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module decoder ( A, B, En, DO, D1, D2, D3 );
—A  DOp— ' >
AopiE £y 1B Gmg — Declaration of the input/output port
—B D1pb— output DO, D1, D2, D3;
Module body
D2p //Functionality of the decoder — Descrption of the module
—dEn D3p— \
endmodule l
Note that the functionality of the module can be
described in the following abstract level :
1. Gate Level 2. Dataflow Level
3. Behavioral Level 4. Switch Level
J}?‘Lﬁ ;Lljsﬁ Zj;ﬁ—\—\ Jg..»
. .
O K aad Y-\

b o o3l dgrle ol 5l SalSin 3l o adly e SO Sl o S dsrle SO

el 3y ol sl el 5 L e 0 glls e a5l o0 S ol e ses S Verilog
Ly e ol 5 3lwd soi U Instantiation L-Sas! 1) Jgrle S& 655l as 500 S5 sloul dug
Jorloe o) 5l asiged S ctlvwissou V=) IS 53 e Ol sy a0 45503 Ly Instance

e | 2585



Verilog (s plose Civo 5 05 jymals s

G r A 0 S 4

Top-Level Cicuit

dcd0
DOQL
d1
Circuit d2 Circuit
D2jp———
d3

>

The nets are used to model an
electrical connection between
structural entities such as gates.

module Top; A wire is one type of net.
wire a, b, en;

wire d0, d1, d2, d3;

<Other Components> We instantiated an instance from
decoder decd0 ( a, b, en, d0, dl, d2, d3 ); T, decoder and called it dcd0. The
<Other Components> nets can be used to connect

endmodule dcdO to other components.
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Comp0 .
A 1 a a_gt bt A_GT_B ~
B { b
a_eq_b i A_EQ_B
GT i gt
EQ | eq a_lt_b | ALT B
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a =b & c; // This is a single line comment
/* This is a multiple line
comment */

POTCI

slael Slasein ¢-Y

P e AS 5 ) s 33 4 dlusl Verilog s
Lo ain 50 53100 Oles L 1y sde SO oS o e | Verilog sl a1 jls 031l sus @
ay <size> .ol <size>‘<radix><number> &, 5z Iz Al s S s LS
i 1y sde sl <radix™> U8 o ek ie | sde glens sl 5ol a i g Jlagws
Hl h o i sbw gl O L0 s gl gl =B Lbw slos sl =D Ld s
el O Sl Gl it 03 Gl (2,8 e Sl 55 e DL 03500 sl Gl

non

.Jj_o.'t osle ! )‘ Qbﬂ&

8’1010 1110 // This is a 8 bit binary number

12’habb // This is a 12 bit hex number

16°D255 // This is a 12 bit decimal number

-4°d13 // This is a 4 bit negative decimal number, that stored

// as 2’s complement of 13

55 ol <radix><number>" & 4z o001 O sde S IS eslast Ggdm sas @

el S YY Bl :)l:;:_M{L;)'LMe;Li g 4 de Jsb Syl

1234 // This is a 32 bit decimal number
h’62 // This is a 32 bit hex number
0’255 // This is a 32 bit octal number
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12’h13x // This is a 12 bit hex number, 4 LSBs unknown
4’10?72 // This is a 4 bit binary number equal to 4’bl0xx
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Value Level | Condition in Hardware Circuits

0 Logic Zero, False Condition

1 Logic One, True Condition

X Unknown value

Z High Impedance, Floating State

ol Ao pazs V=) i

Strength Level Type Degree
supply Driving strongest
strong Driving
pull Driving
large Storage
weak Driving
medium Storage
small Storage
highz High Impedance Weakest

s e =YY
Net  Y-v-¥

)Jnet.))_M'Lf)_;bsdiéjjdiuk}_@lﬁj_ﬁa.&ﬁjle“ uﬁuf u\d)‘.}_ﬁ.&:éb\)net
el Z 0T (o i e 555 s i a5 WiTE (gAS iJS L 5 Verilog

wire a; // Declare net a
wire b=1’b0 // Net b is fixed to logic value 0 at declaration

L/
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e sl and g Ol (g5 o e 55 U sy 55, e JLSG Sl 6,53 ol

‘S k. g Verilog s register . lus 5L0 50l 4n register cnet G sl e oL 1, 55

el X 0T 53 e Jliie 555 5 0 i a0 TOE (SIS

reg reset; // Declare a variable that can be hold its value

Vector ¢-v-Y

Sl e e IS S S s s O e Al e WTE s TEE (Glesls Clj;\
Dl J’.’.) O e
<vector_type>[ MSB : LSB ] <vector name>

wire [31:0] BusA; // Declare a bus that has 32 bit width
reg [0:40] Vir Add; // virtual address 41 bits wide

Obej g (At oo slosls plgl - 0-V-Y
oMl e i3lde 3310 (gl a8 oy s dad oo 8303 & u@:@aw°
23 Cedle O s Laosdla TeE 5 5o el reg ¢35 L g ol sl gl e
Ly ean S s il s Laosls s £ 55 53 Ay cdisd oo s S L
e S Ol b g3y e iy a5 iteger U S S b s losls g5

Sk eas S by G TY J8l Js ks 5lwesly

integer counter; // General purpose variable used as a counter

°3Li:_"‘°\Wﬂb@&j\bﬂ;6‘ﬂdwl°)j_bww)gbbtﬁ;'p<-::wi?a’.

Sy o i a3 integer gu S A S Loy oo Slodls o o0l e

real delta; // Declare a real variable called delta

o3liil (Silmand Ols 03 S 0 b Sl (ol Slosls ¢ 55 & Verilog s : 0lsy e
Obs; e S emte Jab 55 b e i e time GUAUS aadS d g Ol (glosls S

RGSVILIVEY § A W N PEESIE ‘_;<:_W Solwesly

time sim time; // Define a time variable sim_time
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wlasls sl glaolT L stime, integer, reg (slesls slgs 5 31 glnlyl 0l 5 .+ Verilog s
ol emadle oyl Ci s S ISCs 5, S i a5 e ol )

<array type> <array name> [ #first_element : #last element ]

integer count[0:7]; // An array of 8 integer

RUPIRERPRPINES syl Verilog ;s e N
= _ @
J" &ﬁﬁé«n‘eﬁwﬂ.&?ﬂqblMl)a)laﬁ;Q|J|Q‘3w0 A
ol e s 4S5 il azdls b s dix b K Al o LT
..\)‘.\ llﬁ‘ﬁd}bd
ahil-  4-Y¥

r—;as‘jd ;ﬂ_ljx.t LAJJ_M.';}))‘ 6\4_;‘)] C))j_..m \) 4.19.9(}V6r110g B

reg membit[0:1023]; // 1K x lbit memory
reg [7:0] membyte[0:1023]; // 1K x 8bit memory

JJA‘JLA VoY

ﬁ‘ ‘J}_QJ. a)w_wll.@dT)‘j)j_w ;ﬂaﬁﬁj:ﬁ\)la" C)J)_.AJ b t;'.';u)‘.)\_&‘d}}l_a&_:))d\)a“&
33 o plas| parameter (.S 4 IS b gl

// Define a constant port id

parameter port id = 5;

i, MN-Y

Lo il Som LS o3lilas wlreg joxie Jab Ly do,stdreg So 5o dilg o baa s,
D i 8 0 D S A s 5SS a1 and, Wl

reg [8*18:1] s val; // Define a variable with 18 bytes

e 5L task  \Y-Y

bt ol e 05 S gl camis (55, oMbl il s ki 4 task gsluss Verilog s
A, e LSS $<task_name> &, 5 a Latask &S .o ul e =2 ol
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S JSs Gl 5o e Ll $display Lo 5 Sledbl ulad: oledbl il e
O e T S P Lapi of ,3 oS «ool $display( format, pl, p2, ..., pn );
oy s oy pa |y el ilad LILS 0155 e format bow s sl e, U s IS
5o Lol a8 il odid iy i 51 I (e S site sl (8l 3 el e

FCW UYL 5 By PRV

Format Display
%d or %D | Display variable in decimal
%b or %B | Display variable in binary
%s or %S | Display string
%h or %H | Display variable in hex
%c or %C | Display ASCII character
%v or %V | Display strength
%o or %0 | Display variable in octal

%t or %T | Display in current time format
%e or %E | Display real number in scientific format
%f or %F | Display real number in decimal format
%g or %G | Display real number in scientific or decimal format, whichever is
shorter

B Slasein Codd Y=Y Jue

$display (“At time %t virtual address is %h”, $time, vir Adr );

IS IS5 s 5 e el $monitor L. 5 SLeMbl 05 S sile s SleMbl 35 S5 sila @
Lo I U rine RENEPPREY J Ol 53 &S «o—ul $monitor( format, pl, p2,...,pn);
sl Lo Sdisplay casie ol 5 oMbl 05 S5 5l Lo Sl edbl (il cosles il a sy
wolde ol oy $monitor _Js das e 0L 1, Gils malil sl de a5 e SO Sl
) ool eyl S uslie O (sls bl 51 (S0 ek Gaome 4y 5 IS o sl | Gl el
S epl bl sl Jlss a0l g e Smonitor O Ja s adasd a5 4 S Sl a5 LL e e 0L
task 55> w5 .l JLad Smonitor gy o 51 i (il acils Smonitor s ke
Jlss s 5 an 1y cledbl 05,5 ) sils Sldas 0155 . $Smonitoroff s $monitoron slg s <
3 ged b o
dos 53 |l 53 b gre |y (gilwand Slles 0155 o $SLOP L5 1 (g5 lmind dails 5 iB g5 @
Sl des Ols 5 e $finish L g 5y, o LSS Sl ¢l e ol ksl 3 interactive

Sl a1y gslaans

Al laaly g 5o ol <keyword> IS IS glls LS slaal, Verilog s

)‘ M)l_\&“)u_v\)éji_@.f odla_ul ))}ﬂ‘\s
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S LSS ol kL 4 Verilog 1L S Bl 6l 45 Tinclude @

‘define WORD SIZE 32 // Used as "WORD_SIZE in the code
‘include “header.v” // Include the file header.v

JJH‘)J‘}}LA\JJ-\JT_E.:}J Q)Hw“)bcﬁ.&bbd)}u LSJL“”M_W)“"—.’.J’*JZ))UM
)‘be)g))j_ﬁmd&w Q,._.N(o.k_.;':umd)}b |j_>-lY’—\ Jg_..'&);v_a.hbdﬁ)b_‘) O
bd)}l_aaa.bd&wC,_v-"6)\_339-‘%4»_.“5).’1‘\_\.4)6JJHJJ>LA;L1);J‘))‘.\;‘QJ_&M}J

J\Jj_o.:: c.)u.’z_wldﬁu Qﬁd..j"’ujj ‘}_‘.'J‘)J_ALJ‘J‘_}J&‘M.)&M

module module name ( port list );
port declarations (if ports present)
parameters (optional)

Declaration of wires, regs and other variables

Data flow statemnet (assign)

Instantiation of lower level module

always and initial blocks, all behavioral
statements go in these blocks

tasks and functions

endmodule

qu oAy J:g.&.] ;‘f\ ! Jg..i
C;{)Jg 3

Ll s Ol L b (Bl buly e S sl s

g Cmad V-8

e Il oL sl 03 (s Dosme0) Wby S 48 s J b i 0 f&“ “
sl 6313 L O (Slesis g i o5 Sy 5 (i £ B S e S 8-) IS s Il Ol i e
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fulladd4
—P» a sum —Pp»
—P» b module fulladd4 ( sum, cout, a, b, cin );
—Ppi cin cout —p»

O Sl o oo 5 b s liS e —£-) S

Wosm V-1

S e Do ) s Gk i ol il e L e S sl s

Verilog Keyword Type of port
input Input Prt

output Output Prt

inout Bidirectional Prt

52 i 5 ~£-) st

et 5 Al K i g oy S WITR D) goy e ks Ly RS @ .
iy 3 T g 31 1T Sy il 3 45 3,156l 1y Bl oy B S ~

S

g:,._w\)_.:_)g.’))j_\a_:l.é_‘;)ﬁu_:]x:i—\ J@Zm@}bjﬂydbg\f&:

module fulladd4 ( sum, cout, a, b, cin );
output [3:0] sum;
output cout;

input [3:0] a, b;
input cin;

< Module Body >

endmodule

L@'Jﬁ: Jlas! uﬁ."}; Y-¢
P g S b 2 Oler 4 sl S sl Jlal oK
go— 3 pla pine g WilS e L ol s dbinet ¢ 55 5l L el (93505 Slesosn @
Lpd ate G)L; Olg=amnet L sreg
b miie i L LS os ool s abnet U sreg ¢ 5l alls o drle 2 > sleos @
TPV W2 C)L’L Ole= s net ¢ 3
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g 3l pite 4 Ll o LS ol s abimet ¢ 51l Jarloe & pss Sl @
Lgd ate G)L; Olg—=yonet L yreg
sl ae Iy b 5l b Ll an e sl o ize 5 Jsrle Gl @
tasl )l ol e Ll Loy BLS ) Ol8 e &y 50 55 s Verilog s
s o Jmate sloniie o ls SO Sl (g3l gad oS00 4 os) ol 531 (o 5 Jlaail =Y

S S ol S s om0 sl Woledal sl i a5 55 4S5 5 olen an Lids |
B Il e 53 1 0T sl S A e gl w4 s 2

(’_fstf c.)LL’I_».ulJ_;) JUJ\ Q)ﬁﬂ JL.AJ‘ é‘ﬁ Uj’}) u,j_‘)s(:u g;-,’.jk j‘ dw‘—"
.port name(external signal name)
)b_.f:.} L@_Jg_,_;j ijl_\ﬂjbbu).k_db Jl_.r’) L@JJ):! Sloss dr_:«S@ oalae! J-;) u.'::)) u.:\‘)\

RESTLED ol R P L Y SERU P I PR SERE

//-= First Method -----------------—mmmm
fulladd4 faO( s, co, X, y, ci );
fulladd4 faO( s, , X, Yy, ci );

//== Second Method -————=———-———————————--——
fulladd4 fa0O( .sum(s), .cout(co), .cin(ci), .a(x), .b(y) ):
fulladd4 fa0O( .sum(s), .cin(ci), .a(x), .b(y) ):;

RG] P SN AR ‘):'...:_L_u L@.J)f Jk—aﬂjl U’f\)} 0\ Jg.lv B

reg or net —pp»—Pp net reg or net —pp—P» net

input output

module

Liosy dlail il 3 —0-) Jss
S a5 g3l

Jate - SuSs 4 S ol slenS 5l e same a1 S oS clﬁ—-ﬂ 23 soldde o

0

= e Iy Aol 54> Verilog s S sl slenS a)_.l LU b ol gl o r—:‘sd‘ Ol Wledis

and/or 3 V-V\-o

ol sdal =Y s s and/or b slgnS Coms Jsd
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é - . - - g - -
el ol Samlis Jorb S0 ) IS8 Gilae e S Samlis Hlex Jlasl e
Comparator rl_:.: o S Sawlis Il a5 S 55 .45l Comparatord
S (5,106 im8 G im0 1 1 5L 5,50 S LK Lol 5 g g0
a[3:0]
\ \ \
= L] M o
al0] a agth im0 a[t] a agth im3 a[2] a agth im6 a[3] a agth agth B
b[0] ) b[1] b[2] b[3] S
b im1 b imd b im7 b a_eq_b
ot a_eqb a_eq_b a_eq_b a_eqb
ot im2 ot im5 ot im8 ot alth
eq eq altb althb eq althb eq altb
n [ b I s o
It It It It
Comp0 Comp1 Comp2 Comp3
and 0 1 X | z or 0 1 X | z xor 0 1 X | z
0 ojo|o]o 0 01| x| x 0 01| x| x
1 01 x|x 1 11111 1 110 x| x
X 0 b X | X X b 1 X | X X X | X X | X
z 0 X X | X z X 1 X | X z X | X X | X
nand | 0 1 X | z nor 0 1 X | z xnor | 0 1 X | z
[} [HERERE [} 110 x| x [} 110 x| x
1 110 x| x 1 olofofo 1 o1 x|x
X 1 X X | x X x| 0 X | x X X | x X | x
z 1 X X | x z x| 0 X | x z X | x X | x
and/or LU slns cos Jydr -1 K
and al( out, inl, in2 ); // and gate with two inputs
or ( z, i1, 12 ); // or gate with two inputs
xor ( z1, i1, 12, i3, 14 );: // xor gate with four inputs
nand nd( ol, i1, 12, i3 ); // nand gate with three inputs
nor ( out, a, b, c ); // nor gate with three inputs
xnor (y, a, b, c, d); // xnor gate with four inputs

o ol A s (539,55 o Al 5 (o A S &Sl dgl s e
s of s lgsg,g sl b oS Ol e 3

J_Al Cﬂ‘)bﬂ;s ) & gad rb o‘jdo ‘Lq-‘-'.:fcﬁ|j|(3.su:.a|)‘5jb43}«$ CKA‘U.

(ol 3ol Verilog s sl 2y 51 glgiledl plas 5,50 55
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buf/not =%

Y-\-o0

el sl V=Y S s buf/not L slenS coms Jsi

ctrl ctrl
buf out bufifo | 0 | 1 X | z bufif1 0|1 X | z
0 (1] (1] 0|z |L|L 0 z |0 |L|L
1 1 1 1]z |H|H 1 z|1|H|H
X x X X |z |x|Xx X z | x| x|Xx
z x z X |z |x|Xx z z | x| x|Xx
ctrl ctrl
not out notif0 | 0 | 1 X | z notif1 0|1 X | z
0 1 (1] 1]z |H|H (1] z|1|H|H
1 (1] 1 0|z |L|L 1 z |0 |L|L
X x X X |z |x|Xx X z | x| x|Xx
z x z X |z |x|Xx z z | x| x|Xx

buf/not LU xS cos Jyar -v-) K

o=l A s g B g e g 2909 g MOt buf @S ST o, e
s of s (slgry A ol b o lgnS Ol S e o S
JF=S p o s 5 53905 S s s Aol g Sos G\S 3,50 s0 0

-

Ol

Mbd Z\Q_ILSL:\MQHJ ZL?'O‘SLWQL.

buf bl ( ol, 02, il ); // buffer with 2 outputs

notifl ( z bar, in, ctrl ); // not with output control

3513 Al sl 5l sl e same S pa ST WL sl (oS g 3 Dl b 6l
LMool Jos ol i e 5mad e ;K0S 0y ol gletS ol 5L 2550 slos et iy o b
Ol oSl 3 s b sy dlte sy ;83 L 0581 5 e 48 sl L Wiring
S o

AS byt S Al SV e
ol sl A=Y S 55 OF 4 by e Verilog 4S5 o8 e 3 s SSled b

wf‘kw};&uﬁucouwuﬁ&de

s;_w\ o.l_AT q—\ Jg_«j‘)b de_!‘Io}_’JAVerllongij»_:chm)b )‘J_A u<,:;Lq.Jl leé‘}?'

Clk 515, id b ' D g5 Ml S nand S Sleslzal Lo

Al o

4, q_bar ;i e 5 3D, CIK Slae slgsgys bl &S o Joso "(i
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// Module 4_to_1 multiplexer.

module mux4 to 1 ( out, io, i1, i2, i3, s1, s0 );
output out;
input io, i1, 1i2, i3, sl1, sO0;

// Internal wire declaration
wire sOn, sln, y0, vl1, vy2, y2;

// Gate instantiations

not ( sln, sl );
not ( sOn, s0 );
and y0, 10, sln, sOn );

and y2, i2, sl , sln
and y3, i3, sl , sO

( )
and ( yl, il, sln, sO0 );

( )

( )

or ( out, yO0, vl, y2, y3);

endmodule

b5 » Verilog &S oS e 53wt Sl Al Sl L8 A S8

//Module 1l-bit comparator

a im2 module Comparator( a gt b, a eq b, a 1t b,
gt a, b, gt, eq, 1t );
b im0 im3 [ agth output a gt b, a eq b, a_lt b;

input a, b, gt, eq, 1t;

im4
// Internal wire declaration
wire imO,iml,im2, im3, im4,im5,1im6,im7, im8, im9;
‘ im5 // Gate instantiation
eq | not ( im0, b );
[ — a_eq_b not ( iml, a );
im& nand im2, a, gt );

nand im3, gt, im0 );

nand im4, a, im0 );

nand im5, a, b, eq );
nand im6, im0, eq, iml );

(
(
(
(
(
nand ( im7, iml, b );
(
(
(
(
(

nand im8, iml, 1t );
It nand im9, 1t, b );
nand a gt b, im2, im3, im4 );
nand a_eq b, im5, im6 );
nand a lt b, im7, im8, im9 );
endmodule

«bﬁfVerilogv\s,qc@);w; I e SO Sl Sles i —4-) IS

s &6 Yo
T O (830558 et e ay il o) Sl 8 S s oS olenS 0SL

J¢:LL_S R ve RGOy Oyl s Cas Ls_lad; slaslde s ijj .JJ_SL5A|.L1i P LS,&’LLJ
L Verilog ;s U5 pslis 5,0 K s i (6,05 8l Sl Lol (gl das o o3l LS (ol

.deibg t;)_di # e
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Turn-Off, Fall, Rise sl st \-Y-0

2y ol Rise .U L1 as 0, X, 23l oS =55 0 pii S a0

b el Fall .2 L0 1 x, 23S msF d S a0
.>j~.':6»¢L>.u'l Tumn-Off , 2L Lz oS =55 0 pi 45 a0
~°)-4°L;°“—’3)§J—EJ>;:>"UMﬁ‘rW‘M#Wjﬂﬁxqcﬁf}ﬁﬁlo
SIS Sl kgl o Kn w0

Db a8 s LaptU alad gl e ol 05d pasiie 20 S L e

s b ea S by Fall 5 Rise sla, U sl oy asopd jas in slise
Db a8 s jlude 53 ol psadis plp Turn-Off =0

L 55 Turn-Off s Fall 5 Rise sla b gl b jas ol jasie oo

PR PRI K

T..
Rise TFaII
<> 1 1,x,2 :
0xz . 3 1
and #(5) ( ol, 11, i2 ); // Rise=5, Fall=5, Turn-0Off=5
and #(4,6) ( ol, 11, i2 ); // Rise=4, Fall=6, Turn-0ff=4
and #(4,5,6) ( ol, i1, 1i2 ); // Rise=4, Fall=5, Turn-0Off=6

Min/Typ/Max sk  Y-Y-0
La, b ool 5 SO olbsedl e Min @ Typ @ Max S s glls La b ol ol o 3o Se

55 plol +maxdelay g b ) B blaad e 3 Y 23S e s L Ol
Sy 4,8 s L b e pen S Lo sl xS pls )

// R=Rise Dealy F=Fall Dealy T=Turn-Off Delay

// One delay is specified

// if +mindelay, R =F =T = 4
// if +typdelay, R = F =T = 5
// if +maxdelay, R =F =T = 6
and #(4:5:6) ( ol, il, i2 );

// Two delays are specified
// if 4mindelay, R = 3, F
// if +typdelay, R = 4, F min (4, 6)
// if +maxdelay, R =5, F , T = min(5,7)
and #( 4:5:6, 5:6:7 ) ( ol, i1, 1i2 );

5, T = min(3,5)

Il
~
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// Three delays are specified

// if 4mindelay, R =2, F =3, T =4
// if +typdelay, R =3, F =4, T =5
// if +maxdelay, R =4, F =5, T = 6
and #( 2:3:4, 3:4:5, 4:5:6 ) ( ol, 11, i2 );
5 ek dhs alke (gl pKin 4 L g2 30 &S S a0 .
JU_A uﬂ_:-p‘,}' BES J.:’U )‘ .\.l\.q b}@ﬁb“bdjhjhu.u 6:53 <&
.5 g eslaiul

o3ls OL >~ ch..u 35 goildoe 1

Coal Slebl a5l 9 LSl s Sledbl JLAKH § 5o 4y o3l O > Cle_.d BERTS] WAEVREY
ol slelse s Verilog ol ys esls Ol > Cb_.ﬂ BERTS  SIAR VI G Cop PG SN P

Continuous Assignment V-1

UJJ_@)}:_‘.«J)UA““_HSJLQJ;ﬁ‘)énet&a‘d})b)‘w&Q‘j_s‘ja))lw.}w‘hw).v

Pl 3
assign <signal strength> <delay> assignment_lists;
3= o8 a5 sl JUab oyl gep 5 swd ool 4 CBls a5 b, gmws opl 5,40 450 N
‘0

23 edd ob)l Isdses M‘)WO)L?JS‘ASMJF: Sl oo Lo
.:ﬂgwj}gﬁwﬂih
g 93 ol S Bl gmet ¢ 55 51 s S b phie b Hges fpl o e o

ASL

// A dataflow description of a 2 inputs and gate
module myand( out, il, i2 );

output out;

input il, I2;

assign out = il & i2;
endmodule

Implicit Continuous Assignment Y-
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wire out;

assign out =
// are same a
wire out = il

i1 & i2;
S
& 12;

C,_g:ol;‘u.)\.l_aJJSLuASJd)_JLfc;blﬁlé\ﬂuﬁbﬁ%agﬁfc&ﬂﬁﬁ)#m

gl e de ;LS Laassignment gl 015 g s esls Ol o pelas 5o L 2505

PSR W

j\briiﬁdtgﬂ_gjﬂ.ﬁ)jTynetj\J_;}assignjlﬁl)ﬂ;'-u&ﬁdk_xgl);

e edd asie U e ) meS b ,e U el a8 ses e el ol ol 5 ol Inertial

RSNV PSS WL AP S I gI:".’-L“" AEE Jg_qubj_ﬂ‘ u_ﬂ 3}":'4)*:';;‘"6")}"

module myand ( ol, il, i2 ); i0
output ol; '<5. < >5 R
input il, 1i2;
assign #5 ol = il & i2;

endmodule RS
o1 !
<«
Inertial Lzl =6 -Ve—) IS
et J.;.">\S Y-y-1

Sy g e te et O iy e olSs 4 net S (s, assignment 5 s Sl

wire out;

assign #5 out = il & 12;
// are same as
wire #5 out = il & 12;

net iy x5 pKe 4 56 YY1

ot ol S S o e O sl 3 S Net iy e oL Ll

ﬁ\ajc,_:«bujjJ%Q.JJ_JJJLQ&MJJUMR\JQ‘;)_JfB.J net -l ($s, 45 (5 s

o oslil WS 5 e S mlan s (3ladde 3550 3l
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wire #5 out;

assign out = il & 12;

Sydiparla oyl s lak gl oS5 slole @

A o )LB 0Ty o) s 5 a8 A3l glesls gl 1 S Ll X S e

G Al ety o e Bt U s e el | Sldes Lol g5 Loy slyl @

il sl 0= Ja 3 Verilog s 355 sla,y 55140

Operator Operator Operation Performed Number of
Type Symbol Operands

* multiply 2

/ division 2

Arithmetic + add 2

- subtract 2

% modulus 2

! logical negation 1

Logical && logical and 2

I logical or 2

> greater than 2

. < less than 2

Relational >= greater than or equal 2

<= less than or equal 2

== equality 2

. I= inequality 2

Equality === case equality 2

== case inequality 2

~ bitwise negation 1

& bitwise and 2

Bitwise | bitwise or 2

" bitwise xor 2

~"or "~ bitwise xnor 2

& reduction and 1

~& reduction nand 1

Reduction \ reduct'ion or 1

~| reduction nor 1

A reduction xor 1

~" or "~ reduction xnor 1

. >> right shift 2

Shift =< left shift 2
Reduction {} concgtengtion any number
{{}} replication any number

Conditional ?: conditional 3

0315 O 2 a3 (g3l gl 5 Verilog b, 5l 5l cud 0=\ Jsi

¢
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A = 4’b0011; B = 4’b0100; D = 6; E = 4;

A*B // Evaluated to 4’b1100

D/E // Evaluated to 1

A+B // Evaluated to 4’b0111

B-A // Evaluated to 4’b0001

/mm e
inl = 4’b101x; in2 = 4’b1010;

sum = inl + in2; // Evaluated to 4’x

[ mm e

-7 % 2 // Evaluated to -1, take sign of the first operand
2 // Evaluated to +1, take sign of the first operand

A = 3; B =0;

A && B // Evaluated to 0 ( False )

A || B // Evaluated to 1 ( True )

'A // Evaluated to 0 ( False )

[ mm e
A = 2’bx0; B = 2’bl0;

A && B // Evaluated to x ( Unknown )
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A = 1'bl; B = 2b00; D= 2bl0; C = 3bll0;

y={B, C1}; // Result y is 4’b0010

y=1{4, B,C, D, 3’b001 }; // Result y is 11°bl_00_10_110_001
y = { A, b[0], C[1] }; // Result y is 3’b101

A = 1'bl; B = 2’b00; D = 2°b10;

y = { 4{a} }; // Result y is 4’b1111
y = { 4{a}, 2{B} }; // Result y is 8’b11110000
y = { 4{a}, 2{B}, C }; // Result y is 10’1111000010

// Models functionality of a tri state buffer
assign addr bus = drive enable ? addr out : 32’bz;
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A = 3; B = 3;

X = 4’b1010; Y = 4’b1101;

Z = 4’blxzz; M = 4’blxzz; N = 4’blxxx;

A == B // Result is logical 0

A !=B // Result is logical 1

X == 2 // Result is x

7Z === M // Result is logical 1

Z === N // Result is logical 0

M !==M // Result is logical 1

Dol 4 g p 5,00 4 b (reduction) lalS la, gl pl 5,50 55 @ o

Iy odd yatedu gu Olles g s X1 S slyls b, 51 50 ol @ ®)

Ol 1y Sy S g 0015 pLoll Of dipl Hls p slaasl SIS (59,

il S (0 1 4o

x = 4’1010;

&X // Equivalent to 1 & 0 & 1 & 0, Result is 1’b0
| x // Equivalent to 1 | 0 | 1 | 0, Result is 1’b0
~x // Equivalent to 1 ~ 0 ~ 1 ~ 0, Result is 1’b0

eb\:dbj}CLA)JJLZ:%J&LA)‘M&)LJME)_WMdbﬂmjjhbv_:sgf&mdb

AS b st Sl SV e

// Dataflow model of a 4-to-1 multiplexer
module mux4 to 1 ( out, 1i0, i1, i2, 13, sl, s0 );
output out;

input i0, i1, i2, i3, sl1, sO0;

// Use nested conditional operator
assign out = sl 2?2 ( sO ? i3 : i2 ) : ( sO 2 il : i0 );

endmodule

Mfl}ﬂiémc«}&"db
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// Dataflow model of a 4-bit full adder

module fulladd4 ( sum, c _out, a, b, c in );
output [3:0] sum;
output c out;
input [3:0] a, b;
input c_in;

// Specify the function of a 4-bit full adder
assign { c out, sum } = a + b + c_in;

endmodule

A8 b g LU S easSanglie SV ke

// Dataflow model of a cascadable 1-bit comparator

module Comparator ( a gt b, a eq b, a 1t b, a, b, gt, eq, 1t );
output a gt b, a eq b, a 1t b;
input a, b, gt, eq, 1lt;

// Specify the boolean function of a 1-bit comparator

assign a gt b= (a &gt ) | (~b &gt ) | (aé&~b);
assign a egb = (a &b &eqg) | (~a & ~b & eq );
assign a 1t b= ( ~a & 1t ) | (b & 1t ) | ( ~a & b );

endmodule

LS o dwle |y i b gl sue SO Jgiﬂ676)U»g§§uJ:C2bJL5J§$):0
S a8 esls 0L Cla.,; o Lyl bl e esls gL
a, a L)
CH E e
C, ‘ c, /7—‘ : G, /7—‘ ‘ C s L2
a), a a,
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Wlhosle gl V-V
Siledde AL Wl ws ol always, initial o )ls 54> asbosle S L 55 Verilog s
)‘JJ wt;ﬁc,;—l_w LgL@J)Ju ﬁ‘).})\.l_ﬁ é)l_':..%) ;ﬂ_yp}? L.SLM rujmdju)chw)é

a5kl ls LS pl LS e

initial S V\-\-v
il oS e | ol gilaald @J_.LJJJL.SJ“JLL&)@JJ @.JJOQLgﬁinitial S
—S SsL, =i begin end d—w L el s s o initial 3L 05,5 =2l
J_M.u)_;dab_;-lol_n}@q)ﬂ_@Oou;)gwﬁru‘ﬁ_@u\;initial5,_14_‘3_14;;;@%
o g Ol a6, 5w SOl 3 81 e sl LS5l ol 5l s S50

i oo ) (lwans b OLej 5l el Lasiie U 5

module stimulus;
reg a, b, x, Yy, my

initial
m = 1’b0;

initial

begin
#10 x = 1’b0;
#10 vy = 1’bl;

end
initial
begin
#5 a = 1’bl;
#10 b = 1’b0;
end
initial
#50 Sfinish;
endmodule
// Time Statement executed
// 0 m = 1’b0;
// 5 a = 1'bl;
// 10 x = 1’b0;
// 30 b = 1'b0;
// 35 vy = 1'bl;
// 50 $finish;
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always s Y-\-v

.XJ}_\::‘;G‘JJ-‘ Mﬁ)}—bQTOJJJQ‘)j:—‘”J (A-QJJQJ-JACJJ_JO Ql_AJ)JaIWayS \Sj_LJ

.J})v_ﬁ )l_<4. ‘J‘J}":’LSA

module clock gen;
reg clk;

initial
clk = 1’b0;
// Toggle clk every half cycle ( Period = 20 )

always
#10 clk = ~clk;

initial
#1000 $finish;

endmodule

Procedural Assignment Y-V

e 3 Aol e das e i | Ol Ly R (s (TOZ piie S MRs ) s2s
S U8 e s ol e e s i 1 0T Sl ;K s S Sl B sl e 3L
PAL 5l S

abil> ole U Olej o —aa- L@w‘regw& .

L a0l 5l Bit-Select S o

La e ol 5l Part-Select S @

G 3ylpa 3l Sl @
Blocking Assignment  \-Y-v

Sl Gs oS Osd mm (g oo |l Klodls s die 4S5 5 Olea 4 Ol s o

initial
begin

// These statements are executed at time 0 sequentially
x = 0; y = 1; z = 1;

count = 0;

reg a = 16’h0000; reg b = reg a;

// This statement is executed at time 15
#15 reg _al2] = 1’bl;
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// These statements are executed at time 25 sequentially
#10 reg b[15:13] = { %, y, z };
count = count + 1;

end

Nonblocking Assignment  Y-Y-v

Sl 0 el e a Sl Ogd (Kipd oo gl ol Gl Sl s US55 ol s

JFwd dy o AS 0 dile | >l (6l 1, Nonblocking ;gws S jluans e
Sah S Hgms gl Dad elS e 4ol G 3515 p 0 S b 0,3 s
Jaoe 1, oMbl JUsl glesen (6 550 &) suas il 95 o Nonblocking of ) siws @

s il g Oy s sl O s Sl A 1 5 asS

initial
begin
x = 0; y = 1; z = 1;
count = 0;
reg a = 16’h0000; reg b = reg a;

// This statement is scheduled to execute after 15 time units
reg al[2] <= #15 1’bl;

// This statement is scheduled to execute after 10 time units
reg b[15:13] <= #10 { %, y, z };

// This statement is scheduled to execute without any delay
count <= count + 1;

end

Oby s vV
BEIS PPN fl_?;.\ ol (A3l 54 > 50 Ol ey J 1S Ol s> 4=l Verilog s
sl sy Ol J S C_,_, 4. Verilog
e LIV | PR IS I -C RN B C

.wlsﬁykuﬂﬂgbjdﬁtfﬁ.md«
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cJLx;{l)s.:j_.iwes)ﬂ)j;_w;%WJJWHRU&J»UL’?UJJ::S .
)‘A%WQ)L}Q})}OM@[’L@‘KL—’OL‘)MK)‘JH&/—M")CMQ)L&

bj:jL;"

initial
begin
x = 0y
#10 vy
#(4:5

end

1

:6) g=0;

assignment ;4 5l o uly G 53 b o 5 So H e 098 S J S e
C,_‘.i':..lf)"w._;ca.l_‘i MWA&QL&)JJ &L-wb@w—w@)[-:& dw‘)bbﬁl& eb)_ﬂ

initial

begin
x = 0; z = 0;
y = #5 x + z;

end

// Is equivalent to

initial

begin
x = 0; z = 0; temp = x + z;
#5 y = temp;

end

Mgy p s O3 s Y=Y

S gy = = Ol JJ:_'S@;)L@_? Loslnet Lreg SO Sldis s glime an sli s, SO

S PP

s o oslaal Sl gy J S 05,8 ask ie Gl @ e tedelB L slug g, J oS e
dLAi:—nﬂk.g—igJ\_J‘j)wl_:LOJJ))YLZ—JL—’CJLKA—M&—]_)‘J&—EA a2 N«l—JJ\.AJ\j:d“Q\))MNJ
0oL x,zx oLzl wl w5l K meam o,V ) iy s>

Al o 190, x, 20 > 02 >0 ol ess 5l K mme 4 05,V

@(clock) g = d; // Triggered with any change in clock
@ (posedge clock) g = d; // Triggered positive edge of clock

@ (negedge clock) g = d; // Triggered negative edge of clock

g = @ (posedge clock) d; // d is evaluated immediately and

// assigned to g at negative edge of clock

ol sy Soas cond sl al b Lo (5l | 0L M\Verilog:(alsl.gai.)w, Jus e

A sevent suJS ials L sl sy i oS S5 ST psd B 53 5 oS i
s plml > L ol as 8
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event rec data;

always @ (posedge clock)
begin

1f( last data packet ) ->rec data;
end

always @ (rec data)
data buf = { data[0] , data[l], data[2], datal[3] };

PS5 e ST S 55 i 48 s IS i DUl AL S sl iy J RS e
el 5 s Semsitivity List as WS L 3l 5, cond 555 00 ol

always @ (posedge clock or reset)

begin
if( reset ) g = 0;
else g = d;

end

always
wait ( count enable ) #20 count = count + 1;
LJ;’J*: JJ#*”’ Y
if( expr )
true_ st
else

false st;

case ,gws 0=V

case ( expr )
case 1 : stl;
case 2 : st2;
case n : stn;

defult : def st;
endcase
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while( expr )
st;

for( init; end cond; chang control var )
st;

repeat ( number of iteration )
st;

forever
st;

Tasks and Functions  v-Vv

RGSU P WP P | W gy L B P WS I LI N PR 1 g 1 @U s Task

Task \-v-v

J)—JL;G oslaul J_L) J)l)_ﬁ L y‘,_a.&ﬂ Jj_..::dﬂ W taSk eee Cl’ldtaSk z.k.:.w)_v
Aabacilb s Oley J S Ly g ghiibey b sy n 3 @
Aal sl o melly SOl s L s sl asl g s el sy @

Al B 3505 bl ot sy O
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Function Task
LS s 1) Kos wly Ll s ol S S s 1) s e task 5 ols Llg e task S
.:ﬁ&lﬁlog’)ujﬁwel:& 3i o 110 0l s el Ses task

Al axsls Gloy J St s sliy sy et Wl 5 e 2l O | sl azils Oles JxSL s sl b Ll e task
d 2 SRR e Fo~ & g g - e ST -

Al axdls (63955 Ol TGl Bl b G| apmis b s 500 slelST e task

AL asls

2l 2285l e aties 1l S Al sl 23850 s Ll e task G

CU B Task sl sl -1-) J)J}

module operation;
reg [15:0] A, B;
reg [15:0] AB AND, AB OR, AB XOR;

always @ (A or B) //whenever A or B changes in value
bitwise oper (AB_AND, AB OR, AB XOR, A, B);

// Define task bitwise oper
task bitwise oper;
output [15:0] ab _and, ab or, ab xor; //outputs from the task
input [15:0] a, b; //inputs to the task
begin
#20 ab_and = a & b;
ab or = a | b;
ab xor = a © b;
end
endtask

endmodule

Function Y-v-v

Sad oo oliwl 3 5,lse 33 Vg ame 355 e ek is function ... endfunction .. s
Aol a sl sy Oley S Lo 5 il B ey 50 @
Asbanaly oy ully SO ey @

.ul{ubé:‘j)}fﬁb\ﬁp@y\bm}ﬁ L]

function calc parity;
input [31:0] address;
begin

// set the output value appropriately. Use the implicit
// internal register calc parity.

calc parity = “address; //Return the ex-or of all address bits.

end
endfunction
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else shls L glab b plad aS el ez g Ll s o s ¢l_<;.a as .S Ssalways g4

S b b S Al S dle

// Behavioral model of a 4-to-1 multiplexer

module mux4 to 1 ( out, i0, il, i2, i3, sl1, sO0 );
output out;
reg out;
input ioO, i1, i2, i3, sl1, sO;

always @( i0 or il or i2 or i3 or sl or sO )
begin
case { sl1l, sO }
2'"b00 : out = 10;
2'"pb01 : out = il;
2’10 : out = i2;
2'b11 : out = 13;
defualt : out = 1’bx;
endcase
end

endmodule

6)‘&'5)@—&))&}&“)‘#&‘# ‘\—\/

S e Ol Jlte i Sl sl ol L 1 5 syl =1 b
AS b o Swreset L sk g YU e 4y wle> D-FF G0 Y s

// Behavioral model of a d-ff with synchronous reset

module d ff ( d, clk, rst, q );
input d, clk, rst;
output qg;
reg q;

always @( posedge clk )

begin
if (rst)
q = 1'b0;
else
q = d;
end
endmodule

oS b o Sl reset U o5 VU g4 4 el D-FF G0 Y i
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// Behavioral model of a d-ff with asynchronous reset

module d ff ( d, clk, rst, g );
input d, clk, rst;
output qg;
reg q;

always @ ( posedge clk or posedge rst)

begin
if (rst)
q = 1'b0;
else
q = d;
end
endmodule

b 0y S uTrst gasb 5 1d, ud o Sew bl b oo b gl les S& Y Jlis
S LS elk (es sy i) b oS S

// Behavioral model of a up/down counter

module counter ( clk, 1d, rst, u d, d in, q );
input clk, 1d, rst, u d;
input [3:0] d _in;
output [3:0] g;
reg [3:0] g;

always @( negedge clk or posedge rst)
begin
if (rst)
g = 4’b0000;
else if( 1d )

g = d in;
else if( u d )
qg=q+t1;
else
qg=q9- 1
end
endmodule

S ol 1 5 I r(_}jl_l: :(mealy <JL>~ f\JfL;; Hb) & dka
1/0
" S
1/0

0/1
1/0



Verilog s plosea cin i ol 5 sels 4=

&J—MJ\:&-wa«»S‘\?e_T

// Mealy state machine

‘define init 2'd0
‘define gotl 2'dl
‘define gotll 2'd2

module seq detector ( clk, x, rst, y );
input clk, x, rst;
output y;

reg [1:0] cur state;

always @( posedge clk )

begin
if ( rst )
cur state = “init;
else case ( cur_state )
‘init : cur_state = x ? “gotl : “init;
‘gotl : cur state = x ? ‘gotll : “init;
‘gotll : cur state = x ? “gotll : “init;
endcase
end
assign y = (cur_state=="gotll && x==1'b0) 2 1'bl : 1'b0;
endmodule
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// Mealy state machine (Hufmann Model)

‘define init 2'd0

‘define gotl 2'dl

‘"define gotll 2'd2

module seq detector ( clk, x, rst, y );
input clk, x, rst;
output y;

reg [1:0] present state, next state;

always @( posedge clk )
if (rst)
present state = “init;
else
present state = next state;

always @( present state or x )

begin
case ( present state )
‘init : next state = x ? ‘gotl : “init;
‘gotl : next state = x ? ‘gotll : “init;
‘gotll : next state = x ? ‘gotll : “init;
endcase
end
assign y = (present state=="gotll && x==1'b0) 2 1’bl : 1’'b0;

endmodule
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// Moore state machine

‘define init 2'do0

‘define gotl 2'dl

‘define gotll 2'd2

‘define gotllO0 2'd3

module seq detector ( clk, x, rst, y );
input clk, x, rst;
output y;

reg [1:0] cur state;

always @( posedge clk )

begin
if ( rst )
cur state = “init;
else case ( cur_state )
“init : cur_state = x ? “gotl : “init;
‘gotl : cur_state = x ? ‘gotll : “init;
"gotll : cur state = x ? ‘gotll : “gotllO;
‘gotll0 : cur state = x ? ‘gotl : “init;
endcase
end
assign y = (cur_ state=="gotll0) 2 1’bl : 1’'b0;
endmodule

S 3l cpadla Jute Sl el L 1 Jlte S ol St 0V Jlie

// Moore state machine (Hufmann Model)

"define init 2'd0
‘define gotl 2'dl
‘define gotll 2'd2
"define gotllO0 2'd3

module seq detector ( clk, x, rst, y );
input clk, x, rst;
output y;

reg [1:0] present state, next state;

always @( posedge clk )
if (rst)
present state = “init;
else
present state = next state;
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always Q( present state or x )

begin
case ( present state )
“init : next state = x ? ‘gotl : “init;
‘gotl : next state = x ? ‘gotll : “init;
‘gotll : next state = x ? “gotll : “gotllO;
"gotll0 : next state = x ? “gotl : ‘init;
endcase
end

assign y = (present state=="gotll0) ? 1’bl : 1'b0;

endmodule
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module producer ( dataOut, prodReady, consReady )
output [7:0] dataOut;
output prodReady;
reg [7:0] dataOut;
reg prodReady;
input consReady;

always
begin
prodReady = 0; // Indicate nothing to transfer
forever
begin
// ... Prduce data and put into temp
// Wait for consumer ready
wait ( consReady ) dataOut = S$random;
// Indicate ready to transfer
prodReady = 1;
// Finish handshake
wait ( !consReady ) prodReady = 0;
end
end
endmodule

module consumer ( datalIn, prodReady, consReady )
input [7:0] dataln;
input prodReady;
output consReady;
reg consReady;

reg [7:0] dataInCopy;
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always
begin
consReady = 1; // Indicate nothing to transfer
forever
begin
wait ( prodReady ) dataInCopy = dataln;
// Indicate value consumed
consReady = 0;
// ... munch on data
// Complete handshake
wait ( !prodReady ) consReady
end
end

I
[
~

endmodule

// Top-level Producer-Consumer process
module ProducerConsumer;

wire [7:0] data;

wire pReady, cReady;

producer p( data, pReady, cReady );
consumer c( data, pReady, cReady );

endmodule

Producer Writes ?.
} } e d
“

) t

Consumer Reads

o e 53 il
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Ncontrol
T T i

Control Control

nmos | 0 | 1| x| z nmos | 0 | 1| x| z Data Out
0 z | 0 | L L 0 0|z | L |L

1 z 1 H | H 1 1 z | H|H

X z | x| x| X X X |z | x| X

Pcontrol
z z |z |z |z z z |z |z |z
el coo Jsar s MOS lezes s -V V) S

nmos nl ( out, data, control );

pmos ( out, data, control );

cmos cl ( out, data, ncontrol, pcontrol );

3
Qs Sl YA
Wl sl onls Jaaled 4y swss Gleaei s VYY) K s
control control
inout1 >< inout2 inout1 inout2 inout1 inout2
tran tranifo tranif1
el G Jsdr s MOS (glzei s -1V IS

tran tl ( inoutl, inout2 );
tranif0 ( inoutl, inout2, control );
tranifl ( inoutl, inout2, control );

u.:o) 9 Q-\:J Y-A

s ol 6l el 5L (Vss, VAd ) ey 5 andis aie 4o Lz o Sl eslin ol o0 &
el sl 4 S 1555 Vss, Vdd gl 5 5 4 supplyO0, supplyl .S s os

supplyl vdd;
supply0 Vss;
assign a = vdd; // Connect a to Vvdd
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rnmos, rpmos
rcmos
rtran, rtranif0, rtranifl

// Resistive nmos,pmos switches

// Resistive cmos switch

// Resistive tran,tranif0,tranifl switches

Input Strength Output Strength
supply pull
strong pull
pull weak
weak medium
large medium
medium small
small small
high high

oolie Sl s JUSw Cimad Jdr V=) s
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sbar

out

module mux2 to 1 ( out, iO0,
output out;
input s, io, 1il;

wire sbar;

not ( sbar, s );

cmos ( out, 10, sbar, s

cmos ( out, il, s, sbar
endmodule

ill s );

)

)




