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assign out=il & i2;
assign {c_out, sum[3:0]} + b[3:0] + c_in;

Implicit Continuous Assignment Y-¥
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wire out = inl & in2;
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B-A // Eveluated to 4'b0001

inl = 4rb1010;
// sum will be evaluated to the 4'bx

inl = 4'b101%R;
sum = inl+in2*

A T e T -
-7 %2 // Evaluated to-1, takes sign of the first operand

7 %- 2 // Bvaluated ti+l,takes sign of the Tirst operand
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RE&B // Evaluated to 0 (False)

alle // Evaluated to 1 ({True)

ta // Evaluated tc 0 (False)

A R = -
A = 2'bx0; B=27bl10;

RELB /{ EBvaluated to x (Unknown)

Sl Kes
AL ol Verilog 63! b bl ool sl by Lz ok s o
.J:;éfuth$Jiqﬁ$ajLU1

ool ol sldel U regmet 3t (5505 i reginet il Ll e @

sk
B = 2'b00; C = 2b1¢; D = 3‘hl10;
= {B,C}; /i Result Y is 4’'b00L0O
{B:;B,C,D,3°h001}; // Result ¥ is 11'b100101i0001
{A,B[0],C[1]} // Result Y is 3'bi01

= 1'bl;
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A= 1'bl; B = 2'b00; C = 2'bl0;
Y « (4{A}}: // Result Y is 4 bllll
Y = {4{A},2{B}}; // Result Y is 8°b11110000
¥ = {4{A},2{8)},C}; // Result Y is 10'b11110000100
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A = 4'b00L1; B = 4'b0100 D= 6; E = 4;
A*B // Evaluated te 4'b1100
D/E // Evaluated to 1
A+B // Evaluated to 4'b0111
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A= 4; B = 3;
X = 4+'b1010;
2 = 4'blxzz;
A==B 17
Al=B //
X==2 /
===M /f
Z===N fr
Mi==N /!

Number of
Operator Type Operatar Symbol Operator Performed
Operands
Arithmetic * multiply 2
/ division 2
+ add 2
subtract 2
e modujus 2
Logical i Logical negation 1
&& Logical and 2
I Logical or 2
Relational > Greater than 2
< Less than 2
>= Greater than or equal 2
<= Less than or Equal 2
Equality == Equality 2
t= Inequality 2
=== Case equality 2
I== Case inequality 2z
Bitwise — Bitwise negation 1
& Bitwise and 2
| Bitwise or 2
~ Bitwise xor 2
~ —or~" Bitwise xnor 2
Reduction & Reduction and 1
~& Reduction nand 1
i Reduction or 1
~| Reduction nor 1
-~ Reduction xor 1
N m—or~ " Reduction xnor 1
Shift >> Right Shift 2 o
<< Left Shift 2
Concatenation {} Concatention Any number
Repiication {{}} Replication Any number
Conditional ?: conditional 3
Y = 4'B1101; GJL‘J ‘;‘Lﬁ
M = 4'blxxz; N = 4'blxxx;
Resnlt is logical 0 zbxladi ylos d"/'l S &J;l 2 goal g2 0,1x J..al:-—‘o:._.:.u a==b =
Result is logical 1
Rsult is x Wl r_,l.ul.l 4;-,'.':; J..f-Lu
N L::::i : zUxlakishas 3l (K Gy Ko S0 dal 201 ool amial=b 0
Result is logical 1 Wl r!l.ul.u de ...'L.Zan
Reduction gls Sle  alis ool Cop o Cmab 05 a5 01 Jools anzia===b
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#25 b = 1'b0;

end
initial
450 §finish;

endmodule
//Time Statement executed
/10 m= 1b0;
/5 a = 1'bl;
//10 x = 1'b0;
/130 b = 1'b0;
f/35 y = 1'bl;

//50 S$finiseh;
always g Y-V-0

L o S ) always SHl K always | gies g0 O g ples
4:...0.::)_,Lu_QTUJJ.:CJbJ;u:rLJJnM&,_,JﬂdbjﬁalwaysJJLJ
Jlas! 5183l S (g e (81 Dol yaas (il Ao} 25 4 o |2t
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module clock _gen;
reg clk;
initial
slk = 1'p0;
//Toggle clk every half cycle{Period = 20)
always
#10 clk = Tclk;
initial
#1009
endmodule

$finish;

Procedural Assignment Y-0
b3 pp ety Olaj by o s qeg piie 55 Hlds ) gn ol
ol ke Ko 5 g o Kby B bile g B ahie s Lt e
Bl pobo L0l lg_di.:j’cc_a-.ocregﬂ.ﬁ- l_ii .
Lo pne oyt 3 Bit-Select & @
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Blocking Assignments \-Y-0
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1248 8 Kb 2 48 g Lol (Gt ) yins ¢ s Sy 2l S S
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initial
begin
//These  statements are executed at time 0 sequentially
x=0; y=1; z=1;
count = 0;

reg_a = 16'bd;
f/This statement is executed at time 15

reg_b=reg a;

$15 reg_a[2) = L'bl;
//These statements are exacutad at time 25 seguentially
%10 reg b[15:13] = {x%,¥,2};

count = count + I;
end

¥4 f}wK&Jb?rfJ Jx sde

X = 4'bl010;

&X // Equivatent to 1 & 0 & 1 & 0. Result is 1'bo0
|x // Equivalent to I | 0] 1 | ¢ Result ie 1'bl
X // Equivalent to 1*0°1°0 Result is 1'bo

A5 Y ¥ RS g S

// Module d4-to-1 multiplexer.
module mux4_to 1 (ouwt, IO, X1, I2, I3, I4, sl, s2);
osutput cut; ‘ L
input X0, I1, 12, 13, 14, 81, a2;
. // Use nested conditional cyerntox
assign out = 8] ? (80 ? I3 ; I2) : (80 ? T1 : 10);

endmoaule
S b gt sl S e S e

module fulladd4 (sum, c out,a,ab,c_in);
cutput [3:0] sum;
output & out;
input [3:0] a,b;
input c_ing
// 8Bpecify the function of a 4-bit full addar
aseign {c_out,sum} = a + b + c_in;

endmodulas
GJLUJ ch.-v L. szu-\-ﬂ (A}
wilisle gk, 1-0
el always y initial 1515 5 g2y ablzstls Gy, 5 4iws 3 Verilog ;o
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- U'-'::JJ Jl:’l'l.-d

initial ,gzus V-1-0
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S (ki S 4l | Ll begin...end il y 45 451
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medule stimulus;
reg a, b, x, ¥, m;
initial
m = 1'b0;
initial
bagin
$10 x = 1'b0;
#25 y = 1'bl;
and
initial
begin
5 a = 1'bl;



initial
begin
x=0; z=0;
v=#5 xtz;
end

/fia equivaleut to

initial

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

end

Mgy g e Ola) SRS Y-Y-0
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@{clock} g=d;//trigered with any change in clock
@(posedge clock) g=d; //Trigered at postive edge of clock
@ (negedge clock} g=d;//Trigered at negative edge of clock

g=@ (negedgeclock}d; //d is evaluated immediately and
to g at negative edge of clock

(Ul shay 5 J S ¥-Y-1-0
AT e 03 g s a5 15 2l 35 Ky 45 4ol b 31 OISl il Veerilog
sevent GlS adS Lol g, i a0 oS (il gy S 2
3 g gh fL‘gJ'-)v Lol gt
event rgc_data;
always # (posedge clock)
begin
if(last_data_packet)->rec_data;
end

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

shis g5 Lz J RS W-Y-¥-0

Gy o LT 31 S 53 s oS gl S i DBl a8
L sl 00 S0 Jams 5 il (il 2,95 0 ) yrss 145 pan S5 g
Sensitivity fist 4 WbSow b Laallyy; Cond 355 0 pland! LIS
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Nonblocking Assignments Y-Y-0
Ok ol s aSe) Gy g g Sl Tl (gl ) g
ol €= 3500 Sl 3l (80 S 6 Rhas il g K (62|
PRy TSy 255 4, Nonblocking Assignments 3 38 )3
L5 o ibe Lzl gy | Nomblocking j ytws S (g5le 4t @
S e 81 G gy 2l g0 Sb D)3 Sk e 4
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JUitl plejan (5538 &)y 4 il 5 o Nonblocking o)y 2wy @
R e JU P PP ESL R U PRI S75 1D R PR PRCH S 1
e il 3
initial
bagin
x=0; y=1; z=1;

count = 0;

reg a = 16'k0; reg_b=req_a;

//This statement is scheduled to execute after 15 units
reg a[2]<=$15 1'bl;

//This statement is scheduled to execute after 10 units
reg_b[15:13]<=410 {x.y.z};

f{This statement is scheduled to execute delay

count <= count+l;

end
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initial
begin
%x=0;
#10 y=1;
#(4:5:6) q=0;
end
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intial

fork
x = 1'h0; // Completes at simulation time ¢

#5 y = 1'bl; // Completes at simulation time 5

#10 v
#15 ¥y = 1'bl; // Completes at simulation time 15

i'bl; // Completes at simulation time 10
join
elj.'u' 9 Yg_ﬁ.!.LE_, A-0
.L:,._.-Ia.,L..':...sI:[JLE.JPJ_,.Jq-JMS.AL:_.ALﬁLgJJLELgblaeLT_,&_.BJ
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module cperation
reg [15:0] A,B;
reg [15:0] AB_AND, AB OR, AB_XOR;
always & (A or B)
bitwise op(AB_AND,AB_OR,AB_XOR,A,B);
task bitwise_op;
output [15:0] ab and, ab _or, ab xor;
input [15:0} a,b;
begin
#20 ab_and = aib;
ab_or = a b;
ab_xor = a b;
end
endtask
endmodule

2) Tasks

A JJ}#KU:‘JI_;frJJHJ“

b 4 el J 8 F-Y-Y-0
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2 gkt rL>_..'.|wait spes gl il L g el

always

wait (count_enable) #20 count = count + 1;

L;EL’S JJﬁ—uﬁ ?"0

if (expr}

true_st;
else

false_st;
Case | 4w 0-0
case (eXpr)

casel : ati;

case? : 8t2;

defanlt : daf st;
endcase

A 3L 34 g bl G b Gl TS Ll sl o @

(zx1.0 ;4,8
£ P CLau»;J—th JLMSQ Lw{Ub 3 3a {ﬁJu H Ch)k‘ JJi3J§| L]
Al (don’t care) Camal 4 Cojgue wzx polis casex Sl j5
oI sl )3 g o g s
Sk (don't care) Coadl 4 &y sz e casez - 53
AN A8 Al 3 S i3 g e
bdil> #-0
while (expr)
at;
I e e e e e m e e e e e e e e e m e e e .
for {init;and_cond;change_contreol_var)
at;
F B
repeat (number of iteration)
st;
i - - - - - - e AT e e S A - - -
forever
st;
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Data Out Data Out i I_’ -
Control C
nir -ontrol
NMOS PMOS CMOS Peontro

MOS yCMOS (glgasd pw 4 505

4 g 93 (slgzed oo Y-F
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tran tl (inoutl, inout2};
tranif0 (incutl, inout2, centreol);

tranifl {inoutl, inout2, control);

Control
nmos 0 1 X z
0 z 0 L L
1 Z 1 H H
Data X z X X X
z z z z z
Control
nmos 0 1 X z
0 0 z L L
1 1 z H H
Data X X Z X X
z z z z z

MOS(_gLﬁ‘;_,..aLMJJk“’Js‘J

(e 3 4 dis ¥-F

2003 Sl (Vss, Vdd) fan) 5 adi e b Ll g el o8a o
A5 (6l 3 supply0 y supplyl $alS @alS po 4k ol gl

sl s 42 8 JE5 55 Vss e 3 Vdd
supplyl Vdd;

supply0 Vss;
assign a=vdd; // Connect a to Vvdd

@L‘i Y-A-0

2330 50 Y pema 348 0 asis function...endfunction e 4
:D,ﬁu‘oau;J

A 2l sy olaj Sy gl b gy 58 e
il azils g o il Sy, @
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function calc parity;
input [31:0] addr;
begin

calc_parity = “addr;
end

endfunction

LS ) 4 ¥ S g Sl

//Modnle 4-to-1 multiplexer
module muxd-tol {out,Il,I1,I2,13,I4,51,s52);
output out;
input 10,71,1I2,13,I4,8l,82;
reg out;
always @ (sl or s0 or IP or Il or I2 or I3)
begin
casa{ {8l,s80} )
2'p00 :out=I0'
2'b01 : out=Il;
2'bl0 : out=I2
2'bll : ocut=I3;
default : ocut=I’'hx;
endcase
end
endmedule

e.;;}w cla_v 23 oldae 7
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MOS 4 CMOS (glgoed o Y -#
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sl
nmos nl {(out, data, centrel);

pmos {out, data, control);
cmos ¢l {out, data, ncontrol, peontrol);
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control control
inout 1 :. : inout 2 inout 1 inont2  inout] inout 2
tran tranifd tranifl
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[1] Verilog Hardware Description Language Reference Manual
(LRM) DRAFT, IEEE1364, April, 1995,

[2] "Werilog HDL, A Guide to Digital Design and Synthesis", SAMIR
PALNETKAR, Prentice Hall, 1996.
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romos, rpmos // Resistive nmos, pmos awitches
rcmos f/ Resistive cmos switches

rtran.rtranif0,rtranifl//Resistive bidirectonal switches

ol Gl g SIS o J g V J g

Input Strength Output Strength
supply pull

strong pult

pull weak

weak medium

large medium
mediume small

small small

high high
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module mux2_teo 1 (out,s,If,Il);

output out;

input s,I0,TI1;

wire sbar;

not (sbar,s);

cmos (out,10,sbar,s};

cmos {out,Il,s, sbar);

endmodule
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4) digitaly-encoded 5) fast packet switch network

7) buffering

3) header

6) Adaptive Routing 8) connectionless protocol
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