE, T8 B e & .
AERSE. R XAHFEGHBRITESRERA - EH L ERENEEHR A
RBE 2" MR A . FE L BT PR BB T H b S B

WHTHRFRBAPHREREFEINEME B . EIAFE> (KT, >~ K
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FEF),=——=(£F >N =(FET). EHATARENEHREIHER T LXRAEY
ZRYWHBBIIEE FALSE., SR, AT I case EFREM (=== 2MAETREH
(l==)RHHB I FHAEARARCHSSHE, PXRR. UEFBERRAEELR
B/ — 1, I ARHE N BT .

B i R BAT T X R iE4],

i (4'Bl10z===4¢'H1102)

then_ staterment;

AT (LB then 34, KT, MR MFTIE A

if t4'h1l0z==4'b110z)

then_ stgtement;

AL WAT if HAIH then B4,
FUHREAR LEHRORER S FARELT . BHEXRXT LR T O 4 Firm
&8 (5, I (BOM! (I 5B M BER R R

if (a2 && =D | (e==11))

then_ statement

EHP then BAI B a KT b HERH c ATET d EH « BT f A ST
A&, LR, REB E 1; $display F.1; $ monitor F. 2; Verilog #44 C

2.2.1 else A5 if ik R ECXT

Bl 2. 1 PR E i BRI else FATAHE. else TR %M, B SHLE,
ESRENARERN i EBAEY. BRARENNT.

conditional_ statement

-+ =1if (expression) statement_ or_null [else statement_ or_ null]

|
M XA 7R B B BT L3R BT R A8 4 -

if ! dividend['DdLen])
gquotient=quotient+1;
else
dividend[ ' DdLen, HiDdMin | =
dividend[ DdLen ;' HiDdMin j + divisor;

X B R E divisor PAJF , dividend £ — P E#, quotient I BBEAREY 1. &
« 44 w



W), 2 divisor AR B dividend Y B S &F 4 .
FERAKEHNIBEF B . EHEE T iEaM T, ZEEEIRH else 4. &
T i B 7R 47 -

if (expressionA)
if (expressionB)
a=a-+b;
else

gq=r1-+3;

ERPPHEEITEN { FRM— T clse B, B, BFI clse 5RFEH f BRE
Xfo B89, 40 B expressionA Hl expressionB ¥ % TRUE, @ % a B B {. M E
expressionA 4 TRUE 3% H. expressionB & FALSE, W % g B E. B else 58 — 4 if
WEA) B AT .

THERL MR, EHTESFRER.

if (expressionA}
Legin
if {expressionB)
a=a+-h;
end
else

qQ=r—+s;

XA R BIPE A  iB P B begin-end P ff else 5 —A f BRI, A LS —
Ao M3 else & HEADXT R B 2K i, 5] LU{§ FE begin-end , {d 550 & W Hf .

2.2.2 FHBRERN

MABZMFTEPE—-TRRE. TURSERERCH. P, 5 2.1 B 3K
quotient BEFF 5 HIEA T LIE i in T HEHEBR.

quotient = (negDivisor !== negDividend) ? -quotient ; guotient;

GREFIFETE.HE TEEESFR&GREIR. DR EHEY TRUERED).

MENLGMNEARERBRERSEHEKME. MEEMNMEY FALSE, R ERETS5H

ME. HEREAMEPH— RS quotient, A, ML HF SR, M quotient BY

Ko &M, quotient REFIFERAE, Fl2. 1 pRTHA - HHABAGHESLE, By

XAEL L H) Verilog BWERUZRESER T 3 ) 3ME IR 34k .
RURERB—REARR-
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CRPECSSION

1o == pXpression 7 eXpression : oXpression

MR L -1 expression N H N F A BERNEESR T expression; BTN, ENEES =
A expression, XPREFRLGES

if-then-else 5 {4 ZRIATEEFIX A, BN DERER, KR ER L
WA~ TREAP X REA B EREEAN 5, XFK R FERAETY
—Hf4r . if-then-clse ) EIEH] . = B EE N AE initial 3§ alwavs B S, - &
KB, HIE,if-then-else HAERATT HEES AW, RARETRERET NG 7R
e, LB TRGHEES,

HE, if-thenelse 2,2; B $ 5 3B 4 8 2.4

2.3 Uik n

BENMFIT ARG EAEM R, GHEMEFRER. 05 repeatl, for, while I
farcver f§#- ..

2.3.1 MHWHEXIFRIEG

B 2.2 BB 2. L SRRE, EFA U BAE (R repeat 5, XA R BTE I NI7E X
7 repeat G H M BEI#ES R H — MERH.
B2.2 @21 KR

repeat CDvlen+1)
begin
quotient= quotient<xZ1;
dividend = dividend<xI1;
dividend['DidLen . HiDdMin ] =
dividend['DdLen,'HiDdMin ] — divisor;
(! dividend[ 'DdLen])
quotient= guotient+ 1 ;
else dividend[ ' DdLen . HiDdMin]=

dividend['Ddl.en;'HiDdMin} + divisor;
end

EERAFERTH CLWE TERBREXNE. R BARNTREHRE, 75
W RR KR R85 4 B — o (8, BT LA R 7 Bl i B 2 08 B 4078 B i i e ik 938
+ 46 =



WGP PATEY H 6. disable 3B/ 71 LA 4R A0 B B 3, G IS E .
repeat iy 81 HY — ARG R .

statement

.= loop_ statement

foop statement

.. =repeat{ expression) statement

L
#l 2.2 REPEF AT LU/ for TRFMIE R

for(i=1651;1=1—1)

begin
oo F BAIHIEA

end

B U E— I FHFRERERAE., or BAEBR PSS CESM for IFHEN
L, WA B, X4 for FHIRIE i B4R 16,3 H, M i A 0 &, BELEBSER. R

SRR AP
for BRI — BB RR -

loop— statement
.= for {reg_ assignment; expression; reg_ assignment) statement

|
w B, - ARERNERAF RS RT K. ERFERTZHNESR
expression H){H . W B SE B EBIF P . 2§ expression BB, MATHEIR ., B R4
Zh s T REAR G R R EZA, BRATHE —RREFRT. statement EIEFH K, for
{&3D 0 repeat A Z FIHI X )& : repear RIiE—FiE M EFRHFRKBNFT R, or HHE
RE/E ERTFTHRMEHER TR D, ATTRHEREREAH.
ERCIBEFEF—H, LK for BRTLUERMT M while BHHER .

1=16;
while (i)
hegin
oA BB
1=i—1;
cnd

while B A — B,
o 47 a



loop - statement

.+ =while {expression) statement

tH B expression FE. MRA R, T ER . BRI HE while REK., FF, L expression
REE L RITHARS  FEBAPEEHIT.

while RN DM ERFRNIMES, AFFR"=1—1", while BENRERTERHE
B BB always B8] SN IR AT 7 A OE G 3846, IE 30T # B .

module sureDeath{inputA}; J AGEIEDN

mput inputi;

always
begin
while(inputA)
3 J SRR
¥ B i)

end

endmaodule

A H ,while B AR EXME T inputA BI{E, while B RS FEH, FEE while BOHE
inputA M{E# XN TRUE ZEI AT EM R0, B H T while B2 B0 EMiEN. &
1, BE R TR — 4 MEMN L, ERA SRR E wait i54). #—EHiHEEE 3.2
VB wait i548],

$2.3 ME|HMSLEER

module microprocessor

always
begin
powerOnlmtializations;
forever
hegin
fetchAndExecutelnstructions;
end
end

endmodule

85 forever WINEAK — HIEHARAT. FATH - RO R ML BRGNS
. AR



R, XBERIMUERBRENTHEA TENREER poweron B 2. R, ~HE
forever I§ M FEBMAITIES . AT LL{#E A disable i§HJB Y forever fa¥0 . I XHET —F
g, MEBHT forever 13, B4 always 15018 7T 4 $A 1T power-on #8754k T 1E,
I BB 4G forever B35

forever fAIFE M H—RETE A, .

loop statement

+ » = forever slatement

|
A X, disable 2,3,3,6; F4H 3.3; HF & 3.3.2; NEBAEMHIK 3.7

2.3.2 ERREIRY

BE EHRENEE-NERHOHO, . B REGED TERIFREFREEN
DB E while XX RE R TRUE., 810, Al disable B 4] 8] B ¥ 1T T 4§ 57,
disable & B] BB I AL ] 7 4 beginend REPIT N EBRRX MR T — KB A ST,
begin-end B 0T LIKF ER 2 BU A begin XM FEHEMWEESZE., CHBIBEAE break
continue iE 4], 4 2. 4 BRT LM B,

Bl 2.4 2 FFN8kSEHE I

begin; break
for (i=0;i<Inyi=i+1)
begin; continue

if (a==10)
disable continue: # proceed with i=i+1

... # other statements

if (a==h)
disable break; # exit for loop

. - . 4 other statements

ond

end

B 2. 4 BYH T B~y & 3R  break # continue, CiBEHE continue B HIBKS 15 {5
HB RS, EFHWEHRRGHBRRITMHEF. break Hat KB L ER, FHESEF &4
M A FWEI AR A REWMR. R8P disable Em A HLWIIEE. ik
. . disable continue iE4]% ik 4 ¥ continue # begin-end BRIBAT, I BT for BEFA
FIFAIE . disable break AKX IE W& for 153789 B g 147 . HATHENT — & B4
%,

+ 45 -



disable i&E) W —BTE KM F .

statement

1= disable . statement

disable _ statement
11 = disable fusk_ identibher:
! disable biock. identifier;

BE, BEH LW 3.6, £F 2.5
2.4 ZHEiEH

EGFEARF—ITRENHENREE, B EERETHEREME. Verilog £ {5
4y T8 6] if-else-if F] case,

2.4.1 I1f-Else-If

if-else-if 4 if-else-if IBMIFEMES LEE, TREBXBUHE -BHHIR.E
B RAE if St REAPRERRNRBR, RER 2.5 PHEHENE®, FHiR
fIE RPN Mark-1 HEH(EBEH AR, XEREWHREE, XhRHT -4
R R XU B R . R R IR E A AR AT & O IITE B AR IR (BT S B M R R
AEGEA ifelseif BARBHANNESEH. K4TFTFENE 15 88 13 @
(ir{15:1310 5 8 PhAT RS P I 7 FhAT LU 2. I ICRR e 2 BATHh— 245 4.
A . if-thenelse 2.2; &4 2. 2.2

2.4.2 Case

i FHTUAR— PR ERFAERXRRAE T LUFEA case BHEREEDLE
#. B 2.6 9,80 case iIFHHFTESBRBEE T Mark-1 H##,

case FIXALBAR T HNFHATHE, £FG, HLIFEENE 5L B =4
(EHRRETD G 7 case BERTHE - HTHEARLH %, BRE—1FS
ASEHBEAHECE, MRGERENE S/ HIER. EFHRIT case BAS @ Hi8
B, REH#HTHEBENEER L. B, — P FAK case ZUHETURBRFAFRARG
5.

# 2.5 Hif-elseif 3CHMES Mark-1 £p 3 H

module markl ;

v G «



reg [ 15:0]
reg | 12.0]
reg [ 12:0]
reg D150
reg

abways

hegin

end

endmeodule

m{ 0:81%1 |; 48192 x 16 W {FiE
pe; PEROE -1 A €
AGC F 13 BRimds

e # 16 B I8 & H 77 4%
cks PR R

(@ (posedge ck)
it = m [pcl; J B S
(@ (nosedge ck)
if (ir[15713] == 3'ho00) & FF b R
pe = m [ir [12:0]], § AT
else if (ir[15:13] —= 3'bO01)
pec = pc + m [ir[12:0]1;

else if (i 15.13] == 3'L010)
acc = —m Lic [ 12,0]];
else if (ir[ 15,13 == 3'H011)

m [ir [12:01] = acc;
else if (Cir[15;13] == 3'bl0L) | €¢ir[15.13] == 3'b100))
ace = ace —m [ir [12.01];
else if (i 15:13] == 3'bl1OY
if (acc <2 0) pc = pe + I;
pc = pe + 1, § BB H%

case IR AIE) —AETE & .

Stalement

++ = case. statement

case. . statement

»1 == case ( expression ) case.item { case item ! endcase

case_. item

¢ 51 »



.= expression {,expression} ; statement_or. null

| defanlt [ : | statement or_ null

2.6 HcaseiEN) A Mark-1 &b #58

madule marklCase;

reg [15:0] mf{0.8181]; 4 8192 x 16 fir f7 6l 3%

reg [12.0] pc; F 13 BRI BE

reg {12;0] acc; 4 13 fir hin 28

reg [ 15:0] Ir: 416 (U5 Ffr o

reg cky § B iEs

always
begin
(@ { posedge ck)
it = m[pc];
(@ { posedge ck}
case Cir [15:13])
3'b000 pc = m [ir [12.:0]];
3'b001 . pe = pec + m [ir [12:0]];
3'b010 ; " acc = —m [ir[12:0]];
3'b011 m [ir[12:0]] = ace:
3'blo0,
3'b101 acc = ace —m [ir [12.0]];
3'bi10 . if (ace<Z 0)Y pc = pc + 1;
endcase
pc = pc + 1;
end
endmodule

W[ LLFE case RIXA MU BH A default @ F R PLBAB AN . M5 WRIAEME, R
BAHM case REXCMERZ LR HRTRNEE . BWINBEA T LIFIFE case B4 8
EEMR.

P RERT EREAR 3R FILA case THIHIE. case Bk 2 H

SHBAEM— M ERBENENE BERTEEEER. & Mark-1 83534600 , 0 8 3% 5 &9
=Ri{EN 45, RS Be 2 —1 4.

BE . UEEBHEBBAMN case BERRAARA DR B,

£.K ; casez,casex 2.4.4; % if-else-if e 4% 2. 4. 3, FHBRERF2.2.2; FH5R Y
s R2 .



E.1; #4 & 49 E. 2
2.4.3 Case ¥ If-Else-If §9 L&

7E E R E#) Mark-1 #]H , case fl if-clsc-if BBTREME A . Z T {EH case =B M H i,
EMBiE., F—FEBMANAPNRLIAHENHEHERFZEAHILE  case BT EM
fifi. B XEER2ZEEFFSFTERX.

- ifelse-ifl ZEMPFREUNRZEIAERF B, TE-—MEXKZELHTUR
£ if-else-if F SR LE case BAIF, A M case FEXREBH BT ALREMHRNER.

< case RBAFUEFEAIOFTEREANK (. EHEANELIBYEER. IFH N
B/ MK 0.1, x M 2 REREE, BEA R, HMRIE case BEXMBH RiER
MRE -FRIFFHEEN. SHHEKE.SERARERRARN i EoRAXESS
—PRAEEHFE, XS WERS FALSE(MM B BT casc £F). -4 HFRBiE
FIEARAFEHPLEM case BAIARFMTHR.

reg ready; F i A
4 HAbiE A
case(ready}
1'bz; $ display("ready is high impedance”) ;
1'bx. $ display("teady is unknown'};
default, $ display(“ready is % b", ready);
endcase

AR, —fr k] ready SEERBE O AR DECOM L BEBRITHREESXET
BR. R ready BERRRHEME. A AR X I, B F T M.
A&, w{ii¥E 4.2, 2; casez,casex 2,4.4; case FF 2.2

2.4,4 Casez 1 Casex

casez Ml casex BRI R F TR case ifH], casez ¥ z HEE T LM, casex ¥ 2
MxEHBEELXXE. BEBI—MIEV R = WFR, ST A ER L2
VK. BR T M casez BL casex X F R B case PLSh, casez Fl casex WiBE S
case I M MIEEMMH,

caze_ statemment

+v=  case { expression ) case_ item { case_item } endcase
| casez { expression ) case_ item | case. item b endcase

| casex { expression ) case_ item { case_ ilem | endease

2.7 Casex



module decode;

regl 7:0] s

always
begin
4 HAp i
t = 8§ balx0x1x0;
casex{(r)
8'b001100xx: statementl;
8'b1100xx00; statementZ;
8'b00xx0011; statement3;
8 bxx001100; statements;
endcase
end

endmodule

R 2.7 PEIRK casex IEA], X TRPPHEANEHTEA AME x1x0x1x0 §
TS ERTEBR—URE -1 RkAE. BAFHNE < BEEFTXLME, 54 BHEA
2 £MT. BREM 1 WK, ERHMES 2 MEGEEERD,FLLERD 4 A2 85T,

x] x0x1 x4 AiFas r PRIE
1100 xx00 ALY case TR

XPFPREM case BRMXFYETF R 2 BAEL LM (casea) TR¥ 2 #i x HEH%
¥ K AH (casex) ,

2% Verilog #4 % C; case 2.4. 2

2.5 MBS

ERHREP ARSI RIEANBRES B ESSEBAILIEL. Verilog gk
ERHTRERSERNERS AT EHERERETHALEHLBNAR, X F
JUAZREREYBAKRNARRR. FRIBEANTARRIREAS TS
o Verilog T BMMES  CEURFRHE MR,

EREARE, RENESFERLNEEGRAE . ENATFHERNT IERS
R FRMEREA. EfBERAEENNBE R RETROT IR, ZF
HIFSIET By I — S B 2 F R LS4 RS EMRAR - RE R EK. BE, Bl

ERBHENF LT ARBBFIATR, $X L HBENIBERTES . BRHPHTH
Y



WRPHE TR AR,
?2.8 HAREESN Mark-1

madule mark] Mult,

reg [15,0] mf 0.81817]; # B191 x 16 fufEfitas
reg [12.0) [F # 13 B H %
reg [12.0] accs # 13 b Bhoak
reg (15.0] iry 7 16 firf8-S 3 47 4
reg ch; /S
always
begin
(@ { posedge ck)
ir = mf pc];

@ (posedge ck)
case (ir (15,137}
3'b000 ; pc = m Cir [12;077F;
3'h001 :  pc = pc + m[ir [12,0]];
3'b010 ;  ace = -m Lir [12.0]);
36011 » m [ir[12,00] = aCe;
3'bloo,
3'b101 : ace = ace- m [ir (12:017];
3'h110 , if (ace < 0) pc = pe + 1;
3'b111 ; ace = acc * m [ir (12,017, ¥ R
endcase
pe = pc + 1;
end

endmodule

X B AEUR O AT R Y Mark- R BRAERS 7 2 UM RS T NREHEY
BO3 L AT AR 2. 8 IR IR IL B IR MR ERATHPRE . XR— RSB
FERR L R AE R P A4 018 B T R AR FIRERM BT XA D R E
BREREAE, RIOTNE—F RGBS RERTE, LA BT # 0 ik
TR BT B I R R, % 2.1 H3 T HEFRBEAMRE.

r55l



£21 EHNRBALR

5 B Tt % % X
A D EHEBAR RIS | RNATEERA PN RER. ©
cnabling(calling) B, CREEHGREBATE | wRA-L @58 & LXMW
| . 16, BT L 2E 5 1R A 5 BRI A
WwWH. B
87 AR ! EHALUEEAREIEHEA | GEELH A, TREE inow 2
HB%K. 01 K 5
ERHMEAS k., | EFTUAE TR ASAEHE | REA LS RiEa,
(W wait) 1 I
BHRGESNRY | E5TRAALEESNER. | SR EM SR, 85T 285
BT % .
& g EHAMEXREEA. BF. | EBRYBETHEELER -4 #. % 4
BEFSRTHEASSE | EREE R KRS RS R
Gnout) ORISR OB &
FF % 34T 4 Sk e T 11 3 00 5
2.5.1 &

Verilog IEF S PRTEEM. CHRBIENRA, FARGTZEERET -
kA, EARBAERESY. TUATEKASECFABREER, SR LENDR
BE XETRAERBREXMNMES. .o RBTEREATSHAREE L X E

B Mark-1,
™29 {EHFPHRE

module mark] Task;

regl 15.:0] mfG:8191];
regl 12.0] BCH

regl 12:0] ace;

reg ck;

always

begin: executelnsiructions
l"Eg[ 15 X ﬂ]

(@ (posedge ck)

ir = m [pe];
« 5§ »

4 8191 x 18 {77 K28
IS BRI %

# 13 17 BIn2%

7 &S

ity f 18 fFE S HIETR



{@{ posedge ck)
case (ir[ 15:13])
A BB —HREM case BIER

3'b111 multiply {acc, m[ir[12:073);
endease
pc = pc + Iy
end
task multiply;
inout 112:0] a3
input [15:0] b

begin: serialMuit
reg [5:0] tnend, mpy; # SREFAEYK
reg 012:0] prod; P

mpy = b[5.:0];
mcnd = a[5:0];
prod = O}
repeat (5)
begin
if (mpy[ 0D
prod = prod + {mcnd, 6 000000}
prod = prod == 1
mpy = mpy => 1,

end
a = prod;
end
cudtask
endmodule

EH MR task §{l endtask L@ FEF L, T EHBEH LN multiply, EBE

X T —4 inout O () F—A input B (b), XAMEHTE always BAPEM. £RE

R BERBUT LM EF B X PR FEBITN . 2488 multiply 6, acc 8 8 #2211 &

MR o, NS ERNEIHS b RSRTES. YESEEER, prod YEESE

B2 a. —HiRE,a EEBE acc. FASERTESFAHEN T —K59. BRIXPE

AR EFTLATENNTHERIBEN. M 2.9 R begin-end BFH TH K, BB E
- 5? "



BB R AT LU OB I B AR AT, X 25 4% BR (ir, mend, mpy F1 prod) I 1E J 2
begin-end ., 1% 75 BIiR—BIG R, .

task . declaration
..= task rask_identifier ;
1 task_ item_ declaration!
stalement.. or. nuil

endiask

task- argument_. declaration
.. = hlock_ item.. declaration
| output_ declaration

| mout_ declaration

block _ item_ declaration
1i= parameter declaration
reg declaration

integer_ declaration

time_ declaration

|

|

| real_ declaration
|

| realtime.- declaration
|

event_ declaration

REAEMERBAMT R, RERGK 16 MRS L1 32 R, B

mpy = h[5:0];

£ b P RITHERIFHIEM 6 A mpy, BB (mpy) WBIERBERE AR, BN 1,
BRI (mend) WA WL L) REF A 0, BB R (prod) B, GERRKE
f B, FHE R AT .

HEEN—MERX I T AR,

CONcAtenation

:+ = {expression{ ,expression} }

multiple. coneatenation

i = {expression{expression{ ,expression} } )

FoMEXHRERFP. EoMHERATABELEST 0 Koo H 28— ik A B
iE .

125 P U3 R input,output 7 inout £ HRE M H L S MRS BE. w0
» R .



0B R task-endtask B2, HEFEH . EWH S EE T S5 5% input 38 inout YA
B g, THHEHEENT. BUTERE EEFEFH A inour B output AT EK
HELPERANTR, SEAFERSEHIESFARMAESFHEHDEHE A0, FaE
FA SR AE B3 A ZE BUA NI 54T 9 58 3O Y input, output 1 inout B HH B MR P — 3.

EHEAMLARFAREECABRMNTESFHBERE. AT EBFSTHPE, IF - E5HES
REEFHNTER., FR.F_KFAACHFREHAINTEREUNEA D AR FENY
Bk, BUBER THEFEIT, UE-PMRABERNEFEE#RBER, #—5
. 1E 3 T BB A B 0 R (B R always 1 initial B4 B, 43X MEH 8 — R
FAN EXETREEYS - THBRERE-TE4ERL., RRESRERF —4ET .
PR, R UBR R T RS &0 ZIBT{E BT LA 24 4E %38 i B, 38 (9] 25 8 31 3 82 93 2 13K )
HEZ™ 4,

EHEBR—BER .

task enable

: I =task_ identifier[ {cxpression{, expression})];

AYLEBH - TEPOIPHERERER, H9GCI"HTFRTHENERE. KHd. R4
RPN 6 SRR RSB 13 A6 prod F &, 6 1 "3 $ 0 Gk B~ %
X EA AR mend @5EW. BRGNP LF 0 EBOFH BT, UEF mend
5 prod 3T HEA S, R 50,

A& R4 2.5 2; iRH B.5.G. 10

2.5.2 A%

Verilog MBS RTRBEM . CULUEESRTREFARMRALERE. B
A—TRHREZIAEL A, R RATUEREKATEE, 0 EAR
REJNE. AMUEH  BEATTUEEER(F)RBEAFEH(@, wain) B4, XHEBR
BHRHE, BT UERERASDPAMR. BB R4 w1 R 8 E E KT
% . BREPATHIME . LA —MEERA BEA XK R E R,

W2 10FIH T AREBE RS BB B markiFun, 8 5 B lunction H
endfunction XBFRELEY. RPEFHLERBLANGCE. WA, SHEHLEY
HWABRES—H . DATRATEF. BYOGE ELRRERE. ~BEB, B
A multiply) WRABEZRAFAAFEHATHAER ace. BB XEHHATESL
begin-end Bt , KAl LAE A M X AR, BRFHBH—RBR.

function declaration

.+ = function { range or type] Funciion_ identifier 4

-591



function.. item_ declarationi function.. item_ declaration}
statemert

endfunction

range_ or_ type
s 1 = range| integer| rea!| realtime | time

range

= msb_ constant_ expression ; /sb_ constant_ expression |

function - item.. declaration
1i= block item declaration

i input_ declaration

APATERIAXBRERBEEONSEA. AARHOTER.

function - call

-+ = function_ identifier(expression{ ,expression) )

AE. BB AES T AL 1.4.1; £4 2.5.1; HF78 B 5.G.10
B 2.10 AL

module mark1Fun;

reg [15:0] m [0.8191]; # 8191x16 f FFEfik 28
reg [12:0]  pey 413 BRI AR
reg [12,0] a0C; 4 13 pr BIngk

Teg ch; 4 W hig S

always

begin: executelnstructions

reg  [15.0] "irg 16 RS HHE

@ (posedge ck)}
ir = m {pel;
(@ ( posedge ck)
case (ir [15,13]}
FRER—EAH M case ik
3'bi11, ace = multiply(acc, m [ir [12.07]D,
6O -



endeoase
pe = pc + 1;

end

function [12.:0] multiply;
input [12,0] a;
input {15.0] b;

begin: serialMult
reg [5.0] mend, mpys:

mpy = b[5:0];
mend == a[5,0];
multiply = 0;
repeat (6)
begin
if (mpy[00}
multiply = multiply + {mcnd, 6'b000000} ;
multiply = multiply == 1;
mpy = mpy == 1;
end
end

endfuniction

endmodule

2.5.3 RN

MEETHESFMERNFHACEEYE T AMRBEMARHAAT R, KRR, R
W RGEREAR TR ARE, FERBERESER . HRITABEN « 5, THE AR
RFBRURE . BATRFEMLRRERFENO T EERTHREY, RITEE AL
HBERBNE.

BT BINEREEACRNRERE. B3R LAPHESFNREIE GRS
BAM. MAHMRPERTESREBLE. BErREFEARBLENREEBENRENY
B HeMNsEe , HUEHE Mark-1 2B E., RER. RIAVESRAREEERGMW
PRTIAME SREAXMTANRENAELZHRE. M REEETEEEE
ZRER R R B0 (H X R 1R

PR REBUEAD—IHELKS Mark-] 83U XPHREER, XFFHR

» K] =



FH 21 PAESETE marklMod BB~ EBUR O MR E. RE RN X
RREER, SR ERERITFHETERSDBY 2. RS HI R R F %
multiply #8811 % 3 B mark1Mod. mark1Mod B HL M go 7 FF B T muoltiply Bk,
— A 5E A multiply HEH & S @ 5 Mark-1, Mark-1 TE 7E done 7% 8. XD 55 H i w
EHETAFEKMEIT., BERMTEFE N REN, — T B marklMod g EW, B — 4B
multiply BRE., FTREFTEERDS BITELT—MEFH U, CHFERSHFESY
MR go 5 done, HAEFIHHHRBED. AOEFLEBHFRES. RNOGERWY, Fan | @wW
TR e A 24 A AIT A EESH(« B IS5 My BRRK R HATITHNE
¥ %)} 5308 7

A2, B E bR 441

B 2. 11 Sk AE N ISy AR

module mark] Maod;
reg [[15.0] m 0. 8191 ] 4 B191x16 {f £7 il 38

reg [[12.0] PCy 413 S BT RAR
reg | 12.0] acc A 13 {7 RHE
reg [15.0] i A1 RS HER
reg cks 4 er{Ee
reg [12.0] mend;
reg 20:
wire [12:0] prod;
wire done;
multiply mul {prod, acc, mend. go, done);
always
begin
@ (posedge ck)
go = 0,
ir = m [pc];

{@) ( posedge ck)
case (ir { 15:13])
4 KAl case #Ei15%
3'bI11.  begin
wait (~done) mend = m [ir [12,0]];
g0 = 1;
wait {done);

» B2 »



acc = prod;

end

endrase

pe = pc + 1;
end
endmedule

module multiply (prod, mpy, mcnd. go, done);

output [12.0] prod;
input [12.0] mpy. mend;
input Qo
output done;
reg [12:0] prod;
reg [5:0] myMpy;
reg done;
always
begin

done = {;

wait (go);

myMpy = mpyl5.0];

orod = ;

repeat (§)

begin

if (myMpy[0])
prod = prod + {mecnd, 6 bO0G0OQO) ;
ptod = prod 2> 1
myMpy = myMpy == 1;
end
done = 1;
wait {—~go)
end

endmodule

2.6 TEABAMNEERX

AR R ISR Verilog 38 5 BRI A AT LABCIR B M A . 7 A Y
« 63 -



XTXAEHE . Verilog L 2 W 6y 5 Ky RRIE - AT LA BT AR T i i v R S
RAF

2.6.1 {ERmEM

Rk L HwEERTILM, Verilog 7] RAZEPUFp Sk b AR IRFF, X IUFp ik 2 . 8
R A BBPAEER, S—PLTEELTHRERFRNBBERS. BN R PR L
#HiIRMHNME, 1R 4E B F medule-endmodule, task-endtask, function-
endfunction #l begin: name-end 3, TE— R ERABR. — T EFR AT LE —1THRIE
FHZ3.

WIRHERBEERBZAMAT . ATHEMREASAN. BNFEXDATFMAR
RIS MR,

- BRI M. SR % . BEBAE L begin-end P HIR IR T LUBRETS A BT
WA LIEE L ZEA. AR X5 T E 2T, R IR F L — s, A
HA—E% A - TBRERK L1 F 45,

- FEAIIAH. FERNANSEEWS H. AR EEHEMNZH. L0 5E
X. BERBER . EFEHENMRRERSEIER 5% REHE & beginend) 97
Mt EXEMN. —MHMEREEHETRS L TURIAFE(SR 4.2.3 %),

TEVBEIS AR SRR L5 R EA & beginend #2) b, 8 — M H 742
KEXKBLERS. ABEEE, TR E PR EERE WD EHR DB
SIARRN. XTEERME R A E R L.

HBA 2. 12, top BUERAYRIFME S P MR R R top.instancel .y r.w fl 1, K
top AR PR PSR b i, b H BB AT BE B R op BB R0 BRI F B P R X 4T
FHRB XL TRBUEFNAER, SR op PWEF  ETHERR KNS
—TEERC) . REESR b PRI o, BH c FE op WRABEARZ R AT RE
bR EERAB KR L, EHBR b E—R . EEE  RBEBRPHZ N, HE— 53,
ATEAFESLB b th#ROE top BEMAEABF A LR v & cop PE X WS R B, R E
BB EEREATUAILE,

212 fEREMERER
madule top;

reg r; F EREHR wp.r
wire w3 J ERABRE op. w

b instancel{);

always

v 64



bcgin; ¥

reg 0 4 EWAHE op.y. g
-’.:nd
task t;
hegin;c B top. e
reg Gs f BwE#H 2 wop. ey
disable v; 4 OK
end
endtask
cendmodule
maodule b
reg 5 4 B Z A top. instancel. s
always
begin
t; F OK
disable v F OK
disable c; F AR e Rl
disable t. ¢; F OK
s = 1y # OK
r=1; # ek r AR
top, r = 13 # OK
t.c.ag=1; # OK
y.q = 1; FOKABTF te.qM g
end
endmodule

MR, FHFS r MER w, RREEIR b B0 EAF R AN IX BifT)
HEBNMEMAERENS I H, RBEERTEAERTER. AR, RAES S HERR AR
BB RO ZE RS AR A BPBR EH 8B & RFE RS AT
W, BEATMER(—PTBRAEENLFAEAEID R AR EARERT. BEH
E I EBAS B FFRNEMEEET LA,

HEMREEEERERTE XL AEFMRR T LASZER P ER R (S8
AR . B, P R AR 2 R0 4 AR B B0 o8 U 95 B A BUZE BLRGE X

LA R B LR FRNEARESE N . BERERASREDER. HREZRRE

+ 5



Wi friE. RIBOREKSD always IHA . initial B4 (FHFURREPHRENH LA
B, SREDRREBETHEEERE B ENTR always fl initial &) 3 60 2 T
R, SnREEAS AR GFERILOR RENRAZHENELBERER
FPERZ TR . SRBINBEARREEN . FREE. B0 L0 BEj3
HIPR BUAF REER SAT R84 A E 0 BB B i b 3R @ A0 BIAR IR

HER RBFFENEMEHARELIRBOZRFAR FERE S RAND R,
RIS REMAZREOFAFESBNSERRABEPER,

2.6.2 Bhix

B — Wi T — R iR e E R, EARENER T . i s
AHERRF L ENEERENE. B—FE. RS T LM — bRl #4858 b g (L — 4
% . M8 Fah FHESHELES,

J2 K A PR ET S H 8, 7E 5 A MR R AL BT N R R R R EIR
HRBACOHBNY—RIGRGER SR LK, B—4 IR R -~ TE T B A
B2 K% Fr R o 2 R B B A AT B) F AR AT MERR ML RS . 5—15
ME AR E SR F AN E & 75 E. BO MR ER R TS8R ik,

EEF 212, BB b, FHEE ENCIURY =S o R B R T e - v
APIERENIRERBEEATN, R, ERE L hp ks A top. r ¥ i 6] top o
Mo, SHHECLEBE D P, e g ifMES t PRI QUM —® . ERETH5 &
By RFABR . H—HE . TUEbPEITERS o FRLEEB e, B, @A
WHREM op FHEHERTLD ., SM b HERERE RN, FT—P L A EE0EE
Al 5| B4 top.y Fl t, ENHFHERE - (BE LB EW S AR —— i 4F
F R ERTBIOBRTURERRZ MR, b NEHBRYS RSN SRR
BIELE, ZRPHE — MRIRF L AR BTSRRI, BT EFARER
HE. EEARALM top FFIE. MR b BER, top. t. c. afl tue.qBHXH.

BAARNTAT LE A X F LA m R P T e 85 g AER R A E - EA
EHEUEE%L‘EB@@ﬁﬂﬁlﬂﬁ:ﬁ?ﬁﬁ%mmﬁ\%iﬁﬁﬁﬂ?&%ﬁﬁc VREREKR%#.H
RENBER T RFFA AR TTE WK, D R R E AR S

WX, B RR L, TR L RS M T, SR X TE R Ll A
B B R BE SR B R AR I b R AL

2.7 g

HEMAE - ROFRANTAREENREKERRESHNED. REGTHS.
* B »



FEARMAET Verilog B KB EMNHABEHEZRMWIT AR, AT EHERH
AN EE SR TEF L B THBE TS, AR BMNATLUEBEA . T REE
HRHR BT AT, R, RATE AR E SOCRBRTHNEWER R K HT
BETHEARBER, 2.5 WP rRZE THAEE . T—-ETHEHETT
.

2.8 #2)

2.1 HEHLIPETEBRRAEMFOREN, HH O3 8% S ERE.
2.2 HWTHREFHERAHM for WIFHEP 2.2 DAY repeat FIHF LT AR EE KT
HE?

reg 1 3:0] 1

for (i=0;i<FTwwl.en;i=i+1)
begin
# shift and subtract statements

end

2.3 THR—TIW case TH K case B4, HIAMEHFAAFFAMES. mBEBEHL
Fi B T BB case TH . WA TR

reg  [3:;00 f

case ()
4'b0110, taskR;
1'b1010; taskS;

endcase

2.4 ETHMEETE DT casez BAIH for FHBA, FEWNIFMTE

function [7:0] getMask;
input [7:0] ThalfVal;
casez (halfVal)

8'b7777777 1, getMask = 8'b11111111;
8'b727977 10: getMask = 8'b11111110;
8'b77277 100, getMask = 8'b11111100;
8'h7777 1000, getMask = 8'b11111000;
8'b777 10000, getMask = 8'b11110000;
8'b?? 100000, getMask = 8'b11100000;

- 6? -
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[N

8'b? 1000000; getMask = 8'b1100C000;

8'b10000000 : getMask = 8"h10000000

§'bO0000000,: getMask = 8'b171111J11;
undease

endfunction

A mulriply 1% 3 B /8 mpy,mend 7 prod F5#9 8548 UL B8 K055 G 6 IRIEH)

AR HE,. BIN— 3 display iI58] % BRI {H .

HHE2.0 ®f 2. 10 FEMMES BB HNFERNRR LK,

Bl 212 BER b L EF t PRFFER oA top. e g & .. q By F R HE 5

M. MaEBER b P AHF k3 HHEES r B2

WSS R B 4. 18,

A, TRE slave FHIFT B RIER 1T % wigegleBusLines?

B, MPEARBR master §i slave R S A F wiggleBusLines, 18 H ¢ LT
FAraE e

Iﬁgi



FE3W AR

SR RIS ASREEENEARERTPIREHE . X®EAEN
always B0 — Mo R BEEHFEDST. EITHBRETRE-EHE. IEHEXEAHE
HREMARGE . RERAERNAPTFE. AAEF RITEFS BT IERES. A
SEXEVW ENSLETHAMN always IR 2 AW G BT EEM. BN, wait #H8 8
BREGHMIBANTEMTFESRESLF N E(ree). EXBR,URERINKBESR
e HAASR T . FREENHREEKHETRATH RHIBIITH.

3.1 FFR#HE

HHCEHERE LI — T EHBHNHR, EE - T HRBEFHERAPITERN
BEEZEARENEHNLBEOHR. STRFRE, TEHES -5 2 HE 583t
EHENRG, XREAN YRR R TN EHEZ FARERNBHTINES.

WEEEHNE BT HBRTHELEREFE JFEREHEREZHE BN YHH AU
HRRE M B,

Bl 31 B— M EV AR REAR. always BB KB R T8 R 525,
BB SR G RREHE RS, BORENEH — MR, KK
REHARFEFS AAZEA U REME2E . MBRMERSL,

3.1 — 4 HiR AT R LR

module computer;
always
begin
powerUnlnitializations;
forever
begin
fetchAndExecutelnstructions;
end
end

endmodule

RIBRIMAERMBER S - HABXEAA XM #HBABE -TMHARDH
« H0



[l BB M — N iR ] AR B 28 (modem) P HEZ L B Ir (biv scrialb g B TR w6+ 6
HEMBLRLEN  AARFAFANTAEM T BREMNEHRANERHLE TR
WAEZD., BABRDEHFEFARBASAFTREAAL, FAERD —PEFVOEEZEM
HHEILERES. 53— 738, 063 1 PRANTENL#R, YEEB LTI Hull
bvte) IF BT RS A OEERSER,

XM ABRLE LR UAEA— M RARAN. HEXH R TE RURE, X
R, HRESLBEPNE ~FENHNALE - FRERS . EE RN R EE HAE A SR
HERE.FEEE -THHBARATLENRR. ABRAMEET . BREFAFETHE, B
AHA NMM MRS, BA. 8 —EKG, 5SHOBMHRNHEGHEREE NXM T RE,
EAREREERERN. FXE B TR S 2 B0 L iR 2
BAE LT,

HILTHBRRBEFET—AREHEFERERBRE, BT B =01 F 5 U R
IfERERNERNE. FHRAPHEERASHPH - THBERMES R
E&TAMRE, HEARA - #BEE - HRNESXEHREEE . BN, 3R
ZEAERRIRERAER ., FW0, BT LIEE O MR SRR #TERE, KBTI ERE
N EEES S B RRERENRARRRREE. EEfP, RITRS T H
B2, FHAABRA R I ZRMEEES, 50— SF LAWRENE R KX
REZEFHENEBHER.

SRR —F R R A YIB & IT (data-ready) "B T 15 2
— HA 5H KRR “dataready” 15 77 A H W H B L e B A SRSt ERIE .
S A AR R BUE B SR B — DB &4 “ data-ready” B N XL 3 - B HE 3%
BEHBERLE. B-AFEEARMESERASZ I MHE,. M EBERETN,
HERZHMKBELRETF - IRERARSLE L, ENBEFES maEL Xy
R RS EFRIES M HBZEFELNERERIBEPRLER,

ERX—FER RINE/D —RiEN, X EEREM— SR R RN
AT AR T XM,

5% always,initial 2. 1; SR FHY 5. 1; RH#LH 5.3

3.2 HBif

WA R RS P MRS Ak, A8 F R A R B T
BE. HIRETH. B BELHH S - HBEsE.
R =W RN EHEME - MENRE . FEIX— SREE, Wi, ks
M REEREERN . HERSERNR DM — KB DR, SRR A K5
« 70 =



fii. BRI MBSk A (R A S D E R WERZEE S ERIEY,
HFEERHRBELRIT -FHELT.

K- EFFGEHENRHESER A AR ER N, 5 — R AR
HEERHE AR LAKREFAHBHERES.

3.2.1 EHEHIES
R 3.2 FpitieBAEEES. &HPiE
(@ {negedge clock) q<=data;

RAREMDUMERK FREGME. XMREIBEROBEERIEAER clock KK

B RS data GEIEAR q. BB q MEBR T RER SR ZRTH data B9{H.
3.2 DEAELES

module dbdgeFF (q, clock, data};

outpul g3

reg q;

input clock, data;
always

(@ (negedge clock)} q <= data;

endmodule

B 1385 B MR BT MR LUAN 0 0T LIRLE — 4~ | A #Y (“posedge”) 8¢ R $4E fof 31

@ (ricky) lucy = crazy;

X BN ricky RAEME ,crazy BI{EBEE A lucy H,
HEEHIEAN - BIER R

event_ contral
ii= (@event_identifier

| (@ (event_ expression)

event.. expression
1. exXpression
| eveni_1dentifier
| posedge_ expression
| negedge. expression

l?l;



|  event. expression or event. expression

PR <€ in) 1] DL B “posedge” . “negedge"REZFTH. XEXE—NITHE B ELL (wire)
HEFFR . ETNESR S —THET ., BHEHEDAEZERNRRNF R NER
HEWEL. MEEEREZERNMUWEAENEANBR T, ~BAFHFERE, BN
fTHORA. MEESHFAFREN , REAT4HE —4FE . 3 B ZE SRR 6. 38
AN NBEE RS R E.

AN EGEHRBIRNTESWA ~LRANE., EXHERT. TRERBS XN
MIBONTR xHERA B OB, — P EABUMEELIM OB 1M 03 x
HEM xH 1 ABETE,

BHUEREIP UM EHENEE. FURPEE— T E SR EEHBLSH
KB WEHMa. M3 ER—1TBERM.

13,3 FE-TEHEHEATREESAR

always
begin

# start the timer that will produce the timeDut signal;

(& (posedge inputA or posedge timeQut)
if {(timeChat)
# ... error recovery
else regA = regB: # normal operation
4 ... other statements

end

ARHRIEVBHETFEHFHEE -, inpwA W FFHBHE timeOut 1 F F
., AXBF or REXHAIAESHHF. EXAFERT BRI UM S HEgE 4 —
inputA BIZE4. (B QSR TE— BT R Y inputA SR8 H K AE B 2 1 15 T ) 42 0 35 &%
REFHTEMNE R BEREE,

or GREFRAABNMAPEREEN, DRI HBEEZE L4 aMT
M— A RER  ESFFR— I EFZH. TR R SR A S ENE, i,
BT A ET AR LS B U R A — X AN R X — B DU 4% S
EFEMEAEATBLSBAAMNTEN. DRAABTHIZE (A EASHRKE
fF. Tl or B AFRITE M LA f R E M — 434,

A P wait 3.3; B F BN AT 54 3.3.3; AMMERLIR 3T

3.2.2 HEHRG

LR B 4 B R R B ] — (L. S HE M — R E N E
. 72 o



B HEZFEH (named event), A A~ R EH X B RITHE —-F0. MEFER
RAFEFRERR LAY, B L ER SR, b IEEE W 7 ARREHE KR
A RAFEROME, EHEHRTZH0. FHHEEB2 N AEFRAFFAHFHE
2

# 3.3 i — Fibonacci MFRZERBAH ., CERFLZFHERTSRZH#
1T {5 . topFib &3 AHIR T BT (fnc i ng) .

numberGen $¥th th ¥ always i847)iH 80 B % ready ML % .

# 50 —= ready;

BHLAERRHERYENTHTHER, always 502 HER 50 R ja] 847,
# HAE number RY{E# . B EIR 50 B[R B A7, 8 )5 i R BE 4 ready,
B fibNumCale W always EA R AT,

(@ng. ready

count = startingValue;

#HH ng. ready” BREH ready HEX K ER. U TEHEE RIEEERZE LS
BRI TEMBZERRAS. B 6bNumCale 3 THRIKME . XL AN BRATG@E
T A) . R )5 AT FE AR numberGen HH9 R B4, X BT M fibNumCale 28848 1 77
&%) “count = startingValue;”,

HEEE 1T B eI N EATRE— KB, CEF S EMNEERE SR, 1T
PlhBinR, MEFZ2FHHN—RERL.

statemnent

1L = event. trigger

cvent_ trigger

1= —> gvent_ identifier;

WREB fibNumCale PAT always 1555 0 B 7] 48 33 100 N B 6] B 4% . ik BE 36 3R
Fibonacei FERERNRS R EH S RE (race condition), Bk numberGen &R 100
Ao JA] B AR A — L R — R B, 105E fibNumCale #H7E 100 B ] B
(AR BE 72 W always 8 35, 888 8 iF NumberGen B9 fih % 35 £, H 25 Bl B 4
NumberGen 74 #9 Fibonacei HFH S GR— I BFA 28 HHE — K.

3.4 [HEELFMNH Fibonacei MFEE L FH

module topFib;

wire [ 15,0] number, numberQut;



numberGen ng (number):

[ibNum{alc frnc { number, numhber{iut);

endmodule

module numberGen{number} ;

outpuat F15;0] number;

reg T15.:0] number;

event ready; 4 declare the event
1nitial

nuinber = 03

always
begin
# 50 nuraber = number + 1;
# 50 — = ready; 4 penerate event signal
end
endmodule

module fibNumCale{startingValue, fibNum);
input [15.0] starting Value;
output  [15:0] fibNum;

reg [15:0] count. fibNum, oldNum, temp;
always
begin
{@ng. ready # wait for event signal
count == startingValue;
oldNum = 1;
for ({ibNum = ¢; count 1= 0; count = count — 1)
hegin

temp = fibNum;
fibNum == fibNum + ocldNum;
- gldNum = temp;
ehd
$ display ("%d, fibNum=%d", $ time, fibNum);
T4 o



end

endmodule

HREENFER AR REASMREG wRAFETRKEXRESEG. M. E
RE—THES ERES, SE Ao & et , ges kiR KA S E@F 5 1k 4
BB, KA HAEEBHRASZHNNBEGLR, AU ELEGERENE IR,
HIEZ T, EAGEHERENEREFHLD B EENEME ARG E L BE.
2% - e,

LR, B LA 2.6

3.3 FiiEw

FRIBONE—-FHRXHIBREN,. CEFEAPRNEMHEILTRE. AMES . E
BT —BHEIL BURAGREAT IR, NEXLEH . FEEZAPNZRELAT -
AE,ZERH - RN R HEW,ZEFELBAKESSHT . AHEE
EELAERX A HAHENSHAFUECRFRAFRARFRENTE N,

FHEAR RSP BN, OB EHRAEFRENKE. #HE. ERARE
FURKIAETAE. MR IAE ABUEET . WRHE.HBESET £,

FEMEEERTRERITEENETHAT RTEFGEES), #3. oA TR
— PG R ready I AN A, H B HiE dataln A . BdWRENE T F R
(producer process) =4 T dataln 3F HAE ready F ST HEN . H B Z ##8 (consumer
process) A M FFEAH L BEURE SHENEEXBEITH#HBRE. ready 52—
TRZES CAFNERAFEHB . £-EABOCELL T4 dataln BOREG, TR B
HRE o ready F S LH .

6135 HRHFEFLH

module consumer{dataln, ready) ;

input  [7:0] dataln;
Input ready;

reg [7:01 in:

always
begin
wail (ready)
in = dataln;

4 ... consume dataln

. 75



end

endmodule

FRBTH—BID A AE

statermnent

Tl = wait_ statement

wait _ statement

11 = wait {expression) staternent or_ null

statement_ or_ null

» = statermnent

X FiIEXFITR M (evaluate) , MR BXIANE  MEBBEMTIES. MREFERX
HER-WAERFIERT AEZRAHREATRIE., —BEHAEEAT AR . AE SN
TiEH), MEREGHENARBEREE RS0 statement_or_null FEAEZE, i,
KX WRTHTA DA EHBETE.

BIMNEEBEXFE-TERAUNE . NRE always B P REHONEFEH S E 0
B3R IR ATEBEHLMN 3. 5 MR SR BAIE, WRARIH, . M2 - BEHENNE
B S EE R EAKERTTE. BN wait HEFEATFSTHE., EEREY I,
ER AR EER B ER BN A (sequential manne) I R R, 3
HURYBALTFTALAEERAEREUNFR#BZAATHEE. D, S/R54TH
B.ERNANEFRAPIFEFHEFNET. BT LRABRERFPALED, LB ESAE
B always A PAGEMER T £,

Lhb . ERHAHEREP XMAFEREASREBH. EF.BIIFLABBEHES
EELBAENEE, B, RINBTEINAETENALEFESURFEG EHIIT. 1RH
3.5 FAR—THFE, WM wait (~ready) . FFAEXPAFHAE T EMPEREN TIEER
HEXNFRS, WM BBUESERET. ETF -4, BRI FE L85 650 38X
_‘}.'—iu

A%, 5 while #4714 3.3, 2

331 1T RENEFENLHEREFRH

B3.5 TREEHA L RERIR. IR HAENASSHE>E RS dataln B3

BRHES. HTARENEFSSUE, i< R a5 IRF S, B LB W47 82 i
. 76 o



(B

« HEEFBNEBRAR, A daaln WEXET. MHERERESREZRLH
dataln 1B .

¢ IHBREMBRAERE, LETEHKWUT always R0 KB ready G E5 A A B
S HH B B B PR EE BB K

FAII = B EBRHT R LA e E i, B2 E{FEEIE# 1/,
— 4 P BEFR R 2B B 07 B R SR B A 3. 1 R M2 B 8 (ully-interlocked) B F {5 S 41
i .

prodRerdy

", <

consieady

#31 —reHA4EFHFS

PIL6MTHMEEHERAT FEFRTAHEFES. ZHAGEF T aways 3,5 —
THEZTHRESN, F o HRB T A ERR, Fiaed, IR ERET BT,
HRCEPH— MR EASET XRBENBIEAEY. BY. S5 ERENES
FIEEB R MW, Hilk, M4 FH B BE“wait (consReady)” 58 % i # & B 5 7 %
“wait (prodReady)” i, always 8t £: [ & consReady # prodReady & 507 1k 3 H 40 F
FHERE. NRHVERBR Y KENT . ES%E consReady B H Y | 5% prodReady 19
. REEFERBIZTT ¥ prodReady R B H 0, R 5 2 Z % consReady F ¥ 1,
MR EER Y BT, B4 prodReady B 0,4 — 68048 , 3 B %% consReady
BT, RGHEBEBERWSIEFT,E consReady % 1,3 B % # prodReady 54k, H %
consReady HIRIBE R & 1, B A R T LB iE1T.

RERNTREELEX A~ H L £ 7 #HY producer-ready (prodReady) & 18
(RO.RHELREETRERE R, MBEBRHH consumer-rcady (consReady) B % B (5
D REECEHEATFRUEE. Y4884 T —-ME. 3BT ED consReady % 1
(B 3.1 Pk ABE, EHEEE AR EFEE dataOut &, 3 B prodReady B % 1.,
REVEFFHHRBEERERBIEH AW consReady B4 0, B FEHRE D prodReady
B G AR T X AW consReady T35 0(E 3.1 F &L B),

36 WHELHYBFESHHAE

module ProducerConsumer;
reg consReady, prodReady;
w 77 =



TOE | 7:0] datalnCopy, dataQut;

always 4 The consumer process
begin
consReady = 1; # indicate consumer rcady
fﬂrevr_‘r
begin

wait { prodReady)
datalnCopy = dataClut;
consReady = {; # indicate value consumed
4 ... munch on data
wait (! prodReady) 4 complete handshake

consReady = 1,

end
end
always 4 The producer process
begin
prodReady = 0: # indicate nothing to transfer
forever
begin
4 ... produce data and put into "data(ut”
wait (consReady) 4 wait for consumer ready
dataOut = $ random;
prodReady = 1; 4 indicate ready to transfer
wait ( [consReady) # finish handshake
prodReady = 0y
end
end
endmodule

RELFERBAEVECL2BWTHIE . HEEW prodReady B % 0. L1122
BEHN—ETEESERE 31 FHiL O, A SRS ATEN T H. KDL L
HEHE. M YHREBIAEFECLERTHRELS, E3% consReady B ¥ 1 (F
.1 HEL D, URHEAACLLERTERS —KEELEE. MBS TESETFTRE

W R BURRBE R,

HWHEERNITE producer P ARK BT random, X PMEESTEE KM E BRHE [
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—~ & B FE LAY

RN B M 31 5 AR (A] 44 40 IR A0 53 78 P 4 B LR ARt T 4 L B 1SR AR 8] Y BY
R, B AAEEFMABTEE., tRE. BTSN HRERESRA T HERNED
{75 0 K B AL S CBP 4 72 35 B %5 1§ consReady $il ) consReady) , AR5 38 2 047 35 72 [7) £ 9
F (lockstep), FHM , HHREFRSHERM TR always FERFHBERAWHEBEE. &
FEURSEAMIEREAENSRAEEER S - SXE. IR E-EEFRFHERE
EH BRI TERE. AR A#TREHNRER I EREE.BAWPTELE
ARMESZLRRFEHENRE . ARERFE XM ZEREFES.

## ., $random F; wait # event &9k 3k 3. 3.3

3.3.2 Wait iE )51 While iF T893kt

#HH while BRI B USRI FGESNERAY., SEREVUHERLHTEE—
A“while” (B, Y4 ready HBNEEERS Q. ZREVNEHFHD (T HEHBE4AH
FHHEEM S FRMNBEMHAEM I AHBERTRE . HFBRITM YL EEN
wait 15 B4 .

%t wait fl while ¥ ARIZ G # - FHRITRP RIENBHERT. B8
AbPRER IE FEZ T8 . X 8 — 1 always B H) 1 initial 358 &R - 1~ B0 0 1 B AR 4R
FBREY - T# R, SRBF-BHABET AR RAFE L, BB Ea
(#) REBERBE RO AEY wait 58 . RERBI I EH@ENNHIE. &
AEMES . FHRERWH FALSE Z NS HEARAT . B 88 frziE s,
FEM AR IRT —PMEBREL., 7 wait BANRGVEXHER T, ER gk s
PATH — R, T—4 while iFA1KE RS LB R IAT %R,

Hik, i T4 3.7 PHRM while ERNRESEF - TIEEERET. T US S HE
UEBEA T RREH. ZEEY.EH inpuA HHEBRBEENSMTXNTE, W5,
WRBATH wait IBAMHLE while FBARBEX M ER PAESHBA - XREF. BXR
wait FAIRE FPH BN, —BEMASFIE, CHBEEH. REEHEAAFTH
FALSE &4 wait iF%8) B H4-E 35 AR EE BRI,

EEH 3.7 P wait i BBRTER. BRIEEBA AP - EiEa, HE—F
wait (FALSE)iER], BEH — MR FREHIEA) . X0 #8428 1k 207 52 A 1 400 T 4 455 i
inputA MHBEISHEEEME.

3.7 —PERER

module endlessLoop {inputA);
input mnput;
reg  [15,0] .cuunt;



31WH}f5
hegin
counl = 0

while {inputA)

count =+ count -+ 1:4 wait for inputA to change to FALSE
$ display ("This will never print if inpurA s TRUE!;
end

endmadule
A, while 2.3; sEefdEd) 2.1, B4f4H 3.2
3.3.3 Wait ERMNEHERIEQNEE

WA R b3, B R BB AR wait SN A AN AR N, B2
6] 8 7 1B 2 A T 3 4 A ) B A AR S B ) T w8 A O W P B R i)

PR 0 R ) T R 60 0 i 5 4B B R A L B I 2 S g
4 40 3 B O L T DA A A B R AT — A R . RATATLLX
#E:

{@ (posedge clock) statement;

ARG BB BIE AN, MRS LSRR ERE R 1 BT, B
B FHEREBIADUNRAGHRN LR —~FdA— 1 LAR. MR . EEZH LR
KRR A T I,

wait 15 R) 5k 30 81 F BURRY . Y RE XN EH, TA L TFEHERS.
A% . while 2. 3

3.4 HRHERH

3.3 7 gy ) A T O B s B LR T B A R A (e e R R B9 8B R4
TRELFEFTENRTRFTERANERES. BX—Fh, RITER T — 880
SRGBIFHRY M EASAEH@ WO TIRA, X 5% 2 0w
B 3R DU

E32R/UETHEPFHERAMNEL BRI, cdock (FEERR I IFZ.HBTRRE
F M B2 (bus master and bus slave) 81, — IS RALEH 5 H- B BRI R
Mom— T ERRE AW Sk EHEI . WA rwline 22855 2 AT HUT B9 82 28 A B 26 %0 L0
*RE.1 BRE,
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clock

rwl.ine

dataLines

|

L

|

f

i

{

!
addrl.ines r

!

L

==
.

_——1 o — —

Writeli Write Read Y Write

o)
.-,.
e
G

B3z Elaogihd

HE B HE . T8 5 rwiine, addrLines Hl datalines, {2 507 8h B #A 60 &%
R, ERNGHRAMNEKRL A NEFEERINER L, 7 clock BWTREEL. A B
¥ datal.ines b AIBIEE A B —1 W addrLines 8 245 E R AE & ¥ 7 (memory location)
H,

—PEMESHAE SR, £% - 6 HH. £ 2K Wa rwline H0
addrl.ines, ZEH DI EH, W B LK 5 data,data B 28 EH 47 M bak 828 addrLines
g r I ERASTPERABE. EB T HHSTEN, : BEYM datalines I B
BEANEFFEE.

#£ addrlines #l datal.ines H 558 X WX E R TR eI 28B4, £F
IR F, ENEONRAAZERLE. BPHE XRXKEBEKEHE—-FTESEH M
S,

REXTSANHE HEHHRT -8R ERRN AR BAME, FiE—
BENDNRAP#BRMBEREWESGTE —R.

3.8 B— B, L& H always IR M initial IBAIHERM 4 THB, B HEE
Aot eh . F R MM B GHTEE, B EEEREMEA. B E—EUSUE
ABEAE, H2H A wiggleBuslines 4T % 3 # & (encapsulate) 548 Wi i % 15
ThFEREFREHMTARNAET. #BELLRTR clock.rwline,addressLincs Fl
datalines R#ATHE MARBI LW ne) R TEH,. (FA BIPBRTX4mH,.Ei5E
MZ LM iEE .

AP EEE N THARERT R READ I WRITE, &M% X8 wiggleBusLincs
HWEFEARFEETEN., £8E sbus PE LT —PSH. B (Clock £rH80 AW
—F HIREN 20, EXBR.EBIITLLA I E R tClock WEIAE., HFHRABHHEH

. 8] -



O EEERA., (WE EFAIER, cERARITCZ2H . BEIAXL T RREELED
WAL EHEER), R MFERAETEL. HRARIMMNEEFE@ERS v PIH 32 1~
16 (7 HF A AR T R X addressline 5 (i 3.

HPF always # T FPIT initial 87 B 86 8 2 AT6 RAAT B0 I 35 AT
0 IEF IR L (AR A PR A AT T T AR IE BT

AAPHE - nua BERER A EED®., B2 S readmemh B 5T
F A L "memory, data”" B A m . EESHREETRUEHR®R, &%
clock WAL O B EA N FAANKEHRTWHBRELREEEEY, £, $ monitor
A1) 8 7R rwline, datalines,addressLines B{H, [ $ time M 8 R X =2 R {7 — 4
bR o g Dk R o 1

RS E — A always BRI A48 W (Clock /B TE 247 CBP 20 4R [F 9061 ) 5548 of
B, BT BASR tClock Mot B 6, B dways BWMETEER
HLEWREFF LR nita FAKRNEROGALEREHE. HEEREEXH
BRI FATARF B always iIEQ A EN PR MBGHET R R

Bl 3.8 WDKK HHEGT

define REAI O

‘define WRITE 1

module shus;

parareter 1IClock = 20;
ey clock;
reg [15:0] m[0:31]; # 32 16-bit words
reg  [15:0] data;
# registers narnes xLinc model the bus lines using global registers
TCE rwline; A write = 1, read =- 0
reg [4:0] addresslines;
reg (15.:0] datal.ines
initial
begin

$ readmemh ("memory. data”. )

clock = O

$ monitor ("rw=4d, data= %d, addr=%d at time %d",
. 87



rwline. datal.ines, addressl.ines

il

always

= iClock clock = lclock;

titial # bus master end
bernin

41
wiggleBusLines { ' REAI, 2, data);
wiggleBuslLines ( ‘READ. 3. datay;
data = 5;
wiggleBusLines ( ' WRITE, 2, data);
data == 7;
wiggleBusl.ines { 'WRITE. 3. data);
wiggleBusLines ( REAI, 2, data);
wiggieBusl.ines ( '‘READ. 3, data);
% finish;

end

task wiggleBusl.ines;

inpul readWrite

input [5:0] addr;

inoul [15:0] data;
begin

rwl.ine <= readWrite;

if (readWrite} hegin A write value
addressLines <<= adder;
datal.incs <<— data;

end

else begin # read value
addresslines <= addr;
(@ {negedge clock};

end

{0 {negedge clock) ;

if {~readWrite)

b time)

83



data === datal.incs: # value returned during read cyele

end

cndtask

always 4 bus slave end
hegin
@ (negedge clock) ;
if (~rwline) bogin & read
datalines == m[addressl.ines ]
(e (negedge clock)
end
clse 4 write
mf addressLines <= dataLines;
end

endmodule

FREARERA wiggleBusLines £ &0 R B =S8, 40714 145 B B 4R
iR MBELY, F21BRAAF P E LR ARHER . AR ERES
RTPEES ANGE SEREZRAMP SR8, XMESE THEER 6 %,
BERMEAGBIFNE. T KT HHAPHME wiggleBuslines MM ik 2 5 i% B ¥
HH ERAEE R P data . B=WAE S AT S MbE 5 FRIE S ATTRE R MR 2 b

BE clock RIBIFRE B— Bkt s BB IE e H 15 B 2 MESF A 28 £ 2k, 4
R B LA YR WRITE, W4T if B8 then 4. B BB TS HME A
addressLines # dataliines 4. SREIE % %% clock B FREHC HIREHE E op Ty Rk
K FMTFHORE. Y 8T R UF G BT, R4 WRITE HBs kKRR K. 35
WENHREDNE, MBI datalines % A B addressLines $E M #at m .
#1RE AT H H A always B2 H0 initial B2 & 4055

FKARBE—-TEFRABIBEMSFROT R, o, A AL HEREE M N R
B B ORI B R PG B EL S TR I 0 T B o X R R S E
B, HUL, 7R @ (negedge clock) — 8% B4 A M5 00, RS 04T i B 6] 14 W 841
IRERE R —NE R, B LT if IBAI else 4, 3 B datalines | B8 832 1T
Z 1 addresslines FHM m P . RENHBEHT T r8h BI04 E .

FATD R R W X 77 6% 85 # 17 W 4 FF (back to-back) 'S 38 45 | HE—-THE
@ (negedge clock) B R H BRI B R A E ] TEMMRITEEBH. — B s
F.AE wiggleBusLines {E£ A BMHHE . B — W E £ AN EBOITEL . B 3 EmL
FRET AT A . — B W B B0 AT, B — A R B S AT s BT B SR — 4 2 3k
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7. RIATMAE I — TF dataLlines, {1 wiggleBuslines BARMTHAHB TS EHE.
TLES A then B2 data BHFHAREY datalines, WMBRNFER LT E=
3 dataLines TRHME S ATEAE . 4 datalines FHBBAEE S AFME? BEX
M E SR THEEN, FHARER S MM ANFLX. N, LIS EREREES
SRR, ERAMERREARAP  TEHERERIET X -5

EFERMNENS , ZRARBER—-TE/MNR. £% wiggleBusLines F i3 B
Bk %, addressLines, HF HEMSEHITHERAEF AN BPHER. £F 18
MR AT, datalines PE{ER L A data P, HRXMEMEFFERB 0K,

MEBRERE- -TRAHEBHESR, KA m BHEht addressLines i i 80, 3F
MA dataLines 1, B BrERMEERE - EHF R L. REN B LR
HiFEAT MHEREBZHSEET Mote TRGEFBIERBABNERD,

W33 BRTHISHERMLEYE. TRAMBEIELNET, H L BHRAES
wiggleBusLines, SChr b, BB MABHE 2 1 3 BB SR BB AR L 7. 85 HM
EATPEHURERES ERBT A, HMARKES $ linish REEHER,

fTENEh B H initial B4R 8 $ monitor IBAE R . B 2 8 E 7 8 2138 g,
RUBRBERANGTBRE - RAMERNBEPHE. FT-TEAHREYE %
P47 § monitor N REFHE. FITE R E S LRATE £ wiggleBusLines B B{4
(EBRAGAMAL 2 PiEE) . datalines R KBS A BAKERI x. T—HERME
TEEAY PR e SR M. EHAER 29G4 B4R F 3L # memory, data
HHED . EEBRIUNE, BITTUERN A 2PN 2O BE 1T SRBEES NS, EH
FHEAEBSD, ZMFXTUMAE "SRG M RES K AL 2 BEIE.

rw=x,data= x.,addr= x at time ¢
rw=0,data= x,addr= 2 at time 1
) > [Reaqd

rw=(,data= 29.addr= 2 at time 40
rw=0,data= 20,addr= 3 at time 80

> Head
rw=0.dara= 2Z28,addr—- 3 at time 120
rw=1l,data= 5,addr= 2 at time 160 — Write
rw=1,data= 7.,addr= 3 at ttme 200 — Write
rw=0,data= 7.addr= 2 at time 240

> Recad
row=0,data= S.addr— 2 at time 2RO
rw=10,data= 3,addr= 3 at time 320

> Read
rw=0,data= T.addr—= 3 at time 160

Bl 3.3 [l SR 1T B BRI UL

i B w5 R JLANRRAE
. 85 .



- EMAAEMASSHBRREIMSGES B, Fafd R E R B TR,
EMEBH GRS, EEXSHBER ST AN EHAREREZHEEFEBNFTHFHN
. x—MEREEN., NR-THERTTEA—-TFEE0E B2 EHTE R
RF U R T X S SRR — X RALFH . T ERERIUE M E B8R #RT

- FEEEAR RS m BB A XA B R BEHES $ readmemh K57 K., XA
P TSR S B AL R MERERN P R BT ES TR L AR )8
ERAAN, MR EARNREAEMMED. TR, T % % rcadmemh A X
11 memory. data HEEE LA Z3 4% 73 B AU+ 75 38 80, 300 g g A M hE 0 85 B 77 1
HMoT, IR0 R iE S H B 8,

- BHEE READHMI WRITE #F L AER. M tClock ¥ E L AER. SR AIHEL
RERHER T M e IAEN SR, IR, YA, 38 HTUEER
(override) , 4.5 P BEIEH —FHITiE.

o B—ZKBAP, WA FHIRIER V7 RHE clock MFMD, W R -RigaiF, #A
EHZEM~"KME rwline PG, TEXFHET CHAGEP, HHR2FHEN.FH
BEMERE MR, “~"HEX EREREMRE B, ~4'bo101 £ 4'b1010) . “17 0
SHBRFENERE, BRERFREEZGH. WA, BR—-TEE O “ V"R K,
WMRERERIE O, “VERERE, Bt 4'b0101 KR,

A&, B# 4.5; $readmemh F. §;Verilog B EH C; 45 2.5 15 B 2% E 1
AAaERRE 2

3.5 FIRFAKEALRRZS

ENHEA-THELAHESRN R, B, BIVBES 2 SRR Mark-1 i
WP EERANRKRLESE. REXHF A CESMEBBMNE . (XA
B TR XA B R S H FFER,

3.5.1 EAATHE

RS IR RNARBERRORAR T RGE T ORS8N, M4
RUEHBEX EATRIBEERAES IR # AP 2 BG4 4 Th8E, % 0 68 70 4 B 3%
Ui /K £ B H A 2R (stage) (B HE 23 29T R A9 wal , 3+ 0 5 /07T LU 48 i 4h 3 10 3k 00 i L 28
ThEE .

KA AFH A always B 8, B always MR TR EN — %, & -
P always R FB[F A E— &, FARIHES . T2 always S R ah 9 8R4,
RXRTHRS. B8 —-RABER— T always SRA LR IR BR B ik 28>

v KA .



HETEHFREKR.

e BB EREE RS M EF R S B M ck b, R AR ERE
EAIAT DA BRI QA 3R A always B0 BT A RUE ] M 40 20 B 7R A2 50 08
LABIRME. X — S RBEERN. EXRFAP. FFEBESTERGES D always P
B, MES 1 always P FR. BAHENFRER b ol 2 WA ERRLIN, B
DRATHIE AR NS4 4 FEBHELSHERS LB A always RP LS HRTH
HTH BT always BRAHTE ir B — 1 always SO B LIAi & #OR .

Bl 3.9 WKL

module mark] Pipe;

reg[ 15:07]  m[0:8191]; & 8192 x 16 {77 i o%

reg[12:0]  pe; 13 {1y v R ER
reg[ 13:07]  accy A4 15 (F B gk
reg[ 15:0]  ir; #18 G4 7 48R
TeR ck; R - PR

always (@ posedge ck) begin
ir <= mf pec];
pe <= pc 1+ 1;
end

always (@ {posedge ck)

case {ir[ 15:13 )

4" booo pc <= mlir[12:07]:
3'bO0T . pe <= pe + ml i 12077
3'b010, ace <<= —m[ir[12.0%];
3'b011, m[ir[12:0]1] < ace;
3'bl0o,
3'h101. ace <= ace — mlir[ 12.0]];
3'b110, if Cace < 0) pe <= pe + 1;
endcase
endmodule
B, CEEREEMFAERERL PMTARE. FERBETESE S p

FEABPDT always p-——3 5 0 EXABER. FELEMFEE, pe BT T
MEE RN BE 1 always P HEH . L RSB 0 SR, & 00 5246 i
B9 BT AR A 7 B B UK A 8 3 e 3K 18 I W AR AE

+ R7



3.5.2 WAEZEPEF

E—RBUERT . HENTHY always B AR —FHERTELRRARENEEA
FEBP., WR—PEERGYUEIFERT always SRS R —B %] CHI7E AR ) 89 4R 75 20 Y
i DB AR —FERRIRAMNTES always RE AR —FESE— TSR EXMH
. REU . EXE pe BB REARERE A AR LREH - BRTHES A,

#3100 EHEAESE

module mark] PipeStage;
reg [15:01 m[0:8191]s & 8192 x 16 hit memory
reg [12.0] pc, petemp; # 13 hit program counter and temporary

reg [ 12:0] ACC 3 4 13 bit accumulator
reg [15,0] ir; 4 16 bit instruction register
reg ck, skip;

always (& ( posedge ck) begin # fetch process
if (skip)
pc = pclemp;
ir <= m Lpcl:
pc <= pc + 1;

end

always (@ (posedge ck) begin 4 execute process
if (skip)
skip <= (;
else
case (ir {15,137)
3'bO00O . begin
petemp <= ml[ie[12;0]];

skip <<= 1;
end
3'b007 . begin
petemp <<= pc -+ mlir[12:0]];
skip === 1:
end
3'h010 . acc <= —mfir[ 12.0]];

3'b011 . m{it[12:0]] <= acc;



3'b100,

3'bi101 . acc <= acc — ml[ir[12:0]];

3 h110 if (ace << 0) begin
pctemp <= pc + 1;
skip <= 1;

end
endcase
end

endmodule

3. 10 @i n A FH 2 petemp BB FX TR, Y4 pe { i B4 B B (ferch
stage) B AR, P F F 8 (Lt AT Br Bt (exccute stage) G A, £/ G XHESITHHFER
T, BB A petemp, [MBT RBT —&WFEHKS.HH pc HERELSHEMN 1. 4
BROA-FAXESEEHERT . ZHE S pc ¥l BEFLEN., WABMBRIZE—
TR HERTER skip RBE R0 ZRSE2HB.HAE T —-&RSHEM
m{ petemp | TA RN mipc PR . A BRASEZENIESC LB, skip hig
w BT B B A B T B BT

ERXPTREP BT —MREFENZAEAMEDAECHERAIERN. £REST
Bi.pc — T XHEREEEE, LEE T LIFHERSNHEBREA .

VA Hofth O B O IR B BT S W B M ] case(ir) 3B, DAE Y40 X W
Bl pc AREBMBEA-TSEBER. BR.IUTHENETERIELNES.

3.6 RAnRKHEILE

) 2.4 P, BFISE T ERMEH disable R MY TFEIR, R EREWTHEABT
--WER . ERAFER T disable I AIHE R T EHBENEE D, & ME L. disable
EF R L (REF I EFAH AW begin-end REPAT — RS REHITE R A begin-
end G T —&iEH] . XD begin-end Br0T L)AL #E 18 disable IBA HFE B 22 0, o]
UAEHRS., IRBEILWIAER M H B (local scope) B [ 1 4F A 8 (upward
scope) Z N, ML BEHE R EK,

H TR MR- RAR RITERD 1.6 WHRHAENTERFH . ECE
WP S 1LY RT . IA— reset T AM—TIHHFEALTF always o IIA T — %
wait ig 4], XEMARNENAEHERAIERR-- TS E R P HPELGFS
{reset),

BRI BRI TAER) . FEFFHRAT . initial R0 always BRERRF LLERAT. HAP B
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— N ETREER reset By TRIGMI.TTHE — % reset 7y TRUE, MERINE E

reset (S EREGBNTHEY .2 always R BB THEEEROZER, £X

— B %] fF reset ABCEIEEN 0B AT BEEEE inital # . inital 42 - main,

main J& always R P begin-end B, A main P o ELEgtag.©

| EERM I always REFIRKAT. SN~ RIEAEE resec B4 TRUE-
XX, B, 2 reset REBEE smain PFE L . CHADT LEHAH. TTES T reset
AN RE.

| BI3. N1 fEREEAT B

module simpleTutorial WithReset {clock. reset, v, x3;

input clock, reset;
‘ output [7.0] X1 ¥3
reg {7.0] Xy Vo 13

‘ initial
forever begin
(@ (negedge reset)
‘ disable main;

end

always begin: main
wait (reset);
@ (posedge clock) x <= 0;
1= {;
while (i <= 10} begin
@ { posedge clock);
X<= X+ ¥y
t =14+ 1;
end
@ (posedge clock)
it (x << 0)
y <= 0y
else  x <= 0,
end

endmodule

—THREGAMRBTHR, RNEHR—&£iE8, ~BERLR.
« OO «



statemoent
i1 = seq. block

seq) . block
.+ = begin | ;#fock . identifier (block | item declaration! ;
! statement}

end

block item_ declaration
s+ = parameter declaration
reg_ declaration
Integer _ declaration

real . declaration

|
|
|
| time declaration
| realtime.. declaration
|

evenl declaration

HWEE M ERNSADEANT I REMREY, £ S . HEhsHAas
17288 v LITEB T B A 8

disable &8 AL E (L5 B 8, T H 45 - 40 ch i HI A oR BRI 4 &5 AL A £ B0
AR RBHEFME L. BTR.- HEMTEEROFT &5, WEREL TIFE
RAT P BT F (R ¥ AR AR M B AT % (B R B0 8

fit i A A8 disable BRKR B EABE LN, MR- HK MG E T Y
—MAREBIBER - TH BB AR — I EE IR 4 WX T R
K. EiAEH disable {EH) % F

HEANE XA EHENRENRE— DM KR FER, BT E ML, T
MPRAR- - ER R — ARSI %, £/ 3. 1 WiEE P . mBRRNESE
KA always I RFEH S~ TREBWB R 0,384 initial BLAT L H N always 25|
HPHREFFR/H—TREEN. B inival BARGE—TREHL. & L0 — 45
MEMZHE. XER FAEBNHBNMER, ZEPE RN LT DB A5 A&,
AT AEPIETE Sh ) Cactive) , 3F B 4 1M s T 4.

A&, always2, 1; IR ¥ 8 disable & 2.3.2; #4383, G; BR L2 6; 348
HEHERX 2.6

3.7 WUEWE WA G E R 8 1

M CHLRE A A= 1 AP o B Y 25 08 ) R0 A B BB O L IR ATy R R LR . B TR
e 0]



o IR A

# 25 a=b;

1)
(o ( posedge w) y=r;

EASH AT RIS AR R AR 25 I SN b BB a; - HIERA w Bl R4
LA RIER c BERS . RETHENHEFZLRER(RERES RER@
SEMEEDRGUABER. OB BANGAREERAMZFAREN. BRESE
RAIMER (intra_assignment) R EH AT ER"HRARMEEAN —ELAFERER
LA MMERE . WS B X REE — D 2 WE A BRI, R 5 %)
i HY ST E

BAEEAHERRFHEFREXBE . REBDHFEEERE =", X{#EBH
LR B AR, BESSHMAHRMES BRI AL I AT REE AP
5] £ L B 2 B ) SR R SR 7 A (o R 6 0 S RE AR . R K R A 5 1
FH 0 B 2 WA {E L R (0O o) Py 0 SR R 2 A S e v L R PR (. I BB 4 Y
fHE ) SR R A R & 3. 1 FTR.

B3 1 AEREESNENKEE

B 9 15 P B DR {0 495 10 14 1 ) A ERBRERFHiER
8 = #25 by begin
bTemp = b;
#25 a8 = bTemp;
| end
q = @(posedge w) r; begin

tlemp = r;

(@ { posedge w?

q = rlemp;
end
w = repeat (2} begin
(@ (posedge clock) t; tTemp = t;
repeat (2)

(@ { posedge clock) ;
w = trl'emp;

end

RPN LR R) VAT AT 040 IR b BE1T R 346 5 76 A — 1 W B S o L SE B 25
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AR SRR, R T BT AR AR IR IR & o5 3 ¢ AT R (BT A — s By ik, S5 7 w
MT & ERG RAEHEREFAA oP. ENXETLEEARA. B TREGROE
ARRMIEA NS EE LARRENSS. FRAESTRIFLEERS — e # ik,
SEH 52 B S (FE X HL2%1F clock IR EAE  HERS w. Bk, B8—fF 0 RE
A AR D LR A .
LN E LR L EFARBSRNBEEAIIR, AR THBER,
Xt HZMEEAIMEHEREER, AREEBE B HEIT.
11 = blocking _ assignment
: non_ blocking assignment;
|
blocking assignment

«v= reg_lvalue == [ delay. or_event_ control ] expression

non .. blocking assignrent

v+ = reg_ lvalue <= [ delay. or_ event_ contral ] expression

delay or. event_ control
11 = delay_ control
| event control

| repeat ( expression ) event_ control

delay .. control
«-= # delay . value

| # { mintypmax. expression )

evenl control
Li= (@ event. . identifier

l (@ { event  expression }

cvent .. eXpression
+» = EBXpression
| eveni identifier
| posedgep expression
i negedge_ cxpression

| event. expresﬁiﬂn ar event_ exprea-;:-;itm
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ME e AR E DS KRS, XS ERIEH.

(¢ { posedge clock)Y q — # 10 d;

R GRS ARSI AR T — TN, ZERE A d M HES R
B 0RO EHETRE. B2, TofEARER R R SR,

q - @ posedge clock) d;

T B R r XA AL, BOBE M A d WEHBT R, BT clock i F A B £ B
B RSy a. ROE d AURIER{ETE clock MIIIF MBI BT O ¥ R FE . 02 ik % 221w
EHAT AN HRIRE.

A RBEMH 5.3

3.8 ARFFEMME

RIFIAT 0 &% 1 O 0 R 3 /) A0 i R L8 L DR o e LT LR T — Ay A R,
M RAGERME L. RREBRE D77 - Fa BIIE R (procedural version) . #3F
TR PR AR AR A TR MM, ROATRE A Sk AL, 55l I it
RANHRZ F 3T 12 F B M (procedural continuous assignment) 18 ) (70 F W 558 21 B 1
R A HE FF5E (quasi-continuous)”) | Sof PR SR R O E ) e L E AR AM1E st =181%
ZEWA PR,

TS 32 B AFEBATIBIBOS TR, BA BRI AR
RFERMIERREZ 4 B F X P RB TS WA BRI R — T TRiE A, R 5
AR 38 25 2 0 A AT (PR MR ELIE 2 — B R A M Cactive) , LB R A 34, &
MEEE W) . BB H B — A4 always BHHRT — R LB EMFEE coar R &
fii % preset BT, QR clear TH O, WARNTHHIFESE  BRIEN 0, 12
presct R 0 IR AKMEFFR o RAK |, YBE-ATUEL L8R Y 00, R
IXE o 3 47 B BT R A Cdeassign > Cfe L 3% 6 A ) 1 2 16 4 TR A0S 0 MO B4 RS
F U always IR RARKERH b B0 - ERA o,

B 312 WA BRI S (AT ) B Ak A

module dFlop (preset, clear, q. clock, d):

npul presei, clear, clock, d:
oulput i}:

reg 1

alwavs

+ U4



{@ (clear or presel)

begin
if (lelear)
¥ 10 assign g = 0;
else il (| preset)
#10 assign g = 1;
clse
410 deassign q;
ond

always

(@l { negedge clock)

q = $#10 d;
eridrnodule
WAFEAH —BEXR.
staternent

: - = procedural . continuous . assignments

procedural .. continuous _ assignment
.= assign reg. assignment;
| deassign reg. assignment;

reg  assignment

.- = reg lvalue = expression

FHEEARFERABIIR AN EFNLIEEDD -1 FEBEP. X —SERE
EHH., SUBRFEREETNANIN reg_ assignment - M EERBEE T IHE. A
Wo . BIEZESE 4 always BRI E FRAEN. M o HEBBEOR 24 %, k. m
R THEREREEONSHERENT(ELENRHRERRE—158) . 824
MBZEERE. BEHFRES . ABRERNEREETES P,

A HERA AL EERM2.1; FAhEHEg 321

3.9 WUFBRSHIFITER

P H AR LB A A BK begin-end RBRIAFROLH . REENNETEHER
HETTRENAER N~ EE T, 4 beginend B AL H, EfBAFNSH.F
« QK »



e A RMEATHNE X, ik, 7 LI{E 05 A B begin-end Bt ¥ & i R & & it
T8l AR,

WP 8 begin-end R EMP R T HE TRkl forkjoin B, fork-join IR
TFRE-FRERDHR M WHE . ZFEEEP AL RE ok B HEET, jon B
FHHARHBIRRERZ G A SENTT fork-join BRZ JFHF —&i54].

THEAPARRE T —TEFHEHHBRHRE RN, resctSequence 3T FF B HTY
Hifb R JE F BR BT & 8 4 mainWork B9 fork-join £, fork B5 — &5 A B — forever
T EMA TRHAHEBNEBRNTN. F-LBOR—THBE. TUH reser 2K L F
#r. 3 reset B EAIG B mainWork HEAS R 1., MATA TR, Y— B
B f R BRI R R M B A E T B S AT T~ RiBALAEXMER T, always B4
-~ ME AR, B AEERER fetch M execute FT M B AW . reset BHEE
WRAMENENETRE.

&l 3.13  fork-join Ht %13 BH

module microprocessor;
always
begin
resetSequence;
fork: mainWork
forever
fetchAndExecutelnstrictions ;
@ ( puscedge reset)
disable mainWork;
Join
end

endmodule

FHEHSEFTHRN-BER, BN HRRE R R B —, R T a4
SUVFRLAT SR BRI AT AR O, T Lk B A S| A B R

statemoent

:i= par block
|

par  block

.+ = fork [ :6lack_ identifier ! block = item_ declaration } ]
{ statement }
Jjuin
o G§



block. item . declaration
.. = parameter. declaration
| reg _ declaration
i integer. declaration

real declaration

| time_ declaration
| realtime_ declaration
I

event declaration

B 3. 14 BR T —N fork-join A RKMEMNERFE. A3 1 EXEXRE.EH
A fork-join R BN — - always 1B D).

HAE GEEERADE ork-join i E - FBABER—- MR 2 — A0
HE, WAL EHEB— &K fork-join (K always @\ AR T R4 always 847, @
A 3. 11 FIRE HG L TR IR, i — 2B AR BUTE (ork-join TS -— KiER D E
Bh R M EE TS R,

#3. 14 DR fork-join F 2R B

module simpleTutorial WithReset (clock, reset, v, x);

input clock, reset;
output E7:07  =xy v;
reg [?:C'J. X ¥a 1

always fork; main
{@ (negedge reset)
disable main;
hegin
wait {reset);
(@ (posedge clock) x <= 0);
i = 03
while (i <= 10) begin
@ ( posedge clock) ;
x <= X+ y;
1=1i- 1;
end
(@ ( posedge clock) :
if {x =2 0)
y <= 0



else x === {0
e
Join

erndmedules

AE. KBk 36
3.10 k2]
3.1 TP Verilog {UB & /2 FIRIGET A MfT 47

(e {posedge exp) wait (exp)

£ 1 statementl ; ¥ | statementl;

3.2 EIrAREMEH 36 PMAFERMERERY,ILARNHESTERWERT B
AL (KB PP TR SRR B RV ERE VTR
D EEEERSS RS, OHBHRERERE DA SR LEN T M

1 e 11-"!' H 1

}

H 9% & i

AAE 2 IE W AR R — A S IR (power-on)y W G L ALK . AR -9
HEFOF RN AR,

3.3 PRH 36 HIBEEFEMYHRATZ OIS AT, X E— DA 10 FHu)
{IEIR MR i 1 #fE. B MERN - R PSR- MR R

davaClut )
o _.._I_..._ consRoady O

}
i
]
i
1
i
I
I
I

a4 pradReadyin
dutaln |
—+—==— caonsReadvin

s Of =



3.4

3.5

3.6

3.7

3.8

PER PR M B IR BT RPEAR T L, o E RS e T AT ET XY
AL T R4

EEUAHZEML el e2,e3 o BH - HEY ol 2,e3 DLBIRF H
LM ER c, BD.MNRE—HAHAPATMEGHE, WK T aEFHED .. R 50—
PR EH Y elie2,e3 RELIH 2 0UF 30 B W Fr b & #H4T e,
THMNHSEEHLER =T AN -MRY. ZHBFEHEMERAEAR L LY
FHON LA AT . BLE R {719 58 ) E B R A A E M BB A A RS B CET 8 T e

gL .
b D}_L‘De»f
e —fpo T

TERAGHEREREPRNFXER.
+ a g b S {2 A B A AR TR AT RER . 15 A B () 8 2
c c MY f 2B EAHEE TR ALR (10 A fa) B4y
DERBFRAHRAEZEBEADRESAHN.EREXRE—MEEINELR B—
MARELR . ATEAMFHFHIANFER,
B a,b,c REIZEHBAROT Y. A Verilog & H I A8 RIS £ R iF #8077 A 37
ix,
Hat gl 3. 10 R HUKRALE R ERIE S EMAR S FMBESS RGN T& T
) case 1ER)), BB HEATE skip M2 W5 & pe.
FIX B 3,10 Y mark1PipeStage 13, 55 — B ¥R LB A, AR E S 4 EBH
28 HUATIURES . WRFEMIE, I0A B U8 65 H 00 05 2 7F et
WER., REENNSESRE -BERBF WG TE M.
if ((m[4] — mf5])=I0)

mid] = 17,
else mld4] = —10;

B4 3,10 WK E  MAB =R, EH R RBERER MRS b
WEREFRBEEFERE(mdoF BB HT TENIES %% acc, petemp R
m PHEGRE(ndD , BRERGFHEBJEALZITESNOMNERO. TEAETRSG
BESH2ZHEgmE,
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44T FHEABE

A TEREBE . RMNIBXLMNEEFRANITHEA, IrEAEZHEET
— PR R I RER IR, T A ARSI, BN R i i s 2 554
FHER D, FRE . ZHE. URYHSMEET VR T E AR . Verilog MFR AT
REGENEBIENES. FEFEMHY Verilog X -—F 5.

4.1 3

il

WFAANPHERGENERE. R WEEHAREREEY--TTEK. BA
— B A [F] R HRAE

BENNTERRERRENENS R R ENEEE T MM EFRGRK. &
X—RWER R AR AT LUR L T2 R B B an B, ff i o B LR T E
FERMPEF WD ERBA, B ARBMNTA L GFR T FAE T 280, E
W TIIREROER MM EET, Verilog 185 MR MEFHERHEM r 1% K0,

WFEREAEMERBIN H Verilog B ER T 8 B TTHF . 326 704y L {38 1k
MITRETHE.EMTUEEER. EaRTELABANRAPC 22BN . &
BRI AT N BEEA(—& always iBH), FEREIE (BB, A6 2 H
HAiS R R R B TR BIRIE N, LR A X g MG, @it At E X
Fh R E A R ARBESE S BTN E S, BN AN Ee % e T
FEEHRE -TRMHER PRI H - ERBHAE T (AL AR EE FHk T8
R, R T ATk S v A

H—THEIMBENTEEBRRTRHASCZE, DB FERA G HR,
R EEREERE T LA -FEUTHRRBNEIRER. SEREENGHLE
R TEAEEE RN miE R L,

B Ja . Verilog BE R AT NREE A LB RERE, X2, Verilog iIEE /AT
EAK MOS #1 CMOS &8, 8838 AR T DL X 8t W Bi] - W - Bl S
fif. .

AT HEBNRT AR RE M FIEE A A0 MR, B S D0 T 87 5 S 4 R 1L A0 ] 70 1 4
a LTI XFESOT AT M AR SR S R AR Cne) 2R ISR A TR % 4k (B

AR . XERMAETLENRMITRERREETNNHA . RE - EZREET
+ 100 -



BT R, AEf Y ) EREEN N A RS T, g S8R H, 5
R fL BT A B A A TERR RN B TRESTE- -ERER. BRITE
X AR EIHAH T RR KA Verilog MNER FER HF XX — KL 5 TP
i SR

SR EITAEEPRHIEREHED A YENBREESEM A G, BEE
HRERWEBRTLATMERNMZETANER, HF A EREZIEYN —2SWT. WALHE
P ENEA - EMEN ST, AR AR P BRAIE.

Verilog BE ARITARBH T AAMRAH R R . AFERTARRERHYER
LR RE. AXHREEEZRBNENSHN AR TR EEASIMERNEIHEETNE,

BR. S BB SR 2 T8 FEY 5]

4.2 ZBHRMNS5%KW

RITEEEZBITRNREBRM, Verillog BT —AH%ETE LM 26 & 1581
TUA R A . MR e AT, LS ) R R P ) T AT S A L B
MY FARIIEER, S TRMR - H BN BRI R ER SR BT REF
- - i

4.2.1 HAETEIEIIEE

CMOS —(2WHNMBIEFRER B ERY. =AM v BB T
SOERIED . AT AR EEATRA BT EA M T 11 3008 B 74
RARZLMB. BL1BELMBONBES, FTHELE, BRIiI0F— 2tk
WRRBERE  KPER T SE], - MHERE CHETEETNS - 2R LY
H) AL aln #l bIn. Wi H —THEE Out, AR x2 fl x8,

Bl41 —{Fems

module fullAdder{cQut,sum.aln.bln.cln);

output cQut,sum;
Input aln, bla,cln;
wire X2

nand {xZ,aln,bIn),

(CUUI!KZ; xH ) H

« 101 »



XNOT {x9,x5.x6):

nor (x5,x1.x3),
(xl.aln,bln);

Or (xBaxl,x7);

not (sum, x8) ,
{x3.%x2}.
{x6.x4},
{xd,cln).
(x7.x6);

cndmodule

bln — _ L
n _D . ’_[:);_‘—E'%E_DD— cQut

X7

x5
| 9
+In 3;2 = :)] Hx “— SUIn
cln 4! D—Ixri >0—"_--xﬁ
B 4.1 —fr4mag

(TBIRE— BIEET

gate instantiation

e b input- gatetype [ drive- strength] { delay2] n input_ gate instance .

n.. Input.. gate_ instance | ;

T inpul. gatetype

e = and | nand | or | nor | xor | xnor

n_input gate_ instance

= [ name. of_ gate_ instance] (output- terminal,inpul terminal! JINput  termingl} )

name..of gate_ instance

= gate Instance_ identifier[ rangc

input _ terminal

= scalar expression

autpul  terminal

+ 102 -



terminal identificr

: rerminal _ idemilier] constant._ expression ]

HH o input gatetype $§ 3T L BT H B H9 1) R K G 22— W] 3£ T0 3K 5 32 B (drive
strength) T8 HE 11180 & OB SU8FE . 0] 3% 0 delay 58083 n #FF BT AR 30T | 4E58 . [ | 7R 9]
ANER—THESEFHNE AT IR LS (terminals) . 75 3 4 2005 81 i1 55 G 77 %
A, FERAHOR FRE R strongd M strongl, BIAER K 0, TH o B~ 51T
HKRBEEMRE,TE 4.7 548 W —FiTieE X TR B -0 &,
WZEENE, EMRHRAXIFRELQEM 4.1 S ide7. FTSBHIaLA
EELTMRNERN D . BRE A B AT E OB KR,

gate instantation

= n. output-. gatetype[ drive. strengthJ[delay2]n output_ gate. instance: ,

I . output_ gate.. instance)

n output- gate  instance

[name. of gale_ instance](ouiput terminal, { youtput . terminal} « input.. terminal}

nooutput . gatetype

L= buf | pot

B 4T PIHRBEHFREMIIAEGE. TLEEANBAT mHE R, a4 ma 1
PR 5ET.
nand John (x2,aln,bln},
Holland (¢Qut,x2,x8};

A M John Ml Holland f§ %2 T ¥ B 25 strongd M strongl MK F, L & — 4 = 4
BAILES [E] 89 T 3E SR
hand {strong(,strongl) #3

John ¢x2,aln.bIny,
H'D”Elrld (COUtrxgq x8) H

WERFEMERFATITORG SR, Y82 TS GENB R D — R
2R VEMER T RPE G HIR, X AR RMZBMIN. BT RS XLl
BIERMEE TR RS ML AR RIS EH T,

ROUIVGHTHEXTRETHESTI L., AT EELEH AW, X
ELEWRENNBEENEBHR . S EFINET TR RETIF LR BN, 5
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SEPHBETTXETLRNFANA.

%41 [TRAFXHERT
n.. input n_ output tristate pull MOS hidirectional

gates gates gates gates switches switches

o r;; r:‘(*!“‘"'““ hut bufifs pullup nmes B tran
nand not bufifl pulldown pBrnos tranify

- hnDr notifo CINOS tranmifl

or notifl FImos riran
o X0t ) rpmos rtranif0
XNor ICmos rtranitl

fER 4T PR FIWIRTHKA TR HRIREEZEBIRE. EH _Fd,buf [T
— A AN AL B KR 2R L T bufif [ notif [TRE T RF =5 % A B2 mh (buf) #3E (not)
HRE. bufifo [T HFEREM A O et . Y HFER Y | WERBHS. TEHRED
HAHXF Verilog FIMBEFREER (A 0,1, x,2) BB

MFFE PRI REIT, 1 # A 8E — RN o B0k A0 50 3% 11, 5% 5 X9 1) o
- HAES R AR AT REALHAN. TUATESIMRAT, 2 5%, buf [#
not [1AILAFEE LI BL BAHAE T A X - ARTERE.

REES O BRI H LR ENEES. A O HNEEE -5, REX
Rl =H R TIE AR,

AR Verilog 84 D; w{iF44.2.2; B&9.2; 2RHW 1 T, F LB E A
9; AP ARELRXLS

4.2.2 WMBIBIEEA

(109 % MR 3 5 B A AR PRI SRR 2R I, 17 00) 48 R0 1ty 9 36 4B 9 LA R T 54 14 «

0 EZH O, HERLKMH FALSE

1 RESH1L.EEREKH TRUE

x ARRAERMEO. L,z PEAEE -0, 502 AR A
z RRRHERE

HOME L RZHEHHK,ExBREAEEHOREN 1L AER . RERL T HM

WRE” Mz MEFHHERE . YENORARERERFLNTH EN . EHAAS x

HE—HH. HHRHNE.NERET YRR FHSHRELEFREZ KX U/E
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HAH.

5 — PR IG1] (primitive gate) MR LIX M EHBANEARELN. R4 2E5(]
MEXL, WNZEEENR. YS5MTHEMEARN M, 5ITHEESBE S 0, AT Hih
BB ARG AR EHEER xRKE 2.

4.2 ANDEAPAEEREN

AND

0

o O o o
T -
w k- 4 i F
WM oW O ™

1
X
z

AF, a8 EL D
4.2.3 &M

ZME Verillog B E M EAWERE AR B T FEEAMER. BRT tircg B H
(trireg R PR R BB VAR B R A HIMWRMH FEHE. BRERE. €
MO RE . SEERTIERPENNE L REEH . FERFER L TEKS D)
&M,

ER AT HRELT - IEELBHNEN 2, TURATHHNEOREL-ITEHEER
i 2% P E T

wire #3 x2;:

ZEMNERER T SHNAOBHTEINEREUWES, 83 =)@ FER A
ERLERHRRRERAAVSEMTHEDTRL. EF-S . BRUATUERHELET
AT R A B ) 0

wire # (3,5) %7,

ZHAER AR I MR I ADREMER TR MEE S MR,

AL EINER 4L 1P ZREEHERANBEEL. FO.RMET <5 £ FRIE
(TE 8 A S AR B fullAdder P EHFE A ME X, HEHRFE b, MERA
RHERAFNEE N HBERTER WZFEARHBE XA ELRMARBEMER
IR T REEXMBRIESR, R RAITT LI A default_ nettype typeQfNet 4 i
BERER X BALE, K typeiNet A LR FE 4.4 BB T supplyd 1 supplyl &
BT a) ,

EE 2 HABERMAR, LA =R A E R BN T 535 35 00 08 =) 8%,
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EF 4.2 P T AR 2R W =10 8 ik —— & 5 (wired-AND 8 wand). 25
EEMPERSHE. STINESRFNE-EHNETRS2MEWA 2 @I ET ST
S AN - BHR x.

fl4.2 &5

module and({Complements (&, by ¢, d};
input a, b

autput ¢, d;

watid Cs

wire d;

not (¢, ak; H:E]'

not {c, b}; b

not {d! ﬂ}{
not (d! h}}

endmodule

EWHS T MO ERLRMARSERMERNER. dBHEHY- - P EEREM,
BAE YN GRBER M o B d BB A RIMIEITIRE . 7589 48 55 3680 f 4 Y 5
Bk TI8E. HBMA a0 bk 0 MEH cF 1,

H—AELdR—ADEEN B HERBE R, BRIEF A 1H4E AR 06, B0
HERKRMK (). MRAEE, KSR RNARIFEN LGB BB, H 276 3 IR 3
BZEEHEEIRE. YERKRMRKMD A EMNEEN, ELR A REMEx)., #1365
HIER A2 PEMTHAOBABER TS L QL. EEXNE AT EEERFE).

¥4.3 4.2 4 wand F wire 55

a b e d a kL C d
o 0 1 1 X 0 r X Tk
0 1 0 X X 1 0 X
{ X X X ! X X X X
0 z X X b 4 | z . x
1 0 0 X ) 0 X X
1 1 ] 0 z 1 ¥ X
1 X 0 X Z X | X X
1 z J x z z x X

£ 0 7 B ) — M LA F
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het deelaration

1l net. type { vectored | scalared? [range] [delay3] list. ol net identifiers;

| trireg_vectored | scalared [ charge strength] [rangel [delay3]

list of tet identificrs:

| net type [vectored | scalared] [drive. strength | [ range] [delay3’

list of net_ decl . assignments;

nct type

1= wire | tri | tril | supplyd | wand | triand | tri0 | supplyl | wor  trior

list . of. net. identifiers

.= net dentifier! s net identifier }

range

+: = Lmsh_conslant.. expression;{sh _constant expression |

HERBEPRMNEXFTRE-NRMAY ., net. type 2B 44 PHFRAILET 2 — (#
TR LS ) s range R RE CBRIAFIL T X | B B AT I delay FBL R &
WA [ A EER (BRIATE T 25 0);list . of_ net . identifiers B —#4 H i85 B TR 2R 1N 3%,
XELMEHSENDEMERSE. AR T - 2MNERE. KA TFEASESR
B B35k 1Y (R TE 8 5E BA) A8 5K B[R] JS A28 B 5 1402k R 8 000 5 B 00 B A SR D

44 KRNEAVRENHBEARZE

®M R

2 EMA®

wire

FITFRY R4 BRI MR E N, S RRAAAR. TUEEE s
8 FEAS IR B 2 o DA 9638 T 3

wand , wor, triand . trior

FATRYAAES GRS, AR ZE AR wire i 20 1 2 5 B
FH.

1110 11 P 7 0 60 o 0 LA o L 06
supply0, supplvi AT s HERR R,
trireg AFETANL b EEENEE. 2Em0 5.

SRMEHETUE X RERFRERN BABE TGS, Sl — ) mR e,
{2 0] LA [ o7 3% 2 (bit-select) B3 47 36 4% ( part-select ) 3 $E47 b 1] YRR AN ERR
Y S O SR — B4 AT AR ] L0 B N IR R R v SR E M 5
W, Lhs b ARG RUN, P nEMBTUEESHRE . MrBERES. HEik
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&k )i B R A WA A IE I B AR W E A — M B sE kDR ]
AE, trireg9.1; RAFMEE 2.2, B 4.7, SENOHERME 1.4.2; AL
8; kbt E.1; #FFRHAEFR B 2.6

4.2.4 RRHAITERAMATE

BRI O EER —FAR , CH--REABREIRZ N, B — 5856w
ZH. BATE AW TR EHssm A=,

—TRAREORA - MBREGREAASERE, ZHERGEEY NI E®
K BT 30 Bl 1) 5 — 9~ % 0 R0 OO UG48 8H T Ak P 0 ST 1k M B T FE R e Sh BT L B e B B
BHAEAT: -TRARSEREOEN T — AR K fim By &
Y N A4 B .

EHBIEHEAPHESES. 4. - THANSESASERE O LTS
AT ER, MM ERR O DA R EEEAR SR D LSRN
BRRAM, K EREMERATIARKBGA. — MHABHEAS T NSS4 B4
i BELBE ) 9 I T3 B, B4 30 bufifo ],

HE SO ERRAEN N ENFERE. HEENED - EFSE, ¥—
TRESWE. —TMTHEENBEERIBSLERDEESH LER . F52.11%
R R DL RO A R R S A A T AR O R R T A B
R A LB AR 3 (9 B R (EL I ) L R B A T A B R T N
EEATRARERLY . WMV, R AR A& 688 R — - 85 505 1 4R %

e — R s O 78 BilR BB H LU T BCE BT B A7 — i, AT LUE
WEARMAMAEREEREE—-MEREHO. 78 4.2 F4 1 T andOfComplements
FIE S RATAT LU AR BR B A — A @ I T iR 62 Bt e,

module ace;
wir{‘, Ir.t;

reg  q,s;

& Fo At 0

andOfComplements ml¢ b(s), . alq) . elr), . d(0)) ;

endmodule

ERX AP L AN B andOfComplements BIBIR m1 g1 b &5 55 5 19
MMM RO o SFEFER WM E LB B c AL r LR EOdS5%E 4
KB HHEBHPHMAEC. D AEBERPE LHBRO AT ML BRI EMN

WRFF b el B o SORFED IR DRI E K, R B, RS R S A B4, dO R
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EWHEHERA NER ace TEI#E L andComplements B ml BT d 857 CEBL,
EFRX— S BT EEA R ER XK NN NEE. HEEUT
AOIE RO SRR AR S i (U B R 6y 8 28K

madule instantiation

1i=  module. identifier [ parameter  valuc_ assignment | module . instance] .

module_ instance b ;

parameter. value. assignment

iv - #{expression{, expression })

module  jnstance

:i= name ol instance {|list of module. conncctions|)

name . of. instance

»i = module_instance . identificr { range]

Iist of . module connections

1= ordered. port_ connection{ , ordercd_ port connection |

| named_ port. connection{, named_ port . connection }

ordered.. port connection

i = [expression]

named.. port | connection

1=, pori_ identifier{[ expression J)

B F M 4.5
4.2.5 HXEBEZH—1RH

TEA TP AR ) — B BB R  X B — N R S B AL R S, ST T I
B (Hamming) K RIGHBIME, LRLHATEH RERA, M1 S SOBIR BB BT, 3t
wREHTHRS. WA RBERE TERURHEBERERY. & FHF
Blp  SE3 A AR TR, B R R — AR RS A E R
7 R AR O MR B E M. B E— 4R, TR R0 8 3 i 3 bt o 38
GEERLAE RN RES T 3 F E 57

BT RB T ER MDA P I A RN, B4 2 FEEH T AN
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Gafid iR, FEPRITTLER ABEK 8 M EHEHEEA (DO WM TN I HiAH 12
AR, MdhEl—F A6 LUFE S R B P 3 AT P A~ B 4 ( Hamming bit),
SX AT IR £ Bl if A IR AR R o A R (AT R IR R B A, e IR AR T B
B R NS R REN A MEE I B BRI - (4 (RN A
AL, RSB E AR A A 42 Al --FF .

53N B WP

H1—XOR(D1.D2.004,D5.T7) encoded 1]
Hz —XOR (L. D03,04,D6.D7) encoded 2 |
L} \'.'-HL'UL‘IE“dLa:l
H4 _XOR(D2,D3,D4,108)

Il & Yt R

cneaded’ 47

N\

I g B ——— —cneaded 5]
P //;/’/D:i —_—— e ——cneoded] ]
33 /TM ~—— encoded” 70
24 HE=XOR(5,16,137,D8) cneoded; B
15 I35 encaded. 9]
38 D — coegded, 197
7 17 encaded[ 17 ]
8 Dg : encoded[ 12]

B 1.2 AR R R

AP R ST —EE LT NRBINE, E 13 B, HRrrRE st
Ham 7R KA B A RIR A E RN R . testHam Y F 88 R a5 I 4

5 ChamEncode) , LB 4. 2 Bi7R RGN E s testHam 0 T th b 3K fT 53 AH % 7% (ham -

Decode) ,hamDecode PR B E AW FHH ., EZE RN ELSER L — FREE
LR DR R RS IRAR O SRR ABOR R, BB hamDecode 8 34 20 T
‘ VLB (R CEFERBNAMEEER. B RGMHEEEMMA 4.4 FR. A=
FAE T testHam LB F ik 2 WEE BB AL TR L, 5505 original,

encoded . messedUP, regenerated) .

testHam
‘ —— —
| |
_ tﬂﬁ%l l I 8 B
18 3R R | | AR oM B
— REEH [— ) Rl —— i e
| | J
| | x0T | deMux
‘ b — 1

A 43 AR TR RS R T
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i 4.3 B— P EE R . #ik hamEncode P4 vin 1) 12 7 48 75 (valueOut),
G RATEAPFEPRECHRNE 4.2 FROEBIEESR . XE N EERIE
(hl,h2,hd 1 h8) L . H AR EKEREFOPSRIECERE &, EEXEREL
“OI"Has b e, fc8h valueOu W2 -85 7[R FF i) 32k M 2% 1 IR & (part
selecOMIFN R, HEEHEEWAFSER 1.2 PR AERFR2ELERN. &8 —5
EBFEEMNR. ZERMER LR 2EFRAEN KPR SRENRTFES.

itk hamDecode RI%ASE 12 (58 vin, EFE 4 8 1) valueOut, MINEBRE , H
B hamDecode FFREYE R LM BB BRACNREEMEHMR . HFBEEZ. B4R H
=0 B F el FE 8 RS . HBEEMEHE-MREN. B LB
HAF R G Ry 8 B BE 8. et HEBME 4. KEKER. R AU 55
i 0, M RAMEM B, FEA RO ZEARER T ALK RUMERFS. ik —0
TR, REHEOFEIRE dMux R A ZEREERE L TR

<o X S BPRE S 8 AN E bitFlippers, X 8 U T HEHILE MWLM E
1 FATERE.0KRRATERE) . bitFlippers B BB A xor8 hiER 8 M RER
(TR A, ST RETIMHEME ARET E8H F ERHEBEMNEM ., bitFlippers h A1
MV - RBERA, R EER (BN ERABEEM. o NHGHREC ST
(i 8 . 3 B E B R hamDecode 3 1 .

AL 40 WAE BB deMux, 48[ LR B EES A (2 —d) B — 108 55 ena-
ble. HiAdlj8 MABBEMNLE N a WY 1 O EEMAMN, ZERSBEHE 4 —
TRMER. BMRESE -TMUE, — M URBUSNAE —MRFEETY., B
ARNMAFTEEERENS BN o—d WLERBEDIEL. E118.3.5,.6,
7591011 A0 12, 51 4.2 PARKEMAMBEIRFS. SRR, REE
B ENTEEZT outVector E& .

Bk deMux F35 5 BitFlippers & xor8 B8 A . X8 AN (B A xin) FIREK
PSS 3,5.6,7.9,10.11 F 1208 A xin2) 1 —B4FN 8 M RELN B A AT LA 3
PATEFAAHE xinl PRHE - I HEBEBFEIIMRERBAHRE .,
xord A HE i R H hamDecode %5 .

B LE || BBk hamTest, A1 6] L F 3] original & hamEncode B3 A T encoded £
HHi B P K encoded 1E A IE G B9 A BB A 7= 24 messedUP, 78 M0 BE {8 15 41 B0
HOEN TEE -1 AREE.EERHREEPEARBEHEEE. X000 7 R,
(B 1 BT A3 ) (messedUP)4E B B hamDecode 85 A, B3 hamDecode B IF Bt iz 5
BB -7 3 1 7E rogenerated ¥4 7= 4 IE B SHE R LA |

B A oR B P G AL BRI LR AT B RN B G BT
Wik, HTEMNEAK,.BIIHEH $random BHAES R 4E —HEN B, AN, &
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1745 % random RHEEFHM THIZTE RN 1. REHJBA—THIEBH, $random R F
BI4 R original A BB . original #9551 IK 28 bk hamEncode, BB ¥ T4F TR
TLERE LR AR, HTE 2 0 SRR E Al 74 regenerated, JEEHF BE LR —
B [R]B8 07 3% 8 7 7= 2E regenerated, 2475 8% E 4. 4 PR A R BRI E .
B (8 — 17 . A R 00 SR N 000, BB Ay S 7 R, P4 T R BB 020
(TERA . URMNEELEHN. TN | ik, TiB $ display REAFLASHEH TR
BARE) . BT RS RABEI, ™4 F 6w B g BE .
Bl 4.3 A4/ BB H

maodule testHam( ),

reg [1:8] original;
wire  [1.8] regencrated;
wire [1;12] encoded,
messedUp;
integer seed;
initial begin
seed = 1;
forever begin
original = 3§ random (seed) :
#1

$ display (“original= %h, encoded-- %h, messed— Yah,regen=%h",

original, encoded, messedUp, regenerated’;

end
end
hamFEncode hln (original, encoded);
hamDecode hQut {messedUp, regenerated) ;

assign messedUp = encoded * 12"h 0000_ 0010_ 0000,

endmodule

module hamEncode (vIn, valueQut) ;
input [1,8] vin;
output [1,12] valueQOut;
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wire hl, h2. hd, h8;

®Ur (h]1 ‘h’I]']l-_-.l]i 'VIDl:EJ1 VIHL‘!J; VIH[E’]; VI['IE:?}-}!
{h2, vin[ 1}, vIn[3]. vIn[4]. vIn[6]. vIn{ 7]},
{h4! ‘r’Iﬂ[Ej! VIHESIII- ?In[‘i]; VIH[B]}!

{h&, vin[ 51, vin[6], vIn[ 7], vIn[&]};

assign valueQut = {hl, h2, vIn[ 1], hd, vIn[2:4], h&, vIn[5:87};

endmodule

module hamDecode (vIn, valueQut);

input  [1:12] vin;

output [1:8] value(ht;

wite ely c24 cd, o8;
wire [1.8] bitFlippers;

XOr (cly vIn[1], vIn[3], vIn[5], vIn[7], vIn[97], vIn[21]),
(c2, vIn[2]y vIn[3 ], vIn[6], vIn[7], vIn[10], vIn[11]),
(cdy vIn[4], vIn[5], vIn[6], vIn[7], vIn[127]},
(c8, vIn[8], vIn[S], vIn[107], vIn[ 117, vIn[12]);

deMux mux]l (bitFlippers, cl, ¢2, c4, c&, 1'bl);

x0r8 x1 (valueQut, bitFlippers, {vIa{3], vIn[5], ¥In{67]. vIn[7]. vIn[9], vIn[10], vIn|11 .
vIn[ 127}

endmodule

module deMux (outVector, A, B, C, I, enable);
output [1:8] outVector ;
input A, B, €, 1), enable:
and v (ml2, 1, C, ~B, ~A, enable),
h (mll, D, ~C, B, A, enable),
d {ml0, D, ~C, B, ~A, enable),
1 (m%, D, ~C, ~B, A, enable),
s {m7, ~D, C, B, A, enablc),
u (mB, ~DI, C, B, ~A, enable).
¢ (md, ~D, C, ~B, A, enable},
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ks {m3.

assign outVectar

eridmadule

~D, ~C., 13, A. enable);

= m3, m5, mé, m7. m3, mi0, mll, mi2};

module xork (xout, xinl. xin?);

output {1;8]
input  [1:8]
Xor {xout] &

( xout[ 7]

{xout[ 6],
(xout[ 5],
{xoutf 47,
(xout] 3],

Cxout[ 2]
{xout[ 1]

et tnod ule

T AR H

* WF eed)HFE AN —TREE. ERERUBEYTERELHITEN LR,
RAGFEN CEXERUATHEBAN. HRITNVLHRE eK
VERTEE. FHFEESH X TEROTMITE.
AEEFERUT AER T AITORE BITRE S Wh T3
HRREIH . HSEMFEF bE X S display RHEHFHIEMH 4.

FHIREIE R BR — B E XBFHRE R &%,

TERFRT P BA
— RS BT AT AY
« TEI & display

+ B testHam

Xout;

xinl, xnZ;
. xinl[8], xin2[83).,
» xini[ 7], xin20 7]},
xinl[ 6], xin2[6]).
xinl[5], xin2[57]).
xinlf 4], xin?[ 4]},
xin1{37], xin2[37}).
» ®inl1[2], xin2{ 27>,
» xinl[1], xin2[1]);

original=00,encoded = 000, messed =020, regen =: 00
original= 38, encoded =078, messed=058 . regen - 3§
original =86 , encoded = 606, messed= 626, regen=E6
original =95¢, encoded = Bac, messed = 88c, regen=">5¢
original=ce,encoded ~= 79¢. messed =7he, regen=rce
original=c7,encoded=e97 , messed=1eh7, regen=1c7
original = ¢6, encoded - {86, messed=faf . regen=—cb
onginal=13,encoded - 2e3, messed = 2c3 , regen=—1{3

original=c3,encoded = a83 , messed = aa3 . regen=r3
Bl 4.4 @43 HERGER
T ILEERERE .

AT E WA RREA BT P LR RBRF K0TS,
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- SHAAKRGAHEE EFENMGIRFRARN. AFAP  NERMNEEER
M XEREEERAPEANRBRBERRFE. MHAFSAER—PMFRFGITR. 2T
LLEFEART.

%, $display F.1 : $random F.7

4.3 TPHIEH

RNIEBIEH 4.3 F xor8 HBRF O R FRHE LKL BAARTNFAB A HEE—1
REKRPRERES RN ETHS. & Verilog FH - E 1 kB —4xR
FLESEZ APEAMNSHESREN - ST LSRN FES., EATHOM 4 H,28
HBER xor8 MEME L EENMEXTREAT ZOARE AHEERABR. 56
1.3 R M original BEMH .

/1~ B 0 1Y 362 B 56 T T 308 90 S PR DL A AP K R R B AR SRELF 5. BB 4L 4 o ek
B TRENWRF. BEHRALEOT E LM,

TANEC

» 1 =[msb_ constant_ cxpression: {sb_ constant.. expression

X T msb M Isb KA EHME Z W HXRHFBEEMEBER— BT N85
MREBBZA ENHARDERBRA A ER, EhbEIEETLRESM. i
FEL T, A4 —PRfl, HAFE msb B Ish 25,4754 14 abs{msb—Isb}f~ /R # .

4.4 GRRFBHEN 08 HERER

module %018 {xout, xinl, xin2};
output [1:8] %OUT 3

Input {1.8] xinl, xinZ;

xor E[I*B] (Iﬂutr xinl, xinZ);

cndmadule

module xor8 {xout, xinl, xin2);
outpul [1:8]} Xout;
input [1:8] xinl, xin2;
xor {xout[ 1], xin1[1]. xin2[1 7).
(xout[ 2], xin1[2], xin2(2]>.
(xout[ 3], xinl[3], xin2[370}.
(xout[4], xin1[4], xinZ[4 |},
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(xout[ 5], xinl[5], xn2[3]},
(xout[ 6], xinl[6], xin2[6]},
(xout( 7], xinl[7], xin2[ 7]},
(xout[ 8], «inl[82, xin2[8]);:

cndmodule

PmufTFREFS T RABEWHARPHA — T EHKRALE - ENOFR, 4
PETREMEL THEZENXRZE, ~ESFE-MINSEH N, ERBXBOR
O FFa B FANTRAXRRELTEN. ELEABRE P . PREE -1
WA R AT E 8 (MR XEBARHEFNE EREBS . KRR
RBEMESERERZE. YSroRECmm, TRSAXERFRL NG RASNE
TERWEP(REEL M, EXMELT, -BREIG I EEQEEE. WH.REH
AR, MR- R - EE A RBANE TUERREE— RSP S —
PSR

a5 FroBEmE ST

module reggae (Q. D, clock, clear);

output [7:0] Qs

input [7:0] 1);

input clock, clear;

dif [ 7:0] {(Q, D, clear, clock);
cndmadule

PlASHB DMEMERERER T¥F8. SEASHOERT B EAE
B 4.6 PRETLIF D . WEE clock Al clear fEH — K BMBEFHEELE--B. B
EENER.F A AR —MER, ME— D 0S8 B R, e 75 &
5B R BOR AT I T I

twobBitDH  ¢[3:0] ¢Q,D.clear,clock);
HY BB~ RmEE.

twoBitiff r[3] (QL7.86]1,D[7:6],clear.clock?

Bla6 Hl45KWENTR

module regExpanded (Q, D, clock, clear);
autput [7.0] Q;
input [7.0] I
input clock, clear;
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dff 7 (QL7], D[7], clear. clock),

6 (Q[6], D[&], clear, clock).
5 (Q[5], D[5]. clear, clock),
r4 (Q[4], D[4], clear, clock),
r3 {Q[3], D[3], clear, clock),
t2 (QL2], D(2]. clear, clack),
rl {Q[1], D[11, clear. clock),
) {QL0]. DLOL,s clear, clock);

endmodule

Bl 4.7 AR BIBCH e O

module regFromTwoBusses (Q, busHigh, busLow, clock, clear);
output [7:01 WA N

input [3:0] busHigh, husLow;

input clock, clear;

dff r[7:0] (Q, {busHigh, busLow!}, clear, clock);
endmodule

— BN EEF AT ERE TR K8, B 4.7 500 T Y207 B R A% A
KB TP WA RMMTHERMEEE—RE. AEME,busHign 1 buslow 5853
APBERNNEA B EREE B . MA SRS S ATAEN N F AR ER—i.

diff 7 (QL7].busHigh[3].clear,clock),
b (QL6],busHigh[2].clear.clock),
5 (Q[5].busHigh[1].clear,clock),
td  (Q[4],busHigh[0].clear,clock),
3 (Q[3],buslow{3],clear.clock),
r2  (QL2].busLow[2],clear,clock),
rl  {(Q[l].busl.ow[1],clear,clock?,
0 {(Q[0],busLow} 0J,clear,clock);

LTHNRACREAERARAREAN B4 Bt MR EWETES., LHEHK

U LA E— MR ARG T ROR S — A —BERR ST, B, 8 m. 8

BB R PIBEERPIR B 4.5 PRIFIF reggee, RITRT LS - BLFHE,
Bl4.8 BlFAE

module shiftRegister (in, out, clock, clear;

+ 117



Input (7.:0] iy

output [7:0] out;
nput clock, clear;
Wire T15.:0] Wi
reggae stage[2:0] C({out, w}. {w, in}, clock. cleard);
cndmodule
H & H IR

reggae  stageZ  {(out[7:0],w_15.87],clock,clear),
stugel  (wl15.8],w[7:0].clock.clear},
staged  (w[7:07,inl7,:0].clock.clear);

4.4 FigeWiE

HFEEMENASEATEAM EOESHERE-HREOEET L, Ei—T Pl
M—fL ey A5t -EAFERENERBRLE 4.9, HPRITTUFE LB A4

Hosum H Out BFEA—-TPRBEEBHAERAY. fIFGumEZTRANRS.MEE
(cOut) & =My A B majority ¥,

4.9 FEREERRD

module oneBitFull Adder{cQOut, sum, aln, bln. cln);

autputl cut, sum;
input aln, bla, cIn;
assign sum = aln - bln - ¢ln,

ceQut = {alp & bln) | (hin & cln) | C(ain & cln);

endmoduls

A RAT R B PRI B UA R REIE A, SRR E S R T

ARRIE . BHSERE TSR RER B 0,1, x B2 2), TR & B 4 1

FEfTRAMF ., MBEEEHAREEDNIESARETL, RASAHSEFHRE, 3¢

EMH G %, XREAEEN S - R Verilog 0 FE R MRS 52—
{815 4 S — AT R

CONLiNuous ASSign

»+ assign [drive strength ] delay3 jlist_ of. net_ assignments;
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fist _ol_ net | assignments

' =net. assignment{ ,net_ assignment}

nel  assigniment

1y =net lvalue=:expression

EM, . assign & — 4~ X8 F, WKL drive. strength 1 delay3 & & n] % F 41, list_ of.
nct. assignments W& — M HEFRAHFR. EWH 1.9 RFORKIAH . FREREENH
K sh 98 BF (drive. strength)BRiA N strong® 1 strongl, 4207 L1 85 98 #5583 A BR supply0 F
supplyl ZAMEMZERIFFBEM . MINER N o, P, L EWBRERAETLLERT
R

aSSIEn {strong0.strongl )
sum=:aln * bln - ¢ln

cOut=(aln&.bIn} | (bIn&.cln) | Calnf.cln) ;

EMRAIFEFH L HFEREEDHEHEINRIAKS) M,
A, HREE A7, 4.8; BAERMO; MAREMS ]

4.4.1 HASHEPITHRE

HEBEENEE—FHBEIRERHFTHEN TR, AXTE XL LR
REERHSHEBITIREN ~HEL, tREBR. BN RFE R SE GRE AR
RBEA . MEREFRGTTREN, BANTRLHEB M EHESHEF A — 5008
TAERLH,

BEEMNHAARERAROENE L Verillog EROERAMR. B —TF,7E—
AR BT FATEE D 2 X MERE ARG A, A2 wait, @event, # delay
. ROTLUASREORBARA-TELNASEBOE. S, EM4 10D, FESE
B A% 3 AR RE TR A T A R ) o B0

410 FEREFENBEIRE

module multiplexor(a, b, ¢, d, select, €);

input a, by ¢y d;

input [1.0] selects:

outpul e;

assign e = mux (a, b, ¢. d. select);
function muix;
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nput a, by ¢, d;

input [1:0] select;
caxe (seleet)
2'b00 mux = a;
2'b01 ; mux — b;
2'hl0. mux == c
2'h11; mux = d;
default. mux = hx:
endcase
endfunetion
endmodule

A P, R multiplexor H — MR BEES, ZOEWM AR T B mux, ZEK
MEALGS B S EARERAGEBIEHTN. NRENEERALSERAERR
) G ) 3, U5 o 8 R T AR 7 OB . SRR P AR O Bk TR AT A 3R OB A A 0K
select?y x BY z M) , AR BR U B 0L » mux 8 TR HH x.

BARWEEMARETIHAITN LRBAHEEFNABE DR — 4R 815m A8,
HATAR DA ARBIT A BEFHAFRNMEERR. E— 1 HEHMEEZ0H . RITER
process 3 A 178 (sequential activity) FRAE , 755 2 8 3 B A xad BT & s
B, X —EK . H{NHEE—FHESHTEMABERNBL, FAXLA—-BAHE S A
REVERBFHEANREEMFL. THEBRE.BITH K always ERNELT —
TR, ARIERRO GERASFURBEHENRATEE. WEBEMHE— 4, X
HARS 4. 10 FHREFE ERERTIMNEBR T 1T 4HE SRS . EXETHANG
HZEE T FAATRENREHE.

mE ZEX T HBENEEER L . RNEAANRECEASASRSNE S VE
R4 I0OHARRAGRRBENIE R RBER - BB WREEAH T IRIED, A\RME
TR RBEEE A REN AN ATRNS MRS A A, AR g
B HAENRE —EEHEARFREV R LI, A EWE Y N BT R BRE R
B A RE R .

AR, & 2.5 2

4.4.2 ZMERFEMEIFTAUAY

HEWEEEE T - TRSEREE ., #OR RS 50— 5 8k s
MAMFEREEDHST —E. M 4. 11 xR,

Ma.11 HELMEFERMNA
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module modXor { AXorB, a. b);

output [7.0] AXorB;

input [7.0] a. b;

wire [7.0] #5 AXorB = a - b
endmodule

EHEATE L —1 8 gy B 28 (veetor wire) , LI —4%.A a Hl b | 8 {i 5 7ok
WX 8B R. ERENEHTERUEIERR P . MARELWS+,

MRBAVINT M M2 L FERMB R

wire (7:0] AXorB ;

assign  #5 AXorB=a b ;

AT T LURE T A5 A0 LR 10 Sk b R AR )

wire [7.0] #10 AXorB ;

HARATFE— R R PE B P& ) — 40 b B R B0 3R B, 2638 8000 B 38 30 X 8 W o)
HRHAFLL. BINH 4 12 hHBRER, RINCLEXT T E50ER, EAH EER
10 AW RRAHE R R EEN, —MREEDRFER S, A~ EHER 3, YA
a RAETME  MEXHERERES cERMBAZ,E —NREN 15 BIERE, Y
A b BETME L EZXMELEWES c BEMHBAZI,. 7 BN 13 ®ER,

Bl 412 P55 RS RE TR

module wand{MAssigns (a, b, ¢);

input 8, b;

autput Cj
wand #10 of
assign  #5 C = —~ay

assign  #3 ¢ = ~h;

endmodule

ZMEH S RHERAB RS 8 F B L E A net_ declaration %8 = 4 A1
(BZ—TF . B —TRATHFHANN, ME-THEESISPAHE,

net_ declaration

i+ = net_ type [vectored | scalared] [range] Fdelay3] list. of . net_ identifiers ;
| trireg [ vectored | scalared] [ charge_ strength)[range] [delay3]
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list— of _ net_ identifiers ;

| net. type [ vectored | scalared] {drive_ strength] [range] [delay3 |

list of - net_ decl_ assignments ;

net.. Lype
ti=  wire | tri | tril | supply0 | wand ; triand | tri0 ; supplyl | wor | trior

list.. of_ net._ decl_ assignments

.2 = net_decl_ assignment {, net_ decl_ assignment }

net decl. assignment

Ti==  net. identifier=expression

net_ declaration B =TADSH T ADBEH AR ZLAETE AT LEEE,
LIRA—TS5EE-EE-ERASHXHBERE.

FREBEEIETHTED - TMAB D HGnoud im B, # 1. 13 2 — 4 buffer-
driver B # .

Gl 4.13  AF inout ¥ O A FFLER(H

module bufferDriver {(busLine, bufferedVal, bullnput, busEnable};

inout busl.ine;

input huflnput, busEnable;
output bufferedVal;

assign butferedVal = hbusl.ine,

busLine = (busEnable) 7 buflnput ; 1'bz;

endmodule

TE LB (118 A busEnable ¥ 358 &8 H businput 223K zh busLine it B FIE M & 34
KL . SR, T busEnable 4t F i f 4R %5, bufferedVal HI1{E 2 B BEE busLine {4 #
AL A4 AT 2 busEnable 2 0 B busLine W] LL4E N 4b SRR h 8 38 &, W AL 1
bufferedVal $£: g /R busLine p{f .

AERISEN - RN R ERERN R R RS R R A BB S
B, B4 14 BB —4 64K FH7E4HEE . Hob dataBus SO E X K inout BRI, At
TR S ERENNREEUHESD DA UENSERNENSE, SHER i
FHAERNNFASHE. YEAFCOE AT A AITRER (BMmADE) . H% % it
8 (addrBus) b &4 T AR, ARNEDER—TFH0ME. EREOMERETHES out
W 25 LT (re) SLIF B out BE3) dataBus, 0F 3 i (re) & ib F f i R %, M dataBus
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BT =3
Bl 4,14 W =AW EHIFHEFER
module Memory.. 64Kx8 (dataBus, addrBus., we. re, clock);

input  [15:0]  addrBus;
inout [ 7:0] dataBus;

input we, te, clock;
Teg [7.0] out;
reg [7.0] Mem [65535:01:

assign dataBus == (~re)? out, 16 bz; / * drive the tristate output # /

always (@ { negedge re or addrBus)
oul = Mern{ addrBus |;

always (@ { posedge clock?
if (we == 0)
Mem|[ addrBus | <= dataBus;

endmodule

AER.&4R. 9% /¥ 4.2.3

4.5 BEALEX

ZRAFRITEX —TRRER ZRE T HEEAAFENTESNHEHL.F
HUAFRMNEFHFERLTEREER - MENE L. MAAFRINE XEXR KR
F8. SRERFLE, BT L ER (override) X HEHR R FEH .

EH 411 B BAEA - M ERBRERDE L - S MR HER., AX—FP,
BAEHESEESUMER. 4 ISHEAH 4.3 PR HEMN. T T xor8 #Hk
HIE X . Bk BMNARMREFORERIBA 8 MREITRM.

assign xout = xinl - xin2

FEH xout,xinl F xin2 FFETEH 4. 3 T 4. 15 P E XTH.
B 4.15 A 4.3 /) xor8 #Hr

module xor8 (xout, xinl, xin2);
nutput 1.8] xout ;

input [1:8]} xinl, xin2;
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Xor {xout[ 8], xin1[ 8], xin2{ 8],
(xout[ 7], xinl[7]. xin2[77]),
(xout[ 6], xinl[6]. xin2[6]3,
(xout[ 5], xinl{5], xin2[5]),
{sout{ 4], winl{ 47, xin2[40]),
(xout[3], xinl[2], xin2{3]),
{xout{ 27, xin1[2], xin2{2]),
{xout[ 1], xinl{17], xin2[ 1]},

endmodule

Fio , AVEAG 4. 16 PHE X HEAZESEEMERBAYE. RONEXERETE
B ZBHT XK R xorx B — BRI R, B EEY B3R ¥ 10, SHEFh
R L — 84  HB B MT .

module declaration

-+ = module_keyword medule_ identifier [ Yist_ of_ ports] ;
{ module.. item }

endmodule

module _ item

.+ = module_ item_ declaration

module.. item_ declaration

.- = parameter_ declaration

parameter.. declaration

.. = parameter list_ of . pararn_ assignments

list_ of . pararn_ assignments

-+ = param. assignment{,param_ assignment}

param_ assignment

+» = parameter_ identifier = constant_ expressian
BEGEL T WA T HEEEY generic R 7). R LB T FE A 858 5
4,3:
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xorx  # (8,0) x1 {valueQOut,bitFlippers,
{vIn[3].vIn{ 5] vInl 63, vIn[ 7], vIn[ 91, vIn[ 10],vIn[ 11 ].vIn[ 12}

S5 o8 HE AR ZERMNFIETAET LASESRHESA. HP 48,07
P FZEFIRTS TSR (EE . width) B{EN 8, MFE B EH R  delay)
HOREMBRMALMN A 3HEE, WE“:G.0O"BYBRE. NoeEFEERE L P
R M E, AR RBRINTFIDEE MHES R N ER R ESHAE.

#l4.16 HEBIRHBEBHEH

madule xorx {xout, xnl, xin?);

parameter width = 4,
delay = 10;
output [1;widih] Xout;
input [1:width] xinl, xinZ;

assign # (delay) xout = xinl * xin2;

endmodule

EH RS REN - RER T .

module instantiation
-+ = module_ identifier [ parameter_ value assignment]]

module. instance! s todule_ instance} ;

parameter— value_ assignment

# (expression{,expression})

HEREMNBFEZSREE L PSRRHEBTR R, BIOATHEE— -5
EXPRL - HEBRMERAEMY. BEARRSRSENZEEHHEYRIAE, B
LABRCRNMEBHHT  UHH BRI N BEL TERENRE ., M, BRITEZ2BUNTF
BB T xorx BIBIR x1 BN 8L RERHME) , R K 1004 H BRI .

XOTX # (8) x1 (valueOut, bitFlippers, {vIn[3],vIn[5],vIn[6].vIn[7],
vIn[$],¥In[10],vIn[11],vIn[127}) ;

BR. ATHERAEE(ORMEETERCQOH, BNAEEEFHEREIANT.

X0rx #(4,20) x1 (valueOut, bitFlippers, {vIn[3],vIn{ 5], vIn[6],vIn[7].
vIn[9],vIn[10],vIa[11],vIn[123}) ;

A —REEREYUGDERSRNO T EREH defparam & 4] fl Verilog ) 2K ér
FME . EHENF 4,17 BFR.
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&l 4.17 FH defparam HT B ER

module xorsArelis (al, a2);

output [3:0] al, a2;
reg [3:':'] bl'!‘ el, ]JE. CE;
XOTX alal, bl, clJ,

b(ﬂzs bz'r CE);

endmodule

module xorx {xout. xinl., xin?);

parameter width = 4,

delay = 10;
outpLL [1,width] =xout:
inpul L 1iwidth]  xinl, xin2;

assign % delay xout = xinl - xin2;

endmodule

module annotate;
defparam
xorsAreUs, b, delay = 3;

endmodule

8 H defparam &4, BRI A EHE VT UHEHE IR PNE— . A
B, B xorsAreUs EEH xorx MIBIR b B IR B8 (delay) ¥ L0 5, BT
JURBTIERATERE L.

dafparam [FERI ) — BRI XN F .

parameter_ override

.. = defparam list_ of _ param.. assignments

list.. of . param_ assignments

1 = param . asstgntnent{, param_ assignment}

Rl defparam IBMERERABERANTERERER RERET HAHRER,
HMURBENTRE., ERERTANTEEESESRLBFESRRIAEREHAT,
M & defparam IFEAMAFRNTESENEH RHEFRERIBENLE. TFL.

detparam 15 ] AR A7 ALTE — > M 3014 R L B T8 PO 400 200 1 L b 3 0 — R 4R
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PR, TRATR] LLE B4 AR EM defparam XS RIFR AT —TRE . HARE
HEiFgE I ME, MA, — PR rHBERTL IR EFT ™4 defparam X,
AR, A FER2HE 4,2.4; BAAL 2.6

4.6 A8/ SRENEE 5 H

F8R—-ITRSEERNREA, AR TP RIMNFBEIFHRTERESE LR
B M SRR E I AL, i — Ak, IRERIEI Q0P 4. 18 B . Verilog i
MALMERID L EWNEN AR K., EETUSEARE 3. 4 WHMAAE X —
WHo T 25 58

BER —THEREHABRS - BRMGHERHTEE. SHENRFAER. EH 4. 18
THHE SRS TE shos b UHELRATH. EHRFATUBSHES rw.addr
Hdata s E AR B/~ B master BER N slave B 2 BT 15 ME— 7 . rw &7 addr
2R B G2 master WA, IR T, data 28 40 400 £ B B 89 & B master Bah.fr e B i b g
slave AT HITAMIFHFEXRE M ERREBARR S M T E, XS8R, 8 master AR rw
KA REERELTERECEASREN LD TE. master BB F slave Rt B EL 0, 4
TR ES enable, I TS B MNN DM AR AT RS WE,

L busDriver 2 H— ML F 6 4. 13 FEREHFEN T A RE LS, TENEX
ETBHERIFARENSRERS. IBEHSBRBETUHEMAA. 3 H Y driveFn-
able Jj TRUE B F valueToGo R B AR B MM E, W — 4 2 8. B L
P78 B master BE I slave BIE:,

1E slave R, A enable F R S4B R WSE . WG L enable 3132 %Y
O, EL ERIRE 2. ERAMBE 5 80 AIET enable BB Y 1. i B
Fr it BB i slave Wah 3 S 28 = mt %, # master ﬁﬂ%?ﬁﬂ,&—-’i“iﬂj‘ﬁm enahle
KRR BRBHTE. DI X enable BB X 0. % B B W H . master ¥ enable &5
H 1, H R BT master B MR 848,

sbus ﬁﬂ&ﬂﬁﬁ!ﬁﬁﬂﬁiﬁﬁﬁﬁ%@ﬁ\ﬂﬂ@ﬁuﬁﬁrﬁﬁﬁﬁ-%ﬁﬁ5]fuﬁ
AGHRZEHR BRETUETE TSN FroEE,

Bl 4. 18 MRFTARMSHHE FENRE RS

‘define READ ¢
‘define WRITE 1

module shus;

parameter
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Telock = 20.

Asize = 4,

Tiize = 15,

Mﬂizlﬂ = il H
reg clock:
wWire rw;
wirc [ Asize 0} addr;

wire [ Dsize.0 ] data:

masier # { Asize, Dsize) m! {rw. addr, data. clock);
slave # { Asize, Dsize, Msize) sl (rw, addr, data, clock);
itial
hegin
clock = 03

$ monitar ("rw=Yd, data=%d, addr=%d at time “d".

™, data, addr., % time};

End
HIWH}FS
# Telock clock = !clock;

endmeodule

module busDriver{busLine, valueTo(o, driveEnable),

parameter Beize = 15;

inoul [ Bsize.0) busl.ine;
input [ Bsize ;0] valueloGo;
input driveEnahle;

assign busline = (driveEnable} ? valueToGo: ‘bz;

endmodule

madule slave (yw, addressLines, datalanes, clock)
parameler

Aslze = 4,
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Dsize = 15,

Msize = 31
input rw, clock;
input [ Asize:0] addressliness
inout [ Dsize 0} datal.ines;
reg [ Dsizes0 ] m| & Msize j;
reg [ Dsize; 0 ] internalDatag
reg enable;
busDriver # {Dsize) bSlave (datal.ines, internalData, enable);
initial
begin

$ readmemhb (“memory. dawa”, m);

enable = {;
end
always # bus slave end
begin

(@ { negedge clock):

if {~rw) begin 4 read
internalData <= mfaddressLines |;
enable <= 1;
{@ { negedge clock) ;
enable <= 0;

end

else  J write
m[ addressl.ines] <<= datal.ines;

end

endmodule

module master (rw, addressl.ines. dataLines, clock);

parameter
Asize = 4,
Dsize = 15;
input clock;
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outpul L

gutput [ Asize:0] addressLines;
inout [ Dsize: Q] datalines;
reg rw. enable;
reg [Dsize.0] internalllata;
reg [ Asize:0] addressLines;

busDiriver # (Dsize) bMaster {datal.ines, internalData, enahle);
iatial enable = 0}

always  / bus master end
begin

#1
wiggleBusLines (READ, 2, 0);
wiggleBusLines (READ, 3, 0);
wiggleBusl.ines CWRITE, 2, 5);
wiggleBuslines (WRITE, 3, 7);
wiggleBusLines (READ, 2, 0);
wiggleBusLines CREAI}, 3, 0);
% finish;

end

task wiggleBusLines;

input read Write;
input [ Asize; 0] addr;
input [ Dsize,;0] data;
begin

rw <= readWrite;

if {readWrite) hegin 4 write value
addresslLines <= addr;
internalData <<= data;
enable <= 1;

end

else begin  / read value
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addressl.ines <%= addr;
{@ (negedge clock),;
end
(@ (negedge clock} ;
enable <= (;
end
endtask

endmodule

il 4. 18 BIBSIGR A 4.5 BT7R , B 5 5T MOEBLET OB 3. 3) K E 2 &b LA 7E
TEEBRANNE - WA RBRER . REZA BB AN ERE T2
iEICT

rw=x,data= z,addr=x at time
rw=0,data= z,addr=2 at time 1|
rw=0,data= 29,addr=2 at time 40
rw=0,data= z,addr=3 at time 80
rw={0.data= Z28,addr=3 at time 120
rw=1,data= 5,addr=2 at time 160
tw=1,data= 7,addr=3 at time 200
rw=0,data= z,addr=2 at time = 240
rw=0,data= 5,addr=2 at time 280
rw=0,data= z,addr=3 at time 320

rw=0,data= 7.,addr=3 at time 360

B 4.5 #1418 puMidies s

4.7 ZHMEREE

SERTABRT N KFITRXBME FNEEYNRAN, - RER TR2E. 3
PIFIER R RE R 7T BB, T LU R B TR RIS BRI T R A8, 7eA o, RATEF it
BRITEI I RBE ] MR AT,

4.7.1 [REHTH

P 419 P, ZHSIEEFBUH bufifll THRAAREFENNFEE. BERE
BN 4.6 FiR. % enable AN 1 B, 477 220K 5 qOut M nQOut ¥ O, LA 5
NEEEX B ZEEM . & bulifl MR- EFIBASED. WF 45 FinS8HEA
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31 R AR B A ML, W daa A BB c EEBB LTSN
REBE. HEHEANON W AFHEE (.,

Bl 4. 19

module triStatelatch (qOut, nQQut. clock, data. enable);

output  oCut. nQ()ut;
input clock, data, enable;
tri gOuty nQ0ur;
not # 5 {ndata, data):
nand # (3.5) d{wa. data. clock},
nd(wh, ndata, clock};
nand #(12, 15> qQ{q, nq. wa},
nQ{nq. q. wh};
bufifl #03, 7, 13) qDrive (qQut, q, enahle),
nQDnve{ nQ{ut, nq, enable};
endmoduie
= 4Qut
clock -
Qe
data ——[>Q—D:’__ E .
enable
B4 6 =ZHMERNREN
¥ 4.5 BUFIF1 [1HXK
3 15 8 A
bufifl 0 1 X z
|} 0 z 0 I. L.
A 1 Z 1 H H
T x Z x X x
A z z X X X

HEWMBAN xHE 0. BRINALAH SREBHBEE, B L HARRBME N0
%z HMRRBGEHE 1 K =,
Hofi i) = 25 B B TTEEE bufifo, notifl # notifo. 9 bufifo A1 bufifl 85 it By A
MIF MR . % notift W&, 4EH# A5 1 B} R MRS AP S ¥R s W notifo [
- AEFWARONEERERNA BN RIER Y, EHRD PEIXE AR T
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HEER,

HZERR AT AR HGRF 4. 19 XThiE, BEAMAGEHR TR RE I ZAEREN SN
qQ 1 nQ R LM, HEHeh ik T Frl,d fl nd MR AR BRE.MERERRFE
T M. Matsh ik TR R Fot,d M od BEEAN ZHFESEHFRNE. REM L
FTHBEF, 53T qQ M nQ K{ERBH data 8 A BT EL. B4 bulifl 74 5
Sk #iA7 4 TR B iH A1 enable WA RME S RSN, 3T bofill MTHE — 4% LR, 5
enable 2 & BB 5 i 3R 80 5 24 enable Dyl 8 S B, H iE O 2.

AN Verilog 1T Dy 88 4,25 & M 3¢ iR (delays across a module) 4, 8

4.7.2 | 1HZ&MIER

T HFEZBALRAMERREE BN ERREER TR, MERHATMA
HAREZ UG RETAWIER, FEREEENET AETMBREMEE L
R ABPEEEMENEL FEXHEARERRENENEES. AMERHRET
MR — T MRS T REME AR E AR RERE RS ENEMER, RIAK
MR AMERHBEENEESR O, WRHAT P EESH. W ZEFHAFHE
SR M ABAEIE TR XHERER.

TR 8 ) R AL 4. 19 ol s St i, B O 1R B R TR A 45 2% R L

hot #5 (ndata, data) ;
nand $¢12, 15) qQ{q, nq, wa),
nQ(ng, g. wh);
bufifl  #(3, 7, 13) gDrive(qQut. g, enable),

nQDrive{nQOut, nq, enahle) ;

IR kA H] | BEAEE 0B ) R R) RIE . EMIBWIEEERSD 5,
MTRGET — TR BRERFEE A THRED 1 MBES o nBR. SEIRH
FEFRERN 12 FF KR K 15, bufifl (TR EAERN 3, FTRERSR 7, F & HEER
SER Oy 13, HEEMAETLTFTRERET W X enable B 1 b, F TR 3 45 ja] B
(DACU NI TP P I ik B

— B R AR, AT B R 17 R v .

# (d1, d2)
W
# (d1, d2, d3)

R dl B EAER,d2 BTREER, T 43 MR SMER, ZBLUEAXRMRErR
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WEEETFREE T ARFHE RN ERMETE ST R FER = NERBE. 43 &
HENERATEERENENL Y AT trireg RN, ERZELMNET RN x I EHEA
B] . 3EREHMNEBELENT .

delay2
o= H#delay_ value
l # (delay_ value[ .delay . value})

o= Hdelay_ value
| # (delay_ value[ ,delay_ value[ ,delay_ value]])

delay-value
.= unsigned_ number
| parameter.. identifier

| constant_ mintypmax.. eXpression

constant - mintypmax— expression
ii= constant_ expression

E constani_ expression:constant expression:constant_ expression

(P & mintypmax_ expression 88 B, ZE 4. 7. 1 THBEHNITE )

ZALORAETRARMEEMZ N ERBENER S A RER, BTERY
BOR IR B A I SER R A, BN R 2 0, M H A S48 58 — MERT, i et Ao s
R A B2 BE SR B[]

EHEXEEREN— T RERFTER. LAERCEDRM OB x, A x B 1HEM 2 8
L SRS THREREN xB 0, A 13 xHKEM 2T 0,

B4 I EAN RN AEEREINERSR AWM. RITTLENTFTRE
HE XL

tri #{2,3,5) qQOut, nQOut;

%46 EREKRDNIERK

R BirHE — iR =HER
0 1 d1 1
0 X min{d1,d2) min(d1,d2,d3)
0 2 min{(d1,d2) d3
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iR =1 B ir{d “HRFEH =R 7E B
1 0 d2 d2
1 X min{dl,d2) min(dl.dZ.d3)
1 z min{dl,dz?} d3
X 0 d2 d2
X 1 dl dl
x - z min(dl,d2} a3
Z { d2 d2
z 1 dl dl
z X min(dl,d2)} min(dl,d2.d3)

RS T W A — R — A R RSS2 BN E R
B,—A4 3 BRI TEER, MR- RS 2ZARSN - 105 BEMER, AFHE
B 4. 19 o i1 F bufifl B#) qDrive [THRE5h qOut LM, AT aDrive M A% £ % L E)
GRTE qOut SR L BER M ER TR Y 502+3), FRERY 10,2 FR % 18,
EHERENR T SZed oy — T E R MR A 0 R B A R, R

HEBE TR 1L UFERATREEE  MEET N 2, WFEAEER, EWER LR,
£ N, . # MR (delays across a module) 4, §

4.7.3 HNERNAME

HERNSRBIREHT 4 RAEFFR N BT 2 ORDE R R E), R0 RA1E
B RER G BT LB B (] By . R ATT— M R B TR RBE AR R 1R B
ZMEFESHELN.

“timescale <7 time_ unit> /< time_ precision>

RSN RRR R e m BRI, £ TR L R RN
B
¥ 4.7 timescale 5 K< RS M
ERa L]
seconds{ s

milliseconds ( ZEF5
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g

BER B fy 5
microseconds( M) us
nanoseconds (4 ) ns )
picoseconds( Bf #) ps
femtoseconds{ K Fb) s

<Ztime_ unit>> A 0 E—TEB ¥, <time_ precision?%ﬂﬂ'lﬁ]ﬁﬁﬁﬁi,ﬁﬁﬁfﬁﬁm{ﬁ
K 1,1088 100, WHHBMNEFLER 4.7, —THEKTLBEOTHA RN RZAEES
o -

‘timeseale 1¢ na/1 ns

BFFEE MR N 1ns, EEREN BRMBAZN 10ns WEEHE, R R K, #27
TR N 270ns. R 4.8 IRHTHBEHILAORE. BREHE K EZAEREASEH
RE AR ER E LM AR SE AR RS T R R, B T I

¥4.8 REEENMEIRA

HRE /4 FERRE | B EER i B
10 ns/1 ns H7 70 ns PR 7T RLIaFE AL, B) 70 ns
10 ns/1 ns #7748 77 ns .48 BT ABIABEE— 6 AN LI E R
10 ns/ 100 ps #7748 77.5 ns 7. 748 W& B A BINER S PIAL, #8536 Ut fe] L5
10 ns/1 ns #7.5 75 LOMEFERABPERAE . BEREL 10
10 ns/10 s | #7.5 80 7.5 MEEARERRA /MR AR 10

4.7.4 EB/NFEEIR JOBFER B X REGR

Verilog fVF & —A LFEER T RERER FSCHT IR BB =4ME, X4 358
/AEER S RYSER AR R RER
f14.20 fB/NEER | ST RE R HTEE K HE SR 19 1 B

mvdule 10Buffer (bus, in, out, dith;

imout bus;
input n, dir;
output out;
parameter
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R Min= 3. R_Typ =4, R Max = 5,
F_Min=3,F _Typ =25, F Max = 7,
Z_-Min = 12, Z . Typ = 15, £. Max = 17;

bufifl # (R_ Min. R_ Typ: R- Max,
F.Mimn.: F. Typ: ¥. Max,
Z_ Min: 7. Typ: Z. Max)

{bus. out, dir):

buf F{R_Mmn: R_Typ. E_ Meax,
F_Min: F_Typ; F_Max)
(in, bus);

endmodule

B 4,20 FART X EFERK R, SRR ERMEB AR HEY. "M, m EH
FER  FEEERAMXMERA "R, —BHE,ERIEHEL:

#(dl,d2.d3)

JUBRTRTENER.

# {dl_min.dl_ typ.d]l _max,d2_min;dZ_ typ:d2 max,d3_min.d3_typ:d3_ max)

AR A — DA EERBEE R PSS E Y mintypmax_ expression 5 —f#E &,
R AN RNBREEMTUEMNEELD AR . FEREEFEANTERMEIEA
i A

4.8 By R

BR T AR ARIT FR LA FE LR R 1 B B9 PO BB SR 22 4, 1 DA R h 9 BEGR B2 (W
HAFHERZIEKA K. specify 3R 2V ERE D805 A RV 2 83247 a4 R L0,
B 4. 2L iIREA T specify RAHEH .

B44.21 FEREEEIRHN

module dEdgeFF(clock,d,cleat, preset.q) ;

input  clock,d,clear, preset;

gutput  qi

specify

# specify parameters

+ 137 »



specparam  tRizseClkQ= 10,
tFallClkQ=120,
tRiseCt1Q=750,
tFallCtlQ=80;

4 module path declarations

{clock=">q) = (tRiscClkQ, tFaliClkQ))} ;

{clear, preset = > q) = (1 RizseC1Q. tFallCt() ;
endspeciiy

# description of module’s internals

endmoduie

specify SRUA X 8 F specify T3k, HFRLXE BT endspecify 1. A FH T
specparams HIR P, specparams iy & AEREEFERHPEENTR]. RERBRESE
BRI A T Hf A (R BR R R S g (L PERR IR IR 50 . R IREHS{ER T &
BT R

TR, B AR T W clock i AR q 3 A A L LR AT A
K100 B R B A7 T RERER A 120 A afRI BN, B A E B BREFEHIEHM clear Hl
presct Bl q WHEIE . BB APHEERZEEHASELEMARF (#)EXE—®. R
M. MR EAE TR, BE 2T ESRTHE.

WRERBRERM Ik, -HEER =" M3 —WRER" >". “="#1—
AU A D #H dr A 2 B 8 317 % B (parallel connection) . A fy 1 £ 91 A F H
) % B £ 3, B e & - -y AR 2 H 3 H 4 A A5 R 6

U TEST EE AH BRI ZE A2 8 (Tull connection), BB —MHEET
(BEPABBPNFEN. FANBLHAFERGEAERT ., £8 4. 20 B, RIT{HH
clear I preset H—- T8 q B H A AT LR LM E Y. Bk, B{TTL BT
BEAA .

(aﬁb‘ ::’ﬂ1d) - lﬂ';

XFEDNETHHUFEDRESNG.
{a=>=c) = 10,
fa==d) = 104
“1=}C) = 1[]';
(h=2d) =— 10;

EHIRNMRR ash,c M d A1 . RITETLINT RN,
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(e==1) = 10G;

MR e A fHR 2 AT MEX-—-FETTUFENNUTROHRER;

(e[1]==fL1 = 10,
(e[ 0]==10]y = 10;

BRERBETUEEEIMFENRBHNES BERVFE - ERBY. A . BREEN
PR A B D 4 R Cou) BEERER A A K 1B B Gnout) iR LK L IR 2 1 B AR A4
FAE R ARNDELRRE A HA Gnou) B, R BB TR X T W ERN LR TN
i /

B-#MENERAT LA —THAENFE#RTHAR. RIITLIRERAE
BB R R R E R R LI AT ERE,. ETMEHEEF R 08 1,1 % 0,0 3
2,z 8 1.1 B 2,2 3 0, FEANE, B/NIER BB R & AHER B 3 A H P
MEE -1,

specify REVIERETER LIEM R G.8 3, EERBELEFMFE B REKT
% B I FUIFTE specily P fE — 2ot P B2, 045 setup.hold U BBk 2.

4.9 /higs

AR THEM Verilog BEFHTZBBEMNEANIR. RIMC 2B M E L]
MR, LR M RS A EEREER & TRIERARENERM, RN
BEE LB,

4.10 #:2]

1.1 WE—-1TRATFIEHRIER.

module progBidirect(icA,i0B, selectA,selectB,enable);
inout [3:0] ioA,ioB;
input [ 1,0] selectA,selectB;

input enable;
endmodule
18 selectA AU N TF 7 A0 oA B .
selectA inA
0 no drive
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4,2

4.3

4, 4

4.5

4.6

1 drive all 0's
2 drive all 1's
3 drive 108

3 H selectB LI RREAY T RFEH 10B MBI, X EHAL Y enable 37 | HEEBIHF . W0
B enable % 0 B} 10A fl ioB B3hiE A EHEE.

A, LERNIEE BB RER,

B. (N AFFEREFEAHE ZBR,

AR S 4. 3 PRI SR/ MRS R . BF 15 Db £ B IE R A Y BE AL 28 S 7 R LU A
B {EHE,

4.3 PR B R/ RIS ER A ERNERA. BEdMAS 13 MERA S
R2HNRED . NNEROETUHEEZREEELE). ZFAFTNMAX—S . %TE
"RIEEMEBANZEWAE. WE S display B0 HEPAHE.

{5 B BT — ™ 15] B8 o 45 20 A4 LA R 3/ B8 4 2 s e BR BCE 3 4. 18 AR BB ER.
RERBHHEK I SN, SNETEA-TFERMNE. PLUABERXFR. YEF
HEHH . EHNEZERELTFBRYUERN. MA—-FEL.ZLLAES slave W,
1 master el MIBAE T EREMNFEL. RE—FFE . CHEHAFRITZIEN
B4R FF 48 P BB R B vy A B /s 1 3k

ioTA i-::}B

selecLA selecth

— e el

|

enable

ERR AR GRS — P 2. BT,

module fullAdder(cOut,sum,a,b.cln);

A, LHiht% 8 {7 ,sum,a, b B3N 8 i L E, cOut # cIn - 70 B oY, AR %
B,

B. ¥#H fullAdder ¥ 75 sum,a.b I T k.

THHAHGERBRBE = AN -, ZaBEEA—RERIFENBERE

BHAM ., RERNFEMEBTFEALHNBABENEER(EEYEH

HESS=:0E:cg= N

TR IR RE PR FXR.
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i ey
—
« WA a0 b S5 [ 2B B EUT BT A EEE 15 SR i R
« HWiAM c S { Z M AR T BRI RIEER 10 4~ B A7 A]
UERRFRRHAEERBAPRFEETEN, EEN T S HEFE HEF L
FAEEFERRR, XR-HERIFIEFHER, R —FREELH.
B a.bMc BRILMERNBE. E—7NRAKNFEERL Verilog 54
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£ BRENRP®E

WE N ETRET N Verilog B3R B MHITE AT An 0 B o) Mgk 17
e, AEHE—-SEREREENEIREDN . GFEE T ARERREHNME A FIELH
B, AFIREFREUSHEERR . ESPAREHNN S MIEHERESE.
ARENAFEERMBES EBR Verilog BB R M TERY. X B 4y B fy #8768
ARAIF AR, AT P EARERADNER LS MLARMR. HEEITH
AEME AR R, FUERIEEEIX —ETH 2,

5.1 Verilog i FEHs#y

HAMR RS AR EFRANIIE N FF i fr s, X B A 04 B B [ 2%
FFRALAN, EHRBRENDREER S REMTNL, Verilog iIB5ME L E—
THEAZBRMFHEERER TR, X BRI, S8 AT e 3 18 L
(] U fiE

HFEN LRI RS XN EER-— TS5 EAHAE S O RS M%,
LRI RITEEFDNTHF Verilog 185 ﬁﬁﬁmﬂtﬁﬁﬂ XEeR E R R TR
HiTARHERERAEH.

MARBEANZESMNFEERRE. WERKFEG OB, I ALU %94 304,
B RRSER AR E S A RO R A B3R TR I 18 X e e I TR AR 0 38 4 i o
B B 77 A

5.1 NAND QR

module nandLatch (g, qBar, set, reset);
output g, qBar;
inpul set, TEeser;
nand # 2
{q. gqBar, set},
{(qBar, q. reset);

endmodule

BIS. T 7 — R 88 NAND #7738 . & Verilog i 5 WM& 3, 3478 L il X%

=PI — T RAREELR . XMTESBREEAHA GBS T EL AN E TR TS
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HE, MREFEXT, FOEMNNERE2 2 EEHAEmmbdE. (TnRsaA
EEREN. BT — 48 AENEL, 8BS E TR AR HRT.

-1 HEHAEE - HBRR— - HEHERKWAR. S -THE/BARET
feht B FBOEBANT, #RERARTHLER., BERHWBEE~EFHEANTEAYA
B — EERBINY—-1MHERENFEITERLECTE, B EAOHEZHFEHNTESR
B— ESWRI R4 T Bt AT L SHERNPET.

Bl 5.1 ZEPEE 1 Verilog MTRMAFER, BN AEES ARZETL. TR FE
EFHRENMPRB. NRREE T ULRETES =4 - M FnNEH. Frg s AN
B S RBURN, XTSRS RART. (TR FHERY B THRE6H
L HP AR NET FEREIE AN RFEREEN. HEREETNRARLNIE
AW T RER. BiFERRNE -2, XY TSR R XD T E M
REALEMPHRE.

NEMNFRUNA - RERXTHHFMHNAE., TR -THRTHHFEUHS
ERRN M EHCHEEEHMARBERTHER. MEXIPZENGE L SBFEE —1
HESMARECHCRENSG . FREFOES. B, ORITKSABRER 4
BRI AW E R, TSR SRS T, BEEBR I TEERETE A
¥ o) (B RGBS B AT [8), Verilog EBMA R AMMEER, CAFLERERER,
RRERBREL—TTINRARSERE R TEHERERS 23 ESLHENE{L. TMm
EMNAFELFIN, WREAKMEE EFE THABERN . §RARTRETARAHRE
B, X—mlMTFEMERIENFRBMTERRERER.

RARBE BV S 2Hai DEEBIT AR, Verilog 155 818 L EVRR AT,
XA~ always iIE A HERT EHSFHHAS clock WEFAE, Y2 T 4 L FiEE, &
BIFER 5 BT B 6] J5 4048 A d MRS N o, RIS 8RS8 clock 9 F— 4 L F
IRHBIK, ZFAR-PAFETIENFREBMNNFER,

5.2 DESNTHERY

module DFF{q, d, clock);
cutput g
input d. clock:

reg q;

always
@ {posedge clock)
#o0q=d;s
endmodule

KA always IO Al LABMEER H B A (Clock B OR— P HH (. X4 always
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EMARNENFEA, AR EAN ST RS, ©r SRR T
FETX., Z2RAMS . EXT always BAFF S MR RIELBRB Y S -4
clock FAHERARERAMN. XL EHUERNERATE T LREG. BEBF S 18460
BEGEE, EASERFT D clock By, & 24 5 MO A RLUF Y clock EFHIE A
BUR ., FEiiX P always BAEBEBRTRI @4 H3F clock &, Fi#— £, X4
always IF AT A d RARBY—d WEMT S RBX T always 157 £ A0 30 1E.

EXAPREIEATETAREPEBRM Venlog T RNEEE, XM ThHRSRET
initial #I always &%), —8F 1% ,initial F always $845] B8 AR — 4 F 2SR, SR
A REE SRR G ER. F XS8R 0T B IE T 4R G 24 47 T 384
FHE B .

SR PRSP HERXTEHEBEFAN., B -1 S80I~ FEFH
HELWAE. MRERAER - FERN R EHEM, DB RAER 8%, §i—
TEAERERANSERE., B, - TN FES N ESHRNEPUEES 84, o
RARFILTEHREE B2 ETHGUNRFERAHBEN. X5 THNFRBRR, 75
Z 0T PP B RL e [R] — B R A O SRR M R TR AT M

RPN LI, R e B EHE A Verilog BIEE MR T, E5 L. 08
WASRIT IR T B AR [ TP R R B R~ Y, O TR - L1k
RINEF 5.3 PSRBT IR, XMEB DB TEEHESH G or
LR TR PR AT, % inl,in2 & in3 A~ 84T, W & &+
B, B, o e MR AT L BT T G e R 0 A BT, AR T AR AR
R R UM FERLT. SHEERELT,

5.3 BIFRASMRHER

raodule behavioralNand {our, inl, in2, in2);

output out;
put inl, inZ, in3;
reg outy

parameter  delay = 5;

always
@ (inl or in2 or in3)
# delay out = ~(inl & in2 & in3),

endmodule

BI 5.3 M—1 =8 A NAND [TRGIE — M9, $—, TRBREEMESH
RBBITET] B H 00 TR I X S A R BUR . 55 2 B R R R A A A e, I

HE@®E T —THsd MAMNCHNES 4, BEFEH,
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BB - Verilog B B s @ E T TR R R ML BEaf PR R, X £ ad
AT L TIEE PR AR IO R R T I A SRR, b iR
THREFREEIE.

5.2 BiIASAY A PRy

FEA T AV R S R SRR A P9 38 AR 7 K, 15 0 R 4L 25 Jo oy 40 38 7= A
BHRRURYAITER, URSBHMARUARERITREAAER X, IS
RHEEAER A8 - MEUEEHNRERNFENAE RRRsHE,

5.2.1 [EER

HEFRE-TEUSHNESBRA CRBE S | PRAFHITEERN,. BESF—11]
BHdTRIUHER, fRFHEN,. BENE-T0E . O RMEEHE. $IN%
ARBMAHZE OTHEZE 1,085 LR, SBERE24 — 5, [t &
gl (E . FIM BRERESSEDTE. BRI RO, MHEX B4 a 7E S d R

Eerdm AL gl KMY BB O E 5. 1(OFHF LI 2L, X M HEEEES
Fflgl WAL, ATel MEHS 2.3 HE FREXW/IAIHTE RHMESB +
MBFETE 2.3 RABTATN=EHOIL, TUED, HE g2 MiH Cat,
XTHEHC=DHRAEEHT -4 dBaEREMRIT. BS5 1S TAREZIEw
t+2d AR R, ef,C ERFAEMBARB S 2 BINREEMFAE!). kit
#E . XTI E R E R RS,

i C=0p

1 -
a2 —WE
P 1
=3 i
A=0 - A=i =
{a) A by vt %A
1 C=0 l ——c-
] — 1 v
] gl Beg 1 &l R—0
o gr p2- o T s pesd
(c) t +dIBFE N (edd o2 BN

W 5.1 T E B R B
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5.2.2 EiERAEE

BRI P ) B RBSEERE T REAN RANEHE. EHE
fEreent A BERER AL A, SAEERE TREARMGIERD. EHT
F iyl RREEHEHE . BROE MR RE DB EF R R 2 B RA
fr - BB EERE RN FHRRE TR AR E, BT DU
ACE G50 3 32 1P 3 48 3 1 4 BE B0 0K A9 T B 20 L th T DR S 1 S 44 51 R AP BR M T
SR BUHE B H .

I RIESE LT E-FEfa 2 —MEL AT I - A WELS, NBERHF
@ RAPRITE ER Rt REGN R, AR 2. EREFHE—THHE
o WEESHERE-NTTORERITMB/EHAE T READ TR AT "% -1 8
ik, FXL.EFFHFEOCTEFH HESFH I ESBEEHFH.

5.2 IR M — P EARIENSE ETE LN EE. SREERERANRENE
BT, BT SHMERTRFMA - TRESN T HESRFUARE, AL -7
AT E LA BB AT LT, B TS R, XS EH R
MER AR EIRA R B TREEN TR . TR m6 e
AT RERAENENFA.

B A
]
el | ANHHOEE
5 {4 5 % - HWER
Jfﬁfﬂgg/ i
. o 2% 7 4
R (B FIE) R AL

5.2 B4z SNAs

B o 3T —MERSHNRERrK-— 8. SRRNER T —-1E/MFRNE
AR M RARE. §—KIHZHFD (whilod)SE v — P EENE. o THAEF LRIGHE
WU ALEA 3R BT — M 2 E SR EE RS B E THRY . WA MR 2 HE
LHEMEN 730 A correntTime R EE VT ~AFE B ZI{E. current Time BY
FTAT AR N B R ER . X B A R “For each” #7145 T AT B B IFUT # %
AT .
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while (there are events in the event list)
il {there are no events for the current time)
advance current l'ime to the next event time
Unschedule {remove) all the events scheduled for currentTime
For each of these events . i arbitrary order!
if (this isx an update event)
Update the value specificd
Evaluate gates om the fanout of this value and Schedule update

events for gate outpats that change

Schedule evaluation events {or behaviors waiting for this valuc

else | 4 it's an evaluation event
Evaluate the model

Schedule any update events resulting from the evaluation

Bl 5.3 MY RS e— T EaAY

WREBHE-TMEHFH . RESBRT. RELEFER B E. 2y 1EEE
HHHRRIRE, RPNNBETE. SRS REENTEIBEN— BT E 45
BE. WM EH SR SR RS, RGBT e, R A
BYEE, TR RTESE - M EHFRARRT. S SN E R R Ry
RTET 2By 4 (B, TR . XNFHIBBEARELIE L 4T M
EER MR, B, Ml 225 LR R,

AT AR AR R B H B4 R M BEAT B 7S {08y, Bl 5. 44O FH 7@ 5. 1
PRBMYBHEAIIR. PIRPACHEOEGABEYER. MO LR B S84
%i@‘i“ﬂiﬁﬁ,ﬁ#'ﬁuﬁﬂﬂa‘lﬁlF}“J?ﬁiﬁ(;‘?&%’:ﬁﬂ{ﬁﬂtﬁ¢Bﬁﬂiﬁﬁ$f¢%%—%ﬁzﬂlﬂl&
B, SEFHG A=1 GAFRPHEE. ) g B3TBER. 1+ gl WG B 5% T
B AL B=0 WEFEHHBER c+drtz, A6 4b) R, REAEE A D2
HolES T MR R X EHF IS A MRS 4 d s, AL R E
HEFB=0ERETITe2 M e3 WHE. (047 2 B4 rB0. A +—2d B 20
HHEFC=1, W 5. 4(OFR. RE. AT —SEANEHEM C=1 I iT,

H R R LR R B S BT BB, BT R R T T2 R 8 . R
H—ITHRRHA P EEL A ST EEN I B EF e, e
NS D RERE T, T8 BRITA A8 FET 25 Ay 0 58 (Bl
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Update
{a)
A=1latt
b Update Update
(b)
| A=1att |[B=0at t+d]

{ Update Update Update
:)

) A=Tatt |B=0ar (+d[C=1 at t+2d

s 4 EHEME

5.2.3 1THSEEHAEE

fE Verilog PR ABA R SR PHER ., Bt XS DR EIinm AT
HWEE, MBERTCHERBMMTTEE. EVPESRTAIENEMYE V.8
1 B9 3R Ak PE B AR R A

B 54 B— T EMBTFESROT RER . SAE 3 BB T W s F R phil
FI phiz, B, B BSHE phil M EAEHAIK. 4 phil &7 LAEH RN, d WEKGH
REDUFRN— T HEE. RS phi2 LAEMTIR, M phi2 ) EFG 2kl 5
tH q BT qlnternal B, 3 HH 8T - always §E3 89 8 87 AT

Bl 5.4 FTHBMESR

module twoPhil.atch (phil, phiZ, q. d);

input phil, phiZ, d;
output i
reg gy ¢internal;

always begin
(@ (posedge phil)
qlnternal = d:
{@ (posedge phi2)
q = gylnternal;
end

etidmodule

BEREH—HBNABTERI P AEA N IT P BB A28 4 phil # phi? ) I A HE
BB HHEAJARR. 8- T HEEEE--MEERNE - I dpeesy A g
AR always # iniual EREENOA L., BB I ETE TG M always

indtial 1851 2R 4 1T B 4 B T 30 40 ) L S 3R ) R AT
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ATHEREBT £S5 2.2 WEERPHIEMNFERBH O RATTE L REE
RMWATR ER R, XA R TRRRET RBAOFEENBHSE. K
A 5. 4 ﬁ%‘ﬂﬂ'ﬁﬁ'ﬂﬂ‘mE%l%#(“@")ﬁ*ﬁﬁsﬁ.H.ﬁﬁTFﬁ‘%‘I${¢ﬂqﬂﬁiﬁfﬂJ(ﬂﬂ
always IBGDFHTE phil BB EFESR,.Y phil PH—FEHFHF 0, 2 NIFER K —
HWRHMTEGEAE. X MHESEFNTe FREMHHT X LA, REE, ﬂIS.A
always RBREEFRF-——HHRUEA RS ME. WA LA, SRS EM phil KI5 3
R MR IF LT R AKE BT R (EFA P BT qlnternal =d; ™). HF -
Fe il B ATR, BER B A phi2 B R . A T 7 phi2 E A SRk
ERE--THAEFARER ., TR FAAT BRI E AR, EEEM phi2 W8 %
PR ST HERNRWT HFEET AN EHES HAEBXEA phil MEB ED,

B2 =B E B R wart iF4) B AT (15 2550 3R B 6] (always
Bomtal BADWERF AUBRAFHREGFRARNPHETEHBEE LT, 3547
AR HGREN  FHEREAE - N EE4RARSHEE 4 wait 500 %
{4 o 25 T R SR AR R 1K M BT R R R

AMUEHBEAUBRABB LR, EFERG — T HEH TR TS WL FH K E 3
7. BSRUEBFABAREDEABENBRHEL., BEESSHBREEFHNGE
BB ramARE. —BEREBANE RFEHEAEEEN R Y HENT. — SR
) Verilog ¥ 82t DL AR08 77 M B HE A2 0 3 75 K BB A,

RS A BMGERRRE 5.5, BEM M AR 24 &0 519 3 R REIEL
RUEARA P RO B TR R . FE HER PR T MRS R B B R R B AL 3
BRE-THREHFEEIEERARE LM%, HR20ERF B80S, B, R
RFE phil B E T F G AT IR A “gInternal = d”, 1/ BAE— N 3EFR 0 15 38 4 85 B
BB B A AF AT . FEIR— 5 2, AR T qlnternal B4R (39 1E O 37T

THERARTESAFERATAFE. SEERIARBAN  BEEE K —
TEFFE. B BR A FERESRRCANEDBERN  HEEEYHAT T —
TEREaAE BN ERFE. A HABRRHANSESE S S E R e, 5
LR — S AERERMEBTIREL IR, i%ﬁﬂ—/‘ﬁﬁ&%ﬁ(ﬁﬂﬂﬁ
wait) L AT 88 AL IR AR E L0 5 SO E R s R

TREGGEE Y o R R, ﬂﬂﬁ'ﬁﬁf]fﬁﬁﬁﬁﬂﬂtﬁﬁﬁlﬁlﬂﬁfﬁH‘.i&._%ﬂﬁﬂ
REEH A RE, LEMT —RAT B =W, 304, ¢ 8 LUAE 5. 3 08 %%
BRI,

B 5.5 fTRERPHIR

module twoPhil.atchWithDelay (phil, phi2. . d?:
lput phil, phi2, d;
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output ;
rog 4, olnternal;
always begin
(@ {posedga phil)
£ 2 glnternal = d;
& ¢ posedge phid)
42 q = glnternal;
end

endmodule

5.3 RMBENMAIRETH

Verilog B — MRS . AFHAR B PRIA R SIE . BPRFTX SR EZRBF
TATFFIE. HAREABT RN AR TR @M. EARIFIr A, & Verilog
i A WA AT E AT RO IR A AT B BT B A DhAT IR 0 R 22 ) ) B B 3L
M, AW X T — 2 . ARG A8 0 A ] A A A AU [R] A 3 A28
M B R L B2 A [ B AR 3% R4 3R ] Gt b7 7y A B8 70385 10 0F 8 42 1 [ B9 I 5 ok B F
R RS Wik, BIREGR2SHERN.

5.3.1 lEABWER

R 2 0T B0 B B[R] — B 220 B — A B (R B iF e B LR Bk 0 1R —
FPF AR A A it Z0 B {4 5X BRI RAT Rl —- B 2RI PR A K A SRR
BT EN. XHARIRATXEE G AT LB, R 5 300 % H AR
f [ . ETHERESFHNEIRNEA.

5.3 MEBEE R A “For cach” B HRTHEI8E 2 00 F 5 R P BBE— -l £
TEE, AP E BB X LFHREF EHREEN. XMEREN N HEY
MAEERTIFERIESIFREHENEE. REERA  FEXET K EN NG
JBLFF 69 A B A I

Bl 5.6 PR a9RE-- SRR BAE M R I R, EHIAE = AT AR (— initial i
BB A always IEEDAM— TR, REERM 2 q=0,f = qBar = b = L} Ha
= O, MR a MOZEN 1. AR ETE--T EAR . ATESE -1 always IR F
AT, XA always FATE R 10 RS M AL, AL b MRS o (1IN D RESH
MF =T LTHERBIR . o MIFEHA N o WEE EREDSTOE= AN EE S —
B always AR, T — PR 3050 4 208 M 304 91 2 o B B 3 1 8%
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FEEMIEERT. 8. S L ISEHETAFENART AR, 058 LT always iF
A, AR I EAZT, IREHTIEN REBSEEN O,
B 5.6 Fara)n] S

module stupidVerilogTricks (f, a, b);

inpul as b
outlpul f;
reg f, u;
Ltritial

= 0;
always

(& (posedge a)

#10 ¢ == by
not (gBar. )
always

{t g
[ -= gBar;
cndmodule

WHERAREAHE? BT ZBSHEL FIERBRETHMN. BRELEs
VBT R B A 2 AT 2 B B e b B S R T 0. m SRR o Rl oBar( B
DEE—MARME. BLRERS —~ FELKER, B, 85 XRIOE 4 always
ER SRR BRI 5. 7 FIRIENT A A always 57, XM BRIk
ORI . T LITES) 5.6 DL = qBar” BRIATHAN— 4% = 17, R G H84R 1 15 5
CIERTHRM - AT RN RN R E RS, RSN TR RANER X
R # O IUH # 1" BUE = qBar" iSO B BT o0 X B 2087 5.4 F3- - BT

Ms. 7 5.6 /N

always
begin
@& y
nBar = ~-q;
f = qllar;
end

B ARSI RE ET 0 BT DE S 85 T8 R B A
BEEITHEAES . ML RITUHEG 5.8 h BB TS, IR BShEARAD
R o 5 AR AL MR B ORIl O LI R 2800 h R S8, B (DHREMELSTH
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WA, BINFBEMS EAE. RSB LS LURE 00,01,10,11,00,... MHFXEM. &
Wik ERAR. A BFEATREGHH g = dE T EEE R =486 R GRS
ZE IR~ bt 22, 8 1 AR 4 fE X B A T BB R R A SR BRI B DMEE R R TE
i1. YRMWAIrWMEREER, ST 76 « &2 BA E K80 F 00, 11,
00,...%. BT b ASTEHBNFF,

A E Bl LB oL dff RPN B ERIEN g = =23 d;"KHFR., X
q B B . X B S BN A A RAIE d A SREBEHAE A E B H AT R
HigmEh, Hib, mOALILEERRFERI M BIT V2 ER . AR LS
o 7E dff Bt P IEL BN g <= "R, XHEIEABEREEN SR
[EHEXT AR d K ERER o M EER S IT.

FREMBNASEHT DEIIERRFRITRZESEERE LN -840, ®RitPH
ARETAHARRTERESHANDBRABRE - M ERERES., ZESPARGEFREKE
REFRHE CREAMCH LALLM R REE. W EZRm S ABUTEE. U
BHEREEFRENBARMITMENT. SREBREN.

Bls5.8 REFBERNDHIEFHEE

module goesBothWays (Q. clock);

tnput clock ;

output  [2,1] Q:
wire ql, gi;

assign Q= {42, ql};

dif a (q). ~ql, clock),

b (yZ, ql, clock);
endmodule
module dff (g, d, clock);
input d, clock;
output q:
reg g:
always
@ ( posedge clock)
Hiq=d;

endmodule

5.3.2 VerilogR—®HEiEs

Verillog BEFPRATRENEHES TARTARBIENNBERLL, MITH
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HBRERMNS T RIBERELET always 8 initial (&R, FHELEMFEHTREEH
ERTAHBEREHMITREFHE, EREXEFHAERTRZOAERTHBEF
# . initial Hl always FR) P RIT AHBEER B AFRMANGFER.

HERNMNFE-ITERARENRE. & 1THEMHEET W CES P~
R R L “main” P I MG R . S ERATE, M1 A BERE W0 FHITE4,
HAG—THHENEFNESET - HFHF4EREANBEENRAN. FELE.XER
FEITHBRHL. AWM BRETEMABRFAAXIBREXEAGR 7E [F] ~— Py f e il
FAEZRAIRE-PMEROEET -FRFPHINEEMABRNEN MRS,

BEULHW.B S b REFTHEREFZTHNRENAHENHSE, §— R
EERNERKRELEIEETERT. BERPERRE AT RB-- EHPHEHERSP
MR AGIHBE TS, BEXFEIHEEE—MEEBRNT. HAHE AT
BAT B L, REHR BEAREHT AEXRE A URXMFIRIH#TTE., BEEEW
WERFLU—-ATHHFRSRAEES R EREIRF RSB TAGRS — R, Y
PR XBEATBE S AR, SRR A IF3F{E“a = b + CBERAMGT RMEL AR BEE
AT, BB BEWE A SE HENHT ATL. Y58 A BEKE RGN, 8 b %
M qMEM AR THER AZERBEPEH OB TIRTREW&IEDIEHME,

A ATLERARERENEMN T ES LRTRFEN TR, BT T8 A,
EXHEELT, HE B AT HARE A WHEBETZ KT = a + 3"Fidk®T A
B. 258 q ENTHE.

EXMERZERMILERE/L? Murphy B R EHERTFEY.

HE A HERE D

a="hb-4 c; a=a+ 3
q=a-+ 1;

B 5.5 B RERZE BN S

- TRFFTRBRE D, BB RIEAL T H RN —E DRSS 09 05T,
PN TE— RPN B ZE K B B2 A . IS — R
THBEFE BLATUAREHAROT IR, BT — R SE8 0B
XFABKRE—T IR, TEENTREY g SH0 EFFREHE A RRME.

S F% 2
A:a=h+4 ¢ Ma=b | ¢
Bia = a4 3 Acg=a t 1

Aigq=a + ] Bia=a+ 3
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LM —-FHREEWMBR? HIBETHITHREBRREN R TR, A7 REEEH
! MRBEFARETR IR o WERI B AR, B2 0EABARERRRFEXR
gHIME—IFETL, E—-THITREXRF D B0 a HiIFRSHEATERER. 48F
RBA TR, RIERELTHRERN - H A - H#HBERREX P, BikE
.o FIBR AMBRIEANA THARH, LUERPXETE . B4R RATTREM.
RARR  RERARSAFHBR BIIT 2 = a + 37, HRBE A KEBRE D,

LEITERFTMEIFIRE ER Verillog B BITHIE., S08. 7R FBEHMG
AL an

- Verilog #f # begin-end B B9 7 (40 always #T initial W S A ) B RE TR AR 1 4R
L2 oV N

* =4 Verilog B KIEA MRS S5HMA Verilog #H B MIEH T 4E LR,

+ REGERN G, AR SR FASNRRMERN, Y — LN
R AL B kA, T LI S — bR T,

AEFETRBETEN. FLE BT ERERYE T ENE I W 5T
F—EMRRERN. BITENESRBERAEERNFREATEE, —E%E, Xt
AP ERERE LR FER LS, EMEEE N AEENFELRERSE T
BREEEREL,

AR BB SR E LR E RS0 B A A AR, 2E—T
@S9, b WITEHISERERBEN — (ETTRER « 5 1, WSR3 ARIMAFToE. b 1
R A x. AT EWM FRE R EWEEY a SR AE 1 Bt AT R g dEde , b g9 {g nf
REREBEN ., NI 0 BEHFHRHMFTH . display E 0% BT b MEHFERT L. &
A display &%) EERRTEM-— 4 # 0”& @80 MR EE. b HeEEy . FEY
display & 9k PATHE,b BUEME B R % 1.

HBHEA AHTRHESE P HE R ERS A, Bt TER T EXE S &
. PHIVEERERE -FHE ERKES —FhF k. AT R T B A S AT
2 (M “test and set) REFRE— TG PR BB T HAD BB Bk IX M A
HAEFRENE" o, 3 EERHFEERCHRM TERM, WL AR A AFEE
HIE PO H BB FE B R S R T 1 15] 4 R ok 4 95

5.9 FEHENHGEER

module suspend;

regy a;
wire b = aj

initial hegin

a — 1 H
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$ display ("a = %b, b = “b", a. b):
end

vriidmaodule

5.4 JFELEJIHEREER

R RREEEDE M ER . F—BRTARE N MRE .5 TR R B ER R
B E) IR . Verilog AW R 26 B 7913 48 W (0 35 ) (AR FHE 28 iY RO FRL 28 R ) 0 UAS 1) 9 7 24
K2 X T RE

5.4.1 REMIFEEMEAILE

WAEG <="HTIMEWNE. . FAF —"ERATHERE. IEREBNW. <=
#eAEREEMATURE=nGE D, FEERERET I EREFERE TR S,
BR-—WHENMNTSTHRER. GHEN I TAREELEXE AN R ELERA
BAR -, WRRREAAH—FBAVNRRADTETHER NRELABEEEAERDN
—Ea RS IFHERENER.

HWMMKIFE e = b"M% <= by, BRFERNATHIEEMEH—ED
MYAEHR THFESa. XL OB EMEWRAN b EHAE 75,842 a B9{EH¥ N
75, ML TR EAGRE .

- “B3a=b"H"HZ a <= 1"

il

¢ Y3 #4 by"Hl“a <= #4 b7

PR E - BRTRE.REE « PHERIIDE. DX ME G2 H 0 RN Z &
T S B WA B 5 2 DA B R At SR 0 A R =L

AT HIEAa= #4 b;"HM%a <= #4 b:"ZHEEER., WAHTE b(ETHER
HRTOME.AEFA-THHEERFIFS HEAIEESEEY 4 TR GE 2
HFI— T EREFRER 4 MR E. X NEHEERATH SRS ERS A
BAa FREHBHHNT. XHRTLUEROTER.

hTemp = h; HEH EWa = #4 by
14 a = bTemp;

BE"a = $4bMITE DA N a WE-ITEHRESH L M RBRZE. £

HATI 2 kB AT HE. IR TTHAHEREROMEE.ALE R VEBE, &S
BRSSP  BERE « WHBBEEFHERTR b WE. RATHEEE 4 A0 H S
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MG o, BMHRT -~ RIBAE a AT 8, 4B R0 R o BIHE. A R
Wl H B T .

L MRTPTE Verilog M LA T X W AIE A MRE . 7R M ERE S b %
T begin-end RIFHEFT 4 DRI MG F o, HTRKER TR DS — %788
a VR R 2 Ao AR B b #9 0. Bk RiE AR 3 B A L 4 2 B B 200 4k A B
19T H e BB S 2 MR BUS S5 2 9. SR cHMMFL FTEREARNY,

begin begin
a= %2 b; a <= 2 h;
¢ = £2 a; v <l= H2
cnd end

FHAEREHER T E X2 EES - M EENER, EREERAEE LM e
WA EIARE, 5. 2.3 Fh RIMUIRTHERBLE BN . i1y
BFSEERA . B LT T AT B ) A 1. R R R ML B 2 B T
BASAE 2 EGFIE S, EHERTEMEET - MES RN %L . 50 ERy
TR R S A ST R — D B . X R E R 4
URTI 2 E AR R E R MAT R A SR AT —— fu FE R A e A
W, BRRR, A YA BEREEHEER GO eI A g,
AR EEN TR BB B S N 2 O E SRR

5.4.2 FEERBEM-—MAE

W EHATR LR ERE L ERFH S, 100 1.7 RO9E LT RR) o 4 U 2450 W 3R 30
7t :Iiiﬁjél%ﬁﬁi{ﬁﬂﬂf’ﬁfﬁ;%?l’_’.ﬁﬂ*i-ﬁ*iil?ﬁﬁll%ﬁﬁﬁﬂH‘J{Ei‘ﬂﬂﬁﬁ_ﬁmHﬂ‘%‘#ﬂl?ﬁf“%ﬁﬁﬁ[&ﬁ
3t X HL S BE 2 (A1) 0B {8 S B 0y ¥ B0 T 7 7 S T 2 1R v 4 0 2
B 2B O B 7 A g

{o6 7P B B MR ) 2 9 0 B 4% 08 ) 4T R 7 » B 78 ) — i %0 % 4 always R
M1 — R B BAT I B oS1 mAEBH 2 O 37 0 VA 30 24 i et 20, PN E AR R L
BOAAT B MR FF R BATHE 418 4. B oS0 3 B 28 B 4 M R B M AR 2, B
ARt AR 7 BT 89, T R SR BE AT always SRIME &), S5 A & RN Rl Wl 2 o S
R —ATRIGH ST MM SET -804 MHZ R RELF .

cS1 T S0 f B A fa7 Bef 388 B 35y W3 2 RAELSHN AN AR ZEFRUITEE,
EATHRHEA B ER . IR PG T 5 TR T S B 15 8t i B B F
{0030 407 22 M0 60 181 0 TR AR A AT 2 BT 69 e B 2 WA A & B B R R
ST . K cS1 0 eSO MR X 6 &8 ) RVIBLFF 7748 3 v 22 380 5 R 5% i 4 4

- a

3FB]1$BE{E%’EJMEE%&E${R{RET$§&¢B*JW%%’@EE;‘H‘J-fﬁ;%&%"?"
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Bt BT always S0 initial 50 S H F — DL 5 BT E 9 B R IAE 440 2
L.

504.3 FHEIBEEEZDT R

- MEBEAERRE S I MY RRAME S 6 Bian. XRERSYD. B
oA B REE AR EER B LA E . BN
AR TREMHEREERMIFEES, B2 BFPE A BN then T
TGN S MR RAT R FRFHER SRS, A LR E B4
P AMBag, UER FTHEAEEETUERLBEN]. B .06 LARAFGFHRT TE
LI WS,

while (there arc events in the event list) !
if {(there are no events for the current ume?
advance currenmtTime to the next event time
if (there are no regular events {or the current time)
if (there arc non-blocking assignment update cvents)
turn these into regular events for the current time
else
if (therc are any monitor cvents)
run thesc into regular events for the current time
Unschedule (remove) all the regular events scheduled for currentTime
Fur each of these events, in arbitrary order!
if (this is an update event) |
Update the value specified
Evaluate gates on the fanout of this value and Scheduie update
events for gate outputs that change

Schedule evaluation events lor behaviors waiting for this value

else| §IRE—~1Ti B
Evalnate the model

Schedule any update events resulting from the evaluation

B 5.6 @R 5B 0k 0 343 50 i BT

5. 10 FEEERMA
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module fsm (e81, ¢S50, in. clock);

Uil chl, enl;
input it clock;
Te chl. o8

always @ (posedpe clock) begin
€Sl <= in & ¢S0;
St <= in | 814

i?lld

endinodule

FHFIRABEEGENM LA ZEEH, WE S 7R, THHPEPHITELT
BY %)« AT A R UM R R GRRE . B I 3 M
IR BRI TENT X FBE R RO — e AR 8 B B A ot 20 el M et 20, < a4
FIRLI H A AL B T R X B T R AR R, K
BFHFSHAEIENSEANHBIRFUGTETRANTLR RS,

—
VAT W SR 2]« 1) VA R F et &l o mY
R RTEo B R T WEHTR R B

=g E LR S &0 F B9 B A

~

FAss | tmETyseg Mmaﬁ’

bzl B

5.7 AT B )2 Ik EER R

SRMNBET R E L5 S840 B 80T, & T840 M 5 8758 7 k.
AT A R R M e, B E R E R S B T S AT R T
RE AR RN E R EES, NS ENENF NS, SHEEE s
BERIT AT 20 AR . SREHAT SR e e E k. AR e 2l
BEAT AR RAERL D FER k. R, EES MM B, 50 WiE 4w
WAE BN JEX AT A SR 3% 5 5 L o B (7] #E 0 B0 007 0 B M /)5 —
Fi. EllAePE b4,

g BRI LUTT 5 H—- 31 32 3 150 0 400 0 P RS B AR A R R 1 B IR 5B G

* e =07 bEVRIFETAAREN . BE . ATNEBDPY T —KiFEAE

A ERARMIBABEFE. DR 2EDHBNRE 4 a0y
B NPT LW g - tha L R ST



= Ca e by bEUIMEF A a NAEEEEFREFEAERB A0 R, HEEER
7. EHEEEHEHBIRATZE0, a 89 FE D H b 87704 R 2 A
A RLE (B 3 AT SATE T AR .
© s = #0 by bATEIFE D a BB B O S R R B SRR
Zl, YPAREEE AT - TEBREY . S ER, HER
SEIAT .
v fa <= #0by” bWHHENA-PFHEFEFFGEAKE AT R . R
BAZNIT. BRI YHARZNFARAMBARTYZE. T8
B4 BMAT. X 5% <= b;"HH],
* "a = #4 by HY% = #0 by MR R BT S AR p AR EE AT R

BEE A BiREZ5E,
« Ma <= #4by” HYa<= HObyUHRELERaBELTRUREZERERN
(HEREFFHFFM.

© “H3a=bs" EEE a=b;"IATHIEFR 3 D ELAE, WS o WHEKE 3
THRABRZE b K{E.
* YH3a<= by fEEEYa <= by THATEI RSN 3 RN HE . BE o H{EK
=3 BRARTE Z S b B

JIAEBR EARARBE P RE « WEBMAR. (YR ESWTREAF.bHELES IR
Bt IR RESRE. HYZXA MRS BT o WEBEHERR . £ 0NE T H 5
BN EHYEZAB—IW FRET - HEAFRTHEN YA ERENE A #
SHEE.

5.4.4 FHEEREOREH 4T

anpn - FHERE A FRIICEHRED - RENEE . LI0R SaH
i B] 20 i R R B 6 A, W E i R ek AT, SHEEGA- R B R
repeat Z5F) Bl LIEEBLEBA 3. EHERBERN —-BREIDT .
non- blocking . assignment
.. reg lvalue <<= [delay_ or_ event control] expression
delay .. or.. event_ control
i1 = delay. control
| event_. control

| repeat ( expression ) event. control

delay.. control

o= # delay. value
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| # ( mintypmax_ expression )

event.. control
s2 = (@ event. identifier

| {#) { event. expreasion )

EVEN! exXpPression

.. T expression

| event_ identifier

| posedge_ expression
| negedge_ expression
|

event_ eXpression or cvent expression

SR PR TS AT BT E RS, X - BB 4 s repeat
5514 .
#mﬁﬁﬁmmﬁﬁﬂﬁﬁﬁﬁﬁ—ﬁﬁﬁwﬁmmﬁﬁﬁﬂﬁ%ﬁ—ﬁ&ﬁa%
RIS 11 BF 7RI NAND [THT A E R, S THEEE R g T, £ lisa B #
michael [ ZEALHE 53— donelt &) 5 7 85 ¢ 3 V8 B 3] pDelay 4 8 {3 8 BZ)5. JF
REL 28 0k i 70 B R 89, B R (4T A e 3 4 A 19 4 e — A7 [R]2Z S R AR
{25 R donelt bR — AN F #88 f2 o RAE A ERAE NS T AERNER. A
— BB (8] 2 J5 A B A (L7 B SR 45 o LA BT ARG a2 s

#4511 dkBH =R

module inertialNand {donelt. lisa, michael) ;

oulput donelt;

input lisa,
michael ;

reg donelt;

parameter pDelay = 5,

always

@ (lisa or michael)

donelt <= 4 pDelay ~(lisa & michael) ;

endmodule

Bl 5. 8 i th T 41 5. 11 #t NAND {7898 4 3 (iDelay = 03 55—/ NAND P17 B
WA . 1% NAND |‘]ﬁ'}ﬁ%ﬁjﬁPﬁ]ﬁ&:ﬁaiﬂ%ﬁ’fﬁﬂﬁﬂf%ﬁﬁﬂa‘lﬁlﬁﬁz
fa X A B 4 e s B ENTA 23 8 A 4 B H s i s B B
A BB b3 LA S B B R T W (R0« TR R TR G630 % BB, 85 A Bk

" 7E % 3 B3 18] (pDelay) 2 J5 4 1L 3R . TR R B, PR Rl A B B W B = 2 — 4
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AR, B AR ER XD KR T LA B A SRR DA

rpmp'l ; rpr{jpi I :'['[]T[]D

| 1
I i
| I
¥ | | I i
- | |
lisa I I I cpropt |
[ | | | (. i |
[ i | I I " |
. 1 il I I I
michael | ! i | i |
I | ! b
| I I | | [
[ | L
donefr [ '_I } i1
ek ] - [
(ill:lay —1(1) |k ; | I I [
|0 | [ | | ¥ {
I | ] [ [ [
doneli L 1* l | b [
11 | | 1| | |

(NAND gated
5.8 ARBEERBER

AT E 5. 12 A RBI KR L ST oS, XA FEE BN B E Y
A, TMEEES TS RBHTRERFNEA. oW EEEFBRITRIE
BEMES . a5 AT, MEH product NEFAEBE R HMFENS LA, BF
XE— T HEHERMAEE D, CH B U KA product WHAFHFIR KRG always If 71
EREATAREBEFBENES go WK FRTEAESMAE -EhiT. £XF
B0 F go YUY clock §5RF  BRBITAREA — T clock BEAHFHRTE
TREZE, AW RMNTUES - HEBRAFRG - REEE. RHHF—F
W T HSNETLUARE#EAEFHRETH . BR - 1TREEA T4 W E N FH,

#5182 WAKERIELS

module pipeMult (product, mPlier, mCand. go. clock);

input go. clock;
input [9:0] mPher, mCand;
output [19.0] product;

reg [19.0] product;

always

(e ( poscdge go)

product <= repeat {4) (@ {posedge clock) mPlier * mCand;
endmodule

EEEH T MR FRENI BN FRENABLE. WR-MHHT
Verilog RS FRBETHRIREFET -TEHENG R4 . CLBEEINFHFIERN
EHFHEEME N ERFAERAE. SAREAIBA TR MER., EnRK
MEAPPEZNN—# product HETBEFEHREAHTEMACHENETEHENE
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BT B

5.5

S E . NEMMABIK 3.7

Y

i BRI B B HE T AR RAIDER DR A KEFT VB HFHFET
MM SEMNRUMAERE. BR T RENEFRE, ARIEFNEMmEtE MESIE

B 2o PR R 15 10 HL38
5.6 #>]88
2.1

FESH T TR Verillog B8, —TMREWEE, 51 EHHEE,
EEREHITRUEHFARERN. wiELEREER. RREHIIRPRTTHES

HEBEFLABE KBS,
select U 1
=
i o D = D ol
module sMux {f. a. b, select); module bMux (f, a, b, select),
input a, b, select; input a. b, select;
output f; output i;
reg f;
nand #8
(f, aSelect, bSelect), always
{aSelect, select, a), {@select
{ bSelect, notSelects b); #8{ = (select) ? a ; b;
not endmodule

{notSelect, select);

cndmaodule

A, BB sMux B EHBBARANBRESGEINFEERSE, SR
TR EHREFES . “BHRAB5Hb = 0"HE, LI“KZ 50 K select = 174

TEAMBEFH SR RSN E.

B, AmMEAH bMux . EHHBRANBESHETHFTEESE., F4MRIY
W FHRERHFL 2 35 K b = 0”HM4. LB 4] 50 ) select = 175+

e EFHEH AR E.
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C. EnEHEINOME, AW MEIBELSA—FEN. BEABIEBSH AR, £
B5E bMux MBI always i540) , FHENEREFIF L B[R F sMux, #EiX&
77 H -IhEE i A BUR T MR R B . R BB AR RE
D. fE0- - E 8) R 2L tH AR bMux AT always #EBIE A) A9 A U R
5.2 ¥ A nbSchedule 4 25 AR e R EREBERHEE TEH A EE. BROE
—HTREBE-TEHEAR. KALBRZEFFRNE TN E TSR, RT3
HEXTENNRTRELSERETEREES K.

M B 15 2 7 B B ) B4 FE

g o7 e fi 7
SRR REREES | cmpmEmEmESe | R

module nbSchedule (g2)

wire ql;

output  q#;

rcg Cy B3

x0T (dy a, ql},
{Cik, 1Jhll c)I

# boly doodoo, Batman, a gated clock!
dff s1 {ql, d, clk),
s2 (g2, qt, clk},
initial begin
c = 1;
a = (;
HB8a= 1;

end

always
$#20 0 = ~¢;

endmodule

module dff (q, d, ¢}
input  d, c;

output q;

reg 4
initial ¢ = 0,
always
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|

oI

i |

(@ { posedge c) 4 7 = d;

endmodule

.3 MATZ] O BIAF A 40 BATUL T RIRA .

module beenThere; module doneThat(que, {, add);
reg 1501  a; input  [15:0 ] Que;
wire h; output f;
wire T15:07 addit, reg {;

output [15:0] add;
doneThat dT (g, h, addit): reg [15:0] add ;
initial ¢ = 20; always
#l0f=~1;

always begin

(@ (posedge h); imitial begin
if (addit == 1) = 0
g =g + b; add = 03
else q = q — 3, #14 add = que + 1;
end # 14 add = 0,
endmodule end
endmodule

R EF S TR R E TN R, R R F 82 ORI R 5 OR
FERERMHET.

at time= $ =

—————

A WHE TS 2 MR ERFIITE., A E N 100ns, 7 mPlier

mCand PEAILAN MR A B (REEZBEHREL . FH co MR EFE £ F
10ns, (fF2RWIEHBERT ST 1 &

A. BAS pipeMult — B TEAMZB R EE L RS R,

B. BEFHIRPREFESF AT B4,

Lo XS T WMk Ginterleave 1 huh) SHER ., TS T 54T 588

ZEXPATI AP b . BOR0TL BB A a8, #2514 B8 BE 3% 4 AL 1

module interleave;

reg [7:0] ai
huh hi);
endmaodule

v |54 .



3.6

5.7

5. 8

3.9

moadule huhs

reg [7.0] bycaq.r;

always begin

a= b+ c:
q=a+ 1}
end
endmodule

module ouch (select, muxOut, a. bl

nput a.b;
input select;
output muxOuat;
reg muxOut;

always begin
(d select
muxOut = (a & select) | (b & notSelect);

not
(notSelect, select) s

endmodule

DRt £ 8, — St g SRS H X 8 B T m i, MR EHF RS
AT B 45 5, 3 5t AR Dl A o] R A TR o AR ) B 7

BREEFHFEBE AN BHEN <. KB TROHHEL, F44 40 6HF
FRNEINE?

initial begin initial begin
qg= #15 1; q<_= #15 1;
r = #25 Oy r<= H#25 0;
s = #13 1; s=<_= #13 1;
end end

BHEB 5. 12 #9 pipeMult B8R, EHEF A RBER —RFHE. BHRB, %
IKEIERTIR 4 T80 F - BB ERS. 2 MR RABIHE LK. B
TR,

BH—TAERERFARNLEROFARENT IHR. FEEERS L H
wZAEH., BT EREER,
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module swaplt{doit) ;

reg [15:0] george, georgette;
input dolt;
always
@ ( posedge dolt}
4 do it
endmodule

5.10 {AHEHERBEIEGNESH 5.4 T8 twoPhiLatch,

.11 B —PRATHMEE, CERAEERNRHHA<="TARL“=", # 5. 12 B—
EH B H—A R,

5.12 — A E4AEBLE R, IR EEB (couldEMITNERRSHBERFFRMER
HBEAITAAEBERGEBEL. WRBNX 28T, RLBBRAEMI]. #iD
{E“may” f “can” {9 51,

A EH - T ES(can) IRATMAHHARBHRFH,. HEBEE. TEEH4
RT3 7
B. RSB MATA T B (may) i3 e BE .
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BOHW BMES

BIHBISIE, B Verillog MM —ERH M ZHE4HTEREMBILN,
RINCZKEHTHARBEOE KRB FRE TN, 8 A&, RITTLUR
WELARMELRN B BT SEORM — MR T H 8R4 ASHE MR,
AED HMNEA L THRINESHD—FTH. .56, YEARESHEISSHHRAN
R . NEZEXRBWRENR CADEALARHASABRRIEEANFN N EELE
ERERTE. FENFSHESEYHSER. B ARSH TR NS S HE RN
RN

6.1 LZf#i

HOERANEERMUMEAEARESRES. HRITNFTERERHEY EL T
wix, FHESAAZRES TARBRENIIETIH. SETERRLBEERAE
MEoH FEARQERFNEOER. SATAFET Y ECHREHR T PN
T, ARTRMABENBRES TEBE Verilog #iif.

6.1.1 WHEREWLREK

TSGR AR BB RBAFE s — 8857 77 LR A ol i 48 & 3658 , 7B 4th 77 8 45 o
PP TLAF UM SR IR 8% . B AT LLRA AR SR BRI — R R,

ZERGSILREAFNIENBRENTEBERBRITHTRE T HER—
TIZRRBHBE, RHHREANLEEAEEREHLBATY. X MHBEFES
FROERMN T, B HBR T L0, I B 548 R, 55 70 5 B o 150 57 #4046 1G 2 1%
A, MRTAEDAATENMEARONT, WS G HGTHR G5B I8EE
RAETMITARER, BX L. SATHARBE R IRBRER NS M 1RER,
RN H—TFH T L N BT EH S,

EBEGG CADTRBSIANEFETEMBATRE RMRHRET, HFEwEE
ALBRATU ERERE AR BRETHBRABARLREEAMD . RET AL
RNA SR MARN TZEN B, REHERERNITELH. 0. SNREEE
PG BT MR ERERMYIEENME. ERTEREYEANBRT B84 %
TREERSHRETHERE TR/ RITEHNE.
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AT RABETEE AN A2 R EERIA I A ERBRNW R
W HBERTER . REHITES. A BHWARE Y FEHRRIEE B LR ERE
HAAMN AT RETEE. FSEWREAZBSGAT AN ANTEREREREGH
w .

6.1.2 fR#IAAA

FEABE-BIBLTHTEBSEANTSREABRE 4. SRTVBITEBHR
HE.EHFAMNEEEA TAENFEN Z#HTR TR EBETERE,. B384 ARRE
AR MMEENT ARG —AETXHRB RN AR ET NHRE N
BB LAMNEA. BRAAZBEN-- M FEITUATFEESS. HANEEETE
FERBHNEAUEAR. FEHB—BIHR T Y ETES SRS Ly F&H
AR, MEZBEAGHANBA. THEHNESHTEED B . 1R KU 2 50E a7 668
b _EEREVILVEARCETNRRE,

ALK CADTA HRUBESZATA. EINEEFENYHERAR. &1
RBRER G R IR RAR IR AE A Synopsys 4 w] 1 Synplicity 25 7 7 5 02 1 38 7 0.
MEAGERNRRGAARMNT 2. ATREARNES. HHARESS TAMHIN.

6.2 {ERAMTMAFERENSAZH

BERATMETMREREED RGN BT EREAN SR AMYEN, #6 1M
62U TEXMEMNBHAIEAMR. BRI EHMNE S ZE BRI &l
PIBRZ FIRY R R

{(a,bve) = 3 mlasb,o) = 3. m(1,2,3,4,7)

FHEGEBES TRIBEAZRE BRI, FRAERALS B A EMELEE X
RIS IIREH . REM 6. LRI T - IRT, HE 8RS 4 T AT L E AR
VIBTTRE AR LN, GM AT UHH R EAR, AHLHT - MER ARERTD
REMEIRITER. XB. LZERQEEER M HARN LS4 TARSHRER
P61 B BN RSB . T2 R A BE 20 SR A R IR 2 7T G TR A iR i T 2

6.1 —THRRHERENELH a D_L

madule synGate (f, a, b, ¢c}; h_DJ_}
output i;
input ar by c; ¢

and A fal, a, b, c);
s 168 »

Do




and B{a2. a. b, —ci;
and (a2, ~a., 0l);
or I3 €al. by c);

or E (f, al, a2, a3);

cndmodule

FAAGFTERMER  RTEETEEFBE Verilog MR ME S MR Z M
MEREXYZ—. ERARE SR ITEF m B8 R U0 A TR 8 U Bkt
AR BEATH FGUE . BB G T R 2R Xt P 8, B A B3R PR HE s ThRE 8.
MTEZRESTRZRTHFESE. BRERAPMANFRATH TR S>EBREET
B AR R BRI f8 H  R L

IS 6.1 FRTTARE A IR EWEEA N,

sand =5 Adlal,a.h.c);

MAZHERNEMERERATHRARMBZROTELS S MAMMNERER. 5
6. 1 PRy EBMARA S AMMBE AT, Bk A7 R FRE AR K,
ZREGHA-—ERFEIMIFSRY. BERGA THARENANFERNFE, K
FREE . SMTRRSAEEREITNRAR A EERHRABASBEERME. EAH
H, f R AR AR AR AR A0 A Read b e 4 A R R B 1 B9 1E .

Ple.2 fERFEBMERN—0I5EHR

module synAssign (f, a, b, ¢);

outpuat [;

input as by C3

assign f='—'(a&b&acﬂfa&.wb&-wc)t(wa&(hIcJ};
endmodule

e 6. 2 AFER AR . FReR LA IE ) i B 2L TF A RACBUB B 3255 . X B R Verilog
ERTTHEHNREFEARARE, EAFF ERHSH 6. L BRANEZ I, AR
BEETHER LA AHFBRBE - RET. ASEENE, ReREETLIEA
—THEALRMEENNER. HRES4FENSBRRMEIE AN AEEE 6 3 ¥ite,;
HLBATX B RN A 04w 3OR A F R .

MEREBIHATHAREAEE CHF. YARREI P GMRENGHZERM
BB B F X AR AR T R TR, 6 3mSR ES
BINEREEREATHE. BER AddWithAssign BN FHREE VS8, Q5E#15
ACCin) I FURIZE LB H Ccarry) 6 T, 75 6 8 MR (B A0 4 0072 A 10 0 AR 1R A0 48 1 e 46 ol
sum B . FEBRIE LA B A (FE A8 th ) ¥ IR B carry B3 . ALY WS B sum
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BIM . BRARGRFRANE SRESESE.
@163 {5 % o T (80 48 SR ) 5 448 5 A4

medule addWithAssign (carty, sum, A 13, Cin);
parameter WIDTH = 4;

output [WIDTH. 0] sum;

input [WIDTH.0] A, B;

input Cing;

output carry;

assign {carry, sum} = A + B -+ Cin;
endmodule

module muxWithAssign (out, A, B, sel);

output out;

inpt A, B, sel;

assign out = (sel) ? A, B;
endmodule

MTRBEABFMERRAMERRARGOMTRAE—ERE. ETHEERBRG
UERANR ARERAEREHELAT. TANBARATES AR EE - MRET—4
FANEATTHE.

assign  y = {a === 1'bx)? c.1;

L& A ERNARNEARURT R - T RERR, U HTHE s NERFC LS Y
RAE, BRNFIFCBRIEFEH LS R ARBTHE, AEIRHEHREATHEH.
MMETRMNEFEFERTIAPHEARBRRAFH.

assign  y=f{a==Db)? 1'bx;c;

EXTAET  ROBRA-—FHEZBESBAROEL. ORE2H. a8 F o R
MHARRLG y BRI AME. MEENFEE. WA y BRE N c. WEX LM T 0
THEGTREED,y TN O RMTRN 1CER, XRMNBESPRABHRFA), XM

ST HEANEXERAAFSGARERCZRUMTAEESHAME, XM HRY
BRELHALR y=c,

ﬁ# 'mﬁ 4,4; ﬂi)"‘t 4, 2

6.3 ARG S&ZRNHTRIEN

BR T IS S AR A AN A 3 17T R K L A B R S, e T LA R A AR R A
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it BE ) H] LATE always B4R B, L 7T 7 always B8 AWM E S PR E T LE
always iIEAI R IFEREEDAANREPEYE., REEAIRENNHEAEEXE" N
FH” Ao HERTUABEIREN. L2FNATXRBEHASERM FE. &1
BETEZHHTAE.

6.3.1 E&i

AEBHIBRBENREAFANE 6.4 iR, EEHE-THEFBEHIETNY always
E0. ZENAEHARETANGEAZR. AN T - TRAEBENREN S KK
BH. EXTFAHR A BEHESRAD ERBA cERGEL . REIEELRN
N FFH ARES THEREREER - IMEGESNILA.

Bl6.4 RIBEMNHANHGESR

madule synCombinational Always (f, a, b, ¢);
cutpul f;
input a, by o

reg f;

always (@ (a or h or ¢)
if (a == 1)
t = h;
else
f=¢;

endmadule

FERJLESOF RS AR R ENE FRR— 80, #(17E L always K
WAENH always P B EDANAHDFER BB ANES, FH 6 4 o,
BARGEIEa b Me, F—Ph, RITE always RHEBART LR EAAEEHEN
C@DPRBFRNE, AP BBEPATT a.b M e, M HATREARHERE
HEBEE,always RAESPHE- P ABLMBRLE always IERAHERAER.
X-HAEMCHAEERNEN — 8 -1 RAENTATLU T HARHER, me
WAESHH— I TEAEREINEP BAECRAETHNE B LELER. TUH—H
BEHHABAZERT LR EASHBARIE.

H—HHER 6 4, BNEEBHEAEZHNBY { £ always RN E 4 X B R{E.
AT always (AT R BB E - MRTREFS]. B 0T LI#E B &8 5 ()
0 case BN if iEA]) . 7 always P AT RRE S E AR HEH KE. 44 HE0E B0
FMEGTIIRMEHNBEPHERME. Fik, tHEf o R0 B 008 AT, 8 4 B8 5% 0
HEEHTE IR BEN—T 5.
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R R AR ISR R AR T 6 R R R R & B O BT OB B — S ] R
JWEROMERMAZ G HEWHOAESTEHBEPREMAE. £ OEMERLIN A
— A KL R RA T LA B AT A R I ——— X % ) B SR R B ek A 2R

FHalways 2. 1; AR AS. L; @3.2; ABHA 32 AR 2.1

6.3.2 WMEEA—HNFUAHFER

MAFE—FAMBUHATRENEHBEZS BAN—XSLETEREHEEE.
BARHEEGHER. AMXRNFEENTTE. HFEEDIT— P REFEFEEY
FHRP . UBAREEZN BN B —REEES Y. BHES T AR MHE
Ol HEHBEEEYNASE. BRERNEABRHEASES, RIS ERIER TP m AR
M7 tH A8 47 28 (inferred latch) , A S HIBEF N E S EBS G RER TIRIEX
‘_‘,'é‘ku

Bl 6.5 & - S FRNRA. MERNMBEAAFHNBHER, TUERW
RaFTFT L2 THEEN S, BRMFE 2 FF 0.4 (7 always BT R R E R
. Bit . FE-R(BARRENEWNRE. EXHERT. BN~/ 8FS. #E
AP AENFRORBEESEA R, TSR LR - SRS — — R gR
i HUFRNEERAS a HEN GON 1, TSRS AR D MME. 0 5% A
AOB, EREHE.

B 6.6 BIR T case BHREHEBREPHHS KRN FE. (EKHHRETSH
C1IRMCZHRMBERPOAHARFEAFBE AL BB ORBTEHS ZRYAN.
always MIARMFA LA ITE always HEBEIERD, HSEHRBLES — 5
PR R R, HF BRI R BN,

pie.5 — HEMHEMGERS

module synlnferredLatch (f, a, b, ¢);

b —
output f; C—'D_ DoQrfT
input ar» b, £
Teg 1y A -, QP

always (@{a or b or ¢}
if (a == 1)
f="5b& ¢

endmodile

Bl 6.6 case {Fo] L0 4 F8

module synCase (f, a. b, £,
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cutput P
input A b! 3

reg [;

always @ {a or b or ¢

case ({a, b, ¢}

3 b0 [ = 1'b0;
3 b0 ; f - 1'bl;
3'hO10, f = 1"b1;
3'bO11, f = 1'bl;
3'bl00, f = 1'bi;
1'b101 . f = 1'bo;
36110, f = 1m0,
i'bllt, f = 1'bl;
endcase

endmadule

HRIEMF case BB, AU RMFEHNRAAT LS, WERE casc HEMEBRRD
Aol JEAMETRER " ERMEBE. MRRMNREIBAERBEE, BLARAELER
— & BAT LR E R B T HEWT R . T L BRIA B0 case TR X A
TEIRBEH case T, HEH 6.6 GALLERM 6.7 WER. LHBRITEFA M LK
case B A S HTFHRBER O NFR. WEBARSKPMEM - SEE, 4
AT T {HRE N 1,

Bl 6.7 [ HBATIR TR ML case iEH)

module synCaseWithDefault f, a, b, ¢);

output f;
input as b o3
Teg f4

always @(a or b or ¢)

case ({a, b, c}?}

3 h000 f = 1'bo;

3'h101, f = 1'bo;

3'b110: f = 1'b0;

default, { — 1'bl,
endcase

endmodule

R T (BRSO AEEWBEE N case BHHEB NWTHN case iBh, — 5
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W casc IEANE A XTHAPIREAT B W BRSO B BT IR R H B P A T B
o, —HEAG T ERMUEHFRS . AIFIRERNEER case TAR A AR T Hik
HNease IFH)ETEHN . EXHELE T ASEHRL8FES. AL TEBRANEE. X
BT IREI B case IR BB AR RENLHN,

5 case WIR IR P Y IBEZB =L S —MEM. case W2ZEBEHBH casc
WOIRHFIT case iIBf]. BRE . MBBHELIXNLEBAFBELTF—LL LM case T K
B AR 2.3% case IBRM AR RIIFGTH, MR case EFHFHWERSH ., TR IASE-Z A
MIiRB XA TEBARIL. R case REHGTH . BERETER . B FTBREEE L
L

HE case 2.4

6.3.3 REAXXIH

EHRESTRRSTARLRIEEAZROE. F6. 8RB TAE - ELBAE
B, BRARAN case BN P EXHLLXEI, H TR, A% 4 RE x. 75545
TR A case 3'b000 A1 3'b101 R A XM, HEB MK LI R WA N R B
A RBHHE—R O A case 3'DITOFETHME M. —MER ET - AN WA
GeLEMNEER - BHIXTIEY,

le.8 HHEXRIKERER

module synCaseWithD)C (f, a, b, c);

cutput f
mnput as by
rcg i W
always @{a or b or ¢ ¢ W}f
case {{a, b, c¢})
3'b001 f = 1'bl;
3'6010; f = 1'h1;
3'b011, f = 1'bl;
3'b100, f = 1'b1;
3'b110: { = 1'b0;
3'b111. f = 1bl;
default. f = 1'bx;
endcase
endmodule

cascx IR IFEMR P EE A X, #ilE casex BM AT AT H F LS
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case M B ELFMEH x.z K7, EESP.x.258? AEAE casex BEA B, AEAER
WRAKXF., HFHEP 6.9 PARHEE,
6.9 FAELELIMKEEFEHRRY

module synUsingDC (f, a, b);
output fs
input dy b;

Teg f;

always @ (a or b}
casex ({a, b})
2'b07: f=1; 1] 1 1
2'bl0; f=0;
2'bl11: f =1

endrase

endmodule

B— case MK MFE a 0, {2 R 1, BEh? WHEHAEFEREXRERT
bHMELXEE, AEERTMTREAFAESEXT, WH, RIS X H LT H
HESFMHAEMESE, HAE— casc TAE T UM EBESPHBHR, FUTSH
R case T — BT —5THM casex, TEARPP, B KEHEZHXER, dif
PABEA] x 2% 2,

AT EAE ) casez iR ADRILH BB LR, EXMENLT . IH 22 AT HH case
THFR R AR LR,

TE i b o R XA R ANGDE L B A ERS B NESMER, EEBSE ),
x ZEATEEXHEEETN -1, SxHTHRERLTREEEILN,. TESSPE
BX. ATRVRENESZEMEN, TEAMBRRS x & 2 E¥E. Hihx IR
SHCRBNES XEEMN 6.8 PR, FEREAF 6. 15 Rueg.

. F .casex $ casez 2. 4

6.3.4 TERERLEH

LA LR B ] GBS R, LA B AR B RO — F X R f B case B 4). TG
4] for,while .repeat fl forever REREFHE XM, TEXHEBM R, BE repeat 188 5 fiF
WAL Al afA .
for EHANFEE T, WH) 6. 10 BrR, ZARM 4.4 BT, EX RS, ER
FBRENREN - T HEFA TR KEETHNEEAL. XB. F8 1 RR 158
AEHANBHZE. A TRR-1THEZENEH, U i EBX LB RELY—1F
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3% .
Bl 6. 10 FHFERET R4 /9 5

module synXorf (xout. wnl, xinZ};

UL 11:8] =xout;
input [1:8] =xinl, xin2;
Treg [1:8] =xout. i:

always (@ {xinl or xin2)
lor{i= l; {i=<=8&; 1 =1+ 1)
xoutl i] = wnlii] - xin2[1i:

endmodule

ZOEMA T EM for iFAIMEEZEMILITE L. for BUA - T LEBER L
MR R8P R, BRNEREBTUE< > =R W0
A—EHN 1, THEHEERN -BER.

for (i = highLimit; { =>= jowLimit; i = 1 — step);

for ENGWILBEER, WEMHH T L ETEMBEAE. while FHIFA forever 15
REAMEEENEH EERANTERBEGE, while HH 8 forever R P& — &
W B AR DR E R i . A, while [ forever FAAEETHESBHE .

AE RAFGSEHE T

6.4 HHE LR HEN

HFTHRUTRMMER. EMARTEFELHARENAMET, RO EN
REFRENELARRS - MERES TRABAZRRERHARRS. TEBEEL T
MRAT R SRR, RRRITEEE BRI, X 85095 o o — 34y O H B ik 5 30 1
WREBXILFERRET T HLUES THME AT R 7 N, X% %M
EHRMEEAEGAE TRABELLENIT NGB LA 28 A % 70 4 0915 % 15 0
.

6.4.1 SH7FERA0HEHT

Pirir R THBHOTHESEN. TOINTH — Bt &R B # £ 5 edsh ik 2 8

EBWAG L. HEEHAFTEN (BEFPREAT) SERNH L QRESA DX

EH—BEDNAGER. HEEBALKN QB DI —KOH AL, &k
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BRUEAHBENEMREMN. IRNEC . Y FHEINNIRE SRS a B
. AR BE AR, RITREGHGHEE. #6.5 2 - THM8iEH
i 7 .

FTLAME R always ISAME R B AE DR ESHSER. 7 always BANERIRES
AR E XN IAT always TERRBT A9 — D BREFEH . BN LLE A & 4358 (H40 case A
D always RPAREAIF X AR MERBRE, Y THERAMBENREER —T4H48
RS RANE L OHAES - TARNENBREEREE, . 0 Fa8 - 28
WANE SEFRITEASHLD.

BRI — T8 HE always BA P UFEERMIEFS . E0FE— £ A0
HEAT R A R B2 BRI R A R P R S T S BUR MRS, W — AN ERG S
B — YRR . 58 T2 Fh T R A e S R B B 7 B (5 S e kR SR )
RERANFLAERE—BEMSE EXH AP — T RAEGEESERD I H K A
fESEERMBRNERBARBERED, PEESTHERO B Y XHEN, HRN L
PEP TR ERI A, B RN EER# R — N FTEF HEERTOE - RRP R R
8. X% SRR — B,

BI6. 11 FA T reset MAMBIER. RERMCAKETHE QR 54%5,
HEFFAEX— A FRRBHBER, F TR ERERLSHR, BT S8 slways 15
MEER IS R IE g M reset WHTH TTREMNRALUS. ERLEENNE ¢ d %
reset " H{E— &4 A4k, MIFT always JE# . ME reset 0,34 QB H o, i
ARIHELMALAMBE e X LM QBBEISA d. BE,FNHBHIEHE reser K1
g O B W TR B UL, KRR T R T ERE QWA — M. T2 e
WEALE P RN BAIT N, BT LA case B XMW L HFENE L.

e 11 WHEHT YNGR

mcdu}é synlatchReset (Q, g, d, reset);

output Q;
input g» d, reset;
reg Q;

always (@ (g or d or reset)
if (~reset)
Q=0;
else if (g)
Q= d;

endmodule
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6.4.2 RbEBRAGHEM

MESEABMENGEHEE. BERWT I -REFERA LY LR TR
SR XM E R AR, HAEFEFREN AN JNESRS FEER
Wdis Q. E{EBKEREEAMEO RS A BT LR 185 b 3k ) 4 b 5] 57 25 i 0 7E b
EAARE. Hithig QEEBAR I XEEHHASKRY. REBEFRAKRLD AW
W, ARl dAT AENE . ERENK- -7 ral MY x B BHA Rk
RBIEN. #XE, ~HEETRHFRUFENREHESREHRERNRY,

BI6 12840 T —TRERNITGARER . HF MRS ReE BRI R always 1B
I E M RER R AN, ERX AN ERRN BT RAEMER(S5E
FRENMHFFEEHR ., EORNEEREINBA FOEMEFHZERE slways
RHHFAEZITROIEREETPREXVFERER LB ER(EL. AR HEE
HREXK always RARARE L — TG RED.

Bl 6.12 wEHREH DREMER

module synDFF (g, d. clock);
oulput q;
input cloek, d;

reg 3

always @ (negedge cloelk)
q <<= d;

endmodule

MAR —BMEBBERETHHN N RERTOELO -G {ES. RRGTE XL
BRI ERAF—-ENEL . UEFS TATTURMEERANSESHBMENITR. B 6. 138
HTI—TRERSBMNMECTIRAS D MM RSN, EEM D recet ZFEBWHEH HER
Foset (FEWATREHR T B EAFBBE clock # LFHE.

Bl6.13 HEBMMELMTHAE D X kR 55

module synDFFwithSetReset (g, d, resct, set, clock),

imput d, reset, set, clock;
output q:
reg qs

always (@ (posedge clock or negedge resct or posedge set) begin

i {—~reset)
g <= ;
vlse if (set}
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g === 1

else q <= d;

etd

endmodule

9 6, 12 #45] 6. 13 FEEME A P A TAEHERAEIE ). XF R 7R X
B 2 B S — B A AT LA PR AR IR R R L

RAEWF 6. 13 IRE W, BRR T 43 ™, 18 L0 LA E B R M R IE IR
HEOT i . X PP R E T R A A LT R

o always IBAIMLHAEMESEERN. WERSENMBEMAESAEREMAE
R RX R, CEMIAREABPBAERN . BN AE reset H 0 — H AR UL THRE L
BERT ,q BEBREE R 0.

- R always SRS — KB LME 15H],

o TEMEAT else-if M always FHAH . BEHAFEMAE VR GHITIR. &
MMEMEEXREAEFRBTHSIAFEMALME L EMER, eI HEFET K
MM, 3 BB RA X PR BT R,

» MPREME reset AHEIEET FHFE I AMEEN S K,

if {Yreset). ..

if (reset==1"hi}). ..

if {~reset). ..

- R EER sct AHBET LA VIR AN Y.
if (set). ..

if (set==1"k1)...

- EFANEMNEMHEEES RENEAIRNREERANENE. L6
F oA dRE. Bt “clock" ARBBF. S THREXHBEHREMBEXE
BRI A X R B R E T B A et BT A
* Falways RPFIARMZERERCTEHZREBFAERAE. EMNAMELE
T— always b, JEESERAE (<=) &1 81 v BN WS SR 17 2 B9 (3 0 00 00 35 Tt £ 2
Rff. “="RW . EETREPHFTE I EESBR I R G AR & 0% 52 5 3 R
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AT, SRR IE ALY = BRIE B M 57 A R B E AR HOEL. i TR S
FHYEE OB =“FATHESBABE.

v always B EURFIE Qe iy BB &M, RA A L g
ERENE. Hlm mREIIHAE—-TDEREMBER.DATLEESAERTMERRE.
FRLA D B A S AL HE EMUR =D,

+ WP always P BIRE M S FRERKPESES BB B RE e
R, Hik, AEEHRE FEH MM 1 always e, T RAIBEH G HBH.
ATUHE - THERAL HERARANGRUENS DR ITEHFEEARESE D,
W17 AR XEN—P R,

A AEEMAEfRERMES 4

6.4.3 hNG

HERMMASEFFRERRAENBAARTH. ENELMTREREED
T AR, ROGIRTENEEOEEANE., A8S54 TAREREEK
PREHBEETENELTAREIIEEHTH . BEAARES T AN FN.

6.5 =AW/ MEAGIEN

CEBFRAGSZIREENHSBRUK. 1.0 NBES (. BFCIIEESE
M AFRB I, R ERM R RN R FHRM N, Ho 4 RAT P ZEBG
3 7

6. 14 =BBLFE0HN

module synTriState {(bus, in, driveEnable);

input in, driveEnable;
output bus;
reg bus;

always @({in or driveEnable)
if (driveEnable)
bus = in;
else hus = 1'bz;

endmadule

RATREPH always BRHEGH RS BHERNER., LENSHBERET L

fFOX R BP R driveEnable) 8 81 T 4 i 5 B LB O . & LR BN X &2
ERALRPHRZSMHEER.
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6.6 AR E

RITESAEERNSEA T RIEFAHGEB MR T, APV PRIES S 4EH
EERAHNNFOHERERARRSNNES. FRREIMGEREAWE 6.1 B
e ABRRENEBA x BH AREBFYWREPRES Q. HHETUEHIRE
B B 2, X R O F S R — I BE R Bl (Moore machine) . #H 0] LR M4 ETAR S M A
o B, X Fh R T X B — 2k F PL (Mealy machine), iR BHWAET —TRE 2
RMFCREMGANB SRR,

X - -

[
cloch - HHTIR T

[E3EL ~ee it Hﬁﬁ

6.1 HEBRREHAFEERY

A BRSHLFSM) Y Verilog iR EFHEXMHE, M6 1 PEIMER FSM

RATREER D MIIE always 1847, M HERGRRENBENAEGEHEHENK. 5
— RN B TR

6.6.1 HRMIEVHTH

ATHE - TRARRX MR FSM 778, 7EX#RAEE, A case i§ 73k %
ERENEZRENSERREZ E MR, HEE6 2 FANREERE, Bha %

TARPTREMEMNAREEE.FE—-TMEAN=STBEH, M6, 15 KR EERRATN
Verilog #iif,

0./ 000 0,/ 010
Roset ' 1./100 17100  1/101

17110 17110

6.2 @6 15sHREEER

B always iIBH RAGEH L (ou) M R B (nextState) BB MR . X B B XK
Eqﬁ/]\%%ﬂ%m}\ 1 *ﬂ%ﬁﬂﬁ currentSlatEG EW%*EM—&&%%%%]@ alwa}rg
WA ER T H . XA always 4 P HE— BB R case B4, WS R E K TR
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T EHME . case iEAI AR RARRRAEER (currentState), EHIL, B IEH RREI
MWRAE AEREHHEASEH, FER S D case WP, BHHAHITBEMEG
PR (out 0l nextState) EEH, ML FIBMBRIN case MBEFH R AFERE., BAH
FHRHEBRRSEAHESEORE A, AdEBER EREENREF . ot HEHRE
XTI,

XA always Ha =4 ASEH . A - URIEXBERANH AL EHREFT X
MRS H AN FE—-FEHBE AL EHERE. XBETES M
case i, BHL . A EH RS TR.

F oA always BAMEE M KGR BREFHR. EXHHEET, MR reset
WE NIRRT REVREARE A, M reset TrH Wi B 0 ¥ HIA S ED, K4
always 154 ) B H BB 1E R nextState BI KLY currentState, 7F clock F F 35 i g 15
FSM FR 2.

HHEE X always FHE —DEHEIBEZ T currentState G RE — - N H 4 B2 i
g a7 R R A RRR PR R R R F SR B R
SH. ASEFIBURII P EA G M AN IRA always RO WHSER., SHREIH AR
TIFBER A always BORBEHE FSM MIERE . — M TREFER. 3 - THTF4 S5,

ZRIRAEXT FSMBRAERE. MAERLESR WU, TULE B —FRE
WL E A .

B always B HEMEE A RREVH 6. 8 =1 always EA M H B
FSM K SRR E . A A EHEE — T always BRRKBAE ST, $— 1 always BH £ —
TEERHANGEHRRERBENASTEHER.

6 6.15 ) HRAHHRREN

module fsm (i, clock, reset, out);

input iy clock, reset;
output  [2;0]  out;
reg [2:{]] ot
reg [2:0]  currentState, nextState;
parameter [2.0] A = 0, # The state labels and their assignments
B=1,
C =2,
b= 3,
E=14,
F =5;
always @ (i or currentState} # The combinational logic
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case [ eurrentState)

A: begn
nextState = (3 === 0) 2 A . B;
out = (i =— 0) 7 3'b000 ; 3'bl00,
end
B: begin
nextState = (i == 0) ? A ; (4
out = {1 == 0) 7 3'b000 . 3'b100;
end
C: begin
nextState = (i === 0} * A . I
out = (i == 0) 7 3'b000 ; 3'bi01,
end
[2:  begin
nextState = (1 == 0)?D . E;
out = (i == 0) 7 3'k010 ; 3'h110;
end
E: begin

nextbState = (i==0) 7 : F;
out = (i == 0) 7 3'b010 ; 3'b110;
end
F: begin
nextState = [3;
out = (i == 0) 7 3'K000 ; 3'hID1;
end
default; begin # oops, undefined states. Go to state A
nextState = A;
out = (i == 0) ? 3'bxxx . 3 bxxx;
cnd
endcase
always @ (posedge clock or negedge reset) / The state register
if {~reset)
currentState <= A
else
currentState <= nextState;

endmodule

B A MAS; RPAERMAS 4; XK 6.62
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6.6.2 FSMiZFARE—#MAR

LR FSM f) BB E I, a7 SR B R BN, R —4 FSM &2 —4
AT A LT ] A e AR A LS I, oT LU f AR R LR BT A

F FSM R B ATE LR 6. 16 PEDESE. B —i always FHH L T ILA4
S AR AR ETHRMAR(EABRRTER . B always B8 —4
WFPE 3, A FF BT — T RE HEESBITETESD. AR, B HEGHRE
R

EXTHHREFHB, HRT - RER. B PRETFE S — 4% 53 Ctemp H
dataOut) , EH R G MR EPH . REREHOHR E (daraOuO) BB FSM i 1. B
bt =0t 8 BB dataOut hE— AR,

BERNS T mEARRKE BH—MEERBA T8y Ra/ 6. 17 b4
. B SIS EBAE dataOut FREE—-AMER, EXPRATBBETSAER
REYL: B TREV R KRB IHR. £85I EER, BIRRBTE— 45
{1 i 25 R (stageOne, stageTwo fl dataOut) , B % X 26785 B8 B 70 45 5 31 30130 90 4 10
always RN BIE NN E, U AFESRIN, B AFFHEHEERE(<=), 0
ERERAUSRER. B 6. 3 B8 THIK synPipe M-~ B B LA L,

Ak BANHS 6.6.1

616 B[R FSM

module synlmplicit (dataln, dataQut, 1, 2, clock) ;

input [7.0] dataln, ¢l, c2;
input clock:

output [7:0] dataClut;

reg [7:0] datalCut, temp;

always begin
@ (posedge clock)
temp = dataln + cl;
@ (posedge clock)
temp = temp & c2;
& {posedge clock)
data{dut = temp — cl;
end

endmodule
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#l 6.17 HAKE

module synPipe (dataln, dataOut. o1, c2, clock);

input [7.:0] dataln, cl, ¢2;
input clock;

output r7.0] data(ut:

reg [7.0] data{dut:

reg [7:0] stage{Jne;

reg [7.0] stageTwo;
always (@ (posedge clock}

stage{Ine <<= dataln + cl;

always @ {posedge clock)
stageTwo <= stageOne & ¢2;

always (@ (posedge clock)
dataQOut <= stageTwo + stageUne;

dataln
G:Q‘ #7r5 =®— #r «é\ R |-

stagelUne stage Two dataUur
el |—:} c2 |—:3" |'—}
clock

Ha3 {617 MBIEE

endmodule

6.7 EBREAKRY

RITEZRATHTERESNMRSNBREREXRZN . F AN TEFBES,
—BEHEIE XEE. KA HFEGARAFHRAETESHERY., T BHHMITA
RAMARXESHBERANAR., XERINIAQEXBERN. 2 EKFERK
SaLRAMPFH.

% 6.1 B& HE R B EAMR A S 2 EH K AR LR SRR P HENT e R
vy o
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Ré61 BREAPEATEBRVAHEFAN
FHEER A5 618 B9 3 WRH KF oA iR

HAER | AFAEHES P DKL AR, BTMRASOMERRES,
gHHY | BHESH -FABRENEHBELE, A

WER | AR T REN S —ragE, | O

e BR - M UBEL R S, TR

s | EER. A B always Sooh BB A F 15
54 150 ] BB S B R

6.8 2}@

6.1 TE6.ZVWF.RIMNEBTHEGILEREARTRMITRT LA - TR, A[SEH
AR, AERERTAFTE LA EHAFRE"?

6.2 HEH6.5PHRHEAR FEAFEHELNGTESR. HaFfh 1 ed.b & c Mgk
228 T EIN

6.3 BUHH 6. 11 PR, 6 case BB HENBIAFRE,

6.4 Nt AFRPEA while I forever TEFR R YL 4 A BB {49

6.5 B 6.15 W T HEEKHL., LHMM— MRS,

6.6 {EM one-hot( ~IHBORERTHE # 6. 15*1‘5?&]’5&‘%%7&31:%?%%%%
3, R MEMDR S o7 g v A

6.7 bE 6.4 FfRp FSM B — 4 #% # A Ain, Bin.Cin. clock. resei REE Y &8
ik .

Ain TN do Qo
Q1—____/ X
bl
| 2 |
Rin —+ 1'
\d
Cin 'h_d2 dl Y
— |
clk — i
ofreset i*i

6.4 ETESMESH
A, —PHEMH always R,
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=

B4 always . — MR TAGER . H—TRHTHFES.

EARBAE, BROAAGEREBBANBHZ A =TTER BIFRS
FA IR, 8% B UME Y R—MAAES, BHE» A 2 BN B M i 1
-,

B ER =M ERECTREEIIEREFH.
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ETE TNES

THGEER-IHMMITEIEBITER, EMERTEEBRGNMREZE.FE
EF R EN T @ L ERGSWAE @RS . A ER AR
R XETREHFARATHREREULLERENAERREN. &AZHm KN H
AGARESTRE AMBRGIRANRRTE AR TURAT G EAR
B - - RIT RS,

7.1 TS EMNE

THSEAEEARERONETRRBRITFESERARE — FHREBERENAR
R&AZH. WA 7.LFR, REMAIER B RS RKHA KRN, EIHAHE
BERSE. URSHREARARBORFEXRR. TNSAEA R HEBEEEANE
RREBVLL.BELEATREMNNEE, UHE TXEMEFRXR. XARIHMKE DI K8
EERR. PN ALUFFSXHALZEXCHEENSBFES/ SREWHT. i,
BT T ARKRITHHERRESEIIN. WHE 7.1 9T Hm A&t TAEaREE
BoaWRR™4%., AV, ZREARNTHOIERREAHI . WER=4AME R T’
TR EE

FRREN —- . .
MR (FSM) ks
f BREE — gy

Hi R

B7.1 trAEEGEARARE

TTAGERBUTLMERNRE A, S EMBRE,

- WEBRETRAESTEIRS. BRTAIGEEANEAR-TRAYHEHRY
. AMTATRERTHRABAEHRMABE. XTAREARE, BNEH M EB YR
BT AT AR DA BB AR MRHSE OB HEE, MEGNESHNE, REEE Y
HIat R BRAE S5 R FT AR L AT A SRS AT UL e A AT R G R .

- SERETERAL LN RR LB EE ., E 0018 SRR 8
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FHESARBERGE AR, MiTNEGEARNAFEE KD RHNRESTER
(MEFE-TERAIMEESRD FHAFREULLEREE. pELHARSGSRATL
LMy ERMEXREGTS . UEER WBREERRES B AR RERET
fE-- P ER S P RSTRTT. XHEEEEREER, EAEHE R,

« BREDEBAFEUID Verilog M RIFAITE+H7RA—"RE FE LR INERR., &
HITAHGETREHEEREBEEPAERDMELS. B 4E G E R PR+
BAF AL AT BRI Th BB |

WAL FIMXEREEANER TR E S TAMIRE. ECMNEGIAS. &
—F THALMEAAR. B AEN T AW ERAMAAESER., FXL L BRRM
FRAMEHRORUERITICRIRMEA . BEREIBEMAKLSHERA-—FEFE
TRYIRE

AANFRBETHA DASYS ARIKITAGE TRMERRITIEN. FRKNERL
BRTMETHIAAEA.

7.2 JRMIR#ERY 5L

BRI ERNAN L6 TRLERAE . RIS T B miEgm e
. always IFHEFEH AN EHNENS. RIOEXIHBEDEERESHEEN /P
B— PR, always FAMFAERERBENEHALERNINFW: — FE R always
A U B B AL F O R R B E s 5 — T TR BRI A L —FOR , T SR
EEPHFARERANBIE. £—PBEBRPIEEQEEA always iE4h), Hbh&HE—4
always i RIEP B ER & B — XML (B R TR EEFH RIEBENE RRE,

7.2.1 always BREOBINFO Y

HR always SR —FEHIR R O RBERAT VSR ERITLUIERESERTH U
. W80 7.1 BUR, BATS BB —FHEH 4 always RWEHR, THER &G it
HERERER/ IR, RARBINEREAD R THEROB AR O MR LSO Y
always 3R UHI AFIME M Z PR A E X R, B, always SRTFEHE B AT KK
BB MR, BT always SR R SCRE BN AT UGS AT, S8R, B Al iy — S
RRE AT A%, BN TR AR B8 always SRIAT R B 7= 4 M BB E always BRAIBA .
B2, AN always RESIMBAEEAX AR FER. T UKEFEBTEL N HE,
Rl o T REFHEHRRIEATF LR, D AR EIIE S A .

7.1 always BRESHE A V35 AT AR IR B Y9

module inOutExample(r, s,gout) ;

« 189 -



input [7:0] tesy
putput 17:0] gout;
reg [7:0] gout.q;
always begin
{@& (posedge clock)
q<=r+5;
(@ {posedge clock?
golt<=g+qout;
end

cndmodule

HEWR T, — always RN BEEEEE — AT always N BEHKE
Bk, 3 H X BH LR BB T always RS BRESHNAS. XEH L Lk
FATRNGTHS. WEMN 1P FES RBEABRFERETIN R, HAFER
qout AR BT HBFEE, BEZET qout RIEMBINES HBY.

always B EMA MATE always RAABREBEOLEBNFEE L LHRARR TR
RETREORERERPNFTEALTE, WA, XETRR b — R 5
HEERES —1T always PSR, ZRI 7.1, r s BB TH AL,

always BHHMHME—ARR FARTTRENIBRESAEBYNEE L
Tk, BAED RERAREMLTHREREBONEEH, RER—MTETHHA, R
ERTH— always SREOMAR. WM 7.1 Fim.qout REBEEFN—R., BRENR
BIs always SR EIEAD LSBT qout BR B always BE95M BEBEE R T, BT A0
T A,

—ANE BRI VT P Y always REFHSQIHMFMEMBA. H7.1
RERIIOR THARBNER, NERNEXE S, BRITFEE 15 always 0%
Ao TBETTEERERGBHBA, X— AR TFEABRE B IR 4 8.
EREARERNSMESHEASA, COTHRRMOME, RITESEEHHERES A
WO B2

AR AR E B4 always R OIARMBRREEE. WES L, BT
A~ always BB O 5 R E i A AR HBAEE A H RN, BREALA LM
51 45 B 5 11 L SR ATTAT LU B always B ZERIBEA L o2 S iy, 36 LB 3 8 A R0
B E R ELABIHNTER,

7.2.2 always REQAFTIRH X TR

— TN AR R — T AW A REN BT FE X RN always B,
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MARBRXXRAET HSAMFRAGEH . Bl BB E 5P AR Ph a3 58 85X
WXR. AN RBAMFRYAEG. Eir, RITERT MRS .

always begin

@ (posedge clock)
- P £ E > stafe A
g<=r-} 53

(@ (poscdge eloek) A
posede ) state B
yout=<=g+uoul;

end

MeAL BT RE R E E AR R EEE . MR, BT LT et
PRE TR,

BLAF % {0 - AR R IEA) . FRIET State A AR TA- - ERERES DR
'ERIENE. SEHF clock W EAWBEN , BB T r S M, SR BEEH BFEFER
Rog=rts BETEHFRSPHENTHBECO T -7 A REIIEZTHETLE L, RN
HE MRS AR B r s HECLZHESE . BLARBHBE q EH. RANERR
ARBONEURE HAREEHF. FHEN, ou HRE ASRELRSE AT,
(HR B LUE MR SF A AT C 23013 q 1 qout WEF RE A (SR, AT EHE
FEWM MR, BRI RA.RONEHEE-IMEHRARTE D s 9EUE
qout ({E. WEEMH . FRBE A r M BWRBBAHERABE o H. RE.ERESB
¥ q MA qout R, 4 qout EEER{H.

B 7.28KBRTRE Verllog ik, ERBEE -THFBERN—PRAESERE.
AMRBETRAENRE AZFBRIREBE RS ARBHEAREEER—4 0402
HE . W FEERS AL HURSLE TRE B, ¥ER g A EX.

EHRAAREA S RN EEREN  RITRERSE RO TR always B
A, B BN R B s HETUERRHEEE (TRER -1 RS
) N ABRENBERESE RN D NTG HET, e, Biag 17 o &b 5 10 (ot 25
) ERIEWE . AL R Bl SR AT H W3 E 858 4 a8 1, 95 4 %t
WHERAMBELARIEREN,

TRGEETHN - THERTRE HAENREEHNNFELEARE TS EXELS
HZBINZEAE. LRER, PEERERS AR LN FELENT NS S — R
M ARTES., IR ENERER AR R S EHO oA My, 2B
7.2 ¥ ) Verilog F B,

7.2 APEHEHASS -

input [7:07 ik
output [7.0] fohy
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_— 0 quut

.

known produced nroduced
heto here here

N/ /

always becgin |

@ {poscdge clock?} I |
q<.=r-ts; state A : state B3 : state A
@ (posedge clack? !| :
gout<=q-+qgout;
end i}

7.2 REWMEAITX

reg [7.0] l.g.h.q.r,s;

always begin

(@ { posedge clock)
fcm it s :>>SmmA
g=]*23;

{@ {posedge clock) >
State B
h<={+k;

{d) { posedge clock)
f=1{ % g; > State C

=T # 54

B {fMbRTHEE. G AKBETHARFES.r AsBRNEEH—F2.
HFE-RECHHMEM—~IREFREREBPFR2UT T BAXTREADHER
RERMEERS BZACSEIrHEE. Vit BEFATFYRETOEMW. HBER
SECHHAIMREEME. BOURERE . LHIX D Verilog H B i) 342 38 3 L 8 R
AT MV HREATERTHE - MREFHFHARESE. WERMTOKPH—4
REBABBEREBH FLAS T REREABE - RESERBAEE P 28
BMPTETZR. TAZATAEBBEHNEAFEFREF LRSS R ESHEY
e,

MAREX q=rxs BARS B P . BAHARL IS S ETHTL, RF.2

EREA <= g BARE B BA HHEEKREHAB KRBT, FANBDEH
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R XAREHEE. THGSLREREAERE BIHEA— e FFHRHEFXS
PEH AFERECHABREHEDBNFERSEARY (4. YR, BitFARCELHE
ERXHEANTFE. AN BEEZERE CZE.E always IBHI T — RSP L
HEH e MEZA . HFHFEF g A A BARNMNABZFER (« g WEEFEATFES ¢
HRETERECHERAFERIP. BRESBARECHERIMTHAHRS
Bnew HIARZS Cnew.

& (posedge clock)
h<=14k: > State Bnew

g=1+*g;

@ (posedge  clock)
<=g; > State Chew

Q7 * 85

AMITFRECERME I H BRI BLIEI], BLE, YRITAS
AREREEEGTHN, BT HARENRSHR. AT . AH—-FRAE, FrEs
LRABREREAFRN FTPMTRFTR. RIrETUN R HTER B R LFE 85
NEE TR UBENAOBRER,

AFalways 2.1 BEEAZ 2. 1; HhAg6.3.1

7.2.3 WuINEEIRAA

AR R BT BAH 7.5, KOS - EROEKIiTLER, ag
accumulate FF M % D (qout) AL (r # s) VUEREZFZRAFES A (clock #
resel),

always SREGHE A BB — &% initial FARRE, EXR.BIOUTA T -1 8B4 1
reset, E B B MEHLF ,initial RITEH reset T BRBAEDTE. YX S HE R,
always IR P ) main JREL L, FH i qout BY 0,3 HEH N —4 reset B FREE., XA
HER MR A & 1 begin-end Bt (main), HHE BBt . always B B F G, 36 0
F6f reset 0 TRUECEHAM) . EXEMER T, reset BARKEN, RHELTRE A,
EFR WL, RERIRE A BE RS B, &, qout B33 5 {18 W @10 Y
0. B RGEALHE I O FFHE B . BRI TN BRI E A Verilog #3818 LIS W, 3¢ H3E i
7.3 PRV AR ¥ BT T,

7.3 H{rThekised

module accumulate {gout, 1, s, clock, resct):
output [11.0] qout;
input Li1,0] Ty §;
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mput clock. reset;
reg [11.0] gqouls g3
initial
f[orever (@ {ncgedge reset) begin
disable main;
gout <= (;

end

always begin . main

will {reset};

Qout=<’ —¢g—-—qout

(& (posedge elock)

g <= r + %;
@ (posedge clock)
qout <= q + gout;
end

cndmadule

XBAF LA EIRY . MR reset XA, I 4 always BT A% 581 — R
Fl—8. TUBZENHRPEF reset B EARAEE always P L ~reset M
X oHELRARSBEEER. BIF. £ wait(reset) ; "15 4] f1“ @ (posedge clock)”iE A]
ZE A BELE fEfATHRAE . ik —3k , X H — T BEBAEEAREBR, BAELHMEL
reset &M -EHRREUBETFEEDARFHR--T8-E. X reset B0 LA,
XBHEAERES - REFER.HAFTE-ITHHEGF,UEEEN R AIREN ~F
. Hit, — P BGEREESNTARENENSFIEBENZE,

— AR FRRN R G IR RTERTE always B initial Bt . B E HLH
W — R RHER, FHRHSEN UM ECR — MRS, SEXE— 1T ER
Wit always SR 3 A F G BT R, R BT % BB always IR B 2 Enkgam,. F
Hohr always RUME THWABER, MR LiRHBE KT,

7.3 RF/BERPLATIR

WL RRBIE EHMR T RAABRRORAR Y REREN —LEARNE. F9
i KR X EARIMMTERTT VG TREMAMG BN,

AVHREIF T AEGHARTRILANRE. S8 HEBFNRHAFEY,
ENTUBEEHEAMFRD R AEARNAFENBRET R EFNRBESHRR

[Fl. WELRGL,if-then-else HFRIFHIER—RIAHFAFTEAFHEREORE., #4
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{FE MG EGF A FAAERRAFATUHAIER BRORSER. FW. 1
B PP SRR B0, AT LIIRA Z MR ERTER . TEZHENE —REKE— T BHEL
WMELH AR EFEBERT, BT LA TFHEAEANERNNE,

7.3.1 Z|ZEHE R

B 7.4 RRT A ARZE FIR SRS, b8 58 8% 5 9 4~ 2 P94~ a 8h B 30 K & 5
WAGOHITRE, BFRBENBAOGTEL - HMmbEy. XMFHEESERFE
B B - 28 D B [ SR 6 A BRAE S o . A — s =4 o e st b B B SR 5 b
T2 # {8 Cout) SHT— WK vy H(yoldD Z M., ITERNERBETAFLES dela 7. 8K
LLz, QF switch % F 0, FF88 delta WENFEMA D FHFE vold( L AT out) H, LA{E
EF—A RETE-THHE., R switch B F 1.FEE dela HEEE—RERBL
SHHARRMUGH=ZPRETEHBE.

AR T RS A PEH S delta WERAMEEKH T if BRI P then B F R F R
. ERAER SERENENESKBTREGEBRINELTRE A P)MERE NS
A switch, XMTHE—GHKAVLRIIH.

HAEENE, YHEEREAREEFRTEELH FH out) it 8 2B~ 43k
BB EED . KR T SEMEEREEZNNTAESNE, Big L bREEEaHE
MEN. G- RENPETHETUET —FBaPFH.

P74 ATRHESWIHA

module synSwitchFilter {Clock, reset, in, switch, out);
input Clock, reset, switch;
input [7:.0] in;
output [7.0] out;
reg [7.:0] outy x1, x2, x3, vy, yold, delta;

initial forever @ (negedge reset) begin

disable main;

out = 0,
y = 1

xZ2 = 2,
x3 — 3;

end

always begin :main

wait (reset);
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(@ { posedge Clock) 7]

x] = in;

out <= y;

vold = y;

y = x1 + xZ + x3; State A

delta = y — yold;

delta = delta == 1;

if (switch == 1) begin

delta = delta >"> 1;

(@ ( pasedge Clock) out <<= put + delta:
@ ( posedge Clock? out <= out + delta;

et
(@ ( posedge Clock) out <= out + delta:
x3 = x2;
xé = x1;
end

endmodule

7.3.2 BESEHESMARG

EETHRRMNEER—-RARAMERFEUT IS RN S FIR BE S
WP Rl L, 6 7.5 9 B coef_array #1 x_array FRFHEREHE AT KNS
A. BEBEG S IMNHARABA—EE . HES MAWEHE -8 v, EH 7.5 |
P76 PPEETHMNEDSSER HARXTARBREIR SR,

7.5 B R GeFit R TRARERBEE FIREE. $-REAAETE
M3 Caco) Y BEFPA x array WE, B FHBE index BB B AL B
(start_pos), MG B PTREMBIUFR/FK. HHGTHEFEELKLERL L. B, W
H TR RHRE., BHEES—HW ace Mindex PASE, WRBH TER, B
T index EHFHME, y BB EB B ABAFTMT — D F R F (start. pos) B8 1% 7=
H . — % disable BAHREH - FRBEFHRRIEH,. YEELE . B EHIES
EM—TRAERMREMRHE,

W75 EBFEHFIR

maodule firFile (clock, reset, x, v);
mput clock, reset:
input [7:.0] x4
output  [7:0] ¥
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FCg [7:0] coef_artay [7.0];

reg [7.0] x_array [7:0];
reg [7:0] acc. y;
reg [2:0] index, start _pos;

4 important; these roll over from 7 to 0
initial
forever (@ (negedge reset) begin
disable firmain;

start_ pos = {;

cnd

always begin: firmain
wailt {reset) ;
{# {posedge clock), A State A
x.. array| start._ pos] = x;
acc = x" coefl_ array[ start_ pos];
index = start_pos + 1;
begin: loopl
forever begin
(@ (posedge clock); 4 State By
acc = acc + x_array[index| * coef_ array[index];

index = index + 1;

if (index == start. pos} disable loopl;
end
end # loopl
¥ <= BCCi

starl - pos = start_pos + 1,
end

endmodule

SEARBERNENR , E— T REPREF - TMEHERET B TH EENE
THRE. WARBITEHEHBREMNETF -1 HES. BLEFTEFBREANESERAHREN,

LIMARmBIMBEREA 7.5 WREHLGE., AR EREAPERBEYSE
BERSFHGEE B .HAEFEELIFRNREIASEE. IMREEHRERZ T 46
B

Bt 7.6 HAVEEER firFiltMealy & FIR By —Fr @8 #R . 1 4 2 50 a4 % R #0158
HOT LB E BB HIREAR R BVARNGEHREN £, B, firFilt (/30 7E 5%
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reset reset
Start pos start_pos
-P index

¥

X_array
aCC

. index~ =start_pos index! =start posi &.
index -pos / -P

x_array,acc,index index+ 11 =start_pos ./

¥ acc.index

index = =start_pos /
x_array.acc,index,

Y.5tart pos

index | =start_pos& &
index—-+ 1= =start_pos/

| _ ¥,s1arl_pos,ace,index
index1=atart_pos /acc,index

B7.3 757 s(HMMRERRE

R ME, firFiltMealy B8 T =MATS R L RI1E  REHELAHEN S HRS
(EHZYFRE). B—THERPE — K if iBAM then X, XHY T ficFill R AT
Wytth. REANER else L EXEF DI TBEXNFAEMAITEMODE. -1
(X B loopl BT ) EH ace M index, X AG Y4 TF firFilt WIBEH &K, B4 WEH
B ET ace M index, XEEH v fl start- pos, XY FHk lirFile PR B IEFRIR 4.
HEBRR, H5G firFiltMealy B, R AR EMNHRREH, A X EFHEREFHER
index # start. pos WHBREAREANFZE L TNIKE, RANBEEEFES R4,
# 7.6 K# FIR

module firFiltMealy (clock, reset, x. v);

input clock, reset:
input [7:0] X3

output [7.0] ¥

reg [7.0] coef . array [7,0];
reg F7.0] x_array [7:0];
reg [7:0] acce, ¥

reg [2.0] index, start_ pos;
initial

forever @ (negedge reset) begin
disable firmain;
start pos = 0;
index = (;
end
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always begin: {irmain
walt (reset);
bhegin; loopl
forever begin
(@ (posedge clock); # Strate 1—the unly state
if (index === start_ pos} begin
x _array] index | = x;
acc = x * cocf. array[index];
index — index 4+ 1
end
else begin
acc = acc + x. arraylindex] *# coef_ arrayl index};
index = index + 1:
it {index == start. pos} disable loopi;
end
end
end
¥ <= acc;
start_ pos = start- pos + 1;
index = start_ pos;
end

endmadule

B 7.3MEMARINBRMEN 7.6 WRERBE., AXERET (L 14 7.5 4
R FRFTE BHRAE THRAKNFEBNER, ERRFADT, GRS HEREBRT
index ) HRJEFMEH G M{E ., index FH 5K EBICH index +1,

RERBPRTRETEERAET R ERENNFTRANEF.

7.4 hEs
FAETENMBETHEMTHGEETIENG AN Verilog AR, XETHNS A

HRTRERANRAR, BREEERBIIHMEHER BASELBSHEA LS
MERKEAHEE, HEXEZEERHPITH.
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FIWM RBPEMNET

Verilog BT —/4~eh 26 R THBTHRANR S  ATHEFEG LR ERIH

k. 2EFT G- RMNAFR W TR EHABRHAPE XN ESERL RS
- 50 B 0 T R B B L

RV ERINTEGETESEFILNMEEN. A AN X EnE —FMAo T E
HEMEERPERREARNTE. KK EABPEXETA e L hmEan
ZEZEPHRM « HFEFTROARLE AT A EMHEETEALNSE, &S,
HETEMIRER, TGRSR, TR AEES ZRXATHE AR THAEZERE
BFWit,

8.1 Hf{¥#x

8.1.1 APEXETLHERFE

EWH 8T iR, AT EEMBAERAME TR EXTHABXET. &5
ST SO iR FIR SR, IERARE LR, FO#R T — % — S h
WA AT, CarryOut BE & ,carryln.aln fl bln 28 A . FIHHNELE T & A
HemmdiE. A SHHEANNRAL SEMNBAIRT. RPEHANFFLHS
B SOBEAROR T EMABMTHE -, ARPELTITUEE . MBHA carryln
#& O,aln # bln # R 1,848 B carryOut 3£ £ 1.

8.1 APRFEXMASHET

primitive carry(carryOut, carryln, aln, bln),

output carryQut;
input cartyln,
aln.
blng
table
0o : 0;
01 : 0;
¢ 10 U
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{ 11 1;

1 00 Qs

1 01 13

1 10 1;

1 11 1
endtablu

endprimitive

LUF e — 5 0h 251 5 SR AT AL .

- BEEZTHAWRDBRE - MatiO. Lo, B REE R W B8 AR
REp O .
iR DR AR R PRIF TR,

- PR ETHROSAEREPR. A RTFRRKBRRD,

s ERAHREPRAFRAZERELI.ONx, BREFAP B EER <, BR
e,

WP EXELHE T HENE TMEEREBFDAFRNENAE. SENH—THAR
EALE AR R P EE — T HNOE D, FEERBNE L, REMEZPSHARD
HEE2HROB 1T, A —TrREEERES . IR AR IICE RS A B BE R
HE. A A%BHRERN x. EXBTH/RPIE, BB T 5RTHXATM mER. &
FRIALAESE H . FUESORAP RRIRHARERE(EATRE,

MRITBEBANME . AR LEENE LT TRERNOENL. R AP EXET
VIKA# ST primitive fE FF 34, 0 LAK 6 F endprimitive E MR, BRPWEHEER
BABERNFERARFAEGABDRI,

udp- declaration
+1 = primitive wudp_ identifier {udp.. port.. list)
udp_ port_ declaration {udp_ port_ declaration}
udp- body

endprimitive
udp _ port_ list
1= output_ port._identifier,input_ pori_identifier {,input_ port identifier}

udp . pori_ declaration
s+ = output_ declaration
| input_ declaration

| reg_ declaration

Bt 24t BT X SRR URARH ., RTRAASTE, LRy REE %L
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always iE4]. (R MFEETAHE nitlal iIFA VB TEE - EEL,. THIEEE
SPHFAE T T,

udp_ body
:» = combinational_ body

| sequential_ body

combinational .. body
+. = table
combinational _ entry {combinational entry}

endtable

combinational.. entry

= level_ input_list : output. symbal ;

sequential . body
:+:= [udp . initial_ statement |

table . sequential - entry {sequential_ entry}
endiahle

udp_ mitial_ statement

.v= Initial udp.. outpur_ pore_ identifier = init_val ;

£& MAX%A 8, 2
8.1.2 HEZHWBERNGHE

URBRAHAEMMAROS XNE CONZW 4,5 8. 1 897 Fie 27848
ARXKFIRRARHMAMEE « oW D E, FLURTHSRBE Y x. BRXHER,
ME=ZABAPEBNTA LBARAEBREANARAHEEN 1, ZHXXEENE
HHRLHBHMMBE.

FIRAFTOM x HEBETCHHAMB BTSSR, Wb, ©5FE 7% 155 % op 8 8
TRME . KB E , Y2 WA RS, =4 B BE b AT — BB TT DL B B X )
ERE. HEG 8.2 HRHBCUETHT RTHEN. EHO S, NBH0EASTFEETH
ﬁ%?ﬂﬁkfﬁtﬂﬂlﬁﬂﬁﬁﬂj{ﬁn ‘ﬁﬁﬂfﬁjﬁqqﬁlﬁ%:_iﬁ) IR carryln 1 aln 3R 1.1
bInJg x, AR bIn HEB P, carryOut M 1. BB MBAEXTIIHBARE FH
AR A28 RS R AE . BVFEX BT 50 7 o ¥ A A] I 0 U6 B i o 44
AMHEBAD,

RTFIRBATLIATS? R H#GTHE. B8 ERFINEERST. 55

L. &9 ARRIMARRIFPEE TS ENERT 4 LS A SIS R ES L, #
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HEALH RPN LQH 8.3 MAEERGHRE.

BT LLBERAFXFEAEX IR EE 7. UFEDPHE TR, B0
LR IR BT WAR S O B AEE A WAEFL-TEXE.FBHRB 0. HE.R
AL EFIEX—Tr i Aol M xiE SN ERT =7, XHHITXASR
S E LT BRI T HR ] .

8.2 HfiiT

primitive cartyX(carryQOut, carryvin, aln, bIn};

output carry{ hut;
Input aln,
bln,
carryln;
tatle
0 0o : 0y
0 0l ; 0
0 10 : 0;
0 11 : 1;
)3 oo : 0;
1 ol : 1,
1 10 : 1y
1 11 : 1;
) Cx : 03
0 x0 0
X 0 ! 03
1 1x : 1;
1 xl : 1:
x 11 : 1;
endtable

endprimitive

8.2 ByFH

WP 52 X TTRR T AT LARER 41 & 848 51, 38 T LA SR #3R B oL F S0R A5 5 SR
WENRFRE. BHEMNBNTFRE. FLEIEE ABRAFRER . Hb, AR
SHMH— T FERERITEE TREF L FMAT R P RRER R TGS, D
HFHWE TUERHTFIRRY. EEARANARPHRERRER T F -1,
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AR SR TR R . BAEMEYNASEERBBEEELN
He, NMOSTEENXHAZHEGHEERE X —SRBA. VRAEMANLGHRE

A B2 EETEARMBO. B, MZFEERRAEH L FEMATAS,

i DT

Bl 8.3 fo HEICAR N EoT

primitive carryAbbrev (carryOut, carryln, aln, bin);

output carry{lut;
input aln,
bln,
carryln;
table
0 07 0;
0 fat 05
1 00 0
? 11 1;
1 71 1;
1 17 1;
endtablc
endprimitive
8.2.1 BAEFEMNET

AN

BI8. 4 PRART — GBI B FBEITH. % clock 2 1 B, 7750805 4 iR i
JRAE s 17 5§ clock Jy 0 i, SIFF HEMAMBRE. AAREUBSHE RS RN 2 MM S

ERFRRRSEAHESOEEHI M- IR L TR SR 0
Gl8.4 HPEXHEERT

primitive latch (q, clock, data);

output q3
Teg qs
Input clock, data;
tahle
# clock data
4] 1
Q0 0
1 ?
endtable
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s 7o
: 7

:?:

output
1;
0;
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endprimitive

KT EBATRNEY,EEBE 7. 4 clock & 0,data B 1,3 H state B 0.1 B x(7F
W BB output B 1, BR. K state B2 B HBEERRE) REHTHA
. PRV ITiER S AL FEM A S data EI{EN O,

0B A N clock M 1L, P4 Gk data g AR 401 & ) B SS#REBIKE
AR, “BEEMNEAESRIRRS &R,

8.2.2 BAREENET

KRBT ARENAIRELD T HRPHBITARERN AR, REL AR TR
AL - EARETRE. AIRPBTHEAS AN REEN. # 8. 5 RBETH
AR R R DR R B ER S

B18.5 HEHFEITH

primitive dEdgeFF (qg. clock, data);

cutprut 03
reg 4
input clock, data;
table
4 clock dats state output
(01) 0 s 7 03
(01) 1 ? 13
{Ox} 1 1 1;
() 0 : 0. 0,
(70} ? ? —
7 ?7) ? —
endtable

encl;::rimitive

HENBHTRR TG ERGDEER. BE—1TE7 S8 AR date WK 0 b,
ERHH EFHEOL, FHRE(EN R PHRBFIRTOHE 0. BBENTEREE

SERSHE. FRPB AR TS - AR, R AN data 89 % 1 61
%%{E!I&H‘fﬁ&}%ﬁiﬁj 1,

MR A clock M O ZF A B (B 0.1 8% %), 3 HL¥i A M data #1 state 2829 1,3F
LR 1, R R AR AR S AR Y .

BIBR T RAE clock I TRAE . MBEATA. BE-TER R cock B F
O BR x, 3 A dare RAETN BB AHHBRLSMT,
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S5HANHPEXECHEM EHECHNELSERNELETPHEMNS, LITE
A XerFADMEBAIEE.
udp body
:: — combinational - body

; sequential - body

combinational body
.+ = table
combinational entry {combinational . entry}

endiable

combinatiwonal entry

1i= level. input_list ; output. symbol ; # see section 8. 1

sequential .. body
;= [udp initial_ statement ]

table . sequential_ entry {sequential_ entry}

endtable

udp_ initial.. statement
.= initial udp_ output _ port_ identifier = init val ;
init - val
HI=1b0 | I'bl | Ubx | I'BX | 1'BO | 1'BI | I'Bx | I'BX | 1| 0

scquential _ entry

:+ = scq_ input_ list : current. state . next._ state ,
seq input . Jist
»i= level_ input_ list

| edge_ input. list

fevel_input_ list

v — level_symbol {level. symbol}

edge- input.. |ist
-+ = { level_symbol} edge_ indicator {level symbol)
edge_ indicator
11 = (level. symbol level.. symbol)
| edge.. symbol / see section 8. 3

current_ state

1= level. symbol

v 2065



next state
1= output- symbol

I 4 a literal hyphen,sece text

A#, meAAS 1l ARKES SRS
8.3 HidFELRE

8.6 RFAS.SHFHTEMENMESHN SN —FHER., RETEAPANEEY.RHA
T—H W &K Venlog Bil A,
Gl 8.6 A IDA RS ERT A

primitive dEdgeFFShort (q, clock, data);

oulpul q;
FrCE q4
input clock, darta;
table
¥ clock data state output
r 0 : T 0;
r 1 ¢ 7 1;
(0x) 0 c1. 1,
(x) 1 . 1;
(70 ? : 7 -
¥ * s T -
endtable

cndprimitive

FEPHFE“ "R ERAEEIAOCR D, 85" » "RREBENT, ©H S0
87D, LI T AR/ E LETTHF) R 50 68 A B8 80 R

¥81 WINLCAE

"5 w =B "o
0 o
1 B 1 o
X E 351k
? FRO0.18x AR TR Y
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BR

% & ® 'I # o

b RAFORKL AR T L

- Tk FUREFR T 7 )9 48 75 604

o) Mov B w B v A w TR 0.1 x 8 b

e | HOeDmm® 0 A AE TS AL

. RoDEBE AR E T

f RQOMmAE | wAmTRER

D FRC01) (Ox) R (%17 & x WIEH

n Fm (10)  (1x) R (x0) B & xﬁﬁﬁ?‘*&m

8.4 WPRIRSABBRRAMET

ER—-TRAPEXRTPREEFERNTASARBRBRATARBE LY, £iE
B 8.7 PEIRKGANBBNIK AR, MMERRARSHRATEMNFR.

TER B, WA preset fl clear R BV HME . FIFRM preset 4P FR, X preset
2 O clear B 1 8, SR 1. Be4h, R A preset EH ALY « "HR).
FH clear INHRERN LB AL K 1, £ clear MAXB A clear 7 — A1
S,

PIREERATIERMNHEL . BTATRE TR TK B, R HE. 28 o,
WEIMME., ROBE—TRAERSH TRERSEEMELRA,

Pk RO ULBE. IR clock B 1 B 0,4 jERE kK EHBTERSHR D
B,
R ENGH TRTRUE M RANARE R LR, CRAHELHR T
Wi W EET RSB BME. WEARBT EARNITEHE. R 2, AR
TR MR, BTRODETXEH x EHOR T RIHT T3, 854 Hefa
EN <. EREREHBAREHOER S SN BRE T,

8.7 JK MRz

primitive jkEdgeFF (q. clock, j. k. preset, clear);

cutput q9;
reg d;
Input clock,s )» k, preset, clear;
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table

4 clock ik pe state putput
& preset logic
H I (1 s 7o 1:

? 77 #] : 1 1;

4 clear logie
? 7 10 : 7

? 77 1= s U {0

# normal clocking cases

v 00 11 LT —

r 01 11 s 7y 0;
T 10 11 s 7y iz
T 11 11 1 0, 1y
r 1 1 c1l. 0
f 77 77 : 7 —

4 ] and k transition cases
b #7077 0 7 s —
b % 7Y : ¥ —

# cases reducing pessimism
p HY) 11 - 7. -
p Q7 17 Y —
P 70 71 v Loy 3
{x0) 77 7 : 7 —
(1x) 00 11 s 7. —;
(1x} 07 17 L 3
{1x) 7?0 71 : 1 —3
X »3 7l ;1o —
X O+ 17 : 0 —

endtahle

endprimitive

HE L AERBRARFERINENMAZERSENR, BE O, 28 F 5
FIFRAT ﬂﬁﬁAﬂ:‘f’U’b‘tE%ﬁi%ﬁ?ﬁﬁﬁﬂﬁ%ir%ﬁk*ﬂ%ﬁﬁﬁ*%ﬁ%ﬂjT’Fﬁi’fF
00 o MR B, DL PR P R e . FIRE 8.7 MFIE:

# clock ik pc state outpul
7 T? 01 : 7 1; 4 Case A
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TR PR

1 00 0l < 0 1; # Case B
A —1T AR
f e 99 2 7 —:  f CaseC
EEE T HEABR:
{ (1) 01 : 0 e 03 4 Casc D

Case B2 -FMHFHEBHBE. M Case D BAKEBHEA BENNERBHALHE
BB TARMGHREME., EFXFHBREP. k.o H c AR 2MPF ., Case B 3185,
% clock & 1 T state B O BT, J kR AR 1, Case DR, % clock A 1 38 4 0 H state £
OB EMRER 0. BRTE cdock EHH TEREGMAEAH T 55 —HB A, cdock AL
LR LVERGHRECETEN 1L, WAR O, ERAXEEET AL 8083 3R 2B
Rl s B RER &R 1.

8.5 /hg

HEXFIRHEGHNFEZBETAES P AP EXETRIAL —HEHBED.
FE IR RERAERN AT NELSS x HEENABEE.

8.6 %>

8.1 EHETHELENWESHPEX T,
A TIEXH=BARET;
B. AR N ~ (&) | (c&d));

C. BAuE.
a
: ;b
b

WA, GEAERRNRE . REEDARTH.

8.2 B ARMEN . AEFWIH 8 AW AHKEE, EMS SR, REEMBELHA
T3 i — 2 A A i G

8.3 HH—-TEFRAPELEL, ARBERE-TRNENFEEALLEMRYRERN, &k
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8.4

8.5

MERE —TREBREAS

BEH - EARNBMNHASHIEXET., HREA 3 MR A% inAinB
e E e, BN 1 6 ,inA 5 inB M. X nA¥FT inBEL,EEN OGEEA
Fat Edinl, ¥ inBR-ARALXERMORMEN .. FL nAHEA AWl
MR o,

BHi—TAHERY K EZHN &R, ERREFRSIFRAMERN. £

MR SH 8. TR EXENHETLE. AT ARABREIEN AT E A W
A
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BIW HXRES

A FERRTER OR R NOR FREFEREKH R EFREN . IF B AW
BEEZHBHRAEMEGEBE O L. x 2, FERBENSEABEER, RITRABEITHR
AR B BB T iRl iR, R R R W L.

FXEBEERBMEENELNREEEZ 2B —THREZR XM REH
B B X AT E R MOSER CMOS BMiEe . AR EEETLIEMNY

R BN TR, oAb, i E 0 2R P A% 3 R0 (AR MR s B B 3 Y 3 (BB rh
RUESLTHEE, SBEHERFSEE.

9.1 Zh# MOS B AL F 35

EH4EP.RINBBALRA N Verlog BESHRENTTHEAES XA BITEEBBE
BEAMEL IR, TR TEBER T, BITAAAEE T UE BnE
WA ZFE R BT R RS N MOS/CMOS SRy THIR

X9y NERMFEH/ET

n WAl n T =& pull {7 { MOS H X B FF K
and buf bufifo puliup | nmos tran
nand not bufif! pulldown | pmos ranifo
nor noti{(} o r-cn105 tranif |
o or notif] rNMoS rtran
o XOT rpIMOS J_:t;mi{ﬂ.ﬂ_“
m“_xncrr rcmos rrranifl

B 1 BABEFRXRBRITRBTERAR L., ABER— PSS
M ZREHBNFER. B RRR T AMECAHEMRF. B8 Verilog # 4 W

9.1 BrR,
9.1

MOS BN FF

module shreg {out, in, phasel, phaseZ);
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/ % 10} purt declarations, where ‘out’ is the inverse

of ‘in" controlled by the dual-phased elock » /

oulput oty & shift register output
input i, & shift register input

phasel, ¥ clocks

phased;
tri wbl, wh2, out; 4 tn nets pulled wup to VD
pullup (whbl), (wh2), (out); f depletion mode pullup devices
trireg {medium) wal, waZ, wa3; 4 charge storage nodes
supply0 gnd; ' 4 ground subply
nmos & 3 4 pass devices and their interconnections

al{wal, in, phasel), bl(wbl, gnd, wal},
aZ{wuZ, whl, phase2), b2(wb2, gnd, wa2),
a3(wa3, wh2, phasel), gout(out, gnd, wa3);

endmodule

T

whi
phase1 phase? pha=el
1 L N
mn J
wajl

wal way

1 s

T

Gul

Phase] ——

phase?

B 9.1 MOS 84 3 77 28 M B oM fir

S B LR TS nmos WAE FIFER R L @R, i tri B rrireg R B ML M H E

Ko i SRPH ZRR MBS BEE, EXA RS, B EHEA R ME 8 pullup 17300
tri 26 wbl.wb2 fl out FHi P VDD,

BT =4 trireg £, B) wal,wa2 #l wal, trireg 28 W 5 H fth 25 B 28 W] 59 A [6] =2
RET SR MO 180, TR T — . SRR — a5 L
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WA EFIGRENEE) . R)E Xl BRSNS E tireg BN L RE A BHH
Wah, KPP EAXEEMEIBUFERSBNGSFHEIHETY, KRNFRARSR
EAIHERE X medium FRIBE G FRRIAE.

SEX T —HRN supplyt LRI A R end EA—-NTHREHENEERTHE
B, #f5 BlrRdHEE—D nmos AR EETE MNTHERBUETFENEL.

BEAEXBBRUFTREI RS CRENS L IR EARM. 0.2 F
REERPIRAT H 9. 1 PHERE shreg B, WHEMNB AT LR THR LY., F9.27
H T RH SIS,

9.2 MOS BAFFRYER

module waveShReg;

wire shiftout; # net to receive circuit output value
reg shiftin; 4 register to drive value into circuit
reg phasel, phase2; / clock driving values

parameter d = 100, # define the waveform time step
shreg cct (shiftout, shiftin, phasel, phase2);

tnitial

begin :rpain

shiftin = 0, # initialize waveform input stimulus
phase! = 0y
phase? = 0y
setmon; 4 setup the monitoring information
repeat{2} 4 shift data in
clockeet;
end
task settnon; # display header and setup monitoring
begin
$ display(” time clks in out wal-3 wb1-2"3,
$ monitor (§ time, ,.,phasel, phaseZ,,,,,,shiftin,,,, shiftout,,,,,
cct, wal, cct. wa2, cct, wa3,.,,,cct, whl, cet. wh2);
end
endtask
task clockect; # preduce dual-phased clock pnlse
begin

# d phasel = 1, # time step defined by parameter d
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#d phasel = 0,

# d phase2 = 1;

#d phase2 = 0;
end
endtask

endmodule

itk waveShReg ¥ shiftin,phasel 1 phase2 #5404 0,3 BM H EFIEEL . BIE
BT WU shreg 8RB cot PRI FHARY BN, FFEE. A cct FRARNERABRK
e a2 2 5E K I E (B cet. wbl™), fE#H clockeot AT K . EFRBAUFTERN
HIBh1E. clockeet AT R EHEBIG E .

RO2HH THAMBELER, BV WHER LR RAE. 100 DapatEjs, ot
Bt phasel @B N 1, XEBEHFEETFE AR IV OEE~TITEREHERY
trireg BRIFEM wal b, BRES —AMTEEE . BN SEEE bl EMHFA wbl 81—
DERTT i REMZE R whl N 1. HEIR %) 200 B, 5 4h phasel ¥ 0, 424 15
fER4 . HEf  RAEFD trireg RRIMNEM wal FHE—BHESE.REXARMN LA
WEIR . Ri5. 0680 phasc2 BN 1,3 H wbl FMEZER wa2 b, X8 S b2 F
2™ wh2 KI{ER R 0, phase2 LT phasel 7R, R B FE wa3 L. X HEBE LR
ABIFMES, REERHHE - HERFELRM L. BREF - SERBEF R EELK
F—82 1R IWER. BT _IEBONER.BE— 1 ED xR,

HF . Verilog T D; &% FE 9.2

9.2 MOSHANFHRMEMILR

time clks in out wal-3 whl-2
{ {0 0 X %K XX
100 10 { X XXX XX
LQ3 10 0 X Oxx A
106 10 0 X Oxx 1%
200 00 0 X Oxx 1x
300 01 0 X Oaxx 1x
303 01 Q X 01x 1x
306 01 0 X Olx 10
400 00 {} x 01x 10
500 10 { X 0lx 10
503 10 0 X 010 10
206 10 0 1 010 10
6 CH) 00 0 ] 010 10
700 o1 ¥ 1 010 10
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9.2 JFRKEBR

T g i a3 T ) IR BE AT trireg RN L EMER MM ARR. XK
HP R R LY TR SR TR TR,

9.2,1 BEEN

FIRE 9.2 /61903 FIRKBE RAM B HR. ERAFBS, mEL TR
NOT 181 H SR BN “pull” pullo FoR O B BB, T pulll R/m 1 R,
pull R AR Verilog B ARITH —F. EHRANEINRE strong BFHE, Bk
R AR SIS scrong AR N ARBMA R BN THRLEIBEA,

address

L

wl wd

dataln

dataCQut

H3z2 BERAMAEL

B RPN NOT (B~ R AR E B PR YT — 8T cranifl (T4 wa 9K
HH. tranifl FTR—AERIT S E KB B AW (R H R address)H | BT S, BN
Bk, bufifl {TRRBBNE/ FRMAIT. SRR, bufill RISHE (write)h 0 # H
ENWEYRE. NEARRHEN. AFSANEBRRIBLEE RS L. EEH
s HXALFUFET , bufifl [T cranif] (TR we, X G TR THARGRE,

B19.3 &0 T WIABLIR sram, HATENHR B P E M RPLRE N Verilog ik, B UG
RURBOERER .3 hHN . FAPHBERTRLRNBATERY I BERE
Cview); “REH"TREBHE ERBITNYR, @ AETFEHLITER, B2
MREB 0.3 RUMXRITHERENT TRE., REITOHENEKER B X EW
“addr="XRMICRFERB L. 0.6 R 9. 8 dRAM, BN, wi34 B9 3 AMEERE

HER .3 PHMRE.)
#19.3 #&RAM

module sram (dataQut, address. dataln., write);
output dataChut;
input address, datain. write;

tri wl, w3, wi, wi3;
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9.3 Wl RAM BRI R

time addr d_in Wr d_ out 134 &
100 X X X X XXX
301} 1 X X X XXX
500 1 1 X X KXY
700 1 1 L 1 101 BRE
400 1 p 0 1 101 EER
1100 1 1 X 1 101
1300 x 1 X x %01 ram R 55 8 {H
1500 i 1 % 1 101
1700 1 1 0 1 101 7 R 3
bufifl gl(wl, dataln, write);
1ranifl g?2(wi, wl, address);
not (pulld, pulll) g3(w3, wi), gi{wd, wi);
buf g5(dataQut, wl);
cndmodule
module wave. . sram; 4 waveform for testing the static RAM cell
wire dataCut;
reg address, dataln, write;

sram cell (dataQOut, address, dataln. write};

parameter d = 100;

initial begin

# d dis;

# d address = 1; # d dis;
# d dataln = 1; # d dis;
#d write = 1; #d dis;
# d write = 03 #d dis;
#d write = "bxy #d dis;
t# ¢ address = "hx; #d dis;
# d address = 1; #d dis,
#d write = 0; #d dis;

end
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task dis; 4 digplay the circuit state
$ display( $ time, , "addr=%v d_Tn=%v write=Y%v d_out=%v",
address, dataln, write, data(hut,
" (134)=UbY LWL, celi. wl, cell. w3, cell. wid,
"wlid=Y%v Yv %", cell. wl, cell. w3, cell, wi);
endtask

endmaodule

HAEERBE P AHEIBL x Fif. D6 % 500, dataln # address ¥ 1.
tranifl [T E R F FEXE. bofifl [THER S AN FEE < H. 6580 % 5585
PIF HIZR 18t 2, HTFXAPAERB U THRMEGE S display 354 5 % b F 1389
FIREE) A1 bufifl Y w1l FEB—4 x.

HHTZ) 700, £8 write T 1 HER T 100 MR E X 2% wl # datacut 3K 3h
A1, BF tranifl [TELTFHERE, wl 1l we BEERER., W RIETT 24 (NOT
(1D gl (bufifl IDWPWSXEK, KT BT g H OREN VRES VB EY NES
WA pullo M pulll, FULE W EIRE R bufif [JERBME, bulif [JRAHETEE
A strong, ERXFMIERL T strong WhB B T pull B H L wd W wl 0E, T
w3 A G, gd WAR LM wl BEEZR ram A THER I,

FERY &) 900,28 write Jy 0, B REE address [HRME B X4, XABR sram B iE
PR4Y ; dataQur R BRTEARTE .

TERY % 1300, address # write % x, BT I w1l Al dataOut R x, R, sram AR

REFENEAZE. BIATR] 1700, address # write 77 ix it 2 i HE i 56 B 7 A B {H 75
Wil T tranifi 1458 3] dataQus,

A% $display F.1; £@47719.2.4
9.2.2 BEMNEX

LEBRAPBRTFXEEERE PR BERINH 0 ¢ R REMH =,
W X FTEAE B bufifl [789 strong Wsh i NOT 1789 pull BRI Eg st |

AUFEAREN A FERERE. ESRERIIMSERES S A X, T
FRBRE S trireg RINMARA X, WES 1.0R x EHX, RE, — 4110 LI
—4 weak 0, —4 weak 1 B—1 weak x. Y4B A IWRPAABRES FRBSHEE 0
B 1CRIM pull0) . FTED M4 B2 08 S48 AT K v 35 20RT , 3R B 3 B AL 4T BV (RS T B
TN DI

SR BRI E A1 6 B B R 35 B o, IE A G4 4 F 7 R 4L 8
R 7R
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x9%4 BEREH

5 7 42 5 A 2 B # R s T EHEAH  HAHRS
Supply Drive 7 Power supply connection supply Su
Stmt.ig D;ve 6 Default gate and assign output strength strong St
Pull Drive 5 (Gate and assign ocutput strength pull Pu
Large Capacitor 4 Size of trireg net capacitor large I.a o

rWeak Drive 3 Gate and assign output strength weak We
Medium Capacitor 2 I_r—é{z;a of trireg net capacitor medium Me
Small Capacitor 1 Size of trireg net capacitor stnall Sm
High Impedance 0 Not applicable highz ] Hi

gate_ instantiation

::=n. input.. gatetype [ drive_ strength] [delay2] n_input_ gate. instance!,

n- input._ gate_ instance} ;

l

continuous_ assign

drive_ strength

asskgm [ drive_ strength] [ delay3] list. of_ net_ assignments;

.. = (strength(,strengthl)

|
||
!
l
F

strengthQ

(strengthl ,strength0)
(strengthd, highly)
(strengthl . highz0)
(highz1, strengthd)
(highz0 , strengthl)

. = supply0 | strongl | pulkd | weak0

strengthl

» - = supplyl|strongl | pulll | weakl

MREH G HEB L, MBEN swong, REK 9.5 MBFIRMIIRMF X HRHEE

L

s ENEDARKLEMIXR

and

ar

nor buf bufifo bufifl

pullup

nand

nor

Xnor not notifd notifl

pulidown
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W B — A~ trireg ZERYET . 0B — PR AT AR R M A FEFRKPDHETEH
®, AN, AREXNAEBEH AR ETGER, RIESHE TR HEH. B=1ER
SRR R T TR < HRATE, trireg IFAR—FMEMBEAEL TR
HIIE IR IE BT 7R

net . declaration
.. =nct. type [ vectored|scalared] [ range] [delay3]
list of_ net_ identifiers;
| trireg [ vectored |scalared] [charge. strength} {range] [ delay3]
list_ of_ net_ identifiers;
net_ type [ vectored | scalared | [ drive strength] [range ][ delay3]
hist_of. net. decl_ assignments;

charge strength
11= (small} | (medivm) | {(Jarge)

RE EMEFEH 4.2.3
9.2.3 EHBRERTH

RERNEEDHERS 0.3 F AWK THEMITONITRE. Sdisplay iEH W TF
B
$ display( § time, ,
"address= %4 h dataln=%b write= % b dataOut=%5",
address, dataln, write, dataQut,
"(130) = % b%b% b, cell. wl,cell, w3, cell, wt,
"w13d=Y%vBviv", cell. wl,cell, w3,cell. wd);

AP ER.U_HHNBEERXTDES w3, REF A% EH,. UBEFERITH, £
9.6 FIHMMZEMITH R NBE GRS ETERE MRS RHENTT M,

RILCPEERMULRUBARFHBRBERPH—F, MERHHRESSHR
B ML EMESEEREREOMEMRES, EO4NSTRENTHHEERER, Bt
St1 IR strong 1,5tH %R strong 1 5 strong z,Pud EF pull 0,50 PuX #AREZ x ¥
MEN pull WRIE., MRBHFE I RFREREE B2 AWMTEREAAERS, %
HRHITUFRTRGRFAN B NEE SR ARER(LFE 9. 4 FEENET) . M
FERS 2] 1100, 8 ) w1 IEBEHR BE M strong(6)F0 pull(5) M1 1 FrIKED,

2] 100, B AR R A EBRARANEHREEE, S FBAHLHBE, o
NTHRAMFEAAE ., B, address,dataln, write, wl 1 dataOut FR BB % strong WA
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®o.6 RTEBYEBAR

time addr d_in writle d_ out (134) wli4 Ik B
100 SeX S:X StX SiX XXX F StX l;‘u}{ b_t-Y.
) BDD_. Sl S5tX StX SiX - XXX StX PuX 5tX )
:;U(J Sl 5t1 StX SX XXX 36X PuX 36X
700 Stl Stl 5tl wSt] El S11 Pulk Sl H W
060 Sl =l Sth 5t 101 Pul Pu0 }’ul i o
I‘] o ) St Stl StX 5t 101 55.1“.1’1_1{1 ﬁ;-_ -
m—]'.EUU “51}{ Stl 51X _—51}{ i} | S H Pu[ﬁ 1551
15;}{} 511 Stl StX Stl 101 I 651 P_u::‘r“:t"-ﬁl
1700 st Sl St &::l _;E}l Ful [:u{} Pul 13 R ¥

B0 w3 KSR pull, we HEB g4 LU REEEN pull 8107, FH wi L EER
tranifl [TF. AT EHEED TP B TmE B, IEATHEFARIHCHBER
Bl. 2870, AR tranill T3 wd, ifif& bufifl []i# g tranifl BEzh wd, MOSTIEEED
KR . BN s AR bR EHER T (R TTRERR I, X B T ) 9 B B s A
B3R ) .

EER R 500, MATEBLMN wl #9{E 85 0 56X, X F//RE EH pull x Fl strong 1 B
WahiF s, mERXMHRERKVFER bufifl [](strong) FEKS HIEKEHIZRE ),
HH tranifl MTEENMNT] g4 FEBE R pull 9 x. XTEMTHESERLEREZ w1 FHY
x. WM wl# wd it ranifl NEEE-BE.FUETIEASBEHENER,

M2 700 &b sram RYRPE PR ] B BB tranifl [ E2 K bufifl 118 strong 4%
EEETH g Bai® wi TRE. XERBTEFEEEAE. ERZ 1300, {152 E
{f 24 address # write 28 AR FEH . sram (R B HF T MEFRE.

9.2.4 BMHEZE MOS /]

AL MOSTIfER B R IF e PR AR R T 4. R T supply 38 5 B K 5
strong 3R BE 4k 3E 2 BH BY ] (nmos, pmos, cmos, tran, tranif0 F tranifl ) &5 0E M & A Fl

WA ERNMARMZEDAESRE. Wi, ERTTAR TR BRE poll WP
. BT, S A B AR (ramos. rpmos, remos, rtran, riranifQ, reranifl ), 2355778
Wk EEHEREMR, k9.7 iR,
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N7 SEdBENCNIFEEHER

WARK B 5 27 5 BE 5 AR B 20k ¥
Supply Drive Pull Drive l.arge Capacitor Medium Capacitor
‘ Strong Drive Pull Drive o Medilrm Capacitor Small Capacitor
Pull Drive Weak Drive Small Capacitor Small Capacitor B
Weak Drive Medium Capacitor High Impedance High Impedance

# 18 sram YA P A — AL RP A TAEE tranifl (TR R — - H K&
il rivamifl.

rtramfl

gZiwd,wl, address);

MIEWRER 9.3 FHHMFAMNBAES, RIBBLR.HRUENEREENTHE
TERCHEMEREITRE).

9.3 BERENAGUETHR

time addr d_in write d_ out (134) wlid it &
100 5tX S5tX StX StX XXX 3tX PuX X

300 511 StX St1X StX XXX StX PuX 51X )
500 Stl 5t 5tX SeX XXX 16X PuX PuX

700 Stl 511 Stl Sl Ixx St1 PuX PuX _FE
900 Stl Si Sto SeX XXX WeX PuX PuX i#F
1100 8t1 5t) StX StX XXX Eﬁ—}{ PuX PuX o

1300 X Sal 5tX ;; XXX 36X PuX PuX

1500 Sl 511 StX StX XXX 36X PuX PuX

1700 S;tl Stl Sto StX XXX WeX PuX PuX _H_ﬁ

£ RBTES 2] S00 R RUEMBE . RATED wl H we RAREK,. WA EN®— 1 hH
BBAAT . £ wl LH—4 36X,6 & f 4830 strong 1 §9 bufifl H9% 3™ & 8, 77 3
R XEPIE 0 89 g4 A8, B BEBE riranifl [TM pull drive (5) &L 3 weak drive
(3},

W stam WRAFHHTREBAEIEMN, X —SBEE) %M sram RN TS

18, A X bufifl TH strong S T 24 B9 pull W . B riranifl [ strong 8§
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HWREMD pull B IARER et L. SR .3 FRUTECTHIE,ITH o3 F g4
20 R A4 GAE AL 1 36 A 48 1R BT 1E .

9.3 TNMWE

KR BRMEN -RELFEERA_FYTNER.E—-1FVEFENEBEOHN
W —HAWERIE. ME P EFRREME 1 O —RONBE, SPEFHMTEML
ERUABEAUNNFERS. 5% 9.4 PHRUAEERIEMITRN. BEEHAY N T
WRaRE, 0l 9.3 fin, BEZRITH . THEAREN Ll x M EHBEFT R
W, PRATETPE—-TFIVHPBOMBEN  MEMEERN OL.EFIFIEH
RO MARALE z. WBRBFAFTRBOMNTER . BATFERBERFT -AEHRIEC
M. ¥ FRAE.FHIFZFNHEIE K,

{_?554321[1
L

——— Smal! Capacitor

High Impedance

Medium Capacitor
Weak Dirive
Large Capacitor
Pull Dnive

Strong Drive

Supply Drive

B 9.3 HEERS A

HEM RN ARKFANSHR - LEMER ., Y5 - PR =BG AN
RIARAER , RERB . B m—AARKGHERR SRR, R R A
BEFTPHEEN -—HHEBERRY L.

9.3.1 —“NHERNINE
RAVG R B RPIERAERTRE. EREFI M FYEE—B,. I\ 9.4 FiR,

0-Strength 1-Strength

Fle s 43720 | 7|6 543 2‘1 0

Ho4 HEAENEITRESY

FRTEHMA KPP RERAR— N RR, AREEHNOBREETRM1 &
HFEHRAEWME 9. 4 Bin,

s 223 .



<Z0-strength; l-strength™> =logic value

OMEFEFNIBEFZWL —HNERAFARSY., SEMREFVHENEKERER O,
l.x 8% z R —{H.
OLOG_ 00000000 _ G000 =10 output 1

QWY QO 0010 - 0000=1 output Z
0100 . 000G.0000_ 0000=0 5 Sl VR

£ L E SR, output 1 2~ strong 0, T output 2 B—4pull 1, K FRER
B—1 0. WA EMEEEEER strong.

DOO0_ 0000, 0110, 0000=1 output 1
011000000000 0000=0  outpul 2
OlIL1-1111.6111_1111=x RN R

EXHHELT . BTRHAE - X ERE. XBHHBER strong & pull,
SRR (— A WS - ANES KM EHSE— T8 ERE x, XEEY
A R SRIRE N 1L, SRS R,

0000 _ 0000, 0010 . 0000=1 outputl
QO00_0111;0111_1111=x Qutput2
OOG0_ 0000, 0110_ 0000=< 1 A S e R

HELEAER Y .pull 1 AF - (B ENRNEERENRE, B EEMNRE
A medium capacitor(2) § 0 FI3§ & % strong W 1, ZRZ 1. EEFHBE M strong 7
putl B = R,

9.3.2 EXitHN

THENAAIENSE TESR - X HRENES TERNSMENRN, A pFdR
145 & 7 B miniSim P RE . miniSim LA FHE S ¢ FHEBE . miniSim £—
TR R ANBEYBH Verilog R, EFTERTENLARE. RINBLUHFTEY
WHEH Verilog #2354,

B 9.4 BEHT B log3, HEITHBARNS XN B, ZRBH G F A g2y
RHE inVal ARBR—~ I ZHFR, ERPE- AN BEEFTLOEW. MBI 5%
RIFW, F—1 cases RBREAMBREN _HF RV AL LS, BABY <. &
T BRBARSPRNE B OMNMENR LIRAME N 0. tsb, BN E 1 gy
VR LAAEN L, DR LHASRHEREIARE, YR,

SMIATHAESRAB LW RE. B 0.5 S8 T A FAEH NAND (18— 4
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%,
RGBS AE R F R ETE 97, (0 RN B 2 A B R, 347 2 & 3R 7%
BRY T, BHRBIIBARMEF storelnVal R 3 %0 & KW AE T 6 Bl 2 R 7 4 45
in0Val fl inlVal ., SRFHFXHEEHEL L A=HETEFB ENIFEBE in0 A inl 1,
HE out iAW MERN NAND(ZHER)., B8E,WE out NAELL. B ARNTH
ke A Ak i

Mo 4 log3 A¥

‘define Val0 3'd0

‘define Vall 3°dl

‘define ValX 3'd2

4 Convert a full strength value to three-valued logic <0, 1 or X)
function [1:0] log3;

imput [15:0] inVal;

begin
casez {(inVal)

16'bOO00ODOOO_ 00000000 ; logd == "ValX;

default: logd = "ValX;
endcase

end

cndfunction

9.5 evalNand %

# Evaluate a 'Nand' gate primitive,
task evalNand;
input fanout; # first or second fancut indicator
hegin
storelnVal(fanout)
# calculate new output value
in0) = logd(in0Vall evalElement1};
inl = log3({inlVal[ evalElement]);
out = {{inQ == "Val0) || (in]l == ‘Valo}} 7
strengthVal{"Vall) .
((in0 == "ValX) || (inl == "ValX})) ?
strengthVal('ValX) :
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strengthVal{*Val®);
# schedule if ocutput value 15 different
if (out '= outVal{evalElement])
schedule{out);
end

endtask

g]9.6 evalWire {£4

4 Evaluate a wire with full strength values
task evalWire;
input fanout;
reg [ 7.01 mask ;
hegin
storelnVal(fanout) s
ind = in0Val[ evalElement,;
inl = inlVal[evalElement |
mask = getMask(in0[15.8]) & getMask(in0[7.07) &
getMask(in1[15. 87 & getMask(inl[7.0]3;
out = fillBits{ (in0 | inl) & {mask, mask:};

if (out != outVal[evalElement |}
schedule{out) ;
il (DebugFlags]'2])
% display
MinG = Y%h_ %b\ninl = %b_ Y b\omask= ¥%b %binout = “%h ¥h,
in0[15:81,in0{ 7,07, in1[15:83,inl{7.0],
mask,mask, out{ 15:87],00t[7.07;
end

endtask

ERBW TR ARSORNTE, WF 9.6 TR, XIARANNTFTLEBHES
evalNand, X Y ZBEHZH . RNALBTRE. HHNR WA . 7 F A&
getMast A FHRE R mask, MM 9.8 I RA R GlUBis U L HERGR TERE
FH .

FTHENMEEBA-HPSENRA. XE. EHRNW RN EBE - YW EE,

0000 _0000:0110.0000=1  eutput ] — in0

0110. 00000000 0000=0  output 2 — inl

0111 11160111 1110=x HMERESR
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TEAE % evalWire $, R M1EFH in0 M inl AP EEZRIELRAWARME.,
i#iT getMast B PO A4 mask, MTBEKFEARKREFEY ., SHEMNERHESE
—iEIF R mask . HREWFEHN N,

1181 1111
LG 0000
LLEG 0000
1111 1111
1110 0000 raask

EE —BH mask BB BIAREA in0 Ml inl HS"HERA"5E 1.

Q110 0000,0110_ 0000 in0 fl inl pY“ag”
111000001110 . 0000 mask , mask
G110 0000,0110_ 0000 ik fillBivs R

X RED B P EEHMBEXNMER x. REBHRTE D casez 154, &
F— A casez iEH) AL (lBits BIRME M 0111.1111,0110_ 0000, i 5 — 4~ casez &4} 5
{H 0000 .-0000:0111 1111 ARHEHY 9. 8, 7 & 0000, 00010111 _1111—  #FHF ) #47
"ER”IEH . fillBits J§ R BAME .

QU113 1101100 1111
XTERMBSERM—MERF, U857 45k,
# ¥ .casez 2, 4.4

9.7 getMask pR¥

# Given either a O-strength or 1-strength hall of a strength value
4 rveturn a masking pattern for use in a wire evaluation,

function [ 7:0] getMask;

input [7.0] halfVal; # half a full strength value

caser (halfVal)
872227771, getMask = 8'H11111111;
8'b77777710. getMask = 8'b11111110;
8'b77277100; getMask = 8'bl11111100;
8'h?9771000,; getMask = 8 b11111000,
8'b?2710000: getMask = 8'b11110000¢;
8'b79100000; getMask = &'b11100000;
8'h71000000: getMask = 8 b11000000;
8'b10000000 ; getMask == 8'b10000000;
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3'h00000000 . getMask = &'bI1111111;
endease

endfuncticn

# 9.8 fillBits PR ¥

# Given an incomplete strength value, fill the missing strength bits
# I'he filling 15 only necessary when the value s unknown,

function [15.:0] fillBits;

input [13.0] val;

begin
fillBits = wval;
if (logi(val} == "ValX}
hegin

casez (val}
16'bl77e?927 727797777, fillBits = {illBits i 16'b11111111_ 00000001 ;
16'b017227977_ 72292777 fillBits = fillBits | 16'b01111111 0000000 ;

16'b00127727. 229272727, {illBits == fillBits | 16'b00111111 00000001 ;
16'b00017297_ 77779777, fillBits = fillBits | 16'b00011111. 00000001 ;
16 h00001277_ 22222977, fillBits — fillBits | 16 bO0OOLI111_ D0OGO001 ;
16" bO0000177_ 22222997, {illBits = fillBits | 16 h00000111_ 00006001 ;
16 hoooOo0T 7 _ 27979777, fillBits = fillBiis | 16'bO00COOLL_ 00000001 ;
endease
casez (val)
16" h72e27727_19792777, fillBis = fillBits | 18'b0000000T_ 11111111,
16'b?7772297. 01722777, {illBits = {illBits | 16'b00000001 01111111;
16'b?2977792? 001929777, fillBits = fillBits | 16'b000B0O0O01. 00111111,
16'b72227777. 000179777, {illBits = fillBits | 16"b00000O00] . 00011111,

16'b?2729972% _Q00G1797;: fillBits

16'h??77727% 00000177 fillBits

........

[illBits | 16"b00o0o0oo1_oooollll;
filiBits | 16'b00000001_ 0OONOTT1
16'h77277777_ 00000017, fillRits = fillRits | 16 b00O0D0O0001. BOOOOOTT
endcase
end

end

endfunction

9.4 miniSim 7=

9.4.1 HiR

miniSim E—TIEFRALNTRRUENHR L. EREHE=ZIET. —4 NAND
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(7oA D B b R 0 o R0 — AN B2 b B Veriloy s 0 A B 52 86 R B AR 2K
B MRS R R ER,  ERAE R RN MR N RN ANE R R R
Bk REIGA T A B AR R R

AR, B EMBMER R RRE R, B B RS
B AR FF BT AT — AR5 — 4 pullup EEER . X4 BB FIR T M5 S M E L
& 7E— B B — B

D Q l._ J Wire
SN EDSor i
? c S Wire -
DQ 4 Pull j 7
up
C . &
o5 MERIAME 9.6 WHEMM-TEHEHEET]

9.4.2 miniSim §)iE
module minitSim;

# element types being modeled
‘define Nand ¢

“define DEdgeFF 1

“define Wire 2

# literal values with strength:

& format is 8 O-strength bits in decreasing strength order

#  1ollowed by 8 1-strength bits in decreasing strength order
‘define Strongl 16 01000000 _ 00000000

‘define Strongl 16 h00000000 . 01000000

‘define StrongX 16'bOI111111_01111111

‘define Pullo  16'b00100000. 00000000

'define Pulll  16'LODOOOOG0O_ 00100000

‘define Highz0 16 h00000001_ 00000000

‘define Highzl 16'h00000000 0000000

# three-valued logic set
‘define Vald 3'd0
‘define Vall 3'd1
‘define ValX 3'd2
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parameter J set DebugFlags to 1 for message

DebugFlags == k1100 0,
]
loading o ——— — + || |
event changes < —————— —+ | |
wire cale - — —t)
evaluation - |
scheduling & e o v s —_————
IndexSize = 18, 4 maximum size for index pointers

MaxElements = 50, # maximom number of elements

TypeSize = 12; # maximum number of types

reg { IndexSize-1;0]

eventElement, # output value change element
evaiElement, # element on fanout

fodIndex[ 1. MaxElements], 4# first fanout index of eventElement
follndex[ 1 MaxElements |, # second fanout index of eventFlement
currentl.ist, # current time scheduled event list
nextl.ist, 4 unit delay scheduled event list
schedl.ist[ 1 : MaxElements ]; # scheduled event list index

reg [ TypeSize-1;0]

Teg

eleType[1: MaxElements]: # element type

fo0TermNum[ 1:MaxElements], / first fanout input terminal number
folTermNum[1:MaxElements]. # second fanout input terminal number

schedPresent[ 1; MaxElements]; # element is in scheduled event Jist flags

reg [15:0]

eleStrength[ 1 : MaxElements], # element strength indication
outVal[ 1, MaxElements], J element output value
in0Vall 1; MaxElements], # elernent first input value
inlVall 1 : MaxElements}, # element second input value
ind, inl, out, oldInd; 4 temporary value storage

integer pattern, simTime; / time keepers

initial

hegin

+ 230
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currentlist = 3

nextlList = 0;

¥ display("Loading toggle circuit };
loadElemnent(1, DEdgeFF, 0. Strongl,0.0, 1,0,0,0),
loadElement(Z, DEdgeFF, 0, ‘Strongl.o,t, 3,0,0,0);
lcadElement{3, ‘Nand, (StrongC|Strongl),
“Strong( ,"Strong] ,"Strongl . 4,0,1.,0);
loadElement(4, ‘DEdgeFF, (Strong0|Strongl),
‘Strongl y'Strongl vStrong, 3,0,1,0);

4 apply stimulus and simulate

$ display(" Applying 2 clocks to input element 17
applyClock(2, 13;

$ display("Changing element 2 to value 0 and applying 1 cloek”);
setupStim(2, ‘Strong0);

applyClock(1, 1);

% display("\nl.oading open-collector and pullup circuit"};
loadElement{1, ‘DEdgeF¥, 0, ‘Strongl,0,0, 3,0,0,0);
loadElement{ 2. ‘DEdgeFF, 0, Strong,0,0, 4,0,0,0);
loadElement{3, ‘Nand, (Strong0|'Highzl).

"Strong0, Strongl ,Strongl » 5,0,0,0);
loadElement{4, ‘Nand, (Strong0}'Highz1),

‘Highzl ,'Strong0,"Strongl, 5,0,1,0);
lnadElement(5, "Wire, 0,

"Strongl ,'Strong0 »Highzl, 7,0,1,0);
loadElement(6, ‘DEdgeFF, ¢, ‘Pulll 0,0, 7.0,0,0);
loadElement(7, ‘Wire, 0.

‘StrongC, Pulll »Strongd, 0.0,0,0);

# apply stimulus and simulate

$ display ("Changing element 1 to value 0");
pattern = pattern + 1;

setupStim{ 1, ‘Strong0);

executeEvents;

$ display{"Changing element ? to value 1");
pattern = pattern + 1;

selupStim{ 2, Sirongl);

executeEvents;
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$ display("Changing element 2 to value X");

pattern = pattern + 1;
setupbtim(Z, StrongX);
cxecutebvents;

end

4 Initialize data structure for a given element,

task lpadElement;

input [ IndexSize-1:0] loadAtIndex; # clement index being loaded

input | TypeSize-1.0] type; 4 type of element

input {15,0] strengthCoercion; 4 strength specification of element

input [15:0] oVal, i0Val, i1Val; / ocutput and input values

input [ IndexSize-1.:0] fo0, fol; # fanout element indexes
input felTerm, folTerm; 4 fanout element input terminal indicators
begin
if (DebugFlags[4])
£ display(

"Loading element %0d, type %0s, with initial value Y% s( %bL._ %b)",
loadAtIndex, typeString{typel,
vaiString(oVal), oVal[15;87], oVal[7:0]};

eleType[ load AtIndex] = type;

cleStrength[ loadAtlndex] = strengthCoercion;

outVall loadAtIndex] = oVal:

in0Val[ loadAtlndex] = i0Val;

inl Vall load Atlndex | = il1Val;

fo0Index[loasd Atlndex] = fo0,

fallndex[ load Atlndex] = fol;

foOTermNum| loadAtlndex] = fa0Term;

fol TermNum[ loadAtlndex | = fol Term;

schedPresent| load Atlndex] = 0;

end

endtask

# (sivenn a Lype number, return a rype string
function [ 32 » 8.1] typeString,
input [ TypeSize-1:0] type;
case (type)
‘Nand: typeSiring = "Nand”;
‘TYEdgeFF; typeString = "DEdgeFF’,
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‘Wirc: typeString = "Wirc";
default: typeString = "% # % Unknown element type ;
endcasc

endfunction

4 Setup a value change on an element.

lask setupStim;

input [ IndexSize-1.0] vcElement; § element index

input [ 15:0] newVal; 4 new element value
begin
if {1 schedPresent] vcElement])

hegin
schedList[ veElement] = currentList;
currentl.ist = vcElement;
schedPresent] veElement ] = 1;

end

outVal[ veElement ] = newVal;
end

endtask

# Setup and simulate a given number of clock pulses to a given element,
task applyClock;
input [7:0] nClocks;
input [ Index8ize-1.0] vcElement;
repeat{ nClocks)
begin
pattern = pattern -} 1;
setupStim(veElement, "Strong0);
executeEvents;
pattern = pattern + 1,
setupStim{ vcElement, "Strongl) ;

executeEvents;

end
endtask

4 Execute all events in the current event list,
# Then move the eveats in the next event list to the current event

4 list and loop back to execute these events. Continue this loop

4 until no more events to execute,
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4 For each event executed, evaluate the two fanout elements if present.
task executeEvents;
reg [15:0] newVal;
begin
simTime = 0;
while (currentl.ist}
begin
eventElement = currentList;
currentlist = schedList[ eventElement |;
s¢hedPresent[ eventElement | = 0;
newVal = outVal{ eventElement];
if (DebugFlags[3]
$ display(
"At %00d, %50d Element %0d. type %0s, changes to %s(%b. %b)".
pattern. simTime,
eventElement, typeString(eleTypel eventElement]),
valString(newVal) , newVal[15,87, newVal[{7.0]);
if (follndex[ eventElement]) evalFal(0);
if (follndex[ eventElement]) evalFo{1);
if (1 currentList) # if empty move to next time unit
begin
currentlast = nextl.ist;
nextlist = {;
simTime = simTime + 1;
end
end
end

endtask

# Evaluate a fanout element by testing its type and calling the
# appropriate evaluation routine.
task evalFo;
input fanout; # first or second fanout indicator
begin
evalElement = fanout 7 follndex[eventElement] ;
fo0Index[ eventElement ],
if (DebugFlags[1 1
§ display("Evaluating Element %40d type is %0s",
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eval Element, typeString(cleType[ evalElement]));
case (eleType[ evalElement |}
‘Nand: evalNand(fanout}:
PDEdgeFF,; eval DEdgeFF(fanout);
‘Wire. evalWire(fanout) ;
endcase
end

endtask

4 Slore output value of event element into

# input value of evaluation element,

task storelnVal;

input fanout; # first or second fanout indicator
begin

# store new input value

if (fanout ? folTermNum{eventElement] ; fo0TermNum[ eventElement])

inlVall evalElement] = outVal[ eventFlement ];
else
n0Vall evalElement] == outVal[ eventElement ],
end

endtask

# Convert a given full strength value to threc-valued logic (0. 1 or X)
function [1:0] log3;
input [15;07] inVal;
casez (inVal)
16"b0DBO0000_ 00000000 log3 = ValX;
16'b7297797 0_ 00000000 ; logd = 'Val;

.......

16'b0DOO0000_ 7777277 0, log3 = ‘Vall,
default; logd = "ValX;
endcase

endfunetion

# Convert a given full strength value to four-valued logic (0, 1, X or Z).

4 returning a 1 character string
Function [§;1] valString;
input [15,0] inVal;
case (log3(inVal)}
"Val0: valString = "0";
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‘ValX: valString = (inVal & 16'b11111110_11111110) ?"X" , "Z",

endcase

‘Vall ; valString =

endfunction

i Coerce a three-valued logic output value to a full cutput strength value
4 for the scheduling of the evaluation element
function [ 15:0] strengthVal;
input [1.0] logVal;
case (logVal)
‘Val(, strengthVal = eleStrength[ evalElement] & 16'b11111111_ 00000000,
'Vall: strengthVal = eleStrength[ evalElement] & 16'b0O0000000 131111111;
“ValK: strengthVal ={iliBits(eleStrength[ evalElement |)
endcase

endfunction

# Given an incomplete strength value, fill the missing strength bits,
4 The filling is only necessary when the value is unknown.
function {15,0] fllBits;
input [ 15,07 val;
begin
fillBits = val;
if (log3{val) == ValX)

begin

casez (val)
16'b17777297_ 72929777 fillBits = fillBits | 16'b11111171_ 00000001 ;
16'b01772997_ 22772777, fillBits = fillBits | 16'b01111111 00000001 ;
16"b00122977_ 22727977, fillBits = fillBits | 16'b00111111 . 00000001 ;
16"b000T7797_ 92777772, {illBits = fillBits | 16'b00011111_ 00000001 ;
16"b00001777.. 22727727, {illBits = fillBits | 16'b000O1111_ 00000001 ;
16’b00000177_ 292972222, fillBits = fillBits | 16'b000OCT11_ 00000001 ,
168'b0D00D0L7.. 22979797, filiBits = fillBits | 16'h00ON0O1 1 _ 00000001 ,

endcase

casez {val}

16'b27777777. 17277277, filillits = fillBits | 16'BO0000O00I_ 11111111,
16'b?2279777_01772277; fillBits = fillBits | 16'bO00O00O0]_ 01111111,
16'b77772777_00127277, fillBits = {illBits | 16'h00000001 00111111,
16'b2?9722277_ 00017777, fillBits = fillBits | 16'h0000000T _00011111;

16 b272727777_ 00001977, fillBits = fillBits | 1600000001 _ 00001111,
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16/ heereeesa_ 00000177, fillBits = fillBits | 18’ bO0000001_ 00000111,

........

endease
end
end

endfunction

# Evaluate a 'Nand’ gatc primitive,
task cvalNand;
input fancut; / first or second fanout indicator
begin
storelnVal(fanout);
# caleulate new output value
in®d = log3(in0Vall evalElement]) ;
inl — log3{inlVall evalElement]);

out = {(in® -== ‘Val0) || (inl == Val0}) 7
strengthVal{'Vall) .
((ind == "ValX) || (inl == ValX)} ?
strengthVal(ValX) .

strengthVal{"Val0) ;
# schedule if output value is different
if (out 1= cutVal[ evalElement])
schedule(out)
cnd

endtrask

# Evaluate a D) positive edge-triggered flip flop
task evalDEdgeFF; ‘
mmput fanput; # first or second fancut indicator
# check value change is on clock input
if {(fanout ? (fol TermMNum[ eventElement] === 0) .
{ fo0TermNum! eventElement ] == 0}
begin
# get old clock value
oldInt = log3(in0Val[ evalElement]};
storelnVal{fanout};
int = log3(in0Valf evalElement]);
4 test for positive edge on clock input
if (ColdIntt == "Valt) && (in0 == "Vall})
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begin
put = strengthVal{log3(ini Val[ evalEiement ) );
if (out '= outVal[evalElement]}
scheduleCout)
end
end

else

storelnVal( fanout); 4 store dara inpurt value
endtask

4 Ewvaluate a wire with full strength valucs

task evalWire;

nput {anoet;

reg [ 7:0] mask;
begin

storelnVal{fanout);

ind = in0Vall evalElement;

inl =: inlVall evalElement];

mask = getMask(in0[15:8]) & getMask(in0{7.07) &
getMask(ini15.8]) & getMask(inl[7.0]);

out = fillBits((in0 | inl) & {mask, mask});

if (out = outVal[ evalElement ]}

schedule{oul} ;
if {DebugFlags{2])

§ display("in® = %b. %b\ninl = ¥ b_ YUb\nmask= %b %b\nout = Y%b_ ¥L", .
in0f 15:8],in0[7:0], inl[15.8],inl[7.0],

mask,mask, out[15:8],0ut[ 7.0} ;
el

endtask

# Cniven either a O-strength or 1-strength half of a strength value
# return a masking pattern for use in a wire evaluation.
function [ 7.0] getMask;
input [7;0] halVal; # half a full strength value
casez (halfVal}

8'b77777774: getMask ~ 8'b11111111;

8'b77272100, getMask = 8'b11111200;
» 233 .



8'bh77771000, getMask = 8'b11111000;

279210000, getMask = 8'b11110000;

8'b77100000: getMask = 8§'b11100000;

£'b71000000; getMask = &b 1000000,

8b10000000; getMask = 8 B10000000;

B hOGO0N000: getMask = 8'b11111111;
endcase

endfunction

# Schedule the cvaluation element to change to a new value,
# 1f the element is already scheduled then just insert the new value.
task schedule;
input { 15:0] newVal; / new value to change to
begin
if {DebugFlags[0])
$ display(
"Element }10d, type X 0s, scheduled to change to Ys(%b. 4b)”,
evalElement. typeSining{eleTvpel evaiElernent ]},
valString(newVal), newVal{ 15,81, newVal[ 7.0,
if (! schedPresent[ evalElement])
begin
schedList] evalElement] = nextl.ist;
schedPresent[ evalElement] = 1;
nextl.ist = evalElement;
end

outVall evalElement | = newVal;

end
endiask

endmodule

9.4.3 HWHEGR

Loading toggle circuit

Laading element I,type DEdgeFF, with initial value 1{00000000 01000000)
[.oading element Z,type DEdgeFF, with initial value 1{00000000_ 01000000
Loading element 3,type Nand,with initial value 9(01000000. 000000003
Loading element 4,type DEdgeFF, with initial vailue 1{00000000_ 01000000}
Applying 2 clocks to input element 1

A1 1,0 Element 1,1ype DEdgeFF . changes to ¢{01000000_ 00080000)
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At 2,0 Element 1,type DEdgeFF.changes to 1(00000000_ 01000000
At 2,1 Element 4, type DEdgeFF,changes to 0(01000000_ 00000000)
At Z,2 Element 3,type Nand,changes to 1(00000000. 01000000)

AL 3,0 Element 1,type DEdgeFF, changes to 0(01000000 Q0000000 )
At 4,0 Element 1,type DEdgeFF,changes to 1¢00000000. 01000000)
At 4,1 Element 4.1ype DEdgeFF,changes to 1{00000000_ 01000000}
At 4,2 Element 3,type Nand,changes to 0(31000000 000000 )
Changing element 2 to value 0 and applying 1 clock

At 5,0 Element 1,type DEdgeFF . changes to 0401000000 00000000)
At 5.0 Element 2,type DEdgeFF, changes to 0(01000000_ 00000000)
At 6,1 Element 3,type Nand,changes to 1¢00000000 0] Qo000

At 6,0 Element 1, type DEdgeFF, changes to 1{00006000_ 010000003

L.oading open-collector and puilup cireuit

Loading element 1,type DEdgeFF, with initial value 100000000 . 01000000)
l.oading element 2,type DEdgeFF. with initial valye 001000000, 0ODD000G )
Loading element 3,type Nand,with initial valye (C0T000000 . 00000000)
Loading element 4,type Nand, with initial valye Z00000000 00000001 )
Loading element 5,type Wire, with initia! value QCO1Q00000 _ GO000000)
Loading element &, type DEdgeFF, with initial value 1{00000000 00100000)
Loading element 7, type Wire, with initial value QCGLO00000.. GiXOO0000 )
Changing element 1 to value 0

At 7,0 Element 1,type DEdgeFF, changes to 0(01006000_ 00000000 )

At 7,1 Element 3,type Nand, changes to Z(00000000_ 00000001)

At 7,2 Element 5,type Wire, changes to Z(00000000_ 00000001)

At 7,3 Element 7, type Wire, changes 1o 1(00000000_ 00100000)

Changing element 2 to value 1

At 8,0 Element 2,type DEdgeFF,changes to 1{0:0000000 _ 01000600)

At 8,1 Element 4,type Nand, changes to 0{01000000. 0OOO0Q00)

At 8,2 Element 5,type Wire,changes to 0(01000000_ 00000000)

At 8,3 Element 7, type Wire,changes to 0(01000000_ 00000000}

Changing element 2 to value X

At $,0 Element 2, type DEdgeFF, changes ta X011 _olirinn

At 9,1 Element 4, type Nand,changes to X(01111111_ 00000001 }

At 8.2 Element 5 vtype Wire,changes to X(01111111_ 00000001)

At 9,3 Element 7, type Wire,changes to X(01111111  00111111)
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9.5 /&g

BATEAENCEF B3 5 AT # 58 B8 i F R AEE AT, LR T X iR
E WK Bh i % AR e SE T 1)K A% 7 , AR e 28 9 b SRl , WM A trireg R W LYEME, &
ERSGHE LTS T — DA Verilog & 5 # R fR B miniSim, BifA T &HBHMRER
MHRE-EN. BREGH T AEH miniSim R #,

9.6 %>

9.1 456 9.2 PRyl A BT RS phasel EAKRZ T — ot AT EESZS.
KRR d R E AT, MRS T Sk .

8.2 A{EM wand BW GBS HHIL TSR BRI NAND (JH— 4 pullup B3T3 5t
— P57 (wired-AND) L B 47 8148,

9.3 B HAESN trireg PR T 5 L B e By AT 8,

cl c2
_D&__l I I_{>o_
‘1 1
o 1

9.4 T IMEMAL — MY MOS THTHERS ST AER

A, 0C00110000_ 0OODDOOD)
B, X{00000011.. 00000001 )
C. 1{00000000_ 111111107

9.5 TETFEWITHBEEAGE -EBHRAF . A-1TERRER, RN SRR
ZREH AT

x(G0000001_01111111)  gutputl
0{00100000. 00000000}  output?
xC0011T111-01111111)  result on net
{01 100000_ 00006000}  outputl
x(011111311_-00111111)  output2
3(01100000_ 00000000}  result on net

9.6 BEMTER"T"(wired- AND)R MK BIMH A M {H 5 .
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8,7
9. 8

9.5

CCA1000000 - 00000000 outputl
LCOOD00000 010000003 outputd
0COTO00000.. 00000000 result on wired-ANTI nct

THZe L (wired-ANDYHH S IE RS REN 47

OCOT 100000, 000300007 outputl
10000000 _ 011000007 ourput?

P R miniSim $AR, fFE @HFH - T XHESH NAND @778,

& miniSim #R . FEAE— bofifl [T, HEMNEANERAEIE HIT
WASE 08 1 MEHES =AM 2l E?

7 S - R KRR IN B miniSim Fpk P, X Rk W28 K 2% 3t — > T A SR
25" (wired- AND) THFHITEE. X o0NBER 1 NBEMASH. X ILEER
SRIE N O MM & R GRAR R K masking 8EH— 183,
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10 T&EMNME

fi--EARNGEIRE—ERMENEE. EBTHREER - HNE. 2ERTWD
THEIB.S/MTETEHRALET Verllog iI5E5HFIFSFENAE. EFTEMEEA
el FMITENLIER LW E=FRFRE,

BT ETERETSGE . BEE - N ERER. S ARAIRITTERB
BAMBEAS -FRETRMNEZEN IEFRTRIIGESATLENFTRAN. X
A LTERMHGAEARE NS BRSNS, mRFTE T LUE S8 el MBk — 3 5
RERME CETE.

W TEIHDPFEANEFE BT HENIH Verilog iR, XEMLAAFAT
o 32 2] A0 2% M ik Ab 2K 1R .

10. 1 Frshiti®l

W EEERARANARNE T THES SEMIERRAETETEH. MENE
BB FEm RS B A BB TAESEHNIIEATEEMEREEN., X
MERFRE R —~T/PMREMIL T RAER Verilog #R . FRAX S/ AXEENGEBELH
B I

10. 1.1 FThiEidFfTaR M

ERX TSP BN ERECE I BRFETEE. £ CMOS B BS . U TBER
B A HFEREE . FFAIR. LM A O TS L i B R PR AR ERR
B, RN ERPH]. EXMERYED, RIMTBEERFTHEBAEAN RHEER, 60
MTERORNBAHFEER. A A ORED | IBNERSTIRBEHRER.

BITE2ASFEIRMERMR. HE, Verllog A HMTTETRA 0 1 WiEE. &
IR EMZBEANE. A, RINFERIBCHSENEBRRRF R 1 5
FHENPE. XTRFHEBTHMFERELL,

10.1.2 WEMMTA
BT RZILB T RELRER .

a=btct dte
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HILH A RER? RAITEKEEESE, REX®WRES 16 Uink. 8TMERE —~THREN
MESEZHER, THREZEN AR,

- RV EMIBEASIME E—HEF oA EBENETER(ER
a=(b+c)+(d+e)), Bl b f c ME—.FIE e ME—R., RECNHRMNE &
g a,

o A—A AR E R IR R E A 3 AR SRR a=b+(c+-(d+2))),

- BFE-ITHTR-RAEANES AR LATES .S 5 AR AR R o, R
RER—TEHEBEAbM o HMHEFEEE-TFFRP. AR, BS54 B8
M d M e HMHAHFEES—-TFERP. EE/WHRAN . HXFH - FESMAM.

EXTEFRRFEFENBRTZ =/ EEMNLEETHRTIHARE. 4
SGHMESEANTE.

10.1.3 $H&

A BUFPAFRARMDSENRES M omEEE, SE. HHMTETHR
XA B TR TEARE A A I AT TEER (# 1D, RS B GRS et sk 2
U—A 16 RS, B R — R R — T R AN TR R A S .

B B MERANLMR RS, SR EE A PRIM 16 MERRE.
BE BB BIHEDL . T A BB, B — AR G R N R B SR A A B
{5 PR — i BEAL M 2 28 L § random) J 7= 2 2000 47K R OB A S (— 55 A28 4
Fbcd M e WRRKE) REFNEBETENES T R ER LR FNE—R,

C. W20 8RB E A — M BRE“myNAND” WZH B 53E1],. B i myNAND
Frooms e ER AR ERSIETT, WRR, MR — 18 A S 4
AR YA R AN R SHB 0P | MRS T . REEF A Rm S
BRREN SRR, YR, E - MIEENEZE YR TTHHBE. 221
HBE- N EASNTERR S TS, YT Ret, S FEENRILY 0. Tt
LBHE, RERGBEA— P TAREE 1 0 B 1 BT  REEH XM RE. Fh
BRUEGZFRRMEHGER, MRITOBBEOSEAMO BRI MM 1% 0, 4
T B Y E R A— N MG R RS R S,

D. ¥ myNAND $URM RN S8 d MR ERE L, RIBEER TS ST R
HEE. £ myNAND PEX 428, RERMBEH 1. SEMRL myNAND B,
TR LR ERER SR N SRR, MR, SO L E 4R %o
BHRM, HE . BYRERKBHMGIROEN L, TESHEA T LW att, j6A %
B E L R E R X B

E BEXILAFRANRBEETRE. SEA EAYER, AEERIEN AR
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&b e 7
F. 714b B4R HFERER F M A RIE7

10.2 KA

10.2.1 448

ERXANTERD, A —HARMNENNEMRF Verilog R BB FEH S — o
PR, RN RERSNESRAE -EOBWAR. HEARETEY ER
FBES T, HHEHEMNER TS B R A (Cyclic Redundancy Chocksum . 45 % CRC)
DIRREEHIER, — BRHBWRIERY . RV EBGHE -4 FIFOh, BEIZHE
FHMRAER(DOMAIEREMN FIFO # L FMEaEP . BHM Venlog RS AEERE &
EHMERBA I BEABFHEAL&EVREL.

B 101 BRTENBHETERES. W FXM LB ATFERVE 1001 K
A FIhAEH A Verilog B8R, HABEE AT Verilog IR B R AT S TR B AL P L 4L
BB T EER—THAHE. FHACRCHITEMEEITREH . MAH H AR E
AT AREH. T-TVHREBNENREEEE N T EMNIDRERE.

I.q."'i' . L L

10.2.2 REBEKX

A M RN 10.2 BIR. 10, 2() 8 T B K AUATF 74 IDX 5 B M3 B2
XA . ME 0. 200ERTEIMBERNBER. DX HXIBLRUIRRER. &
KRB IDX B AP 8, R CUBSE e R M e R S A AR FE R IX O TF
WM. RS DXHAESRRABE ONFR.E I ERHK | WAK. K
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HEE., RIMHES LR 104MEHEK,

lE®E
(16
10000001

¥oim
(477 F )

CRCE 41
CRC=E %2
B &
(16EH)

= 4 I X Bk
MK

(a) HE{4E (b) B

B io.2 #%A

BB B A% th 2 RDDATA ER S S RAE—RWBERR, &5
DECODE #8485 0 43 15 B 40 7, 3 S 33 4t b 48 b Series-to-parallel ( SerPar)
WRIGRH SerPar W “HF S H R EY . LB Kt AT,

B AR K 4R R AT B X (preamble) , 2 df 16 TEFHHOMR. ERANERGHE
B & sync S35 (10000001) syne FH IR B R NN BEREEMEEFBRES, iX
%ﬂ*?ﬁﬁlsﬁﬁﬁﬂ%ﬂﬁﬁﬁ&ﬁﬁiﬂ(Preamble)ﬂ?q‘rﬂ]a%;ﬁﬂ‘fﬁﬂﬂfﬁ 16 M F M
0. SEH sync FHH . EMBEFBUE [RH AR B 38 ) 7 B 7 3 3647 14

sync FREHANREHMERX PSR E. BTHEEPEET 477 M EH Y
B. BTEEFTHEBEALSEBAS ARB(EABERER). LB 10,3 R4, 40
RF W SBOEARBD L0101 FF A ZEREA 1,3 DL 11012010 RO FF MBS & i —
BERY (.

EBTRENEBERS . BNBER 8.8 16 T 0 HR, HAEN =5 m
MR FETANRES T B PEIEHRR ML 10.2.5 ). BERNMBERKEX D, P H
REFESI2 DFH ., FUBHEPRIESER 512~-16—1—16—2=477 ™FEN .

r ______________________ -:11011{3'][]
LN nn N AL AN g n
] ms

B 10,3 E&AFH RDDATA (T &
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10.2.3 ThAEHR

Decode : Decode ¥ RDDATA 1 A, RDDATA B S5 SI1E & &EX B
R . EHER TR, Decode #BtBh MBI 4 B K. 34 € 180 % 11 # SerPar,
BEAHEHSH RDDATA FS (Mt B X 8 RDDATA 5) R & &t &bk, A
10. 3 Ff /R . XA RDDATA RSB B AR kp 2R (A2 MR A R EwE
— A O REFEM R ZEA - TR ERE--T I BES . BTEFHRNBE A 16 4
FIH 0. BRBA I ATE RDDATA F B HESHITHEE. syne FPVRE—
EE ZHERIN L RFEY.

A 10.3  RDDATA S MBAREEAENABR PR EFY 01011011 B E
RDDATA, RDDATA ®t#h ki & BB R dps, R AW (duty cycle)H 1/8. R T
Sk, B 10.3 #AKERRE AW (duty cycle) R .

SerPar:SerPar WA RKRAMB A HHNH R ESES IDX,E B Decode #y R} F1
BEES RERBEOMWBE SN g0 FS. 7 go 5 B K EFAHS, SerPar fff CRC E{ir,
FEFHiTE IDX M EERRIAGENREK . —~ SR EGENH X, SerPar H 1M
Decode ¥ B P E I sync FH . A5 SerPar B E-— K — 17 #h &% 5 CRC, — &
— PR BERS FIFO, ¥EMBEKERIFERNEEN, CHEESERR PHIERE
BIR) 16 R HS CRC M R, mBEAIER, B4 SerPar AEMIEL %
tH done 5. WRENAMHE FIB2A SerPar EBEDFEES RN err 58,

CRC:CRC M SerPar P — K — B . HF A BEHARR . EHXMNREREE
B2 H0,CRC R 298F SerPar B . RO/ b 53245 500 CRC,

FIFO:FIFO B —1 16 FTE A LHAD . BHMAE SerPar . DMA 045 %83 2 8] (4
PREWK ., —HMN SerPar PHEKE—ES FIFO i 48 DMA S HEFLEE,
2 DMA 5[0 Z F #2584 FIFO %380 DMA B CHASE L BIGEMHEES.

DMA :DMA # ¥ M FIFO 5388 8. % FIFO R BE ST R{E 50T, DMA
SEAHSE RN NFELERNESN. DMA R hrq E8RiFRAZE, GREEESH
hack fF S XBAM DMA R LAFHBEE T. —E DMA KBB4 855, ©# FIFO # %
BRI . B NRIBR TR, RIS B memw 5 3R M4 25 5.
LZFIFORBAHEN DMA BI MY a5 (B EERR R THATLLNE H
BLIHH—HFIFIFORAKEABESBRES M. B 10,4 458 THRBUAS BBt
REREAFRERAIN . BENEERREFESEON N DFH A, R A X 3B

WA RO KT L, FEFEMEAR . EHSFTENEERBRE A A F RS
BEREZ LR,
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| i { !
| i | |
i ! 1 t
| I | I |
} i | | | |
e — I I e I
hrg R | I I |~ I
—/ A
I I : I I% [
hach | i
./ | | | TN
| & ! | ! ! } !
I | ! I [ | |
| I / 1 T L TV [
al7.0] —:L{.:f;— I { : VALID I X } VALID : >—I_
| | i I I T |
| | f | ; Lrr |
T 7 IIII —Il / I r I I I_ '
d{7.0] > i~ | VALID| X ! "JﬁLID_EF_>—1—
| I ! i = | |
| 7 | \—-:_—/_,_\_‘I_/ | {f |
44 I I I | !
e tnw 1 | I i | [ |
[ | | | !
f i I | I I |
B 10,4 fE%RE MR dant
£10.1 FHBAKESRGE
55 £ i) BH
cik Input B b ,8 MHz. )
hrg Output | AFELERERER. REFHK.
hack Input AEBREEHRA., BR DMAERITLWHANTLE. BERELH.
al 7:0] Output Hh B£8R B
dl7:0] Qutput B ig e .
memw Output | NESHEES. KR HE.

10.2.4 HWXigHK

10 S BB — W RATS VR AZE RDDATA {555 0 i R Aps, 3 B
BORMAE I BB M6, N AR B, M RARTR — A IR T, A A 2
WE RDDATA &% HBRT., WRER. RAF— 1L WEREH, REF—4 0", 1
BARE A RILRO R . BB B dps 36 BB AR AR R S0 BK R 2 1 L 3 R 0
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EFELESHEEBEN., B, EH MRS IR T B2 VLM R . BT A 58
dps, O H 4, 2us, BT 2. 2us 4L,

R 25 O 3 49 sl a1 A BT B AR BR (PLL) 3kt i e S B AT 77 FF ZE | B ML i
A SRR SR R E TR, AR ERR —FH AR, EARER S Mk E 4T
K dps, FRPEGEIR BT Ph Bk vh 2 R OB 4% . SR AIM A BEE 1) RDDATA &8 H sl
RDDATA BRE#ME., N HFMBEESE RIFERSESE 1us + 5% .3 HEEMN
PLOTERFRLEE%ZHN . BHPERD Decode B BERE N B R Hmat E o A TH
P& 44 ik b, BR(E A BT BRI PR gE S . AP X EN B EEMBERE . T
EHREIIMNEMIARBETEETEFEY Verilog H £ .

16.2.5 fR—EHEMMEKEX CRC I ZHIRR

MAEHARE- T 16 NHNERTRERTF, I MERTARE Tl 5 2MmA
x x4+ 1

MBI HiITEBS.

CRCHBMA-TBAFHFREN—-LERHT, SHEOFES TR, L= g4
HRYBMFFHRHERED HRUMAREUGEBAN —f, RIERMN S5/ M
ENB#. NERKNSB 1 NBAHME 16 X RS Re. SHEENE
B 6. BIIMAMBASTE 16 THNEHARE,

BUFFRMELD O, M EERB AR BUSTEENTHOER X 1K
EBW. ESTHERENRHREN— (U~ 3T WE. nRXmAERH—%,
BLARUBRHEZHERCUER, EHETUBRIBECXHEHE. UERBMAS—
BOMABMBHRARE) - ERBTHEFR AEEHBE NS BEAN
5% .

CRC R X5 P 5 a8 T A0 2 AR (b 2% SRR BT LU RIFT ) S /&=y,

10.2.6 EIXFEAR Verilog EEik

HILA Verilog BRBHEBE W BE R AN &R, — LB SH ERIE, -5
B R REBEE A B R correctx. v fl“errors. v7, BRI AR R B IR

BE7E“ memory. vV, ST OB B A 10. 5 FiR. X EARBIA9 Verilog i3
FERTS PRSI N F b R 3
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module memory{clock,hrg,back.memw,d.a);

output clock , hack;
input hrg.memw ;
inout [0:7] dsa;

module disk(idx,rddata) ;

output idx, rddata;

module simint{go,count, done, err) ;

cutput [ *{*4]

output [0:2]  count;

input done,err;
B 10.5 HkE
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A FJHH

X MFAE -S58 1 E@ESENM A XMNNE B URTE. XMH®
MEFRERESE I IHFMAMNFEIHNESR. ELFNMEENER EE&—-KET
RERGER TR BUEREHHANMNE., E2HE 1 EXFNEXIBTHNE.

—- M HEREEFERT Verilog AR ——FHHFPHRXAR LS RN
R, —RBEREENEAIHES TR, TLHACD FHEETR.HE —ERE.
AR CDAETHIRERA: UM EHEIELX  ALERAGTEN.

A. 1 SEFaRA

AVHAES 1. 1.2 5FX, AIFTHEREHE— R B0 Verilog 1 # # 1# 4H
PE L, AL TR A REITIE . B Y ) R T AR T R 1S o AR R,

A A1 H—4ME A 1 FRZEBEMK Verilog 1 AB
®. SABREBEAARER F=AD+C TN N
FHEXRBIX RPN E. BRRXEE —HE, X%

DHIBREEE.

B X EEBERE P ERET., XM RS
WAMSE., BHAEATICAND,OR # NOT BT 1HE
EEEX . BE-TBRIGERRETRMEFEABE. N
TEHB™%: B, EmM—1ENEmE I LE®p, B
FLAETMTAE RN EMER, K T RAWRS RN EIER. HAEETEHNE
! MRRAREZMRA L KSR TE.

S . ERENE-SREEBAMBERE —IH MR EBSEREE. FT—
Z ERE-TAMMTT,ANSNZEANER0RAFOLK, TERS ) H7 I 56
EfZEEEMRNO, MW LIXEERRL.

1 1 1 1 1
PDiyf

B A1 F=(AB)-+C

v R

and #5 myFirstAnd(q.1.5);

REFIRT—BH 5 RN EZBE ST, RO ZHFE myFirstAnd, 0 & q.x

s, MOFIRPE-ITSHGRMER? SHAHE. BHG . HBAHA, XI%KE
A ARY: N (8
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HRATBEE T FmX & — TR, HARBTUEAS - TMRBREXEREE top),
BT MERMENIAREaK. BAXITHENTE. RRPERREERHEHA,
A T8 7R B, E K {0 B B AT e 000 . 8 R X [ RE B At 7 =

module top;

1ot #1 gl(dsbh)
and #2 g2(e,d,al;
or #2  g3(f,c,d); ¥ REANNER g3, ce)

endmodule

XA AL AT ERAEE . — iR R R E S0, PRty

B AESREEAREESR AH2EMONIRARFAEEAN XMHRP B
BEMER,BAMTARRFAE AR RRAE £ 88

FRHET RAFXTEATITNRUBEAHDES, Al 5588 doe 7 { HERA
Xy wire BB, a,b A cHBEFH.XBIBHIR. R 2XATHBEBERIAE
XABEZR? AAALEHEATEIRSEEHEN. & Verilog B4, BERARER
NEEN EGERREPAGRINERD  REZATGE S, BATLEEDSE,

BLZE BT AP I A F IR SRR M. B BRATE LA RE 1L E A
FRHENREE, H X TR R R . BITTLINA T Ea R,

wire dee,§y

Teg a.b.cy

BRICER LB wire, By T80 BRI I wire, T I KR 1TIE B 4w
Az,

module top;
reg ash,c;
not #1 gl(d,h};
and it 2 g2(e,d,a);
or #3 g3lf,c,d); F EHINRNEE ¢g3(f.coe)

endmodile

HE XM HERR T BRI EHZI A BARE. BITME ORBRRHHFmIA
MAEZRTAERNZHNNE. AERNBERH—-TRAZS YRR UER
T10] LA 15 v B 3F TR T2 9 il

BB EEE T B LR R A M8 initial 33 B R B A E, X
TREZR top BRI —F 4. BROTBZABRITHHAFEF (a, b, ) 8.100,110,010,

011, REMEZHMAK, EREHBANASHBALS.
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S - ATHARATEFHNTES(EMNARIITIAE AR .BINBEE -1
initial B, HATE initial B always e FIBEE D AFFERE. RAXEFTLERES
WO TR AL i ) &, ATVE A — 4 initial #,

EREBMNHF -REL., EEFEOHRT,. EAERA(a,b, o) FBME 100, T—4
REIFHE b WE.FRATR 110, BRATRBREFINT a {E . FHAERN 010, 8
R—TBEETDEWmATN 1, FERMIERMWF . HEX MRS S THE.

initial begin
a=1j
h = 0,
c = 0;
b = 1;
8 <= {;
c= 1

cnd

i BB 43X initial B EETHE,

S XEFRTER., - NMRYBRART BRI HAIE, ERITEN—
% S monitor IFA] FEEMMEMBELETH. EMLUBESEAHE L. B4 811
WS R E, XA R P RIEHEA .

$ monitors $time'rp"ﬂ=%bp b=%h! c:%bi dz%bg E:%br fz%bﬂsaibrﬂ‘id-e;f}i

X monitor IF A AU R —MTERBR . MPITH, BT ES BN FESS. &
FESRERIUBARATRER asbye,dye M1 D, UEEREIITL, YEE 5%
A ITHESI AN FRH, A—RARHE —4 Smonitor IEMEEHN. WEH
— % monitor IFE) RIEFH, X i B — 1 H §0 $ moniror B8 EHAT, I 4 B 15 %
BERIBREA.

AT HERENE, MR ERZEIEABEIAREHANME 011, B ASE
TRILPHERSER]. ARWMBRELBIHEFRNEE, ERFEM, 24+
FANH(BHEANANEFIDREM «(HRMME ., initial F always B LLE 10 B FF
BITT. XNRLER A —A initial 3 RWIEAT. BATHTR BREE G, REE i+ B,
W2 = 0,b = 1,c = 1, ¥ initial B L RATH, BBIIRWBTNHBAD S8,
FAHHENMNBEE. ZEITASETELMASAHS.

FX L MRBAVERGX M T R B A, RITE B 60 LR B R BRI A
WA R,

module top;
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Wirl—:.‘ d\- By fi

g i b'l ci

not #1 glld. bi;

and #2 EE(E! a, d);

Or 7 g3(i. e, ¢)s F (ABY+C

initial begin
¢ monitor( $ time, . "a= %b, b=%h, c=%b, d=%h, e== b, f=- ¥ by\n",
Ha b'r C s di L= [)‘i

a= 1, 4 minalization
h = 0;
o = 0y
h = 1; 4 first change of input
a = 0 4 second change of input
c=1; 4 third change ol input
£ 20 % finish, A this tells the simulator to stop
end
endmodule

THEEBMNBHER CBRTEXMHBEPHEME. BENE-TEHETEE
rZl, E—-FTBRT 0 HAME AR  not [TRHEOE - RAR HZ G0, g2
RIS (e H g3 WREDERTBAMNBZERE. B c BWE LB T ®&8A 268
£, BIOTALHERF not [ H 23 g2 Fi 23 HEITIEE.

Ba=0,b=1,c=1.d=x,e=x,f=x
1a=0,b=1l,c=1,d=0,e=x,{=x
2 a=0,b=1,c=1,d=0,e=0,f=1

[0 B 38 417 44 7R R oK - 72 R A7 o WL P A 8 R RE R, ) ER R[] 4 i 2 M (%

BN LRI, ROFENEERFHRENBABERGRTEELE KON,
AEZREEITNEH . A initial BT R .

initial begin
% monitor{ $ time., "a=%h, b=%b, c=%b, d=%b. e=%h, f=2b\n",
Hy I'-H Co d‘! oy f)i

a=1; 4 initialization
b =0

c = 0

#2b =1,

# first change of input



42 a=0; 4 second change of input

42 ¢ =1, 4 third change of input
720 % finish;
ericd

BRI P THREER BETUXABRE. BRMEERABR . WHER
o

0a=1,b=0,c=0,d=x,e=x,{=x
la=1.b—0,c=0,d=1l,e=x,{f=x
2a=1l.b=1,c=0,d=1,e=x.{=x
Ja~1l,b=1,c=0,d=0,e=0,{=x
1 a=0,b=1,c=0,d=0,e=0,{=x
b a=0,b=1,c=0,d=0,e=0,{=0
ba=0,b=1,c=1.d=0,e—0,{=0
8 a=0,b=1,c=1,d=0,e=0,f=1

MERETEZBHESGRIIWE RN  WAXRE T EA., HIJEXHER S
BENERTEEIRBNBEREEEZERK. 0P . LERBERCBEBLHE T
RN RE AR NN KEET S MRANE., Rdol DB ETER #3072, X
HE S REAHE,

T ol A R IE 6 Y

module top;

wire d, e, {:

reg a, b, e;

not #1 gidd, b);

B.T'I'd #2 EZ(EH dy CI}I

or a2 g3(f, &, ¢}, J (ABY4-C

mitial begin
% monitor( § time, , "a=%b, b=%b, ¢=%b, d=%b, e==%b, {=%b\n",
ay br ¢, dy ey ﬂf

a — 1; 4 initialization

b = 0;

c =0y

#20b = 1; 4 first change of input
#20a = 0; # second change of input
$20c =1, # third change of input
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# 20 % finish;
end

endmodule

B R mT

1a=1,b=0,c=0.,d=1,e=x,f=x
3a=1,b=0,e=0,d=1,e=1.{=x
5a=1,b=0,c=0,d=1,e=1.[=1
20 a=1,b=1,c=0,d=1,e=1,{=1
21 a=1,b=1,c=0,d=0,e=1,{=1
23 a=1,b=1,c=0,d=0,e=0,{=1
22 a=1,b=1,c=0,d=0,e=0,{=0
40 a=0,h=1,c=0,d=0,e=0,{=0
60 a=0,b=1,c=1,d=0,e=0,f=0
62 a=0,b=1,c=1,d=0,e=0,f=1

B A2 WATEHHAMBXHFZWGEZN adder. v, EFHTHEMAE. T4

— A MBE— N, HE-PRECEWEE A balfadder HERIFHER R GBEB PR
BT RREBHR L,

module halfadder {cQOut, sum, a, bl

oulput ¢(ut, sum;
input a, by
X0t #1 {sum, a, b);
and #2 (cQOut, a, b);
endmodule

FoTHRUTHERWER . FEE TEANSE., BTRNFTENRELHA,
Mgt EEXRIMBARBIMSL . 8- 88 1 V&,

ERERMNAREL N XOR ], af bR A sum BB, ¥ XORBET -8
R E R ER . FRER MARTE TR REZE WH KA. and (TP, E
CEHAM AN ENIEER, BE, RIIES endmodule BARFERBRBANEE,

UL AE—1 testadder BIER . B A E AR B X MEBUE 2 P balfadder BBk, FX
TREXMAE, IWMEREBEBER -8 system BB AR R,

¥ :testadder BER M T BI7R, initial iIEMRAT — MR, xEBiFEFRAR C
HA(HR,EMTEFBRER I . initial FABRXHE BT —%.

% initial iFA] RGBT I B & AT $ monitor B8] CIF 105 BT — A4~ [ 85 ok B B 3R 0 76

B3R Hi% x M y RN O, “H107HUFRRIB ST 10 A, RGHEHT, 10
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TR EZE . RERN 1. Had 107 aufE.yHEEN 1. . Bd 1018
DB E . x B{BRE N 0. TR L. EFBMGIRD.x M y B A LHAMAEHESEMES,
FHEHXEEH EEHHEZT X MNEER PRSI,

P 10 BAfriE, $ finish MREIARY .

BE RINTESRTHEHM system SR XHEEXIH R EELE —E. wire BHE B
SEX THEAFK I EER.

module system;

wire CarryQut, SumQOut,inl ,in2;

halfadder AddUnit{CarryOut, Sumut,inl ,in2)

testadder TestUnit{in1,in2,CarryQOut, SumQut) ;
endmodule

system A BRITHERBRX —ERERARSH, HUEERFE T ATHS
6. BIm kX B it , 7R B & R 40 T « halfadder ¥ 6y 2 % AddUnit, testadder B €725

TestUnit, 3br b, AT — PR B E DB — B, XM B 08 7= 4 4
Ao EIMERHIE b RO AR

module testadder { x, ¥,y ¢y 5 )3

autput X ¥
reg Xr ¥y
input Cy 53

initial begin
$ monitor( $ time, .

"x = Yb, y = %b, Sum = %b, Carry = %UbL", x, v, 5. ¢);

x = [
y = U;
#10 x=1;
#10 y = 1y
#10 x = 03
# 10 $ finish,
end
endmodule

AR system BUR P T B X% & iE4H .
halfadder AddUnit{CarryOut, SumQut,inl,in2);
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testadder TestUnit(inl,inZ, CareyCiut, Sum{ut)

ANEIA K KT halfadder, EHFT testadder - EfJABRERBER. ENIREEX
THR AL —NRE. B ENAELEETE —RE. HEXR M ENNNFREZELY
W Y

MU EXTXHEETES. ERESERAE NS AR L L R RE,
PRATI e BB AP AT A A, T testadder BB S x My BB -—FH
2,54 10 ARG E, X EE E) #31A] , halfadder B & 89 XOR #1 AND [T #0173
MMM . K5 testadder I B SEWFT.

(1) BB halladder FRIBHRIIERE T 24FRAR? MR EFICENRRELR). ¢
TITRMN 1,

(2) MBx $ finish @4, F 4% 4k7

(3> 4 initial BB R always 4L H F 2%k

C1 A3 6 12 HHdEERE AL, ¥ RGLED.FTHEMA S A
B, ROIPEERRX M X g ARy FiEE,. 28— C %
e . XTINREIEBHRG?

AT X T ARAEINEALGKHUE 2B AR AN ARL, AEERAESFEE A,
B.CRIDHRAERAGERRE RSN B EE D% H %,

B &8 A 4 TERXREP KT BME Y AND MM OR [, &R,

587 AH A DeMorgen F## S S ESHE N 588,

B8 A S ZEXANRGATETERB I,

S #1 .1F F DeMorgen B4,

B A.6 AFEIGERFI#6 BB &1, EHEN. ZHREAR. FEE,

B A7 BRRSIETRERIT— R, T B a 893 a, MBSt x A a,

Bl A1 12 BEA ]
—
madule binaryToESegSim ; fl , Ih
wire eSeg, pl. pZ, p3. pd; —
reg A, B, C, Dy "I IC
——
nand #1 d
g‘I (Plf C, ~13,
Ez {st fx! B}r

g3 (p3. ~RB, ~IN,
g4 quw A, {.:Jr
EE {ESQE! plt ]:}2, p3|- p&);

initial # two slashes introduce a single line comment
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higrin
L monitor ( $ time, .
“A s YbB= %b(C = ¥hD= %h, cSeg - Wb",
AL B C, Dy oehoeg):
& waveform for simulating the binaryToliSeg driver

HI0A =0, B=0; C=10; D= 4;

10D = 1,
FI0C = 1; D = 0;
#£10 % finish;

cnd

endmaodule

A.2 PR AL

X - TR A REA A 1. 1.4 B E,

BE A8 EREALTHEFETH A LIN—~TSHEE, AMKEGHNLTERS
. BRAMANRMN2ERRNALE.

R AY M AS R EFETH AL —adEaEEEA. BMRKEN FE
HEE. AAlEMEN2RRMAE.

A.3 {EF always RS HIE

R F S 1.2 BB, M A V1 AR5 X0 1 i 7T 86 &) 69 [ &) 3 4
.

G A, 10 IR binaryToESeg_ Behavioral 34 1. 4 ) testBench Bt o,
SEEMFRMEERBER, TARR?

AL XE.RITABERA always BIEEE 4 5 KA RS, FiEnid
WS 6 5,

By AT NEEEARBE M ERRBRE A2 .
PR, HENEASFERE THBEE  E ) ) O
BB RGN ERESE . RE—F. BEHRS
BT A48 R BAZ F=(AD+CHZRE

4B A A —- R R AR B R R N
0. TR ENX S B BY . IR { RN R 0, 4 WS R AR T 4] 69 1 AT 1)
B,
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module and(Orelf, a. b, c);

input a, by c;
output £
Teg i

always (@(a or b ore)
if (¢ + (a & ~b))
f = 1;

endmodule

BN f BAHRE «. ENAFIMEENMREN LKEAEHREN 0.
BRI AT B I~ else iBRE { BEN 0. HXMERFFHES MR,
R BFE LA else BAR—NMRIFERE ., XHE, HiF0 40 B A 58 % #
2. BRTHILH.

module andOr{f, a, b, ¢);

mnput iy By O3
output f;
reg fs

always @ (a or b or ¢)
if {c + (a & ~b))
f=1,
else { = 0;

endmodule

EATAI AT ME . BB~ EBEAK else # always He, B - @IS
RIEEE R, HTTRME (RRER O MREFE DR I AT BRI & TR
HE BT { BRER 1,

always @ {2 or b or ¢) begin
[ = 0;
i (c + (ad ~h))

end

REBARBE—RETR-TERENRARE. 8458 B0EARER T
BRI MAGE, RA R, SANCHRERE SR L HBCE., B, aways 3 p
HEBEFENC@HIBREIHANBANS. FHBANERE R EALHF S RZ
B, TEHEEGHEMNBRZNEL.
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module and{rf, a, b, ¢}

input a, by ¢;
output f;
reg f:
always (@(a or ¢) A ES L WiER(aorbore)
if {¢)
f=1;
clse
f= u& ~b;
endmodule

RHFRIFNER. b TN ASEHRME . ER a5 c T, A EHrh .
BUSHE - TRHRANER,. GEIRAASHEEEAGTHE. Bl . EAAED
MEEZEEL, BERARB AR B b, XERBBPIETEME. A5 BB
BHRERVENBSS B2 YR ARNBRY.

& A 12 BEPH LS, HEMNEN eSeg=0"Fh, KRR HB M HEBREN 1,
XTEBHA— 1 always Bk, R/GH A S — D testBench B8,

I A 13 AIERE 8 Verilog R PEH M case 1B, #l A2 B—P B xR -1
2% B 44 B (BCD) W)+ Bt U S B AR R Verilog fi R, EEA T case IB4], FE—iX 2.4.2
YWHIHR . BE case iHA AT,

B XA B 0 B 9T RN, ABE . B RiEy A B F #5303
BR,

AT ERERE. TLAEL HOREAFEFH:;HOFHESTR. §-BHE
ARUBNMAFBR(REZ B AT RER B a0l E), BERMERAENEL
X o W1~ R X R R B,

A2 BCDLEBE¥REEREM Verilog fiR

module BCDtoSevenSeg ( led, bed);

output [7:0] led;
input [3:0] bed ;
YER [7:0] led;

always @ (bed)

case {hed)
0. led = "h&1;
1 led = 'hef;
2 : led = "ho?2;
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3. led = 'h86,;
4 . ted = "hee;
5 led = "had;
f - led = "hao;
7 led = "h&f;
8: led = "h8y;
9, led = "h8c;
default;led = "bxxxxxxxx;
endease
endmodule
A4 WFERE

REMBHEE LITER, B THELT I HEYRGITE. CiHfe T A BE
b L B A

IR AL 14 BB RS B e RN T i 0 0 S D A
BRI . BETREERIERAL,

up A HB . CRAERNE,

reset B M B B R R O, TR U N,

HRBRERMRE0,1,2,3 Z BN T RWTEH,

g upz“l”:ﬂ—*:}l‘}2“}3‘:}0—}1—*}2—'}3“}. ..

g up=“0”:0-—}3—}2——>]——>O-—j>3—,‘::r2~}>1——}. .

BA GBI 02 3 BHM 3 5 0 REATHEWHESE, STETE N
reset [ S RS MIEE R 0.

FHEBLRSMREHBE? B A SERT - REFERE

Bl A3 REHSLHE

ERFRREE? RITARE ZRRE, —THBRHRERERER 00 FRRE 0,
A OL R RE 1, 10 FmRE 2,/ 11 FRRE 3,
BU X MBI T — 4 Verilog #3k, #ih,
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madule counter 2_ bitCup, elk, rst, count);

input up. clk. rst;

autput  11.0] count;

rCg [1:0] count;
HERTH,

B8 A LS HHABRLEARBEHHTHRERPTES default. B? KB L F
L B EEEEL, NEXRBES.

w8 A L6 HP LR THXEHERE REECSRBENNEEHMA L9 4
HIBSBH. AR 00 00 I 6 BEIR B 05 (7 W I PR L B AR T T A9

0.0.1.0,1,1,1,1,0,0

BEEETARREI. AR EHREER.

B8R A.17 WIRFEEH L6 PRIEHBEREEN (<= X ABEREEN (=), &
VR L AR HRE.

B A 18 —~BRHBEFRLEEA XIHEXTR AL - HHEEH, &5
L78 else FAIPRMB D HITEMEZE— D EIMT. ST 2ARITFAEHEET 5%
AT

B8 ALY XE-FRRFTBPRHEAFTR.

reg [7:0] ah,temp:

always begin

temp = aj
a = hs
h = temp;

HAFHH b ESXAN#HRGBIRA temp),

module counter_ 2. bit (up, clk,rst, count); / Answer to problem A, 14

input up, clk, rst; # Declarations
output [1:0] count;
reg [1.0] count, nextCount;

always @{up or count)
case (count)
0. begin
if (up) nextCount = ];

else nextCount — 35
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end

1: begin
if Cup) nextCount = 2;
else nextCount = ;
end
2. begin
if Cup) nextCount = 3;
else nextCount = 1;
end
3: begin
it (up) nextCount = 0;
else nextCount = 2;
end
defaulr,
nextCount = 0

endcase

always (@ {posedge clk or negedge rst)
if (~rst)
count <= {;
else

count <= nextCount;

endmodele

A5

B

HKERBES 1.4 FEESERER,

1A A. 20 HERIBY 1. 13,40 1.3 FfA 1.5 WA H 4 X 57
B A.21 F—-PMEHBEPRE 428 board AR L 3.8 1.8, B 1.9 R
R ATEEf# FHAT R (always F initial) , TERE LT 46 oof S A BT T 40 D -

1. 10},

A.6

AR ST M HEEE

REMEES .S VESREEEE,

6 18 A, 22 ﬁmL9mﬁ~&%#ﬁ%ﬁmﬁﬁﬁﬁﬁmmﬁﬁﬁﬁﬁﬁ@

BR.
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8 A 23 FEH O H#EWNNBEELE,. A LTORRE - TMHFRESREE, X458 &
A5 0., MRENIT 0,42 TRUE; F1|2 FALSE,

BAR A.24 BE—TREERREL L BE,ZFRERECADURECHE ZER
L,

B8 A, 25 2 sillyComputation 85 (4] 1, 17 fIH 1. 1) 8IE- -IHREG, hEE
Vitaik y #{H . ME x.y.cState F}1i K{H. FH 16 friF.

B8 A.26 M7 sillyComputation MM FEE A BT, T | WIFSMHIR.
EEATUBERRENEARD ARl s SRS D, NTEH R HE TR
ML, EFTERL.

A.7 BB R

XEREE 1.6 HgaRERR,
P A27 EEH LIS HAMEHRRE FEAEE L1 FRuRESRE.
W& A.28 E— Fibonacei =4 B AMMWHMEBA. XAFMNL1,1,2,3,5,

- BB R — N, %ﬁ#%ﬁ*ﬂﬁtﬂﬂﬁﬁﬁﬁﬁ 324y, AEHKRE
’T“reaetﬁ)’\
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ff>x B i8] k&

Verilog RX XXM ZEF SR EEMASRTMAR., 75 2 6k HE R LR
RN —EF b FE SR SRR TR ERIRAEF S HFERBELR
BEM. R, 0RAHEENHROTEEREEN. FENIE BN Verilog #37#
HEEERN. RIEXRBTFRBEMTHTUESEZRBRECHSARGENESL.

XMEEFHEFTSHERNESOR BB .BER KT . THE G Las,
X 43 B R A e A .

B.1l FHHFMEIE

FHFEXAZERNS EH. ab BTHET., UREFREREFHRER, &4
B

ARMEANER. ER-TARIMKS) AREBNFR. CHEBRAHGEE,
RERR/ » I8 W » /R, REBAUBREST. A, ENAgRE,

B.2 BEH

REFRBERZRTNELH REHAREFERNRD. MR CHETHRE NS
{5

B.3 ¥=

RO ATER A AEE A AARHR A, TUEENNEN L — R
EATAT LALAB R 35 i — R

B-REARHOB I MBFRUNEMR+HNE. BRETEEEHELE,
R TEREAPHER, Verilog AEHEH—MIK. B BAX T, THET— o
TRAEFHHABIEBOER. ABEERMIFE. RS EONERER. B3 C 4
FIh T RS —E N,

F_MI AN TR R RE RN TR,

ss...s'fnn . n
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£B1 HHNERSEHR
ss...s | WHAER, 2MHHEBH.

B E AT LU AR — A duhao B b4 BIB R A LA R
—H. RETRALAS.

‘f

nn...n | ASEEMOGERFRIABEE. H+NG8RE. . FRH A HTULE,

AAEMGHEHIEATUAR T#HS M EMERAE., EEMER T, xR 2 F4
ARBREUEW xH 2. B ETAB#FD, A xRBNEERMEE. FAEH P, E
=1,

EWHERT R on .. o PR TF ss. .. s AR, BA S Eon . . o NE
M RA R ARG WEon. . o WE-MRFR xR 2, 2B ELM M x5 2 %
#h RO,

AL EETHHERNBFHEATUEEBRTiEY., FTUEREEIBNEESE. ¥
o, — i ] A

12'b 0x0x_1101. Ozx!

e FEREES .

12'b 0x0x11010zx1

I R A BE BRI AR

729 4 —1

7d3 4 3E.AHFHOFA R

'h 7d9 I —~PEAR T A%

"0 7746 # =T B A BB

FREHNEELORH .

12 'h x I =T 1R2UAREE

8 'h fz /BT E .8 b 1111 2222

10°d17 . 7/ HR17 W+ RELK.

B.4 FH&HH

FHERDGISERENTERTT ., ELARSER T, FHDRERZY
BB T EHX AR LFERFNREA.
\n BT, —BERER,

= 267 =



1 tab ., M TFEWAT —1 tab 8.

\\ B 22N
\! g
\ddd F 138 3 AR FERAR ASCIH #F.

B.5 WiIREF.RZHEFMXESF

PRIARF R F AR RO GEL R B beginend R F N EK L. FRIFFAT L
EFH.BFANTIAR(OSHSHEEFH BT EHAERS.

- BFAARRUT

- FREAELT 1024,

RANFFERAFEE.

AEEFRERRABLAERRTI RN LR OHTFE) ., BoEERPRHESH
MFREMZF PHd.

RXMRFFRAEFEENTITNFER. HEURASASEMEFTHR. DRI
CNMEARAF SRS AT 1M ESaf%R. RAEFRBRIRGTH—845.

¥ U IRA R .

\ bus-index

Va4t b

RXRANAEREMG CAD RENERS. XERETHAFRALESESRY
B, EEWOBRT, R EMFAEA.

2 B2 Verilog XillF

always and ASSIgn begin but
bufil6 bufifl case casex casez
CIMos deassign default defparam disable
edge else end endcase endfunetion
endmodule endprimitive endspecify endtable endtask
event for force forever fork
[unction highz0 highzl if tnitial
inout input inleger jonin large
macromodule medium module nand negedge
nImos nor not notifQ notifl

or output Pmos posedge primitive
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a3k

pulld)
reg
riran
specify
supplyl
tranifd
triand
weak(

xnor

pulll
release
rtrani{d
specparam
table
tranifl
trior
weak]

Xor

pulldown
repeat
rtranif]
strongh
lask

tri
vectored

while

pullup
tnmos
scalared
strongl
time
il
wailt

wire

TCMoOs
TpMmos
small
supplyd
tran

tril
wand

Wor
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Bits% C  Verilog TR1ELF

C.1 BREFER
2 C.1 Verilog S{EHF
5 PR | ‘ | »
e | BB R B

RELPEFHLEN. T -BEATLUER 18R
Htﬁﬁiﬁwﬁo {h!{g{ﬂvb} } }%m:’f“ib,a‘b,a,hpa‘b} o

BEARFH A ER
(| R | EessammERRE
; By e B e — 2

B MR R B, SRR N
+ o | B BTTLLR AT, R — (R (I 4L R
B R -

FHHNANBEBEREAERS . THAEREN
2 TR RASENE [ HTLERFRESH, URE -GETHEMFLHH
¥ TR,

BHENSHEERRERAS TR, TRMENEA
_ BA | AEREENEE | MTLURERSY. NER -HEAREHE.RLLE

BRTREM,
s DELTYE SR Pt NSt e
« | omx |mommEE WO SRR . AR — LR B4
T T

FHBJMRAPRERBEEERTSN. SHHBRERE
/ Brik | WIHERR BALREHEH. NRE-GEXBEHEH BLAER

FTHBNLMBEBRENTFS . SHABNER®E

%o mE | RaE BOULRA SR A0SR — (R O, 5 R
1 HRAAELA, d

FAE R AR HBE R B H . RRAB A

= XK¥F | HEXRE WAUREHRSHW. MBRE R HEE . BLLE

| BB AT, 9F BT R R
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3=

1047
. S T
ot % R Ju:. ' i -
WML MBAENRE LS DR, TR
— AFOF e XEE RO LURETEYN. URE—ARRABEHE NLER
- SBT3 AL R A AR A |
FEEMEFBEREEAEF S, SRHE KR
< AT R R A B URERSH, MBE— W ERBEE L LR
1 F 40 O T 1, 36 FL 4 SRR -
HEBNAMBAEEBEEHETT SR, 508N% BRA
= {INFETF |HBXEE WETDEABIN. BEE - RRRAHOE A LR
, RERAYE . TSR RFREE.
_ . WAL 0 fH(TRUEDTE 3 030 {H (FALSEY T % 1; Kb i
| EEOR | B
- LR R x. |
5 i af | if 157 a ) w-=h
RE& | EHE |BAEPRERY POt R, T LA A B AL (Calsb)
& & (Cj{:djju
T T N FAPEIE B AT, T LA ZE o BBk, BN i (Ca>b)
|| te=Zd)y. _
BEBARFREBRRIE LR 28, SHAB BT
== | BHT (WREMIETHE | KTLRAYEN. NRE—RAEABEE.H LS
BT H R R R |
_ FEEMERBASERE TR SR, TR 50
W R R A
RERE L 25 2P R A R TURARE, MBR— i f W52 % F
P P T B, L IR R R ST A
R 0 x W 2 O, B DTS
—= | C L 58 7§
ase RATEREHS R E R TRUE, & & % FALSE,
o | Cose oy | ERE AR R | B O < R H B, FEH— AR
ok BF%. RRE N TRUE.RE Y FALSE,
~ | R | RARESEN | HBRARE B, x IR x.
7 4 T A M B 1 B
& v 5 - - -
B i 5 5 Flmp)EER
7 1k B A B A0 0 -
1 B z -
3 P e Y AR e
L FERARERNE o B
BRLRA ) o FERMARER
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&

X

*T

——rm—_re—

e i Iy
T el

HR

EREMEHER

wmS

e —RRE XTERE
EREBEUENM S

R RS E S

PHEBEENSREARNBEFERELRT
[l 9

AU RE XA SR
BRBESEGERN S E

BHERERT S NARMEEFERE LET
F#.

95 5 B,

P -MERE.ENERE
R

FERRERL S WA R B EEE R
Flg.

45 o 2 E

- RE.XTERE
R 8% fE s (i py ik

B B HWIE A S SR BB BRI B R
g,

8 W 5 o

o R KR
BRSPS

PRGNSR EERAAEE L AR
Bl &y,

% ok ¢
ik

FE-ERE RTHERE
RS CEK R

PRBREEN S AR E AR EEE [T
4.

EB R

HHEEMABREREBES
LR T (R € IR g o

THEERA ORE

HB &Rk

HHEREMABRERFE LA
By ey 2 B B O 12 3K

ZHGA A 0 H 2

F 1
WIERY

¥ P A 18 R B — 35 I 45
H A

!

condExpr? trueExpr. falseExpr., 1 2 condExpr
HE R 2ABEM[SLEFER wueExpr; 1 B
condExpr &, IE 4 £ A& R & falseExpr,
iR condExpr 2 & ¥ f. B 4 trucExpr
falseExpr M REAMET R . AR ISHE M
FAFE., M —UERR- MEFIHRAHB R
LS R LR8N o, MR 5 o, /0, 25 4

R xe RABRERELEEN.

C.2 BEFRLEL

RIEFUERINTHR. AIRNTHRBHR LR, EBREMMEER. FIERH—

THHRETRARNRBRER. FENRERC:BIDERSAPERNENELES
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. AFESATHERLCRARNB=RINFERN. Afes . REFEHRGS. €11#
wE .
HERERRER: | & ~& | ~I - ~ + — (BEAXHR

& ~8 ~
|~
& &
]
i (BRI RS
C.3 REFRER
xC2 B&S £C3 Him
& 0 1 x | 0 1 X
o 0 0 0 0 0 ] x
1 0 1 x 1 1 ] r
x 0 X x X x i x
RC4 RS % C5 Rk
0 1 x e 0 1 x
0 0 1 x 0 1 0 x
1 1 0 X 1 y ] X
X X X x X x | X b !

C.4 REXHPAUY

R C.6 P LORERER K.
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BRCs FIEAWHEN

Fik (AN o
ERAAE L e MM IR GE R 2 32 £
BURTH o U B R
i QOOP ] max{ L), L(j)) QP B+, - /. %, Y. & |, ~
N L(i)
i B L)
OP === ,l==,=m 1= &85 ||, <,<=,>,
Lo —h :afmmﬁwﬁ &.,--~&-.|,»~a,-l,|-—w o
1 I 1o < L.(
—1*? _] k max(L{j),L{k))
{lw L sl) Ll +--+ LD
fiddae .. WkD} i { L)+~ + L(k))
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fifsk D Verilog | J2R%
D.1 ZiB(]
TETTEE - MERBHANIEFRRA. SARLEIERT.S—12HE

Ml HOSHEE A, KEefET LR AFD . —DEREADER. AT DU R
RA.

AND {} 1 x z

{0 9 i { 0

1 ) 1 X x

X £ X X X

z {} X X X

NANT {} 1 X z

0 i 1 1 1

1 1 0 X X

x 1 X x x

z 1 X X x

OR 0 1 X z
0 0 1 % X o

1 1 1 1 1

X X L X X

z X i X x

NOR | o 1 X 2

¢ 1 0 X X

1 0 0 0 {

X X { X X

z X ¥ x x

XOR {} 1 X z

0 0 1 X x

1 1 0 X X

X X x X x

4 ® b4 X =
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z
¥ | il B X X
1 A i X X
~ X X X X
z x X ¥ X

D.2 BUF # NOT ]

RETRA - REMRBE . - MRS A, BASNEBITRRL . TRLEN
A o EF NS, R LA R

BLIE i

i i1

i 1

X LY

= X
NOYT Ly

0 I )

I )

X X

7 X

D.3 BUFIF 1 NOTIF {7]

REELVETT = SEWABBEE, ATLNENE N - B ER BT -

L — DB A — DR AL BIR ST 8 R LS Y AL R, (L K%
(17 ziH B 1 & z.)
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D.4 MOS|]

X (JE# T NMOS # PMOS BREEHNER, “rAMNBLTESERETH
Pipy NMOS 1 PMOS REEEE, HRERABRS TEHA NS EARIDEE., MR
A, R supply MM Y strong B, BERS. 7. W LIA R EBRKER A .

HMITA—TirERL,.—TirERER AN — T rREME A AR EZ 4
WEFEH gy s . (L4608 2; H A8 1 8¢ z.)
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D.5 Xl

FHZE ) EREESNEEEHE T ran, tramfl, tramifQ . 1ran, rtranifl #® riranifo, &
NI PR B A B O, tranif # ctranidl [TREE — T EHE A . # RN, 78
PITERES .

I EEGE B SR B8R, TR R A5 LW st s ,

D.¢ CMOS|]

CMOS [J{ERB A H nmos Fl pmos MBI ER ] THEE. $— 180 2 %%
WEmD B o RORBESARD S/ 8O02 nWiEEFHSRT.BE—180 £
p-IEEH W . cmos [T RBEMAAIEE B M. remos WA T B ATESIH .

D.7 Pullup #1 Pulldown {]

ENTRAEREEM EWa poll WEHE (BRUBE MEGHT). pullup W shiF3H 1.
pulldown 3¢50 F 48 0, v LIAEHIEE .

e P78 =



M E &AL AAHE25 EERIbHE]
E.1 H7F#

FERERPAFRAEPHFHEZENHER. BENH reg XBFEL TUH - TEE
(R ROEM, BRAMER L, 57

reg tﬁmpBit;

X T —A-% N tempBit #)— (L F A%, RN
reg [15.0] teampMNum
ENLT 41BN tempNum iy 16 (U FHFH. —VEFFHHEIFR. TLFESHK D

B RAEHSEBEARMAZCERAT R 19 MERE R EK.
AT LA,

reg [0:15] tempNum;

H-WXMNREBERARMHEFEIDE . MR, A RMYAREHNEFESRS.
HEFMUAH— BT

reg declarationl ) =reg [range] list_ of . register_ identifiers;

list of.. register_ identifiers: ! =register . name {.register_ name}

register - name., =
ri= register . identifier
|  memory_ identifier | upper Ilimit_ constant_ cxpression :

{ower_ limit  constant_ expression |

range ;.= {msk_ constant_ expression ; {sh.. constant_ expression |

RIS P ] LUE A0 A 6] B F 28 (R R N — B sk LA AR . s —
A oludid: Bt YN iR ok 3- . P L P Rk

reg (10,07 counter;
reg as
reg [2:0] b;
Teg [—5:7] ¢
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a = counterl 7 |; A ¥ counter 19 T WRRES 2
b = counter[ 4,2 ]; 4 ¥ counter B 4.3.2 iy R {E# b

AMEER Y RAREIANFARBAEREND. B ERP, LA TERE
ARFHBRAXASTHAG BT RIE BT oM, FEEMEREN —BEALDT
BT 7S

primary; ;=

. =identifier [ expression |

| identitier [ msb. constant_ expression : [sb constant . expression ]

E.2 TEfigs

fri&aR R s B o =0k 2 X

reg [10.0] lookUpTabie[0:31];

XEEE T —4 %% lookUpTable § 32 M8 4 . B Fi 11 AR, EEE
P AT AR F X R R AR 88

lookUpTable[ 5 | =75;

X lookUpTable 958 H A~ F ¥ L IE X 75,
W—N P RMER AR R TR, N RAEENFEHN,

AR FREATUERANRER, SRELT LAY LB FEEENERSS
A8 R FE A AR LT e e 1%

E.3 E¥Hrtg

HERATREILEAGHY. AREETESMNTESREAN. ko . 8NEs
HRENNEGXARR. MRRINAFFEERIXITIAN. FER I EBAETRS
LR SI{EMIE M. integer M time FHEME M HFX. CHUMRSHEE XM
T, KRR R AR R BT (8, 5 30 T 1 Bl

R integer XBEFHTHEEH. CHP I TEBAE, RESBESKAR, 18
HH time X8F,

integer a,b;. SR 3

Integer el 1:1007; F—rER¥E
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titne (s T3 A At 6] A
titne sL1:1007  # —ABfAgcal

BRRBRZNER. REMBRESE - #HIHEE. RRERLEESSM,
Al ) ZE Bt A2 64 A AR B M R AE S time BBERBF,
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M F REALFHRL

EHRITNM A2 Verilog RAELFHER. RNEFPBHHEMARE —FEMUR
Fi#t, MERRY - E RRE R M BN RTHRET %,

F.1 Display # Write £ %

EWHEERTBEEANESATFRERESR  $display 1§ write, XFMMEFEE |
RAHE A — WX SR S display EH ERTEES RRITE -G8, ER0KE
ST AR S display % . XBEREH-TEHHY.

REEFSHN BB E.

% display("Some text %d and maybe some more; “h. ", a,b;
ETREETENHI ANERR . A EH AR EH“XWd . B b WERE

AR h”, “Nd"RA LT HFIBRITEE, “%hvRA U+ #HERITEAE.
o 2 ) B b AT LI RT3

h g H LIt R#REX R

d& D L+ BEi A B

o= O LAASREA B

bk B LR B

cEy, C 85 ASCII F4#F

vER V BREaMEsR2E(BEHER I RRITHRES"
m 5§ M ERBEXRAK

s 8% S BARFHE

FEA“A0d"EHITH +H MR SRR ZEEIT R o RS, ¢TEH h.b
o %,
BMT-HPSEESGIITA -T2k, KSR LERFP RETE,
\n BATH
\t 59 tab
\\ BN
\" fe"
s Z2BZ o



\ddd =ER(UNTFEAONAHERHBERERTHNTS
5] s

$ display("Hello world\n") ;

TS B FEHER  FITFE ST HGEE, $display TEWfTE R Aah B — 7%
%) .

F.2 #ghd

TEEfn g, MREEN - RENMEEAEDT L, $ monitor 1 2 R ITH AR B
monitor 7E 24§ {if B 21 45 3 8 T B, 24 24 5 B 20 89 B 45 5 40 AR i of §7 B i i1 = B i Ok
$ monitor fEF KNS5 § display £ FHF.

X A R

$ monitor (JHFE $ display FHFPHE¥);

TR B monitor £ %, EM&ITHIIREHEH. FHAEMHK, WRESBE]
EAETE BHUSENITHIEEEHE. B—HBRE—4 $ monitor BiEzHAY., B
& T E &Y $ monitor iF AV BEEEFT HIBT ] AR A B 6] M AL A 2k % $ monitor BFTERD.

$ monitor ( $ time, , "regA=",regA);
F.3 Ei@Esi

$ strobe EHWHEM S S display EF MRS HFIEMA . 5 $display KR, EH
R A ZWITEE. EXFITEAT, $strobe EH R YATE LN 2 >4 MHE
BHEBCEERBFTITE.

F.4 XH&H

$ display, § write, $ monitor 1 § strobe fEHF#E — W L B LKA, THIH
TBE—THINI BRSO HARLE, T AR

$ fdisplay (SR A, display 4 P52 %0,

$ {write (R, write g >0,

$ fmonitor (IR A, monitor 4 K2 ¥ ;

$ Istrobe (iR, strobe r4 KIS ¥),

WARFFR— M S fopen BBGREIRY 32 fi fl, WRMFTUREEA 1 32 HFFE
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# . $fopen PREEWIFE G F .

$ fopen {"name of file" ;

MAAENTREITFHF LA, S fopen $EBIE 0. HEBRI— 1 L HMERIER,
A A A T XA BR R G A S

$ fclose (FEARTF )

RERARWENRAMBRNSE -G RR--NEB. Wik, % $fopen HE RN
FARRFARBCES., BRAEMU KRR ISESE "G RES . EARLITH. Bt
ENTRET BN HERER S - MTNGS T UERRAERRABFRESS
202 B R R AF BT 2R R M S0 (Robn s D

F.5 #&#l i}
$ time JE—AN DL 64 S48 50 T 203K 15 24 5 B Rl A e 3. B stime 3B 18— 32 KA.

B ST AR T @R /R B $ monitor #5437 B8t E]

$ monitor ( $ time, , +"regA =", regA);

HERE MU 8] 9284 R 2 Ak R $ monitor IGITER,
F.6 f@ILM%ER

{E% 5 stop A1 § finish £ B, EMHREBET S stop B HIR LA B NG
SHBBE .M P finish WERFLEE LB TBRERS.

$StD]];

$ stopin);

$ finish:

T finish{n};

TUSREEFZASH. 2HRAEANT.

TG o m
o | tramrmm
1| assmema s R
2 _%ﬁh%m—@ﬁﬁﬁﬁﬁﬁﬁ__

——

MREALZEHIER . WAL TRIELISHK.
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F.7 BEMRAE

# 55 s B S random R —FPEEYLEOLH , & WK R R X A SR BORRE P -3 Y B L
B, BEMEMNRESERTRAME, XTERTUHESEOEHE, TR ESEOAM.

% random;

% random( <Zsecd >} ;

<seed > ZEHEBE—-THABLEBER.CRATFEH $random B PIHE . FE<sced>
HEBLFARFHE EREEMERE. HEEMA $random Z AT EZAXPTEE
W AH .

F.8 M8 xHiEE

FHAT F $ readmemb Ml $ readmemh A F B E X HEPME B IR A Verilog 148
. “PHRANMTEFER EHE. D BRAEMTEFER TSR
XA 5 PR — R E B R

$ readmemx ("filename”, < memname_ > , <7 < start_ addr>= <2, << finish_ addr =27 7705

xR,

- x Z“D"H“h”,

+ <Imemname>> LB T REFEERNTEHED Verilog 8 IDENTIFIERC -FHHTT,
BEFE G100,

o start_addr> R AT RAABER T R . WREASEE . REAEESS
HEepsthad k. IR E T <Uinish addr’>, B4 M <start_addr=FIEER . 58
dk<Zlinish_ addr>>., &% T EA 57 —F L RBEE A,

+ <finish addr>>REIERNEER M.

WAl LL7E iR et . CAFF IS @hbh . W R AR TR AG B R B | S
wbakfE . HRMBEEREENX T FHRBIEFBOEMSE . EE. DA REER
TARFHEST. XERARFKBEMMEH . 9T L3 JL- 8 ht 5EEE ., X REWT LA 48 28 10
IR EFREEZEANE. AW REFESPHEAT .

AP HBEERRNEER T HFRE RN, KEMERNBRG RN, B58H20
RAZHRR,. WTLLA Verilog 8.
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Mk G ERXfbifke X

H BNF RS HERAERIRA. XENAR NG 2 FHERX M RER, 8B
RMEBESE TTRIFHD S 199 F R IEEE Standard 1364-1985{IEEE §R #
Verilog EHREFTSEEFMOCRM IS EEW ., IEEE A% & AX A F AW L0 G R
., TESPXENERRT IEEE M (XX EPABENAE —FHE).

G.1 BANERZEMEHER

i Bl o — R BB G DEMFRAMEERS . E8- - MREBEN D MRS
dEdgeFF. #AMERX T REIR R — MR E L EIEE,

ME/M L. B2 3 RARART B X@F (“module”, “endmodule™) FE X
BOEPESHME MO EER, ERMEALEER.

module_ declaration

.+ = module_ keyword module_ identifier [list_ of _ ports] ;
{module_ item}

endmodule
module_ keyword
v = modnle
|

T BN , IR B 5 B B — ~“module . keyword” & X 1, “module. keyword” & 5
#&“module_identifier”, HRAHEE A LUAERAFARCE(IRRAXDD, KEE 1
. BERFAREMRBM ) RABARED), BE £ X BT “cndmodule”.
module.. keyword & X F “module” , “module_ identifier” B Z . 7 “identifier”
FEN., TG 1L RBEXEIRHE,

CU="HHNEREREEENHWIE, BRI ="HNBE—-TREMELHITHRS
RGBSR B AV RAA—-HEXBR) ., S E R AR R34 F X EH.
B XARFEE . EMREBEHBAERRPH IR, M “module” 88”2, B/, B4
REABEMNEFHHRATS. AHHAN —-RoREE, HABOBREETE, $HEE
TAGEXEMBSEH THRENBENGER. FEXETENE LREZT AN E L.

# Gy TR AR AR S
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module dEdgeFF (4, clock, data);

input clock, data;

output Gs

rEg reset;

wire q. gBar, r. s, rl, s1;

imitial hegin
reset = 1;
# 20 reset = (;

end

nor # 10
a (4, qBar, r, reset);
nor
b (qBar, q, 50+
c (8. ry clock, s1),
d (51, s, data),
e (r. rl, clock),

f(l’lr 31, 1'};

endmodule

G 1 EALEREHRS
m H T X
BAM HTA4HBESS
BN WIE LHIT R, ANEHRABEA T THE ", “I="0 TR REF
._,.ﬁ‘-u
BT —MIBEBARR. YT REERBSN., (LT
name AREXERFNBEPEEMNREF REMRATS,
[item] AT, TR K,
{item} RS, HRFW —REER, NRESRRE, BATHIR BB 54,

ELSHESHM name 4y, #HER namel % name2 #5318 — BB MIE L2 8,
nameZ M EXREXTFENE X .

BREH R R X ERE LI ER, KD R o BB 0 (8
GZEG IOPREHFHE,

name. . =

namel _ name?

RIVEMBLESCRLEWTE ., FTEESRE LHHARS. E—BRHAS, LA
LLCORTAERHESHNFENMER.BEIRER BEH A HRITE, FELABEX
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PHEMELEHTHSRHRPHEZTEE— 8.

B Al .

maodute identificr

1= IDENTIFIER |

RHU module identifier Xéfp . REEFAE IDENTIFIER WEBE L. 1
TEREX RN Y. RIMNE BB HEMIL T E, B4 identifier A4 MH M =
o FHRB module FATIE W AT M, B, 5@ K T14H W B pore_ identifier. & 4
module 1dentifier HE MR E L.

RATERERORKE L, FrEHRIILREEF - AW list of _ports, i
R M list ol ports B2— 1 HEMESTRMHOIAR. XM EHBE S HITE
PoMESHEEERETEAEMETETD B A0 RBEE, B —PER0O"h
AHE, AW NRELE-THO.KREA-NBEFESHEES RN SM O EEREE.

list of ports

vi= ( port | .port; )

B O R — ] Y port_ expression, il port- expression & -— 7 port reference &
port rcference ) # F& . port_ reference il #H B — D pore_ identifier (¢ LB F & — 4
IDENTIFIERY, 83 & pore_ identifier M E — U (B - AT AER), S &8 port
identifier I RJL P EEMOBZMTAER . URBENRERTHELRETE. T
FORERIMEN. XEERXEFER /I ESHER. BRABINERFBZEEE S
7% .

port

1= [ port_expression |
port . expression

V2= port_ reference

!. { pori_ reference {,port_reference} }

port_ reflerence
v = port identifier
| port- identifier [ constant _expression |

| port . identifier [ msh constant_ expression : Ish. consrant. expression |

HMETTERRE L BMNERA T EALEEDS, — P K module item, module
item BH B AALE R RPRELIEH G 0B, #in, x4 7m0 e a7 8x.
tnitial LA always i, HH % module_ item_ declaration, | {f register HI net &
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., RITOAERLDHMLAHBRENTE — TR IR U RFFERERT. XL
EURBEETN ER.

nodule  item
L= module_ item. declaration
| continuous . assign
gate instantiation
module_ instantiation
initial - construct

|
|
| always.. construct
r

module.. item - declaration
M input. declaration
output_ declaration

moul_ declaration

|

| net_ declaration
| reg_ declaration
|

input_ declaration

EEANEA EEHE input_ declaration.,

:i= input [range] list_ of  port_identifiers ;
range
.= [ msh_ constant_ expression ; {s6_ constant_. eXpPression |

constent_ exXpression

pe == constant_ primary

cOnstant._ primary

.= number

Iist. of port. identifiers

r2 = port_identifier {, port_ identifier }

RATTLAE L HERABHASHHEEIE AR E AR T input BEE F—4 071
H range(f7 3B BB E T HES RN TELE - PMRUSHRIAGI X, BE5E
b=tRT. MRFE range, ERE-THEEZARNZHEELRNFTESE - L
APHBO MBS HEER. ¥EREAR—-PHENZEL. CTUEYERER,H
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I 7E GOt TR R R RE
A% . %4859 E. 1; IDENTIFIERS B. 5,G. 10

G.2 BXF

source . lext .= {description}

description &) ==
module_ declaratian
| udp_ declaration
module _ declaration ;.=
module. keyword module_ identifier [ list_ of_ ports] ;5 {module_ item
t endmodule
module_. keyword .. = module | macromodule
list . of_ports i:= { port { ,port } }
port .=
{ port- expression ]
| . port_identifier ( [ port_expression J} )
poTt . expression .. =
port_ reference
| { port_ reference { ,port_ reference |}
port . reference 1. =
port_ identifier

{ port_ identifier [ constant_ expression |

| port_ identitier [ msh_ constant _expression . Ish_ constant_ expression |

module_ item 1=
module.. item_.. declaration
parameter_ override
continuous .. assign

gate_ instantiation

|

f

|

| udp_ instantiation
| module_ instantiation
| specify_ block

| initial_ corstruct

I

always_ construct

module.. itemn _ declaration ] =

parameter. declaration
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| input_ declaration

| output_ declaranon

| inout. declaration

| net_ declaration

| reg_ declaration

| integer— declaration

| real_ declaration

| time_ declaration

| realtime.. declaration
| event_ declaration

| task- declaration

| [unetion . declaration

parameter_ override 1= defparam list. of_. param. assignments ;

G.3 #=Bj

parameter_ declaration ! = parameter list_ of - param_ assignments ;

list of_ pavam.. assignments ;!= param.. assignment { ,param_ assignment }

param. assignment ;.= pargmeter_identifier = constant_ cxpression

input- declaration ! = inpat [range] list_ of port_ identifiers ;

output- declaration I} = output [ range] list. of _ port_ identifiers ;

inout_ declaration !! = inout [range] list_ of_ port_ identifiers ;

L

list- of . port_ identifiers 11 = port_identifier { , port_ identifier }

reg- declaration 11 = reg [range] list_ of _ register_ identifiers ;

time. declaration I = time list_ of_ register_ identifiers ;

*

integer_ declaration .= integer list_ of _ register_ identifiers 4
real _ declaration ! ! = real list_ ol_ real_ identifiers ;
realtime _ declaration ;! = realtime list_ of _ real_ identifiers ;

event_ declaration 1. = event eveni_ identifier { , event_ identifjer }

-

list_of real_identifiers ! = real_identifier { . rea!. identifier }

list . of_ register_identifiers ;= register_name { , register_ name }

register_ name [ =
register _ identifier

| memory_identifier [ upper_ {imit. constant. expression

lovwer  [imil constant_ expression |

range .. = [ msb_ constant_ expression ; Isb_ constant. expression |

net_ declaration |, =
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net type [ vectored | scalared ] { range] [delay3] list— of_ net_ identifiers ;
| trireg [ vectored | scalared] [ charge_ strength] [ range] [delay3]
list . of net_ identifiers;
|  net_ type [ vectored | scalared ] [ drive_ strength) [range] [ delay3]
list. of. net_ decl_ assignments;
net_ type - .= wireltri| tril | supply0{ wand | triand | tri | supply! { wor | frior
list_of_ net_identifiers i: = net_ identifier { . nez_ identifier !
drive. strength I =
(strength(, strengthl)
| (strengthl ,strength®)
| (strengthO, highzl)
| (strengthl, highzi})
| Chighzl, strength()
[ Chigh2z0, strengthl)
strength® {1 = supply0 | strongt | pull) | weak0
strengthl (.= supplyl | strengl | pulll | weakl
charge. strength (1= ( small ) | ( medium ) { ( large )
delay3 11= # delay_value | # ( delay_ value [ , delay.. value [ , delay_ value ]])
delay2 11= # delay_value | # ( delay_ value [ , delay_ value ] )
delay_ value ::= unsigned. number | parameter_ identifier |
COnRStant_ mintypmax.. expression
list_ of_ net_ decl_ assignments |:= net_decl. assignment { , net_decl_ assignment }
net.. decl. assignment (.= net_identifier = expression

[

function_ declaration ;=

function [ range_or_ type ] function. identifier :
function.. item_ declaration { function_ item_ declaration }
statement
endfunction
range_or_ type = range | integer | real | realtime | time
function_ item.. declaration ;| =
block - item_. declaration
| input_ declaration
task _ declaration ;. =
task task_ idenufier ;
{task_ item_ declaration}
statemnent.. or_ null

endtask
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task_ item declaration )=
block . item_ deciaration
| iuput_ declaration
|  output_ declaration
|  Inout_ declaration
block_ item_ declaration :: =
parameter_ declaration
| reg_ declaration
| integer. declaration
| rezl_ declaration
| time_ declaration
| realtime_ declaration

| event_ declaration

G.4 BB

gate_ instantiation .=

n_ input- gatetype [ drive_ strength] [delay2] n_input_gate instance!,
A Input.- gate_ instance |}
| n_output_ gatetype [drive_ strength [ delay2] n_ output_ gate instance
{+ n. output_ gate_ instance } ;
| enable_ gatetype [drive_ strength] [delay3] enable_ gate_ instance{ ,
enable_ gate_ instance };
| mos_ switchtype [ delay3] mos_ switch_ instance{ , mos.. switch_ instance ti
| pass_ switchtype pass_ switch_ instance! , pass_ switch_ instance [
| pass_ en_ switchtype [delay3] pass_ en. switeh_ instance! ,
pass_ en_ switch_ instance };
[ cmos_ switchtype [delay3] cmos_ switch_ instance! , emos_ switch_ instance }
| pullup [ pullup_ strength] pull_ gate - instance {, puli_ gate_ instance! ;
| pulldown [ pulldown_ strength] pull_ gate_ instance { »pull_ gate_ instance! ;
I input- gate_ instance .= [name_ of_ gate_ instance J{output_ terminal, input_ terminal
! sinput_ terminal} )
0 output.. gate_instance .. == [ name_ of_ gate_ instance |{output_ terminal| voutput terminal}
-input_ terminal}
enable . gate_ instance :: = [name_of gate. instance J{output_ terminal,input_ terminal

senable_ terminal)

mos- switch_ instance 1= [name_of. gate_ instance]{output_ terminal, input_ terminal
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yenable_ terminal)

pass_ switch_ instance !! = [name_ of_ gate_ instance ] (inout_ terminal, inout_ terminal)}
pass_ en— switch instance 1] = [name_ of - gate._instance |{inout .. terminal,inout. terminal
venable_ terminal)
cmos . switch_. instance ;) = [name- of_ gate— instance](output_ terminal,input. terminal
+ncontrol_ terminal , peantrol . terminal)
pull.. gate_ instance 1= {name_of_ gate_ instance}{outpur_ terminal)
name- of . gate_ instance 1! = gate_ instance identifier [ range]]
puilup . strength 1. =
(strengthQ,strengthi}

| (strengthl,strengthD)

I (strengthl)
pulldown_. strength ;=

(strengthQ ,strengthl)

| {strengthl,strength0}

| (strength()
Input_ terminal 1= scalar_ expression
enable_ terminal (. = scalar. expression
ncontrol- terminal 1! = scalar_ expression
peontrol_ terminal i = scalar_ expression
output _ terminal 11 = terminal_identifier | terminal_ identifier [ constant_ expression ]
tnout_ terminal {1 = terminal_identifier | terminai_ identifier [ constant_ EXDIEssion |
n_ input_ gatetype .. = and | nand | or | ner | xor | xnor
n_output. gatetype .. == bof | not
enable_ gatetype ! = bufifQ | bufifl | notif® | notifl
mos. switchtype 1= nmos | pmos | rnmos | rpmos
pass_ switchtype (.= tran |} rtran
pass_ en_ switchtype 1.== tranif0 | tranifl | rtranif! | rtranif@

cmos_ switchtype ! = cmos | remos

G.5 R

module_ instantiation ;. =

4

module_ identifier[ parameter _ value. assignment Jmodule. instance
smodule_ instance; ;
parameter- vajue_ assignment 1= # (expression{.expression})

module. instance ::== name_ of. instance ([list- of_ module. connections ]}
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name_ of_ instance | .= module  instance_ identifier [ range |
tist. of_ modute - connections | =
ordered.. port.. connections ,» ordered_ pori_ connection }
| named. port. connection{, named- port. connection }
ordered _ port_ connection .= [ expression |

named_ port_ connection ! = , port identifier{[ expression)

G.6 UDP Ry B #BIR

udp-. declaration ;1=

primitive ud p_ identifier (udp_ port_ list};

udp_ port_ declaration {udp.. port_ declaration }

udp_ body

endprimitive
udp- port.. list 2= outpus_ pori_identifier,input. port_ identifier {,input_ port_identifier}
udp_ port.. declaration .. =

output_ declaration

| input.. declaration
| reg_ declaration

udp- body 1. = combinational . body | sequential_ body
combinational.. body ::= table combinational_ entry {combinational.. entry} endtable
combinational_ entry :; = level. input_ list : cutput_ symbel ;
sequential_ body 1= {udp_ initial.. statement] table sequential _ entry {

sequential. entry} endtable
udp- initial_ statement .= initial udp_ourput_ port_identifier = injt_ val ;
init. val 1= 100 | 1I'b1 | ¥'bx | 'X | 1'BO | 1'B1 | I'Bx | I'BX {1 | 0
sequential_entry :!= seq_ input_ list ; current_ state ; next. state ;
seq- input.. fist = level_input_list | edge- input. list
level_ input_list 1} = level_symbol {level_ symbol}
edge- input.. list i= {level_symbol} edge_ indicator {level_ symbol}
edge_ indicator 1. == (level_symhol level_ symbol) | edge_ symbol
current_ state .. = level_ symbol
next_ state 1! = output_ symboal | -
output_symbol 1= 0|1 | x| X
level_symbal 2;= 811 x!X{?!b|B
edge_symbol Ii=r |R|T|Fip|P|n|N| «

udp . instantiation 1: = udp_identifier [drive_ strengthl{delay2]udp_ instance! , udp- instance} ;
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[

udp instancc i2= [name. of udp instance |(output_ port connection.input. port_ connection
{y Input port_ connection })

namec- of - udp. instance [ = udp. instance identifier [ range ]
A— AL ¥
G.7 fTA®A

continuous_ assign 1= assign | drive. strength] [dclay3 ] list of net_ assignments;
list. of net.assignmentis 1= net. assignment { ,net. assignment }

net_ assignment 1. = net. lvalue = expression

imual . construct .. = initiat statement

always_ construct © 1= always statement

staternent (1 =
blocking - assignment;
| non_ blocking— assignment;
{ procedural. continuous_ assignment ;
| procedural. timing_ control. statement
| conditional . statement
| case_ statement
| loop_ statement
| wait_ statement
| disable_ statement
| event_ trigger
| seq. block
| par- block
| task_ enable

| system_ task_ enable

statement_or_null {1 = statement | ;
blocking. assignment 11 = reg_lvalue = {delay_or. event.. control ] expression
non_ blocking - assignment 1= reg_ lvalue <= [delay_ or. event_ control] expression
procedural - continuous_ assignment .: =
| asslgm reg assignment;
| deassign reg_ lvalue;
| force reg_ assignment:
| foree net_ assignment:
| release reg_ lvalue;
| release net_ lvalue;
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procedural timing. control_ statcment [ . =
delay_ or event_ control statement_ or_ null
delay_ or_ event _control 11 =
delay_ control
| event_ control
| repeat { expression ) event. control
delay_ control .=
# dclav_ value
| # { mintypmax_ expression )
cvent. control 1l =
(@ event_ identilier

| @ ( event. expression }

event. expression ,, =
€XPTes510n
| event_ identifier
| posedge_ expression
| negedge.- expression
| event_ expression or event_ expression

conditional statement ) =

if (expression) statement_ or_ null [else statement or_null]
case. statement |, =
case { expression ) case_ item { case_item ! endcase
| casez ( expression ) case_ item ! case_item ! endcase

| casex { expression ) case_item { case. item } endease

case. . item .=

expression {,expression} . statement. or_ null
| defaunlt [ : ] statement_ or.. aull

loop . statement &%=
forever statement
| repeat(expression) statement
| while {expression) statement

} for (reg_ assignment;expression;reg_ assignment) statement
reg- assignment . = reg- lvalue = expression

wall slatement ©. =

wait (expression) statement_ or_ null

cvent_ lHgger ., =

-~ Zrevent_ 1dentifier;
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disable_ statement 1=
disable task_ identifier;
| disable biock.- identifier;
seq_ block :7= begin | . hlock_ identifier {block..item. declaration}] {statement} end
par_ block 1= fork (. biock_identifier {block_item_declaration}] {statement} join
task enable !|= task_ identifier] (expression{ ,expression}}];
systern . task . emable 11 = system.. task_ name [ (expression{ .expression})];

S}':ﬁtcm— taﬁk_ oame . = $ identifier Eﬁ H $ me%ﬁ§ ﬁ a

G.8 Specify 49

specify. block i} = specify [ specily_ item] endspecify
specify_ item 11 ==
specparam . declaration
I path _ declaration
| system_ timing_ check
specparam_ declaration [ = specparam list_ of__ specparam. assignments
list— of - specparam_ assignments !} = specparam_ assignment | +Specparam_ assignment}
Specparamn_ assignment &=
specparam identifier = constant _expression
| pulse.. control_ specparam
pulse_ control_ specparam [ =
PATHPULSES = (reject limit_ value[ ,error_ limit . value |34
| PATHPULSE $ specify . input_ terminal_ descriptor $specily output terminal_
descriptor

= (reject_limit_ value [, error_ limit_ valye]);
limnit. value :!= constant. mintypmax.. expression
path. declaration 1=
simple_ path_ declaration:
| edge_ sensitive_ path . declaration;
| state_ dependent_ path_ declaration;
simple.. path_ declaration !: =
perallel. path_ description = path.. delay_ value
| full- path_ description = path_ delay_ value
parallel_ path__ description ¢ =
(specify. input. terminal. descriptor [ polarity. operatar’]= >

specify_ output_ terminal_ descriptor)
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full_ path_ description || = _
(list- of_ path_ inputs [ polarity_ operator] * >>list_ of_ path. outputs)
list_ of _ path. inputs [ =
specify_ input_ terminal . descriptord{,
specify_ input- terminal- descriptor}
list of path_outputs ;I =
specify_ output_ terminal_ descriptor{ ,
specify- output_ terminal.. descriptor}
specify_ input. terminal_ descriptor ;=
mput- identifier
| input_ identifier [constant.. expression]
| input_ identifier [msb. constant_ expression ; Isb_ constant_ EXPression
specily . output_ terminal _ deseriptor I =
output._jdentifier
| output_identifier [ constant_ expression]
| output_ identifier [msb_ constant_ expression ; /sb_ constant_ expression |
input . identifier ;1= input_ port_ identifier | inout_ port_ identifier
output_ identifier 1= outpur_ port_ identifier | inowt_ pore. identifier
polarity.. operator 1t = + | —
path_ delay_ value ;; =
list_ of . path_ delay_ expressions
| (list_ of.. path_delay_ expressions)
list_of_ path_ delay.. expressions . =
t- path_ delay . expression
| trise path_ delay_ expression, ¢ fall_ path_ delay_ expression
| trise_ path_ delay. expression,tfali_ path . delay_ expression,
tz_path.. delay_ expression
| 1. path_ delay_ expression,#10 _ path. delay . expression,
0z _ path_ delay.. expression,
tzl _ path_ delay.. expression,tlz . path_ delay_ expression,
20 path_ delay_ expression
| #01. path_ delay_ expression, 10 _ path_ delay.. expression,
0z _ path_ delay_ expression,
tzl .. path_ delay_ expression.tlz_ path. delay.. expression,
t20 _ path_ delay_ expression,
#¥x - path_ delay _ expression,zxl . path. delay.. expression,

tlx_ path_ delay. expression,
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t1} _ path_delay expression,tzz_ path_ delay_ expression,

tzx_ path_ delay.. expression
path_ delay_ expression .= constant. mintypmax_ expression
edge_ sensitive_ path_ declaration 1. =
parallel . edge_ sensitive.. path_ description = path . delay_ value
| full_edge sensitive_ path_ description = path_ delay.- value
parallel- edge_ sensitive_ path_ description ;| =
([edge_ identifier] specify_ input_ terminal_ descriptor =
specify_ output _ terminal. descriptor [ polarity_ operator] ;
data_ source. expression)
full edge_ sensitive_ path_ description -: =
([edge_ identifier] list_ of_ path. inputs * >
list_ of . path_outputs [ polarity_ operator] .
data_ source_ expression)
data- source_ expression ::= expression
edge_ identifier I = posedge | negedge
state.. dependent_ path_ declaration ;; =
If{ conditional_ expression} simple_ path_ declaration
| if{conditional _ expression) edge_ sensitive_ path_ declaration

| ifnone simple.. path_ declaration

system_ timing_ check .. =

$setup (timing_ check_ event, timing_ check_ event,
timing - check . limit [, notify_ register]) ;
| $hold {timing_ check_ event, timing_ check_ event,
timing_ check_ limit [, notify_ register]);
| $pertod (controlled_ timing_ check_ event, timing_ check. limit
[ »notify. register ) ;
| $width (controlled_ timing_ check_ event, timing_ check_ limit,
cohstant— expression [, notify_ register ]} ;
| $skew (timing_ check_ event.timing_ check_ event,
timing - check_ limit [, notify_ register]),
| $recovery (controlled_ timing_ check_ event, timing_ check_ event,
timing_ check_ limit [, notify_ register]) ;
| $setuphold (timing_ check_ event, timing_ check_ event,
timing.. check- limit, timing - check_ limit [, notify . register]) ;
timing_ check_event ! =
[timing_ check_ event_ control] specify. terminal_ descriptor [ & & &
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timing.. check- condition]

specify_ tertninal - descriptor .} =

specify . input.. terminal _ descriptor

| specily_ output_ terminal . deseriptor

controlled_ timing_ check_ event .=

timing_ check . event . control specify_ terminal _ deseriptor [ & & &

timing- check- condition]

timing check_event_ control ;.=

posedge
negedge

| edge.. control_ specifier

cdge- control.. specifier |} = edge [edge_ descriptor [ ,edge_ descriptor]]

edgc. deseriptor & =

01

timing.. check_ condition {:=

scalar_ timing. check. conditon

(scalar_ timing_ check_ conditon)

scalar_ timing._ check_ conditon ! ! =

eXPTession

~ EXPression

expression == scelar_ constant
expression === scalar_ constant
expression !'= ascalar_ constant

expression | == scalar_ constant

timing_ check._ limit . = expression

scalar. constant 1:= 1'p0 | 1'b1 | 1'BO | 1'B1 |

notify_ register ;i = register_identifier

G.9 RER

net-. Ivalue .. =

net . identifier

FH]|

‘b1 |

f
BO |

‘BL| 1|0
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| net_ identifier [ expression ]
| net identifier [ msb.. constant_ expression ; {sé_ constant_ expression |
| mer . concatenation
reg. lvalue (1=
reg . identifier
| reg_ identifier [ expression ]
| reg_identifier { msb_ constant expression ; /sh_ constant_ expression |
| reg . concatenation
canstant_ expression .. =
constant.. primary
| unary _ operator constant . primary
| constant_ expression binaty_ operator constant.. expression
| constant_ expression ? constant_ expression ; constant_ expression
| string
constant_ primary .=
number
| parameter_ identifier
| constant_ concatenation
| constant_ multiple- concatenation
constant. mintypmax- expression .. =
constant_ expression
| constant. expression ; constant.. eXpression ; constant EXDregsion
rmintypmax.- expression . =
expression
| expression ; expression ; expression
expression 1. =
primary
| unary_operator primary
| expression binary_ operatar expression
| expression ? expression ; expression
| string
UnAry_ opergior .. =
+ =1t~ & ~& ] ~]]*] ~ ]~
binary .. operator .=
ti—lel/lhli==|l=]l===|l== | && | ||
| << | 2= | & ]~ | = | 2] <<

primary .=
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number
identifier
identifier [expression]
identifier [ msb_ canstant_ expression; [sh_ constant_ expression |
concatenation
miiltiple_ concatenation
function_ call
(mintypmax_ expression}
number 17 =
decimal_ nurmber
i octal_ number
{ binary.. number
| hex.. numaber
| real_ number
real number ;=
. [sign] unsigned_ nuraber. unsigned. number
| [signl unsigned - number [ . unsigned_ number] e [ sign] unsigned_ number
| [sign] unsigned_ number [, unsigned_ number] e
{sign] unsighed_ number
decimal_ number [ =
[sign] unsigned_ number
| [size] decimal_ base unsigned.. number
binary. number = [size] binary_base binary_ digit {._ | binary_ digit}
octal_ number 1= [size]} octal_ bhase octal . digit {_ | octal_ digit}
hex. number 1= [size] hex_ base hex_ digit {.. | hex_ digit}
sign Ji= 4 | —
size .= unsigned_ number
unsigned_ number .. = decimal_ digit {_ | decimal. digit }
decimal . base 1= ‘d| ‘D
binary_base :t= ’b}] ‘B
octal_base 1= ‘o | 'O
hex base 1= ’'h| 'H
decimal _digit ;:=9 |12 (3| 4|5|6|7 |89
binary_digit:i=x| X!z Z |0} 1
cetal_digit il=x | X{z|Z|011[213|4|8]|6!|7
hex.digit (= x| X|z|Z[9[112[3|4(5[6|7 (819 |alb|c|d|lelf|A|B]|
CID|EIF
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concatenation 1) = {expression {,cxpression};
multiple_ concatenation ! = {expression {expression {,expression} ]}
tunction_ call ;. =
Sunction_ identifier (expression ! ,expression})
| name. of system. function [ (expression {.expression} )]
name_ 6f_ system_. {unction 1= $ideniificr

string 1. = "{ Any_ ASCIL. Characters_ cxcept_ new line}”

¥
() B AMEREREEMN,
(2} name_of_ system _ funetion P S IS EABE LT,

G.10 EHi%MA

comnment .=
short_ comment
| long_ comment
short_ comment !} = / comment_ text \n
long_ comment ;.= /% comment._text * /
comment_ text :I= { Any_ ASCII_ character }
identifier 1= IDENTIFIER [{. IDENTIFIER }]
[DENTIFIER {1 =
simple_ identifier
| escaped_ identifier
simple _ identifier ! = [a2A-Z][a-zA-Z_ $ ]
escaped- identifier 11 = \ { Any. ASCII_character_ except_ white_ space | white_ space

white_ space Il= space | tah | newline

ERE: RN PRESHEMEERERSHE.
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