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module decoder ( A, B, En, DO, DI,

input A, B, En;
output DO, D1, D2, D3;
//Functionality of the decoder

endmodule

D2, D3 );

— Declaration of the input/output port

Module body

— Descrption of the module \

|

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
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Top-Level Cicuit

dcd0
a_Ia DOQL
b d1
Circuit B D1 42 Circuit
D2p——
e JEn D3QL

wire d0, dl, d2, d3;
<Other Components>
decoder dcd0 ( a, b, en, d0, dl, d2, d3 );

<Other Components>

endmodule

module Top;
wire a, b, en;

—

The nets are used to model an
electrical connection between
structural entities such as gates.
A wire is one type of net.

We instantiated an instance from
decoder and called it dcd0. The
nets can be used to connect
dcd0 to other components.
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a =Db && ¢c; // This is a single line comment
/* This is a multiple line
comment */

LGJJ§|J1| Y-Y

u}ﬁ‘;i_«-‘_;b\;%,_::f“p).b'j_gidaM&qudujs‘@l_ﬁwaupujjlﬁ\

sasl Slaseiv §-Y

P e Al g ) oy se 95 4 sldel Verilog s
Lo sy 50 500 Olas L 1y sie SO oS e e | Verilog cllss] 3t 5ls 031l sas @
ay <size> .ol <size>‘<radix><number> &5 el sue IS LS
oo |y sde sl <radix> S o ek e |y sde gl s 5 edd an b8 Jlags
Hih o ia sl 0 Lo g sl ol mBLD @ sl sl ~DLd s .
el O Ul gl ml o Sloe 5,3 i Sl 055 e DL 02500 Sle (6l

.J}MQaAUL_wl[_”j\thbf

8’01010 1110 // This is a 8 bit binary number

12’habé6 // 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
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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’p107?°? // 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

3lie de gz =V =\ Jgd

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

ok sk =YY s
Net  Y-v-v
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wire a; // Declare net a
wire b=1’b0 // Net b is fixed to logic value 0 at declaration
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reg reset; // Declare a variable that can be hold its value

Vector ¢-v-v

)\3)_1 “"ﬁ_}"j u_kSJ_L& REEPE— b"—ij*j )\.5)_! Oy g .,\_4‘}5& wire;reg &lesls 8;4\
ol J'.'.) 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
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integer counter; // General purpose variable used as a counter
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real delta; // Declare a real variable called delta
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time sim time; // Define a time variable sim time




Verilog ¢l plese cipo 55 0Ly §gmals 5
6j_w S VE S TRy g

4.:‘)] A=Y

ol ) glasl T L stime, integer, reg losls sles s 3| glanlyl 0l 55 0 Verilog s
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<array type> <array name> [ #first element : #last element ]

integer count([0:7]; // An array of 8 integer
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reg membit[0:1023]; // 1K x 1lbit memory
reg [7:0] membyte[0:1023]; // 1K x 8bit memory
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// Define a constant port id

parameter port id = 5;

i, V=Y

Lo sl S SLs oll an wlureg i Jab Lo stiteg S& s Lily o bar s,
23 b 8 0 D C~f/\):JLSJ5J_A.>J;oGS‘)ALJ).MBQ

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

r&mgp» LSLA task \Y-Y
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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
%0 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 Clasin o Y=Y Ji

Sdisplay (“At time %t virtual address is $h”, $time, vir Adr );
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task 55 w5 .cul JLed $monitor s o 21 L i (il 4> Smonitor [ gy
Jlms s s |y ledbl 05,5 5 sile Sldes Ol 45« Smonitoroff 5 $monitoron sy s
.))—A—') dlx.ex&j
Jdee o \j_ﬂj 5y cid gt |y (s3lwand Sllas 0155 0 $SOP L 55 ¢ (glwand Awils g iS4 @
Sldes Oy 5 o $finish b v g 5y, o LSS slocuwe gl A ol sl 5 interactive

Sl a1 gslwans

AlelS sleal,  AY-Y

Alsls slaialy g5 5o ol <keyword> I |5 slls LUl slaal, Verilog s

oS, le dlls (i eslaul 540 oS




Verilog ¢l plese cipo 55 0Ly §gmals 5

LSJ—M"\:”—‘“""\"‘S“':'GJ

S S 5 Sle iy x5 (gl a5 “define o
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"define WORD SIZE 32 // Used as "WORD SIZE in the code
“include “header.v” // Include the file header.v
Jo>b Y

Sy lyderle il a8y &) pm Lol 5o e Iy Jdsrle (g5lwdsad 5 iy a5 5520 D3
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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

J)?Lc o las J:.i.l& “}?l =Y-\ Jg,.i
—He ¢

el ol Oler L sl (LU Ll Jsrle G sl s

og cmd V-t

Ls_éjxﬂdﬁLACu&j_l?_-)J(b‘j_?'}Q)H)})L@J‘)ﬁwdﬁ%bdfu%ﬂr@@
sl o3ls 0L OF les 0 i a0 By g i b BdS mar S E) S8 3 Il Ol Ly e
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fulladdd4
—P a sum (—p
—» b module fulladd4 ( sum, cout, a, b, cin );
—P| cin cout —p»

O Sl i o 5 i b oS e —£-) IS0

Wos s Y-

S e e 85) Jadar b i ) S L el SO sl ples

Verilog Keyword Type of port
input Input Prt

output Output Prt

inout Bidirectional Prt

Wog s —t=) Jodr

H‘ﬁdﬁ‘ﬁﬁ‘xﬁ@dﬁﬁWireQJMMJ}@@J%‘. L] .
bé—;,ﬂ"regCJ_ZJ“JJTQJMJJ}ASAJBA&‘J&J'J&O‘ﬁ'}ﬁ& %

.résgf

C_,_w‘ﬁ)u)j-&'l.@a“)‘fbddnjsji—\ WZM@}J}}A)JJUAQ‘}W

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

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

< Module Body >

endmodule

o Jlasl il Y-t
Pl az g S o Ll ol Sl Jrle Gl s Jlasl o Ks
g 3l b eie 4 A5 oo Lt s ) s Labimet 50 51 AL Jrls (60555 Sleson @
Ll Jate @l_; Olg=,onet L sreg
b e LU L5y ol s slimet Uy sreg ¢ 5l Ails e J s s 2 sl
L Jate G)l_ﬁ- Olg>= s net ¢ 3l
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-ﬁ)uf‘. S cd 53 5 01 sl s ail et ol 4 s 2
DS e oalinl o5 LU Sl e Jlal gl s d\ﬁ;ru S b 5l Jlasl -Y
.port_name(external _signal name)
N Wil s 5 03 e Jbls 5 A3l 5Ly ey 3hss oS oS o oalinad (35 5y, ol )

sl L 0T S Wil mte ol a2 S G e ST iy opl s AL

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

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

Wl ol B esls Ll LSy g Jlasl l3 0-Y K s

reg or net —Jp—Pp net reg ornet —p—P net

input output

module

s dlail ol 3 —0-) s
P
C;g;; z:;z&ﬂ P ‘S‘}L~uj.LA 0
Jame G a5 ol LS Sl e same S | Sl oS gl 5o sildds 5o
b e |y A yls 555 Verilog ;s aS glasly LS Cb_.;l L b ol 6l o r"‘:‘sd‘ Ol Llodss

-
ol @S V-0

and/or g8  V-\-o

el el 1) IS s and/or L slenS coms Jsd
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oy nsler Samli Jprle ¢ 5 IS8 Gullae i Ko Samlln e Jlail Lo
Comparator fL_f.g o S Sawslis gl a5 428 55 .4 5lw Comparatord

S 6,13l im8 B MO 1, 3L 5,00 s LK ol 5 g0

a[3:0]
] ] ]
" Ly M o a
a[0] a agth im0 a1] a agtb im3 a[2] a agth im6 a[3] a agtb agth B
b[0] ) b{1] . b[2) ) bi3] Y
b im1 im4 im7 b a_eq_b
ot a_eq_b a_eq_b a_eq_b a_eq_b
o im2 o im5 ot im8 o altb
eq a_lt b a_ltb alt b alth ——
eq eq eq eq
It It It It
Comp0 Comp1 Comp2 Comp3
and 0|1 X |z or 0|1 X |z xor 0|1 X |z
0 0,000 0 0|1 X | x 0 0|1 X | x
1 0 1 X X 1 1 1 1 1 1 1 0 X X
X 0| x| x| Xx X x |1 X | x X X | x| x| x
z 0| x| x| Xx 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
0 1 1 1 1 0 1 0| x| x 0 1 0| x| x
1 1 0| x | x 1 o|{o0 |0 0O 1 0|1 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| Xx
and/or Ll ¢S Como Jods V) IS
and al( out, inl, in2 ); // and gate with two inputs
or ( z, i1, i2 ); // or gate with two inputs
xor ( zl1, 11, i2, i3, 14 );: // xor gate with four inputs
nand nd( ol, il, 12, i3 ); // nand gate with three inputs
nor ( out, a, b, c ); // nor gate with three inputs
xnor ( vy, a, b, ¢, d); // xnor gate with four inputs
-,

S 5 A A (39,9 W Al 9 g s Sl dol s e
RGN K e‘}a'r.!.: LSL@-"JJJ 3ldas \e @\.g}:f ub&'w %
J_A‘ w‘):)ﬁ;:\ b 43‘,».3 fU b‘jw gL@.‘;:f Cﬁ.|j|(3.>u‘..»|)‘5}lm4$‘,.o.3 f\.{.’.ﬁ e

(ol Gl Verilog sus wslu o 51 slgledl plas 5550 55
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buf/not sl  Y-\-o

ool sl V=) s s buf/not ol xS Comn Jsds

ctrl ctrl
buf out bufifo | 0 | 1 | x | z bufif1 0|1 X | z
0 0 0 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 X X z X X X
z X z X z X X z z X X X

ctrl ctrl
not out notifd | 0 | 1 | x | z notift | 0 | 1 | x | z
0 1 (] 1 z |H|H 0 z|1|H|H
1 0 1 0|z |L|L 1 z |0 |L|L
X X X x|z |x|x X z | x| x|x
z X z X z X X z z X X X

buf/not Gl lrS S Jsds -V J,<,.I:
3 - £ - - .é 21 -
O‘.'H'J""—""’“;;’.'JJ"LC‘J.% “.jdéj)ju)ﬁ:‘not,bufdwf|UJ_,.;. .
- % . 3 - w& - - -
Bl el g2ds lgr g B sl b oLk OlF o o5 5 &

JF=S p o Sag 5 53508 SR s s Aol S Sos GleS 2,50 s0 0

e

Mbw ZL1l b H 5 2L 0 st s L@

buf bl ( ol, 02, il ); // buffer with 2 outputs
notifl ( z bar, in, ctrl ); // not with output control

255155 4l Gl Sl s samme O STl il oS e s s b sl
Lodasl e ol o gad Jate ;KU a1 ol slenS ol 5L 3550 slamet Ciy 5 b e
;;l_ﬁ\)Q_:_fclg_w);)\ufljsz;aduﬁ,\_;gjjspoj_;sl 2y o aiS e L Wiring
S

LS b s, Sl S e

ol sdsTA-Y IS 3 0T s by e Verilog us 5 =S T 52 e SGled - bt

.x_:S L>_‘>-\_/,L 4;_ij JJ\JLFT.:.»A_,Q ouww&’fdh&

G| o.,\._n‘lak—\ Jg_«:l_)b Ja...laﬁjaVerllog -LS}C«-SCE—-N)J )\.,LA u@w ija&

CIk sx6,,35 ad L s D g MU < nand sl sleslzul Lo
q, q_bar jlu glg>s 5 53D, CIK jlas slgss,s ol &S o Jos Qi

Al oo
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// Module 4 to_ 1 multiplexer.

module mux4_to_1 ( out, io, il, 12, i3, sl, sO
output out;
input io, i1, i2, i3, sl1l, sO;

// Internal wire declaration
wire sOn, sln, vy0, vl1, v2, y2;

// Gate instantiations

)i

not
not

and
and
and
and

or

endmodule

( sln, sl );
( sOn, sO0 );

y0, 10, sln, sOn );
yl, i1, sln, s0 );
y2, 12, sl , sln );
y3, i3, sl , s0O );

( out, yO0, vyl, y2, y3 );

abﬁfVerilog_xsj\;jclM);\

ot S Al Soled BiE A S

gt

eq

{ im5
|
— a_eq_b
imé
im1 .
im7
im8
— altb
im9

//Module 1l-bit comparator

module Comparator( a gt b, a_eq b, a_lt b,
a, b, gt, eq, 1t );

output a_gt b, a_eq b, a_lt b;
input a, b, gt, eq, 1lt;

// Internal wire declaration
wire im0, iml,im2,im3, im4,im5, im6,im7, im8, im9;

// Gate instantiation
not ( im0, b );
not ( iml, a );

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 );

nand ( im9, 1lt, b );

nand ( a_gt_b, im2, im3, im4 );
nand ( a_eqg b, im5, im6 );

nand ( a_lt b, im7, im8, im9 );

endmodule

by e Verilog iS5 oS mlav 53 ann s

M o 5 Samlin Sl a2 -4-) S

s S Y=o

T o (53555 i e i3l el DIl o S s oS xS 0St

L Verilog ;5 ;=5 slie .sﬁ_ﬁ st 6,5 8l s Lajlie g5laa s aas o ajLa—\L@Q:fLS\ﬁ
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Turn-Off, Fall, Rise 4,56 \-Y-0

.>)_.ida(=l_>,u'\ Rise ,ocL L1 0, X, Z3l oS 255 55 i 45 00

2 el Fall .U L0 1, X, 2351 oS 5,5 0 p 65 a0
.:jdiuﬁ¢ngl'Turn%)ffjf;le_{Z LS s s LS ae

Sy a8 S 50 L e il e lady Sy W X 4SS s Sle
SN S Sl gl pel (K @

Dy e a8 S b0y La sl plad (gl Jlde ol sl asie ;20 S Lis e

s ks ie a8 L5 Fall 5 Rise sla b sl m i an opd o de Uiy e
Db e S B0 5s e 53 ol e e gl Turn-Off 20

L ;> Turn-Off s Fall , Rise gla, U ol 5 5asopd jasin oo

INEPET Y

Fall

1,x,2

and #(5) ( ol, 11, i2 ); // Rise=5, Fall=5, Turn-0ff=5
and #(4,6) ( ol, i1, i2 ); // Rise=4, Fall=6, Turn-0ff=4
and #(4,5,6) ( ol, il, 12 ); // Rise=4, Fall=5, Turn-0ff=6

Min/Typ/Max sk  Y-Y-0
SHie S 5 o seme Dl S ep e e S shils La U 51 S = Verilog >
La, b ol 5l S ol aeewa Min @ Typ @ Max IS i hyls La b ol ool pyo Sk
céj_..fr (ak_?;.l+maxdelay G;HL_"J)\ ‘-5_2.5} LQJLAWMJJNL—Z‘)JT.SQ—A 2 ‘)’." QLA)')J

// 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, 11, 12 );

// Two delays are specified

// if 4mindelay, R =3, F =5, T = min(3,5)
// if +typdelay, R =4, F =6, T = min(4,6)
// if +maxdelay, R =5, F =7, T = min(5,7)

and #( 4:5:6, 5:6:7 ) ( ol, 11, 12 );
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// Three delays are specified

// if +mindelay, 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 );

9 ki A b lie ghlwans r@éﬁ o bt S Sl S S g .
Mo o g 53 35 L A 4 LAl e e i Da (B P

> gd eslanul

o3ls OL > ch..., 5 oldde 1
ot DLl sl 5 Leold s ledbl JLanl & s as o3ls 0L Ch_.ﬂ 53 oldae s
ol sl 5 Verilog ol 55 esls 0l > dL.u BERUS | SMEW Q__<4j<>; oS3 (] 53 e e

Continuous Assignment  \-1

Q)}-@)}L«JO&_“U_LSJL;.)Jjﬁ\)bnetggﬁé))b)u_ia&dnd\}_}'j)}?.w)w\.]aﬂ:}:
Pl 3

assign <signal strength> <delay> assignment_lists;

3 =SS o8 a5 sl Jlad oy o giwd ol 45 Cudls a5 b s cpl 3590 3@

ch-\.\:t&L}J’J‘|>W@|JW&JL}J§;J&§MJ"L&JC~AUW‘5‘.&.13}!“
.{ﬁfgg JB G S putlls

g5 35 cnl 31 ol b s Tet 5 51 J1ap S b it Ko Al s ol G oo

5L

// 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-1

assign)}:_w.sJa_djswjﬁgs‘_éﬁjgjnetw_';-j\\)j__a«&;n«_{g\(gt_?u.uij)ﬁl)a

.Msft_?u-\net,“_;;,@,grt_@,abwﬁ\r_glj;&‘ﬁ;sﬁb;;ﬂw)b,\m&
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wire out;

assign out = il & 1i2;
// are same as

wire out il & i2;

(PYUEETI A

C;ﬁdtgLﬂ)kLAJJJ;u$-Ls'xj_iufbJﬁLﬂ‘&ﬁ‘6LF3L5ﬂ>U‘~_bQAC%SzckwjﬁdsiﬂﬁuJ

Sl yasie L Laassignment gl Ol o 5 osls Ol e 5o sl S

dell L b VYA
Sl S 03 S S a sl e et 5l 3 sassign Sl ey | s SO Il s
Isdms sl o e Gt Olas 238 51 ey 350 tl o ) Sy S SIS
Cﬁj\cﬁ)‘ﬁw‘)ﬁddﬁ}u%‘jﬁ‘@.iﬁj)\g%wﬁjbwjﬁﬁﬁl{‘j)\
a0l ek ie Ul 3 xS oo U el as s s e sl sl ol 5 ol Inertial

RGN PR P Jl._v.l_u\'—\ Jg—")")—“ w‘ J}MJJJJ.\.AL;-)F

module myand ( ol, il, i2 ); i0
output ol; <5 >5
input il, i2;

i
assign #5 ol = il & i2; w

endmodule S
o1 !
5

Inertial jlizl =6 -Ve-) JSs

ot =G Y

Sy g pasteia NEt OT iy a5 oL 4 met S (55 assignment 5 =L Iy

wire out;

assign #5 out = il & 1i2;
// are same as
wire #5 out = 11 & 1i2;

net i x5 pKis 4 36 YY1

ot ol S S e O sl s LS met i e LS o ol
O._i\A_SC,._,l\:Qj&@.;ri&dw\auda}hbﬂ}up‘sj_irb‘a\ net nl (s, a5 (6 i a
RGSEN YNV -S| J;l_%ﬁc,__fchw): oledde 3550 53l
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wire #5 out;
assign out = il & 1i2;

.;pywuu);lﬁ\)uxﬁl%s;;\g)p;&i .
A eyl O an Y=Y ise 534S asl (glesls Elasl 5l oSS Ll o Ll S

ol odsl 0-) Jsd 3 Verilog s 55 50 sla, 510

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

Belatioel >= greater than or equal 2

<= less than or equal 2

= equality 2

. |= inequali 2

Equality === case zquaﬁlty 2

1= case inequality 2

~ bitwise negation 1

& bitwise and 2

Bitwise | bitwise or 2

n bitwise xor 2

~"or M~ bitwise xnor 2

& reduction and 1

~& reduction nand 1

Reduction | reducFion or 1

~ reduction nor 1

" reduction xor 1

~N or M~ reduction xnor 1

. >> right shift 2

Shift < left shift 2
Reduction {} conca.teni.ition any number
{{}} replication any number

Conditional ?: conditional 3

o3ls 0L Cla..d 53 sldas ¢l Verilog slas sl cd —0-Y J g
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A = 4’b0011; B = 4’b0100; D = 6; E = 4;

A*B // Evaluated to 4’1100

D/E // Evaluated to 1

A+B // Evaluated to 4’b0111

B-A // Evaluated to 4’b0001
/=
inl = 4’b101x; in2 = 4’b1010;

sum = inl + in2; // Evaluated to 4’x
/=
-7 % 2 // Evaluated to -1, take sign of the first operand
7 % -2 // Evaluated to +1, take sign of the first operand

7 B = O;

B // Evaluated to 0 ( False )
B // Evaluated to 1 ( True )
A // Evaluated to 0 ( False )

2’bx0; B = 2’b10;
B // Evaluated to x ( Unknown )
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L M
I

o
2

’

4

P N =
> P w

C
B
b

B =2
}i

,C
(0]

’b00;

}i

D = 2’bl0; C = 3’b110;

, D, 3’001 };
, C[1]

// Result y is 4’00010
// Result y is 11°b1 00 10 110 001
// Result y is 3’bl01

=

<

=

= 1'bl;

{ 4{Aa}
{ 4{A},
{ 4{a},

B = 2’b00;

}i
2(B}
2{B},

}i
(O

D

2’p10;

// Result y is 4’b1111
// Result y is 8’b11110000
// Result y is 10’b1111000010

// 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;

7 = 4’blxzz; M = 4’blxzz; N = 4’blxxx;

A == B // Result is logical O

A !=B // Result is logical 1

X == 7 // Result is x

7 === M // Result is logical 1

7Z === N // Result is logical O

M !==M // Result is logical 1

Dol 4 g p) 5 090 4 L (reduction) alS gla, Sl pl 5,40 55 @ o

Iy oded yase—in 2o Olles g diea L pl S slyls o, 5l 5l cple <~

Ol 1y Sy S g 03l plogll Of & pl yls p slas! SIS (53,

ls F 0 1 4o

x = 4’p1010;

&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

o3ls QL—LJ’.'(:}"—“’)’ Jlisws laslue g3lulie Z);uudum)jzbﬁ&wwdb

S byt S b SV ke

// Dataflow model of a 4-to-1 multiplexer
module mux4 to 1 ( out, i0, il, 12, i3, sl, s0 );
output out;

input 10, i1, i2, i3, sl1, sO0;

// Use nested conditional operator
assign out = sl 2?2 ( sO ? i3 : 12 ) : ( sO 2 il : 10 );

endmodule

wg‘}ﬂi;mwg_{i"dbﬁ
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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

L:Sf!}wf&ur@&auww&ﬁlb

// Dataflow model of a cascadable 1-bit comparator
module Comparator ( a gt b, a eq b, a 1t b, a, b, gt, eq,
output a gt b, a eq b, a 1t b;
input a, b, gt, eq, 1t;

// 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 lt b= (~a & 1lt ) | (b&lt) | (~a &b);

endmodule

1t );

J_;S@Ml:u\)ﬂiéﬁl_g;wgﬁi\“J&«Sd)lu&gwcjbﬂj‘_}ﬁﬁ.

LS a5 esls OL Ch..« 3y ole cplcl ol esls GLAS

3 a, a, 3,

s O

“g%
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S, el 53 gildbe Y

whesle seS,h V-V
il—de AL Sl sy ) always, initial ol 545 asbos Lo S, L s Verilog s
)\J—; WQQ?L_\N L;L@J}l; Q_.:.‘)J)‘J._A &)L_.:.;) &_ﬁ._:.‘,aj; LSLM €L—AJ‘JML§)L—:§)CL—AH)J
A 5 okl gl LSl ol LS

initial S44  \-\-v
k_guLe Jj_.lg;a ‘J—>\ L;)L.»L”.MS: @J_,.Z B )L&.Ja_ﬁjau t}ﬁlo QLA) B initial 6}_1.;
S Sy 1y LoTbegin end A s LU (3l axdls s ki initial Sy L 055 wal
o o 5d O s e i 6, s SO 5l e 81l e 4l LSSl 5l Jies S

b ol Gilwans ad Olaj 3l edd jaseie U

module stimulus;
reg a, b, x, y, m;

initial
m = 1’b0;

initial
begin
#10 x 1’00;
#10 v = 1’b1;
end

initial
begin
#5 a = 1’bl;
#10 b = 1’b0;
end

initial
#50 $finish;

endmodule

// Time Statement executed
// 0 m = 1’b0;

// 5 a = 1'bl;

// 10 x = 1’b0;

// 30 b = 1’b0;

// 35 y = 1'bl;

// 50 $finish;
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always S Y-\-v

.b)_&& \J_?l 4.2_..,:):.;))_14.3 [)T[)})J Qb).i_w.i rLa.?}e.l_ir C}J_@O[)LA)’)J&IW&YS 6_9_1;
rl_?a}‘ )‘J\_ﬁ&_i)} L:.H)LAASJLQ&\ Bl AS)_L "<—i L;)LMJ.\A LS‘J—f C)\)}:_Mr: Q—i‘ (4_39-&_3.\.;\_0

.b})wﬁ )L_i.f h'b)‘;’d‘

module clock gen;
reg clk;
initial
clk = 1’b0;
// Toggle clk every half cycle ( Period = 20 )
always
#10 clk = ~clk;
initial
#1000 Sfinish;

endmodule

Procedural Assignment Y-V

,“_;Lup,x_i.xz)l,\_ia.u;@ﬁﬂ;:boujQw@gw‘regw&ﬁjlm)p;w\
S Ul e ol ol o S s i | Of e ;s s S aSulKa B b e L
Pl 5 sl )

@uﬂugouj‘&b‘@w‘regﬁa&i .

L e ol 5 Bit-Select S o

L sz ol 5l Part-Select S o

G sylya 3l Sl @
Blocking Assignment \-Y-V

‘5“)_7‘4_)./\_.&‘)»[50}.,\_)&_@.AJ@HLSA\J)\LMMWASW:;;QWMQ‘)MJui\

Sl =35 e LSS ol ol (Gl aS 6yl 3 g e Ll e st e S

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 a[2] = 1'bl;
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// These statements are executed at time 25 sequentially
#10 reg b[15:13] = { %, vy, z };
count = count + 1;

end

Nonblocking Assignment  Y-Y-V

Sl dd JolS o 4SSl O g3 o0 il Lol (gl Dby s ST gy el s

el <= JJJO_AJ\S{)_&\ Ud»‘ L;]J—"‘SLQ)}”}" V.:JL)}?.W:&

D> ey g LS 0 s A5k |2 (6l 2 1, Nonblocking  gws S jluans @
Sh J s gl 0 JelS e 4l gy 3515 p 0 S b Dgys (g
Jides 1y Ol JUal b jen (5550 &) smay Ll 65 o Nonblocking of ) sws @

.CM:M‘JQ‘JF:6|R|%;AQ‘;L@Z%JJ‘,Q‘M

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 al2] <= #15 1’bl;

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

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

end

Oby s Y=V
23 b e plaml (lwand (Sl 55 ge Olas J 28 Oy sws 4l Verilog s

pasls apas Oley J S 6 s «. Verilog

o - VS I -C O B
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dbr.l._[b.).b}-«i&bi)}i)jﬁl_w)%WJJJ_MJ:_&'J:}LT&_:ZBMUQJ:}UJ}:S °
)\Hg:,_z-WUJL&QjJJaMwW‘fDQLA)gJ_&J\f)\W&L—wbwu)l.&

')j:j@

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

end

1

:6) g=0;

assignment ;5 51l o wly G 53 o b L S s U8 S J S e
CA_.JIK)"J.‘_.{LbJ_JI Ml}:ﬁgs_lﬂdk_ﬂjjﬁ C,\_‘w‘)w&)l_.:& QJL&{.‘)) J)_.Jt‘-;l GJJ‘)T

)J:_fu_ﬁﬂj_ég:ﬁ_g-w@)uu))}_ﬂ}uglﬂ)

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 =
end

Sy g e by J s Y-Yy
sy e Ol IS 6 ke ol met Ly reg S i ks lone g slin 5, SO
Sl sy
i g o3l Bl 5y J S 05,8 et de 0 @ e tedelS Ly alig g, S e
IS S s, ol L stV A L IS S e is L il e Ol 2
0o Lx,zix oLzl Cle w5l K e o,V ) 3 |

Al e 10,0, >0z 0 Sl ew 5l S5 e 4o 03, V0

@(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

b:‘.\_ij)gg_idﬁ,\_ml42}'—\_.,4('_&‘)_:9[_»6\)_3\)Ql_i,a\c_i\verﬂOg:rU\.g:‘Ji‘ngﬂs J

S5 sevent adS LS L sl sy i s oS S0 5T pgsd w53 5 oS
syd bl > Lol 0s S
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event rec data;

always @ (posedge clock)
begin

if( last_data_packet ) ->rec_data;
end

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

WS U Lol 05,508 Lo sl ol o5 o ol s 31 s games SO gl 2l 0D
sl ) ygie Sensitivity List as WIS U Il 5 o 355 0 el

always @ (posedge clock or reset)
begin

if( reset ) g = 0;

else g = d;
end

gl & ol SRS YTV

Gs s ol b5 SO it Ul st SG gl el oS cul elbls -l 1l Verilog

always
wait ( count enable ) #20 count = count + 1;

b b ogws £V

if( expr )
true_ st
else
false st;

case jgws 0=V

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

case n : stn;
defult : def st;
endcase




Verilog sl ples v Cin 5 OLuj 5 asls g

‘_';)—i-d.l:x_m:e.l;lsw

while ( expr )
st;

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

repeat ( number of iteration )
st;

forever
st;

Tasks and Functions  v-v

ol sl onls QLA =Y Jgdar jo aS s le S5l (glyls GL? s Task

Task \V-v-v

>)—':'L5‘ e}u.:_w‘ ﬂ“) é)‘j—ﬁ DL YJ_AM ;‘}—n:’du”h:nﬁ task... endtaSk ;.1:-.&}.!
J_.JLAJ_J‘)JPJQLA)J#QJL;MLA)‘J?UNJJ:!J; o

Al el g3 DL mt sy @
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Function Task
S Jlb |y s il Ll e bt b S A8 Jlb |y s sl task 5 wly Llg e task S
.>ﬁ@\ﬂ\oobj)>4¢i¢w@\5& yi a0 0y 55 cl Ses task G

AL axdls Ol St s sl sy et Bl e mb S| Bk axdls Oley J St s sl s, Ll e task

Al anils (635,55 LS T Al BBl wl S| wsmsn b s A 8205 sleilesS T Ll e task

Al asls

213 2S5l s adies b S Al ansls 22850 ke Ll 5 s task

CL }Task slese --) J)b

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

i g osleul iy sslse 55 Vs ame 355 o e ie function ... endfunction il 5
ASl an S s sy Ol J S Ly 5 gkiibey Gl ey > @
Mbubf}fﬂb@&w}ﬂ °

.ul{m‘:d)j)jﬁnbk_é&__{g}_;lbmjﬁ o

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 glls LLif glab 5 plad S Cils e 5 L Jls Cio s oS s 3 S SSalways ga
S byt WS Al S Jle

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

module mux4 to 1 ( out, i0, i1, 12, i3, sl1, sO0 );
output out;
reg out;
input i0, i1, 1i2, i3, sl1, s0;

always @( 10 or il or 12 or i3 or sl or s0 )
begin
case { sl1l, sO }
2’00 : out = 1i0;
2'b01 : out il;
2'"b10 : out = 12;
2'"bl1l : out = 13;
defualt : out = 1'bx;
endcase
end

endmodule

LSJtéJ Céﬁu&)é ‘;zSJS LSLAJ‘JA Lf>|}h Q—A/

S o Ol Il i Sleslinl Ly 5 sl 1 b
AS b O Sewreset U oy VU gad 4y e D-FF &G0 Y s

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

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

always @ ( posedge clk )

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

always @ ( posedge clk or posedge rst)
begin
if (rst)
g = 1'b0;
else
q=d;
end

endmodule
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// Behavioral model of a up/down counter

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

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

g = d in;
else if( u d )
qg=qgq+ 1;
else
qg=9q9-1;
end
endmodule
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// 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 vy;

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 vy;

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'd0
“define gotl 2'dl
“define gotll 2'd2
“define gotll0 2'd3

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

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’bO0;
endmodule
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// Moore state machine (Hufmann Model)

“define init 2'd0
“define gotl 2'dl
“define gotll 2'd2
“define gotll0 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 @( 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 ( dataln, 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 = 1;
end
end

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 ?
y y 4
t t

Consumer Reads
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Data —\_,— Out Data —‘_,— Out
T _?_ Ncontrol
1

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 11z H|H

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

Pcontrol
z z |z |z ]|z z z |z |z ]|z
el Como Jsar s MOS lzei s -1V IS
nmos nl ( out, data, control );
pmos ( out, data, control );
cmos cl ( out, data, ncontrol, pcontrol );
.
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control control
inout1 > < inout2 inout1 inout2 inout1 inout2
tran tranif0 tranif1
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tran tl1 ( inoutl, inout2 );
tranif0 ( inoutl, inout2, control );
tranifl ( inoutl, inout2, control );
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supplyl Vvdd;
supply0O Vss;
assign a = vdd; // Connect a to Vvdd
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rnmos,
rcmos
rtran,

rpmos

rtranif0, rtranifl

// Resistive nmos,pmos switches
// Resistive cmos switch
// Resistive tran,tranif0O,tranifl switches

Input Strength Output Strength
supply pull
strong pull
pull weak
weak medium
large medium
medium small
small small
high high
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module mux2 to 1 ( out, i0, il,
output out;
input s, io, 1i1l;

wire sbar;

not ( sbar, s );

cmos ( out, 10, sbar, s );

cmos ( out, il, s, sbar );
endmodule
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