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8.1

1) initia
2) aways
initial always
initial
initial always 0
8.1.1 initial
initial initial

initial
[timing_control] procedural_statement

procedural _statement

always

0 initial

procedural_assignment(blocking or non-blocking/ /1

procedural_continuous_assignment
conditional_statement
case_statement

loop_statement

wait_statement

disable_statement

event_trigger

sequential_block

parallel_block
task_enable(user or systeh

(begin...end)
initial
initial
reg Yurt

initial
Yurt = 2

initial
initial
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initial

2 initial
reg Curt;
initial

#2 Curt = 1,
Curt 2 1
initial

paraneter SIZE = 1024;

reg [7:0] RAM [O: SIZE-1];
reg RibReg

initial 0

initial
begi n: SEQ BLK_A
i nteger Index;
RibReg = 0
for (Index = 0; Index < SIZE
RAM [ Index] = O;
end

Index =

begin...end
SEQ BLK_A

Index initial

initial

/1
paranmeter APPLY_DELAY =5
reg[ 0: 7] port_A;

initial
begin
Port_A ='h20;
#APPLY_DELAY Port_A= 'hF2;
#APPLY_DELAY Port_A 'h41;
#APPLY_DELAY Port_A ' hOA
end

Port_A 8-1

Port_A

initial 0

Index + 1)

Yurt

Index
initial

'h20

'hF2 'h41

'hOA

0 5 10
81 initial

Initial

15

0
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8.1.2 always
initial always initial always
al ways

[ timing_control] procedural_statement

al ways
Clk = ~ Clk;
11
always aways
0 always
always
al ways
#5 Clk = ~ Clk;
/1 10
always 10
always

reg [0:5] InstrReg;
reg [3:0] Accum
wi re ExecuteCycle;

al ways
@ ( EcecuteCycle)
begi n
case( InstrReg[ 0: 1])
2' b00: Store (Accum, InstrRej2:5]);
2'bl1l: Load (Accum, InstrReg2:5]);
2' b01l: Jump (InstrReg[2:5]);
2' b10:;
endcase
end

/] Store Load Jump
(begin...end)
ExecuteCycle

D

modul e DFF(Clk, D, Set, Q, Qbar
input Clk, D, Set
out put Q, Qbar;
reg Q Qbar;

al ways
wait (Set == 1)
begi n
#3 Q = 1;
#2 Qbar = 0O;

always
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wait (Set == 0);
end
al ways
@ ( negedge CIk)
begin
if (Set !=1)
begin
#5 Q = D
#1 Qbar = ~ @Q
end
end

endnodul e
2 aways always

always
8.1.3

always initial

1 initia
nodul e TestXorBehavior;
reg Sa, Sb, Zeus

2 aways

initial
begin
Sa = 0;
Sb = 0;
#5 Sb
#5 Sa =
#5 Sb
end

1l
Ll e

1l
o

al ways
@(Sa or Sb) Zeus = Sa ™ Sp
al ways
@ ( Zeus)
$di splay ("At time %,
$tinme, Sa, Sb, Zeus);
endnodul e

0 initial

Sa = %, Sb = %,

Zeus = %",
initial
0 initial
1 Sa 5
always
initial Sa b
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Zeus 2 aways
Sa
$display always
Zeus Sa Sh Zeus sb
8-2 ——
Zeus
5, Sa = 0, Sb =1, Zeus =1 I
10, Sa = 1, Sb = 1, Zeus = 0 N
15, Sa = 1, Sb = 0, Zeus =1 82 a P Zeus
8.2
2
1)
2)
8.2.1
#delay procedural_statement
#2 TX = Rx-5;
initial
begi n
#3 Wave = 'b0111;
#6 Wave = 'b1100;
#7 Wave = ' b0000;
end
initial 0 3 6
2 7 3
#delay;
par amet er ON_DELAY = 3, OFF_DELAY = 5;

al ways
begin
# ON_DELAY; I ON_DELAY
RefClk = 0;
# OFF_DELAY; I OFF_DELAY
RefClk = 1,
end
# Strobe

Conpare = TX ask;
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# PERI OD/ 2
Clock = dock

0
#0; /1

X z,

8.2.2
always

1)
2)
1

@event procedural_statement

@ ( posedge Clock)
Curr_State = Next_State;

Clock
, Clock
@ (negedge Reset) Count = 0;
@la
Zoo = Foo;
Reset , Cla
Foo Z0o, Cla Cla ,Foo Z00
@ event ;
initial

time RiseEdge, OnDelay
initial
begin
I
@ (posedge ClockA);
RiseEdge = $tine;
I
@ (negedge ClockA);
OnDelay = $tine - RiseEdge;
$di splay ("The on-period of clock is % ."Delay);
end

@ (posedge Clear or negedge Reset)
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Q=0
@ (Ctrl_A or Ctrl_B)
Dbus = ' bz;

or 1
Verilog HDL posedge negedge

N X B B
\
O O O N X

NN N X O O o
I
P P PN X

wai t (Condition)
procedural_statement

wait (Sum > 22)
Sum = 0;

wai t (DataReady)
Data = Bus;

wait (Preset);

Sum 22 Sum O
DataReady DataReady 1 Bus Data Preset
1
8.3
Verilog
HDL
1) (begin...end)

2) (fork...join)
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8.3.1

begin
[: block_id{declarations}]
procedural_statement(s)
end

/1

begin
#2 Stream = 1
#5 Stream = 0
#3 Stream =1
#4 Stream = 0
#2 Stream = 1
#5 Stream = 0

end

10

20

8-3

Stream

10 12 17 20

8-3

begin
Pat = Mask | Mat;
@ negedge CIK);
FF = & Pat
end

Clk
begi n: SEQ_BLK
reg[0: 3] Sat;

Sat = Mask & Data
FF = "Sat
end

SEQ BLK

|

24 26 31
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8.3.2
fork join( begin end)
( )
fork
[: block_id{declarations}]
procedural_statement(s);
join
1
fork
#2 Stream = 1;
#7 Stream = 0;
#10 Stream = 1,
#14 Stream = 0;
#16 Stream = 1,
#21 Stream = 0;
join
10
10 3 20 26 5
8-4
Stream J ‘ H
10 12 17 20 24 26 31
8-4
al ways
begi n: SEQ_A
#4 Dry = 5; /Il S1
fork: PAR_A /1S2
#6 Cun = 7, /1 P1
begin: SEQ_B /1 P2
EXE = Box; /1 S6
#5 Jap = Exe; /1 S7
end
#2 Dop = 3; /1 P3
#4 Gos = 2; /] P4
#8 Pas = 4; /1 P5

join
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#8 Bax = 1; /1S3
#2 Zoom = 52; /1S4
#6 $stop; /1S5
end
always SEQ A (S1 s2 s3
S5) always 0 Dry 4 5
PARA 4 (PL P2 P3 P4 P5)
Cun 10 Dop 6
8 Pas 12 SEQ B 4
S6 S7 Jap 9
PAR_A 12 S3 12
20 Bax S4 22 Zoom
28 $stop aways
8-5
Gos=2
Dop=3 i
{Cun=7
{ Dry=5
% i E Bax =1 $s§top
54§ siqfi) 12 o1z 3
e
Exe = Box E Pas =4 Zoom =52
Jap = Exe
8-5
8.4
initial aways
reg[1:4] Enable,A,B;
#5 Enable = ~A N ~B;
Enable 5
Enable
always
al ways
@(A or Bor Cor D)
begi n: AOI
reg Templ,Temp2;
Templ = A & B;
Temp2 = C & D;
Templ = Templ | Temp2;

Gos
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Z = ~Templ,
end
/* 4
Z = ~((A&B)| (C&D));
*/

always A B C D Templ
Templ Temp2
Templ
1
2)
8.4.1

Done = #5 'bil;

Done = #5 'bl; I
begi n

Temp = 'bl;

#5 Done = Temp; I
end

Q = @ posedge Clk ) D; I

begin

Temp = D;

@ posedge Clk) I
Q = Temp;

end

( )
repeat (express) @ (event_expression)
1
Done = repeat (2) @ (negedge CIkA) A REG + B_REG
A Reg + B_Reg CIKA

Done
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begi n
Temp = A_REG + B_REG
@ (negedge CIkA);
@ (negedge CIKA);
Done = Temp;

end

8.4.2

RegA = 52,

al ways
@A or B or Cin)
begi n: CARRY_OUT
reg T1,7T2,T3;

T1 = A & B;

T2 = B & Cin;

T3 = A & Cin;

Cout =T1 | T2 | T3;
end

T1 T1

initial
begi n

Clr = #5 0;

Clr = #4 1,

Clr = #10 O;
end

0 Cir
1( 0
o O

Cir X

19

T2 T3

Clr 4
) Clr 10

8-6

begin
Art = 0;

19
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Art = 1;
end
Art 1
Art O 1 Art O
8.4.3
begi n
Load <= 32

RegA <= Load;
RegB <= Store;

end
( 0
32 2
1 ) RegA
10
initial
begi n
Clr <= #5 1,
Clr <= #4 0;
Clr <= #10 0
end
Clr 5
oC O 4
) 3 Clr 10
o O 10
3 0
Clr 8-7
0
initial
begin
Cbn <=0
Cbhn <=1
end
initial

Chn = x Verilog HDL

Art 0
( )
)
10 Load 10
Load (
10
1 Clr 4
E 1
Cir x
0
0 4 5 10
8-7

Cbn
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reg [0:2] Q_State;

initial
begi n
Q_State = 3’ bO1l1;
Q _State <= 3’ b100;
$display (“ Current value of Q State is "% Q_State);
#5; [/
$display (“ The del ayed value of Q State is "% Q_State);
end
initial
Current value of Q_State is 011
The del ayed value of Q State is 100

Q_Sate 3'b011 (
Q_State ( 0 ) 3'b100 $display
Q_State 3'b011  #5
Q_State Q_State 5 $display
Q_State
8.4.4
? 81
8-1
aways initial
assign ( assign
8 8)

nmodul e Procedural,;
reg A,B,Z

al ways
@B) begin
Z = A
A = B;
end
endnodul e

e R
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nodul e Continuous
wire A,B,Z;

assign Z = A;
assign A =B
endnodul e

B 10ns
B Z B

8.5 if

i f
i f(condition_1)
procedural_statement_1
{else if (condition_2)
procedural_statement_2}
{el se
procedural_statement_3}
condition_1
condition_1 0 x z
el se
i f(Sum < 60)
begi n
Grade = C;
Total_C
end
else if (Sum < 75)
begi n
Grade B;
Total_B = Total B + 1;
end
el se
begin
Grade = A;
Total_A = Total A + 1
end

Total _c + 1;

i f(Clk)
i f (Reset)
Q=0
el se
Q=D

procedural_statement_1

procedural_statement 1

if-if-else

A 10ns
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el se if? if (Clk) if
(Reset)? Verilog HDL else if
el se if
if

i f(Sum < 100)
Sum = Sum + 10

i f(Nickel_In)
Deposit = 5

el se if(Dime_In)
Deposit = 10

el se if (Quarter_In)
Deposit = 25

el se
Deposit = ERROR

if(cerl)
begi n
if(~Ctrl2)
Mux = 4'd2
el se
Mux = 4'd1;
end
el se
begi n
if(~Ctrl2)
Mux = 4'd8
el se
Mux = 4'd4
end
8.6 case
case

case( case_expr)

case_item_expr{, case_item_expr}: procedural_statement

[def aul t : procedural_statement]

endcase

case case_expr
case

par amet er
MON = 0, TUE =1, WED = 2
THU = 3, FRI = 4

SAT =5, SUN =6
reg [0:2] Day

case X Z
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i nt eger Pocket_Money
case (Day)

TUE : Pocket_Money = 6; /1 1

MON ,

WED : Pocket_Money = 2; 11 2

FRI,

SAT,

SUN : Pocket_Money = 7; /1 3

default : Pocket_Money = O0; 114
endcase

Day MON WED 2 3 FRI SAT SUN
THU 111 case

modul e ALU (A, B, OpCode, Y%;
input [3:0] A, B
i nput [1:2] OpCode
output [7:0] Z;

reg [7:0] Z;
par anet er
ADD_INSTR = 2' b10,
SUB_INSTR = 2' bl1l

MULT_INSTR = 2' b01,
DIV_INSTR = 2' b00;
al ways
@ (A or B or OpCode)
case (OpCode)

ADD__INSTR: Z = A + B;
SUB_INSTR: Z = A -B;
MULT_INSTR: Z =A* B;
DIV_INSTR: Z=A/ B;

endcase

endnodul e

case ?

case

case (3'b101 << 2)
3'b100 : #isplay
4' b0100 : display
5'b10100: &isplay
default : $display

endcase

"First branch taken!");
"Second branch taken!");
"Third branch taken!");
"Default branch taken!");

—_~ o~~~

Third branch taken!
3 5
3'b101<<2 5'010100 3

case

case X Zz X Zz case
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casex casez X Z casex casez
case
casez case 4
( )
casex X Zz casez
case( Mask)
4' b1??7? : Dbus[ 4] = O;
4' b01?? : Dbus[ 3] = O0;
4' b001? : Dbus[2] = O0;
4' b0001 : Dbus[ 1] = O;
endcase
? z, casez Mask 1 1( )
Dbus[4] 0 Mask 1 0 1( ) Dbus|[ 3]
0
8.7
Verilog HDL
1) forever
2) repeat
3) while
4) for
8.7.1 forever
forever
procedural_statement
forever 0
initial
begi n
Clock = 0;
# 5 forever
#10 Clock = ~Clock
end
0 5
10 Clock
8.7.2 repeat
repeat

repeat ( loop_count)
procedural_statement
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repeat (Count)
Sum = Sum + 10;

repeat (ShiftBy)

P_Reg = P_Reg << 1;
repeat )
repeat ( Count) [/ repeat

@ (posedge Clk) Sum = Sum + 1;

Clk Clk

Sum = repeat (Count) @ (posedge Clk) Sum + 1;
/1

Sum+ 1 Clk

repeat (NUM_OF_TIMES) @ ( negedge Clock2);
repeat

8.7.3 while
while

whi | e( condition)
procedural_statement

X Z
while (BY >0 )
begin
Acc = Acc << 1;
By = By - 1;
end
8.7.4 for
for

for(initial_assignment;condition;step_assignment)

procedural_statement
for

initial_assignment condition

Clockz NUM_OF_TIMES

step_assignment

i nteger K;

for (K=0 ; K
begin
i f (Abus[ K] == 0)
Abus[K] = 1;

MAX_RANGE ; K = K + 1)
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else if (Abus[ k] == 1)

Abus[K] = 0;

el se

$di spl ay("Abus[K] is an x or a z");
end

8.8

always initial

initial always

1
2)

8.8.1 —

modul e DEF(D,CIr,Clk,Q);
input D,CIr,CIlk;
out put Q;
reg Q

al ways
@CIr) begin
if(!'Clr)
assign Q = 0; // DQ
el se
deassi gn Q;
end

al ways
@negedge Clk) Q = D
endnodul e

Clr 0 assign Q O Clk D Q
Clr 1 Clk Q

assign

reg[ 3: 0] Pest;
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Pest = 0;

.a.s'si gn Pest = Hty " Mtu;

;’:lls.si gn Pest = 2; 11 Pest

;1.elalssi gn Pest; /| Pest 2

assign Pest[2] =1; [* */

1 2 Hty
Mtu 1

8.8.2 force release

force release assign deassign force release

force force release
force

force

release
wire Prt;

or #1 (Prt,Std,Dzx);
initial
begi n
force Prt = Dzx & Std;
#5; 11 5
rel ease Prt;
end

force Prt release
Prt force 5 Dzx Std

reg[2:0] Colt;

Colt = 2;
force Colt = 1;

rel ease Colt; /1 Colt 1
assign Colt = 5;

force Colt = 3;
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rel ease Colt; // Colt 5
force Colt[1:0] = 3; [* */
Colt 1 Colt 1 force
release Colt Colt
5
8.9
always
aways always aways
10
RX, MP, RX
Ready MP MP
Ack RX 8-8
Ready
Parallel_Out
Serial _I Dat ) -
enaiin Process RX |__*" Process MP jummtp
Clk Ack
—

8-8

"timescal e 1ns/ 100ps

modul e  Interacting (Serial_In,Clk,Parallel_Out)

input Serial_In,Clk
output [0:7] Parallel_Out;
reg [0:7] Parallel_Out

reg Ready,Ack
wire [0:7] data

"include "Read_Word.v" /Read_Word
al ways
begi n: RX
Read_Word( Serial_In,Clk,Data);
/1 Read_Word
10ns
Ready = 1
wai t (Ack)
Ready = 0
#40;
end

al ways
begi n: MP
#25;

Data Read_Word
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Parallel_Out = Data;
Ack = 1;
#25 Ack = 0;
wait (ready);
end
endnodul e
Ready Ack 8-9
— I
Ready .
i 10 6 75 140 150ns
Ack
0 25 50 100 125 175 200ns
A A A
~~~~~~~~~~~~~ ~~--_~___m__“\“\ P
MP
89
1. initia always
2.
3.
4, aways
5.
6.
7. casex case
8. always wire
9. 5ns 10ns
10. initial 1 forever aways
al ways
@ Expected or Observed)
if (Expected !== Observed) begin
$di splay ("M SMATCH: Expected = %b, Observed = %b"
Expected, Observed
$st op;
end
11 always NextStateA NextStateB : ClockP 5 ns
CurrentState 5 3ns 7
al ways

@ ( posedge ClockP)
#7 NextStateA = CurrentState;
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al ways
@ posedge ClockP)
NextState = #7 CurrentState

12.
Inp(Gak) PresentState NextState Output(Zuk)
0 NO_ONE NO_ONE 0
1 NO_ONE ONE_ONE 0
0 ONE_ONE ONE_ONE 0
1 ONE_ONE TWO_ONE 0
0 TWO_ONE NO_ONE 0
1 TWO_ONE THREE_ONE 1
0 THREE_ONE NO_ONE 0
1 THREE_ONE THREE_ONE1
13. always JK
14. Usg
1011 Asm 1
15. 12 1 0

1 Data Ready 1
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