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! Architecture

% Software Architecture
3 Hardware Architecture
* Processor

> Memory
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! Hardware Description Language ( HDL )
? Digital Modules
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//Description of simple circuit
Module smpl-circuit (A, B, C X, Y);
Input A, B, C;

Output X | Y;

Wire e;

And g (e ,A, B);

Not g, (y,0);

Or gs(x e, y);

End module

. ) =

22 y
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//Description of circuit with delay

Module circuit — with - delay (A, B, C X, Y );
Input A B C;

Output X | Y;

Wire ¢;

And # (30) gl (e A, B);

Or # (20) g3(x .e, y);

Not# (10) g2 (y,c);

End module

Sbs =l $33539 ST

(ns) ABC yex

sl s _ 000 101
- 111 101

10 111 001

20 111 001

30 111 010

40 111 010

50 111 011

2650 s 9 dader V-0 IS8

e s sl sl 1y Lsa sy Conl o3Y HDL L e G (g5leancd gl 5
K Slply S, 8 HDL ir < .JJ; .Lajjj = CML"‘ G V.:SJLQ.CJ

Sbaws s O Osd brul 55 sd e sl Sl el XS e el p b
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sreg A wdS L oSlie 4 lagag,s )l &y stimeret S e Jde
cwd L circuit-with—delay .L5ss o 32 wire ddS 4dS L 55 >
HDL & jle 0 Jls .ol ol S3 L L;,\;\?ru

//stimulus for simple circuit
Module stimulus ;
regA B, G
Wire X | Y ;
circuit — with - delay cwd (A, B, C X, Y );
initial
begin
A=1"b0; B=1"b0; C=1" b0;
#100
A=1'bl; B=1bl; C=1 bl;
#100 $ finish ;
End
endmodule

//Description of circuit with delay

Module circuit — with - delay (A, B, C X Y );

Input A, B, C;
Output X | Y ;
Wire e;

and # (30) gl(e A, B );
or #(20) g3(x .e, y);
not# (10) g2(y,c);

endmodule
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S8 gl 335 o pasie odal Jo Sl OO 5l e 45 assign gudS

o (~) D (&) LSL“J:‘**-“ 5! Verilog HDL OR cwdle 51 sla> o e

sl Sl o5 6l by S s bzl NOT 5 OR AND gl oy
mre S el s ools Jpools SOLYO-0 IS
assignx=(A&B)I~C);

HDL & le :# Jlw

ko oo Ol 1) edd Oy 5 Jsr ol 5o L oS (ol carn 55 Jle
x=A++BCB'D
y=B’'C+ BC'D’
Cole 95 Sl D 5 C B A 3,5 Dl 5y 5 X o s sl Ll
Aol oo i 55 1 J g OYslas assign

// circuit specified with Boolean expressions
Module circuit — bln (x, y, A B, C, D);
Input A, B, C, D;
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Output X | Y;

Assign x = A | (B&C) | (~B & D);
Assigny =(~B & C) | (B & ~C & ~D);
End module

S 03 e Jae Sy HDL ols b Wlg oo Jliaes e G S s
Sl & cwl (Il HDL oo 338 cioy Jp Dol L Logolie Jlages
el nlie 5 5alS s a4 B30

4 oope yor and IS S L HDL glacio s 5o 4, 8 4 glacS
Ll oo lS L5 5 6JM§CU (o Primitives 5 5 oo iy 25 ptcs dho s
Lol g5 cnl  led 6Ll Jsdr & 50 4 el i L1, s, slaPrimitive
o e me laoly Sl Kl e UDP L )l sy odd iy o
module (sJ4JS 4ulS 31 UDP slaciw s .ol 2w)s Jod L ol e «J g
e s o a5 (o)) primitive (gAJS 4adS L 5 g0 s S el esland]
sl e e O &1 primitive b as ol

2Ol o S e i a5 s Jsdr SO LI, UDP G HDL ol iV Jlie
1l 23 Jedly s el

Lo S 5 b S 0F JWs 4 5 sdd eslizul Primitive IS aadS |
Wl 6, SBa b aS Wl anils s LIS e s SO LS asd e el
S3308 S pd e el Dy e s aes 51 LS 5 output (sAJS
53 0L pslie 3 5 Linput pMlel b Ll 3 me o5 5 553 i 2 Ll 5 e (input)
J=13 L3 Ll s Jadr A3l anils Glses WL ke JLs 4 S Jsis
Aol e OLL () L (s35,5 mslie 555 s> endtable 5 table UUS LS
0Lk 53 5 AT ) 0T 51 day 5 ol o a3 eyl o 1 oslsen 255

335 g0 S5 endprimitive

Ramin.Samad@yahoo.com


WWW.IRANMEET.COM
http://www.araddownload.com

www.AradDownload.com

Q;:L)a.'w )‘.a\.a \OA

//User defined primitive (UDP)
Primitive crctp (x, A, B, C);

Output X;

Input A B C;

// Truth table for x(A, B, C)=>(0,2, 4, 6, 7)

table

//' A B C : X (note that this is only a comment )
0 0 0 1;

0 0 1 0;

01 0 1;

0 1 1 0;

1 0 0 : 1;
1 0 1 : O
1 1 0 : 1;
1 1 1 :1
Endtable

Endprimitive

// Instantiate  primitive
Module declare- cretp ;
Reg x, vy, z;

Wire w;

Crept (w, Xy, z);

endmodule
ey Sl 5l ase Jadr VU Lo el G Gl e S S g
S5 Sas S 0 S s a b bie cn diledd S5 bl e
Sad e 4 S LS« (s Primitive Jzo 55 UDP G e o jaidd Lol
S
Cretp (W, X, Y, Z)

&b Lol

W(x,y,z)=2(0,2,4,6,7)
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05,41 Cewsas sl CAD le 5 bl g oo ol S oo eslinal Jsdr & 50
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Aol
F=A"(CD +B)+BC’
Aoles >~ BLNOR sbs o8 leslaad Ly o5 Js b -r
F=(AB +A'B) (C+D)

led =15 AND-OR-INVERT (slalte 5l eslizal b 5 o5 i =4

F=(AB+CD+E)’
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Sy Al ) Sple 2 S U Lledd fate oa 4 b 3L
s Sl 55 ba il 51 S Les Oleg sl abad a5 il dalys fate s >
o s Bl Sl SO s S Wl oy sk Lb ate e Bl Lol dal )8
ool I s b il Kos des a0l e b andls bLSI s 5 L adl-
s abamd a3 (935,55 K L Sl Sl Olaabl (gl 258 sl 15 VL
0 545 sledled (2555 45 By oS oo ealital Hloged Gb (650805 Sl el
a3 VU aildosl Sl s o808 Jast 5 500 dal 22 0 0T 5,5 Sl o el
d dte Lo L 51 (G 8 b sladled (o5, S By Llde o 3L L e
23 G385 e bl el dled QaSes OBl slaasss oo o Ll

S 5 sla,lae ¢l o HDL OG5 £~V

313 sl QLS HDL oS 5 slaslie civo 5 sl 2 1 503 oy i cnl 3
ol Verilog HDL ;5 &l s bl Sob G ajle ks S35 33 oS shailen
..s.sjf o 5 5 Golwdde LSS 5T e SH P Jasle

i w5 Wil 5 (Primitive) Jol sbeS S5 L cuS mhaw gilw oo
A s 4 el

S L aS () polle Lanass Slile ¢S 54 L oools Wigy lw o

gl e rlqd\ assign gJlS

WIS L s (Glasy) ol jewess Olhle 5leslindd U (5,L8, silw S

3,8 o s always gAUS
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Jos oo w650 Sl 5 LeS o U Ll e e gl
G S 5 sl Cio 5 gl p il esls Wiy, gledbe .l s s 55 Lileds
ol 350 SYL mhav 5 Jlizes gt ¢l o) Goledde 25, 0 8
s e sled Ol &0 aS 513 595 Gsb sl 35y 3om 6,505 Jbs .ol
23l o @2l S MOS g 515 e 55 1) (b bl gledle p 5 cnl Ao S
oS g s5ledde V£V
o3ls Olas gl o oVl 5 Ll glacS Lol SO (il g ol
3B Verilog .S e (._Mjs Lol Slosed Gl s Cho s Jde pl 358 s
Dl das skl edd i e kol a8 Olgs 4 1y oS 12 6
Aol L3 53 a5 s g1 s ¢ cotia ol Wl an g 51 LT 5l S
and 3l LSle S Lpd o Bore 53 S S Gy IS SldS L belS

Jbuf mot xnor xor or mand

and ' 1 X z or 0 1 X z
0 0 0 0 0 0 1 X X
1 1 X X 1 1 1 1 1
X X X X X X 1 X X
z X X X z X 1 X X

xor 0 1 X z not 83908 I
0 0 1 X X 0 1
1 1 0 X X 1 0
X X X X X X X
V/ X X X X VA X

R %4 hae'}a.?d’;ﬁu.\.d &5"“4‘; slp L Jad>= VA=Y JS.&
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G Ll as e SO S A 4 e L pd (ludnd LS &S B
VU iliel 5 aseial Sldde 55 o 50 ik jldie 5 osdle das o arass |
Sl 0 ascie 7 L VG Gl 5 X L pasiel laie dledd Bl s
el a2 Loy SO S cl A Gl oleand e s paslal
53 VU esldosl Sl anls janass 0 L 1 Slais OF @ Jls Ol e 4 5 3L
Loy 5L o8Il s GaS s e Fo K W gbbe S as s
Sy o0 ds VARV ISKS J g janot g xoreor cand gl sy Jsdr YIS

ote Loy oS Dl bl alle JEURRCR G VP T PR e
$o58 33 2 8S Sl 1 & bais > 5 candeS gl S LS ax 5 Ll
S SN S nl b 53 AEL0 3505 53 51 K S el 0l 5 il |
AL 0 ol or o8 (g35 93 a By Sl Xy 3Lz Lox g3
23 el 1 ea s AL T s 31 SS ST ol 0 Ol s,
el Xy g

el 0l S5 g5l 53 e sS 25 Bld dsile SO s ol 05 S w8
b e L;;mlickﬂﬂoukjgémgbp olaks S5 IS b«
AV e Jaile os Sladad OF I (sed ) wlal gla oS 5 s e glr )l
LoSsppe ol ass oy 3 oS a8 Joib oplple i dules o sl
el 63,8 S3

2o O e s e Sl \)C_,..:fclﬁ.wé)'bdv\ﬁ S ke g3 0 ¢S]
S S I o Ll SG S e eslital (ipd e ekl Sla oS oy Ay
0 el ods LS5 Wl o alals g3 5 e 3 3l 4S 55l e pasiie ady S
:M;d»ol..':._}bjbﬁj:ﬁj

output3:0[; 1D
wire [ 0:7 ; SUM ]

Ramin.Samad@yahoo.com


WWW.IRANMEET.COM
http://www.araddownload.com

www.AradDownload.com

gals Jlde YYY

s AR 0 B3 B0 S Ller LD s 2 by SO s le

Llods 6,108 o5t 7 B0 31 aS o cda b (wire) owws SUM b5 5 O yls
e slacy cd s s o S S0 L edd el s sl s e 0L
W.M;yow\)DﬂZgﬁgD[Z]w\ﬁt%gxsjf‘_;a;':uj;&b):
oS S 4w SUM [ 2 0] Ste a8 S5 15 Sy Sl pla iy ol S

A 4w gae S Y-8V

oldesl Sl w1 O Wl e a8 ol J 38 (935,55 SO ghls s aw S a
Al aw oS o5 ol s e amie Z Jeew LHDL 5o S nl s, VG
Pt A8 e s Jseme 3L GO Sl bufifl &S s )ls 35 V4V IS G
S50 2 YL eldsl S 4 g 5 coul control=0 55 5L control=1 45
a3 e & control=1 YU eildl a8 ol ol b osjls wlise g5l bufifd &8
YU ulasl 53 By a8 Sl pl b oS o 58 8 5 eea 4 not S 5o
sk on S35 sk blaeaS ol 63505 e T s 2 ki
gate name (output , input , control) ;

O Llg o 2 3,8 bt adls aw o8 Sl 51 S Ll 55 e gate name

rel ool 3 53 S S35 ke s aabiz L1
OUT, A , control (bufifl);
notifo (Y,B,enable) ;

S35 5 e S s 2w w\control=145dnt.<;,a=A S35 ¢l Jle o

Y=z | enable=1 3, £ Jle ;3 55, 2z 4 out >5,5 LiL control=0

SRS 0 enable=0 ,> Y=B' >3 > 5 L& dal>
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N

in out in ,[\ out
Y "

Control Control

Bufifl Bufifl
in out in > out
Control Control J

notifl notifl
Wl aw o8 VY IS
R S s S JSE Gl Bl e eSS s s

ssliiul (state tri gl ) tri IS aadS I HDL Jlasl oo bl gl o s Jos

s MKJ\.\.’? LSJ‘-)\J‘O‘) g:,\.:.l.»l.; 6‘)‘.} L;>-jJ.’> Y J\.”'Lq.’ QL:.’ G 'L"SLfa

N

A
l: out

N

B
g.al:'v.:.ﬂ l/T

Al aw gl BLLT 42 sy g V-V SS

.J—Lﬂi—l}ﬁ!)) 4.:JL>-4ML5LAQ.3§\.3Y~—\/J_§..2)> lJ14_32JM._{L;L;“Jj.aS’\.':.»
LS eslanal tri Cj.s osls 5l ST st.' HDL e s

module muxtri (A , B, select, OUT);

input A , B, select;
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output OUT ;

tri OUT;

bufifl (OUT , A, select);
bufif0 (OUT , B, select);

endmodule

Jlasl g1 pas Ol oSl glp LIS 2l s = gls b 4 3L 5o
sAlS clds S elpen i GUJS adS L1 OUT r = L clipls S 2l
Ly e b Oldlgs oo Jlasl s Net .ail o net g5 odls 5 sl tri 5 wire
3l Lo pe das o 0L oS ) abwy s b LT s s e 0L
awire LSl osls lgl 51 LS 5 e SAS anlS S (a2) net aalS 553
o3 L 4 5 S wire OMel das o 0L |, supply0 5 supplyl dri wand wor
s e olas |y wired-OR (aly] )l plesen iluesly wor gladde 1355
s supplyl slaaSis lleds 4 § L ;5 wired— AND u:'i\JI Sy o2 wand Jde
3 g o oslaal & _Cla"‘ o (PHITIRTCONY e 9 AsdsS &= supply0
esls Ky, olwdde ¥—E-V
S50 s B AS e eslial b des 5y Slas 3l 5l esls Ly, g5ledde
sl 5,108 o el s Sles 30 354> Verilog HDL .S A5 1, L
Ol 1y A8 o Ll &S s 5 Lol sls oo (a Sas ol 51 i Y-V IS
Las e

S sl by T e 4 SSE e 5 ol sl o B ol 3Y
5,y 08 4 ples s ol () Jooms sl 0l sl gl 8Tar fraw
2l s o XOR 5 NOT OR (gl .S o oslitul & oow 3| ilaie AND
LS o oslinal Lol o 55 Lad 05l 5 sles Cudle 53 51 (gl e L3505 352

plesl Shes 52 oladl Lavass Sole Lowd) L 4 ol cadle L L
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95 L sles )3%».3},1@ oslaiol Wshes dr 05 S danand ¢l o &S sl 003550

.J;rL'ple_Aﬁgﬁ)L@}ijfu.o&;@\6@0@&\)@

symbol operation
+ Binary addition
Binary subtraction
Bit — wise AND
Bit — wise OR
Bit — wise XOR
Bit — wise NOT
equality
> Greater than
< Less than
{} concatenation
? conditional

> (@1

l

Verilog HDL sl Kas :YV-V K2

// dataflow description of a 2-to—4 — line decoder
// see fig. 4 —19
Module decoder — df (A B E D);
Input A B E;
Output [0:3] D;
Assign D[0] =~(~A & ~B & ~E),
D[1] =~(~A & B & ~E),
D[2] =~ (A &~B & ~E),
D[3] =~(A &B & ~E);
End module
o3litul assign (S AIS aalS 5 polte slajanans 5lesls Ly, ilede ) Sl
u.a_ﬁbdnet ‘S'.’. “ b )‘.LE.A g_i.i S ol u_'{)l...& r)\.l.a u.a.;.,.bd g_i.i J"‘ng
Ly o8 a4 e ole o OVl Ails gl HDL s esls g5 met das
LS oy xS e Ol wire L output oole L aS S K oA net S

LS o edlinal | ijjﬂwécju&l{netgam o3ls javass e
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e jlae YY

L2 S Sodaine 0ol (28 L dle Olpe 4 38 e 0L
x5 ) pslle Sole LY (g 5 S bt 55,5 By A esls slagsss
33,5
assignY=(A & S)|(B&~9S);
Codle G 5 Y S sype s OF JLs 4 assign sAdS aldS L osle
03 el el 03,550 U ke S cgabon Codle IS w4 S5 £ b (Sslee
el Yo a4 () OR oS o el b dslee Sl nl ol hlesn
o g s e 0L 1) S oS el e 53 el g, sbe e g sladl
@ a5 Loolle il s enls LIS HDL \ Jls 53 4 402 a0 G oesls L,
G Glae SO e a8 Sl el 1 pslle e ole Dl b s Sble
03,5l HDL 23 e 53 w4 oS e G 0303 Mgy oo 5 Sl (55 SO

RGO IP W+

RGIUOR PR W ‘Gb‘ e 4 o.,\.'&sto;.- &.: 0l Loy &-4.«,&)3 Jle U'i\ BE) ;¥ ,JL».B

oo el o Ol ruﬂj@?&u)ﬁwﬂ il 5 Sole KL e Gt

QM‘C]I’I&LV_;)&.;}B C,-:J)L@.?:LsA C,\.:.’4 S LB @.>J<JL:.’ (+>Cm.>
.ol SUM c.,.ﬁ)L@.g-jCout I LA;L: CLGJ\J.E_» )88 T8

/I dataflow description of 4 —bit adder

Module binary -adder (A B, cin,SUM COUT);

Input [0:3] A B;

Input cin;

Output [0:3] SUM;

Output COUT ;

Assign  { COUT SUM } = A 4B +cin;

End module

Silaien a5 el J58 55 s es Ol 5l L3 b Wshas ples|
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Yyv LS ey 5 108 50, slasle

S b L S5 sl bs s Ol esls W5, g3lede iY JLw
L5 b deas b el SO e gl 33l e pal b 8l 2SSkl
92 dJ\.A J\.Lj.:i.r j.b DL ‘) dl}.ﬂ U'L‘ DL ol ;.Q.:.,.ojj L5:'3" )L@.?; )‘J\iﬁ J§4..\..1LZA ceb‘.}
Bl xS A S1aS o yasiie ) (2,5 4w 5By A o Sl 3505 055
53 (AGTB) >35> 43U B 5l S,5 A 3151 gl j5 (ALTB) =5 = Lib
5573 (AEQB) >3, Csl B L ol 0 A 14l e 3,8 0 L1351 Gl
/I dataflow description of 4 —bit comparator

Module magcomp (A B ALSB AGTB AEQB);

Input [0:3] A B;

Output ALSB,AGTB,AEQB ;

Assign  ALSB = (A<B),

AGTB = (A>B),

AEQB = (A= =B);

End module

Sl 1 Lskes s Sles cpl bl o oslazad (7:) b o Sles 5l gde b
S e

Ll ooy byd Ses Ll b 1 42 oSl Jse:F Lo

Condition ? true — expression: false — expression

2Ll true — expression 54 1 Gl am S1osgd e oLyl oylpen bos
L Jsles cpl s il L35l false — expressiones 3 0 sl axes ST .55 5
polde panass ol if-else b <

assign OUT =select ? A: B ;

AS ol s b

OUT = A if select =1, else OUT = B if select =0
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// dataflow description of 2-to—1-line multiplexer

Module mux2x1-df (A B, select, OUT);

Input A B select,
Output OUT ;
Assign OUT =select? A : B ;

End module
6)\.‘4’) 65‘*«%}-’»‘ i—i—V

s e les Slles 5 et 80 a3 ) Jls glaslte 5ol g5ledus
o3 eslinal LB (Js 5 e 03 L a4 o S lasle o 03 BN de
Sl osle oS 5 slajle 51 Jle g5 el 55 5L e 2 eSS sl o s
335 o ) gdse o

s Dhle 5l aedd 0T ISy 5 always saS aalS 51 )l slacio s
reg osls & LU ohle ol Jb sy g S e eslanal (Slay)) ol =)
Lo Sl (S Jarasss S S 3 (s 2 45 wire g esls S AL
LS o bis Lds Hllde aass B, 5 lde reg & o313 sl Jay a

oD das o 0l 1)1 w02 uSd Jse (g5l Cio s HDL 0 Jlis 20 Jlo
ALl date b b 3550 g 0 G OUT (g (US auglie HDL £ JLs U
53 2l yaeass Slhlenss § CW‘ B Teg o33 ) go 4 coutput OMel o e
osbss das 5 @ oo Sl ate o8 3 (a5 &S 0oy s always Sl 2
ol o3 sl s () Cuwdle always Sole Ll j3 S WS a8 55 S e | ]
ala s o ysor (AUS 4edS 45 S 4> o5 select 3 B A A Le el J-
S |y gemenas if-else b 5 cle .l ol eslizul ("OR ik Ses gl
S S5 0540 Ol 5 o 1) if Oole LS o2lp Clselect (55,5 Dl b sie
Kb 5 g

if (select) OUT = A ;
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Sah o0 Sor 1 Glie (gl pselect a5 Gl s ol 4
/I Behavior description of 2-to— 1 —line multiplexer
Module mux2x1-bh (A B, select, OUT);

Input A B select,
Output OUT ;

Reg OUT ;
Always @ ( select or A or B )
If (select = =1)0UT = A;

Else OUT = B ;

End module
Al oy 1 a4 Sl e K U

o33 Lany s s edd Cho g S 2 Sl SO s 4 select (3555
CAlS SldS s s o S S S luls always o ple Ll sdd OVl reg
S 5 @ cede 3l da 35,5 a4 S35 s SL opl .ol endease s case
case Sole ol (e L b d Olill K ocase ol Al dal g |
sl s e anlie 5 oLl anl e 2l w aS Shhle e lie L (select)
e 33 ade SO oselect O a3 S e |l S Gk me b LS gl
SOl 5l s b G b psass slasl LEL T L 510 01 00 Ll 5 e ool
S5 01 Sl e 5 ok g Il sde ple W3 S s pasile iy Cdle
el 01 2sldde aS sl 035 93 29593 dde e 4 2D01 opl oLy 55l e
Loy oo 23l eala b il (adas 4 Ols o 1) slael
dal gt adas 53 o il jasis sue gl S 55 jasiah’ 507 d
DS dalg 55y 32 \)ﬁbw‘up ol sde ple Shs
/I Behavioral description of 4-to— 1 —line multiplexer
// Describes the function table of fig. 4-25 (b)

Module mux4x1-bh (iy,1,1,15,select,y);

Input iy,i1,i2,13 ;
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Input [1:0] select,

Output y ;

Reg y ;

Always @ (ipor ijor i0r isor select )
Case ( select)

2'b00:y=1ip;

2'b0l:y=1ip;

2'b10:y=1i,;

2'bll:y=1;;

End case

End module
V-“"Jb Quu wSJ.? LSL&J‘J\.A LSJLU) ;9.:..9‘95 )‘ ‘) L5|°'>L""’ LSLQJL:.& t}uﬂ‘ BL

M;M|}"J‘)§J”)f}¢’°3)jﬁ')‘~g}“"e):
ole Cad ol g S il g8 O£V

2 HDL # b 4 S e Jlesl gl 2 &S ol HDL (glasl 3 (T.B) s aoli 53 S
39 a.l.:.'a.r.:..:: )l.:....,_g J‘"‘j""u‘ T.B R JLS “ QT )Lw 4.:.“..:: C..»Ll odalin 9 G
@\p.mdj»%wwyd,yoi&usébumg@w
o o blo a5 Lo |5 el o3l L 358 o w53 4 (slaoli 35 5
S e sladsil D slacio s ull gl bdle e S 5 slasle
Lles «5l,| HDL
Dlde 4 S e 4 ¢l g initial Osle 5 clld ael s always Slle oo gdle
&Sw‘f—\éﬂﬁg&)}w@bd|walwaysQ‘)L&.LS&:JW\&LWJQJJ
JENGAW IR GURPIFEI (ﬁl.?r_.l‘ Iy ilwans t=0 3 ij;l_,)b &S Leas initial & ,le

ol jasio s by sl Slo badsly 5l oae oS b L s
Ales eS|y 5 initial S 5k e . Aas asls!
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Initial

begin

A=0;B=0;

#10A=1;

#20A=0;B=1;

end

10 .14 S 5130 ;3B 5 A d=0 55 .ol 0 ls | ga>s end 5 begin o S 5h

initial Sl b Al 0 a3 feys Jader 4 bagag)s IS o Iy s 1o
ROCRUE

Initial

begin

D=3'b000;

repeat (7)

#10D=D+3'b000;

end
S repeat (gAJS aulS 558 e gl s U 000 Lt=0 ;3D o 3 <l
A8l edd BlLID 4 L cda 1 osde pay tdS o ol lads o le
11 G 000 31 goldel atd; & amt ol sdd IS 5L K Sl 15 10
g0 dal g
Sols iy 55 Sl HDL el 0 SO s S e Jssbe SO
<. module rb’ J
L;l.>mwilrejreg slaasls oMl o
Sl 350 b doSle S5 e
always s initial S =0 Cl)le sl @

Tl Rl e

endmodule e
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s Jlde YYY

Use 4 & G 50 s b oo Ysene ol il K

S e 33l 53 Vpems X5 Jlesl Sload sl ~1b Jsilbe & 52503
Sl a8 b Joile Glazs x5S o Ol o reg L oesls g5 Olge
L Ol wire Cf o3ls Olge 4 S e Joile o Lgd o odls Yuled s
VY-V USS 53 5 o S5 o sbaslinlis 6,8 )80 L s e Jyil oK

Aas e 0L |y Bl ol

S e Jsle u;-b]od;jlﬁ
Module testcircuit Module circuit(A,B,C);
Reg TA, TB; g Input A,B;
Wire TC; <« Output C;
Circuit cr(TA,TB,TC);

Slorsbu b 5 S e gla dy3le YTV K3
4 TB 5 TA glaanls el b =Lk Jsile sl 1) bsssss S e Jsile
S TC pmy awire g0 anl L) 20k (s 2 5 S 0 W sireg (250 Ol
a ol Ly e S 4 cd 55 daile S5l e glaanll e bled
Dl ses Sy 4 S e g2 2 always intial GlasSHh Lol A5 S e
3,7 Verilog system tasks 3l eslital b 0155 o 50 5 358 0 8l g Ol
SUT S o b oS S SldS Lol b g 53 LIS cpl 3,8 W55 50 s3ae

! cJ.AIJ_l)')J &.LMJJJ.:M%&) U'«"J‘LS"MJ}J& sl J‘-’j-;"L;‘

display$ b lel 5 elE5L b plaad; b el Gl LS
$write ey b 4y o35, Oy Jy $ display e

monitor$ das oo ol |y 0T (XS uis (g i ilwamd gl ol o 5 By 2
time$ s e 0L 1 golwams 0L
finish$ s o OLL 1 silwams

el IS $monitor 5 $ write $ display s g o el

Task — name (format specification , argument list) ;
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(23535 Klg e b sl (7)) J=ls 5 glansy shils col (Sas 5 sl
b Gla o b o 5 a2 45 358 (55 anld e 5lE Ly e St oadas
1 le Wae g o o513 OLES % h 5% 0 % d
$ Display (%d%b%b,C,A,B);
S AS a5 Lededls Juled s34 By A 5 adas 4 C &S sme ol
CIB Slasiin iluldr Gl Js 50 s IS s Cwdle (IB Slasiise o
S Qe ssls s 58 s LS e laprie 5 s 0L ST e
ol 15 i Sy 0 i S e s | ety
$ Display ("time = % 0d A = %b B = %b" , $time , A ,B);

S dalgt A Ly s oles s

time = 3 A=10 B=1
%b 5 %b Z%0d IB LIS 5, 4t 1 iy (B=) 5 (A=) d(time=) 45
el olie Jle s uuS e jasiie B 5 A (S time sl 5w
Ok 1 Sl b slaed, U pl e O 4 %d sl 4 1) %0d B ol
Lol s &S o Mg 1y J slad 10 550> %d) Ll o W I glas
ol o3l> QL HDL V Jls 53 S s Js3le 31 Jle (058 0 g s 32 e

el

S ypn Lo Aas e 0L 1) S e Jaile DI Jle opl Y Jlie

.J)‘..L; Q)ﬁtestmux J}jlﬂ J.:J; k—ﬂ-y,ﬂ}:-\dbﬂjidsw‘le j«mﬁidj)ﬁ
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/l stimulus for mux2x1-df.
Module testmux ;
Reg TA, TB, TS ; //inputs for mux
Wire y ; //output from mux
mux2x1-df mx (TA, TB, TS,y) ;//Instantiate mux
Initial
Begin
TS=1 ; TA=0 ; TB=I ;
#10; TA=1 ; TB=0 ;
#10; TS=0 ;
#10; TA=0 ; TB=1 ;
End
Initial
$ monitor("select = %bA = %bB=%b OUT= %b Time = % 0d",
TS ,TA, TB, Y $ time );
End module
/I dataflow description of 2-to— 1 —line multiplexer
// from example 4- 6
Module mux2x1-df (A B, select, OUT);
Input A, B, select ;
Output OUT ;
Assign OUT =select? A : B ;
End module
Simulation log :
Select=1 A=0 B=1 OUT=0 time=0
Select =1 A=1 B=0 OUT=1 time=10
Select =0 A=1 B=0 OUT=0 time=20
Select=0 A=0 B=1 OUT=1 time=30

mux .Lgs e paseie wire bl > = greg saJS 4udS Lmux glagsy,s

Yve

03 &S 1y a3 dlael 5l glacsy initial Seho Lol sdd S5 e gla ane L

$ monitor )G L e C’”L"' LS e el u\bjfda Jhesl giloans >
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YYo Lif}a)j)‘.ls/}a)éuj‘.u

Ol 5 s o,y sleand (as Sl 8 pite G LL 2 05l 0 S
Sl edd S5 simulation x5 o5 Jle s gileand 4 e o Sl
ik & Wl OUT = B A2l S=0 55 5 OUT =A A2L S =1 S5 &5 i oo

LS op AU Sy (A 3 See 5 5
/] gate- level description of circuit of Fig. 4-2
Module analysis (A,B,C,F,F»);
Input A,B,C;
Output F,, F,;
Wire T,,T,, T;, Fynot, E,, E,, Es;
Or gl (T, A,B,C);
And g2 (T, , A, B, C);
And g3 (E, , A, B);
And g4 (E, , A, O);
And g5 (E;, B, C);
Or g6 (F,, Ey, Ey, Es);
Not g7 (Fonot , Fy );
And g8 (T;,Ty, F, not);
Or g9 (Fy, Ty, Ts);
End module
// stimulus to analyze the circuit
Module test- circuit ;
Reg [2:0]D;
Wire F;, F,;
Analysis fig 42 (D[2], D[1],D[0] ,F, ,F, );
Initial
Begin
D=3 'v000;
Repeat (7)
#10 D=D+1'bl;
End

Initial
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$monitor ("ABC=%b F=%b F,=%b", D,F,F,);
End module
Simulation log :
ABC=000 F;=0 F,=0
ABC=001 F;=1 F,=0
ABC=010 F;=1 F,=0
ABC=011F=0 F,=1
ABC=100 Fi=1 F,=0
ABC=101 F;=0 F,=1
ABC=110 F;=0 F,=1
ABC=111 F=1 F,=1

Olaabl Cgr (oS 5 laslbe o 5o Gds 5 e () e (sl

G 53 Sley 5 Glhes 3l sz Gdas 8 53 Celg] e 3 Shes
Rl i 3 s e Sl Sl S s 1 Slie s S b Slkes
Lole s Sae Slaj Gadeal 53 558 o plnil (S 5 e (s Jodr 4 LUK
o o3 plael edalin LIS ) 0o e aadllae LS s 2 SUT oleas L

2 S o Do Ks o aly S5 he (93555 S By LS
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